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Abstract: For high-stakes engineering applications, fundamental governing physics 
imposes critical constraints on how data should be modeled and how models can be 
interpreted (e.g., thermodynamics laws, advection-diffusion equations, momentum 
conservation, etc.). This talk focuses on how fundamental governing physics and 
engineering laws can be integrated into data-driven models through two application use 
cases: (1) the modeling of spatio-temporal data arising from advection-diffusion 
processes (e.g., environmental processes such as the propagation of wildfire smoke, 
precipitation, etc.), and (2) statistical learning for airborne aircraft-drone collision severity 
assessment utilizing the outputs generated by Finite Element Analysis. In the first 
application use case, this talk will introduce a dynamical statistical model leveraging the 
spectrum decomposition of advection-diffusion physical processes. In the second 
application use case, this talk will focus on the construction of statistical models based on 
reduced-order governing physics, i.e., equations of motion. Some existing challenges and 
on-going research will also be discussed.   
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