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Rock Displacement Prediction for Underground Metal Mines Based on
PCA and Elman Feedback Neural Network

CHEN Jianhong, WU Shuliang, YANG Shan

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

Abstract With the complexity of the underground metal geological and mining conditions, the influencing factors of the rock
displacement are an complicated issue and they are interactive, which leads to the great uncertainty of the prediction of the rock
displacement. Large amounts of sample data slow down the training process of the neural network, which makes the neural network
instable. The PCA  (Principal Component Analysis) is, therefore, used, combined with the Elman network, to build the model for
prediction of the underground mining rock displacement angle. The principal component analysis is used in the raw data pre—processing
to extract the main ingredients from the original information, to reduce the amount of input data and make them unrelated, thus to speed
up the neural network training process; the samples are then trained with the Elman network, and with the trained network to make
predictions for the samples. Compared with the predicted results obtained without using the PCA, the predicted results obtained by using
the PCA are more accurate. Through comparing the expected output with the actual output, the relative errors are less than 5%, which
shows that the PCA combined with the Elman network is good for the prediction of the underground mining rock displacement.

Keywords underground metal mine; rock movement; principal component analysis; Elman feedback neural network
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Table 1 Statistical datum of rock displacement in filling mine

. A e [ i WK BRB FERIE BRER FRIE B/ (°)
R I T WERE  fA°) B KEm Em B T
1 8 9 T2 e [ o4 R P 45 10 60 200 63 68
2 10 10 Fe il L A AL 79 21 350 1000 80 80
3 5 7 NI FARE [ fRaiii 20 5 140 50 54 63
4 9 8 e [ i3] P 70 45 760 370 60 58
5 7 9 A A R B 70 27 450 175 55 60
6 9 6 NI L A A 40 9 1000 310 60 50
7 7 5 LA #a [ NI rp 70 55 500 210 55 50
8 10 9 N L # [ rp 75 15 500 330 70 70
9 9 10 Fb A A 1 L # [ P 40 30 200 280 55 55
10 9 8 Fe il [l AL 33 11 370 250 76 72
11 8 NI L #a [ rpi 50 23 2100 150 70 75
12 9 10 rh 4 A [ rp 4 A [ rp 15 14 20 455 65 70
13 8 L #a [ L # [ AL 65 45 550 650 72 72
14 7 Lb A e [ Fb 5 i [ h &g 52 7.2 600 400 70 70
15 5 7 N NI A 45 31 1200 480 55 65
16 7 10 Fb A e [ o A5 AR [ rp 45 60 11 2200 450 56 60
17 9 8 Fe il Fe il rp 4 60 2 800 60 62 60
18 9 7 e [ rh 4 A [ g 70 20 780 60 70 65
19 8 6 BN FA R [ rp 4 65 14 940 440 70 65
20 10 7 FA R [ FA R [ R Al 65 8 1320 300 75 65
21 9 6 FAR [ FAR rp 50 5 1690 600 70 65
22 11 12 e e AL 60 11 910 70 78 80
23 10 11 FAR FAR [ TG 60 13 795 85 78 75
24 8 7 L A L A pR Al 45 13 980 68 76 74
25 9 8 FARE FARE rp 60 9 1000 100 68 66
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Table 1 Statistical datum of rock displacement in filling mine (continued)

e A o [ 7 WFOKE BRI JRRIE whiRER JFRIR ®anfal ()
Nk T ot T M it i ) Em  KE/Mm & /m & T
26 10 12 i i A 58 14 1800 85 79 80
27 8 10 FEATR [ FEATR [ TG 35 12 590 80 78 79
28 7 9 L e e Lb B R i Hh 4 75 9 1380 112 75 77
29 9 10 Tl Fal# pwAl| 68 10 1820 112 70 75
30 10 9 Lo AR 1] b AR I B 35 19 1650 65 69 70
31 9 11 T ] i rh 4 70 9 1900 112 75 75
32 10 11 T ] i pwAl| 65 11 1980 98 78 79
33 9 10 o AR i S5 [ rh 45 70 10 590 50 74 75
34 10 9 FEATR [ FEATR [ J 638 11 1550 105 65 70
35 9 7 o A5 R [ S5 [ i 60 7 1830 33 62 60
*2 ERZEWMHEXREBER
Table 2 Correlation coefficient matrix of various factors
% IR R o ] 7 2 WRoKsE  wRUA JPRIEE wikEm TFRRE
Nk T s & MW it i 1(°) /m K /m /m
e " & 1
FIEAR o 0.4528 1
_— & 0.5218 0.366 1
RERE oy 04195 03847 07724 1
R K 5 e A R 0.2914 0.3045 0.2927 0.2095 1
R A () 0.2613 0.0991 0.3602 0.0624 0.1814 1
FFRJE FE /m -0.21 -0.1895 -0.1616 -0.4236 -0.1269 0.193 1
R E K B /m 0.1702 0.1637 0.0837 02153 0.1455 0.2712 -0.2403 1
F R R /m -0.0811 -0.1982 -0.095 -0.3314 0.1252 0.0838 0.3008 -0.2031 1
3.2 EMaAW TR L3 3,
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Table 3 Principal components and the contribution rates

Y, Y, Y, Y, Y,
“ . oE 0411 0.167 0.11 0.005 -0.216
ARV )

T4 x, -0.371 0.007 0.13 0.198 -0.708
ok -0.459 0.177 0.226 -0.361 0.269

B T )
T4 x, -0.47 -0.184 0.176 -0.243 0.298
Hi R 7K R R s -0.265 0.301 0.106 0.655 0.101
AT /(%) x6 -0.187 0.532 -0.458 -0.293 0.038
TP R 5 /m x, 0263 0.494 0.003 -0.34 -0.376
R SE 1] K S /m g -0.226 -0.067 -0.779 0228 0.098
T RVR E /m x, 0.187 0.533 0.245 0.297 0.358
LER RN 3.043 1.514 1.08 0.947 0.765
BTk H /% 33.81 16.82 12 10.53 8.50
ZTE kR /% 33.81 50.63 62.63 73.16 81.66
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Table 4 Calculated data of principal components

4 o o
Bl Y, Y, Y, Y. Ys BRI
I FoE
1 1.059 -1.214 1.154 -0.965 -0.400 63 68
2 -0.308 3.807 1.424 0.967 0.414 80 80
3 2.647 -3.395 1.056 -0479 0.597 54 63
4 -0.021 1.470 0.358 -2.901 0.033 60 58
5 0.407 0.615 0.248 -1.676 -0.237 55 60
6 1.920 -0.950 -0.213 0.602 0.482 60 50
7 3.276 2.040 -0.690 -1.121 -0.370 55 50
8 0.660 0.989 -0.190 0.583 -0.918 70 70
9 1.743 -0.229 1.087 -0.726 -1.847 55 55
10 -1.034 -0.577 2.063 0.270 1.022 76 72
11 1.001 -0.384 -1.796 1.140 -0.965 70 75
12 0.734 -0.735 2.717 1.155 -0.545 65 70
13 1.942 2.820 0.430 0.637 -0.351 72 72
14 1.793 -0.194 0.197 0.886 0.845 70 70
15 3.773 0.179 -0.789 0488 0.120 55 65
16 0.260 0.052 -1.588 1418 0.121 56 60
17 -1.620 -0.834 0.432 -0.697 1.024 62 60
18 -0.145 0.245 -0.277 -1.736 0.320 70 65
19 0.256 0.649 0.036 -0.344 1.854 70 65
20 -1.187 0.545 -0.260 0.498 1.249 75 65
21 -0.189 0.216 -0.191 0.681 2.323 70 65
22 -3.134 0.087 0.862 0.167 -1.030 78 80
23 -1.852 0.119 0.579 0409 -0.946 78 75
24 1.030 -0.654 -0.265 1.146 0.091 76 74
25 -0.827 -0.444 -0.056 -0.333 0.490 68 66
26 -3.050 -0.037 -0.236 0457 -0.808 79 80
27 -0.703 -1.001 1.317 0.702 -0.305 78 79
28 0.614 -0.136 -1.611 0514 -0.307 75 77
29 -2.523 0.072 -0.747 0.203 0.340 70 75
30 0.520 -1.135 -0.694 0404 -1.316 69 70
31 -2.557 -0.187 -0.930 -0.278 -0.103 75 75
32 -3.042 0.086 -0.720 0.383 -0.251 78 79
33 -0.872 -0.107 -0.042 -0.113 -0.560 74 75
34 -0.201 —1.443 -1.004 -0.575 -1.081 65 70
35 0.447 -0.904 -1.659 -1.195 0.200 62 60
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Table 5 Comparison between expected and actual outputs
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Wil R 2 E R AT R 28 B e 2 E R AT R& ER

By SEBRERHY REXTIR2E/%  SEBRER O RXSER2E/% i SEBRER L OAXR2Z/%  SEBRER D R X R 2E/%
31 75 71.7762 -4.29 65.2464 -13.01 75 72.7439 -3.01 80.1483 6.86
32 78 76.6412 -1.74 75.1425 -3.66 79 78.2643 -0.93 82.7405 4.73
33 74 73.4783 -0.70 70.4359 -4.82 75 72.1007 -3.86 71.0761 -5.23
34 65 66.9504 3.00 69.3395 6.67 70 70.2178 0.31 67.5287 -3.53
35 62 62.7951 1.28 63.2898 2.08 60 60.4510 0.75 61.7846 2.97
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Fig. 2 Predicted data and the actual data of
hanging wall displacement angle
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Fig. 3 Predicted data and the actual
data of bottom wall displacement angle
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