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Strong Edge Extraction Network for Non-uniform Blind Motion Image Deblurring

HUANG Yan-Ning"? LI Wei-Hong"?> CUI Jin-Kai"? GONG Wei-Guo"”*

Abstract Although non-uniform motion image deblurring based on the deep learning has achieved better recovery
effect, the most of the existing methods cannot recover the image edge well. In this paper, a strong edge extraction
network (SEEN) is proposed for extracting the strong edges of the non-uniform motion blurry image to improve the
quality of image deblurring. The designed SEEN is composed of two sub-networks, that is, SEEN-1 and SEEN-2.
SEEN-1 is designed as a bilateral filter for extracting the edges of the image after filtering the image details. SEEN-
2 is designed as an L, smoothing filter for extracting strong edges of the blurry image. Meanwhile, we also combine
the strong edge features map and the blurry features map for further using the strong edge features. Finally, some
experiments are executed on GoPro dataset and the results demonstrate that the proposed network can better ex-
tract the strong edge of the non-uniform motion blurry image, and obtain good results in both quality of visual per-
ception and quantitative measurement.
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(a) Uniform motion blurry image
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(¢) Non-uniform motion blurry image
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Fig.2 Proposed network structure for the non-uniform motion blurry image deblurring
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Fig.4  Structure diagram of strong edge extraction network
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Fig.9

Comparison of restoration results of non-uniform motion blurry image with or without edge extraction network

((a) Blurry image; (b) Gradient of blurry image; (c) Output of SEEN-1; (d) Edge of SEEN-2 (Strong edge);
(e) Restoration results of network without strong edge extraction network; (f) Restoration results of

network with strong edge extraction network; (g) Clear image)
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Fig.10  The intermediate results analysis of strong edge extraction network
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Fig.11  Effect analysis of strong edge extraction network ((i) Blurry image patch (30x30); (ii) Edge of blurry image
patch (30x30); (iii) Output of SEEN-1; (iv) Output of SEEN-2; (v) Gray value distribution;
(vi) Column gray value addition)
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Fig.12  Results of comparative experiments
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Table 2 PSNR value comparison of comparative experimental images
B SCHR 4] SCHR [7) ik [10] SCHR [13] SCk [21] AT
(1) 26.3630 27.8248 29.8194 27.2473 27.2588 30.8864
(i) 25.9098 25.3368 26.0540 22.5244 24.9011 27.0760
(iii) 22.5270 25.7279 29.4164 25.8877 26.7823 28.6511

(iv) 24.5868 27.4187 29.6548 25.7388 27.4837 30.0529
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Table 3 SSIM value comparison of comparative experimental images
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(i) 0.7956 0.7593 0.8233 0.6034 0.7424 0.8335
(iid) 0.6502 0.7658 0.8738 0.7132 0.7928 0.8497
(iv) 0.7470 0.8170 0.8741 0.7125 0.8218 0.8764
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Fig.13  Histogram of PSNR and SSIM values of comparative experimental images
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Table 4  Average value of PSNR and SSIM of restored images (GoPro dataset)
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SSIM 0.7621 0.8277 0.9137 0.8093 0.7761 0.7810 0.9340 0.8944
SES ALt = 2 22 i , Chen R, i Bl ion image
S1E AL R SR SR T HTBAOBILE  7 (T T e T meomen highoronde total varition mol
=N 'T‘_' Ay N N N N
. KESLIGEE RAR B, A SO smil 2 e B Journal of Electronic Tmaging, 2016, 25(5): 053033.1-053033.19
N Py S [P St B = . . .
é%ﬂ U\ ﬁ 5& f@,@ﬂ% T‘i E”Ei/}j //j JQZJJ 1:% ﬁﬂ lgl 1% E/‘J EJE\ 6 Shen Z Y, Xu T F, Pan J S. Non-uniform motion deblurring
SHe ZE v Mg - g > ) : el orid Teenlarizati P . i
|:¥:| | RARIE Eﬂ:ﬁ B{]EJE IZEH%}JFT/’\E%*%*% IZSH%@% I\ﬁg Wlth‘kcr‘nd grid regularization. Signal Processing Image Com
}:5(% munication, 2018, 62: 1-15
# ’ 7 Chakrabarti A. A neural approach to blind motion deblurring.
Ref In: Proceedings of the 2016 European Conference on Computer
elerences Vision. Amsterdam, Netherlands: Springer, 2016. 221-235
1 Xu L, 'Jla JY. Two—p}?ase kernel estimation for robust motion 8 XuX Y, Pan J S, Zhang Y J, Yang M . Motion blur kernel es-
deblurring. In: Proceedings of the 2010 European Conference on . . . : .
C tor Visi Crote. G . Sori 2010. 157-170 timation via deep learning. IEEE Transactions on Image Pro-
omputer Vision. Crete, Greece: Springer, . cessing, 2018, 27(1): 194-205
2 Mes.a rovie V. Z, Galatsanos' N P. MAP .and r(.egulanzed' con 9 Xu L, Ren J S, Liu C, Jia J Y. Deep convolutional neural net-
strained total least-squares image restoration. In: Proceedings of . . .
gt . " work for image deconvolution. In: Proceedings of the 2014 Inter-
the 1st International Conference on Image Processing. Austin, . . -
TX, USA: IEEE, 1994. 177181 national Conference on Neural Information Processing Systems.
Montreal, Canada: Springer, 2014. 1790-1798
3 Michael K N, Robert J P, Felipe P. A new approach to con- .
strained total least squares image restoration. Linear Algebra 10 Tao X, Gao H'Y, Shen X Y, Wang J, Jia J Y. Scale-Recurrent
and its Applications, 2000, 316(1-3): 237258 network for deep image deblurring. In: Proceedings of the 2018
4 Li H. Chen Y Ch G G. Zhao B X. Hybri IEEE/CVF Conference on Computer Vision and Pattern Recog-
i W H, Chen Y Q, Chen R, Gong W G, Zhao B X. Hybrid or- nition. Salt Lake City, Utah, USA: TEEE, 2018. 8174-8182
der 10-regularized blur kernel estimation model for image blind
deblurring. In: Proceedings of the 2017 International Symposi- 11 Goodfellow I J, Pouget-Abadie J, Mirza M, Xu B, Warde-Far-

um on Neural Networks. 2017.

239-247

Sapporo, Japan: Springer,

ley D. Generative adversarial networks. Advances in Neural In-
formation Processing Systems, 2014, (3): 2672-2680


https://doi.org/10.1016/S0024-3795(00)00115-4
https://doi.org/10.1016/S0024-3795(00)00115-4
https://doi.org/10.1109/TIP.2017.2753658
https://doi.org/10.1109/TIP.2017.2753658
https://doi.org/10.1109/TIP.2017.2753658
https://doi.org/10.1016/S0024-3795(00)00115-4
https://doi.org/10.1016/S0024-3795(00)00115-4
https://doi.org/10.1109/TIP.2017.2753658
https://doi.org/10.1109/TIP.2017.2753658
https://doi.org/10.1109/TIP.2017.2753658

11 WE T4 U GARE 2 T AR 51 iE sh B G E 2653

12

13

14

15

16

17

18

19

20

21

22

23

Wu Meng-Ting, Li Wei-Hong, Gong Wei-Guo. Two-frame con-
volutional neural network for blind motion image deblurring.
Journal of Computer-Aided Design & Computer Graphics, 2018,
30(12): 2327-2334

(BB, B, SR TEE. OUE LG W 2% F T 18 00 4
BHEE. TR 5 B SR, 2018, 30(12): 2327-2334)

Kupyn O, Budzan V, Mykhailych M, Mishkin D. DeblurGAN:
Blind motion deblurring using conditional adversarial networks.
In: Proceedings of the 2018 IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition. Salt Lake City, Utah,
USA: IEEE, 2018. 1-9

Tomasi C, Manduchi R. Bilateral filtering for gray and color im-
ages. In: Proceedings of the 1998 International Conference on
Computer Vision. Bombay, India: IEEE, 1998. 839-846

Xu L, LuCW, XuY, JiaJ Y. Image smoothing via 10 gradient
minimization. ACM Transactions on Graphics, 2011, 30(6):
174.1-174.11

Wan R J, Shi B X, Duan L Y, Tan A H. CRRN: Multi-Scale
guided concurrent reflection removal network. In: Proceedings of
the 2018 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition. Salt Lake City, Utah, USA: IEEE, 2018.
47774785

Lin Jing-Dong, Wu Xin-Yi, Chai Yi, Yin Hong-Peng. Structure
optimization of convolutional neural networks: A Survey. Acta
Automatica Sinica, 2020, 46(1): 24-37

(BRSEMR, RIRMG, B85k, THEMS. BRI N A LRE. B3
TLEEAR, 2020, 46(1): 24-37)

Deng J, Dong W, Socher R, Li L J, Li K, Li F F. ImageNet: A
large-scale hierarchical image database. In: Proceedings of the
2009 IEEE Computer Society Conference on Computer Vision
and Pattern Recogniltion. Florida, USA: IEEE, 2009: 1-8

Mao X D, Li Q, Xie H, Raymond Y K L, Wang Z, Stephen P S.
Least squares generative adversarial networks. In: Proceedings of
the 2017 International Conference on Computer Vision. Venice,
Italy: IEEE, 2017: 2813—2821

PyTorch. PyTorch Documentation [Online], available: https://
pytorch.org/docs/stable/index.html, September 1, 2019

Schuler C J, Hirsch M, Harmeling S, Scholkopf B. Learning to
deblur. IEEE Transactions on Pattern Analysis & Machine In-
telligence, 2016, 38(7): 1439-1451

Sun Ji-Feng, Zhu Ya-Ting, Wang Kai. Motion deblurring based
on DeblurGAN and low rank decomposition. Journal of South
China University of Technology (Natural Science Edition), 2020,
48(1): 3241

(PNEE, KM, A4, 55T DeblurGANFUR B 43 if 1) 2% 18 3 45
B, HER B LR (B AR M), 2020, 48(1): 32-41)

Kupyn O, Martyniuk T, Wu J R, Wang Z Y. DeblurGAN-v2:
Deblurring (orders-of-magnitude) faster and better. In: Proceed-

ings of the 2019 International Conference on Computer Vision.
Seoul, Korea: IEEE, 2019. 8878-8887

BET BN TREY Rt
WAL, T RS BEEOR.
E-mail: 20122858Qcqu.edu.cn

(HUANG Yan-Ning Master stu-
dent at the College of Optoelectron-
ic Engineering, Chongqing Uni-
versity. His main research interest

is image processing technology.)

=S ETAN: ) RPN i S g o
. EEBIIT NGB R,
BRI, ASCEAEEE .

E-mail: weihongli@Qcqu.edu.cn

(LI Wei-Hong Professor at the
College of Optoelectronic Engineer-
ing, Chongqging University. Her re-

search interest covers image processing technology and

pattern recognition. Corresponding author of this pa-

per.)

Egyl HRASUE TR L
iV e et L W CIDA S E VS EHES 7/ N
E-mail: jinkaicui@cqu.edu.cn

(CUI Jin-Kai Ph. D. candidate at
the College of Optoelectronic Engin-
eering, Chongqing University. His
main research interest is image pro-

cessing technology.)

cessing technology.)

£DE HERKFUHETREYRH
. FEWTFIT A N R BB,
E-mail: wggong@cqu.edu.cn
(GONG Wei-Guo Professor at the
College of Optoelectronic Engineer-
ing, Chongqing University. His
main research interest is image pro-


https://pytorch.org/docs/stable/index.html
https://pytorch.org/docs/stable/index.html
https://pytorch.org/docs/stable/index.html
https://pytorch.org/docs/stable/index.html

	1 提出的非均匀运动模糊图像复原网络
	1.1 强边缘提取网络(SEEN)
	1.2 模糊特征提取网络(FEN)和特征融合网络(FMN)
	1.3 损失函数
	1.4 网络训练

	2 实验结果与分析
	2.1 实验数据集
	2.2 强边缘提取网络有效性验证实验
	2.3 交叉特征提取残差模块有效性验证实验
	2.4 非均匀运动模糊图像复原对比实验

	3 总结

