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Image Restoration problem 

The inverse problem: X = Y(W) + ʀ 

Observation X Recovery Y(W)

I̧mage super -resolution

¸Image denoising

¸Image deblurring

¸éé



Model-driven Methodology

Sparsity Non -local SimilarityLow rank

2010- 2012

arg min
Z,ʃ

Lʃ(Y Z) + R(Z) + R(ʃ) 



Model-driven Methodology: Generative Understanding

arg min
Z,ʃ

Lʃ(Y Z) + R(Z) + R(ʃ) 

= +

ZY E

z~p z ; e~p(e;ʃ) p(z,e|y)~ likelihood y|z,e p(z)p(e) 



Model-driven Methodology: Generative Understanding

arg min
Z,ʃ

Lʃ(Y Z) + R(Z) + R(ʃ) 

= +

ZY E

z~p z ; e~p(e;ʃ) p(z,e|y)~ likelihood y|z,e p(z)p(e) 

Yong, Meng , Zuo, Zhang, TPAMI, 2018



Model-driven Methodology

Z* = Algorithm(Y)Y

arg min
Z,ʃ

Lʃ(Y Z) + R(Z) + R(ʃ) 

arg max
Z,ʃ

  p(Z,ʃ|Y) 
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Model-driven Methodology
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Data-driven Methodology: Learn Clean Image

2010- 2012

é é é é

arg min
W

 ȿZ NetworkW (Y)ȿ
2
 

Y                                 Z*=NetworkW*(Y)



Data-driven Methodology: Learn Noise

2010- 2012

Y                                 E* =NetworkW*(Y)

Residual Network

arg min
W

 ȿE NetworkW(Y)ȿ
2
 

Zhang, Zuo, Chen, Meng , Zhang, TIP, 2017



Data-driven Methodology: Learn Noise
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Model-driven or/and Data-driven?

¸

¸Ṇ‒῞׀Ὕ

¸⁴ᶙ ḽ

¸ ≡ ẘỚ

¸ӽ ӫ ӗ

¸ ←

¸

¸ӗ  ↕‒῞

¸ ῶ

¸ ≡ ẘỒ

¸ᾢ ӽ ӫ

¸ᾢ ←

OR



Ꞌ
̢ Ỵ ΅̣

 ̦ ᾊ

ᾒ ῼ ₡   ṫ

̢ Ỵ ₦̣ ╖ ᾊ

̦ ₡ ᾒ



Semi-supervised Deep Learning

arg min
W

 ȿY NetworkW(X)ȿ
2
 

arg min
W

 L(X NetworkW(X)) + R(W) 

Supervised Data

Unsupervised Data



Attempt 1

Geng , Deng, Zhao, Xie, Zeng , Ma, Zuo, Meng , arxiv , 2018

Probabilistic 

understanding 

has been 
presented in our 

TMI18 paper 



Attempt 2

Wei, Meng , Zhao, Xu,Wu, CVPR, 2019

Probabilistic 
understanding 

has been 

presented in our 

ICCV17 paper 


