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Prediction of Backfill Drill-hole Life Based on Combined Model of
GA-SVM and Neural Network

ZHANG Qinli, CHENG Jian, CHEN Qiusong, HU Wei, ZHOU Bihui

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Absiracl The backfill of a drill-hole is a throat engineering process in which the filling slurry is transported to the underground stope
from the surface to ensure the safety of the mine normal operation. To predict the service life of the mine backfill drill-hole, a
combination forecasting model of the Support Vector Machine (SVM) and the BP neumal network is established in this paper. The
mean square error of the value is taken as a fitness function of the SVM. Then, the SVM model parameters are optimized through the
Genetic Algorithm (GA). Then, the optimized SVM is applied to predict the prediction set. The final forecast result is obtained by means of
the revision of the residual eror through the BP neural network. A certain mine is taken as an example, its drill-hole life is predicted
through the combination forecasting model, and the optimal pammeters are obtained. The adaptive value (mean square error mse) is
0.0111; the penalty coefficient C is 47.0768; the kernel function parameter o is 2.2638. The accuracy of the model is analyzed. The
relative error of the predicted results is about 3%. Compared with the single prediction model, the combination forecasting model enjoys
a higher accuracy.

Keyworas backfill drill-hole life; support vector machine; genetic algorithm; neural network
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Table 1 Learning sample data

g O e wmums AR
w/ 7 m
1 219 2.497 1.920 148.800
2 219 0.835 1.920 150.510
3 167 4.368 2.010 69.550
4 179 2.125 3.200 68.800
5 179 0.727 3.000 80.124
6 159 1481 2.700 61.348
7 159 3.117 2.700 60.061
8 152 0.278 5.931 87.000
9 152 0.215 5.908 72.099
10 152 0.316 5.885 77.000
11 152 1.600 4267 54.233
12 152 1.831 4267 60.942
13 259 1.572 1.920 136.820
14 167 3.320 2.010 72.640
15 179 1.863 4.000 63.880
16 159 2.100 3.827 50.233
17 167 3.230 4.267 70.942
18 219 1.372 2.120 142.820
19 159 3.120 3.010 69.640
20 179 2.563 5.300 73.880
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Table 2 Normalized dmensionless sample data

il FENR WAEE mEfE Bibniaa
1 0.626 0.549 0.000 0.983
2 0.626 0.149 0.000 1.000
3 0.140 1.000 0.022 0.193
4 0.252 0.460 0319 0.185
5 0.252 0.123 0.269 0.298
6 0.065 0.305 0.194 0.111
7 0.065 0.699 0.194 0.098
8 0.000 0.015 1.000 0367
9 0.000 0.000 0.994 0218
10 0.000 0.024 0.989 0267
1 0.000 0.333 0.585 0.040
12 0.000 0.389 0.585 0.107
13 1.000 0.327 0.000 0.863
14 0.140 0.748 0.022 0223
15 0.252 0.397 0.519 0.136
16 0.065 0.454 0.475 0.000
17 0.140 0.726 0.585 0.207
18 0.626 0.279 0.050 0923
19 0.065 0.699 0.272 0.194
20 0.252 0.565 0.843 0236
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Table 3 Results and analyses of the model predictions

Biflgis  SPRETm’ AS BT AR R 22 9%
16 50233 51.536 2.6
17 70942 73.283 33
18 142.820 140.821 1.4
19 69.640 2477 4.1
20 73.880 74.952 15
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Table 4 Results of the single model predictions
Biflgw  Sehrfl/ SVM B ARXFHE  BP fulll  AHXFR

5 m’ W /m? %1% {H /m? %1%
16 50.233  48.326 3.8 55.326 10.1
17 70.942 74553 5.1 78.553 10.7
18 142.820 137.478 3.7 130.478 8.6
19 69.640  75.639 8.6 79.097 13.6
20 73.880  70.452 4.6 77.452 4.8
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Table 5 Accuracy of models
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21 A A 4.1 258 1911 2.837
SVM A 71 8.6 52 4.057 5.999
T 25 ) 4% A5 T 13.6 9.6 7615 12.342
5 &#ig

(1) I SVM H BP it 22 ) 2% J B 7 ST A4S T N A2
AR T UL R A DL T8 AL A A (R T eI A ) i
HH I 5525 46 1 TR £ UM 7Y 25 4 gt A% Sk 4951 SVM fefle
ZH(C=47.0768,0=22638) , L FF 3-9-1 hZ ML B 7
R 12 TN AT o T

(2) B2 GA 4L SVM il BP #1252 41 & i) A5
RN Fon 70 SEG FLIE AT 5 0000, 00 45 2R 5 S PR (R R 251
N, TR Y IR 3op ke A7, KT IRER A B A 4
FEIEERFL S BEAR 5, 2 DA AR AT R AR08 L B R

(3) M 4 X bl 2 T AR R B — I AR RN W] 4
T 5S4 b o 5 LA, IR R, S bR
Em 33

FHIE , 78 oAt SR80 TR Ay AT (0l T {1

2 %37 ik ( References)

[1] EHr R, H L, sREGL. WIS 8 S EORM]. Kb gk
27 A, 2005.

Wang Xinmin, Xiao Weiguo, Zhang Qinli. The theory and technology of
deep mine filling [M]. Changsha: Central South Univesity Press, 2005.

(2] JA 2 B, A BT D A A A T Il e )] P R AR
9 S8 FE24 iR, 2004, 35(3): 468-472.

Zhou Aimin, Gu Desheng. Journal of Central South University: Natural
Science Edition, 2004, 35(3): 468-472.

(3] TREE T RTE A, S VI AL A DL R R
B sFE TR 22441z, 2010, 32(13): 100-105.

Zhang Deming, Wang Xinmin, Zheng Jingjing, et al. Joumal of Wuhan
University of Technology, 2010, 32(13): 100-105.

[4] MmN, e, T5¢, 9. 3T SVM R4 W 45 414 100 A ALY 3 75
SR, 3K TR R =244 FAREBLA L, 2012, 29(9): 61-64.

Tian Li, Cao Anzhao, Wang Meng, et al. Journal of Chongging Technology
and Business University: Natural Science Edition, 2012, 29(9): 61-64.

[5] Desai V'S, Crook J N, Overstreet G A. A comparison of newal networks
and linear scoring models in the credit union environment[J]. European
Journal of Operational Research, 1996, 95(1): 24-37.

[6] Piramuthu S. Financial credit risk evaluation with neural and neurfuzzy
systems[]J]. European Journal of Operational Research, 1999, 112 (2):
310- 321.

(7] 255¢, 9% 25, ALK, 45, 5T UCiE BP s I 46 A T olk oA 3 18 i
LR BT )] P R RS A AR R, 2007, 38(1): 143147,

Li Meng, Guo Xin, Tan Xiandong, et al. Journal of Central South
University: Natural Science Edition, 2007, 38(1): 143-147.

(8] 2, KA, st T 5 0 g AT 20 g, S BL T
511, 2006, 27(2): 316-318.

Li Weichao, Song Dameng, Chen Bin. Compute Engineering and Design,
2006, 27(2): 316-318.

(9] 408, WHYLZE, INLLAN, 45, — Tt A8 K G 4508 A 3ih 7 i FU o g
N BHES4), 2010, 28(17): 72-76.

Jin Baoqiang, Tong Kaijun, Sun Hongjie, et al. Science & Technology
Review, 2010, 28(17): 72-76.

[10] Min J H, Lee Y C. Bankruptcy prediction using support vector machine
with optimal choice of kernel function parameters [J]. Expert Systems
with Application, 2005, 28(4): 603— 614.

[11] Suykens J A K, Vandewalle J, De Moor B. Optimal control by least
squares support vector machines|J]. Neural Networks, 2001, 14(1): 23-25.

[12] 258 ik | 55 JET GA-SVM M5 Bl & S0 11 i
STBA(J). S ML TR, 2011, 37(1): 167-169.

Li Beizhi, Li Ligiang, Yang Jianguo, et al. Computer Engineering, 2011,
37(1): 167-169.

[13] HSARLL, f5 2, A5t 3¢ 2T GA 3Bk % H bk SVM 1 35 31
[J]. #5536, 2005, 20(11) : 1212-1215.

Zheng Chunhong, Jiao Licheng, Zheng Guiwen. Control and Decision,
2005, 20(11): 1212— 1215.

[14] B2 0, PNIEAT, 23R, BT SRy ) s HUA 33 4% 5305 9K R B FRARAE
FEEESL L] PE AL Tl K224k, 2005, 23(4): 512-515.

Yang Honghui, Sun Jincai, Yuan Jun. Joumal of North Western
Polytechnical University, 2005, 23(4): 512-515.

[15] K5 &b dh, 5K BCRL, T BT R 36T BP e 9 4% 1) e 3Bl L 75 A 73
DI VR U 90 27 BE 2 4t H AR BF I, 2008, 30(4): 40-44.

Zheng Jingjing, Zhang Qinli, Wang Xinmin. Journal of Xiangtan Nommal
University: Natural Science Edition, 2008, 30(4): 40-44.

(K4Esd IHH)



