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Ultrasonic signal denoising method for partial discharge of oil-immersed
transformer based on improved VMD-WT
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Abstract: Partial discharge ultrasonic signal monitoring is one of the commonly used methods to determine the insulation status of oil-
immersed transformers. However, the on-site noise interference is difficult to avoid and often accompanied by white noise. Therefore, a
denoising method based on improved variational mode decomposition and wavelet transform is proposed. Firstly, taking the kurtosis-
permutation entropy criterion as the objective function, the ant colony optimization is used to determine the optimal decomposition level
and penalty factor of the variational mode decomposition, and the noisy partial discharge ultrasound signal is decomposed into multiple
intrinsic mode function. Then, the correlation coefficient method is used to divide the multiple intrinsic mode function into noise free
function, noise containing function, and noise function. The maximum-minimum permutation entropy criterion is used as the objective
function, and the ant colony optimization is used to determine the optimal wavelet threshold and propose an improved wavelet threshold
function for wavelet denoising of the noisy function. Finally, the noise free function and the denoised wavelet function are reconstructed
to complete the denoising of the partial discharge ultrasound signal. By denoising simulated and measured partial discharge ultrasound
signals and comparing with four other denoising methods, the results show that the proposed denoising method has excellent performance.
The signal-to-noise ratio and normalized correlation coefficient are average improved by 43. 62% and 2. 39% respectively compared with
other methods, and root mean square error is average reduced by 35. 46%.
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Table 2 5 methods of denoising effect

ERT P8R
SNR NCC RMSE
SCHk[ 251 7 vk 15.818 0 0.988 9 0.0153
CHR[26] J5 1% 12.920 2 0.974 2 0.021 4
CHR[27] 5 12.123 2 0. 969 4 0.023 5
SCHR[ 28] J7 1k 15.717 5 0.986 7 0.0155
AR T % 19.217 7 0.994 2 0.010 4
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Fig.9 Denoising and reconstruction of localized ultrasound signal
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Table 3 Table of denoising effect of ultrasound
signals of 4 localized types

T L 2 TR KWETT I SNR NCC RMSE
SCHR[25]1 51 11.8033  0.948 0 0.009 6
SCHR[26] 5 8.8774  0.9303 0.010 2
EFMROECR SCER[27] 5 8.6024  0.918 8 0.0116
SCHR[28] 4 9.1975  0.9379 0.009 9
ASCHTR T 12.508 8 0.966 7 0.007 1
SCHR[ 2515 12.2036  0.985 4 0.081 5
SCHR[ 26153 11.8872  0.9718 0.084 5
BIEcR SGER[27] 5 11.3854 0.9721 0.089 5
SCHK[ 28] 11.9607  0.973 3 0.083 8
AP 17.8632 0.991 8 0.042 5
SCHR[25]07%  11.6647  0.960 2 0.0127
SCER[26] 7k 8.231 1 0.9335 0.018 7
W, SCER[27] i 7.686 1 0.923 1 0.018 7
SCHR[28]) % 11,0726 0.9427 0.017 6
AR 157102 0.965 8 0.011 8
k(2517 9.831 1 0.959 8 0.019 1
CHR[26] 5 8.4391  0.926 5 0.022 5
A SCER[27] A 78136 0.9220 0.024 2
ER[281 5 9.5151  0.956 1 0.0199
ASCHR T 11,4380 0.964 1 0.0159




(d) Graph of denoising effect of literature [28] method
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