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Abstract 
Fast and cost-effective production of blood cell count reports are of paramount importance in the healthcare industry. In the market 

there are various systems for the automatic quantification of blood cells that allow counting the number of different types of cells 

within the blood smear. The traditional method of manual counting under a microscope yields inaccurate results and put an 

intolerable amount of stress to medical laboratory technicians. Due to high vulnerability in human error and large time consumption, 

better and more effective image processing software is needed. As a solution to this problem, this project proposes an image 

processing technique for counting the number of blood cells. The main goal of this work is the analysis and processing of a 

microscopic image, in order to provide an automated procedure to support the medical activity.  In this project, the WBCs and RBCs 

are counted by using the gray thresholding algorithm computing with the manual method. This means that, the number of WBCs and 

RBCs are counted from the five blood images. This procedure is done because in manual counting method, the cells are counted from 

the five squares. After counting the number of WBCs and RBCs from these five squares, these counts are then applied to the formula 

to count the normalized count. So, this same procedure is done to calculate the number of WBCs and RBCs in this project. The use of 

image processing help in  improving the image quality and analysis approach from different application. It improves the effectiveness 

of the analysis in term of accuracy, time consuming and so on. 
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1. INTRODUCTION 

Blood is a connective tissue consisting of cells suspended in 

plasma. From the identification of blood disorders, it can lead 

to classification of certain diseases related to blood. This 

project describes a preliminary study of developing a detection 

of blood cell count using microscopic blood sample images. 

Analyzing through images is very important as from images, 

diseases can be detected and diagnosed at earlier stage. From 

there, further actions like controlling, monitoring and 

prevention of diseases can be done. Blood‟s major functions 

are to transport various agents such as oxygen, carbon dioxide, 

nutrients, wastes, and hormones. Blood cells are composed of 

erythrocytes (red blood cells, RBCs), leukocytes (white blood 

cells, WBCs) and thrombocytes (platelets). The most abundant 

small reddish cells are erythrocytes and called red blood cell. 

An erythrocyte is a discoid cell with a thick rim and a thin 

sunken center. RBCs‟ two principal functions are to move 

oxygen from lung to tissues elsewhere and transport carbon 

dioxide from tissues to the lung. Where, the Leukocytes or 

white blood cells are part of the immune system. 

 

1.1 White Blood Cells 

White blood cells contain the immune cells that attack and 

remove viruses and bacteria in a person's body. Low WBC 

counts may indicate that a person is in danger of infection. 

High WBC counts might indicate an existing infection, tissue 

damage, or leukemia. Typical levels are 4,000-10,800 cells per 

microliter of a person's blood. In the manual WBC count, 50 

μl of blood is mixed together with 950 μl dilution solution. 

This constitutes a dilution of 1:20. The RBCs will be lysed 

(i.e. cells are destroyed by bursting), and the WBC nucleus is 

stained. The counting chamber is immediately filled after 

mixing. After 2 minutes, the MLT begins counting the WBCs 

in the 4 large squares. Calculation of the WBC count is 

achieved by following the formula below using these factors: 

i. The number of WBCs counted in the big squares 

ii. The dilution of the cell solution 

iii. The number of counted big squares 

iv. The volume above a big square  

 

WBC‟s/µl=     

 

 

1.2 Red Blood Cells 

Red blood cells carry oxygen from a person's lungs to the rest 

of their body. A depletion of red blood cells may lead to 

anemia. Anemia results in dizziness, fatigue, or even more 
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serious symptoms if it is remain untreated. Red blood cell 

indices provide information about the size and hemoglobin 

content of the red cells. They are useful in differentiating types 

of anemia. Typical red blood cell count (RBC) levels are: 

 4.2 to 5.4 million cells per microliter for women 

 2.6 to 4.8 million cells per microliter for children 

 4.5 to 6.2 million cells per microliter of blood for 

men. 

 

In a manual RBC count, 10 μl of blood is diluted in 1990 μl of 

dilution solution. This results in a dilution of 1:200. This 

suspension is usually well-mixed and be immediately placed 

into the counting chamber. After approximately 3 minutes, the 

RBCs will have settled, and the MLT begins counting the 

RBCs in 80 small squares. The calculation is achieved by 

following the formula below using these factors:  

i. The number of RBCs counted in the small squares 

ii. The dilution of the cell solution 

iii. The number of counted small squares 

iv. The volume above one small square 

 

RBC‟s/µl= 

 

 

2. PROPOSED METHODLOGY 

With the help of the above block diagram, we are going to find 

out the WBCs and RBCs from the blood sample image taken 

from the hospital. This procedure is done to count the blood 

cells from blood sample image of 15 patients. 

 

 
 

Fig-1: Steps for the process of blood cell classification. 

 

In this project, our aim is to calculate the count of WBCs and 

RBCs from the microscopic blood images, to compute the 

results with the manual method. Even today, if the automatic 

cell counter counts some extra ordinary number of cells, the 

doctors count the cells manually to detect the abnormal cells. 

The flowchart of my project with the flow of block diagram 

shown above is shown below, 

 

 
 

Fig-2: Flowchart for the proposed system 

 

2.1 Image Pre-processing 

Step 1: Input image  

In this, when you click on pushbutton named input image, the 

current directory is opened, and from this you can select any 

patients folder to calculate that patients number of blood cells 

in his body. Like this, each patient‟s folder consists of five 

blood images with the medical report of that patient. 

Step 2: RGB to Gray conversion  

Image read in step-1 is in RGB format. But for post 

processing, this image is to be converted in to grayscale 

format. After converting image in to grayscale, salt n pepper 

noise is added in resultant image. Practically source of noise is 

thermal noise and artifacts i.e. noise added due to body 

movement. 

Step 3: Median Filtering  

Median filtering is used to remove noise which is added at the 

time of capturing the microscopic blood images. This noise 

can be the dust particles that are present on the blood slide 

while preparing the slides. 

 

2.2 Image Segmentation 

Step 1: Gray Thresholding 

The gray thresholding function uses Otsu's method, which 

chooses the threshold to minimize the intra-class variance of 

the black and white pixels. 

Step 2: Filling Holes 

Holes presented  in the binary image are filled so that the 

blood cells are segmented properly. 
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2.3 Image Post-processing 

Step 1: Removing Borders 

The cells occupying the border contains less information and 

has to be removed to reduce the complexity. The segmented 

image is labeled. 

Step 2: Image Labelling 

Labels the connected objects. The objects can have a value of 

either 4 or8, where 4 specifies 4-connected objects and 8 

specifies 8-connectedobjects.  

 

2.4 Blood Cell Classification 

2.4.1 Formula for RBC Count 

The following are some factors that are included in the 

formula of the manual counting of RBCs: 

 The dilation of the blood for RBCs is 1/200,  

 assume that the total number of RBCs is some value 

„x‟,  

 total number of squares is 80, 

 the area of small squares is 1/400 sq. mm 

 the depth of the counting chamber is 1/10 

 therefore, the volume of the small square is 1/4000, 

 

Total RBCs/µl =   

 

2.4.2 Formula for WBC Count 

The following are some factors that are included in the 

formula of the manual counting of WBCs: 

 The dilation of the blood for WBCs is 1/20,  

 assume that the total number of WBCs is some value 

„y‟,  

 the depth of the counting chamber is 1/10, 

 

Total RBCs/µl =    

 

2.5 Database 

For this work, we have taken blood images of 15 patients, and 

each patient 5 samples images are taken. This is because the 

blood cells are counted from 5 squares in the manual method. 

Hence, here we have used total 75 blood images which are of 

variable size with file format .jpg. 

 

3. EXPERIMENTATION 

The experiment is done on 15 patients. Each patients 5 images 

are taken as in manual counting method the cells are counted 

from 5 squares. After detecting the number of WBCs and  

RBCs, these counts are put in the above formula and the 

normalized counting is done to compare with the results of the 

pathology lab of the respective patients. The results are shown 

as below for 1 patient; 

      
 

   
 

Fig-3: Input image 

 

      
 

    
 

Fig-4: RGB to gray conversion 

 

      

   
 

Fig-5: Filtered image 
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Fig-6: Gray Thresholding 

 

After the gray thresholding step, the cells are been labeled and 

the total number of cells are counted, followed by the counting 

the number of WBCs with the help of the image labelling 

concept. These WBCs are subtracted from the total number of 

cells, which gives the RBCs count. These are the counts that I 

got; WBC is 157
 
and RBC is 359

  
and the report of the patient 

taken from the pathology lab is, WBC is  7.6 10
3 
and RBC is 

3.95 10
6 

. So, to compute with the pathological labs counts 

these are multiplied as WBCs are multiplied by 50 and RBCs 

are multiplied by 10000. Then we get the counts as, WBC is 

equal to 7.85 10
3 
and RBC is equal to 3.59 10

6
. In this way 

these counts are compared with the reports taken of the 

particular patient from the pathology labs. 

 

3.1 Accuracy per Individual 

The accuracy is calculated for every patient by taking the 

difference of count of the experimental method and the 

automatic cell counts of pathological lab. The formula for 

calculating accuracy is given below: 

 

Accuracy=100% - (greater count-smaller count)% 

 

This procedure is done for 15 patient‟s, WBCs and RBCs 

count. Using this formula, the accuracy that we got we got is 

94.58%.  

 

4. CONCLUSIONS 

If you calculate the blood cells using the manual method, the 

procedure takes nearly one hour to do so. Even now a days, if 

the automatic cell counter calculates irregular amount of cells 

in a patient‟s blood, the doctor count‟s with the manual 

method to analyze the count. Using the image processing 

method to calculate the blood cell count helps to do it faster 

within a fraction of few seconds. In this project, we have taken 

the images of 15 patients, each 5 images to calculate the 

WBCs and RBCs of each patient. The average time required 

and the average accuracy of the proposed system we got is 

14.43 seconds and 94.58%. This shows that the proposed 

system calculates the results fast and even more accurate than 

the manual method. 
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