
Transformative Applications of Materials Data Science: 
Spatiotemporal Studies and Convolutional and Graph Neural 

Network Learning To Solving Materials Challenges 

Petabyte-scale datasets, including time-series, spectra and images, can be collected using 
recent advances in computing and communication. Data-driven AI/ML models, such as deep 
representation learning, trained on these datasets can illuminate critical features and challenge 
our current understandings in ways that affect society’s, industry, and academia’s choices. 
Materials science datasets amassed from laboratory experiments have typically been small 
and sparse, but our ability to use petabyte datasets from complex materials systems in their 
real-world applications enables us to shift from observational studies to predictive and 
inferential science. We utilize these data science, big-data analytics and deep learning 
approaches to address critical problems in energy science.  

Our work combines multiple disciplines to address aging issues in complex materials systems 
such as photovoltaic (PV) modules and PV power plants, including elucidating the 
fundamental mechanisms and degradation pathways. This permits epidemiological studies 
of the performance loss rate (PLR) as a function of PV module types and climate zones. 
Remote acquisition of time-series I-V curves then enable diagnosis of active degradation 

mechanisms. Our automated image processing and deep learning pipeline applied to 
electroluminescent (EL) images of PV modules enable identification of active degradation 
mechanisms and predict their associated power losses. Deep representation learning, using 
spatiotemporal-graph (st-graph) neural network models, allows us to more accurately predict 
power of fleets of PV power plants, by leveraging the geospatial and temporal coherence and 
relationships amongst thousands of these systems as a network. These results underlay our 
current efforts using st-graphs and knowledge graph methods to summarize domain-relevant 
features for specific materials data science problems, to address research questions that have 
been inaccessible to quantitative analysis to this day.  

Biography: Roger H. French is the Kyocera Professor in the Dept. of Materials Science and 
Eng. in the Case School of Engineering, with secondary appointments in Macromolecular 
Science, Computer and Data Sciences, Biomedical Eng. and Physics at Case Western Reserve 
University (CWRU) in Cleveland Ohio, since August 2010. He is director of the SDLE 
Research Center, focused on data science and analytics. He is the faculty director of the 
CWRU Applied Data Science Program. Before this he was in Central Research at the DuPont 
Co. in Wilmington, Delaware since 1985 and was Adjunct Prof. of Materials Science at the 
Univ. of Penn. since 1996. He received his B. S. in Materials Science from Cornell 
University, and his Ph.D. from Massachusetts Institute of Technology under Prof. R. L. 
Coble. 
French's materials research focuses on optical properties and electronic structure of polymers, 
ceramics, optical and biomolecular materials. These determine the vdW interactions driving 
wetting and mesoscale assembly of CNTs, proteins and DNA.His energy research focuses on 
lifetime and degradation science. Using a Hadoop/Hbase/Spark-based data science and 
analytics environment he studies the spatio-temporal evolution of complex systems. This 
allows multi-factor real-world data, integrated with lab-based datasets, to identify 
mechanisms and pathways activated over lifetime. 
He has published 162 journal articles, 147 proceedings papers, 1 book, 21 book chapters, 8 
software packages, 6 open datasets, 165 invited talks, and 302 conference presentations, and 
has 28 issued U. S. patents and 1 active filing. French is a Fellow of the American Ceramics 
Society. He is a participant in Task 13 on Performance and Reliability of Photovoltaic 
Systems of the Intl. Energy Agency, PVPS. 
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