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Study on Time Series Prediction of Slope Deformation in

Reservoir Area Based on SSA-BP Neural Network
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Abstract: An improved hybrid prediction model SSA-BP based on intelligent optimization algorithms was developed
to address the complex nonlinearities and uncertainties inherent in slope displacement prediction in reservoir areas. This
methodology effectively overcomes the limitations of the traditional BP networks, such as slow training speed and suscep-
tibility to local optimum so as to improve the accuracy and robustness of slope displacement prediction. Through the glob-
al optimization of initial weights and thresholds using the Sparrow Search Algorithm (SSA). convergence and adaptability
of the model was improved. The proposed model was trained using five-month real-time displacement monitoring data ob-
tained from the Zhangjiawan slope. A comparative performance analysis was conducted between the SSA-BP model and
BP networks optimized by genetic algorithm (GA) and particle swarm optimization (PSO). The results demonstrate that
the SSA-BP model achieves rapid convergence within 24 iterations, significantly outperforming the comparative models.
Evaluation metrics including root mean square error, mean absolute percentage error , and coefficient of determination
(R?) reveal superior performance of the SSA-BP model. This research presents a reliable and efficient intelligent ap-
proach for accurate and robust slope displacement prediction in reservoir area.
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Fig. 1 Exploration diagram of heavy experiments in the field
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Tab.1 *1-%5 displacement and settlement data

for measurement points

== TR <5 o T -5 2 o/ TN 5 = 5% w7

¥ BE/mm | ¥ B/mm | ¥ FE/mm ||J¥  F/mm

1 0 20 —98.421 | 39 —208.446| 58 —308.454
2 —3.269 |21 —99.252 |40 —215.867| 59 —319.907
3 —9.589 |22 —104.401 || 41 —218.484| 60 —328.734
4 —16.569 || 23 —107.939 || 42 —221.547| 61 —340.923
5 —20.668 || 24 —109.852 || 43 —229.297| 62 —347.754
6 —26.527 || 25 —112.402 || 44 —233.315| 63 —352.163
7 —32.785 || 26 —118.528 || 45 —235.255( 64 —355.126
8 —38.549 || 27 —124.041 | 46 —239.508| 65 —366.133
9 —45.458 || 28 —132.283 |47 —243.704| 66 —372.945
10 —46.568 || 29 —140.482 || 48 —248.165| 67 —378.403

11 —52.859 |30 —148.679 || 49 —255.989( 68 —383.356
12 —58.598 | 31 —150.313 | 50 —258.291| 69 —389.409
13 —60.311 |32 —160.707 || 51 —261.449( 70 —401.923
14 —70.484 |33 —163.711 | 52 —268.793|| 71 —406.895
15 —72.595 |[ 34 —170.652 | 53 —271.246( 72 —409.589
16 —76.748 |35 —180.587 || 54 —279.983( 73 —415.754
17 —82.722 || 36 —191.681 | 55 —288.627( 74 —424.586
18 —85.038 | 37 —194.845 || 56 —295.467| 75 —433.863
19 —94.941 | 38 —201.407 || 57 —303.927
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Fig.2 Point-line diagram of time-sequential changes

in cumulative displacement
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Fig. 4 Comparison of model predictions point and line chart
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Fig.5 Model prediction error plot
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Tab. 2 Predictive model accuracy table

?)ﬁ UWJ *ﬁﬂ MMSE RRMSE MVIAE RZ MMAPE/%
SSA-BP  2.440 1.562  0.963 0.9916 0.579
GA-BP 7.568 2,751 1.766 0.9319 1.126
PSO-BP  3.857 1.964 1.173 0.9729 0.752
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