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1. INTRODUCTION 

Blood cancer affects the production and function of your blood cells in human. Leukemia is one of the types of blood cancer 

that found in bone marrow, where blood is produced[1]. Stem cells in bone marrow mature and develop into three types of 

blood cells: red blood cells, white blood cells, or platelets. In leukemia, the normal blood cell development process is 

interrupted by uncontrolled growth of an abnormal type of blood cell. These abnormal blood cells, or cancerous cells, prevent 

blood from performing many of its functions, like fighting off infections or preventing serious bleeding. The visual analysis 

of peripheral blood samples is an important test in the procedures for the diagnosis of leukemia [2]. There are four main types 

of leukemia: Acute myeloid (or myelogenous) leukemia (AML), Chronic myeloid (or myelogenous) leukemia (CML), Acute 

lymphocytic (or lymphoblastic) leukemia (ALL), Chronic lymphocytic leukemia (CLL)[3][4][5].  

ALL is the most common cancer in young children and adults over age of 65 years. In the present paper acute lymphocytic 

leukemia (ALL) is only considered and the objective is to classify a lymphocyte as a normal or a lymphoblast.  Early and 

speedy detection of leukemia is important for accurate treatment. As Microscopic examination of blood slides is the most 
economical way for initial screening of leukemia patients it still remains as a standard leukemia diagnosis technique. From 

last many years several segmentation and leukemia detection methods for blood smear images have been proposed but still 

accurate segmentation and blood cell counting is a major challenge.  

 

2. METHODOLOGY: 

From literature survey, typical image processing steps for leukemia detection are as shown in figure 1. 
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Abstract: Leukemia is a type of blood cancer that usually begins in the bone marrow and result in high numbers of abnormal 

white blood cells in human. The amount and condition of WBC are the two important features that play a significant role in the 

diagnosis of blood cancer detection, and therefore for hematologists extracting information about WBC play an important role. 

The accuracy of white blood cells analysis is dependent on the segmentation of objects of microscopic images as blood cells are 

of different sizes, shapes, colors and largely overlapped on each other. In past, many researchers have done work of 

segmentation of white blood cells but still accurate segmentation and blood cell counting is a major challenge. The main 

objective of this paper is to perform analysis of segmentation techniques involved related to white blood cells to achieve 

maximum accuracy. 
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Fig. 1: Image processing steps for leukemia detection 

 

Microscope blood images are huge in size; to perform analysis on image first they need to be cropped. Figure 2 shows 

cropped image.  RGB cropped images are then converted into gray scale images to perform segmentation on these images. 

The goal of segmentation in microscope blood images is to simplify and/or change the representation of an image into 

highlighting WBC that is more meaningful and easier to analyze to detect leukemia. 

 
 

Fig. 2. Cropped microscope blood image. 

 

The main objective of this paper is to perform analysis of segmentation techniques involved related to white blood cells to 
achieve maximum accuracy for detection of leukemia on a well know microscope blood image database ALL-IDB. 

 

3. SEGMENTATION TECHNIQUES: 

Fabio Scotti et. al, proposed methods that are required to achieve an automatic classification system to diagnosis the presence 

of the acute leukemia from blood microscope images in [7]. The author proposed a method which allows to easily extracting 

the features of white cells by suitably combining a segmentation based on L*a*b* color space method with a gray-level 

thresholding method. The combination of the two techniques exploits the advantages of the two methods for subsequent 

automatic diagnosis of the Acute Leukemia. Where, the color spaces are unsupervised clusterizated using Fuzzy K-mean 

clusterization with three centers since in the blood image we have three main colors: blue (white cells), red (red cells) and 
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gray-white (the background). We propose here a different approach to measure the accuracy of the Triangular method on the 

gray level image. Our goal is to test the Triangular method produces a mean cell diameters close to the mean cell diameter 

given by an expert (Supervisor) which manually measures the diameters of N cells. In this case the mean diameter value of 

Triangular method is compared with respect to mean diameter value the supervisor and verified the congruency of the two 

mean values. The final white-cell segmentation capability of the proposed method has been evaluated by a human supervisor 

which evaluated the output of the proposed algorithm checking 200 white cells. The obtained accuracy value is 92%. This 
analysis enlightens that the proposed method tend to segment also broken. 

Farnoosh Sadeghian et. al [8], proposed scheme which has two parts: The nucleus segmentation part is based on 

morphological analysis, and the cytoplasm segmentation is based on pixel-intensity thresholding. Here first, color image is 

converted into gray level image then WBCs are separated into sub image. Edge detection procedure is applied on image and 

nuclei finding is done using GVF Snake technique followed by hole filling operation. The cytoplasm, RBC, and the 

background are obtained by this process of nucleus segmentation which includes subtracting the segmented nucleus from the 

original sub-image. Finding cytoplasm is performed by using Zack thresholding. The percentage of the accuracy can be 

calculated by evaluating WBCs' component segmentation based on the comparison of author’s own method and manual 

segmentation. The proposed method gives an average accuracy of 92% for nucleus segmentation and 70% for cytoplasm 

segmentation. 

In [9], Subrajeet Mohapatra et. al, proposed a fuzzy based two stage color segmentation strategy for segregating leukocytes or 
white blood cells (WBC) from other blood components. Segmentation is performed in two stages for extracting WBC 

nucleus from the blood microscopic images using color based clustering. Initial segmentation is achieved by an improved 

version of fuzzy clustering technique viz. Gustafson Kessel clustering [10], followed by nearest neighbor classification in 

L*a*b* space. Gustafson Kessel (GK) is a semisupervised clustering technique which is used to create K clusters from n 

observations. Each pixel of an object is classified into four clusters based on corresponding a* and b* values in L*a*b* color 

space. The four clusters represents four regions i.e. RBC, WBC nucleus, cytoplasm and background stain. It is observed that 

WBC cytoplasm and RBC are classified into same cluster. To overcome the undesirable overlapping regions, a second stage 

segmentation is performed using nearest neighbor classification. In the second stage, sample regions are selected randomly 

from each of the four clusters obtained using GK clustering. The mean color of the each sample regions are calculated in 

a*b* space and those values act as color indicators. Now each pixel in the L*a*b* space is categorized into any of the four 

classes by calculating the euclidean distance between that pixel and each color indicator. Each pixel of the entire image is 

labeled to a particular color depending on the minimum distance from each indicator. The nucleus segmented RGB image is 
reconstructed from the labeled image. With the proposed method an accuracy of 93% was observed. 

Nancy M. Salem et. al [11] proposed, segmentation of WBCs from Microscopic Images using K-means Clustering where a 

comparison between the RGB, HSI, and the L*a*b color spaces is performed. Histograms for the a and b components of the 

L*a*b color space show their ability to segment the WBC from blood sample microscopic images. The l*a*b color space is 

used to generate the features. Two components from the L*a*b are used as features for image pixels and used with the K-

means clustering algorithm. This method succeeds in the detection and segmentation of WBC for all images in the database.   

In Microscopic Image Segmentation Using Fuzzy C Means For Leukemia Diagnosis by Dr. T. Karthikeyan et. al[12], Fuzzy 

C means is compared with K means for image segmentation, in which Fuzzy c means gives higher accuracy 90% than k 

means 83%. 

Biji G, Dr. S. Hariharan et. al [13], proposed WBC segmentation techniques in Microscopic Images for Leukemia Detection 

using a Standard K-Means (SKM) clustering, Fuzzy C-Means (FCM) and Adaptive K-Means (AKM) clustering algorithm. 
The integrated clustering techniques have produced comprehensive output images with minimal filtering process to remove 

the background scene. From the result shows that the adaptive K Means algorithm gives better segmentation result as 

compared to SKM and FCM. 

Ghane N, Vard A, et. al, [14], proposed Segmentation of White Blood Cells from Microscopic images using a novel 

combination of thresholding, k-means clustering, and modified watershed algorithms [15] in three stages including: 

segmentation of WBCs from a microscopic image, extraction of nuclei from cell’s image, and separation of overlapping cells 

and nuclei. The evaluation results of the proposed method show that similarity measures, precision, and sensitivity 

respectively were 92.07, 96.07, and 94.30% for nucleus segmentation and 92.93, 97.41, and 93.78% for cell segmentation. In 

addition, statistical analysis presents high similarity between manual segmentation and the results obtained by the proposed 

method. 

Omid Sarrafzadeh et. al [16], proposed nucleus and cytoplasm segmentation in microscopic images using K-means clustering 

and region growing, where first, the nuclei are segmented using K-means clustering. Then, a method based on region 
growing is applied to separate the connected nuclei. Later, the nuclei are subtracted from the original image. Finally, the 

cytoplasm is segmented using the second stage of K-means clustering. This method segments the cytoplasm and nuclei 

accurately despite of low contrast between the cytoplasm, RBCs, and background.  

Prinyakupt J et. al [17], proposed segmentation of white blood cells and comparison of cell morphology by linear and naïve 

Bayes classifiers. Here the main concept of the segmentation algorithm employed which uses white blood cells 

morphological properties and the calibrated size of a real cell relative to image resolution. The automatically segmented 

results were compared to the ones obtained manually by a haematologist. It was found that the proposed method is consistent 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vard%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28553582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarrafzadeh%20O%5BAuthor%5D&cauthor=true&cauthor_uid=26605213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prinyakupt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26123131
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and coherent in both datasets, with dice similarity of 98.9 and 91.6% for average segmented nucleus and cell regions, 

respectively. 

 

4. CONCLUSION AND FUTURE SCOPE:  

The use of image analysis for quantitative examination of stained blood microscopic images for leukemia detection is an 

efficient and cost effective solution. This paper, classifies and discuss various white blood cell segmentation techniques for 
leukemia detection in terms of accuracy. Future scope of this comparative analysis is to help researchers to adopt fast and 

accurate segmentation technique for leukemia detection.  
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