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Noise Reduction Analysis of Tunnel Blasting Vibration
Data based on OVMD-MPE Algorithm
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Abstract; Due to the influence of complex environment of tunnel blasting and the electromagnetic interference of
instruments , the measured blasting vibration signals mostly contain high-frequency noise , which makes it ineffective to
analyze related laws by the raw blasting vibration data. In order to obtain the real blasting vibration characteristics,a

signal smoothing and noise reduction model based on the optimal variational mode decomposition( OVMD) and the
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multi-scale permutation entropy ( MPE) is adopted , which is verified by the simulated superposition signals and meas-

ured signals. Firstly, the signal is decomposed by OVMD to obtain the band-limited intrinsic mode functions( BIMF) .

Then, the high-frequency BIMFs larger than the threshold set by MPE are removed as noise. Finally, the remaining

BIMFs components are reconstructed to obtain the noise-reduced signal. The results show that the OVMD-MPE model

can accurately identify the signal frequency information,and the first two order components can effectively reflect the

effective contents of the superimposed signal , which is suitable for high-precision data analysis and feature extraction.

Compared with EEMD-MPE and CEEMDAN-MPE models, the OVMD-MPE model has better noise reduction per-

formance. The noise reduction error ratio,root mean square error and smoothness are increased by 22.05% ,48% and

33.34% ,respectively. The denoised curve is closer to the original signal and is more suitable for blasting signal anal-

ysis with different source distances. The blasting vibration signals measured during the construction of the right line of

Shuangzishan Tunnel are concentrated in the middle and the low frequency bands below 200 Hz. The natural frequen-

cy of the lining structure is similar to the main frequency of the blasting signal , which means shock absorption meas-

ures need to be taken to ensure the construction safety of the tunnel project.
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Table 1 Blasting parameters of different measuring points

L WEAE IR/ (em + s7") FEIRINAH/ He
X J5 1k Y J7 i Z )5l X J5 1) Y Jyli Z Ji i
1 0.956 1.108 0. 905 40.283 39.673 40.283
2 0.631 0.324 0.458 100. 708 64.087 40.283
3 0.354 0.347 0.204 20.752 40. 283 21.362
4 0.152 0.123 0.242 20.752 19.531 61.035
5 0.183 0.307 0.191 19.531 14. 648 20. 142
6 0.122 0.104 0.113 19.531 20. 142 20. 142
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Table 2 Parameter table for noise reduction effect evaluation

ﬁ%ﬂﬁﬁﬁéﬁ =4 anR ﬂj*ﬂjﬂ;&% & ﬁ‘ﬁ!’%lﬁ r
A5 EEMD- CEEMDAN- OVMD- EEMD- CEEMDAN- OVMD- EEMD- CEEMDAN- OVMD-
MPE MPE MPE MPE MPE MPE MPE MPE MPE
1# 19.9817 23.7918 34.7807 0.0151 0. 0097 0. 0027 0.0150 0.0119 0. 0097
2# 29.0838 21.7073 23.0697 0.0022 0.0052 0.0043 0.0820 0.0940 0.0598
3# 29.4855 20.3698 28. 8906 0. 0021 0. 0061 0.0023 0. 0031 0.0004 0.0026
44 20.7980 13.6093 19.8617 0. 0020 0. 0046 0. 0022 0.0109 0.0137 0.0021
S# 19. 0621 18.2054 24.9341 0. 0042 0. 0047 0. 0022 0.0113 0.0024 0. 0067
6# 21.5163 15. 4246 21.2712 0.0023 0.0046 0.0023 0.0015 0.0003 0.0011
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