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More excavation after optimization,
more mining after optimization, but
at same time of creating revenue,
how is slope stability?
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Fig. 1 Schematic diagram to solve key problem
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Fig. 2 Structure diagram of three-layer SR-BP neural network
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Fig. 3 Flow chart of SR-BP slope state control parameter optimization model
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Table 1 Calculation results of optimization scheme matrix and slope stability coefficient
Bench Plan 1 Plan 2 Plan 3 Plan 4 Plan 5 Plan 6 Plan 7
angle/(°) (6,6, 12) (5,5,12) (5,5, 11) 5, 5,10) (4,4, 10) 4,4,9) (4,4,8)
60 1.78 1.68 1.70 1.62 1.54 1.55 1.45
61 1.77 1.69 1.64 1.60 1.51 1.46 1.42
62 1.73 1.64 1.61 1.51 1.39 1.45 1.31
63 1.68 1.59 1.57 1.53 1.41 1.38 1.29
64 1.64 1.57 1.50 1.48 1.38 1.32 1.25
65 1.61 1.50 1.46 1.43 1.29 1.25 1.16
66 1.57 1.49 1.43 1.37 1.24 1.16 1.10
67 1.51 1.41 1.39 1.31 1.16 1.08 -
68 1.49 1.39 1.29 1.25 1.07 - -
69 1.41 1.28 1.25 1.15 - - -
70 1.39 1.25 1.15 1.11 - - -
Hidden layer Output layer
= EQE}, wf
£
6 3-15-1 TUN L 5 Hy 5T
Fig. 6 3-15-1 Network structure model
®2 AFEREZET R BUI R
Table 2 Average training times of different hidden layer nodes
Class Training result
Number of hidden layer nodes 5 6 7 8 9 10
Average training times 18.1 12.8 133 11.8 12.0 13.2
Number of hidden layer nodes 11 12 13 14 15 16
Average training times 11.3 12.3 10.2 10.1 9.5 12.2
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performance of 0.01538 at epoch 6
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Fig. 9 Comparison of predicted value and actual value
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Table 3 Comparison of predicted values and actual values
Sample Actual Predicted Relative Sample Actual Predicted Relative
number value, Vi value, Vp error/% number value, Vi value, Vp error/%
49 1.38 1.37 0.72 61 1.08 1.13 4.63
50 1.29 1.30 0.78 62 1.45 1.48 2.07
51 1.24 1.23 0.81 63 1.42 1.41 0.70
52 1.16 1.15 0.86 64 1.31 1.32 0.76
53 1.07 1.08 0.93 65 1.31 1.24 5.34
54 1.55 1.56 0.65 66 1.25 1.19 4.80

Performance evaluation index: Ey,=0.013, Erms=0.026, R=0.994
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Optimization model of slope control parameters based on
SR-BP neural network

FANG Qing-hong', HU Bin"?, LI Jing', CUI Kai', ZHU Xin'

(1. School of Resources and Environmental Engineering, Wuhan University of Science and Technology,
Wuhan 430081, China;

2. Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources,
Wuhan 430081, China)

Abstract: In order to establish the nonlinear relationship between the optimization of slope state control
parameters and the slope stability coefficient, a strength reduction(SR)-BP neural network optimization model for
slope state control parameters was proposed to predict the slope stability under different slope state control
parameters optimization schemes. Taking the high slope of a limestone open-pit mine in Huangshan as an example,
the strength reduction method was used to calculate the slope stability coefficient under the scheme matrix of
different slope state control parameters, and the sample data are obtained. An improved empirical formula of
hidden layer node number was proposed to construct the parameter optimization model of BP neural network for
slope state control. And then mean absolute error (MAE), root mean square error (RMSE) and correlation
coefficient (R) were used as performance evaluation indexes to analyze the relative error between actual sample
value and model prediction value. The results show that, the influence of the number of nodes in input layer and
output layer on the number of nodes in hidden layer is fully considered in the improved empirical formula; and the
model of SR-BP neural network for slope state control parameter optimization expresses the nonlinear relationship
between the optimization of slope state control parameters and the slope stability coefficient. The relative error
between the actual sample value and the model prediction value is less than 6%, and MAE is 0.013, RMSE is 0.026,
R is close to 1, which proves that the model fits well and the prediction accuracy is high. The research results can
provide a certain guiding significance and theoretical basis for the preliminary design and optimization of mine
slope control parameters.

Key words: safety engineering; slope control parameters; stability coefficient; strength reduction method(SR); BP

neural network
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