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Abstract: To address the difficulty of multi-source data fusion in the monitoring of high-fill and deep-cut subgrade slopes, a
deep fusion analysis method based on a cross-modal attention mechanism is proposed. The limitations of traditional fusion
methods are analyzed, and a technical route is constructed, including multi-source spatiotemporal data alignment,
modality-specific feature representation, cross-modal attention fusion, and multi-criteria intelligent early warning. The
proposed method uses dedicated encoders to process heterogeneous data and introduces a cross-modal attention mechanism
to dynamically evaluate the importance of information sources, there by overcoming the limitation of traditional simple
feature concatenation. This route aims to directly predict slope stability from raw data. It provides a new theoretical
framework for solving the deep coupling problem of multi-source heterogeneous information and for establishing a more
reliable and intelligent early warning model for slope instability.
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Fig. 1 Schematic diagram of fusion levels
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Fig. 2 Schematic diagram of the multi-source three-dimensional monitoring system
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