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Abstract 

      In this paper, a new method is presented to segment the microscopic images of 
White Blood Cells (WBC) into cell and non-cell regions depending on the image 
histogram. The proposed method involves of: first, separating the captured image 
into its three color channels (Red, Green, and Blue) to produce three grayscale files 
one for each. Second, apply the histogram equalization upon the three files to obtain 
the white blood cells image to be segmented into white background, black nucleus 
with color stains inside and surrounded by cytoplasm. Experimental results show 
that the proposed unsupervised segmentation method have given reliable results 
comparable with thresholding method. 
 

  الخلاصة
يقدم هذا البحث طريقة جديدة لتقسيم الصور المجهرية لكريات الدم البيضاء الى مناطق الخلية  وغير      

اولآ، فصل  الصورة المكتسبة الى ثلاث : هذه الطريقة تتضمن . الخلية بالاعتماد على الجدول التكراري للصورة
ثانيآ ، تطبيق عملية .ملفات رمادية واحدة لكل منهم والنتيجة هي ثلاث ) احمر، اخضر ، وازرق(قنوات لونية 

equalization  للجدول  التكراري على  الملفات     الثلاثة  للحصول  على صورة كريات  الدم  البيضاء  
أظهرت النتائج بان .  الى خلفية بيضاء ، نواة سوداء بلطخات لونية داخلها ومحاطة بسايتوبلازم التي قسمت
  .Thresholdingمشرف عليه أعطت نتائج موثوقة مقارنة بطريقة  النقسام غير لارحة لالطريقة المقت

 
Introduction 
      Image segmentation is important in many 
vision and image processing applications.      
The aim of image segmentation is to divide the 
scene into significance regions. The adjacent 
similar pixels will be grouped together into     
the same region. Then the interested objects will 
be isolated from each other. Therefore the 
segmented image can be applied to widely 
application such as feature classification,   
object detection, motion estimation, data 
compression, etc [1].  
The human blood has five major types of White 
Blood Cells (WBC) currently of interest. They 
can be divided into two major groups, 
distinguished by the presence or absence of 
granules in the cytoplasm (cell body). There are 
two major types of WBC without granules; these 
are Lymphocytes and Monocytes. The other 
three major types are Neutrophils, Basophils 

and Eosinophils which differ in the way their 
cytoplasm granules are affected by various 
stains [2]. Most WBC types consist of one or 
more areas of nuclear matter, surrounded by an 
area of cytoplasm and that    an area of nuclear 
matter cannot be shared between two or more 
cells. This nuclear material can be recognized 
visually by the fact that it is distinctly darker and 
purple in color. Maximum and minimum areas 
of cytoplasm and nucleus are set depending on 
the magnification of the image acquisition 
system [3].  
The analysis of microscopic blood slides is a 
powerful tool in determining the health status of 
an individual and could detect several diseases. 
The count and shape, lineage and maturity level 
of white and red blood cells (RBC) could aid in 
the diagnosis of diseases like "leukemia" [4] [5]. 
The image segmentation can be used to divide 
the blood image into regions that presumably 
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correspond to structural units such as WBC, 
RBC, platelets and others. Many automated 
techniques were proposed to overcome the time 
consuming    task of human experts in counting 
and classifying WBC.  
Segmenting and classifying WBC was shown to 
be a difficult task due to various reasons 
including cell touching, close cell/ background 
intensities. In many of the researches presented 
in literatures, automatic cell segmentation was 
avoided to decouple the error due to 
segmentation with that of classification [6][7]. 
The main steps of classifying WBC include 
segmentation of such cells; extract features for 
each type, then classify the WBC type based on 
features detected. Various techniques were used 
for the segmentation stage including: 
background subtraction, histogram manipulation 
and thresholding [8]. 
The aim of the proposed method is to develop an 
automatic segmentation system for detecting and 
defining the boundaries of WBC from 
microscopic blood slides as distinct area. The 
segmentation process is based on using 
histogram equalization to detect every element 
in the blood slide and cut out the WBC segment 
from all other elements by color concentration. 
The results of new method are compared with 
those of thresholding method. The way used in 
thresholding to produce a binary bitmap image 
is: 

 

                                                              

         Histogram modeling techniques (i.e. 
histogram equalization) provide a sophisticated 
method for modifying the dynamic range and 
contrast of an image by altering that image   
such that its 

 
 
 

Where f(x, y) is the gray level of point (x, y), and 
T denotes the threshold value. Thus pixel 
labeled ‘1’ (i.e. white) or any other convenient 
intensity level corresponds to objects, whereas 
pixel labeled ‘0’ corresponds to the background. 
This technique can have problems where        the 
lighting level varies from one image to another 
[9]. 
The rest of this paper is organized as follows: 
section two presents the description of the 
histogram equalization, section three illustrates 
the proposed method, section four presents and 
discusses some results and finally section five 
demonstrates the work conclusions.  
Histogram Equalization      
        In an image processing context, the 
histogram of an image normally refers to            

a histogram of the pixel intensity values. This 
histogram is a graph showing the number of 
pixels in an image at each different intensity 
value found in that image. For an 8-bit grayscale 
image there are 256 different possible 
intensities, and so the histogram will graphically 
display 256 numbers showing the distribution of 
pixels amongst those grayscale values. 
Histograms can also be taken for color images  
either individual histogram of red, green and 
blue channels can be taken, or a 3-D histogram 
can be produced, with the three axes 
representing the red, blue and green channels, 
and brightness at each point representing the 
pixel count [10].                  

intensity histogram has a desired 
shape. Unlike contrast stretching, histogram 
modeling operators may employ non-linear and 
non-monotonic transfer functions to map 
between pixel intensity values in the input and 
output images. Histogram equalization employs 
a monotonic, non-linear mapping which          
re-assigns the intensity values of pixels             
in the input image such that the output image 
contains a uniform distribution of intensities (i.e. 
a flat histogram). This technique is used    in 
image comparison processes (because it is 
effective in detail enhancement) and in the 
correction of non-linear effects introduced by, 
say, a digitizer or display system. Histogram 
modeling is usually introduced using 
continuous, rather than discrete, process 
functions. Suppose that the image of interest 
contains continuous intensity levels (in the 
interval [0,1]) and that the transformation 
function  f  which maps an input image A(x, y)  
onto an output image B(x, y) is continuous 
within this interval. Further, it will be assumed 
that the transfer law (which may also be   
written in terms of intensity density levels, e.g. 
DB = f (DA)) is single-valued and monotonically 
increasing (as is the case in histogram 
equalization) so that it is possible to define the 
inverse law DA = f -1(DB).  An example of such a 
transfer function is illustrated in Figure (1). 
 
 
 
 
 
 

http://www.cee.hw.ac.uk/hipr/html/value.html
http://www.cee.hw.ac.uk/hipr/html/gryimage.html
http://www.cee.hw.ac.uk/hipr/html/gryimage.html
http://www.cee.hw.ac.uk/hipr/html/colimage.html
http://www.cee.hw.ac.uk/hipr/html/histgram.html
http://www.cee.hw.ac.uk/hipr/html/stretch.html
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All pixels in the input image with densities       
in the region DA to DA + dDA will have their 
pixel values re-assigned such that they assume 
an output pixel density value in the range from 
DB to DB + dDB. The surface areas   hA(DA)dDA   
and  hB(DB)dDB will therefore be equal, 
yielding:  

h (D ) = h A)  /  d(DA)               

y function      p 
escribing the distribution of the (assumed 

                               

image, DM (where the 
inimum level considered is 0). The transfer 

is result is simply:  

 

equalization is usually performed by defining a 

ily be fully equalized and there 
ay be 'holes' in the histogram (i.e. unused 

effects are likely to 

he proposed method 
   The proposed method to segment WBC 
an be stated as a series of stages, as shown 
 Figure (2):  

nd capturing images 
cluding WBC from them. The captured image 
quires a pre-processing that separates it into its 
ree color channels (Red, Green and Blue) and 
e result was three grayscale files one for each, 
 shown  in Figure (3). 

 
B B A
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where  d(x) = df(x) / dx .  
This result can be written in the language of 
probability theory if the histogram h is regarded 
as a continuous probability densit
d
random) intensity levels:  
 
pB(DB) = pA(DA)  /  d(DA)  
(3)  
 
In the case of histogram equalization, the output 
probability densities should all be an equal 
fraction of the maximum number of intensity 
levels in the input 
m
function (or point operator) necessary to achieve 
th
 
d(DA)   =  DM  *  pA(DA).   
(4) 

                              

 
Therefore, a digital implementation of histogram 

transfer function of the form: 
  

f (DA) = max (0, round[ DM *( nk / N
2 )] – 1)    

(5) 
 

Where N is the number of image pixels and nk is 
the number of pixels at intensity level k or less. 
In the digital implementation, the output image 
will not necessar
m

intensity levels). These 
decrease as the number of pixels and intensity 
quantization levels in the input image are 
increased [11].  
 
T
  
c
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 Image Capturing & Pre-processing 
     The data acquisition of microscopic images 
consists of many steps: smearing blood onto 
microscopic slides, cover slipping them, viewing 
the resultant slides a
in
re
th
th
as
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (2): WBC segmentation stages 

(a) Captured Image     (b) Red Channel 

     (c) Green Channel       (d) Blue Channel 

Figure (3): Separating Captured RGB Image 
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As it can been seen from figure, the green 

ut image gives the 

  Segmentation 

ram equalization 

 first iteration, the original 
age is segmented into white background, dark 

reen color. In the 

 the resultant 
age produced from the previous stage        

ualization); multiply each pixel value by        a 
tor r than one roc strated 

    

out  =  Vmaxvout          if    Vout   >  
maxvout 

here  Vin is the intensity of the pixel, B is the 
ctor which controls the brightness, and Vout  is 
e resulted enhanced pixel. Figure (4) shows 
e effect of applying contrast enhancement. 

nter of 
es of 

component of the RGB inp
best contrast between the background and the 
blood cells components including RBC, 
cytoplasm and nucleus of WBC.  
 
 WBC
    To segment the desired WBC object from the 
background, apply the histog
upon the three grayscale files. The histogram 
equalization process consists of three steps as 
follows: 
1. Find the running sum of the histogram values 

for each file (i.e. channel). 
2. Normalize the values (of step 1) by dividing 

them over the total number of   pixels. 
3. Multiply the values (of step 2) by the 

maximum gray level value and round. 
Histogram Equalization (HE) process will be 
repeated twice. In the
im
nucleus and cytoplasm with g
second iteration, the resultant image has a black 
nucleus with color stains inside and surrounded 
by white cytoplasm. 
 

  Contrast Enhancement 
   To enhance the brightness of
im
(i.e. 1'st & 2'nd iterations of histogram 
eq
fac  greate . This p ess illu
by the following transformation: 
 
Vout  =   Vin  *   B             B   >  1  
(6) 
 

   

ROI and the standard deviation for that mean 
to  use it as a diameter to the largest roughly 
circular area entirely within the cell. This 
ROI can be extracted as a square in size and 
cut out from the rest of the original image to 
produce the segmented WBC image.  

 
Experimental Results & Discussions 
     As mentioned before, the microscopic blood 
color images contain five major types of WBC. 
The initial database contains: 20 Lymphocytes, 
11 Monocytes, 16 Neutrophils, 9 Basophils   and 
5 Eosinophils which obtained from Blood Cells 
Observation [12] and BloodLine Image Atlas 
[13]. A comparison between the images of  
WBC shown in the Blood Cells Observation and 
those from BloodLine Image Atlas shows 

V
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 WBC  Detection & Extraction  
    At this stage a decision has to be made in 
order to cut out the WBC from the resultant 
image produced by the second stage.  WBC has 
a distinctive area size that depends on color 
stains inside the nucleus when compared with 
other elements. Therefore, the detecting and 
extracting for WBC can be achieved as follows: 
1. Calculate the color differences of each pixel 

(i.e. differences between the three color 
channels for each pixel ( | red level – blue 
level | , | blue level – green level | , | green 
level – red level | )). 

2. Locate all pixels with the largest color 
differences, and mark it as the Region Of 
Interest (ROI). 

3. Define and extract the nucleus of WBC by 
using both the statistical mean (i.e. ce
nucleus) of the x and y position valu

substantially lower  detail  in the images. In 
particular, it will be noted that, except for 
basophilic granulocytes (basophile), little 
evidence is seen of the cytoplasm granularity 
that is a key feature of granulocytes in general 
(basophils, eosinophils and neutrophils) which 
could be an important part for segmentation 
system. 
        The proposed method results are obtained 
without interaction of the user (i.e. 
unsupervised) and similar to the thresholding 
results in which the original image is segmented 
into white background and dark nucleus but it 
differ from thresholding method in that the 

      (a) Before                     (b) After  207
Figure (4): Effect of Contrast Enhancement 
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nucleus is more obvious since it contains color 
stains that indicates the position of the region of 
interest ROI (i.e. nucleus). To determine the 
largest circle around this ROI, compute the 
rithmetic mean and standard deviation of the x 
nd y position values of color stains pixels 
ithin nucleus that have the largest color 
ifferences which found. Then, cut away this 
OI as a small image that contains the desired 

egmented WBC. Experimentally it is found that 
is operation gives a reliable result, as shown in 
igure

To have a measure of entation accuracy, 
 consider s d ac

egment obtained by ed ethod 
contains all the nucleus an m. Table 

ntation accuracy
d
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 segm
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s
(1) shows the segm
proposed metho

e
. 

 of the 

Table (1): S menta ccuracy  WBC 

WBC 
Type 

No. O
WBC

No. Of
WBC  
correctly 
segmented 

Accura
 

Lymphocytes     20       17    85% 
Monocytes     11         9    82% 

Neutrophils     16      13    81% 
Basophils      9         7    78% 
Eosinophils      5         3    60% 
Total     61       49    80% 
As it can been seen from table, the Lymphocytes 

  better  segmented  due  to  the fact that 
ytoplasm and nucleus are clustered and cover 
ll the WBC making it easy to contain it in one 
efined ROI. Figure (6) shows the correctly 
egmented Lymphocytes.  

 
 

Figure (6): Segmentation of Lymphocytes 
  using the proposed method 

 
 other cases, incorrectly segmentation is 

chieved for some Eosinophils. As it can be seen 
 Figure (7), a major portion of the WBC is 

mitted. This could be due to the fact that, 
osinophils have red color WBC cytoplasm. 
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(a) Original Image      (b) 1'st iteration of HE  

(c) 2'nd iteration        (d) the largest circle 
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Figure (7): Incorrectly Segmentation of 
 

(e) Segmented WBC  
 

Figure (5): Unsupervised segmentation of 
                         Microscopic WBC image 
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Eosinophil 
Additionally, the proposed method is more 
accurate than the thersholding. The thersholding 
process includes three main steps. First, extract 
the green channel from the original image. 
Second, select a threshold value that equal to 
128 (i.e. the midpoint of the histogram). The 
researcher has to test several threshold values to 
convert the RGB image into a binary image and 
then select the appropriate one visually to give a 
reliable result. Third, apply the two basic 
morphology operators: 'erosion' followed by 

ilation' on the resultant image as a pre-
etermining the region of interest 

nting 
and segmenting white blood cells that 
contains more than one nucleus. 

 The proposed method can be used for other 
types of white blood cells (e.g. abnormal 
white blood cell). Blast cells, for instance, 
are characteristic of certain types of 
Leukemia and can be obtained some results 
that similar to the thersholding method. 

'd
processing for d
to remove platelets that may be found in nuclear 
area. Here, thersholding used in opposite way. 
This means pixel labeled '0' (black) corresponds 
to objects, whereas pixel labeled '255' (white) 
corresponds to the background. Figure (8) 
depicts some results of the proposed method. 
 
Conclusions  
From the results, one can conclude the 
following: 
 The proposed method can be categorized as 

unsupervised method, while the thersholding 
method is supervised. 

 The proposed method is more apprperiate 
than thersholding method especially to 
overcome the time-consuming in cou
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Figure (8): Comparison some results between the proposed and thresholding methods. 
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