Ministry of Education and Science of Ukraine

Odessa National Academy
of Food Technologies

\ack_ Sea Sc,ience

International Competition of Student Scientific Works

BLACK SEA SCIENCE 2021

Information Technology, Automation and Robotics

Proceedings

Odessa, ONAFT 2021



Black Sea Science 2021 - Information Technology, Automation and Robotics

UDC 004.01/08
Editorial board:

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

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

Dr. S. Kotlyk, Ph.D., Assoc. Prof., Director of the P.M. Platonov
Educational-Scientific Institute of Computer Systems and Technologies
“Industry 4.0”, Editor-in-chief

0. Sokolova — Senior Lecturer of the Department of Information
Technology and Cybersecurity, ONAFT, Technical Editor

Black Sea Science 2021: Proceedings of the International
Competition of Student Scientific Works. Information Technology,
Automation and Robotics. / Odessa National Academy of Food
Technologies; B.Yegorov, M. Mardar, S.Kotlyk (editors-in-chief.) [et al.].
— Odessa: ONAFT, 2021. — 526 p.

These materials of International Competition of Student Scientific Works
«Black Sea Science 2021» contain the works of the contest participants in the section
«Information technologies, automation and robotics» (not winners).

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

Odessa National Academy of Food Technologies, 2021



Black Sea Science 2021 - Information Technology, Automation and Robotics

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 lakob 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



Black Sea Science 2021 - Information Technology, Automation and Robotics

The jury for the section
«Information technologies, automation and robotics»

Head of the jury:

Sergii Kotlyk — Ph.D., Associate Professor, Director of the P.M. Platonov
Educational-Scientific Institute of Computer Systems and Technologies “Industry
4.0” of Odessa National Academy of Food Technologies (Ukraine)

Members of the jury:

Piotr Artiemjew - Dr hab., Associate Professor in Decision Systems of the
Faculty of Mathematics and Computer Science,University of Warmia and Mazury in
Olsztyn (Poland)

Francisco Antonio Augusto — Dr., International Relations Manager of Higher
Institute of Information and Communication Technologies (Angola)

Andrey Kuprijanov — Ph.D., Associate Professor of the Department of
Software for Computers and Automated Systems of Belarusian National Technical
University (Belarus)

Simon Milbert — Vice-President of Xtra Information Management, Inc. (USA)

Ivan Palov — D.Sc., Professor of University of Ruse “Angel Kanchev”
(Bulgaria)

Degla Gérard Hugues — Communications and Training Manager of
“MAPCOM solutions informatiques” company group (Benin)

Nugzar Kereselidze - Academic Doctor of Informatics (Computer Science),
Associate Professor of the Department of Natural Sciences, Mathematics,
Technology and Pharmacy, Sukhumi State University (Georgia)

Etibar Seyidzade - Associate Professor of the Department of Computer and
Information Technolohies, Baku Engineering University (Azerbaijan)

Vladimir Golenkov, D.Sc., Professor of the Department of Intelligent
Information Technologies, Belarusian State University of Informatics and Radio
Electronics (Belarus)

Zhanar Omirbekova - Ph.D., Associate Professor of the Department of
Automation and Management, Satbayev University (Kazakhstan)

Ivan Palov - D.Sc., Professor of the Department of Power Supply and
Electrical Equipment, University of Ruse “Angel Kanchev” (Bulgaria)

Siarhei Palavenia - Ph.D., Associate Professor, Head of the Department of
Telecommunication Systems, Belarusian State Academy of Communications
(Belarus)

Alexander Goloskokov - Ph.D., Professor of the Department of Software
Engineering and Information Technology Management, National Technical
University “Kharkiv Polytechnic Institute” (Ukraine)

Peter Nikolyuk - D.Sc., Professor of the Department of Computer
Technology, Vasyl Stus Donetsk National University (Ukraine)



Black Sea Science 2021 - Information Technology, Automation and Robotics

Vladimir Palagin - D.Sc., Professor, Head of the Department of Radio
Engineering, Telecommunications and Robotics Systems, Cherkasy State
Technological University (Ukraine)

Viktor Khobin — D.Sc., Professor, Head of the Department of Technological
Processes Automation and Robotic Systems of Odessa National Academy of Food
Technologies (Ukraine)

Valeriy Plotnikov — D.Sc., Professor, Head of the Department of Information
Technology and Cybersecurity of Odessa National Academy of Food Technologies
(Ukraine)

Sergii Artemenko — D.Sc., Professor, Head of the Department of Computer
Engineering of Odessa National Academy of Food Technologies (Ukraine)

Fedir Trishyn - Ph.D., Associate Professor, Vice-Rector on Scientific and
Educational Work, Odessa National Academy of Food Technologies (Ukraine)

Valerii Levinskyi — Ph.D., Associate Professor of the Department of
Technological Processes Automation and Robotic Systems of Odessa National
Academy of Food Technologies (Ukraine)

Viktor Yehorov — Ph.D., Supervisor of the [aboratory of Mechatronics and
Robotics of Odessa National Academy of Food Technologies (Ukraine)

Pavlo Lomovtsev — Ph.D., Associate Professor of the Department of
Information Technology and Cybersecurity of Odessa National Academy of Food
Technologies (Ukraine)

Yurii Kornienko — Ph.D., Associate Professor of the Department of
Information Technology and Cybersecurity of Odessa National Academy of Food
Technologies (Ukraine)

Serhii Shestopalov — Ph.D., Associate Professor of the Department of
Computer Engineering of Odessa National Academy of Food Technologies (Ukraine)

Anatoly Galiulin - Ph.D., Associate Professor, Acting Head of the Department
of Electromechanics and Mechatronics, Odessa National Academy of Food
Technologies (Ukraine)

Secretary of the jury:

Oksana Sokolova — Senior Lecturer of the Department of Information
Technology and Cybersecurity of Odessa National Academy of Food
Technologies (Ukraine)



Black Sea Science 2021 - Information Technology, Automation and Robotics

expects images of the barcodes and videos about each specific product, then it is
decomposing and groups all videos using associated barcodes. As a result, we have
folders in the file system for each of the upload barcodes. Each folder contains
images decomposed from previously uploaded videos, so we can use these already
associated images for training and testing Al models. Also, this chatbot can be useful
for solving other Al problems.
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USE OF NEURAL NETWORKS TO MAXIMIZE THE EFFECTIVENESS OF
SHOT PUTTERS TRAINING

Author: Kadatskyi Mykyta
Advisor: Oleksandr Melnykov
Donbass State Engineering Academy (Ukraine)

Abstract: The main factors influencing the results of shot put are considered.
The necessity of using modern methods for solving forecasting problems is
substantiated. The method of artificial neural networks with different architecture is
proposed to solve the following problems: finding the percentage of correction of the
shot put technique, finding the subtype of the technique, the activation function of the
sigmoid and the algorithm of reverse propagation of errors for learning networks. A
software package has been developed that allows to find the approximate result of
pushing the shot using the technique of "glide" and "from the ground". Examples of
calculations in the environment Deductor Studio Lite are given.

Keywords: shot put, neural network, prediction, reverse search method,
physical culture, athletics.

I. INTRODUCTION
The current level of development of athletics, in particular shot put, sets the
task of developing new, more rational means and methods of sports training that
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contribute to the rapid and reliable achievement of high sports results. But the force
can not be increased indefinitely, and further growth of results is possible not so
much by improving the technique of throwing, for which it is advisable to use
information technology.

The aim of the work is to find the best indicators for the most effective use of
force and speed of the athlete when performing an attempt, using a mathematical
model of throwing (pushing technique without prior acceleration of the projectile)
and software for calculating a number of elements (angle, initial force, initial speed).
Also modeling of the push angle and the ejection angle of the nucleus for maximum
results with the technique of pre-acceleration ("jumping" technique). Explore the
possibilitythe use of artificial neural networks in calculating the performance of the
athlete-thrower of the nucleus on the available data on age, height, body weight of the
athlete, as well as the characteristics of the flight of the nucleus to determine the
range of this flight, selection of subtypes of nuclear pushing techniques

II. LITERATURE ANALYSIS

The problem of finding the most effective shot put technique can be solved by
artificial neural networks. As a neural network model, it is advisable to choose a two-
layer parseptron. Estimation of the predominant number of neurons in the latent layer
1s performed using the known inequality [7-9].

In physical culture and sports, neural networks are used to analyze and predict
the indicators of physical fitness of athletes, as well as the results of sports
competitions [1].For example, for the available data from [2] the prediction problem
was formulated: to determine the range of this flight based on the available data on
the age, height, body weight of the athlete, as well as the characteristics of the
nucleus flight. This problem was solved by the method of artificial neural networks in
[3], but it did not take into account a number of important factors.

ITl. OBJECT, SUBJECT, AND METHODS OF RESEARCH

There are five tasks, each of which according to the available data on age,
height, body weight of the athlete and other characteristics should determine the
range of the nucleus, but the list of characteristics in each case will be different.

1. All men with the characteristics "Speed-angle-height" and without division
into the used throwing technique (actually a model with [2]) are considered.

2. All men with the characteristics "Speed-angle-height" and without division
into the used throwing technique, but with the addition of new parameters of the
distance traveled by the core of the acceleration by the athlete.

3. All women are considered without division into the used throwing technique
with the characteristics of the distance traveled by the nucleus.

4. Men with the technique of throwing "Glide" with the characteristics of
"Speed-angle-height" and the parameters of the distance traveled by the nucleus are
considered.

5. Men and women with the technique of throwing "Glide" with the
characteristics of the distance traveled by the nucleus are considered.
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We will prepare data for each task.

Table 1. Specified tasks
Length of
Foot Length g
Speed- | Length | . . spatial
. distance in .
Ne Sex Technique | angle- of . . relocation
; . in power | flight | .
height glide o In power
position | phase o
position
1 | People. Any - - -
2 | People. Any + + + + &
3 | Women. | Any - + + - -
4 | People. Glide + + + . -
5 | Everyone | Glide - + + - -
h ; Foaot distance| .
Mame Technigue |Sex [':gres] HF:E]M Wiilg]ht LTizlgt?r:; in power DIS[triTCE
y o9 pasition {m)
Majewski | Glide i 2F 204 132 091 1,28 2191
Barels  Glide m 3| 187 135 087 129 2137
Mikhnevich Glide m 3|3 o202 1F 092 1,17, 2074
wili Glide i 24 196 120 0,89 1,19 2044
Kleinert  Glide o 3l 182 W 1 1,03 202
Gong Glide i 200 15 85 0,35 123 1989
Mikhnevich | Glide o 27 18 8 088 108 1966
Carter Glide i 23 175 95 0,59 114 1896
e Glide o 29 174 @0 0,54 125 1876
Gonzalez | Glide w 3} 173 75 1,02 108 1874

Fig. 1. Given and prepared data (example of the fifth problem)
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Fig. 2. Graph and scattering diagram of the neural network MLP-6-3-1 (task 1)

53



Black Sea Science 2021 - Information Technology, Automation and Robotics

T migresn X | Wroecan X | Ofpemamet naip X Dearpases paccenss X
S LMW B8 -% F oweiE 3 b -
o b

w7
ma
maf-:
a2
= 5
ET A
B [ 5
-

Sl 1 i s oot
ns Trae oyt

na T i

naf- : 5 -

na ey
it 45 e
Y it e
i s

» e
nr -
ma | 0

Hemghi ]

Wieghl gl

v imil

HO i

=4
23
n2

Longh o e ] DR Larih n bt phase (]

=
,/--"'- e w7 mse A 228 Ha Ha

Fost & 0 Length of 55 potiion G s e B sens e [

Fig. 3. Graph and scattering diagram of the neural network MLP-8-3-1 (task 2)

.HI.HI DRE!M LI ) 5H

A foana|
s
o
Hegtt Inl = -
el - tremarce ol
-
L o gt I o

P g

Fig. 4. Graph and scattering diagram of the neural network MLP-5-3-1 (task 3)
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The average accuracy (average errors - deviations) of all calculations are
summarized in table 2.

It can be concluded that models that take into account all the characteristics of
the thrust of the nucleus (Ne2 and Ne3) show slightly higher accuracy of calculations
than the model based only on the characteristics "Speed-angle-height" (Nel). At the
same time, the patterns that determine the throwing distance in men and women are
different, as evidenced by the model No5. The significant magnitude of the error in
the model Ne4 is explained by the small number of examples for network learning.

Table 2. Accuracy of each calculation

Problem Sex Machinery acél‘g?;g Fm] acg‘::l?}l/g[e% 1
1 People. Any 0.004632 0.0216%
2 People. Any 0.003464 0.0163%
3 Women. Any 0.003627 0.0192%
4 People. Glide 0.375513 1.7144%
5 Everyone Glide 0.6242436 3.3280%

However, this is only an assumption for modeling the shot put, it uses only 8
input data, 3 which can be neglected (article, technique and jump length), but they do
not affect the assessment of the qualities of the athlete. The updated system helps to
find the relationship between power, explosive, anthropogenic, speed and angular
group of indicators of the athlete-thrower.

IV. RESULTS

In the table. 3. the list of the factors influencing result of pushing of a kernel is
resulted.

Consider the example of two athletes using the developed software [2]: the first
has high performance in strength training and blasting (barbell press 90 kg, squats
120 kg, push 50 kg, chest 60kg at a weight of 90 kg), the angle of departure of the
projectile from height 1.8 m will be 30 degrees, the height of the release is 2 m, and
the horizontal speed is 2 m / s, the final speed is 7 m / s. This athlete pushes the core
to a result of 8.70 m.
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Table 3. List of factors
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Unit of
Ne | Group Factor measureme
nt
1 Height and height of hg - height of the core release m
2 ‘Sste Dr - arm length (scope) m
3 ZT - the growth of the athlete m
4 . LJ - the result of long jumps from a place m
5 Subversive TJ is the result of a triple jump m
6 LT - result in bench press kg
LS - the result of squats with a barbell on his

7 kg

p shoulders
8 ower VG - the result of taking on the chest kg
9 TK - push rod kg
10 WS - weight of the athlete kg
11 Vg - the final rate of release of the projectile m/s

Speed - N .
12 v, - horizontal speed of projectile acceleration m/s
13 o

Angular - push angle (from the upper arm) degree
14 6o - ejection angle (palm angle) degree

@ Tonkarue 5, Apa co ckauKa - [m] X

G0 Y [ve [ve vo Pesynurar

PesyneTatel noncka: f23,4569121§ 30 7 2 8,78912460 8,77359991.

8,77359991439%4

23,4669121938632
30

i

7
8,78912460407544

Fig. 7. The result of the first athlete

Consider the second case, let the athlete have average performance in power

and explosive training (barbell press 70 kg, squat 100 kg, push 30 kg, chest 50kg at a

weight of 70 kg), the angle of departure of the projectile with a height of 1.7 m will
be 36 degrees , release height 2.1 m, and horizontal speed 1.5 m / s, final speed 8 m /
s. This athlete pushes the core to a result of 10 m 20 cm.
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MakcumMansHeli pesyneTat 10,2875963872545
¥ron Tonuka 30,5337900443812

¥ron EBITankKMEaHWA 36

[opM3oHTaNbHAA CKOPOCTE H5

MuHanbHanA CKopocTs 8

CkopocT BoINET AZpa 9,25561493716105

Fig. 8. The result of another athlete

The question arises: why an athlete with less strength training was able to push
an athlete with a higher, and anthropogenic data which one is better? This is due to
the effective maximum use of the technique of pushing the nucleus. In the example of
the first athlete, he hoped for more strength, that his acceleration (horizontal speed)
was faster than he was able to translate it into the final, so he pushed the core lower in
angle and height. The second athlete had a slightly higher speed than the power, and
worse anthropogenic data, but he was technically able to reduce the initial speed,
translate it into the final and raise the angle of ejection, which was reflected in the
result.

So, we have to answer the question:

l. How effectively the athlete's performance is used to achieve the best
result;

2. What indicators for a particular athlete to consider important or less
important;

S To what extent the pushing technique is ahead of the power indicators, or
the power technique;

4. How to improve the technique of pushing the nucleus.

Thus, we have 14 input values that belong to 5 classes - groups of dependence,
which are divided into physical quantities and action class. The matrix of input values
of the neural network will look like:
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hy dr ZT O 0
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The initial factor will be the range of pushing the nucleus.

After the calculations, you can get answers to the following questions:

— how effectively the athlete's performance is used to achieve the best
result;

— how to improve the technique of pushing the nucleus;

— what indicators for a particular athlete to consider more or less
important;

— to what extent the pushing technique is ahead of the force indicators, or
the force indicators are ahead of the technique.

These problems are solved by the first neural network, which finds the
percentage of correction of the pushing technique [2].

After 14 factors were found [4] that affect the result of nucleus pushing,
namely:core release height, arm length (scope), athlete's height, result in long jumps,
result in triple jump, result in bench press, result in squat with barbell on shoulders,
result in chest, barbell push, athlete's weight , final projectile release speed, horizontal
projectile acceleration speed, push angle (from the upper arm), ejection angle (palm
angle). These 14 input values belong to 5 classes - groups of dependencies, which are
divided into physical quantities and by action class:height and height of release,
subversive, power, speed, angular. The initial factor was the range of the nucleus.
The results of calculations are given in [5].

But it is still necessary to determine which throwing technique is more suitable
for the athlete according to his physical parameters. We have data on athletes, which
can be considered input factors (Fig. 1):

1. The height of the release of the nucleus by different techniques.
2. Athlete's height.

3. Become an athlete.

4. Age of the athlete.

5. Arm length.

6. Leg length.

7. Type of muscle fibers.

8. Shoulder width.

9. Abalakov's test for motor quality - speed.

10.Acceleration length.
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BucoTa . . HoesxcHa | Qoesxda | Tun gonokod | WupoTa TecT HoesuHa Tun
3pict | CTate Bik . o . -
EMMYCKY PyE Hir M'AzZIE nneyeld | AbanakoEa | poaroHy | TEXHIKM
220 190 2 16 a0 70 2 =0 27 120 1
184 160 1 13 7a &7 2 E5 21 134 2
150 150 2 23 a7 &7 1 =15 15 100 2
178 165 1 23 &7 ah 1 57 23 123 1
196 170 2 21 G5 G5 2 E7 25 130 3
221 166 2 21 od 48 2 47 24 130 1
223 205 1 19 o2 70 2 b 22 145 2
152 217 2 25 74 a2 2 24 26 142 4
208 186 2 32 a2 a6 2 51 25 127 4
208 150 2 23 o5 g5 1 24 25 120 i
197 225 1 2B =] 54 2 75 35 139 3
221 225 1 25 108 G4 2 40 20 123 2
150 188 1 28 [&1a] a0 2 o3 e 114 2
192 185 2 25 g2 &0 1 =) i 143 1
209 187 2 23 o4 s 1 21 19 121 1
198 178 1 35 72 78 1 41 23 135 3
171 ey 2 15 100 34 2 B4 24 134 4
167 160 1 32 100 a7 1 55 26 128 4
170 165 2 30 %] %] 1 =9 15 119 2

Fig. 9. Input data

Each athlete can use a different throwing technique (one of 4 varieties): jump;
circular swing (low legs); circular swing (high legs, low shoulders); circular swing
(high legs, high shoulders). When using each technique, it gets different results. Thus,
we add a new factor - "technique used for throwing" - as a result. We find the best
results for each athlete for each of the factors and conduct a classification. Then we
enter the data of the new athlete, and the model (Fig. 2) advises which technique is
best to use this athlete to get the best results.

By conducting a series of numerical experiments, a was selectedneural network
architecture with one hidden layer containing three neurons.The results of
calculations in the Deductor environment are shown in Fig. 3.

The problem can be solved by the method of artificial neural networks with the
architecture of a conventional perceptron with ten input factors, shown in Fig. 10, one
hidden and one original ("selected technique"). The use of this model will help to
reduce the time of the equipment almost twice, which in turn will help to rationally
use the time to train the athlete in his age category.

V. CONCLUSIONS

The scientific novelty of the work lies in the system of modeling and finding
the percentage of correction of equipment using a neural network device, with which
it is possible to improve the training process of the athlete-thrower, which in turn will
improve the result. Also psychologically the athlete will be ready for the best result.

The practical value is that a decision support system has been developed - an
application that allows you to simulate the result of pushing the nucleus, and find the
percentage of correction of technology.

59



Black Sea Science 2021 - Information Technology, Automation and Robotics

BucoTa ernycky
3picT

Crate

Bk

HoEskiHa pyk

T 1M TexHIEM

ToB#MHA HIr

THN BONOKOH r'AZIE

WUrpoTa nnedei

TecT Adanakoea

ToE#IMHA pOSrOHY

Fig. 10. Scheme of the neural network

Tun
TEXHIEW

10%2%1 [10x3%1

—=

1,02685( 10258
1.9963 2
71,9993 19995
10007 [ 1,009
25938 2 9997
10194 1,3062
1.9987 2
359783 3998
3.9910[ 39818
39803 39525
245932 29999
1.9975( 19995
25026 20M
1,0255( 1 0122
10182 1 0027
2.9991 | 30007
39872 399
39929 39052
1,9995( 2 0002

Fig. 11. Comparison of the results of two calculations and available data

Bl e | e L0 [ = | = [ D D0 e [ e | e [ B [ = LD — | O 2

60



Black Sea Science 2021 - Information Technology, Automation and Robotics

The use of artificial neural networks in the calculation of the performance of
the athlete-thrower of the nucleus can allow the available data on age, height, body
weight of the athlete, as well as the characteristics of the flight of the nucleus to
determine the range of this flight. The comparative analysis of several models
allowed to formulate certain conclusions about the accuracy of their calculations.

The problem of finding a technique can be solved by the method of artificial
neural networks with the architecture of a conventional perceptron with ten input
factors, shown in Fig. 10, one hidden and one original ("selected technique"). The use
of this model will help to reduce the time of the equipment almost twice, which in
turn will help to rationally use the time to train the athlete in his age category.
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