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Abstract 

 

Image restoration is a classic yet challenging inverse problem in computer vision. Despite the remarkable 

progress of learning-based methods, they are hindered by critical bottlenecks, including limited paired training 

data, poor interpretability, and weak generalizability. This thesis focuses on high-fidelity image restoration 

under limited supervision, where acquiring large-scale paired data is impractical, and proposes four novel 

methodological strategies to address the core challenges. 

 

First, cross-domain priors tackle the scarcity of target-domain paired labels by transferring structural and 

semantic knowledge from data-rich auxiliary domains, thus enabling effective knowledge migration for 

unsupervised tasks. Second, advanced customized model design targets the inductive biases of specific 

restoration tasks, allowing the recovery of hard-to-predict components while maintaining compact model 

parameters for high efficiency. Third, physical priors integration grounds learning processes in the intrinsic 

physics of imaging systems, resolving the issues of poor interpretability and weak out-of-distribution robustness 

that plague pure data-driven models. Fourth, target-domain generative priors mitigate one-to-many 

ambiguities (e.g., metamerism) in restoration tasks, and elevate perceptual fidelity even without dense 

supervision by imposing realistic, data-driven constraints. 

 

Collectively, these four strategies synergistically optimize both perceptual quality and physical integrity of 

restored images, providing a universal and practical solution for limited-supervision image restoration and 

advancing the applicability of related techniques in real-world scenarios. 
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