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Research on Slope Stability Based on Improved PSO-BP Neural Network

HU Shaowei', L.I Yuanhao', SHAN Changxi', XUE Xiang', YANG Huiqin®
(1. School of Civil Engineering , Chongging University , Chongqging 400045, China;
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Abstract: Slope stability research is extremely important for the prevention and control of geologic
hazards, but since factors affecting slope stability are rather diverse, indefinite, and nonlinear, slope
stability analysis is always a hot but difficult problem. Studies have shown that neural network predic-
tion models can be effectively applied in slope stability analysis. However, such models also have dis-
advantages of low accuracy in prediction, poor robustness, and slow convergence. Thus, an improved
slope stability prediction model is proposed based on the PSO-BP model. In this model, input parame-
ters include bulk density, cohesion, internal friction angle, slope angle, slope height and pore pres-

sure ratio, and the output parameter is safety factor. The model borrows the idea of mutation in genet-
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ic algorithm to improve the global optimization, and applies the negative gradient descent principle of
the energy function to improve the convergence speed. With the data cleaning process, eighty high-
quality slope data are obtained from over a hundred pieces of raw data. Then fifty data are randomly se-
lected as the test data. Finally, a ten-fold cross-validation method is used to verify the accuracy of the
model. Comparisons in multiple dimensions are also made with other models. The results show that:
(1) Compared with traditional models, the presented model has significant improvement in aspects of
convergence speed, accuracy, and robustness; (2) With small sample data, applying K-fold cross-
validation to the slope stability neural network prediction model can effectively avoid the contingency
of the results; (3) The model has a small error of 4.31% , which meets the engineering accuracy re-
quirements, so the model can provide reference for slope stability analysis and disaster prevention in
real engineering projects.

Keywords: slope stability; back propagation neural network; particle swarm optimization; disaster

prevention; K-fold cross validation
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Fig.1 Structure diagram of BP neural network
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Fig.2 Principle diagram of data cleaning
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Table 1 Slope parameters table

7 S

;E (kNy.r/n ) #/0 ép/a $/C) H/m u F. &
1 27.30 28.00 16.20 50.00 90.50 0.29 1.25 1
2 27.30 31.00 26.00 50.00 92.00 0.25 1.25 0
3 27.30 31.00 14.35 41.00 109.70 0.25 1.25 1
4 25.00 35.00 46.00 46.00 393.00 0.25 1.31 1
5 31.30 37.00 68.00 49.00 200.50 0.29 1.20 0
6 27.00 33.00 31.99 42.40 290.00 0.25 1.30 1
7 2041 11.00 33.51 16.00 45.71 0.20 1.28 1
8 20.20 22.30 16.70 42.40 25.00 0.25 1.39 1
9 23.00 20.00 0.00 20.00 99.80 0.30 1.20 1
10 27.30 31.00 14.00 41.00 110.00 0.29 1.25 1
11 26.18 59.00 44.93 31.50 172.98 0.10 1.19 0
12 2240 27.00 20.00 30.00 54.00 0.29 148 1
13 26.00 45.00 50.00 30.00 230.00 0.29 1.20 1
14 22.30 31.00 20.10 40.20 88.00 0.19 1.47 1
15 27.00 35.00 35.00 42.00 359.00 0.29 1.27 1
16 27.00 33.00 32.00 42.60 301.00 0.25 1.16 0
17 28.35 44.97 33.49 43.16 413.42 0.25 1.13 O
18 27.30 39.00 10.00 40.00 470.00 0.29 1.43 1
19 28.01 9.50 37.36 41.86 538.10 0.23 1.55 1
20 20.40 20.40 25.00 35.00 35.00 0.32 1.77 1
21 25.00 35.00 46.00 47.00 443.00 0.29 1.28 1
22 27.30 31.00 14.00 41.00 511.00 0.25 1.25 O
23 27.00 35.00 35.00 37.00 30.00 0.25 1.24 1
24 31.25 25.73 27.97 48.23 91.55 0.21 1.11 O
25 27.30 29.70 31.50 41.00 135.00 0.29 1.25 1
26 27.00 40.00 50.00 42.00 407.00 0.29 1.44 1
27 18.12 10.57 30.84 32.45 21.77 0.11 1.18 0
28 27.30  29.70 31.50 41.00 135.00 0.25 1.25 1
29 27.30  28.00 16.80 50.00 90.50 0.25 1.20 0
30 26.78 26.79 30.66 43.66 249.70 0.25 1.26 1
31  31.30 37.00 68.00 47.00 213.00 0.25 1.20 0
32 19.60 29.20 17.80 46.20 20.20 0.37 0.96 0
33 23.80 38.70 31.00 41.50 23.50 0.31 0.80 0
34 21.50 19.30 14.00 38.90 35.00 0.27 1.42 1
35 26.83 13.98 3546 43.50 96.14 0.23 1.42 1
36 25.00 40.00 48.00 49.00 330.00 0.25 1.49 1
37 25.00 35.00 46.00 46.00 42.00 0.29 1.63 1
38 31.30  37.00 68.60 47.00 305.00 0.25 1.20 0
39  26.20 4414 32.26 37.71 359.04 0.21 1.22 1
40  23.10  29.20 25.20 36.50 61.90 0.40 1.70 1
41 25.00 36.00 55.00 45.50 299.00 0.25 1.52 1
42 28.51 42.34 32.20 43.25 453.60 0.25 1.25 O
43 19.00 32.00 50.00 42.00 26.00 0.50 1.70 1
44 31.30 37.00 68.59 47.50 262.40 0.25 1.20 0
45  23.50 20.00 25.00 49.10 115.00 0.41 1.63 1
46 26.62 0.00 31.78 42.72 51.48 0.40 1.04 0
47 27.00 35.00 37.50 37.80 320.00 0.29 1.24 1
48  30.00 27.38 34.57 43.46 319.21 0.27 1.02 0
49 20.00 30.00 35.00 40.00 25.00 0.29 1.90 1
50 27.30 1.00 36.00 50.00 92.00 0.29 1.25 1
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Fig.3 Improved PSO-BP neural network algorithm flow chart
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