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ABSTRACT 

Understanding the structure and properties of the subsurface is essential for many technologies supporting energy 
transition, such as underground carbon storage, geologic hydrogen, and critical mineral exploration. However, imaging 
and characterizing the subsurface are inherently challenging due to limited and noisy measurements, large uncertainties, 
and the fact that multiple subsurface models can often explain the same observations. Conventional physics based 
methods frequently rely on strong assumptions and can be computationally expensive, especially in geologically complex 
settings. Recent advances in machine learning, and deep learning in particular, have opened new possibilities for 
extracting information from subsurface data by learning complex relationships directly from examples. While these data 
driven approaches can be powerful, they often struggle when data are scarce and may produce results that are difficult 
to interpret or inconsistent with known physical laws. In this talk, I will present our group’s recent efforts to bridge physics 
based modeling and deep learning through physics guided learning frameworks. By embedding physical principles and 
forward models into the training process, these approaches combine the reliability of physics based methods with the 
flexibility and efficiency of deep learning. I will illustrate how this hybrid strategy improves robustness and accuracy in 
subsurface characterization, with examples in borehole electromagnetic prospecting, seismic full-waveform inversion, 
and multiphysics joint inversion. 
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