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Intelligent recognition algorithm for terrain elements in unmanned aerial vehicle remote sensing

images by integrating multi-source information
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[Abstract] In response to the urgent need for complex terrain element recognition in military reconnaissance,
battlefield situational awareness and other fields using unmanned aerial vehicle remote sensing, this paper
proposes a multimodal battlefield environment perception framework. This framework deeply integrates spectral
features, elevation data, and texture information, focusing on breaking through the difficulties of terrain
interpretation in typical battlefield interference scenarios such as vegetation camouflage and shadow occlusion,
and achieving high—precision recognition of terrain units such as mountaintops, foothills, mountain backs, and
valleys. The core innovation lies in designing an environment adaptive feature fusion module, which balances
the contributions of multiple sources of data through a dynamic weight allocation mechanism, and combines
knowledge distillation driven lightweight model optimization strategies to improve the computational
efficiency of the algorithm on embedded terminals by more than 40%. Experiments have shown that in
authoritative battlefield environment datasets and measured complex terrain data, this framework achieves an
average improvement of 8.2% in F1 score recognition of geomorphic elements compared to traditional
methods. Especially in special micro terrain areas such as cliffs and gullies, it demonstrates strong robustness,
providing a technical solution for intelligent battlefield environment modeling that combines accuracy and
effectiveness.
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