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Abstract: External environmental noise signals affect the early warning performance of microseismic
monitoring systems for rock mass rupture disasters. An improved VMD-W'T joint denoising method
was proposed to address the nonlinear, highly random, and unstable characteristics of microseismic
signals, along with the limitations of traditional VMD and WT algorithms in denoising. First, the
GSWOA algorithm was used to optimize the decomposition number and penalty factor in the VMD
process. The optimized parameters were substituted into the VMD algorithm to decompose the noisy

signal into several IMF components. Next, the MI method classified the IMF components, retained
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the effective components, and reconstructed the signal. Finally, the GSWOA algorithm optimized the

parameters of the improved threshold function in the WT algorithm for secondary denoising of the

noisy signal. The feasibility and superiority of the improved joint denoising method were verified by de-

noising simulated signals. The method was further applied to real microseismic signals. Its denoising

performance was evaluated using signal-to-noise ratio (SNR), root mean square error (RMSE), and

mean square error (MSE). The results showed that, compared to the individual EMD, WT, and
VMD denoising algorithms, and the EMD-SVD and VMD-SVD joint denoising methods, the im-

proved VMD-WT method more effectively removed noise interference from microseismic signals

while preserving the original signal information. This method provides a solid foundation for future ear-

ly warning of rock mass rupture disasters using microseismic monitoring systems.

Keywords: microseismic signal; variational mode decomposition; wavelet threshold; joint denoising;

mutual information
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Fig.10 Initial denoised signal and its spectrum
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Fig.11 Secondary denoised signal and its spectrum
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Table 4 Comparison of denoising results from various

methods
LW Tk SNR MAE RMSE
WT R {E) 3.5133 0.2725 0.4439
WT ({5 5.974 6 0.224 0 0.3343
W T (3 19 1) 8.287 4 0.192 4 0.256 2
EMD 4.870 1 0.303 4 0.379 7
VMD 8.917 1 0.189 0 0.238 3
VMD-WT 9.652 4 0.168 5 0.218 9
EMD-SVD 6.943 7 0.201 3 0.2816
VMD-SVD 9.1320 0.178 3 0.2218
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