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[Abstract] This paper systematically reviews the application of Artificial Intelligence (AI) methods in the field of
civil engineering monitoring. It expounds on the transformation from the traditional physical model—based
monitoring paradigm to the data—driven paradigm integrated with physical knowledge, and deeply analyzes the
application of Al methods centered on deep learning in core tasks such as structural damage identification and
modal parameter identification. It focuses on examining the mechanisms and effectiveness of models like
Convolutional Neural Networks (CNN) and Recurrent Neural Networks (RINN) in processing visual and
time—series data.Focusing on cutting—edge Al paradigms, the paper systematically discusses the advantages of
Physics—Informed Neural Networks (PINN), Federated Learning (FL), Explainable Artificial Intelligence (XAI),
and Reinforcement Learning (RL) in addressing issues such as data sparsity, privacy protection, model trust, and
decision optimization respectively. Additionally, it explores the value of Digital Twin (DT) as a core enabling
platform for integrating Al technologies and realizing intelligent operation and maintenance. Finally, the paper
summarizes current challenges in the field, including data heterogeneity, model generalization ability, and
environmental variability, and looks forward to future research directions such as self—supervised learning,
cross—domain knowledge transfer, and physics—data dual—driven large models.
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