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Abstract: To solve the difficult problem in identifying rock mass microseism and blasting vibration signals, a method for
feature extraction and classification is proposed based on the empirical mode decomposition (EMD) and singular value
decomposition (SVD). Firstly, the mine signals are decomposed by EMD, and the IMF1 to IMF6 selected by correlation
coefficients and variance contribution ratios are the main intrinsic mode functions (IMFs). Then the SVD is used to obtain
singular values o,(i=1,2,---,6) of feature vector matrix constructed of the main IMFs. Furthermore, the support vector
machine (SVM) is adopted to train, classify and recognize the signals of Yongshaba mine. The results show that there are large
differences of singular values o,, o, and o, between microseisms and blasts, and the best pattern recognition is obtained
when o, is 7.5 with an accuracy rate of 88.25%. In addition, the SVM method with an accuracy rate of 93% is better than the
BP neural network method, Bayes method and boundary value method. In conclusion, the proposed method provides a new way
for the feature extraction and classification of mine microseism and blast.

Key words: microseism and blast; pattern recognition; feature extraction; empirical mode decomposition; singular value

decomposition; support vector machine
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vibration after normalization using EMD
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Table 1 Singular values of rock mass microseismic signals and blasting vibration signals
i1 FIHUE R RE IR IRAN A RE
s o 0> 03 04 s o o 0> 03 04 s o
1 12.48 7.68 6.08 4.50 0.29 0.25 7.22 5.65 4.07 3.61 0.74 0.37
2 16.13 11.56 8.06 7.42 0.36 0.21 4.75 3.47 2.65 2.00 0.87 0.67
3 7.32 5.37 3.95 3.58 0.35 0.24 4.85 3.79 3.32 3.07 1.40 0.45
4 6.74 6.68 6.41 4.94 1.82 0.11 6.58 3.91 2.33 1.53 1.20 0.57
5 7.22 5.65 4.07 3.61 0.74 0.37 6.09 5.41 4.15 2.90 1.25 0.89
6 12.43 9.98 4.63 2.93 0.45 0.28 5.78 5.06 4.38 3.97 3.29 0.93
7 10.17 9.23 6.86 6.52 1.67 0.23 9.03 7.99 5.65 3.20 1.20 0.56
8 10.90 7.93 6.18 4.93 1.09 0.74 5.22 4.05 1.73 1.26 0.95 0.93
9 10.46 6.77 6.41 4.74 3.42 0.35 12.52 7.05 6.36 3.41 1.27 0.87
10 15.83 9.19 7.97 6.86 0.45 0.31 5.85 5.66 4.60 2.73 1.62 0.90
11 13.12 6.74 6.37 0.91 0.55 0.33 441 3.86 3.00 2.34 1.76 1.05
12 10.04 4.64 431 0.58 0.52 0.32 8.31 6.87 6.01 2.95 1.53 0.92
13 11.48 7.90 7.33 2.37 0.86 0.55 6.71 4,98 3.11 2.87 1.11 0.46
14 13.04 5.08 3.16 2.30 0.63 0.41 5.27 4.09 3.54 1.75 0.36 0.24
15 7.50 6.49 4.60 2.31 0.96 0.77 7.22 6.57 4.65 2.66 1.01 0.56
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Fig. 4 Average singular values of rock mass microseismic signals

and blasting vibration signals
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BRSNS a2 R 0y, 0, KT 03, 0, X KT 0y,
o, Moy,

IR BT R AR R B A AR OR SR RS (S
SYET EEEIA, R T A SE NS A VE R
EME A B B AL 3 T B . A, RS
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SEJO BN AR A, R WA REIRE S, 1
Wo, = 15N —8 R ES FHER . 0 >T7.5 ¥NE
R oy S TS BB MRE FAE, dEma 3]
AR 53 FHE T A PRI RR AR IR B A5 5 IR ) IE A 5ORn
BARMERE (R2),

HRA: o fERBN D TR R, Ho =758
WAITERRIES] T 88.25%; o, {FEARA o SRR i
U, BORUERGZN 85.00%; o 1 NIR B4 R —
i, BORHERIR N 72.50%; o, , osfilog /E iR %
TR 2, HZERIAK, S RKHERZ 5714 60.75%,
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Fig. 6 Comparisons of singular values of rock mass microseisms and blast vibrations
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Table 2 Identification results using different singular values
EEa !
. O, 0, 05 0, Os O
il HERfI R HERfI R HERf R HERfI R HERfI R HERfI R
Y B IE A% Yo B IEAfA Yo B IEAfA Yo B IEAfA Yo B IEAfA Yo B IEAfA

1% 1% 1% 1% 1% 1%
WE >7 194 >5 193 >3 186 >1.5 158 <05 42 <02 37

86.00 74.75 59.00 48.50 56.75 55.75
B <7 150 <5 106 <3 50 <1.5 36 =05 185 =02 186
WE>75 186 >5.5 190 >3.5 178 >2 139 <0.7 70 <0.3 70

88.25 81.25 66.25 52.75 59.50 59.25
<75 167 <5.5 135 <3.5 87 <2 72 =07 168 =03 167
WE >8 173 >6 179 >4 164 >2.5 117 <09 92 <04 96

86.50 85.00 72.50 55.75 58.75 58.75
R <8 173 <6 161 <4 126 <2.5 106 =09 143 =04 139
W= >8.5 163 >6.5 159 >4.5 137 >3 98 <1.1 111 <0.5 117

86.25 82.00 71.50 60.75 56.75 55.25
PRI <8.5 182 <6.5 169 <45 149 <3 145 =11 116 =0.5 104
WE >9 151 >7 131 >5 121 >35 67 <13 128 <0.6 133

85.00 77.50 72.50 59.25 55.00 53.75
R <9 189 <7 179 <5 169 <3.5 170 =13 92 =0.6 82
WE>9.5 138 >75 114 >5.5 97 >4 49 <1.5 136 <0.7 152

83.00 75.25 70.25 59.50 52.75 54.00
BT <9.5 194 <7.5 187 <5.5 184 <4 189 =15 75 =07 64
WE >10 122 >8 96 >6 75 >45 38 <1.7 152 <0.8 162

79.75 72.75 66.50 58.25 49.50 54.25
B <10 197 <8 195 <6 191 <4.5 195 =17 46 =08 55

Vi RORGHIEE R R 0, =12, 6) 1519 SRR HER IR R

SR F AT A FHEN TAEER R, HX
FH 45 0] b B 75 21 10 S AR E F- A — 8 2 2/ I B A
o BeAh, B—{7 21 o, E IR A 2% B At
A BN, Ho, Mo, WHGE 5 3B R0 10 5Tk
KW, Ho,, o Mo, SHESBEBR B FE
H—E MWDk BT, AT FIHS T REE S,
KH SVM X A A 8 A IR s 1R it — 20 R 510, LA
1S 2 HAL 42K 45
5.3 SVM 3Rl
I3 IR BUA AR UR FERIRZNE 5 1) 1~100 4H
HAIEAES SVM 73 BIIZRFEA, 101~200 HEHEE
RTUFEA . B A R AS 5 IR R A 1, &
ARSI E S HIARRIEH N-1. SVM 2r2K8s1k ] RBF
(radial basis function) 7% [A] % #% iR 0 K(x,,x) =
el (> 0), BUERI B8 c=2, MRS Ky =1.
(1) AFEFHERE T SVM R 545 R
FH b SC o B 0 A R TR S IR IR 35 5 1 AT
fio,, o, Mo, ZREK, B—aFFESTEEDE
WRR S, Mo, oflo, ZRBN, 2IERNE
AR, A2 SRR 7] B4 A 0 U 1) RACR R s ok
Hlo NI, ARSCEBUA R FF A8 FEAE N 23 SR IE )
=, JRH SVM 2K Hiil#3 315 3.
HHR 3 H1, SVM £ R AR I e — A e
SRR S, o X RIS R TR o5 fl o
o Mo X Bl E — e, HEHMErmEN

[0,, 0,, Oy, O,, O5, O ]iff, SVM %452l
i, MEMRZFRILT T 93%.
%= 3 TNEHHEEET SVM S ZIRRNE RS

Table 3 Statistics of classification results of different vectors using

SVM method

AT [ B IERR IR _ oy R HER P

UG b HERGR IR WA RS

(3100 2H) (3 100 ) /%

O, O,, O 90 92 182 91.0
O,y O,, O3, O, 91 93 184 92.0
O,» O,; Oy, O 91 92 183 91.5
O,» O,; Oy, 0 91 92 183 91.5
0,5 O,, Oy, O, O 92 93 185 92.5
O,» O,, O3, 0,5, O 91 93 184 92.0
O,» O,, Oy, 05, O 91 92 183 91.5
O T O G 92 94 186 93.0
05, O

(2) BP . SVM %A1 Bayes 41K il 25 3

R SVM 732Kttt , A bl[ o, , 0, , oy,
C,s Os, O WENRIFFIE&E, FKH BP &
/R 2% 7% . Bayes FI 51751 SVM 10 RE A 8 FF I A0 T
W, BRNSTTEBNBR WK 7 F5R 4 fs.

A BP . Bayes M1 SVM &R IR
Yy o — 27 S AE R A K HER R 88.25% 51, 203N
91.0%, 91.5%F 93.0%; BP j%. Bayes %41 SVM i
PR R SR ARLT, {2 SVM JR A S AR TUE AL
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Fig. 7 Classification results of BP, SVM and Bayes methods

R R T BP M1 Bayes 25, H SVM VL4 E 1H 51
YT BP B8 Bayes 7. %% 41, SVM iR 3|
RAR T BP 74 A1 Bayes 7%, 111 BP #£H1 Bayes 15 XA
TR R {HVE. BRI T EMD_SVD 1 SVM
Hoa A R 5 BRSSO /AT, HEAR
e HERA R, BRI IS SHRHIE . BT 15 5 70
FARME T — T K%
# 4 BP A, SVM JEM Bayes JEr HIRFIER G
Table 4 Statistics of classification results using BP, SVM and

Bayes methods

s IEAfIR I EL SR B HERATE
e HIRTE BOARED e e
Tk GE1004) (3t 100 40) HERIEL e
BP /% 87 95 182 91.0%
SVM ¥ 92 94 186 93.0%
Bayes % 87 96 183 91.5%
6 & i

ASCEE T LR 5 AR 5 M DA 1 )
e 7T EMD _SVD KB ILIE SASESR BT 5, 3
KH SVM W IS5 347 T 4328, EZELRWF:

(D {58 EMD X L& 5347 0 b, SE8l 715
S EEN MR B SVD /MR3RAE T ifik)E IMF
P RRBE R (27 S48 I DA IR B A A OS5 8
PG5 e |RAE . Z AP NIFA LGS IR
LS S RE SR AL T — o R .

(2) 55 W& (B P SR 715 5 RHE, H
FRTRE SRR NS 5 A AR A R R Ak
W S BHIRANE S A e o, , o, Mo, ZREK,
Mo,, osflo, ZREAN, HERM 0 >0,>0,>0,
>0,>0

3) FREFERE N[O, 0,, O3, O, O,
O, I, SVM A KRR R L. I, BP %,
Bayes 1M1 SVM 750 R UBUNTER R 2508 91.0%,
91.5%H1 93.0%, 40T 5 —&F JAH 7 FHE R L

88.25%, H SVM k. HbRE: T
EMD_SVD #l SVM HE AR 5E 5 IR 3NS5 10
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