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Flexible Acoustic Emission Sensor Signal Classification Using Convolutional
Neural Networks for Pipeline Leak Detection
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This paper presents a method for the real-time detection of pipeline leaks using flexible Acoustic Emission (AE) sensors.
The signals gathered from the AE sensor are transformed into RGB images through the application of Mel-spectrogram
and color coding. These converted images serve as input for a Convolutional Neural Network (CNN) based on ResNet18.
With this approach, both the presence and intensity of leaks in a pipeline can be identified using the AE sensor. The
effectiveness of the proposed method was validated through data collected from a testbed featuring a galvanized pipe.
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Leak Detection
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Fig. 1 Acoustic emission signals
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Fig. 2 Plasma color-coded Mel-Spectrogram of an acoustic emission signal

Table 1 ResNetl8-based model

Table 2 Hyper parameters

Layer name Output size Layers Name Value
convl 112 x 112 - Image size (H x W) 128 x 256
conv2 X 56 x 56 2 x[3 x 3, 64] Batch size 256
conv3 x 28 x 28 2 x[3x3,128] Num. epoch 900
conv4 x 14 x 14 2 x [3 x 3, 256] Learning rate 1.0e-6
convS_x 7x7 2 x[3x3,512]
Output 1x1 average pool, 6-d fc, softmax Acoustic emission sensor
Gas leak l Signal
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Fig. 3 Testbed
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Fig. 4 Confusion matrices of the proposed method and the other methods
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Table 3 Accuracy and F1 scores
Accuracy F1 score
Proposed 0.930 0.930
SVM 0.866 0.867
Decision tree 0.854 0.875
MLP 0.876 0.875
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Table 4 Color coding

Colormap Accuracy F1 Score
Grayscale 0.917 0.917
Plasma 0.930 0.930
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