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Abstract

Fluorescence microscopic image restoration has many very important applications such as astro-
nomical imaging, electronic microscopy, single particle emission computed tomography (SPECT)
and positron emission tomography (PET). Traditional total variation imaging restoration based on
split Bregman algorithm can preserve sharp edges and save the image texture. Serious staircase
effect phenomena, however, is generally accompanied. Therefore an improved image restoration
algorithm is proposed based on split Bregman in this paper, which is mainly considered two as-
pects. One is that the total variation regularization model is used, which is an effective tool to re-
cover blurred images. The other is that the weight function of the total variation is involved, which
can not only suppress the staircase effect, but also preserve the image texture information. By ap-
propriately choosing the reasonable parameters, the better restoration results can be obtained.
The experimental results on synthetic images and real fluorescence microscopic images show the
effectiveness and feasibility of the proposed algorithm.
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Table 1. The flow of the improved split Bregman image restoration method
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Figure 1. Synthetic image (a) original image, (b) degraded image
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Figure 2. Restored images by (a)FTVd-FM method (SNR = 45.50 dB), (b) traditional
split Bregman method (SNR = 45.50 dB), (c) our method (SNR = 49.68 dB)
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Figure 3. (a) The degradation of the image, the restored image by the (b) FTVd-FM method, (c) traditional split Bregman
method, and (d) our method
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Figure 4. A close-up of (a) Figure 3 (a), the corresponding close-up of (b) Figure 3 (b), (c) Figure 3 (c) and (d) Figure 3 (d)
5 4. ()& 3()R BB AIKE, (b)E 3(b)AIEEBHAE, (c)E 3(C)HIEERMAE, (d)E 3(d)HEERMAE

6. LERIE

ACHESY 34 Bregman SV LR 3R T R0 R R RS, BIN T RREL @I TV AL,
SO BE RS, SRR EMR T BRI AT LR AP R MR M ScAS B EEX B R A Ek R, 3K
15T BIF I E R . 764 AR EGR ELSE 152 e 51 % 1 S 4 SRGTE T S0 A 2 AR A7 1,
{ER T B BRI R, 28 PR IR RO KR R, AR UG B R RUR 2 T P, X2
T— S AR I LB



KKK F

E&WE

JemtT AR & B3 H (No. 4162018);  Jbat i M E 4R A4 5CHFiHRIT H (No. 20140000

26833ZK14): L3 i ke i 2 YN A 51 5 495 55T H (No.CIT&TCD201504010).

SE#k (References)

(1]
(2]
(3]

(4]
(5]
(6]
(7]
(8]
(9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

Lefkimmiatis, S., Bourquard, A. and Unser, M. (2012) Hessian-Based Regularization for 3D Microscopy Image Res-
toration. 9th IEEE International Symposium on Biomedical Imaging, Barcelona, 2-5 May 2012, 1731-1734.

Chaux, C., Blanc-Féraud, L. and Zerubia, J. (2007) Wavelet-Based Restoration Methods: Application to 3D Confocal
Microscopy. SPIE Proceedings, 6701, 78-89. http://dx.doi.org/10.1117/12.731438

Zhang, B., Fadili, J., Starck, J.-L. and Olivo-Marin, J.-C. (2007) Multiscale Variance-Stabilizing Transform for Mixed
Poisson Gaussian Processes and Its Applications in Bio-Imaging. IEEE International Conference on Image Processing,
Vol. 6, San Antonio, 16 September-19 October 2007, 233-236.

Getreuer, P. (2012) Total Variation Deconvolution Using Split Bregman. Image Processing on Line, 2, 158-174.
http://dx.doi.org/10.5201/ipol.2012.g-tvdc

Goldstein, T. and Osher, S. (2009) The Split Bregman Algorithm for L1 Regularized Problems. SIAM Journal on Im-
aging Sciences, 2, 323-343. http://dx.doi.org/10.1137/080725891

Li, Y.F. and Feng, X.C. (2010) The Split Bregman Method for L1 Projection Problems. Acta Electronica Sinica, 38,
2471-2475.

Wang, J., LU, K., He, N. and Wang, Q. (2012) Total Variant Image Deblurring Based on Split Bregman Method. Acta
Electronica Sinica, 40, 1503-1508.

Rudin, L., Osher, S. and Fatemi, E. (1992) Nonliner Total Variation Based Noise Removal Algorithm. Physica D, 60,
259-268. http://dx.doi.org/10.1016/0167-2789(92)90242-F

Osher, S., Burger, M., Goldfarb, D., Xu, J.J. and Wotao, Y. (2005) An lterative Regularization Method for Total Vari-
ation-Based Image Restoration. Multiscale Modeling and Simulation, 4, 460-489. http://dx.doi.org/10.1137/040605412

Tikhonov, A.N. and Arsenin, V.Y. (1997) Solutions of 1ll-Posed Problems. V.H. Winston & Sons, Washington DC.

Babacan, S., Moluna, R. and Katsaggelos, A. (2008) Parameter Estimation in TV Image Restoration Using Variational
Distribution Approximation. IEEE Transactions on Image Processing, 17, 326-339.
http://dx.doi.org/10.1109/T1P.2007.916051

Goldstein, T. and Osher, S. (2009) The Split Bregman Algorithm for L1 Regularized Problems. SIAM Journal on Im-
aging Sciences, 2, 323-343. http://dx.doi.org/10.1137/080725891

Brette, S. and Dier, J. (2006) Optimized Single Site Update Algorithms for Image Deblurring. International Confe-
rence on Image Processing, VVol. 3, Lausanne, 16-19 September 1996, 65-68.
http://dx.doi.org/10.1109/1CI1P.1996.560370

Yin, W.T. and Yang, J.F. (2009) Alternating Direction Algorithms for Total Variation Deconvolution in Image Recon-
struction. http://www.optimization-online.org/DB-HTML/2009/11/2463.html

Yang, J.F., Yin, W.T., Zhang, Y. and Wang, Y.L. (2009) A Fast Algorithm for Edge-Preserving Variational Multi-
channel Image Restoration. SIAM Journal on Imaging Sciences, 2, 569-592. http://dx.doi.org/10.1137/080730421

Setzer, S., Steidl, G. and Teuber, T. (2010) Deblurring Poissonian Images by Split Bregman Techniques. Journal of
Visual Communication and Image Representation, 21, 193-199. http://dx.doi.org/10.1016/j.jvcir.2009.10.006



http://dx.doi.org/10.1117/12.731438
http://dx.doi.org/10.5201/ipol.2012.g-tvdc
http://dx.doi.org/10.1137/080725891
http://dx.doi.org/10.1016/0167-2789(92)90242-F
http://dx.doi.org/10.1137/040605412
http://dx.doi.org/10.1109/TIP.2007.916051
http://dx.doi.org/10.1137/080725891
http://dx.doi.org/10.1109/ICIP.1996.560370
http://www.optimization-online.org/DB-HTML/2009/11/2463.html
http://dx.doi.org/10.1137/080730421
http://dx.doi.org/10.1016/j.jvcir.2009.10.006

Hans X

HIFIBR R 2 00 T 55
1. PRISENRS (QQ. fE. MR
2. NIRULHD A3 1 )
3. 24 /NI DL RS I T A SE 19
4. RUFHITE LA A
5. ERIFRATIREE
6. FIMKE
7. AW BT

=

ki e http://www.hanspub.org/Submission.aspx



http://www.hanspub.org/Submission.aspx

	Improved Split Bregman Method for Fluorescence Microscopic Image Restoration
	Abstract
	Keywords
	改进的分裂Bregman方法荧光显微图像复原
	摘  要
	关键词
	1. 引言
	2. 相关工作
	2.1. 基本分裂Bregman算法
	2.2. 算法收敛性

	3. 改进的图像复原算法
	3.1. 算法改进
	3.2. 算法流程

	4. 评价准则
	5. 仿真结果与分析
	5.1. 合成图像
	5.2. 真实图像

	6. 结束语
	基金项目
	参考文献 (References)

