


Ministry of Education and Science of Ukraine

Odessa National Academy of Food Technologies

International Competition of Student Scientific Works

BLACK SEA SCIENCE 2021

Proceedings

Odessa, ONAFT 2021

ent Scientific WWWWWWWooooorrrrrrrkkkkkkksssssss

PPPPPPPrrrrrrroooooooccccccceeeeeeeeeeeeeedddddddiiiings



3

UDC 001.8(063)

Recommended for print by the Academic Council of
Odessa National Academy of Food Technologies

on April 6, 2021, Protocol No. 13

Editorial board:

Prof. B. Iegorov, D.Sc., Professor, Rector of the Odessa National Academy of 
Food Technologies, Editor-in-chief

Prof. M. Mardar, D.Sc., Professor, Vice-Rector for Scientific and Pedagogical 
Work and International Relations, Editor-in-chief

Dr. I. Solonytska, Ph.D., Assoc. Professor, Director of the M.V. Lomonosov 
Technological Institute of Food Industry, Head of the jury of «Food Science and 
Technologies»

Dr. Yu. Melnyk, D.Sc., Assoc. Professor, Director of the G.E. Weinstein 
Institute of Applied Economics and Management, Head of the jury of «Economics and 
Administration»

Dr. S. Kotlyk, Ph.D., Assoc. Professor, Director of the P.M. Platonov 
Educational-Scientific Institute of Computer Systems and Technologies “Industry 
4.0”, Head of the jury of «Information Technologies, Automation and Robotics»

Prof. B. Kosoy, D.Sc., Professor, Director of the V.S. Martynovsky Institute of 
Refrigeration, Cryotechnology and Ecoenergetics, Head of the jury of «Power 
Engineering and Energy Efficiency»

Prof. G. Krusir, D.Sc., Professor, Head of the Department of Ecology and 
Environmental Protection Technologies, Head of the jury of «Ecology and 
Environmental Protection»

Dr. V. Kozhevnikova, Ph.D., Assoc. Professor, of the Department of Hotel and 
Catering Business, ONAFT, Technical Editor

Black Sea Science 2021: Proceedings of the International Competition of 
Student Scientific Works / Odessa National Academy of Food Technologies; B. 
Iegorov, M. Mardar (editors-in-chief.) [et al.]. – Odessa: ONAFT, 2021. – 731 p.

Proceedings of International Competition of Student Scientific Works «Black Sea Science
2021» contain the works of winners of the competition.

The author of the work is responsible for the accuracy of the information.

Odessa National Academy of Food Technologies, 2021.

no
col Nooo.

fssa Nationnnnnnnalllllll  Academy ooooffff 

for Sciieeeeeeennnnnnntttttttiiiiiiifffffffiiiiiicccccc aanndd PPPPPPPeeeeeeedddddddaaaaaaagggggggoooooogggggggiical 

r, Direeeecccctttttttooooooorrrrrrr ooof the M.VVVVVVV.. LLLLLLLomonosov
ad of theeeeee jjjjuuuuuuurrrrrryyyyyyy oooofffffff «««««««FFFFFFFood SSSSSScccccience a

Professssooooorrr, DDDDDirectttttttooooooorrrr ooooffff the GGG.E. W
anagement, HHHHHeeeeeaaaddddd ooof thhhhhhheeeeeee jjjjjjjuuuuuury of «Econ

Assoc. rPPrrrooooffeeeessssssssooooor,,,,  DDireccccctttttooorrrr of the
ute of CCCCCCCoooooommmmmmmpppppppuuuuterrrr SSSyyyyyystems anddd Tech

Informmmmmmmaaaaatttiiiiiiooooooonn TTTTTTTeeeeeeccccccchhhhhnnnnoooooologgggiiiessss,,,,  Automatio
D.Sc., PPrrrrrrrooofffffffessor, Direeeeeeecccccctttttooooooor offff ttttthhhhhe V.S

technologyyyy aaaaaaand Ecoeneerrrrrrrgggeeeeetics, Hea
Energy Efficiennnnnnnccccccyyyyy»»»»»»

Krussssiiiirr, D.Sc., Prrrooooooofffffffeessssssssssssooooooorrrrrrr, HHHHHHHeead of
tal Prrrrooootteeeecccttion Technologiiiiies, Head

mental PPPPrrooootttteectionnnn»»»»»»»
Dr. V..  KKKKKoooozzzhhhhheeevnnnnniiiiikkkkkkoooooovvvvvaaaa, PPPhhhhhhh.D., Assoc

ering BBBBuuuusssiiiinnnesss, OOOOONNNNNNNAAAAAAFT, TTTTTTTeeeeeeeccccchhhhhhhnical Ed

BBBlack SSSeeeeeaaaaa SSSScience 20
Studddddeeeeeeenttt SSScientificcc WWWWorks
Ieeeegggggooorrrroooovv, MMMMM... Mardar (ed

Proceedin
0211111»»» »»» contain 

The 



4

Organizing committee:

Prof. Bogdan Iegorov, D.Sc., Rector of Odessa National Academy of Food 
Technologies, Head of the Committee

Prof. Maryna Mardar, D.Sc., Vice-Rector for Scientific and Pedagogical Work 
and International Relations of Odessa National Academy of Food Technologies,
Deputy Head of the Committee

Prof. Stefan Dragoev, D.Sc., Vice-Rector for Scientific Work and Business 
Partnerships of University of Food Technologies (Bulgaria)

Prof. Baurzhan Nurakhmetov, D.Sc., First Vice-Rector of Almaty 
Technological University (Kazakhstan)

Prof. Mircea Bernic, Dr. habil., Vice-Rector for Scientific Work of Technical 
University of Moldova (Moldova)

Prof. Jacek Wrobel, Dr. habil., Rector of West Pomeranian University of 
Technology (Poland)

Prof. Michael Zinigrad, D.Sc., Rector of Ariel University (Israel)
Dr. Mei Lehe, Ph.D., Vice-President of Ningbo Institute of Technology,

Zhejiang University (China)
Prof. Plamen Kangalov, Ph.D., Vice-Rector for Academic Affairs of “Angel 

Kanchev” University of Ruse (Bulgaria)
Dr. Alexander Sychev, Ph.D., Assoc. Professor of Sukhoi State Technical 

University of Gomel (Belarus)
Dr. Hanna Lilishentseva, Ph.D., Assoc. Professor, Head of the Department of 

Merchandise of Foodstuff of Belarus State Economic University (Belarus)
Prof. Heinz Leuenberger, Ph.D., Professor of the Institute of Ecopreneurship 

of University of Applied Sciences and Arts (Switzerland)
Prof. Edward Pospiech, Dr. habil., Professor of the Institute of Meat 

Technology of Poznan University of Life Sciences (Poland)
Prof. Lali Elanidze, Ph.D., Professor of the Faculty of Agrarian Sciences of 

Iakob Gogebashvili Telavi State University (Georgia)
Dr. V. Kozhevnikova, Ph.D., Senior Lecturer of the Department of Hotel and 

Catering Business of Odessa National Academy of Food Technologies, Secretary of 
the Committee

gical WWW
Technoooollllooooggggiiiiiies,

Work aaaaannnnddd BBBBBuuuussiiiiinnnnneeess 

Vice-Rectooooooorr of Almattttyyyy 

r Scienttttttiiiiiiifffffffiiiiiiiccccccc WWWWWWWoorkkkkk ooooooofffffff TTTTTTTeeeeeeeccccccchhhhhhnnniical 

of Weeeessssttttt PPPPPPPooooooomeranian UUUUUUUnnnnnnniversity of

or of AAAriel Unnnniiiiiiivvveeeeeeersiittttyyyy (((((IIIIIIIsssssssrrrrrrraaeellllll)))))))
sident ooooofffff NNNNNiiingboo IIIIIIInnnnnnssssttttiiiittute offf Tech

h.D., VVVVViiiicccccceeee-Recttooooorrrr ffffoooooorrrrr AAAAAcccadddddddeemmmmmmmic Affa
ulgaria)

v, Ph..DDDDDDD., AAAAAAAsssssssssocccc.. PPPPPPPrrrrofessorff offf Sukh
rus)

hentsevaaaaaaa, PPPPPPPh.D., Asssssooooooocccc...... Proofffffeeeeesssor, H
dstuff of Beeeeeeelaaaaaaarrrrus State Eccccoooonnnnnnomic Uni

z Leuenbergerrrrrrr,,,, PPPPPPPhhh.D., Prooooooofffffffeeeeeessssssorr of t
f Appplllliiiieed Sciences aaaaaannnnnnnddddddd AAAAAAArrrrrrtttttttsssss (((((((SSSSSwitzerl

Edwwaaaarrrrdddd Pospiech, Dr. hhhhhabil., P
gy of PPPPooozzzznnnnan Unnnnnnniiiiiiivvvvvvveeeeeeerrrrrrrssity of Life Scie

Prof. LLLaaaalllliii EEEEElannnnniiiiiddddddzzzzzzeeeeee, PPPPPPPhhh.DDDDDDD., Professo
ob Goggggeeeebbbbaaaasshviiiilllliii TTTTTTeeeeeeellllllaavi Staaaaaaattteeeeee Universi

DDDDrrr. VVVVVV. Kozheevvvvnnniiiiikkkkkovvvvvaaaaa,,,, PPPPPh.D., S
Cateeeeerrrriiiinnnngggg BBBBBuuuusssiiiinnnness of OOOOddddeesssssssaa Natio
thhhheeeee CCCCCCoommitttteeeeeeeeee



 

360 

 

3. INFORMATION
TECHNOLOGIES,

AUTOMATION AND
ROBOTICS

 



INFORMATION TECHNOLOGIES, AUTOMATION AND ROBOTICS 

402

 

INFORMATION SUPPORT FOR MONITORING THE PARAMETERS OF A 
SELF-ORGANIZING MOBILE DATA NETWORK

Authors: Sergey Pochenchuk
Andrey Omelyanec

Sergey Margolin
Advisor: Yuliya Duinova

Belarusian State Academy of Communications (Belarus)

Abstract. The topic of this work is the implementation of routing and clustering 
algorithms for networks implemented using unmanned aerial vehicles (UAVs). The aim 
of this work is to model these algorithms and analyze the results. The analysis of the 
algorithms was carried out in the Matlab software environment. The results obtained 
have determined the suitability of implementing these algorithms in practice in the 
industry of wireless networks implemented on UAVs.
Keywords: wireless networks, Dijkstra's algorithm, unmanned aerial vehicle, route 
modeling, routing, path stability, clustering algorithm, software.

I. INTRODUCTION
At present, the development of communication networks is determined by the 

concept of the Internet of Things [1]. Wireless sensor networks (WSN) are an important 
part of the Internet of Things. A key feature of such networks is the self-organizing 
nature of its nodes into local groups [2]. Nodes and groups of nodes can form a network 
between themselves and transmit data through one or more gateways, then the data is 
sent to the base station for further processing. The interaction of nodes can be carried 
out through gateways [9], which are the same network nodes or base stations. Any 
sensors and actuators located on stationary and mobile objects moving both in 2- and 
3-dimensional space can act as such nodes.

Mobile nodes, in addition to performing their basic duties, can act as 
communication nodes. You can create a flying network, which in turn solves the 
problem of providing communication to remote and hard-to-reach places.

With the development of radio engineering, the cost and energy efficiency of the 
elements of radio engineering systems are reduced. This allows the creation of 
networks based on aircraft capable of performing monitoring and surveillance tasks, as 
well as providing communication in areas inaccessible to other devices. When 
organizing data transmission, networks based on UAVs should take into account the 
density of nodes in order to assess service performance, use effective algorithms to 
ensure rational routing and reduce the load on each node [6].

The purpose of this scientific work is the development of information support 
for monitoring the parameters of a self-organizing mobile data transmission network.

The tasks solved in this work:
– development of a method for the location of the UAV, which makes it possible 

to ensure stable communication at each point of a given area;
– development of a routing method in networks with mobile base stations;
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– analysis of the possible influence of various factors on routing in the network 
and development of an algorithm for finding the most stable one;

– the choice of a clustering algorithm for creating on its basis local networks in 
the WSN.

II. LITERATURE ANALYSIS
The widespread introduction of wireless sensor networks and the need to collect 

information, even in hard-to-reach terrain, have led to the need to consider UAVs or a 
UAV network as elements of these networks. The work of V.M.Vishnevsky, 
K.E.Samuylov, V.K.Saryan, S.N. Stepanov, M.A.Shneps, B.S.Gol'dshtein and others 
are devoted to the study of the location of these networks on a plane. S.N. Stepanov 
wrote about the distribution of information transmission resources, the distribution of 
priorities and the analysis of network congestion. Also, Stepanov, together with 
Iversen, wrote about ways to reduce the amount of computation when calculating 
models of communication systems with losses, based on ignoring unlikely states and 
evaluating the characteristics of multithreaded models with a fixed number of 
repetitions. Buzyukov LB assessed the problems of constructing wireless sensor 
networks and developed BSS models that allow assessing the connectivity of networks. 
He also conducted a study of the characteristics of self-organizing wireless networks 
for various placement methods. Kucheryavyy A.E. dealt with the problems of ensuring 
the connectivity of wireless sensor network nodes, and also developed a failover 
clustering algorithm for wireless networks. In particular, he analyzed the evolution of 
research in the field of wireless sensor networks together with R.V. Kirichkom, A.I. 
Paramonov, A.V. Prokopyev. EM Akimov developed software that solves the problem 
of optimizing the BSS topology. S. S. Makhrov proposed a new approach to increasing 
the efficiency of the functioning of the BSS through the use of artificial intelligence 
mechanisms of the neural network.

Routing protocols have always been an important task (A.V. Abilov, D.S. Vasiliev), 
given this, the topic of this article will not lose its relevance in the future. Significant 
progress has been made in the field of data transmission networks implemented on UAVs 
and satellites. This new direction is in a state of constant development.

In this area, the following works should be noted: A. E. Kucheryavogo, A. I. 
Paramonov, R. V. Kirichka, E. A. Kucheryavy, O. I. Shelukhin, S. N. Stepanova, A. 
K. Erlang, A. Jensen, V. B. Iversen, and P. Kuhn.

The studies and problems studied in the works of these authors have made a 
significant contribution to the development of the field of wireless sensor networks, 
and the conclusions and developments obtained as a result formed the basis for writing 
this article.

III. OBJECT, SUBJECT, AND METHODS OF RESEARCH
The object of the research is the processes of creating an optimal structure of a 

telecommunication network, as well as an algorithm for finding the optimal route. The 
subjects are: the number of communication nodes, the probability of connectivity, the 
area of permissible values for the location of drones in space, the load factor and the 
range of communication nodes.
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In studying the tasks set in this work, the following methods were used: analysis 
and generalization of materials from other related studies, probabilistic-statistical, 
typologization and simulation.

3.1. UAV location
Theoretically, it is possible to divide the territory into zones of the same shape 

without overlapping or gaps by using three regular geometric shapes: a triangle, a 
square and a hexagon. In the first case, the base stations should be located on the ground 
in a checkerboard pattern, and in the second - in a square-nested manner. However, the 
most effective coverage is achieved by hexagonal zones [20]. Since it is the hexagon 
that almost ideally describes the working area of a digital base station installed in the 
center of the cell and having an antenna with a circular radiation pattern.

3.2. Routing method
To solve the routing problem, the most famous algorithms for finding the shortest 

path in a graph were considered (an abstract mathematical object that is a set of graph 
vertices and a set of edges, that is, connections between pairs of vertices.)

Due to the fact that Dijkstra's algorithm is the fastest among analogs, and also 
considering that there is no need to work with edges of negative weight, the choice was 
made in his favor.

Dijkstra's algorithm finds the distance from one vertex to all the others in a 
number of operations of the order of n2. All weights are non-negative.

Due to the need to transfer this algorithm to three-dimensional space, the distance 
between the points will be found by the following formula:

Modification of Dijkstra's algorithm allows adding “checkpoints” to the route. 
Such points are understood as one or more communication nodes that will be 
mandatory participants in all routes in the network. You can use these nodes to collect 
information about M2M (Machine to Machine) device interaction [17]. Using this 
method affects the network latency.

3.3. Method of finding the most stable path
One of the problems in the implementation of routing in networks such as 

FANET (Flying Ad Hoc Network) is the problem of the probability of connectivity 
failure [12]. This characteristic represents the stability of the connection along this 
route [16]. Consequently, the desired result is to increase the stability of the connection, 
and the task of choosing the optimal route is reduced to searching among the set of 
possible routes, the route (routes) with the maximum probability of connectivity 
(stability) p = 1-q, where q is the probability of violation of connectivity, determined 
according to:

If we represent this network as a weighted graph, then this problem is the 
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problem of finding the shortest path (paths) in the graph, while the weight 
coefficients of the edges (arcs) will be the logarithms of the probability of their 
connectivity.

Based on the foregoing, the shortest path will be the route with the minimum 
sum of the weight coefficients of the edges (arcs):

To solve this problem, Dijkstra's algorithm was used.

The most stable route search method contains the following steps:
1. Formation of initial data. At this stage:

The matrix of the initial coordinates of the network nodes is formed 
, where m – number of nodes in the network. 

For each of the nodes, the degree of mobility relative to the initial 
coordinates is determined (set) using the standard deviation, i.e. the matrix 
is defined, ;
The radius R is set in which the node can establish communication with 
other nodes.

2. Calculation of connectivity probabilities: ,

based on R value and standard deviation: .

3. Formation of the matrix of weights. Based on the "stability" matrix P, the matrix 
of the weighting coefficients of the edges is calculated , ,
where:

This matrix is the initial data for the next stage.
4. Finding the shortest path according to Dijkstra's algorithm.

Choosing a clustering algorithm This approach can be used, for example, to 
choose the least loaded route, the route with the least losses, determine another 
stability criterion, etc.

The program implements the ability to search for the least loaded path. The load 
indicates the size of the queue of processed packets at a certain point in time, and the 
larger it is, the more loaded the node is considered. The more busy a communication
site is, the less preferred it becomes in the final route. It is worth going around such 
nodes if an increase in hops (hop, that is, a jump, a section between routers) due to a 
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deviation from a geometrically optimal route in the general route will have less effect 
on the packet processing speed than idleness in the queue of a loaded node.

3.4. Choosing a clustering algorithm
The main advantages of clustering these networks are energy efficiency, 

improved network connectivity, efficient topology management, minimizing latency, 
etc. [5].

When choosing a clustering method, in view of the great variability of possible 
situations, it is necessary to take into account the possibility of using a centralized 
and decentralized architecture for building a communication network for a group of 
UAVs.

The chosen FOREL (Formal Element) algorithm is optimal, due to the low 
influence of the disadvantages of this algorithm on the operation of the model, as well 
as the following features:

1. accuracy of minimizing the quality functional (with a successful selection of 
the radius parameter);

2. simplicity of visualization of clustering results;
3. convergence of the algorithm;
4. highlighting the center of the cluster as one of the results of the algorithm;
5. the ability to test hypotheses of similarity and compactness during the 

operation of the algorithm.

IV. RESULTS
As a result of the research work, a software product was created that is used to 

simulate a wireless sensor network within the framework of the assigned tasks.
From the main menu of the program (Figure 1.1) one of 3 operating modes is 

selected:
1. Route - this menu item is used to simulate routing, and also enables the search 
for a route by the stability and load parameters.
2. Clustering - this menu item is used to simulate the clustering algorithm.
3. Figures - this menu item is used to model the coverage of the area with the 
specified figures.

Route and Clustering modes can work in both 2- and 3-dimensional space.

Figure 1 – Program user interface
Figure 2 shows the operation of the routing algorithm. In Figures 2b, 2d, the 

nodes are randomly assigned load factors. Their size is displayed in color (a darker 
color indicates a high load of nodes).
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a) b)
 

c) d) 

Figure 2 – Route  example: a, c)without workload of nodes; b, d)with workload of 
nodes

The results obtained during the simulation confirm that the load on the node 
directly affects the routing (the route deviates from the geometrically optimal one).

Figure 3 shows examples of simulation results and the use of the above method 
to find the most "stable" route in a network of 100 nodes randomly located in a 200x200 
m square, with a node communication radius of 80 m. Figure 3a shows the shortest 
route found by the criterion for the minimum total path length. Figures 3b-f show the 
paths found by the criterion of maximum stability for various values of the standard 
deviation.
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d)

 

e)

 

f)

Figure 3 – Examples of route selection: a) σ=0 m b) σ=0.6 m c) σ=10 m; d) σ=20 m
e) σ=30 m f) σ=50 m

The examples show that with an increase in the standard deviation (σ) of nodes 
from their initial position in the path found by the criterion of maximum stability, the 

gure 3
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number of transit sections increases. This is because the “stable” path search algorithm 
prefers “short” sections, since they provide a higher probability of connectivity than 
“long” sections. However, with a further increase in the standard deviation, after 
reaching a certain value, the opposite process occurs (on figures 3e, 3f). This is 
explained by the fact that at large values of σ (when the standard deviation has a value 
close to the radius of the node's connection), the reliability of the sections is so low that 
when assessing the stability of the entire route, their number dominates.

Thus, we can conclude that the choice of a route based on the stability criterion 
makes sense when the mobility of network nodes relative to their initial positions is
relatively small, i.e. the standard deviation of their positions at least does not exceed 
the node's link radius. Otherwise, the search result will be close to the route search 
result by the criterion of the minimum number of transits.

a) b)

Figure 4 - Clustering variations: a) two-dimensional space b) three-dimensional space

The simulation results (Fig. 4) show the effectiveness of the FOREL method, and are 
also the basis for the further development of FANET network management methods.

V. CONCLUSIONS
This paper presents a software product that simulates organization and routing 

in wireless sensor networks with mobile nodes.
To solve the problem of routing this network, the most versatile algorithm was 

selected and implemented, with the highest performance among analogs. The 
developed algorithm allows to explore networks with different parameters of 
communication nodes, such as: number, range, workload and distribution in space. 
Also, the algorithm can take into account the mobility of nodes and, when using it, 
choose the optimal route based on the criterion of the stability of the connection.
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Simulation modeling was carried out, as a result of which some features of 
construction and routing in this type of networks were revealed.

One of the main prerequisites for use can be considered the universality of these 
networks, as well as their ability to increase the network bandwidth, which is very 
beneficial when holding mass events. And also due to the speed of deployment of these 
networks and the low influence of the terrain factor, their use becomes effective in 
emergency situations and in hard-to-reach areas. Thus, it can be concluded that the use 
of these networks is promising in the future.

The resulting software product can be useful in scientific research related to 
modeling the processes occurring when using networks such as FANET and their 
analysis. Also, this software can be used in the educational process of various 
educational institutions.

Methods for organizing networks with mobile nodes are currently being 
developed to take advantage of clustering.
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