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[ ABSTRACT]

ideal, multi-scale permutation entropy was introduced to filter out the eigenmode components with obvious noise. Combined

Aiming at the problem that the noise reduction outcome of vibration signal in tunnel blasting is not

with SG ( savitzky-golay) smoothing filtering method, a complete adaptive noise empirical mode decomposition ( CEEM-
DAN) and wavelet packet joint denoising optimization method was proposed. Results of simulation experiments and meas-
ured signal processing were compared and analyzed by signal-to-noise ratio (SNR) , root mean square error (RMSE) , cor-
relation coefficient, and autocorrelation coefficient. It shows that the method improves the noise reduction outcome and ef-

fectively retains the characteristic information in the original signal. It can be applied to the noise reduction processing of

similar blasting vibration signals.
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Fig.1 Simulation signal and its decomposition results
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Modal component entropy of simulation signal

Tab. 1
PNy 7 = C, G, G, ¢, Cs
il 0.999 0.866 0.787 0.769  0.637

C6 C7 CS CQ CIO Cll CIZ
0.514 0.476  0.439 0.408 0.399 0.391 0.353
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Fig.4 Waveform of vibration signal in tunnel blasting
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Tab.3 Modal component entropy of measured signal
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Fig.5 Measured signal after noise reduction
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