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INTRODUCTION 

Processing of microscope images in medicine is 
one of research areas priority. Among many medi-
cal imaging it is necessary to allocate the image of 
blood preparations. Blood is the source of infor-
mation about the processes that occur in the human 
body. Blood consists of plasma, erythrocytes, leuko-
cytes and platelets. Blood cellular structures changing 
may be an evidence of a person's disease. Therefore, 
the blood smear analysis is one of the methods for 
diagnosing human diseases, assessing the state of 
human health [1, 2]. 

Blood smear analysis is also important from the 
point of view of pharmaceutical science. We need to 
know how medications affect the cell and its struc-
ture. For this, we need to know the structure of the 
cell during the illness and the structure of the cell 
after using medications. We also need to know the 
exact structure of the cell in order to correctly diag-
nose the disease and correctly assign medications. It 
is important to know all the details of the cellular 
structure. 
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A typical example of a change in blood cellular struc-
tures is megaloblastic anemia. Megaloblastic anemia 
is a blood disorder marked by the appearance of very 
large red cells. As a consequence, erythrocytes do not 
function fully and therefore displace healthy cells [3]. 
This entails the appearance of a large number of im-
mature and not fully developed other blood cells. It is 
possible to observe the complex structure of megalo-
blastic anemia cells [4]. The megaloblastic anemia 
cells are characterized by a large number of seg-
ments in the nucleus (hypersegmented neutrophil). 
In this normal neutrophils only contain three or four 
nuclear lobes (segments). Therefore it is important to 
know the internal structure of megaloblastic anemia 
cells. 

One way to analyze a blood smear is to use image 
processing techniques [5-8]. Image processing is 
one of the areas of data mining and method for 
extracting additional information about processes 
under experimental study. These methods allow us 
to describe more accurately the change in the cellular 
structures of the blood. The uniqueness and individu-
ality of each sample blood smear makes it necessary 
to use several stages of Image processing.  This is nec-
essary for qualitative analysis.  A sequence of 
different imaging techniques is considered for blood 
smear analysis and identification of megaloblastic 
anemia cells. 
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MATERIALS AND METHODS 

Study design: An observation study   

Study location: Department of Informatics, Kharkiv 
National University of RadioElectronics, Kharkiv, 
Ukraine. 

Study time frame: Local data. 

Sample size: 5 blood films. 

Inclusion criteria: Patient with megaloblastic anemia. 

Methodology:  

Various methods are used to analyze medical images. 
Among such methods it is necessary to allocate: con-
trast change, noise removal, object contour selection, 
segmentation, and objects identification. Each meth-
od is applied in strict accordance with the need for its 
use. 

But these methods can be combined. Then we get a 
new result. The main methods for analyzing medical 
images are described below. This is the basis of our 
methodology. This is the basis for obtaining a new 
result. 

The contrast change procedure is designed to im-
prove the initial image quality. Changing the image 
contrast makes some details of the image clearer [7-
9]. Therefore, changing the contrast is an important 
element in medical images analysis. This is especially 
important when we examine medical images that are 
obtained with the help of a microscope. 

Noise removal is the removal of defects that are pre-
sent in the image. Defects arise during medical image 
registration. But removing the defects, we can delete 
the details of the image. Therefore, this stage of med-
ical images processing should be used very carefully. 

Object contour selection is boundary selection for 
object that is being examined. For this purpose vari-
ous methods are used to detect the contour [7, 8, 10]. 

Segmentation is entire image separation into parts: 

objects and background [9]. This makes it possible to 
delete some information that is not important. Then 
we can speed up medical image processing. 

Objects identification is objects detection on the im-
age with the help of some properties: the size of the 
object, the brightness of the object, the shape of the 
object. Identification is also the recognition of an ob-
ject by its properties. If we analyze megaloblastic 
anemia cells, identification is a study of the structure 
of megaloblastic anemia cells. 

Among the methods of image processing we should 
also highlight: the transformation of color spaces, the 
ideology of image processing with the help of wave-
lets. These methods allow improving the quality of 
medical images processing and analysis. Wavelet 
analysis allows to highlight the characteristic features 
of medical images that are poorly visualized. This is 
due to the fact that wavelet processing allows tak-
ing into account the particular characteristics of 
the images under study by decomposing source data 
into a plurality of approximate and detail coefficients, 
in particular by image contour detection [7-9, 11]. 
Color spaces conversion allows improving the quality 
of the procedure for increasing medical image con-
trast. This is possible due to the fact that we analyze 
the individual components of a color image. Such an 
analysis improves the quality of the procedure for 
changing image contrast and the speed with which 
this procedure is performed. 

RESULTS 

For megaloblastic anemia cells identification, we will 
use the following sequence of blood smear image 
processing (Fig. 1, this sequence was suggested by the 
authors. It is developed on the basis of known meth-
ods): 

1. We consider a color image as the original image. 
This allows us to examine visually the cellular struc-
ture in more details. 

2. We are modifying the color space. Typically, a col-
or medical image is represented in the RGB for-

Figure 1. Sequence of Blood Smear Image Processing Steps for Identification of Megaloblastic Anemia Cells  
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mat: R (red), G (green) and B (blue). In this way 
most systems for medical images recording and 
analyzing work [9]. But for analysis we can use 
other systems of color image, for example, it can 
be HSV color system: channels-H (hue), S 
(saturation), V (volume or brightness) [12]. Such a 
transition allows us to emphasize the features of 
the cellular structure because of the difference in 
perception and representation of the image points 
for different color spaces. This is due to the fact 
that the HSV system is a nonlinear conversion of 
the RGB system. Thus, we distinguish the hidden 
features of the cellular structure. 

3. Change in contrast. We apply the method of histo-
gram change in the specified range with gamma 
correction. We conducted studies that showed that 
the histogram change in the specified range with 
gamma correction combined with the conversion of 
color space from RGB to HSV increases the contrast 
of the original image by an order in comparison 
with other methods [12]. This result is associat-
ed with emphasizing the low contrast areas of 
the original image due to non-linear transformation 
of the original image (color space modification) and 
subsequent non-linear correction of the converted 
image.  

4. We move from a color image to a black and white 
image. Such a transition means that each point of 
the original (color) image has not three RGB or HSV 
coordinates, but one coordinate that varies in lumi-
nance levels from 0 to 256 [9, 11]. This is the stand-
ard procedure for moving from a color image to a 
black and white image. This procedure is necessary 
for subsequent actions - the application of wavelet 
analysis. 

5. Wavelet analysis. We use wavelet analysis to detect 
the contour of cell structure elements. We consider 
the image as a data set, to which we apply the wave-
let function (the debouchy wavelet-2). This wavelet 
function allows us to select the outline of all original 
image elements. The wavelet analysis procedure is 
described in detail by Lyashenko et al. [1, 8, 12], 
Kobylin and Lyashenko [11]. 

6. Morphological analysis of the cellular structure in-
cludes: the removal of single contour lines, the re-
moval  of  small  objects  and  the  union  of  com-
pact  contour  lines.  For this, methods of morpho-
logical analysis of contour image elements are used. 
We use standard procedures:  

Combining points in a line if the points of the contour 
are at a given distance from each    other delete points 
if the counter points are far apart. This helps to identi-
fy the nuclear lobes in the structure of the neutrophil, 
and also reveal the number of nuclear lobes. 

7. Determination of the number of nuclear lobes 
(segments) for neutrophil. For this, we combine the 
original image with the image after the morphologi-
cal analysis. So we get only the image of the nuclear 
lobes (segments). This allows us to determine the 
number of nuclear lobes (segments) in the image. 

8. If we know the number of nuclear lobes (segments) 
for neutrophil, we can identify Megaloblastic anemia 
Cells. This is important for determining the disease 
and choosing medications. 

Fig. 2 presents some results of blood smear processing 
for identification of megaloblastic anemia cells.  Each 
result in Fig.  2 corresponds to a certain stage in Fig.1.  

Figure 2. Some Results of Blood Smear Processing for Identification of Megaloblastic Anemia Cells  
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The ideology of stages corresponds to the basic meth-
ods of image analysis.  

DISCUSSION 

Image processing is one of the tools for the analysis 
of cellular structures. Therefore, there are many 
different studies where the ideology of image pro-
cessing for processing medical images is used. 

For example, M. Saha et. al. [13] suggest using the 
threshold segmentation to isolate the cell nucleus. N. 
Dey et al. [9] and G. Mahendran et al. [14] also dis-
cuss the segmentation issues of cells cytology prepa-
rations images using a threshold. But for this you 
need to know the threshold level. If we process im-
age, then the threshold level will also change. There-
fore, to improve image quality,  we  suggest  using  
the  method  histogram  change  in  the  specified  
range  with  gamma correction [12]. This allows us 
to get a good level of contrast for the image and 
make the details of our image clearer. This is im-
portant for image segmentation. 
A lot of research is devoted to the problem of choos-
ing a threshold [9, 15, 16]. But as practice shows, the 
problem of choosing a threshold arises again. There-
fore, it is better to change the contrast of the image 
and then carry out segmentation of the image. This 
makes it possible not to make the procedures for 
images processing that do not provide optimal re-
sults. Thus, we increase the speed of image pro-
cessing and reduce the time for obtaining the result. 

S. Singh and R. Gupta [17] suggest using filtering 
to improve image quality. But then we can also 
delete the details of the image. Therefore, we offer 
only the use of image contrast change. In this case, 
we will improve the quality of the original image 
and save all the details of the image. This will in-
crease the reliability of the analysis with the help of 
image processing ideology. Our estimates show: we 
do not lose the details of the original image (even 
very small ones); we improve the quality of segmen-
tation by 20% in comparison with the classical ap-
proaches. 

For segmentation we use the ideology of wavelet 
analysis [12]. This avoids the errors that arise in the 
case of classical segmentation. We can also select 
very small objects in the source image.  This  allows  
us  to  improve  the  accuracy  of  the  procedure  for  
original  image processing and improve the accuracy 
of the results. 

We also use morphological analysis to improve the 
quality of the result. This analysis is the final stage of 
our image processing procedure. At the same time 
Malviya et al. [16] use morphological analysis at the 
initial stage of segmentation. But this leads to seg-
mentation errors, because that there may be some 
ambiguity while localizing nucleus [16]. 

An important feature of image processing for blood 
smear analysis is the emerging difference in the rela-
tive staining intensity of the clinical samples exam-
ined. This is said by many authors who use the ide-
ology of image processing for the analysis of medical 
images [9, 16, 18]. Therefore, in our procedure color 
image modification stage is used [12]. This allows us 
to take into account the peculiarities of staining of 
the studied clinical samples. 

In general, we have received a new procedure for 
medical images processing, which is based on image 
processing ideology. Medical images processing pro-
cedure allows improving the quality and reliability of 
the results of initial images analysis. 

CONCLUSIONS 

Obtained results can be used to identify megalo-
blastic anemia cells automatically. This is important 
for determining the disease and choosing medica-
tions. We showed that for this it is necessary to use a 
certain sequence of image processing methods. We 
justified the selection of a certain sequence of medi-
cal image processing for the identification of mega-
loblastic anemia cells. Different stages of the image 
processing procedure were considered and the best 
steps for image analysis of megaloblastic anemia 
cells were selected. In this case, important are: Mod-
ification of color space. This allows a qualitative 
increase in the contrast of the blood smear image; 
Use of wavelets. This allows a qualitative analysis of 
the structure of neutrophil image. We examined a 
method that improves the accuracy of diagnosis of 
the disease and improves the quality of medications 
selection. 
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