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Application of VMD-SVD Combined Noise Reduction
Method to Operational Transfer Path Analysis

WEI Jiashuai, BAI Zhenhe , CHEN Ke, WANG Kaiyan

( Shenyang Ligong University, Shenyang 110159 ,China)

Abstract; To address the problem of pervasive high-frequency noise in vibration signals obtained
during operational transfer path analysis( OTPA) , this study introduces a novel combined noise re-
duction approach that integrates variational mode decomposition ( VMD) with singular value de-
composition( SVD) , referred to as the VMD-SVD method. This technique first employs the VMD
algorithm to decompose the original noisy signal into K intrinsic mode functions (IMF) compo-
nents. Subsequently , variance contribution rates ( VCR) is utilized to discern and eliminate noise-
dominated IMF components, while preserving those with significant operational content, following
the VMD decomposition. These selected IMF components are then subjected to the SVD algorithm
for further noise attenuation. The refined IMF components are thereafter reconstructed to produce a
noise-mitigated signal. The efficacy of this composite noise reduction process is substantiated
through simulation experiments. Furthermore , the method is applied to vibration signal acquisition in
OTPA and bench-marked against other fundamental noise reduction strategies. Comparative results

demonstrate that the proposed VMD-SVD method substantially attenuates high-frequency noise
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within the captured vibration signals, thereby enhancing the precision of transmission path analysis

techniques and the dependability of subsequent signal analysis and processing.

Key words: operational transfer path analysis; variational mode decomposition ;singular value de-

composition ; signal processing
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Fig.1 Joint noise reduction flowchart
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Fig.2 Comparisons between original signals and noisy signals
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Fig.3 IMF components of the noisy signals from VMD decomposition
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IMF components

Syt VCR Vi VCR

IMF1 0.020 6 IMF6 0.028 7
IMF2 0.028 7 IMF7 0.017 7
IMF3 0.023 6 IMF8 0.186 3
IMF4 0.029 6 IMF9 0.612 6
IMF5 0.023 0 IMF10 0.029 1
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Fig.4 Comparisons of denoising effects of four denoising methods
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Table 2 RMSE and SNR values for four different

noise reduction methods.

. RN B AN R B
[SHlyReN
RMSE/mm SNR/dB
VMD 0.354 4 6.970
SVD 0.203 1 11. 804
EMD-SVD 0.163 1 13.712
VMD-SVD 0. 088 4 19. 030
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Fig.5 Sensor layout diagram
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Fig. 6 Comparisons of the measured and fitted sound pressure values on the right ear side of the main driver
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