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Restoration of Image Blurred by Any Form Motion in Two-Dimension
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Abstract Since the object and the camera don't remain relatively static during the exposure
would be degenerated seriously. The restoration of the degenered image is necessary. Due to the arbitrariness of the

motion form and direction, it is difficult to restore the blurred image. A new method is proposed to restore the image
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the captured image
restore the image blurred by motion of any form in two dimension

blurred by motion of any form in two dimension, Theoretical analyses are also given out and a corresponding system
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for experiments is established. During the integral time of prime CCD, series images are captured by a low resolution
sequence

white-black high-speed CCD. Based on these images, the displacement is calculated, then the point spread function
(PSF) is calculated to restore the blurred image. As the experiments show, this method can get preferable results to
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Fig. 1 Degeneration model of motion blur
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Fig. 2 (a) Original image; (b) image blurred by a known motion; (c¢) computed PSF; (d) restoration image by RLL method
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Fig. 4 (a) Blurred image captured by primary CCD; (b)

result of blind restoration; (c¢) motion path; (d)
velocity-time graph; (e) PSF computed by sequential

image; (f) restored image by the PSF
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Table 1 Quality evaluation

Objective GMG LS
assessment function assessment assessment
Blurred image 1. 3362 10. 3153
Restoration image 5.1700 55.4767
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Fig.5 (a) Blurred image captured by primary CCD; (b)
motion path; (c¢) computed PSF; (d) restored

image
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Table 2 Quality evaluation of picture 5

Objective GMG LS
assessment function assessment assessment
Blurred image 0.5049 3.2773
Restoration image 1.9965 16.7921

4 4k ®

PR T AT B8 s S B R A R 2
D7 1, 6 IR S 1k B CCD 2R % 51 A% . sk i
CCD BEJEd B iz i R B A5 . JF 1158 s R I
UG R TR SR AL ZFFHRL%K%JE K4
WA . AR, HARSEIL B
i%iiﬁ?ﬁ%%%ﬂ%?ﬂ%@ﬁsﬁﬁ,ﬁﬁ}iﬂ%ﬂgmiﬂﬁ
W BB UE T A St . B T L2 AR R
BheE i 2L CCD By i 28 ke Bk e 2 i i
BRARE G LI R Z GO T U R TE o B
5 5 O B ] AF X B SR 5 4K I A 25 AR AL 7 T A A
IR

Z & X #t

1 Chen Xichun, Cao Fengmei, Jin Weiqi. Recursive model of
forward motion blurred image based on polar coordinates[ ] ].
Acta Photonica Sinica , 2007, 36(3): 552~556
Mhe . WM. SR BT IR A AR A 5] 32 Bl G ASER 1
IHBERILT]. & F F 4R, 2007, 36(3): 552~556

2 Rafael C. Gonzalez, Richard E. Woods. Digital Image Processing
[M]. Ruan Qiugi Transl. Beijing:
Electronics Industry, 2003, 220~222
BRI, A, RFEEGAEIM] Bk R % dbat
Tolk R AL, 2003, 220~222

3 Marius Tico, Mejdi Trimeche, Markku Vehvilainen. Motion blur
identification based on differently exposed images [ C J.

Publishing House of

Proceedings of the IEEE International Conference on Image
Processing (ICIP), 2006, 1. 2021~2024

4 Y. Yitzhaky, A. Lantzman, 1. Mor et al..
PSF from motion blurred images [ C ].
3110. 822~831

Evaluation of the
SPIE., 1997,

5 C. Mayntz, T. Aach, D. Kunz. Blur identification using a
spectral inertia tensor and spectral zeros[ C]. Proceedings of the
IEEE International Conference on Image Processing (ICIP),
1999, 2. 885~889

6 Wu Dongmei. Noisy image estimation with translation invariant
wavelet thresholding[ J]. Acta Photonica Sinica, 2005, 34(2);
306~309
MG, HT RS AN AR /NI B B Y R R R AR LT T
FIR, 2005, 34(2): 306~309

7 J. Y. Bouguet. Pyramidal implementation of the lucas kanade
feature tracker description of the algorithm [ EB/OLJ]. 2001-04-
11 [ 20080125 1.

opencvlibrary

http://sourceforge. net /projects /

8 W. H. Richardson. Bayesian-based iterative method of image
restoration[ J]. J. Opt. Soc. Am., 1972, 62(1): 55~99

9 B. Bascle, A. Blake, A. Zisserman. Motion deblurring and
super-resolution from an image sequence, proc [ J]. Fourth
European Conf. Computer Vision. ECCV, 96, 573 1996

10 Tao Xiaoping, Feng Huajun, Lei Hua e al.. A splicing method
of sectioned restoration algorithm for images with space-variant
point spread function[J]. Acta Optica Sinica, 2009, 29 (3):
648~653
/N7 IGAEE, B AR AR —Fhas a2 fb PSF R 4 e 2 R
WPEE k0], k% F 4R, 2000, 29(3), 648~653

11 O. Hadar, I. Dror, N. S. Kopeika. Numerical calculation of
image motion and vibration modulation transfer function-a new
method[ C]. SPIE, 1991, 1533. 61~74

12 James G. Nagy. V. Paul Pauca, Robert J. Plemmons e al. .
Space-varying restoration of optical image[J]. J. Opt. Soc. Am.
A, 1997, 14(12) . 3162~3174

13 Mohammad Faisal, Aaron D. Lanterman., Donald L. Snyder.
Implementation of a modified richardson-lucy method for image
restoration on a massively parallel computer to compensate for
space-variant point spread of acharge-coupled-device cameral J].
J. Opt. Soc. Am. A, 1995, 12(12). 2593~2603

14 K. A. Jain, S. E. Angel. Restoration of images degraded by
spatially varying point spread functions by a conjugate gradient
method[J]. Appl. Opt., 1978, 17(14) . 2186~2190

15 Fu Zhongliang, Feng Huajun, Xu Zhihai, Restoration of the
image blurred by motion based on high-speed CCD motion
detection [ J ].  Opto-Electronic Engineering, 2009, 36 (3):
69~73
frep e, AR, tRZME. BT CCD LB 3R I 1Y 32 2l B8
PRI AI]. ke =42, 2009, 36(3): 69~73



