MIHICTEPCTBO OCBITH I HAYKHM YKPAIHU
HALIIOHAJIbHAM YHIBEPCUTET «3AIIOPI3bKA
MOJITEXHIKA»

XAPKIBCbKHU1 HALIIOHAJIbHU YHIBEPCUTET
PAJIOEJEKTPOHIKA
INAT «YKPTEJEKOM» KII «<HBK «ICKPA»

HBII «XAPTPOH-IOKOM» TOB «(IHOPOKOM JITI»

\J\.J /\/l/"\ s

jSme RS ‘Er/

i

HY
By << gl
qﬁ@

\ Srg” f‘—ﬁcO/

CYYACHI ITPOBJIEMM I JJOCSTHEHHS B I'AJTY3I PAJIIOTEXHIKH,
TEJEKOMYHIKAIIM TA IHOOPMAIIMHUX TEXHOJIOI'TIA

KOH®EPEHUIA MPUCBAYEHA 125-PIYY10 3 1HA 3ACHYBAHHA
HAIIOHAJBHOI'O YHIBEPCUTETY «3AIIOPI3bKA ITOJITEXHIKA»

Tesu gomosinen

XII MixxHapoaHOi HayKOBO-TIPaKTHYHOI KOH(pepeHii
(10-12 rpymust 2024 p., M. 3amOpiKIKs)

, Co-funded by the
- Erasmus+ Programme
of the European Union

3anopixoks — 2024



YK 621.37+621.39+004
CIl

PexomennoBano no sBunanns HTP
HaunionaneHoro yHiBepcuTeTy «3anopi3bka HOJITEXHIKa»

Penakmiiina koueris:

Miza A. M., g-p. TexH. Hayk, mpod., mpod. xadp. PT HY «3amopizpka
MOJIITEXHIKAY,;

Mamuit O.}O., kaHn. TexH. Hayk, mom., 3aB. kap. ITE3 HY «3anopispka
MOJIITEXHIKa.

Co1 CyuyacHi po0JeMH i IOCSATHEHHS B raiy3i paJioTeXHiKH,
TeNeKOMYyHiKauii Ta iHpopmauiitnux TexHounoriit: Te3u
nonosized XII MixHapoaHOiI HayKOBO-NIPaKTHYHOT KOHpepeHuil
(10-12 rpymust 2024 p., M. 3anopixoks). [Enexktponnuit pecypc]
/Enektpon. nmaui. — 3amopixoks: HY «3anopi3pka mosiTexHikay,
2024. — 500 c. — 1 enektpon. ont. auck (DVD-ROM); 12 cm.
Haspa 3 Tut. expana.

30ipauk  wmictuth Marepiamm X1  MikHapogHOI  HAyKOBO-TEXHIYHOI
koHpepeniii «CydacHi mpoOJIeMud 1 JOCATHEHHS B raiy3l pagioTeXHIKH,
TeJIEKOMYHIKaIlii Ta iHpOpMaIIHHIX TEXHOJIOTIH», sika BijOyBaiach Ha Oasi
HauionaneHoro yHiBepcuteTy «3anopisbka moJiitextika» 10-12 rpyunas 2024
p. IlpencraBmeHi Te3W [AONOBiAeH 3 TaKUX OCHOBHHX  HANpPSIMKIB:
«PazioTexHiuHI Ta TeleKOMyHIKalliiiHi cucteMu, iHGOpMaLiitHi TexXHooril B
NPOEKTYBaHHI Ta BUPOOHMUTBI», «ABTOMaTH3alis, pPOOOTOTEXHIKA Ta
6e3minoTHI TexHooTi»; «HaHoenekTpoHika Ta iH(popMaLiitHO-BUMIpIOBaIbHI
TexXHONOTi»; «KoMI’'roTepHi cHCTeMH Ta Mepexi, Oe3neka iHpopmauiiHO-
KOMYHIKaIifHnX cucrtem»; «Komm’roTepHi HaykH, NporpamMHa iHXXEHEpis»;
«CucremMHHMii aHalli3 Ta ynpaBmiHHS»; «CremiaJbHa CeKLis 3 TEeMAaTHKH
ERASMUS+ npoexTiB».

Pobomu Opyxylomvca 6 asmopcovkii pedaxyii. Buoaeeyvb He Hece
8ionogioanrbHocmi  3a  00CmogipHicmov  inopmayii, saKka HaeedeHa 8
pobomax, ma 3anumac 3a coboio npago He N0200AHCYBAMUCT 3 OYMKAMU
asmopie Ha po32NAHYMI NUMAHHSL.

YK 621.37+621.39+004

©HY «3anopi3bka noxirexHika», 2024



OPTAHI3ATOPU KOH®EPEHIIIT
— MinicTepcTBO OCBITH 1 HAYKH YKpaiHH;
— HarionanbHuii yHiBepcHUTeT «3anopi3bka MOJITEXHIKaY;
— XapKiBChKUH HalliOHAILHUN YHIBEPCUTET PaioeeKTPOHIKH;
— AT «YkpTenekomy;
— KIT HBK «Ickpay;
— HBII «XAPTPOH-IOKOMp;,
—TOB «IHOOKOM JITI».

OPTKOMITET KOH®EPEHIIII:
Maxkcum HIUITKOB — 1.8.0. renepansroro aupekropa KII «HBK «Ickpa»
Biraaiii CIPEHKO - «kepiBHHK TeXHIYHOi cCiyx0m 3amopi3pkoi  ¢imii
ITIAT "Ykprenexom"
Biktop 'PEHITA — pextop HY «3anopi3bka nomirexHika»
Bagum IHAJIOMEEB - mpopektop 3 HaykoBoi pobotn HY «3amopisbka
MOJITEXHIKa»
Harania ®YPMAHOBA - nekan ¢akynstery iHpOpMaiiiHOi Oe3nekd Ta
eJNeKTpOHHMX KoMyHiKamii HY «3amnopi3bka mosiTexHika»
Muxona KACDBSIH — nekan ¢akynbTeTy KOMIT'IOTEPHHX HAayK 1 TEXHOJIOTIH
HY «3amopizpka noiTexHika
Paiie KYJAEPMETOB - 3aB. kxad. KOMII'IOTEPHHX CHCTEM Ta MEpEK
HY «3amopizpka nomiTexHika
I'ammaa TABYHIIUK — npodecop HY «3anopi3pka momiTexHika
Angpiiit KOPOTYH - 3aB. xad. iHpopMaIiifHoi 6e3MeKl Ta HAHOCTICKTPOHIKH
HY «3anopi3bka MogiTeXHiKa»
Amnkediika IAPXOMEHKO — norieat HY «3anopi3bka motiTeXHiKa»
Eaina TEPEIIIEHKO - B.o. 3aB. kKa). CHCTEeMHOr0 aHali3y Ta 00YMCIIOBaIbHOT
MaTemaTuku HY «3amopi3bka MmosiiTexHiKa
Cepriii CAMOMJIHK — B.0. 3aB. Kad). pagioTexHiKu Ta TenekomyHikauii HY
«3armopi3bKa MOTITEXHIKa»
Harans BUCOLBKA - B.o. Hauansauka HY HY «3anopizpka nositexHika»
Muxona E@PUMEHKO — npodecop HY «3aropisbka nomirexHika»
Amnppiii OJIIMHUK — npodecop HY «3anopiszpka noitexHika»
Muxaiiiao TIOJIAKOB — npodpecop HY «3anopizbka mosiTexHika
Muxaitnio YOPHOBOPOJOB — nonent HY «3amopi3pka mosiTexHiKa»
Jmutpo IIMPOKOPA/L — nouent HY «3aropisbka nositexHika»



BYEHHI CEKPETA OPTKOMITETY KOH®EPEHIII:
Ousexcanap MAJIMM — 3aB. kad. iHpoOpMaIifiHUX TeXHOIOTiil eTeKTPOHHIX
3aco0iB HY «3amopi3bka mositexHikay,
+380(61)7698252, kafedra_ited@zp.edu.ua»

TEXHIYHI CEKPETAPI OPTKOMITETY KOH®EPEHIIII:
Cranicias  IIAIITAJIA, Ouaekcanap IIPOKEHKO, «xadenpa
iH(pOpMamiHHIX TEXHOJIOTiN eleKTpoHHHX 3ac00iB HY «3amopizbka mosiTexHikay,

IPOTPAMHMI KOMITET KOH®EPEHIIII:

Gustavo R. ALVES - Dr., Prof. (Porto, Portugal)

Andrii BABICH - Dr. (Neu-Isenburg, Germany)

Amir ELIEZER - Prof. (Beer-Sheva, Israel)

Javier GARCIA-ZUBIA - Dr. (Bilbao, Spain)

Karsten HENKE — Dr. Ing. (IImenau, Germany)

Jamil ALSAYAYDEH — Ph.D. in Eng. Sc. (Malacca, Malaysia)
Vitaly LEVASHENKO - Prof. (Zilina, Slovakia)

David LUENGO - Prof. (Madrid, Spain)

Urszula MARKOWSKA-KACHMAR - Prof. (Wroclaw, Poland)
George MARKOWSKY - Prof. (Orono, USA)

Vitaliy MEZHUYEV - Prof. (Malaysia, Pahang)

Alexei SHARPANSKYKH - PhD (Delft, Holland)

Elena ZAITSEVA — Prof. (Zilina, Slovakia)

Mher MARKOSYAN - Prof. (Yerevan, Armenia)

Aunna BAKYPOBA — n.e.1., ipod. (3anopixoks, YkpaiHa)
Bonogumup BAXPYIINH — n.¢.-M. H., mpod. (3anopixoks, Ykpaina)
€sreniit BOJSIHCHKUM — n.1.1., npod. (Xapkis, Ykpaixa)
Oner JIPOBAXIH — a.¢.-M.H., npod. (Ininpo, Ykpaina)
Banepiii J[IVBPOBIH — k.T.H., npod. (3anopixoks, YkpaiHa)
Bnanucinas EBCEEB — a.1.1., npod. (Xapkis, Ykpaina)

Jleoning KAPITYKOB — a.1.H., npod. (3amopixoks, Ykpaina)
Awngppiit KYIIIH — n.1.1., nou. (Kpuswii Pir, Ykpaina)

I'puropiit KOPHIY — 1.¢.-M.1., npod. (3anopixoks, Ykpaina)
Mapuna HOBOXWJIOBA — n.¢.-M.H., mpod. (Xapkis, Ykpaina)
Banentun [IOI'OCOB — 1.¢.-M.H., mpod. (3anopixoks, Ykpaina)
Banepiit CUTHIKOB — n.1.H., npo¢. (Oneca, YkpaiHa)
Tennaziit CHDKHOM — n.1.1., ipod. (3anopixoks, YkpaiHa)
Cepriit CYBBOTIH — a.1.1H., mpod. (3amopixoks, YkpaiHa)
Bagum IIKAPYIIWJIIO — a.1.H., non. (Kuis, Ykpaina)
Omnexcanap THATEHKO — k.¢.-m.H., nom., (XapkiB, YkpaiHa)



Macnoe O.0., Kabax B.C. BnockoHajleHHS IICEBAOLTYMOBHUX
TIOCJTIIOBHOCTEH IS TTiIBUIIICHHS 3aBaI03aXHIIEHOCTI Ta
€(DEKTUBHOCTI PATIOTEXHITHHIX CHCTEM ....vveerveeereaieesneeesineanneesenas 92

Haeypuuii B. B., Manuu O. FO. Ontumizariist apxXiTeKTypu
HEHpOoHHOT Mepexi /it epeKTHUBHOI Iepenadi Me1iIaKOHTEHTY.... 94

2 CEKLOIXI «ABTOMATHU3AILAA, POBOTOTEXHIKA TA

BE3IUIOTHI TEXHOJIOTTIM ..., 96
Andreiev Anton, Sotnik Svitlana. Comparative analysis of robotics
platform: Webots, Coppeliasim and Gazebo...............ccccoveeveneee. 96

Gurin Dmitro. Key features and differences between Industry 5.0
and INAUSEIY 4.0 ..o 100

bapanos €.0., ®ypmanosa H.I. Meron Hasiramii BITJIA B ymoBax
BiZicyTHOCTI GPS-curnany Ha ocHOBI Bi3yaibHOI 0JjoMeTpii ..... 103

T'aspuniox A.O., @ypmanosa H.I. MeTton nigBUILICHHS
3aBaJiocTiiikocTi nmepenayi nanux BITJIA Ha ocHOBI
TMICEBIOBUIIAIKOBOTO MIEPEMUKAHHS KAHATIB 3B'SI3KY ...oevvveeneenne 108

€scees B. B., I'onoo 1.B. IlepeBaru Ta He10JIIKH MaTeMaTHYHUX
MoJieNiel IHTENEeKTYalIbHOTO KepYBaHHS MIKPOK/IIMAaTOM Ha
BUPOOHUITBI 3 BUKOPUCTAHHSAM KiOEp(PI3UYHUX CUCTEM ........... 111

Jlesuenko JI.C., Manuu O.FO. MeTonu miABUIIEHHS TOYHOCTI
300py reonpoOCTOPOBUX JaHUX MpHU BukopuctanHi briJIA mms
RE0) 61 BTSY 0 (53763 y 010 {0 PRSP 115

Jleoxcnuvos J1.0., Pubarxos K.O. MeTtonu Ta 3ac00HM aBTOHOMHOT
opienTarii BITJIA Ha MicueBOCTI B yMOBax IpUIyILIEHHS
PaliOCUTHATY KEPYBAHHS T BIACO3B SIBKY ...vovvivvenrinirerieeiesieans 119

Mawrxoscokuii P.A., Kosnog B.B. IlopiBHsUIbHUN aHAaI3
npomuBok ESC perynsaTopiB st 6€3K0JIEKTOPHUX ABUTYHIB
MOCTIHHOTO CTPYMY Y MYJIBTUKOIITEPAX «..vvevreerreernreenseesnneenseennns 123



2 CEKIIIA «<xABTOMATHU3ALIS, POBOTOTEXHIKA TA BE3IIIJIOTHI
TEXHOJIOI'TD»

VJIK 004.896:37.018.43

Andreiev Anton?, Sotnik Svitlana.?

I student AKTCI-21-2 NURE

2 assistant professor of CITAR, NURE

COMPARATIVE ANALYSIS OF ROBOTICS PLATFORM: WEBOTS,
COPPELIASIM AND GAZEBO

Rapid progress in field of robotics creates new challenges and need to
implement modern methods aimed at developing competencies in field of latest
technologies [1-5]. In modern world, robotics is becoming one of key industries.
The rapid introduction of robotic systems in industry, medicine, logistics, and
many other areas requires careful planning, design, and testing of these systems [1-
5]. One of most important tools for this is robotics platforms (simulators) that
allow you to reproduce complex robot scenarios in virtual environment.

The problem is that there are large number of platforms, each with its own
unique capabilities, but not all of them are suitable for specific tasks or types of
robots. The relevance of using simulation platforms is driven by need to reduce
risks in development of robotic systems, optimize testing processes, and reduce
cost of creating physical prototypes. In addition, simulators allow engineers to
experiment with different configurations and scenarios, which significantly speeds
up development process and improves quality of final product.

The need to choose right simulator makes it important to conduct
comparative analysis of different platforms to choose most effective one for
solving specific engineering problems. This approach not only saves resources but
also increases reliability and functionality of robotic systems. Robotic modeling is
creation of physical prototypes at early stages of development. This allows you to
identify potential problems and optimize design before mass production begins.
However, creating physical prototypes can be expensive and time-consuming
process, which emphasizes importance of using simulators effectively to minimize
number of physical prototyping iterations.

This study focuses on comparative analysis of three leading robotics
simulators: Webots, CoppeliaSim, and Gazebo. The aim of study is to
comprehensively examine and evaluate capabilities of these platforms for solving
various tasks in field of robotics.

Let's start with CoppeliaSim, formerly known as V-REP (Virtual Robot
Experimentation Platform), which is one of best choices for modeling and
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developing robotic systems at various stages of their creation. This platform is
designed to model, test, and optimize robotic systems in virtual environment.

The advantage of CoppeliaSim platform is ability to simulate many robots
simultaneously, which is extremely useful for developing complex robotic systems
such as multitasking robotic systems or autonomous vehicles. CoppeliaSim
supports integration with other software tools, such as ROS (Robot Operating
System), which expands its capabilities in context of developing complex robotic
systems.

Next, let's take look at Gazebo, powerful and widely used robotics modeling
platform. Gazebo is known for its ability to provide accurate physical simulation
and realistic environment reproduction, making it ideal tool for testing and
developing complex robotic systems. One of the main advantages of Gazebo is its
tight integration with ROS. Gazebo also supports simulation of large number of
robots and sensors simultaneously, which allows you to reproduce complex
scenarios such as cooperative work of several robots or navigation in dynamic
environments. In addition, platform supports customization and addition of new
physical models, which provides high flexibility for different types of robots and
their operating conditions. Another important feature of Gazebo is its ability to
work in real time, which allows testing robot control algorithms and responses to
changes in environment in much same way as it would happen in real life.

Let's move on to analysis of Webots, another popular platform in field of
robotics modeling, which is distinguished by its versatility and powerful capabilities
for modeling robotic systems. Webots supports simulation of variety of robotic
platforms, including ground, aerial, and underwater robots. One of main advantages
of Webots is its user-friendly interface, which allows users to easily create and
modify three-dimensional models of robots and their environment. Webots also has
large library of ready-made robot models and environments, which greatly simplifies
modeling process and allows you to focus on developing algorithms and robot
behavior. Comparison of key characteristics shown in Table 1.

Table 1 shows that CoppeliaSim is notable for its versatility, in particular due
to its support for multiple physics engines and powerful graphical interface.
Although it has high entry threshold, which can be challenge for beginners, its
integration with ROS makes it attractive choice for professionals. Gazebo has
highest level of integration with ROS and active community, making it ideal
choice for users working with ROS. Webots is suitable for educational purposes
due to its ease of use and intuitive interface, but its capabilities for extending and
integrating with ROS are somewhat limited compared to other platforms. Our
comparative analysis of robotics platform in Fig. 1.

This work provides in-depth analysis of three popular robotics platforms:
Webots, CoppeliaSim (formerly known as V-REP), and Gazebo. The study
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includes detailed overview of each simulator characteristics, their capabilities and

limitations.
Table 1 — Comparison of key robotics platform characteristics
Platform/ CoppeliaSim Gazebo Webots
characteristics
Integration Full integration Full integration Integration  at
with ROS average level
Ease of use High entry | Average entry | High, especially
threshold, but | threshold for educational
great opportunities purposes
Graphical Intuitive and rich in | Simple, focused | Simple, focused
interface features.  Flexible | on efficiency. | on  efficiency.
interface with many | Minimalistic Minimalistic
customizable interface focused | interface
windows. on 3D | focused on 3D
visualization. visualization.
Licensing Commercial and | Open source | Commercial
free versions (Apache 2.0) version, free for
academic use
Modeling  of | variety of sensors | Wide range of | Large number of
Sensors with high level of | sensors with | ready-made
customization. possibility of | sensors.
expansion.
Modeling of | Bullet, ODE, | Bullet, DART, | Bullet, ODE.
physics Newton, Vortex ODE, Simbody
Supported Windows, macOS, | Windows, Linux, | windows,
operating Linux macOS  (through | macOS, Linux
systems WSL)
Support  for | c/C++, Java, | C++, Python, | C, C++, Java,
programming Python, Lua ROS Python, Matlab
languages

A comparative analysis of key aspects of these platforms is carried out. In
addition, paper highlights specifics of each simulator in terms of robots types that
can be modeled, environment creation capabilities, simulation speed and accuracy,
and their applications in education and research. This study will provide users, both
students and professionals, with valuable information to select most appropriate
simulator for their specific needs and objectives. Understanding strengths and
limitations of each platform will help to optimize workflow, increase development
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efficiency, and provide more accurate simulation results in various areas of
robotics.

10 [ . Webots
. CoppeliaSim
. Gazebo

Rated (out of 10)

(]

Jobs & API Graphical Simulation License Community

Environments interface realism

Categories comparison

Figure 1 — Comparative analysis of robotics platform

In addition, paper provides recommendations for choosing simulator for
different tasks, which can greatly facilitate decision-making process for users with
different levels of experience and different purposes for using robotics platforms.

Webots is characterized by ease of use and good performance. CoppeliaSim
offers most flexibility and customization options. Gazebo stands out for its close
integration with ROS and open source. The choice of platform depends on specific
project objectives, user experience, and integration requirements with other
systems. Each of platforms in question has its own strengths and may be best
choice depending on specifics of application.
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KEY FEATURES AND DIFFERENCES BETWEEN INDUSTRY 5.0 AND
INDUSTRY 4.0

Industrial revolutions play a key role in shaping modern society and its
economy. With each new stage of technological change, industry has undergone
significant transformations that have affected not only production processes but
also society as a whole. In the 21st century, these changes have become more
dynamic, and we are gradually moving from Industry 4.0 to Industry 5.0. But what
is this new industrial revolution and what are its differences from the previous one?

This article analyzes the concepts of Industry 4.0 and 5.0, their key
differences, technological innovations, and the impact on the human factor and the
global economy.

Industry 4.0, or the fourth industrial revolution, is a concept that involves the
integration of cyber-physical systems into production processes. The main
components of Industry 4.0 are the Internet of Things (IoT), big data, artificial
intelligence (Al), autonomous systems, robotics, and automation. Industry 4.0 aims
to create smart factories where machines, systems and people work together to
optimize productivity and reduce costs [1].

Key characteristics of Industry 4.0:

1. Increase the use of robots and automatic systems to perform routine tasks;

2. Creation of virtual copies of physical objects, which allows you to model
and control their functioning;

3. Connecting devices and systems to a single network that allows you to
transfer and analyze data in real time;

4. Big data analysis for decision-making in automated systems;
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