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ABSTRACT

Automatic detection of Red Blood Cells (RBCs) by using image-processing techniques is
important in determining blood disorders and diseases. This study proposes an algorithm
for automatic detection of red blood cells in optical microscopy images of blood smears.
The proposed method depends on binary conversion at multi-threshold and includes a
morphological operation as erosion and image fill according to certain conditions. In this
study, we used 50 images from IDB data of blood samples taken with an optical
microscope. The suggested method is compared with other modern techniques based on
the two accuracy coefficients, namely, detection and false alarm rates. Results show that
the proposed method has a high detection accuracy compared to other methods.
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INTRODUCTION

Blood has been contained three types of cells that
travel in the blood vessels: red blood cells, white
blood cells, and platelets.

Red cells: There are about 25 trillion Red blood
cells in body are soft, doughnut-shaped cells. It
is the mean of transport that transports the
oxygen from the lung to all living cells of the
body. It also captures CO> gas and gaseous waste
and move it to the lungs to complete the
exhalation process and remove it from the body.
In addition, using a microscope, we can see red
blood cells, distinguished by their red color. (For
example, there will be approximately fifty red
blood cells in an area the size of the dot at the end
of this sentence.). In case A, simple change in the
blood protein hemoglobin inside the red blood
cells leads to a change in its shape and causes all
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the problems and symptoms of the disease
anemia.

White cells: white blood cells are the defenders
of the human body. They help in capturing and
fighting aggressor germs and protect the body
from foreign cells and viruses. There are
different types of white blood cells, and each
type has a mission and location. An increase in
the number of white blood cells is the first
indication of an infection or injury attacking the
body. White blood cells in sickle cell disease
patients do not attack bacteria as they do in
normal people without sickle cell disease.
Therefore, the risk of infection and disease in
patients with sickle cell anemia is greater than in
normal persons.

Platelets: Platelets are tiny cells that plug holes
in the blood vessels. When a cut or puncture
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occurs in the skin and blood vessels, bleeding
occurs. The platelets work by forming a
gelatinous substance to seal the wound and stop
the bleeding, and it is called a blood clot.

If there are not enough platelets, or when
platelets are not working, the bleeding will not
stop. In the case of a large number of platelets, it
is possible for the blood to clot within the blood
vessels without the presence of a wound or a hole
in the skin. This stops the blood flow, causing
damage to the surrounding tissues.

Platelets are more active in people with sickle
cell anemia than in healthy people, and this leads
to an increase in blood clotting within the blood
vessels even though there is no wound.

Sickle cell anemia is a chronic genetic disease of
red blood cells, which results in a change in the
chemical structure of the blood protein known as
hemoglobin. The change caused by the disease is
a change in the appearance of the red cells from
their normal shape to the shape of a sickle,
becoming stiff instead of a soft, flexible round
that easily flows into the blood vessels. The
sickle form of red cells causes blockage of the
blood flow. In addition, it leads to breakage of
the cells, resulting in anemia that may threaten
the life of the patient [1].

There are many previous studies related to the
topic of detection and discrimination of
erythrocytes, the most important of them:

H. A. et al. (2019) using form, perimeter factor
and area as feature descriptors and they proposed
a method to difine the circalar and abnormal
shaped RBCs image by automatic detection of
the blood cell. Their produced good performance
during the task completion with an acceptable
error and sensitivity of excellent [2].

Singhal, Vanika and Singh, Preety used LBP
texture features and geometric features for the
detection of blast cells in the blood images of
lymphocytes. It computed for each image in the
training and test set by SVM classifier is used for
classification of images as blastaor normal. The
results features perform reasonably well as
compared to shape features [3].

Theera, Nipon et al they used information about
the nucleus to classify blood cells and using
mathematical morphology they compared their
results with other classifiers. The results show
that the features using nucleus alone can be

70

utilized to achieve a classification rate of
good [4].

Devia, Salam et al. they developed system for
quantification of erythrocytes in microscopic
images of thin blood smears and using method to
enhance the performance of the system are cell
separation and clump cell segmentation. Results
with an accuracy of exlent in comparison to the
state of art method [5].

Bhavana, Reddy et al. (2020) used many
techniques of image processing from which
RBCs are separated based on size and shape of
the cells. Techniques were used to get more
accurate result [6].

Chadha, G.K. et al. They introduced a technique
for automatically counting RBCs. and they
classified RBCs on the basis of morphology,
texture, and color.as well as they segmented the
cell, and they proposed algorithm an overall
accuracy of privilege. [7].

D. Avci and A. Varol used a new method to
classification of human parasite eggs in
microscopic images of test; exellent rates were
obtained [8].

PROPOSED METHOD

In this study, a new algorithm was proposed to
detect and count RBCs for a blood sample
captured under an optical microscope by using
digital image processing techniques.

Calculating the gray component of the
image

The grey component is selected based on the
lowest value among the RGB components and
according to the following:

I(x,y) = min(r(x,y),g(x,y), b(x,y) (1)

This process allows sensitivity to the lowest
colour values. Figure 1 represents a sample
image of a blood smear captured by a microscope
and the corresponding lightness component.

Binary conversion

The lightness image is converted into multiple
images in binary for multiple threshold values, as
follows:

I(x,y) > th; then Ib;(x,y) = 1}
else Ib;(x,y) =0
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where th; = 60,70,80 and 90 .

Deleting Small Size Areas and Fill in the

gaps
In the binary images, we use the condition to
eliminate unblended and areas smaller than 250

(for image size about 600x800)
(@)

(3)

Erodes the binary images (with thresholds 80
and 90) returning the circle structuring have size
(15 x 15). Figure 2 represents the binary image
of several threshold values. We note that the
number of blood cells decreases and increases
with the change of these values, thereby affecting
the efficiency of the count.

(b)

Figure 1. Blood smear image captured by an optical microscope: (a) The original image and (b) Grey or lightness

Component.
@ (b)
(c) (d)

Collect all binary images and count

All binary images are collected in one image and
according different threshold values. This
resultant image has a high efficiency in

-
Figure 2. Binary images at different threshold values: (a) th1=60, (b) th2=70, (c) th1=80 and (d) th2=90.
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distinguishing WBCs. The images in the figure
(3,b) are generated by collecting all the images
in the figure 2 we can find the number of
connected components in a binary image by
using the label algorithm [9] as illustrated in the
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figure (3,c). Figure 4 illustrates the block (b)
diagram for the suggested algorithm, explaining
all the stages of that algorithm.

(@)
(©)
Figure 3. In (a) Blood smear image, (b) binary image,
and (c) auto-detection of RC region by using the
suggested algorithm.
Input color image
Finding lightness
Convert to Binary
‘ th1=60 ‘ ‘ th2=70 ‘ ‘ th3=80 ‘ ‘ th4=90 ‘
Delete small Delete small Delete small Delete small
region region region region
Erode Erode
I s.:l.:a. <(_I
RBs count
Figure 4. Block diagram for the suggested algorithm.
QUALITY ASSESSMENT the comparison between manual counting and

An important method for calculating accuracy in ~ automatic detection. Quality is evaluated based
detecting RBCs in optical microscopic imagesis  On the accuracy of measurement between manual
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counting and automatic counting of RBCs and
this parameter is called detection rate(p,) [10]:

RBC Corrected auto detection (4)

RBC Manual count
The false alarm rate (¢) is defined as the ratio
between false detection number of RBCs and
the number of RBCs determined by [5]:

False detection
" RBC Manual count

He =

()

EXPERIMENTAL RESULTS

In this paper, we propose a new algorithm for
detecting normal and abnormal RBCs. This
algorithm is applied on blood smear microscopic
images (50) download from erythrocytes 1DB
[11] with size (3264 x 2448) and type jpg. The
image size is reduced to a quarter to increase the
execution speed and pixels. All program is
executed using Matlab software (R2020a), which
is used to detect RBCs in the microscopic
images. These images are illustrated in Figure 5.
Detection accuracy was calculated by comparing
the auto-detection and manual-detection values
for RBCs depending on two parameters, namely,

detection rate(u,) and false alarm rate (g). The
results are shown in Table 1.

Table 1. The comparison of a series of quality with

previous research.

Method Ue €
[12] in 2020 78.56% 21.44%
[13] in 2020 77.9% 22.1%
[14] in 2016 88% 12%
[15] in 2020 77.% 23%

Proposed 88.45% 11.55%

The highest accuracy levels were detected for the
proposed method, with values of 88.45% and
11.55%, respectively. This finding indicates the
success of the proposed method in detecting
RBCs, followed by the methods [12-15]. One of
the images taken from the IDB of a blood smear
captured by an optical microscope It was used as
an example to illustrate the detection mechanism
using all algorithms shown in Figure 6. The
levels of accuracy were reflected in data
matching, manual counting, and automatic
counting for all methods used in the detection
Figures 7. We also obtained the best match the
distributions between the manual counting, and
automatic counting for the proposed method.

e(2) e(3) ed)

(10) e(11) €(12)

&(5)

e(6)

e(l3) e(l4) e(15) e(16)

e(17) €(18) e(19) €(20) e(21) e(22) e(23) e(24)

e(25) e(26) e(27) e(28) e(29) e(30) e(31) e(32)

e(33) e(34) e(35) €(36) e(37) €(38) e(39) €(40)

e41) €(42) (43) e(44) e(45) €(46) e(47) (48)

€(49) &(50)

Figure 5. IDB data that used in this study.
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Figure 6. In (a) One of the images taken from the IDB of a blood smear captured by an optical microscope, in (b), (c),
(d), (e) and (f) Detection of RBCs by [12-15] and proposed method respectively.
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Figure 7. Relationship between manual counting and automatic detection by using
(@) [12], (b) [13], (e) [14], (d) [15] and (e) proposed method.
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CONCLUSIONS

In this study, WBCs were automatically detected in
optical microscopic images by using image-
processing techniques. The results were analysed,
and accuracy was calculated by comparing manual
counting and automatic detection. The proposed
method has a high detection accuracy, with a
detection rate of about 88.45% and false alarm rate
of 11.55%.
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