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Abstract: 

Analysis is the basis of diagnosis in medical practice. For these purposes, one 

important source is digital images. Based on this, we look at the digital image of the 

blood smear. These data allow us to consider the possibility of diagnosing various 

diseases. Particular attention in the work is paid to certain methods of digital image 

analysis. The choice of such methods is based on the analysis task. The article presents 

examples of digital images of a blood smear and the results of their processing. 
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Introduction 

Analysis is one of the stages in the decision-making procedure. Therefore, the 

key aspect is not only the study of primary data, but also obtaining additional 

information. This is especially important in critical areas and situations, which include 

medicine. Timely analysis of medical data is the basis for effective diagnosis and 

prevention of disease development [1], [2]. 

To analyze medical data, various primary data can be used, among which digital 

medical images should be highlighted [3]-[7]. This array of data allows you to make a 

better analysis and obtain the most reliable results. Among the tools for such analysis, 

various methods and approaches to digital image processing should be highlighted [8]-
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[14]. The choice and use of such tools depends on the subject of analysis, object of 

research. 

Among the various medical images, we highlight the digital image of a blood 

smear. Such a study provides both a general clinical picture and the ability to prevent 

the development of various diseases. This determines the relevance of this work and its 

practical significance. 

Related works 

The images of a blood smear, as well as general issues of blood analysis [15]-

[17], are one of the key objects of research in the works of many authors. 

N. Abbas, D. Mohamad, A. H. Abdullah, T. Saba, M. Al-Rodhaan, and A. Al-

Dhelaan solve the problem of segmenting leukocyte nuclei in digital images [18]. This 

is important for classifying white blood cells in order to identify disorders caused by a 

particular type of leukemia. This paper proposes a method that improves the accuracy 

and efficiency of such segmentation. This has been confirmed by a number of 

experiments. 

E. Gering and C. T. Atkinson are exploring the possibility of counting nucleated 

red blood cells using digital image analysis [19]. This is necessary to identify parasites 

inside the nuclei of red blood cells. At the same time, the problem of automating this 

process is solved. The article proposes a method that is based on a sharp increase in 

contrast for a uniform size of the region of interest. This improves the efficiency of core 

counting. 

The study by authors V. D. Dvanesh, P. S. Lakshmi, K. Reddy and A. S. Vasavi 

solves the general problem of counting blood cells using digital image processing [20]. 

It is equally important to determine the number of red blood cells and leukocytes. For 

these purposes, various digital image processing techniques are used. In particular, an 

important tool is the circular Hough transforms [20]. 

F. Sadeghian, Z. Seman, A. R. Ramli, B. H. Abdul Kahar and M. I. Saripan 

review a general scheme for leukocyte segmentation using digital image processing 

[21]. The purpose of such segmentation is to isolate the nucleus and cytoplasm. The 

basis of the general segmentation scheme is made up of different digital image 

processing algorithms. 

H. A. Nugroho, M. S. Wibawa, N. A. Setiawan, E. E. H. Murhandarwati and R. 

L. B. Buana use digital processing methods to identify Plasmodium falciparum and 
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Plasmodium vivax [22]. In particular, the authors propose an approach to determining 

the types and stages of development of these research objects. Adaptive k-means 

clustering, k-nearest neighbor and support vector machine are used for these purposes. 

The study [23] discusses the automatic detection and classification of malaria 

parasite species in a blood smear. The proposed approach is based on a series of digital 

image processing algorithms that come from light microscopes used in endemic 

regions. This allows parasite species to be classified as Pf or Pv based on chromatin 

size distribution [23]. 

N. Ritter and J. Cooper are exploring the possibility of solving the problem of 

segmentation and identification of cell boundaries [24]. This is important for accurately 

determining the components of a blood smear and their subsequent classification. First, 

the authors review a blood cell segmentation algorithm for images obtained from 

peripheral blood smear slides. This approach allows you to automate the counting of 

blood cells and identify points within each object. 

F. I. Sholeh studies algorithms for segmenting leukocytes from blood smear 

images [25]. The possibility of using such algorithms in real time is being considered. 

Therefore, the importance of digital blood smear image analysis should be noted. 

In this case, it is possible to use various methods of image analysis, which is largely 

determined by the type of the original image. 

Image of a blood smear as an object of study 

First of all, we note that a blood smear is a complex object that includes blood 

plasma, leukocytes, red blood cells and platelets. Depending on the problem that needs 

to be solved, we can provide various digital images of the blood smear. Figure 1 shows 

examples of blood smear images. 
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                                      a)                                                          b) 

                
                               c)                                                               d) 

Figure 1: Some examples of digital blood smear images 

 

We see blood smears of different colors, different in intensity of individual 

elements of the smear and their texture. The simplest is the smear in Figure 1a. The 

most complex images are those presented in Figure 1c and Figure 1d. In Figure 1c we 

see the different components of a blood smear, and in Figure 1d we see complex images 

of blood cells. 

Some examples of blood smear image analysis 

As noted earlier, different blood smear images require different digital processing 

techniques. This also correlates with the task that is posed to researchers. 

Consider the data in Figure 1a. We see that the same type of blood smear cells 

are represented here. These cells clearly stand out against the general background and 

have approximately the same geometric dimensions. Let us apply the threshold limiting 

method according to the Otsu method to this image. The result is presented in Figure 2. 
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Figure 2: Result of cell outline extraction for blood smear in Figure 1a 

 

The processed image shows the outlines of individual cells in the blood smear. 

The program allows you to calculate their total number in the amount of 394 cells. 

By changing the initial threshold values, we can achieve more accurate 

identification of cell boundaries in a blood smear. We can also apply preprocessing 

techniques to the digital raw blood smear image [6]. This will also improve the quality 

and efficiency of identifying cell boundaries and will be the basis for their further 

analysis. 

Similar manipulations can be done with the data in Figure 1b. This drawing is 

similar to the previous drawing. Thus, in the simplest case, a combination of 

preliminary image processing methods with edge extraction methods can be used. This 

allows you to construct a simple procedure for counting cells in a blood smear. 

More difficult to analyze are the blood smear images in Figure 1c and Figure 1d. 

First, let's look at the processing procedure for Figure 1c. We will use color 

segmentation based on the k-means method [26]. To do this, first of all, consider the 

brightness histogram of Figure 1c (see Figure 3). 

 

Figure 3: Histogram of brightness values for the data in Figure 1c 

 

We see three levels of change in values on the histogram. Therefore, we will 

consider three possible clusters for the data in Figure 1c (see Figure 4). 
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                           a)                                  b)                                        c) 

Figure 4: Clustering for the data in Figure 1c 

The first cluster displays many potential areas of interest where red blood cells 

are concentrated in the blood mask. These data require further processing to count such 

cells. 

The second cluster displays leukocyte cells. This result is the clearest. Here you 

can see individual cells and count them. 

The third cluster represents the areas of interest occupied by the plasma. This 

result is also satisfactory. 

Now consider the data in Figure 1d. The main task of such an analysis is to 

highlight all the possible contours that we can see. For these purposes, we use the 

wavelet methodology [27]. The results of the corresponding processing are presented 

in Figure 5. 

 
Figure 5: Contour extraction for blood smear image 

 

We see a clear identification of individual contours, which allows for further 

analysis. In particular, this concerns the classification of leukocytes. 
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Conclusion 

Thus, the article discusses the main aspects of the analysis of a digital image of 

a blood smear as an object of study. Based on the analysis of literary sources, the 

importance of such a procedure for studying data is noted. Particular attention is paid 

to the choice of research methods based on the original blood smear image and the 

problems that need to be solved. The complexity of each stage of digital image analysis 

of a blood smear is noted. The results of various types of digital image processing of 

blood smears are presented. 
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