H16 % 53
2011 4¢3

SRIEIEE FEPIAe

Journal of Image and Graphics

Vol. 16, No.3
Mar. , 2011

FEESES: TP391 XHAFRER: A

XEHS: 1006-8961(2011)03-0350-07

WXRSER DM, GG, Lik%, £3E%. EBREZER Bregman 3 fUXUIEN L Jr ik [T]. [ 5 E I 24 4, 2011,

16(3) :350-356

& 5% £ JR #y Bregman & X X IE N 4K 77 7%

— 1) 1) \ 2) A ae 1)
ZWW’, eng’, THE, TEE
D (deh R RSB T E5EE TR, R 430074) 2 (EPSON BFSE Hl & SR\ 6], & faf 28, i 48 Je W ,95131)

M OE ENERGEERA 2B R, $2 T — 36 T Bregman 3% £ 00 LE W Ak Y 18148 52 J5 5
o %7 R R I 5 8 SR 43 1E U A 0 /0N e S8R R I AE U 4K, 7 Bregman AE 28 i P 848U SE TR IR AL, OF HL
ST TR Y 2> ¢ Bregman REARBE L o 1R K S 2% B 00 Ak ) AU Ak D LA TR BR Bk A DL i Bk,
UCEAR R T JL PR A B i 6 A e B AR B AT, SE A5 SR R, 42 A S TG 1 AN 1 A0 WL I 1 MR L3 2 2
WAL AE , HRBE A AR AF B8R o RIS 55 A A0 A2 DU b B, k0 1 A T R A AL B3

XA FRE R ; Bregman 3AC; ENAL; BN ; /N

Image restoration based on Bregman iterative double regularization

Yi Liya" , Lu Xiaolei' , Wang Jinjun®’, Wang Furong'’
Y ( Department of Electronics & Information Engineering, Huazhong University of Science & Technology, Wuhan 430074 China)
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Abstract: To handle the large-scale optimization problem caused by regular image restoration, this paper introduces a novel
image restoration method based on Bregman iterative double regularization. In this method, the designed objective function
considers both the total variation regularization and the wavelet domain sparsity constraint, and solves the problem under
Bregman framework with the split Bregman iterative algorithm. The algorithm converts the complex optimization problem to
several iterations, each of which requires only several simple Fast Fourier Transformations and shrinkage operations. The
experimental results show that the proposed method improves both the objective SNR and the subjective perceptual image
quality with a faster convergence rate compared to existing approaches.
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Fig. 1 Effect on UCSB and CSB iterative restoration algorithms by the different regularization parameters



354 PE SRR www. cjig. en

%16 &

PR CSB AR5 1k 52 IR S0 50 1 3R 1k B % i 4k 31 25
S BB LA IE WAk 2 8RR I, CSB RS K
4f-, 1M UCSB 5335 & 5t R 5 7, W&l 1 (e) JiF
N5 2 IE WAL S B0 /N, ) UCSB S 3 f . i
CSB B vk & J5 EHG A7 7 K B/l 80, il 1(f) fr
TRo XGRS BT R 2

55 2 S0 A R B AIUR K A S R
¥ [ 6 5 S0 A 0 A DO i 3 7 9T LGPPSR
¥, By Ik AR JR 8 A7 43 (nonlocal TV) Y
G HA A RO AT TR, SE RS A AN B 2 TR .
JE R G Boat” FEUE iR AL R 5 9 x 9 ¥y 5] 45
W T 25 R 1 BT R R AR S, T (a) BT (b)
SR SCHK [ 22 ] 3 F i 455 A8 1y DL b 307 O vk 42 D
MRS, (c) &R I SCHk[23 ] $2 i 19 GPSR ik &
JREE, (d) SRR AR (2] iy B A5y ik E
JE I EG, (e) &2k FHSCHR [ 24 ] $2 1 ( 3E Jm & 48
43 (nonlocal TV) 75 3 & i i EI&, (f) /&R H CSB
R RER W EG ., RE2 iR B, AR g
fE A5 Mt ( PSNR) 38 /& 3 0L 3 , CSB 32 4% 3 7k 19
O D R S e e Y

555 3 21 S 3 A A S P A R S R R . AR
A (12) (13) w0, ENWE S o B TF HHY T

(d) TV J73: 121, PSNR=28.02

(b) DU 771221, PSNR=28.92

(e) nonlocal TVI24l, PSNR=29.19

e JETF R L AR B AT e S, R E Y
G E ML S o 8/, 52 D 050 1 1 e B30
o MR I SCA BT, UCSB 22 48540 8 1 1F 1) 4k 2 8k
BN, CSB 3% AR B 0 0E Ak 2 80 R,
UCSB 3% AR50 W B30 B i Al AR 1T RS 1
), 3 (a) R T AR SO AN R Y ISNR R /)
HEARWRE K ER, B AR, UCSB /08 4k CSB %
ARG A PR R O BIG FE R GE AR A
AN, EAC L WA R 298 0. 18 s, [A I X
CSB AR A R 2950 6 Bb A Be ik B sk, i
UCSB 3 X 5535 71 53 i (8] AS 8 3k 3 R 3t 8 3k 21k
S, MUGERS R, FEIAT 1R RAE /N IE
RARHe JEFET 1 REACTHRE R A, AR
2 P8 RAR 43 TE WAL AR A ) Ak kAR HLFF 0. 06 B,
SOTEERR S T 2 2 A%, (B E B R i 45 T
IENfEAER 3 (b) R T SCHk [ 14 ]9 8AE 43l
25 52 TSRV T M SA 1 T A5 Wi Bk Y 2k AR BT
ISNR Z [ C R I, SCHR[ 14 ] 8k R ERTHE
O % E VAR SO AR > L HG e S5kt o e d 18 T AR
SCA RS Y CBIGH

55 4 419056 R AL SR Ak B OKk 301 A SCHE
BRI AR B4 Fom ot B iR Ak EHECR AR SC

(c) GPSR Jj 1231, PSNR=27.09

(f) CBS fXEYL. PSNR =30.11

P2 AT 52 D B ik 0 i PR 5 ) L 25 3R L

Fig.2 The restored images using the different restoration algorithms
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