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Structural Health Monitoring (SHM) of composite materials is challenging because of material anisotropy, complex

wave propagation and sensitivity to environmental and operational variability. Physics-based approaches, particularly

those based on Finite-Element Models (FEM), are computationally expensive, which hinders online applications. On the

other hand, data-driven approaches, including Deep Learning (DL) techniques, have been able to automatically extract

useful features from large amounts of data for damage detection and localization. However, they also have disadvantages.

A key limitation is the need for labelled data, which is costly to obtain and particularly critical for damage localization due

to generalization issues in deep learning models. During training, the model must see several examples of damage

in different positions to avoid overfitting. Furthermore, real-world measurements of unhealthy structures are scarce due to

the irreversible nature of damage.  

This work analyzes the feasibility of using unsupervised damage detection models for damage localization. To do this,

several unsupervised models trained for damage detection in carbon fiber-reinforced polymer (CFRP) plates using guided

Lamb waves are compared, with emphasis on their damage localization capabilities. This includes models such as

autoencoders (AE), convolutional autoencoders (CAE), variational autoencoders (VAE), and physics-guided models. Models

are trained with Lamb wave signals collected from a network of piezoelectric transducers (PZTs) attached to a CFRP plate.

For training, only data collected from the undamaged plate is used. For testing, a combination of data collected from

damaged and undamaged plates is used. By using reconstruction residuals as damage indicators for localization, the

capability of damage detection-trained models to extract features relevant to damage localization is investigated. This

work serves as a model design guideline for data-efficient damage localization in composite material structures. 

Palavras-chave : Structural Health Monitoring, Guided Lamb Waves, Unsupervised Deep Learning, Damage Localization


