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Abstract—In the biomedicine field, blood cell analysis is 

the first step for diagnosis of many of the disease. The 

first test that is requested by a doctor is the CBC 

(Complete Blood cell Count). Microscopic image of 

blood stream contains three types of blood cells: Red 

Blood Cells (RBCs), White Blood Cells (WBCs) and 

platelets. Earlier counting of blood cell was done 

manually which was inaccurate and depends on 

operator’s skill. Counting of blood cells using image 

processing provides cost effective and accurate result 

than manual counting. During the counting process, the 

splitting of clumped cell is the most challenging issue. 

This paper represents segmentation and counting of 

RBCs and WBCs from microscopic blood sample images. 

Segmentation is done using Otsu’s thresholding and 

morphological operations. Counting of cells is done using 

geometric features of cells. RBCs contain clumped cells 

which make the task of counting of cells accurately very 

challenging. For counting of RBCs, two different 

methods are used: 1) Watershed segmentation 2) Circular 

Hough Transform. Comparison of both this method is 

shown for randomly selected images. The performance of 

counting methods is also analyzed by comparing it with 

results obtained by manual counts.  

 

Index Terms—White Blood Cell, Red Blood Cell, 

Segmentation of Blood Cells, Counting of Blood Cells, 

Watershed Segmentation, Circular Hough Transform. 

 

I.  INTRODUCTION 

Complete Blood cell Count (CBC) is the first test 

suggested by doctors to the patient for detecting any 

abnormalities. Blood cells are divided into three types: 1) 

White Blood Cells or leukocytes, 2) Red Blood Cells or 

erythrocytes, and 3) Platelets or thrombocytes. Analysis 

of blood cells using images can be useful to evaluate and 

diagnose various health conditions of the patient. Table 1 

shows normal blood cell count for the male and female 

candidate. 

WBCs are considered as immunity cells that protect 

from virus and bacteria attack in the human body. High 

WBC count indicates disease like infection, allergy, 

leukemia, tissue damage etc. WBC consists of nucleus 

and cytoplasm. Depending on the shape of the nucleus, 

WBC is divided into five types: Basophil, Eosinophil, 

Monocyte, Lymphocyte, and Neutrophil. Red blood cells 

carry oxygen from lungs to various parts of the body. 

Low RBC count leads to anemia. High RBC counts can 

be the indication of serious medical conditions, such as 

heart, lung, or kidney disease. Platelets are the smallest 

fragments of all blood cells. Low platelet count indicates 

disease like dengue in which platelet count is 

continuously monitored. Abnormally high or low counts 

may indicate the existence of many forms of disease or 

infection. Blood cell counts are the most commonly 

performed blood tests in the field of medicine, as they can 

provide an overview of a patient's general health status. 

Table 1. Normal blood cell count 

Blood Cell Type 
Count ( million/microlitre) 

Male Female 

  RBC  4.5 to 6.0   4.0 to 5.0 

WBC 4.5 to 11 4.5 to 11 

Platelet 150 to 450 150 to 450 

 

Earlier hematologists were performing microscopic 

examination and counting of blood cells manually, which 

was very time-consuming and tedious process. Also, the 

accuracy of counting mainly depends on their expertise 

skill and their physical conditions. Recently cell counter 

machines are being used in hematology center to perform 

CBC which gives faster and precise result. However, 

certain irregular cells in the blood may not be recognized 

correctly because it does not detect shapes of a cell. In the 

case of some diseases, morphological abnormalities of 

cells are not detected by cell counter hence a further 

manual examination of the blood smear is required. This 

research work provides the methodology for 

segmentation and counting of WBCs and RBCs from 

microscopic blood sample images using MATLAB 

R2013a. Fig. 1 shows microscopic blood sample image 
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containing White Blood Cells, Red Blood Cells, and 

Platelets.  

 

 

Fig.1. Microscopic Blood Sample Image 

The paper is organized as following. Section II 

describes literature review in the area of blood cell 

segmentation and counting. Section III describes 

proposed work along with block diagram. Section IV 

describes counting method of RBCs and WBCs. Section 

V describes details of Image dataset used for experiments. 

Experimental results are discussed in section VI. Finally, 

section VII provides conclusion along with the future 

scope. 

 

II.  RELATED WORK 

Blood cell segmentation is the process of extracting 

different blood cells from microscopic blood sample 

image. Blood cell counting is the process which gives a 

number of blood cells detected after segmentation. Many 

researchers have implemented methods for segmentation 

and counting of blood cells. 

Y.M. Alomari et al. [1] have developed a method for 

segmentation and counting of WBCs and RBCs. 

Segmentation is done using Otsu’s thresholding followed 

by morphological operations which are performed as a 

preprocessing before counting. Counting method is based 

on regular circle detection (RCD). Some modifications 

are done on basic RCD. It solves initialization problem of 

basic RCD, detects irregular circles and takes a dynamic 

number of iteration for an algorithm which reduces time 

complexity. It uses fixed thresholding value which can 

vary depending on the dataset. This method does not 

include platelets segmentation and counting.  

P.Maji et al. [2] have developed a method for counting 

and characterizing red blood cells. They have also used 

morphological operations and Otsu’s thresholding for 

segmentation. They have discussed the problem of cells 

having holes which give inaccurate count. Hole filling 

algorithm   is developed. Counting is done by counting a 

number of connected components. They have categorized 

the cells depending on shape analysis. This method does 

not work for cells which are highly overlapped.  

J.Hari et al. [3] have used edge detection and 

morphological operations for segmentation. Further, for 

identifying different cells, they have used geometrical 

features. Area analysis is done for identification. To 

remove overlapping of cells, distance transform 

watershed segmentation technique is used. 

S. Mazalan et al. [4] have used Circular Hough 

Transform (CHT) for counting red blood cells. Area of 

RBC is calculated using mean, standard deviation and 

tolerance on maximum and minimum radius of RBCs. 

Edge detection is used for detection of edges which is 

further used in CHT for cell detection. The dataset was 

limited to only 10 images and average accuracy was 

91.87%. 

 K. Abuhasel et al. [5] have developed WBC 

segmentation method. WBC contains cytoplasm and 

nucleus. Nucleus segmentation is done using Modified 

Gram-Schmidth (MGS) method that is compared with the 

result of classical Gram Schmidth technique. Region 

growing algorithm is used for cytoplasm segmentation. 

Performance evaluation is done by measuring precision, 

false positive rate, and false negative rate. They have 

achieved accuracy more than 92% for lymphocyte and 

neutrophil types of cells. 

C. Ruberto et al. [6] have presented the technique for 

accurate blood cell segmentation using Intuitionistic 

Fuzzy Set Threshold (IFS). Here threshold value is 

selected by doing computation on the histogram. Here the 

image is divided into sub-images and a threshold value is 

calculated for all sub-images separately. This local 

multiple thresholding gives a better result than global 

thresholding. Results are compared with Otsu’s and Zack 

thresholding approach which shows that IFS gives good 

result than other methods but the main disadvantage of 

this method is complex computation which is time-

consuming. 

H.Tulsani et al. [7] have presented an improved 

method for blood cell counting. They have used YCbCr 

color space model which overcomes issues of 

illumination. Morphological operations and thresholding 

are used for cell segmentation. Regional maxima and 

watershed segmentation are used for removing 

overlapping. Counting is performed using a number of 

connected components. Marker based segmentation 

solves the problem of over segmentation and regional 

maxima point computation eliminates the problem of 

overlapping. 

 

III.  PROPOSED ALGORITHM 

The proposed work is divided into two parts: 

segmentation of blood cell and counting of blood cells. 

Fig. 2 shows a block diagram for proposed work of 

segmentation and counting of blood cells. 

First, the input of the algorithm is RGB image of the 

microscopic blood sample. Now instead of converting an 

image into a grayscale only green component of the RGB 

image is taken for further processing because green 

component highlights the blood cells properly so we can 

easily apply thresholding for different blood cells. After 

extracting green component image enhancement is done 

using linear contrast stretching to detect blood cells more 

effectively. In the next step, Otsu’s thresholding is used 

 RBC 

 WBC 

PLATELET 
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to extract blood cells. Here, as shown in fig. 1, the 

intensity value of WBCs and platelets is same. After 

doing a study of a histogram of 20 images, we have 

applied intensity value 90 for WBCs and 210 for RBCs. 

Now before counting, some preprocessing steps are 

applied to remove unwanted components from the image.  

 

 

Fig.2. Proposed Block Diagram 

Preprocessing steps involve morphological operations 

like erosion, dilation, opening and closing. Edge 

detection is done using canny edge detection. Fig. 3 and 

Fig. 4 show preprocessing steps for WBCs and RBCs 

respectively. The last step is counting of blood cells. Here 

WBC counting is done by counting a number of 

connected components and RBC count is performed by 

using Watershed Segmentation and Circular Hough 

Transform. 

Fig.3. Preprocessing Steps for WBCs 

 

Results of preprocessing steps for WBCs and RBCs are 

shown in Fig. 5, Fig. 6 and Fig. 7 respectively. 

 

Fig.5. (a) Original Image (b)Green component of Image (c) Image after 

linear contrast stretching (d) Histogram to select threshold value 

Color Input Image(RGB) 

Extract Green Component of Image 

Apply linear Contrast Stretching 

Extract WBCs & RBCs  using  Thresholding 

Preprocessing of RBCs and WBCs 

Final Count of Blood Cells  

Apply Otsu's 
Thresholding to 

Extract RBC 

Complement 
Image 

Remove 
WBCs 

Erosion Hole Filling 
Edge 

Detection & 
Dilation 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Apply Otsu's 
Thresholding to 
Extract WBC 

Complement 
Image 

Erosion 

Edge Detection Dilation Hole Filling 

 

Fig.4. Preprocessing Steps for RBCs 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
  (e) 

 
(f) 

Fig.6. Preprocessing Steps for WBCs. (a) WBCs after thresholding (b) Complement image (c) WBCs after erosion d) Edge detection (e) Dilated 

gradiant mask (f) WBCs after hole filling. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig.7. Preprocessing Steps for RBCs. (a) Original image (b) RBCs after thresholding (c) Complement image d) After WBC removal (e) Hole filling (f) 
Edge detection & dilated gradiant mask.
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IV.  COUNTING OF BLOOD CELLS 

This section describes counting of WBCs and RBCs. It 

is the next step after segmentation. WBC counting is 

done using Connected label component and by 

considering the area of cells. RBC counting is performed 

using two different methods: (1) Circular Hough 

Transform (2) Watershed Segmentation. Both methods 

are described in detail here. 

A.  Counting of WBCs 

Counting of WBC is done by analyzing features of 

WBCs. This is done by using connected label component 

and region selection process. Connected label component 

will be used to label all the different objects in the image. 

After that region selection from these objects is done by 

using Regionprops. Regionprops extract properties of an 

object like area, bounding box, centroid etc. Out of these 

different features, we have used area analysis of object to 

count WBCs. Average area is calculated of all the objects 

area. This average area is considered as a minimum size 

of WBC. So the objects which have a size greater or 

equal to this minimum size are considered as WBC for 

counting. 

B.  Counting of RBCs 

Counting of RBCs is critical step in blood cell counting 

because blood cells are clumped with each other which 

requires separation of blood cells. Here for RBC counting, 

we have used two different techniques: Circular Hough 

Transform and Watershed segmentation.  

i) Circular Hough Transform 

The shape of red blood cell is almost circular. Circular 

Hough Transform is a well-known method which is used 

to detect circles in the image. In the process of the Hough 

transform algorithm, feature points are mapped to 

parameter space as shown in fig. 8. Equation (1), as given 

in [8], shows the general equation of circle while 

Equation (2), as given in [8] shows circle equation after 

switching into parameter space. A three-dimensional 

accumulator (a, b, r) is used to store all the points in the 

parameter space. When there exist repetitive intersections 

in the same position, the accumulator adds one at this 

position [8]. A threshold value is selected, when the 

accumulator value at a position surpasses the threshold, 

this point at this position is regarded as the circle center. 

 

(x−a)
2 
+ (y−b)

2  
= r

2                                             
(1) 

 

(a−x)
2 
+ (b−y)

2 
= r

2                                              
(2) 

 

where (a, b) is the circle center, and r is the radius. 

Here, preprocessed image of RBC containing edge 

pixels is applied as an input for Circular Hough 

Transform with the minimum and maximum range of 

radius for RBC. Minimum and the maximum radius of 

the cell are finalized 20 and 50 by analyzing the size of 

different RBCs in the 20 different sample images. Then a 

number of detected circles are considered as the number 

of RBCs. 

 

Fig.8. Circle in parameter space [9] 

ii) Watershed Segmentation 

As discussed above, the main problem in blood cell 

segmentation is overlapping of cells. Among the different 

algorithms for segmentation of clumped or overlapped 

objects, Watershed Segmentation is an effective approach 

to separate overlapped objects. The main feature of 

Watershed Segmentation is based on the concept of 

topographical representation of image intensity. The basic 

conception is based on visualizing a gray level image into 

its topographic representation, which includes three basic 

terms: minima, catchment basins, and Watershed lines [3]. 

Fig. 9 shows the concept of these three notations in 

Watershed Segmentation. The main drawback of 

Watershed Segmentation is over segmentation. To 

overcome this problem of over segmentation Marker 

controlled watershed segmentation is used which applies 

segmentation to the only set of markers. Here are the 

steps for marker controlled watershed segmentation 

applied for RBC segmentation. 

 

Step 1: Take the grayscale image of RBCs after 

thresholding and preprocessing. 

Step 2: Identify the bright objects in the image using 

extended maxima operator. 

Step 3: Apply morphological operations on the 

resultant image like closing, hole filling and remove 

unwanted elements. 

Step 4: Watershed transform identifies low points only 

so complement the image so that the peaks become 

valleys. 

Step 5: Modify the image such that the background 

pixels and the extended maxima pixels become the only 

local minima in the image. 

Step 6: Compute the watershed transform.  

 

The result of Watershed Segmentation is used for 

counting using the same approach of WBC counting. 

Here also, the average area is considered as the minimum 

size of RBC. So connected objects having an area greater 

or equal to the minimum RBC size is considered for 

counting. 
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Fig.9. Watersheds and catchment basins [3] 

 

V.  IMAGE DATASET 

For the experiments, we have used the acute 

lymphoblastic leukemia image database ALLIDB, 

proposed by Donida Labati in [10]. It is public dataset 

which contains blood sample image of normal patient and 

patient having leukemia. We have used dataset ALL-

IDB1 that includes 108 images in JPG format with 24-bit 

color depth. Most of the images in the dataset were 

captured with an optical laboratory microscope, with 

different magnifications ranging from 300 to 500, 

coupled with a Canon PowerShot G5 camera and their 

resolution is 2592x1944. The remaining images were 

acquired with a microscope at a constant magnification, 

coupled with an Olympus C2500L camera and their 

resolution is 1712x1368. 

VI.  EXPERIMENTAL RESULTS 

The given methodology is implemented in MATLAB 

2013a having a RAM of 2 GB. Implementation results 

are taken on randomly selected images from the dataset. 

Results of RBC segmentation using Circular Hough 

Transform and Watershed Segmentation are discussed 

here. Further counting results of WBCs and RBCs are 

compared with the manual counting of blood cells to 

analyze the accuracy of the proposed method.  

A.  RBC Segmentation using Circular Hough Transform 

and Watershed Segmentation 

RBC cells segmented using Circular Hough Transform 

(CHT) after preprocessing steps are shown in fig.10. 

First-row images are the original images and second-row 

images show a number of detected RBCs using Circular 

Hough Transform. The result shows that almost all the 

blood cells are detected except the cells which are not 

circular or having morphological abnormalities are not 

detected. 

The result of Watershed Segmentation is shown in fig. 

11. Figures on the left side show original images and 

right side images show detected RBCs using watershed 

segmentation. It shows that this method can detect the 

RBCs which are having morphological abnormalities. But 

this method fails when there is a high degree of 

overlapping.

 

 

Fig.10. Results of Circular Hough Transform. Here (a),(b) and (c) are Orignal Image and  (d),(e) and (f) are detected RBCs using CHT 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 
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(a) 

 
(e) 

 
(b) 

 
 (f) 

 
 (c) 

 
(g) 

 
(d) 

 
(h) 

Fig.11. Results of Watershed Segmentation. Here (a), (b) , (c) and (d)  are Original Image and (e), (f) ,(g) and (h) are detected RBCs using        
Watershed Segmentation 
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B.  Counting Results of WBCs and RBCs 

Results of proposed method are compared with manual 

count result of the same dataset. Here images are selected 

randomly from dataset to analyze obtained results. Table 

2 and Table 3 show results of WBC and RBC counting. 

The accuracy of counting is calculated using Equation (3) 

shown below.  

 

Accuracy = (  
               

      
)      %       (3) 

 

Here Cellpm is the counted cells using proposed 

method and Cellcm is the counted cells using the 

manual method. 

It shows that average counting accuracy achieved for 

WBC is 94.25%. Counting of RBC is performed using 

two approaches. In the first approach, Circular Hough 

Transform is applied to the image after preprocessing 

step. The Number of circles detected is considered as 

RBC count. The accuracy of which is 92.67%. In second 

approach marker controlled Watershed Segmentation is 

applied to the image after preprocessing. The accuracy of 

this method is 91.07%. Here result shows that Circular 

Hough Transform gives better result compared to 

Watershed segmentation in terms of accuracy. The 

accuracy of both the methods can easily detect lower 

blood cell count of RBC. 

Table 2. Counting Results of WBC 

 
 

Table 3. Counting Results of RBCs 

 

VII.  CONCLUSION AND FUTURE WORK 

Blood cell segmentation and counting using automated 

method are useful for early diagnosis of diseases. Here 

the counting of WBCs and RBCs is performed which 

achieves accuracy more than 90% which can be useful for 

detecting lower blood cell count. Here watershed 

segmentation is more accurate in case of morphological 

abnormalities and to detect overlapped cells while  

Circular Hough Transform is useful in case of 

detecting circular cells and to detect overlapped cells 

separately. Here the result depends on the dataset selected. 

This proposed method performed the segmentation and 

counting of WBCs and RBCs well when results were 

compared with the manual count result. Also, the same 

procedure can be used for counting of platelets to get 

complete blood cell count. 
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