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Fig. 1 Schematic of acoustic emission localization model
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Acoustic Emission Localization Model of Concrete Material Based on Convolutional Neural Network
DENG Yongdong, ZHOUJingren*, LU Xiang, CHEN Jiangkang

(1.College of Water Resources & Hydropower, Sichuan University, Chengdu 610065, China;

2.State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China)

Abstract:

Objective Hydraulic concrete produces acoustic emission phenomena due to cracking and other damage. It is important to quickly and accurately

locate the damage source based on acoustic emission signals for real-time monitoring of the health status of hydraulic buildings. The traditional it-

erative localization method is greatly affected by the initial value of iteration and the iteration process. An inappropriate initial value of iteration
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often leads to unstable or divergent iterations, ultimately resulting in poor localization accuracy. Therefore, the selection of the initial value of it-
eration is critical in the traditional iterative localization method. In addition, traditional iterative localization methods are heavily influenced by
the number of sensors and environmental noise, which reduces localization stability and efficiency. The rapid development of deep learning in re-
cent years provides new approaches for acoustic emission localization. Deep learning demonstrates strong feature extraction capability and gener-
alization ability. In response to the limitations of traditional iterative localization methods, a convolutional neural network-based acoustic
emission localization model is constructed, which improves the efficiency, stability, and accuracy of acoustic emission localization to a cer-
tain extent.

Methods The absolute propagation time of acoustic emission was generally difficult to obtain, but the arrival time difference between the sensors
contained sufficient information that was utilized to localize the acoustic emission source position. This study constructed a convolutional neural
network-based acoustic emission localization model using a cylindrical concrete specimen as the experimental object, with the 3D coordinates of
eight sensors and the propagation time difference as input, and the 3D coordinate position of the acoustic emission source as output. In addition,
the effect of the number of convolutional layers and the size of the convolutional kernel on the localization accuracy was analyzed, and the opti-
mal convolutional neural network structure was obtained. At the same time, the traditional iterative localization method was compared, and the ad-
vantages of the constructed localization model in terms of localization accuracy and efficiency were analyzed to verify the localization perfor-
mance of the constructed localization model.

Results and Discussions For the case of 8 sensors, the optimal number of convolutional layers was 4, and the optimal convolutional kernel size
was 3x1. In the X, ¥, and Z directions, the root mean square errors (R,,q) of the localization model were 0.865 2, 0.826 6, and 0.722 1 mm respec-
tively, the mean absolute errors (44,) were 0.532 2, 0.617 3, and 0.473 3 mm respectively, the mean absolute percentage errors (M,,;) were
0.222 0, 0.510 1, and 0.051 O respectively, and the coefficients of determination (Rz) were 0.994 2, 0.993 8, and 0.999 3 respectively, which were
close to 1. Most of the localization errors were distributed near 0, which basically conformed to the standard normal distribution. The localization
accuracy of the localization model in the depth direction was higher than that in the horizontal direction. Compared to the traditional iterative lo-
calization method, the localization efficiency was stable, and it showed clear advantages in processing many localization tasks, while the localiza-
tion error was reduced by about 5%. The damage location detected by the localization model basically matched the real crack location.
Conclusions The proposed localization model shows good localization efficiency and accuracy. Compared to the traditional iterative localization
method, it is not influenced by the initial iteration value or the iterative process, and it exhibits the advantages of stability and high efficiency. In
addition, it maintains stable performance for new data points and shows strong applicability, making it a reliable reference for early warning of
damage evolution based on nondestructive testing, with potential application to the damage detection of other materials in the future.

Key words: acoustic emission; localization method; convolutional neural network; damage detection
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