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ABSTRACT 
 

     Acoustic emission (AE) source localization enables early-stage and internal 
damage detection in concrete structures. However, conventional arrival-time-based 
methods can suffer from large errors in reinforced concrete because wave propagation 
is affected by material heterogeneity, reinforcement, scattering, and wave-velocity 
uncertainty. This study proposes a Modified Stockwell Transform (MST)-based 
convolutional neural network (CNN) architecture for 3D AE source localization. Eight-
channel AE signals from a reinforced concrete (RC) beam were transformed into MST 
time–frequency images and used as CNN inputs for source-coordinate estimation. In the 
pencil lead break (PLB)-based pretraining stage, the MST-CNN model learned artificial-
source localization features and achieved mean 3D Euclidean errors of 3.43 mm and 
6.40 mm for the training and validation datasets, respectively. To extend the pretrained 
model to real crack-generated AE localization, AE signals collected during displacement-
controlled loading were converted into target-domain MST images, and their crack-
source labels were refined using digital image correlation (DIC). Through transfer 
learning, the pretrained features were fine-tuned with limited real-crack data to adapt the 
model to crack-generated AE signals. The results show that MST images provide 
informative time–frequency features and that DIC-assisted transfer learning can support 
real crack-generated AE localization in reinforced concrete structures. 
 

 
 

Fig. 1 Proposed workflow for MST-CNN-based AE source localization in RC structures. 
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