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Abstract

In pattern recognition and image processing, the selection of appropriate threshold is a very significant issue. Especially, the selecting
gray-level thresholds is a critical issue for many pattern recognition applications. Here, the maximum fuzzy entropy and fuzzy c-partition
methods are used for the aim of the gray-level automatic threshold selection method. The fuzzy theory has been successfully applied to
many areas, such as image processing, pattern recognition, computer vision, medicine, control, etc. The images have some fuzziness in
nature. In this study, expert maximum fuzzy-Sure entropy (EMFSE) method for the maximum fuzzy entropy and fuzzy c-partition
processes in automatic threshold selection is proposed. The experimental studies were conducted on many images by testing maximum
fuzzy-Sure entropy against maximum fuzzy-Shannon entropy (MFSHE), maximum fuzzy-Havrada and Charvat entropy (MFHCE)
methods for selecting optimum 2-level threshold value, respectively. The obtained experimental results show that the used MFSE method
is superior to other MFSHE and MFHCE methods on selecting the 2-level threshold value automatically and effectively.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The basic aim of image thresholding is to classify the
pixels of a given image into two classes: those pertaining
to an object and those pertaining to the background
(Chang, Chen, Wang, & Althouse, 1994). If one of these
classes contains pixels with gray values that are below or
equal to a certain threshold, then the other class contains
those with gray values above threshold.

The gray-level image thresholding is an important tool
for image segmentation. The gray-level image thresholding
is widely used in halftone reproduction (Chang et al., 1994;
Cheng, Chen, & Li, 1998), automatic target recognition
(Gonzales & Woods, 1992), design of visual navigation sys-
tem for industrial applications of computer vision (Weszka
& Rosenfeld, 1978), biomedical image analysis, and auton-

omous land vehicles (Kittler & Illingworth, 1986; Weszka,
1978; Weszka & Rosenfeld, 1978).

There are many image thresholding studies in the litera-
ture (Chang et al., 1994; Cheng et al., 1998; Weszka, 1978).
These studies can be classified as global and local. The glo-
bal image thresholding methods can be further classified as
point-dependent and region-dependent (Chang et al.,
1994), for example, p-tile method which is used for the
image consisting of dark objects in a light background
(Doyle, 1962; Sahoo, Soltani, & Wong, 1988). The thresh-
old should be selected as the highest gray-level which
mapped at least (100 � p)% of the pixels into the objects
of the resulted image. In Prewitt and Mendelsohn (1966),
a method, which used the valley of the bimodal histogram
to select the threshold, was described. This bimodal histo-
gram method could not be applied to the image with
unequal peaks or broad and flat valleys. In Kittler and
Illingworth (1986), a method for minimum error threshold-
ing based on the assumption that the gray-levels of object
and background pixels are normally distributed is
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described. In Pun (1981), a thresholding method based on
maximum entropy theory was described. This method
was corrected and improved in Pun (1981).

There are some fuzziness factors in nature on image pro-
cessing such as information loss while mapping 3-D objects
into 2-D images, ambiguity and vagueness in some defini-
tions (such as edges, boundaries, regions, and textures),
ambiguity and vagueness in interpreting low-level image
processing results.

In this study, the maximum fuzzy entropy and fuzzy c-
partition methods are used for the aim of the gray-level
automatic threshold selection method. For this aim, Shan-
non entropy, Sure entropy, Havrada and Charvat entropy
for maximum entropy principle and fuzzy c-partition
method, respectively, are used . Then, segmentation perfor-
mance of these entropies is compared by using the obtained
threshold values. The threshold values are the crossover
points of the fuzzy sets that form the fuzzy partition. It is
assumed that the number of the clusters has been known
already. In this study, the experimental studies were
performed on many images by using expert maximum
fuzzy-Sure entropy (EMFSE) against maximum fuzzy
Shannon entropy (MFSHE), maximum fuzzy-Havrada
and Charvat entropy (MFHCE) methods for selecting
optimum 2-level threshold value, respectively.

In the previous studies performed in this area, the Shan-
non entropy principle was used for the maximum fuzzy
entropy and fuzzy c-partition. To date, the Sure entropy
principle has been firstly used in the literature. This state
is newness for the maximum fuzzy entropy and fuzzy c-par-
tition on 2-level threshold selection. The experimental
results show that the proposed method outperforms the
existing ones using entropic principle for the used images.

2. Background

2.1. Fuzzy event for image

In this section, it will be summerized as to what fuzzy
events are, how the brightness of gray-levels of an image
can be treated as a fuzzy event, and how the entropy
(uncertainty) of a fuzzy event can be calculated.

An image can be viewed as a fuzzy event modeled by a
probability space based on the definition of a fuzzy event
(Cheng & Xu, 2000; Zadeh, 1968). An image is considered
which has J gray-levels ranging from r0 to rJ�1. The histo-
gram of the image is hd, d = 0, . . . ,J�1. This image can be
modeled by a triplet (W,Z,P), where W = {r0, r1, . . . , rJ�1}
and P is the probability measure of the occurrence of gray-
levels, Pr {rk} = hk. lB(rd) is the membership function of
fuzzy set, B 2W denoting the degree of some properties,
such as darkness, and brightness, possessed by the gray-
level rd. In fuzzy set, notation can be given as below (Zadeh
et al., 1973)

B ¼ lBðr1Þ=r1 þ lBðr2Þ=r2 þ . . .þ lBðrdÞ=rd ; ð1Þ
here ‘‘+” means union.

The probability of this fuzzy can be given by Eq. (2)

PðBÞ ¼
XJ�1

d¼0

lAðrdÞPrðrdÞ ð2Þ

2.2. Fuzzy c-partition

The fuzzy c-partitions can be showed by partition matri-
ces. Here

T = {t1, t2, . . . , tn}, Qcn is a set of real c � n matrices, and
c is an integer, 2 6 c 6 n.

Fuzzy c-partition space for T is the set

Nc ¼ U 2 Qcnjuid 2 ½0; 1�;
Xc

i¼1

uid ¼ 1 8k;

(

0 <
Xn

d¼1

nid < n 8i
)
: ð3Þ

The readers can find more information about these par-
tition matrices in Cheng et al. (1998).

2.3. Used entropy types for maximum fuzzy entropy principle

In this study, three different entropy types, which are
Shannon, Sure, and Havrada and Charvat entropies, for
fuzzy c-partition, respectively are used. The Shannon
entropy principle was used for the maximum fuzzy entropy
and fuzzy c-partition in early studies. In this study, the seg-
mentation performances of Sure and Havrada and Charvat
entropy principles according to the Shannon entropy’s for
the maximum fuzzy entropy and fuzzy c-partition are stud-
ied. Then, a comparison of these 2-level segmentation per-
formances of the three types of fuzzy entropies by using the
obtained threshold values is made.

The Shannon entropy, the Sure entropy and the Havra-
da and Charvat entropy principles are given as below,
respectively.

Here let U = {B1, . . . ,Bn} be a finite partition of fuzzy
sets. The Shannon entropy H(U) (Bezdek, 1987; Cheng
et al., 1998) is given as below

HðUÞ ¼ �
Xc

i¼0

PðBiÞ log P ðBiÞ: ð4Þ

The Sure entropy H(U) (MATLAB, 2006; Turkoglu,
2002) is given as below

jP ðBiÞj 6 e) HðUÞ ¼
Xc

i¼0

minðP ðBiÞ2; e2Þ ð5Þ

Where e is a positive threshold value. The value of e is
generally taken as 2 in many studies (MATLAB, 2006;
Turkoglu, 2002). Therefore, we will also take 2 being e
value in this experimental study (MATLAB, 2006; Turko-
glu, 2002).

The Havrada and Charvat entropy H(U) (Karmeshu,
2003) is given as below
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