THE ADVANCED PHOTON SOURCE
PtychoNN for Real-Time Ptychography

Researchers at Argonne National Lab-
oratory have developed and deployed an
Al-enabled workflow, PtychoNN, that en-
ables real-time, dose-efficient, coherent
imaging of x-ray diffraction data an x-ray
beamline. Their approach to solving the
problem is based on a deep convolutional
neural network and has been demon-
strated to predict real-space structure and
phase at each scan point solely from the
corresponding far-field diffraction data.

Ptychographic imaging requires scan-
ning a coherent x-ray beam across the
sample while measuring the scattered in-
tensities in the far-field. The image is re-
covered by algorithmically inverting the
measured coherent diffraction patterns. In-
version (or image reconstruction) of pty-
chographic imaging data requires the solu-
tion of an inverse problem, e.g., recovering
lost phase information from measured in-
tensities alone (or phase retrieval). The
phase retrieval problem in ptychography is
presently solved using model-based itera-
tive methods that are computationally ex-
pensive, precluding real-time imaging. In
addition, the convergence of these itera-
tive reconstruction algorithms is often sen-
sitive to factors such as the choice of algo-
rithms and the initial image and probe
guess and the choice of these parameters
can be subjective. Finally, adjacent meas-
ured scan points need to overlap by at
least 50%. An overlap in two dimensions
can severely limit the area or volume of
the sample that can be scanned in a given
amount of time.

To demonstrate PtychoNN, the re-
searchers employed the x-ray nanoprobe
at beamline 26-ID of the Advanced Photon
Source as well as the facilities of the Cen-
ter for Nanoscale Materials, both of which
are Office of Science user facilities at Ar-
gonne.

Their results revealed a capability for
real-time imaging more than 100 times
faster than phase retrieval; they demon-
strated live inference at 100 Hz on 512 x
512 images; and lower-dose imaging with
25 times less data than phase retrieval.
This speedup is only in the data inversion
step; further speedup can be obtained by
scanning sparsely, which could potentially
lead to 25 times faster scanning from re-
duced data acquisition. PtychoNN was de-
ployed on a palm-sized edge computing
device (NVIDIA Jetson) sitting at the beam-
line and performed ML-inference on the
live data stream from the detector. Finally,
in addition to remarkably faster experi-
mental feedback, PtychoNN's ability to re-
cover accurate real-space images from
sparse-sampled ptychographic data has
the potential to revolutionize ptychogra-
phy on dose sensitive, dynamic, and ex-
tremely large samples.

PtychoNN arrives at a propitious mo-
ment given the proliferation of upgraded x-
ray sources such as the Advanced Photon
Source Upgrade Project, the European
Synchrotron Research Facility Extremely
Brilliant Source, and PETRA-IV, all of which
are designed to increase photon flux and
coherence by factors of hundreds or thou-
sands. Traditional iterative phase retrieval
methods are simply not be able to keep
pace with this deluge of experimental
data. PtychoNN and other machine learn-
ing methods for data inversion will be the
key to unlocking the full potential of these
upgrades by keeping abreast of the vast
data flow generated by coherent imaging
experiments.

This article is adapted from "Al-en-
abled high-resolution scanning coherent
diffraction imaging," Mathew J. Cherukara,
Tao Zhou, Youssef Nashed, Pablo En-
fedaque, Alex Hexemer, Ross J. Harder,

Pictured above is the Jetson edge device (cir-
cled) running PtychoNN, which makes live pre-
dictions from the detector (top) data stream and
sends them to the beamline computer. Photo:
Mathew Cherukara (Argonne/Advanced Photon
Source)
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CALL FOR APS GENERAL-USER PROPOSALS

The Advanced Photon Source is open to experimenters who can benefit from the facility’s high-brightness hard x-ray beams.
General-user proposals for beam time during Run 2022-3 are due by July 1, 2022.

Information on access to beam time at the APS s at http://www.aps.anl.gov/Users/apply_for_beamtime.html or contact Dr. Dennis Mills, DMM@aps.anl.gov, 630/252-5680.
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