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Abstract: Due to the complex environment , electromagnetic interference and instrument error of tunnel engineer-
ing, there are a lot of high-frequency noises in the seismic wave signals measured in field blasting. In order to effec-
tively reduce the noise components of the measured signals,the complete ensemble empirical mode decomposition
with adaptive noise( CEEMDAN) is performed on the original signals, and randomness detection of the multi-scale
permutation entropy( MPE) is performed on the intrinsic mode function(IMF) ,so as to remove the IMF component
of the noise to achieve the purpose of noise reduction. The processing results of the measured blasting seismic signal
show that the method can not only remove the high-frequency noise well but also has little influence on the main part
of the seismic signal. Both waveform analysis and noise reduction effect indexes show that the CEEMDAN-MPE algo-
rithm is superior to the EEMD-MPE and CEEMDAN algorithm, which verifies the effectiveness of this method.

Key words: tunnel blasting; seismic wave signal; denoising method; CEEMDAN-MPE



B3TH HAH HER BRI M E,%  FET CEEMDAN-MPE B3k B RRE RS R I 5 5 MRy 15 2 A 139

T AR e | i T Y B8R 22
SRR, LNEB RN ESAEKRER MR
LM T HIR B R EE R IR E
AR AT SVEMY o R T VTR SR R B R I M AR B U
TERHE | RE R R Sl A , A %) STIAR B 3 7R
WSS TRENRAL R, /N L B R BT B R)
AR , MU E AT 5 S MR A B R —Fh ) 2
IR EEN o BB IE BA 5 A S48 A 28 /N SR
WSS HAT R R E S S
%, B/ NERE S SIRRESHIRE. KR
SRR T B TR TN R MR R R R
HE SRR B RO ED  RiE T kA
Rtk o TN AR M 1o A /NI 2 R AN
THRERME AT E , (EAR X 2 vh I BB DR o
WRISORAE UIE ™ . BG4S (EMD) 2 —
LA FRRE 5 W g ik, S HE IR BN 55 7
A B HE PLE o BRI R LK B EMD F/
P BB LA A BT A B BT e B T A
BRI S BT &g

HENMNMERNTEERFERESS BB L
(CEEMDAN) & —Fh 2T EMD [ B0HS B, RERE T
BRACH B IR A= X R AR5 5 se & Mg, ikl T
BASIRERE X A T RGESREY, &30E
X5 5 #4T CEEMDAN 73 , F H1 2 R EHES
( MPE) R4 153 (1 A5 245 BB (IMF ) PRI BE LI,
LM IMF 2 IR EE SRR H K, M3 T
—Fhih A TRE R RS MRS L. Wi
J7 R TR S P T R VL KRR E TR,
Xt ST R TE AR B R B S E AT MR M b B, HF U69E T
Tk
1 fESRREE
1.1 CEEMDAN

Z IS R B (EMD) AR R (5 5 1 B4 4
P M Z N BES MR — RIS R B
TRIAA 2, HHR BRI h 5 BT HE31, B
A BAFEIERITE S &R RIIE A o SR T 1
FEARTH S A AN S | ok v R 75 (1) 5 5 W A7 AR A
RA BB, Tores % A X EMD 8 ¥k ge 47k g8,

s H H9:2020 - 08 - 25

EEE A FHER1977 =), 5, W54 SR TR, EEME
R T T 5 BF5E T4E, (E-mail ) 1330010036 @ qq.

BIER:BR 21(1967 -) B, &R TR, TENFRETRY
T L5 T AR, (E-mail ) f2x@ cug, edu. cn,

B E: HFE A AR E RS (41672260) ; WM 4 H AR EHELET
H (2020]5163 ) ; WiR 4 F TR 9 B (19C0736)

LT F3E R MR 1 52 44 A B IR A A R v
(CEEMDAN) , %% 3 75 EMD 445 b Bt [ 3E I
TN EIMErs T — 3R 155 DU A R
B (IMF) |, RS 7E S IUCBUR D I B F A8
MR LT RE, B S 5SS LT 22,
FAE—E R EM T EMD 5 A RS
%M CEEMDAN K :EHBIT
LESEHG 155 & (¢) H VRIS R U 481 11 P 06 7
n(0) FIFER N 2 (1) + g (1), Eotp £y HUBTH 2
., AT EMD XA S50 4T T UM, 5 2R A
BB IMF 43, IMF 48 AIgk L s
TR
IMF, (1) = -3 IMF, (1) (1)

r(e) = (1) - IMF, (1) (2)

L EMD,( - ) J EMD AMR 15 j KIS o

Bo SHIMRAES r, (1) +e, - BMD, [n,(1) 1 #E734
8 1R AMi P = A TMF 40

IMF,(1) = =Y D, r,() + &,EMD; [n,(1)]]

(3)
W8k BRE R
n(t) =, (1) - IMF. (1) (4)
Mor (t) +& « EMD, [n;(2) ] HRUE—4
IMF, 38| IMF, .

MF,, (1) = - ; IMD, {r,(1) + £, EMD,[n,(1)]]}
P2

(5)
BRE PR R EIRES RA GG, 5
FFA R IMF 53 &

r(t) = x(t) - ;IMDk(t) (6)
MEIRTES (1) Bl IR N
x(t) =r(t) + ;IMDk(t) (7

CEEMDAN B3 A H T MR S B /-t BoR , BB
BB BEM GG SXARKRES, FH
WEFE R AL e AR RMEWRLLI B85, BERS A At
1.2 % REHEIILE

Z RIEHES# (MPE) 2 — P il (5 5 BE AL
MBI RACKIT5 8k Kt TP A T 22 ROERLRIAL,
PEMTH AT . BB TRANT

OXEEFFN X = {x),2,,. .. 2, EFTEREE
ikl g issl



140 b

e 2020412 A

Js
Y=+ Y silsj<L (8)

S oG Ds+l
F s AREFE Ty AZRENEFS, 4
RERT s R 16, Het 53]y, o JE 6 a7
F, TR RS EE
QX IF e FPFY y; HEATEM, AT
LA A O T 9)
A R EREIR sm i A4ERR
@x} it [E AP 3 Y, I F AR, PRI R
m! FHES], AR HES ST BRI B NV, , %R B
IR P
Yeri-r S Yisgponye S 00
N,
T a/s-m o+ 1

@HARERTF R s BES Y, KHFH

< ¥, (10)

Py (11)

H, = - i P; InP; (12)
% LATHE B HES MR T IH —feab 2
hy = Hp/ In(m!) (13)

CEEMDAN-MPE 5§ i 02 % JiU iy {5 5 #E 47
CEEMDAN 535 5| IMF 435k, %J %% IMF 4} 47
ZREHFIB BRI, A BBE I BES
¥y MPE V-3 fH, 2§ MPE P ${H A T80 161 {H
IF, SR A DAy e B R P I, i K R AR
S HIER, AR B . RAZHEENES
BEATRERRAL I B S T A B SR B2, /N T3
BRI RS AR ZE, B T R
SEENE AR IR T RUR R 5 MRS 1T, REAS
PAFRCHF IR EIRSBOR
1.3 ERIRTOIER

ST A B8 0 R IR 1 TR IR 2R , SR P £ 1
b & R (R S ARG 5 3 T IR 2 & 1R R
R AT RTR -
(1) f5WRE &
freen)
£=101g -1 (14)
> (%, —x,)’

m=1

(2) BT ¢

e = J%Z(xm —x)? (15)

A M RSN x, R RESHE m D
RRE SRR 52, BFRMES 5 S5 m S RAE B

ERMTIRIGES MM ERNERERR, £ BRE

RS E S B AR TRRESSEMNGERS

RFAE. & ST MRFS - RE RLE, (R T FEIR )G
E5 SRGETRAHDRRRE B 5 o B/ REBER
Mk BEAh, BR TR AE BB ECE VIR FERROR
B RLZ SRR RS 5 5 B SO AL, 50 PR AR 3L
R —SUEMH B S E L ERTH

2 IENH

2.1 IREENY

8 A TR R R YT K SRR i B T R R — T
RIRHITEARKF TR, 8 FH 5 B ik i 172
WV KBK TREZ—, TREB4RBE(KEER~ A
BHK LR ) 3R 2 5% SR AR, R TR Btk
BETRIA 42078 m, REIH XIFE AR M2 B T8
HIMBUE BEKE BEKIRADTRA SRR A% 1
YE—JEAE 70 ~ 180 m , 5 KHEIE 520 m,

Hi7K BE TR R R R FF 2, B R 1 M SR
Fi TC-4850 B HR AL . BEER BB H 21— 5%
SN BRI RS BN RM R (WE 1) 5k
FEAR A 4000 sps, HR 4% Nyquist SRAE & 3, SEM A5
S Nyquist JT 32y 2000 Hz, R B[] g 1s, 2R
4R 4000 RAE S

1.51
1.0

g
' :ifi: \J

| WWMWM

PRENHE /(em - 541)

0 Oi2 0i4 Oi6 Oi8 liO
B il /s
E1 BEmERES

Fig. 1 Blasting seismic wave signal
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Fig. 3 Waveform and time-frequency spectrum of denoised signal
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Table 2 Denoised effect index of blasting vibration signals
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