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Abstract— In this paper the new technique for implementation of 

static image segmentation (as the important stage of the bottom-

up intelligent image analysis) are proposed. It’s examined for the 

difficult problem, related with the segmentation of non- 

homogeneous (camouflaged) object against the natural 

background. The basis of new technique is the common Theory 

of Information Granulation (TIG) by L.A. Zadeh. As a further 

developments of TIG principles, the common theory of Semantic 

Space was involved for the best results of automatic 

segmentation algorithm obtaining. The very useful feature of 

new technique are the reduced requirements both to the spatial 

image resolution and intensity image information due to the 

common granulation approach. 

 

Keywords— Image segmentation, fuzzy operation, hybrid 

intelligent system, semantic space, information granulation, 

computational intelligence 

I. INTRODUCTION 

The static image segmentation is the initial step of common 

image recognition problem. Usually the image intensity (or 

color) data are used to the image pixels separation to the two 

common clusters: background pixels and object pixels. On the 

next stages only object pixels has been processed [1]. The 

very common approach to the image segmentation is the 

intensity (color) histogram threshold detection. We should 

also note than the simplest threshold algorithms are effective 

only in case of homogeneously colored objects against the 

same background [2]. The most of natural objects image are 

include both multicolored object and the same background [3]. 

The simplest statistical approach to the intensity histogram 

threshold may be wrong because the small number of pixels 

belong to the object (or to the background) [4]. The well-

known way to overcome the statistical approach imperfection 

is the possibility measures application on the basis of L.A. 

Zadeh Theory of IG [5]. In our treatment of the granularity the 

primary granulation of image intensity information provides 

the correct propositions for the spatial data granulation (fuzzy 

image segmentation [6]). Zadeh’s information processing 

model are linked with the fundamental conception of 

linguistic variable and it’s further generalization to the 

conception of semantic space [7]. Fundamental results of 

Zadeh’s studies leads to the next conception of the canonical 

form for the data representation, that specifies as the minimal 

depth information representation [6]. With regard to 

intelligent image analysis the conception of minimal depth 

image model defines the binary digital image [2], refined from 

the color, texture and another usual image properties. 

Therefore, further improvements of basic Zadeh’s conceptions 

are warranted [8]. 

The paper are organized as follows. Sections I-III describes 

the introductory statements and concepts, related with the 

static digital images segmentation troubles. Section IV 

demonstrates the model example of illegal problem solution. 

Sections V, VI introduce the necessary initial conceptions of 

information granulation and semantic spaces. Section VII 

presents the explanations of new technique of hybrid image 

processing. Section VIII provides the results of new technique 

operation modelling. 

II. INVESTIGATION OBJECTIVE 

In this paper we will consider only gray-level segmentation 

technique, because the color images may be normalized to the 

gray-level representation [2]. The troubles of statistical 

processing for that images are related with the main problem 

of statistics: the statement of standard probability distribution 

pixel intensity. Because the pixel samples may be 

insufficiently large for the statistical laws application, we need 

the another form of image intensities distribution (possibility 

distribution) [9].  

The main goal of current study are the new kind of static 

segmentation algorithm for the gray-level digital images under 

the low resolution and noise corruption conditions. The basis 

of new results are the preceding ideas and results in the fuzzy 

information granulation methods from papers [4], [8]. 

III. STATEMENT OF PROBLEM 

To provide the new digital image segmentation algorithm 

development, we must perform the sequence of formalization 

and algorithmization stages follow to main terms of Theory of 

Information Granulation [7]. 

1. The element segmentation must be performed by the 

fuzzy segmentation rules [4]. 

2. Segmented information must be cleared (de-noised) by 

the fuzzy rules too [8]. 

3. Representation of image intensity (color) must be 

transformed from the initial probability evaluation form to the 

possibility evaluation form by means of initial data fuzzy 

granulation [6]. 
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4. Final data processing based on the fuzzy tolerance 

relations between the aggregative data elements (information 

granules). 

All listed above stages are included to the common 

segmentation problem solution algorithm. We further must to 

provide the core clauses for the each algorithm stage. 

IV. COMMON EXAMPLE OF THE HISTOGRAM-BASED IMAGE 

SEGMENTATION 

The next simplest example illustrates the nature of troubles 

in statistical image segmentation in case of intensity values 

probabilities are evaluated by the intensity histogram [2]. 

Example image consists of two sets of pixels: background 

pixels and character parts pixels. Usually the mentioned 

intensity values produced two well-separated value clusters on 

the intensity axe with the standard distribution (mostly normal 

distribution). In this case, image segmentation has been 

reduced to the problem of separated intensity value (threshold 

value) [2].  

  
Fig. 1. Example of gray-level image of non-homogeneous object and 

background 

 
Fig. 2. Example of non-separable intensity histogram for a non-homogeneous 

object image 

According to the Fig. 2 histogram appearance, there are no 

independent intensity value clusters both object and 

background. In paper [9] authors concludes, that for the non-

separable clusters we must introduce the non-additive measure 

for the intensity distribution processing. In the terms of human 

visual perception [8] the trouble consists in the fact that the 

object color are non- homogeneous: black panties and hair, 

dark gray T-shirt colors against the light-gray background. Ulf 

Grenander provides the common concept and main 

formalizations for like images in the Theory of Natural Scenes 

[3]. But at the same time, Grenander attempts to modify the 

probability theory methods for the scenes above. 

The best basis for the non-probabilistic data evaluations is 

the Fuzzy sets theory and Information Granulation theory, 

introduced by L. Zadeh [5], [7].  

V. BASIC NOTATIONS OF THEORY OF FUZZY INFORMATION 

GRANULATION 

Now we introduce the necessary notations of Zadeh’s 

theory [5], [7]. 

Let U  is the non-empty set and   is the set of 

memberships, defined by the mapping :A U → . The set 

of ( ) , ( ) :Au U u   will be the fuzzy set (FS) A  of universe 

U . The mapping 
A  usually called as membership function 

(MF) of FS. Let , 1, ...,kx U k n =  is the element, belongs to 

the input set, and , 1, ...,ic C i m =  – the element of the set of 

classes C .  

In this case the introduced membership functions induce 

the values distributions over X  and may be defined as 

probabilistic (absolute) membership function and as 

possybilistic (relational) membership function. The mentioned 

kinds of membership functions are bind by the next equation: 
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where 1, ...,k n=  is the number of input set element, 

1, ...,i m=  is the number of output set element, 
,i ka  – 

absolute membership functions, 
,i kr  – relational membership 

functions. Note that the relational membership functions 

satisfy by the additional conditions: 
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For the absolute membership functions the condition b) 

may be reduced to: 

d)  ,max 0, 1, ...,i ka k n  = . 

For our problem (membership functions separation) the 

most important operation is the negation. The fuzzy negation 

(complement) operation is the non-increase function 

   : 0,1 0,1N → . Between the all possible negations the 

strong negation is the involution ( )( )N n x x= . The most 

popular negations are:  

• Zadeh negation: ( ) 1N x x= − ,  

• Yager negation: ( )
1

( ) 1 , 0
p

pN x x p= −  ;  

• Sugeno negation:
1

( ) , 1
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Both Yager and Sugeno negations are the parametrized 

functions, that very useful to apply the mentioned operations 

for the adoptive segmentation with the p  parameter.  

All introduced concepts and operations are used to the 

linguistic variables theory and semantic spaces theory [9]. 

VI. FUNDAMENTALS OF THEORY OF SEMANTIC 

REPRESENTATION OF INFORMATION 

Semantic space (SS) is the next quadruple: 

, ( ), ,S A T A U M= ,     (2) 

where A  is the space name, ( )T A  is the set of terms in the 

A  space, e.g. the set of labels for the linguistic values in the 

A  space, each of them are the Fuzzy set over the bearer form 

the universe U  as the domain space for the A , M  is the 

semantic rule, that defines the linkage between variables from 

( )T A  and fuzzy set from U . The semantic space conception 

is the extension of Zadeh’s linguistic variable [5]. 

In the common problem of intensity distribution evaluation 

we need the semantic space with the two term-sets: object and 

background. The usual demands to the like binary spaces the 

next [8]: 

e) normality – ( ) 1, 1, , jj j t U     , where 

 1 : ( ) 1j jU u U u=  = , e.g. 
1

jU  is the interval; 

f) boundary smoothing – ( )j u  not decrease on the left 

side from 
1

jU  and not increase on the right side of 
1

jU . 

Note, that for the simple membership functions separation 

problem the above demands are very strong. We need only the 

orthogonality condition [8]: 

u U   
1

( ) 1
t

jj
u

=
= .     (3) 

The demand above defines the absence the pairs of 

semantically compatible terms for the common image 

semantic space. In case of non- homogeneous sets of pixel 

separation the pair of membership functions bearer may don’t 

satisfy to common demands e) and f), but they don’t coincide. 

As a result, the pair of bearer for the possybilistic membership 

functions may by the integrated intervals, e.g. the composition 

of particular intervals. 

According to the introduced possybilistic demands to the 

particular membership functions we can separate the 

compound intervals, for each of them probabilistic 

distributions are not different. We use this theory for the 

natural scene images segmentation. 

VII. BASIC CONCEPTIONS OF NEW GRANULATED 

INFORMATION PROCESSING 

According to main results of above section, we must create 

the granulated image intensity histograms for the 

object/background segmentation. The main pragmatic 

question is the definition the image region with the intensity 

distribution maximal different from the potential object 

distribution. 

We propose to apply the the restricted frame around the 

image to provide the pattern distribution with the maximal 

difference from the potential object distribution. The frame 

width may be calculated from: 

( ) ( )( )2
4 4rf w h w h awh

 
= + − + −
  

,   (4) 

where rf  is the frame width, ,w h  are the image dimensions 

and a  is the adjusted relation between the frame area and 

image area. On the basis of (4) we can define the pattern 

intensity distribution for the object segmentation.  

Let Fr  is the set of frame pixels intensity, and B  is the 

term of image background. In case of additional information 

absence we can suppose that Fr U= , e.g. the background 

pixels intensities are placed over the intensity scale. In case of 

condition 
1 ... kA A U  =  is true, the number of pixels 

iA Fr  will be the total amount of pixels, that belongs to 

frame, and iA Fr
 is the amount of pixels, that intensities 

are belongs to particular intensity value inside the frame. For 

this demands, the membership functions (1) will be the same 

as the relative frequencies of intensities inside the frame 

( )
i

Fr i

i

A Fr
r A

A Fr



=


, where A  is the cardinal number of A . 

For the two parts of image we can obtain 

1( ) ( ) ... ( )Fr Fr Fr kB A A  =   . This set of membership 

functions are related with the particular intervals of 

background intensity values. In case of 1A =  (without the 

distribution granulation) we will have the probabilities 

distribution for the famous histogram threshold segmentation.  

The main results of this section was implemented in the 

software system for the intelligent image segmentation. The 

next section presents the results of our segmentation for the 

small-size low quality image with the non- homogeneous 

object and the same background. 

VIII. RESULTS OF EXPERIMENTAL EXPLORATION OF NEW 

SEGMENTATION TECHNIQUE 

The original algorithms for the theoretical statements 

introduced above was developed and implemented on the MS 

Java platform. Experimental setup was tested on the image 

base, contains 3500 different images for both camouflaged 

and non-homogeneous colored objects. The amount of true 

segmented objects are 88% from the total amount of objects 

[11]. The very common example of low quality image 

segmentation stages are presented below in this section. 

Fig. 3 shows the low-contrast image that includes two 

linguistic parts: cloud image background and black-white 

flying object.  
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Fig. 3. Example of low-contrast image with the black-white object 

Fig. 4 demonstrates the example image intensity histogram 

with the low contrast and small intensity range. 

 

Fig. 4. Example image intensity histogram 

On the basis of (4) model we can calculate the granulated 

possibility distribution for the image frame (see section IIV), 

showed on the Fig. 5. 

 

Fig. 5. Granulated possibility distribution for the image background (frame) 

Fig 5 – 7 demonstrates the granulated possibility 

distributions for the object of interest, provided by the 

different negation operations (see section IIV). 

 

Fig. 6. Granulated possibility distribution for the image object, calculated by 

the Zadeh negation 

 

Fig. 7. Granulated possibility distribution for the image object, calculated by 

the Yager negation  

 

Fig. 8. Granulated possibility distribution for the image object, calculated by 

the Sugeno negation  

Fig. 8 shows the results of intellectual segmentation on the 

basis of possibility (granulated) distribution, provided by the 

Sugeno negation (Fig. 7).  

  

Fig. 8. The cluster of object pixels segmented by the proposed technique 

Fig. 9 demonstrates the result of segmentation the same 

image by the well-known histogram threshold algorithm [2]. 

 

Fig. 9. The pixels of image, segmented by the standard threshold technique 

Fig. 8 demonstrates the cluster of object pixels, segmented 

by the proposed fuzzy algorithm, and Fig. 9 shows the pixels, 

separated by the histogram threshold algorithm. It’s obviously 



KIET IJCE KIET International Journal of Communications &Electronics 

                               Volume. No. 10, Issue No. 1, Jan-June,2021 ISSN: 2320 - 8996 

24 

 

that the proposed algorithm can detect all pixels of object, 

because the difference criteria is the otherness between the 

background and object intensity distributions. In case of 

simple probability distribution we can’t distinguish the object 

and background pixels (see Fig. 4 histogram). Our common 

approach based on the groups of intensity values analysis.  

IX. CONCLUSIONS 

Proposed intelligent approach to the image segmentation 

problem is the couple of crisp and fuzzy organization of data 

processing (hybrid organization). Just as the initial data are the 

crisp data (intensity histogram), the processing techniques are 

the fuzzy, based on the possibility theory [5]. The first unit of 

couple provides the computation efficiency, and the second 

unit guaranteed the main advantages, that arise from the 

Zadeh’s Guiding Principle for the fuzzy systems [6]. The new 

segmentation technique will be very useful for the 

Computational Intelligence systems [4], [9]. 

The next stage of development in the hybrid segmentation 

techniques are the propagation of the paper results main 

results on the color image segmentation. The potential 

mathematic apparatus for the color image components fusing 

is the Zernike moments theory [6].  
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