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Abstract—Medical image analysis is an important task in diagnosing various diseases, among which the study of megaloblastic anemia stands out resulting in improving the publish health. The peculiarity of processing the corresponding images is the selection of the edge for all objects of interest, including the details of the structure of megaloblastic anemia cells. It is shown that for these purposes it is advisable to use the ideology of wavelets. Based on this, the paper considers the issues of the influence of the wavelet type on the selection of the edge in images with megaloblastic anemia cells with changed contrast in the RGB and HSV color spaces. The wavelets considered in this paper include gaus1, haar, db2, and bior1.1. For the purpose of comparing the results, such quality assessments as niqe, brisque, and entropy are used, as well as a visual comparison of the obtained results. It is shown that for selecting the edge and potential areas of interest in images with megaloblastic anemia cells, it is advisable to use the RGB space. It is also noted that the gaus1 wavelet allows for efficient allocation of potential areas of interest, while the haar and bior1.1 wavelets allow for allocation of the edges of objects of interest. The results are presented in the form of various figures and tables.
Keywords— color space, disease diagnostics, edge detection, medical imaging, wavelet analysis, wavelet types 
Introduction
Digital image processing and analysis is one of the key areas in real-world research [1] because digital images allow to record current events and conduct detailed analysis, as investigated in [2-6] for various approaches and methods. The proposed approach in this research is based on digital image research methods proposed in [7]-[12], which highlight the most characteristic aspects of the real world in digital images representation, taking into account the specific researches directed to study the microworld, such as microscopic medical images. Examination of such images enables to identify and determine hidden processes of various diseases and the effectiveness of their treatment. One such example, allowing early diagnostics based on digital images, is the study of microscopic images with megaloblastic anemia cells. Such research allows to prevent the development of heart failure and the occurrence of oncological diseases [13], [14].
For the purposes of diagnosing possible diseases from digital images, it is advisable to identify potential areas of interest, which is the main objective of the relevant studies. For example, in the work [15], anemia-based diseases are diagnosed by counting the corresponding specific blood cells. The method for assessing and counting such cells is based on the analysis of the area, perimeter, and diameter of blood cells. This, in turn, presupposes the preliminary identification of potential areas of interest, for which a classifier based on support vectors is used. However, this approach is used as an auxiliary tool for early diagnosis, which necessitates further research for a final conclusion about the disease. It should also be noted that the question of using a specific method for identifying the edge of objects for subsequent calculation of their area is open.
To highlight potential areas of interest in the work [16], first of all, segmentation of potential areas of cells and background is carried out; whereas in this work, the threshold method of Otsu segmentation and edge detection is used, which allows achieving high-quality selection of potential areas of interest. At the same time, questions arise regarding the accuracy of edge detection and the choice of a specific operator for these purposes.
To improve the accuracy and efficiency of anemia detection in blood smear images, the authors [17] use a convolutional neural network; whereas the use of this approach requires an extensive database, which is difficult for rapid diagnostics. At the same time, the question of the accuracy of identifying potential areas of interest remains open in comparison with classical approaches.
K. T. Navya, S. Verma, K. Prasad, and B. M. Kumar Singh use machine learning techniques to identify relevant cells as potential areas of interest [18]; however, as in the previous example, this approach requires some customization of the identification model and an appropriate database to train the models used. Therefore, it is important to consider different approaches that can lead to faster decisions for conducting relevant diagnostic studies. Y. Li also considers the possibility of using machine learning to diagnose diseases based on the analysis of anemia cells [19], whereas special attention is also paid to the issue of constructing a decision tree based on simple edge detection methods for the purpose of identifying potential areas of interest.
Thus, it should be noted that there is a significant diversity of works devoted to the analysis of the selection of potential areas of interest in medical microscopic images, including those with megaloblastic anemia cells. At the same time, the issues of using wavelet ideology to solve the problem have not been sufficiently considered though it is promising, as confirmed by a number of research works, such as in [20]-[23]. However, it should be noted that there are virtually no studies comparing different types of wavelets for edge detection in image objects. This is especially true for the specific processing and analysis of medical images.
The key aspects of such consideration are also the choice of an appropriate color space; which is considered in studies for such scenarios. Y. Shen, Y. Luo, D. Shen, and J. Ke emphasize that color variations sometimes reduce the ability of individual algorithms to obtain more accurate results [24]. The study [25] also notes that due to different types and scales of objects, complex backgrounds, and similarities in the appearance of tissues in medical images, extracting valuable information from different medical images can be difficult, which leads to the need to consider a specific color space; in this case, the RGB and HSV spaces are often indicated as such color spaces [26]-[28].
To improve the efficiency of edge detection, the input image contrast enhancement technique is used [26], which is an acceptable approach, since contrast enhancement plays a decisive role among the methods of image preprocessing, in comparison, in particular, with filtering methods. Based on this, an important aspect is also the choice of the wavelet type for the purpose of edge detection for objects in medical images; however, this point has also not been sufficiently considered in the relevant studies.
Thus, the main goal of this work is to study the effect of the wavelet type on edge detection in an image with megaloblastic anemia cells with altered contrast in color spaces such as RGB and HSV, which allows to evaluate the wavelet ideology as a procedure for identifying potential areas of interest for a certain type of image and to understand the feasibility of conducting such an analysis in general.
Methods and Materials
Wavelets as a tool for edge detection and potential areas of interest detection
Among the many approaches, as a procedure for selecting edges and potential areas of interest, the wavelet ideology should be highlighted [29], [30]. The feasibility of such an analysis is based on the fact that additional information is extracted from the original image, based on the analysis of brightness differences between individual neighboring points of the image, which permits to determine the special specific characteristics of the analyzed image, which allows to more efficiently select areas of potential interest [31], [32]. Transitions between brightness levels are carried out on the basis of the wavelet transform by calculating the wavelet spectrogram matrix [33]:

,                            (1)






where:  is the mother wavelet satisfying the condition . The choice of a certain wavelet type allows to emphasize various features of the brightness differences  of the original image , specified as a matrix of brightness level readings on a square grid () in the range from 0 to 255. The indices  determine the current coordinates of individual brightness levels of the original image in a two-dimensional coordinate system;




,  – the scale and center of temporal localization, which determine the scale and offset of the function () in accordance with the scaling conditions . These parameters are determined by the type of wavelet used and the correspondence between the linear dimensions of the wavelet spectrogram matrix and the dimensions of the original image resulting in emphasizing the characteristic details in the image under study.
As a rule, the construction of the wavelet spectrogram matrix is carried out to determine the break points on the original image in the horizontal and vertical directions achieving the invariance of the approach used to determine potential areas of interest located on the image under study.

In many ways, the quality and efficiency of edge and potential interest zone selection are determined by the type of wavelet used to construct the wavelet spectrogram matrix. It is important to distinguish between three types of wavelets: orthogonal, semi-orthogonal, and bi-orthogonal [34], [35]. The choice of wavelet in each specific case is determined by the task and the features of the presented image. The simplest orthogonal wavelet is the Haar wavelet [36]. Daubechies wavelets are orthogonal wavelets with a compact carrier [37]. At the same time, the Gaussian wavelet is the so-called "rough" wavelet [38]. Among the biorthogonal wavelets, the Bior type wavelets should be distinguished [39]. At the same time, wavelets of the same type also form certain families, the representatives of which are characterized by the time and frequency of the attenuation level that helps to emphasize individual breakpoints in the image under study. The proposed study in this research examines the following types of wavelets and their capabilities in identifying potential areas of interest in medical images of megaloblastic anemia cells:.
Components in assessing the influence of wavelet type when identifying potential areas of interest in an image

Thus, in the proposed study, different types of wavelets from the set will be considered ().
At the same time, attention is also paid to the color space of the original image representation. As a rule, color medical images are presented in RGB format.
However, the researchers also emphasize the importance of considering the analysis results for color medical images in HSV format [40].
The RGB color space is based on an additive color model that describes a way of encoding color for color reproduction using three colors: red (R), green (G), and blue (B) [41].
The HSV color space is based on a color model that combines hue (H), saturation (S), and the brightness value at a certain point in the input image (V) [42], which is a nonlinear transformation of the RGB model that expands the algorithmic capabilities of color image processing.

Thus, the following set of color spaces will be discussed below: .
To compare the results of processing the input image, a standard set of estimates is used [43]-[45]:
niqe – characterizes the quality of the naturalness of the image;
brisque – characterizes the spatial quality of the image;
entropy – shows the change in uncertainty.
The lower the value of the niqe or brisque indicator, the better the quality of perception. A higher value of the entropy indicator indicates the presence of a large number of details in the image.
General strategy for conducting the study
The general strategy of the proposed study is that wavelet processing is performed on typical images of megaloblastic anemia cells to isolate the edge and potential areas of interest. Such processing is performed for individual parent wavelets from the set defined above. The results of such processing in RGB and HSV color spaces are also considered. In order to improve the results of wavelet processing, contrasting of the original images in the corresponding color spaces is performed. Such processing allows to enhance the existing minor brightness differences in the original image, which will increase the efficiency of highlighting potential areas of interest. For contrasting purposes, one of the simplest methods of changing the contrast is used, which is based on histogram equalization. This approach is applied to source images represented in RGB and HSV color spaces, respectively. No other pre-treatment methods were used. Ultimately, the niqe, brisque, and entropy estimates are calculated, on the basis of which the obtained results are compared.
Fig. 1 and Fig. 2 show typical examples of images with megaloblastic anemia cells (these images are in the public domain and were used in our earlier work). It can be seen that there are various blood elements, which is important when conducting the corresponding diagnostics. Therefore, it is advisable not only to select the edge but also to select potential areas of interest, which represents the final result of applying wavelet theory to process the relevant medical images.

[image: D:\demos\8888-1.jpg]
Fig. 1. Medical image with megaloblastic anemia cells (Example 1)
[image: D:\demos\888-1.jpg]
Fig. 2. Medical image with megaloblastic anemia cells (Example 2)
It should be emphasized that wavelet processing is performed for images presented in gray format. Then the sequence of processing the original image is represented by the following sequence:


1. The formation of the original image () occurs from the point of view of their formation in separate color spaces (), then the contrast in separate color spaces changes, and such images are converted to gray format. Thus, for a separate original image, two images are obtained in gray format for the RGB and HSV color spaces.

.      (2)
2. Wavelet processing from the set () is applied to each image presented in gray format for the RGB and HSV color spaces. Then, using simple thresholder, individual points are removed; accordingly, this procedure is the same for all images, taking into account their contrast in different spaces; the threshold value is also the same in all cases. The obtained result is superimposed on the original image, and the final result is obtained – the selection of potential areas of interest in each specific case.

.    (3)

3. For the set of final images (), the niqe, brisque and entropy estimates are calculated. Based on these estimates, the obtained results are analyzed and compared.
Results and Discussion
Based on the general concept of the ideology of conducting the proposed study, Fig. 3 and Fig. 4 show the results of contrasting the original typical images (Fig. 1, Fig. 2) in the RGB and HSV color spaces. These results are displayed as color images.
[image: D:\demos\8888-1KZRGB.jpg]   [image: D:\demos\8888-1KZHSV.jpg]
                           a) RGB                                               b) HSV
Fig. 3. The result of contrasting the image Example 1 in the RGB (a) and HSV (b) color spaces
It should be noted that the various effects of individual color spaces on the results of contrasting the original images are multifaceted, which ultimately affects the efficiency of their corresponding processing—selection of edges and potential areas of interest based on wavelet ideology.
[image: D:\demos\888-1KZRGB.jpg]   [image: D:\demos\888-1KZHSV.jpg]
                         a) RGB                                            b) HSV
Fig. 4. The result of contrasting the image Example 2 in the RGB (a) and HSV (b) color spaces

Further, in Fig. 5 – Fig. 8, in accordance with formulas 1–3, the results of edge detection and potential zones of interest are presented in accordance with the ideology of wavelets (and the set of used mother wavelets – ) for individual RGB and HSV color spaces.
[image: D:\1-TEMP-19.06.2019\ПРОГА-КОБЫЛИН-777\WWW.jpg]    [image: D:\1-TEMP-19.06.2019\ПРОГА-КОБЫЛИН-777\WWW.jpg]
                 a) gaus1                                                b) haar
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                        с) db2                                               d) bior1.1
Fig. 5. Results of wavelet processing of the image Example 1 with different types of wavelets (a – gaus1, b – haar. c – db2, d – bior1.1) in the RGB color space
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                 a) gaus1                                                b) haar
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                        с) db2                                               d) bior1.1
Fig. 6. Results of wavelet processing of the image Example 1 with different types of wavelets (a – gaus1, b – haar. c – db2, d – bior1.1) in the HSV color space
Based on the visual analysis of the data in Fig. 5 and Fig. 6, it is necessary to talk about significant differences in the results that were obtained based on the wavelet ideology for individual color spaces. First of all, the use of the gaus1 mother wavelet, in comparison with such mother wavelets as haar, db2, and bior1.1, allows one to completely isolate areas of potential interest. In fact, the gaus1 mother wavelet allows to completely cut off the background, which can also have certain brightness differences. At the same time, in the RGB color space, the gaus1 mother wavelet gives a better result than in the HSV color space. In the HSV color space, the gaus1 mother wavelet identifies many false background points.
The mother wavelets haar, db2, and bior1.1 generally cope well with the task of edge detection. The best result is observed for the wavelets haar and bior1.1, since the smallest number of false points are detected. In general, the obtained result is the best for the RGB space, in comparison with the result for the HSV space. At the same time, the best detail in edge detection, namely for the megaloblastic anemia cell, is observed in the HSV color space, which suggests the need to use additional procedures to improve the quality of the obtained results in terms of the HSV color space. It is also worth mentioning the advisability of combining the edge detection results for individual mother wavelets that helps to increase the efficiency of detecting potential areas of interest in the studied class of images. It should also be noted that the choice of using a certain type of wavelet depends on the task of the medical study. This is due to the fact that each type of wavelet allows, first of all, to highlight certain points, which explains the differences in the results obtained.
Table 1 presents the quality assessments of the images presented in Fig. 5 and Fig. 6. The presented assessment values fully confirm the conclusions that were discussed above.
TABLE 1. Quality Assessments of Images Processed Based on Wavelet Ideology for the Original Image Example 1
	Color spaces
	Quality assessment

	
	niqe
	brisque
	entropy

	gaus1

	RGB
	10.51
	34.87
	7.31

	HSV
	12.58
	41.89
	7.48

	haar

	RGB
	18.79
	42.73
	5.47

	HSV
	21.48
	43.41
	5.99

	db2

	RGB
	21.34
	40.86
	5.64

	HSV
	25.49
	42.02
	6.39

	bior1.1

	RGB
	18.79
	42.73
	5.47

	HSV
	21.52
	43.38
	5.95



It is also evident from the data in Table 1 that the processing results generally differ little from each other; therefore, in this case, it is necessary to pay attention to the entropy indicator, which can be used to minimize false points in the processed images.
Fig. 7 and Fig. 8 show the results of potential zone selection based on wavelet ideology for the original image, Example 2.
In general, the obtained results presented in Fig. 7 and Fig. 8 are similar to those shown in Fig. 5 and Fig. 6. Consequently, the reliability of the images study processing results can be discussed based on the wavelet ideology. The mother wavelet gaus1 provides the most complete selection of potential areas of interest in the RGB color space. 
In the HSV color space, as a result of applying the mother wavelet gaus1, many false background points appear on the processed image.
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                 a) gaus1                                                b) haar
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                        с) db2                                               d) bior1.1
Fig. 7. Results of wavelet processing of the image Example 2 with different types of wavelets (a – gaus1, b – haar. c – db2, d – bior1.1) in the RGB color space

Mother wavelets of the haar, db2, and bior1.1 types will also effectively highlight the edge on the original image (Example 2). As for the previous example, the most effective are the haar and bior1.1 wavelets. As a result of using such mother wavelets (haar and bior1.1), there are practically no false points in terms of the RGB color space. When using all types of wavelets in the HSV color space, the appearance of false background points is characteristic, which confirms the previously made conclusion about the need to develop additional procedures to eliminate the drawback in terms of the HSV color space.
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                        a) gaus1                                                b) haar
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                        с) db2                                               d) bior1.1
Fig. 8. Results of wavelet processing of the image Example 2 with different types of wavelets (a – gaus1, b – haar. c – db2, d – bior1.1) in the HSV color space
In Table 2 presents the image quality ratings shown in Fig. 7 and Fig. 8. These ratings confirm the conclusions formulated above.
TABLE 2. Quality Assessments of Images Processed Based on Wavelet Ideology for the Original Image Example 2
	Color spaces
	Quality assessment

	
	niqe
	brisque
	entropy

	gaus1

	RGB
	12.17
	18.53
	6.82

	HSV
	12.31
	37.98
	7.12

	haar

	RGB
	21.32
	42.52
	5.10

	HSV
	22.89
	43.06
	5.87

	db2

	RGB
	20.97
	43.10
	5.24

	HSV
	21.24
	43.11
	6.19

	bior1.1

	RGB
	21.28
	42.37
	5.09

	HSV
	21.89
	43.06
	5.87



Therefore, in general, it is possible to discuss the expediency of using different types of wavelets for detection and identification of areas of interest in medical images with megaloblastic anemia cells; in this context, using the RGB color space is the most effective approach; in this case, the use of the wavelet type or their specific combination for image processing is determined by the conditions of the medical task.
Сonclusion
The study examines individual aspects of the influence of the wavelet type on the selection of edges and potential areas of interest in images with megaloblastic anemia cells. For the purposes of analysis, contrasting of the original images in RGB and HSV color spaces is performed, but with the same parameters for applying such a procedure. The following parent wavelets are considered as the influence of individual wavelet types on solving the problem: gaus1, haar, db2, and bior1.1. To compare the results, various quality assessments (niqe, brisque, entropy) and visual comparisons of the results obtained are used.
The study substantiated the feasibility of considering the RGB space as a basic color space for highlighting the edge and potential areas of interest in images with megaloblastic anemia cells. It was shown that individual types of wavelets can be used to solve various problems faced by medical workers. While the haar and bior1.1 wavelets highlight the edges of objects of interest, the gaus1 wavelet effectively highlights potential areas of interest. The results are supported by a number of experiments and characteristics for assessing the quality of the resulting images. Ultimately, the presented approach can be a tool in solving various practical medical problems and assist in making appropriate decisions.
The conducted experiments and the obtained results demonstrated the need to develop a combined use of mother wavelets for processing the original images. In particular, the combined use of mother wavelets can be the basis for processing an automated diagnostic system based on medical image analysis, which may be one of the directions of further research. At the same time, the considered demonstrated its efficiency and expediency of use for solving research and applied problems in medical visualization.
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