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Abstract--Diseases caused by any parasite can be diagnosed using the shape of RBCs and WBCs. The blood sample consists of
different cells like RBCs, WBCs, and Platelets from which manual shape analysis may not be accurate. So there is a need in
designing an automated system that can identify the shape of RBCs. This paper presents an approach to detect the shape of
Sickle cells present in RBCs by finding the highest, lowest and mean radius of each type of cell by comparing it with standard
cell size and mark the cells by a red circle for identification. The proposed approach is tested on a collected SEM blood sample
images and experimental results are encouraging. The number of red blood cells contributes more to clinical diagnosis with
respect to blood diseases. The aim of this research is to produce a computer vision system that can detect and estimate the
number of red blood cells in the blood sample image. Watershed algorithm is a very powerful tool in image processing, and it is
been used to segment and extract the red blood cells from the background and other cells. The algorithm used features such as
shape of red blood cells Hough transform is introduced in this process. The result presented here is based on images with normal
blood cells. The tested data consists of 10 samples and produced the accurate estimation rate closest to 96% from manual
counting.

Index Terms—RBC, WBC, Platelets, SEM

L. INTRODUCTION

Sickle cell disease (SCD) is a blood disorder characterized by sickle hemoglobin (HbS)[1]. Over 3,00,000 babies worldwide are
born each year with these disorders. Patients suffering from this disease experience acute pain episodes and infections in addition to
other chronic conditions like anaemia, cardiac, pulmonary, renal and brain complications [2]. SCD management hence entails
frequent hospitalizations and care, especially during sickle cell crisis. The medical field has made great advances in reducing
mortality from SCD, but much work remains to be done in improving quality of life for patients. The mechanical properties of
individual RBCs in SCD have not been fully assessed, largely due to the limitations of the measurement techniques. Digital Image
Processing provides different techniques for the identification of shape and size of cells present in blood. Edge detection is one
among them. Edge detection is a primary function in image processing. It is the name for a set of mathematical methods which aim
at identifying points in a digital image at which the image brightness changes sharply, or more formally, has discontinuities. Edge
detection is one of the fundamental steps in image processing, image analysis, image pattern recognition, and computer vision
techniques [3]. This paper deals with designing an automated system for detecting the shape of deformed cells within seconds with
higher accuracy. The originality of this paper lies to compute the highest, lowest and mean radius of each type of cell[4] and
comparing different types of edge detection methods like Canny, Sobel, Roberts, Prewitt, Zero Cross and Laplacian of Gaussian
(LoG) [5,6,7,8,9].
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Fig. 1 RGB image of Blood Smear
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A sample image of microscopic blood smear is shown in Fig 1. We have considered the gray level image as input shown in Fig 2.
The highest, lowest and mean distance from centre of mass of the cell to its perimeter is calculated[11]. These parameters confirm
whether the cell is circular or sickle shaped. The effectiveness of an automatic image processing method to detect normal red blood
cells (RBCs) by peripheral blood smear microscope image was discussed in [10]. When single RBCs were extracted from sickle
RBCs and white blood cells (WBCs) component, its images were analysed. The erythrocytes are the most numerous blood cells in
the human body, and it also called red blood cells. The red blood is a blood that functioned as carry oxygen throughout our body [1].
According to American Cancer Society (2009), the normal red blood cell in our body is divided into four categories of ages, which
are newborn, children, women and men. The average amount of red blood cells each category is about 4.8-7.2 million per cubic
millimeter, about 3.8-5.5 million per cubic millimeter, about 4.2-5.0 million of these cells per cubic millimeter and 4.6-6.0 x 106
per cubic millimeter respectively. Red blood is measured by the amount of hemoglobin in our blood. The level of hemoglobin in our
blood will affect our health tremendously. We suffered fatigue and short of breath when the level of hemoglobin is too low due to
not enough oxygen supply to our tissues. This so called Anemic can be relieved with a blood transfusion or with medication to
increase our body's production of red blood cells [2]. The effect of having high red blood cells in our blood is it can be an indication
of an undetected heart or lung problems. When any of these organs is not functioning properly, then blood oxygen levels go down.
In order to normalize oxygen supply, the body increases its production of red blood cell.

The diagnosis is the process of finding out what kind of disease a certain patient has and those diagnosed must always be
accurate. A wrong diagnosis may lead the situation and condition of a patient become worst and some case, patient dies due to
wrong dosage of drugs given [3]. In order to overcome that weakness, some researchers have done some useful works [4-5]
especially in classifying blood cells from other cells, for example, classifying white blood cells from other cells such as red blood
cells and platelets [6]. Another example is classifying red blood cells from other cells such as white blood cells and platelets. Most
of the researchers have concentrated the classification of white blood cells since most of the disease easy to determine by analysis
the changing of white blood cells. However, by counting the red blood cells, it also provided some information about the abnormal
condition in our body.

A. Objective
1) To combine three effect of Blood Cell Detection.
2) Cell Plasma Differentiation
3) Cell Size Identification
4) Red Blood Cell Detection
5) To clearly segment the images to show the cell location to distinguish it from each other.

B. Existing/Proposed System

1) Existing: Block Matching Video Compression: Recently, too much effort have been made by researchers to develop algorithms
for counting of Red Blood Cells addressing the problems of splitting the clustered Red Blood Cells and show a high degree of
success but still needs improvements to address the mentioned hurdles in proper way. The study made by [2], the authors
mentioned that counting Red Blood Cells is not a big issue in image processing but the hurdles like clustered Red Blood Cells
splitting is too important because they will affect the accuracy that’s why they did it through concavity points finding and
splitting. However, they did not mention how to separate the single and clustered Red Blood Cells and identification of clusters
existence while the Red Blood Cells are counted using boundaries tracing and labeling. In the study, of [3], the authors did not
consider the separation and clustered Red Blood Cells splitting but did the counting. Red Blood Cells counting without solving
the problem of cluster Red Blood Cells Splitting compromise on the accuracy.

Some studies while counting the Red Blood Cells do not consider the clumps and overlaps of Red Blood Cells for splitting but they
rely on guessing Area based estimation approaches as mentioned in the work of [4] and [5]. The problem in this approach is that in
some cases we want to note the disorder as well in the Red Blood Cell in such case this approach will fails while also the areas of
Red Blood Cells by most of the studies considered as circular, which is not true as because morphology of the Red Blood Cells
highly changes due to any disorder. Circular Hough Transform based approaches for counting and splitting as mentioned by mainly
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considered the Red Blood Cells as circles which are not true because Red Blood Cells morphology is not static and changed by
other diseases. The approaches adopted by previous studies to combat the problem of clumped and overlapped Red Blood Cells
splitting are divided into the following categories i.e. Morphological operation based includes erosion, dilation or opening closing to
split the clusters of Red Blood Cells.

2) Disadvantages of Existing System

a) Non Accurate

b) Complex Algorithm

c) Non efficient for real time image input

3) Proposed System: Hybrid System of Cell Detection, Cell Size Identification and RBC Tracking based on thresholding and
watershed algorithm.

a) Cell plasma detection uses thresholding which detects the cells from the complex images of cells and plasma combined.
b) Size detection based on ellipse detection algorithm detects the elliptical cell structure from the blood image.
c) The RBC detection code identifies the RBC from the image of blood cell. It can accurately track the RBC from the biological

images.
I
Cell Plasma Cell
Image Differentiation
Cell Size
Image Resize 7 Identification
Feature
Extraction
Watershed

Contrast Enhancement
Enhancement L

Fig. 2 Block Diagram

4) Advantages of Proposed System:

a) Accurate Cell Tracking Using Thresholding
b) Cell Size Detection

c) RBC Detection

d) User friendly GUI

1. ALGORITHM DESCRIPTION

The red blood is a blood that functioned as carry oxygen throughout our body [1]. According to American Cancer Society (2009),
the normal red blood cell in our body is divided into four categories of ages, which are newborn, children, women and men. The
average amount of red blood cells each category is about 4.8-7.2 million per cubic millimeter, about 3.8-5.5 million per cubic
millimeter, about 4.2-5.0 million of these cells per cubic millimeter and 4.6-6.0 x 106 per cubic millimeter respectively. Red blood
is measured by the amount of hemoglobin in our blood. The level of hemoglobin in our blood will affect our health tremendously.

A. Technique
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Watershed Algorithm: A grey-level image may be seen as a topographic relief, where the grey level of a pixel is interpreted as
its altitude in the relief. A drop of water falling on a topographic relief flows along a path to finally reach a local minimum.
Intuitively, the watersheds of a relief correspond to the limits of the adjacent catchment basins of the drops of water. In image
processing, different types of watershed lines may be computed. In graphs, watershed lines may be defined on the nodes, on the
edges, or hybrid lines on both nodes and edges. Watersheds may also be defined in the continuous domain. There are also many
different algorithmsto compute  watersheds. Watershed algorithm is used in image processing primarily
for segmentation purposes.

Watershed by flooding: The idea was introduced in 1979 by S. Beucher and C. Lantuéjoul. The basic idea consisted of placing a
water source in each regional minimum in the relief, to flood the entire relief from sources, and build barriers when different
water sources meet. The resulting set of barriers constitutes a watershed by flooding.

Relef of the gradient ~~ Gradient magnitude ~ Watershed of the Watershed of the
magnitude image (radient (radient (elief

Fig-3:- Watershed Algorithm

Watershed by topographic distance: Intuitively, a drop of water falling on a topographic relief flows towards the "nearest"
minimum. The "nearest” minimum is that minimum which lies at the end of the path of steepest descent. In terms of
topography, this occurs if the point lies in the catchment basin of that minimum. The previous definition does not verify this
condition.

Inter-pixel watershed: S. Beucher and F. Meyer introduced an algorithmic inter-pixel implementation of the watershed
method,=! given the following procedure:

Label each minimum with a distinct label. Initialize a set S with the labeled nodes.

Extract from S a node x of minimal altitude F, that is to say F(x) = min{F(y)|ly € S}. Attribute the label of x to each non-labeled
node y adjacent to x, and inserty in S.

Repeat Step 2 until S is empty.

Topological watershed: Previous notions focus on catchment basins, but not to the produced separating line. The topological
watershed was introduced by M. Couprie and G. Bertrand in 1997, and beneficiate of the following fundamental property. A
function W is a watershed of a function F if and only if W < F and W preserves the contrast between the regional minima of F;
where the contrast between two regional minima M; and M; is defined as the minimal altitude to which one must climb in order
to go from M; to M,.2!

Different approaches may be employed to use the watershed principle for image segmentation.

Local minima of the gradient of the image may be chosen as markers, in this case an over-segmentation is produced and a second
step involves region merging.

Marker based watershed transformation make use of specific marker positions which have been either explicitly defined by the user
or determined automatically with morphological operators or other ways.
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6) Meyer's flooding algorithm: One of the most common watershed algorithms was introduced by F. Meyer in the early 90's.

The algorithm works on a gray scale image. During the successive flooding of the grey value relief, watersheds with adjacent
catchment basins are constructed. This flooding process is performed on the gradient image, i.e. the basins should emerge along the
edges. Normally this will lead to an over-segmentation of the image, especially for noisy image material, e.g. medical CT data.
Either the image must be pre-processed or the regions must be merged on the basis of a similarity criterion afterwards.

a) A set of markers, pixels where the flooding shall start, are chosen. Each is given a different label.

b) The neighboring pixels of each marked area are inserted into a priority queue with a priority level corresponding to the
gray level of the pixel.

c) The pixel with the highest priority level is extracted from the priority queue. If the neighbors of the extracted pixel that
have already been labeled all have the same label, then the pixel is labeled with their label. All non-marked neighbors that
are not yet in the priority queue are put into the priority queue.

d) Redo step 3 until the priority queue is empty.

The non-labeled pixels are the watershed lines.

7) Optimal spanning forest algorithms (watershed cuts)

Watersheds as optimal spanning forest have been introduced by Jean Cousty et al.!® They establish the consistency of these
watersheds: they can be equivalently defined by their “catchment basins” (through a steepest descent property) or by the “dividing
lines” separating these catchment basins (through the drop of water principle). Then they prove, through an equivalence theorem,
their optimality in terms of minimum spanning forests. Afterward, they introduce a linear-time algorithm to compute them. It is
worthwhile to note that similar properties are not verified in other frameworks and the proposed algorithm is the most efficient
existing algorithm, both in theory and practice.

An image with two markers (green), and a Minimum Spanning Forest computed on the gradient of the image.

Result of the segmentation by Minimum Spanning Forest

8) Image Thresholding Algorithm: The simplest thresholding methods replace each pixel in an image with a black pixel if the

image intensity ]i,-j is less than some fixed constant T (that is, Ii, < T), or a white pixel if the image intensity is greater
than that constant. In the example image on the right, this results in the dark tree becoming completely black, and the white
snow becoming complete white.

To make thresholding completely automated, it is necessary for the computer to automatically select the threshold T. Sezgin and
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Sankur (2004) categorize thresholding methods into the following six groups based on the information the algorithm
manipulates(Sezgin et al., 2004):

a) Histogram shape-based methods, where, for example, the peaks, valleys and curvatures of the smoothed histogram are analyzed

b) Clustering-based methods, where the gray-level samples are clustered in two parts as background and foreground (object), or
alternately are modeled as a mixture of two Gaussians

c) Entropy-based methods result in algorithms that use the entropy of the foreground and background regions, the cross-entropy
between the original and binarized image, etc.

d) Object Attribute-based methods search a measure of similarity between the gray-level and the Binarizedimages, such as fuzzy
shape similarity, edge coincidence, etc.

e) Spatial methods [that] use higher-order probability distribution and/or correlation between pixels

f) Local methods adapt the threshold value on each pixel to the local image characteristics. In these methods, a different T is
selected for each pixel in the image.

9) Multiband thresholding: Color images can also be threshold. One approach is to designate a separate threshold for each of
the RGB components of the image and then combine them with an ANDoperation. This reflects the way the camera works and
how the data is stored in the computer, but it does not correspond to the way that people recognize colour. Therefore, theHSL
and HSV color models are more often used; note that since hue is a circular quantity it requires circular thresholding. It is also
possible to use the CMYK colour model(Pham et al., 2007).

Example of a threshold effectused on an &2
image

1. MODULES

Image Feature Extraction, Image Thresholding: Contrast Enhancement, Watershed Enhancement, Cell Size Identification

A. Image Input and Resizing Module
1) The input image is a cell plasma image. It will be resized to a standard size to provide input to our system of code.
2) It will standardize the image to be given as input.

B. Image Contrast Enhancement Module
1) Adapthisteq Contrast-limited Adaptive Histogram Equalization (CLAHE).Adapthisteq enhances the contrast of images by
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transforming the values in the intensity image.

2) It operates on small data regions (tiles), rather than the entire image. Each tile's contrast is enhanced, so that the histogram of
the output region approximately matches the specified histogram.

3) Italso fill all the possible holes for pixels.

C. Watershed Enhancement Module

1) Watershed computes a label matrix identifying the watershed regions of the input matrix A. A can have any dimension. The
elements of L are integer values greater than or equal to 0.

2) We use it in our project to distinguish in between the cells and plasma in blood.

(AVA SAMPLE CODE

function [outellipses]=mainellipsedetector(image,thresmin,thresmax)

%this code were based on the content of the research article

% "an improved computer vision method for whit blood cells detection”
%erikcuevas, margarita diaz, miguelmanzanares, danielzaldivar and
%marcoperez- cisneros, computational and mathematical methods in medicine,
%vol. 2013, hindawipublishing corporation

%image >>> is a rgh smear image, where the procedure it will be realized
%thresmin>>> is the lower value of the threshold for the segmentation

%process

%thresmax>>> is the upper value of the threshold for the segmentation

%thresmin and thresmax can be obtained by any thresholding process

%win_size is a value that define how thick the edge-map will be, this

%number is typically 5

%outellipses>>> is a 3-dimensional matrix that stores the five points of the

%best ellipses founded

%this example, can be executed using this command line >> [outellipses]=mainellipsedetector('1399_full.jpg',0,110);
warning off

imagel=imread(image);

win_size=5;

%win_size is a value that define how thick the edge-map will be, this

%number is typically 5

[ib]=imaborders(imagel,win_size,thresmin,thresmax); % the edge-map is obtained
vtre=-0.75; % value to reach, minimum fitness value to accept an ellipse candidate
np=30; %total population

itera=50; %total number of generations

bestfit=-1;

finito=0;

ellipfound=0; %total number of ellipses saved and found in the image

%the method consists basically into divided the original image on sub-images
%containing smaller structures, so that the search is faster.

ib1=bwlabel(ib); %the edge-map its labeled to do the search fo every structure in the image
[s1,s2]=size(ibl);

emptyib=zeros(s1,s2);

total=max(max(ibl));

figure (2)
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imshow(imagel);
for ii=1:total
emptyib=zeros(s1,s2);
[a(:,2),a(:,1)]=find(ibl==ii);
[taux,~]=size(a);
forjj=1:taux
emptyib(a(jj,2),a(jj,1))=1; %each label in the edge-map must be store in a single image
end
clear a
[vecbordxy(:,1),vecbordxy(:,2)]=find(emptyib);
[searchspace,~]=size(vechordxy); %the search space is defined by the points on the edge map for every structure
ifsearchspace>=s1*s2*0.0001;
%devec3 corresponds to the code of differential evolution algorithm (storn&
Y%price 1995) in this case we use the one provided by the authors on
%his web-site
%you can exchange your own optimizacion algorithm in this place
%in this case we use a version of differential evolution algorithm
%by storn % price (1996), with the 8 strategy described in the code
%of the respective algorithm
[points,bestfit,~]=devec3('funcde',vtre,5,[1 1 1
1],[searchspacesearchspacesearchspacesearchspacesearchspace],emptyib,np,itera,0.8,0.8,8,1);
%the five points founded to be the best so far for differential evolution,
%must be identified in de edge map
points=round(points);
plbw=vechordxy(points(1),:);
p2bw=vechordxy(points(2),:);
p3bw=vechordxy(points(3),:);
p4bw=vechbordxy(points(4),:);
p5bw=vechordxy(points(5),:);
%this points must be switched, in the case of images the x and y axis are
%opposite
pl=[plbw(1,2),plbw(1,1)];
p2=[p2bw(1,2),p2bw(1,1)];

V. SCREENSHOTS

GUI
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VI CONCLUSION

Thus we concluded the hybrid system in which the cell identification in the image is tracked. We also checked our system for size
extraction of cell images. We finally concluded our result with accurate identification of Red Blood Cell from the combined cell
image using ellipse detection technique.
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