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Blood diseases a worldwide public health problem such as thalassemia, anemia malaria. It diagnosis 

basis in abnormal shape,size and color of red blood cells (RBC). in this paper the data were obtained from 

1000 RBCs that extract from 150 blood smear images for different diseases. After that, several image 

pre-processing steps done to extract statistical features using a new system.  k-means well-clustering 

algorithm was used to solve the challenges of the color variability of both the background and the cell's pixels 

is the main problems we met in this work. 100 features for 30 types of normal and abnormal RBCs. The anew 

data set was test with different machine learning classification algorithms. The result show very high 

accuracy more than 93%, and evaluation algorithms models achieve more than 94.4% These result conclude 

that the algorithms have high ability of distinguish between the true negative and true positive more than 

95% and Root mean squared error lease than 0.38, the fact that the features are very accurate in describing 

RBCs. 
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I. INTRODUCTION 

Normal cell morphology is the key to the 

maintenance of cellular functions. Any changes of 

cell structure will impair or cause loss of cell 

function (Deyi,2012). Anemia is one of the most 

important diseases whose diagnosis depends on 

the shape of a red blood cell.Anemia means is the 

lack of blood and a decrease in number of red blood 

cells (RBCs) or less than the normal quantity of 

hemoglobin in the blood (Parmar et al., 

2011;Ndukwu,2012). The significant reduction in 

the mass of circulating red blood cells and the 

oxygen binding capacity of the blood is diminished. 

Because blood volume is normally maintained at a 

nearly constant level, anemic patients have a 

decrease in the concentration of red cells 

hemoglobin in peripheral blood. Hemoglobin and 

hematocrit levels vary with the age of the individual 

and gender (Beutler and Waalen, 2006; Blanc et 

al., 1969). However, it can include decreased 

oxygen-binding ability of each hemoglobin 

molecule due to deformity or lack in numerical 

development as in some other types of hemoglobin 

deficiency. Hemoglobin is found inside RBCs 

normally carries the oxygen from the lungs to the 

capillaries. Since, all alive human cells depend on 

oxygen for surviving, where varying degrees of 

anemia can have a wide range of clinical 

consequences due to the hypoxia (lack of oxygen) in 

organs (Parmar et al., 2011). 
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The peripheral blood specimens were examined 

under the microscope to assess the size, shape, 

and color of the red blood cells. Normal mature red 

blood cell can be described as round, elastic, 

non-nucleated, bi-concave and has an area of 

central pallor, which covers about one-third of the 

cell. Normal mature red blood cells have an average 

diameter of 7.2 microns with a range of 6-9 

microns (John et al., 2012).  The most command 

anemic cases are Iron deficiency anemia, 

megaloblastic   anemia, thalassemia, South East 

Asia anemia, hemolytic anemia, sickle anemia, 

sideroblastic, Hereditary Spherocytosis, 

Elliptocytosis and stomatocytosisanemia, anemia 

of chronic disorders (Annette, 2003).  There are two 

general approaches that could use to identify the 

anemia that involved kinetic and morphologic 

approaches.  Morphological approach is known as 

a peripheral smear or red blood cell morphology 

(Tefferi, 2003; Guyatt et al., 1992; Gjorup et al., 

1986). This study focuses in morphologic 

approaches to extract the shape of anemic red 

blood cell to in the most frequent cases in Serdang 

hospital. In order to create a database for anemic 

red blood cells. There is no more literature review 

with comprehensive information of abnormal 

shapes and frequency of erythrocytes in different 

anemic cases. Therefore, the objective of this study 

was to determine the abnormal shapes and 

frequency rate of the erythrocytes upon the 

different types of anemia. 

II. LITERATURE REVIEW 

Shape plays a key role in image processing and 

pattern matching. Khot (2012) apply Artificial 

neural network to classify 6 type of red blood cells.  

Ramin(2010) classified three types of RBC in a 

peripheral blood smear based on morphological 

methods. Ruihu(2008) used depth map and 

surface curvature incorporated to deal with ten 

kinds of cell shape. Navin (2011) classify the 

structure of two types of red blood cells. While 

Thaipanich (2008) used K-means clustering 

(K-means) technique for robust classification of 

blocks in noisy images. Ramanjot(2011) apply 

K-mean clustering algorithm to Enhanced Image 

Segmentation for Liver. Rajini (2011) propose 

K-mean clustering algorithm to a new center 

initialization algorithm for measuring the initial 

centers of the proposed clustering algorithms. In 

another hand. Beham (2012) proposes an efficient 

K-means clustering algorithm under Morphological 

Image Processing. Priyadarsini(2012) applied the 

K-mean algorithm makes the clusters effectively 

forcyst area extraction from liver images. There are 

different types of databases. Sapana(2013) 

investigational nucleated red blood cells 

databaseover 27-mo period. Veluchamy (2012) 

create database includes twenty-seven features. 

Wheeless (1994) used 42 features for Sickle 

anaemia. 

III. MATERIALS AND METHODS 

This section includes two parts hematology and 

image processing; each part includes several 

process steps. 

A. Hematology, Peripheral blood smear slides 

related anemic cases were obtained from 

hematology unite/ pathology department/ faculty 

of medicine/ Al- Yarmok Hospital from March to 

August 2018. It is through the study of 150 blood 

smear images for different blood disease slides 

includes anemic, blood cancer and Liver diseases 

as show in figure 1, more than 50 imagines were 

obtained of each slide. Morphologic abnormalities 

of peripheral red blood cells using microscopic 

examination with the oil immersion lens of 

well-prepare felid that red blood cells individual 

separated stained with Wright's stain. It has been 

used Olympus BX43 photo imaging microscope 

U-CAM D3 (Japan) in Baghdad University / Iraq 

 
Figure 1. Different types of RBCs 

B. Image processing. This part aims to extract the 

100 features.  There are three mine stages 

processes are done, data collected, pre-processing 

and feature extraction are illustrated in figure 2.   

 
 Figure 2 The graph above shows Image 

processing step 
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In the pre-processing stage several image 

processing operations are performed, this stage 

consists of ten complementary steps, starting from 

analyzing the color contents of the input cell image 

(in order to isolate background from target colors), 

then making image binarization to isolate target 

(cell) from background pixels, after that making cell 

segmentation using boundary tracing method. 

One of the main problems we met in this work is 

the color variability of both the background and the 

cell's pixels, this variability is due to different kind 

of paints were used to enhance the visual 

appearance of the blood test samples as show in 

Figure 3. To handle this task, we use k-means 

well-known clustering algorithm to distribute the 

pixel’s color around two dominant colors 

(centroids) [Jameela,2014]. One of these centroids 

will be very close to the dominant color of the 

background pixels. The implemented steps could 

be summarized as follows: 

 

 
Figure3. blood smear images with color 

variability 

Step 1: Scan the pixels lay within the strip (of 

width=w; say w= 5) surrounding the image 

boundary area, here we assume that the most of 

the pixels lay within this surrounding area belong 

to the background, so the average values of the 

color components of pixels belong to strip will 

construct the initial centroid of the background 

color. 

Step 2: In same way the pixels in the interior 

region of the images are scanned and the average 

values of their colors are determined and 

considered as initial centroids for the target (cells) 

pixels. 

Step 3: Increase the distance between the initial 

background and target centroids by applying the 

following equations: 

 
where, 

 (Rb,Gb,Bb) are the red, green, and blue 

components of the background centered. 

 α: is the separation parameter  

 

Step 4: Distribute all the image pixels among the 

two clusters (background or cell) according to their 

distances from the two corresponding centroids 

(background or cell). The following distance criteria 

(i.e., nearest distance) was utilized: 

 

 

 

 

 

 

 

 

 
(R,G,B) are the color components of the tested 

pixel. 

Step 5. Determine the average color components 

for all pixels indexed as background using the 

following equations: 

 
where 

b: is the set of image pixels indexed as background. 

nb: is the size of the set (b). 

Step 6. Determine the average color components 

for all pixels indexed as target (or cell) using the 

following equations: 

 
 

where 

c: is the set of pixels indexed as cell pixel. 

nc: is the length (or size) of the set (c). 

 

Step 7. Compare the difference (D) between the 

vectors and (Rb,Gb,Bb), and between 

the vectors and (Rc,Gc,Bc) by 

using the following distance measure: 

 
Step 9.If D is greater than a pre-defined threshold 

value (Dmin) then)  

repeat steps (4 to 8), otherwise exit. 

 

This processes are helpfully to get the best 

segmentation process. The third steps in image 

processing is feature extraction: In this stage a set 

of discriminating 60 geometrical and (40) textural 

and color features, a large set of geometrical cells 

using textural features have been used (such as, 

Packing, Fourier descriptor, Absolute moments, 

if Distance (Pixel color, Background centroid) 

< Distance (Pixel color, Cell centroid) then 

Set Pixel Index = Background  

else  

Set Pixel Index = cell 
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and color moments) these features are determined 

from the input color image using only the pixels 

labeled in the constructed binary image as (white) 

pixels. The features (Jameela, 2013). The 

determined features are grouped all together to 

produce the feature vector. 

 

 Packing;    

 
 

 Fourier descriptor;                                     

 

 

 Absolute Moment           

 

IV. BLOOD CELL IMAGE DATASET 

Abnormal red blood cell dataset includes 100 

features for 30 classes. These features are 60 

geometric and 40 texture and color. These features 

arrangement in Excel file formatting. Figure 4 show 

part of Excel file that includes features.The 

features in Excel file was transfer it to 

Comma-separated values (CSV) file. After that, 

created RBFF file format to use in Weka softwear 

before start modeling classification inorder to 

demonstrate the accuracy of the features. 

 

 

 

 

 

 

 

 

Figure 4. the part of Excel features file 

 

V. RESULT 

These features are examined with different 

classification machine learning algorithms (ML), 

such as SVM, ANN, Nearest Neighbor(NN) and Zero 

R. Table 1show the classification accuracy for the 

algorithms. 

Table 1. classification ML algorithms 

Algorithms Correctly C. Incorrectly C. Accuracy 

SVM 944 56 94.4% 

ANN 910 90 91% 

NN 900 100 90% 

ZeroR 890 110 89% 

 

The accuracy for each algorithm are devaluated to 

improve the accurate features using precision 

recall and Root mean squared error based on 

Confusion Matrix, as show in Table 2 bellow. The 

Sensitivity is the true positive rate and Specificity 

is the true negative rate. 

Table 2. the evaluation of classification 

algorithms 

 Algorithms 

SVM ANN NN Zero.R 

Sensitivity 94.4 91 90 89 

Specificity 95.1 90.6 90 89.9 

MRSE 0.236 0.269 0.298 0.387 

VI. CONCLUSION 

In this paper, pre-processing stage several image 

processing operations are performed.  The main 

problems we met in this work is the color 

variability of both the background and the cell's 

pixels. This problem solved with k-means 

clustering algorithm to distribute the pixel’s color 

around two dominant colors (centroids).100 

geometrical, color and texture features obtained 

for 1000 individual RBCs images. Different 

machine learning classification algorithms are 
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used to test these features; the algorithms achieve 

high accuracy more than 94%. The algorithms 

evaluated and achieved more than 94% 

Sensitivity, 95% Specificity and leass than 0.38 

Root mean squared error. These result conclude 

that the algorithms have high ability of distinguish 

between the true negative and true positive, the 

fact that the features are very accurate in 

describing RBCs 
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