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Abstract

This study proposes a refined identification method for crop types in cultivated land by integrating temporal remote sensing imagery
with geological environmental monitoring data. The approach achieves spatiotemporal data alignment through constructing a multi-
modal heterogeneous input tensor, employs an orthogonal decoupled convolutional coding network with dual-stream separation to
extract dynamic crop characteristics and static geological features, incorporates geophysical-phenological constraints via a differential
logic inference model, and optimizes a global utility function through gradient ascent iterative optimization. The final output delivers
a crop-environment compatibility index that combines statistical confidence with physical rationality. Experimental results and
theoretical analysis demonstrate that this method effectively suppresses spectral interference between similar crops and dissimilar
crops, enhances crop recognition accuracy and decision transparency in complex scenarios, and provides a novel technical pathway
for large-scale, high-precision, and interpretable cultivated land crop monitoring.
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