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Prediction Method of Surrounding Rock Displacement Based on
LSTM—-AdaBoost—SFOA Model
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2. PowerChina Huadong Engineering Corporation Limited, Hangzhou 311122, China)

Abstract: To enhance the prediction accuracy of surrounding rock displacement deformation in pumped-storage power stations and address the
robustness issues in multi-scale time series decomposition, we proposed a hybrid prediction model integrating long short-term memory (LSTM),
adaptive boosting (AdaBoost), and starfish optimization algorithm (SFOA). Taking the surrounding rock displacement monitoring data of the ZY
pumped-storage power station as the research object, we decomposed the cumulative displacement into trend, periodic, and random components
using the complete ensemble empirical mode decomposition with adaptive noise (CEEMDAN) algorithm, and established dynamic mapping
relationships of multi-source monitoring data by integrating time-frequency features at first. Then, we used the AdaBoost mechanism to dynamically
weight LSTM weak classifiers to focus on abnormal displacement jump signals, and used the SFOA algorithm to globally optimize LSTM
hyperparameters. Finally, we achieved sub-item and cumulative displacement predictions by component superposition. The results demonstrate
that the proposed model reduces RMSE by an average of 73.8% (maximum reduction is 79.0%) and MAPE by 78.7% compared to the baseline
LSTM across trend, periodic, random, and cumulative displacement components, while improving the coefficient of determination (R*) by
16.2% (maximum improvement is 22.7%). Compared to Bi-LSTM, RMSE and MAPE are reduced by 55.9% and 57.0%, respectively. This
model can provide theoretical support for safety early warning and support optimization in underground cavern groups.

Key words: LSTM-AdaBoost-SFOA model, surrounding rock displacement prediction, CEEMDAN decomposition, multi-scaletime series analysis
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