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Abstract; When drilling and blasting are adopted for excavation of high slopes, blasting-induced vibration signals are
susceptible to noise interference and their effective features are difficult to extract accurately, a noise reduction method
based on complete ensemble empirical mode decomposition with adaptive noise ( CEEMDAN) combined with wavelet
threshold is proposed. Blasting vibration signals are reprocessed based on mean ratio ( MR ), sample entropy, and
correlation coefficient. The proposed method is verified by simulated and field measured blasting vibration signals. The
simulation results show that the signal-to-noise ratio (SNR) of the proposed method reaches 27.80 dB and the root-mean-
square error (RMSE) is 0.209 1, presenting a superior noise-reduction performance compared to the other four methods.
Engineering application results indicate that this proposed method can effectively suppress high-frequency noise and
improve the resolution and stability of time-frequency analysis for blasting vibration signals. Further analysis reveals that
the dominant frequency of blasting vibration signals is mainly within the range of 10—60 Hz with energy concentrated
within 16—125 Hz; the dominant frequency of rockfall impact signals is mostly in the range of 40-720 Hz with more
complex spectral structures, and its energy is mainly distributed in 62—1 000 Hz.

Key words: high slope; blasting-induced vibration signal ; blasting signal ; vibration signal; CEEMDAN ; wavelet noise

reduction; signal noise reduction; time-frequency characteristics

PR Ry — P S A THZEOR T2 BT PR3l 5 %0 FBIERE Rt TN 53 22 3 SO RIS
ALY E G TR B B ST AR WTRBEERS G S WIRAREA EE TEE

O WiBEHE: 2026-03-21
ELWE.: BHEARPIAEEES (52274136,51904210) ;L4 A SRFl# 5L 4 (2024 AFB766)
YEE BN AFZEM(1996—) , 53, PUNIGHIEN , = g TR, Rl TRRBR Dy 9 HF5T . E-mail : 1243954907 @ qq.com
BIEEE. BT (2002—) 5 14 E XN BEAF 5020 N BRI R S A A S5 45 9T . E-mail :3028944205@ qq.com



28 7R

T i 46 %

S RSB R R S (5 S oR A AR 32 W B
S W0 30 P RER B A5 530 32 B R SRR IR AL 4
T, H I, 75 B R MR Sh 5 5 A7 b >

BT XTI IR B0 {5 5 W 7 L ) R, A WY
KIS A3 (EMD ) K H ik 0k o 8 [ Mg Ak
B, EMD KRR R 4R 2 15 5 [ 38 o i 24
APERLZS PR (IMF) 43, SEBLME A 58 3005 5 19 4
B ARG 7 A A TR B e RN, B WA S o R
JEBT L Ryt R R RE 2R TR EMD 26
BN R AR SS A, SR, 1 3R 7 3k R T SR A
ATRE RN o P RE 7 T U T — 2 BGRL, (AT 77
IMF 43 SR BRI AN S A5 55 M s e wfe LA
WX o, Lh A5 FAL s R i o A 8805 B 5 22 0 2 )
RO, HE LA 410 B 1 5 855 S R R R

R WA SCEI A A A N R 5 A% 48 LA A i
(CEEMDAN) 5 /Nl B 106 & B e T v, 45 B A G 2R
B BEA B A A e (MR) X IMF 208 017454
i , L3R s R AR S0 1 5 110 e M BB R RRAIE £ 7Y i
F1o FEBCIERE 1 Al 2 5 100 3 R W 0 b 42 2 41 B
fE SBT3 — 2 TF R IR S 15 5 5 7 A fil
AR B 5 AU 5T, B BT 5 1 4 7 ik g FH T 93 Ak
P55 5% A fl AR S5 5 10 A 2R X W9 2 4R 2 15
S I VR AR HEA T R EU ISR

1  CEEMDAN-/ N [5] i fA M 37 F

CEEMDAN-/INJ 3 H R MR i 7 1 S 2 T o
BArAETT (EMD) , ARG 55 )5, DA S A 5 Bl
MR RS i, BB B RS, R E R A
CEEMDAN #F4 7 (- 3411550, 15 8 fe 4 ) — B i 28
oy IR R IRy AR AR . XA A AR o T
W 7 A A0 1A 114 3 )

CEEMDAN-/IN (50 (i B3 2 i 722 G el 1 s

JIRfES
CEEMDAN
IMFs
HHRAM
[digng | | Haanr H A
N AL Ay B
Y- N BB R

1 FERREE

Fig.1 Flowchart of noise reduction process
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Fig.13  Marginal spectra
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