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Segmentation Approach Based on Fuzzy Theory and
Renyi Entropy of 2D Membership Partition
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Abstract Based on the maximum entropy principle, a new segmentation approach of fuzzy partition Renyi entropy of two-
dimensional histogram is proposed. First, the concept of fuzzy partition is introduced. In view of the Renyi entropy as a
generalized form of Shannon entropy, fuzzy probability and conditional probability are used to define the fuzzy Renyi
entropy. Then, in sample space the optimal pair of parameters is searched. Finally, image segmentation is realized using
membership functions. Experiments are conducted on three real object pictures by MATLAB. Results show that the
proposed approach does good control performance to noise and interference. And it’s better than other contrast methods.
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Fig. 1 2D fuzzy membership partition
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Fig. 2 Segmentation results of test images
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Tab.1 Comparison of extracted pixels and error ratio for the images shown in Fig. 2

PR R BB X R 2% (% )

& 14 R %%
. b 1D Fu. pa. entropy 2D Otsu Abutaleb AR CEH(0.25,0.5,0.75)
Bl KA BER

pixels Torr pixels Torr pixels T pixels Terr pixels Torr pixels L
Y 256 x256 6183 1740 6.78 11 093 7.49 3106 4.7 3 500 4.09 3710 3.77 4 456 0.64
AME 256 x256 5749 5536 0.33 4 056 2.58 6 568 1.25 4 069 2.57 4278 2.24 5515 0.36
S5m0 128 x 128 97 729 3.86 15897 96.44 12685 76.83 81 0.49 95 0.012 103 0.04

£ % 3Lk ( References)

1 Sezgin M, Sankur B. Survey over image thresholding techniques and
quantitative performance evaluation[ J]. Journal of Electronic Image,
2004 ,13(1) : 145-165.

2 Milan S,Vaclav H,Roger B. Image Processing, Analysis and Machine
Vision[ M. Beijing: People’s Posts & Telecommunications Publishing
House,2003 :83-127. [ Milan S, Vaclav H, Roger B. [EI{£Ab3E 4%
Froples iae [ M]. 300, REVFRE . JUat: A RMEH b piat,
2003 ; 83-127. ]

3 Ferrario M, Signorini M G, Magenes G, et al. Axiomatic derivation
of the principle of maximum entropy and the principle of minimum
cross-entropy [ J]. IEEE Transactions on Information Theory, 1980,
26(1):26-37.

4 Pun T. A new method for gray-level picture thresholding using the
entropy of the histogram [ J ] . Signal Processing, 1980, 2 (1-2):
223-237.

5 Pun T. Entropy thresholding, a new approach[ J]. Compute Graphics
and Image Processing, 1981,16(3) : 210-239.

6 Johannsen G, Bille J. A threshold selection method using information
measures[ A ]. In: Proceedings of the 6th Internation Conference on
Pattern Recognition[ C], Munich,Germany, 1982 ; 140-142.

7 Kapur J N, Sahoo P K, Wong A K C. A new method for gray level
picture thresholding using the entropy of histogram [ J]. Computer
Vision, Graphics, and Image Processing, 1985,29(3): 273-285.

8 Yen]J C,Chang F J,Chang S. A new Criterion for automatic multilevel
thresholding[ J ] . IEEE Transactions on Image Process, 1995,4(3):
370-378.

9  Abutaleb A S. Automatic thresholding of gray-level pictures using

two-dimensional entropy[ J]. Computer Vision, Graphics, and Image
Processing, 1989 ,47(1) ;. 22-32.

10 Pal S K, King R A. Image enhancement using smoothing with fuzzy
sets[ J] .
11(7), 494-501.

IEEE Transactions on Systems, Man, Cybern, 1981,

11 Pal S K, King R A. On edge detection of X-ray images using fuzzy
sets[ J]. IEEE Transactions on PAMI, 1983 ,5(1), 69-77.

12 Cheng H D, Chen J R, Li J. Threshold selection based on fuzzy
c-partition entropy approach[ J]. Pattern Recognition,1998 ,31(7) .
857-870.

13 Sahoo P, Wilkins C, Yeager J. Threshold selection using Renyi’s
entropy[ J]. Pattern Recognition, 1997,30(1) . 71-84.

14 Jin Li-zuo, Yuan Xiao-hui, Zhao Yi-fan, et al. Image segmentation
through maximizing fuzzy partition entropy of 2-D histogram [ J ].
Journal of Electronics and Information Technology, 2002,24 (8):
1040-1048. [ 433770, 5 B, X — FLAE . 2R MM 3l 43 fie 0 T
Borsak (] 515 M, 2002,24(8) : 1040-1048. ]

15 Wang S T. Note on the equivalence relationship between Renyi-
entropy based and Tsallis-entropy based image thresholding [ J].
Pattern Recognition Letters, 2005,26 (14) . 2309-2312.

16 Brink A D. Thresholding of digital images using two-dimensional
entropies[ J]. Pattern Recognition,1992,25(8) : 803-808.

17 Wu X J, Zhang Y L, Xia L X. A fast recurring two-dimensional
entropic thresholding algorithm [ J ] . Pattern Recognition, 1999, 32
(12) . 2055-2061.

18 Tao W B, Jin H, Liu L M. Object segmentation using ant

optimization algorithm and fuzzy entropy [ J]. Pattern Recognition

Letters, 2007,28(7) ; 788-796.



