


Program Advice 

 Prof. Roman Barlik, Warsaw University of Technology  

 Pavol Bauer, Delft Univeristy of Technology, Netherland  

 Prof. Jan T. Białasiewicz, Univ. of Colorado at Denver, USA  

 Prof. Janusz Białek, Univ. of Edinburgh, UK  

 Prof Mihai Cernat, Univwersity ofTransilvania Brashov Romania  

 Prof. Andrzej Cichocki, Riken, Brain Science Inst., Japan  

 Prof. Leszek Czarnecki, Louisiana State Univ., USA  

 Prof Viliam FedakTechnical University of Kosice, Slovakia  

 Prof. Zdobysław FlisowskiWarsaw University of Technology  

 Dr Yang Han, UESTC China  

 Prof. Yoshiyuki Ishihara, Doshisha University, Japan  

 Dr Ahmed Jamal Abdullah Al-Gburi UTeM university, Malaysia  

 Prof. czł. PAN Tadeusz Kaczorek, Warsaw University of Technology  

 Prof. Marian Kaźmierkowski, Warsaw University of Technology  

 Prof. Krzysztof Kluszczyński , Silesian Technical IUniversity  

 Prof. czł. PAN Józef Korbicz , Zielona Gora Technical University  

 Prof Peter Korondi, Budapest University of Technology, Hungary  

 Prof. Andrzej Krawczyk, Czestochowa Technical University  

 Dr Ihor Kupchuk ,Vinnytsia National Agrarian University, Ukraine  

 Prof. Jan Machowski, Warsaw University of Technology  

 Prof. czł. PAN Jacek Marecki , Gdansk Technical University  

 Dr Maria Evelina Mognashi, Pavia University , Italy  

 Prof. Teresa Orłowska-Kowalska, Wroclaw Technical University  

 Prof. Stanisław Osowski, Warsaw University of Technology  

 Prof. Marian Pasko, Silesian Technical University  

 Prof. Maciej Pawlik , Lodz Technical University  

 Prof. Lidija Petkovska, Ss. Cyril & Methodius Univ., Macedonia  

 Prof. Andrzej Piłatowicz, Institute of Power Energetics  

 Prof. Stanisław Piróg , Mining Academy, Cracow  

 Prof. Paweł Ripka Czech Technical University in Prague  

 Prof. Ryszard Sikora, Westpomeriania Technical University  

 Prof. Adam Skorek, Univ. du Ouebec a Trois-Rivieres, Canada  

 Prof Petro StakhivLviv Polytechnik National University, Ukraine  

 Prof. Ryszard Strzelecki , Polish Institute of Electrical Engineering  

 Dr Bojan Stumberger, University of Maribor, Slovenia  

 Prof. Jan Sykulski, University of Southampton, UK  

 Prof. czł. PAN i PAU Ryszard Tadeusiewicz , Mining Academy, Cracow  

 Prof Vladimir Terzija, The University of Manchester, UK  

 Prof Fredy J. ValenteUniveridade Federal de Sao Carlos, Brasil  

 Prof. Sławomir Wiak, Lodz Technical University  

 Prof. Bogdan M. 'Dan' Wilamowski, Auburn University, USA  

 Prof. czł. PAN Jacek M. Żurada, Univ. of Louisville, USA 

 



 
 

298                                                                      PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 10/2023 

 

 PRZEGLĄD ELEKTROTECHNICZNY  Vol 2023, No 10 
 

 

 Contents 
 

 

 

01 Urszula NAWRO1, Mikołaj DEMUTH, Andrzej SIERAKOWSKI, Ewelina GACKA,  Krzysztof PAŁKA, Teodor 
GOTSZALK -  Overview of light coupling methods to optical planar waveguides 

  1 

02 Piotr KACZMAREK - The application of power sources with a wide operating frequency range in test systems 
intended for testing the accuracy of current transformers 

10 

03 Sławomir Andrzej TORBUS, Michał KOZAKIEWICZ - The computer application for the mathematical modeling 
of optical fibers used in metrology based on Newton polynomial interpolation 

16 

04 Mohammed Jamal Mohammed, Jameel Kadhim Abed, Ali Jafer Mahdi*, Basheer M. Hussein - A Tuning of 
PID Power Controller using Particle Swarm Optimization for an Electro-Surgical Unit 

 23 

05 Bujar Krasniqi, Margaritë Bojku, Bahri Prebreza - LTE Network Performance Evaluation: A Comparative 
Study of Planned and Deployed Networks 

 30 

06 Natalia VESELOVSKA, Serhiy SHARGORODSKYI, Volodymyr RUTKEVYCH, Ihor KUPCHUK, Serhii
BURLAKA - Development of the mathematical model of the hydraulic drive of the lift mechanism of the working 
equipment of the front loader 

 34 

07 Milan Belik, Vladislav Kuchanskyy, Olena Rubanenko  - Method for Determining the Resonant Frequencies 
of Extra High Voltage Power Transmission Line

 39 

08 Rachid BELHACHEM, Farid BENHAMIDA, Riyadh BOUDDOU, Amel GRAA - A Hybrid Dynamic 
Programming-Priority List Approach for Generation Scheduling Solution

 43 

09 Mohd Sanusi Bin Mohd Mokhtar,  Mohd Shafie Bin Bakar, Mohd Shawal Bin Jadin - Analysing the 
performance of H5 inverters in a photovoltaic system

48 

10 Noura OULMI, Tewfik  BEKKOUCHE, Abdessalem  BOULOUFA,  Habib  BEY - An Efficient Nonlinear Post-
Processing Applied to Image Encryption 

 51 

11 Ravee PHROMLOUNGSRI,  Mitchai CHONGCHEAWCHAMNAN , Somchat SONASANG - Inductively 
Compensated Coupled-Line Resonator and Its Bandpass Filter Applications

 55 

12 Anis Najibah ZULKIFLI, Khairun Nisa KHAMIL,  Azdiana Md YUSOP, Ahmad Nizam ISA – Analysis Of 
Energy Harvester Circuit for A Thermoelectric Energy Harvesting System (TEHs) At Asphalt Pavement 

 60 

13 Assanee AMNUAY, Sonthaya GAWSOMBAT,  Parinya TOOMMALA, Saktanong WONGCHAROEN - 
Development of a prototype Earthworm Waste Manure Sorting Machine Effective in 3 Steps 

 67 

14 Marwa Ben SLIMENE - Energy-Efficient Self-Excited Brushless DC Motor for Refrigeration Systems  73 
15 Iryna SHVEDCHYKOVA,  Victoria LISHCHUK, Andrii PISOTSKII1- Assessment of the applicability of small 

wind power generation in the Kyiv region 
 77 

16 Khairun Nisa KHAMIL ,  Muhammad Afiq Asyraf ADNAN, Muhammad Arfan Khairol ANNUAR, Putra Hariz 
Haikal Md SURAINI, Ahmad Nizam ISA - Design and Development of a Sanitization Robot (ROBOSAN V2) 

 82 

17 Khaled MILOUDI, Hocine MOULAI, Hakim AZIZI - Modeling and Numerical Simulation of Eddy Current 
Sensors for Electromagnetic Characterization of Fluids

 88 

18 Nahid MUFIDZADA, Gulgaz İSMAYILOVA -- Determination of the place and degree of damage insulation in 
cables 

 93 

19 Satriani Said AKHMAD,  Ansar SUYUTI, Indar Chaerah GUNADIN, Sri Mawar SAID,  Andi Muhammad 
ILYAS, Muhammad Natsir RAHMAN, Agus SISWANTO, Yuli Asmi RAHMAN - Voltage Stability Assessment 
at Integrated Electric Power System with Wind Power Generation in South Sulawesi Indonesia 

97 

20 Ghalem Abdelhak,  Naceri Abdellatif, Djeriri Youcef - Optimisation of a renewable energy system by 
hybridisation PSO algorithm and Artificial Neural Network 

105

21 Igor Bezbah, Aleksandr Zykov, Valentyna Bandura, Petr Osadchuk, Yurii Paladiichuk, Igor  Mazurenko  
New constructions of dryers for production of environmentally safe cereal products at reduced specific energy 
consumption 

110

22 Vasyl MALYAR, Orest HAMOLA, Volodymyr MADAY, Ivanna VASYLCHYSHYN - Mathematical modeling of 
starting modes and static characteristics of a wound-rotor induction motor in phase coordinates 

114

23 Nadir ALİYEV, Elbrus AHMEDOV, Samira KHANAHMEDOVA, Sona RZAYEVA - Synthesis of the Exact 
Parameters of the Electromagnetic Brake of a Wind Electric Installation

120

24 Anatolii SPIRIN, Dmytro BORYSIUK,  Oleh TSURKAN, Ihor TVERDOKHLIB, Olena TRUKHANSKA, Natalia 
VESELOVSKA - Research of the method of calculating the area of a binary image 

125

25 Heri SURYOATMOJO, Y. W. Ricto, M. Ashari, Feby AGUNG PAMUJI  Design and Estimation Point Transfer 
for Dynamic Wireless Power Transfer Disc Coil for Electric Vehicle

129

26 Indri Suryawati,  Ontoseno Penangsang, Rony Seto Wibowo - Convex optimization model for Network 
Reconfiguration of Smart Grids 

134

27 Zozan Saadallah Hussain , Shatha Y. Ismail2, Hassaan TH. H. Thabet - A Simulated Design of an Adaptable 
Smart Sprinkler Irrigation System using PLC Networking

138

28 Spartak MANKOVSKYY, Yurij MATIIESHYN - Digital FM Demodulator with Reduced Computational 
Complexity 

144

29 . IYYANAR PERUMAL,  KILANDESWARI JEYAPAL, SANJAY  THALAPATHY,  YAKESH GIRIDHARAN,  
SNEHA SIVALINGAM, VIJAYALAKSHMI SEKAR- Smart Vaccination Reminder System for Children Using 
Cross Stack Development 

149

30 Alumuru Mahesh Reddy, Dr.M.Kameswara Rao - An Efficient Key Management and Authentication Protocol 
for IoT Networks 

153



 

 PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 10/2023           
299 

 

 PRZEGLĄD ELEKTROTECHNICZNY  Vol 2023, No 10 
 

 

 

Contents 
 
 

 

31 Abdalem A. Rasheed , Khalil H. Sayidmarie - An elliptical dipole nanoantenna with an elliptical slot for 
enhanced plasmonic performance 

160

32 RULIYANTA, Mohd Riduan AHMAD, Azmi Awang Md ISA - Wi-Fi offloading on mobile data communication in 
the office, the measurement study 

165

33 Ahmed Nasser B. Alsammak,  Ammar Shamil Ghanim - Performance Enhancement and Assessment of the 
Dual Stator Induction Motor 

171

34 Viktor Kaplun, Roman Chuienko,  Svitlana Makarevych - Modified compensated asynchronous machine for 
increasing energy efficiency of autonomous alternator in low-power supply system 

178

35 Ali N. HAMOODI, Safwan A. HAMOODI, Farah I. HAMEEDI – Enhancing the Solar PV Plant Based on 
Incremental Optimization Algorithm 

182

36 RIDWANSYAH2, Syafruddin SYARIF, DEWIANI, WARDI - IP-over-EON survivability against a router outage 
using spectrum management strategies 

185

37 Najiba PIRIYEVA, Gulschen KERIMZADE I - Methods for increasing electromagnetic efficiency in induction 
levitator 

192

38 Ilkin Marufov`, Aynura Allahverdiyeva, Nijat Mammadov - Study of application characteristics of cylindrical 
structure induction levitator in general and  vertical axis wind turbines 

196

39 Karol BOLEK, Michał K. URBAŃSKI - Effect of the Preamplifier Stage on the Acquisition of Low-Amplitude 
Nonlinear Dynamics Signals 

200

40 Witold ILEWICZ - Comparison of classical and robust methods for estimating the parameters of the linear 
processing equation in the gas chromatograph calibration procedure 

204

41 Adrian HALINKA, Marcin NIEDOPYTALSKI - The use of wavelet transform in signals processing to identify the 
operating state of HV overhead lines with increased capacity during arc faults 

208

42 Jacek Pieniążek,  Piotr Cieciński, Marek Szumski - Dynamic properties of the pressure measurement system 
in flow 

212

43 Roman WYŻGOLIK,  Sebastian BUDZAN - Integratyion of LabViewn with IoT devices 216
44 Janusz ZARĘBSKI, Damian BISEWSKI, Krystian KACZERSKI - Modeling of SiC PiN diodes in SPICE 220
45 Ireneusz PLEBANKIEWICZ, Wojciech PRZYBYŁ, Krzysztof A. Bogdanowicz, Agnieszka IWAN - Modularity 

of the solar igniter MZS100 and its susceptibility 
230

46 Monika MARZEC, Patryk FRYŃ, Sebastian LALIK, Krzysztof BOGDANOWICZ, Agnieszka IWAN -  
Biodegradable, conductive and flexible substrates for opto-electronic devices

229

47 Agnieszka IWAN, Krzysztof A. BOGDANOWICZ, Wojciech PRZYBYŁ - Effect of dopant on selected electrical 
and structural parameters of organic materials for third generation solar cells

233

48 Robert P. SARZAŁA, Julita POBORSKA - Analysis of thermal properties of 850-nm vertical-cavity surface-
emitting laser (VCSEL) arrays 

237

49 Dominika DĄBRÓWKA, Robert P. SARZAŁA - The impact of the ZnO layer on the operating parameters of 
edge-emitting nitride lasers

241

50 Ewa SCHAB-BALCERZAK,2, Paweł GNID- Modifications of dye-sensitized cells to improve their efficiency 245
51 Adrian KAIM, Katarzyna GWÓŹDŹ, Eliana M.F. VIEIRA,4, José P.B. SILVA - Ferroelectric effect in oxide 

based pyro-phototronic photodetector 
249

52 Nikola BEDNARSKA-ADAM, Marta KUWIK, Wojciech A. PISARSKI, Joanna PISARSK- New ceramic 
phosphors based on low-phonon germanate olivines 

252

53 Adam KONIECZKA, Michał ADAMSKI, Adam DĄBROWSKI, Agata DĄBROWSKA - Air quality testing using 
electrochemical sensors and chromatographic techniques 

256

54 Oleh HOLOVKO, Adam KONIECZKA, Adam DĄBROWSKI - Modelling of passive cooling systems for solar 
panels 

260

55 Witalis PELLOWSKI Agnieszka IWAN, Krzysztof A. BOGDANOWICZ - New generation scintillators for the 
conversion of light photons generated by radiation-induced photoluminescence into electricity in iso-photovoltaic 
cells as an element of strengthening the energy security system

265

56 Roman ROGOZIŃSKI - Predictive control of ion exchange processes in glasses 269
57 Julian BALCEREK, Paweł PAWŁOWSKI, Grzegorz BLAJER, Jakub FILIPKIEWICZ, Kamil KOĆWIN -

Automatic recognition of emergency vehicles 
274

58 Julian BALCEREK, Paweł PAWŁOWSKI, Błażej TRZCIŃSK- Vision system for automatic recognition of 
animals on images from car video recorders 

278

59 Mikhail TSVIRKO - Luminescent down-shifting coatings for UV-responsive CCD image sensors 282
60  Wojciech PRZYBYŁ, Ireneusz PLEBANKIEWICZ, Krzysztof A. BOGDANOWICZ, Agnieszka IWAN - 

Radiolocation research and electromagnetic protection of military facilities, including solar chargers 
286

61 Krzysztof A. BOGDANOWICZ, Agnieszka IWAN, Wojciech PRZYBYŁ, Cezary ŚLIWIŃSKI-  Organic 
electronics for selected applications in the Internet of Things

290

62 Bartosz KAMIŃSKI, Agata ZIELIŃSKA, Anna MUSIAŁ, Ching-Wen SHIH, Imad LIMAME, Sven RODT, 
Stephan REITZENSTEIN, Grzegorz SĘK - Optical characteristics of cavity structures with 
Al0.2Ga0.8As/Al0.9Ga0.1As distributed Bragg reflectors and In0.37Ga0.63As quantum dots as the active region 

294



PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 10/2023                                                                             125 

 
1. Anatolii SPIRIN1, 2. Dmytro BORYSIUK2, 3. Oleh TSURKAN1, 4. Ihor TVERDOKHLIB3,  

5. Olena TRUKHANSKA3, 6. Natalia VESELOVSKA3  

Separated structural unit «Ladyzhyn Professional College of Vinnytsia National Agrarian University» (1),  
Vinnytsia National Technical University (2), Vinnytsia National Agrarian University (3) 

ORCID: 1. 0000-0002-4642-6205; 2. 0000-0001-8572-6959; 3. 0000-0002-7218-0026; 4. 0000-0003-1350-3232;  
5. 0000-0001-8481-8878; 6. 0000-0001-9399-6721 

 
doi:10.15199/48.2023.10.24 
  

Research of the method of calculating the area of a binary image 
 
 

Abstract. Modern progressive information technologies are approaching one of the most important scientific and technical problems in terms of their 
capabilities - the creation of image processing and recognition tools. During the analysis of image information recognition methods, it was 
established that in reality not all information contained in the input stream of video data is essential (useful for decision-making), and that the 
selection and presentation of this essential information in an appropriate (depending on the task) form is central a problem for the area under 
consideration. A method for determining the area and orientation angle of a binary image with an irregular contour and its formalization are 
presented in the article. To implement methods for determining the area and orientation angle of binary images, a structure of optoelectronic 
homogeneous computing environments that perform the same type of operations simultaneously has been developed, which increases the 
productivity of the methods and allows to increase the speed of the calculation process. An experimental study and computer simulation of the 
method of determining the area of a flat figure, which is based on the principle of dividing the image into discrete sectors, was carried out. 
 
Streszczenie. Nowoczesne postępowe technologie informacyjne zbliżają się do jednego z najważniejszych pod względem swoich możliwości 
problemów naukowo-technicznych – stworzenia narzędzi przetwarzania i rozpoznawania obrazów. W trakcie analizy metod rozpoznawania 
informacji obrazowych ustalono, że w rzeczywistości nie wszystkie informacje zawarte w wejściowym strumieniu danych wizyjnych są istotne 
(przydatne do podejmowania decyzji) oraz że selekcja i prezentacja tych istotnych informacji w odpowiedniej ( w zależności od zadania) jest 
centralnym problemem dla rozważanego obszaru. W artykule przedstawiono metodę wyznaczania pola powierzchni i kąta orientacji obrazu 
binarnego o nieregularnym konturze oraz jego formalizacji. W celu implementacji metod wyznaczania pola powierzchni i kąta orientacji obrazów 
binarnych opracowano strukturę optoelektronicznych jednorodnych środowisk obliczeniowych realizujących jednocześnie ten sam typ operacji, co 
zwiększa produktywność metod i pozwala na zwiększenie szybkości procesu obliczeniowego . Przeprowadzono badania eksperymentalne i 
symulację komputerową metody wyznaczania pola powierzchni figury płaskiej, która opiera się na zasadzie podziału obrazu na dyskretne sektory. 
(Badanie metody obliczania pola obrazu binarnego) 
 
Keywords:  information technology, image information recognition, area, orientation angle, binary image, discrete angle, calculation error. 

Słowa kluczowe: technologia informacyjna, rozpoznawanie informacji obrazowych, powierzchnia, kąt orientacji, obraz binarny, kąt 
dyskretny, błąd obliczeń 
. 
         
Introduction 

Modern progressive information technologies are 
approaching one of the most important scientific and 
technical problems in terms of their capabilities – the 
creation of image processing and recognition tools at the 
level of human perception and thinking. The processes of 
informatization, acquiring a global character, are oriented 
not only on traditional approaches, therefore, the processes 
of creating the latest information technologies are 
significantly updated. For their further development, it is 
necessary to create formal methods of describing visual 
information in the context of the development of complex 
systems of transformation, processing and recognition of 
information. 

In the process of operation of automated control 
systems, three stages are clearly observed. At the first 
stage, the task of recognizing the situation or phenomenon 
is solved, at the second stage, according to the criteria, a 
decision is made, at the third stage, the decision is 
implemented and management is carried out [1, 2]. Thus, 
recognition systems are the basis for the construction and 
operation of automatic and automated control systems of 
almost all classes. Image processing and recognition are 
widely used in various fields of science and technology, 
where various methods of processing, identification and 
recognition of two-dimensional and three-dimensional 
images are used. 

 

Analysis of visual information recognition methods 
Nowadays, one of the promising directions of the 

development of modern technology is the creation of 
information support as part of automated control, 
intelligence and management systems [1, 2].  

These systems include both telecommunications and 
data collection, processing, and analysis systems, and in 

many cases, as an input stream of instrument surveillance 
information (scanning, photographing, locations, etc.) of 
relevant objects, territories, or scenes. In addition, video 
data plays the most important role for many tasks, such as 
navigation, technical diagnostics, cartography, geological 
exploration, etc. 

Its high connectivity and structure is also of great 
importance for the automatic or automated solution of really 
intelligent problems based on video information. The fact is 
that images do not inherently change with small shifts, 
turns, and geometric distortions [3, 4, 5, 6]. At the same 
time, when registering images, as a rule, noise (obstacles) 
of various nature and intensity are superimposed on them 
[7, 8]. This means that in reality not all the information 
contained in the input stream of video data is essential 
(useful for decision-making), and that the selection and 
presentation of this essential information in an appropriate 
(depending on the task) form is a central problem for the 
area under consideration. 
 

The method of determining the area and orientation 
angle of a binary image with an irregular contour and 
its formalization 

The area determination method is based on the 
discretization principle, where the image is divided into 
elementary sectors. The image is projected onto the input of 
the computing environment and moved in such a way that 
the center of the screen falls into the middle of the contour 
[9, 10, 11, 12]. Then rotate the image by 360° according to 
the selected contour and determine the discretization step  
corresponding to the elementary one. At each moment of 
time, determine the distance Ri from the reference center to 
the contour (Fig. 1) and calculate the area of the sector 
using the formula 
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where N is the number of sectors. 
       The sum of the areas of all sectors corresponds to 
the area of the entire image 

(2)                                .
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Fig. 1. Graphical model of determining the area of a figure with an 
irregular contour 
 

Determining the orientation parameters of spot-like 
images [13, 14] is an important task for recognizing various 
freely oriented objects in computer systems that have 
optical channels for receiving visual information. Such 
parameters include, first of all, the coordinates of the center 
of the shape of the speckled image [13, 14] and its 
orientation angle [4, 5]. 

In the proposed method, the image is projected onto a 
discrete matrix medium, in which it is centered relative to 
the point O. The farthest point of the contour of the figure 
from point O is determined and a circle with radius Rmax is 
drawn, and the closest point of the contour to point O is 
determined and a circle with radius Rmin is determined. The 
circle with the radius Rmax is divided into N sectors with a 
discrete angle . In each sector, the limited angle  
defines the area S1i, which is located between the arc of the 
smaller circle and the contour of the image and the 
corresponding two radius vectors і and і+1.  The area S2i 
is also determined, which is limited by the contour of the 
image and a larger circle. Sectors are formed by rotating 
the figure relative to point O by a discrete angle . Thus, 
the part of the ring that is inside each i-th sector has two 
areas S1i and S2i, separated by the contour of the figure (Fig. 2).  
 

 
F 
ig. 2. Graphic model of the image and geometric parameters of the 
figure 
 

Areas S1i and S2i are calculated according to formulas 
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These areas are obtained after each rotation of the 
figure by an angle  within Rmin and Rmax and then the ratio 
is determined 
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which is compared with the reference one 
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2 іS – area standards of figures. 

The rotation is carried out until the parameters of the 
input image F

iQ  coincide with the parameters of the 

reference image ./
i

F
i QQ   

At the moment of coincidence of the corresponding 
parameters, the number of discrete turns is determined, 
which characterizes the orientation angle Ф: 
(7)                   /2...,2,1/: 21 iSSNФ ii

,           

where n is the number of sectors to which the image is 
rotated. 

The accuracy of determining the angle depends on the 
selected value , that is, the smaller   the greater the 
accuracy. 
 

Development of an optoelectronic logic-time 
environment for determining the area of binary images 

Works on the development and formation of 
optoelectronic homogeneous computing environments [15, 
16] with the use of environments with normalized current 
consumption make it possible to get rid of the 
disadvantages inherent in television methods. The essence 
of such environments is that each processor element 
consumes a normalized amount of current, which indicates 
its level of excitation. In fig. 3 shows an optoelectronic 
homogeneous computing environment with normalized 
current consumption and an image projected onto it. 
 

 
 

Fig. 3. Optoelectronic homogeneous computing environment with 
normalized current consumption: CCC – «current-code» converter; 
PE – processor element 
 

Each processing element has its own optical input, 
which is combined with the inputs of the rest of the 
processing elements of the environment into a common 
input aperture, onto which the control image is projected. 
Each processing element consumes the same amount of 
current, which is summed up, passing through the «current-
code» converter. At the output of the «stream-code» 
converter, a code is formed that reflects the number of 
processing elements that belong to the image. If the size of 
the aperture area of one processing element is known, then 
the image area is calculated. 

The use of an optoelectronic homogeneous computing 
environment with normalized current consumption allows 



PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 10/2023                                                                             127 

you to calculate the image area in one machine processing 
cycle, but it cannot determine the area of contoured images 
without significant time expenditure. 

New methods based on geometric approaches make it 
possible to increase the performance of an optoelectronic 
homogeneous computing environment when determining 
the area of images [16, 17]. 

The image is projected onto the input of the 
optoelectronic homogeneous computing medium, the center 
of which is aligned with the geometric center of the image. 
Then it is rotated by 360° relative to the center of the 
optoelectronic homogeneous computing environment, with 
a given discretization step , corresponding to the 
elementary one.  

After each elementary turn, determine the distance Ri 
from the center of the turn to the contour and calculate the 
area of the sector according to formula (1). The sum of all 
the areas of the sectors corresponds to the area of the 
entire image (2).  

The computing environment that implements this 
method is shown in fig. 4. Centering and rotation blocks 
center the image and rotate it sequentially. At each turn 
step, the distance from the center of the turn block to the 
contour point is projected onto a line of photodetectors, 
where a photodetector with a weighting factor 
corresponding to the distance Ri is triggered. The register 
and the counter form the Ri code and enter it into the 
computing unit, which performs calculations according to 
formula (1). In the accumulation adder, the sums of the 
elementary planes are accumulated. 
 

 
 
Fig. 4. Computing environment for implementing the method of 
determining the area of a figure: CB – centering block; TB – turn 
block; LPR – a line of photo receivers; R – register; C – counter; 
CU – computing unit; AA – accumulation adder; G – generator. 
 

The considered methods are acceptable only for contour 
images, but can also work with solid ones. For this purpose, 
an optoelectronic homogeneous computing environment is 
introduced into the general structure to highlight image 
contours [11], which allows them to be highlighted in one 
cycle.  

The contour selection is based on the analysis of the 
four neighboring cells of the environment with the selected 
point and, if all these cells are image cells, then the 
selected point is zeroed. All points are analyzed 
simultaneously, as are all nulls. The schematic diagram of 
one cell of the optoelectronic homogeneous computing 
environment for contour selection is shown in fig. 5. 

The core of such a cell is a quantron with positive 
feedback that maintains it in an excited state. If there are 
zero signals at all inputs of the OR-logic element, then the 
quantron is zeroed due to shunting of the base-emitter 
junction of the VT transistor. 

We will show the proposed method of determining the 
area in the form of an algorithmic model. Each operator 
vertex is implemented by a separate block of optoelectronic 

homogeneous computing environment aimed at performing 
a given function. Each vertex of the model is considered as 
one action containing a sequence of operations. The 
second action of the algorithm is implemented in one cycle 
and its speed is determined by the time of operation of one 
cell of the optoelectronic homogeneous computing 
environment for selecting the circuit. The third action is 
characterized by the time of determining the geometric 
center of the image and the number of time cycles required 
to align the center of the screen with the center of the 
image. The execution of the fourth action depends on the 
sampling angle   and the time spent on elementary 
rotation of the image. If you use an optoelectronic 
homogeneous computing environment with feedback 
implemented on a fiber-optic communication line, the twist 
of which gives the angle of rotation, then the rotation time 
will be equal to two durations of the switching on of the 
medium cell. The fifth action is determined by the time of 
searching for a cell at a specified address, and the sixth – 
by the time of adding the contents of the accumulating 
adder with the number at its inputs. 
 

 
Fig. 5. Schematic diagram of one cell of an optoelectronic 
homogeneous computing environment for contour selection 

 

The high performance of the proposed method is due to 
its high speed, due to the fact that discretization of the 
image by sectors of a circle always gives fewer machine 
cycles than during scanning. 

If you use a continuous image to process it with this 
method, you must first perform the operation of selecting its 
contour. 
 

Experimental research of the method of calculating the 
area of a binary image 

A program was created to determine the area of a 
binary image [17, 18]. Computer modeling of the computing 
environment was carried out for 100 different arbitrary 
images with an irregular contour [18]. For comparison, two 
options for calculating these areas using the formulas of 
sectors (1 and 2) and triangles (3 and 4) were performed. 

Both calculation options were compared with the 
reference area of the figure and the calculation error was 
determined. The statistical analysis of the calculation error 
depending on the value of the discrete angle is shown in 
Fig. 6. 

As can be seen from the graph, the error of area 
calculation by the triangle formula is higher than the error by 
the circle sector formula, but the nature of the fall of both 
curves coincides. Within the values of discrete angles from 
 = 8° to   = 5°, the curves have the smallest error value  ε 
= 0.5 % and  ε  = 1.0 %. When the discrete angle  is 
further reduced, the error begins to increase.  

Experiments were also conducted to determine the 
center of rotation of the figure, at which the error is the 
smallest. The same figure with different coordinates of the 
center of rotation was chosen and its area was calculated. 
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Fig. 6. Graph comparing the error of calculating the image area by 
the triangle (A) and sector (B) formulas 
 

Computer modeling of this approach showed that the 
smallest calculation error is present when the turning point 
coincides with the geometric center of the figure, and can 
also be located in some area around this center. At the 
same time, the area can increase in direct proportion to the 
decrease in the angle of rotation.  

The total time spent on determining the contour image 
area is determined by the following expression: 
(8)            Тtotal = t1 + t2 + t3 + t4 + t5 + N . t6 + t7 + t8,  
where t1, t2 – design time and contour selection, 
respectively;  t3 – the time of determining the geometric 
center of the image;   t4, t5 – spending time on vertical and 
horizontal shifts; N = 360°/α;  t6 – the time taken to rotate 
the image by an angle ; t7 – the time of determining Ssector; 
t8 – the time of addition by the accumulating adder. 

The use of optoelectronic homogeneous computing 
environments for solving the given problem allows to obtain 
a total time equal to 3 ms (at  = 1°), which increases the 
speed by 2.5 times compared to television methods. 

 

Conclusions 
1. To implement methods for determining the area and 

orientation angle of binary images, a structure of 
optoelectronic homogeneous computing environments has 
been developed, which simultaneously perform the same 
type of operations, which increases the productivity of the 
methods and makes it possible to increase the speed of the 
calculation process by 2.5 times compared to television 
methods. 

2. An experimental study and computer simulation of the 
method of determining the area of a flat figure, which is 
based on the principle of dividing the image into discrete 
sectors, was conducted. Within the values of discrete 
angles from  = 8° to  = 5°, the curves have the smallest 
error value ε  = 0.5 % and ε  = 1.0 %. 

3. The use of optoelectronic homogeneous computing 
environments for solving the given problem allows to obtain 
a total time equal to 3 ms (at  = 1°), which increases the 
speed by 2.5 times compared to television methods. 
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