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Abstract—In this paper, an interval type 2 (IT2) fuzzy entropy 
based approach is used to compute optimum thresholds for 
multistage gray scale image segmentation. By finding the 
maximum IT2 fuzzy entropy of the gray scale image, the 
optimum thresholds are computed. A termination criterion for 
multistage segmentation is also proposed based on the range of 
computed entropy values of the images. Several experimental 
results are shown to demonstrate the performance of our 
proposed algorithm which outperforms type 1 (T1) fuzzy based 
methods. 
 
      Keywords—Interval type2 (IT2) fuzzy sets, Footprint of 
uncertainty (FOU), Fuzzy membership function, Ultrafuzziness. 
 

I. INTRODUCTION 
Finding the optimal threshold is a critical step in gray scale 

image segmentation. Gray scale image segmentation is based 
on the pixel properties of the image and determining the 
appropriate threshold can be very challenging. In literature 
there exist several threshold based image segmentation 
techniques. According to the information exploitation, 
threshold techniques have been categorized as histogram 
shape based, clustering based, entropy based, object attribute 
based and spatial based [1]-[8]. 

Several fuzzy based methods have also been proposed. 
Those methods include fuzzy clustering for finding the 
optimal threshold and maximum entropy gray level 
computation to distinguish between the foreground and 
background [4], [9], [10]. Optimal threshold for separation of 
the background and object exists at the deepest valley of 
bimodal histogram of the image [11]. However, it is difficult 
to obtain optimal threshold when distribution of histogram is 
complex. To cope with this problem, fuzzy entropy was 
proposed to quantify the vagueness in images [12]. Huang et 
al. introduced a fuzzy approach to the Shannon entropy and 
concluded that the gray level point where the fuzziness is 
minimum; is the optimal threshold [13]. Information theoretic 
approach was used to maximize (minimize) the image 
information on basis of fuzziness or crispness [14]. This 
approach is very simple and commonly used for finding the 
optimal threshold. Rhee et al. proposed a numerical method to 
quickly locate the optimal threshold using fuzzy sets [15].  

Type 2 fuzzy sets have been shown to better handle 
uncertainties than conventional type 1 fuzzy sets [16]. The 
ability of type 2 fuzzy sets to represent and manage  the 

 
 

uncertainty that exists in a fuzzy set allows us to model 
various uncertainties, which cannot be appropriately managed 
by type 1 fuzzy sets [17]. Tizhoosh introduced a threshold 
technique based on type 2 fuzzy sets (i.e., ultrafuzzy sets) [18]. 
In this paper, we address two problems associated with 
automatic multilevel image segmentation of gray level images. 
The first problem is to calculate optimal threshold for 
segmentation. In doing so, we propose a new segmentation 
method that incorporates interval type 2 (IT2) fuzzy sets. This 
is achieved by modeling Gaussian interval type 2 (IT2) fuzzy 
membership functions using embedded type2 fuzziness [19]. 
Our goal is to decide whether a pixel belongs to the 
background or foreground. In this case, measurements of 
uncertainty can be considered as entropy, index of fuzziness 
and index of non fuzziness. We obtain the optimal threshold 
by maximizing the amount of ultrafuzziness. A membership 
value is then assigned to each pixel depending on its distance 
from the background and foreground center using some 
parameterized type 1 fuzzy membership function. Based on 
the membership values we find the threshold by maximizing 
the index of ultrafuzziness. The second one is to determine the 
optimum number of thresholds for an image in the 
segmentation process. Theoretically, there are as many objects 
in a gray level image as there are gray levels present in the 
image, but practically it is very difficult to segment it based on 
the relevant information present. Furthermore, we propose a 
termination criterion, which calculates and segments objects 
based on image entropy information. The concept of this 
termination criterion is based on segmenting the image in 
different levels using a tree structure and there is no restriction 
on the number of objects to be segmented. 

The remainder of this paper is organized as follows. 
Section II contains the brief background of IT2 fuzzy sets and 
membership function generation used in thresholding. In 
Section III, our proposed segmentation algorithm and 
termination criterion are discussed. In Section IV, 
experimental results and discussion for bimodal and multi 
stage image segmentation are presented to show the 
effectiveness of our proposed method. Finally, Section V 
gives the conclusions.  

II. BACKGROUND 

A. Interval Type 2 Fuzzy sets (IT2 FS) 
When we represent uncertainty for a fuzzy set with an 

interval type 2 fuzzy set, the primary membership Jx  of a 

    Debanga Raj Neog*          Muhammad Amjad Raza          Frank Chung-Hoon Rhee
         Indian Institute of Technology  Hanyang University    Hanyang University 

         Guwahati, India             Korea              Korea 
     debanga@iitg.ernet.in                     amjadraza@fuzzy.hanyang.ac.kr                       frhee@fuzzy.hanyang.ac.kr 

 

An Interval Type 2 Fuzzy Approach to Multilevel 
Image Segmentation 

*Worked at Hanyang University as Research Intern

1164



sample x  can be represented as a membership interval with all 
secondary grades of the primary memberships equaling to one 
[20]. We define this interval as the footprint of uncertainty 
(FOU). 

 
An interval type 2 fuzzy set A  can be represented as 

 
( ){ }( , ), ( , ) | , [0,1], ( , ) 1u u u J uμ μ= ∀ ∈ ∀ ∈ ⊆ =xA AA x x x A x      (1) 

 
Fig. 1 illustrates an example of an interval type 2 fuzzy set 

where the gray shaded region indicates the FOU. In the figure, 
the membership value for a 1-dimensional sample x' is 
represented by the interval between upper ( ( )x

A
μ ′ ) and lower

( )( )x
A

μ ′  membership [20]. Therefore, each x' has a primary 

membership interval as 
 

( ) ( ),x x x
A A

J μ μ′ ′ ′=
,
         (2) 

 
and the vertical slice of x  is shown in Fig. 1(b), where the 
secondary grade for the primary membership of each x' equals 
one, according to the property of interval type-2 fuzzy sets. 
 

 
(a)  (b) 

Fig. 1. Illustration of an interval type-2 fuzzy set: (a) interval type-2 fuzzy set 
(b) vertical slice on x′. 
 

B. Membership Function Generation 
Our main concern of this research is to see whether IT2 fuzzy 
sets can properly handle uncertainties in comparison to T1 and 
non fuzzy techniques. Fuzziness depends upon the choice of 
membership function. Fig. 2 shows examples of membership 
functions used for measurement of fuzziness in an image. In 
this paper, we consider Gaussian membership functions (see 
Fig. 3) and model IT2 membership functions using linguistic 
hedges (see Fig. 4). Existing methods also used linguistic 
hedges to create IT2 fuzzy membership functions [21], [22]. 
The linguistic hedges were obtained by conducting 
experiments to create the FOU, where the values of linguistic 
hedges depend on statistical properties of the histogram. It is 
observed that different membership functions exhibit different 
segmentation results depending upon the gray level 
distribution of an image. 
 

Let I denotes an image of size M×N having L numbers of 
gray levels and i(x,y) is the gray level of pixel at (x,y) in I. Let 

μI(i(x,y)) denotes the membership value of pixel i(x,y) in 
image I, then we can define fuzzy image set as 
 

{ ( , ), ( ( , ))},I i x y i x yIμ=    (3) 
where 0 ( ( , )) 1, 0, ..., 1 and 0, ..., 1.i x y x M y NIμ≤ ≤ = − = −  

 
Let h(g) denotes the histogram of an image I. For a given 

threshold value T, the average levels (center) of the 
background and object, represented by μ0 and μ1, respectively, 
can be calculated by (4) and (5). 
 

( ) ( )
0 0

      if  ( , )0
T T

g g
g h g h g i x y Tμ

= =

= ≤   (4) 

 
and 
 

( ) ( )
1 1

1 1

      if  ( , )1
L L

g T g T
g h g h g i x y Tμ

− −

= + = +

= > ,  (5) 

 
The following definitions of fuzziness (entropy) were used to 
construct type 1 and type 2 fuzzy membership functions [19]. 
 

(
)

A
g

μ

(
)

A
g

μ

  (a)          (b) 
Fig.2.  Two types of membership functions (a) proposed by Tizhoosh .(b) 
Proposed by Huang . 

 
Definition 1: A general fuzziness measure of a type 1 fuzzy 
set , ( ),I f I can be defined as 

,  (6) 

 
where k is monotonically increasing function from R+ to R+ 

and q:[0,1]  R+ is a function associated with each i(x,y). N is 
the total number of elements in I. Additionally, 

(1) q(0) = q(1) = 0; 
(2) q(0.5) is a unique maximum of q; 
(3) q must be monotonically increasing on [0,0.5] and 

monotonically decreasing on [0.5,1]. 
 

Every pixel in input image should belong to either background 
or object to some degree of membership depending upon the 
gray level values. 
 

The type 1 fuzzy membership function μI(g), g is the 
gray level, is defined as 
 

1

( ) ( ( ( ( , )))
N

i
f I k q i x yIμ

=

=
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  (7) 

 
where σ = |gmax-gmin|/2log(1/TOL) is the standard deviation 
and TOL is suitably selected as 0.01. The minimum and 
maximum occurring non zero gray levels in an image I are 
denoted as gmin and gmax, respectively.  
 

(
)g Iμ

 
Fig.3.  Proposed Gaussian Type 1 fuzzy membership function. 

 
Definition 2: The fuzziness definition of an IT2 fuzzy set

A
F  

is the union of the fuzziness of all its embedded type 1 fuzzy 
sets μI(g), i.e. 
 

( ( )) [ ( ), ( )]
( )A

F f g f A f Ari lgI
μ

μ
≡ =

∀
,  (8) 

 
where ( )f Al and ( )f Ar  are the minimum and maximum of 

fuzziness for all μI(g), i.e. 
 

( ) min ( ( ))
( )

f A f gIl gI
μ

μ
=

∀
  (9) 

and 
,  (10) 

 
Here we provide a simple proof to show that our 

proposed IT2 MF shown in Fig. 4 follows the above 
definition. For that we need to show that 
 

( ) ( )f A gl μ=    (11) 

and 

 , (12) 

Proof: According to definition 1, the fuzziness of a particular 
gray level g is determined by its deviation from 0.5, the value 
where it is maximally fuzzy. Membership values that approach 
0 or 1 become less fuzzy. The minimum of fuzziness ( )f Al  is 

achieved when every value μI(g) is as far away as possible 
from 0.5 and is satisfied by ( )gμ  for all gray levels in (11). 

Similarly, ( )f Ar  is achieved when every μI(g) is as close as 
possible to 0.5 and is satisfied by ( )gμ  for all gray levels. 

When 0.5 [ (g), (g)]μ μ∈ , we set ( ) 0.5f Ar = . Therefore, (12) is 
satisfied. 
 

(
)g

Iμ

( )gμ

( )gμ

 
Fig. 4.  Modified IT2 modeling of proposed membership function 

 
The upper and lower membership degrees ( )gμ and ( )gμ can 
be obtained by linguistic hedges such as deaccentuation and 
accentuation 

1
( ) [ ( )]g g αμ μ=    (13) 

And 

,( ) [ ( )]g g αμ μ=    (14) 
 

whereα  (1,2][18]. 
A measure for IT2 ultrafuzziness can be modified for an 

image as follows 
 

1

0

1( ) ( )[ ( ) ( )],
L

g
A h g g g

MN
γ μ μ

−

=

= −   (15) 

 
where h(g) is the histogram of image I [23]. 
 

The measure of ultrafuzziness ( )Aγ  should satisfy 
following four conditions [24] 
(1)  Minimum ultrafuzziness: ( ) 0Aγ =  if μI(g) is a type 1 

fuzzy set ( ) = ( ) g X g gμ μ∀ ∈  

(2) Equal ultrafuzziness: ( ) ( )A Aγ γ=  

(3) Reduced ultrafuzziness: ( ) ( ')A Aγ γ≥  if 'A  is a crisper 
version of A  

1
1.5 if gmin21 0

2
1

1
( ) 1.5  if gmax21 1

2
1

0                               otherwise

,

g T
g

e
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e

μ
σ

μ
μ

σ
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−

−
+
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−
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+
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μ

μ
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0.5 otherwise
g
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=
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(4) Maximum ultrafuzziness: ( ) 1Aγ = if 
 ( )  ( ) 1g X g gμ μ∀ ∈ − =  

 
When the ultrafuzziness measure for each gray level is 
computed, these results in a bell shaped curve [15]. We now 
need to find the gray level that corresponds to the maximum 
ultrafuzziness (i.e., optimum gray level gopt). 

III. PROPOSED ALGORITHM 
Following are the steps involved to describe our proposed 
multilevel algorithm that includes a termination criterion. 
 
Step 1 Compute Ultrafuzziness 
Compute IT2 fuzzy entropy of input gray scale image at each 
gray level using (15) as shown in Fig. 5. 
 

 
Fig. 5. IT2 MF shifted over gray level histogram range to find maximum 
fuzziness gray level point. (Shown for proposed Gaussian Membership 
Function) 
 
Step 2 Selecting Optimum Threshold 
Compute optimum threshold gray level gopt at which the 
ultrafuzziness is maximized by selecting the gray level 
corresponding to the minimum of the computed entropy curve 
in the interval. 
 
Step 3 Extensions to Multilevel Thresholding: 
Background and foreground threshold images are obtained 
based on gopt obtained in Step 2. The foreground may have 
more than one significant objects and an iterative 
segmentation approach can be applied to separate foreground 
into two or more regions by computing another gopt (as in Step 
2) in the sections of histogram, obtained after each level of 
segmentation. For determining the number of times we need to 
compute threshold for a given image, we use a termination 
criterion based on the shape of entropy curve. 
 
Step 4 Termination Criterion 
The termination criterion used in our experiments is obtained 
from the entropy values computed for a particular section of 
the histogram during the multilevel threshold procedure. The 
experiments on the synthetic images show that the thresholded 
regions of the image have reduced the ultrafuzziness. Since 
the entropy curve shows the overall ultrafuzziness measure 
trend for the entire image or sub images, we introduce the 
termination criterion factor  as 

 

  (16) 

 
where  denotes the total number of pixels and 

corresponds to the section of the histogram 
obtained at the ith level of thresholding. 
 

We start our termination algorithm by segmenting the 
original image and observing the -values for the section of 
original histogram that is obtained at each level of 
thresholding. For each level, we compare the current -value 
with the -value of the previous level. If we observe saturation 
in the -value in a particular node of a segmenting tree as 
shown in Fig.6, we stop branching from that particular node. 
This process is continued until we reach a level where all the 
possible paths become saturated. 

 

 
Fig.6. The numbering nomenclature that is used to denote different sections of 
the image histogram constructed as a tree. 
 
Summary of termination criterion 
Let H denotes the histogram of the input image I. 
Step 1 Perform the first level segmentation with gopt. 
Step 2 Calculate  as defined in (16) for the first level, based 
on entropy values. 
Step 3 Create right and left histogram sections HR and HL 
about gopt of image histogram H. 
Step 4 Calculate r and l , where r and l are -values for right 
and left sections of histogram H. 
Step 5 Compare r and l for the  level segmentation with -
value of parent histogram H for the  threshold. 
Step 6  IF abs( r- )< TOL THEN Stop thresholding HR 

ELSE Assign HR as H and return to Step 3 
IF abs( l- )<TOL THEN Stop thresholding HL 
ELSE Assign HR as H and return to Step 3 

 
The above procedure automatically calculates the number of 
significant objects present in the input image. The tolerance 
value considered for our experiments is 0.01. 

IV. EXPERIMENTAL RESULTS 
In this section, experimental results are presented to 

illustrate the effectiveness of our proposed algorithm. We have 

( )

( ) 255,
i

i
Eτ Δ= ×

Ψ
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used Gaussian Membership function as our choice of 
parameterized function as described in Section II.B. The input 
images used in our experiments are shown in Fig.7. 

The results of IT2 fuzzy based segmentation are presented 
in Fig. 8, 9, and 10. Segmented regions are shown with 
different gray levels. Performance comparison of type 1 and 
IT2 approaches have been performed by using ground truth 
image (mask). In general, to evaluate and compare image 
segmentation algorithms, masks are visually generated by 
different subjects as in [18] and [25]. Our masks follow this 
method and have already been used in [26]. A measure of 
performance η can be used to compare the results for a 
particular threshold stage as 

 
...1 1100 ,
...1

M I M In n
I In

η
∩ + + ∩

= ×
+ +

   (17) 

 
where, Ii and Mi denote the  class pixels in the original 
image and mask, respectively, after n multilevel threshold 
levels.  

 
Fig. 8 shows that the gopt obtained using the IT2 approach 

gives us better results than the T1 approach. In Table I optimal 
threshold gopt for type 1 and IT2 fuzzy entropies for some 
images along with comparison of performances in percentage 
are listed. Table II shows multilevel threshold results in terms 
of gopt. The number of threshold levels is determined by the 
proposed termination criterion. In Table V, the comparison of 
results obtained by using two different membership functions 
is shown. 

 
It is to be noted that our proposed algorithm is different 

from Tizhoosh algorithm in respect to the MF generation 
method. We have compared our algorithm results with 
Tizhoosh results and concluded that our proposed MF gives 
satisfactory results. The second major contribution is 
automatic selection of number of thresholds based on the 
information of the IT2 fuzziness of the given image. 

 
Results of Termination Criterion: 
Experiments on a synthetic image 
Fig.11 shows a synthetically generated image. The entropy 
curves are also shown along with the segmented images. We 
conducted experiments on the synthetic image to illustrate our 
termination criterion, which is based on the normalized range 
of entropy of the image. The normalization is performed with 
respect to the number of pixels present in the region of image 
that corresponds to the subinterval of interest in the histogram. 

From Table III, we can observe that the -value decreases 
as the information in the subinterval decreases. We can utilize 
this information to determine the termination point of the 
segmentation process with the optimum threshold. We 
normalize with respect to the number of pixels since it 
performs better than normalizing with the gray levels. We 
define the images produced after 3 levels of segmentation in 
all possible ways, as shown in Fig.11. The experiments 
performed using synthetic image show that the segmentation 
steps that should be taken on the basis of above criterion are: 
1, 2 and 5 as shown in Table VI.  

The results of the termination criterion for the s2 real 
image are presented in Table IV and we can observe the 
validity of our termination criterion.  

To calculate the efficiency of our multilevel proposed 
scheme we have calculated the recognition rate based on the 
masks shown in Fig.12. For this, Gaussian MF and Tizhoosh’s 
MF using linguistic hedges are compared. The results are 
presented in Table V. The results show that using linguistic 
hedges from the histograms give desirable results. 

 

 
 

Fig. 7. Input images used for experimental results- row1 from left to right 
block, table, s5; row2 left to right London, s2, s3; row3 from left to right 
cameraman, Lena and wolf; row4 is baseball. 
 

 
(a)                         (b)                        (c)                           (d) 

Fig. 8.Segmentation results of images block, table, and s5 showing row wise 
left to right column (a) shows histograms (b) shows T1 result (c) shows IT2 
result and (d) shows IT2 entropy curve. 
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(a)                   (b)                    (c)                        (d) 

Fig. 9. IT2 based two stage thresholding of images London, s2, s3, 
cameraman, wolf, and baseball (top to bottom) columns showing (a) input 
image histogram, (b) stage1thresholding, (c) stage2thresholding, and (d) IT2 
entropy curve. 
 

 

 
                   (a)                                      (b)                                      (c)         
 
Fig. 10. IT2 based five stage thresholding for Lena from left to right column 
showing (a) input image (b) segmented image using proposed method and (c) 
segmented image by S. Arora et al. [27] 
 
 

TABLE I 
PERFORMANCE MEASURE COMPARISON OF T1 AND IT2 

FUZZINESS  
Image T1 IT2 

gopt % performance gopt % performance 
Block 110 97.97 50 99.42 
Table 161 89.33 182 94.34 

s5 154 79.80 159 82.76 

 
 
 
 

TABLE II 
OPTIMAL THRESHOLD IN MULTILEVEL IMAGE  

 
TABLE III 

-VALUES NORMALIZED BY NUMBER OF PIXELS FOR SYNTHETIC 
IMAGE (TABLE FOLLOWS THE TREE DIAGRAM SHOWN IN FIG.6) 

Levels 

Level 1 11.7 

Level 2 5.4 7.7 

Level 3 5.2 1.7 2.4 1.9 

Level 4 5.1 1 1.4 1.2 1.2 1.7 1.9 0.3 

 

 
Fig. 11. IT2 based two stage thresholding for a synthetic image showing (a) 
input synthetic image (b) histogram of input image (c) stage1 thresholding 
(showing right histogram region) (d) stage1 thresholding (showing left 
histogram region) (e)stage 2 thresholding (right histogram region) (f) stage 2 
thresholding (left histogram region) (g) entropy curve for stage 1 thresholding 
(h) entropy curve for stage 2 thresholding (right histogram) (i) entropy curve 
for stage 2 thresholding (left histogram) (j) overall segmented image. 

 
TABLE IV 

-VALUES NORMALIZED BY NUMBER OF PIXELS FOR S2 REAL 
IMAGE WITH SEGMENTATION LEVELS 

Level H111 H11 H112 H1 H121 H12 H122 

Level 1    12.23    
Level 2  11.64    1.06  

Level 3 5.96  1.59  1.05  0.92 

 
TABLE V 

TABLE SHOWING THE CLASSIFICATION RATE COMPARISON OF 
PROPOSED GUASSIAN MF AND TIZHOOSH MF 

Method S2 Image S3 Image 

Proposed Gaussian MF 93.5 % 92.7 % 

Tizhoosh MF 93.0 % 89.6 % 

 
 

Images 
gopt 

London s2 s3 Camera 
man 

Lena Wolf Baseball 

level 1 141 194 167 59 112 71 137 

level 2 158 235 214 147 158 162 197 

level 3 - - - - 186 - - 
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(a)            (b) 

Fig. 12. Shows masks used to calculate recognition rate to compare our 
proposed hedge based MF with Tizhoosh MF. (a) Mask for input image s2 (b) 
mask for input image s3. 
 

TABLE VI 
DIFFERENT POSSIBLE COMBINATIONS OF SEGMENTED PARTS OF 

AN IMAGE 
Step No. Combinations 

1 Original Image H1 
2 H11 &H12 
3 H111 &H112 &H12 

4 H11 &H121 &H122 

5 H111 &H112 &H121 &H122 
6 H1111 &H1112 &H121 &H122 

7 H111 &H1121 &H1122 &H121 &H122 

8 H111 &H112 &H1211 &H1212 &H122 

9 H111 &H112 &H121 &H1221 &H1222 

V. CONLUSION 
We have successfully implemented IT2 fuzzy entropy 

based image segmentation by incorporating Gaussian 
membership functions. Our proposed algorithm performs 
multistage image segmentation successfully by using a 
termination criterion, which is based on the range of entropy 
values for a particular image and its thresholded sub-images. 
The experimental results show that the termination criterion 
along with Gaussian MF can be effectively used for 
thresholding of gray scale images with an improved 
recognition rate. Our future work is focused on a fast and 
more robust method. Moreover we are currently working on 
computing the value of linguistic hedges automatically based 
on the statistical properties of the image histogram. 
 

REFERENCES 
[1] M. Sezgin and B. Sankur, “Survey over image thresholding techniques 

and quantitative performance evaluation,” Journal of Electronic 
Imaging, vol. 13, no. 1, pp. 146-165, Jan. 2004. 

[2] A. Rosenfeld and P. De La Torre, ‘‘Histogram concavity analysis as an 
aid in threshold selection,” IEEE Transactions on Systems, Man, and 
Cybernetics, vol. SMC-13, pp.231–235, 1983. 

[3] M. Sezan, “A peak detection algorithm and its application to histogram-
based image data reduction,” Computer Vision, Graphics, and Image 
Processing, vol. 49, no 1, pp. 36-51, 1990. 

[4] N. Ramesh, J. H Yoo, and I. K. Sethi, “Thresholding based on histogram 
approximation,” IEE Proc. Vision, Image and Signal Processing, vol. 
142, no. 5, pp. 271–279, 1995. 

[5] T. W. Ridler and S. Calvard, “Picture thresholding using an iterative 
selection method,” IEEE Transactions on Systems, Man, and 
Cybernetics, vol. SMC-8, no. 8, pp. 630–632, 1978. 

[6] N. Otsu, “A threshold selection method from gray-level histograms,” 
IEEE Transactions on Systems, Man, and Cybernetics, vol. SMC-9, no. 
1, pp. 62–66, 1979. 

[7] D. Lloyd, “Automatic target classification using moment invariant of 
image shapes,” Technical Report, RAE IDN AW126, Farnborough, UK 
Dec. 1985. 

[8] J. Kittler and J. Illingworth, “On threshold selection using clustering 
criteria,” IEEE Transactions on Systems, Man, and Cybernetics, vol. 
SMC-15,  no. 5, pp. 652–654, 1985. 

[9] C. Jawahar, P. Biswas, and A. Ray, “Investigations on fuzzy 
thresholding based on fuzzy clustering,” Pattern Recognition, vol. 30, 
no. 10, pp. 1605–1613, 1997. 

[10] J. Kapur, P. Sahoo, and A. Wong, “A new method for gray-level picture 
thresholding using the entropy of the histogram,” Computer Vision, 
Graphics, and Image Processing, vol. 29, no 3, pp. 273-285, 1985. 

[11] R. Gonzalez and R. Woods, “Digital Image Processing,” Addison-
Wesley Publishing Co. Inc., 1993. 

[12] T. Pun, “A new method for gray-level picture thresholding using the 
entropy of the histogram,” Signal Processing, vol. 2, no 3, pp. 223-237, 
1980. 

[13] L. Huang and M. Wang, “Image thresholding by minimizing the 
measures of fuzziness,” Pattern Recognition, vol. 28, no. 1, pp. 41-51, 
1995. 

[14] S. Zenzo, L. Cinque, and S. Levialdi, “Image thresholding using fuzzy 
entropies,” IEEE Transactions on Systems, Man, and Cybernetics, vol. 
SMC-28, no. 1, pp. 15-23, 1998. 

[15] F. Rhee and Y. Shin, “A fast numerical method for finding Optimal 
threshold for image segmentation,” IEEE International Conference on 
Fuzzy systems, vol. 2, pp. 984-989, 2003. 

[16] J. Mendel, “Type-2 Fuzzy Sets: Some Questions and Answers,” IEEE 
Neural Networks Society Newsletter, vol. 1, pp. 10-13, August 2003. 

[17] F. Rhee, “Uncertain fuzzy clustering: insights and recommendations,” 
IEEE Computational Intelligence Magazine, vol. 2, no. 1, Feb. 2007. 

[18] H. Tizhoosh, “Image thresholding using type II fuzzy sets,” Pattern 
Recognition, vol. 38, no. 12, pp. 2363-2372, Dec. 2005. 

[19] D. Wu and J. Mendel, “Uncertainty measures for interval type-2 fuzzy 
sets,” Information Sciences, vol. 177, no. 23, pp. 5378-5393, Dec. 2007. 

[20] J. Mendel, “Uncertain Rule-Based Fuzzy Logic Systems: Introduction 
and New Directions,” Prentice Hall, 2001. 

[21] J. Mendel and H. Wu, “Type-2 fuzzistics for nonsymmetric interval 
type-2 fuzzy Sets: forward problems,” IEEE Transactions on Fuzzy 
Systems, vol. 15, no. 5, pp. 916-930, Oct. 2007. 

[22] B. Choi and F. Rhee, “Interval type-2 fuzzy membership function 
generation methods for pattern recognition,” Information Sciences, vol. 
179, no. 13, pp. 2102-2122, June 2009. 

[23] P. Burillo and H. Bustince, “Entropy on intuitionistic fuzzy sets and on 
interval-valued fuzzy sets,” Fuzzy Sets and Systems, vol. 78, no. 3, pp. 
305-316, March 1996. 

[24] A. Kaufmann, “Introduction to the Theory of Fuzzy Subsets, 
Fundamental Theoretical Elements,” vol. 1, Academic Press, New York, 
1975. 

[25] S Alpert, M. Galun, R. Basri, and A. Brandt, “Image segmentation by 
probabilistic bottom-up aggregation and cue integration,” IEEE 
Conference on Computer Vision and Pattern Recognition, pp. 1-8, 2007. 

[26] F. Rhee, K. Choi, and B. Choi, “Kernel approach to possibilistic C-
means clustering,” International Journal of Intelligent Systems, vol. 24, 
no. 3, pp. 272-292, March 2009. 

[27] S. Arora, J. Acharya, A. Verma, and P. Panigrahi, “Multilevel 
thresholding for image segmentation through a fast statistical recursive 
algorithm,” Pattern Recognition Letters, vol. 29, no. 2, pp. 119-125, Jan. 
2008. 

 

1170



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


