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Image restoration using majorization-minimizaiton algorithm based on
generalized total variation

Xu Mengxi'’, Xu Feng” , Huang Chenrong' , Li Ming"
Y (School of Computer Engineering, Nanjing Institute of Technology, Nanjing 211167 China)
2 (College of Computer and Information Engineering, Hohai University, Nanjing 210098 China)

Abstract; Total variation (TV) regularization is an effective tool to resolve ill-posed problem in image restoration. But the
TV only considers the first order variation with the higher order variations ignored. Furthermore, the form of TV induces a
difficulty in optimization. Accordingly, a method of image restoration based on generalized TV (GTV) using MM algorithm
is proposed to overcome the problems of TV. The GTV has not only the heavy tail property of TV, but also bilateral weights
of bilateral TV ( BTV ). In fact, it is an extended form of the TV. For the optimization problem of GTV, we adopt the
majorization-minimization (MM ) algorithm to overcome its difficulty. Experimental results show that the proposed method
achieves effective performance with about 2 dB ISNR (improvement of SNR).
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Fig. 1 Comparison between two regulation functions’ curve
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Fig.4 The restoration results from the degraded image with white Gaussian noise with standard deviation 7
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Tab.2 The ISNR of the restored images from the degraded image with white Gaussian noise with standard deviation 7

AU E TV IE WAk 5 Q4 ) ISNR {E/dB GTV IE W4k 2k A4 5L ISNR {E/dB
5~38 -4.0243  -3.9205  -0.6029  0.5069 -3.9241  -3.8063  -0.3267  0.7295
9~12 0.986 4 1.1676 1.2451 1.5080 1.1150 1.2772 1.350 6 1.670 2
13~16 1.5893 1.6512 1.6737 1.6717 1.759 3 1.7892 1.8026 1.807 1
17 ~ 20 1.6793 1.6793 1.6793 1.6797 1.8035 1.808 8 1.808 8 1.8088
21 ~24 1.6797 1.6797 1.6797 1.6797 1.808 8 1.8089 1.8089 1.8089
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Fig.5 The restoration results from the degraded image with white Gaussian noise with standard deviation 3
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Tab.3 The ISNR of the restored images from the degraded image with white Gaussian noise with standard deviation 3

AR E TV IE W A5 ALY ISNR {E/dB GTV IE M A2k U455 1Y ISNR {H/dB
5~38 -3.5285  -3.4047  -0.6743 0.960 4 -3.6851  -3.5471  -0.0051 1.1115
9~12 1.5055 1.717 8 1.745 1 2.1535 1.5333 1.7111 1.796 4 2.1865
13~16 2.3085 2.3563 2.3748 2.3748 2.3417 2.4040 2.4329 2.446 3
17 ~ 20 2.4092 2.409 2 2.4092 2.4092 2.460 5 2.4609 2.498 4 2.498 5
21 ~24 2.409 2 2.4092 2.409 2 2.4092 2.498 5 2.5170 2.5171 2.5171
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Tab.4 The ISNR comparison of the restored images using different algorithm

/dB
N HTF CG E@ Tikhonov HF CG E]’\J BTV HF MM E’\] TV HF MM EKJ GTV
X p p
F& HMZ R R S S L LR
Lena 0.9735 1.045 35 2.146 19 2.783 83 2.91295
Cameraman 0.831 055 0.937 02 2.122 34 2.68021 2.87392
Bk 4 45256, 7] LLE B TR [R]85 48 b
B EE, GTV 1E Ak & TR 7E 90 58 5550 SR A el 3 1 5 & ¢

W LE Oy AL T TV IE AR A i EL L P Ok
RGTV IEMAL S AR R B i T e I3 5540, 78
5 2 2 52 DR H At 1E W Ak 2 D5 vk R L S R
HT MM Hky GTV IE WAL & R R T8 B LBk
P, X FEREHT GTV IE Nk ™M 4k & T TV 1E N
T, BAEAL T T MM B35 R R4S T
AL . P, AR SCHR A MM B3R fe i GTV
T D0 A P B R D T i R BT A K

P —Fh T MM Bk GTV EHR & R % .
A GTV IE W TR AEOR B TV 5 R R AR F
% BTV XUEANACHLG] A9 2Rl 3 S 8, GTV REfE
R LS TV — 5, Ff R % 85 TIRERZ
V) 1 0 B ) WL O R, X GTV 7 e il Ak i
v (SRR AT, R MM B30 26 AR R AR 3, % 45
Y GTV 1E Ak (9 48 A oR B8 k47 000K fff o A3



57

TR B AL -SSR ) S o R B

1325

RO A e LAY 23038 T X 96 UE 1T 45 T vk A B
P 78 25 W 0 () IF B 0 3 DR T AR ISR . AT
TrEAAA] LU T — e i RS D, i H Al T T
Z WisT S R I o R P, T — 25
A A LA R AR 2 B R A ) GTV & Pk s
PR ) 03 A A 5 T

2 2% 3k ( References)

(1]

[2]

(3]

[4]

[5]

(7]

Vogel C R. Computational Methods for Inverse Problems[ M ].
Philadelphia, USA. SIAM, 2002.2-11.

Shao Wenze, Wei Zhihui. Multi-frame super-resolution reconstruction
based on anisotropic Markov random field modeling [ J]. Acta
Electronica Sinica, 2009, 36 (6) :1256-1263. [ A 3%, 45 &
WL B4 1) S MRF @1 22 Wt 1B (518 43 8 43 B % T
[J]. HF2242,2009,36(6) :1256-1263. ]

Li S Z. Markov Random Field Modeling in Computer Vision
[M]. Berlin: Springer, 1995:35-40.

Figueiredo M, Nowak R. An EM algorithm for wavelet-based
image restoration[ J ]. IEEE Transactions on Image Processing,
2003, 12 (8):906-916.

Bioucas-Dias ] M. Bayesian wavelet-based image deconvolution;
a GEM algorithm exploiting a class of heavy-tailed priors[ J].
TEEE Transactions on Image Processing, 2006, 15(4) : 937-951.
Farsiu S, Robinson M D, Elad M, et al. Fast and robust
multiframe super resolution [ J]. IEEE Transactions on Image
Processing, 2004, 13(10) :1327-1344.

Lei J, Liu S, Li Z H, et al. An image reconstruction algorithm
based on the extended Tikhonov regularization method for

electrical capacitance tomography [ J].

42(3) :368-376.

Measurement, 2009,

Rudin L, Osher S, Fatemi E. Nonlinear total variation based

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

noise removal algorithms [ J]. Physica D, 1992, 60 (1-4):
259-268.
Vogel C, robust total variation-based

Oman M. Fast,

reconstruction of noisy, blurred images[ J]. IEEE Transactions
on Image Processing, 1998,7(6) :813-824.

Bioucas-Dias J, Figueiredo M, Oliveira J P. Total variation-
based image deconvolution: a majorization-minimization approach
[C]// Proceedings of the IEEE International Conference on
Acoustics, Speech and Signal Processing. Piscataway, NJ, USA:
IEEE, 2006, 2 861-864.

EI H A, Menard M, Lugiez M, et al. Weighted and extended
total variation for image restoration and decomposition [ J ].
Pattern Recognition, 2010, 43(4) :1564-1576.

Tomasi C, Manduchi R. Bilateral filtering for gray and color
images[ C]// Proceedings of the IEEE International Conference
on Computer Vision. New Delhi, India: N. K. Mehra for Narosa
Publishing House, 1998 ; 836-846.

Takeda H, Farsiu S, Milanfar P. Deblurring using regularized
locally-adaptive kernel regression [ J ]. IEEE Transactions on
Image Processing, 2008, 17(4) :550-563.

Tian J, Ma K K. Stochastic super-resolution image reconstruction
[J]. Journal of Visual Communication and Image Representation,
2010, 21(3) : 232-244.

Oliveira J P, Bioucas-Dias J] M, Figueiredo M A T. Adaptive
total variation image deblurring;

approach[ J]. Signal Processing, 2009,89:1683-1693.

a majorization-minimization
Borman S. Topics in Multiframe Superresolution Restoration
[D]. Notre Dame, IN, USA: University of Notre Dame, 2004.
Rodriguez P, Wohlberg B. Efficient minimization method for a
generalized total variation functional[ J]. IEEE Transactions on
Image Processing, 2008, 18(2) :322-332.

Kumar S, Nguyen T Q. Total subset variation prior [ C]//
Proceedings of the TEEE International Conference on Image

Processing. Piscataway, NJ, USA:IEEE, 2010. 77-80.





