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A multi-resolution residual diffusion method for cloud and fog removal
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Abstract: Cloud and fog contamination in optical remote sensing images causes missing ground information, confusion
between cloud shadows and complex land-cover features, and high computational cost in diffusion-based restoration.
To address these issues, a multi-scale residual structure-guided diffusion network is proposed. The proposed method
takes a single cloudy image and its cloud mask as inputs, and formulates cloud removal as a progressive noise
estimation and reverse sampling process. A multi-scale U-Net denoising backbone is adopted, in which spatial attention
enhancement is introduced to exploit local contextual information and improve the representation of cloud boundaries,
thin-cloud transition regions, and building details. Meanwhile, mask-guided latent feature fusion provides structural
priors for occluded regions. Adaptive attention guidance reduces excessive modification in unoccluded regions, while
spatial rearrangement reduces the attention cost at each reverse step. Experiments are conducted on the Sen2
MTC New dataset and the self-built City-Building-4Cloud dataset. The results show that the proposed method
outperforms several representative cloud removal methods in terms of PSNR, SSIM, and LPIPS. On the City-Building-
4Cloud dataset, it achieves a PSNR of 27.6739 dB and an SSIM of 0.8952. MRSD contains 22.938 M parameters.

Compared with the dual-branch diffusion baseline, its parameter count and single-step FLOPs increase by only 7.35%
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and 9.15%, respectively, while yielding substantial improvements in restoration quality.
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