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1. Introduction

X-ray imaging is a measurement technique that has
many applications, for example in medical imaging,
nondestructive testing and material science. Due to
the fact that matter is partially transparent for x-rays,
they can be used to produce images of the inner struc-
ture of objects.

The aim of this work is to develop methods for the
optimization of image quality of measurements with
a high spatial resolution. Here, spatial resolutions
below 5 µm are considered high resolution. Having a
spatial resolution of a specific size means that image
details of that size can be recognized in an image.

Commonly used image quality descriptions and
measurement methods need to be extended to cor-
rectly model this area of x-ray imaging. To do so,
a new and broader theoretical framework for image
quality and a corresponding measurement method
are developed in this work. Also emphasized is a
direct correspondence between theory and measured
quantities.

A high enough image quality is required to evaluate
the spatial structures in a volume image. Improving
the image quality is always possible by increasing the
measurement time. In this work, the aim is to op-
timize an imaging setup for a higher image quality
without increasing the measurement time. Optimiz-
ing the performance of an imaging device therefore
means that the image quality per measurement time
is optimized.

Imaging at a higher spatial resolution fundamen-
tally requires a higher image quality. For volume
imaging (computed tomography), many images (>
1000) need to be acquired and a reduction of the mea-
surement time is then important. The technical ca-
pabilities and the configuration of the measurement
setup then decide if a measurement can be done in a
realistic amount of time.

There are two applications of x-ray imaging for
which publications about image quality exist: Medical
imaging (MI) and (industrial) nondestructive testing
(NDT). They have in common that the spatial reso-
lutions used are (far) above high resolution and that
larger samples and higher x-ray energy ranges are
used.

The image quality models in MI and NDT focus
more on standardization (of devices) and less on op-
timization. In this work, the focus is on optimiza-
tion. Important for optimization are accuracy and
completeness of the description For standardization,
the focus is on comparability between devices and sim-
plicity of the interpretation. Optimizations can be very
application-specific, and the methods used here yield
application-specific results for which comparability is
optional. The concept here is that evaluating the image
quality directly for different examples should yield
more accurate results than an evaluation of device
properties.

MI and NDT imaging almost exclusively use x-ray
attenuation as the contrast mechanism that generates
the sample structure visible in the image. For high
resolution imaging, effects from spatially coherent
x-rays are possible. The most common additional
contrast mechanisms made possible by this are inline
phase contrast, grating phase contrast and setups with
various x-ray optics. To represent these effects, a more
general model for x-ray image quality is developed in
this work.

The higher x-ray energies of MI and NDT mea-
surement mean that the energy-dependency of the
amplitude of image features is often weak (Compton
attenuation) while this dependency can be strong at
lower energies (Photoeffect attenuation). This ampli-
tude is also called contrast, in this work the more
general concept of ”signal strength” is used instead.

Consequently, in MI, imaging performance is ap-
proximated to be independent of the signal the im-
aged object generates. For high resolution imaging,
the signal strength strongly varies within the detected
x-ray energy spectrum of the setup and this approx-
imation no longer works. In particular, lower x-ray
energies typically imply stronger signals—utilizing
this fact may greatly increase image quality for very
small samples.

This work is divided into three parts:
In the first chapter, I will briefly summarize the

fundamentals of x-ray imaging and establish the nec-
essary theoretical background for the rest of the work.
This also serves to introduce the mathematical nota-
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1. Introduction

tion used. The first three sections do not include own
work, but emphasize certain aspects of the topics and
the application of certain theoretical frameworks to x-
ray imaging may be new. Beginning with section 2.4.2,
significant parts are own work.

The second chapter introduces a model for describ-
ing image quality in high resolution x-ray imaging.
The proposed model is based on using SNR (signal
to noise ratio) spectra as a quantitative description of
image quality. While SNR spectra have been used in
x-ray imaging before, here a more general definition
is used, which includes the influence of the measured
object. Superposition of signal and noise for different
x-ray energies yields a polychromatic image quality
model, which is used to predict how an experimental
setup could be optimized.

The third chapter introduces a new method for di-
rectly measuring SNR spectra. It is used both to test
the predictions of the prior chapter and also as a prac-
tical image quality optimization tool. Measuring SNR
spectra is a powerful and useful method, but it does
have measurement errors and the interpretation of the
results can sometimes be difficult.

Altogether, optimizing high resolution x-ray imag-
ing implies that the different contrast mechanisms are
modeled and that the resulting image quality can be
simulated accurately and measured reliably. Energy-
dependencies of the signal also need to be considered.
To achieve both aims, it is necessary to understand
how a (polychromatic) signal is generated for all con-
trast mechanisms. Methods used in MI and NDT
mainly consider the capabilities of the imaging device
itself. In this work, both the properties of the sample
and also the interactions between sample and device
properties are additionally considered.

The main novel aspects of the methods described
here are:

1. A much closer correspondence between image
quality measurements and theory, including a
novel measurement technique.

2. A clear theoretical description of polychromatic
imaging – the effect of intensity superposition on
image quality.

3. The possibility to include contrast mechanisms
like phase contrast in the image quality measure.

4. Laying the focus on optimization instead of abso-
lute quantification.

8



2. Fundamentals of x-ray imaging

2.1. Image Formation

2.1.1. Radiography

Radiography is a measurement process first discov-
ered by W.C. Röntgen in 1895 [6]. The method works
by shining x-ray light through an object and captur-
ing the transmitted intensity on a two-dimensional
imaging detector (film or digital). Refer e.g. to [7]
section 4.11 for the fundamentals. X-ray imaging fun-
damentally works like any other imaging based on
transmission of light through an absorbing medium.
The main difference is that matter is comparatively
transparent in the wavelength range of x-rays.

In a radiography image, the inner structure of the
object is superimposed along the light direction (beam)
in the resulting image and can thus be difficult to
evaluate. This inner structure can be imaged with a
computed tomography measurement process (see sec-
tion 2.4), which in itself consists of a series of radio-
graphy measurements. Therefore, any discussion of
the fundamentals of x-ray imaging must start with the
radiography.

The two-dimensional x-ray image is measured by
exposing a x-ray detector to the transmitted x-ray light
for a specific time t and counting detection events. The
number of these events is called the intensity I(x) at
pixel position x. Due to the fact that the base intensity
of x-rays in the detector area is not constant, a so called
reference intensity Ir(x) is measured without a sample
in the beam. Additionally, the detector may produce
intensity that does not originate from x-ray photons.
This is called the dark intensity Id(x), it mainly stems
from processes in the detector electronic (e.g. readout
noise and dark current). The x-ray image d(x) is thus
computed as:

d(x) =
I(x)− Id(x)
Ir(x)− Id(x)

(2.1)

Attenuation x-ray imaging is a the case in which
approximately the only interaction of the x-ray pho-
tons with matter are processes which directly reduce
the detected intensity. For monochromatic x-rays, the
x-ray image is then derived from the sum over the at-
tenuation coefficient µ (units of inverse length) along

the beam r ∈→ x that starts in the x-ray source and
ends in the pixel x as (Lambert-Beer law):

d(x) = exp
(
−
∫
→x

drµ(r))
)

(2.2)

⇔
∫
→x

drµ(r) = − ln (d(x)) (2.3)

This is a formula for monochromatic x-rays. On the
one hand, these equations can be used to compute the
material thickness in the beam path, if µ(r) is known.
On the other hand, the transparency of a sample is
given by the Lambert-Beer law. Fundamentally, x-ray
photons need to pass through the sample in order to
allow imaging of the inner structure. A high trans-
parency means that a higher number of x-ray photons
contribute to the image, which results in lower noise.

In general, x-ray images can be generated by differ-
ent physical processes (contrast mechanisms). They
have in common that they somehow cause the sample
to influence the x-ray image on the detector. On a
more fundamental level, x-ray light interacts with mat-
ter it passes through. Independently of the contrast
mechanism used, the information that one is inter-
ested in is usually the spatial density distributions of
the different materials in the sample (sample shape).
The most important contrast mechanisms are:

• X-ray attenuation: Different interactions between
the x-ray photons and matter may result in a re-
duced detected intensity in the pixel that is along
the beam between x-ray source and object. The
possible interactions have different strengths and
different effects are most important at different
energy ranges:

– Photoabsorption: Absorption of the x-ray
photon in the sample material. Florescence
emissions from such an absorption may also
be detected.
Low-energy interaction.

– Scattering: Elastic (Rayleigh) or inelastic
(Compton) scattering deflects the x-ray pho-
tons to another path. Reduces the detected
intensity similar as absorption, but the scat-
tered x-rays may be detected. Scattered x-
rays originating not from the object but from

9



2. Fundamentals of x-ray imaging

the measurement setup may also be detected
as noise.
Higher energy interaction.

– Pair production.
Highest energy interaction (only above 1022
keV).

• Inline phase contrast (see section 2.1.2). Interfer-
ence patterns in (partially) coherent x-ray images
appear due to the wavefront deformation caused
by the object in the beam. It increases the image
quality through amplification of high spatial fre-
quencies. Especially for materials with a weaker
x-ray absorption (low atomic number), phase con-
trast is often the main contrast mechanism.

• X-ray optics [8], e.g. diffraction and refraction
lenses or grating interferometers. The efficiency
of a x-ray optic can strongly vary with the x-ray
energy.

Note that ”attenuation” describes all effects which
reduce the intensity of the beam passing through mat-
ter, while the term ”absorption” is used if the absorbed
intensity is of interest (e.g. in an x-ray detector).

The standard geometry for x-ray imaging is a
sample placed between a (point) source and a two-
dimensional area detector. It is called cone beam,
because the sample can be placed within a volume
corresponding to a (rectangular) cone between source
and detector edges. A top view sketch of this geom-
etry is shown in fig. 2.1. In this geometry, the x-ray
image is magnified by the x-ray magnification M is
defined as:

M =
lSDD
lSSD

(2.4)

with lSSD the source sample distance and lSDD the
source detector distance. M defines the length scal-
ing between the sample/voxel coordinates and the
detector/pixel coordinates. This means that a sample
structure of length l will be imaged on the x-ray detec-
tor with length Ml. Note that the magnification varies
within a sample that extends in the beam direction.

Due to the inverse square law, the x-ray intensity
per (pixel) area gets weaker the longer the distance
between source and detector according to:

I(x) ∝
1

l2
SDD

(2.5)

Due to the effect discussed in section 3.6, the image
quality is not changed by changing lSDD, only the field
of view is.

detector

source
sample

voxel pixel

lSSD lSDD

beam

Figure 2.1.: Sketch for the cone geometry viewed
from above. The gray area is also called the field
of view (FOV) for a sample which is rotated in a
CT (with centered rotational axis). The projection
image is measured at the detector.

Polychromatic x-ray imaging is the situation where
an image with a single color channel is generated by
the superposition of contributions from different x-ray
energies (”colors”). The resulting image value d(x) is
then also called ”gray value”. This can be written as a
sum over the set of contributing energies {E}:

Ipoly = ∑{E} Imono(E) (2.6)

Note that in physics, there is usually no need to
differentiate between sums and integrals, the equation
above could be rewritten as an energy integral without
changing the meaning. The only difference is that the
integrand then would need to be (or include) a density.

All current technical implementations of x-ray
sources suited for CT are polychromatic and can only
be made monochromatic by filtering energy ranges
from the beam or by only detecting specific energy
ranges. The latter is a new approach made possible by
direct x-ray detectors with multiple energy thresholds.

2.1.2. Inline phase contrast

Inline phase contrast (IPC) is an effect that appears
in high-resolution x-ray imaging due to the construc-
tive superposition of interference patterns of weakly
coherent x-ray light [8]. In general, the term ”phase
contrast” is used to describe different imaging tech-
niques that use (partially) coherent x-rays or optical
elements in the beam (e.g. gratings). The inline phase
contrast enhances image details and is therefore an
effect that improves image quality. Depending on
the experimental setup, phase contrast is the main
effect which generates the image information and it
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2.2. Fourier analysis

is therefore interesting to quantify this effect. The
enhancement by phase contrast can be interpreted as
a modulation transfer effect, but it is caused by the
sample and not by the imaging setup.

The image quality models and methods chosen in
this work were heavily influenced by the need to de-
scribe the image quality not only for attenuation x-ray
imaging but also for phase contrast x-ray imaging.

The first practical application for inline phase con-
trast is [9] (in synchrotron imaging). It was later also
used in laboratory setups, and is a common part of
most x-ray imaging setups with spatial resolutions of
a few µm and better [10].

Phase retrieval is a class of algorithms that recon-
struct material properties (e.g. thickness in projections)
from the measured interference pattern. In the case of
weak phase contrast, this is a simple Fourier filter [11]
applied to the projections. These algorithms typically
are limited to single-material cases, samples having
multiple materials with highly different atomic num-
bers can only have a correct phase retrieval for one
material—the other will show artifacts. I developed
an extension of this simple Fourier filter [4], which
applies different filters in the regions corresponding
to different materials. This algorithm is able to apply
a phase retrieval to multi material samples, given that
the regions with the different materials can be deter-
mined (segmented). See appendix A.3 on the lower
left for an application example.

2.2. Fourier analysis

Fourier analysis [12] is a mathematical framework that
has many applications in physics, e.g. linear differen-
tial equations, electrodynamics or quantum mechanics.
It allows an easier treatment of phenomena where size
scales in the analyzed quantity (signal) play an im-
portant role. The basic approach is that a continuous
signal is decomposed into a basis of oscillating func-
tions. In the 1-dimensional case, the Fourier transform
F of a function s(x) can be written as:

s(u) = F{s}(u) =
∫

I
dx s(x) exp(−2πixu) (2.7)

where the complex exponential functions are the
basis functions and I stands for the whole image space
(similar to R or N). The notation used here is that bold
lowercase characters represent Fourier transformed,
regular lowercase represent real space functions and
Power spectra (see later) are written as regular upper-

case characters. The variable u is called the spatial
frequency if x is a spatial coordinate. This equation
can easily be extended into higher dimensions by inter-
preting u and x as vectors and xu as a scalar product.

In imaging, Fourier analysis is used to analyze or
modify (filter) specific structure sizes in an image.
Thereby the higher spatial frequencies correspond to
smaller structures in the image. A blurring filter (e.g.
gaussian blur) reduces the amplitude of the higher
spatial frequencies and results in a ”smoother” image.

From the definition of the Fourier transform, many
computation rules follow, of which the following are
used (implicitly) later in this work [12]:

F{a f } = aF{ f } (2.8)

F{ f + g} = F{ f }+F{g} (2.9)

F{ f (x + χ)} = F{ f (x)} exp(−2πiχu)

⇔ |F{ f (x + χ)}|2 = |F{ f (x)}|2 (2.10)

2.2.1. Modulation transfer

The convolution ∗ of a signal with a point spread
function (PSF) h corresponds to a multiplication of
the Fourier transformed signal with its Fourier trans-
formed h (called optical transfer function, OTF):

sh(x) = (s ∗ h)(x) =
∫

dχs(x)h(χ− x) (2.11)

⇔ sh(u) = s(u)h(u) (2.12)

In a physical imaging setup, the measurement setup
causes a blurring of the measured signal due to dif-
ferent effects (e.g. size of the light source, diffraction
limit). If the mapping of a delta-peak like intensity
distribution to the measured intensity is interpreted
as a point spread function, then the absolute of h is
called the modulation transfer function (MTF). In the
rest of this work, h will be called MTF, as for most
physical systems in x-ray imaging, the OTF is iden-
tical to the MTF (except for phase shifts, which are
irrelevant).

The MTF is an important factor in the formation of
x-ray imaging quality. It describes with what ampli-
tude a signal structure of a specific size is transferred
through the measurement apparatus. Lower ampli-
tudes are more difficult to detect, thus a lower MTF
towards higher frequencies means that small image
structure is more difficult to detect. The MTF starts
at MTF(u = 0) = 1 and decreases towards higher
frequencies. A faster decrease is a worse MTF.
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2. Fundamentals of x-ray imaging

PSF ⇔ MTF names

exp
(
−x2

2σ2

)
exp

(
−2π2u2σ2) Gaussian

1
1+µ2x2 exp (−2π|u|µ) Lorentz/Exp

rect( x
d ) sinc(du)

tri( x
d ) sinc(du)2

δ(x) 1 delta distr./const.

Table 2.1.: Fourier transform pairs for some commonly
used functions. rect(x) is the rectangular function,
which is 1 in [− 1

2 , 1
2 ] and 0 else and the triangle func-

tion tri = max(1− |x|, 0) = (rect ∗ rect)(x).

The validity of the convolution as a model for the in-
tensity mapping implies that we assume the measure-
ment apparatus as a linear translationally invariant
system (LTI). Thereby linear means that multiplica-
tion with a factor h models the response of the input
intensity to the output intensity, and translationally in-
variant means that h is constant over the whole signal.
In many cases, h is also radially symmetric, in which
case h can be radially averaged before the evaluation.

Fourier transform pairs are two functions that are
the Fourier transformed of each other. Some PSF/MTF
pairs commonly used in imaging are given in table 2.1.
The first two are commonly used as simplified approx-
imations for physical blurring, and the product of both
is called the Voigt MTF. The triangle function/sinc2

corresponds to the blurring caused by a linear inter-
polation, the rectangular function to the effect an area
pixel sampling has. The δ ⇔ 1 pair is important for
modeling white noise.

Measurements of the MTF are done e.g. with a
slanted edge/slit test phantom, see e.g. [13]. The
commonly used line patterns (or similar test phan-
toms) can be used to roughly estimate the modulation
transfer but they do not replace an actual measure-
ment. If a poylchromatic x-ray imaging device has a
energy-dependent MTF, the MTF measurement needs
to consider the possibility that the MTF depends on
the sample. The edge test phantom may therefore
have a different MTF than the actual sample (and the
MTF may vary within the sample). See section 3.4.4
for details.

2.2.2. Discrete pixel sampling

Measuring a spatially continuous signal in a physi-
cal setup implies that the data is discretely sampled

spatially.1 To do so, one defines either areas or points
in space (pixels) for which one gray value represents
the measurement result. While in practice, one always
works with pixelized data, it is important to keep in
mind that the physics happens on continuous data
spaces:

Imaging physics works on continuous image
spaces and the discrete pixel space is applied
only after the detection.

Only in the very last step of the measurement this
continuous function is sampled to generate a discrete
image. Usually, this sampling is (and should be) done
in a way that does not decrease image quality. The
sampling distance of an image therefore is not an indi-
cator of the spatial resolution which is achieved by a
setup, this is instead given by the modulation transfer
discussed above. Of course, the spatial resolution can-
not be better than the sampling distance/pixel size.
Note that even for noise, the physics happens in con-
tinuous space and is later made discrete. Simulations
can be done on a smaller pixel size (oversampling) and
then averaged to the actual pixel size to approximate
this.

Real physical detectors collect all detection events
in a specific detector area into one pixel gray value
d(x). Consequently, the shape of this area acts as a
PSF (rect() function in table 2.1), which has the effect
of a smoothing of the image. Another consequence
is that image features that are smaller than one pixel
reliably produce a signal in the corresponding pixel.
(This is not the case for point-wise sampling.) The
strength of this signal is scaled by the fraction of the
feature area to the pixel area. Therefore, a too coarse
sampling does not make it impossible to detect small
objects, but the spatial precision is limited by the pixel
size.

Features of higher subdimensions (line in 2D/3D,
plane in 3D) are easier to detect than point-shaped
features because they have a higher area. They also
can span multiple pixels, so correlating multiple pixels
makes the detection of such objects even easier.

1Continuous image data would require an infinite amount of
information storage. This is why measured image data is always
composed of discrete values both spatially and also for the gray
values. For the same reason, real number representations on
computers (float) also have limited precision.
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2.2. Fourier analysis

2.2.3. Power spectra

An image power spectrum D(u) is the square of the
absolute value of the Fourier transformed of the image
d (data):

D(u) =
∣∣∣∣ 1

A
F{d}(u)

∣∣∣∣2 (2.13)

A is the area of the whole image, given in physical
lengths. Typically, A can be computed as number
of pixels/voxels in the image times aν. a is the side
length of the digital image element (pixel or voxel)
and ν is the number of dimensions of the image (here:
2 or 3). The factor containing these two quantities is a
normalization and ensures that the continuous signal
is represented correctly. It is only applicable if area
sampling is used and corrects the effect of the gray
value (intensity) being proportional to the sampling
area. When computing SNR spectra, this factor cancels
out because it appears both in the nominator and
the denominator; the factor 1

A is therefore later often
omitted.

Power spectra are especially useful if d is a (par-
tially) random quantity. Physical equations of power
spectra in this work describe physical properties of
the image and underlying stochastic processes, not
measured values of a specific image. Determining
D(u) for a specific realization of d(x) therefore has
corresponding measurement errors.

The autocorrelation function describes the correla-
tion of a signal with itself at a different point in space.
It is defined as:

Ψ{dd}(x) =
∫

dχd∗(χ)d(χ + x) = d∗(−x) ∗ d(x)

(2.14)

In the last step, the autocorrelation function is
rewritten as a convolution, from which the follow-
ing relationship can be derived:

F{Ψdd}(u) =
∣∣F{d}(u)∣∣2 = D(u) (2.15)

The fact that the Fourier transformed of the autocor-
relation function is identical with the power spectrum
is called the Wiener-Chinchin-Theorem. The main use
of investigating power spectra lies in the fact that one
can make use of this relation in the following way:

For uncorrelated images n1 and n2 and

n = n1 + n2 (2.16)

we can write:

Ψ{nn}(x) = Ψ{(n1 + n2)(n1 + n2)}(x) (2.17)

= Ψ{n1n1 + n2n2 + 2n1n2}(x) (2.18)

= Ψ{n1n1}(x) + Ψ{n2n2}(x)

+ 2Ψ{n1n2}(x) (2.19)

As the images n1 and n2 are uncorrelated, the mixed
term is zero:

Ψ{n1n2}(x) = 0 (2.20)

⇒ Ψ{nn}(x) = Ψ{n1n1}(x) + Ψ{n2n2}(x) (2.21)

Using eq. (2.15), we can write:

N = N1 + N2 (2.22)

which can easily be extended to

N = ∑K
k=1 Nk if Ψnknj = 0 for k 6= j (2.23)

This relation is the main reason why power spectra
are useful in imaging and why they are used in this
work instead of e.g. amplitude spectra. Due to the fact
that noise is always uncorrelated with noise (this is
part of the definition of what is noise), and that signal
and noise are also always uncorrelated, power spectra
allow the use of the very convenient simplification
above (e.g. for superposition).

For signal sums on the other hand, the individual
contributions are fully correlated and we get:

S =
∣∣∑K

k=1 F{s}(u)
∣∣2 = K2S1 (2.24)

if Ψnknj = Ψnknk for arbitrary k, j (2.25)

A power spectrum which is constant with respect
to the spatial frequency

D(u) = const(u) (2.26)

is called a ”white” power spectrum. This stems from
the fact that for (idealized) white light, all frequencies
have equal amplitude and power. A noise power
spectrum which is white is called white noise. It
has the property that noise at one pixel is independent
of noise at another pixel, which can be derived from
eq. (2.15):

Ψdd(x) = F−1{D(u)} ∝ δ(x) (2.27)

This is represented by a correlation function δ(x),
which is zero for different pixels (or points in space).
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2. Fundamentals of x-ray imaging

Spatial frequency axis

The spatial frequency u has units 1/length. To simplify
the understanding of what the value of u represents,
one can compute the corresponding structure size l:

l =
1

2u
(2.28)

In a discretely sampled image, the maximal spatial
frequency is given by the Nyquist frequency uny for a
pixel size lPS:

uny =
1

2lPS
(2.29)

In the x-axes of power spectra or SNR spectra plots
(e.g. fig. 3.10), the value of l is used to label the x-axis.
In combination with the value for the Nyquist fre-
quency, this means that the spatial frequency axis goes
from a structure size of ∞ to lPS and that the numbers
on the axis directly correspond to the actual structure
size. This scale is not one of wave periodicity (= line
pair distance). I consider this notation to be much
easier to understand than units based on periodicity.

A structure size of l corresponds to a periodicity
of 2l, this means that the smallest structure possible
is a feature with a size of a single pixel or a peri-
odic pattern with a period of two pixels (consecutive
dark/bright). Because image features are typically not
similar in shape to waves, the use of the structure size
is more natural. The axis notation chosen in this work
also avoids this complication.

In higher dimensions, the highest absolute spatial
frequency possible is not the Nyqist frequency. In-
stead, the corners of the K-dimensional u-rectangle
correspond to the highest spatial frequency possible:

|u|max =
√

u2
ny, x + u2

ny, y + ... = uny
√

K (2.30)

Where the last simplification is only valid for pixels
with equal side lengths. A practical consequence of
this fact is that if a radially symmetric analytic Fourier
filter is applied to an image and this filter strongly
amplifies higher frequencies, checkerboard patterns
appear. This commonly happens with wrongly param-
eterized deconvolution filters.

In this work, spatial frequency plots are usually
radially averaged. The radially averaged coordinate
is called u. It is plotted over the range of [0, uny],
excluding the corners of the spatial frequency rect-
angle. Radial averaging is appropriate if e.g. the
power spectrum of an image is isotropic, meaning
that its properties are independent of angular orienta-
tion. Even in cases where some properties are highly

anisotropic (e.g. noise in a CT 3D image, see eq. (2.56)),
the radially averaged representation is still useful if
the relevant properties (e.g. MTF) are isotropic.

2.3. Probability theory

Random noise plays an important role for the analysis
of image quality in x-ray imaging. The properties and
consequences of this random noise are described by
probability theory. In fact, noise is equivalent to the
random measurement error (not systematical errors).
Therefore, probability theory is an important part of
any discussion of image quality. I will consider the
bayesian interpretation of the theory [14], in which
probability is understood to describe a state of knowl-
edge or uncertainty. As an extension of true/false
logic [15], a probability value p between 0 (false) and
1 (true) describes a degree of plausibility that a state-
ment is true based on specific knowledge. In bayesian
probability theory, there is no concept of objective
probabilities, they are instead by definition dependent
on the knowledge of the observer.

The basic mathematical rules of probability theory
can be looked up in any standard text book (e.g. [14,
15]). Of specific interest here is the case of a measure-
ment error: A high image quality corresponds to a
low measurement error.

2.3.1. Measurement error

If an observer measures a value d (data), the prob-
lem of the measurement error can be stated as such:
What is the probability distribution for the true value
s (signal)? s can be seen as the quantity which the
measurement result d aims to determine. This uncer-
tainty about the true value given the knowledge of the
measurement(s) is the measurement error. It can be
written using Bayes’ law as:

p(s|d) = p(d|s)p(s)
p(d)

(2.31)

which is derived from the more fundamental law:

p(s, d) = p(d|s)p(s) = p(s|d)p(d) (2.32)

Here, p(s, d) is the probability that both s and d are
true and p(s|d) is the probability of s given that d is
true (was observed). p(d) is a normalization constant
(independent of s) and p(s) is called the prior prob-
ability, it is used to describe the state of knowledge
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before the current measurement. If we assume no
prior knowledge, then p(s) = const.2

This equation implies that the probability for a cer-
tain true value s if we know a measurement d is de-
termined by the probability that the measurement d
takes a certain value given the true value s. The latter
is simply given by the measurement process, while
the former is of interest. This requires a flexibility
of the interpretation of what probability means: In-
dependent from what the observer knows, s has a
specific value. The observer cannot know this value
with absolute certainty, but the knowledge of the ob-
server can be stated with p(s|d). Interpreting p(s|d)
as a frequency makes no sense, because s has exactly
one value from an objective point of view.

The Bayesian interpretation of probability theory
thus can be used to formulate observer uncertainty
about quantities which are not random. This com-
prehension is important to understand both the SNR
spectra model and the SNR measurement scheme pre-
sented later.

2.3.2. Signal, noise and error propagation

Another important tool is the linear additive noise
model [16]. With s and d as defined above and the
noise n, one can always define:

d = s + n (2.33)

which can be seen as the defining equation for n.
This is done to separate the random and deterministic
parts of the measured value conceptually: s is purely
deterministic and n is purely random. It also gives
the definition of noise as the difference between signal
(true value) and data (measured value). This equation
does not imply that the properties of signal and noise
are independent—e.g. Poisson noise is an example
where the noise properties depend on the signal.

Error propagation is important for measurements
where there is more than one source of uncertainty or
if the quantity of interest is derived from the measured
value by applying some mathematical transformation.
We then need to insert the knowledge of how the dif-
ferent uncertainty sources influence the result into a
computation with probabilities. Sources of random-
ness are here given by different physical processes, for

2Defining an actual neutral prior is more complicated than implied
here, e.g. a prior that has a constant probability for a quantity
whose value range spans several orders of magnitude is the
inverse of the value. A constant prior would bias the probability
towards higher values. See [14].

example b and c (e.g. x-ray intensity + dark current).
Then the measured value a is given by:

a = b + c⇔ p(a|b,c) = δ(a− b− c) (2.34)

For more complex dependencies, the function can
be linearized with respect to all variables. Alterna-
tively, the probability distributions can be propagated
through the mathematical transformation. The latter
is necessary in some special cases, e.g. around the
extrema of a function.

At this point, an ambiguity in the commonly used
notation of probabilities needs to be corrected [14].
Strictly speaking, the functions p(b) and p(c) must
not both use the function name p, but should instead
use different function names, e.g. pb(b) and pc(c).3

This becomes necessary if we do a variable transfor-
mation for b or c, but in other contexts, the ambiguous
notation can also lead to subtle errors if used without
care.

If pb(b) and pc(c) are known, pa(a) can be com-
puted via:

pa(a) =
∫

db pa, b(a, b) =
∫

db
∫

dc pa, b, c(a, b, c)

=
∫

db
∫

dc pa(a|b,c)pb,c(b,c)

=
∫

db
∫

dc δ(a− b− c)pb(b)pc(c)

=
∫

db pb(b)pc(a− b) (2.35)

Here, we use the computational trick of extending
a marginalization twice and then inserting eq. (2.34).
The last form is identical to a convolution of the proba-
bility distributions describing the measurement errors
of the individual quantities. The error distribution is
therefore given by the convolution of the individual
error distributions. We can therefore use the multi-
plication in Fourier space, eq. (2.12), to compute the
measurement error of a sum of contributing quantities.
In the case of Gaussian error distributions, one can
easily derive the additivity of the variances if pb and
pc are uncorrelated:

var(a) = var(b) + var(c) (2.36)

Note that the Fourier transformed of a probabil-
ity distribution is also called ”characteristic function”

3There is no strict differentiation between variables and functions—
p(b) and p describe the same quantity, only the dependency
is not stated explicitly in the latter notation. Relying on the
assumption that the brackets contain all dependencies can easily
lead to errors, as the actual dependencies are given by the
problem and not the representation chosen.
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2. Fundamentals of x-ray imaging

and can be used to simplify various computations,
specifically in stochastic processes [17].

2.3.3. Wiener filter and deconvolution

In general all image restoration filters like the Wiener
filter [18, 19, 16] are limited by the SNR (or infor-
mation content) of the measurement. These filters
attempt to optimally reconstruct the signal from the
data. Thereby, information which is not in the mea-
surement can not be restored by a filter—except if
this filter adds the information. In the latter case, it
is not (only) a reconstruction filter. The Wiener filter
makes this limitation clearly understandable and is
important to understand from two points of view:

• To understand the limitations of any kind of im-
age improvement or reconstruction filter whose
aim it is to improve image quality.

• To understand how image quality works and how
SNR and modulation transfer interact.

The Wiener filter is an important theoretical con-
text in which SNR spectra are commonly used and
understanding the Wiener filter makes it easier to un-
derstand why SNR spectra are a good model for image
quality.

For the derivation of the Wiener filter with decon-
volution, I use a modified form of the data model,
eq. (2.33), that includes the convolution with the
MTF h. For simplicity, only Fourier coordinates (e.g.
d = F{d}) are used—similarly to how some prob-
lems are easier in e.g. a spherical coordinate system.
This implies that we assume a LTI system. The data
model of a Wiener filter states how the measured data
d is produced from the signal s, this represents the
measurement process:

d = hs + n (2.37)

In general, the optimally reconstructed signal rd is
defined such that the statistical mean of the deviation
between rd and the actual signal s is minimal:

rd = argmin
{

diff(rd − s)
}

(2.38)

where the diff function can e.g. be a linear or
quadratic difference. The probability of the value
s if data d was measured can be written with Bayes’
theorem as:

p(s|d) = p(d|s)p(s)
p(d)

∝ p(d|s)p(s)

If we minimize the (global) average of the square of
the difference,

d
drd

∫
ds p(s|d) (s− rd)

2 !
= 0 (2.39)

⇔ −
∫

ds p(s|d)2 (s− rd)
!
= 0 (2.40)

⇔
∫

ds p(s|d)s !
= rd

∫
ds p(s|d) (2.41)

⇒ rd =
∫

ds p(s|d)s (2.42)

If use the following approximations: (1) p(d|s) and
p(s) are Gaussian distributions (2) the power spectrum
matrix is the Fourier transform of the auotcorrelation
matrix (Wiener–Khinchin theorem) and (3) transla-
tional invariance. Then power spectra matrices S and
N are diagonal and we get:

p(s) ∝ exp
(
−2π2 s2S−1

)
p(n) ∝ exp

(
−2π2 n2N−1

)
p(d|s) ∝

∫
dn p(d|sn)p(n) (2.43)

=
∫

dn δ(d− hs− n)p(n) (2.44)

= exp
(
−2π2 (d− sh)2N−1

)
where all probability distributions are normalized

to one but the normalization factors are omitted.
The optimal signal reconstruction rd is given by

rd =
∫

ds sp(s|d) ∝
∫

ds s p(d|s)p(s)

p(d|s)p(s) = (2.45)

= exp
(
−2π2

[
(d2 − 2dsh + s2h2)N−1 + s2S−1

])
∝ exp

(
−2π2

[
(h2N−1 + S−1)s2 − 2dHN−1s

])
If we compare this to an arbitrary Gaussian distribu-

tion G(s|rdP) for s with mean rd and power spectrum
P:

G(s|rdP) ∝ exp
(
−2π2 (s− rd)

2P−1
)

∝ exp
(
−2π2

[
(P−1s2 − 2rdP−1s

])
(2.46)

Then we can identify by comparison:

P−1 = h2N−1 + S−1

rd =
dHN−1

h2N−1 + S−1 =
1

1 + NS−1h−2 h−1d (2.47)

We can define:

SNR−1 = NS−1h−2 (2.48)
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2.4. Computed tomography
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Figure 2.2.: Examples for Wiener filter curves from
measured SNR(u), see section 4.2.1 on page 61 for a
description of the setup and methods. The effective
resolution reff is here defined as the structure size
equivalent to W(u) = 0.5 or SNR(u) = 1. t is the
exposure time for the image.

Note that the rest of this work uses eq. (2.33) as
the data model and a different definition of the SNR
applies. The final result for the Wiener Deconvolution,
is given by the optimal signal reconstruction from the
data. This is a multiplication in Fourier space with the
filter WH(u):

WH(u) =
1

1 + SNR(u)−1 h(u)−1 (2.49)

The noise suppression part of this filter is the Wiener
Filter W(u), where we exclude the deconvolution step:

W(u) =
1

1 + SNR(u)−1 (2.50)

In fig. 2.2, examples for Wiener filter curves com-
puted from measured SNR spectra are shown.

In principle, the Wiener filter can be seen to already
include the deconvolution due to how the data model
is defined. The term Wiener deconvolution is thus
mainly used to emphasize that the effect of the filter is
not just noise suppression, but also sharpening (decon-
volution). Note that applying a Wiener deconvolution
does not change the SNR(u) (like any other Fourier
filter), but a filtered image my appear less noisy or
sharper.

The Wiener filter only uses very weak assumptions
about the data. This is an advantage in that applying a
Wiener filter does not add strong assumptions during
the signal reconstruction, which could lead to artificial
image features produced by the filter. Such artifacts
are a problem for noise suppression/deconvolution

filters in general, because too aggressive image im-
provement can add image information which is actu-
ally not in the signal. On the other hand, a filter using
weak assumptions is strongly limited in the amount
of image improvement it can do. If the assumptions
of a strong filter are true, the possible image improve-
ments are great. Such a example is if the image only
contains two gray values (two material CT image).

By combining eq. (2.37) and eq. (2.49), we can see
that the effective modulation transfer for a noise sup-
pressed image is given by eq. (2.50). This equation can
be seen as defining an MTF which includes modula-
tion transfer and noise effects. Both effects are unified
in this equation and one could argue that image qual-
ity is wholly determined by W(u) and therefore by
SNR(u).

The Wiener filter can also be used to reconstruct
noise:

WN(u) =
1

1 + SNR(u)
(2.51)

⇒W(u) + WN(u) = 1 (2.52)

So that the sum of signal reconstruction and noise
reconstruction is the data. Note that the Wiener filter
is an optimization on the whole image. An image
which has regions with very different properties (e.g.
the amount of sample structure) should be evaluated
for every region separately.

2.4. Computed tomography

2.4.1. Measurement technique

This chapter gives a very short introduction into the
measurement technique computed tomography (CT),
for details refer to [20] or any other CT imaging text-
book.

The principle of the CT is based on a mathematical
principle first discovered by Radon. Its states that the
gray values in a plane section of a volume image can
be reconstructed from a set of line integrals, where all
directions passing through the plane are included in
the set. The line integrals are given by the intensity
in a projection image according to eq. (2.2). Note that
all line integrals through the sample for the whole
width of the sample need to be know from every
direction. This condition is violated e.g. if beam and
plane are not perpendicular (cone beam artifacts) or
if the sample is larger than the field of view (local
tomography).

17



2. Fundamentals of x-ray imaging

In practice, a CT measurement consists of acquiring
many projection images from different view directions.
The curve that the view directions describe in space
is the shape of the scan path, the simplest shape is
a circle. This circle is acquired either by rotating the
sample in a stationary x-ray beam or by rotating the
beam around the sample. The former is a typical labo-
ratory CT setup while the latter is typical for medical
CT.

The number of views KCT required is determined
by the desired angular resolution. A rough estimate
is given by the achievable spatial resolution (limited
by setup MTF) r in the CT image and the width of the
field of view dFOV, also in the CT volume. The value
is given by the angle spun by the spatial resolution
distance at the outer edge of the FOV (for a circular
scan path):

KCT
!
>

πdFOV

r
(2.53)

In practice, the spatial resolution is often worse
by at least at factor of π than the voxel size, so that
the number of projections is chosen to be equal or
smaller than the number of horizontal detector pixels.4

Within the context of this work, the achievable spatial
resolution should be interpreted as derived from the
Wiener filter and the SNR spectrum (see previous
section).

To achieve a specific image quality, the number of
detected x-ray photons which have interacted with
a specific sample volume is decisive. This number
is proportional to the product of KCT with the mea-
surement time t per projections, it is the measurement
time of the whole CT. If the image quality should be
kept constant, e.g. reducing KCT therefore implies
increasing t proportionally.

A CT volume image can be reconstructed from a
set of projections. Different reconstruction algorithms
exist, the commonly used deterministic algorithm for
CT reconstruction is the filtered backprojection (FBP).
For cone geometries, the Feldkamp-Davis-Kress (FDK)
algorithm [21] can be used, which is based on the FBP.

The noise of a CT reconstructed image is trans-
formed by the following MTF through a FBP recon-
struction algorithm [22]:

hCT noise(ux, uy, uz) = (2.54)

4
√

u2
x + u2

y sinc(ux)
2sinc(uy)

2sinc(uz)
2 (2.55)

4Considering eq. (2.30), the theoretically required KCT is higher
by a factor of

√
2 than indicated by eq. (2.53) (applies to the

diagonal views).

The highpass filter part
√

u results from a combina-
tion of the ramp filter and the density of the projection
points in Fourier space. The blur part sinc(ux)2 results
from the linear interpolation which is part of the back-
projection.

The transfer functions for radially averaged volume
power spectra can be approximated in the following
form:

h2
CT noise(u) ≈ u sinc(u)3.4 (2.56)

h2
CT signal(u) ≈ sinc(u)3.4 (2.57)

While the radial averaging of the x-y-ramp simply
results in a radial ramp (with a different slope), it
does affect the sinc part. The values were found by
performing a CT FBP reconstruction (using pyXIT)
on noise images and fitting a model to the resulting
power spectra. If arbitrary blur filters are part of the
reconstruction (e.g. Shepp-Logan filter), these would
also appear here.

Signal transfer does not include the ramp, but does
include the interpolation blur. The ramp filter inverts
the (statistical) blurring caused by projecting a 3D im-
age onto a 2D projection The signal power spectrum
of the original object is restored by a CT reconstruc-
tion image—except for algorithm-specific parts like an
interpolation used.

What follows are some topics which stand isolated
from the rest of this work. They are original ideas by
the author of this work and are of interest within the
context of CT.

2.4.2. Optimal number of reference

images

A CT measurement consists of a series of projections
that all use the same reference image, see eq. (2.1). This
reference image is usually computed as an average
from a number Kref reference images to reduce the
effect of noise in the reference image. The number
Kref is usually chosen by a rough human estimate, as
there appear to be no known formulas for computing
an estimate.

Under some specific assumptions, it is possible to
derive the optimal Kref from a standpoint of reducing
noise in the CT. Noise in the reference image actually
does not produce (normal) noise in the CT image due
to the fact that this noise is identical for all projections;
it instead produces random ring artifacts. A simple
solution can be derived if we ignore this aspect and
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2.4. Computed tomography
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Figure 2.3.: SNR per measurement time curve used
to determine an estimate for the optimal number
of reference images with KCT = 2000, T = 0.5 and
Kref, opt = 32. The square root in eq. (2.62) means
that the maximum in a x-log plot is in the middle
between 1 and TKCT = 1000. Here, Kref between 10
and 100 are a good choice.

choose Kref such that the noise in the single projection
is minimized.

The noise in a single referenced projection is given
by error propagation on a linearization of eq. (2.1).
With Nimage the noise5 of the projection, Nref the noise
of the ref image, T being the sample transparency and
I, Iref being the corresponding intensities (I = TIref)
we get for the noise N of a referenced image:

N ∝
Nimage

I2 +
Nref

I2
refKref

(2.58)(
use I = TIref and Nimage = TNref

)
N ∝

1
T
+

1
Kref

(2.59)

If KCT is the number of projections in the CT, then
the measurement time t of the whole CT is propor-
tional to (KCT + Kref). The optimal number of refer-
ence images is then given by the maximum of SNR
per measurement time:

SNR
t

∝
1

Nt
∝

1
( 1

T + 1
Kref

)(KCT + Kref)
(2.60)

Kref, opt(KCT) = argmax
(

SNR
t

)
(2.61)

=
√

TKCT (2.62)

An example for the SNR/t curve is shown in fig. 2.3.
For a CT with 2000 projections and T = 0.5, we would
thus get a value of Kref, opt = 32. Typical values cur-
rently used are between 50 and 100.

5”Noise” could here either mean the variance or the noise power
spectrum.
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Figure 2.4.: Schematic plot showing a neutral thresh-
old (= 3.5) for the actual edge (theoretical truth)
and two blurred edges (realistic data). The neutral
threshold applies the same segmentation indepen-
dent from the amount of blur (border at x = 500 in
this example). In higher dimensions, blur leads to a
loss of detail in the segmented image.

2.4.3. Neutral image segmentation

Image segmentation is in general a processing step
which divides an image into distinct classes of areas
(”segments”). The most common case is a segmenta-
tion into different material areas. There exist different
methods to derive an optimal threshold, see e.g. [23].
A simple approach to defining a neutral threshold dt

for segmenting two materials with gray values dA and
dB is:

dt =
dA + dB

2
(2.63)

This is demonstrated in fig. 2.4. Using the neu-
tral threshold has the effect that the volume fractions
do not get a systematic bias from the threshold. Set-
ting an arbitrary threshold which ”looks good” to the
user will usually result in such a bias. Independently,
structural details below the spatial resolution of the
measurement cannot be segmented and may produce
a systematic error in the segmented areas and the
volume fractions.

The neutral threshold is much easier to apply be-
cause the threshold no longer needs to be adjusted
manually. This manual adjustment can also introduce
systematic errors into an evaluation. Segmentation
procedures using derivatives (e.g. maximum of the
absolute of the first derivative) can also yield a neutral
image segmentation.

Image segmentation usually benefits from a noise
suppression, see section 2.3.3, because noise can lead
to segmentation errors. A weak blurring on the other
hand does not produce segmentation errors when the
threshold was correctly chosen. If the parameters are
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2. Fundamentals of x-ray imaging

chosen correctly, then the noise suppression only blurs
the image insofar as the image features removed by
the filter would be artificial (noise) anyway.

2.4.4. CT reconstruction: pyXIT

pyXIT is the Python X-ray Imaging Tool and was de-
veloped by the author of this work as a side project.
It is a software with a graphical user interface. Its
main purpose is to do image processing in 2D and 3D,
including CT reconstruction. pyXIT was designed to
be scientific software with the corresponding features:

• Using Python as the programming language
means that how the software works can be in-
vestigated and changed by any user. As an inter-
preted language, the development and execution
environment are identical–if the software can be
executed, it can also be changed. For scientific
use this is important because how the software
works is not a secret (and it should not be).

• All image processing algorithms are implemented
as plugins and writing a plugin is easy. Existing
Python code used in scientific investigations can
easily be integrated.

• A fast preview of results enables to manually
adjust parameters, which has three applications:
(1) It allows the user to try out different param-
eters and learn how an algorithm works (2) Op-
timizing algorithm parameters, as automatic pa-
rameter determination may either not be available
or unrealistic for experimental algorithms (3) Dur-
ing software development, the algorithm can be
adjusted until the result is good.

• Many input and output file formats are sup-
ported.

• GPU computing via OpenCl is implemented to
make specific algorithms fast (e.g. CT reconstruc-
tion, median filter). An own implementation of a
Python interface to OpenCl is included, it is easy
to use.

pyXIT was presented at the DIR-CT 2019 conference,
the poster is shown in appendix A.3 on page 88. For
further information, refer there.

2.4.5. Registration on noisy images

X-ray images are usually very noisy, and the image
registration of noisy images then poses an additional

problem for which a solution is presented here. From
a theoretical standpoint, this solution is interesting
because it is an application of probability theory to
imaging.

Image registration is in general an algorithm which
finds a coordinate transform between two images of
the same object sampled in different coordinates. The
simplest case are two images that are shifted with
respect to each other, e.g. because the imaged sample
moved between the acquisitions. Of practical impor-
tance are also magnification differences and rotations.
In CT imaging, registration algorithms have many use
cases.

The implementation is often done with a Fourier
filter, but on current computing hardware (GPU), real
space difference algorithms are sufficiently fast. This is
due to the fact that these computing devices typically
implement linear interpolation in hardware and have
a very high memory bandwidth.6 The latter is used
in pyXIT because they have have several advantages:

• Arbitrary coordinate transforms can be imple-
mented, not just shift.

• Pixel defects can be excluded by the algorithm.

• Higher precision can be achieved with a fast local
search.

• Arbitrary functions for computing a difference
can be used (e.g. linear or square difference).

The problem which appears for noisy images is that
a (linear) interpolation between pixel values reduces
the average noisiness for the interpolated value. A
lower average noisiness has the effect that two images
with different noise realizations match better. There-
fore, a registration algorithm which uses interpolation
to produce subpixel precision tends to find a result
for which this noise reduction is maximal. As can be
seen in fig. 2.5 the registration result will then always
be shifted towards a N.5 result.

Usually, a registration algorithm doing a real space
matching will read the first image on the original
pixel sampling positions r = (x, y) and the second
shifted by a value s = (sx, sy). In two dimensions, a
registration algorithm for two shifted images d1 and
d2 can be written as:

∆ = ∑r [d1(r)− d2(r + s)]2 (2.64)

sshift = argmin [∆(s)] (2.65)

6Effective cached memory bandwidths of more than 1 TB/s can
be observed on a high-end graphics card bought in 2016.
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Figure 2.5.: Computed square difference examples for simulated images with a known shift of (7.07, 10.65).
The images have different noise and an identical but shifted signal. Shift values are given by the axes labels
and darker values correspond to a lower difference; the found shift of an algorithm is the darkest pixel. This
implementation starts at a registration precision of 2 pixels and has three local searches around the prior
result with a higher precision. The ”no CND” images are from a standard real space registration algorithm
and their minima are always falsely shifted towards .5 values, the CND algorithm registers close to the real
shift. For the strong noise chosen, the difference images of the ”no CND” algorithm are dominated by the
noise difference pattern. Note that the CND algorithm shows a weaker artificial pattern for the smallest
step, the origin of which is unknown.

To analyze the noise difference, it is sufficient to
consider a single element of the sum above. As a
further simplification, noise is assumed to be identical
in the two images and the four neighboring pixels
each. A two-dimensional linear interpolation applies
the following weights to individual pixels:

w00 = s̃x s̃y w01 = s̃x(1− s̃y)

w10 = (1− s̃x)s̃y w11 = (1− s̃x)(1− s̃y) (2.66)

where s̃x = sx%1 is the integer rest of the shift. The
scaling factor f for image difference noise (variance)
which is produced by these weights is:

f 2 = s̃2
xs2

y + s̃2
x(1− s̃y)

2 (2.67)

+ (1− s̃x)
2s2

y + (1− s̃x)
2(1− s̃y)

2 (2.68)

This factor is minimal for s̃x = s̃y = 0.5.
The proposed algorithm instead additionally shifts

the sampling positions of both images by a value

a = (ax, ay). This value is chosen in such a way that
the average noise difference between two images with
a different shift vector is constant, it is here called the
the ”constant noise difference” (CND) algorithm. The
algorithm is then modified to:

∆ = ∑r [d1(r + a)− d2(r + s + a)]2 (2.69)

If both images are shifted, the variance factors of
both linear interpolations are added up. The sum then
needs to be constant with respect to different s:

f 2
1 (s, a) + f 2

2 (s, a) = const(s) (2.70)

This can be achieved by different choices of a, which
are not uniquely determined by the requirements. The
first choice done here is to set:

f 2
1 + f 2

2 = 1 (2.71)
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Figure 2.6.: Registration precision for the CND al-
gorithm (solid lines) compared to the standard algo-
rithm (dashed lines), computed for different noise
strengths (scaling factor for the variance) and step
sizes. Precision values are given by the euclidean
distance between actual shift and true shift. To re-
duce noise in the curves, median values over a set of
300 registered images with random shift were taken
each. The theoretical limits are given by step·2−1.5

(step distance rounding error) and are plotted as
dotted lines.

The second choice is a branching condition in the
algorithm, because the additional shift needs only to
be applied to one coordinate:ax = 0 if min(sx, 1− sx) > min(sy, 1− sy)

ay = 0 else
(2.72)

We can assume the first case without loss of gener-
ality and thus get:

∆ = ∑r

[
d1

(
rx

ry + ay

)
d2

(
rx + sx

ry + sy + ay

)]2

(2.73)

If we define:

X = s̃2
x + (1− s̃x)

2 Y = s̃2
y + (1− s̃y)

2 (2.74)

b = 1 + |1− 2s̃y|X (2.75)

α =
b−

√
b− 2(1 + X)XY
2(1 + X)

(2.76)

then

ay =

α if s̃y < 0.5

1− α else
(2.77)

solves the requirements from above. In the other case,
the coordinate axes are simply switched. This algo-
rithm is implemented in pyXIT. It was tested against

an algorithm using a simple linear interpolation on
one image and integer coordinates on the other im-
age. The corresponding precision gain of the CND is
shown in fig. 2.6. The noise strength used here is a
scaling factor for the noise variance. Both algorithms
perform equally good for low noise images and the
CND algorithm performs much better for intermedi-
ate noise strengths. For very strong noise, subpixel
precision is impossible, so both algorithms again per-
form similar. The CND algorithm loses precision at a
noise strength which is a factor of 30 higher than the
standard algorithm.

Note that for the standard algorithm, the choice of
the step size influences the precision—0.33 is good
while 0.5 would be bad. This is why a step 0.11 can
be worse than 0.33, the first selects between 0.44 and
0.55 while the second between 0.33 and 0.67. The
latter is then on average closer to the actual value.
Interpolating algorithms perform better towards high
noise (> 105 in the example), this may be caused by
the fact that the interpolation has a noise suppressing
effect.

The performance impact of computing the addi-
tional shift is the only computation step which could
be seen as a disadvantage of the algorithm. To test if
this computation decreases the speed of the algorithm,
run times of the CND algorithm and a variant with
addition shift set to zero were compared. There is no
measurable difference in the speed between the two
algorithms. This is probably because the computa-
tion can be done while the compute units wait on the
memory access, and the latter is the limiting factor.

The source code written in Python/OpenCl is avail-
able as part of pyXIT (see appendix A.2 on page 87).

Lens distortion registration

A real space registration algorithm can also be used
to register the image distortion caused by a lens dis-
tortion which occurs in lens-based x-ray detectors.
Measuring two images with a shifted sample can
be registered to each other. Using a simple model
for the lens shift, the parameter(s) for the lens shift
can be found by such a registration. The lens dis-
tortion is thereby treated as a coordinate transform
and the registration finds this coordinate transform—
similar to e.g. a rotation. The coordinate transform is:
undistortion→shift→distortion.

22



3. Theory of x-ray image quality

Overview

This chapter discusses the theoretical aspects of de-
scribing the phenomenon of image quality with a
physical quantity (”measure”). In the first three sec-
tions, prior work on image quality is summarized and
the requirements for a good image quality measure
are determined. This includes a thorough descrip-
tion and visualizations of the main aspects which
determine image quality. In section 3.4, an exten-
sion/generalization of existing theoretical models of
image quality is derived. Here, the main goal is to
uncover cases for which prior theoretical descriptions
fail, and predicting the actual physical relationships.
The derived model is also a necessary preparation step
for the measurement technique using the DE(u). Sec-
tions 3.5 and 3.6 present predictions about important
physical effects for which there appears to be no clear
description in the literature. The last section of this
chapter (3.7) discusses indirect detection noise – the
relationship to the prior sections is given by the fact
that the most common technical implementation of an
x-ray detector is the indirect detector and that it has
unusual noise properties.

Chronologically, the measurement method for SNR
spectra was developed before the theoretical models –
paper [1] was published before [2].

3.1. Fundamental Aspects

Optimizing image quality first requires that a quantita-
tive description (model) is found. This model defines
a physical quantity whose maximum yields the op-
timal image quality. Of interest for the optimization
are the physical or device parameters that are optimal.
Then, a measurement method is required to apply this
model to different experimental setups. This chapter
develops an image quality model, the next chapter is
about measurements.

Image quality models exist for applications in x-
ray medical imaging (MI) and nondestructive testing
(NDT). These are mainly meant to be used in the stan-
dardization of devices, not in optimization. Perfor-

mance optimization in high resolution x-ray imaging
is different from these applications in the following
ways:

• Energy-dependencies in the signal strength play
an important role, either because they vary
strongly over the x-ray spectrum or because a
high signal strength is required for a good im-
age quality. Different contrast mechanisms also
have different energy-dependencies of the signal
strength.
See fig. 3.1 and fig. 3.2.

• Different contrast mechanisms are used. In ad-
dition to absorption contrast, inline or grating
phase contrast and x-ray optics based imaging is
possible.
See fig. 3.3 and fig. 3.4.

• Accuracy and completeness are more important
for optimization while standardization requires
comparability and ease of interpretation. There is
also a difference between standardizing specific
parts/properties of a device and optimizing the
performance that results from the complete x-ray
imaging device. Optimization can include perfor-
mance differences resulting from the measured
sample, while device standardization cannot.

The methods used to describe, measure and opti-
mize image quality in MI and NDT assume absorp-
tion contrast only and assume the signal strength to
be energy-independent. Figure 3.2 shows the energy-
dependency of attenuation contrast for some mate-
rials. While the energy-independent approximation
used in MI can be used there, high resolution imaging
uses lower energy x-rays where the signal strength is
strongly energy-dependent.

Note that SNR spectra are a quadratic quantity,
while temporal SNR is a linear quantity, which means
that with respect to e.g. intensity, the scaling is:

SNR(u) ∝ SNR 2
t (3.1)

SNR spectra are commonly used as a quantitative
measure to describe image quality. The definition of
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3. Theory of x-ray image quality

the SNR spectrum in the medical imaging literature is
[24]:

SNRMI(u) =
I2h(u)2

N(u)
(3.2)

where I is the detected intensity, h is the MTF and
N(u) is the image noise power spectrum. Note that
in MI, the use of the Detective Quantum Efficiency
(DQE(u)) is more common [25, 26], which is a quan-
tity derived from SNRMI(u) (see section 3.3.2). All
these quantities are independent of the contrast mech-
anism and sample influences.

The definition that will be used in this work is in-
stead:

SNR(u) =
S(u)
N(u)

(3.3)

Here, Ih2 is replaced by the image signal power
spectrum S(u). This fraction of power spectra is the
more fundamental definition of SNR spectra. S(u)
includes every possible contrast mechanism, because
it represents the detected structure in the actual im-
age. Signal and noise are defined as explained in
section 2.3.2 on page 15, where noise is the measure-
ment error and the signal is the measured quantity
(truth, not data). In the following, SNR spectra or
SNR(u) always refers to the definition according to
eq. (3.3).

In NDT, image quality is usually evaluated by de-
termining the MTF h(u) (spatial resolution) and the
(temporal) contrast to noise ratio [27]:

CNRt =
contrast

pixel noise
(3.4)

Here, contrast is the gray value difference between
different materials. Extensions have been proposed
[28], where the MTF and noise power spectrum are
included in the CNR:

CNRNDT(u) =
contrast2 I2h(u)2

N(u)
(3.5)

= contrast2SNRMI(u)

Publication [24] is a good summary of the current
state of knowledge, except for two aspects: (1) Energy
weighting, see [29]. (2) Contrast, as is it established in
NDT imaging.

While the energy-dependency of the signal is rep-
resented with the contrast, different contrast mech-
anisms can not be integrated well. For example for
inline phase contrast, the MTF depends both on the
sample and the measurement geometry. We will also
later see that using temporal quantities (pixel prop-
erties) in imaging produces errors (section 3.3.3 and

section 3.6). These stem mainly from the fact that
most of the imaging physics happens on continuous
image spaces and implicitly referencing a discrete ele-
ment in equations requires a careful consideration of
unintended side effects.

Simulations demonstrating on a fundamental level
how the (physical) properties of an image affect image
quality are shown in figures 3.1 to 3.6. The different
figures show different aspects of image quality which
are explained later in the text. An advantage of the
simulation is that it is possible to display signal, noise
and data as separate curves. For the same reason,
line plots are here used to represent sections of 2D or
3D images. Measurements on real samples can only
show the data. There, signal and noise are unknown
quantities—one cannot know exactly what part of the
image is signal and what is noise.

The Wiener filter, section 2.3.3, can be used to com-
pute best reconstructions for signal and also noise.
These reconstructions effectively separate signal and
noise, within the limits given by the knowledge of the
measurement process. The SNR spectra measurement
method in chapter 4 works by separating signal and
noise, but this is only possible for the respective power
spectra. Power spectra describe the properties of sig-
nal and noise, not the actual values. In the figures,
signal is simulated at a higher resolution (12x) than
noise/data to approximate a continuous signal. For
the simulation code, see appendix A.2.

Figure 3.1 shows line plots of simulated images with
a randomly generated signal containing different size
scales. Five different regions are shown where noise
and signal strength vary. The temporal signal and
noise strengths are shown with the bar symbols for
each region, computed from the generating physical
processes. S(u) and N(u) can be computed from the
signal (blue) and noise (orange) within one region.
This simulation has identical modulation transfer for
all regions; the signal is randomly generated. The
regions shown roughly correspond to a real measure-
ment from a step wedge, with structure added. To the
left (high image quality), the data closely represents
the signal while on the right (low image quality) it
does not. Additionally, image features not present
in the signal appear in the data to the right. For the
lower image quality, it is not possible to determine the
actual shape of the signal. The loss of detail resolution
is always stronger for smaller spatial features, which
is an effect modeled by SNR spectra and explained in
section 3.3.5 on page 38.
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Figure 3.1.: Simulated examples for signal and noise with the image quality decreasing to the right. See
eq. (3.4) for CNRt and section 2.3.2 for data/signal/noise. The main aspect which this figure demonstrates
is that signal and noise are principally indistinguishable and only a high SNR/CNR allows reliable
measurements. Refer to the text for further explanation.
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Figure 3.2.: Examples for the signal strength, here
given by absorption coefficients µ. For the energy
range where photoabsorption is the strongest in-
teraction (e.g. Al below 60 keV), there is a strong
energy-dependency. Compton scattering (energy
range above) only has a weak energy dependency.

The separation of signal and noise is an important
concept in this work, as the fraction of both gives
the signal to noise ratio. (Note that the NDT defi-
nition of contrast is identical to how signal is here
defined.) Both for simulations and for measurements,
the separation and evaluation of signal and noise is a
fundamental requirement if image quality needs to be
analyzed.

Note that the SNR is equivalent to a relative mea-

surement error. Correspondingly, the SNR does not
model systematic measurement errors, only random
ones. Signal deterioration (e.g. MTF) are systematic
errors that also affect the importance of random errors.
The systematic blur can be corrected via deconvolu-
tion, but the information loss from blur reduces image
quality even then.

3.1.1. Image signal power spectra

The main difference between MI and NDT models and
the model which is proposed here is the use of the
image signal power spectrum S(u) in the numerator
of the SNR spectrum fraction. The signal s (and its
power spectrum) can have two different meanings:

• The actual shape (density distribution) of the mea-
sured sample. This is the sample information
which the measurement should determine.
Data model (κ = signal strength):

d = κh ∗ s + n (3.6)

• The static part of the data, generated by the sam-
ple. This is the definition used in fig. 3.1 to 3.6
and the rest of the work. Defined this way, deter-
ministic effects on image quality are included in
the signal and random effects in the noise.
Data model:

d = s + n (3.7)
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Figure 3.3.: Simulated examples for signal and noise CT images for different signal power spectra. Different
modulation transfer scales the amplitude of objects of the corresponding size and is thus an important aspect
of SNR evaluations. For inline phase contrast (IPC), modulation transfer is > 1 and therefore improves
image quality.
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Figure 3.4.: SNR spectra corresponding to fig. 3.3,
computed according to eq. (3.3). For interpreting
SNR spectra, comparisons are only meaningful at
the same spatial frequency size, because all SNR
spectra curves include the object spectrum (blue
curve). The object spectrum here is given by a su-
perposition of sinc(ud)2 with different d, which pro-
duces the oscillations. The increase of the SNR for
E to smaller details is unrealistic for measurements
on real systems, it stems from the fact that the sim-
ulation is in 1D.

If the SNR spectrum is meant to describe image
quality, only the latter of these definitions makes sense.
The signal strength and modulation transfer do affect
image quality and both depend on the experimental
setup. In eq. (3.7), both effects are included in s and
therefore do not appear explicitly.

Using the signal power spectrum in the SNR spec-
trum has the following advantages:

• S(u) represents different contrast mechanisms.
Any process which transforms the sample struc-
ture into a static signal on the detector is modeled,
even a superposition of different contrast mecha-
nisms, see fig. 3.3.

• S(u) can be seen as a complete model. Everything
which affects the image can be modeled, as long
as it also influences the image power spectrum.

• Measuring S(u) is possible for real applications,
see chapter 4. This measurement is much simpler
than e.g. a separate measurement of CNRt and
MTF. The relative importance of CNRt and MTF
is correctly represented in S(u). S(u) and N(u)
can be determined at once for the same sample
region.

• The SNR spectrum defined as the fraction of two
power spectra is a unit-free quantity. This reduces
the possibility of errors that originate from the
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unit scale. See section 3.6 for an example for an
error of this type.

• As we will see later (e.g. eq. (3.27)), polychromatic
superposition of intensities can be modeled very
well using S(u). This fact allows predicting image
quality from the properties of the experimental
setup.

• S(u) is a good starting point for simplifications,
see e.g. eq. (3.31). In general, S(u) can be written
as a product of influencing factors and a simpli-
fication is done by dividing S(u) by the specific
influence (normalization). This approach has two
advantages:

– Experimentally, the quantity that S(u)
should be divided by can be determined,
see section 4.1.5 on page 59.

– It is clear what approximations a simplifica-
tion implies and in which cases it is accurate
enough.

The main disadvantage of using the signal power
spectrum is that it may represent too many effects.
While the object power spectrum shape (see sec-
tion 3.3.5) is a real effect and does describe image
quality, it does not describe imaging performance. The
latter is a property of the experimental setup while the
former differs in that all sample influences need to be
represented. This is further discussed in section 3.4.2
on page 39.

The SNR spectra model based on the image signal
power spectrum used here is a more general image
quality model than those currently in use for MI and
NDT. Its broader range of applications and physical
situations is required both for optimization and for
high-resolution x-ray imaging individually, and espe-
cially for the combination of the two.

Additionally, an effect like a sample-dependent
MTF is modeled by S(u). This is caused by an MTF
which is energy-dependent and a sample whose sig-
nal strength and transmitted intensity are energy-
dependent also, see eq. (3.30). The energy-dependency
in both couples MTF and sample. MTF measurement
procedures typically assume that the MTF does not
differ for different samples, as the MTF is seen as
a device parameter. That this device parameter can
be influenced by the used sample is counter-intuitive
when analyzing MTF, but an integral part of the SNR
spectra analysis. When using SNR spectra, the MTF
is part of the physical model for SNR spectra. The
sample-dependent MTF can also include (inline) phase

contrast.
Figure 3.3 shows simulations for CT images with

line plots of rectangular objects of different feature
widths. Shown are five different regions with differ-
ent signal power spectra shapes, caused by different
modulation transfer (A-C) or a different contrast mech-
anism (D+E). The inline phase contrast (IPC) is mod-
eled according to eq. (3.13) and has an effect similar to
a spatial high-pass filter. The attenuation strength in
the IPC examples is adjusted down to simulate weakly
absorbing materials. See fig. 3.4 for the corresponding
SNR spectra. Examples D and E include modulation
transfer (blur) identical to example B. The rectangular
structures are not aligned with the pixels, but they
are identical for all regions. Cases B, D and E may
result from the same experimental setup but sample
materials with different atomic numbers.

3.1.2. Image noise power spectra

The noise power spectrum is the denominator of the
SNR spectrum (both definitions) and the CNRNDT(u).
Increased noise at a specific spatial frequency range
means that structures of this size are more difficult to
detect. Higher noise amplitude at a spatial frequency
means a higher probability that a structure of the cor-
responding size is generated by noise. This probability
is equivalent to the probability that image structure
in a measurement was produced by noise instead of
sample structure (signal). Human vision is used to
white noise, where the noise power is independent of
the spatial frequency.

In fig. 3.5, signal and noise simulations for white
noise and two strengths of color noise are shown.
(Color noise here generally means non-white noise.)
The widths of the signal image features in pixels
are [1.0, 1.8, 3.1, 5.4]. Corresponding SNR spectra
and noise power spectra (NPS) are shown in fig. 3.6.
The noise power spectra are simulated according to
eq. (3.92) on page 53, where the ”weak color noise” is
roughly equivalent to a lens-based indirect detector (c
= 3) and the ”strong color noise” to a flatpanel indi-
rect detector (c = 100). Noise strengths are adjusted
in such a way that the temporal standard deviation in
the regions is the same. Strongly colored noise here
means that the coarser structure sizes have a relatively
lower SNR. In the line plots, strongly colored noise
produces more artificial structures of coarse sizes, but
less at fine structure sizes.

Due to the fact that the structures generated by
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Figure 3.5.: Simulated examples for signal and different types of noise, CNRt = 1.25. Reliable detection
requires that objects of a similar shape as the signal are only infrequently produced by noise. Therefore, the
shape of the objects generated by noise is important for an evaluation of image quality.
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Figure 3.6.: NPS (top) and SNR spectra (bottom)
corresponding to fig. 3.5, computed according to
eq. (3.3).

noise typically have a different shape than real struc-
tures, the actual effect on image quality is difficult to
determine. A smart observer expects specific shapes
as sample structure and uses this knowledge to better
differentiate signal and noise.

Larger image features are generated more often by

feature does exist does not exist
detected correct positive false positive
not detected false negative correct negative

Table 3.1.: Decision error matrix, adapted for detec-
tion. Detected or not is an observer decision. False
positive and false negative are the possible errors and
both need to be avoided, the relative importance de-
pends on the base rate of features and the application
(cost of each error). If for example there are only very
little features in the data, avoiding false positives is
more important.

color noise than by white noise. Successful detection
requires that not only image features present in the
signal are detected correctly, but also that only the real
signal is detected as such. This aspect is a standard
problem in decision theory, see table 3.1. Image quality
is low if the observer is unable to reliably decide what
the actual structure of the measured sample is. This
work focuses on optimizing the information content
of a measurement and enable the observer to make
sound decisions. Optimizing how the observer makes
use of the information in the data is not considered in
this work.

Comparing fig. 3.4 and fig. 3.6, differences in signal
or noise power spectra may produce similar SNR spec-
tra shapes—less signal or more noise is equivalent for
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image quality. Applying a deconvolution to produce
the same signal shape also acts on the noise and can
be seen to produce an effective noise power spectrum.
Phase retrieval [11] is a type of deconvolution, and
a phase retrieved image may show significant color
noise. In general, color noise can be simulated by
applying a Fourier filter to white noise. The random
signal in fig. 3.1 is also simulated this way.

3.1.3. Evaluation types

Different types of optimizations and evaluations re-
quire different approaches. Finding a good physical
model for image quality depends on what the pur-
pose of an evaluation is, and the importance of certain
disadvantages and advantages of a model may differ.

To decide which type of evaluation is useful, I differ-
entiate between four types of performance evaluation
problems. Higher types are generally farther from the
actual physical situation but easier to interpret. The
evaluation types are:

(I) Optimization: Of interest is the combination of pa-
rameters which lead to the optimal performance
for a specific measurement. While it is of crit-
ical importance that the performance measure
quantitatively represents all influencing effects,
an absolute scale is not necessary.
Example: SNR(u) with specific sample.

(II) Comparison: Of interest is a comparison of the
performance of different imaging devices. The
comparison must thus be done for example with
a defined test phantom. There are practical prob-
lems, for example the optimal detector perfor-
mance for one application may require different
x-ray spectra.1

Example: SNR(u) with defined test phantom.

(III) Absolute measure: Of interest is how good the
performance is on an absolute scale. Differently
from type (II), the definition of the quantity
cannot include a specific test phantom shape. It
must still include the test phantom thickness
(in the beam direction), as this influences the
detected x-ray spectrum.
Example: DE(u) (see section 3.4.2),
(CNRNDT(u)).

1The x-ray detection efficiency spectra for different detectors may
e.g. be responsible for detectors being differently tolerant of
high degrees of polychromaticity. This is shown in fig. 3.14.

(IV) Standardization: Quantities which describe de-
vice performance and are comparable between
different devices. Different from type (I) to (III),
the focus of standardization is on the x-ray imag-
ing device, not the application or an optimization.
Efficiencies are typical examples of such quanti-
ties.
Example: DQE(u) (see section 3.3.2), QE

SNR spectra are a powerful tool for type (I) prob-
lems and can be used in almost any experimental
condition without specific adaption. For type (II) prob-
lems, SNR spectra can be used if a defined sample
(”test phantom”) is used. Later in this work, the SNR
spectra will be extended to cover type (III). For op-
timization problems, type (IV) evaluations generally
give only partial answers and may be inaccurate.

For simulations meant to find an optimum, there
is no difference between the types—the optimum is
always identical. On the other hand, higher types may
be required to enable comparability between measure-
ment results. Higher types are therefore a practical
solution to challenges of the measurement processes.
The higher the type, the higher the possibility that
the evaluation is too far removed from the specific
application. In that case, accuracy is low.

Designing a good physical model is made easier if
the problem is fundamentally analyzed. The criteria
formulated in the following help to decide if a specific
model for x-ray image quality is suited for its task. A
simplification of a model is appropriate if necessary
effects are still represented correctly by the simplified
model. The simplification levels used here are shown
in fig. 3.7.

The different evaluation types use quantities that
are either defined on a relative or absolute scale. For a
quantity on an absolute scale, the absolute value has a
defined meaning. Quantities on a relative scale may
include arbitrary scaling factors, for example P(u) in
eq. (3.30). A relative scale therefore only has meaning
when measurements are compared with each other.
The scaling factor needs to be kept constant between
measurements to enable comparability.

3.2. Model design criteria

3.2.1. To include

To design a good model, one needs to first consider
what the fundamental problem is and what the effects
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Figure 3.7.: Hierarchical representation of a possible
simplification path for a physical model of image
quality. The levels from top to bottom represent
an increasing level of abstraction and simplification.
Each step includes approximations. The first level
is the physical reality, the fourth level the purpose
of the measurement. The category of description is
on the left and that which is described on the right.
The main focus of this chapter is on the lower two
levels.

that need to be included in the model are. Generally,
all factors which either influence the magnitude of
the signal or the noise need to be included. In x-ray
imaging, the following effects need to be considered:

(A) Noisiness (intensity/poisson noise and other)
(B) Modulation transfer (MTF)
(C) Signal strength (attenuation, phase contrast or

other)
(D) Superposition of different x-ray photons (e.g.

Polychromaticity)
(E) Presence of artifacts (≈ noise)

Effects (A) and (C) are demonstrated in fig. 3.1 and
3.5 and effects (B) and (C) in fig. 3.3 on page 26. The
signal power spectrum includes effects (B)—(D) and
the noise power spectrum (A) and (D).

(A) Noisiness

Noisiness describes the effect that if a data feature
cannot be reliably identified as originating from the
sample, detection is impossible. Strong noise means
that the noise may generate data features that are
identical in shape to real object structure. Then reliable

detection is impossible, because a data feature that is
present in a measurement may have resulted either
from noise or from the sample.

Here, I define noisiness as the absolute strength of
the noise. The relative strength is given in combination
with effects (B) and (C).

In an imaging process using quanta (e.g. photons)
as information carriers, the measurement uncertainty
is given by the Poisson distribution for the detected
photons. This means that for a given average intensity
I, the probability to detect k photons is given by:

p(k|s) = e−I Ik

k!
(3.8)

Using the linear noise model, eq. (2.33) (here: k =

I + n), we can rewrite this to:

p(n|I) = e−I I I+n

(I + n)!
(3.9)

The variance describes the noisiness and is given
by:

Var{k} = Var{n} = I (3.10)

With the normalization, eq. (2.1), we can derive

p(d|I) = p
(

I + n
I
|I
)

(3.11)

which means for the noisiness of the normalized
x-ray image:

Var{d} = 1
I

(3.12)

As expected, a higher average number of photons
means a lower noisiness. For indirect detectors see
section 3.7. Signal and noise scaling with intensity
depends on if the images under consideration are
normalized or not. For normalized images, signal does
not depend on intensity while for non-normalized the
image gray values are scaled by the intensity. The
relative noisiness is the same.

(B) Modulation transfer

A measurement apparatus with a bad MTF suppresses
the amplitude of smaller signal features. This lower
amplitude may then be too low compared to noise
and reliable detection becomes impossible. See sec-
tion 2.2.1 on page 11 for a theoretical description.

An example which is of practical importance for
lens-based x-ray detectors [30] is the diffraction limit
and the corresponding MTF that results from a super-
postition of defect of focus [31]. Modulation transfer
can also be understood as a influencing factor for the
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signal strength, depending on the structure size. As
the physical processes generating modulation transfer
and signal strength are different, a separate evaluation
allows a clearer representation of effects.

(C) Signal strength

The signal strength is given by the amplitude of the
signal, in some contexts this quantity is identical with
the contrast. A higher signal amplitude means that
the signal is easier to differentiate from noise. From
a simplified point of view, signal strength is only of
interest relative to noisiness. The physical process by
which signal strength is generated is completely sepa-
rate from the noise processes, so these effect should be
considered separately. Superposition (D) also works
very different for noise and signal. This separation
is therefore particularly necessary for polychromatic
imaging.

Inline phase contrast signal strength can be modeled
as a modulation transfer effect of the following form
[11]:

hIPC(u, E) = 1 + p(E)2u2 (3.13)

where p(E) is the relative signal strength of phase
contrast to attenuation contrast. The effect of on an
image is demonstrated later in fig. 3.9. hIPC(u, E) has
an effect similar to a highpass filter, see fig. 3.3 on
page 26 for examples. This MTF is defined as one
acting on the attenuation image. IPC is weak at lower
spatial frequencies, therefore the lower spatial fre-
quency information is always given by the attenuation
contrast. An IPC measurement produces its image
quality therefore always from a mix of attenuation
and phase contrast. The parameter p is given by [11]

p2 =
zδ

µabs
(3.14)

where δ is the real increment for the diffraction
index given by:

n = 1− δ + iβ (3.15)

and z is the effective phase contrast propagation
length given by [32]:

z =
lSDD

M
(3.16)

Here, M is the x-ray magnification in cone geometry
(= 1 in parallel beam) and lSDD is the distance between
sample and detector. The energy dependency of IPC is
given by δ(E) ∝ E−2 [8] in the range of energies used

for x-ray imaging. Typically, inline phase contrast is
visible if the spatial resolution of the imaging setup
is better than the fringe spacing

√
zλ [33] (λ: x-ray

wavelength).

(D) Intensity superpositon/Polychromaticity

Superposition of the different x-ray photons is what
happens when a polychromatic x-ray image is de-
tected. A model for image quality needs to correctly
describe what effects the superposition of photons
with different properties has.

(E) Image artifacts

Image artifacts are mentioned here for completeness,
they may significantly deteriorate image quality. Al-
though a quantitative analysis of image artifacts is not
done in this work, a short summary of the most impor-
tant image artifacts in polychromatic x-ray imaging
and CT is given in the following.

• Detector pixel defects. Single pixels in a detector
pixel matrix may have different deviations from
the typical physical behavior of the other pixels.
They may e.g. have a significantly higher dark
current (hot pixel), stop working altogether or
have a significantly different gray value response
on incident intensity.

– Can be corrected by a interpolating the af-
fected pixels from neighbouring pixels (bad
pixel map) and by a multigain correction
method.

– Affect the higher spatial frequencies.

• Ring artifacts, visible as rings in the CT image
(centered on the rotation axis of the sample). Is
typically caused by some types of detector pixel
defects, but especially by local detector area hav-
ing a different gray value response. They are
therefore typically worse for samples having high
transparency difference in a CT scan. Phase con-
trast measurements also show more pronounced
ring artifacts after phase retrieval.

– Can be corrected by ring filters, if the sample
structure is not too ring-like. Very narrow
rings can usually be corrected well. Ring
filtering can add artifacts if applied wrong.

– Affect low to medium spatial frequencies
after application of an effective ring filter.
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• Beam hardening. Caused by preferential absorp-
tion of x-rays with higher interaction cross sec-
tions. In a CT, this leads to higher gray values of
areas with lower material thicknesses and streak
artifacts originating from views with locally very
high attenuation thickness.

– Can be corrected by using a polychromatic
look-up table for intensity→ thickness.

– Affect lower spatial frequencies.

• Insufficient volume sampling. Is caused by hav-
ing too few projections in a CT scan reconstructed
via FBP. More severe for local tomography scans
due to the fact that these artifacts can also be pro-
duced by sample structure outside of the field of
view.

– Can be corrected using a sufficient number
of projections. Can be alleviated by contin-
uously rotating the sample during image
acquisitions.2

– Affect medium spatial frequencies.

• Local tomography artifacts. Are caused by the
sample being larger than the field of view, so that
a tomographic reconstruction can no longer be
exact (see section 2.4 on page 17). The effect is
spatially distributed according to the PSF of the
ramp filter, so that high frequency errors appear
only on the outer edge of the FOV and the whole
CT volume can have an absolute gray value shift
error.

– Can be corrected by good filter padding or
by estimating the shape of the object.

– Affect mainly low spatial frequencies.

• Cone beam CT artifacts, see 2.4. Caused by a CT
scan path which yields incomplete information.

• Wrong CT geometry. Can be caused either by the
assumed static geometry of the scan being wrong
or by dynamic changes in the CT geometry which
were not included (e.g. sample drift). Depend-
ing on the geometry parameter being wrong, the
effects are different kinds ob blur in different vol-
ume regions. In high-resolution imaging, these
kinds of artifacts are much more common due to
the required mechanical precision being higher.

2The continuous rotation blurs the edges from the outer objects.
It is also a closer approximation of the continuous sinogram
integral, because it only has geometrical inaccuracies.

– Can be corrected by determining and using
the correct CT geometry (calibration).

– Affect high and medium spatial frequencies.

Note that pyXIT (see section 2.4.4) has algorithms to
correct these artifacts insofar as they can be corrected
through image processing.

3.2.2. To exclude

There are also effects that do not influence what is
modeled and therefore should not influence the model.
If they erroneously do influence the model quantity, it
is an error of the model. Considering (polychromatic)
x-ray image quality, the following aspects exist and
the image quality measure must be designed in such
a way that they do not influence it:

(I) Discrete sampling of a continuous signal

(II) Digital blur filters applied to the data

(III) Gray scale changes

(IV) Data presentation and observer performance

(I) Discrete sampling

The signal is a continuous function, but the measure-
ment process by necessity samples this function at
discrete points. Nonetheless, if this sampling does not
deteriorate image quality, then the properties of the
sampling must not influence an image quality mea-
sure. A deterioration of the image quality happens
when the pixel size is larger than the features that
should be resolved. Note that the feature size may
also be given by the required precision for the surface
of a larger object.

(II) Digital blur

Applying a digital blur to an image after the mea-
surement changes how an observer may interpret an
image, but the information content is unchanged (the
filter is fully reversible). An image quality measure
from the standpoint of optimization should therefore
work this way: It should quantify the information
gathered by a measurement, not what an observer
can interpret in a specific representation of the data.
Note that an ideal representation makes use of all the
information in a measurement, so then both concepts
are identical.
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If the digital blur is a deconvolution, then this de-
convolution may increase the usefulness of the data
for an observer. This would be the reconstruction of
the signal from the data, which generates comparable
representations of the data. Using an image quality
measure which is not influenced by digital blur gives a
large degree of independence of the analysis from the
data representation. See section 2.3.3 for a discussion
on signal reconstruction.

(III) Gray scale changes

Multiplying the gray values of an image with a factor
does not change the information content or the image
quality of an image. Both the definitions of temporal
SNR eq. (3.17) and SNR spectra eq. (3.18) are such
that scaling both signal and noise does not change
SNR. Any quantity describing image quality should
be invariant under gray value scaling.

Beam beam hardening correction (BHC) multiplies
the gray value of the projections with scaling factors
(typically > 1) to correct beam hardening artifacts. If
for a BHC-corrected image, the noise is estimated from
the background intensity, then a derived image qual-
ity measure will appear to increase due to the BHC
increasing the signal strength. This is not an effect
which is caused by a real increase in image quality, but
instead shows that an error was made. Noise deter-
mined from the actual image area will scale identically
and e.g. the SNR spectrum measurement (see chap-
ter 4) is unaffected. Beam hardening correction does
increase image quality by reducing a systematic error,
but SNR is unaffected per definition. This increase in
image quality appears only for large structure sizes,
as the visibility of fine detail is unaffected by BHC.

(IV) Data presentation and observer performance

Of specific importance for visual evalua-
tion/comparison of images acquired under different
configurations is the data presentation. This describes
how the measured values (image pixel gray values)
are translated to the display (e.g. screen pixel
brightness and color). Display devices may have
a limited brightness range (contrast) and it is then
only possible to resolve a narrow gray range in the
data as presented.3 It may therefore be necessary to
view a x-ray image at different gray ranges to get all
the information. Visual estimation of image quality

3There exist special computer monitors for radiography, which
have a higher contrast and thus show more information at once.

is unreliable in general and should be avoided for
quantitative work, but it may be useful as a safety
measure for the quantitative analysis—to find errors
in the evaluation done.

If one does a visual presentation of data, care must
be taken for the following aspects:

• Gray scale: How the physical image gray values
are translated to displayed brightness or color. If
e.g. the signal strength is different, the gray scale
needs to be adjusted for each image relative to
the signal strength.

• Blur: If images with different blur are shown, this
should be the only difference. The exact evalua-
tion if e.g. a lower noisiness compensates a higher
blur should be left to a quantitative analysis. Note
that the amount of blur may be influenced by
changes in the experimental setup, and in that
case visual comparison is difficult.

• Interpolation: As a general rule, data presentation
of image data should avoid interpolation when-
ever possible, because interpolation introduces
blur. Zoom should then be implemented in inte-
ger steps (..., 50 %, 100 %, 200 %, ...), where lower
zooms are generated by binning of pixels and
higher zooms by filling a (n·n) pattern of pixel
with one gray value. See e.g. the implementa-
tion of the image viewer in pyXIT. It is possible
to avoid interpolation by sampling the image to
a higher resolution before displaying (as above),
even if the interpolation cannot be switched off
in the way an image is displayed.

It could be argued that the actual usefulness of a
measurement is given by the amount of information a
human or machine observer can extract. The perfor-
mance of an observer is such a complex phenomenon
that including this effect into an image quality opti-
mization leads to difficulties. I propose the following
approach: Image quality is defined as the amount of
information present in an image. If this quantity is
determined, evaluating the observer performance is
a useful next step. This evaluation needs to take the
effect of data presentation very carefully into account.

A higher information content in an image should
always result in a better observer performance, other-
wise data presentation or training are not optimal. It
is then of course much simpler to optimize the former
instead of the latter, which is the approach chosen
in this work. Both have the same optima after all.
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Optimizing the data presentation to make full use
of the information in different measurements would
complement such an image quality optimization.

While this approach may appear impractical, tech-
nological improvement should not be limited to the
practical performance achievable today. Instead, the
performance achievable in the future needs to be con-
sidered, where changes in the design and use of a
technology are possible.

3.2.3. Visual demonstration

To demonstrate the different physical phenomena that
appear when evaluating x-ray image quality, different
cases are shown visually in fig. 3.8 and fig. 3.9 with
the randomly placed ball patterns. These images are
constructed in such a way that the detection of an
image feature (here: balls) is physically as close to the
real situation as possible. Detection in this case means
that an observer can reliably determine if a feature is
present at a specific position. This simulation comple-
ments the ones in figures 3.1 to 3.5 in that it is closer to
an observer doing measurements but does not show
both signal and noise. Some less obvious properties
that need to be represented are:

• The position of an image feature must be random
to avoid detection from prior knowledge. If the
observer already knows that features can only be
at specific positions, detection is made artificially
easy by making false positives impossible.

• Partial pixel area effects and sub-pixel object
placement must be simulated e.g. by oversam-
pling the original simulation and then binning
down.

• Different object sizes must be simulated, different
object shapes may be useful.

• The material density of the smaller features needs
to be increased so that the gray scale of the fea-
tures is identical. This is done to have compa-
rability of different feature sizes in the data pre-
sentation. Note that if we do a simulation on CT
images, using an identical density instead would
be required.

The simulation is done in the following steps: (1)
compute the average intensity at a much higher pixel
sampling (2) downsample to the actual resolution (3)
simulate Poisson noise. The first step may include a
blurring (here: Gaussian MTF) and defines the shape

and signal strength of the image features. The inten-
sity (noisiness) is also set in the first step.

The difference to similar simulations e.g. in [24] is
that here the placement of the features is random.

This demonstration can show in general what af-
fects image quality, but it also becomes obvious that
the precision of a human estimate is not sufficient. In
the second line of images d)–f), we see that changing
the intensity by a factor of 3 makes an obvious differ-
ence. Much smaller differences could not be evaluated
correctly by a human observer.

The resulting effect on image quality is the same
for noisiness or blur: Smaller image features can or
cannot be detected. As both effects affect the same
result, an image quality measure should also represent
these effects.

In the digital version of this document, the code
used for the simulation can be downloaded in ap-
pendix A.2 on page 87.

3.3. Model comparison

3.3.1. Signal to noise ratio

The signal to noise ratio gives the strength of the
signal in relation to the strength of the noise. It can
be understood as an (inverse) relative measurement
error. This concept is based on the fact that signal can
only be reliably detected if it is stronger than the noise
(relative error� 1). While it is clear that higher SNR
is better, defining a sufficiently high SNR depends on
the application. The definitions of the temporal SNRt

and the SNR spectrum are:

SNRt =
pixel mean signal

pixel standard deviation
(
= CNRt

)
(3.17)

SNR(u) =
image signal power spectrum
image noise power spectrum

(3.18)

u is the spatial frequency and SNR(u) is the SNR
spectrum. By ”signal”, sample structure is meant, not
the image gray value itself. Here, SNRt is defined
identical to a contrast to noise ratio (CNRt)—the con-
trast is the signal. This difference becomes important
when different material interfaces produce the sample
structure of interest. CNRt is a quantity typically used
in NDT applications. The definition of SNRt here is
consistent with how SNR(u) is defined. Signal is here
describes the information that is meant to be found by
the measurement.
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3.3. Model comparison

a) signal example b) superposition of d) with
a weak signal image

c) superposition of d) with
a blurred signal image

d) I = 100 e) I = 30 f) I = 10

g) σ = 1.0 h) σ = 2.0 i) σ = 4.0

Figure 3.8.: Simulated x-ray projection images of randomly placed balls of different sizes (diameters: 6.0,
4.2, 3.0, 2.1, 1.5); the number of balls for each size is identical (number: 4, 6, 8, 10, 12). A higher image
quality means that smaller image features can be detected reliably. Images b) and c) are generated by adding
another image to d); in both cases this reduces the image quality because the added image has a lower
image quality than d). For d)–f), I scales the intensity (noise), a higher intensity corresponds to a higher
image quality. For g)–i), σ is the standard deviation of a Gaussian MTF, a higher blur corresponds to a lower
image quality.

35



3. Theory of x-ray image quality

a) no phase contrast b) weak phase contrast (p = 20) c) strong phase contrast (p = 40)

Figure 3.9.: Simulated x-ray projection images for inline phase contrast as given by eq. (3.13). Blur and
intensity are identical for the above three images, the (attenuation) signal strength is low. A higher phase
contrast strength corresponds to a higher image quality. Due to the higher SNR gain at higher spatial
frequencies, phase contrast increases image quality more for smaller features.

SNRt is a linear quantity while SNR(u) is a squared
quantity. The former is proportional to the signal
amplitude while the latter is proportional to measure-
ment integration time.

As discussed in section 3.1, the SNR spectrum in-
cludes all important effects on image quality but may
also include additional (unwanted) effects. Simpli-
fied definitions of the SNR(u), for example eq. (3.2)
and eq. (3.5), do not include these unwanted effects.
Depending on how the simplification was done, ad-
ditional problems may appear if the simplification
excludes significant effects.

3.3.2. Detective quantum efficiency

A DQE is defined as a SNR transfer function to de-
scribe and optimize one part of the imaging device.
Usually it is applied to describe the x-ray detector in
medical imaging applications. It is generally calcu-
lated in the form

DQE =
SNRout

SNRin
=

SNRdetected
SNRideal

∈ [0, 1[ (3.19)

Note that the definition of the SNR used here is
eq. (3.2) and not eq. (3.3). This is intended to give an
absolute optimum if DQE = 1. There exist many de-
rived expressions for certain applications (simulation
[24, 25] or measurement [26, 34]). The common sim-
plified expression for the DQE of an indirect detector
is:

DQE(u) =
a

1 + c−1Hv(u, E)−2 (3.20)

where a, c and Hv(u, E) are the spectrally averaged
x-ray absorption efficiency, x-ray photon conversion
factor and optical (scattering) MTF. We can see by
comparing to eq. (3.30) that using this spectral average
is possibly incorrect. Effects from different samples or
source/detector interactions are excluded by design in
such a simplification, as the DQE is meant to describe
the detector only.

SNRideal and SNRdetected depend on the sample,
which has a x-ray energy dependent transmission.
This effective x-ray spectrum would need to be consid-
ered to correctly compute a polychromatic DQE and
can be strongly sample-dependent.

Using a monochromatic DQE at different energies
does not pose such problems. This is the standard ap-
proach for characterizing detectors for optical light
(CMOS/CCD) [35], in which a similar quantity is
called quantum efficiency (QE). It is the only applica-
tion of the DQE concept in a polychromatic context
which is accurate.

In 1985, a paper was published [29] about how to
apply the DQE concept to polychromatic x-ray imag-
ing. The authors found that energy weighting (see
section 3.4.6) needs to be considered to correctly com-
pute the DQE. Later works [24, 25] did not take these
conclusions into account and therefore DQE (as gen-
erally accepted) has become a model which can only
be used within the narrow range of approximately
monochromatic applications. See eq. (3.54) for the
approximation which defines the possible range of
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3.3. Model comparison

applications.
Around the year 2000, energy resolving detectors

were analyzed theoretically, and the concept of energy
weighting was again considered in its consequences
for DQE [36, 37].

3.3.3. Indirect detection

Generally, two types of x-ray imaging detectors can be
differentiated:

• Direct detectors: These detectors count single x-
ray photon detection events. They are principally
able to determine the x-ray energy of a detected
photon. They are also called (photon) counting
detectors.

• Indirect detectors: These detectors first convert
x-ray photons into visible light which is then de-
tected. They usually integrate all events in a cer-
tain time frame, weighted by the energy of the
x-ray photon. They are also called (energy) inte-
grating detectors.

Due to the fact that indirect detectors are currently
much cheaper to produce, most x-ray imaging setups
use this kind of detector.

For indirect detection, the noise power spectrum
N(u) is not a white spectrum, but is instead influenced
by the detector MTF in the following way ([38] or
eq. (3.92) on page 53):

N(u, E) = I(E)
[
c(E)2Hv(u, E)2 + c(E)

]
(3.21)

where E is the x-ray energy, I(E) is the detected
x-ray intensity and c(E) the conversion factor from
x-ray photons to visible light photons. This equation
is only valid for monochromatic x-rays and for a sim-
plified imaging setup, but the general shape of N(u)
is identical for polychromatic spectra on real setups.
In a CT measurement, the reconstruction algorithm
will also influence volume image noise.

The pixel noise σt (temporal standard deviation) for
a noise power spectrum N(u) of a projection is given
by Parseval’s relation [12]:

σ2
t =

1
A ∑x,y N(ux,y) (3.22)

where N(ux,y) is one discrete Fourier coefficient and
A is the number of these coefficients. Computing or
measuring a σt for an indirect detector does not give
useful results even for noisiness effects, because noise
at all frequencies is averaged, although it may not

decrease image quality at the structure size that is of
interest. See also fig. 3.5.

If the image quality is reduced by decreasing
Hv(u, E), both SNRt and DQEt will increase due to a
decreasing σt. Changing Hv(u, E) = 1 to Hv(u, E) = 0
decreases σt by a factor of

√
c + 1. If technically feasi-

ble, c > 100 is achieved in detectors built today. This
effect can therefore be large. In other words, sharper
indirect detectors are also temporally noisier. The SNR
spectrum instead indicates that they have relatively
weaker noise, which is correct.

The above stated effect has the following techni-
cal application for lens-based indirect x-ray detectors:
Lens-based high-resolution x-ray detectors often re-
quire active focusing of the optics (focus plane) on
the scintillator sheet. From the equations above we
can derive that the point of maximal sharpness is the
point at which the temporal noise of the image is max-
imal (using arbitrary x-ray light). This allows to build
a reliable auto-focus mechanism that works without
an object in the beam. Note that the focus planes of
signal and noise may be slightly different due to the
different superposition of signal and noise.

Similar effects are produced by artifacts. Beam hard-
ening artifacts or ring artifacts may e.g. decrease the
SNR(u) at lower frequencies but fine detail can still
be detected well. A temporal SNR cannot differentiate
between low-frequency and high-frequency noise.

3.3.4. Modulation transfer function

The modulation transfer function (MTF, see also sec-
tion 2.2.1) is typically measured via a tilted edge test
phantom. This is then combined with the NPS and
intensity or a temporal measure (e.g. SNRt) when
analyzing image quality (see eq. (3.2) and eq. (3.5)). If
the MTF is energy-dependent, then not only this com-
bination fails but also the MTF that acts depends on
the sample. Due to beam hardening, different sample
thicknesses produce different detected x-ray spectra
in the corresponding detector region. The energy-
dependent MTF is therefore weighted differently in
different regions to produce different MTF curves.
Modulation transfer properties can thus depend on
the sample.

The definition of the MTF used here is the quantity
which acts on the actual image, see also eq. (3.32).
Measuring the MTF for an arbitrary test object does
not always accurately determine the MTF curve acting
on a different object.
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3. Theory of x-ray image quality

A: reference B: higher amplitude,
fewer objects

C: smaller objects (d = 6) D: blurred
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Figure 3.10.: Images (top) and corresponding power
spectra (bottom) for different images. Cases A and
B have the same (signal) power spectra, but B has
a higher amplitude (·

√
2) and fewer objects (half as

many). Case C has smaller objects than A, which
results in a power spectrum with a comparatively
higher amount of signal in the higher spatial fre-
quencies. Case D has been blurred, with a corre-
sponding decrease of the power spectrum towards
higher spatial frequencies.

Using MTF as a sample-independent quantity re-
quires that an evaluation of the sample influence on
the MTF curve is done. If this evaluation shows that
there is no influence, then a sample-independent MTF
is appropriate.

3.3.5. SNR spectra

The SNR spectrum is here defined as the fraction of
the image signal power spectrum S(u) to the image
noise power spectrum N(u), eq. (3.3). See section 3.1
for explanations on signal and noise power spectra.
Due to the fact that it is based on power spectra, a SNR

spectrum describes a kind of relative measurement
error for structures of the size corresponding to u. The
signal power spectrum is proportional to the square of
the amplitude, and the noise power spectrum is equiv-
alent to a variance (square of the standard deviation).
This makes the SNR spectrum linear with respect to
the detected intensity I:

SNR(u) ∝ I (3.23)

This linearity is a desirable property because it
makes the SNR of measurements additive: Adding
up K identically generated images results in a SNR
spectrum which is a factor of K higher.

The aspect which produces the most difficulties in
practice is the fact that the absolute scale of the SNR
spectrum is given by both the amount of structure in
an image and the amplitude scale, see fig. 3.10 for a vi-
sualization. As can be seen in the images A and B, the
amplitude and number of objects are interchangeable
influences. When a signal power spectrum or SNR
spectrum of different objects and different measure-
ment setups is compared, differences can therefore
not be clearly attributed to one of the effects. Power
spectra generally describe the statistics of the signal
or noise: They are an average of the object shapes
present in the image, but they reveal little about one
individual shape.

SNR spectra of real images thus are mostly only
useful on a relative scale. For comparisons between
different circumstances, the same measured sample
must be used to get accurate results. The absolute
scale must be treated as somewhat arbitrary—it is
not completely meaningless, but analyzing the abso-
lute value should be avoided. If for example the test
phantom shape contains very little structure, the SNR
spectrum is artificially low. On the other hand, lit-
tle signal means that the probability of false positive
errors is much higher; a lower SNR spectrum may
therefore also be a realistic description of the image
quality.

In theoretical considerations, this is not an actual
difficulty. A relative scale is completely sufficient there,
because comparability can simply be achieved through
the construction of the problem. Practical solutions for
this problem are considered later, but often the aim of
a SNR evaluation is to find an optimum. For this task,
a relative scale is sufficient.

In any comparisons of SNR spectra of different mea-
surement circumstances, one should therefore com-
pare values at a specific spatial frequency (or range).
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3.4. Image quality model

In this way, comparability is given, even if the abso-
lute scale may be meaningless. When searching for
an optimum, the sufficient information is the relative
difference between different conditions.

This fact is the main reason why I propose to use
SNR spectra in x-ray imaging: The relative difference
derived from SNR spectra is a much more reliable
indicator of image quality differences than e.g. DQE,
CNRNDT or a combination of SNRt and MTF. While
the fact that SNR spectra are a relative measure does
pose the above mentioned difficulties, the relative dif-
ferences have a high reliability.

In typical applications, image power spectra have
certain shapes and some general rules can be derived.
The most important is that signal power spectra of
images are typically decreasing to higher spatial fre-
quencies [39]. This is caused by two different effects:
First, power spectra of image features larger than one
pixel decrease towards higher frequencies, this can
be seen from their Fourier transform. This decrease
is faster the larger the object is. Second, the modula-
tion transfer of the imaging setup (see section 2.2.1)
typically causes a decrease of the signal amplitude
towards higher frequencies.

Therefore, decreasing the whole SNR spectrum has
the effect that the same SNR value is reached only for
a coarser structure size u. Such a decrease may e.g. be
caused by a reduction of the measurement time. Thus,
a lower image quality or a shortened integration time
usually has the consequence that the effective resolu-
tion for which reliable detection is possible becomes
lower. If there is no coarse structure to be detected
in an image, the fine structure there is simply can no
longer be detected.

3.4. Image quality model

Deriving mathematical equations for SNR spectra al-
lows to simulate and predict the influence of specific
device parameters on the image quality. A better un-
derstanding of how different physical processes result
in a specific image quality can be gained this way.

3.4.1. Photon classes

To simplify modeling (polychromatic) image superpo-
sition, I will first introduce a concept which reduces
the complexity of the problem. Instead of superimpos-
ing every individual x-ray photon, some basic element

is superimposed. I will call this basic element a ”pho-
ton class”, which is defined as the detected photons
which have (approximately) the same properties rele-
vant for image quality. Because some properties are
irrelevant for image quality, the complexity of the
model is reduced. A photon class has an intensity and
this intensity needs to be considered for superposition
(as a weight), but the individual photons need not be
differentiated.

The definition of a photon class depends on the
model used and its approximations. Here, I will use
the following defining properties for a photon class,
these are called ”model parameters” in the following:

• Intensity I(E)
• Noise power spectrum N(u, E)
• Modulation transfer h(u, E) (MTF)
• Signal strength κ(E) (κ ∝ contrast)

These depend on the following variables:

• Energy of the detected x-ray photon E
• Spatial frequency u
• Position z of the absorption event within the x-

ray absorbing volume of the detector (along the
beam)

Various underlying physical phenomena contribute
to the actual values of the model parameters for a pho-
ton class. To compute these properties, one can use a
monochromatic thin-screen model, where monochro-
matic x-rays and an arbitrarily thin x-ray absorbing
screen (scintillator) in the detector are used. In general,
computing the image quality for a photon class is easy,
due to the fact that all photons have the same model
parameters. The superposition of photon classes then
yields the actual image and its image quality.

3.4.2. Local area approximation

The fundamental properties of an x-ray image vary
over the sample area due to the fact that different x-ray
spectra are transmitted through different sample thick-
nesses. To be able to model an actual value for the
image quality measure, we therefore need to consider
this problem locally: At a given sample thickness,
what is the image quality? Because the sample thick-
ness can vary spatially, an approximately constant
sample thickness implies restricting the considered
image area to a small area. I will call this the ”local
area approximation”, because it considers the image
quality in a local area of the image. The local area
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therefore is an area that contains sample structure but
where the weights (intensity) for the different pho-
ton classes are constant. Increasing the sample thick-
ness preferentially absorbs specific photon classes and
changes these weights. Examples for how this affects
image quality were shown in fig. 3.1 on page 25.

As an additional simplification, I will consider only
the single material case (κ independent of x). Consid-
ering multi material cases would not give new effects,
but complicates the equations needlessly. In fact, an
image quality evaluation will generally show different
results and optima for different materials or contrasts
if the energy-dependency curves are different.

To compute SNR spectra, signal and noise power
spectra need to be derived. Splitting the signal into
contributing factors is somewhat arbitrary, here the
aim is that each factor represents an independent phys-
ical effect. For a local area, we can write for the (non-
normalized) signal image s(x, E) and the signal power
spectrum of a photon class:

s(x, E) = I(E) [κ(E)ρ(x)] ∗ h(x, E) (3.24)

S(u, E) = P(u)
[
I(E)κ(E)h(u, E)

]2 (3.25)

These equations allow an analytical understand-
ing of how a specific SNR spectrum/image quality
emerges from the model parameters, if combined with
a noise model. Note that in the second equation, h is
assumed to be real positive.

Normally, ρ would be defined as the matter density
of the sample. Here I define ρ as a normalized quan-
tity (ρ ∈ [0, 1]) which describes the fraction of material
present in one voxel (”object shape”). The actual value
is given by the local relative density of material, pos-
sibly averaged over a voxel. κ then gives the scale of
the image. The material density is therefore part of
the signal strength κ. With this definition, P(u) is a
quantity which only describes the shape of the object,
I will call this quantity the ”object spectrum”.

The physical units of the quantities considered are
not of importance for a theoretical consideration, es-
pecially as the SNR is a unit-free quantity. This is why
simulated curves showing SNR(u) in this work are
usually given in arbitrary units—physical units were
never considered in the simulation and the absolute
scale is typically arbitrarily defined. When working
with real measured data, considering the physical
units is of course required.

Superposition of different photon classes in image

space is a simple sum:

s(x) = ∑E s(x, E) (3.26)

where in this simple case, photon classes are only
differentiated by x-ray energy. Because ρ(x) and P(u)
are independent of the photon class, the correspond-
ing signal power spectrum sum can be simplified to:

S(u) = ∑E S(u, E) = P(u)
∣∣∣∑E I(E)κ(E)h(u, E)

∣∣∣2
(3.27)

The square of the absolute value can usually be
simplified to a square, when all terms in the sum
are real-valued. κ(E) can become negative for some
specific material interfaces (e.g. Al-Si). The linear sum
there can be interpreted as a spectral average of the
signal strength multiplied by the MTF.

The noise power spectrum of a superposition can
be written according to eq. (2.23) as:

N(u) = N0(u) + ∑E N(u, E) (3.28)

where N0(u) gives contributions to image noise
which are independent of detected x-ray photons. This
is typically the detector readout noise and dark current
noise. Note that dark current noise is proportional
to the exposure time and therefore is normalized cor-
rectly when using a measurement time cost function.
Significantly high readout noise will need to be con-
sidered when normalizing to exposure time. Scattered
x-rays need to be included in N(u, E), although they
are not included in S(u, E). Ideal detectors have only
Poisson noise and

Nideal(u, E) = I(E) (3.29)

For indirect detectors see eq. (3.92).
The SNR spectrum of a photon class superposition

is then:

SNR(u) = P(u)

[
∑E I(E)κ(E)h(u, E)

]2

N0(u) + ∑E N(u, E)
(3.30)

3.4.3. Detection effectiveness

The object spectrum P(u) is a global scaling factor for
the SNR spectrum in the above equation, while the
other variables are all physical properties of the imag-
ing setup. P(u) is the main factor that makes handling
SNR spectra difficult in practice, because it is given
by the object shape and strongly varies with u. Varia-
tions over several orders of magnitude are common.
Here, object shape is meant to describe the structures
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within an object. While the object shape is an impor-
tant aspect for evaluating the detection properties of
this specific object, the properties of the imaging de-
vice are independent of it. The object thickness does
influence I(E) and therefore the image quality.

We can differentiate two kinds of sample properties:

• Those which influence the model parameters and
therefore also influence the properties of the imag-
ing setup. The parameters they influence are
the sample-dependent properties of the imaging
setup.

• Those which neither influence the model param-
eters, nor the properties of the imaging setup.
These are here called the properties of the sample
itself.

The latter is completely modeled by the object
shape/spectrum and all other model parameters are
in the former category. If the signal strength is approx-
imately independent of the x-ray energy, the influence
of the sample on the sample-dependent properties is
negligible.

For evaluating the performance of an imaging de-
vice, it is then useful to remove the object shape influ-
ence by normalizing SNR spectra with respect to the
object spectrum. I will call this quantity the ”detection
effectiveness” DE(u):

DE(u) =
SNR(u)
P(u)η

=

[
∑E I(E)κ(E)h(u, E)

]2

[
N0(u) + ∑E N(u, E)

]
η

(3.31)

The cost function η can be used to make measure-
ments comparable. It can e.g. be defined as η =
measurement time or η = dose. Note that the for-
mer must always be used if SNR measurements with
different exposure times are compared. The DE(u)
is similar to the CNRNDT(u) eq. (3.5), except where
DE(u) models polychromaticity (and other photon
classes) fundamentally, CNRNDT(u) only does so ap-
proximately (and implicitly). Also, the measurement
procedures are completely different (see section 4.1.5).

The name part ”effectiveness” in the DE(u) is cho-
sen to emphasize that this quantity is different from
e.g. the DQE (detective quantum efficiency) in that it
evaluates the actual overall performance. While an ef-
ficiency only describes one single influencing factor on
the performance, an effectiveness describes the perfor-
mance itself. Efficiencies are typically used in device
standardization. It is always more reliable to optimize
an effectiveness instead of an efficiency—optimizing

one part of the setup may reduce the overall perfor-
mance in complex (physical) situations.

3.4.4. Effective model parameters

Averaged model parameters as they act on the mea-
sured image are here called effective model parameters.
Due to the fact that signal and noise have different su-
perposition rules, the corresponding effective param-
eters are different. Here, only signal effective model
parameters are considered. Ideal noise according to
eq. (3.29) does not have model parameters, as its poly-
chromatic sum is simply a sum over the intensity. For
indirect detector noise (e.g. eq. (3.92)), effective model
parameters can be derived. The values of the noise
effective model parameters are then different from the
signal effective parameters (e.g. for c).

For the signal, effective parameters can be computed
by normalizing the sum in eq. (3.27) by the sum over
the weight that acts on the quantity of interest:

heff, S(u) =
∑E I(E)κ(E)h(u, E)

∑E I(E)κ(E)
(3.32)

κeff, S(u) =
∑E I(E)κ(E)h(u, E)

∑E I(E)h(u, E)
(3.33)

For the intensity, no effective quantity exists, as the
intensity is the weight function. The normalization
required to derive an effective intensity is impossible
as ∑E κ(E)h(u, E) is arbitrarily large.

The dependency of κeff, S on the spatial frequency
is caused by the energy-dependency in both the MTF
and κeff, S or I. If e.g. the MTF is much better at higher
x-ray energies, κ for fine details will be produced pref-
erentially by higher-energy x-rays. For coarser details,
lower energy x-rays then play a more important role.
As there is no effective intensity, a product of effective
quantities does not give S(u). Instead we get:

S(u) = P(u)heff, S(u, I, κ)∑E I(E)κ(E) (3.34)

S(u) = P(u)κeff, S(u, I, h)∑E I(E)h(u, E) (3.35)

Here, the functional dependencies of the effective
quantities are stated explicitly. Even though here the
different photon classes are mainly used to describe
polychromatic effects, they can in principle be used in
any case where x-ray photons have different proper-
ties. For example extending the model to include the
parameter z can be done by extending eq. (3.31). (z
is the position within the absorbing screen along the
beam direction.)
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3. Theory of x-ray image quality

For this example, a point source is assumed
(hsource = 1), which means that only the detector
MTF is considered. For an indirect detector, h is not
energy-dependent itself, because the blurring affects
the secondary photons (see section 3.7). The strength
of this blurring depends on the distance to the focus
plane (defect of focus) for lens-based detectors and
on the distance to the fiber plate for flat-panel detec-
tors. Both distances are determined uniquely by z.
The x-ray intensity detected within a screen volume
per energy is given by the Lambert-Beer law eq. (2.3):
I(E, z) ∝ e−µ(E)z. Note that here, z is not the thick-
ness of the screen which the x-rays passed through.
Instead, it is a variable with a constant offset to the
latter value. Therefore we get:

DE(u) =

[
∑E ∑z I(E, z)κ(E)h(u, z)

]2

[
N0(u) + ∑E ∑z N(u, E, z)

]
η

(3.36)

We can compute an effective MTF that is indepen-
dent of z as:

heff, S\z(u, E) = ∑z I(E, z)h(u, z)
∑z I(E, z)

(3.37)

Because both intensity and MTF depend on z, the
effective MTF is energy-dependent even if the MTF for
a single photon class is not. Consequently, the MTF is
then also sample-dependent. Generally, dependencies
of effective model parameters on variables may not
only result from a direct dependence. They may also
result from a common dependency on another model
parameter (here: z).

An objects’ signal strength κ(E) and its influence
(via transparency) on I(E) weights the device prop-
erties and determines the effective device proper-
ties. The effective quantities are therefore always
application-specific while the device properties for
a single photon class are not. In some cases, the ef-
fective quantities may be approximately application-
independent. But in general, fundamental device
properties can only be defined for a given photon
class. Examples:

1. MTF, the property of the device is the set of MTF
curves heff, S\z(u, E).

2. Absorption efficiency of the detector a, the device
property is a(E) (I(E) ∝ a(E)).

For the latter, an effective quantity can be defined
by separating the intensity as I(E, z) = a(E)I\a(E, z)
as:

a(u) =
∑E ∑z a(E)I\a(E, z)κ(E)h(u, z)

∑E ∑z I\a(E, z)κ(E)h(u, z)
(3.38)

3.4.5. SNR spectra of superpositions

By using the local area model for image quality,
eq. (3.30), we can analyze how the superposition of dif-
ferent photon classes affects the resulting SNR. For this
consideration, the measured x-ray image is conceptu-
ally separated into individual images with different
photon classes. In general, superimposing two images
results in an SNR which is less or equal to the sum of
the individual SNR contributions. The simplest case
is the superposition of two images (image 1 and 2).
Due to the fact that the numerator of the SNR contains
a square norm, see eq. (3.30), the following triangle
inequality holds:

SNR1+2(u) ≤ SNR1(u) + SNR2(u) (3.39)

This equation does allow SNR1+2(u) < SNR1(u)
to be the case. That would mean that the additional
photons (image 2) which are added to the reference
situation (image 1) reduce the overall SNR. Preventing
this requires that the following condition is met:

SNR1+2(u) > SNR1(u) (3.40)

⇔
[
I1κ1h1 + I2κ2h2

]2
N0 + N1 + N2

>

[
I1κ1h1

]2
N0 + N1

(3.41)

⇔ I1κ1h1 + I2κ2h2

I1κ1h1
>

√
N0 + N1 + N2

N0 + N1
(3.42)

⇔ I2κ2h2

I1κ1h1
>

√
1 +

N2

N0 + N1
− 1 (3.43)

Therefore, while the absolute signal strengths are
not important for an SNR optimization, the relative
strengths are.

For an N2 � N1 (infinitely small addition), we can
approximate the square root above:

I2κ2h2

N2
>

1
2

I1κ1h1

N1 + N0
(3.44)

This is an interesting limit case, but it has no prac-
tical applications. The quantity on the left is called
”signal detection strength” (SDS) in the following:

SDS(u, E) =
I(E)κ(E)h(u, E)

N(u, E)
(3.45)

This quantity be calculated either for a single photon
class or for a set of photon classes {E}:

SDS(u, {E}) = ∑{E} I(E)κ(E)h(u, E)

∑{E} N(u, E)
(3.46)

For N0 � N1 we can rewrite eq. (3.44) to:

SDS2(u, E) >
1
2

SDS1(u, E) (3.47)
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3.4. Image quality model

Thus, a small intensity addition requires at least
half the SDS of the existing image to contribute pos-
itively. This is an upper bound for this minimum,
larger intensity additions always require less than
half the SDS. For a large intensity addition (I2 � I1),
SNR1+2 > SNR1 is always true. If N, h and I are equal
for both images, the condition becomes κ2 > 0.41κ1.
Note that for dose-limited imaging, the prior deriva-
tion would need to be done on a DE(u) with η =

dose, with different results.
The SDS for an ideal detector can be simplified

using eq. (3.29) to:

SDSideal(u, E) = κ(E)h(u, E) (3.48)

3.4.6. Energy weighting

The effect that the image quality can be increased
by weighting an image with an energy-dependent
factor has first been proposed by [29] and a more
recent application is e.g. [40]. I will differentiate two
variants of this effect. The physical origins of both are
fundamentally different, but they have similar effects:

• Application of an energy-dependent weighting
after the detection of the x-ray photons. This is
what was proposed in [29] and this is usually dis-
cussed as energy weighting. Because sufficiently
good energy-resolving 2D imaging detectors are
currently not technically feasible, this is mostly a
theoretical concept.
I will call this effect ”computational energy
weighting” (CEW).
A CEW weight w scales SDS with 1/w.

• Implicit weighting by the detected intensities I(E)
(effective x-ray spectrum). This is influenced by
the generated, transmitted and detected x-ray
photon spectra. Can be changed by purposefully
decreasing the detected intensity in specific en-
ergy ranges.
I will call this effect ”detection energy weighting”
(DEW).

The fact that energy weighting as an effect exists and
could be used in energy-resolving detectors (CEW)
has been published [36, 37]. There appear to be no
quantitative descriptions for DEW.

The energy weighting effect (∝ E) of an energy inte-
grating detector has already been formulated in 1973
by Swank [41]. At that point in time, the noise proper-
ties of indirect detectors were not yet formulated quan-

titatively (see section 3.7 on page 51). The secondary
photon noise, the interaction of secondary modulation
transfer and conversion efficiency, and the fact that
the SNR is influenced by the relative signal strength
are missing from the equations. The derived formulae
of this work are still used today as the ”Swank factor”
(see e.g. [42]), but their usefulness is limited. What
that work does describe correctly is the fact that when
superimposing noisy images with identical properties,
weighting the contributions differently decreases the
SNR.

Optimizing a weighting (CEW or DEW) can lead
to an increase in SNR. The potential increases are
between a few percent and factors > 10, depending
on the experimental conditions. Applying an energy
weighting can make broad x-ray spectra useful, and
the larger effect sizes are for these spectra.

For the CEW, multiplying with a weight w(u, E),
results in:

SNRCEW(u, w) = P(u)

[
∑ w(u, E)I(E)κ(E)h(u, E)

]2
∑ w(u, E)2N(u, E)

(3.49)
The optimal energy weighting function wopt. for

CEW can be determined by finding the maximum of
the SNR spectrum depending on w(u, E):

dSNRCEW(u, w)

dw
!
= 0 (3.50)

which is solved by any CEW weight proportional to

wopt.(u, E) ∝
I(E)κ(E)h(u, E)

N(u, E)
= SDS(u, E) (3.51)

This result is an extension of the known result
wopt.(u, E) ∝ κ(E) [29]. In addition to κ, the MTF
and the relative noisiness of the photon class are here
included. Similar to eq. (3.36), wopt. can in theory be
extended to wopt.(u, E, z). For a detector with a lim-
ited energy resolution, eq. (3.46) can be used. In that
case, the thresholds between energy bins need to be
chosen carefully, especially if only two or three energy
bins are available.

The inclusion of the MTF in the energy weighting
equation means that this method would also introduce
something which could be called frequency weighting.
As a purely theoretical consideration, a lens-based
detector using ideal frequency weighting could use
an arbitrarily thick screen without decreasing its ef-
fective MTF. The additional blurred intensity of the
scintillator volume farther from the focus plane would
simply be frequency weighted, and it would therefore
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3. Theory of x-ray image quality

no longer decrease the effective resolution. It would
still increase the SNR for coarser structures, resulting
in a detector whose optimal resolution range is very
broad.

Note that the SNR spectrum is not changed when a
Fourier filter is applied, but the image may be easier
or more difficult to interpret. To avoid artificial image
blurring while applying a CEW, it is therefore suffi-
cient to only apply a relative blurring factor in this
way:

wopt.(u, E) =
I(E)κ(E)h(u, E)

N(u, E)h0(u)
(3.52)

where h0(u) can e.g. be the energy-averaged MTF.
After application of the optimal CEW, the signal

detection strength SDS is constant with respect to E:

SDSopt. CEW(u, E) = const(E) (3.53)

The special case of a task-independent (t.i.) mea-
surement case is defined as a case with energy inde-
pendent signal detection strength (without weighting):

SDSt.i.(u, E) ≈ const(E) (3.54)

⇒ wopt|t.i.(u, E) ≈ const(E) (3.55)

⇒ SNRΣ|t.i.(u) ≈∑E SNRt.i.(u, E) (3.56)

Task-independency is often (implicitly) assumed
when x-ray image quality is optimized. Many intuitive
assumptions about this topic are therefore based on
this simple case and are wrong for more complex cases.
In some special cases, e.g. monochromatic imaging,
task-independency is a correct assumption. For x-
ray imaging where Compton scattering is the main
interaction (e.g. Al above 60 keV), task-independency
can be approximately correct.

By comparing eq. (3.53) and eq. (3.54), we see that
applying an optimal CEW has the effect that the re-
sult appears to be task-independent (SDS = const(E)).
The CEW itself is of course task-dependent. This also
means that task-independency is the case in which
there is an optimal superposition of the SNR contribu-
tions (SNR is additive).

The optimal DEW appears to have no analytical
expression. It is thus the case with the maximal SNR.
Equation (3.43) can be used to find changes in the ex-
perimental setup which may increase SNR. In general,
if the x-ray photons at a specific energy range de-
crease SNR, a reduction of the corresponding intensity
increases SNR.

An example for the different energy weightings is
shown in fig. 3.11, with attenuation in Al as the signal
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Figure 3.11.: Different energy weigth functions for
attenuation in Al. The ideal CEW curve is ≈ E−3

for the energy range shown.

generating effect. It can be seen that here the optimal
weightings all prefer the part of the x-ray spectrum
where κ is higher (here: lower energies).

Considering the DEW threshold gives an interesting
insight into which x-ray photons are actually contribut-
ing to the image. Only the photons below the DEW
threshold contribute positively to the image quality
and thus only these photons matter for the signal
properties of the image. Thus, for example MTF and
signal strength really only matter in this energy range.
For the noise properties, the whole detected spectrum
is relevant.

3.4.7. Monochromatic scaling laws

Based on the analytical expression for the SNR spec-
trum in eq. (3.30), the scaling laws for image quality
can be derived. Simple relationships can be derived
only for monochromatic x-ray spectra, although split-
ting model parameters into an energy-dependency
and an energy-independent scaling factor can also
show how energy-independent changes affect poly-
chromatic imaging. For example for the intensity, we
can arbitrarily define:

I(E) = IC IE(E) (3.57)

For monochromatic imaging, we would simply set
IE(E) = 1 ⇒ I(E) = IC. This split therefore auto-
matically also gives the relationships for monochro-
matic imaging. Additionally, we need to assume that
N(E) ∝ IC, which means that N0 needs to be small.
The other forms of noise are typically proportional to
the intensity (Poisson noise). Then

SNR(u) ∝ IC (3.58)
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Similarly

κ(E) = κCκE(E) (3.59)

⇒ SNR(u) ∝ κ2
C (3.60)

And for the MTF

h(u, E) = hC(u)hE(u, E) (3.61)

⇒ SNR(u) ∝ hC(u)2 (3.62)

For direct detectors, noise is simple (N = I) and
therefore no additional monochromatic scaling laws
apply. For indirect detectors, part of the MTF also
affects noise, so both noise and detector MTF have a
complicated relationship to SNR.

The most important aspect of these equations is that
SNR scales linearly with intensity but squarely with
signal strength or MTF. When using temporal SNR,
linearly/squarely translate to square root/linearly; the
difference is the same. This fact needs to be taken into
account when optimizing an x-ray imaging device—
improving the MTF by a factor of 2 is equivalent to
improving the intensity by a factor of 4.

3.5. Analytical simulations

3.5.1. Simple models

As a basis for the analytical simulations, I will intro-
duce some simple models for x-ray source, sample and
detector. They are here used to demonstrate in gen-
eral which physical effects are possible and roughly
approximate real applications. This approach was cho-
sen because (1) these simulations are easy to interpret
and causal relationships can be clearly identified (2)
real applications are too diverse so there is not really
something like a ”representative case”.

X-Ray source

The simplest possible x-ray source for approximat-
ing laboratory applications is one emitting only
bremsstrahlung, which is here used as a general poly-
chromatic source. Such a spectrum has the following
intensity for a given acceleration voltage Ut of the
x-ray tube:

I(E)

= bCt(E−Ut) for 0 < E < Ut

= 0 else
(3.63)

where Ct is the tube current (target current) and
b is an arbitrary scaling factor that needs to be kept
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Figure 3.12.: Computed bremsstrahlung spectra
without filters (unrealistic source) and with attenua-
tion in matter (filter or sample). Except for emission
lines, such spectra are good approximations for gen-
eralized real spectra. The tube voltage is here 50 keV.

constant within one set of compared simulations. Real
x-ray tubes can only deliver a limited tube current,
which may depend on the tube voltage. If the genera-
tor for the tube voltage is able to supply arbitrary high
currents, the heat load of the target becomes limiting,
in which case Ct ∝ 1/Ut.

Due to the fact that the lower x-ray energies are
absorbed by various objects in the beam, the pure
bremsstrahlung spectrum is unrealistic at this energy
ranges. If the sample is a much stronger absorber than
the sum of the other absorbers (target, tube window,
air, ...), then simulating the sample attenuation is suffi-
cient to get a realistic x-ray spectrum. A simple x-ray
spectrum is shown in fig. 3.12, where the unrealistic
bremsstrahlung spectrum and more realistic spectra
after transmission through a sample are shown.

Emission lines can easily be simulated, but the en-
ergy and intensity of these depends on the target
material. A realistic source would consist of a sum of
such simple sources, because different emission points
for the x-rays have different attenuation geometries.

Sample

The sample has two effects on the x-ray image quality:
First, the sample reduces the detected intensity I due
to the energy-dependent transparency. Second, the
signal strength κ of the image generating effect is also
given by the sample properties.

The sample transparency T for a given attenuation
cross section µabs and a sample thickness t is given by
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3. Theory of x-ray image quality

the Lambert-Beer law:

T(E) = exp(−tµabs(E)) (3.64)

For a given sample thickness, higher attenuation
cross section thus lead to a lower detected intensity.
Therefore, the energy-dependency in the x-ray inten-
sity depends on the energy-dependent attenuation
properties of the sample. This fact also results in an
effect called ”beam hardening”, where a lower cross
section at higher x-ray energies means that the sam-
ple is more transparent for higher energies. The de-
tected x-ray spectrum therefore depends on the sample
thickness and the SNR of thicker samples is typically
(much) lower. See section 4.2.5 for corresponding SNR
measurements.

X-ray filters act on the SNR as an additional sam-
ple thickness. If they are of the same material, they
thus always reduce SNR. Using an x-ray filter whose
absorption edges match with energy ranges where a
lower DEW weight would be beneficial can increase
SNR. For computing the sample transparency, absorb-
ing matter must be differentiated into sample and
filter. Otherwise, filter and sample need not be differ-
entiated for a SNR optimization.

The signal strength κ may either be identical with
the attenuation cross section (attenuation imaging), or
depends on the sample phase shift for phase imaging.

Detector

Simple models for x-ray detectors need to differen-
tiate between direct and indirect detectors (see sec-
tion 3.3.3). Both types of detector behave similar with
respect to the effect of x-ray attenuation: The detec-
tion of a x-ray photon is only possible if it somehow
interacts with the detector materials. This effect is
modeled by the attenuation efficiency, and for sim-
plicity attenuation efficiency is here approximated by
the photo-absorption cross-section. Detector absorber
materials usually have a high atomic number, so this
approximation is good for x-ray energies typically
below 150 keV (dependent on detector material, see
fig. 3.2). Effects from absorption edges are not mod-
eled here.

The absorption efficiency a(E) is also given by the
Lambert-Beer law, except that not the transmitted but
the absorbed photons are of interest:

a(E) = 1− exp(−tµabs(E)) (3.65)

For simplicity, and to not be dependent on the ab-
sorption edges of a specific detector material, the pho-

toabsorption cross section is approximated as ∝ E−3.
This allows the following approximation:

a(E) ≈ 1− exp(−tabsE−3) (3.66)

where tabs is an attenuation thickness which in-
cludes material properties, but is independent of the
x-ray energy. Typical detector materials have absorp-
tion edges in the energy range used for imaging, so
in a specific case such an edge may have a significant
influence on the image quality optimization.

The idealized detectors thus decrease the detected
intensity. In the case of the idealized direct detector,
this is all that is done to simulate such a detector –
which assumes a detection process that does not add
noise. Direct detectors with significant charge sharing
violate this assumption, see e.g. [43]. For the indirect
detector the additional noise according to eq. (3.92)
needs to be considered. To simplify the simulation,
c � 1 (efficient conversion) is assumed, otherwise
the detector MTF would need to be known even for a
simulation where modulation transfer effects are not
modeled.

Modulation transfer

The modulation transfer that affects the image qual-
ity is the system MTF, where the different influences
of source, detector and geometry are combined (all
within the LTI approximation).

A good simple model for various MTFs in x-ray
imaging is the Voigt profile, which stems from the
combination of a Gaussian and a Lorentz PSF. The
corresponding Voigt MTF is the product of the two
corresponding MTFs (see table 2.1)

h(u) = exp
(
− 2πu2σ2) exp

(
− 2πuµ

)
(3.67)

= exp
(
− 2π

[
u2σ2 + uµ

])
(3.68)

A source MTF hsrc and a detector MTF hdet combine
to a system MTF h on a setup with a x-ray magnifi-
cation M. The Voigt MTF is often ab bad fit for real
MTFs on the lower spatial frequencies, if e.g. the
detector has long-range blurring.

By scaling the spatial frequency coordinates (u in
sample space/voxel coordinates), we can compute the
system MTF as:

h(u) = hsrc

(
u

M− 1
M

)
hdet

(
u

1
M

)
(3.69)

Note that if a scaling factor becomes smaller, the
influence of the corresponding MTF on the system
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MTF becomes weaker. This is due to the fact that at
lower u, the MTF is typically larger and h(u)→ 1 for
u → 0. Therefore, for M → 1 (sample near detector)
the source MTF becomes unimportant and for M →
∞ (sample near source) the detector MTF becomes
unimportant.

The following simulations always (implicitly) con-
sider the SNR for a specific spatial frequency, as this is
how it would need to be done on real measurements.
Additionally, plotting SNR spectra at constant u makes
the SNR curves much easier to read and interpret. This
simplification appears to neglect modulation transfer,
but that is not the case. For real applications, modu-
lation transfer needs to be included, as one can not
simply set the MTF to be constant for different condi-
tions.

Neglected aspects

In a real setup, several other influences may appear.
These are not modeled in the simple analytical simu-
lations. Some examples for such effects are:

• Detector noise: Thermal noise (dark current) and
readout noise are produced in the detector elec-
tronics. The former is Poisson noise and its NPS
is proportional to the exposure time, while the
latter is independent of it. Scientific cameras use
cooling and high quality readout electronics to
reduce this noise to small values. Flat panel de-
tectors not damaged by radiation typically also
have low detector noise.
Effect: Additional noise to N0.

• X-ray scattering: Scattered radiation either from
the sample or detector or from some material in
the vicinity of the x-ray source (e.g. radiation
shielding, granite base) may be detected.
Effect: Additional noise to N(u, E).

3.5.2. Different energy weightings

To demonstrate how the energy weighting effects actu-
ally work, very simple examples with different (non-
)optimal energy weightings are computed. Due to the
simplicity of the example, the basic principles of the
energy weightings can be understood.

As the simplest possible example for SNR spectra of
an image superposition, two monochromatic images
are added:

d1+2(E) = d1δ(E− E1) + d2δ(E− E2) (3.70)

description κ2 SNR2 SNR1+2

a) photoabsorption 0.14 0.020 0.65
b) phase contrast 0.25 0.063 0.78
c) no gain, eq. (3.43) 0.41 0.17 1
d) task-independent 1 1 2
e) optimal CEW for a) 0.14 1 1.02
f) optimal DEW for a) 0.14 1 1

Table 3.2.: Examples for the SNR(ua) of image sums
for different physical effects represented by κ with κ1

= 1 and SNR1 = 1. Cases a) and b) are e.g. iron for
30 keV and 60 keV. Note that for a) to d), the fraction
of detected photons (∝ polychromatic DQE) is twice
as high for the sum image, but for a) and b) the image
quality is lower. See section 3.4.6 for cases e)+f).

The following conditions are assumed:

P(ua)H1(ua)
2 = P(ua)H2(ua)

2 = 1; (3.71)

I1 = I2 = 1; E1/E2 = 0.5 (3.72)

for a structure size of ua. This effectively excludes
modulation transfer effects from our examples—this
can be done in a theoretic model without loss of gen-
erality,4 but would be almost useless for a real applica-
tion. Additionally, an ideal photon counting detector
(Nk = Ik) is assumed.

This is a realistically polychromatic case whose ef-
fect sizes approximate real cases. Inserting all these
values into equations (2.23) and (3.27) yields:

N1(ua) = I1; N2(ua) = I2 (3.73)

S1(ua) = (I1κ1)
2; S2(ua) = (I2κ2)

2 (3.74)

N1+2(ua) = I1 + I2 (3.75)

S1+2(ua) = (I1κ1 + I2κ2)
2 (3.76)

Using the specific values listed above gives for the
SNR:

SNR1 = SNR1(ua) = 1 (3.77)

SNR2 = κ 2
2 (3.78)

SNR1+2 =
(1 + κ2)

2

2
(3.79)

Some examples of the SNR values for different κ2

are computed in table 3.2. From these examples we
can see that the additionally detected intensity I2 may
reduce the overall image quality significantly if the
SNR2 of this additional intensity is low compared to

4Including H(ua) as a factor in κ restores the full properties.
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Figure 3.13.: Examples for the dependency of the
SNR on the weighting factor for CEW (top) and
DEW (bottom). The weighting factor factor of image
2 is w2. The annotations correspond to table 3.2. For
DEW, the maximal SNR is either at I2 = 0 or at
finite I2, depending on the maximal value of I2. The
edge case κ2 = 0.5κ1 is the lowest possible κ2 where
SNR1+2 ≥ SNR1 for all I2.

the SNR1 of I1. In real examples, a difference in a MTF
may also produce this effect.

The reason for this behavior is easily explained by
the fact that if κ2

1 � κ2
2, I2 contributes little signal but

all of its noise to the image sum. A lower detected
intensity at E2 would decrease that noise.

Here, a high enough intensity can compensate for a
low signal strength in the following way:

SNR1+2 ≥ SNR1 ⇔ I2 ≥ I1
1− 2κ2

κ 2
2

(3.80)

This simple example allows us to evaluate the ef-
fect (non-optimal) energy weighting has on the SNR,
which is shown in fig. 3.13 for CEW and DEW. The
examples only qualitatively represent realistic cases,
but demonstrate the effects which different energy
weightings have on SNR.

We can see that for CEW, there is always a unique
maximum at w2 = κ2. For DEW, there is a unique
minimum, while one maximum is obtained for I2 →
∞. An additional local maximum exists at I2 = 0 for

κ2 < κ1/2. If we assume that a maximal value for
I2 is given by the physical circumstances (e.g. source
spectrum), the optimal weighting is either to use this
maximal value or use I2 = 0 (depending on κ2). The
optimal DEW weight can thus be interpreted as a mask
function that is either 0 or 1. For typical κ curves that
decrease towards higher energies, it is usually a step
function that is 1 at low energies and 0 above some
threshold. While the corresponding values for real
applications differs, the general laws stay the same.

3.5.3. Source spectrum influence

Results of SNR simulations for simple x-ray spectra
are shown in fig. 3.14. They are generated by ana-
lytically computing SNR(u), using eq. (3.30) and the
models explained in section 3.5.1. Both examples use
the same source spectra, detector and sample, but
different energy-dependencies of the signal strength.
These examples demonstrate the magnitude of the
effect different energy weighting effects have on SNR,
they are not meant to describe an actual setup. See
fig. 3.2 for the attenuation coefficient for aluminium
(Al), which gives the energy-dependent sample trans-
parency (0.1 mm thickness) and the signal strength
for the attenuation signal (approximately κ(E) ∝ E−3).
The x-ray inline phase contrast signal strength is as-
sumed to be κ(E) ∝ E−2 [8].

An ideally absorbing detector is used and the source
is assumed to have constant target power (product of
tube voltage and current is constant). Constant power
means that the actual source would be limited by
the thermal capacity of the target material, not by the
maximum current of the generator for the tube voltage.
Its spectrum is a bremsstrahlung spectrum given by
Kramers’ law, eq. (3.63), which is sufficient as a rough
approximation. Higher tube voltages correspond to a
higher degree of polychromaticity, because the sample
is the same.

To produce plots that are easy to interpret, the SNR
spectrum is again evaluated at a specific spatial fre-
quency ua and the MTF is assumed to be energy-
independent. Applications in real world examples
must avoid this kind of simplification.

The monochromatic SNR curve is from the opti-
mal monochromatic x-ray spectrum (at 6.1 keV for
attenuation and 7.0 keV for phase contrast) with the
intensity given by the sum over the corresponding
bremsstrahlung spectra. The optimal CEW curve uses
the signal strength as the weight. The optimal DEW

48



3.5. Analytical simulations
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Figure 3.14.: Simulated (photo-)absorption SNR(ua)

(top) and x-ray inline phase contrast SNR(ua) (bot-
tom) curves for a bremsstrahlung source with con-
stant source power. The corresponding detected
x-ray spectra are shown in the middle, where the
highest energy in a curve is the tube voltage.

curve only includes photons below the optimal thresh-
old, shown as vertical dashed lines in fig. 3.14 (middle).
The ”∝ E CEW” is the energy integrating indirect de-
tector case (w ∝ E) and assumes efficient conversion
(see eq. (3.21), c2H2

v � c). Note that the curve for
monochromatic SNR is not strictly comparable to the
other because its intensity is somewhat arbitrarily de-
fined. To get realistic monochromatic intensities, 1

3 of
the sample thickness is counted as a x-ray filter.

Both for photoabsorption and phase contrast signals,

only the lower energy x-ray photons have a sufficiently
high SDS to contribute positively to the SNR. This
effect is weaker for phase contrast due to a weaker
energy dependency. In this example, the SNR curves
are always ordered: ∝ E CEW < no weight ≤ opti-
mal DEW < optimal CEW < monochromatic. The
differences get larger for broader x-ray spectra.

Direct detectors (”no weight”) here have an intrin-
sically higher image quality than indirect detectors
(”∝ E CEW”) and this benefit is larger for higher de-
grees of polychromaticity. This difference is caused
solely by the different energy weighting, as both de-
tectors are otherwise assumed to be perfect absorbers
and without additional noise.

It can be seen that weighting down (CEW) or not
detecting (DEW) specific photons can increase SNR
by large factors. Note that the monochromatic SNR
is directly proportional to the cumulative intensity of
the source spectrum.

The following simple rules for energy weighting can
be seen in fig. 3.14: For optimal CEW, every additional
photon increases SNR. For optimal DEW no addi-
tional photon decreases SNR. For all other weightings,
additional photons can decrease or increase SNR.

If we use this example for a SNR optimization, we
can see that very low tube voltages would be optimal
if CEW or DEW cannot be implemented. For thicker
samples, higher tube voltages would be optimal than
for this example of a thin sample. See section 4.2.5 for
corresponding measurements on a real setup.

We could use the optimal CEW case as SNRideal in
eq. (3.19) and the ∝ E CEW as SNRdetected to compute
an accurate polychromatic DQE for an indirect de-
tector with ideal absorption and efficient conversion.
It has DQE � 1 for broad spectra due to its energy
weighting. Computing a polychromatically averaged
DQE using eq. (3.20) without consideration of the sig-
nal strengths would give DQE = 1 due to the fact that
an ideally absorbing detector was simulated.

In real applications, samples usually have varying
thicknesses and a setup must be optimized to give
high SNR at a combination of thicknesses.

3.5.4. Detector thickness influence

SNR(ua) curves for different thicknesses t of a x-ray ab-
sorbing screen (e.g. scintillator) are shown in fig. 3.15.
The screen is approximated as an idealized photoab-
sorber with an attenuation constant ∝ E−3 (no ab-
sorption edges). All other properties and the sample
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3. Theory of x-ray image quality
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Figure 3.15.: Simulated (photo-)absorption SNR(ua)

curves for different photoabsorber screen thick-
nesses t (top). Corresponding values for the
weighted absorption average (upper middle) and
energy-dependent absorption efficiency (lower mid-
dle). The average detector x-ray absorption for the t
with the maximal SNR is shown for different tube
voltages (bottom).

are the same as above and a source spectrum with a
tube voltage of 33 kV is used in the three upper plots.
The average absorption values are computed as the
intensity average of the x-ray absorption efficiency of
the detection screen. In real cases, the detector MTF
depends on the x-ray detection position within the
screen and the intensity distribution within the screen
is energy-dependent.

We can see that for the ”no weight” and the ”∝

magnification 4 2 1

source

photons 
per Voxel

sample
effective 
intensity ≈ 64 ≈ 16 ≈ 4

Figure 3.16.: Visualization of the effective intensity
scaling with the x-ray magnification. The effective
intensity per sample area becomes larger as the
magnification increases.

E CEW” cases, there is an optimal screen thickness.
Using a thicker screen reduces the SNR due to the
lower SDS of the additionally detected higher energy
photons. The ”optimal CEW” and ”optimal DEW”
methods however prevent this effect. In addition, a
thinner screen may have a better MTF (this effect is
not simulated here).

In fig. 3.15 (bottom) the values of the average x-ray
absorption of the detector for the t with the maximal
SNR are shown. It can be seen that in the absence of
optimal CEW or DEW, lower average absorption val-
ues are optimal for higher degrees of polychromaticity.
This is an application of the DEW, as discussed before.

The average absorption for ”no weight” is identi-
cal with a polychromatically averaged DQE, eq. (3.19).
Thus the ”no weight” and the ”∝ E CEW” cases have
an optimal SNR at a specific value of the polychro-
matic DQE which is different from the maximal DQE.
Raising the DQE usually has other costs (e.g. worse
MTF), so that in this case, increasing the DQE beyond
its optimum can have direct and indirect disadvan-
tages. The ”optimal CEW” and ”optimal DEW” cases
do not benefit significantly if the detector thickness is
increased beyond this point.

3.6. Sampling magnification

The effect of the x-ray magnification is different from
the effects discussed before in that it is much more
fundamental. It stems from the fact that changing
the x-ray magnification M changes the distance of the
sampling points in the object space. Due to the fact
that area sampling is used, the mapping from detector
area to object area is then changed.
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3.7. Noise properties of indirect detectors

If we hold the distance between source and detector
constant, then the number of detected photons per
detector pixel area Adet stays constant. Changing M
by moving the object influences the object pixel area
Aobj in the following way:

Aobj =
Adet

M2 (3.81)

due to the fact that the pixel area is two-dimensional.
See 3.16 for a sketch demonstrating this fact. This has
the effect that in object space, the intensity per area
(effective intensity Ieff) is scaled with respect to the
source object distance lSOD according to:

SNR(u) ∝ Ieff ∝
1

l2
SOD

∝ M2 (3.82)

Therefore, simply increasing the x-ray magnifica-
tion increases the image quality, potentially by a large
factor. This effect is independent of a change in MTF.
The effective detector area (field of view) becomes
proportionally smaller, so the amount of sample infor-
mation gathered by the measurement stays constant.
The number of x-ray photons passing through an ob-
ject volume element is also proportional to the square
of the x-ray magnification. For medical imaging, this
means that the dose is increased accordingly. The im-
age quality per dose is then independent of M, so this
effect is not useful for dose-limited medical imaging.

I did not find this effect in the literature, so it ap-
pears to be a new discovery–even though it is a very
fundamental effect. This effect was discovered when a
SNR(u) measurement showed results which were sur-
prising at that point (see section 4.2.4). Because using
eq. (3.3) means that the SNR spectrum is independent
of how the power spectra are normalized, the effect
could be observed even though it was not expected.

When temporal SNR or CNRNDT(u) is used to de-
scribe image quality, it is therefore necessary to nor-
malize this quantity with respect to object pixel area.
Otherwise, image quality appears to be independent
of M, which would be misleading. This fact is another
reason why temporal quantities should not be used in
imaging—here, the imaging physics happens in con-
tinuous space. Using a quantity based on a variable
spatial discretization poses severe difficulties.

From a different point of view, letting the x-ray
intensity distribution after the sample propagate
through space does not change its information con-
tent (SNR). The only change is that the same image
is further magnified and larger or more detector pix-
els would be required to achieve the same field of

Figure 3.17.: The geometry of the indirect detection
process for an lens coupled cristalline scintillation
screen. Inside the volume of the scintillator screen
(green), a fraction of the incident x-ray photons
(light blue arrows) is converted to visible light pho-
tons (red arrows). A fraction of the many visible
light photons from one x-ray photon are mapped to
an area on the detector (black).

view. Except of course for the x-rays absorbed in
the additional propagation length e.g. in air. For
phase contrast, propagation does change the SNR, so
the above stated effect is (partially) canceled by the
stronger phase contrast. What actually limits the x-
ray image quality is the number of (later detected)
x-ray photons interacting per sample volume, not the
number of x-ray photons incident per detector area.

3.7. Noise properties of indirect

detectors

The indirect detector (see section 3.3.3) is the most
common technical implementation of a x-ray imaging
detector. Its noise significantly differs from the typical
white noise and this difference has a large influence
on the image quality of this kind of detector. In the
following, I will give a short description of the noise
properties of indirect x-ray detectors. This derivation
is both interesting from a theoretical standpoint and
the result is very useful for a practical understanding
of the image quality of an indirect detector.

3.7.1. Indirect detection process

The stages in a cascaded systems analysis [38] used
to calculate a noise power spectrum (NPS) of indirect
detectors can be simplified if we merge some stages
into a single stage that approximately behaves like a
Poisson process. The stage described here is identical
to a combination of a stochastic amplification and a
stochastic scattering stage as described in [24] and the
result is fundamentally identical.
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3. Theory of x-ray image quality

The derivation presented in the following is inter-
esting in itself because of its simplicity. The difficulty
is shifted to an advanced application of probability
theory and logic, which uses temporal reordering of
independent events to simplify the computation. Also,
use is made of the particle/wave duality where aver-
age intensities are computed from wave propagation
and noise from quantized detection.

A stochastic process is a Poisson process if (A) single
events arrive with (B) a constant rate (mean counts per
time or space) and (C) if the probability for a (future)
event is independent of past/other events (Markov
property) [17]. The sum of the events over a certain in-
tegration time/area is then Poisson-distributed. Pois-
son processes have the property that a sum of Poisson
processes is again a Poisson process.

In general this means that if a Poisson process
passes through a stage where a fraction of the quanta
(e.g. photons) is transmitted/detected or one quantum
is converted into (at most) exactly one other quantum
(e.g. photon to electron), the resulting process is still a
Poisson process, only with a different rate.

If a (primary) quantum is converted into more than
one secondary quantum in a stage, then the secondary
quanta from one primary quantum are correlated (tem-
porally and spatially). The Markov property is not
fulfilled and the resulting process is not a (simple)
Poisson process. In the simplest case, it is then called
a ”compound poisson process”. See e.g. [17] for a
description of stochastic processes. The number of
detected secondary quanta per primary quantum is
usually Poisson-distributed per pixel, if the above con-
ditions are fulfilled.5

In an indirect x-ray detector, the x-ray photons (pri-
mary quanta) are absorbed in a scintillation screen
and generate visible light photons (secondary quanta).
The visible light photons are then mapped to a CCD or
CMOS camera and detected there. The whole two-step
process is shown in fig. 3.17.

This mapping can be written as a convolution (∗)
with a point spread function (PSF) hv (normalized to
one). For optically coupled screens, the PSF includes
effects from diffraction at the lens aperture and defect
of focus [30]; for other screens the PSF is usually given
by light spreading. This PSF is multiplied by the mean
number c of detected visible light photons per x-ray
photon (conversion factor) to calculate the average

5The Markov property for a spacial scattering process means that
detection probability at one point in space is independent from
that at other points in space which are on the detector.

number of detected visible light photons. All the
effects on the number of visible light photons detected
up to and including the conversion of photons to
electrons in the camera chip can be combined to one
Poisson process and are included in this factor. We
can thus write for the light conversion efficiency

c = ηscint.
Ex-ray

Escint.
ηcoll. ηtransm. ηcamera (3.83)

where ηscint. is the energy efficiency of the scintil-
lation, Ex-ray is the x-ray energy, Escint. is the energy
of the scintillation light, ηcoll and ηtransm. are the col-
lection and transmission efficiency of the optics and
ηcamera is the quantum efficiency (detection probabil-
ity) of the visible light camera. For all efficiencies (η),
the possible range is between 0 and 1. Note that ηscint.

may depend on Ex-ray.

3.7.2. Indirect detection noise

The probability distribution for the data d(x) (number
of detected photons) is then a Poisson probability
distribution P(d|s) for given mean signal s(x):

P(d|s) = sd

d!
e−d (3.84)

If we use eq. (2.33), we wan write the probability
distribution p for Poisson noise (shot noise) as

p(n|s) = P(s + n|s) = s(s+n)

(s + n)!
e−(s+n) (3.85)

In the following, I will omit spatial coordinates and
the dependency on the x-ray energy for brevity of
the notation; the index r is used for x-ray light effects
and the index v for visual light effects. The absorbed
fraction a describes the fraction of incident x-ray pho-
tons that are absorbed in the screen. The mean of the
visible light photons sv is derived from the number of
detected x-ray photons dr with eq. (2.33) as:

sv = dr ∗ hvc = sr ∗ hvc + nr ∗ hvc (3.86)

From the perspective of the second Poisson process,
the first Poisson process can be considered to have
already happened, this can be seen as reordering all
first stage detection events to happen before all second
stage events. So dr is a given set of x-ray detection
events that happened within the detection time win-
dow. The number of visible light photons detected by
the indirect detection process is then

did = sv + nv = sr ∗ hvc + nr ∗ hvc + nv (3.87)
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3.7. Noise properties of indirect detectors

The probability distributions for Poisson noise nr and
nv are given by eq. (3.85).

The deterministic and random contributions can
then be identified as the signal sid and noise nid of an
indirect detection process:

sid = sr ∗ hvc (3.88)

nid = nr ∗ hvc + nv (3.89)

The noise power spectrum Nid of an indirect detec-
tion process can be derived using eq. (2.23):

Nid(u) = Nr(u)c2Hv(u, E)2 + Nv(u, E) (3.90)

In the following, Nr and Nv are approximated as
Gaussian white noise, such that

Nr(u) ≈ Var{P(nr|asr)} = asr

Nv(u, E) ≈ sv = acsr (3.91)

⇒ Nid(u) ≈ asr

[
c2Hv(u, E)2 + c

]
(3.92)

Nid(u) = Nid(u, E, z, ...) is the noise power spectrum
of a simplified indirect detector. It also depends at
least on E and z in a broader context–the equation
above is valid only for a single photon class. The
influence of the MTF on the noise structure is also
called ”quantum mottle” in older literature [41].

In the presence of x-ray scattering in the detector
plane, the detection process has three instead of two
stages and an additional noise term appears. Also,
the stages are then branching, which splits scattered
and non-scattered radiation into different part images.
These can then be superimposed to get the whole
image. Splitting intensities before some processes
and then superimposing them afterwards is a useful
computational tool.

This computation technique can also be used in
more complicated situations (e.g. x-ray fluorescence
of the detector material). Combined with the superpo-
sition rules for signal and noise, the signal and noise
properties for for arbitrary multistage and parallel
photon paths can be computed.

3.7.3. Detector characterization by NPS

As we have seen, the shape of the noise power spec-
trum of an indirect detector is given by its visual light
MTF and its light conversion efficiency. This makes it
possible to determine these properties of the detector
from a measured NPS if the number of detected visual

light photons (= asrc) can be determined. Alterna-
tively, if Hv(uny)2 ≈ 0 (= no aliasing criterion) one can
use asrc ≈ Nid(uny) (uny is the nyquist frequency).

It follows then from eq. (3.92) that:

c ≈ Nid(0)− asrc
asrc

(3.93)

Hv(u, E) ≈
√

Nid(u)− asrc
asrc2 (3.94)

In practice, Nid(0) should be determined through
extrapolation from low spatial frequencies or a noise
power spectrum fit, because the value of Nid(0) has
a large statistical error. Additionally, x-ray scattering
in the detector can affect the low spatial frequencies
of the noise power spectrum and may even make this
type of evaluation impossible. The additional noise
N0 (see eq. (3.28)) must be subtracted from the noise
power spectrum before doing the above evaluation.

For a polychromatic x-ray spectrum, the value given
by eq. (3.93) is the spectral average of c2 divided by the
spectral average of c. It lies within the range of values
of c for the x-ray spectrum. This method nevertheless
allows an estimate of the effective c without the need
for specialized equipment. Note that in practice, a
comparatively higher value of c may also be the result
of a comparatively higher-energy x-ray spectrum (e.g.
caused by a thicker scintillator).

The MTF Hv determined by eq. (3.94) describes
the spreading/blur of the visible light photons in the
detector. For polychromatic x-ray light, the value is
the noise-effective MTF, because the superposition
laws are different for noise and signal. In general,
the signal-effective MTF is different from the noise-
effective MTF, see 3.4.4 for the signal-effective parame-
ters.

3.7.4. Quantum efficiency spectra for an

indirect detector

From the noise power spectrum for indirect detec-
tion, we can derive the Quantum Efficiency spectrum
QE(u, E) for a photon class. As discussed before,
a SNR spectrum SNR(u) is not proportional to the
QE(u, E) (or an average of thereof) while the class SNR
spectrum SNR(u, E) is. The QE can be understood as
a strictly monochromatic quantity that is otherwise
defined identically to the DQE.
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Figure 3.18.: The dependence of the Quantum Effi-
ciency on the QEF of indirect detection (blue) and
direct detection (orange dashed) based on equa-
tions eq. (3.102) and 3.103). For indirect detection,
a significant gain in image quality is produced by
increasing the QEF roughly to a factor of 10.

The ideal and indirect detection SNR can be com-
puted using eq. (3.30) for monochromatic x-rays:

SNRideal(u, E) = P
I2a−1κ2h2

I
(3.95)

SNRidd(u, E) = P
I2κ2h2 c2h2

v
I(c2h2

v + c)
(3.96)

The QE at energy E is then:

QE(u, E) =
SNRidd(u, E)

SNRideal(u, E)
(3.97)

=
a(E)

1 + c(E)−1hv(u, E)−2 (3.98)

As this equation describes an energy-dependent de-
vice property curve, QE(u, E) is independent of the
sample. The corresponding effective property QE(u)
also depends on the sample, through its x-ray trans-
parency.

Two quantum efficiency factors (QEF) for x-ray and
visual light processes can be defined as

QEFr(u) = a (3.99)

QEFv(u, E) = chv(u, E)2 (3.100)

The zero-frequency QEFs are the absorbed fraction
a and the conversion factor c, respectively. We can
now write QE(u) only dependent from these QEFs:

QE(u) = QEFr(u)
1

1 + QEFv(u, E)−1 (3.101)

This QE can be split into indirect and direct detec-
tion QEs:

QEdir.(u) = QEFr(u); 0 < QEFr < 1 (3.102)

QEind.(u) =
1

1 + QEFv(u, E)−1 ; 0 < QEFv (3.103)

In fig. 3.18, the dependencies of the direct and in-
direct detection QEs on their QEFs are shown. We
can see that values of c� 1 can be useful if the imag-
ing performance at hv(u, E) � 1 is of interest. For
example at hv(u, E) = 10 %, the scale for c is shifted
by two orders of magnitude, such that c = 100 results
in QE(u, E) = 0.5. Even at hv(u, E) ≈ 1, there is a
significant benefit found by increasing c to roughly 10.
If this increase comes at the cost of some other param-
eter (e.g. a), the optimum depends on the quantitative
behavior.

For c → 0, the properties of the indirect detector
become identical with a direct detector: Its power
spectrum is then white. This can be understood if we
note that for c � 1, every primary photon produces
at most one secondary photon, so that no correlations
between secondary photons are possible. For c � 1,
the noise of an indirect detector is so much different
from white noise that the intuitive experience human
observers have when interpreting noise largely fails.
Comparing the image quality of images from detec-
tors with very different c must thus always be done
quantitatively, e.g. by comparing SNR spectra. Funda-
mentally, the blur caused by the detector MTF can be
compensated for by a large c. After application of a
signal reconstruction (e.g. Wiener deconvolution, see
section 2.3.3), images become more comparable.

There are two interesting limiting cases for the indi-
rect detection QE:

(a) Ideal detector limit: QEFind. � 1⇒ QEind.(u) ≈
1. This limit does not require hv(u, E) ≈ 1 if c
is large enough. A high conversion may thus
completely compensate detector blur. Note that
this fact alone makes a separate evaluation of
noisiness and blur produce misleading results.
The nominal and effective blur of such a detector
are completely different, as noise is also blurred.

(b) Inefficient detection limit: QEFind. � 1. We can
then approximate:

QE(u)
∣∣∣∣
chv(u,E)2�1

≈ achv(u, E)2 (3.104)

An important fact is that SNR is not additive and
that there is no concept of a polychromatic QE (or
DQE) which reliably or accurately describes image
quality influence independently of the sample.
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4. Measuring x-ray image quality

Overview

The prior chapter discussed the theoretical aspects and
predictions of x-ray image quality. This chapter com-
plements this discussion by introducing measurement
methods for the central quantities used in the prior
chapter: SNR(u) and DE(u). In a sense, the usefulness
of these quantities requires the measurement methods
described in the following, as a scientific evaluation
requires testing a theory through experiments.

Measuring image quality requires that some quan-
tity is defined which we assume to describe image
quality. The quantity used here is the SNR spectrum
as defined in eq. (3.3) (fraction of signal/noise power
spectra). The advantages of using this quantity for an
imaging performance optimization were discussed in
chapter 3.

Measurement methods for image quality used in
MI [24, 34] and NDT [27, 28] all work by combining
different quantities to an image quality measure. The
method described in this chapter is different in the
following way:

• There is no mixture of quantities determined
from different physical situations (e.g. MTF from
edge, NPS in empty region, contrast from sam-
ple). Combining measurements from potentially
different image quality regions into one image
quality measure can lead to systematic errors.

• The measurement setup is identical to the imag-
ing setup—a real sample can be used when de-
termining imaging performance. A defined test
phantom can be used for comparable measure-
ments or to improve the measurement accuracy.

The first point is significant because the NPS, MTF
and other model parameters can change significantly
depending on the sample placed in the beam, due
to the sample changing the detected x-ray spectrum.
Also, the effective MTF is weighted by the energy-
dependent signal strength of the sample—different
samples may have different MTFs (see eq. (3.32)). The
latter is especially important for inline phase contrast.
Commonly used measured properties like a polychro-
matically summed intensity have no clear relationship

to image quality, as a higher intensity may both in-
crease and decrease image quality (see section 3.4.5).

The SNR spectra measurement method presented
in this chapter does not suffer from similar problems.
It is also ideally suited to (automatically) optimize the
imaging setup parameters (e.g. tube voltage) for a
specific application or sample.

4.1. Theory

The SNR spectra measurement method presented here
is not a complex method in the end, but the deriva-
tion of the main evaluation equation requires some
thought. The derivation presented here has originally
been published in [1]. For x-ray imaging, this method
is not a completely new concept, similar approaches
can be found for example in [44]. In the latter, noise
power spectra are computed from the difference of
two CT scans. Here, a more general formula using an
arbitrary number of CT scans is derived. In addition,
the signal power spectrum can be derived simultane-
ously.

What is also new is the systematic approach and the
scope of the theory: I consider SNR spectra measure-
ments the reference benchmark, other studies need
to be confirmed by SNR spectra measurements to be
considered correct. This is also one of the main use
cases for this method: It can confirm or refute certain
simplifications. SNR measurements have proven to be
a useful tool in showing the limitations of simplified
image quality evaluations.

The basic idea for the measurement method is based
on the concepts introduced in section 2.3: The deter-
ministic part (signal) of an image remains constant
when a measurement is repeated, but the random part
(noise) is different. This fact enables a separation of
signal and noise by their physical properties.

The SNR measurement method presented here uses
a series of images of the same object, measured con-
secutively. If we compute the average image of such
a series, the SNR is higher, which means that noise
becomes relatively weaker while the signal stays the
same. Since the exact law of this behavior is known
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4. Measuring x-ray image quality

(compare eq. (2.23) with eq. (2.24)), comparing single
images with the average image can be used to separate
signal and noise in the data.

4.1.1. Temporal noise

If we measure a series of images on an x-ray imaging
setup, this series can be written as:

{
dj(x)

}
j =

{ Ij(x)− Id(x)
If(x)− Id(x)

}
j

(4.1)

where j ∈ [1, K] and K is the number of images mea-
sured. Then the noise standard deviation can reliably
determined by the variance of the intensity in each
pixel along the time axis (different images):

stdj{dj} =
√

1
K ∑K

j=1

(
dj −meanj{dj}

)2

(4.2)

An important requirement for the method to work
is that the measured image series always has the same
signal (sample). If the signal itself were to vary over
time, the temporal standard deviation would include
this variation in addition to the noise. There is no
requirement that the the image has a constant gray
value spatially—this method determines the noise for
every individual pixel. To determine SNR, contrast
or signal needs to be determined separately, but this
method yields a very reliable measurement of the
noise. Alternatively, noise can be estimated from the
standard deviation of different pixels, if the mean
intensity of the pixels is equal, which would be less
reliable.

4.1.2. Measuring SNR spectra

For determining SNR spectra, the method described
above is extended. First, we define the average image
as:

davg(x) =
1
K ∑K

j=1 dj(x)

=
1
K ∑K

j=1

(
sj(x) + nj(x)

)
(4.3)

To simplify the power spectra of the single image
and the average image we can use the fact that noise
is uncorrelated with any other noise or signal, see sec-
tion 2.2.3. This corresponds to the fact that the noise
in each single image is uncorrelated with the noise in
another image, while the signal is fully correlated for

two images. We can therefore derive for the power
spectrum D(u) of an image:

D(u) = S(u) + N(u) (4.4)

Davg(u) = Savg(u) +
1

K2 ∑K
j=1 N(u)

= S(u) +
1
K

N(u) (4.5)

In the last step, the linear noise power spectra sum
leads to the fact that the noise fraction in the aver-
aged image is inversely proportional to K. These two
equations can be seen as a system of equations with
the two variables N(u) and S(u) and the constants K,
D(u) and Davg(u). Solving for the variables gives:

S(u) =
Davg(u)− K−1D(u)

(1− K−1)
(4.6)

N(u) =
D(u)− Davg(u)

(1− K−1)
(4.7)

These two quantities are often of interest themselves.
They can be used to evaluate the signal or noise prop-
erties of an imaging setup. The noise power spectrum
measured this way is that of the x-rays transmitted
through the sample, which means that it is the NPS
which actually stems from the image.

From signal and noise power spectra we can com-
pute the SNR spectrum as:

SNR(u) =
S(u)
N(u)

=
Davg(u)− K−1D(u)

D(u)− Davg(u)
(4.8)

This is the fundamental equation for the SNR spec-
tra measurement method, it can be used to determine
the image quality of a measurement setup from a se-
ries of images. Due to how the derivation is done,
the SNR derived is the value for the exposure time
of a single image. The method separates signal and
noise by their physical properties, so any part of the
image that has the corresponding properties will be
interpreted as signal or noise. Noise is correctly identi-
fied in most cases, but image artifacts are often falsely
identified as signal (see next section).

Any image series that behaves like eq. (4.4) and (4.5)
can be used for a SNR spectra measurements. This
is especially important if the images are not direct
measurements, but were transformed by an arbitrary
transform T{d}. The transform need not be linear,
but should not introduce strong assumptions into the
data. Also, noise must be transferred through this
transform. An example of a transform that would
result in a broken SNR evaluation is the segmentation
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of an image. It is important that the transform is
applied to the single images and the averaging is done
after the transform, in case the transform is not linear.

Examples for such transforms are the radiography
referencing, eq. (2.1), or CT reconstruction. In the
latter case, several CT images are used to compute the
SNR spectrum of the volume image.

Interpreting SNR spectra has been discussed in sec-
tion 3.1, see also figures 3.4 and 3.6. The most impor-
tant aspects to keep in mind are that the SNR spectrum
includes the object spectrum P(u). Comparison be-
tween experimental configurations should therefore
be done at a specific structure size. Then P(u) is con-
stant and does not influence the differences. Absolute
evaluations of the imaging performance should use
the quantity DE(u) instead of SNR(u), see eq. (3.31)
and section 4.1.5.

4.1.3. Systematic errors

The systematic errors for the SNR spectra measure-
ment can be split into noise artifacts and signal ar-
tifacts. The general rule is that noise artifacts only
appear if the measurement was done wrong and that
signal artifacts may not be avoidable for a specific
setup but may be (partially) corrected.

Both types of errors are real measurement errors,
which means they result from the measurement proce-
dure. Errors resulting from wrong assumptions about
the sample cannot occur with this method, since no
such assumptions are made.

Noise artifacts

Noise artifacts appear when the following requirement
(already stated above) is violated: The only difference
between images in the series must be the noise real-
ization. An example case for this is signal movement:
The sample or source moves during the measurement.
The difference between consecutive images then con-
tains a sample shift. This will typically result in a
peak in the computed noise power spectrum, which
corresponds to the shift.

For the case of signal movement, the shape of the
noise artifact can be computed when some simplifi-
cations are used. If we assume a movement in the y-
direction with a constant speed during the acquisition
of the image series, a rectangular PSF and a sinc-MTF
(see section 2.2) is applied to the signal. The width d
of the PSF is given by the movement distance during

the acquisition time τ for one image. The correspond-
ing MTF for a single image is correctly interpreted as
a signal MTF, because the signal is actually blurred
and a sample movement decreases the image quality.
Note that sample movement changes the laws of how
a change in exposure time affects image quality.

The MTF effect of signal movement is then the dif-
ference between the movement MTFs of the average
image and the single image:

hmov(uy) =
sinc(Kduy)

sinc(duy)
(4.9)

Nmov(uy) =
D(uy)− S(u)hmov(uy)2 − 1

K N(u)
(1− K−1)

(4.10)

A noise power spectrum affected by a signal move-
ment artifact thus has peaks where hmov(uy) has its
roots. Correcting these noise artifacts by backshift-
ing the images does not work, due to the fact that
subpixel shifts would require interpolation and this
interpolation would distort the evaluation.

Reducing the signal movement artifact by a signifi-
cant amount without knowing the shift can be done in
the following way: Choose all sets of two consecutive
images, apply eq. (4.8) to each, and then average the
results. The disadvantage of this method is that the
random errors become more severe.

Signal artifacts

Signal artifacts result from any static part of the im-
age which was not generated by the signal. This is
the main weakness of the SNR spectra measurement
method, as any part of the data which behaves like
a signal is interpreted as such. In practice, one must
carefully investigate if the signal result may have been
produced for example by image artifacts. Most sig-
nal artifacts appear as additive (white) noise. Typical
image signal power spectra decrease towards smaller
structures due to the MTF of the experimental setup
and the intrinsic object spectrum (see also fig. 3.10). In
that case, signal artifacts appear as an artificial lower
limit to the signal power spectrum. Even signal ar-
tifacts caused by color noise (see 3.6) usually have
a very different power spectrum shape than the real
signal.

The simplest kind of signal artifacts are permanently
bright/dark pixels in the detector (”bad pixels”). Due
to the abrupt transition in gray value from the sur-
rounding pixels, this kind of artifact has a high frac-
tion of high frequency components (its spectrum is
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4. Measuring x-ray image quality

white). An artificially high SNR spectrum at high
frequencies is the resulting error. This artifact can
be removed by filtering the defective pixels and re-
placing the gray value with the median or average
of the surrounding pixels. Such a signal artifact can
typically be recognized by a measured signal power
spectrum which (artificially) converges to a constant
value towards higher spatial frequencies.

If an image is referenced using eq. (2.1), any noise in
the (averaged) flat or dark image will produce signal
artifacts. The shape of this signal artifacts is identical
to the shape of the corresponding noise power spec-
tra. Typically, flat and dark images are acquired as
the average of an image series, in this case eq. (4.7)
can be used to estimate the corresponding signal ar-
tifacts. The simplest method to compute the propa-
gation through eq. (2.1) is by computing the series
of images that were normalized with the individual
noisy flat images:

{
dflat, j(x)

}
j
=

{
Iavg(x)− Id(x)

Iflat, j(x)− Id(x)

}
j

(4.11)

Such a series can then simply be evaluated accord-
ing to eq. (4.7), where we must keep in mind that the
referencing uses not a single image but the average:

Sartifact flat(u) =
Nflat(u)

Kflat
(4.12)

=
1

Kflat

Dflat(u)− Davg, flat(u)(
1− K−1

flat

) (4.13)

Due to the fact that this signal power spectrum
contribution is uncorrelated with the image signal
itself, it can be subtracted in the SNR spectrum evalu-
ation from the signal power spectrum computed with
eq. (4.6).

Signal artifacts typically appear if the signal be-
comes very weak due to the MTF becoming very small
(e.g. < 0.01). The corresponding frequency range is
then not of interest, because for realistic exposure
times the SNR spectrum is too low for detection. This
frequency range where the SNR measurement fails is
typically at SNR(u) < 10−2 for x-ray detectors with-
out a high amount of pixel defects.

Computation precision

Computing power spectra from images generally re-
quires applying a window function to the image [45,
46] before the Fourier transform. A window func-
tion avoids introducing frequency errors due to the

fact that power spectra are computed from a limited
area of an extended signal while using a FFT (fast
Fourier transform) algorithm. The FFT algorithm as-
sumes periodic boundary conditions, which means
that left/right and bottom/up image edges are im-
plicitly connected. Discontinuities between opposite
edges thus lead to computation artifacts for power
spectra.

Power spectra in imaging are typically smooth (no
peaks), as images usually have no long range peri-
odic structures. Therefore, frequency precision re-
quirements are low. Reducing noise in the computed
power spectrum is more important for SNR spectra
measurements. Window functions amplify noise if
they weight image pixels differently. In imaging, large
window sizes of more than 500x500 pixels can often
be used, which reduces the computation errors. In
higher dimensions, the window noise amplifications
gets worse—effectively using only the center 50 % in
length of a cube is only 1/8 of its volume and amplifies
noise (variance) by a factor of 8.

The window functions used here are chosen as the
convolution of a rectangular region offset by m pixels
from the image edge with a Gaussian with a standard
deviation of m/4 (default m = 16). This window func-
tion has a very low noise amplification even in higher
dimensions. Example: Hanning window in 3D has a
noise amplification of 3.40, the Gaussian convolution
window 1.18 (5123 volume). The former has signifi-
cantly less error at small frequency shifts, but both
perform well for large frequency shifts. Additionally,
care must be taken to compute power spectra with
a 64 bit float FFT, as using 32 bit float can lead to
significant computation errors.

4.1.4. Choice of the test phantom

Choosing a good test phantom for SNR spectra mea-
surements allows for simple and reliable measure-
ments. Thereby, the following aspects should be con-
sidered:

• Beam alignment errors need to be avoided by
choosing an test phantom whose object spectrum
does not change with slight tilts to the beam. This
is required to get comparability between repeated
measurements and also because in cone beam
geometry, the angle of the beam varies over the
object.

• Statistical measurement errors can be decreased
by using an object with rich structural details. A
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stronger signal means a smaller relative error, the
absolute noise remains the same. As the abso-
lute scale is irrelevant (or normalized for DE(u)),
more structure does not affect the optimization.
The size scale of the structure details should be
similar to the size scales found in objects that are
expected to be used on the setup.

• Object thicknesses and material should represent
the application. See table 4.3 for an example of
a range of application definitions. Using a range
of thicknesses in different image regions allows
to evaluate a range of use cases at once. The
material needs to have an atomic number close
to the material of the application. For example
using Si (Z = 14) instead of Al (Z = 13) would
yield similar results. Evaluating the image quality
of a material interface (e.g. Al-Si) requires that
the test phantom reproduces this interface.

Example setups for SNR measurements on projec-
tions and for CT are shown in figs. 4.1 and 4.2. They
consist of two components: (1) a step wedge (2) an ob-
ject to represent sample structure. For comparability
between regions, the structure must be approximately
identical everywhere (translationally invariant object
spectrum). Examples for such structures are sandpa-
per (Z=14, 6) or paper (Z=6). Evaluating a specific
material interface embedded or encased in a different
material can be achieved by using respective materials
for structure and step wedge. If only one sample thick-
ness is considered, the step wedge can be omitted.

4.1.5. Evaluating detection effectiveness

The detection effectiveness (see section 3.4.2 and
eq. (3.31)) is a measure for image quality which is
comparable between different test phantoms, as long
as the material thicknesses are identical. While easy to
define in theory, measuring a DE(u) experimentally
is more difficult than measuring SNR(u). If the SNR
spectrum and the object spectrum P(u) are measured,
the DE(u) can be computed as:

DE(u) =
SNR(u)

P(u)
(4.14)

Measuring the SNR spectrum has already been dis-
cussed, measuring the object spectrum is discussed in
the following. The basic approach to determining the
object spectrum is that the (true) object shape of the
test phantom is determined from the measured data.

step wedge structure

x-ray beam

one region

Figure 4.1.: Sketch for a 2D SNR spectra measure-
ment test phantom example with different sample
thicknesses in one measurement. The structure typi-
cally is a flat object, here seen from the side.

step wedge structured
cylinder

x-ray beam

one region

rotationno rotation

Figure 4.2.: Sketch for a 3D SNR spectra measure-
ment test phantom example with different sample
thicknesses in one measurement. SNR spectra are
here evaluated on CT reconstructed images. For
cone geometries, care must be taken to exclude the
CT regions where different wedge thicknesses over-
lap during the rotation. The SNR is evaluated in the
center of the cylinder so thickness differences from
the cylinder are less.
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The object spectrum is then the power spectrum of the
object shape.

In principle, a DE measurement could be performed
both on projections and on CT measurements. There
are two reasons why only use CT DE measurements
were performed: (1) The actual application of the x-
ray imaging is CT, image quality differences between
CT and projections should be included by the mea-
surement (2) Determining the object shape is more
complicated in projections (especially for cone geome-
tries). Real objects for a test phantom can be chosen to
have smooth surfaces. Determining the object shape
in a CT image is therefore easy, if morphologically
simple objects are chosen for the test phantom.

The test phantom should satisfy the following crite-
ria:

• The shape of the object should be as simple as
possible to make the determination of the (true)
shape reliable.

• There should be no image features below the
resolution limit of the measurement, because their
shape could not be determined.

• To avoid large statistical errors in the SNR mea-
surement, the test phantom also needs to have a
large amount of structure (= material edges).

• It must be possible to reproducibly manufacture
the test phantom.

A test phantom which satisfies all these criteria is
the ball heap phantom. It consists of some container
(e.g. cylindrical glass) that is filled with balls. The
size of the balls should always be chosen such that the
diameter of a ball is at least several voxels – otherwise
determining the correct center and diameter of a ball
becomes difficult. Such a size would give a good
compromise between the criteria above. To avoid long-
range ordering of the balls, it is best to use different
ball sizes.

If the ball size is known, the voxel size of the mea-
surement can be calibrated exactly. Otherwise, this
calibration needs to be done another way, as comput-
ing the DE(u) accurately requires that the voxelsize is
known. To compute P(u), eq. (2.13) needs to be used
where a is the voxelsize.

The distribution of the ball sizes may be e.g. a
mixture of two sizes, which produces noticeable min-
ima in the object spectrum. This makes it possible to
clearly differentiate signal and noise power spectra
(the latter does not have these minima). Alternatively,
a broad distribution produces a smooth object spec-

trum, which avoids distortions in the measured DE(u)
caused by a slight mismatch of the minima from true
and measured object spectra.

4.1.6. Ball phantom evaluation

The algorithm used to evaluate measurements from
ball phantoms is described in the following. First, the
(true) object shape needs to be computed from the
measured data. This is done in the following steps:

1. Segment the measured CT image into the two
segments air and material (balls).

2. Compute a (euclidean) distance transform dEDT

on the balls segment.

3. Determine the maxima of dEDT such that every
ball has exactly one maximum.

4. The lists of dEDT values of the maxima and their
coordinates are the radii and centers of the balls.

5. For every entry in these lists, one ball is placed in
a virtual object image.

To speed up computations, the ball sizes are binned
and the ideal ball image for one size bin is computed
beforehand. This computation oversamples the ball
to correctly reproduce partial voxel fill effects.1 The
placement is then done as the addition of the pre-
computed ball image of the approximate size, shifted
by the center distance.

Computing the object spectrum is done by comput-
ing the power spectrum from the virtual object image.
Then the SNR spectrum is determined as described
before and DE is computed using eq. (4.14).

This algorithm is simple and reliable, but has the
disadvantage that the ball centers are only determined
to a precision of one voxel. An improved algorithm
would determine the ball center position with a higher
precision. For more complex test phantoms, an algo-
rithm would need to determine the surfaces without
assuming a specific shape of the object. For the pur-
pose of studies where the individual parts of the test
phantom have a shape close to a ball, the presented
algorithm is sufficient.

1The effect of the voxel area on the MTF is thus not considered to
affect image quality. Correspondingly, the gray value of a voxel
is defined to represent the average of the continuous gray value
inside its volume.
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4.2. Applications in 2D

The main focus of the application examples lies in
demonstrating the effectiveness of the SNR measure-
ment method in investigating and optimizing image
quality. Quantitative effects on real applications are
highly application-specific and are therefore not cov-
ered in detail here. In this section, SNR measurements
are performed on projections (2D), for applications on
CT images see section 4.3 on page 73.

Image quality of projections directly propagates to
the image quality of the CT image, except that an addi-
tional degradation is possible from certain CT artifacts.
The required measurement times to achieve a good
image quality are of course different for projections
and CT images. Some possible artifacts are explained
in section 3.2.1 on page 31. Object spectra in 2D and
3D are different for the same object. In 2D a superpo-
sition of object structure along the beam is measured,
whereas in 3D the actual object structure is measured.

SNR measurements on projections (2D) require
much less measurement time and are therefore to
be preferred if measurements for many different setup
parameters are needed. They may also be used as
a preparation step for CT SNR measurements (3D):
Optimal setup parameters are found in 2D for each
imaging device, a comparable DE(u) measurement
is performed in 3D. The 3D measurements should
thereby use the optimal parameters for the test phan-
tom, which are generally different for different imag-
ing devices (interactions of source and detector prop-
erties).

4.2.1. Inline phase contrast magnification

This application example has been published in [1].
Prior work on the same topic is e.g. [47, 48, 49], but the
SNR spectra measurement is uniquely able to quantify
phase contrast image quality and extends the prior
results.

The experimental setup [50] for the measurements
is a laboratory x-ray computed tomography setup
with micrometer resolution optimized for inline phase
contrast imaging of weakly absorbing materials. The
measurements were performed in cooperation with
Andreas Balles and Christian Fella.

The setup is based on a liquid metal-jet source [51,
52], which has a strong x-ray emission line at 9.25 keV.
It is operated at a source size of 14 µm and an ac-
celeration voltage of 70 kV. Two different detectors
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Figure 4.3.: Measurements of the SNR(t = 1 s) for
the filter paper sample and the MR detector for
different distances l from sample to detector with
the x-ray magnifications M.
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Figure 4.4.: Measurements of the SNR(t = 1 s) for the
filter paper sample and the HR detector for different
l.
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Figure 4.5.: Measurements of the SNR(t = 1 s) for the
sandpaper sample and the HR detector for different
l.
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50 µm

(a) l = 3 mm (b) l = 6 mm

(c) l = 12 mm (d) l = 24 mm

Figure 4.6.: Measured images at distances l for the
HR detector and the filter paper sample for t = 5 s.
Images (b) to (d) are interpolated/cropped to the
same sample region as (a). It can be seen that image
(a) has insufficient phase contrast and appears noisy,
while (d) has enough phase contrast but is too blurry
(bad MTF). Image (b) or (c) is optimal.

were used: (1) A high resolution (HR) setup with a
5 µm thick LSO scintillation screen that is lens cou-
pled [30, 53] to a cooled CMOS camera (NA = 0.75).
(2) A medium resolution (MR) detector with a 50 µm
thick LuAG screen [54]. Other properties of the mea-
surements for the two detector setups are given in
table table 4.1. Camera noise was determined from
dark images at different integration times to a pixel
median of ≈ (0.9 e− + 0.2 e−/s).

Power spectra for the SNR measurement were cal-
culated from a 1400x1300 pixel region in the center
of the detector and radially averaged/smoothed to
generate one-dimensional spectra with approximately
50 bins. The measured images were corrected with
dark and flat images, the static noise power from this
process was estimated and subtracted from the calcu-
lated signal power spectrum. A negative logarithm
was applied before calculating power spectra.

The cone beam propagation distance z that gives
the strength of the phase contrast can be calculated
from the sample-detector distance lSDD and the x-ray
magnification M, see eq. (3.16). The relative scale for
the spatial frequency axes for the different sample
positions was determined by registering the images
for their relative magnifications with a precision of

detector pixel size d intensity

MR 2.92 µm 200 mm 340 ± 32
HR 0.56 µm 150 mm 76 ± 9

Table 4.1.: Properties of the two detector setups used
at the LMJ-CT; d is the distance from the source to the
detector and the intensity is given in detected photons
per pixel per second.

10−3. The pixel sizes of both detectors were measured
by taking several images with known horizontal shift
and registering the images to a shift in pixels.

Measurements were performed for two different
samples: (1) sandpaper, weak phase contrast (2) filter
paper, strong phase contrast. For each sample, mea-
surements were performed for different x-ray mag-
nifications to determine the optimal value for this
parameter.

The measured SNR spectra results are shown in
figs. 4.3 to 4.5. They enable choosing the optimal
magnification for a specific desired spatial resolution.
The optimal magnification is the one with the highest
SNR spectrum at a specific spatial frequency (struc-
ture size). Different structure sizes imply different
optimal magnifications. As phase contrast becomes
stronger for higher magnifications (for M < 2), lower
spatial resolutions allow for more phase contrast and
enable shorter exposure times. On the other hand, if
the exposure time can be arbitrarily long, the addi-
tional SNR from phase contrast becomes irrelevant. In
this case, very high resolutions are reached but phase
contrast is negligible. Examples for images at different
magnifications are shown in fig. 4.6.

4.2.2. Energy bandpass detection

In section 3.4.6 an effect was described which would
increase the SNR of a x-ray image if the intensity
of higher energy photons (lower signal strength) is
reduced. Measurements to test this hypothesis were
performed on the XRM-II x-ray microscope at the
LRM in cooperation with Fabian Lutter. Its setup
[55] consists of a 30 keV electron gun of a electron
microscope which is targeted on a tungsten pin with
a diameter of ≈ 50 nm. The whole setup is in vacuum
and the x-rays are detected with a direct x-ray detector
using CdTe as x-ray absorber.

The detector is known to have significant charge
sharing [43, 56], which means that the energy determi-
nation of the thresholds which can be set is not very
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4.0 keV 5.4 keV 7.5 keV

8.6 keV 9.7 keV 10.8 keV

12.0 keV 17.0 keV 30.0 keV

Figure 4.7.: Sample images for different upper energy thresholds (values above the images) of the energy
bandpass detection. The part shown contains some SiC particles of a sandpaper. Comparable simulations
are shown in fig. 3.8 b) and d)–f).

reliable. Also, charge sharing introduces a probabilis-
tic energy weighting that weights higher energy x-ray
photons more (which is detrimental for image qual-
ity). It should therefore be expected that any effects
that rely on the energy resolution of the detector may
appear weakly or not at all. Two images with different
lower thresholds can acquired by this detector in one
exposure, the difference of these images then contains
the photons from the energy band which corresponds
to the two thresholds.

A piece of sandpaper was used as the test phantom
and parts of the resulting bandpass images are shown

in fig. 4.7. The images with the lowest threshold shows
strong unidentifiable noise and was not used for the
further evaluation, the image with the next higher
threshold (5.5 keV) shows this noise faintly–this should
be considered in the interpretation of the results. The
intensity in dependence on the upper energy threshold
can be used to derive the x-ray spectra the detector
determines, which is shown in fig. 4.8.

In fig. 4.9, the results of the SNR measurements
for different detector energy thresholds are shown.
As expected from the theory, photons above a spe-
cific energy threshold (here 10 keV) do not contribute
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Figure 4.8.: X-ray energy spectrum derived from the
intensity dependent on the upper energy threshold.
The bin width is chosen as small as the detector
allows.
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Figure 4.9.: SNR dependent from the upper energy
threshold of the bandpass detection. Due to the fact
that there is very little intensity above 17 keV (see
fig. 4.8), significant SNR differences can only appear
at 12 keV and below. While the SNR spectrum de-
scribes the image quality (including phase contrast),
the temporal SNR only describes the absorption
image quality. This explains the difference at the
lowest energy bin. The two dashed curves describe
the expected SNR curves for ideal superposition
(κ = const. , red) and for additional intensity being
noise only (κadd = 0, green). Both curves are scaled
such that the crossover is roughly at the optimal
DEW threshold.

significantly to a higher SNR. The dashed lines are ex-
amples for SNR ∝ 1/I (photons only contribute noise)
and SNR ∝ I (photons all contribute signal equally).
While at 8–10 keV the latter law appears to hold, at ≥
12 keV the former is true. The intermediate behavior
is between these proportionalities (photons contribute
signal differently), which can be seen at 11 keV.

This measurement thus appears to confirm the as-
sumption that a bandpass detection is an effective
form of CEW. A more precise measurement would

property value
x-ray
source

X-Ray WorX XWT-190-THCE PLUS,
microfocus mode, ”high energy”,
W transmission target (6 µm thick)

detector Dexela NDT1512,
Gd2O2S:Tb scintillator
75 µm pixelsize

Table 4.2.: MetRIC setup.

Utube [kV] filter [mm] material

A 60 none sandpaper (Si, C)
B 140 1 Si, 1 Ge aluminium (Al)
C 140 1 Si, 1 Ge brass (Cu, Zn)
D 190 2 Fe, 2 Cu brass (Cu, Zn)

Table 4.3.: Application cases for the SNR measure-
ments with different scintillators. Sorted in ascending
material thickness.

require a detector with a better energy resolution. The
bandpass detection method has been implemented in
the XRM-II setup for daily use in nanoCT.

4.2.3. Different scintillators

The main properties of an indirect x-ray detector (see
also section 3.7 on page 51) are given by:

• Thickness and density of the scintillator
⇒ absorption efficiency

• Material of the scintillator
⇒ absorption efficiency, light yield

• Optical properties for visual light
⇒ gathering efficiency (NA), MTF

• Electronic noise of the detector pixels
⇒ additive noise

Here, two different scintillator screens are compared
while using the same detector optics and electronics.
The first screen is a 30 µm thick Gadox powder screen
and the second a 2 mm thick crystalline LuAG screen.
Due to the higher light yield of the Gadox compared
to LuAG and the fact that crystalline screens have
a reduced gathering efficiency because of refraction
at the crystal surface, the first screen is expected to
have a much higher conversion factor c. On the other
hand, the second screen has a much higher absorption
efficiency due to a higher thickness and density. This
higher thickness also results in a worse MTF due to
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Figure 4.10.: SNR spectra measurement results for a range of applications and two different scintillator
configurations (”LuAG”, dashed lines and ”Gadox”, solid/dotted lines) on the same detector. The SNR plot
is clipped in the y-direction to hide signal artifacts, they are visible in the signal power spectrum plot. See
table 4.3 for a description of the cases A–D.

defect of focus.
Measurements were performed at the metRIC setup

(see also table 4.5) with 9 W source power. Test phan-
toms were placed directly before the detector to elimi-
nate source blurring influence.

Using the theory from section 3.4 on page 39, it is
to be expected that the first screen performs better
at lower x-ray energies and the other way around
at higher energies. The exact point at which they
are equally good is an interesting fact when deciding
which screen is better for a specific use case.

To determine the relative performance, SNR spectra
measurements were performed using different sam-
ples and different x-ray source spectra. The detec-
tor used is in-house developed and is called ”KGSD”
(KostenGünstiger SzintillationsDetektor). It uses a
camera lens with adjustable f-number F, all measure-
ments here use F = 1.7 except the one measurement
with F = 2.

The different applications (test phantoms) are listed
in table 4.3, results are shown in fig. 4.10. Measure-
ments show that the Gadox screen performs much
better at lower x-ray energies but for the 190 keV case,
the LuAG screen is slightly better. The worse perfor-
mance of the LuAG is not only caused by a higher
noisiness (left plot), but also by a weaker signal (mid-
dle plot). The weaker signal was to be expected from
the higher absorption efficiency of the LuAG screen,
as it weights the higher energies stronger compared
to the Gadox. At the higher energies, the lower op-
tical conversion efficiency of the LuAG becomes less

important while this screen benefits from its higher
absorption efficiency. Noisiness is lower for the Gadox
compared to LuAG for case A-C but higher for case
D.

The measurement with F = 2 has a higher noise
(lower intensity) and a better spatial resolution com-
pared to F = 1.7, as expected for the thin Gadox
screen. Cases B and C show the difference in absorp-
tion strength between aluminium and brass. After
absorption through 1 mm Ge, aluminium produces
almost no contrast (κ) while brass has good contrast.

From the shape of the noise power spectra we can
derive that the Gadox screen has a much higher light
conversion efficiency c. See also eq. (3.83) for c and sec-
tion 3.7.3 for how detector properties shape the noise
power spectrum. The values of c are roughly three
times as high for the Gadox screen as for the LuAG
screen, averaged over the respective detected x-ray
spectra. As the average effective x-ray energy is higher
for the LuAG screen, the difference in monochromatic
light conversion efficiencies is higher than that factor.

4.2.4. X-ray magnification influence

As discussed in section 3.6, changing the x-ray magni-
fication in a radiograpyh measurement scales the effec-
tive intensity according to eq. (3.82) (SNR(u) ∝ M2).
This effect is separate from the effect that changes
in the magnification have on the MTF and therefore
SNR(u). To test the prediction of the theory, it is there-
fore easiest to acquire SNR spectra measurements in a
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Figure 4.11.: Measured SNR spectra for the magnification sweep, see fig. 4.12 for an interpretation. Note
that different choices of scaling the power spectra with the sampling distance are possible, but the SNR is
unaffected by this choice. Here, signal power spectra have identical values if the same object is only sampled
differently, although the higher spatial frequencies are distorted by MTF differences.
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Figure 4.12.: SNR spectra measurement results
for the magnification sweep. On the y-axis
SNR(u)/M2 is plotted, which should be constant
with respect to M if the MTF is also constant. To-
wards lower magnifications and for smaller sizes,
the SNR spectrum is reduced by a change in MTF.

parameter range where the system MTF of the setup
is constant. Here, this situation was achieved by using
a large x-ray source spot size and high magnifications.

SNR spectra measurements were performed on the
MetRIC setup (see table 4.2. The x-ray magnification
was varied by moving the sample along the beam axis
and a SNR spetrum measurement was performed at
every position, while the distance between source and
detector was kept constant. A source setting of 20.0 W
and 80 kV was used for all chosen x-ray magnifica-
tions. The detector exposure time was 100 ms and 50
projections were aquired per SNR measurement. As

test phantom, a piece of sandpaper was used.

The relative difference in magnification values was
determined by image registration. A high relative pre-
cision for the magnifications of the different measure-
ments was therefore achieved (relative error ≈ 10−3).
This high precision is required because wrongly scal-
ing a steeply decreasing curve in the x-direction leads
to large errors in the y-direction. The voxelsize was
determined by comparing a known distance on the
test phantom with the distance in pixels on the image
(lPS = 47.8 µm at the lowest magnification).

SNR spectra were computed from a central region
on the detector with a size of 900x930 pixels. There-
fore, lower magnification use larger sample areas.
Slight differences in the particle density of the sand-
paper may therefore introduce systematic deviations
in S(u) and SNR(u) for large differences in magnifi-
cation.

The measured SNR spectra are shown in fig. 4.11.
At the lower spatial frequencies, the signal power
spectrum is independent of M, but noise increases
with higher M. The exact scaling of SNR(u) with
M is shown in fig. 4.12. In the latter figure, a good
agreement of the measurements with the theoretical
prediction (eq. (3.82)) is clearly visible. Even though
the distance between source and detector is constant
and the average number of incident x-ray photons per
detector pixel is identical for all measurements, the
noise power spectra show large differences. At the
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Figure 4.13.: Projection image examples (MetRIC)
for the aluminium step wedge (Utube = 160 kV, top)
and the plastic step wedge (Utube = 80 kV, bottom).
The step wedges are oriented with downward in-
creasing thickness, a step is 10 mm high. Sandpaper
was fixed to the back of the step wedges and the
regions chosen for SNR evaluation are where sand-
paper is present. The topmost region is outside of
the step wedge and is denoted as ”0 mm”.

lowest spatial frequencies of N(u) (y-axis intercept), a
magnification difference by a factor of≈ 9 corresponds
to a noise power spectrum difference by a factor of
≈ 92 ≈ 80.

In practical applications, the image quality can there-
fore be increased by a large amount if the sample
is moved closer to the source—even when the MTF
is purely source-limited. The field of view becomes
correspondingly smaller, so this is only useful if the
sample is small enough or it is sufficient to measure
only a part of the sample (local tomography).

Both signal and noise power spectra are affected by
the detector MTF, see eq. (3.96). Here, lower magni-
fications mean that the higher effective detector blur
is present both in the nominator and denominator
of the SNR spectra fraction, and both cancel each
other out partially. Therefore, the magnification with
the optimal SNR spectrum is shifted towards lower
magnifications compared to the optimal magnifica-
tion for MTF. This consideration excludes the effect
of eq. (3.82) which shifts the optimum towards higher
magnifications.

400.00 200.00 133.33 100.00 80.00
spatial size [ m]

10 1

100

101

102

SN
R

U = 40 kV
U = 45 kV
U = 60 kV
U = 70 kV
U = 75 kV
U = 80 kV
U = 85 kV
U = 90 kV
U = 95 kV
U = 100 kV
U = 105 kV
U = 110 kV
U = 117 kV
U = 125 kV
U = 132 kV
U = 140 kV
U = 150 kV
U = 160 kV

Figure 4.14.: One set of measured SNR spectra for
the aluminium step wedge at 12 mm thickness (Met-
RIC). Overall, 12 such sets were evaluated and the re-
sults are shown in a comprehensible way in fig. 4.15.

property value
x-ray source Hamamatsu L8121-03

Microfocus, W reflection target
detector Rayence 1215B, CsI scintillator,

50 µm pixelsize

Table 4.4.: CT500 setup.

4.2.5. Optimal tube voltage

As discussed in section 3.4, the physical situation in
x-ray imaging is given by polychromatic superposition
of signal and noise, as well as strong energy depen-
dencies in individual performance parameters (e.g.
detector absorption efficiency). The approach here is
therefore not to focus on evaluating in detail how a
good or bad image quality emerges. Instead, the re-
sulting image quality of a complex system is evaluated,
with optimization as the aim. Drawing conclusions
about the properties of the imaging setup from the
measured SNR(u) values is here of secondary impor-
tance.

Similar to the measurements described in the prior
section, SNR measurements were also performed on
the MetRIC setup and on the CT500 setup (see ta-
ble 4.4), but here for different x-ray spectra.

These different spectra were generated by setting
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Figure 4.15.: Values of the SNR spectra averages and sample transparencies for different tube voltages for
the two materials of the step wedges: aluminium (top) and plastic (bottom). Setups: MetRIC (left) and
CT500 (right). In both cases, the material interface is mainly Si to air. Note that the absolute SNR values of
the two setups differ by a constant factor due to component differences and source-detector distance.
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different tube voltages on the x-ray source. Tube
power was kept constant at 20.0 W (MetRIC) and
18.0 W (CT500) (thermally limited source), which
means that the target current of the tube was adjusted
to satisfy:

Ptube = Utube Itarget = const. (4.15)

A test phantom as desribed in fig. 4.1 was used,
two step wedges with materials aluminium and plas-
tic (4 mm step thickness) were each combined with
sandpaper as structure. Examples for the acquired
projection images are shown in fig. 4.13. Both step
wedges were placed beside each other and measured
consecutively. Otherwise, the setup geometry was
identical for all measurements. The material thick-
nesses in the step wedge represent different sample
thicknesses, while the material interface of interest
is silicon to air in both cases. For the MetRIC pixel-
sizes were determined by registering two measured
projection images (horizontally shifted by 10 mm), re-
sulting in lPS = 39.7 µm for the aluminium wedge and
lPS = 39.3 µm for the plastic wedge. While this is not
the optimal magnification for SNR(u), the large field
of view was required for the size of step wedge used.

SNR measurements were acquired for a set of 21
tube voltages. The detector exposure time was 100 ms
(MetRIC) and 320 ms (CT500) and 50 projections were
aquired per SNR measurement. 12 regions (6x alu-
minium and 6x plastic) were evaluated for every tube
voltage, resulting in 252 measured SNR(u) curves
(one additional thickness at the CT500). At the Met-
RIC, some measurements were unusable because the
measurement software did not execute a sample move-
ment command (3 for aluminium and 2 for plastic).
An example set of SNR(u) curves for one thickness
and one tube voltage is shown in fig. 4.14. At the
spatial sizes of interest (< 250 µm), changing the tube
voltage mainly scales the whole SNR curve. This
coarse structure size was chosen because the measure-
ment error was sufficiently low at all combinations
of tube voltages and material thicknesses only for the
coarser structure sizes.

Two K absorption edges of materials are important
here: The one for tungsten (W, source target material)
at 69.53 keV (emission line) and the one for gadolin-
ium at 50.24 keV (Detector at the MetRIC) or 35.98 keV
(Detector at the CT500).

Measured SNR(u) values are shown in fig. 4.15 for
different tube voltages. To achieve a high data quality
for all sample thicknesses, SNR spectra were averaged

over spatial sizes of 150 µm to 250 µm. The higher
spatial frequencies would be able to show MTF dif-
ferences in addition to contrast/intensity differences,
but have too high measurement errors for the higher
thicknesses (signal artifacts due to low S(u)).

The results for the plastic wegde show a clear pref-
erence for low tube voltages (40 kV or 45 kV). For the
aluminium wedge, the 4 mm sample thickness has its
image quality optimum at 45 kV. Higher tube voltages
are preferable for the higher sample thicknesses (70 kV
for ≥ 8 mm Al). Local maxima in the SNR(u) curves
appear around 70 kV and 100 kV. The first can be ex-
plained by a significant portion of the x-ray spectrum
lying above the absorption edge of the detector. For
the second maximum, no reason comes to mind, as
its energy level is above any absorption edges in the
relevant materials.

From the standpoint of SNR optimization, the exact
reasons for the shape of the SNR curve are not im-
portant — simply selecting the maximum of SNR(u)
results in the best image quality. As a general trend,
thinner samples benefit from lower tube voltages (as
one would expect). On the other hand, thicknesses
of ≥ 12 mm Al show a general trend of increasing
image quality for higher tube voltages. The specific
results are also influenced by the choice of materials
for the test phantom. A possible corresponding use
case for the plastic step wedge is the detection of small
aluminium particles embedded in organic material or
plastic components. For the aluminium step wedge,
the use case is e.g. the detection of cracks/voids in
solid aluminium.

The measurements from the MetRIC show surpris-
ingly strong peaks/valleys in the SNR(u) curves, they
are less pronounced for the plastic step wedge. In the
most extreme case, a tube voltage of 70 kV yields a
SNR(u) three times as high as at 90 kV (e.g. 12 mm
Al). While this difference may be caused by some pe-
culiar (technical) problem with the setup, it is real and
needs to be taken into account for an image quality
optimization. Measurements from the CT500 do not
show similar peaks/valleys.

There are cases where for the same SNR, very differ-
ent sample transparencies appear. For 16–20 mm Al,
tube voltages of 45 kV and 160 kV have similar SNR,
but the higher voltage has a transparency 10 times
higher. In the first case, this SNR is achieved by a high
contrast but a low intensity. In the latter, the reverse is
the case. The latter case also has less beam hardening
and might thus be preferable from a standpoint of
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Figure 4.16.: Example for a simulated PSF (top) and
derived MTF (bottom) that is caused by the addition
of the detector side filter to the detector setup (here:
1 mm tungsten). The intensity gain of the detector
side filter is approximately given by 1/h(uny) ≈ 4,
as the non-scattered intensity is given by the delta-
peak in the center of the PSF.

image artifacts. Real samples usually have a range
of sample thicknesses where a high image quality is
required—the optimal tube voltage for the whole sam-
ple might thus be a compromise between different
optima.

4.2.6. Detector side filters

The EMECT project was co-funded by the german
DFG2 and the swiss SNF. Its aim was to use detec-
tor side attenuation filters to improve the detection
efficiency in high-energy (MeV) x-ray imaging. The
basic idea is that the scattered radiation originating
from a thin plate of highly absorbing material placed
directly in front of the active area of the detector is de-
tected as additional intensity. Because of the Compton
shift reduced the energy of the scattered radiation, the
absorption efficiency of the detector is higher. X-ray
detectors generally have very poor absorption efficien-
cies at x-ray energies in the MeV range and simula-

2Geschäftszeichen: HA2904/2-2

0 cm Cu

1 cm Cu 3 cm Cu

steel

Figure 4.17.: Example image for the SNR measure-
ments for the EMECT project. The different evalua-
tion regions are marked in yellow. They correspond
to different thicknesses of Cu plates placed before
the steel test phantoms. Compare to fig. 4.1. At the
top, a container with steel screws was placed.

tions done by Carina Stritt (EMPA) [57] showed that
the detected intensity can be increased by for example
a factor of 4 this way (dependent on the material of
the detector side filter).

Different measurements were performed for the
EMECT project at the XXL-CT at the Fraunhofer EZRT
in Fürth in cooperation with Richard Schielein and
Nils Reims. The detector used was a Perkin Elmer
XRD 1620 AN1 and the LINAC was operated at 7.5
MeV. Detector pixelsize is 200 µm and voxelsize was
181 µm.

As part of these measurements, SNR spectra mea-
surements were performed to find out if the intensity
gain from the detector side filters produces a corre-
sponding image quality gain. Presented here are only
the results of these measurements insofar as they con-
cern the topic of x-ray image quality.

The simulations of the PSF/MTF are shown in
fig. 4.16 (simulated without sample absorption). It
is clearly visible that the additional intensity is heavily
blurred. The high blurring is in part caused by the
distance between the outer detector casing and the
scintillator (geometrical spreading of x-rays). Tung-
sten plates of thicknesses 0.5 mm and 1.0 mm were
used as detector side filters, all measurements were
also performed without detector side filters. Measure-
ments of the SNR spectra were performed on a test
phantom (see fig. 4.17) consisting of perforated steel
plates combined with copper plates of different thick-
nesses (without, 1 cm Cu and 3 cm Cu). As a fourth
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Figure 4.18.: SNR spectra measurement results (left) and noise spectra (right) for the different detector side
filters in the EMECT project, top to bottom are different regions with different sample thicknesses. The
different regions are shown in fig. 4.17. Due to radiation damage to the detector, SNR measurements show
signal artifacts below 0.4 mm spatial size, useful data is therefore restricted to the left half of the SNR curves.
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region, plastic container with steel screws was used.
The results are shown in fig. 4.18. If we consider

the fact that adding a heavily blurred image should
decrease the SNR spectrum (see section 3.4), the SNR
measurements for thin samples (0 cm Cu and steel
regions) confirm this expectation. For the thicker sam-
ples, this trend becomes weaker and in the region with
the thickest sample the difference becomes negligibly
small. As no simulations of the MTF were performed
for thicker samples (different spectra), the expected
effect of the detector side filter for thicker samples is
unknown. The detector used has many dead pixels
due to radiation damage and the SNR measurements
show severe signal artifacts that could not be corrected
fully.

The peak in the measured noise power spectra at
the spatial frequency of zero corresponds to the indi-
rect detection process of the detector side filter (see
section 3.7 and compare to fig. 4.16). It becomes less
pronounced for thicker test phantoms, which can be
interpreted as the detector side filter having a weaker
effect on the detected intensity. This peak is also
stronger for 0.5 mm W than for 1.0 mm W, which
would mean that the thicker filter absorbs a signif-
icant part of the additional intensity generated. The
measurements without detector side filter also show
this peak, which means that the x-ray scattering in the
detector material (e.g. casing) itself is also significant.

The important facts are the following:

• It is confirmed here that an increase in intensity
does not automatically translate to a higher im-
age quality if the signal strength of the additional
intensity is low (here: bad MTF). For the larger
structure sizes, the detector side filter does pro-
duce the expected gain because there the MTF is
good.

• The usefulness of the detector side filter depends
heavily on the sample thickness and the corre-
sponding transmitted x-ray spectrum.

• Detector side filters appear to produce an addi-
tional unidentified effect which increases the SNR.
This effect becomes stronger for thicker samples
and may in part be scattered radiation which is
absorbed in the detector side filter—this is a phys-
ical reduction of noise. At higher sample thick-
nesses, this effect would probably be stronger
than the decrease and the detector side filter may
then achieve the original aim of increasing the
image quality. CT measurements with thicker

Figure 4.19.: Image slices of the 3D volumes with
the CT reconstructed volume (left) and computed
object shape (right) for the DE evaluation. The area
shown is 0.3x0.5 mm.
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Figure 4.20.: Object spectrum computed from the
object shape, see fig. 4.19 (right) and SNR spectrum
determined from the 10 CT measurements. The
maxima/minima correspond to the higher harmon-
ics of the ball diameters. For the SNR spectrum,
signal artifacts appear at ≈ 3 · 10−3, so the lowest
SNR values are artificial. At a structure size of 4 µm
and coarser, the signal artifacts do not play a role.
The peak at ≈ 1.9 µm is artificial.

samples measured on the same setup seem to
confirm this fact, but there were no SNR spectra
measurements performed for this higher thick-
nesses.
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4.3. Application in 3D

property value
source 50 keV, no filters, 2 W target power
geometry 335 mm source to detector distance, magnification 40
exposure time 400 ms per image, 0.333 hours per CT (only exposure times are counted)
number of projections 3000 per CT, 10 CTs (acquired as 3000 views with 10 projections per view)
test phantom 1:1 weight mix of 38 µm and 80 µm diameter PMMA balls,

2 mm diameter container of glass with 20 µm wall thickness.

Table 4.5.: Measurement parameters for the DE measurement at the MetRIC.
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Figure 4.21.: Measured system signal transfer (top)
and noise power spectrum (middle) and resulting
DE(u) (bottom) determined from the 3D SNR spec-
trum and the object spectrum. Both the measured
data and the model fits are shown. The DE(u) was
normalized to a cumulative exposure time of one
hour per CT. Deviations between measurement and
fit at structures smaller than 4 µm are caused by
signal artifacts in the SNR spectra measurement, the
real DE(u) is close to zero in this range.

4.3. Application in 3D

Measuring the SNR spectrum for a CT image requires
that several CT images of the same object are acquired.
In high-resolution x-ray imaging, this needs to be
done with an acquisition of several images directly
after each other for every CT view. If the thermal and
mechanical instabilities are too high, acquiring several
whole CT scans after each other would lead to shifts
in the CT images. Such differences would produce
artifacts in the SNR spectra measurement.

These projections need to be reconstructed into in-
dividual CT images, where all first, all second, ... pro-
jections are treated as one CT scan. Then, eq. (4.8)
can be applied for a volume image series. Therefore,
power spectra are computed from volume images. As
in 2D, it is convenient to radially average in 3D, even
though the CT reconstruction does add anisotropy to
the volume image (ramp filter in xy).

The result is a 3D SNR spectrum. For a more reli-
able and comparable image quality evaluation, this
procedure can be combined with an object spectrum
determination to generate a DE spectrum (see sec-
tion 4.1.5).

4.3.1. Measurement procedure

A first test of the procedure to measure the DE spec-
trum was performed at an in-house CT system (Met-
RIC), the parameters used are listed in table 4.5. Its
purpose was to test if the proposed procedure works
well in practice. The determination of the object spec-
trum was performed as described in section 4.1.6 and
image slices from the CT volume are shown in fig. 4.19.
Figure 4.20 shows the resulting object spectrum and
the SNR spectrum computed from the 10 CT images.
The object spectrum P(u), the signal power spectrum
S3D(u) and the noise power spectrum N3D(u) are the
measured quantities which are used in the following
to compute intermediate results and the DE(u).
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4. Measuring x-ray image quality

The squared 3D signal transfer is the transfer func-
tion from the object power spectrum to the signal
power spectrum, see section 3.4.2 on page 39. It was
fitted according to the following equation:

S3D(u)
P(u)

=
[
Iκabs(1 + p2u2)hS(u)

]2sinc(u)3.4 (4.16)

where p is the phase contrast strength, relative to
κabs, the absorption signal strength, hS is modeled
according to eq. (3.67) and the last part is explained in
section 2.4. The signal MTF hs is modeled as a part of
the signal power spectrum according to eq. (3.32) and
eq. (3.34) on page 41. Iκabs is treated as a single fit
parameter—it corresponds to the term ∑E I(E)κ(E) in
eq. (3.34). Note that the equations in the theory part
refer to non-normalized images and this evaluation to
normalized images.

The noise power spectrum was fitted using the same
basic models which combine to:

N3D(u) = I
(
c + c2hN(u)2) u sinc(u)3.4 (4.17)

See section 3.7 and eq. (3.92) for an explanation of
the first part. Both fits and the corresponding mea-
sured data are shown in fig. 4.21 and the fraction of
both gives the DE(u):

DE(u) =
S3D(u)

P(u)N3D(u)
=

[
Iκabs(1 + p2u2)hS(u)

]2
Iu
(
c + c2hN(u)2

)
(4.18)

The resulting DE spectrum was computed from the
object spectrum and the SNR spectrum and is shown
in fig. 4.21. The model fit for the DE(u) is computed
from the two prior model fits according to the equation
above.

As can be seen from the plots, this setup has an opti-
mal image quality at ≈ 10 µm for this application and
the highest achievable resolution is limited to > 3 µm.
The noise power spectrum shows some noticeable de-
viations between the fit and the measurement: (1) at
u=0, the measured spectrum has a peak which is prob-
ably caused by some reconstruction artifact or ring
artifacts (2) at roughly 17.5 µm there is a significant
artificial peak in the NPS, this is probably caused by
a slight mismatch of the corresponding peaks in the
object spectrum and SNR spectrum (see fig. 4.20).

4.3.2. Micro CT round robin study

The round robin study [3] was organized by S. Zabler,
used the SNR spectra measurement method intro-
duced here and was evaluated by me using methods

described in this work. Its aim was a quantitative per-
formance comparison of different sub-µ CT scanners
in practice. For the details refer to the publication, I
will summarize the study design here.

The original aim was to compare the image qual-
ity of different (inline) phase contrast imaging de-
vices. Different machines at various scientific insti-
tutions and from different manufacturers as well as
three machines built in our group took part in the
study. Measurement parameters were chosen by the
machine operators who usually do measurements on
the machines—the image quality determined is there-
fore the one the machine will produce in practice.
Determining the image quality of CT images was the
aim, therefore CT scans of comparable test phantoms
were performed at all devices. The test phantoms con-
sisted of a mixture of PMMA balls in glass cylinders
with a diameter of 1 mm and 20 µm wall thickness.

Ideally, it would have been possible to apply the
measurement scheme and evaluation as described be-
fore. Due to limitations in the machine control soft-
ware, it was impossible to acquire a CT scan with
several images per view, as would have been neces-
sary for 3D SNR spectra measurements.

The evaluation was performed as described in the
section before where possible, the system signal trans-
fer and noise power spectra were instead produced by
a fit to the data spectrum of the CT images.

Additionally, SNR spectra measurements of the
same test phantom were done in 2D.
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Different use cases

The technical capabilities of different x-ray imaging
setups vary greatly. The samples are also very dif-
ferent: Imaging e.g. a 100 µm thick metallic sample
at 100 nm resolution or a 500 mm organic sample at
500 µm resolution requires very different setups.

High resolution x-ray imaging (typical sampling <

5 µm) generally uses lower energies (e.g. < 10 keV)
due to the higher x-ray transparency of thinner sam-
ples. Detecting smaller structures also intrinsically
requires a higher SNR. The signal in high resolution
x-ray imaging mainly consists of photoabsorption and
phase contrast. In low resolution x-ray imaging, larger
samples are investigated. They require higher x-ray
energies. For the latter, Compton scattering produces
a significant part of the attenuation signal.

Within the range of x-ray imaging applications, med-
ical imaging represents a very narrow range. Models
for image quality which may be appropriate for these
cases can be inappropriate in a different context, e.g.
in material science. Imaging scientists may therefore
need to use models different from those used in medi-
cal imaging (e.g. DQE).

SNR spectra can be used to optimize image quality
including phase contrast effects [8, 1], see also sec-
tion 2.1.2 on page 10. The latter can be interpreted
as a physical highpass filter [11]. For x-ray imaging
setups with (sub-)micrometer resolution, phase con-
trast is often the strongest contribution to the detected
signal.

If one imaging device is used for imaging very dif-
ferent samples, some compromise must be made on
the setup components. Also, if one sample has very
different attenuation lengths along the beam direc-
tion, a compromise must be made to optimize image
quality for the corresponding different x-ray spectra.

It is not possible to derive general rules that apply
to every case. For any specific use case, optimizing
the SNR spectrum by measurements is required. For
a set of similar use cases, one can derive general rules.
Such a set can e.g. be imaging with a photoabsorption
signal and a bremsstrahlung source. A general rule in
this example is the fact that only lower x-ray energies

contribute to image quality while higher energies de-
teriorate it. Additionally, simulations are an important
method to discover ways in which an imaging setup
may be optimized.

Structure size

Using SNR spectra implies that sample structure (of
a specific size) is of interest. Because SNR(u) usually
strongly decreases to higher u (smaller structures),
larger structures are always detected well in a specific
imaging measurement. Smaller structures can only be
detected down to a minimal size (”spatial resolution”)
which is given by the properties of the setup and
the measurement configuration. As a trivial example,
increasing the measurement time allows to resolve
smaller details.

Depending on the structure size of interest, different
imaging setups may be optimal. This fact is modeled
well by SNR spectra. Optimal detection depends on
what is intended to be detected, which in itself is a
decision which needs to be made by the person doing
the investigation.

Optimizing imaging setups

Designing a good imaging setup or operating it well
is conceptually different in a polychromatic use case
than in a monochromatic use case. For monochro-
matic imaging, an optimal setup generates the highest
possible intensity and detects all photons. In the poly-
chromatic case one can apply an energy weighting
(e.g. CEW) and detecting or generating less photons
may increase the SNR.

If optimal energy weighting is not possible, then the
optimal polychromatic setup needs to detect as many
photons as possible from some photon classes and no
photons from the other photon classes, see eq. (3.43).
Depending on the differentiating criterion, this may
be very difficult to achieve. While a detector can be
designed to less efficiently detect x-ray photons of a
specific energy range, this is much more difficult for
x-ray photons that were absorbed at a position in the
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screen where the MTF is worse (e.g. higher distance
from the focus plane).

Direct x-ray detectors which can set an upper limit
to the x-ray energy of the counted detection events are
ideally suited for DEW. Setting the upper limit in such
a way that photons with comparatively low SDS are
not counted may potentially result in a large increase
in SNR (see fig. 3.14).

For an indirect detector, the SNR can be increased
by choosing a thinner screen for lower energy imag-
ing – even if the absorption efficiency at the relevant
energy range may then be slightly lower (see fig. 3.15).
This effect is separate from the better MTF of the thin-
ner screen. In many imaging setups, the screen is
already thin enough for its use cases due to technical
limitations or MTF considerations.

Testable predictions

An image quality optimization based on SNR spectra
makes predictions which can be tested directly. This
is done with a direct measurement, see chapter 4 or
[1] for a method. A SNR optimization should ideally
be based on measurements for the specific use case.
Using simulations instead requires that the simulation
method was thoroughly tested with direct measure-
ments on the same or a sufficiently similar device.
This makes it possible to notice errors in the theory or
in the assumptions made, which is a basic requirement
if one wants to rely on such a model [58].

Concerning DQE, note that optimizing SNR may
lead to a different optimal setting than optimizing
polychromatically averaged DQE. This difference
stems from the fact that a DQE analysis effectively
assumes monochromaticity.

A model can both be tested by physical measure-
ments and also by checking if it is without internal
contradictions. Here, internal contradictions mainly
mean that the model does not actually describe what
it is supposed to describe. This is for example the case
when temporal SNR is used to describe image quality.

Application-specificity

It would be desirable to describe the performance
of an x-ray imaging device independently from the
application case. As we have seen, it depends on
the application case if this is possible. The special
case in which the signal strength κ is (approximately)
independent of the x-ray energy is the only such case.

In all other cases, the image quality is fundamen-
tally dependent on the sample used—while on the
same imaging setup a sample with predominantly
low atomic number materials may satisfy the special
case, a denser sample may not. Any realistic model
for image quality therefore must consider the possibil-
ity that image quality is application-specific. Special
models for non-application-specific cases must always
clearly state the approximations used and where this
model can be applied.

The models and methods described in this work
are highly application specific. Nonetheless, if dif-
ferent use cases have a very similar imaging perfor-
mance, even such an application specific method will
yield similar results. Conversely, measuring the per-
formance for one of these similar use cases may be
representative for the others.

Extension to x-ray optics

The theory and methods presented here should be
applicable to any imaging technique where the sig-
nal power spectrum can represent the information
gathered by the measurement. Examples for such
techniques are grating based interferometry and imag-
ing with x-ray (diffraction) lenses. Even though the
physics of image formation are very different from the
imaging techniques analyzed in this work, both the
theory and the measurement method for SNR spectra
should work similarly well.

In both cases, the image formation is a much more
complex process than e.g. for attenuation imaging.
Directly measuring the resulting SNR spectra or sig-
nal and noise power spectra of different setups could
therefore be even more useful than for simpler imag-
ing techniques. Other use cases where additional
aspects influence image quality (e.g. x-ray scattering
noise) also benefit fr

Optimization instead of standardization

Optimizing image quality instead of standardizing the
imaging device implies fundamentally different ap-
proaches. Sample properties and interactions between
sample and the imaging device or between parts of
the imaging device influence image quality. For the
optimization, including these is a natural aspect and
the model developed here does include them. Stan-
dardization excludes the sample influence and the
device interactions, which is necessary if the aim is
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to describe a device (or a single part of one). As we
have seen, these simplifications can lead to a loss of
accuracy.

Measurements

Measuring SNR spectra with the method proposed in
this work (see chapter 4) is qualitatively different from
prior work. Instead of measuring several different
quantities (MTF, NPS, ...) with different methods, one
quantity is determined by a single measurement. This
one quantity includes all the effects of the different
quantities. Thereby, interactions between parts of the
experimental setup are represented correctly in the
measurement result. For the aim of x-ray image qual-
ity optimization, the new approach is both simpler
and more reliable. Such a measurement is also more
complete, as it includes more physical effects than the
sum of the different quantities.

Additionally, SNR spectra measurements can be
performed on the actual sample on which the imaging
measurement will be performed. This could enable
an automated optimization of device parameters for a
specific sample.

Normalizing the SNR spectrum with respect to the
object spectrum P(u) can be done by measuring P(u)
and dividing SNR(u) by it. This procedure preserves
the completeness and reliability of the SNR spectra
while removing one specific influence. The resulting
DE(u) allows a comparison of different experimental
setups on an absolute scale.

This difference can be made clear by comparing
DE(u) and CNRNDT. While the two quantities are
effectively identical for a monochromatic imaging
theory, they differ fundamentally in how polychro-
maticity is represented and in how they are measured.
CNRNDT is defined as a combination of device param-
eters with the contrast of the sample. This approach
means that a set of simple properties is combined,
and the result is meant to describe image quality. The
DE(u) on the other hand is derived from a complete
model (SNR(u)) that is simplified (normalized) by
measuring an additional quantity (P(u)). The DE(u)
approach makes it much easier to understand what
the physical model does not represent—only the ef-
fects modeled by P(u).

Seen another way, the DE(u) approach makes sure
that only physical effects we do not want to represent
are removed from the model. The other way is to
only add effects we consider necessary to the model.

We can see e.g. in section 3.6 that the latter approach
may accidentally not include effects, which can lead
to wrong conclusions. Making such an error is much
more improbable with the measurement method in-
troduced in this work.
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The SNR spectra model and measurement method de-
veloped in this work yield reliable application-specific
optima for image quality. This optimization can either
be used to understand image quality, find out how
to build a good imaging device or to (automatically)
optimize the parameters of an existing setup.

SNR spectra are here defined as a fraction of power
spectra instead of a product of device properties. In
combination with the newly developed measurement
method for this definition, a close correspondence be-
tween theory and measurement is achieved. Prior ap-
proaches suffer from a focus on theoretical definitions
without fully considering if the defined quantities can
be measured correctly. Additionally, discrepancies
between assumptions and reality are common.

The new approach is more reliable and complete,
but also more difficult to evaluate and interpret. The
signal power spectrum in the numerator of this frac-
tion allows to model the image quality of different
contrast mechanisms that are used in high-resolution
x-ray imaging. Superposition equations derived for
signal and noise enable understanding how polychro-
maticity (or superposition in general) affects the image
quality.

For the concept of detection energy weighting (sec-
tion 3.4.6), a quantitative model for how it affects im-
age quality was found. It was shown that—depending
on sample properties—not detecting x-ray photons
can increase image quality (eq. (3.43)). For optimal
computational energy weighting (section 3.4.6), more
general formula for the optimal weight was found,
eq. (3.51). In addition to the signal strength, it in-
cludes noise and modulation transfer.

The novel method for measuring SNR spectra makes
it possible to experimentally optimize image quality
for different contrast mechanisms. This method uses
one simple measurement to obtain a measure for im-
age quality for a specific experimental setup. Compa-
rable measurement methods typically require at least
three more complex measurements, where the com-
bination may then give a false result. SNR spectra
measurements can be used to:

• Test theoretical predictions about image quality

optima (section 4.2.2).
• Optimize image quality for a specific application

(sections 4.2.1 and 4.2.5).
• Find new mechanisms to improve image quality

(section 4.2.4).

The last item reveals an important limitation of x-
ray imaging in general: The achievable image quality
is limited by the amount of x-ray photons interacting
with the sample, not by the amount incident per de-
tector area (see section 3.6). If the rest of the imaging
geometry is fixed, moving the detector only changes
the field of view, not the image quality. A practical
consequence is that moving the sample closer to the
x-ray source increases image quality quadratically.

The results of a SNR spectra measurement represent
the image quality only on a relative scale, but very
reliable. This relative scale is sufficient for an optimiza-
tion problem. Physical effects are often already clearly
identifiable by the shape of the functional relationship
between input parameter and measurement result.

SNR spectra as a quantity are not well suited for
standardization, but instead allow a reliable optimiza-
tion. Not satisfying the requirements of standardiza-
tion allows to use methods which have other advan-
tages. In this case, the SNR spectra method describes
the image quality for a specific application. Conse-
quently, additional physical effects can be taken into
account. Additionally, the measurement method can
be used to automate the setting of optimal machine
parameters.

The newly proposed image quality measure detec-
tion effectiveness (DE(u), eq. (3.31)) is better suited for
standardization or setup comparison. This quantity
is very similar to measures from other publications
(e.g. CNRNDT(u)), when interpreted monochromati-
cally. Polychromatic effects can only be modeled fully
by the DE(u). The measurement processes of both
are different and the DE(u) is fundamentally more
reliable.

Information technology and digital data processing
make it possible to determine SNR spectra from a mea-
sured image series. This measurement process was
designed from the ground up to use these technical ca-
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pabilities. Often, information technology is only used
to make processes easier and more exact. Here, the
whole measurement method would be infeasible with-
out it. As this example shows, using the capabilities of
digital data processing much more extensively opens
many new possibilities. Information technology can
be used to extract information from measured data in
ways that analog data processing simply cannot.

The original purpose of the SNR spectra opti-
mization theory and methods was to optimize high-
resolution x-ray imaging only. During the course of
this work, it has become clear that some of the results
of this work affect x-ray imaging in general. In the
future, these results could be applied to MI and NDT
x-ray imaging. Future work on the same topic will
also need to consider the relationship between SNR
spectra or DE(u) and sufficient image quality. This
question is about the minimal image quality required
for a specific measurement task.

Zusammenfassung

Das in dieser Arbeit entwickelte Modell und die
Messmethode für SNR Spektren ergeben zuverlässige
anwendungsspezifische Optima für die Bildqualität.
Diese Optimierung kann verwendet werden, entweder
um Bildqualität zu verstehen, um herauszufinden wie
ein gutes Bildgebungsgerät gebaut werden kann oder
um die Parameter eines existierenden Aufbaus (au-
tomatisch) festzulegen.

SNR Spektren als das Verhältnis von Leistungsspek-
tren zu definieren macht dieses Modell zuverlässiger
und vollständiger, aber auch schwierieger auszuw-
erten und zu interpretieren. In Kombination mit
der neu entwickelten Messmethode für diese Defi-
nition wird eine nähere Entsprechung zwischen The-
orie und Messung erreicht. Vorherige Ansätze lei-
den under einem Fokus auf theoretische Definitionen
ohne vollständig zu berücksichtigen ob die definierten
Größen korrekt gemessen werden können. Zusätzlich
sind Unstimmigkeiten zwsichen den Annahmen und
der Realität üblich.

Der neue Ansatz ist zuverlässiger und vollständi-
ger, aber auch schwieriger auszuwerten und zu inter-
pretieren. Das Signalleistungsspektrum im Zähler des
Bruchs ermöglicht es, die Bildqualität verschiedener in
der hochauflösenden Röntgenbildgebung verwende-
ten Kontrastmechanismen zu modellieren. Hergeleit-
ete Gleichungen für die Überlagerung von Signal und

Rauschen ermöglichen es zu verstehen, wie Polychro-
matizität (oder im Allgemeinen Superposition) die
Bildqualität beeinflusst.

Für das Konzept der Detektions-Energiegewichtung
(Abschnitt 3.4.6) wurde ein quantitatives Modell dafür
gefunden, wie sie die Bildqualität beeinflusst. Dabei
wurde gezeigt dass – abhängig von den Probeneigen-
schaften – es die Bildqualität erhöhen kann Röntgen-
photonen nicht zu detektieren. Für die rechnerische
Energiegewichtung (Abschnitt 3.4.6) wurde eine all-
gemeinere Formel für deren optimale Gewichtung
gefunden, gl. 3.51. Diese enthält zusätzlich zur Sig-
nalstärke auch Rauschen und Modulationstransfer.

Die neue Methode zum Messen von SNR Spektren
ermöglicht es, die Bildqualität für verschiedene Kon-
trastmechanismen experimentell auszuwerten. Diese
Methode benutzt eine einfache Messung um für einen
spezifischen experimentellen Aufbau ein Maß für die
Bildqualität zu erhalten. Sie kann dazu verwendet
werden:

• Theoretische Vorhersagen über Optima der
Bildqualität zu testen (Abschnitt 4.2.2).

• Die Bildqualität für eine bestimmte Anwendung
zu optimieren (Abschnitt 4.2.1 und 4.2.5).

• Neue Mechanismen zu finden um die Bildqualität
zu verbessern (Abschnitt 4.2.4).

Der letzte Punkt zeigt eine allgemeine Limitierung
in der Röntgenbildgebung auf: Die erreichbare
Bildqualität ist begrenzt durch die Anzahl an Rönt-
genphotonen, die mit der Probe wechselwirken, nicht
durch die Anzahl der Photonen die pro Detektorfläche
auftreffen (siehe Abschnitt 3.6). Wenn die restliche
Bildgebungsgeometrie fest bleibt, dann verändert sich
bei einer Bewegung des Detektors nur das Sichtfeld,
nicht die Bildqualität. Eine praktische Konsequenz
ist, dass die Bildqualität erhöht wird, wenn die Probe
näher an die Röntgenquelle bewegt wird.

Das Ergebnis einer Messung eines SNR Spektrums
gibt die Bildqualität nur auf einer relativen Skala
wieder, ist aber sehr zuverlässig. Die relative Skala
reicht für ein Optimierungsproblem aus. Physikalis-
che Effekte können oft aus der Form der funk-
tionellen Abhängigkeit zwischen Eingabeparameter
und Messergebnis eindeutig erkannt werden.

SNR Spektren als Größe sind nicht gut geeignet
für Standardisierung, aber stattdessen ermöglichen
sie eine zuverlässige Optimierung. Die Anforderun-
gen an Standardisierung nicht zu erfüllen, erlaubt es,
Methoden zu verwenden, die andere Vorteile haben.
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In diesem Fall beschreiben die SNR Spektren die
tatsächliche Bildqualität für eine spezifische Anwen-
dung. Deshalb können zusätzliche physikalische Ef-
fekte berücksichtigt werden.

Das neu vorgeschlagene Bildqualitätsmaß Detek-
tionseffizienz (DE(u), gl. 3.31) eignet sich besser für
die Standardisierung oder den Vergleich verschiedener
Aufbauten. Diese Größe ist Maßen aus anderen
Publikationen ähnlich (z.B. CNRNDT(u)), wenn sie
monochromatische interpretiert wird. Polychromatis-
che Effekte können nur durch die DE(u) vollständig
modelliert werden. Die Messmethoden für beide sind
grundsätzlich verschieden, da die DE(u) die Anwen-
dungsabhängige Bildqualität darstellt.

Informationstechnologie und digitale Datenverar-
beitung ermöglichen es, SNR Spektren aus einer Mes-
sung einer Bildserie zu bestimmen. Der Messprozess
wurde von Grund auf entwickelt um diese technischen
Möglichkeiten zu nutzen. Oft wird die Information-
stechnologie nur benutzt um bekannte Prozesse ein-
facher und exakter zu machen. Hier wäre der gesamte
Messprozess ohne diese unrealistisch. Wie dieses
Beispiel zeigt, eröffnet eine umfangreichere Nutzung
der digitalen Datenverarbeitung neue Möglichkeiten.
Informationstechnologie kann auf eine Art und Weise
Informationen aus gemessen Daten extrahieren, die
mit analoger Datenverarbeitung nicht möglich ist.

Der ursprüngiche Zweck der Theorie und Metho-
den zu Optimierung von SNR Spektren war es, die
Bildqualität nur für die hochauflösende Röntgenbild-
bebung zu optimieren. Während der Durchführung
dieser Arbeit wurde klar, dass einige der Ergeb-
nisse die Röntgenbildbebung allgemein betreffen.
Diese Ergebnisse könnten in der Zukunft auch für
MI und NDT Röntgenbildgebung angewendet wer-
den. Zukünftige Arbeit zum gleichen Thema muss
auch den Zusammenhang zwischen SNR Spektren
oder DE(u) und hinreichender Bildqualität betrachten.
Diese Frage betrifft die minimal nötige Bildqualität
für eine bestimmte Messaufgabe.
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6. Summary

Glossary

abbreviation equation/section description
CNRt eq. (3.4) contrast to noise ratio
CNRNDT eq. (3.5) contrast to noise ration which includes modulation transfer and

noise power spectra effects
CEW section 3.4.6 computational energy weighting, weighting after detection (re-

quires energy-resolving detector)
DEW section 3.4.6 detection energy weighting, weighting before detection (effective

x-ray spectrum)
DE(u) eq. (3.31) detection effectiveness (normalized SNR spectrum)
IPC section 2.1.2 inline phase contrast
MTF eq. (2.12) modulation transfer function
SDS eq. (3.45) signal detection strength
SNRt eq. (3.17) (temporal) signal to noise ratio (property of one image pixel)
SNR(u) eq. (3.30) signal to noise ratio spectrum (property of an image area)
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tiales) dúne figure de diffraction de Fresnel”. In:
CR Acad. Sc. Paris 284 (1977), pp. 193–196.

[33] D. Pelliccia et al. “Experimental characteriza-
tion of the coherence properties of hard x-ray
sources”. In: Optics express 19.9 (2011), pp. 8073–
8078.

[34] IEC 62220-1: Medical electrical equipment – Char-
acteristics of digital X-ray imaging devices – Part
1: Determination of the detective quantum efficiency.
IEC. Oct. 2003.

[35] B. Jähne. “EMVA 1288 Standard for Machine
Vision: Objective specification of vital camera
data”. In: Optik & Photonik 5.1 (2010), pp. 53–54.
doi: 10.1002/opph.201190082.

[36] G. Patatoukas et al. “The effect of energy weight-
ing on the SNR under the influence of non-ideal
detectors in mammographic applications”. In:
Nucl Instr Meth A 569.2 (2006), pp. 260–263.

[37] R. Cahn et al. “Detective quantum efficiency
dependence on x-ray energy weighting in mam-
mography”. In: Med Phys 26.12 (1999), pp. 2680–
2683. doi: 10.1118/1.598807.

[38] I. A. Cunningham, M. Westmore, and A. Fen-
ster. “A spatial-frequency dependent quantum
accounting diagram and detective quantum effi-
ciency model of signal and noise propagation in
cascaded imaging systems”. In: Med Phys 21.3
(1994), pp. 417–427. doi: 10.1118/1.597401.

[39] A. van der Schaaf and J. van Hateren. “Mod-
elling the Power Spectra of Natural Images:
Statistics and Information”. In: Vision Research
36.17 (Sept. 1996), pp. 2759–2770. doi: 10.1016/
0042-6989(96)00002-8.

[40] J. Berglund et al. “Energy weighting improves
dose efficiency in clinical practice: implementa-
tion on a spectral photon-counting mammogra-
phy system”. In: Journal of Medical Imaging 1.3
(2014), p. 031003.

[41] R. K. Swank. “Absorption and noise in x-ray
phosphors”. In: Journal of Applied Physics 44.9
(Sept. 1973), pp. 4199–4203. doi: 10.1063/1.
1662918. url: https://doi.org/10.1063%2F1.
1662918.

84

https://doi.org/10.1016/S0031-3203(99)00055-2
https://doi.org/10.1016/S0031-3203(99)00055-2
https://doi.org/10.1364/josaa.16.000621
https://doi.org/10.1118/1.1758350
https://doi.org/10.1093/rpd/nch507
https://doi.org/10.1093/rpd/nch507
https://doi.org/10.1088/0031-9155/30/6/002
https://doi.org/10.1364/JOSAA.15.001940
https://doi.org/10.1002/opph.201190082
https://doi.org/10.1118/1.598807
https://doi.org/10.1118/1.597401
https://doi.org/10.1016/0042-6989(96)00002-8
https://doi.org/10.1016/0042-6989(96)00002-8
https://doi.org/10.1063/1.1662918
https://doi.org/10.1063/1.1662918
https://doi.org/10.1063%2F1.1662918
https://doi.org/10.1063%2F1.1662918


Bibliography

[42] J. Tanguay, H. K. Kim, and I. A. Cunning-
ham. “The role of x-ray Swank factor in energy-
resolving photon-counting imaging”. In: Med
Phys 37.12 (Nov. 2010), pp. 6205–6211. doi: 10.
1118/1.3512794. url: https://doi.org/10.
1118%2F1.3512794.

[43] A. Korn et al. “Investigation of charge carrier
transport and charge sharing in X-ray semicon-
ductor pixel detectors such as Medipix2”. In:
Nucl Instr Meth A 576.1 (2007), pp. 239–242.

[44] S. N. Friedman et al. “A simple approach to
measure computed tomography (CT) modula-
tion transfer function (MTF) and noise-power
spectrum (NPS) using the American College of
Radiology (ACR) accreditation phantom”. In:
Med Phys 40.5 (Apr. 2013), p. 051907. doi: 10.
1118/1.4800795.

[45] F. J. Harris. “On the use of windows for har-
monic analysis with the discrete Fourier trans-
form”. In: Proceedings of the IEEE 66.1 (1978),
pp. 51–83.

[46] G. Heinzel, A. Ruediger, and R. Schilling. “Spec-
trum and spectral density estimation by the Dis-
crete Fourier transform (DFT), including a com-
prehensive list of window functions and some
new at-top windows.” In: (2002). url: http :

//hdl.handle.net/11858/00- 001M- 0000-

0013-557A-5.

[47] Y. I. Nesterets et al. “On the optimization of
experimental parameters for x-ray in-line phase-
contrast imaging”. In: Review of Scientific Instru-
ments 76.9 (Sept. 2005), p. 093706. doi: 10.1063/
1.2038107.

[48] T. E. Gureyev et al. “Some simple rules for con-
trast, signal-to-noise and resolution in in-line
x-ray phase-contrast imaging”. In: Optics express
16.5 (2008), pp. 3223–3241.

[49] A. Balles et al. “Propagator based formalism
for optimizing in-line phase contrast imaging in
laboratory X-ray setups”. In: Review of Scientific
Instruments 87.9 (Sept. 2016), p. 093707. doi: 10.
1063/1.4962713.

[50] C. Fella et al. “Hybrid setup for micro-and nano-
computed tomography in the hard X-ray range”.
In: Review of Scientific Instruments 88.12 (2017),
p. 123702.

[51] O. Hemberg, M. Otendal, and H. M. Hertz.
“Liquid-metal-jet anode electron-impact x-ray
source”. In: Applied Physics Letters 83.7 (Aug.
2003), pp. 1483–1485. doi: 10.1063/1.1602157.

[52] M. Otendal et al. “A 9keV electron-impact liquid-
gallium-jet x-ray source”. In: Review of Scientific
Instruments 79.1 (Jan. 2008), p. 016102. doi: 10.
1063/1.2833838.

[53] M. Stampanoni et al. “High resolution X-ray de-
tector for synchrotron-based microtomography”.
In: Nucl Intrum Meth A 491.1 (2002), pp. 291–301.
doi: 10.1016/S0168-9002(02)01167.

[54] C. Fella et al. “Laboratory source based full-
field x-ray microscopy at 9 keV”. In: AIP Confer-
ence Proceedings 1696.1 (2016), p. 020025. doi:
10 . 1063 / 1 . 4937519. eprint: http : / / aip .

scitation.org/doi/pdf/10.1063/1.4937519.

[55] P. Stahlhut et al. “Laboratory x-ray microscopy
using a reflection target system and geometric
magnification”. In: 463.1 (2013), p. 012007.

[56] J. Jakubek. “Energy-sensitive X-ray radiography
and charge sharing effect in pixelated detector”.
In: Nucl Instr Meth A 607.1 (2009), pp. 192–195.

[57] C. Stritt. “Assessment and Correction of Image
Degradation in MeV Cone Beam Computed To-
mography”. PhD thesis. ETH Zurich, 2017.

[58] K. Popper. The logic of scientific discovery. Rout-
ledge, 2005. doi: 10.4324/9780203994627.

85

https://doi.org/10.1118/1.3512794
https://doi.org/10.1118/1.3512794
https://doi.org/10.1118%2F1.3512794
https://doi.org/10.1118%2F1.3512794
https://doi.org/10.1118/1.4800795
https://doi.org/10.1118/1.4800795
http://hdl.handle.net/11858/00-001M-0000-0013-557A-5
http://hdl.handle.net/11858/00-001M-0000-0013-557A-5
http://hdl.handle.net/11858/00-001M-0000-0013-557A-5
https://doi.org/10.1063/1.2038107
https://doi.org/10.1063/1.2038107
https://doi.org/10.1063/1.4962713
https://doi.org/10.1063/1.4962713
https://doi.org/10.1063/1.1602157
https://doi.org/10.1063/1.2833838
https://doi.org/10.1063/1.2833838
https://doi.org/10.1016/S0168-9002(02)01167
https://doi.org/10.1063/1.4937519
http://aip.scitation.org/doi/pdf/10.1063/1.4937519
http://aip.scitation.org/doi/pdf/10.1063/1.4937519
https://doi.org/10.4324/9780203994627




A. Appendix

A.1. Incomplete work: Sufficient

image quality

This section describes work on sufficient image quality
which did not give easily understandable results. It is
meant as a starting point for further work.

Sufficient image quality is here meant to describe an
evaluation which derives image quality thresholds for
the detection of specific objects. The well known work
on this topic was done by Rose [24, 28], although these
derivations only consider the object area and some do
not even consider modulation transfer effects.

Here, a simple detection model is assumed in which
the average gray value inside the area of the object to
detect is considered. Detecting an object is therefore
done by thresholding this average. The value and
variance of this mean value are used to signify the
image quality, similar to SNR.

To simplify the computation, we assume that the
image has white noise.

If the object (detail) has a density function ρo(x),
then we can extend eq. (3.24) to compute average
signal and noise:

s2 =

(∫
dx ρo(x)Iκ(ρ ∗ hs ∗ h−1

n )(x)
)2

(A.1)

n2 =
∫

dx ρo(x)n2 (A.2)

SNRo =
s2

n2
(A.3)

Where hs is the signal PSF. A sufficient detection
threshold for SNRo then depends on the desired relia-
bility of the measurement. It is impossible to provide
generally usable thresholds, as the cost of false posi-
tive and false negative errors varies by a large amount
between different applications. In this model, a blur-
ring PSF ”transports” amplitude out of the object area
and therefore reduces the signal strength and SNRo.
The effect of this transport is weaker for larger ob-
jects. Amplitude may also be ”transported in” from
surrounding material.

If we consider the SNR of an object area embedded
in material of the same kind, its SNR is not influenced
by the PSF of the imaging system. On the other hand,

the influences of the PSF is strongest for an object
surrounded completely by different material.

The facts discussed above make it difficult to de-
rive a simplified equation that e.g. only depends on
the object area. Even if we simplify by only consider-
ing objects without surrounding material, the object
shape is still a significant influence. Furthermore, the
differences between applications make a general for-
mulation largely impossible.

A.2. File attachments

The digital version of this document includes the com-
puter code used for simulations and measurement
evaluations in a file attachment. Most of the code is
written in Python, with some parts in OpenCl C. This
attachment can only be opened by software which sup-
ports the PDF standard fully and can be downloaded
by clicking on the following symbols:

description attachment

code notebooks

tomis Python package (whl),
includes pyXIT

readme for tomis

The code notebooks are various Jupyter notebooks
containing the Python code that was used to generate
figures which show simulations (mainly in chapter 3,
for example figures 3.3, 3.8 and 3.15).

The different implementations of measurement eval-
uation algorithms used in this work are gathered into
a collection of Python code under the name tomis
(TOMographic Imaging Software). It includes several
subpackages, one of which is pyXIT (see section 2.4.4).
For scientific evaluations, mainly the tomis.evaluation
subpackage is of interest. The tomis package is pro-
vided in the Python wheel (.whl) format, it can be
installed with the pip tool.1 The .whl file is actually a
zip file containing all code sources, it can also be used
this way. Note that the submodule tomis.control is not
included in this file.

1Type pip install [path to whl] into a command line.
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document helpers.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "import glob, os, shutil, datetime, zipfile"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "tex_files = glob.glob('*.tex')\n",
    "print(*tex_files, sep='\\n')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "nchars_text_sum = 0\n",
    "nchars_text2_sum = 0 # without counting spaces, not printed below\n",
    "nchars_all_sum = 0\n",
    "nfigs_sum = 0\n",
    "ntables_sum = 0\n",
    "\n",
    "chars_per_standard_page = 1500\n",
    "\n",
    "removed_expressions = ['\\\\begin', ]\n",
    "\n",
    "def find(s):\n",
    "    k = s.find('%')\n",
    "    return len(s) if k == -1 else k\n",
    "\n",
    "for file in tex_files:\n",
    "    if file not in ('removed.tex',):\n",
    "        print(f'for source file {file}')\n",
    "        nchars_text = 0\n",
    "        nchars_text2 = 0 # without counting spaces\n",
    "        nchars_all = 0\n",
    "        nfigs = 0\n",
    "        ntables = 0\n",
    "        with open(file) as fp:\n",
    "            text = fp.read()\n",
    "\n",
    "        lines = text.splitlines()\n",
    "        for line in lines:\n",
    "            line = line.strip()\n",
    "            line_len = find(line)\n",
    "            #if '%' not in line:\n",
    "            #    print(line_len, line)\n",
    "                \n",
    "            line = line.replace(' ', '')\n",
    "            line_len2 = find(line)\n",
    "            nchars_all += line_len\n",
    "            if line.startswith('\\\\'):\n",
    "                if line.startswith('\\\\caption') and not line.startswith('\\\\captionsetup'):\n",
    "                    nchars_text += line_len - line.find('{')\n",
    "                    nchars_text2 += line_len2 - line.find('{')\n",
    "                elif line.startswith('\\\\chapter') or line.startswith('\\\\section') or line.startswith('\\\\subs'):\n",
    "                    nchars_text += line_len - line.find('{')\n",
    "                    nchars_text2 += line_len2 - line.find('{')\n",
    "\n",
    "            elif not line.startswith('%'):\n",
    "                nchars_text += line_len\n",
    "                nchars_text2 += line_len2\n",
    "\n",
    "            if line.startswith('\\\\begin{figure'):\n",
    "                nfigs += 1\n",
    "            if line.startswith('\\\\begin{table'):\n",
    "                ntables += 1\n",
    "\n",
    "        nchars_text_sum += nchars_text\n",
    "        nchars_text2_sum += nchars_text2\n",
    "        nchars_all_sum += nchars_all\n",
    "        nfigs_sum += nfigs\n",
    "        ntables_sum += ntables\n",
    "\n",
    "        print(f'    {nchars_text/chars_per_standard_page:.1f} standard pages, {nchars_text} text characters, {nchars_all} all characters')\n",
    "        print(f'    {nfigs} figures, {ntables} tables')\n",
    "    \n",
    "print('\\nwhole text:')\n",
    "print(f'    {nchars_text_sum/chars_per_standard_page:.1f} standard pages, {nchars_text_sum} text characters, {nchars_all_sum} all characters')\n",
    "print(f'    {nfigs_sum} figures, {ntables_sum} tables; text fraction: {nchars_text_sum/nchars_all_sum:.2f}')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "source_blob = ''\n",
    "shutil.rmtree('archive')\n",
    "os.makedirs('archive', exist_ok=True)   \n",
    "\n",
    "# copy tex files to archive\n",
    "for file in tex_files:\n",
    "    with open(file) as fp:\n",
    "        source_blob += fp.read()\n",
    "    shutil.copyfile(file, 'archive/'+file)\n",
    "shutil.copyfile('Dissertation_M_Ullherr_2020.bbl', 'archive/Dissertation_M_Ullherr_2020.bbl')\n",
    "shutil.copyfile('Dissertation_M_Ullherr_2020.pdf', 'archive/Dissertation_M_Ullherr_2020.pdf')\n",
    "num_archived = 2 + len(tex_files)\n",
    "            \n",
    "# copy any file referenced in the tex files to the archive\n",
    "excluded_filetypes = ('bcf', 'log', 'aux')\n",
    "files = glob.glob('**', recursive=True)\n",
    "for file in files:\n",
    "    if os.path.isfile(file) and not file.startswith('archive/') and not file[-3:] in excluded_filetypes:\n",
    "        if file in source_blob:\n",
    "            os.makedirs(os.path.split('archive/'+file)[0], exist_ok=True)\n",
    "            shutil.copyfile(file, 'archive/'+file)\n",
    "            num_archived += 1\n",
    "\n",
    "save_fname = 'Dissertation_M_Ullherr_2019.zip'\n",
    "try: os.remove(save_fname) \n",
    "except OSError: pass\n",
    "files = glob.glob('archive/**', recursive=True)\n",
    "with zipfile.ZipFile(save_fname, 'w', compression=zipfile.ZIP_DEFLATED) as zip_file:\n",
    "    for file in files:\n",
    "        zip_file.write(file, file[8:])\n",
    "        \n",
    "print(f'archived {num_archived} files on {datetime.datetime.now().ctime()}')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "files_list = ['document helpers.ipynb', 'figures_plots.ipynb', 'image_quality_effects_simulation.ipynb',\n",
    "              'polychromatic_SNR_spectra_simulation.ipynb', 'ball heap image example.ipynb',\n",
    "              'power spectra example images.ipynb']\n",
    "save_fname = 'code_notebooks.zip'\n",
    "try: os.remove(save_fname) \n",
    "except OSError: pass\n",
    "with zipfile.ZipFile(save_fname, 'w', compression=zipfile.ZIP_DEFLATED) as zip_file:\n",
    "    for file in files_list:\n",
    "        zip_file.write(file)\n",
    "        \n",
    "print('generated', save_fname)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# rename publications to make LaTeX compatible\n",
    "\n",
    "fnames = glob.glob('publications/*')\n",
    "for k, fname in enumerate(fnames):\n",
    "    if ' ' in fname:\n",
    "        new_fname = fname.replace(' ', '_')\n",
    "        shutil.move(fname, new_fname)\n",
    "        fname = new_fname\n",
    "    \n",
    "    print(r'\\includepdf[pages=-]{'+fname+r'}')\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.7.5"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}







figures_plots.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 1,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "Using matplotlib backend: TkAgg\n",
      "Populating the interactive namespace from numpy and matplotlib\n",
      "kernel ready\n"
     ]
    }
   ],
   "source": [
    "%pylab\n",
    "import os, matplotlib as mpl, sys\n",
    "sys.path.append('../pyETX')\n",
    "sys.path.append('..')\n",
    "from image_filters import *\n",
    "from SNR_u_evaluation import *\n",
    "from scipy import ndimage\n",
    "save = True\n",
    "    \n",
    "print('kernel ready')\n",
    "os.makedirs('fig', exist_ok=True)\n",
    "colors = plt.rcParams['axes.prop_cycle'].by_key()['color']\n",
    "colors =   ['#4f97c4', '#ff7f0e', '#2ca02c', '#d64748', '#9467bd', '#8c564b', '#e377c2', '#7f7f7f', '#bcbd22', '#17becf']\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "from scipy.ndimage import gaussian_filter1d\n",
    "\n",
    "edge = zeros(1000, 'f4') + 3\n",
    "edge[500:] = 4.\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 2.7))\n",
    "ax.plot(edge, label='actual edge')\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "edge = gaussian_filter1d(edge, 10)\n",
    "ax.plot(edge, label='weakly blurred edge')\n",
    "\n",
    "\n",
    "edge = gaussian_filter1d(edge, sqrt(100**2-10**2))\n",
    "ax.plot(edge, label='strongly blurred edge')\n",
    "\n",
    "threshold = zeros_like(edge) + 3.5\n",
    "\n",
    "\n",
    "ax.plot(threshold, ls='--', label='neutral threshold')\n",
    "\n",
    "ax.set_ylabel('gray value')\n",
    "ax.set_xlabel('pixel')\n",
    "\n",
    "ax.grid()\n",
    "ax.legend()\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig.savefig('plots/neutral_threshold.pdf')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 17,
   "metadata": {},
   "outputs": [
    {
     "data": {
      "image/png": "\n",
      "text/plain": [
       "<Figure size 270x270 with 1 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "fig, ax = plt.subplots(1, 1, figsize=(2.7, 2.7))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "SNR = logspace(-2, 2, 1000)\n",
    "\n",
    "ax.semilogx(SNR, 1/(1+1/SNR))\n",
    "\n",
    "ax.set_ylabel('$\\mathbf{w(u)}$')\n",
    "ax.set_xlabel('SNR$(u)$')\n",
    "\n",
    "ax.grid()\n",
    "ax.set_xlim(10**-2, 10**2)\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig.savefig('plots/wiener_filter.pdf')\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# simulation examples for signal and noise"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "pres = 0 # different figure shape for presentation\n",
    "\n",
    "def fill_1d_arr(arr, fill_fact):\n",
    "    new = zeros(len(arr)*fill_fact, 'f4')\n",
    "    for k in range(fill_fact):\n",
    "        new[k::fill_fact] = arr\n",
    "    return new    \n",
    "\n",
    "sampling_factor = 12\n",
    "signal_width = 250*sampling_factor\n",
    "background = zeros(signal_width, 'f4')\n",
    "step_wedge_s = zeros(signal_width, 'f4')\n",
    "step_wedge_d = zeros(step_wedge_s.shape[0]//sampling_factor, 'f4')\n",
    "step_wedge_s_bin = zeros_like(step_wedge_d)\n",
    "step_width = 50*sampling_factor\n",
    "nsteps = len(step_wedge_s)//step_width\n",
    "regions_s = [slice(k*step_width, (k+1)*step_width) for k in range(nsteps)]\n",
    "regions_d = [slice(k*step_width//sampling_factor, (k+1)*step_width//sampling_factor) for k in range(nsteps)]\n",
    "kappa_values = linspace(1.3, 0.3, nsteps)*1e-2\n",
    "transparency_values = linspace(0.7, 0.2, nsteps)\n",
    "base_intensity = 1000\n",
    "signal_strengths = zeros(nsteps, 'f4')\n",
    "noise_strengths = zeros(nsteps, 'f4')\n",
    "\n",
    "FF = FourierFilterer((step_width,), pad_length=100)\n",
    "FF_filter = (FF.u_radial + 1.8e-2)**-1 * MTF_gauss(FF.u_radial, 2)\n",
    "FF_filter[0] = 0\n",
    "signal_scale = 2*FF_filter.mean()\n",
    "\n",
    "for k in range(nsteps):\n",
    "    seed = random.randn(step_width)*kappa_values[k]\n",
    "    signal = FF.apply_filter(seed, FF_filter)\n",
    "    background[regions_s[k]] = -log(transparency_values[k])\n",
    "    step_wedge_s[regions_s[k]] = background[regions_s[k]] + signal\n",
    "    signal_strengths[k] = signal_scale*kappa_values[k]\n",
    "    step_wedge_s_bin[regions_d[k]] =  bin_down_1d_arr(step_wedge_s[regions_s[k]], sampling_factor)\n",
    "    step_wedge_d[regions_d[k]] = -log(random.poisson(exp(-step_wedge_s_bin[regions_d[k]])*base_intensity)/base_intensity)\n",
    "    \n",
    "    \n",
    "    noise_strengths[k] = 1/sqrt(transparency_values[k]*base_intensity)\n",
    "    print(noise_strengths[k], std(step_wedge_d-step_wedge_s_bin), noise_strengths[k]/std(step_wedge_d-step_wedge_s_bin))\n",
    "    #noise_strengths[k] = std(step_wedge_d-step_wedge_s_bin)\n",
    "    \n",
    "for k in range(nsteps):\n",
    "    step_wedge_s[regions_s[k]][:sampling_factor] = nan\n",
    "    background[regions_s[k]][:sampling_factor] = nan\n",
    "    step_wedge_s_bin[regions_d[k]][:1] = nan\n",
    "    step_wedge_d[regions_d[k]][:1] = nan\n",
    "    step_wedge_s[regions_s[k]][-sampling_factor:] = nan\n",
    "    background[regions_s[k]][-sampling_factor:] = nan\n",
    "    step_wedge_s_bin[regions_d[k]][-1:] = nan\n",
    "    step_wedge_d[regions_d[k]][-1:] = nan\n",
    "    \n",
    "\n",
    "if pres:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(9, 4))   \n",
    "else:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(10, 5))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "x = linspace(0, nsteps, len(step_wedge_s))\n",
    "plot_step_wedge_d = fill_1d_arr(step_wedge_d, sampling_factor)\n",
    "plot_step_wedge_s_bin = fill_1d_arr(step_wedge_s_bin, sampling_factor)\n",
    "ax.plot(x, background, label='signal background', ls=':', color=colors[0])\n",
    "ax.plot(x, step_wedge_s, label='signal', color=colors[0])\n",
    "ax.plot(x, plot_step_wedge_d, label='data', color=colors[2])\n",
    "ax.plot(x, plot_step_wedge_d - plot_step_wedge_s_bin, label='noise', color=colors[1])\n",
    "\n",
    "print(signal_strengths)\n",
    "print(noise_strengths)\n",
    "regions = 'ABCDE'\n",
    "\n",
    "for k in range(nsteps):\n",
    "    anchor_x = (k+1)\n",
    "    xpos = k+1.05 if k < nsteps-1 else k-0.05\n",
    "    print(k, xpos)\n",
    "    arrow = mpl.patches.FancyArrowPatch((xpos, background[int((k+0.5)*step_width)]-signal_strengths[k]), \n",
    "                                        (xpos, background[int((k+0.5)*step_width)]+signal_strengths[k]),\n",
    "                                        arrowstyle=matplotlib.patches.ArrowStyle.BarAB(),\n",
    "                                       mutation_scale=8)\n",
    "    ax.add_patch(arrow)\n",
    "    arrow = mpl.patches.FancyArrowPatch((k+0.5, -noise_strengths[k]), \n",
    "                                        (k+0.5, +noise_strengths[k]),\n",
    "                                        arrowstyle=matplotlib.patches.ArrowStyle.BarAB(),\n",
    "                                       mutation_scale=8)\n",
    "    ax.add_patch(arrow)\n",
    "    \n",
    "    \n",
    "    ax.annotate(f'CNR$_t$ = {signal_strengths[k]/noise_strengths[k]:.2f}', (k+0.5, -0.2), ha=\"center\", va=\"center\")\n",
    "\n",
    "\n",
    "ax.annotate('signal strength', (2.15, background[int(1.5*step_width)]-0.06), \n",
    "            bbox=dict(alpha=0.5, color='white', edgecolor=''))\n",
    "#ax.annotate('noise strength', (0.5, -0.1), ha=\"center\", va=\"center\")\n",
    "ax.set_ylabel('gray value (=$\\mu l$)')\n",
    "ax.set_xlabel('regions')\n",
    "ax.set_xticklabels([])\n",
    "ax.set_ylim(-0.25, None)\n",
    "ax.set_xlim(0, nsteps)\n",
    "\n",
    "ax.grid()\n",
    "ax.legend()\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig.savefig('plots/local_image_quality{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "\n",
    "def MTF_phase(u, p):\n",
    "    return (1 + p**2*u**2)\n",
    "\n",
    "sampling_factor = 12\n",
    "signal_width = 200*sampling_factor\n",
    "background = zeros(signal_width, 'f4')\n",
    "step_wedge_s = zeros(signal_width, 'f4')\n",
    "step_wedge_d = zeros(step_wedge_s.shape[0]//sampling_factor, 'f4')\n",
    "step_wedge_s_bin = zeros_like(step_wedge_d)\n",
    "step_width = 40*sampling_factor\n",
    "\n",
    "offset = 0.5\n",
    "signal = zeros(step_width, 'f4') + offset\n",
    "k_start, k_width = 0, 10\n",
    "phi = (1 + sqrt(5))/2\n",
    "for k in arange(1, 20):\n",
    "    k_start += int(k_width*1.5 + 20)\n",
    "    if k_start+k_width > step_width-20:\n",
    "        break\n",
    "    signal[k_start:k_start+k_width] = 1.0\n",
    "    k_width = int(k_width*phi*0.9)\n",
    "\n",
    "nsteps = len(step_wedge_s)//step_width\n",
    "regions_s = [slice(k*step_width, (k+1)*step_width) for k in range(nsteps)]\n",
    "regions_d = [slice(k*step_width//sampling_factor, (k+1)*step_width//sampling_factor) for k in range(nsteps)]\n",
    "kappa_values = linspace(1, 0.4, nsteps)*1e-2\n",
    "transparency_values = linspace(0.8, 0.3, nsteps)\n",
    "base_intensity = 1000\n",
    "signal_strengths = zeros(nsteps, 'f4')\n",
    "noise_strengths = zeros(nsteps, 'f4')\n",
    "\n",
    "FF = FourierFilterer((step_width,), pad_length=signal_width//2)\n",
    "\n",
    "filters = []\n",
    "filters.append(ones_like(FF.u_radial))\n",
    "filters.append(MTF_voigt(FF.u_radial, 4.,  1.))\n",
    "filters.append(MTF_voigt(FF.u_radial, 10., 2.))\n",
    "filters.append(filters[1]*MTF_phase(FF.u_radial, 4*sampling_factor))\n",
    "filters.append(filters[1]*MTF_phase(FF.u_radial, 60*sampling_factor))     \n",
    "\n",
    "assert len(filters) == nsteps\n",
    "signal_scale_factor = ones(nsteps, 'f4')\n",
    "\n",
    "for k in range(nsteps):\n",
    "    step_wedge_s[regions_s[k]] = FF.apply_filter(signal, filters[k])\n",
    "    if k >= 3:\n",
    "        signal_scale_factor[k] = (step_wedge_s[regions_s[k]]-offset/2).max()/(1-offset/2)\n",
    "        step_wedge_s[regions_s[k]] = (step_wedge_s[regions_s[k]]-offset)/signal_scale_factor[k]+offset\n",
    "        \n",
    "                   \n",
    "    step_wedge_s_bin[regions_d[k]] =  bin_down_1d_arr(step_wedge_s[regions_s[k]], sampling_factor)\n",
    "    step_wedge_d[regions_d[k]] = -log(random.poisson(exp(-step_wedge_s_bin[regions_d[k]])*base_intensity)/base_intensity)\n",
    "    \n",
    "    noise_strengths[k] = 1/sqrt(transparency_values[k]*base_intensity)\n",
    "\n",
    "for k in range(nsteps):\n",
    "    step_wedge_s[regions_s[k]][:sampling_factor] = nan\n",
    "    step_wedge_s_bin[regions_d[k]][:1] = nan\n",
    "    step_wedge_d[regions_d[k]][:1] = nan\n",
    "    step_wedge_s[regions_s[k]][-sampling_factor:] = nan\n",
    "    step_wedge_s_bin[regions_d[k]][-1:] = nan\n",
    "    step_wedge_d[regions_d[k]][-1:] = nan\n",
    "    \n",
    "if pres:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(7, 4))   \n",
    "else:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(10, 5))\n",
    "    \n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "x = linspace(0, nsteps, len(step_wedge_s))\n",
    "plot_step_wedge_d = fill_1d_arr(step_wedge_d, sampling_factor)\n",
    "plot_step_wedge_s_bin = fill_1d_arr(step_wedge_s_bin, sampling_factor)\n",
    "ax.plot(x, step_wedge_s, label='signal', color=colors[0])\n",
    "ax.plot(x, plot_step_wedge_d, label='data', color=colors[2])\n",
    "ax.plot(x, plot_step_wedge_d - plot_step_wedge_s_bin, label='noise', color=colors[1])\n",
    "\n",
    "ax.set_ylabel('gray value')\n",
    "ax.set_xlabel('regions')\n",
    "ax.set_xticklabels([])\n",
    "\n",
    "regions = ['A, ideal MTF', 'B, good MTF', 'C, bad MTF', 'D, weak IPC', 'E, strong IPC']\n",
    "\n",
    "for k in range(nsteps):\n",
    "    ax.annotate(f'{regions[k]}', (k+0.5, -0.13), ha=\"center\", va=\"top\")\n",
    "\n",
    "ax.set_ylim(-0.2, None)\n",
    "ax.set_xlim(0, nsteps)\n",
    "\n",
    "ax.grid()\n",
    "ax.legend()\n",
    "display(fig)\n",
    "fig.savefig('plots/contrasts_image_quality{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "plt.close(fig)\n",
    "\n",
    "\n",
    "signal_PS = zeros(2*len(signal), 'f4')\n",
    "signal_PS[len(signal)//2:-len(signal)//2] = signal\n",
    "PSC = PowerSpectrumCalculator(signal_PS.shape)\n",
    "P_u = PSC.power_spectrum(signal_PS)[:len(PSC.u_radial)//sampling_factor]\n",
    "u   = PSC.u_radial[:len(PSC.u_radial)//sampling_factor]*sampling_factor\n",
    "P_u = exp(gaussian_filter1d(log(P_u), 2, mode='nearest'))\n",
    "\n",
    "if pres:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(4, 4))\n",
    "else:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(5, 3.1))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "for k in range(nsteps): # below: three is the array length factor between P_u and the filters (FF and PSC)\n",
    "    SNR_u = P_u*base_intensity*bin_down_1d_arr(filters[k], 3)[:len(P_u)]**2*sinc(u)**2/signal_scale_factor[k]**2\n",
    "    ax.semilogy(u, SNR_u, label=regions[k])\n",
    "\n",
    "apply_u_scale(ax, 1, num_ticks=(5 if pres else 9))\n",
    "ax.set_ylim(1e-1, None)\n",
    "ax.set_xlabel('spatial frequency size [pixels]')\n",
    "ax.set_ylabel('SNR spectrum')\n",
    "ax.legend()\n",
    "\n",
    "\n",
    "display(fig)\n",
    "fig.savefig('plots/contrasts_image_quality_SNR_spectra{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "def simulate_indirect_detection_data(signal, base_intensity, conversion, vis_blur):  \n",
    "    if conversion > 0:\n",
    "        detected = random.poisson(exp(-signal)*base_intensity)\n",
    "        detected = FF.apply_filter(detected, vis_blur)*conversion\n",
    "        detected = random.poisson(detected)/conversion/base_intensity\n",
    "        signal = FF.apply_filter(signal, vis_blur)\n",
    "    else:\n",
    "        signal = FF.apply_filter(signal, vis_blur)\n",
    "        detected = random.poisson(exp(-signal)*base_intensity)\n",
    "        detected = detected/base_intensity\n",
    "    return -log(detected), signal\n",
    "\n",
    "def simulate_color_noise(signal, strength, blur):\n",
    "    noise = random.randn(*signal.shape)*strength\n",
    "    noise = FF.apply_filter(noise, blur)\n",
    "    return noise\n",
    "\n",
    "sampling_factor = 16\n",
    "signal_width = 240*sampling_factor\n",
    "background = zeros(signal_width, 'f4')\n",
    "step_wedge_s = zeros(signal_width, 'f4')\n",
    "step_wedge_d = zeros(step_wedge_s.shape[0]//sampling_factor, 'f4')\n",
    "step_wedge_s_bin = zeros_like(step_wedge_d)\n",
    "step_width = 80*sampling_factor\n",
    "\n",
    "signal = zeros(step_width, 'f4') + 0.5\n",
    "k_start, k_width = 50, sampling_factor\n",
    "phi = (1 + sqrt(5))/2\n",
    "for k in arange(1, 20):\n",
    "    k_start += int(k_width*4 + 60)\n",
    "    if k_start+k_width > step_width-20:\n",
    "        break\n",
    "    signal[k_start:k_start+k_width] = 1.0\n",
    "    print(k_width/sampling_factor)\n",
    "    k_width = int(k_width*phi**1.2)\n",
    "\n",
    "nsteps = len(step_wedge_s)//step_width\n",
    "regions_s = [slice(k*step_width, (k+1)*step_width) for k in range(nsteps)]\n",
    "regions_d = [slice(k*step_width//sampling_factor, (k+1)*step_width//sampling_factor) for k in range(nsteps)]\n",
    "kappa_values = linspace(1, 0.4, nsteps)*1e-2\n",
    "transparency_values = linspace(0.8, 0.3, nsteps)\n",
    "base_intensity = 100\n",
    "signal_strengths = zeros(nsteps, 'f4')\n",
    "noise_strengths = zeros(nsteps, 'f4')\n",
    "\n",
    "FF = FourierFilterer((step_width,), pad_length=signal_width)\n",
    "\n",
    "xray_blur = MTF_voigt(FF.u_radial, 3, 1)  \n",
    "\n",
    "conversions = (0.01, 3, 100)\n",
    "\n",
    "vis_blurs = [sqrt(MTF_voigt(FF.u_radial, 20., 20.)*conversions[k]**2 + conversions[k]) for k in range(nsteps)]\n",
    "\n",
    "#xray_blur = MTF_voigt(FF.u_radial, 10, 8)  \n",
    "#vis_blurs = [(xray_blur + 1/conversions[k])/(1 + 1/conversions[k]) for k in range(nsteps)]\n",
    "\n",
    "for k in range(nsteps):\n",
    "    step_wedge_s[regions_s[k]] = FF.apply_filter(signal, xray_blur)\n",
    "    \n",
    "    vis_blurs[k] /= (vis_blurs[k][:len(vis_blurs[k])//sampling_factor]).mean() # make standard deviation constant\n",
    "    noise = simulate_color_noise(step_wedge_s[regions_s[k]], 0.4, vis_blurs[k])\n",
    "    print(bin_down_1d_arr(noise, sampling_factor).std())\n",
    "    \n",
    "    step_wedge_d[regions_d[k]] = bin_down_1d_arr(step_wedge_s[regions_s[k]]+noise, sampling_factor)\n",
    "    \n",
    "    #data, step_wedge_s[regions_s[k]] = simulate_indirect_detection_data(step_wedge_s[regions_s[k]], \n",
    "    #                                            base_intensity, conversions[k], vis_blur)\n",
    "    #step_wedge_d[regions_d[k]] = bin_down_1d_arr(data, sampling_factor)\n",
    "    \n",
    "    step_wedge_s_bin[regions_d[k]] =  bin_down_1d_arr(step_wedge_s[regions_s[k]], sampling_factor)\n",
    "    noise_strengths[k] = 1/sqrt(transparency_values[k]*base_intensity)\n",
    "\n",
    "for k in range(nsteps):\n",
    "    step_wedge_s[regions_s[k]][:sampling_factor] = nan\n",
    "    step_wedge_s_bin[regions_d[k]][:1] = nan\n",
    "    step_wedge_d[regions_d[k]][:1] = nan\n",
    "    step_wedge_s[regions_s[k]][-sampling_factor:] = nan\n",
    "    step_wedge_s_bin[regions_d[k]][-1:] = nan\n",
    "    step_wedge_d[regions_d[k]][-1:] = nan\n",
    "    \n",
    "if pres:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(7, 4))   \n",
    "else:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(10, 5))\n",
    "    \n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "x = linspace(0, nsteps, len(step_wedge_s))\n",
    "plot_step_wedge_d = fill_1d_arr(step_wedge_d, sampling_factor)\n",
    "plot_step_wedge_s_bin = fill_1d_arr(step_wedge_s_bin, sampling_factor)\n",
    "ax.plot(x, step_wedge_s, label='signal', color=colors[0])\n",
    "ax.plot(x, plot_step_wedge_d, label='data', color=colors[2])\n",
    "ax.plot(x, plot_step_wedge_d - plot_step_wedge_s_bin, label='noise', color=colors[1])\n",
    "\n",
    "ax.set_ylabel('gray value')\n",
    "ax.set_xlabel('regions')\n",
    "ax.set_xticks(arange(nsteps))\n",
    "ax.set_xticklabels([])\n",
    "\n",
    "regions = ['I, white noise', 'II, weak color noise', 'III, strong color noise']\n",
    "\n",
    "for k in range(nsteps):\n",
    "    ax.annotate(f'{regions[k]}', (k+0.5, -0.32), ha=\"center\", va=\"top\")\n",
    "\n",
    "ax.set_ylim(-0.4, 1.3)\n",
    "ax.set_xlim(0, nsteps)\n",
    "\n",
    "ax.grid()\n",
    "ax.legend()\n",
    "display(fig)\n",
    "fig.savefig('plots/noiseshape_image_quality{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "plt.close(fig)\n",
    "\n",
    "\n",
    "signal_PS = zeros(3*len(signal), 'f4')\n",
    "signal_PS[len(signal):-len(signal)] = signal\n",
    "PSC = PowerSpectrumCalculator(signal_PS.shape)\n",
    "P_u = PSC.power_spectrum(signal_PS)[:len(PSC.u_radial)//sampling_factor]\n",
    "u   = PSC.u_radial[:len(PSC.u_radial)//sampling_factor]*sampling_factor\n",
    "P_u = exp(gaussian_filter1d(log(P_u), 2., mode='nearest'))\n",
    "\n",
    "if pres:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(4, 4))\n",
    "    fig2, ax2 = plt.subplots(1, 1, figsize=(4, 4))\n",
    "else:\n",
    "    fig, ax = plt.subplots(1, 1, figsize=(5, 3.1))\n",
    "    fig2, ax2 = plt.subplots(1, 1, figsize=(5, 2))\n",
    "fig.set_tight_layout(True)\n",
    "fig2.set_tight_layout(True)\n",
    "\n",
    "for k in range(nsteps):\n",
    "    SNR_u = P_u*base_intensity*bin_down_1d_arr(xray_blur, 3)[:len(P_u)]**2/bin_down_1d_arr(vis_blurs[k], 3)[:len(P_u)]**2*sinc(u)**2\n",
    "    ax.semilogy(u, SNR_u, label=regions[k])\n",
    "\n",
    "for k in range(nsteps):\n",
    "    ax2.semilogy(u, bin_down_1d_arr(vis_blurs[k], 3)[:len(P_u)]**2, label=regions[k])\n",
    "\n",
    "ax2.legend()\n",
    "for axis in (ax, ax2):\n",
    "    apply_u_scale(axis, 1, num_ticks=(5 if pres else 9))\n",
    "    #axis.set_xlabel('spatial frequency size [pixels]')\n",
    "    \n",
    "ax.set_ylabel('SNR spectrum')\n",
    "ax2.set_ylabel('NPS [a.u.]')\n",
    "#ax2.set_ylim(5e-5, None)\n",
    "\n",
    "display(fig)\n",
    "fig.savefig('plots/noiseshape_image_quality_SNR_spectra{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "plt.close(fig)\n",
    "display(fig2)\n",
    "fig2.savefig('plots/noiseshape_image_quality_NPS{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "plt.close(fig2)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "u = linspace(0, 0.5/sampling_factor, 500)\n",
    "plt.clf()\n",
    "plt.plot(u, MTF_voigt(u, 15., 8.))\n",
    "plt.grid()\n",
    "display(plt.gcf())"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# wiener filter examples"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 2.1 Image Quality Measures: fig 2"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# the physical data files must be in the following format: \n",
    "# first column: energy in eV, second column: absorption in 1/cm\n",
    "mu_Al = genfromtxt(\"physical_data/Al_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "mu_Fe = genfromtxt(\"physical_data/Fe_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "mu_W = genfromtxt(\"physical_data/W_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "\n",
    "for mu in (mu_Al, mu_Fe, mu_W):  # scale energy from eV to keV\n",
    "    E = mu[0]\n",
    "    E /= 1e3\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 3))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "ax.loglog(*mu_Al)\n",
    "ax.loglog(*mu_Fe)\n",
    "ax.loglog(*mu_W)\n",
    "ax.grid()\n",
    "ax.set_ylabel('$\\mu$ [1/cm]')\n",
    "ax.set_xlabel('energy [keV]')\n",
    "ax.legend(['aluminum (Al, Z=13)', 'iron (Fe, Z=26)', 'tungsten (W, Z=74)'])\n",
    "ticks = (1, 3, 6, 10, 30, 60, 100)\n",
    "ticklabels = [f'{val}' for val in ticks]\n",
    "ax.set_xticks(ticks)\n",
    "ax.set_xticklabels(ticklabels)\n",
    "ax.set_xlim(2.9, 200)\n",
    "display(fig)\n",
    "plt.close(fig)\n",
    "if save:\n",
    "    fig.savefig('fig/mu_examples.png')\n",
    "    fig.savefig('fig/mu_examples.pdf')\n",
    "print(os.path.abspath('fig/mu_examples.pdf'))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "from scipy.interpolate import interp1d\n",
    "\n",
    "def curve_at(pos, coord, func):\n",
    "    return interp1d(coord, func)(pos)\n",
    "\n",
    "print(curve_at(60, *mu_Fe)/curve_at(30, *mu_Fe), 2**-3)\n",
    "print(4.20356E-007/1.69159E-006, 2**-2)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 3.5: optimal computational energy weigthing, fig. 3 (top)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "I_1 = 1\n",
    "I_2 = 1\n",
    "mu_1 = 1\n",
    "w = logspace(-1.6, 0.3, 5000)\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 3.))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "for k, mu_2 in enumerate([0.14, 0.25, (sqrt(2)-1), .71, 1][::-1]):\n",
    "    SNR_sum = (I_1*mu_1 + I_2*mu_2*w)**2/(I_1 + I_2*w**2)\n",
    "    w_opt = w[argmax(SNR_sum)]\n",
    "    assert isclose(w_opt, mu_2, atol=1e-2)\n",
    "    ax.semilogx(w, SNR_sum, ls=('-' if k%2 == 0 else '--'),\n",
    "                 label=(f'$\\kappa_2$ = {mu_2:.2f}$\\,\\kappa_1$' if mu_2 != 1 else f'$\\kappa_2$ = $\\kappa_1$'))\n",
    "                \n",
    "ax.semilogx(w, (w**2+mu_1**2), 'black', ls=':', label='SNR$_{max}(\\kappa_2 = w_2)$')\n",
    "\n",
    "#ax.semilogx(w, (w+mu_1)**2/2, 'grey', ls='-.', label='SNR$(\\kappa_2, w_1=w_2)$')\n",
    "    \n",
    "ax.set_ylabel('SNR$_{1+2}(u_a)$')\n",
    "ax.set_xlabel('CEW weight $w_2$')\n",
    "ax.grid(which='both')\n",
    "ax.legend()#loc='lower left')\n",
    "ax.set_xscale('log')#, subsx=(2, 4, 6, 8))\n",
    "ticks = (0.03, 0.06, 0.1, 0.3, 0.6, 1)\n",
    "ax.set_xticks(ticks)\n",
    "ax.set_xticklabels(['{:.4g}'.format(x) for x in ticks])\n",
    "ax.set_xlim(w.min(), w.max())\n",
    "ax.set_ylim(0.45, 2.6)\n",
    "                \n",
    "                \n",
    "arrowprops = dict(width=0.5, headwidth=4, headlength=4, color='black', shrink=0.02)\n",
    "                \n",
    "ax.annotate('a)', xy=(1, 0.63), xytext=(0.8, 0.5), arrowprops=arrowprops)  \n",
    "ax.annotate('b)', xy=(1, 0.78), xytext=(0.8, 0.9), arrowprops=arrowprops)   \n",
    "ax.annotate('c)', xy=(1, 1), xytext=(0.8, 1.15), arrowprops=arrowprops)  \n",
    "ax.annotate('d)', xy=(1, 2), xytext=(0.8, 2.15), arrowprops=arrowprops)   \n",
    "ax.annotate('e)', xy=(0.14, 1.01), xytext=(0.15, 0.8), arrowprops=arrowprops)  \n",
    "ax.annotate('f)', xy=(10**-1.58, 0.94), xytext=(0.033, 0.83), arrowprops=arrowprops)             \n",
    "                \n",
    "display(fig)\n",
    "if save:\n",
    "    fig.savefig('fig/SNR_for_CEW.png')\n",
    "    fig.savefig('fig/SNR_for_CEW.pdf')\n",
    "    print(os.path.abspath('fig/SNR_for_CEW.pdf'))\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "I_1 = 1\n",
    "mu_1 = 1\n",
    "I_2 = logspace(-1.6, 1.6, 5002)\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 2.8))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "for k, mu_2 in enumerate([0.14, 0.25, (sqrt(2)-1), .71, 1][::-1]):\n",
    "    SNR_sum = (I_1*mu_1 + I_2*mu_2)**2/(I_1 + I_2)\n",
    "    ax.semilogx(I_2, SNR_sum, ls=('-' if k%2 == 0 else '--'),\n",
    "                 label=(f'$\\kappa_2$ = {mu_2:.2f}$\\,\\kappa_1$' if mu_2 != 1 else f'$\\kappa_2$ = $\\kappa_1$')) # /(mu_2**2+mu_1**2)\n",
    "                    \n",
    "mu_2 = 0.5  \n",
    "SNR_sum = (I_1*mu_1 + I_2*mu_2)**2/(I_1 + I_2)\n",
    "ax.semilogx(I_2, SNR_sum, ls=':', color='black',\n",
    "             label=(f'$\\kappa_2$ = {mu_2:.2f}$\\,\\kappa_1$' if mu_2 != 1 else f'$\\kappa_2$ = $\\kappa_1$')) # /(mu_2**2+mu_1**2)\n",
    "                          \n",
    "\n",
    "ax.set_ylabel('SNR$_{1+2}(u_a)$')\n",
    "ax.set_xlabel('DEW weight $I_2$')\n",
    "ax.grid(which='both')\n",
    "ax.legend()#loc='lower left')\n",
    "ax.set_xscale('log')#, subsx=(2, 4, 6, 8))\n",
    "ax.set_ylim(0.3, 3.5)          \n",
    "ticks = (0.03, 0.06, 0.1, 0.3, 0.6, 1, 3, 6, 10, 30)\n",
    "ax.set_xticks(ticks)\n",
    "ax.set_xticklabels(['{:.4g}'.format(x) for x in ticks])\n",
    "ax.set_xlim(I_2.min(), I_2.max())\n",
    "                \n",
    "display(fig)\n",
    "if save:\n",
    "    fig.savefig('fig/SNR_for_DEW.png')\n",
    "    fig.savefig('fig/SNR_for_DEW.pdf')\n",
    "    print(os.path.abspath('fig/SNR_for_DEW.pdf'))\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "def DEW_equal_SNR_point(mu_2):\n",
    "    return (1-2*mu_2)/mu_2**2\n",
    "\n",
    "print(DEW_equal_SNR_point(0.25), DEW_equal_SNR_point(0.14))"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 3.5 SNR dependency for different energy weightings, fig. 3 (bottom)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "I_1 = 1\n",
    "I_2 = 1\n",
    "mu_1 = 1\n",
    "mu_2 = logspace(-1.1, 0.02, 5000)\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 2.7))\n",
    "fig.set_tight_layout(True)\n",
    "SNR_sum = (I_1*mu_1 + I_2*mu_2**2)**2/(I_1 + I_2*mu_2**2)\n",
    "ax.semilogx(mu_2, SNR_sum, label='optimal CEW')\n",
    "\n",
    "SNR_sum = fmax((I_1*mu_1 + I_2*mu_2)**2/(I_1 + I_2), (I_1*mu_1)**2/(I_1))\n",
    "ax.semilogx(mu_2, SNR_sum, label='optimal DEW')\n",
    "\n",
    "SNR_sum = (I_1*mu_1 + I_2*mu_2)**2/(I_1 + I_2)\n",
    "ax.semilogx(mu_2, SNR_sum, label='no energy weighting')\n",
    "\n",
    "SNR_sum = (I_1*mu_1 + 2*I_2*mu_2)**2/(I_1 + 2*I_2)*2/3\n",
    "ax.semilogx(mu_2, SNR_sum, label='$\\propto E$ DEW weighting', ls=':')\n",
    "\n",
    "                    \n",
    "ax.set_ylabel('SNR$_{1+2}(u_a)$')\n",
    "ax.set_xlabel(r'SDS$_2$/SDS$_1$')\n",
    "ax.grid(which='both')\n",
    "ax.set_xscale('log')#, subsx=(2, 4, 6, 8))\n",
    "\n",
    "ticks = (0.1, 0.3, 0.6, 1)\n",
    "ax.set_xticks(ticks)\n",
    "ax.set_xticklabels(['{:.4g}'.format(x) for x in ticks])\n",
    "ax.set_xlim(mu_2.min(), mu_2.max())\n",
    "ax.set_ylim(0., 2.3)\n",
    "ax.legend()\n",
    "          \n",
    "if 10:\n",
    "    arrowprops = dict(width=0.5, headwidth=4, headlength=4, color='black', shrink=0.02)\n",
    "\n",
    "    ax.annotate('a)', xy=(0.14, 0.63), xytext=(0.11, 0.38), arrowprops=arrowprops)  \n",
    "    ax.annotate('b)', xy=(0.25, 0.78), xytext=(0.2, 0.51), arrowprops=arrowprops)   \n",
    "    ax.annotate('c)', xy=(0.41, 1), xytext=(0.32, 0.68), arrowprops=arrowprops)  \n",
    "    ax.annotate('d)', xy=(1, 2), xytext=(0.9, 1.5), arrowprops=arrowprops)    \n",
    "    ax.annotate('e), f)', xy=(0.14, 1), xytext=(0.101, 0.78), arrowprops=arrowprops)              \n",
    "                \n",
    "display(fig)\n",
    "if save:\n",
    "    fig.savefig('fig/SNR_for_weightings.png')\n",
    "    fig.savefig('fig/SNR_for_weightings.pdf')\n",
    "plt.close(fig)\n"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 4.1 Superposition Example: table 3"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "mu_1 = 1\n",
    "I_1 = 1\n",
    "I_2 = 1\n",
    "\n",
    "print(f'using I_1 = {I_1:.4g}, I_2 = {I_2:.4g}, mu_1 = {mu_1:.4g}\\n')\n",
    "\n",
    "for mu_2 in (0.14, 0.25, sqrt(2)-1, 1):\n",
    "    SNR_2 = (I_2*mu_2)**2/(I_2)\n",
    "    SNR_sum = (I_1*mu_1 + I_2*mu_2)**2/(I_1 + I_2)\n",
    "    print(f'mu_2: {mu_2:.3f}, SNR_2: {SNR_2:.4f}, SNR_sum: {SNR_sum:.2f}')\n",
    "\n",
    "mu_2 = 0.14\n",
    "for WT, w_2 in zip(('CEW', 'DEW'), (0.14, 0.)):\n",
    "    SNR_2 = (I_2*mu_2)**2/(I_2)\n",
    "    SNR_sum = (I_1*mu_1 + I_2*mu_2*w_2)**2/(I_1 + I_2*w_2**2)\n",
    "    print(f'{WT}:: mu_2: {mu_2:.2f}, SNR_2: {SNR_2:.3f}, SNR_sum: {SNR_sum:.3f}')\n",
    "\n",
    "    "
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# demonstrate argument from section 2.4\n",
    "\n",
    "Higher blurring of an indirect detector leads to lower temporal noise standard deviation.\n",
    "\n",
    "This simulation is simplified but essentially correct.\n",
    "\n",
    "The computation uses eq. (5) and (6)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "from scipy import ndimage\n",
    "\n",
    "def simulate_indirect_detection(xrays, blur_std):\n",
    "    xrays_blurred = zeros_like(xrays)\n",
    "    if blur_std == inf:\n",
    "        for k in range(xrays.shape[0]):\n",
    "            xrays_blurred[k] = xrays[k].mean()\n",
    "    else:\n",
    "        for k in range(xrays.shape[0]):\n",
    "            xrays_blurred[k] = ndimage.gaussian_filter(xrays[k], blur_std)\n",
    "\n",
    "    detected = random.poisson(xrays_blurred*conversion)\n",
    "\n",
    "    detected_std = detected[20:-20, 20:-20].std(axis=0).mean()\n",
    "    return detected, detected_std\n",
    "\n",
    "intensity = 500\n",
    "xrays = random.poisson(intensity, size=(500, 500, 20))\n",
    "\n",
    "def MTF_gauss(coords, sigma):\n",
    "    if sigma == inf:\n",
    "        mtf = zeros_like(coords)\n",
    "        mtf[0, 0] = 1\n",
    "        return mtf\n",
    "    else:\n",
    "        return exp(-2*pi**2*coords**2*sigma**2)\n",
    "u_1D = linspace(0., 0.5, 200)\n",
    "u_2D = sqrt(u_1D[newaxis, :]**2 + u_1D[:, newaxis]**2)\n",
    "\n",
    "for conversion in (2, 20, 200):\n",
    "    print(f'using conversion = {conversion}')\n",
    "    for blur_std in (0., 1., 2., 4., inf):\n",
    "        detected, detected_std = simulate_indirect_detection(xrays, blur_std)\n",
    "        MTF = MTF_gauss(u_2D, blur_std)\n",
    "        tsd = sqrt( (MTF**2*conversion**2 + conversion).mean()*intensity)\n",
    "        print(f'blur std: {blur_std:.1f} px, temporal standard deviation, simulated: {detected_std:.4g}, computed: {tsd:.4g}')\n",
    "    print()    \n",
    "    "
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "sqrt(2000), sqrt(1000)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "K = 1000\n",
    "T = 0.3\n",
    "K_ref = arange(1, 1e3)\n",
    "SNR = 1/( (1 + 1/K_ref)*(K+K_ref) )\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 2.7))\n",
    "fig.set_tight_layout(True)\n",
    "print(SNR.max()*K)\n",
    "\n",
    "ax.semilogx(K_ref, SNR/SNR.max())\n",
    "\n",
    "ax.set_ylabel('SNR per time [a.u.]')\n",
    "ax.set_xlabel('number of reference images')\n",
    "\n",
    "ax.grid()\n",
    "#ax.legend()\n",
    "ax.set_ylim(0, 1.05)\n",
    "ax.set_yticks((0, 0.25, 0.5, 0.75, 1))\n",
    "ax.set_xlim(0, 1e3)\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig.savefig('plots/optimal_nrefs.pdf')\n"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# KGSD scintillator comparison plots"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "pres = 1\n",
    "\n",
    "data_folder = '/home/maximilian/Dokumente/Doktorarbeit/fig/SNR-KGSD-metRIC-Gadox-vs-LuAG/'\n",
    "results_folder = '/home/maximilian/Dokumente/Doktorarbeit/plots/'\n",
    "\n",
    "import glob\n",
    "from matplotlib.gridspec import GridSpec\n",
    "\n",
    "files = glob.glob(data_folder+'SNR(u)_*.txt')\n",
    "fnames = [os.path.split(f)[-1] for f in files]\n",
    "print(*fnames, sep='\\n')\n",
    "\n",
    "tube_voltages = [int(f[f.find('kv')-3:f.find('kv')].strip('_').strip(')')) for f in fnames]\n",
    "print(tube_voltages)\n",
    "screen_LuAG = ['LuAG' in f for f in fnames]\n",
    "print(screen_LuAG)\n",
    "sample = [f[f.find('F1p7')+5:f.find('.txt')].strip('-LuAG') for f in fnames]\n",
    "print(sample)\n",
    "\n",
    "SNR_datas = [genfromtxt(f).swapaxes(0, 1) for f in files]\n",
    "#print(SNR_datas[0][1, :])\n",
    "\n",
    "\n",
    "#fig, axes = plt.subplots(1, 3, figsize=(10, 4))\n",
    "if pres:\n",
    "    fig, axes = plt.subplots(1, 3, figsize=(10, 3), gridspec_kw=dict(width_ratios=(5, 3, 3)))\n",
    "else:\n",
    "    fig, axes = plt.subplots(1, 3, figsize=(10, 4), gridspec_kw=dict(width_ratios=(5, 3, 3)))\n",
    "    \n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "\n",
    "plot_properties = []\n",
    "order = [(60, 'sandpaper'), (140, 'aluflakes'), (140, 'brassflakes'), (190, 'brassflakes')]\n",
    "for o in order:\n",
    "    pair = [None, None]\n",
    "    print(o)\n",
    "    for k, (tv, sc, s) in enumerate(zip(tube_voltages, screen_LuAG, sample)):\n",
    "        if tv == o[0] and s == o[1]:\n",
    "            pair[int(sc)] = k, '--' if sc else '-'\n",
    "            \n",
    "    plot_properties += pair\n",
    "            \n",
    "for k, fname in enumerate(fnames):\n",
    "    if 'F2' in fname:\n",
    "        plot_properties.append((k, ':'))\n",
    "print(plot_properties)\n",
    "\n",
    "\n",
    "for k_ax, ax in enumerate(axes):\n",
    "    for k_color, (k, ls) in enumerate(plot_properties):\n",
    "        SNR_data = SNR_datas[k]\n",
    "        fact = 1.0 + 7.0*(pres and k_ax in (0, 1) and (ls== ':' or k_color in (0, 1)))\n",
    "        \n",
    "        if ls == ':':\n",
    "            label = 'A with F=2, Gadox'\n",
    "            ax.plot(SNR_data[0], fact*SNR_data[1+k_ax], label=label, ls=ls, color=colors[0])\n",
    "        else:\n",
    "            if k_ax > 0:\n",
    "                label = None\n",
    "            elif screen_LuAG[k]:\n",
    "                label = 'LuAG curves' if k_color <= 1 else None\n",
    "            else: \n",
    "                if pres:\n",
    "                    label = 'A_BC'[k_color//2] + ', Gadox'\n",
    "                \n",
    "                else:\n",
    "                    label = 'ABCD'[k_color//2] + ', Gadox'\n",
    "            \n",
    "            if not (pres and k_color in (2, 3)):\n",
    "                ax.plot(SNR_data[0], fact*SNR_data[1+k_ax], label=label, ls=ls, color=colors[k_color//2])\n",
    "        \n",
    "    if k_ax == 0:\n",
    "        ax.set_yscale('log')\n",
    "        ax.set_ylabel('SNR [s$^{-1}$]')\n",
    "        apply_u_scale(ax, 50, '$\\mu$m', num_ticks=10)\n",
    "        ax.set_ylim(0.03, None)\n",
    "        ax.set_xlim(0, 0.3)\n",
    "        ax.legend()\n",
    "    elif k_ax == 1:\n",
    "        apply_u_scale(ax, 50, '$\\mu$m', num_ticks=4, labelevery=1)\n",
    "        ax.set_yscale('log')\n",
    "        ax.set_ylabel('S [1]') \n",
    "        ax.set_ylim(1e-5, 10)\n",
    "    else:   \n",
    "        apply_u_scale(ax, 50, '$\\mu$m', num_ticks=4, labelevery=1)\n",
    "        ax.set_ylabel('N [s]')\n",
    "        ax.set_ylim(0, 0.04)\n",
    "\n",
    "fig.tight_layout(rect=(0, 0, 1, 1), pad=0)\n",
    "fig.savefig(results_folder + 'SNR_scintillator_comparison{}.pdf'.format(\"\" if not pres else \"_pres\"))\n",
    "display(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "from scipy.optimize import curve_fit\n",
    "\n",
    "def NPS_model(u, n, c, sigma, mu):\n",
    "    return n*(1 + c*MTF_voigt(u, sigma, mu)**2)\n",
    "c_values = []\n",
    "\n",
    "plt.clf()\n",
    "for k, SNR_data in enumerate(SNR_datas):\n",
    "    #if not screen_LuAG[k]:\n",
    "        n0 = SNR_data[3].min()\n",
    "        c0 = (SNR_data[3].max() - n0)/n0\n",
    "        try:\n",
    "            popt, pcov = curve_fit(NPS_model, SNR_data[0][2:], SNR_data[3][2:], p0=(n0, c0, 1, 1))\n",
    "            c_values.append((popt[1], tube_voltages))\n",
    "\n",
    "            u_plot = linspace(SNR_data[0].min(), SNR_data[0].max(), 1000)\n",
    "            label=sample[k]+f', {tube_voltages[k]} keV' + (', LuAG' if screen_LuAG[k] else ', Gadox')\n",
    "            plt.plot(SNR_data[0], SNR_data[3], color=colors[k], ls='-', \n",
    "                     label=label)\n",
    "            plt.plot(u_plot, NPS_model(u_plot, *popt), color=colors[k], ls='--')\n",
    "            print(popt[1], c0, tube_voltages[k], popt[2:], label)\n",
    "        except RuntimeError:\n",
    "            print('fit failed')\n",
    "plt.legend()\n",
    "plt.grid()\n",
    "\n",
    "c_values = array(c_values)\n",
    "\n",
    "#print(c_values[1]/c_values[0])\n",
    "        \n",
    "display(plt.gcf())"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
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image_quality_effects_simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# this notebook requires a scientific Python 3 install (numpy, scipy, matplotlib)\n",
    "%pylab\n",
    "import os, sys, shutil, PIL\n",
    "save = True\n",
    "open_image_windows = False\n",
    "os.makedirs('fig', exist_ok=True)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 2.1 simulated image quality: fig. 1"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "output_folder = os.path.join('fig', 'effects')\n",
    "try: \n",
    "    os.makedirs(output_folder)\n",
    "except FileExistsError:\n",
    "    #shutil.rmtree(output_folder)\n",
    "    #os.makedirs(output_folder)\n",
    "    pass\n",
    "    \n",
    "def bin_down_image(image: ndarray, scale_factor: int):\n",
    "    if image.dtype.kind != 'f':\n",
    "        image = image.astype(\"f4\")\n",
    "    if scale_factor == 1:\n",
    "        return image\n",
    "    else:\n",
    "        downscaled = None\n",
    "        stops = asarray(image.shape) - asarray(image.shape) % scale_factor\n",
    "        for y_start in range(scale_factor):\n",
    "            for x_start in range(scale_factor):\n",
    "                if downscaled is None:\n",
    "                    downscaled = copy(image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor])\n",
    "                else:\n",
    "                    downscaled += image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor]\n",
    "        downscaled /= scale_factor**2\n",
    "        return downscaled\n",
    "\n",
    "def show_image(image, title=None, figsize=None, vrange=None, perc_val=(0.1, 99.9)):\n",
    "    if figsize is None: figsize = 8, 8*image.shape[1]/image.shape[0]\n",
    "    fig, ax = plt.subplots(1, 1, figsize=figsize); ax.axis('off')\n",
    "    if vrange is None: vrange = nanpercentile(image, perc_val)\n",
    "    ax.imshow(image, cmap=plt.cm.gray, interpolation='none', vmin=vrange[0], vmax=vrange[1])\n",
    "    if title is not None: ax.set_title(title)\n",
    "    if not open_image_windows:\n",
    "        plt.close(fig)\n",
    "    return fig\n",
    "\n",
    "def save_image(image, filename, dtype=None, png_compress_level=4, vrange=(0, 255)):\n",
    "    if save:\n",
    "        if dtype is not None: image = image.astype(dtype)\n",
    "        if filename.endswith('.raw') or '.' not in filename:\n",
    "            image.tofile(filename)\n",
    "        else:\n",
    "            pil_args = dict()\n",
    "            if filename[-3:] == 'png': \n",
    "                pil_args['compress_level'] = png_compress_level\n",
    "                image = ((image.clip(vrange[0], vrange[1])-vrange[0])*(255/(vrange[1]-vrange[0]))).astype('u1')\n",
    "            PIL.Image.fromarray(image).save(filename, **pil_args)\n",
    "        #print(f'saved image {filename}')\n",
    "    \n",
    "def save_both(image, fname, vrange=None, perc_val=(0.1, 99.9)):\n",
    "    display(show_image(image, title=os.path.split(fname)[1]))\n",
    "    if save:\n",
    "        save_image(image, fname+'.tif')\n",
    "        if vrange is None: vrange = nanpercentile(image, perc_val)\n",
    "        save_scale(fname, vrange)\n",
    "        save_image(image, fname+'.png', vrange=vrange)\n",
    "    \n",
    "def save_scale(fname, vrange):\n",
    "    folder, file_name = os.path.split(fname)\n",
    "    with open(os.path.join(folder, 'scales.txt'), 'a') as fp:\n",
    "        fp.write(f'{file_name}\\t{vrange[0]:.3f}\\t{vrange[1]:.3f}\\n')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## simulated signal\n",
    "\n",
    "The simulated image is a projection of balls of different diameters with the absorption strengths inversely proportional to the ball diameter.\n",
    "\n",
    "The placement is randomized because in a real case, the placement would not be known. This avoids only detecting a ball because the position is known beforehand."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "oversampling = 10\n",
    "\n",
    "def generate_balls_pattern(return_all=False, bin_down=True, strength=0.4):\n",
    "    size = array((120, 160))\n",
    "    size_os = size*oversampling\n",
    "    image = ones(size_os, 'f4')\n",
    "    \n",
    "    radii = logspace(log10(0.75), log10(3), 5)[::-1]*oversampling\n",
    "    nballs = zeros(len(radii), 'u1')\n",
    "    space = (size_os[1] - 2*radii.sum())/(len(radii)+1)\n",
    "    grid_pos_x = zeros(radii.shape[0], 'i4')\n",
    "    for k, radius in enumerate(radii):\n",
    "        grid_pos_x[k] = (k+1)*space + radii[:k].sum() + radii[:k+1].sum()\n",
    "    grid_pos_x = (grid_pos_x/oversampling).astype('i4')*oversampling\n",
    "    \n",
    "    coord_y_base = arange(image.shape[0])\n",
    "    coord_x_base = arange(image.shape[1])\n",
    "    for k, pos_x in enumerate(grid_pos_x):\n",
    "        radius = radii[k]\n",
    "        grid_pos_y = linspace(0, size_os[0], int(0.15*size_os[0]/(radius+7))+2, endpoint=True)[1:-1].astype('i4')\n",
    "        nballs[k] = len(grid_pos_y)\n",
    "        max_xshift = space/6/oversampling\n",
    "        max_yshift = 1.5*radius/oversampling\n",
    "        for pos_y in grid_pos_y:\n",
    "            coord_x = coord_x_base - pos_x + random.uniform(-max_xshift, max_xshift)*oversampling\n",
    "            coord_y = coord_y_base - pos_y + random.uniform(-max_yshift, max_yshift)*oversampling\n",
    "            \n",
    "            coord_r = sqrt(coord_x[newaxis, :]**2 + coord_y[:, newaxis]**2)\n",
    "            locations = less(coord_r, radius)\n",
    "            \n",
    "            image[locations] *= exp(-sqrt(1 - (coord_r[locations]/radius)**2)*strength)\n",
    "\n",
    "    if bin_down:\n",
    "        image = bin_down_image(image, oversampling)\n",
    "        \n",
    "    if return_all:\n",
    "        return image, radii/oversampling, nballs\n",
    "    else:\n",
    "        return image\n",
    "    \n",
    "image, radii, nballs = generate_balls_pattern(True)\n",
    "print('circle diameters:', *[f'{2*r:.2f}' for r in radii])\n",
    "print('number of balls:', *[f'{k}' for k in nballs])\n",
    "\n",
    "if save:\n",
    "    savetxt('fig/effects/radii.txt', radii)\n",
    "    savetxt('fig/effects/nballs.txt', nballs)\n",
    "vrange = (0.5, 1.3)\n",
    "vrange = None\n",
    "save_both(image, os.path.join(output_folder, 'signal'), vrange=vrange)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# (A) noisiness"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "countss = 3000, 1000, 300, 100\n",
    "for counts in countss:\n",
    "    image = generate_balls_pattern()\n",
    "    image_c = image*counts\n",
    "    image_sampled = random.poisson(image_c)\n",
    "    image_sampled = image_sampled / counts\n",
    "    save_both(image_sampled, os.path.join(output_folder, f'noisiness_c={counts}'), vrange=vrange)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# (B) modulation transfer"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "from scipy.ndimage import gaussian_filter\n",
    "counts = 1000\n",
    "blurinesss = (0.5, 1., 2.0, 4.0)\n",
    "for bluriness in blurinesss:\n",
    "    image = generate_balls_pattern(bin_down=False)\n",
    "    image_c = image*counts\n",
    "    image_c = gaussian_filter(image_c, bluriness*oversampling)\n",
    "    image_c = bin_down_image(image_c, oversampling)\n",
    "    image_sampled = random.poisson(image_c)\n",
    "    image_sampled = image_sampled / counts\n",
    "    save_both(image_sampled, os.path.join(output_folder, \n",
    "                            f'modulation_sigma={bluriness:.1f}'.replace('.', '_')), vrange=vrange)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# (C) signal strength"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "counts = 2500\n",
    "bluriness = 0.2\n",
    "signal_strengths = (1, sqrt(0.3), sqrt(0.1), sqrt(0.03))\n",
    "for signal_strength in signal_strengths:\n",
    "    image = generate_balls_pattern()\n",
    "    image_c = exp(log(image)*signal_strength)\n",
    "    \n",
    "    image_c = image_c*counts\n",
    "        \n",
    "    image_sampled = random.poisson(image_c)\n",
    "    image_sampled = image_sampled / counts\n",
    "    save_both(image_sampled, os.path.join(output_folder, f'signal_strength={signal_strength:.2f}'.replace('.', '_')), vrange=vrange)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# (D) superposition"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "def simulate_n():\n",
    "    image = generate_balls_pattern()\n",
    "    \n",
    "    counts_1 = 1000\n",
    "    image_c = exp(log(image)*1)\n",
    "    image_c = image_c*counts_1\n",
    "    image_1_sampled = random.poisson(image_c)\n",
    "\n",
    "    counts_2 = 10000\n",
    "    image_c = exp(log(image)*0.1)\n",
    "    image_c = image_c*counts_2\n",
    "    image_2_sampled = random.poisson(image_c)\n",
    "\n",
    "    image_12_sampled = (image_1_sampled+image_2_sampled)/(counts_1 + counts_2)\n",
    "    image_1_sampled = image_1_sampled / counts_1\n",
    "    image_2_sampled = image_2_sampled / counts_2\n",
    "    return image_1_sampled, image_2_sampled, image_12_sampled\n",
    "\n",
    "def simulate_b():\n",
    "    image = generate_balls_pattern()\n",
    "    \n",
    "    counts_1 = 1000\n",
    "    image_c = image*counts_1\n",
    "    image_1_sampled = random.poisson(image_c)\n",
    "\n",
    "    counts_2 = 3000\n",
    "    image_c = gaussian_filter(image, 2.0)\n",
    "    image_c = image_c*counts_2\n",
    "    image_2_sampled = random.poisson(image_c)\n",
    "\n",
    "    image_12_sampled = (image_1_sampled+image_2_sampled)/(counts_1 + counts_2)\n",
    "    image_1_sampled = image_1_sampled / counts_1\n",
    "    image_2_sampled = image_2_sampled / counts_2\n",
    "    return image_1_sampled, image_2_sampled, image_12_sampled\n",
    "\n",
    "image_1_sampled = simulate_n()[0]\n",
    "\n",
    "image_2n_sampled = simulate_n()[1]\n",
    "\n",
    "image_12n_sampled = simulate_n()[2]\n",
    "    \n",
    "image_2b_sampled = simulate_b()[1]\n",
    "\n",
    "image_12b_sampled = simulate_b()[2]\n",
    "\n",
    "save_both(image_1_sampled, os.path.join(output_folder, 'superposition_image_1'), vrange=vrange)\n",
    "save_both(image_2n_sampled, os.path.join(output_folder, 'superposition_image_2_weak_signal'), vrange=vrange)\n",
    "save_both(image_12n_sampled, os.path.join(output_folder, 'superposition_signal_strengths'), vrange=vrange)\n",
    "save_both(image_2b_sampled, os.path.join(output_folder, 'superposition_image2_bad_MTF'), vrange=vrange)\n",
    "save_both(image_12b_sampled, os.path.join(output_folder, 'superposition_MTF_qualities'), vrange=vrange)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# phase contrast"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "import sys; sys.path.append('../Python')\n",
    "import tomis.image.fourier\n",
    "\n",
    "counts = 1000\n",
    "phase_params = (0.0, 20, 40)\n",
    "for p in phase_params:\n",
    "    image = generate_balls_pattern(bin_down=False, strength=0.012)\n",
    "    image_c = image*counts\n",
    "    \n",
    "    FF = tomis.image.fourier.FourierFilterer(image_c.shape)\n",
    "    phase_filter = 1.0 + (p*oversampling)**2*FF.u_abs()**2\n",
    "    image_c = FF.apply_filter(image_c, phase_filter*tomis.image.fourier.MTF_gauss(FF.u_abs(), 0.6*oversampling))\n",
    "    \n",
    "    image_c = bin_down_image(image_c, oversampling)\n",
    "    image_sampled = random.poisson(image_c)\n",
    "    image_sampled = image_sampled / counts\n",
    "    save_both(image_sampled, os.path.join(output_folder, f'phase_contrast={p:.1f}'.replace('.', '_')), vrange=vrange)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# detection effectiveness qualitative examples"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "def generate_disks_pattern(return_all=False):\n",
    "    size = array((120, 200))\n",
    "    oversampling = 10\n",
    "    size_os = size*oversampling\n",
    "    image = zeros(size_os, 'f4')\n",
    "    \n",
    "    radii = logspace(log10(sqrt(1/pi)), log10(10*sqrt(1/pi)), 5)[::-1]*oversampling\n",
    "    nballs = zeros(len(radii), 'u1')\n",
    "    space = (size_os[1] - 2*radii.sum())/(len(radii)+1)\n",
    "    grid_pos_x = zeros(radii.shape[0], 'i4')\n",
    "    for k, radius in enumerate(radii):\n",
    "        grid_pos_x[k] = (k+1)*space + radii[:k].sum() + radii[:k+1].sum()\n",
    "    grid_pos_x = (grid_pos_x/oversampling).astype('i4')*oversampling\n",
    "    \n",
    "    coord_y_base = arange(image.shape[0])\n",
    "    coord_x_base = arange(image.shape[1])\n",
    "    for k, pos_x in enumerate(grid_pos_x):\n",
    "        radius = radii[k]\n",
    "        grid_pos_y = linspace(0, size_os[0], int(0.25*size_os[0]/(radius+20))+2, endpoint=True)[1:-1].astype('i4')\n",
    "        nballs[k] = len(grid_pos_y)\n",
    "        max_xshift = space/6/oversampling\n",
    "        max_yshift = radius/oversampling\n",
    "        for pos_y in grid_pos_y:\n",
    "            coord_x = coord_x_base - pos_x + random.uniform(-max_xshift, max_xshift)*oversampling\n",
    "            coord_y = coord_y_base - pos_y + random.uniform(-max_yshift, max_yshift)*oversampling\n",
    "            \n",
    "            coord_r = sqrt(coord_x[newaxis, :]**2 + coord_y[:, newaxis]**2)\n",
    "            locations = less(coord_r, radius)\n",
    "            \n",
    "            image[locations] = 1\n",
    "        \n",
    "    image = bin_down_image(image, oversampling)\n",
    "        \n",
    "    if return_all:\n",
    "        return image, radii/oversampling, nballs\n",
    "    else:\n",
    "        return image\n",
    "    \n",
    "image, radii, nballs = generate_disks_pattern(True)\n",
    "print('circle diameters:', *[f'{2*r:.2f}' for r in radii])\n",
    "print('circle areas:', *[f'{pi*r**2:.2f}' for r in radii])\n",
    "print('number of disks:', *[f'{k}' for k in nballs])\n",
    "\n",
    "regions = linspace(0, image.shape[1], 6, dtype='i4')\n",
    "\n",
    "vrange = None\n",
    "save_both(image, os.path.join(output_folder, 'signal_disks'), vrange=vrange)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": true
   },
   "outputs": [],
   "source": [
    "countss = logspace(-1, 3, 17)\n",
    "for counts in countss:\n",
    "    signal = generate_disks_pattern()\n",
    "    noise = random.randn(*signal.shape)/sqrt(counts)\n",
    "    #print(counts*var(noise))\n",
    "    data = signal + noise\n",
    "    save_both(data, os.path.join(output_folder, f'DE_u_{counts:.4g}'), vrange=vrange)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "countss = logspace(0, 2, 7)\n",
    "for counts in countss:\n",
    "    signal = generate_disks_pattern()\n",
    "    noise = random.randn(*signal.shape)/sqrt(counts)\n",
    "    print(counts*var(noise))\n",
    "    data = signal + noise\n",
    "    save_both(data, os.path.join(output_folder, f'DE_u_{counts:.0f}'), vrange=vrange)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.7.5"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 2
}







polychromatic_SNR_spectra_simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,\n",
    "# Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany\n",
    "# last updated 2019-04-26\n",
    "\n",
    "%pylab\n",
    "import os\n",
    "set_printoptions(precision=3)\n",
    "from scipy.ndimage import gaussian_filter1d\n",
    "from scipy.interpolate import interp1d\n",
    "os.makedirs('fig', exist_ok=True)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "colors = plt.rcParams['axes.prop_cycle'].by_key()['color']\n",
    "colors =   ['#1f77b4', '#ff7f0e', '#2ca02c', '#d64748', '#9467bd', '#8c564b', '#e377c2', '#7f7f7f', '#bcbd22', '#17becf']\n",
    "colors_B = ['#4c702c', '#a61718', '#1f97a4', '#af700e', '#b497bd', '#0c764b', '#e377c2', '#7f7f7f', '#bcbd22', '#17becf']\n",
    "\n",
    "print(colors)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# SNR simulations\n",
    "\n",
    "## aim\n",
    "\n",
    "compute the SNR for different energy weighting schemes, the \n",
    "\n",
    "theoretically ideal w = signal strength and the \n",
    "\n",
    "practically useful w = E < E_lim\n",
    "\n",
    "counting detector w = const\n",
    "\n",
    "energy integrating detector (scintillator) w = E\n",
    "\n",
    "## computation\n",
    "\n",
    "multiplying a weight after data aquisition (digitally) affects signal intensity linearly and noise power squarely\n",
    "\n",
    "excluding detection events via energy limits affects both signal intensity and noise power linearly, but 0^2 = 0 and 1^2=1 so it makes no difference\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "try:\n",
    "    # physical data must be energy [eV] in the first column and absorption constant [1/cm] in the second\n",
    "    mu_Al = genfromtxt(\"physical_data/Al_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "    mu_Fe = genfromtxt(\"physical_data/Fe_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "    print('physical data loaded from disk')\n",
    "    saving_enabled = True\n",
    "except OSError:\n",
    "    print('WARNING: no actual physical data found, using E^-3 estimate')\n",
    "    E = logspace(3, 5, 5000)\n",
    "    # constants were generated by fitting a E^-3 model to physical data over the range of 2 to 60 keV,\n",
    "    # see cell below (inaccurate for absorption edges and when compton scattering becomes relevant)\n",
    "    mu_Al = E, 82768440112531.06*E**-3\n",
    "    mu_Fe = E, 1328394990000272.8*E**-3\n",
    "    saving_enabled = False\n",
    "\n",
    "E_tube = 30\n",
    "E = linspace(1, E_tube, 1000)\n",
    "\n",
    "plt.clf()\n",
    "plt.loglog(*mu_Al)\n",
    "plt.loglog(*mu_Fe)\n",
    "plt.grid()\n",
    "plt.ylabel('absorption [1/cm]')\n",
    "plt.xlabel('energy [eV]')\n",
    "plt.legend(['Al', 'Fe'])\n",
    "plt.xlim(1e3, 2e5)\n",
    "display(plt.gcf())\n",
    "\n",
    "def sample_transmission(E, thickness):\n",
    "    # thickness is is mm\n",
    "    mu = interp1d(*mu_Al, fill_value='extrapolate')(E*1000)\n",
    "    T_sample = exp(-mu*thickness/10)\n",
    "    return T_sample\n",
    "\n",
    "def sample_transmission_Fe(E, thickness):\n",
    "    # thickness is is mm\n",
    "    mu = interp1d(*mu_Fe, fill_value='extrapolate')(E*1000)\n",
    "    T_sample = exp(-mu*thickness/10)\n",
    "    return T_sample\n",
    "\n",
    "def signal_strength_Fe_Al(E):\n",
    "    mu1 = interp1d(*mu_Fe, fill_value='extrapolate')(E*1000)\n",
    "    mu2 = interp1d(*mu_Al, fill_value='extrapolate')(E*1000)\n",
    "    return abs(mu1-mu2)\n",
    "def signal_strength_Fe(E):\n",
    "    return interp1d(*mu_Fe, fill_value='extrapolate')(E*1000)\n",
    "def signal_strength_Al(E):\n",
    "    return interp1d(*mu_Al, fill_value='extrapolate')(E*1000)\n",
    "\n",
    "def signal_strength_phase(E):\n",
    "    return E**-2\n",
    "\n",
    "plt.clf()\n",
    "plt.plot(E, sample_transmission(E, 0.1))\n",
    "plt.plot(E, sample_transmission(E, 1))\n",
    "plt.grid()\n",
    "plt.ylabel('transmission')\n",
    "plt.xlabel('energy [keV]')\n",
    "plt.legend(['100 $\\mu$m Al', '1 mm Al'])\n",
    "display(plt.gcf())\n",
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.clf()\n",
    "loc = logical_and(mu_Al[0]>2e3, mu_Al[0]<6e4)\n",
    "for mu, name in zip((mu_Al, mu_Fe), ('Al', 'Fe')):\n",
    "    E_fit = mu[0][loc]\n",
    "    mu_fit = mu[1][loc]\n",
    "\n",
    "    from scipy.optimize import curve_fit\n",
    "\n",
    "    def model(E, a):\n",
    "        return log(a*E**-3)\n",
    "\n",
    "    a, a_var = curve_fit(model, E_fit, log(mu_fit))\n",
    "\n",
    "    print(a[0])\n",
    "    plt.loglog(E_fit/1e3, mu_fit, label=name)\n",
    "    plt.loglog(E_fit/1e3, exp(model(E_fit, a)), ls='--', label=name+' fit')\n",
    "plt.grid(); plt.legend()\n",
    "plt.ylabel('absorption'); plt.xlabel('energy [keV]')\n",
    "display(plt.gcf())\n",
    "plt.close('all')\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "E = linspace(5, 50, 1000)\n",
    "fig, ax = plt.subplots(1, 1, figsize=(6, 3))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "ideal_CEW = signal_strength_Al(E)\n",
    "ideal_CEW /= ideal_CEW.mean()\n",
    "ax.plot(E, ideal_CEW, label='ideal CEW ($w$=SDS)')\n",
    "ax.plot(E, ones_like(E), ls=':', label='no weighting')\n",
    "ax.plot(E, E/E.mean(), ls='--', label='energy integrating DEW')\n",
    "mask = (E<18).astype('f4')\n",
    "mask /= mask.mean()\n",
    "ax.plot(E, mask, ls='--', label='threshold DEW weight')\n",
    "ax.set_ylim(0, 10)\n",
    "\n",
    "ax.grid()\n",
    "ax.set_ylabel('weighting factor ($w$ or $I$)')\n",
    "ax.set_xlabel('energy [keV]')\n",
    "ax.legend()\n",
    "if saving_enabled:\n",
    "    fig.savefig('fig/weighting_factor_energy.pdf')\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "print('warning: energy weighted SNR assumes efficient conversion (c**2 term >> c term)')\n",
    "\n",
    "class SNR_Simulation:\n",
    "    def __init__(self, bin_width=0.01, verbose=0):\n",
    "        self.log = ''\n",
    "        self.bin_width = bin_width # keV\n",
    "        self.min_energy = 2  # keV\n",
    "        self.source_behaviour = None\n",
    "        self.E_tube = None\n",
    "\n",
    "        self.source_spectrum = None\n",
    "        self.verbose = verbose\n",
    "        self.plot_param = 1.\n",
    "        \n",
    "    def init_energy_properties(self, nbins):\n",
    "        self.detector_abs_spectrum = np.ones(nbins, 'f8')\n",
    "        self.filter_transparency = np.ones(nbins, 'f8')\n",
    "        self.sample_transparency = np.ones(nbins, 'f8')\n",
    "        self.signal = np.zeros(nbins, 'f8')\n",
    "        \n",
    "    def set_source(self, E, source_spectrum):\n",
    "        self.E = E\n",
    "        self.init_energy_properties(len(self.E))\n",
    "        self.source_spectrum = source_spectrum\n",
    "        self.source_intensity = source_spectrum.sum()\n",
    "\n",
    "    def set_source_bremsspektrum(self, E_tube, limit='power'):\n",
    "        self._print(f'setting tube voltage to {E_tube} with limit \"{limit}\"')\n",
    "        self.E_tube = E_tube\n",
    "\n",
    "        self.E = arange(self.min_energy//self.bin_width, E_tube//self.bin_width)*self.bin_width #linspace(self.min_energy, E_tube, self.nbins)\n",
    "        self.init_energy_properties(len(self.E))\n",
    "        source_spectrum = (E_tube - self.E)\n",
    "        if limit == 'power':\n",
    "            source_spectrum /= E_tube\n",
    "        elif limit == 'current':\n",
    "            pass\n",
    "        else:\n",
    "            raise ValueError('limiting factor for the tube power must either be \"power\" or \"current\"')\n",
    "\n",
    "        self.source_spectrum = source_spectrum\n",
    "        self.source_intensity = source_spectrum.sum()\n",
    "\n",
    "    def add_emission_line(self, emission_line_strength, emission_line_energy):\n",
    "        assert self.E_tube is not None, 'emission lines can only be added to a bremsspektrum'\n",
    "        if emission_line_strength > 0.0:\n",
    "            emission_line_strength_real = emission_line_strength * (self.E_tube - emission_line_energy) ** 1.5\n",
    "            if self.source_behaviour == 'constant_power':\n",
    "                emission_line_strength_real /= self.E_tube\n",
    "\n",
    "            k = argmin(abs(self.E - emission_line_energy))\n",
    "            line_emission_fraction = emission_line_strength_real * self.sample_transparency[k] / (\n",
    "                        (self.source_spectrum * self.sample_transparency).sum() + emission_line_strength_real *\n",
    "                        self.sample_transparency[k])\n",
    "            self._print(f'added emission line with {line_emission_fraction:.1%} intensity at {E[k]:.2f} keV')\n",
    "            self.source_spectrum[k] += emission_line_strength_real\n",
    "  \n",
    "    def set_detector(self, detector_QE_spectrum):\n",
    "        self.detector_abs_spectrum = detector_QE_spectrum\n",
    "        \n",
    "    def set_photoabs_detector(self, abstract_thickness):\n",
    "        self.detector_abs_spectrum = 1. - exp(-self.E**(-3)*abstract_thickness)\n",
    "        \n",
    "    def add_filter(self, thickness):\n",
    "        # only Al supported, thickness in mm\n",
    "        self.filter_transparency *= sample_transmission(self.E, thickness)\n",
    "\n",
    "    def add_absorbing_signal(self, thickness, phase_only=False):\n",
    "        # only Al supported, thickness in mm\n",
    "        if not phase_only:\n",
    "            self.signal += signal_strength_Al(self.E)\n",
    "        self.sample_transparency *= sample_transmission(self.E, thickness)\n",
    "\n",
    "    def add_phase_signal(self, signal_strength):\n",
    "        self.signal += signal_strength * self.E ** -2\n",
    "\n",
    "    def find_optimal_energy_cutoff(self, E, source_spectrum, sigal_strength, lower_cutoff):\n",
    "        SNR_lim_weight = zeros_like(E)\n",
    "        for k, E_lim in enumerate(E):\n",
    "            lim_weight = (lower_cutoff < E) & (E < E_lim)\n",
    "            SNR_lim_weight[k] = sum(sigal_strength * source_spectrum * lim_weight) ** 2 / sum(\n",
    "                source_spectrum * lim_weight ** 2)\n",
    "\n",
    "        SNR_lim_weight[~isfinite(SNR_lim_weight)] = 0.\n",
    "        k_opt = argmax(SNR_lim_weight)\n",
    "        return E[k_opt]\n",
    "\n",
    "    def find_optimal_monochromatic_SNR(self):\n",
    "        source_intensity = (self.source_spectrum * self.filter_transparency).sum()\n",
    "        mono_SNR = self.sample_transparency * self.detector_abs_spectrum * source_intensity * self.signal ** 2\n",
    "        k = argmax(mono_SNR)\n",
    "        return self.E[k], mono_SNR[k],  k\n",
    "\n",
    "    def _print(self, *args):\n",
    "        for arg in args:\n",
    "            self.log += str(arg) + ' '\n",
    "        self.log += '\\n'\n",
    "        \n",
    "    def compute_SNR_CEW(self, weight=1.):\n",
    "        return sum(self.signal * self.detected_spectrum * weight) ** 2 / sum(self.detected_spectrum * weight ** 2)\n",
    "    \n",
    "    def compute_SNR_DEW(self, weight=1.):\n",
    "        return sum(self.signal * self.detected_spectrum * weight) ** 2 / sum(self.detected_spectrum * weight)\n",
    "    \n",
    "    def compute_transparency(self, weight=1.):\n",
    "        return sum(self.detected_spectrum * weight) / sum(self.spectrum_without_sample * weight)  \n",
    "    \n",
    "    def compute_all_transparency(self, weight=1.):\n",
    "        self.DA_mono = self.sample_transparency[self.mono_index]\n",
    "        self.T_noweight = self.compute_transparency()\n",
    "        self.T_CEW = self.compute_transparency(self.signal)\n",
    "        self.T_EI = self.compute_transparency(self.E)\n",
    "        self.T_DEW = self.compute_transparency(self.lim_weight) \n",
    "        \n",
    "    def compute_detector_abs(self, weight=1.):\n",
    "        weighted = self.detected_spectrum*weight\n",
    "        return weighted.sum()/(weighted/self.detector_abs_spectrum).sum()\n",
    "        \n",
    "    def compute_all_detector_abs(self):\n",
    "        self.DA_mono = self.detector_abs_spectrum[self.mono_index]\n",
    "        self.DA_noweight = self.compute_detector_abs()\n",
    "        self.DA_CEW = self.compute_detector_abs(self.signal)\n",
    "        self.DA_EI = self.compute_detector_abs(self.E)\n",
    "        self.DA_DEW = self.compute_detector_abs(self.lim_weight) \n",
    "        \n",
    "    def simulate(self, which='td'):\n",
    "        self.spectrum_without_sample = self.source_spectrum * self.filter_transparency * self.detector_abs_spectrum\n",
    "        self.detected_spectrum = self.spectrum_without_sample * self.sample_transparency\n",
    "        self.source_intensity = self.detected_spectrum.sum()\n",
    "        #self._print(f'source intensity: {self.detected_spectrum.sum():.4g} detected')\n",
    "        intensity_scale_k = argmax(self.detected_spectrum)\n",
    "\n",
    "        self.SNR_noweight = self.compute_SNR_CEW()\n",
    "        self.SNR_EI_weight = self.compute_SNR_CEW(self.E)\n",
    "        # ^^^ assumes that c**2 term dominates the sum ^^^\n",
    "        self.E_DEW_opt_thr = self.find_optimal_energy_cutoff(self.E, self.detected_spectrum, self.signal, self.min_energy)\n",
    "        self.lim_weight = (self.E < self.E_DEW_opt_thr).astype('f4')\n",
    "        self.SNR_lim_weight = self.compute_SNR_DEW(self.lim_weight)\n",
    "        self.SNR_opt_weight = self.compute_SNR_CEW(self.signal)\n",
    "        \n",
    "        self.E_mono, self.SNR_mono, self.mono_index = self.find_optimal_monochromatic_SNR()\n",
    "        \n",
    "        if 't' in which:\n",
    "            self.compute_all_transparency()\n",
    "        if 'd' in which:\n",
    "            self.compute_all_detector_abs()\n",
    "\n",
    "    def plot(self):\n",
    "        intensity_scale_k = argmax(self.source_spectrum)\n",
    "        self.fig, ax = plt.subplot(1, 1, figsize=(8, 8))\n",
    "        ax.plot(self.E, self.source_spectrum)\n",
    "        ax.plot(self.E, self.min_energy * intensity_scale_k / self.lim_weight.max())\n",
    "        ax.fill_between(E, self.source_spectrum * self.lim_weight, alpha=0.2)\n",
    "        ax.vlines(self.E_mono, 0, intensity_scale_k * 1.2)\n",
    "        ax.set_ylim(0, intensity_scale_k * 1.2)\n",
    "        ax.grid()\n",
    "        ax.set_ylabel('intensity')\n",
    "        ax.set_xlabel('energy [keV]')\n",
    "        ax.legend(['detected spectrum', 'detector bandpass', 'bandpass detected spectrum', 'monochromatic optimum'])\n",
    "\n",
    "    \n",
    "from scipy.ndimage import median_filter\n",
    "def plot_comparison(results, relative_SNR=False, save_path=None, figsize='auto', plot_transparency=True, \n",
    "                    plot_sources=True, spectra_mask=None, markers=('1', '2', '2', '1', '3'), ls='', \n",
    "                    draw_SNR_maxima=False, relative_yscale=True, xlabel='tube voltage [kV]', xlog=False):\n",
    "    plot_params = [result.plot_param for result in results]\n",
    "    if spectra_mask is None:\n",
    "        spectra_mask = ones(len(results), '?')\n",
    "    if figsize == 'auto':\n",
    "        figsize = (8, (5+3*plot_transparency+3*plot_sources))\n",
    "        \n",
    "    fig = plt.figure(figsize=figsize)\n",
    "    naxes = 1+plot_transparency+plot_sources\n",
    "    gs = fig.add_gridspec(naxes, 1, height_ratios=(5, 3, 3)[:naxes])\n",
    "    axes = []\n",
    "    for k in range(naxes):\n",
    "        axes.append(fig.add_subplot(gs[k]))#, sharex=(axes[0] if k > 0 else None)))\n",
    "    \n",
    "    if relative_SNR:\n",
    "        norm = array([r.SNR_mono for r in results])\n",
    "    else:\n",
    "        norm = 1.\n",
    "        \n",
    "    SNR_noweight = array([r.SNR_noweight for r in results])/norm\n",
    "    SNR_EI_weight = array([r.SNR_EI_weight for r in results])/norm\n",
    "    SNR_opt_weight = array([r.SNR_opt_weight for r in results])/norm\n",
    "    SNR_lim_weight = array([r.SNR_lim_weight for r in results])/norm\n",
    "    SNR_mono = array([r.SNR_mono for r in results])/norm\n",
    "    all_SNR = hstack((SNR_noweight, SNR_EI_weight, SNR_opt_weight, SNR_lim_weight, SNR_mono))\n",
    "    dynamic_range = all_SNR.max()/all_SNR.min()\n",
    "    \n",
    "    plot_kwargs = {'ls': ls, 'markersize':10}\n",
    "    labels = ('monochrom.', 'optimal CEW', 'optimal DEW', 'no weight', '$\\propto$E CEW')\n",
    "    data = SNR_mono, SNR_opt_weight, SNR_lim_weight, SNR_noweight, SNR_EI_weight\n",
    "    \n",
    "    ylim = 1.1*amax(all_SNR)\n",
    "    if relative_yscale:\n",
    "        norm = all_SNR.max()\n",
    "        ylim /= norm\n",
    "        \n",
    "    axes[0].plot(plot_params, data[0]/norm, marker=markers[0], label=labels[0], color=colors[0], \n",
    "                 markersize=plot_kwargs['markersize'], ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "    for k in arange(1, 5):\n",
    "        axes[0].plot(plot_params, data[k]/norm, marker=markers[k], label=labels[k], color=colors[k], **plot_kwargs)\n",
    "    if draw_SNR_maxima:\n",
    "        maxima = array([argmax(d) for d in data])\n",
    "        for k in arange(3, 5):\n",
    "            if maxima[k] < len(plot_params)-1:\n",
    "                axes[0].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                               label='SNR maxima' if k == 3 else None)\n",
    "            else:\n",
    "                print('ignored SNR maxima vline for', labels[k])\n",
    "    axes[0].grid()\n",
    "    axes[0].set_yscale('log' if dynamic_range > 20 else 'linear')\n",
    "    if xlog:\n",
    "        axes[0].set_xscale('log')\n",
    "    axes[0].legend(loc='upper right')\n",
    "    axes[0].set_ylabel('SNR [au]')\n",
    "    axes[0].set_xlabel(xlabel)\n",
    "    axes[0].set_ylim(0., ylim)\n",
    "    \n",
    "    if plot_sources:\n",
    "        ylim = 1.1*amax(median_filter(hstack([r.detected_spectrum for r in results]), 3))\n",
    "        k_c = 0\n",
    "        \n",
    "        if relative_yscale:\n",
    "            norm = ylim/1.1\n",
    "            ylim = 1.1\n",
    "        else:\n",
    "            norm = 1.\n",
    "        \n",
    "        for k, r in enumerate(results):\n",
    "            if spectra_mask[k]:\n",
    "                if k_c == 0:\n",
    "                    label1, label2 = f'detected spectra', f'DEW thresholds'\n",
    "                else:\n",
    "                    label1, label2 = None, None\n",
    "                axes[1].plot(r.E, r.detected_spectrum/norm, color=colors_B[k_c%len(colors_B)], label=label1)\n",
    "                axes[1].vlines(r.E_DEW_opt_thr, 0, ylim, color=colors_B[k_c%len(colors_B)], linestyles=':', label=label2)\n",
    "                k_c += 1\n",
    "    \n",
    "        axes[1].vlines(r.E_mono, 0, ylim, color='black', label=f'monochrom. energy', linestyles='--')\n",
    "        axes[1].grid()\n",
    "        axes[1].legend(loc='upper right')\n",
    "        axes[1].set_ylabel('intensity [au]')\n",
    "        axes[1].set_xlabel('energy [keV]')\n",
    "        axes[1].set_ylim(0., ylim)\n",
    "    \n",
    "    if plot_transparency:\n",
    "        ax_index = plot_sources+plot_transparency\n",
    "        data = array([r.T_mono for r in results]), array([r.T_CEW for r in results]), array([r.T_DEW for r in results]), array([r.T_noweight for r in results]), array([r.T_EI for r in results])\n",
    "        \n",
    "        axes[ax_index].plot(plot_params, data[0], label=labels[0], color=colors[0], \n",
    "                     ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "        for k in arange(1, 5):\n",
    "            axes[ax_index].plot(plot_params, data[k], label=labels[k], color=colors[k])\n",
    "    \n",
    "        if draw_SNR_maxima:\n",
    "            ylim = 1.1*amax(hstack(data))\n",
    "            for k in arange(3, 5):\n",
    "                if maxima[k] < len(plot_params):\n",
    "                    axes[ax_index].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                                   label='SNR maxima' if k == 3 else None)\n",
    "        axes[ax_index].grid()\n",
    "        #axes[2].legend(loc='upper right')\n",
    "        axes[ax_index].set_ylabel('sample transparency')\n",
    "        axes[ax_index].set_xlabel(xlabel)\n",
    "        axes[ax_index].set_ylim(0., ylim)\n",
    "        if xlog:\n",
    "            axes[ax_index].set_xscale('log')\n",
    "        \n",
    "        \n",
    "    fig.tight_layout()\n",
    "    display(fig)\n",
    "    plt.close(fig)\n",
    "    \n",
    "    if save_path is not None and saving_enabled:\n",
    "        fig.savefig(save_path+'.pdf')\n",
    "        print('saved plot to', save_path+'.pdf')\n",
    "    return fig\n",
    "    \n",
    "stride = 1  # increase this value to up to 10 to speed up display at the cost of bad sampling"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# simulation description"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "fig, ax = plt.subplots(1, 1, figsize=(5, 3))\n",
    "\n",
    "sim = SNR_Simulation(verbose=1)\n",
    "sim.min_energy = 0\n",
    "sim.set_source_bremsspektrum(50, limit='power')\n",
    "\n",
    "ax.plot(sim.E, sim.source_spectrum, label=\"unfiltered\")\n",
    "\n",
    "\n",
    "sim.add_filter(0.1)\n",
    "ax.plot(sim.E, sim.source_spectrum*sim.filter_transparency, label=\"0.1 mm Al filter\")\n",
    "\n",
    "\n",
    "sim.add_filter(0.9)\n",
    "ax.plot(sim.E, sim.source_spectrum*sim.filter_transparency, label=\"1.0 mm Al filter\")\n",
    "\n",
    "ax.legend()\n",
    "ax.grid()\n",
    "ax.set_xlabel('x-ray energy [keV]')\n",
    "ax.set_ylabel('intensity [a.u.]')\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig.savefig(\"plots/simple_source_spectrum.pdf\")\n",
    "\n"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 4.2 simple spectra simulation: fig. 4\n",
    "\n",
    "higher tube voltage = higher degree of polychromaticity"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "tube_voltages = linspace(10, 50, 151)[::stride]\n",
    "tube_voltages_spectra_plot = int32(rint(logspace(log10(tube_voltages.min()), log10(tube_voltages.max()), 5)))\n",
    "print(tube_voltages_spectra_plot)\n",
    "plot_mask = zeros(len(tube_voltages), '?')\n",
    "for tv in tube_voltages_spectra_plot:\n",
    "    plot_mask[argmin(abs(tube_voltages-tv))] = True\n",
    "sample_thickness = 0.1\n",
    "\n",
    "resultsA = []\n",
    "for k, E_tube in enumerate(tube_voltages):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3)\n",
    "    sim.simulate('')\n",
    "    sim.plot_param = E_tube\n",
    "    \n",
    "    resultsA.append(sim)\n",
    "\n",
    "print(sim.log)\n",
    "print(f'monochromatic energy for (photo-)absorption: {sim.E_mono:.3f} keV')\n",
    "\n",
    "resultsB = []\n",
    "for k, E_tube in enumerate(tube_voltages):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3, phase_only=True)\n",
    "    sim.add_phase_signal(1)\n",
    "    sim.simulate('')\n",
    "    sim.plot_param = E_tube\n",
    "    resultsB.append(sim)\n",
    "print(f'monochromatic energy for phase: {sim.E_mono:.3f} keV')\n",
    "    \n",
    "x = plot_comparison(resultsA, figsize=(5, 6), spectra_mask=plot_mask, ls='-', markers=('', '', '', '', ''),\n",
    "                 plot_transparency=0, save_path='fig/SNR_spectra_sim_example_thin', draw_SNR_maxima=True)\n",
    "x = plot_comparison(resultsB, figsize=(5, 3.6), spectra_mask=plot_mask, ls='-', markers=('', '', '', '', ''), \n",
    "                    plot_sources=0, plot_transparency=0, \n",
    "                    save_path='fig/SNR_spectra_sim_example_thin_phase', draw_SNR_maxima=True)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 4.3 screen thickness: fig. 5"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "def plot_comparison_det(results, relative_SNR=False, save_path=None, figsize='auto', \n",
    "                    spectra_mask=None, markers=('1', '2', '2', '1', '3'), ls='', \n",
    "                    draw_SNR_maxima=True, relative_yscale=True, xlabel='tube voltage [keV]', xlog=False, closefig=True):\n",
    "    colors = plt.rcParams['axes.prop_cycle'].by_key()['color']\n",
    "    plot_params = [result.plot_param for result in results]\n",
    "    if spectra_mask is None:\n",
    "        spectra_mask = ones(len(results), '?')\n",
    "    if figsize == 'auto':\n",
    "        figsize = (8, 11)\n",
    "        \n",
    "    fig = plt.figure(figsize=figsize)\n",
    "    naxes = 3\n",
    "    gs = fig.add_gridspec(naxes, 1, height_ratios=(5, 3, 3)[:naxes])\n",
    "    axes = []\n",
    "    for k in range(naxes):\n",
    "        axes.append(fig.add_subplot(gs[k]))#, sharex=(axes[0] if k > 0 else None)))\n",
    "    \n",
    "    if relative_SNR:\n",
    "        norm = array([r.SNR_mono for r in results])\n",
    "    else:\n",
    "        norm = 1.\n",
    "        \n",
    "    SNR_noweight = array([r.SNR_noweight for r in results])/norm\n",
    "    SNR_EI_weight = array([r.SNR_EI_weight for r in results])/norm\n",
    "    SNR_opt_weight = array([r.SNR_opt_weight for r in results])/norm\n",
    "    SNR_lim_weight = array([r.SNR_lim_weight for r in results])/norm\n",
    "    SNR_mono = array([r.SNR_mono for r in results])/norm\n",
    "    all_SNR = hstack((SNR_noweight, SNR_EI_weight, SNR_opt_weight, SNR_lim_weight, SNR_mono))\n",
    "    dynamic_range = all_SNR.max()/all_SNR.min()\n",
    "    \n",
    "    plot_kwargs = {'ls': ls, 'markersize':10}\n",
    "    labels = ('monochrom.', 'optimal CEW', 'optimal DEW', 'no weight', '$\\propto$E CEW')\n",
    "    data = SNR_mono, SNR_opt_weight, SNR_lim_weight, SNR_noweight, SNR_EI_weight\n",
    "    \n",
    "    ylim = 1.1*amax(all_SNR)\n",
    "    if relative_yscale:\n",
    "        norm = all_SNR.max()\n",
    "        ylim /= norm\n",
    "        \n",
    "    axes[0].plot(plot_params, data[0]/norm, marker=markers[0], label=labels[0], color=colors[0], \n",
    "                 markersize=plot_kwargs['markersize'], ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "    for k in arange(1, 5):\n",
    "        axes[0].plot(plot_params, data[k]/norm, marker=markers[k], label=labels[k], color=colors[k], **plot_kwargs)\n",
    "    if draw_SNR_maxima:\n",
    "        maxima = array([argmax(d) for d in data])\n",
    "        labeled = False\n",
    "        for k in arange(3, 5):\n",
    "            if maxima[k] < len(plot_params)-1:\n",
    "                axes[0].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                               label='SNR maxima' if not labeled else None)\n",
    "                labeled = True\n",
    "            else:\n",
    "                print('ignored SNR maxima vline for', labels[k])\n",
    "    axes[0].grid()\n",
    "    axes[0].set_yscale('log' if dynamic_range > 20 else 'linear')\n",
    "    if xlog:\n",
    "        axes[0].set_xscale('log')\n",
    "    axes[0].legend(loc='upper right')\n",
    "    axes[0].set_ylabel('SNR [au]')\n",
    "    axes[0].set_xlabel(xlabel)\n",
    "    axes[0].set_ylim(0., ylim)\n",
    "        \n",
    "    data = array([r.DA_mono for r in results]), array([r.DA_CEW for r in results]), array([r.DA_DEW for r in results]), array([r.DA_noweight for r in results]), array([r.DA_EI for r in results])        \n",
    "    axes[1].plot(plot_params, data[0], label=labels[0], color=colors[0], \n",
    "                 ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "    for k in arange(1, 5):\n",
    "        axes[1].plot(plot_params, data[k], label=labels[k], color=colors[k])\n",
    "\n",
    "    if draw_SNR_maxima:\n",
    "        ylim = 1.1*amax(hstack(data))\n",
    "        labeled = False\n",
    "        for k in arange(3, 5):\n",
    "            if maxima[k] < len(plot_params):\n",
    "                axes[1].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                               label='SNR maxima' if not labeled else None)\n",
    "                labeled = True\n",
    "                \n",
    "    axes[1].grid()\n",
    "    #axes[2].legend(loc='upper right')\n",
    "    axes[1].set_ylabel('average absorption')\n",
    "    axes[1].set_xlabel(xlabel)\n",
    "    axes[1].set_ylim(0., ylim)\n",
    "    if xlog:\n",
    "        axes[1].set_xscale('log')\n",
    "        \n",
    "    \n",
    "    thickness_indices = linspace(0, len(plot_params)-1, 4, dtype='i4')\n",
    "    for k, k_t in enumerate(thickness_indices):\n",
    "        r = results[k_t]   \n",
    "        axes[2].plot(r.E, r.detector_abs_spectrum, label=f'$t$ = 10$^{log10(plot_params[k_t]):.0f}$', color=colors_B[k])\n",
    "\n",
    "    axes[2].grid()\n",
    "    axes[2].legend(loc='upper right')\n",
    "    axes[2].set_ylabel('detector absorption')\n",
    "    axes[2].set_xlabel('energy [keV]')\n",
    "    #axes[1].set_ylim(0., ylim)\n",
    "    #if xlog:\n",
    "    #    axes[1].set_xscale('log')\n",
    "        \n",
    "        \n",
    "    fig.tight_layout()\n",
    "    display(fig)\n",
    "    if closefig:\n",
    "        plt.close(fig)\n",
    "    \n",
    "    if save_path is not None:\n",
    "        fig.savefig(save_path+'.pdf')\n",
    "    return fig\n",
    "    \n",
    "stride = 1  # increase this value to up to 10 to speed up computations at the cost of bad sampling"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "sample_thickness = 0.1\n",
    "E_tube = 33\n",
    "screen_thicknesses = logspace(2, 5, 161)\n",
    "\n",
    "results = []\n",
    "for k, screen_thickness in enumerate(screen_thicknesses[::stride]):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.set_photoabs_detector(screen_thickness)\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3)\n",
    "    sim.simulate()\n",
    "    sim.plot_param = screen_thickness\n",
    "    \n",
    "    results.append(sim)\n",
    "\n",
    "print(sim.log)\n",
    "print(f'monochromatic energy for (photo-)absorption: {sim.E_mono:.3f} keV')\n",
    "\n",
    "x = plot_comparison_det(results, figsize=(5, 7), ls='-', markers=('', '', '', '', ''), \n",
    "                        save_path='fig/SNR_screen_thickness_example', draw_SNR_maxima=True, \n",
    "                        xlabel='$t$ [au]', xlog=True)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%%time\n",
    "# this simulation takes a long time, up to 30 min\n",
    "stride = 1\n",
    "\n",
    "tube_voltages = linspace(10, 50, 51)[::stride]\n",
    "sample_thickness = 0.1\n",
    "opt_avg_T_noweight = zeros(len(tube_voltages), 'f8')\n",
    "opt_avg_T_EI_weight = zeros(len(tube_voltages), 'f8')\n",
    "screen_thicknesses = logspace(2, 5, 201)\n",
    "nsims, nt = len(tube_voltages)*len(screen_thicknesses), len(screen_thicknesses)\n",
    "\n",
    "for k, E_tube in enumerate(tube_voltages):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3)\n",
    "\n",
    "    avg_T_noweight = zeros(len(screen_thicknesses), 'f8')\n",
    "    avg_T_EI_weight = zeros(len(screen_thicknesses), 'f8')\n",
    "    SNR_noweight = zeros(len(screen_thicknesses), 'f8')\n",
    "    SNR_EI_weight = zeros(len(screen_thicknesses), 'f8')\n",
    "    for k_t, screen_thickness in enumerate(screen_thicknesses[::stride]):\n",
    "        sim.set_photoabs_detector(screen_thickness)\n",
    "        sim.simulate('d')\n",
    "        \n",
    "        avg_T_noweight[k_t] = sim.DA_noweight\n",
    "        avg_T_EI_weight[k_t] = sim.DA_EI\n",
    "        SNR_noweight[k_t] = sim.SNR_noweight\n",
    "        SNR_EI_weight[k_t] = sim.SNR_EI_weight\n",
    "        if (nt*k + k_t + 1) % (nsims//10) == 0:\n",
    "            print(f'{(nt*k + k_t) / nsims*100:.0f} % done')\n",
    "    \n",
    "        \n",
    "    opt_avg_T_noweight[k] = avg_T_noweight[argmax(SNR_noweight)]\n",
    "    opt_avg_T_EI_weight[k] = avg_T_EI_weight[argmax(SNR_EI_weight)]\n",
    "\n",
    "print(sim.log)    \n",
    "        \n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 2.5))\n",
    "ax.plot(tube_voltages, opt_avg_T_noweight, color=colors[3], label='no weight')\n",
    "ax.plot(tube_voltages, opt_avg_T_EI_weight, color=colors[4], label='$\\propto E$ CEW')\n",
    "\n",
    "ax.grid()\n",
    "ax.legend(loc='upper right')\n",
    "ax.set_ylabel('avg. abs. optimum')\n",
    "ax.set_xlabel('tube voltage [kV]')\n",
    "ax.set_ylim(0., 1.05)\n",
    "\n",
    "fig.tight_layout()\n",
    "display(fig)\n",
    "fig.savefig('fig/SNR_screen_thickness_abs_opt.pdf')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.show()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
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ball heap image example.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 6,
   "metadata": {},
   "outputs": [],
   "source": [
    "import sys\n",
    "sys.path.append('../pyETX')\n",
    "from ball_phantom_evaluation import *\n",
    "from notebook_helpers import *\n",
    "from file_access import *"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 4,
   "metadata": {
    "scrolled": true
   },
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "generating a random ball volume\n",
      "True 105.70241246064349 150.0\n",
      "True 89.80534505250787 150.0\n",
      "True 49.72926703662542 150.0\n",
      "True 94.64142856064674 150.0\n",
      "True 111.36426715962351 150.0\n",
      "True 124.65151423067431 150.0\n",
      "True 95.12623192369179 150.0\n",
      "True 82.73451516749222 150.0\n",
      "True 68.96375859826666 150.0\n",
      "True 25.079872407968907 150.0\n",
      "True 81.04319835741924 150.0\n",
      "True 115.37764081484765 150.0\n",
      "True 119.60351165413162 150.0\n",
      "True 45.70557952810576 150.0\n",
      "True 60.876925020897694 150.0\n",
      "True 25.553864678361276 150.0\n",
      "True 132.80060240827223 150.0\n",
      "True 121.49074038789952 150.0\n",
      "True 118.27087553578015 150.0\n",
      "True 89.35882720806042 150.0\n",
      "False 135.10366390294527 150.0\n",
      "True 128.06248474865697 150.0\n",
      "True 103.81233067415451 150.0\n",
      "True 90.79647570252934 150.0\n",
      "True 50.15974481593781 150.0\n",
      "True 119.01680553602503 150.0\n",
      "True 13.038404810405298 150.0\n",
      "True 53.600373133029585 150.0\n",
      "False 138.19189556555045 150.0\n",
      "False 160.4244370412438 150.0\n",
      "True 122.64175471673585 150.0\n",
      "True 133.75350462698165 150.0\n",
      "True 79.76214641043707 150.0\n",
      "True 56.85068161420758 150.0\n",
      "False 149.96666296213968 150.0\n",
      "True 124.77579893553076 150.0\n",
      "True 125.15989773086265 150.0\n",
      "True 103.22790320451152 150.0\n",
      "True 41.048751503547585 150.0\n",
      "True 31.827660925679098 150.0\n",
      "True 104.04326023342406 150.0\n",
      "True 98.79271228182775 150.0\n",
      "True 115.10430052782563 150.0\n",
      "True 101.6070863670443 150.0\n",
      "True 51.0 150.0\n",
      "False 157.2895419282541 150.0\n",
      "True 124.06449935416659 150.0\n",
      "True 117.61377470347595 150.0\n",
      "True 103.36827366266692 150.0\n",
      "False 146.4547711752676 150.0\n",
      "True 109.22453936730518 150.0\n",
      "True 132.60844618650805 150.0\n",
      "False 148.71785366928881 150.0\n",
      "True 131.67383946707105 150.0\n",
      "True 60.440052945046304 150.0\n",
      "True 107.33592129385204 150.0\n",
      "True 71.19691004531025 150.0\n",
      "True 103.58571330062848 150.0\n",
      "True 49.39635614091387 150.0\n",
      "True 102.53292154230269 150.0\n",
      "False 129.25169244539896 150.0\n",
      "True 47.29693436154187 150.0\n",
      "True 59.033888572581766 150.0\n",
      "True 30.23243291566195 150.0\n",
      "False 142.9475428260311 150.0\n",
      "True 100.62305898749054 150.0\n",
      "True 116.2497311824849 150.0\n",
      "number of simulated balls: 1062\n"
     ]
    },
    {
     "data": {
      "image/png": "\n",
      "text/plain": [
       "<Figure size 864x1728 with 2 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "print('generating a random ball volume')\n",
    "size = 500 # runtime should scale with size**6*voxelsize**3\n",
    "size = 300\n",
    "voxelsize = 1\n",
    "ball_sizes = (30, 60)\n",
    "\n",
    "\n",
    "ideal_phantom, centers, diameters = simulate_ball_phantom_cylinder((3*size, size, size), ball_sizes, \n",
    "                                                                   (8, 1), voxelsize, size_error=0.03)\n",
    "\n",
    "\n",
    "print(f'number of simulated balls: {len(diameters)}')\n",
    "\n",
    "fig = show_images([ideal_phantom[2, :, :], ideal_phantom[ideal_phantom.shape[0]//2, :, :]])\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 5,
   "metadata": {
    "scrolled": false
   },
   "outputs": [
    {
     "data": {
      "image/png": "\n",
      "text/plain": [
       "<Figure size 864x288 with 1 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "projected = ideal_phantom.mean(axis=2)\n",
    "\n",
    "fig = show_image(projected)\n",
    "display(fig)\n",
    "plt.close(fig)\n",
    "\n",
    "save_image(projected.astype('f4'), 'fig/ball_heap.tif')\n",
    "projected_8bit = scale_to_dtype(projected, (projected.max(), projected.min()), 'u1')\n",
    "save_image(projected_8bit, 'fig/ball_heap.png')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 22,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "generating a random ball volume\n",
      "number of simulated balls: 372\n"
     ]
    },
    {
     "data": {
      "image/png": "\n",
      "text/plain": [
       "<Figure size 864x1728 with 2 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "print('generating a random ball volume')\n",
    "size = 500 # runtime should scale with size**6*voxelsize**3\n",
    "size = 300\n",
    "voxelsize = 1\n",
    "ball_sizes = (30,)\n",
    "\n",
    "\n",
    "ideal_phantom, centers, diameters = simulate_ball_phantom((3*size, size//4, size), ball_sizes, \n",
    "                                                                   (1, ), voxelsize, size_error=0.03)\n",
    "\n",
    "\n",
    "print(f'number of simulated balls: {len(diameters)}')\n",
    "\n",
    "fig = show_images([ideal_phantom[2, :, :], ideal_phantom[ideal_phantom.shape[0]//2, :, :]])\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 23,
   "metadata": {},
   "outputs": [
    {
     "data": {
      "image/png": "\n",
      "text/plain": [
       "<Figure size 864x10368 with 1 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    },
    {
     "data": {
      "text/plain": [
       "'fig/ball_heap_plate.png'"
      ]
     },
     "execution_count": 23,
     "metadata": {},
     "output_type": "execute_result"
    }
   ],
   "source": [
    "projected = ideal_phantom.mean(axis=2)\n",
    "\n",
    "fig = show_image(projected.swapaxes(0, 1))\n",
    "display(fig)\n",
    "plt.close(fig)\n",
    "\n",
    "save_image(projected.astype('f4'), 'fig/ball_heap_plate.tif')\n",
    "projected_8bit = scale_to_dtype(projected, (projected.max(), projected.min()), 'u1')\n",
    "save_image(projected_8bit, 'fig/ball_heap_plate.png')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 2
}







power spectra example images.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "import sys\n",
    "sys.path.append('../pyETX')\n",
    "from notebook_helpers import *\n",
    "from file_access import *\n",
    "from image_filters import *"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "OS_factor = 6  # oversampling factor used to compute a ideal ball array\n",
    "\n",
    "def bin_down_image_sum(image: np.ndarray, scale_factor: int):\n",
    "    if scale_factor == 1:\n",
    "        return image\n",
    "    else:\n",
    "        downscaled = None\n",
    "        stops = np.asarray(image.shape) - np.asarray(image.shape) % scale_factor\n",
    "        for y_start in range(scale_factor):\n",
    "            for x_start in range(scale_factor):\n",
    "                if downscaled is None:\n",
    "                    downscaled = np.copy(image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor])\n",
    "                else:\n",
    "                    downscaled += image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor]\n",
    "        return downscaled\n",
    "    \n",
    "def compute_ideal_disk_array(diameter, OS_factor):\n",
    "    assert OS_factor ** 2 < 2 ** 16 / 4, f'oversampling factor must be smaller than {(2 ** 16 / 4) ** (1 / 2):.0f}'\n",
    "    length = (int(diameter / 2) * 2 + 1) * OS_factor\n",
    "    distance = np.fabs(np.arange(length) + 0.5 - length / 2) / OS_factor\n",
    "    vol_distance = np.sqrt((distance[:, np.newaxis]) ** 2 + distance[np.newaxis, :] ** 2)\n",
    "    ball_mask = (vol_distance <= diameter / 2).astype('u2')\n",
    "    ideal_ball = bin_down_image_sum(ball_mask, scale_factor=OS_factor)\n",
    "    return ideal_ball\n",
    "\n",
    "def place_disk(image, ideal_disk, position):\n",
    "    #for position in positions:\n",
    "        assert np.all(np.array(ideal_disk.shape) % 2 == 1), 'ideal ball arrays must be centered on a voxel'\n",
    "        offset = np.array(ideal_disk.shape) // 2\n",
    "        if np.all(position > offset) and np.all(position < image.shape-offset):\n",
    "            im_slice = tuple(slice(position[k] - offset[k], position[k] + offset[k] + 1) for k in (0, 1))\n",
    "            image[im_slice] += ideal_disk\n",
    "\n",
    "def draw_circles_image(shape, diameters, num_balls, min_distance=0):\n",
    "    centers = np.zeros((num_balls, 2), 'u2')\n",
    "    ideal_phantom = np.zeros(shape, 'u2')\n",
    "\n",
    "    for k in range(num_balls):\n",
    "        attempts = 0\n",
    "        while True:\n",
    "            radius = diameters[k]//2\n",
    "            center_candidate = np.array([np.random.randint(radius+1+16+min_distance, length-radius-1-16-min_distance) for length in shape])\n",
    "            free_distances = np.sqrt(((centers[:k] - center_candidate) ** 2).sum(axis=1)) - diameters[:k] / 2 - radius\n",
    "\n",
    "            if np.all(free_distances > min_distance):\n",
    "                centers[k] = center_candidate\n",
    "                break\n",
    "            else:\n",
    "                attempts += 1\n",
    "                if attempts > 100:\n",
    "                    raise RuntimeError('no more room to place ball, reduce num_balls')\n",
    "\n",
    "        ideal_disk = compute_ideal_disk_array(diameters[k], OS_factor)\n",
    "        place_disk(ideal_phantom, ideal_disk, centers[k])\n",
    "\n",
    "    return ideal_phantom, centers"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "print('generating a random ball volume')\n",
    "fnames = [None, None, None, None, None]\n",
    "shape = (300, 450)\n",
    "diameter = 32\n",
    "min_distance = diameter/2\n",
    "num_balls = 10\n",
    "\n",
    "random_seed = np.random.randn(num_balls)*diameter/5\n",
    "diameters = np.ones(num_balls*2)*diameter\n",
    "diameters[:num_balls] += random_seed\n",
    "diameters[num_balls:] += random_seed\n",
    "\n",
    "print(diameters[:num_balls])\n",
    "\n",
    "ideal_phantom_few, centers = draw_circles_image(shape, diameters, num_balls, min_distance)\n",
    "ideal_phantom_few = ideal_phantom_few*sqrt(2)\n",
    "ideal_phantom_many, centers = draw_circles_image(shape, diameters, num_balls*2, min_distance)\n",
    "\n",
    "fig = show_images([ideal_phantom_few, ideal_phantom_many], scale_individually=False)\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "PSC = PowerSpectrumCalculator(shape)\n",
    "\n",
    "ideal_phantom_blur = PSC.apply_filter(ideal_phantom_many, MTF_voigt(PSC.u_radial, 2, 1))\n",
    "ideal_phantom_IPC = PSC.apply_filter(ideal_phantom_many/2, (1 + 25**2*PSC.u_radial**2)*MTF_voigt(PSC.u_radial, 0, 1))\n",
    "\n",
    "fig = show_images([ideal_phantom_blur, ideal_phantom_IPC])\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "diameter = 6\n",
    "min_distance = diameter/2\n",
    "num_balls = 480\n",
    "\n",
    "random_seed = np.random.randn(num_balls)*diameter/5\n",
    "diameters = np.ones(num_balls)*diameter\n",
    "diameters += random_seed\n",
    "\n",
    "ideal_phantom_small, centers = draw_circles_image(shape, diameters, num_balls, min_distance)\n",
    "ideal_phantom_small = ideal_phantom_small*sqrt(2)\n",
    "\n",
    "PSC = PowerSpectrumCalculator(shape)\n",
    "ideal_phantom_blur = PSC.apply_filter(ideal_phantom_small, MTF_voigt(PSC.u_radial, 2, 1))\n",
    "\n",
    "\n",
    "fig = show_images([ideal_phantom_blur, ideal_phantom_small], scale_individually=False)\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "im_names = 'A', 'B', 'C', 'D'\n",
    "images = ideal_phantom_many, ideal_phantom_few, ideal_phantom_small, ideal_phantom_blur\n",
    "\n",
    "\n",
    "vrange = 70, -10\n",
    "saved_images = []\n",
    "\n",
    "for k, (image, im_name) in enumerate(zip(images, im_names)):\n",
    "    print(f'{image.min():.3f}, {image.mean():.3f}, {image.max():.3f}')\n",
    "    im_8bit = scale_to_dtype(image, vrange, uint8)\n",
    "    fnames[k] = 'sketches/power_spectra_example_image_'+im_name+'.png'\n",
    "    save_image(im_8bit, fnames[k])\n",
    "    saved_images.append(im_8bit)\n",
    "    \n",
    "fig = show_images(saved_images, vrange=(0, 255), max_ncols=2)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "def smooth(y, sigma, med_length):\n",
    "    return exp(gaussian_filter1d(log(median_filter(PS, med_length, mode='nearest')), sigma, mode='nearest'))\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(4, 2.5))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "for image, im_name in zip(images, im_names):\n",
    "    u, PS = PSC.radial_power_spectrum(image, 100)\n",
    "    PS = smooth(PS, 1, 5)\n",
    "    ax.semilogy(u, PS, label=im_name, ls='--' if im_name==im_names[1] else '-')\n",
    "\n",
    "ax.set_ylabel('power spectrum')\n",
    "ax.legend()\n",
    "ax.set_ylim(1e-3, None)\n",
    "\n",
    "apply_u_scale(ax, 1, num_ticks=7)\n",
    "display(fig)\n",
    "plt.close(fig)\n",
    "fig.savefig('plots/power_spectra_examples.pdf')\n",
    "\n",
    "ax.set_ylabel('Leistungsspektrum')\n",
    "ax.set_xlabel('Größe [px]')\n",
    "fig.savefig('plots/power_spectra_examples_de.pdf')\n",
    "fnames[4] = 'plots/power_spectra_examples_de.pdf'\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "for source in fnames:\n",
    "    target = os.path.split(source)[-1] + '../../../Vorträge/2020 Promotionskolloquium/fig'\n",
    "    shutil.copy(source, os.path.abspath(target))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 2
}





code files for figures and other (zip)




tomis/README.md

# Package description

The Python package "tomis" (Tomography Imaging Software) is a collection of software used in the context of (x-ray) computed tomography.


tomis includes one ready-to-use software with a graphical user interface:

* `pyXIT`: CT reconstruction and image processing software.


The submodules are as follows:

* `common`: commonly shared code

* `control`: controlling physical devices (e.g. actors, detectors, sources)

* `evaluation`: measurement evaluation, especially concerning image quality (MTF, SNR spectra)

* `file`: reading and writing image files, especially image stacks

* `GUI`: graphical user interface code, especially for pyXIT

* `image`: image processing and analysis algorithms

* `tomo_reco`: reconstruction for computed tomography


## about
This software was developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany



## license
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE. 







tomis/__init__.py

__all__ = 'common', 'control', 'tomo_reco', 'evaluation', 'file', 'GUI', 'image', 'control', 'private', 'simulation'

import sys, os
sys.path.append(os.path.abspath(os.path.dirname(__file__)))

#print('you are using the tomis software package, copyright University Wuerzburg (licensed under the FreeBSD license)')







tomis/maintenance.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 2,
   "metadata": {},
   "outputs": [],
   "source": [
    "import sys, os, shutil, glob"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 10,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "['hardware_control', 'maintenance.ipynb', 'tests', 'private', 'user_interface', 'plugins', 'documentation', 'simulation', 'network_protocol', 'evaluation', 'common', 'image_processing', 'image_io', '__init__.py', 'tomographic_reconstruction']\n"
     ]
    }
   ],
   "source": [
    "fnames = glob.glob('**')\n",
    "print(fnames)\n",
    "\n",
    "for fname in fnames:\n",
    "    if os.path.isdir(fname):\n",
    "        shutil.copy('__init__.py', os.path.join(fname, '__init__.py'))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 25,
   "metadata": {
    "scrolled": false
   },
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "source code length: 2052010 characters or 1.96 MB\n",
      "all code files:\n",
      "test_all.py\n",
      "pyXIT.py\n",
      "__init__.py\n",
      "image/resize.py\n",
      "image/fourier.py\n",
      "image/registration.py\n",
      "image/cropping.py\n",
      "image/median_filters.py\n",
      "image/ring_filters.py\n",
      "image/__init__.py\n",
      "image/misc.py\n",
      "image/morphology.py\n",
      "GUI/notebook.py\n",
      "GUI/qt.py\n",
      "GUI/resources.py\n",
      "GUI/__init__.py\n",
      "tests/__init__.py\n",
      "tests/test_pyXIT.py\n",
      "private/__init__.py\n",
      "CT_reconstruction/FBP_parallel.py\n",
      "CT_reconstruction/FBP_base.py\n",
      "CT_reconstruction/__init__.py\n",
      "CT_reconstruction/FBP_cone.py\n",
      "bundling/tomis.py\n",
      "bundling/pyXIT.py\n",
      "bundling/pyETX.py\n",
      "simulation/SNR_simulation.py\n",
      "simulation/test_images.py\n",
      "simulation/__init__.py\n",
      "file/path.py\n",
      "file/image_formats.py\n",
      "file/volume.py\n",
      "file/info.py\n",
      "file/__init__.py\n",
      "file/image.py\n",
      "PCP/protocol.py\n",
      "PCP/gui.py\n",
      "PCP/device_handler.py\n",
      "PCP/remotes.py\n",
      "PCP/__init__.py\n",
      "PCP/connector.py\n",
      "PCP/virtual_ct.py\n",
      "evaluation/notebook.py\n",
      "evaluation/result.py\n",
      "evaluation/ball_phantom.py\n",
      "evaluation/SNR_spectra.py\n",
      "evaluation/MTF.py\n",
      "evaluation/__init__.py\n",
      "common/opencl.py\n",
      "common/parallel.py\n",
      "common/settings_hash.py\n",
      "common/__init__.py\n",
      "common/result_cache.py\n",
      "common/misc.py\n",
      "control/test_devices.py\n",
      "control/device_bases.py\n",
      "control/threads.py\n",
      "control/__init__.py\n",
      "image/tests/fourier.py\n",
      "GUI/plugins/volume.py\n",
      "GUI/plugins/special.py\n",
      "GUI/plugins/base.py\n",
      "GUI/plugins/ct.py\n",
      "GUI/plugins/__init__.py\n",
      "GUI/plugins/own_plugins.py\n",
      "GUI/plugins/image.py\n",
      "GUI/processing/settings.py\n",
      "GUI/processing/volume.py\n",
      "GUI/processing/special.py\n",
      "GUI/processing/base.py\n",
      "GUI/processing/ct.py\n",
      "GUI/processing/__init__.py\n",
      "GUI/processing/preview.py\n",
      "GUI/processing/image.py\n",
      "GUI/widgets/plot.py\n",
      "GUI/widgets/file.py\n",
      "GUI/widgets/image_display.py\n",
      "GUI/widgets/__init__.py\n",
      "GUI/widgets/misc.py\n",
      "CT_reconstruction/tests/FBP.py\n",
      "PCP/test_setup/benchmark_client.py\n",
      "PCP/test_setup/benchmark_target.py\n",
      "PCP/test_setup/control_gui.py\n",
      "PCP/test_setup/connector_gui.py\n",
      "PCP/test_setup/script1.py\n",
      "PCP/test_setup/script_take_refs.py\n",
      "PCP/test_setup/scripts.py\n",
      "PCP/test_setup/connector.py\n",
      "control/actor/Owis.py\n",
      "control/actor/PI.py\n",
      "control/actor/smaract.py\n",
      "control/actor/__init__.py\n",
      "control/xsource/hamamatsu.py\n",
      "control/xsource/__init__.py\n",
      "control/xdetector/hamamatsu.py\n",
      "control/xdetector/pco.py\n",
      "control/xdetector/basler.py\n",
      "control/xdetector/__init__.py\n",
      "control/xdetector/rayence.py\n",
      "image/cl/registration_mask.c\n",
      "image/cl/bad_pixel_filter.c\n",
      "image/cl/median_filter_3D.c\n",
      "image/cl/quickselect.c\n",
      "image/cl/registration.c\n",
      "image/cl/heapsort.c\n",
      "image/cl/median_filter_2D.c\n",
      "CT_reconstruction/cl/FBP_parallel_fw.c\n",
      "CT_reconstruction/cl/FBP_pad.c\n",
      "CT_reconstruction/cl/FBP_parallel.c\n",
      "CT_reconstruction/cl/FBP_cone_fw.c\n",
      "CT_reconstruction/cl/FBP_cone.c\n",
      "\n",
      "without license:\n",
      "test_all.py\n",
      "GUI/resources.py\n",
      "bundling/tomis.py\n",
      "bundling/pyXIT.py\n",
      "bundling/pyETX.py\n",
      "PCP/test_setup/script1.py\n",
      "PCP/test_setup/script_take_refs.py\n"
     ]
    }
   ],
   "source": [
    "# check if files do not have a license\n",
    "license_len = len(''' Copyright 2015-2020 University Wuerzburg.\n",
    "\n",
    "Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:\n",
    "\n",
    "1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.\n",
    "2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.\n",
    "\n",
    "THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.\n",
    "''')\n",
    "\n",
    "licensce_str = '''Copyright 2015-2020 University Wuerzburg.'''\n",
    "\n",
    "code_files = glob.glob('**.py')\n",
    "code_files += glob.glob('**/**.py')\n",
    "code_files += glob.glob('**/**/**.py')\n",
    "code_files += glob.glob('**/**/**.c')\n",
    "\n",
    "without_license = []\n",
    "code_len = 0\n",
    "for fname in code_files:\n",
    "    if '__init__.py' not in fname:\n",
    "        with open(fname) as fp:\n",
    "            text = fp.read()\n",
    "        code_len += len(text)\n",
    "        if licensce_str not in text:\n",
    "            without_license.append(fname)\n",
    "        else:\n",
    "            code_len -= license_len\n",
    "            \n",
    "print(f'source code length: {code_len} characters or {code_len/1024**2:.2f} MB')\n",
    "print('all code files:', *code_files, sep='\\n')\n",
    "print('\\nwithout license:', *without_license, sep='\\n')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 2
}
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1. General



The Python X-Ray Imaging Tool (pyXIT) is a software with a graphical user interface which implements



image processing in 2D and 3D (Images/Volume) and computed tomography reconstruction. The available



plugins are suited for phase contrast tomography, but you can add your own plugins.



To start the tool, run the ”pyXIT.py” (or ”pyXIT.pyw on Windows) file in a python interpreter, e.g.



by opening the file with the ”python.exe”/”pythonw.exe” on Windows. The other .py files in the same



folder must be present and from the same version.



The tool still has some bugs. If an error occurs, the app will usually continue to run but may no longer



function properly. It can be necessary to restart the tool (close from GUI, then start again), the current



settings will be restored automatically.



Functions



• Image Processing: Apply image filters to a stack of images,



e.g. filters on CT projections or volume slices.



• CT Reconstruction: Reconstruct a volume image from the CT projections.



• Volume Processing: Apply volume image filters,



e.g. phase retrieval or blurring/deblurring. Filters must be applicable to a subvolume.



• Special Processing: Custom data processing.



Features



• Preview for arbitrary parameter combinations.



• Easily extendable with plugins written in Python.



• Batch processing (queue mode).



2. Installation



Summary: Install Anaconda (Python 3), install PySide2 package, launch pyXIT.



2.1. System Requirements



It must be possible to install a Python (version 3) environment on a computer to run pyXIT. The software



has been tested on Linux and Windows. Other requirements/recommendations are:



• RAM: 16 GB, ≥ 32 GB recommended



• For fast CT reconstruction: A fast OpenCl capable GPU with ≥ 4 GB RAM (Nvidia GeForce or



AMD Radeon), e.g. a gaming card > 300 e.



• A SSD is recommended for data storage because a slow storage device can slow the processing and



especially the CT preview.



Note: In addition to a standard scientific Python install, the package PySide2 is required. As this is



the GUI framework, pyXIT just does not launch if it is missing and no error window is shown.
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Figure 1: The main window showing the CT reconstruction tab.



2.1.1. Python on Linux (Ubuntu/Debian)



Executing the following commands (e.g. in the ”Terminal” application) should install all packages for



pyXIT (including some dependencies which are required by itself, e.g. numpy):



$ sudo apt-get install python3-pip python3-scipy libfftw3-dev



$ pip3 install psutil pyfftw PySide2



pyXIT can then be launched with the python3 [path to pyXIT.py] command. The fftw packages are



optional.



It may be necessary to install nvidia-opencl-dev via apt.



2.1.2. Python on Windows



It is easiest to use a scientific python distribution like Anaconda or WinPython. After its installation, the



PySide2 Python package needs to be installed, e.g. by running the following command in the Anaconda



prompt:



pip install PySide2



If you do not use Anaconda/WinPython, you need to install the following python packages: numpy,



scipy, PySide2, psutil and Pillow(=PIL). (Use pip for this.)



It is recommended to install pyfftw and FFTW for faster fourier filters (there is a fallback to the
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Figure 2: The preview window for CT reconstruction. (Simulated data.)



numpy fft, which is much slower and requires much more memory). The CT reconstruction does not use



FFTW.



2.1.3. OpenCl



The CT reconstruction part and some other plugins need an OpenCl runtime. If your computer has a



graphics card from AMD or Nvidia (recommended), it should already be installed with its driver. In that



case, you need not do anything. Otherwise install the AMD/Intel OpenCl runtime. If you installed drivers



for an integrated graphics from Intel, the runtime for CPU is already installed; the OpenCl reconstruction



does not work on the integrated graphics.



You can view all available OpenCl devices under the menu ”File → Options”, if one appears there,



OpenCl is usually ready for processing. CT reconstruction in a usable speed requires non-Intel GPU type



device.



2.1.4. Own Plugins



You can write your own plugins and place them in a own plugins.py file in the pyXIT folder, so they will



automatically be available in pyXIT. You can also write a *.py file that contains the word ”plugins” in



the directory from which pyXIT is running and plugins from it will be similarly imported. When writing



a plugin, use the code in plugins.py as an example. See section A.1 for a documentation.
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3. User Interface



See Figs. 1, 2 for overviews of the main window and the preview window. The descriptions denote the



general layout of the interface, detailed descriptions of a parameter can be viewed by hovering the mouse



cursor over the corresponding label (tool tip).



3.1. Settings and Autosave



The tool can save the current settings to a file (*.pysettings) and load them again (menu File). Additionally,



the optional autosave feature automatically saves the current settings to the last file used (indicated at



the top of the window) every 10 seconds.



A new empty settings file can be created with the new project button.



The application and processing settings are automatically restored at the next start of the tool



independently from the autosave feature.



The settings used for processing are automatically saved to an .info file in the location of the processing



output (including prior processing steps). These can also be imported as settings. The settings files are in



the json format and can be viewed in a text editor, it is recommended to use a text search to find certain



parameters.



3.2. Data sets



A data set in the application is a combination of file input/output and processing settings. It is



recommended to configure every processing job as a separate data set, although this is not necessary.



A data set can be created/deleted/configured with the buttons in the ”Data set control” area (see



fig. 1).



The tool can have multiple data sets configured in every category, they can be accessed via the Image



Processing/CT Reconstruction/Volume Processing menu entries.



Data sets can be configured as a group that share their processing settings, a group membership can be



configured via the edit group button. Group membership is indicated in the menu by the group name



in square brackets after the data set name.



A snapshot can be created with the save snapshot button and loaded with the load snapshot button.



This can be used to try a different combination of parameters without losing the current values that may



already work well.



The queue mode can be enabled/disabled in the menu ”File→ Enable Queue”/”File→ Disable Queue”.



The queue is shown in the right part of the main window. In this mode, data sets can be added to the



queue and they are processed after each other if the queue is started. Queue items are only processed if



the checkbox to the left of the item is checked, this checkbox is automatically unchecked if an item was



processed. To start individual data sets, disable the queue mode.



3.3. Preview for filter parameters



The preview (Fig. 2) allows to try out filter results and optimize parameters, it can be started by pressing



the ”show preview” button in the lower left of the main window. If the image shown is not current



(computation is still running), the image display is edged in dark gray.



For the Volume Processing preview, the preview is started for the currently visible data area by clicking



the ”set area” button. To change this area, switch back to the input view (”switch to input” button),
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navigate to another area and click the ”set area” button again. It is recommended to select a small



preview area for higher computing speed and lower memory usage (zoom settings ≥ 100 %).



The preview applies filters for a set of parameters to a ct slice/small test volume/image and shows



the results in the preview window. Preview images are cached for a given parameter combination. The



preview always applies all currently configured and enabled filters, the visible parameters in the preview



window are from the currently selected plugin in the main window (it is recommended to have both



windows side by side). There are always some parameters in the preview window, the others can be



changed in the main window (hit the ”Enter” key to force a refresh) and will refresh the preview (clicking



on the ”show preview” button will always refresh the preview).



The parameters in the parameter area can be changed (drag the slider or use the mouse wheel), the



change will start the refresh of the preview. The step size can be changed with the ”-” and ”+” buttons



(when applicable), the current step size is displayed in between those buttons (in % for log scale). The



”=” button updates the current value from the main window to the preview and resets the slider, so that



the current value is in the center.



A parameter sweep can be started with the ”sweep” button to the right of the slider, this is recommended



to fill the cache for slower algorithms. A sweep can also directly saved to the hard disk.



Hints:



• The preview runtime is indicated in the status label (lower left edge of the main window). This



time may be longer than the runtime of an item in the actual processing due to several reasons.



• The memory usage and speed of the volume preview is determined by the size of the preview area



and the filter range. Using a higher zoom/smaller area is the most effective way to speed up the



preview. The preview may need more computer memory than the actual filter. Volume filters



are only applied to the 3D-padded subvolume that extends the visible image slice or slices. Less



padding than for the processing is done, indicated and configurable by the ”set pad factor” value.



• The preview for the volume filters may show a slightly worse filter quality than the processing. If



this is a problem, increase the pad factor.



• The parameter preview gui.py is a standalone preview based on similar principles, which can be



used with arbitrary algorithms (e.g. in a Ipython notebook).



3.4. Computed Tomography



The definition of the geometry parameters is given in figure 3 for a cone beam geometry. The parallel



beam follows the same definition, but only uses the sample shift X parameter.



Reconstruction runtime examples per slice (2000x2000 pixel sinogram), FBP algorithm (pure recon-



struction speed):



Device parallel beam cone beam



GeForce 980 Ti (fast GPU) 65 ms 110 ms



Runtime examples for complete process (reading data/reconstructing/writing result, on SSD), 2000x2000



detector, 2000 projections (parallel beam data):



Device parallel beam cone beam



GeForce 980 Ti 3 min 6 min



The reconstruction speed may be limited by the data speed with which the projections are loaded



from disk, especially if the projections are loaded over network or from a slow hard drive. It is generally
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Figure 3: Geometry definitions for the computed tomography cone beam setup. The sample



defines the 3-dimensional x-y-z coordinates (rotating around z), the beam and rotational axis



define the X-Y coordinates (Y ‖ rot. axis, X ⊥ beam and X ⊥ rot. axis).



recommended to use a SSD for storage. Also, do not run a reconstruction on the CPU, because it is



usually slower by at least a factor of 100.



Current limitations:



• The parallel beam algorithm does not support geometry parameters except sample shift (it is a



single slice code), use the cone beam algorithm if you need this.



• The maximal detector width is 7680 or larger dependent on the installed OpenCl runtime/device



(e.g. 15872 for Nvidia GPUs).



3.5. Volume Processing



The performance of the blockwise volume processing depends on the filter range of the filters applied. Large



filter ranges require more overlap between blocks, and the block size is limited to roughly 768x768x768



pixels. In practice, filter ranges above 100 pixels slow down the processing significantly, using filter ranges



above 150 pixels is not recommended.
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4. Example steps for Holotomography/two material



This are step by step instructions for applying the ”forward correction” multi material artifact removal



method, including deconvolution for improved image sharpness.



4.1. Finding phase retrieval parameters



It is recommended to find the correct phase retrieval parameters with the ”Phase Retrieval” plugin,



because the ”Two Interface Phase Retrieval” plugin is much slower. Select the ”Phase Retrieval” plugin



in the ”Plugins:” selector and click the ”add” button. Click the ”show preview” button and find the two



pahse retrieval parameters and the threshold.



Hints: Setting the gray value range mode to ”percentiles” works better for this case. You need to set



a value > 0 for the parameter to get a functioning preview (and possibly press the ”=” button), because



the logarithmic parameter scaling will not work otherwise.



4.2. Finding deconvolution parameters



Add the ”Wiener Deconvolution” plugin. Stronger blurring in the data requires higher values for the



”gaussian std” or ”exponential mu” parameters, noisier data requires higher values for the ”NSR” parameter



(stronger noise suppression).



4.3. Finding two interface phase retrieval parameters



Use the phase retrieval parameters you got in Sec. 4.1 for the ”Two Interface Phase Retrieval” plugin.



Delete (del key) or disable the ”Phase Retrieval” plugin.



In the preview, set the threshold high enough, so that phase contrast edges are no longer included in



the mask, but not so high, that the the edges of the material are no longer included.



Use the normalization, so that you need not set a fill value. Otherwise, a good fill value may be the



average gray value of the filtered area.



The ”mask smooth size” parameter can usually be set to values from 2 to 5, the corresponding structure



element for binary opening is a cube without the edge voxels, the face areas are 2x2 or 3x3. Be careful,



high values lower the performance drastically.



5. Internals



5.1. Multiprocessing



Image and volume processing support multiprocessing to speed up data processing, especially for plugins



that do not have parallelism themselves. Also, more RAM is required in this mode, so you may want to



disable it for volume processing on a computer with little RAM.



It is recommended to leave multiprocessing enabled except for good reasons, because some plugins are



much faster with it enabled, e.g. the Slice Ring Filter is 6x faster on a machine with 8 (logical) processors.
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5.2. Blockwise volume filters



The volume filters (postprocessing) are applied block-wise, such that the filter acts on overlapping



subvolumes. The overlap length is determined by the filter range. The block size is limited to approximately



768x768x768. This effectively limits the filter range to roughly 150 pixels, because for larger ranges/overlaps



the algorithm becomes very slow. This probably won’t be a problem because filter ranges are usually



smaller than 100 pixels. For very large filter ranges, you need to apply the filter e.g. on projections before



the CT.
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A. Plugins Documentation



This documentation is kept short because we find code examples usually much more useful. The code



of the standard plugins (plugins.py) is intended to be example code. In the following, we give a short



overview for how to write a plugin for pyXIT.



Locate your own plugins in a own plugins.py file (or a .py file with ”plugins” in its name in the current



working directory) and add the plugin classes to lists named image plugins to add,



reconstruction plugins to add and volume plugins to add. These are then automatically detected



and available from the GUI.



A.1. Plugins



Image processing plugins are used for processing a stack of 2D images independently, volume processing is



for translationally invariant volume processing (it divides the whole volume into blocks, so the filter must



be applicable to subvolumes). Fourier filter plugins only need to define a filter, the FFT is handled by



pyXIT.



To write a image processing or volume processing plugin, you must define two classes, one contains the



user interface (plugin), the other the processing functions (worker). Special processing plugins have a



structure given by the plugin author, but must do their processing inside a thread.



For all plugin types there are super classes which must be used to derive the plugin class from, those



are:



• Plugin2D / Worker2D for image processing,



• PluginCT / WorkerCT for computed tomography reconstruction,



• Plugin3D / Worker3D for volume processing,



• PluginSP for special processing,



The plugin classes are based on the QWidget class of PyQt. The user interface of the plugin is defined



via this QWidget, the plugin is shown as part of the whole user interface in a certain area. See the Qt



documentation for the documentation for PyQt GUI code – it translates well from C++ to Python. The



worker (class, not instance) for a plugin is assigned to a plugin as the ”worker” attribute: self.worker =



Worker.



It is strongly recommended to use the standard plugins as code examples before writing your own



plugin. These are located in plugins.py.



Any Plugin must define a plugin.name as a class attribute and (except for pure fourier plugins) the



Worker/Plugin must define a processing function, these are:



Worker2D WorkerCT Worker3D PluginSP



process image reconstruct process volume start



Additionally, a WorkerCT must define a reconstruct preview for the preview.



The special processing plugins provide only the basic environment (settings, input/output folders) and



leave it to the plugin to define what should be done. Only a special processing plugin can e.g. open a



window during processing. The disadvantage of this is that such a plugin is more complicated to write, as



e.g. threading must be done by the plugin. (Every computation that can take more than 10 ms should be



executed in a thread.)
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A.2. Fourier filter plugins



A fourier filter Worker must define the functions get filter and get range (filter range, e.g. 4σ for gaus-



sian blurring) instead or in addition to the processing functions. The spatial frequency axes argument



contains a tuple with the spatial frequency coordinates for (y, x) or (z, y, x), they contain numpy newaxes



and can e.g. be added and will broadcast to the correct shape (also useful: get radial spatial frequency



function). The corresponding plugin must set the fourier inout class attribute correctly, it can either be



(True, True) for a pure fourier plugin (no process image or process volume required) or (True, False)



for a plugin that applies a fourier filter before its process image function. Fourier filters are combined



through multiplication if they follow directly on each other.



A.3. OpenCl



A opencl.ComputeDevice is available at the ProcessingWorker.cl device attribute. It is initialized at the



first access and uses the device selected in the GUI. You can also of course use the opencl module directly.



A.4. Properties/Settings



The plugin attribute plugin.ui properties must be a list containing all properties/settings that the



user interface of a plugin controls. These are then available as keys in the settings dict that gets passed



to the processing function. The allowed syntax variants for a list item are:



A A string denoting the ”name”. In this case, the UI object must be named plugin.name and have



functions value(), setValue() and a valueChanged() signal.



B A tuple with (”name”, get function, set function, changed signal), where the last three can either



be strings denoting a function name for the ui object (e.g. ”setValue”) or a callable.



You must use the custom classes ValueFloatBox/ValueLogFloatBox, ValueIntBox, ValueComboBox



and ValueCheckBox instead of the standard PyQt classes (QDoubleSpinBox, ...).



For CT plugins, the geometry settings are keys directly in settings, the Plugin settings are in the



parameter own settings.



The type of the settings entries must be one of the following:



float, int, str, None, bool, list, tuple, dict or a numpy ndarray/number (or any other type that can be



understood by the Python JSON encoder or the file access.ExtendedJSONEncoder).



A.5. Preview



The plugin attribute preview defaults should contain only those parameters where it is useful to show



them in the preview window with a slider. This must be a dict where the keys are the names from above



and values can be one of the following:



A A tuple (number, stride, use log); for use log = True, stride gives the change fraction (e.g. 0.1 for



10 % change per slider tick).



B A callable taking the current value and returning an iterable with the values for the slider.
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A.6. Caching for the Workers



Convenience functions for caching computation results that do not need to be calculated for every



image/block are cached values different and cached hash different, usable for all worker subclasses.



It may also be useful to speed up the preview through this.



A.7. Example code



Useful example implementations in plugins.py are:



• DespecklePlugin/DespeckleWorker (image processing, non-fourier-filter)



• FilteredBackProjectionPlugin (ct reconstruction)



• TwoInterfacePhaseRetrievalPlugin/TwoInterfacePhaseRetrievalWorker (volume processing,



mixed-fourier-filter)



• Example1SpecialPlugin (special processing, only example – not working)
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tomis/test_all.py

import unittest

# test imports (ignore unused import warnings)
import tests
from tests.FBP_multi import *
from tests.file_image import *
from tests.file_volume import *
from tests.image_fourier import *

if __name__ == '__main__':
    unittest.main()







tomis/webcam_viewer.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

#import os, sys; sys.path.append(os.path.dirname(__file__))
from GUI.qt import *
from PySide2.QtMultimedia import *
from PySide2.QtMultimediaWidgets import *


class WebcamsWindow(QWidget):
    def __init__(self, ncols=2, nrows=2):
        super().__init__()

        self.grid = QGridLayout()
        self.setLayout(self.grid)

        self.fill_webcams_button = QPushButton('fill available cameras')
        self.fill_webcams_button.clicked.connect(self.fill_webcams)
        self.grid.addWidget(self.fill_webcams_button, 0, 0)

        self.webcam_widgets = []
        for k in range(nrows*ncols):
            widget = WebcamView()
            self.webcam_widgets.append(widget)
            self.grid.addWidget(widget, 1+k//nrows, k%nrows)

        self.showMaximized()

    def fill_webcams(self):
        for widget in self.webcam_widgets:
            widget.webcam_selector.setCurrentIndex(0)

        if len(self.webcam_widgets) > 0:
            k_fill = 0
            for k_selector in range(self.webcam_widgets[0].webcam_selector.count()-1):
                webcam_name = self.webcam_widgets[0].webcam_selector.itemText(k_selector+1)
                if not webcam_name.startswith('eBUS'):
                    self.webcam_widgets[k_fill].webcam_selector.setCurrentIndex(k_selector+1)
                    k_fill += 1



class WebcamView(QWidget):
    def __init__(self):
        super().__init__()

        self.vbox = QVBoxLayout()
        self.setLayout(self.vbox)

        hbox = QHBoxLayout()
        self.webcam_infos = list(QCameraInfo().availableCameras())
        webcam_names = [cam.description() for cam in self.webcam_infos]
        self.webcam_infos.insert(0, None)
        webcam_names.insert(0, '[none]')

        #QCameraInfo.
        hbox.addWidget(QLabel('camera:'))
        self.webcam_selector = ValueComboBox(webcam_names)
        self.webcam_selector.valueChanged.connect(self.select_webcam)
        hbox.addWidget(self.webcam_selector)

        hbox.addWidget(QLabel('resolution:'))
        self.resolution_selector = ValueComboBox()
        self.resolution_selector.valueChanged.connect(self.select_resolution)
        hbox.addWidget(self.resolution_selector)

        self.vbox.addLayout(hbox)

        self.videosurface = QCameraViewfinder(self)
        self.vbox.addWidget(self.videosurface)
        self.videosurface.hide()

        self.vbox.addStretch()

        self.cam = None
        self.cam_settings = None
        self.supported_resolutions = []

    def select_webcam(self):
        if self.cam is not None:
            self.cam.stop()
            self.cam.unload()
            self.videosurface.hide()

        index = self.webcam_selector.currentIndex()
        if index > 0:
            self.cam = QCamera(self.webcam_infos[index])
            self.cam.load()
            self.cam.setViewfinder(self.videosurface)
            self.cam.setCaptureMode(QCamera.CaptureVideo)

            self.image_capture = QCameraImageCapture(self.cam)

            self.supported_resolutions = self.cam.supportedViewfinderResolutions()
            for k in range(len(self.supported_resolutions)-1, -1, -1):
                if self.supported_resolutions[k].width() < 600:
                    del self.supported_resolutions[k]

            resolution_descriptions = [f'[{size.width()}, {size.height()}]' for size in self.supported_resolutions]
            self.resolution_selector.set_values(resolution_descriptions)
            self.choose_default_resolution()
            if not self.cam.start():
                self.videosurface.show()
            else:
                QMessageBox.warning(self, 'failed to open camera', 'Camera could not be opened, is it already in use?')

    def choose_default_resolution(self):
        screen_width = self.size().width()
        old_diff = np.inf
        found_index = 0
        old_aspect = 1
        for k, size in enumerate(self.supported_resolutions):
            new_diff = screen_width - size.width()
            new_aspect = size.width() / size.height()
            if 0 < new_diff < old_diff and new_aspect+0.1 > old_aspect:
                found_index = k
            old_aspect = new_aspect
            old_diff = new_diff
        self.resolution_selector.setCurrentIndex(found_index)

    def select_resolution(self):
        self.cam.stop()
        index = self.resolution_selector.currentIndex()
        self.cam_settings = QCameraViewfinderSettings()
        self.cam_settings.setResolution(self.supported_resolutions[index])
        self.cam.setViewfinderSettings(self.cam_settings)
        self.cam.start()


if __name__ == '__main__':
    app = get_qt_app('Webcam viewer', 'Universitaet_Wuerzburg')

    window = WebcamsWindow()

    app.exec_()






tomis/GUI/__init__.py

__all__ = 'plugins', 'processing', 'widgets'  # for development

import sys
DEBUGGING_ENABLED = sys.gettrace() is not None and 'pdb' in sys.modules
# True raises exceptions for handling in a debugger but crashes the app without one

REFRESH_TIME_MS = 15

solo_windows = []
# windows that should be closed on app exit because they have no own mechanism for that
# call the following function in the closeEvent() of the main widget you are using:
def close_solo_windows():
    for window in solo_windows:
        try: window.close()
        except: pass







tomis/GUI/gui-notebook-examples.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "import sys; sys.path.append('../..')\n",
    "from tomis import *\n",
    "import tomis.GUI\n",
    "from tomis.GUI.widgets.image_ import ImageView, ImageSliceView\n",
    "import tomis.simulation.test_images\n",
    "from evaluation.notebook import *\n",
    "\n",
    "%pylab qt5\n",
    "%gui qt5"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# plotting in qt5 still works\n",
    "plt.clf()\n",
    "plt.plot(random.randn(100))\n",
    "plt.show()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# viewing slices of a 3D array\n",
    "arr = random.randn(50, 250, 400)\n",
    "img = ImageSliceView(arr=arr)\n",
    "img.show()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# viewing a single image\n",
    "img = ImageView()\n",
    "img.resize(1400, 900)\n",
    "arr = tomis.simulation.test_images.generate_test_image(800)\n",
    "img.set_image(arr)\n",
    "img.show()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# extracting the selected region of that image\n",
    "slices = img.get_selected_region()\n",
    "print(slices)\n",
    "x = show_image(arr[slices])"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# algorithm preview\n",
    "from scipy.ndimage import gaussian_filter\n",
    "\n",
    "image = random.randn(2000, 2000)\n",
    "\n",
    "preview = ImagePreviewWindow(gaussian_filter, \n",
    "                             dict(sigma='linspace(0., 10., 20.)'), \n",
    "                             dict(input=image))"
   ]
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 1
}







tomis/GUI/notebook.py

''' gui helpers for use from jupyter notebooks

important: use the "%gui qt5" magic in the notebook

written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

# ImagePreviewWindow and PlotPreviewWindow are main functions,
# see to the end of this document for usage examples


image_preview_info_text = \
    '''Python image preview written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,
    Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
    Thanks to Jonas Dittmann for ideas and feedback.
    
    The contents of this file is provided "as is" without warranty or support of any kind. The entire risk as to the quality and performance is with you.
    
    Warning: If this tool is used with Jupyter notebooks, retrieve the parameters (.get_parameters()) not in the same cell where the preview was started (.show()), as the parameters retrieved may be incorrect.
    
    Hints:
    - The "parameter expression" text field allows to enter an arbitrary python expression that is evaluated to generate a parameter range (with from numpy import *).
    - If the text contains semicolons (";"), the strings separated by semicolons are all evaluated and stacked, e.g. "5; -2; arange(4)" gives paramaters (5, -2, 0, 1, 2, 3).
    - Results are cached and reloaded, the cache size can be set (default = 50).
    - The result is updated as smoothly as the given algorithm allows. Runtimes > 50 ms may update slowly, use the sweep in this case.
    - The sweep increments the parameter continually, starting from the current value and stopping at the end or when the cache is full. Parameters already in cache are skipped. Starting the sweep at the end of the slider starts the sweep anew.
    - It is usually more convenient to use an uneven number of parameters.
    '''
plot_preview_info_text = \
    '''Python plot preview written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,
    Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
    Thanks to Jonas Dittmann for ideas and feedback.
    
    The contents of this file is provided "as is" without warranty or support of any kind. The entire risk as to the quality and performance is with you.
    '''
from numpy import *
import hashlib, platform, time, sys, traceback, os
from widgets import *


#from matplotlib.backends.qt_compat import QtCore, QtGui, QtWidgets
#from PyQt5 import QtCore, QtGui, QtWidgets
from PyQt5.QtGui import *
from PyQt5.QtWidgets import *
from PyQt5.QtCore import *
from file import *

large_font = QFont()
large_font.setBold(True)

class ImagePreviewWindow(QWidget):
    result_generated = pyqtSignal()
    new_result_generated = pyqtSignal()
    parameters_changed = pyqtSignal()
    closed = pyqtSignal()

    def __init__(self, function, varied_params, fixed_params=None, window_size=(700, 900), cache_size=50,
                 use_threading=True, use_guiprint=False, use_properties=False, nonclosing=False, show=True):
        ''' initialize the parameter preview gui
        show with .show() (returns self)
        get last parameter set with .get_params() (returns a dict)

        :param function:            python callable, must return a 2D array
                                    returning 3D arrays is not supported, because it would make caching very memory-intensive
        :param varied_params:       dict with the varied params, notation: dict(param_name1=params_iterable1, ...)
                                    instead of params_iterable1, you can give a string identical to what you could
                                    enter into the text field (including the stacking of entries separated by ';')
        :param fixed_params:        dict with fixed params (gets passed per dict unpacking to :param function:
                                    values for parameters also in varied_params will be used as default value
        :param display_size:        default window size in pixels
        :param cache_size:   maximal number of cached results
        :param use_threading:       enable threaded execution of function (recommended for a responsive gui)
        :param use_guiprint:        enable printing to gui, functions must take an additional argument "guiprint",
                                    which works similar to the normal print() function
        :param use_properties:      enable the properties dict (is passed to the function as a kwarg)
                                    properties can then be plotted in a PropertyPlotWindow
        :return:
        '''
        QWidget.__init__(self)
        self.setWindowTitle('Image Preview Window')
        self.nonclosing = nonclosing

        self.vbox = QVBoxLayout()
        self.hbox_top = QHBoxLayout();
        self.hbox_top.addStretch()
        self.vbox.addLayout(self.hbox_top)

        self.image_view = ImageView();
        self.vbox.addWidget(self.image_view)

        arrange_windows_button = QPushButton('arrange windows');
        self.hbox_top.addWidget(arrange_windows_button)
        arrange_windows_button.setMinimumWidth(120)
        info_button = QPushButton('info');
        self.hbox_top.addWidget(info_button)
        self.setLayout(self.vbox)

        if fixed_params is None:
            self.fixed_params = dict()
        else:
            self.fixed_params = fixed_params
        self.cache_size = max(cache_size, 1)
        self.varied_params_ui = []
        for key in sorted(varied_params.keys()):
            vbox = self.make_params_ui(key, varied_params[key])
            self.vbox.addLayout(vbox)
        self.uses_wide_layout = False

        for params_ui in self.varied_params_ui:
            connect_once(params_ui['sweep_button'].clicked, params_ui['sweep_starter'])
            connect_once(params_ui['sweep_and_save_button'].clicked, params_ui['sweep_and_save_starter'])

        self.parameters_changed.connect(self.generate_result)

        self.info_tooltip = None

        # info window
        self.info_window = InfoWindow(image_preview_info_text)
        info_button.clicked.connect(self.info_window.show)
        info_button.clicked.connect(self.info_window.activateWindow)
        arrange_windows_button.clicked.connect(self.arrange_windows)

        # optional features
        self.connected_plot = None
        self.enable_guiprint(use_guiprint)
        self.enable_properties(use_properties)
        self.properties_button = None
        self.enable_threading(use_threading)

        # internal non-ui objects
        self.function = function
        self.results_cache = []
        self.hashes_cache = []
        self.gray_scale_initialized = False
        self.active_sweep = None
        self.sweep_start_index = 0
        self.current_parameters = dict()

        self.resize(window_size[1], window_size[0])
        if show:
            self.show()
            self.activateWindow()

    def enable_guiprint(self, use_guiprint=True):
        self.use_guiprint = use_guiprint
        if use_guiprint:
            self.guiprint_window = InfoWindow('...', title='guiprint, info text from function')
            self.guiprint_window.resize(320, 220)
            info_text_button = QPushButton('guiprint');
            self.hbox_top.insertWidget(0, info_text_button)
            info_text_button.clicked.connect(self.guiprint_window.show)
            info_text_button.clicked.connect(self.guiprint_window.activateWindow)
        else:
            self.guiprint_window = None

    def enable_properties(self, use_properties):
        self.use_properties = use_properties
        if use_properties:
            self.connect_properties_plot(PropertyPlotWindow())
        else:
            self.properties_plot = None

    def enable_threading(self, use_threading):
        self.use_threading = use_threading
        if self.use_threading:
            self.work_thread = WorkThread(self)
            self.work_thread.error_occured.connect(self.show_error_message)
            self.dirty_state = False
            self.is_working = False
        else:
            if hasattr(self, 'work_process'):
                del self.work_thread
                del self.dirty_state
                del self.is_working

    # functions for connecting to other windows
    def connect_plot(self, PlotPreviewWindow):
        self.connected_plot = PlotPreviewWindow
        self.result_generated.connect(PlotPreviewWindow.refresh_plot)

    def connect_properties_plot(self, PropertyPlotWindow):
        self.use_properties = True
        self.properties_plot = PropertyPlotWindow
        self.properties_plot.image_preview_window = self
        self.new_result_generated.connect(PropertyPlotWindow.add_data_points)
        self.parameters_changed.connect(PropertyPlotWindow.refresh_other_parameters)
        self.properties_button = QPushButton('properties plot');
        self.hbox_top.insertWidget(0, self.properties_button)
        self.properties_button.setMinimumWidth(120)
        self.properties_button.clicked.connect(self.properties_plot.show)
        self.properties_button.clicked.connect(self.properties_plot.activateWindow)

    def arrange_windows(self):
        possible_windows = self.properties_plot, self.connected_plot, self.guiprint_window, False
        for possible_window in possible_windows:
            if possible_window is False:
                return
            elif possible_window is not None:
                if possible_window.isVisible():
                    secondary_window = possible_window
                    break

        screen_geometry = QDesktopWidget.screenGeometry(QDesktopWidget())
        screen_size = array((screen_geometry.width(), screen_geometry.height()))
        if self.guiprint_window.isVisible():
            combined_size = array(
                (max(self.width() + secondary_window.width(), self.width() + self.guiprint_window.width()),
                 max(self.height(), secondary_window.height() + self.guiprint_window.height())))
        else:
            combined_size = array((self.width() + secondary_window.width(), self.height()))

        if np.all(screen_size > combined_size):
            self.move(*tuple((screen_size - combined_size) // 2))
            secondary_window.move(((screen_size - combined_size) // 2)[0] + self.width() + 15,
                                  ((screen_size - combined_size) // 2)[1])
            if self.guiprint_window.isVisible():
                if secondary_window is self.guiprint_window:
                    self.guiprint_window.move(((screen_size - combined_size) // 2)[0] + self.width() + 15,
                                              ((screen_size - combined_size) // 2)[1])
                else:
                    self.guiprint_window.move(((screen_size - combined_size) // 2)[0] + self.width() + 15,
                                              ((screen_size - combined_size) // 2)[1] + secondary_window.height() + 40)

    def disconnect_properties_plot(self, PropertyPlotWindow):
        self.use_properties = False
        # self.properties_plot = None
        self.properties_plot.image_preview_window = None
        self.new_result_generated.disconnect(PropertyPlotWindow.add_data_points)
        self.parameters_changed.disconnect(PropertyPlotWindow.refresh_other_parameters)
        self.properties_plot.close()
        self.image_view.hbox_top.removeWidget(self.properties_button)
        self.properties_button = None

    # ui functions
    def show(self):
        self.generate_result()
        QWidget.show(self)
        screen_geometry = QDesktopWidget.screenGeometry(QDesktopWidget())
        self.move((screen_geometry.width() - self.width()) // 2, (screen_geometry.height() - self.height()) // 2)
        self.activateWindow()
        try:
            self.connected_plot.show()
        except AttributeError:
            pass
        if self.properties_plot is not None:
            self.properties_plot.show()
        self.arrange_windows()
        return self

    def closeEvent(self, QCloseEvent):
        if self.connected_plot is not None:
            self.connected_plot.close()
        if self.properties_plot is not None:
            self.properties_plot.close()
        if self.use_guiprint:
            self.guiprint_window.close()
        self.info_window.close()
        self.clear_cache()
        self.close()
        self.closed.emit()
        if not self.nonclosing:
            QCloseEvent.accept()

    def show_error_message(self, error_text, modal=True):
        if hasattr(self, 'message_box'):
            if self.message_box.isVisible():
                return
        self.message_box = QMessageBox(text=error_text)
        self.message_box.setWindowTitle('an error has occurred')
        self.message_box.resize(200, 350)
        if modal:
            self.message_box.exec_()
        else:
            self.message_box.show()

    def resizeEvent(self, QResizeEvent):
        if QResizeEvent.size().width() > 1000:
            if not self.uses_wide_layout:
                self.change_wide_layout(True)
        else:
            if self.uses_wide_layout:
                self.change_wide_layout(False)
        QWidget.resizeEvent(self, QResizeEvent)

    def change_wide_layout(self, wide_layout=False):
        for param_ui in self.varied_params_ui:
            if wide_layout:
                param_ui['hbox2'].removeWidget(param_ui['value_label'])
                param_ui['hbox2'].removeWidget(param_ui['slider'])
                param_ui['hbox1'].addWidget(param_ui['value_label'])
                param_ui['hbox1'].addWidget(param_ui['slider'])
                if self.cache_size > 1:
                    param_ui['hbox2'].removeWidget(param_ui['sweep_button'])
                    param_ui['hbox1'].addWidget(param_ui['sweep_button'])
                param_ui['hbox1'].removeWidget(param_ui['label0'])
            else:
                param_ui['hbox1'].removeWidget(param_ui['value_label'])
                param_ui['hbox1'].removeWidget(param_ui['slider'])
                param_ui['hbox2'].addWidget(param_ui['value_label'])
                param_ui['hbox2'].addWidget(param_ui['slider'])
                if self.cache_size > 1:
                    param_ui['hbox1'].removeWidget(param_ui['sweep_button'])
                    param_ui['hbox2'].addWidget(param_ui['sweep_button'])
                param_ui['hbox1'].insertWidget(1, param_ui['label0'])
        self.uses_wide_layout = wide_layout

    def clear_cache(self):
        del self.results_cache[:]
        del self.hashes_cache[:]

    def resetCursor(self):
        self.setCursor(Qt.ArrowCursor)

    def setBusyCursor(self):
        self.setCursor(Qt.BusyCursor)

    def make_params_ui(self, name, parameters):
        vbox = QVBoxLayout()
        hbox1 = QHBoxLayout()
        name_label = QLabel('{}'.format(name));
        hbox1.addWidget(name_label)
        name_label.setFont(large_font);
        name_label.setFixedWidth(140)
        label0 = QLabel('');
        hbox1.addWidget(label0)
        label0.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Preferred)
        label1 = QLabel('  parameters:');
        hbox1.addWidget(label1)
        param_range_expr = EnterLineEdit(name);
        hbox1.addWidget(param_range_expr)
        param_range_expr.setMaximumWidth(140)
        param_range_expr.enter_pressed.connect(self.eval_param_range_expr)
        param_range_expr.setToolTip('press enter to refresh slider')

        if type(parameters) is str:
            param_range_expr.setText(parameters)
            parameters = self.eval_stacked_str(parameters)
        else:
            try:
                vmin, vmax, number = min(parameters), max(parameters), len(parameters)
                if allclose(parameters, linspace(vmin, vmax, number)):
                    param_range_expr.setText('linspace({}, {}, {})'.format(vmin, vmax, number))
                elif allclose(parameters, logspace(log10(vmin), log10(vmax), number)):
                    param_range_expr.setText('logspace({}, {}, {})'.format(log10(vmin), log10(vmax), number))
            except TypeError:
                param_range_expr.setText(str(parameters))
                # pass
                # print('guessing of the parameter generator code failed:\n', err_text(err))
        param_range_eval = NamedStarter(self.eval_param_range_expr, name)
        sweep_and_save_button = QPushButton('sweep+save');  # hbox1.addWidget(sweep_and_save_button)
        sweep_and_save_button.setMinimumWidth(100)
        sweep_and_save_starter = NamedStarter(self.sweep_and_save, name)

        hbox2 = QHBoxLayout()
        value_label = QLabel(' value:'.format(name));
        hbox2.addWidget(value_label)
        value_label.setFixedWidth(100)
        fmt_text = ' value:'
        try:
            '{:.5g}'.format(parameters[0])
            fmt_text += ' {:.5g}'
        except ValueError:
            fmt_text += ' {}'
        slider = ScrollSlider();
        hbox2.addWidget(slider)
        slider.setMaximum(len(parameters) - 1);
        slider.setTickPosition(QSlider.TicksBelow)
        slider.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Preferred)
        try:
            index = argmin(abs(parameters - self.fixed_params[name]))
            slider.setValue(index)
        except (KeyError, TypeError) as err:
            slider.setValue(slider.maximum() // 2)
        slider.valueChanged.connect(self.parameters_changed)
        slider.setTracking(True)
        sweep_button = QPushButton('sweep')
        if self.cache_size > 1:
            hbox2.addWidget(sweep_button)
        sweep_starter = NamedStarter(self.do_sweep, name)
        line = QFrame();
        line.setFrameShape(QFrame.HLine);
        line.setFrameShadow(QFrame.Sunken)

        self.varied_params_ui += [dict(name=name, values=parameters, value_label=value_label, slider=slider,
                                       param_range_expr=param_range_expr, param_range_eval=param_range_eval,
                                       sweep_and_save_button=sweep_and_save_button,
                                       sweep_and_save_starter=sweep_and_save_starter,
                                       fmt_text=fmt_text, sweep_button=sweep_button, sweep_starter=sweep_starter,
                                       name_label=name_label, label1=label1, label0=label0,
                                       vbox=vbox, hbox1=hbox1, hbox2=hbox2, line=line), ]
        vbox.addWidget(line)
        vbox.addLayout(hbox1)
        vbox.addLayout(hbox2)
        return vbox

    def eval_param_range_expr(self, name):
        for param_ui in self.varied_params_ui:
            if name == param_ui['name']:
                try:
                    old_value = self.get_params()[str(name)]
                    expr_text = param_ui['param_range_expr'].text()
                    if ';' in expr_text:
                        new_params = self.eval_stacked_str(expr_text)
                    else:
                        new_params = eval(str(expr_text))
                    param_ui['values'] = new_params
                    param_ui['slider'].setMaximum(len(new_params) - 1)
                    try:
                        new_index = argmin(abs(new_params - old_value))
                        param_ui['slider'].setValue(new_index)
                    except Exception:
                        pass
                    finally:
                        self.generate_result()
                    QToolTip.hideText()
                except Exception as err:
                    point = self.mapToGlobal(param_ui['param_range_expr'].pos())
                    QToolTip.showText(point, 'evaluating the parameters expression failed:\n' + get_exception_text(err),
                                      param_ui['param_range_expr'])

    def eval_stacked_str(self, stacked_str):
        values_list = []
        expressions = stacked_str.split(';')
        for expression in expressions:
            expression = expression.strip(' ')
            try:
                values_list += [float64(eval(expression)), ]
            except Exception:
                raise
        new_params = hstack(values_list)
        if allclose(new_params % 1, 0):
            new_params = int64(new_params)
        return new_params

    def get_params(self, return_internals=False):
        params = dict()
        params.update(self.fixed_params)
        for param_ui in self.varied_params_ui:
            index = param_ui['slider'].value()
            val = param_ui['values'][index]
            try:
                param_ui['value_label'].setText(param_ui['fmt_text'].format(val))
            except Exception:
                param_ui['value_label'].setText(' value:'.format(val))
            # param_ui['value_label'].setMinimumWidth(param_ui['value_label'].width())
            params[param_ui['name']] = val
        if return_internals:
            if self.use_guiprint:
                params['guiprint'] = GuiPrint()
            if self.use_properties:
                params['properties'] = dict()
        self.current_parameters = params
        return params

    def get_param_ui(self, name):
        for param_ui in self.varied_params_ui:
            if name == param_ui['name']:
                return param_ui

    # sweep functions
    def do_sweep(self, name):
        self.result_generated.connect(self.increment_sweep)
        for param_ui in self.varied_params_ui:
            param_ui['slider'].setDisabled(True)
            if name == param_ui['name']:
                self.active_sweep = param_ui
                param_ui['sweep_button'].setText('stop')
                param_ui['sweep_button'].clicked.connect(self.stop_sweep)
                self.sweep_start_index = param_ui['slider'].value()
                if self.sweep_start_index == param_ui['slider'].maximum():
                    param_ui['slider'].setValue(0)
                    return
            else:
                param_ui['sweep_button'].setDisabled(True)
        if self.properties_plot is not None:
            if name in self.properties_plot.available_params:
                try:
                    index = self.properties_plot.available_params.index(name)
                    self.properties_plot.param_selector.setCurrentIndex(index)
                except ValueError:
                    pass
        QTimer.singleShot(100, self.increment_sweep)

    def increment_sweep(self):
        slider = self.active_sweep['slider']
        if slider.value() < slider.maximum():
            if slider.value() < self.sweep_start_index + self.cache_size - 1 or self.cache_size == 0:
                if self.active_sweep is not None:
                    self.active_sweep['slider'].setValue(self.active_sweep['slider'].value() + 1)
                else:
                    self.stop_sweep()
        else:
            self.stop_sweep()

    def stop_sweep(self, x=None):
        self.result_generated.disconnect(self.increment_sweep)
        self.active_sweep['sweep_button'].setText('sweep')
        self.active_sweep['sweep_button'].clicked.disconnect()
        connect_once(self.active_sweep['sweep_button'].clicked, self.active_sweep['sweep_starter'])
        self.active_sweep = None
        for param_ui in self.varied_params_ui:
            param_ui['sweep_button'].setEnabled(True)
            param_ui['slider'].setEnabled(True)

    def sweep_and_save(self, name):
        # dummy function for a planned feature
        print(name)

    # processing functions
    def generate_result(self):
        self.setBusyCursor()
        params = self.get_params(True)
        params_hash = generate_hash_from_dict(params, excluded_keys=('guiprint', 'properties'))
        if params_hash in self.hashes_cache:
            cache_index = self.hashes_cache.index(params_hash)
            result_image, result_params = self.results_cache[cache_index]
            self.refresh_view(result_image, result_params)
            self.finished()
        else:
            if self.use_threading:
                if self.is_working:
                    self.dirty_state = True
                else:
                    self.is_working = True
                    self.dirty_state = False
                    self.resetCursor()
                    connect_once(self.work_thread.result_finished, self.continue_from_finished_result)
                    self.work_thread.do_work(self.function, params)
            else:
                try:
                    result_image = self.function(**params)
                    self.add_to_cache(result_image, params, params_hash)
                    self.refresh_view(result_image, params)
                except Exception as err:

                    self.show_error_message(
                        'the following error has occurred while executing the function for preview:\n' + get_exception_text(
                            err))
                self.finished()

    def continue_from_finished_result(self):
        self.refresh_view(self.work_thread.result, self.work_thread.params)
        self.add_to_cache(self.work_thread.result, self.work_thread.params)
        self.work_thread.cleanup()
        self.is_working = False
        if self.dirty_state:
            self.generate_result()
        self.finished()

    def add_to_cache(self, image, params, params_hash=None):
        self.results_cache.append((image, params))
        if params_hash is None:
            self.hashes_cache.append(generate_hash_from_dict(params, excluded_keys=('guiprint', 'properties')))
        else:
            self.hashes_cache.append(params_hash)

        if len(self.results_cache) > self.cache_size:
            del self.results_cache[0]
            del self.hashes_cache[0]
        QTimer.singleShot(10, self.new_result_generated.emit)

    def refresh_view(self, image, params):
        if self.use_guiprint:
            # params['guiprint'].add_runtime()
            self.guiprint_window.setText(str(params['guiprint']))
        self.image_view.set_image(image)

    def finished(self):
        if not self.gray_scale_initialized:
            self.image_view.range_mode.setCurrentIndex(1)
            self.gray_scale_initialized = True

        self.resetCursor()
        QTimer.singleShot(10, self.result_generated.emit)
        # self.resize(0, 0)


try:
    from matplotlib import pyplot as plt
    from matplotlib.figure import Figure
    from matplotlib.backends.backend_qt5agg import (FigureCanvasQTAgg as FigureCanvas,
                                                    NavigationToolbar2QT as NavigationToolbar)

    class PlotPreviewWidget(QWidget):
        def __init__(self, window_size=(400, 400), parent=None):
            QWidget.__init__(self, parent)
            self.setWindowTitle('Plot Preview Window')
            self.fig = Figure((5.0, 5.0), dpi=100)
            self.fig.set_tight_layout(True)
            self.canvas = FigureCanvas(self.fig)
            self.canvas.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)
            self.mpl_toolbar = NavigationToolbar(self.canvas, self)
            self.vbox = QVBoxLayout()
            hbox_toolbar = QHBoxLayout()
            hbox_toolbar.addWidget(self.mpl_toolbar)
            self.vbox.addLayout(hbox_toolbar)
            self.vbox.addWidget(self.canvas)
            self.setLayout(self.vbox)
            self.resize(window_size[1], window_size[0])

        def clear_plot(self):
            self.fig.clf()

        def draw(self):
            self.fig.tight_layout()
            self.canvas.draw()


    class PlotPreviewWindow(QWidget):
        def __init__(self, fig_function, varied_params, fixed_params=None, window_size=(600, 800), parent=None):
            QWidget.__init__(self, parent)
            self.setWindowTitle('Plot Preview Window')
            self.fig = Figure((5.0, 5.0), dpi=100)
            #self.fig.subplots_adjust(0.01, 0.01, 0.99, 0.99)   #arguments: left, bottom, right, top
            self.fig.set_tight_layout(True)
            #self.axes = self.fig.add_subplot(111)
            self.canvas = FigureCanvas(self.fig)
            self.canvas.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)
            #self.canvas.setSizeIncrement(5, 5)
            self.mpl_toolbar = NavigationToolbar(self.canvas, self)
            self.vbox = QVBoxLayout()
            hbox_toolbar = QHBoxLayout()
            hbox_toolbar.addWidget(self.mpl_toolbar)
            info_button = QPushButton('info'); hbox_toolbar.addWidget(info_button)
            self.vbox.addLayout(hbox_toolbar)
            self.vbox.addWidget(self.canvas)


            if fixed_params is None:
                self.fixed_params = dict()
            else:
                self.fixed_params = fixed_params
            self.varied_params_ui = []
            for key in sorted(varied_params.keys()):
                vbox = self.make_params_ui(key, varied_params[key])
                self.vbox.addLayout(vbox)
            self.uses_wide_layout = False

            self.info_tooltip = None

            self.setLayout(self.vbox)

            #info window
            self.info_window = InfoWindow(plot_preview_info_text)
            info_button.clicked.connect(self.info_window.show)
            info_button.clicked.connect(self.info_window.activateWindow)

            # internal non-ui objects
            self.fig_function = fig_function
            self.resize(window_size[1], window_size[0])

        # ui functions
        def show(self):
            self.refresh_plot()
            QWidget.show(self)
            screen_geometry = QDesktopWidget.screenGeometry(QDesktopWidget())
            self.move((screen_geometry.width() - self.width())//2, (screen_geometry.height() - self.height())//2)
            self.activateWindow()
            return self

        def resizeEvent(self, QResizeEvent):
            if QResizeEvent.size().width() > 1000:
                if not self.uses_wide_layout:
                    self.change_wide_layout(True)
            else:
                if self.uses_wide_layout:
                    self.change_wide_layout(False)
            QWidget.resizeEvent(self, QResizeEvent)

        # parameter functions
        def make_params_ui(self, name, parameters):
            vbox = QVBoxLayout()
            hbox1 = QHBoxLayout()
            name_label = QLabel('{}'.format(name)); hbox1.addWidget(name_label)
            name_label.setFont(large_font); name_label.setFixedWidth(150)
            label0 = QLabel(''); hbox1.addWidget(label0)
            label0.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Preferred)
            label1 = QLabel('  parameters expression:'); hbox1.addWidget(label1)
            param_range_expr = EnterLineEdit(name); hbox1.addWidget(param_range_expr)
            param_range_expr.setMaximumWidth(200)
            param_range_expr.enter_pressed.connect(self.eval_param_range_expr)
            param_range_expr.setToolTip('press enter to refresh slider')

            if type(parameters) is str:
                param_range_expr.setText(parameters)
                parameters = self.eval_stacked_str(parameters)
            else:
                try:
                    vmin, vmax, number = min(parameters), max(parameters), len(parameters)
                    if allclose(parameters, linspace(vmin, vmax, number)):
                        param_range_expr.setText('linspace({}, {}, {})'.format(vmin, vmax, number))
                    elif allclose(parameters, logspace(log10(vmin), log10(vmax), number)):
                        param_range_expr.setText('logspace({}, {}, {})'.format(log10(vmin), log10(vmax), number))
                except TypeError as err:
                    pass
                    #print('guessing of the parameter generator code failed:\n', err_text(err))
            param_range_eval = NamedStarter(self.eval_param_range_expr, name)

            hbox2 = QHBoxLayout()
            value_label = QLabel(' value:'.format(name)); hbox2.addWidget(value_label)
            value_label.setFixedWidth(120)
            fmt_text = ' value:'
            try:
                 '{:.5g}'.format(parameters[0])
                 fmt_text += ' {:.5g}'
            except ValueError:
                 fmt_text += ' {}'
            slider = ScrollSlider(Qt.Horizontal); hbox2.addWidget(slider)
            slider.setMaximum(len(parameters) - 1); slider.setTickPosition(QSlider.TicksBelow)
            slider.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Preferred)
            try:
                index = argmin(abs(parameters-self.fixed_params[name]))
                slider.setValue(index)
            except KeyError:
                slider.setValue(slider.maximum()//2)
            slider.valueChanged.connect(self.refresh_plot)
            slider.setTracking(True)
            line = QFrame(); line.setFrameShape(QFrame.HLine); line.setFrameShadow(QFrame.Sunken)

            self.varied_params_ui += [dict(name=name, values=parameters, value_label=value_label, slider=slider,
                                           param_range_expr=param_range_expr, param_range_eval=param_range_eval,
                                           fmt_text=fmt_text, name_label=name_label, label1=label1, label0=label0,
                                           vbox=vbox, hbox1=hbox1, hbox2=hbox2, line=line), ]
            vbox.addWidget(line)
            vbox.addLayout(hbox1)
            vbox.addLayout(hbox2)
            return vbox

        def change_wide_layout(self, wide_layout=False):
            for param_ui in self.varied_params_ui:
                if wide_layout:
                    param_ui['hbox2'].removeWidget(param_ui['value_label'])
                    param_ui['hbox2'].removeWidget(param_ui['slider'])
                    param_ui['hbox1'].addWidget(param_ui['value_label'])
                    param_ui['hbox1'].addWidget(param_ui['slider'])
                    param_ui['hbox1'].removeWidget(param_ui['label0'])
                else:
                    param_ui['hbox1'].removeWidget(param_ui['value_label'])
                    param_ui['hbox1'].removeWidget(param_ui['slider'])
                    param_ui['hbox2'].addWidget(param_ui['value_label'])
                    param_ui['hbox2'].addWidget(param_ui['slider'])
                    param_ui['hbox1'].insertWidget(1, param_ui['label0'])
            self.uses_wide_layout = wide_layout

        def eval_param_range_expr(self, name):
            for param_ui in self.varied_params_ui:
                if name == param_ui['name']:
                    try:
                        old_value = self.get_params()[str(name)]
                        expr_text = param_ui['param_range_expr'].text()
                        if ';' in expr_text:
                            new_params = self.eval_stacked_str(expr_text)
                        else:
                            new_params = eval(str(expr_text))
                        param_ui['values'] = new_params
                        param_ui['slider'].setMaximum(len(new_params) - 1)
                        try:
                            new_index = argmin(abs(new_params-old_value))
                            param_ui['slider'].setValue(new_index)
                        except Exception: pass
                        finally:
                            self.generate_result()
                        QToolTip.hideText()
                    except Exception as err:
                        point = self.mapToGlobal(param_ui['param_range_expr'].pos())
                        QToolTip.showText(point, 'evaluating the parameters expression failed:\n' + get_exception_text(err),
                                          param_ui['param_range_expr'])

        def eval_stacked_str(self, stacked_str):
            values_list = []
            expressions = stacked_str.split(';')
            for expression in expressions:
                expression = expression.strip(' ')
                try:
                    values_list += [float64(eval(expression)),]
                except Exception: raise
            new_params = hstack(values_list)
            if allclose(new_params % 1, 0):
                new_params = int64(new_params)
            return new_params

        def get_params(self):
            params = dict()
            params.update(self.fixed_params)
            for param_ui in self.varied_params_ui:
                index = param_ui['slider'].value()
                val = param_ui['values'][index]
                try:
                    param_ui['value_label'].setText(param_ui['fmt_text'].format(val))
                except Exception:
                    param_ui['value_label'].setText(' value:'.format(val))
                params[param_ui['name']] = val
            return params

        # plot functions
        def refresh_plot(self):
            params = self.get_params()
            self.clear_plot()
            self.fig_function(self.fig, **params)
            self.draw()

        def clear_plot(self):
            self.fig.clf()

        def draw(self):
            self.fig.tight_layout()
            self.canvas.draw()


    class PropertyPlotWindow(QWidget):
        def __init__(self, image_preview_window=None, window_size=(500, 650), cache_size=2000):
            '''
            Window for plotting result properties of an image algorithm, as a secondary window to ImagePreviewWindow

            Use ImagePreviewWindow.connect_properties_plot(PropertyPlotWindow) to connect to an ImagePreviewWindow

            Interesting internal objects:
            self.plot_cache     list of 2-tuples with dicts of (input parameters, derived properties)
            self.styles         plot colors/symbols (list)

            :param image_preview_window:    ImagePreviewWindow that generates the images
            :param window_size:
            :param cache_size:
            :param parent:
            :return:
            '''
            QWidget.__init__(self)
            self.image_preview_window = image_preview_window

            self.setWindowTitle('Properties Preview Window')
            self.fig = Figure((5.0, 5.0), dpi=80)
            self.plot = self.fig.add_subplot(111)
            self.canvas = FigureCanvas(self.fig)
            self.canvas.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)
            self.mpl_toolbar = NavigationToolbar(self.canvas, self)
            self.vbox = QVBoxLayout()
            hbox_toolbar = QHBoxLayout()
            hbox_toolbar.addWidget(self.mpl_toolbar)

            self.hbox1 = QHBoxLayout()
            label_vs = QLabel('select properties:'); self.hbox1.addWidget(label_vs)
            self.variable_checkboxes = []

            self.hbox2 = QHBoxLayout()
            label_ps = QLabel('select parameter:'); self.hbox2.addWidget(label_ps)
            self.param_selector = QComboBox(); self.hbox2.addWidget(self.param_selector)
            self.param_selector.setMinimumWidth(150)
            self.logscale_y_checkbox = QCheckBox('logscale y'); self.hbox2.addWidget(self.logscale_y_checkbox)
            self.logscale_x_checkbox = QCheckBox('logscale x'); self.hbox2.addWidget(self.logscale_x_checkbox)
            self.logscale_y_checkbox.setCheckState(0); self.logscale_x_checkbox.setCheckState(0)
            self.logscale_y_checkbox.stateChanged.connect(self.refresh_plot)
            self.logscale_x_checkbox.stateChanged.connect(self.refresh_plot)

            self.hbox2.addStretch()
            clear_button = QPushButton('clear'); self.hbox2.addWidget(clear_button)
            clear_button.clicked.connect(self.clear)
            close_button = QPushButton('close'); self.hbox2.addWidget(close_button)
            close_button.clicked.connect(self.close)

            self.vbox.addLayout(hbox_toolbar)
            self.vbox.addWidget(self.canvas)
            self.vbox.addLayout(self.hbox1)
            self.vbox.addLayout(self.hbox2)
            self.setLayout(self.vbox)
            self.resize(window_size[1], window_size[0])

            # internal non-ui objects
            self.has_contents = False
            self.has_legend = False
            self.available_params = []
            self.available_variables = []
            self.enabled_variables = []
            self.current_parameter = None
            self.current_variable = None
            self.plot_cache = []
            self.plot_cache_hashes = []
            self.x_range = [inf, -inf]
            self.y_range = [inf, -inf]
            self.last_parameters = dict()
            self.legend = ()

            self.cache_size = cache_size
            marker_styles = '+', 'x', '.', 's', '^'
            colors = 'bgrcyk'
            self.styles = [colors[i % len(colors)] + marker_styles[i % len(marker_styles)] for i in range(20)]

        # ui functions
        def show(self):
            self.refresh_plot()
            QWidget.show(self)
            if not self.has_contents:
                screen_geometry = QDesktopWidget.screenGeometry(QDesktopWidget())
                self.move((screen_geometry.width() - self.width())//2, (screen_geometry.height() - self.height())//2)
            self.activateWindow()
            return self

        def clear(self):
            del self.plot_cache[:]
            self.refresh_plot()

        def enable_param_variable_selectors(self, params):
            properties = params['properties']
            for key in sorted(params.keys()):
                if key not in ('guiprint', 'properties'):
                    try:
                        float64(params[key])
                        self.available_params += [key,]
                    except ValueError:
                        pass
            for key in sorted(properties.keys()):
                self.available_variables += [key,]
            self.param_selector.clear()
            for param in self.available_params:
                self.param_selector.addItem(param)
            self.current_parameter = self.available_params[0]
            self.param_selector.currentIndexChanged.connect(self.select_parameter)

            for variable_checkbox in self.variable_checkboxes:
                self.hbox1.removeWidget(variable_checkbox)
            for variable in self.available_variables:
                variable_checkbox = QCheckBox(variable)
                variable_checkbox.setCheckState(2)
                self.variable_checkboxes += [variable_checkbox, ]
                self.hbox1.insertWidget(3, variable_checkbox)
                variable_checkbox.stateChanged.connect(self.refresh_enabled_variables)
            self.refresh_enabled_variables()
            self.has_contents = True

        def refresh_enabled_variables(self):
            self.enabled_variables = []
            self.legend = []
            for index, variable in enumerate(self.available_variables):
                if self.variable_checkboxes[index].isChecked():
                    self.enabled_variables += [(variable, self.styles[index % len(self.styles)]),]
                    self.legend += [variable,]
            self.refresh_plot()

        def select_parameter(self, index):
            self.current_parameter = self.available_params[index]
            self.refresh_plot()

        def select_variable(self, index):
            self.current_variable = self.available_variables[index]
            self.style = self.styles[index % len(self.styles)]

        def refresh_other_parameters(self):
            hash1 = generate_hash_from_dict(self.image_preview_window.current_parameters,
                                            excluded_keys=(self.current_parameter, 'guiprint', 'properties'))
            hash2 = generate_hash_from_dict(self.last_parameters,
                                            excluded_keys=(self.current_parameter,'guiprint', 'properties'))
            if hash1 != hash2:
                self.refresh_plot()


        # plot functions
        def add_data_points(self):
            try:
                params = self.image_preview_window.results_cache[-1][1]
                properties = params['properties']
                if not self.has_contents:
                    self.enable_param_variable_selectors(params)

                plot_cache_entry = dict(), dict()
                for key in sorted(params.keys()):
                    if key not in ('guiprint', 'properties'):
                        plot_cache_entry[0][key] = params[key]
                for key in sorted(properties.keys()):
                    plot_cache_entry[1][key] = properties[key]
                hash = generate_hash_from_dict(plot_cache_entry[0]) + generate_hash_from_dict(plot_cache_entry[1])

                if hash not in self.plot_cache_hashes and self.isVisible():
                    self.plot_data_point(plot_cache_entry)
                    self.plot_cache += [plot_cache_entry,]
                    self.plot_cache_hashes += [hash,]
                    if len(self.plot_cache) > self.cache_size:
                        del self.plot_cache[0]
            except IndexError: pass

        def plot_data_point(self, plot_cache_entry, draw=True):
            image_preview_parameters = self.image_preview_window.current_parameters
            hash1 = generate_hash_from_dict(image_preview_parameters,
                                            excluded_keys=(self.current_parameter, 'guiprint', 'properties'))
            hash2 = generate_hash_from_dict(plot_cache_entry[0],
                                            excluded_keys=(self.current_parameter,'guiprint', 'properties'))
            self.last_parameters = plot_cache_entry[0]
            if hash1 == hash2:
                for variable, style in self.enabled_variables:
                    x = plot_cache_entry[0][self.current_parameter]
                    y = plot_cache_entry[1][variable]
                    self.update_range_borders(x, y)
                    logy, logx = self.logscale_y_checkbox.isChecked(), self.logscale_x_checkbox.isChecked()
                    if logy and logx:
                        try:
                            self.plot.loglog(x, y, style)
                        except ValueError:
                            self.logscale_x_checkbox.setCheckState(0)
                            self.logscale_y_checkbox.setCheckState(0)
                    elif logy:
                        try:
                            self.plot.semilogy(x, y, style)
                        except ValueError:
                            self.logscale_y_checkbox.setCheckState(0)
                    elif logx:
                        try:
                            self.plot.semilogx(x, y, style)
                        except ValueError:
                            self.logscale_x_checkbox.setCheckState(0)
                    else:
                        self.plot.plot(x, y, style)
                self.set_range_borders()
                if not self.has_legend:
                    self.plot.legend(self.legend, loc='best')
                    self.has_legend = True
                if draw:
                    self.canvas.draw()

        def update_range_borders(self, x, y):
            self.x_range = min(self.x_range[0], x), max(self.x_range[1], x)
            self.y_range = min(self.y_range[0], y), max(self.y_range[1], y)

        def set_range_borders(self):
            parameters = self.image_preview_window.get_param_ui(self.current_parameter)['values']
            self.x_range = clip(self.x_range, min(parameters), max(parameters))
            x_border = (self.x_range[1]-self.x_range[0])/20
            y_border = (self.y_range[1]-self.y_range[0])/20
            if np.isclose(x_border, 0.): x_border = max(self.x_range[0]*0.1, 1e-10)
            if np.isclose(y_border, 0.): y_border = max(self.y_range[0]*0.1, 1e-10)
            self.plot.set_ylim(self.y_range[0]-y_border, self.y_range[1]+y_border)
            self.plot.set_xlim(self.x_range[0]-x_border, self.x_range[1]+x_border)

        def refresh_plot(self):
            if self.isVisible():
                self.x_range = [inf, -inf]
                self.y_range = [inf, -inf]
                self.fig.clf()
                self.has_legend = False
                self.plot = self.fig.add_subplot(111)
                for plot_cache_entry in self.plot_cache:
                    self.plot_data_point(plot_cache_entry, False)
                if not self.has_legend:
                    self.plot.legend(self.legend, loc='best')
                self.plot.set_xlabel(self.current_parameter)
                self.fig.tight_layout()
                self.canvas.draw()

    __all__ = ('ImageSliceView', 'ImagePreviewWindow', 'PlotPreviewWindow', 'ImageView')
except ImportError:
    __all__ = ('ImageSliceView', 'ImagePreviewWindow', 'ImageView')









tomis/GUI/pyXIT_icons.py

from PySide2 import QtCore

qt_resource_data = b"\
\x00\x00\x04\x02\
\x89\
\x50\x4e\x47\x0d\x0a\x1a\x0a\x00\x00\x00\x0d\x49\x48\x44\x52\x00\
\x00\x00\x60\x00\x00\x00\x40\x08\x06\x00\x00\x00\xe5\x34\x72\x0e\
\x00\x00\x00\x09\x70\x48\x59\x73\x00\x00\x0c\x80\x00\x00\x0c\x80\
\x01\x01\xec\x09\x27\x00\x00\x03\xb4\x49\x44\x41\x54\x78\x01\xed\
\x9c\x21\x70\x1a\x41\x14\x86\xd3\x99\x08\x24\x12\x07\x75\x48\x64\
\x71\xc4\x81\x2b\x0e\x1c\xa8\x82\x4a\xe3\x40\xa5\x55\xe0\x9a\xa8\
\x12\x05\x0e\x1c\x71\xe0\x8a\x23\x12\x89\x2b\x38\x24\x12\x97\xde\
\x9f\x76\x33\xb0\xb7\x7b\xef\xb8\xcc\xce\xce\x34\xff\xcd\x30\x77\
\xfb\xde\xee\xdb\xe4\xff\xf6\x36\x6f\x8f\xbd\x5c\x3e\x3f\x3f\x5f\
\xf0\xf0\xa7\xc0\xa5\xbf\xae\xd9\x33\x14\x20\x00\xcf\xe3\x80\x00\
\x08\xc0\xb3\x02\x9e\xbb\xe7\x1d\x40\x00\x9e\x15\xf0\xdc\x7d\xec\
\x3b\xe0\xfe\xfe\xfe\xf7\x7e\xbf\xcf\x79\xfe\x79\x13\x77\x7f\x7d\
\x7d\xfd\x31\x9d\x4e\x6f\x12\x07\x70\xd4\x30\x36\x00\x47\xfd\xbf\
\xfb\xb0\x04\xe0\x79\x08\x10\x40\x42\x00\x8b\xc5\xa2\x84\xa6\xa5\
\x52\x69\x81\x73\xd2\x83\x00\x12\x28\xb7\x5e\xaf\xf3\xd5\x6a\x75\
\x8a\xa6\xcb\xe5\xb2\x98\xcf\xe7\xd7\x09\xc2\xbc\x34\x21\x80\x33\
\x95\xdb\xed\x76\x99\x4a\xa5\x32\x0b\x12\x92\x34\x9a\xe2\x1a\x10\
\x32\x99\xcc\xee\xcc\x50\x2f\xd5\x09\xe0\x0c\xd5\x0e\x87\x43\x0a\
\x23\x7f\xb3\xd9\xe4\x54\x33\x5c\x2b\x08\xa9\x54\xea\xa0\xec\x71\
\xcf\x04\x10\x57\xa9\xa0\x5e\xbd\x5e\x1f\x3f\x3d\x3d\x7d\xd2\x9b\
\xac\x56\xab\x02\xc0\xcc\x66\xb3\x8a\xee\x93\xca\x04\x20\x29\xf4\
\xcf\x7f\x73\x73\xf3\xe3\xf1\xf1\xf1\xb3\xad\xfa\x7c\x3e\x2f\xb7\
\xdb\xed\x9f\xc1\xd1\xb6\xd5\x31\xd9\x09\xc0\xa4\x8a\x66\xbb\xbb\
\xbb\xfb\x8a\x8f\x66\x0e\x15\x07\x83\x41\x2b\x9b\xcd\x6e\x3b\x9d\
\x4e\x3f\xe4\xb4\x18\x08\xc0\x22\x8c\x32\x63\xd4\x63\xf4\xab\xb2\
\x74\xee\x76\xbb\xbd\x5c\x2e\xb7\xa9\xd5\x6a\x13\xa9\x2e\xfc\x04\
\x10\xa1\x12\xe6\x76\xcc\xfb\x11\x55\x8c\xae\x66\xb3\x39\x44\x56\
\x14\x67\x8d\x40\x00\x46\x09\x2f\x2e\x54\x76\x83\xcc\xc7\x52\xc5\
\x6a\x56\xd9\x52\x9c\x35\x02\x01\x18\x64\x44\x8e\x8f\xd4\x12\x39\
\xbf\xc1\x1d\xcb\xa4\x62\x48\x6b\x04\x02\xd0\xe4\x54\xa3\x17\xab\
\x5d\xcd\x75\x76\x51\xdd\x45\x80\x60\x5b\x23\x10\x80\x26\x2b\xe6\
\x6f\xf5\x9c\x47\x73\x25\x2a\x4a\x6b\x04\x02\xd0\x64\x1d\x8f\xc7\
\x75\x7c\x34\xf3\x4b\x71\x34\x1a\x35\x00\xc8\xe4\x0b\xb6\xf7\x7c\
\x30\xd9\x25\x1b\x01\x48\x0a\x39\xf6\x13\x80\x63\x81\xa5\xf0\x04\
\x20\x29\xe4\xd8\x4f\x00\x8e\x05\x96\xc2\x13\x80\xa4\x90\x63\x3f\
\x01\x38\x16\x58\x0a\x4f\x00\x92\x42\x8e\xfd\x04\xe0\x58\x60\x29\
\x3c\x01\x48\x0a\x39\xf6\x13\x80\x63\x81\xa5\xf0\x04\x20\x29\xe4\
\xd8\x4f\x00\x8e\x05\x96\xc2\x13\x80\xa4\x90\x63\x3f\x01\x38\x16\
\x58\x0a\x4f\x00\x92\x42\x8e\xfd\x04\xe0\x58\x60\x29\x3c\x01\x48\
\x0a\x39\xf6\x13\x80\x63\x81\xa5\xf0\x04\x70\xa4\x10\x76\x32\xe0\
\x3b\xdc\x23\xd3\xc9\x65\xd4\x17\xf5\xd2\xf7\xc8\x85\x42\x61\x15\
\xbc\x22\xb5\x3f\x09\x18\x14\x08\xe0\x48\x11\x08\xf4\xf0\xf0\xf0\
\x65\x32\x99\xd4\x8e\xcc\xb1\x2e\xaf\xae\xae\x7e\xd9\x2a\x96\xcb\
\xe5\xb9\x6d\xe3\x2e\x01\x68\xaa\x0d\x87\xc3\x26\xf6\x03\x49\x23\
\x5a\x6b\x66\x2d\x62\xe4\x4f\xa7\xd3\xaa\xad\x02\x01\x68\xca\x60\
\xff\x0e\x04\x2b\x16\x8b\xcb\xa8\x29\x47\x6b\x66\x2c\x62\x8f\x28\
\x46\xbe\x6d\x4f\x10\x1a\x11\x80\x41\x3a\x4c\x45\x10\x0e\x10\x92\
\xee\x8e\x53\x31\xa4\x37\x67\x08\xc0\x00\x00\x26\x35\x7a\x01\xe1\
\xdc\xfd\xa1\xea\x2e\x8a\xf3\xee\x18\x01\x58\x00\xc0\xac\xe6\x6f\
\xec\x13\x8d\xa8\x16\x72\xe1\x25\x8d\x38\x3b\xa3\xd1\x90\x00\x42\
\xf2\x9d\x1a\x90\xc1\x40\x50\xbc\xfd\x72\xea\x31\x97\x6e\x6f\x6f\
\xbf\x37\x1a\x8d\x91\xd9\x1b\xb6\x12\x40\x58\x93\x90\xa5\xd5\x6a\
\x0d\xb6\xdb\x6d\xb6\xdf\xef\x77\x42\xce\x23\x03\x84\xff\x16\x1c\
\x47\x26\xf1\x92\x00\x44\x89\xfe\x56\xe8\xf5\x7a\x5d\xec\x76\xb6\
\xad\x11\xd4\x9d\x12\x33\xdc\x6b\x35\x02\x78\x95\x42\xbe\xb0\xad\
\x11\xf0\xb7\x02\x1b\x7a\xa3\xd2\x4d\x5b\x74\x02\xb0\x29\x63\xb0\
\xab\xec\xe6\x78\x8d\x80\x34\x13\xeb\x06\xd3\x63\x06\x43\x88\x90\
\x89\x00\x42\x92\x44\x1b\x54\x7e\x0f\x08\x78\x76\x84\xf5\x02\x52\
\xd6\xe8\x56\x76\x6f\x6c\x00\xf8\x7f\x3b\xf6\x30\xef\xcb\xa3\xd6\
\x08\x58\xa4\x61\xfa\x79\xcb\x6f\x1f\x1b\xc0\x5b\x3a\xf9\x1f\xdb\
\xbe\x55\x78\xa5\x09\x01\x28\x25\x3c\x9d\x09\xc0\x93\xf0\xaa\x5b\
\x02\x50\x4a\x78\x3a\x13\x80\x27\xe1\x55\xb7\x04\xa0\x94\xf0\x74\
\x26\x00\x4f\xc2\xab\x6e\x09\x40\x29\xe1\xe9\xfc\x07\xa1\x34\x49\
\xb5\xef\xab\x6a\xa5\x00\x00\x00\x00\x49\x45\x4e\x44\xae\x42\x60\
\x82\
\x00\x00\x03\x40\
\x89\
\x50\x4e\x47\x0d\x0a\x1a\x0a\x00\x00\x00\x0d\x49\x48\x44\x52\x00\
\x00\x00\x31\x00\x00\x00\x15\x08\x02\x00\x00\x00\x60\xc3\x91\x6b\
\x00\x00\x03\x07\x49\x44\x41\x54\x78\xda\xcd\x96\xeb\x6b\xd3\x50\
\x18\xc6\xf7\x67\x6a\x57\x87\x13\x45\x45\x11\x2f\xf3\xb2\xcd\xbb\
\x82\x4e\x14\x15\xaf\x38\x50\x61\x20\x7e\x99\xa2\x28\x22\x1b\xa8\
\x88\x83\x7d\xd0\x75\xd7\x76\xdd\xb5\x49\xdb\x24\x4d\xd3\x2e\x69\
\xd3\x36\x4d\x72\xe6\xb3\x9e\xf5\x2c\xcd\xa5\x6e\xdd\x84\x95\x87\
\x92\xe6\x3c\xe7\x3d\xbf\xbc\x27\xef\x7b\xda\xb6\xba\xfb\x3e\x6d\
\xec\x8a\xac\xae\x5a\x84\x50\x11\x8f\xcf\x26\x1b\xa3\x90\x4d\x9a\
\x05\xb5\x1d\xa1\xec\xa6\xcb\x5b\xf5\xb0\xc4\x97\x69\xaa\x50\x7e\
\x96\x50\x9e\x2c\x2b\xcf\x13\xca\xbc\x6e\x38\x67\x9a\x84\x7c\x94\
\x34\x0c\x31\xf5\x73\xb9\xcf\x19\x6d\x4e\x37\x2a\x8d\x74\xf8\xb5\
\x58\x32\xbe\xca\x05\xe6\x1c\xce\x16\x82\x1e\x40\x32\xcc\x97\x7c\
\x0e\x9e\xa7\x09\x65\x5c\x2b\xfb\x30\x0d\xcb\x85\xf6\x08\xb7\x77\
\x8c\xdb\x17\xe1\x47\xf3\x25\xe7\x64\xc3\x26\xb7\x17\x32\x18\x72\
\x0a\xe6\xc3\x93\x49\x84\x4b\x94\xaa\x74\xd1\x15\xd3\xfa\x20\xaa\
\xa7\x66\xd2\xd7\xe7\x24\x66\xeb\x8a\x0a\x19\xc3\xf4\xcd\x25\xcc\
\xe1\xda\x8a\xed\x63\xdc\x97\x8c\xd6\x3a\x53\xa8\x26\xb6\x24\xae\
\x2f\xc4\x84\x78\xd1\xc0\x83\xde\x98\x93\x30\x17\xba\xe6\x60\xc2\
\xcf\x21\xb9\xe0\x65\x92\x0d\xeb\x7c\x4c\x58\x7f\xbc\x6d\x32\x5d\
\x8e\x8b\x9f\x24\xed\x4d\x2a\x0f\x82\xfd\xe3\x3c\xbd\x89\xc4\xb0\
\x05\x5c\x4c\x10\x9c\x45\xab\xe1\xbd\x42\x5e\xb1\xbf\x70\xee\x0c\
\xd3\x0b\x4e\x21\xb5\xa0\x05\xcb\x46\xa0\xce\x1a\xd6\xc1\x89\x64\
\x77\x4c\x0c\x62\x3a\x30\x91\xfc\xa3\x36\x04\xd4\x4c\xfb\x6a\x7c\
\xc3\xd3\x22\x53\x9f\x87\x49\xac\x98\x03\xa9\x3c\x65\x0a\x47\xf8\
\x9e\x98\xb8\x27\x80\x09\x7a\xb4\x9c\x35\x1c\xaf\xfa\x48\x5e\x67\
\x39\x6e\x91\xa9\x6a\x93\x3b\x0b\x32\x63\xc2\x46\xfc\xcc\xe9\x48\
\x0c\xf5\xd7\x98\xb8\xee\xa6\x4c\xc7\xa6\x52\x28\x05\x1a\x4d\xb7\
\x6c\x57\xc5\x6c\x97\x09\xeb\xdd\x5f\xca\x76\x3a\x9e\x92\xee\x5d\
\xcf\x6c\xe0\xde\xd1\x22\x1d\x14\x54\x9a\xa8\xdf\x6a\x09\xbb\xb9\
\x93\x4c\xa1\xc6\xc5\xa8\x50\x7a\xc8\x44\x13\x26\xea\x51\xaa\x16\
\xfa\xd9\x83\xa5\xac\x9b\xb8\x05\xa6\x92\x65\xf7\x79\xfa\x13\x43\
\x3c\x31\x9d\xbe\x34\x2b\x86\x1c\xc5\xef\xcb\xd4\x11\xe1\x7f\x28\
\x45\x74\xe6\x43\x8d\x49\xda\x32\x13\x7a\x3f\x7a\xfa\x40\x32\xdf\
\x53\x2f\x2b\x97\xce\x44\x05\x00\xb1\xaa\xf6\x32\x39\xf3\x8a\x96\
\x71\x6f\x51\xf6\x0e\x6d\x81\x69\xad\x2f\x4b\x2a\xd2\x70\x74\x2a\
\x75\x2e\x2a\xf8\x32\x9d\x9c\x49\x9f\x9e\x49\x3b\xef\x38\x99\xb0\
\x2a\x26\x76\xd4\x5f\x3e\x94\x42\xb8\x4e\x8f\x9b\x5d\xd1\xad\xf4\
\xcc\x5f\x39\x7d\x52\x2b\xdf\x9c\xcf\xd0\x04\x1c\x99\x0c\x64\xa2\
\x04\xe1\x48\x20\xd3\xeb\x64\x1e\x6d\xd6\x3b\x11\xd9\x7d\xc5\xe7\
\x36\xcb\x84\x6f\x04\x05\x07\x9b\xdf\x84\x09\x3a\x1b\x15\x8e\x4f\
\xa7\x82\x98\xde\x8b\xea\x90\xa3\x65\xd7\x13\xc6\x03\x62\x50\x54\
\x37\xcb\xe4\x55\x73\x26\xf4\x85\x2b\x71\x29\x14\xcc\x84\x72\x63\
\x9d\x82\x0a\xe7\x74\xba\x62\xbe\xfb\x7f\x4c\x10\x2a\x80\xe5\xd5\
\xcb\xe4\x3e\xdd\x22\xdc\xdb\xf4\x0a\xfe\x33\xfd\x9b\x69\x74\xa5\
\x84\x3d\xee\xf5\xd3\xad\xf9\xcc\xc3\xa5\x6c\x6f\xc0\x28\x35\x3c\
\x5e\x5e\x37\xe0\xed\xe9\xe7\x14\x7a\x7d\x71\x56\xfc\xae\x14\xe9\
\xbf\x80\xbb\x8b\x32\x33\xf3\xe5\xb5\x9e\xfe\x4d\x29\x32\xdb\x48\
\x4e\xf7\x61\xaa\x12\x82\xa3\xd1\x57\x38\x6e\x71\x9e\x04\x8d\xae\
\x19\x4c\x5b\xb7\x7c\xae\x21\x7a\xcc\x91\xda\x91\x42\xef\x20\x14\
\xa9\x1f\xa3\x2e\x9b\x9b\x69\xf7\x7c\xfe\x02\x14\x01\x13\xea\x7f\
\x66\x68\x24\x00\x00\x00\x00\x49\x45\x4e\x44\xae\x42\x60\x82\
\x00\x00\x07\xab\
\x89\
\x50\x4e\x47\x0d\x0a\x1a\x0a\x00\x00\x00\x0d\x49\x48\x44\x52\x00\
\x00\x00\x80\x00\x00\x00\x80\x08\x02\x00\x00\x00\x4c\x5c\xf6\x9c\
\x00\x00\x00\x09\x70\x48\x59\x73\x00\x00\x32\x00\x00\x00\x32\x00\
\x01\xf2\x76\x93\x21\x00\x00\x07\x5d\x49\x44\x41\x54\x78\x9c\xed\
\x9d\x3d\x6e\xe3\x3c\x10\x86\x59\x2c\xa0\x8e\x5b\xb9\x53\x8a\x38\
\x9d\xdd\x2f\xe0\x5a\x0b\xec\x09\x02\xec\x05\x7c\x88\xec\x01\x36\
\x87\xd0\x05\x02\xe4\x04\x01\x3e\xd5\x01\xd2\xdb\x5d\x9c\x22\xea\
\x54\xad\x3a\x55\x59\xd1\xde\x2f\xfe\xd1\xcc\xf0\x47\x94\x49\x5a\
\x7c\xca\x44\xb2\x0d\xbe\xa3\x19\x72\x66\x48\x7d\xf9\xf8\xf8\x60\
\x11\x77\x7c\x71\xfd\x03\xc6\x4e\x14\xc0\x31\x51\x00\xc7\x44\x01\
\x1c\x13\x05\x70\x4c\x14\xc0\x31\x51\x00\xc7\x44\x01\x1c\x13\x05\
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\xd1\xa8\x2d\xfc\x62\x92\x9a\x60\xaa\x79\xaa\x14\x00\xa2\xb3\xc2\
\xad\x5e\xaf\x67\x64\xcc\x52\xe2\x33\x3e\x48\x26\x93\x2d\x96\x9f\
\xd3\x8f\x98\xe6\xb6\x56\x0e\x00\x51\x69\x56\xc6\x5d\x96\x4e\x93\
\xc4\x8e\x35\xc5\x8f\x31\x38\x9a\xd0\x34\x05\x02\x00\x13\x93\x01\
\x17\x10\x64\xa6\x2b\x81\x26\x36\x9a\x25\xd1\x91\x33\x5e\xa0\x69\
\x9a\x9b\x9b\xfb\xc3\x91\xe7\x4e\xa3\xcb\x59\x7c\x9b\xdd\x31\x10\
\x00\xbc\x08\x2f\x29\xff\x5e\xe5\x05\x82\xc8\x28\x83\x36\x76\x71\
\x0d\x90\x69\xfb\x47\x2c\x91\x77\xa7\x63\x60\x00\x78\x21\x10\x5a\
\xad\x56\x92\xdf\x0a\xe0\x07\x72\xca\x84\xc9\xe1\x81\x02\x40\x58\
\x2c\x23\x4a\x2d\xae\x0a\xd9\xd5\x73\x26\x01\x09\x1c\x00\x62\xd2\
\x99\x32\x46\xc0\x69\x87\x89\x3a\x6e\xbf\xa0\x33\x90\x50\x00\x08\
\x01\x59\xf5\xfc\xf4\xf4\xf4\x99\x9a\xc0\x0f\xb5\xdd\xe6\x10\x44\
\x3a\x71\xa4\x49\x13\xe7\xba\x1c\x43\x05\x80\x68\xd4\x06\x7e\x84\
\xc1\x78\x01\xb3\x13\x17\xb5\xc9\x35\x22\x74\x00\xa2\xe4\x02\x02\
\x08\xec\x58\x3a\xcc\x98\x61\x7e\x9a\x36\x77\x3c\x31\x00\x02\x04\
\x47\xcc\x4b\x76\xfa\x09\xe6\x8e\xb1\x98\x9e\x9f\x9f\x17\x39\x67\
\xa4\xac\x33\x94\x48\x00\xb0\xc2\x60\xa0\xa5\xdb\x60\xcb\xfa\x7d\
\xc3\xe7\x91\x03\x30\x9c\x41\xdd\xaf\x63\x00\x13\x26\x1c\x03\x88\
\x01\x4c\x58\x81\x09\xbf\xfe\x2f\x2b\xa2\x54\xe2\xeb\x9d\xd1\x1e\
\x00\x00\x00\x00\x49\x45\x4e\x44\xae\x42\x60\x82\
\x00\x00\x03\x9f\
\x89\
\x50\x4e\x47\x0d\x0a\x1a\x0a\x00\x00\x00\x0d\x49\x48\x44\x52\x00\
\x00\x00\x60\x00\x00\x00\x40\x08\x06\x00\x00\x00\xe5\x34\x72\x0e\
\x00\x00\x00\x09\x70\x48\x59\x73\x00\x00\x0c\x80\x00\x00\x0c\x80\
\x01\x01\xec\x09\x27\x00\x00\x03\x51\x49\x44\x41\x54\x78\x01\xed\
\x9b\xbf\xb3\xe1\x50\x14\xc7\x9f\xf1\xc6\xd0\x99\xad\x34\x76\x74\
\x74\xa8\x96\x8e\xff\x80\xce\x76\xb6\xa3\xf3\xa3\xb1\xd5\x8e\x8a\
\x8e\x8e\xc2\x8c\xed\xe8\xec\x7f\x40\x87\x6a\xe9\x54\xc6\xac\x46\
\x63\x47\x69\x0c\x63\xdf\x29\x52\x88\x24\x92\xeb\xca\x31\xeb\xfb\
\x9a\x4c\x4e\xce\xb9\x27\xf9\x7e\x72\x6f\x4e\x4e\x9e\xf7\xf3\xf9\
\xfc\x86\x3f\x3e\x05\xde\xf9\x52\x23\x33\x29\x00\x00\xcc\xf7\x81\
\x6d\x00\x96\xcb\x65\xec\x78\x3c\xba\xd5\xd7\x7b\x3a\x9d\x3e\x1d\
\x0e\x87\xcf\x6a\xbb\xd1\xbe\xcb\xe5\xfa\xe3\x74\x3a\xff\xaa\x7d\
\x3c\x1e\xcf\xce\xef\xf7\xcf\xd4\xf6\x67\xde\xb7\x0d\x40\xa7\xd3\
\xe9\x6d\xb7\xdb\x80\x5a\x8c\x0f\xc1\xde\xc2\xe1\xb0\xda\x6c\xb8\
\x3f\x9f\xcf\xdf\xd6\xeb\xf5\x95\x4f\x30\x18\x1c\x95\x4a\xa5\xe4\
\xd5\x81\x27\x36\xd8\x06\xe0\x89\x35\x60\x3d\x35\x00\x60\x95\x1f\
\x0f\x61\x66\xf9\x01\x00\x00\xd8\x15\x60\x3e\x01\x3c\x03\x00\x80\
\x59\x01\xe6\xf4\x98\x01\x00\xc0\xac\x00\x73\x7a\xcc\x00\x00\x60\
\x56\x80\x39\x3d\x66\x00\x00\x30\x2b\xc0\x9c\x1e\x33\x00\x00\x98\
\x15\x60\x4e\x8f\x19\x20\x00\x20\x1e\x8f\x8f\x07\x83\x41\xda\xe7\
\xf3\x6d\x04\xc2\x2f\x42\x00\xe0\x42\x0e\x73\x3b\x93\xc9\x24\x16\
\x8d\x46\x7f\x13\x84\x58\x2c\x36\x31\x17\xa5\xed\x05\x00\xda\xba\
\xdc\xb4\x6e\x36\x1b\x1f\xcd\x84\x46\xa3\x51\x2c\x14\x0a\xcd\x9b\
\x01\x3a\x0e\x00\xa0\x23\x8c\x59\x73\xb1\x58\x6c\x4c\xa7\xd3\x2f\
\xdd\x6e\xf7\x9b\xdb\xed\xde\x9b\x8d\x53\xfc\x00\x40\x51\xe2\x8e\
\x6d\xbf\xdf\xcf\xcc\x66\xb3\x08\x2d\x49\xa1\x50\x68\x61\x65\x28\
\x00\xb0\xa2\x96\x81\xef\x62\xb1\x08\xd1\x92\x44\x33\x21\x95\x4a\
\xfd\x32\x70\xbd\x38\x04\x00\x17\x72\xdc\xb7\xb3\xdb\xed\xbc\xe9\
\x74\x7a\x50\xa9\x54\xea\xb5\x5a\xed\xbb\x99\xd1\x00\xc0\x8c\x4a\
\x16\x7d\xea\xf5\x7a\x85\x2a\x25\x5a\x92\xbc\x5e\xef\xce\x28\x1c\
\x00\x8c\xd4\xb9\xe3\xd8\x68\x34\x4a\x50\xa9\xda\xeb\xf5\xbe\x1a\
\x95\xaa\x2f\x01\x80\x96\x86\x66\xb3\x59\xb8\x43\x4f\xa1\xd0\xd5\
\x6a\x15\x48\x26\x93\x43\x2a\x55\x73\xb9\x5c\x5b\x6b\x90\x97\x01\
\x50\xad\x56\x7f\x68\x09\xf0\x68\xdb\x7e\xbf\x77\xe7\xf3\xf9\xd6\
\xc7\x7f\xf3\x85\x09\x84\xba\x54\x7d\x09\x00\x8f\x16\xd9\xcc\xf8\
\xed\x76\x3b\xa7\x3c\x17\x02\x81\xc0\x4a\x89\x01\x00\x45\x09\x1b\
\xb6\xf4\xae\x40\xcf\x85\xf1\x78\x1c\x57\xde\x17\x00\xc0\x06\xe1\
\x95\x14\xb4\xfc\x50\x79\xaa\x88\x4f\x76\x00\x50\xd4\x79\xf0\x96\
\x3a\xa7\x5a\xcd\xbb\x97\x00\x40\x77\x5e\x22\x91\x18\xc9\xd2\x98\
\x4a\x4c\x2b\x63\x51\x6e\x2a\x47\xb5\xda\xd7\x2f\x01\x80\x2e\x7c\
\x38\x1c\x4a\xfb\xdd\x80\xc3\xe1\x30\xfd\xc3\x3a\xea\x94\x52\xf5\
\xa3\x07\xec\x25\x00\xe8\x5d\xfc\x23\xed\xf4\x06\xdc\x6a\xb5\xf2\
\x99\x4c\xa6\x6f\x94\x07\x00\x8c\xd4\x11\x3c\x46\x0f\x59\xb3\x9d\
\x51\x00\x10\x14\x59\x2f\x8c\x3a\xa1\xd4\x11\xbd\xd5\x03\x52\xe2\
\x01\x40\x51\x42\xc2\x96\xd6\x7a\xab\x5f\xc7\x00\x40\x82\xf0\x74\
\xb7\xd3\x92\x23\x52\x69\x01\xc0\x9d\x00\xa8\xd3\x49\xe2\x6b\x95\
\x98\x66\x86\x06\x00\x33\x2a\xe9\xf8\x50\x87\x53\xab\xc1\xa6\xe3\
\xae\x69\x06\x00\x4d\x59\x8c\x8d\xf4\x62\x47\x25\x66\x36\x9b\xfd\
\x69\xec\x79\xfb\x28\x00\xdc\xd6\xe8\xca\x83\x9a\x69\x91\x48\x64\
\x76\x75\x40\xc0\x00\x00\x02\xa2\xc9\x12\x9f\x52\x03\x80\x00\x00\
\x99\x21\x00\x20\x53\x4d\x81\xb1\x00\x40\x40\x34\x99\x21\x00\x20\
\x53\x4d\x81\xb1\x00\x40\x40\x34\x99\x21\x00\x20\x53\x4d\x81\xb1\
\x00\x40\x40\x34\x99\x21\x00\x20\x53\x4d\x81\xb1\xa4\x00\xb0\xf2\
\x89\x4e\xe0\x1c\xad\x84\x24\xca\xe5\xb2\xe6\xe7\x42\x6a\x1b\x50\
\x9f\xde\xca\x60\x76\xf8\x4a\x01\x60\xc7\x89\xfe\xaf\x39\x00\x80\
\x99\x2c\x00\x00\x00\xb3\x02\xcc\xe9\x31\x03\x00\x80\x59\x01\xe6\
\xf4\x98\x01\x00\xc0\xac\x00\x73\xfa\x7f\x23\x6a\xe4\xaa\xc5\xd6\
\xe9\xdc\x00\x00\x00\x00\x49\x45\x4e\x44\xae\x42\x60\x82\
"

qt_resource_name = b"\
\x00\x17\
\x0d\x32\xec\x07\
\x00\x55\
\x00\x49\x00\x5f\x00\x73\x00\x79\x00\x6d\x00\x62\x00\x6f\x00\x6c\x00\x5f\x00\x70\x00\x69\x00\x78\x00\x65\x00\x6c\x00\x73\x00\x69\
\x00\x7a\x00\x65\x00\x2e\x00\x70\x00\x6e\x00\x67\
\x00\x12\
\x0f\xde\x1e\x87\
\x00\x6c\
\x00\x6f\x00\x67\x00\x6f\x00\x5f\x00\x6c\x00\x72\x00\x6d\x00\x5f\x00\x73\x00\x6d\x00\x61\x00\x6c\x00\x6c\x00\x2e\x00\x70\x00\x6e\
\x00\x67\
\x00\x11\
\x07\xca\x40\x47\
\x00\x55\
\x00\x49\x00\x5f\x00\x6c\x00\x6f\x00\x67\x00\x6f\x00\x5f\x00\x70\x00\x79\x00\x58\x00\x49\x00\x54\x00\x2e\x00\x70\x00\x6e\x00\x67\
\
\x00\x20\
\x0f\x35\x9c\xe7\
\x00\x55\
\x00\x49\x00\x5f\x00\x73\x00\x79\x00\x6d\x00\x62\x00\x6f\x00\x6c\x00\x5f\x00\x72\x00\x6f\x00\x74\x00\x61\x00\x74\x00\x69\x00\x6f\
\x00\x6e\x00\x5f\x00\x64\x00\x69\x00\x72\x00\x65\x00\x63\x00\x74\x00\x69\x00\x6f\x00\x6e\x00\x2e\x00\x70\x00\x6e\x00\x67\
\x00\x0c\
\x0d\xe7\x9d\x87\
\x00\x6c\
\x00\x6f\x00\x67\x00\x6f\x00\x5f\x00\x6c\x00\x72\x00\x6d\x00\x2e\x00\x70\x00\x6e\x00\x67\
\x00\x1d\
\x01\xa0\x35\xa7\
\x00\x55\
\x00\x49\x00\x5f\x00\x73\x00\x79\x00\x6d\x00\x62\x00\x6f\x00\x6c\x00\x5f\x00\x61\x00\x6e\x00\x67\x00\x6c\x00\x65\x00\x5f\x00\x72\
\x00\x61\x00\x6e\x00\x67\x00\x65\x00\x5f\x00\x65\x00\x6e\x00\x64\x00\x2e\x00\x70\x00\x6e\x00\x67\
\x00\x1a\
\x02\x43\xa0\xe7\
\x00\x55\
\x00\x49\x00\x5f\x00\x73\x00\x79\x00\x6d\x00\x62\x00\x6f\x00\x6c\x00\x5f\x00\x73\x00\x61\x00\x6d\x00\x70\x00\x6c\x00\x65\x00\x5f\
\x00\x73\x00\x68\x00\x69\x00\x66\x00\x74\x00\x2e\x00\x70\x00\x6e\x00\x67\
"

qt_resource_struct = b"\
\x00\x00\x00\x00\x00\x02\x00\x00\x00\x07\x00\x00\x00\x01\
\x00\x00\x00\xea\x00\x00\x00\x00\x00\x01\x00\x00\x1f\x8c\
\x00\x00\x01\x2a\x00\x00\x00\x00\x00\x01\x00\x00\x24\xfd\
\x00\x00\x00\x5e\x00\x00\x00\x00\x00\x01\x00\x00\x07\x4a\
\x00\x00\x00\x00\x00\x00\x00\x00\x00\x01\x00\x00\x00\x00\
\x00\x00\x00\xcc\x00\x00\x00\x00\x00\x01\x00\x00\x15\x5f\
\x00\x00\x00\x86\x00\x00\x00\x00\x00\x01\x00\x00\x0e\xf9\
\x00\x00\x00\x34\x00\x00\x00\x00\x00\x01\x00\x00\x04\x06\
"

def qInitResources():
    QtCore.qRegisterResourceData(0x01, qt_resource_struct, qt_resource_name, qt_resource_data)

def qCleanupResources():
    QtCore.qUnregisterResourceData(0x01, qt_resource_struct, qt_resource_name, qt_resource_data)

qInitResources()







tomis/GUI/qt.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from common import *
import platform, unicodedata, io
if 10:
    import PySide2
    if platform.system() == 'Windows':
        plugin_path = os.path.join(os.path.dirname(PySide2.__file__), 'plugins', 'platforms')
        os.environ['QT_QPA_PLATFORM_PLUGIN_PATH'] = plugin_path
    from PySide2.QtCore import *
    from PySide2.QtGui import *
    from PySide2.QtWidgets import *
else:
    from PyQt5.QtCore import *
    from PyQt5.QtGui import *
    from PyQt5.QtWidgets import *
    print('WARNING: using PyQt')
    Signal = pyqtSignal

import GUI
import common.misc
vprint = common.misc.vprint



large_font = QFont()
large_font.setBold(True)
large_font.setPointSize(10)
length_units_names = ('m', 'mm', unicodedata.lookup('MICRO SIGN')+'m', 'nm')


def set_default_style(app: QApplication, name='Fusion'):
    if name in QStyleFactory().keys():
        app.setStyle(name)
        print('Qt set default style to ', name, ', available styles:', QStyleFactory().keys())
    else:
        print('Qt set default style failed, available styles:', QStyleFactory().keys())


def get_qt_app(app_name, organization_name, style_name='Fusion'):
    # shorter syntax for generating a QApplication, also sets default style (useful for PySide2 usage)
    try:
        import ctypes
        ctypes.windll.shell32.SetCurrentProcessExplicitAppUserModelID(app_name)
    except: pass
    QApplication.setAttribute(Qt.AA_EnableHighDpiScaling)
    app = QApplication(sys.argv)
    app.setApplicationName(app_name)
    app.setOrganizationName(organization_name)
    set_default_style(app, style_name)
    return app


class InfoWindow(QWidget):
    def __init__(self, info_title, tabbed=False, font_size=10., parent=None):
        super().__init__(parent)
        self.tabbed = tabbed
        self.setWindowTitle(info_title)
        vbox= QVBoxLayout()
        if tabbed:
            self.text_tabs = QTabWidget(); vbox.addWidget(self.text_tabs)
            self.font_size = font_size
        else:
            self.text_widget = QTextBrowser(); vbox.addWidget(self.text_widget)
            self.text_widget.setFontPointSize(font_size)
            #self.text_widget.setSizePolicy(QSizePolicy.Preferred, QSizePolicy.Maximum)
            #self.setSizePolicy(QSizePolicy.Preferred, QSizePolicy.Maximum)

        hbox_bottom = QHBoxLayout(); vbox.addLayout(hbox_bottom)
        hbox_bottom.addStretch()
        self.close_button = QPushButton('close')
        hbox_bottom.addWidget(self.close_button)
        self.close_button.clicked.connect(self.close)
        self.setLayout(vbox)
        self.setMinimumWidth(500)
        self.resize(500, 400)

        GUI.solo_windows.append(self)

    def setText(self, text):
        assert not self.tabbed
        self.text_widget.setText(text)
        #self.setMaximumHeight(self.text_widget.height()+self.close_button.height())
        #self.resize(self.sizeHint())

    def addText(self, text):
        old_text = self.text_widget.toPlainText()
        new_text = old_text + "\n" + text
        self.setText(new_text)

    def addTextTab(self, title, text):
        assert self.tabbed
        text_browser = QTextBrowser(self)
        text_browser.setFontPointSize(self.font_size)
        text_browser.setText(text)
        self.text_tabs.addTab(text_browser, title)


# errors or warning message boxes
class MessageBox(QMessageBox):
    def __init__(self, parent, title, text, detailed_text=None, icon=QMessageBox.NoIcon, modal=0, buttons=QMessageBox.Ok):
        text = text.replace(r'\n', f'<br/>')
        super().__init__(icon, title, text, parent=parent, buttons=buttons)
        self.setWindowModality(Qt.WindowModality(modal)) # 0: Qt.NonModal, 1: Qt.WindowModal, 2: Qt.ApplicationModal

        if detailed_text not in (None, ''):
            self.setDetailedText(detailed_text)

        self.setMinimumWidth(700)

        self.show()


# modified widgets
class TasksListWidget(QListWidget):
    item_removed = Signal(str)

    def __init__(self):
        QListWidget.__init__(self)
        self.setMovement(QListView.Free)
        self.setDragDropMode(QAbstractItemView.InternalMove)
        self.setSelectionMode(QAbstractItemView.ExtendedSelection)
        delete_action = QAction('&Delete', self)
        delete_action.setShortcut(QKeySequence.Delete)
        delete_action.triggered.connect(self.remove_selected_items)

    def addItem(self, *__args):
        QListWidget.addItem(self, *__args)
        if self.count() == 1:
            self.setCurrentItem(self.item(0))

    def remove_selected_items(self):
        for k in range(self.count())[::-1]:
            item = self.item(k)
            if item.isSelected():
                self.removeItemWidget(item)
                item.setHidden(True)
                item.setCheckState(Qt.CheckState(0))
                for j in range(32, 40):
                    data = item.data(j)
                    if data is not None:
                        self.item_removed.emit(data)
                        break

    def keyPressEvent(self, QKeyEvent):
        if QKeyEvent.key() == 16777223: #Qt.Key_Delete:
            self.remove_selected_items()
        else:
            QListWidget.keyPressEvent(self, QKeyEvent)


# helper functions
def add_line(box_layout, style=QFrame.Sunken):
    if type(box_layout) == QHBoxLayout:
        line = QFrame(); line.setFrameShape(QFrame.VLine); line.setFrameShadow(style)
        box_layout.addWidget(line)
    elif type(box_layout) == QVBoxLayout:
        line = QFrame(); line.setFrameShape(QFrame.HLine); line.setFrameShadow(style)
        box_layout.addWidget(line)
    else:
        raise AssertionError('type of box_layout must be either QHBoxLayout or QVBoxLayout')
    return line


def clear_layout(layout):
    if layout is not None:
        while layout.count()> 0:
            layout.takeAt(0)


def fix_size_to_current(widget):
    #widget = QWidget()
    widget.setFixedSize(widget.sizeHint().width()+5, widget.sizeHint().height()+5)
    print('fiexed size of', widget, 'to', widget.width()+5, widget.height()+5)

def connect_once(signal, target):
    def call(*args):
        try:
            signal.disconnect(call)
        except TypeError:
            pass
        target(*args)
    signal.connect(call)


def disconnect_signal(signal, slot=None, slots=None):
    if slot is None and slots is None:
        try:                signal.disconnect()
        except (TypeError, RuntimeError):   pass
    else:
        try:                signal.disconnect(slot)
        except (TypeError, RuntimeError):   pass
        try:
            for slot in slots:
                signal.disconnect(slot)
        except (TypeError, RuntimeError):   pass


def equalize_widths(width_labels):  # does not work as intended, as i found no possibility to access a widgets width
    labels_width = 0
    for label in width_labels:
        label_width = label.minimumSizeHint().width()
        if labels_width < label_width:
            labels_width = label_width
    for label in width_labels:
        label.setMinimumWidth(label_width)


def shorten_string(text, max_length, cut_before=True):
    if len(text) > max_length:
        if cut_before:
            return '... ' + text[-max_length-4:]
        else:
            return + text[:-max_length-4] + ' ...'
    else:
        return text


def try_restore_window_geometry(qsettings, name, target):
    geometry = qsettings.value(name, None)
    if geometry is not None:
        target.restoreGeometry(geometry)


def set_layout_enabled(layout, val, exclude_widgets=()):
    for k in range(layout.count()):
        item = layout.itemAt(k)
        if type(item) in (QHBoxLayout, QVBoxLayout, QGridLayout):
            set_layout_enabled(item, val, exclude_widgets)
        else:
            try:
                if item.widget() not in exclude_widgets:
                    item.widget().setEnabled(val)
                    #print('item set', item.widget().text(), val)
                #else:
                    #print('item skipped', item.widget().text(), val)
            except AttributeError:
                pass


# geometry save/restore functions, if object is a a class with multiple instances, you must use parent= or name_prefix= to differentiate
def save_geometry(QSettings, object, parent=None, name_prefix=''):
    QSettings.setValue(get_geometry_key(object, parent, name_prefix), object.saveGeometry())


def restore_geometry(QSettings, object, parent=None, name_prefix=''):
    geo = QSettings.value(get_geometry_key(object, parent, name_prefix), None)
    if geo is not None:
        object.restoreGeometry(geo)


def get_geometry_key(object, parent=None, name_prefix=''):
    if parent is not None:
        name_prefix += parent.__class__.__name__ + '/'
    return name_prefix + object.__class__.__name__ + '/Geometry'


def show_error_message(widget, error_text, modal=True):
    print('\n==== error occured ====\n', common.misc.undo_html(error_text))
    QMessageBox.critical(widget, 'an error has occurred', error_text, QMessageBox.Ok)


class GuiStdout():
    def __init__(self, filename=None):
        self.sys_stdout = sys.stdout
        if filename is None:
            self.stdout = io.StringIO()
        else:
            self.stdout = open(filename)
        sys.stdout = self

    def __del__(self):
        sys.stdout = self.sys_stdout
        self.stdout.close()

    def write(self, text):
        self.stdout.write(text)
        self.sys_stdout.write(text)

    def flush(self):
        self.sys_stdout.flush()


class QtDoThread(QThread):
    done = Signal()
    stopped = Signal()
    show_error = Signal(str, bool)  # second argument sets modality of the error window


    def __init__(self, func=None, raise_exceptions=False):
        QThread.__init__(self)
        self.func = func
        self.time_spent = 0.
        self.raise_exceptions = raise_exceptions

    def do(self, func, *args, **kwargs):
        t0 = time.time()
        self.wait()
        self.time_spent += time.time() - t0
        self.args = args
        self.kwargs = kwargs
        self.func = func
        self.return_vals = None
        self.start(QThread.LowPriority)

    def do_self(self, *args, **kwargs):
        self.wait()
        assert self.func is not None
        self.args = args
        self.kwargs = kwargs
        self.return_vals = None
        self.start(QThread.LowPriority)

    def cancel(self):
        self.stopped.emit()
        self.terminate()

    def run(self):
        try:
            t0 = time.time()
            self.return_vals = self.func(*self.args, **self.kwargs)
            self.time_spent += time.time() - t0
            self.done.emit()
        except Exception as exc:
            self.show_error.emit(common.misc.get_exception_text_html(), True)
            self.stopped.emit()

            if self.raise_exceptions:
                print("raising exception")
                raise exc
            else:
                print(common.misc.get_exception_text())


class ChangeManager(QObject):
    act = Signal()

    def __init__(self, unchanged_delay=500, changed_delay=2000):
        super().__init__()
        self._changed = False
        self._changed_again = False
        self.changed_delay = changed_delay
        self.unchanged_delay = unchanged_delay

        self.t0 = time.time()

    def change(self):
        #print('change', time.time()-self.t0)
        if not self._changed:
            self._changed = True
            QTimer.singleShot(self.changed_delay, self.refresh_if_changed)
            QTimer.singleShot(self.unchanged_delay, self.refresh_if_unchanged)
        else:
            self._changed_again = True

    def refresh_if_unchanged(self):
        if not self._changed_again:
            #print('refresh_if_unchanged emits', time.time()-self.t0)
            self.emit_changed()

    def refresh_if_changed(self):
        if self._changed_again and self._changed:
            #print('refresh_if_changed emits', time.time()-self.t0)
            self.emit_changed()

    def emit_changed(self):
        #print('ChangeManager is emitting act signal')
        self.act.emit()
        self._changed = False
        self._changed_again = False


class PlainSpinBox(QSpinBox):
    def __init__(self, parent=None):
        QSpinBox.__init__(self, parent)
        self.setButtonSymbols(QAbstractSpinBox.NoButtons)


class ValueFloatBox(QDoubleSpinBox):
    # modified valueChanged Signal, refreshes on Enter key and after pause
    valueChanged = Signal(float)
    smart_signal = True
    active_signal = Signal(bool)
    def __init__(self, change_manager: ChangeManager=None):
        # refresh_speeds are: (wait time for changes, maximal wait between refreshes)
        QDoubleSpinBox.__init__(self)
        self.setRange(-1e3, 1e3)
        self.setDecimals(4)
        self.change_manager: ChangeManager = change_manager
        self.setButtonSymbols(QAbstractSpinBox.NoButtons)
        self.setSizePolicy(QSizePolicy.Preferred, QSizePolicy.Fixed)

        if self.change_manager is not None:
            self.editingFinished.connect(self.change_manager.change)
        #self.valueChanged.connect(lambda x: print('valueChanged', x))

    def setEnabled(self, bool):
        old_bool = self.isEnabled()
        QDoubleSpinBox.setEnabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(bool)
    def setDisabled(self, bool):
        old_bool = ~self.isEnabled()
        QDoubleSpinBox.setDisabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(~bool)

    def setValue(self, p_float, suppress_signal=False):
        if not np.isclose(p_float, self.value()):
            QDoubleSpinBox.setValue(self, p_float)
            
            if not suppress_signal and self.change_manager is not None:
                self.change_manager.change()
            elif not suppress_signal:
                self.valueChanged.emit(self.value())

    def stepBy(self, p_int):
        QDoubleSpinBox.stepBy(self, p_int)
        if self.change_manager is not None:
            self.change_manager.change()
        self.valueChanged.emit(self.value())


    #def keyPressEvent(self, QKeyEvent):
    #    if QKeyEvent.key() in (16777220, 16777221) : # 16777220 == Qt.Key_Enter:
    #        self.emit_changed()
    #    else:
    #        QDoubleSpinBox.keyPressEvent(self, QKeyEvent)


class ValueIntBox(QSpinBox):
    # modified valueChanged Signal, refreshes on Enter key and after pause
    valueChanged = Signal(int)
    smart_signal = True
    active_signal = Signal(bool)

    def __init__(self, change_manager: ChangeManager=None):
        # refresh_speeds are: (wait time for changes, maximal wait between refreshes)
        QSpinBox.__init__(self)
        self.setRange(0, 99999)
        self.change_manager: ChangeManager = change_manager
        self.setButtonSymbols(QAbstractSpinBox.NoButtons)
        self.setSizePolicy(QSizePolicy.Preferred, QSizePolicy.Fixed)
        #self.valueChanged.connect(lambda x: print('valueChanged', x))
        if change_manager is not None:
            self.editingFinished.connect(self.change_manager.change)

    def setEnabled(self, bool):
        old_bool = self.isEnabled()
        QDoubleSpinBox.setEnabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(bool)
    def setDisabled(self, bool):
        old_bool = ~self.isEnabled()
        QDoubleSpinBox.setDisabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(~bool)

    def setValue(self, p_int, suppress_signal=False):
        if not np.isclose(p_int, self.value()):
            QSpinBox.setValue(self, p_int)
            if not suppress_signal and self.change_manager is not None:
                self.change_manager.change()
            elif not suppress_signal:
                self.valueChanged.emit(self.value())
                
    def stepBy(self, p_int):
        QSpinBox.stepBy(self, p_int)
        self.valueChanged.emit(self.value())
        if self.change_manager is not None:
            self.change_manager.change()


    #def keyPressEvent(self, QKeyEvent):
    #    if QKeyEvent.key() in (16777220, 16777221): # 16777220 == Qt.Key_Enter:
    #        self.emit_changed()
    #    else:
    #        QSpinBox.keyPressEvent(self, QKeyEvent)


class ValueLogFloatBox(ValueFloatBox):
    def __init__(self, steps_per_decade=10, decimals=3, change_manager: ChangeManager=None):
        super().__init__(change_manager)
        self.setDecimals(decimals)
        self.step = 10**(1/steps_per_decade)
        self.setRange(-1e7, 1e7)
        self.setAccelerated(False)
        #self.stepDown()
        #self.stepUp()
        self.setValue(0.)

    def setDecimals(self, p_int):
        self.diff_min = 0.1**p_int
        #print('diff_min:', self.diff_min, p_int)
        ValueFloatBox.setDecimals(self, p_int)

    def set_step_diff(self, step_diff):
        self.step = 1+step_diff

    def stepBy(self, steps):
        new_val = self.value()*self.step**steps
        diff = abs(new_val - self.value())
        #print(self.value(), new_val, diff, steps)
        if diff > self.diff_min:
            #steps *= sign(self.value())
            self.setValue(new_val)
        else:  # stepping through zero is not supported by design
            new_val = self.value()+self.diff_min*steps
            if not new_val < 0:
                self.setValue(new_val)
            elif np.isclose(new_val, 0.):
                self.setValue(0.)


class LowerPercentileBox(ValueFloatBox):
    def __init__(self, step_diff=0.3, change_manager: ChangeManager=None):
        super().__init__(change_manager)
        self.step = 1+step_diff
        self.setRange(0, 100)
        self.setValue(0.5)
        self.setDecimals(1)
        #self.setAccelerated(False)
        self.stepDown()
        self.stepUp()

    def setDecimals(self, p_int):
        self.diff_min = 0.1**p_int
        ValueFloatBox.setDecimals(self, p_int)

    def stepBy(self, steps):
        new_val = self.value()*self.step**steps
        diff = abs(new_val - self.value())
        if diff > self.diff_min:
            self.setValue(new_val)
        else:
            self.setValue(self.value()+0.1*steps)


class UpperPercentileBox(ValueFloatBox):
    def __init__(self, step_diff=0.3, change_manager: ChangeManager=None):
        super().__init__(change_manager)
        self.step = 1+step_diff
        self.setRange(0, 100)
        self.setValue(99.5)
        self.setDecimals(1)
        #self.setAccelerated(False)
        self.stepDown()
        self.stepUp()

    def setDecimals(self, p_int):
        self.diff_min = 0.1**p_int
        ValueFloatBox.setDecimals(self, p_int)

    def stepBy(self, steps):
        new_val = 100 - (100 - self.value())*self.step**-steps
        diff = abs(new_val - self.value())
        if diff > self.diff_min:
            self.setValue(new_val)
        else:
            self.setValue(self.value()+0.1*steps)


class ScrollSlider(QSlider):
    def __init__(self):
        QSlider.__init__(self)
        self.setPageStep(1)
        self.setSingleStep(1)
        #self.setTracking(False)
        self.is_moving = False

        self.sliderPressed.connect(self.started_move)
        self.sliderReleased.connect(self.stopped_move)

    def started_move(self):
        self.is_moving = True
    def stopped_move(self):
        self.is_moving = False
        self.valueChanged.emit(self.value())

    def wheelEvent(self, QWheelEvent):
        if not hasattr(self, 'partial_scroll'):
            self.partial_scroll = 0
        #x = QWheelEvent.angleDelta()
        delta = QWheelEvent.angleDelta().y() + self.partial_scroll
        scrollspeed = 120
        if abs(delta) >= scrollspeed:
            index_diff = int(delta/scrollspeed)
            self.partial_scroll = delta % scrollspeed
            QSlider.setValue(self, self.value() + index_diff*self.singleStep())
        else:
            self.partial_scroll += delta
        QWheelEvent.accept()


class ValueSlider(ScrollSlider):
    smart_signal = True
    active_signal = Signal(bool)

    def __init__(self, tracking=False):
        QSlider.__init__(self)
        self.setOrientation(Qt.Horizontal)
        self.setTickPosition(QSlider.TicksBelow)
        self.values = np.zeros(1)
        self.decimals = None
        self.tracking = tracking

    def setEnabled(self, bool):
        old_bool = self.isEnabled()
        QDoubleSpinBox.setEnabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(bool)
    def setDisabled(self, bool):
        old_bool = ~self.isEnabled()
        QDoubleSpinBox.setDisabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(~bool)

    def set_values(self, values, default_index=0):
        if self.decimals is not None:
            try:
                values = np.around(values, self.decimals)
            except TypeError:
                pass

        self.values = values
        if default_index >= len(values):
            self.setMaximum(len(values)-1)
            self.setIndex(default_index)
        else:
            self.setIndex(default_index)
            self.setMaximum(len(values)-1)

        #print('set_values', values, default_index)

    def value(self):
        try:
            return self.values[QSlider.value(self)]
        except TypeError:
            return 0.
        except IndexError:
            return 0.

    def setDecimals(self, p_int):
        self.decimals = p_int

    def setValue(self, value):
        try:
            new_index = np.argmin(abs(self.values-value))
            if new_index != QSlider.value(self):
                QSlider.setValue(self, new_index)
        except (ValueError, TypeError): pass

    def setIndex(self, index):
        QSlider.setValue(self, index)

    def index(self):
        return QSlider.value(self)

    def increment_up(self):
        self.setIndex(self.index()+1)
        return not self.index() == QSlider.maximum(self)

    def increment_down(self):
        self.setIndex(self.index()-1)
        return not self.index() == QSlider.minimum(self)

    def maximumIndex(self):
        return QSlider.maximum(self)

    def minimumIndex(self):
        return QSlider.minimum(self)

    def wheelEvent(self, QWheelEvent):
        if not hasattr(self, 'partial_scroll'):
            self.partial_scroll = 0
        delta = QWheelEvent.angleDelta().y() + self.partial_scroll
        scrollspeed = 120
        if abs(delta) >= scrollspeed:
            index_diff = int(delta/scrollspeed)
            self.partial_scroll = delta % scrollspeed
            self.setIndex(self.index() + index_diff)
        else:
            self.partial_scroll += delta
        QWheelEvent.accept()


class ValueComboBox(QComboBox):
    valueChanged = Signal()
    smart_signal = True
    active_signal = Signal(bool)

    def __init__(self, values=None, format_str=None, conversion_func=None):
        QComboBox.__init__(self)
        self.currentIndexChanged.connect(self.valueChanged)
        self.format_str = format_str
        self.conversion_func = conversion_func
        self.values = []
        self.names = []
        self.setSizeAdjustPolicy(QComboBox.AdjustToContents
                                 )

        if values is not None:
            self.set_values(values)

    def setEnabled(self, bool):
        old_bool = self.isEnabled()
        QDoubleSpinBox.setEnabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(bool)
    def setDisabled(self, bool):
        old_bool = ~self.isEnabled()
        QDoubleSpinBox.setDisabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(~bool)

    def set_values(self, values, use_as_names=True):
        self.clear()
        self.values = list(values)
        self.names = []
        if use_as_names:
            for value in self.values:
                if self.conversion_func is not None:
                    value = self.conversion_func(value)
                if self.format_str is not None:
                    name = self.format_str.format(value)
                else:
                    name = str(value)
                self.addItem(name)
                self.names.append(name)

    def set_names(self, names):
        self.clear()
        self.names = list(names)
        for value in names:
            if self.conversion_func is not None:
                value = self.conversion_func(value)
            if self.format_str is not None:
                self.addItem(self.format_str.format(value))
            else:
                self.addItem(str(value))

    def append_entry(self, value, name=None, select=True):
        self.values.append(value)
        if self.conversion_func is not None:
            value = self.conversion_func(value)
        if name is None:
            if self.format_str is not None:
                name = self.format_str.format(value)
            else:
                name = str(value)
        self.names.append(name)
        self.addItem(name)
        self.setCurrentIndex(len(self.values)-1)

    def value(self):
        #print('ValueComboBox.value', self.values[QComboBox.currentIndex(self)])
        try:
            return self.values[QComboBox.currentIndex(self)]
        except IndexError:
            return None

    def setValue(self, value):
        try:
            QComboBox.setCurrentIndex(self, self.values.index(value))
            #print('ValueComboBox.setValue', value)
        except ValueError: pass

    def wheelEvent(self, QWheelEvent):
        if not hasattr(self, 'partial_scroll'):
            self.partial_scroll = 0
        delta = QWheelEvent.delta().y() + self.partial_scroll
        scrollspeed = 120
        if abs(delta) >= scrollspeed:
            index_diff = int(delta/scrollspeed)
            self.partial_scroll = delta % scrollspeed
            QComboBox.setCurrentIndex(self, QComboBox.currentIndex(self) + index_diff)
        else:
            self.partial_scroll += delta
        QWheelEvent.accept()


class ValueCheckBox(QCheckBox):
    valueChanged = Signal(int)
    smart_signal = True
    active_signal = Signal(bool)

    def __init__(self, text, change_manager: ChangeManager=None):
        super().__init__(text)
        self.stateChanged.connect(lambda: self.emit_changed(self.value()))
        if change_manager is not None:
            self.stateChanged.connect(change_manager.change)
        self.block_signal = False

    def setEnabled(self, bool):
        old_bool = self.isEnabled()
        QDoubleSpinBox.setEnabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(bool)
    def setDisabled(self, bool):
        old_bool = ~self.isEnabled()
        QDoubleSpinBox.setDisabled(self, bool)
        if old_bool != bool:
            self.active_signal.emit(~bool)

    def value(self):
        return int(self.checkState())

    def checkState(self):
        return int(super().checkState())

    def setCheckState(self, state):
        if type(state) is int:
            state = Qt.CheckState(state)
        elif type(state) is bool:
            state = Qt.CheckState(2*state)
        super().setCheckState(state)

    def setValue(self, value):
        if not self.isTristate() and value == 1:
            value = 2
        if not np.isclose(value, self.value()):
            self.setCheckState(Qt.CheckState(value))
            #self.emit_changed(value)

    def setValueSilent(self, value):
        self.block_signal = True
        self.setValue(value)
        self.block_signal = False

    def emit_changed(self, value):
        if not self.block_signal:
            self.valueChanged.emit(value)


def connect_log_range_boxes(lower_box, upper_box, increment_factor=0.1):
    def set_steps():
        diff = upper_box.value() - lower_box.value()
        if diff > 0.:
            lower_box.setSingleStep(increment_factor*diff)
            upper_box.setSingleStep(increment_factor*diff)
    lower_box.valueChanged.connect(set_steps)
    upper_box.valueChanged.connect(set_steps)
    set_steps()


def connect_int_range_boxes(lower_box, upper_box):
    lower_box.valueChanged.connect(lambda: upper_box.setMinimum(lower_box.value()+1))
    upper_box.valueChanged.connect(lambda: lower_box.setMaximum(upper_box.value()-1))


def connect_float_range_boxes(lower_box, upper_box):
    lower_box.valueChanged.connect(lambda: upper_box.setMinimum(lower_box.value()+1e-7))
    upper_box.valueChanged.connect(lambda: lower_box.setMaximum(upper_box.value()-1e-7))


# ==== other ====

def get_save_fname(widget, *args, **kwargs):
    path = QFileDialog.getSaveFileName(widget, *args, **kwargs)[0]
    if path.startswith('/run/'):
        raise OSError('When running pyXIT from a sandbox, files cannot be saved due to security restrictions of the sandbox.')
    return path






tomis/GUI/plugins/__init__.py

from . import base, ct, image, special, volume






tomis/GUI/plugins/base.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import gc
from scipy import ndimage
from GUI.qt import *
import GUI.widgets
import file, image
import common.opencl as cl, common.settings_hash

class ProcessingPlugin(QWidget):
    author = ''
    name = ''
    info_text = "ImInfo text."
    extra_info = dict()
    paralellized_processing = False

    def __init__(self, processing_widget):
        super().__init__()
        self.vbox = QVBoxLayout(); self.setLayout(self.vbox)
        self.processing_widget = processing_widget
        self.cm = processing_widget.cm
        self.cached_values = dict()
        self.cached_hash = ''
        self.ui_properties = []
        self.preview_defaults = dict()
        self.ui_defaults = dict()
        self.worker = lambda: print('Error, no worker defined in plugin')


    def do_show_steps(self):
        # self.step_images must be a list/array with 2D images,
        # call self.show_steps.emit() at the end of a processing step to show them as a separate window
        #print('showing steps', [image.shape for image in self.step_images])
        if hasattr(self, 'step_images'):
            if self.image_view is None:
                self.image_view = GUI.widgets.image_.ImageSliceView(arr=self.step_images, arr_ax=0)
            else:
                self.image_view.set_arr(self.step_images, 0)
            self.image_view.show()
        else:
            print('no step_images defined')

    def get_settings(self):
        settings = dict()
        settings["paralellized_processing"] = self.paralellized_processing
        for ui_property in self.ui_properties:
            if type(ui_property) is str:
                settings[ui_property] = eval('self.{}.value()'.format(ui_property))
            elif type(ui_property[1]) is str:
                settings[ui_property[0]] = eval('self.{}.{}()'.format(ui_property[0], ui_property[1]))
            else:
                settings[ui_property[0]] = ui_property[1]()

        return settings

    def set_settings(self, settings):
        for ui_property in self.ui_properties:
            #print('setting ui property', ui_property)
            try:
                if type(ui_property) is str:
                    if ui_property in self.ui_defaults:
                        eval('self.{0}.setValue(settings.get("{0}", self.ui_defaults["{0}"]))'.format(ui_property))
                    else:
                        eval('self.{}.setValue(settings[ui_property])'.format(ui_property))

                elif type(ui_property[2]) is str:
                    if ui_property in self.ui_defaults:
                        eval('self.{0}.{1}(settings.get("{1}", self.ui_defaults("{1}"))'.format(ui_property[0], ui_property[2]))
                    else:
                        eval('self.{}.{}(settings[ui_property[0]])'.format(ui_property[0], ui_property[2]))
                elif type(ui_property[0]) is str:
                    if ui_property[0] in self.ui_defaults:
                        ui_property[2](settings.get(ui_property[0], self.ui_defaults[ui_property[0]]))
                    else:
                        ui_property[2](settings[ui_property[0]])
                else:
                    print('invalid property', ui_property)
            except KeyError:
                print(self.__class__, 'not in settings:', ui_property)
                #pass  # => property of ui not in settings
            except TypeError as err:
                print(err, ui_property)


class ProcessingWorker():
    changes_shape = False
    is_preview = False

    def __init__(self):
        self.cached_values = [dict(),]
        self.cached_hashes = ['',]

        self.cl_device_index = None  # fallback to first device if none given
        self._cl_device: common.opencl.ComputeDevice = None
        self.cl_device_index_inited = -1

        self.cl_semaphore = None
        self.cached_objects = dict()
        self.is_preview = False

        self.show_error_call = None

    class acquire_opencl:
        # this can be used as a context manager for opencl code to avoid executing multiple kernels in parallel
        def __init__(self, parent):
            self.cl_semaphore = parent.cl_semaphore

        def __enter__(self):
            if self.cl_semaphore is not None:
                self.cl_semaphore.acquire()

        def __exit__(self, exc_type, exc_val, exc_tb):
            if self.cl_semaphore is not None:
                self.cl_semaphore.release()

    @property
    def cl_device(self):
        # this function initializes the cl context on the first call for the device at cl_index
        if self._cl_device is None or self.cl_device_index_inited != self.cl_device_index:
            self._cl_device = common.opencl.ComputeDevice(common.opencl.get_device_info(self.cl_device_index))
            self.cl_device_index_inited = self.cl_device_index
        return self._cl_device

    @cl_device.setter
    def cl_device(self, cl_device: common.opencl.ComputeDevice):
        self._cl_device = cl_device

    def cached_values_different(self, settings: Dict, keys: Iterable[str], index: int=0, set: bool=True):
        ''' compare a parameter set and return comparison result

        usage:
        if cached_values_different(...):
            [calculate cache]

        :param settings:        a settings dict, must contain all keys but can contain more keys
        :param keys:            keys for values in dict that should be compared
        :param index:           index for more than one caching set
        :param set:             assume that the cached result will be calculated after this call
        :return:
        '''
        try:
            for key in keys:
                any_different = False
                if not self.cached_values[index].get(key, None) == settings.get(key, None):
                    if set: self.cached_values[index][key] = settings.get(key, None)
                    any_different = True
                return any_different
            return False
        except IndexError:
            self.cached_values.append(dict())
            return self.cached_values_different(settings, keys, set, index)

    def cached_hash_different(self, settings: Dict, keys: Iterable[str], index: int=0, set: bool=True):
        ''' compare a parameter/array set and return comparison result

        use instead of cached_values_different, when a entry in keys points to an array

        usage:
        if cached_hash_different(...):
            [calculate cache]

        :param settings:        a settings dict, must contain all keys but can contain more keys
        :param keys:            keys for values in dict that should be compared
        :param index:           index for more than one caching set
        :param set:             assume that the cached result will be calculated after this call
        :return:
        '''
        try:
            hash = common.settings_hash.generate_hash_from_dict(settings, included_keys=keys)
            if hash != self.cached_hashes[index]:
                if set:
                    self.cached_hashes[index] = common.settings_hash.generate_hash_from_dict(settings, included_keys=keys)
                return True
            else:
                return False
        except IndexError:
            self.cached_hashes.append('')
            return self.cached_hash_different(settings, keys, set, index)







tomis/GUI/plugins/ct.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from scipy.interpolate import UnivariateSpline
from GUI.plugins.base import *
import tomo_reco.FBP_cone, tomo_reco.FBP_parallel
exported_classes = []

class PluginCT(ProcessingPlugin):
    info_text = None
    author = '?'
    ui_properties = []
    ui_defaults = dict()
    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self._cl_info = None
        self.cl_index = None
        self._cl_info_index = None

        self.plugin_key = 'ct_plugin_{}'.format(self.name)

    def geometry_selected(self, geometry_name):
        pass

    def reset_reconstructors(self, cl_info):
        if self._cl_info is None:
            self.parallel_reconstructor = None
            self.cone_reconstructor = None
        elif self._cl_info[0] is not cl_info[0]:
            self.parallel_reconstructor = None
            self.cone_reconstructor = None

    def do_stop(self):
        pass


class WorkerCT(ProcessingWorker):
    def reconstruct(self, reader: file.volume.Reader, writer: file.volume.Writer, settings: Dict, own_settings: Dict,
                    emit_progress=lambda n: print('progress: {} %'.format(n))):
        raise NotImplementedError('PluginCT subclass must define reconstruct function')

    def reconstruct_preview(self, reader: file.volume.Reader, settings: Dict, own_settings: Dict):
        raise NotImplementedError('PluginCT subclass must define reconstruct_preview function')

    def do_stop(self):
        pass


class FilteredBackProjectionPlugin(PluginCT):
    name = 'FBP'
    beam_geometries = ('cone', 'parallel')
    info_text = """
    <p> Simple cone beam and parallel beam FBP reconstructors. The cone beam code uses the Feldkamp algorithm.
    <p>Acknowledgments: Thanks to Jonas Dittmann for help with the OpenCl implementations
    and Kilian Dremel for help with the cone geometry.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    REGION_MODE_VALUES = 'smallest', 'normal', 'extended'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.vbox.setContentsMargins(0, 0, 0, 0)
        self.worker = FilteredBackProjectionWorker

        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        label_bw = QLabel("write bin factor"); hbox.addWidget(label_bw)
        self.write_bin_factor = ValueComboBox((1, 2, 3, 4), format_str='{} x'); hbox.addWidget(self.write_bin_factor)

        self.use_BHC = ValueCheckBox('use simple BHC', self.cm); hbox.addWidget(self.use_BHC)
        self.BHC_parameter_2 = ValueFloatBox(self.cm); hbox.addWidget(self.BHC_parameter_2)
        self.BHC_parameter_3 = ValueFloatBox(self.cm); hbox.addWidget(self.BHC_parameter_3)
        self.BHC_parameter_4 = ValueFloatBox(self.cm); hbox.addWidget(self.BHC_parameter_4)
        self.BHC_parameter_5 = ValueFloatBox(self.cm); hbox.addWidget(self.BHC_parameter_5)
        for k, widget in enumerate((self.BHC_parameter_2, self.BHC_parameter_3, self.BHC_parameter_4, self.BHC_parameter_5)):
            widget.setSingleStep(0.025-0.005*k)
            widget.setRange(-10, 10)


        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        speckle_label = QLabel("speckle filters:"); hbox.addWidget(speckle_label)
        self.use_temporal_speckle_filter = ValueCheckBox('temporal, threshold:', self.cm); hbox.addWidget(self.use_temporal_speckle_filter)
        self.use_temporal_speckle_filter.setChecked(True)
        self.temporal_speckle_filter_threshold = ValueFloatBox(self.cm); hbox.addWidget(self.temporal_speckle_filter_threshold)
        self.temporal_speckle_filter_threshold.setRange(0, 1e2); self.temporal_speckle_filter_threshold.setDecimals(4); self.temporal_speckle_filter_threshold.setSingleStep(0.05)
        self.use_spatial_speckle_filter = ValueCheckBox('spatial, threshold:', self.cm); hbox.addWidget(self.use_spatial_speckle_filter)
        self.use_spatial_speckle_filter.setChecked(True)
        self.spatial_speckle_filter_threshold = ValueFloatBox(self.cm); hbox.addWidget(self.spatial_speckle_filter_threshold)
        self.spatial_speckle_filter_threshold.setRange(0, 1e2); self.spatial_speckle_filter_threshold.setDecimals(4); self.spatial_speckle_filter_threshold.setSingleStep(0.05)

        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        self.use_ring_filter = ValueCheckBox('ring filter, radius:', self.cm); hbox.addWidget(self.use_ring_filter)
        self.use_ring_filter.setChecked(True)
        self.ring_filter_range = ValueIntBox(self.cm); hbox.addWidget(self.ring_filter_range)
        self.ring_filter_range.setRange(1, 99); self.ring_filter_range.setValue(2); self.ring_filter_range.setSingleStep(1)
        self.normalize_reco_to_pi = ValueCheckBox('normalize FOV,', self.cm)
        self.normalize_reco_to_pi.setTristate(True), hbox.addWidget(self.normalize_reco_to_pi)
        self.normalization_smoothing_length_label = QLabel('smoothing:'); hbox.addWidget(self.normalization_smoothing_length_label)
        self.normalization_smoothing_length = ValueIntBox(); hbox.addWidget(self.normalization_smoothing_length)
        self.normalization_smoothing_length.setRange(1, 10000)
        self.use_hilbert_filter = ValueCheckBox('gph filter', self.cm); hbox.addWidget(self.use_hilbert_filter)

        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        self.use_multigain = ValueCheckBox('use multigain:'); hbox.addWidget(self.use_multigain)
        self.multigain_fname = self.FileSelectButton('multigain', filter='multigain json info (*.json *.info)'); hbox.addWidget(self.multigain_fname)
        self.use_multigain.setToolTip('use multigain measurements to correct beam hardening artifacts')

        self.use_bad_pixel_map = ValueCheckBox('bad pixel map:'); hbox.addWidget(self.use_bad_pixel_map)
        self.bad_pixel_map_fname = self.FileSelectButton('bad pixel map'); hbox.addWidget(self.bad_pixel_map_fname)
        self.last_pixel_map_folder = ''
        #self.bad_pixel_map_fname.clicked.connect(self.select_bad_pixel_map)
        self.use_undistort = ValueCheckBox('undistort:'); hbox.addWidget(self.use_undistort)
        self.undistort_parameter_0 = ValueFloatBox(self.cm); hbox.addWidget(self.undistort_parameter_0)
        self.undistort_parameter_1 = ValueFloatBox(); hbox.addWidget(self.undistort_parameter_1)
        self.undistort_parameter_2 = ValueFloatBox(); hbox.addWidget(self.undistort_parameter_2)
        self.undistort_parameter_3 = ValueFloatBox(); hbox.addWidget(self.undistort_parameter_3)
        self.undistort_parameter_0.hide(); self.undistort_parameter_2.hide(); self.undistort_parameter_3.hide()
        self.undistort_widgets = (self.undistort_parameter_1,)
        for widget in self.undistort_widgets:
            widget.setSingleStep(1)
            widget.setRange(-1e5, 1e5)


        self.normalize_reco_to_pi.setToolTip('use angle normalized reconstruction for 360 ° scans, similar to half-field reconstruction\n'
                                             'avoids reconstruction artifacts for extended field of view reconstructions (outside of the inner/360 ° region)\n'
                                             'in half-state, it is enabled automatically for 360 ° scans (>350 °), but not for region mode "smallest"\n'
                                             'Warning: do not use for 180 ° scans\n'
                                             'Note: the normalization will severely change how reconstruction artifacts look,\n'
                                             'it can be useful to disable this for parameter finding')

        self.normalization_smoothing_length.setToolTip('smoothing range for the angle normalized reconstruction at the inner detector edge')

        self.use_ring_filter.setToolTip('projection ring filter, calculates the angle average and substacts the difference to a median filtered from all projections\n'
                                        'the value is identical to the maximal widths of the rings that can be removed\n'
                                        'use postprocessing ring filters to effectively remove all rings\n'
                                        'note 1: can produce artifacts if the sample has ring-like structures\n'
                                        'note 2: only filters 360 ° rings, may produce artifacts if applied to shorter rings or angle-dependent rings')

        self.use_undistort.setToolTip('apply a radial lens distortion correction\n'
                                      'the parameter is the correction orders 2, its value\n'
                                      'corresponds to a shift in pixels at detector width/2')

        self.use_temporal_speckle_filter.setToolTip('temporal despeckle filter, filters a pixel value if the value differs by more\n '
                                                    'than the threshold from the values of the projections immediately before and after\n'
                                                    'intended use: filter directly detected x-ray photons in an indirect detector')
        self.use_spatial_speckle_filter.setToolTip('spatial despeckle filter, filters a pixel value if it differs by more\n'
                                                   'than the threshold from the four neighbouring pixels\n'
                                                   'intended use: filter pixel defects')
        label_bw.setToolTip("bin down the reconstructed volume before writing to disk (in all three directions)\n"
                            "the computed tomogräphy reconstruction is not affected by this setting, just the file output\n"
                            "note: the z-index of the slices is saved as floor(binned index), e.g. lower index for 2x-binning\n"
                            "note: the preview does not bin in z-direction")

        self.use_bad_pixel_map.setToolTip('use a bad pixel map to filter detector defects (e.g. dead pixels)\n'
                                          '- the values are replaced by a horizontal median filter result\n'
                                          '- the width of a defect is automatically detected and the filter is adjusted appropriately\n'
                                          '- the radius of the median filter can be increased by using mask values > defect width,\n'
                                          '  use this if two defects are close to each other and must be filtered as one\n'
                                          '- note: this filter is unable to deal with whole lines of bad pixels, which are bad for CT anyway\n'
                                          'hint: the image is cached and only reloaded after pyXIT was closed')

        self.use_hilbert_filter.setToolTip('include a phase retrieval for grating interferometry phase contrast in the reconstruction\n'
                                           'this means that the ramp filter is replaced by the hilbert filter\n'
                                           'note: enabling this automatically disables the neglog')

        self.ui_properties = ('ring_filter_range', 'use_ring_filter',  'normalize_reco_to_pi', 'normalization_smoothing_length', 'write_bin_factor',
                              'use_temporal_speckle_filter', 'temporal_speckle_filter_threshold', 'use_spatial_speckle_filter', 'spatial_speckle_filter_threshold',
                              'use_BHC', 'BHC_parameter_2', 'BHC_parameter_3', 'BHC_parameter_4', 'BHC_parameter_5', 'use_undistort', 'undistort_parameter_1',
                              'use_bad_pixel_map', 'bad_pixel_map_fname', 'use_hilbert_filter', 'use_multigain', 'multigain_fname')

        self.ui_defaults = dict(ring_filter_range=2, use_ring_filter=0, use_BHC=0, use_undistort=0,
                                BHC_parameter_2=0., BHC_parameter_3=0., BHC_parameter_4=0., BHC_parameter_5=0.,
                                undistort_parameter_0=0., undistort_parameter_1=0., undistort_parameter_2=0.,
                                undistort_parameter_3=0., use_correct_source_drift=False,
                                use_temporal_speckle_filter=0, temporal_speckle_filter_threshold=0.3,
                                use_spatial_speckle_filter=0, spatial_speckle_filter_threshold=0.3,
                                normalize_reco_to_pi=1, normalization_smoothing_length=50, write_bin_factor=1,
                                use_bad_pixel_map=0, bad_pixel_map_fname='', use_hilbert_filter=0, use_multigain=0, multigain_fname='')

        def get_ring_filter_values(val):
            vals = np.unique((np.hstack((np.linspace(np.sqrt(val/3), np.sqrt(val), 3)**2, val, np.linspace(np.sqrt(val), np.sqrt(val*3), 7)**2))).astype('i4'))
            return vals[(vals>=1) & (vals<=99)]

        self.preview_defaults = dict(ring_filter_range=get_ring_filter_values,
                                     BHC_parameter_2=(17, 0.1, False), BHC_parameter_3=(17, 0.05, False),
                                     undistort_parameter_1=(17, 1, False), undistort_parameter_3=(17, 1, False))

        self.use_BHC.setToolTip('beam hardening correction,\nreplace the thickness (after log) with a polynomial where '
                                'BHC_parameter_k is the prefactor for order 2+k (orders 2 to 5)')
        self.use_BHC.stateChanged.connect(self.update_ui_BHC)
        self.use_ring_filter.stateChanged.connect(self.update_ui_ringfilter)
        self.use_undistort.stateChanged.connect(self.update_ui_undistort)
        #self.use_correct_source_drift.stateChanged.connect(self.update_ui_use_correct_source_drift)
        self.update_ui_undistort()
        self.update_ui_ringfilter()
        self.update_ui_BHC()
        self.update_ui_use_correct_source_drift()

    #def close(self):
    #    self.drift_window.close()
    #    QWidget.close(self)

    class FileSelectButton(QPushButton):
        valueChanged = Signal(str)

        def __init__(self, file_type, last_folder='', filter=None):
            super().__init__('')
            self.file_type = file_type
            self.filter = filter
            self.clearValue()
            self.last_folder = last_folder
            self.clicked.connect(self.select_file)

        def select_file(self):
            fname = QFileDialog.getOpenFileName(self, directory=self.last_folder, filter=self.filter,
                                                caption=f'select {self.file_type} file')[0]
            if fname != '':
                self.last_folder = os.path.split(fname)[0]
                self.setValue(fname)

        def clearValue(self):
            self.fname = ''
            self.setText('choose')
            self.setToolTip(f'no {self.file_type} file selected')

        def setValue(self, val: str):
            self.fname = val
            if val == '':
                self.clearValue()
            else:
                self.setToolTip(f'selected {self.file_type} file: {val}')
                self.valueChanged.emit(str(val))
                self.setText('change')

        def value(self):
            return self.fname

    def update_ui_BHC(self):
        vis = self.use_BHC.isChecked()
        for widget in (self.BHC_parameter_2, self.BHC_parameter_3, self.BHC_parameter_4, self.BHC_parameter_5):
            widget.setEnabled(vis)
    def update_ui_ringfilter(self):
        self.ring_filter_range.setEnabled(self.use_ring_filter.isChecked())
    def update_ui_use_correct_source_drift(self):
        pass
        #val = self.use_correct_source_drift.isChecked()
        #val &= self.drift_window.drift_data_mode.value() == 'quadratic (main window)'
        #for widget in self.drift_widgets[:-1]:
        #    widget.setEnabled(val)
        #val &= self.drift_window.drift_data_mode.value() == 'quadratic (main window)'
        #for widget in self.drift_widgets[:4]:
        #widget.setEnabled(val)
    def update_ui_normalize_reco_to_pi(self):
        if self.normalize_reco_to_pi.checkState() == 2:
            self.crop_overlap.setDisabled(True)
        elif (self.normalize_reco_to_pi.checkState() == 1 and
              self.processing_widget.region_mode.value() == 'extended'):
            self.crop_overlap.setDisabled(True)
        else:
            self.crop_overlap.setDisabled(False)
    def update_ui_undistort(self):
        vis = self.use_undistort.isChecked()
        for widget in (self.undistort_parameter_0, self.undistort_parameter_1, self.undistort_parameter_2, self.undistort_parameter_3):
            widget.setEnabled(vis)

    def geometry_selected(self, geometry_name):
        is_cone = geometry_name == 'cone'
        self.use_undistort.setVisible(is_cone)
        #for widget in self.drift_widgets:
        #    widget.setVisible(is_cone)
        for widget in self.undistort_widgets:
            widget.setVisible(is_cone)

    #def closeEvent(self, QCloseEvent):
    #    self.drift_window.close()
    #    QCloseEvent.accept()

    def set_settings(self, settings):
        PluginCT.set_settings(self, settings)
        self.update_ui_BHC()
        self.update_ui_ringfilter()
        #self.drift_window.set_settings(settings.get('source_drift', dict()))
        return


    #def get_settings(self):
    #    settings = PluginCT.get_settings(self)
    #    settings['source_drift'] = self.drift_window.get_settings()
    #    return settings


class FilteredBackProjectionWorker(WorkerCT):
    def __init__(self):
        super().__init__()
        self.reconstructor = None
        self.reader = None
        self.stop = False
        self.app_settings = dict()

        self.projs = None
        self.preview_slice = None
        self.last_ring_filter_range = 0
        self.last_BHC_parameters = np.zeros(4, dtype='f4')

        self.par_reconstructor = None
        self.cone_reconstructor = None
        self.loaded_detector_range = [np.inf, -np.inf]

        self.cl_device = None  # (ctx, queue, info_dict)
        self.reader_hash = None
        self.sino_filter_hash = None

        self.ringfd_cl_funcs = None

    def do_stop(self):
        if self.reconstructor is not None:
            self.reconstructor.stop = True
        self.stop = True
        if self.reader is not None:
            self.reader.stop = True

    def reset_stop(self, reader=None):
        self.stop = False
        self.reader = reader

    def get_max_Y_height(self, projs_shape):
        if self.context_info['type'] == 'CPU':
            max_device_memory = common.misc.get_free_memory(0)*0.3-1
        else:
            max_device_memory = min(self.context_info['GLOBAL_MEM_SIZE']*0.5, common.misc.get_free_memory(0)*0.7-1)
        max_Y_height = int(np.floor(max_device_memory/(projs_shape[0]*projs_shape[2]*4)))
        #print('max_Y_height', max_Y_height, get_free_memory())
        return max_Y_height

    def clear_preview_projection_cache(self):
        if hasattr(self, 'reconstructor'):
            del self.reconstructor
        if hasattr(self, 'reconstructor'):
            del self.reconstructor
        self.reconstructor = None
        self.reconstructor = None
        self.projs = None
        gc.collect()

    # parameter generation for reconstruction
    def get_source_shifts(self, nproj, settings, own_settings, for_display=False):
        if own_settings['use_correct_source_drift']:
            if own_settings['source_drift']['mode'] == 'quadratic':
                drift_coord = np.linspace(0, 1, nproj, dtype='f4')
                source_shifts_Y = settings['beam_tilt_Y'] + (drift_coord-0.5)*own_settings['source_drift_y_lin'] + 4*drift_coord*(1-drift_coord)*own_settings['source_drift_y_quad']
                source_shifts_X = settings['beam_tilt_X'] + (drift_coord-0.5)*own_settings['source_drift_x_lin'] + 4*drift_coord*(1-drift_coord)*own_settings['source_drift_x_quad']

            else:
                drift_smooth_strength = own_settings['source_drift']['drift_smooth_strength']/1e2
                shifts_y = np.array(own_settings['source_drift']['shifts_y'], 'f4')
                shifts_x = np.array(own_settings['source_drift']['shifts_x'], 'f4')
                corr_indices = np.array(own_settings['source_drift']['corr_proj_indices'], 'f4')
                indices_intp = np.arange(nproj)
                source_shifts_Y = UnivariateSpline(corr_indices, shifts_y, k=3, s=len(corr_indices)*drift_smooth_strength)(indices_intp)
                source_shifts_X = UnivariateSpline(corr_indices, shifts_x, k=3, s=len(corr_indices)*drift_smooth_strength)(indices_intp)
                if not for_display:
                    drift_magnification = settings['source_sample_distance']/(settings['source_detector_distance']-settings['source_sample_distance'])
                    source_shifts_Y = settings['beam_tilt_Y'] + source_shifts_Y*drift_magnification
                    source_shifts_X = settings['beam_tilt_X'] + source_shifts_X*drift_magnification

        else:
            source_shifts_Y = settings['beam_tilt_Y']
            source_shifts_X = settings['beam_tilt_X']
        return source_shifts_Y, source_shifts_X

    def get_i0_correction(self, nproj, settings, own_settings):
        if own_settings['use_correct_source_drift'] and own_settings['source_drift']['use_i0_correction'] and own_settings['source_drift']['mode'] == 'reference projections':
            i0_correction = np.array(own_settings['source_drift']['i0_correction'], 'f4')
            corr_indices = np.array(own_settings['source_drift']['corr_proj_indices'], 'f4')
            i0_smooth_strength = own_settings['source_drift']['i0_smooth_strength']/1e6
            indices_intp = np.arange(nproj)
            i0_correction_intp = UnivariateSpline(corr_indices, i0_correction, k=3,
                                                  s=len(corr_indices)*i0_smooth_strength)(indices_intp)

            return i0_correction_intp
        else:
            return None

    def get_crop_overlap(self, projs_shape, settings, own_settings):
        if own_settings['crop_overlap'] == 'disabled' or settings['region_mode'] == 'smallest':
            return 0
        elif own_settings['crop_overlap'] == 'auto':
            if settings['region_mode'] == 'extended':
                own_settings['crop_overlap'] = 'all'
            elif settings['region_mode'] == 'normal':
                return 20

        if own_settings['crop_overlap'] == 'all':
            return int(projs_shape[2]/2 - abs(settings['sample_shift_X']))
        else:
            return int(own_settings['crop_overlap'][:3])

    def get_BHC_params(self, own_settings):
        if own_settings['use_BHC']:
            return np.array([own_settings['BHC_parameter_{}'.format(k)] for k in np.arange(2, 6)], dtype='f4')
        else:
            return np.zeros(4, dtype='f4')

    def get_undistort_params(self, own_settings):
        if own_settings['use_undistort']:
            return np.array([0., own_settings['undistort_parameter_1'], 0., 0.], dtype='f4')
        else:
            return None

    def get_normalize_reco_to_pi(self, settings, own_settings):
        if own_settings['normalize_reco_to_pi'] == 1:
            if settings['region_mode'] == 'smallest':
                    return False
            else:
                if settings['angle_range'] > 350.:
                    return True
                else:
                    return False
        else:
            return bool(own_settings['normalize_reco_to_pi'])

    # reconstruction
    def reconstruct(self, reader: file.volume.Reader, writer: file.volume.Writer, settings, own_settings,
                    ui_updater=lambda k, n, t='slice {} of {}': print(t.format(k, n))):
        self.clear_preview_projection_cache()
        self.reset_stop(reader)
        #print('reconstruct', get_dict_summary(locals()))

        reader.prepare()
        projs_shape = [reader.nimages, reader.imshape[0], reader.imshape[1]]
        assert projs_shape[0] > 10
        #vol_size = (projs_shape[2], projs_shape[2], projs_shape[1])

        if not settings['use_subregion']:
            slice_range = tomo_reco.FBP_base.FBPReconstructor.get_reconstruction_range_for_region_mode((0, projs_shape[2] - 1), settings['sample_shift_X'], settings['region_mode'])
            settings['z_start'] = 0
            settings['x_start'] = slice_range[0]
            settings['y_start'] = slice_range[0]
            settings['z_stop'] = projs_shape[1]
            settings['x_stop'] = slice_range[1]
            settings['y_stop'] = slice_range[1]

        subvol_origin = settings['x_start'], settings['y_start'], settings['z_start']
        subvol_size = [settings['x_stop'] - settings['x_start'] + 1, settings['y_stop'] - settings['y_start'] + 1,
                       settings['z_stop'] - settings['z_start']]
        reconstruction_range = subvol_origin[2], subvol_origin[2] + subvol_size[2]
        reconstruction_origin = subvol_origin[:2]
        reconstruction_size = subvol_size[:2]

        if settings['region_mode'] != 'smallest' and np.deg2rad(settings['angle_range']) < 1.9*np.pi:
            print('Warning: region_mode is not "smallest" for angle range < 360°')
        #reconstruction_radius = FBPReconstructor.get_reconstruction_radius_for_region_mode(projs_shape[2] / 2, settings['sample_shift_X'],
        #                                                                                   settings['region_mode'])
        #ring_filter_range = own_settings['use_ring_filter']*own_settings['ring_filter_range']
        #crop_overlap = self.get_crop_overlap(projs_shape, settings, own_settings)
        BHC_parameters = self.get_BHC_params(own_settings)
        undistort_params = self.get_undistort_params(own_settings)
        #source_shifts_Y, source_shifts_X = self.get_source_shifts(projs_shape[0], settings, own_settings)
        #i0_correction = self.get_i0_correction(projs_shape[0], settings, own_settings)
        normalize_reco_to_pi = self.get_normalize_reco_to_pi(settings, own_settings)
        if own_settings['use_hilbert_filter']: settings['apply_neglog'] = False

        if settings['beam_geometry'] == 'cone':
            reconstruction_voxelsize = settings['detector_pixelsize'] * settings['source_sample_distance'] / settings['source_detector_distance']
        else:
            reconstruction_voxelsize = settings['detector_pixelsize']
        settings['voxelsize'] = float(reconstruction_voxelsize)*own_settings['write_bin_factor']
        writer.resolution = settings['voxelsize']
        angle_sign = 1 if settings['rotation_direction'] == 'clockwise' else -1
        proj_filter_settings = common.settings_hash.partial_dict_copy(own_settings, ("use_ring_filter", "ring_filter_range",
                                    "use_temporal_speckle_filter", "temporal_speckle_filter_threshold",
                                    "use_spatial_speckle_filter", "spatial_speckle_filter_threshold",
                                    'use_bad_pixel_map', 'bad_pixel_map_fname'))


        if settings['beam_geometry'] == 'cone':
            ui_updater(None, None, "starting reconstruction")
            self.reconstructor = tomo_reco.FBP_cone.ConeFBPReconstructor(self.cl_device, self.show_error_call)
            self.reconstructor.memory_use_fraction = self.app_settings.get('memory_use_fraction', self.reconstructor.memory_use_fraction)
            self.reconstructor.configure_geometry(projs_shape, settings['sample_shift_X'],
                                                  angle_sign * np.deg2rad(settings['angle_range']), settings['detector_pixelsize'],
                                                  1e3 * settings['source_sample_distance'], 1e3 * settings['source_detector_distance'],
                                                  source_shifts_X=settings['source_shifts_X'], source_shifts_Y=settings['source_shifts_Y'],
                                                  detector_tilt_Y=np.deg2rad(settings['detector_tilt_Y']), detector_tilt_X=np.deg2rad(settings['detector_tilt_X']),
                                                  detector_shift_Y=1e3*settings['detector_shift_Y'],
                                                  detector_skew=np.deg2rad(settings['detector_skew']))
            self.reconstructor.configure_area(subvol_origin[:2], subvol_size[:2], settings['region_mode'], angle_offset=np.deg2rad(settings['angle_offset']))
            self.reconstructor.configure_options(apply_neglog=settings['apply_neglog'], BHC_parameters=BHC_parameters,
                                                 undistort_params=undistort_params, i0_correction=settings['i0_correction'],
                                                 normalize_reco_to_pi=normalize_reco_to_pi, normalization_smoothing_length=own_settings['normalization_smoothing_length'],
                                                 write_bin_factor=own_settings['write_bin_factor'],
                                                 use_clip=settings["use_clip"], clip_range=(settings["clip_val_low"], settings["clip_val_high"]),
                                                 gray_value_div=settings["gray_value_div"], use_hilbert_filter=own_settings['use_hilbert_filter'])
            self.reconstructor.configure_filters(**proj_filter_settings)
            self.reconstructor.finish_configure()
            writer.other_info["voxelsize"] = settings['voxelsize']

            self.reconstructor.reconstruct_partitioned(reader, writer, reconstruction_range, ui_updater=ui_updater)


        elif settings['beam_geometry'] == 'parallel':
            reconstruction_voxelsize = settings['detector_pixelsize']
            usable_host_memory = min(20., common.misc.get_free_memory()*0.6)
            assert usable_host_memory > 0.5, 'not enough memory for reconstruction'
            max_Y_height = min(int(np.floor(usable_host_memory/(projs_shape[1]/1024/1024*projs_shape[2]/1024*4))), subvol_size[2])
            #print('usable_host_memory', usable_host_memory, 'max_Y_height', max_Y_height, subvol_size)

            self.reconstructor = tomo_reco.FBP_parallel.ParallelFBPReconstructor(self.cl_device, self.show_error_call)
            self.reconstructor.configure_geometry(projs_shape, settings['sample_shift_X'], angle_sign * np.deg2rad(settings['angle_range']),
                                                      settings['detector_pixelsize'])
            self.reconstructor.configure_area(reconstruction_origin, reconstruction_size, settings['region_mode'],
                                                  angle_offset=np.deg2rad(settings['angle_offset']))
            self.reconstructor.configure_options(BHC_parameters=BHC_parameters, apply_neglog=settings['apply_neglog'],
                                            write_bin_factor=own_settings['write_bin_factor'], i0_correction=settings['i0_correction'],
                                            normalize_reco_to_pi=normalize_reco_to_pi, normalization_smoothing_length=own_settings['normalization_smoothing_length'],
                                                     use_clip=settings["use_clip"], clip_range=(settings["clip_val_low"], settings["clip_val_high"]),
                                                 gray_value_div=settings["gray_value_div"])
            self.reconstructor.configure_filters(**proj_filter_settings)
            self.reconstructor.finish_configure()
            writer.other_info["voxelsize"] = self.reconstructor.detector_pixelsize

            self.reconstructor.reconstruct_partitioned(reader, writer, reconstruction_range,
                                                           max_Y_height=max_Y_height, ui_updater=ui_updater)
        else:
            raise ValueError('beam_geometry not in possible values')
        self.reconstructor = None
        gc.collect()

    def reconstruct_preview(self, reader, settings, own_settings,
                    ui_updater=lambda k, n, t='slice {} of {}': print(t.format(k, n))):
        self.reset_stop(reader)
        #print('reconstruct', self.reconstructor, get_dict_summary(locals()))
        reader.prepare()

        projs_shape = [reader.nimages, reader.imshape[0], reader.imshape[1]]
        if self.projs is not None and settings['beam_geometry'] == 'cone':
            projs_shape[0] = self.projs.shape[0]
        #vol_size = (projs_shape[2], projs_shape[2], projs_shape[1])
        subvol_origin = settings['x_start'], settings['y_start'], settings['z_start']
        subvol_size = [settings['x_stop'] - settings['x_start'] + 1, settings['y_stop'] - settings['y_start'] + 1,
                       min(settings['z_stop'], projs_shape[1]) - settings['z_start'] + 1]
        reconstruction_range = subvol_origin[2], subvol_origin[2] + subvol_size[2]
        reconstruction_origin = subvol_origin[:2]
        reconstruction_size = subvol_size[:2]

        ring_filter_range = own_settings['use_ring_filter']*own_settings['ring_filter_range']
        BHC_parameters = self.get_BHC_params(own_settings)
        undistort_params = self.get_undistort_params(own_settings)
        normalize_reco_to_pi = self.get_normalize_reco_to_pi(settings, own_settings)
        multigain_fname = own_settings['multigain_fname'] if own_settings['use_multigain'] else None

        proj_filter_settings = common.settings_hash.partial_dict_copy(own_settings, ("use_ring_filter", "ring_filter_range",
                                    "use_temporal_speckle_filter", "temporal_speckle_filter_threshold",
                                    "use_spatial_speckle_filter", "spatial_speckle_filter_threshold",
                                    'use_bad_pixel_map', 'bad_pixel_map_fname'))
        if own_settings['use_hilbert_filter']: settings['apply_neglog'] = False

        filter_sinos_hash_dict = dict(BHC_parameters=BHC_parameters,
                                      i0_correction=settings['i0_correction'], apply_neglog=settings['apply_neglog'],
                                      proj_filter_settings=proj_filter_settings,
                                      normalize_reco_to_pi=normalize_reco_to_pi, region_mode=settings['region_mode'],
                                      normalization_smoothing_length=own_settings['normalization_smoothing_length'],
                                      sdd=settings['source_detector_distance'], sod=settings['source_sample_distance'],
                                      use_clip=settings["use_clip"], clip_range=(settings["clip_val_low"],
                                      settings["clip_val_high"]), gray_value_div=settings["gray_value_div"],
                                      use_hilbert_filter=own_settings['use_hilbert_filter'])
        if normalize_reco_to_pi: # for recalculating weight function
            filter_sinos_hash_dict['sample_shift_X'] = settings['sample_shift_X']
            filter_sinos_hash_dict['detector_skew'] = settings['detector_skew']

        reader_hash = reader.hash()
        sino_filter_hash = common.settings_hash.generate_hash_from_dict(filter_sinos_hash_dict) + reader_hash
        angle_sign = 1 if settings['rotation_direction'] == 'clockwise' else -1


        if settings['beam_geometry'] == 'cone':
            if self.cone_reconstructor is None:
                self.loaded_detector_range = [np.inf, -np.inf]
                self.cone_reconstructor = tomo_reco.FBP_cone.ConeFBPReconstructor(self.cl_device)
                self.par_reconstructor = None
                gc.collect()

            fast_filter = np.int32(1) if self.app_settings.get('use_fast_preview_filter', False) else np.int32(0)
            if fast_filter != self.cone_reconstructor.fast_filter:
                self.cone_reconstructor.fast_filter = fast_filter
                sino_filter_hash = None

            self.cone_reconstructor.configure_done[:] = False
            self.cone_reconstructor.configure_geometry(projs_shape, settings['sample_shift_X'],
                                                  angle_sign * np.deg2rad(settings['angle_range']), settings['detector_pixelsize'],
                                                  1e3 * settings['source_sample_distance'], 1e3 * settings['source_detector_distance'],
                                                  source_shifts_X=settings['source_shifts_X'], source_shifts_Y=settings['source_shifts_Y'],
                                                  detector_tilt_Y=np.deg2rad(settings['detector_tilt_Y']), detector_tilt_X=np.deg2rad(settings['detector_tilt_X']),
                                                  detector_shift_Y=1e3*settings['detector_shift_Y'],
                                                  detector_skew=np.deg2rad(settings['detector_skew']))
            self.cone_reconstructor.configure_area(subvol_origin[:2], subvol_size[:2], settings['region_mode'], angle_offset=np.deg2rad(settings['angle_offset']))
            self.cone_reconstructor.configure_options(apply_neglog=settings['apply_neglog'], BHC_parameters=BHC_parameters,
                undistort_params=undistort_params, i0_correction=settings['i0_correction'], normalize_reco_to_pi=normalize_reco_to_pi,
                normalization_smoothing_length=own_settings['normalization_smoothing_length'], use_clip=settings["use_clip"],
                clip_range=(settings["clip_val_low"], settings["clip_val_high"]), gray_value_div=settings["gray_value_div"],
                use_hilbert_filter=own_settings['use_hilbert_filter'], multigain_fname=multigain_fname)
            self.cone_reconstructor.configure_filters(**proj_filter_settings)
            self.cone_reconstructor.finish_configure()

            detector_range = self.cone_reconstructor.get_detector_range_for_reconstruction(reconstruction_range)
            detector_range = np.clip(detector_range, 0, projs_shape[1])

            if self.stop: return
            if self.reader_hash != reader_hash or detector_range[0] < self.loaded_detector_range[0] or \
                    detector_range[1] > self.loaded_detector_range[1] or \
                    (self.loaded_detector_range[1] - self.loaded_detector_range[0])/(detector_range[1]-detector_range[0]) > 4:
                ui_updater(None, None, "reading data")
                detector_range[0] -= 1 + (detector_range[1]- detector_range[0])//4
                detector_range[1] += 1 + (detector_range[1]- detector_range[0])//4
                detector_range = np.clip(detector_range, 0, projs_shape[1])
                reader.set_crops([None, detector_range, None])
                self.projs = reader.load_all()
                if self.stop: return
                self.reader_hash = reader_hash
                self.preview_slice = settings['z_start']
                self.loaded_detector_range = detector_range
                reset_projs = True
                #print_runtime('data load runtime', t0)
            else:
                reset_projs = False

            try:
                self.cone_reconstructor.configure_memory(self.projs.shape, detector_Y_offset=self.loaded_detector_range[0])
                if self.stop: return
                if self.sino_filter_hash != sino_filter_hash or reset_projs:
                    ui_updater(None, None, "filtering projs")
                    if self.stop: return
                    self.cone_reconstructor.filter_projs(self.projs)
                    self.last_ring_filter_range = ring_filter_range
                    self.last_BHC_parameters = BHC_parameters
                    self.sino_filter_hash = sino_filter_hash

                if self.stop: return
                ui_updater(None, None, "doing preview reconstruction")
                reconstruction = self.cone_reconstructor.reconstruct_slice(reconstruction_range[0])

            except common.opencl.DeviceMemoryError as e:
                raise common.opencl.DeviceMemoryError('Not enough device memory for preview of this slice, '
                                         'go to a slice nearer to the detector center or use input binning.')


        elif settings['beam_geometry'] == 'parallel':
            if self.par_reconstructor is None:
                self.loaded_detector_range = [np.inf, -np.inf]
                self.par_reconstructor = tomo_reco.FBP_parallel.ParallelFBPReconstructor(self.cl_device)
                self.cone_reconstructor = None
                gc.collect()

            self.par_reconstructor.configure_done[:] = False
            self.par_reconstructor.configure_geometry(projs_shape, settings['sample_shift_X'], angle_sign * np.deg2rad(settings['angle_range']),
                                                  settings['detector_pixelsize'])
            self.par_reconstructor.configure_area(reconstruction_origin, reconstruction_size, settings['region_mode'],
                                              angle_offset=np.deg2rad(settings['angle_offset']))
            self.par_reconstructor.configure_options(BHC_parameters=BHC_parameters, apply_neglog=settings['apply_neglog'],
                                                 i0_correction=settings['i0_correction'],
                                                 normalize_reco_to_pi=normalize_reco_to_pi, normalization_smoothing_length=own_settings['normalization_smoothing_length'],
                                                 use_clip=settings["use_clip"], clip_range=(settings["clip_val_low"], settings["clip_val_high"]),
                                                 gray_value_div=settings['gray_value_div'], multigain_fname=multigain_fname)
            self.par_reconstructor.configure_filters(**proj_filter_settings)

            if self.stop: return
            if self.reader_hash != reader_hash or reconstruction_range[0] != self.loaded_detector_range[0]:
                ui_updater(None, None, "reading data")
                reader.set_crops([None, reconstruction_range, None])
                self.projs = reader.load_all()
                if self.stop: return
                self.preview_slice = settings['z_start']
                self.reader_hash = reader_hash
                self.loaded_detector_range = reconstruction_range
                reset_projs = True
            else:
                reset_projs = False

            if self.stop: return
            if self.sino_filter_hash != sino_filter_hash or reset_projs:
                ui_updater(None, None, "filtering sino")
                sino = np.copy(self.projs[:, 0, :])
                if self.stop: return
                #if self.par_reconstructor.use_ring_filter:
                #    self.par_reconstructor.filter_rings(sino)
                #apply_ring_filter_optional(sino, ring_filter_range, sample_shift_X=settings['sample_shift_X'])
                #if own_settings['use_temporal_speckle_filter']:
                #    apply_tspeckle_filter_optional(sino, own_settings['temporal_speckle_filter_threshold'])
                self.par_reconstructor.filter_sinogram(sino, y_index=self.preview_slice)
                self.last_ring_filter_range = ring_filter_range
                self.last_BHC_parameters = BHC_parameters
                self.sino_filter_hash = sino_filter_hash

            if self.stop: return
            ui_updater(None, None, "doing preview reconstruction")
            reconstruction = self.par_reconstructor.reconstruct_slice()
        else:
            raise ValueError('beam_geometry not in possible values')

        if own_settings['write_bin_factor'] > 1:
            reconstruction = image.resize.bin_down_image(reconstruction, own_settings['write_bin_factor'])
        if not self.stop:
            return reconstruction
exported_classes.append(FilteredBackProjectionPlugin)







tomis/GUI/plugins/image.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from .base import *
from GUI.plugins.image import *
from scipy.ndimage import median_filter
import image
exported_classes = []

class Plugin2D(ProcessingPlugin):
    ''' Super class for 2D plugins

    defines get_settings() and set_settings()

    process_image() must be defined, prepare() may be defined optionally
    both functions will always be called from a thread
    prepare already has a cache mechanism set up: prepare_cached()

    self.ui_properties must be a list with entries of one of the following forms:
    'name' # (a string, self.name must be the ui element)
    self.name.value/self.name.setValue/self.name.valueChanged will be used as get_function/set_function/change_signal
     (for float/int SpinBox, ValueComboBox or ValueSlider)
    ('name', 'get_function' or get_function, 'set_function' or set_function, 'change_signal' or change_signal)
     (a 4-tuple)
    where either 'get_function'/'set_function' are names for class methods e.g. value/setValue
    or get_function/set_function are callables e.g. self.get_bin_factor/self.set_bin_factor
    The change_signal is used without parameter, to retrieve the value, the get_value function is used.

    for the first form, you can use the custom classes ValueSlider and ValueComboBox (= drop down menu),
    both have a set_values() function for setting the available values, value()/setValue() as get/set functions,
    and a valueChanged signal
    warning: setValue will ignore invalid values

    self.preview_defaults (dict) sets up the standard value range for the preview for all parameters that have a
    entry, parameters that have no entry are not shown (they refresh from the main window instead)
    the following types are allowed:
     - (number, stride, use_log) for a range centered around the current value in the plugin ui
                stride is the difference for linspace and the change fraction for logspace (e.g. 0.1 = 10 % per step, negative values are allowed)
     - a callable returning the range from the input arg current_val

     the process_image() function must always return the same output shape for a certain input shape
    '''
    fourier_inout = (False, False)
    info_text = None
    cache_hash = ''

    def get_settings(self):
        settings = ProcessingPlugin.get_settings(self)
        settings['fourier_inout'] = self.fourier_inout
        settings['filter_range'] = self.get_range(settings)
        if np.all(settings['fourier_inout']):
            settings["paralellized_processing"] = image.fourier.pyfftw is not None
        return settings

    def get_summary(self):
        return ''

    def get_range(self, settings: Dict, factor=1.):
        if np.any(self.fourier_inout):
            raise NotImplementedError('Plugin2D subclass must define get_range function for np.any(self.fourier_inout)')
        else:
            return 0.


class Worker2D(ProcessingWorker):
    def __init__(self):
        super().__init__()
        self.prepare_hash = ''

    def prepare_cached(self, settings, own_settings, reader: file.volume.Reader):
        this_hash = reader.hash(include_crops=True, include_processing_list=True)
        this_hash += common.settings_hash.generate_hash_from_dict(own_settings)
        if self.prepare_hash != this_hash:
            self.prepare_hash = this_hash
            return self.prepare(settings, own_settings, reader)
        else:
            return None

    def prepare(self, settings, own_settings, reader: file.volume.Reader):
        # the reader already has the prior filter steps applied
        # (either through apply_plugin_list in 2D or through intermediate result in 3D)
        # clear cache items here
        # this function must return all results in a dict, because they may be used for several workers in multiprocesssing
        return dict()

    def get_filter(self, image_shape, spatial_frequency_axes, settings: Dict):
        # spatial_frequency_axes is a 2-tuple with the spatial frequencies for (y, x)
        raise NotImplementedError('Plugin2D subclass must define get_filter function for fourier_inout[0] = True')
        return None

    def process_image(self, image, proj_number: int, settings: Dict):
        raise NotImplementedError('Plugin2D subclass must define process_image function for fourier_inout[1] = False')


class ImageCalculationPlugin(Plugin2D):
    name = 'Arbitrary Calculation'
    fourier_inout = (False, False)
    mem_usage_factor = 3
    info_text = """
    <p> Arbitrary calculations, "v" is the name for the input and also the output.
    <p> It evaluates a python expression with eval() or exec() (for in-place).
    <p> WARNING: Because any python expression can be evaluated, this plugin can theoretically be used to execute malicious code if settings from an outside source are imported.
    <p> The numpy and scipy packages are available as e.g. sin, exp, ... .
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = ImageCalculationWorker
        hbox1 = QHBoxLayout();
        self.vbox.addLayout(hbox1)
        label1 = QLabel('Number of calculations:');
        hbox1.addWidget(label1)
        self.number_calculations = PlainSpinBox();
        hbox1.addWidget(self.number_calculations)
        self.number_calculations.setRange(1, 5)
        self.number_calculations.valueChanged.connect(self.update_ui_number_calculations)
        hbox1.addStretch()

        self.eval_text_widgets = []

        class EvalLabelChanger():
            def __init__(self, eval_label):
                self.eval_label = eval_label

            def __call__(self, value):
                if value:
                    self.eval_label.setText('')
                else:
                    self.eval_label.setText('v =')

        for k in range(self.number_calculations.maximum()):
            hbox = QHBoxLayout();
            self.vbox.addLayout(hbox)
            eval_label = QLabel('');
            hbox.addWidget(eval_label)

            def change_eval_label(eval_label, value):
                if value:
                    eval_label.setText('')
                else:
                    eval_label.setText('v =')

            eval_edit = QLineEdit('');
            hbox.addWidget(eval_edit)
            in_place_checkbox = ValueCheckBox('in place');
            hbox.addWidget(in_place_checkbox)
            self.eval_text_widgets.append((eval_edit, in_place_checkbox, eval_label))
            label_changer = EvalLabelChanger(eval_label)

            in_place_checkbox.valueChanged.connect(label_changer)
            in_place_checkbox.setToolTip('do the calculations in-place, the expression may not return anything\n'
                                         'usage example: "v *= 4", "exp(v, out=v)"\n'
                                         'in-place calculations are faster and require less memory')

        self.ui_properties = ['number_calculations']
        self.ui_properties += [('eval_text_widgets[{}][0]'.format(k), 'text', 'setText', 'editingFinished') for k in
                               range(5)]
        self.ui_properties += ['eval_text_widgets[{}][1]'.format(k) for k in range(5)]
        self.ui_defaults = dict()
        self.preview_defaults = dict()
        self.vbox.addStretch()
        self.update_ui_number_calculations()
        self.vbox.addStretch()

    def update_ui_number_calculations(self):
        number_calculations = self.number_calculations.value()
        for k in range(self.number_calculations.maximum()):
            if k >= number_calculations:
                for j in range(3):
                    self.eval_text_widgets[k][j].hide()
            else:
                for j in range(3):
                    self.eval_text_widgets[k][j].show()

    def update_default_eval(self):
        eval_edit = self.sender()
        eval_text = eval_edit.text()
        if eval_text == '':
            eval_edit.setText('v')


class ImageCalculationWorker(Worker2D):
    def process_image(self, image, proj_number, settings):
        v = image
        for k in range(settings['number_calculations']):
            eval_text = settings['eval_text_widgets[{}][0]'.format(k)]
            common.misc.check_eval_string(eval_text)
            if not eval_text == '':
                if settings['eval_text_widgets[{}][1]'.format(k)]:  # in-place calculation
                    exec(eval_text)
                else:
                    v = eval(eval_text)
            if v is None:
                raise TypeError('you must return a value')
        return v


exported_classes.append(ImageCalculationPlugin)


class DespecklePlugin(Plugin2D):
    name = 'Despeckle'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = DespeckleWorker
        hbox = QHBoxLayout();
        self.vbox.addLayout(hbox)
        # title = QLabel('<b>Despeckle Filter</b>'); hbox.addWidget(title); hbox.addStretch()
        label1 = QLabel('Median Filter Radius:');
        hbox.addWidget(label1)
        self.radius = PlainSpinBox();
        hbox.addWidget(self.radius)
        label2 = QLabel('Threshold:');
        hbox.addWidget(label2)
        self.threshold = ValueLogFloatBox();
        hbox.addWidget(self.threshold)

        self.ui_properties = ['radius', 'threshold']
        self.ui_defaults = dict(radius=5, threshold=1)

        def radius_preview(current_val):
            return np.arange(0, current_val + 3, 1)

        self.preview_defaults = dict(radius=self.vals, threshold=(21, 0.2, True))
        self.vbox.addStretch()

    def vals(self, current_value):
        return np.arange(10)

    def get_summary(self):
        return ' radius: {radius}, threshold: {threshold:.2e}'.format(*self.get_settings())

    def cached_median_filter(self, image, settings):
        # speeds up preview
        settings['image'] = image
        if self.cached_hash_different(settings, ('image', 'radius')):
            footprint = image.misc.circular_footprint(settings['radius'])
            self.median_filtered = median_filter(image, footprint=footprint)
        return self.median_filtered

    def process_image(self, image, proj_number, settings):
        median_filtered = self.cached_median_filter(image, settings)
        fill_where = abs(image - median_filtered) >= settings['threshold']
        np.copyto(image, median_filtered, where=fill_where)
        return image


class DespeckleWorker(Worker2D):
    def cached_median_filter(self, image, settings):
        settings['image'] = image
        if self.cached_hash_different(settings, ('image', 'radius'), index=4):
            footprint = image.misc.circular_footprint(settings['radius'])
            self.median_filtered = median_filter(image, footprint=footprint)
        return self.median_filtered

    def process_image(self, image, proj_number, settings):
        median_filtered = self.cached_median_filter(image, settings)
        fill_where = abs(image - median_filtered) >= settings['threshold']
        np.copyto(image, median_filtered, where=fill_where)
        return image


exported_classes.append(DespecklePlugin)


class BinDownPlugin(Plugin2D):
    name = 'Bin Down'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = BinDownWorker
        self.bin_factors = [1, 2, 3, 4]  # , 6, 8, 12, 16, 24, 32]

        hbox = QHBoxLayout();
        self.vbox.addLayout(hbox)
        # title = QLabel('<b>Bin Down</b>'); hbox.addWidget(title); hbox.addStretch()
        label1 = QLabel('Bin factor:');
        hbox.addWidget(label1)
        self.bin_factor = ValueComboBox(format_str='{} x');
        hbox.addWidget(self.bin_factor)
        self.bin_factor.set_values(self.bin_factors)
        self.ui_properties = ['bin_factor', ]
        self.ui_defaults = dict(bin_factor=1)
        self.preview_defaults = dict(bin_factor=self.vals)
        self.vbox.addStretch()

    def vals(self, current_value):
        return self.bin_factors

    def get_summary(self):
        return ' bin factor: {bin_factor}'.format(*self.get_settings())


class BinDownWorker(Worker2D):
    changes_shape = True

    def process_image(self, im_arr, proj_number, settings):
        return image.resize.bin_down_image(im_arr, settings['bin_factor'])


# image_plugins.append(BinDownPlugin)

def phase_kernel(spatial_freq2, phase_parameter, phase_parameter_before=0.):
    kernel = (1 + phase_parameter_before**2*spatial_freq2)/(1 + phase_parameter**2*spatial_freq2)
    return kernel

def phase_kernel_range(phase_parameter, pixelsize=1., phase_parameter_before=0.):
    phase_parameter = abs(phase_parameter)
    phase_parameter_before = abs(phase_parameter_before)
    if np.isclose(phase_parameter_before, 0.):
        return int(phase_parameter / pixelsize * -np.log(0.005) / (2 * np.pi) + 1)
        # padding includes 1-0.005 = 99.5 % of the gray value volume of the filter
        # (calculated in 1D, range is less in higher dimensions)
    elif np.isclose(phase_parameter, phase_parameter_before):
        return 0
    else:
        if phase_parameter > 0:
            outer_area_corrected = 0.005*abs(phase_parameter**2/abs(phase_parameter_before**2 - phase_parameter**2))

            # allow a shorter range
            #print('outer_corrected = ', outer_area_corrected)
            range_ = int(phase_parameter / pixelsize * -np.log(outer_area_corrected) / (2 * np.pi) + 1)
        else:
            range_ = phase_parameter_before/pixelsize/(2*np.pi)+1
        return range_

class PhaseRetrievalPlugin(Plugin2D):
    name = 'Phase Retrieval'
    fourier_inout = (True, True)
    info_text = """
    <p> Phase retrieval for X-ray computed tomography based on the following paper:
    <p> D. Paganin, S.C. Mayo, T.E. Gureyev, P.R. Miller, and S.W.Wilkins, “Simultaneous phase and amplitude extraction from a single defocused image of a homogeneous object,” Journal of Microscopy 206(1), 33–40 (2002).
    <p> Thich is a Fourier filter with a kernel of the form 1/(1 + p^2*u^2) where p is the "Phase retrieval parameter" box. Pixelsize is set to 1, which means that p is in units of pixelsize.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = PhaseRetrievalWorker
        hbox = QHBoxLayout();
        self.vbox.addLayout(hbox)
        label1 = QLabel('Phase retrieval parameter p:');
        hbox.addWidget(label1)
        self.phase_param = ValueLogFloatBox(20, change_manager=self.cm);
        hbox.addWidget(self.phase_param)
        self.phase_param.setValue(10.)

        self.phase_param.setToolTip('phase retrieval parameter, negative values are inverse phase retrieval')

        self.ui_properties = ['phase_param', ]
        self.ui_defaults = dict(phase_param=10)
        self.preview_defaults = dict(phase_param=(17, 0.10, True))
        self.vbox.addStretch()

    def get_range(self, settings, factor=1.):
        return phase_kernel_range(settings['phase_param']) * factor


class PhaseRetrievalWorker(Worker2D):
    def get_filter(self, image_shape, spatial_frequency_axes, settings):
        phase_param = settings['phase_param']
        spatial_frequency2 = image.fourier.abs_u2(spatial_frequency_axes)

        if phase_param > 0.:
            return 1 / (1 + phase_param ** 2 * spatial_frequency2)
        elif phase_param < 0.:
            return (1 + phase_param ** 2 * spatial_frequency2)
        else:
            return np.ones_like(spatial_frequency2)


exported_classes.append(PhaseRetrievalPlugin)


class WienerDeconvolutionPlugin(Plugin2D):
    name = 'Wiener Deconvolution'
    fourier_inout = (True, True)
    info_text = """
    <p> Image enhancement filter for improving image sharpness, includes a noise suppression.
    <p> Wiener Deconvolution as a Fourier filter of the following form:
    <p> wiener_deconv = 1/(1 + ((u/u_ny)**alpha*NSR*deconv_filter)**2)*deconv_filter
    <p> deconv_filter = 1/exp(-2*pi**2*u**2*std**2*sign(std))*1/exp(-u*mu*2*pi)
    <p> u is the spatial frequency, u_ny the nyquist frequency.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = WienerDeconvolutionWorker

        label = QLabel('<b>MTF deconvolution parameters:</b>');
        self.vbox.addWidget(label)
        hbox_std = QHBoxLayout();
        self.vbox.addLayout(hbox_std)
        std_label = QLabel('gaussian std:');
        hbox_std.addWidget(std_label)
        self.deconv_std = ValueLogFloatBox(20, change_manager=self.cm);
        hbox_std.addWidget(self.deconv_std)
        mu_label = QLabel('exponential mu:');
        hbox_std.addWidget(mu_label)
        self.deconv_mu = ValueLogFloatBox(20, change_manager=self.cm);
        hbox_std.addWidget(self.deconv_mu)

        label2 = QLabel('<b>noise suppression parameters:</b>');
        self.vbox.addWidget(label2)
        hbox_wiener = QHBoxLayout();
        self.vbox.addLayout(hbox_wiener)
        strength_label = QLabel('NSR:');
        hbox_wiener.addWidget(strength_label)
        self.NSR = ValueLogFloatBox(10, change_manager=self.cm);
        hbox_wiener.addWidget(self.NSR)
        reg_label = QLabel('regularization:');
        hbox_wiener.addWidget(reg_label)
        self.reg = ValueLogFloatBox(25, change_manager=self.cm);
        self.reg.setValue(0.05);
        hbox_wiener.addWidget(self.reg)
        self.reg.setRange(0.0, 1.0)
        alpha_label = QLabel('alpha:');
        hbox_wiener.addWidget(alpha_label)
        self.alpha = ValueLogFloatBox(25, change_manager=self.cm);
        self.alpha.setValue(1);
        hbox_wiener.addWidget(self.alpha)
        self.alpha.setRange(0.1, 10.0)

        std_label.setToolTip(
            'real space standard deviation of the gaussian psf in physical units (scaled by pixelsize)\n'
            'negative values are interpreted as smoothing; MTF = exp(-2*pi**2*u**2*sigma**2*sign(simga))')
        mu_label.setToolTip('mu value of the exp MTF function (= 0.5*FWHM of Lorentz psf), MTF = exp(-u*mu*2*pi)')
        strength_label.setToolTip('sets the strength of the noise suppression; wiener filter = 1/(1 + NSR),\n'
                                  'NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter)**2')
        alpha_label.setToolTip('sets the form of the noise suppression, do not change this value without good reason\n'
                               '(higher values correspond to a weaker noise suppression)\n'
                               'wiener filter = 1/(1 + NSR), NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter)**2')

        self.ui_properties = ('deconv_std', 'deconv_mu', 'NSR', 'reg', 'alpha')
        self.ui_defaults = dict(deconv_std=0., deconv_mu=0., NSR=0.05, reg=0.05, alpha=1)
        self.preview_defaults = dict(deconv_std=(11, 0.1, False), deconv_mu=(11, 0.1, False),
                                     NSR=(11, 0.1, True), reg=(11, 0.1, True))
        self.vbox.addStretch()

    def get_range(self, settings, factor=1.):
        return (abs(settings['deconv_std']) * 4 + abs(
            settings['deconv_mu']) * 4 + 10) * factor  # rough estimate for now


class WienerDeconvolutionWorker(Worker2D):
    def get_filter(self, image_shape, spatial_frequency_axes, settings):
        spatial_frequency = image.fourier.abs_u(spatial_frequency_axes)
        return image.fourier.wiener_deconv_filter_analytic(spatial_frequency, 0.5, *tuple(settings[key] for key in
                                                                            ('deconv_std', 'deconv_mu', 'NSR', 'reg',
                                                                             'alpha')))


exported_classes.append(WienerDeconvolutionPlugin)


class PSFDeconvolutionPlugin(Plugin2D):
    name = 'PSF Deconvolution'
    fourier_inout = (True, True)
    info_text = """
    <p> Inversion of a given PSF (must be radially symmetric).
    <p> The MTF shown is derived by radially averaging over the PSF, the deconvolution fünction is the inverse of this MTF.
    <p> If the noise suppression is enabled, the deconvolution becomes a wiener deconvolution.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = PSFDeconvolutionWorker

        hbox_1 = QHBoxLayout();
        self.vbox.addLayout(hbox_1)
        label_1 = QLabel('PSF file:');
        hbox_1.addWidget(label_1)
        self.PSF_file = QLineEdit();
        hbox_1.addWidget(self.PSF_file)
        PSF_file_button = QPushButton("select");
        hbox_1.addWidget(PSF_file_button)
        label1b = QLabel("type:");
        hbox_1.addWidget(label1b)
        self.PSF_file_type = ValueComboBox(("image", "text"));
        hbox_1.addWidget(self.PSF_file_type)

        hbox_2 = QHBoxLayout();
        self.vbox.addLayout(hbox_2)
        label2a = QLabel("mode:");
        hbox_2.addWidget(label2a)
        self.mode = ValueComboBox(("use directly", "average radially"));
        hbox_2.addWidget(self.mode)

        label_2 = QLabel('filter range:');
        hbox_2.addWidget(label_2)
        self.filter_range = ValueFloatBox();
        hbox_2.addWidget(self.filter_range)
        self.filter_range.setDecimals(0);
        self.filter_range.setRange(5, 10000)
        label1c = QLabel("delimiter:");
        hbox_2.addWidget(label1c)
        self.PSF_file_delimiter = QLineEdit();
        hbox_2.addWidget(self.PSF_file_delimiter)
        self.PSF_file_delimiter.setMaximumWidth(100)
        self.invert_log = ValueCheckBox("invert log");
        hbox_2.addWidget(self.invert_log)
        hbox_2.addStretch()

        hbox_wiener = QHBoxLayout();
        self.vbox.addLayout(hbox_wiener)
        self.use_noise_suppression = ValueCheckBox("use noise suppression, NSR");
        hbox_wiener.addWidget(self.use_noise_suppression)
        self.NSR = ValueLogFloatBox(10);
        hbox_wiener.addWidget(self.NSR)
        self.NSR.setValue(0.05)
        alpha_label = QLabel('alpha:');
        hbox_wiener.addWidget(alpha_label)
        self.alpha = ValueLogFloatBox(25);
        self.alpha.setValue(1);
        hbox_wiener.addWidget(self.alpha)
        self.alpha.setRange(0.1, 10.0)

        plot_button = QPushButton("plot deconv");
        hbox_2.addWidget(plot_button)

        label1c.setToolTip('delimiter between entries of the PSF text file, e.g. "\\t" for tab\n'
                           'defaults to one space')
        label2a.setToolTip(
            '"use directly" pads the PSF to the shape of the images and deconvolves the corresponding MTF directly\n'
            '(is not robust to noise in the PSF data)\n'
            '"average radially" generates a radially averaged MTF and deconvolves this (robust to noise in PSF)')

        label_2.setToolTip(
            "give the filter range of the PSF (include 99.5 % of the intensity in a square region integral)\n"
            "affects performance negatively if the range is not much smaller than the image size.\n"
            "in the 'average radially' mode, the PSF image will be padded to side lengths of at least\n"
            "5x this value to increase the numerical precision of the deconvolution function\n"
            "at least half the size of the PSF image is used even if the value given here is smaller")
        self.use_noise_suppression.setToolTip('enable the wiener filter noise suppression\n'
                                              'the NSR value sets the strength of the noise suppression;\n'
                                              'wiener filter = 1/(1 + NSR),\n'
                                              'NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter)**2')
        alpha_label.setToolTip('sets the form of the noise suppression, do not change this value without good reason\n'
                               '(higher values correspond to a weaker noise suppression)\n'
                               'wiener filter = 1/(1 + NSR), NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter)**2')

        self.ui_properties = (('PSF_file', "text", "setText", "editingFinished"), 'PSF_file_type', "mode",
                              ('PSF_file_delimiter', "text", "setText", "editingFinished"), 'filter_range',
                              "invert_log",
                              "use_noise_suppression", "NSR", "alpha")

        self.ui_defaults = dict(PSF_path="", PSF_format="image", PSF_file_delimiter="", pad_range=100,
                                mode="use directly", invert_log=0)
        self.preview_defaults = dict()
        self.vbox.addStretch()

        self.PSF_file_type.valueChanged.connect(self.update_ui_type)
        self.update_ui_type()
        PSF_file_button.clicked.connect(self.choose_path)

        self.last_input_path = ''
        self.plot_widget = None
        self.plot_values = None
        self.generate_plot_thread = QtDoThread(func=self.do_generate_plot)
        self.generate_plot_thread.finished.connect(self.plot_deconv_function)
        self.generate_plot_thread.show_error.connect(self.processing_widget.show_error)
        plot_button.clicked.connect(self.generate_plot_thread.do_self)

    def close(self):
        if self.plot_widget is not None:
            self.plot_widget.close()
        QWidget.close(self)

    def get_range(self, settings, factor=1.):
        return abs(settings['filter_range']) * factor

    def update_ui_type(self):
        self.PSF_file_delimiter.setDisabled(self.PSF_file_type.value() == "image")

    def choose_path(self):
        if self.last_input_path == '':
            default_dir = os.path.split(self.PSF_file.text())[0]
        else:
            default_dir = self.last_input_path
        path = QFileDialog.getOpenFileName(self, directory=default_dir)[0]

        if path != '':
            self.last_input_path = os.path.split(path)[0]
            self.PSF_file.setText(path)

    def plot_deconv_function(self):
        if GUI.widgets.plot.plt is not None and self.plot_values is not None:
            if self.plot_widget is None:
                self.plot_widget = GUI.widgets.plot.Widget()
                self.plot_widget.setMinimumSize(600, 450)
                self.plot_widget.fig.set_tight_layout(True)
                self.plot_widget.setWindowTitle("PSF deconvolution plot")
                GUI.solo_windows.append(self.plot_widget)

            self.plot_widget.clear_plot()
            ax = self.plot_widget.fig.add_subplot(111)

            u_coord, scatter_MTF_radial, scatter_deconv_filter, scatter_deconv_filter_orig = self.plot_values

            ax.plot(u_coord, scatter_MTF_radial, label="scatter MTF (generated from PSF)")
            if scatter_deconv_filter_orig is not None:
                ax.plot(u_coord, scatter_deconv_filter_orig, label="1/MTF")
            ax.plot(u_coord, scatter_deconv_filter, label="scatter deconvolution filter")

            ax.set_xlabel("spatial frequency")
            ax.set_ylabel("modulation transfer")
            ax.legend(loc="best")
            ax.grid(which="both")

            self.plot_widget.draw()
            self.plot_widget.show()
            self.plot_widget.activateWindow()

    def do_generate_plot(self, *args, **kwargs):
        FF, image_shape = image.fourier.FourierFilterer(), (2000, 2000)

        spatial_frequency_axes = FF.fcoord_axes(image_shape)
        u_coord, scatter_MTF_radial, scatter_deconv_filter, scatter_deconv_filter_orig = get_PSF_deconv_function(
            image_shape, spatial_frequency_axes, self.get_settings())[1]
        self.plot_values = u_coord, scatter_MTF_radial, scatter_deconv_filter, scatter_deconv_filter_orig


def get_PSF_deconv_function(image_shape, spatial_frequency_axes, settings):
    spatial_frequency = image.fourier.abs_u(spatial_frequency_axes)

    if settings["PSF_file_type"] == "image":
        PSF_image = file.image.load(settings["PSF_file"]).astype("f4")
    else:
        delimiter = settings["PSF_file_delimiter"]
        if delimiter == "":
            delimiter = " "
        delimiter = delimiter.replace("\\t", "\t")
        PSF_image = np.genfromtxt(settings["PSF_file"], delimiter=delimiter, filling_values=0.).astype("f4")
        if PSF_image.ndim != 2:
            raise ValueError("PSF image is not two-dimensional, maybe the delimiter is incorrectly entered?")

    if settings["invert_log"]:
        PSF_image = np.exp(PSF_image)

    settings["filter_range"] = max(settings["filter_range"], max(PSF_image.shape) // 2)

    # set_data PSF image with zeros to increase frequency precision
    PSF_image[~np.isfinite(PSF_image)] = 0
    PSF_shape = np.asarray(PSF_image.shape)

    if settings["mode"] == "average radially":
        min_size_for_precision = image.fourier.get_fast_fft_sizes(10 * settings["filter_range"], 8096)[0]
        if np.any(PSF_shape < min_size_for_precision):
            PSF_image_orig = np.copy(PSF_image)
            PSF_image = np.zeros(np.fmax(PSF_shape, min_size_for_precision), "f4")
            pad_lengths = image.fourier.get_pad_length_from_shapes(PSF_image.shape, PSF_image_orig.shape)
            image.fourier.pad_constant(PSF_image_orig, PSF_image, pad_lengths)

        scatter_MTF = abs(np.fft.rfft2(PSF_image))
        scatter_MTF = np.fft.fftshift(scatter_MTF, axes=0)
        scatter_MTF /= np.amax(scatter_MTF)

        u_MTF = get_u_radial_2d(PSF_image)
        u_bins, scatter_MTF_radial, norm_hist = average_fourier_function(u_MTF, scatter_MTF,
                                                                         nbins=int(u_MTF.shape[0] / 2))
        u_coord = bin_edges_to_bin_centers(u_bins)
        u_coord = np.hstack((0., u_coord))
        scatter_deconv_filter = 1 / scatter_MTF_radial
        scatter_deconv_filter = np.hstack((1., scatter_deconv_filter))
        if settings["use_noise_suppression"]:
            scatter_deconv_filter_orig = np.copy(scatter_deconv_filter)
            noise_sup_strength, alpha = settings["NSR"], settings["alpha"]
            u_ny = 0.5
            if np.isclose(alpha, 1.):
                noise_sup_strength = noise_sup_strength / u_ny
                NSR = u_coord * noise_sup_strength  # assumes the signal to be roughly proportional to u^-1
            else:
                NSR = (
                                  u_coord / u_ny) ** alpha * noise_sup_strength  # assumes the signal to be roughly proportional to u^-alpha
            NSR *= scatter_deconv_filter
            NSR **= 2
            NSR += 1  # instead of wiener_filter = 1(1+NSR)
            NSR **= -1
            scatter_deconv_filter *= NSR  # NSR is the wiener filter
        else:
            scatter_deconv_filter_orig = None

        scatter_deconv_2D_filter = get_filter2d_from_filter_radial(u_coord, scatter_deconv_filter, spatial_frequency)
        return scatter_deconv_2D_filter, (
        u_coord, np.hstack((1., scatter_MTF_radial)), scatter_deconv_filter, scatter_deconv_filter_orig)

    elif settings["mode"] == "use directly":
        PSF_padded = np.zeros(image_shape, "f4")
        pad_lengths = get_pad_length_from_shapes(image_shape, PSF_image.shape)
        pad_constant(PSF_image, PSF_padded, pad_lengths)

        scatter_MTF = abs(np.fft.rfft2(PSF_padded))
        scatter_MTF /= np.amax(scatter_MTF)
        scatter_deconv_filter = 1 / scatter_MTF

        if settings["use_noise_suppression"]:
            scatter_deconv_filter_orig = np.copy(scatter_deconv_filter)
            noise_sup_strength, alpha = settings["NSR"], settings["alpha"]
            u_ny = 0.5
            if np.isclose(alpha, 1.):
                noise_sup_strength = noise_sup_strength / u_ny
                NSR = spatial_frequency * noise_sup_strength  # assumes the signal to be roughly proportional to u^-1
            else:
                NSR = (
                                  spatial_frequency / u_ny) ** alpha * noise_sup_strength  # assumes the signal to be roughly proportional to u^-alpha
            NSR *= scatter_deconv_filter
            NSR **= 2
            NSR += 1  # instead of wiener_filter = 1(1+NSR)
            NSR **= -1
            scatter_deconv_filter *= NSR  # NSR is the wiener filter
        else:
            scatter_deconv_filter_orig = None

        return scatter_deconv_filter, (spatial_frequency_axes[1][0, :], scatter_MTF[0, :], scatter_deconv_filter[0, :],
                                       scatter_deconv_filter_orig[0, :])


class PSFDeconvolutionWorker(Worker2D):
    def prepare(self, settings, own_settings, reader):
        try:
            file.path.assure_dir_exists(file.path.pjoin(settings["output"]["path"]))
            file.path.shutil.copy(own_settings["PSF_file"], settings["output"]["path"])
            print("copied", own_settings["PSF_file"], "\nto", settings["output"]["path"])

            FF, image_shape = image.fourier.FourierFilterer(), (2000, 2000)

            spatial_frequency_axes = FF.fcoord_axes(image_shape)
            u_coord, scatter_MTF_radial, scatter_deconv_filter, scatter_deconv_filter_orig = get_PSF_deconv_function(
                image_shape, spatial_frequency_axes, own_settings)[1]
            file_arr = np.vstack(
                (u_coord, scatter_MTF_radial, scatter_deconv_filter, scatter_deconv_filter_orig)).swapaxes(0, 1)
            np.savetxt(file.path.pjoin(settings["output"]["path"], "PSF_data.txt"), file_arr,
                    header="PSF data\nu, MTF, deconv_filter_wiener, deconv_filter")
        except:
            print("saving PSF data failed", "\n", common.misc.get_exception_text())
        return dict()

    def get_filter(self, image_shape, spatial_frequency_axes, settings):
        return get_PSF_deconv_function(image_shape, spatial_frequency_axes, settings)[0]


exported_classes.append(PSFDeconvolutionPlugin)


class SliceRingFilterPlugin(Plugin2D):
    name = 'Slice Ring Filter'
    info_text = """
    <p> Ring filter for reconstructed slices.
    <p> This plugin requires an OpenCl environment.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget, part_of_CT=False):
        super().__init__(processing_widget)
        self.worker = SliceRingFilterWorker
        self.simple = part_of_CT

        text = ("sampling factors of the polar transforms, is only applied to the correction,\n"
                "higher values can result in better quality and have slower processing\n"
                "a sampling point is taken every 1/value pixels along the radial/angular direction\n"
                "the first value is radial sampling, the second value is angular sampling\n"
                "angular sampling can usually be reduced below 0.2 without quality loss\n"
                "large images and high angular sampling for the partial rings filter may result \n"
                "in OpenCl errors due to the polar transform image being too large")
        text_width = ('the maximal width of the rings should be set as low as possible to avoid filtering\n'
                      'real structure as rings\n'
                      'a value of zero disables the width limitation filter, this filters rings of arbitrarily high width\n'
                      'the full rings filter deals well with large widths (> 200), the partial rings filter does not\n'
                      'the partial rings filter should always use a much higher ring length than width')

        grid_layout = QGridLayout();
        self.vbox.addLayout(grid_layout)
        self.use_full_rings = ValueCheckBox('filter full rings, maximal width:');
        grid_layout.addWidget(self.use_full_rings, 0, 0)
        self.use_full_rings.setToolTip(text_width)
        self.full_rings_max_width = ValueIntBox(self.cm);
        grid_layout.addWidget(self.full_rings_max_width, 0, 1)
        self.full_rings_max_width.setRange(0, 99999)
        label_OSF = QLabel("precision");
        grid_layout.addWidget(label_OSF, 0, 2)
        label_OSF.setToolTip(text)
        self.full_sampling_factor_radial = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.full_sampling_factor_radial, 0, 3)
        self.full_sampling_factor_angular = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.full_sampling_factor_angular, 0, 4)
        self.full_sampling_factor_radial.setRange(0.25, 4.0);
        self.full_sampling_factor_angular.setRange(0.01, 2.0)
        self.full_sampling_factor_radial.setSingleStep(0.1);
        self.full_sampling_factor_angular.setSingleStep(0.05)
        self.full_sampling_factor_radial.setValue(1.);
        self.full_sampling_factor_angular.setValue(0.2)

        self.use_partial_rings = ValueCheckBox('filter partial rings, maximal width:');
        grid_layout.addWidget(self.use_partial_rings, 1, 0)
        self.use_partial_rings.setToolTip(text_width)
        self.partial_rings_max_width = ValueIntBox(self.cm);
        grid_layout.addWidget(self.partial_rings_max_width, 1, 1)
        self.partial_rings_max_width.setRange(0, 9999)
        label_OSF = QLabel("precision");
        grid_layout.addWidget(label_OSF, 1, 2)
        label_OSF.setToolTip(text + '\nangular precision down to 0.1 can work well for partial rings')
        self.partial_sampling_factor_radial = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.partial_sampling_factor_radial, 1, 3)
        self.partial_sampling_factor_angular = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.partial_sampling_factor_angular, 1, 4)
        self.partial_sampling_factor_radial.setRange(0.1, 4.0);
        self.partial_sampling_factor_angular.setRange(0.01, 2.0)
        self.partial_sampling_factor_radial.setSingleStep(0.1);
        self.partial_sampling_factor_angular.setSingleStep(0.05)
        self.partial_sampling_factor_radial.setValue(1.);
        self.partial_sampling_factor_angular.setValue(0.2)

        hbox = QHBoxLayout();
        self.vbox.addLayout(hbox)
        hbox.addStretch()
        as_label = QLabel('min. ring length (px)');
        hbox.addWidget(as_label)
        self.partial_absolute_size = ValueIntBox(self.cm);
        hbox.addWidget(self.partial_absolute_size)
        self.partial_absolute_size.setRange(11, 10000)
        self.partial_absolute_size.setValue(100)
        af_label = QLabel('min. angular fraction');
        hbox.addWidget(af_label)
        self.partial_angular_fraction = ValueFloatBox(self.cm);
        hbox.addWidget(self.partial_angular_fraction)
        self.partial_angular_fraction.setRange(0, 0.5)
        self.partial_angular_fraction.setValue(0.0)

        def get_detrend_values(val):
            vals = np.unique((np.hstack(
                (np.linspace(np.sqrt(val / 3), np.sqrt(val), 3) ** 2, val, np.linspace(np.sqrt(val), np.sqrt(val * 3), 7) ** 2))).astype(
                'i4'))
            return vals[(vals >= 1) & (vals <= 500)]

        self.ui_properties = ['use_full_rings', 'full_rings_max_width', 'full_sampling_factor_radial',
                              'full_sampling_factor_angular',
                              'use_partial_rings', 'partial_rings_max_width', 'partial_sampling_factor_radial',
                              'partial_sampling_factor_angular',
                              'partial_angular_fraction', 'partial_absolute_size']

        self.ui_defaults = dict(use_full_rings=2, full_rings_max_width=300, full_sampling_factor_radial=1.,
                                full_sampling_factor_angular=0.2,
                                use_partial_rings=2, partial_rings_max_width=10, partial_sampling_factor_radial=1.,
                                partial_sampling_factor_angular=0.2,
                                partial_angular_fraction=0.0, partial_absolute_size=200)
        if part_of_CT:
            warn_label = QLabel("warning: larger ring sizes/sampling factors reduce reconstruction speed significantly")
            self.vbox.addWidget(warn_label)
            warn_label = QLabel("note: ring filters only work correctly on centered square reconstruction areas")
            self.vbox.addWidget(warn_label)
            self.vbox.addStretch()
            self.full_rings_max_width.setRange(0, 1000)
            self.full_sampling_factor_radial.setRange(0.5, 3.0)
            self.full_sampling_factor_angular.setRange(0.01, 1.5)
            self.partial_rings_max_width.setRange(3, 200)
            self.partial_absolute_size.setRange(11, 500)
            self.partial_angular_fraction.setRange(0, 0.3)
            self.partial_sampling_factor_radial.setRange(0.5, 3.0)
            self.partial_sampling_factor_angular.setRange(0.01, 1.0)
            self.ui_defaults.update(use_full_rings=0, use_partial_rings=0)

        else:
            hbox3 = QHBoxLayout();
            self.vbox.addLayout(hbox3)
            self.use_gray_level = ValueCheckBox('use gray value level substraction, value:');
            hbox3.addWidget(self.use_gray_level)
            self.gray_level = ValueLogFloatBox(50, change_manager=self.cm);
            hbox3.addWidget(self.gray_level)
            self.gray_level.setValue(1.)
            t_label = QLabel('threshold:');
            hbox3.addWidget(t_label)
            self.gray_level_threshold = ValueLogFloatBox(50, change_manager=self.cm);
            hbox3.addWidget(self.gray_level_threshold)
            self.gray_level_threshold.setValue(0.5)
            self.use_gray_level.valueChanged.connect(self.update_ui_gray_level)

            hbox4 = QHBoxLayout();
            self.vbox.addLayout(hbox4)
            self.use_center_shift = ValueCheckBox('center is shifted by (x, y):');
            hbox4.addWidget(self.use_center_shift)
            self.center_shift_x = ValueFloatBox();
            hbox4.addWidget(self.center_shift_x)
            self.center_shift_y = ValueFloatBox();
            hbox4.addWidget(self.center_shift_y)
            self.center_shift_x.setRange(-1e4, 1e4);
            self.center_shift_x.setSingleStep(0.5)
            self.center_shift_y.setRange(-1e4, 1e4);
            self.center_shift_y.setSingleStep(0.5)
            self.use_center_shift.valueChanged.connect(self.update_ui_center_shift)

            self.ui_properties += ['use_gray_level', 'gray_level', 'gray_level_threshold',
                                   'use_center_shift', 'center_shift_x', 'center_shift_y']
            self.use_gray_level.setToolTip(
                'substract the gray value from all pixels above the threshold before filtering rings,\n'
                'useful for samples with large areas of one gray value to prevent filtering sample structure as rings')
            self.update_ui_center_shift()
            self.update_ui_gray_level()

        self.preview_defaults = dict()
        self.cl_functions = None

        as_label.setToolTip('set an minimal length for the objects that may be filtered as rings\n'
                            'units: pixels; recommended values: 50-500\n'
                            'hint: this value should be (much) larger than the ring width to avoid filtering real objects as rings\n'
                            'larger sizes use strided sampling, so the performance decrease for higher lengths is not linear')
        af_label.setToolTip('set an minimal length for the objects that may be filtered as rings\n'
                            'units: fraction of circumference; recommended values: < 0.05\n'
                            'the maximal possible value is 0.5 due to the fact that an area of equal size\n'
                            'as the ring is used to fill in the correct gray value of the background')

    def update_ui_gray_level(self):
        val = self.use_gray_level.isChecked()
        self.gray_level.setEnabled(val)
        self.gray_level_threshold.setEnabled(val)

    def update_ui_center_shift(self):
        val = self.use_center_shift.isChecked()
        self.center_shift_x.setEnabled(val)
        self.center_shift_y.setEnabled(val)


class SliceRingFilterWorker(Worker2D):
    worker_full = None
    worker_partial = None

    def cache_worker(self, settings):
        if self.worker_full is None and settings['use_full_rings']:
            self.worker_full = image.ring_filters.SliceFullRingsFilterer(self.cl_device)
        if self.worker_partial is None and settings['use_partial_rings']:
            self.worker_partial = image.ring_filters.SlicePartialRingsFilterer(self.cl_device)

    def process_image(self, image, proj_number, settings):
        self.cache_worker(settings)
        with self.acquire_opencl(self):
            if settings['use_full_rings']:
                image = self.worker_full.filter_rings(image, **settings)
            if settings['use_partial_rings']:
                image = self.worker_partial.filter_rings(image, **settings)

        return image


exported_classes.append(SliceRingFilterPlugin)


class ImageBackgroundVariationRemovalPlugin(Plugin2D):
    name = 'Background Variation Removal'
    info_text = """
        <p> Remove background variations from a volume image.
        <br> This is done by dividing by (/subtracting from) a (masked) average the data.
        <br> The masking can be used to reference the intensity to one material. Because the image segmentation usually
        only works after a rough background variation removal, this masking should be done in the second iteration
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'
    mem_usage_factor = 4

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = ImageBackgroundVariationRemovalWorker

        self.ui_properties = ['averaging_iterations', 'avg_filter_form', 'correction_mode']
        hboxB = QHBoxLayout();
        self.vbox.addLayout(hboxB)
        label2 = QLabel('averaging, iterations:');
        hboxB.addWidget(label2)
        self.averaging_iterations = PlainSpinBox();
        hboxB.addWidget(self.averaging_iterations)
        self.averaging_iterations.setRange(0, 3)
        avg_form_label = QLabel('averaging filter form:');
        hboxB.addWidget(avg_form_label)
        self.avg_filter_form = ValueComboBox();
        hboxB.addWidget(self.avg_filter_form)
        self.avg_filter_form.set_values(('gauss', 'lorentz'))
        label = QLabel('correction mode:');
        hboxB.addWidget(label)
        self.correction_mode = ValueComboBox();
        hboxB.addWidget(self.correction_mode)
        self.correction_mode.set_values(('divide', 'subtract'))
        hboxB.addStretch()

        self.avg_widgets = []
        self.averages = []
        self.avg_names = []
        avg_names = 'use_range', 'value_range_0', 'value_range_1', 'radius', 'use_normalize'
        for hbox_k in range(3):
            avg_hbox = QHBoxLayout();
            self.vbox.addLayout(avg_hbox)
            # avg_label = QLabel('averaging:'); avg_hbox.addWidget(avg_label)
            std_label = QLabel('radius {}:'.format(hbox_k + 1));
            avg_hbox.addWidget(std_label)
            radius = ValueLogFloatBox();
            avg_hbox.addWidget(radius)
            radius.setValue(15);
            radius.setDecimals(1)
            use_range = ValueCheckBox('value range {}:'.format(hbox_k + 1));
            avg_hbox.addWidget(use_range)
            use_range.setToolTip('absolute value range for the masked average')
            use_range.setValue(2)
            value_range_0 = ValueLogFloatBox(50 if hbox_k == 0 else 100);
            avg_hbox.addWidget(value_range_0)
            value_range_1 = ValueLogFloatBox(50 if hbox_k == 0 else 100);
            avg_hbox.addWidget(value_range_1)
            value_range_0.setValue(0.9);
            value_range_1.setValue(1.1)
            use_range.valueChanged.connect(value_range_0.setEnabled)
            use_range.valueChanged.connect(value_range_1.setEnabled)
            # use_normalize = ValueCheckBox('normalize'); avg_hbox.addWidget(use_normalize)
            # use_normalize.setValue(2)
            use_range.setToolTip(
                'value range to include in averaging' + (', absolute values' if hbox_k == 0 else ', relative values'))
            std_label.setToolTip('standard deviation of the averaging filter')
            self.avg_widgets.append((value_range_0, value_range_1, radius, use_range, std_label))
            self.averages.append(dict(value_range_0=value_range_0, value_range_1=value_range_1, radius=radius))

            # self.avg_names += ["averages[{}]['{}']".format(hbox_k, name) for name in ('value_range_0', 'value_range_1',
            #                                                                        'radius', 'use_normalize')]
            self.ui_properties += [('avg_{}_{}'.format(hbox_k, avg_names[k]), widget.value, widget.setValue,
                                    widget.valueChanged, widget) for k, widget in
                                   enumerate((use_range, value_range_0, value_range_1, radius))]

        self.preview_defaults = dict()
        for key in self.ui_properties:
            self.preview_defaults[key] = None
        for k in range(3):
            self.preview_defaults['avg_{}_radius'.format(k)] = (21, .02, True)
        for k in range(3):
            self.preview_defaults['avg_{}_value_range_0'.format(k)] = (21, .02, True)
            self.preview_defaults['avg_{}_value_range_1'.format(k)] = (21, .02, True)
        for k in range(3):
            self.preview_defaults['thr_{}_value'.format(k)] = (21, .02, True)

        self.averaging_iterations.valueChanged.connect(self.update_ui_number_avg_iter)
        # self.number_thresholds.valueChanged.connect(lambda val: print('set number_thresholds:', val))
        # self.averaging_iterations.valueChanged.connect(lambda val: print('set averaging_iterations:', val))
        self.update_ui_number_avg_iter()
        # print('self.ui_properties', self.ui_properties[:2])

    def update_ui_number_avg_iter(self):
        number = self.averaging_iterations.value()
        # print('show_number_avg_iter', number)
        for k in range(3):
            if k < number:
                for widget in self.avg_widgets[k]:
                    widget.show()
                    widget.setEnabled(True)
            else:
                for widget in self.avg_widgets[k]:
                    widget.hide()
                    widget.setDisabled(True)

    def get_range(self, settings, factor=1.):
        range_ = 0
        for k in range(settings['averaging_iterations']):
            range_ = max(range_, settings['avg_{}_radius'.format(k)])
        return range_ * 2 * factor

    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = image.misc.rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range + 1) // 2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim * (slice(pad_length, -pad_length),)
            return np.copy(mask[unpad_slice])
        else:
            return mask


class ImageBackgroundVariationRemovalWorker(Worker2D):
    def __init__(self):
        super().__init__()
        self.cache_hash = ''
        self.locavg_cache_hash = ''

    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = image.misc.rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range + 1) // 2
            mask = np.pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim * (slice(pad_length, -pad_length),)
            return np.copy(mask[unpad_slice])
        else:
            return mask

    def cache(self, settings, imshape):
        # print('cached\n', get_dict_summary(settings))
        hash_dict = common.settings_hash.partial_dict_copy(settings, ('avg_0_radius', 'avg_1_radius', 'avg_2_radius')[
                                                :settings['averaging_iterations']])
        hash_dict['imshape'] = imshape
        hash_dict['averaging_iterations'] = settings['averaging_iterations']
        hash_dict['avg_filter_form'] = settings['avg_filter_form']
        cache_hash = common.settings_hash.generate_hash_from_dict(hash_dict)
        # if cache_hash != self.cache_hash:
        if self.cached_hash_different(hash_dict, hash_dict.keys(), 0):
            self.filterers = []
            for k in range(settings['averaging_iterations']):
                filterer = image.fourier.FourierFilterer()
                filterer.pad_mode = dict(mode="constant", constant_values=0.0)
                coord = filterer.radial_fcoord(imshape)
                if settings['avg_filter_form'] == 'lorentz':
                    average_kernel = image.fourier.MTF_exp(coord, settings['avg_{}_radius'.format(k)])
                else:
                    average_kernel = image.fourier.MTF_gauss(coord, settings['avg_{}_radius'.format(k)])
                # average_kernel[0, 0, 0] = np.sum(average_kernel)*1e-3
                # encode original values for normalization if nothing in range
                filterer.set_filter(average_kernel)
                self.filterers.append(filterer)
                # print('mean filter set with radius', settings['avg_{}_radius'.format(k)])
            self.cache_hash = cache_hash

    def cache_local_averaged_data(self, image_data, settings):
        hash_dict = common.settings_hash.partial_dict_copy(settings, ('avg_0_radius', 'avg_1_radius', 'avg_2_radius')[
                                                :settings['averaging_iterations']])
        for k in range(settings['averaging_iterations']):
            hash_dict['avg_{}_value_range_0'.format(k)] = settings['avg_{}_value_range_0'.format(k)]
            hash_dict['avg_{}_value_range_1'.format(k)] = settings['avg_{}_value_range_1'.format(k)]
        hash_dict['image_data'] = image_data
        hash_dict['averaging_iterations'] = settings['averaging_iterations']
        hash_dict['correction_mode'] = settings['correction_mode']

        self.cache_step_images = []
        if self.cached_hash_different(hash_dict, hash_dict.keys(), 1):
            local_averaged_data = image_data.astype("f8")
            for k in range(settings['averaging_iterations']):
                if settings['avg_{}_use_range'.format(k)]:
                    threshold_range = settings['avg_{}_value_range_0'.format(k)], settings[
                        'avg_{}_value_range_1'.format(k)]
                    mask = (threshold_range[0] < local_averaged_data) & (local_averaged_data < threshold_range[1])
                else:
                    mask = np.ones_like(local_averaged_data)
                local_average = self.filterers[k].apply_filter(local_averaged_data * mask, copy_mem=True)
                normalizer = np.clip(self.filterers[k].apply_filter(mask.astype("f8", copy=False)), 1e-20, 1)
                local_average /= normalizer
                del normalizer;
                gc.collect()
                if settings['avg_{}_use_range'.format(k)]:
                    local_average = np.clip(local_average, threshold_range[0], threshold_range[1])
                if settings['correction_mode'] == 'divide':
                    local_averaged_data /= local_average
                else:
                    local_averaged_data -= local_average

            self.local_averaged_data = np.copy(local_averaged_data)

    def process_image(self, image, proj_number: int, settings: Dict):
        self.cache(settings, image.shape)
        self.cache_local_averaged_data(image, settings)
        return self.local_averaged_data


exported_classes.append(ImageBackgroundVariationRemovalPlugin)


class ImageSegmentationThresholdsPlugin(Plugin2D):
    name = 'Image Segmentation by Thresholds'
    info_text = """
        <p> Segments an input image into [number of thresholds + 1] different areas,
        based on the gray value of a voxel.
        The segmented areas can be smoothed with smooth > 2, this is done with
        binary opening+closing.
        The exclude option index removes falsely segmented areas at blurred edges
        and only works correctly for the lowest and uppermost material right now.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'
    mem_usage_factor = 0.5

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = ImageSegmentationThresholdsWorker

        hboxA = QHBoxLayout();
        self.vbox.addLayout(hboxA)
        label1 = QLabel('number of thresholds:');
        hboxA.addWidget(label1)
        self.number_thresholds = ValueIntBox((100, 300));
        hboxA.addWidget(self.number_thresholds)
        self.number_thresholds.setRange(1, 10)
        label1.setToolTip('the number of materials is number of thresholds + 1\n'
                          'the lowest material is always background or air and is not listed')
        hboxA.addStretch()
        self.thr_0_use_excl = ValueCheckBox('exclude for background');
        hboxA.addWidget(self.thr_0_use_excl)
        self.thr_0_use_excl.setToolTip('exclude material above and grow background area')
        label3 = QLabel('radius:');
        hboxA.addWidget(label3)
        self.thr_0_excl_range = ValueLogFloatBox();
        hboxA.addWidget(self.thr_0_excl_range)
        self.thr_0_excl_range.setValue(1.5);
        self.thr_0_excl_range.setRange(1, 15);
        self.thr_0_excl_range.setDecimals(1)

        self.ui_properties = ['number_thresholds', 'thr_0_use_excl', 'thr_0_excl_range']

        self.thresholds = [];
        self.threshold_widgets = []
        thr_names = 'value', 'smooth_val', 'use_excl', 'excl_range'

        for thr_k in np.arange(1, 11):
            hbox = QHBoxLayout();
            self.vbox.addLayout(hbox)
            nr_label = QLabel('{}:'.format(thr_k + 1));
            hbox.addWidget(nr_label)
            thr_name = QLineEdit('threshold {}:'.format(thr_k));
            hbox.addWidget(thr_name)
            thr_name.setToolTip('thresholds relative to the averaged image, averaged image = 1')
            label1 = QLabel('above');
            hbox.addWidget(label1)
            label1.setToolTip('relative threshold above whose a matarial is assigned\n'
                              'the next threshold is the upper limit')
            value = ValueLogFloatBox(50);
            hbox.addWidget(value);
            value.setValue(0.1)
            label1a = QLabel('smooth:');
            hbox.addWidget(label1a)
            smooth_val = ValueIntBox();
            hbox.addWidget(smooth_val);
            smooth_val.setValue(1);
            smooth_val.setRange(1, 10)
            use_excl = ValueCheckBox('exclude');
            hbox.addWidget(use_excl)
            use_excl.setToolTip('exclude material below around area')
            label3 = QLabel('radius:');
            hbox.addWidget(label3)
            excl_range = ValueLogFloatBox();
            hbox.addWidget(excl_range)
            excl_range.setValue(1.5);
            excl_range.setRange(1, 15);
            excl_range.setDecimals(1)
            use_excl.valueChanged.connect(excl_range.setEnabled)
            self.thresholds.append((value, use_excl, excl_range))
            self.threshold_widgets.append(
                (value, smooth_val, use_excl, excl_range, nr_label, thr_name, label1, label1a, label3))
            self.ui_properties += [('thr_{}_{}'.format(thr_k, thr_names[k]), widget.value, widget.setValue,
                                    widget.valueChanged, widget) for k, widget in
                                   enumerate((value, smooth_val, use_excl, excl_range))]

            self.ui_properties.append(('thr_{}_thr_name'.format(thr_k), thr_name.text, thr_name.setText, None))

        self.preview_defaults = dict()
        for key in self.ui_properties:
            self.preview_defaults[key] = None
        for k in range(10):
            self.preview_defaults['thr_{}_value'.format(k)] = (21, .02, True)

        self.number_thresholds.valueChanged.connect(self.update_ui_number_thresholds)
        self.update_ui_number_thresholds()

        self.cache_hash = ''
        self.locavg_cache_hash = ''

    def update_ui_number_thresholds(self):
        number = self.number_thresholds.value()
        # print('show_number_thresholds', number)
        for k in range(10):
            if k < number:
                for widget in self.threshold_widgets[k]:
                    widget.show()
                    widget.setEnabled(True)
            else:
                for widget in self.threshold_widgets[k]:
                    widget.hide()
                    widget.setDisabled(True)

    def get_range(self, settings, factor=1.):
        range_ = 0
        for k in np.arange(settings['number_thresholds'])[1:]:
            range_ = max(range_, settings['thr_{}_smooth_val'.format(k)] // 2)
        return range_  # no factor for binary opening/closing


class ImageSegmentationThresholdsWorker(Worker2D):
    def __init__(self):
        super().__init__()
        self.cache_hash = ''
        self.locavg_cache_hash = ''

    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = image.misc.rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range + 1) // 2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim * (slice(pad_length, -pad_length),)
            return np.copy(mask[unpad_slice])
        else:
            return mask

    def process_image(self, image, proj_number: int, settings: Dict):
        masks = [np.ones_like(image, dtype='?'), ]
        for thr_k in range(settings['number_thresholds']):
            threshold_fact = settings['thr_{}_value'.format(thr_k + 1)]
            mask = image > threshold_fact
            masks.append(mask)
        masks[0] = ~masks[1]

        morph_range = 0
        for mask_index in range(len(masks)):
            if mask_index > 0:
                morph_range = max(morph_range, settings['thr_{}_smooth_val'.format(mask_index)],
                                  settings['thr_{}_use_excl'.format(mask_index)])
            else:
                morph_range = max(morph_range, settings['thr_{}_use_excl'.format(mask_index)])

        for mask_index in np.arange(1, len(masks)):
            smooth_range = settings['thr_{}_smooth_val'.format(mask_index)]
            if smooth_range > 1:
                masks[mask_index] = self.smooth_mask(masks[mask_index], smooth_range)
                vprint('morphology shape:', masks[mask_index].shape)

        for mask_index in np.arange(len(masks)):
            if settings['thr_{}_use_excl'.format(mask_index)]:
                radius = settings['thr_{}_excl_range'.format(mask_index)]
                excl_index = mask_index + (-1 if mask_index > 0 else +1)
                # if 0 < mask_index < (len(masks)-1):
                #    masks[mask_index] &= masks[mask_index+1]

                fp = image.misc.circular_footprint(radius, masks[mask_index].ndim)
                remove_mask = ndimage.binary_dilation(masks[mask_index], fp, iterations=2, mask=masks[excl_index])
                masks[mask_index] = ndimage.binary_dilation(masks[mask_index], fp, mask=masks[excl_index])
                masks[excl_index] = ndimage.binary_erosion(masks[excl_index] & ~masks[mask_index], fp, mask=remove_mask)
                masks[excl_index] = ndimage.binary_dilation(masks[excl_index], fp, mask=remove_mask)
                # mask_views[mask_index][morph_subslice] = mask_views[mask_index][morph_subslice]
                # print('excluded for', mask_index, excl_index, radius)
                vprint('excl morphology shape:', masks[mask_index].shape)

        for mask_index in range(len(masks)):
            # masks[mask_index][view_slices[mask_index]] = mask_views[mask_index]
            if mask_index < (len(masks) - 1):
                masks[mask_index] &= ~masks[mask_index + 1]

        segments = np.zeros(image.shape, dtype='u1')
        for k, mask in enumerate(masks):
            segments[mask] = k
        # print('segmentation complete', ['{:.1%}'.format(mean(segments == k)) for k in range(len(masks))])
        # self.show_steps.emit()
        return segments


exported_classes.append(ImageSegmentationThresholdsPlugin)







tomis/GUI/plugins/own_plugins.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from .base import *
from GUI.plugins.volume import *

from scipy import ndimage
image_plugins_to_add = []
#reconstruction_plugins_to_add = []
volume_plugins_to_add = []

class AdaptiveSegmentationPlugin(Plugin3D):
    name = 'Adaptive Segmentation'
    info_text = """
        <p> Adaptive segmentation with masked average.
        <p> Segments an input image into [number of thresholds + 1] different areas,
        based on the gray value of a voxel.
        The segmented areas can be smoothed with smooth > 2, this is done with
        binary opening+closing.
        The exclude option index removes falsely segmented areas at blurred edges
        and only works correctly for the lowest and uppermost material right now.
        <p> The averaging process calculates a local average (gaussian filter, the range sets
        the standard deviation) and the thresholds are set relative to that.
        The iteration 2 and larger refine the average, they allow to exclude
        areas with a threshold near the segment used for the average calculation.
        Iteration 1 should include all phases that are close in gray value and exclude
        e.g. air and small areas of strongly absorbing material.
        Iteration 2 should then segment on only one material, in such a way,
        that only areas that belong to that material with certainty are included.
        <p> Warning: Long averaging ranges and (a lot of) smoothing can lead to absurdly
        long runtimes, several hours per 2k^3 data set and longer.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'
    mem_usage_factor = 10

    def __init__(self, processing_widget):
        Plugin3D.__init__(self, processing_widget)
        self.worker = AdaptiveSegmentationWorker

        hboxA = QHBoxLayout(); self.vbox.addLayout(hboxA)
        self.apply_segmentation = ValueCheckBox('apply segmentation'); hboxA.addWidget(self.apply_segmentation)
        self.apply_segmentation.setChecked(True)
        self.apply_segmentation.setToolTip('if this is disabled, the background-corrected volume data is saved instead')
        label1 = QLabel('number of thresholds:'); hboxA.addWidget(label1)
        self.number_thresholds = ValueIntBox((100, 300)); hboxA.addWidget(self.number_thresholds)
        self.number_thresholds.setRange(1, 10)
        label1.setToolTip('the number of materials is number of thresholds + 1\n'
                          'the lowest material is always background or air and is not listed')
        hboxA.addStretch()
        self.thr_0_use_excl = ValueCheckBox('exclude for background'); hboxA.addWidget(self.thr_0_use_excl)
        self.thr_0_use_excl.setToolTip('exclude material above and grow background area')
        label3 = QLabel('radius:'); hboxA.addWidget(label3)
        self.thr_0_excl_range = ValueLogFloatBox(); hboxA.addWidget(self.thr_0_excl_range)
        self.thr_0_excl_range.setValue(1.5); self.thr_0_excl_range.setRange(1, 15); self.thr_0_excl_range.setDecimals(1)

        self.ui_properties = ['apply_segmentation', 'number_thresholds', 'averaging_iterations', 'thr_0_use_excl', 'thr_0_excl_range',
                              'avg_filter_form']

        self.thresholds = []; self.threshold_widgets = []
        thr_names = 'value', 'smooth_val', 'use_excl', 'excl_range'
        #label = QLabel('relative thresholds for materials:'); hbox.addWidget(label)

        for thr_k in arange(1, 11):
            hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
            nr_label = QLabel('{}:'.format(thr_k+1)); hbox.addWidget(nr_label)
            thr_name = QLineEdit('threshold {}:'.format(thr_k)); hbox.addWidget(thr_name)
            thr_name.setToolTip('thresholds relative to the averaged image, averaged image = 1')
            label1 = QLabel('above'); hbox.addWidget(label1)
            label1.setToolTip('relative threshold above whose a matarial is assigned\n'
                              'the next threshold is the upper limit')
            value = ValueLogFloatBox(50); hbox.addWidget(value); value.setValue(0.1)
            label1a = QLabel('smooth:'); hbox.addWidget(label1a)
            smooth_val = ValueIntBox(); hbox.addWidget(smooth_val); smooth_val.setValue(1); smooth_val.setRange(1, 10)
            use_excl = ValueCheckBox('exclude'); hbox.addWidget(use_excl)
            use_excl.setToolTip('exclude material below around area')
            label3 = QLabel('radius:'); hbox.addWidget(label3)
            excl_range = ValueLogFloatBox(); hbox.addWidget(excl_range)
            excl_range.setValue(1.5); excl_range.setRange(1, 15); excl_range.setDecimals(1)
            use_excl.valueChanged.connect(excl_range.setEnabled)
            self.thresholds.append((value, use_excl, excl_range))
            self.threshold_widgets.append((value, smooth_val, use_excl, excl_range, nr_label, thr_name, label1, label1a, label3))
            self.ui_properties += [('thr_{}_{}'.format(thr_k, thr_names[k]), widget.value, widget.setValue,
                                    widget.valueChanged, widget) for k, widget in enumerate((value, smooth_val, use_excl, excl_range))]

            self.ui_properties.append(('thr_{}_thr_name'.format(thr_k), thr_name.text, thr_name.setText, None))

        hboxB = QHBoxLayout(); self.vbox.addLayout(hboxB)
        label2 = QLabel('averaging, iterations:'); hboxB.addWidget(label2)
        self.averaging_iterations = ValueIntBox((100, 300)); hboxB.addWidget(self.averaging_iterations)
        self.averaging_iterations.setRange(0, 3)
        avg_form_label = QLabel('averaging filter form:'); hboxB.addWidget(avg_form_label)
        self.avg_filter_form = ValueComboBox(); hboxB.addWidget(self.avg_filter_form)
        self.avg_filter_form.set_values(('gauss', 'lorentz'))
        hboxB.addStretch()

        self.avg_widgets = []
        self.averages = []
        self.avg_names = []
        avg_names = 'use_range', 'value_range_0', 'value_range_1', 'radius', 'use_normalize'
        for hbox_k in range(3):
            avg_hbox = QHBoxLayout(); self.vbox.addLayout(avg_hbox)
            #avg_label = QLabel('averaging:'); avg_hbox.addWidget(avg_label)
            std_label = QLabel('radius {}:'.format(hbox_k+1)); avg_hbox.addWidget(std_label)
            radius = ValueLogFloatBox(); avg_hbox.addWidget(radius)
            radius.setValue(15); radius.setDecimals(1)
            use_range = ValueCheckBox('value range {}:'.format(hbox_k+1)); avg_hbox.addWidget(use_range)
            use_range.setToolTip('absolute value range for the masked average')
            use_range.setValue(2)
            value_range_0 = ValueLogFloatBox(50 if hbox_k == 0 else 100); avg_hbox.addWidget(value_range_0)
            value_range_1 = ValueLogFloatBox(50 if hbox_k == 0 else 100); avg_hbox.addWidget(value_range_1)
            value_range_0.setValue(0.9); value_range_1.setValue(1.1)
            use_range.valueChanged.connect(value_range_0.setEnabled)
            use_range.valueChanged.connect(value_range_1.setEnabled)
            #use_normalize = ValueCheckBox('normalize'); avg_hbox.addWidget(use_normalize)
            #use_normalize.setValue(2)
            use_range.setToolTip('value range to include in averaging'+ (', absolute values' if hbox_k == 0 else ', relative values'))
            std_label.setToolTip('standard deviation of the averaging filter')
            self.avg_widgets.append((value_range_0, value_range_1, radius, use_range, std_label))
            self.averages.append(dict(value_range_0=value_range_0, value_range_1=value_range_1, radius=radius))

            #self.avg_names += ["averages[{}]['{}']".format(hbox_k, name) for name in ('value_range_0', 'value_range_1',
            #                                                                        'radius', 'use_normalize')]
            self.ui_properties += [('avg_{}_{}'.format(hbox_k, avg_names[k]), widget.value, widget.setValue,
                widget.valueChanged, widget) for k, widget in enumerate((use_range, value_range_0, value_range_1, radius))]

        self.preview_defaults = dict()
        for key in self.ui_properties:
            self.preview_defaults[key] = None
        for k in range(3):
            self.preview_defaults['avg_{}_value_range_0'.format(k)] = (21, .02, True)
            self.preview_defaults['avg_{}_value_range_1'.format(k)] = (21, .02, True)
        for k in range(10):
            self.preview_defaults['thr_{}_value'.format(k)] = (21, .02, True)

        self.number_thresholds.valueChanged.connect(self.update_ui_number_thresholds)
        self.averaging_iterations.valueChanged.connect(self.update_ui_number_avg_iter)
        self.apply_segmentation.valueChanged.connect(self.update_ui_apply_segmentation)
        #self.number_thresholds.valueChanged.connect(lambda val: print('set number_thresholds:', val))
        #self.averaging_iterations.valueChanged.connect(lambda val: print('set averaging_iterations:', val))
        self.update_ui_apply_segmentation()
        self.update_ui_number_thresholds()
        self.update_ui_number_avg_iter()
        #print('self.ui_properties', self.ui_properties[:2])

        self.cache_hash = ''
        self.locavg_cache_hash = ''

    def update_ui_apply_segmentation(self):
        val = self.apply_segmentation.isChecked()
        self.number_thresholds.setEnabled(val)
        self.thr_0_use_excl.setEnabled(val)
        self.thr_0_excl_range.setEnabled(val)
        if val:
            self.update_ui_number_thresholds()
        else:
            for widgets in self.threshold_widgets:
                for widget in widgets:
                    widget.hide()
                    widget.setDisabled(True)


    def update_ui_number_thresholds(self):
        number = self.number_thresholds.value()
        #print('show_number_thresholds', number)
        for k in range(10):
            if k < number:
                for widget in self.threshold_widgets[k]:
                    widget.show()
                    widget.setEnabled(True)
            else:
                for widget in self.threshold_widgets[k]:
                    widget.hide()
                    widget.setDisabled(True)

    def update_ui_number_avg_iter(self):
        number = self.averaging_iterations.value()
        #print('show_number_avg_iter', number)
        for k in range(3):
            if k < number:
                for widget in self.avg_widgets[k]:
                    widget.show()
                    widget.setEnabled(True)
            else:
                for widget in self.avg_widgets[k]:
                    widget.hide()
                    widget.setDisabled(True)

    def get_range(self, settings, factor=1.):
        range_ = 0
        for k in range(settings['averaging_iterations']):
            range_ = max(range_, settings['avg_{}_radius'.format(k)])*factor
        for k in arange(settings['number_thresholds'])[1:]:
            range_ = max(range_, settings['thr_{}_smooth_val'.format(k)]//2)
        return range_*2

    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range+1)//2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim*(slice(pad_length, -pad_length),)
            return copy(mask[unpad_slice])
        else:
            return mask

class AdaptiveSegmentationWorker(Worker3D):
    def __init__(self):
        Worker3D.__init__(self)
        self.cache_hash = ''
        self.locavg_cache_hash = ''


    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range+1)//2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim*(slice(pad_length, -pad_length),)
            return copy(mask[unpad_slice])
        else:
            return mask

    def cache(self, settings, volshape):
        #print('cached\n', get_dict_summary(settings))
        hash_dict = partial_dict_copy(settings, ('avg_1_radius', 'avg_2_radius', 'avg_3_radius')[:settings['averaging_iterations']])
        hash_dict['volshape'] = volshape
        hash_dict['averaging_iterations'] = settings['averaging_iterations']
        hash_dict['avg_filter_form'] = settings['avg_filter_form']
        cache_hash = generate_hash_from_dict(hash_dict)
        #if cache_hash != self.cache_hash:
        if self.cached_hash_different(hash_dict, hash_dict.keys(), 0):
            self.filterers = []
            for k in range(settings['averaging_iterations']):
                filterer = FourierFilterer()
                coord = filterer.radial_fcoord(volshape)
                if settings['avg_filter_form'] == 'lorentz':
                    average_kernel = MTF_exp(coord, settings['avg_{}_radius'.format(k)])
                else:
                    average_kernel = MTF_gauss(coord, settings['avg_{}_radius'.format(k)])
                #average_kernel[0, 0, 0] = np.sum(average_kernel)*1e-3
                # encode original values for normalization if nothing in range
                filterer.set_filter(average_kernel)
                self.filterers.append(filterer)
                #print('mean filter set with radius', settings['avg_{}_radius'.format(k)])
            self.cache_hash = cache_hash

    def cache_local_averaged_data(self, volume_data, settings):
        hash_dict = partial_dict_copy(settings, ('avg_1_radius', 'avg_2_radius', 'avg_3_radius')[:settings['averaging_iterations']])
        for k in range(settings['averaging_iterations']):
            hash_dict['avg_{}_value_range_0'.format(k)] = settings['avg_{}_value_range_0'.format(k)]
            hash_dict['avg_{}_value_range_1'.format(k)] = settings['avg_{}_value_range_1'.format(k)]
        hash_dict['volume_data'] = volume_data
        hash_dict['averaging_iterations'] = settings['averaging_iterations']

        #locavg_cache_hash = generate_hash_from_dict(hash_dict)
        self.cache_step_images = []
        if self.cached_hash_different(hash_dict, hash_dict.keys(), 1):
            local_averaged_data = copy(volume_data) #volume_data.astype('f4', copy=True)
            for k in range(settings['averaging_iterations']):
                #local_averaged_data = volume_data/local_average
                if settings['avg_{}_use_range'.format(k)]:
                    threshold_range = settings['avg_{}_value_range_0'.format(k)], settings['avg_{}_value_range_1'.format(k)]
                    mask = (threshold_range[0] < local_averaged_data) & (local_averaged_data < threshold_range[1])
                    #local_averaged_data *= mask
                    #print('fraction in range: {:.3f}'.format(mean(mask)))
                    self.cache_step_images.append(copy(mask[mask.shape[0]//2, :, :]))
                local_average = self.filterers[k].apply_filter(local_averaged_data*mask)
                #del local_averaged_data
                #else: #    masked_data = zeros_like(data)  #    copyto(masked_data, data, where=~mask) #    masked_data *= num_reg#    copyto(masked_data, data, where=mask)#    mean_map = fourier_filterer.apply_filter(masked_data)#    del masked_data; gc.collect()
                if settings['avg_{}_use_range'.format(k)]:
                    normalizer = clip(self.filterers[k].apply_filter(mask), 1e-2, 1)
                    local_average /= normalizer
                    del normalizer; gc.collect()
                local_average = clip(local_average, threshold_range[0], threshold_range[1])
                local_averaged_data /= local_average
                #print('generated local average', k, threshold_range, mean(local_averaged_data))
                self.cache_step_images.append(copy(local_averaged_data[local_averaged_data.shape[0]//2, :, :]))

            self.local_averaged_data = local_averaged_data
            #self.locavg_cache_hash = locavg_cache_hash

    def process_volume(self, volume_data, settings, filter_index, ranges_list):
        self.cache(settings, volume_data.shape)
        self.cache_local_averaged_data(volume_data, settings)

        if not settings['apply_segmentation']:
            return self.local_averaged_data
        else:
            self.step_images = []
            self.step_images += self.cache_step_images
            masks = [ones_like(volume_data, dtype='?'),]
            for thr_k in range(settings['number_thresholds']):
                threshold_fact = settings['thr_{}_value'.format(thr_k+1)]
                mask = self.local_averaged_data > threshold_fact
                masks.append(mask)
            masks[0] = ~masks[1]

            morph_range = 0
            for mask_index in range(len(masks)):
                if mask_index > 0:
                    morph_range = max(morph_range, settings['thr_{}_smooth_val'.format(mask_index)],
                                      settings['thr_{}_use_excl'.format(mask_index)])
                else:
                    morph_range = max(morph_range, settings['thr_{}_use_excl'.format(mask_index)])
            #morph_subslice = slice(None,None), slice(None,None), slice(None,None) #
            morph_subslice = get_slice_subrange(filter_index, ranges_list, additional_range=morph_range)

            for mask_index in arange(1, len(masks)):
                smooth_range = settings['thr_{}_smooth_val'.format(mask_index)]
                if smooth_range > 1:
                    masks[mask_index][morph_subslice] = self.smooth_mask(masks[mask_index][morph_subslice], smooth_range)
                    vprint('morphology shape:', masks[mask_index][morph_subslice].shape)

            for mask_index in arange(len(masks)):
                if settings['thr_{}_use_excl'.format(mask_index)]:
                    radius = settings['thr_{}_excl_range'.format(mask_index)]
                    excl_index = mask_index + (-1 if mask_index > 0 else +1)
                    #if 0 < mask_index < (len(masks)-1):
                    #    masks[mask_index] &= masks[mask_index+1]

                    fp = circular_footprint(radius, masks[mask_index].ndim)
                    remove_mask = ndimage.binary_dilation(masks[mask_index][morph_subslice], fp, iterations=2, mask=masks[excl_index][morph_subslice])
                    masks[mask_index][morph_subslice] = ndimage.binary_dilation(masks[mask_index][morph_subslice], fp, mask=masks[excl_index][morph_subslice])
                    masks[excl_index][morph_subslice] = ndimage.binary_erosion(masks[excl_index][morph_subslice] & ~masks[mask_index][morph_subslice], fp, mask=remove_mask)
                    masks[excl_index][morph_subslice] = ndimage.binary_dilation(masks[excl_index][morph_subslice], fp, mask=remove_mask)
                    #mask_views[mask_index][morph_subslice] = mask_views[mask_index][morph_subslice]
                    #print('excluded for', mask_index, excl_index, radius)
                    vprint('excl morphology shape:', masks[mask_index][morph_subslice].shape)

            for mask_index in range(len(masks)):
                #masks[mask_index][view_slices[mask_index]] = mask_views[mask_index]
                if mask_index < (len(masks)-1):
                    masks[mask_index] &= ~masks[mask_index+1]

            segments = zeros(volume_data.shape, dtype='u1')
            for k, mask in enumerate(masks):
                self.step_images.append(copy(mask[mask.shape[0]//2, :, :]))
                segments[mask] = k
            #print('segmentation complete', ['{:.1%}'.format(mean(segments == k)) for k in range(len(masks))])
            #self.show_steps.emit()
            return segments
#volume_plugins_to_add.append(AdaptiveSegmentationPlugin)


class ProjectionPreprocessPlugin(Plugin2D):
    name = 'Preprocessing for Projections'
    info_text = """
    <p> Plugin for correcting detector areas without intensity and to mitigate reconstruction artifacts.
    <p> Fills the areas below the threshold with the mean value of the outermost 20 valid pixels in that detector line. Lines with less than 20 valid pixels are filled with a value of one. The mask is smoothed with a binary opening before the filling is done.
    <p> Requires OpenCL.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        Plugin2D.__init__(self, processing_widget)
        self.worker = ProjectionPreprocessWorker
        vbox = QVBoxLayout(); self.setLayout(vbox)

        hbox2 = QHBoxLayout(); vbox.addLayout(hbox2)
        self.use_normalize_to_max = ValueCheckBox('normalize to max intensity in forward_proj, area without sample [%]:'); hbox2.addWidget(self.use_normalize_to_max)
        self.sample_free_area = ValueFloatBox(); hbox2.addWidget(self.sample_free_area)


        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        self.use_fill_low_intensity = ValueCheckBox('Fill low intensity areas below'); hbox.addWidget(self.use_fill_low_intensity)
        self.low_intensity_threshold = ValueFloatBox(); hbox.addWidget(self.low_intensity_threshold)
        self.low_intensity_threshold.setRange(0., 1e7); self.low_intensity_threshold.setValue(0.05)
        label2 = QLabel('Smooth range:'); hbox.addWidget(label2)
        self.low_intensity_smooth_range = PlainSpinBox(); hbox.addWidget(self.low_intensity_smooth_range)
        self.low_intensity_smooth_range.setRange(0, 100); self.low_intensity_smooth_range.setValue(5)

        self.use_fill_low_intensity.setToolTip('Threshold such that pixels unter this value are not considered valid and are filled.')
        label2.setToolTip('Smoothing range for binary closing on the mask generated by the threshold.')




        self.ui_properties = ['use_normalize_to_max', 'sample_free_area',
                                'use_fill_low_intensity', 'low_intensity_threshold', 'low_intensity_smooth_range']
        self.ui_defaults = dict(threshold=1, smooth_range=5)
        self.preview_defaults = dict(radius=lambda x: (0, 1, 2, 3, 4, 5, 7, 10, 15, 20, 30, 45, 60, 80, 100),
                                     threshold=(21, 0.2, True))

        self.mask = None
        self.median_image = None


class ProjectionPreprocessWorker(Worker2D):
    def prepare(self, settings, reader):
        if reader.ref_image() is not None:
            thr_image = reader.ref_image()
        else:
            stride = reader.nimages//25
            thr_image = reader.get_stack_average(stride=stride, wait=True)
        return dict(thr_image=thr_image)

    def cache(self, settings):  # for faster preview
        if self.cached_values_different(settings, ('low_intensity_threshold', 'low_intensity_smooth_range')):
            mask = settings['thr_image'] < settings['low_intensity_threshold']
            footprint = circular_footprint(settings['low_intensity_smooth_range'], 2)
            self.mask = ndimage.binary_closing(mask, footprint)

    def process_image(self, image, proj_number, settings):
        if settings['use_fill_low_intensity']:
            self.cache(settings)
            for line in range(image.shape[0]):
                if self.mask[line, :].sum() > 0:
                    nonzero_indices = nonzero(~self.mask[line, :])[0] # indices at which it is nonzero
                    if len(nonzero_indices) > 20:
                        valid_start = min(nonzero_indices)
                        valid_stop_neg = image.shape[1] - max(nonzero_indices)
                        image[line, :] = pad(image[line, valid_start:valid_stop_neg], (valid_start, valid_stop_neg),
                                             mode='mean', stat_length=20)
                    else:
                        image[line, :] = 1.
        if settings['use_normalize_to_max']:
            norm_val = nanpercentile(image, 100-2*settings['sample_free_area'])  # median over free area
            image /= norm_val

        return image
image_plugins_to_add.append(ProjectionPreprocessPlugin)


class EutecticumSegmentationPlugin(Plugin3D):
    name = 'Segmentation: Eutecticum'
    info_text = """
        <p> Texture based segmentation.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'
    mem_usage_factor = 10


    def __init__(self, processing_widget):
        Plugin3D.__init__(self, processing_widget)
        self.worker = EutecticumSegmentationWorker


        hboxA = QHBoxLayout(); self.vbox.addLayout(hboxA)
        lower_outside_thr_label = QLabel('threshold below+above eutecticum'); hboxA.addWidget(lower_outside_thr_label)
        self.lower_outside_thr = ValueFloatBox(); hboxA.addWidget(self.lower_outside_thr)
        self.upper_outside_thr = ValueFloatBox(); hboxA.addWidget(self.upper_outside_thr)

        hboxB = QHBoxLayout(); self.vbox.addLayout(hboxB)
        devn_range_label = QLabel('deviation averaging range'); hboxB.addWidget(devn_range_label)
        self.devn_range = ValueFloatBox(); hboxB.addWidget(self.devn_range)
        eutecticum_devn_thr_label = QLabel('threshold for deviation (x100)'); hboxB.addWidget(eutecticum_devn_thr_label)
        self.eutecticum_devn_thr = ValueFloatBox(); hboxB.addWidget(self.eutecticum_devn_thr)
        eutecticum_devn_thr_label = QLabel(', upper'); hboxB.addWidget(eutecticum_devn_thr_label)
        self.eutecticum_devn_thr_upper = ValueFloatBox(); hboxB.addWidget(self.eutecticum_devn_thr_upper)

        hboxC = QHBoxLayout(); self.vbox.addLayout(hboxC)
        eutecticum_thr_label = QLabel('threshold for eutecticum'); hboxC.addWidget(eutecticum_thr_label)
        self.eutecticum_thr = ValueFloatBox(); hboxC.addWidget(self.eutecticum_thr)
        eutecticum_size_label = QLabel('eutecticum size'); hboxC.addWidget(eutecticum_size_label)
        self.eutecticum_size = ValueFloatBox(); hboxC.addWidget(self.eutecticum_size)

        self.ui_properties = ('devn_range', 'lower_outside_thr', 'upper_outside_thr',
                              'eutecticum_thr', 'eutecticum_devn_thr', 'eutecticum_devn_thr_upper', 'eutecticum_size')

    def get_range(self, settings, factor=1.):
        return max(settings['eutecticum_size'], 2*settings['devn_range'])*factor


class EutecticumSegmentationWorker(Worker3D):


    def prepare_filter(self, vol_shape, settings):
        settings['vol_shape'] = vol_shape
        if self.cached_hash_different(settings, keys=('vol_shape', 'devn_range')):
            self.fourier_filterer = FourierFilterer()
            fccord = self.fourier_filterer.radial_fcoord(vol_shape)
            devn_avg_filter = MTF_gauss(coords=fccord, sigma=settings['devn_range'])
            self.fourier_filterer.set_filter(devn_avg_filter)

    def process_volume(self, volume_data, settings, filter_index, ranges_list):
        self.prepare_filter(volume_data.shape, settings)
        mask = (volume_data > settings['lower_outside_thr']) & (volume_data < settings['upper_outside_thr'])


        devn = abs(volume_data - 1)
        devn[~mask] = 0
        local_devn = self.fourier_filterer.apply_filter(devn)

        mask_eutecticum = (volume_data < settings['eutecticum_thr']) & (local_devn > settings['eutecticum_devn_thr']/100) & (local_devn < settings['eutecticum_devn_thr_upper']/100)
        vol_slice = get_slice_subrange(filter_index, ranges_list, additional_range=(settings['eutecticum_size']+1))
        mask_eutecticum[vol_slice] = ndimage.binary_closing(mask_eutecticum[vol_slice], structure=circular_footprint(settings['eutecticum_size'], 3))

        segments = ones(volume_data.shape, dtype='u1')
        segments += 1
        segments[mask_eutecticum] = 1
        segments[volume_data < settings['lower_outside_thr']] = 0
        segments[volume_data > settings['upper_outside_thr']] = 3
        return segments
volume_plugins_to_add.append(EutecticumSegmentationPlugin)









tomis/GUI/plugins/special.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import glob, psutil, multiprocessing
from scipy.ndimage import gaussian_filter1d, median_filter
from .base import *
exported_classes = []


class PluginSP(ProcessingPlugin):
    finished = Signal()
    progress_changed = Signal(int)
    status_changed = Signal(str)
    show_error = Signal(str, bool)  # second argument is modal

    uses_data_input = False  # indicates if the data input configuration should be used/visible in the gui
    supports_report_progress = False
    supports_stop = False

    def start(self, settings: Dict, own_settings: Dict):
        raise NotImplementedError('must be implemented in the plugin')


class SNRMeasurementEvaluationPlugin(PluginSP):
    name = 'SNR Measurement Evaluation'
    info_text = """
        <p> WARNING: this plugin is deprecated and no longer works!
        <p> Evaluates the SNR of an imaging setup from measurements. (Paper published under the title "Using Measurements of the Spatial SNR to optimize
Phase Contrast X-ray Imaging", https://doi.org/10.1016/j.nima.2017.09.044.)
        <p> Notes:
        <p> Series from different x-ray magnifications have different spatial frequency scales, these different scales are not represented in this plugin. You must scale the results correctly yourself, the computed_tomography.ImageRegisterTool can be used to register magnifications.
        <p> It is recommended to run crop the input to a region that contains much structure. For non-isotropic detectors, the region should also be cropped e.g. to the center.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'
    uses_data_input = True
    supports_stop = True
    supports_report_progress = True

    names = "u_bins", "S_data_corr", "N_data", "SNR_data", "N_ref_eff", "N_dark_eff"
    descriptions = ("frequency coordinates (bin edge centers) for radially averaged power spectra",
                    "signal power spectrum of the images, corrected for static noise (if refs/darks were given)",
                    "noise power spectrum of the images",
                    "SNR for the images",
                    "effective noise power spectrum of the ref image affecting a ref+dark corrected image",
                    "effective noise power spectrum of the dark image affecting a ref+dark corrected image")

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.processing_widget = processing_widget
        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        label1 = QLabel("number of frequency bins:"); hbox.addWidget(label1)
        self.u_nbins = ValueIntBox(); hbox.addWidget(self.u_nbins); self.u_nbins.setRange(10, 1000)
        self.apply_log = ValueCheckBox("apply log to data"); hbox.addWidget(self.apply_log)
        self.use_despeckle = ValueCheckBox("despeckle input (recommended)"); hbox.addWidget(self.use_despeckle)
        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        label2 = QLabel("multiple parameters:"); hbox.addWidget(label2)
        self.multiple_parameters_mode = ValueComboBox(("disabled", "different folders", "in one folder")); hbox.addWidget(self.multiple_parameters_mode)
        hbox.addStretch()
        self.images_per_param_label = QLabel("images per parameter"); hbox.addWidget(self.images_per_param_label)
        self.images_per_param = ValueIntBox(); hbox.addWidget(self.images_per_param)
        self.folders_pattern_label = QLabel("pattern"); hbox.addWidget(self.folders_pattern_label)
        self.folders_pattern = QLineEdit(); hbox.addWidget(self.folders_pattern)
        self.select_folders_button = QPushButton(" list all folders "); hbox.addWidget(self.select_folders_button)
        self.select_folders_button.clicked.connect(self.get_multiple_folders); self.select_folders_button.setMinimumSize(120, 20)
        hbox.addStretch()
        self.select_folders_label = QLabel(); self.vbox.addWidget(self.select_folders_label)
        self.select_folders_widget = TasksListWidget(); self.vbox.addWidget(self.select_folders_widget)

        self.vbox.addStretch()
        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        hbox.addStretch()

        label3 = QLabel("plot smoothing"); hbox.addWidget(label3)
        self.result_smoothing = ValueFloatBox(); hbox.addWidget(self.result_smoothing)
        self.result_smoothing.setRange(0., 10.); self.result_smoothing.setSingleStep(0.25)
        self.show_result_button = QPushButton("  show result  "); hbox.addWidget(self.show_result_button)
        self.show_result_button.clicked.connect(self.show_result); self.show_result_button.setMinimumSize(200, 25)

        self.worker = QtDoThread(self.do_mp_evaluation)
        self.worker.done.connect(self.evaluation_finished)
        self.worker.show_error.connect(self.show_error)
        self.worker.stopped.connect(self.processing_widget.finished)

        self.multiple_parameters_mode.valueChanged.connect(self.update_ui_multiple_parameters_mode)

        self.ui_properties = ('use_despeckle', 'u_nbins', "apply_log", "multiple_parameters_mode", "images_per_param",
                              ('folders_pattern', "text", "setText"), "result_smoothing")
        self.preview_defaults = dict()
        self.ui_defaults = dict(use_despeckle=2, u_nbins=50, apply_log=2, result_smoothing=1.0)

        self.select_folders_label.setToolTip("select the folders to apply the SNR evaluation to\n"
                                               "the same read settings as configured in 'file input' and\n"
                                               "the refs and darks are used for all folders \n"
                                               "folder configured in 'file input' can be included here but will not be evaluated twice")
        self.use_despeckle.setToolTip("remove speckles from the input, this is a time-consuming step")
        self.show_result_button.setToolTip("show the results from the current evaluation (as is done if an evaluation finishes)\n"
                                           "the results are always loaded from the hard disk, it is a viewer for the output\n"
                                           "the plot is automatically saved to pdf on show")

        self.update_ui_multiple_parameters_mode()
        self.results = None
        self.plot_window = None

    def do_stop(self):
        self.stop = True

    def update_ui_multiple_parameters_mode(self):
        mode = self.multiple_parameters_mode.value()
        self.images_per_param.setVisible(mode == "in one folder")
        self.images_per_param_label.setVisible(mode == "in one folder")
        self.select_folders_button.setVisible(mode == "different folders")
        self.select_folders_widget.setVisible(mode == "different folders")
        self.select_folders_label.setVisible(mode == "different folders")
        self.folders_pattern_label.setVisible(mode == "different folders")
        self.folders_pattern.setVisible(mode == "different folders")

    def get_multiple_folders(self):
        base_folder = os.path.dirname(self.processing_widget.input_window.images_read_widget.projs_widget.path.text())
        self.select_folders_label.setText('<b>Select folders in:</b> "{}"'.format(base_folder))
        pattern = self.folders_pattern.text()
        if "*" not in pattern:
            pattern += "*"
        possible_folders = glob.glob(os.path.join(base_folder, pattern))
        self.select_folders_widget.clear()
        for folder in possible_folders:
            if os.path.isdir(folder):
                item = QListWidgetItem()
                item.setData(0, os.path.basename(folder))
                item.setData(32, os.path.normpath(folder))
                self.select_folders_widget.addItem(item)

    def get_selected_folders(self):
        selected_folders = []
        for k in range(self.select_folders_widget.count()):
            item = self.select_folders_widget.item(k)
            if not item.isHidden():
                selected_folders.append(item.data(32))
        return selected_folders

    def set_selected_folders(self, selected_folders):
        base_folder = os.path.dirname(self.processing_widget.input_window.images_read_widget.projs_widget.path.text())
        self.select_folders_label.setText('<b>Select folders in:</b> "{}"'.format(base_folder))
        current_selected_folders = self.get_selected_folders()
        for folder in selected_folders:
            folder = os.path.normpath(folder)
            if folder not in current_selected_folders:
                item = QListWidgetItem()
                item.setData(0, os.path.basename(folder))
                item.setData(32, folder)
                if not os.path.isdir(folder):
                    item.setBackground(QColor(200, 200, 200))
                self.select_folders_widget.addItem(item)

    def get_settings(self):
        settings = super().get_settings()
        settings["selected_folders"] = self.get_selected_folders()
        return settings

    def set_settings(self, settings):
        super().set_settings(settings)
        self.select_folders_widget.clear()
        try:
            self.set_selected_folders(settings["selected_folders"])
        except KeyError: pass

    def do_evaluation(self, settings, own_settings):
        self.status_changed.emit('loading darks/refs')
        t0 = time.time()

        file.path.assure_dir_exists(settings["output"]["path"])

        if own_settings["multiple_parameters_mode"] == "disabled":
            ims_readers = [file.volume.get_base_reader(settings["input"]['projs']), ]
            mean_ims_names = [settings["name"]+"_data_mean.tif",]
        elif own_settings["multiple_parameters_mode"] == "different folders":
            folders = own_settings["selected_folders"]
            if os.path.normpath(settings["input"]['projs']["path"]) not in folders:
                folders.insert(0, settings["input"]['projs']["path"])
            ims_readers = []
            mean_ims_names = []
            for folder in folders:
                settings["input"]['projs']["path"] = folder
                mean_ims_names.append(os.path.basename(folder)+".tif")
                ims_readers.append(file.volume.get_base_reader(settings["input"]['projs']))
            with open(os.path.join(settings["output"]["path"], settings["name"]+"_param_names.txt"), "w") as fp:
                [fp.write(fname+"\n") for fname in folders]
        elif own_settings["multiple_parameters_mode"] == "in one folder":
            reader = file.volume.get_base_reader(settings["input"]['projs'])
            reader.prepare()
            nparams = reader.nimages//own_settings["images_per_param"]
            old_crops = settings["input"]['projs']["zcrop"]
            ims_readers = []
            mean_ims_names = []
            for k in range(nparams):
                settings["input"]['projs']["zcrop"] = k*own_settings["images_per_param"], (k+1)*own_settings["images_per_param"]
                mean_ims_names.append(settings["name"]+"_data_mean_{}_{}.tif".format(*settings["input"]['projs']["zcrop"]))
                ims_readers.append(file.volume.get_base_reader(settings["input"]['projs']))
            settings["input"]['projs']["zcrop"] = old_crops
        else:
            raise ValueError("multiple_parameters_mode not in possible values")

        [reader.prepare() for reader in ims_readers]
        SNR_evaluator = SNR_Evaluator(ims_readers[0].imshape)
        if settings["input"]['use_refs']:
            ref_reader = file.volume.get_base_reader(settings["input"]['refs'])
            refs = ref_reader.load_all()
            #if own_settings["use_despeckle"]:
            #    SNR_evaluator.filter_series_speckles(refs)
        else:
            refs = None
        if self.stop: return
        if settings["input"]['use_darks']:
            dark_reader = file.volume.get_base_reader(settings["input"]['darks'])
            darks = dark_reader.load_all()
            #if own_settings["use_despeckle"]:
            #    SNR_evaluator.filter_series_speckles(darks)
        else:
            darks = None
        if self.stop: return

        self.results = []
        for k, ims_reader in enumerate(ims_readers):
            self.progress_changed.emit(int(k/len(ims_readers)*100))
            self.status_changed.emit("evaluating SNR for parameter {} of {}".format(k+1, len(ims_readers)))
            if self.stop: return
            u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean = self.do_evaluation_for_param(SNR_evaluator, own_settings, ims_reader, refs, darks)
            #u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean = zeros(51), ones(50), ones(50), ones(50), ones(50), ones(50), zeros((1000, 1000), "f4")
            #for name_ims, name in zip((images, refs, darks, SNR_evaluator.series_data_noise, SNR_evaluator.series_ref_noise, SNR_evaluator.series_dark_noise),
            #                          ("images", "refs", "darks", "series_data_noise", "series_ref_noise", "series_dark_noise")):
            #    ImagesWriter(0, pjoin(settings["output"]["path"], name)).save_all(name_ims)

            u_coord = image.fourier.bin_edges_to_bin_centers(u_bins)
            self.results.append((u_coord, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean))

        if self.stop: return

        path_begin = os.path.join(settings["output"]["path"], settings["name"])
        for k, (name, description) in enumerate(zip(self.names, self.descriptions)):
            data = np.zeros((len(self.results[0][0]), len(self.results)), "f4")
            for j in range(len(self.results)):
                data[:, j] = self.results[j][k]

            np.savetxt(path_begin+"_{}.txt".format(name), data, header=description)

        file.path.assure_dir_exists(pjoin(settings["output"]["path"], settings["name"]))
        for j, name in enumerate(mean_ims_names):
            file.image.save(self.results[j][-1], pjoin(settings["output"]["path"], settings["name"], name))
        common.misc.print_runtime("SNR evaluation", t0)

    def do_evaluation_for_param(self, SNR_evaluator, own_settings, ims_reader, refs, darks):
        images = ims_reader.load_all()
        #if own_settings["use_despeckle"]:
        #    SNR_evaluator.filter_series_speckles(images)

        u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean = SNR_evaluator.get_S_N_SNR_corrected(
            images, refs, darks, u_nbins=own_settings["u_nbins"], despeckle=own_settings["use_despeckle"]
        )
        #for name_ims, name in zip((images, refs, darks, SNR_evaluator.series_data_noise, SNR_evaluator.series_ref_noise, SNR_evaluator.series_dark_noise),
        #                          ("images", "refs", "darks", "series_data_noise", "series_ref_noise", "series_dark_noise")):
        #    ImagesWriter(0, pjoin(settings["output"]["path"], name)).save_all(name_ims)

        return u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean

    def do_mp_evaluation(self, settings, own_settings):
        self.status_changed.emit('evaluating SNR')
        t0 = time.time()

        file.path.assure_dir_exists(settings["output"]["path"])

        if own_settings["multiple_parameters_mode"] == "disabled":
            ims_readers = [file.volume.get_base_reader(settings["input"]['projs']), ]
            mean_ims_names = [settings["name"]+"_data_mean.tif",]
        elif own_settings["multiple_parameters_mode"] == "different folders":
            folders = own_settings["selected_folders"]
            if os.path.normpath(settings["input"]['projs']["path"]) not in folders:
                folders.insert(0, settings["input"]['projs']["path"])
            ims_readers = []
            mean_ims_names = []
            for folder in folders:
                settings["input"]['projs']["path"] = folder
                mean_ims_names.append(os.path.basename(folder)+".tif")
                ims_readers.append(file.volume.get_base_reader(settings["input"]['projs']))
            with open(pjoin(settings["output"]["path"], settings["name"]+"_param_names.txt"), "w") as fp:
                [fp.write(fname+"\n") for fname in folders]
        elif own_settings["multiple_parameters_mode"] == "in one folder":
            reader = file.volume.get_base_reader(settings["input"]['projs'])
            reader.prepare()
            nparams = reader.nimages//own_settings["images_per_param"]
            z_offset = settings["input"]['projs']['crops']["zcrop"][0]
            old_crops = settings["input"]['projs']['crops']["zcrop"]
            ims_readers = []
            mean_ims_names = []
            for k in range(nparams):
                settings["input"]['projs']['crops']["zcrop"] = z_offset+k*own_settings["images_per_param"], z_offset+(k+1)*own_settings["images_per_param"]
                mean_ims_names.append(settings["name"]+"_data_mean_{}_{}.tif".format(*settings["input"]['projs']['crops']["zcrop"]))
                ims_readers.append(file.volume.get_base_reader(settings["input"]['projs']))
            settings["input"]['projs']['crops']["zcrop"] = old_crops
        else:
            raise ValueError("multiple_parameters_mode not in possible values")

        if settings["input"]['use_refs']:
            refs_reader = file.volume.get_base_reader(settings["input"]['refs'])
        else:
            refs_reader = None
        if settings["input"]['use_darks']:
            darks_reader = file.volume.get_base_reader(settings["input"]['darks'])
        else:
            darks_reader = None

        self.results = [None for k, ims_reader in enumerate(ims_readers)]
        params_done, nparams = 0, len(ims_readers)
        nworkers = min(psutil.cpu_count(logical=False), len(ims_readers))
        if 0:
            with QueueProcessPool(nworkers, use_cProfile=False) as workers_pool:
                print("started SNR evaluation workers")
                for k, ims_reader in enumerate(ims_readers):
                    workers_pool.put(SNRMeasurementEvaluationPlugin.mp_evaluation_for_param,
                                     k, own_settings, ims_reader, refs_reader, darks_reader)
                while params_done < nparams:
                    if self.stop:
                        workers_pool.do_stop()
                        return
                    try:
                        result = workers_pool.get_result(wait=False)
                        self.results[result[0]] = result[1:]
                        params_done += 1
                        self.status_changed.emit("evaluating SNR, {} of {} parameters done".format(params_done, nparams))
                        self.progress_changed.emit(int(params_done/nparams*100))
                    except queue.Empty:
                        time.sleep(0.1)
                assert np.all([result is not None for result in self.results])
        else:
            with multiprocessing.Pool(nworkers, maxtasksperchild=5) as pool:
                async_results = []
                for k, ims_reader in enumerate(ims_readers):
                    async_results.append(pool.apply_async(SNRMeasurementEvaluationPlugin.mp_evaluation_for_param,
                                                          (own_settings, ims_reader, refs_reader, darks_reader)))
                all_done, nparams = False, len(async_results)
                while not all_done:
                    dones = [result.ready() for result in async_results]
                    all_done, params_done = np.all(dones), np.sum(dones)
                    self.status_changed.emit("evaluating SNR, {} of {} parameters done".format(params_done, nparams))
                    self.progress_changed.emit(int(params_done/nparams*100))
                    if self.stop:
                        break
                    time.sleep(0.25)

            if not self.stop:
                self.results = [result.get() for result in async_results]
            else:
                return

        path_begin = pjoin(settings["output"]["path"], settings["name"])
        for k, (name, description) in enumerate(zip(self.names, self.descriptions)):
            data = zeros((len(self.results[0][0])-1, len(self.results)), "f4")
            for j in range(len(self.results)):
                if name == "u_bins":
                    data[:, j] = bin_edges_to_bin_centers(self.results[j][k])
                else:
                    data[:, j] = self.results[j][k]

            savetxt(path_begin+"_{}.txt".format(name), data, header=description)

        assure_dir_exists(pjoin(settings["output"]["path"], settings["name"]))
        for j, name in enumerate(mean_ims_names):
            save_image(self.results[j][-1], pjoin(settings["output"]["path"], settings["name"], name))
        print_runtime("SNR evaluation", t0)

    @staticmethod
    def mp_evaluation_for_param(own_settings, ims_reader, refs_reader=None, darks_reader=None):
        ims_reader.prepare()
        SNR_evaluator = SNR_Evaluator(ims_reader.imshape)
        u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean = SNR_evaluator.get_S_N_SNR_corrected_readers(
            ims_reader, refs_reader, darks_reader, u_nbins=own_settings["u_nbins"], despeckle=own_settings["use_despeckle"],
            apply_log=own_settings["apply_log"]
        )
        return u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_mean

    def evaluation_finished(self):
        if self.stop:
            self.processing_widget.status_label.setText("SNR evaluation canceled")
        else:
            self.show_result()
            self.processing_widget.status_label.setText("SNR evaluation finished")
        self.progress_changed.emit(100)
        self.processing_widget.finished()

    def show_result(self):
        data_set = self.processing_widget.data_sets.get_current_data_set()
        data = dict()
        path_begin = pjoin(data_set["output"]["path"], data_set["name"]+"_")
        for name in self.names:
            data[name] = np.genfromtxt(path_begin+"{}.txt".format(name))

        if self.plot_window is None:
            self.plot_window = GUI.widgets.plot.Widget()
            self.plot_window.resize(900, 750)
            GUI.solo_windows.append(self.plot_window)

        self.plot_window.setWindowTitle("SNR evaluation result for {}".format(data_set["name"]))
        self.plot_window.clear_plot()
        ax = self.plot_window.fig.add_subplot(111)
        std = self.result_smoothing.value()

        if data["SNR_data"].ndim == 1:
            ax.semilogy(data["u_bins"], data["SNR_data"])
        else:
            for k in range(data["SNR_data"].shape[1]):
                SNR = np.exp(gaussian_filter1d(np.log(data["SNR_data"][:, k]), std, mode="nearest"))
                ax.semilogy(data["u_bins"][:, k], SNR)

        ax.set_xlabel('spatial frequency (pixelsize=1)')
        ax.set_ylabel('SNR')
        ax.grid()

        fname_param_names = pjoin(data_set["output"]["path"], data_set["name"]+"_param_names.txt")
        if os.path.isfile(fname_param_names):
            with open(fname_param_names) as fp:
                param_names = fp.read().split("\n")
            ax.legend(param_names)

        self.plot_window.draw()
        self.plot_window.show()
        try:
            self.plot_window.fig.savefig(pjoin(data_set["output"]["path"], data_set["name"]+"_SNR_plot.pdf"))
        except (OSError, PermissionError):
            pass


    def start(self, settings, own_settings):
        self.stop = False
        self.progress_changed.emit(0)
        self.status_changed.emit("SNR evaluation running")
        self.worker.do_self(settings, own_settings)

class SNR_Evaluator(image.fourier.PowerSpectrumCalculator):
    def __init__(self, imshape):
        if len(imshape) == 3:
            imshape = imshape[1:]
        super().__init__()
        self.prepare_shape(imshape)

    def filter_series_speckles(self, images, std_threshold=3, iterations=2, inplace=True, use_median=False):
        # filter speckles and nan/inf from a series of images of the same signal (with different noise)
        #save_image(images.mean(axis=0), r"D:\\test\\locfilter_input.tif")
        assert iterations > 0
        if not inplace:
            images = np.copy(images)

        mdfilt_stack = median_filter(images, footprint=np.ones((3, 1, 1), "?"))
        median_image = np.nanmean(mdfilt_stack, axis=0).astype(images.dtype)
        del mdfilt_stack
        loc = ~np.isfinite(median_image)
        medfilt_image = median_image
        if np.any(loc):
            k = 0
            while np.any(loc) and k < 5:
                print("removing nonfinites in despeckle fill image")
                medfilt_image = median_filter(medfilt_image, 3)
                np.copyto(median_image, medfilt_image, where=loc)
                loc = ~np.isfinite(medfilt_image)
                k += 1
        else:
            medfilt_image = median_filter(medfilt_image, 3)

        for j in np.arange(iterations+1):
            if j == 0:  # first iteration removes nan/inf
                for k in np.arange(images.shape[0]):
                    locations = ~np.isfinite(images[k])
                    np.copyto(images[k], median_image, where=locations)
            else:
                std_image = np.std(images, axis=0)
                for k in np.arange(images.shape[0]):
                    locations = abs(images[k] - median_image) > std_threshold*std_image
                    np.copyto(images[k], median_image, where=locations)

        self.set_filter_gauss_blur(1.5)
        local_mean = self.apply_filter(medfilt_image)
        local_std = np.sqrt(self.apply_filter((medfilt_image-local_mean)**2 + std_image**2))
        #print("means", mean(local_std), mean(local_mean), mean(medfilt_image), mean(abs(images - medfilt_image[None, :, :])))
        locations = abs(median_image - medfilt_image) > 8*local_std
        for k in np.arange(images.shape[0]):
            np.copyto(images[k], medfilt_image, where=locations)
        #print("bad pixel fraction", mean(locations))
        #save_image(local_mean, r"D:\\test\\local_mean.tif")
        #save_image(local_std + std_image, r"D:\\test\\local_std.tif")
        #save_image(locations.astype("u1")*255, r"D:\\test\\locations.tif")
        #save_image(images.mean(axis=0), r"D:\\test\\locfilter_result.tif")

        return images

    def get_S_N_SNR(self, images, u_nbins):
        K = images.shape[0]
        u_bins, PS_K = self.radial_power_spectrum(images.mean(axis=0), u_nbins)
        u_bins, PS_j = self.radial_power_spectrum_avg(images, u_nbins)

        S = (PS_K - PS_j/K)/(1-1/K)
        N = (PS_j - PS_K  )/(1-1/K)
        SNR = S/N

        return u_bins, S, N, SNR

    def get_S_N_SNR_corrected(self, images, refs=None, darks=None, u_nbins=50,
                              apply_log=True, despeckle=True):
        # images must not have ref or dark correction applied
        data_im = np.nanmean(images, axis=0)
        if refs is not None:
            ref_im = np.nanmean(refs, axis=0)
        else:
            ref_im = np.ones_like(data_im)
        if darks is not None:
            dark_im = np.nanmean(darks, axis=0)
        else:
            dark_im = np.zeros_like(data_im)

        if refs is not None:
            series_ref_noise = (data_im - dark_im)/(refs - dark_im)
            if apply_log:
                image.misc.apply_neglog(series_ref_noise)
            if despeckle:
                self.filter_series_speckles(series_ref_noise)
            u_bins, S_ref, N_ref, SNR_ref = self.get_S_N_SNR(series_ref_noise, u_nbins)
            N_ref_eff = N_ref/refs.shape[0]
            del series_ref_noise, refs
        else:
            N_ref_eff = 0.

        if darks is not None:
            series_dark_noise = (data_im - darks)/(ref_im - darks)
            if apply_log:
                image.misc.apply_neglog(series_dark_noise)
            if despeckle:
                self.filter_series_speckles(series_dark_noise)
            u_bins, S_dark, N_dark, SNR_dark = self.get_S_N_SNR(series_dark_noise, u_nbins)
            N_dark_eff = N_dark/darks.shape[0]
            del series_dark_noise, darks
        else:
            N_dark_eff = 0.

        series_data_noise = (images - dark_im)/(ref_im - dark_im)
        if apply_log:
            image.misc.apply_neglog(series_data_noise)
        if despeckle:
            self.filter_series_speckles(series_data_noise)
        u_bins, S_data, N_data, SNR_data = self.get_S_N_SNR(series_data_noise, u_nbins)
        del series_data_noise

        S_data_corr = S_data - N_ref_eff - N_dark_eff
        SNR_data = S_data_corr/N_data

        return u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_im

    def get_S_N_SNR_corrected_readers(self, images_reader, refs_reader=None, darks_reader=None, u_nbins=50,
                              apply_log=True, despeckle=True):
        # images must not have ref or dark correction applied
        for reader in (images_reader, refs_reader, darks_reader):
            if reader is not None:
                reader.return_dtype = "f4"
        process = psutil.Process()
        #print("A, memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))
        images = images_reader.load_all()
        data_im = np.nanmean(images, axis=0)
        #print("B, memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))

        if darks_reader is not None:
            darks = darks_reader.load_all()
            dark_im = np.nanmean(darks, axis=0)
        else:
            dark_im = np.zeros_like(data_im)
            N_dark_eff = 0.
        #print("C, memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))

        if refs_reader is not None:
            refs = refs_reader.load_all()
            ref_im = np.nanmean(refs, axis=0)
            refs -= dark_im[None, :, :]
            refs **= -1
            refs *= (data_im - dark_im)[None, :, :]
            if apply_log:
                image.misc.apply_neglog(refs)
            if despeckle:
                self.filter_series_speckles(refs)
            u_bins, S_ref, N_ref, SNR_ref = self.get_S_N_SNR(refs, u_nbins)
            N_ref_eff = N_ref/refs.shape[0]
            #print("D, memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))
            del refs; gc.collect()
        else:
            ref_im = np.ones_like(data_im)
            N_ref_eff = 0.

        if darks_reader is not None:
            darks *= -1
            darks += data_im[None, :, :]
            darks /= (ref_im - darks)
            if apply_log:
                image.misc.apply_neglog(darks)
            if despeckle:
                self.filter_series_speckles(darks)
            u_bins, S_dark, N_dark, SNR_dark = self.get_S_N_SNR(darks, u_nbins)
            N_dark_eff = N_dark/darks.shape[0]
            #print("E, memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))
            del darks; gc.collect()

        images -= dark_im[None, :, :]
        images /= (ref_im - dark_im)[None, :, :]
        if apply_log:
            image.misc.apply_neglog(images)
        if despeckle:
            self.filter_series_speckles(images)
        u_bins, S_data, N_data, SNR_data = self.get_S_N_SNR(images, u_nbins)
        #print("F, memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))
        del images; gc.collect()

        S_data_corr = S_data - N_ref_eff - N_dark_eff
        SNR_data = S_data_corr/N_data

        return u_bins, S_data_corr, N_data, SNR_data, N_ref_eff, N_dark_eff, data_im
#exported_classes.append(SNRMeasurementEvaluationPlugin)  # no longer working


forbidden_modules = ('os', 'sys', 'shutil', 'importlib')
def _check_eval_string(eval_text):
    for forbidden_module in forbidden_modules:
        if forbidden_module+'.' in eval_text:
            raise ValueError('module {} may not be used in eval'.format(forbidden_module))
    if "import " in eval_text:
            raise ValueError('importing may not be used in eval')







tomis/GUI/plugins/volume.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from GUI.plugins.base import *
import image
from .image import phase_kernel_range, phase_kernel
exported_classes = []

class Plugin3D(ProcessingPlugin):
    ''' Super class for 3D plugins

    defines get_settings() and set_settings()

    process_volume() must be defined for non-pure fourier filters, will always be called from a thread
    fourier filters define get_filter(), the filter process is done outside of the plugin
    if the filter is a pure fourier filter, use settings['fourier_inout'] = True, True
    if the filter takes fourier transformed input but normal output, use settings['fourier_inout'] = True, False
    ^^ this is allows fourier prefiltering of the input


    padding is done externally, you must define get_range() for this purpose (padding method is 'reflect')

    self.ui_properties must be a list with entries of one of the following forms:
    'name' # (a string, self.name must be the ui element)
    self.name.value/self.name.setValue/self.name.valueChanged will be used as get_function/set_function/change_signal
     (for float/int SpinBox, ValueComboBox, ValueSlider or ValueCheckBox)
    ('name', 'get_function' or get_function, 'set_function' or set_function, 'change_signal' or change_signal)
     (a 4-tuple)
    where either 'get_function'/'set_function' are names for class methods e.g. value/setValue
    or get_function/set_function are callables e.g. self.get_bin_factor/self.set_bin_factor
    The change_signal is used without parameter, to retrieve the value, the get_value function is used.

    for the first form, you can use the custom classes ValueSlider and ValueComboBox (= drop down menu),
    both have a set_values() function for setting the available values, value()/setValue() as get/set functions,
    and a valueChanged signal (warning: setValue will ignore invalid values)

    self.preview_defaults (dict) sets up the standard value range for the preview for all parameters that have a
    entry, parameters that have no entry are not shown (they refresh from the main window instead)
    the following types are allowed:
     - (number, stride, use_log) for a range centered around the current value in the plugin ui
                stride is the difference for linspace and the change fraction for logspace (e.g. 0.1 = 10 % per step, negative values are allowed)
     - a callable returning the range from the input arg current_val
    '''
    fourier_inout = (False, False)
    mem_usage_factor = 2
    info_text = None
    changes_shape = False
    author = '?'
    ui_properties = []
    ui_defaults = dict()

    def __init__(self, processing_widget):
        super().__init__(processing_widget)

    def get_settings(self, range_factor=1.):
        settings = ProcessingPlugin.get_settings(self)
        settings['fourier_inout'] = self.fourier_inout
        settings['mem_usage_factor'] = self.mem_usage_factor
        settings['filter_range'] = self.get_range(settings, range_factor)
        if np.all(settings['fourier_inout']):
            settings["paralellized_processing"] = image.fourier.pyfftw is not None
        return settings

    def get_summary(self):
        return ''

    def get_range(self, settings: Dict, factor=1.):
        raise NotImplementedError('Plugin3D subclass must define a get_range function')

class Worker3D(ProcessingWorker):
    # kernel function for fourier plugins
    def get_filter(self, block_shape, spatial_frequency_axes, settings: Dict):
        # spatial_frequency_axes is a 2-tuple with the spatial frequencies for (z, y, x)
        raise NotImplementedError('Plugin3D subclass must define get_filter function for fourier_inout[0] = True')

    def process_volume(self, volume_data, settings: Dict, filter_index, ranges_list):
        '''

        :param volume_data:
        :param settings:
        :param filter_index:
        :param ranges_list:
        :param volshape:            shape of the volume (block)
        :param volume_parts:        number of volume parts to process (for caching decisions e.g. FFTW planner effort)
        :return:
        '''
        raise NotImplementedError('Plugin3D subclass must define process_volume function for fourier_inout[1] = False')


class VolumeCalculationPlugin(Plugin3D):
    name = 'Arbitrary Calculation'
    fourier_inout = (False, False)
    mem_usage_factor = 3
    info_text = """
    <p> Arbitrary calculations, "v" is the name for the input and also the output.
    <p> It evaluates a python expression with eval() or exec() (for in-place).
    <p> WARNING: Because any python expression can be evaluated, this plugin can theoretically be used to execute malicious code if settings from an outside source are imported.
    <p> The numpy and scipy packages are available as e.g. sin, exp, ... .
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = VolumeCalculationWorker
        hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
        label1 = QLabel('Number of calculations:'); hbox1.addWidget(label1)
        self.number_calculations = PlainSpinBox(); hbox1.addWidget(self.number_calculations)
        self.number_calculations.setRange(1, 5)
        self.number_calculations.valueChanged.connect(self.update_ui_number_calculations)
        hbox1.addStretch()

        self.eval_text_widgets = []
        class EvalLabelChanger():
            def __init__(self, eval_label):
                self.eval_label = eval_label
            def __call__(self, value):
                if value:   self.eval_label.setText('')
                else:       self.eval_label.setText('v =')



        for k in range(self.number_calculations.maximum()):
            hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
            eval_label = QLabel(''); hbox.addWidget(eval_label)
            def change_eval_label(eval_label, value):
                if value:   eval_label.setText('')
                else:       eval_label.setText('v =')
            eval_edit = QLineEdit(''); hbox.addWidget(eval_edit)
            in_place_checkbox = ValueCheckBox('in place'); hbox.addWidget(in_place_checkbox)
            self.eval_text_widgets.append((eval_edit, in_place_checkbox, eval_label))
            label_changer = EvalLabelChanger(eval_label)

            in_place_checkbox.valueChanged.connect(label_changer)
            in_place_checkbox.setToolTip('do the calculations in-place, the expression may not return anything\n'
                                         'usage examples: "v += 1.42", "exp(v, out=v)"')

        self.ui_properties = ['number_calculations']
        self.ui_properties += [('eval_text_widgets[{}][0]'.format(k), 'text', 'setText', 'editingFinished') for k in range(5)]
        self.ui_properties += ['eval_text_widgets[{}][1]'.format(k) for k in range(5)]
        self.ui_defaults = dict()
        self.preview_defaults = dict()
        self.vbox.addStretch()
        self.update_ui_number_calculations()

    def update_ui_number_calculations(self):
        number_calculations = self.number_calculations.value()
        for k in range(self.number_calculations.maximum()):
            if k >= number_calculations:
                for j in range(3):
                    self.eval_text_widgets[k][j].hide()
            else:
                for j in range(3):
                    self.eval_text_widgets[k][j].show()

    def update_default_eval(self):
        eval_edit = self.sender()
        eval_text = eval_edit.text()
        if eval_text == '':
            eval_edit.setText('v')

class VolumeCalculationWorker(Worker3D):
    def process_volume(self, volume_data, settings, filter_index, ranges_list):
        v = volume_data
        for k in range(settings['number_calculations']):
            eval_text = settings['eval_text_widgets[{}][0]'.format(k)]
            common.misc.check_eval_string(eval_text)
            if not eval_text == '':
                if settings['eval_text_widgets[{}][1]'.format(k)]: # in-place calculation
                    exec(eval_text)
                else:
                    v = eval(eval_text)
            if v is None:
                raise TypeError('you must return a value')
        return v
exported_classes.append(VolumeCalculationPlugin)


class VolumePhaseRetrievalPlugin(Plugin3D):
    name = 'Phase Retrieval'
    fourier_inout = (True, True)
    last_phase_param = -1
    last_phase_param_before = -1
    mem_usage_factor = 3
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = VolumePhaseRetrievalWorker
        hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
        label1 = QLabel('Phase retrieval parameter:'); hbox1.addWidget(label1)
        self.phase_param = ValueLogFloatBox(25, change_manager=self.cm); hbox1.addWidget(self.phase_param)
        self.phase_param.setValue(10); self.phase_param.setMaximum(200)
        hbox2 = QHBoxLayout(); self.vbox.addLayout(hbox2)
        self.use_change_filter = ValueCheckBox('Change from current parameter:'); hbox2.addWidget(self.use_change_filter)
        self.phase_param_before = ValueLogFloatBox(25); hbox2.addWidget(self.phase_param_before)
        self.phase_param_before.setMaximum(120)

        self.ui_properties = ['phase_param', 'use_change_filter', 'phase_param_before']
        self.ui_defaults = dict(phase_param=10., use_change_filter=0, phase_param_before=0.)
        self.preview_defaults = dict(phase_param=(21, 0.2, True))
        self.vbox.addStretch()

    @property
    def info_text(self):
        return GUI.plugins.image.PhaseRetrievalPlugin.info_text+"""
            <p> The Fourier filter is applied as a volume filter on overlapping parts of the whole volume.
            """

    def get_range(self, settings, factor=1.):
        return phase_kernel_range(settings['phase_param'], phase_parameter_before=settings['phase_param_before'])*factor

class VolumePhaseRetrievalWorker(Worker3D):
    def get_filter(self, block_shape, spatial_frequency_axes, settings):
        spatial_frequency2 = image.fourier.abs_u2(spatial_frequency_axes)
        if settings['use_change_filter']:
            filter_kernel = (1. + spatial_frequency2*settings['phase_param_before']**2)
            filter_kernel /= (1 + spatial_frequency2*settings['phase_param']**2)
        else:
            filter_kernel = 1./(1. + spatial_frequency2*settings['phase_param']**2)
        del spatial_frequency2
        return filter_kernel
exported_classes.append(VolumePhaseRetrievalPlugin)


class TwoInterfacePhaseRetrievalPlugin(Plugin3D):
    name = 'Two Interface Phase Retrieval'
    last_volshape = None
    last_phase_inside = -1
    last_phase_outside = -1
    last_phase_data = -1
    fourier_inout = None  # is decided in get_settings()
    mem_usage_factor = 5
    info_text = """
    <p> Phase retrieval for two interfaces (multi material) based on the following paper:
    <p> M. Ullherr and S. Zabler. Correcting multi material artifacts from single material phase retrieved holo-tomograms with a simple 3d fourier method. Opt. Express , 23(25):32718–32727, 2015.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    show_steps = Signal()

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = TwoInterfacePhaseRetrievalWorker

        hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
        label1 = QLabel('phase retrieval parameters, outside:'); hbox1.addWidget(label1)
        self.phase_outside = ValueLogFloatBox(10, change_manager=self.cm); hbox1.addWidget(self.phase_outside)
        hbox2 = QHBoxLayout(); self.vbox.addLayout(hbox2)
        label2 = QLabel('inside:'); hbox2.addWidget(label2)
        self.phase_inside = ValueLogFloatBox(10, change_manager=self.cm); hbox2.addWidget(self.phase_inside)
        label3 = QLabel(', of input:'); hbox2.addWidget(label3)
        self.phase_data = ValueLogFloatBox(10, change_manager=self.cm);  hbox2.addWidget(self.phase_data)
        self.phase_data.setMaximum(200); self.phase_inside.setMaximum(200); self.phase_outside.setMaximum(200)

        hbox3 = QHBoxLayout(); self.vbox.addLayout(hbox3)
        label4 = QLabel('threshold:'); hbox3.addWidget(label4)
        self.threshold = ValueLogFloatBox(20, change_manager=self.cm); hbox3.addWidget(self.threshold)
        label7 = QLabel('threshold type:'); hbox3.addWidget(label7)
        self.threshold_type = ValueComboBox(); hbox3.addWidget(self.threshold_type)
        self.threshold_type.set_values(('less', 'greater'))
        self.use_threshold_2 = ValueCheckBox('use second threshold'); hbox3.addWidget(self.use_threshold_2)
        self.threshold_2 = ValueLogFloatBox(change_manager=self.cm); hbox3.addWidget(self.threshold_2)
        self.use_threshold_2.valueChanged.connect(self.update_ui_use_threshold_2)

        hbox4 = QHBoxLayout(); self.vbox.addLayout(hbox4)
        label6 = QLabel('mask smooth size:'); hbox4.addWidget(label6)
        self.mask_smooth_size = ValueIntBox(self.cm); self.mask_smooth_size.setRange(0, 10); self.mask_smooth_size.setValue(2)
        hbox4.addWidget(self.mask_smooth_size)
        self.use_renormalization = ValueCheckBox('use normalization');  hbox4.addWidget(self.use_renormalization)
        label5 = QLabel('fill value:'); hbox4.addWidget(label5)
        self.fill_value = ValueLogFloatBox(25, change_manager=self.cm); hbox4.addWidget(self.fill_value)
        self.use_renormalization.stateChanged.connect(self.update_ui_use_normalize); self.use_renormalization.setValue(2)


        label1.setToolTip('the phase retrieval parameter for the outside area,\n'
                          'the outside area is the one, where the masked filter is not applied')
        label2.setToolTip('the phase retrieval parameter for the inside area,\n'
                          'the inside area is, where the masked filter is applied')
        label3.setToolTip('phase retrieval parameter already applied to the input data\n'
                          'a value of zero corresponds to no phase retrieval\n'
                          'if this value is different form the "outside" parameter, an additional filter step is needed')
        label4.setToolTip('threshold to differentiate between the outside/inside areas')
        label5.setToolTip('fill this value outside of the mask as a rough estimate for\n'
                          'solving the border value problem at the edges of the mask\n'
                          'use filter normalization for a better result (is slower)')
        self.use_renormalization.setToolTip('use filter normalization to avoid the border value problem at the edges \n'
                                            'of the mask (makes the filter slower)')
        label6.setToolTip('recommended values: 2 or 4; smooth the mask with binary closing;\n'
                          'larger values are slower and smooth the mask more\n'
                          'smoothing element is a cube with rounded corners/edges\n\n'
                          'values <2 disable the mask smoothing')
        self.use_threshold_2.setToolTip('use a second threshold for the mask')

        self.ui_properties = ['phase_outside', 'phase_inside', 'phase_data', 'threshold', 'threshold_type',
                              'use_renormalization', 'fill_value', 'mask_smooth_size', 'use_threshold_2', 'threshold_2']
        self.preview_defaults = dict(phase_outside=(11, 0.1, True), phase_inside=(11, 0.1, True), threshold=(11, 0.02, True),
                                     fill_value=(11, 0.1, True), mask_smooth_size=lambda x: np.arange(1, 12))
        self.ui_defaults = dict(phase_outside=5, phase_inside=20, phase_data=0, threshold=1,
                                threshold_type='less', use_renormalization=2, fill_value=0., mask_smooth_size=2,
                                use_threshold_2=0, threshold_2=0.)
        self.vbox.addStretch()

        self.cache_hash = None
        self.image_view = None

    def do_show_steps(self):
        print('showing steps', [image.shape for image in self.step_images])
        if self.image_view is None:
            self.image_view = GUI.widgets.image_.ImageSliceView(arr=self.step_images, arr_ax=0)
        else:
            self.image_view.set_arr(self.step_images, 0)
        self.image_view.show()

    def update_ui_use_normalize(self):
        if self.use_renormalization.isChecked():
            self.fill_value.setDisabled(True)
        else:
            self.fill_value.setEnabled(True)

    def update_ui_use_threshold_2(self):
        self.threshold_2.setEnabled(self.use_threshold_2.isChecked())

    def get_settings(self, range_factor=1.):
        settings = Plugin3D.get_settings(self, range_factor)
        settings['fourier_inout'] = not np.isclose(settings['phase_outside'], settings['phase_data']), False
        settings['mem_usage_factor'] = self.mem_usage_factor + settings['use_renormalization']
        return settings

    def get_range(self, settings, factor=1.):
        phase_range_inside = image.fourier.phase_kernel_range(settings['phase_inside'],
                                         phase_parameter_before=settings['phase_outside'])
        prefilter_range = image.fourier.phase_kernel_range(settings['phase_outside'],
                                         phase_parameter_before=settings['phase_data'])
        phase_range = image.fourier.sum_pad_ranges((phase_range_inside, prefilter_range))
        mask_smooth_range = settings['mask_smooth_size']//2
        return max(phase_range*factor, mask_smooth_range)

class TwoInterfacePhaseRetrievalWorker(Worker3D):
    def get_filter(self, block_shape, spatial_frequency_axes, settings):
        spatial_frequency2 = image.fourier.abs_u2(spatial_frequency_axes)
        if not np.isclose(settings['phase_data'], 0.):
            filter_kernel = (1. + spatial_frequency2*settings['phase_data']**2)/(1 + spatial_frequency2*settings['phase_outside']**2)
        else:
            filter_kernel = 1./(1. + spatial_frequency2*settings['phase_outside']**2)
        del spatial_frequency2
        return filter_kernel

    def cache(self, settings, volshape):
        hash_dict = common.settings_hash.partial_dict_copy(settings, ('phase_outside', 'phase_inside'))
        hash_dict['volshape'] = volshape
        if self.cached_hash_different(hash_dict, ('phase_outside', 'phase_inside', 'volshape'), 0):
            if hasattr(self, 'filterer_phase'):
                del self.filterer_phase

            self.filterer_phase = image.fourier.FourierFilterer(volshape)
            spatial_frequency2 = self.filterer_phase.u_abs2()
            phase_filter = ((1 + spatial_frequency2*settings['phase_outside']**2)/
                            (1 + spatial_frequency2*settings['phase_inside']**2))
            self.filterer_phase.set_filter(phase_filter)
            del spatial_frequency2, phase_filter

        if self.cached_hash_different(hash_dict, ('volshape',), 1):
            # WARNING: different variables share memory for all arrays below
            # in all cases, this is possible because the arrays are never needed alternately
            self.mask = np.zeros(volshape, '?')
            self.inverse_mask = np.zeros(volshape, '?')
            if np.allclose(self.filterer_phase.padded_shape, 0):
                self.masked_volume = self.filterer_phase.arr
            else:
                self.masked_volume = np.zeros(volshape, 'f4')
            self.volume_corrected = self.masked_volume
            self.inverse_mask_volume = np.zeros(volshape, 'f4')
            self.renormalizer = self.inverse_mask_volume

        gc.collect()

    def process_volume(self, volume_data, settings, filter_index, ranges_list):
        self.cache(settings, volume_data.shape)
        # hint: first phase retrieval step is done externally (see get_filter())

        if settings['threshold_type'] == 'less':
            self.mask[:] = np.less(volume_data, settings['threshold'])
            if settings.get('use_threshold_2', 0):
                self.mask &= np.greater(volume_data, settings['threshold_2'])
        else:
            self.mask[:] = np.greater(volume_data, settings['threshold'])
            if settings.get('use_threshold_2', 0):
                self.mask &= np.less(volume_data, settings['threshold_2'])

        if settings['mask_smooth_size'] > 1:
            mask_padding = settings['mask_smooth_size']//2
            vol_slice = image.cropping.get_slice_subrange(filter_index, ranges_list, additional_range=mask_padding)
            footprint = image.misc.rounded_box_footprint(settings['mask_smooth_size'], 3)
            self.mask[vol_slice] = ndimage.binary_closing(self.mask[vol_slice], footprint)
            gc.collect()

        if settings['use_renormalization']:
            self.renormalizer[:, :, :] = self.filterer_phase.apply_filter(self.mask)
            np.fmax(self.renormalizer, 1e-5, out=self.renormalizer)

        np.logical_not(self.mask, out=self.inverse_mask)
        np.copyto(self.masked_volume, volume_data)

        if settings['use_renormalization']:
            np.copyto(self.masked_volume, 0., where=self.inverse_mask)
        else:
            np.copyto(self.masked_volume, settings['fill_value'], where=self.inverse_mask)

        self.volume_corrected = self.filterer_phase.apply_filter(self.masked_volume) # must not use self.masked_volume below here

        if settings['use_renormalization']:
            self.volume_corrected /= self.renormalizer
            np.copyto(self.volume_corrected, 0., where=self.inverse_mask)

        np.copyto(self.inverse_mask_volume, 0.0, where=self.mask) # must not use self.renormalizer below here
        np.copyto(self.inverse_mask_volume, volume_data, where=self.inverse_mask)
        if not settings['use_renormalization']:
            self.inverse_mask_volume[self.inverse_mask] -= settings['fill_value']

        self.volume_corrected += self.inverse_mask_volume

        return self.volume_corrected
exported_classes.append(TwoInterfacePhaseRetrievalPlugin)


class VolumeWienerDeconvolutionPlugin(Plugin3D):
    name = 'Wiener Deconvolution'
    fourier_inout = (True, True)
    last_params = -np.ones(5)
    mem_usage_factor = 3
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'


    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = VolumeWienerDeconvolutionWorker

        label = QLabel('<b>MTF deconvolution parameters:</b>');  self.vbox.addWidget(label)
        hbox_std = QHBoxLayout(); self.vbox.addLayout(hbox_std)
        std_label = QLabel('gaussian std:');  hbox_std.addWidget(std_label)
        self.deconv_std = ValueLogFloatBox(20);  hbox_std.addWidget(self.deconv_std)
        mu_label = QLabel('exponential mu:');  hbox_std.addWidget(mu_label)
        self.deconv_mu = ValueLogFloatBox(20);  hbox_std.addWidget(self.deconv_mu)

        label2 = QLabel('<b>noise suppression parameters:</b>');  self.vbox.addWidget(label2)
        hbox_wiener = QHBoxLayout(); self.vbox.addLayout(hbox_wiener)
        strength_label = QLabel('NSR:');  hbox_wiener.addWidget(strength_label)
        self.NSR = ValueLogFloatBox(10);  hbox_wiener.addWidget(self.NSR)
        self.NSR.setValue(0.05)
        reg_label = QLabel('regularization:');  hbox_wiener.addWidget(reg_label)
        self.reg = ValueLogFloatBox(25); self.reg.setValue(0.05);  hbox_wiener.addWidget(self.reg)
        self.reg.setRange(0.0, 1.0)
        alpha_label = QLabel('alpha:');  hbox_wiener.addWidget(alpha_label)
        self.alpha = ValueLogFloatBox(25); self.alpha.setValue(1);  hbox_wiener.addWidget(self.alpha)
        self.alpha.setRange(0.1, 10.0)

        label3 = QLabel('<b>other parameters:</b>');  self.vbox.addWidget(label3)
        hbox_other = QHBoxLayout(); self.vbox.addLayout(hbox_other)
        phase_label = QLabel('phase retrieval parameter for SNR:');  hbox_other.addWidget(phase_label)
        self.phase_param = ValueLogFloatBox(5);  hbox_other.addWidget(self.phase_param)
        self.phase_param.setValue(0.0); self.phase_param.setRange(0, 1e7)


        std_label.setToolTip('real space standard deviation of the gaussian psf in physical units (scaled by pixelsize)\n'
                             'negative values are interpreted as smoothing; MTF = exp(-2*pi**2*u**2*sigma**2)')
        mu_label.setToolTip('mu value of the exp MTF function (= 0.5*FWHM of Lorentz psf), MTF = exp(-u*mu*2*pi)')
        strength_label.setToolTip('sets the strength of the noise suppression; wiener filter = 1/(1 + NSR),\n'
                                  'NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter)**2')
        alpha_label.setToolTip('sets the form of the noise suppression, do not change this value without good reason\n'
                               '(higher values correspond to a weaker noise suppression)\n'
                               'wiener filter = 1/(1 + NSR), NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter)**2')
        phase_label.setToolTip('use this phase retrieval parameter for determining the SNR')

        self.ui_properties = ('deconv_std', 'deconv_mu', 'NSR', 'reg', 'alpha', 'phase_param')
        self.preview_defaults = dict(deconv_std=(21, 0.1, False), deconv_mu=(21, 0.1, False),
                                     NSR=(15, 0.4, True), reg=(11, 0.1, True))
        self.ui_defaults = dict(deconv_std=0., deconv_mu=0., NSR=0.05, reg=0.05, alpha=1, phase_param=0.)
        self.vbox.addStretch()

    @property
    def info_text(self):
        return GUI.plugins.image.WienerDeconvolutionPlugin.info_text+"""
            <p> The Fourier filter is applied as a volume filter on overlapping parts of the whole volume.
            """

    def get_range(self, settings, factor=1.):
        return (abs(settings['deconv_std'])*4 + abs(settings['deconv_mu'])*4 + 10)*factor  # rough estimate for now

class VolumeWienerDeconvolutionWorker(Worker3D):
    def get_filter(self, block_shape, spatial_frequency_axes, settings):
        spatial_frequency = image.fourier.abs_u(spatial_frequency_axes)
        filter_kernel = image.fourier.wiener_deconv_filter_analytic(spatial_frequency, 0.5, *tuple(settings[key] for key in
                                                        ('deconv_std', 'deconv_mu', 'NSR', 'reg', 'alpha')))
        del spatial_frequency
        return filter_kernel
exported_classes.append(VolumeWienerDeconvolutionPlugin)


class VolumeBackgroundVariationRemovalPlugin(Plugin3D):
    name = 'Background Variation Removal'
    info_text = """
        <p> Remove background variations from a volume image.
        <br> This is done by dividing by (/subtracting from) a (masked) average the data.
        <br> The masking can be used to reference the intensity to one material. Because the image segmentation usually
        only works after a rough background variation removal, this masking should be done in the second iteration
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = VolumeBackgroundVariationRemovalWorker

        self.ui_properties = ['averaging_iterations', 'avg_filter_form', 'correction_mode']
        hboxB = QHBoxLayout(); self.vbox.addLayout(hboxB)
        label2 = QLabel('averaging, iterations:'); hboxB.addWidget(label2)
        self.averaging_iterations = PlainSpinBox(); hboxB.addWidget(self.averaging_iterations)
        self.averaging_iterations.setRange(0, 3)
        avg_form_label = QLabel('averaging filter form:'); hboxB.addWidget(avg_form_label)
        self.avg_filter_form = ValueComboBox(); hboxB.addWidget(self.avg_filter_form)
        self.avg_filter_form.set_values(('gauss', 'lorentz'))
        label = QLabel('correction mode:'); hboxB.addWidget(label)
        self.correction_mode = ValueComboBox(); hboxB.addWidget(self.correction_mode)
        self.correction_mode.set_values(('divide', 'subtract'))
        hboxB.addStretch()

        self.avg_widgets = []
        self.averages = []
        self.avg_names = []
        avg_names = 'use_range', 'value_range_0', 'value_range_1', 'radius', 'use_normalize'
        for hbox_k in range(3):
            avg_hbox = QHBoxLayout(); self.vbox.addLayout(avg_hbox)
            #avg_label = QLabel('averaging:'); avg_hbox.addWidget(avg_label)
            std_label = QLabel('radius {}:'.format(hbox_k+1)); avg_hbox.addWidget(std_label)
            radius = ValueLogFloatBox(); avg_hbox.addWidget(radius)
            radius.setValue(15); radius.setDecimals(1); radius.setRange(1, 200)
            use_range = ValueCheckBox('value range {}:'.format(hbox_k+1)); avg_hbox.addWidget(use_range)
            use_range.setToolTip('absolute value range for the masked average')
            use_range.setValue(2)
            value_range_0 = ValueLogFloatBox(50 if hbox_k == 0 else 100); avg_hbox.addWidget(value_range_0)
            value_range_1 = ValueLogFloatBox(50 if hbox_k == 0 else 100); avg_hbox.addWidget(value_range_1)
            value_range_0.setValue(0.9); value_range_1.setValue(1.1)
            use_range.valueChanged.connect(value_range_0.setEnabled)
            use_range.valueChanged.connect(value_range_1.setEnabled)
            #use_normalize = ValueCheckBox('normalize'); avg_hbox.addWidget(use_normalize)
            #use_normalize.setValue(2)
            use_range.setToolTip('value range to include in averaging'+ (', absolute values' if hbox_k == 0 else ', relative values'))
            std_label.setToolTip('standard deviation of the averaging filter')
            self.avg_widgets.append((value_range_0, value_range_1, radius, use_range, std_label))
            self.averages.append(dict(value_range_0=value_range_0, value_range_1=value_range_1, radius=radius))

            #self.avg_names += ["averages[{}]['{}']".format(hbox_k, name) for name in ('value_range_0', 'value_range_1',
            #                                                                        'radius', 'use_normalize')]
            self.ui_properties += [('avg_{}_{}'.format(hbox_k, avg_names[k]), widget.value, widget.setValue,
                widget.valueChanged, widget) for k, widget in enumerate((use_range, value_range_0, value_range_1, radius))]

        self.preview_defaults = dict()
        for key in self.ui_properties:
            self.preview_defaults[key] = None
        for k in range(3):
            self.preview_defaults['avg_{}_value_range_0'.format(k)] = (21, .02, True)
            self.preview_defaults['avg_{}_value_range_1'.format(k)] = (21, .02, True)
        for k in range(10):
            self.preview_defaults['thr_{}_value'.format(k)] = (21, .02, True)

        self.averaging_iterations.valueChanged.connect(self.update_ui_number_avg_iter)
        #self.number_thresholds.valueChanged.connect(lambda val: print('set number_thresholds:', val))
        #self.averaging_iterations.valueChanged.connect(lambda val: print('set averaging_iterations:', val))
        self.update_ui_number_avg_iter()
        #print('self.ui_properties', self.ui_properties[:2])

    @property
    def mem_usage_factor(self):
        return 2 + 4*self.averaging_iterations.value()

    def update_ui_number_avg_iter(self):
        number = self.averaging_iterations.value()
        #print('show_number_avg_iter', number)
        for k in range(3):
            if k < number:
                for widget in self.avg_widgets[k]:
                    widget.show()
                    widget.setEnabled(True)
            else:
                for widget in self.avg_widgets[k]:
                    widget.hide()
                    widget.setDisabled(True)

    def get_range(self, settings, factor=1.):
        range_ = 0
        for k in range(settings['averaging_iterations']):
            range_ = max(range_, settings['avg_{}_radius'.format(k)])
        return range_*3*factor

    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = image.misc.rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range+1)//2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim*(slice(pad_length, -pad_length),)
            return np.copy(mask[unpad_slice])
        else:
            return mask

class VolumeBackgroundVariationRemovalWorker(Worker3D):

    def __init__(self):
        super().__init__()
        self.cache_hash = ''
        self.locavg_cache_hash = ''

    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = image.misc.rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range+1)//2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim*(slice(pad_length, -pad_length),)
            return np.copy(mask[unpad_slice])
        else:
            return mask

    def cache(self, settings, volshape):
        #print('cached\n', get_dict_summary(settings))
        hash_dict = common.settings_hash.partial_dict_copy(settings, ('avg_0_radius', 'avg_1_radius', 'avg_2_radius')[:settings['averaging_iterations']])
        hash_dict['volshape'] = volshape
        hash_dict['averaging_iterations'] = settings['averaging_iterations']
        hash_dict['avg_filter_form'] = settings['avg_filter_form']
        cache_hash = common.settings_hash.generate_hash_from_dict(hash_dict)
        #if cache_hash != self.cache_hash:
        if self.cached_hash_different(hash_dict, hash_dict.keys(), 0):
            self.filterers = []
            for k in range(settings['averaging_iterations']):
                filterer = image.fourier.FourierFilterer(volshape)
                filterer.pad_mode = dict(mode="constant", constant_values=0.0)
                coord = filterer.u_abs()
                if settings['avg_filter_form'] == 'lorentz':
                    average_kernel = image.fourier.MTF_exp(coord, settings['avg_{}_radius'.format(k)])
                else:
                    average_kernel = image.fourier.MTF_gauss(coord, settings['avg_{}_radius'.format(k)])
                #average_kernel[0, 0, 0] = np.sum(average_kernel)*1e-3
                # encode original values for normalization if nothing in range
                filterer.set_filter(average_kernel)
                self.filterers.append(filterer)
                #print('mean filter set with radius', settings['avg_{}_radius'.format(k)])
            self.cache_hash = cache_hash

    def cache_local_averaged_data(self, volume_data, settings):
        hash_dict = common.settings_hash.partial_dict_copy(settings, ('avg_0_radius', 'avg_1_radius', 'avg_2_radius')[:settings['averaging_iterations']])
        for k in range(settings['averaging_iterations']):
            hash_dict['avg_{}_value_range_0'.format(k)] = settings['avg_{}_value_range_0'.format(k)]
            hash_dict['avg_{}_value_range_1'.format(k)] = settings['avg_{}_value_range_1'.format(k)]
        hash_dict['volume_data'] = volume_data
        hash_dict['averaging_iterations'] = settings['averaging_iterations']
        hash_dict['correction_mode'] = settings['correction_mode']
        gc.collect()

        #locavg_cache_hash = generate_hash_from_dict(hash_dict)
        self.cache_step_images = []
        if self.cached_hash_different(hash_dict, hash_dict.keys(), 1) or not self.is_preview:
            self.local_averaged_data = None


            local_averaged_data = volume_data.astype("f8") #volume_data.astype('f4', copy=True)
            for k in range(settings['averaging_iterations']):
                #local_averaged_data = volume_data/local_average
                if settings['avg_{}_use_range'.format(k)]:
                    threshold_range = settings['avg_{}_value_range_0'.format(k)], settings['avg_{}_value_range_1'.format(k)]
                    mask = (threshold_range[0] < local_averaged_data) & (local_averaged_data < threshold_range[1])
                    #local_averaged_data *= mask
                    #print('fraction in range: {:.3f}'.format(mean(mask)))
                    self.cache_step_images.append(np.copy(mask[mask.shape[0]//2, :, :]))
                else:
                    mask = np.ones_like(local_averaged_data)
                local_average = self.filterers[k].apply_filter(local_averaged_data*mask, copy_mem=True)
                #del local_averaged_data
                #else: #    masked_data = zeros_like(data)  #    copyto(masked_data, data, where=~mask) #    masked_data *= num_reg#    copyto(masked_data, data, where=mask)#    mean_map = fourier_filterer.apply_filter(masked_data)#    del masked_data; gc.collect()
                #if settings['avg_{}_use_range'.format(k)]:
                normalizer = np.clip(self.filterers[k].apply_filter(mask.astype("f8", copy=False)), 1e-20, 1)
                local_average /= normalizer
                del normalizer; gc.collect()
                if settings['avg_{}_use_range'.format(k)]:
                    local_average = np.clip(local_average, threshold_range[0], threshold_range[1])
                if settings['correction_mode'] == 'divide':
                    local_averaged_data /= local_average
                else:
                    local_averaged_data -= local_average
                #print('generated local average', k, threshold_range, mean(local_averaged_data))
                self.cache_step_images.append(np.copy(local_averaged_data[local_averaged_data.shape[0]//2, :, :]))
            if self.is_preview:
                self.local_averaged_data = np.copy(local_averaged_data)
                return self.local_averaged_data
            else:
                return local_averaged_data
            #self.locavg_cache_hash = locavg_cache_hash

    def process_volume(self, volume_data, settings, filter_index, ranges_list):
        self.cache(settings, volume_data.shape)
        local_averaged_data = self.cache_local_averaged_data(volume_data, settings)
        return local_averaged_data
exported_classes.append(VolumeBackgroundVariationRemovalPlugin)


class VolumeSegmentationThresholdsPlugin(Plugin3D):
    name = 'Image Segmentation by Thresholds'
    info_text = """
        <p> Segments an input image into [number of thresholds + 1] different areas,
        based on the gray value of a voxel.
        The segmented areas can be smoothed with smooth > 2, this is done with
        binary opening+closing.
        The exclude option index removes falsely segmented areas at blurred edges
        and only works correctly for the lowest and uppermost material right now.
    """
    author = 'M. Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de'
    mem_usage_factor = 0.5

    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.worker = VolumeSegmentationThresholdsWorker

        hboxA = QHBoxLayout(); self.vbox.addLayout(hboxA)
        label1 = QLabel('number of thresholds:'); hboxA.addWidget(label1)
        self.number_thresholds = ValueIntBox((100, 300)); hboxA.addWidget(self.number_thresholds)
        self.number_thresholds.setRange(1, 10)
        label1.setToolTip('the number of materials is number of thresholds + 1\n'
                          'the lowest material is always background or air and is not listed')
        hboxA.addStretch()
        self.thr_0_use_excl = ValueCheckBox('exclude for background'); hboxA.addWidget(self.thr_0_use_excl)
        self.thr_0_use_excl.setToolTip('exclude material above and grow background area')
        label3 = QLabel('radius:'); hboxA.addWidget(label3)
        self.thr_0_excl_range = ValueLogFloatBox(); hboxA.addWidget(self.thr_0_excl_range)
        self.thr_0_excl_range.setValue(1.5); self.thr_0_excl_range.setRange(1, 15); self.thr_0_excl_range.setDecimals(1)

        self.ui_properties = ['number_thresholds', 'thr_0_use_excl', 'thr_0_excl_range']

        self.thresholds = []; self.threshold_widgets = []
        thr_names = 'value', 'smooth_val', 'use_excl', 'excl_range'
        #label = QLabel('relative thresholds for materials:'); hbox.addWidget(label)

        for thr_k in np.arange(1, 11):
            hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
            nr_label = QLabel('{}:'.format(thr_k+1)); hbox.addWidget(nr_label)
            thr_name = QLineEdit('threshold {}:'.format(thr_k)); hbox.addWidget(thr_name)
            thr_name.setToolTip('thresholds relative to the averaged image, averaged image = 1')
            label1 = QLabel('above'); hbox.addWidget(label1)
            label1.setToolTip('relative threshold above whose a matarial is assigned\n'
                              'the next threshold is the upper limit')
            value = ValueLogFloatBox(50); hbox.addWidget(value); value.setValue(0.1)
            label1a = QLabel('smooth:'); hbox.addWidget(label1a)
            smooth_val = ValueIntBox(); hbox.addWidget(smooth_val); smooth_val.setValue(1); smooth_val.setRange(1, 10)
            use_excl = ValueCheckBox('exclude'); hbox.addWidget(use_excl)
            use_excl.setToolTip('exclude material below around area')
            label3 = QLabel('radius:'); hbox.addWidget(label3)
            excl_range = ValueLogFloatBox(); hbox.addWidget(excl_range)
            excl_range.setValue(1.5); excl_range.setRange(1, 15); excl_range.setDecimals(1)
            use_excl.valueChanged.connect(excl_range.setEnabled)
            self.thresholds.append((value, use_excl, excl_range))
            self.threshold_widgets.append((value, smooth_val, use_excl, excl_range, nr_label, thr_name, label1, label1a, label3))
            self.ui_properties += [('thr_{}_{}'.format(thr_k, thr_names[k]), widget.value, widget.setValue,
                                    widget.valueChanged, widget) for k, widget in enumerate((value, smooth_val, use_excl, excl_range))]

            self.ui_properties.append(('thr_{}_thr_name'.format(thr_k), thr_name.text, thr_name.setText, None))

        self.preview_defaults = dict()
        for key in self.ui_properties:
            self.preview_defaults[key] = None
        for k in range(10):
            self.preview_defaults['thr_{}_value'.format(k)] = (21, .02, True)

        self.number_thresholds.valueChanged.connect(self.update_ui_number_thresholds)
        #self.number_thresholds.valueChanged.connect(lambda val: print('set number_thresholds:', val))
        #self.averaging_iterations.valueChanged.connect(lambda val: print('set averaging_iterations:', val))
        self.update_ui_number_thresholds()
        #print('self.ui_properties', self.ui_properties[:2])

        self.cache_hash = ''
        self.locavg_cache_hash = ''

    def update_ui_number_thresholds(self):
        number = self.number_thresholds.value()
        #print('show_number_thresholds', number)
        for k in range(10):
            if k < number:
                for widget in self.threshold_widgets[k]:
                    widget.show()
                    widget.setEnabled(True)
            else:
                for widget in self.threshold_widgets[k]:
                    widget.hide()
                    widget.setDisabled(True)

    def get_range(self, settings, factor=1.):
        range_ = 0
        for k in np.arange(settings['number_thresholds'])[1:]:
            range_ = max(range_, settings['thr_{}_smooth_val'.format(k)]//2)
        return range_

class VolumeSegmentationThresholdsWorker(Worker3D):
    def __init__(self):
        super().__init__()
        self.cache_hash = ''
        self.locavg_cache_hash = ''


    def smooth_mask(self, mask, smooth_range=2, pad=False):
        footprint = image.misc.rounded_box_footprint(smooth_range, mask.ndim)
        if pad:
            pad_length = (smooth_range+1)//2
            mask = pad(mask, pad_length, mode='edge')
        mask = ndimage.binary_opening(mask, footprint)
        mask = ndimage.binary_closing(mask, footprint)
        if pad:
            unpad_slice = mask.ndim*(slice(pad_length, -pad_length),)
            return np.copy(mask[unpad_slice])
        else:
            return mask


    def process_volume(self, volume_data, settings, filter_index, ranges_list):
        masks = [np.ones_like(volume_data, dtype='?'),]
        for thr_k in range(settings['number_thresholds']):
            threshold_fact = settings['thr_{}_value'.format(thr_k+1)]
            mask = volume_data > threshold_fact
            masks.append(mask)
        masks[0] = ~masks[1]

        morph_range = 0
        for mask_index in range(len(masks)):
            if mask_index > 0:
                morph_range = max(morph_range, settings['thr_{}_smooth_val'.format(mask_index)],
                                  settings['thr_{}_use_excl'.format(mask_index)])
            else:
                morph_range = max(morph_range, settings['thr_{}_use_excl'.format(mask_index)])
        #morph_subslice = slice(None,None), slice(None,None), slice(None,None) #
        morph_subslice = image.cropping.get_slice_subrange(filter_index, ranges_list, additional_range=morph_range)

        for mask_index in np.arange(1, len(masks)):
            smooth_range = settings['thr_{}_smooth_val'.format(mask_index)]
            if smooth_range > 1:
                masks[mask_index][morph_subslice] = self.smooth_mask(masks[mask_index][morph_subslice], smooth_range)
                vprint('morphology shape:', masks[mask_index][morph_subslice].shape)

        for mask_index in np.arange(len(masks)):
            if settings['thr_{}_use_excl'.format(mask_index)]:
                radius = settings['thr_{}_excl_range'.format(mask_index)]
                excl_index = mask_index + (-1 if mask_index > 0 else +1)
                #if 0 < mask_index < (len(masks)-1):
                #    masks[mask_index] &= masks[mask_index+1]

                fp = image.misc.circular_footprint(radius, masks[mask_index].ndim)
                remove_mask = ndimage.binary_dilation(masks[mask_index][morph_subslice], fp, iterations=2, mask=masks[excl_index][morph_subslice])
                masks[mask_index][morph_subslice] = ndimage.binary_dilation(masks[mask_index][morph_subslice], fp, mask=masks[excl_index][morph_subslice])
                masks[excl_index][morph_subslice] = ndimage.binary_erosion(masks[excl_index][morph_subslice] & ~masks[mask_index][morph_subslice], fp, mask=remove_mask)
                masks[excl_index][morph_subslice] = ndimage.binary_dilation(masks[excl_index][morph_subslice], fp, mask=remove_mask)
                #mask_views[mask_index][morph_subslice] = mask_views[mask_index][morph_subslice]
                #print('excluded for', mask_index, excl_index, radius)
                vprint('excl morphology shape:', masks[mask_index][morph_subslice].shape)

        for mask_index in range(len(masks)):
            #masks[mask_index][view_slices[mask_index]] = mask_views[mask_index]
            if mask_index < (len(masks)-1):
                masks[mask_index] &= ~masks[mask_index+1]

        segments = np.zeros(volume_data.shape, dtype='u1')
        for k, mask in enumerate(masks):
            segments[mask] = k
        #print('segmentation complete', ['{:.1%}'.format(mean(segments == k)) for k in range(len(masks))])
        #self.show_steps.emit()
        return segments
exported_classes.append(VolumeSegmentationThresholdsPlugin)







tomis/GUI/processing/__init__.py

from . import base, ct, image, preview, settings, special, volume






tomis/GUI/processing/base.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import threading, multiprocessing, gc, queue, datetime, psutil
import GUI.processing, GUI.widgets
from GUI.qt import *
import file, image
import common.misc as misc, common.opencl as cl
# some imports are moved to the end of this file to avoid circular import errors

worker_handler_refresh_time = 45


# ================  processing widgets   ================
class ProcessingWidget(QWidget):
    show_error = Signal(str, bool)  # second argument sets modality of the error window
    finished_signal = Signal()
    reader_prepared = Signal(bool)
    preview_finished = Signal()
    name = 'Processing'
    short_name = 'proc'
    default_settings = dict()

    folder_only_output = False

    def __init__(self, main_window, menuBar, name='', has_darks_refs=False, settings_format='', version_str=''):
        super().__init__()
        self.settings_format = settings_format
        self.version_str = version_str

        self.work_process_class = None
        self.worker = None
        self.preview = None
        self.mode = None

        self.cm = ChangeManager()

        self.plugins = ()
        self.main_window = main_window
        self.has_darks_refs = has_darks_refs
        self.next_step_widget = None
        self.dataSetsMenu = menuBar.addMenu('&'+name)
        self.add_data_set_action = QAction('&Add Data Set', self)
        self.add_data_set_action.triggered.connect(self.add_data_set)
        self.dataSetsMenu.addAction(self.add_data_set_action)
        self.dataSetsMenu.aboutToShow.connect(self.update_data_sets_menu)

        self.data_sets = DataSetsCollection(self.name)

        self.input_window = GUI.widgets.file_.InputConfigurationWindow(self, has_darks_refs=self.has_darks_refs)
        self.input_window.closed.connect(self.update_ui_from_data_sets)
        self.output_window = GUI.widgets.file_.OutputConfigurationWindow(self)
        if self.short_name == 'CT':
            self.new_data_set_dialog = GUI.widgets.misc.NewCTDataSetDialog(self)
        else:
            self.new_data_set_dialog = GUI.widgets.misc.NewDataSetDialog(self)
        self.groups_window = GUI.widgets.misc.GroupsWindow(self)

        self.vbox = QVBoxLayout()
        #self.vbox.setSizeConstraint(QLayout.SetDefaultConstraint)
        self.setLayout(self.vbox)

        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        vbox1 = QVBoxLayout(); hbox.addLayout(vbox1)
        hbox_name = QHBoxLayout(); vbox1.addLayout(hbox_name)
        label_name = QLabel('data set:'); hbox_name.addWidget(label_name)
        self.data_set_name = QLineEdit(); hbox_name.addWidget(self.data_set_name)
        self.data_set_name.textChanged.connect(self.update_name)
        self.data_set_name.setBaseSize(20, 400)
        self.summary_label = QLabel('[summary]'); vbox1.addWidget(self.summary_label)
        #self.summary_label.setMinimumSize(400, 40)

        vbox2 = QVBoxLayout(); hbox.addLayout(vbox2)
        #self.dataset_summary_label = QLabel(''); hbox.addWidget(self.dataset_summary_label)
        self.edit_input_button = QPushButton(' edit input '); vbox2.addWidget(self.edit_input_button)
        self.edit_input_button.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.MinimumExpanding)
        self.edit_input_button.setFixedSize(80, 30)
        self.edit_input_button.clicked.connect(self.show_input_window)
        self.edit_groups_button = QPushButton(' edit group  '); vbox2.addWidget(self.edit_groups_button)
        self.edit_groups_button.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.MinimumExpanding)
        self.edit_groups_button.setFixedSize(80, 30)
        self.edit_groups_button.clicked.connect(self.show_groups_window)
        #self.edit_groups_button.hide() # todo: test and remove


        vbox3 = QVBoxLayout(); hbox.addLayout(vbox3)
        #self.dataset_summary_label = QLabel(''); hbox.addWidget(self.dataset_summary_label)
        self.load_snapshot_button = QPushButton(' load snapshot '); vbox3.addWidget(self.load_snapshot_button)
        self.load_snapshot_button.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.MinimumExpanding)
        self.load_snapshot_button.setFixedSize(90, 30)
        self.load_snapshot_button.clicked.connect(self.load_snapshot_of_visible)
        self.save_snapshot_button = QPushButton('save snapshot'); vbox3.addWidget(self.save_snapshot_button)
        self.save_snapshot_button.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.MinimumExpanding)
        self.save_snapshot_button.setFixedSize(90, 30)
        self.save_snapshot_button.clicked.connect(self.save_snapshot_of_visible)
        self.save_snapshot_button.setToolTip('make a snapshot of the current processing settings (excluding input/output)\n'
                                             'or swap the current settings with the snapshot')

        vbox4 = QVBoxLayout(); hbox.addLayout(vbox4)
        self.new_data_set_button = QPushButton('  new  '); vbox4.addWidget(self.new_data_set_button)
        self.new_data_set_button.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.MinimumExpanding)
        self.new_data_set_button.setFixedSize(50, 30)
        self.new_data_set_button.clicked.connect(self.add_data_set_action.trigger)
        self.vbox.addSpacing(10)
        self.del_data_set_button = QPushButton('  delete  '); vbox4.addWidget(self.del_data_set_button)
        self.del_data_set_button.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.MinimumExpanding)
        self.del_data_set_button.setFixedSize(50, 30)
        self.del_data_set_button.clicked.connect(self.delete_current_data_set)

        self.no_data_set_disable_widgets = [self.load_snapshot_button, self.save_snapshot_button, self.del_data_set_button,
                                            self.edit_input_button, self.edit_groups_button, self.data_set_name]
        [widget.setDisabled(True) for widget in self.no_data_set_disable_widgets]

        self.preview_use_autoupdate = ValueCheckBox("automatic update")
        self.preview_use_autoupdate.valueChanged.connect(self.preview_use_autoupdate_toggled)

        self.do_thread = QtDoThread()
        self.do_thread.show_error.connect(self.show_error)
        #self.do_thread = CbDoThread()
        #self.handle_do_thread_return_timer = QTimer()
        #self.handle_do_thread_return_timer.timeout.connect(self.handle_do_thread_return)
        #self.handle_do_thread_return_timer.start(global_constants["worker_handler_refresh_time"])
        self.reader = None

        self.handle_worker_return_timer = QTimer()
        self.handle_worker_return_timer.timeout.connect(self.handle_worker_return)

        self.revive_start_button_timer = QTimer()
        self.revive_start_button_timer.timeout.connect(self.check_worker_finished)
        self.revive_start_button_timer.start(1000)

        self.show_error.connect(self.main_window.show_error)
        self.show_error.connect(lambda s, m: self.stop_processing())

        self.secondary_not_disabled_widgets = [self.data_set_name, self.new_data_set_button, self.del_data_set_button,
                                               self.edit_input_button]
        #self.lock_widgets = [self.data_set_name, self.edit_input_button, self.save_snapshot_button, self.new_data_set_button,
        #                     self.del_data_set_button, self.edit_groups_button]
        self.lock_widgets = []


        self.ui_show_busy = False
        self.is_busy = False

        self.preview_is_dirty = False
        self.preview_cache = []
        self.preview_cache_hashes = []
        self.preview_cache_sizes_GB = []
        self.preview_cache_max_GB = 2
        #self.preview_cache_size = 50
        self.block_preview = False
        self.preview_stopped = False

    def init_add_bottom_hbox(self):
        self.line = QFrame(); self.line.setFrameShape(QFrame.HLine); self.line.setFrameShadow(QFrame.Sunken)
        self.vbox.addWidget(self.line)
        hbox_bottom = QHBoxLayout(); self.vbox.addLayout(hbox_bottom)
        self.preview_button = QPushButton('show preview'); hbox_bottom.addWidget(self.preview_button)
        self.preview_button.setMinimumSize(200, 25)
        self.preview_button.clicked.connect(self.show_preview)
        self.lock_widgets.append(self.preview_button)

        hbox_bottom.addWidget(self.preview_use_autoupdate)
        self.preview_use_autoupdate.setChecked(True)
        hbox_bottom.addStretch()
        self.start_button = QPushButton('  start  '); hbox_bottom.addWidget(self.start_button)
        self.start_button.clicked.connect(self.start_processing)
        self.start_button.setMinimumSize(200, 25)

        hbox_progress = QHBoxLayout(); self.vbox.addLayout(hbox_progress)
        self.status_label = QLabel('ready'); hbox_progress.addWidget(self.status_label)
        self.status_label.setMinimumWidth(200)
        self.progress_bar = QProgressBar(); hbox_progress.addWidget(self.progress_bar)
        self.progress_bar.setValue(0)
        self.status_label.setSizeIncrement(1, 1); self.progress_bar.setSizeIncrement(1, 1)
        self.secondary_not_disabled_widgets += [self.preview_button, self.status_label, self.progress_bar]

    @property
    def preview_update_enabled(self):
        return self.preview_use_autoupdate.isChecked()

    def update_ui_preview_button(self, override=False):
        if self.preview.isVisible() and not override:
            self.preview_button.setText(" update preview ")
        else:
            self.preview_button.setText(" show preview ")

    def preview_use_autoupdate_toggled(self):
        if self.preview_use_autoupdate.isChecked():
            self.start_preview()

    def save_geometries(self, QSettings):
        save_geometry(QSettings, self)
        if self.preview is not None:
            save_geometry(QSettings, self.preview, parent=self)
        #else:
        #    QSettings.setValue(get_geometry_key(self.preview, self), self.preview_window_geometry)
        save_geometry(QSettings, self.input_window, parent=self)
        #save_geometry(QSettings, self.plugin_info_window, parent=self)

    def restore_geometries(self, QSettings):
        restore_geometry(QSettings, self)
        #self.preview_window_geometry = QSettings.value(self.geometry_key)
        restore_geometry(QSettings, self.preview, parent=self)
        restore_geometry(QSettings, self.input_window, parent=self)
        #restore_geometry(QSettings, self.plugin_info_window, parent=self)

    def closeEvent(self, QCloseEvent):
        if self.preview is not None:
            self.preview.close()
        self.input_window.close()
        if self.__class__.__name__ in ('ImageProcessingWidget', 'VolumeProcessingWidget'):
            self.data_set_plugins.plugin_info_window.close()
        elif self.__class__.__name__ == 'CTReconstructionWidget':
            self.plugin_info_window.close()
        elif self.__class__.__name__ == 'SpecialProcessingWidget':
            self.select_plugin_widget.plugin_info_window.close()

    def resetCursor(self):
        self.setCursor(Qt.ArrowCursor)
        if self.preview is not None:
            self.preview.resetCursor()

    def setBusyCursor(self):
        self.setCursor(Qt.BusyCursor)
        if self.preview is not None:
            self.preview.setBusyCursor()

    def clear_preview(self):
        # clear the preview display and reset the worker
        if self.preview is not None:
            self.preview.clear()
        self.stop_worker()

    def clear_preview_cache(self):
        del self.preview_cache[:]
        del self.preview_cache_hashes[:]
        gc.collect()

    def update_data_sets_menu(self):
        self.dataSetsMenu.clear()
        self.dataSetsMenu.addAction(self.add_data_set_action)
        self.dataSetsMenu.addSeparator()
        #test code:
        #self.data_set_ordered_names = list(iter(self.data_sets))
        ordered_data_sets = self.data_sets.get_ordered()
        for index, data_set in enumerate(ordered_data_sets):
            data_set_name = data_set['name']
            try:
                typ = '['+self.data_sets[data_set_name]['type'][:1]+']'
                if typ == '[n]': typ = ''
            except KeyError:
                typ=''
            if index < 10:  name = '&{} {} '.format(index+1, typ) + data_set_name
            else:           name = '{} {} '.format(index+1, typ) + data_set_name

            if data_set['group_id'] is not None:
                name += ' [' + self.data_sets['groups'][data_set['group_id']][0] + ']'

            action = QAction(name, self)
            action.setData(data_set['id'])
            action.triggered.connect(self.set_current_data_set_from_menu)
            self.dataSetsMenu.addAction(action)

    def show_input_window(self):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            #if self.preview is not None:
            #    self.preview.hide()
            if 'projs' in data_set['input']: path = data_set['input']['projs'].get('path', '')
            else:                   path = data_set['input'].get('path', '')
            self.input_window.images_read_widget.last_input_path = path
            self.input_window.show()
            self.update_summary()

    def show_groups_window(self):
        self.groups_window.update_groups()
        self.groups_window.exec_()

        group_id = self.groups_window.group_layout.group_selector.value()
        group_name = self.groups_window.group_layout.group_selector.currentText()
        if group_name not in ('[none]', ):
            self.data_sets.add_to_group(group_name, group_id, self.data_sets.get_current_data_set()['id'])
        else:
            self.data_sets.get_current_data_set()['group_id'] = None
        self.update_summary()

    def get_app_settings(self):
        settings = dict()
        settings['use_automatic_refresh'] = self.preview_use_autoupdate.value()
        return settings

    def set_app_settings(self, settings):
        self.preview_use_autoupdate.setValue(settings.get('use_automatic_refresh', 2))


    # work process handling
    def start_worker(self):
        if self.worker is None or self.mode == "processing":
            if self.worker is not None:
                self.stop_worker()
            self.worker = self.work_process_class(self.short_name, self.settings_format, self.version_str)
            if not self.handle_worker_return_timer.isActive():
                self.handle_worker_return_timer.start(worker_handler_refresh_time)
            print("initialized worker")
        elif not self.worker.is_alive():
            self.worker = None
            self.start_worker()

    def stop_worker(self):
        if self.worker is not None:
            if self.worker.is_alive:
                if hasattr(self.worker, "terminate"):
                    print("warning: terminated alive worker")
                    self.worker.terminate()
                else:
                    self.worker.cmd_queue.put(("stop_self",))
                    print("stop self sent to worker")
            self.worker = None

    def handle_worker_return(self):
        try:
            while self.worker is not None:
                ret_args = self.worker.ret_queue.get(block=False, timeout=0)
                ret_type = ret_args[0]
                #if ret_type not in ("status", "progress"):
                #    print("work process sent ret", ret_type)

                # status returns
                if ret_type == "status":
                    self.status_label.setText(ret_args[1])
                elif ret_type == "progress":
                    self.progress_bar.setValue(ret_args[1])

                # done returns
                elif ret_type == "done":
                    pass

                elif ret_type == "preview_done":
                    self.refresh_preview(*ret_args[1:])
                    self.is_busy = False
                    self.finished()

                # finish returns
                elif ret_type == "stopped":
                    pass
                elif ret_type == "finished":
                    self.check_worker_finished()
                elif ret_type == "error":
                    self.main_window.show_error.emit(*ret_args[1:])
                    self.preview_use_autoupdate.setValue(0)
                    pass
                elif ret_type == "terminate_worker":
                    self.worker.terminate()
                    print("worker process terminated")
                    self.worker = None
                else:
                    print("unhandled work process return:", ret_args)

        except queue.Empty:
            if self.worker is not None and not self.worker.is_alive():
                self.handle_worker_return_timer.stop()
                self.worker = None
                gc.collect()
                print("inactive worker cleaned up")

    def check_worker_finished(self):
        # required because writes may be deferred past worker code execution and happen during process cleanup at exit
        # (observed for reconstruction, queue mode using this writes as input can fail)
        if self.is_busy and self.worker is not None and self.worker.is_alive():
            QTimer.singleShot(20, self.check_worker_finished)
        elif self.is_busy:
            self.is_busy = False
            self.finished()

    # settings
    def get_settings(self):
        self.update_data_sets_from_ui()
        return self.data_sets

    def set_settings(self, settings, add_mode=False):
        self.block_preview = True # prevents preview from updating for every changed ui widget
        if 'data_sets' in settings:
            settings.update(settings['data_sets']) # import from settings format v1

        if add_mode:
            self.data_sets.add(settings)
        else:
            self.data_sets = DataSetsCollection(self.name, **settings)

        self.update_ui_from_data_sets()
        self.block_preview = False
        self.start_preview()

    # data set add/delete/rename...
    def add_data_set(self, *args, name=None, mode='new'):
        if not self.ui_show_busy and not self.main_window.locked:
            if name is not None: # for gui scripting
                if mode == 'duplicate':
                    self.data_sets.make_duplicate_of_current(name=name)
                elif mode == 'new':
                    self.data_sets.make_new(name=name)
                self.update_ui_from_data_sets()
            else:
                self.new_data_set_dialog.exec_()
                if self.new_data_set_dialog.close_state == 'duplicate':
                    self.data_sets.make_duplicate_of_current()
                elif self.new_data_set_dialog.close_state == 'new':
                    self.data_sets.make_new()
                else:
                    return
                if self.preview is not None:
                    self.preview.close()
                    self.stop_worker()
                self.update_ui_from_data_sets()

                if 0:
                    group_id = self.new_data_set_dialog.group_layout.group_selector.value()
                    group_name = self.new_data_set_dialog.group_layout.group_selector.currentText()
                    if group_name not in ('[none]', ):
                        self.data_sets.add_to_group(group_name, group_id, self.data_sets.get_current_data_set()['id'])
                    else:
                        self.data_sets.get_current_data_set()['group_id'] = None

                if self.new_data_set_dialog.show_input_config.isChecked():
                    self.input_window.show()

            self.progress_bar.setValue(0)
            self.current_data_set_changed()
            self.clear_preview()

    def delete_current_data_set(self):
        if not self.ui_show_busy:
            data_set = self.data_sets.get_current_data_set()
            answer = QMessageBox.information(self, 'Question',
                                             'Dou you want to delete the data set "{}"?\n(ID: {})'.format(data_set['name'], data_set['id']),
                                             QMessageBox.No | QMessageBox.Yes)
            if answer == QMessageBox.Yes:
                if self.preview is not None:
                    self.preview.close()
                self.data_sets.delete_visible()
                self.update_ui_from_data_sets()

    def open_data_set(self, id=None, save_current=True):
        if not self.ui_show_busy:
            self.block_preview = True
            if self.preview is not None:
                self.preview.close()
            if save_current:
                self.update_data_sets_from_ui()
            self.data_sets.set_current_data_set(id)
            self.update_ui_from_data_sets()
            self.update_summary()
            self.update_reader()
            self.current_data_set_changed()
            self.progress_bar.setValue(0)
            self.clear_preview()
            if self.preview is not None:
                self.preview.has_shown = False
            self.block_preview = False

    def current_data_set_changed(self):
        # method is called when the current data set has changed,
        # use if the ProcessingWidget must do something afterwards
        pass

    def set_current_data_set_from_menu(self):
        if not self.ui_show_busy:
            id = self.sender().data()
            self.open_data_set(id)
            self.main_window.tab_widget.setCurrentWidget(self)

    def update_ui_from_data_sets(self):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            self.input_window.set_settings(data_set)
            self.output_window.set_settings(data_set)
            self.data_set_name.setText(data_set['name'])
            for button in self.no_data_set_disable_widgets: button.setEnabled(True)
        else:
            for button in self.no_data_set_disable_widgets: button.setEnabled(False)
            self.data_set_name.setText('')
        self.update_summary()
        self.update_ui_snapshot()
        return data_set

    def update_data_sets_from_ui(self):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            data_set['name'] = self.data_set_name.text()
            self.input_window.get_settings(data_set)
            self.output_window.get_settings(data_set)
            return data_set
        else:
            return None

    def update_ui_snapshot(self):
        self.load_snapshot_button.setEnabled(self.data_sets.has_snapshot())

    def update_name(self):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            data_set['name'] = self.data_set_name.text()
            if self.main_window.queue_enabled:
                self.main_window.queue_widget.rename_item(data_set["id"], data_set["name"], self)

    def update_summary(self):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            text = ''
            tool_tip = 'full file paths:\n'
            if data_set['group_id'] is not None:
                text += 'Member of processing group "{}"\n'.format(self.data_sets['groups'][data_set['group_id']][0])

            try:
                if self.has_darks_refs:
                    input_settings = data_set['input']['projs']
                else:
                    input_settings = data_set['input']

                mode_names = 'Image files', 'Raw files', 'Raw Stack'
                mode = mode_names[input_settings['mode']]
                path = input_settings['path']

                text += 'Input: ' + mode + ' in "' + shorten_string(path, 38) + '"'
                tool_tip += 'Input: ' + mode + ' in "' + path+ '"'

                mode = mode_names[data_set['output']['mode']]
                path = data_set['output']['path']
                if path != '':
                    text += '\nOutput: ' + mode + ' in "' + shorten_string(path, 36) + '"'
                    tool_tip += '\nOutput: ' + mode + ' in "' + path + '"'
            except KeyError:
                text += 'invalid file input'
            self.summary_label.setText(text)
            self.summary_label.setToolTip(tool_tip)
        else:
            self.summary_label.setText("no data set")

    def save_snapshot_of_visible(self):
        self.update_data_sets_from_ui()
        self.data_sets.save_snapshot()
        self.update_ui_snapshot()

    def load_snapshot_of_visible(self):
        self.update_data_sets_from_ui()
        if self.data_sets.load_snapshot():
            self.update_ui_from_data_sets()
            self.start_preview()

    def preview_indicate_busy(self, is_busy=None):
        with self.preview.image_view:
            if is_busy is None:
                if self.is_busy:
                    self.preview.image_view.image_overlay = QColor(135, 206, 250, a=80)
                else:
                    self.preview.image_view.image_overlay = None
            else:
                if is_busy:
                    QTimer.singleShot(200, self.preview_indicate_busy)
                else:
                    self.preview.image_view.image_overlay = None

    # readers
    def update_reader(self, data_set=None):
        if data_set is None:
            data_set = self.data_sets.get_current_data_set()
        if data_set is not None and self.preview is not None and self.preview.isVisible():
            try:
                self.reader = file.volume.get_reader(data_set['input'], self.reader)
                return True
            except KeyError:
                pass
            except Exception as exc:
                self.show_error.emit(misc.get_exception_text_html(), True)
        return False

    def prepare_reader(self):
        #connect_once(self.do_thread.done, self.reader_prepared.emit)
        #self.do_thread.do(self.reader.prepare)
        pass

    # sweep
    def start_sweep(self, parameter_widget):

        self.block_preview = True
        sweep_dialog = SweepDialog(self, self.preview, parameter_widget)
        sweep_dialog.last_save_path = parameter_widget.last_save_path
        sweep_dialog.exec_()

        if sweep_dialog.use_values_list.isChecked():
            while self.preview.isVisible():
                try:
                    values_list = eval(sweep_dialog.values_list.text())
                    parameter_widget.slider.set_values(values_list)
                    parameter_widget.preview_default = lambda x: values_list
                    break
                except Exception as exc:
                    QMessageBox.warning(sweep_dialog, 'Error evaluating the values list', common.misc.get_exception_text_html() + '\n\nValues list given could not be evaluated.')
                    sweep_dialog.exec_()
        else:
            if not parameter_widget.changeable_stepsize:
                parameter_widget.preview_default = parameter_widget.preview_default_original
            sweep_dialog.update_param_slider()


        if self.__class__.__name__ == 'VolumeProcessingWidget':
            self.preview.set_area_button.click()

        self.block_preview = False

        if sweep_dialog.exit_state:
            parameter_widget.sweep()

    # processing functions
    def start_processing(self, skip_output_config=False, data_set=None):
        if self.preview is not None:
            self.preview.hide()
        self.mode = 'processing'
        if data_set is None:
            self.update_data_sets_from_ui()  # ignore_disabled=True
            data_set = self.data_sets.get_current_data_set()
        if data_set is None and not self.main_window.silent_mode:
            QMessageBox.warning(self, 'Processing canceled', 'No data set configured.')
            return

        if skip_output_config or self.main_window.silent_mode:
            if self.main_window.queue_enabled:
                self.main_window.queue_widget.add_to_queue(data_set['id'], data_set['name'], self, True)
            else:
                self.start()
            return
        try:
            if 'projs' in data_set['input']: path = data_set['input']['projs']['path']
            else:                   path = data_set['input']['path']
        except KeyError:
            QMessageBox.warning(self, 'Processing canceled', 'No valid file input configured, processing is canceled.')
            return

        self.output_window.setWindowTitle('Configure Output for "{}"'.format(data_set['name']))
        self.output_window.images_write_widget.last_input_path = os.path.split(path)[0]
        self.output_window.exec_()
        self.output_window.get_settings(data_set)
        if not self.output_window.can_continue:
            return
        if data_set["output"]["path"] == "":
            QMessageBox.warning(self, 'Processing canceled', 'No output folder/file given.')
            return
        self.update_summary()


        if self.main_window.queue_enabled:
            self.set_start_button(True)
            self.main_window.queue_widget.add_to_queue(data_set['id'], data_set['name'], self, True)
        else:
            self.start()

    def show_preview(self):
        if self.preview.isVisible():
            #self.preview.activateWindow()
            self.start_preview(override_preview_active=True)
        elif self.data_sets.get_current_data_set() is not None:
            self.preview.show()
            self.update_reader()
            self.update_ui_preview_button()
            #self.preview.activateWindow()
            self.preview.show_input(reset_viewport=True)
            if self.__class__.__name__ in ('ImageProcessingWidget', 'VolumeProcessingWidget'):
                if self.preview.current_params_widget is None:
                    self.preview.set_parameters_widget(self.data_set_plugins.get_current_plugin_widget())

    def start_preview(self, *args, override_preview_active=False):
        #import traceback
        #print('preview requested', traceback.print_stack(limit=5))
        if not self.block_preview and self.preview is not None:
            self.preview_stopped = False
            preview_active = self.preview_update_enabled
            if override_preview_active or self.preview.is_sweeping:
                preview_active = True
            if self.preview.isVisible() and preview_active:
                self.mode = 'preview'
                self.start()

    def start(self):
        self.update_data_sets_from_ui()
        data_set = self.data_sets.get_current_data_set(copy_set=True)

        if data_set is None:
            QMessageBox.information(self, 'No data set configured', 'Error: No data set is configured.')
            return

        key_combos = ('input', 'projs'), ('input', 'refs'), ('input', 'darks')
        for key_combo in key_combos:
            if key_combo[0] in data_set and key_combo[1] in data_set[key_combo[0]]:
                data_set[key_combo[0]][key_combo[1]]['base_folder'] = self.main_window.get_settings_folder()
        if 'input' in data_set:
            data_set['input']['base_folder'] = self.main_window.get_settings_folder()

        if self.__class__.__name__ in ('ImageProcessingWidget', 'VolumeProcessingWidget'):
            self.processing_widget_list = self.data_set_plugins.get_ordered_processing_widgets()

        if self.mode == 'processing':
            self.preview_is_dirty = False
            if self.main_window.app_settings['enable_autosave']:
                self.main_window.save_autosave()
            else:
                self.main_window.save_app_settings()
            if common.misc.get_free_memory() < 20:
                self.clear_preview_cache()
            preview_hash = None

        elif self.mode == 'preview':
            #print(get_dict_summary(data_set))
            preview_hash = data_set.hash(excluded_keys=('output', 'group_id', 'name',
                                                        'input_data_set', 'selected_processing_item_row'))
            if preview_hash in self.preview_cache_hashes:
                #print('cache hit:', preview_hash)
                index = self.preview_cache_hashes.index(preview_hash)
                self.preview.set_cached(self.preview_cache[index], preview_hash)
                self.guess_output_scaling(self.preview_cache[index][0])
                self.preview.show()
                self.preview_indicate_busy(False)
                return
            else:
                if self.is_busy:
                    #print('cache miss, dirty:', preview_hash)
                    self.preview_is_dirty = True
                    return
                else:
                    #print('cache miss, running:', preview_hash)
                    self.preview_is_dirty = False
        else:
            print('invalid mode')

        #print('starting work')
        self.refresh_is_busy(True)
        if self.mode == 'preview':
            self.preview_indicate_busy(True)
        self.is_busy = True
        self.start_work(data_set, preview_hash)

    def start_work(self, data_set, preview_hash=None):
        raise NotImplementedError('must be implemented in subclass')

    def stop_processing(self, *args, ask=True):
        if self.worker is not None:
            if not ask or self.main_window.silent_mode:
                do = True
            else:
                pressed = QMessageBox.warning(self, 'Stop', 'Do you want to stop processing?', QMessageBox.Ok | QMessageBox.Cancel)
                do = (pressed == QMessageBox.Ok)

            if do:
                self.worker.stop_queue.put(True)
                self.start_button.setText('stopping ...')

                if self.mode == "preview":
                    self.preview.hide()
                self.refresh_is_busy(False)

    def finished(self):
        self.start_button.setEnabled(True)
        self.refresh_is_busy(False)
        #self.stop_worker() # only effective for self.mode == "processing"
        self.finished_signal.emit()
        #self.stop_worker()

        #if self.work_process is not None:
        #    if self.sender() is not self.work_process.stopped:
        #        self.processing_cleanup()
        QTimer.singleShot(10000, self.reset_progress)

    def reset_progress(self):
        if self.__class__.__name__ in ('ImageProcessingWidget', 'CTReconstructionWidget', 'VolumeProcessingWidget'):
            if self.worker is not None:
                if not self.ui_show_busy:
                    self.progress_bar.setValue(0)
            else:
                self.progress_bar.setValue(0)

    def processing_cleanup(self, emit_finished=True):
        if hasattr(self, 'processing_widget_list'): del self.processing_widget_list
        #if emit_finished:
        #    self.finished_signal.emit()

    def refresh_is_busy(self, is_running):
        #print('refresh_is_busy()', is_running, self.ui_show_busy)
        #self.block_preview = is_running
        if (not is_running) and self.__class__.__name__ in ('ImageProcessingWidget', 'CTReconstructionWidget', 'VolumeProcessingWidget'):
            if self.is_busy:
                is_running = True
                QTimer.singleShot(1000, lambda: self.refresh_is_busy(False))
                #return

        if self.ui_show_busy != is_running:
            self.ui_show_busy = is_running
            #self.main_window.set_locked(is_running)
            for widget in self.lock_widgets:
                widget.setDisabled(is_running)

            if is_running:
                self.setBusyCursor()
            else:
                self.resetCursor()

            if hasattr(self.preview, 'area_select_button'):
                self.preview.area_select_button.setDisabled(is_running)

            try:
                if is_running:
                    self.start_button.clicked.connect(self.stop_processing)
                    self.start_button.clicked.disconnect(self.start_processing)
                else:
                    self.start_button.clicked.connect(self.start_processing)
                    self.start_button.clicked.disconnect(self.stop_processing)
            except TypeError: pass
            self.set_start_button(not is_running)
        #if not self.is_busy:
        #    self.status_label.setText('ready')

        if self.__class__.__name__ == 'SpecialProcessingWidget':
            self.select_plugin_widget.setEnabled(True)
            if self.select_plugin_widget.current_widget is not None:
                if self.select_plugin_widget.current_widget.supports_report_progress or not is_running:
                    self.progress_bar.show()
                else:
                    self.progress_bar.hide()

        if not is_running:
            self.processing_cleanup()

            if self.preview_is_dirty and not self.preview_stopped:
                self.start_preview()

    def set_start_button(self, enabled=True):
        if enabled:
            if self.main_window.queue_enabled:
                data_set = self.data_sets.get_current_data_set()
                if data_set is not None and data_set["id"] in self.main_window.queue_widget.processing_queue_items:
                    self.start_button.setText(' configure output ')
                else:
                    self.start_button.setText(' add to queue ')
            else:
                self.start_button.setText('  start  ')
        else:
            #if self.main_window.queue_enabled[0]:
            #    self.start_button.setText('   skip   ')
            #else:
                self.start_button.setText('  stop  ')

    def refresh_preview(self, preview_result, data_set, preview_hash):
        #if hasattr(self.preview, 'set_area_select_mode'):
        #    self.preview.set_area_select_mode(False)

        #is_first = len(self.preview_cache) == 0

        if preview_result is not None: # preview_result is None if preview was stopped
            self.preview.set_cached(preview_result, preview_hash)
            self.preview_cache.append(preview_result)
            self.preview_cache_hashes.append(preview_hash)
            try:
                self.preview_cache_sizes_GB.append(preview_result.nbytes/1024**3)
            except AttributeError:
                size_GB = 0.0
                for k in range(len(preview_result)):
                    size_GB += preview_result[k].nbytes/1024**3
                self.preview_cache_sizes_GB.append(size_GB)

            #print('preview cache', get_free_memory(), 5*self.preview_cache_sizes_GB[-1])
            while np.sum(self.preview_cache_sizes_GB) > self.preview_cache_max_GB or common.misc.get_free_memory() < 5*self.preview_cache_sizes_GB[-1]:
                if len(self.preview_cache) < 2:
                    break
                del self.preview_cache[0]
                del self.preview_cache_hashes[0]
                del self.preview_cache_sizes_GB[0]

            #self.status_label.setText('preview ready')
            self.preview.show()
            self.update_ui_preview_button()

            #self.preview.activateWindow()
            if self.__class__.__name__ in ('ImageProcessingWidget', 'VolumeProcessingWidget'):
                if self.preview.current_params_widget is None:
                    self.preview.set_parameters_widget(self.data_set_plugins.get_current_plugin_widget())

            if self.__class__.__name__ == 'ImageProcessingWidget':
                self.preview.image_index_slider.setRange(0, self.worker.nimages - 1)
                self.preview.image_index.setRange(0, self.worker.nimages - 1)
                step = (self.worker.nimages) // 25
                self.preview.image_index_slider.setSingleStep(step)

            if self.__class__.__name__ == 'CTReconstructionWidget' and self.preview.preview_slice.value() == -1:
                self.preview.preview_slice.setValue(data_set['preview_area']['slice'])

            self.guess_output_scaling(preview_result[0])
            if not self.preview.is_sweeping and not self.preview_is_dirty:
                self.preview_indicate_busy(False)
        else:
            self.preview_stopped = True

    def guess_output_scaling(self, preview_image):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None and data_set['output'].get('guess_output_scaling', 2):
            try:
                scale_min, scale_max = data_set['output']['value_range']
                data_set['output']['write_dtype'] = 'uint16'
                data_set['output']['do_rescale'] = 2
                vmin, vmax = np.nanpercentile(preview_image, (0.2, 99.8))
                diff = vmax-vmin
                vmin_ex, vmax_ex = vmin-diff, vmax+diff
                lower_out, upper_out = vmin_ex < scale_min, vmax_ex > scale_max
                if lower_out and upper_out:
                    data_set['output']['value_range'] = vmin_ex, vmax_ex
                elif lower_out:
                    data_set['output']['value_range'] = vmin_ex, scale_max
                elif upper_out:
                    data_set['output']['value_range'] = scale_min, vmax_ex
                self.output_window.set_settings(data_set)
            except KeyError:
                pass


class MultiplePluginsProcessingWidget(ProcessingWidget):
    def __init__(self, main_window, menuBar, plugins=(), name='', has_darks_refs=False, settings_format='', version_str=''):
        super().__init__(main_window, menuBar, name, has_darks_refs, settings_format, version_str)
        self.data_set_plugins = DataSetPluginsWidget(self, plugins)
        self.vbox.insertWidget(1, self.data_set_plugins)
        self.no_data_set_disable_widgets.append(self.data_set_plugins)
        self.init_add_bottom_hbox()


    # settings functions
    def update_ui_from_data_sets(self):
        data_set = ProcessingWidget.update_ui_from_data_sets(self)
        self.data_set_plugins.update_ui_from_data_set(data_set)
        if data_set is not None:
            self.preview.set_area_settings(data_set.get('preview_area', dict()))
            self.update_reader(data_set)

    def update_data_sets_from_ui(self):
        data_set = ProcessingWidget.update_data_sets_from_ui(self)
        if data_set is not None:
            self.data_set_plugins.update_data_set_from_ui(data_set)
            data_set['preview_area'] = self.preview.get_area_settings()

            if data_set['group_id'] is not None:
                self.data_sets.sync_group_from_current()

    # processing
    def get_func_settings_lists(self, current_plugin_index=None):
        plugin_list = []
        settings_list = []
        for plugin_info in self.processing_widget_list[:current_plugin_index]:
            if plugin_info[2]:
                plugin_list.append((plugin_info[0].worker, plugin_info[0].name))
                settings_list.append(plugin_info[1])
        return plugin_list, settings_list


    def start_work(self, data_set, preview_hash=None):
        #print('start_work_thread')
        self.main_window.app_settings_window.get_settings()
        self.start_worker()
        #data_set = self.data_sets.get_copy_of_current_data_set()
        worker_classes, settings_list = self.get_func_settings_lists()
        app_settings = dict()
        app_settings.update(self.main_window.app_settings)
        app_settings.update(self.main_window.app_settings[self.name])

        if self.mode == 'show_preview':
            widget = self.data_set_plugins.get_current_plugin_widget()
            if widget is not self.preview.current_params_widget:
                self.preview.set_parameters_widget(widget)

            self.update_reader(data_set)
            self.resetCursor()
            #connect_once(self.reader_prepared, lambda: self.preview.set_area_select_mode(True))
            connect_once(self.do_thread.done, self.preview.show)
            self.do_thread.do(self.reader.prepare)

            self.status_label.setText('preview ready')
            self.refresh_is_busy(False)

        else:
            settings = dict(**data_set)
            self.worker.cmd_queue.put((self.mode, settings, worker_classes, settings_list, app_settings, preview_hash))

    #def refresh_is_busy(self, is_running):
    #    ProcessingWidget.refresh_is_busy(self, is_running)
    #    self.data_set_plugins.set_locked(is_running)


class QueueWidget(QWidget):
    def __init__(self, main_window):
        super().__init__()
        self.main_window = main_window
        self.setFixedWidth(300)
        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setAlignment(Qt.AlignTop)
        self.title = QLabel('<b>Processing Queue:</b>'); vbox.addWidget(self.title)

        self.data_sets_list = TasksListWidget(); vbox.addWidget(self.data_sets_list)
        self.data_sets_list.itemActivated.connect(self.select_data_set)
        self.data_sets_list.item_removed.connect(self.remove_id_from_queue)

        self.processing_queue_items = dict()

        self.status_label = QLabel('queue ready'); vbox.addWidget(self.status_label)
        self.status_label.setMinimumWidth(150)
        hbox_bottom = QHBoxLayout(); vbox.addLayout(hbox_bottom)
        self.add_all_button = QPushButton(' add all  '); hbox_bottom.addWidget(self.add_all_button)
        self.add_all_button.clicked.connect(self.main_window.add_all_to_queue)
        self.start_button = QPushButton('    start   '); hbox_bottom.addWidget(self.start_button)
        #self.start_button.setMinimumSize(120, 30)
        self.start_button.clicked.connect(self.main_window.start_queue)

        self.active_widgets = self.start_button, self.add_all_button, self.data_sets_list

    def clear_queue(self):
        self.data_sets_list.clear()
        self.processing_queue_items = dict()

    def set_queue_is_busy(self, val):
        self.data_sets_list.setDisabled(val)
        self.add_all_button.setDisabled(val)
        if val:
            self.start_button.clicked.disconnect(self.main_window.start_queue)
            self.start_button.clicked.connect(self.main_window.stop_queue)
            self.start_button.setText('   stop    ')
        else:
            self.start_button.clicked.disconnect(self.main_window.stop_queue)
            self.start_button.clicked.connect(self.main_window.start_queue)
            self.start_button.setText('   start    ')
            self.status_label.setText('queue ready')

    def select_data_set(self, item):
        proc_widget = self.main_window.get_processing_widget(item.data(34))
        self.main_window.select_tab(proc_widget=proc_widget)
        proc_widget.open_data_set(item.data(33))

    def add_to_queue(self, id, name, processing_widget, enabled):
        vis_name = '[' + processing_widget.short_name + '] ' + name
        if id in self.processing_queue_items:
            data_set_item = self.processing_queue_items[id]
        else:
            # check for needed output from prior data sets
            try:
                input_data_set = processing_widget.data_sets[name]['input_data_set']
                if input_data_set[0] is not None:
                    other_proc_widget = self.main_window.get_processing_widget(input_data_set[1])
                    other_data_set = other_proc_widget.data_sets.get_current_data_set()
                    self.add_to_queue(input_data_set[0], other_data_set["name"], other_proc_widget, True)
            except KeyError:
                pass

            data_set_item = QListWidgetItem()
            self.data_sets_list.addItem(data_set_item)
            #self.data_sets_list.setItemSelected(data_set_item, True)
            self.processing_queue_items[id] = data_set_item
        try:
            data_set_item.setData(0, vis_name)
            data_set_item.setData(33, id)
            data_set_item.setData(34, processing_widget.short_name)
            data_set_item.setCheckState(Qt.CheckState(2*enabled))
            if not processing_widget.is_busy:
                processing_widget.set_start_button(True)
        except RuntimeError: # to catch RuntimeError: wrapped C/C++ object of type QListWidgetItem has been deleted
            self.processing_queue_items.pop(id, None)
        #print("self.processing_queue_items", len(self.processing_queue_items))

    def remove_from_queue(self, index):
        item_id, proc_name, is_enabled = self.get_ordered_queue_items()[index]
        del self.processing_queue_items[item_id]
        #print("remove_from_queue", len(self.processing_queue_items))

    def remove_id_from_queue(self, item_id):
        item = self.processing_queue_items.pop(str(item_id), None)
        if item is not None:
            proc_widget = self.main_window.get_processing_widget(item.data(34))
            if not proc_widget.is_busy:
                proc_widget.set_start_button(True)
        #print("remove_id_from_queue", item_id, type(item_id), len(self.processing_queue_items), item, self.processing_queue_items)

    def rename_item(self, id, name, processing_widget):
        if id in self.processing_queue_items:
            data_set_item = self.processing_queue_items[id]
            try:
                vis_name = '[' + processing_widget.short_name + '] ' + name
                data_set_item.setData(0, vis_name)
            except RuntimeError:
                pass

    def set_queue_item_enabled(self, item_entry, val):
        for index in range(self.data_sets_list.count()):
            item = self.data_sets_list.item(index)
            if item.data(33) == item_entry[0] and item.data(34) == item_entry[1]:
                item.setCheckState(Qt.CheckState(2*val))

    def set_queue_items(self, queue_items):
        self.data_sets_list.clear()
        for id, short_name, enabled in queue_items:
            proc_widget = self.main_window.get_processing_widget(short_name)
            try:
                name = proc_widget.data_sets[id]['name']
            except KeyError:
                name = '[invalid data set]'
            self.add_to_queue(id, name, proc_widget, enabled)

    def get_ordered_queue_items(self, skip_disabled=False, add_items=False):
        items_list = []
        for index in range(self.data_sets_list.count()):
            item = self.data_sets_list.item(index)
            if (not skip_disabled or item.checkState()) and not item.isHidden():
                if add_items:
                    items_list.append((item.data(33), item.data(34), int(item.checkState())//2, item))
                else:
                    items_list.append((item.data(33), item.data(34), int(item.checkState())//2))
        return items_list

    def set_locked(self, lock):
        for widget in self.active_widgets:
            widget.setDisabled(lock)


class DataSetPluginsWidget(QWidget):
    def __init__(self, processing_widget: ProcessingWidget, plugins=()):
        super().__init__()
        self.processing_widget = processing_widget
        self.plugins = plugins

        self.plugin_info_window = InfoWindow('ImInfo about ... plugin')

        self.vbox = QVBoxLayout()
        self.setLayout(self.vbox)

        hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
        label = QLabel('<b>Plugins:</b>'); hbox1.addWidget(label)
        self.plugin_selector = QComboBox(); hbox1.addWidget(self.plugin_selector)

        self.add_plugin_button = QPushButton('   add   '); hbox1.addWidget(self.add_plugin_button)
        self.add_plugin_button.clicked.connect(self.add_to_processing)

        self.processing_list = TasksListWidget(); self.vbox.addWidget(self.processing_list)

        plugin_label_hbox = QHBoxLayout(); self.vbox.addLayout(plugin_label_hbox)
        self.config_label = QLabel('<b>Plugin Configuration:</b>'); plugin_label_hbox.addWidget(self.config_label)
        plugin_label_hbox.addStretch()
        self.plugin_info_button = QPushButton('    show info    '); plugin_label_hbox.addWidget(self.plugin_info_button)
        self.plugin_info_button.clicked.connect(self.toggle_plugin_info)
        self.plugin_remove_button = QPushButton('    remove    '); plugin_label_hbox.addWidget(self.plugin_remove_button)
        self.plugin_remove_button.clicked.connect(self.processing_list.remove_selected_items)

        self.current_plugin_stacked_widget = QStackedWidget(); self.vbox.addWidget(self.current_plugin_stacked_widget)
        self.current_plugin_stacked_widget.setFrameStyle(QFrame.Box | QFrame.Sunken)
        self.vbox.addSpacing(10)
        self.vbox.addStretch()

        self.processing_list.currentItemChanged.connect(self.change_processing_item)
        self.processing_list.item_removed.connect(self.remove_from_processing)

        self.set_plugins(plugins)

        self.plugin_index = 0
        self.plugin_widgets = []
        self.selected_processing_item_row = 0


    def set_locked(self, lock):
        self.current_plugin_stacked_widget.setDisabled(lock)
        self.add_plugin_button.setDisabled(lock)
        self.plugin_remove_button.setDisabled(lock)
        self.plugin_selector.setDisabled(lock)
        self.processing_list.setDisabled(lock)

    def set_plugins(self, plugins=()):
        self.plugins = dict()
        current_names = []
        for plugin in plugins:
            self.plugins[plugin.name] = plugin
            current_names.append(plugin.name)
        for index in range(self.processing_list.count()):
            item = self.processing_list.item(index)
            name = item.data(33)
            if name not in current_names:
                item.setHidden(True)
            else:
                item.setHidden(False)
        self.plugin_selector.clear()
        for plugin_name in sorted(self.plugins.keys()):
            self.plugin_selector.addItem(plugin_name)

    def toggle_plugin_info(self):
        if self.plugin_info_window.isVisible():
            self.plugin_info_window.close()
        else:
            self.plugin_info_window.show()
            self.refresh_plugin_info_window()

    def refresh_plugin_info_window(self):
        widget = self.current_plugin_stacked_widget.currentWidget()
        if widget is not None:
            info_text = widget.info_text + '<p> Plugin author: ' + widget.author
            self.plugin_info_window.setText(info_text)
            self.plugin_info_window.setWindowTitle('ImInfo for {} plugin'.format(widget.name))

    def refresh_ui_plugin_info(self):
        widget = self.current_plugin_stacked_widget.currentWidget()
        if widget is not None:
            has_info = self.current_plugin_stacked_widget.currentWidget().info_text is not None
        else:
            has_info = False
        if has_info:
            self.plugin_info_button.setEnabled(True)
            self.plugin_info_button.setText('    show info    ')
            self.refresh_plugin_info_window()
        else:
            self.plugin_info_button.setDisabled(True)
            self.plugin_info_button.setText(' no info for this plugin ')
            self.plugin_info_window.close()

    def get_current_plugin_widget(self):
        #return self.plugin_widgets[self.processing_list.item(self.selected_processing_item_row).data(32)]
        return self.current_plugin_stacked_widget.currentWidget()

    def select_plugin(self, plugin_name):
        index = self.plugin_selector.findText(plugin_name)
        self.plugin_selector.setCurrentIndex(index)

    # processing list
    def add_to_processing(self, plugin_name=None, settings=None, check_state=2):
        if type(plugin_name) is not str:
            plugin_name = self.plugin_selector.currentText()
        widget = self.plugins[plugin_name](self.processing_widget)
        if settings is not None:
            widget.set_settings(settings)
        plugin_item = QListWidgetItem()
        plugin_item.setData(0, plugin_name)#  + ':') # may be the summary later
        plugin_item.setData(32, str(self.plugin_index)) # 32 is the first allowed index for custom data
        self.plugin_widgets.append(widget)
        plugin_item.setData(33, plugin_name)
        plugin_item.setCheckState(Qt.CheckState(check_state))
        #plugin_item.emitter.checkStateChanged.connect(self.processing_widget.start_preview)
        #plugin_item.emitter.checkStateChanged.connect(lambda k: print('state changed', k))
        self.plugin_index += 1
        self.current_plugin_stacked_widget.addWidget(widget)
        self.processing_list.addItem(plugin_item)
        #self.processing_list.setItemSelected(plugin_item, True)
        self.select_processing_item(plugin_item)


    def remove_from_processing(self, index):
        index = int(index)
        widget = self.plugin_widgets[index]
        if widget is not None:
            self.current_plugin_stacked_widget.removeWidget(widget)
            self.plugin_widgets[index] = None
            widget.close()

    def change_processing_item(self, new_QListWidgetItem, old_QListWidgetItem):
        if new_QListWidgetItem is not None:
            self.select_processing_item(new_QListWidgetItem)

    def select_processing_item(self, QListWidgetItem):
        widget = self.plugin_widgets[int(QListWidgetItem.data(32))]
        preview = self.processing_widget.preview
        self.selected_processing_item_row = self.processing_list.row(QListWidgetItem)
        self.current_plugin_stacked_widget.setCurrentWidget(widget) # gives errors?
        self.config_label.setText('<b>Plugin Configuration for {}:</b>'.format(widget.name))
        self.refresh_ui_plugin_info()
        if preview is not None and preview.isVisible():
            #if widget is not preview.current_params_widget:
                preview.set_parameters_widget(widget)

    def get_ordered_processing_widgets(self):
        widget_list = []
        if self.processing_widget.mode == "preview" and self.processing_widget.__class__.__name__ == 'VolumeProcessingWidget':
            kwargs = dict(range_factor=self.processing_widget.preview.pad_factor.value())
        else:
            kwargs = dict()
        for index in range(len(self.plugin_widgets)):
            item = self.processing_list.item(index)
            if self.plugin_widgets[index] is not None:
                widget = self.plugin_widgets[int(item.data(32))]
                widget_list.append((widget, widget.get_settings(**kwargs), int(item.checkState())))
        return widget_list

    def clear_processing_list(self):
        for widget in self.plugin_widgets:
            self.current_plugin_stacked_widget.removeWidget(widget)
        del self.plugin_widgets[:]
        self.processing_list.clear()
        self.plugin_index = 0


    # settings functions
    def update_data_set_from_ui(self, data_set, ignore_disabled=False):
        if data_set is not None:
            processing_list = []
            for plugin_info in self.get_ordered_processing_widgets():
                try:
                    if ignore_disabled:
                        if plugin_info[2]:
                            processing_list.append((plugin_info[0].name, plugin_info[1], plugin_info[2]))
                    else:
                        processing_list.append((plugin_info[0].name, plugin_info[1], plugin_info[2]))
                except (KeyError, AttributeError): pass
            data_set['processing_list'] = processing_list
            data_set['selected_processing_item_row'] = self.selected_processing_item_row
            data_set['processing_type'] = self.processing_widget.name
            #if self.processing_widget.preview.area_select_mode_active is not None: #  why?
            #    data_set['preview_area'] = self.processing_widget.preview.get_area_settings()


    def update_ui_from_data_set(self, data_set):
        if data_set is not None:
            self.selected_processing_item_row = data_set.get('selected_processing_item_row', 0)

            self.clear_processing_list()
            try:
                for name, settings, check_state in data_set.get('processing_list', []):
                    try:
                        self.add_to_processing(name, settings, check_state)
                    except KeyError: pass
            except KeyError: pass

            try:
                item = self.processing_list.item(data_set.get('selected_processing_item_row', 0))
                if item is not None:
                    self.select_processing_item(item)
                    self.processing_list.setItemSelected(item, True)
                self.preview.refresh_parameters_from_external()
            except (KeyError, AttributeError): pass
            self.processing_list.setCurrentRow(self.selected_processing_item_row)

        else:
            self.clear_processing_list()


class SelectPluginWidget(QWidget):
    def __init__(self, processing_widget, plugins=()):
        super().__init__()
        self.processing_widget = processing_widget
        self.plugins = plugins

        self.plugin_info_window = InfoWindow('ImInfo about ... plugin')

        self.vbox = QVBoxLayout()
        self.setLayout(self.vbox)

        hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
        label = QLabel('<b>Available plugins:</b>'); hbox1.addWidget(label)
        self.plugin_selector = QComboBox(); hbox1.addWidget(self.plugin_selector)

        self.set_plugin_button = QPushButton('   set   '); hbox1.addWidget(self.set_plugin_button)
        self.set_plugin_button.clicked.connect(self.set_current_plugin)
        self.plugin_info_button = QPushButton('  show info '); hbox1.addWidget(self.plugin_info_button)
        self.plugin_info_button.clicked.connect(self.toggle_plugin_info)

        self.plugin_label = QLabel('<b>Selected plugin: [none]</b>'); self.vbox.addWidget(self.plugin_label)

        self.set_plugin_button.setDisabled(True)
        self.spacer = QSpacerItem(0, 0, QSizePolicy.Minimum, QSizePolicy.Expanding)
        self.spacer_visible = True
        self.vbox.addSpacerItem(self.spacer)

        #self.current_plugin_stacked_widget = QStackedWidget(); self.vbox.addWidget(self.current_plugin_stacked_widget)
        #self.current_plugin_stacked_widget.setFrameStyle(QFrame.Box | QFrame.Sunken)
        self.vbox.addSpacing(10)

        self.set_plugins(plugins)

        self.current_widget = None
        self.plugin_selector.currentIndexChanged.connect(self.select_plugin)
        self.plugin_widgets = dict()
        self.select_plugin()


    def set_locked(self, lock):
        self.current_plugin_stacked_widget.setDisabled(lock)
        self.set_plugin_button.setDisabled(lock)
        self.plugin_selector.setDisabled(lock)

    def select_plugin(self):
        plugin_name = self.plugin_selector.currentText()
        if self.current_widget is not None:
            if self.current_widget.name == plugin_name:
                self.set_plugin_button.setDisabled(True)
            else:
                self.set_plugin_button.setDisabled(False)
        else:
            self.set_plugin_button.setDisabled(False)

    def close(self):
        for key in self.plugin_widgets:
            self.plugin_widgets[key].close()

    def set_plugins(self, plugins=()):
        self.plugins = dict()
        current_names = []
        for plugin in plugins:
            self.plugins[plugin.name] = plugin
            current_names.append(plugin.name)
        self.plugin_selector.clear()
        for plugin_name in sorted(self.plugins.keys()):
            self.plugin_selector.addItem(plugin_name)

    def set_current_plugin(self):
        data_set = self.processing_widget.data_sets.get_current_data_set()
        if data_set is not None:
            data_set['selected_plugin'] = self.plugin_selector.currentText()
            self.processing_widget.update_ui_from_data_sets()

    def set_current_plugin_widget(self, plugin_name=None):
        if self.current_widget is not None:
            self.processing_widget.update_data_sets_from_ui()
            self.current_widget.hide()
            self.current_widget = None

        if plugin_name is not None:
            self.plugin_label.setText('<b>Plugin {}:</b>'.format(plugin_name))
            if self.spacer_visible:
                self.vbox.takeAt(2)
                self.spacer_visible = False
            if plugin_name in self.plugin_widgets:
                self.current_widget = self.plugin_widgets[plugin_name]
            else:
                self.current_widget = self.plugins[plugin_name](self.processing_widget)
                self.current_widget.progress_changed.connect(self.processing_widget.progress_bar.setValue)
                self.current_widget.status_changed.connect(self.processing_widget.status_label.setText)
                self.current_widget.show_error.connect(self.processing_widget.main_window.show_error)
                self.plugin_widgets[plugin_name] = self.current_widget
                self.vbox.addWidget(self.current_widget)
                self.current_widget.setContentsMargins(0, 0, 0, 0)
                #self.current_plugin_stacked_widget.addWidget(self.current_widget)

            #self.current_plugin_stacked_widget.setCurrentWidget(self.current_widget)
            self.current_widget.show()
            self.plugin_selector.setCurrentText(plugin_name)
            self.plugin_info_button.setEnabled(True)
            self.select_plugin()


    def toggle_plugin_info(self):
        if self.plugin_info_window.isVisible():
            self.plugin_info_window.close()
        else:
            self.plugin_info_window.show()
            self.refresh_plugin_info_window()

    def refresh_plugin_info_window(self):
        plugin_name = self.plugin_selector.currentText()
        if plugin_name != '':
            info_text = self.plugins[plugin_name].info_text + '<p> Plugin author: ' + self.plugins[plugin_name].author
            self.plugin_info_window.setText(info_text)
            self.plugin_info_window.setWindowTitle('ImInfo for {} plugin'.format(self.plugins[plugin_name].name))

    def refresh_ui_plugin_info(self):
        widget = self.current_plugin_stacked_widget.currentWidget()
        if widget is not None:
            has_info = self.current_plugin_stacked_widget.currentWidget().info_text is not None
        else:
            has_info = False
        if has_info:
            self.plugin_info_button.setEnabled(True)
            self.plugin_info_button.setText('    show info    ')
            self.refresh_plugin_info_window()
        else:
            self.plugin_info_button.setDisabled(True)
            self.plugin_info_button.setText(' no info for this plugin ')
            self.plugin_info_window.close()


    # settings functions
    def get_current_plugin_key(self):
        return 'plugin settings: ' + self.current_widget.name

    def update_data_set_from_ui(self, data_set, ignore_disabled=False):
        if data_set is not None and self.current_widget is not None:
            data_set['selected_plugin'] = self.current_widget.name
            data_set['processing_type'] = self.processing_widget.name
            data_set[self.get_current_plugin_key()] = self.current_widget.get_settings()


    def update_ui_from_data_set(self, data_set):
        if data_set is not None:
            plugin_name = data_set.get('selected_plugin', None)
            if plugin_name in self.plugins:
                self.set_current_plugin_widget(plugin_name)
            elif plugin_name not in (None, ''):
                QMessageBox.warning(self, 'Special processing plugin not found', 'The plugin {} is not available and the data set could not be'
                                        ' loaded correctly.\nThe plugin settings will be preserved.'.format(plugin_name))
                data_set['selected_plugin'] = None

            if self.current_widget is not None:
                self.current_widget.set_settings(data_set.get(self.get_current_plugin_key(), dict()))


class WorkerThread(threading.Thread):
    name = 'Processing'

    finished_time_estimator_window = 60*15 # 15 minutes in seconds

    def __init__(self, short_name, settings_format, version_str):
        """
        thread for performing work without locking the GUI

        use instead of WorkerProcess if only subprocesses are required/used for the actual work

        :return:
        """
        super().__init__(daemon=True)
        self.stop_self = False
        self.stop = False
        self.short_name = short_name
        self.settings_format = settings_format
        self.version_str = version_str

        self.app_settings = dict()

        self.ui_update_history = []
        self.ui_update_index = 0
        self.good_prognosis_history = []
        self.time_prognosis = ''
        self.status_text = None
        self.fmt_text = 'part {} of {}'
        self.last_update_time = -1.

        self.workers_dict = dict()

        self.ret_queue = queue.Queue()
        self.cmd_queue = queue.Queue()
        self.stop_queue = queue.Queue()

        self.reader = None
        self.writer = None

        self.start()

    def get_writer(self, mode, output_settings, base_filename):
        if mode == 'preview':
            self.writer = file.volume.get_writer(output_settings, base_filename=base_filename, makedir=False)
        else:
            self.writer = file.volume.get_writer(output_settings, base_filename=base_filename)

        if output_settings["keep_scaling"]:
            self.writer.enable_keep_scaling(self.reader)
        gc.collect()

    def add_processing_history_to_writer(self, settings, **extra_info):
        processing_history = dict()
        if self.reader.info is not None:
            processing_history.update(self.reader.info.get('processing_history', dict()))

        time_str = '{}: {}  at  {}'.format(self.short_name, settings['name'], datetime.datetime.now().isoformat())
        processing_history[time_str] = dict()
        processing_history['settings_format'] = self.settings_format
        processing_history['version'] = self.version_str
        processing_history[time_str].update(extra_info)
        processing_history[time_str].update(settings)
        processing_history[time_str].pop('preview_area', True)
        self.writer.other_info['processing_history'] = processing_history

    def update_ui(self, current_work_item, number_work_items, fmt_text='part {} of {}', good_prognosis=True):
        # current_work_item starts at 0 and is therefore < number_work_items
        # the call must be made when the current item is started
        try:
            current_time = time.time()
            if self.fmt_text == fmt_text and current_time - self.last_update_time < 1:
                return


            self.fmt_text = fmt_text
            self.last_update_time = current_time
            self.ui_update_index += 1


            if current_work_item is None and number_work_items is None:
                self.ret_queue.put(("status", fmt_text))
            elif number_work_items is None:
                self.ret_queue.put(("status", fmt_text))
                self.ret_queue.put(("progress", int(current_work_item)))
            else:
                self.ret_queue.put(("progress", int(current_work_item/number_work_items*100)))
                current_progress = current_work_item/number_work_items

                if good_prognosis and self.ui_update_index > 1:
                    try:
                        if current_time - self.good_prognosis_history[-1][0] > 5 and not np.isclose(current_progress, self.good_prognosis_history[-1][1]):
                            self.good_prognosis_history.append((current_time, current_work_item/number_work_items))
                            #print('added time prognosis point', current_time, current_work_item/number_work_items)
                    except IndexError:
                        self.good_prognosis_history.append((current_time, current_work_item/number_work_items))
                        #print('added time prognosis point', current_time, current_work_item/number_work_items)
                    if len(self.good_prognosis_history) > 1000:
                        del self.good_prognosis_history[1::2]

                for k, item in enumerate(self.good_prognosis_history[::-1]):
                    if item[0] - current_time > self.finished_time_estimator_window:
                        del self.good_prognosis_history[k]
                    elif item[1] > current_progress:
                        del self.good_prognosis_history[k]

                update_prognosis = len(self.good_prognosis_history) >= 4
                if update_prognosis:
                    prognosis_values = []
                    for update_time, update_progress in self.good_prognosis_history[1:]:
                        speed = (update_progress - self.good_prognosis_history[0][1]) / (update_time - self.good_prognosis_history[0][0])
                        remaining_time = (1 - current_progress) / speed - (current_time - self.good_prognosis_history[-1][0])
                        prognosis_values.append(remaining_time)

                    prognosis_value = np.median(prognosis_values)
                    if prognosis_value < 0:
                        return # todo: remove workaround
                    hours = prognosis_value / 3600
                    minutes = (prognosis_value % 3600) / 60
                    if minutes < 1:
                        #self.time_prognosis = ', time remaining: {:.0f} s'.format(remaining_time)
                        if minutes < 1/6:
                            self.time_prognosis = ', time remaining: < 10 s'
                        elif minutes < 0.5:
                            self.time_prognosis = ', time remaining: < 30 s'
                        else:
                            self.time_prognosis = ', time remaining: < 1 min'
                    elif hours < 1:
                        self.time_prognosis = ', time remaining: {:.0f} min'.format(minutes)
                    else:
                        self.time_prognosis = ', time remaining: {:.1f} h'.format(hours)

                if fmt_text is not None:
                    self.ret_queue.put(("status", fmt_text.format(min(current_work_item+1, number_work_items), number_work_items) + self.time_prognosis))
                    self.status_text = fmt_text.format(min(current_work_item+1, number_work_items), number_work_items)
                elif update_prognosis and self.status_text is not None:
                    self.ret_queue.put(("status", self.status_text + self.time_prognosis))
        except Exception: pass

    def run_cleanup(self):
        self.ui_update_history = []
        self.good_prognosis_history = []
        self.time_prognosis = ''
        self.status_text = None
        gc.collect()

    def run(self):
        self.stop_thread = StopThread(self.stop_queue) # identical use as in WorkerProcess


class WorkerProcess(multiprocessing.Process):
    name = 'Processing'

    finished_time_estimator_window = 60*15 # 15 minutes in seconds

    def __init__(self, short_name, settings_format, version_str):
        """
        process for performing work without locking the GUI

        use instead of WorkerThread if code does not clean up nicely (e.g. memory leaks in CT)
        cannot start subprocesses (is a deamon)

        :return:
        """
        super().__init__(daemon=True)
        self.short_name = short_name
        self.settings_format = settings_format
        self.version_str = version_str

        self.stop_self = False

        self.ui_update_history = []
        self.ui_update_index = 0
        self.good_prognosis_history = []
        self.time_prognosis = ''
        self.status_text = None
        self.fmt_text = 'part {} of {}'
        self.last_update_time = -1.

        self.workers_dict = dict()

        self.ret_queue = multiprocessing.Queue()
        self.cmd_queue = multiprocessing.Queue()
        self.stop_queue = multiprocessing.Queue()

        self.reader = None
        self.writer = None


        self.start()

    def get_writer(self, mode, output_settings, base_filename):
        if mode == 'preview':
            self.writer = file.volume.get_writer(output_settings, base_filename=base_filename, makedir=False)
        else:
            self.writer = file.volume.get_writer(output_settings, base_filename=base_filename)
        gc.collect()

    def add_processing_history_to_writer(self, settings, **extra_info):
        processing_history = dict()
        if self.reader.info is not None:
            processing_history.update(self.reader.info.get('processing_history', dict()))

        time_str = '{}: {}  at  {}'.format(self.short_name, settings['name'], datetime.datetime.now().isoformat())
        processing_history[time_str] = dict()
        processing_history['settings_format'] = self.settings_format
        processing_history['version'] = self.version_str
        processing_history[time_str].update(extra_info)
        processing_history[time_str].update(settings)
        processing_history[time_str].pop('preview_area', True)
        self.writer.other_info['processing_history'] = processing_history

    def update_ui(self, current_work_item, number_work_items, fmt_text='part {} of {}', good_prognosis=True):
        # current_work_item starts at 0 and is therefore < number_work_items
        # the call must be made when the current item is started
        try:
            current_time = time.time()
            if self.fmt_text == fmt_text and current_time - self.last_update_time < 1:
                return


            self.fmt_text = fmt_text
            self.last_update_time = current_time
            self.ui_update_index += 1


            if current_work_item is None and number_work_items is None:
                self.ret_queue.put(("status", fmt_text))
            elif number_work_items is None:
                self.ret_queue.put(("status", fmt_text))
                self.ret_queue.put(("progress", int(current_work_item)))
            else:
                self.ret_queue.put(("progress", int(current_work_item/number_work_items*100)))
                current_progress = current_work_item/number_work_items

                if good_prognosis and self.ui_update_index > 1:
                    try:
                        if current_time - self.good_prognosis_history[-1][0] > 5 and not np.isclose(current_progress, self.good_prognosis_history[-1][1]):
                            self.good_prognosis_history.append((current_time, current_work_item/number_work_items))
                            #print('added time prognosis point', current_time, current_work_item/number_work_items)
                    except IndexError:
                        self.good_prognosis_history.append((current_time, current_work_item/number_work_items))
                        #print('added time prognosis point', current_time, current_work_item/number_work_items)
                    if len(self.good_prognosis_history) > 1000:
                        del self.good_prognosis_history[1::2]

                for k, item in enumerate(self.good_prognosis_history[::-1]):
                    if item[0] - current_time > self.finished_time_estimator_window:
                        del self.good_prognosis_history[k]
                    elif item[1] > current_progress:
                        del self.good_prognosis_history[k]

                update_prognosis = len(self.good_prognosis_history) >= 4
                if update_prognosis:
                    prognosis_values = []
                    for update_time, update_progress in self.good_prognosis_history[1:]:
                        speed = (update_progress - self.good_prognosis_history[0][1]) / (update_time - self.good_prognosis_history[0][0])
                        remaining_time = (1 - current_progress) / speed - (current_time - self.good_prognosis_history[-1][0])
                        prognosis_values.append(remaining_time)

                    prognosis_value = np.median(prognosis_values)
                    if prognosis_value < 0:
                        return # todo: remove workaround
                    hours = prognosis_value / 3600
                    minutes = (prognosis_value % 3600) / 60
                    if minutes < 1:
                        #self.time_prognosis = ', time remaining: {:.0f} s'.format(remaining_time)
                        if minutes < 1/6:
                            self.time_prognosis = ', time remaining: < 10 s'
                        elif minutes < 0.5:
                            self.time_prognosis = ', time remaining: < 30 s'
                        else:
                            self.time_prognosis = ', time remaining: < 1 min'
                    elif hours < 1:
                        self.time_prognosis = ', time remaining: {:.0f} min'.format(minutes)
                    else:
                        self.time_prognosis = ', time remaining: {:.1f} h'.format(hours)

                if fmt_text is not None:
                    self.ret_queue.put(("status", fmt_text.format(min(current_work_item+1, number_work_items), number_work_items) + self.time_prognosis))
                    self.status_text = fmt_text.format(min(current_work_item+1, number_work_items), number_work_items)
                elif update_prognosis and self.status_text is not None:
                    self.ret_queue.put(("status", self.status_text + self.time_prognosis))
        except Exception: pass

    def run_cleanup(self):
        self.ui_update_history = []
        self.good_prognosis_history = []
        self.time_prognosis = ''
        self.status_text = None
        gc.collect()

    def run(self):
        self.stop_thread = StopThread(self.stop_queue)  # must be started for the child process


class StopThread(threading.Thread):
    def __init__(self, stop_queue):
        super().__init__(daemon=True)
        self.stop_queue = stop_queue
        self.stop_targets = []
        self.start()

    def add_targets(self, *targets):
        for target in targets:
            self.stop_targets.append(target)

    def set_targets(self, *targets):
        self.stop_targets = []
        for target in targets:
            self.stop_targets.append(target)

    def run(self):
        while True:
            self.stop_queue.get() # blocks until an item is put to the queue
            print("StopThread is doing stop")
            for target in self.stop_targets:
                if target is not None:
                    target.stop = True
                    try:                    target.do_stop()
                    except AttributeError:  pass


# ========== worker setup ==========
worker_process_cache = {"filters_list_cache": None, "workers_cache": dict()}
# ^^ this is an object that caches áº�orkers in the context of a process

def prepare_processing_funcs(image_shape, workers_list, settings_list: Iterable[Dict],
                             parallelism=1, use_padding=True, nblocks=1):
    image.fourier.FFT_THREADS = min(parallelism, psutil.cpu_count(logical=True))
    filters_list = []
    is_fourier = False
    for plugin_index in range(len(settings_list)):
        if settings_list[plugin_index]['fourier_inout'][0]:  # means plugin_list[plugin_index] is a get_filter function
            if is_fourier:
                filter_calls.append((workers_list[plugin_index], settings_list[plugin_index]))
                if use_padding:
                    filterer.add_pad_length(settings_list[plugin_index]['filter_range'])
            else:
                #print('used numpy fallback for small fft', False if prod(image_shape) > 1e6 else True)
                filterer = image.fourier.FourierFilterer(batch=nblocks > 25)
                filter_calls = [(workers_list[plugin_index], settings_list[plugin_index]),]
                if use_padding:
                    filterer.pad_length = settings_list[plugin_index]['filter_range']
                else:
                    filterer.pad_length = 0
                    filterer.pad_for_speed = False
                is_fourier = True
        if not settings_list[plugin_index]['fourier_inout'][1]:
            settings_list[plugin_index]["parallelism"] = parallelism
            if is_fourier:
                filters_list.append((filterer, True, filter_calls, image_shape))
                is_fourier = False
            filters_list.append((plugin_index, False))
            if workers_list[plugin_index].changes_shape:
                image_shape = workers_list[plugin_index].process_image(np.zeros(image_shape, dtype='f4'), 0,
                                                                       settings_list[plugin_index]).shape

    if is_fourier: # last back-transformation
        filters_list.append((filterer, True, filter_calls, image_shape))

    # fourier filter setup must be after all range calculations because padding changes the image shape
    for index, entry in enumerate(filters_list):
        if entry[1]:
            filterer: Union[Any, image.fourier.FourierFilterer]
            filterer, is_fourier, filter_calls, image_shape = entry
            filterer.prepare_shape(image_shape)
            filter = np.float32(1.)
            for (worker, filter_settings) in filter_calls:
                filter = filter*worker.get_filter(filterer.padded_shape, filterer.u_axes(), filter_settings)
            filterer.set_filter(filter)
            filters_list[index] = (filterer, True)

    #print('filters_list', filters_list)
    return filters_list


def get_workers(worker_classes, cl_index=0, existing_workers_dict=None, environment_settings=None):
    workers = []
    workers_dict = dict() if existing_workers_dict is None else existing_workers_dict
    for k, (worker_class, name) in enumerate(worker_classes):
        worker_key = str(worker_class)+str(k)
        worker: GUI.plugins.base.ProcessingWorker
        if worker_key in workers_dict:
            worker = workers_dict[worker_key]
        else:
            worker = worker_class()
            workers_dict[worker_key] = worker
        if worker is None:
            raise NotImplementedError('Plugin {} does not define a worker'.format(worker_class))
        else:
            worker.cl_device_index = cl_index
            if environment_settings is not None:
                worker.is_preview = environment_settings.get("is_preview", False)
            workers.append(worker)
    return workers, workers_dict


# ================  helpers  ================
def emit_finished_time(signal, name, t0):
    signal.emit(get_finished_time(name, t0))


def get_finished_time( name, t0):
    t_diff = time.time()-t0
    if t_diff < 1:
        return '{} finished ({:.0f} ms)'.format(name, t_diff*1e3)
    elif t_diff < 60:
        return '{} finished ({:.1f} s)'.format(name, t_diff)
    elif t_diff < 60**2:
        return '{} finished ({:.1f} min)'.format(name, t_diff/60)
    else:
        return '{} finished ({:.1f} h)'.format(name, t_diff/60**2)


class WorkerException(Exception):
    pass


from .preview import *
from .settings import *






tomis/GUI/processing/ct.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import copy
from .base import *
from .preview import PreviewWindow
from tomo_reco.FBP_base import FBPReconstructor
from scipy.interpolate import UnivariateSpline
from scipy.ndimage import median_filter, gaussian_filter1d
import image.registration


# ================  reconstruction widgets   ================
class CTReconstructionWidget(ProcessingWidget):
    name = 'CT Reconstruction'
    short_name = 'CT'
    REGION_MODE_VALUES = 'automatic', 'smallest', 'normal', 'extended'

    region_mode_changed = Signal()

    def __init__(self, main_window, menuBar, plugins=(), settings_format='', version_str=''):
        super().__init__(main_window, menuBar, name=self.name, has_darks_refs=True, settings_format=settings_format, version_str=version_str)
        self.work_process_class = CTReconstructionWorker
        self.input_window.images_read_widget.projs_widget.ycrop0.setDisabled(True)
        self.input_window.images_read_widget.projs_widget.ycrop1.setDisabled(True)

        self.algorithm_names = [plugin.name for plugin in plugins]
        self.beam_geometries = [plugin.beam_geometries for plugin in plugins]
        # self.algorithms_ui = dict()

        hbox_algorithm = QHBoxLayout()
        label1 = QLabel('select algorithm:');
        hbox_algorithm.addWidget(label1)
        self.ct_plugin = ValueComboBox();
        hbox_algorithm.addWidget(self.ct_plugin)
        self.ct_plugin.set_values(self.algorithm_names)
        self.ct_plugin.valueChanged.connect(self.select_plugin)
        self.ct_plugin.smart_signal = False
        label1a = QLabel('select beam geometry:');
        hbox_algorithm.addWidget(label1a)
        self.beam_geometry = ValueComboBox();
        hbox_algorithm.addWidget(self.beam_geometry)
        self.beam_geometry.currentIndexChanged.connect(self.select_geometry)
        self.vbox.addLayout(hbox_algorithm)
        add_line(self.vbox)

        icon_size = QSize(30, 20)
        grid_layout = QGridLayout();
        self.vbox.addLayout(grid_layout)

        def add_icon(file, grid, loc_y, loc_x):
            icon = QLabel()
            icon.setContentsMargins(1, 1, 1, 1)
            icon.setPixmap(QIcon(file).pixmap(icon_size))
            # icon.setFixedWidth(icon_size.width()+2)
            icon.setSizePolicy(QSizePolicy.Fixed, QSizePolicy.Fixed)
            grid.addWidget(icon, loc_y, loc_x)
            return icon

        sample_shift_icon = add_icon(':UI_symbol_sample_shift.png', grid_layout, 0, 0)
        label2 = QLabel('sample shift (px):');
        grid_layout.addWidget(label2, 0, 1)
        self.sample_shift_X = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.sample_shift_X, 0, 2)
        self.sample_shift_X.setRange(-9999, 9999);
        self.sample_shift_X.setValue(0.);
        self.sample_shift_X.setSingleStep(0.5)

        detector_pixelsize_icon = add_icon(':UI_symbol_pixelsize.png', grid_layout, 0, 3)
        ps_label = QLabel('detector pixelsize (µm):');
        grid_layout.addWidget(ps_label, 0, 4)
        self.detector_pixelsize = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.detector_pixelsize, 0, 5)
        self.detector_pixelsize.setRange(0.01, 1e3);
        self.detector_pixelsize.setValue(1.)

        angle_range_icon = add_icon(':UI_symbol_angle_range_end.png', grid_layout, 1, 0)
        label3 = QLabel('angle range end (°):');
        grid_layout.addWidget(label3, 1, 1)
        self.angle_range = ValueFloatBox(self.cm);
        grid_layout.addWidget(self.angle_range, 1, 2)
        self.angle_range.setRange(0, 1e4);
        self.angle_range.setValue(360.);
        self.angle_range.setSingleStep(0.1)

        rotation_direction_icon = add_icon(':UI_symbol_rotation_direction.png', grid_layout, 1, 3)
        label4 = QLabel('rotation direction:');
        grid_layout.addWidget(label4, 1, 4)
        self.rotation_direction = ValueComboBox();
        grid_layout.addWidget(self.rotation_direction, 1, 5)
        self.rotation_direction.set_values(('"counter-clockwise"', 'clockwise'))

        self.cone_geo_widget = QWidget();
        self.cone_geo_widget.setContentsMargins(0, 0, 0, 0)
        cone_geo_grid = QGridLayout();
        self.cone_geo_widget.setLayout(cone_geo_grid)
        # source_object_distance_icon = add_icon(':UI_symbol_object_distance.png', cone_geo_grid, 0, 0)
        sod_label = QLabel('sample distance (mm):');
        cone_geo_grid.addWidget(sod_label, 0, 1)
        self.source_sample_distance = ValueFloatBox(self.cm);
        cone_geo_grid.addWidget(self.source_sample_distance, 0, 2)
        self.source_sample_distance.setRange(0.01, 1e5);
        self.source_sample_distance.setValue(100.)
        self.source_sample_distance.setDecimals(3)

        # source_detector_distance_icon = add_icon(':UI_symbol_detector_distance.png', cone_geo_grid, 0, 3)
        sdd_label = QLabel('detector distance (mm):');
        cone_geo_grid.addWidget(sdd_label, 0, 4)
        self.source_detector_distance = ValueFloatBox(self.cm);
        cone_geo_grid.addWidget(self.source_detector_distance, 0, 5)
        self.source_detector_distance.setRange(0.01, 1e5);
        self.source_detector_distance.setValue(200.)
        self.source_detector_distance.setDecimals(3)

        # beam_tilt_X_icon = add_icon(':UI_symbol_beam_tilt_X.png', cone_geo_grid, 1, 0)

        # beam_tilt_Y_icon = add_icon(':UI_symbol_beam_tilt_Y.png', cone_geo_grid, 1, 3)

        detector_tilt_X_label = QLabel('detector tilt X (°):');
        cone_geo_grid.addWidget(detector_tilt_X_label, 1, 1)
        self.detector_tilt_X = ValueFloatBox(self.cm);
        cone_geo_grid.addWidget(self.detector_tilt_X, 1, 2)
        self.detector_tilt_X.setRange(-10, 10);
        self.detector_tilt_X.setSingleStep(0.25)

        detector_shift_Y_label = QLabel('detector shift Y (mm):');
        cone_geo_grid.addWidget(detector_shift_Y_label, 1, 4)
        self.detector_shift_Y = ValueFloatBox(self.cm);
        cone_geo_grid.addWidget(self.detector_shift_Y, 1, 5)
        self.detector_shift_Y.setRange(-20, 20);
        self.detector_shift_Y.setValue(0.);
        self.detector_shift_Y.setSingleStep(0.2)

        # detector_tilt_icon = add_icon(':UI_symbol_detector_skew.png', cone_geo_grid, 3, 0)
        detector_tilt_label = QLabel('detector skew (°):');
        cone_geo_grid.addWidget(detector_tilt_label, 2, 1)
        self.detector_skew = ValueFloatBox(self.cm);
        cone_geo_grid.addWidget(self.detector_skew, 2, 2)
        self.detector_skew.setRange(-3, 3);
        self.detector_skew.setSingleStep(0.05)

        # detector_tilt_Y_icon = add_icon(':UI_symbol_y_dir_misalign.png', cone_geo_grid, 2, 3)
        detector_tilt_Y_label = QLabel('detector tilt Y (°):');
        cone_geo_grid.addWidget(detector_tilt_Y_label, 2, 4)
        self.detector_tilt_Y = ValueFloatBox(self.cm);
        cone_geo_grid.addWidget(self.detector_tilt_Y, 2, 5)
        self.detector_tilt_Y.setRange(-10, 10);
        self.detector_tilt_Y.setSingleStep(0.25)

        self.use_correct_source_drift = ValueCheckBox('correct source drift');
        cone_geo_grid.addWidget(self.use_correct_source_drift, 3, 1)
        self.show_drift_window_button = QPushButton(' configure drift ');
        cone_geo_grid.addWidget(self.show_drift_window_button, 3, 2)

        self.drift_window = CTFindDriftDialog(self)
        self.show_drift_window_button.clicked.connect(self.drift_window.show)
        self.show_drift_window_button.clicked.connect(self.drift_window.activateWindow)

        add_line(self.vbox)
        reco_region_widget = QWidget()
        vbox1 = QVBoxLayout();
        reco_region_widget.setLayout(vbox1)
        hbox = QHBoxLayout();
        vbox1.addLayout(hbox)
        self.use_slice_range = ValueCheckBox('slice range (z):');
        hbox.addWidget(self.use_slice_range)
        self.z_start = ValueIntBox();
        self.z_start.setRange(-99999, 99999);
        hbox.addWidget(self.z_start)
        self.z_stop = ValueIntBox();
        self.z_stop.setRange(-99999, 99999);
        hbox.addWidget(self.z_stop)
        label_angle_offset = QLabel('rotate reconstruction [°]:');
        hbox.addWidget(label_angle_offset)
        self.angle_offset = ValueFloatBox(self.cm);
        hbox.addWidget(self.angle_offset)
        self.angle_offset.setSingleStep(0.25);
        self.angle_offset.setRange(-360, 360)

        hbox = QHBoxLayout();
        vbox1.addLayout(hbox)
        region_mode_label = QLabel('region:');
        hbox.addWidget(region_mode_label)
        self.region_mode = ValueComboBox();
        hbox.addWidget(self.region_mode)
        self.region_mode.valueChanged.connect(self.region_mode_changed)
        self.region_mode.valueChanged.connect(self.refresh_ui_region_mode)
        self.apply_neglog = ValueCheckBox('apply neglog');
        hbox.addWidget(self.apply_neglog)
        self.use_clip = ValueCheckBox("clip values");
        hbox.addWidget(self.use_clip)
        self.clip_val_low = ValueFloatBox(self.cm);
        hbox.addWidget(self.clip_val_low)
        self.clip_val_high = ValueFloatBox(self.cm);
        hbox.addWidget(self.clip_val_high)

        hbox = QHBoxLayout();
        vbox1.addLayout(hbox)
        self.use_subregion = ValueCheckBox('clip slice area');
        hbox.addWidget(self.use_subregion)
        self.use_subregion.valueChanged.connect(self.start_range_refresh)
        self.region_mode.set_values(self.REGION_MODE_VALUES);
        self.region_mode.setCurrentIndex(1)
        label5 = QLabel('clip ranges, x:');
        hbox.addWidget(label5)
        self.x_start = ValueIntBox();
        self.x_start.setRange(-99999, 99999);
        hbox.addWidget(self.x_start)
        self.x_stop = ValueIntBox();
        self.x_stop.setRange(-99999, 99999);
        hbox.addWidget(self.x_stop)
        label6 = QLabel(', y:');
        hbox.addWidget(label6)
        self.y_start = ValueIntBox();
        self.y_start.setRange(-99999, 99999);
        hbox.addWidget(self.y_start)
        self.y_stop = ValueIntBox();
        self.y_stop.setRange(-99999, 99999);
        hbox.addWidget(self.y_stop)

        self.refresh_region_button = QPushButton('update');
        hbox.addWidget(self.refresh_region_button)
        self.refresh_region_button.clicked.connect(self.start_range_refresh)
        self.refresh_region_button.setToolTip('load projection size from disk to refresh range limits')

        for widget in (self.x_start, self.y_start, self.z_start, self.x_stop, self.y_stop, self.z_stop):
            widget.setSingleStep(50)

        hbox = QHBoxLayout();
        vbox1.addLayout(hbox)
        label_dbv = QLabel("divide by value");
        hbox.addWidget(label_dbv)
        self.gray_value_div = ValueFloatBox(self.cm);
        hbox.addWidget(self.gray_value_div)
        self.gray_value_div.setSingleStep(0.02);
        self.gray_value_div.setValue(1.);
        self.gray_value_div.setRange(1e-6, 1e6)
        label_sbv = QLabel("subtract value");
        hbox.addWidget(label_sbv)
        self.gray_value_sub = ValueFloatBox(self.cm);
        hbox.addWidget(self.gray_value_sub)
        self.gray_value_sub.setSingleStep(0.02);
        self.gray_value_sub.setValue(0.);
        self.gray_value_sub.setRange(1e-6, 1e6)

        self.settings_tabs = QTabWidget()
        self.settings_tabs.addTab(self.cone_geo_widget, 'Cone Geometry')
        self.settings_tabs.addTab(reco_region_widget, 'Reconstruction Region')

        self.ring_filter = GUI.plugins.image.SliceRingFilterPlugin(self, part_of_CT=True)
        # self.ring_filter.mode.setValue('disabled')
        self.settings_tabs.addTab(self.ring_filter, 'Post Ring Filter')

        self.vbox.addWidget(self.settings_tabs)
        # add_line(self.vbox)
        helpers_hbox = QHBoxLayout();  # self.vbox.addLayout(helpers_hbox)  # feature disabled
        hlabel = QLabel("helpers:");
        helpers_hbox.addWidget(hlabel)
        self.find_sample_shift_button = QPushButton("  find sample shift  ");
        helpers_hbox.addWidget(self.find_sample_shift_button)
        self.find_sample_shift_button.clicked.connect(self.find_sample_shift)
        add_line(self.vbox)

        self.use_subregion.stateChanged.connect(self.refresh_ui_use_subregion)
        self.use_slice_range.stateChanged.connect(self.refresh_ui_use_slice_range)

        self.input_window.closed.connect(self.start_range_refresh)

        self.plugins = [plugin(self) for plugin in plugins]

        label2.setToolTip('position of the sample center relative to the optical axis (source to detector center)')
        label3.setToolTip('end value for the angle range = angle for projection number N+1 in degree\n'
                          'use positive/negative values for clockwise/counter-clockwise rotation\n'
                          'values are usually either 360 or 180 (only for parallel)')
        ps_label.setToolTip('pixelsize of the detector in µm\n'
                            'note: units can also e.g. be mm if the units for the distances are given in m')
        sdd_label.setToolTip('distance between x-ray source and detector in mm\n'
                             'note: units can also e.g. be m if the units for the pixelsize are given in mm')
        sod_label.setToolTip('distance between x-ray source and object in mm\n'
                             'note: units can also e.g. be m if the units for the pixelsize are given in mm')
        detector_shift_Y_label.setToolTip('shift of the detector center relative to the horizontal plane (defined by rotational axis)')
        detector_tilt_X_label.setToolTip('define a vector as perpendicular to the beam-rotaxis plane,\n'
                                         'this value gives the angle between the detector X-direction and that vector')
        detector_tilt_Y_label.setToolTip('angle between rotational axis and detector Y-direction')
        self.use_slice_range.setToolTip('restrict the reconstruction area in the Z-direction (height)\n'
                                        'note: the FBP plugin always only reconstructs the area that is fully within the field of view')

        detector_tilt_label.setToolTip('detector skew, rotation of the detector around the beam axis,\n'
                                       '= angle between detector and object x-axes')
        region_mode_label.setToolTip(
            'sets the reconstruction radius and the corresponding maximal reconstruction area\n'
            '"normal" means reconstruction_radius = detector_width/2\n'
            '"smallest" means reconstruction_radius = detector_width/2 - abs(sample_shift_X), it is recommended for 180° scans\n'
            '"extended" means reconstruction_radius = detector_width/2 + abs(sample_shift_X), it is recommended for 360° scans\n'
            '"automatic" sets "extended" for 360° scans and "smallest" for 180° scans\n'
            'it is recommended to use a half-field reconstruction for "extended" (automatically enabled for the FBP)')
        label5.setToolTip(
            'volume region to reconstruct; for cone-beam, range in z-direction will automatically be restricted to useful values\n'
            'note: for "extended" region mode, negative start values are required to reconstruct the whole area\n'
            '(after clicking on the "update" button, the allowed ranges are the useful ranges)')
        label_angle_offset.setToolTip('rotate the constructed image around the rotation axis by [°]\n'
                                      'can be used e.g. to align a rectangular sample to the x-y-axes\n'
                                      'this does not produce a loss in image quality')
        label_dbv.setToolTip('divide the projections by a value, set to one to disable')
        label_sbv.setToolTip('subtract a value from the projections raw data')
        self.apply_neglog.setToolTip(
            "normally, a neglog must be applied to measured data to convert the data to absorption lengths\n"
            "if you have data where this was already done, disable the neglog here")
        self.use_correct_source_drift.setToolTip('correct for a drift of the source position during the scan\n'
                                                 'click on the "configure drift" button to configure it')
        self.use_clip.setToolTip("clip the input (possibly dark and ref corrected) to the value range")

        self.cone_only_widgets = (self.source_detector_distance, self.source_sample_distance,
                                  self.detector_shift_Y, self.detector_tilt_Y, self.detector_tilt_X, self.detector_skew)
        self.ui_properties = ['ct_plugin', 'beam_geometry', 'sample_shift_X', 'angle_range', 'detector_pixelsize',
                              'source_detector_distance', 'source_sample_distance', 'rotation_direction',
                              'detector_shift_Y', 'detector_tilt_X', 'detector_tilt_Y', 'detector_skew',
                              'use_correct_source_drift', 'use_clip', 'clip_val_low', 'clip_val_high',
                              'x_start', 'y_start', 'z_start', 'x_stop', 'y_stop', 'z_stop',
                              'region_mode', 'use_subregion', 'use_slice_range',
                              'apply_neglog', 'angle_offset', 'gray_value_div', 'gray_value_sub']
        for prop_name in self.ring_filter.ui_properties:
            self.ui_properties.append("ring_filter." + prop_name)

        self.preview_defaults = dict(sample_shift_X=(21, 1., False), angle_range=(15, 0.25, False),
                                     source_detector_distance=(21, 0.05, True), detector_skew=(21, 0.05, False),
                                     detector_shift_Y=(21, 1, False))
        self.ui_defaults = dict(ct_plugin='FBP', beam_geometry='cone', sample_shift_X=0.0,
                                angle_range=360, detector_pixelsize=1.0, rotation_direction='clockwise',
                                source_detector_distance=200, source_sample_distance=100,
                                detector_shift_Y=0., detector_tilt_Y=0., detector_tilt_X=0.,
                                detector_skew=0., apply_neglog=2, use_correct_source_drift=0,
                                x_start=0, y_start=0, z_start=0, x_stop=0, y_stop=0, z_stop=0,
                                region_mode='automatic', use_subregion=0, use_slice_range=0, angle_offset=0,
                                use_clip=0, clip_val_low=0.1, clip_val_high=2., gray_value_div=1., gray_value_sub=0.)

        for key, value in self.ring_filter.ui_defaults.items():
            self.ui_defaults['ring_filter.' + key] = value

        plugin_label_hbox = QHBoxLayout();
        self.vbox.addLayout(plugin_label_hbox)
        self.algorithm_label = QLabel('');
        plugin_label_hbox.addWidget(self.algorithm_label)
        plugin_label_hbox.addStretch()
        self.plugin_info_button = QPushButton('    show info    ');
        plugin_label_hbox.addWidget(self.plugin_info_button)
        self.plugin_info_button.clicked.connect(self.toggle_plugin_info)

        self.current_plugin_stacked_widget = QStackedWidget();
        self.vbox.addWidget(self.current_plugin_stacked_widget)
        # self.current_plugin_stacked_widget.setFrameStyle(QFrame.Box | QFrame.Sunken)
        for plugin in self.plugins:
            self.current_plugin_stacked_widget.addWidget(plugin)

        self.vbox.addSpacing(10)
        self.init_add_bottom_hbox()

        self.no_data_set_disable_widgets += [self.settings_tabs, self.current_plugin_stacked_widget,
                                             self.plugin_info_button]
        for text in self.ui_properties:
            self.no_data_set_disable_widgets.append(eval("self.{}".format(text)))

        self.preview = CTReconstructionPreviewWindow(self.start_preview, self)
        self.preview.setWindowTitle('pyXIT - Computed Tomography Preview')

        self.plugin_info_window = InfoWindow('ImInfo about ... plugin')

        self.plugin_index = 0
        self.plugin_widgets = []
        self.selected_processing_item_row = 0

        self.preview_is_dirty = False
        self.preview_cache = []
        self.preview_cache_hashes = []
        self.preview_cache_sizes_GB = []
        self.preview_cache_max_GB = 2
        # self.preview_cache_size = 50

        self.input_shape_read_thread = QtDoThread()
        self.input_shape_read_thread.stopped.connect(lambda: self.refresh_is_busy(False))

        self.select_plugin()
        # self.get_settings_current_data_set()
        self.mode = None
        self.region_mode.valueChanged.connect(self.start_range_refresh)
        self.knows_input_shape = False

        self.reader = None

        self.cm.act.connect(self.start_preview)

        self.refresh_ui_use_subregion()
        self.refresh_ui_use_slice_range()

    def close(self):
        self.drift_window.close()
        ProcessingWidget.close(self)

    # data set add/delete/rename...
    def add_data_set(self, *args, name=None, mode='new'):
        if not self.ui_show_busy and not self.main_window.locked:
            if name is not None: # for gui scripting
                if mode == 'duplicate':
                    self.data_sets.make_duplicate_of_current(name=name)
                elif mode == 'new':
                    self.data_sets.make_new(name=name)
                self.update_ui_from_data_sets()
            else:
                self.new_data_set_dialog.exec_()

                use_tomis_format = self.new_data_set_dialog.use_tomis_format.isChecked()
                if use_tomis_format:
                    widget = self.input_window.images_read_widget
                    widget: GUI.widgets.file_.ProjectionsReadWidget
                    path = QFileDialog.getExistingDirectory(self, directory=widget.last_input_path,
                                        caption='Select the folder containing the tomis.control CT data.')
                    if path == '':
                        return

                if self.new_data_set_dialog.close_state == 'duplicate':
                    if self.input_window.images_read_widget.last_input_path is None:
                        self.input_window.images_read_widget.last_input_path = self.data_sets.get_current_data_set()['input'].get('path', None)
                    self.data_sets.make_duplicate_of_current()
                    data_set = self.data_sets.get_current_data_set()
                    data_set['output']['path'] = file.path.modify_path(data_set['input']['path'], before='reko_')
                elif self.new_data_set_dialog.close_state == 'new':
                    self.data_sets.make_new()
                else:
                    return

                if self.preview is not None:
                    self.preview.close()
                    self.stop_worker()
                self.update_ui_from_data_sets()

                if use_tomis_format:
                    widget.last_input_path = path
                    widget.projs_widget.path.setText(path)
                    widget.refs_widget.title.setChecked(True)
                    widget.refs_widget.path.setText(path)
                    widget.darks_widget.title.setChecked(True)
                    widget.darks_widget.path.setText(path)
                    widget.projs_widget.pattern.setText('*proj*')
                    widget.refs_widget.pattern.setText('*ref*')
                    widget.darks_widget.pattern.setText('*dark*')
                    self.drift_window.projs_input_widget.path.setText(path)
                    self.drift_window.projs_input_widget.pattern.setText('*rewind*')
                    self.drift_window.filename_indices.setChecked(True)
                    widget.update_reader()
                    print('added tomis.control dataset from', path)

                if self.new_data_set_dialog.show_input_config.isChecked():
                    self.input_window.show()

            self.progress_bar.setValue(0)
            self.current_data_set_changed()
            self.clear_preview()

    # ui functions
    def toggle_plugin_info(self):
        if self.plugin_info_window.isVisible():
            self.plugin_info_window.close()
        else:
            self.plugin_info_window.show()
            self.refresh_plugin_info_window()

    def refresh_plugin_info_window(self):
        widget = self.current_plugin_stacked_widget.currentWidget()
        if widget is not None:
            info_text = widget.info_text + '<p> Plugin author: ' + widget.author
            self.plugin_info_window.setText(info_text)
            self.plugin_info_window.setWindowTitle('ImInfo for {} plugin'.format(widget.name))

    def refresh_ui_plugin_info(self):
        widget = self.current_plugin_stacked_widget.currentWidget()
        if widget is not None:
            has_info = self.current_plugin_stacked_widget.currentWidget().info_text is not None
        else:
            has_info = False
        if has_info:
            self.plugin_info_button.setEnabled(True)
            self.plugin_info_button.setText('    show info    ')
            self.refresh_plugin_info_window()
        else:
            self.plugin_info_button.setDisabled(True)
            self.plugin_info_button.setText(' no info for this plugin ')
            self.plugin_info_window.close()

    def select_plugin(self):
        self.block_preview = True
        valid_config = True
        index = self.ct_plugin.currentIndex()
        self.current_plugin_stacked_widget.setCurrentWidget(self.plugins[index])
        if self.beam_geometry.value() not in self.plugins[index].beam_geometries:
            if self.beam_geometry.value() is not None:
                QMessageBox.warning(self, 'Warning',
                                    'The selected plugin "{}" does not support the "{}" geometry.'.format(
                                        self.plugins[index].name, self.beam_geometry.value()))
            valid_config = False
        self.beam_geometry.set_values(self.plugins[index].beam_geometries)
        self.algorithm_label.setText('<b>Settings for {} algorithm: </b>'.format(self.ct_plugin.currentText()))
        self.block_preview = False
        self.refresh_preview_parameters()
        if self.preview.is_active and valid_config:
            self.start_preview()

    def select_geometry(self, index):
        geometry_name = self.plugins[self.ct_plugin.currentIndex()].beam_geometries[index]
        if geometry_name != 'cone':
            for index, widget in enumerate(self.cone_only_widgets):
                widget.hide()
                widget.setDisabled(True)
            self.drift_window.hide()
            self.settings_tabs.removeTab(0)
        else:
            for index, widget in enumerate(self.cone_only_widgets):
                widget.show()
                widget.setDisabled(False)
            self.settings_tabs.insertTab(0, self.cone_geo_widget, 'Cone Geometry')
            self.settings_tabs.setCurrentIndex(0)

        self.refresh_preview_parameters()
        self.current_plugin_stacked_widget.currentWidget().geometry_selected(geometry_name)

    def refresh_preview_parameters(self):
        if self.preview is not None:
            geometry_name = self.plugins[self.ct_plugin.currentIndex()].beam_geometries[
                self.beam_geometry.currentIndex()]
            if geometry_name == 'parallel':
                self.preview.set_parameters_widget(self, clear=True,
                                                   excluded_params=(
                                                   'source_detector_distance', 'source_sample_distance'))
            else:
                self.preview.set_parameters_widget(self, clear=True)
            self.preview.set_parameters_widget(self.plugins[self.ct_plugin.currentIndex()], clear=False)

    def refresh_ui_use_subregion(self, *args, start_refresh=True):
        widgets = self.x_start, self.x_stop, self.y_start, self.y_stop
        if self.use_subregion.isChecked():
            for widget in widgets:
                widget.setEnabled(True)
            if self.settings_tabs.currentIndex() == 2:
                self.settings_tabs.setCurrentIndex(0)

            if self.y_stop.value() == 0:
                self.y_start.setValue(self.y_start.minimum())
                self.y_stop.setValue(self.y_stop.maximum())
            if self.x_stop.value() == 0:
                self.x_start.setValue(self.x_start.minimum())
                self.x_stop.setValue(self.x_stop.maximum())

        else:
            for widget in widgets:
                widget.setDisabled(True)

        if start_refresh:
            self.start_range_refresh()

    def refresh_ui_region_mode(self):
        self.start_range_refresh()

    def refresh_ui_use_slice_range(self):
        widgets = self.z_start, self.z_stop
        if self.use_slice_range.isChecked():
            for widget in widgets:
                widget.setEnabled(True)
            if self.settings_tabs.currentIndex() == 2:
                self.settings_tabs.setCurrentIndex(0)

            if self.z_stop.value() == 0:
                self.z_start.setValue(self.z_start.minimum())
                self.z_stop.setValue(self.z_stop.maximum())

        else:
            for widget in widgets:
                widget.setDisabled(True)
        self.start_range_refresh()

    def update_voxelsize(self):
        if not self.voxelsize_checkbox.isChecked():
            voxelsize = self.detector_pixelsize.value() * self.source_sample_distance.value() / self.source_detector_distance.value()
            self.reconstruction_voxelsize.setValue(voxelsize)

    def set_voxelsize_mode(self, is_checked):
        if is_checked:
            self.reconstruction_voxelsize.setEnabled(True)
        else:
            self.reconstruction_voxelsize.setDisabled(True)
            self.update_voxelsize()

    # range refresh functions
    def current_data_set_changed(self):
        self.start_range_refresh()
        self.update_summary()

    def start_range_refresh(self, *args, set_to_max=False, override_use_subregion=False):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None and not self.input_shape_read_thread.isRunning() and 'projs' in data_set['input'] and \
                (self.use_subregion.isChecked() or override_use_subregion):
            self.block_preview = True
            connect_once(self.input_shape_read_thread.done, lambda: self.do_range_refresh(set_to_max))
            self.set_button_tooltips(True)
            self.status_label.setText('reading reconstruction region')
            try:
                self.reader = file.volume.get_reader(data_set['input'], self.reader)
            except:
                return
            QTimer.singleShot(0, lambda: self.input_shape_read_thread.do(self.reader.prepare))

    def do_range_refresh(self, *args, set_to_max=False):
        projs_shape = self.reader.shape
        data_set = self.data_sets.get_current_data_set()

        reconstructible_range = 0, projs_shape[1] - 1
        self.z_start.setRange(*tuple(reconstructible_range))
        self.z_stop.setRange(*tuple(reconstructible_range))
        sample_shift_X = self.sample_shift_X.value()
        slice_range = 0, projs_shape[2] - 1

        data_set.setdefault('preview_area', dict())
        data_set['preview_area'].setdefault('slice', -1)

        if data_set['preview_area']['slice'] == -1:
            data_set['preview_area']['slice'] = self.reader.shape[1] // 2

        if data_set['region_mode'] == 'automatic':
            if data_set['angle_range'] < 300:
                data_set['region_mode'] = 'smallest'
            else:
                if data_set['sample_shift_X'] < 20:
                    data_set['region_mode'] = 'normal'
                else:
                    data_set['region_mode'] = 'extended'

        slice_range = FBPReconstructor.get_reconstruction_range_for_region_mode(slice_range, sample_shift_X,
                                                                                data_set['region_mode'])

        self.preview.preview_slice.setRange(*tuple(reconstructible_range))
        if self.preview.preview_slice.value() == -1:
            self.preview.preview_slice.setValue((reconstructible_range[1] - reconstructible_range[0]) // 2)

        if self.preview.preview_slice.value() == 0:
            self.preview.preview_slice.setValue((reconstructible_range[0] + reconstructible_range[1]) / 2)

        if self.use_subregion.isChecked():
            self.y_start.setRange(*slice_range)
            self.y_stop.setRange(*slice_range)
            self.x_start.setRange(*slice_range)
            self.x_stop.setRange(*slice_range)

        self.knows_input_shape = True
        if not self.use_subregion.isChecked():
            self.use_subregion.setToolTip(
                'reconstructible z-range: {} to {} (detector height: {})'.format(reconstructible_range[0],
                                                                                 reconstructible_range[1],
                                                                                 projs_shape[1]))
        if not self.ui_show_busy:
            self.refresh_is_busy(False)
        self.block_preview = False
        self.status_label.setText('ready')
        if self.preview.is_active:
            self.start_preview()  # necessary because range refresh blocks preview

    def set_button_tooltips(self, is_unready=True):
        if is_unready:
            self.start_button.setToolTip('reading data set shape to get reconstruction ranges, please wait')
            self.preview_button.setToolTip('reading data set shape to get reconstruction ranges, please wait')
        else:
            self.start_button.setToolTip('')
            self.preview_button.setToolTip('')

    # settings functions
    def update_ui_from_data_sets(self):
        data_set = ProcessingWidget.update_ui_from_data_sets(self)
        ct_widget = self.current_plugin_stacked_widget.currentWidget()
        self.knows_input_shape = False
        if data_set is not None:
            data_set.setdefault("sample_shift_X", data_set.get('sample_shift', 0))
            data_set.setdefault("detector_skew", data_set.get('detector_rotation_misalign', 0))
            data_set.setdefault("sample_distance", data_set.get('object_distance', 0))
            if 'beam_tilt_Y' in data_set and not 'detector_shift_Y' in data_set:
                data_set['detector_shift_Y'] = data_set.get('source_detector_distance', 0.0)*np.sin(np.deg2rad(data_set['beam_tilt_Y']))
                print('parameter beam_tilt_Y was converted to detector_shift_Y')
            for prop_name in self.ui_properties:
                try:
                    eval('self.{0}.setValue(data_set.get("{0}", self.ui_defaults["{0}"]))'.format(prop_name))
                except KeyError:
                    print('param', prop_name, 'failed')

            self.preview.set_area_settings(data_set.get('preview_area', dict()))
            self.drift_window.set_settings(data_set.get('source_drift', dict()))
            self.new_data_set_dialog.use_tomis_format.setValue(data_set.get('use_tomis_format', 0))

            ct_widget_settings = data_set.get(ct_widget.plugin_key, dict())
            ct_widget.set_settings(ct_widget_settings)
            self.update_reader(data_set)
            self.start_range_refresh()
        else:
            for prop_name in self.ui_properties:
                try:
                    eval('self.{0}.setValue(self.ui_defaults["{0}"])'.format(prop_name))
                except KeyError:
                    pass
            ct_widget.set_settings(dict())

    def update_data_sets_from_ui(self):
        data_set = ProcessingWidget.update_data_sets_from_ui(self)
        if data_set is not None:
            for prop_name in self.ui_properties:
                data_set[prop_name] = eval('self.{}.value()'.format(prop_name))

            ct_widget = self.current_plugin_stacked_widget.currentWidget()
            data_set[ct_widget.plugin_key] = ct_widget.get_settings()

            data_set['preview_area'] = self.preview.get_area_settings()
            data_set['source_drift'] = self.drift_window.get_settings()
            data_set['use_tomis_format'] = self.new_data_set_dialog.use_tomis_format.value()
            self.data_sets.sync_group_from_current()

    # processing
    def start_work(self, data_set, preview_hash=None):
        self.main_window.app_settings_window.get_settings()
        self.start_worker()
        app_settings = dict()
        app_settings.update(self.main_window.app_settings)
        app_settings.update(self.main_window.app_settings[self.name])
        try:
            self.active_plugin = self.plugins[self.algorithm_names.index(data_set['ct_plugin'])]
            self.active_plugin.cl_device_index = self.main_window.app_settings['cl_device_index']
            if self.mode == 'show_preview':
                self.status_label.setText('preview ready')
                self.refresh_preview_parameters()
                self.preview.show()
                self.refresh_is_busy(False)
            else:
                data_set_dict = dict(**data_set)
                self.worker.cmd_queue.put((self.mode, self.active_plugin.worker, self.active_plugin.plugin_key,
                                           data_set_dict, app_settings, preview_hash))


        except Exception as exc:
            self.main_window.show_error.emit(common.misc.get_exception_text_html(), True)

    # helpers
    def find_sample_shift(self):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            dialog = CTFindSampleShiftDialog(self, data_set)
            dialog.exec_()

            if dialog.use_found:
                if dialog.xshift_opt is not None:
                    self.sample_shift_X.setValue(dialog.xshift_opt)


class CTReconstructionWorker(WorkerProcess):
    name = CTReconstructionWidget.name

    def __init__(self, short_name, settings_format='', version_str=''):
        self.ct_worker = None
        super().__init__(short_name, settings_format, version_str)
        self.slice_ring_filter = None

        self.cl_device_index = -1
        self.reader: file.volume.ImagesReader = None
        self.writer: file.volume.ImagesWriter = None

    def run_cleanup(self):
        super().run_cleanup()
        self.ct_worker = None
        self.cl_device_index = -1
        self.reader = None
        self.writer = None

    def update_ui(self, current_work_item, number_work_items, fmt_text='slice {} of {}', good_prognosis=True):
        super().update_ui(current_work_item, number_work_items, fmt_text, good_prognosis)

    @staticmethod
    def smoothed_interpolate(coord, values, intp_coord, smooth_factor=0.5, use_weights=True):
        sort_args = np.argsort(coord)  # sort arguments
        coord_ = coord[sort_args]
        values_ = values[sort_args]

        coord_, ind = np.unique(coord_, return_index=True)  # remove duplicates
        values_ = np.array([values_[k] for k in ind])

        w = abs(values_) * 2e-2 + 1 if use_weights else None
        s = len(coord) * smooth_factor
        intp_values = UnivariateSpline(coord_, values_, w=w, s=s, k=3)(intp_coord)
        return intp_values
    
    @staticmethod
    def filter_outliers_1d(arr, std_fact=4, local_range=3):
        local_med = median_filter(arr, 3)
        local_avg = gaussian_filter1d(local_med, local_range, mode="nearest")
        local_std = np.sqrt(gaussian_filter1d((local_med - local_avg) ** 2, local_range, mode="nearest"))

        outlier_locations = abs(arr - local_avg) / local_std > std_fact
        arr[outlier_locations] = local_med[outlier_locations]
        return np.arange(len(arr))[outlier_locations]

    @staticmethod
    def get_source_shifts(nproj, settings, for_display=False):
        if settings['use_correct_source_drift'] or for_display:
            if settings['source_drift']['mode'] == 'quadratic':
                drift_coord = np.linspace(0, 1, nproj, dtype='f4')
                source_shifts_Y = (drift_coord - 0.5) * settings['source_drift'][
                    'source_drift_y_lin'] + 4 * drift_coord * (1 - drift_coord) * settings['source_drift'][
                                      'source_drift_y_quad']
                source_shifts_X = (drift_coord - 0.5) * settings['source_drift'][
                    'source_drift_x_lin'] + 4 * drift_coord * (1 - drift_coord) * settings['source_drift'][
                                      'source_drift_x_quad']
            elif settings['source_drift']['mode'] == 'list of values':
                shifts_xy = np.fromfile(settings['source_drift']['values_file'], np.float32, nproj * 2).reshape((nproj, 2))
                source_shifts_X = shifts_xy[:, 0]
                source_shifts_Y = shifts_xy[:, 1]
                if for_display:
                    drift_magnification = settings['source_sample_distance'] / (
                                settings['source_detector_distance'] - settings['source_sample_distance'])
                    source_shifts_Y /= drift_magnification
                    source_shifts_X /= drift_magnification

            else:
                if settings['source_drift']['shifts_y'] is None or settings['source_drift']['shifts_x'] is None:
                    return 0., 0.
                else:
                    drift_smooth_strength = settings['source_drift']['drift_smooth_strength']
                    shifts_y = np.asarray(settings['source_drift']['shifts_y'], 'f4')
                    shifts_x = np.asarray(settings['source_drift']['shifts_x'], 'f4')
                    corr_indices = np.asarray(settings['source_drift']['corr_proj_indices'], 'f4')
                    indices_intp = np.arange(nproj)
                    # w = settings['source_drift'].get('diff_measures', None)
                    # if w is not None: w = (1/(5*asarray(w)+1))**2

                    if settings['source_drift']['shifts_filter_outliers']:
                        y_outliers = CTReconstructionWorker.filter_outliers_1d(shifts_y, 4, 1.5)
                        x_outliers = CTReconstructionWorker.filter_outliers_1d(shifts_x, 4, 1.5)
                        # todo: find out what went wrong here
                        # print("source drift outliers found at indices for x:", x_outliers, "for y:", y_outliers)
                    # if drift_smooth_strength > 0:
                    #    t = linspace(corr_indices[0]+1e-3, corr_indices[-1]-1e-3, len(corr_indices)*drift_smooth_strength + 3, dtype="f4")

                    source_shifts_Y = CTReconstructionWorker.smoothed_interpolate(corr_indices, shifts_y, indices_intp,
                                                                                  drift_smooth_strength)
                    source_shifts_X = CTReconstructionWorker.smoothed_interpolate(corr_indices, shifts_x, indices_intp,
                                                                                  drift_smooth_strength)

                    if not for_display:
                        drift_magnification = settings['source_sample_distance'] / (
                                    settings['source_detector_distance'] - settings['source_sample_distance'])
                        source_shifts_Y *= drift_magnification
                        source_shifts_X *= drift_magnification
        else:
            source_shifts_Y = 0.
            source_shifts_X = 0.
        return source_shifts_Y, source_shifts_X

    @staticmethod
    def get_i0_correction(nproj, settings):
        if settings['use_correct_source_drift'] and settings['source_drift']['use_i0_correction'] and \
                settings['source_drift']['mode'] == 'reference projections':
            i0_correction = np.asarray(settings['source_drift']['i0_correction'], 'f4')
            corr_indices = np.asarray(settings['source_drift']['corr_proj_indices'], 'f4')
            i0_smooth_strength = settings['source_drift']['i0_smooth_strength'] / 1e5
            indices_intp = np.arange(nproj)
            # i0_correction_intp = UnivariateSpline(corr_indices, i0_correction, k=3,
            #                                      s=len(corr_indices)*i0_smooth_strength)(indices_intp)
            i0_correction_intp = CTReconstructionWorker.smoothed_interpolate(corr_indices, i0_correction, indices_intp,
                                                                             i0_smooth_strength, False)
            return i0_correction_intp
        else:
            return None

    def raise_text_exception(self, text, modal):
        self.ret_queue.put(("error", text, True))
        self.ret_queue.put(("status", "error occurred, stopped"))
        self.ret_queue.put(("stopped",))
        self.ret_queue.put(("finished",))
        self.ret_queue.put(("terminate_worker",))

    def run(self):
        super().run()
        self.slice_ring_filter = None
        while not self.stop_self:
            try:
                args = self.cmd_queue.get(block=True)
                mode = args[0]
                if mode == "stop_self":
                    self.stop_self = True
                    return
                else:
                    ct_worker_class, ct_plugin_key, settings, app_settings, preview_hash = args[1:]
                self.stop = False

                if self.ct_worker.__class__ != ct_worker_class or self.ct_worker.cl_device_index != app_settings[
                    "cl_device_index"]:
                    try:
                        # del self.ct_worker; gc.collect()
                        self.ct_worker = ct_worker_class()
                        self.ct_worker.show_error_call = self.raise_text_exception
                        self.ct_worker.app_settings = app_settings
                        self.ct_worker.cl_device_index = app_settings["cl_device_index"]
                        gc.collect()
                    except AttributeError:
                        raise Exception("OpenCl/pyopencl not installed, no reconstruction possible")

                self.ret_queue.put(("progress", 0))
                self.reader = file.volume.get_reader(settings['input'])
                self.reader.prepare()
                self.get_writer(mode, settings['output'], base_filename=settings['name'])
                self.add_processing_history_to_writer(settings)
                self.stop_thread.set_targets(self, self.ct_worker, self.reader, self.writer)

                if not (0 < settings['preview_area']['slice'] < self.reader.imshape[0]):
                    settings['preview_area']['slice'] = self.reader.shape[1] // 2

                if settings['region_mode'] == 'automatic':
                    if settings['angle_range'] < 300:
                        settings['region_mode'] = 'smallest'
                    else:
                        if abs(settings['sample_shift_X']) < 20:
                            settings['region_mode'] = 'normal'
                        else:
                            settings['region_mode'] = 'extended'

                read_bin_factor = settings["input"]["projs"]["bin_factor"]
                if read_bin_factor > 1:
                    settings["detector_pixelsize"] *= read_bin_factor
                    settings["sample_shift_X"] /= read_bin_factor

                settings['source_shifts_Y'], settings['source_shifts_X'] = self.get_source_shifts(self.reader.nimages,
                                                                                                  settings)
                settings['i0_correction'] = self.get_i0_correction(self.reader.nimages, settings)

                if not settings['use_subregion']:
                    slice_range = 0, self.reader.shape[2] - 1
                    slice_range = FBPReconstructor.get_reconstruction_range_for_region_mode(slice_range,
                                                                                            settings['sample_shift_X'],
                                                                                            settings['region_mode'])
                    settings['x_start'] = int(slice_range[0])
                    settings['x_stop'] = int(slice_range[1])
                    settings['y_start'] = int(slice_range[0])
                    settings['y_stop'] = int(slice_range[1])

                if not settings['use_slice_range']:  # needs to be limited to useful values by the reconstruction plugin
                    settings['z_start'] = 0
                    settings['z_stop'] = int(self.reader.shape[1])
                else:
                    settings['z_start'] = max(0, settings['z_start'])
                    settings['z_stop'] = min(int(self.reader.shape[1]), settings['z_stop'])

                if settings['ring_filter.use_full_rings'] or settings['ring_filter.use_partial_rings']:
                    if self.slice_ring_filter is None:
                        self.slice_ring_filter = GUI.plugins.image.SliceRingFilterWorker()
                        self.slice_ring_filter.cl_device_index = app_settings["cl_device_index"]

                    ring_filter_args = dict(use_gray_level=False)
                    for key in settings:
                        if key[:12] == "ring_filter.":
                            ring_filter_args[key[12:]] = settings[key]
                    if settings['use_subregion']:  # this does not appear to work
                        ring_filter_args["use_center_shift"] = True
                        ring_filter_args["center_shift_y"] = -(
                                    settings['y_start'] + settings['y_stop'] + 1 - self.reader.imshape[1]) / 2
                        ring_filter_args["center_shift_x"] = -(
                                    settings['x_start'] + settings['x_stop'] + 1 - self.reader.imshape[1]) / 2
                        try:
                            bin_factor = settings["ct_plugin_FBP"]["write_bin_factor"]
                            ring_filter_args["center_shift_y"] /= bin_factor
                            ring_filter_args["center_shift_x"] /= bin_factor
                        except KeyError:
                            pass

                    else:
                        ring_filter_args["use_center_shift"] = False
                    self.writer.set_processing_funcs((self.slice_ring_filter,), (ring_filter_args,))
                    self.writer.ring_filter_enabled = True

                if mode == 'processing':
                    tp = time.time()
                    self.ret_queue.put(("status", "working"))
                    self.ct_worker.reconstruct(self.reader, self.writer, settings,
                                               settings[ct_plugin_key], self.update_ui)
                    if self.writer.imshape is not None:
                        self.writer.save_info(None)
                    if not self.stop:
                        self.ret_queue.put(("status", get_finished_time("", tp)))
                        self.ret_queue.put(("progress", 100))
                        self.ret_queue.put(("done", settings))
                    else:
                        self.ret_queue.put(("status", "stopped"))
                        self.ret_queue.put(("progress", 0))
                        self.ret_queue.put(("stopped", settings))
                    common.misc.print_runtime('CT runtime', tp)
                    self.run_cleanup()
                    self.stop_self = True

                elif mode == 'preview':
                    tp = time.time()
                    self.ret_queue.put(("status", "doing preview"))
                    preview_settings = copy.deepcopy(settings)
                    preview_settings['z_start'] = settings['preview_area']['slice']
                    preview_settings['z_stop'] = settings['preview_area']['slice']
                    image = self.ct_worker.reconstruct_preview(self.reader, preview_settings,
                                                               preview_settings[ct_plugin_key], self.update_ui)
                    if image is not None and not self.stop:
                        image = self.writer.apply_transformations(image, 0)
                        self.ret_queue.put(("preview_done", image, settings, preview_hash))
                        self.ret_queue.put(("status", get_finished_time('preview', tp)))
                    else:
                        self.ret_queue.put(("status", "preview stopped"))

            except Exception as exc:
                self.ret_queue.put(("error", common.misc.get_exception_text_html(), True))
                self.ret_queue.put(("status", "error occurred, stopped"))
                self.ret_queue.put(("stopped",))
                # print(err)
                self.stop_self = True
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            finally:
                if self.writer is not None:
                    self.writer.close()
                gc.collect()
                self.ret_queue.put(("finished",))


class CTReconstructionPreviewWindow(PreviewWindow):
    def __init__(self, external_refresh_func, processing_widget: CTReconstructionWidget, window_size=(700, 520),
                 max_sweep_speed=2,
                 preview_controls_position='top'):
        super().__init__(external_refresh_func, processing_widget, window_size,
                         preview_controls_position=preview_controls_position)

        # self.image_view.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)

        # hbox = QHBoxLayout(); self.splitter_params_vbox.insertLayout(1, hbox)
        self.hbox_area.addWidget(self.update_button)
        label1 = QLabel('Preview slice:');
        self.hbox_area.addWidget(label1)
        self.preview_slice = ValueIntBox(processing_widget.cm);
        self.hbox_area.addWidget(self.preview_slice)
        self.preview_slice.setRange(-1, 99999);
        self.preview_slice.setSingleStep(1)
        self.preview_slice.setValue(-1)
        self.preview_slice.valueChanged.connect(self.external_refresh_func)

        self.upper_slice_button = QPushButton('u');
        self.hbox_area.addWidget(self.upper_slice_button)
        self.center_slice_button = QPushButton('c');
        self.hbox_area.addWidget(self.center_slice_button)
        self.lower_slice_button = QPushButton('l');
        self.hbox_area.addWidget(self.lower_slice_button)
        self.lower_slice_button.setFixedWidth(30)
        self.center_slice_button.setFixedWidth(30)
        self.upper_slice_button.setFixedWidth(30)

        label1.setToolTip('Set the location of the reconstructed slice, 0 is the uppermost slice\n'
                          'inspect the projections under "edit input => show data view" to find the sample')
        self.lower_slice_button.setToolTip('set the slice to a lower slice (1/6) for finding the det rot misalign\n'
                                           'hint: find sample_shift_X in the center slice')
        self.center_slice_button.setToolTip('set to the center slice for finding the sample_shift_X and angle_range')
        self.upper_slice_button.setToolTip('set the slice to a upper slice (5/6) for finding the det rot misalign\n'
                                           'hint: find sample_shift_X in the center slice')

        self.lower_slice_button.clicked.connect(self.set_lower_slice)
        self.center_slice_button.clicked.connect(self.set_center_slice)
        self.upper_slice_button.clicked.connect(self.set_upper_slice)

        # label2 = QLabel(', region from:'); hbox.addWidget(label2)
        # self.preview_x_start = PlainSpinBox(); hbox.addWidget(self.preview_x_start)
        # self.preview_y_start = PlainSpinBox(); hbox.addWidget(self.preview_y_start)
        # self.preview_x_start.setRange(-99999, 99999); self.preview_x_start.setSingleStep(50)
        # self.preview_y_start.setRange(-99999, 99999); self.preview_y_start.setSingleStep(50)
        # label3 = QLabel(' to '); hbox.addWidget(label3)
        # self.preview_x_stop = PlainSpinBox(); hbox.addWidget(self.preview_x_stop)
        # self.preview_y_stop = PlainSpinBox(); hbox.addWidget(self.preview_y_stop)
        # self.preview_x_stop.setRange(-99999, 99999); self.preview_x_stop.setSingleStep(50)
        # self.preview_y_stop.setRange(-99999, 99999); self.preview_y_stop.setSingleStep(50)
        # connect_int_range_boxes(self.preview_x_start, self.preview_x_stop)
        # connect_int_range_boxes(self.preview_y_start, self.preview_y_stop)
        apply_area_button = QPushButton('apply');
        self.hbox_area.addWidget(apply_area_button)
        apply_area_button.clicked.connect(self.apply_area)

        self.has_region = False
        self.has_shown = False

    def external_refresh_func(self, *args, override_preview_active=False):
        # if not self.preview_slice.is_moving:
        self.external_refresh_func_(override_preview_active=override_preview_active)

    def apply_area(self):
        if not self.is_active:
            self.update_button.click()
        else:
            self.external_refresh_func()

    def set_upper_slice(self):
        if self.processing_widget.reader is not None:
            if self.processing_widget.reader.is_prepared:
                z_pos = self.processing_widget.reader.shape[1] * 0.2
                self.preview_slice.setValue(int(z_pos))
                return
        self.processing_widget.start_range_refresh(override_use_subregion=True)
        connect_once(self.processing_widget.input_shape_read_thread.done, self.set_upper_slice)

    def set_center_slice(self):
        if self.processing_widget.reader is not None:
            if self.processing_widget.reader.is_prepared:
                self.preview_slice.setValue(self.processing_widget.reader.shape[1] // 2)
                return
        self.processing_widget.start_range_refresh(override_use_subregion=True)
        connect_once(self.processing_widget.input_shape_read_thread.done, self.set_center_slice)

    def set_lower_slice(self):
        if self.processing_widget.reader is not None:
            if self.processing_widget.reader.is_prepared:
                z_pos = self.processing_widget.reader.shape[1] * 0.8
                print(z_pos)
                self.preview_slice.setValue(int(z_pos))
                return
        self.processing_widget.start_range_refresh(override_use_subregion=True)
        connect_once(self.processing_widget.input_shape_read_thread.done, self.set_lower_slice)

    def get_area_settings(self):
        settings = dict()
        settings['slice'] = self.preview_slice.value()
        return settings

    def set_area_settings(self, settings):
        self.preview_slice.setValue(settings.get('slice', -1))

    def show(self):
        self.area_select_mode_active = False
        super().show()
        if not self.has_shown:
            # empty_image = zeros((600, 600), write_dtype='f4')
            # self.image_view.set_image(empty_image)
            self.image_view.has_scale = False
            self.image_view.grayscale_mode.setCurrentIndex(0)
            self.percentile_mode_manually_selected = False
            self.has_shown = True
            if self.preview_slice.value() == -1:
                self.set_center_slice()
            self.update_button.setChecked(True)
            self.external_refresh_func()
            # self.refresh_view_area()
            # self.image_view.resize(self.preview_x_stop.value()-self.preview_x_start.value(),
            #                       self.preview_y_stop.value()-self.preview_y_start.value())


class CTFindDriftDialog(QWidget):
    update_progress = Signal(int, int)
    stop_find = Signal()
    find_finished = Signal(bool)

    def __init__(self, processing_widget: CTReconstructionWidget):
        super().__init__()
        self.processing_widget = processing_widget
        self.progress_window = None
        self.stop = False
        self.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.Maximum)
        self.setWindowTitle('Configure source drift correction')

        vbox = QVBoxLayout();
        self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetMinimumSize)

        hbox = QHBoxLayout();
        vbox.addLayout(hbox)
        label1 = QLabel('drift data is');
        hbox.addWidget(label1)
        self.drift_data_mode = ValueComboBox(('quadratic', 'reference projections', 'list of values'))
        hbox.addWidget(self.drift_data_mode);
        self.drift_data_mode.setValue('reference projections')
        self.drift_data_mode.valueChanged.connect(self.update_ui_drift_data_mode)

        self.projs_input_widget = GUI.widgets.file_.ImagesReadWidget();
        vbox.addWidget(self.projs_input_widget)
        self.select_file_widget = GUI.widgets.file_.SelectFileWidget('drift values file');
        vbox.addWidget(self.select_file_widget)

        self.quadratic_drift_widget = self.SquareDriftWidget();
        vbox.addWidget(self.quadratic_drift_widget)
        self.quadratic_drift_widget.hide()

        hbox_order = QHBoxLayout();
        vbox.addLayout(hbox_order)
        self.filename_indices = ValueCheckBox('corresponding indices'); hbox_order.addWidget(self.filename_indices)
        self.filename_indices.stateChanged.connect(self.update_ui_indices)

        label4 = QLabel('values at angles from ');
        hbox_order.addWidget(label4)
        self.first_angle = ValueFloatBox();
        hbox_order.addWidget(self.first_angle)
        label5 = QLabel(' to ');
        hbox_order.addWidget(label5)
        self.last_angle = ValueFloatBox();
        hbox_order.addWidget(self.last_angle)
        self.exclude_last = ValueCheckBox('exclude last value');
        hbox_order.addWidget(self.exclude_last)
        self.result_label = QLabel('');
        hbox_order.addWidget(self.result_label)
        label2a = QLabel('drift smoothing');
        hbox_order.addWidget(label2a)
        self.drift_smooth_strength = ValueFloatBox();
        hbox_order.addWidget(self.drift_smooth_strength)
        self.drift_smooth_strength.setRange(0, 100);
        self.drift_smooth_strength.setDecimals(2)
        self.shifts_filter_outliers = ValueCheckBox("filter outliers");
        hbox_order.addWidget(self.shifts_filter_outliers)
        hbox_order.addStretch()

        hbox_i0_corr = QHBoxLayout();
        vbox.addLayout(hbox_i0_corr)
        self.use_i0_correction = ValueCheckBox('use i0 correction from drift images, refs taken ');
        hbox_i0_corr.addWidget(self.use_i0_correction)
        self.refs_location = ValueComboBox(('after', 'before'));
        hbox_i0_corr.addWidget(self.refs_location)
        label6 = QLabel('projections');
        hbox_i0_corr.addWidget(label6)
        label2b = QLabel('i0 smoothing');
        hbox_i0_corr.addWidget(label2b)
        self.i0_smooth_strength = ValueFloatBox();
        hbox_i0_corr.addWidget(self.i0_smooth_strength)
        self.i0_smooth_strength.setRange(0, 100);
        self.i0_smooth_strength.setDecimals(2)
        hbox_i0_corr.addStretch()

        label2a.setToolTip("set the smoothing strength for the smoothing spline interpolation\n"
                           "from the found values to the drift curve used; the value approximately gives the\n"
                           "average deviation between the data points and the spline curve")
        label2b.setToolTip("set the smoothing strength for the smoothing spline interpolation\n"
                           "from the found values to the i0 correction curve used; the value approximately gives the\n"
                           "average deviation between the data points and the spline curve\n"
                           "note: the effect of a i0 variation is only a inentical offset for every voxel (due to the log)")
        self.filename_indices.setToolTip('use the indices of the file names to match to the corresponding projection\n'
                                         'only works if the files were saved this way')

        self.shifts_y, self.shifts_x, self.i0_corrs, self.diff_measure_images = None, None, None, None
        self.corr_proj_indices = None

        hbox2 = QHBoxLayout();
        vbox.addLayout(hbox2)
        self.do_display_button = QPushButton('  display drift  ');
        hbox2.addWidget(self.do_display_button)
        self.do_display_button.setMinimumWidth(150)
        hbox2.addStretch()
        label3 = QLabel('maximal drift');
        hbox2.addWidget(label3)
        self.maximal_shift = ValueIntBox();
        hbox2.addWidget(self.maximal_shift)
        self.maximal_shift.setRange(0, 10000)
        self.do_find_button = QPushButton('  find drift  ');
        hbox2.addWidget(self.do_find_button)
        self.do_find_button.setMinimumWidth(200)
        hbox2.addStretch()
        close_button = QPushButton('  close  ');
        hbox2.addWidget(close_button)
        close_button.setMinimumWidth(150)
        close_button.clicked.connect(self.close)

        self.display_hbox = QHBoxLayout();
        vbox.addLayout(self.display_hbox)
        self.plot_widget = None
        self.images_widget = GUI.widgets.image_.ImageSliceView()
        self.display_hbox.addWidget(self.images_widget)
        self.images_widget.hide()
        self.images_widget.setMinimumSize(350, 350)

        self.do_display_button.clicked.connect(self.show_drift)
        self.do_find_button.clicked.connect(self.find_shifts_from_ref_projs)

        self.do_thread = QtDoThread(self.do_find_shifts_from_ref_projs)
        self.do_thread.finished.connect(self.show_drift)
        self.do_thread.show_error.connect(self.processing_widget.show_error)

        self.update_progress.connect(self.update_ui_progress)
        self.find_finished.connect(self.finished_find_shifts_from_ref_projs)

        self.i0_correction = None
        self.diff_measures = None
        self.corr_proj_indices = None
        self.nproj = None

        self.update_ui_drift_data_mode()
        self.update_ui_indices()

    class SquareDriftWidget(QWidget):
        def __init__(self):
            super().__init__()
            drift_hbox = QHBoxLayout();
            self.setLayout(drift_hbox)
            label1 = QLabel('parametric drift x:');
            drift_hbox.addWidget(label1)
            self.source_drift_x_lin = ValueFloatBox();
            drift_hbox.addWidget(self.source_drift_x_lin)
            self.source_drift_x_quad = ValueFloatBox();
            drift_hbox.addWidget(self.source_drift_x_quad)
            label2 = QLabel(', y:');
            drift_hbox.addWidget(label2)
            self.source_drift_y_lin = ValueFloatBox();
            drift_hbox.addWidget(self.source_drift_y_lin)
            self.source_drift_y_quad = ValueFloatBox();
            drift_hbox.addWidget(self.source_drift_y_quad)
            self.drift_widgets = [self.source_drift_x_lin, self.source_drift_x_quad,
                                  self.source_drift_y_lin, self.source_drift_y_quad,
                                  label1, label2]  # checkbox must be last
            for widget in self.drift_widgets[:4]:
                widget.setSingleStep(1)
                widget.setRange(-1e5, 1e5)

            label1.setToolTip('correct drift via a square polynomial\n'
                              'the two values correspond to linear and quadratic drift')

    def show(self):
        QWidget.show(self)
        QWidget.activateWindow(self)

    def update_ui_drift_data_mode(self):
        if self.drift_data_mode.value() == 'reference projections':
            self.projs_input_widget.show()
            self.do_find_button.setEnabled(True)
        else:
            self.projs_input_widget.hide()
            self.do_find_button.setEnabled(False)

        if self.drift_data_mode.value() == 'list of values':
            self.select_file_widget.show()
        else:
            self.select_file_widget.hide()

        if self.drift_data_mode.value() == 'quadratic':
            self.quadratic_drift_widget.show()
        else:
            self.quadratic_drift_widget.hide()

    def update_ui_indices(self):
        val = self.filename_indices.isChecked()
        self.first_angle.setDisabled(val)
        self.last_angle.setDisabled(val)
        self.exclude_last.setDisabled(val)

    def closeEvent(self, QCloseEvent):

        QCloseEvent.accept()

    def get_settings(self):
        settings = dict()
        settings['reference_projections'] = self.projs_input_widget.get_settings()
        settings['values_file'] = self.select_file_widget.file.text()
        settings['shifts_y'] = self.shifts_y
        settings['shifts_x'] = self.shifts_x
        settings['shifts_filter_outliers'] = self.shifts_filter_outliers.value()
        settings['mode'] = self.drift_data_mode.value()
        settings['drift_smooth_strength'] = self.drift_smooth_strength.value()
        settings['maximal_shift'] = self.maximal_shift.value()
        settings['first_angle'] = self.first_angle.value()
        settings['last_angle'] = self.last_angle.value()
        settings['exclude_last'] = self.exclude_last.value()
        settings['refs_location'] = self.refs_location.value()
        settings['use_i0_correction'] = self.use_i0_correction.value()
        settings['i0_smooth_strength'] = self.i0_smooth_strength.value()
        settings['i0_correction'] = self.i0_correction
        settings['diff_measures'] = self.diff_measures
        settings['corr_proj_indices'] = self.corr_proj_indices
        settings['nproj'] = self.nproj
        settings['filename_indices'] = self.filename_indices.value()

        settings['source_drift_x_lin'] = self.quadratic_drift_widget.source_drift_x_lin.value()
        settings['source_drift_x_quad'] = self.quadratic_drift_widget.source_drift_x_quad.value()
        settings['source_drift_y_lin'] = self.quadratic_drift_widget.source_drift_y_lin.value()
        settings['source_drift_y_quad'] = self.quadratic_drift_widget.source_drift_y_quad.value()

        return settings

    def set_settings(self, settings):
        self.projs_input_widget.set_settings(settings.get('reference_projections', dict()))
        self.select_file_widget.file.setText(settings.get('values_file', ''))
        self.corr_proj_indices = settings.get('corr_proj_indices', None)
        self.nproj = settings.get('nproj', None)
        self.filename_indices.setValue(settings.get('filename_indices', 0))
        self.shifts_filter_outliers.setValue(settings.get('shifts_filter_outliers', True))
        self.shifts_y = settings.get('shifts_y', None)
        self.shifts_x = settings.get('shifts_x', None)
        self.i0_correction = settings.get('i0_correction', None)
        self.diff_measures = settings.get('diff_measures', None)
        self.drift_data_mode.setValue(settings.get('mode', 'reference_projections'))
        self.drift_smooth_strength.setValue(settings.get('drift_smooth_strength', 0.25))
        self.i0_smooth_strength.setValue(settings.get('i0_smooth_strength', 1))
        self.maximal_shift.setValue(settings.get('maximal_shift', 50))
        self.filename_indices.setValue(settings.get('filename_indices', 2))
        self.first_angle.setValue(settings.get('first_angle', 360))
        self.last_angle.setValue(settings.get('last_angle', 0))
        self.exclude_last.setValue(settings.get('exclude_last', 2))
        self.refs_location.setValue(settings.get('refs_location', 'after'))
        self.use_i0_correction.setValue(settings.get('use_i0_correction', 2))
        self.quadratic_drift_widget.source_drift_x_lin.setValue(settings.get('source_drift_x_lin', 0.))
        self.quadratic_drift_widget.source_drift_x_quad.setValue(settings.get('source_drift_x_quad', 0.))
        self.quadratic_drift_widget.source_drift_y_lin.setValue(settings.get('source_drift_y_lin', 0.))
        self.quadratic_drift_widget.source_drift_y_quad.setValue(settings.get('source_drift_y_quad', 0.))

    # drift find from reference projections
    def find_drift(self, drift_proj_indices, drift_moved_projs, drift_ref_projs, maximal_shift, mask=None):
        i0_corr_vals = drift_ref_projs.mean(axis=(1, 2)) / drift_moved_projs.mean(axis=(1, 2))
        drift_moved_projs *= i0_corr_vals[:, None, None]

        IRT = image.registration.ImageRegisterTool(self.cl_device)
        if mask is not None:
            IRT.set_mask(mask)
        IRT.verbose = 0

        val_range = np.fmin(drift_ref_projs, drift_moved_projs).min(), np.fmax(drift_ref_projs, drift_moved_projs).max()

        xshifts, yshifts, diff_measure_images = IRT.register_stack(drift_ref_projs, drift_moved_projs,
                                                                   (-maximal_shift, maximal_shift),
                                                                   (-maximal_shift, maximal_shift),
                                                                   precision_grade=2,
                                                                   progress_func=self.update_progress.emit)

        if not self.stop:
            sort_args = np.argsort(drift_proj_indices)
            yshifts = np.array(yshifts)[sort_args]
            xshifts = np.array(xshifts)[sort_args]
            i0_corr_vals = np.array(i0_corr_vals)[sort_args]
            diff_measure_images = np.array(diff_measure_images)[sort_args]

            print('yshifts, xshifts, i0_corr_vals', yshifts, xshifts, i0_corr_vals, np.mean(yshifts), np.mean(xshifts),
                  np.mean(i0_corr_vals))

            return yshifts, xshifts, i0_corr_vals, diff_measure_images

    @staticmethod
    def calculate_drift_proj_indices(nprojs, n_drift_ims, projs_angle_range, first_angle, last_angle, stop_at_zero):

        angles_drift = np.linspace(first_angle, last_angle, n_drift_ims, dtype='f4', endpoint=stop_at_zero)

        indices_drift = np.int32(np.rint((angles_drift / projs_angle_range) * nprojs)) % nprojs
        print('projection indices corresponding to drift ref images:\n', indices_drift)
        return indices_drift

    def find_shifts_from_ref_projs(self):
        self.processing_widget.update_data_sets_from_ui()
        # self.show_progress()
        self.processing_widget.refresh_is_busy(True)
        self.processing_widget.status_label.setText("calculating source drift")
        self.show_progress()
        self.do_thread.do_self()

    def finished_find_shifts_from_ref_projs(self, success):
        if success:
            self.processing_widget.status_label.setText("finished source drift")
            self.processing_widget.progress_bar.setValue(0)
            self.processing_widget.refresh_is_busy(False)
            self.processing_widget.update_data_sets_from_ui()
        else:
            self.processing_widget.status_label.setText("source drift failed")

    def load_bad_pixel_map(self, data_set, good_pixel_map=None):
        # only works for the FBP plugin
        try:
            own_settings = data_set['ct_plugin_' + data_set['ct_plugin']]
            if own_settings['use_bad_pixel_map']:
                good_pixel_map_f = (file.image.load(own_settings['bad_pixel_map_fname']) < 1).astype('u1')
                good_pixel_map_f = file.image.crop_arr(good_pixel_map_f, data_set['input']['projs']['crops'])
                print('drift finder uses bad pixel map at', own_settings['bad_pixel_map_fname'])
                if good_pixel_map is None:
                    return good_pixel_map_f
                else:
                    return good_pixel_map + good_pixel_map_f
        except KeyError as err:
            print('CT plugin does not use a bad pixel map', repr(err))
            return

    def do_find_shifts_from_ref_projs(self):
        self.cl_device = cl.get_compute_device(self.processing_widget.main_window.app_settings['cl_device_index'])

        self.stop = False
        success = False
        try:
            t0 = time.time()
            data_set = self.processing_widget.data_sets.get_current_data_set()
            source_drift_settings = data_set['source_drift']
            reader_projs = file.volume.get_reader(data_set['input'])
            #source_drift_settings['reference_projections']['bin_factor'] = reader_projs.bin_factor
            reader_corrs = file.volume.get_reader(source_drift_settings['reference_projections'])
            reader_projs.return_dtype = "f4"
            reader_corrs.return_dtype = "f4"
            reader_projs.set_crops([None, reader_corrs.crops[1], reader_corrs.crops[2]], bin_factor=1)
            reader_corrs.set_ref_reader(reader_projs.ref_reader)
            reader_corrs.set_dark_reader(reader_projs.dark_reader)
            reader_corrs.prepare()
            reader_projs.prepare()
            self.nproj = reader_projs.nimages

            nprojs, n_drift_corrs = reader_projs.nimages, reader_corrs.nimages

            if source_drift_settings['filename_indices']:
                corr_proj_indices = np.zeros(len(reader_corrs.images_list), 'i8')
                for k, fname in enumerate(reader_corrs.images_list):
                    corr_proj_indices[k] = int(fname.split('_')[-1].split('.')[0])
                #print('projection indices corresponding to drift ref images:\n', corr_proj_indices)

            else:
                corr_proj_indices = CTFindDriftDialog.calculate_drift_proj_indices(nprojs, n_drift_corrs,
                                                                               data_set['angle_range'],
                                                                               source_drift_settings['first_angle'],
                                                                               source_drift_settings['last_angle'],
                                                                               not source_drift_settings[
                                                                                   'exclude_last'])
            drift_ref_projs = reader_corrs.load_all()
            if corr_proj_indices[-1] >= self.nproj:
                corr_proj_indices = corr_proj_indices[:-1]
                drift_ref_projs = drift_ref_projs[:-1]

            #print(reader_projs)
            drift_moved_projs = reader_projs.load_indices(corr_proj_indices)

            try:
                ref_image = reader_projs.ref_image()
                good_pixel_map = ref_image > ref_image.mean() * 0.1
                good_pixel_map &= ref_image < ref_image.mean() * 2
                # for k in arange(n_drift_corrs):
                #    drift_moved_projs[k][~good_pixel_map] = 0.
                #    drift_ref_projs[k][~good_pixel_map] = 0.
            except:
                good_pixel_map = None  # fully optional

            good_pixel_map = self.load_bad_pixel_map(data_set, good_pixel_map)

            if not self.stop:
                self.shifts_y, self.shifts_x, self.i0_correction, self.diff_measure_images = self.find_drift(
                    corr_proj_indices, drift_moved_projs, drift_ref_projs, source_drift_settings['maximal_shift'],
                    mask=good_pixel_map)
                self.corr_proj_indices = np.sort(corr_proj_indices)

            # if source_drift_settings['first_angle'] > source_drift_settings['last_angle']:
            if not self.stop:
                self.shifts_y = np.hstack((self.shifts_y, 0.))
                self.shifts_x = np.hstack((self.shifts_x, 0.))
                self.i0_correction = np.hstack((self.i0_correction, 1.))
                self.diff_measures = np.hstack((self.diff_measure_images.mean(axis=(1, 2)), 0.))
                self.corr_proj_indices = np.hstack((self.corr_proj_indices, nprojs + 1))

                if 0:
                    print("TEST: adding outlier to shifts")
                    self.shifts_x[5] -= 0.8
                    self.shifts_y[13] += 1.5
                    self.shifts_x[8] += 1.3
                    self.diff_measures[5] /= 3
                    self.diff_measures[13] /= 2
                    self.diff_measures[8] /= 2

                # else:
                #    self.shifts_y = hstack((0., self.shifts_y))
                #    self.shifts_x = hstack((0., self.shifts_x))
                #    self.i0_correction = hstack((1., self.i0_correction))
                #    self.corr_proj_indices = hstack((0, self.corr_proj_indices))

                if source_drift_settings['refs_location'] != 'after':
                    self.i0_correction /= self.i0_correction[0]

                misc.print_runtime("shifts search for drift correction", t0)
                success = True
        finally:
            self.find_finished.emit(success)
            if hasattr(self, 'cl_device'):
                del self.cl_device

    def show_progress(self):
        self.progress_window = QProgressDialog(self)
        self.progress_window.setWindowTitle('calculating source drift')
        self.progress_window.setMinimumWidth(250)
        self.progress_window.canceled.connect(self.do_stop)
        self.progress_window.show()
        self.update_ui_progress(0, 1)

    def update_ui_progress(self, val, max_val):
        self.processing_widget.progress_bar.setValue(val / max_val * 100)
        if self.progress_window is not None:
            self.progress_window.setMaximum(max_val)
            self.progress_window.setValue(val)

    def do_stop(self):
        self.stop = True

    def plot_shifts(self):
        if not self.stop:
            try:
                self.processing_widget.update_data_sets_from_ui()
                data_set = self.processing_widget.data_sets.get_current_data_set()
                if self.plot_widget is not None and data_set is not None:

                    nproj = data_set['source_drift']['nproj']

                    self.plot_widget.clear_plot()

                    angles = np.linspace(0, data_set['angle_range'], len(self.shifts_y))

                    ax = self.plot_widget.fig.add_subplot(111)
                    intp_shifts_y, intp_shifts_x = CTReconstructionWorker.get_source_shifts(nproj, data_set, True)
                    angles_intp = np.linspace(0, data_set['angle_range'], nproj, endpoint=False)
                    try:
                        p1a, = ax.plot(angles_intp, intp_shifts_y, 'b', label='y drift')
                        p1b, = ax.plot(angles_intp, intp_shifts_x, 'c', label='x drift')
                    except ValueError:
                        print(common.misc.get_exception_text())

                    if self.drift_data_mode.value() == 'reference projections':
                        p1c, = ax.plot(angles, self.shifts_y, 'bx', label='values found')
                        p1d, = ax.plot(angles, self.shifts_x, 'cx')
                        try:
                            lines = [p1a, p1b, p1c]
                        except NameError:
                            lines = [p1c, ]

                        tkw = dict(size=4, width=1.5)
                        ax.tick_params(axis='y', **tkw)
                        ax.tick_params(axis='x', **tkw)

                        if self.i0_correction is not None and self.use_i0_correction.isChecked():
                            ax2 = ax.twinx()
                            p2, = ax2.plot(angles, 1 / np.array(self.i0_correction), 'gx', label='source intensity')
                            i0_correction_intp = CTReconstructionWorker.get_i0_correction(nproj, data_set)
                            if i0_correction_intp is not None:
                                ax2.plot(angles_intp, 1 / i0_correction_intp, 'g', label='source intensity')
                            lines.append(p2)
                            # ax2.set_ylabel('intensity')
                            ax2.yaxis.label.set_color(p2.get_color())
                            ax2.tick_params(axis='y', colors=p2.get_color(), **tkw)

                        if self.diff_measures is not None:
                            ax3 = ax.twinx()
                            ax3.spines["right"].set_position(("axes", 1.1))
                            p3, = ax3.plot(angles, self.diff_measures, 'rx', label='registered diff')
                            lines.append(p3)
                            # ax3.set_ylabel('mean square diff')
                            ax3.yaxis.label.set_color(p3.get_color())
                            ax3.tick_params(axis='y', colors=p3.get_color(), **tkw)

                    else:
                        lines = [p1a, p1b]

                    ax.legend(lines, [l.get_label() for l in lines], loc="best")
                    ax.set_ylabel('sample shift [pixels]')
                    ax.set_xlabel('angle [°]')
                    ax.grid()
                    ax.set_xlim(-1, data_set['angle_range'] + 1)
                    self.plot_widget.draw()
            except Exception as err:
                print('plotting drift failed with:\n', common.misc.get_exception_text())

    def show_drift(self):
        if self.diff_measure_images is not None:
            self.images_widget.set_arr(self.diff_measure_images)
            self.images_widget.auto_zoom()
            self.images_widget.set_grayscale('percentiles', 0, 99)
            self.images_widget.show()
        else:
            self.images_widget.hide()

        if self.shifts_y is not None and GUI.widgets.plot.plt is not None:
            if self.plot_widget is None:
                self.plot_widget = GUI.widgets.plot.Widget()
                self.display_hbox.insertWidget(0, self.plot_widget)
                self.plot_widget.setMinimumSize(500, 350)
                self.plot_widget.fig.set_tight_layout(True)

            self.plot_shifts()
            # self.plot_shifts()


class CTFindSampleShiftDialog(QDialog):
    update_progress = Signal(int, int)
    stop_find = Signal()
    find_finished = Signal()
    set_second_index = Signal(int)
    max_y_size = 500

    def __init__(self, processing_widget: CTReconstructionWidget, data_set: DataSet):
        super().__init__(processing_widget)
        self.processing_widget = processing_widget
        self.data_set = data_set
        if data_set["beam_geometry"] == "cone":
            self.is_cone = True
            self.window_title = "Find sample shift X + detector skew"
        else:
            self.is_cone = False
            self.window_title = "Find sample shift X"
        self.setWindowTitle(self.window_title)

        self.setWindowModality(Qt.ApplicationModal)
        vbox = QVBoxLayout();
        self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetMinimumSize)

        hbox1a = QHBoxLayout();
        vbox.addLayout(hbox1a)
        label1 = QLabel("first projection index:");
        hbox1a.addWidget(label1)
        self.first_proj_index = PlainSpinBox();
        hbox1a.addWidget(self.first_proj_index)
        self.second_proj_index_label = QLabel("second projection index: ?");
        hbox1a.addWidget(self.second_proj_index_label)
        self.first_proj_index.setRange(0, 99999)

        hbox1b = QHBoxLayout();
        vbox.addLayout(hbox1b)
        self.result_label = QLabel("");
        hbox1b.addWidget(self.result_label)

        hbox2 = QHBoxLayout();
        vbox.addLayout(hbox2)
        close_button = QPushButton('  close  ');
        hbox2.addWidget(close_button)
        close_button.setMinimumWidth(100)
        hbox2.addStretch()
        self.do_find_button = QPushButton('  find shift  ');
        hbox2.addWidget(self.do_find_button)
        self.do_find_button.setMinimumWidth(120)
        hbox2.addStretch()
        use_button = QPushButton('  use  ');
        hbox2.addWidget(use_button)
        use_button.setMinimumWidth(100)
        close_button.clicked.connect(self.close)
        use_button.clicked.connect(self.close_use)
        self.do_find_button.clicked.connect(self.find_shift)

        self.do_thread = QtDoThread(self.do_find_shift)
        self.find_finished.connect(self.find_shift_finished)

        self.set_second_index.connect(self.set_second_index_label)

        self.use_found = False
        self.angle_mismatch = False
        self.angle_step = np.inf

    def close_use(self):
        self.use_found = True
        self.close()

    def set_second_index_label(self, p_int):
        self.second_proj_index_label.setText("second projection index: {}".format(p_int))

    def calculate_second_index(self):
        first_index = self.first_proj_index.value()
        angle_range = self.data_set["angle_range"]
        angles = np.linspace(0, angle_range, self.processing_widget.reader.nimages, endpoint=False)
        first_angle = angles[first_index]
        second_angle = first_angle + 180
        second_index = np.argmin(abs(angles - second_angle))
        self.angle_mismatch = angles[second_index] - second_angle
        self.angle_step = (angles[1] - angles[0])
        self.set_second_index.emit(second_index)
        return second_index

    def find_shift(self):
        self.processing_widget.update_data_sets_from_ui()
        # self.show_progress()
        self.processing_widget.refresh_is_busy(True)
        self.processing_widget.status_label.setText("calculating shift")
        self.setWindowTitle(self.window_title + " - working")
        self.do_find_button.setDisabled(True)
        self.yshift_opt, self.xshift_opt, self.detector_skew_opt, self.diff_measure_image = None, None, None, None
        self.do_thread.do_self()

    def do_find_shift(self):
        try:
            reader_projs = file.volume.get_reader(self.data_set['input'])
            reader_projs.return_dtype = "f4"
            reader_projs.prepare()

            search_width = reader_projs.imshape[1] - 400
            assert search_width > 0

            if reader_projs.imshape[0] > self.max_y_size:
                crop = (reader_projs.imshape[0] - self.max_y_size) // 2
                ycrop = (crop, -crop)
            else:
                ycrop = (0, 0)
            reader_projs.set_crops(ycrop=ycrop)
            first_index = self.first_proj_index.value()
            second_index = self.calculate_second_index()

            first_image = reader_projs.load(first_index)
            second_image = np.copy(reader_projs.load(second_index)[:, ::-1])

            IRT = image.registration.ImageRegisterTool(self.processing_widget.cl_info, bin_factor=2)
            if self.data_set["beam_geometry"] == "parallel":
                self.xshift_opt, self.yshift_opt, opt_indices, self.diff_measure_image = IRT.auto_find_shift(
                    first_image, second_image,
                    (-search_width, search_width), (-25, 25), precision_grade=1)
            elif self.data_set["beam_geometry"] == "cone":
                rot_angle_range = np.deg2rad(self.processing_widget.detector_skew.minimum()), np.deg2rad(
                    self.processing_widget.detector_skew.maximum())
                self.xshift_opt, self.yshift_opt, self.detector_skew_opt, opt_indices, self.diff_measure_image = IRT.auto_find_shift_rot(
                    first_image, second_image,
                    (-search_width, search_width), (-50, 50), rot_angle_range, start_angle_step=0.005,
                    precision_grade=1)
                self.detector_skew_opt /= 2
            self.yshift_opt /= 2
            self.xshift_opt /= 2
        finally:
            self.find_finished.emit()

    def find_shift_finished(self):
        self.processing_widget.refresh_is_busy(False)
        self.setWindowTitle(self.window_title)
        self.do_find_button.setDisabled(False)
        self.processing_widget.status_label.setText("ready")
        if self.xshift_opt is not None:
            text = "found sample shift X: {:.1f}".format(self.xshift_opt)
            if self.detector_skew_opt is not None:
                text += ", found detector skew: {:.2f} ˚".format(self.detector_skew_opt)
            if abs(self.angle_mismatch) > self.angle_step * 0.9:
                text += ", (angle mismatch: {:.3f} ˚)".format(abs(self.angle_mismatch))
            text += ", (diff: {:.1f})".format(np.mean(self.diff_measure_image))
            self.result_label.setText(text)
        else:
            self.result_label.setText("finding shift failed")

    def exec(self):
        QTimer.singleShot(500, self.find_shift)
        QDialog.exec_(self)
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from .base import *
from GUI.plugins.image import *
from .preview import *
import image.fourier

# ================  image processing widgets   ================
class ImageProcessingWidget(MultiplePluginsProcessingWidget):
    preview_finished = Signal()
    name = 'Image Processing'
    short_name = '2D'

    def __init__(self, main_window, menuBar, plugins=(), preview_controls_position='top', settings_format='', version_str=''):
        super().__init__(main_window, menuBar, plugins, self.name, True, settings_format, version_str)
        self.work_process_class = ImageWorker
        self.default_settings['default_settings'] = 2

        self.preview = ImageProcessingPreviewWindow(self.start_preview, self)
        self.preview.setWindowTitle('pyXIT - ImageProcessing (2D) Preview')
        self.preview.image_index_slider.valueChanged.connect(self.start_preview)


class ImageWorker(WorkerThread):
    name = ImageProcessingWidget.name

    def update_ui(self, current_work_item, number_work_items, fmt_text='image {} of {}', good_prognosis=True):
        super().update_ui(current_work_item, number_work_items, fmt_text, good_prognosis)

    def save_future_result(self, future):
        if not future.cancelled():
            result = future.result()
            if result is not None:
                image, index = result
                self.write_thread.do_self(image, index)
                self.done_images += 1
                self.update_ui(self.done_images, self.nimages)
                future.set_result(None) # not used as intended but frees memory, requires "if result is not None:"

    def run(self):
        super().run()
        workers_dict = dict()
        prepared_objects = dict()
        process_pool = []

        while not self.stop_self:
            try:
                args = self.cmd_queue.get(block=True)
                mode = args[0]
                if mode == "stop_self":
                    self.stop_self = True
                    return
                else:
                    settings, worker_classes, settings_list, app_settings, preview_hash = args[1:]

                # print("got work", mode, settings, worker_classes, settings_list, app_settings)
                self.done_images = 0
                self.stop = False
                # raise ValueError('test error')
                t0 = time.time()
                self.run_cleanup()
                self.ret_queue.put(("progress", 0))
                self.reader = file.volume.get_reader(settings['input'])
                self.reader.prepare()
                self.nimages = self.reader.nimages
                self.stop_thread.set_targets(self, self.reader)

                worker_instances, workers_dict = get_workers(worker_classes, app_settings["cl_device_index"],
                                                             existing_workers_dict=workers_dict)

                # preparation
                for k, (worker_class, name) in enumerate(worker_classes):
                    self.ret_queue.put(("status", 'preparing plugin {}'.format(k + 1)))
                    self.reader.set_processing_funcs(worker_instances[:k], settings_list[:k])
                    prepared_result = worker_instances[k].prepare_cached(settings, settings_list[k], self.reader)  # , self.settings)
                    if prepared_result is not None:
                        prepared_objects[name] = prepared_result
                    else:
                        assert name in prepared_objects

                    settings_list[k].update(prepared_objects[name])

                if mode == 'processing':
                    self.ret_queue.put(("status", 'processing images'))
                    self.get_writer(mode, settings['output'], base_filename=settings['name'])
                    self.writer.shape = self.reader.shape
                    if self.writer.mode == 'raw_stack':
                        self.writer.open(self.reader.shape, clear_files=True, write_headers=True); self.writer.close()
                        self.writer.truncate_stack = False
                        # self.writer.stack_lock = multiprocessing.Lock()
                    else:
                        self.writer.clear_files()

                    self.stop_thread.add_targets(self.writer)
                    try:
                        if settings['output']['keep_scaling']:
                            self.writer.enable_keep_scaling(self.reader)
                    except KeyError: pass
                    self.add_processing_history_to_writer(settings)
                    self.reader.clear_processing_funcs()
                    if app_settings['use_multiprocessing']:
                        num_working = psutil.cpu_count(logical=False)
                        num_workers = int(num_working *1.26 +1)
                        semaphore = multiprocessing.Semaphore(num_working)
                    else:
                        num_workers = 2
                        num_working = 1
                        semaphore = multiprocessing.Lock()
                    opencl_semaphore = multiprocessing.Semaphore(2)
                    prepare_lock = multiprocessing.Lock()
                    prepared_event = multiprocessing.Event()
                    # limit processing to n processes in parallel, the waiting processes serve as cached input

                    print('using image multiprocessing with {} processes ({} active, {} buffer)'.format(num_workers, num_working, num_workers -num_working))
                    environment_settings = dict \
                        (leftover_parallelism=int(psutil.cpu_count(logical=True) /num_working +0.3),
                                                nblocks=self.reader.nimages//num_workers)
                    try:
                        environment_settings["pyopencl_index"] = app_settings['cl_device_index']
                    except (KeyError, IndexError, TypeError):
                        pass

                    cmd_queue = multiprocessing.Queue()
                    ret_queue = multiprocessing.Queue()

                    [cmd_queue.put(index) for index in np.arange(self.reader.nimages)]

                    print("starting subprocesses")
                    process_pool = \
                        [ImageWorkerProcess(k, cmd_queue, ret_queue, self.reader, self.writer, worker_classes,
                                           settings_list, environment_settings, self.reader.imshape, semaphore,
                                           opencl_semaphore, prepare_lock, prepared_event) for k in range(num_workers)]

                    stopped_workers = 0
                    while self.done_images < self.nimages:
                        if self.stop:
                            while not cmd_queue.empty():
                                cmd_queue.get()
                            break
                        status, index = ret_queue.get()
                        if status == "image done":
                            self.done_images += 1
                            self.update_ui(self.done_images, self.nimages)
                        elif status == "error":
                            stopped_workers += 1
                            print("one worker failed ({} left) with error".format(num_workers - stopped_workers), index)
                            if stopped_workers == num_workers:
                                self.ret_queue.put(("error", index, True))
                                self.ret_queue.put(("status", 'error occurred, stopped'))
                                return
                    # print("queues empty")

                    [cmd_queue.put("stop_self") for k in range(num_workers)]
                    [process.join() for process in process_pool]
                    # [process.terminate() for process in process_pool]
                    del process_pool[:]
                    print("subprocesses exited")

                    self.writer.nimages = self.reader.nimages
                    self.writer.image_shape = self.reader.imshape
                    self.writer.save_info()
                    self.run_cleanup()

                    if not self.stop:
                        self.ret_queue.put(("status", get_finished_time("processing", t0)))
                        self.ret_queue.put(("progress", 100))
                        self.ret_queue.put(("done", settings))
                    else:
                        self.ret_queue.put(("progress", 0))
                        self.ret_queue.put(("stopped", settings))
                    common.misc.print_runtime('image processing runtime', t0)
                    self.stop_self = True

                elif mode == 'preview':
                    self.ret_queue.put(("status", 'processing preview'))
                    self.reader.set_processing_funcs(worker_instances, settings_list, batch=False)
                    image = self.reader.load(settings['preview_area']['image_index'])
                    images = image, self.reader.input_image
                    if not self.stop:
                        self.ret_queue.put(("status", get_finished_time('preview', t0)))
                        self.ret_queue.put(("preview_done", images, settings, preview_hash))
                    else:
                        self.ret_queue.put(("status", "preview stopped"))
            except Exception as exc:
                self.ret_queue.put(("status", 'error occurred, stopped'))
                self.ret_queue.put(("error", common.misc.get_exception_text_html(), True))
                self.stop_self = True
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            finally:
                try:
                    self.writer.close()
                except:
                    pass
                try:
                    del process_pool[:]
                except NameError:
                    pass
                self.ret_queue.put(("finished",))


class ImageProcessingPreviewWindow(PreviewWindow):
    def __init__(self, external_refresh_func, processing_widget: ImageProcessingWidget, window_size=(700, 520),
                 preview_controls_position='top'):
        super().__init__(external_refresh_func, processing_widget, window_size,
                         preview_controls_position=preview_controls_position)

        # hbox = QHBoxLayout(); self.splitter_params_vbox.insertLayout(1, hbox)
        display_label = QLabel('display:');
        self.hbox_area.addWidget(display_label)
        self.display_mode = ValueComboBox(('result', 'input', 'diff'));
        self.hbox_area.addWidget(self.display_mode)
        self.display_mode.setValue("input")
        self.display_mode.valueChanged.connect(self.show_image_type)
        self.display_mode.setMinimumWidth(100)

        self.hbox_area.addWidget(self.update_button)

        index_label = QLabel('slice:');
        self.hbox_area.addWidget(index_label)
        self.image_index = ValueIntBox();
        self.hbox_area.addWidget(self.image_index)
        self.image_index_slider = ScrollSlider();
        self.hbox_area.addWidget(self.image_index_slider)
        self.image_index_slider.setOrientation(Qt.Horizontal)
        self.image_index_slider.setTickPosition(QSlider.TicksBelow)
        # self.image_index_slider.valueChanged.connect(self.update_index_label)
        self.image_index_slider.valueChanged.connect(self.show_input)
        self.set_index_range(0, 9999)

        self.image_index.valueChanged.connect(self.sync_index_widgets)
        self.image_index_slider.valueChanged.connect(self.sync_index_widgets)

        self.input_read_thread.done.connect(self.display_loaded_input)
        self.shown_input_index = -1

        # self.update_index_label()
        self.has_shown = False

        self.sweep_button = QPushButton('sweep');
        self.hbox_area.addWidget(self.sweep_button)
        self.sweep_button.clicked.connect(self.sweep)
        self.image_view.scrolled.connect(lambda step: self.image_index_slider.setValue(
            self.image_index_slider.value() + step * self.image_index_slider.singleStep()))

        self.update_button.clicked.connect(self.show_result)

        self.display_type = 'empty'
        self.display_gray_range = dict(result=(), input=(), diff=())
        self.images = (None, None)

    def external_refresh_func(self, override_preview_active=False):
        if not self.image_index_slider.is_moving:
            self.external_refresh_func_(override_preview_active=override_preview_active)

    def sweep(self):
        self.continue_sweep.connect(self.next_sweep)
        self.sweep_button.clicked.disconnect(self.sweep)
        self.sweep_button.clicked.connect(self.stop_sweep)
        self.sweep_button.setText('stop')
        self.disable_other_sweep_buttons(None)
        self.is_sweeping = True
        # print('sweep')
        if self.image_index_slider.value() == self.image_index_slider.maximum():
            self.image_index_slider.setValue(0)
        else:
            self.image_index_slider.setValue(self.image_index_slider.value() + self.image_index_slider.singleStep())

    def next_sweep(self):
        if self.is_sweeping:
            if self.image_index_slider.value() == self.image_index_slider.maximum():
                print('sweep ended')
                self.stop_sweep()
            else:
                self.image_index_slider.setValue(self.image_index_slider.value() + 1)

    def stop_sweep(self):
        self.continue_sweep.disconnect(self.next_sweep)
        self.sweep_button.clicked.disconnect(self.stop_sweep)
        self.sweep_button.clicked.connect(self.sweep)
        self.sweep_button.setText('sweep')
        self.enable_other_sweep_buttons(None)
        self.is_sweeping = False
        # print('sweep stopped')

    def show_input(self, index=None, reset_viewport=False):
        if not self.image_index_slider.is_moving:
            if index is None:
                index = self.image_index_slider.value()

            if not self.update_button.isChecked() and index != self.shown_input_index and self.isVisible() and self.processing_widget.reader is not None:
                index = np.clip(index, 0, self.processing_widget.reader.nimages)
                self.input_read_thread.do(self.processing_widget.reader.load, index)
                self.shown_input_index = index

    def display_loaded_input(self):
        self.set_index_range(0, self.processing_widget.reader.nimages - 1)
        self.set_index_range(0, self.processing_widget.reader.nimages - 1)
        self.image_view.set_image(self.input_read_thread.return_vals)
        self.show_state = "input"

    def get_area_settings(self):
        settings = dict()
        settings['image_index'] = self.image_index_slider.value()
        return settings

    def set_area_settings(self, settings):
        self.image_index_slider.setValue(settings.get('image_index', 0))

    def set_cached(self, images, im_hash):
        if self.is_sweeping:
            self.continue_sweep.emit()
        if im_hash != self.current_image_hash:
            # print('image_view.set_image')
            self.images = images
            self.display_mode.setValue("result")
            self.show_image_type()
            self.current_image_hash = im_hash
            if self.sweep_widget is not None:
                self.sweep_widget.save_sweep(images[0])

    def show_result(self):
        self.display_mode.setValue("result")

    def show_image_type(self):
        self.display_gray_range[self.display_type] = self.image_view.get_grayscale()
        val = self.display_mode.value()
        if val == 'result':
            self.image_view.set_image(self.images[0])
            self.show_state = "result"
        elif val == 'input':
            self.image_view.set_image(self.images[1])
            self.show_state = "input"
        elif val == 'diff':
            if np.allclose(self.images[0].shape, self.images[1].shape):
                self.image_view.set_image(self.images[0] - self.images[1])
                self.show_state = "result"
            else:
                QMessageBox.warning(self, 'Warning', 'Input and output images have different shapes, cannot show diff.')
                self.display_mode.setValue('result')

        elif val == 'fraction':
            self.image_view.set_image(self.images[0] / (self.images[1]))
        if self.display_type != val:
            self.image_view.set_grayscale(*self.display_gray_range[val])
        self.display_type = val

    def show(self):
        PreviewWindow.show(self)
        if not self.has_shown:
            self.has_shown = True
            self.update_button.setChecked(True)
            self.external_refresh_func()


# ========== image/2D workers ==========
def apply_workers_2D(im_arr, index, worker_classes: Iterable[Worker2D], settings_list: Iterable[Dict], environment_settings, use_padding=True):

    worker_instances = []
    for k, (worker_class, name) in enumerate(worker_classes):
        worker_key = str(worker_class)+str(k)
        if worker_key not in worker_process_cache['workers_cache']:
            worker_process_cache['workers_cache'][worker_key] = worker_class()
        worker_process_cache['workers_cache'][worker_key].cl_index = environment_settings.get('pyopencl_index', -1)
        worker_process_cache['workers_cache'][worker_key].is_preview = environment_settings.get('is_preview', False)
        worker_instances.append(worker_process_cache['workers_cache'][worker_key])

    if worker_process_cache['filters_list_cache'] is None:
        worker_process_cache['filters_list_cache'] = prepare_processing_funcs(im_arr.shape, worker_instances,
                                                                              settings_list, parallelism=environment_settings['leftover_parallelism'],
                                                                              use_padding=use_padding, nblocks=environment_settings['nblocks'])

    im_arr = apply_plugin_list_2D(im_arr, index, worker_process_cache['filters_list_cache'], worker_instances, settings_list)
    gc.collect()
    return im_arr, index


def apply_plugin_list_2D(image, image_index, filters_list: List[Tuple[Union[Callable, image.fourier.FourierFilterer], bool]],
                         workers_list: Iterable[Worker2D], settings_list: Iterable[Dict]):
    for filter, is_fouriermult in filters_list: # filter is either a index for plugin_list or a FourierFilterer
        if is_fouriermult:
            image = filter.apply_filter(image, copy_mem=False)
        else:
            image = workers_list[filter].process_image(image, image_index, settings_list[filter])
    return image


class ImageWorkerProcess(multiprocessing.Process):
    semaphore_timeout = 60

    def __init__(self, proc_index, cmd_queue, ret_queue,
                 reader: file.volume.Reader, writer: file.volume.Writer,
                 worker_classes, settings_list, environment_settings, image_shape, semaphore, opencl_semaphore,
                 prepare_lock, prepared_event, do_start=True):
        super().__init__()
        self.daemon = True
        self.proc_index = proc_index
        self.cmd_queue = cmd_queue
        self.ret_queue = ret_queue
        self.reader = reader
        self.writer = writer
        self.worker_classes = worker_classes
        self.settings_list = settings_list
        self.environment_settings = environment_settings
        self.use_padding = True
        self.image_shape = image_shape

        self.semaphore = semaphore
        self.opencl_semaphore = opencl_semaphore
        self.prepare_lock = prepare_lock
        self.prepared_event = prepared_event
        if do_start:
            self.start()

    def acquire_semaphore(self):
        if self.semaphore is not None:
            t = time.time()
            self.has_semaphore = self.semaphore.acquire(timeout=self.semaphore_timeout)
            if not self.has_semaphore:
                self.semaphore_timeout = max(self.semaphore_timeout/3, 1)
            else:
                self.semaphore_timeout = min(self.semaphore_timeout*3, 180)
            #print_runtime("has semaphore: {}, semaphore wait time".format(self.has_semaphore), t)

    def release_semaphore(self):
        if self.semaphore is not None and self.has_semaphore:
            self.semaphore.release()
            self.has_semaphore = False

    def acquire_lock(self):
        self.prepare_lock.acquire()

    def release_lock(self):
        try:
            self.prepare_lock.release()
        except ValueError: pass

    def run(self):
        super().run()
        self.stop = False
        #print("started worker with parallelism =", self.environment_settings['leftover_parallelism'])
        self.acquire_lock() # possibly blocks other processes until ref/dark are ready
        if not self.prepared_event.is_set(): # generate ref/dark image files if needed, only in first process
            self.reader.ref_image()
            self.reader.dark_image()
            self.prepared_event.set()
        self.release_lock()

        if self.writer.mode == 2:
            self.writer.open(clear_files=False, write_headers=False) # clearing and header write must happen in main process
        self.ret_queue.put(("ready", None))

        worker_instances = []
        for k, (worker_class, name) in enumerate(self.worker_classes):
            worker_key = str(worker_class)+str(k)
            worker_instance: ProcessingWorker
            if worker_key not in worker_process_cache['workers_cache']:
                worker_instance = worker_class()
                worker_instance.cl_semaphore = self.opencl_semaphore
                worker_process_cache['workers_cache'][worker_key] = worker_instance
            worker_process_cache['workers_cache'][worker_key].cl_device_index = self.environment_settings.get('pyopencl_index', -1)
            worker_process_cache['workers_cache'][worker_key].is_preview = self.environment_settings.get('is_preview', False)
            worker_instances.append(worker_process_cache['workers_cache'][worker_key])

        if worker_process_cache['filters_list_cache'] is None:
            worker_process_cache['filters_list_cache'] = prepare_processing_funcs(self.image_shape, worker_instances,
                                    self.settings_list, parallelism=self.environment_settings['leftover_parallelism'],
                                    use_padding=self.use_padding, nblocks=self.environment_settings['nblocks'])

        #write_thread = QueueTread(2)

        while not self.stop:
            try:
                index = self.cmd_queue.get(block=True)
                if index == "stop_self" or self.stop:
                    self.stop = True
                    break

                image = self.reader.load(index)

                self.acquire_semaphore()
                image = apply_plugin_list_2D(image, index, worker_process_cache['filters_list_cache'],
                                             worker_instances, self.settings_list)

                #write_thread.put(self.writer.save, image, index)
                self.release_semaphore()
                self.writer.save(image, index)
                del image

            except Exception as exc:
                self.stop = True
                self.cmd_queue.put(index)
                self.ret_queue.put(("error", common.misc.get_exception_text_html()))
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            finally:
                gc.collect()
                if not self.stop:
                    self.ret_queue.put(("image done", index))

        #write_thread.wait()







tomis/GUI/processing/preview.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from GUI.qt import *
from GUI.processing.base import *


class PreviewWindow(QWidget):
    continue_sweep = Signal()
    is_sweeping = False
    is_active = True
    current_image_hash = None

    def __init__(self, external_refresh_func, processing_widget: ProcessingWidget, window_size=(700, 520), max_sweep_speed=15,
                 preview_controls_position='top'):
        super().__init__()
        self.external_refresh_func_ = external_refresh_func
        self.processing_widget = processing_widget
        self.slice_name = 'slice'

        vbox = QVBoxLayout(); self.setLayout(vbox)

        self.image_view = GUI.widgets.image_.ImageView()
        vbox.addWidget(self.image_view)

        self.hbox_area = QHBoxLayout(); vbox.addLayout(self.hbox_area)
        self.hbox_area2 = QHBoxLayout(); vbox.addLayout(self.hbox_area2)

        #self.splitter_image_vbox.addSpacing()

        line = QFrame(); line.setFrameShape(QFrame.HLine); line.setFrameShadow(QFrame.Sunken); line.setLineWidth(2)
        vbox.addWidget(line)
        #line = QFrame(); line.setFrameShape(QFrame.HLine); line.setFrameShadow(QFrame.Sunken); line.setLineWidth(2)
        #self.splitter_params_vbox.addWidget(line)

        self.update_button = QPushButton('  update  ')
        self.update_button.clicked.connect(self.do_update)

        self.refresh_button_last_state = False
        self.processing_widget.preview_use_autoupdate.valueChanged.connect(self.update_use_automatic_refresh_last_state)
        self.use_automatic_refresh_last_state = True

        #self.visible_params_control = QListWidget(); self.vbox.addWidget(self.visible_params_control)
        #self.visible_params_control.setFlow(QListView.LeftToRight)
        #self.visible_params_control.setFixedHeight(20)

        self.scroll_area = QScrollArea(); vbox.addWidget(self.scroll_area)
        self.scroll_area.setSizePolicy(QSizePolicy.Preferred, QSizePolicy.Fixed)
        self.scroll_area.setMaximumHeight(10)
        #self.scroll_area.wheelEvent = lambda x: x.ignore()
        #self.splitter.setStretchFactor(0, 0)

        self.label_update_timer = QTimer()
        self.label_update_timer.timeout.connect(self.update_index_label)
        #self.label_update_timer.timeout.connect(lambda: print('label_update_timer.timeout'))

        self.reset_scroll_area()

        self.input_read_thread = QtDoThread()
        #self.scroll_area.setFixedHeight(180)

        self.resize(window_size[1], window_size[0])
        self.parameter_widgets = []
        self.current_params_widget = None
        self.last_update_time = time.time()
        self.min_sweep_wait_time = 1/max_sweep_speed
        self.last_global_z_slice = -1
        self.last_local_z_slice = 0
        self.sweep_widget = None

        self.has_show = False
        self.show_state = "empty" # allowed: "empty", "input"(optional), "result"
        self.hide()


    def closeEvent(self, QCloseEvent):
        self.processing_widget.update_ui_preview_button(True)
        QCloseEvent.accept()

    def external_refresh_func(self, override_preview_active=False):
        self.external_refresh_func_(override_preview_active=override_preview_active)

    def sync_index_widgets(self):
        val_box, val_slider = self.image_index.value(), self.image_index_slider.value()
        if val_box != val_slider:
            if self.sender() is self.image_index:
                self.image_index_slider.setValue(val_box)
            if self.sender() is self.image_index_slider:
                self.image_index.setValue(val_slider)

    def set_index_range(self, vmin, vmax):
        self.image_index_slider.setRange(vmin, vmax)
        self.image_index.setRange(vmin, vmax)

    def do_update(self):
        self.external_refresh_func(override_preview_active=True)

    def update_use_automatic_refresh_last_state(self):
        if self.use_automatic_refresh_last_state != self.processing_widget.preview_use_autoupdate.isChecked():
            if self.processing_widget.preview_use_autoupdate.isChecked():
                self.update_button.setCheckable(True)
                self.update_button.setChecked(self.refresh_button_last_state)
                if self.update_button.isChecked():
                    self.external_refresh_func()
            else:
                self.refresh_button_last_state = self.update_button.isChecked()
                self.update_button.setCheckable(False)
            self.use_automatic_refresh_last_state = self.processing_widget.preview_use_autoupdate.isChecked()


    def show_input(self, index=None, reset_viewport=True):
        pass

    def update_index_label(self):
        index_fmt_str = self.slice_name + ' number: {}'
        self.index_label.setText(index_fmt_str.format(self.image_index_slider.value()))
        self.index_label.setMinimumWidth(self.index_label.sizeHint().width())

    def start_update_index_label(self):
        self.label_update_timer.start(50)
    def stop_update_index_label(self):
        self.label_update_timer.stop()

    def resetCursor(self):
        self.setCursor(Qt.ArrowCursor)

    def setBusyCursor(self):
        self.setCursor(Qt.BusyCursor)

    def clear_parameters_widget(self):
        #print('clear_parameters_widget')
        self.current_params_widget = None
        self.parameters_info = []
        for widget in self.parameter_widgets:
            self.vbox.removeWidget(widget)
            widget.close()

        self.reset_scroll_area()
        del self.parameter_widgets[:]

    def reset_scroll_area(self):
        self.scroll_area.setWidget(QWidget())  # not nice
        self.container_widget = QWidget()
        self.vbox = QVBoxLayout(); self.container_widget.setLayout(self.vbox)
        self.scroll_area.setWidgetResizable(True)
        self.scroll_area.setWidget(self.container_widget)

    def refresh_parameters_from_external(self):
        for widget in self.parameter_widgets:
            widget.refresh_from_plugin(reset_slider=True)

    def set_parameters_widget(self, widget, clear=True, excluded_params=()):
        if clear:
            self.clear_parameters_widget()
            self.current_params_widget = widget
        if widget is not None:
            for k in range(len(widget.ui_properties)):
                parameter_widget = PreviewParameterWidget(self, widget, k, self.external_refresh_func, excluded_params)
                if parameter_widget.valid:
                    self.parameter_widgets.append(parameter_widget)
                    #self.vbox.addWidget(parameter_widget)
                else:
                    del parameter_widget
            self.resize_parameters_list()

    def disable_other_sweep_buttons(self, name_to_exclude=None):
        for widget in self.parameter_widgets:
            if widget.name != name_to_exclude:
                widget.sweep_button.setDisabled(True)

    def enable_other_sweep_buttons(self, name_to_exclude=None):
        for widget in self.parameter_widgets:
            if widget.name != name_to_exclude:
                widget.sweep_button.setEnabled(True)

    def resize_parameters_list(self):
        height = 20
        for widget in self.parameter_widgets[:4]:
            if widget.isEnabled():
                height += widget.sizeHint().height()+5
        self.scroll_area.setFixedHeight(height)
        #self.splitter_params_widget.resize(0, 0)

    def set_sliders_enabled(self, val):
        if val:
            for parameter_widget in self.parameter_widgets:
                parameter_widget.slider.setEnabled(True)
        else:
            for parameter_widget in self.parameter_widgets:
                parameter_widget.slider.setDisabled(True)

    def clear(self):
        self.image_view.clear()
        self.show_state = "empty"


    # sweep functions
    def set_cached(self, image, im_hash):
        if self.is_sweeping:
            self.continue_sweep.emit()
            #self.timed_continue_sweep()
        if im_hash != self.current_image_hash:
            self.image_view.set_image(image)
            self.show_state = "result"
            self.current_image_hash = im_hash
            if self.sweep_widget is not None:
                self.sweep_widget.save_sweep()

    def timed_continue_sweep(self):
        current_time = time.time()
        diff = current_time - self.last_update_time
        if diff < 0:
            #print('invalid sweep continue')
            return
        if diff < self.min_sweep_wait_time:
            #print('retarded sweep continue', diff)
            retard_ms = int((self.min_sweep_wait_time - diff) * 1000)
            self.last_update_time = current_time + retard_ms/1000
            QTimer.singleShot(retard_ms, self.continue_sweep.emit)
        else:
            #print('instant sweep continue', diff)
            self.last_update_time = current_time
            self.continue_sweep.emit()


class PreviewParameterWidget(QWidget):

    def __init__(self, preview_window: PreviewWindow, plugin, ui_property_index, external_refresh_func, excluded_params):
        super().__init__() # , parent=preview_window
        self.setContentsMargins(0, 0, 0, 0)
        self.preview_window = preview_window
        self.plugin = plugin
        self.ui_property = plugin.ui_properties[ui_property_index]
        self.external_refresh_func = external_refresh_func
        self.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Fixed)

        if type(self.ui_property) is str:
            self.name = self.ui_property
            self.get_function = eval('self.plugin.{}.value'.format(self.ui_property))
            self.set_function = eval('self.plugin.{}.setValue'.format(self.ui_property))
            self.change_signal = eval('self.plugin.{}.valueChanged'.format(self.ui_property))
        elif type(self.ui_property[3]) is str:
            self.name = self.ui_property[0]
            self.get_function = eval('self.plugin.{}.{}'.format(self.ui_property[0], self.ui_property[1]))
            self.set_function = eval('self.plugin.{}.{}'.format(self.ui_property[0], self.ui_property[2]))
            self.change_signal = eval('self.plugin.{}.{}'.format(self.ui_property[0], self.ui_property[3]))
        else:
            self.name = self.ui_property[0]
            self.get_function = self.ui_property[1]
            self.set_function = self.ui_property[2]
            self.change_signal = self.ui_property[3]
        try:
            self.value_widget = eval('self.plugin.{}'.format(self.name))
        except AttributeError:
            self.value_widget = None

        if self.name in excluded_params or self.name not in self.plugin.preview_defaults or self.plugin.preview_defaults[self.name] is None:
            self.valid = False
            return
        else:
            self.valid = True
            #print('INIT', self.name)
            preview_window.vbox.addWidget(self)

            try:
                self.parameter = eval('self.plugin.{}'.format(self.name))
            except AttributeError:
                if type(self.ui_property) is not str and len(self.ui_property) > 4:
                    self.parameter = self.ui_property[4]
                else:
                    self.parameter = None

            if hasattr(self.parameter, 'active_signal'):
                self.refresh_from_active_signal(self.parameter.isEnabled())

                self.parameter.active_signal.connect(self.refresh_from_active_signal)
                #print('connected active signal for', self.name)

            self.preview_default = self.plugin.preview_defaults[self.name]
            self.preview_default_original = self.preview_default
            if np.iterable(self.preview_default):
                self.preview_default = list(self.preview_default)

            self.vbox = QVBoxLayout(); self.setLayout(self.vbox)
            self.vbox.setContentsMargins(0, 0, 0, 0)

            hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
            #line = QFrame(); line.setFrameShape(QFrame.HLine); line.setFrameShadow(QFrame.Sunken)
            #line.setFixedHeight(3); self.vbox.addWidget(line)
            #if hasattr(widget, 'active_signal'):
            #    widget.active_signal.connect(lambda bool_val: hbox1.show() if bool_val else hbox1.hide())

            label = QLabel('<b>{}</b>'.format(self.name)); hbox1.addWidget(label)
            self.value_label = QLabel('value:'); hbox1.addWidget(self.value_label)
            self.slider = ValueSlider(); hbox1.addWidget(self.slider)
            try:
                self.slider.setDecimals(self.value_widget.decimals())
            except AttributeError: pass

            try:
                self.preview_default = list(self.preview_default)
                zoom_in_button = QPushButton('-'); hbox1.addWidget(zoom_in_button)
                zoom_in_button.clicked.connect(self.zoom_in_range)
                self.stride_label = QLabel(''); hbox1.addWidget(self.stride_label)
                zoom_out_button = QPushButton('+'); hbox1.addWidget(zoom_out_button)
                zoom_out_button.clicked.connect(self.zoom_out_range)
                center_button = QPushButton('='); hbox1.addWidget(center_button)
                center_button.clicked.connect(self.center_range)

                for button in (zoom_out_button, center_button, zoom_in_button):
                    button.setFixedWidth(button.sizeHint().height()+4)
                self.changeable_stepsize = True
            except TypeError:
                self.changeable_stepsize = False

            self.update_stride_label()

            self.sweep_button = QPushButton('sweep'); hbox1.addWidget(self.sweep_button)
            self.sweep_button.clicked.connect(self.start_sweep)

            #def set_current_value_from_external():
            #    ext_value = get_function()
            #    set_value_range(ext_value)
            #    print('value range refreshed')
            #change_signal.connect(set_current_value_from_external)

            #self.set_value_range(current_value)
            #self.slider.setValue(current_value)
            self.set_value_range(self.get_function())
            self.refresh_from_plugin(reset_slider=True)

            #self.slider.valueChanged.connect(lambda: self.set_function(self.slider.value()))
            self.slider.valueChanged.connect(self.do_refresh)
            if self.change_signal is not None:
                self.change_signal.connect(self.refresh_from_plugin)

        self.save_path = None
        self.last_save_path = None

    def close(self):
        if self.valid:
            self.preview_window.vbox.removeWidget(self)
            if hasattr(self.parameter, 'active_signal'):
                self.parameter.active_signal.disconnect(self.refresh_from_active_signal)
                if self.change_signal is not None:
                    self.change_signal.disconnect(self.refresh_from_plugin)

        QWidget.close(self)

    def do_refresh(self):
        self.update_value_label()
        try:
            self.set_function(self.slider.value(), suppress_signal=True)
        except TypeError:
            self.set_function(self.slider.value())
        if self.preview_window.is_active and not self.preview_window.is_sweeping:
            self.external_refresh_func()

    # ui functions
    def set_value_range(self, current_value, apply=True):
        if not self.preview_window.is_sweeping:
            #print('self.preview_default', self.preview_default)
            if type(self.preview_default) in (list, tuple):
                if self.preview_default[2]:  # logspace
                    if np.isclose(current_value, 0):
                        value_range = np.zeros(1)
                    else:
                        val_sign = np.sign(current_value)
                        num_0 = self.preview_default[0]//2; num_1 = self.preview_default[0] - 1 - num_0
                        start = np.log10(abs(current_value)) - num_0 * np.log10(1+self.preview_default[1])
                        stop = np.log10(abs(current_value)) + num_1 * np.log10(1+self.preview_default[1])
                        value_range = val_sign*np.logspace(start, stop, abs(int(self.preview_default[0])), dtype='f4')[::int(val_sign)]
                else:
                    num_0 = self.preview_default[0]//2; num_1 = self.preview_default[0] - 1 - num_0
                    start = current_value - num_0 * self.preview_default[1]
                    stop = current_value + num_1 * self.preview_default[1]
                    value_range = np.linspace(start, stop, abs(self.preview_default[0]), dtype='f4')
            else:
                value_range = self.preview_default(current_value)
            try:
                default_index = np.argmin(abs(np.array(value_range) - current_value))
            except (ValueError, TypeError):
                #print('default_index failed')
                default_index = 0
            if apply:
                self.slider.set_values(value_range, default_index)
                self.update_stride_label()
            return value_range

    def update_value_label(self):
        value = self.slider.value()
        try:
            self.value_label.setText('value: {:.6g}'.format(value))
        except ValueError:
            #print(err_text(exc))
            self.value_label.setText(('value: {}'.format(str(value)))[:20])
            #print('float format failed')
        self.value_label.setMinimumWidth(self.value_label.sizeHint().width())

    def update_stride_label(self):
        if self.changeable_stepsize:
            if self.preview_default[2]:
                self.stride_label.setText('{:.2g} %'.format(self.preview_default[1]*100))
            else:
                self.stride_label.setText('{:.2g}'.format(self.preview_default[1]))

    def refresh_from_plugin(self, *args, reset_slider=False):
        #print('refresh_from_plugin', self.name, self.changeable_stepsize)
        slider_val, val = self.get_function(), self.slider.value()
        try:
            do = not np.isclose(slider_val, val, rtol=1e-3)
        except ValueError:
            do = val != slider_val

        if do or reset_slider:
            if self.changeable_stepsize:
                self.center_range()
            else:
                current_val = self.get_function()
                self.set_value_range(current_val)
                self.slider.setValue(current_val)
                self.update_value_label()
            #if self.preview_window.__class__ == VolumeProcessingPreviewWindow:
                #if self.preview_window.isVisible():
                #    self.preview_window.set_area_select_mode(False)


    def refresh_from_active_signal(self, val):
        #print('A refresh_from_active_signal', self.name, val, self.isEnabled(), self)
        if val != self.isEnabled():
            if val and not self.isEnabled():
                    self.show()
            else:   self.hide()
            self.setEnabled(val)
            self.preview_window.resize_parameters_list()
        #print('B refresh_from_active_signal', self.name, val, self.isEnabled())

    # range change functions
    def zoom_in_range(self):
        if self.preview_default[2]:
            self.preview_default[1] = (1+self.preview_default[1])**(1/2) - 1
        else:
            self.preview_default[1] /= 2
        self.center_range()
        self.update_stride_label()

    def zoom_out_range(self):
        if self.preview_default[2]:
            self.preview_default[1] = (1+self.preview_default[1])**2 - 1
        else:
            self.preview_default[1] *= 2
        self.center_range()
        self.update_stride_label()

    def center_range(self):
        self.set_value_range(self.get_function())
        self.update_value_label()
        if self.hasFocus():
            self.do_refresh()

    # sweep functions
    def start_sweep(self):
        self.preview_window.processing_widget.start_sweep(self)

    def sweep(self):
        #print('sweep')
        self.preview_window.is_sweeping = True
        self.preview_window.sweep_widget = self
        self.preview_window.continue_sweep.connect(self.next_sweep)
        self.sweep_button.clicked.disconnect(self.start_sweep)
        self.sweep_button.clicked.connect(self.stop_sweep)
        self.sweep_button.setText('stop')
        self.preview_window.disable_other_sweep_buttons(self.name)
        #if slider.index() == slider.maximumIndex():
        self.sweep_start_param = self.slider.value()
        self.slider.setIndex(0)
        self.preview_window.external_refresh_func()
        #else:
        #    slider.increment_up()

    def next_sweep(self):
        #print('continue sweep')
        if self.preview_window.is_sweeping:
            #self.save_sweep()
            if self.slider.index() == self.slider.maximumIndex():
                self.stop_sweep()
            else:
                self.slider.increment_up()
                self.preview_window.external_refresh_func()


    def save_sweep(self, image=None):
        if self.save_path is not None:
            try:
                fname = os.path.join(self.save_path, 'sweep_{}_{:04}_{:.5g}.tif'.format(self.name, self.slider.index(), self.slider.value()))
            except Exception:
                fname = os.path.join(self.save_path, 'sweep_{}_{:04}_{}.tif'.format(self.name, self.slider.index(), self.slider.value()))
            if image is None:
                image = self.preview_window.image_view.image
            file.image.save(image, fname)

    def stop_sweep(self):
        #print('sweep stopped')
        self.preview_window.is_sweeping = False
        self.preview_window.sweep_widget = None
        self.preview_window.continue_sweep.disconnect(self.next_sweep)
        self.preview_window.processing_widget.preview_indicate_busy(False)
        self.sweep_button.clicked.disconnect(self.stop_sweep)
        self.sweep_button.clicked.connect(self.start_sweep)
        self.sweep_button.setText('sweep')
        self.preview_window.enable_other_sweep_buttons(self.name)
        self.slider.setValue(self.sweep_start_param)

        self.save_path = None


class SweepDialog(QDialog):

    def __init__(self, processing_widget: ProcessingWidget, preview_window: PreviewWindow,
                 parameter_widget: PreviewParameterWidget):
        super().__init__(parent=preview_window)
        self.processing_widget = processing_widget
        self.preview_window = preview_window
        self.parameter_widget = parameter_widget

        self.setMinimumWidth(400)

        self.setWindowModality(Qt.WindowModal)
        self.setWindowTitle('Parameter Sweep for "{}"'.format(parameter_widget.name))
        self.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.Maximum)
        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetFixedSize)

        hbox2 = QHBoxLayout(); vbox.addLayout(hbox2)
        labelB = QLabel('values from'); hbox2.addWidget(labelB)

        if parameter_widget.changeable_stepsize:
            self.start_value = parameter_widget.value_widget.__class__(); hbox2.addWidget(self.start_value)
            labelC = QLabel('to'); hbox2.addWidget(labelC)
            self.stop_value = parameter_widget.value_widget.__class__(); hbox2.addWidget(self.stop_value)
            labelD = QLabel('with'); hbox2.addWidget(labelD)
            self.step = parameter_widget.value_widget.__class__(); hbox2.addWidget(self.step)
            self.step_label = QLabel('diff, (?) steps'); hbox2.addWidget(self.step_label)
            self.step_label.setMinimumWidth(100)
            #self.step_label.setToolTip('if the number of steps is larger than the cache, this is indicated with a "*"'
            #                           '\nin this case, the first images will be thrown away before the sweep is finished')

            for widget in (self.start_value, self.stop_value, self.step):
                try:                widget.valueChanged.connect(self.update_ui_nsteps)
                except Exception:   pass

            self.use_logarithmic = ValueCheckBox('logarithmic'); hbox2.addWidget(self.use_logarithmic)
            self.use_logarithmic.stateChanged.connect(self.update_ui_use_logarithmic)
            try:
                self.start_value.setRange(parameter_widget.value_widget.minimum(), parameter_widget.value_widget.maximum())
                self.stop_value.setRange(parameter_widget.value_widget.minimum(), parameter_widget.value_widget.maximum())
                self.step.setDecimals(2)
            except Exception: pass

            values = parameter_widget.slider.values
            self.start_value.setValue(values[0])
            self.stop_value.setValue(values[-1])
            try:
                self.nsteps = self.parameter_widget.preview_default[0]
                if parameter_widget.preview_default[2]:
                    self.step.setValue(parameter_widget.preview_default[1]*100)
                    self.step_has_loagrithmic = True
                    self.use_logarithmic.setChecked(True)
                else:
                    self.step.setValue(parameter_widget.preview_default[1])
                    self.step_has_loagrithmic = False
                    self.use_logarithmic.setChecked(False)
            except TypeError:
                self.step_has_loagrithmic = False
                self.nsteps = len(values)
                self.step.setValue(1)


        else:
            self.nsteps = len(self.parameter_widget.preview_default(parameter_widget.slider.values[len(parameter_widget.slider.values)//2]))
            self.start_value = ValueComboBox(values=parameter_widget.slider.values); hbox2.addWidget(self.start_value)
            labelC = QLabel('to'); hbox2.addWidget(labelC)
            self.stop_value = ValueComboBox(values=parameter_widget.slider.values[::-1]); hbox2.addWidget(self.stop_value)
            self.step = None
            self.use_logarithmic = None
            self.step_has_loagrithmic = False


        hbox3 = QHBoxLayout(); vbox.addLayout(hbox3)
        labelE = QLabel('values'); hbox3.addWidget(labelE)
        self.values_list = QLineEdit(); hbox3.addWidget(self.values_list)
        self.use_values_list = ValueCheckBox('use values'); hbox3.addWidget(self.use_values_list)
        self.use_values_list.stateChanged.connect(self.update_ui_use_values)
        self.get_values_button = QPushButton(' get '); hbox3.addWidget(self.get_values_button)
        self.get_values_button.clicked.connect(self.get_values)
        if parameter_widget.changeable_stepsize:
            self.values_list.setText('{}'.format(list(values)))

        hbox_bottom = QHBoxLayout(); vbox.addLayout(hbox_bottom)
        self.close_button = QPushButton(' cancel '); hbox_bottom.addWidget(self.close_button)
        hbox_bottom.addStretch()
        self.save_path_label = QLabel(''); hbox_bottom.addWidget(self.save_path_label)
        self.save_button = QPushButton(' save to '); hbox_bottom.addWidget(self.save_button)
        self.start_button = QPushButton(' start '); hbox_bottom.addWidget(self.start_button)

        self.close_button.clicked.connect(self.close)
        self.start_button.clicked.connect(self.start)

        self.save_button.clicked.connect(self.select_save_directory)

        self.update_ui_use_values()
        self.last_save_path = None

        self.save_path = None
        self.exit_state = False

    def update_ui_use_logarithmic(self):
        if self.use_logarithmic.isChecked():
            if self.step_has_loagrithmic is not True:
                mean_val = (self.stop_value.value()-self.start_value.value())/2
                if not np.isclose(mean_val, 0.):
                    step = (self.step.value()/mean_val)*100
                    self.step.setValue(step)
                    self.step_has_loagrithmic = True
        else:
            if self.step_has_loagrithmic is not False:
                mean_val = (self.stop_value.value()-self.start_value.value())/2
                step = mean_val*self.step.value()/100
                self.step.setValue(step)
                self.step_has_loagrithmic = False

        self.update_ui_nsteps()

    def update_ui_nsteps(self):
        try:
            if self.use_logarithmic.isChecked():
                nsteps = int(np.log(self.stop_value.value() / self.start_value.value()) / np.log(self.step.value() / 100 + 1) + 1.01)
                text = '% diff, {} steps'.format(nsteps)
            else:
                nsteps = int((self.stop_value.value()-self.start_value.value())/self.step.value() + 1.01)
                text = 'diff, {} steps'.format(nsteps)
            #if nsteps > self.processing_widget.preview_cache_size:
            #    text += '*'
            self.step_label.setText(text)
            self.nsteps = nsteps
        except ZeroDivisionError:
            pass

    def update_ui_use_values(self):
        val = self.use_values_list.isChecked()
        for widget in (self.start_value, self.stop_value, self.step, self.use_logarithmic):
            if widget is not None:
                widget.setDisabled(val)
        self.values_list.setReadOnly(not val)
        self.values_list.setEnabled(val)

    def get_values(self):
        values = self.update_param_slider(False)
        if values is not None:
            self.values_list.setText('{}'.format(list(values)))

    def update_param_slider(self, apply=True):
        if self.parameter_widget.changeable_stepsize:
            preview_default = [None, None, None]
            preview_default[0] = self.nsteps
            preview_default[2] = self.use_logarithmic.isChecked()
            if preview_default[2]:
                preview_default[1] = self.step.value()/100
                default_value = np.sqrt(self.stop_value.value()/self.start_value.value())*self.start_value.value()
            else:
                preview_default[1] = self.step.value()
                default_value = (self.stop_value.value() + self.start_value.value())/2
            self.parameter_widget.preview_default = preview_default
            return self.parameter_widget.set_value_range(default_value, apply=apply)
        else:
            values = self.parameter_widget.slider.values
            default_value = values[len(values)//2]
            return self.parameter_widget.preview_default_original(default_value)

    def select_save_directory(self):
        data_set = self.processing_widget.data_sets.get_current_data_set()
        if self.last_save_path is not None:
            default_dir = os.path.split(self.save_path)[0]
        else:
            if data_set['output'].get('path', '') != '':
                default_dir = data_set['output'].get('path', '')
            else:
                default_dir = data_set['input'].get('path', '')
        save_path = QFileDialog.getExistingDirectory(self, directory=default_dir, caption='Select folder to save sweep to')
        if save_path is not '':
            self.save_path = save_path
            self.last_save_path = save_path
            self.parameter_widget.save_path = save_path
            self.save_path_label.setText('Saving sweep to "'+save_path+'"')

    def start(self):
        self.exit_state = True
        QDialog.close(self)

    def close(self):
        self.exit_state = False
        QDialog.close(self)
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1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import string, random, copy, json, numpy as np
from GUI.qt import *
import common

# ================  data set structures   ================
random_population = string.ascii_letters + string.digits
def get_random_id(length):
    return ''.join(random.choice(random_population) for i in range(length))

def increment_name(name: str):
    parts = name.split('_')
    if len(parts) == 1:
        return name + '_1'
    else:
        try:
            number = int(parts[-1])
            return '_'.join(parts[:-1])+'_'+str(number+1)
        except ValueError:
            return name + '_1'

class DataSet(dict):
    nosync_keys = 'input', 'output', 'name', 'id', 'group_id', 'preview_area', 'input_data_set', 'processing_type'

    def __init__(self, **kwargs):
        super().__init__(**kwargs)
        if 'id' not in self:
            self.make_new_id()
        else:
            self['id'] = str(self['id']) # todo: remove test code
        self.setdefault('name',  '[unnamed]')
        self.setdefault('input', dict())
        self.setdefault('output', dict())
        self.setdefault('group_id', None)
        self.setdefault('input_data_set', None)

    def make_new_id(self):
        self['id'] = get_random_id(20)
        #print('assigned new id')

    def make_secondary_of(self, data_set_id):
        self['type'] = 'secondary'
        self['primary_data_set'] = data_set_id

    def make_primary_of(self, data_set_id):
        self['type'] = 'primary'
        if data_set_id not in self['connected_secondary_data_sets']:
            self['connected_secondary_data_sets'].append(data_set_id)

    def make_normal(self):
        self['type'] = 'normal'
        self['primary_data_set'] = None

    def remove_secondary(self, data_set_id):
        for index, id in enumerate(self['connected_secondary_data_sets']):
            if id == data_set_id:
                del self['connected_secondary_data_sets'][index]
        if len(self['connected_secondary_data_sets']) == 0:
            self.make_normal()

    def hash(self, excluded_keys=(), included_keys=None, maximum_array_size=10):
        if 'processing_list' in self:
            excluded_keys = list(excluded_keys)
            excluded_keys.append('processing_list')
            first_hash = common.settings_hash.generate_hash_from_dict(self, excluded_keys, included_keys, maximum_array_size)
            processing_list = []
            for item in self['processing_list']:
                if item[2]:
                    processing_list.append(item)
            second_hash = common.settings_hash.generate_hash_from_list(processing_list)
            return first_hash+second_hash
        else:
            return common.settings_hash.generate_hash_from_dict(self, excluded_keys, included_keys, maximum_array_size)


class DataSetsCollection(dict):
    property_keys = 'order', 'current_data_set_id', 'snapshots', 'groups'

    def __init__(self, processing_type='processing', **kwargs):
        super().__init__()
        self.processing_type = processing_type
        self['order'] = kwargs.get('order', [])
        self['groups'] = kwargs.get('groups', dict())
        if type(self['groups']) is not dict:
            self['groups'] = dict()
        self['snapshots'] = kwargs.get('snapshots', dict())
        self.add(kwargs)
        #self.setdefault('order',  list(enumerate(self)))
        if len(self['order']) != len(self):
            for index, id in list(enumerate(self['order']))[::-1]:
                if id not in self or id in self.property_keys:
                    del self['order'][index]
            for id in self:
                if id not in self['order'] and id not in self.property_keys:
                    self['order'].append(id)
        if len(self['order']) > 0:
            self.setdefault('current_data_set_id',  self['order'][-1])
        else:
            self.setdefault('current_data_set_id',  None)
        for id in dict(**self['snapshots']):
            if id not in self:
                del self['snapshots'][id]

    def get_named(self, name):
        for data_set in self:
            if name == data_set['name']:
                return data_set

    def delete(self, id):
        for index, od_id in list(enumerate(self['order']))[::-1]:
            if od_id == id:
                del self['order'][index]

        #if self[id]['type'] == 'secondary':
        #    self[id].make_normal()
        if id is not None:
            del self[id]

    def delete_visible(self):
        self.delete(self['current_data_set_id'])
        try:
            self['current_data_set_id'] = self['order'][-1]
        except IndexError:
            self['current_data_set_id'] = None

    def move_to_first_pos(self, id):
        for index, od_id in list(enumerate(self['order']))[::-1]:
            if od_id == id:
                del self['order'][index]
                self['order'].append(id)
                return

    def get_current_data_set(self, copy_set=False):
        # copy=True should be used whenever the data_set is passed to another thread to avoid modification from main thread
        try:
            if copy_set:
                return copy.deepcopy(self[self['current_data_set_id']])
            else:
                return self[self['current_data_set_id']]
        except KeyError:
            return None

    #def get_copy_of_current_data_set(self):
    #    # should be used whenever the data_set is passed to another thread to avoid modification from main thread
    #    return pylibcopy.deepcopy(self[self['current_data_set_id']])

    def get_current_id(self):
        try:
            return self[self['current_data_set_id']]['id']
        except KeyError:
            return None

    def add(self, data_sets):
        for key in list(data_sets.keys()):
            if key in self.property_keys:
                self[key] = data_sets[key]
            else:
                if type(data_sets[key]) in (dict, DataSet):
                    try:
                        self[data_sets[key]['id']] = DataSet(**data_sets[key])
                    except (KeyError, TypeError):
                        self.make_new(**data_sets[key])
                        del data_sets[key]
                        #print(key, key in data_sets, data_sets)

    def add_data_set(self, data_set):
        assert type(data_set) == DataSet
        self[data_set['id']] = data_set
        if data_set['id'] not in self['order']:
            self['order'].append(data_set['id'])

    def make_new(self, **kwargs):
        data_set = DataSet(**kwargs)
        data_set['processing_type'] = self.processing_type
        self.add_data_set(data_set)
        self['current_data_set_id'] = data_set['id']

    def make_duplicate_of_current(self, **kwargs):
        vis_data_set = self.get_current_data_set()
        data_set = DataSet(**(vis_data_set if vis_data_set is not None else dict()))
        data_set.make_new_id()
        data_set.update(kwargs)

        data_set['name'] = '[unnamed]'
        try:
            data_set['output']['path'] = increment_name(data_set['output']['path'])
        except:
            pass

        self.add_data_set(data_set)
        self['current_data_set_id'] = data_set['id']

    def avoid_duplicate_name(self, new_name):
        names = self.names()
        name_exists_numbered = False
        while new_name in names:
            try:
                for k in np.arange(2, 5):
                    if new_name[-k] == '_':
                        new_name = new_name[:-k+1] + str(int(new_name[-k+1:]) + 1)
                        name_exists_numbered = True
                        break
                if not name_exists_numbered:
                    new_name = new_name + '_1'
            except (ValueError, IndexError):
                new_name = new_name + '_1'
        return new_name

    def set_current_data_set(self, id):
        # you must sync the group elsewhere
        if id in self['order']:
            self['current_data_set_id'] = id
            self.move_to_first_pos(id)
        else:
            self['current_data_set_id'] = None


    #snapshot support
    def save_snapshot(self, id=None):
        if id is None:
            id = self['current_data_set_id']
        if id is not None:
            self['snapshots'][id] = copy.deepcopy(self[id])

    def load_snapshot(self, id=None):
        if id is None:
            id = self['current_data_set_id']
        if id is not None:
            if id in self['snapshots']:
                self[id] = self['snapshots'][id]
                return True
            else:
                return False

    def swap_snapshot(self, id=None):
        if id is None:
            id = self['current_data_set_id']
        if id is not None:
            if id in self['snapshots']:
                snapshot = self['snapshots'][id]
                for key in snapshot.noswap_keys:
                    snapshot[key] = self[id][key]
                self['snapshots'][id] = self[id]
                self[id] = snapshot
                #print('swapped snapshot')
                return True
            else:
                self.save_snapshot(id)
                #print('saved snapshot')
                return False

    def has_snapshot(self, id=None):
        if id is None:
            id = self['current_data_set_id']
        return id in self['snapshots']

    # data_set lists
    def get_ordered(self):
        data_set_list = []
        for id in self['order']:
            data_set_list.append(self[id])
        return data_set_list[::-1]

    def keys(self):
        keys = []
        for key in dict.keys(self):
            if key not in self.property_keys:
                keys.append(key)
        return keys

    def ids_and_names(self):
        result = []
        for key in dict.keys(self):
            if key not in self.property_keys:
                result.append((key, self[key]['name']))
        return result

    def names(self):
        names = []
        for key in dict.keys(self):
            if key not in self.property_keys:
                names.append(self[key]['name'])
        return names

    # groups support
    def make_group(self, group_name, group_id, *data_sets_id_list):
        if group_id is None:
            group_id = get_random_id(18)
        #if type(self['groups']) is not dict:
        #    self['groups'] = dict()
        self['groups'][group_id] = [group_name, list(data_sets_id_list)]
        for id in data_sets_id_list:
            self[id]['group_id'] = group_id

    def add_to_group(self, group_name, group_id, *data_sets_id_list):
        #if type(self['groups']) is not dict:
        #    self['groups'] = dict()
        if group_id in self['groups']:
            for id in data_sets_id_list:
                self[id]['group_id'] = group_id
        else:
            self.make_group(group_name, group_id, *data_sets_id_list)

    def rename_group(self, group_id, new_name):
        self['groups'][group_id][0] = new_name

    def delete_group(self, group_id):
        if group_id in self['groups']:
            for id in self['groups'][group_id][1]:
                self[id]['group_id'] = None
            del self['groups'][group_id]

    def check_group_name_exists(self, group_name):
        group_names = [self['groups'][entry][0] for entry in self['groups']]
        return (group_name in group_names)


    def sync_group_from_current(self):
        #if type(self['groups']) is not dict:
        #    self['groups'] = dict()
        source_data_set = self.get_current_data_set()
        if source_data_set is None:
            return

        group_id = source_data_set['group_id']
        if group_id in (None, ''): return
        for id in self.keys():
            data_set = self[id]
            if data_set["group_id"] == group_id and data_set is not source_data_set:
                for key in source_data_set:
                    if key not in DataSet.nosync_keys:
                        data_set[key] = source_data_set[key]

    def sync_current_from_group(self, group_id=None):
        target_data_set = self.get_current_data_set()
        if target_data_set is None: return
        if group_id is None:
            group_id = target_data_set['group_id']
        if group_id in (None, ''): return
        id_list = self['groups'][group_id][1]
        for id in id_list:
            data_set = self[id]
            if data_set is not target_data_set:
                for key in target_data_set:
                    if key not in DataSet.nosync_keys:
                        target_data_set[key] = data_set[key]
                break


    def __getitem__(self, key):

        return dict.__getitem__(self, key)


class ExtendedJSONEncoder(json.JSONEncoder):
    def default(self, o):
        if np.iterable(o) or type(o) is np.ndarray:
            return list(o)
        elif issubclass(o.__class__, (dict,)):
            return dict(**o)
        else:
            try:  # conversion from numpy numbers
                kind = o.dtype.kind
                if kind in ('i', 'u'):
                    return int(o)
                elif kind in ('S', 'U'):
                    return str(o)
                else:
                    return float(o)
            except (ValueError, TypeError):
                return json.JSONEncoder.default(self, o)


class PyQSettings(QSettings):
    def __init__(self, *args):
        super().__init__(*args)
        self.json = ExtendedJSONEncoder()

    def setValue(self, key: str, value) -> None:
        if type(value) is dict:
            value_json = self.json.encode(value)
            super().setValue(key, value_json)
        else:
            super().setValue(key, value)

    def value(self, key: str, defaultValue):
        value = super().value(key, defaultValue)
        if type(value) is str:
            if value.startswith('{'):
                try:
                    value = json.loads(value)
                except:
                    pass

        return value







tomis/GUI/processing/special.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from .base import *
from GUI.plugins.special import *
from .preview import *


# ================  special processing widgets   ================
class SpecialProcessingWidget(ProcessingWidget):
    preview_finished = Signal()
    name = 'Special Processing'
    short_name = 'SP'

    folder_only_output = True

    def __init__(self, main_window, menuBar, plugins=(), settings_format='', version_str=''):
        super().__init__(main_window, menuBar, self.name, has_darks_refs=True, settings_format=settings_format, version_str=version_str)
        self.select_plugin_widget = SelectPluginWidget(self, plugins)
        self.no_data_set_disable_widgets.append(self.select_plugin_widget)
        self.vbox.insertWidget(1, self.select_plugin_widget)
        self.init_add_bottom_hbox()
        self.preview = None
        self.worker = None

        self.preview_button.hide()

    def set_app_settings(self, settings):
        pass
    def get_app_settings(self):
        return dict()

    def current_data_set_changed(self):
        self.select_plugin_widget.set_plugin_button.setDisabled(False)

    def update_ui_from_data_sets(self):
        data_set = ProcessingWidget.update_ui_from_data_sets(self)
        if data_set is not None:
            self.select_plugin_widget.update_ui_from_data_set(data_set)
            self.update_reader(data_set)

    def update_data_sets_from_ui(self):
        data_set = ProcessingWidget.update_data_sets_from_ui(self)

        if data_set is not None:
            self.select_plugin_widget.update_data_set_from_ui(data_set)
            if data_set['group_id'] is not None:
                self.data_sets.sync_group_from_current()

    def start_work(self, data_set, preview_hash):
        data_set = self.data_sets.get_current_data_set()
        if data_set is not None:
            self.select_plugin_widget.setDisabled(True)
            connect_once(self.select_plugin_widget.current_widget.finished, self.finished)
            self.select_plugin_widget.current_widget.start(data_set, data_set[self.select_plugin_widget.get_current_plugin_key()])
            self.resetCursor()

    def stop_processing(self):
        if self.select_plugin_widget.current_widget is not None:
            if self.select_plugin_widget.current_widget.supports_stop:
                self.select_plugin_widget.current_widget.do_stop()
                self.start_button.setText('stopping ...')
        super().stop_processing()








tomis/GUI/processing/volume.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from .base import *
from GUI.plugins.volume import *
from .preview import *
import file.volume
import image.cropping, image.fourier

nax = image.cropping.newaxs


# ================  volume processing widgets   ================
class VolumeProcessingWidget(MultiplePluginsProcessingWidget):
    preview_finished = Signal()
    name = 'Volume Processing'
    short_name = '3D'

    def __init__(self, main_window, menuBar, plugins=(), preview_controls_position='top', settings_format='', version_str=''):
        super().__init__(main_window, menuBar, plugins, self.name, False, settings_format, version_str)
        self.work_process_class = VolumeWorker
        self.preview_cache_max_GB = 8
        self.default_settings['use_multiprocessing'] = 2
        self.default_settings['use_memmaps'] = 2

        self.preview = VolumeProcessingPreviewWindow(self.start_preview, self)
        self.preview_button.clicked.connect(self.preview.refresh_parameters_from_external)
        self.preview.setWindowTitle('pyXIT - VolumeProcessing (3D) Preview')

        self.current_area_settings = None
        self.use_memmap = True

    @property
    def preview_update_enabled(self):
        if self.preview.display_type == 'result':
            return self.preview_use_autoupdate.isChecked()
        else:
            return False


class VolumeWorker(WorkerThread):
    name = VolumeProcessingWidget.name
    memmap_threshold = 0.3

    def __init__(self, short_name, settings_format, version_str):
        super().__init__(short_name, settings_format, version_str)
        self.range_sum = -2
        self.last_area_hash = None
        self.cleanup_files = []
        self.cl_info_index = -1
        # self.processor = BlockwiseVolumePluginsProcessor(ui_updater=self.update_ui)

        self.arr_dtype = "f4"

    def update_ui(self, current_work_item, number_work_items, fmt_text='block {:.0f} of {:.0f}', good_prognosis=True):
        WorkerThread.update_ui(self, current_work_item, number_work_items, fmt_text, good_prognosis)

    # functions for selecting optimal block size
    def compile_mem_usage(self, settings_list):
        is_fourier = False
        mem_usage_factor = 0
        for settings in settings_list:
            if settings["fourier_inout"][0] and settings["fourier_inout"][1]:
                if not is_fourier:
                    mem_usage_factor += 3 * (1 + (image.fourier.pyfftw is None))
                    is_fourier = True
            else:
                if settings["fourier_inout"][0] and not is_fourier:
                    mem_usage_factor += 3 * (1 + (image.fourier.pyfftw is None))
                is_fourier = False
                mem_usage_factor += settings["mem_usage_factor"]
        return mem_usage_factor

    def estimate_speed_num_workers(self, nums_workers, fully_paralellized):
        if not fully_paralellized:
            num_processors = int(psutil.cpu_count(logical=False))
        else:
            num_processors = 1
        speed = np.zeros_like(nums_workers, "f4")
        loc = np.less_equal(nums_workers, num_processors)
        speed[loc] = (nums_workers[loc] / num_processors) ** 0.85  # scale less than linear
        speed[~loc] = 1. + 0.3 * np.log(
            nums_workers[~loc] / num_processors) ** 0.8  # small performance increase for file caching
        # print("worker speed estimate:", speed)
        return speed

    def find_block_size(self, vol_shape, mem_usage_factor, filter_range, max_workers, reader_dtype_nbytes=4,
                        fully_paralellized=False, use_workers_as_file_cache=True):
        free_memory = common.misc.get_free_memory() * 0.7 - 1.  # leave some room for temporary allocations

        if use_workers_as_file_cache:
            nums_workers = np.arange(1, int(max_workers * 1.5 + 1))
        else:
            nums_workers = np.arange(1, int(max_workers + 1))
        possible_block_sizes = [image.fourier.get_fast_fft_sizes(max(3 * filter_range, 128), vol_length + 2 * filter_range + 2) for
                                vol_length in vol_shape]
        possible_block_numbers = [np.int64(vol_shape[axis] / (possible_block_sizes[axis] - 2 * filter_range) + 1) for axis
                                  in (0, 1, 2)]

        block_size_arr = possible_block_sizes[0][nax(0, 4)] * possible_block_sizes[1][nax(1, 4)] * \
                         possible_block_sizes[2][nax(2, 4)] / 1024 ** 3
        rw_cache_size_arr = ((possible_block_sizes[0][nax(0, 4)] * possible_block_sizes[1][nax(1, 4)]
                              + 2 * (possible_block_sizes[0][nax(0, 4)] - 2 * filter_range) * (
                                          possible_block_sizes[1][nax(1, 4)] - 2 * filter_range)) * vol_shape[
                                 2]) / 1024 ** 3
        predicted_mem_usage = (block_size_arr * mem_usage_factor * np.dtype(
            self.arr_dtype).itemsize + rw_cache_size_arr * reader_dtype_nbytes) * nums_workers[nax(3, 4)]
        too_large = predicted_mem_usage > free_memory
        # print("using free memory", free_memory, amax(block_size_arr/1024**3*dtype(self.arr_dtype).itemsize*mem_usage_factor))
        too_large |= block_size_arr * np.ones_like(nums_workers[nax(3, 4)]) * np.dtype(self.arr_dtype).itemsize > 2
        # side lengths of 3x 1024 lead to an integer overflow with leads to an error in fftw/pyfftw, 3x1023 sometimes works

        workers_speed_fact = self.estimate_speed_num_workers(nums_workers, fully_paralellized)
        block_numbers_arr = np.ceil(possible_block_numbers[0][nax(0, 4)] * possible_block_numbers[1][nax(1, 4)] /
                                 np.fmin(nums_workers, max_workers)[nax(3, 4)]) * possible_block_numbers[2][nax(2, 4)]
        # avoid idling of workers due to zy-block number product not a multiple of number of active workers
        runtime_measure_arr = block_numbers_arr * np.float64(block_size_arr) ** 1.02 / workers_speed_fact[nax(3, 4)]  # *log(block_size_arr)
        #  actual fft benchmarks show proportional to size (even size**alpha with alpha < 1 for fftw)
        runtime_measure_arr *= (possible_block_sizes[0][nax(0, 4)] + 300) ** 0.2  # optimize block shape for disk access, prefer smaller size on axis z
        runtime_measure_arr *= (possible_block_sizes[1][nax(1, 4)] + 200) ** -0.1  # optimize block shape for disk access, prefer larger size on axis y
        runtime_measure_arr *= block_size_arr**0.1 * np.ones_like(nums_workers[nax(3, 4)])  # prefer less memory usage, as the memory usage prediction may be wrong

        if np.all(too_large):
            raise MemoryError('too much padding for allowed memory usage (filter range too long)')
        else:
            runtime_measure_arr[too_large] = np.nan
            arr_opt_indices = np.unravel_index(np.nanargmin(runtime_measure_arr), runtime_measure_arr.shape)

            block_size = [possible_block_sizes[k][arr_opt_indices[k]] for k in (0, 1, 2)]
            block_numbers = [possible_block_numbers[k][arr_opt_indices[k]] for k in (0, 1, 2)]
            num_workers = nums_workers[arr_opt_indices[3]]

            print("using block size", block_size, block_numbers, num_workers, max(nums_workers),
                  np.prod(block_size) / 1024 ** 3 * np.dtype(self.arr_dtype).itemsize)
            print("predicted mem usage: {:.1f} of {:.1f} GB".format(predicted_mem_usage[arr_opt_indices] / 0.75,
                                                                    free_memory / 0.75))

            return block_size, block_numbers, num_workers

    # function for computing preview area
    def get_subvolume_crops_pads(self, volume_shape, subvolume_shape, filter_range, origin=(0, 0, 0),
                                 fast_fft_size=True):
        subvolume_shape = np.array(subvolume_shape)
        subvolume_shape = np.clip(subvolume_shape, np.ones(3), volume_shape - 2).astype("u8")

        filter_range = int(np.ceil(filter_range))
        subvolume_shape_padded = subvolume_shape + 2 * filter_range

        if fast_fft_size:
            for k in (0, 1, 2):
                subvolume_shape_padded[k] = image.fourier.get_fast_fft_sizes(subvolume_shape_padded[k], 4096)[0]

        pad_ranges = [(subvolume_shape_padded[k] - subvolume_shape[k]) // 2 for k in (0, 1, 2)]

        read_crops = [[0, 0], [0, 0], [0, 0]]
        pad_args = [[0, 0], [0, 0], [0, 0]]
        for axis in (0, 1, 2):
            crop0 = origin[axis] - pad_ranges[axis]
            crop1 = crop0 + subvolume_shape_padded[axis]

            if crop0 < 0:
                pad_args[axis][0] = -int(np.ceil(crop0))
                crop0 = 0
            if crop1 > volume_shape[axis]:
                pad_args[axis][1] = int(np.ceil(crop1 - volume_shape[axis]))
                crop1 = volume_shape[axis]
            read_crops[axis][0] = int(crop0)
            read_crops[axis][1] = int(crop1)

        uncrop = []
        for axis in range(3):
            uncrop0 = pad_ranges[axis]
            uncrop1 = uncrop0 + subvolume_shape[axis]
            uncrop.append((int(uncrop0), int(uncrop1)))

        return read_crops, pad_args, uncrop, min(pad_ranges)

    def run(self):
        super().run()
        process_pool = []
        while not self.stop_self:
            try:
                args = self.cmd_queue.get(block=True)
                mode = args[0]
                if mode == "stop_self":
                    self.stop_self = True
                    return
                else:
                    settings, worker_classes, settings_list, app_settings, preview_hash = args[1:]

                # print("got work", mode, settings, worker_classes, settings_list, app_settings)
                self.done_images = 0
                self.stop = False
                # raise ValueError('test error')
                t0 = time.time()
                self.run_cleanup()
                self.ret_queue.put(("progress", 0))
                self.reader = file.volume.get_reader(settings['input'])
                self.reader.prepare()
                self.nimages = self.reader.nimages
                self.stop_thread.set_targets(self, self.reader, self.writer)

                ranges_list = [plugin_settings['filter_range'] for plugin_settings in settings_list]
                range_sum = image.fourier.sum_pad_ranges(ranges_list)
                if mode == 'processing':
                    # if global_constants['DEBUGGING_ENABLED']:
                    #    range_sum = max(120, range_sum); print("TEST: increased filter range to {} to simulate greater memory usage".format(range_sum))

                    self.ret_queue.put(("status", 'preparing input'))
                    self.get_writer(mode, settings['output'], base_filename=settings['name'])

                    try:
                        if settings['output']['keep_scaling']:
                            self.writer.enable_keep_scaling(self.reader)
                    except KeyError:
                        pass
                    self.add_processing_history_to_writer(settings)
                    if app_settings['use_multiprocessing']:
                        num_working = int(psutil.cpu_count(
                            logical=False))  # memory usage usually does matter in 3D, logical=True only brings small speedups
                    else:
                        num_working = 1

                    cmd_queue = multiprocessing.Queue()
                    stop_queue = multiprocessing.Queue()
                    ret_queue = multiprocessing.Queue()

                    reader = self.reader.get_raw_reader()
                    writer = self.writer.get_raw_writer(self.reader.shape)  # tif headers are written here
                    writer.truncate_stack = False

                    self.ret_queue.put(("status", 'starting workers'))
                    global_mem_usage_factor = self.compile_mem_usage(settings_list)
                    block_size, block_numbers, num_workers = self.find_block_size(self.reader.shape,
                                                                                  global_mem_usage_factor, range_sum,
                                                                                  num_working,
                                                                                  reader_dtype_nbytes=np.dtype(
                                                                                      self.reader.dtype).itemsize)
                    nblocks = np.prod(block_numbers)
                    semaphore = multiprocessing.Semaphore(num_working) if num_working < num_workers else None
                    # limit processing to n processes in parallel, the waiting processes serve as cached input
                    print('using volume multiprocessing with {} processes ({} active, {} buffer)'.format(num_workers,
                                                                                                         min(
                                                                                                             num_working,
                                                                                                             num_workers),
                                                                                                         max(
                                                                                                             num_workers - num_working,
                                                                                                             0)))

                    environment_settings = dict(
                        leftover_parallelism=int(psutil.cpu_count(logical=True) / min(num_working, num_workers) + 0.45),
                        nblocks=nblocks // num_workers, write_cache_size=num_workers)
                    try:
                        environment_settings["pyopencl_index"] = app_settings['cl_device_index']
                    except (KeyError, IndexError, TypeError):
                        pass

                    for k_z in np.arange(block_numbers[0]):
                        for k_y in np.arange(block_numbers[1]):
                            cmd_queue.put(((k_z, k_y), None))

                    process_pool = [VolumeBlocksWorkerProcess(k, cmd_queue, stop_queue, ret_queue, reader, writer, worker_classes,
                                                              settings_list, environment_settings, ranges_list,
                                                              block_size, block_numbers,
                                                              num_workers, semaphore=semaphore) for k in
                                    range(num_workers)]

                    self.ret_queue.put(("status", 'processing volume'))
                    done_blocks = 0;
                    stopped_workers = 0;
                    stoppable_workers = max(num_workers * 0.3, num_workers - num_working)
                    #  stoppable workers may be stopped due to memory full
                    revives_left = num_workers
                    while done_blocks < nblocks:
                        if self.stop:
                            while not cmd_queue.empty():
                                cmd_queue.get()
                            break
                        try:
                            status, block_indices, volume_block, proc_index = ret_queue.get(timeout=5)
                            if status == "block done":
                                done_blocks += 1
                                if revives_left <= num_workers:
                                    revives_left += 0.2 / block_numbers[2]
                                self.update_ui(done_blocks, nblocks)
                                if common.misc.get_free_memory() < 1 and stopped_workers < stoppable_workers:
                                    stopped_workers += 1
                                    stop_queue.put(None)
                                    print("stopping a worker to reduce memory load ({} left)".format(num_workers - stopped_workers))

                            elif status == "error":
                                stopped_workers += 1
                                print("one worker stopped due to error ({} left)\n".format(num_workers - stopped_workers),
                                      block_indices)
                                if revives_left > 0 and common.misc.get_free_memory() > 4.:
                                    for k, process in enumerate(process_pool):
                                        if not process.is_alive() and stopped_workers > stoppable_workers:
                                            process_pool[k] = VolumeBlocksWorkerProcess(k, cmd_queue, stop_queue, ret_queue, reader,
                                                                                        writer, worker_classes,
                                                                                        settings_list, environment_settings,
                                                                                        ranges_list, block_size,
                                                                                        block_numbers, num_workers,
                                                                                        semaphore=semaphore)

                                            stopped_workers -= 1
                                            revives_left -= 1
                                            print("revived worker process", stopped_workers, stoppable_workers,
                                                  revives_left)

                            elif status == "restart":  # untested/unused
                                process_pool[proc_index].join(timeout=5)
                                process_pool[proc_index] = VolumeBlocksWorkerProcess(proc_index, stop_queue, cmd_queue, ret_queue,
                                    reader, writer, worker_classes, settings_list, environment_settings,
                                    ranges_list, block_size, block_numbers, num_workers, semaphore=semaphore)

                            if stopped_workers == num_workers:
                                self.ret_queue.put(("status", 'error occurred, stopped'))
                                self.ret_queue.put(("error", block_indices, True))
                                return
                        except queue.Empty:
                            num_running = 0
                            for k, process in enumerate(process_pool):
                                if process.is_alive(): num_running += 1
                            if num_running == 0 and cmd_queue.qsize() > 0:
                                process_pool.append(VolumeBlocksWorkerProcess(len(process_pool)+1, cmd_queue, stop_queue, ret_queue,
                                    reader, writer, worker_classes, settings_list, environment_settings,
                                    ranges_list, block_size, block_numbers, num_workers, semaphore=semaphore))
                                print('WARNING: precess queue has open tasks, but no processes were working (fixed)')

                    [cmd_queue.put(("stop_self", None)) for k in range(num_workers)]
                    [process.join() for process in process_pool]
                    del process_pool[:]
                    print("subprocesses exited")

                    self.ret_queue.put(("status", "saving output"))
                    self.writer.transfer_raw_cache()
                    self.writer.shape = self.reader.shape
                    self.writer.save_info()
                    self.run_cleanup()

                    if not self.stop:
                        self.ret_queue.put(("status", get_finished_time("processing", t0)))
                        self.ret_queue.put(("progress", 100))
                        self.ret_queue.put(("done", settings))
                    else:
                        self.ret_queue.put(("progress", 0))
                        self.ret_queue.put(("stopped", settings))
                    common.misc.print_runtime('volume processing runtime', t0)
                    self.stop_self = True

                elif mode == 'preview':
                    if self.cl_info_index != app_settings["cl_device_index"]:
                        self.cl_info_index = app_settings["cl_device_index"]

                    self.ret_queue.put(("status", 'volume processing preview'))
                    area_settings = settings['preview_area']

                    area_hash = common.settings_hash.generate_hash_from_dict(area_settings, excluded_keys=('pad_factor',))
                    if range_sum > self.range_sum or range_sum < self.range_sum * 0.8 - 4 or area_hash != self.last_area_hash:
                        self.volume_data = None
                        area_settings['volorigin'] = tuple(int(k) for k in np.clip(area_settings['volorigin'], 0,
                                                                                self.reader.input_shape - area_settings[
                                                                                    'volshape']))
                        range_sum = range_sum * 1.1 + 3  # hysteresis, avoids reloading for small parameter changes
                        input_crops, self.pad_args, self.uncrop, self.range_sum = self.get_subvolume_crops_pads(
                            self.reader.input_shape, area_settings['volshape'], range_sum,
                            origin=area_settings['volorigin'])
                        self.reader.set_crops(input_crops)

                        self.volume_data = np.pad(self.reader.load_all(), self.pad_args, mode='reflect')
                        self.last_area_hash = area_hash

                    image.fourier.FFT_THREADS = psutil.cpu_count(logical=True)
                    worker_instances, self.workers_dict = get_workers(worker_classes, app_settings['cl_device_index'],
                                                                      existing_workers_dict=self.workers_dict)  # [plugin.worker() for plugin in self.plugin_list]
                    filters_list = prepare_processing_funcs(self.volume_data.shape, worker_instances, settings_list,
                                                            parallelism=psutil.cpu_count(logical=True), nblocks=1)

                    volume_result = apply_plugin_list_3D(self.volume_data, filters_list, worker_instances,
                                                         settings_list, ranges_list)
                    volume_result = np.copy(image.cropping.crop_arr(volume_result, self.uncrop))
                    if not self.stop:
                        self.ret_queue.put(("preview_done", volume_result, settings, preview_hash))
                        self.ret_queue.put(("status", get_finished_time('preview', t0)))
                    else:
                        self.ret_queue.put(("status", "preview stopped"))

            except Exception as exc:
                self.ret_queue.put(("status", 'error occurred, stopped'))
                self.ret_queue.put(("error", common.misc.get_exception_text_html(), True))
                self.stop_self = True
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            finally:
                try:
                    self.writer.close()
                except:
                    pass
                try:
                    self.reader.delete_raw_cache()
                except:
                    pass
                try:
                    del process_pool[:]
                except NameError:
                    pass

                self.ret_queue.put(("finished",))


class VolumeProcessingPreviewWindow(PreviewWindow):
    def __init__(self, external_refresh_func, processing_widget: VolumeProcessingWidget, window_size=(700, 520),
                 max_sweep_speed=2,
                 preview_controls_position='top'):
        super().__init__(external_refresh_func, processing_widget, window_size,
                         preview_controls_position=preview_controls_position)

        # hbox2 = QHBoxLayout(); self.splitter_params_vbox.insertLayout(1, hbox2)
        # self.area_select_button = QPushButton('   select area   '); hbox2.addWidget(self.area_select_button)
        # self.area_select_button.setCheckable(True)
        # self.area_select_button.toggled.connect(self.set_area_select_mode)
        self.update_button.setDisabled(True)

        self.set_area_button = QPushButton('  set area  ');
        self.hbox_area.addWidget(self.set_area_button)
        self.set_area_button.clicked.connect(self.refresh_area_settings)

        self.switch_button = QPushButton('  switch to result  ');
        self.hbox_area.addWidget(self.switch_button)
        self.switch_button.clicked.connect(self.switch_input_and_result)
        self.switch_button.setDisabled(True)

        self.hbox_area.addWidget(self.update_button)
        # self.area_select_button.toggled.connect(lambda val: (external_refresh_func() if not val else None))

        # self.z_length.valueChanged.connect(self.refresh_available_preview_range)
        # self.z_length.valueChanged.connect(self.set_allowed_z_range)

        label2 = QLabel('pad factor:');
        self.hbox_area.addWidget(label2)
        self.pad_factor = ValueFloatBox();
        self.hbox_area.addWidget(self.pad_factor)
        self.pad_factor.setRange(0.0, 1.0);
        self.pad_factor.setSingleStep(0.1)
        self.pad_factor.setValue(0.25)

        label = QLabel('number of slices:');
        self.hbox_area.addWidget(label)
        self.z_length = PlainSpinBox();
        self.hbox_area.addWidget(self.z_length)
        self.z_length.setRange(1, 99)

        label.setToolTip('z-length of the preview area,\nthe memory usage of the cache is larger for higher values')
        label2.setToolTip('length of the preview padding relative to the optimal quality padding\n'
                          '=> faster preview for smaller values')

        self.last_reader_z_length = -1

        # hbox = QHBoxLayout(); self.splitter_params_vbox.insertLayout(2, hbox)
        index_label = QLabel('slice:');
        self.hbox_area2.addWidget(index_label)
        self.image_index = ValueIntBox();
        self.hbox_area2.addWidget(self.image_index)
        self.image_index_slider = ScrollSlider();
        self.hbox_area2.addWidget(self.image_index_slider)
        self.set_index_range(0, 99999)
        self.image_index_slider.setOrientation(Qt.Horizontal)
        self.image_index_slider.setTickPosition(QSlider.TicksBelow)
        # self.image_index_slider.valueChanged.connect(self.update_index_label)
        self.image_index_slider.valueChanged.connect(self.scroll_to_slice)
        self.image_index_slider.setDisabled(True)

        self.image_index.valueChanged.connect(self.sync_index_widgets)
        self.image_index_slider.valueChanged.connect(self.sync_index_widgets)

        # self.update_index_label()
        self.has_shown = False

        def sweep():
            self.continue_sweep.connect(next_sweep)
            sweep_button.clicked.disconnect(sweep)
            sweep_button.clicked.connect(stop_sweep)
            sweep_button.setText('stop')
            self.disable_other_sweep_buttons(None)
            # print('sweep')
            if self.image_index_slider.value() == self.image_index_slider.maximum():
                self.image_index_slider.setValue(0)
            else:
                self.image_index_slider.setValue(self.image_index_slider.value() + self.image_index_slider.singleStep())

        def next_sweep():
            if self.image_index_slider.value() == self.image_index_slider.maximum():
                stop_sweep()
            else:
                self.image_index_slider.setValue(self.image_index_slider.value() + self.image_index_slider.singleStep())

        def stop_sweep():
            self.continue_sweep.disconnect(next_sweep)
            sweep_button.clicked.disconnect(stop_sweep)
            sweep_button.clicked.connect(sweep)
            sweep_button.setText('sweep')
            self.enable_other_sweep_buttons(None)
            # print('sweep stopped')

        sweep_button = QPushButton('sweep');
        self.hbox_area2.addWidget(sweep_button)
        sweep_button.clicked.connect(sweep)
        self.image_view.scrolled.connect(lambda step: self.image_index_slider.setValue(
            self.image_index_slider.value() + step * self.image_index_slider.singleStep()))

        self.area_settings = dict()
        self.display_type = 'empty'
        self.display_gray_range = dict(result=(), input=())

        self.input_load_thread = QtDoThread()
        self.input_load_thread.finished.connect(self.display_loaded_input)
        self.reset_viewport = False

    def external_refresh_func(self, override_preview_active=False):
        if not self.image_index_slider.is_moving:
            self.external_refresh_func_(override_preview_active=override_preview_active)

    def set_cached(self, volume, vol_hash):
        if self.is_sweeping:
            self.continue_sweep.emit()
        # print('set_cached', volume.shape, vol_hash, ':', self.current_image_hash)
        if vol_hash != self.current_image_hash:
            self.volume = volume
            self.current_image_hash = vol_hash
            if self.sweep_widget is not None:
                self.sweep_widget.save_sweep()
        self.show_result_slice()

    def switch_input_and_result(self):
        if self.display_type == 'result':
            self.show_input(reset_viewport=True)
        elif self.display_type == 'input':
            self.show_result_slice()

    def show_result_slice(self, index=None):
        self.z_length.setDisabled(True)
        if index is None:
            index = self.image_index_slider.value()
        try:
            index -= self.area_settings.get('volorigin', (0, 0, 0))[0] - 1  # - 1
            index = np.clip(index, 0, self.volume.shape[0] - 1)
            with self.image_view:
                self.display_gray_range[self.display_type] = self.image_view.get_grayscale()
                self.image_view.set_image(self.volume[index, :, :])
                if self.display_type != 'result':
                    self.image_view.set_grayscale(*self.display_gray_range['result'])
            self.display_type = 'result'
            z_start = self.area_settings.get('volorigin', (0,))[0]
            z_length = self.area_settings.get('volshape', (1,))[0]
            self.set_index_range(z_start, z_start - 1 + z_length)
            self.switch_button.setText('  switch to input  ')
            self.switch_button.setEnabled(True)
            self.set_area_button.setDisabled(True)
        except (IndexError, AttributeError):
            print('show_result_slice failed', index)

    def show_input(self, index=None, reset_viewport=False):
        self.z_length.setEnabled(True)
        if index is None:
            index = self.image_index_slider.value()
        self.reset_viewport = reset_viewport
        self.processing_widget.reader.reset_crops()
        if index < 0:
            self.image_view.has_scale = False
        # self.image_index_slider.setMaximum(self.processing_widget.reader.nimages-1)
        self.input_load_thread.do(self.processing_widget.reader.load, index if index >= 0 else "center")

    def display_loaded_input(self):
        image = self.input_load_thread.return_vals
        index = self.processing_widget.reader.last_index
        if index is not None:
            self.image_index_slider.setValue(index)
        reader = self.processing_widget.reader
        self.image_index_slider.setEnabled(True)
        self.image_index.setEnabled(True)
        self.set_index_range(-1, reader.nimages - 1)
        self.switch_button.setText('  switch to result  ')
        self.set_area_button.setDisabled(False)

        if self.reset_viewport or not self.has_shown:
            self.pad_factor.setValue(self.area_settings.get('pad_factor', 0.25))
            volshape = self.area_settings.get('volshape', (1, 600, 600))
            volshape = np.clip(volshape, 1, reader.input_shape)
            volorigin = tuple(
                reader.input_shape[k] - val for k, val in enumerate((reader.input_shape[0] // 2, 300, 300)))
            volorigin = self.area_settings.get('volorigin', volorigin)
            volorigin = np.int32(np.clip(volorigin, 0, reader.input_shape - volshape))
            self.z_length.setValue(volshape[0])
            zoom_fact = self.area_settings.get('zoom_factor', 1)

            with self.image_view:
                self.image_view.zoom_factor_selector.setValue(zoom_fact)
                self.display_gray_range[self.display_type] = self.image_view.get_grayscale()
                self.image_view.set_image(image)
                if self.display_type != 'input':
                    self.image_view.set_grayscale(*self.display_gray_range['input'])
                self.image_view.set_area(volorigin[1:], volshape[1:])
                self.reset_viewport = False
                self.has_shown = True

        else:
            self.display_gray_range[self.display_type] = self.image_view.get_grayscale()
            with self.image_view:
                self.image_view.set_image(image)
                if self.display_type != 'input':
                    self.image_view.set_grayscale(*self.display_gray_range['input'])

        self.display_type = 'input'

    def scroll_to_slice(self, index=None):
        if not self.image_index_slider.is_moving:
            if self.display_type == 'input':
                self.show_input(index)
            else:
                self.show_result_slice(index)
            # self.update_index_label()

    def refresh_area_settings(self):
        preview_z_range = self.get_preview_z_range()
        settings = dict()
        settings['pad_factor'] = self.pad_factor.value()
        origin2d, size2d = self.image_view.get_area()
        z_length = preview_z_range[1] - preview_z_range[0]
        settings['volshape'] = z_length, int(size2d[0] - 2), int(size2d[1] - 2)
        settings['zoom_factor'] = self.image_view.zoom_factor_selector.value()
        settings['volorigin'] = [preview_z_range[0], int(origin2d[0]), int(origin2d[1])]
        if self.processing_widget.reader.is_prepared:
            settings['volorigin'][0] = np.clip(settings['volorigin'][0], 0,
                                            self.processing_widget.reader.nimages - settings['volshape'][0])
        settings['current_slice'] = self.image_index_slider.value()
        settings['display_gray_range'] = self.display_gray_range
        # print('get_area_settings', settings['volorigin'], settings['volshape'])
        self.area_settings = settings
        if not self.update_button.isChecked():
            self.update_button.setEnabled(True)
            self.update_button.click()
        else:
            self.external_refresh_func()

    def get_area_settings(self):
        return self.area_settings

    def set_area_settings(self, settings):
        # print('set_area_settings', settings)
        settings.setdefault('display_gray_range', dict(result=(), input=()))
        settings.setdefault('current_slice', -1)
        settings.setdefault('volorigin', (0, 0, 0))
        settings.setdefault('volshape', (1, 400, 600))
        settings.setdefault('zoom_factor', 1)

        self.display_gray_range = settings['display_gray_range']
        if type(self.display_gray_range) is list: self.display_gray_range = dict(result=(), input=())
        self.image_index_slider.setValue(settings['current_slice'])
        self.image_view.set_area(np.array(settings['volorigin'][1:]), np.array(settings['volshape'][1:]))
        self.image_view.zoom_factor_selector.setValue(settings['zoom_factor'])
        self.z_length.setValue(settings['volshape'][0])
        self.area_settings = settings

    def get_preview_z_range(self):
        z_before = self.z_length.value() // 2;
        z_after = self.z_length.value() - z_before
        val_range = self.image_index_slider.value() - z_before, self.image_index_slider.value() + z_after
        # val = self.image_index_slider.value()
        # print('get_preview_range', val_range, self.z_length.value())
        return val_range
        # if set_slider:
        #    self.set_index_range(self.available_preview_range[0], self.available_preview_range[1]-1)
        #    print('slider range set to', self.available_preview_range[0], self.available_preview_range[1]-1)

    def show(self):
        if not self.has_shown:
            self.has_shown = True
        PreviewWindow.show(self)


# ========== volume/3D workers ==========
def apply_workers_3D(image, block_args, worker_classes: Iterable[Worker3D], settings_list: Iterable[Dict], ranges_list, environment_settings, use_padding=True):
    worker_instances = []
    for k, (worker_class, name) in enumerate(worker_classes):
        worker_key = str(worker_class)+str(k)
        if worker_key not in worker_process_cache['workers_cache']:
            worker_process_cache['workers_cache'][worker_key] = worker_class()
        worker_process_cache['workers_cache'][worker_key].cl_index = environment_settings.get('pyopencl_index', -1)
        worker_process_cache['workers_cache'][worker_key].is_preview = environment_settings.get('is_preview', False)
        worker_instances.append(worker_process_cache['workers_cache'][worker_key])

    if worker_process_cache['filters_list_cache'] is None:
        worker_process_cache['filters_list_cache'] = prepare_processing_funcs(image.shape, worker_instances,
                                        settings_list, parallelism=environment_settings['leftover_parallelism'],
                                        use_padding=use_padding, nblocks=environment_settings['nblocks'])

    image = apply_plugin_list_3D(image, worker_process_cache['filters_list_cache'], worker_instances,
                                 settings_list, ranges_list)
    gc.collect()
    return image, block_args


def apply_plugin_list_3D(volume, filters_list: List[Tuple[Union[Callable, image.fourier.FourierFilterer], bool]],
                         worker_list: Iterable[Worker3D], settings_list: Iterable[Dict], ranges_list):
    for filter, is_fouriermult in filters_list: # filter is either a index for plugin_list or a FourierFilterer
        if is_fouriermult:
            volume = filter.apply_filter(volume)
        else:
            volume = worker_list[filter].process_volume(volume, settings_list[filter], filter, ranges_list)
    return volume


class VolumeBlocksWorkerProcess(multiprocessing.Process):
    semaphore_timeout = 180

    def __init__(self, proc_index, cmd_queue, stop_queue, ret_queue,
                 reader: file.volume.Reader, writer: file.volume.Writer, worker_classes, settings_list,
                 environment_settings, ranges_list, block_size, block_numbers, max_workers, semaphore=None, do_start=True):
        """

        :param proc_index:
        :param cmd_queue:
        :param ret_queue:
        :param reader:
        :param writer:
        :param worker_classes:
        :param settings_list:
        :param environment_settings:
        :param ranges_list:
        :param block_size:
        :param block_numbers:
        :param max_workers:
        :param semaphore:               semaphore with value=max_workers/2, limits processes that access files to half
        :param do_start:
        :return:
        """
        super().__init__()
        self.proc_index = proc_index
        self.max_workers = max_workers
        self.cmd_queue = cmd_queue
        self.stop_queue = stop_queue
        self.ret_queue = ret_queue
        self.reader = reader
        self.writer = writer
        #self.writer.use_threaded_IO = 0
        self.worker_classes = worker_classes
        self.settings_list = settings_list
        self.environment_settings = environment_settings
        self.ranges_list = ranges_list
        self.vol_shape = reader.shape
        self.vol_offset = reader.crops[0][0], reader.crops[1][0], reader.crops[2][0]
        self.block_numbers = block_numbers
        self.block_size = block_size
        self.nblocks = np.prod(np.array(self.block_numbers))
        self.border_indices = [np.linspace(0, self.vol_shape[i], self.block_numbers[i]+1, dtype='i4') for i in (0,1,2)]
        self.pad_type = dict(mode="reflect")

        self.semaphore = semaphore
        self.has_semaphore = False
        self.daemon = True
        if do_start:
            self.start()

    def get_block_parameters(self, axis, block_index):
        index_range = [self.border_indices[axis][block_index], self.border_indices[axis][block_index+1]]
        pad_before = (self.block_size[axis] - (index_range[1]-index_range[0])) // 2
        pad_after = self.block_size[axis] - (index_range[1]-index_range[0]) - pad_before
        if self.block_numbers[axis] == 1:
            padded_range = index_range
            outside_padding = [pad_before, pad_after]
        elif block_index == 0:
            padded_range = [index_range[0], index_range[1] + pad_after]
            outside_padding = [pad_before, 0]
        elif block_index == self.block_numbers[axis]-1:
            padded_range = [index_range[0] - pad_before, index_range[1]]
            outside_padding = [0, pad_after]
        else:
            padded_range = [index_range[0] - pad_before, index_range[1] + pad_after]
            outside_padding = [0, 0]

        # mixed data/fill padding
        if padded_range[0] < 0:
            outside_padding[0] = - padded_range[0]
            padded_range[0] = 0
        if padded_range[1] > self.vol_shape[axis]:
            outside_padding[1] = padded_range[1] - self.vol_shape[axis]
            padded_range[1] = self.vol_shape[axis]
        return [int(val) for val in padded_range], (int(outside_padding[0]), int(outside_padding[1])), (int(pad_before), -int(pad_after))

    def get_block_args(self, z_block_index, y_block_index, x_block_index):
        z_padded_range, z_outside_padding, z_unpad_args = self.get_block_parameters(0, z_block_index)
        y_padded_range, y_outside_padding, y_unpad_args = self.get_block_parameters(1, y_block_index)
        x_padded_range, x_outside_padding, x_unpad_args = self.get_block_parameters(2, x_block_index)
        assign_slice = (slice(self.border_indices[0][z_block_index], self.border_indices[0][z_block_index+1]),
                        slice(self.border_indices[1][y_block_index], self.border_indices[1][y_block_index+1]),
                        slice(self.border_indices[2][x_block_index], self.border_indices[2][x_block_index+1]))
        result_crop = [z_unpad_args, y_unpad_args, x_unpad_args]
        read_crops = [(self.vol_offset[0]+z_padded_range[0], self.vol_offset[0]+z_padded_range[1]),
                      (self.vol_offset[1]+y_padded_range[0], self.vol_offset[1]+y_padded_range[1]),
                      (self.vol_offset[2]+x_padded_range[0], self.vol_offset[2]+x_padded_range[1])]
        pad_kwargs = dict(pad_width=(z_outside_padding, y_outside_padding, x_outside_padding), **self.pad_type)
        return read_crops, pad_kwargs, assign_slice, result_crop

    def get_write_arr(self, assign_slice):
        write_shape = (assign_slice[0].stop - assign_slice[0].start, assign_slice[1].stop - assign_slice[1].start, self.vol_shape[2])
        return np.zeros(write_shape, "f4")

    def acquire_semaphore(self, optional=False):
        if self.semaphore is not None and not self.has_semaphore:
            #t = time.time()
            self.has_semaphore = self.semaphore.acquire(block=not optional, timeout=self.semaphore_timeout)
            if not optional:
                if not self.has_semaphore:
                    self.semaphore_timeout = max(self.semaphore_timeout/3, 1)
                else:
                    self.semaphore_timeout = min(self.semaphore_timeout*3, 180)
            #print_runtime("has semaphore: {}, semaphore wait time".format(self.has_semaphore), t)

    def release_semaphore(self):
        if self.semaphore is not None and self.has_semaphore:
            self.semaphore.release()
            self.has_semaphore = False

    def check_stop(self):
        try:
            self.stop_queue.get_nowait()
            self.stop = True
            return True
        except queue.Empty:
            return False

    def run(self):
        super().run()
        worker_instances = []

        self.stop = False
        self.writer.open(clear_files=False, write_headers=False) # clearing and header write must happen in main process
        self.ret_queue.put(("ready", None, None, self.proc_index))
        #print("started worker with parallelism =", self.environment_settings['leftover_parallelism'])

        self.acquire_semaphore()
        if self.check_stop():
            print("exiting VolumeBlocksWorkerProcess", self.proc_index, '(canceled)')
            return

        for k, (worker_class, name) in enumerate(self.worker_classes):
            worker_key = str(worker_class)+str(k)
            if worker_key not in worker_process_cache['workers_cache']:
                worker_process_cache['workers_cache'][worker_key] = worker_class()
            worker_process_cache['workers_cache'][worker_key].cl_device_index = self.environment_settings.get('pyopencl_index', -1)
            worker_process_cache['workers_cache'][worker_key].is_preview = self.environment_settings.get('is_preview', False)
            worker_instances.append(worker_process_cache['workers_cache'][worker_key])

        if worker_process_cache['filters_list_cache'] is None:
            worker_process_cache['filters_list_cache'] = prepare_processing_funcs(self.block_size, worker_instances,
                                    self.settings_list, parallelism=self.environment_settings['leftover_parallelism'],
                                    use_padding=False, nblocks=self.environment_settings['nblocks'])
        self.release_semaphore()

        read_do_rescale, read_value_range = self.reader.do_rescale, self.reader.value_range
        self.reader.do_rescale = False
        self.reader.return_dtype = self.reader.dtype

        while not self.stop:
            try:
                block_indices, volume_block = self.cmd_queue.get(block=True)
                #print("VolumeBlocksWorkerProcess", self.proc_index, block_indices, 'starts')
                if block_indices == "stop_self" or self.stop:
                    self.stop = True
                    break

                #if global_constants['DEBUGGING_ENABLED']:
                #    if random.randint(0, 9) > 2:
                #        print("exited process for test")
                #        raise MemoryError("test: simulate memory errors")
                if self.check_stop():
                    self.cmd_queue.put((block_indices, None))
                    break

                if volume_block is None:
                    self.acquire_semaphore()
                    #print("VolumeBlocksWorkerProcess", self.proc_index, block_indices, 'AS')
                    if not self.stop:
                        read_crops, pad_kwargs, assign_slice, result_crop = self.get_block_args(*block_indices, 0)
                        self.reader.set_crops([*read_crops[:2], None])
                        volume_read_blocks_x = self.reader.load_all()
                    #print("VolumeBlocksWorkerProcess", self.proc_index, block_indices, 'read')

                    volume_write_area_x = self.get_write_arr(assign_slice)
                    for x_block_index in np.arange(self.block_numbers[2]):
                        if not self.stop:
                            read_crops, pad_kwargs, assign_slice, result_crop = self.get_block_args(*block_indices, x_block_index)
                            volume_block = volume_read_blocks_x[:, :, read_crops[2][0]:read_crops[2][1]]
                            if read_do_rescale:
                                volume_block = file.image.unscale_from_dtype(volume_block, read_value_range, volume_block.dtype)
                            volume_block = np.pad(volume_block, **pad_kwargs)

                            volume_block = apply_plugin_list_3D(volume_block, worker_process_cache['filters_list_cache'],
                                                                worker_instances, self.settings_list, self.ranges_list)
                            volume_write_area_x[:, :, assign_slice[2]] = image.cropping.crop_arr(volume_block, result_crop)
                            #print("VolumeBlocksWorkerProcess", self.proc_index, block_indices, x_block_index, 'block done')
                            self.ret_queue.put(("block done", (*block_indices, x_block_index), None, self.proc_index))
                    self.release_semaphore()

                    #print("VolumeBlocksWorkerProcess", self.proc_index, block_indices, 'computed')
                    self.writer.write_vol_zy_range(volume_write_area_x, (assign_slice[0].start, assign_slice[0].stop),
                                                   (assign_slice[1].start, assign_slice[1].stop))
                    del volume_write_area_x, volume_read_blocks_x; gc.collect()

                    #print("VolumeBlocksWorkerProcess", self.proc_index, block_indices, 'finished')

                else:  # fallback mode with lots of shared data between processes (slow and may fail)
                    volume_block = apply_plugin_list_3D(volume_block, worker_process_cache['filters_list_cache'],
                                                        worker_instances, self.settings_list, self.ranges_list)
                    if not self.stop:
                        read_crops, pad_kwargs, assign_slice, result_crop = self.get_block_args(*block_indices)
                        self.ret_queue.put(("block done", block_indices, image.cropping.crop_arr(volume_block, **result_crop), self.proc_index))

            except Exception as exc:
                self.stop = True
                self.release_semaphore()
                self.cmd_queue.put((block_indices, None))
                self.ret_queue.put(("error", common.misc.get_exception_text_html(), True, self.proc_index))
                #print(err)
                #print('DEBUGGING_ENABLED', global_constants['DEBUGGING_ENABLED'])
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            finally:
                volume_block = None
                gc.collect()

        print("exiting VolumeBlocksWorkerProcess", self.proc_index)






tomis/GUI/widgets/__init__.py

from . import file_, image_, misc, plot






tomis/GUI/widgets/file_.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from GUI.qt import *
from file.path import *
from common import *
import image

class ImagesReadWidget(QWidget):
    status_changed = Signal(str)
    progress_changed = Signal(int)
    add_to_log = Signal(str)

    prepared = Signal()
    volume_loaded = Signal()
    memmap_loaded = Signal()
    stack_median_generated = Signal()
    path_selected = Signal(str)

    info_found = Signal()

    def __init__(self, title=None, is_secondary=False, show_pattern=True, is_alone=True, enforce_folder=False, show_bin_factor=False):
        super().__init__()
        self.last_input_path = ''
        self.enforce_folder = enforce_folder
        self.is_secondary = is_secondary
        self.show_bin_factor = show_bin_factor
        self.image_view = None
        vbox = QVBoxLayout()
        vbox.setContentsMargins(0, 4, 0, 4)

        hbox1 = QHBoxLayout()
        if title is not None:
            if is_secondary:
                self.title = ValueCheckBox(title+'   '); self.title.setFont(large_font); hbox1.addWidget(self.title)
                self.title.setCheckState(0)
                self.title.stateChanged.connect(self.update_ui_enabled)
            else:
                self.title = QLabel(title+'   '); self.title.setFont(large_font); hbox1.addWidget(self.title)
        label1 = QLabel('mode:');  hbox1.addWidget(label1)
        self.mode_selector = QComboBox();  hbox1.addWidget(self.mode_selector)
        self.mode_selector.addItem('image files in folder')
        self.mode_selector.addItem('raw images in folder')
        if not enforce_folder:
            self.mode_selector.addItem('raw stack file')
        hbox1.addStretch()
        self.pattern_label = QLabel('  filename pattern:');  hbox1.addWidget(self.pattern_label)
        self.pattern = QLineEdit('*');  hbox1.addWidget(self.pattern)
        vbox.addLayout(hbox1)
        self.pattern_label.setToolTip('Unix style pathname pattern expansion (Python glob.glob function)\n'
                                      '"*" matches an arbitrary number of arbitrary characters (or leave the field empty),\n'
                                      '"?" matches one arbitrary character, [?] matches "?"\n'
                                      '"[0000-9999]" matches numbers from 0000 to 9999\n'
                                      'example: "*_????.tif" for tif files that end on 4 numbers/characters with an underscore before')
        hbox2 = QHBoxLayout()
        self.path_label = QLabel('input folder:');  hbox2.addWidget(self.path_label)
        self.path = QLineEdit();  hbox2.addWidget(self.path)
        self.select_button = QPushButton('select');  hbox2.addWidget(self.select_button)
        vbox.addLayout(hbox2)

        hbox3 = QHBoxLayout()
        label3 = QLabel('shape (xyz):');  hbox3.addWidget(label3)
        self.shape2 = PlainSpinBox(); self.shape2.setRange(0, 99999);  hbox3.addWidget(self.shape2)
        self.shape1 = PlainSpinBox(); self.shape1.setRange(0, 99999);  hbox3.addWidget(self.shape1)
        self.shape0 = PlainSpinBox(); self.shape0.setRange(0, 99999);  hbox3.addWidget(self.shape0)
        label4 = QLabel('dtype:');  hbox3.addWidget(label4)
        self.dtype = QLineEdit(); self.dtype.setFixedWidth(40); self.dtype.setText('f4');  hbox3.addWidget(self.dtype)
        label4a = QLabel('headers:');  hbox3.addWidget(label4a)
        self.header0 = PlainSpinBox(); self.header0.setRange(0, 99999);  hbox3.addWidget(self.header0)
        self.header1 = PlainSpinBox(); self.header1.setRange(0, 99999);  hbox3.addWidget(self.header1)
        vbox.addLayout(hbox3)
        self.crop_hbox = QHBoxLayout()
        label5 = QLabel('crop indices: x:');  self.crop_hbox.addWidget(label5)
        self.xcrop0 = PlainSpinBox(); self.xcrop0.setRange(0, 99999);  self.crop_hbox.addWidget(self.xcrop0)
        label7b = QLabel(' to ');  self.crop_hbox.addWidget(label7b)
        self.xcrop1 = PlainSpinBox(); self.xcrop1.setRange(-99999, 99999);  self.crop_hbox.addWidget(self.xcrop1)
        label6 = QLabel(',  y:');  self.crop_hbox.addWidget(label6)
        self.ycrop0 = PlainSpinBox(); self.ycrop0.setRange(0, 99999);  self.crop_hbox.addWidget(self.ycrop0)
        label6b = QLabel(' to ');  self.crop_hbox.addWidget(label6b)
        self.ycrop1 = PlainSpinBox(); self.ycrop1.setRange(-99999, 99999);  self.crop_hbox.addWidget(self.ycrop1)
        label7 = QLabel(',  z:');  self.crop_hbox.addWidget(label7)
        self.zcrop0 = PlainSpinBox(); self.zcrop0.setRange(0, 99999);  self.crop_hbox.addWidget(self.zcrop0)
        label5b = QLabel(' to ');  self.crop_hbox.addWidget(label5b)
        self.zcrop1 = PlainSpinBox(); self.zcrop1.setRange(-99999, 99999);  self.crop_hbox.addWidget(self.zcrop1)
        vbox.addLayout(self.crop_hbox)
        label5.setToolTip('crop indices, given as "from index":"to index" (last exclusive, first index is zero)\n'
                          'the second index can be negative and will then mean: skip this number at the end\n'
                          'second index == 0 is interpreted as "whole range up to the end" (= -0)')
        for widget in (self.xcrop0, self.xcrop1, self.ycrop0, self.ycrop1, self.zcrop0, self.zcrop1):
            widget.setSingleStep(50)

        self.raw_type_widgets = [label3, self.shape2, self.shape1, self.shape0, label4, self.dtype,
                                 label4a, self.header0, self.header1]
        self.disable_widgets = self.raw_type_widgets + [self.path, self.select_button, self.mode_selector, self.pattern,
                                                        self.xcrop0, self.xcrop1, self.ycrop0, self.ycrop1, self.zcrop0,
                                                        self.zcrop1]

        if is_secondary:
            label3.setText('nimages:')
            label5.setText(', use from ')
            for widget in (self.shape2, self.shape1, self.xcrop0, label7b, self.xcrop1,
                           label6, self.ycrop0, label6b, self.ycrop1, label7):
                widget.hide()
            for widget in (label5, self.zcrop0, label5b, self.zcrop1)[::-1]:
                self.crop_hbox.removeWidget(widget)
                hbox3.insertWidget(4, widget)
            width_labels = (label1, self.path_label, label4)
        else:
            width_labels = (label1, self.path_label, label3, label5)

        self.reader_prepare_thread = QtDoThread()
        #self.read_thread.finished.connect(self.thread_finished)
        self.reader_prepare_thread.show_error.connect(lambda str, val: show_error_message(self, str, val))
        self.reader_prepare_thread.done.connect(self.update_ui_reader_prepared)
        self.reader = None

        if is_alone:
            hbox1 = QHBoxLayout(); vbox.addLayout(hbox1)
            self.do_rescale = ValueCheckBox('scale from value range:')
            hbox1.addWidget(self.do_rescale)
            self.do_rescale.valueChanged.connect(self.update_ui_use_value_range)
            self.value_range0 = ValueFloatBox(); hbox1.addWidget(self.value_range0)
            self.value_range1 = ValueFloatBox(); hbox1.addWidget(self.value_range1)
            self.value_range0.setRange(-1e7, 1e7); self.value_range1.setRange(-1e7, 1e7)
            self.update_ui_use_value_range()
            label8 = QLabel("bin factor");
            self.bin_factor = ValueComboBox((1, 2, 3, 4), format_str='{} x'); self.bin_factor.setValue(1)
            if show_bin_factor:
                hbox1.addWidget(label8); hbox1.addWidget(self.bin_factor)

            hbox1.addStretch()
            #hbox1.addWidget(QLabel('preview image index:'))
            #self.preview_index = PlainSpinBox(); hbox1.addWidget(self.preview_index)
            #self.preview_index.setMaximum(99999)#; self.preview_index.setSingleStep(10)
            #self.refresh_data_view_button = QPushButton('refresh'); hbox1.addWidget(self.refresh_data_view_button)
            self.test_settings_button = QPushButton('   test settings   '); hbox1.addWidget(self.test_settings_button)
            self.data_view_button = QPushButton('   show data view   '); hbox1.addWidget(self.data_view_button)
            #self.refresh_data_view_button.clicked.connect(self.refresh_data_view)
            self.test_settings_button.clicked.connect(self.show_image_view_silent)
            self.data_view_button.clicked.connect(self.show_image_view)
            #self.preview_index.valueChanged.connect(self.refresh_data_view)
            #self.test_settings_button.clicked.connect(lambda: self.read_thread.prepare(self.get_settings()))

            self.image_view = None
            self.reader = None
            self.disable_widgets += [self.do_rescale, self.value_range0, self.value_range1, self.bin_factor, self.test_settings_button,
                                     self.data_view_button]

        self.is_alone = is_alone

        label4.setToolTip('dtype string, type+nbytes, e.g. "f4" for float32, "u2" for uint16\n'
                          'prepend </> for little/big endian, e.g "<i4" for little endian int32\n'
                          'see numpy documentation for more')

        label4a.setToolTip('header bytes before data/header bytes before every image in a stack file')

        self.setContentsMargins(0, 0, 0, 0)
        self.setLayout(vbox)
        equalize_widths(width_labels)
        #self.read_thread.finished_load_volume.connect(self.finished_load_volume)
        #self.read_thread.finished_preparing.connect(self.finished_prepare)
        #self.read_thread.finished_stack_median.connect(self.finished_get_stack_median)

        self.mode_selector.currentIndexChanged.connect(self.update_ui_from_mode)
        self.select_button.clicked.connect(self.choose_path)
        self.mode_selector.setCurrentIndex(0)
        self.update_ui_from_mode(0)
        self.set_patterns_visible(show_pattern)

        self.path_selected.connect(self.try_load_info_file)

        # testing:
        #self.progress_changed.connect(lambda s: print('progress', s))

        # internal non-ui objects
        #self.is_ready = False
        self.settings = dict()
        #self.reprepare = False
        #self.prepared_hash = None
        self.plugin_list = None
        if hasattr(self, 'do_rescale'):
            self.update_ui_use_value_range()
        if is_secondary:
            self.update_ui_enabled()

    def update_ui_enabled(self):
        val = self.title.isChecked()
        for widget in self.disable_widgets:
            widget.setEnabled(val)

    def set_processing_funcs(self, plugin_list):
        self.plugin_list = plugin_list

    def set_crops(self, new_crops):
        #print(self, 'set_crops', new_crops)
        self.settings['crops'] = new_crops
        if hasattr(self.read_thread, 'reader'):
            if self.read_thread.reader is not None:
                self.read_thread.reader.set_crops(new_crops)

    # ui funcions
    def set_patterns_visible(self, bool_val):
        if bool_val:
            self.pattern.show()
            self.pattern_label.show()
        else:
            self.pattern.hide()
            self.pattern_label.hide()

    def set_open_folder_if_empty(self, folder):
        if self.last_input_path == '':
            self.last_input_path = folder

    def clear_status_label(self):
        self.status_label.setText('')

    def update_ui_from_mode(self, mode_index):
        if mode_index == 0:
            self.path_label.setText('input folder:')
        elif mode_index == 1:
            self.path_label.setText('input folder:')
        elif mode_index == 2:
            self.pattern.setText('')
            self.path_label.setText('input file:  ')
        self.shape2.setDisabled(mode_index==0)
        self.shape1.setDisabled(mode_index==0)
        self.dtype.setDisabled(mode_index==0)
        self.header0.setDisabled(mode_index==0)
        self.pattern.setDisabled(mode_index==2)
        self.shape0.setEnabled(mode_index==2)
        self.header1.setEnabled(mode_index==2)

    def update_ui_use_value_range(self):
        if self.do_rescale.isChecked():
            self.value_range0.setEnabled(True)
            self.value_range1.setEnabled(True)
        else:
            self.value_range0.setEnabled(False)
            self.value_range1.setEnabled(False)

    def get_settings(self):
        settings = dict()
        settings['mode'] = self.mode_selector.currentIndex()
        settings['pattern'] = self.pattern.text()
        settings['path'] = self.path.text()
        settings['shape'] = self.shape1.value(), self.shape2.value()
        settings['nimages'] = self.shape0.value()
        settings['dtype'] = self.dtype.text()
        settings['headers'] = self.header0.value(), self.header1.value()
        settings['crops'] = [(self.zcrop0.value(), self.zcrop1.value()),
                             (self.ycrop0.value(), self.ycrop1.value()),
                             (self.xcrop0.value(), self.xcrop1.value())]
        if self.is_alone:
            if self.show_bin_factor:
                settings['bin_factor'] = self.bin_factor.value()
            else:
                settings['bin_factor'] = 1
            settings['do_rescale'] = self.do_rescale.value()
            settings['value_range'] = self.value_range0.value(), self.value_range1.value()
        else:
            settings['do_rescale'] = 0
            settings['value_range'] = 0, 1

        return settings

    def set_settings(self, settings):
        #print('ImagesReadWidget.set_settings', get_dict_summary(settings))
        mode = settings.get('mode', 0)
        self.mode_selector.setCurrentIndex(mode)
        #self.update_ui_from_mode(mode)
        self.path.setText(settings.get('path', ''))
        self.shape0.setValue(settings.get('nimages', 0))
        self.pattern.setText(settings.get('pattern', '*'))
        im_shape = settings.get('shape', (0, 0))
        self.shape1.setValue(im_shape[0])
        self.shape2.setValue(im_shape[1])
        self.dtype.setText(settings.get('dtype', 'u2'))
        headers = settings.get('headers', (0, 0))
        self.header0.setValue(headers[0])
        self.header1.setValue(headers[1])
        crops = settings.get('crops', [(0, 0), (0, 0), (0, 0)])
        crops = image.cropping.convert_from_old_crop_format(crops)
        self.zcrop0.setValue(crops[0][0])
        self.zcrop1.setValue(crops[0][1])
        self.ycrop0.setValue(crops[1][0])
        self.ycrop1.setValue(crops[1][1])
        self.xcrop0.setValue(crops[2][0])
        self.xcrop1.setValue(crops[2][1])

        if self.is_alone:
            self.bin_factor.setValue(settings.get('bin_factor', 1))
            self.do_rescale.setValue(settings.get('do_rescale', 0))
            value_range = settings.get('value_range', (0, 1))
            self.value_range0.setValue(value_range[0])
            self.value_range1.setValue(value_range[1])

        self.settings.update(settings)
        #self.try_load_info_file()

    def choose_path(self, *args, path=None):
        if path is None:
            if self.last_input_path == '':
                default_dir = os.path.split(self.path.text())[0]
            else:
                default_dir = self.last_input_path
            if self.mode_selector.currentIndex() == 2:
                path = QFileDialog.getOpenFileName(self, directory=default_dir)[0]
            else:
                path = QFileDialog.getExistingDirectory(self, directory=default_dir)
        #print(path, type(path))
        if path != '':
            if self.mode_selector.currentIndex() == 2 and path[-5:] == '.info':
                path = replace_suffix(path, 'raw')

            self.last_input_path = os.path.split(path)[0]
            #if self.path.text() != path:
            #    self.read_thread.is_ready = False

            if self.is_secondary:
                self.title.setChecked(True)

            self.path.setText(path)
            self.path_selected.emit(path)
            self.show_image_view_silent()
            #self.prepare(self.get_settings())

    def try_load_info_file(self):
        pass
        '''
        self.reader = get_reader(self.get_settings(), self.reader)
        print('try_load_info_file', self.reader.is_prepared)
        if not self.reader.is_prepared:
            if not self.reader_prepare_thread.isRunning():
                print('preparing reader for info file')
                connect_once(self.reader_prepare_thread.done, self.try_load_info_file)
                self.reader_prepare_thread.do(self.reader.prepare)
        else:
            info = self.reader.try_load_info()
            if info is not None:
                #print(get_dict_summary(info))
                self.shape2.setValue(info['shape'][0])
                self.shape1.setValue(info['shape'][1])
                try:
                    self.shape0.setValue(info['shape'][2])
                except IndexError: pass
                self.dtype.setText(info['dtype'])
                if self.is_alone:
                    try:
                        value_range = info['value_range']
                        self.do_rescale.setValue(2)
                        self.value_range0.setValue(value_range[0])
                        self.value_range1.setValue(value_range[1])
                    except KeyError: pass
                self.info_found.emit()
        '''

    def update_ui_reader_prepared(self):
        #print('update_ui_reader_prepared')
        reader = self.image_view.reader
        if reader.is_prepared:
            self.shape0.setValue(reader.input_shape[0])
            self.shape1.setValue(reader.input_shape[1])
            self.shape2.setValue(reader.input_shape[2])
            self.dtype.setText(reader.dtype)
            self.header0.setValue(reader.header)
            if self.is_alone:
                self.do_rescale.setChecked(reader.do_rescale)
                self.value_range0.setValue(reader.value_range[0])
                self.value_range1.setValue(reader.value_range[1])

    def check_configuration_valid(self, is_valid=True, error_message='', before_text=''):
        error_message_ = ''
        is_valid_ = True
        if hasattr(self, 'title'):
            if type(self.title) is ValueCheckBox:
                if not self.title.isChecked():
                    return is_valid, error_message

        path = self.path.text()
        if self.mode_selector.currentIndex() == 2:
            if not os.path.isfile(path):
                is_valid_ = False
                error_message_ += '\nfile not found: {}'.format(path)
            if self.shape2.value() == 0 or self.shape1.value() == 0 or self.shape0.value() == 0:
                is_valid_ = False
                error_message_ += '\ninvalid shape'.format(path)
        else:
            if not os.path.isdir(path):
                is_valid = False
                error_message_ += '\nfolder not found: {}'.format(path)
            else:
                files_list = glob.glob(os.path.join(self.path.text(), self.pattern.text()))
                if len(files_list) == 0:
                    is_valid_ = False
                    error_message_ += '\nno files found in: {}'.format(path)
        if self.mode_selector.currentIndex() == 1:
            if self.shape1.value() == 0 or self.shape2.value() == 0:
                is_valid_ = False
                error_message_ += '\ninvalid shape'.format(path)
        if is_valid and is_valid_:
            return True, error_message
        else:
            return False, error_message + before_text + error_message_ + '\n\n'

    def set_crops_enabled(self, val):
        self.xcrop0.setEnabled(val)
        self.xcrop1.setEnabled(val)
        self.ycrop0.setEnabled(val)
        self.ycrop1.setEnabled(val)
        self.zcrop0.setEnabled(val)
        self.zcrop1.setEnabled(val)

    # processing functions
    def thread_finished(self):
        self.settings.update(self.read_thread.settings)
        self.setEnabled(True)
        if self.read_thread.reader.stop:
            self.status_changed.emit('reading stopped')
            self.progress_changed.emit(0)
        else:
            if self.read_thread.mode == 'prepare':
                if self.settings['mode'] == 0:
                    self.shape0.setValue(self.read_thread.reader.input_nimages)
                    self.shape1.setValue(self.read_thread.reader.input_shape[0])
                    self.shape2.setValue(self.read_thread.reader.input_shape[1])
                elif self.settings['mode'] == 1:
                    self.shape0.setValue(self.read_thread.reader.input_nimages)
                #image = self.load_image(0); print(image.mean())  # test
                #print(self.read_thread.reader.images_list)
                #sync_from_reader(self, self.read_thread.reader)

                #self.is_ready = True
                #if self.reprepare:
                #    self.prepare()
                #else:
                self.prepared.emit()
            elif self.read_thread.mode == 'load_volume':
                self.status_changed.emit('volume data loaded')
                self.volume_loaded.emit()
            elif self.read_thread.mode == 'generate_raw_cache':
                self.status_changed.emit('volume data cached')
                self.memmap_loaded.emit()
            elif self.read_thread.mode == 'get_stack_median':
                self.finished_get_stack_median()


    def do_stop(self):
        pass
        #Ã¤self.read_thread.do_stop()

    # image preview functions
    def update_reader(self, silent_run=False):
        try:
            self.image_view.configure_reader(self.get_settings())
        except Exception as exc:
            if not silent_run:
                show_error_message(self, common.misc.get_exception_text_html(), True)
            else:
                print("silent reader error")
            if GUI.DEBUGGING_ENABLED:
                raise exc
            else:
                print(common.misc.get_exception_text())

    def resetCursor(self):
        self.setCursor(Qt.ArrowCursor)

    def setBusyCursor(self):
        self.setCursor(Qt.BusyCursor)

    def show_image_view_silent(self):
        if self.mode_selector.currentIndex() != 0 and self.shape0.value() == 0:
            return
        self.show_image_view(silent_run=True)

    def show_image_view(self, silent_run=False):
        if self.image_view is None:
            self.image_view = GUI.widgets.image_.ImageSliceView(self.get_settings())
            self.image_view.reset_button.clicked.connect(self.update_reader)
            self.image_view.got_valid_reader.connect(self.update_ui_reader_prepared)
            self.image_view.set_slice_scrolling(True)
            self.image_view.resize(800, 800)
            self.image_view.setWindowTitle('Data input preview')
            self.image_is_dirty = True
            if not silent_run:
                self.image_view.show()
            self.update_reader(silent_run=silent_run)
        else:
            self.update_reader(silent_run=silent_run)
            if not silent_run:
                self.image_view.show()
                self.image_view.activateWindow()

    def toggle_data_view(self):
        if self.image_view.isVisible():
            self.image_view.hide()
            self.data_view_button.setText('   show data view   ')
        else:
            self.image_view.show()
            self.data_view_button.setText('   hide data view   ')


class ImagesWriteWidget(QWidget):
    status_changed = Signal(str)
    progress_changed = Signal(int)
    add_to_log = Signal(str, bool)

    volume_saved = Signal()
    path_selected = Signal(str)

    def __init__(self, title='Output', confirm_overwrite=True, simple_folder_mode=False):
        super().__init__()
        self.confirm_overwrite = confirm_overwrite
        self.enforce_folder = simple_folder_mode
        self.setContentsMargins(0, 0, 0, 0)
        self.last_input_path = ''
        vbox = QVBoxLayout()
        vbox.setContentsMargins(0, 0, 0, 0)
        hbox1 = QHBoxLayout()
        if title is not None:
            label0 = QLabel(title); label0.setFont(large_font); hbox1.addWidget(label0)
        hbox1.addStretch()
        label1 = QLabel('mode:');  hbox1.addWidget(label1)

        self.mode_strings = ('images in folder', 'raw images in folder', 'raw stack file')
        self.mode_selector = QComboBox();  hbox1.addWidget(self.mode_selector)
        if simple_folder_mode:
            for i in (0, 1):
                self.mode_selector.addItem(self.mode_strings[i])
        else:
            for i in (0, 1, 2):
                self.mode_selector.addItem(self.mode_strings[i])
        vbox.addLayout(hbox1)

        hbox2 = QHBoxLayout()
        self.path_label = QLabel('output folder:');  hbox2.addWidget(self.path_label)
        self.path = QLineEdit();  hbox2.addWidget(self.path)
        #self.path.setAlignment()
        self.select_button = QPushButton('select');  hbox2.addWidget(self.select_button)
        vbox.addLayout(hbox2)

        self.setContentsMargins(0, 0, 0, 0)
        self.setLayout(vbox)

        self.mode_selector.currentIndexChanged.connect(self.update_ui_from_mode)
        #self.select_button.clicked.connect(self.choose_path)
        self.mode_selector.setCurrentIndex(2)
        self.select_button.clicked.connect(self.choose_path)
        #if imageio is None:
        #    self.mode_selector.setItemText(0, '(imageio not found)')
        #    self.mode_selector.setCurrentIndex(1)

        hbox_output_dtype = QHBoxLayout(); vbox.addLayout(hbox_output_dtype)
        label1 = QLabel('save as data type:'); hbox_output_dtype.addWidget(label1)
        self.output_dtype_selector = ValueComboBox(); hbox_output_dtype.addWidget(self.output_dtype_selector)
        self.output_dtype_selector.set_values(('float32', 'uint16', 'uint8'))
        self.keep_scaling = ValueCheckBox('keep scaling'); hbox_output_dtype.addWidget(self.keep_scaling)
        self.keep_scaling.setValue(2); self.keep_scaling.valueChanged.connect(self.update_ui_keep_scaling)
        self.save_as_png = ValueCheckBox('png (compressed)'); hbox_output_dtype.addWidget(self.save_as_png)
        self.save_as_png.setValue(0); self.save_as_png.hide()

        hbox_output_dtype2 = QHBoxLayout(); vbox.addLayout(hbox_output_dtype2)
        self.use_output_rescale = ValueCheckBox('rescale to range:'); hbox_output_dtype2.addWidget(self.use_output_rescale)
        self.rescale_range0 = ValueFloatBox(); hbox_output_dtype2.addWidget(self.rescale_range0)
        self.rescale_range1 = ValueFloatBox(); hbox_output_dtype2.addWidget(self.rescale_range1)
        self.rescale_range1.setValue(1)
        self.rescale_range0.setRange(-1e7, 1e7); self.rescale_range1.setRange(-1e7, 1e7)
        #connect_float_range_boxes(self.rescale_range0, self.rescale_range1)
        self.output_dtype_selector.valueChanged.connect(self.update_ui_from_dtype_output)
        self.use_output_rescale.valueChanged.connect(self.update_ui_from_dtype_output)

        self.use_output_rescale.setToolTip('scales the input from the range to the available numbers for the dtype, e.g. 0-65535 for uint16\n'
                                           'this uses the actual values if they were available from an info file (e.g. prior rescaling)\n'
                                           'values outside of the range are clipped; not used for float32 data type')
        self.keep_scaling.setToolTip('keep the scaling from the info file of the input data set, if available (including dtype)')

        self.keep_scaling.valueChanged.connect(self.update_ui_keep_scaling)
        self.mode_selector.currentIndexChanged.connect(self.update_ui_from_dtype_output)

        self.update_ui_keep_scaling()
        self.update_ui_from_dtype_output()
        #self.volume_saved.connect(self.cleanup)

    # ui functions
    def set_open_folder_if_empty(self, folder):
        if self.last_input_path == '':
            self.last_input_path = folder

    def update_ui_from_mode(self, mode_index):
        #disconnect_signal(self.select_button.clicked)
        if mode_index == 0:
            self.path_label.setText('output folder:')
        elif mode_index == 1:
            self.path_label.setText('output folder:')
        elif mode_index == 2:
            self.path_label.setText('output file:  ')
            if self.path.text() != '':
                self.path.setText(self.path.text()+'.raw')
        if mode_index in (0, 1):
            if self.path.text() != '':
                self.path.setText(modify_path(self.path.text(), suffix=''))

    def update_ui_from_dtype_output(self):
        is_float32 = self.output_dtype_selector.value() == 'float32'
        do_rescale = self.use_output_rescale.isChecked()
        keep_scaling = self.keep_scaling.isChecked()
        self.use_output_rescale.setDisabled(keep_scaling or is_float32)
        self.rescale_range0.setDisabled(keep_scaling or is_float32 or not do_rescale)
        self.rescale_range1.setDisabled(keep_scaling or is_float32 or not do_rescale)
        if self.output_dtype_selector.value() == 'uint8' and self.mode_selector.currentIndex() == 0:
            self.save_as_png.show()
        else:
            self.save_as_png.hide()

    def update_ui_keep_scaling(self):
        val = self.keep_scaling.isChecked()
        self.output_dtype_selector.setDisabled(val)
        self.use_output_rescale.setDisabled(val)
        self.rescale_range0.setDisabled(val)
        self.rescale_range1.setDisabled(val)
        self.update_ui_from_dtype_output()
        #self.output_dtype_selector.setDisabled(val)

    def get_settings(self):
        settings = dict()
        settings['mode'] = self.mode_selector.currentIndex()
        settings['path'] = self.path.text()

        settings['keep_scaling'] = self.keep_scaling.value()
        settings['dtype'] = self.output_dtype_selector.value()
        settings['do_rescale'] = self.use_output_rescale.value()
        settings['value_range'] = self.rescale_range0.value(), self.rescale_range1.value()
        settings['save_png'] = self.save_as_png.value()
        return settings

    def set_settings(self, settings):
        self.mode_selector.setCurrentIndex(settings.get('mode', 0))
        self.path.setText(settings.get('path', ''))
        self.output_dtype_selector.setValue(settings.get('dtype', 'float32'))
        self.use_output_rescale.setValue(settings.get('do_rescale', 0))
        value_range = settings.get('value_range', (0, 1))
        if value_range is not None:
            self.rescale_range0.setValue(value_range[0])
            self.rescale_range1.setValue(value_range[1])
        self.keep_scaling.setValue(settings.get('keep_scaling', 2))
        self.save_as_png.setValue(settings.get('save_png', 0))

    def choose_path(self, *args, path=None):
        if path is None:
            if self.mode_selector.currentIndex() == 2:
                if not self.confirm_overwrite:
                    path = QFileDialog.getSaveFileName(self, directory=self.last_input_path,
                                                       options=QFileDialog.DontConfirmOverwrite)[0]
                else:
                    path = QFileDialog.getSaveFileName(self, directory=self.last_input_path)[0]
            else:
                path = QFileDialog.getExistingDirectory(self, directory=self.last_input_path)
        if path != '':
            self.last_input_path = path
            self.path.setText(path)
            self.path_selected.emit(path)

    def check_configuration_valid(self, is_valid=True, error_message='', before_text=''):
        error_message_ = ''
        is_valid_ = True
        path = self.path.text()
        if path == '':
            is_valid_ = False
            error_message_ += '\npath empty'
        if is_valid and is_valid_:
            return True, error_message
        else:
            return False, error_message + before_text + error_message_ + '\n\n'

    def check_if_overwriting(self):
        if self.mode_selector.currentIndex() == 2:
            return os.path.exists(self.path.text())
        else:
            suffix = '*.tif' if self.mode_selector.currentIndex() == 0 else '*.raw'
            files_list = glob.glob(os.path.join(self.path.text(), suffix))
            return len(files_list) > 0


class ProjectionsReadWidget(ImagesReadWidget):
    prepared = Signal()

    def __init__(self, external_projs=None):
        QWidget.__init__(self)
        self.setContentsMargins(0, 0, 0, 0)
        self.is_alone = True
        self.last_input_path = ''
        self.vbox = QVBoxLayout()
        if external_projs is not None:
            self.projs_widget = external_projs
        else:
            self.projs_widget = ImagesReadWidget('Projections', show_pattern=True, is_alone=False)
            self.vbox.addWidget(self.projs_widget)

        self.refs_widget = ImagesReadWidget('Refs', is_secondary=True, show_pattern=True, is_alone=False)
        self.darks_widget = ImagesReadWidget('Darks', is_secondary=True, show_pattern=True, is_alone=False)
        read_widgets = (self.projs_widget, self.darks_widget, self.refs_widget)

        for read_widget in read_widgets:
            read_widget.path_selected.connect(self.sync_default_paths)
            self.prepared.connect(read_widget.update_ui_reader_prepared)
        self.vbox.addWidget(self.refs_widget)
        self.vbox.addWidget(self.darks_widget)

        self.vbox.addStretch()
        self.setLayout(self.vbox)
        self.synchronize_from_projs_widget()
        equalize_widths([read_widget.title for read_widget in read_widgets])
        #self.projs_widget.prepared.connect(self.check_all_prepared)

        hbox1 = QHBoxLayout(); self.vbox.addLayout(hbox1)
        self.do_rescale = ValueCheckBox('scale from value range:')
        hbox1.addWidget(self.do_rescale)
        self.do_rescale.valueChanged.connect(self.update_ui_use_value_range)
        self.value_range0 = ValueFloatBox(); hbox1.addWidget(self.value_range0)
        self.value_range1 = ValueFloatBox(); hbox1.addWidget(self.value_range1)
        self.value_range0.setRange(-1e7, 1e7); self.value_range1.setRange(-1e7, 1e7)
        self.update_ui_use_value_range()
        label8 = QLabel("bin factor"); hbox1.addWidget(label8)
        self.bin_factor = ValueIntBox(); hbox1.addWidget(self.bin_factor)
        self.bin_factor.setRange(1, 99), self.bin_factor.setValue(1)
        hbox1.addStretch()
        #hbox1.addWidget(QLabel('preview image index:'))
        #self.preview_index = PlainSpinBox(); hbox1.addWidget(self.preview_index)
        #self.preview_index.setMaximum(99999)#; self.preview_index.setSingleStep(10)
        #self.refresh_data_view_button = QPushButton('refresh'); hbox1.addWidget(self.refresh_data_view_button)
        #self.test_settings_button = QPushButton('   test settings   '); hbox1.addWidget(self.test_settings_button)

        self.autodetect_ref_dark_button = QPushButton(' autodetect ref+dark '); hbox1.addWidget(self.autodetect_ref_dark_button)
        #self.refresh_data_view_button.clicked.connect(self.refresh_data_view)
        self.autodetect_ref_dark_button.clicked.connect(self.autodetect_ref_dark)
        self.autodetect_ref_dark_button.setToolTip('Automatically detect refs/flats and darks if within the same folder as the projections, \n'
                                                   'if the filenames contain "refs"/"flats" or "darks". \n'
                                                   'Does not work for raw stacks and does not set shape/dtype/header.')
        label8.setToolTip("bin down the images when reading, does not affect the number of projections\n"
                          "is disabled for a value of 1\n"
                          "binning down is only recommended if the data is blurry and does not loose image detail by the chosen bin factor\n"
                          "note: crops are applied to the binned images"
                          "note 2: local tomography and cone fbp artifacts get worse for a binned reconstruction")

        self.data_view_button = QPushButton('   show data view   '); hbox1.addWidget(self.data_view_button)
        #self.refresh_data_view_button.clicked.connect(self.refresh_data_view)
        self.data_view_button.clicked.connect(self.show_image_view)
        #self.preview_index.valueChanged.connect(self.refresh_data_view)



        #self.read_thread = ProjectionsReadThread()
        #self.read_thread.show_error.connect(lambda str, val: show_error_message(self, str, val))
        #self.read_thread.prepared.connect(self.update_ui_reader_prepared)
        #self.test_settings_button.clicked.connect(lambda: self.read_thread.prepare(self.get_settings()))

        self.image_view = None
        # non-ui objects
        self.cleanup()
        self.settings = None
        self.ref_image = None
        self.dark_image = None
        self.plugin_list = []
        self.prepared_proj_hash = None
        self.prepared_ref_hash = None
        self.prepared_dark_hash = None

        self.sinogram_cache_enabled = False
        self.cached_sinograms = []

        self.autodetect_thread = QtDoThread()
        self.autodetect_thread.finished.connect(self.finish_autodetect_ref_dark)
        self.autodetect_thread.show_error.connect(lambda text, b: show_error_message(self, text, b))

        self.update_ui_use_value_range()

    def update_ui_reader_prepared(self):
        #print('update_ui_reader_prepared')
        reader = self.image_view.reader
        if reader.is_prepared:
            self.projs_widget.shape0.setValue(reader.input_shape[0])
            self.projs_widget.shape1.setValue(reader.input_shape[1])
            self.projs_widget.shape2.setValue(reader.input_shape[2])
            self.projs_widget.dtype.setText(reader.dtype)
            self.projs_widget.header0.setValue(reader.header)

            if self.is_alone:
                self.do_rescale.setChecked(reader.do_rescale)
                self.value_range0.setValue(reader.value_range[0])
                self.value_range1.setValue(reader.value_range[1])

            if reader.dark_reader is not None:
                self.darks_widget.shape0.setValue(reader.dark_reader.input_shape[0])
                self.darks_widget.dtype.setText(reader.dark_reader.dtype)
                self.darks_widget.header0.setValue(reader.dark_reader.header)
            if reader.ref_reader is not None:
                self.refs_widget.shape0.setValue(reader.ref_reader.input_shape[0])
                self.refs_widget.dtype.setText(reader.ref_reader.dtype)
                self.refs_widget.header0.setValue(reader.ref_reader.header)

    def autodetect_ref_dark(self):
        if not self.autodetect_thread.isRunning():
            self.autodetect_state = [0, 0]
            self.autodetect_thread.do(self.do_autodetect_ref_dark, self.get_settings())

    def do_autodetect_ref_dark(self, settings):
        # call in-thread
        self.update_reader(settings)
        files_list = glob.glob(os.path.join(self.path.text(), '*'))
        ref_match_1 = fnmatch.filter(files_list, '*ref*')
        ref_match_2 = fnmatch.filter(files_list, '*flat*')
        if len(ref_match_1) > 0:
            self.autodetect_state[0] = 1
        elif len(ref_match_2) > 0:
            self.autodetect_state[0] = 2
        dark_match = fnmatch.filter(files_list, '*dark*')
        if len(dark_match) > 0:
            self.autodetect_state[1] = 1

    def finish_autodetect_ref_dark(self):
        if self.autodetect_state[0] == 1:
                self.refs_widget.title.setChecked(True)
                self.refs_widget.path.setText(self.projs_widget.path.text())
                self.refs_widget.pattern.setText('ref*')
        elif self.autodetect_state[0] == 2:
                self.refs_widget.title.setChecked(True)
                self.refs_widget.path.setText(self.projs_widget.path.text())
                self.refs_widget.pattern.setText('flat*')
        if self.autodetect_state[1] == 1:
                self.darks_widget.title.setChecked(True)
                self.darks_widget.path.setText(self.projs_widget.path.text())
                self.darks_widget.pattern.setText('dark*')
        if self.autodetect_state[0] > 0 and self.autodetect_state[1] > 0:
            message = 'Autodetect found refs/flats and darks.'
        elif self.autodetect_state[0] > 0:
            message = 'Autodetect found only refs/flats.'
        elif self.autodetect_state[1] > 0:
            message = 'Autodetect found only darks.'
        else:
            message = 'Autodetect found nothing.'
        QMessageBox.information(self, 'Autodetect finished', message)

    def sync_default_paths(self, name=None):
        widgets = (self.projs_widget, self.refs_widget, self.darks_widget)
        for source_widget in widgets:
            if source_widget.last_input_path != '':
                for widget in widgets:
                    if widget is not source_widget:
                        if widget.last_input_path == '':
                            widget.last_input_path = source_widget.last_input_path

    def synchronize_from_projs_widget(self):
        names_to_connect = ('shape1', 'shape2', 'xcrop0', 'xcrop1', 'ycrop0', 'ycrop1')
        for target_widget in (self.darks_widget, self.refs_widget):
            for name in names_to_connect:
                eval('self.projs_widget.{0}.valueChanged.connect(target_widget.{0}.setValue)'.format(name))

    def cleanup(self):
        self.prepared_dark_hash = None
        self.prepared_ref_hash = None
        self.dark_image = None
        self.ref_image = None

    def set_crops_enabled(self, val):
        self.projs_widget.set_crops_enabled(val)

    def get_settings(self):
        settings = dict()
        settings['projs'] = self.projs_widget.get_settings()
        settings['refs'] = self.refs_widget.get_settings()
        settings['darks'] = self.darks_widget.get_settings()
        settings['use_refs'] = self.refs_widget.title.checkState()
        settings['use_darks'] = self.darks_widget.title.checkState()
        if self.is_alone:
            settings['projs']['bin_factor'] = self.bin_factor.value()
            settings['projs']['do_rescale'] = self.do_rescale.value()
            settings['projs']['value_range'] = self.value_range0.value(), self.value_range1.value()
        return settings

    def set_settings(self, settings):
        #print('ProjectionsReadWidget.set_settings', get_dict_summary(settings))

        self.refs_widget.set_settings(settings.get('refs', dict()))
        self.darks_widget.set_settings(settings.get('darks', dict()))
        self.projs_widget.set_settings(settings)  # compatibility with ImagesReadWidget.set_settings
        self.projs_widget.set_settings(settings.get('projs', dict()))  # is last to make sure that crops/shape are synchronized
        self.refs_widget.title.setCheckState(settings.get('use_refs', False))
        self.darks_widget.title.setCheckState(settings.get('use_darks', False))
        self.sync_default_paths()

        if self.is_alone:
            self.bin_factor.setValue(settings.get('projs', dict()).get('bin_factor', 1))
            value_range = settings.get('projs', dict()).get('value_range', (0, 1))
            self.do_rescale.setChecked(settings.get('projs', dict()).get('do_rescale', False))
            self.value_range0.setValue(value_range[0])
            self.value_range1.setValue(value_range[1])

    def update_reader(self, *args, settings=None, silent_run=False):
        if self.image_view is not None:
            try:
                self.image_view.configure_reader(self.get_settings())
            except Exception as exc:
                if not silent_run:
                    show_error_message(self, common.misc.get_exception_text_html(), True)
                else:
                    print("silent reader error")
                if GUI.DEBUGGING_ENABLED:
                    raise exc
                else:
                    print(common.misc.get_exception_text())


class SelectFileWidget(QWidget):
    def __init__(self, label_name='file:', mode='OpenFile'):
        super().__init__()
        self.mode = mode
        self.last_path = ''

        hbox = QHBoxLayout();
        self.setLayout(hbox)
        label = QLabel(label_name);
        hbox.addWidget(label)
        self.file = QLineEdit();
        hbox.addWidget(self.file)
        self.select_file_button = QPushButton('  select  ');
        hbox.addWidget(self.select_file_button)
        self.select_file_button.clicked.connect(self.select_file)

    def select_file(self):
        if self.mode == 'OpenFile':
            path = QFileDialog.getOpenFileName(self, directory=self.last_path)[0]
        else:
            path = QFileDialog.getSaveFileName(self, directory=self.last_path)[0]

        if path != '':
            self.last_path = path
            self.file.setText(path)


class InputConfigurationWindow(QDialog):
    closed = Signal()

    def __init__(self, processing_widget, has_darks_refs=False):
        super().__init__()
        self.setWindowTitle('Data Input Configuration')
        self.setWindowModality(Qt.WindowModal)
        self.setFixedSize(600, 450)
        self.processing_widget = processing_widget
        self.has_darks_refs = has_darks_refs

        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetFixedSize)
        if has_darks_refs:
            self.images_read_widget = ProjectionsReadWidget(external_projs=None)
        else:
            self.images_read_widget = ImagesReadWidget()
        vbox.addWidget(self.images_read_widget)

        add_line(vbox)

        # feature disabled
        #self.hbox_from_input = QHBoxLayout(); #vbox.addLayout(self.hbox_from_input)
        #self.use_input_from_data_set = ValueCheckBox('use another as input:')
        #self.use_input_from_data_set.stateChanged.connect(self.set_input_data_set_enabled)
        #self.hbox_from_input.addWidget(self.use_input_from_data_set)
        #self.other_data_sets_selectors = []
        self.generated_selectors = False

        hbox_name = QHBoxLayout()
        hbox_name.addStretch()
        self.close_button = QPushButton('close'); hbox_name.addWidget(self.close_button)
        self.close_button.setMinimumWidth(200)
        vbox.addLayout(hbox_name)

        self.close_button.clicked.connect(self.close)
        self.settings = dict()
        #self.configure_window.set_image(self.configure_window.load_image(0))

    def closeEvent(self, QCloseEvent):
        if self.images_read_widget.image_view is not None:
            self.images_read_widget.image_view.close()
        data_set = self.processing_widget.data_sets.get_current_data_set()
        if data_set is not None:
            if data_set['name'] == '[unnamed]':
                if hasattr(self.images_read_widget, 'path'):
                    path_text = self.images_read_widget.path.text()
                elif hasattr(self.images_read_widget, 'projs_widget'):
                    path_text = self.images_read_widget.projs_widget.path.text()

                part1 = os.path.split(os.path.split(path_text)[0])[1]
                new_name = (part1 + "-" if part1 != '' else '') + os.path.split(path_text)[1]

                new_name = self.processing_widget.data_sets.avoid_duplicate_name(new_name)
                data_set['name'] = new_name
                self.processing_widget.data_set_name.setText(data_set['name'])
            self.processing_widget.update_data_sets_from_ui()
            if self.isVisible():
                self.closed.emit()

        #self.processing_widget.update_summary()

    def resetCursor(self):
        self.setCursor(Qt.ArrowCursor)

    def setBusyCursor(self):
        self.setCursor(Qt.BusyCursor)

    def get_settings(self, settings):
        #settings['input_data_set'] = self.get_input_data_set() # feature disabled
        settings['input'] = self.images_read_widget.get_settings()
        return settings

    def set_settings(self, settings):
        self.images_read_widget.set_settings(settings['input'])
        #self.set_possible_input_data_sets() # feature disabled
        #try:
        #    self.set_input_data_set(settings['input_data_set'], settings['processing_type'])
        #except KeyError: pass


    # input data sets
    def set_possible_input_data_sets(self):

        if not self.generated_selectors:
            for proc_widget in self.processing_widget.main_window.processing_widgets:
                selector = ValueComboBox(); self.hbox_from_input.addWidget(selector)
                selector.currentIndexChanged.connect(self.select_input_data_set)
                selector.proc_widget = proc_widget
                self.other_data_sets_selectors.append((selector, proc_widget)) # +' Data Sets'
            self.generated_selectors = True

        for selector, proc_widget in self.other_data_sets_selectors:
            entries = [proc_widget.short_name+' data sets',]
            names = [proc_widget.short_name+' data sets',]

            for data_set in proc_widget.data_sets.get_ordered():
                entries.append(data_set['id'])
                names.append(data_set['name'])

            selector.set_values(entries)
            selector.set_names(names)

    def select_input_data_set(self, index):
        pass # workaround
        #if self.use_input_from_data_set.isChecked() and index != 0:
        #    selector = self.sender()
        #    settings = self.proc_widget.data_sets[selector.value()]['output']
        #    self.images_read_widget.set_settings(settings)
            #print('select_input_data_set, settings', settings)

    def set_input_data_set_enabled(self, val):
        for selector, proc_widget in self.other_data_sets_selectors:
            selector.setEnabled(val)
        self.images_read_widget.setDisabled(val)
        for selector, proc_widget in self.other_data_sets_selectors:
            selector.setEnabled(val)
        self.use_input_from_data_set.setChecked(val)

    def get_input_data_set(self):
        if self.use_input_from_data_set.isChecked():
            for selector, proc_widget in self.other_data_sets_selectors:
                if selector.currentIndex() != 0:
                    return selector.value()
            return None, None
        else:
            return None, None

    def set_input_data_set(self, data_set_name, proc_widget_name):
        #print('set_input_data_set', data_set_name, proc_widget_short_name)
        try:
            self.set_possible_input_data_sets()
            if data_set_name is not None:
                found = False
                for selector, proc_widget in self.other_data_sets_selectors:
                    index = selector.findText(data_set_name)
                    if index != -1 and proc_widget.name == proc_widget_name:
                        selector.setCurrentIndex(index)
                        found = True
                        #print('found at index', index, selector.currentIndex(), selector.currentText())
                #if not found:
                #    QMessageBox.warning(self, 'Warning', 'Input data set not found: '+data_set_name)
                    #print(data_set_name, proc_widget_short_name)
                self.set_input_data_set_enabled(True)
            else:
                self.set_input_data_set_enabled(False)
        except TypeError:
            self.set_input_data_set_enabled(False)


class OutputConfigurationWindow(QDialog):
    def __init__(self, processing_widget):
        super().__init__(processing_widget.main_window)
        self.setWindowTitle('Configure Data Output')
        self.setWindowModality(Qt.ApplicationModal)
        self.setMinimumWidth(400)
        self.processing_widget = processing_widget

        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetFixedSize)
        self.images_write_widget = ImagesWriteWidget(confirm_overwrite=False, simple_folder_mode=self.processing_widget.folder_only_output)
        vbox.addWidget(self.images_write_widget)

        hbox_name = QHBoxLayout(); vbox.addLayout(hbox_name)
        self.use_guess_output_scaling = ValueCheckBox('guess output scaling from preview'); hbox_name.addWidget(self.use_guess_output_scaling)
        self.use_guess_output_scaling.setValue(2)
        hbox_name.addStretch()
        self.cancel_button = QPushButton(' cancel '); hbox_name.addWidget(self.cancel_button)
        self.continue_button = QPushButton('   ok   '); hbox_name.addWidget(self.continue_button)


        if self.processing_widget.folder_only_output:
            self.use_guess_output_scaling.hide()

        self.use_guess_output_scaling.setToolTip('enlarge the rescale range from the preview\nonly takes effect when the preview is refreshed')

        self.cancel_button.clicked.connect(self.close)
        self.continue_button.clicked.connect(self.do_continue)
        self.settings = dict()
        #self.configure_window.set_image(self.configure_window.load_image(0))
        self.can_continue = False

    def do_continue(self):
        would_overwrite = self.images_write_widget.check_if_overwriting()
        if would_overwrite:
            if self.images_write_widget.mode_selector.currentIndex() == 2:
                window_title, warn_msg = 'Warning', 'existing file will be overwritten, continue?'
            else:
                window_title, warn_msg = 'Warning', 'existing files will be overwritten, continue?'
            answer = QMessageBox.warning(self, window_title, warn_msg, QMessageBox.Cancel|QMessageBox.Ok)
            if answer == QMessageBox.Cancel:
                return

        self.can_continue = True

        self.close()

    def exec(self):
        self.can_continue = False
        self.continue_button.setFocus()
        QDialog.exec_(self)
        self.processing_widget.update_data_sets_from_ui()
        self.processing_widget.update_ui_from_data_sets()

    def get_settings(self, settings):
        settings['output'] = self.images_write_widget.get_settings()
        settings['output']['guess_output_scaling'] = self.use_guess_output_scaling.value()
        return settings

    def set_settings(self, settings):
        #print('set_settings', settings)
        self.images_write_widget.set_settings(settings['output'])
        self.use_guess_output_scaling.setValue(settings['output'].get('guess_output_scaling', 2))








tomis/GUI/widgets/image_.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import traceback, cProfile
from GUI.qt import *
import file, image, common, common.settings_hash, simulation.test_images



class ImageDrawArea(QLabel):
    mouse_moved = Signal(int, int)
    scrollspeed = 120

    def __init__(self, image_view):
        QLabel.__init__(self)
        self.setMouseTracking(True)
        self.image_view: ImageView = image_view
        self.partial_scroll = 0
        self.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)
        self.setSizeIncrement(2, 2)
        self.resize_increment = np.zeros(2)

        self.prior_mouse_position = QPoint()
        self.current_mouse_position = QPoint()
        self.target_rectangle = QRect()

        self.mouse_button_held = False
        self.area_selected = False
        self.drag_select_mode = False
        self.partial_scroll = 0

        self.dirty = True
        #self.paints = 0

    def set_dirty(self):
        self.dirty = True

    def wheelEvent(self, QWheelEvent):
        delta = QWheelEvent.angleDelta().y() + self.partial_scroll
        if abs(delta) >= self.scrollspeed:
            index_diff = int(delta/self.scrollspeed)
            self.partial_scroll = delta % self.scrollspeed
            self.image_view.scrolled.emit(index_diff)
        else:
            self.partial_scroll += delta
        QWheelEvent.accept()

    def get_image_offset(self):
        center = self.image_view.zoomed_center
        widget_size = self.size().height(), self.size().width()
        return np.array([widget_size[k]//2-center[k] for k in range(2)], 'i8')

    def paintEvent(self, event):
        if self.dirty and self.image_view.qimage is not None:
            qp = QPainter(self)
            #print('painting', time.time())#, qp.paintEngine().Type())
            self.clip_center()
            image_size = self.image_view.qimage.height(), self.image_view.qimage.width()
            offset = self.get_image_offset()
            self.target_rectangle = QRect(*offset[::-1], *image_size[::-1])

            #print('painting', self.target_rectangle, self.image_view.zoomed_center, image_size)
            qp.drawImage(self.target_rectangle, self.image_view.qimage)

            if self.area_selected:
                pen = qp.pen()
                pen.setColor(QColor('lime'))
                qp.setPen(pen)
                sa = (self.image_view.selection_area * self.image_view.zoom_factor_selector.value())
                qp.drawRect(sa[1, 0]+offset[1], sa[0, 0]+offset[0], sa[1, 1]-sa[1, 0], sa[0, 1]-sa[0, 0])

            if self.image_view.image_overlay is not None:
                qp.fillRect(self.target_rectangle, self.image_view.image_overlay)

            qp.end()
            #print(self.image_view.get_area())
            if not self.image_view.zoom_fitted:
                self.image_view.auto_zoom()

            #self.paints += 1

    def mousePressEvent(self, event):
        self.prior_mouse_position = event.pos()
        self.mouse_button_held = True

        if self.image_view.mouse_mode.value() == 'select':
            offset = self.get_image_offset()
            current_pos = self.prior_mouse_position.y()-offset[0], self.prior_mouse_position.x()-offset[1]
            area = self.image_view.selection_area
            if area[0, 0] < current_pos[0] < area[0, 1] and area[1, 0] < current_pos[1] < area[1, 1]:
                self.drag_select_mode = True
        elif self.image_view.mouse_mode.value() == 'drag':
            self.setCursor(Qt.ClosedHandCursor)

    def mouseMoveEvent(self, event):
        self.mouse_moved.emit(event.y(), event.x())
        if self.mouse_button_held:
            self.current_mouse_position = event.pos()
            if self.image_view.mouse_mode.value() == 'drag':
                self.drag_image()
            elif self.image_view.mouse_mode.value() == 'select':
                self.select_area()

            self.update()

    def mouseReleaseEvent(self, event):
        self.current_mouse_position = event.pos()
        if self.image_view.mouse_mode.value() == 'drag':
            self.drag_image()
            self.setCursor(Qt.OpenHandCursor)
        elif self.image_view.mouse_mode.value() == 'select':
            self.select_area()
            self.drag_select_mode = False

        self.mouse_button_held = False
        self.update()

    def select_area(self):
        zoom_factor = self.image_view.zoom_factor_selector.value()
        offset = self.get_image_offset()
        current_pos = self.current_mouse_position.y(), self.current_mouse_position.x()
        area = self.image_view.selection_area
        if self.drag_select_mode:
            area[0, :] += self.current_mouse_position.y() - self.prior_mouse_position.y()
            area[1, :] += self.current_mouse_position.x() - self.prior_mouse_position.x()
            self.prior_mouse_position = self.current_mouse_position

        else:
            xlimits = self.prior_mouse_position.x()-offset[1], current_pos[1]-offset[1]
            ylimits = self.prior_mouse_position.y()-offset[0], current_pos[0]-offset[0]
            area[0, :] = np.clip(np.sort(ylimits)/zoom_factor, 0, self.image_view.shape[0])
            area[1, :] = np.clip(np.sort(xlimits)/zoom_factor, 0, self.image_view.shape[1])
            self.area_selected = True

        self.set_dirty()

    def drag_image(self):
        moves = (self.prior_mouse_position.y() - self.current_mouse_position.y(),
                 self.prior_mouse_position.x() - self.current_mouse_position.x())
        self.image_view.zoomed_center[:] += moves
        self.prior_mouse_position = self.current_mouse_position
        self.set_dirty()

    def clip_center(self):
        image_size = self.image_view.qimage.height(), self.image_view.qimage.width()
        widget_size = self.size().height(), self.size().width()
        for k in range(2):
            max_offset = (image_size[k]-widget_size[k])//2# + 6
            # additional pixels for visual effect that the drag limit is reached
            reference = self.image_view.zoomed_shape[k]//2
            if max_offset > 0:
                self.image_view.zoomed_center[k] = np.clip(self.image_view.zoomed_center[k], reference-max_offset, reference+max_offset)
            else:
                self.image_view.zoomed_center[k] = reference


class ImageView(QWidget):
    scrolled = Signal(int)
    zoom_factors = (1 / 4, 1 / 3, 1 / 2, 1, 2, 3, 4, 6, 8)

    def __init__(self, is_window=False, inverse_grayscale=True, compact=False):
        super().__init__()
        self.setWindowTitle('Image View')
        self.is_window = is_window
        self.draw_border = False
        self.inverse_grayscale = np.uint8(inverse_grayscale)
        self.image_overlay = None
        self.cm = ChangeManager()

        self.vbox = QVBoxLayout()
        if not is_window:
            self.vbox.setContentsMargins(0, 0, 0, 0)
        self.setLayout(self.vbox)
        self.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)
        self.label0 = QLabel('mouse:')
        self.mouse_mode = ValueComboBox(('drag', 'select'))

        self.label1 = QLabel('gray scale:')
        self.grayscale_mode = ValueComboBox()
        self.grayscale_mode.set_values(('values', 'percentiles'))
        # label2 = QLabel('lower:')
        self.percentile_min = LowerPercentileBox(0.2, self.cm)
        self.gray_value_min = ValueFloatBox(self.cm)
        self.label2 = QLabel('to')
        self.percentile_max = UpperPercentileBox(0.2, self.cm)
        self.gray_value_max = ValueFloatBox(self.cm)
        self.gray_value_min.setValue(0.); self.gray_value_max.setValue(1.)
        self.gray_value_min.setRange(-1e6, 1e6); self.gray_value_max.setRange(-1e6, 1e6)
        self.gray_value_min.setDecimals(3); self.gray_value_max.setDecimals(3)
        connect_log_range_boxes(self.gray_value_min, self.gray_value_max, increment_factor=0.05)
        for widget in (self.percentile_min, self.gray_value_min, self.percentile_max,
                       self.gray_value_max, self.mouse_mode, self.grayscale_mode):
            widget.setMinimumWidth(100)

        self.auto_grayscale_button = QPushButton('auto')
        self.auto_grayscale_button.clicked.connect(self.auto_grayscale)

        self.zoom_factor_selector = ValueComboBox(self.zoom_factors, format_str='{:.0f} %', conversion_func=lambda x: 100 * x)

        self.save_button = QPushButton('  save  ')
        self.save_button.clicked.connect(self.save_image)
        self.last_save_path = ''

        self.value_label = QLabel('')
        self.value_label.setMinimumWidth(160)

        hbox = QHBoxLayout()
        hbox.addStretch()
        if not compact:
            hbox.addWidget(self.label0)
            hbox.addWidget(self.mouse_mode)
        hbox.addWidget(self.label1)
        hbox.addWidget(self.grayscale_mode)
        hbox.addWidget(self.percentile_min); hbox.addWidget(self.gray_value_min)
        hbox.addWidget(self.label2)
        hbox.addWidget(self.percentile_max); hbox.addWidget(self.gray_value_max)
        hbox.addWidget(self.auto_grayscale_button)
        hbox.addWidget(self.zoom_factor_selector)
        if not compact:
            hbox.addWidget(self.save_button)
        hbox.addWidget(self.value_label)
        hbox.addStretch()
        self.vbox.addLayout(hbox)
        self.hbox = hbox

        self.image_draw_area = ImageDrawArea(self)
        self.vbox.addWidget(self.image_draw_area)

        for widget in (self.mouse_mode,):
            widget.valueChanged.connect(self.draw_image)
        self.cm.act.connect(self.draw_image)

        self.grayscale_mode.currentIndexChanged.connect(self.set_grayscale_mode)
        self.image_draw_area.mouse_moved.connect(self.update_value_label)
        self.zoom_factor_selector.valueChanged.connect(self.update_zoom_factor)
        self.mouse_mode.valueChanged.connect(self.update_cursor)

        # internal no-ui objects
        self.allow_drawing = True
        self.zoom_fitted = False
        self.has_grayscale = False
        self.grayscale = np.zeros(2, 'f8')
        self.mouse_pos = 0, 0

        self.im_arr = None
        self.im_arr_u1 = None
        self.qimage = None
        self.qimage_unzoomed = None
        self.values_arr = None

        self.zoomed_center = np.zeros(2, 'i8')
        self.zoomed_shape = np.zeros(2, 'i8')
        self.shape = np.zeros(2, 'i8')
        self.selection_area = np.zeros((2, 2), 'i8')
        # selection_area format: ((y_start, y_stop), (x_start, x_stop))

        self.old_zoom_factor = -1
        self.zoom_factor = self.zoom_factor_selector.value()

        self.last_save_path = ''

        self.set_grayscale_mode(0)
        self.update_cursor()

        #self.test_image = np.random.poisson(100, size=(3000, 4000)).astype('u1')
        #self.timer = QTimer()
        #self.timer.timeout.connect(self.draw_image)
        #self.timer.start(1)
        #self.set_image(self.test_image)

    def __enter__(self):
        self.allow_drawing = False

    def __exit__(self, exc_type, exc_val, exc_tb):
        self.allow_drawing = True
        self.draw_image()

    def set_image(self, im_arr, values_arr=None):
        self.im_arr = im_arr
        if im_arr is not None:
            self.grayscale[:] = np.NaN
            self.allocate(im_arr.shape, im_arr)
            self.shape[:] = self.im_arr.shape[:2]
            self.values_arr = values_arr
            if self.values_arr is None:
                self.value_label.setMinimumWidth(140)
            else:
                self.value_label.setMinimumWidth(180)
            self.update_value_label()
            self.image_draw_area.set_dirty()
            self.draw_image(autoscale=True)
            try:
                self.auto_grayscale_button.setToolTip('scale automatically from a value range of {:.4g} to {:.4g}'.format(np.nanmin(image), np.nanmax(image)))
            except Exception:
                pass
        else:
            self.image_draw_area.clear()

    def allocate(self, shape, im_arr):
        if not np.array_equal(self.shape, shape) or self.im_arr_u1 is None:
            if len(shape) == 2:
                self.im_arr_u1 = np.zeros(shape, 'u1')
            elif len(shape) == 3:
                self.im_arr_u1 = im_arr
                assert im_arr.dtype == np.uint8 and im_arr.shape[2] == 3, f'wrong array format for RGB: {im_arr.dtype}, {im_arr.shape[2]}'
                #print('allocated RGB', im_arr.shape, im_arr.dtype)
            self.im_arr_f4 = np.zeros(shape[:2], 'f4')

    def draw_image(self, *args, autoscale=False, override_percentiles_scaling=False):
        if self.im_arr is None or not self.allow_drawing:
            return

        #print('drawing', autoscale, override_percentiles_scaling)

        if self.im_arr.ndim == 2: # gray scale image
            strided_arr = common.settings_hash.stride_to_size(self.im_arr, 0.1)
            if self.grayscale_mode.value() == 'percentiles' or override_percentiles_scaling:
                percentiles = self.percentile_min.value(), self.percentile_max.value()
                if percentiles[1] > percentiles[0]:
                    percentiles = np.clip(percentiles[0] - 0.01, 0, 100), np.clip(percentiles[1] + 0.01, 0, 100)
                vmin, vmax = np.nanpercentile(strided_arr, percentiles)
                self.gray_value_min.setValue(vmin); self.gray_value_max.setValue(vmax)
            else:
                vmin, vmax = self.gray_value_min.value(), self.gray_value_max.value()
                self.percentile_min.setValue(np.nanmean(np.less(strided_arr, vmin)) * 100)
                self.percentile_max.setValue(np.nanmean(np.less(strided_arr, vmax)) * 100)

            grayscale = np.array((vmin, vmax), 'f8')

            if not np.allclose(grayscale, self.grayscale):
                self.image_draw_area.set_dirty()
                if vmin < vmax:
                    try:
                        apply_grayscale_u1(self.im_arr, self.im_arr_u1, *grayscale, self.inverse_grayscale)
                    except:
                        np.copyto(self.im_arr_f4, self.im_arr, casting='unsafe')
                        np.clip(self.im_arr_f4, vmin, vmax, out=self.im_arr_f4)
                        if self.inverse_grayscale:
                            self.im_arr_f4 -= vmax
                            self.im_arr_f4 *= 255.0/(vmin-vmax)
                        else:
                            self.im_arr_f4 -= vmin
                            self.im_arr_f4 *= 255.0/(vmax-vmin)
                        np.copyto(self.im_arr_u1, self.im_arr_f4, casting='unsafe')
                else:
                    self.im_arr_u1.fill(0)
                self.grayscale = grayscale

            image_format = QImage.Format_Grayscale8

        else:
            image_format = QImage.Format_RGB888


        zoom_factor = np.float64(self.zoom_factor_selector.value())
        try:
            self.zoomed_arr = imscale_u1(self.im_arr_u1, zoom_factor)
        except Exception as err:
            self.zoomed_arr = image.resize.imscale(self.im_arr_u1, zoom_factor)
        self.zoomed_shape[:] = self.zoomed_arr.shape[:2]

        line_nbytes = self.zoomed_arr.shape[1] if self.zoomed_arr.ndim == 2 else 3*self.zoomed_arr.shape[1]
        self.qimage = QImage(self.zoomed_arr, self.zoomed_arr.shape[1], self.zoomed_arr.shape[0],
                             line_nbytes, image_format)
        #if self.zoomed_arr.ndim == 3:
        #    self.qimage = self.qimage.convertToFormat(QImage.Format_RGB32)

        if self.zoom_factor != self.old_zoom_factor:
            self.zoomed_center = self.zoomed_center * self.zoom_factor / self.old_zoom_factor
            self.old_zoom_factor = self.zoom_factor
            self.image_draw_area.set_dirty()

        if autoscale:
            if not self.has_grayscale:
                self.auto_grayscale(narrow_range=0)
            else:
                try:
                    if autoscale and seek_clipped_u1(self.im_arr_u1):
                        self.auto_grayscale(narrow_range=0)
                    else:
                        QTimer.singleShot(0, self.image_draw_area.update)
                except:
                    only_clip = np.sum(self.im_arr_u1) in (0, np.prod(self.im_arr_u1.shape) * 255)
                    if autoscale and only_clip:
                        self.auto_grayscale(narrow_range=0)
                    else:
                        QTimer.singleShot(0, self.image_draw_area.update)

        else:
            QTimer.singleShot(0, self.image_draw_area.update)
            #self.image_draw_area.update()

        return True

    def clear(self):
        self.im_arr = None
        self.im_arr_u1 = None
        self.zoomed_center = np.zeros(2, 'i8')
        self.zoomed_shape = np.zeros(2, 'i8')
        self.shape = np.zeros(2, 'i8')
        self.selection_area = np.zeros((2, 2), 'i8')
        self.qimage = None
        self.qimage_unzoomed = None
        self.image_draw_area.clear()

    def update_value_label(self, y=None, x=None):
        if y is None:
            y, x = self.mouse_pos
        else:
            self.mouse_pos = y, x
        if self.im_arr is not None:
            zoom_factor = self.zoom_factor_selector.value()
            offset = self.image_draw_area.get_image_offset()
            y_pos = int((y - offset[0])/zoom_factor)
            x_pos = int((x - offset[1])/zoom_factor)
            if 0 <= y_pos < self.shape[0] and 0 <= x_pos < self.shape[1]:
                text = f'({x_pos},{y_pos}) = '
                val = self.im_arr[y_pos, x_pos]
                try:
                    text += f'{val:.4g}'
                except TypeError:
                    text = f'{val[0]:.4g}, {val[1]:.4g}, {val[2]:.4g}'
                try:
                    val2 = self.values_arr[y_pos, x_pos]
                    text += f' = {val2:.4g}'
                except: pass
                self.value_label.setText(text)

    def update_cursor(self):
        if self.mouse_mode.value() == 'drag':
            self.image_draw_area.setCursor(Qt.ArrowCursor)
        elif self.mouse_mode.value() == 'select':
            self.image_draw_area.setCursor(Qt.ArrowCursor)

    def auto_zoom(self):
        if self.im_arr is not None:
            self.zoomed_center[:] = self.shape // 2 * self.zoom_factor_selector.value()
            zoom_factor = np.sqrt(self.image_draw_area.size().height() / self.shape[0] * self.image_draw_area.size().width() / self.shape[1])
            zoom_factors = np.array(self.zoom_factors)
            try:
                zoom_factor_index = np.argmax(zoom_factors[zoom_factors<zoom_factor] - zoom_factor)
                self.zoom_factor_selector.setCurrentIndex(zoom_factor_index)
                self.zoom_fitted = True
            except ValueError:
                pass

    def save_image(self):
        if self.im_arr is not None:
            try:
                default_dir = os.path.split(self.last_save_path)[0]
                path = get_save_fname(self, directory=default_dir, caption='Select file name to save image',
                                                   filter='image file (*.tif, *.png)')
                if path != '':
                    if path[-4:] not in ('.tif', '.png'):
                        path = file.path.replace_suffix(path, 'tif')
                    self.last_save_path = path

                    if path[-4:] == '.png':
                        image = file.image.scale_to_dtype(self.im_arr, (self.gray_value_min.value(), self.gray_value_max.value()), 'u1')
                    else:
                        image = self.im_arr
                    file.image.save(image, path, suffix=True)
                print('saved image to', path, os.path.abspath(path))
            except:
                print('image save failed')
                show_error_message(self, misc.get_exception_text_html())
        else:
            QMessageBox.information(self, 'info', 'no image shown, cannot save image')

    def update_zoom_factor(self):
        self.zoom_factor = self.zoom_factor_selector.value()
        self.draw_image()

    def set_grayscale_mode(self, mode_index, source=None):
        if source is None:
            source = self
        if self.grayscale_mode.currentIndex() != mode_index:
            self.grayscale_mode.setCurrentIndex(mode_index)
        if mode_index == 1:
            self.gray_value_min.hide()
            self.gray_value_max.hide()
            self.percentile_min.show()
            self.percentile_max.show()
            source.percentile_min.valueChanged.connect(self.draw_image)
            source.percentile_max.valueChanged.connect(self.draw_image)
        else:
            self.percentile_min.hide()
            self.percentile_max.hide()
            self.gray_value_min.show()
            self.gray_value_max.show()
            source.gray_value_min.valueChanged.connect(self.draw_image)
            source.gray_value_max.valueChanged.connect(self.draw_image)

    def auto_grayscale(self, *args, narrow_range=3):
        if self.im_arr is not None:
            self.allow_drawing = False
            if narrow_range > 0:
                self.percentile_min.stepBy(narrow_range)
                self.percentile_max.stepBy(-narrow_range)
                if self.percentile_max.value() - self.percentile_min.value() < 20:
                    self.percentile_max.setValue(100)
                    self.percentile_min.setValue(0)
            else:
                self.percentile_max.setValue(100)
                self.percentile_min.setValue(0)
                self.percentile_min.stepBy(1)
                self.percentile_max.stepBy(-1)

            self.has_grayscale = True
            self.allow_drawing = True
            if not self.draw_image(autoscale=False, override_percentiles_scaling=True):
                self.percentile_max.setValue(100)
                self.percentile_min.setValue(0)
                self.percentile_min.stepBy(1)
                self.percentile_max.stepBy(-1)
                self.draw_image(autoscale=False, override_percentiles_scaling=True)

    def get_area(self):
        zoom_factor = self.zoom_factor_selector.value()
        size = np.array((min(self.image_draw_area.height()/zoom_factor, self.shape[0]),
                         min(self.image_draw_area.width()/zoom_factor,  self.shape[1])), 'i8')
        origin = np.array([np.fmax(self.zoomed_center[k]/zoom_factor - size[k]//2, 0) for k in range(2)], 'i8')

        #print('WARNING: does not work correctly')
        #print('get area', origin, size, self.zoomed_center)
        return origin, size

    def set_area(self, origin, size):
        zoom_factor = self.zoom_factor_selector.value()
        self.zoomed_center[:] = [(origin[k] + size[k]//2)*zoom_factor for k in range(2)]
        self.has_area = True
        #print('set area', origin, size, self.zoomed_center)
        self.image_draw_area.update()
        #print('set area u', origin, size, self.zoomed_center)

    def get_grayscale(self):
        mode = self.grayscale_mode.currentText()
        if mode == 'percentiles':
            return mode, self.percentile_min.value(), self.percentile_max.value()
        elif mode == 'values':
            return mode, self.gray_value_min.value(), self.gray_value_max.value()

    def set_grayscale(self, mode='auto', vmin=None, vmax=None):
        self.grayscale_mode.setValue(mode)
        self.allow_drawing = False
        if mode == 'auto' or (vmin is None and vmax is None):
            self.auto_grayscale(narrow_range=0)
        elif mode == 'percentiles':
            if vmin is not None: self.percentile_min.setValue(vmin)
            if vmax is not None: self.percentile_max.setValue(vmax)
        elif mode == 'values':
            if vmin is not None: self.gray_value_min.setValue(vmin)
            if vmax is not None: self.gray_value_max.setValue(vmax)
        self.allow_drawing = True
        self.has_grayscale = True

    def get_selected_region(self):
        if not np.array_equal(self.selection_area, 0):
            return slice(*self.selection_area[0]), slice(*self.selection_area[1])


class ImageSliceView(ImageView):
    index_changed = Signal(int)
    got_valid_reader = Signal()

    def __init__(self, reader_settings=None, arr=None, arr_ax=0, window_title='Volume Viewer',
                 auto_reset_reader=False, inverse_grayscale=True, compact=False):
        ImageView.__init__(self, inverse_grayscale=inverse_grayscale, compact=compact)
        slice_hbox = QHBoxLayout(); self.vbox.addLayout(slice_hbox)
        self.setWindowTitle(window_title)
        self.auto_reset_reader = auto_reset_reader
        label = QLabel(' slice:'); slice_hbox.addWidget(label)
        self.slice_val = ValueIntBox(); slice_hbox.addWidget(self.slice_val)
        self.slice_slider = ValueSlider(); slice_hbox.addWidget(self.slice_slider)
        self.reset_button = QPushButton('  reset reader  '); slice_hbox.addWidget(self.reset_button)

        self.slice_val.valueChanged.connect(self.show_index)
        self.slice_slider.valueChanged.connect(self.show_index)
        self.current_index = 0
        self.nimages = None
        self.image_is_dirty = True
        self.has_shown = False

        self.arr = None
        self.reader = None

        self.future_rescale = False

        self.reader_thread = QtDoThread()
        self.reader_thread.show_error.connect(lambda t, b: show_error_message(self, t, b))

        if reader_settings is not None:
            self.configure_reader(reader_settings)
        elif arr is not None:
            self.set_arr(arr, arr_ax)
    #def show(self):
    #    QWidget.show(self)
        #self.reset_reader()

    def set_slice_val(self, val):
        self.slice_val.setValue(val)
        self.slice_val.emit_changed()

    def set_arr(self, arr, arr_ax=0):
        #print('arr set')
        assert arr is not None
        self.read_thread = None
        self.get_settings_func = None
        self.arr = arr
        self.arr_ax = arr_ax
        if arr is not None:
            if arr_ax == 0:
                self.set_nimages(len(arr))
            else:
                self.set_nimages(arr.shape[arr_ax])
        self.image_is_dirty = True
        self.reload_image()
        self.reset_button.hide()
        if self.auto_reset_reader:
            self.auto_reset_reader_time.time.stop()

    def configure_reader(self, settings):
        self.arr = None
        self.arr_ax = None
        self.reader = file.volume.get_reader(settings, old_reader=self.reader)

        connect_once(self.reader_thread.done, self.got_valid_reader.emit)
        connect_once(self.reader_thread.done, self.reload_image)
        self.reader_thread.do(self.reader.prepare)

        self.image_is_dirty = True
        self.reset_button.show()

    def reload_image(self):
        self.show_index(self.current_index)

    def show_loaded_image(self):
        #print('show_image')
        self.set_image(self.reader_thread.return_vals)
        self.set_nimages()

        if not self.has_shown:
            self.auto_zoom()
            self.auto_grayscale(narrow_range=1)
            self.has_shown = True

        elif self.future_rescale:
            self.auto_grayscale(narrow_range=1)
            self.future_rescale = False

        if self.image_is_dirty:
            self.reload_image()

    def set_slice_scrolling(self, val=True):
        if val:
            self.scrolled.connect(self.show_increment_index)
        else:
            try:
                self.scrolled.disconnect(self.show_increment_index)
            except TypeError: pass

    def show_increment_index(self, index_diff):
        self.show_index(self.current_index+index_diff)

    def show_index(self, index, future_rescale=False):
        if self.isVisible():
            if index is None:
                index = self.current_index
            self.future_rescale = future_rescale

            if self.arr is not None:
                max_index = self.arr.shape[0]-1
            elif self.reader is not None and self.reader.nimages > 0:
                max_index = self.reader.nimages-1
            else:
                max_index = np.inf
            index = int(np.clip(index, 0, max_index))

            if self.arr is None:
                if self.reader_thread.isRunning():
                    self.image_is_dirty = True
                else:
                    connect_once(self.reader_thread.done, self.show_loaded_image)
                    self.reader_thread.do(self.reader.load, index)
                    self.image_is_dirty = False
            else:
                if self.arr_ax == 0:
                    self.set_image(self.arr[index])
                else:
                    slices = [slice(None, None) for k in np.arange(self.arr.ndim)]
                    slices[self.arr_ax] = index
                    self.set_image(self.arr[slices])

            if self.slice_val.value() != index:
                self.slice_val.setValue(index)
            if self.slice_slider.value() != index:
                self.slice_slider.setValue(index)

            last_index = self.current_index
            self.current_index = index
            if last_index != index:
                self.index_changed.emit(index)

            if self.nimages is None: self.set_nimages()

    def set_nimages(self, nimages=None):
        if nimages is None:
            nimages = self.reader.nimages
        if nimages != self.nimages:
            #print('set_nimages', nimages)
            self.nimages = nimages
            self.slice_val.setMaximum(nimages)
            self.slice_slider.set_values(np.arange(nimages))


try:
    import numba

    @numba.njit(parallel=True, cache=True)
    def apply_grayscale_u1(arr_in, arr_out, vmin, vmax, invert):
        if invert == 0:
            scale_val = 255. / (vmax - vmin)
            offset = vmin
        else:
            scale_val = 255. / (vmin - vmax)
            offset = vmax
        for ky in numba.prange(arr_out.shape[0]):
            for kx in range(arr_out.shape[1]):
                val = np.fmin(np.fmax(arr_in[ky, kx], vmin), vmax)
                arr_out[ky, kx] = (np.float64(val) - offset) * scale_val

    if 10:
        def imscale_u1(im_arr, zoom_factor):
            if np.isclose(zoom_factor, 1):
                return im_arr
            else:
                shape = np.asarray(im_arr.shape, np.int32)
                shape_zoomed = (shape*zoom_factor).astype(np.int64)
                if im_arr.ndim == 2:
                    zoomed_arr = np.zeros(shape_zoomed, im_arr.dtype)
                    do_imscale_u1(im_arr, zoomed_arr, zoom_factor)
                else:
                    zoomed_arr = np.zeros((shape_zoomed[0], shape_zoomed[1], 3), im_arr.dtype)
                    do_imscale_rgb(im_arr, zoomed_arr, zoom_factor)
                return zoomed_arr

        #compile_signature = numba.void(numba.uint8[:, :], numba.uint8[:, :], numba.float64)
        @numba.njit(parallel=True, cache=True)
        def do_imscale_u1(arr_in, zoomed_arr, zoom_factor):
            if zoom_factor < 1:
                bin_factor = np.int32(1/zoom_factor)
                bin_norm = bin_factor**2
                for ky in numba.prange(zoomed_arr.shape[0]):
                    by = ky*bin_factor
                    for kx in range(zoomed_arr.shape[1]):
                        bx = kx*bin_factor
                        zoomed_arr[ky, kx] = arr_in[by:by+bin_factor, bx:bx+bin_factor].mean()
            else:
                for ky in numba.prange(zoomed_arr.shape[0]):
                    for kx in range(zoomed_arr.shape[1]):
                        zoomed_arr[ky, kx] = arr_in[int(ky/zoom_factor), int(kx/zoom_factor)]

        #compile_signature = numba.void(numba.uint8[:, :, :], numba.uint8[:, :, :], numba.float64)
        @numba.njit(parallel=True, cache=True)
        def do_imscale_rgb(arr_in, zoomed_arr, zoom_factor):
            if zoom_factor < 1:
                bin_factor = np.int32(1/zoom_factor)
                bin_norm = bin_factor**2
                for ky in numba.prange(zoomed_arr.shape[0]):
                    by = ky*bin_factor
                    for kx in range(zoomed_arr.shape[1]):
                        bx = kx*bin_factor
                        for col in range(3):
                            zoomed_arr[ky, kx, col] = arr_in[by:by+bin_factor, bx:bx+bin_factor, col].mean()
            else:
                for ky in numba.prange(zoomed_arr.shape[0]):
                    for kx in range(zoomed_arr.shape[1]):
                        for col in range(3):
                            zoomed_arr[ky, kx, col] = arr_in[int(ky/zoom_factor), int(kx/zoom_factor), col]

    @numba.njit(numba.bool_(numba.uint8[:, :]), cache=True)
    def seek_clipped_u1(arr):
        for ky in range(0, arr.shape[0], 4):
            for kx in range(0, arr.shape[1], 4):
                val = arr[ky, kx]
                if (val%255) != 0:
                    return False
        return True

except Exception as err:
    print('failed compiling numba accelerated ImageViewer functions', repr(err))
    pass

if __name__ == '__main__':
    app = get_qt_app('test', 'Universitaet_Wuerzburg')

    test_image = simulation.test_images.generate_test_image(4000)
    #test_image = np.random.poisson(100, size=(500, 800, 3)).astype('u1')

    try:
        imscale_u1(test_image.astype('u1'), np.float64(2))
    except: pass

    window = ImageView(inverse_grayscale=True)
    window.resize(1100, 1000)
    window.set_image(test_image)
    window.show()

    def set_image():
        window.set_image(test_image)

    if 10:
        timer = QTimer()
        timer.timeout.connect(set_image)
        timer.start(10)
        print('benchmark setting new images')

    cProfile.run('app.exec_()', sort='time')
    #print(window.image_draw_area.paints)






tomis/GUI/widgets/misc.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from GUI.qt import *
import common.opencl as cl


class AppSettingsWindow(QDialog):
    def __init__(self, main_window):
        super().__init__(parent=main_window)
        self.main_window = main_window
        self.setWindowModality(Qt.NonModal)
        self.setWindowTitle('Application Settings')
        self.setMinimumSize(200, 300)
        vbox = QVBoxLayout(); self.setLayout(vbox)
        title_label = QLabel('<b>General</b>'); vbox.addWidget(title_label)

        #self.enable_queue = ValueCheckBox('Enable Queue Mode'); vbox.addWidget(self.enable_queue)
        #self.enable_queue.valueChanged.connect(self.main_window.enable_queue)

        self.enable_autosave = ValueCheckBox('Enable Autosave to Disk'); vbox.addWidget(self.enable_autosave)
        self.enable_autosave.valueChanged.connect(self.main_window.enable_autosave)
        self.enable_autosave.setToolTip('Enable Autosave to the settings file on disk; if disabled,\n'
                                        'only the autosave to app settings will be active')
        hbox_pl = QHBoxLayout(); vbox.addLayout(hbox_pl)
        pl_label = QLabel('preview controls position:'); hbox_pl.addWidget(pl_label)
        self.preview_controls_position = ValueComboBox(values=('top', 'bottom', 'left', 'right'))
        hbox_pl.addWidget(self.preview_controls_position)
        self.preview_controls_position.valueChanged.connect(self.update_ui_preview_control_pos)

        hbox_cl = QHBoxLayout(); vbox.addLayout(hbox_cl)
        cl_device_label = QLabel('Select OpenCl device:'); hbox_cl.addWidget(cl_device_label)
        self.cl_device_selector = ValueComboBox(); hbox_cl.addWidget(self.cl_device_selector)

        ip_label = QLabel('<b>Image Processing</b>'); vbox.addWidget(ip_label)
        ip_hbox1 = QHBoxLayout(); vbox.addLayout(ip_hbox1)
        self.ip_use_multiprocessing = ValueCheckBox('use multiprocessing'); ip_hbox1.addWidget(self.ip_use_multiprocessing)
        self.ip_use_multiprocessing.setChecked(True)

        ip_label = QLabel('<b>CT Reconstruction</b>'); vbox.addWidget(ip_label)
        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        self.reco_use_fast_preview_filter = ValueCheckBox('use fast preview filter'); hbox.addWidget(self.reco_use_fast_preview_filter)
        self.reco_use_fast_preview_filter.setChecked(False)
        self.reco_use_fast_preview_filter.setToolTip('clip the filter range of the rampe filter for the preview\n'
                                                     'will result in large-scale (> 400 px) artifacts or an intensity offset\n'
                                                     'speeds up preview for cone lower/upper area or drift corrected CT\n'
                                                     'pyXIT may need to be restarted for this to take effect')
        label = QLabel('OpenCl memory use fraction'); hbox.addWidget(label)
        label.setToolTip('determines how aggressively OpenCl memory allocation is done\n'
                         'only affects FBP cone reconstruction\n'
                         'the value is the fraction of apparently available memory that is used (default = 0.7)\n'
                         'lower values can avoid memory errors but can reduce reconstruction speed')
        self.reco_memory_use_fraction = ValueFloatBox(); hbox.addWidget(self.reco_memory_use_fraction)
        self.reco_memory_use_fraction.setValue(0.7); self.reco_memory_use_fraction.setRange(0.1, 0.9)

        vp_label = QLabel('<b>Volume Processing</b>'); vbox.addWidget(vp_label)
        vp_hbox1 = QHBoxLayout(); vbox.addLayout(vp_hbox1)
        self.vp_use_multiprocessing = ValueCheckBox('use multiprocessing'); vp_hbox1.addWidget(self.vp_use_multiprocessing)
        self.vp_use_multiprocessing.setChecked(True)
        self.vp_use_multiprocessing.setToolTip('compute several blocks in parallel, can speed up computing but requires more memory.')
        vp_hbox1 = QHBoxLayout(); vbox.addLayout(vp_hbox1)
        vp_max_multiproc_label = QLabel('max number of multiprocessing workers'); vp_hbox1.addWidget(vp_max_multiproc_label)
        self.vp_max_multiproc_workers = ValueIntBox(); vp_hbox1.addWidget(self.vp_max_multiproc_workers)
        self.vp_max_multiproc_workers.setValue(4)

        vbox.addStretch()
        hbox_bottom = QHBoxLayout(); vbox.addLayout(hbox_bottom)
        hbox_bottom.addStretch()
        self.close_button = QPushButton('  close  '); hbox_bottom.addWidget(self.close_button)
        self.close_button.clicked.connect(self.close)

        #self.refresh_timer = QTimer()
        #self.refresh_timer.timeout.connect(self.get_settings)
        #self.refresh_timer.start(100)

        self.device_selector_filled = False
        self.cl_device_index = 0
        self.cl_device_names = ()

    def update_ui_preview_control_pos(self):
        pos = self.preview_controls_position.value()
        for widget in self.main_window.processing_widgets:
            if widget.preview is not None:
                if hasattr(widget.preview, 'image_view'):
                    widget.preview.image_view.set_controls_position(pos)

    def get_settings(self):
        self.main_window.app_settings['enable_autosave'] = int(self.enable_autosave.value())
        self.main_window.app_settings['cl_device_name'] = self.cl_device_selector.value()
        self.main_window.app_settings['cl_device_index'] = self.cl_device_index
        self.main_window.app_settings['preview_controls_position'] = self.preview_controls_position.value()
        self.main_window.app_settings['Image Processing']['use_multiprocessing'] = self.ip_use_multiprocessing.value()
        self.main_window.app_settings['Volume Processing']['use_multiprocessing'] = self.vp_use_multiprocessing.value()
        self.main_window.app_settings['Volume Processing']['max_multiproc_workers'] = self.vp_max_multiproc_workers.value()
        self.main_window.app_settings['CT Reconstruction']['use_fast_preview_filter'] = self.reco_use_fast_preview_filter.isChecked()
        self.main_window.app_settings['CT Reconstruction']['memory_use_fraction'] = self.reco_memory_use_fraction.value()

    def set_settings(self):
        #self.enable_queue.setValue(self.main_window.app_settings.get('enable_queue', 1))
        self.enable_autosave.setValue(self.main_window.app_settings.get('enable_autosave', 1))
        self.select_device(self.main_window.app_settings.get('cl_device_name', None))
        self.preview_controls_position.setValue(self.main_window.app_settings.get('preview_controls_position', 'top'))
        self.ip_use_multiprocessing.setValue(self.main_window.app_settings['Image Processing'].get('use_multiprocessing', 2))
        self.vp_use_multiprocessing.setValue(self.main_window.app_settings['Volume Processing'].get('use_multiprocessing', 2))
        self.vp_max_multiproc_workers.setValue(self.main_window.app_settings['Volume Processing'].get('max_multiproc_workers', 4))
        self.reco_use_fast_preview_filter.setChecked(self.main_window.app_settings['CT Reconstruction'].get('use_fast_preview_filter', False))
        self.reco_memory_use_fraction.setValue(self.main_window.app_settings['CT Reconstruction'].get('memory_use_fraction', 0.7))

    def closeEvent(self, QCloseEvent):
        self.get_settings()
        QCloseEvent.accept()

    def show(self):
        self.set_settings()
        QDialog.show(self)

    # opencl device selection
    def fill_cl_device_selector(self):
        self.cl_device_selector.clear()
        try:
            self.cl_device_names = [dev.short_name() for dev in cl.get_device_infos()]
            cl.unload_lib()
            print('found opencl devices', *self.cl_device_names)
        except cl.Error as err:
            QMessageBox.warning(self, 'Error', 'failed to load OpenCl with\n{}'.format(repr(err)))

        if len(self.cl_device_names) == 0:
            self.cl_device_selector.setDisabled(True)
            self.cl_device_selector.set_values(('[no OpenCl devices found]'))
        else:
            self.cl_device_selector.setDisabled(False)
            cl_device_names = []
            for device_name in self.cl_device_names:
                cl_device_names.append(device_name)
            disconnect_signal(self.cl_device_selector.valueChanged)
            self.cl_device_selector.set_values(cl_device_names)
            self.cl_device_selector.valueChanged.connect(self.select_device)

            #if self.main_window.app_settings['cl_device_name'] is not None and self.app_settings['cl_device_name'] in cl_device_names:
            #    self.select_device(self.app_settings['cl_device_name'])
            #else:
            #    self.select_device(self.cl_devices_infos[0]['name'])

    def select_device(self, name=None):
        if cl is not None:
            if not self.device_selector_filled:
                self.fill_cl_device_selector()
                self.device_selector_filled = True

            if name is None:
                name = self.cl_device_selector.value()

            #if name != self.cl_device_selector.value():
            try:
                self.cl_device_index = self.cl_device_names.index(name)
                self.main_window.app_settings['cl_device_name'] = name
                self.cl_device_selector.setValue(name)
                print('selected OpenCl device: {}'.format(name))

            except ValueError:
                print('setting OpenCL device failed')
                self.main_window.cl_device_index = 0
                self.main_window.app_settings['cl_device_name'] = None
                for widget in self.main_window.processing_widgets:
                    widget.cl_device_index = self.cl_device_index


class LicenseWindow(QDialog):
    def __init__(self, parent, app, license_str):
        super().__init__(parent)
        self.setWindowTitle('License Agreement for pyXIT')
        self.vbox = QVBoxLayout(); self.setLayout(self.vbox)
        self.setFixedSize(400, 320)
        self.app = app

        self.text = QTextBrowser(self)
        self.text.setText(license_str)
        self.vbox.addWidget(self.text)

        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        self.exit_button = QPushButton(' exit '); hbox.addWidget(self.exit_button)
        hbox.addStretch()
        self.accept_button = QPushButton(); hbox.addWidget(self.accept_button)

        self.exit_button.clicked.connect(self.exit_app)
        self.accept_button.clicked.connect(self.close)

        self.set_accept_mode()

    def set_accept_mode(self, accept_mode=False):
        self.accept_mode = accept_mode
        if accept_mode:
            self.setWindowModality(Qt.ApplicationModal)
            self.exit_button.show()
            self.accept_button.setText(' accept ')
        else:
            self.setWindowModality(Qt.NonModal)
            self.exit_button.hide()
            self.accept_button.setText(' close ')

    def show(self):
        if self.accept_mode:
            self.exec_()
        else:
            QDialog.show(self)

    def exit_app(self):
        self.close()
        self.app.quit()


class StdoutWindow(InfoWindow):
    def __init__(self, gui_stdout):
        super().__init__("Python console output")

        self.check_print_timer = QTimer()
        self.check_print_timer.timeout.connect(self.update_text)
        self.check_print_timer.start(GUI.REFRESH_TIME_MS)

        self.last_seek = 0
        self.gui_stdout = None

    def update_text(self):
        if self.gui_stdout is not None:
            self.gui_stdout.stdout.seek(self.last_seek)
            addition = self.gui_stdout.stdout.read()
            self.last_seek = self.gui_stdout.stdout.tell()
            if addition != "":
                self.text_widget.append(addition)
                self.text_widget.verticalScrollBar().setValue(self.text_widget.verticalScrollBar().maximum())



# ================  dialogs/action windows  ================
class NewDataSetDialog(QDialog):
    def __init__(self, processing_widget=None):
        self.processing_widget = processing_widget
        super().__init__(parent=processing_widget)
        self.setWindowModality(Qt.ApplicationModal)
        self.setWindowTitle('New Data Set')
        self.setSizePolicy(QSizePolicy.Maximum, QSizePolicy.Maximum)
        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetFixedSize)
        #hbox1 = QHBoxLayout(); vbox.addLayout(hbox1)
        #name_label = QLabel('name (optional):'); hbox1.addWidget(name_label)
        #self.data_set_name = QLineEdit(); hbox1.addWidget(self.data_set_name)

        question_label = QLabel('Duplicate the current data set \nor start from a new/empty one?')
        self.show_input_config = ValueCheckBox('show input configuration next')
        self.show_input_config.setChecked(True)
        vbox.addWidget(question_label); vbox.addWidget(self.show_input_config)

        #self.group_layout = EditGroupLayout(self, self.processing_widget.data_sets)
        #vbox.addLayout(self.group_layout)

        hbox2 = QHBoxLayout(); vbox.addLayout(hbox2)
        self.cancel_button = QPushButton('  cancel  '); hbox2.addWidget(self.cancel_button)
        hbox2.addStretch()
        self.duplicate_button = QPushButton('  duplicate  '); hbox2.addWidget(self.duplicate_button)
        self.new_button = QPushButton('  new empty  '); hbox2.addWidget(self.new_button)

        self.close_state = None
        self.cancel_button.clicked.connect(self.cancel)
        self.duplicate_button.clicked.connect(self.duplicate)
        self.new_button.clicked.connect(self.new)
        self.vbox = vbox

    def exec(self):
        self.close_state = 'cancel'
        #self.group_layout.update_groups()
        QDialog.exec_(self)

    def cancel(self):
        self.close_state = 'cancel'
        self.close()

    def duplicate(self):
        self.close_state = 'duplicate'
        self.close()

    def new(self):
        self.close_state = 'new'
        self.close()


class NewCTDataSetDialog(NewDataSetDialog):
    def __init__(self, processing_widget=None):
        super().__init__(processing_widget)
        self.use_tomis_format = ValueCheckBox('use tomis.control data format')
        self.vbox.insertWidget(2, self.use_tomis_format)

        self.use_tomis_format.setToolTip('the tomis.control format is a specific layout of data\n'
                                         'you will be asked to locate the corresponding folder directly\n'
                                         'you may need to change input settings if a non-standard measurement was done')


class SettingsImportDialog(QDialog):
    def __init__(self, main_window, settings, type_name=None, settings_filename=None):
        super().__init__(parent=main_window)
        self.setWindowModality(Qt.ApplicationModal)
        self.main_window = main_window
        self.setWindowTitle('Import Settings')
        vbox = QVBoxLayout(); self.setLayout(vbox)
        self.possible_processing_types = [widget.name for widget in main_window.processing_widgets]
        self.to_import = []

        self.vbox = QVBoxLayout(); vbox.addLayout(self.vbox)
        self.vbox.setSizeConstraint(QLayout.SetFixedSize)
        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        hbox.addStretch()
        self.add_button = QPushButton('  add to settings  '); vbox.addWidget(self.add_button)
        self.add_button.clicked.connect(self.add_to_settings)

        # type_name != None assumes settings to be a dict containing dicts with data sets
        #self.data_sets_without_processing_type = []
        self.data_sets = []
        self.possible_processing_types = [widget.name for widget in main_window.processing_widgets]
        if type_name is not None:
            label = QLabel('<b> data sets from {}</b>'.format(type_name)); self.vbox.addWidget(label)
            if settings_filename is not None:
                label2 = QLabel('file: {}'.format(shorten_string(settings_filename, 40))); self.vbox.addWidget(label2)

            for data_set_name in sorted(settings.keys()):
                if data_set_name not in ('settings_format', 'pyXIT_version'):
                    self.add_data_set(data_set_name, settings[data_set_name])
        else:
            for data_set_type in settings:
                label = QLabel('<b> data sets from {}</b>'.format(data_set_type)); self.vbox.addWidget(label)
                if settings_filename is not None:
                    label2 = QLabel('file: {}'.format(shorten_string(settings_filename, 40))); self.vbox.addWidget(label2)

                for data_set_name in sorted(settings[data_set_type].keys()):
                    if data_set_name != 'settings_format':
                        self.add_data_set(data_set_name, settings[data_set_name])
        #self.show()

    def add_data_set(self, data_set_name, data_set):
        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        try:
            if data_set['processing_type'] not in self.possible_processing_types:
                raise KeyError
            do_import = ValueCheckBox('import {} (type: {})'.format(data_set['name'], data_set['processing_type']))
            do_import.setChecked(True)
            self.data_sets.append((do_import, data_set, None)); hbox.addWidget(do_import)
        except KeyError:
            do_import = ValueCheckBox('import {}'.format(data_set['name'])); hbox.addWidget(do_import)
            do_import.setChecked(True)
            processing_type = ValueComboBox(); hbox.addWidget(processing_type)
            processing_type.set_values(self.possible_processing_types)
            self.data_sets.append((do_import, data_set, processing_type))

    def add_to_settings(self):
        for do_import, data_set, processing_type in self.data_sets:
            if do_import.isChecked():
                if processing_type is None:
                    processing_type = data_set['processing_type']
                widget = self.main_window.get_processing_widget(name=processing_type)
                if widget is not None:
                    widget.data_sets.make_new(**data_set)
                    widget.update_ui_from_data_sets()


        self.close()


class AddMultipleDataSetsHelper(QWidget):
    pass



# ================  groups  ================
class GroupsWindow(QDialog):
    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.setWindowTitle('Group membership')
        self.setMinimumWidth(300)
        self.processing_widget = processing_widget
        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetFixedSize)
        explanation_label = QLabel('Data set groups share their processing settings.'); vbox.addWidget(explanation_label)

        self.group_layout = EditGroupLayout(self.processing_widget); vbox.addLayout(self.group_layout)

        hbox1 = QHBoxLayout(); vbox.addLayout(hbox1)
        new_button = QPushButton('  new  '); hbox1.addWidget(new_button)
        rename_button = QPushButton('  rename  '); hbox1.addWidget(rename_button)
        delete_button = QPushButton('  delete  '); hbox1.addWidget(delete_button)

        hbox3 = QHBoxLayout(); vbox.addLayout(hbox3)
        hbox3.addStretch()
        close_button = QPushButton('  close  '); hbox3.addWidget(close_button); close_button.setFixedWidth(100)

        new_button.clicked.connect(self.group_layout.create_group)
        delete_button.clicked.connect(self.group_layout.delete_group)
        rename_button.clicked.connect(self.group_layout.rename_group)
        close_button.clicked.connect(self.close)

    def update_groups(self):
        self.group_layout.update_groups()

    def closeEvent(self, QCloseEvent):
        group_name, group_id = self.group_layout.group_selector.currentText(), self.group_layout.group_selector.value()
        #print('group_name, group_id', group_name, group_id)
        self.processing_widget.data_sets.add_to_group(group_name, group_id, self.processing_widget.data_sets.get_current_id())
        data_set = self.processing_widget.data_sets.get_current_data_set()
        if data_set["group_id"] != group_id:
            dialog = SyncGroupDialog(self)
            dialog.exec_()
            if dialog.state:
                self.processing_widget.data_sets.sync_group_from_current()
            else:
                self.processing_widget.data_sets.sync_current_from_group()

        QCloseEvent.accept()


class EditGroupLayout(QVBoxLayout):
    def __init__(self, processing_widget):
        super().__init__()
        self.processing_widget = processing_widget
        hbox = QHBoxLayout(); self.addLayout(hbox)
        label = QLabel('select group:'); hbox.addWidget(label)
        self.group_selector = ValueComboBox(('[none]', )); hbox.addWidget(self.group_selector)

        self.do_group_create = False
        self.locked = False


    def update_groups(self):
        self.locked = True
        groups = self.processing_widget.data_sets['groups']
        values = ['[none]', ]
        names = ['[none]', ]
        for id in sorted(groups.keys()):
            values.append(id)
            names.append(groups[id][0])
        self.group_selector.set_values(values, use_as_names=False)
        self.group_selector.set_names(names)

        data_set = self.processing_widget.data_sets.get_current_data_set()
        if data_set is not None:
            self.group_selector.setValue(data_set['group_id'])
        self.locked = False


    def create_group(self):
        if not self.locked:
            dialog = CreateGroupDialog(self.processing_widget)
            while True:
                if dialog.exec():
                    new_name = dialog.group_name.text().strip(' ')
                    if self.processing_widget.data_sets.check_group_name_exists(new_name):
                        QMessageBox.information(self.processing_widget, 'Warning', 'Name is already in use')
                    else:
                        group_id = GUI.processing.settings.get_random_id(18)
                        self.processing_widget.data_sets.add_to_group(new_name, group_id,
                                                                      self.processing_widget.data_sets.get_current_id())
                        break
                else:
                    break
        self.update_groups()

    def delete_group(self):
        value = self.group_selector.value()
        print('rename_group', value, value != '[none]')
        if value != '[none]':
            self.processing_widget.data_sets.delete_group(value)
            self.update_groups()

    def rename_group(self):
        value = self.group_selector.value()
        print('rename_group', value, value != '[none]')
        if value != '[none]':
            dialog = CreateGroupDialog(self.processing_widget)
            dialog.setWindowTitle('Rename Group "{}"'.format(self.group_selector.currentText()))
            dialog.group_name.setText(self.group_selector.currentText())
            while True:
                if dialog.exec():
                    new_name = dialog.group_name.text().strip(' ')
                    if self.processing_widget.data_sets.check_group_name_exists(new_name):
                        QMessageBox.information(self.processing_widget, 'Warning', 'Name is already in use')
                    else:
                        self.processing_widget.data_sets.rename_group(value, new_name)
                        self.update_groups()
                        self.group_selector.setValue(value)
                    break


class CreateGroupDialog(QDialog):
    def __init__(self, processing_widget):
        super().__init__(processing_widget)
        self.setWindowTitle('Create new group')
        vbox = QVBoxLayout(); self.setLayout(vbox)
        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        label = QLabel('group name:'); hbox.addWidget(label)
        self.group_name = QLineEdit('group '); hbox.addWidget(self.group_name)
        hbox2 = QHBoxLayout(); vbox.addLayout(hbox2)
        hbox2.addStretch()
        self.ok_button = QPushButton('   ok   '); hbox2.addWidget(self.ok_button)
        self.cancel_button = QPushButton('   cancel   '); hbox2.addWidget(self.cancel_button)
        self.state = False

        self.ok_button.clicked.connect(self.set_ok)
        self.cancel_button.clicked.connect(self.set_cancel)

    def set_ok(self):
        self.state = True
        self.close()

    def set_cancel(self):
        self.state = False
        self.close()

    def exec(self):
        QDialog.exec_(self)
        return self.state


class SyncGroupDialog(QDialog):
    def __init__(self, parent):
        super().__init__(self)
        self.setWindowTitle('Resolve sync conflict')
        vbox = QVBoxLayout(); self.setLayout(vbox)
        label = QLabel('A data set was added to an existing group, sync the settings from the current data set to the group or keep the group settings and discard the current settings?'); vbox.addWidget(label)
        hbox2 = QHBoxLayout(); vbox.addLayout(hbox2)
        hbox2.addStretch()
        self.keep_button = QPushButton('  keep group settings  '); hbox2.addWidget(self.ok_button)
        self.use_current_button = QPushButton('  use current settings  '); hbox2.addWidget(self.cancel_button)
        self.state = False

        self.keep_button.clicked.connect(self.set_keep)
        self.use_current_button.clicked.connect(self.set_use_current)

    def set_keep(self):
        self.state = True
        self.close()

    def set_use_current(self):
        self.state = False
        self.close()

    def exec(self):
        QDialog.exec_(self)
        return self.state






tomis/GUI/widgets/plot.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
try:
    from matplotlib import pyplot as plt
    from matplotlib.figure import Figure
    from matplotlib.backends.backend_qt5agg import (FigureCanvasQTAgg as FigureCanvas,
                                                    NavigationToolbar2QT as NavigationToolbar)
except ImportError:
    plt = None

from GUI.qt import *
import numpy as np


class Widget(QWidget):
    def __init__(self, window_size=(600, 800)):
        super().__init__()
        self.setWindowTitle('Plot Preview Window')

        if plt is None:
            vbox = QVBoxLayout(); self.setLayout(vbox)
            vbox.addStretch()
            vbox.addWidget(QLabel("matplotlib not installed, plotting not possible"))
            vbox.addStretch()
            self.fig = None

        else:
            self.fig = Figure((3.0, 3.0), dpi=80)
            #self.fig.set_tight_layout(True)
            self.canvas = FigureCanvas(self.fig)
            self.canvas.setSizePolicy(QSizePolicy.Expanding, QSizePolicy.Expanding)
            self.mpl_toolbar = NavigationToolbar(self.canvas, self)
            self.vbox = QVBoxLayout()
            #self.vbox.setSizeConstraint(QLayout.SetFixedSize)
            hbox_toolbar = QHBoxLayout()
            hbox_toolbar.addWidget(self.mpl_toolbar, alignment=Qt.AlignCenter)
            self.vbox.addLayout(hbox_toolbar)
            self.vbox.addWidget(self.canvas)
            self.setLayout(self.vbox)
            self.setMinimumSize(window_size[1], window_size[0])
            self.resize(window_size[1], window_size[0])

    def clear_plot(self):
        if self.fig is not None:
            self.fig.clf()

    def draw(self):
        if self.fig is not None:
            #self.fig.tight_layout(True)
            self.canvas.draw()


def bin_edges_to_bin_centers(bin_edges):
    bin_vals = np.zeros(len(bin_edges)-1)
    for i in np.arange(len(bin_edges)-1):
        bin_vals[i] = (bin_edges[i]+bin_edges[i+1])/2
    return bin_vals


class HistogramPlotWidget(Widget):
    def __init__(self, window_size=(600, 800)):
        super().__init__(window_size)
        hbox = QHBoxLayout(); self.vbox.addLayout(hbox)
        label1 = QLabel("nunber of bins"); hbox.addWidget(label1)
        self.number_of_bins = ValueIntBox(); hbox.addWidget(self.number_of_bins)
        self.number_of_bins.setRange(10, 10000); self.number_of_bins.setValue(100)
        self.logscale = ValueCheckBox("logarithmic"); hbox.addWidget(self.logscale)
        self.logscale.setChecked(True)
        label2 = QLabel("nunber of log magnitudes"); hbox.addWidget(label2)
        self.number_of_logmag = ValueIntBox(); hbox.addWidget(self.number_of_logmag)
        self.number_of_logmag.setRange(0.1, 20); self.number_of_logmag.setValue(3)

        self.range_mode = ValueComboBox(["wide range", "narrow range", "set range:"]); hbox.addWidget(self.range_mode)
        self.range_min = ValueFloatBox(); hbox.addWidget(self.range_min)
        self.range_max = ValueFloatBox(); hbox.addWidget(self.range_max)
        self.range_mode.valueChanged.connect(self.update_ui_range_mode)
        self.update_ui_range_mode()

        hbox.addStretch()
        self.update_button = QPushButton("  update  "); hbox.addWidget(self.update_button)
        self.update_button.clicked.connect(self.update_plot_settings)

        self.arr, self.val_range = None, None

        self.do_thread = QtDoThread(self.do_plot_hist)
        self.do_thread.done.connect(self.draw)

    def update_ui_range_mode(self):
        val = self.range_mode.value() == "set range:"
        self.range_min.setVisible(val)
        self.range_max.setVisible(val)

    def plot_hist(self, arr):
        self.do_thread.do_self(arr)

    def do_plot_hist(self, arr):
        if arr is not None:
            self.arr = arr
            self.clear_plot()
            ax = self.fig.add_subplot(111)
            range_mode = self.range_mode.value()
            if range_mode == "set range:":
                val_range = self.range_min.value(), self.range_max.value()
            else:
                if 'wide' in range_mode:
                    perc_vals = 0.05, 99.95
                else:
                    perc_vals = 1, 99
                val_range = np.percentile(arr, perc_vals)
                self.range_min.setValue(val_range[0])
                self.range_max.setValue(val_range[1])

            norm_hist, bin_edges = np.histogram(arr, self.number_of_bins.value(), range=val_range)
            ax.bar(bin_edges_to_bin_centers(bin_edges), norm_hist, width=bin_edges[1]-bin_edges[0])
            if self.logscale.isChecked():
                ax.set_yscale("log")
                high_count = np.percentile(norm_hist, 99.5)
                ax.set_ylim(high_count*10**-self.number_of_logmag.value(), norm_hist.max()*1.1)
            ax.grid()
            ax.set_xlim(*val_range)

    def update_plot_settings(self):
        self.plot_hist(self.arr)







tomis/common/__init__.py

import os, sys, time, numpy as np
from typing import *
pjoin = os.path.join

from . import misc






tomis/common/misc.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''

import time, datetime, traceback, sys, numpy as np, psutil

verbose = False
def vprint(*args):
    if verbose:
        print(*args)


def get_free_memory(units_exp=3):
    if get_free_memory.override is not None:
        return get_free_memory.override*1024**(3-units_exp)
    free_memory = max(psutil.virtual_memory()[1]/1024**units_exp - 0.5, 0.0)  # this is the currently free memory !, 0.5 GB safety margin
    if free_memory < 0.1:
        print('WARNING: computer is out of free memory')
    return min(free_memory*get_free_memory.use_fraction, get_free_memory.use_maximal*1024**(3-units_exp))
get_free_memory.use_fraction = 0.95
get_free_memory.use_maximal = np.inf # in GB
get_free_memory.override = None # in GB


def print_runtime(name='runtime', t0=0, min_time=0):
    t = time.time()-t0
    if t > min_time:
        minutes = t // 60
        seconds = t % 60
        if minutes == 0:
            if seconds < 1e-5:   print(name+': {:.3f} micro s'.format(seconds*1e6))
            elif seconds < 1e-2: print(name+': {:.3f} ms'.format(seconds*1e3))
            else:                print(name+': {:.3f} s'.format(seconds))
        else:
            print(name+': {:.0f} min, {:.1f} s'.format(minutes, seconds))
    return t


def get_exception_text_html():
    lines = (traceback.format_exception(*sys.exc_info()))
    text = '<p><b>Python traceback:</b>\n'
    for k, line in enumerate(lines):
        text += line
        if k == len(lines)-2:
            text += "<p><b>Error description:</b>\n"
    text = text.replace("\n", "\n<br>")
    text = text.replace("    ", "&nbsp;&nbsp;&nbsp;&nbsp;")
    return text


def get_exception_text():
    lines = (traceback.format_exception(*sys.exc_info()))
    text = ''
    for k, line in enumerate(lines):
        text += line
    return text


def undo_html(text):
    text = text.replace("<p>", "")
    text = text.replace("<b>", "")
    text = text.replace("</b>", "")
    text = text.replace("<br>", "")
    text = text.replace("&nbsp;", " ")
    return text


def nested_dict_update(source_dict, target_dict):
    for key in source_dict.keys():
        if type(source_dict[key]) is dict:
            try:
                target_dict[key]
            except KeyError:
                target_dict[key] = dict()
            finally:
                nested_dict_update(source_dict[key], target_dict[key])
        else:
            target_dict[key] = source_dict[key]


forbidden_modules = ('os.', 'sys.', 'shutil.')
def check_eval_string(eval_text):
    for forbidden_module in forbidden_modules:
        if forbidden_module in eval_text:
            raise ValueError(f'module {forbidden_module.rstrip(".")} may not be used in eval')
    if "import " in eval_text:
            raise ValueError('importing may not be used in eval')


class TimeFinishedEstimator:
    def __init__(self):
        self.timestamps = None
        self.estimated_speed = None
        self.k_first = None
        self.k_now = None

    def start(self, number_items):
        self.timestamps = np.zeros(number_items, 'f8')
        self.estimated_speed = None
        self.k_first = np.inf
        self.k_now = 0

    def reset(self):
        self.timestamps = None
        self.estimated_speed = None
        self.k_first = None
        self.k_now = None

    def item_done(self, k):
        if k < len(self.timestamps):
            self.k_first = min(k, self.k_first)
            self.timestamps[k] = time.time()

            if k > 1:
                past_samples = np.linspace(self.k_first, k, int(5 * (1 - np.exp(-0.05 * k)) + 2), dtype='u8', endpoint=True)
                speed_estimates = np.zeros(len(past_samples)-1, 'f8')
                for k_loc, (k_last, k_next) in enumerate(zip(past_samples[:-1], past_samples[1:])):
                    if k_next > k_last:
                        speed_estimates[k_loc] = (self.timestamps[k_next] - self.timestamps[k_last])/(k_next - k_last)

                estimated_speed = np.nanmedian(speed_estimates)
                update_significant = self.estimated_speed is None or not (self.estimated_speed*0.97 < estimated_speed < self.estimated_speed*1.03)
                if np.isfinite(estimated_speed) and update_significant:
                    self.estimated_speed = estimated_speed
                self.k_now = k

    def job_runtime_str(self):
        return self.convert_seconds_to_hms(self.timestamps[self.k_now]-self.timestamps[self.k_first])

    def item_runtime(self):
        return (self.timestamps[self.k_now]-self.timestamps[self.k_first])/(self.k_now+1)

    @staticmethod
    def convert_seconds_to_hms(time_s):
        if time_s > 3600:
            return f'{time_s//3600:.0f}:{(time_s % 3600)//60:02.0f}:{time_s % 60:02.0f}'
        elif time_s > 60:
            return f'{(time_s % 3600)//60:.0f}:{time_s % 60:02.0f}'
        else:
            return f'{time_s:.0f} s'

    def predict_finished_time(self, prepend='expected end: '):
        if self.estimated_speed is not None:
            time_s = (len(self.timestamps) - self.k_now) * self.estimated_speed + self.timestamps[self.k_now]
            localtime = time.localtime(time_s)
            clock = '{:02}:{:02}'.format(localtime.tm_hour, localtime.tm_min)
            diff_str = self.convert_seconds_to_hms(time_s - time.time())
            return prepend + clock + f' ({diff_str} left)'
        else:
            return '?'









tomis/common/opencl.py

'''written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

This is an API translation layer between Python and OpenCl, mainly written for executing kernels

Currently, only part of the OpenCl functionality is implemented (only which was needed for this project)

Notable features:
 - Easy to use and Pythonic -- simple objects, kernel kwargs and type checking
 - Effectively no dependencies, very easy installation (and maintenance)
 - Helpful error messages e.g. on wrong kernel arguments, optional dtype checking for arguments (without dtype checking,
   e.g. a float64 can be used as a int2 vector or a uint64 as float64 because OpenCl only checks length)
 - The python side uses numpy array shape axis order (zyx) to avoid confusion
   (for image creation and work sizes, but not for vectors passed to kernels)
 - Simplifies some OpenCl internals into easier to use objects (e.g. ComputeDevice) without sacrificing the API capabilities
 - Automatic cleanup of OpenCl memory objects on deletion of the Buffer/Image in Python (also called RAII)

Main functions:
 - get_device_infos:    list information about the available devices
 - get_compute_device:  initialize an OpenCl computation environment (also has an ..._interactive variant)

Main classes:
 - ComputeDevice:       OpenCl device object for kernel execution and memory object management (contains context+queue)
 - Program:             Program (collection of compiled kernels as Kernel objects)
 - Kernel:              Kernel object used to execute a OpenCl kernel (created automatically), see Kernel.__call__()
 - Buffer:              Data array on the device
 - Image:               Image on the device
Whenever reasonable, class methods are used to provide functionality.

Other functions:
 - unload_lib:          shut down API layer and free resources

Note: On import of this module, the API layer is not loaded. This happens at the first use (device creation)
and if OpenCl is not available on this machine, an exception is raised at this point.

As this module is written completely in Python, speed may be lower than other implementations.
We have found no cases where there is a significant performance difference between this module and e.g. pyopencl.
One kernel execution has an overhead of approximately 50-100 microseconds (including OpenCl API calls)

Note
 - This module only works on 64 bit platforms

Planned functionality for the future:
 - caching of program binaries
 - support for more API functionality

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''

import ctypes, numpy as np, string, sys, platform, hashlib, os
from ctypes.util import find_library

possible_library_names = ('OpenCL.dll', 'libOpenCL.so.1', 'libOpenCL.so')  # you can edit this if the OpenCl library cannot be found
cl_lib = None  # ctypes.cdll instance that is created on first use of a module function (clGetPlatformIDs), see load_lib() and unload_lib()
version = 1, 0
version_str = f'v{".".join([str(v) for v in version])}'

if platform.architecture()[0] != '64bit':
    print('WARNING: detected a non-64bit platform architecture, the opencl module may not work.')

CHECK_KERNEL_ARGS = False   # if this is enabled, kernel args are always checked for correct type
                            # reduces performance of the kernel call by a few microseconds per argument,
                            # but helps to avoid dtype errors (e.g. int32 instead of float32)
                            # wrong vector lengths or bit widths (e.g. int16 instead of int32) are detected anyway
                            # it is  STRONGLY RECOMMENDED to enable this during development (but not in use)
                            # this option will enable itself if a debugger is used (see below)
if sys.gettrace() is not None and 'pdb' in sys.modules:  # enables argument checking if a debugger is used
    CHECK_KERNEL_ARGS = True
    print('found debugger in use, enabling opencl kernel arg checking')

PRINT_SOURCE_ON_BUILD_FAIL = True  # print the whole program source on a build failure (with line numbers)
VERBOSE = False  # print some information about everything that happens
TEST_CLIP_MAX_GLOBAL_MEMORY_PROPERTY = None  # limits DeviceInfo.global_mem_size to this value for testing purposes



# ===== constants and error classes =====
class Constants:
    # these are all constants not part of another class (e.g. ComputeDevice.ImInfo)
    VERSION_1_0 = 1
    VERSION_1_1 = 1
    VERSION_1_2 = 1
    VERSION_2_0 = 1
    VERSION_2_1 = 1
    VERSION_2_2 = 1
    FALSE = 0
    TRUE = 1
    BLOCKING =TRUE
    NON_BLOCKING =FALSE

    class PlatformInfo:
       PLATFORM_PROFILE = 0x0900
       PLATFORM_VERSION = 0x0901
       PLATFORM_NAME = 0x0902
       PLATFORM_VENDOR = 0x0903
       PLATFORM_EXTENSIONS = 0x0904
       PLATFORM_HOST_TIMER_RESOLUTION = 0x0905

    class DeviceFPConfig:
       FP_DENORM = (1<<0)
       FP_INF_NAN = (1<<1)
       FP_ROUND_TO_NEAREST = (1<<2)
       FP_ROUND_TO_ZERO = (1<<3)
       FP_ROUND_TO_INF = (1<<4)
       FP_FMA = (1<<5)
       FP_SOFT_FLOAT = (1<<6)
       FP_CORRECTLY_ROUNDED_DIVIDE_SQRT = (1<<7)

    class DeviceMemCacheType:
       NONE = 0x0
       READ_ONLY_CACHE = 0x1
       READ_WRITE_CACHE = 0x2

    class DeviceLocalMemType:
       LOCAL = 0x1
       GLOBAL = 0x2

    class DeviceExecCapabilities:
       EXEC_KERNEL = (1<<0)
       EXEC_NATIVE_KERNEL = (1<<1)

    class CommandQueueProperties:
       QUEUE_OUT_OF_ORDER_EXEC_MODE_ENABLE = (1<<0)
       QUEUE_PROFILING_ENABLE = (1<<1)
       QUEUE_ON_DEVICE = (1<<2)
       QUEUE_ON_DEVICE_DEFAULT = (1<<3)

    class ContextInfo:
       CONTEXT_REFERENCE_COUNT = 0x1080
       CONTEXT_DEVICES = 0x1081
       CONTEXT_PROPERTIES = 0x1082
       CONTEXT_NUM_DEVICES = 0x1083

    class ContextProperties:
       CONTEXT_PLATFORM = 0x1084
       CONTEXT_INTEROP_USER_SYNC = 0x1085

    class CommandQueueInfo:
       QUEUE_CONTEXT = 0x1090
       QUEUE_DEVICE = 0x1091
       QUEUE_REFERENCE_COUNT = 0x1092
       QUEUE_PROPERTIES = 0x1093
       QUEUE_SIZE = 0x1094
       QUEUE_DEVICE_DEFAULT = 0x1095

    class PipeInfo:
       PIPE_PACKET_SIZE = 0x1120
       PIPE_MAX_PACKETS = 0x1121

    class MapFlags:
       MAP_READ = (1<<0)
       MAP_WRITE = (1<<1)
       MAP_WRITE_INVALIDATE_REGION = (1<<2)

    class EventInfo:
       EVENT_COMMAND_QUEUE = 0x11D0
       EVENT_COMMAND_TYPE = 0x11D1
       EVENT_REFERENCE_COUNT = 0x11D2
       EVENT_COMMAND_EXECUTION_STATUS = 0x11D3
       EVENT_CONTEXT = 0x11D4

    class CommandType:
       COMMAND_NDRANGE_KERNEL = 0x11F0
       COMMAND_TASK = 0x11F1
       COMMAND_NATIVE_KERNEL = 0x11F2
       COMMAND_READ_BUFFER = 0x11F3
       COMMAND_WRITE_BUFFER = 0x11F4
       COMMAND_COPY_BUFFER = 0x11F5
       COMMAND_READ_IMAGE = 0x11F6
       COMMAND_WRITE_IMAGE = 0x11F7
       COMMAND_COPY_IMAGE = 0x11F8
       COMMAND_COPY_IMAGE_TO_BUFFER = 0x11F9
       COMMAND_COPY_BUFFER_TO_IMAGE = 0x11FA
       COMMAND_MAP_BUFFER = 0x11FB
       COMMAND_MAP_IMAGE = 0x11FC
       COMMAND_UNMAP_MEM_OBJECT = 0x11FD
       COMMAND_MARKER = 0x11FE
       COMMAND_ACQUIRE_GL_OBJECTS = 0x11FF
       COMMAND_RELEASE_GL_OBJECTS = 0x1200
       COMMAND_READ_BUFFER_RECT = 0x1201
       COMMAND_WRITE_BUFFER_RECT = 0x1202
       COMMAND_COPY_BUFFER_RECT = 0x1203
       COMMAND_USER = 0x1204
       COMMAND_BARRIER = 0x1205
       COMMAND_MIGRATE_MEM_OBJECTS = 0x1206
       COMMAND_FILL_BUFFER = 0x1207
       COMMAND_FILL_IMAGE = 0x1208
       COMMAND_SVM_FREE = 0x1209
       COMMAND_SVM_MEMCPY = 0x120A
       COMMAND_SVM_MEMFILL = 0x120B
       COMMAND_SVM_MAP = 0x120C
       COMMAND_SVM_UNMAP = 0x120D

    class CommandExecutionStatus:
       COMPLETE = 0x0
       RUNNING = 0x1
       SUBMITTED = 0x2
       QUEUED = 0x3

    class ProfilingInfo:
       PROFILING_COMMAND_QUEUED = 0x1280
       PROFILING_COMMAND_SUBMIT = 0x1281
       PROFILING_COMMAND_START = 0x1282
       PROFILING_COMMAND_END = 0x1283
       PROFILING_COMMAND_COMPLETE = 0x1284


error_codes = {0: "CL_SUCCESS",-1: "CL_DEVICE_NOT_FOUND",-2: "CL_DEVICE_NOT_AVAILABLE",-3: "CL_COMPILER_NOT_AVAILABLE",-4: "CL_MEM_OBJECT_ALLOCATION_FAILURE",-5: "CL_OUT_OF_RESOURCES",-6: "CL_OUT_OF_HOST_MEMORY",-7: "CL_PROFILING_INFO_NOT_AVAILABLE",-8: "CL_MEM_COPY_OVERLAP",-9: "CL_IMAGE_FORMAT_MISMATCH",-10: "CL_IMAGE_FORMAT_NOT_SUPPORTED",-11: "CL_BUILD_PROGRAM_FAILURE",-12: "CL_MAP_FAILURE",-13: "CL_MISALIGNED_SUB_BUFFER_OFFSET",-14: "CL_EXEC_STATUS_ERROR_FOR_EVENTS_IN_WAIT_LIST",-15: "CL_COMPILE_PROGRAM_FAILURE",-16: "CL_LINKER_NOT_AVAILABLE",-17: "CL_LINK_PROGRAM_FAILURE",-18: "CL_DEVICE_PARTITION_FAILED",-19: "CL_KERNEL_ARG_INFO_NOT_AVAILABLE",-30: "CL_INVALID_VALUE",-31: "CL_INVALID_DEVICE_TYPE",-32: "CL_INVALID_PLATFORM",-33: "CL_INVALID_DEVICE",-34: "CL_INVALID_CONTEXT",-35: "CL_INVALID_QUEUE_PROPERTIES",-36: "CL_INVALID_COMMAND_QUEUE",-37: "CL_INVALID_HOST_PTR",-38: "CL_INVALID_MEM_OBJECT",-39: "CL_INVALID_IMAGE_FORMAT_DESCRIPTOR",-40: "CL_INVALID_IMAGE_SIZE",-41: "CL_INVALID_SAMPLER",-42: "CL_INVALID_BINARY",-43: "CL_INVALID_BUILD_OPTIONS",-44: "CL_INVALID_PROGRAM",-45: "CL_INVALID_PROGRAM_EXECUTABLE",-46: "CL_INVALID_KERNEL_NAME",-47: "CL_INVALID_KERNEL_DEFINITION",-48: "CL_INVALID_KERNEL",-49: "CL_INVALID_ARG_INDEX",-50: "CL_INVALID_ARG_VALUE",-51: "CL_INVALID_ARG_SIZE",-52: "CL_INVALID_KERNEL_ARGS",-53: "CL_INVALID_WORK_DIMENSION",-54: "CL_INVALID_WORK_GROUP_SIZE",-55: "CL_INVALID_WORK_ITEM_SIZE",-56: "CL_INVALID_GLOBAL_OFFSET",-57: "CL_INVALID_EVENT_WAIT_LIST",-58: "CL_INVALID_EVENT",-59: "CL_INVALID_OPERATION",-60: "CL_INVALID_GL_OBJECT",-61: "CL_INVALID_BUFFER_SIZE",-62: "CL_INVALID_MIP_LEVEL",-63: "CL_INVALID_GLOBAL_WORK_SIZE",-64: "CL_INVALID_PROPERTY",-65: "CL_INVALID_IMAGE_DESCRIPTOR",-66: "CL_INVALID_COMPILER_OPTIONS",-67: "CL_INVALID_LINKER_OPTIONS",-68: "CL_INVALID_DEVICE_PARTITION_COUNT",-69: "CL_INVALID_PIPE_SIZE",-70: "CL_INVALID_DEVICE_QUEUE",-71: "CL_INVALID_SPEC_ID",-72: "CL_MAX_SIZE_RESTRICTION_EXCEEDED", 1: 'OpenCl library function was not called or call failed'}


cl_kernel_argtypes = {'float': 'float32', 'double': 'float64', 'uchar': 'uint8', 'char': 'int8',
    'ushort': 'uint16', 'short': 'int16', 'uint': 'uint32', 'int': 'int32', 'ulong': 'uint64', 'long': 'int64'}

cl_numpy_dtype_str = {'f4': 'float', 'f8': 'double', 'u1': 'uchar', 'i1': 'char',
    'u2': 'ushort', 'i2': 'short', 'u4': 'uint', 'i4': 'int', 'u8': 'ulong', 'i8': 'long'}


class Error(Exception):
    pass


class DeviceMemoryError(Error):
    pass


class LibError(Error):
    def __init__(self, index, descr=''):
        self.index = index
        self.descr = descr

    def __str__(self):
        if self.index == -5:
            self.descr += '(an error occurred in OpenCl before this call but cannot be located)'
        try:
            return f'OpenClError: {error_codes[self.index]} {self.descr}'
        except KeyError:
            return f'OpenClError: unknown library error code {self.index} {self.descr}'


class CodeError(Error):
    pass


# ===== loading and calling the library =====
def load_lib(possible_library_names=possible_library_names):
    '''
    load the OpenCl library
    automatically called in clGetPlatformIDs()

    uses ctypes.util.find_library() to locate the OpenCl library

    :param possible_library_names:  additional list of possible names of the OpenCl library file
    :return:
    '''
    cl_lib_imported, err_msg = None, ''
    try:
        lib_name = find_library('OpenCL')
        if lib_name is not None:
            cl_lib_imported = ctypes.cdll.LoadLibrary(lib_name)
            err_msg += f'loaded library "{lib_name}"'
        else:
            raise OSError('find_library failed')
    except OSError as err:
        err_msg = repr(err)

    if cl_lib_imported is None or cl_lib_imported._name is None:
        for name in possible_library_names:
            try:
                cl_lib_imported = ctypes.cdll.LoadLibrary(name)
                err_msg += f'loaded library "{name}"'
                break
            except OSError as err:
                err_msg += '\n'+repr(err)

    if cl_lib_imported is None:
        raise Error(f'Failed to load OpenCl library, is OpenCl installed on this computer?\n{err_msg}')

    if VERBOSE:
        print(err_msg)

    global cl_lib # global statements cannot be used in for loops
    cl_lib = cl_lib_imported


def unload_lib():
    '''
    free the resources allocated by the program (e.g. approximately 100 MB of GPU RAM)

    Note:   Any objects of the types Buffer, Image or Program become invalid with this call.
            Using them afterwards will lead to an interpreter crash (OpenCl library tries to use an invalid memory address)
            It is recommended to only use this function when no Buffer, Image or Program objects were created at all
    :return:
    '''
    global cl_lib
    cl_lib = None


def call_dll(function, *args):
    # call to the OpenCl dll with standard error code returns
    err_code = function(*args)
    if err_code != 0:
        if err_code == -4:
            raise DeviceMemoryError(f'OpenCl failed to allocate device memory, buffer/image too large for device memory? ({function.__name__})')
        else:
            raise LibError(err_code)


def call_dll_ret(function, *args):
    # call to the OpenCl dll when return is a identifier (e.g. context, program, memobject, ...) of type uint64
    function.restype = ctypes.c_uint64
    errorcode_ret = ctypes.c_int32(1)
    return_val = function(*args, ctypes.byref(errorcode_ret))
    if errorcode_ret.value != 0:
        raise LibError(errorcode_ret.value)
    return ctypes.c_uint64(return_val)


# ===== directly translated OpenCl library functions =====
def clGetPlatformIDs():
    if cl_lib is None:
            load_lib()
    platforms = (ctypes.c_uint64 * 64)()
    num_platforms = ctypes.c_uint64()
    try:
        call_dll(cl_lib.clGetPlatformIDs, 64, ctypes.byref(platforms), ctypes.byref(num_platforms))
    except AttributeError:
        raise Error(f'Invalid OpenCl library loaded.')
    return [ctypes.c_uint64(p) for p in platforms[:num_platforms.value]]


def clGetDeviceIDs(platform_id, device_type='all'):
    if device_type == 'all':
        device_type = DeviceInfo.Type.DEVICE_TYPE_ALL
    devices = (ctypes.c_uint64 * 64)()
    num_devices = ctypes.c_uint64()
    try:
        call_dll(cl_lib.clGetDeviceIDs, platform_id, device_type,
                 64, ctypes.byref(devices), ctypes.byref(num_devices))
        return [ctypes.c_uint64(d) for d in devices[:num_devices.value]]
    except LibError:
        return []


def print_error(errinfo, private_info, ch, user_data):
    k = 0
    err_str = b''
    while True:
        char = errinfo[k]
        if char == b'\0':
            break
        else:
            err_str += char
    print('OpenCl error at runtime:', str(err_str, 'ascii'), '\n', str(private_info[:ch.value], 'ascii'))


pfn_notify_functype = ctypes.CFUNCTYPE(None, ctypes.POINTER(ctypes.c_char), ctypes.POINTER(ctypes.c_char),
                                       ctypes.c_uint64, ctypes.POINTER(ctypes.c_char))
pfn_notify = pfn_notify_functype(print_error)  # this does not appear to work (or was not called from lib during tests)


def clCreateContext(platform_id, device_id):
    # note: cl_uint is uint32
    properties_c = (ctypes.c_uint64 * 3)(Constants.ContextProperties.CONTEXT_PLATFORM, platform_id, 0)
    #print(properties_c[:])
    device_id_c = (ctypes.c_uint64 * 1)(device_id)
    #print(device_id_c[:])
    return call_dll_ret(cl_lib.clCreateContext, ctypes.byref(properties_c), ctypes.c_uint32(1),
                        ctypes.byref(device_id_c),
                        None, None)


def clCreateCommandQueue(cl_context, cl_device_id):
    properties_c = ctypes.c_uint64(0)
    return call_dll_ret(cl_lib.clCreateCommandQueue, cl_context, cl_device_id, properties_c)


# ===== select/create a computing device =====
def get_device_infos(device_type='auto'):
    '''
    Get the available devices on this computer.

    :param device_type: One of DEVICE_TYPE_ALL,DEVICE_TYPE_GPU,DEVICE_TYPE_CPU,DEVICE_TYPE_ACCELERATOR
                        The default 'auto' gives all GPU and CPU devices (in this order such that devices[0] is a GPU if available)
                        A custom sorting is applied for the following order: GPUs, CPUs, Intel GPUs, other
                        (Intel GPUs are sorted to the end because they do not support float images)
    :return:            list of DeviceInfo instances that can be used to initialize ComputeDevice
    '''
    platforms = clGetPlatformIDs()
    device_ids = []
    if device_type == 'auto':
        for platform in platforms:
            device_ids += clGetDeviceIDs(platform, DeviceInfo.Type.DEVICE_TYPE_GPU)
        for platform in platforms:
            device_ids += clGetDeviceIDs(platform, DeviceInfo.Type.DEVICE_TYPE_CPU)
    else:
        for platform in platforms:
            device_ids += clGetDeviceIDs(platform, device_type)
    devices = [DeviceInfo(device_id) for device_id in device_ids]

    devices.sort(key=device_sort)

    if VERBOSE:
        print('==== get_devices() found the following OpenCl devices =====', *devices, '====', sep='\n')
    if len(devices) == 0:
        print('WARNING: no opencl devices available - either (1) no appropriate drivers are installed or '
              '(2) this process was forked (in which case OpenCl does not work at all)')
    return devices


def get_device_info(index=0, device_type='auto'):
    '''
        Get a DeviceInfo identified by an index (e.g. for use in combination with device selection using a QComboBox)

        Calling without arguments will select an arbitrary device (a GPU if available)

        :param index:       Index of the device as in the list returned by get_devices() with the same device_type

        :param device_type: One of DEVICE_TYPE_ALL,DEVICE_TYPE_GPU,DEVICE_TYPE_CPU,DEVICE_TYPE_ACCELERATOR
                            The default 'auto' gives all GPU and CPU devices (in this order such that devices[0] is a GPU if available)
        :return:
        '''
    devices = get_device_infos(device_type)
    return devices[index]


def get_compute_device(index=0, device_type='auto'):
    '''
    Get a ComputeDevice identified by an index (e.g. for use in combination with device selection using a QComboBox)

    Calling without arguments will select an arbitrary device (a GPU if available)

    :param index:       Index of the device as in the list returned by get_devices() with the same device_type

    :param device_type: One of DEVICE_TYPE_ALL,DEVICE_TYPE_GPU,DEVICE_TYPE_CPU,DEVICE_TYPE_ACCELERATOR
                        The default 'auto' gives all GPU and CPU devices (in this order such that devices[0] is a GPU if available)
    :return:
    '''
    device = ComputeDevice(get_device_info(index, device_type))
    print(f'selected OpenCL compute device: {device}')
    return device


def get_compute_device_interactive(default_index=0, device_type='auto'):
    '''
    Get a device when using an interactive interpreter or a Jupyter Notebook

    :param default_index:  Default index to use of the device as in the list returned by get_devices() with the same device_type

    :param device_type: One of DeviceInfo.Type.*
                        The default 'auto' gives all GPU and CPU devices (in this order such that devices[0] is a GPU if available)
    :return:
    '''
    devices = get_device_infos(device_type)
    answer, index = None, default_index

    while True:
        if answer is None:
            ask_msg = 'Select OpenCl device:'
            for k, device_info in enumerate(devices):
                ask_msg += f'\n [{k+1}] {device_info.short_name()}'
            ask_msg += f'\nDefault: {devices[default_index].short_name()} \n'
        else:
            ask_msg = ""
        answer = input(ask_msg)
        if answer == '':
            break
        try:
            n = int(answer)
            if 0 < n <= len(devices):
                index = n - 1
                break
            elif n == 0:
                raise TypeError("canceled execution for input==0")
            else:
                print("invalid index:", n, "try again")

        except ValueError:
            print('invalid input')

    print(f'selected {devices[index].short_name()}')
    device = ComputeDevice(devices[index])
    print(f'selected OpenCL compute device: {device}')
    return device


class DeviceInfo:
    def __init__(self, device_id: ctypes.c_uint64):
        '''
        An object representing an available OpenCl device

        Note: Instances of this object cannot be transferred between different imports of this module
        (e.g. different processes) and become invalid after use of unload_lib()

        :param device_id:   ID of the device in the OpenCl lib
        '''
        self.id = device_id
        self.name = self.get_info(self.Info.DEVICE_NAME, str)
        self.vendor = self.get_info(self.Info.DEVICE_VENDOR, str)
        self.cl_version = self.get_info(self.Info.DEVICE_VERSION, str)
        self.driver_version = self.get_info(self.Info.DRIVER_VERSION, str)
        self.global_mem_size = np.min(self.get_info(self.Info.DEVICE_GLOBAL_MEM_SIZE, int), TEST_CLIP_MAX_GLOBAL_MEMORY_PROPERTY)
        self.type = self.device_types.get(self.get_info(self.Info.DEVICE_TYPE, int), 'unknown')
        self.max_work_item_sizes = self.get_info(self.Info.DEVICE_MAX_WORK_ITEM_SIZES)
        self.max_work_group_size = self.get_info(self.Info.DEVICE_MAX_WORK_GROUP_SIZE, int)

    def __str__(self):
        return f'{self.cl_version} device {self.vendor} {self.name} {self.type}, ' \
               f'v{self.driver_version}, {self.global_mem_size/1024**3:.3f} GB memory (id {self.id.value})'

    class Info:
       DEVICE_TYPE = 0x1000
       DEVICE_VENDOR_ID = 0x1001
       DEVICE_MAX_COMPUTE_UNITS = 0x1002
       DEVICE_MAX_WORK_ITEM_DIMENSIONS = 0x1003
       DEVICE_MAX_WORK_GROUP_SIZE = 0x1004
       DEVICE_MAX_WORK_ITEM_SIZES = 0x1005
       DEVICE_PREFERRED_VECTOR_WIDTH_CHAR = 0x1006
       DEVICE_PREFERRED_VECTOR_WIDTH_SHORT = 0x1007
       DEVICE_PREFERRED_VECTOR_WIDTH_INT = 0x1008
       DEVICE_PREFERRED_VECTOR_WIDTH_LONG = 0x1009
       DEVICE_PREFERRED_VECTOR_WIDTH_FLOAT = 0x100A
       DEVICE_PREFERRED_VECTOR_WIDTH_DOUBLE = 0x100B
       DEVICE_MAX_CLOCK_FREQUENCY = 0x100C
       DEVICE_ADDRESS_BITS = 0x100D
       DEVICE_MAX_READ_IMAGE_ARGS = 0x100E
       DEVICE_MAX_WRITE_IMAGE_ARGS = 0x100F
       DEVICE_MAX_MEM_ALLOC_SIZE = 0x1010
       DEVICE_IMAGE2D_MAX_WIDTH = 0x1011
       DEVICE_IMAGE2D_MAX_HEIGHT = 0x1012
       DEVICE_IMAGE3D_MAX_WIDTH = 0x1013
       DEVICE_IMAGE3D_MAX_HEIGHT = 0x1014
       DEVICE_IMAGE3D_MAX_DEPTH = 0x1015
       DEVICE_IMAGE_SUPPORT = 0x1016
       DEVICE_MAX_PARAMETER_SIZE = 0x1017
       DEVICE_MAX_SAMPLERS = 0x1018
       DEVICE_MEM_BASE_ADDR_ALIGN = 0x1019
       DEVICE_MIN_DATA_TYPE_ALIGN_SIZE = 0x101A
       DEVICE_SINGLE_FP_CONFIG = 0x101B
       DEVICE_GLOBAL_MEM_CACHE_TYPE = 0x101C
       DEVICE_GLOBAL_MEM_CACHELINE_SIZE = 0x101D
       DEVICE_GLOBAL_MEM_CACHE_SIZE = 0x101E
       DEVICE_GLOBAL_MEM_SIZE = 0x101F
       DEVICE_MAX_CONSTANT_BUFFER_SIZE = 0x1020
       DEVICE_MAX_CONSTANT_ARGS = 0x1021
       DEVICE_LOCAL_MEM_TYPE = 0x1022
       DEVICE_LOCAL_MEM_SIZE = 0x1023
       DEVICE_ERROR_CORRECTION_SUPPORT = 0x1024
       DEVICE_PROFILING_TIMER_RESOLUTION = 0x1025
       DEVICE_ENDIAN_LITTLE = 0x1026
       DEVICE_AVAILABLE = 0x1027
       DEVICE_COMPILER_AVAILABLE = 0x1028
       DEVICE_EXECUTION_CAPABILITIES = 0x1029
       DEVICE_QUEUE_PROPERTIES = 0x102A
       DEVICE_QUEUE_ON_HOST_PROPERTIES = 0x102A
       DEVICE_NAME = 0x102B
       DEVICE_VENDOR = 0x102C
       DRIVER_VERSION = 0x102D
       DEVICE_PROFILE = 0x102E
       DEVICE_VERSION = 0x102F
       DEVICE_EXTENSIONS = 0x1030
       DEVICE_PLATFORM = 0x1031
       DEVICE_DOUBLE_FP_CONFIG = 0x1032
       DEVICE_HALF_FP_CONFIG = 0x1033
       DEVICE_PREFERRED_VECTOR_WIDTH_HALF = 0x1034
       DEVICE_HOST_UNIFIED_MEMORY = 0x1035
       DEVICE_NATIVE_VECTOR_WIDTH_CHAR = 0x1036
       DEVICE_NATIVE_VECTOR_WIDTH_SHORT = 0x1037
       DEVICE_NATIVE_VECTOR_WIDTH_INT = 0x1038
       DEVICE_NATIVE_VECTOR_WIDTH_LONG = 0x1039
       DEVICE_NATIVE_VECTOR_WIDTH_FLOAT = 0x103A
       DEVICE_NATIVE_VECTOR_WIDTH_DOUBLE = 0x103B
       DEVICE_NATIVE_VECTOR_WIDTH_HALF = 0x103C
       DEVICE_OPENCL_C_VERSION = 0x103D
       DEVICE_LINKER_AVAILABLE = 0x103E
       DEVICE_BUILT_IN_KERNELS = 0x103F
       DEVICE_IMAGE_MAX_BUFFER_SIZE = 0x1040
       DEVICE_IMAGE_MAX_ARRAY_SIZE = 0x1041
       DEVICE_PARENT_DEVICE = 0x1042
       DEVICE_PARTITION_MAX_SUB_DEVICES = 0x1043
       DEVICE_PARTITION_PROPERTIES = 0x1044
       DEVICE_PARTITION_AFFINITY_DOMAIN = 0x1045
       DEVICE_PARTITION_TYPE = 0x1046
       DEVICE_REFERENCE_COUNT = 0x1047
       DEVICE_PREFERRED_INTEROP_USER_SYNC = 0x1048
       DEVICE_PRINTF_BUFFER_SIZE = 0x1049
       DEVICE_IMAGE_PITCH_ALIGNMENT = 0x104A
       DEVICE_IMAGE_BASE_ADDRESS_ALIGNMENT = 0x104B
       DEVICE_MAX_READ_WRITE_IMAGE_ARGS = 0x104C
       DEVICE_MAX_GLOBAL_VARIABLE_SIZE = 0x104D
       DEVICE_QUEUE_ON_DEVICE_PROPERTIES = 0x104E
       DEVICE_QUEUE_ON_DEVICE_PREFERRED_SIZE = 0x104F
       DEVICE_QUEUE_ON_DEVICE_MAX_SIZE = 0x1050
       DEVICE_MAX_ON_DEVICE_QUEUES = 0x1051
       DEVICE_MAX_ON_DEVICE_EVENTS = 0x1052
       DEVICE_SVM_CAPABILITIES = 0x1053
       DEVICE_GLOBAL_VARIABLE_PREFERRED_TOTAL_SIZE = 0x1054
       DEVICE_MAX_PIPE_ARGS = 0x1055
       DEVICE_PIPE_MAX_ACTIVE_RESERVATIONS = 0x1056
       DEVICE_PIPE_MAX_PACKET_SIZE = 0x1057
       DEVICE_PREFERRED_PLATFORM_ATOMIC_ALIGNMENT = 0x1058
       DEVICE_PREFERRED_GLOBAL_ATOMIC_ALIGNMENT = 0x1059
       DEVICE_PREFERRED_LOCAL_ATOMIC_ALIGNMENT = 0x105A
       DEVICE_IL_VERSION = 0x105B
       DEVICE_MAX_NUM_SUB_GROUPS = 0x105C
       DEVICE_SUB_GROUP_INDEPENDENT_FORWARD_PROGRESS = 0x105D

    class Type:
       DEVICE_TYPE_DEFAULT = (1 << 0)
       DEVICE_TYPE_CPU = (1 << 1)
       DEVICE_TYPE_GPU = (1 << 2)
       DEVICE_TYPE_ACCELERATOR = (1 << 3)
       DEVICE_TYPE_CUSTOM = (1 << 4)
       DEVICE_TYPE_ALL = 0xFFFFFFFF
       DEVICE_TYPE = 0x1000

    device_types = {Type.DEVICE_TYPE_CPU: 'CPU',
                    Type.DEVICE_TYPE_GPU: 'GPU',
                    Type.DEVICE_TYPE_ACCELERATOR: 'accelerator'}

    def get_info(self, cl_device_info, info_dtype=None):
        '''
        poll an info parameter

        :param cl_device_info:  must be an attribute of DeviceInfo.ImInfo
        :param info_dtype:      data type of the info
        :return:
        '''

        if cl_device_info is self.Info.DEVICE_MAX_WORK_ITEM_SIZES:
            info_value = (ctypes.c_uint64 * 3)()
            info_value_size = ctypes.c_uint64(24)
            info_size = ctypes.c_uint64()
            call_dll(cl_lib.clGetDeviceInfo, self.id,
                     cl_device_info, info_value_size, ctypes.byref(info_value), ctypes.byref(info_size))
            return info_value[:]

        elif info_dtype is str:
            info_str = ctypes.create_string_buffer(512)
            info_len = ctypes.c_uint64()
            call_dll(cl_lib.clGetDeviceInfo, self.id,
                     cl_device_info, 512, info_str, ctypes.byref(info_len))
            return str(info_str[:info_len.value - 1], 'ascii')

        elif info_dtype is int:
            info_value = ctypes.c_uint64()
            info_value_size = ctypes.c_uint64(8)
            info_size = ctypes.c_uint64()
            call_dll(cl_lib.clGetDeviceInfo, self.id,
                     cl_device_info, info_value_size, ctypes.byref(info_value), ctypes.byref(info_size))
            return info_value.value

        else:
            raise TypeError('must give info_dtype argument')

    def short_name(self):
        return f'{self.name} {self.type}'


def device_sort(device_info):
    if device_info.type == 'GPU' and 'Intel' in device_info.vendor:
        return 2
    elif device_info.type == 'GPU':
        return 0
    elif device_info.type == 'CPU':
        return 1
    else:
        return 3


class ComputeDevice:
    def __init__(self, device_info: DeviceInfo, context_id: ctypes.c_uint64=None):
        '''
        This is a computing device class for use in Program and Image/Buffer

        Note: Initiating a device will use up some memory (roughly 100 MB).
              This memory can only be freed by exiting the process, deleting the ComputeDevice does not work.

        It combines an OpenCl context, an OpenCl queue and the corresponding OpenCl device
        such that the ComputeDevice is a single object that can be used to handle memory objects
        and execute kernels.

        Multiple queues/contexts per device must use multiple ComputeDevice instances.
        Example:    device_1 = ComputeDevice(device_info_A)
                    device_2 = ComputeDevice(device_info_A, device_1.context_id)
        This way, device1 and device2 will share a context but have different queues.
        Notes:
        - Buffer/Image objects are valid context-wide.
        - Deleting device_1 will render device_2 unusable (the context is deinitialized, see self.owns_context)

        :param device_info: A DeviceInfo instance as returned by get_devices()
        :param context_id:  An optional context id created beforehand.
                            Use only if multiple queues per context are needed.
        '''
        self.info = device_info
        self.device_id = device_info.id
        self.platform_id = ctypes.c_uint64(self.info.get_info(DeviceInfo.Info.DEVICE_PLATFORM, int))
        if context_id is None:
            self.context_id: ctypes.c_uint64 = clCreateContext(self.platform_id, self.device_id)
            self.owns_context = True
        else:
            self.context_id: ctypes.c_uint64 = context_id
            self.owns_context = False
        self.queue_id = clCreateCommandQueue(self.context_id, self.device_id)
        self.allocated_mem = 0

        if VERBOSE:
            print('created', self)

    def __str__(self):
        return f'{self.__class__.__name__} {self.info} (context id {self.context_id.value}, queue id {self.queue_id.value})'

    def __del__(self):
        if hasattr(self, 'queue_id'):  # may get called before initialization is finished
            call_dll(cl_lib.clReleaseCommandQueue, self.queue_id)
        if hasattr(self, 'owns_context') and self.owns_context:
            call_dll(cl_lib.clReleaseContext, self.context_id)
    
    def get_buffer(self, mem_flags=None, size=None, arr: np.ndarray=None, copy_host_ptr='auto'):
        if mem_flags is None:
            mem_flags = Buffer.MemFlags.READ_WRITE
        return Buffer(self, mem_flags, size, arr, copy_host_ptr)

    def get_image(self, mem_flags=None, shape=None, format=None,
                 arr: np.ndarray=None, is_array=False, copy_host_ptr='auto'):
        if mem_flags is None:
            mem_flags = Image.MemFlags.READ_WRITE
        return Image(self, mem_flags, format, shape, arr, is_array, copy_host_ptr)


# ===== memory objects (images and buffers) =====
class MemObject:
    def __init__(self, device: ComputeDevice, cl_mem: ctypes.c_uint64):
        '''
        base class for memory objects (buffers, images) with automatic cleanup

        :param cl_mem: memory object identifier
        '''
        self.device = device
        self.cl_mem = cl_mem
        self.size = self.get_size()
        self.device.allocated_mem += self.size
        if VERBOSE:
            print(f'allocated {self.__class__.__name__} {self.cl_mem.value%2**32}, size {self.size/1024**3:.3f} GB, allocated {self.device.allocated_mem/1024**3:.3f} GB')

    def __del__(self):
        if hasattr(self, 'cl_mem'):
            call_dll(cl_lib.clReleaseMemObject, self.cl_mem)
            self.device.allocated_mem -= self.size
            if VERBOSE:
                print(f'cleared {self.__class__.__name__} {self.cl_mem.value%2**32}, size {self.size/1024**3:.3f} GB, allocated {self.device.allocated_mem/1024**3:.3f} GB')

    class MemFlags:
       READ_WRITE = (1 << 0)
       WRITE_ONLY = (1 << 1)
       READ_ONLY = (1 << 2)
       USE_HOST_PTR = (1 << 3)
       ALLOC_HOST_PTR = (1 << 4)
       COPY_HOST_PTR = (1 << 5)
       HOST_WRITE_ONLY = (1 << 7)
       HOST_READ_ONLY = (1 << 8)
       HOST_NO_ACCESS = (1 << 9)
       SVM_FINE_GRAIN_BUFFER = (1 << 10)
       SVM_ATOMICS = (1 << 11)
       KERNEL_READ_AND_WRITE = (1 << 12)
       MIGRATE_MEM_OBJECT_HOST = (1 << 0)
       MIGRATE_MEM_OBJECT_CONTENT_UNDEFINED = (1 << 1)

    class ObjectType:
       OBJECT_BUFFER = 0x10F0
       OBJECT_IMAGE2D = 0x10F1
       OBJECT_IMAGE3D = 0x10F2
       OBJECT_IMAGE2D_ARRAY = 0x10F3
       OBJECT_IMAGE1D = 0x10F4
       OBJECT_IMAGE1D_ARRAY = 0x10F5
       OBJECT_IMAGE1D_BUFFER = 0x10F6
       OBJECT_PIPE = 0x10F7

    class Info:
       TYPE = 0x1100
       FLAGS = 0x1101
       SIZE = 0x1102
       HOST_PTR = 0x1103
       MAP_COUNT = 0x1104
       REFERENCE_COUNT = 0x1105
       CONTEXT = 0x1106
       ASSOCIATED_MEMOBJECT = 0x1107
       OFFSET = 0x1108
       USES_SVM_POINTER = 0x1109

    def get_size(self):
        size_c = ctypes.c_uint64(-1)
        size_size_c = ctypes.c_uint64(-1)
        call_dll(cl_lib.clGetMemObjectInfo, self.cl_mem, self.Info.SIZE, ctypes.c_uint64(8),
                 ctypes.byref(size_c), ctypes.byref(size_size_c))
        # print(f'memory object size', size_c.value)
        return size_c.value

    def copy_to(self, target):
        raise NotImplementedError

    def copy_from(self, source):
        raise NotImplementedError


class Buffer(MemObject):
    def __init__(self, device: ComputeDevice, mem_flags=MemObject.MemFlags.READ_WRITE, size=None,
                 arr: np.ndarray=None, copy_host_ptr='auto'):
        '''
        an OpenCl buffer object (e.g. global float* in kernel)

        Note: Actual memory allocation in OpenCl happens at the first access to this object

        :param cl_context:      OpenCl context
        :param mem_flags:    memory flags (CL_MEM_*)
        :param size:            size to allocate (ignored if ndarray is not None)
        :param arr:         ndarray to allocate and copy to device
        '''
        if arr is not None:
            size = arr.nbytes
            host_ptr = arr.ctypes.data_as(ctypes.POINTER(ctypes.c_long))
            if copy_host_ptr == 'auto' or copy_host_ptr:
                mem_flags |= self.MemFlags.COPY_HOST_PTR
        else:
            assert size is not None, 'must either give a size or a ndarray'
            host_ptr = None
            if copy_host_ptr != 'auto' and copy_host_ptr:
                raise TypeError('cannot copy host pointer: no ndarray given')
            
        cl_mem = call_dll_ret(cl_lib.clCreateBuffer, device.context_id, ctypes.c_uint64(mem_flags),
                              ctypes.c_uint64(size), host_ptr)
        super().__init__(device, cl_mem)

    def __str__(self):
        return f'{self.__class__.__name__} with size {self.size} (id {self.cl_mem})'

    def assert_ndarray_same_size(self, arr):
        assert self.size == arr.nbytes, f'buffer and array have different sizes: {self.size} {arr.nbytes}'

    def copy_to(self, target: np.ndarray, offset=0):
        '''
        copy from the OpenCl buffer to itself

        only blocking reads implemented

        :param cl_queue:    a OpenCl queue
        :param target: a ndarray to write contents to
        :param offset:      offset in cl_buffer
        :return:
        '''

        arr_pointer = target.ctypes.data_as(ctypes.POINTER(ctypes.c_long))
        size = ctypes.c_uint64(target.nbytes)
        call_dll(cl_lib.clEnqueueReadBuffer, self.device.queue_id, self.cl_mem, ctypes.c_uint64(Constants.TRUE),
                 ctypes.c_uint64(offset), size, arr_pointer,
                 ctypes.c_uint32(0), None, None)

    def copy_from(self, source: np.ndarray, offset=0):
        '''
        copy from a ndarray to itself

        only blocking writes implemented

        :param cl_queue:    a OpenCl queue
        :param source: a ndarray to read contents from
        :param offset:      offset in cl_buffer
        :return:
        '''
        # only blocking write is implemented
        arr_pointer = source.ctypes.data_as(ctypes.POINTER(ctypes.c_long))
        size = ctypes.c_uint64(source.nbytes)
        call_dll(cl_lib.clEnqueueWriteBuffer, self.device.queue_id, self.cl_mem, ctypes.c_uint64(Constants.TRUE),
                 ctypes.c_uint64(offset), size, arr_pointer,
                 ctypes.c_uint32(0), None, None)


class Image(MemObject):
    def __init__(self, device, mem_flags=MemObject.MemFlags.READ_WRITE, format=None, shape=None,
                 arr: np.ndarray = None, is_array=False, copy_host_ptr='auto'):
        '''
        an OpenCl image object (e.g. read_only image2d_t in kernel)
        the type of image object is automatically determined from the number of dimensions of the arr or shape argument
        e.g. shape = (100, 200) => image2d_t
             arr has shape (10, 50, 30) => image3d_t
             (above with is_array=True  => image2d_array_t

        :param device:          a ComputeDevice instance
        :param mem_flags:       memory flags (OR of Image.MemFlags.*)
        :param format:          Image.Format object describing the image format (data type)
                                can be omitted for float, uint8 or uint16 data (will result in unorm data for the last two)
        :param shape:           shape of the image in numpy convention (e.g. zyx; 1, 2, or 3 dimensions), e.g. =arr.shape
        :param arr:             ndarray to allocate and copy to device
        :param is_array:        define 2d and 3d images as 1d array and 2d array (e.g. image2d_array_t in kernel)
        :param copy_host_ptr:   copy ndarray (argument arr) to device, defaults to true if ndarray given
        '''
        if arr is not None:
            assert shape is None, 'cannot give size if ndarray is given'
            shape = arr.shape
            if format is None:
                try:
                    format = self.Format(order=self.ChannelOrder.INTENSITY,
                                         type=self.default_channel_types[arr.dtype.name])
                except KeyError:
                    raise KeyError(f'no valid default channel type found for array dtype {arr.dtype.name}, possible: uint8, uint16, float32')
            host_ptr = arr.ctypes.data_as(ctypes.POINTER(ctypes.c_long))
            if copy_host_ptr == 'auto' or copy_host_ptr:
                mem_flags |= self.MemFlags.COPY_HOST_PTR

        else:
            if shape is None or format is None:
                raise TypeError(f'must give arguments "shape" and "format" if no ndarray is given ({shape}, {format})')
            if copy_host_ptr != 'auto' and copy_host_ptr:
                raise TypeError('cannot copy host pointer: no ndarray given')
            host_ptr = None

        ndim = len(shape)

        description = self.Description()
        if is_array and ndim == 2:
            description.image_type = self.ObjectType.OBJECT_IMAGE1D_ARRAY
        elif is_array and ndim == 3:
            description.image_type = self.ObjectType.OBJECT_IMAGE2D_ARRAY
        elif ndim == 2:
            description.image_type = self.ObjectType.OBJECT_IMAGE2D
        elif ndim == 3:
            description.image_type = self.ObjectType.OBJECT_IMAGE3D
        elif ndim == 1:
            description.image_type = self.ObjectType.OBJECT_IMAGE1D
        else:
            raise TypeError('invalid array dimensions for image')

        description.image_width = shape[-1]
        description.image_height = shape[-2] if ndim - is_array > 1 else 0
        description.image_depth = shape[-3] if ndim - is_array > 2 else 0

        if is_array:
            description.image_array_size = shape[0]

        cl_mem = call_dll_ret(cl_lib.clCreateImage, device.context_id, ctypes.c_uint64(mem_flags),
                              ctypes.byref(format), ctypes.byref(description),
                              host_ptr)
        super().__init__(device, cl_mem)
        self.shape = shape
        self.format = format
        self.ndim = len(shape)
        # self.size = np.prod(shape)*np.dtype(dtype).itemsize

    def __str__(self):
        return f'{self.__class__.__name__} with shape {self.shape} and {self.format} (id {self.cl_mem.value})'

    class ImInfo:
       IMAGE_FORMAT = 0x1110
       IMAGE_ELEMENT_SIZE = 0x1111
       IMAGE_ROW_PITCH = 0x1112
       IMAGE_SLICE_PITCH = 0x1113
       IMAGE_WIDTH = 0x1114
       IMAGE_HEIGHT = 0x1115
       IMAGE_DEPTH = 0x1116
       IMAGE_ARRAY_SIZE = 0x1117
       IMAGE_BUFFER = 0x1118
       IMAGE_NUM_MIP_LEVELS = 0x1119
       IMAGE_NUM_SAMPLES = 0x111A

    class AddressingMode:
       ADDRESS_NONE = 0x1130
       ADDRESS_CLAMP_TO_EDGE = 0x1131
       ADDRESS_CLAMP = 0x1132
       ADDRESS_REPEAT = 0x1133
       ADDRESS_MIRRORED_REPEAT = 0x1134

    class FilterMode:
       FILTER_NEAREST = 0x1140
       FILTER_LINEAR = 0x1141

    class SamplerInfo:
       SAMPLER_REFERENCE_COUNT = 0x1150
       SAMPLER_CONTEXT = 0x1151
       SAMPLER_NORMALIZED_COORDS = 0x1152
       SAMPLER_ADDRESSING_MODE = 0x1153
       SAMPLER_FILTER_MODE = 0x1154
       SAMPLER_MIP_FILTER_MODE = 0x1155
       SAMPLER_LOD_MIN = 0x1156
       SAMPLER_LOD_MAX = 0x1157

    class ChannelOrder:
       R = 0x10B0
       A = 0x10B1
       RG = 0x10B2
       RA = 0x10B3
       RGB = 0x10B4
       RGBA = 0x10B5
       BGRA = 0x10B6
       ARGB = 0x10B7
       INTENSITY = 0x10B8
       LUMINANCE = 0x10B9
       Rx = 0x10BA
       RGx = 0x10BB
       RGBx = 0x10BC
       DEPTH = 0x10BD
       DEPTH_STENCIL = 0x10BE
       sRGB = 0x10BF
       sRGBx = 0x10C0
       sRGBA = 0x10C1
       sBGRA = 0x10C2
       ABGR = 0x10C3

    class ChannelType:
       SNORM_INT8 = 0x10D0
       SNORM_INT16 = 0x10D1
       UNORM_INT8 = 0x10D2
       UNORM_INT16 = 0x10D3
       UNORM_SHORT_565 = 0x10D4
       UNORM_SHORT_555 = 0x10D5
       UNORM_INT_101010 = 0x10D6
       SIGNED_INT8 = 0x10D7
       SIGNED_INT16 = 0x10D8
       SIGNED_INT32 = 0x10D9
       UNSIGNED_INT8 = 0x10DA
       UNSIGNED_INT16 = 0x10DB
       UNSIGNED_INT32 = 0x10DC
       HALF_FLOAT = 0x10DD
       FLOAT = 0x10DE
       UNORM_INT24 = 0x10DF
       UNORM_INT_101010_2 = 0x10E0

    default_channel_types = {'uint8': ChannelType.UNORM_INT8,
                        'uint16': ChannelType.UNORM_INT16,
                        'float32': ChannelType.FLOAT}

    class Format(ctypes.Structure):
        _fields_ = [("cl_channel_order", ctypes.c_uint32),
                    ("cl_channel_type", ctypes.c_uint32)]

        def __init__(self, order, type):
            '''
            Image format object, see OpenCl documentation for allowed combinations.

            :param order:   channel order, e.g.RGBA orINTENSITY
            :param type:    channel type, e.g.SIGNED_INT16 orFLOAT
            '''
            super().__init__(cl_channel_order=order, cl_channel_type=type)

        def __str__(self):
            order_name = '[invalid]'
            for name, value in Image.ChannelOrder.__dict__.items():
                if value == self.cl_channel_order:
                    order_name = name
                    break

            type_name = '[invalid]'
            for name, value in Image.ChannelType.__dict__.items():
                if value == self.cl_channel_type:
                    type_name = name
                    break

            return f'image format ({order_name}, {type_name})'

    class Description(ctypes.Structure):
        _fields_ = [("image_type", ctypes.c_uint32),
                    ("image_width", ctypes.c_uint64),
                    ("image_height", ctypes.c_uint64),
                    ("image_depth", ctypes.c_uint64),
                    ("image_array_size", ctypes.c_uint64),
                    ("image_row_pitch", ctypes.c_uint64),
                    ("image_slice_pitch", ctypes.c_uint64),
                    ("num_mip_levels", ctypes.c_uint32),
                    ("num_samples", ctypes.c_uint32),
                    ("buffer", ctypes.c_uint64)]

        def __init__(self, **kwargs):
            super().__init__(image_row_pitch=0, image_slice_pitch=0, num_mip_levels=0, num_samples=0, buffer=0,
                             **kwargs)

    def assert_ndarray_same_type(self, ndarray):
        assert self.ndim == ndarray.ndim, f'image and array have different ndim ({self.ndim}, {ndarray.ndim})'
        assert np.allclose(self.shape,
                           ndarray.shape), f'image and array have different shapes ({self.shape}, {ndarray.shape})'

    def get_info(self, cl_image_info):
        '''
        query image information

        :param cl_image_info:   An image property, e.g. Image.ImInfo.IMAGE_WIDTH
        :return:
        '''
        info_value = ctypes.c_uint64()
        info_value_size = ctypes.c_uint64(8)
        info_size = ctypes.c_uint64()
        call_dll(cl_lib.clGetImageInfo, self.cl_mem,
                 ctypes.c_uint64(cl_image_info), info_value_size, ctypes.byref(info_value), ctypes.byref(info_size))
        return info_value.value

    def copy_to(self, target):
        '''
        copy from itself to a ndarray/Image

        notes:
        - only blocking reads implemented
        - origin and region parameters are currently not supported

        :param cl_queue:    a OpenCl queue
        :param target:      a ndarray or Image to write contents to
        :return:
        '''
        # only blocking read is implemented
        self.memory_transfer('read', target)

    def copy_from(self, source):
        '''
        copy from a ndarray/Image to itself

        notes:
        - only blocking reads implemented
        - origin and region parameters are currently not supported

        :param cl_queue:    a OpenCl queue
        :param ndarray_out: a ndarray or Image to read contents from
        :return:
        '''
        # only blocking write is implemented
        self.memory_transfer('write', source)

    def memory_transfer(self, direction, other):
        origin = (ctypes.c_uint64 * 3)()
        region = (ctypes.c_uint64 * 3)(*self.shape[::-1], *((3 - self.ndim) * (1,)))
        if issubclass(type(other), np.ndarray):
            arr_pointer = other.ctypes.data_as(ctypes.POINTER(ctypes.c_long))
            self.assert_ndarray_same_type(other)
            if direction == 'read':
                func = cl_lib.clEnqueueReadImage
            elif direction == 'write':
                func = cl_lib.clEnqueueWriteImage
            else:
                raise TypeError('invalid transfer direction, must be "read" or "write"')

            call_dll(func, self.device.queue_id, self.cl_mem, ctypes.c_uint64(Constants.TRUE),
                     ctypes.byref(origin), ctypes.byref(region),
                     ctypes.c_uint64(0), ctypes.c_uint64(0), arr_pointer,
                     ctypes.c_uint32(0), None, None)

        elif type(other) is self.__class__:
            if direction == 'read':
                source = self
                target = other
            elif direction == 'write':
                source = other
                target = self
            else:
                raise TypeError('invalid transfer direction, must be "read" or "write"')

            call_dll(cl_lib.clEnqueueCopyImage, self.device.queue_id, source.cl_mem, target.cl_mem,
                     ctypes.byref(origin), ctypes.byref(origin), ctypes.byref(region),
                     ctypes.c_uint32(0), None, None)

        else:
            raise TypeError(f'invalid memory object of type {type(other)}, must be np.ndarray or Image')


im_format_float = Image.Format(Image.ChannelOrder.INTENSITY, Image.ChannelType.FLOAT)
im_format_uint8 = Image.Format(Image.ChannelOrder.INTENSITY, Image.ChannelType.UNORM_INT8)
im_format_uint16 = Image.Format(Image.ChannelOrder.INTENSITY, Image.ChannelType.UNORM_INT16)

def cl_valid_float_format(arr_dtype):
    if arr_dtype == np.uint8:
        return im_format_uint8
    elif arr_dtype == np.uint16:
        return im_format_uint16
    else:
        return im_format_float


def cl_cast_to_valid_float_format(image):
    # makes a copy in any case to avoid area errers from sliced arrays
    if image.dtype in (np.uint8, np.uint16, np.float32):
        return np.copy(image)
    else:
        return image.astype(np.float32)


def cl_float_format_dtype(im_dtype):
    if im_dtype in (np.uint8, np.uint16, np.float32):
        return im_dtype, cl_float_unscaler(im_dtype)
    else:
        return im_dtype, 1.


def cl_float_unscaler(im_dtype):
        if im_dtype == np.uint8:
            return 255
        elif im_dtype == np.uint16:
            return 2**16-1
        else:
            return 1
        

# ===== programs and kernels =====
class Program:
    def __init__(self, device: ComputeDevice, *sources: str, fill_data_type=None, fill_placeholders=None,
                 options='-cl-mad-enable -cl-no-signed-zeros', blocking_kernel_calls=False,):
        '''
        An OpenCl program (set of kernels) which will automatically build itself from the sources given.

        A Program is associated with a ComputeDevice and kernels can only be executed on this device.
        For using multiple queues on the same OpenCl program, multiple Program objects need to be created.

        The Kernel objects representing the compiled kernels are available as attributes with their function names
        as attribute name. See the documentation of Kernel.__call__() for their usage.

        clProgram.kernels is a dict containing all clKernel objects

        Note: All sources will be compiled into one name space.

        :param device:      a ComputeDevice (the program is actually built for its context)
        :param sources:     strings with the kernel sources (note: sources are compiled to one name space for variables)
        :param fill_data_type:  fill all occurrences of "data_type" in the sources with the OpenCl type name of the
                                numpy dtype given (see opencl.cl_numpy_dtype_str); can be used to compile dtype-specific kernels
        :param fill_placeholders:   a list with each entry a 2-tuple of (replace_string, replacement), (str() is applied to replacement)
        :param options:     build options, default: '-cl-mad-enable -cl-fast-relaxed-math -cl-no-signed-zeros'
        :param blocking_kernel_calls: on kernel execution, always wait on the event before returning the call
        '''
        self.device = device
        self.sources = list(sources)
        self.options = bytes(options + ' -cl-kernel-arg-info', 'ascii')
        self.blocking_kernel_calls = blocking_kernel_calls

        if fill_data_type is not None:
            data_type_str = np.dtype(fill_data_type).str[-2:]
            for k in range(len(self.sources)):
                self.sources[k] = self.sources[k].replace('data_type', cl_numpy_dtype_str[data_type_str])

        if fill_placeholders is not None:
            for placeholder, replacement in fill_placeholders:
                for k in range(len(self.sources)):
                    self.sources[k] = self.sources[k].replace(placeholder, str(replacement))

        self._hash = None

        count = ctypes.c_uint32(len(sources))
        string_buffers = [ctypes.create_string_buffer(source.encode('ascii')) for source in self.sources]
        buffer_addresses = [ctypes.addressof(string_buffer) for string_buffer in string_buffers]
        strings_c = (ctypes.c_uint64 * len(buffer_addresses))(*buffer_addresses)

        self.cl_program_id = call_dll_ret(cl_lib.clCreateProgramWithSource, self.device.context_id, count, strings_c, None)

        self.kernels = {}
        self.build()
        self.init_kernels()
        if VERBOSE:
            print('created', self, sep='\n')

    def __del__(self):
        try:
            call_dll(cl_lib.clReleaseProgram, self.cl_program_id)
        except: pass

    def hash(self):
        if self._hash is None:
            _hash = hashlib.sha512()
            for source in self.sources:
                _hash.update(bytes(source, 'ascii'))
            self._hash = hashlib.hexdigest()
        return self._hash

    def __str__(self):
        text = f'===== OpenCl Program # {self.cl_program_id.value} with {len(self.kernels)} kernels ====='
        for kernel in self.kernels.values():
            text += '\n' + str(kernel)[14:]
        text += f'\n===== end kernels ====='
        return text

    class Info:
       PROGRAM_REFERENCE_COUNT = 0x1160
       PROGRAM_CONTEXT = 0x1161
       PROGRAM_NUM_DEVICES = 0x1162
       PROGRAM_DEVICES = 0x1163
       PROGRAM_SOURCE = 0x1164
       PROGRAM_BINARY_SIZES = 0x1165
       PROGRAM_BINARIES = 0x1166
       PROGRAM_NUM_KERNELS = 0x1167
       PROGRAM_KERNEL_NAMES = 0x1168
       PROGRAM_IL = 0x1169
       PROGRAM_SCOPE_GLOBAL_CTORS_PRESENT = 0x116A
       PROGRAM_SCOPE_GLOBAL_DTORS_PRESENT = 0x116B

    class BuildInfo:
       PROGRAM_BUILD_STATUS = 0x1181
       PROGRAM_BUILD_OPTIONS = 0x1182
       PROGRAM_BUILD_LOG = 0x1183
       PROGRAM_BINARY_TYPE = 0x1184
       PROGRAM_BUILD_GLOBAL_VARIABLE_TOTAL_SIZE = 0x1185

    class BinaryType:
       PROGRAM_BINARY_TYPE_NONE = 0x0
       PROGRAM_BINARY_TYPE_COMPILED_OBJECT = 0x1
       PROGRAM_BINARY_TYPE_LIBRARY = 0x2
       PROGRAM_BINARY_TYPE_EXECUTABLE = 0x4

    class BuildStatus:
       BUILD_SUCCESS = 0
       BUILD_NONE = -1
       BUILD_ERROR = -2
       BUILD_IN_PROGRESS = -3

    def build(self):
        device_ids = (ctypes.c_uint64 * 1)(self.device.device_id)
        try:
            call_dll(cl_lib.clBuildProgram, self.cl_program_id, ctypes.c_uint32(1),
                     ctypes.byref(device_ids), ctypes.create_string_buffer(self.options), None, None)
        except LibError:
            build_log = ctypes.create_string_buffer(2**16)
            log_len = ctypes.c_uint64(-1)

            call_dll(cl_lib.clGetProgramBuildInfo, self.cl_program_id, self.device.device_id,
                     self.BuildInfo.PROGRAM_BUILD_LOG, ctypes.c_uint32(2**16), build_log, ctypes.byref(log_len))
            build_log = str(build_log[:log_len.value - 1], 'ascii')
            print('=== OpenCl failed while building program, build log: ===\n', build_log,
                  '\n=== end of build log ===')
            if PRINT_SOURCE_ON_BUILD_FAIL:
                print('=== Program source code: ===')
                self.print_source()
                print('=== end of source code ===')

            raise CodeError('OpenCl kernels could not be compiled due to an error in the code')

    def init_kernels(self):
        kernels = (ctypes.c_uint64 * 512)()
        num_kernels = ctypes.c_uint32()
        call_dll(cl_lib.clCreateKernelsInProgram, self.cl_program_id, ctypes.c_uint32(512),
                 ctypes.byref(kernels), ctypes.byref(num_kernels))

        self.kernel_ids = kernels[:num_kernels.value]
        for kernel in self.kernel_ids:
            cl_kernel = Kernel(self, ctypes.c_uint64(kernel))

            object.__setattr__(self, cl_kernel.function_name, cl_kernel)
            self.kernels[cl_kernel.function_name] = cl_kernel

    def __getattribute__(self, name):
        try:
            return super().__getattribute__(name)
        except AttributeError:
            if name not in ('device', 'sources', 'options', 'cl_program_id', 'kernels', 'build', 'init_kernels'):
                raise Error(f'kernel with name "{name}" not defined')
            else:
                raise

    def print_source(self):
        lineno = 1
        for source in self.sources:
            lines = source.splitlines()
            for line in lines:
                print(f'{lineno:4}:  {line}')
                lineno += 1


class Kernel:
    def __init__(self, program: Program, cl_kernel_id: ctypes.c_uint64):
        '''
        An OpenCl kernel object used in clProgram.init_kernels()
        Instances of this class are available as attributes of the corresponding Program

        :param device:          A ComputeDevice
        :param cl_program_id:   An OpenCl program id
        :param cl_kernel_id:    An OpenCl kernel id
        :param function_name:   name of the function associated with this kernel
        :param num_args:        number of arguments of this kernel
        '''
        self.program = program
        self.device = program.device
        self.cl_program_id = program.cl_program_id
        self.cl_kernel_id = cl_kernel_id
        function_name_c = ctypes.create_string_buffer(512)
        length = ctypes.c_uint64()
        call_dll(cl_lib.clGetKernelInfo, self.cl_kernel_id, Kernel.Info.KERNEL_FUNCTION_NAME,
                 ctypes.c_uint64(512), function_name_c, ctypes.byref(length))
        self.function_name = str(function_name_c[:length.value - 1], 'ascii')

        num_args_c = ctypes.c_uint32(-1)
        call_dll(cl_lib.clGetKernelInfo, self.cl_kernel_id, Kernel.Info.KERNEL_NUM_ARGS,
                 ctypes.c_uint64(4), ctypes.byref(num_args_c), ctypes.byref(length))
        self.num_args = num_args_c.value

        self.args_inspected = False
        self.args_info = []
        self.kwargs_info = {}
        self.arg_set = np.zeros(self.num_args, '?')

        self.inspect_args()

    def __del__(self):
        call_dll(cl_lib.clReleaseKernel, self.cl_kernel_id)

    def __str__(self):
        args_text = ''
        for arg_name, arg_type in self.args_info:
            args_text += arg_type + ' ' + arg_name + ', '
        return f'OpenCl kernel {self.function_name}({args_text[:-2]})'

    class Info:
       KERNEL_FUNCTION_NAME = 0x1190
       KERNEL_NUM_ARGS = 0x1191
       KERNEL_REFERENCE_COUNT = 0x1192
       KERNEL_CONTEXT = 0x1193
       KERNEL_PROGRAM = 0x1194
       KERNEL_ATTRIBUTES = 0x1195
       KERNEL_MAX_NUM_SUB_GROUPS = 0x11B9
       KERNEL_COMPILE_NUM_SUB_GROUPS = 0x11BA

    class ArgInfo:
       KERNEL_ARG_ADDRESS_QUALIFIER = 0x1196
       KERNEL_ARG_ACCESS_QUALIFIER = 0x1197
       KERNEL_ARG_TYPE_NAME = 0x1198
       KERNEL_ARG_TYPE_QUALIFIER = 0x1199
       KERNEL_ARG_NAME = 0x119A

    class ArgAddressQualifier:
       KERNEL_ARG_ADDRESS_GLOBAL = 0x119B
       KERNEL_ARG_ADDRESS_LOCAL = 0x119C
       KERNEL_ARG_ADDRESS_CONSTANT = 0x119D
       KERNEL_ARG_ADDRESS_PRIVATE = 0x119E

    class ArgAccessQualifier:
       KERNEL_ARG_ACCESS_READ_ONLY = 0x11A0
       KERNEL_ARG_ACCESS_WRITE_ONLY = 0x11A1
       KERNEL_ARG_ACCESS_READ_WRITE = 0x11A2
       KERNEL_ARG_ACCESS_NONE = 0x11A3

    class ArgTypeQualifier:
       KERNEL_ARG_TYPE_NONE = 0
       KERNEL_ARG_TYPE_CONST = (1 << 0)
       KERNEL_ARG_TYPE_RESTRICT = (1 << 1)
       KERNEL_ARG_TYPE_VOLATILE = (1 << 2)
       KERNEL_ARG_TYPE_PIPE = (1 << 3)

    class WorkGroupInfo:
       KERNEL_WORK_GROUP_SIZE = 0x11B0
       KERNEL_COMPILE_WORK_GROUP_SIZE = 0x11B1
       KERNEL_LOCAL_MEM_SIZE = 0x11B2
       KERNEL_PREFERRED_WORK_GROUP_SIZE_MULTIPLE = 0x11B3
       KERNEL_PRIVATE_MEM_SIZE = 0x11B4
       KERNEL_GLOBAL_WORK_SIZE = 0x11B5

    class SubGroupInfo:
       KERNEL_MAX_SUB_GROUP_SIZE_FOR_NDRANGE = 0x2033
       KERNEL_SUB_GROUP_COUNT_FOR_NDRANGE = 0x2034
       KERNEL_LOCAL_SIZE_FOR_SUB_GROUP_COUNT = 0x11B8

    class ExecInfo:
       KERNEL_EXEC_INFO_SVM_PTRS = 0x11B6
       KERNEL_EXEC_INFO_SVM_FINE_GRAIN_SYSTEM = 0x11B7

    def inspect_args(self):
        for k in range(self.num_args):
            text_c = ctypes.create_string_buffer(512)
            text_length = ctypes.c_uint64(-1)

            call_dll(cl_lib.clGetKernelArgInfo, self.cl_kernel_id, ctypes.c_uint32(k),
                     self.ArgInfo.KERNEL_ARG_TYPE_NAME, ctypes.c_uint64(512), text_c, ctypes.byref(text_length))
            arg_type = str(text_c[:text_length.value - 1], 'ascii')

            call_dll(cl_lib.clGetKernelArgInfo, self.cl_kernel_id, ctypes.c_uint32(k),
                     self.ArgInfo.KERNEL_ARG_NAME, ctypes.c_uint64(512), text_c, ctypes.byref(text_length))
            arg_name = str(text_c[:text_length.value - 1], 'ascii')

            self.args_info.append((arg_name, arg_type))
            self.kwargs_info[arg_name] = k

            # print(f'kernel {self.function_name} has arg named "{arg_name}" of type {arg_type}')

    def set_args(self, *args, **kwargs):
        for k, arg in enumerate(args):
            self.set_arg(k, arg)

        num_args = len(args)
        for arg_name, arg in kwargs.items():
            try:
                k = self.kwargs_info[arg_name]
                assert k >= num_args, f'duplicate argument "{arg_name}" for function {self.function_name}()'
                # print(f'setting kwarg {arg_name} to index {k} with value {arg}')
                self.set_arg(k, arg)
            except KeyError:
                raise KeyError(f'no kwarg named "{arg_name}" possible for function {self.function_name}()')

        if not np.all(self.arg_set):
            missing = ''
            for k in range(self.num_args):
                if not self.arg_set[k]:
                    missing += f'{k}:{self.args_info[k]}, '

            if len(missing) > 0:
                raise TypeError(f'missing arguments for OpenCl kernel {self.function_name}(): {missing[:-2]}')

    def set_arg(self, k, arg):
        try:
            if issubclass(type(arg), (np.number, np.ndarray)):
                arg_value = np.ctypeslib.as_ctypes(arg)
                arg_size = arg.nbytes
            elif type(arg) in (Buffer, Image):
                arg_value = arg.cl_mem
                arg_size = 8  # nbytes of 64 bit uint
            else:
                raise TypeError(f'invalid argument type {type(arg)} for OpenCl kernel arg {k}:{self.args_info[k]}, must be in (np.number, np.ndarray, Buffer, Image)')

            try:
                if CHECK_KERNEL_ARGS:
                    self.check_arg_type(k, arg)
                call_dll(cl_lib.clSetKernelArg, self.cl_kernel_id, ctypes.c_uint32(k),
                         ctypes.c_uint64(arg_size), ctypes.byref(arg_value))
            except LibError:
                self.check_arg_type(k, arg)
                raise

            self.arg_set[k] = True
            # print(f'set arg {k}:{self.args_info[k]} to value {arg}')
        except LibError as err:
            raise Error(f'error while setting arg {k}:{self.args_info[k]} to value {arg}:\n' + str(err))

    def check_arg_type(self, k, arg):
        try:
            kernel_arg_type = self.args_info[k][1]
            if '*' in kernel_arg_type:
                if not type(arg) is Buffer:
                    raise TypeError(f'kernel buffer argument "{k}:{self.args_info[k][0]}" must be of type Buffer but is {type(arg).__name__}')

            elif 'image' in kernel_arg_type:
                if not type(arg) in (Image,):
                    raise TypeError(f'kernel image argument "{k}:{self.args_info[k][0]}" must be of type Image but is {type(arg).__name__}')

            else:
                for stripoff in (None, -1, -2):
                    try:
                        if not cl_kernel_argtypes[kernel_arg_type[:stripoff]] == arg.dtype.name:
                            raise TypeError(f'wrong dtype for argument "{k}:{self.args_info[k][0]}", is {arg.dtype}, '
                                            f'must be {cl_kernel_argtypes[kernel_arg_type.rstrip(string.digits)]}')
                        break
                    except KeyError:
                        pass

                vector_length = kernel_arg_type.lstrip(string.ascii_lowercase)
                if len(vector_length) > 0:
                    if not issubclass(type(arg), np.ndarray):
                        raise TypeError(f'kernel vector argument "{k}:{self.args_info[k][0]}" must be np.ndarray')

                    vector_length = int(vector_length)
                    if vector_length == 3:
                        vector_length = 4  # see OpenCl documentation, 3-vectors are internally 4-vectors
                    if not len(arg) == vector_length:
                        raise TypeError(f'wrong array size {len(arg)} for vector arg {kernel_arg_type}')

                else:
                    if not issubclass(type(arg), np.number):
                        raise TypeError(f'kernel number argument "{k}:{self.args_info[k][0]}" must be numpy np.number')
        except IndexError:
            raise IndexError('too many positional arguments')

    @staticmethod
    def get_global_size(global_work_size, local_work_size):
        if np.prod(local_work_size) % 16 != 0 and VERBOSE:
            print('warning: bad local size (prod not multiple of 16)', local_work_size)
        return [int(local_work_size[i] * np.ceil(global_work_size[i] / local_work_size[i])) for i in
                range(len(local_work_size))]

    def __call__(self, global_work_size, local_work_size, *args, blocking=False, global_work_offset=(), **kwargs):
        '''
        Enqueue a kernel for execution

        WARNING: the global_work_size is automatically increased to be a multiple of local_work_size (as required by OpenCl)
                 inside the kernel must be an if-clause to not execute the work items added this way
                 otherwise the kernel may crash due to invalid memory access
        example: int2 shape = get_image_dim(image);
                 int2 work_pos = (int2)(get_global_id(0), get_global_id(1));
                 if (all(work_pos < shape)){ [actual work here] }
        note:    reading invalid coordinates from images usually returns 0.0
                 writing to invalid coordinates crashes the OpenCl program (OUT_OF_RESOURCES on next use)
                 for this reason, it is safer to use get_image_dim() on the memory object which is written to

        Kernel arguments that are not supplied are used unchanged from a call before (if they were set before)

        Notes:
        - this call is not thread-safe if arguments are set
        - if a specific argument does not change in consecutive kernel calls, it can be omitted (reduces overhead)
        - kernel args that are OpenCl vectors may be passed as ndarrays (3-vectors are arrays of length 4)
          keep in mind that these have xyz order instead of the usual zyx in numpy

        :param global_work_size:    problem size in numpy axis order (e.g. zyx as from np.ndarray.shape)
        :param local_work_size:     work group size in numpy axis order (product should be a multiple of 64)
        :param blocking:            wait until kernel execution finished before returning
        :param global_work_offset:  offset for global work indices
        :param args:                positional arguments for the kernel, allowed types: Buffer, Image, numpy.ndarray, numpy.number
        :param kwargs:              keyword arguments for the kernel, allowed types: Buffer, Image, numpy.ndarray, numpy.number
        :return:                    An Event instance
        '''
        work_dim = len(global_work_size)
        global_work_size = self.get_global_size(global_work_size, local_work_size)

        global_work_offset_c = (ctypes.c_uint64 * work_dim)(*global_work_offset[::-1])
        global_work_size_c = (ctypes.c_uint64 * work_dim)(*global_work_size[::-1])
        local_work_size_c = (ctypes.c_uint64 * work_dim)(*local_work_size[::-1])

        self.set_args(*args, **kwargs)

        event = Event()
        call_dll(cl_lib.clEnqueueNDRangeKernel, self.device.queue_id, self.cl_kernel_id, ctypes.c_uint32(work_dim),
                 global_work_offset_c, global_work_size_c, local_work_size_c, None, None, ctypes.byref(event.event_id))

        if blocking or self.program.blocking_kernel_calls:
            event.wait()
        return event


class Event:
    def __init__(self):
        self.event_id = ctypes.c_uint64(0)

    def wait(self):
        assert self.event_id.value != 0, 'invalid event'
        num_events = ctypes.c_uint32(1)
        event_list = (ctypes.c_uint64 * 1)(self.event_id)
        call_dll(cl_lib.clWaitForEvents, num_events, ctypes.byref(event_list))


def load_source(python_file, *relative_path_parts):
    fname = os.path.join(os.path.dirname(python_file), *relative_path_parts)
    with open(fname) as fp:
        source = fp.read()
    #print('loaded source from', fname, '\n')#, traceback.print_stack(limit=6))
    return source






tomis/common/opencl_tutorial.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%pylab\n",
    "import sys; sys.path.append('..')\n",
    "import opencl as cl"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": true
   },
   "outputs": [],
   "source": [
    "# module documentation\n",
    "help(cl.get_compute_device)\n",
    "help(cl.ComputeDevice)\n",
    "help(cl.Program)\n",
    "help(cl.Kernel.__call__)\n",
    "help(cl.Image)\n",
    "help(cl.Buffer)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## hints\n",
    "- Documentation for OpenCl (use 1.2) can be donloaded from https://www.khronos.org/registry/OpenCL/. The overview over available functions is downloadable from https://www.khronos.org/registry/cl/sdk/1.2/docs/OpenCL-1.2-refcard.pdf.\n",
    "- For writing good code, you need to understand some important concepts of OpenCl and GPU programming. These are at least: \n",
    "    - Parallel execution in work groups, \n",
    "    - caching, texture memory (`cl.Image` objects) and `constant` buffers, \n",
    "    - execution queue,\n",
    "    - performance bottlenecks (memory bandwith vs. computation)\n",
    "    - ... in addition to more basic computation concepts (e.g. data types int/float, ...).\n",
    "- On Windows, long kernel executions (Kernel.\\_\\_call\\_\\_ has runtime over 2 s) can lead to arbitrary program crashes due to a \"bug\" in the operating system. Solution: split computation into several calls, e.g. by tiling an image.\n",
    "\n",
    "In the following cell, a very simple example of an OpenCl kernel execution is shown."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# a device must be initialized before any computations can be done (should only be executed once)\n",
    "cl_device = cl.get_compute_device()\n",
    "cl.CHECK_KERNEL_ARGS = True # enable debugging feature of the opencl module"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 13,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "===== OpenCl Program # 60215712 with 1 kernels =====\n",
      "compute(image2d_t image_in, float* image_out, float addition)\n",
      "===== end kernels =====\n",
      "Image with shape (221, 301) and image format (INTENSITY, FLOAT) (id 60372800)\n",
      "Buffer with size 266084 (id c_ulong(44216096))\n",
      "means: -0.0042030094 1.2831137\n"
     ]
    }
   ],
   "source": [
    "# first step: write OpenCl kernels (the language is based on C)\n",
    "cl_source = '''\n",
    "constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST;\n",
    "// change the sample e.g. to use linear interpolation (which has +0.5f coordinate offset compared to nearest)\n",
    "\n",
    "kernel void compute(read_only image2d_t image_in, global float* image_out, float addition) {\n",
    "    const int2 pos = (int2)(get_global_id(0), get_global_id(1));\n",
    "    const int2 shape = get_image_dim(image_in);\n",
    "    if (all(pos < shape)) {\n",
    "        float value = read_imagef(image_in, nearest_sampler, pos).x;\n",
    "        \n",
    "        if (fabs(value) > 1.0f){value = sign(value)*(2.0f+log(fabs(value)));}\n",
    "        else{value = exp(value);}\n",
    "        \n",
    "        value = exp(-fabs(value));\n",
    "        \n",
    "        if (value < 0.f){value = 0.f;}\n",
    "        \n",
    "        value += addition;\n",
    "        \n",
    "        image_out[shape.x*pos.y+pos.x] = value;\n",
    "    }\n",
    "}\n",
    "'''\n",
    "\n",
    "# second step: compile kernels\n",
    "program = cl.Program(cl_device, cl_source)\n",
    "print(program)\n",
    "\n",
    "# third step: allocate device memory\n",
    "image = random.randn(221, 301).astype('f4') # input data on CPU memory\n",
    "image_cl = cl.Image(cl_device, arr=image) # allocate GPU memory and copy data (default arg usage)\n",
    "result_cl = cl.Buffer(cl_device, size=image.nbytes) # allocate GPU memory for result\n",
    "print(image_cl, result_cl, sep='\\n')\n",
    "\n",
    "# fourth step: execute kernel on device\n",
    "program.compute(image.shape, (16, 16), image_cl, result_cl, float32(1.0))\n",
    "\n",
    "# fifth step: retrieve result (device => Python)\n",
    "result = zeros_like(image)\n",
    "result_cl.copy_to(result)\n",
    "print('means:', image.mean(), result.mean())"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 12,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "[ 0.5117388   0.05801357  0.8154782   1.1815238  -1.1697786 ] \n",
      " [1.1885883 1.3465495 1.1043237 1.114543  1.1156931]\n"
     ]
    }
   ],
   "source": [
    "print(image[0, :5], '\\n', result[0, :5])"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# development: finding errors"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# errors in the kernel code are shown this way\n",
    "wrong_cl_source = cl_source.replace('value += addition;', 'value += addition')\n",
    "cl.Program(cl_device, wrong_cl_source)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# wrong argument variant 1\n",
    "program.compute(image.shape, (16, 16), image, result_cl, float32(1.0))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# wrong argument variant 2 (only raises an Exception when cl.CHECK_KERNEL_ARGS is enabled)\n",
    "program.compute(image.shape, (16, 16), image_cl, result_cl, int32(1.0))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.7.5"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}







tomis/common/parallel.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''


import threading, multiprocessing, queue, psutil, cProfile, gc
from common import misc


class QueueThread(threading.Thread):
    def __init__(self, maxsize=10, error_call=None):
        super().__init__(daemon=True)
        self.cmd_queue = queue.Queue(maxsize=maxsize)
        self.stop = False
        self.result = None
        self.error_call = error_call
        if self.error_call is None:
            self.error_call = lambda t, b: print(misc.undo_html(t))

        self.result_ready_event = threading.Event()

        self.start()

    def put(self, func, *args):
        assert not self.stop, "QueueTread is stopped"
        self.cmd_queue.put((func, args))

    def do_stop(self):
        if self.is_alive():
            self.stop = True
            self.join()

    def wait(self):
        self.cmd_queue.join()

    def finish(self):
        if self.is_alive():
            self.cmd_queue.put(("stop", None))
            self.join()

    def has_result(self):
        return self.result_ready_event.is_set()

    def run(self):
        while not self.stop:
            try:
                func, args = self.cmd_queue.get()
                self.result_ready_event.clear()
                #print("queue length", self.cmd_queue.qsize(), func, args)
                if func == "stop":
                    self.cmd_queue.task_done()
                    return
                self.result = func(*args)
                self.cmd_queue.task_done()
                self.result_ready_event.set()
                gc.collect()
            except Exception as exc:
                self.error_call(misc.get_exception_text_html(), True)


class QueueProcessPool():
    def __init__(self, nworkers=None, use_cProfile=False):
        super().__init__()
        if nworkers is None:
            nworkers = psutil.cpu_count(logical=False)
        self.nworkers = nworkers
        self.use_cProfile = use_cProfile
        self.cmd_queue = multiprocessing.Queue()
        self.ret_queue = multiprocessing.Queue()
        self.workers = [QueueProcess(k, self.cmd_queue, self.ret_queue, use_cProfile) for k in range(nworkers)]

        self.is_running = True


    def put(self, func, *args):
        self.cmd_queue.put((func, args))

    def get_result(self, wait=True):
        return self.ret_queue.get(block=wait)

    def get_results(self):
        results = []
        while True:
            try:
                results.append(self.get_result(wait=False))
            except queue.Empty:
                break
        return results

    def do_stop(self):
        queue_empty = self.cmd_queue.empty()
        while not queue_empty:
            try:
                self.cmd_queue.get(block=False)
            except queue.Empty:
                queue_empty = True
        self.__exit__()

    def __del__(self):
        self.__exit__()

    def __enter__(self):
        return self

    def __exit__(self, exc_type=None, exc_val=None, exc_tb=None):
        if self.is_running:
            print("exiting QueueProcessPool")
            [self.cmd_queue.put(("stop", None)) for worker in self.workers]
            [worker.join() for worker in self.workers]
            del self.workers[:]
            self.is_running = False
            print("exited QueueProcessPool")
        return exc_type is None



class QueueProcess(multiprocessing.Process):
    def __init__(self, worker_index, emd_queue, ret_queue, use_cProfile):
        super().__init__()
        self.daemon = True
        self.worker_index = worker_index
        self.cmd_queue = emd_queue
        self.ret_queue = ret_queue
        self.use_cProfile = use_cProfile
        self.stop = False
        self.start()

    def run(self):
        while not self.stop:
            func, args = self.cmd_queue.get()
            if func == "stop":
                self.stop = True
            else:
                if self.use_cProfile and self.worker_index == 0:
                    profile = cProfile.Profile()
                    result = profile.runcall(func, *args)
                    profile.print_stats()
                else:
                    result = func(*args)
                self.ret_queue.put(result)
        print("exiting worker", self.worker_index)






tomis/common/result_cache.py

''' intermediate results caching functions

use example is in ball_phantom_evaluation.py or ball_phantom_evaluation-simulation.ipynb

intended use from a jupyter notebook:
variant A): call: result_cache.enable_cache('[cache directory]')
            to clear cache: result_cache.clear_cache()
variant B): result_cache.enable_temporary_cache()
            is cleared automatically on a clean interpreter exit (but not when Python crashes)

if no cache is enabled, Data.load() will always raise the NoData exception

use:
from pyEXT import result_cache
result_cache.enable_cache('[cache directory]')

# there can be an arbitrary number of Data objects, but they should have different names (first argument)
cached_data = result_cache.Data('example', param1, param2=param2)  # all parameters/data which influence the result must be args
try:
    # Variant 1:
    arr = cached_data.load()
    # Variant 2:
    arr1, arr2 = cached_data.load()
    # Variant 3:
    arr1, arr2, kwargs = cached_data.load()  # returns kwargs dict here
    param1 = kwargs['param1']

except result_cache.NoData:
    # === compute result here ===
    # Variant 1:
    cached_data.save(data)
    # Variant 2:
    cached_data.save(arr1, arr2)
    # Variant 3:
    cached_data.save(arr1, arr2, param1=param1)  # pass parameters as kwargs here

# when the evaluation is finished
result_cache.clear_cache()

end use

written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''

import numpy as np, shutil, os, glob, json, atexit, tempfile, hashlib, inspect

__all__ = []  # should not be used with import * (see the two lines below)
version_str = '' # must be overwritten by importing module (caches are only valid for the same evaluation code version)
default_cache_dir = None


class Data:
    def __init__(self, name, *args, function=None, cache_dir=None, **kwargs):
        ''' object representing a set of cached computation results

        WARNING: args and kwargs must include all arguments that influence the result,
        otherwise the there will be false cache hits: the retrieved cached result is incorrect for changed parameters

        Note: caching speed (hash computation) is roughly 1 GB/s on modern hardware for arrays in args/kwargs

        :param name:                short description for the contents
        :param args:                arguments that influence the result (can be ndarray)
        :param function:            if a callable is supplied here, its source code is added to the cache identifier hash
        :param cache_dir:           directory to save cache to
                                    WARNING: if this is None and default_cache_dir is None, no caching will be done!
        :param kwargs:              keyword arguments that influence the result (can be ndarray)
        '''
        self.identifier = name + '_' + self.hash_params(*args, function=function, **kwargs) + '_' + version_str
        if cache_dir is None and default_cache_dir is not None:
            self.cache_dir = default_cache_dir
        else:
            self.cache_dir = cache_dir

    @staticmethod
    def hash_params(*args, function=None, **kwargs):
        '''
        generate a caching hash for identifying a set of input parameters

        use this hash function only for caching of results, not in a security context!

        warning: not all entries of array are included for arrays > maximum_array_size [MB]!
                 it is intended to differentiate between very different input data
                 large arrays where few values are different may get the same hash
                 this behaviour can be disabled by setting maximum_array_size large enough (at the cost of performance)

        :param function:            if a callable is supplied here, its source code is added to the hash
        :param kwargs:              the arguments for the hash
        :return:
        '''
        if function is not None:
            kwargs['function'] = inspect.getsource(function)

        data_hash = hashlib.sha1()
        for arg in args:
            Data.add_obj_to_hash(data_hash, arg)

        Data.add_dict_to_hash(data_hash, kwargs)
        return data_hash.hexdigest()

    @staticmethod
    def add_dict_to_hash(data_hash, kwargs):
        for key in sorted(kwargs.keys()):
            data_hash.update(bytes(key, encoding='utf-8'))
            Data.add_obj_to_hash(data_hash, kwargs[key])

    @staticmethod
    def add_obj_to_hash(data_hash, item):
        if hasattr(item, "keys"):
            Data.add_dict_to_hash(data_hash, item)
        else:
            if issubclass(type(item), np.ndarray):
                if item.nbytes < 1024**2:
                    data_hash.update(item.tobytes())
                else:
                    data_hash.update(item.tobytes())
            else:
                if np.iterable(item) and not type(item) is str:
                    data_hash.update(bytes(str(tuple(item)), encoding='utf-8'))
                else:
                    data_hash.update(bytes(str(item), encoding='utf-8'))

    def save(self, *args, **kwargs):

        ''' save data to the caching directory, to be reloaded with load_data()

        :param args:            ndarrays to save as raw data
        :param kwargs:          parameters to save (item types should be in str, int, float, bool and short lists/dicts
                                with entries of the same type)
                                WARNING: ndarrays passed as kwarg will be saved to json, but restored as list; also this is slow
        :return:
        '''
        self.make_save_cache_dir()
        if self.cache_dir is not None:
            for k, arg in enumerate(args):
                assert issubclass(type(arg), np.ndarray), f'positional arguments must be of type ndarray, is {type(arg)}'
                raw_path = os.path.join(self.cache_dir, self.identifier + f'_{k}.raw')
                save_ndarray(raw_path, arg)

            if len(kwargs) > 0:
                json_str = json_encoder.encode(kwargs)
                save_path = os.path.join(self.cache_dir, self.identifier + '.json')
                with open(save_path, 'w') as file:
                    file.write(json_str)

            print(f'saved cached result to {os.path.join(self.cache_dir, self.identifier)}*')

    def load(self):
        ''' load data that may have been previously saved with save_data()

        kwargs put into save() are returned as a dict (last or only returned entry)

        if no cached data is found, this function simply returns None
        :return:                data saved before,
                                tuple with  (*args, kwargs) from save_data (kwargs entry is dropped if no kwargs were given)
        '''

        self.make_load_cache_dir()
        if self.cache_dir is not None:
            raws_path = os.path.join(self.cache_dir, self.identifier+'_0.raw')
            data = []
            if os.path.isfile(raws_path):
                k = 0
                while True:
                    raw_path = os.path.join(self.cache_dir, self.identifier+f'_{k}.raw')
                    if os.path.isfile(raw_path):
                        data.append(load_ndarray(raw_path)[0])
                        k += 1
                    else:
                        break

            dict_path = os.path.join(self.cache_dir, self.identifier + '.json')
            if os.path.isfile(dict_path):
                with open(dict_path, 'r') as file:
                    data.append(json.load(file))

            if len(data) > 0:
                print(f'loaded cached result from {os.path.join(self.cache_dir, self.identifier)}*')
                if len(data) == 1:
                    return data[0]
                else:
                    return tuple(data)

            else:
                raise NoData
        else:
            raise NoData

    def clear(self):
        ''' delete file for cached data
        :return:
        '''
        self.make_load_cache_dir()
        if self.cache_dir is not None:
            fnames = (os.path.join(self.cache_dir, self.identifier + '.raw'),
                      os.path.join(self.cache_dir, self.identifier + '.json'),
                      os.path.join(self.cache_dir, self.identifier + '_0.raw'))
            for fname in fnames:
                if os.path.isfile(fname):
                    os.remove(fname)

    def make_save_cache_dir(self):
        if self.cache_dir is None and default_cache_dir is not None:
            self.cache_dir = default_cache_dir
        if self.cache_dir is not None:
            if not os.path.isdir(self.cache_dir):
                os.makedirs(self.cache_dir, exist_ok=True)

    def make_load_cache_dir(self):
        if self.cache_dir is None:
            self.cache_dir = default_cache_dir


class NoData(Exception):
    pass


def enable_cache(cache_dir, clear_at_exit=False):
    ''' enable caching and set the default directory to cache_dir


    :param cache_dir:       this directory will be used if none is given to Data
    :param clear_at_exit:   remove cache directory at interpreter exit (not recommended, see clear_cache())
    :return:
    '''
    global default_cache_dir
    default_cache_dir = cache_dir
    print(f'caching of intermediate results enabled, default cache dir:\n{os.path.abspath(default_cache_dir)}')
    if clear_at_exit:
        answer = input(f'this will delete the cache directory "{os.path.abspath(default_cache_dir)}" on interpreter exit, continue? (y/n)')
        if answer == 'y':
            atexit.register(clear_cache, default_cache_dir, ask=False)


def clear_cache(cache_dir=None, ask=True):
    ''' clear the default cache or the given cache_dir


    :param cache_dir:   cache dir to delete, defaults to default_cache_dir
    :param ask:         confirm delete via user input()
    :return:
    '''
    if cache_dir is None:
        if default_cache_dir is None:
            return  # no default dir set, no cleanup necessary
        else:
            cache_dir = default_cache_dir
    if ask:
        answer = input(f'this will delete the cache directory "{os.path.abspath(cache_dir)}", continue? (y/n)')
    else:
        answer = 'y'
    if answer == 'y':
        if os.path.isdir(cache_dir):
            num_files = len(glob.glob(os.path.join(cache_dir, '*')))
            shutil.rmtree(cache_dir)
            print(f'success (caches directory deleted, {num_files} files)')
        else:
            print('success (caches directory does not exist)')
    else:
        print('canceled')


def enable_temporary_cache():
    ''' enable caching to a system-specific temporary directory
    is automatically deleted on a clean interpreter exit

    :return:
    '''
    global default_cache_dir
    default_cache_dir = tempfile.mkdtemp(suffix='_pyETX_results_cache')
    atexit.register(clear_cache, default_cache_dir, ask=False)
    print(f'caching of intermediate results enabled, default cache dir:\n{os.path.abspath(default_cache_dir)}\ncache will be cleared on interpreter exit')


def clear_orphaned_temporary_caches(include_active=False):
    raise NotImplementedError


# ===== helpers =====
class ExtendedJSONEncoder(json.JSONEncoder):
    def default(self, o):
        if np.iterable(o) or type(o) is np.ndarray:
            return list(o)
        elif issubclass(o.__class__, (dict,)):
            return dict(**o)
        else:
            try:  # conversion from numpy numbers
                kind = o.dtype.kind
                if kind in ('i', 'u'):
                    return int(o)
                elif kind in ('S', 'U'):
                    return str(o)
                else:
                    return float(o)
            except (ValueError, TypeError):
                return json.JSONEncoder.default(self, o)


def dict_bytes(input_dict, excluded_keys=(), included_keys=None, maximum_array_size=100):
    hash_bytes = bytes()
    if included_keys is None:
        included_keys = input_dict.keys()
    for key in sorted(included_keys):
        if key not in excluded_keys:
            hash_bytes += bytes(key, encoding='utf-8')
            if hasattr(input_dict[key], "keys"):
                hash_bytes += dict_bytes(input_dict[key], maximum_array_size=maximum_array_size)
            else:
                try:  # for numpy arrays
                    hash_bytes += stride_to_size(input_dict[key], maximum_array_size).tobytes()
                except AttributeError:
                    if np.iterable(input_dict[key]) and not type(input_dict[key]) is str:
                        hash_bytes += bytes(str(tuple(input_dict[key])), encoding='utf-8')
                    else:
                        hash_bytes += bytes(str(input_dict[key]), encoding='utf-8')
    return hash_bytes


def strided(ndarray, stride=1):
    try:
        stride_slice = ndarray.ndim*(slice(None, None, int(stride)),)
    except TypeError:
        assert len(stride) == ndarray.ndim; 'stride must be a tuple of length ndim'
        stride_slice = tuple(slice(None, None, s) for s in stride)
    return ndarray[stride_slice]


def stride_to_size(ndarray, max_size):
    size = array_size(ndarray)
    if size > max_size:
        stride = int(np.ceil((size/max_size)**(1/ndarray.ndim)))
        return strided(ndarray, stride)
    else:
        return ndarray

def press_arr_to_bytes(arr, max_size):
    stride = arr.nbytes//(max_size*1024**2) + 1
    arr_flat = arr.flat
    pressed_len = len(arr_flat)//stride
    new_arr = np.zeros(pressed_len, arr.dtype)
    for k in range(stride):
        new_arr += arr_flat[k::stride][:pressed_len]
    print(f'pressed arr from size {arr.nbytes/1024**2:.2f} to {new_arr.nbytes/1024**2:.2f} MB')
    return new_arr.tobytes()




def array_size(ndarray, units_1024_exp=2):
    # units_1024_exp is 2 fo MB, 3 for GB, ...
    return np.prod(ndarray.shape)*ndarray.dtype.itemsize/1024**units_1024_exp


json_encoder = ExtendedJSONEncoder()


# array save/load functions (for 3D arrays, the format is identical to ImagesReader and ImagesWriter)
def save_ndarray(fname:str, arr:np.ndarray, info:dict=None):
    json_data = dict()
    if info is not None:
        json_data.update(info)
    json_data['shape'] = arr.shape # info entry may be overwritten
    json_data['dtype'] = arr.dtype.str
    with open(replace_suffix(fname, 'info'), 'w') as file:
        json.dump(json_data, file, sort_keys=True, indent=4)
    arr.tofile(fname)


def load_ndarray(fname:str):
    with open(replace_suffix(fname, 'info'), 'r') as file:
        arr_info = json.load(file)
    arr_info.setdefault('info', {})

    return np.fromfile(fname, arr_info['dtype'], count=np.prod(arr_info['shape'])).reshape(arr_info['shape']), arr_info['info']


def separate_suffix(filename):
    split_list = filename.split('.')
    if len(split_list) > 1:
        suffix = split_list[-1]
        return filename[:-(len(suffix)+1)], suffix
    else:
        return filename, ''


def replace_suffix(filename, suffix):
    first_part, old_suffix = separate_suffix(filename)
    if len(old_suffix) > 4: # the thing after the dot is not a file ending
        first_part += "." + old_suffix
    if suffix is None:
        return os.path.normpath(first_part)
    else:
        return os.path.normpath(first_part + '.' + suffix)








tomis/common/settings_hash.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''

import numpy as np, hashlib


def partial_dict_copy(input_dict, keys):
    new_dict = dict()
    for key in input_dict:
        if key in keys:
            new_dict[key] = input_dict[key]
    return new_dict


def generate_hash_from_dict(input_dict, excluded_keys=(), included_keys=None, maximum_array_size=10, diagnostic=False):
    # warning: not all entries of array are included for arrays > maximum_array_size [MB]!
    hash_bytes = bytes()
    hash_bytes += add_dict_bytes(input_dict, excluded_keys, included_keys, maximum_array_size)
    if diagnostic:
        generate_hash_from_dict.hash_bytes = hash_bytes
    return hashlib.md5(hash_bytes).hexdigest()


def add_dict_bytes(input_dict, excluded_keys=(), included_keys=None, maximum_array_size=10):
    hash_bytes = bytes()
    if included_keys is None:
        included_keys = input_dict.keys()
    for key in sorted(included_keys):
        if key not in excluded_keys:
            hash_bytes += bytes(key, encoding='utf-8')
            if hasattr(input_dict[key], "keys"):
                hash_bytes += add_dict_bytes(input_dict[key], maximum_array_size=maximum_array_size)
            else:
                try:  # for numpy arrays
                    hash_bytes += stride_to_size(input_dict[key], maximum_array_size).tobytes()
                except AttributeError:
                    if np.iterable(input_dict[key]) and not type(input_dict[key]) is str:
                        hash_bytes += bytes(str(tuple(input_dict[key])), encoding='utf-8')
                    else:
                        hash_bytes += bytes(str(input_dict[key]), encoding='utf-8')
    return hash_bytes


def generate_hash_from_dict_list(dict_list, excluded_keys=(), maximum_array_size=10):
    hash_bytes = bytes()
    for input_dict in dict_list:
        for key in sorted(input_dict.keys()):
            if key not in excluded_keys:
                hash_bytes += bytes(key, encoding='utf-8')
                try:  # for numpy arrays
                    hash_bytes += stride_to_size(input_dict[key], maximum_array_size).tobytes()
                except AttributeError:
                    hash_bytes += bytes(str(input_dict[key]), encoding='utf-8')
    return hashlib.md5(hash_bytes).hexdigest()


def generate_hash_from_list(_list, maximum_array_size=10):
    hash_bytes = bytes()
    for item in _list:
        try:  # for numpy arrays
            hash_bytes += stride_to_size(item, maximum_array_size).tobytes()
        except AttributeError:
            hash_bytes += bytes(str(item), encoding='utf-8')
    return hashlib.md5(hash_bytes).hexdigest()


def strided(arr, stride=1):
    try:
        stride_slice = arr.ndim * (slice(None, None, int(stride)),)
    except TypeError:
        assert len(stride) == arr.ndim; 'stride must be a tuple of length ndim'
        stride_slice = tuple(slice(None, None, s) for s in stride)
    return arr[stride_slice]


def stride_to_size(arr, max_size):
    size = array_size(arr)
    if size > max_size:
        stride = int(np.ceil((size/max_size) ** (1 / arr.ndim)))
        return strided(arr, stride)
    else:
        return arr


def array_size(ndarray, units_1024_exp=2):
    # units_1024_exp is 2 fo MB, 3 for GB, ...
    return np.prod(ndarray.shape)*ndarray.dtype.itemsize/1024**units_1024_exp







tomis/evaluation/MTF-application.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": true
   },
   "outputs": [],
   "source": [
    "# written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,\n",
    "# Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany\n",
    "# last updated 2020-01-28\n",
    "\n",
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "import evaluation.MTF\n",
    "from evaluation.notebook import *\n",
    "assert evaluation.MTF.version[0] == 2, 'this notebook only works with the MTF module version 2.X'\n",
    "\n",
    "print('\\n=== printing the docstring for the main evaluation function ===')\n",
    "help(evaluation.MTF.MTF_Evaluator)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## Application\n",
    "\n",
    "can be modified to do an actual evaluation\n",
    "\n",
    "    a) load images and select edge area\n",
    "    \n",
    "    b) apply correct slicing for edge area (optional)\n",
    "    \n",
    "    c) do evaluation\n",
    "    \n",
    "    \n",
    "Hint: If your edge measurements are horizontally, use arr.swapaxes(0, 1) to transpose the image.\n",
    "\n",
    "These cells are intended to be modified to run an evaluation on actual data\n",
    "\n",
    "This template runs a MTF evaluation on multiple images, (>= 1)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# a) load images and select edge area (from image plot window)\n",
    "import PIL\n",
    "images = [file.image.load(fname) for fname in [\n",
    "    'filename1',\n",
    "    'filename2'\n",
    "]]  # fill filenames here\n",
    "show_image(images[0])"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# b) apply correct slicing for edge area\n",
    "view = slice(300, 500), slice(200, 800)\n",
    "edge_images = [image[view] for image in images]\n",
    "show_image(edge_images[0])"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# c) do evaluation\n",
    "# fill parameters here\n",
    "result_path = ''\n",
    "description_str = ''\n",
    "parameter = []\n",
    "\n",
    "results = []\n",
    "for k, edge_image in enumerate(edge_images):\n",
    "    fig0 = show_image(edge_image)\n",
    "    display(fig0)\n",
    "    \n",
    "    MTFE = evaluation.MTF.MTF_Evaluator(edge_image, f'MTF_from_edge_{description_str}_{parameter[k]:.2f}')\n",
    "    \n",
    "    display(MTFE.fig)\n",
    "    results.append(MTFE)"
   ]
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 1
}







tomis/evaluation/MTF-simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": true
   },
   "outputs": [],
   "source": [
    "# written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,\n",
    "# Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany\n",
    "# last updated 2020-02-27\n",
    "\n",
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "import evaluation.MTF\n",
    "from evaluation.notebook import *\n",
    "assert evaluation.MTF.version[0] == 2, 'this notebook only works with the MTF module version 2.X'\n",
    "\n",
    "print('\\n=== printing the docstring for the main evaluation function ===')\n",
    "help(evaluation.MTF.MTF_Evaluator)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## Simulation \n",
    "\n",
    "shows how this works and show example evaluation\n",
    "\n",
    "    a) generate test data\n",
    "    \n",
    "    b) estimate MTF with edge angle not known\n",
    "    \n",
    "    c) example for inaccurate direct MTF estimate"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# a) generate test data\n",
    "smooth_strength = fabs(random.randn())  # MTF evaluation will work for values between 0.25 and 25\n",
    "rep_len = np.fmax(random.poisson(10), 6)\n",
    "intensity = 1000\n",
    "dark = 100\n",
    "\n",
    "edge_image, edge_angle = evaluation.MTF.generate_test_edge_image((400, 100), smooth_strength, rep_len, intensity, dark, OS_factor=8)\n",
    "    \n",
    "plt.clf()\n",
    "plt.imshow(edge_image.swapaxes(0, 1))\n",
    "plt.title('edge image (tilted 90 °)')#; plt.axis('off')\n",
    "display(plt.gcf())\n",
    "plt.close('all')\n",
    "print(f'edge angle: {edge_angle:.3f} °')\n",
    "print(f'sigma: {smooth_strength:.5g}')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# b) evaluate MTF and estimate the edge angle automatically (the estimate may fail)\n",
    "MTFE = evaluation.MTF.MTF_Evaluator(edge_image, 'test/test', FWHM_compute_MTF_range=5)\n",
    "\n",
    "#print('fit parameters covariance matrix:\\n', MTFE.fit_pcov)  # additional results are available\n",
    "\n",
    "if MTFE.fig is not None:\n",
    "    MTFE.fig.axes[2].plot(MTFE.u, image.fourier.MTF_gauss(MTFE.u, smooth_strength), label='actual MTF', ls='--')\n",
    "    MTFE.fig.axes[2].legend()\n",
    "    display(MTFE.fig)\n",
    "#plt.close(MTFE.fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# c) both horizontal and vertical edges work (but only when automatically determining the edge angle)\n",
    "MTFE = evaluation.MTF.MTF_Evaluator(edge_image.swapaxes(0, 1), 'test/test', FWHM_compute_MTF_range=5)\n",
    "\n",
    "#print('fit parameters covariance matrix:\\n', MTFE.fit_pcov)  # additional results are available\n",
    "\n",
    "if MTFE.fig is not None:\n",
    "    MTFE.fig.axes[2].plot(MTFE.u, image.fourier.MTF_gauss(MTFE.u, smooth_strength), label='actual MTF', ls='--')\n",
    "    MTFE.fig.axes[2].legend()\n",
    "    #display(MTFE.fig)\n",
    "#plt.close(MTFE.fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.7.5"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}







tomis/evaluation/MTF.py

''' evaluation for MTF edge measurements

see the corresponding jupyter notebook for usage examples and more documentation

written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
version = 2, 2
version_str = f'v{".".join([str(v) for v in version])}'
version_date = '2020-02-27'
print(f'{__name__} version {".".join([str(v) for v in version])} ({version_date})')

import os, json, numpy as np, matplotlib.pylab as plt
from scipy.interpolate import UnivariateSpline, interp1d
from scipy.ndimage import median_filter, gaussian_filter1d, gaussian_filter
from scipy.optimize import curve_fit
try:
    import numba
except ImportError:
    numba = None
import image
__all__ = 'MTF_Evaluator', 'generate_test_edge_image', 'image', 'version'

def _get_shifted_coordinates(edge_image, edge_angle, sampling_distance=1):
    increment = np.tan(np.deg2rad(edge_angle))
    coordinates = np.arange(edge_image.shape[1]) * sampling_distance
                    # ^^ correct sampling, as the edge is not actually rotated
    coordinates_shifted = np.zeros_like(edge_image)
    coord_offset = coordinates_shifted.shape[0]/2
    #for y_index in np.arange(coordiantes_shifted.shape[0]):
    #    coordiantes_shifted[y_index, :] = coordinates + (y_index-coord_offset) * sampling_distance * increment
    coordinates_shifted[:, :] = coordinates[None, :]
    coordinates_shifted += (np.arange(coordinates_shifted.shape[0])-coord_offset)[:, None] * sampling_distance * increment
    return coordinates_shifted


def find_edge_angle(edge_image, edge_angle_search_values):
    # it is recommended that the edge image is blurred (e.g. gauss 4 px sigma, see get_MTF())
    vmin, vmax = np.percentile(edge_image, (5, 95)); diff = vmax - vmin
    edge_area = np.logical_and(np.less(edge_image, vmax-0.2*diff), np.greater(edge_image, vmin+0.1*diff))
    edge_widths = np.zeros_like(edge_angle_search_values)
    for aindex, edge_angle in enumerate(edge_angle_search_values):
        coordiantes_shifted = _get_shifted_coordinates(edge_image, edge_angle)
        edge_widths[aindex] = np.std(coordiantes_shifted[edge_area])
    edge_angle = edge_angle_search_values[np.argmin(edge_widths)]
    return edge_angle, edge_widths


def iter_find_edge_angle(edge_image, angle_search_range, iterations=3):
    edge_angle_search_values = np.linspace(angle_search_range[0], angle_search_range[1],
                                           int(np.fabs(angle_search_range[0] - angle_search_range[1]) / 0.1))
    edge_angle, edge_widths = find_edge_angle(edge_image, edge_angle_search_values)
    for k in range(iterations):
        edge_angle_search_values = np.linspace(edge_angle - 0.1 ** (k + 1), edge_angle + 0.1 ** (k + 1), 20)
        edge_angle, edge_widths = find_edge_angle(edge_image, edge_angle_search_values)
    if edge_angle in (edge_angle_search_values[0], edge_angle_search_values[-1]):
        raise RuntimeError('WARNING: correct edge angle not found, increase search interval (angle_search_range argument) or image area')
    print('edge angle found = {:.3f} °'.format(edge_angle))
    return edge_angle


def get_MTF_ft(edge_image, edge_angle=None, angle_search_range=(-6, 6), plot_figure=False):
    # this method does not give useful results for noisy data, for demonstration purposes only
    print('WARNING: this algorithm is for demonstration only, it does not give useful results')
    
    if edge_angle is None:
        edge_image_smooth = gaussian_filter(edge_image, sigma=2, mode='nearest')
        edge_angle_search_values = np.linspace(angle_search_range[0], angle_search_range[1],
                                            abs(angle_search_range[0]-angle_search_range[1])//0.1)
        edge_angle, edge_widths = find_edge_angle(edge_image_smooth, edge_angle_search_values)
        for k in range(3):
            edge_angle_search_values = np.linspace(edge_angle-0.2**(k+1), edge_angle+0.1**(k+1), 20)
            edge_angle, edge_widths = find_edge_angle(edge_image_smooth, edge_angle_search_values)
        print('edge angle found = {:.3f} °'.format(edge_angle))

    MTF_coords = np.fft.rfftfreq(edge_image.shape[1]-2, np.cos(np.deg2rad(edge_angle)))
    PSF = edge_image[:, 1:-1] - edge_image[:, 0:-2]
    MTF_list = abs(np.fft.rfft(PSF))
    MTF = MTF_list.mean(axis=0)
    MTF /= MTF[0]
        
    if plot_figure:
        fig, axes = plt.subplots(1, 1, figsize=(4, 3))
        axes.plot(MTF_coords, MTF)
        axes.set_xlabel('spatial frequency (pixelsize = 1)'); axes.set_ylabel('MTF')#; axes[0].set_title('estimated MTF')
        axes.grid(); axes.set_xlim(0, 0.5); axes.set_ylim(0, None)
        return MTF_coords, MTF, fig
    else:
        return MTF_coords, MTF, None


class MTF_Evaluator_Spline:
    def __init__(self, edge_image:np.ndarray, save_path:(str, None)=None,
                 edge_angle:(float, None)=None, oversampling_factor:int=-3, angle_search_range:tuple=(-10, 10),
                 divby_sinc:bool=True, fit_model=True, fig=None):
        '''
        compute the MTF from a tilted edge image measurement

        - actual tilt should be smaller than 10 degrees (angle relative to y-axis)
        - an image with a horizontal edge must be flipped (use array.swapaxes(0, 1))
        - the egde may be left-right or right-left
        - the algorith applies a lot of subpixel smoothing and will work for very noisy images or uneven edges,
          but may not be ideal for images with little noise
        - the calculated MTF may possibly not fall below 0.1 due to noise (higher for severe noise),
          even if the actual MTF goes to zero (have at least 1000 counts for a edge image)
        - the real MTF should satisfy the nyquist criterion (MTF(u_max) = 0) to get good results,
          MTF(u_max) > 0.5 will have systematic errors (estimated MTF < real MTF)
        - after the object is initialized it will hold the evaluation results

        :param edge_image:      image containing an edge
        :param save_path:       save the plot and raw data to disk (file endings will be appended to the path given)
        :param edge_angle:      angle of the edge, can be found with find_edge_angle()
                                if == None, edge angle is determined automatically (see angle_search_range)
        :param oversampling_factor:      oversampling factor, higher values do more subpixel smoothing
        :param angle_search_range:      search range for automatic determination of edge angle
        :param divby_sinc:      divide by the sinc part of the MTF (pixel area MTF), recommended to leave on
        :param plot_figure:     plot the figure
        '''
        self.save_path = save_path

        if oversampling_factor < 0:
            oversampling_factor = edge_image.shape[0]//(-oversampling_factor)

        if edge_angle is None:
            edge_image_smooth = gaussian_filter(edge_image, sigma=2, mode='nearest')
            edge_angle_search_values = np.linspace(angle_search_range[0], angle_search_range[1],
                                                abs(angle_search_range[0]-angle_search_range[1])//0.1)
            edge_angle, edge_widths = find_edge_angle(edge_image_smooth, edge_angle_search_values)
            for k in range(3):
                edge_angle_search_values = np.linspace(edge_angle-0.1**(k+1), edge_angle+0.1**(k+1), 20)
                edge_angle, edge_widths = find_edge_angle(edge_image_smooth, edge_angle_search_values)
            if edge_angle in (edge_angle_search_values[0], edge_angle_search_values[-1]):
                raise RuntimeError('WARNING: correct edge angle not found, increase search interval (angle_search_range argument) or image area')
            print('edge angle found = {:.3f} °'.format(edge_angle))
        increment = np.tan(np.deg2rad(edge_angle))
        sampling_distance = 1 * np.cos(np.deg2rad(edge_angle))
        coordiantes_shifted = _get_shifted_coordinates(edge_image, edge_angle,
                                                       sampling_distance=sampling_distance)

        coords_unsorted = coordiantes_shifted.flatten()
        sort_indices = np.argsort(coords_unsorted)
        self.coords_sorted = coords_unsorted[sort_indices]; self.edge_sorted = edge_image.flatten()[sort_indices]

        self.edge_sorted_smoothed = median_filter(self.edge_sorted, int(oversampling_factor*0.9), mode='nearest')
        self.edge_sorted_smoothed = gaussian_filter1d(self.edge_sorted_smoothed, oversampling_factor*0.3, mode='nearest')
        self.inpt_coords = np.linspace(self.coords_sorted[0], self.coords_sorted[-1], oversampling_factor*edge_image.shape[1])
        sampling = self.inpt_coords[1] - self.inpt_coords[0]

        s = ((self.edge_sorted_smoothed-self.edge_sorted)**2).sum()
        self.inpt_edge = UnivariateSpline(self.coords_sorted, self.edge_sorted, s=s)(self.inpt_coords)

        self.inpt_edge = median_filter(self.inpt_edge, int(oversampling_factor*0.7), mode='nearest')
        self.inpt_edge = gaussian_filter1d(self.inpt_edge, oversampling_factor*0.2, mode='nearest')

        self.PSF = self.inpt_edge[1:] - self.inpt_edge[:-1]
        self.PSF = self.PSF*np.sign(self.PSF.mean())*oversampling_factor
        self.x = np.copy(self.inpt_coords[:-1])
        self.outside_len = int(abs(np.ceil(increment*edge_image.shape[0]))/2)*oversampling_factor
        self.PSF = self.PSF[self.outside_len:-self.outside_len]
        self.x = self.x[self.outside_len:-self.outside_len]

        self.edge_position = self.x[np.argmax(self.PSF)]
        self.x -= self.edge_position

        self.MTF = abs(np.fft.rfft(self.PSF))
        self.MTF = median_filter(self.MTF, 3, mode='nearest')
        self.u = np.fft.rfftfreq(len(self.PSF), sampling)

        actual_range = self.u <= 0.5  #  0.5 is the actual nyquist frequency
        self.MTF = self.MTF[actual_range]/self.MTF[0]
        self.u = self.u[actual_range]
        self.effective_resolution = 1/(2*max(self.u[self.MTF > 0.2]))

        if divby_sinc:
            self.MTF /= np.sinc(self.u)


        try:
            self.estimate_FWHM()
            print(f'effective resolution (at 20 % MTF) = {self.effective_resolution:.2f} px, FWHM = {self.FWHM:.2f} px')
        except:
            self.FWHM = np.NaN
            print(f'self.effective_resolution (at 20 % MTF) = {self.effective_resolution:.2f} px, FWHM failed')

        if fit_model:
            self.fit_model()

        self.save_results(save_path, fig)  # will only generate plots if save_path is None

    def fit_model(self, model_func=image.fourier.MTF_voigt, params=('mu', 'sigma'), **kwargs):
        '''
        Fit a model function to the MTF generated before.

        The default model function is a product of a gauss and a exp function, which usually works well for x-ray imaging.
        For this model, the two fit parameters are somewhat anticorrelated, so it is better to compare the resulting MTFs.
        A typical systematic error from noise in the image is that the parameter mu is higher at the cost of sigma.

        MTF_Evaluator.model_func(u, *MTF_Evaluator.fit_popt) will plot the fit result (see save_results())

        :param model_func:  callable which represents the model with model_func(u, **params)
        :param params:      parameter names for model_func
        :param kwargs:      kwargs for scipy.optimize.curve_fit
        :return:
        '''
        kwargs.setdefault('bounds', (0, np.inf))
        try:
            popt, pcov = curve_fit(model_func, self.u, self.MTF, **kwargs)
            result = self.print_fit_result(popt, pcov, params)
            if self.save_path is not None:
                with open(self.save_path+'_MTF_fit.json', 'w') as file:
                    json.dump(result, file)

            self.fit_result = result
            self.fit_popt = popt
            self.fit_pcov = pcov
            self.model_func = model_func
            return popt, pcov, result

        except RuntimeError as exc:
            print(f'WARNING: fit failed with {repr(exc)}')
            return None, None, {}

    @staticmethod
    def print_fit_result(popt, pcov, params):
        result = {}
        print('MTF model fit result:')
        for opt, std, param in zip(popt, np.sqrt(np.diag(pcov)), params):
            print(f'{param}: {opt:.5g} +- {std:.4g}')
            result[param] = opt
            result[param+'_err'] = std
        return result

    def estimate_FWHM(self, med_smooth=None):
        loc = self.x <= 0
        self.x_left = self.x[loc]
        PSF_left = self.PSF[loc]
        if med_smooth is not None:
            PSF_left = median_filter(PSF_left, med_smooth, mode='nearest')
        loc = self.x >= 0
        self.x_right = self.x[loc]
        PSF_right = self.PSF[loc]
        if med_smooth is not None:
            PSF_right = median_filter(PSF_right, med_smooth, mode='nearest')
        del loc
        max_val = self.PSF.max()
        self.hwhm_left = float(-interp1d(PSF_left, self.x_left)(max_val / 2))
        self.hwhm_right = float(interp1d(PSF_right, self.x_right)(max_val / 2))
        self.FWHM = self.hwhm_left + self.hwhm_right
        if 0:
            plt.clf()
            plt.plot(PSF_left, -self.x_left, '+')
            plt.plot(PSF_right, self.x_right, 'x')
            plt.ylim(0, 20)
            plt.vlines(0, 0, 10)
            plt.vlines(max_val, 0, 10)
            plt.vlines(max_val / 2, 0, 10)

    def save_results(self, save_path, fig=None):
        plot_range = -5*self.effective_resolution, 5*self.effective_resolution
        if fig is None:
            self.fig, axes = plt.subplots(1, 3, figsize=(11, 3))
        else:
            fig.clf()
            self.fig = fig
            gs = fig.add_gridspec(1, 3)
            axes = (fig.add_subplot(gs[0, 0]), fig.add_subplot(gs[0, 1]),  fig.add_subplot(gs[0, 2]))
        #self.fig.set_tight_layout(True)
        axes[0].plot((self.coords_sorted-self.edge_position), self.edge_sorted, ',')
        axes[0].plot((self.inpt_coords-self.edge_position)[self.outside_len:-self.outside_len], self.inpt_edge[self.outside_len:-self.outside_len])
        axes[0].set_xlabel('position (centered)'); axes[0].set_ylabel('edge image gray value')
        axes[1].plot(self.x, self.PSF)
        axes[1].set_xlabel('position (centered)'); axes[1].set_ylabel('psf')
        axes[1].set_xlim(*plot_range)
        axes[2].plot(self.u, self.MTF, label='estimated MTF')
        axes[2].set_xlabel('spatial frequency (pixelsize = 1)'); axes[2].set_ylabel('MTF')
        axes[0].grid(); axes[1].grid(), axes[2].grid()
        axes[2].set_ylim(0, None)
        if np.isfinite(self.FWHM):
            axes[1].vlines((-self.hwhm_left, self.hwhm_right), 0., self.PSF.max(), linestyles='dashed')
        
        if hasattr(self, 'fit_result'):
            self.fig.axes[2].plot(self.u, self.model_func(self.u, *self.fit_popt), label='MTF fit')
            self.fig.axes[2].legend()

        #plt.close(self.fig)
        if save_path is not None:
            assert_base_folder_exists(save_path)
            self.fig.savefig(save_path+'_MTF_plots.pdf')

            if hasattr(self, 'fit_result'):
                with open(save_path + '_MTF_fit.json', 'w') as file:
                    json.dump(self.fit_result, file)

            assert_base_folder_exists(save_path)
            data = np.vstack((self.u, self.MTF)).swapaxes(0, 1)
            np.savetxt(save_path+'_MTF_data.txt', data, header="MTF estimate result\nMTF coordinates (spatial frequency), MTF values")
            data = np.vstack((self.x, self.PSF)).swapaxes(0, 1)
            np.savetxt(save_path+'_PSF_data.txt', data, header=f"PSF estimate result\nPSF coordinates (centered), PSF values\nFWHM: {self.FWHM:.2f}")

            print(f'saved results to {os.path.abspath(save_path+"*")}')


#@numba.njit(nogil=True)
def interpolate_smooth_mean(coords, edge_image, intp_coords):
    intp_edge_sum = np.zeros(intp_coords.shape, np.float64)
    intp_edge_num = np.zeros(intp_coords.shape, np.int64)
    increment = intp_coords[1] - intp_coords[0]
    edge_len = intp_edge_sum.shape[0]

    for k in range(coords.shape[0]):
        write_index = np.int64(coords[k] / increment + 0.5)
        if 0 <= write_index < edge_len:
            intp_edge_sum[write_index] += edge_image[k]
            intp_edge_num[write_index] += 1
        # print(k, write_index, coords_sorted[k]+coords_offset, intp_coords[write_index]+coords_offset, edge_sorted[k])

    #print(intp_edge_num[:20], intp_edge_num[-20:])
    return intp_edge_sum / intp_edge_num


class MTF_Evaluator:
    def __init__(self, edge_image: np.ndarray, save_path: (str, None) = None,
                 edge_angle: (float, None) = None, oversampling_factor: int = 4, angle_search_range: tuple = (-20, 20),
                 divby_sinc: bool = True, fit_model=True, FWHM_compute_MTF_range=8, edge_detection_sigma=2, fourier_precision=512):
        ''' compute the MTF from a tilted edge image measurement

        - actual tilt should be smaller than 10 degrees (angle relative to y-axis)
        - an image with a horizontal edge must be flipped (use array.swapaxes(0, 1))
        - the egde may be left-right or right-left
        - the algorithm applies a lot of subpixel smoothing and will work for very noisy images or uneven edges,
          but may not be ideal for images with little noise
        - the calculated MTF may possibly not fall below 0.1 due to noise (higher for severe noise),
          even if the actual MTF goes to zero (have at least 1000 counts for a edge image)
        - the real MTF should satisfy the nyquist criterion (MTF(u_max) = 0) to get good results,
          MTF(u_max) > 0.5 will have systematic errors (estimated MTF < real MTF)
        - after the object is initialized it will hold the evaluation results


        :param edge_image:      image containing an edge
        :param save_path:       save the plot and raw data to disk (file endings will be appended to the path given)
        :param edge_angle:      angle of the edge, can be found with find_edge_angle()
                                if == None, edge angle is determined automatically (see angle_search_range)
        :param oversampling_factor:      oversampling factor, higher values do more subpixel smoothing
        :param angle_search_range:      search range for automatic determination of edge angle
        :param divby_sinc:      divide by the sinc part of the MTF (pixel area MTF), recommended to leave on
        :param fit_model:       try to fit a voigt MTF
        :param FWHM_compute_MTF_range:  if a FWHM could be estimated, restrict MTF computation range to +- FWHM_compute_MTF_range*FWHM
        :param edge_detection_sigma:    amount of blur to apply to the edge image for detecting the edge image
        '''

        self.save_path = save_path
        self.divby_sinc = divby_sinc
        self.oversampling_factor = oversampling_factor
        self.fourier_precision = fourier_precision
        assert oversampling_factor < edge_image.shape[0]//8

        if edge_angle is None:
            edge_image_smooth = gaussian_filter(edge_image, sigma=edge_detection_sigma, mode='nearest')
            try:
                edge_angle = iter_find_edge_angle(edge_image_smooth, angle_search_range)
            except RuntimeError: # try again with image rotated by 90 degrees
                edge_angle = iter_find_edge_angle(edge_image_smooth.swapaxes(0, 1), angle_search_range)
                edge_image = edge_image.swapaxes(0, 1)

        self.edge_angle = edge_angle

        increment = np.tan(np.deg2rad(edge_angle))
        self.outside_len = int(abs(np.ceil(increment*edge_image.shape[0]))/2)*oversampling_factor

        sampling_distance = 1 * np.cos(np.deg2rad(edge_angle))
        coordiantes_shifted = _get_shifted_coordinates(edge_image, edge_angle, sampling_distance=sampling_distance)

        coords_unsorted = coordiantes_shifted.flatten()
        sort_indices = np.argsort(coords_unsorted)
        self.coords_flat = coords_unsorted[sort_indices]
        self.edge_image_flat = edge_image.flatten()[sort_indices]
        edge_image_flat = median_filter(self.edge_image_flat, int(edge_image.shape[0]/3), mode='nearest')
        gauss_blur_len = edge_image.shape[0]/10
        edge_image_flat = gaussian_filter1d(edge_image_flat, gauss_blur_len, mode='nearest')
        self.gaussian_data_blur = gauss_blur_len/edge_image.shape[0]

        #coords_min, coords_max = self.coords_flat.min(), self.coords_flat.max()
        #num_samples = np.int64(edge_image.shape[1]*oversampling_factor)
        self.coords_oversampled = np.linspace(0, edge_image.shape[1], oversampling_factor*edge_image.shape[1]+1,
                                              endpoint=True, dtype='f8')
        #print(self.coords_oversampled[1]-self.coords_oversampled[0], oversampling_factor)
        #print(num_samples, self.coords_oversampled[-20:], np.sort(self.coords_flat)[-20:], sep='\n')

        self.edge_oversampled = interpolate_smooth_mean(self.coords_flat, edge_image_flat, self.coords_oversampled)
        #self.edge_oversampled = median_filter(self.edge_oversampled, 3, mode='nearest')
        #print(np.isnan(self.edge_oversampled).sum(), self.edge_oversampled)

        #if oversampling_factor >= 4:
            #self.edge_oversampled = median_filter(self.edge_oversampled, int(oversampling_factor*0.7), mode='nearest')
            #self.edge_oversampled = gaussian_filter1d(self.edge_oversampled, oversampling_factor*0.2, mode='nearest')

        self.PSF = np.copy(self.edge_oversampled[1:] - self.edge_oversampled[:-1])
        self.PSF = self.PSF * np.sign(np.nanmean(self.PSF)) * oversampling_factor
        self.x = np.copy(self.coords_oversampled[:-1])
        self.PSF = self.PSF[self.outside_len:-self.outside_len]
        self.x = self.x[self.outside_len:-self.outside_len]
        self.PSF[~np.isfinite(self.PSF)] = 0

        self.edge_position = self.x[np.argmax(self.PSF)]
        self.x -= self.edge_position

        try:
            self.estimate_FWHM()
        except Exception as err:
            self.FWHM = np.NaN
            print(f'FWHM failed with {repr(err)}')
            raise

        try:
            assert FWHM_compute_MTF_range > 3.
            mask = np.logical_and(np.greater(self.x, -FWHM_compute_MTF_range*self.FWHM), np.less(self.x, FWHM_compute_MTF_range*self.FWHM))
            self.compute_MTF(self.PSF[mask])
            print(f'FWHM = {self.FWHM:.2f} px (MTF was calculated on +- {FWHM_compute_MTF_range:.1f} FWHM)')
        except Exception as err:
            print('WARNING: restricting MTF computation around PSF peak failed, higher spatial frequencies of MTF will have a signficant error')
            self.compute_MTF(self.PSF)
            if np.isfinite(self.FWHM):
                print(f'FWHM = {self.FWHM:.2f} px (MTF was calculated on whole length)')

        try:
            self.effective_resolution = 1 / (2 * max(self.u[self.MTF > 0.2]))
            print(f'effective resolution (at 20 % MTF) = {self.effective_resolution:.2f} px')

        except:
            self.effective_resolution = 0.5
            print(f'self.effective_resolution failed')


        if fit_model:
            self.fit_model()

        self.save_results(save_path, None)  # will only generate plots if save_path is None

    def compute_MTF(self, PSF):
        if len(PSF) < self.fourier_precision:
            padded = np.zeros(self.fourier_precision, 'f8')
            padded[:len(PSF)] = PSF
            #k = 0
            #while k < 512//len(PSF):
            #    padded[len(PSF)*k:len(PSF)*(k+1)] = PSF[::(-1)**k]
            #    k += 1
            PSF = padded

        ft = np.fft.rfft(PSF)
        self.MTF = np.sqrt(ft.real**2 + ft.imag**2)
        self.MTF = median_filter(self.MTF, 3, mode='nearest')
        self.u = np.fft.rfftfreq(len(PSF), 1 / self.oversampling_factor)

        actual_range = self.u <= 0.5  # 0.5 is the actual nyquist frequency
        self.MTF = self.MTF[actual_range] / self.MTF[0]
        self.u = self.u[actual_range]

        if self.divby_sinc:
            self.MTF /= np.sinc(self.u)

        self.MTF /= image.fourier.MTF_gauss(self.u, self.gaussian_data_blur)
    # print(self.intp_edge)

    def fit_model(self, model_func=image.fourier.MTF_voigt, params=('sigma', 'mu'), **kwargs):
        '''
        Fit a model function to the MTF generated before.

        The default model function is a product of a gauss and a exp function, which usually works well for x-ray imaging.
        For this model, the two fit parameters are somewhat anticorrelated, so it is better to compare the resulting MTFs.
        A typical systematic error from noise in the image is that the parameter mu is higher at the cost of sigma.

        MTF_Evaluator.model_func(u, *MTF_Evaluator.fit_popt) will plot the fit result (see save_results())

        :param model_func:  callable which represents the model with model_func(u, **params)
        :param params:      parameter names for model_func
        :param kwargs:      kwargs for scipy.optimize.curve_fit
        :return:
        '''
        kwargs.setdefault('bounds', (0, np.inf))
        try:
            popt, pcov = curve_fit(model_func, self.u, self.MTF, **kwargs)
            result = self.print_fit_result(popt, pcov, params)
            if self.save_path is not None:
                with open(self.save_path + '_MTF_fit.json', 'w') as file:
                    json.dump(result, file)

            self.fit_result = result
            self.fit_popt = popt
            self.fit_pcov = pcov
            self.model_func = model_func
            return popt, pcov, result

        except RuntimeError as exc:
            print(f'WARNING: fit failed with {repr(exc)}')
            return None, None, {}

    @staticmethod
    def print_fit_result(popt, pcov, params):
        result = {}
        print('MTF model fit result:')
        for opt, std, param in zip(popt, np.sqrt(np.diag(pcov)), params):
            print(f'{param}: {opt:.5g} +- {std:.4g}')
            result[param] = opt
            result[param + '_err'] = std
        return result

    def estimate_FWHM(self, med_smooth=None):
        loc = self.x <= 0
        self.x_left = self.x[loc]
        PSF_left = self.PSF[loc]
        if med_smooth is not None:
            PSF_left = median_filter(PSF_left, med_smooth, mode='nearest')
        loc = self.x >= 0
        self.x_right = self.x[loc]
        PSF_right = self.PSF[loc]
        if med_smooth is not None:
            PSF_right = median_filter(PSF_right, med_smooth, mode='nearest')
        del loc
        max_val = self.PSF.max()
        self.hwhm_left = float(-interp1d(PSF_left, self.x_left, bounds_error=False)(max_val / 2))
        self.hwhm_right = float(interp1d(PSF_right, self.x_right, bounds_error=False)(max_val / 2))
        self.FWHM = self.hwhm_left + self.hwhm_right

    def save_results(self, save_path, fig=None):
        plot_range = -5 * self.effective_resolution, 5 * self.effective_resolution
        if fig is None:
            self.fig, axes = plt.subplots(1, 3, figsize=(11, 3))
        else:
            fig.clf()
            self.fig = fig
            gs = fig.add_gridspec(1, 3)
            axes = (fig.add_subplot(gs[0, 0]), fig.add_subplot(gs[0, 1]), fig.add_subplot(gs[0, 2]))
        # self.fig.set_tight_layout(True)
        axes[0].plot((self.coords_flat - self.edge_position), self.edge_image_flat, ',')
        axes[0].plot((self.coords_oversampled - self.edge_position), self.edge_oversampled)
        axes[0].set_xlabel('position (centered)');
        axes[0].set_ylabel('edge image gray value')
        PSF = median_filter(self.PSF, int(self.oversampling_factor*0.7+1), mode='nearest')
        PSF= gaussian_filter1d(PSF, self.oversampling_factor*0.4, mode='nearest')
        axes[1].plot(self.x, PSF)
        axes[1].set_xlabel('position (centered)');
        axes[1].set_ylabel('psf')
        axes[1].set_xlim(*plot_range)
        axes[2].plot(self.u, self.MTF, label='estimated MTF')
        axes[2].set_xlabel('spatial frequency (pixelsize = 1)');
        axes[2].set_ylabel('MTF')
        axes[0].grid();
        axes[1].grid(), axes[2].grid()
        axes[2].set_ylim(0, None)
        if np.isfinite(self.FWHM):
            axes[1].vlines((-self.hwhm_left, self.hwhm_right), 0., self.PSF.max(), linestyles='dashed')

        if hasattr(self, 'fit_result'):
            self.fig.axes[2].plot(self.u, self.model_func(self.u, *self.fit_popt), label='MTF fit')
            self.fig.axes[2].legend()

        # plt.close(self.fig)
        if save_path is not None:
            assert_base_folder_exists(save_path)
            self.fig.savefig(save_path + '_MTF_plots.pdf')

            if hasattr(self, 'fit_result'):
                with open(save_path + '_MTF_fit.json', 'w') as file:
                    json.dump(self.fit_result, file)

            assert_base_folder_exists(save_path)
            data = np.vstack((self.u, self.MTF)).swapaxes(0, 1)
            np.savetxt(save_path + '_MTF_data.txt', data,
                       header="MTF estimate result\nMTF coordinates (spatial frequency), MTF values")
            data = np.vstack((self.x, self.PSF)).swapaxes(0, 1)
            np.savetxt(save_path + '_PSF_data.txt', data,
                       header=f"PSF estimate result\nPSF coordinates (centered), PSF values\nFWHM: {self.FWHM:.2f}")

            print(f'saved results to {os.path.abspath(save_path + "*")}')


def generate_test_edge_image(shape=(200, 150), smooth_strength=1.5, rep_len=10, intensity=1000, dark=80, OS_factor=16):
    edge_image = np.zeros(tuple(k*OS_factor for k in shape), 'f4')
    for k in range(edge_image.shape[0]):
        start = edge_image.shape[1]//2 + (k-edge_image.shape[0]//2)//rep_len
        edge_image[k, :start] = 1.
    edge_image = gaussian_filter(edge_image, smooth_strength*OS_factor)
    edge_image = image.resize.bin_down_image(edge_image, OS_factor)
    edge_image = (np.random.poisson(edge_image*intensity+dark)/(intensity+dark)).astype('f4')
    return edge_image, -np.rad2deg(np.arctan(1/rep_len))

def assert_base_folder_exists(fname):
    folder = os.path.split(fname)[0]
    if folder != '' and not os.path.isdir(folder):
        os.makedirs(folder)







tomis/evaluation/README.md

# Readme for tomis.evaluation

This package contains several tools to evaluate image quality:

- `MTF.py`: Compute a MTF from a tilted edge measurement.

- `SNR_spectra.py`: Compute SNR Spectra from an image series measurement.

- `ball_phantom.py`: Compute properties of a ball phantom volume image, used for evaluating DE(u).

The above listed modules all have corresponding Jupyter Notebooks for simulation/testing (\*-simulation.ipynb) and/or application templates (\*-application.ipynb).

The main evaluation functions also typically have documentation available via `help([function])`.

Additional notebooks show how to use other modules:

- `image_registration-simulation.ipynb`: shows how to use tomis.image.registration, a real space image registration module using GPU computing.







tomis/evaluation/SNR_spectra-application.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "from evaluation.notebook import *\n",
    "from evaluation.SNR_spectra import *\n",
    "\n",
    "print('\\n=== printing the docstring for the main function ===')\n",
    "help(estimate_SNR)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# Template\n",
    "\n",
    "These cells are intended to be modified to run an evaluation on actual data."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# a) define data folders\n",
    "\n",
    "# fill folder names here:\n",
    "base_path = ''\n",
    "images_folders = [os.path.join(base_path, folder) for folder in [\n",
    "    'images1',\n",
    "    'images2'\n",
    "]]\n",
    "refs_folders = [os.path.join(base_path, folder) for folder in [\n",
    "    'refs1', # entries may be None\n",
    "    'refs2'\n",
    "]]\n",
    "dark_folders = [os.path.join(base_path, folder) for folder in [\n",
    "    'darks1', # entries may be None\n",
    "    'darks2'\n",
    "]]\n",
    "\n",
    "view3 = slice(None, None), slice(None, None), slice(None, None)  # default value for slice\n",
    "\n",
    "# load stack average to select evaluation area\n",
    "image = file.volume.Reader(images_folders[0]).get_stack_average()\n",
    "ref = file.volume.Reader(refs_folders[0]).get_stack_average()\n",
    "dark = file.volume.Reader(dark_folders[0]).get_stack_average()\n",
    "\n",
    "test_image = (image - dark)/(ref - dark)\n",
    "fig1 = show_image(test_image)\n",
    "display(fig1)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# b) select evaluation area\n",
    "# select an area that contains lots of signal\n",
    "# all compared parameters need to be evaluated at the same area or need to be measured on a homogenous sample\n",
    "view = slice(300, 800), slice(200, 700)\n",
    "fig2 = show_image(test_image[view])\n",
    "display(fig2)\n",
    "view3 = slice(None, None), *view"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# c) compute and plot the SNR curves\n",
    "# fill parameters here\n",
    "result_path = ''\n",
    "description_str = ''\n",
    "parameter_1 = []  # use only if needed\n",
    "parameter_2 = []  # use only if needed\n",
    "\n",
    "# refs = ImagesReader(0, refs_folder).load_all()  # use this line if all series use the same refs \n",
    "                                                  # define refs_folder above\n",
    "\n",
    "filterer = ImageSeriesPixelArtifactFilterer()\n",
    "\n",
    "results = []\n",
    "figure = None\n",
    "for k in range(len(images_folders)):\n",
    "    data = file.volume.Reader(images_folders[k]).load_all()\n",
    "    refs = file.volume.Reader(refs_folders[k]).load_all() # possibly move out of the loop if only one ref\n",
    "    darks = file.volume.Reader(dark_folders[k]).load_all() # if not needed, delete this line and usage below\n",
    "    \n",
    "    SNR_eval = SNR_Evaluator()\n",
    "     \n",
    "    SNR_eval.estimate_SNR(data[view3], refs[view3], darks[view3], series_filterer=filterer,\n",
    "        save_path=os.path.join(result_path, f'SNR(u)_{description_str}_{parameter_1[k]:.2f}_{parameter_2[k]:.2f}'))\n",
    "    \n",
    "    figure = SNR_eval.plot(figure, f'{description_str}_{parameter_1[k]:.2f}_{parameter_2[k]:.2f}')\n",
    "    # passing an existing figure here will plot all SNR curves into one figure\n",
    "    \n",
    "    results.append(SNR_eval)\n",
    "\n",
    "SNR_eval.finalize_figure(figure, save_path=None) # this saves the plots\n",
    "display(figure)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 1
}







tomis/evaluation/SNR_spectra-simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "from evaluation.notebook import *\n",
    "from evaluation.SNR_spectra import *\n",
    "\n",
    "print('\\n=== printing the docstring for the main function ===')\n",
    "help(estimate_SNR)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## Contents\n",
    "\n",
    "1\\. Simulation - shows how this works and show example evaluation\n",
    "\n",
    "    a) generate test data\n",
    "    \n",
    "    b) estimate SNR without flats/refs+darks\n",
    "    \n",
    "    c) estimate SNR with flats/refs but no darks\n",
    "    \n",
    "    d) configure pixel defect removal\n",
    "    \n",
    "    e) inaccurate SNR estimate without pixel defect removal\n",
    "    \n",
    "    f) generate test data with darks\n",
    "    \n",
    "    g) estimate SNR with flats/refs and darks\n",
    "   \n",
    "2\\. optimal measurement parameters\n",
    "\n",
    "*some simulations to choose the correct measurement parameters*\n",
    "   \n",
    "# 1. Simulation\n",
    "\n",
    "## simple, no refs/flats\n",
    "\n",
    "Warning: Do not use this for images that are already flat/dark corrected, it would result in reduced accuracy."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# a) generate test data\n",
    "base_intensity = 500\n",
    "test_projs, test_proj = generate_test_data(base_intensity=base_intensity, shape=(700, 700))\n",
    "    \n",
    "test_flats = random.poisson(ones_like(test_projs)*base_intensity)\n",
    "show_image(test_projs.mean(axis=0), figsize=(10, 10))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# b) estimate SNR without flats/refs+darks\n",
    "u, S, N, SNR, avg_image = estimate_SNR(test_projs, save_path='SNR_test_result')\n",
    "\n",
    "PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "S_coord, S_actual = PS.radial_power_spectrum(test_proj)\n",
    "\n",
    "fig, axes = plt.subplots(1, 3, figsize=(12, 4), tight_layout=True)\n",
    "\n",
    "axes[0].semilogy(u, SNR, label='computed SNR')\n",
    "axes[0].semilogy(u, S_actual/base_intensity, label='actual')\n",
    "#axes[0].set_ylim(detect_lower_SNR_limit(SNR), None)\n",
    "axes[1].semilogy(u, S, label='computed signal power spectrum')\n",
    "axes[1].semilogy(u, S_actual, label='actual')\n",
    "#axes[1].set_ylim(detect_lower_SNR_limit(S), None)\n",
    "axes[2].plot(u, N, label='computed noise power spectrum')\n",
    "axes[2].plot(u, ones_like(N)*mean(N), label='mean of computed')\n",
    "axes[2].plot(u, ones_like(N)*sqrt(mean(test_proj**2)), label='actual')\n",
    "\n",
    "[ax.legend() for ax in axes]; [ax.grid() for ax in axes]\n",
    "[axes[k].set_title(t) for k, t in enumerate(('SNR', 'signal power spectra', 'noise'))]\n",
    "[apply_u_scale(ax, 1.0, 'px') for ax in axes]\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig, axes = plt.subplots(1, 3, figsize=(12, 4), tight_layout=True)\n",
    "\n",
    "axes[0].plot(u, SNR/(S_actual/base_intensity)-1, label='relative error')\n",
    "axes[1].plot(u, S/S_actual-1, label='relative error')\n",
    "axes[2].plot(u, N/sqrt(mean(test_proj**2))-1, label='relative error')\n",
    "\n",
    "[ax.legend() for ax in axes]; [ax.grid() for ax in axes]\n",
    "[axes[k].set_title(t) for k, t in enumerate(('SNR', 'signal power spectra', 'noise'))]\n",
    "[apply_u_scale(ax, 1.0, 'px') for ax in axes]\n",
    "\n",
    "display(fig)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## with refs/flats"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# c) estimate SNR with flats/refs but no darks\n",
    "u, S, N, SNR, mean_im = %time estimate_SNR(test_projs, refs=test_flats)\n",
    "\n",
    "PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "u, S_actual = PS.radial_power_spectrum(test_proj/base_intensity)\n",
    "\n",
    "fig, axes = plt.subplots(1, 3, figsize=(12, 4), tight_layout=True)\n",
    "\n",
    "axes[0].semilogy(u, SNR, label='computed SNR')\n",
    "axes[0].semilogy(u, S_actual*base_intensity, label='actual')\n",
    "axes[0].set_ylim(detect_lower_SNR_limit(SNR), None)\n",
    "axes[1].semilogy(u, S, label='computed signal power spectrum')\n",
    "axes[1].semilogy(u, S_actual, label='actual')\n",
    "axes[1].set_ylim(detect_lower_SNR_limit(S), None)\n",
    "axes[2].plot(u, N, label='computed noise power spectrum')\n",
    "axes[2].plot(u, ones_like(N)*mean(N), label='mean of computed')\n",
    "axes[2].plot(u, ones_like(N)/sqrt(mean(test_proj**2)), label='actual')\n",
    "\n",
    "[ax.legend() for ax in axes]; [ax.grid() for ax in axes]\n",
    "[axes[k].set_title(t) for k, t in enumerate(('SNR', 'signal power spectra', 'noise'))]\n",
    "[apply_u_scale(ax, 1.0, 'px') for ax in axes]\n",
    "\n",
    "display(fig)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## with refs/flats and darks"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# f) generate test data with darks\n",
    "base_intensity = 500\n",
    "dark_intensity = 10\n",
    "\n",
    "test_projs, test_proj = generate_test_data(base_intensity=base_intensity)\n",
    "\n",
    "test_flats = random.poisson(ones_like(test_projs)*(base_intensity+dark_intensity))\n",
    "test_darks = random.poisson(ones_like(test_projs)*dark_intensity)\n",
    "test_projs += random.poisson(ones_like(test_projs)*dark_intensity)\n",
    "\n",
    "show_image(test_projs[0]/test_flats.mean(axis=0), figsize=(5, 5))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# g) estimate SNR with flats/refs and darks\n",
    "u, S, N, SNR, mean_im = %time estimate_SNR(test_projs, refs=test_flats, darks=test_darks)\n",
    "\n",
    "PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "u, S_actual = PS.radial_power_spectrum(test_proj/base_intensity)\n",
    "\n",
    "fig, axes = plt.subplots(1, 3, figsize=(12, 4), tight_layout=True)\n",
    "\n",
    "axes[0].semilogy(u, SNR, label='computed SNR')\n",
    "axes[0].semilogy(u, S_actual*base_intensity, label='actual')\n",
    "axes[0].set_ylim(detect_lower_SNR_limit(SNR), None)\n",
    "axes[1].semilogy(u, S, label='computed signal power spectrum')\n",
    "axes[1].semilogy(u, S_actual, label='actual')\n",
    "axes[1].set_ylim(detect_lower_SNR_limit(S), None)\n",
    "axes[2].plot(u, N, label='computed noise power spectrum')\n",
    "axes[2].plot(u, ones_like(N)*mean(N), label='mean of computed')\n",
    "axes[2].plot(u, ones_like(N)/mean(test_proj), label='actual (with dark noise)')\n",
    "\n",
    "[ax.legend() for ax in axes]; [ax.grid() for ax in axes]\n",
    "[axes[k].set_title(t) for k, t in enumerate(('SNR', 'signal power spectra', 'noise'))]\n",
    "[apply_u_scale(ax, 1.0) for ax in axes]\n",
    "[ax.set_xlabel('spatial frequency [px]') for ax in axes]\n",
    "\n",
    "display(fig)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## pixel defect removal configuration\n",
    "\n",
    "#### ==== WARNING ==== \n",
    "\n",
    "The SNR estimate will be highly inaccurate if pixel defects are present but not removed. \n",
    "\n",
    "This will typically have the effect that the SNR appears to be constantly high over most of the frequency range.\n",
    "\n",
    "In actual applications, this effect is usually less severe than in this example.\n",
    "\n",
    "These artifacts can often not be fully suppressed. If they are reduced to a magnitude of 0.001, it is often sufficiently good.\n",
    "\n",
    "pixel defects should usually account for less than 1 % of the pixels, here we have 0.2 %.\n",
    "\n",
    "The filter will also remove NaN and inf values from the series, if present."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# this simulates images with pixel defects\n",
    "base_intensity = 500\n",
    "test_projs_d, test_proj_d = generate_test_data(base_intensity=base_intensity, add_pixel_defects=True, shape=(700, 700))\n",
    "test_flats_d = random.poisson(ones_like(test_projs_d)*base_intensity)\n",
    "\n",
    "# d) configure pixel defect removal\n",
    "filterer = ImageSeriesPixelArtifactFilterer()\n",
    "#filterer.defect_threshold = np.sqrt(base_intensity/test_projs.shape[0])*10\n",
    "filterer.verbose = True\n",
    "\n",
    "filterer.defect_threshold = 0.001  # too low, produces warning\n",
    "filterer.test(test_projs_d, test_flats_d)\n",
    "\n",
    "filterer.defect_threshold = 0.3  # good\n",
    "filterer.test(test_projs_d, test_flats_d)\n",
    "\n",
    "filterer.defect_threshold = 100  # too high, no warning (!)\n",
    "filterer.test(test_projs_d, test_flats_d)\n",
    "\n",
    "filterer.defect_threshold = 0.05\n",
    "test_projs_f = %time filterer(test_projs_d/test_flats_d.mean(axis=0))\n",
    "\n",
    "test_im = test_projs_d.mean(axis=0)/test_flats_d.mean(axis=0)\n",
    "\n",
    "display(show_images([test_im, test_projs_f.mean(axis=0)], \n",
    "                    figsize=(10, 5), scale_individually=False, perc_val=(0.1, 99.9)))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# e) inaccurate SNR estimate without pixel defect removal\n",
    "\n",
    "PS = image.fourier.PowerSpectrumCalculator(test_projs_d.shape[1:])\n",
    "u, S_actual = PS.radial_power_spectrum(test_proj_d/base_intensity)\n",
    "\n",
    "fig, axes = plt.subplots(1, 3, figsize=(12, 4), tight_layout=True)\n",
    "\n",
    "labels = 'defects filtered', 'with defects'\n",
    "for k, test_projs_ in enumerate((test_projs_f, test_projs_d)):\n",
    "    u, S, N, SNR, mean_im = %time estimate_SNR(test_projs_, refs=test_flats_d)\n",
    "    axes[0].semilogy(u, SNR, label=labels[k])\n",
    "    axes[1].semilogy(u, S, label=labels[k])\n",
    "    axes[2].plot(u, N, label=labels[k])\n",
    "    \n",
    "axes[0].semilogy(u, S_actual*base_intensity, label='actual')\n",
    "axes[0].set_ylim(detect_lower_SNR_limit(SNR), None)\n",
    "axes[1].semilogy(u, S_actual, label='actual')\n",
    "axes[1].set_ylim(detect_lower_SNR_limit(S), None)\n",
    "axes[2].plot(u, ones_like(N)/mean(test_proj_d), label='actual')\n",
    "    \n",
    "[ax.legend() for ax in axes]; [ax.grid() for ax in axes]\n",
    "[axes[k].set_title(t) for k, t in enumerate(('SNR', 'signal power spectra', 'noise'))]\n",
    "[apply_u_scale(ax, 1.0, 'px') for ax in axes]\n",
    "\n",
    "display(fig)\n",
    "print('without defect removal is NOT how an evaluation should be done and the results are inaccurate')\n",
    "print('even with defect removal, the higher spatial frequencies are wrong')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 2. optimal measurement parameters\n",
    "\n",
    "the aim is to reduce the errors while keeping measurement times low\n",
    "\n",
    "note that different signal strengths change the optimal setup\n",
    "\n",
    "### conclusion\n",
    "\n",
    "- a higher number of projections (=images) is translated almost linearly to a better lower limit (increasing both number of flats and number of images)\n",
    "- a higher number of counts only has a small effect on the lower limit\n",
    "- a very low intensity (e.g. 30 average counts) in the individual images is sufficient if a high number of images is used\n",
    "- taking a higher number of images is more time efficient than longer exposure times\n",
    "- taking more flats/refs than images is good for precision\n",
    "\n",
    "### recommendations\n",
    "\n",
    "- 100 images per SNR measurement are recommended for a high precision. If this is impossible, take as many images as reasonably possible.\n",
    "- 100 counts per image are probably sufficient, but do not go above 500 counts.\n",
    "- Less than 1000 counts in sum (e.g. 25x40) is not recommended.\n",
    "- The product of the number of images and the counts should be larger than the number of counts in a normal image\n",
    "- If the flats/refs are reused for several image series, then take many more flats/refs than images. Example: 10 parameters with 100 images each and 300 flats/refs.\n",
    "\n",
    "### suggested setups (examples)\n",
    "\n",
    "- high precision: 100 images with 100-200 counts each\n",
    "- medium precision: 60 images with 60-200 counts each\n",
    "- low precisions: 30 images with 40-200 counts each"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "def geometric_mean_diff(arr1, arr2):\n",
    "    return exp(np.nanmean(np.abs(log(arr1)-log(arr2))))\n",
    "\n",
    "def estimate_SNR_error(SNR_estimate, SNR_actual):\n",
    "    lower_limit = detect_lower_SNR_limit(SNR_estimate)\n",
    "    loc = SNR_estimate > lower_limit*3\n",
    "    loc &= SNR_estimate < lower_limit*1e2\n",
    "    gavg_err = geometric_mean_diff(SNR_estimate[loc], SNR_actual[loc])\n",
    "    return gavg_err, lower_limit\n",
    "\n",
    "def estimate_SNR_error_comparable(SNR_estimate, SNR_actual, max_bin):\n",
    "    lower_limit = detect_lower_SNR_limit(SNR_estimate)\n",
    "    gavg_err = geometric_mean_diff(SNR_estimate[:max_bin], SNR_actual[:max_bin])\n",
    "    return gavg_err, lower_limit\n",
    "\n",
    "base_intensities = (10, 30, 100, 300, 1000)\n",
    "nprojs = (2, 10, 50, 250)\n",
    "#base_intensities = (10, 30)\n",
    "#nprojs = (10, 100)\n",
    "max_nprojs = max(nprojs)\n",
    "print('WARNING: low_limit and err have a very low precision and vary a lot from run to run')\n",
    "\n",
    "for base_intensity in base_intensities:\n",
    "    test_projs, test_proj = generate_test_data((500, 500), base_intensity=base_intensity, nproj=max_nprojs, \n",
    "                                               add_pixel_defects=False)\n",
    "    test_flats = random.poisson(ones_like(test_projs)*base_intensity)\n",
    "    PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "    S_coord, S_actual = PS.radial_power_spectrum(test_proj/base_intensity)\n",
    "    print('generated data')\n",
    "    if base_intensity < 50: # fix for division by zero\n",
    "        fmax(1, test_projs, out=test_projs)\n",
    "        fmax(1, test_flats, out=test_flats)\n",
    "    for nproj in nprojs:\n",
    "        low_limit = 0.\n",
    "        gavg_err = 0.\n",
    "        u_bins, S, N, SNR, mean_im = estimate_SNR(test_projs[:nproj], refs=test_flats[:nproj])\n",
    "        gavg_err, low_limit = estimate_SNR_error_comparable(SNR, S_actual*base_intensity, 12)\n",
    "        gavg_err -= 1\n",
    "        if low_limit is None: low_limit = 0.0\n",
    "        \n",
    "        print(f'{base_intensity:4} counts x {nproj:4} images: low_limit = {low_limit:7.4e}; err = {gavg_err*100:7.1f} %')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "nprojs = (2, 3, 10, 30, 100, 300, 1000)\n",
    "max_nprojs = max(nprojs)\n",
    "nproj_other = 100\n",
    "print('WARNING: low_limit and err have a very low precision and vary a lot from run to run')\n",
    "\n",
    "base_intensity = 100\n",
    "test_projs, test_proj = generate_test_data((300, 300), base_intensity=base_intensity, nproj=max_nprojs, \n",
    "                                           add_pixel_defects=False)\n",
    "test_flats = random.poisson(ones_like(test_projs)*base_intensity)\n",
    "PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "S_coord, S_actual = PS.radial_power_spectrum(test_proj/base_intensity)\n",
    "print('generated data')\n",
    "if base_intensity < 50: # fix for division by zero\n",
    "    fmax(1, test_projs, out=test_projs)\n",
    "    fmax(1, test_flats, out=test_flats)\n",
    "    \n",
    "for nproj in nprojs:\n",
    "    u_bins, S, N, SNR, mean_im = estimate_SNR(test_projs[:nproj], \n",
    "                                              refs=test_flats[:nproj_other])\n",
    "\n",
    "    gavg_err, low_limit = estimate_SNR_error_comparable(SNR, S_actual*base_intensity, 12)\n",
    "    gavg_err -= 1\n",
    "    print(f'{base_intensity:4} counts x [{nproj:4} images, {nproj_other:4} flats]: low_limit = {low_limit:7.4e}; err = {gavg_err*100:7.1f} %')    \n",
    "\n",
    "for nproj in nprojs:\n",
    "    u_bins, S, N, SNR, mean_im = estimate_SNR(test_projs[:nproj_other], \n",
    "                                              refs=test_flats[:nproj])\n",
    "\n",
    "    gavg_err, low_limit = estimate_SNR_error_comparable(SNR, S_actual*base_intensity, 12)\n",
    "    gavg_err -= 1\n",
    "\n",
    "    print(f'{base_intensity:4} counts x [{nproj_other:4} images, {nproj:4} flats]: low_limit = {low_limit:7.4e}; err = {gavg_err*100:7.1f} %')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "base_intensity = 100\n",
    "nprojs         = (2, 10, 50, 250)\n",
    "max_nprojs = max(nprojs)\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(6, 6), tight_layout=True)\n",
    "\n",
    "test_projs, test_proj = generate_test_data((300, 300), base_intensity=base_intensity, nproj=max_nprojs, \n",
    "                                           add_pixel_defects=False)\n",
    "test_flats = random.poisson(ones_like(test_projs)*base_intensity)\n",
    "PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "u, S_actual = PS.radial_power_spectrum(test_proj/base_intensity)\n",
    "print('generated data')\n",
    "ax.semilogy(u, S_actual*base_intensity, label='actual')\n",
    "\n",
    "for nproj in nprojs:\n",
    "    u, S, N, SNR, mean_im = estimate_SNR(test_projs[:nproj], refs=test_flats[:nproj])\n",
    "    \n",
    "    fmax(SNR, detect_lower_SNR_limit(SNR), out=SNR)\n",
    "    ax.semilogy(u, SNR, label=f'computed SNR, nproj = {nproj}')\n",
    "\n",
    "ax.legend()\n",
    "ax.set_xlabel('spatial frequency')\n",
    "ax.set_ylabel('SNR (clipped to lower limit)')\n",
    "\n",
    "plt.show(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "base_intensities = (10, 30, 100, 300)\n",
    "nproj      = 50\n",
    "max_nprojs = max(nprojs)\n",
    "plotted_actual = False\n",
    "\n",
    "fig, ax = plt.subplots(1, 1, figsize=(6, 6), tight_layout=True)\n",
    "\n",
    "\n",
    "for base_intensity in base_intensities:\n",
    "    test_projs, test_proj = generate_test_data((300, 300), base_intensity=base_intensity, nproj=max_nprojs, \n",
    "                                               add_pixel_defects=False)\n",
    "    test_flats = random.poisson(ones_like(test_projs)*base_intensity)\n",
    "    if base_intensity < 50: # fix for division by zero\n",
    "        fmax(1, test_projs, out=test_projs)\n",
    "        fmax(1, test_flats, out=test_flats)\n",
    "    print('generated data')\n",
    "    \n",
    "    if not plotted_actual:\n",
    "        PS = image.fourier.PowerSpectrumCalculator(test_projs.shape[1:])\n",
    "        u, S_actual = PS.radial_power_spectrum(test_proj/base_intensity)\n",
    "        ax.semilogy(u, S_actual*100, label='actual')\n",
    "        plotted_actual = True\n",
    "        \n",
    "    u, S, N, SNR, mean_im = estimate_SNR(test_projs, refs=test_flats)\n",
    "    fmax(SNR, detect_lower_SNR_limit(SNR), out=SNR)\n",
    "    ax.semilogy(u, SNR/base_intensity*100, label=f'computed SNR (scaled to 100 counts), {base_intensity} counts')\n",
    "\n",
    "ax.legend()\n",
    "ax.set_xlabel('spatial frequency')\n",
    "ax.set_ylabel('SNR (clipped to lower limit)')\n",
    "\n",
    "plt.show(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.7.5"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}







tomis/evaluation/SNR_spectra.py

''' evaluation for SNR spectra measurements

see the corresponding jupyter notebook for usage examples and more documentation

written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:

Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
version = 1, 2
version_str = f'v{".".join([str(v) for v in version])}'
version_date = '2020-03-04'
print(f'{__name__} version {".".join([str(v) for v in version])} ({version_date})')


import os, json, numpy as np
from scipy.ndimage import median_filter, gaussian_filter
import image, file

try:
    import matplotlib.pyplot as plt
    import matplotlib as mpl
    colors = plt.rcParams['axes.prop_cycle'].by_key()['color']
    def get_color_ls(index):
        color = colors[index%len(colors)]
        ls = ['-', '--', ':'][(index//len(colors)) % 3]
        return color, ls
except ImportError: plt = None

VERBOSE = True


#  ======= SNR computations =======
class SNR_Evaluator():
    ''' class to estimate SNR(u) '''

    def __init__(self, data_source=None):
        """

        :param data_source: load results from a file (see load_result())
        """
        self.series_filterer = None

        self.label = None

        self.SNR = None
        self.S = None
        self.N = None

        self.S_ref = None
        self.N_ref = None

        self.S_dark = None
        self.N_dark = None

        self.avg_image = None

        self.data_type = ''
        self.properties = dict()

        if data_source is not None:
            self.load_result(data_source)

    def _get_S_N_SNR(self, images: np.ndarray, u_nbins='auto', apply_log=False, series_filterer=None,
                     use_drift_compensation=False):
        if series_filterer is not None:
            images = series_filterer(images)

        if apply_log:  # neglog and log are effectively identical for power spectra; needs to be done after filter
            np.clip(images, 1e-6, np.inf, out=images)
            np.log(images, out=images)

        K = images.shape[0]
        assert K > 1, 'there must be at least 2 images in a SNR series'
        mean_im = images.mean(axis=0)
        PSC = image.fourier.PowerSpectrumCalculator(mean_im.shape)

        if not use_drift_compensation:
            u, PS_K = PSC.radial_power_spectrum(mean_im, u_nbins)
            u, PS_j = PSC.radial_power_spectrum_avg(images, u_nbins)

            S = (PS_K - PS_j / K) / (1 - 1 / K)
            N = (PS_j - PS_K) / (1 - 1 / K)
            return u, S, N, S / N, mean_im

        else:
            u_nbins = PSC.auto_nbins()
            S, N = np.zeros(u_nbins, 'f4'), np.zeros(u_nbins, 'f4')
            for k in np.arange(K-1):
                images_part = images[k:k+2]
                u, PS_K = PSC.radial_power_spectrum(images_part.mean(axis=0), u_nbins)
                u, PS_j = PSC.radial_power_spectrum_avg(images_part, u_nbins)

                S += 2.*(PS_K - PS_j / 2.)
                N += 2.*(PS_j - PS_K)

            S /= (K-1)
            N /= (K-1)

            return u, S, N, S / N, mean_im

    def estimate_SNR(self, images: np.ndarray, refs: np.ndarray = None, darks: np.ndarray = None,
                     u_nbins='auto', series_filterer=None, apply_log=True, save_path=None, exposure_time=1.,
                     use_drift_compensation=False, pixelsize=1.0, pixelsize_units='px', compute_N0=False):
        '''
        estimate the SNR(u) of an imaging measurement experimental setup from a series of measured images
        the images must contain the same signal/object with different noise realizations

        Note that SNR_Evaluator.N_dark is the noise power spectrum of the subtracted dark image, not the
        noise power spectrum of the dark noise of the image itself. See also SNR_Evaluator.compute_N0().

        great care must be taken that if detector imperfections are present(e.g. dead pixels),
        these must be removed e.g. by passing a ImageSeriesPixelArtifactFilterer as the series_filterer arg
        Note: filtering defects beforehand is less effective if refs/flats are applied

        note that very small SNR cannot be estimated correctly and will instead appear artificially high
        this usually appears in the form of a false lower limit (e.g. at SNR=1e-2) at the higher spatial frequencies
        noise at this lower limit may appear as negative SNR values

        recommendations for measurement parameters
        - 50 images per SNR measurement are recommended. If this is impossible, take as many images as reasonably possible.
        - rule of thumb for exposure time: 1/10th of a realistic exposure time for actual measurements
          (100 x-ray counts per image can be sufficient if the signal is strong enough).
        - Less than 2000 counts in sum (e.g. 20x100) is not recommended.
        - Higher overall exposure times extend the usability of the measurement to higher spatial frequencies;
          if the lower frequencies are sufficient, then short measurements can be used.

        :param images:      measured images (3-dim array with series of 2D images or 4-dim array with series of 3D-images)
        :param refs:        reference/flat images (normalizes intensity without signal to 1), are used for artifact correction
        :param darks:       detector dark images, are used for artifact correction
        :param u_nbins:     number of bins for radially averaged spectra (default 'auto' uses 25 + sqrt(max(image_shape)) )
        :param series_filterer: an object which will remove pixel defects from an image series, callable which takes
                                an images stack and applies its filters (see e.g. ImageSeriesPixelArtifactFilterer)
        :param apply_log:   apply a logarithm if refs were given (should only minimally affect result)
        :param save_path:   save raw data to disk (file endings will be appended to the path given)
        :param exposure_time:   exposure time of the individual images, is used to scale SNR and N
        :param use_drift_compensation:  use an algorithm that is more robust against sample position or source
                                        intensity drift, but noisier
        :param pixelsize:   pixelsize of the measurement; if given, spatial frequency axis will have units of structure size in 1/(2*length)
        :param pixelsize_units: physical units of the pixelsize given, defaults to micrometers (valid LaTeX math code for matplotlib labels)
        :return:            u_bins, S_data, N_data, SNR_data, avg_image
        '''

        if pixelsize_units == 'px':
            print('WARNING: no pixelsize given, spatial frequency units will be meaningless')
        self.properties["pixelsize"] = float(pixelsize)
        self.properties["pixelsize_units"] = pixelsize_units
        self.properties["exposure_time"] = float(exposure_time)
        self.properties["series_shape"] = tuple(int(i) for i in images.shape)
        self.properties["save_path"] = save_path
        self.properties["use_drift_compensation"] = use_drift_compensation

        if refs is None and darks is None:
            self.u, self.S, self.N, self.SNR, self.avg_image = self._get_S_N_SNR(images, u_nbins, False,
                                                                                 series_filterer, use_drift_compensation)
            self.data_type = 'images_only'

        elif darks is None:
            self.properties["refs_shape"] = tuple(int(i) for i in refs.shape)

            data_im = np.nanmean(images, axis=0)
            ref_im = np.nanmean(refs, axis=0)

            series_data_noise = images / ref_im
            self.u, S_data, self.N, SNR_data, self.avg_image = self._get_S_N_SNR(
                series_data_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_data_noise

            series_ref_noise = data_im / refs
            self.u, self.S_ref, self.N_ref, SNR_ref, avg_image_ = self._get_S_N_SNR(
                series_ref_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_ref_noise

            self.S = S_data - self.N_ref / refs.shape[0]
            self.SNR = self.S / self.N
            self.data_type = 'images_refs'

        elif refs is None:
            self.properties["darks_shape"] = tuple(int(i) for i in darks.shape)

            data_im = np.nanmean(images, axis=0)
            dark_im = np.nanmean(darks, axis=0)

            series_data_noise = images - dark_im
            self.u, S_data, self.N, SNR_data, self.avg_image = self._get_S_N_SNR(
                series_data_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_data_noise

            series_dark_noise = data_im - darks
            self.u, self.S_dark, self.N_dark, SNR_dark, avg_image_ = self._get_S_N_SNR(
                series_dark_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_dark_noise

            self.S = S_data - self.N_dark / darks.shape[0]
            self.SNR = self.S / self.N
            self.data_type = 'images_darks'
            if compute_N0:
                self.compute_N0(darks, None, None, series_filterer, apply_log, use_drift_compensation)

        else:
            self.properties["refs_shape"] = tuple(int(i) for i in refs.shape)
            self.properties["darks_shape"] = tuple(int(i) for i in darks.shape)

            if refs.mean() < darks.mean(): print('WARNING: refs mean is smaller than darks mean, arguments swapped?')

            data_im = np.nanmean(images, axis=0)
            ref_im = np.nanmean(refs, axis=0)
            dark_im = np.nanmean(darks, axis=0)

            series_data_noise = (images - dark_im) / (ref_im - dark_im)
            self.u, S_data, self.N, SNR_data, self.avg_image = self._get_S_N_SNR(
                series_data_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_data_noise

            series_ref_noise = (data_im - dark_im) / (refs - dark_im)
            self.u, self.S_ref, self.N_ref, SNR_ref, avg_image_ = self._get_S_N_SNR(
                series_ref_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_ref_noise

            series_dark_noise = (data_im - darks) / (ref_im - darks)
            self.u, self.S_dark, self.N_dark, SNR_dark, avg_image_ = self._get_S_N_SNR(
                series_dark_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)
            del series_dark_noise

            N_ref_eff = self.N_ref / refs.shape[0]
            N_dark_eff = self.N_dark / darks.shape[0]
            self.S = S_data - N_ref_eff - N_dark_eff
            self.SNR = self.S / self.N
            self.data_type = 'images_refs_darks'
            if compute_N0:
                self.compute_N0(darks, data_im, ref_im, u_nbins, series_filterer, apply_log, use_drift_compensation)

        self.properties["data_type"] = self.data_type

        self.scale_power_spectra(pixelsize, self.avg_image.ndim)
        self.apply_exposure_time(exposure_time)

        if save_path is not None:
            self.save_result(save_path)

        return self.result()

    def scale_power_spectra(self, pixelsize, ndim):
        if pixelsize is not None:
            self.u *= 1/pixelsize

            factor = pixelsize**ndim
            self.S *= factor
            self.N *= factor
            if self.data_type == 'images_refs':
                self.N_ref *= factor
            elif self.data_type == 'images_refs_darks':
                self.N_ref *= factor
                self.N_dark *= factor

    def compute_N0(self, dark_images, image_mean=None, ref_mean=None, u_nbins='auto',
                   series_filterer=None, apply_log=True, use_drift_compensation=False):
        if ref_mean is not None:
            series_N0_noise = (image_mean - dark_images) / (ref_mean - dark_images.mean(axis=0))
        else:
            series_N0_noise = dark_images

        u, self.S0, self.N0, SNR_dark, avg_image_ = self._get_S_N_SNR(
            series_N0_noise, u_nbins, apply_log, series_filterer, use_drift_compensation)

        try:
            self.N0 *= self.properties['pixelsize']**(dark_images.ndim-1)
            if ref_mean is not None:
                self.N0 *= self.properties["exposure_time"]
            else:
                self.N0 /= self.properties["exposure_time"]
        except KeyError:
            print('WARNING: failed to scale N0 to pixelsize and exposure time, run estimate_SNR() before this function')
        return self.N0

    def apply_exposure_time(self, exposure_time):
        if self.data_type == 'images_only':
            self.SNR /= exposure_time
            self.N /= exposure_time

        elif self.data_type == 'images_refs':
            self.SNR /= exposure_time
            self.N *= exposure_time
            self.N_ref *= exposure_time

        elif self.data_type == 'images_refs_darks':
            self.SNR /= exposure_time
            self.N *= exposure_time
            self.N_ref *= exposure_time
            self.N_dark *= exposure_time

    def result(self):
        ''' return the result: u, S, N, SNR, avg_image '''
        return self.u, self.S, self.N, self.SNR, self.avg_image

    def save_result(self, save_name):
        ''' save the result  from estimate_SNR() to a csv file'''
        assert self.SNR is not None, 'no SNR evaluation done to save'
        data = np.vstack((self.u, self.SNR, self.S, self.N)).swapaxes(0, 1)
        assert_base_folder_exists(save_name)
        np.savetxt(save_name + '.txt', data,
                   header="SNR estimate result (radially averaged spectra)\n"
                          "spatial frequency, SNR, signal power spectrum, noise power spectrum\n"+json.dumps(self.properties)
                          )

        file.image.save(-self.avg_image.astype('f4'), save_name + '.tif')

    def load_result(self, save_name):
        SNR = np.genfromtxt(save_name).swapaxes(0, 1)
        self.u, self.SNR, self.S, self.N = SNR
        with open(save_name) as file:
            file.readline(); file.readline()
            properties = file.readline()
            if properties.startswith('# {'):
                self.properties = json.loads(properties[2:])

    def plot(self, figure: plt.Figure, label=None, only_snr=True):
        '''
        plot the result from estimate_SNR()

        :param figure:  create a new figure if None, else plot into this figure
                        the figure can have 1-3 axes and will plot SNR, S, N if axes are available
                        note: exposure times and pixelsizes of different measurements must be set to get comparable curves
        :param label:   label for data
        :param title:   title for the whole plot
        :param save_path:   path to save fig to (defaults to .pdf)
        :return:
        '''
        if label is None:
            label = self.label
        if label is None:
            raise ValueError('no label given')
        xlabel = f'spatial size [{self.properties["pixelsize_units"]}]'

        if figure is None:
            if only_snr:
                figure, ax = plt.subplots(1, 1, figsize=(5, 5))
                ax.set_xlabel(xlabel)
                ax.set_ylabel('SNR')
            else:
                figure = plt.figure(constrained_layout=True, figsize=(10, 5))
                figure.tight_layout(rect=(0, 0, 1, 1), pad=0.05)
                gs = mpl.gridspec.GridSpec(1, 7, figure=figure)
                axes = figure.add_subplot(gs[:3]), figure.add_subplot(gs[3:5]), figure.add_subplot(gs[5:])
                #figure, axes = plt.subplots(1, 3, figsize=(12, 4), tight_layout=True)
                [ax.set_xlabel(xlabel) for ax in axes]
                [axes[k].set_ylabel(t) for k, t in enumerate(('SNR', 'signal power spectrum', 'noise power spectrum'))]

        if len(figure.axes) == 0:
            if only_snr:
                ax = figure.add_subplot(1, 1, 1)
                ax.set_xlabel(xlabel)
                ax.set_ylabel('SNR')
            else:
                axes = figure.add_subplot(1, 3, 1), figure.add_subplot(1, 3, 2), figure.add_subplot(1, 3, 3)
                [ax.set_xlabel(xlabel) for ax in axes]
                [axes[k].set_ylabel(t) for k, t in enumerate(('SNR', 'signal power spectrum', 'noise power spectrum'))]

        color, ls = get_color_ls(len(figure.axes[0].lines))
        figure.axes[0].semilogy(self.u, self.SNR, label=label, color=color, ls=ls)
        if len(figure.axes) > 1:
            figure.axes[1].semilogy(self.u, self.S, color=color, ls=ls)
        if len(figure.axes) > 2:
            figure.axes[2].plot(self.u, self.N, color=color, ls=ls)

        return figure

    def finalize_figure(self, figure, title=None, save_path=None, smallest_size=None, num_ticks=7):
        if smallest_size is None:
            smallest_size = self.properties["pixelsize"]
        for k, ax in enumerate(figure.axes):
            apply_u_scale(ax, 1, units=self.properties["pixelsize_units"], max_val=1/(2*smallest_size),
                          num_ticks=num_ticks if k==0 else (num_ticks//2+1))
        figure.axes[0].legend()
        if title is not None:
            figure.suptitle(title)
        if save_path is not None:
            if '.' not in save_path: save_path += '.pdf'
            figure.savefig(save_path)


def estimate_SNR(images: np.ndarray, refs: np.ndarray = None, darks: np.ndarray = None,
                 u_nbins='auto', series_filterer=None, apply_log=True, save_path=None,
                 use_drift_compensation=False, pixelsize=1.0):
    return SNR_Evaluator().estimate_SNR(images, refs, darks, u_nbins, series_filterer, apply_log, save_path,
                                        use_drift_compensation=use_drift_compensation, pixelsize=pixelsize)


estimate_SNR.__doc__ = SNR_Evaluator.estimate_SNR.__doc__


#  ======= remove pixel series artifacts =======
class ImageSeriesPixelArtifactFilterer:
    ''' class to filter pixel defects for use with SNR_Estimator '''
    verbose = False

    speckle_std_threshold = 5
    speckle_iterations = 2
    speckle_warn_fraction = 0.01

    defect_size = 2
    defect_threshold = 0.3  # ONLY fitting for [0,1]-data (normalized absorption measurement)
    defect_warn_fraction = 0.01

    def __init__(self, filter_defects=True, filter_speckles=True, remove_nonfinite=True, bad_pixel_map=None):
        '''
        remove pixel artifacts from an image series

        filter settings can be set via attributes,
        e.g. ImageSeriesPixelArtifactFilterer.defect_threshold (must be adjusted for non-normalized data)

        can be used as an argument in estimate_SNR()

        if too many defects are filtered, a warning will be printed,
        but no warning will be printed if too few defects are filtered
        (as this cannot be differentiated from from no defects present)

        WARNING: the input data must contain the same signal along the z-axis (=shape[0]),
        e.g. images of the same object but different noise realisations

        :param filter_defects:      filter detector defects, e.g. dead pixels
        :param filter_speckles:     filter speckles (single high intensity noise events)
        :param remove_nonfinite:    remove nonfinite entries
        '''
        self.filter_defects = filter_defects
        self.filter_speckles = filter_speckles
        self.remove_nonfinite = remove_nonfinite
        self.bad_pixel_map = bad_pixel_map

    def __call__(self, image_series: np.ndarray, inplace=False):
        if not inplace:
            image_series = np.copy(image_series)

        mean_image = np.nanmean(image_series, axis=0).astype(image_series.dtype, copy=False)
        loc = ~np.isfinite(mean_image)
        fp = np.array([(0, 0, 1, 0, 0), (0, 1, 0, 1, 0), (1, 0, 1, 0, 1), (0, 0, 1, 0, 0), (0, 1, 0, 1, 0)])
        while np.sum(loc) > 0:
            replace = median_filter(mean_image, footprint=fp, mode='nearest')
            np.copyto(mean_image, replace, where=loc)
            loc = ~np.isfinite(mean_image)

        if self.remove_nonfinite:
            self.remove_nonfinite_series(image_series, mean_image)
        if self.filter_speckles:
            mean_image = np.nanmean(image_series, axis=0).astype(image_series.dtype, copy=False)
            self.filter_speckles_series(image_series, mean_image)
        if self.filter_defects:
            mean_image = np.nanmean(image_series, axis=0).astype(image_series.dtype, copy=False)
            self.filter_defects_series(image_series, mean_image)
        if self.bad_pixel_map is not None:
            medfilt_image = median_filter(mean_image, 5, mode='nearest')[self.bad_pixel_map]
            for k in range(len(image_series)):
                image_series[k][self.bad_pixel_map] = medfilt_image

        return image_series

    def filter_speckles_series(self, images, mean_image):
        frac_sum = 0.
        for j in np.arange(self.speckle_iterations):
            std_image = images.std(axis=0)

            for k in np.arange(images.shape[0]):
                locations = np.logical_or((images[k] > (mean_image + self.speckle_std_threshold*std_image)),
                                       (images[k] < (mean_image - self.speckle_std_threshold*std_image)))
                frac_sum += np.mean(locations)
                np.copyto(images[k], mean_image, where=locations)

        frac_sum /= images.shape[0]

        if frac_sum > self.speckle_warn_fraction:
            print('WARNING: speckle filter replaced too many pixels, increase speckle_std_threshold?')
            print(f'series speckle removal, fraction of replaced pixels: {frac_sum:.4%}')
        elif self.verbose:
            print(f'series speckle removal, fraction of replaced pixels: {frac_sum:.4%}')

    def filter_defects_series(self, images, mean_image):
        mdfilt_mean_image = median_filter(mean_image, self.defect_size*2+1).astype(images.dtype)
        replace_mask = np.abs(mean_image - mdfilt_mean_image) > self.defect_threshold

        for k in np.arange(images.shape[0]):
            np.copyto(images[k, :, :], mdfilt_mean_image, where=replace_mask)

        if np.mean(replace_mask) > self.defect_warn_fraction:
            print(f'WARNING: defect_threshold = {self.defect_threshold:.4e} appears to be set too low')
            print(f'series defect removal, fraction of replaced pixels: {np.mean(replace_mask):.4%}')
        elif self.verbose:
            print(f'series defect removal, fraction of replaced pixels: {np.mean(replace_mask):.4%}')

    def remove_nonfinite_series(self, images, mean_image):
        for k in range(images.shape[0]):
            where = ~np.isfinite(images[k])
            np.copyto(images[k], mean_image, where=where)
        return images

    def test(self, image_series, refs=None, darks=None):
        if refs is not None and darks is not None:
            dark = darks.mean(axis=0)
            image_series = (image_series-dark)/(refs.mean(axis=0), dark)
        elif refs is not None:
            image_series = image_series / refs.mean(axis=0)
        elif darks is not None:
            image_series = image_series - darks.mean(axis=0)

        verbose = self.verbose
        self.verbose = True
        self(image_series, inplace=False)
        self.verbose = verbose


# ====== helpers ======
def detect_lower_SNR_limit(SNR):
    loc = SNR<0
    if np.any(loc):
        samples = np.copy(SNR[loc])
        m = abs(samples.mean())
        samples[::2] *= -1
        low_limit = m+3*samples.std()
        if not np.isfinite(low_limit):
            low_limit = None
        return low_limit


def show_image(image, title=None, figsize=None, vrange=None, perc_val=(1, 99)):
    if figsize is None:
        figsize = 12, 12*image.shape[1]/image.shape[0]
    fig, ax = plt.subplots(1, 1, figsize=figsize)
    if vrange is None:
        vrange = np.nanpercentile(image, perc_val)
    ax.imshow(image, cmap=plt.cm.gray, interpolation='none', vmin=vrange[0], vmax=vrange[1])
    if title is not None: ax.set_title(title)
    ax.axis('off')
    return fig


def assert_base_folder_exists(fname):
    folder = os.path.split(fname)[0]
    try:
        os.makedirs(folder)
    except (FileExistsError, FileNotFoundError):
        pass



# ======= helpers =======
def generate_test_data(shape=(500, 500), base_intensity=100, nproj=100, nfeatures=100, gauss_blur=0.7,
                       add_pixel_defects=False, feature_max_transparency=0.05):
    test_proj = np.ones(shape, 'f4') * base_intensity
    max_object_size = min(shape) // 5
    for k in range(nfeatures):
        size = np.random.randint(10, max_object_size, size=2)
        origin = np.random.randint(20, test_proj.shape[0] - size[0] - 20), np.random.randint(20, test_proj.shape[1] - size[
            1] - 20)
        test_proj[origin[0]:origin[0] + size[0], origin[1]:origin[1] + size[1]] *= np.random.randint(int(100*(1-feature_max_transparency)), 100) / 100

    test_proj = gaussian_filter(test_proj, gauss_blur)
    if add_pixel_defects:
        test_proj_d = np.copy(test_proj)
        loc_dead = np.random.randint(0, 1000, size=test_proj.shape) < 1
        test_proj_d[loc_dead] *= 0.3
        loc_bright = np.random.randint(0, 1000, size=test_proj.shape) < 1
        bright_len = len(test_proj[loc_bright])
        bright_values = np.random.poisson(20, size=bright_len) / 100
        test_proj_d[loc_bright] = bright_values
    else:
        test_proj_d = test_proj

    test_projs = test_proj_d[np.newaxis, :, :] * np.ones(nproj, 'f8')[:, np.newaxis, np.newaxis]
    test_projs = np.random.poisson(test_projs).astype('f8')
    return test_projs, test_proj

def apply_u_scale(ax, pixelsize, units='px', max_val=0.5, num_ticks=9, labelevery=1):
    ax.set_xlim(0, max_val)
    u_ticks = np.linspace(0, max_val, num_ticks)
    ax.set_xticks(u_ticks)
    xticklabels = ['$\infty$',]
    xticklabels += ['{:.2f}'.format(pixelsize/(2*u)) for u in u_ticks[1:]]
    if labelevery > 1:
        xticklabels[::labelevery] = ('',)*len(xticklabels[::labelevery])
    ax.set_xticklabels(xticklabels)
    if units is not None:
        ax.set_xlabel(f'spatial size [{units}]')
    ax.grid()
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tomis/evaluation/ball_phantom-application.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 1,
   "metadata": {
    "scrolled": true
   },
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "Using matplotlib backend: TkAgg\n",
      "Populating the interactive namespace from numpy and matplotlib\n",
      "you are using the tomis software package, copyright University Wuerzburg (licensed under the FreeBSD license)\n",
      "\n",
      "=== printing the docstring for the main class ===\n",
      "Help on class BallVolumeEvaluator in module evaluation.ball_phantom:\n",
      "\n",
      "class BallVolumeEvaluator(builtins.object)\n",
      " |  Methods defined here:\n",
      " |  \n",
      " |  __init__(self, segmented:numpy.ndarray, data:numpy.ndarray, ball_diameters:numpy.ndarray, voxelsize:float, save_path:str, save_slice:int=None, size_error_fraction:float=0.2, ball_elongation:float=1.0, place_all_sizes:bool=True, reco_has_shepp_logan:bool=False, data_is_volume_simulation:bool=False, data_noise:numpy.ndarray=None, downcorrect_noise:bool=True, ball_find_algorithm:str='object find', cache_dir=None)\n",
      " |      class to execute the ball phantom evaluation and to hold the results afterwards\n",
      " |      \n",
      " |      Note: the evaluation requires a lot of RAM (a multiple of the data size), e.g. 64 GB recommended for 800x800x800\n",
      " |      \n",
      " |      usage:  BVE = BallVolumeEvaluator(...)\n",
      " |              BVE.evaluate()\n",
      " |      \n",
      " |      see the evaluate() function for the required order of the individual evaluation steps\n",
      " |      \n",
      " |      the model_fit step may give unrealistic fit results and can be repeated with different starting parameters for the fit\n",
      " |      \n",
      " |      the following class attributes are used to hold results:\n",
      " |      \n",
      " |      - ideal_volume:         volume image of the idealized ball phantom\n",
      " |                              uint16 format with a maximal value of OS_factor**3\n",
      " |                              \n",
      " |      - hist_fig:             ball size histogram figure\n",
      " |      - model_fit_fig:        fit for the phase contrast, MTF and noise (figure)\n",
      " |      - power_spectra_fig:    power spectra figure\n",
      " |      - images_fig:           shows volume slices for segmented, ideal, data, ideal-segmented\n",
      " |      \n",
      " |      - PS_data_r:            (spatial frequency, power spectrum) tuple for the data\n",
      " |      - PS_ideal_r:           (spatial frequency, power spectrum) tuple for ideal volume\n",
      " |      \n",
      " |      - popt and popt_dict:   model fit parameter results\n",
      " |      \n",
      " |      the result output saves the following files:\n",
      " |      - slice images of data, segmented, ideal_volume\n",
      " |      - plots (including .txt raw data) of the power spectra and the model fit\n",
      " |      - the evaluation log (includes parameters given here)\n",
      " |      - the model fit parameters (.json)\n",
      " |      \n",
      " |      :param segmented:           volume image that is one at voxels inside a ball and zero otherwise\n",
      " |      :param data:                raw reconstructed volume image, without any deconvolution, noise suppression or phase retrieval\n",
      " |      :param ball_diameters:          tuple with the two ball sizes (diameter in voxelsize units) used for voxelsize calibration\n",
      " |      :param voxelsize:           initial value for the voxelsize (must be approximately correct)\n",
      " |      :param save_path:           path to save output to (will save several files, paths modified by adding at the end)\n",
      " |      :param save_slice:          z-index of the slice to save in the results (defaults to shape[0]//2)\n",
      " |      :param size_error_fraction: np.allowed distribution width for the two ball_diameters (voxelsize is calibrated on the mean over the inside interval)\n",
      " |      :param ball_elongation:     elongate the balls in the z-direction to simulate geometrical deformation\n",
      " |      :param place_all_sizes:     True: ideal volume is constructed from the actual ball sizes\n",
      " |                                  False: only balls with a valid ball size +- size_error_fraction are placed in the ideal volume (not recommended)\n",
      " |      :param reco_has_shepp_logan: assume a reconstruction with a shepp-logan filter for data power spectra\n",
      " |      :param data_noise:          a volume image of a reconstruction area that does not contain sample\n",
      " |                                  is used to compute a noise power spectrum\n",
      " |      :param downcorrect_noise:   enforce data PS <= noise PS by substracting the difference from noise PS\n",
      " |  \n",
      " |  calibrate_voxelsize(self)\n",
      " |      calibrate the voxelsize from the ball diameters given\n",
      " |      :return:\n",
      " |  \n",
      " |  clear_memory(self)\n",
      " |      clear np.all volume images from memory, but keep results (except self.ideal_volume)\n",
      " |      :return:\n",
      " |  \n",
      " |  compute_edt(self)\n",
      " |      computes the euclidian distance transform (edt) of the segmented volume image   \n",
      " |      \n",
      " |      the gaussian filter prevents non-unique maxima     \n",
      " |      :return:\n",
      " |  \n",
      " |  compute_ideal_volume(self)\n",
      " |      generate the idealized volume image from the ball diameters and centers        \n",
      " |      :return:\n",
      " |  \n",
      " |  compute_spectra(self, nbins=300)\n",
      " |      compute the power spectral densities (radially averaged) of the data and ideal volume images\n",
      " |      \n",
      " |      the self.corrected_voxelsize is used to scale the power spectra \n",
      " |      such that they are comparable for different voxelsizes\n",
      " |      \n",
      " |      the data power spectrum is normalized to the ideal power spectrum by normalization to the 1st-5th bins\n",
      " |      \n",
      " |      :param nbins:   number of histogram bins\n",
      " |      :return:\n",
      " |  \n",
      " |  evaluate(self)\n",
      " |  \n",
      " |  find_centers(self)\n",
      " |      find the ball centers from the edt\n",
      " |      :return:\n",
      " |  \n",
      " |  fit_model(self, vrange=(0, 0.5), p0=(1, 60, 1, 1, 1, 1, 1, 1), bounds=(0, 1000.0), maxfev=1000000, fixed=None, **kwargs)\n",
      " |      fit a model to the data power spectrum\n",
      " |      \n",
      " |      this model is given by ModelMTF\n",
      " |      \n",
      " |      :param vrange:      frequency value range to use for the fit\n",
      " |      :param p0:          starting values (see ModelMTF.__call__() for the parameter meanings)\n",
      " |      :param bounds:      value range for the fit parameter\n",
      " |      :param maxfev:      maximal value of the optimization loops\n",
      " |      :param fixed:       provide fixed parameters to the fit as a dict, see ModelMTF.__call__() for possible keys\n",
      " |                          it is strongly recommended to give known parameters here to get a reasonable fit result\n",
      " |      :param kwargs:      additional arguments to pass to scipy.optimize.curve_fit\n",
      " |      :return:\n",
      " |  \n",
      " |  plot_histogram(self, bins=200, figsize=(8, 4))\n",
      " |      generate the plot for the ball size histogram\n",
      " |      \n",
      " |      :param bins:        number of bins of the plot\n",
      " |      :param figsize:     figure size (see figsize argument in matplotlib)\n",
      " |      :return:\n",
      " |  \n",
      " |  plot_model_fit(self)\n",
      " |  \n",
      " |  plot_power_spectra(self)\n",
      " |  \n",
      " |  save_results(self)\n",
      " |      save the results\n",
      " |      :return:\n",
      " |  \n",
      " |  ----------------------------------------------------------------------\n",
      " |  Static methods defined here:\n",
      " |  \n",
      " |  convert_fit_results(names, popt, pcov)\n",
      " |  \n",
      " |  ----------------------------------------------------------------------\n",
      " |  Data descriptors defined here:\n",
      " |  \n",
      " |  __dict__\n",
      " |      dictionary for instance variables (if defined)\n",
      " |  \n",
      " |  __weakref__\n",
      " |      list of weak references to the object (if defined)\n",
      "\n"
     ]
    }
   ],
   "source": [
    "# written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,\n",
    "# Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany\n",
    "# last updated 2020-01-20\n",
    "\n",
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "from evaluation.ball_phantom import *\n",
    "from evaluation.notebook import *\n",
    "\n",
    "print('\\n=== printing the docstring for the main class ===')\n",
    "help(BallVolumeEvaluator)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# Template\n",
    "\n",
    "These cells are intended to be modified to run an evaluation on actual data."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 3,
   "metadata": {},
   "outputs": [
    {
     "ename": "NameError",
     "evalue": "name 'ImagesReader' is not defined",
     "output_type": "error",
     "traceback": [
      "\u001b[0;31m---------------------------------------------------------------------------\u001b[0m",
      "\u001b[0;31mNameError\u001b[0m                                 Traceback (most recent call last)",
      "\u001b[0;32m<ipython-input-3-7da0fd49e330>\u001b[0m in \u001b[0;36m<module>\u001b[0;34m\u001b[0m\n\u001b[1;32m      2\u001b[0m \u001b[0mname\u001b[0m \u001b[0;34m=\u001b[0m \u001b[0;34m'test1'\u001b[0m\u001b[0;34m\u001b[0m\u001b[0;34m\u001b[0m\u001b[0m\n\u001b[1;32m      3\u001b[0m \u001b[0mkwargs\u001b[0m \u001b[0;34m=\u001b[0m \u001b[0mdict\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0mxcrop\u001b[0m\u001b[0;34m=\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;36m0\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0;36m0\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0mycrop\u001b[0m\u001b[0;34m=\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;36m0\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0;36m0\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0mzcrop\u001b[0m\u001b[0;34m=\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;36m0\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0;36m0\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m)\u001b[0m  \u001b[0;31m# area with balls only\u001b[0m\u001b[0;34m\u001b[0m\u001b[0;34m\u001b[0m\u001b[0m\n\u001b[0;32m----> 4\u001b[0;31m \u001b[0msegmented\u001b[0m \u001b[0;34m=\u001b[0m \u001b[0mImagesReader\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;34m'[path_to_segmented]'\u001b[0m\u001b[0;34m,\u001b[0m\u001b[0;34m**\u001b[0m\u001b[0mkwargs\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m.\u001b[0m\u001b[0mload_all\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m\u001b[0m\u001b[0;34m\u001b[0m\u001b[0m\n\u001b[0m\u001b[1;32m      5\u001b[0m \u001b[0mdata\u001b[0m \u001b[0;34m=\u001b[0m \u001b[0mImagesReader\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;36m0\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0;34m'[path_to_data]'\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0;34m**\u001b[0m\u001b[0mkwargs\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m.\u001b[0m\u001b[0mload_all\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m\u001b[0m\u001b[0;34m\u001b[0m\u001b[0m\n\u001b[1;32m      6\u001b[0m \u001b[0mdisplay\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0mshow_images\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;34m[\u001b[0m\u001b[0mdata\u001b[0m\u001b[0;34m[\u001b[0m\u001b[0;36m0\u001b[0m\u001b[0;34m]\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0mdata\u001b[0m\u001b[0;34m[\u001b[0m\u001b[0;34m-\u001b[0m\u001b[0;36m1\u001b[0m\u001b[0;34m]\u001b[0m\u001b[0;34m]\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0mfigsize\u001b[0m\u001b[0;34m=\u001b[0m\u001b[0;34m(\u001b[0m\u001b[0;36m12\u001b[0m\u001b[0;34m,\u001b[0m \u001b[0;36m8\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m)\u001b[0m\u001b[0;34m\u001b[0m\u001b[0;34m\u001b[0m\u001b[0m\n",
      "\u001b[0;31mNameError\u001b[0m: name 'ImagesReader' is not defined"
     ]
    }
   ],
   "source": [
    "# define the data and choose a subvolume to run the evaluation on\n",
    "name = 'test1'\n",
    "kwargs = dict(crops=[(0, 0), (0, 0), (0, 0)])  # area with balls only\n",
    "segmented = file.volume.Reader('[path_to_segmented]',**kwargs).load_all()\n",
    "data = file.volume.Reader(0, '[path_to_data]', **kwargs).load_all()\n",
    "display(show_images([data[0], data[-1]], figsize=(12, 8)))\n",
    "\n",
    "if 1:\n",
    "    kwargs = dict(crops=[(0, 0), (0, 0), (0, 0)])  # area without any object (noise only)\n",
    "    data_noise = file.volume.Reader(0, '[path_to_data]', **kwargs).load_all()\n",
    "    display(show_images([data[0], data[-1]], figsize=(12, 8)))\n",
    "else:\n",
    "    data_noise = None"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# run the evaluation\n",
    "BVE_1 = BallVolumeEvaluator(segmented, data, (10, 20.3), voxelsize=0.78, data_noise=data_noise,\n",
    "                            save_path=r'[path_to_results]'+name)\n",
    "BVE_1.evaluate()\n",
    "display(BVE_1.images_fig)\n",
    "display(BVE_1.hist_fig)\n",
    "display(BVE_1.model_fit_fig)\n",
    "display(BVE_1.power_spectra_fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 1
}







tomis/evaluation/ball_phantom-simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": true
   },
   "outputs": [],
   "source": [
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "from evaluation.notebook import *\n",
    "from common import result_cache\n",
    "from evaluation.ball_phantom import *\n",
    "\n",
    "print('\\n=== printing the docstring for the main function+class ===')\n",
    "help(simulate_ball_phantom)\n",
    "help(BallVolumeEvaluator)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "result_cache.enable_cache('cache')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "result_cache.clear_cache()"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# Simulation"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "print('generating a random ball volume')\n",
    "size = 500 # runtime should scale with size**6*voxelsize**3\n",
    "#size = 300\n",
    "voxelsize = 0.5\n",
    "ball_sizes = (10, 20.3)\n",
    "ball_sizes = (10, 20.3, 28.1) # 2 ball populations are sufficient, 3 are used for testing purposes\n",
    "\n",
    "\n",
    "cache_data = result_cache.Data('ball_volume_mask', size, voxelsize, ball_sizes)\n",
    "try:\n",
    "    ideal_phantom, centers, diameters = cache_data.load()\n",
    "except result_cache.NoData:\n",
    "    ideal_phantom, centers, diameters = simulate_ball_phantom((size, size, size), ball_sizes, \n",
    "                                                          (8, 4, 1), voxelsize, size_error=0.03)\n",
    "    cache_data.save(ideal_phantom, centers, diameters)\n",
    "\n",
    "\n",
    "print(f'number of simulated balls: {len(diameters)}')\n",
    "\n",
    "fig = show_images([ideal_phantom[:, 2, :], ideal_phantom[ideal_phantom.shape[0]//2]])\n",
    "display(fig)\n",
    "plt.close(fig)\n",
    "print(ideal_phantom.shape)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "print('simulating a phase contrast measurement')\n",
    "p, sigma, mu, SNR_fact = 60, 1.7, 0.7, 2\n",
    "\n",
    "cache_data = result_cache.Data('ball_volume_phase', ideal_phantom, p, sigma, mu, SNR_fact)\n",
    "try:\n",
    "    data_phantom, data_noise = cache_data.load()\n",
    "except result_cache.NoData:\n",
    "    FF = image.fourier.FourierFilterer(ideal_phantom.shape)\n",
    "    u = FF.u_radial\n",
    "    MTF_sim = (1 + p**2*u**2)*image.fourier.MTF_voigt(u, sigma, mu)\n",
    "    data_phantom = FF.apply_filter(ideal_phantom, MTF_sim)\n",
    "    data_noise = np.random.randn(*data_phantom.shape)*np.std(data_phantom)/SNR_fact\n",
    "    data_phantom += data_noise\n",
    "\n",
    "    cache_data.save(data_phantom, data_noise)\n",
    "    \n",
    "    \n",
    "z = ideal_phantom.shape[0]//2\n",
    "display(show_images([ideal_phantom[z], data_phantom[z]]))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "%%time\n",
    "image.morphology.verbose = True\n",
    "\n",
    "BVE_1 = BallVolumeEvaluator(ideal_phantom > (OS_factor**3//2), data_phantom, ball_sizes, voxelsize=voxelsize, size_error_fraction=0.1,\n",
    "                            data_is_volume_simulation=True, data_noise=data_noise[20:],                                                      \n",
    "                            save_path='test/ball_phantom')\n",
    "BVE_1.log += 'this is a test run of the BallVolumeEvaluator on simulated data\\n'  # will be saved to ... log.txt\n",
    "\n",
    "BVE_1.evaluate()\n",
    "display(BVE_1.images_fig)\n",
    "display(BVE_1.hist_fig)\n",
    "display(BVE_1.model_fit_fig)\n",
    "display(BVE_1.power_spectra_fig)\n",
    "plt.close('all')\n",
    "BVE_1.clear_memory()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 1
}







tomis/evaluation/ball_phantom.py

''' evaluation for computed tomography ball phantom measurements

this is an experimental evaluation method that evaluates some image quality properties
from a CT measurement of a ball phantom (e.g. bidisperse balls in a cylindrical container)

written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
version = 0, 6
version_str = f'v{".".join([str(v) for v in version])}'
version_date = '2020-01-20'

import numpy as np, os, json
from scipy.optimize import curve_fit
from scipy import ndimage
import matplotlib.pyplot as plt

import image, file, image.morphology
from evaluation.notebook import show_images
import common.result_cache
common.result_cache.version_str = version_str

OS_factor = 6  # oversampling factor used to compute a ideal ball array


def bin_down_volume_sum(volume: np.ndarray, scale_factor: int):
    if scale_factor == 1:
        return volume
    else:
        downscaled = None
        stops = np.asarray(volume.shape) - np.asarray(volume.shape) % scale_factor
        for z_start in range(scale_factor):
            for y_start in range(scale_factor):
                for x_start in range(scale_factor):
                    if downscaled is None:
                        downscaled = np.copy(volume[z_start:stops[0]:scale_factor, y_start:stops[1]:scale_factor, x_start:stops[2]:scale_factor])
                    else:
                        downscaled += volume[z_start:stops[0]:scale_factor, y_start:stops[1]:scale_factor, x_start:stops[2]:scale_factor]
        return downscaled


def compute_ideal_ball_array(diameter, voxelsize, OS_factor, elongation=1.0):
    assert OS_factor ** 3 < 2 ** 16 / 4, f'oversampling factor must be smaller than {(2 ** 16 / 4) ** (1 / 3):.0f}'
    length = (int(diameter / 2 / voxelsize * np.fmax(elongation, 1)) * 2 + 1) * OS_factor
    distance = np.fabs(np.arange(length) + 0.5 - length / 2) * voxelsize / OS_factor
    vol_distance = np.sqrt((distance[:, np.newaxis, np.newaxis] / elongation) ** 2 + distance[np.newaxis, :, np.newaxis] ** 2 +
                        distance[np.newaxis, np.newaxis, :] ** 2)
    ball_mask = (vol_distance <= diameter / 2).astype('u2')
    ideal_ball = bin_down_volume_sum(ball_mask, scale_factor=OS_factor)
    return ideal_ball


def place_balls(volume, ideal_ball, positions, ball_counts):
    for position in positions:
        assert np.all(np.array(ideal_ball.shape) % 2 == 1), 'ideal ball arrays must be centered on a voxel'
        offset = np.array(ideal_ball.shape) // 2
        if np.all(position > offset) and np.all(position < volume.shape-offset):
            vol_slice = tuple(slice(position[k] - offset[k], position[k] + offset[k] + 1) for k in (0, 1, 2))
            volume[vol_slice] += ideal_ball
            ball_counts[0] += 1
        else:
            ball_counts[1] += 1



class ModelMTF:
    args = ['a', 'p', 'mu', 'sigma', 'n', 'mu_n', 'sigma_n', 'c']

    def __init__(self, PS_ideal, reco_has_shepp_logan=False, data_is_volume_simulation=False, loc=None, fixed=None):
        self._u = PS_ideal[0]
        self.S_ideal = PS_ideal[1]
        self.reco_has_shepp_logan = reco_has_shepp_logan
        self.data_is_volume_simulation = data_is_volume_simulation
        self.loc = loc

        self.digital_blur_applied = 1.
        self.fixed = fixed

    @property
    def u(self):
        if self.loc is None:
            return self._u
        else:
            return self._u[self.loc]

    def __call__(self, u, a, p, mu, sigma, n, mu_n, sigma_n, c):
        if self.fixed is not None:
            if 'a' in self.fixed:
                a = self.fixed['a']
            if 'p' in self.fixed:
                p = self.fixed['p']
            if 'mu' in self.fixed:
                mu = self.fixed['mu']
            if 'sigma' in self.fixed:
                sigma = self.fixed['sigma']
            if 'n' in self.fixed:
                n = self.fixed['n']
            if 'mu_n' in self.fixed:
                mu_n = self.fixed['mu_n']
            if 'sigma_n' in self.fixed:
                sigma_n = self.fixed['sigma_n']
            if 'c' in self.fixed:
                c = self.fixed['c']

        signal = a * (1 + np.sign(p) * p ** 2 * u ** 2) ** 2
        H = image.fourier.MTF_voigt(u, mu, sigma) ** 2 * (np.sinc(u)**3.4 + 2*u**6)
        if self.data_is_volume_simulation:
            N = n
        else:
            # abs(u) * np.sinc(u)**4 is the square of the theoretical reconstruction MTF per slice
            # abs(u)*sinc(u)**3.4 + 2*u**6 is an empirically found formula for a 3D radial average of the theoretical formula
            N = (abs(u) * np.sinc(u)**3.4 + 2*u**6) * n * (1 + c * image.fourier.MTF_voigt(u, mu_n, sigma_n) ** 2)
        if self.loc is not None:
            model = signal * H + N / self.S_ideal[self.loc]
        else:
            model = signal * H + N / self.S_ideal

        if self.reco_has_shepp_logan:
            model *= np.sinc(u) ** 2
        return model*self.digital_blur_applied**2


class BallVolumeEvaluator:
    def __init__(self, segmented: np.ndarray, data: np.ndarray, ball_diameters: np.ndarray, voxelsize: float,
                 save_path: str, save_slice:int=None, size_error_fraction:float=0.2, ball_elongation:float=1.0,
                 place_all_sizes:bool=True, reco_has_shepp_logan:bool=False, data_is_volume_simulation:bool=False,
                 data_noise:np.ndarray=None, downcorrect_noise:bool=True, ball_find_algorithm:str='object find',
                 cache_dir=None):
        ''' class to execute the ball phantom evaluation and to hold the results afterwards
        
        Note: the evaluation requires a lot of RAM (a multiple of the data size), e.g. 64 GB recommended for 800x800x800
        
        usage:  BVE = BallVolumeEvaluator(...)
                BVE.evaluate()
        
        see the evaluate() function for the required order of the individual evaluation steps

        the model_fit step may give unrealistic fit results and can be repeated with different starting parameters for the fit
        
        the following class attributes are used to hold results:
        
        - ideal_volume:         volume image of the idealized ball phantom
                                uint16 format with a maximal value of OS_factor**3
                                
        - hist_fig:             ball size histogram figure
        - model_fit_fig:        fit for the phase contrast, MTF and noise (figure)
        - power_spectra_fig:    power spectra figure
        - images_fig:           shows volume slices for segmented, ideal, data, ideal-segmented
        
        - PS_data_r:            (spatial frequency, power spectrum) tuple for the data
        - PS_ideal_r:           (spatial frequency, power spectrum) tuple for ideal volume

        - popt and popt_dict:   model fit parameter results

        the result output saves the following files:
        - slice images of data, segmented, ideal_volume
        - plots (including .txt raw data) of the power spectra and the model fit
        - the evaluation log (includes parameters given here)
        - the model fit parameters (.json)

        :param segmented:           volume image that is one at voxels inside a ball and zero otherwise
        :param data:                raw reconstructed volume image, without any deconvolution, noise suppression or phase retrieval
        :param ball_diameters:          tuple with the two ball sizes (diameter in voxelsize units) used for voxelsize calibration
        :param voxelsize:           initial value for the voxelsize (must be approximately correct)
        :param save_path:           path to save output to (will save several files, paths modified by adding at the end)
        :param save_slice:          z-index of the slice to save in the results (defaults to shape[0]//2)
        :param size_error_fraction: np.allowed distribution width for the two ball_diameters (voxelsize is calibrated on the mean over the inside interval)
        :param ball_elongation:     elongate the balls in the z-direction to simulate geometrical deformation
        :param place_all_sizes:     True: ideal volume is constructed from the actual ball sizes
                                    False: only balls with a valid ball size +- size_error_fraction are placed in the ideal volume (not recommended)
        :param reco_has_shepp_logan: assume a reconstruction with a shepp-logan filter for data power spectra
        :param data_noise:          a volume image of a reconstruction area that does not contain sample
                                    is used to compute a noise power spectrum
        :param downcorrect_noise:   enforce data PS <= noise PS by substracting the difference from noise PS
        '''
        self.cache_dir = cache_dir

        assert issubclass(type(segmented), np.ndarray) and  issubclass(type(data), np.ndarray)
        self.segmented = segmented
        self.data = data
        self.data_noise = data_noise
        self.ball_diameters = np.array(ball_diameters)
        self.voxelsize = voxelsize
        self.save_path = save_path
        self.size_error_fraction = size_error_fraction
        self.ball_elongation = ball_elongation
        self.place_all_sizes = place_all_sizes
        self.reco_has_shepp_logan = reco_has_shepp_logan
        self.data_is_volume_simulation = data_is_volume_simulation
        self.downcorrect_noise = downcorrect_noise
        assert ball_find_algorithm in ('object find', 'edt maxima')
        self.ball_find_algorithm = ball_find_algorithm

        self.placing_diameter_precision = 0.1
        self.did_downcorrect_noise = False

        if save_slice is None:
            save_slice = segmented.shape[0] // 2
        self.save_slice = save_slice

        self.PS_fit_norm_fact = 1.

        # empty result attributes
        self.ideal_volume = None

        self.model_fit_fig = None
        self.power_spectra_fig = None
        self.hist_fig = None
        self.images_fig = None

        self.PS_noise_r = None
        self.PS_data_r = None
        self.PS_ideal_r = None

        self.popt = None
        self.popt_dict = None

        self.log = f'using ball_phantom_evaluation {version_str} from {version_date}\n'
        self._print(
            f'running ball phantom evaluation on shape {segmented.shape}, ball sizes {ball_diameters}, voxelsize {voxelsize:.3f}\n'
            f'save_path: {save_path}\n',
            f'size_error_fraction {size_error_fraction:.2f}, ball_elongation {ball_elongation:.2f}, place_all_sizes {place_all_sizes}, reco_has_shepp_logan {reco_has_shepp_logan}\n'
            f'data noise given: {self.data_noise is not None}, downcorrect_noise: {downcorrect_noise}')

        # ball sizes are diameters
        assert len(ball_diameters) >= 2, 'must give at least two ball sizes'
        if len(ball_diameters) != 2:
            print('WARNING: size correction only uses the first two ball populations')

    def evaluate(self):
        self.compute_edt()
        self.find_centers()
        self.calibrate_voxelsize()
        self.plot_histogram()
        self.compute_ideal_volume()
        self.compute_spectra()
        self.fit_model()
        self.save_results()
        self.clear_memory()  # not needed
        
    def _print(self, *args):
        print(*args)
        self.log += ' '.join([str(arg) for arg in args])
        self.log += '\n'

    def _get_populations(self):
        where_sizes = []
        sizes = []
        for ball_size in self.ball_diameters:
            where_sizes.append(np.logical_and(self.diameters > ball_size * (1 - self.size_error_fraction),
                                           self.diameters < ball_size * (1 + self.size_error_fraction)))
            sizes.append(np.copy(self.diameters[where_sizes[-1]]))
        return where_sizes, sizes

    def compute_edt(self):
        ''' computes the euclidian distance transform (edt) of the segmented volume image   
        
        the gaussian filter prevents non-unique maxima     
        :return: 
        '''

        cached_data = common.result_cache.Data('edt', self.segmented, function=self.compute_edt, cache_dir=self.cache_dir)
        try:
            self.edt = cached_data.load()
        except common.result_cache.NoData:
            self._print('computing edt')
            segmented = ndimage.binary_fill_holes(self.segmented)
            self.edt = ndimage.distance_transform_edt(segmented)
            self.edt = ndimage.gaussian_filter(self.edt, 0.2)
            self.edt = self.edt.astype('f4')

            cached_data.save(self.edt)

        # show_image(self.edt[self.save_slice])

    def find_centers(self):
        ''' find the ball centers from the edt
        :return: 
        '''
        cached_data = common.result_cache.Data('centers', self.ball_diameters, self.voxelsize, self.edt,
                                        self.ball_find_algorithm, function=self.find_centers)
        try:
            self.centers, self.radii = cached_data.load()
        except common.result_cache.NoData:
            print(f'using ball find algorithm "{self.ball_find_algorithm}"')
            if self.ball_find_algorithm == 'edt maxima':
                from skimage import feature
                min_diameter = int(np.ceil(0.4 * np.min(self.ball_diameters) / self.voxelsize))
                self.centers = feature.peak_local_max(self.edt, min_distance=min_diameter)
            elif self.ball_find_algorithm == 'object find':
                mask = self.segmented.astype('u1')
                np.fmax(mask, 1, out=mask)
                labels, statistics_text, number_objects = image.morphology.subdivide_objects(mask, self.edt)
                centers = ndimage.maximum_position(self.edt, labels, index=np.arange(number_objects+1))
                self.centers = np.array(centers)

            self.radii = np.zeros(self.centers.shape[0], 'f4')
            for k in range(self.radii.shape[0]):
                self.radii[k] = self.edt[tuple(self.centers[k])]

            cached_data.save(self.centers, self.radii)

        self.radii.flags.writeable = False
        self._print(f'found {self.centers.shape[0]} balls')

    def calibrate_voxelsize(self):
        ''' calibrate the voxelsize from the ball diameters given
        :return: 
        '''
        self.diameters = self.radii * self.voxelsize * 2
        where_sizes, sizes = self._get_populations()

        # === correcting segmentation error (threshold must have been too high => balls too small) ===
        size_fraction = self.ball_diameters[0] / self.ball_diameters[1]
        self.size_addition = 0.
        for k in range(100):
            data_size_fraction = np.mean(sizes[0]) / np.mean(sizes[1])
            # print(f'iterating data size fraction: {data_size_fraction:.3f}')
            if data_size_fraction < size_fraction:
                for arr in sizes:
                    arr += 0.1
            else:
                self.size_addition = k * 0.1
                self._print(f'adding {self.size_addition:.1f} to diameters to get size fraction of {size_fraction}')
                break

        self.diameters += self.size_addition

        # === correct voxelsize ===
        self.where_sizes, self.sizes = self._get_populations()  # recompute for changed diameters
        weights = np.array([sum(where_size) for where_size in where_sizes])
        avg_sizes = np.array([np.mean(size) for size in sizes])
        self._print('sizes+weigths:', avg_sizes, weights)
        self.voxelsize_corrected = self.voxelsize / ((weights * avg_sizes / self.ball_diameters).sum() / weights.sum())
        self._print(f'voxelsize corrected from {self.voxelsize:.4e} to {self.voxelsize_corrected:.4e}')

    def plot_histogram(self, bins=200, figsize=(8, 4)):
        ''' generate the plot for the ball size histogram
        
        :param bins:        number of bins of the plot
        :param figsize:     figure size (see figsize argument in matplotlib)
        :return: 
        '''
        self.diameters = self.radii * 2 * self.voxelsize_corrected + self.size_addition * self.voxelsize_corrected / self.voxelsize
        self.where_sizes, self.sizes = self._get_populations()  # recompute for changed diameters
        weights = np.array([sum(where_size) for where_size in self.where_sizes])
        avg_sizes = np.array([np.mean(size) for size in self.sizes])
        self._print('sizes+weigths:', avg_sizes, weights)

        self.hist_fractions = weights / len(self.centers)
        self._print(f'population fractions: {self.hist_fractions} for sizes {self.ball_diameters}')

        other_balls = np.ones(self.centers.shape[0], '?')

        for where_size in self.where_sizes:
            other_balls[where_size] = False

        self.hist_fig, self.ax = plt.subplots(1, 1, figsize=figsize)
        self.hist_bins = np.linspace(0, np.amax(self.ball_diameters) * (1 + 2 * self.size_error_fraction), bins)
        self.hist = np.zeros(self.hist_bins.shape[0] - 1, 'f4')
        for k, ball_size in enumerate(self.ball_diameters):
            hist_add, bins, patches = self.ax.hist(self.sizes[k],
                                                   label=f'size: {ball_size:.3g} ({self.hist_fractions[k]:.2%})',
                                                   bins=self.hist_bins)
            self.hist += hist_add
        self.ax.hist(self.diameters[other_balls], label=f'other ({other_balls.sum() / len(self.centers):.4%})',
                     bins=self.hist_bins, log=True)
        self._print(f'{sum(other_balls)} detected balls are not in a size population')
        self.ax.set_xlabel(f'ball diameter (voxelsize={self.voxelsize_corrected:.3g})')
        self.ax.set_ylabel('frequency')
        self.ax.grid()
        self.ax.legend()

    def compute_ideal_volume(self):
        ''' generate the idealized volume image from the ball diameters and centers        
        :return: 
        '''
        cached_data = common.result_cache.Data('ideal_volume', self.segmented, self.centers, self.diameters, self.place_all_sizes,
                                        self.placing_diameter_precision, self.ball_diameters,
                                        self.voxelsize_corrected, self.ball_elongation, function=self.compute_ideal_volume)
        try:
            self.ideal_volume = cached_data.load()
        except common.result_cache.NoData:
            ball_counts = np.zeros(2, 'u8') # placed, not placed
            ideal_volume = np.zeros(self.segmented.shape, 'u2')
            if self.place_all_sizes:
                dmin, dmax = self.diameters.min(), self.diameters.max()
                bins = np.arange(
                    int((dmax - dmin) / self.placing_diameter_precision) + 1) * self.placing_diameter_precision + round(dmin, 1)
                for low, high in zip(bins[:-1], bins[1:]):
                    loc = np.logical_and(np.greater(self.diameters, low), np.less_equal(self.diameters, high))
                    centers = self.centers[loc]
                    if len(centers) > 0:
                        ideal_ball = compute_ideal_ball_array((low + high) / 2, self.voxelsize_corrected, OS_factor,
                                                              self.ball_elongation)
                        place_balls(ideal_volume, ideal_ball, centers, ball_counts)
    
            else:
                for k, ball_size in enumerate(self.ball_diameters):
                    ideal_ball = compute_ideal_ball_array(ball_size, self.voxelsize_corrected, OS_factor,
                                                          self.ball_elongation)
                    place_balls(ideal_volume, ideal_ball, self.centers[self.where_sizes[k]], ball_counts)
                    self._print(f'placed {self.centers[self.where_sizes[k]].shape[0]} balls of size {ball_size}')
            self._print(f'placed {ball_counts[0]} balls successfully, {ball_counts[1]} balls at the border where not placed')
    
            np.fmin(ideal_volume, OS_factor ** 3, out=ideal_volume)
            self.ideal_volume = ideal_volume

            cached_data.save(self.ideal_volume)

        self.ideal_volume_slice = np.copy(self.ideal_volume[self.save_slice])
        self.segmented_slice = self.segmented[self.save_slice]
        self.data_slice = self.data[self.save_slice]

        diff = np.fmin(self.ideal_volume_slice, 1) - self.segmented[self.save_slice]
        self.images_fig = show_images([self.segmented[self.save_slice], self.ideal_volume_slice, self.data[self.save_slice], diff],
                    titles=['segmented', 'ideal', 'data', 'ideal-segmented'], max_ncols=2)

    def compute_spectra(self, nbins=300):
        ''' compute the power spectral densities (radially averaged) of the data and ideal volume images
        
        the self.corrected_voxelsize is used to scale the power spectra 
        such that they are comparable for different voxelsizes

        the data power spectrum is normalized to the ideal power spectrum by normalization to the 1st-5th bins
        
        :param nbins:   number of histogram bins
        :return: 
        '''
        cached_data = common.result_cache.Data('power_spectra', self.ball_diameters, self.voxelsize_corrected, self.ideal_volume,
                                        self.data, self.data_noise, nbins=nbins, function=self.compute_ideal_volume)
        try:
            data = cached_data.load()
            self.PS_ideal_r = data[0:2]
            self.PS_data_r = data[2:4]
            if self.data_noise is not None:
                self.PS_noise_r = data[4:6]
                self.did_downcorrect_noise = data[6]['did_downcorrect_noise']
        except common.result_cache.NoData:
            self._print('computing power spectra')
            zero_length = int(np.max(self.ball_diameters)/self.voxelsize_corrected)  # needs to be this large because balls at the edges are not placed
            PSC = image.fourier.PowerSpectrumCalculator(self.segmented.shape, zero_length=zero_length, pixel_size=self.voxelsize_corrected)
            self.PS_ideal_r = PSC.radial_power_spectrum(self.ideal_volume, nbins=nbins)
            self.PS_data_r = PSC.radial_power_spectrum(self.data, nbins=nbins)
            self.PS_ideal_r = self.PS_ideal_r[0], self.PS_ideal_r[1] / OS_factor**6

            if self.data_noise is not None:
                PSC = image.fourier.PowerSpectrumCalculator(self.data_noise.shape, pixel_size=self.voxelsize_corrected)
                self.PS_noise_r = PSC.radial_power_spectrum(self.data_noise, nbins=nbins)
                if self.downcorrect_noise:
                    diff_fact = self.PS_noise_r[1]/self.PS_data_r[1]
                    diff_max = diff_fact.max()
                    if diff_max > 1.:
                        self.PS_noise_r = self.PS_noise_r[0], self.PS_noise_r[1]/diff_max
                        self._print(f'divided noise PS by {diff_max} (was larger than data PS by this factor)')
                        self.did_downcorrect_noise = True
                    else:
                        self.did_downcorrect_noise = False

                cached_data.save(*self.PS_ideal_r, *self.PS_data_r, *self.PS_noise_r,
                                 did_downcorrect_noise=self.did_downcorrect_noise)
            else:
                cached_data.save(*self.PS_ideal_r, *self.PS_data_r)

        self.data_model = ModelMTF(self.PS_ideal_r, self.reco_has_shepp_logan, self.data_is_volume_simulation)
        self.plot_power_spectra()

    def fit_model(self, vrange=(0, 0.5), p0=(1, 60, 1, 1, 1, 1, 1, 1), bounds=(0, 1e3),
                  maxfev=int(1e6), fixed=None, **kwargs):
        ''' fit a model to the data power spectrum

        this model is given by ModelMTF

        :param vrange:      frequency value range to use for the fit
        :param p0:          starting values (see ModelMTF.__call__() for the parameter meanings)
        :param bounds:      value range for the fit parameter
        :param maxfev:      maximal value of the optimization loops
        :param fixed:       provide fixed parameters to the fit as a dict, see ModelMTF.__call__() for possible keys
                            it is strongly recommended to give known parameters here to get a reasonable fit result
        :param kwargs:      additional arguments to pass to scipy.optimize.curve_fit
        :return:
        '''
        u, D_data = self.PS_data_r
        u, S_ideal = self.PS_ideal_r
        self.PS_fit_norm_fact = D_data[1:5].mean()/S_ideal[1:5].mean()
        S_ideal = S_ideal*self.PS_fit_norm_fact

        loc = np.logical_and(np.greater_equal(u, vrange[0]), np.less_equal(u, vrange[1]))
        fit_data = D_data[loc] / S_ideal[loc]
        fit_u = u[loc]
        self.data_model.loc = loc
        self.data_model.fixed = fixed
        popt, self.pcov = curve_fit(self.data_model, fit_u, fit_data, p0=p0,
                                    bounds=bounds, sigma=(1e-4 + fit_u), maxfev=maxfev, **kwargs)
        popt = np.array(popt, 'f8')
        if self.data_model.fixed is not None:
            for k, param in enumerate(self.data_model.args):
                if param in self.data_model.fixed:
                    popt[k] = self.data_model.fixed[param]

        text, popt_dict = self.convert_fit_results(self.data_model.args, popt, self.pcov)

        self.data_model.loc = None
        self._print(text)
        self.popt = popt
        self.popt_dict = popt_dict

        self.plot_power_spectra()
        self.plot_model_fit()

    def plot_power_spectra(self):
        u, S_ideal = self.PS_ideal_r
        S_ideal = S_ideal*self.PS_fit_norm_fact
        self.power_spectra_fig, ax = plt.subplots(1, 1, figsize=(8, 6))
        ax.semilogy(*self.PS_data_r, label='data')
        if self.popt is not None:
            N = self.data_model(u, 0, 0, 0, 0, *self.popt[-4:]) * S_ideal
            # ax.semilogy(PS_data_r[0], (PS_data_r[1]-N)/N, label='data SNR')
            ax.semilogy(u, N, label='data noise fit', ls='--')

        if self.PS_noise_r is not None:
            ax.semilogy(*self.PS_noise_r, label=('data noise' if not self.did_downcorrect_noise else 'data noise*'))

        ax.semilogy(*self.PS_ideal_r, label='ideal')
        ax.set_xlim(0, 0.5)
        ax.legend()
        ax.grid()
        ax.set_xlabel('u')
        ax.set_ylabel('power spectrum (normalized to lower frequencies)')

    def plot_model_fit(self):
        u, D_data = self.PS_data_r
        u, S_ideal = self.PS_ideal_r
        S_ideal = S_ideal*self.PS_fit_norm_fact

        self.model_fit_fig, ax = plt.subplots(1, 1, figsize=(8, 6))
        norm = 1.
        fit_data = np.sqrt(D_data / S_ideal) * norm
        model_fit = np.sqrt(self.data_model(u, *self.popt)) * norm
        model_fit_noiseless = np.sqrt(self.data_model(u, *self.popt[:-4], 0, 0, 0, 0)) * norm

        ax.plot(u, fit_data, label='D_data / S_ideal')
        ax.plot(u, np.sqrt(self.data_model(u, *self.popt)) * norm,
                label='model fit result')
        ax.plot(u, model_fit_noiseless, label='model fit, without noise')

        data_MTF_blur = image.fourier.MTF_exp(u, self.popt[2]) * image.fourier.MTF_gauss(u, self.popt[3])
        ax.plot(u, model_fit_noiseless.max() * data_MTF_blur, label='model fit, data blur')
        ax.plot(u, model_fit_noiseless.max() * image.fourier.MTF_exp(u, self.popt[5]) * image.fourier.MTF_gauss(u, self.popt[6]),
                label='model fit, noise blur')

        ax.legend()
        ax.set_xlim(0, 0.5)
        ax.grid()
        ax.set_ylabel('MTF')
        ax.set_xlabel('spatial frequency')

    @staticmethod
    def convert_fit_results(names, popt, pcov):
        text = ''
        popt_dict = dict()
        align_length = np.max([len(name) for name in names])
        for name, val, var in zip(names, popt, np.diag(pcov)):
            popt_dict[name] = val
            name += ' ' * (align_length - len(name))
            text += f'{name}: {val:.6g} +- {np.sqrt(var):.2g}\n'
        return text, popt_dict

    def save_results(self):
        ''' save the results
        :return:
        '''
        if self.save_path is not None:
            folder = os.path.split(self.save_path)[0]
            if not os.path.isdir(folder):
                os.mkdir(folder)

            file.image.save(self.ideal_volume_slice, self.save_path + ' ideal balls.tif')
            file.image.save(self.segmented_slice, self.save_path + ' segmented.tif')
            file.image.save(self.data_slice, self.save_path + ' data.tif')

            if self.PS_noise_r is not None:
                save_data =  np.vstack((self.PS_ideal_r[0], self.PS_ideal_r[1], self.PS_data_r[1], self.PS_noise_r[1])).swapaxes(0, 1)
                np.savetxt(self.save_path + ' power spectra.txt', save_data,
                        header=f'u [0-0.5], PS_ideal, PS_data, PS_data_noise\nideal spectrum is scaled to the first bins of the data spectrum\nvoxelsize={self.voxelsize_corrected}')
            else:
                save_data =  np.vstack((self.PS_ideal_r[0], self.PS_ideal_r[1], self.PS_data_r[1])).swapaxes(0, 1)
                np.savetxt(self.save_path + ' power spectra.txt', save_data,
                        header=f'u [0-0.5], PS_ideal, PS_data\ndata spectrum is scaled to the first bins of the ideal spectrum\nvoxelsize={self.voxelsize_corrected}')
            self.hist_fig.savefig(self.save_path + ' size hist.pdf')

            with open(self.save_path + ' popt.json', 'w') as fp:
                json.dump(self.popt_dict, fp)


            u, D_data = self.PS_data_r
            u, S_ideal = self.PS_ideal_r
            if self.popt is not None:
                norm = 1.  # /np.sqrt(self.popt[0])
                fit_data = np.sqrt(D_data / S_ideal) * norm
                model_fit = np.sqrt(self.data_model(u, *self.popt)) * norm
                model_fit_noiseless = np.sqrt(self.data_model(u, *self.popt[:-4], 0, 0, 0, 0)) * norm
                data_MTF_blur = image.fourier.MTF_exp(u, self.popt[2]) * image.fourier.MTF_gauss(u, self.popt[3])
                save_data =  np.vstack((u, fit_data, model_fit, model_fit_noiseless, data_MTF_blur)).swapaxes(0, 1)
                np.savetxt(self.save_path + ' model fit.txt', save_data,
                        header=f'u, D_data/S_ideal, model_fit, model_fit_noiseless, data_MTF_blur\nvoxelsize={self.voxelsize_corrected}')

                self.plot_model_fit()
                self.model_fit_fig.savefig(self.save_path + ' model fit.pdf')


            self.power_spectra_fig.savefig(self.save_path + ' power spectra.pdf')
            self._print('saved results to', os.path.abspath(self.save_path))

            with open(self.save_path + ' log.txt', 'w') as fp:
                fp.write(self.log)
        else:
            print('no save path given, skipped saving results do disk')

    def clear_memory(self):
        ''' clear np.all volume images from memory, but keep results (except self.ideal_volume)
        :return:
        '''
        self.edt = None
        self.segmented = None
        self.data = None
        self.ideal_volume = None


def simulate_ball_phantom_cube(shape, ball_diameters, place_probabilities, voxelsize,
                          size_error=0.05, ball_elongation=1.0, max_attempts=200):
    ''' simulate a ball phantom in a rectangular volume

    this implementation is not very fast and not very realistic (ball positions), but should be sufficiently good

    2 % of the balls are placed randomly (nonintersecting)
    the rest is placed in contact with at least one other ball (nonintersecting)
    if max_attempts random placements did not yield a valid position, placement is finished

    this is not as dense as a real ball heap, but comes close (in a real heap, every ball has at least 3 contacts)

    :param shape:               volume image shape (must be smaller than 2**16 in every dimension)
    :param ball_diameters:          list of the ball sizes
    :param place_probabilities: placement probabilities, due to preferential placement of smaller balls in a
                                mostly full volume, the fraction of larger balls placed is smaller than its probability
    :param voxelsize:           image voxel size
    :param size_error:          width of the ball size distributions
    :param ball_elongation:     elongate balls in z-direction to simulate geometrical deformation (should be < 1.1)
    :param max_attempts:        maximum attempts at random placing for finding a nonintersecting position
    :return:                    ideal_phantom [shape uint16 ndarray], centers [(nballs, 3) uint16 ndarray), diameters [(nballs,) float32 ndarray]
    '''
    max_num_centers = int(np.prod(shape) * voxelsize ** 3 / (4 / 3 * np.pi * (min(ball_diameters) / 2) ** 3) * 0.7)
    centers = np.zeros((max_num_centers, 3), 'u2')
    diameters = np.zeros(max_num_centers, 'f4')
    diameter_indices = np.zeros(max_num_centers, 'i4')
    diameter_precision = voxelsize/4
    place_probabilities = np.array(place_probabilities, 'f8')
    place_probabilities /= np.sum(place_probabilities)

    max_attempts_minus = max_attempts
    k = 0
    while k < max_num_centers:
        diameter = np.random.choice(ball_diameters, p=place_probabilities) * (1.0 + np.random.randn() * size_error)
        diameter -= diameter % diameter_precision + diameter_precision / 2
        diameters[k] = diameter
        diameter_indices[k] = diameter // diameter_precision
        attempt = 0
        while True:
            radius_voxels = int(np.ceil((diameter / 2) / voxelsize))
            center_candidate = np.array([np.random.randint(radius_voxels+1, length-radius_voxels-1) for length in shape])
            free_distances = np.sqrt(((centers[:k] - center_candidate) ** 2).sum(axis=1)) * voxelsize - diameters[ :k] / 2 - diameter / 2

            if np.all(free_distances > diameter_precision):
                max_attempts_minus = max_attempts

                if k > max_num_centers / 50:  # move ball on contact to nearest ball
                    nearest_k = np.argmin(free_distances)
                    shift_unit_vector = (centers[nearest_k] - center_candidate) / np.sqrt(
                        ((centers[nearest_k] - center_candidate) ** 2).sum())
                    shift_vector = shift_unit_vector * free_distances[nearest_k]
                    center_candidate -= np.uint16(shift_vector)

                centers[k] = center_candidate
                k += 1
                break
            elif attempt > max_attempts_minus:
                max_attempts_minus -= 10
                break
            else:
                attempt += 1
        if max_attempts_minus < 0:
            break

    centers = np.copy(centers[:k])
    diameters = np.copy(diameters[:k])
    diameter_indices = np.copy(diameter_indices[:k])

    ideal_phantom = np.zeros(shape, 'u2')
    ball_counts = np.zeros(2, 'u8') # placed, not placed
    for k in np.unique(diameter_indices):
        ideal_ball = compute_ideal_ball_array(diameter_precision * k, voxelsize, OS_factor, ball_elongation)
        loc = diameter_indices == k
        place_balls(ideal_phantom, ideal_ball, centers[loc], ball_counts)

    return ideal_phantom, centers, diameters

simulate_ball_phantom = simulate_ball_phantom_cube


def simulate_ball_phantom_cylinder(shape, ball_diameters, place_probabilities, voxelsize,
                          size_error=0.05, ball_elongation=1.0, max_attempts=200):
    ''' simulate a ball phantom in a rectangular volume, balls only placed within a cylinder

    this implementation is not very fast and not very realistic (ball positions), but should be sufficiently good

    2 % of the balls are placed randomly (nonintersecting)
    the rest is placed in contact with at least one other ball (nonintersecting)
    if max_attempts random placements did not yield a valid position, placement is finished

    this is not as dense as a real ball heap, but comes close (in a real heap, every ball has at least 3 contacts)

    :param shape:               volume image shape (must be smaller than 2**16 in every dimension)
    :param ball_diameters:          list of the ball sizes
    :param place_probabilities: placement probabilities, due to preferential placement of smaller balls in a
                                mostly full volume, the fraction of larger balls placed is smaller than its probability
    :param voxelsize:           image voxel size
    :param size_error:          width of the ball size distributions
    :param ball_elongation:     elongate balls in z-direction to simulate geometrical deformation (should be < 1.1)
    :param max_attempts:        maximum attempts at random placing for finding a nonintersecting position
    :return:                    ideal_phantom [shape uint16 ndarray], centers [(nballs, 3) uint16 ndarray), diameters [(nballs,) float32 ndarray]
    '''
    max_num_centers = int(np.prod(shape) * voxelsize ** 3 / (4 / 3 * np.pi * (min(ball_diameters) / 2) ** 3) * 0.7)
    centers = np.zeros((max_num_centers, 3), 'u2')
    diameters = np.zeros(max_num_centers, 'f4')
    diameter_indices = np.zeros(max_num_centers, 'i4')
    diameter_precision = voxelsize/4
    place_probabilities = np.array(place_probabilities, 'f8')
    place_probabilities /= np.sum(place_probabilities)
    cylinder_radius = np.fmin(shape[1]/2., shape[2]/2.)

    max_attempts_minus = max_attempts
    k = 0
    while k < max_num_centers:
        diameter = np.random.choice(ball_diameters, p=place_probabilities) * (1.0 + np.random.randn() * size_error)
        diameter -= diameter % diameter_precision + diameter_precision / 2
        diameters[k] = diameter
        diameter_indices[k] = diameter // diameter_precision
        attempt = 0
        while True:
            radius_voxels = int(np.ceil((diameter / 2) / voxelsize))
            center_candidate = np.array([np.random.randint(radius_voxels+1, length-radius_voxels-1) for length in shape])
            free_distances = np.sqrt(((centers[:k] - center_candidate) ** 2).sum(axis=1)) * voxelsize - diameters[ :k] / 2 - diameter / 2
            inside_cylinder = (np.sqrt((center_candidate[1]-shape[1]/2)**2 + (center_candidate[2]-shape[2]/2)**2) + diameter/2) < cylinder_radius

            if inside_cylinder and np.all(free_distances > diameter_precision):
                max_attempts_minus = max_attempts

                if k > max_num_centers / 50:  # move ball on contact to nearest ball
                    nearest_k = np.argmin(free_distances)
                    shift_unit_vector = (centers[nearest_k] - center_candidate) / np.sqrt(
                        ((centers[nearest_k] - center_candidate) ** 2).sum())
                    shift_vector = shift_unit_vector * free_distances[nearest_k]
                    center_candidate -= np.uint16(shift_vector)

                centers[k] = center_candidate
                k += 1
                break
            elif attempt > max_attempts_minus:
                max_attempts_minus -= 10
                break
            else:
                attempt += 1
        if max_attempts_minus < 0:
            break

    centers = np.copy(centers[:k])
    diameters = np.copy(diameters[:k])
    diameter_indices = np.copy(diameter_indices[:k])

    ideal_phantom = np.zeros(shape, 'u2')
    ball_counts = np.zeros(2, 'u8') # placed, not placed
    for k in np.unique(diameter_indices):
        ideal_ball = compute_ideal_ball_array(diameter_precision * k, voxelsize, OS_factor, ball_elongation)
        loc = diameter_indices == k
        place_balls(ideal_phantom, ideal_ball, centers[loc], ball_counts)

    return ideal_phantom, centers, diameters







tomis/evaluation/image_registration-simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import *\n",
    "from evaluation.notebook import *\n",
    "from scipy.ndimage import gaussian_filter\n",
    "from image.registration import *\n",
    "from simulation.test_images import *\n",
    "\n",
    "cl_environ = cl.get_compute_device_interactive()"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# shift registration\n",
    "\n",
    "including precision tests"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "%%time\n",
    "\n",
    "test_image = generate_test_image(2000)\n",
    "test_image = (200*test_image).astype(\"f4\")\n",
    "\n",
    "test_image = gaussian_filter(test_image, 1.)\n",
    "    \n",
    "IRT = ImageRegisterTool(cl_environ)\n",
    "IRT.verbose = 2\n",
    "\n",
    "true_shift = random.randint(0, 2**16, size=2)/2**12-2**2\n",
    "shifted_image = IRT.shift_image(test_image, *true_shift)\n",
    "shifted2_image = IRT.shift_image(shifted_image, *(-true_shift))\n",
    "\n",
    "# add noise, would make simple algorithms only one-pixel-precise\n",
    "test_image += poisson(1e6, test_image.shape)\n",
    "shifted_image += poisson(1e6, test_image.shape)\n",
    "\n",
    "%time xshift_opt, yshift_opt, opt_indices, diff_measure_image = IRT.auto_find_shift(\\\n",
    "    test_image, shifted_image, (-150, 150), (-150, 150))\n",
    "\n",
    "backshifted_image = IRT.shift_image(shifted_image, xshift_opt, yshift_opt, invert_transform=True)\n",
    "\n",
    "found_shift = array((xshift_opt, yshift_opt))\n",
    "shift_diff =  true_shift-found_shift\n",
    "print('true shift: {:>6.2f}, {:>6.2f}, found shift: {:>6.2f}, {:>6.2f}, diff: {:>6.2f}, {:>6.2f}'.format(\n",
    "    *true_shift, *found_shift, *shift_diff))\n",
    "\n",
    "\n",
    "fig = show_images((test_image[30:-30, 30:-30], backshifted_image[30:-30,30:-30], diff_measure_image),\n",
    "            figsize=(13, 5), max_ncols=3)\n",
    "display(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "# shift registration correctness test (random shifts)\n",
    "N = 500\n",
    "diffs = zeros(N, 'f4')\n",
    "test_image = generate_test_image(512)\n",
    "test_image = (200*test_image).astype(\"f4\")\n",
    "\n",
    "test_image = gaussian_filter(test_image, 1.2)\n",
    "\n",
    "IRT = ImageRegisterTool(cl_environ)\n",
    "IRT.verbose = 0\n",
    "\n",
    "noise_level = 1e7\n",
    "noise1 = poisson(noise_level, test_image.shape)\n",
    "noise2 = poisson(noise_level, test_image.shape)\n",
    "test_image_n = test_image+noise1\n",
    "fig = show_images([test_image, test_image_n], figsize=(12, 6))\n",
    "display(fig)\n",
    "           \n",
    "for precision_grade in (3, 2, 1, 0):\n",
    "    print('precision grade', precision_grade, ', steps:', *['{:.2f}'.format(x) for x in IRT.precision_steps(precision_grade)])\n",
    "    t0 = time.time()\n",
    "    for k in range(N):\n",
    "        true_shift = random.randint(0, 2**16, size=2)/2**10 - 2**5\n",
    "        shifted_image = IRT.shift_image(test_image, *true_shift)\n",
    "        shifted_image += noise2\n",
    "\n",
    "        xshift_opt, yshift_opt, opt_indices, diff_measure_image = IRT.auto_find_shift(\\\n",
    "            test_image_n, shifted_image, (-100, 100), (-100, 100), precision_grade=precision_grade)\n",
    "        found_shift = array((xshift_opt, yshift_opt))\n",
    "\n",
    "        shift_diff =  true_shift-found_shift\n",
    "        diffs[k] = sqrt(sum(shift_diff**2))\n",
    "        if k % (N//4) == 0:\n",
    "            print('k={:<3}, true shift: {:>6.2f}, {:>6.2f}, found shift: {:>6.2f}, {:>6.2f}, diff: {:>6.2f}, {:>6.2f}'.format(\n",
    "                k, *true_shift, *found_shift, *shift_diff))\n",
    "\n",
    "    print('=> median shift: {:.3f}; 99 th percentile worst: {:.3f}, k={}; runtime avg.: {:.1f} ms\\n'.format(\n",
    "        median(diffs), percentile(diffs, 99), argmax(diffs), 1e3*(time.time()-t0)/N))\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "# registration precision for different SNR\n",
    "N = 100\n",
    "diffs = zeros(N, 'f4')\n",
    "test_image = generate_test_image(256)\n",
    "test_image = (200*test_image).astype(\"f4\")\n",
    "\n",
    "IRT = ImageRegisterTool(cl_environ)\n",
    "IRT.verbose = 0\n",
    "\n",
    "for sigma in (1, 3, 9):\n",
    "    test_image_b = gaussian_filter(test_image, sigma)\n",
    "\n",
    "    noise_levels = logspace(4, 9.5, 15)\n",
    "    avg_diffs = zeros_like(noise_levels)\n",
    "\n",
    "    for j, noise_level in enumerate(noise_levels):\n",
    "        noise1 = poisson(noise_level, test_image.shape)\n",
    "        noise2 = poisson(noise_level, test_image.shape)\n",
    "        test_image_n = test_image_b+noise1\n",
    "\n",
    "        t0 = time.time()\n",
    "        for k in range(N):\n",
    "            true_shift = random.randint(0, 2**16, size=2)/2**10 - 2**5\n",
    "            shifted_image = IRT.shift_image(test_image, *true_shift)\n",
    "            shifted_image += noise2\n",
    "\n",
    "            xshift_opt, yshift_opt, opt_indices, diff_measure_image = IRT.auto_find_shift(\\\n",
    "                test_image_n, shifted_image, (-100, 100), (-100, 100), precision_grade=2)\n",
    "            found_shift = array((xshift_opt, yshift_opt))\n",
    "\n",
    "            shift_diff =  true_shift-found_shift\n",
    "            diffs[k] = sqrt(sum(shift_diff**2))\n",
    "        avg_diffs[j] = median(diffs)\n",
    "\n",
    "    plt.clf()\n",
    "    plt.loglog(noise_levels, avg_diffs)\n",
    "    plt.xlabel('noise level')\n",
    "    plt.ylabel('average error vector length')\n",
    "    plt.grid()\n",
    "    plt.ylim(0.11/sqrt(8), None)\n",
    "    plt.figaspect(3)\n",
    "    plt.title('image registration precision for $\\sigma$={:.1f}'.format(sigma))\n",
    "    display(plt.gcf())"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## note on subpixel precision\n",
    "\n",
    "If the two images that are registered have different noise realizations (and a lot of noise), then the simple registration will always result in a shift of N.5, M.5 pixels, because half-half superposition of pixels reduces noise the most and leads to a smaller average difference.\n",
    "\n",
    "The OpenCL function constant_noise_diff_shifts() corrects for this fact such that noise difference is independent of shift. This is done by interpolating both images and adding a constant shift to both read positions.\n",
    "\n",
    "This seems to produce some artifacts by itself (regular patterns, dependent on image content, can happen in varying severity for identical noise levels)."
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# shift + scale registration"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "#%%time\n",
    "\n",
    "test_image = generate_test_image(512)\n",
    "test_image = (200*test_image).astype(\"f4\")\n",
    "    \n",
    "IRT = ImageRegisterTool(cl_environ, bin_factor=3)\n",
    "IRT.verbose = 2\n",
    "\n",
    "scale = 1. + np.random.randn()*0.05\n",
    "\n",
    "true_shift = random.randint(0, 2**16, size=2)/2**11-2**2\n",
    "transf_image = IRT.shift_scale_image(test_image, *true_shift, scale)\n",
    "transfinv_image = IRT.shift_scale_image(transf_image, *true_shift, scale, invert_transform=True)\n",
    "    \n",
    "fig1 = show_images((test_image, transf_image), ('original', 'scaled+shifted'),\n",
    "            figsize=(13, 13), max_ncols=2)\n",
    "\n",
    "%time xshift_opt, yshift_opt, scale_opt, opt_indices, diff_measure_images = IRT.auto_find_shift_scale(\\\n",
    "    test_image, transf_image, (-100, 100), (-100, 100), (0.8, 1.2), start_scale_step=5e-2, precision_grade=3)\n",
    "\n",
    "found_shift = array((xshift_opt, yshift_opt))\n",
    "shift_diff =  true_shift-found_shift\n",
    "print('true shift: {:>6.2f}, {:>6.2f}, found: {:>6.2f}, {:>6.2f}, diff: {:>6.2f}, {:>6.2f}'.format(\n",
    "    *true_shift, *found_shift, *shift_diff))\n",
    "print('true scale: {:>6.4f}, found: {:>6.4f}, diff: {:>6.4f}'.format(\n",
    "    scale, scale_opt, np.abs(scale_opt-scale)))\n",
    "\n",
    "\n",
    "transfinv_found_image = IRT.shift_scale_image(transf_image, xshift_opt, yshift_opt, scale_opt, \n",
    "                                              invert_transform=True)\n",
    "\n",
    "fig2 = show_images((transfinv_found_image, test_image-transfinv_found_image, diff_measure_images[opt_indices[0]]), \n",
    "                   ('backtransformed', 'diff original to register backtransform', 'diff map'),\n",
    "                   perc_val=(0, 100), figsize=(13, 5), max_ncols=3)\n",
    "\n",
    "display(fig1)\n",
    "display(fig2)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# shift + rotation registration"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "%%time\n",
    "\n",
    "test_image = generate_test_image(512)\n",
    "test_image = (200*test_image).astype(\"f4\")\n",
    "    \n",
    "    \n",
    "IRT = ImageRegisterTool(cl_environ)\n",
    "IRT.verbose = 2\n",
    "\n",
    "rot_angle = np.random.randn()*2\n",
    "rot_origin = None #array((250, 300), 'f4')\n",
    "\n",
    "true_shift = random.randint(0, 2**16, size=2)/2**10-2**2\n",
    "rotated_image = IRT.shift_rot_image(test_image, *true_shift, rot_angle, rot_origin)\n",
    "rotated2_image = IRT.shift_rot_image(rotated_image, *true_shift, rot_angle, rot_origin, \n",
    "                                     invert_transform=True)\n",
    "    \n",
    "fig1 = show_images((test_image, rotated_image),('original', 'shifted + rotated'),\n",
    "                    figsize=(13, 13), max_ncols=2)\n",
    "\n",
    "%time xshift_opt, yshift_opt, rot_angle_opt, opt_indices, diff_measure_images = IRT.auto_find_shift_rot(\\\n",
    "                                    test_image, rotated_image, (-50, 50), (-50, 50), (-8, 8), \\\n",
    "                                    rot_origin, start_angle_step=0.1, precision_grade=3)\n",
    "\n",
    "\n",
    "backrotated_image = IRT.shift_rot_image(rotated_image, xshift_opt, yshift_opt, rot_angle_opt,\n",
    "                                        rot_origin, invert_transform=True)\n",
    "\n",
    "fig2 = show_images((backrotated_image, test_image-backrotated_image, diff_measure_images[opt_indices[0]]), \n",
    "                   ('backtransformed', 'diff original to register backtransform', 'diff map'),\n",
    "                    figsize=(13, 5), max_ncols=3)\n",
    "\n",
    "\n",
    "found_shift = array((xshift_opt, yshift_opt))\n",
    "shift_diff =  true_shift-found_shift\n",
    "print('true shift: {:>6.2f}, {:>6.2f}, found: {:>6.2f}, {:>6.2f}, diff: {:>6.2f}, {:>6.2f}'.format(\n",
    "    *true_shift, *found_shift, *shift_diff))\n",
    "print('true rotation: {:>6.4f}, found: {:>6.4f}, diff: {:>6.4f}'.format(\n",
    "    rot_angle, rot_angle_opt, np.abs(rot_angle_opt-rot_angle)))\n",
    "\n",
    "display(fig1)\n",
    "display(fig2)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "anaconda-cloud": {},
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 1
}







tomis/evaluation/notebook.py

''' functions for use in jupyter notebooks

written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
version = 1, 0
version_str = f'v{".".join([str(v) for v in version])}'
version_date = '2019-02-28'

import numpy as np
import matplotlib.pyplot as plt

RETURN_FIGS = True


def show_image(image, title=None, figsize=None, vrange=None, perc_val=(0.2, 99.8), return_fig=True):
    if figsize is None:
        figsize = 12, 12*image.shape[1]/image.shape[0]
    fig, ax = plt.subplots(1, 1, figsize=figsize)
    if vrange is None:
        vrange = np.nanpercentile(image, perc_val)
    ax.imshow(image, cmap=plt.cm.gray, interpolation='none', vmin=vrange[0], vmax=vrange[1])
    if title is not None: ax.set_title(title)
    ax.axis('off')
    if RETURN_FIGS and return_fig:
        return fig


def show_images(images, titles=None, max_ncols=3, figsize=(12, None), vrange=None, vranges=None,
                scale_individually=True, perc_val=(0.2, 99,8), return_fig=True):
    nrows, ncols = (len(images) - 1) // max_ncols + 1, min(len(images), max_ncols)
    autoscale =  vrange is None
    fig, axes = plt.subplots(nrows=nrows, ncols=ncols, subplot_kw=dict(frame_on=False))
    if figsize[0] is not None:
        fig.set_figwidth(figsize[0])
    if figsize[0] is not None and figsize[1] is None:
        fig.set_figheight(figsize[0]/nrows*ncols)
    elif figsize[1] is not None:
        fig.set_figheight(figsize[1])
    if not scale_individually and autoscale:
        vrange = np.nanpercentile(np.hstack(images), perc_val)
    if nrows == 1 or ncols == 1:
        for image_index, image in enumerate(images):
            if vranges is not None:
                if vranges[image_index] is not None:
                    vrange = vranges[image_index]
            elif scale_individually and autoscale:
                vrange = np.nanpercentile(image, perc_val)
            axes[image_index].imshow(image, cmap=plt.cm.gray, interpolation='none', vmin=vrange[0], vmax=vrange[1])
            axes[image_index].axis('off')
            if titles is not None: axes[image_index].set_title(titles[image_index])
    else:
        for row_index in np.arange(nrows):
            for col_index in np.arange(ncols):
                image_index = max_ncols*row_index + col_index
                if image_index < len(images):
                    image = images[image_index]
                    if vranges is not None:
                        if vranges[image_index] is not None:
                            vrange = vranges[image_index]
                    elif scale_individually and autoscale:
                        vrange = np.nanpercentile(image, perc_val)
                    axes[row_index, col_index].imshow(image, cmap=plt.cm.gray, interpolation='none', vmin=vrange[0], vmax=vrange[1])
                    if titles is not None: axes[row_index, col_index].set_title(titles[image_index])
                axes[row_index, col_index].set_axis_off()
    if RETURN_FIGS and return_fig:
        return fig


def str_to_tex(text): # converts strings for tex plotting in matplotlib
    new_text = ''
    for letter in text:
        if letter in ('_', '%'):
            new_text += '\\'
        new_text += letter
    return new_text







tomis/evaluation/result.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import file, json, zipfile
import numpy as np, PIL

class EvaluationResult:
    version = None

    def __init__(self, load_fname=None):
        self.attributes = {}  # key: attribute name, value: [type, type options]

        if load_fname is not None:
            self.load(load_fname)

    def load_properties(self):
        pass

    def save_properties(self):
        pass

    def load(self, fname):
        with open(fname+'_contents.json', 'w') as fp:
            attributes = json.load(fp)

    def save(self, fname):
        with zipfile.ZipFile(fname, 'w') as zf:
            values = {}
            data_info = {}
            for key, type_info in self.attributes.items():
                type, type_options = type_info
                data = self.__getattribute__(key)
                if type == 'value':
                    values[key] = data
                elif type == 'image':
                    with zf.open(f'image_{key}.tif') as fp:
                        PIL.Image.fromarray(data).save(fp, format='TIF')
                elif type == 'data':
                    data_info[key] = {'shape': data.shape, 'dtype': data.dtype.str}

                elif type == 'plot':
                    plot_data = []
                    for attribute in type_info:
                        plot_data.append(self.__getattribute__(attribute))
                    plot_data = np.array(plot_data).swapaxes(0, 1)
                    np.savetxt(fname+f'_plot_{key}.txt', plot_data)

            with open(fname+'_contents.json', 'w') as fp:
                json.dump(self.attributes, fp)
            with open(fname+'_values.json', 'w') as fp:
                json.dump(values, fp)

            type = {'object': str(self.__class__), 'version': self.version}
            with open(fname+'_type.json', 'w') as fp:
                json.dump(type, fp)

        print(f'saved EvaluationResult to {fname}*')

    def evaluate(self, *args, **kwargs):
        raise NotImplementedError






tomis/evaluation/template.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 1,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "Using matplotlib backend: TkAgg\n",
      "Populating the interactive namespace from numpy and matplotlib\n"
     ]
    }
   ],
   "source": [
    "%pylab\n",
    "import sys; sys.path.append('../..') # latter is the path to the tomis package\n",
    "from tomis import file, evaluation\n",
    "from evaluation.notebook import *"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.6.8"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 2
}







tomis/file/__init__.py

from . import image, volume, info, path






tomis/file/image.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

from file.image_formats import *
from file.info import *
from image.cropping import *

def load(filename, crops=((0, 0), (0, 0)), raw_shape=None, raw_header=0, raw_dtype='f4', output_dtype=None, **kwargs):
    '''
    funcion for reading images (2D arrays)

    :param filename:        str with filename
    :param ycrop:           crop parameters in y direction, axis = 0
    :param xcrop:           crop parameters in x direction, axis = 1
    only for raw images:
    :param raw_shape:       raw shape (y, x)
    :param raw_header:      header in bytes
    :param raw_dtype:       dtype in numpy string notation (e.g. 'f4' for float32 and '<u2' for uint16)
    :param output_dtype:    dtype for output, keeps file dtype by default
    :return:
    '''
    suffix = separate_suffix(filename)[1]
    if raw_shape is not None:
        if len(raw_shape) == 3:
            raw_shape = raw_shape[1:]
        assert separate_suffix(filename)[1] not in IMAGE_FORMATS, 'binary image format used with raw load'
        with open(filename, mode='r+b') as file:
            dtype_nbytes = np.dtype(raw_dtype).itemsize
            file.seek(raw_header + dtype_nbytes*crops[0][0]*raw_shape[1])
            read_shape = get_cropped_shape(raw_shape, (crops[0], None))
            try:
                image = np.fromfile(file, dtype=raw_dtype, count=(read_shape[0]*read_shape[1])).reshape(read_shape)
                if output_dtype is not None:
                    image = image.astype(output_dtype)
                image = crop_arr(image, (None, crops[1]))
                return image
            except ValueError:
                pass
    else:
        if suffix in ('raw', ''):
            settings = load_info(filename, optional=False)
            return load(filename, crops=crops, raw_shape=settings['shape'][::-1],
                        raw_dtype=settings['dtype'], output_dtype=output_dtype)
        else:
            pil_image = PIL.Image.open(filename)
            pil_image = crop_pil_image(pil_image, crops, pil_image.size[::-1])
            image = np.array(pil_image)
            if output_dtype is not None:
                image = image.astype(output_dtype)
            return image


def save(image: np.ndarray, filename, suffix=None, index=None, output_dtype=None, unchanged_filename=True,
         png_compress_level=4):
    ''' function for saving images (2D arrays)

    the folders required to save the image will be generated automatically

    :param image:           array with image
    :param filename:        filename string
    :param output_dtype:    output dtype
    :return:
    '''
    try:
        _save(image, filename, suffix, index, output_dtype, unchanged_filename, png_compress_level)
    except OSError:
        os.makedirs(os.path.dirname(filename))
        _save(image, filename, suffix, index, output_dtype, unchanged_filename, png_compress_level)

def _save(image: np.ndarray, filename, suffix=None, index=None, output_dtype=None, unchanged_filename=True,
         png_compress_level=4):
    ''' function for saving images (2D arrays)

    :param image:           array with image
    :param filename:        filename string
    :param output_dtype:    output dtype
    :return:
    '''
    if index is not None:
        index_text = '_{:04}'.format(index)
    else: index_text = ''
    if suffix is None:
        filename_, suffix = separate_suffix(filename)
    else:
        filename_ = filename
    if output_dtype is not None:
        image = image.astype(output_dtype)
    else:
        output_dtype = image.dtype
    if suffix == 'raw':
        if not unchanged_filename: filename = filename_+'{}_{}_{}.raw'.format(index_text, image.shape, output_dtype)
        image.tofile(filename)
        save_info(filename, image.shape, output_dtype)
    else:
        if suffix == '':
            filename += '.tif'
        if not unchanged_filename and index is not None:
            filename = filename_ + index_text + '.' + suffix
        pil_args=dict()
        if filename[-3:] == 'png':
            pil_args['compress_level'] = png_compress_level
        PIL.Image.fromarray(image).save(filename, **pil_args)
    return filename


def save_measurement(image, filename, suffix=None, index=None, output_dtype=None, unchanged_filename=False,
                     png_compress_level=4):
    if os.path.isfile(filename):
        raise FileExistsError(f'image already exists, choose a different filename ({filename})')
    fname = save(image, filename, suffix, index, output_dtype, unchanged_filename, png_compress_level)
    #print(f'saved image to {fname}')


def crop_pil_image(pil_image, crops, imshape):
    right = crops[1][1] if crops[1][1] > 0 else imshape[1] + crops[1][1]
    lower = crops[0][1] if crops[0][1] > 0 else imshape[0] + crops[0][1]
    return pil_image.crop((crops[1][0], crops[0][0], right, lower))


def scale_to_dtype(arr, input_val_range=None, new_dtype=np.uint16):
    if np.dtype(new_dtype) in (np.uint16, np.uint8):
        #print('rescaling from', arr.min(), arr.max(), input_val_range, new_dtype)
        if input_val_range is None:
            input_val_range = arr.min(), arr.max()
        if np.dtype(new_dtype) == np.uint16:  max_val = 2**16-1
        elif np.dtype(new_dtype) == np.uint8: max_val = 2**8-1
        diff = input_val_range[1] - input_val_range[0]
        arr = arr.astype("f4", copy=True)
        arr -= input_val_range[0]
        arr *= max_val / diff
        arr = np.clip(arr, 0, max_val).astype(new_dtype, copy=False)
    # float32 is not changed
    return arr


def unscale_from_dtype(arr, input_val_range, old_dtype=None):
    if old_dtype is None:
        old_dtype = arr.dtype
    if "u" in np.dtype(old_dtype).str:
        #print('unscaling from', arr.min(), arr.max(), input_val_range, old_dtype)
        if "2" in np.dtype(old_dtype).str:  max_val = 2**16-1
        elif "1" in np.dtype(old_dtype).str: max_val = 2**8-1
        elif "4" in np.dtype(old_dtype).str: max_val = 4**8-1
        diff = input_val_range[1] - input_val_range[0]
        arr = arr.astype('f4')
        arr *= diff / max_val
        arr += input_val_range[0]
        #print('unscaled to', arr.min(), arr.max(), arr.write_dtype)
    # float32 is not changed
    return arr






tomis/file/image_formats.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import io, PIL, numpy as np
import PIL.Image

IMAGE_FORMATS = 'tif', 'jpg', 'png', 'gif', 'jpeg', 'tiff', 'edf', 'bmp'
                # types allowed for binary images if restrict_binary_to_IMAGE_FORMATS (ImagesReader)
IMAGE_IGNORED_TYPES = 'info', 'txt', 'pysettings'
                # file types ignored for all image formats if use_IMAGE_IGNORED_TYPES (ImagesReader)


def file_in_IMAGE_FORMATS(file):
    for suffix in IMAGE_FORMATS:
        if file[-len(suffix):] == suffix:
            return True
    #print('not in IMAGE_FORMATS:', file)
    return False

def file_in_IMAGE_IGNORED_TYPES(file):
    for suffix in IMAGE_IGNORED_TYPES:
        if file[-len(suffix):] == suffix:
            #print('in IMAGE_IGNORED_TYPES:', file)
            return True
    return False



def test_binary_image(filename: str):
    try:
        if filename[-3:] == 'edf':
            with open(filename, 'r', encoding='ascii', errors='replace') as file_io:
                edf_header = ''
                for k in np.arange(20):
                    file_io.seek(k*256)
                    edf_header += file_io.read(256)
                    if k == 0 and edf_header[0] != '{':
                        raise TypeError('not a valid edf header {')

                    if '}' in edf_header[-3:]:
                        break
                    elif k == 19:
                        raise TypeError('not a valid edf header }')

                lines = edf_header.splitlines()
                header_dict = dict()
                for line in lines:
                    try:
                        key, val = line.split('=')
                        key = key.strip(' ')
                        val = val[:-1].strip(' ')
                        header_dict[key]= val
                    except ValueError:
                        pass

                im_dtype = '<' if header_dict['ByteOrder'] == 'LowByteFirst' else '>'
                im_dtype += EDF_DATA_TYPES[header_dict['DataType']]
                im_shape = int(header_dict['Dim_2']), int(header_dict['Dim_1'])
                return True, im_shape, True, im_dtype, int((k+1)*256)

        else:

            with open(filename, mode='rb') as file:
                is_big_endian = file.read(2) == b'MM' # todo: find out where (and if) PIL indicates endianness
                pil_image = PIL.Image.open(file)
                imshape = pil_image.size[1], pil_image.size[0]
                if type(pil_image) == PIL.TiffImagePlugin.TiffImageFile:
                    nheader = pil_image.tag[273][0]
                    number_nbytes = pil_image.tag[258][0]//8

                    if pil_image.mode == 'F':
                        im_dtype = 'f'+str(number_nbytes)
                    elif pil_image.mode[0] == 'I':
                        im_dtype = 'u'+str(number_nbytes)
                    elif pil_image.mode == 'L':
                        im_dtype = 'u1'
                    else:
                        raise TypeError
                    if is_big_endian:
                        im_dtype = '>' + im_dtype
                    else:
                        im_dtype = '<' + im_dtype
                    return True, imshape, pil_image.info['compression']=='raw', im_dtype, nheader
                else:
                    return True, imshape, False, None, 0
    except (OSError, TypeError, ValueError):
        return False, (0, 0), False, None, 0


EDF_DATA_TYPES = {"SignedByte"            : 'u1', "UnsignedByte"          : 'u1',
                  "SignedShort"           : 'i2', "UnsignedShort"         : 'u2',
                  "SignedInteger"         : 'i4', "UnsignedInteger"       : 'u4',
                  "SignedLong"            : 'i8', "UnsignedLong"          : 'u8',
                  "Float"                 : 'f4',
                  "Float32"               : 'f4',
                  "Double"                : 'f8'}



def get_tif_header(imshape, im_dtype, resolution=None):
    with io.BytesIO() as raw:
        pil_args = dict()
        if resolution is not None:
            pil_args['resolution'] = 1/resolution*1e4
            pil_args['x_resolution'] = 1/resolution*1e4
            pil_args['y_resolution'] = 1/resolution*1e4
            pil_args['resolution_unit'] = "cm"

        pil_image_w = PIL.Image.fromarray(np.zeros(imshape, im_dtype), **pil_args)
        pil_image_w.save(raw, format='tiff')

        pil_image_r = PIL.Image.open(raw)
        nheader = pil_image_r.tag[273][0]

        raw.seek(0)
        header = raw.read(nheader)
    return nheader, header






tomis/file/info.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import json
from file.path import *


class ExtendedJSONEncoder(json.JSONEncoder):
    def default(self, o):
        if np.iterable(o) or type(o) is np.ndarray:
            return list(o)
        elif issubclass(o.__class__, (dict,)):
            return dict(**o)
        else:
            try: # conversion from numpy numbers
                kind = o.dtype.kind
                if kind in ('i', 'u'):
                    return int(o)
                elif kind in ('S', 'U'):
                    return str(o)
                else:
                    return float(o)
            except (ValueError, TypeError):
                return json.JSONEncoder.default(self, o)


def get_info_filename(filename):
    if type(filename) in (tuple, list):
        assert len(filename[0]) > 1
        filename = os.path.commonprefix(filename)
        filename = filename.rstrip("_0")
        #print("found info file name", filename)
    else:
        assert type(filename) is str, "{}".format(filename)
    if filename == "":
        filename = "info"
    return modify_path(filename, suffix='info')


def load_info(image_filename, optional=True):
    info_filename = get_info_filename(image_filename)
    #print('load info from', info_filename, image_filename)
    if os.path.isfile(info_filename):
        try:
            with open(info_filename, 'r') as fp:
                info = json.load(fp)
            #print('info read', info)
            return info
        except Exception:
            #print(f'WARNING: invalid info file at {info_filename}')
            return None

    elif not optional:
        raise OSError(f'no info file exists at {info_filename}')


def save_info(image_filename, shape, dtype, value_range=None, **info):
    json_str = '{'
    json_str += f'"shape": {list(shape[::-1])},\n'
    if value_range is not None:
        json_str += '"value_range": {},\n'.format(list(value_range))
    json_str += f'"dtype": "{np.dtype(dtype).str}"\n'
    if len(info) > 0:
        try:
            encoded = ExtendedJSONEncoder(sort_keys=True, skipkeys=True, indent=2).encode(info)[1:]
            json_str += ','
            json_str += encoded
        except TypeError as err:
            print('WARNING: adding other info to info file failed:', err)
            json_str += '}'
    else:
        json_str += '}'

    info_filename = get_info_filename(image_filename)
    with open(info_filename, 'w') as fp:
        fp.write(json_str)

    #print(f'info written {json_str}')
    #with open(info_filename, 'r') as fp:
    #    print('reloaded', json.load(fp))







tomis/file/path.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import os, numpy as np, fnmatch, glob
pjoin = os.path.join


def sort_numbered(files_list, sort_name_range=(None, None)):
    file_unsorted_indices = np.arange(len(files_list))
    file_sorted_indices = np.zeros(len(files_list), dtype='i4')-1
    for number_length in np.arange(1, 6)[::-1]:
        for k in file_unsorted_indices[file_sorted_indices < 0]:
            fname = files_list[k][sort_name_range[0]:sort_name_range[1]]
            if file_sorted_indices[k] < 0:
                parts = fname.split('.')
                if len(parts) > 1 :
                    bare_fname = parts[-2]
                else:
                    bare_fname = parts[0]
                try:
                    n = int(bare_fname[-number_length:])
                    file_sorted_indices[k] = n
                except ValueError:
                    pass
    if np.all(file_sorted_indices >= 0):
        files_list_sorted = []
        sorters = np.argsort(file_sorted_indices)
        for k in sorters:
            files_list_sorted.append(files_list[k])
        return files_list_sorted
    else:
        return sorted(files_list)
    
    
def separate_suffix(filename):
    split_list = filename.split('.')
    if len(split_list) > 1:
        suffix = split_list[-1]
        return filename[:-(len(suffix)+1)], suffix
    else:
        return filename, ''


def replace_suffix(filename, suffix):
    first_part, old_suffix = separate_suffix(filename)
    if len(old_suffix) > 4: # the thing after the dot is not a file ending
        first_part += "." + old_suffix
    if suffix is None:
        return os.path.normpath(first_part)
    else:
        return os.path.normpath(first_part + '.' + suffix)


def modify_path(path, suffix=None, before='', after=''):
    folder, filename = os.path.split(path)
    stem, old_suffix = separate_suffix(filename)
    if suffix is None:
        suffix = old_suffix
    suffix_append = '.' + suffix if suffix != '' else ''
    return os.path.normpath(pjoin(folder, before + stem + after + suffix_append))


def assure_dir_exists(path):
    if path != '':
        try:                    os.makedirs(path, exist_ok=True)
        except FileExistsError: pass


def do_exclude_patterns(filenames, exclude_patterns):
    for pattern in exclude_patterns:
        match_list = fnmatch.filter(filenames, '*'+pattern)
        if len(match_list) > 0:
            match_indices = []
            for match in match_list:
                match_indices.append(filenames.index(match))
            match_indices.sort()
            for k in match_indices[::-1]:
                del filenames[k]


def try_delete_file(filename):
    try:
        os.remove(filename)
        return True
    except OSError:
        return False

def try_delete_array_file(filename):
    for filename_ in (filename, separate_suffix(filename)[0] + '_info.txt',
                      separate_suffix(filename)[0] + '_info.pydict'):
        try:
            if os.path.isfile(filename_):
                os.remove(filename_)
            return True
        except OSError as err:
            print('file could not be deleted:', filename_, err)
            return False






tomis/file/volume.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import glob, gc, time, shutil, concurrent.futures as conc_fut, copy

from file.image import *
from common.settings_hash import *
from image.resize import *


# images stack access classes
class Reader():
    use_threaded_IO = 0
    modes = 'auto', 'raw', 'raw_stack'

    def __init__(self, path: str, pattern: str='*', mode: str='auto', dtype='f4', return_dtype=None, shape=(0, 0, 0),
                 header: int=0, crops=(None, None, None), value_range=None, do_rescale: bool=False,
                 bin_factor=1, exclude_patterns: list=None, sort_name_range=(None, None), base_folder=None,
                 defer_prepare: bool=False):
        '''
        :param path:                input path, file or folder
        :param pattern:             search pattern for folder
        :param mode:                'auto': binary images (tif, png, ...), 'raw': raw images, 'raw_stack': raw stack
        :param dtype:               write_dtype for raw input
        :param shape:               shape for raw input
        :param header:              header or (header, multiple_header) for raw input, length in bytes
        :param crops:               zyx crop indices for the read image, axis entry can be None (=> (0, 0))
        :param value_range:         value range of uint input (use do_rescale=True)
        :param do_rescale:          rescale input and return as float32
        :param bin_factor:          bin down image on read, must be <= 4
        :param enforce_correct_shape:       enforce correct shape for binary images, prepare can be very time-consuming
        :param raw_enforce_exact_size:      enforce exact size for raw input
        :param progress_signal:             progress signal for ui
        :param restrict_binary_to_IMAGE_FORMATS:    ...
        :param use_IMAGE_IGNORED_TYPES:             ignore files in IMAGE_IGNORED_TYPES
        :return:
        '''
        self.neglog_clip_val = 0.001
        self.allow_data_padding = True
        self.silent = True
        self.ref_treat_nan = True
        self.restrict_binary_to_IMAGE_FORMATS = True
        self.use_IMAGE_IGNORED_TYPES = True
        self.raw_enforce_exact_size = False
        self.enforce_correct_shape = False
        self.progress_signal = None
        self.last_index = 0

        self.batch_load = False
        self.raw_detection_enabled = True
        self.stack_average = None

        self.memmaps_list = []
        self.ref_reader = None
        self.dark_reader = None
        self.ref_image_uncropped = None
        self.dark_image_uncropped = None
        self.first_index = 0
        self.info = None
        self.stop = False
        self.is_raw_return = False

        self.any_transformation = False
        self.plugin_list = []
        self.crops = dict() # crops used internally
        self.crops_external = [(0, 0), (0, 0), (0, 0)] # crops as passed to set_crops() (different if binning enabled)
        self.file_cache_fname = None

        self.keep_volume_result_reference = False
        self.volume = None

        self.ref_dark_hash = ''
        self.ref_dark = None, None

        self.apply_neglog = False
        if self.apply_neglog: self.any_transformation = True

        self.input_images_list = []
        self.images_list = []
        self.input_image = None

        self.ref_reader_hash = None
        self.dark_reader_hash = None
        self.ref_image_ = None
        self.dark_image_ = None

        self.prepared_hash = None
        self.is_prepared = False
        self.ui_settings_hash = None

        self.stack_average = None
        self.stack_average_hash = ''

        self.clear_processing_funcs()

        self.configure(path, pattern, mode, dtype, return_dtype, shape, header, crops, value_range, do_rescale,
                       bin_factor, exclude_patterns, sort_name_range, base_folder, defer_prepare)

        if not defer_prepare:
            self.prepare()

        #print(self, '\n', locals())

    def configure(self, path: str, pattern: str='*', mode: str='auto', dtype='f4', return_dtype=None, shape=(0, 0, 0),
                 header: int=0, crops=(None, None, None), value_range=None, do_rescale: bool=False,
                 bin_factor=1, exclude_patterns: list=None, sort_name_range=(None, None), base_folder=None,
                 defer_prepare: bool=False):
        '''
        :param path:                input path, file or folder
        :param pattern:             search pattern for folder
        :param mode:                'auto': binary images (tif, png, ...), 'raw': raw images, 'raw_stack': raw stack
        :param dtype:               write_dtype for raw input
        :param shape:               shape for raw input
        :param header:              header or (header, multiple_header) for raw input, length in bytes
        :param crops:               zyx crop indices for the read image, axis entry can be None (=> (0, 0))
        :param value_range:         value range of uint input (use do_rescale=True)
        :param do_rescale:          rescale input and return as float32
        :param bin_factor:          bin down image on read, must be <= 4
        :return:
        '''
        if type(path) is not str: print('WARNING: path argument is not a string, wrong arguments?')

        self.reset()
        if type(mode) is int:
            mode = self.modes[mode]
        assert mode in self.modes, f'mode must be one of {self.modes}'
        self.mode = self.modes.index(mode)
        self.path = str(path)
        if pattern == "":
            pattern = "*"
        if '*' not in pattern:
            pattern = pattern + '*'
        self.pattern = pattern

        self.exclude_patterns_init = exclude_patterns if exclude_patterns is not None else []
        self.exclude_patterns_init.append("*_cached_avg_*")
        self.dtype = dtype
        self.return_dtype_ = return_dtype
        self.header = header
        crops = image.cropping.convert_from_old_crop_format(crops)
        self.crops = list(crops)
        self.do_rescale = do_rescale
        self.do_rescale_init = do_rescale
        self.bin_factor = min(bin_factor, 4)
        if do_rescale:
            assert value_range is not None, 'value_range must be given for do_rescale==True'
        self.value_range = value_range
        self.sort_name_range = sort_name_range
        self.base_folder = base_folder

        if len(shape) == 2:
            shape = 0, shape[0], shape[1]
        self.init_shape = shape
        self.input_shape = shape
        self.shape = shape

        if not defer_prepare:
            self.prepare()

        #print(self, '\n', locals())
    # prepare code
    def glob_path(self):
        candidates = self.path, os.path.split(self.path)[0]
        if self.base_folder is not None:
            candidates += pjoin(self.base_folder, self.path), pjoin(self.base_folder, os.path.split(self.path)[0])

        for k, candidate in enumerate(candidates):
            if os.path.isdir(candidate):
                if k % 2 == 0:
                    return glob.glob(pjoin(candidate, self.pattern))
                else:
                    return glob.glob(pjoin(candidate, os.path.split(self.path)[1]+self.pattern))
        else:
            raise FileNotFoundError('images directory does not exist: {}'.format(self.path))

    def prepare(self):
        self.enable_ref_dark_exclude_patterns()
        if self.mode == 0:
            files_list = self.glob_path()
            self.ignore_invalid_filetypes(files_list)
            if self.exclude_patterns is not None:
                do_exclude_patterns(files_list, self.exclude_patterns)
            if len(files_list) == 0:
                error_msg = 'no binary image files found in "{}"'.format(self.path)
                if self.pattern != '*':
                    error_msg += ' with pattern "{}"'.format(self.pattern)
                raise FileNotFoundError(error_msg)
            images_list = []

            nfiles = len(files_list)
            if self.enforce_correct_shape:
                test_indices = np.arange(nfiles)
            else:
                if nfiles > 5:
                    test_indices = np.clip(np.unique(np.array((0, np.random.randint(1, nfiles//2), 
                                                np.random.randint(nfiles//2, nfiles-1), nfiles-1), 'i4')), 0, nfiles-1)
                else:
                    test_indices = np.array((0, nfiles-1), 'i4')


            first_hash = None
            is_raw = False
            if self.enforce_correct_shape:
                for test_index in test_indices:
                    is_valid, imshape, is_raw, im_dtype, nheader = test_binary_image(files_list[test_index])
                    if imshape[0] == 0 or imshape[1] == 0:
                        imshape = load(files_list[test_index]).shape
                    hash = '{} {} {} {}'.format(is_raw, imshape, im_dtype, nheader)
                    if first_hash is None:
                        first_hash = hash
                    else:
                        if first_hash != hash:
                            raise TypeError('images of different type are in the folder {}, pattern {}, {} != {}'.format(
                                              self.path, self.pattern, first_hash, hash))

                    if self.enforce_correct_shape:
                        images_list.append(files_list[test_index])

            else:
                is_valid, imshape, is_raw, im_dtype, nheader = test_binary_image(files_list[0])
                images_list = files_list

            if is_raw and self.raw_detection_enabled:
                self.mode = 1
                self.dtype = im_dtype
                self.header = nheader
                #print('reading tif/edf images as raw with {}'.format(first_hash))

            #is_valid, imshape = self.test_valid_binary_image(files_list[:20][-1])

            self.input_images_list = sort_numbered(images_list, self.sort_name_range)
            if len(self.input_images_list) > 0:
                self.try_load_info()
            self.input_shape = len(self.input_images_list), imshape[0], imshape[1]

        elif self.mode == 1:
            files_list = self.glob_path()
            self.ignore_invalid_filetypes(files_list)
            if self.exclude_patterns is not None:
                do_exclude_patterns(files_list, self.exclude_patterns)
            if len(files_list) == 0:
                error_msg = 'no raw files found in "{}"'.format(self.path)
                if self.pattern != '*':
                    error_msg += ' with pattern "{}"'.format(self.pattern)
                raise FileNotFoundError(error_msg)

            array_nbytes = np.prod(self.input_imshape) * np.dtype(self.dtype).itemsize + self.header
            if self.enforce_correct_shape:
                images_list = []
                for filename in files_list:
                    file_nbytes = os.path.getsize(filename)
                    if self.raw_enforce_exact_size:
                        if file_nbytes == array_nbytes:
                            images_list.append(filename)
                    else:
                        if file_nbytes >= array_nbytes:
                            images_list.append(filename)
            else:
                images_list = files_list

            if len(images_list) == 0:
                error_msg = 'no valid raw images found in "{}"'.format(self.path)
                if self.pattern != '*':
                    error_msg += ' with pattern "{}"'.format(self.pattern)
                raise FileNotFoundError(error_msg)

            self.input_images_list = sort_numbered(images_list, self.sort_name_range)
            if len(self.input_images_list) > 0:
                self.try_load_info()
            self.input_shape = len(self.input_images_list), self.input_imshape[0], self.input_imshape[1]

        elif self.mode == 2:
            candidates = (self.path,)
            if self.base_folder is not None:
                candidates += (pjoin(self.base_folder, self.path),)
            self.ignore_invalid_filetypes(candidates)
            for candidate in candidates:
                if os.path.isfile(candidate):
                    self.path = candidate
                    break
            else:
                raise FileNotFoundError('file not found: {}'.format(self.path))

            self.try_load_info()
            array_nbytes = np.prod(np.int64(self.input_shape)) * np.dtype(self.dtype).itemsize + self.header + self.mheader * self.input_nimages

            self.path_nbytes = os.path.getsize(self.path)
            if self.raw_enforce_exact_size:
                if self.path_nbytes != array_nbytes:
                    raise FileNotFoundError('self.path does not have the rigth size:' + self.path)
            else:
                if self.path_nbytes < array_nbytes:
                    raise OSError('file {} is too small by {} bytes: {}'.format(self.path, array_nbytes-self.path_nbytes, self.path))
            self.input_images_list = (self.path,)

        self.is_prepared = True
        self.set_crops(self.crops)
        #print('reader prepared:\n', self)

    def reset_prepare(self):
        self.is_prepared = False
        if self.ref_reader is not None:
            self.ref_reader.is_prepared = False
        if self.dark_reader is not None:
            self.dark_reader.is_prepared = False

    def reset_crops(self):
        self.set_crops(((0, 0), (0, 0), (0, 0)))

    def set_crops(self, crops=None, bin_factor=None):
        crops = image.cropping.convert_from_old_crop_format(crops)
        if not self.is_prepared: self.prepare()

        if bin_factor is not None:
            self.bin_factor = bin_factor
        for k, crop in enumerate(crops):
            if crop is not None:
                self.crops_external[k] = crop
                self.crops[k] = image.cropping.get_valid_crops_len(crop, self.input_shape[k])

        self.crops = image.cropping.get_positive_crops(self.input_shape, self.crops)
        self.first_index = self.crops[0][0]
        self.shape = image.cropping.get_cropped_shape(self.input_shape, self.crops) # also sets imshape
        if self.mode in (0, 1):
            self.images_list = image.cropping.crop_list(self.input_images_list, self.crops[0])
            assert len(self.images_list) == self.nimages
        else:
            self.images_list = [self.path,]  # behaviour for raw stacks

        if self.mode in (1, 2):
            self.is_raw_return = True
        self.processing_funcs_prepared = False
        assert np.all(self.shape >= 1), "invalid shape for reader:\n{}".format(self)

        correction_crops = [None, self.crops[1], self.crops[2]]
        if self.ref_reader is not None:
            self.ref_reader.set_crops(correction_crops, bin_factor=1)

        if self.dark_reader is not None:
            self.dark_reader.set_crops(correction_crops, bin_factor=1)

    def ignore_invalid_filetypes(self, files_list):
        if self.mode == 0:
            if self.restrict_binary_to_IMAGE_FORMATS:
                for index, filename in list(enumerate(files_list))[::-1]:
                    if not file_in_IMAGE_FORMATS(filename):
                        del files_list[index]
        if self.use_IMAGE_IGNORED_TYPES:
            for index, filename in list(enumerate(files_list))[::-1]:
                if file_in_IMAGE_IGNORED_TYPES(filename):
                    del files_list[index]

    def reset(self):
        self.is_prepared = False
        self.prepared_hash = None
        self.stack_average_hash = None
        if self.ref_reader is not None:
            self.ref_reader.reset()
        if self.dark_reader is not None:
            self.dark_reader.reset()
        self.volume = None

    def hash(self, include_crops=False, include_processing_list=False):
        hash_info = dict(mode=self.mode, path=self.path, pattern=self.pattern, shape=self.input_shape,
                         value_range=self.value_range, do_rescale=self.do_rescale, header=self.header,
                         init_shape=self.init_shape, dtype=self.dtype, bin_factor=self.bin_factor)
        if include_crops:
            hash_info['crops'] = self.crops_external
            hash_info['bin_factor'] = self.bin_factor
        if include_processing_list:
            hash_info['processing_classes'] = [str(plugin.__class__) for plugin in self.plugin_list]
            hash_info['processing_settings'] = self.settings_list
        return generate_hash_from_dict(hash_info)

    def enable_ref_dark_exclude_patterns(self):
        self.exclude_patterns = list(self.exclude_patterns_init) if self.exclude_patterns_init is not None else None
        for reader in (self.ref_reader, self.dark_reader):
            if reader is not None:
                if reader.path == self.path and reader.mode == self.mode and reader.pattern != '*':
                    if self.exclude_patterns is None:
                        self.exclude_patterns = [reader.pattern,]
                    else:
                        try:
                            self.exclude_patterns.append(reader.pattern)
                        except AttributeError:
                            self.exclude_patterns = list(self.exclude_patterns)
                            self.exclude_patterns.append(reader.pattern)

    def do_stop(self):
        self.stop = True

    # properties
    @property
    def header(self):
        try:
            return self._header[0]
        except TypeError:
            return self._header

    @header.setter
    def header(self, val):
        self._header = val

    @property
    def mheader(self):
        try:
            return self._header[1]
        except TypeError:
            return 0

    @property
    def input_shape(self):
        return self._input_volshape

    @input_shape.setter
    def input_shape(self, vals):
        self._input_volshape = np.int64(vals)
        self.input_imshape = np.int64(vals[1:])
        self.input_nimages = np.int64(vals[0])

    @property
    def shape(self):
        return self._shape

    @shape.setter
    def shape(self, vals):
        if self.bin_factor > 1:
            vals = np.asarray(vals, "i8")
            vals[1:] //= self.bin_factor
        self._shape = np.int64(vals)
        self.nimages = np.int64(vals[0])
        self.imshape = np.int64(vals[1:])

    def emit_progress(self, i , n):
        if self.progress_signal is not None:
            self.progress_signal.emit(int((i+1)/n*100))

    # stack average and caching
    def get_stack_average(self, file_cache=False, block_length=5, stride=1):
        '''
        function for calculating the average or mean of the file stack,
        decides from the number of images when to use a mean or median

        uses median and mean for a large number of images (> 100) (sqrt(n) mean x sqrt(n) median)
        uses a median for a medium number of images (20 - 100)
        uses a mean for a small number of images (< 20)
        :return:
        '''
        if not self.is_prepared:
            self.prepare()
        current_hash = self.hash(False, True)
        if self.stack_average_hash != current_hash:
            stack_average = self.load_stack_average_file(current_hash)

            if stack_average is None:
                crops = copy.deepcopy(self.crops_external)
                bin_factor = self.bin_factor
                self.set_crops([None, (0, 0), (0, 0)], bin_factor=1)
                self.stop = False
                #print(self)
                if self.nimages > 25:
                    nblocks = self.nimages // block_length
                    block_indices = np.arange(0, nblocks, stride)
                    nimages = self.nimages - nblocks # avoid indices above range because of  '+ block_index' below
                    sum_image = np.zeros(self.imshape, 'f8')
                    #print(block_indices, nimages, nblocks)
                    for buffer_index, block_index in enumerate(block_indices):
                        if not self.stop:
                            proj_indices = np.arange(0, nimages, nblocks) + block_index
                            #print(proj_indices)
                            images_block = np.zeros((self.imshape[0], self.imshape[1], len(proj_indices)), dtype='f4')
                            # ! last axis (fastest) are the different images
                            for in_block_index, image_index in enumerate(proj_indices):
                                if not self.stop:
                                    images_block[:, :, in_block_index] = self.load(image_index)
                                if in_block_index % 50 == 0:
                                    gc.collect()
                            sum_image += np.nanmedian(images_block, axis=2, overwrite_input=True)
                            del images_block
                            gc.collect()
                    stack_average = (sum_image / len(block_indices)).astype('f4')
                else:
                    sum_image = np.zeros(self.imshape, 'f8')
                    for k in range(self.nimages):
                        sum_image += self.load(k)
                    stack_average = (sum_image / self.nimages).astype('f4')
                gc.collect()
                if file_cache:
                    self.save_stack_average_file(stack_average, current_hash)
                self.set_crops(crops, bin_factor=bin_factor)

            self.stack_average = stack_average
            self.stack_average_hash = current_hash

        image = crop_arr(self.stack_average, self.crops[1:])
        if self.bin_factor > 1:
            image = bin_down_image(image, self.bin_factor)
        return image

    def load_stack_average_file(self, stack_hash):
        cached_fname = modify_path(self.input_images_list[0], after="_cached_avg_"+stack_hash[:12], suffix="tif")
        if os.path.isfile(cached_fname):
            return load(cached_fname)
        else:
            return None

    def save_stack_average_file(self, stack_average, stack_hash):
        old_files = glob.glob(modify_path(self.input_images_list[0], after="_cached_avg_*", suffix="tif"))
        current_time = time.time()
        for fname in old_files:
            try:
                last_mod_time = os.path.getmtime(fname)
                if current_time - last_mod_time > 60**2*24*2: # older than two days
                    os.remove(fname)
                    print("deleted old stack average:", fname)
            except OSError: pass

        cached_fname = modify_path(self.input_images_list[0], after="_cached_avg_"+stack_hash[:12], suffix="tif")
        try:
            save(stack_average, cached_fname)
            print("saved stack average to", cached_fname, os.getpid())
        except:
            print("saving stack average failed", cached_fname)

    # ref and dark image support
    def set_ref_reader(self, ref_reader=None):
        self.ref_reader = ref_reader
        if ref_reader is not None:
            self.any_transformation = True
            if self.ref_reader_hash != self.ref_reader.hash():
                self.ref_image_ = None
                self.ref_reader_hash = None
                self.ref_image_uncropped = None
            self.check_rescale()

    def set_dark_reader(self, dark_reader=None):
        self.dark_reader = dark_reader
        if dark_reader is not None:
            self.any_transformation = True
            if self.dark_reader_hash != self.dark_reader.hash():
                self.dark_image_ = None
                self.dark_reader_hash = None
                self.dark_image_uncropped = None
            self.check_rescale()

    def check_rescale(self):
        if self.dark_reader is not None or self.ref_reader is not None:
            self.do_rescale = False

    def ref_image(self):
        if self.ref_reader is not None:
            ref = self.ref_reader.get_stack_average(file_cache=True)
            dark = self.dark_image()
            if dark is not None:
                ref -= dark
            if self.ref_treat_nan:
                np.copyto(ref, ref.mean(), where=np.isclose(ref, 0))
            return ref
        else:
            return None

    def dark_image(self):
        if self.dark_reader is not None:
            return self.dark_reader.get_stack_average(file_cache=True)
        else:
            return None

    def ref_dark_images(self):
        if self.ref_reader is not None:
            ref_dark_hash = self.ref_reader.hash(True, True)
        else:
            ref_dark_hash = 'none'
        if self.dark_reader is not None:
            ref_dark_hash += self.dark_reader.hash(True, True)
        else:
            ref_dark_hash += 'none'

        if ref_dark_hash != self.ref_dark_hash:
            self.ref_dark_hash = ref_dark_hash

            if self.ref_reader is not None:
                ref = np.copy(self.ref_reader.get_stack_average(file_cache=True))
            else:
                ref = None
            dark = np.copy(self.dark_image())
            if dark is not None:
                ref -= dark
            if ref is not None and self.ref_treat_nan:
                np.copyto(ref, ref.mean(), where=np.isclose(ref, 0))  # quick and dirty
            self.ref_dark = ref, dark
            return ref, dark
        else:
            return self.ref_dark[0], self.ref_dark[1]

    # raw access functions
    def generate_raw_cache(self, filename=None, open_as_memmap=False):
        if not self.is_raw_return:
            if not self.is_prepared:
                self.prepare()
            if self.mode == 0:
                self.dtype = self.load(0).dtype
            if filename is None:
                self.file_cache_fname = modify_path(self.path, after='_read_cache', suffix='raw')
            else:
                self.file_cache_fname = filename

            writer = Writer(2, self.file_cache_fname, write_dtype=self.return_dtype, shape=self.shape)
            for k in range(self.nimages):
                writer.save(self.load(k), k)

    def delete_raw_cache(self):
        if self.file_cache_fname is not None:
            val = try_delete_file(self.file_cache_fname)
            if val:
                self.file_cache_fname = None
            return val
        else:
            return True

    def get_raw_reader(self):
        # to generate a reader that can then be inherited by a subprocess and which will have fast access to subareas
        if not self.is_prepared:
            self.prepare()
        if self.is_raw_return:  # if a reader can be a memmap, it can also efficiently load subareas of the volume
            return self
        else:
            self.generate_raw_cache(open_as_memmap=False)
            return Reader(self.file_cache_fname, shape=self.shape, dtype=self.return_dtype, do_rescale=self.do_rescale,
                          value_range=self.value_range, bin_factor=self.bin_factor, mode='raw_stack')

    def get_settings(self):
        reader_settings = dict()
        reader_settings['mode'] = self.mode
        reader_settings['path'] = self.path
        reader_settings['pattern'] = self.pattern
        reader_settings['dtype'] = self.dtype
        reader_settings['do_rescale'] = self.do_rescale
        reader_settings['value_range'] = self.value_range
        reader_settings['bin_factor'] = self.bin_factor
        reader_settings['value_range'] = self.value_range
        reader_settings['shape'] = self.shape
        reader_settings['headers'] = self.header, self.mheader
        reader_settings['crops'] = self.crops
        return reader_settings

    @property
    def return_dtype(self):
        if self.any_transformation or self.do_rescale:
            return 'f4'
        else:
            return self.return_dtype_

    @return_dtype.setter
    def return_dtype(self, dtype_):
        self.return_dtype_ = np.dtype(dtype_).str

    # image stack read functions
    def load_all(self):
        if not self.is_prepared:
            self.prepare()
        return self.load_range((0, self.nimages))

    def load_range(self, indices):
        self.batch_load = True
        self.stop = False
        if not self.is_prepared:
            self.prepare()
        assert indices[1] > indices[0]
        volume = np.zeros((indices[1]-indices[0], self.shape[1], self.shape[2]), dtype=self.return_dtype)
        collect_number = int(self.nimages/(volume.nbytes/1024**3))
        # print('self.vol_shape', self.vol_shape, volume.shape, self.crops)
        if self.use_threaded_IO:
            with conc_fut.ThreadPoolExecutor(self.use_threaded_IO) as tpool:
                for k_0, k_z in enumerate(np.arange(*indices)):
                    tpool.submit(self.load_to_volume, volume, k_z, k_0)

        else:
            for k_0, k_z in enumerate(np.arange(*indices)):
                if self.stop: return volume
                self.load_to_volume(volume, k_z, k_0)
                #self.emit_progress(index, self.nimages)
                if (k_0+1) % collect_number == 0:
                    gc.collect()

        if collect_number < 1000:
            gc.collect()

        self.batch_load = False

        if self.keep_volume_result_reference:
            self.volume = volume
        else:
            self.volume = None
        return volume

    def load_to_volume(self, volume, k_z, k_0):
        volume[k_0, :, :] = self.load(k_z)

    def load_indices(self, indices_list):
        self.batch_load = True
        if not self.is_prepared:
            self.prepare()
        volume = np.zeros((len(indices_list), self.imshape[0], self.imshape[1]), dtype=self.return_dtype)
        collect_number = int(self.nimages/(volume.nbytes/1024**3))
        # print('self.vol_shape', self.vol_shape, volume.shape, self.crops)
        if self.use_threaded_IO:
            print('using threaded read', self.use_threaded_IO)
            self.volume = volume
            with conc_fut.ThreadPoolExecutor(self.use_threaded_IO) as tpool:
                for k_0, k_z in enumerate(indices_list):
                    tpool.submit(self.load_to_volume, k_z, k_0)
            volume = self.volume
            self.volume = None

        else:
            for k_0, k_z in enumerate(indices_list):
                volume[k_0, :, :] = self.load(k_z)
                #self.emit_progress(index, self.nimages)
                if (k_0+1) % collect_number == 0:
                    gc.collect()
        if collect_number < 1000:
            gc.collect()
        self.batch_load = False
        return volume


    # info file treatment
    def try_load_info(self, use_settings=True):
        #print("try_load_info")
        if self.mode == 2:
            info = load_info(self.path)
            #print("info_filename", info_filename, info)

        else:
            nimages = len(self.input_images_list)-1
            info = load_info([self.input_images_list[k] for k in (0, nimages//3, 2*nimages//3, nimages)], optional=True)
            if info is None:
                possible_info_filenames = glob.glob(pjoin(self.path, "*.info"))
                path_overlaps = np.asarray([len(os.path.commonprefix((info_filename, self.input_images_list[0]))) for info_filename in possible_info_filenames])

                for k in np.argsort(path_overlaps)[::-1]:
                    info = load_info(possible_info_filenames[k])
                    if info is not None:
                        break

        if info is not None and use_settings:
            try:
                if type(info['shape']) is str:
                    info['shape'] = np.asarray(list(info['shape']), "i8")
                input_shape = np.zeros(3, dtype='i8')
                input_shape[1:] = info['shape'][:2][::-1]
                if len(info['shape']) == 3:
                    input_shape[0] = info['shape'][2]
                self.input_shape = input_shape
                self.dtype = info['dtype']
            except (ValueError, KeyError):
                self.has_info = False
                return
            try:
                self.value_range = info['value_range']
                self.do_rescale = True
            except KeyError:
                pass
            #print("reader is using info", info)

        self.has_info = True
        self.info = info
        # must call set_crops() to be effective
        return info


    # functions for applying functions to individual 2D-images (applied in load())
    def set_processing_funcs(self, plugin_list, settings_list, ctx_info=None, batch=True):
        assert len(plugin_list) == len(settings_list), 'plugin_list and settings_list must be of equal length'
        self.plugin_list = plugin_list
        self.settings_list = settings_list
        self.ctx_info = ctx_info
        self.processing_funcs_prepared = False
        self.batch = batch
        self.processing_filter_range = 0.
        if len(plugin_list) > 0:
            self.any_transformation = True

    def prepare_processing_funcs(self):
        # print('self.settings_list', self.settings_list, len(self.settings_list))
        filters_list = []
        is_fourier = False
        try:
            image_shape = self.imshape
        except AttributeError:
            image_shape = self.reader.imshape # for ProjectionsReadThread
        for plugin_index in range(len(self.settings_list)):
            if self.settings_list[plugin_index]['fourier_inout'][0]:  # means plugin_list[plugin_index] is a get_filter function
                if is_fourier:
                    filter_calls.append((self.plugin_list[plugin_index].get_filter, self.settings_list[plugin_index]))
                    filterer.add_pad_length(self.settings_list[plugin_index]['filter_range'])
                    self.processing_filter_range += self.settings_list[plugin_index]['filter_range']
                else:
                    #print('used numpy fallback for small fft', False if prod(image_shape) > 1e6 else True)
                    from image.fourier import FourierFilterer
                    filterer = FourierFilterer(batch=self.batch)
                    filter_calls = [(self.plugin_list[plugin_index].get_filter, self.settings_list[plugin_index]),]
                    filterer.pad_length = self.settings_list[plugin_index]['filter_range']
                    self.processing_filter_range += self.settings_list[plugin_index]['filter_range']

                    is_fourier = True
            if not self.settings_list[plugin_index]['fourier_inout'][1]:
                self.settings_list[plugin_index]["parallelism"] = os.cpu_count()
                if is_fourier:
                    filterer.set_filter(filter)
                    filters_list.append((filterer, True, filter_calls, image_shape))
                    is_fourier = False
                filters_list.append((plugin_index, False))
                if self.plugin_list[plugin_index].changes_shape:
                    image_shape = self.plugin_list[plugin_index].process_image(np.zeros(image_shape, dtype='f4'), 0,
                                                                               self.settings_list[plugin_index]).shape

        if is_fourier:
            filters_list.append((filterer, True, filter_calls, image_shape))

        # fourier filter setup must be after all range calculations because padding changes the image shape
        for index, entry in enumerate(filters_list):
            if entry[1]:
                filterer, is_fourier, filter_calls, image_shape = entry
                filterer.prepare_shape(image_shape)
                filter = 1.
                for (filter_call, filter_settings) in filter_calls:
                    filter = filter*filter_call(filterer.padded_shape, filterer.u_axes(), filter_settings)
                filterer.set_filter(filter)
                filters_list[index] = (filterer, True)

        if self.allow_data_padding and self.processing_filter_range > 0.:
            self.data_padding_ranges = np.zeros((2, 2), 'u2')
            for k in range(2):
                if self.crops[k+1][0] > 0:
                    self.data_padding_ranges[k, 0] = min(self.crops[k+1][0], self.processing_filter_range)
                if self.crops[k+1][1] < self.input_imshape[k]:
                    self.data_padding_ranges[k, 0] = min(self.input_imshape[k]-self.crops[k+1][0], self.processing_filter_range)
            self.padding_ranges = int(np.ceil(self.processing_filter_range)) - self.data_padding_ranges
            #print('self.data_padding_ranges, self.padding_ranges', self.data_padding_ranges, self.padding_ranges)
            self.use_data_padding = True
        else:
            self.use_data_padding = False

        #print('filters_list', filters_list)
        self.filters_list = filters_list
        self.processing_funcs_prepared = True

    def clear_processing_funcs(self):
        self.plugin_list = []
        self.settings_list = []

    def apply_transformations(self, image, image_index):
        self.input_image = image
        if len(self.plugin_list) > 0:
            t0 = time.time()
            if not self.processing_funcs_prepared:
                self.prepare_processing_funcs()

            for filter, is_fouriermult in self.filters_list: # filter is either a index for plugin_list or a FourierFilterer
                if is_fouriermult:
                    image = filter.apply_filter(image)
                    #print('fftnmult applied')
                else:
                    image = self.plugin_list[filter].process_image(image, image_index, self.settings_list[filter])
                    #print('plugin filter applied')
            #print('apply_plugin_list runtime: {:.2f} s'.format(time.time()-t0))
            gc.collect()
        return image

    def correct_ref_dark(self, image):
        image = image.astype("f4", copy=False)
        ref_image, dark_image = self.ref_dark_images()
        if dark_image is not None:
            image -= dark_image
        if ref_image is not None:
            image /= ref_image

        if self.apply_neglog:
            np.fmax(image, self.neglog_clip_val, out=image)
            np.log(image, out=image)
            image *= -1

        return image

    def delete_files(self):
        successes = []
        for file in self.input_images_list:
            successes.append(try_delete_file(file))
        return np.all(successes)

    # base load function
    def load(self, index):
        # WARNING: index is a local index, 0 is the first of the cropped stack
        try:
            del self.input_image
        except AttributeError: pass
        if not self.is_prepared:
            self.prepare()
        if index is "center":
            index = self.nimages // 2
        index = np.clip(index, 0, self.input_nimages-1)

        if self.mode == 0:
            with open(self.images_list[index], mode='rb') as file:
                pil_image = PIL.Image.open(file)
                pil_image = crop_pil_image(pil_image, self.crops, self.imshape)
                image = np.array(pil_image)
                #image = copy(crop_2D(image, self.crops['ycrop'], self.crops['xcrop']))

            if image.ndim == 3:
                image = np.mean(image, axis=2)  # gray values are calculated from the average over the last axis

        elif self.mode == 1:
            with open(self.images_list[index], mode='rb') as file:
                dtype_nbytes = np.dtype(self.dtype).itemsize
                try:
                    file.seek(self.header + dtype_nbytes*self.crops[1][0]*self.input_imshape[1])
                except OSError:
                    raise RuntimeWarning('seek error ignored')

                read_shape = get_cropped_shape(self.input_imshape, [self.crops[1], (0, 0)])
                image = np.fromfile(file, dtype=self.dtype, count=(read_shape[0]*read_shape[1]))
                if np.prod(read_shape) != image.shape[0]:
                    too_short_bytes = np.prod(self.input_imshape)*np.dtype(self.dtype).itemsize + self.header - os.path.getsize(self.images_list[index])
                    raise ValueError('raw file at {} is too short by {} bytes)'.format(self.images_list[index], too_short_bytes))
                image = image.reshape(read_shape)
                image = np.copy(crop_arr(image, [None, self.crops[2]]))

        elif self.mode == 2:
            dtype_nbytes = np.dtype(self.dtype).itemsize
            index = index + self.first_index
            s = np.int64(0)
            s += np.int64(self.header + dtype_nbytes*self.crops[1][0]*self.input_imshape[1])
            s += np.prod(self.input_imshape)*dtype_nbytes*index + self.mheader*(index+1)
            read_shape = get_cropped_shape(self.input_imshape, [self.crops[1], None])

            with open(self.path, mode='rb') as file:
                try:
                    file.seek(s)
                except OSError:
                    raise RuntimeWarning('seek error ignored')

                image = np.fromfile(file, dtype=self.dtype, count=np.prod(read_shape))
                if np.prod(read_shape) != image.shape[0]:
                    too_short_bytes = np.prod(self.input_shape)*np.dtype(self.dtype).itemsize + self.header + self.nimages*self.mheader - os.path.getsize(self.path)
                    raise ValueError('raw file at {} is too short by {} bytes)'.format(self.path, too_short_bytes))
                image = image.reshape(read_shape)

            image = np.copy(crop_arr(image, [None, self.crops[2]]))

        if self.do_rescale:
            image = unscale_from_dtype(image, self.value_range, image.dtype)
        else:
            image = image.astype(self.return_dtype, copy=False)

        if self.any_transformation:
            image = self.correct_ref_dark(image)
            image = self.apply_transformations(image, index)

        if self.bin_factor > 1:
            image = bin_down_image(image, self.bin_factor)

        self.last_index = index
        return image

    def __str__(self):
        if self.mode == 0:
            mode_text = 'binary images'
        elif self.mode == 1:
            mode_text = 'raw images'
        elif self.mode == 2:
            mode_text = 'raw stack'
        else:
            mode_text = 'invalid mode'

        if self.mode == 2:
            path = self.path
        else:
            path = pjoin(self.path, self.pattern)
        if self.do_rescale:
            rescale_text = ', scale from: {}'.format(self.value_range)
        else:
            rescale_text = ''

        return 'Reader, {} in: {}\nshape: {} => {}, dtype: {}{}, crops: {}'.format(
            mode_text, path, self.input_shape, self.shape, self.dtype, rescale_text, self.crops)


class Writer():
    use_threaded_IO = 0
    modes = 'tif', 'raw', 'raw_stack', 'png'

    def __init__(self, path: str, mode: str='tif', do_rescale=False, value_range=None, write_dtype='f4',
                 number_format='{:04}', filenames=None, base_filename=None, after='', before='',
                 makedir=True, cleardir=False, bin_factor=1, resolution=None, shape=None):

        self.png_compress_level = 2
        self.nonscaling_dtypes = (np.uint8, np.uint16)

        self.stack_lock = None
        self.progress_signal = None

        self.opened = False
        self.truncate_stack = True
        self.info_saved = False
        self.stop = False
        self.file_cache_fname = None

        self.memmap_open = False
        self.files = []
        self.file = None
        self.header = None
        self.nheader = 0

        self.thread_pool = None

        self.any_transformation = False
        if type(mode) is int:
            if mode == 1: mode = 'raw'
            elif mode == 2: mode = 'raw_stack'
            elif mode == 0: mode = 'tif'
        assert mode in self.modes, f'mode must be one of {self.modes}'
        self.mode = mode
        self.suffix = mode
        self.path = path
        self.after = after
        self.before = before
        self.write_dtype = np.dtype(write_dtype).str
        self.do_rescale = do_rescale
        self.value_range = value_range
        self.bin_factor = bin_factor
        self.resolution = resolution
        self.shape = shape

        if do_rescale:
            assert value_range is not None, 'rescale_range must be given for do_rescale == True'
        self.value_range = value_range
        if self.progress_signal is not None:
            self.emit_progress = self.progress_signal.emit
        else:
            self.emit_progress = None
        self.filenames = None
        if filenames is not None:
            self.filenames = [pjoin(path, modify_path(os.path.basename(filename), self.suffix, before, after=after))
                              for filename in filenames]
            self.format_str = None
        elif base_filename is not None:
            self.format_str = modify_path(os.path.basename(base_filename), self.suffix, before, after=after+'_'+number_format)
        elif before=='' and after=='':
            self.format_str = modify_path('', self.suffix, '', after=number_format)
        else:
            self.format_str = modify_path('', self.suffix, before, after=after+'_'+number_format)

        self.makedir = makedir
        self.cleardir = cleardir

        self.header = None
        self.nheader = np.int64(0)

        self.info = None
        self.other_info = dict()
        self.has_info = False
        if self.mode in ('png', "jpg", "jpeg", "gif"):
            self.is_raw_write = False
        else:
            self.is_raw_write = True

        if mode != 'raw_stack':
            if cleardir:
                try:                        shutil.rmtree(path)
                except FileNotFoundError:   pass
            if makedir:
                assure_dir_exists(path)

        else:
            self.imshape = None
            self.nimages = 0
            #self.open()
            #self.can_be_memmap = True
        #print('writer initilized:\n', self)
        self.opened = False
        self.plugin_list = []

    def set_stack_header(self, header, file_ending):
        self.header = bytes(header)
        if header is not None:
            self.nheader = np.int64(len(self.header))
            self.path = replace_suffix(self.path, file_ending)
        else:
            self.nheader = np.int64(0)

        self.open()
        self.file.seek(0)
        self.file.write(self.header)

    # raw access code
    def transfer_raw_cache(self, delete=True):
        if self.file_cache_fname is not None:
            reader = Reader(self.file_cache_fname, dtype=self.write_dtype, shape=self.shape,
                            mode='raw_stack', defer_prepare=False)
            for k in range(reader.nimages):
                self.save(reader.load(k), k)
            if delete:
                val =  try_delete_file(self.file_cache_fname)
                if val:
                    self.file_cache_fname = None
                return val
            else:
                return True

    def get_raw_writer(self, shape=None):
        # to generate a writer that can then be inherited by a subprocess, will have fast write on subareas
        if shape is not None:
            self.shape = shape
        assert self.shape is not None
        if self.is_raw_write:
            if self.mode == 'tif':
                self.nheader, self.header = get_tif_header(self.shape[1:], self.write_dtype)
                self.mode = 'raw'
            self.open()
            self.close()
            return self
        else:
            self.file_cache_fname = modify_path(self.path, after='_write_cache', suffix='raw')
            return Writer(self.file_cache_fname, write_dtype=self.write_dtype, mode='raw_stack',
                          do_rescale=self.do_rescale, value_range=self.value_range, shape=self.shape)

    def write_headers(self):
        if self.header is not None:
            if len(self.files) > 0:
                for file in self.files:
                    file.seek(0)
                    file.write(self.header)
            else:
                self.file.seek(0)
                self.file.write(self.header)

    @property
    def shape(self):
        return self._shape

    @shape.setter
    def shape(self, vals):
        if vals is not None:
            if self.bin_factor > 1:
                vals = np.asarray(vals, "i8")
                vals[1:] //= self.bin_factor
            self._shape = np.int64(vals)
            self.nimages = np.int64(vals[0])
            self.imshape = np.int64(vals[1:])
        else:
            self._shape = None
            self.nimages = 0
            self.imshape = None

    def save_all(self, volume, index_offset=0, other_info=None):
        t0 = time.time()
        self.save_range(volume, (0, volume.shape[0]), index_offset, other_info)
    save_all_par = save_all

    def save_range(self, volume, vol_slice, index_offset=0, other_info=None):
        if self.use_threaded_IO > 0:
            with conc_fut.ThreadPoolExecutor(self.use_threaded_IO) as thread_pool:
                image = self.do_save_range(volume, vol_slice, index_offset, other_info, thread_pool=thread_pool)
        else:
            image = self.do_save_range(volume, vol_slice, index_offset, other_info)
        self.save_info(image)

    def do_save_range(self, volume, vol_slice, index_offset=0, other_info=None, thread_pool=None):
        self.stop = False
        if self.mode == 'raw_stack':
            self.open()
        if self.bin_factor > 1:
            for loc_index, glob_index in list(enumerate(np.arange(*vol_slice)))[::self.bin_factor]:
                image = volume[loc_index:loc_index+self.bin_factor, :, :].mean(axis=0)
                image = bin_down_image(image, self.bin_factor)
                if self.mode == 'raw_stack':
                    write_index = glob_index//self.bin_factor
                    index_offset = index_offset//self.bin_factor
                else:
                    write_index = glob_index+(self.bin_factor-1)//2
                if self.stop: return
                if thread_pool is not None:
                    thread_pool.submit(self.save, image, write_index, index_offset, other_info)
                else:
                    self.save(image, write_index, index_offset, other_info=other_info)
                if (loc_index+1) % 100 == 0: gc.collect()
            self.save_info(image)
        else:
            for loc_index, glob_index in enumerate(np.arange(*vol_slice)):
                if self.stop: return
                if thread_pool is not None:
                    thread_pool.submit(self.save, volume[loc_index, :, :], glob_index, index_offset, other_info)
                else:
                    self.save(volume[loc_index, :, :], glob_index, index_offset, other_info=other_info)
                    if (loc_index+1) % 100 == 0: gc.collect()
            image = volume[0]
            #self.save_info(volume[0])
        gc.collect()
        return image

    def get_filename(self, index):
        if self.mode == 'raw_stack':
            return self.path
        else:
            if self.format_str is not None:
                filename = pjoin(self.path, self.format_str.format(index))
            else:
                filename = self.filenames[index]
            return filename

    def save_info(self, image=None, other_info=None, fail_silent=True):
        #if index == 0: print('save_info()',image.shape, image.write_dtype, other_info)
        if image is None:
            if self.imshape is None:
                if fail_silent:
                    return
                else:
                    raise AssertionError('image=None only allowed if an image was written before or shape is defined')
            imshape = self.imshape
        else:
            imshape = image.shape

        if self.nimages is not None:
            shape = self.nimages, *imshape
        else:
            shape = imshape

        if self.do_rescale:
            self.other_info['value_range'] = self.value_range

        if other_info is not None:
            self.other_info.update(other_info)

        info = (str(shape) + str(self.write_dtype)).encode() + (generate_hash_from_dict(other_info).encode() if other_info is not None else b'')

        if info != self.info:
            if self.mode == 'raw_stack':
                filename = self.path
            else:
                if self.format_str is not None:
                    filename = [pjoin(self.path, self.format_str.format(k)) for k in (0, 999999)]
                else:
                    filename = [self.filenames[k] for k in (0, 999999)]

            save_info(filename, shape, self.write_dtype, **self.other_info)
            self.info = info

    def enable_keep_scaling(self, reader):
        if reader.do_rescale:
            self.value_range = reader.value_range
            self.write_dtype = reader.dtype
            self.do_rescale = True
        else:
            self.do_rescale = False

    def open(self, shape=None, clear_files=False, write_headers=True):
        if not self.opened:
            if shape is not None:
                self.shape = shape

            if clear_files:
                self.clear_files()

            if self.mode == 'tif' and self.shape is not None:
                self.nheader, self.header = get_tif_header(self.shape[1:], self.write_dtype)
                self.mode = 'raw'

            if self.mode == 'raw_stack':
                del self.files[:]
                if not self.truncate_stack:
                    self.file = open(self.path, mode='r+b')
                else:
                    self.file = open(self.path, mode='w+b')
            elif self.mode == 'raw' and self.shape is not None:
                self.file = None
                for index in np.arange(self.shape[0]):
                    fname = self.get_filename(index)
                    try:
                        self.files.append(open(fname, mode='r+b'))
                    except FileNotFoundError:
                        self.files.append(open(fname, mode='w+b'))

            if write_headers:
                self.write_headers()

            gc.collect()
            self.opened = True

    def clear_files(self):
        if self.mode == 'raw_stack':
            try:
                os.remove(self.path)
            except FileNotFoundError:
                pass
        else:
            for index in np.arange(self.shape[0]):
                try:
                    os.remove(self.get_filename(index))
                except FileNotFoundError:
                    pass

    def close(self):
        if self.imshape is not None:
            self.save_info(None)
        if self.opened:
            if self.mode == 'raw_stack':
                self.file.close()
                self.file = None
            elif self.shape is not None:
                [file.close() for file in self.files]
                del self.files[:]

            self.opened = False

    def check_if_overwriting(self):
        if self.mode == 'raw_stack':
            return os.path.exists(self.path)
        else:
            suffix = '*.' + self.suffix
            files_list = glob.glob(pjoin(self.path, suffix))
            return len(files_list) > 0

    # functions for applying functions to individual 2D-images (applied in save())
    def set_processing_funcs(self, plugin_list, settings_list, ctx_info=None, batch=True):
        self.any_transformation = True
        assert len(plugin_list) == len(settings_list), 'plugin_list and settings_list must be of equal length'
        self.plugin_list = plugin_list
        self.settings_list = settings_list
        self.ctx_info = ctx_info
        self.batch = batch

    def clear_processing_funcs(self):
        self.any_transformation = False
        self.plugin_list = []
        self.settings_list = []

    def apply_transformations(self, image, image_index):
        if len(self.plugin_list) > 0:
            for index, plugin in enumerate(self.plugin_list): # filter is either a index for plugin_list or a FourierFilterer
                image = plugin.process_image(image, image_index, self.settings_list[index])
            gc.collect()

        return image

    # base save function
    def save(self, image, index, index_offset=0, other_info=None):
        if image is None: return

        image = self.apply_transformations(image, index)

        if image.dtype in self.nonscaling_dtypes:
            if self.write_dtype != image.dtype:
                self.write_dtype = image.dtype
        elif self.do_rescale:
            image = scale_to_dtype(image, self.value_range, self.write_dtype)
        else:
            image = image.astype(self.write_dtype, copy=False)

        if self.imshape is None:
            self.imshape = image.shape
        else:
            assert np.all(np.array(self.imshape) == np.array(image.shape)), 'all image shapes must be identical'

        if not self.info_saved:
            self.save_info(image, other_info=other_info)
            self.info_saved = True

        index = index - index_offset
        self.nimages = max(index+1, self.nimages)
        if self.mode == "tif":
            if self.header is None:
                self.nheader, self.header = get_tif_header(image.shape, self.write_dtype)
                self.mode = 'raw'
                #print("switched to raw writer for tif images")

            filename = self.get_filename(index+index_offset)
            pil_args = dict()
            if filename[-3:] == 'png':
                pil_args['compress_level'] = self.png_compress_level
            elif filename[-3:] == 'tif' and self.resolution is not None:
                pil_args['resolution'] = 1/self.resolution*1e4
                pil_args['x_resolution'] = 1/self.resolution*1e4
                pil_args['y_resolution'] = 1/self.resolution*1e4
                pil_args['resolution_unit'] = "cm"
            PIL.Image.fromarray(image).save(filename, **pil_args)

        elif self.mode == 'raw':
            if len(self.files) > 0:
                self.files[index].seek(0)
                if self.header is not None:
                    self.files[index].write(self.header)
                self.files[index].write(image.tobytes())
            else:
                with open(self.get_filename(index), 'w+b') as fp:
                    if self.header is not None:
                        fp.write(self.header)
                    fp.write(image.tobytes())

        elif self.mode == 'raw_stack':
            self.open()
            if self.stack_lock is not None: self.stack_lock.acquire()
            self.file.seek(self.nheader + np.int64(image.shape[0]) * image.shape[1] * index * np.dtype(self.write_dtype).itemsize, 0)
            self.file.write(image.tobytes())
            if self.stack_lock is not None: self.stack_lock.release()

    def write_vol_zy_range(self, volume, z_range, y_range):
        if self.stack_lock is not None: self.stack_lock.acquire()
        for local_index, global_index in enumerate(np.arange(*z_range)):
            self.write_im_y_range(volume[local_index, :, :], global_index, y_range)
        if self.stack_lock is not None: self.stack_lock.release()

    def write_im_y_range(self, image, index, y_range):

        if image.dtype in self.nonscaling_dtypes:
            if self.write_dtype != image.dtype:
                self.write_dtype = image.dtype
        elif self.do_rescale:
            image = scale_to_dtype(image, self.value_range, self.write_dtype)
        else:
            image = image.astype(self.write_dtype, copy=False)

        if self.mode == 'raw':
            self.files[index].seek(self.nheader + self.shape[2]*y_range[0]*np.dtype(self.write_dtype).itemsize, 0)
            self.files[index].write(image.tobytes())
            #self.files[index].flush()

        elif self.mode == 'raw_stack':
            self.file.seek(self.nheader + (np.int64(self.shape[1])*self.shape[2]*index+self.shape[2]*y_range[0])*np.dtype(self.write_dtype).itemsize, 0)
            self.file.write(image.tobytes())
            #self.file.flush()

        else:
            raise ValueError("self.mode must be in ('tif', 'raw'), is: {}".format(self.mode))

    def __str__(self):
        if self.mode == 'raw_stack':
            path = self.path
        elif self.filenames is not None:
            path = self.filenames[0]
        else:
            path = pjoin(self.path, self.format_str)
        if self.do_rescale:
            rescale_text = 'scale to: {}'.format(self.value_range)
        else:
            rescale_text = ''

        return 'Writer in mode {} to path: {},\n dtype: {}, shape: ({}, {}, {}), {}'.format(
            self.mode, path, self.write_dtype, self.nimages, *self.imshape, rescale_text)


class ReadSettings(dict):
    # todo: implement
    pass


class WriteSettings(dict):
    # todo: implement
    pass


def get_reader(input_settings, old_reader=None, progress_signal=None):
    if 'crops' in input_settings:
        input_settings['crops'] = convert_from_old_crop_format(input_settings['crops'])
    if old_reader is not None:
        old_reader.set_ref_reader(None)
        old_reader.set_dark_reader(None)
    try:
        reader = get_base_reader(input_settings['projs'], old_reader, progress_signal)
        if input_settings['use_refs']:
            ref_reader = get_base_reader(input_settings['refs'], reader.ref_reader)
            reader.set_ref_reader(ref_reader)
        else:
            reader.set_ref_reader(None)
        if input_settings['use_darks']:
            dark_reader = get_base_reader(input_settings['darks'], reader.dark_reader)
            reader.set_dark_reader(dark_reader)
        else:
            reader.set_dark_reader(None)
    except KeyError:
        reader = get_base_reader(input_settings, old_reader, progress_signal)
        reader.set_ref_reader(None)
        reader.set_dark_reader(None)
    return reader


def get_base_reader(settings, old_reader:Reader=None, progress_signal=None):
    reader_settings = partial_dict_copy(settings, ('mode', 'path', 'pattern', 'dtype', 'do_rescale', 'value_range',
                                                   'bin_factor', 'crops'))
    reader_settings['shape'] = settings['nimages'], *settings['shape']
    reader_settings['header'] = settings['headers']

    if old_reader is not None:
        if old_reader.ui_settings_hash != generate_hash_from_dict(reader_settings):
            old_reader.configure(**reader_settings, defer_prepare=True)
            old_reader.progress_signal = progress_signal
        else:
            old_reader.set_crops(settings['crops'])
        reader = old_reader
    else:
        reader = Reader(**reader_settings, defer_prepare=True)
        reader.progress_signal = progress_signal

    reader.ui_settings_hash = generate_hash_from_dict(reader_settings)
    return reader


def update_reader(settings, old_reader, progress_signal=None):
    assert old_reader is not None
    get_reader(settings, old_reader, progress_signal)


def get_writer(settings, base_filename=None, makedir=True):
    kwargs = dict(path=settings['path'], base_filename=base_filename,
                  write_dtype=settings['dtype'], mode=settings['mode'], makedir=makedir)
    try:
        kwargs['do_rescale'] = settings['do_rescale']
        kwargs['value_range'] = settings['value_range']
        #print('rescaling set to', kwargs['value_range'], settings['write_dtype'])
    except KeyError:
        kwargs['do_rescale'] = False
    if settings.get('save_png', False) and kwargs['mode'] == 0:
        kwargs['format'] = 'png'

    return Writer(**kwargs)


# stand-ins for the writer/reader classes with arrays instead of files, not all functions are supported
class DummyReader():
    mode = -1

    def __init__(self, arr):
        self.arr = arr
        self.reader = self
        self.input_shape = arr.shape
        self.input_imshape = arr.shape
        self.files_indices = np.arange(arr.shape[0])
        self.set_crops([(0, 0), (0, 0), (0, 0)])

    @property
    def input_shape(self):
        return self._input_volshape

    @input_shape.setter
    def input_shape(self, vals):
        self._input_volshape = np.int64(vals)
        self.input_imshape = np.int64(vals[1:])
        self.input_nimages = np.int64(vals[0])

    @property
    def shape(self):
        return self._shape

    @shape.setter
    def shape(self, vals):
        self._shape = np.int64(vals)
        self.nimages = np.int64(vals[0])
        self.imshape = np.int64(vals[1:])


    def set_crops(self, crops):
        self.crops = get_valid_crops(crops, self.arr.shape)
        self.shape = get_cropped_shape(self.input_shape, crops)
        self.imshape = self.shape[1:]
        self.shape = get_cropped_shape(self.input_shape, self.crops) # also sets imshape

    def reset_crops(self):
        self.set_crops([(0, 0), (0, 0), (0, 0)])

    def reset(self):
        pass

    def load(self, index):
        return crop_arr(self.arr[self.crops[0][0]+index], [self.crops[1], self.crops[2]])

    def load_all(self):
        self.volume = crop_arr(self.arr, self.crops)
        return self.volume


class DummyWriter():
    mode = -1

    def __init__(self, arr):
        self.arr = arr
        self.writer = self
        self.nwrites = 0
        self.mode = 2

    def save(self, image, slice_number, index_offset=0):
        if self.arr is not None:
            self.arr[slice_number+index_offset, :, :] = image
        self.nwrites += 1

    def save_range(self, volume, vol_slice, index_offset=0, other_info=None):
        #print("save_range", volume.shape, index_offset, vol_slice)
        if self.arr is not None:
            self.arr[vol_slice[0]-index_offset:vol_slice[1]-index_offset, :, :] = volume
        self.nwrites += volume.shape[0]






tomis/image/__init__.py

from . import cropping, fourier, misc, resize






tomis/image/cropping.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import numpy as np, traceback
import image


def newaxs(keep_ax, dim):
    return tuple(None if ax != keep_ax else slice(None) for ax in range(dim))


def get_valid_crops(crops, shape):
    new_crops = []
    for crop, length in zip(crops, shape):
        if crop is None:
            new_crops.append((0, length))
        else:
            new_crops.append((np.clip(crop[0], 0, length), np.clip(crop[1], -length, length)))
    return new_crops


def get_valid_crops_len(crop, ax_length, bin_factor=1):
    if bin_factor > 1:
        crop = crop[0]*bin_factor, crop[1]*bin_factor
    crop_out = np.clip(crop[0], 0, ax_length), np.clip(crop[1], -ax_length, ax_length)
    #print('get_valid_crops_len', crop, crop_out, ax_length, bin_factor)
    return crop_out


def crop_list(list, crop=(0, 0)):
    if crop[1] == 0: crop = crop[0], None
    return list[crop[0]:crop[1]]


def crop_arr(arr, crops):
    return arr[tuple((slice(crop[0], (crop[1] if crop[1] != 0 else None)) if crop is not None else slice(None)) for crop in crops)]


def get_slice(crop):
    if crop[1] != 0:
        return slice(*crop)
    else:
        return slice(crop[0], None)


def get_cropped_shape(shape, crops):
    new_shape = []
    for length, crop in zip(shape, crops):
        if crop is not None:
            if crop[1] <= 0:
                new_shape.append(length-crop[0]+crop[1])
            else:
                new_shape.append(crop[1]-crop[0])
        else:
            new_shape.append(length)
    return new_shape


def check_crops(shape, crops):
    assert np.all(np.array(get_cropped_shape(shape, crops)) > 0), 'cropping is larger than axis length'
    for crop in crops:
        if crop[1] > 0:
            assert crop[0] < crop[1], 'negative crop range'
        if not crop[0] == crop[1] == 0:
            assert crop[0] != crop[1], 'empty crop result'


def get_positive_crops(shape, crops):
    new_crops = []
    for length, crop in zip(shape, crops):
        if crop is None:
            new_crops.append((0, length))
        elif crop[1] > 0:
            new_crops.append(crop)
        else:
            new_crops.append((crop[0], length+crop[1]))
    return new_crops


def get_crops(shape_large, shape_small, center=None, corner=None):
    shape_large_arr, shape_small_arr = np.array(shape_large, dtype=np.int64), np.array(shape_small, dtype=np.int64)
    assert np.all(np.greater_equal(shape_large_arr, shape_small_arr)), 'shape_large must be larger than shape_small'
    assert center is not None or corner is not None
    if corner is None:
        center_arr = np.array(center, dtype=np.int64)
        half_diffs = (shape_large_arr - shape_small_arr) // 2
        assert np.all(np.less_equal(center_arr, half_diffs)), 'center must be smaller than shape diffs/2'
        lower_indices = half_diffs + center_arr
    else:
        diffs = (shape_large_arr - shape_small_arr)
        assert np.all(np.less_equal(np.array(corner), diffs)), 'corner must be smaller than shape diffs'
        lower_indices = np.array(corner)
    upper_indices = lower_indices + shape_small_arr
    return [(lower_indices[k], upper_indices[k]) for k in range(len(shape_large))]


def get_center_range(shape_large, shape_small):
    shape_large_arr, shape_small_arr = np.array(shape_large, dtype=np.int64), np.array(shape_small, dtype=np.int64)
    assert np.all(np.greater_equal(shape_large_arr, shape_small_arr)), 'shape_large must be larger than shape_small'
    return (shape_large_arr - shape_small_arr) // 2


def get_identical_crops_for_padding(length):
    return [(length, -length) for k in range(3)]


def get_slice_subrange(index, ranges_list, additional_range=0, minimal_range=0):
    all_filters_pad_range = image.fourier.sum_pad_ranges(ranges_list)
    if index+1 < len(ranges_list):
        next_filters_pad_range = image.fourier.sum_pad_ranges(ranges_list[index:])
    else:
        next_filters_pad_range = 0
    crop_length = int(all_filters_pad_range - max((next_filters_pad_range + additional_range), minimal_range))
    if crop_length > 0 and crop_length < all_filters_pad_range:
        return slice(crop_length, -crop_length), slice(crop_length, -crop_length), slice(crop_length, -crop_length)
    else:
        return slice(None, None), slice(None, None), slice(None, None)


keys = 'zcrop', 'ycrop', 'xcrop'
def convert_from_old_crop_format(crops):
    if type(crops) is dict:
        print('WARNING, found old crop format\n', traceback.print_stack())
        new_crops = []
        for key in keys:
            try:                new_crops.append(crops[key])
            except KeyError:    pass
        return tuple(new_crops)
    else:
        return crops






tomis/image/fourier.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import numpy as np

try:
    import pyfftw, os
    pyfftw.interfaces.cache.enable()
    pyfftw.interfaces.cache.set_keepalive_time(60)
    FFT_THREADS = os.cpu_count()
except ImportError:
    FFT_THREADS = None
    pyfftw = None


# ==== Fourier analysis and filters ====
class FourierFilterer:
    planner_effort = 'FFTW_ESTIMATE'

    def __init__(self, imshape=None, dtype='f8', batch=True, pad_for_speed=True,
                 pad_length=0, pad_mode='reflect', pad_constant_value=0.0):
        '''
        compute fourier transforms and filters in 1-3 dimensions

        :param imshape:           shape of the array
        :param dtype:
        :param pad_length:
        :param pad_mode:
        :param pad_constant_value:
        '''
        self._use_fftw = pyfftw is not None
        self.__batch = batch
        self.batch = batch
        self.pad_for_speed = pad_for_speed
        self.pad_mode = pad_mode
        self.pad_constant_value = pad_constant_value
        self.input_shape = imshape
        self.dtype = dtype
        self._pad_length = pad_length

        self.Ffilter = None

        self.input_shape = ()
        if imshape is not None:
            self.prepare_shape(imshape)

    def prepare_shape(self, shape=None):
        #print('prepare_shape', len(shape), len(self.input_shape), np.array(shape), self.input_shape)
        if len(shape) != len(self.input_shape) or not np.all(np.array(shape) == self.input_shape):
            self.input_shape = np.array(shape)
            if self.pad_for_speed:
                self.padded_shape = tuple([self._get_fast_fft_length(length + 2 * self.pad_length) for length in self.input_shape])
            else:
                self.padded_shape = tuple([length + 2 * self.pad_length for length in self.input_shape])

            self.ft_shape = tuple(np.prod(arr.shape) for arr in self.u_axes())

            if self._use_fftw:
                self.arr = pyfftw.zeros_aligned(self.padded_shape, self.dtype) + self.pad_constant_value
            else:
                self.arr = np.zeros(self.padded_shape, self.dtype) + self.pad_constant_value

        self.pad_lengths = []
        for k in range(len(self.input_shape)):
            before = (self.padded_shape[k] - self.input_shape[k]) // 2
            after = self.padded_shape[k] - self.input_shape[k] - before
            self.pad_lengths.append((before, after))
        self.pad_slices = tuple(slice(tup[0], self._slice_invert(tup[1])) for tup in self.pad_lengths)

    @property
    def pad_length(self):
        return self._pad_length
    
    @pad_length.setter
    def pad_length(self, pad_length):
        self._pad_length = pad_length

    def add_pad_length(self, length):
        if self.pad_length == 0:
            self.pad_length = length
        else:
            self.pad_length = sum_pad_ranges((self.pad_length, length))
            
    # padding methods
    @staticmethod
    def _get_fast_fft_length(min_length, other_radices=(3, 5), min_2pot=3):
        '''
        chooses the fft size as a multiple of 2, 3, and 5 to make use of the fft implementation radices
        gives very reliable fft speeds typically up to 2x faster than computing the original shape
        this usually makes some padding necessary

        the observed speed gain in extreme cases is 40x (very slow fft on the original shape)(22, 508, 700)
        only for 'FFTW_ESTIMATE' -- using this method makes 'FFTW_MEASURE' unnecessary

        note that a rfft is only valid if the length of the last axis is an even number,
        which this function automatically enforces

        :param min_length:      actual length of the image
        :param other_radices:   fft radices implemented (in addition to 2)
        :param min_2pot:        minimum exponent for radix 2 (default: use multiple of 8 to increase speed)
        :return:
        '''
        max_length = 2**int(np.ceil(np.log2(min_length)+1))
        radix_conributions = []
        radix_conributions.append(2 ** np.arange(min_2pot, int(np.log(max_length) / np.log(2)) + 1))
        for k, radix in enumerate(other_radices):
            radix_conributions.append(radix ** np.arange(0, int(np.log(max_length / 2 ** min_2pot) / np.log(radix)) + 1))

        n = 1 + len(other_radices)
        all_sizes = np.prod([radix_conributions[k][PowerSpectrumCalculator._nd_newaxis_other(k, n)] for k in np.arange(n)]).astype('i8')
        all_sizes = all_sizes[np.logical_and(np.greater_equal(all_sizes, min_length), np.less_equal(all_sizes, max_length))]
        return all_sizes.min()

    @staticmethod
    def _nd_newaxis_other(k, ndim):
        return tuple(slice(None) if m == k else np.newaxis for m in np.arange(ndim))

    @staticmethod
    def _slice_invert(val):
        if val == 0:
            return None
        elif val is not None:
            return -val
        else:
            return val

    @property
    def batch(self):
        return self.__batch

    @batch.setter
    def batch(self, val):
        self.__batch = val
        if val:
            self.planner_effort = 'FFTW_MEASURE'
        else:
            self.planner_effort = 'FFTW_ESTIMATE'

    def _pad(self, arr_in, for_power_spectrum=False):
        if self.pad_mode == 'constant':
            self._pad_constant(arr_in)
        elif self.pad_mode == 'reflect':
            self._pad_reflect(arr_in)
        else:
            raise ValueError(f'invalid pad mode: {self.pad_mode}')

    def _pad_constant(self, arr_in):
        self.arr[self.pad_slices] = arr_in

    def _pad_reflect(self, arr_in):
        self.arr[self.pad_slices] = arr_in

        for axis in np.arange(arr_in.ndim):
            if self.pad_lengths[axis][0] > 0:
                pad_before = min(self.pad_lengths[axis][0], arr_in.shape[axis] - 1)
                rest_before = self.pad_lengths[axis][0] - pad_before
                self._copy_range(self.arr, axis, (self.pad_lengths[axis][0] + 1, self.pad_lengths[axis][0] + pad_before + 1),
                                 (rest_before, pad_before + rest_before), True)

            if self.pad_lengths[axis][1] > 0:
                pad_after = min(self.pad_lengths[axis][1], arr_in.shape[axis] - 1)
                rest_after = self.pad_lengths[axis][1] - pad_after
                self._copy_range(self.arr, axis, (-pad_after - self.pad_lengths[axis][1] - 1, -self.pad_lengths[axis][1] - 1),
                                 (-pad_after - rest_after, None if rest_after == 0 else -rest_after), True)

    @staticmethod
    def _copy_range(arr, axis=0, range_r=(None, None), range_w=(None, None), invert_read=False):
        all_slice = slice(None, None)
        slices_r = tuple(all_slice if k != axis else slice(range_r[0], range_r[1]) for k in range(arr.ndim))
        slices_w = tuple(all_slice if k != axis else slice(range_w[0], range_w[1]) for k in range(arr.ndim))

        if invert_read:
            invert_slice = tuple(all_slice if k != axis else slice(None, None, -1) for k in range(arr.ndim))
            arr[slices_w] = arr[slices_r][invert_slice]
        else:
            arr[slices_w] = arr[slices_r]

    def _unpad(self, arr):
        return arr[self.pad_slices]

    # fft functions
    def rfftn(self, arr, for_power_spectrum=False):
        self.prepare_shape(arr.shape)
        self._pad(arr, for_power_spectrum=for_power_spectrum)
        if self._use_fftw:
            result_ft = pyfftw.interfaces.numpy_fft.rfftn(self.arr, threads=FFT_THREADS,
                                                          planner_effort=self.planner_effort)
        else:
            result_ft = np.fft.rfftn(self.arr)
        return result_ft

    def irfftn(self, arr_ft):
        if self._use_fftw:
            result = pyfftw.interfaces.numpy_fft.irfftn(arr_ft, threads=FFT_THREADS,
                                                        planner_effort=self.planner_effort)
        else:
            result = np.fft.irfftn(arr_ft)
        return self._unpad(result)

    def fftn(self, arr, for_power_spectrum=False):
        self.prepare_shape(arr.shape)
        self._pad(arr, for_power_spectrum=for_power_spectrum)
        if self._use_fftw:
            result_ft = pyfftw.interfaces.numpy_fft.fftn(self.arr, threads=FFT_THREADS,
                                                          planner_effort=self.planner_effort)
        else:
            result_ft = np.fft.fftn(self.arr)
        return result_ft

    def ifftn(self, arr_ft):
        if self._use_fftw:
            result = pyfftw.interfaces.numpy_fft.ifftn(arr_ft, threads=FFT_THREADS,
                                                        planner_effort=self.planner_effort)
        else:
            result = np.fft.ifftn(arr_ft)
        return self._unpad(result)

    def set_filter(self, Ffilter):
        self.Ffilter = Ffilter

    def apply_filter(self, arr, filter=None, copy_mem=True):
        arr_ft = self.rfftn(arr)
        if filter is not None:
            arr_ft *= filter
        elif self.Ffilter is not None:
            arr_ft *= self.Ffilter
        else:
            raise ValueError('must give filter either via function argument for apply_filter() or via set_filter()')
        if copy_mem:
            return np.copy(self.irfftn(arr_ft))
        else:
            return self.irfftn(arr_ft)

    # spatial frequency functions
    def u_axes(self):
        if len(self.padded_shape) == 3:
            u_z = np.fft.fftfreq(self.padded_shape[0])[:, np.newaxis, np.newaxis]
            u_y = np.fft.fftfreq(self.padded_shape[1])[np.newaxis, :, np.newaxis]
            u_x = np.fft.rfftfreq(self.padded_shape[2])[np.newaxis, np.newaxis, :]
            return u_z, u_y, u_x
        if len(self.padded_shape) == 2:
            u_y = np.fft.fftfreq(self.padded_shape[0])[:, np.newaxis]
            u_x = np.fft.rfftfreq(self.padded_shape[1])[np.newaxis, :]
            return u_y, u_x
        elif len(self.padded_shape) == 1:
            u_x = np.fft.rfftfreq(self.padded_shape[0])
            return u_x
        else:
            raise ValueError('invalid self.shape: {}'.format(self.padded_shape))

    def u_abs(self):
        spatial_frequency_axes = self.u_axes()
        if len(spatial_frequency_axes) == 3:
            u_radial = spatial_frequency_axes[0] ** 2 + spatial_frequency_axes[1] ** 2 + spatial_frequency_axes[2] ** 2
        elif len(spatial_frequency_axes) == 2:
            u_radial = spatial_frequency_axes[0]**2 + spatial_frequency_axes[1]**2
        else:
            u_radial = np.abs(spatial_frequency_axes)**2
        np.sqrt(u_radial, out=u_radial)
        return u_radial

    def u_abs2(self):
        spatial_frequency_axes = self.u_axes()
        if len(spatial_frequency_axes) == 3:
            u_radial = spatial_frequency_axes[0] ** 2 + spatial_frequency_axes[1] ** 2 + spatial_frequency_axes[2] ** 2
        elif len(spatial_frequency_axes) == 2:
            u_radial = spatial_frequency_axes[0]**2 + spatial_frequency_axes[1]**2
        else:
            u_radial = np.abs(spatial_frequency_axes)**2
        return u_radial

    @property
    def u_radial(self):
        return self.u_abs()

    def __str__(self):
        return f'FourierFilter with shape {self.input_shape}, {self.padded_shape} (padded) {self.ft_shape} (ft), dtype {self.dtype}, pad length {self.pad_length}'


class PowerSpectrumCalculator(FourierFilterer):
    def __init__(self, imshape, pixel_size=1.0, zero_length=32):
        '''
        compute power spectra of n-dimensional images

        especially suited for 2D and 3D images

        windowing is done via a smoothed mask, which wastes little image area but has suboptimal precision properties

        precision at lower frequencies is bad due to the windowing used

        :param imshape:       shape of the image
        :param pixel_size:  sampling distance of the image
        :param zero_length: length from the outside in that is set to zero (smoothed)
        '''
        super().__init__(imshape, dtype='f8', pad_mode='constant', pad_constant_value=0.0)
        self.pixel_size = pixel_size
        self.zero_length = zero_length
        self._make_window()

    def _make_window(self):
        # a zero_length of 8 will produce a noticeable but small numerical error
        # a zero_length of 16 or larger produces no significant numerical errors (gaussian with std of >= 4 pixels)
        if self.zero_length < 16:
            print('warning: zero_length is too short')
        min_imshape = min(self.input_shape)
        if min_imshape < 2*self.zero_length:
            raise AssertionError('images must be larger then the zero area of the window')
        elif min_imshape < 64:
            self.zero_length = min_imshape // 4

        window_func = np.zeros(self.input_shape, dtype='f8')
        window_func[len(self.input_shape) * (slice(self.zero_length, -self.zero_length),)] = 1.

        gauss_blur_filter = MTF_gauss(self.u_abs(), self.zero_length / 4)
        self.window_func = self.irfftn(gauss_blur_filter*self.rfftn(window_func)).astype('f8')  # no padding required due to image contents being zero at the edges
        self.window_norm = self.pixel_size ** len(self.input_shape) / np.sum(self.window_func ** 2)

    def _pad(self, arr_in, for_power_spectrum=False):
        super()._pad(arr_in)

        if for_power_spectrum:
            self.arr[self.pad_slices] -= np.mean(self.arr[self.pad_slices])
            self.arr[self.pad_slices] *= self.window_func

    def power_spectrum(self, image: np.ndarray, shift=False):
        '''
        compute a power spectrum from an n-dimensional image

        :param image:   n-dimensional image
        :param shift:   use np.fft.fftshift on the result
        :return:        power spectrum shaped as the rfftn result
        '''

        fourier_transformed = self.rfftn(image, for_power_spectrum=True)
        if shift:
            fourier_transformed = np.fft.fftshift(fourier_transformed, axes=0)

        power_spectrum = fourier_transformed.real ** 2
        power_spectrum += fourier_transformed.imag ** 2
        power_spectrum *= self.window_norm
        return power_spectrum

    def auto_nbins(self):
        return int(25 + np.sqrt(max(self.u_radial.shape)))

    # radially averaged power spectra
    @staticmethod
    def average_fourier_function(frequency_coord, fourier_function, nbins='auto',
                                 exclude_average=True):
        ''' average a fourier space function over coordinates (e.g. radial frequency coords)

        :param frequency_coord:     radially symmetric spatial frequency coordinate of shape (N, M, ...)
        :param fourier_function:    fourier function (e.g. power spectrum) of shape (N, M, ...)
        :param nbins:               number of bins or 'auto' (default)
        :param exclude_average:     exclude the images average from the binning (True by default, strongly recommended)
        :param smooth:              smooth the spectrum
        :return:                    bin_edges (shape=nbins+1), radially_averaged_power_spectrum (shape=nbins),
                                    number of averaged values per bin (shape=nbins)
        '''
        if exclude_average:
            vrange = (1e-6, 0.5)
        else:
            vrange = (0, 0.5)
        if nbins == 'auto':
            nbins = int(25 + np.sqrt(max(frequency_coord.shape)))

        norm_hist, bin_edges = np.histogram(frequency_coord, nbins, range=vrange)
        hist, bin_edges = np.histogram(frequency_coord, nbins, range=vrange,
                                       weights=fourier_function)
        binned_spectrum = hist / np.fmax(norm_hist, 1)

        if norm_hist[0] == 0:
            bin_edges = bin_edges[1:]
            binned_spectrum = binned_spectrum[1:]
            norm_hist = norm_hist[1:]


        return bin_edges, binned_spectrum, norm_hist

    def radial_power_spectrum(self, image: np.ndarray, nbins='auto'):
        if nbins == 'auto':
            nbins = self.auto_nbins()

        PS = self.power_spectrum(image)
        bin_edges, radial_spectrum, norm_hist = self.average_fourier_function(self.u_radial, PS, nbins)

        return self.bin_edges_to_bin_centers(bin_edges), radial_spectrum

    def radial_power_spectrum_avg(self, images: np.ndarray, nbins:(str, int)='auto'):
        if nbins == 'auto':
            nbins = self.auto_nbins()

        for k, image in enumerate(images):
            if k == 0:
                PS_mean = self.power_spectrum(image)
            else:
                PS_mean += self.power_spectrum(image)
        PS_mean /= images.shape[0]

        bin_edges, radial_spectrum, norm_hist = self.average_fourier_function(self.u_radial, PS_mean, nbins)
        return self.bin_edges_to_bin_centers(bin_edges), radial_spectrum

    @staticmethod
    def bin_edges_to_bin_centers(bin_edges):
            bin_vals = np.zeros(len(bin_edges) - 1)
            for i in np.arange(len(bin_edges) - 1):
                bin_vals[i] = (bin_edges[i] + bin_edges[i + 1]) / 2
            return bin_vals


# padding functions (faster than numpy.set_data and can use output array)
def copy_range(arr, axis=0, range_r=(None, None), range_w=(None, None), invert_read=False):
    all_slice = slice(None, None)
    slices_r = tuple(all_slice if k != axis else slice(range_r[0], range_r[1]) for k in range(arr.ndim))
    slices_w = tuple(all_slice if k != axis else slice(range_w[0], range_w[1]) for k in range(arr.ndim))
    #print(slices_r, slices_w)

    if invert_read:
        invert_slice = tuple(all_slice if k != axis else slice(None, None, -1) for k in range(arr.ndim))
        arr[slices_w] = arr[slices_r][invert_slice]
    else:
        arr[slices_w] = arr[slices_r]


def get_fill_slice(pad_lengths):
    slices = []
    for pad_range in pad_lengths:
        slices.append(slice(pad_range[0], -pad_range[1] if pad_range[1] > 0 else None))
    return tuple(slices)


def pad_reflect(arr_in, arr_out, pad_lengths):
    arr_out[get_fill_slice(pad_lengths)] = arr_in

    for axis in range(arr_in.ndim):
        if pad_lengths[axis][0] > 0:
            pad_before = min(pad_lengths[axis][0], arr_in.shape[axis]-1)
            rest_before = pad_lengths[axis][0] - pad_before
            copy_range(arr_out, axis, (pad_lengths[axis][0]+1, pad_lengths[axis][0]+pad_before+1),
                       (rest_before, pad_before+rest_before), True)

        if pad_lengths[axis][1] > 0:
            pad_after = min(pad_lengths[axis][1], arr_in.shape[axis]-1)
            rest_after = pad_lengths[axis][1] - pad_after
            copy_range(arr_out, axis, (-pad_after-pad_lengths[axis][1]-1, -pad_lengths[axis][1]-1),
                        (-pad_after-rest_after, None if rest_after == 0 else -rest_after), True)


def pad_constant(arr_in, arr_out, pad_lengths, val=0.):
    arr_out[:] = val
    arr_out[get_fill_slice(pad_lengths)] = arr_in
    
    
# ==== Fourier filter functions ====
def MTF_exp(coords, mu):
    return np.exp(-coords*mu*2*np.pi)


def MTF_gauss(coords, sigma):
    return np.exp(-2*np.pi**2*coords**2*sigma**2*np.sign(sigma))


def MTF_voigt(coords, sigma, mu):
    return np.exp(-2*np.pi**2*coords**2*sigma**2*np.sign(sigma)-coords*mu*2*np.pi)


def MTF_sinc(coords, width):
    return np.sinc(coords*width)


# ==== choosing padded lengths for fast FFT ====
def get_fast_pad_lengths(data_length, pad_length=None, pad_lengths=None):
    if pad_length is not None:
        padded_length = data_length + 2 * pad_length
    elif pad_lengths is not None:
        padded_length = data_length + pad_lengths[0] + pad_lengths[1]
    else:
        padded_length = data_length

    padded_length = np.amin(get_fast_fft_sizes(padded_length, 2 * padded_length))

    if pad_lengths is None:
        pad_diff = padded_length - data_length
        pad_before = pad_diff // 2
        pad_after = pad_diff - pad_before
    else:
        pad_diff = padded_length - data_length - pad_lengths[0] - pad_lengths[1]
        pad_before = pad_lengths[0] + pad_diff // 2
        pad_after = pad_diff - pad_before
    # print('set_data lengths', pad_before, pad_after, data_length, pad_lengths, pad_length)
    return pad_before, pad_after


def get_fast_fft_sizes(min_length, max_length=4096, other_radices=(3, 5), min_2pot=3):
    radix_conributions = []
    radix_conributions.append(2 ** np.arange(min_2pot, int(np.log(max_length) / np.log(2)) + 1))
    for k, radix in enumerate(other_radices):
        radix_conributions.append(radix ** np.arange(0, int(np.log(max_length / 2 ** min_2pot) / np.log(radix)) + 1))

    n = 1 + len(other_radices)
    all_sizes = np.prod([radix_conributions[k][nd_newaxis_other(k, n)] for k in np.arange(n)]).astype('i8')
    all_sizes = all_sizes[np.logical_and(np.greater_equal(all_sizes, min_length), np.less_equal(all_sizes, max_length))]
    all_sizes.sort()

    return all_sizes


def nd_newaxis_other(k, ndim):
    return tuple(slice(None) if m == k else None for m in range(ndim))


PRNE = 3  # pad_range_norm_exponent, global constant! higher values lead to faster filtering, if filters are combined
          # the filter errors for PRNE < 1 are in the area that is then used for padding itself
          # => they should not matter much for well-behaved filters


def sum_pad_ranges(ranges_list):  # add function for set_data ranges
    return int(np.ceil(sum(np.array(ranges_list) ** PRNE) ** (1 / PRNE)))


def abs_u(spatial_frequency_axes):
        if len(spatial_frequency_axes) == 3:
            return np.sqrt(spatial_frequency_axes[0]**2 + spatial_frequency_axes[1]**2 + spatial_frequency_axes[2]**2)
        elif len(spatial_frequency_axes) == 2:
            return np.sqrt(spatial_frequency_axes[0]**2 + spatial_frequency_axes[1]**2)
        elif len(spatial_frequency_axes) == 1:
            return np.abs(spatial_frequency_axes[0])


def abs_u2(spatial_frequency_axes):
        if len(spatial_frequency_axes) == 3:
            return spatial_frequency_axes[0]**2 + spatial_frequency_axes[1]**2 + spatial_frequency_axes[2]**2
        elif len(spatial_frequency_axes) == 2:
            return spatial_frequency_axes[0]**2 + spatial_frequency_axes[1]**2
        elif len(spatial_frequency_axes) == 1:
            return spatial_frequency_axes[0]**2


# analytic wiener filter (robust)
def _get_wiener_filter_analytic(fourier_transform, deconv_filter, noise_sup_strength, alpha=1.):
    scaled_spatial_freq = fourier_transform.spatial_freq()/fourier_transform.u_ny
    deconv_filter = (1 + 1e-20) / (1/deconv_filter + 1e-20)  # regularization for purely numerical reasons
    NSR = (scaled_spatial_freq**alpha*noise_sup_strength*deconv_filter)**2 # assumes the signal to be roughly proportional to u^-1
    return 1/(1 + NSR)


def _get_wiener_deconv_filter_analytic(fourier_transform, deconv_mu=0., deconv_std=0., noise_sup_strength=0.05, reg=0.02, alpha=1.):
    scaled_spatial_freq = fourier_transform.spatial_freq()/fourier_transform.u_ny
    deconv_filter = np.ones_like(scaled_spatial_freq)
    if not np.isclose(deconv_std, 0.):
        deconv_filter *= MTF_gauss(fourier_transform, -deconv_std)
    if not np.isclose(deconv_mu, 0.):
        deconv_filter *= MTF_exp(fourier_transform, -deconv_mu)
    wiener_filter = _get_wiener_filter_analytic(fourier_transform, deconv_filter, noise_sup_strength, alpha=alpha)
    return deconv_filter*wiener_filter


def _get_wiener_filter_analytic_with_spectrum(fourier_transform, deconv_filter, spectrum, preserve_average=True):
    scaled_spatial_freq = fourier_transform.spatial_freq()/fourier_transform.u_ny
    deconv_filter = (1 + 1e-20) / (1/deconv_filter + 1e-20)  # regularization for purely numerical reasons
    NSR = (spectrum*deconv_filter)**2 # assumes the signal to be roughly proportional to u^-1
    if preserve_average:
        if scaled_spatial_freq.ndims == 1:      NSR[0] = 0.
        elif scaled_spatial_freq.ndims == 2:    NSR[0, 0] = 0.
        elif scaled_spatial_freq.ndims == 3:    NSR[0, 0, 0] = 0.
    return 1/(1 + NSR)


def _wiener_deconv_filter_analytic_slow(u, u_ny, sigma, mu, noise_sup_strength, reg=0.02, alpha=1., phase_parameter=0.):
    deconv_filter = 1/(exp(-u*mu*2*pi)*exp(-2*pi**2*u**2*sigma**2*sign(sigma)))
    # sign(sigma) converts negative values to a smoothing kernel
    deconv_filter = (1 + 1e-20) / (1/deconv_filter + 1e-20)

    NSR = ((u/u_ny)**alpha*noise_sup_strength*deconv_filter/(1+phase_parameter**2*u**2))**2 # assumes the signal to be roughly proportional to u^-alpha
    #print('mean(NSR)', mean(NSR))
    wiener_filter = 1/(1 + NSR)

    deconv_filter = (1 + reg) / (1/deconv_filter + reg)
    return deconv_filter*wiener_filter


def wiener_deconv_filter_analytic(u, u_ny, sigma, mu, noise_sup_strength, reg=0.02, alpha=1., phase_parameter=0.):

    if not np.isclose(mu, 0.):
        exp_arg = np.copy(u)
        exp_arg *= mu*2*np.pi
    else:
        exp_arg = 0.
    if not np.isclose(sigma, 0.):
        gauss_arg = u**2
        gauss_arg *= 2*np.pi**2*sigma**2*np.sign(sigma) # sign(sigma) converts negative values to a smoothing kernel
    else:
        gauss_arg = 0.

    if not np.isclose(mu, 0.) or not np.isclose(sigma, 0.) :
        deconv_filter = np.exp(exp_arg + gauss_arg)
        np.fmax(deconv_filter, reg, out=deconv_filter)
        del exp_arg, gauss_arg
    else:
        deconv_filter = 1.

    if np.isclose(alpha, 1.):
        noise_sup_strength = noise_sup_strength/u_ny
        if not np.isclose(phase_parameter, 0.):
            NSR = u*noise_sup_strength/(1+phase_parameter**2*u**2) # assumes the signal to be roughly proportional to u^-1
        else:
            NSR = u*noise_sup_strength # assumes the signal to be roughly proportional to u^-1
    else:
        if not np.isclose(phase_parameter, 0.):
            NSR = (u/u_ny)**alpha*noise_sup_strength/(1+phase_parameter**2*u**2) # assumes the signal to be roughly proportional to u^-alpha
        else:
            NSR = (u/u_ny)**alpha*noise_sup_strength # assumes the signal to be roughly proportional to u^-alpha
    NSR *= deconv_filter
    NSR **= 2
    #print('mean(NSR)', mean(NSR))
    NSR += 1 # instead of wiener_filter = 1(1+NSR)
    NSR **= -1
    wiener_filter = NSR
    wiener_filter *= deconv_filter
    return wiener_filter
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contains median filters in OpenCl and CT ring filters based on these

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

#from file_access import *
import numpy as np, os
import common.opencl as cl


# ======== median filter in OpenCl (ring filters and bad pixel filter) ========
# this source is used in cases that do not parallelize well because too few elements need to be computed,
# or if a median filter needs to be computed for non-neighbouring entries (masked median filter)
quickselect_source = cl.load_source(__file__, 'cl', 'quickselect.c')

# this source is used in cases where enough elements need to be computed,
# so that one thread can compute many elements without loss of parallelization
update_heapsort_source = cl.load_source(__file__, 'cl', 'heapsort.c')


class MedianFilter2D:
    """
    median filter implementation in OpenCl for 2D images

    - optimized only for small sizes (< 50 filter footprint samples)
    - only works for an uneven number of samples (correct filter footprints have 1+4*n samples)

    uses a quickselect algorithm with a median of 3 pivot
    """

    local_size2 = 4, 16  # some filter sizes are much (2x) faster for smaller work group sizes
    local_size1 = 64,

    def __init__(self, compute_device):
        self.compute_device = compute_device

        self.image_cl = None
        self.result_cl = None
        self.offsets_cl = None
        self.num_offsets = None

        self.allocated_shape = (0, 0)
        self.allocated_mask_shape = (0, 0)

        self.result = None
        self.im_format_float = cl.Image.Format(cl.Image.ChannelOrder.INTENSITY, cl.Image.ChannelType.FLOAT)
        self.im_format_uint8 = cl.Image.Format(cl.Image.ChannelOrder.INTENSITY,
                                               cl.Image.ChannelType.UNSIGNED_INT8)

        self.cl_program = cl.Program(self.compute_device, quickselect_source + self.source,
                                         blocking_kernel_calls=True)

        self.threshold = None
        self.global_size2 = None

    # ===== median filter =====
    def allocate_image(self, image: np.ndarray):
        image = image.astype('f4', copy=not image.flags.owndata)
        if not np.allclose(self.allocated_shape, image.shape):
            self.image_cl = cl.Image(self.compute_device,
                                     cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                     arr=image)
            self.result_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY, self.im_format_float,
                                      image.shape)
            self.allocated_shape = image.shape
            self.global_size2 = self.allocated_shape
            self.result = np.zeros(self.allocated_shape, 'f4')
        else:
            self.image_cl.copy_from(image)

    def set_footprint(self, footprint: np.ndarray):
        if footprint is not None:
            self.number_samples = np.int32(footprint.sum())
            assert 3 <= self.number_samples < 256, f'the implementation is limited to 3-256 median samples, has{self.number_samples} (use sparse sampling for higher ranges)'
            offsets = np.zeros(2 * self.number_samples, 'i1')
            k_flat = 0
            center = np.array(footprint.shape) // 2
            for indices, value in np.ndenumerate(footprint):
                if value:
                    offsets[k_flat:k_flat + 2] = (indices - center)[::-1]
                    k_flat += 2

            self.offsets_cl = cl.Buffer(self.compute_device,
                                        cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                        arr=offsets)
        else:
            assert self.offsets_cl is not None, 'must either give a footprint or use set_footprint()'

    def median_filter(self, image: np.ndarray, footprint: np.ndarray = None, allocate_result=False):
        self.allocate_image(image)
        self.set_footprint(footprint)

        self.cl_program.median_filter(self.global_size2, self.local_size2,
                                      self.image_cl, self.result_cl, self.offsets_cl, self.number_samples)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def median_filter_base(self, image_cl, result_cl, wait=False):
        if self.global_size2 is None:
            self.global_size2 = image_cl.shape
        event = self.cl_median_filter(self.global_size2, self.local_size2,
                                      image_cl, result_cl, self.offsets_cl, self.number_samples)
        if wait:
            event.wait()
        return result_cl, image_cl

    def copy_benchmark(self, image: np.ndarray):
        self.allocate_image(image)
        result = self.result
        self.result_cl.copy_to(result)
        return result

    # ===== conditioned median filter =====
    def conditioned_median_filter(self, image: np.ndarray, threshold=None, footprint=None, allocate_result=False):
        self.allocate_image(image)
        self.set_footprint(footprint)
        if threshold is None:
            threshold = self.threshold

        self.cl_program.conditioned_median_filter(self.global_size2, self.local_size2,
                                                  self.image_cl, self.result_cl, self.offsets_cl, self.number_samples,
                                                  np.float32(threshold))

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def conditioned_median_filter_base(self, image_cl, result_cl, threshold=None, wait=True):
        if threshold is None:
            threshold = self.threshold
        if self.global_size2 is None:
            self.global_size2 = image_cl.shape

        event = self.cl_program.conditioned_median_filter(self.global_size2, self.local_size2,
                                                          image_cl, result_cl, self.offsets_cl, self.number_samples,
                                                          np.float32(threshold))
        if wait:
            event.wait()
        return result_cl, image_cl

    # ===== masked/positions median filter =====
    def allocate_mask(self, mask: np.ndarray):
        if mask is not None:
            if not np.allclose(self.allocated_mask_shape, mask.shape):
                self.mask_cl = cl.Image(self.compute_device,
                                        cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                        arr=mask.astype('u1'))
                self.allocated_mask_shape = mask.shape
            else:
                self.mask_cl.copy_from(mask)
        else:
            if self.mask_cl is None: raise ValueError('must give a mask or use allocate_mask() directly')

    def masked_median_filter(self, image: np.ndarray, mask: np.ndarray = None, footprint: np.ndarray = None,
                             allocate_result=False):
        self.allocate_image(image)
        self.allocate_mask(mask)
        self.set_footprint(footprint)

        self.cl_program.masked_median_filter(self.global_size2, self.local_size2,
                                             self.image_cl, self.result_cl, self.offsets_cl, self.number_samples,
                                             self.mask_cl)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def masked_median_filter_base(self, image_cl, result_cl, wait=True):
        if self.global_size2 is None:
            self.global_size2 = image_cl.shape
        event = self.cl_program.masked_median_filter(self.global_size2, self.local_size2,
                                                     image_cl, result_cl, self.offsets_cl, self.number_samples,
                                                     self.mask_cl)
        if wait:
            event.wait()
        return result_cl, image_cl

    def set_positions(self, positions: np.ndarray = None, mask: np.ndarray = None):
        if positions is not None:
            self.length_positions_cl = cl.Buffer(self.compute_device,
                                                 cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                 arr=np.uint32(positions.shape[0]))
            self.positions_cl = cl.Buffer(self.compute_device,
                                          cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                          arr=positions)
        elif mask is not None:
            self.allocate_mask(mask)

            self.length_positions = np.zeros(1, 'u4')
            self.length_positions_cl = cl.Buffer(self.compute_device,
                                                 cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                                 arr=self.length_positions)
            self.cl_sum_mask(self.global_size2, self.local_size2,
                             self.mask_cl, self.length_positions_cl)
            self.length_positions_cl.copy_from(self.length_positions)
            self.positions_cl = cl.Buffer(self.compute_device, cl.Buffer.MemFlags.READ_ONLY,
                                          # | opencl.Buffer.MemFlags.HOST_NO_ACCESS,
                                          size=4 * self.length_positions[0])
            self.length_positions_cl.copy_from(np.zeros(1, 'u4'))
            self.cl_compute_positions(self.global_size2, self.local_size2,
                                      self.mask_cl, self.positions_cl, self.length_positions_cl)
            self.global_size1 = self.length_positions[::-1]

            # positions = zeros((self.length_positions[0], 2), 'u2')
            # cl.enqueue_copy(self.compute_device, positions, self.positions_cl)
            # print('positions', positions[:20])
        else:
            if self.positions_cl is None:
                raise ValueError('must either give positions or a mask')

    def pos_median_filter(self, image: np.ndarray, positions: np.ndarray = None, mask: np.ndarray = None,
                          footprint: np.ndarray = None, allocate_result=False):
        self.allocate_image(image)
        self.set_footprint(footprint)
        self.set_positions(positions=positions, mask=mask)
        # self.cl_copy_image(self.compute_device, self.global_size2, self.local_size2,
        #                   self.image_cl, self.result_cl)
        # cl.enqueue_copy(self.compute_device, self.result_cl, self.image_cl,
        #                src_origin=(0, 0), dest_origin=(0, 0), region=self.allocated_shape[::-1])
        self.result_cl.copy_from(self.image_cl)

        self.cl_program.pos_median_filter(self.global_size1, self.local_size1,
                                          self.image_cl, self.result_cl,
                                          self.offsets_cl, self.number_samples,
                                          self.positions_cl, self.length_positions_cl)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def pos_median_filter_base(self, image_cl, result_cl, wait=True):
        if self.global_size2 is None:
            self.global_size2 = image_cl.shape
        self.result_cl.copy_from(self.image_cl)

        event = self.cl_program.pos_median_filter(self.global_size1, self.local_size1,
                                                  image_cl, result_cl,
                                                  self.offsets_cl, self.number_samples,
                                                  self.positions_cl, self.length_positions_cl)
        if wait:
            event.wait()
        return result_cl, image_cl

    source = cl.load_source(__file__, 'cl', 'median_filter_2D.c')


class SinoBadPixelFilter(MedianFilter2D):
    local_size2 = 2, 32  # some filter sizes are much (2x) faster for smaller work group sizes

    def __init__(self, compute_device):
        super().__init__(compute_device)

        self.bad_pixel_map_cl = None
        self.allocated_bad_pixel_map_shape = (0, 0)

    def set_bad_pixel_map(self, bad_pixel_map, radius_addition=2):
        # this function allocates the bad pixel map and applies a width transform to the bad_pixel_map
        # if the value of the bad_pixel_map is greater than the width transform, its value is used directly
        if bad_pixel_map is not None:
            if not np.allclose(self.allocated_bad_pixel_map_shape, bad_pixel_map.shape):
                # print('mean of mask', bad_pixel_map.mean(), bad_pixel_map.min(), bad_pixel_map.max())
                bad_pixel_map_cl = cl.Image(self.compute_device,
                                            cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                            self.im_format_uint8, None, arr=bad_pixel_map.astype('u1'))

                self.bad_pixel_map_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE,
                                                 self.im_format_uint8, bad_pixel_map.shape)
                self.cl_program.mask_width_transform((bad_pixel_map.shape[0],), (64,),
                                                     bad_pixel_map_cl, self.bad_pixel_map_cl, np.int32(radius_addition))
                # cl.enqueue_copy(self.compute_device, bad_pixel_map, self.bad_pixel_map_cl, origin=(0, 0), region=tuple(bad_pixel_map.shape[::-1]))
                # print('mean of radial transformed mask', bad_pixel_map.mean(), bad_pixel_map.min(), bad_pixel_map.max())

                self.allocated_bad_pixel_map_shape = bad_pixel_map.shape
            else:
                self.bad_pixel_map_cl.copy_from(bad_pixel_map)
        else:
            if self.bad_pixel_map_cl is None: raise ValueError(
                'must give a bad_pixel_map or use allocate_bad_pixel_map() directly')

    def filter_bad_pixels_sino(self, image: np.ndarray, mask: np.ndarray,
                               mask_y_pos, allocate_result=False):
        self.allocate_image(image)
        self.set_bad_pixel_map(mask)

        self.cl_program.filter_bad_pixels_sino(self.global_size2, self.local_size2,
                                               self.image_cl, self.result_cl, self.bad_pixel_map_cl, np.int32(mask_y_pos))

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.write_to(result)
        return result

    def filter_bad_pixels_sino_base(self, image_cl, result_cl, mask_y_pos, wait=True):
        if self.global_size2 is None:
            self.global_size2 = image_cl.shape
        assert self.bad_pixel_map_cl is not None, 'must use set_bad_pixel_map() before'
        event = self.cl_program.filter_bad_pixels_sino(self.global_size2, self.local_size2,
                                                       image_cl, result_cl, self.bad_pixel_map_cl, np.int32(mask_y_pos))
        if wait:
            event.wait()
        return result_cl, image_cl

    def set_pos1d(self, mask: np.ndarray, y_pos):
        self.allocate_mask(mask)

        self.length_positions = np.zeros(1, 'u4')
        self.length_positions_cl = cl.Buffer(self.compute_device,
                                             cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                             arr=self.length_positions)
        self.global_size1 = mask.shape[1:][::-1]
        self.cl_program.sum_mask1d(self.global_size1, self.local_size1,
                                   self.mask_cl, self.length_positions_cl, np.int32(y_pos))
        self.length_positions_cl.copy_to(self.length_positions)
        self.positions_cl = cl.Buffer(self.compute_device, cl.Buffer.MemFlags.READ_ONLY,
                                      # | opencl.Buffer.MemFlags.HOST_NO_ACCESS,
                                      size=2 * self.length_positions[0])
        self.length_positions_cl.copy_from(np.zeros(1, 'u4'))
        self.cl_program.compute_pos1d(self.global_size1, self.local_size1,
                                      self.mask_cl, np.int32(y_pos), self.positions_cl, self.length_positions_cl)
        self.global_size1 = self.length_positions[::-1]

        # positions = zeros(self.length_positions[0], 'u2')
        # cl.enqueue_copy(self.compute_device, positions, self.positions_cl)
        # print('positions', sorted(positions))

    def pos1d_median_filter(self, image: np.ndarray, mask: np.ndarray, y_pos,
                            allocate_result=False):
        print('WARNING: this code is not intended to be executed')
        self.allocate_image(image)
        self.set_pos1d(mask=mask, y_pos=y_pos)
        self.result_cl.copy_from(self.image_cl)

        local_size = (32, 4)
        self.cl_program.pos1d_median_filter((self.allocated_shape[0], self.global_size1[0]), local_size,
                                            self.image_cl, self.result_cl, self.mask_cl,
                                            self.positions_cl, self.length_positions_cl)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def pos1d_median_filter_base(self, image_cl, result_cl, wait=True):
        print('WARNING: this code is not intended to be executed')
        if self.global_size2 is None:
            self.global_size2 = image_cl.shape
        result_cl.copy_from(image_cl)

        local_size = (8, 16)
        event = self.cl_program.pos1d_median_filter((self.allocated_shape[0], self.global_size1[0]), local_size,
                                                    image_cl, result_cl, self.mask_cl,
                                                    self.positions_cl, self.length_positions_cl)
        if wait:
            event.wait()
        return result_cl, image_cl

    source = MedianFilter2D.source + cl.load_source(__file__, 'cl', 'bad_pixel_filter.c')


class MedianFilter3D():
    """
    median filter implementation in OpenCl for 3D (volume) images

    - optimized only for small sizes (< 50 filter footprint samples)
    - only works for an uneven number of samples (correct filter footprints have 1+6*n samples)

    uses a quickselect algorithm with the simplest possible pivot choice
    """

    local_size3 = 4, 4, 8  # almost no performance differences for sizes 16-128
    local_size1 = 64,

    def __init__(self, compute_device):
        self.compute_device = compute_device

        self.image_cl = None
        self.result_cl = None
        self.offsets_cl = None
        self.num_offsets = None

        self.allocated_shape = (0, 0, 0)
        self.allocated_mask_shape = (0, 0, 0)

        self.result = None
        self.im_format_float = cl.Image.Format(cl.Image.ChannelOrder.INTENSITY, cl.Image.ChannelType.FLOAT)
        self.im_format_uint8 = cl.Image.Format(cl.Image.ChannelOrder.INTENSITY,
                                               cl.Image.ChannelType.UNSIGNED_INT8)

        self.cl_program = cl.Program(self.compute_device, self.source)

    # ===== median filter =====
    def allocate_image(self, image: np.ndarray):
        image = image.astype('f4', copy=not image.flags.owndata)
        if not np.allclose(self.allocated_shape, image.shape):
            self.image_cl = cl.Image(self.compute_device,
                                     cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                     arr=image)
            self.result_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY, self.im_format_float,
                                      image.shape)
            self.allocated_shape = image.shape
            self.global_size3 = self.allocated_shape
            self.result = np.zeros(self.allocated_shape, 'f4')
        else:
            self.image_cl.copy_from(image)

    def set_footprint(self, footprint: np.ndarray):
        if footprint is not None:
            self.number_samples = np.int32(footprint.sum())
            assert 3 < self.number_samples < 256, 'the implementation is limited to 3-256 median samples (use sparse sampling for higher ranges)'
            offsets = np.zeros(4 * self.number_samples, 'i1')
            k_flat = 0
            center = np.array(footprint.shape) // 2
            for indices, value in np.ndenumerate(footprint):
                if value:
                    offsets[k_flat:k_flat + 3] = (indices - center)[::-1]
                    k_flat += 4

            self.offsets_cl = cl.Buffer(self.compute_device,
                                        cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                        arr=offsets)
        else:
            assert self.offsets_cl is not None, 'must either give a footprint or use set_footprint()'

    def median_filter(self, image: np.ndarray, footprint: np.ndarray = None, allocate_result=False):
        self.allocate_image(image)
        self.set_footprint(footprint)

        self.cl_program.median_filter(self.global_size3, self.local_size3,
                                      self.image_cl, self.result_cl, self.offsets_cl, self.number_samples)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def median_filter_base(self, image_cl, result_cl, wait=True):
        event = self.cl_program.median_filter(self.global_size3, self.local_size3,
                                              image_cl, result_cl, self.offsets_cl, self.number_samples)
        if wait:
            event.wait()

    def copy_benchmark(self, image: np.ndarray):
        self.allocate_image(image)
        self.result_cl.copy_to(self.result)
        return self.result

    # ===== conditioned median filter =====
    def conditioned_median_filter(self, image: np.ndarray, threshold, footprint=None, allocate_result=False):
        self.allocate_image(image)
        self.set_footprint(footprint)

        self.cl_program.conditioned_median_filter(self.global_size3, self.local_size3,
                                                  self.image_cl, self.result_cl, self.offsets_cl, self.number_samples,
                                                  np.float32(threshold))

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(self.result)
        return result

    def conditioned_median_filter_base(self, threshold, image_cl, result_cl, wait=True):
        event = self.cl_program.conditioned_median_filter(self.global_size3, self.local_size3,
                                                          image_cl, result_cl, self.offsets_cl, self.number_samples,
                                                          np.float32(threshold))
        if wait:
            event.wait()

    # ===== masked/positions median filter =====
    def allocate_mask(self, mask: np.ndarray):
        if mask is not None:
            if not np.allclose(self.allocated_mask_shape, mask.shape):
                mask = mask.astype('u1')
                self.mask_cl = cl.Image(self.compute_device,
                                        cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                        arr=mask)
                self.allocated_mask_shape = mask.shape
                self.global_size3 = self.allocated_mask_shape
            else:
                self.mask_cl.copy_from(mask)
        else:
            if self.mask_cl is None: raise ValueError('must give a mask or use allocate_mask() directly')

    def masked_median_filter(self, image: np.ndarray, mask: np.ndarray = None, footprint: np.ndarray = None,
                             allocate_result=False):
        self.allocate_image(image)
        self.allocate_mask(mask)
        self.set_footprint(footprint)

        self.cl_program.masked_median_filter(self.global_size3, self.local_size3,
                                             self.image_cl, self.result_cl, self.offsets_cl, self.number_samples,
                                             self.mask_cl)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def masked_median_filter_base(self, image_cl, result_cl, wait=True):
        event = self.cl_program.masked_median_filter(self.global_size3, self.local_size3,
                                                     image_cl, result_cl, self.offsets_cl, self.number_samples,
                                                     self.mask_cl)
        if wait:
            event.wait()

    def set_positions(self, positions: np.ndarray = None, mask: np.ndarray = None):
        if positions is not None:
            self.length_positions_cl = cl.Buffer(self.compute_device,
                                                 cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                 arr=np.uint32(positions.shape[0]))
            self.positions_cl = cl.Buffer(self.compute_device,
                                          cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                          arr=positions)
        elif mask is not None:
            self.allocate_mask(mask)

            self.length_positions = np.zeros(1, 'u4')
            self.length_positions_cl = cl.Buffer(self.compute_device,
                                                 cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                                 arr=self.length_positions)
            self.cl_program.sum_mask(self.global_size3, self.local_size3,
                                     self.mask_cl, self.length_positions_cl)
            self.length_positions_cl.copy_to(self.length_positions)
            self.positions_cl = cl.Buffer(self.compute_device, cl.Buffer.MemFlags.READ_ONLY,
                                          # | opencl.Buffer.MemFlags.HOST_NO_ACCESS,
                                          size=8 * self.length_positions[0])
            self.length_positions_cl.copy_from(np.zeros(1, 'u4'))
            global_size = mask.shape[::-1]
            self.cl_program.compute_positions(self.global_size3, self.local_size3,
                                              self.mask_cl, self.positions_cl, self.length_positions_cl)
            self.global_size1 = self.length_positions[::-1]

            # positions = zeros((self.length_positions[0], 2), 'u2')
            # self.positions_cl.read_to(positions)
            # print('positions', positions[:20])
        else:
            if self.positions_cl is None:
                raise ValueError('must either give positions or a mask')

    def pos_median_filter(self, image: np.ndarray, positions: np.ndarray = None, mask: np.ndarray = None,
                          footprint: np.ndarray = None, allocate_result=False):
        self.allocate_image(image)
        self.set_footprint(footprint)
        self.set_positions(positions=positions, mask=mask)
        self.result_cl.copy_from(self.image_cl)

        self.cl_program.pos_median_filter(self.global_size1, self.local_size1,
                                          self.image_cl, self.result_cl,
                                          self.offsets_cl, self.number_samples,
                                          self.positions_cl, self.length_positions_cl)

        if allocate_result:
            result = np.zeros(self.allocated_shape, 'f4')
        else:
            result = self.result
        self.result_cl.copy_to(result)
        return result

    def pos_median_filter_base(self, image_cl, result_cl, wait=False):
        self.result_cl.copy_from(image_cl)
        event = self.cl_program.pos_median_filter(self.global_size1, self.local_size1,
                                                  image_cl, result_cl,
                                                  self.offsets_cl, self.number_samples,
                                                  self.positions_cl, self.length_positions_cl)
        if wait:
            event.wait()

    source = cl.load_source(__file__, 'cl', 'median_filter_3D.c')







tomis/image/misc.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from common import *

def apply_neglog(data, clip=True):
    data = data.astype("f4", copy=False)
    if clip:
        np.fmax(data, 1e-7, out=data)
    np.log(data, out=data)
    data *= -1
    return data

def circular_footprint(radius, dims=2, radius_addition=0.3):
    # function for generating a footprint for a filter with a center pixel (e.g. median filter)
    radius += radius_addition
    coords = np.arange(-np.floor(radius), np.ceil(radius))**2
    if dims == 1:
        return coords <= radius**2
    elif dims == 2:
        return (coords[None, :] + coords[:, None]) <= radius**2
    elif dims == 3:
        return (coords[None, None, :] + coords[:, None, None] + coords[None, :, None]) <= radius**2
    else:
        raise ValueError('wrong ndim: ' + str(dims))

def rounded_box_footprint(side_length, dims=2, radius_addition=0.5):
    # function for generating a footprint for a filter without a center pixel (e.g. binary opening)
    coords = np.linspace(-(side_length-1)/2, (side_length-1)/2, side_length, endpoint=True)**2
    radius = (side_length-1)/2 + radius_addition
    if dims == 2:
        return np.less_equal(coords[None, :] + coords[:, None], radius**2)
    elif dims == 3:
        return np.less_equal(coords[None, None, :] + coords[:, None, None] + coords[None, :, None], radius**2)








tomis/image/morphology.py

''' volume image morphology functions
written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

import numpy as np, gc
from scipy import ndimage

verbose = False

def subdivide_objects(mask, dt, throat_step_size=1, min_object_diff=1, min_object_fract=1.2,
                      min_marker_size=5, iterations=50, dt_scale=1):
    div_step_vals = mask.astype('u1')  # contains marker classes,
    # the number signifies the iteration step at which the final subdivision happened
    statistics_text = ''

    iter_index = 0; iteration_stable = False
    while iter_index < iterations + 1:
        iter_index += 1
        iter_labels = (div_step_vals == iter_index).astype('i4')  # this is the mask, for in-place
        mask_mean = np.mean(iter_labels)
        iter_number_objects = ndimage.label(iter_labels, output=iter_labels)
        gc.collect()

        iter_view_slices = ndimage.find_objects(iter_labels)
        if iter_index < 10:
            min_throat_radius = (throat_step_size * iter_index) * dt_scale
        else:
            min_throat_radius = (throat_step_size * iter_index * np.exp((iter_index - 10) / 20)) * dt_scale
        min_object_radius = min_throat_radius * min_object_fract + min_object_diff * dt_scale

        text = 'iter: {} statistics, mask fraction: {:.5g}, min_throat_radius: {:.2f}; min_object_radius: {:.2f}'.format(
            iter_index, mask_mean, min_throat_radius / dt_scale, min_object_radius / dt_scale)
        if verbose: print(text)
        statistics_text += text + '\n'

        has_subdiv = 0
        for index, view_slice in enumerate(iter_view_slices):
            labels_view = iter_labels[view_slice]
            object_mask = (labels_view == (index + 1))

            local_subdiv = subdivide_one_object(dt[view_slice], object_mask, iter_index + 1,
                                                min_throat_radius, min_object_radius,
                                                min_marker_size)

            if local_subdiv is not False:
                div_step_vals[view_slice][object_mask] = local_subdiv[object_mask]
                has_subdiv += 1

            del local_subdiv, object_mask, labels_view
            if index % 1000 == 0:
                gc.collect()

        del iter_labels; gc.collect()

        mask = (div_step_vals == iter_index).astype('i4')
        p_number1 = ndimage.label(mask, output=mask)
        del mask
        if has_subdiv:
            mask = (div_step_vals == (iter_index + 1)).astype('i4')
            p_number2 = ndimage.label(mask, output=mask)
            del mask
        else:
            p_number2 = 0

        text = 'number of particles, original: {}, kept: {}, subdivided: {} into: {}'.format(
            iter_number_objects, p_number1, has_subdiv, p_number2)
        if verbose: print(text)
        statistics_text += text + '\n'

        if not has_subdiv:
            iteration_stable = True
            break

    labels = (div_step_vals > 0).astype('i4')
    number_objects = ndimage.label(labels, output=labels)
    text = ('final number of objects: {} {}'.format(number_objects, ('(with iteration stable)' if iteration_stable else '')))
    if verbose: print(text)
    statistics_text += text + '\n'
    return labels, statistics_text, number_objects


def subdivide_one_object(local_dt, local_mask, next_iter_index, min_throat_radius, min_object_radius, min_marker_size):
    div_mask = (local_dt * local_mask) > min_throat_radius
    if np.sum(div_mask) == 0:
        return False
    div_labels, number_div = ndimage.label(div_mask)
    div_slices = ndimage.find_objects(div_labels)

    local_subdiv = np.zeros_like(local_mask, dtype='u1')
    has_valid_divisions = 0

    for index, div_slice in enumerate(div_slices):
        div_object_mask = (div_labels[div_slice] == (index + 1))

        shrinked_sum = np.sum(local_dt[div_slice][div_object_mask] > min_object_radius)
        if shrinked_sum > min_marker_size:
            has_valid_divisions += 1
            local_subdiv[div_slice][div_object_mask] = next_iter_index
            #if verbose: print('local_subdiv[div_slice][div_object_mask].shape', local_subdiv[div_slice][div_object_mask].shape)

    if has_valid_divisions > 0:  # return subdivision result
        return local_subdiv
    else:  # protect small particles
        return False






tomis/image/registration.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import numpy as np
import common.opencl as cl
from image.resize import bin_down_image

# ==== image registration in OpenCl ====
class ImageRegisterTool():
    _precision_steps = (1/3)**np.arange(0, 6)
    block_size = np.int32(64)  # best performance for 32 to 128
    local_size_3d = (64, 2, 2)  # performance is almost completely independent of this
    local_size_2d = (16, 16)
    verbose = 1  # 0 for disabled, 1 for partial (recommended), 2 for full (+intermediate) printout of results

    def __init__(self, compute_device, bin_factor=2, min_iter_search_steps=15, highpass_limit=None):
        '''


        :param bin_factor:  bin factor for a fast wide search in the first step, large values are very fast
                            but may result in the registration failing
        :param min_iter_search_steps:   minimum steps to search at the precision search where step size is 1/3 of the step before
                                        the value used is always >= 5 (see iter_search_steps())
        :return:
        '''
        self.compute_device = compute_device
        self.bin_factor = int(np.clip(bin_factor, 1, 9))
        self._iter_search_steps = min_iter_search_steps

        self.highpass_limit = highpass_limit
        self.fourier_filter = None

        self.cl_program = cl.Program(self.compute_device, self.cl_source)

        self.image_shape = [0, 0]
        self.image_1_cl = [None, None]
        self.image_2_cl = [None, None]
        self.diff_norm = [None, None]
        self.mask_shape = [0, 0]
        self.mask1_cl = [None, None]
        self.mask2_cl = [None, None]
        self.use_mask = False
        self.has_mask_cl_functions = False

        self.result_shape = [0, 0]
        self.result_values = [None, None]
        self.result_weights = [None, None]
        self.result_shape_cl = [None, None]
        self.result_values_cl = [None, None]
        self.result_weights_cl = [None, None]

        self.diff_images = [None, None, None, None]
        self.diff_coords = [None, None, None, None]

    # common functions
    def register_stack(self, images_1, images_2, xrange, yrange, method='shift',
                       progress_func=lambda n, N: None, **kwargs):
        if method == 'shift':
            length = images_1.shape[0]
            xshifts = np.zeros(length)
            yshifts = np.zeros(length)
            diff_measure_images_param = []

            for k in np.arange(length):
                xshifts[k], yshifts[k], opt_indices, diff_measure_image = self.auto_find_shift(
                    images_1[k], images_2[k], yrange, xrange, **kwargs)
                diff_measure_images_param.append(diff_measure_image)
                progress_func(k + 1, length)

            return xshifts, yshifts, diff_measure_images_param

        elif method == 'shiftscale':
            length = images_1.shape[0]
            xshifts = np.zeros(length)
            yshifts = np.zeros(length)
            scales = np.zeros(length)
            diff_measure_images_param = []

            for k in np.arange(length):
                xshifts[k], yshifts[k], scales[k], opt_indices, diff_measure_images = self.auto_find_shift_scale(
                    images_1[k], images_2[k], yrange, xrange, **kwargs)
                diff_measure_images_param.append(diff_measure_images[opt_indices[0]])

            return xshifts, yshifts, scales, diff_measure_images_param

        elif method == 'shiftrot':
            length = images_1.shape[0]
            xshifts = np.zeros(length)
            yshifts = np.zeros(length)
            rot_angles = np.zeros(length)
            diff_measure_images_param = []

            for k in np.arange(length):
                xshifts[k], yshifts[k], rot_angles[k], opt_indices, diff_measure_images = self.auto_find_shift_rot(
                    images_1[k], images_2[k], yrange, xrange, **kwargs)
                diff_measure_images_param.append(diff_measure_images[opt_indices[0]])

            return xshifts, yshifts, rot_angles, diff_measure_images_param

        else:
            raise ValueError('method must be one of "shift", "shiftscale", "shiftrot"')

    def remove_nonfinite(self, image):
        np.copyto(image, 0., where=~np.isfinite(image))

    def allocate_images_mem(self, image_1, image_2):
        image_1 = image_1.astype("f4", copy=False)
        image_2 = image_2.astype("f4", copy=False)
        self.remove_nonfinite(image_1)
        self.remove_nonfinite(image_2)
        if self.highpass_limit is not None:
            image_1 = self.filter_highpass(image_1)
            image_2 = self.filter_highpass(image_2)
            if self.verbose == 2: print('applied highpass')

        for use_binned in (0, 1):
            if use_binned > 0:
                image_1 = bin_down_image(image_1, self.bin_factor)
                image_2 = bin_down_image(image_2, self.bin_factor)

            image_shape = np.array(image_1.shape)
            if not np.all(image_shape == self.image_shape[use_binned]):
                self.image_shape[use_binned] = image_shape
                self.image_1_cl[use_binned] = cl.Image(self.compute_device,
                                                           cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                                           arr=image_1)
                self.image_2_cl[use_binned] = cl.Image(self.compute_device,
                                                           cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                                           arr=image_2)
            else:
                self.image_1_cl[use_binned].copy_from(image_1)
                self.image_2_cl[use_binned].copy_from(image_2)

            self.diff_norm[use_binned] = np.std(image_1) * np.std(image_2) / (
                    cl.cl_float_unscaler(image_1.dtype) * cl.cl_float_unscaler(image_2.dtype))

    def allocate_result_mem(self, nparams):
        for use_binned in (0, 1):
            result_shape = np.array((nparams, *np.ceil(np.array(self.image_shape[use_binned]) / self.block_size)), 'i4')
            if not np.all(result_shape == self.result_shape[use_binned]):
                self.result_shape[use_binned] = result_shape
                self.result_values[use_binned] = np.zeros(result_shape, 'f4')
                self.result_weights[use_binned] = np.zeros(result_shape, 'f4')
                self.result_shape_cl[use_binned] = np.array((result_shape[2], result_shape[1], result_shape[0], 0), 'i4')

                self.result_values_cl[use_binned] = cl.Buffer(self.compute_device,
                                                                  cl.Buffer.MemFlags.WRITE_ONLY | cl.Buffer.MemFlags.HOST_READ_ONLY,
                                                                  size=self.result_values[use_binned].nbytes)
                self.result_weights_cl[use_binned] = cl.Buffer(self.compute_device,
                                                                   cl.Buffer.MemFlags.WRITE_ONLY | cl.Buffer.MemFlags.HOST_READ_ONLY,
                                                                   size=self.result_weights[use_binned].nbytes)

    def set_mask(self, mask1: np.ndarray, mask2: np.ndarray =None):
        self.use_mask = mask1 is not None

        if mask1 is not None:
            if mask1.mean() < 0.5 or (mask2 is not None and mask2.mean() < 0.5):
                print('WARNING: mask is mostly empty, inverted mask?')
            mask1 = (mask1 > 0).astype('f4' ) *255
            if mask2 is not None:
                mask2 = (mask2 > 0).astype('f4' ) *255
            for use_binned in (0, 1):
                if use_binned > 0:
                    mask1 = bin_down_image(mask1.astype('f4', copy=False), self.bin_factor)
                self.mask_shape[use_binned] = mask1.shape
                mask1 = mask1.astype('u1')
                self.mask1_cl[use_binned] = cl.Image(self.compute_device,
                                                         cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                                         arr=mask1)

                if mask2 is not None:
                    if use_binned > 0:
                        mask2 = bin_down_image(mask2.astype('f4', copy=False), self.bin_factor)
                    if mask2 is not None: mask2 = bin_down_image(mask2, self.bin_factor)
                    assert np.all(np.array(mask2.shape) == self.image_shape[use_binned])
                    mask2 = mask2.astype('u1')
                    self.mask2_cl[use_binned] = cl.Image(self.compute_device,
                                                             cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                                             arr=mask2)
                else:
                    self.mask2_cl[use_binned] = self.mask1_cl[use_binned]

                # print("mask image format", cl_valid_float_format(mask1.dtype), "mask\n", mask1)
            print('mask set, mean: {:.4f}'.format(mask1.mean( ) /255))

            if not self.has_mask_cl_functions:
                self.cl_program_mask = cl.Program(self.compute_device, self.cl_source_masked)
                self.has_mask_cl_functions = True

    def precision_steps(self, grade=2):
        return (self.bin_factor, *self._precision_steps[self.bin_factor < 2:grade+1])

    def iter_search_steps(self, precision_factor, used_binned):
        return int(np.ceil(2 * (1 + used_binned) * precision_factor))

    # shift registration
    def auto_find_shift(self, image_1, image_2, xrange, yrange, precision_grade=2):
        last_precision = None

        for k, precision in enumerate(self.precision_steps(precision_grade)):
            if k == 0:
                yshifts = np.unique(np.hstack((np.arange(yrange[0], yrange[1], precision), yrange[1])))
                xshifts = np.unique(np.hstack((np.arange(xrange[0], xrange[1], precision), xrange[1])))
            else:
                search_steps = self.iter_search_steps(last_precision / precision, k == 1)
                yshifts = np.linspace(yshift_opt - search_steps * precision, yshift_opt + search_steps * precision,
                                   search_steps * 2 + 1, endpoint=True)
                xshifts = np.linspace(xshift_opt - search_steps * precision, xshift_opt + search_steps * precision,
                                   search_steps * 2 + 1, endpoint=True)

            if self.verbose == 2:
                print('searching xshift [{:.2f} {:.2f} {:.2f}], yshift  [{:.2f} {:.2f} {:.2f}]'.format(
                    xshifts.min(), xshifts.max(), precision, yshifts.min(), yshifts.max(), precision))
            elif self.verbose == 1 and k == 0:
                print('searching xshift [{:.2f} {:.2f}], yshift [{:.2f} {:.2f}]]'.format(
                    xshifts.min(), xshifts.max(), yshifts.min(), yshifts.max()))

            xshift_opt, yshift_opt, opt_indices, diff_measure_image_ = self.find_shift(
                image_1, image_2, xshifts, yshifts, use_binned=k == 0)

            if self.verbose == 2 or (self.verbose == 1 and k == len(self.precision_steps(precision_grade)) - 1):
                print('found shift ({:.2f}, {:.2f}), normed diff min {:.4f}'.format(xshift_opt, yshift_opt,
                                                                                    diff_measure_image_.min()))
            if (self.bin_factor > 1 and k == 1) or (k == 0):
                diff_measure_image = diff_measure_image_
            if self.verbose == 2:
                self.diff_images[k] = diff_measure_image_
                self.diff_coords[k] = xshifts, yshifts
            last_precision = precision

        if np.any(np.isclose(yshift_opt, yrange)) or np.any(np.isclose(xshift_opt, xrange)):
            print('WARNING: optimal shift values not found')

        return xshift_opt, yshift_opt, opt_indices[:2], diff_measure_image

    def find_shift(self, image_1, image_2, xshifts, yshifts, allocate=True, use_binned=0):
        diff_measure = np.zeros((len(yshifts), len(xshifts)), 'f4')

        if allocate:
            self.allocate_images_mem(image_1, image_2)

        yshifts = yshifts[np.logical_and(-self.image_shape[use_binned][0] + 20 < yshifts,
                                      yshifts < self.image_shape[use_binned][0] - 20)]
        xshifts = xshifts[np.logical_and(-self.image_shape[use_binned][1] + 20 < xshifts,
                                      xshifts < self.image_shape[use_binned][1] - 20)]
        nparams = len(yshifts) * len(xshifts)
        if allocate:
            self.allocate_result_mem(nparams)

        shift_vecs = np.zeros((nparams, 2), 'f4')
        x_size = len(xshifts)
        for yindex, yshift in enumerate(yshifts):
            zy_offset = yindex * x_size
            shift_vecs[zy_offset:zy_offset + x_size, 1] = yshift
            for xindex, xshift in enumerate(xshifts):
                shift_vecs[zy_offset + xindex, 0] = xshift
                # todo: write faster code

        if use_binned:
            shift_vecs /= self.bin_factor ** use_binned
        shift_vecs_cl = cl.Buffer(self.compute_device,
                                      cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                      arr=shift_vecs)

        if np.allclose((xshifts[1:] - xshifts[:-1]) % 1, 0.) and np.allclose((yshifts[1:] - yshifts[:-1]) % 1, 0.):
            if not self.use_mask:
                self.cl_program.shifted_params_square_diff_2d(self.result_shape[use_binned][::-1], self.local_size_3d,
                                                              self.image_1_cl[use_binned], self.image_2_cl[use_binned],
                                                              self.result_values_cl[use_binned],
                                                              self.result_weights_cl[use_binned],
                                                              self.result_shape_cl[use_binned], self.block_size,
                                                              shift_vecs_cl)
            else:
                self.cl_program_mask.shifted_params_square_diff_2d(self.result_shape[use_binned][::-1], self.local_size_3d,
                                                                   self.image_1_cl[use_binned], self.image_2_cl[use_binned],
                                                                   self.mask1_cl[use_binned], self.mask2_cl[use_binned],
                                                                   self.result_values_cl[use_binned],
                                                                   self.result_weights_cl[use_binned],
                                                                   self.result_shape_cl[use_binned], self.block_size,
                                                                   shift_vecs_cl)
            # print('using int shift kernel')
        else:
            if not self.use_mask:
                self.cl_program.shifted_params_square_diff_2d_subpixel(self.result_shape[use_binned][::-1], self.local_size_3d,
                                                                       self.image_1_cl[use_binned], self.image_2_cl[use_binned],
                                                                       self.result_values_cl[use_binned],
                                                                       self.result_weights_cl[use_binned],
                                                                       self.result_shape_cl[use_binned], self.block_size,
                                                                       shift_vecs_cl)
            else:
                self.cl_program_mask.shifted_params_square_diff_2d_subpixel(self.result_shape[use_binned][::-1], self.local_size_3d,
                                                                            self.image_1_cl[use_binned], self.image_2_cl[use_binned],
                                                                            self.mask1_cl[use_binned], self.mask2_cl[use_binned],
                                                                            self.result_values_cl[use_binned],
                                                                            self.result_weights_cl[use_binned],
                                                                            self.result_shape_cl[use_binned], self.block_size,
                                                                            shift_vecs_cl)
            # print('using subpixel kernel')

        self.result_values_cl[use_binned].copy_to(self.result_values[use_binned])
        self.result_weights_cl[use_binned].copy_to(self.result_weights[use_binned])



        diff_measure[:, :].flat = np.sum(self.result_values[use_binned], axis=(1, 2)) / np.sum(
            self.result_weights[use_binned], axis=(1, 2))
        diff_measure[np.isnan(diff_measure)] = np.inf
        diff_measure /= self.diff_norm[use_binned]

        opt_indices = np.unravel_index(np.argmin(diff_measure), diff_measure.shape)
        xshift_opt, yshift_opt = xshifts[opt_indices[1]], yshifts[opt_indices[0]]

        diff_measure_image = diff_measure.reshape(diff_measure.shape)

        return xshift_opt, yshift_opt, opt_indices, diff_measure_image

    def shift_image(self, image, xshift=0., yshift=0., invert_transform=False):
        image_out = np.zeros_like(image, 'f4')
        image_in_cl = cl.Image(self.compute_device,
                                   cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                   arr=image.astype('f4'))
        image_out_cl = cl.Image(self.compute_device,
                                    cl.Buffer.MemFlags.WRITE_ONLY | cl.Buffer.MemFlags.HOST_READ_ONLY,
                                    cl.im_format_float, image.shape)
        shift_vec = np.array((xshift, yshift), 'f4')
        if invert_transform:
            shift_vec *= -1

        self.cl_program.shift_image(image.shape[::-1], self.local_size_2d,
                                    image_in_cl, image_out_cl, shift_vec)
        image_out_cl.copy_to(image_out)
        return image_out

    # shift+scale registration
    def find_shift_scale(self, image_1, image_2, xshifts, yshifts, scale_factors=(1.0,), scale_origin=None,
                         allocate=True, use_binned=0):

        if allocate:
            self.allocate_images_mem(image_1, image_2)
        yshifts = yshifts[np.logical_and(-self.image_shape[use_binned][0] + 20 < yshifts,
                                      yshifts < self.image_shape[use_binned][0] - 20)]
        xshifts = xshifts[np.logical_and(-self.image_shape[use_binned][1] + 20 < xshifts,
                                      xshifts < self.image_shape[use_binned][1] - 20)]
        nparams = len(yshifts) * len(xshifts)
        if allocate:
            self.allocate_result_mem(nparams)

        shift_vecs = np.zeros((nparams, 2), 'f4')
        x_size = len(xshifts)
        for yindex, yshift in enumerate(yshifts):
            zy_offset = yindex * x_size
            shift_vecs[zy_offset:zy_offset + x_size, 1] = yshift
            for xindex, xshift in enumerate(xshifts):
                shift_vecs[zy_offset + xindex, 0] = xshift
                # todo: write faster code
        if scale_origin is None:
            scale_origin = (np.array(image_1.shape, 'f4')[::-1] / 2)
        else:
            scale_origin = np.array(scale_origin, 'f4')
        if use_binned:
            shift_vecs /= self.bin_factor ** use_binned
            scale_origin /= self.bin_factor ** use_binned
        shift_vecs_cl = cl.Buffer(self.compute_device,
                                      cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                      arr=shift_vecs)

        diff_measure_images = np.zeros((len(scale_factors), len(yshifts), len(xshifts)), 'f4')
        for zindex, scale_factor in enumerate(scale_factors):
            scale_factor = np.float32(scale_factor)

            self.cl_program.shiftscaled_params_square_diff_2d(self.result_shape[use_binned][::-1], self.local_size_3d,
                                                              self.image_1_cl[use_binned], self.image_2_cl[use_binned],
                                                              self.result_values_cl[use_binned],
                                                              self.result_weights_cl[use_binned],
                                                              self.result_shape_cl[use_binned], self.block_size,
                                                              shift_vecs_cl, scale_origin, scale_factor)

            self.result_values_cl[use_binned].copy_to(self.result_values[use_binned])
            self.result_weights_cl[use_binned].copy_to(self.result_weights[use_binned])
            diff_measure_images[zindex, :, :].flat = np.sum(self.result_values[use_binned], axis=(1, 2)) / np.sum(
                self.result_weights[use_binned], axis=(1, 2))

        diff_measure_images[np.isnan(diff_measure_images)] = np.inf
        diff_measure_images /= self.diff_norm[use_binned]

        opt_indices = np.unravel_index(np.argmin(diff_measure_images), diff_measure_images.shape)
        xshift_opt, yshift_opt, scale_fact_opt = xshifts[opt_indices[2]], yshifts[opt_indices[1]], scale_factors[
            opt_indices[0]]

        return xshift_opt, yshift_opt, scale_fact_opt, opt_indices, diff_measure_images

    def auto_find_shift_scale(self, image_1, image_2, yrange, xrange, scale_range, scale_origin=None,
                              start_scale_step=0.01, precision_grade=2):
        last_precision = None

        for k, precision in enumerate(self.precision_steps(precision_grade)):
            if k == 0:
                yshifts = np.unique(np.hstack((np.arange(yrange[0], yrange[1], precision), yrange[1])))
                xshifts = np.unique(np.hstack((np.arange(xrange[0], xrange[1], precision), xrange[1])))
                scale_factors = np.linspace(*scale_range, (scale_range[1] - scale_range[0]) // start_scale_step + 2)
            else:
                search_steps = self.iter_search_steps(last_precision / precision, k == 1)
                yshifts = np.linspace(yshift_opt - search_steps * precision, yshift_opt + search_steps * precision,
                                   search_steps * 2 + 1, endpoint=True)
                xshifts = np.linspace(xshift_opt - search_steps * precision, xshift_opt + search_steps * precision,
                                   search_steps * 2 + 1, endpoint=True)
                if k > 1 or self.bin_factor == 1:
                    scale_factors = scale_fact_opt + np.linspace(-1.5 * scale_step, 1.5 * scale_step, 17)
            scale_step = scale_factors[1] - scale_factors[0]

            if self.verbose == 2:
                print(
                    'searching xshift [{:.2f} {:.2f} {:.2f}], yshift [{:.2f} {:.2f} {:.2f}], scale [{:.4f} {:.4f} {:.5f}]'.format(
                        xshifts.min(), xshifts.max(), precision, yshifts.min(), yshifts.max(),
                        precision, scale_factors.min(), scale_factors.max(), scale_step))
            elif self.verbose == 1 and k == 0:
                print('searching xshift [{:.2f} {:.2f}], yshift [{:.2f} {:.2f}], scale [{:.2f} {:.2f}]'.format(
                    xshifts.min(), xshifts.max(), yshifts.min(), yshifts.max(), scale_factors.min(),
                    scale_factors.max()))

            xshift_opt, yshift_opt, scale_fact_opt, opt_indices, diff_measure_images_ = self.find_shift_scale(
                image_1, image_2, xshifts, yshifts, scale_factors, scale_origin, use_binned=k == 0)
            if self.verbose == 2 or (self.verbose == 1 and k == len(self.precision_steps(precision_grade)) - 1):
                print('found shift ({:.2f}, {:.2f}), scale {:.4f}, mindiff {:.3f}'.format(xshift_opt,
                                                                                          yshift_opt, scale_fact_opt,
                                                                                          diff_measure_images_.min()))
            if (self.bin_factor > 1 and k == 1) or (k == 0):
                diff_measure_images = diff_measure_images_
            last_precision = precision

        if np.any(np.isclose(yshift_opt, yrange)) or np.any(np.isclose(xshift_opt, xrange)) or np.any(
                np.isclose(scale_fact_opt, scale_range)):
            print('WARNING: optimal shift/scale values not found')

        return xshift_opt, yshift_opt, scale_fact_opt, opt_indices, diff_measure_images

    def shift_scale_image(self, image, xshift=0., yshift=0., scale_factor=1., scale_origin=None,
                          invert_transform=False):

        image_out = np.zeros_like(image, 'f4')
        image_in_cl = cl.Image(self.compute_device,
                                   cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                   arr=image.astype('f4'))
        image_out_cl = cl.Image(self.compute_device,
                                    cl.Buffer.MemFlags.WRITE_ONLY | cl.Buffer.MemFlags.HOST_READ_ONLY,
                                    cl.im_format_float, image.shape)
        scale_factor = np.float32(scale_factor)
        shift_vec = np.array((xshift, yshift), 'f4')
        if scale_origin is None:
            scale_origin = (np.array(image.shape, 'f4')[::-1] / 2)
        else:
            scale_origin = np.array(scale_origin, 'f4')

        print(shift_vec, scale_factor, type(shift_vec), type(scale_factor))

        if invert_transform:
            self.cl_program.shiftscale_image_inv(image.shape[::-1], self.local_size_2d,
                                                 image_in_cl, image_out_cl, shift_vec, scale_origin, scale_factor)

        else:
            self.cl_program.shiftscale_image(image.shape[::-1], self.local_size_2d,
                                             image_in_cl, image_out_cl, shift_vec, scale_origin, scale_factor)
        image_out_cl.copy_to(image_out)
        return image_out

    # shift+rotation registration
    def find_shift_rot(self, image_1, image_2, xshifts, yshifts, rot_angles=(1.0,), rot_origin=None, allocate=True,
                       use_binned=0):

        if allocate:
            self.allocate_images_mem(image_1, image_2)
        yshifts = yshifts[np.logical_and(-self.image_shape[use_binned][0] + 20 < yshifts,
                                      yshifts < self.image_shape[use_binned][0] - 20)]
        xshifts = xshifts[np.logical_and(-self.image_shape[use_binned][1] + 20 < xshifts,
                                      xshifts < self.image_shape[use_binned][1] - 20)]
        nparams = len(yshifts) * len(xshifts)
        if allocate:
            self.allocate_result_mem(nparams)

        shift_vecs = np.zeros((nparams, 2), 'f4')
        x_size = len(xshifts)
        for yindex, yshift in enumerate(yshifts):
            zy_offset = yindex * x_size
            shift_vecs[zy_offset:zy_offset + x_size, 1] = yshift
            for xindex, xshift in enumerate(xshifts):
                shift_vecs[zy_offset + xindex, 0] = xshift
                # todo: write faster code
        if rot_origin is None:
            rot_origin = (np.array(image_1.shape, 'f4')[::-1] / 2)
        else:
            rot_origin = np.array(rot_origin, 'f4')
        if use_binned:
            shift_vecs /= self.bin_factor ** use_binned
            rot_origin /= self.bin_factor ** use_binned
        shift_vecs_cl = cl.Buffer(self.compute_device,
                                      cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                      arr=shift_vecs)

        diff_measure_images = np.zeros((len(rot_angles), len(yshifts), len(xshifts)), 'f4')
        for zindex, rot_angle in enumerate(rot_angles):
            # if np.isclose(rot_angle, 0.) and (not np.isclose((xshifts[1]-xshifts[0])%1, 0.0) or not np.isclose((yshifts[1]-yshifts[0])%1, 0.0)):
            #    print('WARNING: subsampling produces false results')
            rot_angle = np.float32(np.deg2rad(rot_angle))
            self.cl_program.shiftrot_params_square_diff_2d(self.result_shape[use_binned][::-1], self.local_size_3d,
                                                           self.image_1_cl[use_binned], self.image_2_cl[use_binned],
                                                           self.result_values_cl[use_binned],
                                                           self.result_weights_cl[use_binned],
                                                           self.result_shape_cl[use_binned], self.block_size,
                                                           shift_vecs_cl, rot_origin, rot_angle)

            self.result_values_cl[use_binned].copy_to(self.result_values[use_binned])
            self.result_weights_cl[use_binned].copy_to(self.result_weights[use_binned])
            diff_measure_images[zindex, :, :].flat = np.sum(self.result_values[use_binned], axis=(1, 2)) / np.sum(
                self.result_weights[use_binned], axis=(1, 2))

        diff_measure_images /= self.diff_norm[use_binned]

        opt_indices = np.unravel_index(np.argmin(diff_measure_images), diff_measure_images.shape)
        xshift_opt, yshift_opt, rot_angle_opt = xshifts[opt_indices[2]], yshifts[opt_indices[1]], rot_angles[opt_indices[0]]

        return xshift_opt, yshift_opt, rot_angle_opt, opt_indices, diff_measure_images

    def auto_find_shift_rot(self, image_1, image_2, xrange, yrange, rot_angle_range, rot_origin=None,
                            start_angle_step=0.2, precision_grade=2):
        last_precision = None

        for k, precision in enumerate(self.precision_steps(precision_grade)):
            if k == 0:
                yshifts = np.unique(np.hstack((np.arange(yrange[0], yrange[1], precision), yrange[1])))
                xshifts = np.unique(np.hstack((np.arange(xrange[0], xrange[1], precision), xrange[1])))
                rot_angles = np.linspace(*rot_angle_range,
                                      (rot_angle_range[1] - rot_angle_range[0]) // start_angle_step + 2)
            else:
                search_steps = self.iter_search_steps(last_precision / precision, k == 1)
                yshifts = np.linspace(yshift_opt - search_steps * precision, yshift_opt + search_steps * precision,
                                   search_steps * 2 + 1, endpoint=True)
                xshifts = np.linspace(xshift_opt - search_steps * precision, xshift_opt + search_steps * precision,
                                   search_steps * 2 + 1, endpoint=True)
                if k > 1 or self.bin_factor == 1:
                    rot_angles = rot_angle_opt + np.linspace(-1.5 * angle_step, 1.5 * angle_step, 13)
            angle_step = rot_angles[1] - rot_angles[0]

            if self.verbose == 2:
                print(
                    'searching xshift [{:.2f} {:.2f} {:.2f}], yshift [{:.2f} {:.2f} {:.2f}], rot angle [{:.4f} {:.4f} {:.5f}]'.format(
                        xshifts.min(), xshifts.max(), precision, yshifts.min(), yshifts.max(),
                        precision, rot_angles.min(), rot_angles.max(), angle_step))
            elif self.verbose == 1 and k == 0:
                print('searching xshift [{:.2f} {:.2f}], yshift [{:.2f} {:.2f}], rot angle [{:.2f} {:.2f}]'.format(
                    xshifts.min(), xshifts.max(), yshifts.min(), yshifts.max(), rot_angles.min(), rot_angles.max()))

            xshift_opt, yshift_opt, rot_angle_opt, opt_indices, diff_measure_images_ = self.find_shift_rot(
                image_1, image_2, xshifts, yshifts, rot_angles, rot_origin, use_binned=k == 0)

            if self.verbose == 2 or (self.verbose == 1 and k == len(self.precision_steps(precision_grade)) - 1):
                print('found shift ({:.2f}, {:.2f}), rot angle {:.4f}, mindiff {:.3f}'.format(xshift_opt,
                                                                                              yshift_opt, rot_angle_opt,
                                                                                              diff_measure_images_.min()))
            if (self.bin_factor > 1 and k == 1) or (k == 0):
                diff_measure_images = diff_measure_images_
            last_precision = precision

        if np.any(np.isclose(yshift_opt, yrange)) or np.any(np.isclose(xshift_opt, xrange)) or np.any(
                np.isclose(rot_angle_opt, rot_angle_range)):
            print('WARNING: optimal shift/scale values not found')

        return xshift_opt, yshift_opt, rot_angle_opt, opt_indices, diff_measure_images

    def shift_rot_image(self, image, xshift=0., yshift=0., rot_angle=0., rot_origin=None, invert_transform=False):

        image_out = np.zeros_like(image, 'f4')
        image_in_cl = cl.Image(self.compute_device,
                                   cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                   arr=image.astype('f4'))
        image_out_cl = cl.Image(self.compute_device,
                                cl.Buffer.MemFlags.WRITE_ONLY | cl.Buffer.MemFlags.HOST_READ_ONLY,
                                cl.im_format_float, image.shape)
        rot_angle = np.float32(np.deg2rad(rot_angle))
        shift_vec = np.array((xshift, yshift), 'f4')
        if rot_origin is None:
            rot_origin = (np.array(image.shape, 'f4')[::-1] / 2)
        else:
            rot_origin = np.array(rot_origin, 'f4')

        if invert_transform:
            self.cl_program.shiftrot_image_inv(image.shape[::-1], self.local_size_2d,
                                               image_in_cl, image_out_cl, shift_vec, rot_origin, rot_angle)
        else:
            self.cl_program.shiftrot_image(image.shape[::-1], self.local_size_2d,
                                           image_in_cl, image_out_cl, shift_vec, rot_origin, rot_angle)
        image_out_cl.copy_to(image_out)
        return image_out

    # helpers
    @staticmethod
    def filter_highpass(image, relative_cutoff, smooth_range=None):
        raise NotImplementedError
        highpass = np.ones(500, 'f4')
        cut_index = int(relative_cutoff * 500 + 0.5)
        highpass[:cut_index] = 0.
        if smooth_range is None:
            smooth_range = min(min(cut_index, 500 - cut_index) / 6, 20)
        else:
            smooth_range = smooth_range / 500
        highpass = gaussian_filter1d(highpass, smooth_range, truncate=4)

        u_1d = np.linspace(0, 0.5, 500)
        u_2d = np.sqrt(np.fft.fftfreq(image.shape[0])[:, None] ** 2 + np.fft.rfftfreq(image.shape[1])[None, :] ** 2)
        highpass_2d = get_filter2d_from_radial(u_1d, highpass, u_2d)

        image_ft = np.fft.rfft2(image)
        image_ft *= highpass_2d
        image_filt = np.fft.irfft2(image_ft)
        return image_filt


    @staticmethod
    def slice_to_nonzero(image_scaleshifted):
        y_mean = np.mean(image_scaleshifted, axis=0)
        x_mean = np.mean(image_scaleshifted, axis=1)
        y_indices = np.arange(image_scaleshifted.shape[0])[~np.isclose(x_mean, 0.)]
        x_indices = np.arange(image_scaleshifted.shape[1])[~np.isclose(y_mean, 0.)]
        im_slice = slice(y_indices.min(), y_indices.max()), slice(x_indices.min(), x_indices.max())
        return im_slice

    cl_source = cl.load_source(__file__, 'cl', 'registration.c')

    cl_source_masked = cl.load_source(__file__, 'cl', 'registration_mask.c')







tomis/image/resize.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import numpy as np


def bin_down_1d_arr(arr: np.ndarray, scale_factor: int):
    if scale_factor == 1:
        return arr
    else:
        downscaled = None
        stop = arr.shape[0] - arr.shape[0] % scale_factor
        for start in range(scale_factor):
            if downscaled is None:
                downscaled = np.copy(arr[start:stop:scale_factor])
            else:
                downscaled += arr[start:stop:scale_factor]
        downscaled /= scale_factor
        return downscaled.astype(arr.dtype)


def bin_down_image(image: np.ndarray, scale_factor: int):
    if scale_factor == 1:
        return image
    else:
        downscaled = None
        stops = np.asarray(image.shape) - np.asarray(image.shape) % scale_factor
        for y_start in range(scale_factor):
            for x_start in range(scale_factor):
                if downscaled is None:
                    downscaled = image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor].astype('f4', copy=True)
                else:
                    downscaled += image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor]
        downscaled /= np.float64(scale_factor**2)
        return downscaled.astype(image.dtype)


def bin_down_volume(volume: np.ndarray, scale_factor: int):
    if scale_factor == 1:
        return volume
    else:
        downscaled = None
        stops = np.asarray(volume.shape) - np.asarray(volume.shape) % scale_factor
        for z_start in range(scale_factor):
            for y_start in range(scale_factor):
                for x_start in range(scale_factor):
                    if downscaled is None:
                        downscaled = volume[z_start:stops[0]:scale_factor, y_start:stops[1]:scale_factor, x_start:stops[2]:scale_factor].astype('f4', copy=True)
                    else:
                        downscaled += volume[z_start:stops[0]:scale_factor, y_start:stops[1]:scale_factor, x_start:stops[2]:scale_factor]
        downscaled /= scale_factor**3
        return downscaled.astype(volume.dtype)


def imscale(im, fact=1):
    if np.isclose(fact, 1):
        return im
    elif fact < 1:
        scale_fact = int(1/fact)
        return bin_down_image(im, scale_fact)
    else:
        scale_fact = int(fact)
        return np.repeat(np.repeat(im, scale_fact, axis=0), scale_fact, axis=1)


def _assign_scaled_down_view(target, source, scale_factor):
    r0 = target.shape[0] - target.shape[0] % scale_factor
    r1 = target.shape[1] - target.shape[1] % scale_factor
    if scale_factor == 2:
        target[:r0:2, :r1:2], target[:r0:2, 1:r1:2], target[1:r0:2, :r1:2], target[1:r0:2, 1:r1:2] = 4*(source,)
    elif scale_factor == 3:
        (target[:r0:3, :r1:3], target[:r0:3, 1:r1:3], target[:r0:3, 2:r1:3], 
         target[1:r0:3, :r1:3], target[1:r0:3, 1:r1:3],  target[1:r0:3, 2:r1:3], 
         target[2:r0:3, :r1:3], target[2:r0:3, 1:r1:3], target[2:r0:3, 2:r1:3]) = 9*(source,)
    elif scale_factor == 4:
        (target[:r0:4, :r1:4], target[:r0:4, 1:r1:4], target[:r0:4, 2:r1:4], target[:r0:4, 3:r1:4],
         target[1:r0:4, :r1:4], target[1:r0:4, 1:r1:4], target[1:r0:4, 2:r1:4], target[1:r0:4, 3:r1:4],
         target[2:r0:4, :r1:4], target[2:r0:4, 1:r1:4], target[2:r0:4, 2:r1:4], target[2:r0:4, 3:r1:4],
         target[3:r0:4, :r1:4], target[3:r0:4, 1:r1:4], target[3:r0:4, 2:r1:4], target[3:r0:4, 3:r1:4]) = 16*(source,)







tomis/image/ring_filters.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from image.median_filters import *

class SinoRingFilterer(MedianFilter2D):
    ring_local_size = 128,

    def __init__(self, compute_device):
        super().__init__(compute_device)

        self.line_images_cl = None
        self.allocated_width = 0

    def allocate_line_images(self, width):
        if self.allocated_width != width:
            self.line_images_cl = [
                cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE, self.im_format_float, (width,)) for
                k in (0, 1)]
            self.allocated_width = width
            self.ring_global_size = (width,)

    def filter_rings_base(self, image_cl, result_cl, radius, wait=True):
        self.allocate_line_images(image_cl.shape[1])
        self.cl_program.ring_filter_prepare(self.ring_global_size, self.ring_local_size,
                                            image_cl, self.line_images_cl[0]).wait()
        self.cl_program.ring_filter_median(self.ring_global_size, self.ring_local_size,
                                           self.line_images_cl[0], self.line_images_cl[1], np.int32(radius))

        event = self.cl_program.ring_filter_apply(self.ring_global_size, self.ring_local_size,
                                                  image_cl, result_cl, self.line_images_cl[1])
        if wait:
            event.wait()
        return result_cl, image_cl

    source_ringf = """
    float median_of_3(float val1, float val2, float val3){
        if (val1 > val2){
            if (val1 < val3){return(val1);}
            else {
                if (val2 > val3){return(val2);}
                else {return(val3);}
                }
            }
        else {
            if (val2 < val3){return(val2);}
            else {
                if (val1 > val3){return(val1);}
                else {return(val3);}
                }
            }
        }

    kernel void ring_filter_prepare(read_only image2d_t image, write_only image1d_t y_mean){ 
        const int pos = get_global_id(0);
        const int2 shape = get_image_dim(image);
        if (pos < shape.x){
            float sum_val = 0.0f;
            for (ushort k=0; k < shape.y; k++){
                sum_val += read_imagef(image, sampler, (int2)(pos, k)).x;
                }
            write_imagef(y_mean, pos, (float4)(sum_val/shape.y, 0, 0, 0));
            }
        }

    kernel void ring_filter_median(read_only image1d_t y_mean_in, write_only image1d_t y_mean_out,
                                   int radius){ 
        float values[255];
        const int pos = get_global_id(0);
        const int shape = get_image_width(y_mean_out);
        if (pos < shape){
            float value = read_imagef(y_mean_in, sampler, pos).x;
            int length = 1+2*radius;
            for (short k=0; k < length; k++){
                values[k] = read_imagef(y_mean_in, sampler, pos+k-radius).x;
                }
            value -= quickselect_median(values, 1+2*radius);
            write_imagef(y_mean_out, pos, (float4)(value, 0, 0, 0));
            }
        }

    kernel void ring_filter_apply(read_only image2d_t image, write_only image2d_t result,
                            read_only image1d_t y_mean){    
        const int2 pos = (int2)(get_global_id(0), 0);
        const int2 shape = (int2)(get_image_width(image), get_image_height(image));
        if (pos.x < shape.x){
            float correction = read_imagef(y_mean, sampler, pos.x).x;
            for (ushort k=0; k < shape.y; k++){
                pos.y = k;
                write_imagef(result, pos, (float4)((read_imagef(image, sampler, pos).x - correction), 0, 0, 0));
                }
            }
        } 

    """

    source = MedianFilter2D.source + source_ringf
    

class PolarTransform:
    radial_local_size = 128,
    cartsian_local_size = 16, 8
    polar_local_size = 16, 8

    def __init__(self, compute_device):
        self.compute_device = compute_device

        self.image_cl = None
        self.result_cl = None
        self.center = None

        self.cl_program_polar = cl.Program(self.compute_device, self.polar_transform_source)

        self.allocated_cartesian_shape = (0, 0)
        self.allocated_polar_shape = (0, 0)
        self.sampling_factors = np.array((3.5, 1.5), "f4")
        # this is a very high oversampling, it results in almost all pixels being correct within float precision

    def allocate_images(self, image, allocate_polar=True):
        if not np.allclose(image.shape, self.allocated_cartesian_shape):
            self.image_cl = cl.Image(self.compute_device,
                                     cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                     arr=image)
            self.allocated_cartesian_shape = image.shape
            self.cartesian_work_size = image.shape
            self.image = np.zeros(image.shape, 'f4')
        else:
            self.image_cl.copy_from(image)

        if allocate_polar:
            polar_shape = self.polar_shape(image.shape)
            if not np.allclose(polar_shape, self.allocated_polar_shape):
                self.image_polar_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE,
                                               cl.im_format_float,
                                               polar_shape)
                self.allocated_polar_shape = polar_shape
                self.radial_work_size = (self.allocated_polar_shape[1],)
                self.polar_work_size = self.allocated_polar_shape

    def polar_shape(self, image_shape):
        max_diameter = np.sqrt(sum(np.asarray(image_shape) ** 2))
        polar_shape = np.asarray((max_diameter * np.pi * self.sampling_factors[1],
                               max_diameter / 2 * self.sampling_factors[0] + 4), "i4")
        polar_shape += polar_shape % 2
        return polar_shape

    def polar_transform_forward(self, image, center=None, sampling_factors=None):
        if sampling_factors is not None:
            self.sampling_factors = np.asarray(sampling_factors, "f4")  # sqrt for diagonal sampling (both angular and radial)

        self.allocate_images(image)
        if center is not None:
            self.center = center
        if self.center is None:
            self.center = (np.array(image.shape[::-1], dtype='f4') - 1) / 2

        self.cl_program_polar.polar_forward_transform(self.polar_work_size, self.polar_local_size,
                                                      self.image_cl, self.image_polar_cl,
                                                      self.center, self.sampling_factors)

    def image_polar(self):
        image_polar = np.zeros(self.allocated_polar_shape, 'f4')
        self.image_polar_cl.copy_to(image_polar)
        return image_polar

    def polar_transform_backward(self, polar_image=None, return_arr=False):
        if polar_image is not None:
            assert 'f4' in polar_image.dtype.str, 'image must be float32'
            self.image_polar_cl.copy_from(polar_image)

        self.cl_program_polar.polar_backward_transform(self.cartesian_work_size, self.cartsian_local_size,
                                                       self.image_polar_cl, self.image_cl, self.center,
                                                       self.sampling_factors)

        self.image_cl.copy_to(self.image)
        if return_arr:
            return self.image.copy()

    polar_transform_source = '''
    constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST;
    constant sampler_t wrap_sampler = CLK_NORMALIZED_COORDS_TRUE | CLK_ADDRESS_REPEAT | CLK_FILTER_LINEAR;

    kernel void polar_forward_transform(read_only image2d_t image,
                                        write_only image2d_t image_polar,
                                        float2 center, float2 sampling_factors) {
        const int2 pos_polar = (int2)(get_global_id(0), get_global_id(1)); // x=radial, y=angular
        const int2 shape_polar = get_image_dim(image_polar);

        if (all(pos_polar < shape_polar)){
            const float2 coord_polar = (float2)((float)(pos_polar.x)/sampling_factors.x, 
                                                (float)(pos_polar.y)/(float)(shape_polar.y)*2.f*M_PI_F);
            const int2 coord_cart = convert_int2(center + coord_polar.x*(float2)(cos(coord_polar.y), sin(coord_polar.y)) + 0.5f);
            write_imagef(image_polar, pos_polar, read_imagef(image, nearest_sampler, coord_cart));
            }
        }

    kernel void polar_backward_transform(read_only image2d_t image_polar,
                                         write_only image2d_t image,
                                         float2 center, float2 sampling_factors) {
        const int2 pos_cart = (int2)(get_global_id(0), get_global_id(1));
        const int2 shape_cart = get_image_dim(image);

        if (all(pos_cart < shape_cart)){
            const int2 shape_polar = get_image_dim(image_polar);
            const float2 coord_cart = convert_float2(pos_cart)-center;
            const float2 coord_polar_norm = (float2)((length(coord_cart)*sampling_factors.x+0.5f) / (float)shape_polar.x,
                                                     atan2pi(coord_cart.y, coord_cart.x)*0.5f + 0.5f/(float)shape_polar.y);
            if (coord_polar_norm.x < 1.f){ 
                write_imagef(image, pos_cart, read_imagef(image_polar, wrap_sampler, coord_polar_norm));
                }
            }
        }
    '''


class SliceFullRingsFilterer(PolarTransform):
    def __init__(self, compute_device: cl.ComputeDevice):
        super().__init__(compute_device)
        self.allocated_full_correction_length = 0

        self.cl_program_full_rings = cl.Program(self.compute_device, quickselect_source, self.source_full_rings,
                                                blocking_kernel_calls=True)

    # full rings
    def allocate_full_rings(self, image_shape):
        polar_radial_length = self.polar_shape(image_shape)[1]
        if self.allocated_full_correction_length != polar_radial_length:
            self.angle_median_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE, cl.im_format_float,
                                            (polar_radial_length,))
            self.ring_correction_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE,
                                               cl.im_format_float, (polar_radial_length,))
            self.allocated_full_correction_length = polar_radial_length
            self.radial_work_size = (polar_radial_length,)

    def generate_weigthing_median_offsets(self, width: float, exp_factor=2.):
        # higher exp_factor leads to longer range + sparser sampling
        stride = width ** 0.2
        force = exp_factor / width
        x = np.arange(width)
        offsets = stride * (np.exp(x * force) - 1) / force
        return offsets.astype('f4'), np.uint16(len(offsets))

    def filter_rings(self, image, full_rings_max_width,
                     full_sampling_factor_radial=1.4142, full_sampling_factor_angular=0.1,
                     center_shift_x=0., center_shift_y=0.,
                     use_gray_level=False, gray_level_threshold=0.5, gray_level=1.0, **kwargs):
        self.center = (np.array(image.shape[::-1], dtype='f4') - 1) / 2 + np.array((center_shift_x, center_shift_y), 'f4')
        self.sampling_factors = np.array((full_sampling_factor_radial, full_sampling_factor_angular), 'f4')
        self.sampling_factors *= 1.4142  # diagonal sampling

        image = image.astype('f4')
        if use_gray_level:
            loc = image > gray_level_threshold
            image[loc] -= gray_level
        self.allocate_full_rings(image.shape)

        self.allocate_images(image, allocate_polar=False)
        #t0 = time.time()
        self.cl_program_full_rings.angular_median(self.radial_work_size, self.radial_local_size,
                                                  self.image_cl, self.angle_median_cl,
                                                  self.center, self.sampling_factors)
        #print_runtime('angular median runtime', t0); t0 = time.time()
        if full_rings_max_width > 0:
            median_size = np.int32(self.sampling_factors[0] * full_rings_max_width * 2 + 1)
            #stride = int32(median_size // 511 + 1)
            stride = np.int32(np.fmax(np.int32((median_size/75)**0.5)+1, median_size//511+1))  # less samples above 75
            median_size = np.int32(median_size / stride)
            self.cl_program_full_rings.detrend_correction(self.radial_work_size, self.radial_local_size,
                                                          self.angle_median_cl, self.ring_correction_cl,
                                                          median_size, stride)
            self.cl_program_full_rings.generate_correction_image(self.cartesian_work_size, self.cartsian_local_size,
                                                                 self.ring_correction_cl, self.image_cl,
                                                                 self.center, self.sampling_factors)
        else:
            self.cl_program_full_rings.generate_correction_image(self.cartesian_work_size, self.cartsian_local_size,
                                                                 self.angle_median_cl, self.image_cl,
                                                                 self.center, self.sampling_factors)

        #print_runtime('limit ring width runtime', t0); t0 = time.time()
        self.image_cl.copy_to(self.image)
        image -= self.image
        #print_runtime('result copy', t0); t0 = time.time()

        if use_gray_level:
            image[loc] += gray_level

        return image

    source_full_rings = """
    constant sampler_t sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;
    constant sampler_t reflect_sampler = CLK_NORMALIZED_COORDS_TRUE | CLK_ADDRESS_MIRRORED_REPEAT | CLK_FILTER_LINEAR;
    constant sampler_t wrap_sampler = CLK_NORMALIZED_COORDS_TRUE | CLK_ADDRESS_REPEAT | CLK_FILTER_LINEAR; 
    constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_LINEAR;

    // code for full rings filter
    // fast implementation without polar transforms (2d cartesian => 1d radial => 2d cartesian)  
    kernel void angular_median(read_only image2d_t image, write_only image1d_t correction, 
                               float2 center, float2 sampling_factors){
        const int pos_x = get_global_id(0);
        const int radial_length = get_image_width(correction);
        if (pos_x < radial_length){
            float2 coord_cart; 
            float values[511];
            float angle, radius = pos_x/sampling_factors.x;
            int med_length = min((int)(2.f*M_PI_F*radius*sampling_factors.y) + 5, 511);
            med_length -= (med_length % 2) + 1;
            for (int k=0; k < med_length; k++){
                angle = 2.f*M_PI_F*(float)k / (float)med_length;
                coord_cart = center + radius*(float2)(cos(angle), sin(angle)) + 0.5f;
                values[k] = read_imagef(image, sampler, coord_cart).x;
                }
            write_imagef(correction, pos_x, (float4)(quickselect_median(values, med_length)));
            }
        }

    kernel void detrend_correction(read_only image1d_t correction_in, write_only image1d_t correction_out, 
                                   int med_length, int stride){
        const int pos_r = get_global_id(0);
        if (pos_r < get_image_width(correction_in)){
            //write_imagef(correction_out, pos_r, (float4)(0.f)); 
            if (med_length >= 3){
                med_length = min(511, med_length);
                float values[511];
                int read_pos, offset = med_length/2;
                for (int k=0; k <= med_length; k++){
                    read_pos = abs(pos_r + (k - offset)*stride);  // abs() mirrors at zero
                    values[k] = read_imagef(correction_in, sampler, read_pos).x;
                    }
                float4 value = read_imagef(correction_in, sampler, pos_r);
                value.x -= quickselect_median(values, med_length);
                write_imagef(correction_out, pos_r, value); 
                }
            else{
                write_imagef(correction_out, pos_r, read_imagef(correction_in, sampler, pos_r)); 
                }
            }
        } 

    kernel void generate_correction_image(read_only image1d_t correction, write_only image2d_t image,
                                         float2 center, float2 sampling_factors){
        const int2 pos = (int2)(get_global_id(0), get_global_id(1));
        const int2 shape = get_image_dim(image);
        if (all(pos < shape)){
            float radius = length(convert_float2(pos)-center)*sampling_factors.x+0.5f;
            write_imagef(image, pos, read_imagef(correction, linear_sampler, radius));  
            }
        }
    """


class SlicePartialRingsFilterer(PolarTransform):
    def __init__(self, compute_device: cl.ComputeDevice, max_median_samples=511):
        super().__init__(compute_device)
        self.allocated_partial_shape = (0, 0)
        self.max_median_samples = max_median_samples

        self.cl_program_partial_rings = cl.Program(self.compute_device, update_heapsort_source, self.source_partial_rings,
                                                   fill_placeholders=(('max_median_samples', max_median_samples),),
                                                   blocking_kernel_calls=True)

    # partial rings
    def allocate_partial_rings(self):
        if not np.allclose(self.allocated_partial_shape, self.allocated_polar_shape):
            self.image_polar_2_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE,
                                             cl.im_format_float, self.allocated_polar_shape)
            self.allocated_partial_shape = self.allocated_polar_shape

    def compute_work_sizes_angular_median(self, median_filter_size, bunch_axis):
        median_filter_size = min(median_filter_size, 511)
        bunch_size = self.allocated_polar_shape[bunch_axis] // (
                    self.allocated_polar_shape[bunch_axis] // (median_filter_size * 20) + 1) + 1
        # bunch size is at most 20*filt_size and image.shape[0] is slightly smaller than a multiple of filt_size
        global_size = np.array(self.allocated_polar_shape, 'i4')
        global_size[bunch_axis] = (global_size[bunch_axis] // bunch_size + 1)
        local_size_skew_fact = np.fmax(np.int32(2 ** (3.0 - np.log2(global_size[bunch_axis]))), 1)
        if bunch_axis == 0:
            local_size = (8 // local_size_skew_fact, 8 * local_size_skew_fact)
        else:
            local_size = (8 * local_size_skew_fact, 8 // local_size_skew_fact)
        #print('bunch work sizes', global_size, local_size, int32(bunch_size))
        return global_size, local_size, np.int32(bunch_size)

    def swap_polar_image_references(self):
        polar = self.image_polar_cl
        self.image_polar_cl = self.image_polar_2_cl
        self.image_polar_2_cl = polar

    def adjust_angular_sampling(self, image_shape, partial_angular_fraction):
        if partial_angular_fraction > 0.:
            polar_shape = self.polar_shape(image_shape)
            #print('adjust_angular_sampling before', self.sampling_factors[1])
            self.sampling_factors[1] *= np.fmin(self.max_median_samples/partial_angular_fraction/polar_shape[1], 1.)
            #print('adjust_angular_sampling after', self.sampling_factors[1])

    def filter_rings(self, image, partial_rings_max_width,
                     partial_absolute_size, partial_angular_fraction=0.0,
                     partial_sampling_factor_radial=1.4142, partial_sampling_factor_angular=0.1,
                     center_shift_x=0., center_shift_y=0.,
                     use_gray_level=False, gray_level_threshold=0.5, gray_level=1.0, **kwargs):

        self.center = (np.array(image.shape[::-1], dtype='f4') - 1) / 2 + np.array((center_shift_x, center_shift_y), 'f4')
        self.sampling_factors = np.array((partial_sampling_factor_radial, partial_sampling_factor_angular), 'f4')
        self.sampling_factors *= 1.4142  # diagonal sampling
        self.adjust_angular_sampling(image.shape, partial_angular_fraction)

        image = image.astype('f4')
        if use_gray_level:
            loc = image > gray_level_threshold
            image[loc] -= gray_level

        self.polar_transform_forward(image)

        partial_absolute_size = np.fmax(11, partial_absolute_size)  # kernel crashes for very small values
        self.allocate_partial_rings()
        median_length = np.int32(1 + 2 * partial_absolute_size)
        polar_work_size, polar_local_size, bunch_size = self.compute_work_sizes_angular_median(median_length, 0)
        self.cl_program_partial_rings.angular_median_filter(polar_work_size, polar_local_size,
                                                        self.image_polar_cl, self.image_polar_2_cl,
                                                        median_length, np.float32(partial_angular_fraction),
                                                        self.sampling_factors, bunch_size)

        self.cl_program_partial_rings.fill_angular_strides(self.polar_work_size, self.polar_local_size,
                                                           self.image_polar_2_cl, self.image_polar_cl)

        if partial_rings_max_width > 0:
            detrend_length_sampled = np.int32(1 + 2 * int(partial_rings_max_width * self.sampling_factors[0]))
            polar_work_size, polar_local_size, bunch_size = self.compute_work_sizes_angular_median(
                                                                                            detrend_length_sampled, 1)
            self.cl_program_partial_rings.detrend_polar_correction(polar_work_size, polar_local_size,
                                                                   self.image_polar_cl, self.image_polar_2_cl,
                                                                   detrend_length_sampled, bunch_size)
            self.swap_polar_image_references()

        self.polar_transform_backward()
        image -= self.image

        if use_gray_level:
            image[loc] += gray_level
        return image

    source_partial_rings = """
    constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;
    constant sampler_t reflect_sampler = CLK_NORMALIZED_COORDS_TRUE | CLK_ADDRESS_MIRRORED_REPEAT | CLK_FILTER_LINEAR;
    constant sampler_t wrap_sampler = CLK_NORMALIZED_COORDS_TRUE | CLK_ADDRESS_REPEAT | CLK_FILTER_LINEAR; 
    constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_LINEAR;

    // code for partial rings filter
    int angular_stride_size(int radius, int radial_length){
        // the median filter is only computed on the strided array, 
        // the intermediate values are then filled in fill_angular_strides()
        return (clamp((int)((float)radial_length/(float)radius*0.75f), 1, radial_length/15));
        //return (1);
        }

    kernel void angular_median_filter(read_only image2d_t polar_image, write_only image2d_t correction,
                                      int min_size, float min_angular_fraction, float2 sampling_factors, 
                                      int bunch_size){
        const int pos_x = get_global_id(0);
        const int2 shape = get_image_dim(correction);
        const float2 shape_inv = 1.f/convert_float2(shape);
        const float radius = (float)pos_x/sampling_factors.x;
        float2 read_pos_norm = (float2)((pos_x+0.5f)*shape_inv.x, 0.f);
        const float pixel_angular_size = (float)shape.x/((float)pos_x + 1.f);
        int med_area = fmax(pixel_angular_size*min_size*sampling_factors.y, 
                            min_angular_fraction*2.f*M_PI_F*radius*sampling_factors.y);
        const int angular_stride = angular_stride_size(pos_x, shape.x);
        int pos_y_start_0 = get_global_id(1)*bunch_size; 
        int pos_y_start = ((pos_y_start_0-1)/angular_stride + 1)*angular_stride*(pos_y_start_0>0); 
        med_area = med_area/angular_stride + 1;

        if (pos_x < shape.x && pos_y_start_0 < shape.y && pos_y_start < (pos_y_start_0+bunch_size)){
            int median_samples = min(med_area, max_median_samples);
            median_samples -= 1 - (median_samples % 2);
            int med_offset = median_samples/2;
            float values[max_median_samples];

            for (int k=0; k < median_samples; k++){
                read_pos_norm.y = ((float)(pos_y_start+(k-med_offset)*angular_stride) + 0.5f)*shape_inv.y;
                values[k] = read_imagef(polar_image, wrap_sampler, read_pos_norm).x;
                }
            heapsort(values, median_samples);    
            write_imagef(correction, (int2)(pos_x, pos_y_start), (float4)(values[med_offset]));

            float val_insert, val_remove;
            int stop = min(pos_y_start+bunch_size, shape.y);
            for (int pos_y=pos_y_start+angular_stride; pos_y < stop; ){
                read_pos_norm.y = ((float)(pos_y+med_offset*angular_stride) + 0.5f)*shape_inv.y;
                val_insert = read_imagef(polar_image, wrap_sampler, read_pos_norm).x;

                read_pos_norm.y = ((float)(pos_y-med_offset*angular_stride-angular_stride) + 0.5f)*shape_inv.y;
                val_remove = read_imagef(polar_image, wrap_sampler, read_pos_norm).x;

                update_sorted(values, median_samples, val_insert, val_remove);
                write_imagef(correction, (int2)(pos_x, pos_y), (float4)(values[med_offset]));
                pos_y+=angular_stride;
                }
            }
        }

    kernel void fill_angular_strides(read_only image2d_t correction_in, write_only image2d_t correction_out){
        const int2 pos = (int2)(get_global_id(0), get_global_id(1));
        const int2 shape = get_image_dim(correction_out);
        if (all(pos<shape)){
            const int angular_stride = angular_stride_size(pos.x, shape.x);
            // no case for before_pos = pos.x because it would not improve performance and is correct as below        
            const int before_pos = pos.y - pos.y%angular_stride;
            int after_pos = before_pos + angular_stride;
            after_pos = min(after_pos, shape.y);  // map small pos to zero (small pos are empty)
            const float value_before = read_imagef(correction_in, nearest_sampler, (int2)(pos.x, before_pos)).x;
            const float value_after  = read_imagef(correction_in, nearest_sampler, (int2)(pos.x, after_pos%shape.y)).x;
            const float value = ( value_before*(float)(after_pos-pos.y) 
                                + value_after*(float)(pos.y-before_pos) 
                                ) / (float)(after_pos-before_pos);
            write_imagef(correction_out, pos, (float4)(value));

            }
        }

    float2 fold_read_pos(float2 read_pos, int2 shape){
        // coordinate folding means that the median filter will pass over the center to the pixels opposite (180 degrees rotated)
        if (read_pos.x < 0.f){
            float2 folded_read_pos;
            folded_read_pos.y = read_pos.y - shape.y/2;
            folded_read_pos.x = -read_pos.x;
            return(folded_read_pos);
            }
        else{return(read_pos);}
        }

    kernel void detrend_polar_correction(read_only image2d_t correction_in, write_only image2d_t correction_out,
                                         int detrend_length, int bunch_size){
        const int pos_x_start = get_global_id(0)*bunch_size;
        const int pos_y = get_global_id(1);
        const int2 shape = get_image_dim(correction_out);

        if (pos_x_start < shape.x && pos_y < shape.y){
            int median_samples = min(detrend_length, max_median_samples);
            median_samples -= 1 - (median_samples % 2);
            float stride = (float)detrend_length/(float)median_samples;
            int median_offset = median_samples/2;
            float2 read_pos = (float2)(0, pos_y)+0.5f, read_pos_folded;
            float values[max_median_samples];
            for (int k=0; k < median_samples; k++){
                read_pos.x = (float)(pos_x_start + k - median_offset)*stride + 0.5f;
                read_pos_folded = fold_read_pos(read_pos, shape);
                values[k] = read_imagef(correction_in, linear_sampler, read_pos_folded).x;
                }
            heapsort(values, median_samples);    
            float4 value = read_imagef(correction_in, nearest_sampler, (int2)(pos_x_start, pos_y));
            value.x -= values[median_offset];
            write_imagef(correction_out, (int2)(pos_x_start, pos_y), value);

            float val_insert, val_remove;
            int stop = min(pos_x_start+bunch_size, shape.x);
            for (int pos_x=pos_x_start+1; pos_x < stop; pos_x++){
                read_pos.x = (float)(pos_x+median_offset)*stride + 0.5f;
                read_pos_folded = fold_read_pos(read_pos, shape);
                val_insert = read_imagef(correction_in, linear_sampler, read_pos_folded).x;

                read_pos.x = (float)(pos_x-median_offset-1)*stride + 0.5f;
                read_pos_folded = fold_read_pos(read_pos, shape);
                val_remove = read_imagef(correction_in, linear_sampler, read_pos_folded).x;

                update_sorted(values, median_samples, val_insert, val_remove);
                read_pos.x = pos_x;
                value = read_imagef(correction_in, nearest_sampler, read_pos).x;
                value.x -= values[median_offset];
                write_imagef(correction_out, (int2)(pos_x, pos_y), value);
                }
            }
        }
    """







tomis/image/cl/bad_pixel_filter.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


kernel void mask_width_transform(read_only image2d_t mask_in, write_only image2d_t mask_out,
                                 int radius_add){
        const int2 pos = (int2)(0, get_global_id(0));
        const int2 shape = get_image_dim(mask_in);
        if (pos.y < shape.y){
            ushort k_min, k_max, k_width = 0;
            int4 result_value, write_value;
            int mask_val;
            for (ushort k=0; k < shape.x; k++){
                pos.x = k;
                mask_val = read_imagei(mask_in, sampler, pos).x;
                if (mask_val > 0 & k_width < 64){
                    if (k_width == 0){k_min = k;}
                    k_width++;
                    }
                else{
                    if (k_width > 0){
                        k_max = k-1;
                        result_value.x = (int)((float)k_width*1.2f)+radius_add;
                        for (ushort j=k_min; j<=k_max; j++){
                            write_value.x = max(result_value.x, read_imagei(mask_in, sampler, (int2)(j, pos.y)).x);
                            write_imagei(mask_out, (int2)(j, pos.y), write_value);
                            }
                        }
                        k_width = 0;
                    }
                }
            }
        }

kernel void filter_bad_pixels_sino(read_only image2d_t image, write_only image2d_t result,
                          read_only image2d_t mask, int mask_y_pos){
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(image);
    if (all(pos < shape)){
        float values[256];
        int radius = min(read_imagei(mask, sampler, (int2)(pos.x, mask_y_pos)).x, 127);
        if (radius > 0){
            for (int k_radius=1; k_radius <= radius; k_radius++){
                values[k_radius] = read_imagef(image, sampler, pos+(int2)(k_radius, 0)).x;
                values[radius+k_radius] = read_imagef(image, sampler, pos-(int2)(k_radius, 0)).x;
                }
            values[0] = read_imagef(image, sampler, pos+(int2)(radius+1, 0)).x;

            write_imagef(result, pos, (float4)(quickselect_median(values, radius*2+1), 0, 0, 0));
            }
        else{
            write_imagef(result, pos, read_imagef(image, sampler, pos));
            }
        }
    }

kernel void sum_mask1d(read_only image2d_t mask, global uint* mask_sum, int y_pos){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    const int2 pos = (int2)(get_global_id(0), y_pos);
    const int2 shape = (int2)(get_image_width(mask), get_image_height(mask));
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            uint positions_index = atomic_inc(&mask_sum[0]);
            }
        }
    }
kernel void compute_pos1d(read_only image2d_t mask, int y_pos,
                          global ushort* positions, global uint* number_positions){
    const int2 pos = (int2)(get_global_id(0), y_pos);
    const int2 shape = (int2)(get_image_width(mask), get_image_height(mask));
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            uint positions_index = atomic_inc(&number_positions[0]);
            positions[positions_index] = pos.x;
            }
        }
    }

kernel void pos1d_median_filter(read_only image2d_t image, write_only image2d_t result,
                          read_only image2d_t mask,
                          global ushort* positions, global uint* num_positions){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    // positions are the positions for which the filter should be evaluated (similar as offsets)
    // the mask image gray value gives the radius of the median filter
    float values[256];
    const int pos_index = get_global_id(0);
    if (pos_index < num_positions[0]){
        int2 offset, offset_0, pos = (int2)(positions[pos_index], get_global_id(1));
        const int2 shape = (int2)(get_image_width(image), get_image_height(image));
        int radius = min(read_imagei(mask, sampler, pos).x, 127);
        if (pos.y < shape.y){
            for (int k_radius=1; k_radius <= radius; k_radius++){
                values[k_radius] = read_imagef(image, sampler, pos+(int2)(k_radius, 0)).x;
                values[radius+k_radius] = read_imagef(image, sampler, pos-(int2)(k_radius, 0)).x;
                }
            values[0] = read_imagef(image, sampler, pos+(int2)(radius+1, 0)).x;
            write_imagef(result, pos, (float4)(quickselect_median(values, 2*radius+1), 0, 0, 0));
            }
        }
    }







tomis/image/cl/heapsort.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

int iParent(int i){
    return ((int)((i-1) / 2));
    }
int iLeftChild(int i){
    return (2*i + 1);
    }
int iRightChild(int i){
    return (2*i + 2);
    }

void swap_vals(float* data, int k_1, int k_2){
    float val = data[k_1];
    data[k_1] = data[k_2];
    data[k_2] = val;
    }

void siftDown(float* data, int start, int end){
    int root = start;
    int swap, child;

    while (iLeftChild(root) <= end){
        child = iLeftChild(root);
        swap = root;

        if (data[swap] < data[child]){swap = child;}
        if (child+1 <= end && data[swap] < data[child+1]){swap = child + 1;}
        if (swap == root){return;}
        else{
            swap_vals(data, root, swap);
            root = swap;}
        }
    }

void heapify(float* data, int count){
    int start = iParent(count-1);

    while (start >= 0){
        siftDown(data, start, count - 1);
        start -= 1;
        }
    }

void heapsort(float* data, int count){
    heapify(data, count);
    for (int end=count-1; end>0; end--){
        swap_vals(data, end, 0);
        siftDown(data, 0, end-1);
        }
    }

int number_smaller_entries(float* data, float val_insert, int left, int right){
    int num_smaller = (right+left)/2;
    while (num_smaller != left){
        if (val_insert > data[num_smaller]){left  = num_smaller;}
        else                               {right = num_smaller;}
        num_smaller = (right+left)/2;
        }
    return (num_smaller + (val_insert > data[left]) + (val_insert > data[right]));
    }

void update_sorted(float* data, int count, float val_insert, float val_remove){
    // note: if val_remove is not in data and larger than all values, this function will crash the kernel
    // catching this error wouly slow down computing [code: ]
    int pos_remove_index = number_smaller_entries(data, val_remove, 0, count-1);
    pos_remove_index = min(pos_remove_index, count-1);
    int pos_insert_index = number_smaller_entries(data, val_insert, 0, count-1);
    pos_insert_index = min(pos_insert_index, count-1);
    pos_insert_index -= (pos_insert_index > pos_remove_index)*(val_insert < data[pos_insert_index]);

    // is twice as fast with the if-clause instead of positive/negative stepping
    if (pos_remove_index <= pos_insert_index){ // move old values down
        for (int j=pos_remove_index; j<pos_insert_index; j++){data[j] = data[j+1];}}

    else                                     { // move old values up
        for (int i=pos_remove_index; i>pos_insert_index; i--){data[i] = data[i-1];}}
    data[pos_insert_index] = val_insert;
    }

 







tomis/image/cl/median_filter_2D.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

constant sampler_t sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;
constant sampler_t int_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;
constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_LINEAR;

kernel void median_filter(read_only image2d_t image, write_only image2d_t result,
                          constant char2* offsets, int num_offsets){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(image);
    if (all(pos < shape)){
        for (int k=0; k < num_offsets; k++){
            values[k] = read_imagef(image, sampler, pos+convert_int2(offsets[k])).x;
            }
        write_imagef(result, pos, (float4)(quickselect_median(values, num_offsets), 0, 0, 0));
        }
    }
kernel void conditioned_median_filter(read_only image2d_t image, write_only image2d_t result,
                          constant char2* offsets, int num_offsets, float threshold){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(image);
    if (all(pos < shape)){
        float pos_val = read_imagef(image, sampler, pos).x;
        for (int k=0; k < num_offsets; k++){
            values[k] = read_imagef(image, sampler, pos+convert_int2(offsets[k])).x;
            }
        float median_val = quickselect_median(values, num_offsets);
        if (fdim(pos_val, median_val) > threshold){
            write_imagef(result, pos, (float4)(median_val, 0, 0, 0));
            }
        else{
            write_imagef(result, pos, (float4)(pos_val, 0, 0, 0));
            }
        }
    }

kernel void masked_median_filter(read_only image2d_t image, write_only image2d_t result,
                          constant char2* offsets, int num_offsets,
                          read_only image2d_t mask){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(image);
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            for (int k=0; k < num_offsets; k++){
                values[k] = read_imagef(image, sampler, pos+convert_int2(offsets[k])).x;
                }
            write_imagef(result, pos, (float4)(quickselect_median(values, num_offsets), 0, 0, 0));
            }
        else{
            write_imagef(result, pos, read_imagef(image, sampler, pos));
            }
        }
    }

kernel void copy_image(read_only image2d_t image, write_only image2d_t result){
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(image);
    if (all(pos < shape)){
        write_imagef(result, pos, read_imagef(image, sampler, pos));
        }
    }

kernel void sum_mask(read_only image2d_t mask, global uint* mask_sum){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(mask);
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            uint positions_index = atomic_inc(&mask_sum[0]);
            }
        }
    }

kernel void compute_positions(read_only image2d_t mask,
                          global ushort2* positions, global uint* number_positions){
    const int2 pos = (int2)(get_global_id(0), get_global_id(1));
    const int2 shape = get_image_dim(mask);
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            uint positions_index = atomic_inc(&number_positions[0]);
            positions[positions_index] = convert_ushort2(pos);
            }
        }
    }

kernel void pos_median_filter(read_only image2d_t image, write_only image2d_t result,
                          constant char2* offsets, int num_offsets,
                          global ushort2* positions, global uint* num_positions){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    // positions are the positions for which the filter should be evaluated (similar as ofsets)
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int pos_index = get_global_id(0);
    if (pos_index < num_positions[0]){
        const int2 pos = convert_int2(positions[pos_index]);
        const int2 shape = (int2)(get_image_width(image), get_image_height(image));
        for (int k=0; k < num_offsets; k++){
            values[k] = read_imagef(image, sampler, pos+convert_int2(offsets[k])).x;
            }
        write_imagef(result, pos, (float4)(quickselect_median(values, num_offsets), 0, 0, 0));

        }
    }








tomis/image/cl/median_filter_3D.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
constant sampler_t sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;

void swap(float* values, int k, int j){
    float val = values[k];
    values[k] = values[j];
    values[j] = val;
    }

void select_pivot(float* values, int left, int right){
    int mid = (left + right) / 2;
    if (values[mid] < values[left]){swap(values, left, mid);}
    if (values[right] < values[left]){swap(values, left, right);}
    if (values[mid] < values[right]){swap(values, mid, right);}
}

float quickselect(float* values, int left, int right, int k){
    if (left==right){return(values[left]);}
    int fill_index=0;
    float pivot_val, swap_val;

    while (k != fill_index){
        select_pivot(values, left, right);
        pivot_val = values[right];
        fill_index = left;
        for (int test_index=left; test_index<right; test_index++){
            if (values[test_index] < pivot_val){
                swap(values, fill_index, test_index);
                fill_index++;
                }
            }
        swap(values, fill_index, right);

        if (k < fill_index){right = fill_index-1;}
        else{               left  = fill_index+1;}
        }
    return values[k];
    }

float median(float* values, int length){
    int k = length / 2;
    return(quickselect(values, 0, length-1, k));
    }


kernel void median_filter(read_only image3d_t image, write_only image3d_t result,
                          constant char4* offsets, int num_offsets){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int4 pos = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);
    const int4 shape = (int4)(get_image_width(image), get_image_height(image), get_image_depth(image), 1);
    if (all(pos < shape)){
        for (int k=0; k < num_offsets; k++){
            values[k] = read_imagef(image, sampler, pos+convert_int4(offsets[k])).x;
            }
        write_imagef(result, pos, (float4)(median(values, num_offsets), 0, 0, 0));
        }
    }

kernel void conditioned_median_filter(read_only image3d_t image, write_only image3d_t result,
                          constant char4* offsets, int num_offsets, float threshold){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int4 pos = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);
    const int4 shape = (int4)(get_image_width(image), get_image_height(image), get_image_depth(image), 1);
    if (all(pos < shape)){
        for (int k=0; k < num_offsets; k++){
            values[k] = read_imagef(image, sampler, pos+convert_int4(offsets[k])).x;
            }
        float pos_val = read_imagef(image, sampler, pos).x;
        float median_val = median(values, num_offsets);
        if (fabs(pos_val-median_val) > threshold){
            write_imagef(result, pos, (float4)(median_val, 0, 0, 0));
            }
        else{
            write_imagef(result, pos, (float4)(pos_val, 0, 0, 0));
            }
        }
    }

kernel void masked_median_filter(read_only image3d_t image, write_only image3d_t result,
                          constant char4* offsets, int num_offsets,
                          read_only image3d_t mask){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int4 pos = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);
    const int4 shape = (int4)(get_image_width(image), get_image_height(image), get_image_depth(image), 1);
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            for (int k=0; k < num_offsets; k++){
                values[k] = read_imagef(image, sampler, pos+convert_int4(offsets[k])).x;
                }
            write_imagef(result, pos, (float4)(median(values, num_offsets), 0, 0, 0));
            }
        else{
            write_imagef(result, pos, read_imagef(image, sampler, pos));
            }
        }
    }

kernel void copy_image(read_only image3d_t image, write_only image3d_t result){
    const int4 pos = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);
    const int4 shape = (int4)(get_image_width(image), get_image_height(image), get_image_depth(image), 1);
    if (all(pos < shape)){
        write_imagef(result, pos, read_imagef(image, sampler, pos));
        }
    }

kernel void sum_mask(read_only image3d_t mask, global uint* mask_sum){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    const int4 pos = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);
    const int4 shape = (int4)(get_image_width(mask), get_image_height(mask), get_image_depth(mask), 1);
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            uint positions_index = atomic_inc(&mask_sum[0]);
            }
        }
    }

kernel void compute_positions(read_only image3d_t mask,
                          global ushort4* positions, global uint* number_positions){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    const int4 pos = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);
    const int4 shape = (int4)(get_image_width(mask), get_image_height(mask), get_image_depth(mask), 1);
    if (all(pos < shape)){
        if (read_imagei(mask, sampler, pos).x > 0){
            uint positions_index = atomic_inc(&number_positions[0]);
            positions[positions_index] = convert_ushort4(pos);
            }
        }
    }

kernel void pos_median_filter(read_only image3d_t image, write_only image3d_t result,
                          constant char4* offsets, int num_offsets,
                          global ushort4* positions, global uint* num_positions){
    // offsets are the indices to include in the filter, e.g. [(0, 0), (0, 1), (1, 0), (-1, 0), (0, -1)]
    // positions are the positions for which the filter should be evaluated (similar as ofsets)
    float values[256];
    num_offsets = min(num_offsets, 256);
    const int pos_index = get_global_id(0);
    if (pos_index < num_positions[0]){
        const int4 pos = convert_int4(positions[pos_index]);
        for (int k=0; k < num_offsets; k++){
            values[k] = read_imagef(image, sampler, pos+convert_int4(offsets[k])).x;
            }
        write_imagef(result, pos, (float4)(median(values, num_offsets), 0, 0, 0));

        }
    }







tomis/image/cl/quickselect.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
void swap(float* values, int k, int j){
    float val = values[k];
    values[k] = values[j];
    values[j] = val;
    }

void select_pivot(float* values, int left, int right){
    int mid = (left + right) / 2;
    if (values[mid] < values[left]){swap(values, left, mid);}
    if (values[right] < values[left]){swap(values, left, right);}
    if (values[mid] < values[right]){swap(values, mid, right);}
}

float quickselect(float* values, int left, int right, int k){
    if (left==right){return(values[left]);}
    int fill_index=0;
    float pivot_val, swap_val;

    while (k != fill_index){
        select_pivot(values, left, right);
        pivot_val = values[right];
        fill_index = left;
        for (int test_index=left; test_index<right; test_index++){
            if (values[test_index] < pivot_val){
                swap(values, fill_index, test_index);
                fill_index++;
                }
            }
        swap(values, fill_index, right);

        if (k < fill_index){right = fill_index-1;}
        else{               left  = fill_index+1;}
        }
    return values[k];
    }

float quickselect_median(float* values, int length){
    return(quickselect(values, 0, length-1, length / 2));
    }








tomis/image/cl/registration.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_LINEAR;
constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;

float min_distance_to_01(float val){
    return fmin(val, 1.f-val);
}

float2 constant_noise_diff_shifts(float2 shift_vec){
    float2 shift_add;
    float a, d, b;

    float2 shift_dist = shift_vec - floor(shift_vec);
    const float2 C = shift_dist*shift_dist + (1.f - shift_dist)*(1.f - shift_dist);
    if (min_distance_to_01(shift_dist.y) > min_distance_to_01(shift_dist.x)){
        b = 1.f + fabs(1.f - 2.f*shift_dist.x)*C.y;
        d = b*b - 2.f*(1.f+C.y)*C.y*C.x;
        a = (b - sqrt(d))/(2.f*(1.f + C.y));
        if (shift_dist.x < 0.5f){
            shift_add = (float2)(a, 0.f);
            }
        else{
            shift_add = (float2)(1.f-a, 0.f);
            }
        }
    else{
        b = 1.f + fabs(1.f - 2.f*shift_dist.y)*C.x;
        d = b*b - 2.f*(1.f+C.x)*C.x*C.y;
        a = (b - sqrt(d))/(2.f*(1.f + C.x));
        if (shift_dist.y < 0.5f){
            shift_add = (float2)(0.f, a);
            }
        else{
            shift_add = (float2)(0.f, 1.f-a);
            }
        }
    return(shift_add);
    //float2 vec = (float2)(0.f, 0.f);
    //return(vec);
}

void kernel shifted_params_square_diff_2d_subpixel(read_only image2d_t image1, read_only image2d_t image2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape)-1; // because of shift_add

    float2 read_pos_1, read_pos_2;
    float2 shift_vec = shift_vecs[result_pos.z];
    float2 shift_add = constant_noise_diff_shifts(shift_vec);
    shift_vec += shift_add;

    float diff, val1, val2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            read_pos_1.y = k_y - shift_add.y + 0.5f;
            read_pos_2.y = k_y - shift_vec.y + 0.5f;
            y_norm = (0.5f < read_pos_2.y) & (read_pos_2.y < shape.y+0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                read_pos_1.x = k_x - shift_add.x + 0.5f;
                read_pos_2.x = k_x - shift_vec.x + 0.5f;
                x_norm = (0.5f < read_pos_2.x) & (read_pos_2.x < shape.x+0.5f);

                val1 = read_imagef(image1, linear_sampler, read_pos_1).x;
                val2 = read_imagef(image2, linear_sampler, read_pos_2).x;
                diff = val1 - val2;

                sum_val += y_norm*x_norm*diff*diff;
                sum_norm += y_norm*x_norm;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shifted_params_square_diff_2d_subpixel_nonoise(read_only image2d_t image1, read_only image2d_t image2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape)-1; // because of shift_add

    float2 read_pos_1, read_pos_2;
    float2 shift_vec = shift_vecs[result_pos.z];
    float2 shift_add = (float2)(0.f, 0.f);
    shift_vec += shift_add;

    float diff, val1, val2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            read_pos_1.y = k_y - shift_add.y + 0.5f;
            read_pos_2.y = k_y - shift_vec.y + 0.5f;
            y_norm = (0.5f < read_pos_2.y) & (read_pos_2.y < shape.y+0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                read_pos_1.x = k_x - shift_add.x + 0.5f;
                read_pos_2.x = k_x - shift_vec.x + 0.5f;
                x_norm = (0.5f < read_pos_2.x) & (read_pos_2.x < shape.x+0.5f);

                val1 = read_imagef(image1, linear_sampler, read_pos_1).x;
                val2 = read_imagef(image2, linear_sampler, read_pos_2).x;
                diff = val1 - val2;

                sum_val += y_norm*x_norm*diff*diff;
                sum_norm += y_norm*x_norm;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shifted_params_square_diff_2d(read_only image2d_t image1, read_only image2d_t image2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy+1;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape)-1;

    int2 read_pos_1, read_pos_2;
    int2 shift_vec = convert_int2(shift_vecs[result_pos.z]);

    float diff, val1, val2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            read_pos_1.y = k_y;
            read_pos_2.y = k_y - shift_vec.y;
            y_norm = (0 < read_pos_2.y) & (read_pos_2.y < shape.y);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                read_pos_1.x = k_x;
                read_pos_2.x = k_x - shift_vec.x;
                x_norm = (0 < read_pos_2.x) & (read_pos_2.x < shape.x);

                val1 = read_imagef(image1, nearest_sampler, read_pos_1).x;
                val2 = read_imagef(image2, nearest_sampler, read_pos_2).x;
                diff = val1 - val2;

                sum_val += y_norm*x_norm*diff*diff;
                sum_norm += y_norm*x_norm;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}


void kernel shiftscaled_params_square_diff_2d(read_only image2d_t image1, read_only image2d_t image2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs,
                                              float2 scale_origin, float scale_factor){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape);
    float2 read_pos;
    int2 pos_i;

    const float2 shift_vec = shift_vecs[result_pos.z];

    float diff, val1, val2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            pos_i.y = k_y;
            read_pos.y = (k_y - scale_origin.y)*scale_factor + scale_origin.y - shift_vec.y + 0.5f;
            y_norm = (0.5f <= read_pos.y) & (read_pos.y <= shape.y-0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                pos_i.x = k_x;
                read_pos.x = (k_x - scale_origin.x)*scale_factor + scale_origin.x - shift_vec.x + 0.5f;
                x_norm = (0.5f <= read_pos.x) & (read_pos.x <= shape.x-0.5f);

                val1 = read_imagef(image1, nearest_sampler, pos_i).x;
                val2 = read_imagef(image2, linear_sampler, read_pos).x;
                diff = val1 - val2;

                sum_val += y_norm*x_norm*diff*diff;
                sum_norm += y_norm*x_norm;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shiftrot_params_square_diff_2d(read_only image2d_t image1, read_only image2d_t image2,
                                          global float* result_values, global float* result_weights,
                                          int3 result_shape, int block_size,
                                          global float2* shift_vecs,
                                          float2 rot_origin, float rot_angle){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape);
    float2 read_pos, read_pos_rot;
    int2 pos_i;

    float cos_val = cos(-rot_angle), sin_val = sin(-rot_angle);

    const float2 shift_vec = shift_vecs[result_pos.z];

    float diff, val1, val2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            pos_i.y = k_y;
            read_pos.y = k_y + shift_vec.y - rot_origin.y + 0.5f;
            y_norm = (0.5f <= read_pos.y) & (read_pos.y <= shape.y-0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                pos_i.x = k_x;
                read_pos.x = k_x + shift_vec.x - rot_origin.x + 0.5f;
                x_norm = (0.5f <= read_pos.x) & (read_pos.x <= shape.x-0.5f);

                read_pos_rot.x = cos_val*read_pos.x - sin_val*read_pos.y;
                read_pos_rot.y = sin_val*read_pos.x + cos_val*read_pos.y;
                read_pos_rot += rot_origin;

                val1 = read_imagef(image1, nearest_sampler, pos_i).x;
                val2 = read_imagef(image2, linear_sampler, read_pos_rot).x;
                diff = val1 - val2;

                sum_val += y_norm*x_norm*diff*diff;
                sum_norm += y_norm*x_norm;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shift_image(read_only image2d_t image, write_only image2d_t result_image,
                             float2 shift_vec){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);

    if (all(pos < shape)) {
        float2 read_pos = convert_float2(pos) + shift_vec + 0.5f;
        float val = read_imagef(image, linear_sampler, read_pos).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}

void kernel shiftscale_image_inv(read_only image2d_t image, write_only image2d_t result_image,
                             float2 shift_vec, float2 scale_origin, float scale_factor){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);

    if (all(pos < shape)) {
        float2 read_pos = (convert_float2(pos) - scale_origin)*scale_factor + scale_origin - shift_vec + 0.5f;
        float val = read_imagef(image, linear_sampler, read_pos).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}
void kernel shiftscale_image(read_only image2d_t image, write_only image2d_t result_image,
                             float2 shift_vec, float2 scale_origin, float scale_factor){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);

    if (all(pos < shape)) {
        float2 read_pos = native_divide((convert_float2(pos) + shift_vec - scale_origin), scale_factor) + scale_origin + 0.5f;
        float val = read_imagef(image, linear_sampler, read_pos).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}

void kernel shiftrot_image_inv(read_only image2d_t image, write_only image2d_t result_image,
                           float2 shift_vec, float2 rot_origin, float rot_angle){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);
    if (all(pos < shape)) {
        float cos_val = cos(-rot_angle), sin_val = sin(-rot_angle);
        float2 read_pos_rot;
        float2 read_pos = convert_float2(pos) + shift_vec + 0.5f;
        read_pos -= rot_origin;
        read_pos_rot.x = cos_val*read_pos.x - sin_val*read_pos.y;
        read_pos_rot.y = sin_val*read_pos.x + cos_val*read_pos.y;
        read_pos_rot += rot_origin;

        float val = read_imagef(image, linear_sampler, read_pos_rot).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}

void kernel shiftrot_image(read_only image2d_t image, write_only image2d_t result_image,
                               float2 shift_vec, float2 rot_origin, float rot_angle){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);
    if (all(pos < shape)) {
        float cos_val = cos(rot_angle), sin_val = sin(rot_angle);
        float2 read_pos_rot;
        float2 read_pos = convert_float2(pos) + 0.5f;
        read_pos -= rot_origin;
        read_pos_rot.x = cos_val*read_pos.x - sin_val*read_pos.y;
        read_pos_rot.y = sin_val*read_pos.x + cos_val*read_pos.y;
        read_pos_rot += rot_origin - shift_vec;

        float val = read_imagef(image, linear_sampler, read_pos_rot).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}








tomis/image/cl/registration_mask.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_LINEAR;
constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;

float min_distance_to_01(float val){
    return fmin(val, 1.f-val);
}

float2 constant_noise_diff_shifts(float2 shift_vec){
    float2 shift_add;
    float a, d, b;

    float2 shift_dist = shift_vec - floor(shift_vec);
    const float2 C = shift_dist*shift_dist + (1.f - shift_dist)*(1.f - shift_dist);
    if (min_distance_to_01(shift_dist.y) > min_distance_to_01(shift_dist.x)){
        b = 1.f + fabs(1.f - 2.f*shift_dist.x)*C.y;
        d = b*b - 2.f*(1.f+C.y)*C.y*C.x;
        a = (b - sqrt(d))/(2.f*(1.f + C.y));
        if (shift_dist.x < 0.5f){
            shift_add = (float2)(a, 0.f);
            }
        else{
            shift_add = (float2)(1.f-a, 0.f);
            }
        }
    else{
        b = 1.f + fabs(1.f - 2.f*shift_dist.y)*C.x;
        d = b*b - 2.f*(1.f+C.x)*C.x*C.y;
        a = (b - sqrt(d))/(2.f*(1.f + C.x));
        if (shift_dist.y < 0.5f){
            shift_add = (float2)(0.f, a);
            }
        else{
            shift_add = (float2)(0.f, 1.f-a);
            }
        }
    return(shift_add);
    //float2 vec = (float2)(0.f, 0.f);
    //return(vec);
}

void kernel shifted_params_square_diff_2d_subpixel(read_only image2d_t image1, read_only image2d_t image2,
                                              read_only image2d_t mask1, read_only image2d_t mask2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape)-1; // because of shift_add

    float2 read_pos_1, read_pos_2;
    float2 shift_vec = shift_vecs[result_pos.z];
    float2 shift_add = constant_noise_diff_shifts(shift_vec);
    shift_vec += shift_add;

    float diff, val1, val2, mval1, mval2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm, norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            read_pos_1.y = k_y - shift_add.y + 0.5f;
            read_pos_2.y = k_y - shift_vec.y + 0.5f;
            y_norm = (0.5f < read_pos_2.y) & (read_pos_2.y < shape.y+0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                read_pos_1.x = k_x - shift_add.x + 0.5f;
                read_pos_2.x = k_x - shift_vec.x + 0.5f;
                x_norm = (0.5f < read_pos_2.x) & (read_pos_2.x < shape.x+0.5f);

                mval1 = read_imagef(mask1, linear_sampler, read_pos_1).x;
                mval2 = read_imagef(mask2, linear_sampler, read_pos_2).x;
                val1 = read_imagef(image1, linear_sampler, read_pos_1).x;
                val2 = read_imagef(image2, linear_sampler, read_pos_2).x;

                norm = y_norm*x_norm*(mval1 > 0.9999f)*(mval2 > 0.9999f);
                diff = val1 - val2;

                sum_norm += norm;
                sum_val += norm*diff*diff;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shifted_params_square_diff_2d(read_only image2d_t image1, read_only image2d_t image2,
                                              read_only image2d_t mask1, read_only image2d_t mask2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy+1;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape)-1; // because of shift_add

    int2 read_pos_1, read_pos_2;
    int2 shift_vec = convert_int2(shift_vecs[result_pos.z]);

    float diff, val1, val2, mval1, mval2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm, norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            read_pos_1.y = k_y;
            read_pos_2.y = k_y - shift_vec.y;
            y_norm = (0 < read_pos_2.y) & (read_pos_2.y < shape.y);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                read_pos_1.x = k_x;
                read_pos_2.x = k_x - shift_vec.x;
                x_norm = (0 < read_pos_2.x) & (read_pos_2.x < shape.x);

                mval1 = read_imagef(mask1, nearest_sampler, read_pos_1).x;
                mval2 = read_imagef(mask2, nearest_sampler, read_pos_2).x;
                val1 = read_imagef(image1, nearest_sampler, read_pos_1).x;
                val2 = read_imagef(image2, nearest_sampler, read_pos_2).x;

                norm = y_norm*x_norm*(mval1 > 0.9999f)*(mval2 > 0.9999f);
                diff = val1 - val2;

                sum_norm += norm;
                sum_val += norm*diff*diff;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}


void kernel shiftscaled_params_square_diff_2d(read_only image2d_t image1, read_only image2d_t image2,
                                              read_only image2d_t mask1, read_only image2d_t mask2,
                                              global float* result_values, global float* result_weights,
                                              int3 result_shape, int block_size,
                                              global float2* shift_vecs,
                                              float2 scale_origin, float scale_factor){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape);
    float2 read_pos;
    int2 pos_i;

    const float2 shift_vec = shift_vecs[result_pos.z];

    float diff, val1, val2, mval1, mval2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm, norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            pos_i.y = k_y;
            read_pos.y = (k_y - scale_origin.y)*scale_factor + scale_origin.y - shift_vec.y + 0.5f;
            y_norm = (0.5f <= read_pos.y) & (read_pos.y <= shape.y-0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                pos_i.x = k_x;
                read_pos.x = (k_x - scale_origin.x)*scale_factor + scale_origin.x - shift_vec.x + 0.5f;
                x_norm = (0.5f <= read_pos.x) & (read_pos.x <= shape.x-0.5f);

                mval1 = read_imagef(mask1, nearest_sampler, pos_i).x;
                mval2 = read_imagef(mask2, linear_sampler, read_pos).x;
                val1 = read_imagef(image1, nearest_sampler, pos_i).x;
                val2 = read_imagef(image2, linear_sampler, read_pos).x;

                norm = y_norm*x_norm*(mval1 > 0.9999f)*(mval2 > 0.9999f);
                diff = val1 - val2;

                sum_norm += norm;
                sum_val += norm*diff*diff;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shiftrot_params_square_diff_2d(read_only image2d_t image1, read_only image2d_t image2,
                                              read_only image2d_t mask1, read_only image2d_t mask2,
                                          global float* result_values, global float* result_weights,
                                          int3 result_shape, int block_size,
                                          global float2* shift_vecs,
                                          float2 rot_origin, float rot_angle){
    const int3 result_pos = (int3)(get_global_id(2), get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 block_origin = block_size*result_pos.xy;
    const int2 shape = get_image_dim(image1);
    const int2 block_end = min(block_size+block_origin, shape);
    float2 read_pos, read_pos_rot;
    int2 pos_i;

    float cos_val = cos(-rot_angle), sin_val = sin(-rot_angle);

    const float2 shift_vec = shift_vecs[result_pos.z];

    float diff, val1, val2, mval1, mval2, sum_val = 0.f, sum_norm = 0.f;
    float x_norm, y_norm, norm;
    if (all(result_pos < result_shape)){
        for (int k_y = block_origin.y; k_y < block_end.y; k_y++) {
            pos_i.y = k_y;
            read_pos.y = k_y + shift_vec.y - rot_origin.y + 0.5f;
            y_norm = (0.5f <= read_pos.y) & (read_pos.y <= shape.y-0.5f);

            for (int k_x = block_origin.x; k_x < block_end.x; k_x++) {
                pos_i.x = k_x;
                read_pos.x = k_x + shift_vec.x - rot_origin.x + 0.5f;
                x_norm = (0.5f <= read_pos.x) & (read_pos.x <= shape.x-0.5f);

                read_pos_rot.x = cos_val*read_pos.x - sin_val*read_pos.y;
                read_pos_rot.y = sin_val*read_pos.x + cos_val*read_pos.y;
                read_pos_rot += rot_origin;

                mval1 = read_imagef(mask1, nearest_sampler, pos_i).x;
                mval2 = read_imagef(mask2, linear_sampler, read_pos).x;
                val1 = read_imagef(image1, nearest_sampler, pos_i).x;
                val2 = read_imagef(image2, linear_sampler, read_pos).x;


                norm = y_norm*x_norm*(mval1 > 0.9999f)*(mval2 > 0.9999f);
                diff = val1 - val2;

                sum_norm += norm;
                sum_val += norm*diff*diff;
            }
        }

        int write_index = result_shape.x*(result_shape.y*result_pos.z + result_pos.y) + result_pos.x;
        result_values[write_index] = sum_val;
        result_weights[write_index] = sum_norm;
    }
}

void kernel shift_image(read_only image2d_t image, write_only image2d_t result_image,
                             float2 shift_vec){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);

    if (all(pos < shape)) {
        float2 read_pos = convert_float2(pos) + shift_vec + 0.5f;
        float val = read_imagef(image, linear_sampler, read_pos).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}

void kernel shiftscale_image_inv(read_only image2d_t image, write_only image2d_t result_image,
                             float2 shift_vec, float2 scale_origin, float scale_factor){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);

    if (all(pos < shape)) {
        float2 read_pos = (convert_float2(pos) - scale_origin)*scale_factor + scale_origin - shift_vec + 0.5f;
        float val = read_imagef(image, linear_sampler, read_pos).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}
void kernel shiftscale_image(read_only image2d_t image, write_only image2d_t result_image,
                             float2 shift_vec, float2 scale_origin, float scale_factor){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);

    if (all(pos < shape)) {
        float2 read_pos = native_divide((convert_float2(pos) + shift_vec - scale_origin), scale_factor) + scale_origin + 0.5f;
        float val = read_imagef(image, linear_sampler, read_pos).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}

void kernel shiftrot_image_inv(read_only image2d_t image, write_only image2d_t result_image,
                           float2 shift_vec, float2 rot_origin, float rot_angle){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);
    if (all(pos < shape)) {
        float cos_val = cos(-rot_angle), sin_val = sin(-rot_angle);
        float2 read_pos_rot;
        float2 read_pos = convert_float2(pos) + shift_vec + 0.5f;
        read_pos -= rot_origin;
        read_pos_rot.x = cos_val*read_pos.x - sin_val*read_pos.y;
        read_pos_rot.y = sin_val*read_pos.x + cos_val*read_pos.y;
        read_pos_rot += rot_origin;

        float val = read_imagef(image, linear_sampler, read_pos_rot).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}

void kernel shiftrot_image(read_only image2d_t image, write_only image2d_t result_image,
                               float2 shift_vec, float2 rot_origin, float rot_angle){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0)); // work size is in numpy order = yx
    const int2 shape = get_image_dim(result_image);
    if (all(pos < shape)) {
        float cos_val = cos(rot_angle), sin_val = sin(rot_angle);
        float2 read_pos_rot;
        float2 read_pos = convert_float2(pos) + 0.5f;
        read_pos -= rot_origin;
        read_pos_rot.x = cos_val*read_pos.x - sin_val*read_pos.y;
        read_pos_rot.y = sin_val*read_pos.x + cos_val*read_pos.y;
        read_pos_rot += rot_origin - shift_vec;

        float val = read_imagef(image, linear_sampler, read_pos_rot).x;
        write_imagef(result_image, pos, (float4)(val, 0, 0, 0));
    }
}







tomis/private/__init__.py





tomis/pyXIT/__init__.py





tomis/pyXIT/__main__.py

import os
from .pyXIT import main
cd_dir = os.path.dirname(os.path.dirname(__file__))
os.chdir(cd_dir)
print('changed current directory to', cd_dir)

main()






tomis/pyXIT/pyXIT.py

#!/usr/bin/env python3
license_str = '''(Plugins may have their own license agreements.)
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE. 

This software uses the Qt Library and Qt for Python, both licensed under the GNU Lesser General Public License version 3.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

import glob, multiprocessing, importlib, argparse, json, hashlib
from GUI.qt import *
import file, image
import GUI.plugins, GUI.processing
import GUI.pyXIT_icons as resources

__all__ = 'main',

parser = argparse.ArgumentParser(description='pyXIT in command line mode will run all data sets in a settings file')
parser.add_argument("-f", "--file", type=str, help='path to the settings file', default="", required=False)
parser.add_argument("-q", "--fill_queue", type=int, help='fill the queue before starting it (same as clicking the "add all" button)',
                    default=1, required=False)
parser.add_argument("-r", "--run", type=int, help='disable autorun of the settings file by using passing 0',
                    default=1, required=False)
commandline_args = parser.parse_args()

version_str = '0.30.0'
version_date_str = '2020-04-02'
settings_format = 'pyXIT_json_settings_v1.1'

about_str = f'''
<b>pyXIT - Python X-Ray Imaging Tool</b>, Version {version_str} ({version_date_str})
<br>Developed at the <a href="https://www.physik.uni-wuerzburg.de/lrm/startseite/"> Lehrstuhl für Röntgenmikroskopie </a>
<br>(Chair for X-Ray Microscopy), Universität Würzburg, Germany
<br>E-Mail: <a href="mailto:maximilian.ullherr@physik.uni-wuerzburg.de"> Maximilian Ullherr </a>
or <a href="mailto:simon.zabler@physik.uni-wuerzburg.de"> Simon Zabler </a>
<p>This software can be used to do computed tomography reconstruction and to apply filters to images or volume images.
<p>Used python packages: numpy, scipy, Pillow, matplotlib, pyside2
<br>Usable external libraries: FFTW (via pyfftw)
<p>Python {platform.python_version()},path to executable: {sys.executable}'''

gui_stdout = None

# ================  user interface  ================
class pyXITMainWindow(QMainWindow):
    progress_changed = Signal(int)
    show_error = Signal(str, bool) # second argument is modal

    silent_mode = False
    closed = Signal()
    queue_finished = Signal()
    locked = False

    minimum_widths = (700, 1000)
    minimum_height = 800
    #status_changed = Signal(str)
    #status_changed_timed = Signal(str, int)

    def __init__(self, app, image_plugins, reconstruction_plugins, volume_plugins, special_plugins, test_instance=False):
        super().__init__()
        self.setWindowIcon(QIcon(':UI_logo_pyXIT.png'))

        self.app = app
        if app is not None:
            app.setQuitOnLastWindowClosed(False)
        self.silent_mode = 2*(test_instance)

        window_title = 'pyXIT - Python X-Ray Imaging Tool'
        if version_str[-4:] == 'beta': window_title += ' (beta)'
        if test_instance: window_title += ' [test mode]'
        self.setWindowTitle(window_title)

        self.setMinimumSize(self.minimum_widths[0], self.minimum_height)
        self.autosave_interval = 10000
        self.qsettings = QSettings()

        self.top_vbox = QVBoxLayout()
        self.central_widget = QWidget()
        self.setCentralWidget(self.central_widget)
        self.central_widget.setLayout(self.top_vbox)

        top_hbox = QHBoxLayout(); self.top_vbox.addLayout(top_hbox)
        self.settings_file_label = QLabel('<b>Settings name</b>'); top_hbox.addWidget(self.settings_file_label)
        top_hbox.addStretch()
        self.use_relative_path = ValueCheckBox('relative paths'); top_hbox.addWidget(self.use_relative_path)
        self.use_relative_path.setToolTip('relative path means that the file paths for input/output are interpreted relative to the\n'
                                          'folder in which the setting file resides\n'
                                          'warning: if this feature is used, settings file and data must be moved together')
        self.use_relative_path.hide()
        self.new_project_button = QPushButton('  new project  '); top_hbox.addWidget(self.new_project_button)
        self.new_project_button.setSizePolicy(QSizePolicy.Minimum, QSizePolicy.Fixed)
        self.new_project_button.clicked.connect(self.make_new_project)

        add_line(self.top_vbox)
        self.hbox = QHBoxLayout(); self.top_vbox.addLayout(self.hbox)
        self.vbox = QVBoxLayout(); self.hbox.addLayout(self.vbox)

        # menu bar
        menuBar = self.menuBar()

        lrm_logo = QPushButton(QIcon(':logo_lrm.png'), '')#; top_hbox.addWidget(lrm_logo)
        lrm_logo.setFlat(True); lrm_logo.setIconSize(QSize(29, 12)); lrm_logo.setContentsMargins(0, 0, 0, 0)# actual size: 182x75
        self.menuBar().setCornerWidget(lrm_logo, Qt.TopRightCorner)
        lrm_logo.clicked.connect(self.show_about)

        fileMenu = menuBar.addMenu("&File")
        save_settings_action = QAction('&Save Settings', self)
        save_settings_action.setShortcut(QKeySequence.Save)
        help_text1 = 'Save tool settings to file'
        save_settings_action.setToolTip(help_text1); save_settings_action.setStatusTip(help_text1)
        save_settings_action.triggered.connect(self.save_settings)
        fileMenu.addAction(save_settings_action)
        save_settings_as_action = QAction('Save Settings &As', self)
        save_settings_as_action.setShortcut(QKeySequence.SaveAs)
        help_text1b = 'Save tool settings to file as ...'
        save_settings_as_action.setToolTip(help_text1b); save_settings_action.setStatusTip(help_text1b)
        save_settings_as_action.triggered.connect(self.save_settings_as)
        fileMenu.addAction(save_settings_as_action)
        open_settings_action = QAction('&Open Settings', self)
        open_settings_action.setShortcut(QKeySequence.Open)
        help_text2 = 'Load tool settings from file'
        open_settings_action.setToolTip(help_text2); open_settings_action.setStatusTip(help_text2)
        open_settings_action.triggered.connect(self.open_settings)
        fileMenu.addAction(open_settings_action)
        add_settings_action = QAction('&Add Settings', self)
        help_text3 = 'Load tool settings from file but keep currently configure data sets'
        add_settings_action.setToolTip(help_text3); add_settings_action.setStatusTip(help_text3)
        add_settings_action.triggered.connect(self.add_settings)
        fileMenu.addAction(add_settings_action)
        self.recently_used_settings_menu = fileMenu.addMenu('Open &Recently Used')
        self.recently_used_settings_menu.aboutToShow.connect(self.update_recently_used_settings)
        self.add_recently_used_settings_menu = fileMenu.addMenu('Add R&ecently Used')
        self.add_recently_used_settings_menu.aboutToShow.connect(self.update_add_recently_used_settings)
        clear_settings_action = QAction('&Clear Settings', self)
        help_text3 = 'Remove all data set configurations'
        clear_settings_action.setToolTip(help_text3); clear_settings_action.setStatusTip(help_text3)
        clear_settings_action.triggered.connect(self.clear_settings)
        fileMenu.addAction(clear_settings_action)
        fileMenu.addSeparator()
        show_option_action = QAction('&Options', self)
        fileMenu.addAction(show_option_action)
        self.toggle_queue_action = QAction('Use &Queue', self)
        self.toggle_queue_action.setCheckable(True)
        self.toggle_queue_action.triggered.connect(self.enable_queue)
        self.toggle_queue_action.setChecked(False)
        fileMenu.addAction(self.toggle_queue_action)
        fileMenu.addSeparator()
        close_action = QAction('&Close Tool', self)
        close_action.setShortcut(QKeySequence.Close)
        fileMenu.addAction(close_action)
        close_action.triggered.connect(self.close)

        # processing tabs
        self.image_processing_widget = GUI.processing.image.ImageProcessingWidget(self, menuBar, image_plugins, settings_format=settings_format, version_str=version_str)
        self.reconstruction_widget = GUI.processing.ct.CTReconstructionWidget(self, menuBar, reconstruction_plugins, settings_format=settings_format, version_str=version_str)
        self.volume_processing_widget = GUI.processing.volume.VolumeProcessingWidget(self, menuBar, volume_plugins, settings_format=settings_format, version_str=version_str)
        self.special_processing_widget = GUI.processing.special.SpecialProcessingWidget(self, menuBar, special_plugins, settings_format=settings_format, version_str=version_str)
        self.processing_widgets = (self.image_processing_widget, self.reconstruction_widget,
                                   self.volume_processing_widget, self.special_processing_widget)
        self.processing_widget_names = tuple(w.name for w in self.processing_widgets)

        self.app_settings = dict(enable_queue=0, enable_autosave=2, cl_device_name=None, showed_license=False,
                                 active_settings_file=None, last_settings_save_date=None,
                                 recently_used_settings=[], last_paths=dict(settings=''))
        for widget in self.processing_widgets:
            self.app_settings[widget.name] = widget.default_settings
        self.app_settings_window = GUI.widgets.misc.AppSettingsWindow(self)
        show_option_action.triggered.connect(self.show_app_settings_window)

        self.app_settings_autosave_timer = QTimer()
        self.app_settings_autosave_timer.timeout.connect(self.save_app_settings)
        self.app_settings_autosave_counter = 1
        self.app_settings_autosave_hash = None

        self.autosave_timer = QTimer()
        self.autosave_timer.timeout.connect(self.save_autosave)

        self.tab_widget = QTabWidget()
        for widget in self.processing_widgets:
            self.tab_widget.addTab(widget, widget.name)
        self.vbox.addWidget(self.tab_widget)

        self.hline = add_line(self.hbox)
        self.queue_widget = GUI.processing.base.QueueWidget(self); self.hbox.addWidget(self.queue_widget)
        self.queue_enabled = None
        self.enable_queue(False)

        self.cl_device_index = 0

        # help menu
        menuBar.addSeparator()
        helpMenu = menuBar.addMenu("&Help")
        show_about_action = QAction('&About', self)
        show_about_action.triggered.connect(self.show_about)
        helpMenu.addAction(show_about_action)
        show_license_action = QAction('&License', self)
        show_license_action.triggered.connect(self.show_license)
        helpMenu.addAction(show_license_action)
        self.manual_path = file.path.pjoin(sys.path[0], 'pyXIT_manual.pdf')
        if os.path.isfile(self.manual_path):
            show_manual_action = QAction('&Manual', self)
            helpMenu.addAction(show_manual_action)
            show_manual_action.triggered.connect(self.show_manual)
        else:
            self.manual_path = None
            print('manual missing')
        if gui_stdout is not None:
            self.stdout_window = GUI.widgets.misc.StdoutWindow(gui_stdout)
            show_console_action = QAction('Show Python stdout', self)
            helpMenu.addAction(show_console_action)
            show_console_action.triggered.connect(self.stdout_window.show)
            GUI.solo_windows.append(self.stdout_window)

        self.show_error.connect(lambda t, b: show_error_message(self, t, b))
        self.settings_import_dialog = None

        self.license_window = GUI.widgets.misc.LicenseWindow(self, app, license_str)

        # final setup
        self.processing_settings = dict(queues=dict())
        for widget in self.processing_widgets:
            self.processing_settings[widget.name] = dict()

        self.select_tab(1)

        print('started pyXIT, ({:.1f} s)'.format(time.process_time()))
        QTimer.singleShot(0, self.load_app_settings)
        QTimer.singleShot(0, self.enable_autosave)

        QTimer.singleShot(100, self.start_command_line_run)

    def closeEvent(self, QCloseEvent):
        #print('closing')
        if self.settings_import_dialog is not None:
            self.settings_import_dialog.close()

        if not self.silent_mode:
            settings_file_identical = self.check_settings_file_identical_to_settings()
            if settings_file_identical != 1:
                answer = self.save_settings_before_close()
                if not answer:
                    QCloseEvent.ignore()
                    return
            else:
                info_box = QMessageBox(QMessageBox.Information, "Closing automatically",
                                       "Settings file is current, saving unecessary, closing pyXIT", QMessageBox.Ok, parent=self)
                QTimer.singleShot(2000, info_box.close)
                info_box.exec_()

        is_running = False
        for widget in self.processing_widgets:
            if hasattr(widget, 'work_process'):
                if widget.worker is not None:
                    if widget.worker.is_busy:
                        is_running = True

        if is_running and not self.silent_mode:
            answer = QMessageBox.warning(self, 'Warning', 'Processing is busy, cancel and close anyway?', QMessageBox.Yes | QMessageBox.Cancel)
            if answer == QMessageBox.Cancel:
                QCloseEvent.ignore()
                return

        for widget in self.processing_widgets:
            if widget.preview is not None:
                widget.preview.hide()
                widget.preview.is_sweeping = False
            widget.input_window.close()
            widget.output_window.close()
            widget.close()
            for plugin in widget.plugins:
                plugin.close()

        #self.qsettings.setValue('running', False)

        [widget.close() for widget in GUI.solo_windows]
        self.closed.emit()
        if self.app is not None and self.silent_mode < 2:
            print("closing pyXIT")
            self.app.setQuitOnLastWindowClosed(True)

    def show_deferred(self, ms=100):
        # allow fully rendering the gui before showing, requires app.setQuitOnLastWindowClosed(False) (set in __init__)
        QTimer.singleShot(ms, self.show)

    def save_geometries(self, QSettings):
        save_geometry(QSettings, self)
        #QSettings.setValue('MainWindow/Geometry', self.saveGeometry())
        self.image_processing_widget.save_geometries(QSettings)
        self.reconstruction_widget.save_geometries(QSettings)
        self.volume_processing_widget.save_geometries(QSettings)
        self.special_processing_widget.save_geometries(QSettings)

    def restore_geometries(self, QSettings):
        restore_geometry(QSettings, self)
        #self.restoreGeometry(QSettings.value('MainWindow/Geometry', None))
        self.image_processing_widget.restore_geometries(QSettings)
        self.reconstruction_widget.restore_geometries(QSettings)
        self.volume_processing_widget.restore_geometries(QSettings)

    def show_manual(self):
        if self.manual_path is not None:
            file_url = QUrl.fromLocalFile(self.manual_path)
            QDesktopServices.openUrl(file_url)

    def show_app_settings_window(self):
        self.app_settings_window.exec_()
        self.save_app_settings()

    def select_tab(self, index=0, proc_widget=None, proc_widget_name=None):
        if proc_widget_name is not None:
            index = self.processing_widget_names.index(proc_widget_name)
            self.tab_widget.setCurrentIndex(index)
        elif proc_widget is not None:
            index = self.processing_widgets.index(proc_widget)
        self.tab_widget.setCurrentIndex(index)

    # queue code
    def enable_queue(self, val):
        if self.sender() is self.toggle_queue_action:
            val = self.toggle_queue_action.isChecked()

        if val:
            self.setMinimumWidth(self.minimum_widths[1])
        else:
            self.setMinimumWidth(self.minimum_widths[0])

        if val != self.queue_enabled and not self.locked:
            if val:
                self.setMinimumWidth(self.minimum_widths[1])
                self.hline.show()
                self.queue_widget.show()

            else:
                self.hline.hide()
                self.queue_widget.hide()
                self.setMinimumWidth(self.minimum_widths[0])
                self.resize(self.size().width() - self.queue_widget.sizeHint().width(), self.size().height())
            print("queue_enabled", val, self.queue_enabled)

            self.queue_enabled = val
            for widget in self.processing_widgets:
                widget.set_start_button(True)

        elif self.locked:
            QMessageBox.information(self, 'ImInfo', 'Queue mode cannot be enabled/disabled while processing is active.', QMessageBox.Ok)

    def add_all_to_queue(self):
        print("adding all data sets to queue")
        for k, proc_widget in enumerate(self.processing_widgets):
            self.select_tab(k)
            proc_widget.locked = True
            for id, name in proc_widget.data_sets.ids_and_names():
                proc_widget.start_processing(data_set=proc_widget.data_sets[id])
            proc_widget.locked = False

    def start_queue(self):
        self.active_queue = self.queue_widget.get_ordered_queue_items(skip_disabled=True, add_items=True)
        self.queue_start_time = time.time()
        for k, proc_widget in enumerate(self.processing_widgets):
            if proc_widget.preview is not None:
                proc_widget.preview.hide()
        self.tab_widget.setDisabled(True)
        self.queue_widget.set_queue_is_busy(True)
        self.queue_index = 0
        self.set_locked(True)
        self.continue_queue()

    def continue_queue(self):
        if 1 <= self.queue_index <= len(self.active_queue):
            self.queue_widget.set_queue_item_enabled(self.active_queue[self.queue_index-1], False)
        if self.queue_index < len(self.active_queue):
            print('continue queue', self.queue_index)
            self.queue_processing_widget = self.get_processing_widget(self.active_queue[self.queue_index][1])
            connect_once(self.queue_processing_widget.finished_signal, self.continue_queue)
            self.select_tab(proc_widget=self.queue_processing_widget)
            data_set_id = self.active_queue[self.queue_index][0]
            self.queue_widget.data_sets_list.setCurrentItem(self.active_queue[self.queue_index][3])
            self.queue_index += 1
            if data_set_id in self.queue_processing_widget.data_sets:
                self.queue_processing_widget.open_data_set(data_set_id)
                self.queue_widget.status_label.setText('data set {} of {} in progress'.format(self.queue_index, len(self.active_queue)))
                self.queue_processing_widget.mode = 'processing'
                self.queue_processing_widget.start()
            else:
                print('skipped data set in queue, was not data_sets')
                self.continue_queue()
        else:
            self.finish_queue()

    def stop_queue(self):
        if self.silent_mode:
            do = True
        else:
            pressed = QMessageBox.warning(self, 'Stop queue', 'Do you want to stop processing the queue?',
                                          QMessageBox.Ok | QMessageBox.Cancel)
            do = (pressed == QMessageBox.Ok)

        if do:
            self.queue_index = np.inf
            self.active_queue = []
            self.queue_processing_widget.stop_processing(ask=False)

    def finish_queue(self):
        self.tab_widget.setEnabled(True)
        self.queue_widget.set_queue_is_busy(False)
        self.set_locked(False)
        self.queue_finished.emit()
        self.queue_widget.status_label.setText('queue finished on '+time.ctime())
        self.queue_index = np.inf
        self.active_queue = []

    # command line mode
    def start_command_line_run(self):
        file = commandline_args.file
        fill_queue = commandline_args.fill_queue
        if file != "":
            print("starting pyXIT command line run for settings file:\n  ", file)
            self.open_settings(file)
            if commandline_args.run:
                self.app_settings_window.enable_autosave.setValue(False)
                self.silent_mode = True
                if fill_queue:
                    self.add_all_to_queue()
                    print("filled queue")
                connect_once(self.queue_finished, self.finish_command_line_run)
                self.start_queue()

    def finish_command_line_run(self):
        self.close()
        self.silent_mode = False
        print("pyXIT command line run finished")

    # settings configuration
    def update_recently_used_settings(self):
        self.recently_used_settings_menu.clear()
        for index, fname in enumerate(self.app_settings['recently_used_settings'][::-1]):
            if len(fname) > 76:
                display_str = '&' + str(index+1) +' ... '+ fname[-80:]
            else:
                display_str = '&' + str(index+1) +' '+ fname
            action = QAction(display_str, self)
            action.setData(fname)
            action.triggered.connect(self.open_settings)
            self.recently_used_settings_menu.addAction(action)
        self.recently_used_settings_menu.addSeparator()
        action2 = QAction('&Clear List', self)
        action2.triggered.connect(self.clear_recently_used_settings)
        self.recently_used_settings_menu.addAction(action2)

    def update_add_recently_used_settings(self):
        self.add_recently_used_settings_menu.clear()
        for index, fname in enumerate(self.app_settings['recently_used_settings'][::-1]):
            if len(fname) > 76:
                display_str = '&' + str(index+1) +' ... '+ fname[-80:]
            else:
                display_str = '&' + str(index+1) +' '+ fname
            action = QAction(display_str, self)
            action.setData(fname)
            action.triggered.connect(self.add_settings)
            self.add_recently_used_settings_menu.addAction(action)
        self.add_recently_used_settings_menu.addSeparator()
        action2 = QAction('&Clear List', self)
        action2.triggered.connect(self.clear_recently_used_settings)
        self.add_recently_used_settings_menu.addAction(action2)

    def add_recently_used_settings(self, fname=None):
        if fname is None: return
        if fname not in self.app_settings['recently_used_settings']:
            self.app_settings['recently_used_settings'].append(fname)
            if len(self.app_settings['recently_used_settings']) > 9:
                del self.app_settings['recently_used_settings'][0]
        else:
            del self.app_settings['recently_used_settings'][self.app_settings['recently_used_settings'].index(fname)]
            self.app_settings['recently_used_settings'].append(fname)

    def clear_recently_used_settings(self):
        del self.app_settings['recently_used_settings'][:]
        self.update_recently_used_settings()

    def show_about(self):
        QMessageBox.about(self, 'About pyXIT', about_str)

    def show_license(self, accept_mode=False):
        self.license_window.set_accept_mode(accept_mode)
        self.license_window.show()

    def enable_autosave(self, use_autosave=False):
        #print('toggle_autosave to', use_autosave)
        if use_autosave:
            self.autosave_timer.start(self.autosave_interval)
            self.app_settings_autosave_timer.stop()
            #self.autosave_timer.timeout.emit()
        else:
            self.app_settings_autosave_timer.start(5000)
            self.autosave_timer.stop()

    # settings
    def make_new_project(self):
        answer = self.save_settings_before_close()
        if answer:
            fname = QFileDialog.getSaveFileName(self, 'choose settings file for the new project', filter='settings file (*.pysettings)',
                                                directory=self.app_settings['last_paths']['settings'])[0]
            fname = os.path.normpath(fname)
            if fname is not '.':
                self.clear_settings()
                self.save_settings_as(fname=fname)

    def save_settings_before_close(self):
        if self.app_settings['enable_autosave']:
            self.save_autosave()
            return True
        else:
            self.save_app_settings()
            if self.app_settings['active_settings_file'] is None:
                return True
            if not self.silent_mode:
                msg_str = 'Autosave is disabled, do you want so save the current settings?\nSettings file: {}\n(App state will always be restored independently on app restart.)'.format(self.app_settings['active_settings_file'])
                answer = QMessageBox.question(self, 'Save settings?', msg_str,
                                             QMessageBox.Cancel | QMessageBox.No | QMessageBox.Yes)
                if answer == QMessageBox.Cancel:
                    return False
                elif answer == QMessageBox.Yes:
                    self.save_autosave()
                    return True
                elif answer == QMessageBox.No:
                    return True

    def update_ui_settings_file(self):
        #print('update_settings_file_label', self.app_settings['active_settings_file'])
        if self.app_settings['active_settings_file'] is None:
            text = 'Saving settings to system user account'
            tip_text = 'Settings are saved to an operating system specific location and can be accessed by the current user'
            self.use_relative_path.setDisabled(True)
        else:
            parts = os.path.split(self.app_settings['active_settings_file'])
            part2 = os.path.split(parts[0])[1]
            text = file.path.pjoin('Using settings file:  ...', part2, parts[1])
            tip_text = 'Complete path to settings file: {}'.format(self.app_settings['active_settings_file'])
            self.use_relative_path.setEnabled(True)
        if self.app_settings['enable_autosave']:
            tip_text += '\nSettings are automatically saved every {:.0f} seconds (only if changed).'.format(self.autosave_interval/1000)
        else:
            tip_text += '\nAutosave disabled, settings are not saved automatically.'

        if self.app_settings['last_settings_save_date'] is not None:
            tip_text += '\nSettings last saved on {}.'.format(self.app_settings['last_settings_save_date'])
        tip_text += "\nNote: The application state including the processing settings is restored \n" \
                    "on application restart independently from the settings file."
        self.settings_file_label.setText(text)
        self.settings_file_label.setToolTip(tip_text)

    def update_settings_from_ui(self):
        for widget in self.processing_widgets:
            #self.processing_settings[widget.name].update(widget.get_settings())
            settings = widget.get_settings()
            self.remove_relative_paths(settings)
            self.processing_settings[widget.name] = settings

        self.processing_settings['settings_format'] = settings_format
        self.processing_settings['pyXIT_version'] = version_str + " - " + version_date_str
        self.processing_settings['processing_mode'] = self.tab_widget.currentIndex()
        self.processing_settings['queue_items'] = self.queue_widget.get_ordered_queue_items(False)

    def update_ui_from_settings(self, settings=None, add_mode=False):
        #vprint('settings', settings)
        if settings is None:
            settings = self.processing_settings
        for widget in self.processing_widgets:
            if widget.name in settings:
                if widget.preview is not None:
                    widget.preview.clear()
                widget.set_settings(settings[widget.name], add_mode)
            else:
                print('{} not in settings'.format(widget.name))
        self.tab_widget.setCurrentIndex(settings.get('processing_mode', 0))
        if not add_mode: self.queue_widget.set_queue_items(settings.get('queue_items', []))
        self.processing_settings = settings

    def prepend_relative_paths(self, settings):
        settings_file = self.app_settings['active_settings_file']
        if self.use_relative_path.isChecked() and settings_file is not None:
            for data_set_key in settings.keys():
                try:
                    if 'path' in settings[data_set_key]['input']:
                        settings[data_set_key]['input']['path'] = self.prepend_relative_path(settings_file,
                                                                              settings[data_set_key]['input']['path'])
                    elif 'projs' in settings[data_set_key]['input']:
                        for key in ('projs', 'refs', 'darks'):
                            settings[data_set_key]['input'][key]['path'] = self.prepend_relative_path(settings_file,
                                                                        settings[data_set_key][ 'input'][key]['path'])
                except KeyError:
                    pass

    def prepend_relative_path(self, settings_file, fname):
        return os.path.join(os.path.dirname(settings_file), fname)

    def remove_relative_paths(self, settings):
        settings_file = self.app_settings['active_settings_file']
        if self.use_relative_path.isChecked() and settings_file is not None:
            for data_set_key in settings.keys():
                print('removing relative paths for data set', data_set_key)
                try:
                    if 'path' in settings[data_set_key]['input']:
                        os.path.join(os.path.dirname(settings_file), fname)
                        settings[data_set_key]['input']['path'] = self.remove_relative_path(settings_file,
                                                                        settings[data_set_key]['input']['path'])
                    elif 'projs' in settings[data_set_key]['input']:
                        for key in ('projs', 'refs', 'darks'):
                            settings[data_set_key]['input'][key]['path'] = self.remove_relative_path(settings_file,
                                                                        settings[data_set_key]['input'][key]['path'])
                except KeyError as err:
                    print(repr(err))
                    pass
        #else:
            #print('relative paths disabled')

    def remove_relative_path(self, settings_file, fname):
        try:
            common_path = os.path.commonpath((fname, settings_file))
            print('removing relative path', common_path, fname, fname[common_path+1:])
            return fname[common_path+1:]
        except ValueError:
            return fname

    def add_settings(self, fname=None, use_system_save=False):
        if use_system_save:
            self.load_app_settings(load_proc_settings=True)
        else:
            self.open_settings(fname, add_mode=True)

    def open_settings(self, fname=None, add_mode=False, from_init=False):
        #print('opening', fname, self.settings)
        if type(fname) is not str:
            fname = self.sender().data()
            #print('not str')
        if fname is None:
            fname = QFileDialog.getOpenFileName(self, 'choose settings file to open', filter='settings or info (*.pysettings *.info)',
                                                directory=self.app_settings['last_paths']['settings'])[0]
            fname = os.path.normpath(fname)
        else:
            if not os.path.isfile(fname):
                QMessageBox.warning(self, 'Error', 'no settings file found at:\n\"{}\"'.format(fname))
                if fname in self.app_settings['recently_used_settings']:
                    del self.app_settings['recently_used_settings'][self.app_settings['recently_used_settings'].index(fname)]
                self.app_settings['active_settings_file'] = None
                self.update_ui_settings_file()
                return False

        if fname not in ('', '.'):
            vprint('opening settings', fname, type(fname))
            if self.app_settings['enable_autosave'] and not from_init:
                self.save_autosave()

            with open(fname) as fp:
                try:
                    settings = file.info.json.load(fp)
                    #print(get_dict_summary(settings))

                    #self.settings.update(settings)
                    if 'processing_history' in settings:
                        vprint('importing settings', fname)
                        self.settings_import_dialog = GUI.widgets.misc.SettingsImportDialog(self, settings['processing_history'],
                                                                           type_name='Processing History',
                                                                           settings_filename=fname)
                        vprint('importing settings, show dialog')
                        self.settings_import_dialog.show()
                    else:
                        try:
                            if settings['settings_format'] != settings_format:
                                if 'pyXIT_settings_' == settings_format[:len('pyXIT_settings_')]:
                                    QMessageBox.warning(self, 'Error', 'file settings format is from another pyXIT version {}, this program is version {}\npyXIT will import all compatible settings'
                                                              .format(settings['settings_format'][len('pyXIT_settings_'):], settings_format[len('pyXIT_settings_'):]))
                                else:
                                    QMessageBox.warning(self, 'Error', 'wrong file settings format \"{}\", should be \"{}\"\nwill import all '
                                                     'parameters with identical names'
                                                              .format(settings['settings_format'], settings_format))
                        except KeyError or TypeError:
                            QMessageBox.warning(self, 'Error', 'file does not contain a valid settings dict')
                            return
                        if fname != self.app_settings['active_settings_file']:
                            self.app_settings['last_settings_save_date'] = None
                        self.app_settings['active_settings_file'] = fname
                        self.update_ui_from_settings(settings, add_mode)
                        self.app_settings['last_paths']['settings'] = fname
                        self.update_ui_settings_file()
                        self.add_recently_used_settings(fname)
                except file.info.json.JSONDecodeError:
                    QMessageBox.warning(self, 'Error', 'loading settings failed: file is not a valid settings file (JSONDecodeError)')


            return True
        else:
            return False

    def load_settings_file(self, fname):
        with open(fname) as fp:
            try:
                settings = json.load(fp)
            except json.JSONDecodeError:
                QMessageBox.warning(self, 'Error', 'loading settings failed: file is not a valid settings file (JSONDecodeError)')
            return settings

    def check_settings_file_identical_to_settings(self):
        fname = self.app_settings['active_settings_file']
        if fname is None or not os.path.exists(fname):
            return 0
        else:
            self.update_settings_from_ui()
            with open(fname, "r") as file:
                settings_file = bytes(file.read(), encoding="utf-8")
            settings_ui = bytes(self.save_settings_to_bytes(), encoding="utf-8")
            hash_A = hashlib.md5(settings_file).hexdigest()
            hash_B = hashlib.md5(settings_ui).hexdigest()
            return int(hash_A == hash_B)

    def save_settings_as(self, *args, fname=None, from_button=False):
        #print('saving to', fname)
        if type(fname) is not str and not from_button:
            if self.sender() is None:
                return
            fname = self.sender().data()
        if fname is None:
            fname = QFileDialog.getSaveFileName(self, 'choose file to save settings', filter='settings file (*.pysettings)',
                                                directory=self.app_settings['last_paths']['settings'])[0]
            fname = os.path.normpath(fname)
        if fname is not '.':
            self.add_recently_used_settings(fname)
            fname = file.path.modify_path(fname, suffix='pysettings')
            self.update_settings_from_ui()
            try:
                dumps = file.info.ExtendedJSONEncoder(sort_keys=True, indent=2).encode(self.processing_settings)
            except Exception as exc:
                dumps = None
                self.show_error.emit(common.misc.get_exception_text_html(), True)
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            if dumps is not None:
                try:
                    with open(fname, 'w+') as fp:
                        fp.write(dumps)
                except FileNotFoundError: pass
            self.app_settings['last_paths']['settings'] = fname
            self.app_settings['active_settings_file'] = fname
            self.app_settings['last_settings_save_date'] = time.ctime()[:-5]
            self.update_ui_settings_file()

    def save_settings_to_bytes(self):
        with io.StringIO() as raw:
            self.update_settings_from_ui()
            try:
                dumps = file.info.ExtendedJSONEncoder(sort_keys=True, indent=2).encode(self.processing_settings)
            except Exception as exc:
                dumps = None
                self.show_error.emit(common.misc.get_exception_text_html(), True)
                if GUI.DEBUGGING_ENABLED:
                    raise exc
            if dumps is not None:
                raw.write(dumps)
            raw.seek(0)
            settings_bytes = raw.read()
        return settings_bytes

    def get_settings_folder(self):
        if self.app_settings['active_settings_file'] is not None:
            return os.path.split(self.app_settings['active_settings_file'])[0]
        else:
            return None

    def save_settings(self):
        self.save_settings_as(fname=self.app_settings['active_settings_file'])

    def save_autosave(self):
        if self.app_settings['active_settings_file'] is not None:
            self.save_settings_as(fname=self.app_settings['active_settings_file'])
            self.save_app_settings()
        else:
            self.save_app_settings()
            self.update_ui_settings_file()

    def open_autosave(self, from_init=True, load_from_app_settings=False):
        if self.app_settings['active_settings_file'] is not None and not load_from_app_settings:
            self.open_settings(self.app_settings['active_settings_file'], from_init=from_init)
        else:
            try:
                new_settings = json.loads(self.qsettings.value('processing_settings', '{}'))
                if len(new_settings) == 0:
                    new_settings = self.processing_settings
            except Exception as exc:
                print('loading processing settings failed with', repr(exc))
                return
            common.misc.nested_dict_update(new_settings, self.processing_settings)
            self.update_ui_from_settings()

        self.update_ui_settings_file()

    def clear_settings(self):
        if self.app_settings['enable_autosave']:
            self.save_autosave()
        self.app_settings['active_settings_file'] = None
        self.app_settings['last_settings_save_date'] = None
        self.update_ui_settings_file()
        for proc_widget in self.processing_widgets:
            proc_widget.set_settings(dict())
        self.processing_settings['queue_items'] = []
        self.queue_widget.clear_queue()
        #self.save_autosave()

    def save_app_settings(self, *args, save_proc_settings=True):
        if save_proc_settings:
            self.update_settings_from_ui()
            self.qsettings.setValue('processing_settings', file.info.ExtendedJSONEncoder().encode(self.processing_settings))

        self.app_settings_window.get_settings()
        self.app_settings['enable_queue'] = int(self.toggle_queue_action.isChecked())
        self.app_settings['last_paths'] = self.app_settings['last_paths']
        for widget in self.processing_widgets:
            self.app_settings[widget.name].update(widget.get_app_settings())

        app_settings_hash = common.settings_hash.generate_hash_from_dict(self.app_settings)
        self.app_settings_autosave_counter += 1
        if app_settings_hash != self.app_settings_autosave_hash or self.app_settings_autosave_counter % 25 == 0:
            self.app_settings_autosave_hash = app_settings_hash
            self.qsettings.setValue('app_settings', file.info.ExtendedJSONEncoder().encode(self.app_settings))
            self.save_geometries(self.qsettings)

    def load_app_settings(self):
        try:
            self.app_settings['recently_used_settings'] = list(self.qsettings.value('recently_used_settings', []))
            self.update_recently_used_settings()
        except EOFError: pass
        try:
            self.app_settings.update(json.loads(self.qsettings.value('app_settings', '{}')))
        except Exception as exc:
            print('loading app settings failed with', repr(exc))
            return

        self.app_settings_window.set_settings()
        self.app_settings['last_paths'] = self.app_settings.get('last_paths', dict(settings=''))
        self.toggle_queue_action.setChecked(self.app_settings.get('enable_queue', 0))
        for widget in self.processing_widgets:
            widget.set_app_settings(self.app_settings[widget.name])

        self.open_autosave(from_init=True, load_from_app_settings=True)
        #print('load_system_settings', get_dict_summary(self.app_settings))

        self.enable_queue(self.app_settings.get('enable_queue', 0))

        if not self.app_settings['showed_license'] and not self.silent_mode:
            self.show()
            self.show_license(True)
            self.app_settings['showed_license'] = True
        else:
            self.restore_geometries(self.qsettings)
            self.show()
        print('loaded app settings, ({:.1f} s)'.format(time.process_time()))

    def clear_app_settings(self):
        self.app_settings = dict(enable_queue=2, enable_autosave=2, cl_device_name=None, showed_license=False,
                                 active_settings_file=None, last_settings_save_date=None,
                                 recently_used_settings=[], last_paths=dict(settings=''))
        for widget in self.processing_widgets:
            self.app_settings[widget.name] = widget.default_settings
        self.save_app_settings()

    def get_processing_widget(self, short_name=None, name=None):
        for widget in self.processing_widgets:
            if widget.short_name == short_name:
                return widget
            elif widget.name == name:
                return widget
        return None

    def set_locked(self, lock):
        if not lock:
            vals = np.array([widget.ui_show_busy for widget in self.processing_widgets], dtype='?')
            if not np.all(vals == False):
                return
        self.locked = lock


# ================  plugins import   ================
image_plugins = [] + GUI.plugins.image.exported_classes
reconstruction_plugins = [] + GUI.plugins.ct.exported_classes
volume_plugins = [] + GUI.plugins.volume.exported_classes
special_plugins = [] + GUI.plugins.special.exported_classes


plugin_files = glob.glob('*plugins*.py')
if 'own_plugins.py' not in plugin_files:
    plugin_files.append('own_plugins.py')
for fname in plugin_files:
    try:
        plugins = importlib.import_module(fname[:-3])
        try:
            image_plugins += plugins.image_plugins_to_add
            if __name__ == '__main__': print('added image plugins:', plugins.image_plugins_to_add)
        except AttributeError: pass
        try:
            reconstruction_plugins += plugins.reconstruction_plugins_to_add
            if __name__ == '__main__': print('added reco plugins:', plugins.reconstruction_plugins_to_add)
        except AttributeError: pass
        try:
            volume_plugins += plugins.volume_plugins_to_add
            if __name__ == '__main__': print('added volume plugins:', plugins.volume_plugins_to_add)
        except AttributeError: pass
        try:
            special_plugins += plugins.special_plugins_to_add
            if __name__ == '__main__': print('added special plugins:', plugins.special_plugins_to_add)
        except AttributeError: pass
    except ImportError: pass


def configure_pyXIT_start():
    # should be called after "if __name__ == '__main__'" when starting pyXIT
    multiprocessing.set_start_method('spawn', force=True)  # workaround for OpenCl id error on Linux (no fork on windows)


def main():
    configure_pyXIT_start()

    # verbose |= True
    app = get_qt_app('pyXIT', 'Universitaet_Wuerzburg')

    try:
        gui_stdout = GuiStdout()
        #raise AssertionError('test error')
        ui = pyXITMainWindow(app, image_plugins, reconstruction_plugins, volume_plugins, special_plugins)
        #ui.clear_app_settings()  # enable and run once to clear all app settings
        ui.show_deferred(100)
        app.exec_()
        sys.exit(0)
    except Exception:
        exc_text = common.misc.get_exception_text_html()
        print("pyXIT crashed:", exc_text)
        QMessageBox(icon=QMessageBox.Critical, text='Critical error occured, pyXIT exiting:\n'+exc_text).exec_()
        sys.exit(-1)


if __name__ == '__main__':
    main()






tomis/pyXIT/test_pyXIT.py

#!/usr/bin/env python3
''' written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de, Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany

License for this code:
Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany'''

# this script runs automated tests on pyXIT.py

test_log = ""
if __name__ == '__main__':
    pyprint = print
    def print(*args, **kwargs):
        pyprint(*args, **kwargs)
        global test_log
        test_log += "\n"
        for arg in args:
            test_log += str(arg) + " "

__package__ = 'tomis'
import shutil, psutil
import sys, os; sys.path.append(os.path.split(os.path.dirname(__file__))[0])
from common import *
from GUI.qt import *
from pyXIT import configure_pyXIT_start, pyXITMainWindow, image_plugins, reconstruction_plugins, volume_plugins, special_plugins
from tomo_reco.FBP_cone import *
from tomo_reco.FBP_parallel import *

test_folder = "/home/maximilian/Daten/test/" # default test folder (can be changed from the GUI)
first_test, last_test = 0, 10
test_size = 1000  # only effective if test data are generated, delete the test data to regenerate on next run
# about 32 GB of RAM is required for test_size = 2000 (set in GUI)
dry_run = False

visual_wait = True
bin_factor = 1
deconv_std = 1.2


def wait(t=0.5):
    # wait and update ui
    QTimer.singleShot(max(int(t*1000), 50), app.quit)
    app.exec_()


def initialize():
    ui = pyXITMainWindow(app, image_plugins, reconstruction_plugins, volume_plugins, special_plugins, test_instance=True)
    ui.show()
    wait(2)
    return ui


# ============ file input setups ============
def set_data_input(ui, widget):
    ui.tab_widget.setCurrentWidget(widget)
    wait()
    files = 'data_projs.raw', 'data_refs.raw', 'data_darks.raw'
    widgets = (widget.input_window.images_read_widget.projs_widget,
               widget.input_window.images_read_widget.refs_widget,
               widget.input_window.images_read_widget.darks_widget)
    for k in (0, 1, 2):
        if os.path.isfile(os.path.join(test_folder, files[k])) or k == 0:
            widgets[k].mode_selector.setCurrentIndex(2)
            widgets[k].choose_path(path=os.path.join(test_folder, files[k]))
            if k > 0:
                widgets[k].title.setChecked(True)


def set_pre_input(ui, widget, mode, cone=True):
    # uses files generated by run_pre_test, mode = output_mode in (0, 1, 2)
    ui.tab_widget.setCurrentWidget(widget)
    #if new:
    #    widget.add_data_set_button.click()
    ##else:
    #    widget.edit_data_set_button.click()
    wait()
    if cone:
        widget.input_window.images_read_widget.projs_widget.mode_selector.setCurrentIndex(mode)
        widget.input_window.images_read_widget.projs_widget.choose_path(path=os.path.join(test_folder, 'test_projs_{}'.format(mode)+('.raw' if mode==2 else '')))
    else:
        widget.input_window.images_read_widget.projs_widget.mode_selector.setCurrentIndex(0)
        widget.input_window.images_read_widget.projs_widget.choose_path(path=os.path.join(test_folder, 'data_projs_parallel'))
        widget.input_window.images_read_widget.projs_widget.pattern.setText("*.tif")
        widget.input_window.images_read_widget.do_rescale.setValue(2)
        widget.input_window.images_read_widget.value_range0.setValue(0)
        widget.input_window.images_read_widget.value_range1.setValue((2**16-1)/50000)


def set_reco_input(ui, widget, mode):
    ui.tab_widget.setCurrentWidget(widget)
    wait()

    widget.input_window.images_read_widget.mode_selector.setCurrentIndex(mode)
    widget.input_window.images_read_widget.choose_path(path=os.path.join(test_folder,
                            'test_reco_{}'.format(mode)+('.raw' if mode==2 else '')))


# ============ file output setups ============
def set_pre_output(widget, mode):
    # input_window must already be open
    widget.output_window.images_write_widget.mode_selector.setCurrentIndex(mode)
    widget.output_window.images_write_widget.choose_path(path=os.path.join(test_folder,
                            'test_projs_{}'.format(mode)+('.raw' if mode==2 else '')))

    widget.output_window.images_write_widget.keep_scaling.setValue(0)
    widget.output_window.images_write_widget.output_dtype_selector.setValue('uint16')
    widget.output_window.images_write_widget.use_output_rescale.setValue(2)
    widget.output_window.images_write_widget.rescale_range0.setValue(0.2)
    widget.output_window.images_write_widget.rescale_range1.setValue(1.2)
    wait()


def set_reco_output(widget, mode):
    # input_window must already be open
    widget.output_window.images_write_widget.mode_selector.setCurrentIndex(mode)
    widget.output_window.images_write_widget.choose_path(path=os.path.join(test_folder,
                            'test_reco_{}'.format(mode)+('.raw' if mode==2 else '')))
    widget.output_window.images_write_widget.keep_scaling.setValue(0)
    widget.output_window.images_write_widget.output_dtype_selector.setValue('uint16')
    widget.output_window.images_write_widget.use_output_rescale.setValue(2)
    widget.output_window.images_write_widget.rescale_range0.setValue(-200)
    widget.output_window.images_write_widget.rescale_range1.setValue(2000)
    wait()


def set_post_output(widget, mode, note=''):
    # input_window must already be open
    widget.output_window.images_write_widget.mode_selector.setCurrentIndex(mode)
    widget.output_window.images_write_widget.choose_path(path=os.path.join(test_folder, 'test_post_{}{}'.format(mode, note)+('.raw' if mode==2 else '')))
    widget.output_window.images_write_widget.keep_scaling.setValue(0)
    widget.output_window.images_write_widget.output_dtype_selector.setValue('uint16')
    widget.output_window.images_write_widget.use_output_rescale.setValue(2)
    widget.output_window.images_write_widget.rescale_range0.setValue(-200)
    widget.output_window.images_write_widget.rescale_range1.setValue(2000)

    wait()

# ============ settings configuration ============
def set_image_processing(ui):
    ui.image_processing_widget.data_set_plugins.select_plugin('Wiener Deconvolution')
    ui.image_processing_widget.data_set_plugins.add_plugin_button.click()
    ui.image_processing_widget.data_set_plugins.get_current_plugin_widget().deconv_std.setValue(-deconv_std)
    ui.image_processing_widget.data_set_plugins.get_current_plugin_widget().NSR.setValue(0)
    wait()
    if 0:
        ui.image_processing_widget.data_set_plugins.select_plugin('Phase Retrieval')
        ui.image_processing_widget.data_set_plugins.add_plugin_button.click()
        ui.image_processing_widget.data_set_plugins.get_current_plugin_widget().phase_param.setValue(-15)
        # not an actual phase contrast simulation but good enough for testing purposes
        wait()


def set_volume_processing(ui):
    if 0:
        ui.volume_processing_widget.data_set_plugins.select_plugin('Phase Retrieval')
        ui.volume_processing_widget.data_set_plugins.add_plugin_button.click()
        ui.volume_processing_widget.data_set_plugins.get_current_plugin_widget().phase_param.setValue(15)
        wait()

    ui.volume_processing_widget.data_set_plugins.select_plugin('Wiener Deconvolution')
    ui.volume_processing_widget.data_set_plugins.add_plugin_button.click()
    ui.volume_processing_widget.data_set_plugins.get_current_plugin_widget().deconv_std.setValue(deconv_std)
    wait()


# ============ combined to tests ============
def run_pre_test(ui=None, output_mode=2):

    ui.tab_widget.setCurrentIndex(0)
    wait()
    ui.image_processing_widget.add_data_set(name='test_pre_{}'.format(output_mode))
    set_data_input(ui, ui.image_processing_widget)
    set_pre_output(ui.image_processing_widget, output_mode)
    set_image_processing(ui)

    if dry_run: QTimer.singleShot(100, ui.image_processing_widget.finished_signal.emit) # for debugging
    else:       ui.image_processing_widget.start_processing(skip_output_config=True)
    return ui, ui.image_processing_widget.finished_signal


def run_par_reconstruction_test(ui=None, input_mode=2, output_mode=2):

    ui.tab_widget.setCurrentIndex(1)
    wait()
    ui.reconstruction_widget.add_data_set(name='test_reco_{}_to_{}'.format(input_mode, output_mode))
    set_pre_input(ui, ui.reconstruction_widget, input_mode, cone=False)
    set_reco_output(ui.reconstruction_widget, output_mode)
    wait()
    ui.reconstruction_widget.beam_geometry.setValue("parallel") # parallel beam
    ui.reconstruction_widget.sample_shift_X.setValue(parallel_geometry["sample_shift_X"])
    ui.reconstruction_widget.detector_pixelsize.setValue(parallel_geometry["detector_pixelsize"])
    ui.reconstruction_widget.angle_range.setValue(np.rad2deg(parallel_geometry["rotation_angle"]))
    wait()

    if dry_run: QTimer.singleShot(100, ui.reconstruction_widget.finished_signal.emit) # for debugging
    else:       ui.reconstruction_widget.start_processing(skip_output_config=True)
    return ui, ui.reconstruction_widget.finished_signal


def run_cone_reconstruction_test(ui=None, input_mode=2, output_mode=2):

    ui.tab_widget.setCurrentIndex(2)
    wait()
    ui.reconstruction_widget.add_data_set(name='test_reco_{}_to_{}'.format(input_mode, output_mode))
    set_pre_input(ui, ui.reconstruction_widget, input_mode)
    set_reco_output(ui.reconstruction_widget, output_mode)
    wait()
    cl.TEST_CLIP_MAX_GLOBAL_MEMORY_PROPERTY = int(2 * 1024 ** 3)  # force angle partitioned reconstruction
    ui.reconstruction_widget.beam_geometry.setValue("cone") # cone beam
    ui.reconstruction_widget.sample_shift_X.setValue(cone_geometry["sample_shift_X"])
    ui.reconstruction_widget.detector_pixelsize.setValue(cone_geometry["detector_pixelsize"])
    ui.reconstruction_widget.angle_range.setValue(np.rad2deg(cone_geometry["rotation_angles"]))
    ui.reconstruction_widget.source_detector_distance.setValue(cone_geometry["source_detector_distance"]/1e3)
    ui.reconstruction_widget.source_sample_distance.setValue(cone_geometry["source_sample_distance"]/1e3)
    wait()

    if dry_run: QTimer.singleShot(100, ui.reconstruction_widget.finished_signal.emit) # for debugging
    else:       ui.reconstruction_widget.start_processing(skip_output_config=True)
    return ui, ui.reconstruction_widget.finished_signal


def run_post_test(ui=None, input_mode=2, output_mode=2):
    ui.tab_widget.setCurrentIndex(2)
    wait()
    ui.volume_processing_widget.add_data_set(name='test_post_{}_to_{}'.format(input_mode, output_mode))
    set_reco_input(ui, ui.volume_processing_widget, input_mode)
    set_post_output(ui.volume_processing_widget, output_mode, note='_from_{}'.format(input_mode))

    set_volume_processing(ui)

    if dry_run: QTimer.singleShot(100, ui.volume_processing_widget.finished_signal.emit) # for debugging
    else:       ui.volume_processing_widget.start_processing(skip_output_config=True)
    return ui, ui.volume_processing_widget.finished_signal


def run_cone_reco_preview_test(ui=None, output_mode=2):
    # this test shows strange behaviour only in the test (sweep skips parameter values)

    ui.use_autosave.setChecked(False)
    set_pre_input(ui, ui.reconstruction_widget, 2)
    set_reco_output(ui.reconstruction_widget, output_mode)
    ui.reconstruction_widget.cl_device.info.global_mem_size = int(2 * 1024 ** 3) # use angle partitioned reconstruction
    print('using only 2 GB of OpenCl memory to force angle and Y-partitioning, this is no benchmark!')
    ui.reconstruction_widget.beam_geometry.setCurrentIndex(0) # cone beam
    ui.reconstruction_widget.sample_shift_X.setValue(-92/bin_factor)
    ui.reconstruction_widget.detector_pixelsize.setValue(1.1*bin_factor*2)
    ui.reconstruction_widget.angle_range.setValue(180)
    ui.reconstruction_widget.source_detector_distance.setValue(2e5)
    ui.reconstruction_widget.source_sample_distance.setValue(1e5)
    ui.reconstruction_widget.region_mode.setValue(REGION_MODE_VALUES[2])
    wait()
    ui.reconstruction_widget.preview_button.click()
    ui.reconstruction_widget.preview.preview_slice.setValue(50)
    ui.reconstruction_widget.preview.parameter_widgets[0].sweep_button.click()
    if dry_run:
        QTimer.singleShot(100, lambda: ui.close()) # for debugging
    else:
        print('closing preview test in 10 seconds')
        QTimer.singleShot(10100, ui.close)
        wait(10)
        print('closing cone preview test now')
    return ui, ui.closed


def run_par_reco_preview_test(ui=None, output_mode=2):
    # this test shows strange behaviour only in the test (sweep skips parameter values)

    ui.use_autosave.setChecked(False)
    set_pre_input(ui, ui.reconstruction_widget, 2)
    set_reco_output(ui.reconstruction_widget, output_mode)
    ui.reconstruction_widget.cl_device.info.global_mem_size = int(0.5 * 1024 ** 3) # use angle partitioned reconstruction
    ui.reconstruction_widget.beam_geometry.setCurrentIndex(1) # paralell beam
    ui.reconstruction_widget.sample_shift_X.setValue(-92/4)
    ui.reconstruction_widget.detector_pixelsize.setValue(1.1*4)
    ui.reconstruction_widget.angle_range.setValue(180)
    ui.reconstruction_widget.crop_overlap.setValue(20)
    ui.reconstruction_widget.region_mode.setValue(REGION_MODE_VALUES[2])
    wait()
    ui.reconstruction_widget.preview_button.click()
    ui.reconstruction_widget.preview.preview_slice.setValue(50)
    ui.reconstruction_widget.preview.parameter_widgets[0].sweep_button.click()
    if dry_run:
        QTimer.singleShot(100, lambda: ui.close()) # for debugging
    else:
        print('closing preview test in 10 seconds')
        QTimer.singleShot(10100, ui.close)
        wait(10)
        print('closing par preview test now')
    return ui, ui.closed


def run_pre_test_0(ui): return run_pre_test(ui, 0)
def run_pre_test_1(ui): return run_pre_test(ui, 1)
def run_pre_test_2(ui): return run_pre_test(ui, 2)
def run_reco_test_0(ui): return run_cone_reconstruction_test(ui, output_mode=0)
def run_reco_test_1(ui): return run_par_reconstruction_test(ui, output_mode=1)
def run_reco_test_2(ui): return run_cone_reconstruction_test(ui, output_mode=2)
def run_post_test_A(ui): return run_post_test(ui, 0, 2)
def run_post_test_B(ui): return run_post_test(ui, 2, 0)
def run_post_test_C(ui): return run_post_test(ui, 0, 1)
def run_post_test_D(ui): return run_post_test(ui, 1, 0)
#set_data_input(ui, ui.image_processing_widget, 'test_projs_', 0, 'test_dataset 0', False)

#run_pre_test()


class UiTester():
    def __init__(self, test, args=(), ui=None):
        self.test = test
        self.args = args
        self.ui = ui

    def __call__(self):
        print('\n\n! starting test !')
        cl.TEST_CLIP_MAX_GLOBAL_MEMORY_PROPERTY = None
        self.ui, test_finish_signal = self.test(self.ui, *self.args)

        connect_once(test_finish_signal, app.exit)
        app.exec_()

        wait(.1)
        print('! test finished !')


#tester = UiTester(run_pre_test, args=(1,))

#tester()
#global_constants['DEBUGGING_ENABLED'] = True

# ============ app settings ============
def set_app_settings(ui=None, leave_open=False):
    ui.app_settings['use_autosave'] = True
    ui.enable_queue(False)
    #if not ui.open_settings(os.path.join(test_folder, 'test.pysettings')):
    ui.save_settings_as(fname=os.path.join(test_folder, 'test.pysettings'))
    ui.save_autosave()
    if leave_open:
        app.exec_()
    #else:
    #    ui.close()


def clear_settings(ui=None):
    ui.clear_settings()
    ui.save_settings_as(fname=os.path.join(test_folder, 'test.pysettings'))
    ui.close()


def check_required_files(test_folder):
    required_paths = [(pjoin(test_folder, "data_projs.raw"), True), (pjoin(test_folder, "data_refs.raw"), True),
                      (pjoin(test_folder, "data_darks.raw"), True), (pjoin(test_folder, "data_projs_parallel"), False),
                      (pjoin(test_folder, "data_volume"), False)]

    has_required_paths = True
    for path, is_file in required_paths:
        if is_file:
            has_required_paths &= os.path.isfile(path)
        else:
            has_required_paths &= os.path.isdir(path)
    return has_required_paths


def generate_test_data(test_folder, test_size=1000):
    print("\n\ngenerating test data in {} \n(this may take a while)\n".format(test_folder))
    ui.app_settings_window.get_settings()
    compute_device = cl.get_compute_device(ui.app_settings["cl_device_index"])
    max_cl_mem = compute_device.info.global_mem_size*0.70
    print("using OpenCl device {} with {:.1f} GB memory".format(compute_device.info.short_name(), compute_device.info.global_mem_size/1024**3))
    vol_height = int(np.clip(max_cl_mem/test_size**2, 50, test_size)) # one byte per voxel
    abs_scale = 20
    nproj = int(test_size*1.25+250)
    nproj += nproj%2+1

    bad_pixel_map = (np.random.randint(0, 500, size=(vol_height, test_size)) < 1).astype('u1')
    file.image.save(bad_pixel_map, pjoin(test_folder, "bad_pixel_map.tif"))

    print("generating test data with size ({}), should fit into memory".format((test_size, vol_height, nproj)))

    folders_to_clear = [pjoin(test_folder, 'test_projs_{}'.format(mode)) for mode in (0, 1)]
    folders_to_clear += [pjoin(test_folder, 'test_reco_{}'.format(mode)) for mode in (0, 1)]
    folders_to_clear += [pjoin(test_folder, 'test_post_0_from_1'), pjoin(test_folder, 'test_post_1_from_0'), pjoin(test_folder, 'test_post_0_from_2'), ]
    for folder in folders_to_clear:
        try:                        shutil.rmtree(folder)
        except FileNotFoundError:   pass

    from simulation.test_images import generate_test_volume
    test_volume = generate_test_volume(test_size, vol_height, arr_dtype="u1")
    file.volume.Writer(pjoin(test_folder, "data_volume"), cleardir=True, write_dtype="u1").save_all(test_volume)

    print("generating cone projections")
    cone_reconstructor = ConeForwardProjector(compute_device)
    cone_reconstructor.configure_geometry((nproj, vol_height, test_size), **cone_geometry)

    cone_reconstructor.prepare_project_forward(test_volume)
    test_projs_cone = cone_reconstructor.project_forward()
    del cone_reconstructor

    #test_darks_cone = (random.poisson(3, (20, vol_height, test_size))+50).astype("f4")
    #test_refs_cone = random.poisson(50000*16, (int(sqrt(nproj)), vol_height, test_size)).astype("f4") # sqrt(nproj) would be optimal from a SNR/time perspective
    test_darks_cone = np.zeros((20, vol_height, test_size), "f4")+50
    test_refs_cone = np.zeros((int(np.sqrt(nproj)), vol_height, test_size), "f4")+50000 # sqrt(nproj) would be optimal from a SNR/time perspective
    test_dark_cone = test_darks_cone.mean(axis=0)
    test_ref_cone = test_refs_cone.mean(axis=0)
    test_refs_cone += test_dark_cone[np.newaxis, :, :]
    test_projs_cone *= -abs_scale
    np.exp(test_projs_cone, out=test_projs_cone)
    test_projs_cone *= test_ref_cone[np.newaxis, :, :]
    test_projs_cone += test_dark_cone[np.newaxis, :, :]
    #print("means", mean(test_projs_cone), mean(test_refs_cone), mean(test_darks_cone))
    Writer(pjoin(test_folder, "data_projs.raw"), 'raw_stack', write_dtype="u2").save_all(test_projs_cone)
    Writer(pjoin(test_folder, "data_refs.raw"), 'raw_stack', write_dtype="u2").save_all(test_refs_cone)
    Writer(pjoin(test_folder, "data_darks.raw"), 'raw_stack', write_dtype="u2").save_all(test_darks_cone)
    del test_projs_cone, test_refs_cone, test_darks_cone


    print("generating parallel projections")
    par_reconstructor = ParallelForwardProjector(compute_device)
    par_reconstructor.configure_geometry((nproj, test_size), **parallel_geometry)

    par_reconstructor.prepare_project_forward(test_volume)
    test_projs_parallel = par_reconstructor.project_forward()
    del par_reconstructor, test_volume
    test_projs_parallel *= -abs_scale
    np.exp(test_projs_parallel, out=test_projs_parallel)
    test_projs_parallel *= 50000

    Writer(pjoin(test_folder, "data_projs_parallel"), cleardir=True, write_dtype="u2").save_all(test_projs_parallel)
    del test_projs_parallel; gc.collect()
    print("all test data generated")


def clear_memory():
    print("clearing memory")
    mem_fill_arrays = []
    size = np.inf
    last_size = np.inf
    while size > 1024**2:
        size = max(np.int64(common.misc.get_free_memory(0)/8*0.8), 1024**2)
        try:
            mem_fill_arrays.append(np.zeros(size, "i8"))
            mem_fill_arrays[-1].fill(size)
            time.sleep(1)
        except MemoryError:
            print(common.misc.get_exception_text())
            break
        if last_size < size:
            break
        last_size = size

    print("cleared memory")
    del mem_fill_arrays; gc.collect()


class TestUI(QDialog):
    def __init__(self, parent, default_path="", default_size=""):
        super().__init__(parent)
        self.setWindowTitle("pyXIT: automated self-tests")
        self.setWindowModality(Qt.ApplicationModal)

        vbox = QVBoxLayout(); self.setLayout(vbox)
        vbox.setSizeConstraint(QLayout.SetFixedSize)
        label = QLabel("Select a folder for the data that the automated self-tests generate"); vbox.addWidget(label)

        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        self.path = QLineEdit(default_path); hbox.addWidget(self.path)
        path_button = QPushButton(" choose folder "); hbox.addWidget(path_button)

        self.action_description_label = QLabel(); vbox.addWidget(self.action_description_label)

        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        self.clear_test_data = ValueCheckBox("force rebuild of test data for new size:"); hbox.addWidget(self.clear_test_data)
        self.test_size = QSpinBox(); hbox.addWidget(self.test_size)
        self.test_size.setRange(100, 9999); self.test_size.setValue(default_size)

        hbox = QHBoxLayout(); vbox.addLayout(hbox)
        cancel_button = QPushButton(" cancel "); hbox.addWidget(cancel_button)
        hbox.addStretch()
        start_button = QPushButton(" start "); hbox.addWidget(start_button)

        path_button.clicked.connect(self.select_path)
        cancel_button.clicked.connect(self.close)
        start_button.clicked.connect(self.do_start)

        self.path.textChanged.connect(self.update_label)
        self.setMinimumWidth(450)


        self.exit_status = False
        self.update_label(default_path)

    def do_start(self):
        self.exit_status = True
        self.update_label(self.path.text())
        if not self.has_required_files:
            self.clear_test_data.setChecked(True)
        self.close()

    def select_path(self):
        path = QFileDialog.getExistingDirectory(self, directory=self.path.text())
        if path != '':
            self.path.setText(path)
            self.update_label(path)

    def update_label(self, path):
        self.has_required_files = check_required_files(path)
        if self.has_required_files:
            self.action_description_label.setText("test data found, will run the image processing only                 ")
        else:
            self.action_description_label.setText("no test data found, it will be generated before the image processing")
        self.clear_test_data.setEnabled(self.has_required_files)
        self.action_description_label.setMinimumWidth(self.action_description_label.width())


if __name__ == '__main__':

    configure_pyXIT_start()

    app = get_qt_app('pyXIT_test', 'Universitaet_Wuerzburg')
    common.misc.verbose |= True
    test_log = ""

    if GUI.DEBUGGING_ENABLED:
        print('warning: runtimes can be distorted by a debugger (e.g. process startup)')
    try:
        import ctypes
        ctypes.windll.shell32.SetCurrentProcessExplicitAppUserModelID('pyXIT self test')
    except: pass

    test_list = [run_pre_test_0, run_pre_test_1, run_pre_test_2,  # tests for preprocessing
                 run_reco_test_0, run_reco_test_1, run_reco_test_2,  # tests for simple reconstruction
                 run_post_test_A, run_post_test_B, run_post_test_C, run_post_test_D, # tests for postprocessing
                 run_cone_reco_preview_test, run_par_reco_preview_test, # tests for previews, disables autosave
                 ]

    cone_geometry = dict(sample_shift_X=-37.2, rotation_angles=2*np.pi, detector_pixelsize=1.5,
                         source_sample_distance=4000, source_detector_distance=10000)
    parallel_geometry = dict(sample_shift_X=102.5, rotation_angle=2*np.pi, detector_pixelsize=0.4)


    #get_free_memory.use_maximal = 25 # 25 GB for a system with 32 GB RAM
    print('get_free_memory.use_maximal: {:.2f}, now: {:.2f}'.format(common.misc.get_free_memory.use_maximal, common.misc.get_free_memory()))

    process = psutil.Process()

    ui = initialize()
    print(ui)

    if first_test == 0:
        clear_settings(ui)
    set_app_settings(leave_open=False, ui=ui)
    test_dialog = TestUI(ui, test_folder, test_size)
    test_dialog.exec_() # comment this out to skip the test ui window at the start

    if test_dialog.exit_status:
        test_folder = test_dialog.path.text()
        print('running tests in', test_folder)

        #ui.hide()
        if test_dialog.clear_test_data.isChecked():
            generate_test_data(test_folder, test_size=test_dialog.test_size.value())
        #ui.show()

        tr = time.time()
        ui.show()
        for k, test in enumerate(test_list[first_test:last_test]):
            #if k in (0, 3, 6):
            #    clear_memory()
            print("memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))
            UiTester(test, ui=ui)()
            ui.save_settings()
            #ui.show()
        print("memory usage: {:.2f} MB".format(process.memory_info().rss/1024**2))
        ui.save_settings()
        #UiTester(run_reco_test_1)()
        #UiTester(run_post_test_1)()
        common.misc.print_runtime('all tests runtime', tr)

        if first_test == 0 and last_test == 10:
            with open("pyXIT_test_log.txt", "w+") as file:
                file.write(test_log)

    print = pyprint
    ui.save_settings()
    os._exit(0)







tomis/simulation/SNR_simulation.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import numpy as np, matplotlib.pyplot as plt


def find_optimal_energy_cutoff(E, source_spectrum, sigal_strength, lower_cutoff):
    SNR_lim_weight = zeros_like(E)
    for k, E_lim in enumerate(E):
        lim_weight = (lower_cutoff < E) & (E < E_lim)
        SNR_lim_weight[k] = np.sum(sigal_strength * source_spectrum * lim_weight) ** 2 / np.sum(
            source_spectrum * lim_weight ** 2)

    SNR_lim_weight[~isfinite(SNR_lim_weight)] = 0.
    k_opt = argmax(SNR_lim_weight)
    return E[k_opt]


def find_optimal_monochromatic_SNR(E, source_intensity_sum, signal_strength, sample_transparency):
    mono_SNR = sample_transparency * source_intensity_sum * signal_strength ** 2
    k = argmax(mono_SNR)
    return E[k], mono_SNR[k], sample_transparency[k]


class SNR_Simulation:
    def __init__(self, nbins=5000):
        self.log = ''
        self.nbins = nbins
        self.E_min = 3  # keV
        self.source_behaviour = None

        self.source_spectrum = None
        self.E_tube = None
        self.detector_QE_spectrum = np.ones(nbins, 'f8')
        self.sample_transparency = np.ones(nbins, 'f8')
        self.signal = np.zeros(nbins, 'f8')

    def set_source_bremsspektrum(self, E_tube, source_behaviour='constant_power', prefilter_thickness='auto'):


        self.E_tube = E_tube
        self.E = np.linspace(self.E_min, E_tube, self.nbins)
        source_spectrum = (1 - self.E / E_tube)

        if source_behaviour == 'constant_power':
            source_spectrum /= E_tube
        elif source_behaviour == 'constant_current':
            pass
        else:
            raise ValueError

        self.source_spectrum = source_spectrum

        self.intensity_scale = np.amax(source_spectrum * self.sample_transparency)

        self.source_intensity = source_spectrum.sum()
        self.effective_spectrum = self.source_spectrum

    def set_detector(self, detector_QE_spectrum):
        self.detector_QE_spectrum = detector_QE_spectrum
        self.effective_spectrum = self.source_spectrum * detector_QE_spectrum

    def add_emission_line(self, emission_line_strength, emission_line_energy):
        assert self.E_tube is not None, 'emission lines can only be added to an existing bremsspektrum'
        if emission_line_strength > 0.0:
            emission_line_strength_real = emission_line_strength * (self.E_tube - emission_line_energy) ** 1.5
            if self.source_behaviour == 'constant_power':
                emission_line_strength_real /= self.E_tube

            k = np.argmin(abs(self.E - emission_line_energy))
            line_emission_fraction = emission_line_strength_real * self.sample_transparency[k] / (
                            self.transmitted_spectrum.sum() + emission_line_strength_real * self.sample_transparency[k])
            self._print(f'added emission line with {line_emission_fraction:.1%} intensity at {E[k]:.2f} keV')
            self.source_spectrum[k] += emission_line_strength_real

    def add_filter(self, thickness):
        # only Al supported, thickness in mm
        self.sample_transparency *= sample_transmission(self.E, sample_thickness)

    def add_absorbing_signal(self, thickness):
        # only Al supported, thickness in mm
        self.signal += thickness/10*signal_strength_Al(self.E)
        self.add_filter(thickness)

    def add_phase_signal(self, signal_strength):
        self.signal += signal_strength * self.E ** -2

    def simulate_SNR(self):
        self.transmitted_spectrum = self.effective_spectrum * self.sample_transparency
        self._print(f'source intensity: {self.effective_spectrum.sum():.4g} emitted, {self.transmitted_spectrum.sum():.4g} transmitted')

        weight_lower_cutoff = (self.E_min < self.E).astype('f4')  #
        # weight_lower_cutoff = gaussian_filter1d(weight_lower_cutoff, bandpass_smooth/(E[1]-E[0]))

        SNR_noweight = np.sum(self.signal * self.transmitted_spectrum * weight_lower_cutoff) ** 2 / np.sum(
            self.transmitted_spectrum * weight_lower_cutoff ** 2)
        self._print('SNR_noweight= {:.2e}'.format(SNR_noweight))
        self.T_noweight = np.sum(self.transmitted_spectrum) / self.effective_spectrum.sum()

        EI_weight = weight_lower_cutoff * self.E
        SNR_EI_weight = np.sum(self.signal * self.transmitted_spectrum * EI_weight) ** 2 / np.sum(
            self.transmitted_spectrum * EI_weight ** 2)
        # ^^^ assumes that c**2 term dominates the np.sum ^^^
        self._print('SNR_energy_integrating = {:.2e}, improvement factor: {:.2f}'.format(SNR_EI_weight,
                                                                                         SNR_EI_weight / SNR_noweight))
        self.T_EI = np.sum(self.transmitted_spectrum * EI_weight) / np.sum(self.effective_spectrum * EI_weight)

        opt_weight = weight_lower_cutoff * self.signal
        SNR_opt_weight = np.sum(self.signal * self.transmitted_spectrum * opt_weight) ** 2 / np.sum(
            self.transmitted_spectrum * opt_weight ** 2)
        self._print('SNR_optimal_weight = {:.2e}, improvement factor: {:.2f}'.format(SNR_opt_weight,
                                                                                     SNR_opt_weight / SNR_noweight))
        self.T_CEW = np.sum(self.transmitted_spectrum * opt_weight) / np.sum(self.effective_spectrum * opt_weight)

        lim_E = self.find_optimal_energy_cutoff(self.E, self.transmitted_spectrum, self.signal, self.E_min)
        lim_weight = ((self.E_min < self.E) & (self.E < lim_E)).astype('f4')
        SNR_lim_weight = np.sum(self.signal * self.transmitted_spectrum * lim_weight) ** 2 / np.sum(
            self.transmitted_spectrum * lim_weight ** 2)
        self._print(
            'SNR_lim_weight[up to {:.2f}] = {:.2e}, improvement factor: {:.2f}, fraction of ideal: {:.2f}'.format(
                lim_E, SNR_lim_weight, SNR_lim_weight / SNR_noweight, SNR_lim_weight / SNR_opt_weight))
        self.T_DEW = np.sum(self.transmitted_spectrum * lim_weight) / np.sum(self.effective_spectrum * lim_weight)

        mono_E, mono_SNR, mono_T = self.find_optimal_monochromatic_SNR(self.E, self.effective_spectrum.sum(), self.signal,
                                                                       self.sample_transparency)
        self._print('SNR_monochromatic = {:.2e} (at {:.2f} keV, T={:.1%}), fraction of counting: {:.2f}'.format(
            mono_SNR, mono_E, mono_T, mono_SNR / SNR_noweight))
        self.T_mono = mono_T

        self.T = self.transmitted_spectrum / self.effective_spectrum
        self.lim_weight = lim_weight

        self.SNR_noweight = SNR_noweight
        self.SNR_EI_weight = SNR_EI_weight
        self.SNR_opt_weight = SNR_opt_weight
        self.SNR_lim_weight = SNR_lim_weight
        self.SNR_mono = mono_SNR

        self.E_DEW_opt_thr = lim_E
        self.E_mono = mono_E

    def find_optimal_energy_cutoff(self, E, source_spectrum, sigal_strength, lower_cutoff):
        SNR_lim_weight = np.zeros_like(E)
        for k, E_lim in enumerate(E):
            lim_weight = (lower_cutoff < E) & (E < E_lim)
            SNR_lim_weight[k] = np.sum(sigal_strength * source_spectrum * lim_weight) ** 2 / np.sum(
                source_spectrum * lim_weight ** 2)

        SNR_lim_weight[~np.isfinite(SNR_lim_weight)] = 0.
        k_opt = np.argmax(SNR_lim_weight)
        return E[k_opt]

    def find_optimal_monochromatic_SNR(self, E, source_intensity_sum, signal_strength, sample_transparency):
        mono_SNR = sample_transparency * source_intensity_sum * signal_strength ** 2
        k = np.argmax(mono_SNR)
        return E[k], mono_SNR[k], sample_transparency[k]

    def _print(self, *args):
        for arg in args:
            self.log += str(arg) + ' '

    def plot(self):
        intensity_scale = np.argmax(self.source_spectrum)
        fig, ax = plt.subplots(1, 1, figsize=(6, 6))
        ax.plot(self.E, self.source_spectrum)
        ax.plot(self.E, self.lim_weight * intensity_scale / self.lim_weight.max())
        ax.fill_between(self.E, self.source_spectrum * self.lim_weight, alpha=0.2)
        ax.vlines(self.E_mono, 0, intensity_scale * 1.2)
        ax.ylim(0, intensity_scale * 1.2)
        ax.grid()
        ax.ylabel('intensity')
        ax.xlabel('energy [keV]')
        ax.legend(['effective spectrum', 'detector bandpass', 'bandpass effective spectrum', 'monochromatic optimum'])
        return fig

from scipy.ndimage import median_filter


def plot_comparison(results, relative_SNR=False, save_path=None, figsize=(8, 10)):
    colors = plt.rcParams['axes.prop_cycle'].by_key()['color']

    fig, axes = plt.subplots(3, 1, figsize=figsize)
    fig.set_tight_layout(True)

    if relative_SNR:
        norm = array([r.SNR_mono for r in results])
    else:
        norm = 1.
    SNR_noweight = array([r.SNR_noweight for r in results]) / norm
    SNR_EI_weight = array([r.SNR_EI_weight for r in results]) / norm
    SNR_opt_weight = array([r.SNR_opt_weight for r in results]) / norm
    SNR_lim_weight = array([r.SNR_lim_weight for r in results]) / norm
    SNR_mono = array([r.SNR_mono for r in results]) / norm
    all_SNR = hstack((SNR_noweight, SNR_EI_weight, SNR_opt_weight, SNR_lim_weight, SNR_mono))
    dynamic_range = all_SNR.max() / all_SNR.min()

    axes[0].plot(tube_voltages, SNR_noweight, label='no weight')
    axes[0].plot(tube_voltages, SNR_EI_weight, label='energy integrating')
    axes[0].plot(tube_voltages, SNR_opt_weight, label='optimal CEW')
    axes[0].plot(tube_voltages, SNR_lim_weight, label='optimal DEW')
    axes[0].plot(tube_voltages, SNR_mono, ls='--', label='monochromatic')
    axes[0].grid()
    axes[0].set_yscale('log' if dynamic_range > 20 else 'linear')
    axes[0].legend()
    axes[0].set_ylabel('SNR')
    axes[0].set_xlabel('tube voltage [keV]')

    ylim = 1.1 * amax(median_filter(hstack([r.transmitted_spectrum for r in results]), 3))
    for k, r in enumerate(results):
        axes[1].plot(r.E, r.transmitted_spectrum, label=f'tube voltage: {r.E_tube:3} keV',
                     color=colors[k % len(colors)])
        axes[1].vlines(r.E_DEW_opt_thr, 0, ylim, color=colors[k % len(colors)], linestyles=':',
                       label=f'DEW threshold ({r.E_DEW_opt_thr:.1f} keV for {r.E_tube} keV tube)' if k == 0 else None)

    axes[1].vlines(r.E_mono, 0, ylim, color='black', label=f'monochromatic {r.E_mono:.2f} keV')
    axes[1].grid()
    axes[1].legend()
    axes[1].set_ylabel('transmitted intensity')
    axes[1].set_xlabel('energy [keV]')
    axes[1].set_ylim(0., ylim)

    axes[2].plot(tube_voltages, array([r.T_noweight for r in results]) / norm, label='no weight')
    axes[2].plot(tube_voltages, array([r.T_EI for r in results]) / norm, label='energy integrating')
    axes[2].plot(tube_voltages, array([r.T_CEW for r in results]) / norm, label='optimal CEW')
    axes[2].plot(tube_voltages, array([r.T_DEW for r in results]) / norm, label='optimal DEW')
    axes[2].plot(tube_voltages, array([r.T_mono for r in results]) / norm, ls='--', label='monochromatic')
    axes[2].grid()
    axes[2].legend()
    axes[2].set_ylabel('sample transparency')
    axes[2].set_xlabel('tube voltage [keV]')

    fig.tight_layout()

    display(fig)
    plt.close(fig)

    if save_path is not None:
        fig.savefig(save_path + '.pdf')
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tomis/simulation/polychromatic_SNR_spectra_simulation.ipynb

{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# written by Maximilian Ullherr, maximilian.ullherr@physik.uni-wuerzburg.de,\n",
    "# Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany\n",
    "# last updated 2019-04-26\n",
    "\n",
    "%pylab\n",
    "import os\n",
    "set_printoptions(precision=3)\n",
    "from scipy.ndimage import gaussian_filter1d\n",
    "from scipy.interpolate import interp1d\n",
    "os.makedirs('fig', exist_ok=True)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "colors = plt.rcParams['axes.prop_cycle'].by_key()['color']\n",
    "colors =   ['#1f77b4', '#ff7f0e', '#2ca02c', '#d64748', '#9467bd', '#8c564b', '#e377c2', '#7f7f7f', '#bcbd22', '#17becf']\n",
    "colors_B = ['#4c702c', '#a61718', '#1f97a4', '#af700e', '#b497bd', '#0c764b', '#e377c2', '#7f7f7f', '#bcbd22', '#17becf']\n",
    "\n",
    "print(colors)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# SNR simulations\n",
    "\n",
    "## aim\n",
    "\n",
    "compute the SNR for different energy weighting schemes, the \n",
    "\n",
    "theoretically ideal w = signal strength and the \n",
    "\n",
    "practically useful w = E < E_lim\n",
    "\n",
    "counting detector w = const\n",
    "\n",
    "energy integrating detector (scintillator) w = E\n",
    "\n",
    "## computation\n",
    "\n",
    "multiplying a weight after data aquisition (digitally) affects signal intensity linearly and noise power squarely\n",
    "\n",
    "excluding detection events via energy limits affects both signal intensity and noise power linearly, but 0^2 = 0 and 1^2=1 so it makes no difference\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {
    "scrolled": false
   },
   "outputs": [],
   "source": [
    "try:\n",
    "    # physical data must be energy [eV] in the first column and absorption constant [1/cm] in the second\n",
    "    mu_Al = genfromtxt(\"physical_data/Al_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "    mu_Fe = genfromtxt(\"physical_data/Fe_mu_cm.txt\", unpack=True, skip_header=1)\n",
    "    print('physical data loaded from disk')\n",
    "    saving_enabled = True\n",
    "except OSError:\n",
    "    print('WARNING: no actual physical data found, using E^-3 estimate')\n",
    "    E = logspace(3, 5, 5000)\n",
    "    # constants were generated by fitting a E^-3 model to physical data over the range of 2 to 60 keV,\n",
    "    # see cell below (inaccurate for absorption edges and when compton scattering becomes relevant)\n",
    "    mu_Al = E, 82768440112531.06*E**-3\n",
    "    mu_Fe = E, 1328394990000272.8*E**-3\n",
    "    saving_enabled = False\n",
    "\n",
    "E_tube = 30\n",
    "E = linspace(1, E_tube, 1000)\n",
    "\n",
    "plt.clf()\n",
    "plt.loglog(*mu_Al)\n",
    "plt.loglog(*mu_Fe)\n",
    "plt.grid()\n",
    "plt.ylabel('absorption [1/cm]')\n",
    "plt.xlabel('energy [eV]')\n",
    "plt.legend(['Al', 'Fe'])\n",
    "plt.xlim(1e3, 2e5)\n",
    "display(plt.gcf())\n",
    "\n",
    "def sample_transmission(E, thickness):\n",
    "    # thickness is is mm\n",
    "    mu = interp1d(*mu_Al, fill_value='extrapolate')(E*1000)\n",
    "    T_sample = exp(-mu*thickness/10)\n",
    "    return T_sample\n",
    "\n",
    "def sample_transmission_Fe(E, thickness):\n",
    "    # thickness is is mm\n",
    "    mu = interp1d(*mu_Fe, fill_value='extrapolate')(E*1000)\n",
    "    T_sample = exp(-mu*thickness/10)\n",
    "    return T_sample\n",
    "\n",
    "def signal_strength_Fe_Al(E):\n",
    "    mu1 = interp1d(*mu_Fe, fill_value='extrapolate')(E*1000)\n",
    "    mu2 = interp1d(*mu_Al, fill_value='extrapolate')(E*1000)\n",
    "    return abs(mu1-mu2)\n",
    "def signal_strength_Fe(E):\n",
    "    return interp1d(*mu_Fe, fill_value='extrapolate')(E*1000)\n",
    "def signal_strength_Al(E):\n",
    "    return interp1d(*mu_Al, fill_value='extrapolate')(E*1000)\n",
    "\n",
    "def signal_strength_phase(E):\n",
    "    return E**-2\n",
    "\n",
    "plt.clf()\n",
    "plt.plot(E, sample_transmission(E, 0.1))\n",
    "plt.plot(E, sample_transmission(E, 1))\n",
    "plt.grid()\n",
    "plt.ylabel('transmission')\n",
    "plt.xlabel('energy [keV]')\n",
    "plt.legend(['100 $\\mu$m Al', '1 mm Al'])\n",
    "display(plt.gcf())\n",
    "plt.close('all')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.clf()\n",
    "loc = logical_and(mu_Al[0]>2e3, mu_Al[0]<6e4)\n",
    "for mu, name in zip((mu_Al, mu_Fe), ('Al', 'Fe')):\n",
    "    E_fit = mu[0][loc]\n",
    "    mu_fit = mu[1][loc]\n",
    "\n",
    "    from scipy.optimize import curve_fit\n",
    "\n",
    "    def model(E, a):\n",
    "        return log(a*E**-3)\n",
    "\n",
    "    a, a_var = curve_fit(model, E_fit, log(mu_fit))\n",
    "\n",
    "    print(a[0])\n",
    "    plt.loglog(E_fit/1e3, mu_fit, label=name)\n",
    "    plt.loglog(E_fit/1e3, exp(model(E_fit, a)), ls='--', label=name+' fit')\n",
    "plt.grid(); plt.legend()\n",
    "plt.ylabel('absorption'); plt.xlabel('energy [keV]')\n",
    "display(plt.gcf())\n",
    "plt.close('all')\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "E = linspace(5, 50, 1000)\n",
    "fig, ax = plt.subplots(1, 1, figsize=(6, 3))\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "ideal_CEW = signal_strength_Al(E)\n",
    "ideal_CEW /= ideal_CEW.mean()\n",
    "ax.plot(E, ideal_CEW, label='ideal CEW ($w$=SDS)')\n",
    "ax.plot(E, ones_like(E), ls=':', label='no weighting')\n",
    "ax.plot(E, E/E.mean(), ls='--', label='energy integrating DEW')\n",
    "mask = (E<18).astype('f4')\n",
    "mask /= mask.mean()\n",
    "ax.plot(E, mask, ls='--', label='threshold DEW weight')\n",
    "ax.set_ylim(0, 10)\n",
    "\n",
    "ax.grid()\n",
    "ax.set_ylabel('weighting factor ($w$ or $I$)')\n",
    "ax.set_xlabel('energy [keV]')\n",
    "ax.legend()\n",
    "if saving_enabled:\n",
    "    fig.savefig('fig/weighting_factor_energy.pdf')\n",
    "display(fig)\n",
    "plt.close(fig)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "print('warning: energy weighted SNR assumes efficient conversion (c**2 term >> c term)')\n",
    "\n",
    "class SNR_Simulation:\n",
    "    def __init__(self, bin_width=0.01, verbose=0):\n",
    "        self.log = ''\n",
    "        self.bin_width = bin_width # keV\n",
    "        self.min_energy = 2  # keV\n",
    "        self.source_behaviour = None\n",
    "        self.E_tube = None\n",
    "\n",
    "        self.source_spectrum = None\n",
    "        self.verbose = verbose\n",
    "        self.plot_param = 1.\n",
    "        \n",
    "    def init_energy_properties(self, nbins):\n",
    "        self.detector_abs_spectrum = np.ones(nbins, 'f8')\n",
    "        self.filter_transparency = np.ones(nbins, 'f8')\n",
    "        self.sample_transparency = np.ones(nbins, 'f8')\n",
    "        self.signal = np.zeros(nbins, 'f8')\n",
    "        \n",
    "    def set_source(self, E, source_spectrum):\n",
    "        self.E = E\n",
    "        self.init_energy_properties(len(self.E))\n",
    "        self.source_spectrum = source_spectrum\n",
    "        self.source_intensity = source_spectrum.sum()\n",
    "\n",
    "    def set_source_bremsspektrum(self, E_tube, limit='power'):\n",
    "        self._print(f'setting tube voltage to {E_tube} with limit \"{limit}\"')\n",
    "        self.E_tube = E_tube\n",
    "\n",
    "        self.E = arange(self.min_energy//self.bin_width, E_tube//self.bin_width)*self.bin_width #linspace(self.min_energy, E_tube, self.nbins)\n",
    "        self.init_energy_properties(len(self.E))\n",
    "        source_spectrum = (E_tube - self.E)\n",
    "        if limit == 'power':\n",
    "            source_spectrum /= E_tube\n",
    "        elif limit == 'current':\n",
    "            pass\n",
    "        else:\n",
    "            raise ValueError('limiting factor for the tube power must either be \"power\" or \"current\"')\n",
    "\n",
    "        self.source_spectrum = source_spectrum\n",
    "        self.source_intensity = source_spectrum.sum()\n",
    "\n",
    "    def add_emission_line(self, emission_line_strength, emission_line_energy):\n",
    "        assert self.E_tube is not None, 'emission lines can only be added to a bremsspektrum'\n",
    "        if emission_line_strength > 0.0:\n",
    "            emission_line_strength_real = emission_line_strength * (self.E_tube - emission_line_energy) ** 1.5\n",
    "            if self.source_behaviour == 'constant_power':\n",
    "                emission_line_strength_real /= self.E_tube\n",
    "\n",
    "            k = argmin(abs(self.E - emission_line_energy))\n",
    "            line_emission_fraction = emission_line_strength_real * self.sample_transparency[k] / (\n",
    "                        (self.source_spectrum * self.sample_transparency).sum() + emission_line_strength_real *\n",
    "                        self.sample_transparency[k])\n",
    "            self._print(f'added emission line with {line_emission_fraction:.1%} intensity at {E[k]:.2f} keV')\n",
    "            self.source_spectrum[k] += emission_line_strength_real\n",
    "  \n",
    "    def set_detector(self, detector_QE_spectrum):\n",
    "        self.detector_abs_spectrum = detector_QE_spectrum\n",
    "        \n",
    "    def set_photoabs_detector(self, abstract_thickness):\n",
    "        self.detector_abs_spectrum = 1. - exp(-self.E**(-3)*abstract_thickness)\n",
    "        \n",
    "    def add_filter(self, thickness):\n",
    "        # only Al supported, thickness in mm\n",
    "        self.filter_transparency *= sample_transmission(self.E, thickness)\n",
    "\n",
    "    def add_absorbing_signal(self, thickness, phase_only=False):\n",
    "        # only Al supported, thickness in mm\n",
    "        if not phase_only:\n",
    "            self.signal += signal_strength_Al(self.E)\n",
    "        self.sample_transparency *= sample_transmission(self.E, thickness)\n",
    "\n",
    "    def add_phase_signal(self, signal_strength):\n",
    "        self.signal += signal_strength * self.E ** -2\n",
    "\n",
    "    def find_optimal_energy_cutoff(self, E, source_spectrum, sigal_strength, lower_cutoff):\n",
    "        SNR_lim_weight = zeros_like(E)\n",
    "        for k, E_lim in enumerate(E):\n",
    "            lim_weight = (lower_cutoff < E) & (E < E_lim)\n",
    "            SNR_lim_weight[k] = sum(sigal_strength * source_spectrum * lim_weight) ** 2 / sum(\n",
    "                source_spectrum * lim_weight ** 2)\n",
    "\n",
    "        SNR_lim_weight[~isfinite(SNR_lim_weight)] = 0.\n",
    "        k_opt = argmax(SNR_lim_weight)\n",
    "        return E[k_opt]\n",
    "\n",
    "    def find_optimal_monochromatic_SNR(self):\n",
    "        source_intensity = (self.source_spectrum * self.filter_transparency).sum()\n",
    "        mono_SNR = self.sample_transparency * self.detector_abs_spectrum * source_intensity * self.signal ** 2\n",
    "        k = argmax(mono_SNR)\n",
    "        return self.E[k], mono_SNR[k],  k\n",
    "\n",
    "    def _print(self, *args):\n",
    "        for arg in args:\n",
    "            self.log += str(arg) + ' '\n",
    "        self.log += '\\n'\n",
    "        \n",
    "    def compute_SNR_CEW(self, weight=1.):\n",
    "        return sum(self.signal * self.detected_spectrum * weight) ** 2 / sum(self.detected_spectrum * weight ** 2)\n",
    "    \n",
    "    def compute_SNR_DEW(self, weight=1.):\n",
    "        return sum(self.signal * self.detected_spectrum * weight) ** 2 / sum(self.detected_spectrum * weight)\n",
    "    \n",
    "    def compute_transparency(self, weight=1.):\n",
    "        return sum(self.detected_spectrum * weight) / sum(self.spectrum_without_sample * weight)  \n",
    "    \n",
    "    def compute_all_transparency(self, weight=1.):\n",
    "        self.DA_mono = self.sample_transparency[self.mono_index]\n",
    "        self.T_noweight = self.compute_transparency()\n",
    "        self.T_CEW = self.compute_transparency(self.signal)\n",
    "        self.T_EI = self.compute_transparency(self.E)\n",
    "        self.T_DEW = self.compute_transparency(self.lim_weight) \n",
    "        \n",
    "    def compute_detector_abs(self, weight=1.):\n",
    "        weighted = self.detected_spectrum*weight\n",
    "        return weighted.sum()/(weighted/self.detector_abs_spectrum).sum()\n",
    "        \n",
    "    def compute_all_detector_abs(self):\n",
    "        self.DA_mono = self.detector_abs_spectrum[self.mono_index]\n",
    "        self.DA_noweight = self.compute_detector_abs()\n",
    "        self.DA_CEW = self.compute_detector_abs(self.signal)\n",
    "        self.DA_EI = self.compute_detector_abs(self.E)\n",
    "        self.DA_DEW = self.compute_detector_abs(self.lim_weight) \n",
    "        \n",
    "    def simulate(self, which='td'):\n",
    "        self.spectrum_without_sample = self.source_spectrum * self.filter_transparency * self.detector_abs_spectrum\n",
    "        self.detected_spectrum = self.spectrum_without_sample * self.sample_transparency\n",
    "        self.source_intensity = self.detected_spectrum.sum()\n",
    "        #self._print(f'source intensity: {self.detected_spectrum.sum():.4g} detected')\n",
    "        intensity_scale_k = argmax(self.detected_spectrum)\n",
    "\n",
    "        self.SNR_noweight = self.compute_SNR_CEW()\n",
    "        self.SNR_EI_weight = self.compute_SNR_CEW(self.E)\n",
    "        # ^^^ assumes that c**2 term dominates the sum ^^^\n",
    "        self.E_DEW_opt_thr = self.find_optimal_energy_cutoff(self.E, self.detected_spectrum, self.signal, self.min_energy)\n",
    "        self.lim_weight = (self.E < self.E_DEW_opt_thr).astype('f4')\n",
    "        self.SNR_lim_weight = self.compute_SNR_DEW(self.lim_weight)\n",
    "        self.SNR_opt_weight = self.compute_SNR_CEW(self.signal)\n",
    "        \n",
    "        self.E_mono, self.SNR_mono, self.mono_index = self.find_optimal_monochromatic_SNR()\n",
    "        \n",
    "        if 't' in which:\n",
    "            self.compute_all_transparency()\n",
    "        if 'd' in which:\n",
    "            self.compute_all_detector_abs()\n",
    "\n",
    "    def plot(self):\n",
    "        intensity_scale_k = argmax(self.source_spectrum)\n",
    "        self.fig, ax = plt.subplot(1, 1, figsize=(8, 8))\n",
    "        ax.plot(self.E, self.source_spectrum)\n",
    "        ax.plot(self.E, self.min_energy * intensity_scale_k / self.lim_weight.max())\n",
    "        ax.fill_between(E, self.source_spectrum * self.lim_weight, alpha=0.2)\n",
    "        ax.vlines(self.E_mono, 0, intensity_scale_k * 1.2)\n",
    "        ax.set_ylim(0, intensity_scale_k * 1.2)\n",
    "        ax.grid()\n",
    "        ax.set_ylabel('intensity')\n",
    "        ax.set_xlabel('energy [keV]')\n",
    "        ax.legend(['detected spectrum', 'detector bandpass', 'bandpass detected spectrum', 'monochromatic optimum'])\n",
    "\n",
    "    \n",
    "from scipy.ndimage import median_filter\n",
    "def plot_comparison(results, relative_SNR=False, save_path=None, figsize='auto', plot_transparency=True, \n",
    "                    plot_sources=True, spectra_mask=None, markers=('1', '2', '2', '1', '3'), ls='', \n",
    "                    draw_SNR_maxima=False, relative_yscale=True, xlabel='tube voltage [kV]', xlog=False):\n",
    "    plot_params = [result.plot_param for result in results]\n",
    "    if spectra_mask is None:\n",
    "        spectra_mask = ones(len(results), '?')\n",
    "    if figsize == 'auto':\n",
    "        figsize = (8, (5+3*plot_transparency+3*plot_sources))\n",
    "        \n",
    "    fig = plt.figure(figsize=figsize)\n",
    "    naxes = 1+plot_transparency+plot_sources\n",
    "    gs = fig.add_gridspec(naxes, 1, height_ratios=(5, 3, 3)[:naxes])\n",
    "    axes = []\n",
    "    for k in range(naxes):\n",
    "        axes.append(fig.add_subplot(gs[k]))#, sharex=(axes[0] if k > 0 else None)))\n",
    "    \n",
    "    if relative_SNR:\n",
    "        norm = array([r.SNR_mono for r in results])\n",
    "    else:\n",
    "        norm = 1.\n",
    "        \n",
    "    SNR_noweight = array([r.SNR_noweight for r in results])/norm\n",
    "    SNR_EI_weight = array([r.SNR_EI_weight for r in results])/norm\n",
    "    SNR_opt_weight = array([r.SNR_opt_weight for r in results])/norm\n",
    "    SNR_lim_weight = array([r.SNR_lim_weight for r in results])/norm\n",
    "    SNR_mono = array([r.SNR_mono for r in results])/norm\n",
    "    all_SNR = hstack((SNR_noweight, SNR_EI_weight, SNR_opt_weight, SNR_lim_weight, SNR_mono))\n",
    "    dynamic_range = all_SNR.max()/all_SNR.min()\n",
    "    \n",
    "    plot_kwargs = {'ls': ls, 'markersize':10}\n",
    "    labels = ('monochrom.', 'optimal CEW', 'optimal DEW', 'no weight', '$\\propto$E CEW')\n",
    "    data = SNR_mono, SNR_opt_weight, SNR_lim_weight, SNR_noweight, SNR_EI_weight\n",
    "    \n",
    "    ylim = 1.1*amax(all_SNR)\n",
    "    if relative_yscale:\n",
    "        norm = all_SNR.max()\n",
    "        ylim /= norm\n",
    "        \n",
    "    axes[0].plot(plot_params, data[0]/norm, marker=markers[0], label=labels[0], color=colors[0], \n",
    "                 markersize=plot_kwargs['markersize'], ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "    for k in arange(1, 5):\n",
    "        axes[0].plot(plot_params, data[k]/norm, marker=markers[k], label=labels[k], color=colors[k], **plot_kwargs)\n",
    "    if draw_SNR_maxima:\n",
    "        maxima = array([argmax(d) for d in data])\n",
    "        for k in arange(3, 5):\n",
    "            if maxima[k] < len(plot_params)-1:\n",
    "                axes[0].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                               label='SNR maxima' if k == 3 else None)\n",
    "            else:\n",
    "                print('ignored SNR maxima vline for', labels[k])\n",
    "    axes[0].grid()\n",
    "    axes[0].set_yscale('log' if dynamic_range > 20 else 'linear')\n",
    "    if xlog:\n",
    "        axes[0].set_xscale('log')\n",
    "    axes[0].legend(loc='upper right')\n",
    "    axes[0].set_ylabel('SNR [au]')\n",
    "    axes[0].set_xlabel(xlabel)\n",
    "    axes[0].set_ylim(0., ylim)\n",
    "    \n",
    "    if plot_sources:\n",
    "        ylim = 1.1*amax(median_filter(hstack([r.detected_spectrum for r in results]), 3))\n",
    "        k_c = 0\n",
    "        \n",
    "        if relative_yscale:\n",
    "            norm = ylim/1.1\n",
    "            ylim = 1.1\n",
    "        else:\n",
    "            norm = 1.\n",
    "        \n",
    "        for k, r in enumerate(results):\n",
    "            if spectra_mask[k]:\n",
    "                if k_c == 0:\n",
    "                    label1, label2 = f'detected spectra', f'DEW thresholds'\n",
    "                else:\n",
    "                    label1, label2 = None, None\n",
    "                axes[1].plot(r.E, r.detected_spectrum/norm, color=colors_B[k_c%len(colors_B)], label=label1)\n",
    "                axes[1].vlines(r.E_DEW_opt_thr, 0, ylim, color=colors_B[k_c%len(colors_B)], linestyles=':', label=label2)\n",
    "                k_c += 1\n",
    "    \n",
    "        axes[1].vlines(r.E_mono, 0, ylim, color='black', label=f'monochrom. energy', linestyles='--')\n",
    "        axes[1].grid()\n",
    "        axes[1].legend(loc='upper right')\n",
    "        axes[1].set_ylabel('intensity [au]')\n",
    "        axes[1].set_xlabel('energy [keV]')\n",
    "        axes[1].set_ylim(0., ylim)\n",
    "    \n",
    "    if plot_transparency:\n",
    "        ax_index = plot_sources+plot_transparency\n",
    "        data = array([r.T_mono for r in results]), array([r.T_CEW for r in results]), array([r.T_DEW for r in results]), array([r.T_noweight for r in results]), array([r.T_EI for r in results])\n",
    "        \n",
    "        axes[ax_index].plot(plot_params, data[0], label=labels[0], color=colors[0], \n",
    "                     ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "        for k in arange(1, 5):\n",
    "            axes[ax_index].plot(plot_params, data[k], label=labels[k], color=colors[k])\n",
    "    \n",
    "        if draw_SNR_maxima:\n",
    "            ylim = 1.1*amax(hstack(data))\n",
    "            for k in arange(3, 5):\n",
    "                if maxima[k] < len(plot_params):\n",
    "                    axes[ax_index].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                                   label='SNR maxima' if k == 3 else None)\n",
    "        axes[ax_index].grid()\n",
    "        #axes[2].legend(loc='upper right')\n",
    "        axes[ax_index].set_ylabel('sample transparency')\n",
    "        axes[ax_index].set_xlabel(xlabel)\n",
    "        axes[ax_index].set_ylim(0., ylim)\n",
    "        if xlog:\n",
    "            axes[ax_index].set_xscale('log')\n",
    "        \n",
    "        \n",
    "    fig.tight_layout()\n",
    "    display(fig)\n",
    "    plt.close(fig)\n",
    "    \n",
    "    if save_path is not None and saving_enabled:\n",
    "        fig.savefig(save_path+'.pdf')\n",
    "        print('saved plot to', save_path+'.pdf')\n",
    "    return fig\n",
    "    \n",
    "stride = 1  # increase this value to up to 10 to speed up display at the cost of bad sampling"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# simulation description"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "fig, ax = plt.subplots(1, 1, figsize=(5, 3))\n",
    "\n",
    "sim = SNR_Simulation(verbose=1)\n",
    "sim.min_energy = 0\n",
    "sim.set_source_bremsspektrum(50, limit='power')\n",
    "\n",
    "ax.plot(sim.E, sim.source_spectrum, label=\"unfiltered\")\n",
    "\n",
    "\n",
    "sim.add_filter(0.1)\n",
    "ax.plot(sim.E, sim.source_spectrum*sim.filter_transparency, label=\"0.1 mm Al filter\")\n",
    "\n",
    "\n",
    "sim.add_filter(0.9)\n",
    "ax.plot(sim.E, sim.source_spectrum*sim.filter_transparency, label=\"1.0 mm Al filter\")\n",
    "\n",
    "ax.legend()\n",
    "ax.grid()\n",
    "ax.set_xlabel('x-ray energy [keV]')\n",
    "ax.set_ylabel('intensity [a.u.]')\n",
    "fig.set_tight_layout(True)\n",
    "\n",
    "display(fig)\n",
    "\n",
    "fig.savefig(\"plots/simple_source_spectrum.pdf\")\n",
    "\n"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 4.2 simple spectra simulation: fig. 4\n",
    "\n",
    "higher tube voltage = higher degree of polychromaticity"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "tube_voltages = linspace(10, 50, 151)[::stride]\n",
    "tube_voltages_spectra_plot = int32(rint(logspace(log10(tube_voltages.min()), log10(tube_voltages.max()), 5)))\n",
    "print(tube_voltages_spectra_plot)\n",
    "plot_mask = zeros(len(tube_voltages), '?')\n",
    "for tv in tube_voltages_spectra_plot:\n",
    "    plot_mask[argmin(abs(tube_voltages-tv))] = True\n",
    "sample_thickness = 0.1\n",
    "\n",
    "resultsA = []\n",
    "for k, E_tube in enumerate(tube_voltages):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3)\n",
    "    sim.simulate('')\n",
    "    sim.plot_param = E_tube\n",
    "    \n",
    "    resultsA.append(sim)\n",
    "\n",
    "print(sim.log)\n",
    "print(f'monochromatic energy for (photo-)absorption: {sim.E_mono:.3f} keV')\n",
    "\n",
    "resultsB = []\n",
    "for k, E_tube in enumerate(tube_voltages):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3, phase_only=True)\n",
    "    sim.add_phase_signal(1)\n",
    "    sim.simulate('')\n",
    "    sim.plot_param = E_tube\n",
    "    resultsB.append(sim)\n",
    "print(f'monochromatic energy for phase: {sim.E_mono:.3f} keV')\n",
    "    \n",
    "x = plot_comparison(resultsA, figsize=(5, 6), spectra_mask=plot_mask, ls='-', markers=('', '', '', '', ''),\n",
    "                 plot_transparency=0, save_path='fig/SNR_spectra_sim_example_thin', draw_SNR_maxima=True)\n",
    "x = plot_comparison(resultsB, figsize=(5, 3.6), spectra_mask=plot_mask, ls='-', markers=('', '', '', '', ''), \n",
    "                    plot_sources=0, plot_transparency=0, \n",
    "                    save_path='fig/SNR_spectra_sim_example_thin_phase', draw_SNR_maxima=True)"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# 4.3 screen thickness: fig. 5"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "def plot_comparison_det(results, relative_SNR=False, save_path=None, figsize='auto', \n",
    "                    spectra_mask=None, markers=('1', '2', '2', '1', '3'), ls='', \n",
    "                    draw_SNR_maxima=True, relative_yscale=True, xlabel='tube voltage [keV]', xlog=False, closefig=True):\n",
    "    colors = plt.rcParams['axes.prop_cycle'].by_key()['color']\n",
    "    plot_params = [result.plot_param for result in results]\n",
    "    if spectra_mask is None:\n",
    "        spectra_mask = ones(len(results), '?')\n",
    "    if figsize == 'auto':\n",
    "        figsize = (8, 11)\n",
    "        \n",
    "    fig = plt.figure(figsize=figsize)\n",
    "    naxes = 3\n",
    "    gs = fig.add_gridspec(naxes, 1, height_ratios=(5, 3, 3)[:naxes])\n",
    "    axes = []\n",
    "    for k in range(naxes):\n",
    "        axes.append(fig.add_subplot(gs[k]))#, sharex=(axes[0] if k > 0 else None)))\n",
    "    \n",
    "    if relative_SNR:\n",
    "        norm = array([r.SNR_mono for r in results])\n",
    "    else:\n",
    "        norm = 1.\n",
    "        \n",
    "    SNR_noweight = array([r.SNR_noweight for r in results])/norm\n",
    "    SNR_EI_weight = array([r.SNR_EI_weight for r in results])/norm\n",
    "    SNR_opt_weight = array([r.SNR_opt_weight for r in results])/norm\n",
    "    SNR_lim_weight = array([r.SNR_lim_weight for r in results])/norm\n",
    "    SNR_mono = array([r.SNR_mono for r in results])/norm\n",
    "    all_SNR = hstack((SNR_noweight, SNR_EI_weight, SNR_opt_weight, SNR_lim_weight, SNR_mono))\n",
    "    dynamic_range = all_SNR.max()/all_SNR.min()\n",
    "    \n",
    "    plot_kwargs = {'ls': ls, 'markersize':10}\n",
    "    labels = ('monochrom.', 'optimal CEW', 'optimal DEW', 'no weight', '$\\propto$E CEW')\n",
    "    data = SNR_mono, SNR_opt_weight, SNR_lim_weight, SNR_noweight, SNR_EI_weight\n",
    "    \n",
    "    ylim = 1.1*amax(all_SNR)\n",
    "    if relative_yscale:\n",
    "        norm = all_SNR.max()\n",
    "        ylim /= norm\n",
    "        \n",
    "    axes[0].plot(plot_params, data[0]/norm, marker=markers[0], label=labels[0], color=colors[0], \n",
    "                 markersize=plot_kwargs['markersize'], ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "    for k in arange(1, 5):\n",
    "        axes[0].plot(plot_params, data[k]/norm, marker=markers[k], label=labels[k], color=colors[k], **plot_kwargs)\n",
    "    if draw_SNR_maxima:\n",
    "        maxima = array([argmax(d) for d in data])\n",
    "        labeled = False\n",
    "        for k in arange(3, 5):\n",
    "            if maxima[k] < len(plot_params)-1:\n",
    "                axes[0].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                               label='SNR maxima' if not labeled else None)\n",
    "                labeled = True\n",
    "            else:\n",
    "                print('ignored SNR maxima vline for', labels[k])\n",
    "    axes[0].grid()\n",
    "    axes[0].set_yscale('log' if dynamic_range > 20 else 'linear')\n",
    "    if xlog:\n",
    "        axes[0].set_xscale('log')\n",
    "    axes[0].legend(loc='upper right')\n",
    "    axes[0].set_ylabel('SNR [au]')\n",
    "    axes[0].set_xlabel(xlabel)\n",
    "    axes[0].set_ylim(0., ylim)\n",
    "        \n",
    "    data = array([r.DA_mono for r in results]), array([r.DA_CEW for r in results]), array([r.DA_DEW for r in results]), array([r.DA_noweight for r in results]), array([r.DA_EI for r in results])        \n",
    "    axes[1].plot(plot_params, data[0], label=labels[0], color=colors[0], \n",
    "                 ls=('--' if plot_kwargs['ls'] == '-' else plot_kwargs['ls']))\n",
    "    for k in arange(1, 5):\n",
    "        axes[1].plot(plot_params, data[k], label=labels[k], color=colors[k])\n",
    "\n",
    "    if draw_SNR_maxima:\n",
    "        ylim = 1.1*amax(hstack(data))\n",
    "        labeled = False\n",
    "        for k in arange(3, 5):\n",
    "            if maxima[k] < len(plot_params):\n",
    "                axes[1].vlines(plot_params[maxima[k]], 0, ylim, color=colors[k%len(colors)], linestyles=':', \n",
    "                               label='SNR maxima' if not labeled else None)\n",
    "                labeled = True\n",
    "                \n",
    "    axes[1].grid()\n",
    "    #axes[2].legend(loc='upper right')\n",
    "    axes[1].set_ylabel('average absorption')\n",
    "    axes[1].set_xlabel(xlabel)\n",
    "    axes[1].set_ylim(0., ylim)\n",
    "    if xlog:\n",
    "        axes[1].set_xscale('log')\n",
    "        \n",
    "    \n",
    "    thickness_indices = linspace(0, len(plot_params)-1, 4, dtype='i4')\n",
    "    for k, k_t in enumerate(thickness_indices):\n",
    "        r = results[k_t]   \n",
    "        axes[2].plot(r.E, r.detector_abs_spectrum, label=f'$t$ = 10$^{log10(plot_params[k_t]):.0f}$', color=colors_B[k])\n",
    "\n",
    "    axes[2].grid()\n",
    "    axes[2].legend(loc='upper right')\n",
    "    axes[2].set_ylabel('detector absorption')\n",
    "    axes[2].set_xlabel('energy [keV]')\n",
    "    #axes[1].set_ylim(0., ylim)\n",
    "    #if xlog:\n",
    "    #    axes[1].set_xscale('log')\n",
    "        \n",
    "        \n",
    "    fig.tight_layout()\n",
    "    display(fig)\n",
    "    if closefig:\n",
    "        plt.close(fig)\n",
    "    \n",
    "    if save_path is not None:\n",
    "        fig.savefig(save_path+'.pdf')\n",
    "    return fig\n",
    "    \n",
    "stride = 1  # increase this value to up to 10 to speed up computations at the cost of bad sampling"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "sample_thickness = 0.1\n",
    "E_tube = 33\n",
    "screen_thicknesses = logspace(2, 5, 161)\n",
    "\n",
    "results = []\n",
    "for k, screen_thickness in enumerate(screen_thicknesses[::stride]):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.set_photoabs_detector(screen_thickness)\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3)\n",
    "    sim.simulate()\n",
    "    sim.plot_param = screen_thickness\n",
    "    \n",
    "    results.append(sim)\n",
    "\n",
    "print(sim.log)\n",
    "print(f'monochromatic energy for (photo-)absorption: {sim.E_mono:.3f} keV')\n",
    "\n",
    "x = plot_comparison_det(results, figsize=(5, 7), ls='-', markers=('', '', '', '', ''), \n",
    "                        save_path='fig/SNR_screen_thickness_example', draw_SNR_maxima=True, \n",
    "                        xlabel='$t$ [au]', xlog=True)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%%time\n",
    "# this simulation takes a long time, up to 30 min\n",
    "stride = 1\n",
    "\n",
    "tube_voltages = linspace(10, 50, 51)[::stride]\n",
    "sample_thickness = 0.1\n",
    "opt_avg_T_noweight = zeros(len(tube_voltages), 'f8')\n",
    "opt_avg_T_EI_weight = zeros(len(tube_voltages), 'f8')\n",
    "screen_thicknesses = logspace(2, 5, 201)\n",
    "nsims, nt = len(tube_voltages)*len(screen_thicknesses), len(screen_thicknesses)\n",
    "\n",
    "for k, E_tube in enumerate(tube_voltages):\n",
    "    sim = SNR_Simulation(verbose=1)\n",
    "    sim.set_source_bremsspektrum(E_tube, limit='power')\n",
    "    sim.add_filter(sample_thickness/3)\n",
    "    sim.add_absorbing_signal(sample_thickness*2/3)\n",
    "\n",
    "    avg_T_noweight = zeros(len(screen_thicknesses), 'f8')\n",
    "    avg_T_EI_weight = zeros(len(screen_thicknesses), 'f8')\n",
    "    SNR_noweight = zeros(len(screen_thicknesses), 'f8')\n",
    "    SNR_EI_weight = zeros(len(screen_thicknesses), 'f8')\n",
    "    for k_t, screen_thickness in enumerate(screen_thicknesses[::stride]):\n",
    "        sim.set_photoabs_detector(screen_thickness)\n",
    "        sim.simulate('d')\n",
    "        \n",
    "        avg_T_noweight[k_t] = sim.DA_noweight\n",
    "        avg_T_EI_weight[k_t] = sim.DA_EI\n",
    "        SNR_noweight[k_t] = sim.SNR_noweight\n",
    "        SNR_EI_weight[k_t] = sim.SNR_EI_weight\n",
    "        if (nt*k + k_t + 1) % (nsims//10) == 0:\n",
    "            print(f'{(nt*k + k_t) / nsims*100:.0f} % done')\n",
    "    \n",
    "        \n",
    "    opt_avg_T_noweight[k] = avg_T_noweight[argmax(SNR_noweight)]\n",
    "    opt_avg_T_EI_weight[k] = avg_T_EI_weight[argmax(SNR_EI_weight)]\n",
    "\n",
    "print(sim.log)    \n",
    "        \n",
    "fig, ax = plt.subplots(1, 1, figsize=(5, 2.5))\n",
    "ax.plot(tube_voltages, opt_avg_T_noweight, color=colors[3], label='no weight')\n",
    "ax.plot(tube_voltages, opt_avg_T_EI_weight, color=colors[4], label='$\\propto E$ CEW')\n",
    "\n",
    "ax.grid()\n",
    "ax.legend(loc='upper right')\n",
    "ax.set_ylabel('avg. abs. optimum')\n",
    "ax.set_xlabel('tube voltage [kV]')\n",
    "ax.set_ylim(0., 1.05)\n",
    "\n",
    "fig.tight_layout()\n",
    "display(fig)\n",
    "fig.savefig('fig/SNR_screen_thickness_abs_opt.pdf')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "plt.show()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
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2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from common import *

def fill_with_cubes_vol(arr, val, zr, yr, xr, w, d):
    for zo in np.arange(w):
        z_slice = slice(zr[0] + zo, zr[1], d)
        for yo in np.arange(w):
            y_slice = slice(yr[0] + yo, yr[1], d)
            for xo in np.arange(w):
                x_slice = slice(xr[0] + xo, xr[1], d)
                arr[z_slice, y_slice, x_slice] = val


def generate_test_volume(image_length, image_height, arr_dtype="u2"):
    le = int(image_length * 0.25)
    ue = int(image_length * 0.75)
    ud = int(image_length * 0.02)  # safe up to 5*ud outside of le and ue

    test_volume = np.zeros((image_height, image_length, image_length), dtype=arr_dtype)
    test_volume[int(0.18 * image_height):int(0.82 * image_height), le - 2 * ud:ue + 5 * ud,
    le - 3 * ud:ue + 4 * ud] = 50
    test_volume[int(0.30 * image_height):int(0.76 * image_height), le - 2 * ud:ue, le:ue] = 0

    fill_with_cubes_vol(test_volume, 200, (int(0.30 * image_height), int(0.76 * image_height)), (le, ue), (le, ue), 3,
                        11)

    test_volume[int(0.20 * image_height):int(0.30 * image_height), le - 5 * ud:le, ue:ue + 5 * ud] = 100
    test_volume[int(0.12 * image_height):int(0.90 * image_height), ue:ue + 2 * ud, ue:ue + 5 * ud] = 120

    return test_volume


def fill_with_cubes_im(arr, val, yr, xr, w, d):
    for yo in np.arange(w):
        y_slice = slice(yr[0] + yo, yr[1], d)
        for xo in np.arange(w):
            x_slice = slice(xr[0] + xo, xr[1], d)
            arr[y_slice, x_slice] = val


def generate_test_image(image_length, arr_dtype="u2"):
    le = int(image_length * 0.25)
    ue = int(image_length * 0.75)
    ud = int(image_length * 0.02)  # safe up to 5*ud outside of le and ue

    test_image = np.zeros((image_length, image_length), dtype=arr_dtype)
    test_image[le - 2 * ud:ue + 5 * ud, le - 3 * ud:ue + 4 * ud] = 50
    test_image[le - 2 * ud:ue, le:ue] = 0

    fill_with_cubes_im(test_image, 200, (le, ue), (le, ue), 3, 11)

    test_image[le - 5 * ud:le, ue:ue + 5 * ud] = 100
    test_image[ue:ue + 2 * ud, ue:ue + 5 * ud] = 120

    return test_image








tomis/tests/FBP_cone.py

from tomo_reco.FBP_cone import *

length = 6000
size = (length, length, length)
misc.get_free_memory.override = 100 # test planning for more free memory

reco = ConeFBPReconstructor()
reco.verbose = 0

pixelsize = 50
sdd = 10e5

reco.configure_geometry(size, 0, 2*np.pi, 50, sdd/2, sdd)

print(f'vertical half cone angle: {np.rad2deg(np.arctan((pixelsize*length/2)/sdd))} degrees')

reco.configure_memory_partitioned()







tomis/tests/FBP_multi.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import unittest
from FBP_cone import *
from FBP_parallel import *
from simulation.test_images import generate_test_volume, generate_test_image

test_log = ""
pyprint = print
#cl.CHECK_KERNEL_ARGS = True
cl.VERBOSE = 0
def print(*args):
    pyprint(*args)
    global test_log
    test_log += "\n"
    for arg in args:
        test_log += str(arg) + " "


def get_speed_text(description, items, runtime, items_name):
    speed = items/runtime
    if speed > 5e4:
        return "{:.5g} {}/ms = {}".format(speed/1e3, items_name, description+" speed")
    elif speed > 20:
        return "{:.5g} {}/s = {}".format(speed, items_name, description+" speed")
    elif speed*60 > 20:
        return "{:.5g} {}/min = {}".format(speed*60, items_name, description+" speed")
    else:
        return "{:.5g} {}/h = {}".format(speed*60**2, items_name, description+" speed")


print('running self-test and benchmark of the reconstruction')
print('warning: performance may vary due to GPU turbo modes, \nlong-term performance may vary depending on the cooling')

compute_device = cl.get_compute_device()  # selection of the hardware used for the CT reconstruction
time.sleep(1)

class FBPTest(unittest.TestCase):
    def test_parallel_forward_projection(self):
        print('Testing parallel forward projection and reconstruction')
        size = 512
        nproj = int(2*size+1)
        parallel_reconstructor = ParallelForwardProjector(compute_device)
        parallel_reconstructor.max_reco_block_size = 256
        parallel_reconstructor.configure_geometry((nproj, size), 11.4, 2*np.pi, 0.5)
        parallel_reconstructor.configure_options(apply_neglog=False)
        parallel_reconstructor.configure_area(region_mode="normal")

        image = generate_test_image(size)

        sino = parallel_reconstructor.project_forward_sino(image)
        #reconstructor.configure_geometry((nproj, size), 12.4, 2*pi, 0.5)
        reconstruction = parallel_reconstructor.reconstruct_slice(sino)

        reconstruction *= image.mean()/reconstruction.mean()
        avg_deviation = np.mean(abs(reconstruction - image)) / np.float32(np.mean(image)/np.mean(image > 0))
        print("reconstruction correct: {}, average deviation: {:.4g} %\n".format(avg_deviation<0.07, avg_deviation*100))

        volume = generate_test_volume(size, size, arr_dtype="u2")
        parallel_reconstructor.prepare_project_forward(volume)
        for k in np.arange(500):  # get the GPU into ready state (exit power saving mode) + heat up some
            sino = parallel_reconstructor.project_forward_sino(image)
            reconstruction = parallel_reconstructor.reconstruct_slice(sino)
        t0 = time.time()
        projs = parallel_reconstructor.project_forward()
        print(get_speed_text("parallel forward projection ({}-bunch)".format(parallel_reconstructor.forward_bunch_size), projs.shape[0], time.time()-t0, "projs")+
              ', size {} {} => {}'.format(volume.shape, parallel_reconstructor.volume_cl_dtype, projs.shape[1:]))
        parallel_reconstructor.clear_proj_forward_mem()
        parallel_reconstructor.prepare_project_forward(volume, bunch_mode=False)
        t0 = time.time()
        projs = parallel_reconstructor.project_forward()
        print(get_speed_text("parallel forward projection (no bunch)", projs.shape[0], time.time()-t0, "projs")+
              ', size {} {} => {}'.format(volume.shape, parallel_reconstructor.volume_cl_dtype, projs.shape[1:]))
        parallel_reconstructor.clear_proj_forward_mem()
        del parallel_reconstructor
        assert avg_deviation < 0.07


    def test_cone_forward_projection(self):
        print('\nTesting cone forward projection and reconstruction')
        for size in (512, ):#, 2048):
            vol_height = int(size/max(np.log2(size)-9, 1)**3)
            nproj = 2*size+1 if size == 512 else size+1
            cone_reconstructor = ConeForwardProjector(compute_device)
            cone_reconstructor.configure_geometry((nproj, vol_height, size), -32.7, 2*np.pi, 1, size*4, size*8,
                                                  detector_skew=np.deg2rad(0.2), source_shifts_X=np.linspace(-5, 20, nproj),
                                                  source_shifts_Y=np.linspace(2, -1.5, nproj)**3)
            cone_reconstructor.configure_options(apply_neglog=False, normalize_reco_to_pi=True)
            cone_reconstructor.configure_area(region_mode="normal")

            volume = generate_test_volume(size, vol_height, arr_dtype="u2")
            cone_reconstructor.prepare_project_forward(volume)
            t0 = time.time()
            projs = cone_reconstructor.project_forward()
            print(get_speed_text("cone forward projection ({}-bunch)".format(cone_reconstructor.forward_bunch_size), projs.shape[0], time.time()-t0, "projs")+
              ', size {} {} => {}'.format(volume.shape, cone_reconstructor.volume_cl_dtype, projs.shape[1:]))
            cone_reconstructor.clear_proj_forward_mem()

            if size == 512:
                cone_reconstructor.max_reco_block_size = 256
                t0 = time.time()
                slice_range = (int(size*0.2), int(size*0.8+1))
                cone_reconstructor.ready_for_reco = False
                reconstruction = cone_reconstructor.reconstruct_volume(projs, slice_range)
                print(get_speed_text("cone reconstruction", reconstruction.shape[0], time.time()-t0, "slices")+
                      ', size {} => {}'.format((projs.shape[2], projs.shape[0]), reconstruction.shape[1:]))
                vol_view = volume[slice_range[0]:slice_range[1], :, :]
                reconstruction *= vol_view.mean()/reconstruction.mean()
                avg_deviation = np.mean(abs(reconstruction - vol_view)) / np.float32(np.mean(vol_view)/np.mean(vol_view > 0))
                print("reconstruction correct: {}, average deviation: {:.4g} %, half cone angle: {:.2f}°".format(avg_deviation<0.07,
                                                            float(avg_deviation*100), np.rad2deg(cone_reconstructor.max_opening_angle)))

                del reconstruction, vol_view
                assert avg_deviation < 0.07
            del cone_reconstructor, volume, projs

        print('\nTest finished\n\n')


    def test_fbp_parallel_reconstruction(self):
        for size, repetitions in zip((1000, 2000), (100, 50, 20)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((1000, 2000, 4000), (200, 80, 20)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((4000, 8000), (30, 15)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((4000,), (20, )): # (100, 30, 18, 12)   (10, 6, 4, 4)
        #for size, repetitions in zip((8000,), (10,)): # (300, 100, 30, 15)   (10, 6, 4, 4)
            print('benchmarking for size {} and {} repetitions'.format(size, repetitions))
            print('\nBenchmarking parallel reconstruction with {} repetitions'.format(repetitions))
            test_sino = np.random.random((size, size)).astype('f4')+0.1
            parallel_reconstructor = ParallelFBPReconstructor(compute_device)
            parallel_reconstructor.verbose = True  # only useful for benchmark
            parallel_reconstructor.configure_geometry(test_sino.shape, 0, 2*np.pi, 0.5)
            for i in range(repetitions):
                if i == 3:  t1 = time.time()
                reconstruction = parallel_reconstructor.reconstruct_slice(test_sino)
            runtime = (time.time()-t1)
            runtime_per_slice = runtime/(repetitions-3)
            print(get_speed_text("parallel reconstruction", repetitions-3, time.time()-t1, "slices")+
                  ', size {} => {}'.format(test_sino.shape, reconstruction.shape))
            print('runtime per slice: {:.4f} s ({:.4f} s + {:.4f} s)'.format(runtime_per_slice, parallel_reconstructor.runtimes[0]/repetitions, parallel_reconstructor.runtimes[1]/repetitions))
            print('read, write processing speed: {:.2f} MB/s,  {:.2f} MB/s'.format(test_sino.nbytes/1024**2/runtime_per_slice/2, reconstruction.nbytes/1024**2/runtime_per_slice/2)) # /2 for 16 bit data
            del parallel_reconstructor
            gc.collect()

            print('\n\nTest finished')


    def test_fbp_cone_reconstruction(self):
        for size, repetitions in zip((1000, 2000), (100, 50, 20)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((1000, 2000, 4000), (200, 80, 20)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((4000, 8000), (30, 15)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((4000,), (20, )): # (100, 30, 18, 12)   (10, 6, 4, 4)
        #for size, repetitions in zip((8000,), (10,)): # (300, 100, 30, 15)   (10, 6, 4, 4)
            print('benchmarking for size {} and {} repetitions'.format(size, repetitions))
            test_projs_ = np.random.random((size, repetitions, size)).astype('f4')+0.1
            print('\nBenchmarking cone reconstruction (fixed geometry)')
            cone_reconstructor = ConeFBPReconstructor(compute_device)
            cone_reconstructor.verbose = True  # only useful for benchmark
            cone_reconstructor.configure_options(apply_neglog=False)
            t0 = time.time()
            cone_reconstructor.configure_geometry(test_projs_.shape, 0, 2*np.pi, 1, 1e4, 2e4)
            cone_reconstructor.use_dynamic_geometry = False
            reconstruction = cone_reconstructor.reconstruct_volume(test_projs_, (1, test_projs_.shape[1]-1))
            print("use_dynamic_geometry", cone_reconstructor.use_dynamic_geometry)


            del cone_reconstructor
            gc.collect()
            runtime = time.time()-t0
            #print('cone reconstruction runtime: {:.2f} s, {} projections'.format(runtime, test_projs_.shape[0]))
            print(get_speed_text("cone reconstruction (fixed geometry)", reconstruction.shape[0], time.time()-t0, "slices")+
                  ', size {} => {}'.format((test_projs_.shape[2], test_projs_.shape[0]), reconstruction.shape[1:]))
            print('cone runtime per slice: {:.4f} s, {} reco size'.format(runtime/reconstruction.shape[0], reconstruction.shape))
            print('read/write processing speed: {:.2f} MB/s,  {:.2f} MB/s'.format(test_projs_.nbytes/1024**2/runtime/2, reconstruction.nbytes/1024**2/runtime/2)) # /2 for 16 bit data

            print('\n\nTest finished')


    def test_fbp_cone_flex_reconstruction(self):
        for size, repetitions in zip((1000, 2000), (100, 50, 20)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((1000, 2000, 4000), (200, 80, 20)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((4000, 8000), (30, 15)): # (300, 100, 30, 15)   (10, 6, 4, 4)
        #for size, repetitions in zip((4000,), (20, )): # (100, 30, 18, 12)   (10, 6, 4, 4)
        #for size, repetitions in zip((8000,), (10,)): # (300, 100, 30, 15)   (10, 6, 4, 4)
            print('benchmarking for size {} and {} repetitions'.format(size, repetitions))
            test_projs_ = np.random.random((size, repetitions, size)).astype('f4')+0.1

            print('\nBenchmarking cone reconstruction (dynamic geometry)')
            cone_reconstructor = ConeFBPReconstructor(compute_device)
            cone_reconstructor.verbose = True  # only useful for benchmark
            cone_reconstructor.configure_options(apply_neglog=False)
            t0 = time.time()
            cone_reconstructor.configure_geometry(test_projs_.shape, 0, 2*np.pi, 1, 1e4, 2e4)
            cone_reconstructor.make_ready()
            cone_reconstructor.use_dynamic_geometry = True
            reconstruction = cone_reconstructor.reconstruct_volume(test_projs_, (1, test_projs_.shape[1]-1))
            print("use_dynamic_geometry", cone_reconstructor.use_dynamic_geometry)

            del cone_reconstructor
            gc.collect()
            runtime = time.time()-t0
            #print('cone reconstruction runtime: {:.2f} s, {} projections'.format(runtime, test_projs_.shape[0]))
            print(get_speed_text("cone reconstruction (dynamic geometry)", reconstruction.shape[0], time.time()-t0, "slices")+
                  ', size {} => {}'.format((test_projs_.shape[2], test_projs_.shape[0]), reconstruction.shape[1:]))
            print('cone runtime per slice: {:.4f} s, {} reco size'.format(runtime/reconstruction.shape[0], reconstruction.shape))
            print('read/write processing speed: {:.2f} MB/s,  {:.2f} MB/s'.format(test_projs_.nbytes/1024**2/runtime/2, reconstruction.nbytes/1024**2/runtime/2)) # /2 for 16 bit data

            print('\n\nTest finished')


    def test_parallel_slice_partitioning(self):
        from file.volume import DummyReader, DummyWriter
        print('Testing slice partitioned parallel reconstruction')
        test_projs = np.random.random((2000, 35, 2000)).astype('f4')+0.1
        test_reader = DummyReader(test_projs) # insert a configured ImagesReader for actual use
        test_writer = DummyWriter(None)       # insert a configured ImagesWriter for actual use
        parallel_reconstructor = ParallelFBPReconstructor(compute_device)
        t0 = time.time()
        parallel_reconstructor.configure_geometry(test_projs.shape, 0, np.pi)

        parallel_reconstructor.reconstruct_partitioned(test_reader, test_writer, (0, test_projs.shape[1]), 20)

        print('parallel reconstruction runtime: {:.2f} s, shape {}, {} slices, {} projections'.format((time.time()-t0),
                                parallel_reconstructor.reconstruction_size, test_writer.nwrites, test_projs.shape[0]))
        print('runtime per slice: {:.3f} s'.format((time.time()-t0)/test_writer.nwrites))
        del parallel_reconstructor


    def test_cone_partitioning(self):
        from file.volume import DummyReader, DummyWriter
        print('\n\nTesting slice/angle partitioned cone reconstruction')
        test_projs_ = np.random.random((2000, 35, 2000)).astype('f4')+0.1
        test_reader = DummyReader(test_projs_) # insert a configured ImagesReader for actual use
        test_writer = DummyWriter(None)        # insert a configured ImagesWriter for actual use
        cone_reconstructor = ConeFBPReconstructor(compute_device)
        cone_reconstructor.max_Y_height_override = 25           # only for testing
        cone_reconstructor.max_angle_size = 750                 # only for testing
        cone_reconstructor.configure_geometry(test_projs_.shape, 0, 2*np.pi, 1, 1e4, 2e4)
        # ^^ test_projs_.shape is replaceable by test_reader.input_shape for actual use

        t0 = time.time()
        cone_reconstructor.reconstruct_partitioned(test_reader, test_writer)

        print('cone reconstruction runtime: {:.2f} s, shape {} {}, {} projections'.format(time.time()-t0, cone_reconstructor.reconstruction_size, test_writer.nwrites, test_projs_.shape[0]))
        print('cone runtime per slice: {:.3f} s'.format((time.time()-t0)/test_writer.nwrites))
        del cone_reconstructor
        print('\nTest finished')


def long_time_stability_test():
    print('\n\nDoing long-time stability test (infinite loop of cone reconstruction)')
    test_projs_ = np.exp(-abs((np.random.randn(3000, 100, 2000).astype('f4'))))
    t0 = time.time()
    cone_reconstructor = ConeFBPReconstructor(compute_device)
    cone_reconstructor.configure_geometry(test_projs_.shape, 0, 2*np.pi, 1, 1e4, 2e4)
    #cone_reconstructor.verbose = True
    reconstruction_ = cone_reconstructor.reconstruct_volume(test_projs_, (1, test_projs_.shape[1]-1))
    print('cone reconstruction shape {}x{}x{}, {} projections'.format(*cone_reconstructor.reconstruction_size,
                                                                    reconstruction_.shape[0], test_projs_.shape[0]))
    print('runtime: {:.2f} s'.format(time.time()-t0))

    while True:
        t0 = time.time()
        reconstruction = cone_reconstructor.reconstruct_volume(test_projs_, (1, test_projs_.shape[1]-1))
        print('runtime: {:.2f} s, correct: {}'.format(time.time()-t0, np.array_equal(reconstruction_, reconstruction)))


if __name__ == '__main__':
    unittest.main()

    with open("FBP_test_log.txt", "w+") as file:
        file.write(test_log)






tomis/tests/__init__.py





tomis/tests/file_image.py

import unittest
import tempfile
from common import *
import image, file


class ImageFilesTest(unittest.TestCase):

    @classmethod
    def setUpClass(cls) -> None:
        cls.temp_dir = tempfile.TemporaryDirectory()
        print('using temporary directory', cls.temp_dir.name)

    @classmethod
    def tearDownClass(cls) -> None:
        cls.temp_dir.__exit__(None, None, None)

    def test_tif_image(self):
        vrange = (0, 10)

        for dtype in ('u1', 'u2', 'f4'):
            image = np.clip(np.random.randn(600, 400)+5, *vrange).astype(dtype)
            file.image.save(image, pjoin(self.temp_dir.name, 'test.tif'))

            image_reload = file.image.load(pjoin(self.temp_dir.name, 'test.tif'))
            assert np.array_equal(image, image_reload), 'loaded image differs from data'

    def test_raw_image(self):
        vrange = (0, 10)
        for dtype in ('u1', 'u2', 'f4', 'f8', 'i4', 'i8'):
            image = np.clip(np.random.randn(600, 400)+5, *vrange).astype(dtype)
            file.image.save(image, pjoin(self.temp_dir.name, 'test.raw'))

            image_reload = file.image.load(pjoin(self.temp_dir.name, 'test.raw'))
            #print(image, image_reload)
            assert np.array_equal(image, image_reload), 'loaded image differs from data'





if __name__ == '__main__':
    unittest.main()






tomis/tests/file_volume.py

import unittest
import tempfile, shutil
from common import *
import image, file


class VolumeImageFilesTest(unittest.TestCase):
    @classmethod
    def setUpClass(cls) -> None:
        cls.temp_dir = tempfile.TemporaryDirectory()
        print('using temporary directory', cls.temp_dir.name)

    @classmethod
    def tearDownClass(cls) -> None:
        cls.temp_dir.__exit__(None, None, None)

    def test_tif_vol(self):
        vrange = (0, 10)

        dir = pjoin(self.temp_dir.name, 'test_tif')
        for dtype in ('u1', 'u2', 'f4'):
            volume = np.clip(np.random.randn(21, 80, 203)+5, *vrange).astype(dtype)
            writer = file.volume.Writer(dir)
            writer.save_all(volume)

            reader = file.volume.Reader(dir)
            volume_reload = reader.load_all()
            stack_mean = reader.get_stack_average()
            shutil.rmtree(dir)
            assert np.array_equal(volume, volume_reload), 'loaded volume differs from data'
            #print(np.fabs(stack_mean[::50]-volume.mean(axis=0)[::50]).mean(), volume[0].std())
            assert np.allclose(volume.mean(axis=0), stack_mean, atol=volume[0].std()), 'stack mean was loaded wrong'

    def test_raw_vol(self):
        vrange = (0, 10)

        dir = pjoin(self.temp_dir.name, 'test_raw')
        for dtype in ('u1', 'u2', 'f4'):
            volume = np.clip(np.random.randn(27, 91, 160)+5, *vrange).astype(dtype)
            writer = file.volume.Writer(dir, mode='raw')
            writer.save_all(volume)

            reader = file.volume.Reader(dir, mode='raw')
            volume_reload = reader.load_all()
            stack_mean = reader.get_stack_average()
            shutil.rmtree(dir)
            assert np.array_equal(volume, volume_reload), 'loaded volume differs from data'
            assert np.allclose(volume.mean(axis=0), stack_mean, atol=volume[0].std()), 'stack mean was loaded wrong'

    def test_rawstack_vol(self):
        vrange = (0, 10)

        fname = pjoin(self.temp_dir.name, 'test.raw')
        for dtype in ('u1', 'u2', 'f4'):
            volume = np.clip(np.random.randn(50, 102, 133)+5, *vrange).astype(dtype)
            writer = file.volume.Writer(fname, mode='raw_stack')
            writer.save_all(volume)
            writer.close()

            reader = file.volume.Reader(fname, mode='raw_stack')
            volume_reload = reader.load_all()
            stack_mean = reader.get_stack_average()
            os.remove(fname)
            assert np.array_equal(volume, volume_reload), 'loaded volume differs from data'
            assert np.allclose(volume.mean(axis=0), stack_mean, atol=volume[0].std()), 'stack mean was loaded wrong'

    def test_tif_raw_mode(self):
        vrange = (0, 10)

        dir = pjoin(self.temp_dir.name, 'test_tif')
        for dtype in ('u1', 'u2', 'f4'):
            volume = np.clip(np.random.randn(15, 305, 350)+5, *vrange).astype(dtype)
            writer = file.volume.Writer(dir)
            writer.open(shape=volume.shape)
            writer.save_all(volume)
            writer.close()

            reader = file.volume.Reader(dir)
            volume_reload = reader.load_all()
            stack_mean = reader.get_stack_average()
            shutil.rmtree(dir)
            assert np.array_equal(volume, volume_reload), 'loaded volume differs from data'
            assert np.allclose(volume.mean(axis=0), stack_mean, atol=volume[0].std()), 'stack mean was loaded wrong'

if __name__ == '__main__':
    unittest.main()






tomis/tests/image_fourier.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import unittest

from image.fourier import *
from scipy.ndimage import gaussian_filter

class FourierFiltererTests(unittest.TestCase):
    def test_padding(self):
        for shape, pad_length in zip(((12, 51), (58, 23), (23, 40)), (2, 8, 11)):
            # note: np.pad and FourierFilter._pad differ in 'reflect' mode if pad_length[k] > shape[k]
            arr = np.random.randn(*shape)
            for mode in ('constant', 'reflect'):
                FF = FourierFilterer(shape, pad_length=pad_length, pad_mode=mode)
                FF._pad(arr)
                ff_padded = FF.arr
                np_padded = np.pad(arr, FF.pad_lengths, mode=mode)
                assert np.allclose(np_padded, ff_padded), f'{shape} {pad_length} {np_padded}, {ff_padded}'
                
    def test_filter(self):
        sigma = 2.9
        arr = np.random.randn(201, 305)
        FF = FourierFilterer(arr.shape, pad_length=20)
        filt = MTF_gauss(FF.u_abs(), sigma)
        ff_filtered = FF.apply_filter(arr, filt)

        np_padded = np.pad(arr, FF.pad_lengths, mode='reflect')
        np_filtered = FF._unpad(gaussian_filter(np_padded, sigma, mode='wrap', truncate=100)) # fails with truncate default value
        print(np.abs((arr)).mean(), np.abs((ff_filtered-np_filtered)).mean(), np.amax(np.abs(ff_filtered-np_filtered)))

        assert np.allclose(ff_filtered, np_filtered)


if __name__ == '__main__':
    unittest.main()






tomis/tomo_reco/FBP_base.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
import gc, json
from common import *
import common.opencl as cl, common.parallel
import file, image
import image.median_filters, image.ring_filters

REGION_MODE_VALUES = 'smallest', 'normal', 'extended'
RAMP_FILTER_LENGTH = 256  # MUST be an even number, used for padding/preview (optional), should be set to > 150 for productive use


# ======== reconstruction base classes========
class FBPReconstructor():
    verbose = False
    test_weighting = False
    work_block_size_ramp = (32, 16)
    max_reco_block_size = 1024
    pad_averaging_length = np.int32(50)
    cl_source = None
    fast_filter = np.int32(0)
    write_buffer_size = 1

    def __init__(self, compute_device: cl.ComputeDevice = None, show_error_call=None):
        # base class for ParallelReconstructor and ConeReconstructor
        if compute_device is None:
            print('no opencl compute device given for CT reconstructor, using default device')
            compute_device = cl.get_compute_device(0)
        self.compute_device = compute_device
        self.cl_program = cl.Program(self.compute_device, self.cl_source, self.cl_pad_source)

        self.pad_length = np.int32(RAMP_FILTER_LENGTH)
        self.angle_offset = np.float32(0)
        self.use_angle_partitions = None
        self.show_error_call = show_error_call

        self.use_ring_filter = False
        self.use_temporal_speckle_filter = False
        self.use_spatial_speckle_filter = False
        self.use_bad_pixel_map = False

        self.loaded_bad_pixel_map_fname = None
        self.loaded_bad_pixel_map = None

    def __del__(self):
        try:
            self.write_thread.finish()
            self.read_thread.do_stop()
        except AttributeError:
            pass

    def swap_sino_in_out(self, sino_in_cl, sino_out_cl):
        return sino_out_cl, sino_in_cl

    def configure_options(self, BHC_parameters=None, apply_neglog=True, i0_correction=None,
                          normalize_reco_to_pi='auto',
                          normalization_smoothing_length=50, interleaved_read=True, write_bin_factor=1,
                          use_clip=False, clip_range=(0.02, np.inf), gray_value_div=1., pixel_mask=None,
                          multigain_parameters=None, multigain_fname=None):
        ''' configure options or optional features for the reconstruction

        can be called before reconstruction

        :param BHC_parameters:                  parameters for a simple BHC (polynom orders 2 to 5)
        :param apply_neglog:                    apply a neglog to the given projections
        :param i0_correction:                   ndarray of length nproj with i0 correction values to multiply with the projections
        :param use_temporal_speckle_filter:              use the despeckle filter
        :param temporal_speckle_filter_threshold:        threshold for the despeckle filter
        :param normalize_reco_to_pi:            do a angle weighting for extended field of view (half-field) reconstruction
        :param normalization_smoothing_length:  horizontal smoothing length for the weighting (smooth between 0.5 and 1.0)
        :param interleaved_read:                do reconstruction and reading data in parallel
        :return:
        '''
        if BHC_parameters is None:
            self.BHC_parameters = np.zeros(4, 'f4')
            self.use_BHC = np.int32(0)
        elif np.allclose(BHC_parameters, 0.):
            self.BHC_parameters = np.zeros(4, 'f4')
            self.use_BHC = np.int32(0)
        else:
            self.BHC_parameters = np.array(BHC_parameters, 'f4')
            self.use_BHC = np.int32(1)
        self.apply_neglog = np.int32(apply_neglog)
        self.i0_correction = i0_correction
        self.normalize_reco_to_pi = normalize_reco_to_pi
        self.normalization_smoothing_length = normalization_smoothing_length
        self.interleaved_read = interleaved_read
        self.write_bin_factor = write_bin_factor
        self.use_clip = np.int32(use_clip)
        self.clip_range = np.array(clip_range, "f4")
        self.gray_value_div = np.float32(np.clip(gray_value_div, 1e-6, 1e6))
        self.pixel_mask = pixel_mask
        if multigain_fname is not None:
            self.load_multigain(multigain_fname)
        else:
            self.multigain_parameters = multigain_parameters # (x_values, correction_images)

        self.configure_done[2] = True
        self.ready_for_reco = False
        if np.all(self.configure_done):
            self.finish_configure()

    def configure_filters(self, use_ring_filter=False, ring_filter_range=1,
                          use_temporal_speckle_filter=False, temporal_speckle_filter_threshold=0.3,
                          use_spatial_speckle_filter=False, spatial_speckle_filter_threshold=0.3,
                          spatial_speckle_filter_radius=2,
                          use_bad_pixel_map=False, bad_pixel_map_fname=None):
        self.use_ring_filter = use_ring_filter
        if self.use_ring_filter:
            self.init_ring_filterer(ring_filter_range)

        if use_temporal_speckle_filter:
            self.init_temporal_speckles_filter(temporal_speckle_filter_threshold)
        else:
            self.use_temporal_speckle_filter = False

        if use_spatial_speckle_filter:
            self.init_spatial_speckles_filter(spatial_speckle_filter_threshold, 1 + 2 * spatial_speckle_filter_radius)
        else:
            self.use_spatial_speckle_filter = False

        if use_bad_pixel_map and bad_pixel_map_fname not in (None, ''):
            self.init_bad_pixel_map_filter(bad_pixel_map_fname)
        else:
            self.use_bad_pixel_map = False

    def configure_area(self, reconstruction_origin=None, reconstruction_size=None, region_mode='automatic',
                       angle_offset=0.):
        ''' configure the region to reconstruct

        can be called before reconstruction

        :param reconstruction_origin:           upper left corner of the reconstructed image slices given relative to self.vol_shape
                                                may be negative for extended FOV reco
        :param reconstruction_size:             size of the reconstructed image slices
        :param region_mode:                     sets the reconstructed region, must be one of 'auto', 'smallest', 'normal', 'extended'
                                                will set the values for reconstruction_origin, reconstruction_size and reconstruction_radius
                                                if they are None (default values)
        :param angle_offset:                    rotate the CT reconstruction by this angle [radians]
        :return:
        '''
        self.reconstruction_origin = reconstruction_origin
        self.reconstruction_size = reconstruction_size
        self.region_mode = region_mode

        self.angle_offset = np.float32(angle_offset)

        self.configure_done[1] = True
        if np.all(self.configure_done):
            self.finish_configure()

    def init_io_threads(self):
        self.write_thread = common.parallel.QueueThread(maxsize=self.write_buffer_size, error_call=self.show_error_call)
        self.read_thread = common.parallel.QueueThread(maxsize=1, error_call=self.show_error_call)

    @property
    def preproc_args(self):
        return self.apply_neglog, self.voxelsize, self.use_BHC, self.BHC_parameters, self.use_clip, self.clip_range, self.gray_value_div

    # reconstructed region helpers
    @staticmethod
    def get_reconstruction_radius_for_region_mode(reconstruction_radius, sample_shift_X, region_mode):
        if region_mode == REGION_MODE_VALUES[0]:
            val = reconstruction_radius - abs(sample_shift_X)
        elif region_mode == REGION_MODE_VALUES[1]:
            val = reconstruction_radius
        elif region_mode == REGION_MODE_VALUES[2]:
            val = reconstruction_radius + abs(sample_shift_X)
        val = np.floor(val) + 0.5
        return val

    @staticmethod
    def get_reconstruction_range_for_region_mode(reconstruction_range, sample_shift_X, region_mode):
        if region_mode == REGION_MODE_VALUES[0]:
            start_point = reconstruction_range[0] + abs(sample_shift_X)
            stop_point = reconstruction_range[1] - abs(sample_shift_X)
        elif region_mode == REGION_MODE_VALUES[1]:
            start_point, stop_point = reconstruction_range
        elif region_mode == REGION_MODE_VALUES[2]:
            start_point = reconstruction_range[0] - abs(sample_shift_X)
            stop_point = reconstruction_range[1] + abs(sample_shift_X)
        else:
            raise ValueError('region_mode not in possible values')
        stop_point += 1 - (start_point - stop_point) % 2
        return np.array((start_point, stop_point), dtype='i4')

    @staticmethod
    def get_crop_overlap_params(det_width, crop_length, sample_shift_X, pad_length):
        assert crop_length <= pad_length
        pad_subtraction = int(min(det_width / 2 - abs(np.mean(sample_shift_X)), crop_length))

        if np.mean(sample_shift_X) < 0:  # crop at left edge, np.influences detector shift
            return (pad_length - pad_subtraction, pad_length), pad_subtraction
        else:
            return (pad_length, pad_length - pad_subtraction), 0

    @staticmethod
    def get_overlap_weight(length: int, center: float, smooth_length: float, smooth_center_distance):
        # exponent must be even!
        coords = np.linspace(0., length - 1, length, dtype='f4')
        std = smooth_length / 1.7
        if smooth_center_distance is not None:
            blur_function_1 = np.exp(-((coords - center + smooth_center_distance) / std) ** 4)
            blur_function_1 /= blur_function_1.sum() * 2.0
            blur_function_2 = np.exp(-((coords - center - smooth_center_distance) / std) ** 4)
            blur_function_2 /= blur_function_2.sum() * 2.0
            return np.cumsum(blur_function_1 + blur_function_2)
        else:
            blur_function = np.exp(-((coords - center) / std) ** 4)
            blur_function /= blur_function.sum()
            return np.cumsum(blur_function)

    @property
    def sin_cos_vals_cl(self):
        if self.use_angle_partitions:
            return self.sin_cos_vals_cl_[self.angle_partition_index]
        else:
            return self.sin_cos_vals_cl_

    # internal preparation functions
    def apply_beam_hardening_correction(self, arr):
        # this is not used but describes the computation, arr is already negloged
        new_arr = np.copy(arr)
        if self.BHC_parameters is not None:
            for k in range(len(self.BHC_parameters)):
                if not np.isclose(self.BHC_parameters[k], 0.):
                    new_arr += self.BHC_parameters[k] * arr ** (2 + k)
        return new_arr

    def allocate_multigain_correction(self):
        assert self.multigain_parameters[1].shape[0] == self.multigain_parameters[0].shape[0], 'x_values array and multigain_values shapes must be compatible'
        assert self.multigain_parameters[0].ndim == 1 and self.multigain_parameters[1].ndim == 3, 'x_values array and multigain_values shapes must 1 and 3-dimensional'
        self.multigain_x_values_cl = cl.Buffer(self.compute_device, arr=self.multigain_parameters[0].astype('f4'))
        self.multigain_num_entries = np.int32(self.multigain_parameters[0].shape[0])
        self.multigain_values_cl = cl.Image(self.compute_device,
                cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                arr=self.multigain_parameters[1].astype('f4'), is_array=True)
        self.cl_program.preprocess_multigain((self.multigain_num_entries,), (128,),
                        self.multigain_x_values_cl, self.multigain_num_entries, self.pad_length, *self.preproc_args)
        print('multigain allocated')

    # ===== filters for rings, detector defects and speckles =====
    def init_ring_filterer(self, radius):
        self.rings_filterer = image.ring_filters.SinoRingFilterer(self.compute_device)
        self.rings_filterer_radius = radius

    def filter_rings(self, arr):
        return
        # arr can either be projections or a sinogram
        proj_mean = nanmean(arr, axis=0)
        copyto(proj_mean, 0., where=~isfinite(proj_mean))
        # if proj_mean.ndim == 1:
        #    proj_mean = proj_mean[newaxis, :]
        # smoothed_mean_proj = self.rings_filterer.median_filter(proj_mean)
        # footprint = circular_footprint(self.rings_filterer_radius)
        footprint = np.ones((1, 1 + 2 * self.ring_filter_radius), '?')
        smoothed_mean_proj = median_filter(proj_mean, footprint=footprint)
        correction = (proj_mean - smoothed_mean_proj).astype(arr.dtype)
        if correction.ndim == 1:
            arr -= correction[newaxis, :]
        elif correction.ndim == 2:
            arr -= correction

    def init_temporal_speckles_filter(self, threshold):
        footprint = np.ones((3, 1), '?')
        self.temporal_speckles_filterer = image.median_filters.MedianFilter2D(self.compute_device)
        self.temporal_speckles_filterer.set_footprint(footprint)
        self.temporal_speckles_filterer.threshold = threshold
        self.use_temporal_speckle_filter = True

    def init_spatial_speckles_filter(self, threshold, size=5):
        footprint = np.ones((1, size), '?')
        self.spatial_speckles_filterer = image.median_filters.MedianFilter2D(self.compute_device)
        self.spatial_speckles_filterer.set_footprint(footprint)
        self.spatial_speckles_filterer.threshold = threshold
        self.use_spatial_speckle_filter = True

    def init_bad_pixel_map_filter(self, bad_pixel_map_fname, size=5):
        self.bad_pixels_filterer = image.median_filters.SinoBadPixelFilter(self.compute_device)
        self.bad_pixel_mask = self.load_bad_pixel_map(bad_pixel_map_fname)
        self.bad_pixels_filterer.set_bad_pixel_map(self.bad_pixel_mask)
        self.use_bad_pixel_map = True

    cl_pad_source = cl.load_source(__file__, 'cl', 'FBP_base.c')

    def load_bad_pixel_map(self, fname):
        if fname != self.loaded_bad_pixel_map_fname:
            self.loaded_bad_pixel_map = file.image.load(fname)
            self.loaded_bad_pixel_map_fname = fname
        return self.loaded_bad_pixel_map

    def clear_bad_pixel_map(self):
        self.loaded_bad_pixel_map_fname = None

    def load_multigain(self, fname):
        with open(fname) as fp:
            multigain_info = json.load(fp)
        try:
            x_values = np.array(multigain_info['x_values'], dtype='f4')
            if 'fnames' in multigain_info:
                fnames = multigain_info['fnames']
                images = []
                for im_fname in fnames:
                    images.append(file.image.load(os.path.join(os.path.dirname(fname), im_fname)))
                images = np.array(images, 'f4')
            else:
                images = np.array(multigain_info['y_values'], dtype='f4')[:, None, None]

            self.multigain_parameters = x_values, images
            self.loaded_multigain_fname = fname
            print('multigain images loaded from', fname, images.shape)
        except KeyError:
            raise KeyError('multigain info file must contain the keys "x_values" and "fnames"/"y_values"')







tomis/tomo_reco/FBP_cone.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from tomo_reco.FBP_base import *
from file.volume import Reader, Writer, DummyReader, DummyWriter
from common.settings_hash import generate_hash_from_dict


# ======== cone beam reconstructor ========
class ConeFBPReconstructor(FBPReconstructor):
    z_bunch_size = 4
    work_block_size = (8, 8)
    memory_use_fraction = 0.7
    write_buffer_size = 1

    def __init__(self, device=None, show_error_call=None):
        ''' cone beam computed tomography reconstruction class

        usage:
        cone_reco = ConeFBPReconstructor(...)
        cone_reco.configure_geometry(...)
        cone_reco.configure_area(...)       # optional, defaults to maximally possible area
        cone_reco.configure_options(...)    # optional
        # Variant 1 (everything kept in memory):
            cone_reco.configure_memory(...)
            # Variant 1A:
                reco_vol = cone_reco.reconstruct_volume(...)
            # Variant 1B:
                cone_reco.filter_projs(...)
                reco_slice = cone_reco.reconstruct_slice(...)
        # Variant 2 (memory-efficient with direct file access using file_access.ImagesWriter and file_access.ImagesWriter):
            cone_reco.reconstruct_partitioned(...)

        :param device:             tuple with (pyopencl context, pyopencl queue, info dict for ctx) (use get_possible_cl_devices() or get_cl_environ())
        :return:
        '''
        FBPReconstructor.__init__(self, device, show_error_call)

        # detector_Y_offset denotes the start index of the projections
        # WARNING: projs_shape is numpy notation (zyx), while vol_size, reconstruction_origin and reconstruction_size are OpenCL (xyz)

        self.max_Y_height_override = None
        self.detector_Y_offset = np.int32(0)
        self.pad_values = self.pad_length, self.pad_length
        self.geo_hash = None
        self.voxelsize = np.float32(1)
        self.voxelsize_factor = np.float32(1.0)
        self.sample_shift_Y = None

        self.projs_filtered_cl_ = []
        self.projs_region_shape = np.zeros(3, 'i8')
        self.projs_region_shape_allocated = np.zeros(3, 'i8')
        self.sino = np.zeros((0, 0), 'f4')
        self.allocated_sino_shape = np.zeros(2, 'i4')
        self.sinos_cl = None

        self.geometry_info = dict()
        self.use_dynamic_geometry = False

        self.use_angle_partitions = 0  # 0 for disabled, 1 for enabled with one self.projs_filtered_cl, 2 enabled with several self.projs_filtered_cl
        self.min_reco_height = 100  # partition allocation for sufficient speed
        self.min_angle_size = 150
        self.min_angle_size_in_use = False
        # self.max_angle_size = 2048  # maximal image_2d array size is 2048, maximal constant adress space is 64 KB ((4*4) Bytes*max_angle_size needed => < 4096)
        self.max_angle_size = 1360  # maximal image_2d array size is 2048, maximal constant adress space is 64 KB ((4*12) Bytes*max_angle_size needed => < 1365)
        self.angle_size_allocation_factor = 1.0

        self.proj_index_offset = 0
        self.number_angle_partitions = 1
        self.angle_partition_index = 0
        self.angle_index_range = np.array((0, 0), 'i4')

        self.proj_events = []

        self.configure_done = np.zeros(4, '?')  # indicates if configure_geometry(), configure_area() and configure_options() were called
        self.ready_for_reco = False  # indicates that all of the above were called and reconstruction can be started

        self.proj_cl_queue = [(None, None), (None, None)]
        self.proj_cl_queue_index = 0
        self.proj_cl_queue_len = len(self.proj_cl_queue)

        self._cl_func_project_forward = None

    @property
    def cl_func_cone_ramp_filter_sino(self):
        if self.use_hilbert_filter:
            return self.cl_program.ramp_filter_sino_h
        else:
            return self.cl_program.ramp_filter_sino

    @property
    def cl_func_cone_ramp_filter_sino_weighted(self):
        if self.use_hilbert_filter:
            return self.cl_program.ramp_filter_sino_weighted_h
        else:
            return self.cl_program.ramp_filter_sino_weighted

    def do_stop(self):
        self.stop = True

    # configure geometry and memory
    def configure_geometry(self, projs_input_shape, sample_shift_X, rotation_angles, detector_pixelsize,
                           source_sample_distance, source_detector_distance, detector_shift_Y=0.0,
                           beam_tilt_Y=None, detector_tilt_X=0., detector_tilt_Y=0.,
                           detector_skew=0., source_shifts_X=0., source_shifts_Y=0.):
        ''' configure the geometry of the CT setup

        must be called before allocate_memory() or before doing any reconstruction

        the beam vector is from the source position to the detector center

        :param projs_input_shape:       shape of the whole projection input, sets the coordinates of the reconstructed volume
                                        (to set up the reconstructible area independently fron the reconstructed area)
        :param sample_shift_X:           sample shift (= detector shift) of ndarray with shift for every projection
        :param rotation_angles:         angle of the N+1 projection (usually 360 ° or 180 °) or ndarray with angles
                                        units in radian, should start at zero (see angle_offset)
        :param detector_pixelsize:      pixelsize of the detector (same units as source_detector_distance and source_sample_distance)
        :param source_sample_distance:  distance from source to object (sample)
        :param source_detector_distance: distance from source to detector
        :param detector_shift_Y:        vertical shift of the detector relative to source height (rotation axis is orthogonal to horizontal)
        :param beam_tilt_Y:             angle in Y-direction between horizontal plane (defined by rotational axis) and beam [radian]
                                        only overrides detector_shift_Y if given and detector_shift_Y != 0
        :param detector_tilt_X:         define a vector as perpendicular to the beam-rotaxis plane [radian],
                                        this value gives the angle between the detector X-direction and that vector
        :param detector_tilt_Y:         angle between rotational axis and detector Y-direction [radian]
        :param detector_skew:           misalignment of the detector horizontal direction (X), angle to rotational axis perpendicular [radian]
        :param source_shifts_X:         individual source shifts per projection, in direction perpendicular to beam-rotaxis plane
        :param source_shifts_Y:         individual source shifts per projection, in direction of the rotaxis
        :return:
        '''

        self.projs_input_shape = np.array(projs_input_shape)
        self.nproj = np.int32(projs_input_shape[0])
        self.detector_heigth = projs_input_shape[1]
        self.detector_width = projs_input_shape[2]
        self.vol_size = np.array((projs_input_shape[2], projs_input_shape[2], projs_input_shape[1], 0), dtype='i4')
        self.z_offset = self.vol_size[2] / 2 - 0.5
        self.sample_shift_avg = np.mean(sample_shift_X)
        try:
            self.rotation_angle_max = rotation_angles[-1] - rotation_angles[0]
        except (TypeError, IndexError):
            self.rotation_angle_max = rotation_angles

        self.max_opening_angle = np.arctan(self.detector_width / 2 * detector_pixelsize / source_detector_distance)
        # print("max opening angle", rad2deg(self.max_opening_angle))

        if beam_tilt_Y is not None and np.isclose(detector_shift_Y, 0.0):
            detector_shift_Y = -np.sin(beam_tilt_Y)*source_detector_distance
            print('detector_shift_Y value was overridden with', detector_shift_Y)

        self.geometry_info.update(
            dict(sample_shift_X=sample_shift_X, rotation_angles=rotation_angles, detector_pixelsize=detector_pixelsize,
                 source_detector_distance=source_detector_distance, source_sample_distance=source_sample_distance,
                 detector_shift_Y=detector_shift_Y, detector_tilt_X=detector_tilt_X, detector_tilt_Y=detector_tilt_Y,
                 detector_skew=detector_skew, source_shifts_X=source_shifts_X, source_shifts_Y=source_shifts_Y))

        self.configure_done[0] = True
        self.ready_for_reco = False
        if np.all(self.configure_done):
            self.finish_configure()

    def configure_options(self, BHC_parameters=None, undistort_params=None, apply_neglog=True, i0_correction=None,
                          normalize_reco_to_pi='auto',
                          normalization_smoothing_length=50, interleaved_read=True, write_bin_factor=1,
                          use_clip=False, clip_range=(0.02, np.inf), gray_value_div=0., use_hilbert_filter=False,
                          multigain_parameters=None, multigain_fname=None):
        ''' configure options or optional features for the reconstruction

        can be called before reconstruction

        :param BHC_parameters:                  parameters for a simple BHC (polynom orders 2 to 5)
        :param undistort_params:                parameters for correcting a radial lens distortion (orders 1 to 4)
        :param apply_neglog:                    apply a neglog to the given projections
        :param i0_correction:                   ndarray of length nproj with i0 correction values to multiply with the projections
        :param use_temporal_speckle_filter:              use the despeckle filter
        :param temporal_speckle_filter_threshold:        threshold for the despeckle filter
        :param normalize_reco_to_pi:            do a angle weighting for extended field of view (half-field) reconstruction
        :param normalization_smoothing_length:  horizontal smoothing length for the weighting (smooth between 0.5 and 1.0)
        :param interleaved_read:                do reconstruction and reading data in parallel
        :param use_hilbert_filter:              use a hilbert filter instead of the ramp filter for reconstructing grating phase tomos
        :return:
        '''

        if undistort_params is None:
            self.undistort_params = None
        elif np.allclose(undistort_params, 0.):
            self.undistort_params = None
        else:
            self.undistort_params = undistort_params

        self.use_hilbert_filter = use_hilbert_filter

        FBPReconstructor.configure_options(self, BHC_parameters, apply_neglog, i0_correction,
                                           normalize_reco_to_pi,
                                           normalization_smoothing_length, interleaved_read, write_bin_factor,
                                           use_clip, clip_range, gray_value_div=gray_value_div,
                                           multigain_parameters=multigain_parameters, multigain_fname=multigain_fname)

    def configure_memory(self, projs_region_shape=None, detector_Y_offset=0, use_angle_partitions=-1):
        if projs_region_shape is not None:
            # assert not np.any(projs_region_shape == 0)
            # projs_region_shape = self.projs_input_shape
            assert projs_region_shape[1] + detector_Y_offset <= self.projs_input_shape[1], 'projs region outside of detector'
            self.projs_region_shape = np.array(projs_region_shape, 'i4')
        elif self.use_angle_partitions != 1:
            self.projs_region_shape = np.copy(self.projs_input_shape)

        self.detector_Y_offset = detector_Y_offset
        self.use_angle_partitions = use_angle_partitions

        self.configure_done[3] = True
        self.ready_for_reco = False
        if np.all(self.configure_done):
            self.finish_configure()

    def finish_configure(self):
        if self.region_mode == 'automatic':
            if self.rotation_angle_max < 1.9 * np.pi:
                self.region_mode = 'smallest'
            else:
                if abs(self.sample_shift_avg) < 50:
                    self.region_mode = 'normal'
                else:
                    self.region_mode = 'extended'

        if self.normalize_reco_to_pi == 'auto':
            if np.any(self.geometry_info['rotation_angles'] > 1.9 * np.pi):
                self.normalize_reco_to_pi = True
            else:
                self.normalize_reco_to_pi = False

        self.pad_values = self.pad_length, self.pad_length
        self.detector_X_offset = 0

        if self.use_angle_partitions == -1:
            self.use_angle_partitions = 2 * int(self.nproj > self.max_angle_size)


        self.voxelsize = np.float32(
            self.geometry_info["detector_pixelsize"] * self.geometry_info["source_sample_distance"] /
            self.geometry_info["source_detector_distance"] * np.cos(self.max_opening_angle) * self.write_bin_factor)

        self.reconstruction_radius = np.float32(self.get_reconstruction_radius_for_region_mode(self.detector_width / 2,
                                                    self.sample_shift_avg, self.region_mode))  # np.float32(self.detector_width/2)
        slice_range = self.get_reconstruction_range_for_region_mode((0, self.detector_width - 1), self.sample_shift_avg,
                                                                    self.region_mode)
        if self.reconstruction_size is None:
            self.reconstruction_size = np.array((slice_range[1] - slice_range[0] + 1, slice_range[1] - slice_range[0] + 1), 'i4')
        else:
            self.reconstruction_size = np.array(self.reconstruction_size, 'i4') // 2 * 2
        if self.reconstruction_origin is None:
            self.reconstruction_origin = np.array((slice_range[0], slice_range[0]), 'i4')
        else:
            self.reconstruction_origin = np.array(self.reconstruction_origin, 'i4')

        self.reconstruction = np.zeros((self.z_bunch_size, self.reconstruction_size[1], self.reconstruction_size[0]), dtype='f4')
        self.reconstruction_cl = cl.Buffer(self.compute_device, arr=self.reconstruction)

        dynamic_X_shift = not np.allclose(np.mean(self.geometry_info['source_shifts_Y']), self.geometry_info['source_shifts_Y'])
        dynamic_Y_shift = not np.allclose(np.mean(self.geometry_info['source_shifts_X']), self.geometry_info['source_shifts_X'])

        try:
            assert len(self.geometry_info['rotation_angles']) == self.nproj
            rotation_angles = self.geometry_info['rotation_angles']
        except TypeError:
            rotation_angles = np.linspace(0., self.geometry_info['rotation_angles'], self.nproj, endpoint=False,
                                       dtype='f4')

        self.use_dynamic_geometry = dynamic_X_shift or dynamic_Y_shift or (self.undistort_params is not None)

        self.sin_cos_vals = np.column_stack((np.sin(rotation_angles + self.angle_offset), np.cos(rotation_angles + self.angle_offset))).astype('f4')
        self.angle_increment = np.float32(rotation_angles[1] - rotation_angles[0])

        self.geometry_info['angle_partitions_bunchsize'] = self.projs_region_shape[0]
        geo_hash = generate_hash_from_dict(self.geometry_info)
        if geo_hash != self.geo_hash:
            self.geometries, self.static_geometries, self.dynamic_geometries = self.get_reconstruction_geometry(
                self.projs_input_shape[0], self.projs_input_shape[2], angle_offset=self.angle_offset,
                voxelsize_factor=self.voxelsize_factor, sample_shift_Y=self.sample_shift_Y, **self.geometry_info)
            self.static_geometries_cl = cl.Buffer(self.compute_device,
                                                  cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                  arr=self.static_geometries)
            if self.use_angle_partitions:
                self.set_angle_partitions()
                self.dynamic_geometries_cl_ = []
                self.geometries_cl_ = []
                self.sin_cos_vals_cl_ = []
                for start, stop in zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:]):
                    self.dynamic_geometries_cl_.append(cl.Buffer(self.compute_device,
                                                                 cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                                 arr=np.copy(self.dynamic_geometries[start:stop])))
                    self.geometries_cl_.append(cl.Buffer(self.compute_device,
                                                         cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                         arr=np.copy(self.geometries[start:stop])))
                    self.sin_cos_vals_cl_.append(cl.Buffer(self.compute_device,
                                                           cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                           arr=np.copy(self.sin_cos_vals[start:stop])))
            else:
                self.dynamic_geometries_cl_ = cl.Buffer(self.compute_device,
                                                        cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                        arr=self.dynamic_geometries)
                self.geometries_cl_ = cl.Buffer(self.compute_device,
                                                cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                arr=self.geometries)
                self.sin_cos_vals_cl_ = cl.Buffer(self.compute_device,
                                                  cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                  arr=self.sin_cos_vals)
        self.angle_partition_index = 0
        if not self.use_angle_partitions:
            self.angle_index_range = np.array((0, self.nproj), 'i4')

        if self.use_angle_partitions != 1:
            self.allocate_memory(self.projs_region_shape, self.detector_Y_offset)

        # if self.pixel_mask is not None:
        #    assert allclose(self.pixel_mask.shape, self.projs_input_shape[1:]), 'mask and detector must have the same shape'
        #    self.pixel_mask_cl = opencl.Image(self.compute_device, opencl.Buffer.MemFlags.READ_ONLY | opencl.Buffer.MemFlags.COPY_HOST_PTR | opencl.Buffer.MemFlags.HOST_NO_ACCESS,
        #                                  opencl.im_format_float, shape=self.pixel_mask.shape[::-1], ndarray=self.pixel_mask.astype('f4'))
        # else:
        #    self.pixel_mask_cl = None

        # precomputed kernel arguments
        self.source_position = np.array((*self.static_geometries[0], 0), "f4")
        self.detector_position = np.array((*self.static_geometries[1], 0), "f4")
        self.source_detector_vector = np.array(self.detector_position - self.source_position, "f4")
        self.detector_vector_Y = np.array((*self.static_geometries[2], 0), "f4")
        self.detector_vector_X = np.array((*self.static_geometries[3], 0), "f4")
        self.det_cross = np.array((*np.cross(self.detector_vector_X[:3], self.detector_vector_Y[:3]), 0), "f4")
        self.source_det_X_cross = np.array((*np.cross(self.source_detector_vector[:3], self.detector_vector_X[:3]), 0), "f4")
        self.source_det_Y_cross = np.array((*np.cross(self.detector_vector_Y[:3], self.source_detector_vector[:3]), 0), "f4")


        if self.multigain_parameters is not None:
            self.allocate_multigain_correction()

        self.sinos_are_filtered = np.zeros(self.projs_region_shape[1], '?')
        self.ready_for_reco = True

    def make_ready(self, ignore_mem=False):
        if self.ready_for_reco:
            return True
        if self.configure_done[0]:  # reconstruction possible, sets the default options
            if not self.configure_done[1]:
                self.configure_area()
            if not self.configure_done[2]:
                self.configure_options()
            if not self.configure_done[3]:
                if not ignore_mem:
                    self.configure_memory()
            return True
        raise AssertionError('reco configuration incomplete, at least configure_geometry() is required')

    def __str__(self):
        return f'ConeFBPReconstructor, with geometry {self.geometry_info}'

    # memory management
    def allocate_memory(self, projs_region_shape, detector_Y_offset=0):
        self.projs_region_shape = np.array(projs_region_shape, 'i4')
        self.proj_cl_queue = [(None, None), (None, None)]
        self.detector_Y_offset = detector_Y_offset
        if self.allocate_cl_mem():
            if self.use_angle_partitions != 0:
                self.set_angle_partitions()
        else:
            raise cl.DeviceMemoryError('reconstruction memory allocation failed')

    def allocate_cl_mem(self, force_new=False):
        # hint: successful allocation does not guarantee crash-free execution over long times
        # you should always allocate a bit less than the largest successful allocation
        try:
            if np.any(self.projs_region_shape_allocated[:2] < self.projs_region_shape[:2]) or \
                    self.projs_region_shape_allocated[2] != self.projs_region_shape[2] or force_new:
                del self.projs_filtered_cl_[:]
                gc.collect()
                allocated_size = 0
                if self.use_angle_partitions == 2:
                    for k in np.arange(self.number_angle_partitions):
                        projs_filtered_cl_part = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE,
                                                          cl.im_format_float, self.projs_region_shape, is_array=True)
                        allocated_size += projs_filtered_cl_part.size
                        self.projs_filtered_cl_.append(projs_filtered_cl_part)
                        self.angle_partition_index = k
                        self.generate_weights_cl()
                        self.add_filter_sino(np.zeros((self.projs_region_shape[0], self.projs_region_shape[2]), 'f4'), 0,
                                             test=True)  # workaround for lazy allocator in OpenCl, force allocate mem

                else:
                    self.projs_filtered_cl_ = [cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE,
                                               cl.im_format_float, self.projs_region_shape, is_array=True), ]
                    allocated_size += self.projs_filtered_cl_[0].size

                    self.generate_weights_cl()
                    self.add_filter_sino(np.zeros((self.projs_region_shape[0], self.projs_region_shape[2]), 'f4'), 0, test=True)  # workaround for lazy allocator in OpenCl, force actual allocation

                self.projs_region_shape_allocated = self.projs_region_shape
                allocated_size += 4 * np.prod(self.reconstruction_size) if self.reconstruction_size is not None else 0
                print('OpenCL allocated memory: {:.3f} GB, {}'.format(allocated_size / 1024 ** 3, self.projs_region_shape))
                gc.collect()

            return True
        except cl.DeviceMemoryError:
            print('OpenCL memory allocation failed for {}'.format(self.projs_region_shape))
            return False

    def clear_mem(self):
        del self.projs_filtered_cl_[:]

    def get_angle_partition_size(self, max_size=None):
        angle_partition_size = int(np.fmin(max_size, min(self.max_angle_size, self.nproj)))
        if angle_partition_size < self.min_angle_size:
            print('using min_angle_size')
            self.min_angle_size_in_use = True
            angle_partition_size = self.min_angle_size
        else:
            self.min_angle_size_in_use = False
        return int(np.ceil(self.nproj / (self.nproj // angle_partition_size + 1)))

    def set_angle_partitions(self):
        if self.use_angle_partitions == 1 and self.nproj > self.projs_region_shape[0]:
            self.number_angle_partitions = int(np.ceil(self.nproj / self.projs_region_shape[0]))
            self.projs_region_shape[0] = int(np.ceil(self.nproj / self.number_angle_partitions))
            self.angle_partition_indices = np.hstack((np.arange(0, self.nproj, self.projs_region_shape[0]), self.nproj)).astype('i4')
        elif self.use_angle_partitions == 2 and self.nproj > self.max_angle_size:
            self.number_angle_partitions = int(np.ceil(self.nproj / self.max_angle_size))
            self.projs_region_shape[0] = int(np.ceil(self.nproj / self.number_angle_partitions))
            self.angle_partition_indices = np.hstack((np.arange(0, self.nproj, self.projs_region_shape[0]), self.nproj)).astype('i4')
        else:
            self.number_angle_partitions = 1
            self.angle_partition_indices = (0, self.nproj)

    def compute_memory_restrictions(self):
        if self.compute_device.info.type == 'CPU':
            max_device_memory = (misc.get_free_memory(0) * 0.7 - 2) / 2  # projections must fit twice (opencl + python)
            max_main_memory = max_device_memory
        else:
            max_device_memory = self.compute_device.info.global_mem_size * self.memory_use_fraction - 0.5*1024**3
            max_main_memory = misc.get_free_memory(0) * 0.9 - 1
        max_size_prod_device = int(np.floor(max_device_memory / (self.detector_width * 4)))

        if self.use_angle_partitions == 1:
            angle_size_device = self.get_angle_partition_size(np.sqrt(max_size_prod_device)*self.angle_size_allocation_factor)
        else:
            angle_size_device = self.nproj

        max_Y_height_main = int(np.floor(max_main_memory / (3 * self.vol_size[1] * self.vol_size[2] * 4 + \
                        (1 + self.interleaved_read) * self.detector_width * angle_size_device * 4)))

        Y_height_device = min(int(max_size_prod_device / angle_size_device), self.detector_heigth)

        #print('memory restrictions:', max_Y_height_main, Y_height_device, angle_size_device)
        return max_Y_height_main, Y_height_device, angle_size_device

    def allocate_available_size(self, Y_height_device, angle_size_device=None):
        if self.use_angle_partitions == 1:
            self.projs_region_shape = np.array((angle_size_device, Y_height_device, self.detector_width))
            while not self.allocate_cl_mem():
                self.projs_region_shape[1] = max(25, int(self.projs_region_shape[1] * 0.8))
                self.projs_region_shape[0] = self.get_angle_partition_size(self.projs_region_shape[0] * 0.8)
                self.set_angle_partitions()
                if (self.projs_region_shape[1] == 25) and (self.projs_region_shape[0] == self.min_angle_size):
                    raise MemoryError('reconstruction memory allocation failed', self.projs_region_shape)
                print('tried to allocate too much memory A, lowering projs_shape to', self.projs_region_shape)

            return self.projs_region_shape[1], self.projs_region_shape[0]
        else:
            self.projs_region_shape = np.array((self.projs_input_shape[0], Y_height_device, self.detector_width), 'i8')
            while not self.allocate_cl_mem():
                self.projs_region_shape[1] = max(27, int(self.projs_region_shape[1] * 0.8)) - 2
                if (self.projs_region_shape[1] == 25):
                    raise MemoryError('reconstruction memory allocation failed')
                print('cl.MemoryError occured in partition_projs B, lowering projs_shape to', self.projs_region_shape)

            if self.use_angle_partitions == 2:
                self.set_angle_partitions()
            return self.projs_region_shape[1], None

    # filter functions
    def add_filter_sino(self, sino, y_index, test=False):
        if sino.shape[0] != self.sino.shape[0] or sino.shape[1] != self.sino.shape[1]:
            self.sino = np.zeros(sino.shape, 'f4')
        self.sino[:, :] = sino

        if False and self.i0_correction is not None and not test:  # todo: fix bug with self.angle_partition_indices and enable
            if self.use_angle_partitions is not None:
                self.sino *= self.i0_correction[self.angle_partition_indices[0]:self.angle_partition_indices[1],
                             None]
            else:
                self.sino *= self.i0_correction[:, None]

        if self.test_weighting:
            self.sino = np.ones_like(self.sino)  # test code for half-field weighting

        if self.proj_cl_queue[self.proj_cl_queue_index][0] is None:
            sino_in_cl, sino_out_cl, sino_pad_cl = self.get_sino_cl(self.sino)

        else:
            sino_in_cl, sino_out_cl, sino_pad_cl, last_event = self.proj_cl_queue[self.proj_cl_queue_index]
            last_event.wait()
            if not np.all(sino_in_cl.shape == self.sino.shape[::-1]):
                # some of the self.projs_filtered_cl memory may not be used in the last angle partition (last few projs)
                sino_in_cl, sino_out_cl, sino_pad_cl = self.get_sino_cl(self.sino)
            else:
                sino_in_cl.copy_from(self.sino)
        y_index_global = np.int32(y_index + self.detector_Y_offset)
        self.cl_program.preprocess((self.projs_region_shape[2], self.projs_region_shape[0]), self.work_block_size_ramp,
             sino_in_cl, sino_out_cl, self.cone_weigth_image_cl, y_index_global, self.pad_length, *self.preproc_args)
        sino_in_cl, sino_out_cl = self.swap_sino_in_out(sino_in_cl, sino_out_cl)

        if self.use_bad_pixel_map and not test:
            self.bad_pixels_filterer.filter_bad_pixels_sino_base(sino_in_cl, sino_out_cl, y_index_global)
            sino_in_cl, sino_out_cl = self.swap_sino_in_out(sino_in_cl, sino_out_cl)
        if self.multigain_parameters is not None:
            self.cl_program.apply_multigain_correction((self.projs_region_shape[2], self.projs_region_shape[0]), (16, 16), sino_in_cl, sino_out_cl,
                        y_index_global, self.multigain_values_cl, self.multigain_x_values_cl, self.multigain_num_entries)
            sino_out_cl, sino_in_cl = self.swap_sino_in_out(sino_in_cl, sino_out_cl)
            print('multigain applied')

        if self.use_temporal_speckle_filter and not test:
            self.temporal_speckles_filterer.conditioned_median_filter_base(sino_in_cl, sino_out_cl)
            sino_in_cl, sino_out_cl = self.swap_sino_in_out(sino_in_cl, sino_out_cl)
        if self.use_spatial_speckle_filter and not test:
            self.spatial_speckles_filterer.conditioned_median_filter_base(sino_in_cl, sino_out_cl)
            sino_in_cl, sino_out_cl = self.swap_sino_in_out(sino_in_cl, sino_out_cl)
        if self.use_ring_filter and not test:
            self.rings_filterer.filter_rings_base(sino_in_cl, sino_out_cl, self.rings_filterer_radius)
            sino_in_cl, sino_out_cl = self.swap_sino_in_out(sino_in_cl, sino_out_cl)

        self.cl_program.fill_pad_proj((self.projs_region_shape[2], self.projs_region_shape[0]), (16, 16),
                                      sino_in_cl, sino_pad_cl, self.pad_length)
        self.cl_program.pad_proj((2, self.sino.shape[0]), (2, 32), sino_in_cl, sino_pad_cl, self.pad_length,
                                 self.pad_averaging_length, *self.preproc_args)

        # if self.pixel_mask_cl is not None:
        #    self.cl_program.filter_mask(work_size_sino, self.work_block_size_ramp, sino_cl, sino_pad_cl,
        #                     self.pixel_mask_cl, np.int32(y_index))

        if self.normalize_reco_to_pi:
            event = self.cl_program.ramp_filter_sino_weighted(self.sino.shape[::-1], self.work_block_size_ramp,
                                                              sino_pad_cl, self.projs_filtered_cl,
                                                              self.projs_weights_cl,
                                                              np.int32(self.pad_length), np.int32(y_index), self.fast_filter)

        else:
            event = self.cl_program.ramp_filter_sino(self.sino.shape[::-1], self.work_block_size_ramp,
                                                     sino_pad_cl, self.projs_filtered_cl,
                                                     np.int32(self.pad_length), np.int32(y_index), self.fast_filter)

        if not test:
            self.proj_events.append(event)
            self.proj_cl_queue[self.proj_cl_queue_index] = sino_in_cl, sino_out_cl, sino_pad_cl, event
            self.proj_cl_queue_index = (self.proj_cl_queue_index + 1) % self.proj_cl_queue_len
            self.sinos_are_filtered[y_index] = True

        # should call self.finish_projs_filter()! before reconstructing
        # print('sino filtered', self.angle_partition_index, y_index, self.projs_filtered_cl, mean(sino))

    def get_sino_cl(self, sino):
        if not np.all(np.equal(sino.shape, self.allocated_sino_shape)):

            sino_cl = cl.Image(self.compute_device,
                               cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                               arr=sino)
            sino2_cl = cl.Image(self.compute_device,
                                cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.HOST_WRITE_ONLY,
                                cl.im_format_float, sino.shape)
            sino_pad_shape = (sino.shape[0], sino.shape[1] + 2 * self.pad_length)
            sino_pad_cl = cl.Image(self.compute_device,
                                   cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                   cl.im_format_float, sino_pad_shape)
            self.sinos_cl = sino_cl, sino2_cl, sino_pad_cl
            self.allocated_sino_shape = sino.shape
        else:
            self.sinos_cl[0].copy_from(sino)

        return self.sinos_cl

    def finish_projs_filter(self):
        # must be called before starting a reconstruction! (may work anyway due to queue order)
        [event.wait() for event in self.proj_events]
        assert np.all(self.sinos_are_filtered), 'filter all sinograms before reconstructing'
        del self.proj_events[:]
        gc.collect()

    def filter_projs(self, projs):
        # print('filter_projs()')
        self.sinos_are_filtered = np.zeros(self.projs_region_shape[1], '?')
        if self.use_angle_partitions == 2:
            for angle_partition_index, angle_partition_range in enumerate(
                    zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:])):
                self.angle_partition_index = angle_partition_index
                for y_index in range(projs.shape[1]):
                    self.add_filter_sino(projs[angle_partition_range[0]:angle_partition_range[1], y_index, :], y_index)
                self.finish_projs_filter()

        else:
            for y_index in range(projs.shape[1]):
                self.add_filter_sino(projs[:, y_index, :], y_index)

            self.finish_projs_filter()

    # physical corrections
    def generate_weights_cl(self):
        if self.detector_Y_offset is not None:
            self.make_cone_weight_image_cl()
            self.generate_extFOV_cl()

    def make_cone_weight_image_cl(self):
        sdd_px = self.geometry_info['source_detector_distance'] / self.geometry_info['detector_pixelsize']
        # detector tilts are approximated as small and ignored
        y_coordinate = np.arange(self.projs_input_shape[1]) - self.projs_input_shape[1] / 2 + self.geometry_info['detector_shift_Y'] / self.geometry_info['detector_pixelsize']
        x_coordinate = np.arange(self.projs_input_shape[2]) - self.projs_input_shape[2] / 2
        cone_weigth_image = (sdd_px / np.sqrt(sdd_px ** 2 + x_coordinate[None, :] ** 2 + y_coordinate[:, None] ** 2)).astype('f4')
        self.cone_weigth_image_cl = cl.Image(self.compute_device,
                                             cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                             arr=cone_weigth_image)

    def generate_extFOV_cl(self):
        sample_shift_X = np.mean(self.geometry_info['sample_shift_X'])
        half_point = self.detector_width / 2 - abs(sample_shift_X)  # - self.crop_overlap

        normalization_smoothing_length = min(half_point, self.normalization_smoothing_length,
                                             abs(sample_shift_X))  # width from 0 to 1 or 0 to 0.5
        smooth_center_distance = max(half_point - normalization_smoothing_length - self.pad_length * 0.75, 0.)

        if np.isclose(sample_shift_X, 0.):
            overlap_func = np.ones((self.detector_heigth, self.detector_width), 'f4')

        else:
            overlap_func = np.zeros((self.detector_heigth, self.detector_width), 'f4')
            tilt_fact = np.arctan(self.geometry_info['detector_skew'])
            if sample_shift_X < 0:
                tilt_fact *= -1

            for k in np.arange(self.detector_heigth):
                tilt_shift = (self.detector_Y_offset - self.projs_input_shape[1] / 2 + k) * tilt_fact
                overlap_func[k, :] = self.get_overlap_weight(self.detector_width, half_point + tilt_shift,
                                                             normalization_smoothing_length,
                                                             smooth_center_distance)
            if sample_shift_X > 0:
                overlap_func = np.copy(overlap_func[:, ::-1])
            overlap_func *= 2

        self.projs_weights_cl = cl.Image(self.compute_device,
                                         cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                         arr=overlap_func)

    @property
    def dynamic_geometries_cl(self):
        if self.use_angle_partitions:
            return self.dynamic_geometries_cl_[self.angle_partition_index]
        else:
            return self.dynamic_geometries_cl_

    @property
    def geometries_cl(self):
        if self.use_angle_partitions:
            return self.geometries_cl_[self.angle_partition_index]
        else:
            return self.geometries_cl_

    @property
    def projs_filtered_cl(self):
        if self.use_angle_partitions == 2:
            return self.projs_filtered_cl_[self.angle_partition_index]
        else:
            return self.projs_filtered_cl_[0]

    # reconstruction
    def backproject(self, slice_index, z_bunch_size=1):
        reconstruction_origin = np.array(np.hstack((self.reconstruction_origin, slice_index, 0)), dtype='f4')  # translates from indices to position
        reconstruction_origin -= self.vol_size / 2 - 0.5
        detector_size = np.array((self.vol_size[1], self.vol_size[2]), dtype='i4')
        detector_start = np.array((self.detector_X_offset, self.detector_Y_offset), dtype='i4')

        reco_kernel_area = np.array((0, 0, self.reconstruction_size[0], self.reconstruction_size[1]), 'i4')  # x start, y_start, x stop, y stop
        reset_mem = np.int32((self.angle_index_range[0] == 0) or (self.use_angle_partitions == 1))

        y_reco_offsets = np.linspace(0, self.reconstruction_size[0],
                                  self.reconstruction_size[0] // self.max_reco_block_size + 2, dtype='i4') // 2 * 2
        x_reco_offsets = np.linspace(0, self.reconstruction_size[1],
                                  self.reconstruction_size[1] // self.max_reco_block_size + 2, dtype='i4') // 2 * 2

        work_size_factor = int(np.sqrt(self.z_bunch_size / z_bunch_size))  # the default work item sizes are meant to be used with self.z_bunch_slice
        global_size = (z_bunch_size, max(x_reco_offsets[1:] - x_reco_offsets[:-1]) // 2, max(y_reco_offsets[1:] - y_reco_offsets[:-1]) // 2)
        local_size = [z_bunch_size, self.work_block_size[1] * work_size_factor, self.work_block_size[0] * work_size_factor]

        value_scaler = np.float32(1 / self.nproj)
        if self.use_dynamic_geometry and self.undistort_params is not None:
            undistort_params = np.array(self.undistort_params, dtype='f4') / (self.detector_width / 2)

        args_set = False
        for y_reco_range in zip(y_reco_offsets[:-1], y_reco_offsets[1:]):
            for x_reco_range in zip(x_reco_offsets[:-1], x_reco_offsets[1:]):
                reco_kernel_area[:] = y_reco_range[0], x_reco_range[0], y_reco_range[1], x_reco_range[1]
                if not args_set:
                    if self.use_dynamic_geometry:
                        if self.undistort_params is None:
                            self.cl_program.cone_backprojector_dg(global_size, local_size,
                                                                  self.geometries_cl, self.projs_filtered_cl,
                                                                  self.reconstruction_cl,
                                                                  self.reconstruction_size, self.angle_index_range,
                                                                  reconstruction_origin, detector_size,
                                                                  self.reconstruction_radius, detector_start,
                                                                  reco_kernel_area, value_scaler, reset_mem).wait()
                        else:
                            self.cl_program.cone_backprojector_dg_ud(global_size, local_size,
                                                                     self.geometries_cl, self.projs_filtered_cl,
                                                                     self.reconstruction_cl,
                                                                     self.reconstruction_size, self.angle_index_range,
                                                                     reconstruction_origin, detector_size,
                                                                     self.reconstruction_radius, detector_start,
                                                                     reco_kernel_area, value_scaler, reset_mem, undistort_params).wait()
                    else:
                        self.cl_program.cone_backprojector(global_size, local_size,
                                                           self.static_geometries_cl, self.sin_cos_vals_cl,
                                                           self.projs_filtered_cl, self.reconstruction_cl,
                                                           self.reconstruction_size,
                                                           self.angle_index_range, reconstruction_origin, detector_size,
                                                           self.reconstruction_radius, detector_start, reco_kernel_area,
                                                           value_scaler, reset_mem).wait()
                    args_set = True

                else:
                    if self.use_dynamic_geometry:
                        if self.undistort_params is None:
                            self.cl_program.cone_backprojector_dg(global_size, local_size,
                                                                  reco_kernel_area=reco_kernel_area).wait()
                        else:
                            self.cl_program.cone_backprojector_dg_ud(global_size, local_size,
                                                                     reco_kernel_area=reco_kernel_area).wait()
                    else:
                        self.cl_program.cone_backprojector(global_size, local_size,
                                                           reco_kernel_area=reco_kernel_area).wait()

    def reconstruct_slice(self, slice_index):
        self.make_ready()
        if self.use_angle_partitions == 2:
            for angle_partition_index, angle_partition_range in enumerate(
                    zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:])):
                # print('angle_partition_index', angle_partition_index, angle_partition_range)
                self.angle_index_range = np.int32(angle_partition_range)
                self.angle_partition_index = angle_partition_index
                self.backproject(slice_index, z_bunch_size=1)
        else:
            self.backproject(slice_index, z_bunch_size=1)
        # print('reconstruction.range', reconstruction.min(), reconstruction.max())
        self.reconstruction_cl.copy_to(self.reconstruction[0, :, :])

        return self.reconstruction[0, :, :]

    def reconstruct_volume(self, projs, slice_range):
        self.make_ready()
        self.filter_projs(projs)
        del projs
        reconstruction = np.zeros(((slice_range[1] - slice_range[0],) + tuple(self.reconstruction_size[::-1])), dtype='f4')
        for arr_index, slice_index in enumerate(np.arange(slice_range[0], slice_range[1], self.z_bunch_size)):
            z_bunch_size = min(self.z_bunch_size, slice_range[1] - slice_index)
            if self.use_angle_partitions == 2:
                for angle_partition_index, angle_partition_range in enumerate(
                        zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:])):
                    # print('angle_partition_index', angle_partition_index, angle_partition_range)
                    self.angle_index_range = np.int32(angle_partition_range)
                    self.angle_partition_index = angle_partition_index
                    self.backproject(slice_index, z_bunch_size=z_bunch_size)
            else:
                self.backproject(slice_index, z_bunch_size=z_bunch_size)
            # print('reconstruction.range', reconstruction.min(), reconstruction.max())
            self.reconstruction_cl.copy_to(
                reconstruction[arr_index * self.z_bunch_size:arr_index * self.z_bunch_size + z_bunch_size, :, :])

        return reconstruction

    # calculate geometry vectors
    @staticmethod
    def get_reconstruction_geometry(nproj, detector_width, sample_shift_X, rotation_angles, detector_pixelsize,
                                    source_detector_distance, source_sample_distance,
                                    detector_shift_Y=0., detector_tilt_X=0., detector_tilt_Y=0.,
                                    detector_skew=0., source_shifts_X=0., source_shifts_Y=0.,
                                    angle_offset=0., robust_parallel_like=True,
                                    voxelsize_factor=1.0, sample_shift_Y=None, **kwargs):
        # for the unrotated coordinates, y=X, z=Y, x is the beam direction (X, Y are detector directions)
        # OpenCL coordinates: xyz = 123, NOT zyx (numpy)

        source_shifts_X = ConeFBPReconstructor.fill_angle_array(source_shifts_X, nproj)
        source_shifts_Y = ConeFBPReconstructor.fill_angle_array(source_shifts_Y, nproj)

        try:
            assert len(rotation_angles) == nproj
        except TypeError:
            rotation_angles = np.linspace(0., rotation_angles, nproj, endpoint=False, dtype='f4')
        rotation_angles += angle_offset

        if source_sample_distance > source_detector_distance:
            print(
                'warning: object is positioned behind the detector (source_sample_distance > source_detector_distance)')
        if np.isclose(source_detector_distance, source_sample_distance):
            source_sample_distance *= 0.99

        max_opening_angle = np.arctan(detector_width / 2 * detector_pixelsize / source_detector_distance)
        voxelsize = detector_pixelsize * source_sample_distance / source_detector_distance * np.cos(
            max_opening_angle) * voxelsize_factor
        odd_v = (source_detector_distance - source_sample_distance) / voxelsize
        # sdd_v = (source_detector_distance)/voxelsize
        sod_v = (source_sample_distance) / voxelsize

        detector_pixelsize_in_voxels = detector_pixelsize / voxelsize
        source_shifts_X *= detector_pixelsize_in_voxels
        source_shifts_Y *= detector_pixelsize_in_voxels
        unrotated_detector_Xpixstep = np.array((0., detector_pixelsize_in_voxels, 0.), dtype='f4')
        unrotated_detector_Ypixstep = np.array((0., 0., detector_pixelsize_in_voxels), dtype='f4')

        beam_tilt_Y_gradient = -detector_shift_Y/source_detector_distance
        unrotated_detector_center = odd_v * np.array((1, 0, beam_tilt_Y_gradient))
        unrotated_source_pos = -sod_v * np.array((1, 0, beam_tilt_Y_gradient))

        if not np.isclose(0., detector_tilt_Y):
            unrotated_detector_Ypixstep = ConeFBPReconstructor.yaxis_rotate_vec3(unrotated_detector_Ypixstep,
                                                                                 detector_tilt_Y)
            unrotated_detector_Xpixstep = ConeFBPReconstructor.yaxis_rotate_vec3(unrotated_detector_Xpixstep,
                                                                                 detector_tilt_Y)
        if not np.isclose(0., detector_tilt_X):
            unrotated_detector_Ypixstep = ConeFBPReconstructor.zaxis_rotate_vec3(unrotated_detector_Ypixstep,
                                                                                 detector_tilt_X)
            unrotated_detector_Xpixstep = ConeFBPReconstructor.zaxis_rotate_vec3(unrotated_detector_Xpixstep,
                                                                                 detector_tilt_X)
        if not np.isclose(0., detector_skew):
            unrotated_detector_Ypixstep = ConeFBPReconstructor.xaxis_rotate_vec3(unrotated_detector_Ypixstep,
                                                                                 detector_skew)
            unrotated_detector_Xpixstep = ConeFBPReconstructor.xaxis_rotate_vec3(unrotated_detector_Xpixstep,
                                                                                 detector_skew)

        if robust_parallel_like:  # this sets a minimum opening angle to avoid float errors in the backprojector
            length_scale = ConeFBPReconstructor.vector_length(
                unrotated_source_pos[0]) + ConeFBPReconstructor.vector_length(unrotated_detector_center[0])
            if length_scale > 1e7:
                correction_factor = length_scale / 1e7
                unrotated_source_pos /= correction_factor
                unrotated_detector_center /= correction_factor
        else:
            if np.any(unrotated_source_pos > 1e7) or np.any(unrotated_detector_center > 1e7):
                print('warning: geometry is parallel-like, the result may have a bad quality \n'
                      '=> use the parallel reconstructor instead (float64 geometry backprojectors would not have this problem)\n'
                      '(or use the robust_parallel_like=True parameter)')

        geometries = np.zeros((nproj, 4, 3), dtype='f4')
        geometries[:, 0, :] = unrotated_source_pos
        geometries[:, 0, 1] += source_shifts_X - sample_shift_X
        geometries[:, 0, 2] += source_shifts_Y
        geometries[:, 1, :] = unrotated_detector_center
        geometries[:, 1, 1] -= sample_shift_X
        if sample_shift_Y is not None:
            geometries[:, 1, 2] -= sample_shift_Y
            geometries[:, 0, 2] -= sample_shift_Y

        geometries[:, 2, :] = unrotated_detector_Ypixstep
        geometries[:, 3, :] = unrotated_detector_Xpixstep

        static_geometry = np.copy(geometries[0, :, :])

        geometries = ConeFBPReconstructor.rotate_reconstruction_geometry(geometries, rotation_angles, nproj)

        dynamic_geometry = np.zeros((nproj, 2), dtype='f4')
        dynamic_geometry[:, 0] = unrotated_source_pos[1] + source_shifts_X - sample_shift_X  # source y
        dynamic_geometry[:, 1] = unrotated_source_pos[2] + source_shifts_Y  # source z

        return geometries, static_geometry, dynamic_geometry

    @staticmethod
    def rotate_reconstruction_geometry(reconstruction_geometry, rotation_angles, nproj):
        reconstruction_geometry = np.copy(reconstruction_geometry)
        rotation_angles = ConeFBPReconstructor.fill_angle_array(rotation_angles, nproj)
        for angle_index in range(nproj):
            angle = rotation_angles[angle_index]
            reconstruction_geometry[angle_index, 0, :] = ConeFBPReconstructor.zaxis_rotate_vec3(
                reconstruction_geometry[angle_index, 0, :], angle)
            reconstruction_geometry[angle_index, 1, :] = ConeFBPReconstructor.zaxis_rotate_vec3(
                reconstruction_geometry[angle_index, 1, :], angle)
            reconstruction_geometry[angle_index, 2, :] = ConeFBPReconstructor.zaxis_rotate_vec3(
                reconstruction_geometry[angle_index, 2, :], angle)
            reconstruction_geometry[angle_index, 3, :] = ConeFBPReconstructor.zaxis_rotate_vec3(
                reconstruction_geometry[angle_index, 3, :], angle)
        return reconstruction_geometry

    @staticmethod
    def zaxis_rotate_vec3(vec3, angle):
        # rotate a OpenCL 3-vector in the x-y-plane by the angle (radian units)
        rotated_vec3 = np.zeros_like(vec3)
        rotated_vec3[0] = np.cos(angle) * vec3[0] - np.sin(angle) * vec3[1]
        rotated_vec3[1] = np.sin(angle) * vec3[0] + np.cos(angle) * vec3[1]
        rotated_vec3[2] = vec3[2]
        return rotated_vec3

    @staticmethod
    def yaxis_rotate_vec3(vec3, angle):
        # rotate a OpenCL 3-vector in the x-y-plane by the angle (radian units)
        rotated_vec3 = np.zeros_like(vec3)
        rotated_vec3[0] = np.cos(angle) * vec3[0] + np.sin(angle) * vec3[2]
        rotated_vec3[1] = vec3[1]
        rotated_vec3[2] = -np.sin(angle) * vec3[0] + np.cos(angle) * vec3[2]
        return rotated_vec3

    @staticmethod
    def xaxis_rotate_vec3(vec3, angle):
        # rotate a OpenCL 3-vector in the x-y-plane by the angle (radian units)
        rotated_vec3 = np.zeros_like(vec3)
        rotated_vec3[0] = vec3[0]
        rotated_vec3[1] = np.cos(angle) * vec3[1] - np.sin(angle) * vec3[2]
        rotated_vec3[2] = np.sin(angle) * vec3[1] + np.cos(angle) * vec3[2]
        return rotated_vec3

    @staticmethod
    def vector_length(vec):
        return np.sqrt(np.sum(vec ** 2))

    @staticmethod
    def fill_angle_array(arr_or_val, nproj):
        try:
            assert len(arr_or_val) == nproj
            return np.copy(arr_or_val)
        except TypeError:
            new_arr = np.ones(nproj, dtype='f4')
            new_arr *= arr_or_val
            return new_arr

    # reconstruction range and partitioning functions
    def project_to_detector(self, volume_position, geometry_entry):
        source_vec = geometry_entry[0, :]
        detector_vec = geometry_entry[1, :]
        detector_vector_y = geometry_entry[2, :]
        detector_vector_x = geometry_entry[3, :]
        source_detector_vector = detector_vec - source_vec
        ray_vector = volume_position - source_vec

        ray_detector_factor = 1. / (np.dot(np.cross(detector_vector_x, detector_vector_y), ray_vector))
        ray_detector_position_x = np.dot(np.cross(detector_vector_y, source_detector_vector),
                                      ray_vector) * ray_detector_factor
        ray_detector_position_y = np.dot(np.cross(source_detector_vector, detector_vector_x),
                                      ray_vector) * ray_detector_factor

        if self.undistort_params is not None:
            ray_detector_position_x_c = np.clip(ray_detector_position_x, -self.detector_width / 2, self.detector_width / 2)
            ray_detector_position_y_c = np.clip(ray_detector_position_y, -self.detector_heigth / 2,
                                             self.detector_heigth / 2)
            undistort_params = np.array(self.undistort_params, dtype='f4') / 1e3
            r = np.sqrt((ray_detector_position_x_c) ** 2 + ray_detector_position_y_c ** 2) / (self.detector_width / 2)
            distort_fact = (1 + undistort_params[0] * r + undistort_params[1] * r ** 2 + undistort_params[2] * r ** 3 +
                            undistort_params[3] * r ** 4)
            ray_detector_position_x *= distort_fact
            ray_detector_position_y *= distort_fact

        return np.array((ray_detector_position_x, ray_detector_position_y))

    def project_to_detector_y(self, volume_position, geometry_entry):
        source_vec = geometry_entry[0, :]
        detector_vec = geometry_entry[1, :]
        detector_vector_y = geometry_entry[2, :]
        detector_vector_x = geometry_entry[3, :]
        source_detector_vector = detector_vec - source_vec
        ray_vector = volume_position - source_vec

        ray_detector_factor = 1. / (np.dot(np.cross(detector_vector_x, detector_vector_y), ray_vector))
        ray_detector_position_y = np.dot(np.cross(source_detector_vector, detector_vector_x),
                                      ray_vector) * ray_detector_factor

        if self.undistort_params is not None:
            ray_detector_position_x = np.dot(np.cross(detector_vector_y, source_detector_vector),
                                          ray_vector) * ray_detector_factor
            ray_detector_position_x_c = np.clip(ray_detector_position_x, -self.detector_width / 2, self.detector_width / 2)
            ray_detector_position_y_c = np.clip(ray_detector_position_y, -self.detector_heigth / 2,
                                             self.detector_heigth / 2)
            undistort_params = np.array(self.undistort_params, dtype='f4') / 1e3
            r = np.sqrt(ray_detector_position_x_c ** 2 + ray_detector_position_y_c ** 2) / (self.detector_width / 2)
            distort_fact = (1 + undistort_params[0] * r + undistort_params[1] * r ** 2 + undistort_params[2] * r ** 3 +
                            undistort_params[3] * r ** 4)
            ray_detector_position_y *= distort_fact

        return ray_detector_position_y

    def required_detector_range(self, slice_number):
        assert self.geometries is not None or self.static_geometries is not None, 'define a geometry first'
        if self.use_dynamic_geometry == 0:
            geometry_entries = self.static_geometries,
        else:
            geometry_entries = self.geometries[::len(self.geometries) // 20]
        heights = np.zeros(len(geometry_entries) * 4, 'f8')
        for k, geometry_entry in enumerate(geometry_entries):
            positions = [np.array((-self.reconstruction_radius, 0, slice_number-self.z_offset)),
                         np.array(( self.reconstruction_radius, 0, slice_number-self.z_offset)),
                         np.array((0, -self.reconstruction_radius, slice_number-self.z_offset)),
                         np.array((0,  self.reconstruction_radius, slice_number-self.z_offset))]
            for index, position in enumerate(positions):
                heights[4 * k + index] = self.project_to_detector_y(position, geometry_entry)

        return np.array((np.floor(heights.min() + self.z_offset)-0.5, np.ceil(heights.max() + self.z_offset)+0.5), dtype='i4')

    def get_detector_range_for_reconstruction(self, reconstruction_range):
        return [self.required_detector_range(reconstruction_range[k])[k] for k in (0, 1)]

    def restrict_reconstruction_range(self, reconstruction_range):
        detector_range = np.array((0, self.vol_size[2] - 1))
        reconstruction_range_pos = (max(self.first_possible_slice(detector_range), reconstruction_range[0]),
                                    min(self.last_possible_slice(detector_range),  reconstruction_range[1]))
        return reconstruction_range_pos

    def first_possible_slice(self, detector_range):
        search_step = 512
        slice_number = self.vol_size[0]-1+search_step
        for k in range(1000):
            slice_number -= search_step
            projected_min_index = self.required_detector_range(slice_number)[0]
            if projected_min_index < detector_range[0]:
                slice_number += search_step
                if search_step == 1:
                    break
                else:
                    search_step //= 2
        if k == 999: raise RuntimeError('determining detector area for slice failed')
        return slice_number

    def last_possible_slice(self, detector_range):
        search_step = 512
        slice_number = 0 - search_step
        for k in range(1000):
            slice_number += search_step
            projected_max_index = self.required_detector_range(slice_number)[1]
            if projected_max_index > detector_range[1]:
                slice_number -= search_step
                if search_step == 1:
                    break
                else:
                    search_step //= 2
            # print(search_step, reconstruction_pos)
        if k == 999: raise RuntimeError('determining detector area for slice failed')
        return slice_number

    # whole reconstruction including data load
    def configure_memory_partitioned(self, reconstruction_z_range=None):
        if reconstruction_z_range is None:
            reconstruction_z_range = 0, self.projs_input_shape[1] - 1
        reconstruction_z_range = np.array(reconstruction_z_range)
        if self.verbose:
            print('requested reconstruction_z_range', reconstruction_z_range)

        self.use_angle_partitions = 1
        self.make_ready(ignore_mem=True)
        while True:
            try:
                max_Y_height_main, Y_height_device, angle_size_device = self.compute_memory_restrictions()
                Y_height_device, angle_size_device = self.allocate_available_size(Y_height_device, angle_size_device)

                #self.find_cl_mem_size()
                self.configure_memory(use_angle_partitions=1)
                assert self.geometries is not None, 'define a geometry first'

                # variables ending on _pos describe positions (center = 0) others describe indices (center = (len-1)/2)
                reconstruction_z_range = self.restrict_reconstruction_range(reconstruction_z_range)

                assert max_Y_height_main > 10, 'too little memory available for fast reconstruction'

                detector_z_range = self.get_detector_range_for_reconstruction(reconstruction_z_range)
                if Y_height_device > (detector_z_range[1] - detector_z_range[0]) and \
                        max_Y_height_main > (reconstruction_z_range[1] - reconstruction_z_range[0]):
                    if self.verbose: print('one partition case')
                    self.detector_partitions = (detector_z_range,)
                    self.reconstruction_partitions = (reconstruction_z_range,)
                    self.partition_sizes = np.array([tup[1] - tup[0] for tup in self.reconstruction_partitions])
                    return True
                else:
                    self.reconstruction_partitions = []
                    self.detector_partitions = []
                    detector_start = detector_z_range[0]
                    reconstruction_start = reconstruction_z_range[0]
                    partitioning = True
                    while partitioning:
                        detector_z_part = np.array((0, Y_height_device), 'i4') + detector_start

                        reconstruction_stop = self.last_possible_slice(detector_z_part)
                        if reconstruction_stop <= reconstruction_start:
                            raise MemoryError("cone angle too steep for available memory (empty z range)")

                        recalculate = False # cases in which reconstruction_stop is decreased (smaller range)
                        if reconstruction_stop > reconstruction_z_range[1]:
                            reconstruction_stop = reconstruction_z_range[1]
                            recalculate = True
                            detector_z_part[1] = self.required_detector_range(reconstruction_stop)[1]
                        if (reconstruction_stop-reconstruction_start) > max_Y_height_main:
                            reconstruction_stop = reconstruction_start + max_Y_height_main
                            recalculate = True
                        if self.write_bin_factor > 1:
                            reconstruction_stop -= (reconstruction_stop - reconstruction_start) % self.write_bin_factor
                            recalculate = True
                        if recalculate:
                            detector_z_part[1] = self.required_detector_range(reconstruction_stop)[1]

                        if detector_z_part[1] >= detector_z_range[1]:
                            detector_z_part[1] = detector_z_range[1]
                            partitioning = False

                        if ((reconstruction_stop - reconstruction_start) > self.min_reco_height) or not partitioning:  # last partition is exempt from self.min_reco_height
                            self.detector_partitions.append(detector_z_part)
                            self.reconstruction_partitions.append(np.array((reconstruction_start, reconstruction_stop)))
                            reconstruction_start = reconstruction_stop
                        else:
                            raise MemoryError("cone angle too steep for available memory (small z range)")

                        detector_start = self.required_detector_range(reconstruction_start)[0]

                    self.partition_sizes = np.array([tup[1] - tup[0] for tup in self.reconstruction_partitions])
                    print(f'{len(self.detector_partitions)} z partitions:', *[f'[{det[0]}, {det[1]}]=>[{rec[0]}, {rec[1]}];'
                                        for det, rec in zip(self.detector_partitions, self.reconstruction_partitions)])
                    print(f'maximal reco partition size: {max_Y_height_main}; angle partition size {self.projs_region_shape[0]}, number {self.number_angle_partitions}')
                    return self.reconstruction_partitions[0][0], self.reconstruction_partitions[-1][-1]
            except MemoryError as err:
                if self.angle_size_allocation_factor < 0.1 or self.min_angle_size_in_use:
                    raise
                else:
                    self.angle_size_allocation_factor *= 0.8
                    print(f'allocation unsuited for vertical cone angle, attempting higher area {1/self.angle_size_allocation_factor:.2f} ({repr(err)})')

    def get_progress(self, partition_index, angle_partition_index=0, slice_index=None):
        # assumes filter takes 20 % of runtime
        progress_parts = len(self.detector_partitions) * self.number_angle_partitions
        if partition_index:
            done_slices_progress = np.sum(self.partition_sizes[:partition_index]) / np.sum(self.partition_sizes)
        else:
            done_slices_progress = 0.
        current_partition_weight = self.partition_sizes[partition_index] / np.sum(self.partition_sizes)
        angle_partition_progress = angle_partition_index * current_partition_weight / self.number_angle_partitions
        if slice_index is None:
            slice_progress = 0.
        else:
            slice_progress = (0.2 + 0.8 * slice_index / self.partition_sizes[
                partition_index]) * current_partition_weight / self.number_angle_partitions
        progress_index = progress_parts * (done_slices_progress + angle_partition_progress + slice_progress)
        return progress_index, progress_parts

    def load_projections(self, reader, partition_index, angle_partition_index):
        if self.interleaved_read and (len(self.detector_partitions) > 1 or self.number_angle_partitions > 1):
            if partition_index == 0 and angle_partition_index == 0:
                projs = self.do_read_range(reader, partition_index, angle_partition_index)
                self.read_thread.put(self.do_read_range, reader, partition_index, angle_partition_index + 1)
                print('started interleaved read')
            elif angle_partition_index < self.number_angle_partitions - 1:
                self.read_thread.wait()
                projs = reader.volume; del reader.volume
                self.read_thread.put(self.do_read_range, reader, partition_index, angle_partition_index + 1)
            elif partition_index < len(self.detector_partitions) - 1 and angle_partition_index == self.number_angle_partitions - 1:
                self.read_thread.wait()
                projs = reader.volume; del reader.volume
                self.read_thread.put(self.do_read_range, reader, partition_index + 1, 0)
            else:
                self.read_thread.wait()
                projs = reader.volume; del reader.volume
        else:
            projs = self.do_read_range(reader, partition_index, angle_partition_index)

        return projs

    def do_read_range(self, reader, partition_index, angle_partition_index):
        reader.set_crops([(self.angle_partition_indices[angle_partition_index] + self.proj_index_offset,
                           self.angle_partition_indices[angle_partition_index + 1] + self.proj_index_offset),
                           self.detector_partitions[partition_index], None])
        projs = reader.load_all()
        if self.use_ring_filter and not self.stop:
            self.filter_rings(projs)
        #print('projs read', partition_index, angle_partition_index, projs.mean(axis=(1, 2)))
        return projs

    def write_slices(self, writer, reconstruction, vol_slice, index_offset):
        self.write_thread.wait()
        self.write_thread.put(writer.save_range, reconstruction, vol_slice, index_offset)

    def reinit_write_thread(self):
        self.write_thread.do_stop()
        del self.write_thread
        self.write_thread = common.parallel.QueueThread(maxsize=1)

    def reconstruct_partitioned(self, reader: Reader, writer: Writer, reconstruction_z_range=None,
                                ui_updater=lambda k, n, ft='', u=True: None):
        ''' reconstruct a volume memory-efficient with direct access to file storage

        the various configure_...() functions need to be called before

        :param reader:          ImagesReader configured for reading the the projections
        :param writer:          ImagesWriter configured for writing the reconstructed slices
        ...
        :return:
        '''
        self.make_ready(ignore_mem=True)
        self.init_io_threads()
        self.configure_memory_partitioned(reconstruction_z_range)

        if type(reader) not in (Reader, DummyReader):
            reader = DummyReader(reader)

        self.proj_index_offset = reader.crops[0][0]
        if type(writer) not in (Writer, DummyWriter):
            if writer is None:
                number_slices = self.reconstruction_partitions[-1][1] - self.reconstruction_partitions[0][0]
                reco_shape = (number_slices, self.reconstruction_size[0], self.reconstruction_size[1])
                writer = DummyWriter(np.zeros(reco_shape, "f4"))
            elif type(writer) is np.ndarray:
                writer = DummyWriter(writer)
            else:
                raise ValueError('invalid writer type, must be ndarray, ImagesWriter or DummyWriter')


        if self.interleaved_read:
            reader.keep_volume_result_reference = True
        if self.write_bin_factor > 1:
            writer.bin_factor = self.write_bin_factor

        try:
            self.stop = False
            number_partitions = len(self.detector_partitions)

            for partition_index in range(number_partitions):
                if self.stop: return
                print('z partition {}:'.format(partition_index + 1), self.detector_partitions[partition_index], self.reconstruction_partitions[partition_index])
                reco_heigth = self.reconstruction_partitions[partition_index][1] -  self.reconstruction_partitions[partition_index][0]

                if misc.get_free_memory() * 0.7 < 4 * np.int64(reco_heigth) * np.prod(self.reconstruction_size) / 1024 ** 3:
                    if hasattr(writer, 'ring_filter_enabled'):
                        ui_updater(None, None, 'saving (+ring filter)', False)
                    else:
                        ui_updater(None, None, 'saving', False)
                    self.reinit_write_thread(); gc.collect()

                reconstruction = np.zeros((reco_heigth, *self.reconstruction_size[::-1]), dtype='f4')

                for angle_partition_index, angle_partition_range in enumerate(
                        zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:])):
                    if self.verbose:
                        print('angle partition', angle_partition_index, angle_partition_range)
                    ui_updater(*self.get_progress(partition_index, angle_partition_index), 'reading data', True)
                    projs = self.load_projections(reader, partition_index, angle_partition_index)
                    if angle_partition_index == 0:
                        self.allocate_memory((self.projs_region_shape[0], projs.shape[1], projs.shape[2]),
                                             detector_Y_offset=self.detector_partitions[partition_index][0])
                    self.angle_index_range = np.int32(angle_partition_range)
                    self.angle_partition_index = angle_partition_index

                    if self.stop: return
                    ui_updater(*self.get_progress(partition_index, angle_partition_index), 'reconstructing', True)
                    self.filter_projs(projs)  # [angle_partition_range[0]:angle_partition_range[1], :, :])
                    #if partition_index == 1:
                    #    file.volume.Writer(pjoin(writer.path, f'proj_read_{partition_index}_{angle_partition_index}')).save_all(projs)
                    #    projs_filt = np.zeros(self.projs_filtered_cl_[0].shape, 'f4')
                    #    self.projs_filtered_cl_[0].copy_to(projs_filt)
                    #    file.volume.Writer(pjoin(writer.path, f'proj_filt_{partition_index}_{angle_partition_index}')).save_all(projs_filt)
                    #    print('saved projs and filtered projs for debugging purposes')

                    del projs; gc.collect()

                    for k, slice_index in enumerate(np.arange(*self.reconstruction_partitions[partition_index], self.z_bunch_size)):
                        z_bunch_size = min(self.z_bunch_size, self.reconstruction_partitions[partition_index][1] - slice_index)
                        # print("bunch indices", k*self.z_bunch_size, slice_index, z_bunch_size, k*self.z_bunch_size, k*self.z_bunch_size+z_bunch_size)
                        if self.stop: return
                        ui_updater(*self.get_progress(partition_index, angle_partition_index, k * self.z_bunch_size),
                                   None, True if k > 2 else False)

                        self.backproject(slice_index, z_bunch_size=self.z_bunch_size)
                        self.reconstruction_cl.copy_to(self.reconstruction)

                        reconstruction[k * self.z_bunch_size:k * self.z_bunch_size + z_bunch_size, :, :] += self.reconstruction[:z_bunch_size, :, :]

                if self.stop: return
                if hasattr(writer, 'ring_filter_enabled'):
                    ui_updater(None, None, 'saving (+ring filter)', False)
                else:
                    ui_updater(None, None, 'saving', False)

                self.write_slices(writer, reconstruction, self.reconstruction_partitions[partition_index],
                                  self.reconstruction_partitions[0][0])
                del reconstruction; gc.collect()

        finally:
            self.clear_mem()
            self.write_thread.finish()
            reader.reset()
            reader.reset_crops()

        if type(writer) == DummyWriter:
            return writer.arr, (self.reconstruction_partitions[0][0], self.reconstruction_partitions[-1][1])

    cl_source = cl.load_source(__file__, 'cl', 'FBP_cone.c')


class ConeForwardProjector(ConeFBPReconstructor):
    # forward projection, demo code, does not produce a high image quality
    _forward_work_group_size = (16, 64)
    forward_bunch_size = 8
    _forward_pb_work_group_size = (8, 16)

    def __init__(self, device=None, show_error_call=None, ray_dir_oversampling=1.0):
        """
        this cone forward projector was written to debug the reconstruction,
        a use for iterative reconstruction is not intended

        warning: because the ray sampling is done via linear interpolation on cube voxels, this projector
        produces large sampling errors on a range of one pixel

        :param ray_dir_oversampling:
        :return:
        """
        ConeFBPReconstructor.__init__(self, device, show_error_call)

        self.cl_program_projector = cl.Program(self.compute_device, self.projector_source)

        self.ray_dir_oversampling = np.float32(ray_dir_oversampling)
        self.bunch_mode = None

    def prepare_project_forward(self, volume, volume_offset=None, detector_range=None, bunch_mode=True):
        '''

        bunch mode benchmark examples on a GTX 980 Ti, 512x512x512 volume and 700 projection:
        bunch_mode=True:    1.6 s,  9 % memory controller load
        bunch_mode=False:   2.3 s,  35 % memory controller load

        :param volume:      ndarray containing the volume image, uint8 and uint16 and np.float32 data types are supported
                            on the GPU, other data types are cast to np.float32
        :param bunch_mode:  faster forward projection by parallel computing of successive projections (e.g. 8)
        :return:
        '''
        self.make_ready(ignore_mem=True)
        self.finish_configure()
        self.forward_geometries_cl = cl.Buffer(self.compute_device,
                                               cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                               arr=self.geometries)

        self.volume_cl_dtype, format_unscaler = cl.cl_float_format_dtype(volume.dtype)
        self.volume_cl = cl.Image(self.compute_device,
                                  cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                  arr=cl.cl_cast_to_valid_float_format(volume))  # .swapaxes(2, 0)))
        self.forward_value_scaler = np.float32(self.voxelsize * 1e-6 * format_unscaler)

        self.volume_offset = np.zeros(4, "f4")
        if volume_offset is not None:
            self.volume_offset[:3] = volume_offset
        if detector_range is None:
            self.detector_range = np.array((0, volume.shape[1]), "i4")
        else:
            self.detector_range = np.asarray(detector_range, "i4")

        if bunch_mode:
            self.forward_projs_shape = (self.forward_bunch_size, self.detector_heigth, self.detector_width)
            self.forward_projs = np.zeros(self.forward_projs_shape, 'f4')
            self.forward_projs_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY,
                                             cl.im_format_float,
                                             self.forward_projs_shape)
            self.forward_work_group_size = (
            self._forward_pb_work_group_size[0], self._forward_pb_work_group_size[1], self.forward_bunch_size)
            self.forward_work_size = self.forward_projs_shape
            print('OpenCL allocated memory: {:.3f} GB'.format(
                (self.volume_cl.size + self.forward_projs_cl.size) / 1024 ** 3), volume.shape, volume.dtype.str)
        else:
            self.forward_proj_shape = (self.detector_heigth, self.detector_width)
            self.forward_proj = np.zeros(self.forward_proj_shape, 'f4')
            self.forward_proj_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY, cl.im_format_float,
                                            self.forward_proj_shape)
            self.forward_work_group_size = self._forward_work_group_size
            self.forward_work_size = self.forward_proj_shape
            print('OpenCL allocated memory: {:.3f} GB'.format((self.volume_cl.size + self.forward_proj_cl.size) / 1024 ** 3), volume.shape, volume.dtype.str)

        self.bunch_mode = bunch_mode

    def finish_configure(self):
        ConeFBPReconstructor.finish_configure(self)
        # no partitioning necessary because not in constant memory
        self.forward_geometries_cl = cl.Buffer(self.compute_device,
                                               cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                               arr=self.geometries)

    def clear_proj_forward_mem(self):
        del self.volume_cl, self.forward_geometries_cl
        try:
            del self.forward_proj, self.forward_proj_cl
        except AttributeError:
            del self.forward_projs, self.forward_projs_cl

    def project_forward(self, volume=None, volume_offset=None, detector_range=None, bunch_mode=True):
        if volume is not None:
            self.prepare_project_forward(volume, volume_offset, detector_range, bunch_mode=bunch_mode)

        if bunch_mode:
            projs = np.zeros((self.nproj, self.forward_projs_shape[1], self.forward_projs_shape[2]), 'f4')
            if 1:
                for index in np.arange(0, self.nproj, self.forward_bunch_size):
                    arr, bunch_range = self.project_forward_bunch(index)
                    projs[bunch_range[0]:bunch_range[0] + bunch_range[1], :, :] = arr
                    if index % 50 == 0:
                        gc.collect()

            else:
                bunch_indices = arange(0, self.nproj, self.forward_bunch_size, dtype=np.int32)
                bunch_ranges = concatenate(
                    (bunch_indices[:, None], self.forward_bunch_size * ones_like(bunch_indices)[:, None]), axis=1)
                bunch_ranges[-1, 1] = min(self.nproj - bunch_indices[-1], self.forward_bunch_size)
                for bunch_range in bunch_ranges:
                    self.project_forward_bunch(bunch_range[0],
                                               projs[bunch_range[0]:bunch_range[0] + bunch_range[1], :, :])


        else:
            projs = np.zeros((self.nproj, self.forward_proj_shape[0], self.forward_proj_shape[1]), 'f4')
            for index in range(self.nproj):
                self.project_forward_index(index, projs[index, :, :])
                if index % 50 == 0:
                    gc.collect()

        if volume is not None:
            self.clear_proj_forward_mem()
        return projs

    def project_forward_bunch(self, index, out=None):
        assert self.bunch_mode is True, '"bunch_mode" was disabled in prepare_project_forward()'
        assert index < self.nproj and index % self.forward_bunch_size == 0, 'index must be a multiple of the bunch size and < nproj'

        bunch_range = np.array((index, min(self.nproj - index, self.forward_bunch_size)), np.int32)
        self.cl_program_projector.project_forward_projbunch(self.forward_work_size, self.forward_work_group_size,
                                                            self.volume_cl, self.forward_projs_cl,
                                                            self.forward_geometries_cl,
                                                            np.array(bunch_range, np.int32), self.volume_offset,
                                                            self.detector_range,
                                                            self.ray_dir_oversampling, self.forward_value_scaler)
        if out is not None:
            self.forward_projs_cl.copy_to(out)
        else:
            self.forward_projs_cl.copy_to(self.forward_projs)
            return self.forward_projs[:bunch_range[1]], bunch_range

    def project_forward_index(self, index, out=None):
        assert self.bunch_mode is False, '"bunch_mode" was enabled in prepare_project_forward()'
        assert index < self.nproj, 'index must be < nproj'
        self.cl_program_projector.project_forward_proj(self.forward_work_size, self._forward_work_group_size,
                                                       self.volume_cl, self.forward_proj_cl, self.forward_geometries_cl,
                                                       np.int32(index), self.volume_offset, self.detector_range,
                                                       self.ray_dir_oversampling,
                                                       self.forward_value_scaler)
        if out is not None:
            self.forward_proj_cl.copy_to(out)
        else:
            self.forward_proj_cl.copy_to(self.forward_proj)
            return self.forward_proj

    projector_source = cl.load_source(__file__, 'cl', 'FBP_cone_fw.c')







tomis/tomo_reco/FBP_cone_cmd.py

''' This file is a template for a command-line reconstruction, it needs to be adjusted for specific needs

Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from FBP_cone import *
import file
import argparse

parser = argparse.ArgumentParser(description='Do a cone beam CT.')
parser.add_argument('-read_path', type=str, help='read path (folder with e.g. tif images)', required=True)
#parser.add_argument('-detector_shape', type=str, help='detector shape (y, x)', nargs=2, required=True)
parser.add_argument('-write_mode', type=int, help='write mode; 0=binary images, 1=raw images, 2=raw stack', required=True)
parser.add_argument('-write_path', type=str, help='write path', required=True)
parser.add_argument('-sample_shift_X', type=float, help='sample_shift_X', required=True)
parser.add_argument('-angle_range', type=float, help='angle range in degrees', required=True)
parser.add_argument('-detector_pixelsize', type=float, help='detector pixelsize', required=True)
parser.add_argument('-sdd', type=float, help='source detector distance', required=True)
parser.add_argument('-sod', type=float, help='source object distance', required=True)

args = parser.parse_args()

read_path = args.read_path
#detector_shape = args.detector_shape
write_mode = args.write_mode
write_path = args.write_path
sample_shift_X = args.sample_shift_X
angle_range = np.deg2rad(args.angle_range)
detector_pixelsize = args.detector_pixelsize
sdd = args.sdd
sod = args.sod

# shape, write_dtype und header können hier auch aus dem Dateiheader ausgelesen werden
compute_device = cl.get_compute_device()

reader = file.volume.Reader(read_path)
writer = file.volume.Writer(write_mode, write_path)

#save_image(reader.load(0), r"D:\test\test_proj.tif")

cone_reconstructor = ConeFBPReconstructor(compute_device)
cone_reconstructor.configure_geometry(reader.input_shape, sample_shift_X, angle_range, detector_pixelsize, sdd, sod)
cone_reconstructor.configure_memory_partitioned()

cone_reconstructor.reconstruct_partitioned(reader, writer)

print('reconstruction finished')

# test reko
# -read_mode 0 -read_path "D:\test\test_projs_0" -write_mode 0 -write_path "D:\test\test_reko_cmd" -sample_shift_X -46 -angle_range 180 -detector_pixelsize 2.2 -sdd 200000 -sod 100000







tomis/tomo_reco/FBP_parallel.py

''' Copyright 2015-2020 University Wuerzburg.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
'''
# Developed at the Lehrstuhl fuer Roentgenmikroskopie/Universitaet Wuerzburg, Josef-Martin-Weg 63, 97074 Wuerzburg, Germany
from tomo_reco.FBP_base import *
from file.volume import Reader, Writer, DummyReader, DummyWriter
from image.resize import bin_down_image

# ======== parallel beam reconstructor ========
class ParallelFBPReconstructor(FBPReconstructor):
    work_block_size = (16, 16)
    write_buffer_size = 20

    def __init__(self, device=None, show_error_call=None):
        ''' parallel beam computed tomography reconstruction class

        usage:
        par_reco = ParallelReconstructor(...)
        par_reco.configure_geometry(...)
        par_reco.configure_area(...)       # optional, defaults to maximally possible area
        par_reco.configure_options(...)    # optional
        # Variant 1 (everything or one slice kept in memory):
            # Variant 1A:
                reco_vol = par_reco.reconstruct_volume(...)
            # Variant 1B:
                reco_slice = cone_reco.reconstruct_slice(...)
        # Variant 2 (memory-efficient with direct file access):
            par_reco.partition_parallel_area(...)
            par_reco.reconstruct_partitioned(...)

        :param device:             tuple with (pyopencl context, pyopencl queue, info dict for ctx) (use get_possible_cl_devices() or get_cl_environ())
        :return:
        '''
        FBPReconstructor.__init__(self, device, show_error_call)

        self.sino_cl = None
        self.sino_cl = None
        self.sino_cl_shape = np.zeros(2, 'i4')
        self.max_Y_height_override = None
        self.interleaved_read = True

        self.sino_cl_queue = [(None, None, None) ,]  # must have length of 1 for single self.sino_cl !!!
        self.sino_cl_queue_index = 0
        self.sino_cl_queue_len = len(self.sino_cl_queue)

        self.configure_done = np.zeros(3, '?')  # indicates if configure_geometry(), configure_area() and configure_options() were called
        self.ready_for_reco = False          # indicates that all of the above were called and reconstruction can be started

        self.use_angle_partitions = 0 # 0 for disabled, 1 for enabled with one self.projs_filtered_cl, 2 enabled with several self.projs_filtered_cl
        self.max_angle_size = 4064  # maximal size of constant memory is 64 KB, needs 8 byte per angle (2 32-bit for self.sin_cos_vals)
        self.number_angle_partitions = 1
        self.angle_partition_index = 0
        self.angle_index_range = np.array((0, 0), 'i4')
        self.angle_size = None

        self.crop_overlap = 0

        self.runtimes = np.zeros(2, 'f4')

    # configuration functions
    def configure_geometry(self, sino_shape, sample_shift_X, rotation_angle, detector_pixelsize=1.):
        ''' configure the geometry of the CT setup

        must always be called before reconstruction

        :param sino_shape:                      shape of a sinogram
        :param sample_shift_X:                   sample shift (= detector shift)
        :param rotation_angle:                  angle of the N+1 projection (usually 360 ° or 180 °)
                                                units in radian, should start at zero (see angle_offset)
        :param detector_pixelsize:              pixelsize of the detector (only used for gray value scaling)
        :return:
        '''
        if len(sino_shape) == 3:
            sino_shape = sino_shape[0], sino_shape[2]
        self.sino_shape = sino_shape
        self.nproj = sino_shape[0]
        self.detector_width = sino_shape[1]

        self.sample_shift_X = np.float32(sample_shift_X)
        self.rotation_angle = np.float32(rotation_angle)
        self.angle_increment = np.float32(rotation_angle / self.nproj)
        self.detector_pixelsize = np.float32(detector_pixelsize)

        self.configure_done[0] = True
        self.ready_for_reco = False
        if np.all(self.configure_done):
            self.finish_configure()


    def configure_area(self, reconstruction_origin=None, reconstruction_size=None, region_mode='automatic',
                       angle_offset=0.):
        ''' configure the region to reconstruct

        can be called before reconstruction

        :param reconstruction_origin:           upper left corner of the reconstructed image slices given relative to self.vol_shape
                                                may be negative for extended FOV reco
        :param reconstruction_size:             size of the reconstructed image slices
        :param region_mode:                     sets the reconstructed region, must be one of 'auto', 'smallest', 'normal', 'extended'
                                                will set the values for reconstruction_origin, reconstruction_size and reconstruction_radius
                                                if they are None (default values)
        :return:
        '''
        self.reconstruction_origin = reconstruction_origin
        self.reconstruction_size = reconstruction_size
        self.region_mode = region_mode

        self.angle_offset = np.float32(angle_offset)

        self.configure_done[1] = True
        self.ready_for_reco = False
        if np.all(self.configure_done):
            self.finish_configure()

    def finish_configure(self):
        if self.region_mode == 'automatic':
            if self.rotation_angle < 1.9 *np.pi:
                self.region_mode = 'smallest'
            else:
                if self.sample_shift_X < 50:
                    self.region_mode = 'normal'
                else:
                    self.region_mode = 'extended'

        if self.normalize_reco_to_pi == 'auto':
            if np.any(self.rotation_angle > 1.9 * np.pi):
                self.normalize_reco_to_pi = True
            else:
                self.normalize_reco_to_pi = False

        if self.normalize_reco_to_pi:
            # crop_overlap = min(int(self.detector_width/2 - abs(self.sample_shift_X) - 100), self.pad_length//2, int(abs(sample_shift_X))) # leave 100 for sino overlap/stitching
            crop_overlap = 0

        if self.crop_overlap > 0:
            self.crop_overlap = crop_overlap
            self.pad_values, self.X_start = self.get_crop_overlap_params(self.detector_width, self.crop_overlap,
                                                                         self.sample_shift_X, self.pad_length)
            # self.sample_shift_X -= detector_X_offset
            self.sino_shape = int(self.sino_shape[0]), int(self.sino_shape[1] - self.X_start)
        else:
            self.pad_values = self.pad_length, self.pad_length
            self.crop_overlap = 0
            self.X_start = 0
            self.sino_shape = tuple(int(val) for val in self.sino_shape)

        self.reconstruction_radius = np.float32 \
            (self.get_reconstruction_radius_for_region_mode(self.detector_width /2, self.sample_shift_X,
                                                                                            self.region_mode))  # np.float32(self.detector_width/2)
        slice_range = self.get_reconstruction_range_for_region_mode((0, self.detector_width -1), self.sample_shift_X, self.region_mode)
        if self.reconstruction_size is None:
            self.reconstruction_size = np.array((slice_range[1 ] -slice_range[0 ] +1, slice_range[1 ] -slice_range[0 ] +1), 'i4')
        else:
            self.reconstruction_size = np.array(self.reconstruction_size, 'i4')
        if self.reconstruction_origin is None:
            self.reconstruction_origin = np.array((slice_range[0], slice_range[0]), 'i4')
        else:
            self.reconstruction_origin = np.array(self.reconstruction_origin, 'i4')

        self.reconstruction = np.zeros(self.reconstruction_size[::-1], dtype='f4')
        self.reconstruction_cl = cl.Buffer(self.compute_device, cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_READ_ONLY | cl.Buffer.MemFlags.ALLOC_HOST_PTR,
                                           arr=self.reconstruction)

        self.reconstruction_origin_cl = np.array(self.reconstruction_origin, dtype='f4') - np.array \
            ((self.detector_width, self.detector_width), dtype='f4' ) /2 + 0.5
        self.reconstruction_size_cl = np.array(self.reconstruction_size, 'i4')

        try:
            assert len(self.rotation_angle) == self.nproj
            rotation_angles = self.rotation_angle
        except TypeError:
            rotation_angles = np.linspace(0., self.rotation_angle, self.nproj, endpoint=False, dtype='f4')

        self.use_angle_partitions = int(self.nproj > self.max_angle_size)
        self.set_angle_partitions()
        self.sin_cos_vals = np.column_stack((np.sin(rotation_angles + self.angle_offset), np.cos(rotation_angles + self.angle_offset))).astype('f4')
        if self.use_angle_partitions:
            self.sin_cos_vals_cl_ = []
            for start, stop in zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:]):
                self.sin_cos_vals_cl_.append(cl.Buffer(self.compute_device, cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                                       arr=np.copy(self.sin_cos_vals[start:stop])))

        else:
            self.sin_cos_vals_cl_ = cl.Buffer(self.compute_device, cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                              arr=self.sin_cos_vals)

        self.generate_weights_cl()
        filter_weigths = ( 1 /(np.arange(1, 2** 14 - 2 * RAMP_FILTER_LENGTH, 2) * np.pi) ** 2).astype("f4")
        self.filter_weigths = cl.Buffer(self.compute_device,
                                        cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR | cl.Buffer.MemFlags.HOST_NO_ACCESS,
                                        arr=filter_weigths)

        sino_cl_shape = np.array(self.sino_shape, 'i4')
        if np.any(self.sino_cl_shape != sino_cl_shape):
            # self.sino_cl is used to copy from host; padding does self.sino_cl => self.sino_pad_cl
            # filter does self.sino_pad_cl => self.sino_cl; reconstruction reads self.sino_cl
            self.sino_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE, cl.im_format_float,
                                    self.sino_shape)
            self.sino2_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE, cl.im_format_float,
                                     self.sino_shape)
            self.sino_cl_shape = sino_cl_shape
            self.sino_pad_cl_shape = (self.sino_shape[0], self.sino_shape[1] + self.pad_values[0] + self.pad_values[1])
            self.sino_pad_cl = cl.Image(self.compute_device,
                                        cl.Buffer.MemFlags.READ_WRITE,
                                        # | opencl.Buffer.MemFlags.HOST_NO_ACCESS,
                                        cl.im_format_float, self.sino_pad_cl_shape)

        if self.pixel_mask is not None:
            assert self.pixel_mask.shape[1] == sino_cl_shape[1], 'mask and detector must have the same width'
            self.pixel_mask_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_WRITE, cl.im_format_float,
                                          self.pixel_mask.shape)

        if self.multigain_parameters is not None:
            self.allocate_multigain_correction()

        self.ready_for_reco = True

    def assert_configured(self):
        if self.ready_for_reco:
            return True
        if self.configure_done[0]:  # reconstruction possible, sets the default options
            if not self.configure_done[1]:
                self.configure_area()
            if not self.configure_done[2]:
                self.configure_options()
            return True
        raise AssertionError('reco configuration incomplete, at least configure_geometry() is required')

    def set_angle_partitions(self):
        if self.use_angle_partitions:
            self.number_angle_partitions = int(np.ceil(self.nproj / (self.max_angle_size * 0.99 - 5)))
            self.angle_size = int(np.ceil(self.nproj / self.number_angle_partitions))
            self.angle_partition_indices = np.hstack((np.arange(0, self.nproj, self.angle_size), self.nproj)).astype('i4')

        else:
            self.angle_size = self.nproj
            self.number_angle_partitions = 1
            self.angle_partition_indices = (0, self.nproj)

            self.angle_partition_index = 0
            self.angle_index_range = np.array(self.angle_partition_indices, 'i4')

    @property
    def sin_cos_vals_cl(self):
        if self.use_angle_partitions:
            return self.sin_cos_vals_cl_[self.angle_partition_index]
        else:
            return self.sin_cos_vals_cl_

    @property
    def voxelsize(self):
        return self.detector_pixelsize

    # internal preparation functions
    def generate_weights_cl(self):
        if self.normalize_reco_to_pi and not np.isclose(self.sample_shift_X, 0.):
            half_point = self.detector_width / 2 - abs(self.sample_shift_X)  # - self.crop_overlap

            normalization_smoothing_length = min(half_point, self.normalization_smoothing_length,
                                                 abs(self.sample_shift_X))  # width from 0 to 1 or 0 to 0.5
            smooth_center_distance = max(half_point - normalization_smoothing_length - self.pad_length * 0.75, 0.)

            overlap_func = self.get_overlap_weight(self.sino_shape[1], half_point, normalization_smoothing_length,
                                                   smooth_center_distance)
            if self.sample_shift_X > 0:
                overlap_func = np.copy(overlap_func[::-1])
            overlap_func *= 2
        else:
            overlap_func = np.ones(self.sino_shape[1], 'f4')

        self.sino_weights_cl = cl.Image(self.compute_device,
                                        cl.Buffer.MemFlags.READ_WRITE | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                        arr=overlap_func)

    def filter_sinogram(self, sino, y_index=None):
        self.assert_configured()
        sino = sino.astype('f4', copy=False)
        if self.i0_correction is not None:
            sino *= self.i0_correction[:, None]

        if self.test_weighting:
            sino = np.ones_like(sino)  # test code for half-field weighting

        self.sino_cl.copy_from(sino)

        self.cl_program.preprocess(self.sino_shape[::-1], self.work_block_size_ramp[::-1], self.sino_cl, self.sino2_cl,
                                   self.pad_length, *self.preproc_args)
        self.sino_cl, self.sino2_cl = self.swap_sino_in_out(self.sino_cl, self.sino2_cl)

        if self.use_bad_pixel_map:
            assert y_index is not None, 'y_index must be given if the bad pixel map is enabled'
            self.sino_cl, self.sino2_cl = self.bad_pixels_filterer.pos_median_filter_base(
                self.sino_cl, self.sino2_cl, y_index)
        if self.multigain_parameters is not None:
            assert y_index is not None, 'y_index must be given if the multigain correction is used'
            self.cl_program.apply_multigain_correction(self.sino_shape[::-1], (16, 16), self.sino_cl, self.sino2_cl,
                        np.int32(y_index), self.multigain_values_cl, self.multigain_x_values_cl, self.multigain_num_entries)
            self.sino_cl, self.sino2_cl = self.swap_sino_in_out(self.sino_cl, self.sino2_cl)
            #print('multigain applied')
        if self.use_temporal_speckle_filter:
            self.sino_cl, self.sino2_cl = self.temporal_speckles_filterer.conditioned_median_filter_base(
                self.sino_cl, self.sino2_cl)
        if self.use_spatial_speckle_filter:
            self.sino_cl, self.sino2_cl = self.spatial_speckles_filterer.conditioned_median_filter_base(
                self.sino_cl, self.sino2_cl)
        if self.use_ring_filter:
            self.sino_cl, self.sino2_cl = self.rings_filterer.filter_rings_base(
                self.sino_cl, self.sino2_cl, self.rings_filterer_radius)

        self.cl_program.fill_pad_proj(self.sino_shape[::-1], (16, 16), self.sino_cl, self.sino_pad_cl, self.pad_length)
        self.cl_program.pad_proj((2, sino.shape[0]), (2, 32), self.sino_cl, self.sino_pad_cl, self.pad_length,
                                 self.pad_averaging_length, *self.preproc_args)

        # if self.pixel_mask_cl is not None:
        #    self.cl_program.pad(work_size_sino, self.work_block_size_ramp, self.sino_cl, self.sino_pad_cl,
        #                     self.pixel_mask_cl)

        self.sino_event = self.cl_program.ramp_filter_sino_weighted(self.sino_shape[::-1], self.work_block_size_ramp,
            self.sino_pad_cl, self.sino_cl, self.sino_weights_cl, self.pad_length, self.fast_filter)  # .wait() # enable wait for correct runtime split

    # reconstruction
    def backproject(self):
        reco_kernel_area = np.array((0, 0, self.reconstruction_size[0], self.reconstruction_size[1]), 'i4')  # x start, y_start, x stop, y stop
        y_reco_offsets = np.linspace(0, self.reconstruction_size[0],
                                  self.reconstruction_size[0] // self.max_reco_block_size + 2, dtype='i4')
        x_reco_offsets = np.linspace(0, self.reconstruction_size[1],
                                  self.reconstruction_size[1] // self.max_reco_block_size + 2, dtype='i4')
        global_size = (np.amax(x_reco_offsets[1:] - x_reco_offsets[:-1]), np.amax(y_reco_offsets[1:] - y_reco_offsets[:-1]))

        args_set = False
        for y_reco_range in zip(y_reco_offsets[:-1], y_reco_offsets[1:]):
            for x_reco_range in zip(x_reco_offsets[:-1], x_reco_offsets[1:]):
                reco_kernel_area[:] = y_reco_range[0], x_reco_range[0], y_reco_range[1], x_reco_range[1]
                if not args_set:
                    self.cl_program.parallel_backprojector(global_size, self.work_block_size,
                                                           self.sino_cl, self.reconstruction_cl,
                                                           self.reconstruction_size_cl, self.angle_index_range,
                                                           self.sin_cos_vals_cl,
                                                           self.reconstruction_origin_cl, self.reconstruction_radius,
                                                           np.float32(self.sample_shift_X - self.X_start),
                                                           np.int32(self.detector_width),
                                                           reco_kernel_area)  # .wait() # need to wait for correct runtime split
                    args_set = True
                else:
                    self.cl_program.parallel_backprojector(global_size, self.work_block_size,
                                                           reco_kernel_area=reco_kernel_area)

    def reconstruct_slice(self, sino=None, y_index=None):
        if sino is not None:
            self.filter_sinogram(sino, y_index=y_index)
        else:
            assert self.sino_cl is not None, 'filter_sinogram() must be used before for sino=None'

        if self.use_angle_partitions:
            for angle_partition_index, angle_partition_range in enumerate(
                    zip(self.angle_partition_indices[:-1], self.angle_partition_indices[1:])):
                self.angle_index_range = np.int32(angle_partition_range)
                self.angle_partition_index = angle_partition_index
                self.backproject()
        else:
            self.backproject()

        self.reconstruction_cl.copy_to(self.reconstruction)
        self.reconstruction /= self.nproj

        # print('reconstruction.max()', reconstruction.max())
        return self.reconstruction

    def reconstruct_volume(self, projs):
        self.assert_configured()
        reconstruction = np.zeros(((projs.shape[1],) + tuple(self.reconstruction_size[::-1])), dtype='f4')
        sino = np.zeros((projs.shape[0], projs.shape[2]), 'f4')
        for slice_index in range(projs.shape[1]):
            sino[:, :] = projs[:, slice_index, :]
            reconstruction[slice_index, :, :] = self.reconstruct_slice(sino, slice_index)
        return reconstruction

    # partitioned reconstruction
    def partition_parallel_area(self, reconstruction_range, max_Y_height):
        self.assert_configured()
        if self.interleaved_read:
            max_Y_height = max_Y_height / 2
            max_Y_height = min(max_Y_height, int(np.ceil((reconstruction_range[1] - reconstruction_range[0]) // 2.9)))
        number_partitions = int(np.ceil((reconstruction_range[1] - reconstruction_range[0]) / max_Y_height))
        if number_partitions < 2:
            self.interleaved_read = False
        self.reconstruction_partitions = np.linspace(reconstruction_range[0], reconstruction_range[1],
                                                  number_partitions + 1,
                                                  dtype='i4')
        if self.write_bin_factor > 1:
            self.reconstruction_partitions = (
                                                         self.reconstruction_partitions // self.write_bin_factor) * self.write_bin_factor

    def do_stop(self):
        self.stop = True

    def load_projections(self, reader, partition_index):
        if self.interleaved_read:
            if partition_index == 0:
                projs = self.do_read_range(reader, partition_index)
                self.read_thread.put(self.do_read_range, reader, partition_index + 1)

            elif partition_index < len(self.reconstruction_partitions) - 2:
                self.read_thread.wait()

                projs = reader.volume;
                del reader.volume
                self.read_thread.put(self.do_read_range, reader, partition_index + 1)
            else:
                self.read_thread.wait()
                projs = reader.volume;
                del reader.volume

        else:
            self.read_thread.put(self.do_read_range, reader, partition_index)

        return projs

    def do_read_range(self, reader, partition_index):
        reader.set_crops([None, (self.reconstruction_partitions[partition_index],
                                 self.reconstruction_partitions[partition_index + 1]), None])
        projs = reader.load_all()
        if self.use_ring_filter and not self.stop:
            self.filter_rings(projs)
        return projs

    def write_slice(self, writer, image, index, index_offset):
        self.write_thread.put(writer.save, np.copy(image), index, index_offset)

    def reconstruct_partitioned(self, reader: Reader, writer: Writer,
                                reconstruction_z_range=None, max_Y_height=None,
                                ui_updater=lambda k, n, ft='': None):
        try:
            self.assert_configured()
            self.init_io_threads()

            if type(reader) not in (Reader, DummyReader):
                reader = DummyReader(reader)

            if reconstruction_z_range is None:
                reconstruction_z_range = 0, reader.imshape[0]
            if max_Y_height is None:
                usable_host_memory = min(20., misc.get_free_memory() * 0.6)
                assert usable_host_memory > 0.5, 'not enough memory for reconstruction'
                max_Y_height = min(
                    int(np.floor(usable_host_memory / (reader.imshape[0] / 1024 * reader.imshape[1] / 1024 / 1024 * 4))),
                    reconstruction_z_range[1] - reconstruction_z_range[0])

            self.partition_parallel_area(reconstruction_z_range, max_Y_height)
            self.stop = False
            number_slices = self.reconstruction_partitions[-1] - self.reconstruction_partitions[0]
            first_slice = self.reconstruction_partitions[0]

            if type(writer) not in (Writer, DummyWriter):
                if writer is None:
                    reco_shape = (number_slices, self.reconstruction_size[0], self.reconstruction_size[1])
                    writer = DummyWriter(np.zeros(reco_shape, "f4"))
                else:
                    writer = DummyWriter(writer)

            if self.interleaved_read:
                reader.keep_volume_result_reference = True

            for partition_index in range(len(self.reconstruction_partitions) - 1):
                if self.stop: return
                reconstruction_z_range = self.reconstruction_partitions[partition_index:partition_index + 2]

                print('partition {}:'.format(partition_index), reconstruction_z_range)
                reader.set_crops([None, reconstruction_z_range, None])

                ui_updater(None, None, 'reading projections')
                projs = self.load_projections(reader, partition_index)
                sino = np.zeros((projs.shape[0], projs.shape[2]), 'f4')

                if self.write_bin_factor > 1:
                    for slice_index in np.arange(*reconstruction_z_range)[::self.write_bin_factor]:
                        inner_index = slice_index - reconstruction_z_range[0]
                        if self.stop: return
                        for index_add in np.arange(self.write_bin_factor):
                            ui_updater(slice_index - first_slice + index_add, number_slices)
                            sino[:, :] = projs[:, inner_index + index_add, :]
                            if index_add == 0:
                                reconstruction = np.copy(self.reconstruct_slice(sino, slice_index))
                            else:
                                reconstruction += self.reconstruct_slice(sino, slice_index)

                        reconstruction = bin_down_image(reconstruction, self.write_bin_factor) / self.write_bin_factor
                        if writer.mode == 2:
                            write_index = slice_index // self.write_bin_factor
                        else:
                            write_index = slice_index + (self.write_bin_factor - 1) // 2
                        self.write_slice(writer, reconstruction, write_index, index_offset=first_slice)

                else:
                    for inner_index, slice_index in enumerate(np.arange(*reconstruction_z_range)):
                        if self.stop: return
                        ui_updater(slice_index - first_slice, number_slices)
                        sino[:, :] = projs[:, inner_index, :]
                        self.reconstruct_slice(sino, slice_index)

                        # writer.save(reconstruction, slice_index, index_offset=first_slice)
                        self.write_slice(writer, self.reconstruction, slice_index, index_offset=first_slice)

                del projs;
                gc.collect()

        finally:
            reader.reset_crops()
            reader.reset()
            self.write_thread.finish()
            if type(writer) == DummyWriter:
                return writer.arr

    cl_source = cl.load_source(__file__, 'cl', 'FBP_parallel.c')


class ParallelForwardProjector(ParallelFBPReconstructor):
    # forward projection, demo code, does not produce a high image quality
    _forward_work_group_size = (16, 64)
    forward_bunch_size = 8
    _forward_pb_work_group_size = (8, 16)

    def __init__(self, device=None, show_error_call=None):
        """
        this parallel forward projector was written to debug the reconstruction,
        a use for iterative reconstruction is not intended

        warning: because the ray sampling is done via linear interpolation on cube voxels, this projector
        produces large sampling errors on a range of one pixel
        :return:
        """
        ParallelFBPReconstructor.__init__(self, device, show_error_call)
        self.pf_image_cl = None
        self.pf_params = np.zeros(3)

        self.cl_program_projector = cl.Program(device, self.projector_source)
        # self.cl_program.project_forward_sino = cl_functions.project_forward_sino
        # self.cl_program.project_forward_proj = cl_functions.project_forward_proj
        # self.cl_program.project_forward_projbunch = cl_functions.project_forward_projbunch

    def allocate_project_forward(self, image):
        pf_params = np.array((self.detector_width, self.nproj, self.rotation_angle), 'f4')

        if not np.allclose(pf_params, self.pf_params):
            self.pf_params = pf_params
            self.pf_image_cl_dtype, format_unscaler = cl.cl_float_format_dtype(image.dtype)
            if image is None:
                assert self.pf_image_cl is not None, "if no image is given, one must have been given before to use"
            else:
                self.pf_image_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.READ_ONLY,
                                            cl.cl_valid_float_format(self.pf_image_cl_dtype), image.shape)

            rotation_angles = np.linspace(0., self.rotation_angle, self.nproj, endpoint=False, dtype='f4')
            trig_func_vals = np.column_stack((np.sin(rotation_angles), np.cos(rotation_angles))).astype('f4')
            self.pf_trig_func_vals_cl = cl.Buffer(self.compute_device,
                                                  cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                                  trig_func_vals.nbytes, arr=trig_func_vals)
            self.pf_sino = np.zeros((self.nproj, self.detector_width), dtype='f4')
            self.pf_sino_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY, cl.im_format_float,
                                       self.pf_sino.shape)

            self.forward_value_scaler = np.float32(self.detector_pixelsize * 1e-6 * format_unscaler)

    def project_forward_sino(self, image=None):
        self.assert_configured()
        self.allocate_project_forward(image)
        if image is not None:
            self.pf_image_cl.copy_from(image)

        self.cl_program_projector.project_forward_sino(self.pf_sino.shape, (16, 16),
                                                       self.pf_trig_func_vals_cl, self.pf_image_cl, self.pf_sino_cl,
                                                       self.sample_shift_X,
                                                       self.forward_value_scaler)

        self.pf_sino_cl.copy_to(self.pf_sino)
        return self.pf_sino

    def prepare_project_forward(self, volume, volume_offset=None, detector_range=None, bunch_mode=True):
        '''

        bunch mode benchmark examples on a GTX 980 Ti, 512x512x512 volume and 700 projection:
        bunch_mode=True:    1.6 s,  9 % memory controller load
        bunch_mode=False:   2.3 s,  35 % memory controller load

        :param volume:      ndarray containing the volume image, uint8 and uint16 and np.float32 data types are supported
                            on the GPU, other data types are cast to np.float32
        :param bunch_mode:  faster forward projection by parallel computing of successive projections (e.g. 8)
        :return:
        '''
        self.assert_configured()
        self.finish_configure()
        self.bunch_mode = bunch_mode

        self.volume_cl_dtype, format_unscaler = cl.cl_float_format_dtype(volume.dtype)
        self.volume_cl = cl.Image(self.compute_device,
                                  cl.Buffer.MemFlags.READ_ONLY | cl.Buffer.MemFlags.COPY_HOST_PTR,
                                  arr=cl.cl_cast_to_valid_float_format(volume.swapaxes(2, 0)), is_array=True)
        self.forward_value_scaler = np.float32(self.detector_pixelsize * 1e-6 * format_unscaler)

        self.volume_offset = np.zeros(4, "f4")
        if volume_offset is not None:
            self.volume_offset[:3] = volume_offset
        if detector_range is None:
            self.detector_range = np.array((0, volume.shape[0]), "i4")
        else:
            self.detector_range = np.asarray(detector_range, "i4")

        if bunch_mode:
            self.forward_projs_shape = (self.forward_bunch_size, volume.shape[0], self.detector_width)
            self.forward_projs = np.zeros(self.forward_projs_shape, 'f4')
            self.forward_projs_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY,
                                             cl.im_format_float,
                                             self.forward_projs_shape)
            self.forward_work_group_size = (
            self._forward_pb_work_group_size[0], self._forward_pb_work_group_size[1], self.forward_bunch_size)
            self.forward_work_size = self.forward_projs_shape
            print('OpenCL allocated memory: {:.3f} GB'.format(
                (self.volume_cl.size + self.forward_projs_cl.size) / 1024 ** 3), volume.shape, volume.dtype.str)
        else:
            self.forward_proj_shape = (volume.shape[0], self.detector_width)
            self.forward_proj = np.zeros(self.forward_proj_shape, 'f4')
            self.forward_proj_cl = cl.Image(self.compute_device, cl.Buffer.MemFlags.WRITE_ONLY, cl.im_format_float,
                                            self.forward_proj_shape)
            self.forward_work_group_size = self._forward_work_group_size
            self.forward_work_size = self.forward_proj_shape
            print('OpenCL allocated memory: {:.3f} GB'.format(
                (self.volume_cl.size + self.forward_proj_cl.size) / 1024 ** 3), volume.shape, volume.dtype.str)

    def clear_proj_forward_mem(self):
        del self.volume_cl
        try:
            del self.forward_proj, self.forward_proj_cl
        except AttributeError:
            del self.forward_projs, self.forward_projs_cl

    def project_forward(self, volume=None, volume_offset=None, detector_range=None, bunch_mode=True):
        if volume is not None:
            self.prepare_project_forward(volume, volume_offset, detector_range, bunch_mode=bunch_mode)
        else:
            bunch_mode = self.bunch_mode

        if bunch_mode:
            projs = np.zeros((self.nproj, self.forward_projs_shape[1], self.forward_projs_shape[2]), 'f4')
            if 1:
                for index in np.arange(0, self.nproj, self.forward_bunch_size):
                    arr, bunch_range = self.project_forward_bunch(index)
                    projs[bunch_range[0]:bunch_range[0] + bunch_range[1], :, :] = arr

            else:
                bunch_indices = arange(0, self.nproj, self.forward_bunch_size, dtype=np.int32)
                bunch_ranges = concatenate(
                    (bunch_indices[:, None], self.forward_bunch_size * ones_like(bunch_indices)[:, None]), axis=1)
                bunch_ranges[-1, 1] = min(self.nproj - bunch_indices[-1], self.forward_bunch_size)
                for bunch_range in bunch_ranges:
                    self.project_forward_bunch(bunch_range[0],
                                               projs[bunch_range[0]:bunch_range[0] + bunch_range[1], :, :])

        else:
            projs = np.zeros((self.nproj, self.forward_proj_shape[0], self.forward_proj_shape[1]), 'f4')
            for index in range(self.nproj):
                self.project_forward_index(index, projs[index, :, :])

        if volume is not None:
            self.clear_proj_forward_mem()
        return projs

    def project_forward_bunch(self, index, out=None):
        assert index < self.nproj and index % self.forward_bunch_size == 0, 'index must be a multiple of the bunch size and < nproj'

        bunch_range = np.array((index, min(self.nproj - index, self.forward_bunch_size)), np.int32)
        self.cl_program_projector.project_forward_projbunch(self.forward_work_size, self.forward_work_group_size,
                                                            self.sin_cos_vals_cl, self.volume_cl, self.forward_projs_cl,
                                                            np.array(bunch_range, np.int32), self.sample_shift_X,
                                                            self.forward_value_scaler)
        if out is not None:
            self.forward_projs_cl.copy_to(out)
        else:
            self.forward_projs_cl.copy_to(self.forward_projs)
            return self.forward_projs[:bunch_range[1]], bunch_range

    def project_forward_index(self, index, out=None):
        assert index < self.nproj, 'index must be < nproj'
        self.cl_program_projector.project_forward_proj(self.forward_work_size, self._forward_work_group_size,
                                                       self.sin_cos_vals_cl, self.volume_cl, self.forward_proj_cl,
                                                       np.int32(index), self.sample_shift_X, self.forward_value_scaler)

        if out is not None:
            self.forward_proj_cl.copy_to(out)
        else:
            self.forward_proj_cl.copy_to(self.forward_proj)
            return self.forward_proj

    projector_source = cl.load_source(__file__, 'cl', 'FBP_parallel_fw.c')
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{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%pylab inline  \n",
    "# remove inline to show plot windows\n",
    "from numba import njit, prange # just-in-time (JIT) Compiler für Python, für schnelle Ausführung\n",
    "from scipy.ndimage import gaussian_filter"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "## Beschreibung\n",
    "\n",
    "Dieses Notebook enthält eine einfache Implementation eines CT-Rekonstruktionsalgorithmus (Gefilterte Rückprojektion).\n",
    "Zusätzlich ist eine Simulation für Sinogramme bzw. Projektionen enthalten.\n",
    "Beide sind als Parallelstrahlgeometrie implementiert, da dies die einfachste Geometrie ist (Anwendung: Synchrotron-CT).\n",
    "\n",
    "## Code\n",
    "\n",
    "Wenn der Code wegen Compilierfehler nicht funktioniert, können die Argumente nach @njit auskommentiert werden (ist dann langsamer).\n",
    "Grundsätzlich ist der Code auch ohne den JIT-Compiler lauffähig (@njit komplett auskommentieren), ist dann aber sehr langsam.\n",
    "\n",
    "Hinweise: \n",
    "- Die Variable detector_offset verschiebt die Drehachse in den Bildmittelpunkt. \n",
    "- Je nach Geschwindigkeit des Rechners sollten Reko und Sinogramm-Simulation jeweils höchstens ein paar Sekunden Laufzeit haben.\n",
    "- Die Laufzeit der Reko/Simulation ist näherungsweise proportional zu (Bildbreite/-länge in Pixeln)$^3$"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# code for the projection/sinogram simulation\n",
    "@njit\n",
    "def read_image(image: ndarray, x: float, y: float):\n",
    "    y_int, x_int = int(y), int(x)\n",
    "    if (0 <= y_int < image.shape[0]-1) and (0 <= x_int < image.shape[1]-1):\n",
    "        y_rest, x_rest = y % 1, x % 1\n",
    "        return   (image[y_int, x_int]*(1.-y_rest)   + image[y_int+1, x_int]*y_rest) * (1.-x_rest) \\\n",
    "               + (image[y_int, x_int+1]*(1.-y_rest) + image[y_int+1, x_int+1]*y_rest) * x_rest\n",
    "    else: return 0.0\n",
    "    \n",
    "@njit(parallel=True) # run forward projector on all CPU cores as compiled, see also prange()\n",
    "def project_forward_parallel_beam(image: ndarray, nprojs: int=-1, interpolation='nn'):\n",
    "    detector_width = fmax(image.shape[0], image.shape[1])\n",
    "    if nprojs < 0: nprojs = int32(pi*detector_width) # theoretically: sqrt(2)*2*pi*detector_width\n",
    "    sino = zeros((nprojs, detector_width), dtype=float32)\n",
    "    angles = linspace(0, 2*pi, nprojs+1)[:-1]\n",
    "    detector_offset = 0.5 * detector_width - 0.5\n",
    "    for k_angle in prange(len(angles)):\n",
    "        sin_val, cos_val = sin(angles[k_angle]), cos(angles[k_angle])\n",
    "        for k in range(detector_width):\n",
    "            beam_pos_Y = k - detector_offset\n",
    "            ray_sum = 0.0\n",
    "            circle_x = np.sqrt(detector_offset**2 - (beam_pos_Y)**2 - 1)\n",
    "            for step in range(detector_offset-circle_x, detector_offset+circle_x):\n",
    "                beam_pos_X = step - detector_offset\n",
    "                x = cos_val*beam_pos_X - sin_val*beam_pos_Y + detector_offset\n",
    "                y = sin_val*beam_pos_X + cos_val*beam_pos_Y + detector_offset\n",
    "                ray_sum += read_image(image, x, y)\n",
    "            sino[k_angle, k] = ray_sum\n",
    "    return sino"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# code for the CT reconstruction\n",
    "@njit\n",
    "def read_sino(image: ndarray, x: float, y_int: int):\n",
    "    x_int, x_rest = int(x), x % 1\n",
    "    if (0 <= x_int < image.shape[1]-1):\n",
    "        return image[y_int, x_int] * (1.-x_rest) + image[y_int, x_int+1] * x_rest\n",
    "    else: return 0.0\n",
    "    \n",
    "    \n",
    "def apply_ramp_filter(sino: ndarray):\n",
    "    sino_padded = zeros((sino.shape[0], 2**(int(log2(sino.shape[1]+1000))+1)), sino.dtype)\n",
    "    sino_padded[:, :sino.shape[1]] = sino # zero-padding to the right\n",
    "    ft = fft.rfft(sino_padded, axis=1)\n",
    "    ft *= fabs(fft.rfftfreq(sino_padded.shape[1]))[newaxis, :]\n",
    "    return fft.irfft(ft, axis=1)[:, :sino.shape[1]]\n",
    "    \n",
    "@njit(parallel=True)\n",
    "def backproject_parallel_beam(sino: ndarray):\n",
    "    detector_offset = 0.5 * sino.shape[1] - 0.5\n",
    "    angles = linspace(0, 2*pi, sino.shape[0]+1)[:-1]\n",
    "    sin_vals, cos_vals = sin(angles), cos(angles)\n",
    "    image = zeros((sino.shape[1], sino.shape[1]), dtype=sino.dtype)\n",
    "    for y in prange(sino.shape[1]):\n",
    "        y_pos = y - detector_offset\n",
    "        circle_x = np.sqrt(detector_offset**2 - (y_pos)**2 - 1)\n",
    "        for x in range(detector_offset-circle_x, detector_offset+circle_x):\n",
    "            x_pos = x - detector_offset\n",
    "            voxel_sum = 0.0\n",
    "            for k_angle in range(len(angles)):\n",
    "                detector_position = detector_offset - sin_vals[k_angle]*x_pos + cos_vals[k_angle]*y_pos\n",
    "                voxel_sum += read_sino(sino, detector_position, k_angle)\n",
    "            image[y, x] = voxel_sum\n",
    "    return image\n",
    "    \n",
    "def reconstruct_fbp_parallel_beam(sino: ndarray):\n",
    "    sino_filtered = apply_ramp_filter(sino)\n",
    "    image = backproject_parallel_beam(sino_filtered)\n",
    "    return image"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "# code for generating example images\n",
    "def fill_with_cubes_im(arr, val, yr, xr, w, d):\n",
    "    for yo in arange(w):\n",
    "        y_slice = slice(yr[0]+yo, yr[1], d)\n",
    "        for xo in arange(w):\n",
    "            x_slice = slice(xr[0]+xo, xr[1], d)\n",
    "            arr[y_slice, x_slice] = val\n",
    "\n",
    "def generate_test_image(image_length, arr_dtype=\"u1\"):\n",
    "    le = int(image_length*0.25)\n",
    "    ue = int(image_length*0.75)\n",
    "    ud = int(image_length*0.02)\n",
    "    test_image = zeros((image_length, image_length), dtype=arr_dtype)\n",
    "    test_image[le-2*ud:ue+5*ud, le-3*ud:ue+4*ud] = 50\n",
    "    test_image[le-2*ud:ue, le:ue] = 0\n",
    "    fill_with_cubes_im(test_image, 200, (le, ue), (le, ue), 3, 11)\n",
    "    test_image[le-5*ud:le, ue:ue+5*ud] = 100\n",
    "    test_image[ue:ue+2*ud, ue:ue+5*ud] = 120\n",
    "    test_image = gaussian_filter(test_image, 1.3).astype(arr_dtype)\n",
    "    return test_image\n",
    "\n",
    "OS_factor = 6  # oversampling factor used to compute a ideal disk array\n",
    "def bin_down_image_sum(image: np.ndarray, scale_factor: int):\n",
    "    if scale_factor == 1:\n",
    "        return image\n",
    "    else:\n",
    "        downscaled = np.zeros(np.array(image.shape)//scale_factor, dtype=image.dtype)\n",
    "        stops = np.asarray(image.shape) - np.asarray(image.shape) % scale_factor\n",
    "        for y_start in range(scale_factor):\n",
    "            for x_start in range(scale_factor):\n",
    "                downscaled += image[y_start:stops[0]:scale_factor, x_start:stops[1]:scale_factor]\n",
    "        return downscaled\n",
    "def compute_ideal_disk_array(diameter, OS_factor):\n",
    "    length = (int(diameter / 2) * 2 + 1) * OS_factor\n",
    "    distance = np.fabs(np.arange(length) + 0.5 - length / 2) / OS_factor\n",
    "    vol_distance = np.sqrt((distance[:, np.newaxis]) ** 2 + distance[np.newaxis, :] ** 2)\n",
    "    ball_mask = (vol_distance <= diameter / 2).astype('u2')\n",
    "    ideal_ball = bin_down_image_sum(ball_mask, scale_factor=OS_factor)\n",
    "    return ideal_ball\n",
    "def place_disk(image, ideal_disk, position):\n",
    "    offset = np.array(ideal_disk.shape) // 2\n",
    "    if np.all(position > offset) and np.all(position < image.shape-offset):\n",
    "        im_slice = tuple(slice(position[k] - offset[k], position[k] + offset[k] + 1) for k in (0, 1))\n",
    "        image[im_slice] += ideal_disk\n",
    "def draw_disks_image(shape, diameters, gray_values, num_balls, min_distance=0):\n",
    "    centers = np.zeros((num_balls, 2), 'u2')\n",
    "    ideal_phantom = np.zeros(shape, 'u2')\n",
    "    allowed_image_radius = np.amin(shape)/2\n",
    "    for k in range(num_balls):\n",
    "        attempts = 0\n",
    "        while True:\n",
    "            radius = diameters[k]//2\n",
    "            center_candidate = np.array([np.random.randint(radius+1+2*min_distance, length-radius-1-2*min_distance) for length in shape])\n",
    "            free_distances = np.sqrt(((centers[:k] - center_candidate) ** 2).sum(axis=1)) - diameters[:k] / 2 - radius\n",
    "            if np.all(free_distances > min_distance) and \\\n",
    "               sqrt(((center_candidate - allowed_image_radius)**2).sum()) < allowed_image_radius-radius:\n",
    "                centers[k] = center_candidate\n",
    "                break\n",
    "            else:\n",
    "                attempts += 1\n",
    "                if attempts > 100:\n",
    "                    raise RuntimeError('no more room to place ball, reduce num_balls')\n",
    "        ideal_disk = (compute_ideal_disk_array(diameters[k], OS_factor)*gray_values[k]).astype('u2')\n",
    "        place_disk(ideal_phantom, ideal_disk, centers[k])\n",
    "    return ideal_phantom, centers\n",
    "\n",
    "def show_image(image, title=None, figsize=(12, 9), vrange=None, perc_val=(0.2, 99.8)):\n",
    "    fig, ax = plt.subplots(1, 1, figsize=figsize)\n",
    "    if vrange is None:  vrange = np.nanpercentile(image, perc_val)\n",
    "    ax.imshow(image, cmap=plt.cm.gray, interpolation='none', vmin=vrange[0], vmax=vrange[1])\n",
    "    if title is not None: ax.set_title(title)\n",
    "    ax.axis('off')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "# Beispiel für Anwendung\n",
    "\n",
    "Hinweis: Für die Rekonstruktionsbeispiele wird das Bild verwendet, dessen Zelle zuletzt ausgeführt wurde."
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "image = zeros((512, 512), 'u1')\n",
    "image[90:130, 150:180] = 10\n",
    "image[300:310, 100:200] = 20\n",
    "image[260:400, 300:340] = 15\n",
    "\n",
    "show_image(image, 'Bild')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "image = generate_test_image(512)\n",
    "\n",
    "show_image(image, 'Bild')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "diameter = 32\n",
    "num_balls = 12\n",
    "diameters = np.random.poisson(diameter, size=(num_balls,))\n",
    "diameters = np.fabs(np.random.randn(num_balls)*diameter/4 + diameter)\n",
    "\n",
    "image, centers = draw_disks_image((512, 512), diameters, random.randn(num_balls)*0.2+1, num_balls, diameter/2)\n",
    "image = image.astype('u1')\n",
    "show_image(image, 'Bild')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%time sino = project_forward_parallel_beam(image) # [50:-50, 50:-50]\n",
    "\n",
    "show_image(sino.swapaxes(0, 1)[:, ::2], 'Sinogramm')"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "%time reconstructed = reconstruct_fbp_parallel_beam(sino)\n",
    "\n",
    "show_image(reconstructed, 'Rekonstruktion', perc_val=(0, 100))"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": [
    "reco_scaled = copy(reconstructed)\n",
    "reco_scaled -= percentile(reco_scaled, 10)\n",
    "reco_scaled *= percentile(image, 99)/percentile(reco_scaled, 99)\n",
    "\n",
    "print('Hinweise: - Da die Rekonstruktion ein tiefpassgefiltertes Bild ist, ist die Differenz ein hochpassgefiltertes.')\n",
    "print('          - Die (schwachen) Streifenartefakte entstehen aus einer unzureichenden Winkelabtastung.')\n",
    "\n",
    "show_image(reco_scaled-image, 'Differenz von Rekonstruktion und Bild')"
   ]
  },
  {
   "cell_type": "markdown",
   "metadata": {},
   "source": [
    "Entwickelt am Lehrstuhl für Röntgenmikroskopie, Universität Würzburg:\n",
    "\n",
    "https://www.physik.uni-wuerzburg.de/lrm/startseite/\n",
    "\n",
    "## Lizenz\n",
    "\n",
    "Copyright 2020 Universitaet Wuerzburg\n",
    "\n",
    "Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:\n",
    "\n",
    "1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.\n",
    "\n",
    "2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.\n",
    "\n",
    "3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or promote products derived from this software without specific prior written permission.\n",
    "\n",
    "THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS \"AS IS\" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "metadata": {},
   "outputs": [],
   "source": []
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.7.5"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}
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tomis/tomo_reco/cl/FBP_base.c

// note: this file must be added after the source FBP_cone.c or FBC_parallel.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
#define square(val_f) (val_f*val_f)

kernel void pad_proj(read_only image2d_t sino, write_only image2d_t sino_pad, int filter_range, int pad_avg_length,
                int apply_neglog, float voxelsize, int apply_bhc, float4 bhc_params,
                int apply_clip, float2 clip_range, float gray_value_div){
    int2 pos = (int2)(0, get_global_id(0));
    const int2 shape = get_image_dim(sino);
    if (pos.y < shape.y) {
        int side = get_global_id(1), k, k_offset, k_sign;
        float val_sum = 0.f;
        int norm_sum = 0;

        if (side == 0){
            k_offset = 0;
            k_sign = 1;
            }
        else          {
            k_offset = shape.x-1;
            k_sign = -1;
            }

        for (k = 0; k < pad_avg_length; k++){
            pos.x = k_offset + k_sign*k;
            val_sum += read_imagef(sino, nearest_sampler, pos).x;
            norm_sum++;

            pos.x = k_offset - k_sign*k + filter_range;
            write_imagef(sino_pad, pos, (float4)(native_divide(val_sum, (float)norm_sum), 0.f, 0.f, 0.f));
        }

        val_sum /= norm_sum;
        for (k = pad_avg_length; k < filter_range; k++){
            pos.x = k_offset - k_sign*k + filter_range;
            write_imagef(sino_pad, pos, (float4)(val_sum));
        }
    }
}

kernel void fill_pad_proj(read_only image2d_t sino, write_only image2d_t sino_pad, int filter_range){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0));
    const int2 shape = get_image_dim(sino);

    if (all(pos < shape)) {
        const int2 pos_pad = pos + (int2)(filter_range, 0);
        float4 val = read_imagef(sino, nearest_sampler, pos);
        write_imagef(sino_pad, pos_pad, val);
    }
}

int find_next_index(float x_value, constant float* x_values, int len_values){
    int index_lower = 0, index_upper = len_values-1, test_index;
    while (1){
        test_index = (index_lower+index_upper)/2;
        if (x_value <= x_values[test_index]){index_upper = test_index;  }
        else                                {index_lower = test_index+1;}
        if (index_lower == index_upper){return(index_lower);}
    }
}

float interpolate_nonequidistant(constant float* x_values, float* y_values, int len_values, float x_value){
    if (x_value <= x_values[0]){return(y_values[0]);}
    if (x_value >= x_values[len_values-1]){return(y_values[len_values-1]);}
    else {
        int index = find_next_index(x_value, x_values, len_values);
        float x_value_lower = x_values[index-1];
        float factor_upper = (x_value-x_value_lower)/(x_values[index] - x_value_lower);
        return ((1.0f - factor_upper)*y_values[index-1] + factor_upper*y_values[index]);
    }
}

constant sampler_t nearest_pad_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;

kernel void apply_multigain_correction(read_only image2d_t sino_in, write_only image2d_t sino_out, int y_pos,
                                       read_only image2d_array_t multigain_values, constant float* x_values, int len_values){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0));
    const int2 shape = get_image_dim(sino_out);

    if (all(pos < shape)) {
        float x_value = read_imagef(sino_in, nearest_sampler, pos).x;

        float correction_factor;
        if (x_value <= x_values[0]){
            correction_factor = read_imagef(multigain_values, nearest_pad_sampler, (int4)(pos.x, y_pos, 0, 0)).x;
            write_imagef(sino_out, pos, (float4)(x_value*correction_factor, 0.f, 0.f, 0.f));
        }
        if (x_value >= x_values[len_values-1]){
            correction_factor = read_imagef(multigain_values, nearest_pad_sampler, (int4)(pos.x, y_pos, len_values-1, 0)).x;
            write_imagef(sino_out, pos, (float4)(x_value*correction_factor, 0.f, 0.f, 0.f));
        }
        else {
            int index = find_next_index(x_value, x_values, len_values);

            float x_value_lower = x_values[index-1];
            float factor_upper = (x_value-x_value_lower)/(x_values[index] - x_value_lower);
            correction_factor = (1.0f - factor_upper)*read_imagef(multigain_values, nearest_pad_sampler, (int4)(pos.x, y_pos, index-1, 0)).x +
                                factor_upper*read_imagef(multigain_values, nearest_pad_sampler, (int4)(pos.x, y_pos, index, 0)).x;
            write_imagef(sino_out, pos, (float4)(x_value*correction_factor, 0.f, 0.f, 0.f));
        }
    }
}

kernel void preprocess_multigain(global float* x_values, int len_values,
                       int filter_range, int apply_neglog, float voxelsize, int apply_bhc, float4 bhc_params,
                       int apply_clip, float2 clip_range, float gray_value_div){
    const int pos = get_global_id(0);
    if (pos < len_values) {
        x_values[pos] = preprocess_value(x_values[pos], apply_neglog, voxelsize, apply_bhc, bhc_params, apply_clip, clip_range, gray_value_div);
    }
}







tomis/tomo_reco/cl/FBP_cone.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

// definition for geometries:
// [0]: source position, [1]: detector center position
// large X and Y denote detector coordinates, with the origin in the detector center
// small x, y, z denote reconstruction volume coordinates with the origin in the volume center
// hint: the opencl may support only up to 2048 images in an array, meaning a maximum of 2048 projections, image_2d_t maximal dimensions should be at least 8096x8096

// comment on nearest/linear samplers:
// the nearest sampler is physically correct for the point voxel interpretation, the linear sampler for the volume voxel interpretation;
// the linear sampler is smoother (linear interpolation = convolution with triangle for 1 - abs(x), [abs(x) < 1, sampling distance = 1])

constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_LINEAR;
constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST;
#define square(val_f) (val_f*val_f)
# pragma OPENCL EXTENSION khr_2d_image_array_writes: enable


float preprocess_value(float val, int apply_neglog, float voxelsize, int apply_bhc, float4 bhc_params,
                       int apply_clip, float2 clip_range, float gray_value_div){
    val = native_divide(val, gray_value_div);

    if (apply_clip > 0){
        val = fmin(fmax(val, clip_range.x), clip_range.y);
        if (apply_neglog > 0){
            val = -log(val);
        }
    }
    else {if (apply_neglog > 0){
        val = -log(fmax(val, 0.02f));
        };
    }

    if (!isfinite(val)){
        val = 0.;}

    if (apply_bhc > 0){
        val = val*(1 + val*(bhc_params.s0 + val*(bhc_params.s1 + val*(bhc_params.s2 + val*bhc_params.s3))));
    }

    val *= 1e6/voxelsize;

    return(val);
}

kernel void preprocess(read_only image2d_t sino_in, write_only image2d_t sino_out,
                       read_only image2d_t cone_weights, int Y_pos,
                       int filter_range, int apply_neglog, float voxelsize, int apply_bhc, float4 bhc_params,
                       int apply_clip, float2 clip_range, float gray_value_div){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0));
    const int2 shape = get_image_dim(sino_in);

    if (all(pos < shape)) {
        const int2 pos_pad = pos + (int2)(filter_range, 0);
        float4 val = read_imagef(sino_in, nearest_sampler, pos);
        val.x = preprocess_value(val.x, apply_neglog, voxelsize, apply_bhc, bhc_params, apply_clip, clip_range, gray_value_div);
        val.x *= read_imagef(cone_weights, nearest_sampler, (int2)(pos.x, Y_pos)).x;

        write_imagef(sino_out, pos, val);
    }
}

// filter part of a FBP, input projection/sinogram-wise with output to projections image array (looped externally over projections, lower memory-use and disk access parallelisation)
kernel void ramp_filter_sino(read_only image2d_t unfiltered_projs,  		// image containing one unfiltered projection, weighting for cone reconstruction must be done before (e.g. in Python code)
                              write_only image2d_array_t filtered_projs, 	// images array containing the filtered projections, intended to be used with READ_WRITE (host) memory flag and reused for backprojection
                              int filter_range, int index_Y, int clip_range) {		// #1: filter range, cutoff and padding length for the convolution (recommended >300), #2: actual width of the sino (without padding)
                                                                                // WARNING: the input must be padded with a length of exactly filter_range on both edges of the X-axis
    const int detector_lenX = get_image_width(unfiltered_projs) - 2*filter_range;
    const int detector_lenY = get_image_height(unfiltered_projs);
    const int cutoff_range = filter_range + (filter_range % 2 == 0); // make sure that the filter cutoff is uneven, needed for the sum over uneven distance indices

    int conv_start_index, conv_stop_index;
    float convolution_sum;
    const int angle_index = get_global_id(0);
    const int index_X = get_global_id(1) + filter_range;

    if (angle_index < detector_lenY & index_X < detector_lenX+filter_range) {
        // for (int index_X = filter_range; index_X < detector_lenX+filter_range; index_X++) { // index_X is an index for the unfiltered/padded input
            convolution_sum = 0.25f * read_imagef(unfiltered_projs, nearest_sampler, (int2)(index_X, angle_index)).x; // Buzug p. 200, eq. 6.49

            if (clip_range==1){conv_stop_index = index_X+filter_range-1;
                               conv_start_index = index_X-filter_range+1;}
            else {  conv_stop_index = detector_lenX+2*filter_range;
                    conv_start_index = (index_X % 2 == 0);}

            for (int convolution_index = conv_start_index; convolution_index < conv_stop_index; convolution_index += 2) { // sum over the uneven indices, Buzug p. 200, eq. 6.49
                convolution_sum -= native_divide(read_imagef(unfiltered_projs, nearest_sampler, (int2)(convolution_index, angle_index)).x, square(M_PI_F*(index_X-convolution_index)));  //
            }
            write_imagef(filtered_projs, (int4)(index_X - filter_range, index_Y, angle_index, 0), (float4)(convolution_sum, 0, 0, 0));
        // }
    }
}

// filter part of a FBP, input projection/sinogram-wise with output to projections image array (looped externally over projections, lower memory-use and disk access parallelisation)
kernel void ramp_filter_sino_weighted(read_only image2d_t unfiltered_projs,  		// image containing one unfiltered projection, weighting for cone reconstruction must be done before (e.g. in Python code)
                              write_only image2d_array_t filtered_projs, 	// images array containing the filtered projections, intended to be used with READ_WRITE (host) memory flag and reused for backprojection
                              read_only image2d_t weights, 	                // image containing projections weights multiplied after filter
                              int filter_range, int index_Y, int clip_range) {		// #1: filter range, cutoff and padding length for the convolution (recommended >300), #2: actual width of the sino (without padding)
                                                                                // WARNING: the input must be padded with a length of exactly filter_range on both edges of the X-axis
    const int detector_lenX = get_image_width(unfiltered_projs) - 2*filter_range;
    const int detector_lenY = get_image_height(unfiltered_projs);
    const int cutoff_range = filter_range + (filter_range % 2 == 0); // make sure that the filter cutoff is uneven, needed for the sum over uneven distance indices

    int conv_start_index, conv_stop_index;
    float convolution_sum;
    const int angle_index = get_global_id(0);
    const int index_X = get_global_id(1) + filter_range;
    int4 pos;

    if (angle_index < detector_lenY & index_X < detector_lenX+filter_range) {
        // for (int index_X = filter_range; index_X < detector_lenX+filter_range; index_X++) { // index_X is an index for the unfiltered/padded input
            convolution_sum = 0.25f * read_imagef(unfiltered_projs, nearest_sampler, (int2)(index_X, angle_index)).x; // Buzug p. 200, eq. 6.49

            if (clip_range==1){conv_stop_index = index_X+filter_range-1;
                               conv_start_index = index_X-filter_range+1;}
            else {  conv_stop_index = detector_lenX+2*filter_range;
                    conv_start_index = (index_X % 2 == 0);}

            for (int convolution_index = conv_start_index; convolution_index < conv_stop_index; convolution_index += 2) { // sum over the uneven indices, Buzug p. 200, eq. 6.49
                convolution_sum -= native_divide(read_imagef(unfiltered_projs, nearest_sampler, (int2)(convolution_index, angle_index)).x, square(M_PI_F*(index_X-convolution_index)));  //
            }
            pos = (int4)(index_X - filter_range, index_Y, angle_index, 0);
            convolution_sum *= read_imagef(weights, nearest_sampler, (int2)(pos.x, pos.y)).x;
            write_imagef(filtered_projs, pos, (float4)(convolution_sum, 0, 0, 0));
        // }
    }
}


// filter part of a FBP, input projection/sinogram-wise with output to projections image array (looped externally over projections, lower memory-use and disk access parallelisation)
kernel void ramp_filter_sino_h(read_only image2d_t unfiltered_projs,  		// image containing one unfiltered projection, weighting for cone reconstruction must be done before (e.g. in Python code)
                              write_only image2d_array_t filtered_projs, 	// images array containing the filtered projections, intended to be used with READ_WRITE (host) memory flag and reused for backprojection
                              int filter_range, int index_Y, int clip_range) {		// #1: filter range, cutoff and padding length for the convolution (recommended >300), #2: actual width of the sino (without padding)
                                                                                // WARNING: the input must be padded with a length of exactly filter_range on both edges of the X-axis
    const int detector_lenX = get_image_width(unfiltered_projs) - 2*filter_range;
    const int detector_lenY = get_image_height(unfiltered_projs);
    const int cutoff_range = filter_range + (filter_range % 2 == 0); // make sure that the filter cutoff is uneven, needed for the sum over uneven distance indices

    int conv_start_index, conv_stop_index;
    float convolution_sum;
    const int angle_index = get_global_id(0);
    const int index_X = get_global_id(1) + filter_range;

    if (angle_index < detector_lenY & index_X < detector_lenX+filter_range) {
        // for (int index_X = filter_range; index_X < detector_lenX+filter_range; index_X++) { // index_X is an index for the unfiltered/padded input
            convolution_sum = 0.f;

            if (clip_range==1){conv_stop_index = index_X+filter_range-1;
                               conv_start_index = index_X-filter_range+1;}
            else {  conv_stop_index = detector_lenX+2*filter_range;
                    conv_start_index = (index_X % 2 == 0);}

            for (int convolution_index = conv_start_index; convolution_index < conv_stop_index; convolution_index += 2) { // sum over the uneven indices, Buzug p. 200, eq. 6.49
                convolution_sum -= native_divide(read_imagef(unfiltered_projs, nearest_sampler, (int2)(convolution_index, angle_index)).x, (index_X-convolution_index));  //
            }
            write_imagef(filtered_projs, (int4)(index_X - filter_range, index_Y, angle_index, 0), (float4)(convolution_sum, 0, 0, 0));
        // }
    }
}

// filter part of a FBP, input projection/sinogram-wise with output to projections image array (looped externally over projections, lower memory-use and disk access parallelisation)
kernel void ramp_filter_sino_weighted_h(read_only image2d_t unfiltered_projs,  		// image containing one unfiltered projection, weighting for cone reconstruction must be done before (e.g. in Python code)
                              write_only image2d_array_t filtered_projs, 	// images array containing the filtered projections, intended to be used with READ_WRITE (host) memory flag and reused for backprojection
                              read_only image2d_t weights, 	                // image containing projections weights multiplied after filter
                              int filter_range, int index_Y, int clip_range) {		// #1: filter range, cutoff and padding length for the convolution (recommended >300), #2: actual width of the sino (without padding)
                                                                                // WARNING: the input must be padded with a length of exactly filter_range on both edges of the X-axis
    const int detector_lenX = get_image_width(unfiltered_projs) - 2*filter_range;
    const int detector_lenY = get_image_height(unfiltered_projs);
    const int cutoff_range = filter_range + (filter_range % 2 == 0); // make sure that the filter cutoff is uneven, needed for the sum over uneven distance indices

    int conv_start_index, conv_stop_index;
    float convolution_sum;
    const int angle_index = get_global_id(0);
    const int index_X = get_global_id(1) + filter_range;
    int4 pos;

    if (angle_index < detector_lenY & index_X < detector_lenX+filter_range) {
        // for (int index_X = filter_range; index_X < detector_lenX+filter_range; index_X++) { // index_X is an index for the unfiltered/padded input
            convolution_sum = 0.f;

            if (clip_range==1){conv_stop_index = index_X+filter_range-1;
                               conv_start_index = index_X-filter_range+1;}
            else {  conv_stop_index = detector_lenX+2*filter_range;
                    conv_start_index = (index_X % 2 == 0);}

            for (int convolution_index = conv_start_index; convolution_index < conv_stop_index; convolution_index += 2) { // sum over the uneven indices, Buzug p. 200, eq. 6.49
                convolution_sum += native_divide(read_imagef(unfiltered_projs, nearest_sampler, (int2)(convolution_index, angle_index)).x, (index_X-convolution_index));  //
            }
            pos = (int4)(index_X - filter_range, index_Y, angle_index, 0);
            convolution_sum *= read_imagef(weights, nearest_sampler, (int2)(pos.x, pos.y)).x;
            write_imagef(filtered_projs, pos, (float4)(convolution_sum, 0, 0, 0));
        // }
    }
}


float slice_radius(float3 volume_position, float pos_offset, float offset){
    return (sqrt((volume_position.x+offset)*(volume_position.x+offset) + (volume_position.y+offset)*(volume_position.y+offset)) + offset);
}

float distort_fact(float2 pos, float4 params, float max_radius){
    float r = fast_length(pos)/max_radius;
    //return(1 + params.x*r + params.y*r*r + params.z*r*r*r + params.w*r*r*r*r);
    return((1 + (params.x + (params.y + (params.z + params.w*r)*r)*r)*r));
}

// cone-beam backprojector part of a fbp (output is slice-wise; feldkamp, unsuited for parallel beam geometries due to float errors for geometries entries > 1e6)

// static geometry version (fixed positions of source and detector, fixed detector orientation)
kernel void cone_backprojector(constant float* static_geometries, 	// array with the geometry setup vectors
                                // length 12 with four 3-vectors (source_position, detector_center, detector_vector_y, detector_vector_x)
                               constant float* sin_cos_vals,
                               read_only image2d_array_t projs,					// images array containing the filtered projections
                               global float* reconstruction_slice,				// pointer to the reconstructed volume (best set as a host pointer), size must be subvol_size
                               const int2 reconstruction_size, const int2 angle_index_range,
                               const float3 reconstruction_origin, const int2 detector_size,	// vectors defining the reconstructed subvolume area and the whole volume area
                               const float reconstruction_radius, const int2 detector_start,		 // #1: defines the radius of the cylindrical reconstruction area; #2: starting point for the local area of the projs in y-direction
                               const int4 reco_kernel_area, const float value_scaler, const int reset_mem) {
    const float2 detector_offset = 0.5f * convert_float2(detector_size) - convert_float2(detector_start);
    const int nproj = angle_index_range.y-angle_index_range.x;
    int3 reconstruction_indices = (int3)(2*get_global_id(0), 2*get_global_id(1), get_global_id(2));
    reconstruction_indices.xy += reco_kernel_area.lo;
    const float3 volume_position = (float3)(-(reconstruction_origin.x + reconstruction_indices.x),
                                             (reconstruction_origin.y + reconstruction_indices.y),
                                              reconstruction_origin.z + reconstruction_indices.z);

    if (all(reconstruction_indices.xy+1 < reco_kernel_area.hi) && (slice_radius(volume_position, 0.5f, -M_SQRT1_2_F) < reconstruction_radius)) {
        float3 ray_vector, volume_position_rot = volume_position;
        float norm_factor, ray_detector_factor, sin_val, cos_val;
        float4 ray_detector_position;
        float pixel_sum_00  = 0.f, pixel_sum_01  = 0.f, pixel_sum_10  = 0.f, pixel_sum_11  = 0.f;
        float pixel_norm_00 = 0.f, pixel_norm_01 = 0.f, pixel_norm_10 = 0.f, pixel_norm_11 = 0.f;

        const float3 source_position   = (float3)(static_geometries[0],  static_geometries[1],  static_geometries[2] );
        const float3 detector_position = (float3)(static_geometries[3],  static_geometries[4],  static_geometries[5] );
        const float3 detector_vector_y = (float3)(static_geometries[6],  static_geometries[7],  static_geometries[8] );
        const float3 detector_vector_x = (float3)(static_geometries[9],  static_geometries[10],  static_geometries[11] );
        const float3 det_cross = cross(detector_vector_x, detector_vector_y);
        const float3 source_detector_vector = detector_position - source_position;
        const float3 source_det_X_cross = cross(source_detector_vector, detector_vector_x);
        const float3 source_det_Y_cross = cross(detector_vector_y, source_detector_vector);
        const float source_square = (square(source_position.x) + square(source_position.y) + square(source_position.z));

        const int write_index = reconstruction_size.x*(reconstruction_size.y*reconstruction_indices.z+reconstruction_indices.y)+reconstruction_indices.x;
        if (reset_mem == 1){reconstruction_slice[write_index] = 0.f; reconstruction_slice[write_index+reconstruction_size.x] = 0.f;
                            reconstruction_slice[write_index+1] = 0.f; reconstruction_slice[write_index+reconstruction_size.x+1] = 0.f;}

        for (int angle_index = 0; angle_index < nproj; angle_index++) { // angle_index indexes the projections
            sin_val = sin_cos_vals[2*angle_index];
            cos_val = sin_cos_vals[2*angle_index+1];
            ray_detector_position.z = angle_index;

            // code for voxel 00
            volume_position_rot.x = volume_position.x*cos_val + volume_position.y*sin_val;
            volume_position_rot.y = volume_position.y*cos_val - volume_position.x*sin_val;
            ray_vector = volume_position_rot - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_00 += norm_factor;
            pixel_sum_00 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            // code for voxel 01
            volume_position_rot.x += sin_val;
            volume_position_rot.y += cos_val;
            ray_vector = volume_position_rot - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_01 += norm_factor;
            pixel_sum_01 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            // code for voxel 10
            volume_position_rot.x += cos_val + sin_val;
            volume_position_rot.y -= cos_val - sin_val;
            ray_vector = volume_position_rot - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_10 += norm_factor;
            pixel_sum_10 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            // code for voxel 11
            volume_position_rot.x += sin_val;
            volume_position_rot.y += cos_val;
            ray_vector = volume_position_rot - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_11 += norm_factor;
            pixel_sum_11 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

        }
        // writing the results for all voxels
        if ((pixel_norm_00 > 0.f) && (slice_radius(volume_position, 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index] += pixel_sum_00/pixel_norm_00*nproj*value_scaler; }
        if ((pixel_norm_01 > 0.f) && (slice_radius(volume_position+(float3)(0.f, 1.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index+reconstruction_size.x] += pixel_sum_01/pixel_norm_01*nproj*value_scaler; }
        if ((pixel_norm_10 > 0.f) && (slice_radius(volume_position+(float3)(-1.f, 0.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index+1] += pixel_sum_10/pixel_norm_10*nproj*value_scaler; }
        if ((pixel_norm_11 > 0.f) && (slice_radius(volume_position+(float3)(-1.f, 1.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index+reconstruction_size.x+1] += pixel_sum_11/pixel_norm_11*nproj*value_scaler; }
    }
}

// dynamic geometry version for fully individual beams (_dg)
kernel void cone_backprojector_dg(constant float* geometries, 	// array with the geometry setup vectors
                                // length 12*nproj with entries as four 3-vectors (source_position, detector_center, detector_vector_y, detector_vector_x)
                               read_only image2d_array_t projs,					// images array containing the filtered projections
                               global float* reconstruction_slice,				// pointer to the reconstructed volume (best set as a host pointer), size must be subvol_size
                               const int2 reconstruction_size, const int2 angle_index_range,
                               const float3 reconstruction_origin, const int2 detector_size,	// vectors defining the reconstructed subvolume area and the whole volume area
                               const float reconstruction_radius, const int2 detector_start,		 // #1: defines the radius of the cylindrical reconstruction area; #2: starting point for the local area of the projs in y-direction
                               const int4 reco_kernel_area, const float value_scaler, const int reset_mem) {
    const float2 detector_offset = 0.5f * convert_float2(detector_size) - convert_float2(detector_start);
    const int nproj = angle_index_range.y-angle_index_range.x;
    int3 reconstruction_indices = (int3)(2*get_global_id(0), 2*get_global_id(1), get_global_id(2));
    reconstruction_indices.xy += reco_kernel_area.lo;
    const float3 volume_position = (float3)(-(reconstruction_origin.x + reconstruction_indices.x),
                                             (reconstruction_origin.y + reconstruction_indices.y),
                                              reconstruction_origin.z + reconstruction_indices.z);

    if (all(reconstruction_indices.xy+1 < reco_kernel_area.hi) && (slice_radius(volume_position, 0.5f, -M_SQRT1_2_F) < reconstruction_radius)) {
        float3 volume_position_rot = volume_position;
        float norm_factor, ray_detector_factor, sin_val, cos_val, source_square;
        float3 ray_vector, source_detector_vector, source_position, detector_vector_y;
        float3 detector_vector_x, det_cross, source_det_X_cross, source_det_Y_cross;
        float4 ray_detector_position;
        float pixel_sum_00  = 0.f, pixel_sum_01  = 0.f, pixel_sum_10  = 0.f, pixel_sum_11  = 0.f;
        float pixel_norm_00 = 0.f, pixel_norm_01 = 0.f, pixel_norm_10 = 0.f, pixel_norm_11 = 0.f;
        int geometries_offset;

        const int write_index = reconstruction_size.x*(reconstruction_size.y*reconstruction_indices.z+reconstruction_indices.y)+reconstruction_indices.x;
        if (reset_mem == 1){reconstruction_slice[write_index] = 0.f; reconstruction_slice[write_index+reconstruction_size.x] = 0.f;
                            reconstruction_slice[write_index+1] = 0.f; reconstruction_slice[write_index+reconstruction_size.x+1] = 0.f;}

        for (int angle_index = 0; angle_index < nproj; angle_index++) { // angle_index indexes the projections
            // calculations and memory access shared by the four voxels
            geometries_offset = 12*angle_index;
            source_position   = (float3)(geometries[geometries_offset+0],  geometries[geometries_offset+1],  geometries[geometries_offset+2] );
            source_detector_vector = (float3)(geometries[geometries_offset+3],  geometries[geometries_offset+4],  geometries[geometries_offset+5] ) - source_position;
            detector_vector_y = (float3)(geometries[geometries_offset+6],  geometries[geometries_offset+7],  geometries[geometries_offset+8] );
            detector_vector_x = (float3)(geometries[geometries_offset+9],  geometries[geometries_offset+10],  geometries[geometries_offset+11] );
            det_cross = cross(detector_vector_x, detector_vector_y);
            source_det_X_cross = cross(source_detector_vector, detector_vector_x);
            source_det_Y_cross = cross(detector_vector_y, source_detector_vector);
            source_square = (square(source_position.x) + square(source_position.y) + square(source_position.z));
            ray_detector_position.z = angle_index;

            // code for voxel 00
            ray_vector = volume_position - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_00 += norm_factor;
            pixel_sum_00 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            // code for voxel 01
            ray_vector = volume_position + (float3)(0.f, 1.f, 0.f) - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_01 += norm_factor;
            pixel_sum_01 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            // code for voxel 10
            ray_vector = volume_position + (float3)(-1.f, 0.f, 0.f) - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_10 += norm_factor;
            pixel_sum_10 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            // code for voxel 11
            ray_vector = volume_position + (float3)(-1.f, 1.f, 0.f) - source_position;
            norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
            ray_detector_factor = native_recip(dot(det_cross, ray_vector));
            ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor + detector_offset.x;
            ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor + detector_offset.y;
            pixel_norm_11 += norm_factor;
            pixel_sum_11 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

        }
        // writing the results for all voxels
        if ((pixel_norm_00 > 0.f) && (slice_radius(volume_position, 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index] += pixel_sum_00/pixel_norm_00*nproj*value_scaler; }
        if ((pixel_norm_01 > 0.f) && (slice_radius(volume_position + (float3)(0.f, 1.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index+reconstruction_size.x] += pixel_sum_01/pixel_norm_01*nproj*value_scaler; }
        if ((pixel_norm_10 > 0.f) && (slice_radius(volume_position + (float3)(-1.f, 0.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index+1] += pixel_sum_10/pixel_norm_10*nproj*value_scaler; }
        if ((pixel_norm_11 > 0.f) && (slice_radius(volume_position + (float3)(-1.f, 1.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                    reconstruction_slice[write_index+reconstruction_size.x+1] += pixel_sum_11/pixel_norm_11*nproj*value_scaler; }
    }
}

// dynamic geometry version for fully individual beams (_dg) with undistort support (_ud)
kernel void cone_backprojector_dg_ud(constant float* geometries, 	// array with the geometry setup vectors
                                    // length 12*nproj with entries as four 3-vectors (source_position, detector_center, detector_vector_y, detector_vector_x)
                                   read_only image2d_array_t projs,					// images array containing the filtered projections
                                   global float* reconstruction_slice,				// pointer to the reconstructed volume (best set as a host pointer), size must be subvol_size
                                   const int2 reconstruction_size, const int2 angle_index_range,
                                   const float3 reconstruction_origin, const int2 detector_size,	// vectors defining the reconstructed subvolume area and the whole volume area
                                   const float reconstruction_radius, const int2 detector_start,		 // #1: defines the radius of the cylindrical reconstruction area; #2: starting point for the local area of the projs in y-direction
                                   const int4 reco_kernel_area, const float value_scaler, const int reset_mem,
                                   const float4 undistort_params) {
        const float2 detector_offset = 0.5f * convert_float2(detector_size) - convert_float2(detector_start);
        const int nproj = angle_index_range.y-angle_index_range.x;
        int3 reconstruction_indices = (int3)(2*get_global_id(0), 2*get_global_id(1), get_global_id(2));
        reconstruction_indices.xy += reco_kernel_area.lo;
        const float3 volume_position = (float3)(-(reconstruction_origin.x + reconstruction_indices.x),
                                                 (reconstruction_origin.y + reconstruction_indices.y),
                                                  reconstruction_origin.z + reconstruction_indices.z);

        if (all(reconstruction_indices.xy+1 < reco_kernel_area.hi) && (slice_radius(volume_position, 0.5f, -M_SQRT1_2_F) < reconstruction_radius)) {
            float3 volume_position_rot = volume_position;
            float norm_factor, ray_detector_factor, sin_val, cos_val, source_square;
            float3 ray_vector, source_detector_vector, source_position, detector_vector_y;
            float3 detector_vector_x, det_cross, source_det_X_cross, source_det_Y_cross;
            float4 ray_detector_position;
            float pixel_sum_00  = 0.f, pixel_sum_01  = 0.f, pixel_sum_10  = 0.f, pixel_sum_11  = 0.f;
            float pixel_norm_00 = 0.f, pixel_norm_01 = 0.f, pixel_norm_10 = 0.f, pixel_norm_11 = 0.f;
            int geometries_offset;
            const float max_radius = detector_size.x*0.5f;

            const int write_index = reconstruction_size.x*(reconstruction_size.y*reconstruction_indices.z+reconstruction_indices.y)+reconstruction_indices.x;
            if (reset_mem == 1){reconstruction_slice[write_index] = 0.f; reconstruction_slice[write_index+reconstruction_size.x] = 0.f;
                                reconstruction_slice[write_index+1] = 0.f; reconstruction_slice[write_index+reconstruction_size.x+1] = 0.f;}

            for (int angle_index = 0; angle_index < nproj; angle_index++) { // angle_index indexes the projections
                geometries_offset = 12*angle_index;
                source_position   = (float3)(geometries[geometries_offset+0],  geometries[geometries_offset+1],  geometries[geometries_offset+2] );
                source_detector_vector = (float3)(geometries[geometries_offset+3],  geometries[geometries_offset+4],  geometries[geometries_offset+5] ) - source_position;
                detector_vector_y = (float3)(geometries[geometries_offset+6],  geometries[geometries_offset+7],  geometries[geometries_offset+8] );
                detector_vector_x = (float3)(geometries[geometries_offset+9],  geometries[geometries_offset+10],  geometries[geometries_offset+11] );
                det_cross = cross(detector_vector_x, detector_vector_y);
                source_det_X_cross = cross(source_detector_vector, detector_vector_x);
                source_det_Y_cross = cross(detector_vector_y, source_detector_vector);
                source_square = (square(source_position.x) + square(source_position.y) + square(source_position.z));
                ray_detector_position.z = angle_index;

                ray_vector = volume_position - source_position;
                norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
                ray_detector_factor = native_recip(dot(det_cross, ray_vector));
                ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.xy *= distort_fact(ray_detector_position.xy, undistort_params, max_radius);
                ray_detector_position.xy += detector_offset;
                pixel_norm_00 += norm_factor;
                pixel_sum_00 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

                ray_vector = volume_position + (float3)(0.f, 1.f, 0.f) - source_position;
                norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
                ray_detector_factor = native_recip(dot(det_cross, ray_vector));
                ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.xy *= distort_fact(ray_detector_position.xy, undistort_params, max_radius);
                ray_detector_position.xy += detector_offset;
                pixel_norm_01 += norm_factor;
                pixel_sum_01 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

                ray_vector = volume_position + (float3)(-1.f, 0.f, 0.f) - source_position;
                norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
                ray_detector_factor = native_recip(dot(det_cross, ray_vector));
                ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.xy *= distort_fact(ray_detector_position.xy, undistort_params, max_radius);
                ray_detector_position.xy += detector_offset;
                pixel_norm_10 += norm_factor;
                pixel_sum_10 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

                ray_vector = volume_position + (float3)(-1.f, 1.f, 0.f) - source_position;
                norm_factor = native_divide(source_square, square(dot(source_position, ray_vector)));
                ray_detector_factor = native_recip(dot(det_cross, ray_vector));
                ray_detector_position.x = dot(source_det_Y_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.y = dot(source_det_X_cross, ray_vector)*ray_detector_factor;
                ray_detector_position.xy *= distort_fact(ray_detector_position.xy, undistort_params, max_radius);
                ray_detector_position.xy += detector_offset;
                pixel_norm_11 += norm_factor;
                pixel_sum_11 += norm_factor * read_imagef(projs, linear_sampler, ray_detector_position).x;

            }
            // writing the results for all voxels
            if ((pixel_norm_00 > 0.f) && (slice_radius(volume_position, 0.f, 0.f) < reconstruction_radius)){
                        reconstruction_slice[write_index] += pixel_sum_00/pixel_norm_00*nproj*value_scaler; }
            if ((pixel_norm_01 > 0.f) && (slice_radius(volume_position + (float3)(0.f, 1.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                        reconstruction_slice[write_index+reconstruction_size.x] += pixel_sum_01/pixel_norm_01*nproj*value_scaler; }
            if ((pixel_norm_10 > 0.f) && (slice_radius(volume_position + (float3)(-1.f, 0.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                        reconstruction_slice[write_index+1] += pixel_sum_10/pixel_norm_10*nproj*value_scaler; }
            if ((pixel_norm_11 > 0.f) && (slice_radius(volume_position + (float3)(-1.f, 1.f, 0.f), 0.f, 0.f) < reconstruction_radius)){
                        reconstruction_slice[write_index+reconstruction_size.x+1] += pixel_sum_11/pixel_norm_11*nproj*value_scaler; }
        }
    }







tomis/tomo_reco/cl/FBP_cone_fw.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_LINEAR;
constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST;

#define square(val_f) (val_f*val_f)

// simple cone beam projector
kernel void project_forward_proj(read_only image3d_t volume, write_only image2d_t forward_proj,
                            global float* geometries, const int angle_index, float3 volume_origin, int2 detector_range,
                            float ray_dir_oversampling, float value_scaler) {
    const int2 detector_size = get_image_dim(forward_proj);
    const float2 detector_offset = 0.5f * convert_float2(detector_size) - 0.5f;
    const int2 proj_indices = (int2)(get_global_id(0), get_global_id(1));
    const int z_offset = 0.5f * get_image_depth(volume) - 0.5f;

    if (all(proj_indices < detector_size) & (detector_range.x <= proj_indices.y) & (proj_indices.y < detector_range.y)) {
        int angle_index_offset = 12*(angle_index);
        const float3 source_position   = (float3)(geometries[angle_index_offset+0], geometries[angle_index_offset+1],  geometries[angle_index_offset+2] );
        const float3 detector_position = (float3)(geometries[angle_index_offset+3], geometries[angle_index_offset+4],  geometries[angle_index_offset+5] );
        const float3 detector_vector_y = (float3)(geometries[angle_index_offset+6], geometries[angle_index_offset+7],  geometries[angle_index_offset+8] );
        const float3 detector_vector_x = (float3)(geometries[angle_index_offset+9], geometries[angle_index_offset+10], geometries[angle_index_offset+11] );

        const float3 source_detector_vector = detector_position - source_position;
        const float2 det_pos_2d = (float2)(convert_float2(proj_indices) - detector_offset);
        float3 detector_pixel_position = detector_position + det_pos_2d.y*detector_vector_y + det_pos_2d.x*detector_vector_x;

        float3 ray_vector = detector_pixel_position - source_position;
        float3 ray_start_pos = source_position+ ray_vector*(length(source_position)-detector_size.x/2)/length(source_detector_vector);
        float3 ray_step_vec = normalize(ray_vector)/ray_dir_oversampling;
        int nsteps_vol_end = detector_size.x*square(length(ray_vector)/length(detector_position-source_position))*ray_dir_oversampling+1;

        ray_start_pos.x *= -1.f;
        ray_step_vec.x *= -1.f;
        ray_start_pos.xyz += 0.5f * convert_float4(get_image_dim(volume)).xyz - volume_origin;

        float pixel_sum = 0.f;
        for (int ray_index = 0; ray_index < nsteps_vol_end; ray_index++) { //detector_size.x
            pixel_sum += read_imagef(volume, linear_sampler, (float4)(ray_start_pos + ray_step_vec*ray_index, 0)).x;
        }
        write_imagef(forward_proj, proj_indices, (float4)(pixel_sum/ray_dir_oversampling*value_scaler, 0.f, 0.f, 0.f));

    }
}

// simple cone beam projector, projection bunch for higher speed
kernel void project_forward_projbunch(read_only image3d_t volume, write_only image3d_t forward_projs,
                                      global float* geometries, const int2 bunch_range, float3 volume_origin, int2 detector_range,
                                      float ray_dir_oversampling, float value_scaler) {
    int4 detector_size = get_image_dim(forward_projs);
    detector_size.z = bunch_range.y;
    const float2 detector_offset = 0.5f * convert_float2(detector_size.xy) - 0.5f;
    const int4 proj_indices = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);

    const int z_offset = 0.5f * get_image_depth(volume) - 0.5f;

    if (all(proj_indices.xyz < detector_size.xyz) & (detector_range.x <= proj_indices.y) & (proj_indices.y < detector_range.y)) {
        int angle_index_offset = 12*(bunch_range.x + proj_indices.z);
        const float3 source_position   = (float3)(geometries[angle_index_offset+0], geometries[angle_index_offset+1],  geometries[angle_index_offset+2] );
        const float3 detector_position = (float3)(geometries[angle_index_offset+3], geometries[angle_index_offset+4],  geometries[angle_index_offset+5] );
        const float3 detector_vector_y = (float3)(geometries[angle_index_offset+6], geometries[angle_index_offset+7],  geometries[angle_index_offset+8] );
        const float3 detector_vector_x = (float3)(geometries[angle_index_offset+9], geometries[angle_index_offset+10], geometries[angle_index_offset+11] );

        const float3 source_detector_vector = detector_position - source_position;
        const float2 det_pos_2d = (float2)(convert_float2(proj_indices.xy) - detector_offset);
        float3 detector_pixel_position = detector_position + det_pos_2d.y*detector_vector_y + det_pos_2d.x*detector_vector_x;

        float3 ray_vector = detector_pixel_position - source_position;
        float3 ray_start_pos = source_position + ray_vector*(length(source_position)-detector_size.x/2)/length(source_detector_vector);
        float3 ray_step_vec = normalize(ray_vector)/ray_dir_oversampling;
        int nsteps_vol_end = detector_size.x*length(ray_vector)/length(detector_position-source_position)*ray_dir_oversampling;

        ray_start_pos.x *= -1.f;
        ray_step_vec.x *= -1.f;
        ray_start_pos.xyz += 0.5f * convert_float4(get_image_dim(volume)).xyz - volume_origin;

        float pixel_sum = 0.f;
        for (int ray_index = 0; ray_index < nsteps_vol_end; ray_index++) { //detector_size.x
            pixel_sum += read_imagef(volume, linear_sampler, (float4)(ray_start_pos + ray_step_vec*ray_index, 0)).x;
        }
        write_imagef(forward_projs, proj_indices, (float4)(pixel_sum/ray_dir_oversampling*value_scaler, 0.f, 0.f, 0.f));
    }
}






tomis/tomo_reco/cl/FBP_parallel.c

constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_LINEAR;
constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST;
#define square(val_f) (val_f*val_f)

float preprocess_value(float val, int apply_neglog, float voxelsize, int apply_bhc, float4 bhc_params,
                       int apply_clip, float2 clip_range, float gray_value_div){
    val = native_divide(val, gray_value_div);

    if (apply_clip > 0){
        val = fmin(fmax(val, clip_range.x), clip_range.y);
        if (apply_neglog > 0){
            val = -log(val);
        }
    }
    else {if (apply_neglog > 0){
            val = -log(fmax(val, 0.02f));
        };
    }

    if (!isfinite(val)){
        val = 0.;}

    if (apply_bhc > 0){
        val = val*(1 + val*(bhc_params.s0 + val*(bhc_params.s1 + val*(bhc_params.s2 + val*bhc_params.s3))));
    }

    val *= 1e6/voxelsize;

    return(val);
}

kernel void preprocess(read_only image2d_t sino_in, write_only image2d_t sino_out,
                       int filter_range, int apply_neglog, float voxelsize, int apply_bhc, float4 bhc_params,
                       int apply_clip, float2 clip_range, float gray_value_div){
    const int2 pos = (int2)(get_global_id(1), get_global_id(0));
    const int2 shape = get_image_dim(sino_in);

    if (all(pos < shape)) {
        const int2 pos_pad = pos + (int2)(filter_range, 0);
        float4 val = read_imagef(sino_in, nearest_sampler, pos);
        val.x = preprocess_value(val.x, apply_neglog, voxelsize, apply_bhc, bhc_params, apply_clip, clip_range, gray_value_div);

        write_imagef(sino_out, pos, val);
    }
}

// filter part of a FBP, sinogram/projection-wise (implemented as convolution for a filter with a limited range)
kernel void ramp_filter_sino_weighted(read_only image2d_t unfiltered_sino, // image containing the unfiltered sinogram/projection
                             write_only image2d_t filtered_sino, 	            // image containing the filtered sinogram/projection, intended to be used with READ_WRITE memory flag and reused for backprojection
                             read_only image1d_t weights,
                             int filter_range, int clip_range) {  // #1: filter range, cutoff and padding length for the convolution (recommended >200), #2: actual width of the sino (without padding)
                             // WARNING: the input must be padded with a length of exactly filter range on both edges of the X-axis
    const int detector_lenX = get_image_width(filtered_sino);
    const int nproj = get_image_height(filtered_sino);
    const int cutoff_range = filter_range + (filter_range % 2 == 0); // make sure that the filter cutoff is uneven, needed for the sum over uneven distance indices

    int conv_start_index, conv_stop_index, stride=1;
    float convolution_sum;
    int angle_index = get_global_id(0);
    const int index_X = get_global_id(1) + filter_range;

    if (angle_index < nproj & index_X < detector_lenX+filter_range) {
        //for (int index_X = filter_range; index_X < detector_lenX+filter_range; index_X++) { // index_X is an index for the unfiltered/padded input
            convolution_sum = 0.25f * read_imagef(unfiltered_sino, nearest_sampler, (int2)(index_X, angle_index)).x; // Buzug p. 200, eq. 6.49

            if (clip_range==1){conv_stop_index = index_X+filter_range-1;
                               conv_start_index = index_X-filter_range+1;}
            else {  conv_stop_index = detector_lenX+2*filter_range;
                    conv_start_index = (index_X % 2 == 0);}

            for (int convolution_index = conv_start_index; convolution_index < conv_stop_index; convolution_index += 2) { // sum over the uneven indices, Buzug p. 200, eq. 6.49
                convolution_sum -= native_divide(read_imagef(unfiltered_sino, nearest_sampler, (int2)(convolution_index, angle_index)).x, square(M_PI_F*(index_X-convolution_index)));  //
            }
            convolution_sum *= read_imagef(weights, nearest_sampler, index_X - filter_range).x; //  - filter_range
            write_imagef(filtered_sino, (int2)(index_X - filter_range, angle_index), (float4)(convolution_sum, 0, 0, 0));
        //}
    }
}

// simple parallel beam backprojector part of a FBP
kernel void parallel_backprojector(read_only image2d_t sino,			// image containing one filtered sinogram
                                     global float* reconstruction,		// reconstructed image
                                     int2 reconstruction_size, int2 angle_range, constant float2* sin_cos_vals,
                                     float2 reconstruction_origin,  // vectors defining the reconstructed subimage area and the whole image area
                                     float reconstruction_radius, float sample_shift_X, // #1: defines the radius of the cylindrical reconstruction area; #2: distance from detector center to rotational center
                                     int detector_width, int4 reco_kernel_area) {
    const int2 reconstruction_indices = (int2)(get_global_id(0), get_global_id(1)) + reco_kernel_area.lo;
    const float2 reconstruction_position = (convert_float2(reconstruction_indices) + reconstruction_origin);
    const float radius = length(reconstruction_position.xy);
    if (all(reconstruction_indices < reco_kernel_area.hi) && (radius < reconstruction_radius)) {
        const float detector_offset = 0.5f * (float)detector_width + sample_shift_X; // - 0.5f
        float2 pos_projected, trig_vals;
        float pixel_sum = 0.f;
        if (angle_range.x == 0){reconstruction[reconstruction_size.x*reconstruction_indices.y+reconstruction_indices.x] = 0.f;}
        for (int angle_index = angle_range.x; angle_index < angle_range.y; angle_index++) {
            trig_vals = sin_cos_vals[angle_index-angle_range.x];
            pos_projected = (float2)(dot(trig_vals, reconstruction_position) + detector_offset, angle_index+0.5f);
            pixel_sum += read_imagef(sino, linear_sampler, pos_projected).x; // faster than manual 1D-interpolation on GPU, slower on CPU
        }
        reconstruction[reconstruction_size.x*reconstruction_indices.y+reconstruction_indices.x] += pixel_sum;
    }
}







tomis/tomo_reco/cl/FBP_parallel_fw.c

//Copyright 2015-2020 University Wuerzburg.

//Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:
//1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
//2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

//THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ``AS IS'' AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
constant sampler_t linear_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_LINEAR;
constant sampler_t nearest_sampler = CLK_NORMALIZED_COORDS_FALSE | CLK_ADDRESS_CLAMP | CLK_FILTER_NEAREST;

// simple parallel beam projector for a sinogram
kernel void project_forward_sino(constant float* sin_cos_vals,   // contains sine and cosine values for the projection angles, length 2*nproj, first half: sine, second half: cosine
                               read_only image2d_t image,   // pointer to the reconstructed image (best set as a host pointer)
                               write_only image2d_t sino,	// image containing one sinogram
                               float sample_shift_X, float value_scaler) {
    const int2 sino_size = (int2)(get_image_width(sino), get_image_height(sino));
    const int2 sino_indices = (int2)(get_global_id(0), get_global_id(1));

    if (all(sino_indices < sino_size)) {
        const int detector_width = get_image_width(sino);
        const float detector_offset = 0.5f * detector_width - 0.5f;

        float2 image_pos, ray_pos, trig_func_vals_here;
        int2 pos_x_samples;
        float pixel_sum = 0.f;
        image_pos.y = sino_indices.x - detector_offset - sample_shift_X;

        for (int ray_index = 0; ray_index < detector_width; ray_index++) {
            trig_func_vals_here = (float2)(sin_cos_vals[2*sino_indices.y], sin_cos_vals[2*sino_indices.y+1]);
            image_pos.x = ray_index - detector_offset;

            ray_pos.x = dot((float2)(-trig_func_vals_here.y, trig_func_vals_here.x), image_pos) + detector_offset;
            ray_pos.y = dot(trig_func_vals_here, image_pos) + detector_offset;

            pixel_sum += read_imagef(image, linear_sampler, ray_pos + 0.5f).x;
        }
        write_imagef(sino, sino_indices, (float4)(pixel_sum*value_scaler, 0.f, 0.f, 0.f));
    }
}

// simple cone beam projector
kernel void project_forward_proj(constant float* sin_cos_vals, read_only image2d_array_t volume, write_only image2d_t forward_proj,
                                const int angle_index, float sample_shift_X, float value_scaler) {
    const int2 detector_size = get_image_dim(forward_proj);
    const int2 proj_indices = (int2)(get_global_id(0), get_global_id(1));

    if (all(proj_indices < detector_size)) {
        const float detector_offset = 0.5f * detector_size.x - 0.5f;

        float2 image_pos, trig_func_vals_here;
        float4 ray_pos;
        int2 pos_x_samples;
        float pixel_sum = 0.f;
        image_pos.y = proj_indices.x - detector_offset - sample_shift_X;
        ray_pos.z = proj_indices.y;

        for (int ray_index = 0; ray_index < detector_size.x; ray_index++) {
            trig_func_vals_here = (float2)(sin_cos_vals[2*angle_index], sin_cos_vals[2*angle_index+1]);
            image_pos.x = ray_index - detector_offset;

            ray_pos.x = dot((float2)(-trig_func_vals_here.y, trig_func_vals_here.x), image_pos) + detector_offset + 0.5f;
            ray_pos.y = dot(trig_func_vals_here, image_pos) + detector_offset + 0.5f;

            pixel_sum += read_imagef(volume, linear_sampler, ray_pos).x;
        }
        write_imagef(forward_proj, proj_indices, (float4)(pixel_sum*value_scaler, 0.f, 0.f, 0.f));
    }
}

// simple cone beam projector, projection bunch for higher speed
kernel void project_forward_projbunch(constant float* sin_cos_vals, read_only image2d_array_t volume, write_only image3d_t forward_projs,
                                      const int2 bunch_range, float sample_shift_X, float value_scaler) {
    int4 detector_size = get_image_dim(forward_projs);
    detector_size.z = bunch_range.y;
    const float2 detector_offset = 0.5f * convert_float2(detector_size.xy) - 0.5f;
    const int4 proj_indices = (int4)(get_global_id(0), get_global_id(1), get_global_id(2), 0);

    if (all(proj_indices.xyz < detector_size.xyz)) {
        int angle_index = (bunch_range.x + proj_indices.z);
        const float detector_offset = 0.5f * detector_size.x - 0.5f;

        float2 image_pos, trig_func_vals_here;
        float4 ray_pos;
        int2 pos_x_samples;
        float pixel_sum = 0.f;
        image_pos.y = proj_indices.x - detector_offset - sample_shift_X;
        ray_pos.z = proj_indices.y;

        for (int ray_index = 0; ray_index < detector_size.x; ray_index++) {
            trig_func_vals_here = (float2)(sin_cos_vals[2*angle_index], sin_cos_vals[2*angle_index+1]);

            image_pos.x = ray_index - detector_offset;

            ray_pos.x = dot((float2)(-trig_func_vals_here.y, trig_func_vals_here.x), image_pos) + detector_offset + 0.5f;
            ray_pos.y = dot(trig_func_vals_here, image_pos) + detector_offset + 0.5f;

            pixel_sum += read_imagef(volume, linear_sampler, ray_pos).x;
        }
        write_imagef(forward_projs, proj_indices, (float4)(pixel_sum*value_scaler, 0.f, 0.f, 0.f));
    }
}
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tomis Python package (whl)


These are the very basic installation instructions for installing tomis from a .whl file.

Basic usage: A .whl file is installed via pip
 - On Windows: Start the "Anaconda Prompt" (if you use Anacond), 
   type "pip install " and drag the .whl file from an explorer window 
   into the prompt window (this should copy the file path). 
   Press enter to execute the installer.
 - On Linux: execute "pip3 install [path to *.whl]
 
The .whl file can also be extracted (it is a zip file) to access the notebooks.

See also: https://pip.pypa.io/en/stable/


pyXIT can then be started by executing
> python -m tomis.pyXIT (Windows)
or
> python3 -m tomis.pyXIT (Linux)

(On Windows, a link file which executes this command can be created.)


tomis Python package installation instructions



A. Appendix

A.3. Poster for pyXIT
(see section 2.4.4 on page 20)
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Overview
pyXIT (the Python X-Ray Imaging Tool) is a software for data processing in x-ray com-
puted tomography (CT) imaging, intended for use in a scientific or development context.
It was developed because no CT imaging software existed that combined a GUI, fast
preview and the ability to integrate existing Python code.
The software is ideally suited for experimental algorithms, hardware or software
development and teaching/learning.
The programming language Python is easy to learn and suited for rapid development.
Here, it is used as a common interface for algorithms implemented in different ways.
pyXIT is not intended to replace commercial software, as the use cases are different.

Comparable software: ASTRA∗ [1], pyHST∗ [2], tomopy∗ [3] and MuhRec [4] (∗ no GUI).

Features
� Computed tomography reconstruction with cone FBP

� Plugin-based image filters for 2D and 3D (see right side), extendable by users

� Fast slice preview and parameter sweep for CT and image/volume processing

� Written in Python/PyQt and OpenCl, high CT reconstruction speed

� Multiple input formats (tif, raw, ...)

� Free/libre software: can be inspected and changed by users (FreeBSD license)

� Software parts can be used independently (e.g. OpenCl to Python API layer)

User Interface

Main window, Cone FBP CT panel with
the processing queue enabled

� Control hub, manage multiple data sets

� Set parameters for plugins/algorithms

� Tool tips explain user interface

CT preview window (simulated test data)

� Shows result preview

� Selectable area (slice or subvolume)

� Prior results are cached

� Automatic or manual update

Plugin Example: Multi Material Phase Retrieval
This is an example of a custom algorithm
which is made easily usable with a pyXIT
plugin. It applies phase retrieval to inline
phase contrast volume images with multi-
ple materials present in the sample [5].
The sample is a rose stem; ESRF ID19,
1.1 µm pixelsize, 300x600 µm shown.

Top right: Single material phase retrieval
produces long range blurring artifacts
around the material with the higher ab-
sorption (black = calcium oxalate).
Bottom right: Our own algorithm.

Image Enhancement and Artifact Correction
Enhancing the image quality or removing image artifacts makes the CT images easier
to evaluate and use. Artifact correction is necessary in some cases.
The following plugins/features of pyXIT are especially useful for high resolution and
inline phase contrast x-ray imaging:

� Wiener deconvolution

� Phase retrieval, multi material [5]

� Ring filters, partial and full rings

� Background variation removal

For the cone FBP CT reconstruction:

� Drift correction from rewind images

� Detector lens distortion correction

� Field of view extension (half-scan)

Processing Examples
Image enhancement for inline phase contrast CT (Click-CT scanner).
Volume slices of a polymer granulate for 3D printing.
0.62 µm voxelsize (2x binned), 400x400 µm shown.

Step 1: CT reconstruction
(with simple ring filter)

Step 2: Phase retrieval +
wiener deconvolution

Step 3: Slice ring filters
(can be applied in CT)

Drift correction (LRM-LMJ CT setup).
Volume slices of a polymer fiber mesh sample.
Extreme case, up to 30 pixels thermal drift and sample holder defect.

Blur from drifting sample or source With drift correction from rewind images

Implementation Details
Reconstruction Speed for FBP
(GeForce 980 Ti, without file access)
size parallel cone
1000 105 s−1 64 s−1

2000 930 min−1 540 min−1

4000 125 min−1 70 min−1

Size is detector width and nprojs,
speed is given in slices per time.

Blockwise Volume Processing
Basic problem: The volume image is too large
to fit into RAM due to memory overhead.
Solution: Divide the volume into overlapping
blocks, process them in parallel. Speed up
the FFT by choosing side lengths in 2k3m5n

(k ≥ 3). Algorithms must have a known
range, but need not be adjusted otherwise.

For both, file access is efficient and concurrent, up to 110 MB/s for Gbit LAN NAS.
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