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Research on Risk Level of Coal and Gas Outburst Prediction Based on
PCA-Fisher Discriminant Analysis Model

CHEN Jianping ,DONG Jun ,LYU Xiangwei
(College of Mining Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: In order to improve the accuracy of coal and gas outburst prediction. 11 factors, including gas content, gas
pressure and initial velocity of gas, were selected as the discriminant indicators. The outburst intensity of coal and gas was
divided into four grades: no outburst, small outburst, medium outburst and large outburst. 28 sets of data of Qianxibei Coal Mine
in Guizhou were used as training samples to establish a PCA—Fisher discriminant analysis model for risk level prediction of coal
and gas outburst. Using the remaining 6 sets of data as a prediction sample to test and apply the model, the discriminant result
was compared with that of BP neural network model and Fisher discriminant model. The results showed that PCA — Fisher
discriminant model has higher accuracy and reliability, it can predict the risk level of coal and gas outburst effectively.
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FAGS x % x % x % x, % % %0 xy SO
1 17.05 112 25.10  0.77 0.19 1.12 0.10 3 7.5 2.36 1.14 2
2 12.78 1.04 1395  0.65 0.22 1.15 0.21 2 6.8 2.06 1.14 1
3 18.20  1.15  14.56  0.77 0.19 1.05 0.12 2 8.0 3.35 .12 3
4 20.58  1.48  33.05  0.78 0.19 1.43 0.13 3 8.9 3.89 1.16 4
5 20.62 1.4 29.05  0.75 0.19 1.43 0.09 3 8.9 4.89 1.21 4
6 13.75 109  17.20  0.60 0.18 1.02 0.18 1 7.9 3.05 1.19 1
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FEA G 5 X1 X2 3 RZ1 X5 X6 7 Xy X9 %10 R PRGN G

7 13.94 1.02 14.05 0.65 0.20 1.43 0.17 1 8.5 1.76 1.20 1

8 18.20 1.24 28.40 0.74 0.25 1.15 0.12 2 7.2 4.88 1.17 3

9 20.94 1.40 32.32 0.71 0.14 1.32 0.07 2 8.5 4.01 1.18 4
10 13.45 1.12 12.05 0.60 0.22 1.05 0.16 2 7.0 2.89 1.23 1
11 17.83 1.32 28.50 0.65 0.22 1.75 0.09 2 7.5 1.75 1.23 3
12 13.60 1.15 12.33 0.72 0.20 1.10 0.13 2 8.7 2.30 1.08 1
13 14.50 1.16 13.43 0.62 0.19 1.20 0.15 2 8.3 3.12 1.05 1
14 16.50 1.25 14.32 0.64 0.18 1.05 0.14 3 7.9 2.35 1.08 2
15 21.03 1.48 30.32 0.71 0.21 1.35 0.11 3 9.5 3.09 1.17 4
16 10.75 0.95 11.40 0.67 0.29 0.50 0.18 2 5.8 3.20 1.20 1
17 9.20 0.92 10.50 0.69 0.28 0.50 0.17 2 6.1 3.20 1.19 1

18 11.78 0.89 11.95 0.65 0.22 1.15 0.14 2 6.8 2.06 1.14 1
19 12.96 1.19 13.20 0.63 0.25 0.50 0.18 2 6.2 3.08 1.16 1
20 10.53 0.68 9.40 0.65 0.29 0.50 0.21 2 5.5 2.02 1.12 1
21 14. 60 1.18 12.05 0.62 0.22 1.15 0.12 2 6.7 2.10 1.16 1
22 13.45 1.16 13.20 0.57 0.25 1.30 0.11 2 6.5 2.08 1.14 1
23 15.78 0.94 20.02 0.66 0.25 1.32 0.13 2 7.5 3.32 1.13 2
24 20.40 1.43 21.10 0.65 0.16 1.35 0.08 3 8.7 4.03 1.15 4
25 17.40 1.23 18.50 0.68 0.17 1.32 0.08 3 8.5 3.05 1.15 2
26 17.05 1.21 24.20 0.70 0.24 1.24 0.12 2 8.6 3.07 1.14 2
27 13.05 1.01 10.50 0.62 0.24 1.15 0.15 2 6.6 2.55 1.14 1
28 19.67 1.47 29.56 0.68 0.19 2.05 0.07 2 8.0 4.63 1.23 4

2.2.1 HdEf PCA Ab3 TEREE A EPR Z ] A AR SCHE , AN b «, Al 2, 1Y

N T T BR A F6 b e 4RSS RG R B4R FRARKGEF] T 0.997 XL K T HEAS SR 1n 22 [8]
B | PR RE A T AR AL AL B, SRS SR A5 M5 EES, BRI HIX 11 D HEARIEAT ) 5 I 23 %8
FARPRIEI A SC R BOE RS, 403 2 s, R 2 Al LA RERARE ™ A= MR , Fir LAAT e EEHEARIEAT PCA ALFE

R2 BEERHR G ERFFIRE ZIEIRE B HE X R EERE

i X Xy X3 Xy X5 Xg X Xg Xy Xy X
% 1.000
Xy -0.588 1.000
X3 0.828 -0.324 1.000
Xy -0.633 0.997 -0.368 1. 000
Xs -0.816 0.839 -0.479 0.862 1.000
Xg 0.779 -0.437 0.642 -0.479 -0.676 1.000
Xy -0.754 0.964 —-0.491 0.976 0.907 -0.593 1.000
Xg 0.730 -0.506 0.482 -0.532 -0. 664 0.459 -0.629 1.000
Xg 0.881 -0.644 0.695 -0.682 -0.841 0.765 -0.767 0.5% 1.000
X0 -0.045 0.645 0.133 0.626 0.412 -0.225 0.540 -0.076 -0.221 1.000
Xy -0.629 0.986 -0.337 0.987 0.863 -0.464 0.965 -0.557 -0.69%4 0.627 1.000
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TG B ) KR A5 32 o 1 A 8 40 A B 2.072F, - 8.067 (20)
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F, =—0.863x, +0.899x, — 0. 610x; + 0. 922x, +
0. 946x, — 0.719x, + 0. 970x, — 0. 699x, — 0. 875x, +
0.467x,, + 0.919x,, (13)

F, =0.475x, +0.395x, + 0. 649x, + 0.345x, +
0. 014x, +0.381x, + 0. 180, + 0. 271x, + 0.297x, +
0.738x,, + 0. 351x,, (14)

F, =—0.025x, +0.073x, +0. 126x; +0. 061x, +
0. 038x; + 0. 463x, + 0. 059x, — 0. 5231, + 0. 144x, —
0.326x,, + 0. 093x,, (15)

F, =-0.018x, +0. 148x, — 0. 304x, + 0. 138, —
0. 092 + 0. 283x, + 0. 086x, + 0. 360x, — 0. 006, —
0.204x,, + 0. 095x,, (16)

F, =—0.011x, +0.002x, +0. 303x; + 0. 004x, +
0. 228, — 0. 030x, — 0. 007x, + 0. 179x, — 0. 180x, —
0.257x,, + 0. 029x,, (17)

.2.2  Fisher I35 47

K32 1 28 M UNZRAEALIE A S] PCA 4b 3
BEN S ASFERST F L F, F, F, Fs, JERILAE R
Fisher FIH8HR , ¥ S S 050 0 4 28 fEfRi 4l
DI PRJT 2258 B A S T ER T AR R AN T 3 050 pR L
K, =1.563F, +1.620F, + 4.297F, + 3. 140F, +

0.369F + 10.933 (18)
K, =2.613F, + 4. 414F, + 4. 948F, + 6. 944F, +

[\

F 0 31 pRES A JE 3 3 AT 3 4 31 R 5 g 4 1)
RET1. FIBIRREL K, 0I5 250 97. 6% , Ut IZ sREL AT
DUAEREFEA 97. 6% MG HE . 24— sR B R A
(IR BE Ty AN BEAR RS, mT LUFI FH 24 R B SS ,
FIHRE K, T K, B9 BF5T 7 2535 99. 9% , A
R T aEBEE

R 3 Fisher F|FIEHER

PRI FEAE(E FE/ %  BIrHEFE/% WM

K, 16.964 97.6 97.6 0.972
K, 0.096 2.1 99.9 0.533
K5 0.015 1.0 100.0 0.120

K, K, Ky 2} 3 AF5] R 4 45328 iy ol
B, W4, TEHIBIRE K P, REEY 1,23
4 RO A543 9k 3,522 2,008 . —1. 951 Al
-6.294 3E i WA AL A R EU(E 5 4 44353
(AR BV 22 P A XL, A0 40 0 X S5 /N R JIT
ST BRI

x4 FIRRBHEDEROE

e K, K, Ky
1 3.522 0.075 0.040
2 -2.008 -1.134 0.082
3 -1.951 0.087 0.219
4 -6.29%4 0.279 -0.144

2.3 R REE

R T R AR R (A O R ] SR R 28 AN
SRREAEE AR B A AR R v 5 SRR B HL R I
AR (12) IHES R EH R 92.9% , BLHET
FRAT 53 HT A Fisher F) 50 AR HAT 45 5 1 v] 5
5 TS O R A e AR
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SN TEILET OL TSN E S Rk s N,
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F5 BMBEIEY FHEREE
WARE % % %4 x5 s M x % o )
1 18.30 1.25 15.40 0.78 0.14 1.34 0.12 3 7.7 3.87 1.16
2 20.74 1.49 35.30 0.71 0.19 1.75 0.08 2 9.0 4.42 1.25
3 16.50 1.25 14.32 0.64 0.18 1.05 0.14 3 7.9 2.35 1.08
4 9.75 0.58 8.40 0.71 0.32 0.50 0.22 2 5.2 2.20 1.20
5 10. 10 0.93 9.50 0.62 0.29 0.50 0.19 1 6.4 2.80 1.15
6 21.20 1.51 35.43 0.72 0.17 2.13 0.05 3 9.2 4.53 1.25
x6 HMBAEILEVHFHELHNER
BEA K, 05 Mg MRS Mg RS R br%Etl PCA-Fisher Fisher BP HiZ M4
G BB Jol WBERS b2 MUBEES N3 MUEEE b4 mBEE g HI5 53 HI
1 -2.097 5.649 0.189 0. 146 4.197 3 2 2 2
2 -5.157 8.709 3.149 3.206 1.137 4 4 4 4
3 —1.457 5.009 0.551 0.494 4.837 2 2 3 2
4 5.196 1.644 7.204 7.147 11.490 1 1 1 1
5 6.363 2.811 8.371 8.314 12.657 1 1 1 1
6 —-6.444 9.997 4.436 4.494 0.151 4 4 4 4
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