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Optimization of Mining Methods Based on Principal Composition
Cluster Analysis

CHEN Jianhong, JIANG Quan, ZHENG Haili, YANG Shan

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

Abstract 1In view of the fact that the optimization of the mining methods involves the classification and comprehensive evaluation of a
multi—indicator system, in this paper, the target structure is simplified with the principal component analysis, combined with clustering
analysis, and the principal component cluster analysis method is proposed, and then the mining methods for 15 samples from a mine are
optimized based on this method. In the process, to avoid the shortcomings of the traditional principal component analysis and the errors
which may occur in applications, the feature extraction of the principal component analysis is improved by means of the equalization and
the comprehensive evaluation is improved by making clustering analysis based on the principal component scores. The meaning of the
principal component is interpreted clearly. Moreover, the results of the principal component clustering analysis, the first principal
component scores and the principal component composite scores are ranked and analyzed. It is shown that the principal component
cluster analysis not only can classify the multivariable data reasonably, but also can make a comprehensive assessment of the performance
of various types to fully reflect the actual situation of the mine. The final selected mining method sees a remarkable improvement
according to industrial tests, which verifies this decision-making method.
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Fig. 1 Flow chart of the traditional principal
component analysis
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Table 1 Statistical data of mining condition, technical and economic index and mining method of a certain mine
- TR B A £ NN = ) et
Xi/m Xo/m X+/(°) X4 Xs X Xo/(t-d™) Xg(t- T Xo/% X% X/(OT-t") Fikdis
A 0.46 0.27 147 0.94 0.89 1.01 1.20 1.72 069  2.54 0.46 1
Z 0.46 1.06 1.28 0.94 0.89 1.01 1.72 2.04 1.85 0.53 0.61 3
A 0.48 3.54 0.85 1.46 1.48 1.69 1.50 1.75 1.89 032 1.09 2
Z, 0.49 1.06 1.46 1.25 1.19 1.35 1.07 0.33 0.08 0.52 0.82 2
Zs 0.53 0.43 1.61 0.63 0.79  0.90 043 0.54 029 1.13 1.07 4
Zs 1.75 1.08 0.57 1.04 0.79  0.79 0.75 0.49 035 0.23 0.65 5
7 0.47 2.69 0.81 0.94 089 051 2.62 2.47 159 032 0.438 3
Zy 1.06 0.33 1.37 1.67 0.99 1.12 0.71 1.11 046 2.77 0.53 1
Zy 1.97 0.67 042 0.52 1.58 034 031 0.41 048  0.80 0.69 5
2y 1.21 0.18 1.33 0.83 0.79 045 0.39 0.38 213 0.78 1.25 4
Zii 1.12 1.11 0.90 1.04 0.99 1.12 1.07 0.36 058  0.57 1.17 2
Zy, 0.76 1.35 0.77 0.94 0.89 1.01 1.27 1.38 1.57 0.56 0.61 1
i3 1.06 0.13 0.80 1.04 0.97 1.12 0.46 0.55 058  1.83 0.86 3
Zia 1.37 0.87 0.82 0.94 1.09 1.24 1.07 1.02 175 1.1 4.10 1
Zs 1.82 0.21 0.55 0.83 0.79 1.35 041 0.45 0.70  1.00 0.62 5

ERT I ERET 1,2,3,45 0 HRKEHT RT k p BARE HEEE NBALSF SBRT FX—X, 2 AREAOKE FE MA L
AALEE T BALEE ORI R R KA A R R TR R RAF AR

Notes: Mining methods of number 1, 2, 3, 4, 5, respectively, represent the shrinkage stoping method, the sublevel filling method, the sublevel open stoping

method, the cutting walls and filling method, the overall mining method. X—X, respectively, represent the strike length, the thickness and the dip

angle of the ore body, the hanging wall stability, the footwall stability, the stope production capacity, the mining efficacy, the loss rate, the dilution

rate and the mining cost.
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Table 2 Pearson correlation coefficient matrix of each index

e Xgm o Xamo XY Xe o X X Xfaedh DS X% X% /(;f‘_‘t-1>
Xi/m 1
Xy/m -0.403 1

X5/ (°) -0.676  -0.241 1
Xs -0.301 0326 0.211 1
Xs 0.096 0412 -0.294 0.143 1
X -0.277 0236 0.103  0.603  0.147 1

Xo/(t-d™) -0.623 0.733  0.028  0.233 -0.002 0.064 1

Xo/(t- TET) -0.614 0.591 0.094 0.211 -0.015 0.044 0.865 1
Xol% -0.233 0432 -0.067 -0.009 -0.014 -0.045 0.463 0.555 1
X1/ % -0.040 -0.573  0.398 0.256 -0.139 0.102  -0.323 -0.009 -0319 1

X/ (Jt-t) 0.176  -0.019 -0.074 -0.073  0.131 0.202  -0.066 -0.132 0.324 -0.050 1
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Fig. 2 Scree plot of principal component analysis
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Table 3 Eigenvalues, contribution rate and accumulative
contribution rate of principal component variance

- FEHCF-J5 M
FHRIY p — —
FEAE (H TR R % St Tk R/ %
Y, 3.624 32.945 32.945
Y, 2.025 18.410 51.356
Y; 1.675 15.231 66.587
Y, 1.376 12.507 79.094
Ys 0.862 7.838 86.933
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Table 4 Factor load matrix of principal component

Ei=EN Y, Y, Y, Y, Ys
Xi/m -0.725  -0.540 0.166  0.001 0.236
Xo/m 0.842  -0370 0223 -0201 -0.101
XA/(°) 0.121 0.822 -0.211 0.193 -0.254
X, 0.403 0452 0.614 -0.112 0.120
Xs 0.141 -0.372 0,601 -0.205 0.216
X 0.280 0323 0.743  0.155 -0.235
X/ (t-d™) 0.911 -0.066 -0.205 -0.073 0.049
Xy/(t- THEH) 0.860 0077 -0.266 -0.011 0.370
Xo/% 0592  -0.322 -0.224  0.525 0.157
X,/ % -0.309 0.720  0.083  0.102 0.586
X/t -0.029  -0.250 0293  0.867 -0.014
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Table 5 The first five principal component scores and
comprehensive scores

nwed Y, & Y,f8 Y, Y, B Y ZEhA
i bl bRfE ARME BRE bR HERRE
7 0226 2324 -095 -0.08 1076 1.191
A 2133 0332 -137 0339 -0.14  0.488
A 377  -077 2557 -03  -0.13 135
7, 0.176 1.172 133 -08 -1.72 -097
Z,  -131 1313 -1.17 0327 -145 -146
Zo  -135 -117 -007 -103 -052 -121
Z, 3524 -104 -201 -0.89 0535 0.971
Zo  -052 2668 121 -046 1571 1678
Z, -253 -264 0071 -14 1.194 -0.55
Zo -124  -026 -168 1454 -028 -0.75
Z, -043 -033 0614 -022 -087 -082
Zn 1047 -055 -065 -0.11 -0.12  0.037
Z, -L5 0.673 0552 -0.13 0505 0.093
Zu 0053 -1.16 1163 3475 0502  0.809
Zs =205 -056 0413 -0.19 -0.16 -086
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Fig. 3 Cluster dendritic diagrams of the first
five principal components
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Table 6 Ranking results of three methods

K 5 Z A Z, Z, Z

T RS 5 3 1 6 14

E R R | 6 3 1 7 12
F AR A T HEA 3 6 2 13 15

Zs

Z; Zy Zy Zy Zy Zy Zy Zy Zs
2 8 15 13 7 4 10 12 11
2 9 15 11 8 4 13 5 14
4 1 9 10 11 8 7 5 12
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Fig. 4 Contrast of the optimum results of
theprincipal composition cluster analysis
with the current test mining methods
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