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Abstract 

The aim of this paper is to perform segmentation of white blood cells (WBCs) using blood smear 

images with the help of image processing techniques. Traditionally, the process of morphological 

analysis of cells is performed by a medical expert. This process is quite tedious and time consuming. 

The equipment used to perform the experiments are very costly and might not be available in all 

hospitals. Further, the whole process is quite lengthy and prone to error easily because of the lack of 

standard set of procedure. Hence there is a need for innovative and efficient techniques. An automated 

image segmentation system can make the blood test process much easier and faster.  Segmentation of a 

nucleus image is one of the most critical tasks in a leukemia diagnosis. In this work, we have investigated 

and implemented image processing algorithms to segment cells. The proposed model detects WBCs 

and converts cell images from RGB to HSV color space using Otsu thresholding. The resultant image 

is then processed with the morphological filter because the segmented image contains noise which 

affects the system performance. Lastly, the Marker-based watershed algorithm is implemented in which 

specific marker positions are defined. The proposed model is tested on publicly available ALL-IDB2 

dataset. The system’s performance was overall examined and resulted in 98.99% overall precision for 

WBC segmentation. 
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 Introduction 

Blood cells can broadly be divided into three categories: platelets, Red Blood Cells (RBCs) and White Blood 

Cells (WBCs). WBCs are a fundamental component of the body’s immune response because they shield us 

from pathogens by destroying viruses, bacteria, parasites and fungi. Malfunctioning of WBCs can weaken 

the immune system of the body, leading to various other physical disorders. Leukemia, a type of blood cancer 

leads to massive production of immature and non-functioning leukocytes or white blood cells of various 

forms. Its early recognition is beneficial for the recovery of affected children and adults. Therefore, rapid 

and reliable diagnosis of leukemia is required for its effective treatment [1]. In this paper, we focus on 

particularly Acute Lymphoblastic Leukemia (ALL) which is found commonly in children under 5 years and 

old people above 50 years of age. It spreads at a fast rate to all the vital body organs and is found to be fatal. 

Thus, timely diagnosis and treatment of leukemia is required to lead a healthy lifestyle [2]. The conventional 

method of detecting ALL consists of manual analysis, which totally depends on the skills and experience of 

hematologist. Diagnosis of a large number of samples becomes a challenge for a pathologist because it is 

time-consuming, imprecise and cause uncertainty. 

Blood smear image consists of non-uniform illumination so an automated system helps to aid pathologists 

in blood diagnosis. It’s important to design a low-cost and reliable recognition system. Benefit of designing 

a device focused on the methods of medical image processing is that targeted diseases are extracted with 

greater precision and time and cost are minimized. To overcome inter-observer and intra-observer bias 
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involved in manual analysis, many researchers [2] [3] [4] [5] have proposed automated techniques for 

detection of leukemia from blood smear images. Processing of medical images includes four steps: pre-

processing, segmentation, feature extraction, and classification. Amongst these steps, leukocyte segmentation 

is an important pre-requisite step because a good segmentation algorithm further enhances detection 

accuracy. The whole process of WBCs segmentation involves extraction of cells from a complex background 

to utilize both intensity and shape information of the cell and make a representation of an image more 

meaningful. [1].  

In this work, we have implemented image processing techniques to automate the blood cell segmentation 

process using standard acute lymphoblastic leukemia-image database (ALL- IDB) [6]. The proposed model 

includes certain steps: Pre- processing step to enhance image features for further processing, segmentation 

step to separate WBCs from background and image cleaning to remove noise from segmented image [7]. 

 

Fig. 1. Blood smear images, extracted from (a) and (b) ALL IDB1. (c) and (d) ALL IDB2. (c) and (d) is 

cropped from (a) ALL-IDB1 dataset. The red box is example of RBC; the black box shows a WBC; while 

the white one is a platelet. 

 Related Work 

The proposed method presents several mechanisms for the study of leukocytes, which face problems such 

as segmentation, identification or classification, to differentiate between the different forms and check if a 

cell is leukemic or not [8]. There are various methods to perform segmentation of nucleus from the whole 

cells such as watershed algorithm, active contours and thresholding algorithms. However, thresholding 

methods are generally preferred due to their high performance and reliability [1]. Different methods and 

algorithms have been developed that can be grouped into three types: methods based on thresholds, methods 

based on pattern recognition, and methods based on deformable models. Since there is no general solution 

for the segmentation problem so combination of Otsu’s method (region growing procedure) and watershed 

method is used in order to solve the problem [9]. Zheng et al. [8] implemented k- means clustering algorithm, 

a semi-automatic algorithm to segment WBCs from background. However, presence of noise and variation 

in image quality lead to outliers and hence, degraded segmentation accuracy. Hegde et al. [10] developed a 

method to initially enhance the image in order to remove noise factor. Later, TissueQuant was used as a tool 

for color segmentation to detect nuclei in the images. Liu et al. [3] proposed adaptive threshold techniques 

for segmenting leukocytes. Kumar et al. [11] presented detection of leukemia by color-based image 

segmentation using k-means clustering and comparison of CIELAB and CMYK color space. Sudha et. al. 

[12] employed an edge strength-based Grabcut method and GCHT technique. 

Putzu et. al. [13] proposed the threshold value based on the triangle method or Zack algorithm. Otsu’s 

thresholding is used in the majority of the works. Begum et. al. [14] used Otsu’s global threshold method for 

segmenting the white blood cell. Watershed segmentation is used in variety of experiments related to blood 

smear image isolation and analysis to separate overlapping cells or are touching each other. Ghosh et. al. [4] 
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proposed a region segmentation procedure that involves background scaling and redundant region 

elimination from the region set. After segmentation, by using gradient-based region growing with 

neighborhood effect, the more reliable region boundary is restored. A method based on morphology of cells 

was proposed by Wang et al. [5]. This method lessens the probability of identifying non-WBCs in blood 

smear image.  

Li et.al. [9] proposed a dual threshold method where RGB and HSV color space-based single-threshold 

methods are combined for improving the conventional single-threshold approaches. The majority of the 

paper is structured as follows:  In the next part, the suggested approach is discussed. In the experimental 

data and results section, experimental data and the outcomes of the proposed methods are explained. Lastly, 

in the conclusion section, the paper is concluded. 

 Materials and Methods 

 Overview of the Approach 

The purpose of the research is to precisely preserve the maximum useful information while segmenting 

WBCs from the background. This will make other phases (feature extraction and classification) easier 

helping clinician in identifying diseases in a faster way. The proposed method consists of three phases: HSV 

color conversion, threshold segmentation and postprocessing. Fig.2 presents a block diagram of the 

proposed approach. HSV (Hue Saturation Value) is a model of cylindrical color that transforms the major 

RGB colors into dimensions. In the RGB color circle, Hue determines the angle of the color, the amount 

of color used is regulated by saturation and value influences the color’s light. Transforming the image into 

an HSV color model is important to correctly obtain the color details of the picture. The exact range of 

HSV can be calculated programmatically using OpenCV (Open-Source Computer Vision Library) for an 

object to be detected or tracked. The suggested methodology focuses on the segmentation of WBC from 

other components (RBCs and background). The entire process can be outlined as follows: 

Step 1. Given an input image, convert it into HSV color Model as it helps to differentiate intensity from color. 

Step 2. Define  the  upper  and  lower  limit  of  the  blue  to  be detected (creating a mask). 

Step 3. Apply Otsu thresholding along with morphological operators (erosion and dilation) on the resultant image from 

previous step to fill small holes and remove noise in the image. 

Step  4.  Marker-based  watershed  algorithm  is   employed for segmentation of WBCs. 

 

Fig. 2. Block Diagram of the proposed methodology. 
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 Color-Conversion 

HSV (Hue, Saturation, Value) is a color space which interpret the image similar in a way human perceive 

and understand colors. HSV color space is known for its better performance in comparison with RGB at 

different intensity values. Thus, HSV is better suited for human cells’ image segmentation. Thresholding 

and masking operations are initially performed using HSV color space [1]. The upper and lower limit of the 

blue to be detected is defined which is also called mask. To find the limit the range-detector script can be 

used in the imutils library. The mask simply represents a specific part of the image. The Hue is within the 

range of 0-179 whereas Saturation and Value is within the range of 0-255.By adjusting min and max, 

optimum values f o r  H, S, and V are found so that the background is masked and only the objects of 

interest remain. 

Fig. 3. The result of Nucleus Segmentation (a) Input Image and HSV Image (b) Image after mask is 

applied by adjusting min and max values (c) and (d) Image cleaning after applying Otsu thresholding and 

morphological operations (e) Bitwise operator to apply mask on image  

(f) Marker-based Watershed algorithm 

 Segmentation 

From figure 3 (b), it can be shown that noise in final segmented image is mainly present in background, red 

blood cells and platelets [9]. In the proposed method, the segmentation step is performed using two 

different techniques which are the Otsu threshold and the Marker-based Watershed algorithm 

 OTSU Threshold 

In the field of medical image seg- mentation, thresholding has great potential to outperform traditional 

image segmentation procedures. For ALL detection, one of the most widely used thresholding technique is 

Otsu method. It helps to determine the optimum value of threshold such that intra-variance is minimum 

for leukocyte class. Otsu’s thresholding, a global thresholding algorithm gives optimal results. Since it 

obscures local edges found in WBCs, various edge-preserving filters are utilised to retain various edges [15]. 

 Watershed-Marker Controlled 

Images can be effectively segmented using the marker-based watershed transformation which is a regional 

based approach. Direct application to gradient image can lead to over segmentation of image so       to avoid 

this concept of markers is used. Marker-controlled watershed segmentation is faster and more accurate 

method for segmentation. It takes in input a binary image which is composition of either large marker areas 

or single marker point. These markers are preferably generated automatically to produce efficient results 

and discourage the use of human interference [16]. 

 Image Cleaning 

Morphology or mathematical morphology is a collection of theoretical-based methods which are used to 

extract information regarding shapes of various components in an image. Two processes namely, erosion 

and dilation are used to understand the morphology of human cells. While, the erosion is used to contract 
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the foreground objects, dilation performs the opposite and fill any gaps left behind [15]. To improve the 

final result, image cleaning is used to remove leukocytes on the border and impurities and platelets. 

 Experimental Results 

 Dataset 

A publicly accessible data collection is used for performance measurement and comparison. All images in 

the datasets are captured with a PowerShot G5 camera. These images are available in .jpg format with 24-

bit color depth and  a resolution of 2592 × 1944. ALL-IDB has two independent variants (ALL-IDB1 and 

ALL-IDB2) used for segmentation and classification. This dataset is provided by Department of 

Information Technology at University degliStudi di Milano. These samples are collected by medical experts 

which includes affected(leukemic) and non-affected (normal cells) samples. The ALL-IDB1 dataset consists 

of total 108 images and is used for testing the segmentation and classification functionality of various 

algorithms [6]. ALL IDB2 contains cropped images (normal and blast cells) from the ALL-IDB1 and is 

used to cross-check the performance of our proposal. It has a total of 260 images in which half are of ALL 

patients and other half are of non-ALL patients (normal WBCs) [9]. Figure 4 displays two samples from 

ALL IDB1 and ALL IDB2 database in which sub image(cd) contains cropped WBC extracted from several 

white blood cells image using a proper method [9]. developed rapidly so that further steps such as 

classification can be improved by using the segmentation method. The efficiency of the suggested 

methodology is more beneficial than the various techniques present in the literature indicated in table1. The 

experimental result shows that the average precision is 98.99 by marking foreground and background. Image 

processing has 

TABLE I: ANALYSIS RESULTS OF THE PROPOSED SEGMENTATION APPROACHES 

ALL-IDB DATASET 

Approaches Precision (%) Recall (%) 
[17] 79.12 94.59 
[18] 96.00 88.70 
[19] 85.20 90.68 
[20] 75.45 81.82 
[21] 83.50 68.57 
[22] 82.61 89.77 
[23] 82.80 89.45 
[24] 80.09 89.27 
[25] 75.63 85.17 
Proposed Methodology 98.99 92.08 

 

Fig. 4. Samples from ALL-IDB1 (a&b) and ALLIDB2 (c&d). a and d are healthy cells(non-affected) from 

non-ALL patients. (b) and (c) are probable lymphoblast from ALL-patients 
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 Result 

In this paper, experiment is performed on ALL-IDB2 dataset to segment nucleus from microscopic blood 

smear images. An experiment is conducted on sample of 25 images of microscopic white blood cell (WBC) 

and then compared with manually segmented images (ground-truth). Ground truth is generated with GNU 

Image Manipulation Program (GIMP) tool which is considered to be the correct segmentation result. 

Preprocessing and segmentation steps are performed on input images.  RGB image is converted to HSV 

image and then thresholding-based algorithms are used. Generating HSV mask on image is important step 

as it enhances image which can improve segmentation. It can be seen from figure 2 that proposed 

methodology performs well in segmenting WBC from background (RBC and platelets). HSV mask (setting 

lower and upper range) applied in first step segmented the image better saving lot of time. The noise left is 

removed by applying dilation and erosion. Marker based watershed algorithm is then used to segment 

labeled regions  

 Conclusion 

In this study, leukocyte segmentation from microscopic images using image processing techniques in medical 

field is presented. Automated system is used to overcome traditional methods which can lead to tiredness 

and manual errors. The methodology is mainly focused on segmentation step to im- prove accuracy of other 

steps which include feature extraction and classification. HSV color model is used to enhance the image 

which produced good segmentation performance. Otsu threshold and watershed marker-controlled 

algorithm are used in segmentation step. By generating a HSV mask and using   it, segmentation results can 

be obtained more precise by most of the available works in the literature. Methods used in this paper 

consumes less time. Further steps can be devoted to study new features and increase overall accuracy. In 

future work, the results can be extended to extract features. Proposed segmentation techniques can be applied 

to other datasets for classification and segmentation purpose. 
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