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BT HAE R Y % RERALGHE T FAER BT K
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BT IS S 57 T CEEMDAN-K-means 835 19 8% KA LB PR 3015 5 JS WAy | 5630F T 1%
D5 R A MO A AT PR ECRE T 5 AP R S5 R T CEEMD-BEADS-HMMD XA 25
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L R P DS PR 5 M BRI, 1207 IR I AR B AT (T 75 55 B e e ARy i
JE SR FH AR R BE B8 3h 5 v , BIVR T VMD 43 3iAs 1 22 ROERS Fom , NS s (5 5
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D,=D [py,])uk] 9)
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EHIFL 98, e KB RE 2550 13 kg, B 3L 255 56 kg, BhBE T MS2~MS12 2 6 MBI TR
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P 2 v 3 R LRV 5 B R — R Y AR E A2 A0S AR, e s 33 i e A ik o
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W& 4(a) Fi7s  FEST RS, 0 23 [ ARG DA, MR AR st e 1T 2 e A 2 R
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BRI 2 I B ATR TR 5 A 4 (b) T, RS T SR, S iR sl e s 1B N AL 4K 2 32 31 g
TERE 1 BIR TR S S, AR S o, S TN T TR, BT A0 15 451 38 B o A
RS, ELBERE LGS BB N, i a4 s /D, AR o i 22 5 i 4 (e ) Bt 48t
I3 ) B B AT R AE A3 A A T S RN R T 22 10 EL A B T3 %) 45 Fa) T =R M J5 4%
o — BRI, R A 17 5 A o ARSI 2] o A3 1) 22 Rt il o, EL L s A1 i o0 1 = '
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[H], X 5 i KB 2y A B R BAMF A 1. CVM-VMD BIRUG B0HBR 1 IS 15 fft
TULEE B e 5 DR R BoIE 1 T B H 0 7 R ARSI R A 5 5 W s () [RI B, B R AR BR T
Y R i (= SN L

T R AN [ Bk 2 W ) 0 FH AR 43 ] 3% B EMD-DFA . VMD-DFA . CEEMD #i1
CVM-VMD 4 Fh 530 % B HLE B Y 3 2R A5 5 2 7 Mg R bt o 38 3 AN ) i A £ M
FE (EP:SNR=-5 dB.0 dB.5 dB 110 dB) X 3 25 S M0 (55K FH 4 R BRI AS LMfE 5 1
gy SNR FIMSE {H, W58 1 s .

x1 AREBRFEABBWMNEERLKTERGH M ERE XS MY TIRE

{552 SRR B E H HEIK IR
HAMEMELL -5 0 5 10 -5 0 5 10 -5 0 5 10
VD SNR| -2 | 283|639 | 752 |-1.38|297 | 879 [12.46|-1.43| 3.24 | 841 |13.87
DFA
MSE | 12.96 | 4.64 | 2.01 | 1.55 | 0.36 | 0.13 | 0.03 | 0.01 | 2.01 | 0.68 | 0.21 | 0.05
VMD SNR | 2.76 | 7.63 | 12.69|17.28 | 2.85 | 7.63 | 12.63 |17.86| 2.80 | 7.43 [12.93|18.17
% pra
) MSE | 463 | 1.47 | 046 | 0.15 | 0.75 | 0.24 | 0.07 | 0.02 | 1.37 | 047 | 0.14 | 0.06
Vil
ik SNR | 5.07 | 934 |13.89|17.81| 4.53 | 9.62 | 14.25]18.97| 4.2 | 8.87 | 12.83|15.36
CEEMD
MSE | 272 | 1.03 | 036 | 0.15 | 0.5 | 0.16 | 0.05 | 0.01 | 1.03 | 0.33 | 0.14 | 0.08
VMD SNR | 11.32 | 15.25 | 17.24 | 19.79 | 10.06 | 12.54 | 16.17 | 19.37 | 10.27 | 14.68 | 17.34 | 20.21
CVM
MSE | 0.67 | 0.27 | 0.15 | 0.08 | 0.25 | 0.14 | 0.02 |0.005| 0.68 | 0.29 | 0.12 | 0.03

E 3R T RS HE SNRIAS A 4 :19.79.19.37 #220.21 ; %7 K3 75 3% £ MSE 4% 4 0.08.0.005 2 0.03

2 1P BB SNR AT MSE (R B ACIREL) = 20 B SE g SR i~ F- 3918, e rb o = i o
SNR FUGF R 3477 1R 2% MSE {E DR SE S R . IR LT L Y, Frd i ) CVM-VMD J5 ik
XEF A A5 YR T IA A7k RS A5 i R (R e Lu F M iR 2. BT
EMD-DFA 5.3k 2030 8 DFA S 006 5 A B 300 5l o3 (BVBEALYE ) AL 7 &y 5ok 0
FRIG M5 (0455 . VMD-DFA 53810 i DFA S5 30k &8 B30 5oy (B EENLE) A
FEAT SRS o B B BR J5 HEA T 5 E A S B MR R | 2 B AR 0 K11 3 436 v UK
A RER A k 3T 54 . i 2 B TCEE Se il DFA Sk A BB 1952 . CEEMD
SRR R R T B T 2 SRR I, SERRERAE R X S S BN IO — B AR, S
B R U2 R BORFRIR R ah 5 a5 Rl SR PR R o] Fu S22, [WIRF, EMD-DFA
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BARES DFA 43 M iR B e R 4525, (H EMD RS TR B4R S B 5155 i sc 4,
JF 55 5 I PINS . VMD-DFA Bk BUl i VMD BGER 70 B L (B DFA UG8 B (15 2 Bl
Z HIEN M, X LM S O E S JE . CEEMD 853k it W s 4l Bh sl DA S TR B 1
WP BE 1 20 A AN PRI T e 8 5 4T £ 2% . VMD-CVM Bk T IR 1207 %)
BARE S AR E i E . S RYIET VMD-EMD 977 A0 1L, iz i Al i 2
Mg e A 1) 0 A R IE X TR A S HEA T SR AEL 5 BE ARG B0 , 7 255 o M s ik o e ORI e it
Oy BREIE LA G SR B W B3 T o 207 T M R L A B I A e TR AR R
IR 2 AT AT CVM B SR S5 5 Ak T i AR A A R O A B e AR AR
FfasEt

3 RIS SIESFIE

gtz
VRS 5 B AT BE 2 515 5 MRS el 2P o 1) 3k, DAY B 4 T b S5z LA -5 AR B0 1 40
Ko LR Bsf a] A A8 AL BLEE (o F R R A M T R IR A5 S B N R JRIR R S LM S
5 1Y Hilbert BT 40 1] 6 R 7 Fr 7
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7 ERERSEE ST

HiPE 6 i LUE H FERRAE ST L, (55 T 0l RN A2 IR M ] b B A
ARESE AL, SEARRE I AR A ELXMELA 0 B . L MRAL BRAENS 1 25§ i (5 i i, s R i
A4 AT RCR A B T R L T RS 2 A RR I

7 (a) s o T H R A SR AR ROV, S IR S AR IR I RO RE R 0 A O B v, s
BRAEARIIBL, SRR 5 Y Bt oA S B H (R B R B 105 505 181 7 (b ) St /s BB T A
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WEAR = B 20 H AR 2, MR R A2 A sl R LR R Be b (B 4R
B) , 33 8 AR B n] BE R 1 1 s 0 1 i & AR 84, (HLER EAT AR B —E Y RE B
Serbt s 1817 (o) S (K T Rl 15 5 e a0 A R] BE e 32 4 AR R o 25 PR RS2 i), LA
THYRE AR TR R E IOIRE b (AR BRI, TCIR R I BRI I S K TR IR R, 4R
WAR S P fR I R P Yy A el SR, i T AN TR 4 A SR R R H 2 e AN ],
AL P BEAFAE2E 5 o SR, B AL B B B AN, JR IR B A4 e 8 7 2 ek />
IR T 2B Wi 22 o [FI SRS 2B MR . 7 IR e e U R e M e vy
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Research on Feature Extraction of Blasting Signals based on Data Driven

Multi-Scale Representation
Huang Jiarui', Fu Xiaoqgiang'’, Yan Dayang’, Su Hong’ Huo Yigiang'
(1.College of Architecture and Civil Engineering, Sanming University, Sanming 365004, China;
2.Angang Mining Blasting Co.,Ltd., Anshan 114051, China;
3.School of Chemical and Blasting Engineering, Anhui University of Science & Technology, Huainan 232001, China)

Abstract: To eliminate the influence of noise in blasting vibration signals on signal feature extraction, a
data-driven blasting signal denoising method is proposed using Variational mode decomposition (VMD) algo-
rithm and Cramér-von misse (CVM) statistic. This method uses the CVM metric of statistical distance to select
the main noise modes, and locally uses the CVM statistic on the remaining modes to test the relationship be-
tween the modes and the estimated noise distribution. Modes closer to the noise distribution are discarded to
obtain more realistic signal fluctuation characteristics. Subsequently, refined feature extraction is performed on
time-frequency distribution, instantaneous energy, and marginal energy distribution of the denoised signal. The
results indicate that the CVM-VMD method has superior mathematical and theoretical frameworks, making it
highly robust to noise and mode mixing, and has unique advantages in blasting signals denoising. The time-fre-
quency spectrum of blasting signals exhibits significant characteristics of uneven energy distribution, domi-
nance of low-frequency components, and attenuation of high-frequency components. The instantaneous energy
spectrum can intuitively display the changes in signal energy at different time points, while the marginal ener-
gy spectrum can more accurately reflect the fluctuation of signal energy with actual frequency, which provides
important data support for studying blasting mechanisms and evaluating the vibration effects on buildings.

Keywords: Blasting signals; Signals denoising; Cramér-von misse-variational mode decomposition;

Time-frequency analysis; Energy distribution
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