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Abstract— The diagnostic formulations in patients rest on a tripod consisting of clinical history, physical examination and
laboratory investigations. In most of the cases diagnoses are mainly done based on laboratory medicine. Current manual
techniques lack precision and reproducibility and hence automated methods where an image of the smear is captured and
analyzed offers more precision and accuracy. Accurate analysis of the cells including the red cells in the blood smear images is
vital for the diagnosis of various diseases and pathological conditions in patients. This calls for accurate detection and
segmentation of the Red Blood Cells (RBCs) prior to analysis. Normal RBCs are biconcave in shape with a central pale area
and any deviation in most of the RBCs in their size and ratio of the total surface area of the cell to the central pale area from the
normal represents an abnormality. If the size and volume of an RBC is less than a normal cell it is indicative of a pathological
process called as microcytosis and on the other hand macrocytosis is the condition where the cell is enlarged. This paper
proposes an automated method of analyzing the RBCs in blood smear images for morphological abnormalities, which is an
extension of an earlier work focusing on segmentation of all the cells in the blood smear images using Watershed Transform.
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I. INTRODUCTION

A peripheral blood smear image has a rich representation of
White Blood Cells (WBCs), Red Blood Cells (RBCs) and
Platelets. Red cells are the most abundant type of blood cells
delivering oxygen to body tissues. Determining the count and
haemoglobin content of the RBCs is often the first step in
analyzing a patient’s pathological condition. The study of the
deviation in size of the cell or the ratio of its surface area to
the central pale region can lead to detection of abnormalities
in patients.

Such abnormalities can be detected by viewing the blood-
smear image through a microscope and analyzing the RBCs,
which is a time consuming and error-prone process. The
alternative is using haematology analyzers, which is highly
expensive. Thus there is a need for digital imaging, where the
microscopic view of the blood smear image can be captured
by a digital camera and the digital image can be used for the
study. Using this digital blood smear image, segmentation
and analysis of individual Red Blood Cells is made possible.
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The proposed study thus aims at analysis of Red Blood Cells
based on the surface area of the whole cell and the area of the
central pallor, which reflects the amount of hemoglobin
present in the RBCs.

Rest of the paper is organized as follows: Section Il gives the
background of the research paper, Section Ill explains the
methodology that is used in the image analysis, Section IV
describes the results and discussion about the study and
Section V gives the conclusion of the paper.

Il. BACKGROUND

Normal RBCs are biconcave-shaped, approximately 7-8
microns in diameter and 2-2.5 microns in width with a
central pale area, which is almost one-third of the cell's area
and with an internal volume of 80-96 femtoliters (fL), which
is shown in Figure 1.
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Top view

Figure 1. Normal Red Blood Cell

RBCs may vary in size. In terms of the diameter of the
RBCs, if the diameter of an RBC is less than 5.0 microns, the
abnormality is defined as a microcyte. This is seen to affect a
significant proportion of the RBCs in conditions like Iron
Deficiency Anemia, Sideroblastic Anemia, Thalassemia and
Lead Poisoning. A macrocyte on the other hand, is an
enlargement of the red blood cells with a near constant
concentration of hemoglobin. The diseases/conditions
associated with the presence of macrocytes are Liver
Disease, Megaloblastic Anemia (with associated Vitamin
B12 or Folate deficiency) and sometimes in aplastic Anemia.
The RBCs that contain normal amount of hemoglobin with
the central pallor occupying about 1/3™ the surface area are
considered to be normochromic. Red cells that have less
hemoglobin content than the normal tend to flatten out more
n a slide and may appear larger than they actually are. If the
central pale area is larger than expected it is considered as
ochromic. Lack of central pallor due to increased
hemoglobin concentration in the red cell results in a dense,
deep staining RBC is called a spherocyte. These are the only
cells that are truly hyperchromic. If the Mean Corpuscular
Hemoglobin  Concentration (MCHC) increases, the
likelihood of spherocytes being present increases. The
MCHC levels in normal cases should be around 33%. A level
much lower than this may be due to anemia or blood loss and
higher value may be due to macrocytic anemia, deficiency in
folic acid, liver diseases, hereditary spherocytes and vitamin
B12 deficiency. MCHC is often accompanied by
an MCV (Mean Corpuscular Volume) test, which measures
the average volume of a red blood cell. It is reflective of the
size of a cell, and thus, higher MCV indicates a large red
blood cell and decreased MCV indicates a small red blood
cell.

A. Earlier Works of the Author and Related Works

Segmentation of cells in blood smear images was carried out
by the primary author using various segmentation methods
like intensity based to segment the White Blood Cells
(WBCs) [1] and malaria parasites [2], Watershed Transform
[3] and Tissue —like P Systems [4] to segment the WBCs and
color segmentation to segment Malaria parasites [5]. The
author also used color segmentation to segment Tuberculosis
bacilli in sputum smear images [6]. The segmentation results
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suffered from performance degradation due to the presence
of many overlapping cells in the blood smear images. Hence
the author performed segmentation of such overlapping cells
by splitting them using computation of dip points of the cells
[71[8] and Active Contour modeling to split overlapping cells
and detect Malaria Gametocytes [9]. Also the author carried
out a study on detecting overlapping TB bacilli using
morphological operations [10].

Analysis of all cells in blood smear images specifically the
RBCs are also carried out by various researchers. RBC
estimation was done using Hough Transform [11], line
operator and watershed algorithm [12], masking and
watershed algorithm [13] [14] and Discrete Shearlet
Transform [15]. Few researches have been carried out in the
detection of abnormal RBCs. Certain abnormal RBCs
including spiky, sickle, elliptical, tear drop, Rouleaux and
bull’s eye cells were detected using shape detecting
algorithms [16]. Also segmentation of RBCs and shape based
detection of abnormal RBCs were carried out by [17].
Certain abnormal cells were detected using Artificial Neural
Network [18]. Sickle cells, a half-moon shaped RBCs were
detected using Watershed Transform [19]. The proposed
study mainly concentrates on the detection of likelihood of
abnormality in RBCs based on the variation of their surface
areas and the ratio of the central pallor to their surface areas.

1. METHODOLOGY

A. Image Pre-processing

The test images are first converted to binary images using
Otsu’s thresholding. The objects that are touching the
borders are eliminated and holes filled in them.
Morphological operations like dilation and erosion are
applied onto all the blobs in order to smoothen them and
strengthen their borders. The WBCs are eliminated based on
their sizes as they are visibly larger than RBCs. The pallor
region of the RBCs is normally one third of their total area.
All the RBCs which do not fall into this category and have
variation in their size have to be detected and if the count of
such cells are more than a threshold value, it can be
concluded as abnormality. Detection of such varied cells is
discussed in the following sub-section.

B. Detection of Abnormal Red Blood Cells

The area of all the blobs in the segmented binary image is
obtained. Using granulometric analysis the average area of
RBCs in the blood smear image is predicted. A graph is
plotted as shown in Figure 2 with the number of blobs in the
x-axis and the surface area of the blobs in the y-axis. From
the graph it can be found how many blobs are normal in size
based on their area.
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Figure 2 Graph - No. of RBCs against their Areas

In order to find out if the central pale area of the RBC is one
third of its total area, the area of the central area (CA) and the
total surface area (SA) of the RBC are calculated and it is
checked if the CA of each blob is around one third of its SA.
This can be analyzed by plotting a graph as shown in Figure
3 with SA in the x-axis and CA in the y-axis.
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Figure 3 Graph — Area of Central Pallor of RBCs against
their Surface Area

IV. RESULTS AND DISCUSSION

500 images were used for the study. The source image,
which is a peripheral blood smear image, is shown in Figure
4,
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Figure 4. Source Image

The segmented binary image, with the WBCs eliminated and
consisting of only the RBCs is shown in Figure 5.

Figure 5. Segmented Binery Image
It is seen that out of 124 RBCs detected 97 were normal in
size as their surface area falls in the range of 3000- 4500.
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The rest of RBCs have areas above 4500 and hence they are
concluded as bigger RBCs. For a patient if the majority of
the RBCs are bigger in size or the ratio of the central pallor
to the total area is not around 33% then it is concluded that
there is a possibility of some pathological problem.Table 1
shows five more images, their segmented binary images and
bar charts of the central area of RBCs against their surface
area.

Table 1. Results of RBC Analysis

Original Image Segmented Bar Chart
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The second analysis is based on the content of hemoglobin
present in each of the RBC. In order to measure this, the
surface area of the Central pale Area (CA) of an RBC and the
total Surface Area (SA) of the RBC are calculated. All the5
RBCs are normal as their CA is around 33% of SA. All the
other RBCs have condensed hemoglobin.

V.CONCLUSION AND FUTURE SCOPE
It is seen that diagnosis of various diseases is based on

laboratory investigations, of which analysis of Red Blood
Cells in peripheral blood smear images play a vital role in
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obtaining the pathological condition of a patient. In most of
the diseases the RBCs vary in size and the area occupied by
the central pallor of the cell decides the variations of RBCs.
The analysis has to be extended to all the sub-images of a full
slide image to conclude the diagnosis of abnormality in a
patient. Hence this automated analysis of such variations of
RBCs can help a clinician to make quick inference about the
condition of a patient with regard to blood smear image
analysis specifically the analysis of RBCs. Also this study is
only a support to the prediction of abnormalities in RBCs.
Only by finding the volume of the red cells and their
hemoglobin content the clinicians can conclude the
abnormalities of RBCs. Hence the next phase of work
includes the computation of the volumes of the RBCs from
the 2D images.
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