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Abstract
Urban infrastructure systems play a vital role in the operation of the city. Recently, many advanced sensing systems have been developed to automate information acquisition and learning for urban infrastructures, such as structural health, traffic conditions, surrounding air quality, etc. However, urban infrastructure monitoring systems often have constrained sensing capabilities due to improper deployment conditions, budget limits, or the complexity of physical infrastructure systems. The constrained sensing capabilities include noisy data induced by complex physical systems, lack of label limiting the accuracy of data-driven models, inefficient sensor deployment resulting in low sensing coverage, and a lack of proper sensors for target tasks. These constrained sensing capabilities significantly degrade the performance of information acquisition and learning using conventional data-driven methods. To address these challenges, my research works combine physical knowledge with information theory/machine learning techniques to acquire and learn high-fidelity urban infrastructure information. In detail, I will talk about my work on combining the limited prior physical properties of infrastructures with data-driven approaches for the infrastructure damage states inference and adversarial knowledge transferring across different infrastructures without any label on the target structure. Further, I will present how these physical learning models work for earthquake-induced building damage diagnosis and vehicle-based indirect structural health monitoring of in-service bridge. Finally, I will mention my work which integrates physical state-space model and data-driven model to improve spatio-temporal state estimations in large-scale urban infrastructure systems.
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