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ABSTRACT 
Structural anomaly detection is a critical aspect of long-term structural health monitoring for civil infrastructure. It 
refers to identification of irregularities or deviations in the structural integrity, which is different from data anomaly 
or loading anomaly. Similar to pulse diagnosis in Chinese Medicine, our team are developing vibration-based 
structural anomaly detection strategies, built upon advanced digital signal processing and lightweight artificial 
intelligence. The first strategy is to develop reference-free dynamic displacement estimation and is further extended 
as interstory drift estimation for rule-based building anomaly detection under earthquake events; also, we develop 
a data-driven Gaussian Process Regression framework for adaptive bridge anomaly detection under train-crossing 
events. The second strategy is to develop noise-robust blind source separation with shapelet transform for sudden 
damage detection, which is a fully automated and universal solution for different structures; it can detect time 
stamps and locations of multiple sudden damages with low signal-to-noise ratios. The third strategy is to develop 
semi-supervised deep learning model for train-track anomaly detection. It effectively capturing essential signal 
features from raw train-induced vibration signals by projecting them into a latent space, which is utilized for both 
reconstruction and classification of structural anomalies; it is applied to detect wheel flat defect and rail track 
changes. The impact of these studies is further enhanced by deploying these strategies on wireless IoT sensing 
systems with an edge intelligence framework, where lightweight artificial intelligence meets edge computing.  In 
particular, a cost-effective IoT prototype developed by our team, aka LiftNode, is utilized to execute the above 
algorithms onboard and helps to demonstrate the effectiveness and scalability of the proposed solutions. Our 
research efforts advance the knowledge and close the gaps for long-term structural health monitoring of large-scale 
civil infrastructure.  
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