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Identification of Pipeline Thermal Image Leakage Based on Deep Learning
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Abstract: To reduce the difficulty of detecting tiny leakages at multiple leakage points in liquid pipelines, it
is necessary to improve the detection accuracy and speed of the leakage points. Bilateral filtering based on
nonlinear stationary wavelets is proposed to achieve image noise reduction by building a water circulation
pipeline leakage experiment system, changing the sizes and number of the leakage points, changing the
temperature of the conveying medium, and applying an infrared thermal imager to monitor the small leakage
of the single and complex leakage points. Combined with infrared nondestructive testing technology and a
YOLO v4 network model, this study realized the automatic intelligent detection of single and multiple leakage
points of liquid pipelines. The results show that compared with the traditional filtering algorithm, the peak
signal to noise ratio and structural similarity evaluation indexes of the noise reduction method are improved.
The model can quickly and accurately detect and locate single and multiple leakage points of pipelines. The
average detection accuracy (mAP) values of the single and multiple leakage points in complex environment

reach 0.9822 and 0.98, respectively. Further, the accuracy rates reach 98.3% and 98.36%, and the single frame
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detection times reach 0.3021 s and 0.3096 s, respectively. This helps realize the identification of leakage points

under complex background interference. In comparison with YOLO v3, Faster R-CNN, and SSD 300, the

YOLO v4 algorithm has better accuracy, mAP, and ¢ for the detection of single and multiple leakage points

and has a higher detection accuracy and detection efficiency.

Key words: liquid pipeline, infrared non-destructive testing technology, image noise reduction, automatic

detection, MATLAB
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Fig.10 Example diagram of pipeline leakage before and after noise reduction
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Table2 Different algorithms evaluate the index results of the pipeline single leakage point images

) 40°C image 50°C image 60°C image
Algorithms
PSNR/dB  SSIM PSNR/dB  SSIM PSNR/dB  SSIM

Mean filtering 33.1973 0.6361 32.0505 0.7035 31.8188 0.7090
Median filtering 31.7137 0.4941 31.8480 0.6074 31.8348 0.6098
Nonlinear smooth wavelet 30.6688 0.5267 30.1091 0.5329 30.0417 0.5449
Bilateral filtering 34.4566 0.7285 33.5595 0.8230 33.4039 0.8399
Nonlinear smooth wavelet + Bilateral filtering 36.9294 0.8747 34.6604 0.8631 33.9055 0.8647

®3EIEZMEEGA RN AR

Table 3 Different algorithms evaluate the index results of the pipeline multi-leakage images

) 40°C image 50°C image 60°C image
Algorithms
PSNR/dB  SSIM PSNR/dB SSIM PSNR/dB SSIM

Mean filtering 32.6347 0.7257 32.5378 0.7233 31.7827 0.7395
Median filtering 31.724 0.6547 31.7715 0.6338 31.6588 0.6362
Nonlinear smooth wavelet 30.3137 0.5603 30.2969 0.5515 29.9108 0.5786
Bilateral filtering 32.5065 0.8041 32.5169 0.8047 32.4259 0.8335
Nonlinear smooth wavelet + Bilateral filtering 36.6188 0.8883 36.5284 0.8921 34.5147 0.8900
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Detection Detection
Model Train time/s mAP Precision/% Model Train time/s mAP  Precision/%

time/(s/f) time/(s/f)
YOLO v4 2764.5149 0.9822 98.3 0.3021 YOLO v4 2074.8823 0.98 98.36 0.3096
YOLOv3 4372.9816 0.9700 98.2 0.3681 YOLO v3 3460.6947 0.97 92.80 0.4733
SSD 300 2778.0019 0.9800 96.6 0.8946 SSD 300 1642.4262 091 98.30 0.9182
Faster Faster

40383.878 0.8000 69.1 1.7956 23405.0819 0.88 54.80 1.8671

R-CNN R-CNN
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