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Abstract; The traditional regularization blind restoration methods employ the same norm of the fidelity
term and the regularization term for both the image and the Point Spread Function (PSF), which de-
creases the quality of restored image as well as the accuracy of estimated PSF. Therefore, this paper
proposes a multi-norm hybrid constrained regularization method for image blind restoration. First, the
L' norm and the Total Variation (TV) norm are respectively adopted as the fidelity term and the regu-
larization term for the image to eliminate the stair-casing effects and preserve the edges. Then, the L*
norm and the H' norm are respectively adopted as the fidelity term and regularization term for the PSF
to reduce the difficulty of the PSF estimation. Finally, the split Bregman iteration method is used to
address the proposed model. Experiments are conducted on both synthetic and real-life degradations,

and the results indicate that the proposed method can effectively restore a variety of artificial blurs
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such as motion blur, out-of-focus blur etc and can estimate the corresponding PSF accurately. Compa-

ring to some other recent blind restoration methods, the proposed method can drastically improve the

image quality in term of subjective visual and the Improved Signal-to-noise Ratio (ISNR) is improved

from 0. 36 dB to 14. 66 dB.
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Fig. 2 Blind restoration of linear motion blurred “Satellite” image
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Fig. 3 Blind restoration of linear motion blurred “Cameraman” image
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Fig. 4 Blind restoration results of the real-life blurred image and their zoomed images in regions
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Fig. 7 Blind restoration results of the real-life blurred photo and their zoomed images in regions

AR SCHR B LR L i ouk &2 It 1 48 M PSE
4 5 M 5 2t — i 22 9 R0R & 24 TR0 1 D) AL SR ]
BEREETrE. G o8 T R A AU T R A R K
o B I e 280 10 DA B 5 e st R A2 D PR 1
WEARY o LR TV ook 51 A 552

P 5 B4 R L IR TE DU 35T v 5 9K 52 O T RE S A AR IE
PSF Al 5 8 1 09 15 B0 T - A R0t FE AR A i PSF
2 B0 T O REE L SR LSRR H {80 5 51
AF| PSF {4 L IGUFN I U 35T v 5 B I 7 Wi 0 BF 52
(LAl iz ] — b ESBT 2 AQ 77 3k X 4t 1 4 72
PEAT T AR A . 52045 R LW L 32 7 TA RE A XS
iz ) AR S 2 Bl RO 28 B B PR AT A Rt B2 R
IV A 3t A T A R A PSF B DR 45 00T 4 R —



1364

W% T2

521 &

AT 0 B E R T ANMUAE B GE AR dB, [RIEF, i% 07 3 % — 2 ST i R E 18 A TR
KIS LM EHZ W - ISNR #755 0. 36 dB %] 14. 66 IFp95E FAH.

SE UMk

(1]

(2]

[3]

(4]

[5]

(6]

YOU Y, KAREH M. A regularization approach to
joint blur identification and image restoration [J].
IEEE Transactions on Image Processing, 1996, 5
(3): 416-428.

CHAN T F, WONG C K. Total variation blind de-
convolution [ J]. TIEEE Transaction on Image Pro-
cessing » 1998, 7(3): 370-375.

MONEY J H, KANG S H. Total variation minimi-
zing blind deconvolution with shock filter reference
[J]. Image and Vision Computing , 2008, 26(2):
302-314.

TR LR A, B AR TR A Y 28 4y 18]
AR [J]. k% #% 42, 2011, 19(8); 1973-1981.
SHI M ZH, XU T F, ZHANG K. Total variation
image restoration for mixed blur in moving image
[J]. Opt. Precision Eng., 2011, 19(8): 1973-
1981. (in Chinese)

KR, X EF. BT ARG SO B BR O H R
WAENEGEER [J]. L% #H%E 4, 2012,
20(9) . 2078-2086.

HUANG D T, WU ZH Y. Adaptive blind image res-
toration based on NAS-RIF algorithm [J] . Opt. Pre-
cision Eng. , 2012, 20(9): 2078-2086. (in Chinese)
LIWH, LIQL, GONG W G, etal.. Total varia-

tion blind deconvolution employing split Bregman it-

EE R

h
) —

L .

ZE LT (1962 —), 2o, W A 3T A 1l
+, B # 82,2006 4F F 8 R RF 6 T
= R B AR A 2, B TR K220k
IR 3oy T [ P o N W
(R T R 5. Email
weihongli@cqu. edu. cn
‘ g q
L B (1986 . A R TR AL+
WFFEAE L 2011 4F F 3 PR K 2% 0% WL 2% e
RAFF A F AL, R B F A
Boab B4 7 mon bR
20110813118@cqu. edu. cn

E-mail ;

[7]

L8]

[9]

[10]

[11]

[12]

eration [ J]. ELSEVIER Journal of Visual Com-
munication and Image Representation, 2012, 23
(3): 409-417.

FU H Y, NG M K, NIKOLOVA M, er al..
Ecient minimization methods of mixed L*-L' and
SIAM
Journal on Scientic Computing , 2006, 27 (6):
1881-1902.

BAR L, SOCHEN N, KIRYATI N. Image deblur-

L'-L' norms for image restoration [ ] ].

ring in the presence of salt-and-pepper noise [J].

Lecture Notes in Computer Science, 2005, 3459:
107-118.

NIKOLOVA M. A variational approach to remove out-

liers and impluse noise [J]. Jowrnal of Mathematical

Imaging and Vision, 2004,20 (1):99-120.
YIN W, GOLDFARB D, OSHER S. Image car-
toon-texture decomposition and feature selection u-
sing the total variation regularized L' functional,
Variational, Geometric, and Level Set Methods
[J]. Computer Vision, 2005, 3752:73-84.
FERGUS R. SINGH B, HERTZMANN A, et al..
Removing camera shake from a single photograph
[J]. ACM Transactions on Graphics, 2006, 25(3):
787-794.
QI SH, JIAJ Y, AGARWALA A. High-quality
motion deblurring from a single image [J]. ACM
Transactions on Graphics, 2008,27(3) :10.

B ®A981—) . B EHRA L
Az PRIW, 2004 4R T H PRMR L O 2 3R AR
2207, 2007 4R T F PR R AL R A% 4R
PR o o, B TR OR 2O T AR
B 1 - W 5 A EENFAF BRI S b
BB AF AL #1555 . E-mail.
tangshujay@163. com

(BT REWT AREKH)



