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Prediction of mine slope deformation based on PSO-DSRVM

YUAN Yusi', FENG Xiaopeng] , LI Yongl , YI Cancan?
(1. China Railway Wuhan Electrification Bureau Group Co.Ltd.,Wuhan, Hubei 430074, China;
2. Wuhan University of Science and Technology, Wuhan, Hubei 430081, China)

Abstract: In order to establish a high-precision prediction model of mine slope displacement, Doubly Sparse Relevance Vector
Machine (DSRVM) based on Particle Swarm Optimization (PSO) was used to establish the nonlinear relationship between
slope stability and influencing factors in this paper. DSRVM was a multi-core combinatorial optimization method, which was
proposed under the framework of variational and Relevance Vector Machines (RVM). Compared with RVM and other
multiple-kernel learning methods, DSRVM not only had less training time, but also can obtained higher prediction accuracy.
Aiming at the influence of the parameter’s selection of DSRVM on the final prediction effect, the optimal multiple kernel
parameters was determined by PSO algorithm to be used in the mine slope displacement prediction. Compared the
computational results of DSRVM with Extreme Learning Machine (ELM) and Wavelet Neural Network (WNN), the
feasibility of PSO-DSRVM in slope deformation prediction was verified by the evaluation indicators such as RMSE, R* and

ARPE.
Keywords: slope stability; displacement prediction; particle swarm optimization algorithm; doubly sparse relevance vector
machine
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Fig. 1 Flow chart of slope displacement prediction
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Table 1 Statistical sample of monitoring data of slope deformation and influencing factors
ETRE2 X,/mm X,/mm X;/kPa X,/mm Xy/(°) Xy (©) X,/kPa Xy/mm

1 19 2 12 0 24 33 188.45 14.4
2 12 7 20 0 10 22 11591 11.7
3 36 4 68 0 44 51 177.86 16.5
4 16 6 30 0 20 40 190.41 18.5
5 16 3 30 0 20 40 188.73 20.3
6 36 2 68 0 38 49 109.65 41.2
7 12 4 35 10 10 22 120.35 25.6
8 30 12 50 40 39 46 159.19 51.3
9 32 1 55 0 38 42 189.07 24.1
10 27 2 46 0 38 46 180.35 11.4
11 23 6 39 12 31 40 190.45 26.8
12 25 7 40 35 35 43 192.13 27.2
13 13 11 20 30 26 30 194.88 18.5
14 16 3 25 0 20 40 182.21 10.9
15 31 1 50 0 38 47 187.79 21.4
16 26 4 49 15 36 48 190.17 22.8
17 23 5 40 0 31 42 115.28 14.4
18 33 4 55 0 39 49 102.77 325
19 24 4 40 0 33 41 182.83 18.5
20 15 13 25 24 43 27 194.32 22.4
21 26 8 46 28 36 45 139.18 53.1
22 18 2 30 0 23 32 182.48 11.2
23 25 0 40 0 32 43 106.49 23.7
24 24 8 40 30 33 41 190.45 23.1
25 22 2 37 0 30 39 189.03 24.5
26 21 3 35 0 24 37 113.58 36.6
27 21 2 35 0 32 36 181.89 10.6
28 32 2 55 0 41 49 184.69 21.2
29 23 6 39 0 31 40 116.69 15.1
30 33 11 55 40 44 46 193.55 29.8
31 15 3 25 0 18 35 181.89 12.5
32 18 3 32 0 23 37 191.03 21.2
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Table 2 Comparison of prediction effects of different models
P IEDR PSO-DSRVM BeBR=7 > Bl AN 2
RMSE 0.478 1.88 1.14
R 0.99 0.72 0.77
ARPE 0.017 0.29 0.27
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