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Scientists develop new algorithm that may
provide insights into battery corrosion

November 3 2022
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Schematic of the neural network structure of AutoPhaseNN model during
training. a) The model consists of a 3D CNN and the X-ray scattering forward
model. The 3D CNN is implemented with a convolutional auto-encoder and two
deconvolutional decoders using the convolutional, maximum pooling,
upsampling and zero padding layers. The physical knowledge is enforced via the
Sigmoid and Tanh activation functions in the final layers. b) The X-ray
scattering forward model includes the numerical modeling of diffraction and the
image shape constraints. It takes the amplitude and phase from the 3D CNN
output to form the complex image. Then the estimated diffraction pattern is
obtained from the FT of the current estimation of the real space image. Credit:
npj Computational Materials (2022). DOI: 10.1038/s41524-022-00803-w
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Argonne researchers have created an automatic technique that can fill in
gaps in X-ray data.

Putting together a jigsaw puzzle is a great activity for a rainy Sunday
afternoon. But the somewhat more difficult process of quickly
assembling 3D scientific jigsaw puzzles—atomic structures of different
materials—has recently gotten a lot easier, thanks to new research that
pairs high-powered X-ray beams with advanced computing
methodologies.

Researchers at the U.S. Department of Energy's (DOE) Argonne
National Laboratory have developed a new technique that accelerates the
solving of material structures from patterns uncovered in X-ray
experiments. The technique allows researchers to study certain
properties, such as corrosion or battery charging and discharging, in real
time.

The technique, called AutoPhaseNN, is based on a method called
machine learning, which trains an algorithm on certain experimental data
and then uses it to choose the most likely outcome of the current
experiment. The data used in this case are created by shining ultrabright
X-ray beams from Argonne's Advanced Photon Source (APS) on a
material and capturing the light as they bounce off, a process called
diffraction. The APS is a DOE Office of Science user facility at
Argonne.

New techniques are important as the APS is in the midst of a massive
upgrade, which will increase the brightness of its X-ray beams by up to
500 times. This means that more data will be gathered more quickly
once the upgraded APS comes online in 2024, and scientists will need a
way to keep up with analysis of that data. Machine learning solutions
such as AutoPhaseNN will be a vital part of the more rapid data analyses
needed in the future at APS, as well as similar facilities around the
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globe.

AutoPhaseNN is an example of an "unsupervised" machine learning,
which means that the computer algorithm learns from its own experience
how to do a computation more accurately and efficiently, without having
to be trained with labeled solutions that have already been figured out, a
process that usually involves human intervention.

"This new algorithm is essentially able to solve what we call an inverse
problem, going from the pieces of the puzzle to create the puzzle itself,"
said Argonne computational scientist and group leader Mathew
Cherukara, an author of the study. "In essence, we're taking a set of
observations and trying to identify the conditions that created them.
Instead of solving the puzzle by iterating the process of trial and revision
based on the prior knowledge, our algorithm assembles the puzzle from
the broken pieces in a single step."

Getting information about the structure of a material requires scientists
to obtain information pertaining not only to the amplitude of the
diffracted signal, but also its phase. However, the amplitude, or intensity,
is the only part that can be directly measured.

Because the X-ray beams used to illuminate the sample are
coherent—meaning they all share the same phase initially—whatever
change to the phase occurs as a result of the diffraction can be mapped
back to the sample itself, said Argonne nanoscientist and co-author
Henry Chan.

"Phase retrieval is essential for understanding the structure—most of the
relevant information is found in the phase," said lead author Yudong
Yao, an Argonne X-ray physicist at the time of this research. "With the
kind of diffraction we're doing, getting the phase information is a
challenge; it's like figuring out how all the pieces fit together solely
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based on the colors you can see on each piece."

For conventional, supervised neural networks to solve this inverse
problem, the researchers would have had to pair "broken puzzles" with
fully assembled examples so that the neural network could have
something to train against. With an unsupervised neural network, the
algorithm can learn to stitch together the puzzle from just the broken
pieces. The resulting network is fast, accurate and (unlike conventional
methods) capable of providing 3D images in real time to scientific users
of facilities like the APS.

A paper based on the study is published in npj Computational Materials.

More information: Yudong Yao et al, AutoPhaseNN: unsupervised
physics-aware deep learning of 3D nanoscale Bragg coherent diffraction
imaging, npj Computational Materials (2022). DOI:
10.1038/541524-022-00803-w
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