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Table 2 Comparison results of different methods based on IRD-TCN model
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Table 3 Comparison results of different detection models
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Anomaly Detection Method for Wire Arc Additive Manufacturing Based on
Deep Learning and Cross-Modal Fusion of Acoustic and Electrical Signals

WANG Hongmin', QIN Cai’, LIN Wei’, GUO Huilin’, PAN Zengxi”®, SONG Yingying"
(1. School of Emergency Technology and Management, Wuyi University, Jiangmen 529020, China;
2. School of Mechanical and Automation Engineering, Wuyi University, Jiangmen 529020, China;
3. School of Mechanical, Materials, Mechatronic and Biomedical Engineering, University of Wollongong,
Wollongong 2522, Australia;
4. School of Electronics and Information Engineering, Wuyi University, Jiangmen 529020, China)

[ABSTRACT] Wire arc additive manufacturing (WAAM) offers advantages such as rapid fabrication and compatibility
with lightweight structural design, and thus exhibits great potential for manufacturing critical aerospace components. To
address the various defects that may arise during the WAAM process, an unsupervised cross-modal anomaly detection
method is introduced, integrating an improved residual deep temporal convolutional network (IRD-TCN) with a residual-
enhanced lightweight attention (RELA) module for the fusion of acoustic and electrical signals. Owing to the complexity
of WAAM operating conditions, the detection capability of a single sensing modality is limited. Therefore, wavelet-based
features from acoustic signals are fused with electrical signal features through cross-modal relational analysis, enabling
IRD-TCN and RELA to identify changes in the correlation between the two sensing signals and achieve high-quality
detection. Experimental results indicate that the proposed approach attains a precision of 98.37%, a recall of 97.73%, and
an F'1-score of 98.10%, effectively addressing the limitations of traditional data-fusion methods in terms of accuracy and
robustness for anomaly identification in WAAM processes.
Keywords: Wire arc additive manufacturing (WAAM); Cross-modal fusion; Deep learning; Anomaly detection; Temporal
convolution; Attention mechanism; Wavelet transform
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