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Fig.10 Estimation of the probability function of nuclear
density between temperature and cumulative rainfall of

HFO09 landslide monitoring point
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Fig.11 Prediction results of displacement interval of

HFO09 landslide monitoring point
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Fig.12 Prediction results of total displacement of HF09 landslide monitoring point
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Tab.2 Comparison of the performance of different prediction schemes

Y gy S G35 ik 2 T 0 A A RMSE/mm MAE/mm MAPE/ %
LA A -GRU 10.54 9.73 2.99
Z A -BITCN-BIGRU 16.53 13.66 4.17
E B VMD »
7 Mt 9 VG SRR - Hybrid-GRU 13.98 12.76 3.91
R MO ) TG JE A AL -CNN-SE-GRU 11.02 10.20 3.13
21 XA A-GRU 4.32 3.59 1.13
£ 15 114 -BiTCN-BiGRU 5.59 5.43 1.68
HE2 SCHR il T ) o
R oA A9 P R A -Hybrid-GRU 4.28 4.28 1.25
7 Bt Y PG SRR B-CNN-SE-GRU 3.32 3.10 0.96
WS SCH A O 1 SCH 4 A T AR A 1.52 1.20 0.38
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Tab.3 Comparison of predictive performance of different forecasting models for the Xinpu landslide

SR 53 i 7 2 T 0 AL TR RMSE/mm MAE/mm MAPE/ %
ZIW A A-GRU 14.95 12.79 1.68
Z A A -BITCN-BIGRU 16.56 13.63 1.80
HE1 VMD
A v it A 7Y BB A - Hybrid-GRU 10.62 8.62 1.14
K Bl HE B4 75 LA B -CNN-SE-GRU 9.88 8.16 1.08
Z 1 XA -GRU 5.13 4.18 0.45
£ 3 .8l 4 -BiTCN-BiGRU 4.74 3.75 0.40
VEY SCrf oy iR
7 Bk Y VG JEAR - Hybrid-GRU 4.19 3.83 0.41
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Landslide Displacement Prediction Model Based on

Optimized Time Series Decomposition and Feature Selection
WANG Dongmin' ZHAO Lihua' QU Wei' HANG Zimu' WANG Li'

1 School of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, China

Abstract: Aiming at the problem that it is difficult for the temporal decomposition model to accurately
distinguish the effects of induced factors on different displacement components, and the prediction ac-
curacy is insufficient under the uncertainty of meteorological data, a landslide displacement prediction
network model based on optimized time series decomposition and feature selection is proposed. First-
ly, the variational modal decomposition (GA-VMD) method optimized by singular spectral analysis
(SSA) and genetic algorithm is combined with induced factors to decompose the landslide displace-
ment. Subsequently, an improved Nishihara model with fusion inducible factors is constructed to pre-
dict the trend term displacement, and the combined network of convolutional neural network and ga-
ted recurrent unit (CNN-SE-GRU) combined with compression and excitation network was used to
model the period term displacement, and the random term displacement is reconstructed through fre-
quency domain analysis. Finally, the probability interval of the displacement prediction results is con-
structed by combining kernel density estimation (KDE) and Monte Carlo simulation. Taking the Hei-
fangtai landslide in Gansu province as an example, the RMSE and MAPE of the prediction model are
1.52 mm and 0.38% , respectively, and the prediction accuracy of the model is significantly improved
compared with the traditional prediction model, providing more reliable technical support for
landslide early warning.

Key words: landslide displacement prediction; time series decomposition; feature selection; neural

network; error propagation modeling



