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Abstract— White blood cells study is generally done for 

diagnosis of different diseases. One of those diseases is Acute 

lymphoblastic leukemia (ALL). ALL is detected by 

observing morphological changes in white blood cells. 

Morphological study along with categorization and 

segmentation techniques helps to identify leukemia at early 

stage and perfect detection. There are number of 

categorization techniques which can be used to classify 

WBC’s into different classes as per their respective features. 

Segmentation techniques segments nucleus and cytoplasm 

from each WBC and feature mining process extract features 

from nucleus and cytoplasm for accurate result. In this paper 

we suggest a system to locate white blood cells within 

microscopic blood smear images, segment them into nucleus 

and cytoplasm regions, remove suitable features and finally, 

classify them into five types: basophil, eosinophil, neutrophil, 

lymphocyte and monocyte. 
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I. INTRODUCTION 

A. Bioinformatics 

Over the years, information derived from the White Blood 

Cell (WBC) differential count has become a cornerstone in 

Laboratory Hematology and is widely used for screening, 

case finding, diagnosis, and monitoring of hematological and 

non-hematological disorders. Human blood consists of five 

types of white blood cells, namely, Neutrophils (40-60%), 

Lymphocytes (20-40%), Monocytes (2-8%), Eosinophils (1-

4%), and Basophils (0.5-1%). 

The WBC differential count is considered to yield 

clinically relevant information in health and disease.[1] For 

example, excess of lymphocytes may be caused due to 

Lymphocytic Leukemia. High Eosinophil and Monocyte 

count is usually an indicator of bacterial infection in the 

body.[3] Thus, the WBC count is an important and useful 

measure, which indicates the health status of the body. 

In a typical pathology laboratory, two types of blood 

counts are performed, namely Complete Blood Count (CBC) 

and Differential Blood Count (DBC). The CBC is performed 

using an instrument called the cytometer, based on the 

principle of ‘flow cytometry’.[4] On the other hand, in DBC, 

an expert would count 100 WBCs (all categories) on the 

blood stain slides and compute the percentage occurrence of 

each type of WBC. The DBC is a much more reliable count 

than the CBC. There were a few efforts in the past to automate 

the solution to this problem.  

In the outlook of the authors of this article, the 

previous studies on mechanization of differential WBC count 

have not laid emphasis on the development of a fast, parallel, 

and scalable system.  

B. Biological Database 

Blood smear microscopic images are usually investigated by 

haematologists to diagnose most blood diseases. . In this 

paper we propose a system to locate white blood cells inside 

microscopic blood smear images, segment them into nucleus 

and cytoplasm regions, extract proper features and finally, 

classify them into five types: basophil, eosinophil, neutrophil, 

lymphocyte and monocyte. 

Two sets of blood spread images were used in this 

study’s experiments. Dataset 1, together from Rangsit 

University, were normal peripheral blood slides under light 

microscope with 100× magnification; 555 images with 601 

white blood cells were captured by a Nikon DS-Fi2 HD color 

camera and saved in JPG format of size 960 × 1,280 pixels at 

15 pixels per 1 μm resolution. In dataset 2, 477 crop white 

blood cell images were downloaded from CellaVision.com. 

They are in JPG format of size 360 × 363 pixels. The 

resolution is approximate to be 10 pixels per 1 μm. 

The future system comprises a pre-processing step, 

nucleus segmentation, cell segmentation, feature extraction, 

feature selection and classification. The major consciousness 

of the segmentation algorithm employed uses white blood 

cell’s morphological properties and the calibrated size of a 

real cell comparative to image resolution. The segmentation 

process collective thresholding, morphological operation and 

ellipse curve fitting. . Finally, with a set of selected prominent 

description, both linear and naïve Bayes classifiers were 

functional for performance association. This method was 

tested on normal peripheral blood smear slide images from 

two datasets. 

Two sets of association were performed: 

segmentation and classification. The mechanically 

segmented results were compared to the ones obtained 

manually by a haematologist. It was found that the proposed 

method is consistent and coherent in both datasets, with dice 

parallel of 98.9 and 91.6% for average segmented nucleus and 

cell regions, respectively. in addition, the overall alteration 

rate in the classification phase is about 98 and 94% for linear 

and naïve Bayes models, respectively. 

 
Basophil is accountable for allergic reaction and 

antigen. Basophil’s granules are of irregular distribution. 
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Their large size appears dark-blue and visible on pinnacle of 

the nucleus that may obscure the cell nucleus. Eosinophil, 

playing a role in assassination parasites, has lobed nuclei. 

Eosinophil’s granules are large, spherical and emerge orange. 

Neutrophil is most abundant in the blood stream. It has 

several lobed nuclei. Lymphocyte and monocyte are 

agranulocytes. The quality of their nuclei is normally 

uniform. Meanwhile, the nucleus of the lymphocytes is 

round, which of the monocytes resembles a kidney. Nucleus 

and cytoplasm morphological features provide a means to 

identify and categorize each type of WBCs. The first part of 

this paper focuses on segmentations of the nucleus and the 

cytoplasm regions of the WBCs. The segmented results will 

be used to categorize their types in the instant part. 

Finally, categorization into five types of white blood 

cells was done with a Learning Vector Quantization (LVQ) 

neural network. 302 images in all were tested. Overall 

exactness was about 96%. Theera-Umpon and Dhompongsa 

showed that a nucleus alone could classify WBCs. They 

tested their algorithm with bone marrow images. The 

algorithm applies mathematic morphology to analyze WBC 

nucleus based features and uses naïve Bayes classifiers and 

ANNs with five-fold-cross validation. The outcome showed 

that description from the nucleus alone led to a 77% 

classification rate on average. 

II. EXPERIMENT AND RESULT 

A. Segmentation Results 

The 8-bit-unsigned integer and the double precision format 

images are shown in I1 and I4 of Figure 3. The image after 

histogram equalization, as shown as I2 of Figure 3, depicts a 

quite distinct nucleus area while image I5 of Figure 3 covers 

all RBC, and the cytoplasm area of WBCs and the dark region 

represents the background. The images I7, I8 and I9 in Figure 

3 represent the results from nucleus segmentation. The image 

I10 is the selected objective composing WBC. The selected 

object is one of the three cases as shown in I11, I12 and I13. 

The interested object in three cases is shown in Figures 7, 

,8,8, and and99 respectively. Figure 6d, g, j show candidate 

cell edges. More radial lines would provide finer segmented 

results. In this figure, angles between radial lines are 0.3, 0.2, 

and 0.1 rad. A 0.1 red angle was used between radial lines for 

segmenting. 

 
The interested object in the first case. a Original 

image, b pre-processing image, c interested object, d, e 

concave examination and f segmented cell. 

 

 

 
Segmentation result of various WBC from dataset 

1. a Basophil, beosinophil, c lymphocyte, d lymphocyte and 

neutrophil, e monocyte and f lymphocyte and neutrophil. 

 
All algorithm processes from dataset 2. a Original 

image, b, c nucleus segmentation, d segmented nucleus area, 

e, f cell segmentation with concerned area, g concave 

consideration, h candidate point finding and i segmented cell 

area. 
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B. Dataset 

Blood smear microscopic images were composed from 

normal nonessential blood slides (dataset 1). The study’s 

algorithm was tested on 555 images (a total of 601 WBC) 

under a light microscope with 100× magnification captured 

by a high-definition color camera head Nikon DS-Fi2. All 

images were recorded and saved in JPG format of 960 × 1,280 

pixels. The calibration ruler scale from the manufacturer was 

10 μm equal to 150 pixels. In addition, a database of white 

blood cells downloaded from the CellaVision Competency 

Software (dataset 2) was tested for robustness. Dataset 2 had 

477 images with a total of 477 WBCs. Each image was saved 

in JPG format of 360 × 363 pixels. The calibration scale was 

estimated from the size of RBCs to be 7 μm equal to 70 pixels. 

For comparison, all images were also manually 

segmented into nucleus and cell (or cytoplasm) areas and 

classified into normal leukocytes: basophil, eosinophil, 

lymphocyte, monocyte and neutrophil by a hematologist. 

The image dataset used in this process was 

generated by the digitization of peripheral blood stain slides. 

The slides used here were Leishman stained. This section 

describes the process of preparation of the slide. The slides 

were air dried and thereafter flooded with the Leishman's 

stain. The stain formulation included methanol, which fixed 

the cell. The slides were held for two to three minutes before 

diluting the solution with an equal amount of buffered water 

at pH 6.8. The water was added slowly with a plastic Pasteur 

pipette. Such slides were then left to hold for about 12 

minutes. The appearance of polychromatic ‘scum’ on the 

surface of the slides was merely a result of oxidation of the 

dye components and could be ignored. Following this, the 

excess stain was washed off with slow running water and the 

slides were flooded with buffered water at pH 6.8 for another 

minute. The digitized images of the stained blood smear slide 

were then captured by using a whole slide scanner at 40X 

magnification. The images of all the five types of WBCs, as 

obtained from the scanner. 

 

III. CONCLUSION 

In this study, a scalable, automatic, WBC differential count 

system is proposed. Segmentation is robust and reliable over 

a large image dataset. A suspicious selection of features, 

based on the domain information of medical experts, has been 

done. A novel way to estimate the feature, ‘Number of 

Lobes,’ is proposed. Inclusion of this new feature has shown 

a drastic improvement in the categorization accuracy of the 

system. Incremental learning is inducted into the Naive Bayes 

Classifier, to facilitate fast, robust, and efficient 

categorization, which is evident from the high sensitivity 

achieved for all the subtypes of WBCs. 
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