

    
      
          
            
  pyPhase is an open-source Python package for phase retrieval from phase contrast images in the Fresnel regime. For an overview, check out the pyPhase manuscript: https://arxiv.org/abs/2012.07942


Features


	Phase retrieval algorithms


	Wave propagation.


	Handling of different image sources and formats


	Tools for pre-processing such as registration of phase contrast images and motion estimation







Installation

Installation is currently through PyPI. Create a virtual environment using your favourite virtual environment manager, verify that pip is installed, then:

pip install pyphase





PyPhase currently requires Elastix 4.9 installed for registration.
To manually install elastix 4.9 go to https://elastix.lumc.nl/download.php


	Unzip the archive.


	Add the path for elastix/bin to your .bashrc: add YOUR_PATH_TO_elastix/bin to your environment variable PATH.


	Add the path for elastix/lib to your .bashrc: add YOUR_PATH_TO_elastix/lib to your environment variable LD_LIBRARY_PATH.




Test your installation:

python3 import pyphase
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About

pyPhase is an open source phase retrieval package created by Max Langer. X-ray propagation-based imaging techniques are well-established at synchrotron radiation and laboratory sources. However, most reconstruction algorithms for such image modalities, also known as phase retrieval algorithms, have been developed specifically for one instrument by and for experts, making the development and spreading of the use of such techniques difficult. Here, we present PyPhase, a free and open-source package for propagation-based near-field phase reconstructions, which is distributed under the CeCILL license. PyPhase implements some of the most popular phase-retrieval algorithms in a highly-modular framework supporting the deployment on large-scale computing facilities. This makes the integration, the development of new phase-retrieval algorithms, and the deployment on different computing infrastructures straight-forward. To demonstrate its capabilities and simplicity, we present its application to data acquired at synchrotron MAX~IV (Lund, Sweden). For more information, read the manuscript describing the package: https://arxiv.org/abs/2012.07942





            

          

      

      

    

  

    
      
          
            
  
Examples

A simple example of usage is given, illustrating the use of the dataset module as well as using directly phase contrast images as input.

import pyphase
from pyphase import *
import numpy as np





#%% Choose image display to use
displayer = utilities.PyplotImageDisplayer()





#%% Load dataset
data = dataset.NanomaxPreprocessed2D('cpr', version='test')





#%% Align images using default registrator
# Increase number of resolutions and
pyphase.registrator.parameters.NumberOfResolutions = 8
pyphase.registrator.parameters.MaximumNumberOfIterations = 3000

data.align_projection()





Aligning position 1
Found elastix version: 4.900 in '/home/ext-maxlan/elastix/bin/elastix'
Aligning position 2
Aligning position 3
Aligning position 4





#%% Phase retrieval from a dataset using CTF
retriever = phaseretrieval.CTF(data)

# Modify regularisation parameter
retriever.alpha = [1e-3, 1e-8] # [LF, HF]





#%% Reconstruct
phase, attenuation = retriever.reconstruct_projection(dataset=data, projection=0)





#%% Display reconstruction
displayer.close_all()
displayer.display(data.get_image(projection=0), title='phase')
displayer.display(data.get_image(projection=0, image_type='attenuation'), title='attenuation')





[image: _images/output_6_0.png]
[image: _images/output_6_1.png]
#%% Phase retrieval from images
# Acquisition parameters
energy=13 #keV
effective_distance=np.array([0.010054, 0.0155, 0.0178, 0.019, 0.0203])
pixel_size = np.array([0.005924, 0.006043])*1e-6

nyp = nxp = 4096
ny = nx = 2048





#%% Load images
ID = np.zeros((len(effective_distance), nyp, nxp))
for N in range(len(effective_distance)):
    ID[N] = data.get_projection(projection=0, position=N, pad=True)





#%% Phase retrieval from images using HIO_ER
retriever = phaseretrieval.HIO_ER(shape=ID[0].shape, pixel_size=[pixel_size[0], pixel_size[1]], distance=effective_distance, energy=energy, pad=1)

# Modify some parameters
retriever.alpha = [1e-3, 1e-8] # Regularisation parameter used for initialisation
retriever.iterations_hio = 2 # Number of HIO iterations
retriever.iterations_er = 2 # Number of ER iterations
retriever.iterations = 2 # Change number of global iterations





#%% Reconstruct
phase, attenuation = retriever.reconstruct_image(ID)





========== processing distance 1 ==========
Iteration 0001, error: 1.1e-05
Iteration 0002, error: 7.9e-06
Iteration 0003, error: 6.3e-06
Iteration 0004, error: 5.3e-06
Iteration 0005, error: 4.7e-06
Iteration 0006, error: 4.2e-06
Iteration 0007, error: 3.8e-06
Iteration 0008, error: 3.5e-06
========== processing distance 2 ==========
Iteration 0001, error: 8.4e-05
Iteration 0002, error: 7e-05
Iteration 0003, error: 6.4e-05
Iteration 0004, error: 6e-05
Iteration 0005, error: 5.7e-05
Iteration 0006, error: 5.4e-05
Iteration 0007, error: 5.2e-05
Iteration 0008, error: 5.1e-05
========== processing distance 3 ==========
Iteration 0001, error: 1.7e-05
Iteration 0002, error: 9.8e-06
Iteration 0003, error: 7e-06
Iteration 0004, error: 5.1e-06
Iteration 0005, error: 4e-06
Iteration 0006, error: 3.3e-06
Iteration 0007, error: 2.8e-06
Iteration 0008, error: 2.4e-06
========== processing distance 4 ==========
Iteration 0001, error: 2.8e-05
Iteration 0002, error: 1.9e-05
Iteration 0003, error: 1.5e-05
Iteration 0004, error: 1.2e-05
Iteration 0005, error: 1.1e-05
Iteration 0006, error: 9.4e-06
Iteration 0007, error: 8.7e-06
Iteration 0008, error: 8e-06
========== processing distance 5 ==========
Iteration 0001, error: 1.8e-05
Iteration 0002, error: 1.2e-05
Iteration 0003, error: 1e-05
Iteration 0004, error: 8.3e-06
Iteration 0005, error: 6.9e-06
Iteration 0006, error: 6e-06
Iteration 0007, error: 5.6e-06
Iteration 0008, error: 5e-06





#%% Display reconstruction
displayer.close_all()
displayer.display(utilities.resize(phase, [ny, nx]), 'phase')
displayer.display(utilities.resize(attenuation, [ny, nx]), 'attenuation')





[image: _images/output_11_0.png]
[image: _images/output_11_1.png]




            

          

      

      

    

  

    
      
          
            
  
API reference

This section contains the API reference and usage information for pyPhase.

pyPhase Modules:



	pyPhase
	pyPhase package
	dataset module

	parallelizer module

	phaseretrieval module

	propagator module

	pyphase module

	tomography module

	utilities module

















            

          

      

      

    

  

    
      
          
            
  
pyPhase



	pyPhase package
	dataset module

	parallelizer module

	phaseretrieval module

	propagator module

	pyphase module
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pyPhase package


dataset module


	
class dataset.Dataset(name: str, path: str = '.', version: str = 'master')[source]

	Bases: object

Abstract class representing a set of recorded images, acquisition
parameters, reconstructed images and any intermediary images.


	
align_projection(*, projection=0, save_projection=False)[source]

	Aligns images at different positions at one projection angle

Aligns (registers) images taken at different positions using the
default registration algorithm (pyphase.registrator).


	Parameters

	
	projection (int, optional) – Number of projection to register.


	save_projection (bool, optional) – Save aligned images to file (creates new data files)













	
align_projections(*, projections)[source]

	Align a series of projections.


	Parameters

	projections (tuple of ints) – In the form [start, end]










	
get_alignment(*, projection, position)[source]

	Get transform parameters for alignment.


	Returns

	transform_parameters (numpy array) – Array of transform parameters. Size depends on transform used.










	
get_image(*, projection, image_type='phase', Fourier=False, pad=False)[source]

	Get reconstructed images (phase by default)


	Parameters

	
	projection (int) – Number of the projection.


	image_type (str, optional) – Can be phase or attenuation.


	Fourier (bool) – Return Fourier transform of image.


	pad (bool) – Return padded image.






	Returns

	image (ndarray)










	
write_image(*, image, projection, projection_type='phase')[source]

	Saves images into file.


	Parameters

	
	image (ndarray) – An ndarray of the image to save.


	projection (int) – The number of the projection to be saved.


	proj_type (str) – A string containing the prefix for the name of the file to be saved.


	position (int) – Number of the position of the projection (for propagation).






	Returns

	None – Saves the images into the file [prefix]_[projection_number].edf or
[prefix]_[distance]_[projection_number].edf into the name_ directory.














	
class dataset.ESRF(name: str, path: str = '.', version: str = 'master')[source]

	Bases: object

Legacy code for ESRF datasets.


Note

Will be aligned with Nanomax functionality.




	
GetSinogram(distance=1)[source]

	Return projections as sinogram


	Parameters

	distance (int) – Number of the distance of the projection.



	Returns

	sinogram – Returns projections stacked as sinogram










	
align(interval=100)[source]

	Align(self, RA, interval=100)
Align complete data set.

TODO: Should probably check for the last projection also so that it is
always included






	
align_projection(projection)[source]

	projection = number of projection to register






	
calculate_axis_position(distance)[source]

	Calculates the axis position at one position






	
calculate_axis_positions()[source]

	Calculates all axis positions.






	
calculate_motion()[source]

	Estimates motion in the scans based on supplementary images.






	
calculate_reference_position()[source]

	Calculates and sets reference position based on motion






	
display_alignment(projection=0)[source]

	Displays alignment and fit.






	
fit_alignment()[source]

	Fits measured alignment parameters with polynomials






	
get_alignment(projection, distance)[source]

	Returns the transform parameters for alignment at one projection
and position






	
get_image(*, projection, image_type='phase', Fourier=False, pad=False)[source]

	Get reconstructed images (phase by default)


	Parameters

	
	projection (int) – Number of the projection.


	image_type (str, optional) – Can be phase or attenuation.


	Fourier (bool) – Return Fourier transform of image.


	pad (bool) – Return padded image.






	Returns

	image (ndarray)










	
get_motion(projection, distance)[source]

	Returns estimation motion at one projection and position.






	
get_projection(*, projection, position, pad=True, Fourier=False, aligned=True, magnification=True)[source]

	




	
property nfx

	




	
property nfy

	




	
populate()[source]

	Tries to find the dataset parameters in the accompanying .info and xml files.
It is called when a parameter file pyphase_parameter.yml is not found.


	Returns

	self – Returns self with the updated attributes.










	
preprocess()[source]

	Runs all preprocessing on the dataset: axis positions, motion,
reference position, alignment






	
write_image(*, image, projection, projection_type='phase')[source]

	Saves images into file.


	Parameters

	
	data (ndarray) – An ndarray of the image to save.


	projection_number (int) – The number of the projection to be saved.


	proj_type (str) – A string containing the prefix for the name of the file to be saved.


	args (int) – Number of the distance of the projection.






	Returns

	None – Saves the images into the file [prefix]_[projection_number].edf or
[prefix]_[distance]_[projection_number].edf into the name_ directory.














	
class dataset.Nanomax(name: str, path: str = '.', version: str = 'ḿaster')[source]

	Bases: dataset.Dataset

Class for raw Nanomax data sets.


	Variables

	
	ztot (float) – Focus to detector distance in m.


	path (str) – Path to dataset.


	version (str) – Version of Dataset backend structure, e.g. ‘TIEHOM’


	name (str) – Name of dataset


	frames_per_position (int) – Number of frames per position.


	initial_frame (int) – Number of the initial frame.


	projection_prefix (str) – HDF5 path to projection data.


	reference_position (int) – Position number as reference for alignment (usually highest resolution)


	diode_name (str) – Name of diode (HDF path) for normalisation


	darkfield_prefix (str) – HDF5 path prefix to darkfields


	flatfield_prefix (str) – HDF5 path prefix to flatfields


	cpr_prefix (str) – HDF5 path prefix to flatfield corrected images


	phase_prefix (str) – HDF5 path prefix to phase maps


	attenuation_prefix (str) – HDF5 path prefix to attenuation images


	aligned (int) – Flag if dataset is aligned or not.









	
get_projection(*, projection, position, pad=True, magnification=True, aligned=True, Fourier=False)[source]

	Read one recorded image.


	Parameters

	
	projection (int) – Number of projection to read.


	position (int) – Number of positiion (“distance”) to read.


	pad (bool, optional) – Pads the image.


	magnification (bool, optional) – Brings the image to the magnification of reference_position.


	aligned (bool, optional) – Corrects alignment (requires alignment of projections).


	Fourier (bool) – Returns the Fourier transform of the image.













	
property nfx

	




	
property nfy

	








	
class dataset.NanomaxPreprocessed(name: str, path: str = '.', version: str = 'master')[source]

	Bases: dataset.Dataset

Class for preprocessed Nanomax datasets.


	Variables

	
	ztot (float) – Focus to detector distance in m.


	path (str) – Path to dataset.


	version (str) – Version of Dataset backend structure, e.g. ‘TIEHOM’


	name (str) – Name of dataset


	correct_alignent (int) – Flag to correct alignment.


	aligned (int) – Flag for dataset aligned.


	phase_prefix (str) – HDF5 path prefix to phase maps


	attenuation_prefix (str) – HDF5 path prefix to attenuation images


	projection_prefix (str) – HDF5 path to corrected projections


	reference_position (int) – Position number as reference for alignment (usually highest resolution)


	energy (float) – Energy in keV


	ny (nx,) – Number of pixels, horizontal, vertical


	padding (int) – Padding factor


	detector_pixel_size (float) – The detector pixel size in µm


	alpha (tuple of floats) – Regularization parameter in the form [LF, HF]









	
property Lambda

	Wavelength in m, calculated from energy.






	
property nfx

	Number of pixels in Fourier domain, horizontal, calculated from
nx and padding






	
property nfy

	Number of pixels in Fourier domain, vertical, calculated from
ny and padding










	
class dataset.NanomaxPreprocessed2D(name: str, path: str = '.', version: str = 'master')[source]

	Bases: dataset.NanomaxPreprocessed

Class for single projection Nanomax data.


	
get_projection(*, projection, position, pad=True, magnification=True, aligned=True, Fourier=False)[source]

	Read one recorded image.


	Parameters

	
	projection (int) – Number of projection to read.


	position (int) – Number of positiion (“distance”) to read.


	pad (bool, optional) – Pads the image.


	magnification (bool, optional) – Brings the image to the magnification of reference_position.


	aligned (bool, optional) – Corrects alignment (requires alignment of projections).


	Fourier (bool) – Returns the Fourier transform of the image.

















	
class dataset.NanomaxPreprocessedTomo(name: str, path: str = '.', version: str = 'master')[source]

	Bases: dataset.NanomaxPreprocessed

Class for preprocessed Nanomax tomographic datasets.


	Variables

	
	data_basename (str) – File prefix to projection data files.


	magnification_x,y (numpy array) – Magnification factors for each position, horizontal, vertical


	pixel_size_x,y (numpy array) – Effective pixel size for each position


	pixel_size (numpy array) – Effective pixel size at reconstruction position









	
get_projection(*, projection, position, pad=True, magnification=True, aligned=True, Fourier=False)[source]

	Read one recorded image.


	Parameters

	
	projection (int) – Number of projection to read.


	position (int) – Number of positiion (“distance”) to read.


	pad (bool, optional) – Pads the image.


	magnification (bool, optional) – Brings the image to the magnification of reference_position.


	aligned (bool, optional) – Corrects alignment (requires alignment of projections).


	Fourier (bool) – Returns the Fourier transform of the image.



















parallelizer module


	
class parallelizer.OAR[source]

	Bases: object

Legacy class for parallellisation on OAR. Will be reimplemented as
decorator


	
Launch(dataset, operator, **kwargs)[source]

	




	
WriteOarFiles(DS)[source]

	








	
parallelizer.SLURM(func)[source]

	Decorator for parallellisation on SLURM






	
parallelizer.Serial(func)[source]

	Decorator for serial processing. Parallelisation decorators work on
functions with signature (self, *, dataset, projections)








phaseretrieval module

Functions:











	
class phaseretrieval.CTF(dataset=None, **kwargs)[source]

	Bases: phaseretrieval.PhaseRetrievalAlgorithm2D

Contrast Transfer Function [1].

References

[1] Cloetens et al. Appl. Phys. Lett. 75 (1999) 2912






	
class phaseretrieval.CTFPurePhase(dataset=None, **kwargs)[source]

	Bases: phaseretrieval.PhaseRetrievalAlgorithm2D

Contrast Transfer Function for pure phase objects [1].

References

[1] Cloetens et al. J. Phys. D: Appl. Phys 29 (1996) 133






	
class phaseretrieval.GradientDescent(dataset=None, PSF=[], **kwargs)[source]

	Bases: phaseretrieval.PhaseRetrievalAlgorithm2D

Gradient descent algorithm.


	Parameters

	PSF (ndarray with the same shape as images) – Point spread function (optional)






	
property alpha

	




	
property retriever

	








	
class phaseretrieval.HIO_ER(dataset=None, **kwargs)[source]

	Bases: phaseretrieval.PhaseRetrievalAlgorithm2D

Sequence of Hybrid Input Output [1] and Error Reduction [2].


	Variables

	
	retriever (PhaseRetrievalAlgorithm2D) – Algorithm for initialisation


	iterations (int) – Number of global iterations


	iterations_hio (int) – Number of HIO iterations per iteration


	iterations_er (int) – Number of ER iterations per iteration


	step_size_phase (float) – Update step size for the phase


	step_size_attenuation (float) – Update step size for the attenuation








References

[1] Fienup Appl. Opt. 21 (1982) 2758
[2] Gerchberg & Saxton Optik 35 (1972) 237


	
property alpha

	




	
amplitude_constraint(wavefront, amplitude, propagator, mask=[])[source]

	Apply amplitude constraint.


	Parameters

	
	wavefront (complex np.array) – Wavefront to constrain.


	amplitude (np.array) – Amplitude to impose.


	propagator (complex np.array) – Propagator corresponding to effective distance of amplitude.


	mask (np.array, optional) – Zone to apply constraint.






	Returns

	wavefront_constrained (complex np.array) – Wavefront after applied constraint.










	
error_estimate(wavefront, amplitude, propagator, mask=[])[source]

	Estimate fit to data.


	Parameters

	
	wavefront (complex np.array) – Wavefront for estimation.


	amplitude (np.array) – Amplitude from measured image.


	propagator (complex np.array) – Fresnel propagator corresponding to effective propagation distance
in measured image.


	mask (np.array) – Restrict estimate to a region of interest.






	Returns

	error (float) – MSE calculated and measured amplitude.










	
error_reduction(wavefront, support)[source]

	One iteration of Error Reduction.


	Parameters

	
	wavefront (complex np.array) – wavefront to update.


	support (np.array) – Support constraint.






	Returns

	wavefront_updated (complex np.array) – Updated wavefront.










	
hybrid_input_output(wavefront, initial_wavefront, support, step_size_attenuation, step_size_phase)[source]

	One iteration of the Hybrid Input Output algorithm.


	Parameters

	
	wavefront (complex np.array) – Constrained wavefront.


	initial_wavefront (complex np.array) – Wavefront to update.


	support (np.array) – Support of object.


	step_size_attenuation (float) – Step size for attenuation update.


	step_size_phase (float) – Step size for phase update.






	Returns

	wavefront_updated (complex np.array) – Updated wavefront.










	
reconstruct_projection(dataset, projection=0, positions=None, pad=False)[source]

	Reconstruct one projection from a Dataset object and saves the result.


	Parameters

	
	dataset (Dataset) – Dataset object to use (not necessarily the same as initialised).


	projection (int, optional) – Number of projection to reconstruct.


	positions (int or list of ints, optional) – Subset of positions to use for reconstruction






	Returns

	
	phase (np.array) – Reconstructed phase.


	attenuation (np.array) – Reconstructed attenuation.















	
property retriever

	








	
class phaseretrieval.Mixed(dataset)[source]

	Bases: phaseretrieval.PhaseRetrievalAlgorithm2D

Mixed approach phase retrieval


Note

Legacy code to be aligned with current APIxs




	
Lcurve(dataset, projection)[source]

	Calculate the L-curve (for finding regularisation parameter)






	
create_multimaterial_prior(data)[source]

	Generate a multi-material prior from a tomographic reconstruction of a contact plane scan


Note

Legacy code to be refactored.








	
display_Lcurve(dataset)[source]

	Displays the L-curve






	
get_prior(projection)[source]

	Generates a prior estimate of the phase










	
class phaseretrieval.PhaseRetrievalAlgorithm2D(dataset=None, **kwargs)[source]

	Bases: object

Base class for 2D phase retrieval algorithms.


	Parameters

	
	dataset (pyphase.Dataset, optional) – A Dataset type object.


	shape (tuple of ints, optional) – Size of images (ny, nx) for creation of frequency variables etc.


	pixel_size (float, optional) – In m.


	distance (list of floats, optional) – Effective propagation distances in m.


	energy (float, optional) – Effective energy in keV.


	alpha (tuple of floats, optional) – Regularisation parameters. First entry for LF, second for HF.
Typically [1e-8, 1e-10].


	pad (int) – Padding factor (default 2).






	Variables

	
	nx (int) – Number of pixels in horizontal direction.


	ny (int) – Number of pixels in horizontal direction.


	pixel_size (tuple of floats) – Pixel size [x, y] in µm.


	ND (int) – Number of positions.


	energy (float) – Energy in keV.


	alpha (tuple of floats) – First entry for LF, second for HF. Tyically [1e-8, 1e-10].


	distance (numpy array) – Effective propagation distances in m.


	padding (int) – Padding factor.


	sample_frequency (float) – Reciprocal of pixel size in lengthscale.


	nfx (int) – Number of samples in Fourier domain (horizontal).


	nfy (int) – Number of samples in Fourier domain (vertical).


	fx (numpy array) – Frequency variable (horizontal), calculated by frequency_variable.


	fy (numpy array) – Freuency variable (vertical).


	alpha_cutoff (float) – Cutoff frequency for regularization parameter in normalized frequency.


	alpha_slope (float) – Slope in regularization parameter.








Notes

Takes either a Dataset type object with keyword dataset (which contains
all necessary parameters), or parameters as above.


	
property Alpha

	Image implementation of regularisation parameter (np.array)






	
property Fresnel_number

	Fresnel number at each position, calculated from energy and distance (float)






	
property Lambda

	Wavelength based on energy (float)






	
frequency_variable(nfx, nfy, sample_frequency)[source]

	Calculate frequency variables.


	Parameters

	
	nfx (int) – Number of samples in x direction


	nfy (int) – Number of samples in y direction


	sample_frequency (float) – Reciprocal of pixel size in 1/m






	Returns

	nparray – Frequency variables as an array of size  [nfy, nfx, 2]





Notes

Follows numpy FFT convention. Zero frequency at [0,0], [1:n//2]
contain the positive frequencies, [n//2 + 1:] n the negative
frequencies in increasing order starting from the most negative
frequency.






	
property nfx

	




	
property nfy

	




	
reconstruct_image(image, positions=None, pad=False)[source]

	Template for reconstructing an image given as argument.


	Parameters

	
	image (numpy.array) – A phase contrast image or an ndarray of images stacked along the
first dimension.


	positions (int or list of ints, optional) – Subset of positions to use for reconstruction.









Note

Calls _algorithm (container purely for algorithm part).




	Returns

	
	phase (numpy.array)


	attenuation (numpy.array)















	
reconstruct_projection(dataset, projection=0, positions=None, pad=True)[source]

	Reconstruct one projection from a Dataset object and saves the result.


	Parameters

	
	dataset (Dataset) – Dataset object to use (not necessarily the same as initialised).


	projection (int, optional) – Number of projection to reconstruct.


	positions (int or list of ints, optional) – Subset of positions to use for reconstruction






	Returns

	
	phase (np.array) – Reconstructed phase.


	attenuation (np.array) – Reconstructed attenuation.















	
reconstruct_projections(*, dataset, projections)[source]

	Reconstruct a range of projections (parallelized function).


	Parameters

	
	dataset (pyphase.Dataset) – Dataset to reconstruct.


	projections (list of int) – In the form [start, end]













	
simple_propagator(pxs, Lambda, z)[source]

	Creates a Fresnel propagator.


	Parameters

	
	pxs (float) – Pixel size in µm.


	Lambda (float) – Wavelength in m.


	z (float) – Effective propagation distance in m.






	Returns

	H (nparray) – Fresnel propagator.





Notes

Temporary implementation by Y. Zhang. Will be integrated with the
propagator module.










	
class phaseretrieval.TIEHOM(dataset=None, delta_beta=500, **kwargs)[source]

	Bases: phaseretrieval.PhaseRetrievalAlgorithm2D

Transport of Intensity Equation for homogeneous objects (or “Paganin’s algorithm”) [1]


	Parameters

	delta_beta (float, optional) – Material dependent ratio delta over beta.





References

[1] Paganin et al. J. Microsc. 206 (2002) 33


	
property delta_beta

	Material dependent ratio delta over beta (float).












propagator module


	
class propagator.CTF(*, dataset=None, shape=None, energy=None, pixel_size=None, pad=2, oversampling=4)[source]

	Bases: propagator.Propagator

Propagates using the CTF. Legacy code to be aligned with Fresnel.


	
PropagateProjection(dataset, projection, distance)[source]

	








	
class propagator.Fresnel(*, dataset=None, shape=None, energy=None, pixel_size=None, pad=2, oversampling=4)[source]

	Bases: propagator.Propagator

Propagator using Fresnel transform


	
PropagateProjection(*, dataset=None, position_number=None, projection=None, phase=None, attenuation=None, position=None, oversampled=False)[source]

	Propagate one projection.


	Parameters

	
	dataset (pyphase.Dataset, optional) – Datset with projection data.


	position_number (int, optional) – Which position to propagate to


	projection (int, optional) – Which projection to propagate


	phase (ndarray, optional) – Phase of wave to propagate


	attenuation (ndarray, optional) – Amplitude of wave to propagate


	position (float) – Effective propagation distance


	oversampled (bool) – True if imput images are already oversampled

















	
class propagator.Propagator(*, dataset=None, shape=None, energy=None, pixel_size=None, pad=2, oversampling=4)[source]

	Bases: object








pyphase module




tomography module


	
class tomography.PyHST[source]

	Bases: object

Tomographic operations with PyHST


	
ForwardProject(DS, volume='phase')[source]

	Generate projections from a reconstructed dataset






	
reconstruct(DS, volume='phase')[source]

	Tomographic reconstruction










	
class tomography.Tomography[source]

	Bases: object

Class for tomographic operations, for use with 3D iterative methods


Note

Legacy code to be aligned with current API










utilities module


	
class utilities.ElastixAffine[source]

	Bases: utilities.RegistrationAlgorithm

Affine registration algorithm using Elastix.


	Variables

	
	parameters (Parameters) – Elastix standard parameters


	number_of_parameters (int, default=6) – Number of parameters in the transform













	
class utilities.ElastixRigid[source]

	Bases: utilities.RegistrationAlgorithm

Rigid registration algorithm using Elastix.


	Variables

	
	parameters (Parameters) – Elastix standard parameters


	number_of_parameters (int, default=3) – Number of parameters in the transform













	
class utilities.ElastixSimilar[source]

	Bases: utilities.RegistrationAlgorithm

Similarity transform registration algorithm using Elastix


	Variables

	
	parameters (Parameters) – Elastix standard parameters


	number_of_parameters (int, default=4) – Number of parameters in the transform













	
class utilities.ImageDisplayer[source]

	Bases: object

Wrapper class for image display.






	
class utilities.PyplotImageDisplayer[source]

	Bases: utilities.ImageDisplayer

Interface to Pyplot for image display.

Notes

With the idea to make the choice of display package flexible.


	
close_all()[source]

	




	
display(image, title='', vmin=None, vmax=None)[source]

	Display an image


	Parameters

	
	image (nparray) – The image to be displayed.


	title (str, optional) – Title of figure.


	vmin (optional) – Lower limit of contrast range.


	vmax (optional) – Upper limit of contrast range.













	
display_stack(stack)[source]

	








	
class utilities.RegistrationAlgorithm[source]

	Bases: object

Abstract class for registration algorithms


	
apply_transformation(image, transform_parameters, **kwargs)[source]

	Apply an image transform from image registration.


	Parameters

	
	image (ndarray) – The image to transform.


	transform_parameters (array) – Parameters of the transform (length depends on registration
algorithm used (number_of_parameters))






	Returns

	transformed_image – The transformed image.










	
register(moving_image, stationary_image)[source]

	Register moving_image to stationary_image.


	Parameters

	
	moving_image (ndarray) – The image to register.


	stationary_image (ndarray) – The image to register to.






	Returns

	
	field (ndarray) – The calculated deformation field.


	transformed_moving_image (ndarray) – The deformed moving image.


	transform_parameters (array) – The calculated transform parameters. Lenght varies with the number
of parameters in the chosen algorithm (number_of_parameters)



















	
class utilities.StackViewer(X, ax)[source]

	Bases: object

Functionality to browse stacks.






	
utilities.resize(image, shape)[source]

	Resizes an image by either cutting out the centre or padding.

Assumes images are stored along fist dimension.






	
utilities.update(title, position, target)[source]
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  Source code for dataset

#This file is part of the PyPhase software.alpha
#
#Copyright (c) Max Langer (2019) 
#
#max.langer@creatis.insa-lyon.fr
#
#This software is a computer program whose purpose is to allow development,
#implementation, and deployment of phase retrieval algorihtms.
#
#This software is governed by the CeCILL  license under French law and
#abiding by the rules of distribution of free software.  You can  use, 
#modify and/ or redistribute the software under the terms of the CeCILL
#license as circulated by CEA, CNRS and INRIA at the following URL
#"http://www.cecill.info". 
#
#As a counterpart to the access to the source code and  rights to copy,
#modify and redistribute granted by the license, users are provided only
#with a limited warranty  and the software's author,  the holder of the
#economic rights,  and the successive licensors  have only  limited
#liability. 
#
#In this respect, the user's attention is drawn to the risks associated
#with loading,  using,  modifying and/or developing or reproducing the
#software by the user in light of its specific status of free software,
#that may mean  that it is complicated to manipulate,  and  that  also
#therefore means  that it is reserved for developers  and  experienced
#professionals having in-depth computer knowledge. Users are therefore
#encouraged to load and test the software's suitability as regards their
#requirements in conditions enabling the security of their systems and/or 
#data to be ensured and,  more generally, to use and operate it in the 
#same conditions as regards security. 
#
#The fact that you are presently reading this means that you have had
#knowledge of the CeCILL license and that you accept its terms.

import os
import os.path
import sys
import numpy as np
import yaml
import re
#from sortedcontainers import SortedList
from vendor.EdfFile import EdfFile
import pickle
from math import *
import time
from xml.dom import minidom
import matplotlib.pyplot as pyplot
import scipy.ndimage as ndimage
from pathlib import Path
import h5py
if os.name == 'posix':
    import fcntl #TODO:from importlib import reload # python 2.7 does not require this
from pyphase.config import *
import vendor.pyelastix as pyelastix


[docs]class Dataset:
    """
    Abstract class representing a set of recorded images, acquisition 
    parameters, reconstructed images and any intermediary images. 
    
    Attributes
    ----------
    
    """

    def __init__(self, name: str, path: str='.', version: str='master'):
        """
        Template for initialisation of a Dataset.
        
        Parameters
        ----------
        name : str
            Name of the dataset. Corresponds to the name of the file(s) or 
            directory(ies) of the recorded data.
        path : str, optional
            Path to the file(s) or directory(ies) of the recorded data
        version : str, optional.
            Version of dataset file. To permit tests of different alignment
            and reconstruction parameters.
    
        """
        pass

    def _initialise(self):
        self.motion_corrected = 0
        self.aligned = 0
        # TODO: Should erase files also
        self.populate()
        self._write_parameter_file()

[docs]    def align_projection(self, *, projection=0, save_projection=False):
        """
        Aligns images at different positions at one projection angle 
        
        
        Aligns (registers) images taken at different positions using the
        default registration algorithm (pyphase.registrator).
        
        Parameters
        ----------
        
        projection : int, optional
            Number of projection to register.
        save_projection : bool, optional
            Save aligned images to file (creates new data files)
        """
        
        #%% Images read should not be aligned if alignent exist. 
        # TODO: necessary?
        correct_alignment = self.correct_alignment 
        self.correct_alignment = 0
        
        #%% Read intensities 
        I_D = np.zeros((len(self.position), self.ny, self.nx))
        for N in self.position:
            I_D[N]= self.get_projection(projection=projection, position=N, aligned=False, pad=False)
        
        #%% register images
        alignment = np.zeros((len(self.position),registrator.number_of_parameters)) #TODO: check existance

        for N in self.position:
            if N != self.reference_position:
                print('Aligning position '+ str(N))
                field, im1reg, transform_parameters = registrator.register(I_D[N], I_D[self.reference_position])
                alignment[N] = transform_parameters
            else:
                im1reg = I_D[self.reference_position] #TODO: Maybe not the safest to take im1reg but rather transform image?
            if save_projection:         #TODO: This should be generalised somehow I suspect
                aligned_filename = self.path + '/' + self.name + '_aligned' + '_dist' + str(N) + '.h5'
                with h5py.File(aligned_filename, 'a') as f:
                    if not 'data' in f.keys():
                        f.create_group(self.cpr_prefix)
                    if str(projection).zfill(6) in f[self.cpr_prefix].keys():
                        f[self.cpr_prefix+str(projection).zfill(6)][:] = im1reg
                    else:
                        f.create_dataset(self.cpr_prefix+str(projection).zfill(6), data=im1reg)
                    
        #%% Store alignment
        #TODO: Check for length of trasnform parameterrs
        #TODO: Quick and dirty implementation wait for write access parallel
        while True:
            try:
                with h5py.File(self.dataset_filename, 'a') as f:
                    if 'alignment' in f.keys():
                        f['alignment'][projection] = alignment
                    else:
                        f.create_dataset('alignment', data=np.zeros((self.number_of_projections, len(self.position), registrator.number_of_parameters)))
                        f['alignment'][projection] = alignment
                break  # Success!
            except OSError:
                time.sleep(1)  # Wait a bit

        self.correct_alignment = correct_alignment


[docs]    def get_alignment(self, *, projection, position):
        """
        Get transform parameters for alignment.
        
        Returns
        -------
        transform_parameters : numpy array
            Array of transform parameters. Size depends on transform used.
        
        """
        with h5py.File(self.dataset_filename, 'r') as f:    
            transform_parameters = f['alignment'][projection, position, :]
        return transform_parameters


[docs]    def write_image(self, *, image, projection, projection_type='phase'):
        # TODO: raise error where needed! number of args, args type...
        ''' Saves images into file.

        Parameters
        ----------
        image : ndarray
           An ndarray of the image to save.
        projection : int
           The number of the projection to be saved.
        proj_type : str
           A string containing the prefix for the name of the file to be saved.
        position: int
           Number of the position of the projection (for propagation).
        Returns
        -------
        None
           Saves the images into the file ``[prefix]_[projection_number].edf`` or
           ``[prefix]_[distance]_[projection_number].edf`` into the ``name_`` directory.
        '''
        if projection_type.lower() == 'phase':
            prefix = self.phase_prefix          
        elif projection_type.lower() == 'attenuation':
            prefix =  self.attenuation_prefix
        # elif proj_type.lower() == 'phase update':
        #     pref = self.update_prefix
        # elif proj_type.lower() == 'attenuation update':
        #     pref = self.attenuation_update_prefix
        # elif proj_type.lower() == 'intensity':
        #     pref = self.propagated_prefix
        else:
            raise TypeError("proj_type must be one of the following: 'phase', 'attenuation', 'phase update', 'attenuation update', 'intensity'" )
        
        projection_name = str(projection).zfill(6)

        # TODO: Initial file locking implementation for parallelisation on LINUX/SLURM
        lock_filename = self.dataset_filename.with_suffix(self.dataset_filename.suffix+'.lock')
        try:
            lock_file = open(lock_filename, 'a') # Create a lock file next to dataset file (TODO: Consider making invisible at least)
            if os.name == 'posix': #TODO: quick fix for lock file. Shouldn be necessary on windows due to no such parallelism? WHat about future multithread?
                fcntl.lockf(lock_file, fcntl.LOCK_EX) # Acquire a lockf lock (holds inter-process but not intra?)
            with h5py.File(self.dataset_filename, 'a') as f:    
                data = f.require_dataset(prefix+projection_name, shape=image.shape, dtype=image.dtype)
                data[:] = image   
            lock_file.close() # Release lock
        except OSError:
            time.sleep(1)  # Wait a bit


[docs]    @Parallelize # TODO:How to get to reload from config?
    def align_projections(self, *, projections):
        """
        Align a series of projections.
        
        Parameters
        ----------
        projections : tuple of ints
            In the form [start, end]
        """
        for projection in range(projections[0], projections[1]+1):
            self.align_projection(projection=projection)


[docs]    def get_image(self, *, projection, image_type='phase', Fourier=False, pad=False):
        """Get reconstructed images (phase by default)

        Parameters
        ----------
        projection : int
           Number of the projection.
        image_type : str, optional
            Can be phase or attenuation.
        Fourier : bool
            Return Fourier transform of image.
        pad : bool
            Return padded image.

        Returns
        -------
        image : ndarray
        """
        
        #TODO: handling majuscule minuscule
        # if 'distance' in kwargs:
        #     distance = kwargs.get('distance') #TODO: Needs error handling
        if image_type == 'attenuation':
            prefix = self.attenuation_prefix
        # elif 'propagated' in argv:        
        #     fname = self.propagated_prefix.as_posix()+'_'+str(distance)+'_'+str(projection).zfill(4)+'.edf'
        # elif 'difference' in argv:
        #     fname = self.difference_prefix.as_posix()+'_'+str(distance)+'_'+str(projection).zfill(4)+'.edf'
        # elif 'prior' in argv:
        #     fname = self.prior_forward_prefix.as_posix()+('_'+str(projection).zfill(4)+'.edf')
        else:
            prefix = self.phase_prefix #TODO: separate file type...

        with h5py.File(self.dataset_filename, 'r') as f:    
            image=f[prefix+str(projection).zfill(6)][:]
                        
        if Fourier:
            #TODO: Refactor into an FT function in utilities (f ex)
            return np.fft.fft2(Utilities.resize(image, (self.nfx,self.nfy)))
        elif pad:
            image = Utilities.resize(image, (self.nfx,self.nfy))
        return image



[docs]class Nanomax(Dataset):
    """Class for raw Nanomax data sets.
    
    Attributes
    ----------
    ztot : float
        Focus to detector distance in m.
    path : str
        Path to dataset.
    version : str
        Version of Dataset backend structure, e.g. 'TIEHOM'
    name : str
        Name of dataset
    frames_per_position : int
        Number of frames per position.
    initial_frame : int
        Number of the initial frame.
    projection_prefix : str
        HDF5 path to projection data.
    reference_position : int
        Position number as reference for alignment (usually highest resolution)
    diode_name : str
        Name of diode (HDF path) for normalisation
    darkfield_prefix : str
        HDF5 path prefix to darkfields
    flatfield_prefix : str
        HDF5 path prefix to flatfields
    cpr_prefix : str
        HDF5 path prefix to flatfield corrected images
    phase_prefix : str
        HDF5 path prefix to phase maps
    attenuation_prefix : str
        HDF5 path prefix to attenuation images
    aligned : int
        Flag if dataset is aligned or not.
    """
    
    def __init__(self, name: str,path: str='.', version: str= 'ḿaster'):        
        self.ztot = 1.123 # Focus to detector distance in m
        self.path = path
        self.version = version
        self.name = name
                         
        self.data_basename = self.path + '/' + self.name + '/' #TODO: Attribute?
        self.dataset_filename = pyphase_path / (self.name + '_' + self.version + '.h5') #TODO: Attribute?

        self.frames_per_position = 4
        self.initial_frame = 0

        self.projection_prefix = 'entry/measurement/andor/frames/'

        self.reference_position = 0
        self.correct_alignment = 1
        
        self.measurement_prefix = 'entry/snapshot/'
        self.pixel_size_filename = path + '/' 'pixelsizes.txt'
        self.diode_name = 'entry/measurement/alba2/1'
        self.darkfield_prefix = 'reference_images/darkfield/'
        self.flatfield_prefix = 'reference_images/flatfield/'
        self.cpr_prefix = 'data/cpr/'
        self.phase_prefix = '/phase/'
        self.attenuation_prefix = '/attenuation/'
        
        self.aligned=0 # TODO: Should be bool
        
        super().__init__(name, path, version)

        #TODO: Quick and dirty concession to parallel requirements
        while True:
            try:
                with h5py.File(self.dataset_filename, 'a') as dataset_file:    
                    if 'scan_parameters' in dataset_file.keys():
                        #TODO: initialise must override reading of parameter file
                        #self.ReadParameters()
                        data = dataset_file['scan_parameters']
                        self.energy = data['energy'][()]
                        self.effective_distance = data['effective_distance'][()]
                        self.pixel_size_x = data['pixel_size_x'][()]
                        self.pixel_size_y = data['pixel_size_y'][()]
                        self.number_of_projections = data['number_of_projections'][()]
                        self.nx = data['nx'][()]
                        self.ny = data['ny'][()]
                    else:
                        #self.Initialise()
                        #TODO: STub. Should take values from the data h5 file
                        with open(self.pixel_size_filename) as pixel_size_file:
                            lines = pixel_size_file.readlines()
                
                        del lines[0] # remove header line
                        self.pixel_size_x = np.zeros(len(lines))
                        self.pixel_size_y = np.zeros_like(self.pixel_size_x)
                        z1 = np.zeros_like(self.pixel_size_x) # Focus to sample distance (given in um in text files)
                
                        for n, line in enumerate(lines):
                            line = line.split()
                            z1[n] = float(line[0])/1e6 # Focus to sample distance (given in um in text files)
                            self.pixel_size_x[n] = float(line[1])
                            self.pixel_size_y[n] = float(line[2])
                            pass
        
                        z2 = self.ztot - z1 # Sample to detector distance
                        self.effective_distance =  z1*z2 / (z1+z2)
         
                        # Read parameters from data file
                        projection_data_filename = self.data_basename + str(self.initial_frame+2).zfill(6) + '.h5'
                        with h5py.File(projection_data_filename, 'r') as data_file:
                            self.energy = float(data_file[self.measurement_prefix+'energy'][:]) / 1e3 # eV -> keV
                            self.number_of_projections = len(data_file[self.projection_prefix])
                            self.nx = data_file[self.projection_prefix][:].shape[2]
                            self.ny = data_file[self.projection_prefix][:].shape[1]
                            
                        # Calculate darks & flats
                        print('Calculating darkfield and flatfield images')
        
                        for position in range(len(self.effective_distance)):
                            file_base_number = self.initial_frame + position*self.frames_per_position
                            
                            # Calculate darks
                            dark_data_filename = self.data_basename + str(file_base_number).zfill(6) + '.h5'
                            with h5py.File(dark_data_filename, 'r') as data_file:
                                darkfields = data_file[self.projection_prefix][:]
                                weights = data_file[self.diode_name][:] # Read diode measurements
                                darkfield = np.average(darkfields,axis=0,weights=weights)
                                dataset_dark = dataset_file.require_dataset(self.darkfield_prefix + str(position).zfill(6), darkfield.shape, darkfield.dtype)
                                dataset_dark[:] = darkfield
        
                            # Calculate flats
                            # TODO: not cleanly implemented wrt intermediate flats (but YAGNI)
                            
                            flat_beginning_data_filename = self.data_basename + str(file_base_number+1).zfill(6) + '.h5' 
                            flatfield = np.zeros((2, self.ny, self.nx)) # TODO: Adapt to flexible number of flats (but YAGNI)
                            with h5py.File(flat_beginning_data_filename, 'r') as data_file:
                                flatfields = data_file[self.projection_prefix][:]
                                weights = data_file[self.diode_name][:]
                                flatfield[0] = np.average(flatfields, axis=0, weights=weights)
                                
                            flat_end_data_filename = self.data_basename + str(file_base_number+3).zfill(6) + '.h5' 
                            with h5py.File(flat_end_data_filename, 'r') as data_file:
                                flatfields = data_file[self.projection_prefix][:]
                                weights = data_file[self.diode_name][:]
                                flatfield[1] = np.average(flatfields, axis=0, weights=weights)
                                dataset_flat = dataset_file.require_dataset(self.flatfield_prefix + str(position).zfill(6), flatfield.shape, flatfield.dtype)
                                dataset_flat[:] = flatfield
        
                        g = dataset_file.create_group('scan_parameters')
                        g.create_dataset('energy', data=self.energy)
                        g.create_dataset('effective_distance', data=self.effective_distance)
                        g.create_dataset('pixel_size_x', data=self.pixel_size_x)
                        g.create_dataset('pixel_size_y', data=self.pixel_size_y)
                        g.create_dataset('number_of_projections', data=self.number_of_projections)
                        g.create_dataset('nx', data=self.nx)
                        g.create_dataset('ny', data=self.ny)
                        if 'alignment' in dataset_file.keys():
                            self.aligned = 1
                        pass #With
                break  # Success!
            except OSError:
                time.sleep(1)  # Wait a bit

        self.padding = 2

        self.position=np.arange(len(self.effective_distance))

        self.magnification_x = self.pixel_size_x[0] / self.pixel_size_x
        self.magnification_y = self.pixel_size_x[0] / self.pixel_size_x
        self.pixel_size = np.array([self.pixel_size_x[0], self.pixel_size_y[0]])

        self.reference_interval = self.number_of_projections


    @property
    def nfx(self):
        return self.padding * self.nx
    
    @property
    def nfy(self):
        return self.padding * self.ny
        
[docs]    def get_projection(self, *, projection, position, pad=True, magnification=True, aligned=True, Fourier=False):
        """
        Read one recorded image.
        
        Parameters
        ----------
        projection : int
            Number of projection to read.
        position : int
            Number of positiion ("distance") to read.
        pad : bool, optional
            Pads the image.
        magnification : bool, optional
            Brings the image to the magnification of reference_position.
        aligned : bool, optional
            Corrects alignment (requires alignment of projections).
        Fourier : bool
            Returns the Fourier transform of the image.
            
        """
        
        # TODO: consider renaming just projection() to get data.projection(1,23)
        
        # Nanomax data: frame inital_frame=dark, initial_frame+1=flat_beginning, initial_frame+2=projections, initial_frame+3=flat_end
        
        projection_name = str(projection).zfill(6)
        position_name = str(position).zfill(6)
        
        #TODO: Quick and nasty concession to parallel computing
        
        while True:
            try:
                with h5py.File(self.dataset_filename, 'r') as f:    
                    dark_image = f[self.darkfield_prefix+position_name][:] # Read projection
                    flatfield_image = f[self.flatfield_prefix+position_name][:] # Read projection
                break  # Success!
            except OSError:
                time.sleep(1)  # Wait a bit

        file_base_number = self.initial_frame + position*self.frames_per_position + 2
        #TODO: Quick and nasty concession to parallel computing
        while True:
            try:
                with h5py.File(self.data_basename + str(file_base_number).zfill(6) + '.h5', 'r') as f:
                    projection_image = f[self.projection_prefix][projection] # Read projection
                break  # Success!
            except OSError:
                time.sleep(1)  # Wait a bit

        reference_index_1 = (self.reference_interval * (projection // self.reference_interval))
        reference_index_2 = min(reference_index_1+self.reference_interval, self.number_of_projections)
        
        # Weights flat fields
        weight_1 = (reference_index_2-projection)/max(reference_index_2-reference_index_1, 1)
        weight_2 = 1 - weight_1                      
        
        # Calculate flat field
        reference_image = weight_1*flatfield_image[0] + weight_2*flatfield_image[1]

        # Calculate flat and dark field corrected projecion                                  
        projection_image = (projection_image-dark_image) / (reference_image-dark_image)

        # Zoom images to same scale, corresponding to highest magnification
        if position != self.reference_position and magnification: #TODO: should implement distance_number, but YAGN?
            projection_image = ndimage.zoom(projection_image, [1/self.magnification_y[position], 1/self.magnification_x[position]], mode='nearest') # Zoom to highest magnification TODO: combine w/ alignment?     
        
        # Correct alignment
        if aligned and self.aligned and position != self.reference_position:
            transform_parameters = self.get_alignment(projection=projection, position=position) # Get alignment parameters TODO: add zoom factor here?     
            projection_image = registrator.apply_transformation(projection_image, transform_parameters)
            
        if Fourier:
            projection_image = Utilities.resize(projection_image, (self.nfy, self.nfx))
            return np.fft.fft2(projection_image)
        else:
            if pad:
                return Utilities.resize(projection_image, (self.nfy, self.nfx))
            else:
                return Utilities.resize(projection_image, (self.ny, self.nx))


        
[docs]class NanomaxPreprocessed(Dataset):
    """
    Class for preprocessed Nanomax datasets.
    
    Attributes
    ----------
    ztot : float
        Focus to detector distance in m.
    path : str
        Path to dataset.
    version : str
        Version of Dataset backend structure, e.g. 'TIEHOM'
    name : str
        Name of dataset
    correct_alignent : int
        Flag to correct alignment.
    aligned: int
        Flag for dataset aligned.
    phase_prefix : str
        HDF5 path prefix to phase maps
    attenuation_prefix : str
        HDF5 path prefix to attenuation images
    projection_prefix : str
        HDF5 path to corrected projections
    reference_position : int
        Position number as reference for alignment (usually highest resolution)
    energy : float
        Energy in keV
    nx, ny : int
        Number of pixels, horizontal, vertical
    padding : int
        Padding factor
    detector_pixel_size : float
        The detector pixel size in µm
    alpha : tuple of floats
        Regularization parameter in the form [LF, HF]   
    """
 
    def __init__(self, name: str, path: str='.', version: str='master'):
        self.ztot = 1.123 # Focus to detector distance in m
        self.path = path
        self.version = version
        self.name = name
        
        self.correct_alignment = 1 #TODO: should be bool
        self.aligned = 0 # TODO: inelegant solution, and should be bool
        # TODO: Pre-defined parameters for the moment. Should be stored in h5 files
        self.projection_prefix = '/data/cpr/'
        self.phase_prefix = '/phase/'
        self.attenuation_prefix = '/attenuation/'
        self.cpr_prefix = '/data/cpr/'
        self.reference_position = 0
        self.energy = 13
        self.nx = 2048 
        self.ny = 2048
        self.padding=2
        self.detector_pixel_size = 0
        self.alpha = [-8, -10] #TODO: HOw should this be handled really? The reconstruction parameters (alg, params, ... should definitely be in dataset, associated to a version even!)

    @property
    def nfx(self):
        """Number of pixels in Fourier domain, horizontal, calculated from 
        nx and padding"""

        return self.padding * self.nx
    
    @property
    def nfy(self):
        """Number of pixels in Fourier domain, vertical, calculated from 
        ny and padding"""

        return self.padding * self.ny

    @property
    def Lambda(self):
        """Wavelength in m, calculated from energy."""
        return 12.4e-10 / self.energy


[docs]class NanomaxPreprocessedTomo(NanomaxPreprocessed):
    """
    Class for preprocessed Nanomax tomographic datasets.


    Attributes
    ----------
    data_basename : str
        File prefix to projection data files.
    magnification_x,y : numpy array
        Magnification factors for each position, horizontal, vertical
    pixel_size_x,y : numpy array
        Effective pixel size for each position
    pixel_size : numpy array
         Effective pixel size at reconstruction position  
    
    """

    def __init__(self, name: str, path: str='.', version: str='master'):
        #TODO: Pixel sizes must be calculated on the fly, but not possible at the moment
        
        self.path = path
        self.version = version
        self.name = name
                         
        self.data_basename = self.path + '/' + self.name + '_dist'
        self.dataset_filename = pyphase_path / (self.name + '_' + self.version + '.h5')

        super().__init__(name, path, version)

        with h5py.File(self.dataset_filename, 'a') as f:    
            if 'scan_parameters' in f.keys():
                #TODO: initialise must override reading of parameter file
                #self.ReadParameters()
                data = f['scan_parameters']
                self.energy = data['energy'][()]
                self.effective_distance = data['effective_distance'][()]
                self.pixel_size_x = data['pixel_size_x'][()]
                self.pixel_size_y = data['pixel_size_y'][()]
                self.number_of_projections = data['number_of_projections'][()]
            else:
                #self.Initialise()
                #TODO: Stub. Should take values from the data h5 file
                self.pixel_size_filename = path + '/' 'pixelsizes.txt'
                with open(self.pixel_size_filename) as pixel_size_file:
                    lines = pixel_size_file.readlines()
        
                del lines[0] # remove header line
                self.pixel_size_x = np.zeros(len(lines))
                self.pixel_size_y = np.zeros_like(self.pixel_size_x)
                z1 = np.zeros_like(self.pixel_size_x) # Focus to sample distance (given in um in text files)
        
                for n, line in enumerate(lines):
                    line = line.split()
                    z1[n] = float(line[0])/1e6 # Focus to sample distance (given in um in text files)
                    self.pixel_size_x[n] = float(line[1])
                    self.pixel_size_y[n] = float(line[2])
                    pass

                z2 = self.ztot - z1 # Sample to detector distance
                self.effective_distance =  z1*z2 / (z1+z2)

                g = f.create_group('scan_parameters')
                g.create_dataset('energy', data=self.energy)
                g.create_dataset('effective_distance', data=self.effective_distance)
                g.create_dataset('pixel_size_x', data=self.pixel_size_x)
                g.create_dataset('pixel_size_y', data=self.pixel_size_y)
                with h5py.File(self.data_basename+str(0)+'.h5', 'r') as data_file:
                    self.number_of_projections = len(data_file[self.projection_prefix])
                g.create_dataset('number_of_projections', data=self.number_of_projections)
                
            if 'alignment' in f.keys():
                self.aligned = 1

        self.position=np.arange(len(self.effective_distance))

        self.magnification_x = self.pixel_size_x[0] / self.pixel_size_x
        self.magnification_y = self.pixel_size_x[0] / self.pixel_size_x
        self.pixel_size = np.array([self.pixel_size_x[0], self.pixel_size_y[0]])

[docs]    def get_projection(self, *, projection, position, pad=True, magnification=True, aligned=True, Fourier=False):
        """
        Read one recorded image.
        
        Parameters
        ----------
        projection : int
            Number of projection to read.
        position : int
            Number of positiion ("distance") to read.
        pad : bool, optional
            Pads the image.
        magnification : bool, optional
            Brings the image to the magnification of reference_position.
        aligned : bool, optional
            Corrects alignment (requires alignment of projections).
        Fourier : bool
            Returns the Fourier transform of the image.
            
        """

        #TODO: consider renaming just projection() to get data.projection(1,23)
        
        data_filename = self.data_basename + str(position) + '.h5'
        projection_name = str(projection).zfill(6)
        
        with h5py.File(data_filename, 'r') as f:    
            projection_image = f[self.projection_prefix+projection_name][:] # Read projection
        
        if position != self.reference_position and magnification: #TODO: should implement distance_number, but YAGN?
            projection_image = ndimage.zoom(projection_image, [1/self.magnification_y[position], 1/self.magnification_x[position]], mode='nearest') # Zoom to highest magnification TODO: combine w/ alignment?     
        
        if aligned and self.aligned and position != self.reference_position:
          
            # TODO: Currently using similarity transform. It would be nice to be able to change transforms:
            # TODO: Translation, Euler, Similarity, Affine... and handle the different length of parameter vector
            transform_parameters = self.get_alignment(projection=projection, position=position) # Get alignment parameters TODO: add zoom factor here?     
            #projection_image = ndimage.zoom(projection_image, magnification_factor/transform_parameters[0])
            #projection_image = ndimage.rotate(projection_image, np.degrees(transform_parameters[1]))
            #projection_image = ndimage.shift(projection_image, [-transform_parameters[3], -transform_parameters[2]])
            projection_image = registrator.apply_transformation(projection_image, transform_parameters)
            
        if Fourier:
            projection_image = Utilities.resize(projection_image, (self.nfy, self.nfx))
            return np.fft.fft2(projection_image)
        else:
            if pad:
                return Utilities.resize(projection_image, (self.nfy, self.nfx))
            else:
                return Utilities.resize(projection_image, (self.ny, self.nx))


             
[docs]class NanomaxPreprocessed2D(NanomaxPreprocessed):
    """
    Class for single projection Nanomax data.
    """

    def __init__(self, name: str, path: str='.', version: str='master'):        
        self.number_of_projections = 1 # Single projection data set

        super().__init__(name, path, version)

        # Define file access parameters
        self.data_filename = self.path + '/' + self.name + '.h5'
        self.dataset_filename = pyphase_path / (self.name + '_' + self.version + '.h5')             
        self.projection_prefix = '/data/cpr/'
        self.phase_prefix = '/phase/'
        self.attenuation_prefix = '/attenuation/'

        # Read scan parameters
        with h5py.File(self.dataset_filename, 'a') as f:    
            # If the dataset is already created, read from the file
            if 'scan_parameters' in f.keys():
                #TODO: initialise must override reading of parameter file
                #self.ReadParameters()
                data = f['scan_parameters']
                self.energy = data['energy'][()]
                self.effective_distance = data['effective_distance'][()]
                self.pixel_size_x = data['pixel_size_x'][()]
                self.pixel_size_y = data['pixel_size_y'][()]
                self.number_of_projections = data['number_of_projections'][()]
            else:
                #Else, read from the pixelsizes.txt (temporary solution? To be defined with Nanomax)
                #TODO: Stub. Should take values from the data h5 file
                self.pixel_size_filename = path + '/' 'pixelsizes.txt'
                with open(self.pixel_size_filename) as pixel_size_file:
                    lines = pixel_size_file.readlines()
        
                del lines[0] # remove header line
                self.pixel_size_x = np.zeros(len(lines))
                self.pixel_size_y = np.zeros_like(self.pixel_size_x)
                z1 = np.zeros_like(self.pixel_size_x) # Focus to sample distance (given in um in text files)
        
                for n, line in enumerate(lines):
                    line = line.split()
                    z1[n] = float(line[0])/1e6 # Focus to sample distance (given in um in text files)
                    self.pixel_size_x[n] = float(line[1])
                    self.pixel_size_y[n] = float(line[2])
                    pass
                
                # Calculate effective distances
                z2 = self.ztot - z1 # Sample to detector distance
                self.effective_distance =  z1*z2 / (z1+z2)
                
                # Create the hdf5 data
                g = f.create_group('scan_parameters')
                g.create_dataset('energy', data=self.energy)
                g.create_dataset('effective_distance', data=self.effective_distance)
                g.create_dataset('pixel_size_x', data=self.pixel_size_x)
                g.create_dataset('pixel_size_y', data=self.pixel_size_y)
                g.create_dataset('number_of_projections', data=self.number_of_projections)
        
            if 'alignment' in f.keys():
                self.aligned = 1

        # Calculate magnifications and effective pixel size
        self.magnification_x = self.pixel_size_x[0] / self.pixel_size_x
        self.magnification_y = self.pixel_size_x[0] / self.pixel_size_x
        self.pixel_size = np.array([self.pixel_size_x[0], self.pixel_size_y[0]])
        self.position=np.arange(len(self.effective_distance))
        
        pass # __init__

[docs]    def get_projection(self, *, projection, position, pad=True, magnification=True, aligned=True, Fourier=False):
        """
        Read one recorded image.
        
        Parameters
        ----------
        projection : int
            Number of projection to read.
        position : int
            Number of positiion ("distance") to read.
        pad : bool, optional
            Pads the image.
        magnification : bool, optional
            Brings the image to the magnification of reference_position.
        aligned : bool, optional
            Corrects alignment (requires alignment of projections).
        Fourier : bool
            Returns the Fourier transform of the image.
            
        """
        
        #TODO: consider renaming just projection() to get data.projection(1,23)
        #TODO: Possibility non-corrected?
        
        projection_name = str(position).zfill(6) # Constitute projection name in Nanomax dataset
        
        with h5py.File(self.data_filename, 'r') as f:    
            projection_image = f[self.projection_prefix+projection_name][:] # Read projection
        
        if position != self.reference_position and magnification: #TODO: should implement distance_number, but YAGN?
            projection_image = ndimage.zoom(projection_image, [1/self.magnification_y[position], 1/self.magnification_x[position]], mode='nearest') # Zoom to reference_plane magnification TODO: combine w/ alignment?     
        
        if aligned and position != self.reference_position: # COrrect alignment
            # TODO: Currently using similarity transform. It would be nice to be able to change transforms
            # TODO: Translation, Euler, Similarity, Affine... and handle the different length of parameter vector
            transform_parameters = self.get_alignment(projection=projection, position=position) # Get alignment parameters TODO: add zoom factor here?     
            #projection_image = ndimage.zoom(projection_image, magnification_factor/transform_parameters[0])
            #projection_image = ndimage.rotate(projection_image, np.degrees(transform_parameters[1]))
            #projection_image = ndimage.shift(projection_image, [-transform_parameters[3], -transform_parameters[2]])
            projection_image = registrator.apply_transformation(projection_image, transform_parameters)
            
        if Fourier: # Pad and Fourier transform
            projection_image = Utilities.resize(projection_image, (self.nfy, self.nfx))
            return np.fft.fft2(projection_image)
        else:
            if pad: # Pad
                return Utilities.resize(projection_image, (self.nfy, self.nfx))
            else:
                return Utilities.resize(projection_image, (self.ny, self.nx))



[docs]class ESRF():
    """Legacy code for ESRF datasets.
    
    Note
    ----
    Will be aligned with Nanomax functionality.
    
    """
    def __init__(self, name: str, path: str='.', version: str='master'):
        self.registrator = Utilities.ElastixRigid()
        self.path=Path(path) # TODO: OR shoud it take a path object already?
        self.name=name  # name of sample
        self.version=version
        self.axis_position = np.array([])
        self.position = np.array([]) # in m
        self.distance_source_sample= 0
        self.energy = 0 # in keV
        self.nD = 0
        self.nbprojections = 0
        self.position_number = []
        self.nx = 0
        self.ny = 0
        self.detector_pixel_size = 0
        self.reference_interval = 0
        self.reference_position = 0
        self.scan_range = 0
        self.delta_beta = 0       
        #TODO: Some of these things should surely go in some kind of configuration file
        self.phase_tag='phase'
        self.delta_tag='delta'
        self.beta_tag='beta'
        self.measured_beta_tag='measured_beta'
        self.forward_tag='forward'
        self.attenuation_tag='attenuation'
        self.measured_attenuation_tag='measured_attenuation'
        self.propagated_tag='propagated'
        self.update_tag='update'
        self.prior_tag='prior'
        self.attenuation_update_tag='attenuation_update'
        self.difference_tag='difference'    
        self.parameter_filename='parameters.yml'
        self.dataset_parameter_filename = self.path / pyphase_path / name / self.version / self.parameter_filename
        if (self.dataset_parameter_filename.exists()):
            #TODO: initialise must override reading of parameter file
            self._read_parameter_file()
        else:
            self.dataset_parameter_filename.parents[0].mkdir(parents=True)
            self.dataset_parameter_filename.touch()
            self._initialise()
        self.preprocessing=1        
        self.correct_alignment=1
        self.correct_motion=1
        self.padding=2 #TODO: should be a parameter/in parameter file (in each version?)
        self.magnification = 1 #TODO: should be a parameter/in parameter file (in each version?)        
        #  Pixel size & magnification (from parameter file)
        self.magnification_factor = (self.distance_source_sample+self.position*1e-3) / self.distance_source_sample
        self.max_magnification_factor = max(self.magnification_factor)
        self.pixel_size = self.detector_pixel_size / self.max_magnification_factor               
        # File access
        # Basix paths
        self.data_prefix = self.path / self.name
        self.result_prefix = self.path / pyphase_path / self.name / self.version
#        self.vol_prefix = self.path+'/volfloat/' #TODO: Should change, volumes should be stored either directly under version path or in their own directories

        # Phase
        self.phase_name = self.name+'_'+self.version # TODO necessary? Good to mark data set & version in file names?
        self.phase_prefix = self.result_prefix / self.phase_tag / self.phase_name

        # Delta
        volume_suffix = '.vol' #TODO: This will be dependent on the internal format
        self.delta_filename = (self.result_prefix / self.delta_tag / self.phase_name).with_suffix(volume_suffix)

        # Projected Delta
        self.phase_forward_name = self.phase_name+'_'+self.delta_tag+'_'+self.forward_tag # Projection of delta
        self.phase_forward_prefix = self.result_prefix / (self.delta_tag+'_'+self.forward_tag) / self.phase_forward_name

        # Measured attenuation / shortest distance
        self.measured_attenuation_name = self.name+'_'+str(self.position_number[0])
        self.measured_attenuation_prefix = self.path / self.measured_attenuation_name / self.measured_attenuation_name
        
        # measured beta
        self.measured_beta_filename = (self.result_prefix / self.measured_attenuation_name).with_suffix(volume_suffix)
        
        # Projected measured beta
        self.measured_attenuation_forward_name = self.measured_attenuation_name+'_'+self.forward_tag
        self.measured_attenuation_forward_prefix = self.result_prefix / (self.measured_beta_tag+'_'+self.forward_tag) / self.measured_attenuation_forward_name

        # retrieved attenuation 
        self.attenuation_name = self.phase_name+'_'+self.attenuation_tag
        self.attenuation_prefix = self.result_prefix / self.attenuation_tag / self.attenuation_name
        
        # reconstructed beta
        self.beta_filename = (self.result_prefix / self.attenuation_name).with_suffix(volume_suffix)

        # projected reconstructed beta
        self.attenuation_forward_name = self.attenuation_name+'_'+self.forward_tag
        self.attenuation_forward_prefix = self.result_prefix / (self.beta_tag+'_'+self.forward_tag) / self.attenuation_forward_name

        # prior
        self.prior_name=self.phase_name+'_'+self.prior_tag
        self.prior_prefix= self.result_prefix / self.prior_name

        self.prior_vol_filename = (self.result_prefix / self.prior_tag / self.prior_name).with_suffix(volume_suffix)

        self.prior_forward_name = self.prior_name+'_'+self.forward_tag
        self.prior_forward_prefix = self.result_prefix / (self.prior_tag+'_'+self.forward_tag) / self.prior_forward_name
        
        # Propagated, updates
        self.propagated_prefix=self.result_prefix / self.propagated_tag / (self.phase_name+'_'+self.propagated_tag)
        
        self.update_name = self.phase_name+'_'+self.update_tag
        self.update_prefix = self.result_prefix / self.update_tag /  self.update_name
        self.update_vol_filename = (self.result_prefix / self.update_tag / self.update_name).with_suffix(volume_suffix)
        
        self.attenuation_update_name=self.phase_name+'_'+self.attenuation_update_tag
        self.attenuation_update_prefix= self.result_prefix / self.attenuation_update_tag / self.attenuation_update_name
        self.attenuation_update_vol_filename = (self.result_prefix / self.attenuation_update_tag / self.attenuation_update_name).with_suffix(volume_suffix)

        self.difference_name = self.phase_name + self.difference_tag
        self.difference_prefix = self.result_prefix / self.difference_tag / self.difference_name 

        self.lengthscale=10e-6 #TODO: Dataset should surely not have lengthscale?
        # TODO: there should be the possibility to use different parameter files ofc

        # TODO: Add argument for parameter file\
        # TODO: If no parameter file is given, check if the standard one exists, otherwise populate from info files
 
        #
        self.angle_increment=self.scan_range/self.nbprojections
        self.Lambda = 12.4e-10 / self.energy # wavelength (in m?)
        self.effective_distance = (self.distance_source_sample * self.position) / (self.distance_source_sample + self.position)
        self.Fresnel_number = self.Lambda * self.effective_distance / (self.lengthscale ** 2)
        self.position_number_no_reference_position = self.position_number.copy()
        self.position_number_no_reference_position.remove(self.position_number[self.reference_position])
        
        # Check if shifts are done (i.e. file shifts.pickle exists)
        self.shift_filename = self.result_prefix / 'shifts.pickle'
        self.shift_polynomial_x=[0 for x in range (self.nD)]
        self.shift_polynomial_y=[0 for x in range (self.nD)]
        self.shift_polynomial_y=[0 for x in range (self.nD)]
        self.shift_polynomial_order=[4, 2, 2]
        
        if os.path.isfile(self.shift_filename):
            self.aligned=1
            with open(self.shift_filename, 'rb') as f:
                 self.shifts=pickle.load(f)
            self.fit_alignment()
        else:
            self.shifts=SortedList() # entry: []
            self.aligned=0
        
        self.motion_filename=path+'/'+name+'_/motion.pickle'
        
        if os.path.isfile(self.motion_filename):
            self.motion_corrected=1
            with open(self.motion_filename, 'rb') as f:
                self.motion_correlations = pickle.load(f)
        else:
            self.motion_correlations = [ [] for i in range(self.nD) ]
            self.motion_corrected=0

    def _initialise(self):
        self.motion_corrected = 0
        self.aligned = 0
        # TODO: Should erase files also
        self.populate()
        self._write_parameter_file()

    @property
    def nfx(self):
        return self.padding * self.nx
    
    @property
    def nfy(self):
        return self.padding * self.ny

[docs]    def get_projection(self, *, projection, position, pad=True, Fourier=False, aligned=True, magnification=True):
        #TODO: consider renaming just projection() to get data.projection(1,23)
        # For integration with rest, necessary(?) conversion from position 0 to 1
        
        projection_prefix = self.path / (self.name + '_' + str(self.position_number[position]) + '_/')
        projection_filename = projection_prefix / (self.name + '_' + str(self.position_number[position]) + '_' + str(projection).zfill(4) + '.edf')
        projection_image = EdfFile(projection_filename).GetData(0)

        xpad = (self.nfx-self.nx)//2
        ypad = (self.nfy-self.ny)//2
        
        if self.preprocessing:
            dark_filename = projection_prefix / 'dark.edf'
            #print(dark_filename)
            dark_image = EdfFile(dark_filename).GetData(0)
            # Get previous ff
            reference_index_1 = (self.reference_interval * (projection // self.reference_interval))
            reference_index_2 = min(reference_index_1+self.reference_interval, self.nbprojections)
            # Weights flat fields
            weight_1 = (reference_index_2-projection)/max(reference_index_2-reference_index_1, 1)
            weight_2 = 1 - weight_1                      
            # Open 'previous' flat
            reference_filename_1 = projection_prefix / ('refHST' + str(reference_index_1).zfill(4) + '.edf')
            #print(reference_filename_1)
            reference_image_1 = EdfFile(reference_filename_1).GetData(0) - dark_image
            # open 'next' flat
            reference_filename_2 = projection_prefix / ('refHST' + str(reference_index_2).zfill(4) + '.edf')
            #print(reference_filename_2)
            reference_image_2 = EdfFile(reference_filename_2).GetData(0) - dark_image
            # reference for current projection
            reference_image = weight_1*reference_image_1 + weight_2*reference_image_2
            # Open projection image                                  
            projection_image = (projection_image-dark_image) / reference_image

        if self.magnification and magnification:
            if self.magnification_factor[position] != self.max_magnification_factor: # Unless its the highest magnification
                projection_image = ndimage.zoom(projection_image, self.max_magnification_factor/self.magnification_factor[position])
            #TODO: Simple approach first. Magnification and center should perhaps be calculated in shifts?
        
        correction = np.zeros(3)

        projection_image = np.pad(projection_image, ((ypad, ypad), (xpad, xpad)), 'edge') #TODO: watch out with magnification

        if self.correct_motion and self.motion_corrected and aligned:
            #Apply motion
            #TODO: Is there any reason to not apply motion correction to reconstructed image like this?
            #TODO: Should be better to just motion correct the reference plane no?
            motion = self.get_motion(projection, self.reference_position)
            correction[0] = motion[0] * self.max_magnification_factor/self.magnification_factor[self.reference_position]
            correction[1] = motion[1] * self.max_magnification_factor/self.magnification_factor[self.reference_position]

        if self.correct_alignment and self.aligned and aligned:
            correction = correction + self.get_alignment(projection, position)
            
            # TODO: Why am I not using freq. variables correctly? investigate
            # TODO: Handle padding somehow/correcly
        if sum(correction*correction)**0.5 > 0.001:
            f = np.arange(0, self.nfx//2, 1)
            f = f * ((correction[0])*2*pi / self.nfx)
            f = np.exp(1j*f)
            #f = np.cos(f)-1j*np.sin(f)
            f = np.hstack((f, np.conj(f[::-1])))
            f = np.tile(f, (self.nfy, 1))
            
            g = np.arange(0, self.nfy//2, 1)
            g = g * ((correction[1]) * 2 * pi / self.nfy)
            g = np.exp(1j*g)
            #g = np.cos(g)-1j*np.sin(g)
            g = np.hstack((g, np.conj(g[::-1])))
            g = np.tile(g, (self.nfx, 1))
            g = g.transpose()
            t = f * g

            projection_image_FT = np.fft.fft2(projection_image) * t
        else:
            projection_image_FT = np.fft.fft2(projection_image)
        
        projection_image = np.real(np.fft.ifft2(projection_image_FT))
        projection_image = projection_image[self.ny//2:-self.ny//2, self.nx//2:-self.nx//2]
            # watch out how to keep track... corrected image is already in FD
            #fig = pyplot.imshow(np.real(np.fft.ifft2(projection_image)))
            #pyplot.colorbar()

        if Fourier:
            return projection_image_FT
        else:
            if pad:
                projection_image = np.pad(projection_image, ((ypad, ypad), (xpad, xpad)), 'edge')
            return projection_image

        
[docs]    def preprocess(self):
        """Runs all preprocessing on the dataset: axis positions, motion, 
        reference position, alignment"""
        self.calculate_axis_positions() # TODO: Verify order of shifts, motion, rotaxs
        self.calculate_motion()
        self.calculate_reference_position()
        self.align()
        self.fit_alignment()
        #self.display_alignment() #TODO: does not work for the moment
        self._write_parameter_file()

            
    def _write_parameter_file(self):
        """Writes current state to the associated parameter file"""
        parameters = dict(reference_position=self.reference_position,
                          nD=self.nD,
                          nbprojections=self.nbprojections,
                          position_number=self.position_number,
                          position=self.position.tolist(),
                          dss=self.distance_source_sample,
                          energy=self.energy,
                          detector_pixel_size=self.detector_pixel_size,
                          nx=self.nx,
                          ny=self.ny,
                          axis_position=self.axis_position.tolist(),
                          reference_interval=self.reference_interval,
                          scan_range=self.scan_range,
                          version=self.version,
                          alpha=self.alpha.tolist(),
                          delta_beta=self.delta_beta)
        
        with open(self.dataset_parameter_filename, 'w') as f:
            yaml.dump(parameters, f)
        pass
    
    def _read_parameter_file(self):
        """Reads the associated parameter file."""
        with open(self.dataset_parameter_filename, 'r') as f:
            parameters=yaml.safe_load(f)
        
        self.reference_position=parameters['reference_position']
        self.nD=parameters['nD']
        self.nbprojections=parameters['nbprojections']
        self.position_number=parameters['position_number']
        self.position=np.array(parameters['position'])
        self.distance_source_sample=parameters['dss']
        self.energy=parameters['energy']
        self.detector_pixel_size=parameters['detector_pixel_size']
        self.nx=parameters['nx']
        self.ny=parameters['ny']
        self.axis_position=np.array(parameters['axis_position'])
        self.reference_interval=parameters['reference_interval']
        self.scan_range=parameters['scan_range']
        self.version=parameters['version']
        self.alpha=np.array(parameters['alpha'])
        self.delta_beta=parameters['delta_beta']
        pass
    
[docs]    def populate(self):
        """Tries to find the dataset parameters in the accompanying *.info* and *xml* files.
        It is called when a parameter file ``pyphase_parameter.yml`` is not found.

        Returns
        -------
        self
           Returns *self* with the updated attributes.
        """

        # self.N  # projection angles

        # Checks number of directories named 'name_%d_'
        print(self.path)
        type(self.path)
        directories = os.listdir(self.path)
        name_regex = r"%s(\_)(\d)(\_)" % self.name #TODO: Too unreadable. Avoid cryptic code
        data_dirs = [dir for dir in directories if re.match(name_regex, dir)]

        self.alpha = np.array([-8, -10]) #TODO: default value... should this really go here?

        self.nD = len(data_dirs)  # number of distances
        self.position_number = np.arange(1, self.nD + 1).tolist()

        #TODO: Not nice, should be based on the generic paths
        fname_info = self.path / (self.name + '_1_') / (self.name + '_1_' + '.info')
        fname_xml = fname_info.with_suffix('.xml')

        print(fname_info)
        print(fname_xml)
        
        if fname_xml.exists():
            xml_file = minidom.parse(str(fname_xml))
            dists = []
            for dist in range(1, self.nD + 1):
                fname = self.path / (self.name + '_' + str(dist) + '_') / (self.name + '_' + str(dist) + '_' + '.xml')
                print(fname)
                xml_f = minidom.parse(str(fname))
                distance = float(xml_f.getElementsByTagName('distance')[0].firstChild.data)
                dists.append(distance)
            self.reference_position = 0
            self.nbprojections = int(xml_file.getElementsByTagName('tomo_N')[0].firstChild.data)
            self.position = np.array(dists) / 1000
            self.distance_source_sample = 144
            self.energy = float( xml_file.getElementsByTagName('energy')[0].firstChild.data)
            self.detector_pixel_size = float(xml_file.getElementsByTagName('pixelSize')[0].firstChild.data)
            self.nx = int(xml_file.getElementsByTagName('DIM_1')[0].firstChild.data)
            self.ny = int(xml_file.getElementsByTagName('DIM_2')[0].firstChild.data)
            self.reference_interval = int(xml_file.getElementsByTagName('ref_On')[0].firstChild.data)
            self.scan_range = int(xml_file.getElementsByTagName('scanRange')[0].firstChild.data)
        elif fname_info.exists():
            # Adding file information into a dictionary
            parameter_dict = {}
            with open(fname_info) as file:
                for line in file:
                    listedline = line.strip().split('=')
                    parameter_dict[listedline[0]] = listedline[1].strip()
            #self.reference_distance = 1  # stationary plane in registration #D# TODO: Where to find this?
            self.nbprojections = int(parameter_dict['TOMO_N'])
            # Reading distances from the .info files
            dists = []
            for dist in range(1, self.nD + 1):
                fname = elf.path / (self.name + '_' + str(dist) + '_') / (self.name + '_' + str(dist) + '_' + '.info')
                with open(fname) as file:
                    for i, line in enumerate(file):
                        if i == 1:  # 'distance' is in the second line
                            listedline = line.strip().split('=')
                            distance = float(listedline[1].strip()) * 0.01
                            dists.append(distance)
            self.position = np.array(dists) / 1000
            self.distance_source_sample = 145  # Distance Source - Sample TODO: Where to find this?
            self.energy = float(parameter_dict['Energy'])  # keV
            self.detector_pixel_size = float(parameter_dict['Optic used'])
            self.nx = int(parameter_dict['Dim_1'])
            self.ny = int(parameter_dict['Dim_2'])
            self.reference_interval = int(parameter_dict['REF_ON'])
            self.scan_range = int(parameter_dict['ScanRange'])

        else: raise Exception('Supporting files '+ self.name +'_1_.info and ' + self.name +'_1_.xml not found.')


[docs]    def GetSinogram(self, distance=1):
        """Return projections as sinogram

        Parameters
        ----------
        distance : int
           Number of the distance of the projection.
           
        Returns
        -------
        sinogram
           Returns projections stacked as sinogram
        """
        #TODO: RIT/YAGNI. Add functionality as needed
        #TODO: Probably has to be able to split over lines for serialisation/parallellisation
        
        #Allocate a 3D numpy array of correct dimensions
        sinogram = np.empty([self.nx, self.ny, self.nbprojections])
        #Load projections one by one
        for projection in range(self.nbprojections):
            sinogram[:,:,projection]=self.get_projection(projection, self.position_number[distance])
        #return
        return sinogram


[docs]    def get_image(self, *, projection, image_type='phase', Fourier=False, pad=False):
        """Get reconstructed images (phase by default)

        Parameters
        ----------
        projection : int
           Number of the projection.
        image_type : str, optional
            Can be phase or attenuation.
        Fourier : bool
            Return Fourier transform of image.
        pad : bool
            Return padded image.

        Returns
        -------
        image : ndarray
        """
        if image_type.lower() == 'attenuation':
            fname = self.attenuation_prefix.as_posix()+'_'+str(projection).zfill(4)+'.edf'
#        elif 'propagated' in argv:        
#            fname = self.propagated_prefix.as_posix()+'_'+str(distance)+'_'+str(projection).zfill(4)+'.edf'
#        elif 'difference' in argv:
#            fname = self.difference_prefix.as_posix()+'_'+str(distance)+'_'+str(projection).zfill(4)+'.edf'
#        elif 'prior' in argv:
#            fname = self.prior_forward_prefix.as_posix()+('_'+str(projection).zfill(4)+'.edf')
        elif image_type.lower() == 'phase':
            fname = self.phase_prefix.as_posix()+'_'+str(projection).zfill(4)+'.edf' #TODO: separate file type...
        else:
            raise TypeError("proj_type must be one of the following: 'phase', 'attenuation'" )

        image = EdfFile(fname).GetData(0)
        xpad = (self.nfx-self.nx)//2
        ypad = (self.nfy-self.ny)//2
        
        if Fourier:
            #TODO: Refactor into an FT function in utilities (f ex)
            return np.fft.fft2(np.pad(image, ((ypad, ypad), (xpad, xpad)), 'edge'))
        else:    
            if pad:
                image = np.pad(image, ((ypad, ypad), (xpad, xpad)), 'edge')
            return image

    
[docs]    def calculate_axis_position(self, distance):
        """Calculates the axis position at one position"""
        # During/after scan
        # 180/360

        correct_alignment = self.correct_alignment 
        self.correct_alignment = 0
        
        correct_motion = self.correct_motion
        self.correct_motion = 0
        
        if self.scan_range == 360:
            projection_0 = self.nbprojections + 4 
            projection_180 = self.nbprojections + 2
        else:
            projection_0 = self.nbprojections + 2
            projection_180 = self.nbprojections
        
        im0 = self.get_projection(projection=projection_0, position=distance)  
        im180 = np.fliplr(self.get_projection(projection=projection_180, position=distance))
        
        field, image_transormed, transform_parameters = self.registrator.register(im0, im180)
        offset = field[0][0][0]/2
        print("Rotation axis offset: {}".format(offset))
        self.axis_position[distance] = self.nx/2 + offset
        print("Axis position: {}".format(self.axis_position[distance]))   
        
        self.correct_alignment = correct_alignment
        self.correct_motion = correct_motion

        
[docs]    def calculate_axis_positions(self):
        """Calculates all axis positions."""
        self.axis_position = np.zeros(self.nD)
        for distance in range(self.nD):
            self.calculate_axis_position(distance)
        self._write_parameter_file()


[docs]    def calculate_motion(self):
        """Estimates motion in the scans based on supplementary images."""
        # define reference positions
        self.motion_correlations = [ [] for i in range(self.nD) ]
        self.motion_corrected = 0

        correct_alignment = self.correct_alignment 
        self.correct_alignment = 0
        
        reference_positions = range(0,self.scan_range, 90)
        reference_position_indices = range(self.nbprojections+int(self.scan_range/90), self.nbprojections, -1) 
               
        image = []        
        reference = []
        
        for Distance in range(self.nD):
            print("Calculating motion position {}".format(str(Distance)))
            for index, position in enumerate(reference_positions):
                # Get reference projecions and scan projections at reference positions
                image_index = self.nbprojections * (position/self.scan_range)
                reference = self.get_projection(projection=reference_position_indices[index], position=Distance) 
                image = self.get_projection(projection=floor(image_index), position=Distance)           
                if image_index != floor(image_index):
                    print("Interpolating projection for motion estimation")
                    image2 = self.get_projection(floor(image_index)+1, Distance)
                    image = (floor(image_index)+1-image_index)*image + (image_index-floor(image_index))*image2           
                
                # calculate correlations
                field, aligned_image, transform_parameters = self.registrator.register(image, reference)
                # Will create a list of lists with [distance][angle (corresponding to ref positions, 0=0, 1=90, ...)][dim (0=x,1=y,...)]
                self.motion_correlations[Distance].append([field[0][0][0], field[1][0][0]])

        # save motions
        with open(self.motion_filename, 'wb') as f:
            pickle.dump(self.motion_correlations, f, pickle.HIGHEST_PROTOCOL)
        
        self.motion_corrected=1        
        self.correct_alignment = correct_alignment
        pass

            
[docs]    def get_motion(self, projection, distance):
        """Returns estimation motion at one projection and position."""
        #TODO: disgusting, needs cleaning
        # fit motion with sinusoids (?)
        #TODO: Should be called from get_projection no???
        if self.correct_motion and self.motion_corrected:
            reference_positions = np.arange(0, self.scan_range, 90)
            projections_all = np.arange(self.nbprojections+len(reference_positions)+1)
            polynomial_order_h = min(floor(len(reference_positions)/2), 3) 
            polynomial_order_v = min(len(reference_positions), 3)
            arg = np.array(reference_positions)/self.scan_range - 1 # TODO: to be extended in case of more images a la id16a?
            arg_all = projections_all/self.nbprojections - 1
            corr=np.array(self.motion_correlations[distance-1]) 
            # Vertical fit
            M = np.tile(arg, [polynomial_order_v, 1])
            for k in range(1, polynomial_order_v):
                M[k,:] = M[k,:]*M[k-1,:]
            M = -np.flipud(M) #TODO: could certainly be more elegant...
                
            coefficients = np.dot(np.linalg.pinv(M).T, corr[:,1])
            # subtract mean from vertical motion
            ref_v = np.polyval(np.append(coefficients,0), arg_all)
            ref_v_mean = np.mean(ref_v);
            ref_v -= ref_v_mean;
            ref_v_meas = -corr[:,1]-ref_v_mean
            # Horizontal fit
            
            M = np.tile(arg, [polynomial_order_h, 1])
            for k in range(1, polynomial_order_h):
                M[k,:] = M[k,:]*M[k-1,:]
            M = -np.flipud(M) #TODO: could certainly be more elegant...
            
            M = np.append(M*np.tile(np.cos((np.pi/180)*reference_positions),[polynomial_order_h,1]), 
                          M*np.tile(np.sin((np.pi/180)*reference_positions),[polynomial_order_h,1]),axis=0)

            coefficients = np.dot(np.linalg.pinv(M).T, corr[:,0])
            sx_cal = np.polyval(np.append(coefficients[0:polynomial_order_h], 0), arg_all);
            sy_cal = np.polyval(np.append(coefficients[polynomial_order_h:], 0), arg_all);
            arg = projections_all*(self.scan_range/180*pi/self.nbprojections);
            reference_position_indices = self.nbprojections + np.arange(int(self.scan_range/90), 0, -1)        
            arg[reference_position_indices] = np.array(reference_positions)*(pi/180)
            M = np.vstack((np.cos(arg), np.sin(arg)));
            ref_h = sx_cal*M[0,:] + sy_cal*M[1,:]
            #Fit with sinusoid
            coefficients = np.dot(np.linalg.pinv(M).T,ref_h)
            sx_cal -= coefficients[0]; 
            sy_cal -= coefficients[1];
            ref_h -= np.dot(coefficients,M);
            index_rots = np.round(np.array(reference_positions)*(self.nbprojections/self.scan_range))
            ref_h_meas=-corr[:,0]
            ref_h_meas -= np.dot(coefficients, M[:,index_rots.astype(int)])
            #pyplot.figure()
            #pyplot.plot(projections_all, ref_v, 'b', index_rots, ref_v_meas, 'bx', projections_all, ref_h, 'r', index_rots, ref_h_meas, 'rx')
            return ref_h[projection], ref_v[projection]
        else:
            return 0, 0

        
[docs]    def calculate_reference_position(self):
        """Calculates and sets reference position based on motion""" 
        #TODO: add check if motion is calculated (self.motion_correlations)
        #TODO: manipulation of the motion list is quite roundabout
        correlation_amplitudes = []
        for index in range(self.nD):
            tmp = [item for sublist in self.motion_correlations[index] for item in sublist] #flatten list
            tmp = [x**2 for x in tmp] #square elements
            correlation_amplitudes.append(sqrt(sum(tmp)))
        self.reference_position = correlation_amplitudes.index(min(correlation_amplitudes))
        print('Reference position: {}'.format(self.reference_position))
        self._write_parameter_file()

#    def IsAligned(self):
#        return self.aligned

    # def ClearShifts(self, D):
    #     """clear shifts. Either 1 distance or D='all'"""
    #     pass

[docs]    def fit_alignment(self):
        """Fits measured alignment parameters with polynomials"""
        nb_shifts=len(self.shifts)
        
        projection=[0 for x in range(nb_shifts)]
        x=[[0 for x in range(nb_shifts)] for y in range(self.nD)] 
        y=[[0 for x in range(nb_shifts)] for y in range(self.nD)]
        theta=[[0 for x in range(nb_shifts)] for y in range(self.nD)]
        
        for p_i in range(nb_shifts):
            projection[p_i]=self.shifts[p_i][0]
        
        for d_i in range(self.nD):
            for p_i in range(nb_shifts):
                x[d_i][p_i] = self.shifts[p_i][1][d_i][0]
                y[d_i][p_i] = self.shifts[p_i][1][d_i][1]
                #theta[dndx][projndx]=self.shifts[projndx][1][dndx][2]
        
        for d_i in range(self.nD):
            self.shift_polynomial_x[d_i]=np.polyfit(projection, x[d_i], self.shift_polynomial_order[0])
            self.shift_polynomial_y[d_i]=np.polyfit(projection, y[d_i], self.shift_polynomial_order[1])
        pass


[docs]    def display_alignment(self, projection=0):
        """Displays alignment and fit."""
        # TODO: quite a lot of duplicate code with FitShifts
        nb_shifts=len(self.shifts)
        projection_range=[0 for x in range(nb_shifts)]
        x=[[0 for x in range(nb_shifts)] for y in range(self.nD)] 
        y=[[0 for x in range(nb_shifts)] for y in range(self.nD)] 
        theta=[[0 for x in range(nb_shifts)] for y in range(self.nD)]
        X=np.linspace(0, self.nbprojections-1, self.nbprojections)

        for d_i in range(self.nD):
            for p_i in range(nb_shifts):
                x[d_i][p_i] = self.shifts[p_i][1][d_i][0]
                y[d_i][p_i] = self.shifts[p_i][1][d_i][1]
                #theta[dndx][projndx]=self.shifts[projndx][1][dndx][2]

        for p_i in range(nb_shifts):
            projection_range[p_i]=self.shifts[p_i][0]

        pyplot.figure()
        for index, distance in enumerate(self.position_number_no_reference_position):
            pyplot.subplot(len(self.position_number_no_reference_position), 2, 2*(index)+1)
            pyplot.plot(projection_range, x[distance-1], 'rx', X, np.polyval(self.shift_polynomial_x[distance-1], X), 'b')
            pyplot.title('Distance '+str(distance))
        
        for index, distance in enumerate(self.position_number_no_reference_position):
            #yi=np.polyfit(projection_range, y[distance], self.shift_polynomial_order[1])
            pyplot.subplot(len(self.position_number_no_reference_position), 2, 2*(index)+2)
            pyplot.plot(projection_range, y[distance-1], 'rx', X, np.polyval(self.shift_polynomial_y[distance-1], X), 'b')
            pyplot.title('Distance '+str(distance))
                
        pyplot.subplots_adjust(hspace=.6, left=.07, bottom=0.05, right=.98, top=.95)
        
        projection_images = np.zeros([self.ny, self.nx, self.nD])
        for distance in range(1, self.nD+1):
            projection_images[:,:,distance-1] = self.get_projection(projection=projection, position=distance)
        viewer.display_stack(projection_images)


    # def SetShift(self, projection, distance, x, y, theta=0):
        
    #     pass
    
[docs]    def get_alignment(self, projection, distance):
        """Returns the transform parameters for alignment at one projection
        and position"""
        #TODO: stub
#        if distance == self.reference_distance or self.correct_alignment == 0:
#            shift_x = 0
#            shift_y = 0
#            shift_theta = 0
#        else:
        shift_x = np.polyval(self.shift_polynomial_x[distance-1], projection)
        shift_y = np.polyval(self.shift_polynomial_y[distance-1], projection)
        shift_theta = 0
        
        return [shift_x, shift_y, shift_theta] 


[docs]    def align(self, interval=100):
        """
        Align(self, RA, interval=100)
        Align complete data set.

        TODO: Should probably check for the last projection also so that it is
        always included
        """ 
        self.position_number_no_reference_position = self.position_number.copy()
        self.position_number_no_reference_position.remove(self.reference_position)

        correct_alignment = self.correct_alignment
        self.correct_alignment = 0
        correct_motion = self.correct_motion
        self.correct_motion=0
        
        self.shifts = SortedList()

        for projection in range(0, self.nbprojections, interval):
            text = "\r" + "Aligning projection {}".format(projection)
            sys.stdout.write(text)
            sys.stdout.flush()
            self.align_projection(projection)
                    
        # Pickle the 'data' dictionary using the highest protocol available.
        with open(self.shift_filename, 'wb') as f:
            pickle.dump(self.shifts, f, pickle.HIGHEST_PROTOCOL)
                
        self.aligned=1
        self.correct_alignment = correct_alignment
        self.correct_motion = correct_motion

                
[docs]    def align_projection(self, projection):
        """
        projection = number of projection to register
        """
        correct_alignment = self.correct_alignment 
        self.correct_alignment = 0
                 
        im=[]

        # read images
        for position in range(self.nD):
            im.append(self.get_projection(projection=projection, position=position))

        # register (should be done with RA)
        tmp=[]
        
        for ndx in range(self.nD):
            if ndx != self.reference_position:
                field, aligned_image, transform_parameters = registrator.register(im[ndx], im[self.reference_position])
                tmp.append([field[0][0][0], field[1][0][0]])
            else: 
                tmp.append([0, 0])            
                   
        # store shifts
        self.shifts.add([projection, tmp])
        
        with open(self.shift_filename, 'wb') as f:
            pickle.dump(self.shifts, f, pickle.HIGHEST_PROTOCOL)      
        
        self.correct_alignment = correct_alignment


#TODO: Difference just shouldn't be here..
    # def DifferenceProjection(self, projection, distance):
    #     # Calculate difference measured/calculated intensity
    #     # TODO: Should eventually be an option if it's tomo or not?
    #     # TODO: Should this really go here?

    #     # Open measured
    #     measured_projection = self.get_projection(projection, distance)
        
    #     # Get calculated
    #     calculated_projection = self.get_image(projection, 'propagated', distance)        
        
    #     # Calculate difference (correct order?)
    #     difference_image = measured_projection - calculated_projection
        
    #     # Save difference
    #     #TODO: IMPORTANT: USE DATASET TO READ/WRITE IMAGES!!!
    #     fname = self.path + '/' + self.name + '_1_/' + self.name + '_1_0000.edf' # TODO:Fulhack deluxe to get edfheader. Whatever. Stub/spike. Fix later
    #     imEDF = EdfFile(fname)
    #     EDFHeader = imEDF.GetHeader(0)
    #     time.sleep(1) #TODO: This is ridiculous, how can this be necessary? What is causing this writing problem?

    #     # TODO: the difference files should be handled in constructor as well I suppose
    #     fname = self.difference_prefix + '_' + str(distance) + '_' + str(projection).zfill(4) + '.edf'
    #     EDF = EdfFile(fname)
    #     # TODO: verify what should go into the header...
    #     EDF.WriteImage(EDFHeader, difference_image, 0, "Float")
        
    # def DifferenceProjections(self, projections, distance):
    #     if projections[0] > projections[1]:
    #         projections[1]=projections[0]
        
    #     for projection in range(projections[0], projections[1]+1):
    #         self.DifferenceProjection(projection, distance)
        
    # def Difference(self):
    #     #TODO: Needs to be parallelised... how? Come up with something...
    #     parallelizer = Parallelizer.OAR()
    #     for distance in range(1, self.nD+1):
    #         parallelizer.Launch(self, 'difference', distance=distance)

    # def UpdatePhase(self):
    #     # add update to current solution
    #     current_solution = np.memmap(self.phase_vol_filename, dtype=np.float32)
    #     update = np.memmap(self.update_vol_filename, dtype=np.float32)
    #     current_solution += update
    #     del current_solution, update

    # def UpdateAttenuation(self):
    #     current_solution = np.memmap(self.retrieved_attenuation_vol_filename, dtype=np.float32)
    #     update = np.memmap(self.attenuation_update_vol_filename, dtype=np.float32)
    #     current_solution -= update
    #     del current_solution, update

    # def write_image(self, data, proj_type, projection_number, *args):
[docs]    def write_image(self, *, image, projection, projection_type='phase'):
        # TODO: raise error where needed! number of args, args type...
        ''' Saves images into file.

        Parameters
        ----------
        data : ndarray
           An ndarray of the image to save.
        projection_number : int
           The number of the projection to be saved.
        proj_type : str
           A string containing the prefix for the name of the file to be saved.
        args: int
           Number of the distance of the projection.
        Returns
        -------
        None
           Saves the images into the file ``[prefix]_[projection_number].edf`` or
           ``[prefix]_[distance]_[projection_number].edf`` into the ``name_`` directory.
        '''
        if projection_type.lower() == 'phase':
            pref = self.phase_prefix          
        elif projection_type.lower() == 'attenuation':
            pref =  self.attenuation_prefix
        # elif projection_type.lower() == 'phase update':
        #     pref = self.update_prefix
        # elif projection_type.lower() == 'attenuation update':
        #     pref = self.attenuation_update_prefix
        # elif projection_type.lower() == 'intensity':
        #     pref = self.propagated_prefix
        else:
            raise TypeError("proj_type must be one of the following: 'phase', 'attenuation'" )
        
        if not pref.parent.exists():
            pref.parent.mkdir(parents=True)
        
#        if len(args) != 0:
#            distance = str(args[0]) + '_'
#        else:
#            distance = ''
#            
        fname = self.path / (self.name + '_1_/' + self.name + '_1_0000.edf')  # TODO:Fulhack deluxe
        
        imEDF = EdfFile(fname)
        EDFHeader = imEDF.GetHeader(0)
        #fname = pref.as_posix() + '_' + position + str(projection).zfill(4) + '.edf'
        fname = pref.as_posix() + '_' + str(projection).zfill(4) + '.edf'
        EDF = EdfFile(fname)
        EDF.WriteImage(EDFHeader, image, 0, "Float")



    #D# TODO: These methods are to be used in propagator.py (for later)
    #TODO: Seems like a mistake, since get_image already exists... I guess both could exist? Ev. Refactor
    # def get_attenuation(self, projection_number):
    #     ''' Reads attenuation information from file and retruns it as an ndarray.

    #     Parameters
    #     ----------
    #     projection_number : int
    #        The number of the projection to get.

    #     Returns
    #     -------
    #     ndarray
    #        Array containing attenuation information.
    #     '''

    #     projection = projection_number
    #     fname = self.retrieved_attenuation_forward_prefix + '_' + str(projection).zfill(4) + '.edf'
    #     imEDF = EdfFile(fname)
    #     attenuation = imEDF.GetData(0)
    #     return attenuation

    # def get_phase(self, projection_number):
    #     ''' Reads phase information from file and retruns it as an ndarray.

    #     Parameters
    #     ----------
    #     projection_number : int
    #        The number of the projection to get.

    #     Returns
    #     -------
    #     ndarray
    #         Array containing phase information.
    #     '''
    #     projection = projection_number
    #     fname = self.phase_forward_prefix + '_' + str(projection).zfill(4) + '.edf'
    #     imEDF = EdfFile(fname)
    #     phase = imEDF.GetData(0)
    #     return phase
#class ESRF(Dataset):
    #maybe necessary at some point
#    pass
        
#class ESRFID19(Dataset):
    
#    pass

#class ESRFID16A(Dataset):
#    def __init__(self):
#        super().__init__()
        
        
#    def populate(self):
        
#    pass




            

          

      

      

    

  

    
      
          
            
  All modules for which code is available

	dataset

	parallelizer

	phaseretrieval

	propagator

	tomography

	utilities




            

          

      

      

    

  

    
      
          
            
  Source code for parallelizer

#This file is part of the PyPhase software.
#
#Copyright (c) Max Langer (2019) 
#
#max.langer@creatis.insa-lyon.fr
#
#This software is a computer program whose purpose is to allow development,
#implementation, and deployment of phase retrieval algorihtms.
#
#This software is governed by the CeCILL  license under French law and
#abiding by the rules of distribution of free software.  You can  use, 
#modify and/ or redistribute the software under the terms of the CeCILL
#license as circulated by CEA, CNRS and INRIA at the following URL
#"http://www.cecill.info". 
#
#As a counterpart to the access to the source code and  rights to copy,
#modify and redistribute granted by the license, users are provided only
#with a limited warranty  and the software's author,  the holder of the
#economic rights,  and the successive licensors  have only  limited
#liability. 
#
#In this respect, the user's attention is drawn to the risks associated
#with loading,  using,  modifying and/or developing or reproducing the
#software by the user in light of its specific status of free software,
#that may mean  that it is complicated to manipulate,  and  that  also
#therefore means  that it is reserved for developers  and  experienced
#professionals having in-depth computer knowledge. Users are therefore
#encouraged to load and test the software's suitability as regards their
#requirements in conditions enabling the security of their systems and/or 
#data to be ensured and,  more generally, to use and operate it in the 
#same conditions as regards security. 
#
#The fact that you are presently reading this means that you have had
#knowledge of the CeCILL license and that you accept its terms.

import os
from math import *
import glob
#import utilities
import time
from pyphase.config import *
import inspect
from functools import wraps
import pathlib
import pickle
import numpy as np

[docs]def Serial(func):
    """Decorator for serial processing. Parallelisation decorators work on 
    functions with signature (self, *, dataset, projections)"""
    @wraps(func)
    def wrapper(*argv, **kwargs):
        func(*argv, **kwargs)
    return wrapper

    
[docs]def SLURM(func):
    """Decorator for parallellisation on SLURM"""
    @wraps(func)
    def wrapper(*argv, **kwargs):
        # Create a "worker" script that just calls align_projections
        print('SLURM')
        job_number = str(np.random.randint(0, 1e9))
        projections = kwargs.pop('projections') #Necessary argument
        parent_object = argv[0]
        current_dir = os.getcwd()
     
        tmpdir = '/.pyphase/SLURM/'
        serialisation_filename = 'pyphase_'+ job_number+'.pickle'

        pathlib.Path(current_dir+tmpdir).mkdir(parents=True, exist_ok=True)

        with open(current_dir+tmpdir+serialisation_filename, 'wb') as f:
            pickle.dump([parent_object, kwargs], f, protocol=pickle.HIGHEST_PROTOCOL)
        
        pathlib.Path(current_dir+tmpdir).mkdir(parents=True, exist_ok=True)    

        worker_file_name = current_dir + tmpdir + 'pyphase_worker_'+job_number+'.py'
        
        with open(worker_file_name, 'w') as worker_file:
            print("import sys", file=worker_file)
            print("import dataset", file=worker_file)
            print("import phaseretrieval", file=worker_file)
            print("import pickle", file=worker_file)
            print("with open('{}', 'rb') as f:".format(current_dir+tmpdir+serialisation_filename), file=worker_file)
            print("    stream = pickle.load(f)", file=worker_file)
            print("projections = [int(sys.argv[1]), int(sys.argv[2])]", file=worker_file)
            print("print(str(sys.argv))", file=worker_file)
            print("stream[0].{}.__wrapped__(stream[0], projections=projections, **stream[1])".format(func.__name__), file=worker_file)

        # Create a SLURM batch file
        number_of_CPU_per_node = min(number_of_nodes*number_of_cores, int(floor(memory_per_node/min_memory_per_core))) # Use the number of CPU corresponding to memory needs
        slurm_batch_file_name = current_dir + tmpdir + 'pyphase_slurm_'+job_number+'.sh'
        tasks = int(projections[1]) - int(projections[0]) + 1
        number_of_CPU = min(number_of_CPU_per_node * number_of_nodes, tasks)
        step = tasks // number_of_CPU - 1
        remainder = tasks % (number_of_CPU)
        with open(slurm_batch_file_name, 'w') as slurm_batch_file:
            print("#!/bin/sh", file=slurm_batch_file)
            print("#SBATCH -N {}".format(number_of_nodes), file=slurm_batch_file)
            #print("#SBATCH --exclusive", file=slurm_batch_file)
            print("#SBATCH --mem-per-cpu {}".format(min_memory_per_core), file=slurm_batch_file)
            print("#SBATCH --tasks-per-node {}".format(number_of_CPU_per_node), file=slurm_batch_file)            
            print("#SBATCH -t 20:00:00", file=slurm_batch_file)
            print("#SBATCH -J pyphase", file=slurm_batch_file)
            print("#SBATCH -o {}pyphase_%j.out".format(current_dir+tmpdir), file=slurm_batch_file)
            print("#SBATCH -e {}pyphase_%j.out".format(current_dir+tmpdir), file=slurm_batch_file)
            print("cat $0", file=slurm_batch_file)
            print("export tasks={}".format(tasks), file=slurm_batch_file)
            print("export start={}".format(projections[0]), file=slurm_batch_file)
            print("export step={}".format(step), file=slurm_batch_file)
            print("export remainder={}".format(remainder), file=slurm_batch_file)
            print("for (( i=0; i<{}; i++ ))".format(number_of_CPU), file=slurm_batch_file)
            print("do", file=slurm_batch_file)
            print("export end=$(( start+step+(i<remainder) ))", file=slurm_batch_file)
            print("srun -Q --exclusive -n 1 -N 1 python {} $start $end &> {}pyphase_worker_${{SLURM_JOB_ID}}_${{i}} &".format(worker_file_name, current_dir+tmpdir), file=slurm_batch_file)           
            print("echo \"python {} $start $end\"".format(worker_file_name), file=slurm_batch_file)
            print("export start=$(( end+1 ))", file=slurm_batch_file)
            print("sleep 1", file=slurm_batch_file)
            print("done", file=slurm_batch_file)        
            print("wait", file=slurm_batch_file)
            print("touch {}pyphase_{}.sig".format(current_dir+tmpdir, job_number), file= slurm_batch_file)

        # Submit
        cmd="sbatch ."+tmpdir+"pyphase_slurm_"+job_number+".sh"
        print("Executing: " + cmd)
        os.system(cmd)        
        timer=0        
        sigfile = 'pyphase_'+job_number+'.sig'
        while not os.path.exists(current_dir+tmpdir+sigfile):
            #if not(timer%30):
            #    print("Executing: " + func.__name__ + ", {} s".format(timer), end='\r')                
            time.sleep(1)
            timer += 1
    
        os.remove(current_dir+tmpdir+sigfile)
        os.remove(current_dir+tmpdir+serialisation_filename)
    
    return wrapper

    # pass
     
[docs]class OAR:
    """Legacy class for parallellisation on OAR. Will be reimplemented as 
    decorator"""
    def __init__(self):
        self.cores = 100
        self.executable_name = 'pyphase'
        self.path = os.path.split(os.path.realpath(__file__))[0]
        self.executable = os.path.join(self.path, self.executable_name)
        pass
    
[docs]    def WriteOarFiles(self, DS):
        pass

    
    #TODO: Don likne this implementation at all. Should probably be a decorator?
[docs]    def Launch(self, dataset, operator, **kwargs):
        # algorithm='', parameter='', distance=''
        #TODO: Don't like this solution at all, needs reimplementation... this is not elegant
        #TODO: standardised file names...oars
        #fname = dataset.path+'/'+dataset.name+'_/'+dataset.name+'_'+dataset.version+'_'+operator
        
        if operator=='retrieve':
            command_prefix = '{} {}'.format(operator, dataset.name)
            command_postfix = ''
            fname = dataset.phase_prefix
            if 'algorithm' in kwargs:
                command_postfix+=' --algorithm {}'.format(kwargs.get('algorithm'))
        elif operator=='retrieve_difference':
            fname = dataset.update_prefix
            if 'algorithm' in kwargs:
                command+=' --algorithm {}'.format(kwargs.get('algorithm'))
        elif operator=='propagate':
            fname = dataset.propagated_prefix # TODO:surely needs distance somehow?
            if 'algorithm' in kwargs:
                command+=' --algorithm {}'.format(kwargs.get('algorithm'))  
        elif operator=='difference':
            fname = dataset.difference_prefix
            
        if 'distance' in kwargs:
            command+=' --distance {}'.format(kwargs.get('distance'))
 
        #TODO: remove edf files (?)
        if os.path.exists(fname+"_.oar"):
            os.remove(fname+"_.oar")
        with open(fname+'_.oar', 'w') as oar_file:
            print("#!/bin/bash", file=oar_file)                 
            print("#OAR -l {mem_core_mb>=8000}/core=1,walltime=24", file=oar_file)
            print("#OAR -l {mem_core_mb>=4000 and mem_core_mb <8000}/nodes=1/core=2,walltime=48", file=oar_file)
            print("#OAR --array-param-file {}".format(fname+'_.params'), file=oar_file)
            print("#OAR --name {}".format(dataset.name), file=oar_file)
            print("#OAR --type besteffort", file=oar_file)
            print("#OAR --type idempotent", file=oar_file)
            print("{} $@".format(self.executable), file=oar_file)
        if os.path.exists(fname+"_.params"):
            os.remove(fname+"_.params")
        with open(fname+'_.params', 'w') as oar_file:
            interval = ceil(dataset.nbprojections/self.cores)           
            for x in range(self.cores):
                print(command_prefix+' -p {} {} '.format(x*interval, (x+1)*interval)+command_postfix, file=oar_file)
        #with open(fname+'.params', 'w') as oar_file:
        #    print("/mntdirect/_users/mlanger/Python/pyPhase/main.py 0 1", file=oar_file)
        
        # remove edf files before launching
        if operator in ('difference', 'propagate'):
            for file in glob.glob(fname+'_'+str(kwargs.get('distance'))+"_????.edf"):
                os.remove(file)
        else:
            for file in glob.glob(fname+"_????.edf"):
                os.remove(file)

        os.chmod(fname+'_.oar', 511)
        os.chmod(fname+'_.params', 511)
        # submit oar job that runs a script to signal end of job somehow 
        #program_path=os.path.dirname(__file__)
        cmd="oarsub -S "+fname+"_.oar > /dev/null"
        print("Executing: " + cmd)
        os.system(cmd)
        # wait for job to finish (track number of edf's finally, I guess) 
        # progress bar for niceness 
        
        #TODO: this won't work now. Needs proper file name handling
        
        edfCounter = 0

        if operator in ('difference', 'propagate'):
            nbprojections=dataset.nbprojections
            while edfCounter < nbprojections:
                utilities.update(operator.capitalize() + ' Distance ' + str(kwargs.get('distance')), edfCounter, nbprojections)
                edfCounter = len(glob.glob(fname+'_'+str(kwargs.get('distance'))+"_????.edf"))
                time.sleep(1)
            utilities.update(operator.capitalize() + ' Distance ' + str(kwargs.get('distance')), edfCounter, nbprojections)
        else:
            while edfCounter < dataset.nbprojections:
                utilities.update(operator.capitalize(), edfCounter, dataset.nbprojections)
                edfCounter = len(glob.glob(fname+"_????.edf"))
                time.sleep(1)
            utilities.update(operator.capitalize(), edfCounter, dataset.nbprojections)


#        pass




            

          

      

      

    

  

    
      
          
            
  Source code for phaseretrieval

#This file is part of the PyPhase software.
#
#Copyright (c) Max Langer (2019) 
#
#max.langer@creatis.insa-lyon.fr
#
#This software is a computer program whose purpose is to allow development,
#implementation, and deployment of phase retrieval algorihtms.
#
#This software is governed by the CeCILL  license under French law and
#abiding by the rules of distribution of free software.  You can  use, 
#modify and/ or redistribute the software under the terms of the CeCILL
#license as circulated by CEA, CNRS and INRIA at the following URL
#"http://www.cecill.info". 
#
#As a counterpart to the access to the source code and  rights to copy,
#modify and redistribute granted by the license, users are provided only
#with a limited warranty  and the software's author,  the holder of the
#economic rights,  and the successive licensors  have only  limited
#liability. 
#
#In this respect, the user's attention is drawn to the risks associated
#with loading,  using,  modifying and/or developing or reproducing the
#software by the user in light of its specific status of free software,
#that may mean  that it is complicated to manipulate,  and  that  also
#therefore means  that it is reserved for developers  and  experienced
#professionals having in-depth computer knowledge. Users are therefore
#encouraged to load and test the software's suitability as regards their
#requirements in conditions enabling the security of their systems and/or 
#data to be ensured and,  more generally, to use and operate it in the 
#same conditions as regards security. 
#
#The fact that you are presently reading this means that you have had
#knowledge of the CeCILL license and that you accept its terms.

import numpy as np
from math import *
import pyphase.parallelizer as Parallelizer
import pyphase.propagator as Propagator
import pyphase.tomography as Tomography
#from vendor.EdfFile import EdfFile #TODO: This should not be necessary here!
import matplotlib.pyplot as pyplot
import scipy.ndimage
from pyphase.config import *
from matplotlib.pyplot import pause
from scipy import interpolate
import pickle #TODO: Is there a better way to handle imports? Centralised?
from scipy import ndimage
import pyphase.dataset as Dataset

[docs]class PhaseRetrievalAlgorithm2D:
    """Base class for 2D phase retrieval algorithms.

    Parameters
    ----------
    dataset : pyphase.Dataset, optional 
        A Dataset type object.
    shape : tuple of ints, optional
        Size of images (ny, nx) for creation of frequency variables etc.
    pixel_size : float, optional
        In m.
    distance : list of floats, optional
        Effective propagation distances in m.
    energy : float, optional
        Effective energy in keV.
    alpha : tuple of floats, optional
        Regularisation parameters. First entry for LF, second for HF. 
        Typically [1e-8, 1e-10].
    pad : int
        Padding factor (default 2).

    Attributes
    ----------
    nx : int
        Number of pixels in horizontal direction.
    ny : int
        Number of pixels in horizontal direction.
    pixel_size : tuple of floats
        Pixel size [x, y] in µm.
    ND : int
        Number of positions.
    energy : float
        Energy in keV.
    alpha : tuple of floats
        First entry for LF, second for HF. Tyically [1e-8, 1e-10].
    distance : numpy array
        Effective propagation distances in m.
    padding : int
        Padding factor.
    sample_frequency : float
        Reciprocal of pixel size in lengthscale.
    nfx : int
        Number of samples in Fourier domain (horizontal).
    nfy : int
        Number of samples in Fourier domain (vertical).
    fx : numpy array
        Frequency variable (horizontal), calculated by frequency_variable.
    fy : numpy array
        Freuency variable (vertical).
    alpha_cutoff : float
        Cutoff frequency for regularization parameter in normalized frequency.
    alpha_slope : float
        Slope in regularization parameter.
    
    Notes
    -----
    Takes either a Dataset type object with keyword dataset (which contains
    all necessary parameters), or parameters as above.
    
    """
    
    def __init__(self, dataset=None, **kwargs):
        self.lengthscale=10e-6 # TODO where should this be... Makes formulae dimensionless
        #print(kwargs)
        # Check whether usage is with dataset or external images 
        #TODO: Which parameters in constructor?
        if (isinstance(dataset, Dataset.Dataset) or isinstance(dataset, Dataset.ESRF)): #TODO: needs integration 
            #dataset = args[0]
            self.nx=dataset.nx # TODO: Probably make into an array [x, y]
            self.ny=dataset.ny
            self.pixel_size = dataset.pixel_size*1e-6
            self.ND = len(dataset.position)
            self.energy = dataset.energy
            self.distance = np.array(dataset.effective_distance) #TODO: wallah I've mixed up position, distance, effective distance. Sort out
        else:
            self.nx = kwargs["shape"][1]
            self.ny = kwargs["shape"][0]
            self.pixel_size = kwargs["pixel_size"]
            self.distance = np.array(kwargs["distance"])
            self.energy = kwargs["energy"]
            self.ND = len(self.distance)

        if 'pad' in kwargs:
            self.padding = kwargs['pad']

        self.alpha=[-8, -10]
 
        if (type(self.pixel_size) == float) or (type(self.pixel_size) == np.float64) : # If x,y pixelsizes are not given, assign them
            self.pixel_size = np.array([self.pixel_size, self.pixel_size])
        elif type(self.pixel_size) == list:
            self.pixel_size = np.array(self.pixel_size)
        self.sample_frequency = self.lengthscale/self.pixel_size #TODO: Should be attribute
        self.fx, self.fy = self.frequency_variable(self.nfx, self.nfy, self.sample_frequency)
        self._compute_factors()
        self.alpha_cutoff = .5
        self.alpha_cutoff_frequency=self.alpha_cutoff*self.sample_frequency # TODO: should be a property (dynamically calculated from alpha_cutoff)
        self.alpha_slope = .1e3

    def _algorithm(self, image, positions=None):
        """'Pure virtual' method containing purely the algorithm code part. Should be defined by each subclass. """

    def _compute_factors(self):
        """
        Computes factors used in phase retrieval. 
        
        Motivation is to save time and memory when reconstructing a series of 
        projections on a processor (usually in parallel with others). Default 
        are the sin and cos chirps in CTF. CTF and Mixed approaches extend 
        this method, while TIE methods override it.
        """
        
        self.coschirp = np.zeros((self.ND, self.nfy, self.nfx))
        self.sinchirp = np.zeros_like(self.coschirp)
        for distance in range(self.ND):
            self.coschirp[distance] = np.cos((pi*self.Fresnel_number[distance]) * (self.fx**2) + (pi*self.Fresnel_number[distance]) * (self.fy**2))
            self.sinchirp[distance] = np.sin((pi*self.Fresnel_number[distance]) * (self.fx**2) + (pi*self.Fresnel_number[distance]) * (self.fy**2))

    def __getstate__(self):
        """
        Used in parallel computing to override writing of voluminous variables
        when serializing using pickle by parallelizer. They are instead 
        re-calculated by each process (see __setstate__()).
        """
        state = self.__dict__.copy()
        del state['fx'], state['fy'], state['sinchirp'], state['coschirp']
        return state

    def __setstate__(self, state):
        """
        Used in parallel computing to re-calculate voluminous variables when
        serializing using pickle by parallelizer instead of saving them to disk
        (see __setstate__()).
        """
        self.__dict__.update(state)
        self._compute_factors()
             
    @property
    def nfx(self):
        return self.padding*self.nx
    
    @property
    def nfy(self):
            return self.padding*self.ny
                
    @property
    def Lambda(self):
        """Wavelength based on energy (float)"""
        return 12.4e-10 / self.energy

    @property
    def Fresnel_number(self):
        """Fresnel number at each position, calculated from energy and distance (float)"""
        return self.Lambda * self.distance / (self.lengthscale**2)

    @property
    def Alpha(self):
        """Image implementation of regularisation parameter (np.array)"""
        x=np.linspace(-1,1,self.nfx)
        y=np.linspace(-1,1,self.nfy)
        xv, yv = np.meshgrid(x,y)
        R=np.sqrt(np.square(xv) + np.square(yv))
        R=np.fft.fftshift(R)
        if self.alpha[0] > self.alpha[1]:
            # Logistic function instead of error function (to be seen)
            Alpha = self.alpha[0] - ((self.alpha[0] - self.alpha[1]) / (1 + np.exp(-self.alpha_slope * (R-self.alpha_cutoff))))
        elif self.alpha[0] < self.alpha[1]:
            Alpha = self.alpha[0] + ((self.alpha[1] - self.alpha[0]) / (1 + np.exp(-self.alpha_slope * (R-self.alpha_cutoff))))
        else:
            Alpha = self.alpha[0] * R**0 
        return 10**Alpha 

#    def Reconstruct(self, dataset):    
#        #@parallelize(cores) #ou meme pas, should be a configuration thing I suppose
#        parallelizer = Parallelizer.OAR()
#        parallelizer.Launch(dataset, 'retrieve', algorithm=self.__class__.__name__, parameter=self.alpha)
#        pass

#    def ReconstructDifference(self, dataset):    
#        #@parallelize(cores) #ou meme pas, should be a configuration thing I suppose
#        parallelizer = Parallelizer.OAR()
#        parallelizer.Launch(dataset, 'retrieve_difference', algorithm=self.__class__.__name__, parameter=self.alpha)
#        pass

[docs]    @Parallelize
    def reconstruct_projections(self, *, dataset, projections):
        """
        Reconstruct a range of projections (parallelized function).
        
        Parameters
        ----------
        dataset : pyphase.Dataset
            Dataset to reconstruct.
        projections : list of int
            In the form [start, end]
        
        """
        
        for projection in range(projections[0], projections[1]+1):
            #print("Projection: {}".format(projection))
            self.reconstruct_projection(dataset=dataset, projection=projection)


[docs]    def frequency_variable(self, nfx, nfy, sample_frequency):
        """
        Calculate frequency variables.
        
        Parameters
        ----------
        nfx : int
            Number of samples in x direction
        nfy : int
            Number of samples in y direction
        sample_frequency : float
            Reciprocal of pixel size in 1/m
            
        Returns
        -------
        nparray
            Frequency variables as an array of size  [nfy, nfx, 2]
            
        Notes
        -----
        Follows numpy FFT convention. Zero frequency at [0,0], [1:n//2] 
        contain the positive frequencies, [n//2 + 1:] n the negative 
        frequencies in increasing order starting from the most negative 
        frequency.
        """
        
        if type(sample_frequency) == int:
            sample_frequency = np.array([sample_frequency, sample_frequency]) #TODO: refactor
        
        x=0
        x=np.append(x, np.linspace(sample_frequency[0]/nfx, sample_frequency[0]/2, nfx//2))
        x=np.append(x, np.linspace(-sample_frequency[0]/2+sample_frequency[0]/nfx, -sample_frequency[0]/nfx, int(nfx//2-1+(np.ceil(nfx/2)-nfx//2))))
        
        y=0
        y=np.append(y, np.linspace(sample_frequency[1]/nfy, sample_frequency[1]/2, nfy//2))
        y=np.append(y, np.linspace(-sample_frequency[1]/2+sample_frequency[1]/nfy, -sample_frequency[1]/nfy, int(nfy//2-1+(np.ceil(nfy/2)-nfy//2))))
        return np.meshgrid(x, y)


[docs]    def simple_propagator(self, pxs, Lambda, z):
        """
        Creates a Fresnel propagator.
        
        Parameters
        ----------
        pxs : float
            Pixel size in µm.
        Lambda : float
            Wavelength in m.
        z : float
            Effective propagation distance in m.
            
        Returns
        -------
        H : nparray
            Fresnel propagator.
        
        Notes
        -----
        Temporary implementation by Y. Zhang. Will be integrated with the
        propagator module.
        
        """
        
        # TODO: need to be replaced by the propagator class
        # TODO: Needs refactoring to meet coding standards
        # Generates the ifftshift version of the propagators
        x = np.arange(-np.fix(self.nfx / 2), np.ceil(self.nfx / 2))
        y = np.arange(-np.fix(self.nfy / 2), np.ceil(self.nfy / 2))
        fx = np.fft.ifftshift(x / (self.nfx * pxs))
        fy = np.fft.ifftshift(y / (self.nfy * pxs))
        Fx, Fy = np.meshgrid(fx, fy)
        f2 = Fx ** 2 + Fy ** 2
        H = np.zeros([self.ND, self.nfy, self.nfx], dtype="complex_")
        for distance in range(self.ND):
            H[distance,:,:] = np.exp(-1j * np.pi * Lambda * z[distance] * f2) 
        return H


[docs]    def reconstruct_projection(self, dataset, projection=0, positions=None, pad=True):
        """
        Reconstruct one projection from a Dataset object and saves the result.
        
        Parameters
        ----------
        dataset : Dataset
            Dataset object to use (not necessarily the same as initialised).
        projection : int, optional
            Number of projection to reconstruct.
        positions : int or list of ints, optional
            Subset of positions to use for reconstruction
            
        Returns
        -------
        phase : np.array
            Reconstructed phase.
        attenuation : np.array
            Reconstructed attenuation.        
        """      
                    
        ID = np.zeros((self.ND, self.nfy, self.nfx))
        #dataset.padding = self.padding #TODO: needs proper sorting out...
        for position in range(self.ND):
#                if difference:
#                    FID[position] = dataset.get_image(projection=projection, difference=True, Fourier=True, position=position) #TODO: difference not really necessary, just give the difference image as input...
#                else:
                    ID[position] = dataset.get_projection(projection=projection, position=position, pad=pad)
#       elif image.any():
        
        # Call algorithm part
        phase, attenuation = self.reconstruct_image(ID, positions=positions, pad=pad)
        
        
#            if difference:
#                dataset.write_image(phase, 'phase update', projection)
#            else:
        dataset.write_image(image=Utilities.resize(phase, [self.ny, self.nx]), projection=projection)
        dataset.write_image(image=Utilities.resize(attenuation, [self.ny, self.nx]), projection=projection, projection_type='attenuation')

        return phase, attenuation


[docs]    def reconstruct_image(self, image, positions=None, pad=False):
        """
        Template for reconstructing an image given as argument. 
        
        Arguments
        ---------
        image : numpy.array
            A phase contrast image or an ndarray of images stacked along the
            first dimension.
        positions : int or list of ints, optional
            Subset of positions to use for reconstruction.
        
        Note
        ----
        Calls _algorithm (container purely for algorithm part).
        
        Returns
        -------
        phase : numpy.array
        attenuation : numpy.array
        """

        if len(image.shape) == 2: # If only one image is given, add 3rd dimention for compatibility with loops
            image = image[np.newaxis]

        if not positions:
            positions = list(range(self.ND))
        elif not isinstance(positions, list):
            positions = [ positions ]
            
        image = Utilities.resize(image, [self.nfy, self.nfx])
            
        phase, attenuation = self._algorithm(image, positions=positions)
        
        if not pad:
            phase = Utilities.resize(phase, [self.ny, self.nx])
            attenuation = Utilities.resize(attenuation, [self.ny, self.nx])
        
        return phase, attenuation


      
[docs]class TIEHOM(PhaseRetrievalAlgorithm2D):
    """
    Transport of Intensity Equation for homogeneous objects (or "Paganin's algorithm") [1]
    
    Parameters
    ----------
    delta_beta : float, optional
        Material dependent ratio delta over beta.
    
    References
    ----------
    [1] Paganin et al. J. Microsc. 206 (2002) 33
    """
        
    def __init__(self, dataset=None, delta_beta=500, **kwargs):        
        self._delta_beta=delta_beta
        self.padding = 2
        super().__init__(dataset, **kwargs)

    @property
    def delta_beta(self):
        """Material dependent ratio delta over beta (float)."""
        return self._delta_beta
    
    @delta_beta.setter
    def delta_beta(self, delta_beta):
        """Recalculates dependent factors on setting (float)."""
        if delta_beta != self._delta_beta:
            self._delta_beta = delta_beta
            self._compute_factors()

    def _compute_factors(self):
        """Calculate TIEHOM factors. Overrides PhaseRetrievalAlgorithm2D."""
        self.TIEHOM_factor = [0 for xxx in range(self.ND)] 
        for distance in range(self.ND):
            self.TIEHOM_factor[distance] = 1 + self.Fresnel_number[distance] * np.pi * self.delta_beta * ((self.fx ** 2) + (self.fy ** 2))

    def _algorithm(self, image, positions=None):
        """Reconstruct one image or a set of images using TIEHOM."""
        #TODO: Needs verification on simpler images

        FID=np.fft.fft2(image)

        numerator_TIEHOM = np.zeros((self.nfy, self.nfx))
        denominator_TIEHOM = numerator_TIEHOM.copy()
        
        if len(positions) == 1:
            phase = 1/2 * self.delta_beta * np.log(np.real(np.fft.ifft2(FID[positions[0]] / self.TIEHOM_factor[positions[0]])))
        else:  
            for position in positions:
                numerator_TIEHOM = numerator_TIEHOM + (self.TIEHOM_factor[position] * FID[position]) 
                denominator_TIEHOM = denominator_TIEHOM + (self.TIEHOM_factor[position])**2 
            phase = 1/2 * self.delta_beta * np.log(np.real(np.fft.ifft2(numerator_TIEHOM / denominator_TIEHOM)))
        
        attenuation = -1/(self.delta_beta) * phase

        return phase, attenuation


[docs]class CTFPurePhase(PhaseRetrievalAlgorithm2D):
    """
    Contrast Transfer Function for pure phase objects [1].
                
    References
    ----------
    [1] Cloetens et al. J. Phys. D: Appl. Phys 29 (1996) 133
    """
        
    def __init__(self, dataset=None, **kwargs):
        self.padding = 2
        super().__init__(dataset, **kwargs)
        
    def _algorithm(self, image, positions=None):

        image=np.fft.fft2(image) #Saves memory?
            
        # Generate CTF factors
        # TODO: should possibly be done in constructor
        sinCTFfactor = np.zeros((self.nfy, self.nfx))
        Delta = np.zeros_like(sinCTFfactor)
        
        for position in positions:
            sinCTFfactor = sinCTFfactor + self.sinchirp[position]*image[position]
            Delta = Delta + self.sinchirp[position]*self.sinchirp[position]   
            
        phase = sinCTFfactor / (2*Delta + self.Alpha)
        phase = np.real(np.fft.ifft2(phase))
        
        attenuation = np.zeros_like(phase)
        
        return phase, attenuation

    
[docs]class CTF(PhaseRetrievalAlgorithm2D):
    """
    Contrast Transfer Function [1].
    
    References
    ----------
    [1] Cloetens et al. Appl. Phys. Lett. 75 (1999) 2912
    
    """
    
    def __init__(self, dataset=None, **kwargs):
        self.padding = 2
        super().__init__(dataset, **kwargs)

    def _compute_factors(self):
        """Compute specific factors for CTF phase retrieval"""
        super()._compute_factors()
        self.A = np.zeros((self.nfy, self.nfx))
        self.B = self.A.copy()
        self.C = self.A.copy()

        for distance in range(self.ND):
            self.A += self.sinchirp[distance] * self.coschirp[distance]
            self.B += self.sinchirp[distance] * self.sinchirp[distance]
            self.C += self.coschirp[distance] * self.coschirp[distance]

        self.Delta = self.B*self.C - self.A**2

    def __getstate__(self):
        """Includes specific CTF factors"""
        state = super().__getstate__()
        del state['A'], state['B'], state['C'], state['Delta']
        return state

    def _algorithm(self, image, positions=None):
           
        FID=np.fft.fft2(image)
            
        # Generate CTF factors
        # TODO: should possibly be done in constructor
        sinCTFfactor = np.zeros((self.nfy, self.nfx))
        cosCTFfactor = np.zeros_like(sinCTFfactor)
        
        for distance in positions:
            sinCTFfactor = sinCTFfactor + self.sinchirp[distance]*FID[distance]
            cosCTFfactor = cosCTFfactor + self.coschirp[distance]*FID[distance]            
            # TODO: The removal of the delta is not explicit in the paper 
            # but should probably be done
            # s{k}(1,1) -= nf*mf; # remove 1 in real space
            # TODO: verify correct padding
                
        phase = (self.C*sinCTFfactor - self.A*cosCTFfactor) / (2*self.Delta + self.Alpha)
        attenuation = (self.A*sinCTFfactor - self.B*cosCTFfactor) / (2*self.Delta + self.Alpha)

        phase = np.real(np.fft.ifft2(phase))
        attenuation = np.real(np.fft.ifft2(attenuation))
    
        return phase, attenuation

    
[docs]class Mixed(PhaseRetrievalAlgorithm2D):
    """Mixed approach phase retrieval
    
    
    Note
    ----
    Legacy code to be aligned with current APIxs
    """
    # Guigay et al. Optics Letters 32, 1617, 2007, Langer et al. TIP 19, 2428, 2010
    # TODO: Regularisation should somehow be separated
    
    def __init__(self, dataset):
        self.padding = 2
        super().__init__(dataset)

        self.delta_beta = 500 #TODO: should there even be a default value? Where should delta_beta live?

        self.sumAD2 = np.zeros((self.nfy, self.nfx))
#            Cf = np.zeros((self.nfy, self.nfx))
#            Cg = np.zeros((self.nfy, self.nfx))
        self.coschirp_dfx = [0 for x in range(self.ND)]
        self.coschirp_dfy = [0 for x in range(self.ND)]
        
        for distance in range(1,self.ND):
            self.sumAD2 = self.sumAD2 + self.sinchirp[distance]*self.sinchirp[distance] # Denominator Eq. 17
            self.coschirp_dfx[distance] = self.coschirp[distance] * 1j*self.fx*self.Fresnel_number[distance] # First part of Delta
            self.coschirp_dfy[distance] = self.coschirp[distance] * 1j*self.fy*self.Fresnel_number[distance] # First part of Delta

        self.R = np.sqrt(np.square(self.fx) + np.square(self.fy))
        self.LP_cutoff = 0.5
        self.LP_slope = .5e3
        self.LPfilter = 1 - 1/(1 + np.exp(-self.LP_slope * (self.R-self.LP_cutoff))) #Logistic filter
        
        self.sigma_I0filter = 10

        self.iterations = 5

        self.prior = 'homogeneous' # 'homogeneous' 'functional' TODO: put in data file
        
[docs]    def get_prior(self, projection):
        """Generates a prior estimate of the phase"""
        if self.prior == 'forward':
            self.LPfilter * np.fft.fft2(np.log(I0)*I0/2)
        else:
            self.LPfilter * np.fft.fft2(np.log(I0)*I0/2)

        
[docs]    def Lcurve(self, dataset, projection):
        """Calculate the L-curve (for finding regularisation parameter)"""
        Lcurve_min = -9
        Lcurve_max = -3
        Lcurve_step = 1
        Lcurve_range = np.arange(Lcurve_min, Lcurve_max+1, Lcurve_step, dtype=float)
        
        alpha_HF = -10

        FID = [0 for x in range(self.ND)]
        for distance in range(self.ND):
            FID[distance] = dataset.get_projection(projection, distance+1, 'Fourier')              
            if not distance == 0:     
                FID[distance] = FID[distance] - FID[0] #Wouldn't it be better filtered as well?

        FI0_filtered = scipy.ndimage.fourier_gaussian(FID[0], self.sigma_I0filter)
        I0_filtered = np.real(np.fft.ifft2(FI0_filtered))
        dfxI0 = np.real(np.fft.ifft2(2j*np.pi*self.fx * FI0_filtered)) / I0_filtered
        dfyI0 = np.real(np.fft.ifft2(2j*np.pi*self.fy * FI0_filtered)) / I0_filtered

        I0 = np.real(np.fft.ifft2(FID[0]))
        #TODO: refactor doule code with reconstruct_projection

        if self.prior == 'forward':
            prior = dataset.get_image(projection, 'prior', 'Fourier')
            self.delta_beta = 1 #TODO: Necessary?
            print('forward')
        else:
            prior = np.fft.fft2(np.log(I0)*I0/2)

        prior = self.LPfilter * prior

        model_error = np.zeros(Lcurve_range.shape)
        regularisation_error = np.zeros(Lcurve_range.shape)        
        for index in range(Lcurve_range.shape[0]):
            print('Alpha: {}, Delta/Beta: {}'.format(Lcurve_range[index], self.delta_beta))
            self.alpha = np.array([10**Lcurve_range[index], 10**alpha_HF])

            phase = self.reconstruct_projection(dataset, projection) # TODO: reconstruct_projection could return image?
            
            # Propagate with mixed (move to propagator)
            
            phase_dfxI0 = np.fft.fft2(phase*dfxI0)
            phase_dfyI0 = np.fft.fft2(phase*dfyI0)
            
            phasef = np.fft.fft2(phase)
            
            for distance in range(1, self.ND):
                mixed_contrast = 2*self.sinchirp[distance]*phasef + self.coschirp_dfx[distance]*phase_dfxI0 + self.coschirp_dfy[distance]*phase_dfyI0
                model_difference = FID[distance] - mixed_contrast
                model_difference[0, 0] = 0 # Disregard offset (necessary?)
                model_difference_r = np.fft.ifft2(model_difference)
                model_difference_rc = np.real(model_difference_r[self.ny//2:-self.ny//2, self.nx//2:-self.nx//2])
                model_error[index] += np.sum(np.square(model_difference_rc)) / (self.nx*self.ny)
            
            model_error[index] = model_error[index] / (self.ND-1)
            regularisation_difference = phasef - self.delta_beta*prior
            regularisation_difference = np.fft.ifft2(regularisation_difference)
            regularisation_difference = np.real(regularisation_difference[self.ny//2:-self.ny//2, self.nx//2:-self.nx//2])
            regularisation_error[index] = np.sum(np.square(regularisation_difference)) / (self.nx*self.ny)
            print("ME: {} , RE: {}".format(model_error[index], regularisation_error[index]))
        
        model_error_log = np.log10(model_error)
        regularisation_error_log = np.log10(regularisation_error)

#        model_error_log = np.array([-4.2471, -4.2460, -4.2442, -4.2384, -4.2114, -4.1003, -3.8592])
#        regularisation_error_log = np.array([1.477485, 0.790983, 0.313785, -0.039234, -0.403655, -0.896721, -1.472450])
#        LR = np.array([-9, -8, -7, -6, -5, -4, -3])
        
        Loversamp=10
        #LR = np.log10(Lcurve_range)     
        t = np.linspace(0, 1, len(model_error_log))
        ts = np.linspace(0, 1, len(model_error_log)*Loversamp)
        
        M = interpolate.UnivariateSpline(t, model_error_log, s=0)    
        R = interpolate.UnivariateSpline(t, regularisation_error_log, s=0)    
        
        Mp = M.derivative()
        Rp = R.derivative()
        
        Mpp = Mp.derivative()
        Rpp = Rp.derivative()
        
        K = (Mp(ts)*Rpp(ts) - Rp(ts)*Mpp(ts)) / (Rp(ts)**2 + Mp(ts)**2)**1.5 # Langer 2010 eq. 25

        Mts = M(ts)
        Rts = R(ts)
        
#        Kmax = K[Mts.argmin():Rts.argmin()].argmax()
        Kmax = K.argmax()
        Mmin = Mts.argmin()
        
        Lts = np.linspace(Lcurve_range.min(), Lcurve_range.max(), len(Lcurve_range)*Loversamp)
        
        #TODO: Plot function in display

        self.alpha[0]=10**Lts[Kmax]
        dataset.alpha = self.alpha
        
        lcurve_filename=dataset.path+'/'+dataset.name+'_/lcurve.pickle' #TODO: refactor
        with open(lcurve_filename, 'wb') as f:
            pickle.dump([Lts, model_error_log, regularisation_error_log, Mts, Rts, K, Kmax, Mmin], f, pickle.HIGHEST_PROTOCOL)

        dataset.WriteParameterFile()
        self.display_Lcurve(dataset)


[docs]    def display_Lcurve(self, dataset):
        """Displays the L-curve"""
        lcurve_filename=dataset.path+'/'+dataset.name+'_/lcurve.pickle' #TODO: refactor
        with open(lcurve_filename, 'rb') as f:
            Lts, model_error_log, regularisation_error_log, Mts, Rts, K, Kmax, Mmin = pickle.load(f)
###
        Loversamp=10
        #LR = np.log10(Lcurve_range)     
        t = np.linspace(0, 1, len(model_error_log))
        ts = np.linspace(0, 1, len(model_error_log)*Loversamp)
        
        M = interpolate.InterpolatedUnivariateSpline(t, model_error_log, k=4)    
        R = interpolate.InterpolatedUnivariateSpline(t, regularisation_error_log, k=4)    
        
        
        Mp = M.derivative()
        Rp = R.derivative()
        
        Mpp = M.derivative(2)
        Rpp = R.derivative(2)
        
        K = (Mp(ts)*Rpp(ts) - Rp(ts)*Mpp(ts)) / (Rp(ts)**2 + Mp(ts)**2)**1.5 # Langer 2010 eq. 25

        Mts = M(ts)
        Rts = R(ts)
###
        
        pyplot.figure()
        pyplot.plot(Lts, K)
        pyplot.show()

        pyplot.figure()
        pyplot.plot(model_error_log, regularisation_error_log, 'rx', Mts, Rts, 'b-', Mts[Kmax], Rts[Kmax], 'go', Mts[Mmin], Rts[Mmin], 'co')
        pyplot.show()
       
#        pyplot.figure()
#        pyplot.title("Mts")
#        pyplot.plot(Lts,Mts)
#        pyplot.show()
#        
#        pyplot.figure()
#        pyplot.title("Rts")
#        pyplot.plot(Lts,Rts)
#        pyplot.show()
#        
#        pyplot.figure()
#        pyplot.title("Mp")
#        pyplot.plot(Lts,Mp(ts))
#        pyplot.show()
#
#        pyplot.figure()
#        pyplot.title("Mpp")
#        pyplot.plot(Lts,Mpp(ts))
#       
#       pyplot.show()
#
#        pyplot.figure()
#        pyplot.title("Rp")
#        pyplot.plot(Lts,Rp(ts))
#        pyplot.show()
#
#        pyplot.figure()
#        pyplot.title("Rpp")
#        pyplot.plot(Lts,Rpp(ts))
#        pyplot.show()

        print('Maximum curvature at: {}'.format(Lts[Kmax]))
        print('Minimum model error at: {}'.format(Lts[Mmin]))

        pass

                
    def _algorithm(self, image, positions=None):
        FID = np.fft.fft2(image)
        for distance in positions:
            if not distance == 0: #TODO: Handle case when position_number makes sense
                FID[distance] = FID[distance] - FID[0] #Wouldn't it be better filtered as well?
 
        # TODO: Need a utility function for filters        
        # TODO: Quick and dirty implementation to be refactored
        
        I0 = np.real(np.fft.ifft2(scipy.ndimage.fourier_gaussian(FID[0], self.sigma_I0filter)))
        
        # Gradient of attenuation image. 
        dfxI0 = np.real(np.fft.ifft2(2j*np.pi*self.fx * scipy.ndimage.fourier_gaussian(FID[0], self.sigma_I0filter))) / I0
        dfyI0 = np.real(np.fft.ifft2(2j*np.pi*self.fy * scipy.ndimage.fourier_gaussian(FID[0], self.sigma_I0filter))) / I0

        # TODO: I guess priors etc should be in ther own classes/functions? How to handle the Lcurve case...
        # Estimate of phase*absorption with delta/beta = 1
        if self.prior == 'forward':
            prior = dataset.get_image(projection, 'prior', 'Fourier')
            self.delta_beta = 1 #TODO: Necessary?
            print('forward')
        else:
            prior = np.fft.fft2(np.log(I0)*I0/2)

        prior = self.LPfilter * prior

        phase = np.zeros((self.nfy, self.nfx))
        
        for n in range(self.iterations):
            nominator_term = np.zeros((self.nfy, self.nfx))
            
            phase_dfxI0 = np.fft.fft2(phase*dfxI0)
            phase_dfyI0 = np.fft.fft2(phase*dfyI0)

            for distance in positions[1:]:
                nominator_term = nominator_term + self.sinchirp[distance] * (FID[distance] - self.coschirp_dfx[distance]*phase_dfxI0 - self.coschirp_dfy[distance]*phase_dfyI0)
                
            nominator_term = nominator_term / (self.ND-1)
          
            phase_n = (nominator_term + (self.Alpha*self.delta_beta*prior)) / (self.Alpha+self.sumAD2)
            phase_n = np.real(np.fft.ifft2(phase_n))
            
            print("Iteration: {} RMS: {}".format(n, np.sqrt(np.sum((phase_n-phase)*(phase_n-phase).conjugate())/(self.nfx*self.nfy))))
            phase = phase_n
            
        attenuation = np.zeros_like(phase)

        return phase, attenuation

[docs]    def create_multimaterial_prior(self, data):
        """Generate a multi-material prior from a tomographic reconstruction of a contact plane scan
        
        
        Note
        ----
        Legacy code to be refactored.
        """
        # Reconstruct attenuation (if not already reconstructed)
        
        #TODO: Put parameters in parameter file        
        threshold = 2.1
        delta_beta_soft = 1938
        delta_beta_hard = 310
        delta_beta_tmp = [2480, 711, 132] #TODO: refactor
        median_size=2 #TODO: How to 3d filter memmaps? I guess one could parallelize proper
        
        # Create/read prior volume
        print('Creating multi-material prior: db_soft: {}, db_hard: {}, threshold: {}'.format(delta_beta_soft, delta_beta_hard, threshold))
        segmentation_filename = '/mntdirect/_data_id19_bones01/bones3/max/holodata/knee/lbtoKneeWTOA8weekFeb15/18_OA/18_OA_8weeks_1_slice_pag_db0250_1400_Seg.raw' #TODO: Refactor
        #segmentation_filename = ''
        attenuation_volume = np.memmap(data.attenuation_vol_filename, dtype=np.float32, mode='r')
        prior = np.memmap(data.prior_vol_filename, dtype=np.float32, mode='w+', shape=attenuation_volume.shape)

        if segmentation_filename:
            print('Using pre-segmented volume')
            segmentation_volume = np.memmap(segmentation_filename, mode='r', dtype=np.uint8, shape=attenuation_volume.shape)
            #prior[:] = np.piecewise(segmentation_volume[:].astype(np.float32, copy=False), [segmentation_volume < 128, segmentation_volume == 127, segmentation_volume > 127], [delta_beta_tmp[0], delta_beta_tmp[1], delta_beta_tmp[2]])
            #del segmentation_volume, prior
            print('Median filtering attenuation')
            prior = np.memmap(data.prior_vol_filename, dtype=np.float32, mode='w+', shape=attenuation_volume.shape)
            ndimage.filters.median_filter(attenuation_volume, size=3, mode='nearest', output=prior)
            prior.flush()
            prior[:] = -prior[:] * np.piecewise(segmentation_volume[:].astype(np.float32, copy=False), [segmentation_volume < 128, segmentation_volume == 127, segmentation_volume > 127], [delta_beta_tmp[0], delta_beta_tmp[1], delta_beta_tmp[2]]) / 2
            prior.flush()
            
        else:            
            prior[:] = -attenuation_volume[:] * np.piecewise(attenuation_volume[:], [attenuation_volume < threshold, attenuation_volume >= threshold], [delta_beta_soft, delta_beta_hard]) / 2

        #TODO: Interface for selecting parameters?
        #TODO: Read segmented volume
        #TODO: functional

        del prior, attenuation_volume


        
[docs]class HIO_ER(PhaseRetrievalAlgorithm2D):
    """
    Sequence of Hybrid Input Output [1] and Error Reduction [2].
    
    Attributes
    ----------
    retriever : PhaseRetrievalAlgorithm2D
        Algorithm for initialisation
    iterations : int
        Number of global iterations
    iterations_hio : int
        Number of HIO iterations per iteration
    iterations_er : int
        Number of ER iterations per iteration
    step_size_phase : float
        Update step size for the phase
    step_size_attenuation : float
        Update step size for the attenuation
    
    
    References
    ----------
    [1] Fienup Appl. Opt. 21 (1982) 2758
    [2] Gerchberg & Saxton Optik 35 (1972) 237   
    """
    
    #TODO: Needs refactoring to conform to coding standards
    
    def __init__(self,dataset=None, **kwargs):
        self.padding=1
        self.retriever = CTFPurePhase(dataset, **kwargs)

        super().__init__(dataset, **kwargs)
            
        self.iterations = 4 # 4 in Yuhe code
        self.iterations_hio = 45 # 45 in Yuhe code
        self.iterations_er = 5 # 5 in Yuhe code
        self.step_size_phase = 0.2
        self.step_size_attenuation = 0.2
        #self.retriever=CTF(dataset=dataset)
        
        self.propagator = self.simple_propagator(self.pixel_size[0], self.Lambda, self.distance)  # TODO: But then it's passed around anyway   
        
[docs]    def reconstruct_projection(self, dataset, projection=0, positions=None, pad=False):
        super().reconstruct_projection(dataset=dataset, projection=projection, positions=positions, pad=pad)

        
    @property
    def retriever(self):
        return(self._retriever)

    @retriever.setter
    def retriever(self, retriever):
        self._retriever = retriever
        self._retriever_class = self._retriever.__class__
        
    @property
    def alpha(self):
        return self._alpha
    
    @alpha.setter    
    def alpha(self, value):
        self.retriever.alpha = value
        self._alpha = value
        
    def __getstate__(self):
         """Includes HIO specific variables """
         state = self.__dict__.copy()
         del state['fx'], state['fy'], state['sinchirp'], state['coschirp'], state['retriever'], state['propagator'] #TODO: Needs proper separation PRAlg2d
         return state

    def __setstate__(self, state):
        """Includes HIO specifics (retriever for initialisation notably)"""
        self.__dict__.update(state)
        self._compute_factors()
        self.retriever = self._retriever_class(dataset=self.dataset) # only dataset, reconstruct_image not parallellisable ?
        self.propagator = self.simple_propagator(self.pixel_size[0], self.Lambda, self.distance) #TODO: update to use propagator module

[docs]    def amplitude_constraint(self, wavefront, amplitude, propagator, mask=[]):
        """Apply amplitude constraint.
        
        Parameters
        ----------
        wavefront : complex np.array
            Wavefront to constrain.
        amplitude : np.array
            Amplitude to impose.
        propagator : complex np.array
            Propagator corresponding to effective distance of amplitude.
        mask : np.array, optional
            Zone to apply constraint.
        
        Returns
        -------
        wavefront_constrained : complex np.array
            Wavefront after applied constraint.
        
        """
        #TODO: Proper handling of padding
        if mask == []:
            mask = np.ones_like(amplitude)
        wavefront_aux = np.fft.ifft2(np.fft.fft2(wavefront) * propagator) # TODO: Should be done with propagator instead 
        wavefront_aux = np.where(mask != 0, amplitude * np.exp(1j * np.angle(wavefront_aux)), wavefront_aux) # Apply amplitude constraint
        wavefront_constrained = np.fft.ifft2(np.fft.fft2(wavefront_aux) * np.conj(propagator))
        return wavefront_constrained


[docs]    def hybrid_input_output(self, wavefront, initial_wavefront, support, step_size_attenuation, step_size_phase):
        """
        One iteration of the Hybrid Input Output algorithm.
        
        Parameters
        ----------
        wavefront : complex np.array
            Constrained wavefront.
        initial_wavefront : complex np.array
            Wavefront to update.
        support : np.array
            Support of object.
        step_size_attenuation : float
            Step size for attenuation update.
        step_size_phase : float
            Step size for phase update.
        
        Returns
        -------
        wavefront_updated : complex np.array
            Updated wavefront.
        
        """
        # TODO: Refactor spaghetti code, make step sizes members. Make methods reasonable to use from outside instead of arbitrary cut up blocks.
        # phase constraint
        # TODO: Should be split out into its own class
        phase = np.angle(wavefront)
        phase = np.where(support == 0, np.angle(initial_wavefront) - step_size_phase * np.angle(wavefront), phase)
        # abs constraint
        attenuation = np.where(np.abs(wavefront) < 1, np.abs(wavefront), 1)
        attenuation = np.where(np.abs(wavefront) > 0, attenuation, 0)
        attenuation = np.where(support == 0, np.abs(initial_wavefront) - step_size_attenuation * (np.abs(wavefront) - 1), attenuation)
        wavefront_updated = attenuation * np.exp(1j * phase)
        return wavefront_updated


[docs]    def error_reduction(self, wavefront, support):
        """
        One iteration of Error Reduction.
        
        Parameters
        ----------
        wavefront : complex np.array
            wavefront to update.
        support : np.array
            Support constraint.
            
        Returns
        -------
        wavefront_updated : complex np.array
            Updated wavefront.
        """
        # phase constraint
        phase = np.where(np.angle(wavefront) < 0, np.angle(wavefront), 0)
        phase = np.where(support == 0, 0, phase)
        # abs constraint
        attenuation = np.where(np.abs(wavefront) < 1, np.abs(wavefront), 1)
        attenuation = np.where(np.abs(wavefront) > 0, attenuation, 0)
        attenuation = np.where(support == 0, 1, attenuation)
        wavefront_updated = attenuation * np.exp(1j * phase)
        return wavefront_updated


[docs]    def error_estimate(self, wavefront, amplitude, propagator, mask=[]):
        """
        Estimate fit to data.
        
        Parameters
        ----------
        wavefront : complex np.array
            Wavefront for estimation.
        amplitude : np.array
            Amplitude from measured image.
        propagator : complex np.array
            Fresnel propagator corresponding to effective propagation distance
            in measured image.
        mask : np.array
            Restrict estimate to a region of interest.
            
        Returns
        -------
        error : float
            MSE calculated and measured amplitude.
        
        """
        
#        if mask == []:
#            mask = np.ones_like(amplitude)
#        mask = np.where(mask != 0, 1, 0)
#        N = np.sum(mask[:])
        wavefront_aux = np.fft.ifft2(np.fft.fft2(wavefront) * propagator)
        aux = (np.abs(wavefront_aux) - amplitude) ** 2
        error = np.sum(aux[:]) / (self.nfx*self.nfy)
        return error


    def _algorithm(self, image, positions=None, support=None):
        phase, attenuation = self.retriever.reconstruct_image(image) 
        amplitude = np.sqrt(image)

        #FID=np.fft.fft2(image)
      
#        phase = Utilities.resize(phase, (self.ny, self.nx))
#        attenuation = Utilities.resize(attenuation, (self.ny, self.nx))
        
        adjust_offset = True
        if adjust_offset:
            phase = phase - phase.max()

        if not support:
            support = np.ones_like(image[0])

        initial_guess = np.exp(-attenuation) * np.exp(1j * phase) 
        #mask = np.ones_like(initial_guess)
        amplitude = np.sqrt(image)
        wavefront = initial_guess  # Prepare wavefront (ML: What is this supposed to do?)
        #mask = np.where(mask != 0, 1, 0)  # Prepare mask TODO: This doesńt actually do anything?
        support = np.where(support != 0, 1, 0)  # Prepare support
        
        reconstruction = np.empty_like(image, dtype="complex_")
        for distance in positions:
            print(F'========== processing distance {distance+1} ==========')
            error_count = 0
            for ii in range(self.iterations):
                for jj in range(self.iterations_hio + self.iterations_er):
                    initial_wavefront = wavefront
                    # Amplitude constraint
                    wavefront = self.amplitude_constraint(wavefront, amplitude[distance], self.propagator[distance])
                    if jj < self.iterations_hio:
                        wavefront = self.hybrid_input_output(wavefront, initial_wavefront, support, self.step_size_attenuation, self.step_size_phase)
                    else:
                        wavefront = self.error_reduction(wavefront, support)
                    error_count += 1
                    error_it = self.error_estimate(wavefront, amplitude[distance], self.propagator[distance])
                    print('Iteration {:04d}, error: {:0.2g}'.format(error_count,np.real(error_it))) #TODO: print every interation?
#            object = np.fft.fftshift(self.phi) #ML: Why fftshift?!
#            object = wavefront #ML: Why fftshift?!
            reconstruction[distance] = wavefront
        
        phase = np.average(np.angle(reconstruction),axis=0)
        attenuation = np.average(np.abs(reconstruction),axis=0)
                 
        return phase, attenuation


[docs]class GradientDescent(PhaseRetrievalAlgorithm2D):
    """Gradient descent algorithm.

    Parameters
    ----------
    PSF: ndarray with the same shape as images
        Point spread function (optional)
    """
    
    def __init__(self, dataset=None, PSF=[], **kwargs):
        self.padding=2
        self.retriever = CTF(dataset, **kwargs)
        super().__init__(dataset, **kwargs)
        # self.dataset = dataset
        self.PSF = PSF
        self.step_size = 0.5
        self.iterations = 20
        self.propagator = self.simple_propagator(self.pixel_size[0], self.Lambda, self.distance)

    #TODO: iterative algorithms could maybe have a base class?        
    @property
    def retriever(self):
        return(self._retriever)

    @retriever.setter
    def retriever(self, retriever):
        self._retriever = retriever
        self._retriever_class = self._retriever.__class__

    @property
    def alpha(self):
        return self._alpha
    
    @alpha.setter    
    def alpha(self, value):
        self.retriever.alpha = value
        self._alpha = value     

    def __getstate__(self):
         """Includes HIO specific variables """
         state = self.__dict__.copy()
         del state['fx'], state['fy'], state['sinchirp'], state['coschirp'], state['retriever'], state['propagator'] #TODO: Needs proper separation PRAlg2d
         return state

    def __setstate__(self, state):
        """Includes HIO specifics (retriever for initialisation notably)"""
        self.__dict__.update(state)
        self._compute_factors()
        self.retriever = self._retriever_class(dataset=self.dataset) # only dataset, reconstruct_image not parallellisable ?
        self.propagator = self.simple_propagator(self.pixel_size[0], self.Lambda, self.distance) #TODO: update to use propagator module

    def _algorithm(self, image, positions=False):
        # TODO: Correct handling of inoutting images
        # TODO: Actually, this is steepest descent, not CG
        #FID=np.fft.fft2(image)
 
        print('Initialising')
        phase, attenuation = self.retriever.reconstruct_image(image, pad=True) 
        
        adjust_offset = True
        if adjust_offset:
            phase = phase - phase.max()

        initial_guess = np.exp(-attenuation) * np.exp(1j * phase) 

        object_FT = np.fft.fft2(initial_guess)

        current_object = object_FT

        for iteration in range(self.iterations):
            error = 0
            print(F'Iteration {iteration + 1} of {self.iterations}')
            for distance in range(self.ND):
                field = np.fft.ifft2(self.propagator[distance, :, :] * object_FT)
                intensity_calculated = np.real(field * np.conj(field))
                if self.PSF != []:  
                    intensity_calculated = np.real(np.fft.ifft2(np.fft.fft2(intensity_calculated) * self.PSF))
                intensity_calculated = intensity_calculated / np.sum(intensity_calculated[:]) * self.nfx * self.nfy
                intensity_difference = image[distance] - intensity_calculated
                error = error + np.std(intensity_difference * intensity_difference) / self.ND
                update = np.conj(self.propagator[distance]) * np.fft.fft2(intensity_difference * field) #TODO: This just can be right
                current_object = current_object + (self.step_size / self.ND) * update
            object_FT = current_object
            print(F'Error for iteration {iteration + 1} is {error:.4g}')
            field = np.fft.ifft2(object_FT)
            phase = np.angle(field)
            attenuation = np.abs(field)
        
        return phase, attenuation


# class Iterative():
#     def __init__(self):
#         pass
    
#     def Reconstruct(self, dataset, iterations, parameter, options=''):
#         #initialise
#         print('Starting iterative reconstruction, {} iterations'.format(iterations))
#         retriever = CTF(dataset)
#         retriever.alpha=parameter
#         propagator = Propagator.CTF(dataset)
#         #TODO: I guess these are the kind of things that should be configured rather
#         tomography = Tomography.PyHST()
        
#         if not 'no_reinitialisation' in options:
#             print('initialising')
#             #TODO: I guess tomo should be without filter?
#             retriever.Reconstruct(dataset)
#             tomography.Reconstruct(dataset, volume='phase')
#             tomography.Reconstruct(dataset, volume='retrieved_attenuation')
        
#         #TODO: should have a convergence criteron also
#         for iteration in range(iterations):
#             print('----- Iteration {} / {} -----'.format(iteration+1, iterations))
#             tomography.ForwardProject(dataset, 'phase')
#             tomography.ForwardProject(dataset, 'retrieved_attenuation')
#             propagator.Propagate(dataset)
#             dataset.Difference()
#             retriever.ReconstructDifference(dataset)
#             tomography.Reconstruct(dataset,volume='update')    
#             tomography.Reconstruct(dataset,volume='attenuation_update')    
#             dataset.UpdatePhase()
#             dataset.UpdateAttenuation()




            

          

      

      

    

  

    
      
          
            
  Source code for propagator

#This file is part of the PyPhase software.
#
#Copyright (c) Max Langer (2019) 
#
#max.langer@creatis.insa-lyon.fr
#
#This software is a computer program whose purpose is to allow development,
#implementation, and deployment of phase retrieval algorihtms.
#
#This software is governed by the CeCILL  license under French law and
#abiding by the rules of distribution of free software.  You can  use, 
#modify and/ or redistribute the software under the terms of the CeCILL
#license as circulated by CEA, CNRS and INRIA at the following URL
#"http://www.cecill.info". 
#
#As a counterpart to the access to the source code and  rights to copy,
#modify and redistribute granted by the license, users are provided only
#with a limited warranty  and the software's author,  the holder of the
#economic rights,  and the successive licensors  have only  limited
#liability. 
#
#In this respect, the user's attention is drawn to the risks associated
#with loading,  using,  modifying and/or developing or reproducing the
#software by the user in light of its specific status of free software,
#that may mean  that it is complicated to manipulate,  and  that  also
#therefore means  that it is reserved for developers  and  experienced
#professionals having in-depth computer knowledge. Users are therefore
#encouraged to load and test the software's suitability as regards their
#requirements in conditions enabling the security of their systems and/or 
#data to be ensured and,  more generally, to use and operate it in the 
#same conditions as regards security. 
#
#The fact that you are presently reading this means that you have had
#knowledge of the CeCILL license and that you accept its terms.

import numpy as np
from vendor.EdfFile import EdfFile #TODO: This should not be necessary here!
import scipy.ndimage as ndimage
from math import *
import pyphase.parallelizer as Parallelizer
import pyphase.utilities as Utilities

[docs]class Propagator:
    def __init__(self, *, dataset=None, shape=None, energy=None, pixel_size=None, pad=2, oversampling=4):
        """Takes either a dataset object or necessary parameters as keyword arguments
    
        Parameters
        ----------
        dataset : pyphase.Dataset, optional
            Dataset object for parameters
        shape : tuple of ints, optional
            Size of images (ny, nx) for creation of frequency variables etc
        pixel_size : float , optional
            In m
        distance : list of floats, optional
            Effective propagation distances in m
        energy : float, optional
            Effective energy in keV
        alpha : tuple of floats, optional
            Regularisation parameter
        pad : int, optional
            Padding factor for propagator
        oversampling : int, optional
            Oversampling factor of projections
        """
        self.padding=pad
        self.oversampling=oversampling
        self.lengthscale=10e-6 # where should this be...
        if dataset:
            self.pixel_size=dataset.pixel_size*1e-6
            self.nx=dataset.nx
            self.ny=dataset.ny
            self.Lambda=dataset.Lambda
        else:
            self.nx=shape[1]
            self.ny=shape[0]
            self.Lambda = 12.4e-10 / energy
            self.pixel_size=pixel_size
        
        self.nfx = self.nx*pad 
        self.nfy = self.ny*pad
        
        self.sample_frequency=self.lengthscale/self.pixel_size

        
        # creation of frequency variable
        # According to numpy fft convention; 
        # a[0] should contain the zero frequency term,
        # a[1:n//2] should contain the positive-frequency terms,
        # a[n//2 + 1:] should contain the negative-frequency terms, in increasing 
        # order starting from the most negative frequency.
    
        # self.x=0
        # self.x=np.append(self.x, np.linspace(self.sample_frequency/self.nfx, self.sample_frequency/2, self.nfx//2))
        # self.x=np.append(self.x, np.linspace(-self.sample_frequency/2 + self.sample_frequency/self.nfx, -self.sample_frequency/self.nfx, self.nfx//2-1 + (np.ceil(self.nfx/2)-self.nfx//2)))
        
        # self.y=0
        # self.y=np.append(self.y, np.linspace(self.sample_frequency/self.nfy, self.sample_frequency/2, self.nfy//2))
        # self.y=np.append(self.y, np.linspace(-self.sample_frequency/2 + self.sample_frequency/self.nfy, -self.sample_frequency/self.nfy, self.nfy//2-1 + (np.ceil(self.nfy/2)-self.nfy//2)))
        
        # self.fx, self.fy = np.meshgrid(self.x, self.y)
            
#    def Propagate(self, dataset, distance=''):
#        if distance:
#            parallelizer = Parallelizer.OAR()
#            parallelizer.Launch(dataset, 'propagate', algorithm=self.__class__.__name__, distance=distance)
#        else:            
#            for distance in range(1, dataset.nD+1):
#                parallelizer = Parallelizer.OAR()
#                parallelizer.Launch(dataset, 'propagate', algorithm=self.__class__.__name__, distance=distance)
                 
    # def PropagateProjections(self, dataset, projections, distance):
    #     if projections[0] > projections[1]:
    #         projections[1]=projections[0]
        
    #     for projection in range(projections[0], projections[1]):
    #         self.PropagateProjection(dataset, projection, distance)
        

[docs]class Fresnel(Propagator):
    """Propagator using Fresnel transform"""
[docs]    def PropagateProjection(self, *, dataset=None, position_number=None, projection=None, phase=None, attenuation=None, position=None, oversampled=False):
        """
        Propagate one projection.
        
        Arguments
        ---------
        dataset : pyphase.Dataset, optional
            Datset with projection data.
        position_number : int, optional
            Which position to propagate to
        projection : int, optional
            Which projection to propagate
        phase : ndarray, optional
            Phase of wave to propagate
        attenuation : ndarray, optional
            Amplitude of wave to propagate
        position : float
            Effective propagation distance
        oversampled : bool
            True if imput images are already oversampled
        
        """
        #TOOD: Should check if phase and attenuation are calculated
        #TODO: Allow propagation of a single projection and a range of projections
        #TODO: Split in image/projection like phaseretrieval

        length_scale=10e-6
                
        ps=self.pixel_size/self.oversampling
        fs=length_scale/ps
        nx = self.nx*self.oversampling
        ny = self.ny*self.oversampling
        x=np.linspace((-ps*nx/2), ps*(nx/2-1), nx)
        y=np.linspace((-ps*ny/2), ps*(ny/2-1), ny)        
        xx, yy = np.meshgrid(x, y)
        
        f=np.linspace(-fs/2, fs/2-fs/(nx*self.padding), nx*self.padding)
        g=np.linspace(-fs/2, fs/2-fs/(ny*self.padding), ny*self.padding)
        ff, gg = np.meshgrid(f, g)        
        
        if dataset:
            position = dataset.position[position_number]
            phase = dataset.GetImage(projection=projection, image_type='generated_phase') #TODO: generated or not should be choise. Not yet implemented
            attenuation = dataset.GetImage(projection=projection, image_type='generated_attenuation')
 
        if  self.oversampling and not oversampled:
            phase = ndimage.zoom(phase, self.oversampling)
            attenuation = ndimage.zoom(attenuation, self.oversampling)
        
        # TODO: Creation of propagator should probably be in constructor? So that one can get it out
       
        wave = np.exp(-attenuation+1j*phase) #TODO: Decide form of projection. If attenuation in mu, no square?
        # TODO: THIS PADDING IS DANGEROUS NO?! VERIFY!
        Utilities.resize(wave, [ny*self.padding, nx*self.padding])
        wave = np.fft.fft2(wave)
        P=np.fft.ifftshift(np.exp(-1j*pi*self.Lambda*position*(ff**2+gg**2)/(length_scale**2)))
        Id=np.fft.ifft2(wave*P)
        Id=np.abs(Id)**2
        Id = Utilities.resize(Id, [ny, nx])
        Id = ndimage.zoom(Id,1/self.oversampling)
        if dataset:
            dataset.WriteImage(Id, 'intensity', projection, position_number)
        
        return Id            


        
[docs]class CTF(Propagator):
    """Propagates using the CTF. Legacy code to be aligned with Fresnel.""" 
[docs]    def PropagateProjection(self, dataset, projection, distance):    
        length_scale=10e-6
        oversampling=1
        padding=2
        ps=(dataset.pixel_size/oversampling)*1e-6
        fs=1/ps
        nx = dataset.nx*oversampling
        ny = dataset.ny*oversampling
        x=np.linspace((-ps*nx/2), ps*(nx/2-1), nx)
        y=np.linspace((-ps*ny/2), ps*(ny/2-1), ny)        
        xx, yy = np.meshgrid(x, y)
        
        f=np.linspace(-fs/2, fs/2-fs/(nx*padding), nx*padding)
        g=np.linspace(-fs/2, fs/2-fs/(ny*padding), ny*padding)
        ff, gg = np.meshgrid(f, g)        

        #TODO: should have getters and setters for all the images. How? one per type? one for all w arg?
        fname = dataset.phase_forward_prefix+'_'+str(projection).zfill(4)+'.edf'
        imEDF = EdfFile(fname)
        phase = imEDF.GetData(0)
        EDFHeader = imEDF.GetHeader(0)
        phase = ndimage.zoom(phase, oversampling)
        phase = np.pad(phase, ((ny//2, ny//2), (nx//2, nx//2)), 'edge')

        fname = dataset.retrieved_attenuation_forward_prefix+'_'+str(projection).zfill(4)+'.edf'
        imEDF = EdfFile(fname)
        attenuation = imEDF.GetData(0)
        attenuation = ndimage.zoom(attenuation, oversampling)
        attenuation = np.pad(attenuation, ((ny//2, ny//2), (nx//2, nx//2)), 'edge')

        #P = [0 for q in range(DS.nD)]holosim_PP_prop_4_0000.edf
        #Id = [0 for q in range(DS.nD)]
        
        # TODO: Creation of propagator should probably be in constructor? So that one can get it out
       
        FN = dataset.Fresnel_number[distance-1]
        coschirp = np.cos((pi*FN) * (self.fx**2) + (pi*FN) * (self.fy**2))
        sinchirp = np.sin((pi*FN) * (self.fx**2) + (pi*FN) * (self.fy**2))

       
#       for n in DS.distance_number:
       
        FId = 2 * coschirp * np.fft.fft2(attenuation) - 2 * sinchirp * np.fft.fft2(phase)

        Id = 1 + np.real(np.fft.ifft2(FId))
        Id = Id[ny//2:-ny//2, nx//2:-nx//2]
        Id = ndimage.zoom(Id,1/oversampling)
        fname=dataset.propagated_prefix+'_'+str(distance)+'_'+str(projection).zfill(4)+'.edf'
        EDF = EdfFile(fname)
        # TODO: verify what should go into the header...
        EDF.WriteImage(EDFHeader, Id, 0, "Float")

    pass 





            

          

      

      

    

  

    
      
          
            
  Source code for tomography

#This file is part of the PyPhase software.
#
#Copyright (c) Max Langer (2019) 
#
#max.langer@creatis.insa-lyon.fr
#
#This software is a computer program whose purpose is to allow development,
#implementation, and deployment of phase retrieval algorihtms.
#
#This software is governed by the CeCILL  license under French law and
#abiding by the rules of distribution of free software.  You can  use, 
#modify and/ or redistribute the software under the terms of the CeCILL
#license as circulated by CEA, CNRS and INRIA at the following URL
#"http://www.cecill.info". 
#
#As a counterpart to the access to the source code and  rights to copy,
#modify and redistribute granted by the license, users are provided only
#with a limited warranty  and the software's author,  the holder of the
#economic rights,  and the successive licensors  have only  limited
#liability. 
#
#In this respect, the user's attention is drawn to the risks associated
#with loading,  using,  modifying and/or developing or reproducing the
#software by the user in light of its specific status of free software,
#that may mean  that it is complicated to manipulate,  and  that  also
#therefore means  that it is reserved for developers  and  experienced
#professionals having in-depth computer knowledge. Users are therefore
#encouraged to load and test the software's suitability as regards their
#requirements in conditions enabling the security of their systems and/or 
#data to be ensured and,  more generally, to use and operate it in the 
#same conditions as regards security. 
#
#The fact that you are presently reading this means that you have had
#knowledge of the CeCILL license and that you accept its terms.

import os
import sys 
import time

#TODO: Parallelisation and reconstruction needs to be split

#TODO: Import of tomopy can only be done if tomopy is to be used!
#import tomopy


[docs]class Tomography:
    """Class for tomographic operations, for use with 3D iterative methods
    
    
    Note
    ----
    Legacy code to be aligned with current API
    """
    pass


# class TomoPy:
#     def __init__(self):
#         pass
    
#     def Reconstruct(self, data, volume='phase'):
#         # Since tomopy takes volumes I baically have to create them? 
        
#         # How to parallellise ? 
#         # How to split with paralleliser?
        
#         sinogram = data.GetSinogram() #TODO: is this wise?
        
#         pass

[docs]class PyHST:
    """Tomographic operations with PyHST"""
    def __init__(self):
        pass

[docs]    def ForwardProject(self, DS, volume='phase'):
        """Generate projections from a reconstructed dataset"""
        # Attenuation
        # retrieved attenuation
        # Phase
        
        #self._create_forward_frojection_parameter_file(DS, volume)
        self._create_parameter_file(DS, volume, direction='forward')
        self._create_reconstruction_files(DS, volume, direction='forward')
        
        if volume == 'phase':
            prefix = DS.phase_forward_prefix
            vol_file_name = DS.phase_vol_filename
        elif volume=='attenuation':
            prefix=DS.attenuation_forward_prefix
            vol_file_name=DS.attenuation_vol_filename
        elif volume=='retrieved_attenuation':
            prefix=DS.retrieved_attenuation_forward_prefix
            vol_file_name=DS.retrieved_attenuation_vol_filename
        elif volume=='prior':
            prefix=DS.prior_forward_prefix
            vol_file_name=DS.prior_vol_filename
            
            
        if os.path.exists(prefix+"_.sig"):
            os.remove(prefix+"_.sig")
        
        cmd="oarsub -S "+prefix+"_.oar"
        os.system(cmd)
        edfCounter = 0
        timer=0        
        while not os.path.exists(prefix+"_.sig"):
            if not(timer%1):
                print("Executing: " + cmd + ", {} s".format(timer), end='\r')                
            time.sleep(1)
            timer += 1

        print("Executing: " + cmd + ", {} s".format(timer))                


    pass

    def _create_reconstruction_files(self, DS, volume='phase', direction='back'):
        """Generate supporting files necessary for reconstruction with PyHST"""
        if direction == 'back': 
            if volume == 'phase':
                prefix = DS.phase_prefix
                vol_file_name = DS.phase_vol_filename
                name=DS.phase_name
            elif volume=='attenuation':
                prefix=DS.attenuation_prefix
                vol_file_name=DS.attenuation_vol_filename
                name=DS.attenuation_name
            elif volume=='retrieved_attenuation':
                prefix=DS.retrieved_attenuation_prefix
                vol_file_name=DS.retrieved_attenuation_vol_filename
                name=DS.retrieved_attenuation_name
            elif volume=='update':
                prefix=DS.update_prefix
                vol_file_name=DS.update_vol_filename
                name=DS.update_name
            elif volume=='attenuation_update':
                prefix=DS.attenuation_update_prefix
                vol_file_name=DS.attenuation_update_vol_filename
                name=DS.attenuation_update_name
            pass
        
        elif direction == 'forward':
            if volume == 'phase':
                prefix = DS.phase_forward_prefix
                vol_file_name = DS.phase_vol_filename
                name=DS.phase_forward_name
            elif volume=='attenuation':
                prefix=DS.attenuation_forward_prefix
                vol_file_name=DS.attenuation_vol_filename
                name=DS.attenuation_forward_name
            elif volume=='retrieved_attenuation':
                prefix=DS.retrieved_attenuation_forward_prefix
                vol_file_name=DS.retrieved_attenuation_vol_filename
                name=DS.retrieved_attenuation_forward_name
            elif volume=='prior':
                prefix=DS.prior_forward_prefix
                vol_file_name=DS.prior_vol_filename
                name=DS.prior_forward_name                
            pass

        if os.path.exists(prefix+"_.oar"):
            os.remove(prefix+"_.oar")

        with open(prefix+'_.oar', 'w') as oar_file:
            print("#!/bin/bash", file=oar_file)
            print("# This file has been generated by PyPhase", file=oar_file)
            print("#", file=oar_file)
            print("# OAR directives start with one hash followed by OAR (#OAR ....)", file=oar_file)
            print("# commented (optional) OAR directives start with two hashes followed by OAR (##OAR ....)", file=oar_file)
            print("# comments start with one hash and blanc (# here is my comment) ", file=oar_file)
            print("#", file=oar_file)
            print("#OAR -l {gpu='YES'}/nodes=1,walltime=24", file=oar_file)
            print("#", file=oar_file)
            print("# optional start calculation on CPUs", file=oar_file)
            print("##OAR -l {gpu='NO'}/nodes=1,walltime=48", file=oar_file)
            print("#", file=oar_file)
            print("#OAR --name {}".format(name+'_'), file=oar_file)
            print("#OAR --project pyhst2", file=oar_file)
            print("echo Executing /usr/bin/pyhst2 {}".format(prefix+'_.par'), file=oar_file)
            print("/usr/bin/pyhst2 {}".format(prefix+'_.par'), file=oar_file)
            print("touch {}".format(prefix+'_.sig'), file=oar_file)
            os.chmod(prefix+'_.oar', 511)
        pass

    # def _create_forward_frojection_parameter_file(self, DS, volume='phase'):

    #     if volume == 'phase':
    #         parname=DS.phase_forward_prefix
    #         file_prefix=DS.phase_forward_prefix
    #         output_file=DS.phase_vol_filename
    #         proj_output_file=DS.phase_forward_prefix
    #         axis_position=DS.axis_position
    #     elif volume == 'attenuation':
    #         parname = DS.attenuation_forward_prefix
    #         file_prefix=DS.attenuation_forward_prefix
    #         output_file=DS.attenuation_vol_filename
    #         proj_output_file=DS.attenuation_forward_prefix
    #         axis_position=DS.attenuation_axis_position
    #     elif volume == 'retrieved_attenuation': 
    #         parname=DS.retrieved_attenuation_forward_prefix
    #         file_prefix=DS.retrieved_attenuation_forward_prefix
    #         output_file=DS.retrieved_attenuation_vol_filename
    #         proj_output_file=DS.retrieved_attenuation_forward_prefix
    #         axis_position=DS.attenuation_axis_position
    #     elif volume=='prior':
    #         prefix=DS.prior_forward_prefix
    #         vol_file_name=DS.prior_vol_filename
    #         subtract_background='NO'
    #         correct_flatfield='NO'
    #         take_logarithm = 'NO' # Take log of projection values
    #         axis_position=DS.axis_position[DS.reference_distance-1] #TODO: Verify (should be like this, all proj to reference plane axis?)
    #         proj_output_file=DS.prior_forward_prefix

    #     else:
    #         print("ForwardProject: no such volume {}".format(volume))
    #         return

    #     proj_output_file+='_%04d.edf'

    #     with open(parname+'.par', 'w') as oar_file:
    #         print("## PYHST PARAMETER FILE", file=oar_file)                 
    #         print("## Parameters defining the projection file series", file=oar_file)                 
    #         print("MULTIFRAME=0", file=oar_file)                 
    #         print("FILE_PREFIX = {}".format(file_prefix), file=oar_file)
    #         print("NUM_FIRST_IMAGE = 0 # No. of first projection file", file=oar_file)
    #         print("NUM_LAST_IMAGE = {} # No. of last projection file".format(DS.nbprojections-1), file=oar_file)
    #         print("TRYEDFCONSTANTHEADER = 0 # assume constant edf header size", file=oar_file)
    #         print("NUMBER_LENGTH_VARIES = NO", file=oar_file)
    #         print("LENGTH_OF_NUMERICAL_PART = 4 # No. of characters", file=oar_file)
    #         print("FILE_POSTFIX = .edf", file=oar_file)
    #         print("FILE_INTERVAL = 1 # Interval between input files", file=oar_file)
    #         print("", file=oar_file)            
    #         print("## Parameters defining the projection file format", file=oar_file)
    #         print("NUM_IMAGE_1 = {} # Number of pixels horizontally".format(DS.nx), file=oar_file)
    #         print("NUM_IMAGE_2 = {} # Number of pixels vertically".format(DS.ny), file=oar_file)
    #         print("IMAGE_PIXEL_SIZE_1 = {} # Pixel size horizontally (microns)".format(DS.pixel_size), file=oar_file)
    #         print("IMAGE_PIXEL_SIZE_2 = {} # Pixel size vertically".format(DS.pixel_size), file=oar_file)
    #         print("", file=oar_file)
    #         print("## Parameters defining background treatment", file=oar_file)
    #         print("SUBTRACT_BACKGROUND = NO # No background subtraction", file=oar_file)
    #         print("BACKGROUND_FILE = N.A.", file=oar_file)
    #         print("", file=oar_file)
    #         print("## Parameters defining flat-field treatment", file=oar_file)
    #         print("CORRECT_FLATFIELD = NO # No flat-field correction", file=oar_file)
    #         print("FLATFIELD_CHANGING = N.A.", file=oar_file)
    #         print("FLATFIELD_FILE = N.A.", file=oar_file)
    #         print("FF_PREFIX = N.A.", file=oar_file)
    #         print("FF_NUM_FIRST_IMAGE = N.A.", file=oar_file)
    #         print("FF_NUM_LAST_IMAGE = N.A.", file=oar_file)
    #         print("FF_NUMBER_LENGTH_VARIES = N.A.", file=oar_file)
    #         print("FF_LENGTH_OF_NUMERICAL_PART = N.A.", file=oar_file)
    #         print("FF_POSTFIX = N.A.", file=oar_file)
    #         print("TAKE_LOGARITHM = YES # Take log of projection values", file=oar_file)
    #         print("FF_FILE_INTERVAL = N.A.", file=oar_file)
    #         print("", file=oar_file)
    #         print("## Parameters defining experiment", file=oar_file)
    #         print("ANGLE_BETWEEN_PROJECTIONS = {} # Increment angle in degrees".format(DS.angle_increment), file=oar_file)
    #         print("ROTATION_VERTICAL = YES", file=oar_file)
    #         #print("ROTATION_AXIS_POSITION = {:f} # Position in pixels".format((DS.nx-1)/2), file=oar_file)
    #         #print("ROTATION_AXIS_POSITION = {:f} # Position in pixels".format(1060), file=oar_file)
    #         #TODO: Axis position is not necessarily the same for the attenuation distance and the phase/reconstructed att
    #         print("ROTATION_AXIS_POSITION = {:f} # Position in pixels".format(DS.axis_position), file=oar_file)
    #         print("", file=oar_file)
    #         print("## Parameters defining reconstruction", file=oar_file)
    #         print("OUTPUT_SINOGRAMS = NO # Output sinograms to files or not", file=oar_file)
    #         print("OUTPUT_RECONSTRUCTION = YES # Reconstruct and save or not", file=oar_file)
    #         print("START_VOXEL_1 =      1 # X-start of reconstruction volume", file=oar_file)
    #         print("START_VOXEL_2 =      1 # Y-start of reconstruction volume", file=oar_file)
    #         print("START_VOXEL_3 =      1 # Z-start of reconstruction volume", file=oar_file)
    #         print("END_VOXEL_1 =   {} # X-end of reconstruction volume".format(DS.nx), file=oar_file)
    #         print("END_VOXEL_2 =   {} # Y-end of reconstruction volume".format(DS.nx), file=oar_file)
    #         print("END_VOXEL_3 =   {} # Z-end of reconstruction volume".format(DS.ny), file=oar_file)
    #         print("OVERSAMPLING_FACTOR = 4 # 0 = Linear, 1 = Nearest pixel", file=oar_file)
    #         print("ANGLE_OFFSET = 0.000000 # Reconstruction rotation offset angle in degrees", file=oar_file)
    #         print("CACHE_KILOBYTES = 256 # Size of processor cache (L2) per processor (KBytes)", file=oar_file)
    #         print("SINOGRAM_MEGABYTES = 1000 # Maximum size of sinogram storage (megabytes)", file=oar_file)
    #         print("", file=oar_file)
    #         print("## Parameters extra features PyHST", file=oar_file)
    #         print("DO_CCD_FILTER = YES # CCD filter (spikes)", file=oar_file)
    #         print("""CCD_FILTER = "CCD_Filter" """, file=oar_file)
    #         print("""CCD_FILTER_PARA = {"threshold": 0.040000 }""", file=oar_file)
    #         print("DO_SINO_FILTER = NO # Sinogram filter (rings)", file=oar_file)
    #         print("""SINO_FILTER = "SINO_Filter" """, file=oar_file)
    #         print("ar = Numeric.ones(3216,'f')", file=oar_file)
    #         print("ar[0]=0.0", file=oar_file)
    #         print("ar[2:18]=0.0", file=oar_file)
    #         print("""SINO_FILTER_PARA = {"FILTER": ar }""", file=oar_file)
    #         print("DO_AXIS_CORRECTION = NO # Axis correction", file=oar_file)
    #         print("AXIS_CORRECTION_FILE = correct.txt", file=oar_file)
    #         print("OPTIONS= { 'padding':'E' , 'axis_to_the_center':'Y' , 'avoidhalftomo':'Y'} # Padding and position axis", file=oar_file)
    #         print("TRYEDFCONSTANTHEADER=1", file=oar_file)
    #         print("ZEROOFFMASK = 1 # Mask to zero region that is not covered by field of view", file=oar_file)
    #         print("#IGNORE_FILE = ignore_angles.txt", file=oar_file)
    #         print("ZEROCLIPVALUE = 0.001 # Minimum value of radiographs after flat / before log", file=oar_file)
    #         print("", file=oar_file)
    #         print("## Parameters defining output file / format", file=oar_file)
    #         print("OUTPUT_FILE = {}".format(output_file), file=oar_file)
    #         print("", file=oar_file)
    #         print("## Reconstruction program options", file=oar_file)
    #         print("DISPLAY_GRAPHICS = NO # No images", file=oar_file)
    #         print("PROJ_OUTPUT_FILE = {}".format(proj_output_file), file=oar_file)
    #         print("STEAM_INVERTER = 1", file=oar_file)
    #         print("NSLICESATONCE = 50", file=oar_file)
    #         pass
    #     pass
    # pass
    
[docs]    def reconstruct(self, DS, volume='phase'):
        """Tomographic reconstruction"""
        self._create_parameter_file(DS, volume)
        self._create_reconstruction_files(DS, volume)
        
        if volume == 'phase':
            prefix = DS.phase_prefix
            vol_file_name = DS.phase_vol_filename
        elif volume=='attenuation':
            prefix=DS.attenuation_prefix
            vol_file_name=DS.attenuation_vol_filename
        elif volume=='retrieved_attenuation':
            prefix=DS.retrieved_attenuation_prefix
            vol_file_name=DS.retrieved_attenuation_vol_filename
        elif volume=='update':
            prefix=DS.update_prefix
            vol_file_name=DS.update_vol_filename
        elif volume=='attenuation_update':
            prefix=DS.attenuation_update_prefix
            vol_file_name=DS.attenuation_update_vol_filename
        elif volume=='prior':
            prefix=DS.prior_forward_prefix
            vol_file_name=DS.prior_vol_filename


        if os.path.exists(vol_file_name):        
            os.remove(vol_file_name)
        if os.path.exists(prefix+"_.sig"):
            os.remove(prefix+"_.sig")

        cmd="oarsub -S "+prefix+"_.oar"
        os.system(cmd)
        timer=0
        while not os.path.exists(prefix+"_.sig"):
            if not(timer%1):
                text = "\r"+"Reconstructing " + DS.name + " " + volume + ", {} s".format(timer)      
                sys.stdout.write(text)
                sys.stdout.flush()
            time.sleep(1)
            timer += 1

        text = "\r"+"Reconstructing " + DS.name + " " + volume + ", {} s".format(timer)    
        sys.stdout.write(text)
        sys.stdout.flush()
        pass

         
    def _create_parameter_file(self, DS, volume='phase', direction='back'):
        #TODO: Combine with forward projection files
        background_file=DS.path+'/'+DS.attenuation_name+'_/dark.edf'
        flatfield_file='refHST.edf' 
        ff_prefix = '/mntdirect/_data_id19_bones01/bones1/max/Holocalibration/phantom_0.7um_20.5_1_/refHST'
        
        if direction=='back':    
            if volume == 'phase':
                prefix=DS.phase_prefix
                vol_file_name = DS.phase_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                axis_position=DS.axis_position[DS.reference_distance-1]
                take_logarithm='NO'
            elif volume=='attenuation':
                prefix=DS.attenuation_prefix
                vol_file_name=DS.attenuation_vol_filename[0]
                subtract_background='YES'
                correct_flatfield='YES'
                take_logarithm = 'YES' # Take log of projection values
                axis_position=DS.attenuation_axis_position
            elif volume=='retrieved_attenuation':
                prefix=DS.retrieved_attenuation_prefix
                vol_file_name=DS.retrieved_attenuation_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                take_logarithm='NO'
                axis_position=DS.axis_position[DS.reference_distance-1]
            elif volume == 'update':
                prefix=DS.update_prefix
                vol_file_name = DS.update_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                axis_position=DS.axis_position[DS.reference_distance-1]
                take_logarithm='NO'
            elif volume=='attenuation_update':
                prefix=DS.attenuation_update_prefix
                vol_file_name=DS.attenuation_update_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                take_logarithm = 'NO' # Take log of projection values
                axis_position=DS.axis_position[DS.reference_distance-1]

        elif direction=='forward':
            if volume == 'phase': 
                prefix=DS.phase_forward_prefix
                vol_file_name=DS.phase_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                axis_position=DS.axis_position[DS.reference_distance-1]
                take_logarithm='NO'
                proj_output_file=DS.phase_forward_prefix
               
            elif volume=='attenuation':
                prefix=DS.attenuation_forward_prefix
                vol_file_name=DS.attenuation_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                take_logarithm = 'YES' # Take log of projection values
                axis_position=DS.axis_position[DS.reference_distance-1] #TOOO: Verify
                proj_output_file=DS.attenuation_forward_prefix
                pass
            elif volume=='retrieved_attenuation':
                prefix=DS.retrieved_attenuation_forward_prefix
                vol_file_name=DS.retrieved_attenuation_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                take_logarithm = 'NO' # Take log of projection values
                axis_position=DS.axis_position[DS.reference_distance-1] #TODO: Verify (should be like this, all proj to reference plane axis?)
                proj_output_file=DS.retrieved_attenuation_forward_prefix
                pass
            elif volume=='prior':
                prefix=DS.prior_forward_prefix
                vol_file_name=DS.prior_vol_filename
                subtract_background='NO'
                correct_flatfield='NO'
                take_logarithm = 'NO' # Take log of projection values
                axis_position=DS.axis_position[DS.reference_distance-1] #TODO: Verify (should be like this, all proj to reference plane axis?)
                proj_output_file=DS.prior_forward_prefix
                
                
            pass
            proj_output_file+='_%04d.edf'
        
        with open(prefix+'_.par', 'w') as oar_file:
            print("## PYHST PARAMETER FILE", file=oar_file)                 
            print("## Parameters defining the projection file series", file=oar_file)                 
            print("", file=oar_file)                 
            print("FILE_PREFIX = {}".format(prefix+'_'), file=oar_file)
            print("NUM_FIRST_IMAGE = 0 # No. of first projection file", file=oar_file)
            print("NUM_LAST_IMAGE = {} # No. of last projection file".format(DS.nbprojections-1), file=oar_file)
            print("TRYEDFCONSTANTHEADER = 0 # assume constant edf header size", file=oar_file)
            print("NUMBER_LENGTH_VARIES = NO", file=oar_file)
            print("LENGTH_OF_NUMERICAL_PART = 4 # No. of characters", file=oar_file)
            print("FILE_POSTFIX = .edf", file=oar_file)
            print("FILE_INTERVAL = 1 # Interval between input files", file=oar_file)
            print("", file=oar_file)            
            print("## Parameters defining the projection file format", file=oar_file)
            print("NUM_IMAGE_1 = {} # Number of pixels horizontally".format(DS.nx), file=oar_file)
            print("NUM_IMAGE_2 = {} # Number of pixels vertically".format(DS.ny), file=oar_file)
            print("IMAGE_PIXEL_SIZE_1 = {} # Pixel size horizontally (microns)".format(DS.pixel_size), file=oar_file)
            print("IMAGE_PIXEL_SIZE_2 = {} # Pixel size vertically".format(DS.pixel_size), file=oar_file)
            print("IMAGE_PIXEL_SIZE_2 = {} # Pixel size vertically".format(DS.pixel_size), file=oar_file)
            print("", file=oar_file)
            print("## Parameters defining background treatment", file=oar_file)
            print("SUBTRACT_BACKGROUND = {} # No background subtraction".format(subtract_background), file=oar_file)
            print("BACKGROUND_FILE = {}".format(background_file), file=oar_file)
            print("", file=oar_file)
            print("## Parameters defining flat-field treatment", file=oar_file)
            print("CORRECT_FLATFIELD = {} # No flat-field correction".format(correct_flatfield), file=oar_file)
            print("FLATFIELD_CHANGING = N.A.", file=oar_file)
            print("FLATFIELD_FILE = {}".format(flatfield_file), file=oar_file)
            print("FF_PREFIX = {}".format(ff_prefix), file=oar_file)
            print("FF_NUM_FIRST_IMAGE = 0", file=oar_file)
            print("FF_NUM_LAST_IMAGE = {}".format(DS.nbprojections), file=oar_file)
            print("FF_NUMBER_LENGTH_VARIES = NO", file=oar_file)
            print("FF_LENGTH_OF_NUMERICAL_PART = 4", file=oar_file)
            print("FF_POSTFIX = .edf", file=oar_file)
            print("TAKE_LOGARITHM = {} # Take log of projection values".format(take_logarithm), file=oar_file)
            print("FF_FILE_INTERVAL = {}".format(DS.reference_interval), file=oar_file)
            print("", file=oar_file)
            print("## Parameters defining experiment", file=oar_file)
            print("ANGLE_BETWEEN_PROJECTIONS = {} # Increment angle in degrees".format(DS.angle_increment), file=oar_file)
            print("ROTATION_VERTICAL = YES", file=oar_file)
            print("ROTATION_AXIS_POSITION = {:f} # Position in pixels".format(axis_position), file=oar_file)
            print("", file=oar_file)
            print("## Parameters defining reconstruction", file=oar_file)
            print("OUTPUT_SINOGRAMS = NO # Output sinograms to files or not", file=oar_file)
            print("OUTPUT_RECONSTRUCTION = YES # Reconstruct and save or not", file=oar_file)
            print("START_VOXEL_1 =      1 # X-start of reconstruction volume", file=oar_file)
            print("START_VOXEL_2 =      1 # Y-start of reconstruction volume", file=oar_file)
            print("START_VOXEL_3 =      1 # Z-start of reconstruction volume", file=oar_file)
            print("END_VOXEL_1 =   {} # X-end of reconstruction volume".format(DS.nx), file=oar_file)
            print("END_VOXEL_2 =   {} # Y-end of reconstruction volume".format(DS.nx), file=oar_file)
            print("END_VOXEL_3 =   {} # Z-end of reconstruction volume".format(DS.ny), file=oar_file)
            print("OVERSAMPLING_FACTOR = 4 # 0 = Linear, 1 = Nearest pixel", file=oar_file)
            print("ANGLE_OFFSET = 0.000000 # Reconstruction rotation offset angle in degrees", file=oar_file)
            print("", file=oar_file)
            print("## Parameters extra features PyHST", file=oar_file)
            print("DO_CCD_FILTER = NO # CCD filter (spikes)", file=oar_file)
            print("""CCD_FILTER = "CCD_Filter" """, file=oar_file)
            print("""CCD_FILTER_PARA = {"threshold": 0.040000 }""", file=oar_file)
            print("DO_SINO_FILTER = NO # Sinogram filter (rings)", file=oar_file)
            print("""SINO_FILTER = "SINO_Filter" """, file=oar_file)
            print("ar = Numeric.ones(3216,'f')", file=oar_file)
            print("ar[0]=0.0", file=oar_file)
            print("ar[2:18]=0.0", file=oar_file)
            print("""SINO_FILTER_PARA = {"FILTER": ar }""", file=oar_file)
            print("DO_AXIS_CORRECTION = NO # Axis correction", file=oar_file)
            print("AXIS_CORRECTION_FILE = correct.txt", file=oar_file)
            print("OPTIONS= { 'padding':'E' , 'axis_to_the_center':'Y' , 'avoidhalftomo':'N'} # Padding and position axis", file=oar_file)
            print("ZEROOFFMASK = 1 # Mask to zero region that is not covered by field of view", file=oar_file)
            print("#IGNORE_FILE = ignore_angles.txt", file=oar_file)
            print("FBFILTER = 0 # ", file=oar_file)
            print("", file=oar_file)
            print("## Parameters defining output file / format", file=oar_file)
            print("OUTPUT_FILE = {}".format(vol_file_name), file=oar_file)
            print("", file=oar_file)
            print("## Reconstruction program options", file=oar_file)
            print("DISPLAY_GRAPHICS = NO # No images", file=oar_file)
            
            if direction=='forward':            
                print("PROJ_OUTPUT_FILE = {}".format(proj_output_file), file=oar_file)
                print("STEAM_INVERTER = 1", file=oar_file)
                print("NSLICESATONCE = 50", file=oar_file)
            
            pass
        pass
    pass





            

          

      

      

    

  

    
      
          
            
  Source code for utilities

# -*- coding: utf-8 -*-

#This file is part of the PyPhase software.
#
#Copyright (c) Max Langer (2019) 
#
#max.langer@creatis.insa-lyon.fr
#
#This software is a computer program whose purpose is to allow development,
#implementation, and deployment of phase retrieval algorihtms.
#
#This software is governed by the CeCILL  license under French law and
#abiding by the rules of distribution of free software.  You can  use, 
#modify and/ or redistribute the software under the terms of the CeCILL
#license as circulated by CEA, CNRS and INRIA at the following URL
#"http://www.cecill.info". 
#
#As a counterpart to the access to the source code and  rights to copy,
#modify and redistribute granted by the license, users are provided only
#with a limited warranty  and the software's author,  the holder of the
#economic rights,  and the successive licensors  have only  limited
#liability. 
#
#In this respect, the user's attention is drawn to the risks associated
#with loading,  using,  modifying and/or developing or reproducing the
#software by the user in light of its specific status of free software,
#that may mean  that it is complicated to manipulate,  and  that  also
#therefore means  that it is reserved for developers  and  experienced
#professionals having in-depth computer knowledge. Users are therefore
#encouraged to load and test the software's suitability as regards their
#requirements in conditions enabling the security of their systems and/or 
#data to be ensured and,  more generally, to use and operate it in the 
#same conditions as regards security. 
#
#The fact that you are presently reading this means that you have had
#knowledge of the CeCILL license and that you accept its terms.

import sys

import vendor.pyelastix as PyElastix
import matplotlib.pyplot as plt
from mpl_toolkits.axes_grid1 import make_axes_locatable
import numpy as np
import scipy.ndimage as ndimage


# update() : Displays or updates a console progress bar
## Accepts a float between 0 and 1. Any int will be converted to a float.
## A value under 0 represents a 'halt'.
## A value at 1 or bigger represents 100%
[docs]def update(title, position, target):
    barLength = 20 # Modify this to change the length of the progress bar
    status = ""
    if position < 0:
        progress = 0
        status = "Halt...\r\n"
    if position >= target:
        progress = 1
        status = "Done...\r\n"
    else:
        progress = position / target
    block = int(round(barLength*progress))
    text = "\r" + title + ": [{}] {} / {} {:0.2%} {}".format( "#"*block + 
        "-"*(barLength-block), position, target, progress, status)
    sys.stdout.write(text)
    sys.stdout.flush()



[docs]def resize(image, shape):
    """
    Resizes an image by either cutting out the centre or padding.
    
    Assumes images are stored along fist dimension.
    """
    #TODO: special case of one dimension smaller and one larger not covered atm
    adjust_axis = False #TODO: To handle 2 or 3 dimensions. can probably be refactored
    if len(image.shape) == 2: 
        image=image[np.newaxis]
        adjust_axis = True
    
    if  image.shape[1] < shape[0]:
        pady=(shape[0]-image.shape[1])//2
        padx=(shape[1]-image.shape[2])//2
        image = np.pad(image, ((0, 0), (pady,shape[0]-image.shape[1]-pady), (padx, shape[1]-image.shape[2]-padx)), 'edge')
    elif image.shape[1] > shape[0]:
        cy = (image.shape[1]-shape[0])//2
        cx = (image.shape[2]-shape[1])//2
        image = image[:, cy:cy+shape[0], cx:cx+shape[1]]
    else:
        pass
    if adjust_axis:
        return image[0]
    else:
        return image


[docs]class RegistrationAlgorithm:
    """
    Abstract class for registration algorithms
    
    Properties
    ----------
    """
    def __init__(self):
        pass
    
[docs]    def register(self, moving_image, stationary_image):
        """
        Register moving_image to stationary_image.
        
        Parameters
        ----------
        moving_image : ndarray
            The image to register.
        stationary_image : ndarray
            The image to register to.
            
        Returns
        -------
        field : ndarray
            The calculated deformation field.
        transformed_moving_image : ndarray
            The deformed moving image.
        transform_parameters : array
            The calculated transform parameters. Lenght varies with the number
            of parameters in the chosen algorithm (number_of_parameters)
        
        """
        transformed_moving_image, field, transform_parameters = PyElastix.register(np.ascontiguousarray(moving_image), np.ascontiguousarray(stationary_image), self.parameters, verbose=0)
        return field, transformed_moving_image, transform_parameters

    pass

[docs]    def apply_transformation(self, image, transform_parameters, **kwargs):
        """ 
        Apply an image transform from image registration.
        
        Parameters
        ----------
        image : ndarray
            The image to transform.
        transform_parameters : array
            Parameters of the transform (length depends on registration
            algorithm used (number_of_parameters))
            
        Returns
        -------
        transformed_image
            The transformed image.
        
        """
        if len(transform_parameters) == 4: # Similarity transform
            transformed_image = ndimage.zoom(image, 1/transform_parameters[0], mode='nearest')
            transformed_image = ndimage.rotate(transformed_image, np.degrees(transform_parameters[1]), mode='nearest')
            transformed_image = ndimage.shift(transformed_image, [-transform_parameters[3], -transform_parameters[2]], mode='nearest')
        elif len(transform_parameters) == 3: # Euler/Rigid
            transformed_image = ndimage.rotate(image,np.degrees(transform_parameters[0]), mode='nearest')
            transformed_image = ndimage.shift(transformed_image, [-transform_parameters[2], -transform_parameters[1]], mode='nearest')

        return transformed_image



[docs]class ElastixRigid(RegistrationAlgorithm):
    """
    Rigid registration algorithm using Elastix.
    
    Attributes
    ----------
    parameters : Parameters
        Elastix standard parameters
    number_of_parameters : int, default=3
        Number of parameters in the transform
        
    """
    def __init__(self):
        self.parameters = PyElastix.get_default_params(type='RIGID')
        
        #self.params.Metric = 'NormalizedMutualInformation'
        #self.params.Metric = 'AdvancedMeanSquares'
        self.parameters.NumberOfResolutions = 6
        self.parameters.MaximumNumberOfIterations = 500
        self.number_of_parameters=3        


[docs]class ElastixAffine(RegistrationAlgorithm):
    """
    Affine registration algorithm using Elastix.
    
    Attributes
    ----------
    parameters : Parameters
        Elastix standard parameters
    number_of_parameters : int, default=6
        Number of parameters in the transform
    """
    def __init__(self):
        self.parameters = PyElastix.get_default_params(type='AFFINE')
        
        #self.params.Metric = 'NormalizedMutualInformation'
        #self.params.Metric = 'AdvancedMeanSquares'
        self.parameters.MaximumNumberOfIterations = 500
        self.number_of_parameters=6


[docs]class ElastixSimilar(RegistrationAlgorithm):
    """
    Similarity transform registration algorithm using Elastix
    
    Attributes
    ----------
    parameters : Parameters
        Elastix standard parameters
    number_of_parameters : int, default=4
        Number of parameters in the transform    
    """
    def __init__(self):
        self.parameters = PyElastix.get_default_params(type='SIMILAR')
#        self.params.NumberOfResolutions = 8
#        self.params.MaximumNumberOfIterations = 3000
        self.parameters.NumberOfResolutions = 6
        self.parameters.MaximumNumberOfIterations = 500
        #self.params.SP_A = 1
        #self.params.AutomaticParameterEstimation = True
        #self.params.AutomaticTransformInitialization = False
        #self.params.AutomaticScalesEstimation = False
        self.number_of_parameters=4

        #print(self.params.as_dict())
                    
[docs]class ImageDisplayer:
    """
    Wrapper class for image display.
    """
    # Should be an abstract class, right?!
    # Which should be inherited by the class for each displayer, right?!

    def __init__(self):
        
        pass


#    def displayImage(self, DS, n, d, correct):
#        pass
# TODO: one viewer class
[docs]class PyplotImageDisplayer(ImageDisplayer):
    """
    Interface to Pyplot for image display.
    
    Notes
    -----
    With the idea to make the choice of display package flexible.
    """
    # TODO: rename Pyplot? Develop interface ImageJ?

[docs]    def display(self, image, title='', vmin=None, vmax=None):
        '''
        Display an image
        
        Parameters
        ----------
        image : nparray
            The image to be displayed.
        title : str, optional
            Title of figure.
        vmin : optional
            Lower limit of contrast range.
        vmax : optional
            Upper limit of contrast range.
        '''
        # TODO: should include all the different possibilities I presume. Should be kwargs, not positional
        fig, ax = plt.subplots()
        fig.suptitle(title)
        im = ax.imshow(image, cmap='gray', vmin=vmin, vmax=vmax)
        ax.set_axis_off()
        divider = make_axes_locatable(ax)
        cax = divider.append_axes("right", size="5%", pad=0.05)
        
        fig.colorbar(im, cax=cax)
        
        im.axes.figure.canvas.draw()
        plt.show()

        
[docs]    def display_stack(self, stack):
        # TODO: merge into display
        fig, ax = plt.subplots(1, 1)
        viewer = StackViewer(stack, ax)
        fig.canvas.mpl_connect('key_press_event', viewer._on_key)
        plt.show()

[docs]    def close_all(self):
        plt.close('all')


        
        
# maybe should be displayShifts?
[docs]class StackViewer(object):
    """
    Functionality to browse stacks.
    """
    #TODO: Working?! Should be with an _ to not be imported (internal functionality?)
    def __init__(self, X, ax):

        self.ax = ax
        self.ax.set_title('use left/right arrow to navigate images')

        self.X = X
        self.slices, rows, cols  = X.shape
        self.ind = 0

        self.im = self.ax.imshow(self.X[self.ind, :, :], cmap='gray')
        self._update()

    def _on_key(self, event):
        if event.key == 'right':
            self.ind = (self.ind + 1) % self.slices
        elif event.key == 'left':
            self.ind = (self.ind - 1) % self.slices
        self.update()

    def _update(self):
        self.im.set_data(self.X[:, :, self.ind])
        self.ax.set_ylabel('image %s' % self.ind)
        self.im.axes.figure.canvas.draw()


# 




            

          

      

      

    

  

    
      
          
            
  
Multidistance CTF Phase Retreival

Here is an example on how to use the phaseretreival.CTF to retreive phase and attenuation from a multiple distance projections.

Install pyPhase and then:

import pyphase





Define the projects name

name = 'holosim'





and set the path to the data

path = '/data/staff/tomograms/HoloSim'





Make sure that the data folders and files have the right [format and structure](structure.md).

Create a DataSet object

ds = dataset.DataSet(path,name)





Choose a phase retreival algorithm(link to list of algorithms) and create a retreiver for the dataset, with the appropriate arguments

alpha =  1e-8
retriever = phaseretrieval.CTF(ds,alpha)





Select to range to of projections for which to run the retrieval algorithm

start = 0   #default = 0
end = 3     #default = 0





Run the phase retreival

retriever.ReconstructProjections(ds,start, end)





For each projection, a file named holosim_[version_predix]_000[n].edf with the retrieved phase and and file named holosim_att_, with the retrieved attenuation, is created in the [path]/myProject_





            

          

      

      

    

  

    
      
          
            
  import pyphase
from pyphase import *
import numpy as np





#%% Choose image display to use
displayer = utilities.PyplotImageDisplayer()





#%% Load dataset
data = dataset.NanomaxPreprocessed2D('cpr', version='test')





#%% Align images using default registrator
# Increase number of resolutions and
pyphase.registrator.parameters.NumberOfResolutions = 8
pyphase.registrator.parameters.MaximumNumberOfIterations = 3000

data.align_projection()





Aligning position 1
Found elastix version: 4.900 in '/home/ext-maxlan/elastix/bin/elastix'
Aligning position 2
Aligning position 3
Aligning position 4





#%% Phase retrieval from a dataset using CTF
retriever = phaseretrieval.CTF(data)

# Modify regularisation parameter
retriever.alpha = [1e-3, 1e-8] # [LF, HF]





#%% Reconstruct
phase, attenuation = retriever.reconstruct_projection(dataset=data, projection=0)





#%% Display reconstruction
displayer.close_all()
displayer.display(data.get_image(projection=0), title='phase')
displayer.display(data.get_image(projection=0, image_type='attenuation'), title='attenuation')





[image: ipynb/ipynb/output_6_0.png]
[image: ipynb/ipynb/output_6_1.png]
#%% Phase retrieval from images
# Acquisition parameters
energy=13 #keV
effective_distance=np.array([0.010054, 0.0155, 0.0178, 0.019, 0.0203])
pixel_size = np.array([0.005924, 0.006043])*1e-6

nyp = nxp = 4096
ny = nx = 2048





#%% Load images
ID = np.zeros((len(effective_distance), nyp, nxp))
for N in range(len(effective_distance)):
    ID[N] = data.get_projection(projection=0, position=N, pad=True)





#%% Phase retrieval from images using HIO_ER
retriever = phaseretrieval.HIO_ER(shape=ID[0].shape, pixel_size=[pixel_size[0], pixel_size[1]], distance=effective_distance, energy=energy, pad=1)

# Modify some parameters
retriever.alpha = [1e-3, 1e-8] # Regularisation parameter used for initialisation
retriever.iterations_hio = 2 # Number of HIO iterations
retriever.iterations_er = 2 # Number of ER iterations
retriever.iterations = 2 # Change number of global iterations





#%% Reconstruct
phase, attenuation = retriever.reconstruct_image(ID)





========== processing distance 1 ==========
Iteration 0001, error: 1.1e-05
Iteration 0002, error: 7.9e-06
Iteration 0003, error: 6.3e-06
Iteration 0004, error: 5.3e-06
Iteration 0005, error: 4.7e-06
Iteration 0006, error: 4.2e-06
Iteration 0007, error: 3.8e-06
Iteration 0008, error: 3.5e-06
========== processing distance 2 ==========
Iteration 0001, error: 8.4e-05
Iteration 0002, error: 7e-05
Iteration 0003, error: 6.4e-05
Iteration 0004, error: 6e-05
Iteration 0005, error: 5.7e-05
Iteration 0006, error: 5.4e-05
Iteration 0007, error: 5.2e-05
Iteration 0008, error: 5.1e-05
========== processing distance 3 ==========
Iteration 0001, error: 1.7e-05
Iteration 0002, error: 9.8e-06
Iteration 0003, error: 7e-06
Iteration 0004, error: 5.1e-06
Iteration 0005, error: 4e-06
Iteration 0006, error: 3.3e-06
Iteration 0007, error: 2.8e-06
Iteration 0008, error: 2.4e-06
========== processing distance 4 ==========
Iteration 0001, error: 2.8e-05
Iteration 0002, error: 1.9e-05
Iteration 0003, error: 1.5e-05
Iteration 0004, error: 1.2e-05
Iteration 0005, error: 1.1e-05
Iteration 0006, error: 9.4e-06
Iteration 0007, error: 8.7e-06
Iteration 0008, error: 8e-06
========== processing distance 5 ==========
Iteration 0001, error: 1.8e-05
Iteration 0002, error: 1.2e-05
Iteration 0003, error: 1e-05
Iteration 0004, error: 8.3e-06
Iteration 0005, error: 6.9e-06
Iteration 0006, error: 6e-06
Iteration 0007, error: 5.6e-06
Iteration 0008, error: 5e-06





#%% Display reconstruction
displayer.close_all()
displayer.display(utilities.resize(phase, [ny, nx]), 'phase')
displayer.display(utilities.resize(attenuation, [ny, nx]), 'attenuation')





[image: ipynb/ipynb/output_11_0.png]
[image: ipynb/ipynb/output_11_1.png]
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