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Abstract: In compl

geometric 1
resolut@?m styation approaches predominantly rely on two-dimensional fe: ue
valuable thré@i

nts dense buildings and significant height variations amplify nonlinear

c.cjﬁ\
¢ differences and

emote sensing images. These challenges severely hinder hlﬁ on registration of high-

at1a1 information inherent in such scenes. To address these li

as texture, often neglecting the
iohs, this study proposes a novel multimodal

high-resoluti éﬂém (< sensmg image registration method that integrates modality transformation with three-dimensional spatial relationship

constr@@

ming to improve robustness and accuracy in complex urban scenarios. The proposed method consists of three main

nents. First, a cross-modal image translation technique is employed to reduce radiometric discrepancies between multimodal images,

S effectively narrowing the modality gap and facilitating subsequent feature extraction. Second, monocular depth estimation is introduced to

efficiently generate depth maps from single images. These depth maps provide essential spatial priors and serve as a foundation for

constructing more informative feature descriptors and enforcing spatial constraints. Finally, a matching strategy based on depth-guided 3D

spatial relationship constraints is developed. This strategy includes multi-feature map keypoint detection to capture potential salient features,

the construction of depth-enhanced joint descriptors to improve feature distinctiveness, and the incorporation of 3D spatial relationship

constraints to ensure geometrically consistent matching. Together, these steps enable reliable detection, robust description, and accurate

matching of feature points across multimodal images. The proposed method was compared with several traditional and deep learning

methods on four representative multimodal remote sensing datasets. Experimental results show that the proposed method achieves an

average Number of Correct Matches (NCM) of 510, which improves upon existing methods by a factor of 0.92 to 5.22. The average Root
Mean Square Error (RMSE) is 1.58 pixels, and the registration accuracy is improved by a factor of 4.12 to 4.78 compared to state-of-the-art

methods. These results demonstrate that the proposed method has clear advantages in registration accuracy and overall performance,

effectively suppressing nonlinear radiometric differences and geometric distortions in urban multimodal images and achieving

high-precision registration. This study
complex urban environments. By c
relationship constralnts
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rnatlon significantly improves feature matching robustness and re

integration of 3D s
2D- bas&aw xperimental validation confirms that the method achieves super@

tablishing a solid foundation for downstream applications such as urban mapping, cha

cross-modal translation, monocular depth estimation, and depth- asel
method successfully addresses both nonlinear radlometrlc dlff

ents a robust solution for multimodal high-resolution remote sensing %;registraﬁon in

nsional spatial
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