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Background of Image Enhancement



Classical Image Restoration Problem

▪ Goal: Estimate the latent high quality image from its degraded 
observation.

ETH
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Typical Restoration Problems



From Image Restoration to Image Enhancement

...
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Deep Neural Networks for  

Image Restoration and Enhancement



DNN Restoration Models Before SRCNN

V. Jain and S. Seung, “Natural image denoising with convolutional networks”, In NIPS 2009.
J. Xie et al., “Image denoising and inpainting with deep neural networks”, In NIPS 2012.
Burger et al., "Image denoising: Can plain neural networks compete with BM3D?." CVPR 2012.



SRCNN: First S-o-t-a DNN Restoration Model

Dong, Chao, et al. "Image super-resolution using deep convolutional networks." 
IEEE transactions on pattern analysis and machine intelligence 38.2 (2015): 295-307.



DNNs for Image Restoration and Enhancement

Lim, Bee, et al. "Enhanced deep residual networks for single image super-resolution." CVPRW 2017.
Gharbi, Michaël, et al. "Deep bilateral learning for real-time image enhancement." TOG 2017.
Ledig, Christian, et al. "Photo-realistic single image super-resolution using a generative adversarial network." CVPR 2017.
Gu, Shuhang, et. al. “Self-Guided Network for fast image denoising” Submitted to ICCV 2019.
Dai, Tao, et al. "Second-order Attention Network for Single Image Super-Resolution." CVPR 2019.
Ronneberger, Olaf, et al., "U-net: Convolutional networks for biomedical image segmentation."MICCAI, 2015.
Haris, Muhammad, Gregory Shakhnarovich, and Norimichi Ukita. "Deep back-projection networks for super-resolution." CVPR 2018.



Limitations of Existing Approaches

• Lim, Bee, et al. "Enhanced deep residual networks for single image super-resolution." CVPRW 2017.
• Haris, Muhammad, Gregory Shakhnarovich, and Norimichi Ukita. "Deep back-projection networks for super-resolution." 

CVPR 2018.
• Shuhang Gu, et al. “AIM 2019 Challenge on Extreme Image Super Resolution: Methods and Results”, ICCVW 2019.

EDSR (X4) 20.05s Winner of NTIRE 2017
DBPN (X8) 35.00s Winner of NTIRE 2018
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Computation/Memory Efficient
Image Restoration and Enhancement

Towards Practical 
Image Restoration and Enhancement



Towards fast enhancement networks



Towards fast enhancement networks



Xintao Wang et. al. Esrgan: Enhanced super-resolution generative adversarial networks
Yulun Zhang et. al. Residual dense network for image super-resolution.



Parameterized Non-linear Activation Function

Gu, Shuhang, Wen Li, Radu Timofte, and Luc Van Gool. "Multi-bin Trainable Linear 
Unit for Fast Image Restoration Networks." arXiv preprint arXiv:1807.11389 (2018).



Efficient Image-to-Image mapping with MTLU

DnCNN FDnet

Runtime [ms] 74.8 5.0

DnCNN FDnet

Sigma 25 29.23 29.12

Sigma 50 26.23 26.24

Sigma 70 24.64 24.76

References can be found in our paper: Gu, Shuhang, Radu Timofte, and Luc Van Gool. 
"Multi-bin Trainable Linear Unit for Fast Image Restoration Networks." arXiv preprint 
arXiv:1807.11389 (2018).



Ronneberger, Olaf, Philipp Fischer, and Thomas Brox. "U-net: Convolutional networks for biomedical image segmentation."MICCAI, 2015.
Gharbi, Michaël, et al. "Deep bilateral learning for real-time image enhancement." ACM Transactions on Graphics (TOG) 36.4 (2017): 118.
Chen, Yu-Sheng, et al. "Deep photo enhancer: Unpaired learning for image enhancement from photographs with gans." CVPR 2018.



Incorporating Contextual Information with SGN

• Ronneberger, Olaf, Philipp Fischer, and Thomas Brox. "U-net: Convolutional 
networks for biomedical image segmentation."MICCAI, 2015.

• Gu, Shuhang, et. al. “Self-Guided Network for fast image denoising” Submitted to 
ICCV 2019.



Incorporating Contextual Information with SGN

• Ronneberger, Olaf, Philipp Fischer, and Thomas Brox. "U-net: Convolutional 
networks for biomedical image segmentation."MICCAI, 2015.

• Gu, Shuhang, et. al. “Self-Guided Network for fast image denoising” Submitted to 
ICCV 2019.



Comarison between SGN and S.O.T.A Methods

References can be found in our paper:  Gu, Shuhang, et. al. “Self-Guided Network for 
fast image denoising” Submitted to ICCV 2019.



Comarison between SGN and S.O.T.A Methods

References can be found in our paper:  Gu, Shuhang, et. al. “Self-Guided Network for 
fast image denoising” Submitted to ICCV 2019.



Mehdi S. M. Sajjadi et. al. Frame Recurrent Video Super-Resolution. 
Xintao Wang et. al. EDVR: Video Restoration with Enhanced Deformable Convolutional Networks.



References can be found in our paper:  Dario et. al. “Efficient Video Super-Resolution 
Through Recurrent Latent Space Propagation ” ICCVW 2019.



Efficient Video Processing with RLSP



Efficient Video Processing with RLSP

References can be found in our paper:  Dario et. al. “Efficient Video Super-Resolution 
Through Recurrent Latent Space Propagation ” ICCVW 2019.



Memory Efficient Enhancement Models

• Yawei Li, et al. “Learning Filter Basis for Convolutional Neural Network Compression”, ICCV 2019.
• Yawei Li, et al. “DHP: Differentiable Meta Purning via Hypernetworks.”, Submitted to ECCV. 
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Restoration and Enhancement in 
More Complex Scenarios

Towards Practical 
Image Restoration and Enhancement



Data Collection for More Complex Enhancement 
Scenarios

Chen, Chen, et al. "Learning to see in the dark." CVPR. 2018.
Pang, Jiahao, et al. "Zoom and learn: Generalizing deep stereo matching to novel domains." CVPR. 2018.
J. Cai*, H. Zeng*, H. Yong, Z. Cao, L. Zhang, "Toward Real-World Single Image Super-Resolution: A New Benchmark and A New 
Model," in ICCV 2019



Weakly Supervised Approaches

CVPR 2020. To appear



Unsupervised Image Enhancement

Ignatov, Andrey, et al. "WESPE: weakly supervised photo enhancer for digital cameras." Proceedings of the IEEE 
Conference on Computer Vision and Pattern Recognition Workshops. 2018.



Unsupervised Image Enhancement

Deep Photo Enhancer:Unpaired Learning for Image Enhancement from Photographs with GANs. CVPR 2018.
Ignatov, Andrey, et al. "WESPE: weakly supervised photo enhancer for digital cameras." Proceedings of the IEEE 
Conference on Computer Vision and Pattern Recognition Workshops. 2018.



Unsupervised Super-Resolution

Unsupervised Learning for Real-World Super-Resolution. ICCVW 2019.



Unsupervised Image Super-Resolution



Unsupervised Image Super-Resolution



Unsupervised Image Super-Resolution

Wei et. al. Unsupervised Real-world Image Super-Resolution via Domain-distance Aware Training. Arxiv. 



Unsupervised Image Super-Resolution

Wei et. al. Unsupervised Real-world Image Super-Resolution via Domain-distance Aware Training. Arxiv.



Unsupervised Image Super-Resolution

Wei et. al. Unsupervised Real-world Image Super-Resolution via Domain-distance Aware Training. Arxiv.



Unsupervised Image Super-Resolution

Wei et. al. Unsupervised Real-world Image Super-Resolution via Domain-distance Aware Training. Arxiv.
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Conclusion

Towards Practical Image Enhancement

Efficiency Application Scenarios Visual Quality

Computational
Efficient

Memory
Efficient

Data
Collection

Unsupervised
Learning

Conditional 
Enhancement

...



Thank you for your attention!
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