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Motivation:
Current Status: Pipelines are prone to corrosion and structural defects, but traditional monitoring 
methods struggle with scalability, noise interference, and real-world variability, limiting their 
reliability.
Improvement: Integrate guided wave ultrasonic, distributed fiber optics, and deep learning with 
physics-based modeling to enhance SHM and NDE, enabling accurate, long-range monitoring with 
robust noise mitigation.

Project Outline: 

Finite Element Analysis of Guided Wave Propagation: 
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Noise Model for Synthetic Simulated Data: 
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Signal comparison from fiber sensor(12 inch away from excitation): 
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Improvement from Step 0 to Step 3; Steps Explained: Step 0: Pure simulated signal; Step 1: Simulated signal with time-axis 
correction; Step 2: Simulated signal with transfer function applied; Step 3: Synthetic signal with added background noise.

Defect defection based on different data source: 

Validation based on experimental data:

Training Testing Accuracy (%) Precision (%) Recall (%) F1-Score (%)
Sim → Sim 90.00 90.63 90.00 90.31
Sim → Exp 52.94 50.00 52.94 51.43
Syn → Syn 77.50 79.17 77.50 78.32
Syn → Exp 73.68 75.00 73.68 74.34
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Model Performance based on different data source:
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