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[ABSTRACT]  Aiming at the problem of noise interference in tunnel blasting vibration test signals, a noise reduction
method based on k-value optimization of VMD ( variational mode decomposition) combined with wavelet packet analysis was
introduced. First, decomposition energy difference parameter A was introduced to compare the total energy of the modal
components of blasting vibration signals obtained by VMD with different k values. Based on the principle of equal energy
decomposition, the modal number £ was optimized and analyzed, and VMD of the signal was carried out under the optimal
mode number k. Noisy components were screened out under the dual indicators of correlation coefficient and variance con-
tribution rate, and wavelet packet analysis was used in denoising. Finally, the noise components and dominant components
after noise reduction were reconstructed to obtain a pure blasting vibration signal. The method introduced in this paper com-
bines the advantages of VMD and wavelet packet analysis, and overcomes the defects of excessive signal decomposition or
insufficient decomposition layers. The results show that compared with existing methods, the denoising method of k-value
optimized VMD combined with wavelet packet analysis has a high signal-to-noise ratio, a small root mean square error, and
a good noise reduction effect. This method can effectively retain the detailed features in the original signal, and it can be
applied to noise reduction of what is similar to tunnel blasting signals.
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Fig. 1 Flow diagram of denoising
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Tab.1 Energy parameters of VMD of simulation signals
k E, E; B A
2 2.270 7 2.270 7 0
3 2.274 6 2.274 6 0
4 2.379 2 2.3792 0
5 2.379 9 3.262 8 0.413 0
6 2.380 4 3.506 3 0.473 0
7 2.396 6 3.684 2 0.5373
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Fig.5 Comparison of the pure signal after denoising

with the original simulation signal and the initial signal
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