Domain-Aware Statistical Learning --- Harnessing the Convergence of
Engineering Knowledge and Data-Driven Methods

Abstract: High-stakes applications require interpretable models, explainable decisions, and actionable insights
that facilitate the discovery of new knowledge. Fundamental governing physics and domain knowledge
impose critical constraints on how data should be modeled and how models can be interpreted. This seminar
presents some new methodologies that enable the integration of fundamental governing physics into
datadriven models. The first half of the talk focuses on the modeling of spatio-temporal data arising from
advection-diffusion processes and its applications in environment, energy, and sustainability (e.g., wildfires
and solar energy, extreme weather events, urban air pollution, etc.). The results presented in this section are
mainly generated from the collaboration with IBM Research, National Renewable Energy Laboratory and
Argonne National Laboratory. The second half of the talk extends the scope of the research to the statistical
learning and prediction for nonlinear dynamical systems and discusses its applications in airborne aircraft-
drone collision severity assessment utilizing data generated from Finite Element Analysis. A roadmap that
summarizes the current challenges and future research will also be discussed.
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