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RESEARCH ON ARTIFICIAL NEURAL NETWORK-TIME SERIES
ANALYSIS OF SLOPE NONLINEAR DISPLACEMENT
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2. Beijing Guodian Water Resources and Electric Power Engineering Co., Ltd., Beijing 100024, China)

Abstract: As an explicit behavior of the complicated dynamic system, the displacements of slop are characterized
with randomness and indetermination involving many uncertain factors; and the physical-based modeling is very
difficult to fulfill prediction function. As an alternative, it was proved by many practical engineering cases that a
set of displacement time series to predict the future displacement can be used. Based on the principles of artificial
neural network and time series analysis, the BP network is established by zero mean method, standard deviation
preprocess, regularization energy function, and Bayes-regularization to extract the trend term of displacement time
series. After the extraction, the displacement time series becomes a balance series, which could be processed by
normal ARMA model. In addition, combined with the real-time tracing algorithm, the artificial neural
network-time series analysis(united modeling)for nonlinear displacement in geotechnical engineering was
proposed. As a test, this modeling was used in displacement prediction of Geheyan Hydraulic Power Station intake
slope and Dayantang slope in Shuibuya Hydraulic Power Station project. The results of engineering case indicate
that it is reliable with high precision. It is proved that this modeling can be used to practical engineering.
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Table 1 Comparison between measured and predicted data of the monitoring point M1

W ArAS FRNME AHXSURZE | W AR BN AHXSRRZE | W A BN AHXSURZE| M R TR AR ZE
I /mm /mm 1% d /mm /mm 1% d /mm /mm 1% /d /mm /mm 1%
7 1.411 - - 77 1471 1.472 0.06 147 5.665 5.241 7.49 217 3.802 3.860 1.52
14 1.407 - - 84  1.484 1.485 0.06 150 5.742 5.963 3.85 224 3.801 3.908 2.82
21 1.414 - - 91  1.520 1.468 3.44 161  6.087 5.797 4.76 231 3.798 3.750 1.26
28 1.410 - - 98 1519 1.513 0.42 168  6.134 6.254 1.96 238 3.793 3.690 2.73
35 1.405 - - 105  1.507 1.536 191 175  6.143 6.300 2.56 245 3.695 3.746 1.38
42 1.401 - - 112 1.528 1.512 1.05 182  6.000 6.231 3.84 252 3.635 3.769 3.67
49 1.427 - - 119  1.580 1.552 177 189  5.344 5.793 8.41 259 3.608 3.587 0.58
56 1.421 - - 126 1572 1.578 0.39 196  5.033 5.124 1.81 266 3.586 3.624 1.06
63 1.472 - - 133 4312 1.527 64.59 203  4.876 5.007 2.69
70 1.467 - - 140  5.351 1.996 62.69 210  3.995 5.024 25.76
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Table 2 Comparison between measured and predicted data of the monitoring point TS14 - 1 in Dayantang slope

I ) ¥ TN AR I} 1) ¥ A AR R I} 1) fr# TS AR R

FEAH /mm /mm 1% IEAH /mm /mm 1% EAH /mm /mm 1%
20030531 412 - - 20031122 43.29 — - 20040515 60.72 59.28 2.38
20030625 8.24 - - 20031217 48.32 - - 20040609 61.95 62.00 0.08
20030720 12.72 - - 20040111 53.33 - - 20040704 64.00 62.97 161
20030814 17.64 - - 20040205 51.57 55.79 8.19 20040729 63.48 65.23 2.75
20030908 21.46 - - 20040301 54.18 52.77 2.60 20040823 61.77 64.54 4.49
20031003 34.49 - - 20040326 57.13 55.92 211

20031028 40.46 - - 20040420 60.50 58.36 3.54
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