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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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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.

Analysis of recent research and publications.
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 [, 6].

The purpose of the article. 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.

Research results. 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
B(i,j) =k, where B is the input biomedical image size
MxN, (i,j) is the current coordinates of the points of
the original image B (i=1,M,j=1,N),k is the
brightness value of the image at the point B(i,j), 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.
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Then we select the most characteristic
points of change in brightness — points that oc-
cur both in the processing of rows and in the
processing of the columns of the original im-
age. As a result, we have an image of differ-
ences that characterizes a certain area of inter-
est. 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.

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

BR(1, j) =rk — original image in color channel R,
where rkis the brightness value of the image at the
point BR(4,]);

BG(i, j) = gk — original image in color channel G,
where gk is the brightness value of the image at the
point BG(4, ]) ;

BB(i, j) = bk — original image in color channel B,
where bk is the brightness value of the image at the
point BB(, j) ;

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 ad-
ditional information about the image we are analyzing.

Based on this information, we can concretize various
areas of interest.

Result of experimental studies. We will
consider cellular structure which is presented
on Fig. 1.

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.

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).

Segments in the
nuclens of nentrophils

erythrocyies

Cells megaloblastic
anemia

Fig. 1. Cell structure of a cytological preparation

]

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 bright-
ness to identify them (except for segments in the nucle-
us of neutrophils).

In Fig. 4 shows the results of the wavelet analysis
for the R components the color space of the original im-
age in Fig. 1.

In Fig. 5 shows the results of the wavelet analysis
for the G components the color space of the original im-
age in Fig. 1.

In Fig. 6 shows the results of the wavelet analysis
for the B components the color space of the original im-
age in Fig. 1.
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For Fig. 4, Fig. 5 and Fig. 6, we see that the re-
gions of interest have different degrees of brightness for
their identification (in comparison with the data of Fig.
2).

Fig. 4. Results of the wavelet analysis for the R components
the color space of the original image in Fig. 1

Fig. 5. Results of the wavelet analysis for the G 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

&

7

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

Thus, we have additional information. This allows
for more accurate analysis. For this you can use mor-
phological image analysis [10]. In Fig. 7 presents the re-
sults of morphological analysis for images in Fig. 4 and
Fig. 6. As a result of this analysis, we identified
erythrocytes.

In Fig. 8 presents the results of morphological
analysis, which allow to isolate the cells of megalo-
blastic 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.

Conclusions. For more information about the ob-
jects of interest in the image, we used the wavelet meth-
odology and the technique of decomposing the image
into colored components. With the help of morphologi-
cal analysis, we have identified various components of
images of cellular structures of cytological preparations.
For further research, it is necessary to automate the pro-
cess of identifying components of images cell structures
the cytological preparations.

References

1. J. E. Iglesias, and M. R. Sabuncu, “Multi-atlas segmenta-
tion of biomedical images: a survey,” Medical image
analysis, vol. 24(1), pp. 205-219, 2015.

2. J. Schindelin, C. T. Rueden, M. C. Hiner, and K. W.
Eliceiri, “The ImageJ ecosystem: An open platform for bi-
omedical image analysis,” Molecular reproduction and
development, vol. 82(7-8), pp. 518-529, 2015.

3. J.Khan, A. S. Malik, N. Kamel, S. C. Dass, and A. M. Af-
fandi, “Contrast Enhancement of Color Images with Color
Morphing Approach,” International Journal of Computer,
Electrical, Automation, Control and Information Engineer-
ing, vol. 10(2), pp. 437-440, 2017.

4. Rabotiahov, O. Kobylin, Z. Dudar, and V. Lyashenko,
“Bionic image segmentation of cytology samples meth-
od,” 14th International Conference on Advanced Trends in
Radioelecrtronics, Telecommunications and Computer
Engineering (TCSET), Lviv- Slavske, 2018, pp. 665-670.

5. W.B. A. Karaa (Ed.), Biomedical image analysis and min-
ing techniques for improved health outcomes. IGI Global,
2015.

6. V. Lyashenko, O. Kobylin, and Y. Baranchykov, “Ideolo-
gy of Image Processing in Infocommunication Systems,”
In 2018 International Scientific-Practical Conference



66 BICHVK CXIAHOYKPATHCbKOIO HALIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Oans Ne 5 (253) 2019

Problems of Infocommunications. Science and
Technology (PIC S&T), Kharkiv, 2018, pp. 47-50.

7. V. V. Lyashenko, A. Babker, and O. A. Kobylin, “The
methodology of wavelet analysis as a tool for cytology
preparations image processing,” Cukurova Medical Jour-
nal, vol. 41(3), pp. 453-463, 2016.

8. J. L. Semmlow, and B. Griffel, Biosignal and medical im-
age processing. CRC press, 2014.

9. F. Fereidouni, C. Griffin, A. Todd, and R. Levenson,
“Multispectral analysis tools can increase utility of RGB
color images in histology,” Journal of Optics, vol. 20(4),
pp. 044007, 2018.

10. K. Lee, A. Shamsoddini, X. Li, J. C. Trinder, and Z. Li,
“Extracting hurricane eye morphology from spaceborne
SAR images using morphological analysis,” ISPRS Jour-
nal of Photogrammetry and Remote Sensing, vol. 117, pp.
115-125, 2016.

Jsamenko B.B., Koounin O.A., Pasanmes O.l.,
Psazanue 1.O., O0podka 300pa:keHHs] MPH AOCJTIIZKEHHI
KJIITHHHHX CTPYKTYP OioMeTMUHUX TaHUX

Memoou 06pobru 306pacxceHs GUKOPUCTIOBYIOMbC Y
6cix obnacmsx docniodcenv. Lli  memoou 0ozeonsiome
ompumamu  000amKo8y IHQopmayito, Kpawe 3po3yMimu
06'exm,  axuu  Oocnioxcyemvca.  Ceped  HanpaAmKie
BUKOPUCMAHHS MemO0di8 00poOKuU 306padsiceHb ocoonuse micye
s3aimae meouyuna. biomeouuni Oani 00360110Mb OYIHUMU
300p08's TI0OUHU, BUABUMU 3AX80PIOBAHHA HA PAHHIX CMAOIAX.
3obpasicenns KATMUHHUX cmpykmyp YUmonoiuHux
npenapamis - ye 0oun 3 npukiadie biomeouunux oanux. Ha
OCHOBI Memo0i6 ananizy 300padxicenb Mu MONCEMO SUOLIMU
PDI3HI  KOMNOHEHMU KIIMUHHUX CMPYKMYD YUMOJO2IYHUX
npenapamie. J{na yb020 Mu 3acmoco8yEMO Memoou eetignem
amanizy 014  PISHUX  KOMIPHUX — KOMHOHEHM  6XIOHO20
300pascenus. 3acmocyeaguiy  MopgonoSiuHUll  aHANi3 MU
ModceMo  SUOLIUmMU  OKpeMi — KIIMUHHU — CIPYKMYPU.
Pesynomamu noxazamni na npuknadi 306padicent KiMuUHHUX
CMPYKMYp YumonoiuHux npenapamis.

Knrwowuosi cnosa: 06pobra 300paicenn, 6iomeduuni Oaui,
KAIMUHHI CMpYKMypu, eeueiem audaniz, KOMpHULl npocmip,
Yumoao2iymi npenapamu

Jsmenko B.B., Koobumma O.A., Psaszanmer A.HU.,
Psazannes HM.A., OO0paGorka  uzo0paskeHusi IpHU
HCCJIeI0BAHUN KJIETOYHBIX CTPYKTYP OHOMETHIMHCKHX
HaHHBIX

Memoowlr obpabomku uzobpasicenuil UCNOAL3VIOMCA 80
6cex obracmax uccnedoanuii. Omu Memoobl NO380NA0M
ROIYHUMb  OONOIHUMENLHYIO UHGOpMayulo, ayuuie HOHAMb
obvexm, komopwvui ucciedyemcs. Cpeou  nanpasneHuil
UCNIONL30BAHUA MEMO0008 00pabomku u3obpadceHuti ocoboe
Mecmo  3aHumaem Mmeouyuna. bBuomeduyunckue Oannvle
NO360NAIOM — OYEHUMb  300pP06be  Hel06eKd,  BbIAGUNIL
3abonesanus Ha paHHux cmaousax. H300pasicenus KemouHwix
CIMPYKMYP YUMONOSUYECKUX NPEenapamos — 5mo O0OUH U3
npumepog oOuomeouyuHckux oamnvix. Ha ocnose memooos
AHANU3A UB0OPAICEHUTI Mbl MOJNCEM BbIOENAMb PA3IUUHbIE
KOMNOHEHMbl  KIEMOYHbIX — CIMPYKMYD — YUMOIOSUYECKUX
npenapamos. /s 9mozo Mmbl npumeHsem Memoobvl eusnem
aHanu3a  OnA  PA3HLIX  YBEMOBbIX KOMHOHMEHM 6XOOHO020
usobpasxcenus. Ilpumenus mopgonocuveckuil aHanus mol
MOJCEM  8bIOEUMb  OMOENbHbIE  KAEMOYHbIX — CIPYKMYP.
Pesynomamel  nokazawvl  Ha  npumepe  U300PANCEHUl
KAEMOYHBIX CIPYKIYP YUMOL02UHECKUX NPenapamos.

Knrwuesvle cnosa: obpabomra uzobpasicenuii, 6uome-
OuyuHCKUe OanHbvle, KIemouHble CIMpPYKMYpbl, Geligiem aud-
U3, YBEMOBOE NPOCMPAHCINEO, YUMONOSUHECKUEe NPenapanmbl
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