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Deblurring and Restoration Method of Coded Exposure Images Using L, Regulariza-

tion
LI Xiang"?, JJIANG Min!, PENG Yuheng', LT Mingwei!, SUN Yi

(1. Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian, 116024, China;2. School

of Information Engineering, Dalian Ocean University, Dalian, 116023, China)

Abstract: In order to restore high-quality and sharp image from motion blurred images, the coded
exposure imaging technology is adopted. Different from the shutter keeping constant open in traditional
camera, the shutter of coded exposure camera is in the conversion between on and off. The high frequency
information of the target is effectively preserved, since the fast conversion of code in time domain is
equivalent to broadband filter in frequency domain. To obtain the sharp image from the image by coded
exposure, image restoration and blurred kernel estimation are recovered based on L, regularization, which
can preserve the high frequency details. The sharp image is rebuilt by iterative updating of the restored
image and the blurred kernel. Experiments on synthetic and actual images show that the proposed method
has good image restoration effect for deblurring caused by various motions.

Key words: motion blur; coded exposure; image restoration; L, regularization constraint
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Fig.3 Comparison of restoration images of traditional exposure and coded exposure with unidirectional motion
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Fig.4 Comparison of restoration images of traditional exposure and coded exposure with rotational motion
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Fig.5 Comparison of restoration images of traditional exposure and coded exposure with general motion
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Table 1 Comparisons of no-reference quality evaluation for synthetic images from coded exposure and tradi-

tional exposure
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SMD 6.42 6.18 3.24 1.24 1.21

SMD2 17.35 15.57 4.59 0.87 0.62

s Energy 45.83 43.82 21.78 5.56 4.62
Brenner 32.88 32.04 22.12 9.01 8.16

SMD 6.42 4.16 3.79 1.33 1.24

SMD2 17.35 6.92 6.06 0.65 0.56
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(a) Coded exposure blurred images (b) Restored image and its blurred kernel (c) Enlarged view of Figs.(a) and (b)
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Fig.7 Blurred image and its restored image with general motion
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(a) Coded exposure blurred images (b) Restored image and its blurred kernel (c) Enlarged view of Figs.(a) and (b)
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Fig.8 Blurred image and its restored image with slight shaking
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Table 2 Comparisons of no-reference image quality evaluation between blurred images and

restored images from coded exposure

KB ER B #5458 /10°

X Eb S5 2 —
AT MR R AR ORI S G o' & D o IRIR
SMD 1.33 1.66
SMD2 3.60 4.70
% 6
Energy 10.25 11.99
Brenner 7.74 8.39
SMD 0.83 2.57
SMD2 0.13 2.28
&7
Energy 4.83 16.50
Brenner 7.16 16.24
SMD 0.56 1.83
SMD2 0.16 2.01
% 8
Energy 2.54 11.53

Brenner 2.79 11.47
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Fig.9 Comparison of the proposed method and Li’s method *” in restored image |
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Fig.10  Comparison of the proposed method and Li’s method * in restored image 1l
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Table 3 Comparisons of no-reference image quality evaluation between the proposed method and Li®'method

To2: 7% [EME Bt TFAN 15 45/ 10°

L S 6 4

e AR P 14 ATk Li®f ik
SMD 0.42 0.94 0.60
SMD2 0.24 1.74 1.51
)
Energy 2.35 6.38 3.94
Brenner 4.05 5.70 2.88
SMD 0.56 1.74 0.54
SMD2 0.95 4.40 1.50
5 10
Energy 3.42 13.41 3.75

Brenner 3.71 10.81 2.86
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Table 4 Time computation complexity and the size of Kernel used in each test
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