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Fig. 6 Orebody and drilling database

Cu grade of sample point/% True value of

Point No. x/m y/m z/m
1 2 3 4 5 6 7 8 Cu grade/%
1 240049 6999 15240 042 022 052 042 024 0.1 0.3 6.31 0.03
2 240149 6999 150.66 042 023 043 042 024 0.07 0.07 6.31 0.04
3 240249  6999.0 14893 042 032 0.04 042 087 0.09 0.29 6.31 0.24
4 240348 6999.0 147.19 042 004 024 042 035 042 0.12 6.31 0.87
5 240447 6999.0 14546 042 007 087 042 023 0.11 0.11 6.31 0.35
567 2518.6  6850.6  122.33 0.2 002 322 006 003 0.02 0.02 0.02 0.02
568 2519.6 68506 12060 0.04 0.03 554 0.02 0.03 0.02 0.05 0 0.04
569 2520.6 68506 11887 0.02 0.03 1.77 0.02 0.03 0.02 0.05 0 0.05
570 2521.6 68506 117.13  0.03 0.03 1.77 0 0.09  0.02 0.05 0 0.03
571 2522.6  6850.6 11540 0.03 0.09 8.07 0 0 0.02 0.05 0 0.07
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Table 2 PSO-ANFIS grade interpolation model parameters

Parameter Value

Number of iterations, m 1000
Maximum number of particles, n 25
Initialized weight, W 1

Weight drop rate, Wygn, 0.99
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Fig. 7 Gaussian membership curves of input variables

# 3 PSO-ANFIS A {4554
Table 3 Conclusion parameters of PSO-ANFIS model
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0.8r

0.6

0.4

Membership

0.2

0 02 04 06 08 1.0
Input variables

Membership

0.6 0.8 1.0

0 0.2 0.4
Input variables

u v w X y z a

Fuzzy rule p q r s t
1 0.08 -0.27 -l.61 0.05 0.35
2 0.06 —-0.46 -1.68 —0.08 0.17
3 0.07 -0.28 -1.38 0.07 0.16
4 0.08 -0.27 -1.55 0.06 0.20
5 0.09 -0.01 -3.28 0.07 0.94
6 0.07 -0.06 -1.27 0.08 0.18
7 0.08 -0.25 -1.87 0.06 0.20
8 0.05 -0.25 -1.55 0.08 0.17
9 0.07 -0.21 -1.40 0.06 0.19

—_
S

0.08 -0.56 -1.34 0.06 0.09

0.10 0.02 0.10 0.18 0.17 0.28 0.76
0.28 0.01 0.05 0.18 0.17 0.26 1.51
0.10 0.02 0.00 0.17 0.17 0.26 1.32
0.12 0.02 0.06 0.17 0.17 0.07 1.48
0.14 0.03 0.04 0.19 0.16 0.27 1.08
0.11 0.02 0.04 0.13 0.08 0.26 1.28
0.09 0.03 0.04 0.18 0.17 0.25 1.20
0.11 0.06 0.05 0.06 0.15 0.45 —6.46
0.10 0.01 0.05 0.18 0.14 0.21 1.14
0.07 0.02 0.05 0.15 1.51 0.27 1.96

i B YROAA R FAE 2 R 22 15 L, Fe AR 38 5 iR 1R 2
N, BEETNME S B, FCREEE, 2
k& PSO-ANFIS BN HE R v 1.8397 R THEES
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HrP R EAER R 15 TIE 15%, Hit, &Sfims,
BT R RO SRRSOt 28 HEHE 2R 45(PSO-ANFIS)
BB A4 S AL AR E AR A TR o, MR S
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Fig. 9 Grade interpolation results of different model
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Table 4 RMSE results of different models
R
Interpolation
method Training data  Testing data ~ All data
(400) (171) (571)
PSO-ANFIS 1.847 1.8397 1.8448
IDW 2.003 2.1568 2.0503
3 Zhig
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10 AFEBEAL R FEIRIE
Fig. 10 R histogram of different models
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Grade interpolation of orebody based on
particle swarm optimization algorithm and ANFIS

REN Zhu-li"-?, WANG Li-guan"?, JIA Ming-tao'*?

(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. Center of Digital Mine Research, Central South University, Changsha 410083, China)

Abstract: Geological model plays an important role in mineral exploration and development, but in the practice of mine
production, because of the influence of cost and technology, it is difficult to obtain the geological data of the whole block,
and the spatial interpolation is an important means to solve this problem. The particle swarm optimization (PSO) and
adaptive neuro-fuzzy inference system (ANFIS) were applied to the grade interpolation of orebody, which overcomes the
limitation of traditional interpolation method based on empirical determination of parameters, PSO-ANFIS grade
interpolation model was constructed by using the fast searching ability of particle swarm optimization, the learning
mechanism of neural network and the language reasoning ability of fuzzy system. Selecting 571 groups of sample points
as training data to train the model with the cross verification method in MATALB, each of these training samples consists
of three-dimensional coordinates and true values of the estimated points and eight surrounding sample points, finally, the
PSO-ANFIS model was used to evaluate the evaluation point and the mean square root error (RMSE) was improved by
comparing with the distance power-time inverse interpolation method, which is nearly 15%. The feasibility and
effectiveness of the model were validated.

Key words: ore grade; spatial interpolation; particle swarm optimization algorithm; adaptive neuron-fuzzy inference

system; optimization
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