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• Small sensors (action cameras, mobile 
phones):

• Blur
• Noise

• No optical Zoom -> Super resolution

• Real-world blur is spatially-variant (defocus, 
motion blur…)

Motivations

Defocus blur from iPhone 11
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motion blur…)

Motivations

Motion blur from a GoPro camera



• Super resolution as an inverse problem:

a-posterioriMaximum
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• Super resolution as an inverse problem:

• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

a-posterioriMaximum
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Regularization function



• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

• [Gribonval 2011]:

• Plug & Play:

We replace all equation of the form with a denoiser

We use DRUNet [Zhang, 2021] denoiser. 

Plug & PlayDeep

Regularization function

[Gribonval 2011]: Rémi Gribonval, Should penalized least squares regression be interpreted as Maximum A Posteriori estimation? 2011.
[Zhang, 2021]: Zhang Kai, Li Yawei, Zuo Wangmeng, Zhang Lei, Van Gool Luc, Timofte Radu, Plug-and-Play Image Restoration with Deep Denoiser Prior. TPAMI 2021.



• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

Optimization

Regularization function

PnP-ISTA [Kamilov 2017]:

It requires the inversion of the forward model

It requires more iterations to converge

[Venkatakrishnan 2013]: .V. Venkatakrishnan, C.A. Bouman, and B. Wohlberg, Plug-and-play priors for model based reconstruction, IEEE GlobalSIP, 2013.
[Kamilov 2017]: U. S. Kamilov, H. Mansour, and B. Wohlberg, “A Plug-and-Play Priors Approach for Solving Nonlinear Imaging Inverse Problems,” IEEE Signal Process. 2017. 

PnP- ADMM [Venkatakrishnan 2013] :



• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

• ADMM with splitting variable Hx=z to solve the optimization problem:

Regularization function

DeepADMM



• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

• ADMM with splitting variable Hx=z to solve the optimization problem:

Deep

Regularization function

Linearization Extra regularization

ADMMLinearized



• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

• Linearized-ADMM [Liu 2019] to solve the optimization problem:

Regularization function

ADMMLinearized

[Liu 2019]: Qinghua Liu, Xinyue Shen, Yuantao Gu. Linearized ADMM for Non-convex Non-smooth Optimization with Convergence Analysis, 2019

https://arxiv.org/abs/1705.02502


• Usually solved using maximum a-posteriori (MAP) or learning-based approaches:

• Linearized-ADMM to solve the optimization problem:

Regularization function

ADMMLinearized

with



Convergence

Qinghua Liu, Xinyue Shen, Yuantao Gu. Linearized ADMM for Non-convex Non-smooth Optimization with Convergence Analysis, 2019.

Recall

https://arxiv.org/abs/1705.02502


influenceParameters

Influence of the 𝜌 parameter Influence of the 𝜇 parameter

Influence of  𝜌 < 𝜇||𝐻||!



speedConvergence



unfoldingDeep networks

Kai Zhang, Luc Van Gool, Radu Timofte, Deep Unfolding Network for Image Super-Resolution, CVPR 2020.

https://openaccess.thecvf.com/content_CVPR_2020/papers/Zhang_Deep_Unfolding_Network_for_Image_Super-Resolution_CVPR_2020_paper.pdf


Dataset

• We use COCO segmentation dataset and O’Leary
blur model:

• The Ui’s are segmentation masks (not necessary
binary) and Ki’s (convolution matrix block circulant 
matrix with circulant blocks)

• Limitations: COCO HR images are not always of a 
good quality



Results
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PnP vs Unfolding

LR PnP-LADMM DMBSR



Blind model

LR [Carbajal 2021] + Ours Joint training

[Carbajal 2021]: Guillermo Carbajal, Patricia Vitoria, Mauricio Delbracio, Pablo Musé, and José Lezama, Non-uniform blur kernel estimation via adaptive basis decomposition. 2021.



Conclusion

• Plug & Play  algorithm for inverse problems with untractable data 
fitting term proximal operators based on linearized ADMM.

• Deep unfolding of our algorithm.

• Experiments on spatially-varying blur with the O’Leary blur model



• Blind model (Guillermo Carbajal and al)

• Camera Shake using homography model:

where Hi is the homographic deformation induced by the         
camera rotation between 𝑡 = 0 and 𝑡 = 𝑡!.

• Application to demosaicking

Futur work

BlurrySharp



Thank You !

PnP Unfolding

https://github.com/claroche-r/PnP_LADMM
https://github.com/claroche-r/DMBSR

