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Abstract:

A growing body of unreliable and irreproducible research results have been published because they
rely upon improper materials characterization analysis [1]. New results build on old. Thus, when previous
results cannot be trusted, the entire scientific process is hampered. Researchers have to waste time and
resources on doomed attempts to do research and develop processes based on incorrect assumptions. One
of the causes of this is that there are limitations on the number of characterization experts who can
analyze data collected on the vast number of materials, surfaces, and interfaces developed every day. We
have addressed this problem by developing artificial intelligence based methodology that can be utilized
to reliably analyze experimental results from Extended X-ray Absorption Fine Structure (EXAFS)
measurements. This development will help to address the reproducibility problems that slow research
progress and inhibit effective tech transfer and manufacturing innovation in these scientific disciplines.

A machine learning approach was applied to the analysis of extended X-ray absorption fine structure
(EXAFS) spectroscopy measurements collected using a synchrotron radiation facility. Specifically, a
genetic algorithm was developed for fitting of the measured spectra to extract the relevant structural
parameters. The current approach relies on a human analyst to suggest a potential set of chemical
compounds that may be present. The algorithm than attempts to determine the best structural paths from
these compounds that are present in the experimental measurement. The automated analysis looks for the
primary EXAFS path contributors from the potential compounds. It calculates a goodness of fit value that
can be used to identify the chemical moieties present.
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