
Tehnički vjesnik 28, 3(2021), 819-826        819 

ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)                https://doi.org/10.17559/TV-20200305075136 
Original scientific paper 

 
 

Applications of the Fuzzy Metrics in Image Denoising and Segmentation 
 

Nebojša RALEVIĆ, Marija PAUNOVIĆ* 

 
Abstract: In this paper, the problem of removing the image noise in color (RGB) images is addressed as well as the problem of the image segmentation. A new filter is 
created on the basis of the new fuzzy metric composed of two other fuzzy metrics with necessary characteristics for quality noise elimination in the image. In addition, the 
algorithm applied for image segmentation also uses the fuzzy metric, created of two other metrics that have the necessary characteristics for high-quality pixels segmentation, 
in the stage of deciding into which segment the pixel belongs. For this purpose, the concepts of fuzzy T-metrics and fuzzy S-metrics are presented, as well as numerous 
examples of fuzzy metrics used in applications. Also, the procedure for constructing new fuzzy metrics is introduced. Compared with the results obtained with the use of a 
VMF (vector median filter) the proposed method process is of higher sharpness level. Tests also showed better segmentation values using the fuzzy metric instead of the 
standard metric in the FCM algorithm. 
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1 INTRODUCTION 
 

In many applications in various science fields, color 
image processing has paramount importance. Various 
approaches have been proposed in order to improve the 
image quality especially through improving image 
sharpness and edge reconstruction accuracies. The choice 
of a specific approach depends on the context and purpose. 

Fuzzy metric and fuzzy filtering have been used 
successfully in many engineering problems [2], [17]. 
Valentin et al. [9] constructed a fuzzy metric that at the 
same time looks at two different distance criteria and used 
it to filter noise in images.  In paper [8] Gregori et al. 
propose a method that uses a filter named CFAF which 
reduces noise by means of a fuzzy averaging with 
additional step correction to resolve the robustness of the 
averaging. Ralevic et al. [20] introduced a type of fuzzy T-
metric which was applied in constructing an image filtering 
algorithm and showed good results in removing the image 
noise. 

VMF (vector median filter) is probably the most 
commonly used vector filter. Our approach is designed for 
similar purposes as VMF, to calculate the difference 
among color pixel values and thus estimate the missing 
color component. A new filter is proposed on the basis of 
a recently introduced algorithm for removing the image 
noise presented in [20]. We created the new filter based on 
a novel fuzzy metric by combining the mentioned 
algorithm and novel fuzzy T-metrics created from two 
different fuzzy metrics.  In the proposed procedure it is 
very important to choose a good criterion by which to 
replace noisy pixels with pixels without noise, which is 
precisely the choice of the right T-metric plays the most 
important role.  

The rest of the paper is organized as follows: the 
concept of fuzzy S-metric and T-metric definitions and 
examples, which we need for further work, is introduced in 
Section 2. A property that provides the procedure for 
generating a new T-metric from several T-metrics in regard 
to the same norm is shown. In parallel, the same statements 
for the fuzzy S-metric are given. In Section 3, we describe 
the proposed algorithm for image filtering. For removing 
noise in the image, in order to decide which pixel should 
replace the noisy pixel, a new distance function (fuzzy 

metric) is used.  The proposed algorithm is implemented 
using MATLAB tool and presented with obtained results 
and the related discussion. In Section 4, the Fuzzy C-means 
(FCM) image segmentation algorithm is presented. The 
distance for determining the pixels belonging to a 
particular segment is the fuzzy metric obtained by a 
method given in Section 2 of two fuzzy metrics. An FCM 
algorithm that uses a fuzzy metric for distance has shown 
better results than an algorithm that uses a standard 
(Euclidean) metric, which is shown in the concrete 
example. Finally, the main conclusions are given. 
 
2 FUZZY METRICS 
 

The methods that we present for image noise removal 
and image segmentation require defining new distances - 
fuzzy T-metric and fuzzy S-metric (see [9, 10, 20]), as well 
as providing examples that we use and an algorithm for 
constructing new fuzzy metrics, which are shown in this 
section. 

Definition 1. [12] The triangular norm, shorter t-norm 
(triangular conorm, shorter t-conorm) is a binary operation 
T: [0, 1]2 → [0, 1] (S: [0, 1]2 → [0, 1]) which satisfies: 
monotonicity, commutativity, associativity and neutral 
element is 1 (0). 

Definition 2.  [12] The continuous non-increasing 
function c: [0, 1] → [0, 1] is a continuous fuzzy 
complement, if c(0) = 1 and c(1) = 0 hold. 

Definition 3. Fuzzy T-metric space (fuzzy S-metric 

space) is a triple      X , ,T X , ,St s  such that X is a non-

empty set, T(S) is a continuous t-norm (t-conorm) and t(s) 
is a fuzzy set defined on X × X × (0, +∞) that satisfies the 
following conditions for all  , , , , 0 :u v w X     

 

1)       0 1 0 1 ;u,v, , u,v, ,  t s  

2)   1 u,v, u v   t    , , 0 ;u v u v   s  

3)    , , , ,u v v u t t     , ;, , ,u v v u s s  

4)       , , , , , , ,T u v v w u w    t t t  

      ,( ), , , , , ,S u v v w u w    s s s   
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5)      , , _ : 0, 0,1u v   t   

      , , _ : 0, 0,1u v  s  is a continuous function.  

The fuzzy set t (s) is called a fuzzy T-metric (fuzzy S-
metric). If instead of 1), we write t(u, v, )  [0, 1], (s(u, v, 
)  [0, 1]) the fuzzy set t(s) is a fuzzy T-metric (fuzzy S-
metric) in the broader sense, and (X, t, T) ((X, s, T)) is a 
fuzzy T-metric (fuzzy S-metric) space in the broader sense. 
If instead of the condition 2) the following equality holds:  

2')   , , 1u u  t    , , 0u u  s we say that t (s) is a 

fuzzy T-pseudo metric (fuzzy S-pseudo metric). 
Definition 4. Fuzzy T-metric t (S-metric s) is 

stationary on X if t (s) does not depend of α, i.e. if for all 
fixed u, v  X, the function tu,v() = t(u, v, ) (su,v() = s(u, 
v, )) is a constant. 

Theorem 1. [20] If (X, s, S) is a fuzzy S-metric  space 
and T is a t-norm dual to the t-conorm S with respect to the 
continuous involutive fuzzy complement c, then 
( ), ,X c Ts  is a fuzzy T-metric space. 

If (X, t, T) is a fuzzy T-metric space and S is a t-conorm 
dual to the norm T with respect to a continuous involutive 
fuzzy complement c, then ( ), ,X c St  is a fuzzy S-metric 

space.  
The theorem is also valid for fuzzy metric spaces in the 

broader sense. The triangular norm t and conorm S are dual 
with respect to the fuzzy complement c, if

             (  and  ( ., , , ,T u v c S c c S u v c Tv vcu u c 

Example 1. The mapping    ,: 0, 0,1X X   Kt

0 ,X R  defined by  

   
2,

max ,

u v
K

u v
u v K





Kt  

is a fuzzy T-metric with respect to multiplication and its 
dual (with respect to standard fuzzy complement)  

     

| |

2, 1 ,
max ,

u v

u v u v
u v K



  
K Ks t  

is a fuzzy S-metric with respect to algebraic sum. 
Example 2. If (X, d) is a metric space then the mapping

: X X R R  t  defined by 

   
, , ,

,

t
u v t

t d u v



t is a fuzzy T-metric with respect to 

multiplication and its dual (with respect to standard fuzzy 
complement) 

     
 
,

, , 1 , ,
,

d u v
u v t u v t

t d u v
  


s t is a fuzzy S-metric 

with respect to algebraic sum. 
Theorem 2. Let D: In→I, I = (0, 1] (I = [0, 1)) be a 

continuous function such that the following conditions are 
satisfied: 

[i]  1,1, 1,1D    00,0, ,0 ;D   

[ii] D is monotonically non-decreasing function, i.e. 

1 1 1 1... ( , , ) ( , , ).n n n na b a b D a a D b b        

[iii] For given continuous t-norms Tj, jJ = {1, …, n}there 
is a continuous t-norm T such that it is valid 

   1 1 1 1 1 ( , ), , ( , ) ( , , ), ( , , ) .n n n n nD T a b T a b T D a a D b b    

For given t-conorms Sj, jJ = {1, …, n} there is a t-conorm 
S such that it is valid 

      1 1 1 1 1, , , , ( , , ), ( , , ) .n n n n nD S a b S a b S D a a D b b  

If    ( ): 0,1 : 0,1j j j j jj X X X X   d d   , j J are 

fuzzy T-metrics (S-metrics) with respect to triangular 
norms Tj (conforms Sj), jJ respectively, then the function

 2
1 : 0,1 , nX X X X   d      given by 

      1 1 1, , , , , , , ,n n nu v D u v u v  d d d

   1 1,..., ,  ,..., ,n nu u u v v v  is a fuzzy T-pseudo metric 

(S-pseudo metric) with respect to triangular norm T 
(conorm S). If D is strictly monotonically increasing, i.e. 

1 1 1 1... ( , , ) ( , , )n n n na b a b a a b b      

1 1( , , ) ( , , ),n nD a a D b b   then d is fuzzy metric. 

Proof.  
1) ( , , ) ,j j ju v I j J   d  

      1 1 1, , ,, , ,, ,n n nu v u v Iu v D    d d d  

2')   ,    j ju v u v j J    

     . ( , ) 1, , , 1, ,1 1j j ju v j J u v D   dd   

If the function D is a strictly monotone increasing 
function, such that the condition D(1, 1, …, 1) = 1 holds, 
then 1 1( , , ) 1 1 ... 1.n nD a a a a       But then 

      1 1 1, , , , , , 1, , n n nu v u v uD v  d d d  

 ( , ) 1, , .j j j j ju v j J u v j J u v     d   = =  

3)       1 1 1 ,, , , , , ,, n n nu v uu v D v  d d d  

      1 1 1, , , , , , , ,n n nD u v v vu u   d d d  

4) From the conditions [ii] and [iii], and axiom 4) for 
fuzzy T-metrics ,j j Jd  follows  

    , , , , ,T u v v w  d d

 1 1 1( ( , , ), , ( , , )),n n nT D u v u v  d d  

1 1 1( ( , , ), , ( , , ))n n nD v w v w d d

 1 1 1 1 1 1 1( ( , , ), ( , , )),D T u v v w  d d  

, ( ( , , ), ( , , ))n n n n n n nT u v v w d d  

   1 1 1( , , ), , ( , , ) , , .n n nD u w u w u w         d d d

5) From axiom 5) for fuzzy metrics dj, jJ and continuity 
of D follows that d(u, v): (0, +)→[0, 1] is a continuous 
function. 
In the case of fuzzy S-metric (noted in parenthesis for 
theorem) the proof is analogous. 

Example 3. The function 1
1 1( , , ) ,pp n

n nD a a a a 
pj > 0, jJ satisfies conditions [i]-[iii] of Theorem 2, so if 
they are tj: Xj  Xj → (0, 1], jJ fuzzy T-metrics with 
respect to a continuous triangular norms Tj, jJ, 
respectively, then the function t: X2 → (0, 1], X = X1  …  
Xn defined with 

   
1

n
p j

j j j
j

u,v, u ,v , , 


t t  
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 1,..., ,nuu u  1,..., , nv v v is the fuzzy T-metric with 

respect to the product. Indeed conditions [i]-[iii] are 
fulfilled as follows: 

  11,1, ,1 1 1 1;pp nD     

1 1
1 1 1 1... ... p pp p n n

n n n na b a b a b a b         
1 1

1 1 1 1( , , ) ( , , );p pp pn n
n n n nD a a a a b b D b b       

1
1 1 1 1 1 ( ( , ), , ( , )) ( ) ( ) pp n

n n n n nD T a b T a b a b a b  
1 1

1 1 1 1( ) ( ) ( ( , , ), ( , , )).p pp pn n
n n n na a b b T D a a D b b      

 
3 FILTERING IMAGES BY USING FUZZY METRICS 

 
If we denote with P the set of all pixels of P in the 

image, then we can establish correspondence between it 
and the set I  F, where  = 0,..., 255F is a set of pixel 

brightness levels (the degree of pixel grayscale), and 

   = 0,..., 1 0,..., 1M N  I is the set of integer pixel 

coordinates. If it is a color image, e.g. with the RGB image 

format, then we assume that  3
= 0,..., 255 ,F  i.e. color red-

green-blue, are allocated to pixel through the 3-
dimensional vectors coordinates that represent the quantity 
of color. 

For the purposes of the problem we consider each of 
the sets I and F will supply the appropriate fuzzy metric 
i.e. 1( , ),TI t and 2( , ),TF τ will be T-fuzzy metric spaces 

with respect to t-norms T1 and T2, respectively. Sliding 
window W of dimension (2n − 1)  (2n − 1), nN is used 
for filtering. The new filter is based on a novel fuzzy metric 
created from combining two different fuzzy metrics using 
function D from Theorem 2. Using fuzzy metrics makes 
the computation simpler and permits adjustment of the 
center pixel privilege, giving a customizable nature to the 
filter. 

The measurement of the middle pixel value in the W is 
carried out by determining the values of all the other pixels 
that are in W, by applying our metric as discussed below. 
Image determination is done according to the pixels Pi, i.e.
( ), ,ii f where  1 2, ,i i i  I spatial coordinates of pixel Pi 

position of the given image. Further, the scheme is based 
on ordered pairs that correspond to the pixels coordinates. 
To the each pixel we allocate 3-dimensional vector

 , ,R G B
i i i if f f f with coordinates representing quantity 

of colors. 
It can be said that the gist of image filtering is replacing 

a pixel that represents noise with a pixel without noise. 
This can be reached by substituting the middle pixel in 
window W with a pixel that best represents the other pixels 
in window W. This means that a pixel the most similar in 
color and spatial distance to all other pixels in W is used. 
In the proposed procedure it is very important to choose a 
good criterion by which to replace pixels with noise with 
pixel without noise, which is precisely the reason why the 
choice of the right T-metric plays the most important role.  

Next, the order relation on the set of all pixels in a 
particular W window will be established using fuzzy T-
metrics δ. We will use it for comparison of the pixels (i, fi), 
("position", "color") and selection of the pixel that is at 

least different from all other pixels in W, i.e. that is the most 
identical to other pixels in window (relative to color and 
distance). In this way we are changing the middle pixel in 
a particular window by the pixel chosen with algorithm. 
Further we are applying the same algorithm to each 

{( ) | }, iW i f i  I I0  where 
0 0
1 2{( ) | 0,1,..., 1}.,i i n    I 0  

In the algorithm, δ: W × W →[0, 1] is used, on the W,  
determined as 

     , ( ), ( ) ( ) ,,, , , ,( )i j i j i ji f f D i j f fP P j δ t τδ  

where τ and t are fuzzy T-metrics regarding triangular 
norms. Theorem 2 implies that δ is a fuzzy T-metric, with 
appropriate choice of function D. Fuzzy T-metric τ is 
determined as 

        0 1 2 3, , , , , , ,R R G G B B
i j i j i j i jf f D f f f f f fτ τ ττ

and it measures similarity among colors (equivalence of 
colors quantity) of 2 pixels Pi and Pj, i.e. for  similarity 
measuring of l-th color (l = 1, 2, 3) is used by fuzzy T-
metric τl. Theorem 2 implies that τ is a fuzzy T-metric, with 
appropriate choice of function D0.  Fuzzy T-metric t 
measures spatial distance between pixels Pi and Pj, i.e. 
spatial coordinates i and j.  

Note that a parameter in the fuzzy T-metric has an 
influence on the sensitivity of fuzzy T-metric t. 

In this paper, a special case of fuzzy T-metric δ is used. 
If we choose the function D to be the product, i.e. D (u, v) 
= uv, we have that δ is a fuzzy T-metric defined with: 

  

 , ( ) ( )., ,i j i ji jP f fP  δ t τ                                               (1) 

 
where 
 

       1 2 3, , , ,R R G G B B
i j i j i j i jf f f f f f f f  τ τ τ τ         (2) 

 
Fairly good results are obtained using fuzzy T-metric 

δ, since simultaneously use criterion of similarity of colors 
and spatial distance. 

Further, this part of the section deals with results 
achieved by applying proposed approach using fuzzy 
metrics for color (RGB) image filtering. The new filter is 
based on a novel fuzzy metric presented in section 2. 
Proposed strategy is implemented using MATLAB® tool.  

The VMF is probably the most commonly used vector 
filter. Our approach is designed for similar purposes as 
VMF, to calculate the difference among color pixel values 
and thus estimate the missing color component.  For this 
reason, we will compare our model results with those 
obtained by applying a VMF to demonstrate difference in 
output results.   

In order to determine the color similarity between 
pixels fuzzy T-metric τ is formulated as (see (2) and 
Example 1) 
 

 
 , ,

2, , .
max( , )

l l
i j

i j l l
l R B G i j

f f
K

f f K
f f K





τ                       (3) 
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And in order to treat spatial distance between pixels 
fuzzy T-metric t is formulated as (see Example 2) 
 

 
1 1 2 2

, , .
| | | |

t
i j t

t i j i j


   
t                                    (4) 

 
We have further prepared quality comparison based on 

UIQI metric [23], to form 3-dimensional vector of the UIQI 
indexes in [−1, 1] for each (RGB) color. The quality index 
of each color together with image quality is viewed in 
relation to 1 that represents the value with the best quality.  
Sliding window technique is prepared on the window size 
5 and using formula from [23], UIQI is calculated for each 
window. Result of the algorithm is the average value of all 
sliding windows. 

In Fig. 1 is shown the original image Yellow lilly, in 
jpg format. 
 

 
Figure 1 Yellow lilly, Original image in jpg format 

 
In Fig. 2 is shown filtered image contaminated with 

10% salt and pepper noise. 
 

 
Figure 2 Yellow lilly, Salt and pepper noise 10% of noise 

The metric δ is defined with (1), where  and t are 
defined by (3) and (4), respectively. The values of metric 
for the image quality UIQI for each color for the filtered 
image by applying the method proposed in this paper (see 
Fig. 3 are equal to: UIQI: [0.108083754793557, 
0.105750924718257, 0.049250135823642]. The sharpness 
for image filtered by our metric is 0.9988. 
 

 
Figure 3 Yellow lilly, filtered image, Yellow lilly S & P noise window size is 5, K = 

1500, t = 0.5 fuzzy paper denoised armaks 
 

The values of metric of image quality UIQI for each 
color for filtered image by median filter (see Fig. 4) with 
window size five are equal to: UIQI: [0.399071487125734, 
0.453227309023381, 0.234605814290078]. The sharpness 
for image filtered by VMF is 0.8498. 
 

 
Figure 4 Yellow lilly, filtered by median filter, window size is 5; Yellow lilly S & P 

noise 0.1 MEDIAN denoised 
 

The result was that our image has slightly lower values 
for corresponding UIQI image quality, but much higher 
sharpness. This is very important in cases where details in 
image are needed to be reproduced. We have used for 
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measuring sharpness image quality metrics introduced in 
[16]. In paper [20] the authors have represented the 
application of metric-like functions defined by (1), where 
T-metric τ is given with (3), and distance between pixels is 

fuzzy T-metric t (4).  
The filtered image (see Fig. 5) is contaminated with 

10% salt and pepper noise. Values of metric of image 
quality UIQI for each color of image noised with 10% of 
noise are equal to: [0.4639, 0.4737, 0.5047]. It is concluded 
that for t[2.6, 3.0], K[640, 896] metric δ which is 
defined in this paper, gives better quality of image with 
respect to quality of image filtered by median filter, where 
the quality of image is compared with the metric for image 
quality UIQI. Image filtered by fuzzy metrics δ with 
parameters t = 2.6, K = 768 and window size 3 is prepared. 
The values of metric of image quality UIQI for each color 
for filtered image by our method are equal to: [0.5257, 
0.5702, 0.5662]. 
 

 
Figure 5 Mandrill, original image in jpg format 

 
The values of metric of image quality UIQI for each 

color for filtered image by median filter with window size 
three are equal to: [0.5033, 0.5649, 0.5447]. 

Comparing index of metric for image quality UIQI for 
corresponding colors (respectively, red, green, blue), we 
conclude that all indices of image filtered by our method 
are greater than the corresponding indices of image filtered 
by median filter. As those indices are closer to one, we 
conclude that image quality is better. 
 

 
Figure 6 Lena, original image in jpg format 

In paper [11] the authors have represented the 
application of metric-like functions defined by (1), where 
T-metric τ is given with (3) and distance between pixels is 
fuzzy T-metric t, formulated as (4). Noise that we applied 
on original image is 10% of salt & pepper noise. The image 
(see Fig. 6) was filtered by using two metrics mentioned. 

In this paper the authors compared image filtered with 
our metric-like function to image filtered by VMF. The 
result for image Lena was that our image has slightly lower 
values for corresponding UIQI image quality, but much 
higher sharpness. 

For image filtered by VMF with window size 3, UIQI 
is equal to vector (calculated for all three colors): 
[0.546475813084152, 0.673989789093080, 
0.525819221430506]. 

The sharpness for image filtered by VMF is 
0.690730837789661. 

The sharpness for image filtered by our metric is 
0.927492447129909. 

If we compare our results by UIQI for corresponding 
colors (respectively, red, green, blue), with results 
generated by VMF, we can notice that in some cases results 
processed by VMF are better, but in all cases results of 
sharpness from proposed method are much better. The 
advantage of these methods is in the possibility to choose 
parameter of the different variants of metrics and 
corresponding parameters until the best one is found for 
filtering images.  

For additional literature about fuzzy filtering, authors 
recommend the following list: [1, 11, 13-15, 22].  
 
4 SEGMENTATION IMAGES BY USING FUZZY METRICS 

 
Image segmentation, with and without supervision, is 

the process by which the digital image is divided into 
related sets of pixels, [7]. In this process each pixel in an 
image is individually placed in a class, i.e. pixels with the 
same visual characteristic are grouped into some objects of 
suitable shape and size. 

Classical segmentation approaches involve sharp 
decisions in the process of allocating pixels to groups. But 
real images are characterized by a large heterogeneity of 
object classes, which creates major problems in classical 
segmentation, and often approaches the fuzzy 
segmentation, in which the observed pixels belong to some 
group to a certain extent. 

The distance function is very important in image 
segmentation tasks because it is the criterion by which 
pixels are divided into groups. This criterion for dividing 
pixels into groups will be, in this section, a function with 
optimal characteristics, which has the properties of a fuzzy 
metric and is formed of the two corresponding fuzzy 
metrics. In order to clarify the choice of one of these fuzzy 
metrics, the notion pixel descriptor is given. 

Pixels descriptors can be described as the 
characteristics that carry information about the observed 
pixel and its environment. In this section, local binary 
descriptor (LBP [18, 19]) is introduced, that will be used in 
the construction of the distance function for digital image 
segmentation. It serves to model the difference between 
two pixels and significantly affects the success of 
segmentation. 
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First, we will consider the (local) environment of a 
pixel and the simplest 3  3 pixel circle with 8 neighbors. 
It assigns to each of these adjacent pixels a value of 1 or 0, 
depending on the predefined value of a threshold  that in 
our case of luminance consideration takes value {0, 1, 
…, 255}. If the difference between the value of the 
considered characteristic (brightness) fi{0, 1, …, 255} of 
the observed pixel Pi and its neighboring pixel ni(k){0, 1, 
…, 255}, k = 1, …, 8, is less than , we assign 0 to the 
adjacent pixel, otherwise 1. Thus, the value 1 of the 
indicator similarity function of the central pixel Pi, i.e. (i, 
fi), where i = (i1, i2)I spatial coordinates of pixel Pi and 
each of its neighbors ni(k), k = 1, …, 8, indicates that the 
difference in the grey level between the observed pixels is 
greater than α, while 0 indicates the opposite, i.e. indicates 
that the pixels are similar to α set point 

 

;

0, | ( ) |
( ) , 1,...,8 .

1, | ( ) |
i i

i
i i

f n k
I k k

f n k



 
   

 

 
For the pixel Pi at the edge of the image and not having 

some of the 8 considered neighbors ni(k), we assume that 

; ( ) 1.iI k  For an image in RGB format it is 

  ;

0, | ( ) |
( ) , 1,...,8 ,

1, | ( )
,

|
, ,

l l
i il

i l l
i i

f n k
I k k

f n k
l R G B






   
 

 3
( , , ) 0,1,..., 255 ,R G B

i i i if f f f   1 2 , I,i i i   

 3
( ) ( ( ), ( ), ( )) 0,1,..., 255 .R G B

i i i in k n k n k n k   

Gray levels' pixel descriptor, by which we count 
neighbors that are similar to the center pixel up to -level, 

is called indicator counter: ;1
( ) 8 ( ).

n
i ik

IC P I k 
   

We define pixels descriptor for RGB image for each color 

component: ;1
( ) 8 ( ), , , .

nl l
i ik

IC P I k l R G B 
    

For a color image, one characteristic must be assigned 
to one pixel, denoted by ICF(Pi), which includes 
individually considered indicator counters 
ICl(Pi),l{R,G,B} for each of the color components, e.g. 

1
( ) ( ( ) ( ) ( )).

24
F R G B

i i i iIC P IC P IC P IC P       Note 

that the value of this function belongs to the interval [0, 1]. 
The FCM algorithm (see [3, 4]) will be used for 

segmentation of the digital image. More important input 
parameters of the algorithm are: 
1. Number of clusters to be produced by segmentation. In 
the experiments that were conducted it is generally c = 4. 
2. Weighting factor, which affects the quality and speed 
of segmentation. It is known from the literature that values 
around m = 2.0 result in successful performance, so that 
value was used. 
3. The distance function d defining the segmentation 
criterion, where for two pixels Pi and Pj the value of 

 ,i jP Pd  is a measure of their difference. The pixels for 

which this difference is small are similar and belong to the 
same cluster. 

In order to compare used distance functions and the 
obtained results, all functions are normalized so that their 

values are from the interval [0, 1]. The basic output 
parameter of the algorithm, in addition to the segmented 
image, is the PI-Performance index, and it is a measure of 
the success of the segmentation. Specifically, this value 
indicates the compactness of clustered data. A smaller 
index value indicates more compact clusters, that is, larger 
clustered pixels and symbolizes well-conducted 
segmentation. 

Fuzzy metrics has been used for the test image 
Yellowlilly.jpg (see Fig. 1). The first test was done by the 
FCM algorithm, where the number of clusters was taken to 
be c = 4 and the weighting coefficient m = 2.0. The distance 
function is a standard Euclidean metric (see e.g. [17]) that 
is normalized: 

 
 

2

, ,

1
, ( ) .

255 3
l l

i j i j
l R B G

P P f f


 d  

 

 
Figure 7 Yellow lilly, Image segmentation, FCM_RGB_EuclideanMetric_c4_m20 

 
The test output parameters are in Fig. 7, and 

Performance index:    2.9370e+04. 
The following four tests were performed in the same 

image where for metric d in the FCM algorithm the fuzzy 
metrics were taken: 

 

      , , , ,i j i j i jP P D f f d dd τ t                                  (5) 

 
For function D we have taken the one from Example 

3. In particular (the best of several trials)   3 3, .D x y x y  

The metric τ is defined by (3), whereby the normalized 
values of brightness levels, i.e. 

   
3

1 254
, 0, , , ,1 0,1 ,

255 255i i iP f d
    
 

  

The metric t is defined by  , ,
| |i j

i j

t
d d

t d d


 
t  

where di is the normalized descriptor ICF(Pi) for the 
observed pixel. 
The values for t and K, in the metrics τ and t, are 
experimentally set in few initial trying. In the tests we 
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choose that K = 10, t = 1. Looking at the results, we can 
observe increasing power degree in Example 3. for the 
metric (5). 

In the first test we used parameter value =20, 
suggested in [6]. A good  parameter selection can cover 
most of the spatial relations of adjacent pixels. For large 
values of , the descriptor would not be able to manifest its 
properties. The dependence of the parameters  on   
would be a good choice. It follows from [5] that it should 
depend on the standard deviation of the image. In the last 
three tests it was taken that  = const (the constant value 
from the interval [0, 1] was multiplied by the standard 
deviation of the image). 

 

 
Figure 8 Yellow lilly, Fuzzy image segmentation FCM_alpha = 20 std 

 
The test output parameters are in Fig. 8, and 

Performance index: 7.5293e+03. 
The test output parameters are the figure in Fig. 9, and 

Performance index: 7.4905e+03. Input  = 0.25. 
 

 
Figure 9 Yellow lilly, Fuzzy image segmentation FCM_alpha = 0.25 std 

The test output parameters are in Fig. 10, and 
Performance index: 7.0988e+03. Input:  = 0.15. 

 

 
Figure 10 Yellow lilly, Fuzzy image segmentation FCM_alpha = 0.15 std 
 
The test output parameters are in Fig. 11, and 

Performance index: 4.4572e+03. Input:  = 0.05. 
 

 
Figure 11 Yellow lilly, Fuzzy image segmentation FCM_alpha = 0.05 std 
 
As the results show, using the fuzzy metric instead of 

the standard metric in the FCM algorithm, less 
Performance index values are obtained, i.e. better 
segmentation. 
 
5 CONCLUSION 
 

Novelty of this work is filtering based on the new 
fuzzy T-metric introduced for image denoising. In the 
proposed procedure it is very important to choose a good 
criterion by which to replace pixels with noise with pixel 
without noise, which is precisely the choice of the right T-
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metric. The advantage of this method is in the variant of 
metrics and corresponding parameters until the best one is 
found for filtering images. To illustrate the performance of 
proposed algorithm experiments have been conducted on 
different general images of Yellow lilly, Lena and 
Mandrill. If we compare our results by UIQI for 
corresponding colors (respectively, red, green, blue), with 
results generated by VMF, we can notice that in some cases 
results processed by VMF are better, but in terms of 
sharpness in all cases results generated from proposed 
method are much better.  

Our image segmentation method uses the fuzzy 
segmentation approach. A distance function that divides 
pixels into groups is a function with optimal characteristics 
formed by two corresponding metrics. The first metric 
measures the difference in brightness between the two 
pixels observed. The second is defined by the pixel 
descriptor (in our case the Local Binary Descriptor) as a 
characteristic that carries information about the observed 
pixel and its environment. Four tests were performed that 
showed that better segmentation values were obtained 
using the fuzzy metric instead of the standard metric in the 
FCM algorithm. 

The possibility of applying this algorithm in different 
fields is great given that different t-norms can be selected 
depending on the problem observed. 
 
Acknowledgements 
 

First authors acknowledge the financial support of the 
Ministry of Education, Science and Technological 
Development of the Republic of Serbia. 
 
6 REFERENCES  
 
[1] Astola, J., Haavisto, P., & Neuvo, Y. (1990). Vector median 

filters. Proceedings of the IEEE, 78(32), 678-689. 
https://doi.org/10.1109/5.54807  

[2] Bandyopadhyay, S., Das, S., & Datta, A. (2019). A hybrid 
fuzzy filtering - fuzzy thresholding technique for region of 
interest detection in noisy images. Appl Intell. 
https://doi.org/10.1007/s10489-019-01551-z 

[3] Bezdek, J.C., Ehrlich, R., & Full, W. (1984). The fuzzy 
cmeans clustering algorithm. Computers and Geosciences, 
10(2-3), 191-203.  
https://doi.org/10.1016/0098-3004(84)90020-7 

[4] Bezdek, J. C., Keller, J., Krisnapuram, R., & Pal, N. (1999). 
Fuzzy models and algorithms for pattern recognition and 
image processing. Springer Science and Business Media. 
https://doi.org/10.1007/b106267  

[5] Delić, M., Lindblad, J., & Sladoje, N. (2015). lbp-a novel 
member of the local binary pattern family based on -
cutting. 2015 9th International Symposium on Image and 
Signal Processing and Analysis (ISPA), 13-18. 
https://doi.org/10.1109/ISPA.2015.7306025 

[6] Delić, M., Nedović, L., & Pap, E. (2019). Extended power-
based aggregation of distance functions and application in 
image segmentation. Information Sciences, 494, 155-173. 
https://doi.org/10.1016/j.ins.2019.04.053 

[7] Gonzalez, R. C. & Woods, R. E. (2002). Digital image 
processing. Prentice hall Upper Saddle River, New Jersey. 

[8] Gregori, V., Morillas, S., Roig, B., & Sapena, A. (2018). 
Fuzzy averaging filter for impulse noise reduction in colour 
images with a correction step. Journal of Visual 
Communication and Image Representation, 55, 518-528. 
https://doi.org/10.1016/j.jvcir.2018.06.025. 

[9] Gregori, V., Morillas, S., & Sapena, A. (2011). Examples of 
fuzzy metrics and applications. Fuzzy sets and systems, 
(170), 95-111. https://doi.org/10.1016/j.fss.2010.10.019 

[10] Gregori, V., & Romaguera, S. (2000). Some properties of 
fuzzy metric spaces. Fuzzy Sets Syst., (115), 485-489. 
https://doi.org/10.1016/S0165-0114(98)00281-4 

[11] Karaklić, D., Gajić, Lj., & Ralević, N. M. (2019). Some 
Fixed Point Results in a Strong Probabilistic Metric Spaces. 
FILOMAT, 33(8), 2201-2209. 
https://doi.org/10.2298/FIL1908201K 

[12] Klir, G. J. & Yuan, B. (1995). Fuzzy sets and fuzzy logic, 
theory and applications. Prentice Hall, New Jersey. 

[13] Morillas, S., Gregori, V., Peris-Fajarnes, G., & Latorre, P. 
(2005). A fast impulsive noise color image filter using fuzzy 
metrics. Real-Time Imaging, 11(5-6), 417-428. 
https://doi.org/10.1016/j.rti.2005.06.007 

[14] Morillas, S., Gregori, V., Peris-Fajarnes, G., & Sapena, A. 
(2007). New adaptive vector filter using fuzzy metrics. 
Journal of Electronic Imaging, 16(3), 1-15. 
https://doi.org/10.1117/1.2767335 

[15] Morillas, S., Gregori, V., Peris-Fajarnes G., & Latorre, P. 
(2005). A New Vector Median Filter Based on Fuzzy 
Metrics. Lecture Notes in Computer Science, 3656, 81-90. 
https://doi.org/10.1007/11559573_11 

[16] Narvekar, N. D. & Karam, L. J. (2010). An Improved No-
Reference Sharpness Metric Based on the Probability of 
Blur Detection. International Workshop on Video 
Processing and Quality Metrics or Consumer Electronics 
(VPQM). https://doi.org/10.1109/QOMEX.2009.5246972 

[17] Nedovic, L., Ralevic, N., & Pavkov, I. (2017). Aggregated 
distance functions and their application in image processing. 
Soft Computing, 22, 4723-4739. 
https://doi.org/10.1007/s00500-017-2657-9 

[18] Ojala, T., Pietikainen, M., & Harwood, D. (1996). A 
comparative study of texture measures with classification 
based on featured distributions. Pattern Recognition, 29(1), 
51-59. https://doi.org/10.1016/0031-3203(95)00067-4 

[19] Pietikainen, M., Abdenour, H., Guoying, Z., & Ahonen, T. 
(2011). Computer Vision Using Local Binary Patterns. 
Springer, Dordrecht. https://doi.org/10.1007/978-0-85729-748-8 

[20] Ralević, N. M., Karaklić, D., & Pištinjat, N. (2019). Fuzzy 
metric and its applications in removing the image noise. Soft 
Computing, 23(22), 12049-12061. 
https://doi.org/10.1007/s00500-019-03762-5 

[21] Simi, V. R., Damodar, R. E., & Justin, J. (2018). A Fuzzy 
Sharpness Metric for Magnetic Resonance Images. Journal 
of Computational Science, 29, 1-8. 
https://doi.org/10.1016/j.jocs.2018.09.010. 

[22] Smolka, B., Szczepanski, M., Plataniotis, K. N., & 
Venetsanopoulos, A. N. (2001). On the fast modified vector 
median filter. Canadian Conference on Electrical and 
Computer Engineering, 2, 1315-1319. 
https://doi.org/10.1109/CCECE.2001.933636 

[23] Wang, Z. & Bovik, A.C. (2002). A universal image quality 
index. IEEE Signal Processing Letters, 9(3), 81-84. 
https://doi.org/10.1109/97.995823 

 
 
Contact information: 
 
Nebojša RALEVIĆ, Full Professor 
Department of Fundamentals Sciences, Faculty of Technical Science,  
University of Novi Sad, 21000 Novi Sad, Serbia  
E-mail: nralevic@uns.ac.rs 
 
Marija PAUNOVIC, Associate Professor 
(Corresponding author) 
Faculty of Hotel Management and Tourism in Vrnjacka Banja, 
University of Kragujevac, 36210 Vrnjacka Banja, Serbia  
Email: majap@rcub.bg.ac.rs 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


