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Research on crack identification algorithm of anti-corrosion layer of
air coupling ultrasonic pipeline
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Abstract: The integrity of the corrosion protection layer in natural gas pipelines is crucial for pipeline safety, as cracks are a major
hidden hazard that can lead to leaks and accelerate corrosion. This paper employs an air-coupled ultrasonic intra-resonance detection
technique, processing the ultrasonic detection signals using ensemble empirical mode decomposition (EEMD) to separate the intrinsic
mode function (IMF) components. These components are then analyzed for their correlation with the original signal and subsequently
processed using wavelet threshold denoising technique. The denoised signal is reorganized to improve clarity, and six dimensional feature
quantities are extracted as inputs to the exireme gradient boosting ( XGBoost) model. To further optimize the model’s performance, key
parameters such as the number of iterations, tree depth and learning rate of XGBoost are optimized using the Newton-Raphson ( NRBO)
algorithm to achieve the best recognition efficiency and accuracy. The results show that the method achieves a damage recognition
accuracy of 95. 83% for the corrosion protection layer, with an average relative error of only 6.3% in crack length prediction. This
demonstrates excellent anti-interference ability and high accuracy. The method provides a new idea for natural gas pipeline anti-corrosion
layer detection, contributing to improve pipeline safety, reduce maintenance costs and extend pipeline service life.
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Fig. 1 Propagation model of ultrasonic wave in double-layer

pipeline coating structure
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(b) Time domain waveform signal containing crack defects
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Table 3 Signal energy of different anti-corrosion layer states
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Fig.4 Time-domain waveform diagram

I XA A LB T TR AT P i A 0 1 B 5
AT LIS J5E B2 45 15 ) I ST 55 R AT (8 HEL 2%
FHBIEHRAI A 55 08 O JREJEE B0 O 2 A A M AT B
TSR R 5 SR ISR R NER 4.5 PR,

F4 AEEENRIERTER
Table 4 Resonance frequency of steel plate of

different thickness

JEJE d/mm FEAE IR £, /kHz
6.2 478.466 7
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Table 5 Resonant frequency of different thickness plexiglass

JEBE d/mm FEAEYRNTH £, /kHz
3 462.833 3
3.9 360
5.45 255.688 1
7.8 174.615 4
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Fig.5 The relationship between the thickness of steel plate

and plexiglass and the resonant frequency
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Table 6 Correlation coefficients between the original

signal and IMF components

A B IMF 43 AHK R B
IMF1 0. 099
IMF2 0. 153
IMF3 0.314
IMF4 0.793
IMF5 0. 794
IMF6 0.222
IMF7 0.211
IMF8 0. 080
IMF9 0. 020
IMF10 0.019
IMF11 0.016
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Table 7 Experimental resonant frequencies and calculated

thicknesses of steel plates of different thicknesses
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Table 8 Experimental resonant frequencies and calculated

thicknesses of plexiglass of different thicknesses
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Table 9 Experimental resonant frequencies and calculated thicknesses of plexiglass of different thicknesses
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