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Blood cell segmentation and identification is a vital in the study of blood as a health indicator. A
complete blood count is used to determine the state of a person’s health based on the contents
of the blood in particular the white blood cells and the red blood cells. The main problem arises
when massive amounts of blood samples are required to be processed by the hematologist or
Medical Laboratory Technicians. The time and skill required for the task limits the speed and
accuracy with which the blood sample can be processed. This project aims to provide userfriendly software based on MATLAB allowing for quick user interaction with a simple tool for the
segmentation and identification of red and white blood cells from a provided image. In order to
perform the segmentation, this project used color based segmentation using International
Commission on Illumination L*a*b* (CIELAB) color space. The completed project is able to
obtain quick and accurate blood cell segmentation of both red and white blood cells. The accuracy
of this project ranges from 64% to 87% depending on the type of processing used and the type
of cells being extracted.
Keywords: MATLAB, Segmentation, Identification, Red and white blood cells, CIELAB color
space

the state of health of a person as well as some
diseases they may have. The reason for this is
that WBCs are produced as a reaction to illness.
Overproduction or underproduction can also
indicate certain diseases including infections,
allergies, blood related conditions and the body’s
response to treatment. The number and shape
of the RBCs can also indicate certain medical
problems. Since the RBC carries oxygen from
the lungs and carbon dioxide to the lungs, the

INTRODUCTION
Human blood is composed mainly of three main
cell types, White Blood Cells (WBCs), Red Blood
Cells (RBCs) and platelets. The counting of these
blood cells is known as a complete blood count
and provides information such as the lack or
overabundance of certain cells which could
indicate certain diseases such as leukemia or
anemia. WBCs in particular can help to determine
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detecting perfect contours and 95% accurate
when including occluded contours. Hough
transform technique has been used by Mahmood
and Mansor (2012) and Maitra et al. (2012) to
detect and count the number of RBC in the
microscopic blood cell image. This technique
used features such as the shape of RBC for
counting process.

RBC count is a great indicator to determine the
body’s oxygen level. As such, counting RBC
content in blood is also a medical asset.
Blood cell segmentation and identification are
centered on the pre-processing of the image,
segmentation of the Regions of Interest (ROI) and
identification or classification of the cells. Recent
studies have suggested different method for
segmentation and identification of blood cells.
Sadeghian et al. (2009) proposes a flow that
makes use of the gray levels to extract the WBC.
The nucleus of the WBC is then extracted using
a method of contour modeling called the Gradient
Vector Flow (GVF) snakes model. This proposed
method was found to have 92% accuracy in
segmenting W BCs and 78% accuracy in
segmenting cytoplasm. It does not however
identify either and is used primarily as an image
segmentation method. Hiremath et al. (2010)
proposed a two pass method to identify and
classify WBCs. Their proposed method consists
of segmenting the WC based on either gray levels
or HSV hue detection. This method was found to
have a 92-99% success rate depending on the
feature values used in the classification. Similar
results were also obtained when using HSV color
image formats coupled with hue determination
for the WBC extraction.

METHODOLOGY
A. Color Segmentation
The first step is segmentation of the image.
Similar to Hiremath et al. (2010) and Sinha and
Ramakrishnan (2002) this project will use color
based segmentation. The input images are
converted from their original RGB format to CIE
L*a*b* color space as opposed to the HSV color
model.

B. User Specified CIELAB Range
The default values for this project were found
through the analysis of three sample images. It
was found that the WBC could be segmented
through the b axis alone. This is due to the fact
that the b axis defines the color along the blue to
yellow color line. Since the Wright’s stain gives
the WBC a purplish stain skewing to blue, the b
axis is impacted the most. The RBC on the other
hand can be segmented using the L axis due to
the RBCs being darker than the background.
From the sample seen in Figure 1, it can be seen
that the WBC has a b axis value of approximately
80 and the RBC has an L value of approximately
130. Filtering done on three images gives us the
range of 80-100 on the b axis for the WBC and
130-150 for the RBC on the L axis. For the rest of
the parameters, a range of 0-255 was given which
means that any value is acceptable. The effect
of the default values on the CIELAB extraction
can be seen in Figure 2.

From the work done by Poomcokrak et al.
(2008) used neural networks in the cell analysis
and classification. The proposed flow is itself very
rudimentary and comprises of cell extraction
followed by classification and finally counting. This
method produces a 74% accurate system of
segmentation and counting of RBC. Another body
of work using contour tracing is seen in Vromen
et al. (2006). Their proposed system makes use
of monochrome images and performs contour
tracing using gradient vectors of individual pixels.
This method was found to be 85% accurate in
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remove platelets and any other particulates or
noise in the image. Two separate masks are then
produced from this image. The first mask is
obtained by eroding the image. This produces a
mask of a smaller area than the cell and is used
to remove unwanted edges found within the
boundary of the cell as seen in Figure 3. The
second mask is the inverse of the dilated image
which generates a mask that encompasses the

Figure 1: Sample image for
User Specified CIELAB

Figure 3: Mask Edges Inside the Cell

Figure 2: User Specified
CIELAB Range Output

Figure 4: Mask Edges Outside the Cell

C. Image Filtering
The next step in the flow is the image filtering.
This step cleans up the image and leaves only
the outline of the potential cells in preparation for
the cell extraction. The way this is done is by
applying morphological operators to the
segmented images coupled with edge detection.

area outside the cell thus illuminating the edges
detected outside the cell’s borders. This can be
seen in Figure 4.

First, the segmented image is converted into
a binary image which will later on act as a mask.
Morphological closing followed by opening is
performed with a circular structured element to

Next, the edges of the cells are obtained from
the original RGB image. The image is first
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intensity gradients followed by edges with low
intensity gradients following the directional
information gained from the high intensity gradient
edge detection. What this means is that the Canny
edge detector does not discard weak edges. This
is important when it comes to blood smear
images which include cells without clearly defined
edges such as some RBCs which almost blend
in with the background.

converted to a gray level image. The edges are
then extracted using the Canny operator as seen
in Figure 6. The masks from the previous step
Figure 5: Mask Edges Outside the Cell

D. Cell Extraction and Counting
After the edges are extracted from the image, they
are used to extract the cells by means of a circular
Hough transform followed by a ROI polygon area
measurement. For this project, the cells are
assumed to be mostly circular in shape. This is
done to ensure a similar processing method can
be used on both the RBC and WBC. In order to
extract circular shapes, the Hough transform is
used. The Hough transform is a method to extract
features with certain shapes through a voting
process.

Figure 6: Final Extracted Edges

Hough transform uses Equation (1) to
parameterize a point in space, or in the case of
this project, a pixel location. This equation can
also be written in two separate forms as seen in
Equations (2) and (3). These equations make the
Hough transform suitable for describing circles
since a full sweep of the  across 360 degrees
will provide a circle of radius R with a centre
located at (a,b) where a and b is the location on
the x and y axis of the image.

are used to remove the edges inside and outside
the cell’s borders. What remains are the edges
of the actual cell seen in Figure 5.
The Canny edge detector was chosen as the
default edge extraction operator because it is the
most effective of MATLAB’s built in edge detection
methodologies. Canny edge detection is used to
ensure that the transition between weak edges
and strong edges are bridged allowing for a higher
hit count for the Hough transform algorithm. Canny
uses hysteresis to first detect edges with high

x cos + y sin = R

...(1)

x = a + R cos

...(2)

y = b + R sin

...(3)

The circular Hough transform is used in this
project to find the a and b locations throughout
the image given a range of R corresponding to
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to specify the minimum and maximum radius of
the WBC and the RBC, this project allows for the
processing of a range of input images as seen in
the results which were done by processing 108

the minimum and maximum radius of the WBC
and RBC. The algorithm used within MATLAB to
achieve this is based on the three basic steps of
the algorithm which consist of the accumulator
array computation, centre estimation and radius
estimation. The detailed implementation of the
algorithm is unspecified due to the fact that the
Hough transform itself is not a rigidly defined
algorithm.

Figure 8: Circular Hough Transform Output

To begin the algorithm, the pixels of high
gradient values are denoted as candidate pixels
and their “votes” are cast in the accumulator array.
These votes cast by each candidate pixel form a
circle around them as seen in Figure 7(a). This
step is known as the accumulator array
computation. Once the accumulator array is fully
updated, the centre estimation can begin. As seen
by the solid dots on the solid circle in Figure 7(b),
the voting tends to increase the accumulator
values at the centre of the actual circle which is
the cross in the middle of the solid circle. From
this high vote count, the centre of the circle can
be estimated. Finally, the algorithm performs

simple images from a range of 300X to 500X
magnification. Figure 8 shows a sample output
after the Hough transform was used.

E. Full System
After covering the core cell segmentation and
identification steps, user interactive features are
added to the GUI to make it more users friendly.
These features are file or directory selection, data
saving, data reset, automated flow, cell type
selection, color segmentation method, CIELAB
space parameter input and cell radius input.
Additionally, each step in the flow is made available
as a separate feature accessible by push buttons.
This is coupled with a text window displaying the

Figure 7: Circular Hough Transform
Accumulator Votes

Figure 9: Final MATLAB GUI

radius estimation. This has to be done separately
as most accumulator arrays are used for single
radius values.
By specifically allowing the user of the system
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processing time, process name and the number
of cells detected.

images are JPEG images captured in RGB
format with a resolution of 2592 x 1944 pixels
using a Canon PowerShot G5 camera coupled
with an optical laboratory microscope. The
magnification of the images ranges from 300-500.

Figure 9 shows what the final Graphical User
Interface (GUI) looks like. The included image is
a sample image extracted from one of the 108
database images and acts as a demo image. The
flow segment marked by the red box is the stepby-step process of the system.

These images are blood smear images that have
been stained with Wright’s Stain, giving the WBC
a purplish color.
The system used was run on an Intel Core i52520M CPU using MATLAB R2012a. Microsoft

RESULTS AND DISCUSSION
A. Test Samples and System Used

Excel 2010 was used to open the csv output files.
MATLAB R2012a was chosen as it contains the
imfindcircles function which enhances the circular
Hough transform.

Test samples are obtained from 108 images from
the “Acute Lymphoblastic Leukaemia Image
Database for Image Processing” database set
up and maintained by Fabio Scotti, Department
of Information Technology from the Università
degli Studi di Milano and are obtained from the
image repository provided by the M. Tettamanti
Research Center for Childhood Leukemias and
Hematological Diseases, Monza, Italy. These

B. Result
Table 1 show the results of the system on all 108
images when user specified CIELAB range
algorithm is used. Figures 10 and 11 shows
the pie chart representation of the same data.

Table 1: Result of User Specified CIELAB Range
Percentage of
Images Within Range

Number of Images
Within Range

Percentage of
Images Within Range

Accuracy Range
(%)

Number of Images
Within Range

0

6

6

4

4

1-10

0

0

1

1

11-20

0

0

1

1

21-30

0

0

6

6

31-40

0

0

9

8

41-50

6

6

8

7

51-60

8

7

8

7

61-70

15

14

9

8

71-80

8

7

25

23

81-90

6

6

29

27

91-100

57

53

7

6

>100% over defect

2

2

1

1
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Table 2 summarizes the average accuracy of
the system when the over detected accuracy
numbers are capped to 100%. The average time
for processing is 28 s per image.

Figure 10: Result of User Specified
CIELAB Range on WBC

CONCLUSION
The goal of this project is to approach the
segmentation and identification of the WBCs and
RBCs through a MATLAB GUI in order to provide
an open sourced system for future development.
This has been achieved with the system
presented in the previous portions of this thesis.
The final system will be open sourced and
modular. Each step of the image processing flow
used in the system can stand alone and is easily
modified or added upon. The segmentation and
identification process achieved ~80% accuracy
for 108 samples with magnification ranging from
300X to 500X. Finally, the system is contained
within a user friendly GUI based on MATLAB
allowing students of image processing as well
as Medical Laboratory Technicians and
hematologists to easily use it.

Figure 11: Result of User Specified
CIELAB Range on RBC
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In Table 1, the number of images within range
refers to the number of images that have the
number of detected cells falling within the related
accuracy range. For example, in Table 1, there
are 6 images that have 41%-50% of their WBC
accurately detected. The numbers listed in the
legend of Figures 10 and 11 are the upper limits
of the accuracy range.
Table 2: Summary of the Result
White Blood Cells

Red Blood Cells

Average accuracy using user
specified CIELAB range
81%

Average accuracy using user
specified CIELAB range
64%
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