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Abstract-The blood smear analysis has an important role in the diagnosis of leukemia disease. The WBC’s shapes and 
numbers in a smear area are examined by Hematology experts to diagnose leukemia. The smear stain process and 
microscope luminance are analyzed to detect the infected cells. By the help of this, the unnoticed information about cells can 
be recovered by image processing. In this study, a set of peripheral smear images were segmented by different segmentation 
techniques. After segmentation stage, stain coloranalysis are done every WBC on smear image to get feature vector about 
Region of Interest. The WBC’s are classified as infected or non-infected according to the set threshold value of the dataset. 
 
 
I. INTRODUCTION 
 
The counting and assessment of the blood cells are 
very informative in clinical practice. It is particularly 
important for patients suffering from blood disorders 
in the observation and development stages and the 
preparation of the blood disorders treatment. To 
perform proper diagnosis of the disease, we need to 
recognize the blood cells and calculate their relative 
quantity in the blood samples [1]. In the peripheral 
blood, blood cells can be differentiated into 
erythrocytes (red blood cells, RBCs), leukocytes 
(white blood cells, WBCs), and thrombocytes 
(platelets). Oxygen transportation is carried out by 
Red blood cells whereas Leukocytes are the first line 
of defense of the immune system. Many blood 
disorders such as leukemia, acute infection and 
inflammation leads to an abnormal proliferation of 
certain types of white blood cell. Differential 
counting of the leukocytes can provide valuable 
information for accurate disease diagnosis in the case 
blood disorders but for this we first need to segment 
the WBCs from the rest of the cells and classify their 
properties to detect the normal and infected cells. On 
the basis of size and shape of the nucleus, the color of 
the cytoplasmic staining, and percentage ratio of 
nucleus to cytoplasm, leukocytes can be classified 
into five major types: Neutrophils, Eosinophils, 
Basophils, Monocytes, and Lymphocytes [3]. The 
different types of cells present in a blood smear can 
be seen in the figure given below 
 

 

 

 

 

 
 

Figure 1. The microscopic images of different types of blood 
cell 

 
Leukemia is a group of hematological neoplasia 
which usually affects the blood, bone marrow, and 
lymph nodes. The uncontrolled proliferation of blast 
cells in peripheral blood is a significant symptom of 
leukemia. So hematologists routinely examine blood 
smear under microscope for proper identification and 
classification of infected cells. Leukemia can be 
pathologically classified into acute and chronic. 
Additionally it can also be categorized on affected 
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cell type as: 1. Lymphocytic leukemia 2. 
Myelogenous leukemia. These two subtypes can also 
be further classified into several subcategories.  
The objective of the this work is to segment the 
WBCs from a blood smear image through various 
novel approachesand check their accuracy and further 
identify a lymphocyte as normal or leukemic cells. 
Manual examination of the slides are subjected to 
bias i.e. operator experience, tiredness etc. resulting 
with inconsistent and subjective reports. So there is 
always a need for a cost effective and robust 
automated system for leukemia screening which can 
greatly improve the output without being influenced 
by operator fatigue. There are different segmentation 
techniques based on Global Thresholding , Fuzzy k 
Means clustering, Watershed Method, Grey level 
Segmentation and calculating color level of the 
stained cells has been discussed in this paper. 
Furthermore, a novel approach is used for identifying 
whether the cells are leukemic or not. In this we 
calculate the blueness of the segmented stained 
cells.There are several similar researches on blood 
cell segmentation and detection in the literature. Due 
to complex nature of the blood smear images and 
variation in slide preparation techniques much work 
has to be done to meet the clinical demands. It was 
concluded from the literature survey that the 
automation process solely depends upon proper 
segmentation and feature extraction [2]-[3]. In this 
paper we propose a method to automate peripheral 
blood film examination which can supplement the 
physician with objective data for better diagnosis and 
treatment. The technique we propose first separates 
the leukocytes from the other blood cells and then 
detects the infected cells. 
 
II. THE PROPOSED METHOD  
 
The GUI based automated recognition of blood cells 
in microscopic images consists of four major steps, 
including: preprocessing, different image 
segmentation methods, feature extraction and 
detection of number of infected cells present in the 
given image. 
 
A. IMAGE PREPROCESSING 
Prior to the preprocessing of image noise may be 
accumulated during image acquisition and due to 
excessive staining. The pre-processing stage includes 
noise reduction and contrast enhancement of acquired 
image and is essentially performed in order to prepare 
the image for the following segmentation stage. All 
the test images are subjected to selective median 
filtering followed by unsharp masking. Incorporation 
of adaptive threshold into the noise detection process 
led to more reliable and more efficient detection of 
noise. Minute edge details of the microscopic images 
are perfectly preserved even after median filtering. 
Unsharp masking is performed to sharpen the image 
details making the segmentation process easier. 

B. IMAGE SEGMENTATION 
In computer vision, segmentation refers to the process 
of partitioning a digital image into multiple regions 
[5]. The goal of segmentation is to simplify and/or to 
change the representation of an image into something 
that is more meaningful and easier to analyze [ref]. 
Some of the practical application of image 
segmentation are used in medical imaging to study 
the anatomical structure, diagnosis, treatment 
planning or locate tumors and other pathologies [1].  
Image segmentation consists basically on partitioning 
an image into a set of disjoint and homogeneous 
regions which are supposed to correspond to image 
objects that are meaningful to a certain application. 
Thus, the segmentation process is based on using 
Global Thresholding, Morphology, Fuzzy Clustering, 
Watershed and Color Contrast Method to enclose 
every element in the blood slide in a distinct area. 
The GUI based segmentation of blood cells includes 
five different novel techniques to segment the WBCs 
from the other cells present in the image. The user 
can select one of these methods and check the 
precision and accuracy of different techniques and 
also compare it from the original image. The methods 
given in the proposed work are Global Thresholding, 
FCM, Watershed Method, Color Contrast Method 
and Grey Level Segmentation. By the use of 3 by 3 
IR Filter and Sobel Filter the accuracy of the global 
thresholding was increased from 93% to 96%. 
Furthermore, the ColorContrast Method uses the 
threshold value of the stained cells to segment it from 
rest of the image. This method also helps in the 
detection of leukemic cells by comparing the 
threshold value of different types of staining present 
in the segmented cells. The infected and normal cells 
show different threshold value for their staining 
which helps in detection of the normal and infected 
cells. 
Based on different segmentation techniques, the 
difference can be identified from the figure given 
below when all these methods were applied on the 
same image: 
 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

 
(f) 

 
Figure 2: Different Segmentation methods (a) Original Image 

(b) Otsu’s Method (c)Watershed Method(d) Gray Level (e) 
Color level based on staining (f) Fuzzy Clustering Method 

 
C. FEATURE EXTRACTION AND DETECTION 

OF INFECTED CELLS 
WBC element are stained and therefore has more 
intensity than any other portion of image of blood 
cells. Another important thing to consider as a basic 
content for identifying a WBC is that highest 
intensity area is the nucleus on the basis of which we 
can classify the different types of WBCs. Based on 
the staining and the blueness of the cells at a fixed 
threshold value of the given set of images, we can 
compare the blueness of the normal and healthy cells 
with the given threshold value. This proposed method 
has been applied to a set of hundred images and it 
provides significant result for all of the images. It 

could be observed that the segmentation of blood 
cells play a significant role to identify different kind 
of WBC and furthermore it helps to differentiate 
between a healthy and an infected cells. A sample 
smear image is shown in Figure 3(a) that has been 
obtained from a color image after grayscale 
conversion of original image. Figure 3(b) shows final 
image after threshold segmentation from grayscale 
image and Figure 3(c) shows the number of infected 
cells in the image. Noise removal and image 
optimization technique are applied before 
morphological operation.  
 

 
Figure 3. Segmentation and Detection of number of infected 

cells (a) Original Image 1 (b) Grayscale conversion of original 
image (c) Number of detected infected components 

 
The image in Figure 3(c) shows there are 21  infected 
componenets out of total number of 34 wbcs present 
in the image. 
 
III. EXPERIMENTAL WORK AND RESULTS 
 
For the image acquisition human peripheral blood 
smear slides were screened under a microscope 210 
images were taken for testing. Each image contains at 
least one leukocyte. After acquiring the images the 
performance evaluation of the model is done. When 
referring to the performance of a segmentation model, 
we are interested in the ability of the model to 
correctly segment the desired cells from rest of the 
image and give the sharp and clear edges with least 
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noise. Based on the two parameters i.e. Mean Square 
Error (MSE) and Peak Signal to Noise Ratio (PSNR) 
we can check the effectiveness of the different 
segmentation techniques. For the following 
implementation, let us assume we are dealing with a 
standard 2D array of data or matrix [3].  The 
dimensions of the correct image matrix and the 
dimensions of the degraded image must be identical. 
The mathematical representation of the PSNR is as 
follows: 

 
PSNR - Peak Signal-to-Noise Equation 
where the MSE (Mean Squared Error) is: 

 
MSE- Mean Squared Error Equation 
This can also be represented in a text based format as: 
MSE = (1/ (m*n))*sum (sum ((f-g). ^2)) 
PSNR = 20*log (max (max (f)))/ ((MSE) ^0.5) 
f represents the matrix data of our original image 
g represents the matrix data of our degraded image  
m represents the numbers of rows of pixels of the 
images and i represents the index of that row 
n represents the number of columns of pixels of the 
image and j represents the index of that column 
MAXf is the maximum signal value that exists in our 
original “known to be good” image [4]. 
 
The different segmentation techniques and the 
detection of infected cells in the GUI can be seen in 
the figure given below: 
 

 
Figure 4.GUI Based Segmentation and detection of infected 

cells. 
 

This GUI based automated cell classification provides 
an easy and novel segmentation and detection 
techniques and the accuracy of these methods were 
found to be 95% when run on a dataset of 200 
images. In this paper, the used images are obtained 
from the “Acute Lymphoblastic Leukemia Image 
Database for Image Processing” database [6]. 
 
CONCLUSION 
 
A new scheme for white blood cells segmentation is 
proposed. A comparison between the Global 
thresholding, watershed and fuzzy means clustering is 
done based on MSE and PSNR. A new method for 
the detection of cells is discussed based on the 
calculation of blueness of the staining. These method 
succeeds in the detection and segmentation of WBC 
for all images in the database. 
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Figure 1:.The microscopic images of different types of blood cell 
Figure 2: Different Segmentation methods (a) Original Image (b) 
Otsu’s Method (c)     Watershed Method (d) Gray Level (e) Color 
level based on staining (f) Fuzzy Clustering Method 
Figure 3: Segmentation and Detection of number of infected cells 
(a) Original Image 1(b) Grayscale conversion of original image (c) 
Number of detected infected components 
Figure 4: GUI Based Segmentation and detection of infected cells. 

 
 
 
 
 
 

 
 
 

 


