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Abstract—Image processing methods are used in all areas of 

research. These methods provide additional information, a better 

understanding of the object that is being studied. Among the areas 

of using image processing methods, medicine occupies a special 

place. Biomedical data allow us to assess human health, to identify 

diseases in the early stages. Images of cellular structures of 

cytological preparations are one of the examples of biomedical 

data. Based on image analysis methods, we can isolate various 

components of cellular structures of cytological preparations. To do 

this, we apply the methods of wavelet analysis for different color 

components of the input image. Applying morphological analysis, 

we can identify individual cellular structures. The results are 

shown on the example of images of cellular structures of 

cytological preparations. 
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I. Introduction 
The analysis of biomedical data is of practical importance. 

Such an analysis helps to make an initial preliminary 
assessment of the state of human health. At the same time, we 
can identify possible diseases in the early stages of their 
development. This allows for timely treatment and save the 
patient from a possible disease. 

Biomedical data can be presented as a time series of data, 
descriptive statistics, or some image. Biomedical images can 
be obtained as a result of tomography, X-ray examination, 
registration of cellular structures under a microscope [1]. One 
of the most common methods for recording biomedical data is 
images obtained under a microscope. 

For automatic analysis of biomedical data presented in the 
form of an image, various methods of image analysis are used 
[2, 3]. Among such methods, there are: methods for improving 
the quality of the original image, methods for removing noise 
in the image, methods for selecting areas of interest, methods 
for recognizing [2, 4]. We can also use various tools to 
implement image analysis procedures: the theory of fuzzy sets, 
the theory of groups, the ideology of wavelets [5, 6]. 

However, we must take into account the specifics of 
biomedical images. Therefore, it is important not to lose 
information as a result of the implementation of individual 
procedures for analyzing the original image. Also, one of the 
tasks is to obtain additional information as a result of applying 
various image processing procedures. 

Thus, the main objective of this study is to consider such a 
sequence of procedures for analyzing the original image, as a 
result of which we can obtain additional information. This is 
an important task for the study of cellular structures whose 
images were obtained under a microscope. 

II. General Ideology of the Image 
Analysis of Cellular Structures 

With the Use Wavelets  
To solve the goal of the study, we will use the wavelet 

analysis methodology. This methodology shows good results 

for image processing [7].  

Wavelet methodology is based on finding the differences of 

gray levels in the original image. To search for such 

differences, we consider the original image: in rows, in 

columns. With the help of wavelets, we determine the 

differences in brightness levels separately for each row of the 

image and separately for each column of the image. Then, for 

the original image k)j,i(B = , where B  is the input 

biomedical image size NM , )j,i(  is the current coordinates 

of the points of the original image B  ( N,1j,M,1i == ), k  is 

the brightness value of the image at the point )j,i(B , we have 

differential luminance values of a plurality of pixels for each 

line of the original image and a plurality of differential 

luminance values of pixels for each column of the original 

image B . 

Then we select the most characteristic points of change in 

brightness – points that occur both in the processing of rows 

and in the processing of the columns of the original image. As 

a result, we have an image of differences that characterizes a 

certain area of interest. This image is the basis for further 

analysis. This procedure is described in detail in the work of 

the authors of [7]. 

It should also be borne in mind that microscopic images 
are usually color. This is due to the peculiarities of 
visualization of individual parts of such images. At the same 
time, wavelet analysis can be used only for black-white 
images. Thus, the procedure for transforming a color image 
into a black-white image is necessary. But with such a 
transition, we may lose some of the information. 

mailto:a_ryazantsev@ukr.net


One of the formats for representing color images is RGB. 
The image in RGB color system consists of three color 
channels - R (red), G (green) and B (blue) [8, 9]. Each color 
channel allows you to consider a specific frequency region of 
the image. This is very important for image analysis using 
wavelets. This allows you to take into account all the features 
of the image. 

Thus, we propose to consider the original image 

k)j,i(B = as a combination of three images: 

rk)j,i(BR =  – original image in color channel R , where 

rk is the brightness value of the image at the point )j,i(BR ; 

gk)j,i(BG = – original image in color channel G , where 

gk is the brightness value of the image at the point )j,i(BG ; 

bk)j,i(BB = – original image in color channel B , where 

bk  is the brightness value of the image at the point )j,i(BB ; 

Then we apply the wavelet analysis procedure for each 
color channel of the original image. We get three images that 
define the set of points of difference of brightness values in 
each color space. This provides additional information about 
the image we are analyzing. Based on this information, we can 
concretize various areas of interest. 

III. Results of Experimental 
Studies 

We will consider cellular structure which is presented on 

Fig. 1.  

 

 

 

 

 

Fig. 1. Cell structure of a cytological preparation 

In Fig. 1 we can see: cells megaloblastic anemia, segments 

in the nucleus of neutrophils and erythrocytes. 

The image in Fig. 1 is a typical example of the cell 

structure of a cytological preparation. 

In Fig. 2 shows the results of the wavelet analysis for the 

data in Fig. 1.  

 

Fig. 2. Results of the wavelet analysis for the data in Fig. 1. 

We considered the original image without dividing it into 

separate color channels. To do this, we converted the original 

image (Fig. 1) to a black-white image (see Fig. 3). Then we 

applied wavelet processing (see Fig. 2). 

 

 

Fig. 3. Black-white image for the data in Fig. 1. 

In Fig. 2 shows the different areas of interest. These areas 

of interest have the same degree of brightness to identify them 

(except for segments in the nucleus of neutrophils). 

In Fig. 4 shows the results of the wavelet analysis for the R 

components the color space of the original image in Fig. 1. 

 

 

Fig. 4. results of the wavelet analysis for the R components the color 

space of the original image in Fig. 1 

 

In Fig. 5 shows the results of the wavelet analysis for the 

G components the color space of the original image in Fig. 1. 

Cells megaloblastic 

anemia 

erythrocytes 
Segments in the 

nucleus of neutrophils 



 

Fig. 5. results of the wavelet analysis for the G components the color 

space of the original image in Fig. 1 

In Fig. 6 shows the results of the wavelet analysis for the B 

components the color space of the original image in Fig. 1. 

 

Fig. 6 results of the wavelet analysis for the B components the color 

space of the original image in Fig. 1 

For Fig. 4, Fig. 5 and Fig. 6, we see that the regions of 

interest have different degrees of brightness for their 

identification (in comparison with the data of Fig. 2). 

Thus, we have additional information. This allows for 

more accurate analysis. For this you can use morphological 

image analysis [10]. In Fig. 7 presents the results of 

morphological analysis for images in Fig. 4 and Fig. 6. As a 

result of this analysis, we identified erythrocytes. 

 

Fig. 7. Results of morphological analysis (images from Fig. 4 and 
Fig. 6. were used) 

In Fig. 8 presents the results of morphological analysis, 
which allow to isolate the cells of megaloblastic anemia. 

 

Fig. 8. Results of morphological analysis (images from Fig. 4,  
Fig. 5 and Fig. 6. were used) 

We can specify a different morphology to identify the 
desired area of interest. 

IV. Conclusions 
For more information about the objects of interest in the 

image, we used the wavelet methodology and the technique of 

decomposing the image into colored components. With the 

help of morphological analysis, we have identified various 

components of images of cellular structures of cytological 

preparations. For further research, it is necessary to automate 

the process of identifying components of images cell 

structures the cytological preparations. 
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