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Coherent Diffraction Imaging experiments will become much more intense/faster after the EBS upgrade. The ESRF has started
an open-source scientific software programme, to improve the ability of users to quickly analyse data for the various techniques,
notably on the coherent imaging beamlines – to encourage users interested primarily in the results on materials rather than in the
development of the technique. The PyNX development is based on Python3, and fully exploits GPUs for high-performance
computing, with the OpenCL and CUDA languages.

Main PyNX features
All algorithms fully executed on GPU for performance
Use normalized log-likelihood as a systematic figure of merit

2D Ptychography (far field & near field, Bragg):
• Combination of algorithms:
• Difference Map
• Alternating projections
• Conjugate Gradient Maximum Likelihood
• Incoherent background

• Example performance (1 x nVidia V100 GPU):
• 2D Ptycho on 142 frames (700x700 pixels):
• 0.13s/cycle (Difference map)
• 0.27s/cycle (Maximum likelihood)

• Use and create CXI format datasets
• http://cxidb.org/cxi.html

Coherent Diffraction Imaging:
• Algorithms (2D, 3D):
• HIO, ER, CF…
• Maximum Likelihood
• Partial coherence
• Likelihood-sorting of solutions

Wavefront propagation:
• Near field propagation
• Far field propagation
• Fractional Fourier transform propagation

Scattering from atomistic models:
• Fast calculations using CUDA or OpenCL
• 7x10^11 atoms.reflections/s using a single Titan V GPU (~5 Tflop/s)

Fast coherent X-ray imaging
Using Operators, Python & GPUs

Analyse your Ptycho data @ESRF

Projects

Command-line script (beamline GPU workstations)
pynx-id01pty.py specfile=align.spec scan=13,14

imgname=mpx4/data_mpx4_%05d.edf.gz loadmask=maxipix
probe=60e-6x200e-6,0.09 defocus=100e-6
detectordistance=1.386
ptychomotors=pix,piz,-x,y
algorithm=analysis,ML**100,DM**200,nbprobe=3,probe=1 
saveplot save=all liveplot

Use the OAR ESRF Cluster
Deployed in a python virtual environment

PyNX
• More applications to (ESRF) beamlines
• Ptychography:
• Optimisation of scan positions
• Bragg (3D, back-projection) (collab. V. Chamard, M. Allain)
• More projection algorithms
• Pink beam

• CDI:
• Combining solutions, genetic algorithms
• Bragg using known probe (multiple modes,..)
• Improve recovery of signal behind beamstop

https://software.epn-campus.eu

Chain algorithms
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This poster

All coherent imaging algorithms are based on simple combinations of
mathematical operations:
• Near and far field propagation
• Applying constraints in real and Fourier space

All PyNX modules are based on operators:
• Called from Python
• Executed on GPU using OpenCL or CUDA
• GPU complexity is completely hidden
• Allowing simple mathematical combinations

CDI operators:
• ER(): error reduction
• HIO(): hybrid input-output
• SupportUpdate()

Ptychography operators:
• DM(): difference map
• ML(): maximum likelihood

Chaining algorithms with a CDI object with a single python command:

cdi = (SupportUpdate() * ER()**20 * HIO()**100)**4 * cdi

Chaining algorithms with a Ptycho object with a single python command:

p = ML(update_probe=1,update_obj=1)**100 * DM(update_probe=1,update_obj=1)**400 * p
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Using an operator-based API allows to
chain operations without knowing anything
about GPU programming :
simple algorithm developments !

Example code for 
CDI data analysis

Example code for near field 
ptychography data analysis

http://cxidb.org/cxi.html

