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ӽ ẫḿַײ ῾ῶ

Wenqi Ren, Jiawei Zhang, Jinshan Pan, Sifei Liu, Jimmy S. Ren, JunpingDu, XiaochunCao*, and Ming-HsuanYang, Deblurring Dynamic 

Scenes via Spatially Varying Recurrent Neural Networks,IEEE TPAMI 2022.

I: blurred signal, 
k: blur kernel, 
J: latent signal

Deconvolution̔

Convolution̔

Recurrent neural network
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Å 1D RNN only fuses the information from a single 
column and row

Å we add 3 ¦ 3 convolutions between consecutive 
RNNs to fuse the information from the 1D RNN 
output and capture whole 2D image

Å 1D RNN with one-way 
connection

Å 2D spatial propagation RNN 
with three-way connection

ÂFrom 1D RNN to 2D RNN χ
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Visualizations of the learned RNN weights
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Quantitative result on the Goprodataset
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Quantitative result on the DVD dataset
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Qualitative result on real-world videos
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YanyangYan, Wenqi Ren, XiaochunCao, SRGAT: Single Image Super-Resolution With Graph Attention Network, IEEE TIP 2021.

Image patches tend to recur abundantly in natural images

¸ SISR Ổꜝ҂ᶂӴԒ ײַ Ṕ Ӆגּ εᾢ←ῑᾇֶⱴᶂӴԒ ◕
Ὕ֦ ᾚַײᶡ҇ᶂ↕ổ⁴גᶙַײ ֪ εḘѼᶂӴԒᶇּגӅ ◕
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Graph Attention layer

(2) (3)(1)

eij indicates the influence of node j to node i
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Visualizations on the similarity map of the same central patch
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҆ ӽ ẫḿַײ–ᴟᾎ ө/ḘѼ

Wenqi Ren, Jiawei Zhang, Lin Ma, JinshanPan, Xiaochun Cao, WangmengZuo, Wei Liu, and Ming-Hsuan Yang, Deep Non-Blind

Deconvolutionvia GeneralizedLow-RankApproximation,NeurIPS2018.
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FFT(Blurred image)
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Observation
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Singlepseudo-inverse kernel:

x can be obtained as:

Spatial domain: Frequency domain:

(1) (2)

(3)

(4)

(5)

Wenqi Ren, JiaweiZhang,Lin Ma,JinshanPan,XiaochunCao,WangmengZuo, Wei Liu, andMing-HsuanYang,

DeepNon-Blind Deconvolutionvia GeneralizedLow-RankApproximation,NeurIPS2018.

15¦15

150¦150

A set of pseudo-inverse kernels: ӈᵞ № ̔



҆ ӽ ẫḿַײ–ᴟᾎ ө/ḘѼ

(6)

(5)

≠ ₱ ᵞ ᾢ ̔

Wenqi Ren, JiaweiZhang,Lin Ma,JinshanPan,XiaochunCao,WangmengZuo, Wei Liu, andMing-HsuanYang,

DeepNon-Blind Deconvolutionvia GeneralizedLow-RankApproximation,NeurIPS2018.

₱ ᵞ ᾢ ̔
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Wenqi Ren, JiaweiZhang,Lin Ma,JinshanPan,XiaochunCao,WangmengZuo, Wei Liu, andMing-HsuanYang,

DeepNon-Blind Deconvolutionvia GeneralizedLow-RankApproximation,NeurIPS2018.



҆ ӽ ẫḿַײ–ᴟᾎ ө
Ḫ Ὼσ

Wenqi Ren, JiaweiZhang,Lin Ma,JinshanPan,XiaochunCao,WangmengZuo, Wei Liu, andMing-HsuanYang,

DeepNon-Blind Deconvolutionvia GeneralizedLow-RankApproximation,NeurIPS2018.
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WeileiWen,Wenqi Ren, JingangZhang,Xiaochun, Video Super-Resolutionvia a Spatio-TemporalAlignment Network,IEEE TIP 2022

Fig. 1. Pipeline of the feature alignment process in 

the proposed filter adaptive alignment module.

¸ ᶼᶹᾎᶡ҇┼ẘḘѼַײ SRᾛ← ẁֶⱴӾ∫ΎḪ♪ּג ṾѲ ḽײַ
ὺӏ ӆӾ∫ַײ ︢Ӂ ᾴ ẁᵾ εếếҹᶇײַ ֪ ῺѦҒⱳҿẼ
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Fig. 2. Effectiveness of the proposed filter adaptive alignment module.
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WeileiWen,Wenqi Ren, JingangZhang,Xiaochun, Video Super-Resolutionvia a Spatio-TemporalAlignment Network,IEEE TIP 2022

Training datasets:

ü Vimeo-90K Dataset :  with a fixed resolution of 448 ¦ 256.

Testing datasets:

ü Vid4 Dataset: 4 video clips.

ü REDS4Dataset: 4 video clips with resolution of 1280 ¦ 720.

ü Vimeo-90K -T Dataset: with a fixed resolution of 448 ¦ 256.
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WeileiWen,Wenqi Ren, JingangZhang,Xiaochun, Video Super-Resolutionvia a Spatio-TemporalAlignment Network,IEEE TIP 2022
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Å3D face reconstruction can generate a high-quality

textured 3Dface,whether the input issharpor blurry.

Shape:

Texture:

3DMM model:

where       and       are the average face shape and texture

V. Blanz and T. Vetter. A morphablemodel for the synthesis of 3d faces. SIGGRAPH 1996

Blurry inputs Rendered faces3D models3D ֲ

Wenqi Ren, Jiaolong Yang, SenyouDeng, David Wipf, Xiaochun Cao, Xin Tong, Face Video Deblurring using 3D Facial Priors, ICCV 2019 (oral)

X. Hu, W. Ren, J. Yang, X. Cao, D.Wipf, B. Menze, X. Tong, H. Zha, Face restoration via plug-and-play 3D facial priors, IEEE TPAMI 2022



є ӽ ẫḿַײԊ ◕ỀḘѼ

Input video deblurringsubnetwork
Deblurred

result

Analytic face
generation

3D reconstruction 
subnetwork

Rendered 
face

Central frame
Rendering 

loss

Ground
truth

MSE
loss
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Wenqi Ren, Jiaolong Yang, SenyouDeng, David Wipf, Xiaochun Cao, Xin Tong, Face Video Deblurring using 3D Facial Priors, ICCV 2019 (oral)

X. Hu, W. Ren, J. Yang, X. Cao, D.Wipf, B. Menze, X. Tong, H. Zha, Face restoration via plug-and-play 3D facial priors, IEEE TPAMI 2022

Å3D face reconstruction can generate a high-quality

textured 3Dface,whether the input issharpor blurry.
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Input baseline w/o rendering w/o identity Our
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Wenqi Ren, Jiaolong Yang, SenyouDeng, David Wipf, Xiaochun Cao, Xin Tong, Face Video Deblurring using 3D Facial Priors, ICCV 2019 (oral)

X. Hu, W. Ren, J. Yang, X. Cao, D.Wipf, B. Menze, X. Tong, H. Zha, Face restoration via plug-and-play 3D facial priors, IEEE TPAMI 2022

magnification factors 8 and the input resolution 16*16
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WenqiRen, Jinshan Pan, Hua Zhang, XiaochunCao, Ming-HsuanYang, Single Image Dehazing via Multi-scale Convolutional Neural Networks 

with Holistic Edges,IJCV 2020 (ESI ).
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¸ ᶡ҇↕ổגῡַֹײ┼ẘ⁴ᶙỔ ҂ ṕјṕѲ Ԋגּײַ

ü ώ֧ԅṕ├Ỵד₩ᶚχץὐṖ ├Ỵד₩ᶒ(LAM)ᵙ ├Ỵד₩ᶒ
(CSAM)ιָ֫ז  ᵀјᵃᴒ Ṗ⸗ềᵙјᵃ ӈ ⸗ề

Ṗ├Ỵד₩ᶒ(LAM)χּ҈זή ╚Ṗֹ Ṗ⸗ớѳ ￼ ҊӐּזԋ ᵙ ớ

Ben Niu, Weilei Wen, Wenqi Ren, Xiaochun Cao, Single Image Super-Resolution via a Holistic Attention Network 

(ECCV 2020)
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ü ώ֧ԅṕ├Ỵד₩ᶚχץὐṖ ├Ỵד₩ᶒ(LAM)ᵙ ├Ỵד₩ᶒ
(CSAM)ιָ֫ז  ᵀјᵃᴒ Ṗ⸗ềᵙјᵃ ӈ ⸗ề

Visual comparison for 4¦ SR with BI degradation model on the Urban100  datasets
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Jun Luo, Wenqi Ren, Tao Wang, Chongyi Li, and XiaochunCao. ñUnder-Display Camera Image Enhancement viaCascaded 

Curve Estimationò,TIP 2022.
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Jun Luo, Wenqi Ren, Tao Wang, Chongyi Li, and XiaochunCao. ñUnder-Display Camera Image Enhancement viaCascaded 

Curve Estimationò,TIP 2022.

Åⅎ ԋ HSV 

Å ԓ ἥ ⅎ ᵆ

HSV ᴿ ⸗ớ
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Jun Luo, Wenqi Ren, Tao Wang, Chongyi Li, and XiaochunCao. ñUnder-Display Camera Image Enhancement viaCascaded 

Curve Estimationò,TIP 2022.

¸֫‘҃ HSV ᴿ ￼ ⸗ớ

¸ ᶭẶΎ ӂ Ẋ ιḫאӉ ᶃӵ ҦᶭẶιὉᵀᶃӵ
Ḿѳ ￼ ῑṃԋ

ᶢ҈ Ύ ӂ ￼ṜїᾋӵᶃӵᶭẶ

Pixelwise curve adjustment:

Iterative enhancement operation:


