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Abstract: In the magnetic flux leakage (MFL) detection process of oil pipelines, the received MFL signals have a
relatively low signal-to-noise ratio (SNR) and are often aliased with other low-frequency noises that have similar
frequency components. Currently, common denoising algorithms cannot effectively separate MFL signals from other
noise components. To improve the accuracy of MFL signal extraction, this paper proposes a method combining
variational mode decomposition (VMD) optimized by the giraffe optimization algorithm (GOA) and dynamic wavelet
threshold denoising (DWTD) for MFL signal identification. Firstly, the GOA algorithm is used to select the input
parameters of VMD. Then, VMD performs adaptive decomposition on the signal based on the optimized parameters to
obtain a certain number of modal components, which are divided into effective signal components and noise components
using correlation coefficients. Finally, dynamic wavelet threshold denoising is applied to the effective signal components
to obtain the noise-removed MFL signals. Tests and analyses were conducted on simulated signals with different
intensities and actual measured MFL signals. The index analysis of simulated signals shows that the SNR of the
proposed method is at least 20% higher than that of other methods, and the smoothness of actual measured MFL
signals is 10% higher than that of other methods. The results indicate that the denoising method combining GOA-
optimized VMD parameters and DWTD can effectively remove interference noise and retain the original signal waveform
more completely. This method outperforms other commonly used denoising methods and is suitable for denoising MFL
signals of oil well pipelines.
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Table 2 Evaluation of RSE and RMSE for noise reduction effects of four methods under different noise intensity
1y —5dB : 0 dB : 5 dB : 10 dB :
SNR RMSE SNR RMSE SNR RMSE SNR RMSE
DWT 2.064 2 0.682 2 5.455 5 0.548 5 11.325 6 0.695 4 13.845 6 0.597 0

EMD-DWT 1.641 5 0.790 1 5.696 5 0.537 5 10. 987 0 0.589 2 17. 348 2 0.428 5
EEMD-DWT 2.980 6 0. 650 2 7.010 2 0.479 8 12. 862 3 0.585 5 16. 596 5 0.310 5

SRS 3.454 3 0.324 3 9. 852 4 0.2698  14.5121  0.2255  19.8552  0.1905

R3 AEREBEET 4T EERYIR CCHEM
Table 3 CC evaluation of denoising effects of four methods under different noise intensities
1M e
—5dB 0 dB 5 dB 10 dB
DWT 92.894 0 94.387 4 93.529 6 94. 895 6

EMD-DWT 92.561 8 95.650 3 94.389 6 96. 884 5

EEMD-DWT 95.617 5 97.210 5 95.689 2 98.015 2

ATy 98.378 6 98.797 3 98.914 5 99.230 5
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(a) Comparison of SNR after dencising with four algorithms (b) Comparison of RMSE after denoising with four algorithms
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Fig. 9 Comparison of SNR and RMSE after denoising with four algorithms
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Fig. 12 Measured time-domain of artificial defect leakage magnetic signal
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Table 4 Evaluation of the noise reduction effects of four methods under different signals
—5dB 0 dB 5 dB 10 dB
LIRS
RVR SER RVR SER RVR SER RVR SER
DWT 0.225 0.999 9 0.242 0.999 5 0.215 0.999 7 0.235 0.999 8
EMD-DWT 0. 206 0.999 6 0.208 0.999 5 0. 204 0.999 5 0.199 0.999 7
EEMD-DWT 0.198 0.999 3 0.203 0.999 3 0.199 0.999 3 0.178 0.999 5
AR ICTT 0.167 0.999 2 0.187 0.9991 0.179 0.999 2 0.165 0.999 3
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Fig. 15 The denoising effect of rail magnetic flux leakage signals
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Table 5 Evaluation of denoising effects under four noise intensities for generalized magnetic flux leakage signals

. —5dB 0 dB 5 dB 10 dB
E M5k
RVR SER RVR SER RVR SER RVR SER
ATy ¥ 0.275 0 0.894 7 0.229 0 0.918 5 0.197 4 0.942 6 0.165 2 0.963 6
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