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Abstract— White Blood Cell (WBC) counting plays a major 

role in the determination of the patient’s health for different 

stages, such as diagnosis and treatment. The traditional 

differential counting method for WBC count is tedious and 

time consuming. In Indian scenario, major of pathologists 

use manual methods, for counting the blood cell using 

microscopic blood image. To automate this process, many 

have used image processing algorithms such as image 

segmentation, thresholding, histogram equalization etc. 

where each technique having some advantages along with 

some drawbacks at each stage. In this direction, this paper 

presents WBC segmentation using different image 

segmentation methods such as watershed transform and level 

set method for nucleus segmentation and Mathematical 

Morphology(MM) operator and Granulometric analysis for 

cytoplasm segmentation Self-dual Multiscale Morphological 

Toggle (SMMT) operator is used as preprocessing algorithm 

for image simplification. Total of 46 non-overlapping and 10 

overlapping WBC images obtained from internet and tested 

using four segmentation methods. For nucleus segmentation 

watershed transform has resulted into 87% of accuracy for 

non-overlapping images & 50% for overlapping images. The 

accuracy of watershed transform for non-overlapping images 

is 10/20% more than that of granulometric analysis method 

results. Also for cytoplasm segmentation MM Operator is 

58% more accurate than Granulometric analysis for non-

overlapping images. However Granulometric analysis is 

found to be 10% more accurate than MM Operator for 

overlapping WBC images. Watershed transform gives 10.9% 

more accuracy than level set method for nucleus 

segmentation whereas MM operator is 58% more accurate 

than Granulometric analysis for cytoplasm segmentation. 

Key words: WBC, Watershed Transform, Level Set Method, 

MM Operator, Granulometric Analysis 

I. INTRODUCTION 

Human blood contains number of cells like Red Blood Cells 

(RBC), WBC of five types, platelets etc. WBC count 

variation is an important metric in monitoring diseases like 

cancer, AIDS. So WBC counting is necessary, and in order 

to achieve this we need to segment WBCs from overall 

image when contrast between the nucleus, cytoplasm and 

background is low. 

Traditional WBC counts and classification methods 

are manual which includes a hem cytometer charged with 

the diluted blood, and counting nuclei manually in the 

appropriate areas of the grid using a light microscope. The 

manual WBC is a reasonable test since it is not time and 

labor-intensive and besides it gives acceptably accurate 

results. Automated cell counters are machines that 

automatically count cells, this automated cell counter uses 

optical or electrical impedance sensors to count number of 

cells go through the tube. As against this the current 

researchers have focused on WBC analysis using Pixel and 

Region based segmentation, Segmentation using 

thresholding, Histogram equalization, Morphological 

Granulometric Features of Nucleus, Mathematical 

morphology and scale space algorithm.  

Many automated techniques were proposed to 

overcome the time consuming task of human experts in 

counting and classifying WBC as mentioned below. 

Rosenfeld discusses two forms of segmentation [1]. Pixel 

based image segmentation and region based segmentation. 

In which pixels are classified independently.  In Region 

based segmentation, the goal is to split the image into 

distinct connected regions. Both forms of segmentation 

require some experimentation to develop a good semantic 

model that can be used to split or merge regions. 

Sonka, Halavac and Boyle nominate thresholding 

as the simplest segmentation process, this is used by 

Mosthefa Mohamed, BehrouzFar[2] and reported that 

thresholding can be useful in the case of segmenting images 

of microscopic blood cells where cytoplasm, nucleus and 

background each have their own distinctive grey levels. This 

technique has problems where the lighting level varies from 

one image to another. 

Fatin A. Dawood has introduced the segmentation 

process 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 [3]. 

The results of this method are compared with those of 

thresholding method. This method was found to be more 

appropriate than thresholding method especially to 

overcome the time-consumed in counting and segmenting 

WBC. 

Nipon Theera et al. have introduced the method 

which is based on Morphological Granulometric Features of 

Nucleus and mainly invented for blood in bone marrow [4]. 

Previously mentioned methods for WBC segmentation are 

applicable only on peripheral blood, where particularly these 

researchers have worked on bone marrow images. In this the 

author has classified WBCs with the help of different 

classifiers such as Bay’s classifier and artificial neural 

network where input to this classifier was nucleus based 

features namely area of nucleus, location of its pattern, and 

two granulometric moments. 

Tenn Francis Chen used Level-set methods 

combine global smoothness with the flexibility of topology 

changes [5]. This helps significantly statistical classification 

over conventional. However, level-set methods suffer from 

heavy computational burden because of a lot of iterations. 

To overcome this fast level-set framework based on the 

watershed algorithm for the segmentation of complicated 

structures from a volumetric data set like MRA image is 

represented in[6]. 
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LeyzaBaldoDorini et al. used Self-dual Multiscale 

Morphological Toggle (SMMT) technique proposed by 

Witkin [7]. The approach [8] and [9] is a novel multiscale 

approach, named scale space. The properties of SMMT 

operator is used to improve the quality of the image to be 

used in the segmentation algorithms. By choosing the 

appropriate scale, only the features of interest are preserved. 

When varying the number of iterations, the edge-preserving 

region merging conduces to a contour regularization and 

consequently to an improved gradient image, thus yielding 

better segmentation results. After image simplification using 

SMMT operator, the cell nucleus was extracted using the 

watershed transform. Then, based on the size distribution 

information of the red blood cells (RBC), the cytoplasm was 

segmented using basic operations such as thresholding and 

morphological opening. However there is no report on WBC 

segmentation on overlapping WBC. 

In [10] author presented WBC segmentation using 

watershed transform and level set method where Self-dual 

Multiscale Morphological Toggle (SMMT) operator is used 

as preprocessing algorithm for image simplification. Further 

WBC counting has been carried out as it is helpful for 

identifying some diseases. It has been found that, WBC 

count for non-overlapping WBC images obtained after 

segmentation by level set method is ~10% more accurate 

than the one obtained after segmentation by watershed 

transform. Similarly for overlapping blood images, WBC 

count obtained after watershed transform is 12% more 

accurate than one obtained after level set method for 

segmentation. 

To fill this gap in this paper we have presented & 

compared four segmentation methods viz.; nucleus 

segmentation by watershed transform & level set method 

and cytoplasm segmentation by MM operator & 

granulometric analysis on SMMT operated image. Then 

comparison of our segmentation results has been carried out. 

The theoretical background on SMMT & segmentation 

methods is presented in the section II, implemented 

methodology is explained in section IV, results in section V 

followed by conclusion in section VI. 

II. THEORETICAL BACKGROUND 

A. SMMT Operator 

SMMT Operator is used as a preprocessing algorithm as it 

simplifies the image for accurate contour recognition [10]. 

SMMT operators extract the specific features of interest 

SMMT operator defined as,  

(f ⊘ gσ)k(x) = {

Ø1
k(x)  if∅1

k(x) − f(x) < 𝑓(x) − ∅2
k(x)

f(x) if∅1
k(x) − f(x) = f(x) − ∅2

k(x)

∅2
k(x)   otherwise

 (1) 

Where,    

 ∅1
k(x) = (f ⊕ gσ)k(x)            ⋯ dilation              (2) 

∅2
k(x) = (f ⊖ gσ)k(x)           ⋯ erosion              (3) 

Nucleus segmentation has been carried out by two 

different approaches namely watershed transform and Level 

set method and cytoplasm segmentation has been carried out 

by MM operator and granulometric analysis. 

B. Watershed Transform 

Watershed Transform is based on visualizing an image in 

three dimensions: two spatial coordinates versus intensity. 

In such topographic interpretation, three points are taken 

into consideration: (a)points belongs to regional minima 

(b)points at which a drop of water, if placed at the location 

of any of those points, would fall with certainty to a single 

minimum, and (c)points at which water would fall to more 

than one such minimum. For particular regional minimum, 

the set of points satisfying condition (b) is called the 

catchment basin or watershed of that minimum.  The points 

satisfying condition (c) form crest lines on the topographic 

surface and are termed divide lines or watershed lines. 

1) Watershed Segmentation Algorithm 

Let M1, M2,……..Mg sets denoting the coordinates of the 

points regional minima of an image  g(x, y).  

C(Mi) -a set denoting the coordinates of the points 

in the catchment basin associated with regional minimum  

Mi. notation min and max  denote the minimum and 

maximum values of g(x, y). T[n] represent the set of 

coordinates (s,t) for which g(s,t) < n. that is, 

T[n]={(s,t)\g(s,t)<n}                                  (4) 

Where, T[n] is set of coordinates of points in g(x,y) 

lying below the plain g(x,y)=n,  The topography will be 

flooded in integer flood instruments, from n=min+1 to 

n=max+1. For algorithm of watershed transform refer [10]. 

C. Level Set Method 

Segmentation using Level set Method has the advantage to 

deal with topological changes or discontinuities that may 

arise during the evolution of the level zero curves. Leaking 

of the curves moving toward object edges is prevented by 

introducing the following expression: 

gI(x, y) = 
1

(1 + |∇(Gσ ⃰I(x,y))|)
                                      (6) 

Where, Gσ* I denotes the convolution of the image 

I with a Gaussian kernel of standard deviation σ. The term 

∇(Gσ *I(x, y)) is essentially zero, except near significative 

variations of the gradient. Thus, g I(x, y) approaches one out 

of the edges and tends to zero near them. 

D. MM Operator 

Mathematical Morphology (MM) examines the geometrical 

structure of an image by probing it with small patterns, 

called ‘structuring elements’, of varying size and shape, just 

the way a blind man explores the world with his fingers or a 

stick. This procedure results in nonlinear image operators 

which are well-suited to exploring geometrical and 

topological structures. A succession of such operators is 

applied to an image in order to make certain features 

apparent, distinguishing meaningful information from 

irrelevant distortions, by reducing it to a sort of caricature.  

These methods require the various MM operations, 

Bottom and top hat transform and Flood fill operation. The 

Bottom and top hat transform and Flood fill operation theory 

is explained further. 

1) Bottom Hat 

Bottom-hat transform is applied to emphasize brighter 

regions. 
That(f) = f − (f ○ b)                     (13) 
Bhat(f) = (f · b) − f                       (14) 

(f ○ b) is opening of images by structuring element b. 
(f · b) is closing of image by structuring element b 

2) Flood Fill Operation 

The flood fill algorithm takes three parameters: a start node, 

a target node and a replacement color. The algorithm looks 
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for all nodes in the array that are connected to start node by 

a path of target color and changes them to the replacement 

color. 

E. Granulometric Analysis 

Granulometric function helps to achieve size distribution 

information of each element in a microscopic blood image. 

The reason for calculating size of each element is that to 

select size of structuring element which is based on size of 

Red blood cells (RBC's).  This is computed empirically & 

size of RBCs can vary between 7.5-8 micrometers in 

diameter. 

III. DATABASE PREPARATION 

Collection of database of microscopic blood cell image 

samples carried out from internet which consists of 56 

samples having magnification (100X) resolution. The 

proposed scheme has been applied on 56 microscopic blood 

images obtained from internet.  Sizes of these images range 

from 120 X 90 to 1584 X 1443 pixels. This database 

consists of two different kind of image sets viz.; forty six 

non-overlapping WBC images and ten overlapping WBC 

images sample shown in figure 1. 

    
(a)   (b) 

Fig. 1: Sample of WBC images, a) Non-overlapping. b) 

Overlapping image 

IV. METHODOLOGY 

 
Fig. 2: Sample of Normal White Blood Cell Image 

 
Fig. 3: Flow chart of WBC segmentation 

Microscopic blood image is as shown in Fig. 2 which 

contains RBC and WBC with nucleus and cytoplasm. Figure 

3 shows flow diagram for methodology of implementation 

for WBC segmentation. The image has been simplified by 

SMMT operator, and then used for nucleus segmentation by 

watershed transform & level set method and cytoplasm 

segmentation by MM operator & granulometric analysis 

method next. Then the comparison of four segmentation 

methods carried out subjectively. 

A. Experimentation using Different Segmentation Methods 

Four different segmentation methods viz; watershed 

transform, Level set method, MM operator and 

granulometric analysis have been used for WBC 

segmentation  

1) WBC Nucleus Segmentation by Watershed Transform 

Marker-controlled watershed segmentation follows basic 

steps as depicted Fig. 4. SMMT operator is applied on input 

image, I to create simplified image Is. Then segmentation is 

carried out on this image whose dark regions are the 

segmented objects.  These are connected blobs of pixels 

within each of the objects that are taken as foreground 

markers. Background marker is computed based on pixels 

that are not part of any object. Segmentation function is 

modified so that it only has minima at the foreground and 

background marker locations. At the last watershed 

transform is applied to obtain segmented nucleus along 

watershed lines. 

 
Fig. 4: Flow chart for Nucleus segmentation using 

watershed transform 

2) WBC nucleus segmentation by Level set method 

 
Fig. 5: Flow chart for nucleus segmentation using Level set 

method 

Segmentation by level set method follows the steps given in 

Fig. 5. Here, binary image Ib, is created by using 

appropriate thresholding on the input image, I. Image 

simplification is carried out by applying SMMT operator on 

image I. The Canny method was used to obtain an edge of 

binary image, Ib, which uses two thresholds to detect strong 

and weak edges. At the last, image Ib is superimposed, in 

simplified image, Is. This gives segmented nucleus of WBC.  

3) WBC cytoplasm segmentation by MM Operator 

As in Figure 6 image is subjected to MM operator to 

segment WBC cytoplasm. Here, SMMT simplified image is 

subjected to bottom hat transform to emphasize the 

cytoplasm region. Then thresholding is applied to obtain 

 

 

RBC 

Nucleus  

WBC 

Cytoplasm  
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binary image. Then flood fill operation was performed in 

order to fill small regions. Finally previously segmented 

nucleus is added into image obtained in fourth step, so that 

each and every WBC is taken into consideration. 

 
Fig. 6: Flow chart for cytoplasm segmentation using MM 

operator 

4) WBC cytoplasm segmentation by granulometric analysis 

 
Fig. 7: Flow chart for cytoplasm segmentation granuometric 

analysis 

Granulometric analysis is the last segmentation method used 

to segment the cytoplasm of WBC.  As shown in Figure 7 

first step in this method is take a microscopic blood image 

as input. Then second step is to find size of RBC using 

empirical method. For this at start disc shaped structuring 

element is used with basic size. This structuring element is 

operated on the image RBC are removed. In case if RBC is 

not removed structuring element size further and repeat the 

process until RBCs are removed. In third step thresholding 

is applied to get binary image. Then obtained RBC size was 

used as structuring element for opening process to remove 

unwanted parts from image to retain only cytoplasm WBC 

V. RESULTS 

Results of nucleus segmentation obtained using watershed 

transform are given in figure 8. In this figure, first column a, 

corresponds to the original microscopic blood image. 

Column b, corresponds to SMMT simplified image. Here we 

can observe that SMMT operated image contains part of 

WBC clearer than rest of the parts in microscopic blood 

image. Third column that is column c, shows gradient 

enhanced image, where we can see the edges of WBC very 

clearly. Result image in column d, shows segmented nucleus 

from the microscopic blood image which is the result of 

segmented nucleus.  

 
Fig. 8: Nucleus segmentation using Watershed transform a) 

Original WBC image b) Image in Fig a simplified by 

SMMT c)Gradient of original image d) segmeted nuceus by 

watershed transform 

detected by canny edge detection method. Column 

e, shows results of erosion.  Column f, shows results for 

addition of binary image and edges of that image. Column g, 

shows segmented nucleus which is found by subtracting 

eroded image from added image (image shown in column f). 

Results of cytoplasm segmentation obtained using 

mathematical morphology are given in Figure 10. In this 

figure column a, corresponds to the microscopic blood 

image, second column corresponds to SMMT simplified 

image. Column c, shows results for bottom hat transform. 

Here bottom-hat transform is applied to emphasize brighter 

regions. Column d corresponds to results of flood fill 

operation which fills all small holes. Column e corresponds 

to results of addition of previously segmented nucleus into 

the resultant image after flood fill operation. Finally seventh 

column, column f, gives us segmented cytoplasm from the 

microscopic blood image, by applying MM operator. 

Results of nucleus segmentation obtained using level set 

method are given in Figure 9. In this figure first column 

corresponds to the original microscopic blood image, 

column b, shows SMMT simplified image. Column c, shows 

results of thresholding. Column d, shows edges of threshold 

image. 

 
Fig. 9: Nucleus segmentation using level set method  a) 

Original WBC image b) Image in Fig a simplified by 

SMMT c) thresholded image d)Edges obtained by canny 

edge detection method. e) result of erosion. f) result of 

addition of edges and thresholded image. g) Segmented 

Nucleus. 

 
Fig. 10: Cytoplasm segmentation using MM Operator 

a)Original WBC image b) Image in Fig a simplified by 

SMMT  c)result of bottom hat transform d) result of flood 

fill operation. e)result of erosion. f) result of addition of 

previously segmented nucleus. g) Segmented cytoplasm. 
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Results of cytoplasm segmentation obtained using 

granulometric analysis are given in figure 11. In this figure 

column a, corresponds to the microscopic blood image, 

second column corresponds to binary image which is results 

of thresholding. Column c corresponds to results of opening, 

where size of structuring element for this opening is same as 

size of RBC. Finally column d, shows segmented cytoplasm. 

 

Fig. 11: Cytoplasm segmentation using Granulometric 

analysis. a) Original WBC image b) Image in Fig a 

simplified by SMMT c) thresholded image d)Edges obtained 

by canny edge detection method. e) result of erosion. f) 

result of addition of edges and thresholded image. g) 

Segmented Nucleus 

 Accuracy for non-overlapping Accuracy for overlapping 

Total number of blood images 46 10 

Segmentation method used 

Total number of blood 

images with accurately 

segmented WBC 

% 

Accuracy 

Total number of blood 

images with accurately 

segmented WBC 

% 

Accuracy 

Nucleus 

segmentation 

Watershed 

Transform 
40 86.95 5 50 

Level-set Method 35 76 3 30 

Cytoplasm 

segmentation 

MM Operator 36 78.26 3 30 

Granulometric 

analysis 
9 19.56 4 40 

Table 1: Result Analysis For Segmentation Result For Overlapping And Non-overlapping of WBC Images.

Table I shows the subjective accuracy results of 

WBC segmentation with no overlapping and WBC images 

with overlapping. It is seen from this table that, accuracy of 

watershed method for nucleus segmentation is good for 

overlapping as well as non-overlapping WBC images. It is 

86.95% for non-overlapping WBC images and 50% for 

overlapping images.  Accuracy of level set method for non-

overlapping WBC image is 76%. Cytoplasm segmentation 

result by MM operator for non-overlapping images is 

78.56% is “58.7% more accurate than that obtained by 

granulometric analysis” results of granulometric analysis for 

images with overlapping WBCs is 40% which is ~10% more 

than that by level set segmentation. Watershed transform 

gives 10.9% more accuracy than level set method for 

nucleus segmentation whereas MM operator is 58% more 

accurate han Granulometric analysis for cytoplasm 

segmentation. 

VI. CONCLUSION 

In this paper, we have presented different methods to 

segment WBCs. We process the input images with an 

SMMT operator with scale space properties. This process 

helps to extract area of interest. To segment the nucleus and 

cytoplasm, we have considered four well-known image 

segmentation techniques, viz., the watershed transform, 

level-set methods for nucleus segmentation and MM 

operator, Granulometric analysis for cytoplasm 

segmentation. Segmentation results obtained are visually 

very good for first three methods besides contour 

regularization; the image simplification performed by 

SMMT also filters out the noise present in some images. It 

is found that watershed transform is better choice for 

nucleus segmentation whereas MM operator is a better 

choice for cytoplasm segmentation for non-overlapping 

WQBC images & Granulometric analysis is a better choice 

for cytoplasm segmentation for overlapping WBC images. 

The subjective qualitative analysis of the method, and 

quantitative classification results are promising, encouraging 

for future work of classification and counting. 

VII. FUTURE SCOPE 

It has been found that this project helps to obtain ~87% 

accuracy of segmentation microscopic blood images. This 

accuracy can be improved by rearranging the background of 

Microscopic blood image in uniform rate. Some 

improvement in processing on overlapped images with our 

experimentation will drive further attention for 

improvement. 
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