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Super resolution

• Downsample formulation

• Consider probability

• Bayesian
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Super resolution

• Generate HR from LR
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Super resolution

• Maximum A Posteriori (MAP)
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Diffusion
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◼ Conditional denoising diffusion model

◼ Forward diffusion process q, reverse inference process p

◼ Source image x, target image y0

Diffusion for Image Restoration

7Chitwan Saharia, et al. Image Super-Resolution via Iterative Refinement, IEEE TPAMI, 2022

◼ Image Super-Resolution via Repeated Refinement (SR3)



Diffusion for Image Restoration

8Chitwan Saharia, et al. Image Super-Resolution via Iterative Refinement, IEEE TPAMI, 2022

◼ Image Super-Resolution via Repeated Refinement (SR3)

◼ The reverse inference process conditioned on source image x 

◼ learned by the neural network 

Conditioned reverse 
inference process



Diffusion for Image Restoration

9Chitwan Saharia, et al. Image Super-Resolution via Iterative Refinement, IEEE TPAMI, 2022

◼ Image Super-Resolution via Repeated Refinement (SR3)

◼ U-Net architecture

◼ x interpolated to target high resolution

◼ x concatenate with noisy image yt



Diffusion for Image Restoration
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◼ Image Super-Resolution via Repeated Refinement (SR3)



Sampling-based Image Restoration
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◼ Sampling restored images directly from pre-trained models

◼ Take the degraded image as guidance

Bahjat Kawar, et al. Denoising Diffusion Restoration Models, NIPS, 2022

◼ Example: 

Denoising Diffusion Restoration Models

(DDRM)



Sampling-based Image Restoration
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◼ Denoising Diffusion Restoration Models

◼ A simplified degradation model in general:

◼ The target is to find:

◼ where 𝜃 is the parameter set of a pre-trained diffusion model.



Sampling-based Image Restoration
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◼ Denoising Diffusion Restoration Models

◼ The conditional distributions are demonstrated as:

where ത𝐱𝑡 is the set of vectors in spectral space:                    . Requires known degradation.

Distribution of the 

initial noise

Perform SVD 

Correct Sampling 

Distribution



Sampling-based Image Restoration
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◼ Denoising Diffusion Restoration Models

◼ The conditional distributions are demonstrated as:

where ത𝐱𝑡 is the set of vectors in spectral space:                    . Requires known degradation.

Distribution of one 

single denoise step

Perform SVD

Correct Sampling 

Distribution



Sampling-based Image Restoration
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◼ Denoising Diffusion Restoration Models



Sampling-based Image Restoration
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◼ Denoising Diffusion Models for Plug-and-Play Image Restoration (DiffPIR)

Employ a refinement during sampling process:

where 𝐱0
𝑡

is the predicted noise-free image at timestep 𝑡. Requires known degradation.

Yuanzhi Zhu, et al. Denoising Diffusion Models for Plug-and-Play Image Restoration, CVPR, 2023

Fidelity to degraded image



Sampling-based Image Restoration
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◼ Denoising Diffusion Models for Plug-and-Play Image Restoration

Employ a refinement during sampling process:

where 𝐱0
𝑡

is the predicted noise-free image at timestep 𝑡. Requires known degradation.

Regularization of generated image



Sampling-based Image Restoration
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Ben Fei, et al. Generative Diffusion Prior for Unified Image Restoration and Enhancement, CVPR, 2023

◼ Generative Diffusion Prior (GDP)

Learn the degradation model during the sampling process.



Sampling-based Image Restoration
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Ben Fei, et al. Generative Diffusion Prior for Unified Image Restoration and Enhancement, CVPR, 2023

◼ Generative Diffusion Prior (GDP)

At the 𝑡-th step, the degradation model will be updated via:

The noisy image at 𝑡 − 1 -th step will be sampled with guidance provided by the loss:



Sampling-based Image Restoration
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Ben Fei, et al. Generative Diffusion Prior for Unified Image Restoration and Enhancement, CVPR, 2023



Sampling-based Image Restoration
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Ben Fei, et al. Generative Diffusion Prior for Unified Image Restoration and Enhancement, CVPR, 2023



Sampling-based Image Restoration
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◼ Diffusion Posterior Sampling (DPS)

refine the noisy state at sampling process via:

Hyungjin Chung, et al. Diffusion Posterior Sampling for General Noisy Inverse Problems, ICLR, 2023



Sampling-based Image Restoration
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◼ Diffusion Posterior Sampling (DPS)

refine the noisy state at sampling process via:

Correction Item



Sampling-based Image Restoration
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Sampling-based Image Restoration
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Reconciling Diffusion Model in Dual
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• Based on pre-trained diffusion model 

• Half quadratic splitting: two complementary regularizers, 
stochastic sampling and deterministic regression



Reconciling Diffusion Model in Dual
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Reconciling Diffusion Model in Dual
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Reconciling Diffusion Model in Dual
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• HQS algorithm

• Overall

Fidelity & perceptual



Reconciling Diffusion Model in Dual
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Experiment

• Fidelity & perceptual
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Experiment

• Fidelity & perceptual
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Experiment

• Quantitative Comparison - FFHQ
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Experiment

• Quantitative Comparison - ImageNet
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Experiment

35



Experiment
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Sampling-based Restoration

• CVPR 26
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Conclusion

• Restoration problem can be formulated as 2 main parts
• Likelihood - fidelity

• Prior – perceptual quality

• Diffusion prior can act as prior regularization

• Balance between fidelity and perceptual quality is still tricky
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Thanks for your listening!
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