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AHoTanis

MenauyHa Mae morniu0ieHe BUBUSHHS PO3BUTKY ATOJIOTIYHMX 3MIH B JIFOJICBKOMY Tijli B HAIlIMX 4acax, TOMY, €
BEJIMKHMI BUKJIMK, 00 CTBOPUTHU Cy4acHi iHpopMaliifHi mprcTpol i MeToau it oOpoOku GiomeanuHoi iHpopmarii. Bona
- noOpe Bigomuii (akT, O BIIPOJOBXK AiarHO3y, 110 BCTAHOBIIOE i MPOBOIUTH JIOKTOPIB JIIKYBaHHsI Bce Olblile i Oinblie,
NOKJIAJIAl0ThCsl HAa OlOMEIUYHI 300paKeHHS OTPUMAB KOPUCTYBAaHHS DPI3HUM TEXHIYHUM 3a0€3MEYECHHSM 1 CHCTeMaMH
nporpamHoro 3a0esnedeHHs. lle crocyerbcsi aBTOMaTHYHOI 0OpOOKM 300paxkeHb Tomorpadiidi i TepmorpadidHux Jyis
cerMeHTanii 300pakeHsb 1 3aBJiaHp Knacuikari.

KawuoBi cinoBa: iepapxiuyna Mepexa, OlomenuuHa iHdopmarlis, OioMenuuHi 300pakeHHs, TepMmorpadiuti
300pa)KeHHsl, aTOJIOrI YHi POLECH.

Abstract

Medicine has in-depth study of the development of pathological changes in the human body in our times,
therefore, there is a big challenge to create modern information devices and methods for processing biomedical
information. It is well known fact that during the diagnosis establishing and conducting treatment doctors increasingly rely
on biomedical images obtained using various hardware and software systems. This concerns the automatic processing of
tomographic and thermographic images for segmentation of images and classification tasks.
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Introduction

Medicine has in-depth study of the development of pathological changes in the human body in our times,
therefore, there is a big challenge to create modern information devices and methods for processing biomedical
information. It is well known fact that during the diagnosis establishing and conducting treatment doctors increasingly rely
on biomedical images obtained using various hardware and software systems. In particular, this concerns the automatic
processing of tomographic and thermographic images for segmentation of images and classification tasks [1,2,3].

It is good to take into account that ophthalmology tasks include optical coherence tomography tasks, Heartland
retinal tomography tasks, polarimetry of lasers tasks, scanning retinal thickness analyzer tasks, and others. The most
common of them are one-dimensional, two-dimensional, and three-dimensional images of the eye, including the bottom
part of the eye, so the interpretation of which requires doctors a lot of effort and time. There is a big need for biomedical
imaging and processing algorithms to help doctors handle a large amount of data, providing them with reliable support for
diagnosis and treatment [4,5,6].

During last 10 years prospects for research in this area were identified, especially the development of models for
the analyzing, comparison and processing of biomedical images. On the one hand, a large number of works subject points
to the practical necessity of such methods, and on the other hand, the lack of sufficiently general and universal methods of
processing large bulk of biomedical images at present (R. N. Weinreb, S. A. Alpatov, L. Glass, N. N. Bojkova, A. S.
Liebman, L. Timchenko, S. V. Pavlov, K. V. Sudakov, A. P. Rothstein, V. P. Kozhemyako, E. N. Zakhrabov, R. Gonzalez
and others). Using such optoelectronic expert systems, it is possible to identify pathological processes that are necessary
for the analysis of the pathogenesis of many diseases and their complications. Therefore, to help doctors to do their work it



iS necessary to create a biomedical system for the analysis of structural changes in the diagnosis of eye abnormalities, in
particular, the discoloration of the macula. This will increase the accuracy and speed of processing complex biomedical
images of the eye based on special automated procedures for segmentation and recognition of detected pathologies and
will enable to determine the stage of progression of the existing pathology [7,8,9].

The results of research

The application for assessing the dynamics of changes in biomedical parameters obtained from a biomedical image is
used in the study, conducting discriminant or correlation processing of image data to calculate the results of the diagnosis.
The structure of such a system is shown in Figure 1. Thus, the system provides an opportunity for conducting the survey
using a discriminant and correlation analysis to form the average sample result among other characteristics or attributes to
compile a more optimal sample of more informational features and a more effective learning sample of features based on
steps pathologies or pathologies [10,11,12].

The algorithm provides the user with the opportunity to manage the process of conducting research. The user
interacts with the program through system interface, which allows you to save and download samples, display 2D images,
set parameters for system operation.

The proposed system for predicting eye diseases can detect problems, pathologies and other diseases in the early
stages and predict the possible progression of diseases. This method is completely based on the theory of parallel-
hierarchical network, which, with the appropriate modifications, allows user to obtain the most accurate result of
forecasting. The forecasting process is based on key stages such as image analysis, segmentation and optimization
(reducing noise in the image, selecting the contours of the main elements of a biomedical image). To ensure the work of
the neural network, a base of images with known eye diseases has been selected, which gave rise to the study. From the
results of experimental studies, it was found that the average error of prediction using different types of neural networks is
practically the same (about 1.62%). And the maximum value of forecasting error using different types of known neural
networks varies within 4.74-5.81%. In addition, the development of an eye recognition and prediction system based on the
phase correlation of images will continue to be developed, which will allow more accurately and efficiently to recognize
and process the parameters of a biomedical image. Experimental investigations of the location of the pathology area and
the calculation of its area are carried out. Among the examined pathologies of the eye, experimental studies of the
congenital hamartoma of the retinal pigment epithelium, characterized by black or pink color, clearly distinguished from
the general color scheme of the biomedical image, were performed. With a total area of the fundus that varies from 5000
mm2 to 6000 mm2, the pathology of an average area of 600 mm2 is considered, and a predicted increase in the pathology
ranging from 13.88% -24.52% is obtained. The relevant prediction data will help the ophthalmologist decide on the
prevention or treatment of the disease [18,19].

Conclusion
A brief analysis of modern approaches, ideas, methods for the evaluation of biomedical images of the fundus is carried
out. The functional scheme of the system for the estimation of biomedical images is proposed and the system for
determining dynamic changes in the fundus images is developed on its basis. The approach to prediction of indicators of
biomedical images is described. A brief overview of the structure of the system for solving the question of processing the
parameters of biomedical images. The possibility of constructing such a system using a parallel-hierarchical network is
described.

References

[1]  Confocal scanning laser ophthalmoscopy classiliers and stereophotogram evaluation for prediction of visual
field abnormalities in glaucoma-suspect eyes / S. Bowd, L. M. Zangwill, F. A. Medeiros [et al.] // Invest.
Ophthalmol Vis Sci - 2004 - Vol .45. - P.2255-2262.

[2]  Scanning laser polarimetry with variable corneal compensation and optical coherence tomography in normal
and glaucomatous eyes / N. Bagga,

[3] Bagga H. Scanning laser polarimetry with variable corneal compensation: identification and correction for
corneal birefringence in eyes with macular disease / H. Bagga, D.S. Greenfield, R.W. Knighton // Invest.
Ophthalmol Vis Sci - 2003. - Vol.44. - P. 1969-1976.

[4]  Processing of biomedical images of the bottom of the eye for a system of analysis of its pathologies / S.V.
Pavlov, D.V. Vovkotrub, A.O. Rozhman, R.Yu.Dovgolyuk // International scientific and technical internet
conference "Computer graphics and image recognition », April 15, 2012: abstracts of reports. - Vinnytsya:
VOIPDO, 2012. - P. 237-238.

[5] Timchenko L.l., Kokryatskaya N.l., Garcia O.A., Petrovsky M.S., Stepanyuk D.S. Parallel-hierarchical
networks for image processing. Theoretical research: monograph / L.1. Timchenko, N.I. Kokryatskaya, OA
Gercius, MS Petrovsky, D.S. Stepanyuk - Poltava: ASMI, 2017. - 469 p.



[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Timchenko L.I., Kokryatskaya N.I., Gertsy O.A., Petrovsky M.S., Stepanyuk D.S. Parallel-hierarchical
networks for processing biomedical images and images of stains of laser beams. Experimental research:
monograph / L.I. Timchenko, N.I. Kokryatskaya, OA Gercius, MS Petrovsky, D.S. Stepaniuk - Poltava:
ASMI, 2017. - 363 pp.

Precision measurement of coordinates of power center of extended laser path images, Leonid I. Timchenko;
Sergii V. Pavlov; Natalia I. Kokriatskaia; Oleksandr A. Gertsiy; Dmytro S. Stepaniuk; Natalia P. Babiuk;
Gulzhan Kashaganova; Damian Harasim, Proc. SPIE 10808, Precision measurement of coordinates of power
center of extended laser path images, 1080810 (1 October 2018); doi: 10.1117/12.2501628

Analysis of computational processes of pyramidal and parallel-hierarchical processing of information,
Mohammed Al-Maitah; Leonid I. Timchenko; Natalia I. Kokriatskaia; Svitlana Nakonechna; Anna A.
Poplavskaia; Dmytro S. Stepaniuk; Konrad Gromaszek; Saule Rakhmetullina, Proc. SPIE 10808, Analysis
of computational processes of pyramidal and parallel-hierarchical processing of information, 1080822 (1
October 2018); doi: 10.1117/12.2501522

Parallel-hierarchical network as the model of neurocomputing, Mohammed Al-Maitah; Leonid 1.
Timchenko; Natalia I. Kokriatskaia; Svitlana V. Nakonechna; Dmytro S. Stepaniuk; Zaklin M. Gradz; Aigul
Syzdykpayeva, Proc. SPIE 10808, Parallel-hierarchical network as the model of neurocomputing , 1080820
(1 October 2018); doi: 10.1117/12.2501622

Zhao, Q., Rutkowski T.M., Zhang, L. and Cichocki, A.:‘Generalized optimal spatial filtering using a kernel
approach with application to EEG classification’, Cognitive Neurodynamics, 2010, 4, (4), pp. 355-358.
Roman N. Kvyetnyy, Olga Yu. Sofina, Alla V. Lozun, and etc. "Modification of fractal coding algorithm by
a combination of modern technologies and parallel computations”, Proc. SPIE 9816, Optical Fibers and
Their Applications 2015, 98161R (17 December 2015).

Roman Kvyetnyy, Yuriy Bunyak, Olga Sofina, and etc. "Blur recognition using second fundamental form of
image surface", Proc. SPIE 9816, Optical Fibers and Their Applications 2015, 98161A (17 December 2015).
Roman N. Kvyetnyy, Olexander N. Romanyuk, Evgenii O. Titarchuk, and etc. "Usage of the hybrid
encryption in a cloud instant messages exchange system ", Proc. SPIE 10031, Photonics Applications in
Astronomy, Communications, Industry, and High-Energy Physics Experiments 2016, 100314S (28
September 2016).

Roman Kvyetnyy, Olga Sofina, Pavel Orlyk, Andres J. Utreras, Waldemar Wojcik, and etc. "Improving the
quality perception of digital images using modified method of the eye aberration correction”, Proc. SPIE
10031, Photonics Applications in Astronomy, Communications, Industry, and High-Energy Physics
Experiments 2016, 1003113 (28 September 2016).

Woijcik, J; Wojcik, W; Janoszczyk, B; et al. Optical fibre system for flame monitoring in energetic boilers: :
TECHNOLOGY AND APPLICATIONS OF LIGHT GUIDES Book Series: PROCEEDINGS OF THE
SOCIETY OF PHOTO-OPTICAL INSTRUMENTATION ENGINEERS (SPIE) Volume: 3189 Pages:
74-82 Published: 1997.

Smolarz, Andrzej; Kotyra, Andrzej; Wojcik, Waldemar; et al. Advanced diagnostics of industrial pulverized
coal burner using optical methods and artificial intelligence: EXPERIMENTAL THERMAL AND FLUID
SCIENCE Volume: 43 Special Issue: Sl Pages: 82- 89 Published: NOV 2012.

Wojcik, Waldemar; Romaniuk, Ryszard. Optical fiber technology development in Poland: PHOTONICS
APPLICATIONS IN ASTRONOMY, COMMUNICATIONS, INDUSTRY, AND HIGH-ENERGY
PHYSICS EXPERIMENTS 2010 Book Series: Proceedings of SPIE Volume: 7745 Article Number:
774508 Published: 2010.

Olena V. Vysotska , Kostiantyn Nosov, Natalia B. Savina, and etc. An approach to determination of the
criteria of harmony of biological objects”, Proc. SPIE 10808, Photonics Applications in Astronomy,
Communications, Industry, and High-Energy Physics Experiments 2018, 108083B (1 October 2018); doi:
10.1117/12.2501539

Leonid 1. Timchenko, Sergii V. Pavlov, Natalia |. Kokriatskaia, and etc. "Precision measurement of
coordinates of power center of extended laser path images"”, Proc. SPIE 10808, Photonics Applications in
Astronomy, Communications, Industry, and High-Energy Physics Experiments 2018, 1080810 (1 October
2018); doi: 10.1117/12.2501628.

MaBaoB Cepriii BosogumupoBu4 — 1-p TexH. HayK, npodecop BiHHWIBKHH HAIIOHANBHUN TEXHIYHHNA
yHiBepcHuTeT, M. BiHHHATIA.
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iH(ppacTpyKTypH Ta TexHosorii, Kuis.
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Bacuist Cryca, Binawum.
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