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Table 1 Dominant frequencies of IMF components under different white noise coefficients
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Fig. 5 Spectrograms of partial IMF components

A3 AT /N AR 22 M Ab B, BB FH heursure PR
38 AR, 2 M Ty =R FH A i Ak B 6170

A3 50 %k Ab B I G 4> B IMF1 2 IMF10 JEfT &
¥, BRI A5 2 AT 1 M 7S 240 EEMD & 1E )5 19 4%
Wrhi s S . /59 ABIEE YA INE E{E 5 AR
T b bR T A H R T A e S A AR A
IR 25 AR /NS BIOME LLIX 43, BN 25 H Mg s
FECR 0.10 BB IESS S, 01& 6 s
3 BEESHH 60 T

0 10 20 30 40 50
t/ms

3.1 SUE A {6 EEMD EIE R {5
K 7 450 T IERT G55 i o i B 3% . M Fig. 6 Signals before and after EEMD correction

Original
— EEMD £=0.10

084201-5



539 4% 15 743 5 i i %81

i R B EORFE, A IE I S 5 R E S

AWK 225" B 4000 Hz IR . 1E Fo 78\

4 000 Hz VL 11451 B, {6 1E 65 (00080 22 577 ﬁ/\’x
AW AREFIO IR T R 5 S MR )
o MR KRM R RELWENE  E

3
°

%
=

al/(10° m's?)

1.85 1.90
/(107 Hz)

Original
5 55 AR A5 S 7 ok W SE R R (R A AR N e 22 100k ::8(1)(5)
B2, MR w25 H . T 40 Hz DL A 2 & k20:15
—k=0.20

S I T R R S 0 9 0 S PR S 9 40 IR Rz | | .
B AR R R T3, R FE O T 7 2 I 3 Yo R i0°
T4 152 AT R 59, IR 7 2R (8 o |

- e 7 RIIEIBAORECR EEMD f5E {53 o i
BRBERT A {5 5 (R AR A o DT, D9 LR AL s Fig. 7 Shock response spectra of signals modified by EEMD

= ':F' %/‘f)ﬁ B Jig ﬂ%E EiIPAS 5y léJIJ 55 {EE /'J;)ﬁ 95 {JEA-E/% IRE| under different white noise coefficients
W, 75 2 L — D BARE iR R TP 5 5 M IE

3.1.1 #HEHKLE XL

BT BB BT F B0 R {f,, S oo, S XIS B il W B3 81 R { Py, Py, <o, Py, P fORAIAR, P oAy
BB AT L AR e o o 7 L, £ A BB AR SRR U S WA S B T e el e 1 2 B 25 1
JE R IER D E LN F

D= [; Z (P~ P)) /P

A PP Y B JFAR (S 5 FUE IE A5 5 78 T B4 B L 55 & A0 58 10 o o 7 125 W Lo
312 #HHEHRA

R I 11 S0 35 A2 S 4 A5 0 B0 T e 7 % o o oo i 97 3, DA A0 B v e LA IR R, 43
S AL AT T BR 40 Hz, 8 1E 1 J5 0 I 33 1 A7 76 W 4 22 S A B 1 BR AT % 4x10° Hz I L] 3% 0 (X6 7
MR 1.9%10* Hzo SEf BB 5 R 2 50 B RABHIBL 0~40 Hz, B {55 40~3%10* Hz, PR 5 15
BBy g =443 B 40~4x10° Hz, 4x10°~1.9x10* Hz Fl 1.9x10*~3x10* Hz, $#3xX T B 1915 1EF5 %1
D4 AEAD,. D,. Ds. D,FID;.

T VAR RS RO R S AEAS [FIEL B A E TERCR, 7E (0, 0.20] HTLL 0.001 Sy [H]FEHL 200 4~
KEATE DA, RS A TEX e (e S 2T AR R, il 45 200 MBIEME 5. R)E, KX g iE
55 5 R AE 5 0 o R A A S (5) 71, BT A5 2R TR 1 2 B0 5 T A A0 B & IE 48 50D,
8 Firyn o R4S ) FABIEL b, B IEHE 05 M S R BT S IR RUR 8 B G &, W BE B IEHR S
IS 2R B sR B RN

x100% i=1,2,---,1 4)

D=ae ™ +b 5)
A ay. a Fb RHEE
ANFEHBL A 2 S AG R AN 1] 8 T o G 2R AE G R 2L RZ ¥R T 0.95, UG R R4f,
AL B IEFE 205 IS 2B A 30 (5) MR EOC R . iRYE R RSB T A& IEH8 80U H LA R
AR AR BE EAE IE AR B DM BUE S, ansk 2 firos . Hop B IEFR 80T BR Dowin = (a0 + b)%, B IEFEEL I
PR Dyax = 6%
TR A AT 2 T35 5 IR RS, 16 (A5 0k B A 5 B0 I 0 3 3 1 5 7™ i 2k LU 90, i
EEMD J5 i Ab B R VEEA5 5 B, 1 562 R TR A b 25 B LA e 401, oy g il 5 (55 5 R E %
TE AR B 1A 22 R T B8/ o BB XHE S TR R AE AR B 0~40 Hz B8 IE 5 50 1 R Dpay, K5 HAE Y 90%+

084201-6



39 % F&sE, 4 EEMDIEIESBOINHEE LU 5 P A iR L s R % 8 1]

2% S R ABLA BB 2, AR AN MRS R AL k= 0.056, k, = 0.066,

45 8 53 2, XA R 7S R Ak BUE T BRI R g

(1) 0<k<<hkyo FEULDXIA]PN, oA B L 946 LE 48 B0 11 e 7R 22 B8 A0 i i BEAR K, 006 R B0 K (E
JINTFRE L 4 T 6 B8 L BRAEL Y 88%. 50N kg £ DX 8] 2 5 331 B A IE RUR AN e, FLXHE 5 2R 15 41 Bt
PR 55 TR AN JEE, N A B 308 6 5 e 2 ok AR AT s 330 11 0K

(2) b\ <k<k,o TESLIX[E] P, JAG I B L 916 1IE 8 B0 1 M s 22 5020 Ak 1) s 58 A4 EL i — DX TR D8/ )N
Rz . BIEFRECEYIMEIRF] 80.63%, ARG MMEME IEFEECT IR 8.86% Hm T~ 810%, &L &k BB IE 45
B BRAEAY 92.98% B IRTE B A5 I BL M H =43 B I, 18 IEF6 502 Bt 25 W s 28 3OO0 X [ A b i 33
K, P REF TR S B 1 A5 508 1E A B A [ R, (LA 3K DO B0 L S 7 4 DX TR] 1 4 1 48 £ 1
B2 5 HAH2E 0.69%. 3.73%. 0.30% F1 0.13%, & 1E 4850 L THA R BEAN K o WO Ry i A IXJE] Y& 1E J5 A
SR LB TARMIAR S, ELAE AR B R i M B i A ok ELAR N, S W LA 32 1

(3) <k <020, X — XI5 [k, k] DX EIAH EL, MR 22 550040 14 0 25 fo 80455 401 s 0 JHL 2 v A8 Bt %) 4
PEI K, H 5 RIS 205 001 B A 11 S5 5 R AS BEAS 214 AR TE, s R K 2 AR/

25 LA Hr, T LA E A5 A XL SR fIE 1 11 7 R 50 ke BB X (8] Ry [0.256, 0.066]

(a) Untrusted frequency band and trusted frequency band (b) Three segments on the trusted frequency band
D,=—13.35 ¢ 1942334 R>=0.98
100 15 25D, =1.09 ¢+1.88  R>=0.98
p Y ~22.55k 4 2, N o o9
D=-0.48 ¢ 0.85 ORD 2a S5 200 110
80+ B i A
14 '@?vw%
20+ AEAA WIS
6ok 0%0000% o 164 408
§_ s Average revise extent index D, 3 Y : & BN
Q : = 138 & ~ "
40k iltted resu1t§ of D tl tindex D Rl o Average revise extent index D, S S
° Yerage revise extent mdex £, 15+ —Fitted results ofl_)3 129706
Fitted results of D, 12 - Average revise extent index D,
20t o = o6k - Fitted results of D, _
?‘7 97.54 i;;iﬁ +86.72 Rf70'95 - Average revise extent index Ds 084 J04
0 D="2.49e"™4.34  R=098 . 10 + Fitted results of D,
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20
k k
P8 AN [l AR 5 5 T A ] A3 B3 b 8 Wi 7 185 465 LE 98 480
Fig. 8 Correction indices of shock response spectra on different frequency bands under
different white noise coefficients
Rx2 TEREREERSCEE
Table 2 Ranges of correction index on different frequency bands
ﬁg&/HZ Dmin/% Dmax/% ﬁg&/HZ Dmin/% Dmax/%
(0, 40] 8.86 86.72 (4 000, 19 000] 0.79 1.88
(40, 30 000] 1.85 4.34 (19 000, 30 000] 0.37 0.85
(40, 4 000] 9.99 23.34

3.1.3 #BEHREIIE

N T U IEAR B DA EEMD 8 1E % 55 5 1P ifl 12 e D 1 W8 28 K30 L 5 v )3 2, B e
— b R B A RS S B, R 2.3 W /R A5 IE AT AR B, 45 B[R] MR R AR KR A R A B L
B IEFE RO A, An1E 9 Fron o MG S BRI A R A=0.10 I BB IESF 5 41K 10 s .

W K9, BEE A R B R, EEMD JH S B IE AR5 5 R {5 B A rhid i 23 L A 22 5
2 BT B IR RS WS R BRSNS (5) BRE BRI AR o (B IR R Ak BT E

084201-7



539 4% 15 743 5 i i %8

(a) Untrusted frequency band and trusted frequency band (b) Three segments on the trusted frequency band
D,=12.59 e "®*25.60 R>=0.98
D=-101.76 e 2'3%+99.36 R>=0.97 16 D=-0.81¢""7%2.01  R>=0.95 , e 111
100F D=249 2251542  R= 241 D=-0.43 e 740.96  R=0.96. .58 2.
7 2 0 000, SRE e ° 0
1.0
80 15 1.8
20+
109
= 60f 2 R R
) 141 1 il 0o® e ] g
a0l _ 6k %igoo  Average revise extent index D; 10.8
s Average revise extent index D, 2 Fitted results of D, 1.44
——Fitted results of D, B . Average revise extent index D,
20 e Average revise extent index D, |4 K Fitted results of D, ) _ 107
——Fitted results of D, 2l o - Average revise extent index Ds] 2
oL A . . . 2 Fitted results of Ds
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20
k k

9 ANIF] AR B PR AN TR B L ) ot o 10 1A D A

Fig. 9 Correction indices of shock response spectrum on different frequency bands under different white noise coefficients
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Optimal white noise coefficient in EEMD corrected zero drift signal
of blasting acceleration

WANG Zhiliang, CHEN Guihao, HUANG Youpeng
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, Anhui, China)

Abstract: To reduce the deviation of vibration signals effectively and improve the reliability of the data, the
method of combining the ensemble empirical mode decomposition (EEMD) and the processing of high and
low frequency is first applied to correct the acceleration zero-drift signals collected in the blasting test of
granite. Then, according to the shock response spectrum of vibration signals, a correction index is proposed
to characterize the average deviation amplitude of the frequency domain between the original and the
corrected signals. Finally, the correction effects of signals in different white noise coefficients are discussed
based on the frequency domain and the time domain. The analysis shows that the EEMD method can
effectively eliminate the zero-drift phenomenon of the acceleration signal, but the improvement of zero-drift
trend of the velocity signal after integration is limited. With the increase of the white noise coefficient, the
correction indices in different frequency bands increase to varied extents, and the power exponent
relationship is presented between them. According to the modified exponential analysis in different
frequency bands, the optimal white noise coefficient range corresponding to different acceleration zero-drift
signals can be determined. The correction index proposed in this study can provide a reference for the
reasonable selection of white noise coefficient when EEMD method is used to process the zero-drift signal of
acceleration.
Keywords: blasting signal; zero-drift; EEMD; white noise coefficient; shock response spectrum; correction
index
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