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Abstract

This study begins by investigating the deformation mechanisms of cofferdam structures, establishing a multi-source monitoring
system that integrates surface, internal, seepage, and environmental quantity measurements. The paper details automated data
acquisition and preprocessing workflows. For deformation analysis, we propose a pattern recognition method utilizing spatiotemporal
distribution features and correlation analysis. Stability evaluation combines limit equilibrium methods with finite element numerical
simulations for quantitative assessment. A comprehensive framework comprising four layers—data acquisition, analysis, modeling,
and early warning—is designed. The paper elaborates on a multi-level early-warning indicator system, threshold determination
methodologies, and core algorithms including statistical analysis, machine learning, and hybrid warning systems. These innovations
aim to deliver real-time, accurate, and practical stability monitoring for cofferdam safety, providing scientific decision-making
support for plain reservoir management.
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