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Application of ICS-Elman Neural Network on Slope Stability Analysis
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Abstract: In order to improve the accuracy of slope stability prediction, a slope stability prediction model based on multi strategy
improved cuckoo search algorithm (ICS) optimized Elman neural network was proposed. Firstly, the population was initialized
using Sinusoidal chaos, and strategies such as dynamic step size control and 1% step discretization of discovery probability were
introduced to improve the slow convergence speed and poor accuracy of the cuckoo search algorithm. Simulation results on 7
benchmark functions show that compared with the CS algorithm, the optimization ability and convergence speed of the ICS
algorithm are significantly improved. Then, the ICS algorithm was used to optimize the weights and thresholds of the Elman
neural network., and the optimal slope stability prediction model was constructed. The results show that the relative error range
of the ICS-Elman model for predicting the safety factor of slope stability is —2.81%-6.98% . with root mean square error and
mean absolute error of 0.275 0 and 0.342 2, respectively. Compared with the Elman and CS-Elman models, the ICS-Elman
model has better stability and accuracy. Compared with the CPSO-BP neural network, the ICS-Elman neural network has a
relative error range of —1.57%-1.25% in predicting values, indicating better prediction accuracy.
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Table 1 Dataset of slope stability analysis
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1 90 18 0.27 19.55 9.91 23.04 1.395
2 136.5 22 0.32 21.3 10.1 20.03 1.15
3 37 25 0.34 11 8.5 20.5 0.95
4 33 15 0.32 21 10 18.8 1.572
5 70 13 0.30 9.61 10.44 19.47 1.273
557 10 45 0.41 11.97 35 22.4 0.89
558  12.56 22 0.35 24.9 13 20.41 1.40
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Fig.1 Violin diagrams of influencing factors on slope stability
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Table 2 Correlation coefficient of slope stability factors
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Table 3 Test function
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Table 4 Optimization results of test function
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Fig.2 Convergence curves of CS algorithem and ICS algorithem
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Table 5 Calculation results of neurons in hidden layer

7 A5 RMSE A7 A B RMSE
3 0.043 4 9 0.013 2
4 0.031 1 10 0.012 4
5 0.029 0 11 0.028 3
6 0.025 7 12 0.041 1
7 0.021 2 13 0.053 4
8 0.010 7 14 0.020 5
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Table 6 Prediction results and errors of safety factors of slope stability for each model

[N 9 Elman CS-Elman ICS-Elman

%5 a W xR MXHRZE/ Y B 4R MIXFIR2ZE/Y% B daxdiRE xR 2/ %
1 0.94 1.06 0.12 12.77 0.86 —0.08 —8.51 0.92 —0.02 2.13
2 1.12 1.04 —0.08 —7.14 1.08 —0.04 —3.57 1.12 0 0
3 1.78 1.14 —0.64 —35.96 1.57 —0.21 —11.80 1.73 —0.05 —2.81
4 0.91 0.74 —0.17 18.68 1.00 0.09 9.89 0.93 0.02 2.20
) 1.22 1.49 0.27 22.13 1.17 —0.05 —4.10 1.23 0.01 0.01
6 0.86 0.99 0.13 15.12 0.94 0.08 9.30 0.92 0.06 6.98
7 0.89 0.96 0.07 7.87 0.83 —0.06 —6.98 0.87 —0.02 —2.20
8 1.40 1.79 0.39 27.86 1.58 0.18 12.86 1.35 —0.05 —2.81
9 1.35 1.19 —0.16 —11.85 1.51 0.16 11.85 1.32 —0.03 —2.22
10 0.96 0.71 —0.25 —26.04 1.07 0.11 11.46 0.99 0.03 3.12
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Fig.5 Prediction results of safety factors

of slope stability for each model
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Table 7 Evaluation indicators for each prediction model

(x| RMSE MAE
Elman 0.848 2 1.023 0
CS-Elman 0.424 5 0.764 1
ICS-Elman 0.275 0 0.342 2
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Table 8 Comparison of CPSO-BP model and ICS-Elman
model in predicting the safety factors of slope stability

BEA RaE CPSO-BP ICS-Elman Fjl 45 R
Gi REC WNGEE MAHRE/ Y WNGEE AEXREZE/ %
1 1.200 1.170 —2.50 1.210 0.01
2 0.960 0.870 —9.37 0.972 1.25
3 1.150 1.180 2.61 1.132 —1.57
4 1.445 1.454 0.62 1.438 —0.48
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