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Crami posysHl MIicTa Ta CcOiNEHOTH: §0i3HeC Ta IHHOEINIAHD piuedndHa 2025 sarepians  [-of
Miscnapomaoil kondepenmil, Xapxs, 21 gsitaa 2025 1ean gonoeci |/ [penkon. LI Heenmonos
(BianoEIaneHnE pegakTap)] -Xapkie: [enegTposaiil apyk], 2025, — 68 ¢

¥ afipHHE BEIWMCHI ToIH ROROEIICH, K] OPHCERMCHI CYHAcHHM UHIPPOEHM TCXHOIOCIAM T3
BETOMATHIALE JUH CTANONO POIEHTEY POTYMHHE MICT; POOOTHIOBAHNM CHCTCMAM TA ARTOROMHHM
TCXHNIOCIAM ¥ MICEEOMY CCPCOOEHIL; HAPKYIAPHOH CKOHOMIKH Ta ICHCHOH CHCpPreTHEM B
BETOMATHIOBANHY CHCTEMAY, POIYMEI  TPAHCHOPTHI CHCTEMH T8 MODIIEHICTE  MARGYTHREOMG,
ElGcpdilaHaHL CHCTeMN Ta Geaneka Nannx vy sMickkiil apTomarmaanii’; HMI ra undpoel nnarhopsg 1ua
IHTCIPalIl MICEEHX MOCTY, AETOMATAEALLA NPOMBCIOEOCT] Ta MICEES] IHIPPACTPYKT VPN EHEIHEHR Ta
PIILICHHA pecypooc]EKTHREHOCTL.

Pepakiiiea goneria: LI Hepnpogoe, 1B Komynacea, K B Poqamos B B, €rceei.

Sustainable smart citics and communities: busimess and innovation solutions 2025 Proceedings of [ st
I Intermational Conterence, Kharkiv, April 21, 2025: Thesises of Reports / [Ed. L5h. Meviyudow
(chief editor).] - Kharkiv . [electronic version], 2025, - 68 p.

The collection incluedes abstracts of reporis dedicated 1o modern digital technologies and automation
for the sustainable development of smart cities; robotic systems and autonomous technologies in the
urhan environment; circular economy and green energy in automated systems; sman transport
syatems and mobility of the future; cyviber-physical systems and data security mnourban automation;
HMI and digital platforms for the integration of urban services; automation of indusiry and urban
infrastruecture: challenges and solutions for resource efficiency.

Editorial hoard: Igor Meviudow, Iring Kolupaieva, Yuri Romashoy WViedyslay Yevsiciey
PeyynsTaTH HAVKOBRHX JOCAUTHKCHE, W0 OPCICTARNCH] ¥ 30IpHHKY, BHEOHZHI B MCEKEX PeLTizaull
sMimuapogaore npeckty Epatmyet Han Maose Mogvae «¥epaina-E0C: pimenss waeriaeoi

eRoHOMiKN JiE poaysunx ta craanx Micrs (¢Ukraine-EU: Cireular Economy Solutions 4
Smart and Sustainahle Cities { Ecodsmart)s) — # 101 12T7659)

i Kabegpa oM’ ETCpHO-IHTCT POBAHEY TCXHONOTL, 3RTOMaTHIRLIT
Ta poboroTexHien (KITAP), XHYPE 2025

=Sasiabnable smaart ciles and comemanitles: buslness amd Imnovaibon soleibens” (5508 C2025)
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Development of an automated system for the technological processes of a "concrete plant”™
(a company for the production of CONStrUCHON COMPONENIS) L..o.ovitiitiiiiiieeaeaaenans
Nazarii Piven

Free software as a tool for technological advantage and independence in the digital
T IR e N S S o S s s N e S e e e s
Ioop Fovoo

IHTCACKTYANBHI CHCTCMH MIITPUMKH NPHIHATTA PIUCHL U ONTHMIZAUIT MIKPOKIIMATY B
BNOMBCIORICYIOBAX . . oo oo daamvnrmms o re A ae S48 L8 SR b S s Ho y oin e e 22 mi i e s e e Sy
Dimytro Gurin

Intelligent tracking algorithms in collaborative robotic systems: application of camshift and
ot B i R RN AR A S D AR A A R AN s S AN S DA N SR e e
0Q.0. Nipmoeui

AHai2 CYHACHOT 0 CTaHy OGIIKY POMOIICHHAX BHTPAT TCIUIR L. utititiiaatiaeacacamamaaans
Valeriia Darvahan, Irina Kolupaieva, Yurii Romashov

A general approach to develop digital twins of automation objects for smart cities
T O
A €. 3azun

PO2rmi3HABAHHA HCCTIR | KOMIIOTCPHHI 3P 18 GCIKOHTAKTHONO KCPYBUHHA NPHCTPOHAMHE ..
Iiia Kalashnykov, fryna Kolupaieva, Yurili Romashov

Resistance sensors of angular velocity for rescarch robots to benchmark smart cities
B e O L R S N S N R it
Irina Kolupaieva, Yurii Romashaov, Laszlo Vértesy

Implementations of circular economy principles for sustainability of laboratories in
U VErsitics INSIde SIETE CIIER . <. iopn s oo et s dna o s om s NE e He S e e phe 2 S 4 Oh A E SR M E S SR oS
Irvia Kolupaieva, Igor Neviiudov, Yurii Romashoy

European views on a green automation as a crucial technology for circular economy
amplementations to sInEnt: CItbes = o L g N e R R TN
Irina Kolupaieva, Igor Neviiudov, Yurii Romashov

European views on an intelligent automation as a crucial technology for circular economy
bussines models in SMArt CIICS ...t r e St vases
Irina Kolupaieva, Yurii Romashov

High-performance computing to rescarch resource and cnergy efficiencies of automated
controls for Smart Citics APPIICATIONS ... ...ttt ic e e e e aan
C. B. Xpvemawwosa, H. P. Kvpbanos

TlepeneKTHEN POIBHTRY AILTCPHATHBHHX CHCTCM CACKTPONCHEPALIT ..o viieiiiieeaacae
R.V. Marunich, S.V. Sotmik

Modemn 10T technologies for creating automated access SYSIEMS ..o ieeeiniie e
B.O. Muxaitwoe, I.B. Bireysxun

Broposajuxkessn  iHHOBAIHIX undposrx piiicHs Y IHPPAcTPYKTYPY 3aKIQ0IB OXOPOHE
LU T Y RN R e ARy SR N XS O A IS L O S AN ST SRR R VB R

“Sustalnable smart cities and communities: business and lmnovation soluthens” (SSC&C2025)
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Artem Shevchenko, Irina Kolupaieva, Yurii Romashov

A generalised mathematical model of electricity consumption for electric drives in smant
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Circular concepts of research robotics for small scale benchmarks in automation engineering
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A GENERALISED MATHEMATICAL MODEL OF ELECTRICITY CONSUMPTION FOR
ELECTRIC DRIVES IN SMART CITIES APPLICATIONS

Artem Shevchenko, Irina Kolupaieva, Yurii Romashov

Kharkiv National University of Radio Electronics

Ukramne, 61166, Kharkiv, Nauky av., 14

E-mail: artem.shevehenko@nure.ua, irvna.kolupaieva@nure.ua, yurii.romashovi@nure,ua

Annotation: The generalised mathematical model of clectricity consumption is developed by
using clectromechanical analogics and Lagrange’s equations of 2-nd kind in the view of the system of
two first order and one two order ordinary differential equations with the related initial conditions. It
allows representing the dependency between supplied voltage and the clectricity consumption of the
electric dnive. This mathematical model 1s for following researches directed to formulate and to solve
the problem of the optimal control theory, so that it allows developing the energy efficient automated
controls for electric drives required in smart cities applications.

Key words: electricity consumption, electric drive, mathematical modelling, smart sites.

RELEVANCE. Automated electric drives are principal structural elements in a lot of technical
systems involved in houscholds and industrial applications at present. The green transition ambitions
of the EU make more significant importance of electric drives, because they have zero own carbon
emission, and they can provide carbon necutrality together with the green power generating
technologies like solar, wind, hydro and nuclear. Although automated e¢lectric drives are known and
widely used a lot of times, they are traditionally designed without energy cfficiency demands and
they provide only the stability of exploitational modes. At the same time, energy efficiency demands
require more careful mathematical modelling of the processes in the automated electric drive to
represent dependencies between automated controls and energy consumptions, as it is discussed for
an example in the published explorations [1,2). So, developments of the improved mathematical
modelling of the processes inherent for the automated electric drives are the relevant problem due to
relationships with energy efficiency demands for infrastructures of smart cities. The purpose of this
research is in development of a generalized mathematical model of the electricity consumption in
electric drives providing the required detailing to represent dependencies between automated controls
and energy consumptions,

RESULTS. An electric drive provides required operations due to electric voltages supplied on
the electric motor, so that the corresponding electric power is consumed to have the required angular
velocity of the output shaft of the electric drive with corresponding exploitation loads. If an electric
drive is considered as an automation object, then the supplied voltage is chosen to provide the
required angular velocity of the output shaft of the electric drive during an operation, so that to
represent the dependence between controls and electricity consumptions it is necessary to represent
the dependence between the supplied voltage and angular velocity of the output shaft of the electnc
drive with correspondent exploitation loads. Taking into account all these circumstances, to represent
the dependence between controls and electricity consumptions it is required to consider automated
electric drive as the electromechanical system, and the electromechanical analogies with Lagrange's
equations of 2-nd kind are used to do i

The electric drnive with the direct current electric motor 1s considered [1, 2], so that the electric
charge ¢, in the rotor winding and the angle @ of rotation of the output shaft are considered as the

generalised coordinates representing the electric drive as the electromechanical system. It is assumed,
that the rotation angle of the rotor of electric motor is defined by the rotation angle of the output shaft
are related

?.=0.(9). (1
where ¢, is the rotation angle of the rotor of the clectric motor.
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The clectromechanical analogies and the Lagrange's equations of the 2-nd kind lead to the
systems of two differential equation of second order, but 1t is possible to exclude the electric charge
q, from these equations, so that after correspondent equal transformations these equations will have

the following view with the related initial conditions:

dl__ dop, d«p >
LS =RI-B, 220U (1), )
g do, - («p] 27 40 do, do, dJ, \de _, (dw ] do V(r ‘p‘dq»} )
‘Ldo do di* d(p dt do ) di d
d
Hn)=lie 0(t) =00 = (t) =0, )

where ¢ is the ume; / =dg, /di 1s the electric current in the rotor winding: L_, R, B, and J, are the
inductance, the resistance of the rotor winding, the electrotechnical charactenstic of the electric motor
and the moment of inertia of their rotor; /() s the voltage supplied to the electric motor; J_ (¢) 1s

the moment of inertia of the mechanical parts of the clectric drive and loads; M (r.¢.d¢/dt) is the

generalised mechanical couple representing the loads relatively the rotation axis of the output shaft of
the electric drive; t, is the given initial time, and /,, @,, m, are the given values of the clectric
current, rotation angle, rotation velocity at the initial ime =1, .

To estimate the consumed electric energy, the mathematical model (2)-(4) of the electric dnve
must be complemented by the following differential equation and the related initial condition:

=I(1)U, (1), E()=E,, (5)

where E = E(t) is the consumed clectric energy before the time ¢ and E| is the consumed electric
energy before the initial timer=1,.

The mathematical model (2)(5) gives the representation of dependency between the voltage
{7 (r) supplied to electric motor and clectricity consumption E(f) of the electric drive. The energy

efficient automated control for the electric drive must be due to the choice of the voltage U, (¢)

supplied to electric motor, and to have such energy efficient controls, it is necessary to formulate and
to solve the related problem of the optimal control theory on the hasis of the developed mathematical
model (2)-5).

CONCLUSIONS. The generalised mathematical model of electricity consumption in electric
drives 1s developed in the view of the system of ordinary differential equations with the related imtial
conditions. It is shown, that estimations of the clectricity consumptions require considering of the
clectric drive as the clectromechanical system, so that at least two gencralised coordinates are
necessary. The view of the differential equations of the developed mathematical model is
significantly defined by the relation between the rotation angles of the rotor of electric motor and the
output shaft of the clectric drive. Continuation of this rescarch is planned to consider the particular
examples of electric drives with different relations between the rotation angles of the rotor of electric
motor and the output shafl.

REFERENCES:

1. Kolupaieva. 1., Nevliudov, 1., Romashov, Y., Tiesheva, L., & Vértesy, L. (2024). Intelligent
Automated Control in Accordance with Resource Efficiency Criteria toward Circular Economy
Transition. Lecture Notes i Networks and Systems, 1089 LNNS, pp. 133-141,
https://dor.org/10.1007/978-3-031-67195-1 _17

“Sustainable smart cities and communitics: business and innevation solutions” (SSC&C2025) 63

Pucynoxk A.6 — Te3ucu ta nepenik NoCHiIaHb, Ipyra CTOpiHKa



2. Nevliudov, L., Omarov, M., Romashov. Y.. Muradova, V., & Vzhesnievskyi, M. (2023). One
approach to find optimal controls for discrete dynamic systems with numerical methods application.
Advanced Mathematical Models and Applications. 8 (3), pp. 548-564.

3. Nevliudov. L, Yevsieiev, V., Maksymova, S., Demska, N., Kolesnyk, K., & Mihutina, O. (2022,
September). Object Recognition for a Humanoid Robot Based on a Microcontroller. In 2022 IEEE
XV International Conference on the Perspective Technologies and Methods in MEMS Design
(MEMSTECH) (pp. 61-64). IEEE.

4. Auar, H.. Abu-Jassar, A. T.. Amer, A.. Lyashenko. V., Yevsieiev, V.. & Khosravi, M. R.
(2022). Control system development and implementation of a CNC laser engraver for environmental
use with remote imaging. Computational intelligence and neuroscience, 2022(1), 9140156.

5. Nevliudov, L, Yevsiciev, V., Baker, J. H., Ahmad, M. A, & Lyashenko, V. (2020).
Development of a cyber design modeling declarative Language for cyber physical production
systems. J. Math. Comput. Sci., 11(1), 520-542.

6. Yevsieiev, V. Comparative Analysis of the Characteristics of Mobile Robots and Collaboration
Robots Within INDUSTRY 5.0. / V. Yevsieiev, D. Gurin // Sectoral research XXI : characteristics
and features : collection of scientific papers "SCIENTIA" with proceedings of the VI International
Scientific and Theoretical Conference, September 8, 2023. - Chicago : European Scientific Platform,
2023, - P. 92.94,

7. Abu-Jassar, A. T., Attar, H., Amer, A., Lyashenko, V., Yevsiciev, V., & Solyman, A. (2025).
Development and Investigation of Vision System for a Small-Sized Mobile Humanoid Robot in a
Smart Environment. Imternational Journal of Crowd Science, 9(1), 29-43.

8. Nevliudov, 1., Yevsiciev, V., Maksymova, S., Demska, N, Kolesnyk, K., & Miliutina, O.
(2023, September). Mobile Robot Navigation System Based on Ultrasonic Sensors. In 2023 IEEE
XXVII International Seminar/Workshop an Direct and Inverse Problems of Electromagnetic and
Acoustic Wave Theory (DIPED) (Vol. 1, pp. 247-251). IEEE.

9. Abu-Jassar, A. T.. Attar, H., Amer, A, Lyashenko, V.. Yevsiciev, V., & Solyman, A. (2024).
Remote Monitoring System of Patient Status in Social IoT Environments Using Amazon Web
Services (AWS) Technologies and Smart Health Care. International Journal of Crowd Science, 8.

10. Yevsieiev, V.. Abu-Jassar, A., & Maksymova, S. (2024). Calculation of the Distance to
Objects in Collaborative Robots Workspace Using Computer Vision. Journal of universal science
research, 2(11), 240-255.

11. Yevsiciev, V., Maksymova, S., Gurin, D., & Alkhalailch, A. (2024). Data Fusion Rescarch for
Collaborative Robots-Manipulators within  Industry  5.0. ACUMEN: International journal of
multidisciplinary research, 1(4), 125-137.

12. Yevsieiev, V., Alkhalaileh, A., Maksymova, S., & Gunn, D. (2024). Research of Existing
Methods of Representing a Collaborative Robot-Manipulator Environment within the Framework of
Cyber-Physical Production Systems. Multidisciplinary Journal of Science and Technology. 4(9), 112-
120.

13. Yevsieiev, V., Abu-Jassar, A.. Maksymova, S.. & Gunn, D. (2024). Human Operator
Identification in a Collaborative Robot Workspace within the Industry 5.0 Concept. Multidisciplinary
Journal of Science and Technology, 4(9), 95-105.

“Sustalnable smart citics and communitics: business and lnnevation solutions” (SSC&C2025) 64

Pucynox A.7 — Ilepenik nmocuianb, Apyra CTOpiHKa

61



