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Research on Multi-Modal Fusion Lightweight Vision System for
Warehouse Cargo Recognition Adaptability
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Abstract:

In the process of warehousing intelligence, the dynamics of the warehousing environment and the limitations of the
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computing power of edge devices affect cargo recognition. Changes in lighting, occlusion and stacking of goods, as well as
insufficient computing power, restrict the accuracy and efficiency of recognition. To address this, it proposes a dynamic
adaptive framework for multi-modal feature fusion. A cross—-modal feature alignment network for RGB-D images and laser
point clouds is constructed to fuse spatial geometric and texture features, and the dynamic weight is optimized in real time
according to environmental data. A lightweight inference architecture with collaborative channel pruning and knowledge
distillation is designed, reducing the model size to 30% of its original volume. Experimental results show that the multi-modal
solution improves the accuracy by 8.2% compared with the single—modal solution,reaching 96.5% in occlusion scenarios. The
lightweight model achieves an accuracy of 98.1% and its inference speed is increased by 2.3 times.
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