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Abstract  

Generally for various diseases blood is used as an indicator. It is composed of three types of cells; Red blood Cells (RBC),  

White Blood Cells (WBC) and Platelets. Different types of white blood cells or leukocytes are counted in a sample blood 

smear and give necessary information about various hematological diseases. Evaluating a blood smear for WBC’s with the 

help of digital image processing is faster, easier and has contributed strongly in Computer Aided Diagnosis (CAD). In this 

work, we have focused on the segmentation of white blood cells in blood smear photomicrographs and proposed a novel 

technique for segmentation which can exploit color, size and shape features of different types of objects present in a blood 

smear photomicrographs. 
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Introduction 

Blood of human contains three major classes of cells: White 

Blood Cells (WBC), Red Blood Cells (RBC) and platelets. 

WBC can be distinguished from other blood cells on the basis of 

color, shape and size. All of these are produced in the bone-

marrow through a consecutive propagation and segregation of 

hematopoetic stem cells, WBC’s can be clustered  by their 

morphological appearance into about five main types called 

neutrophils, eosinophils, basophils, monocytes, lymphocytes. 

Normal peripheral blood contains the types of leukocytes shown 

in table-1. There may be some other types of WBC’s when there 

are some abnormalities in the peripheral blood. i.e. erythroblast, 

myeloblast , metamyelocyte, myelocyte, promyelocyte. 

 

Diagnosing various diseases have different protocols, some 

through appearance, shape and size while the others through a 

count, low or high. According to a report
1
, World Health 

Organization (WHO) and French, American, and British (FAB) 

are two protocols used for its classification widely. The 

differential count of white blood cells indicates the existence of 

these diseases. Evaluating a blood smear for leukocytes with the 

help of digital image processing is faster, easier and cheaper and 

has overcome the tensions of hematologists in many developed 

countries. A huge mass of cases can easily be diagnosed in short 

span of time in a controlled manner. Necessary information 

relating WBC is that if count is less than 500, then it indicates 

that it is a risk of a critical infection, if count is more than 

30,000 then it demonstrates a huge infection or a dangerous 

disease like leukemia
2
. Preprocessing, image segmentation, 

feature extraction and classification are the four important steps 

in hematological image processing usually. However, we are 

focusing on preprocessing and segmentation steps in this work.  

 

The paper is organized as follows. Section 2 contains the related 

work. Section 3 describes the proposed methodology. Section 4 

presents results and discussions on the proposed work and in 

section 5 some conclusions of the proposed methodology are 

highlighted.  

 

Table-1 

Types of leukocyte found in blood smears 

Type of Leukocyte Images 

Neutrophil 

 

Lymphocytes 

 

Monocytes 

 

Esonophil (granulocyte) 

 

Basophil (granulocytes) 

 

 



Research Journal of Recent Sciences ______________________________________________________________ ISSN 2277-2502 

Vol. 3(4), 34-39, April (2014) Res. J. Recent Sci. 

   

International Science Congress Association  35 

Related Work: There is enormous amount of literature 

committed to WBC segmentation and differential blood count. 

Edge detection based on HSI (Hue Saturated Intensity) color 

space
3
 is a widely used segmentation method. Selecting color 

features and histogram thresholding
4
 is used for the 

segmentation of nucleus and cytoplasm. Region growing is 

another  method
5
 oftenly used for this purpose. Fuzzy clustering 

method and bayes classifier is also applied for segmenting the 

nucleus of white blood cells
6
. 

 

Wei Gao et al
7
 used segmentation method for leukocytes. They 

extracted a textural gradient of cytoplasm by using a non-

decimated complex wavelet transform (NDXWT). Watershed 

algorithm was used for the extraction and the result was refined 

by using the image enhancement techniques. For binarization 

they used adaptive thresholding. color features of plasma and 

WBC’s were extracted. These color features were used for 

further classification.  

 

The entropy based divergence for leukocytes segmentation
8
 are 

often used, i.e. Shannon, Renyi’s and Yager’s entrophy for the 

reduction of divergence measure. 

 

Suberjeet et al.
9
 exploited L*a*b* (Lab) color space for the 

extraction of WBC’s as the two layers a* and b* contains all the 

information relating WBC’s. They used K mean algorithm for 

the classification of WBC, supposing the number of clusters=4, 

as the image of blood smear contain 4 things, i.e. WBC, RBC, 

platelets and the background, and then they considered the 

cluster containing the blue nucleus.   

 

Nurul Hazwani et al.
10

, also used color based segmentation, by 

following HSV- Hue Saturated Value, color space, extracting 

the saturated component from it, as leukocytes show high 

contrast in this component.  

J. M. Sharif et al
11

 converted the original image into ycbcr color 

space and choose the second component of Ycbcr, as almost all 

information relating classification of WBC’s are present in it, 

and is used specially for the normalization of illumination that 

affect the quality of the image.  

 

Dipti Pathra et al.
12

 used K-Mean Algorithm combined with 

nearest neighborhood in L*a*b color space to segment white 

blood cells from the rest of components of blood smear. 

Rezatofighi et al.
13

 proposed the theory of Gram - Schmidt 

orthognalization for the segmentation of WBC’s nucleus that  

has a lot of information about every type of WBC, that is 

helpful  for the automated recognition of WBC’s. Hiremath et 

al.
14

 proposed an algorithm that classify WBC’s. They 

converted the input image into gray scale, then applied 

histogram equalization in order to enhance the image, then used 

global thresholding method of binarization and applied 

morphological operations like erosion, dilation, closing etc over 

it, boundary touched cell were removed. Labeling and 

segmentation was done and the classification was done with K-

mean clustering algorithm, by keeping the value of K=4. 

Stephan et al.
15

 converted a sample image into HSV color space, 

then binarized the saturated component from it and computed an 

unimodal function from the resulted binary image. The count 

and surface are of cells were being utilized for the derivation of 

this function. The counting area and the average surface area of 

cells were two important parameter for their function.     

 

Methodology 

The different steps of the proposed technique is shown in figure-

1. After quantization the blood smear images with the aim to 

segment the WBC’s, all of the extra information (RBC’s, 

Platelets and other noise artifacts) were eliminated, images were 

binarized and  labeled, after it if some images containing noise 

artifacts are eliminated through area filtering and morphological 

operations, filling and opening.  The resulted segmented 

leukocytes were then counted, showing accurate results closest 

to that of hematologists. Each step involved is explained below: 

 

 
Figure-1 

Block diagram of the proposed methodology 

 

Smoothing the input image: Smoothing an image means to 

make the input image clear of tiny noisy objects, which may 

affect the results of post processing steps. For smoothing we 

have used wiener filter but as it can’t be directly applied on 3D 

images
16

, therefore we separated the three channels of the RGB 

and applied the filtering technique separately on each channel, 

and then recombined them as given in figure-2. This algorithm 

estimates the local mean and variance around each pixel. 

 

 
 

and  
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Where η is the N-by-M local neighborhood of each pixel in the 

image A. After recombining the result of each channel we got a 

quite clear image from undesired artifacts. The result along with 

its histogram is shown in figure-3. 

 
Figure - 2 

 Block diagram of wiener and quantization operation 

 

 

 

 

 

 

 

 

 

(a)                    (b) 

 

 

 

 

 

 

 

 

 (c)     (d)    

Figure-3 

(a) Original Image (b) after applying wiener filter 

(c) histogram of original and (d) histogram after wiener 

filter application 

 

Quantization: In colored image processing quantization means 

to reduce color levels. In the fields of robotic, bioinformatics 

and artificial intelligence object recognition in color images is 

performed mostly with the help of quantization, as it easily 

removes all intensity values from the images while preserving 

the color values. 

The image when captured is in three color spaces, red, green 

and blue. Every image is having a background and the objects in 

the foreground. The objects in the image presents itself with a 

specific contrast level in each color channel, in another channel 

its appearance quality weakens, and we will leverage  this 

concept to achieve our objective. The first step we’ll take is to 

remove the background from the image, then eliminating the 

undesired objects and leaving behind the wanted objects. For the 

purpose we did the following: 

 

New_IR = FR * round( IR / FR ) 

New_ IG = FG * round(IG / FG ) 

New_IB = FB * round( IB / FB ) 

 

Where IR , FG , FB are red, green and blue channels respectively 

of an input image, FR , FG and FB are image factors ranged 

between 0 and 255 and New_I will be the output image. The 

factor F will first divide the image into intensity levels, the 

image will be normalized then by multiplying the result by the 

same factor F, and the image will get quantized. This process 

will be repeated for all the three components of RGB images, it 

can easily be understood by looking to figure-3 and the 

following simple example. 

 

The three factors FR , FG and FB were put in an iterative process 

to get the best value for discriminating leukocytes from RBC 

and rest of other components. See figure-4. The images obtained 

after quantization are needed to be binarized in order to make 

the extracted WBC’s available for further processing.  

 

 

 

 

 

 

 

                                   

           

 

          (a)                         (b) 

Figure-4 

 (a) Before Quantiation and (b) resultant Quantized Image 

 

Binarization: After quantization with reduced color levels, it is 

easy to make the image binary, without applying any other 

process like conversion to gray scale, the binarization has been 

carried out using Otsu’s method of thresholding, which chooses 

the threshold to minimize the intraclass variance of the black 

and white pixels, defined as a weighted sum of variances of the 

two classes
17
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[0, L-1] is the range of intensity levels, σ
2

1(t) is the variance of 

the pixels in the background (below threshold) σ
2

2(t) is the 

variance of the pixels in the foreground (above threshold) 

Weights ωi are the probabilities of the two classes separated by 

a threshold t and σ
2

i variances of these classes. The result of  

binarization is shown in figure-5. 

 

 

 

 

 

 

 

 

       (a)         (b)            

Figure-5 

(a) Before binarization and (b) after binarization 

 
Morphological Operations:  The first morphological operation 

we have done is filling the holes inside objects, A commonly 

used operation is the flood-fill operation. For example, suppose 

we have an image, binary or grayscale, in which the foreground 

objects represent spheres. In the image, these objects should 

appear as disks, but instead are donut shaped because of 

reflections in the original photograph, as shown in figure-8. 

Before doing any further processing on the image, we first filled 

in the "donut holes" using filling operation
18

. The sample holed 

images and the images after filling process are shown in figure-

6. After filling the donut holes, another mathematical 

morphology, opening is applied upon the resulted filled images. 

Opening is the dilation of the eroded set A by a structuring 

element B: 

   A o B = (A  B)  B 

 

 

 

 

 

 

 

 

(a)                             (b) 

 

 

 

 

 

 

 

(c)                                        (d) 

Figure-6 

(a) and (b) leukocytes with holes (c) and (d) after filling 

operation 
 

Where o stands for opening,  represents erosion and  denotes 

dilation. This operation was carried out, in order to make the 

edges of the extracted components smoother and clear the noisy 

artifacts
19

. 

 

 

 

 

 

 

 

 

 
(a)                                       (b) 

Figure-7 

(a) Before morphological operations and (b) after 

morphological operations 

 

Labeling and Counting: The last step in our segmentation 

technique is a formal technique of labeling, counting and then 

displaying them. The count of the leukocytes play a vital role in 

the diagnosis of different types of hematological diseases. 

Figure-10 shows the final count of leukocytes in a sample blood 

smear image. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-8 

Image showing the count of leukocytes 

 

Results and Discussion 

The described segmentation scheme has been tested on a set of 

50 images of blood smears. Each image has been captured with 

a 63x magnification on olympus BX 51 microscope and has a 

size of 558 × 750 pixels. The sample images and their results 

are given in table-2, demonstrate the comparison of proposed 

method with other techniques. It can be observed that, in other 

techniques, a lot of information was lost due to massive 

mathematical morphological operations, while eliminating the 

extra objects. Whereas, the proposed method do not need these 

surplus morphological operations and is cabable of eliminating 

such extra information easily by just applying the proposed 

quantization technique. Moreover, due to color compression at a 

very low level, the images needs not to be converted into gray 

levels while binarizing the images, reducing the time 

complexity efficiently and keeping the results much closed to 
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other competitive methods. In table-3 the accuracy rate of the 

proposed system is presented. 

 

Table-2 

 The comparison of other techniques with the proposed 

technique 

Original 

image 

Processed 

using  HSV 

color space 

Processed 

using 

YCBCR 

color space 

Processed 

using 

Proposed 

method 

    

    

    
 

Table-3 

 The accuracy rate of the proposed system 

Image Set Manual 
Proposed 

System 
Accuracy (%) 

1 1-4 1-4 100% 

2 2-5 2-4 96% 

3 1-4 1-4 100% 

4 1-7 1-6 97.1% 

5 2-4 2-4 100% 

6 1-5 1-5 100% 

7 1-4 1-4 100% 

8 3-9 3-8 94.9% 

9 1-6 1-6 100% 

10 1-5 1-5 100% 

 

Conclusion 

A simple and efficient way of segmenting leukocytes in a blood 

smear images is presented that takes an RGB image and 

enhance it by removing the undesired components like red 

blood cells, platelets and the background by proposed 

quantization technique to retrieve the desired components, the 

leukocytes. The proposed method is simple and have fine level 

of accuracy with incredible reduction of time complexity. Our 

future work will be to classify different leukocytes and detecting 

the abnormal leukocytes found in blood smears.  
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