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Abstract
Segmentation of color images is a challenge which is in constant development as they provide more
information than a gray-scale image. In particular, the analysis of biomedical images is specially helpful
for many purposes. In this work, a method to segment leukocytes is presented. This method is based on
the combination of the use of RGB color space, intuitionistic fuzzy sets and K-means. The results show
a good performance of the proposed method achieving the segmentation of the objects of interest.
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1. Introduction

Color images provide more and better information than gray-level images, especially in areas
such as medicine or biology, among others. As a consequence, its use has increased exponen-
tially during the last decades thanks to the development of the new techniques together with
the improvement of many computing infrastructures. Thus, new techniques for color image
processing for correcting, segmenting, measuring and/or quantifying the structures contained in
them represent a challenge as clinical information about the anatomic structures could provide
a more accurate diagnosis.

The analysis of blood cell images is an important task in the pathological laboratories for the
detection of diseases such as infections, haemorrhage, leukaemia, anaemia or inflammation,
among others. Shape and number of white blood cells, also called leukocytes, in the cell images
are a very important characteristics for the detection of leukareaemia. Thus, an accurate
segmentation of leukocytes is an important task which has being study in several papers. A
selected references about this topic are [1, 2, 3, 4, 5, 6, 7, 8, 9].

In [10] authors developed an automatic method to segment leukocytes using intuitionistic
fuzzy sets. This kind of sets give a flexible mathematical framework to cope with the uncertainty
and imprecision in the images. These sets consider not only the membership degree but also
the uncertainty that the membership degree (called hesitancy) implies. In that case, HSV color
space is used to model the image and only the hue component is considered. Also, the similarity
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between each point of the processing image and a fixed point is measured. This point is obtained
using fuzzy mathematical morphology [11]. The main drawbacks of this approach are the
following. Firstly, information in the image is lose because only one component of the image is
considered discarding the information contained in the other two components. Secondly, the
similarity is measured between points, thus, the color information of the neighbours of these
points is not considering. Finally, the computational cost of the method is very high due to
the use of the fuzzy mathematical morphology. To overcome these difficulties, in this work
we propose an improvement of the one proposed in [10]. The method is based on using the
RGB color space in order to consider the information provided by the three components and on
using K-means clustering algorithm for the selection of the fixed pixel. Finally, we evaluate the
similarity in a neighbourhood taking into account the characteristic of non-homogeneous color
of leukocytes.

The paper is organized as follows. Section 2 provides all the necessary theoretical concepts
for the development of the method. In Section 3, the proposed method is described. Section 4
shows the experimental results. Finally, conclusions are discussed in Section 5.

2. Preliminaries

2.1. Color model

There are many different color representations as RGB, HSV, HSL, CIE L*a*b, YCbCr, among
others [12, 13]. RGB is the most straightforward representation system to manage color images,
widely used in computer system and hardware devices for color image display. However, the
choice of a suitable color space representation is still a challenging task in the processing
and analysis of color images [14]. Thus, RGB space is chosen in this work because the three
components of the image have the same nature, representing a quantity of a certain primary
color [15]. RGB space is the only codification such that all the components represent the same
concept, the level of saturation of a primary color. One possible approach to process color
images is the individual processing of these images. Using this approach, it is possible to extract
shapes and significant details of the images. An image in this model is composed by three
independent images, each of them corresponding with a primary color: red (R), green (G) and
blue (B). The individual processing of these three planes allows extracting meaningful details of
the images for a later segmentation. Therefore, a color image can be defined as follow:

A color image in the RGB color space is a function 𝑓 : 𝐷𝑓 ⊂ R2 → R3, where 𝐷𝑓 is the
domain of the image, such that 𝑓(𝑖, 𝑗) = (𝑟𝑖𝑗 , 𝑔𝑖𝑗 , 𝑏𝑖𝑗), being 𝑟𝑖𝑗 , 𝑔𝑖𝑗 , 𝑏𝑖𝑗 ∈ {0, . . . , 255}.

2.2. Intuitionistic fuzzy sets

Intuitionistic fuzzy sets introduce uncertainty in the membership degree which is known as the
hesitance degree. It is well known that traditional fuzzy set theory assigns a membership degree
to each element and the non-membership degree is classically computed as one minus the
membership degree. However, human thinking often involves uncertainty or imprecision and
sometimes standard fuzzy sets are not enough because the presence of hesitance or uncertainty
or the partial unknowledge in the membership definition [10, 16].



Following this idea, Atanassov [17] introduced the concept of intuitionistic fuzzy set, which
aims to reflect the fact that the degree of non-membership is not always equal to one minus
the membership degree due to the presence of some hesitation. In this way, the definition of
intuitionistic fuzzy sets (IFS) is the following:

Given a referential set 𝑋 , an intuitionistic fuzzy set 𝐴 (IFS) of 𝑋 is defined as

𝐴 = {(𝑥, 𝜇𝐴(𝑥), 𝜈𝐴(𝑥))/𝑥 ∈ 𝑋} (1)

where 𝜇𝐴(𝑥) → [0, 1] and 𝜈𝐴(𝑥) → [0, 1] are the membership degree and the non-membership
degree of an element 𝑥 ∈ 𝑋 w.r.t. the set 𝐴. They satisfy 0 ≤ 𝜇𝐴(𝑥) + 𝜈𝐴(𝑥) ≤ 1, ∀𝑥 ∈ 𝑋 .

An intuitionistic or hesitation degree is also introduced by Atanassov, which arises due to
the lack of knowledge about the membership degree. The hesitation degree 𝜋𝐴(𝑥) is given by
𝜋𝐴(𝑥) = 1− 𝜇𝐴(𝑥)− 𝜈𝐴(𝑥),∀𝑥 ∈ 𝑋 .

This index represents the ignorance or intuition in the construction of the fuzzy sets [18]
while, in the context of image segmentation, indicates the knowledge/ignorance of the expert
when assigning a pixel either to the background or to the object. In this sense, the hesitation
degree is equal to zero when the expert is absolutely sure that the pixel belongs either to the
background or to the object and this value increases with respect to the ignorance/intuition of
the expert as to whether the pixel belongs to the background or to the object [18].

2.3. Intuitionistic fuzzy generator

Intuitionistic fuzzy generators are used to construct IFS and they are defined as a function
𝜙 : [0, 1] → [0, 1] satisfying [19]: 𝜙(𝑥) ≤ 1−𝑥,∀𝑥 ∈ [0, 1]. Therefore, 𝜙(0) ≤ 1 and 𝜙(1) = 0.

An important intuitionistic fuzzy generator is defined by Sugeno [20] and the IFS generated
is given by:

𝐴𝜆 =

{︂(︂
𝑥, 𝜇𝐴(𝑥),

1− 𝜇𝐴(𝑥)

1 + 𝜆𝜇𝐴(𝑥)

)︂
/𝑥 ∈ 𝑋

}︂
(2)

By its good properties, Sugeno type intuitionistic fuzzy generator we will consider in our
approach in order to create an intuitionistic fuzzy image for modeling a color image. Really, we
are not dealing with IFSs in the strict sense, but we use this framework to formalize our method.

2.4. Intuitionistic fuzzy divergence

A intuitionistic fuzzy divergence (IFD) is a measure of the difference between two intuitionistic
fuzzy sets. In the literature, there are several definitions of IFD [6, 8, 21]. However, the IFD
introduced in [16] is used in this work due to the relevance of the hesitation degree in its
definition. Let 𝐴 and 𝐵 be two IFS, the value of this IFD associated to them is:

𝐼𝐹𝐷(𝐴,𝐵) =
∑︁
𝑖

2− [1− 𝜇𝐴𝐵(𝑥𝑖)]𝑒
𝜇𝐴𝐵(𝑥𝑖) −

− [1 + 𝜇𝐴𝐵(𝑥𝑖)]𝑒
−𝜇𝐴𝐵(𝑥𝑖) +

+ 2− [1− 𝜇𝐴𝐵(𝑥𝑖)− 𝜋𝐴𝐵(𝑥𝑖)]𝑒
𝜇𝐴𝐵(𝑥𝑖)−𝜋𝐴𝐵(𝑥𝑖)

− [1 + 𝜋𝐴𝐵(𝑥𝑖) + 𝜇𝐴𝐵(𝑥𝑖)]𝑒
−𝜋𝐴𝐵(𝑥𝑖)−𝜇𝐴𝐵(𝑥𝑖)



Figure 1: Block diagram of the proposed method.

being 𝜇𝐴𝐵(𝑥𝑖) = 𝜇𝐴(𝑥𝑖)− 𝜇𝐵(𝑥𝑖) and 𝜋𝐴𝐵(𝑥𝑖) = 𝜋𝐴(𝑥𝑖)− 𝜋𝐵(𝑥𝑖)

3. RGB intuitionistic-based method

In this section, the proposed method is developed. This method first considers each component
of a RGB image and model each of them as an IFS. Then a pixel from the image is selected as
reference to compute the similarity and computes the IFD between a neighbourhoods of each
element in the image and a neighbourhood of the pixel selected as reference. If the IFD is less
or equal than a fixed value, the point is conserved, otherwise discarded. Figure 3 shows a block
diagram of the proposed algorithm. The method to segment the images can be summarised in
the following six steps:

1: The first step consists on deciding the color space that it will be used. In this case, RGB
model is used for representing the color images. Therefore, let 𝑓 be a color image, three
components are extracted according to the red (R), green (G) and blue (B) components
which they be denoted by 𝑘 = 1, 𝑘 = 2 and 𝑘 = 3, respectively. It is important to notice



that the proposed method could be used in others color spaces and this choice will depend
on the image characteristics and the objective set in the segmentation.

2: In this step, the image is modeled as a IFS. Each component of the image has 𝑀 × 𝑁
dimension. However, components are defined as an intuitionistic fuzzy set as follows:

– The first coordinate 𝑥𝑘𝑖,𝑗 represents the value of the pixel (𝑖, 𝑗) in the 𝑘 component
with 0 ≤ 𝑖 ≤ 𝑀 , 0 ≤ 𝑗 ≤ 𝑁 and 𝑘 = 1, 2, 3. For example, for the red component
𝑥1𝑖,𝑗 = 𝑟𝑖,𝑗 , for the green one 𝑥2𝑖,𝑗 = 𝑔𝑖,𝑗 and, finally, for the blue one 𝑥3𝑖,𝑗 = 𝑏𝑖,𝑗 .

– The second coordinate is the normalised value of the first one. It is obtained applying
the membership function:

𝜇𝐴(𝑥
𝑘
𝑖,𝑗) =

𝑥𝑘𝑖,𝑗
255

(3)

– The non-membership function is applied over the value obtained in the above step.
The non-membership function is computed by using the Sugeno-type intuitionistic
fuzzy generator as follows, where the value of 𝜆 chosen is 0.5:

𝜈𝐴(𝑥
𝑘
𝑖,𝑗) =

1− 𝜇𝐴(𝑥
𝑘
𝑖,𝑗)

1 + 𝜆𝜇𝐴(𝑥𝑘𝑖,𝑗)
(4)

Therefore, for each component 𝑘, the intuitionistic fuzzy set is defined as:

𝐴𝑘
𝜆 =

{︃(︃
𝑥𝑘𝑖,𝑗 , 𝜇𝐴(𝑥

𝑘
𝑖,𝑗),

1− 𝜇𝐴(𝑥
𝑘
𝑖,𝑗)

1 + 𝜆𝜇𝐴(𝑥𝑘𝑖,𝑗)

)︃
/0 ≤ 𝑖 ≤ 𝑀 ∧ 0 ≤ 𝑗 ≤ 𝑁

}︃
(5)

3: The hesitation degree is calculated for each pixel of each component of the image:

𝜋𝐴(𝑥
𝑘
𝑖,𝑗) = 1− 𝜇𝐴(𝑥

𝑘
𝑖,𝑗)−

1− 𝜇𝐴(𝑥
𝑘
𝑖,𝑗)

1 + 𝜆𝜇𝐴(𝑥𝑘𝑖,𝑗)
(6)

4: For leukocytes segmentation, a neighbourhood of a point of the object to be segmented
is necessary to evaluate the similarity with the image to be analyzed. This neighbour-
hood is chosen instead of just one point because the leukocytes are, in general, a non-
homogeneous color object [10]. An example of this kind of images is later shown in Fig.
4. Therefore, a fixed pixel corresponding to the object to be segmented is selected and a
neighbourhood of it is chosen. This selection is made using K-means. For this, a K-means
algorithm is applied over the original image and three clustering are obtained, each one
for leukocyte, cytoplasm and background, respectively. As the centroid corresponding to
the leukocyte is not necessarily a pixel of the original image, an element of the clustering
is chosen in order to guarantee that this point belongs to the image. Thus, this point is
denoted by 𝑐𝑝,𝑞 = (𝑐1𝑝,𝑞, 𝑐

2
𝑝,𝑞, 𝑐

3
𝑝,𝑞) where 𝑝 and 𝑞 are the position of the pixel in the image.

Using this point 𝑐 as a central point, a neighbourhood of dimension 𝐷 ×𝐷 is selected.
This neighbourhood is considered as an intuitionistic fuzzy set in the same way as we
considered the image in step 1 and it is denoted by 𝐸𝑐𝑘𝜆, 𝑘 = 1, 2, 3. Let us remark that,
from now on, the value for 𝐷 is 3. This value has been selected in an heuristic way due
to the nature of the kind of the images we are processing.



5: In this step the similarity is calculated. Let 𝐴𝑘
𝜆 be the intuitionistic fuzzy set of the color

image for each component 𝑘 given by Eq. 5 and 𝐸𝑐𝑘𝜆 the intuitionistic fuzzy set of the
neighbourhood for each component 𝑘. For each pixel 𝑥𝑖,𝑗 of the original image, with
0 ≤ 𝑖 ≤ 𝑀 , 0 ≤ 𝑗 ≤ 𝑁 , the following subset is considered with the same size of 𝐸𝑐𝑘𝜆,
that is, 3× 3:

𝐸𝐴𝑘
𝜆(𝑖, 𝑗) = {(𝑥𝑘𝑖−𝑟,𝑗−𝑠, 𝜇𝐴(𝑥

𝑘
𝑖−𝑟,𝑗−𝑠), 𝜈𝐴(𝑥

𝑘
𝑖−𝑟,𝑗−𝑠)/𝑟, 𝑠 ∈ {−1, 0, 1}} (7)

Figure 2 shows an example of a neighbourhood for a generic pixel 𝑥𝑖,𝑗 .
The IFD between each element of 𝐸𝐴𝑘

𝜆 and 𝐸𝑐𝑘𝜆, using Eq. 3, is given by:

𝐼𝐹𝐷𝑘(𝑖,𝑗) =
1∑︁

𝑟=−1

1∑︁
𝑠=−1

2− [1− 𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)]𝑒
𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠) −

− [1 + 𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)]𝑒
−𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠) +

+ 2− [1− 𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)− 𝜋𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)]𝑒
𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)−𝜋𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)

− [1 + 𝜋𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠) + 𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)]𝑒
−𝜋𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)−𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠)

being𝜇𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠) = 𝜇𝐴(𝑥𝑖−𝑟,𝑗−𝑠)−𝜇𝐴(𝑐𝑝−𝑟,𝑞−𝑠) and𝜋𝐴𝑐(𝑥𝑖−𝑟,𝑗−𝑠) = 𝜋𝐴(𝑥𝑖−𝑟,𝑗−𝑠)−
𝜋𝐴(𝑐𝑝−𝑟,𝑞−𝑠). Finally, a weighted average is calculated:

𝐼𝐹𝐷(𝑖, 𝑗) = 𝑤𝑅 × 𝐼𝐹𝐷1(𝑖, 𝑗) + 𝑤𝐺 × 𝐼𝐹𝐷2(𝑖, 𝑗) + 𝑤𝐵 × 𝐼𝐹𝐷3(𝑖, 𝑗) (8)

where 𝑤𝑅 + 𝑤𝐺 + 𝑤𝐵 = 1.
6: In this step, a decision is taken. If the similarity measure IFD is less or equal than a fixed

value, denoted by 𝜃, then the point 𝑥𝑖𝑗 is conserved; else discarded. The value of 𝜃 is
heuristically chosen. As a consequence, the segmented leukocytes image is obtained, i.e.,
for all 𝑖 and 𝑗, 0 ≤ 𝑖 ≤ 𝑀 , 0 ≤ 𝑗 ≤ 𝑁 :

If 𝐼𝐹𝐷(𝑖, 𝑗) ≤ 𝜃 ⇒ 𝑅𝑒𝑠𝑢𝑙𝑡𝑘(𝑖, 𝑗) = 𝑥𝑘𝑖𝑗 (9)

If 𝐼𝐹𝐷(𝑖, 𝑗) > 𝜃 ⇒ 𝑅𝑒𝑠𝑢𝑙𝑡𝑘(𝑖, 𝑗) = 𝑥𝑘𝑖𝑗 (10)

where 𝑅𝑒𝑠𝑢𝑙𝑡𝑘(𝑖, 𝑗) represents the component 𝑘 of the result image to pixel (𝑖, 𝑗), with
𝑘 = 1, 2, 3. Combining the component, the final image is obtained as follows:

𝑅𝑒𝑠𝑢𝑙𝑡(𝑖, 𝑗) = (𝑅𝑒𝑠𝑢𝑙𝑡1(𝑖, 𝑗), 𝑅𝑒𝑠𝑢𝑙𝑡2(𝑖, 𝑗), 𝑅𝑒𝑠𝑢𝑙𝑡3(𝑖, 𝑗)). (11)

4. Results

In this section, some experiments are conducted to show the results of the application of the
proposed method. The images used have been taken from the CellaVision blog [22]. This
dataset consists of one hundred 300 × 300 color images. The cell images are generally purple



𝑓

𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟ℎ𝑜𝑜𝑑
𝑥𝑖,𝑗

𝑥1
𝑖,𝑗

𝐸𝐴1
𝜆

𝑥2
𝑖,𝑗

𝐸𝐴2
𝜆

𝑥3
𝑖,𝑗

𝐸𝐴3
𝜆

Figure 2: Image decomposition in a neighbourhood.

(a) (b) (c) (d) (e) (f)

(g) (h) (i) (j) (k) (l)

(m) (n) (o) (p) (q) (r)

Figure 3: Results of the proposed method. a–f Original Images. g–l Segmentation obtaining by the
proposed method. m–r Segmentation given by the experts.

and may contain many red blood cells around the white blood cells. Also, the area related to
the nuclei and cytoplasm have been manually segmented by an expert.

As an example, Fig. 4 shows the results of the proposed method applied to six images of the
dataset. Original images are shown from (a) to (f), their segmentations are shown from (g) to (l)



and finally the expert’s segmentation are shown from (m) to (r).
The preliminary results show a good behaviour relative to the resulting color segmentation.

This is a first approach to this methodology and some more studies and experiments should be
done in order to quantify the segmentation. In particular, for future works we plan to evaluate
quantitatively the differences against other methods, in order to validate the proposed algorithm.

5. Conclusions

In this work, it is proposed a new method for color image segmentation of leukocytes based on
intuitionistic fuzzy sets. The K-means clustering algorithm is used to select a neighbourhood
and then measure the similarity between the image to be analyzed and this neighbourhood.
The similarity measure has been used as a tool to segment the objects of interest in an image.
As we can see in the results, the performance of the proposed algorithm is high.

As future work, we will validate the proposed method in a more precise way and we will
compare our results with other methods developed in the literature. Also, we will study in
depth the influence and the values of the parameters 𝜆 and 𝜃 used in the method.
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