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IIJIEHAPHE 3ACIJAHHSA

Irina Kolupaieva

Ukraine-EU: Circular Economy Solutions for Smart and Sustainable Cities:
plans and outcomes of the project

Yurii Romashov, Laszlo Vértesy

Implementations of circular economy principles for sustainability of
laboratories in universities inside smart cities

lean Moeuan
ESG crparerisa nianpueMcTBa ik KOHKYPEHTa IepeBara Ha pUHKY
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Y3aranipbHeHa  MaTeMaTH4YHA  MOJe]db  CHOKHBAHHA  eJIeKTPOeHeprii
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CEKIIMHI JOMOBIII

Vladyslav Yevsieiev

MOBILE ROBOTS AND AUTONOMOUS VEHICLES IN THE MOBILITY AS A
SERVICE (MAAS) CONCEPT

Annotation: The development of autonomous vehicles and mobile robots plays a key role in the
concept of Mobility as a Service (MaaS), which aims to integrate various transport solutions into
a single digital ecosystem. The use of artificial intelligence, the Internet of Things (loT) and
cyber-physical systems allows for effective urban transport management, congestion reduction
and resource optimization. The article examines the technological aspects of the development of
autonomous mobile systems within MaaS, their advantages and implementation challenges. The
impact of autonomous transport on the sustainability of urban ecosystems, environmental aspects
and prospects for integration into modern cities are analyzed.

Keywords: mobile robots, autonomous vehicles, Mobility as a Service, urban mobility, artificial
intelligence, transport automation.

Svitlana Starykova

AUTOMATION OF URBAN INFRASTRUCTURE BASED ON PREDICTIVE
MAINTENANCE AND loT

Abstract: Modern cities face challenges related to the operation and maintenance of critical
infrastructure, including transport networks, energy systems and water supply facilities. The use
of Predictive Maintenance technologies in combination with the Internet of Things (1oT) allows
ensuring the uninterrupted operation of urban systems, increasing resource efficiency and
reducing repair and maintenance costs. The article discusses the concept of Predictive
Maintenance for urban infrastructure, the principles of its implementation and the impact on the
sustainability of urban development.

Keywords: Predictive Maintenance, 10T, urban infrastructure, automation, Smart City, digital
transformation

Oleksii Fomin

DEVELOPMENT OF AN AUTOMATED SYSTEM FOR THE TECHNOLOGICAL
PROCESSES OF A "CONCRETE PLANT" (A COMPANY FOR THE PRODUCTION
OF CONSTRUCTION COMPONENTY)

Annotation: This work presents the development of an automated system for a concrete plant,
which includes the development of control system software to optimize the processes of mixing,
transportation, and storage of concrete mixtures. The effectiveness of the proposed system has
been studied and analyzed in terms of quality control of technological processes, reporting on the
operations of concrete mixers, and calculating the materials used. The results obtained can be
useful for engineers and developers in the field of production process automation.

Keywords: Automated system, software, concrete plant server, control system, process
optimization, quality control, reporting, concrete mixer, production materials, automation.



Nazarii Piven

FREE SOFTWARE AS A TOOL FOR TECHNOLOGICAL ADVANTAGE AND
INDEPENDENCE IN THE DIGITAL ENVIRONMENT

Annotation: The paper examines the current issues of using non-commercial software as a tool
for technological advantage and ensuring independence in the digital environment. An analysis
of existing development environments, their effectiveness, relevance and application features,
and a comparative analysis of their advantages and disadvantages are conducted.

Keywords: free software, development, automation, technological independence

leop I'onoo

IHTEJIEKTYAJBHI CHUCTEMHM MIATPUMKHA TIPUWHATTA PIIIEHL 5
ONTUMIBAIII MIKPOKJIMATY B IPOMHUCJIOBHAX YMOBAX

Anomauyia: Y pobomi pozensadaromvcsi iHMeNIeKMyaibHi cucmemu NiOMpUMKYU NPULHAMMS
piwens (ICIIP) ons onmumizayii Mikpoxaimamy 6 npoMuciosux ymosax. Onucano OCHOBHI
xkomnonenmu ICIIP, 30kpema excnepmui cucmemu, HEUPOHHI MEPEHCi, aneopummuy onmumizayii
ma Mooeni NpPOSHO3VEAHHA, d MAKOXC IX 3ACMOCY8AHHA 6 YNPAGINIHHI napamempamu
memnepamypu ma eonozcocmi. Ocobausa yeaea npuodinena inmeepayii 10T mexunonoeiti Ons
MOHIMOPUHEY MA KOPUSYBAHH MIKPOKIIMAMY 68 PeaibHOMY 4Yaci, Wo CHpUsE NiOBUWEHHIO
eHepeoehexmueHocmi ma cmadinbHocmi  8upobHuuux npoyecie. 0062080pHOIOMbC Memoou
peanizayii maxkux cucmem 3 Ypaxy8aHHAM CHEYUQDIUHUX VMO8 KOMCHO20 NIONPUEMCMEA, a
makoodic  eadxcausicms  Kibepoesnexku ma memooonocii DevOps i Agile ons 3abesneuenns
Haodiunocmi ma be3nepeperHo2o po3eUMKY CUCHEM.

Knrouoei cnosa: Inmenexmyanvmi cucmemu, niOmMpumMKa NPUUHAmMms piluersb, MIKpOKiimam,

loT.

Dmytro Gurin

INTELLIGENT TRACKING ALGORITHMS IN COLLABORATIVE ROBOTIC
SYSTEMS: APPLICATION OF CAMSHIFT AND KALMAN FILTER

Annotation: In this paper, considers modern approaches to solving the problems of tracking
objects in collaborative robotic systems using intelligent algorithms. Special attention is paid to
the use of the CAMShift algorithm and the Kalman filter, which are actively used to track the
dynamics of object movement in various environments. The principles of operation of both
methods, their advantages and disadvantages, as well as the possibilities of integration into
collaborative robotics systems are analyzed. The article also contains a comparative table that
summarizes the key characteristics of the algorithms and contains reflections on the prospects
for their use in real-time conditions.

Key words: Industry 5.0, CAMShift, Kalman filter, cobot

0.0. I'ypmoesuti
AHAJII3 CYHACHOTI'O CTAHY OBJIIKY PO3INOAIVIEHUX BUTPAT TEILJIA

Anomauia: Y yiii pobomi pozensoacmoca nomounui cman €C 3 001ikoM po3nooineHux empam
menia 6 0azamoK6apMUPHUX HCUMILOBUX OYOUHKAX, U020 6NIUE HA eHep2o30epedCcenHs ma
sHudcennsi suxkuodie CQO», nepesazu ma HeOONIKU pi3Hux memooie o0niky. Ilpoananizosano
cyyacni  meHOenyii noOyoosu  agmMoMamu3z08aHux cucmem OONIKY 3  BUKOPUCTNAHHAM
0e30pomosux mexHon02itl 0OMiHy OAHUMU, NPONOHYIOMbCS NEPCREKMUBH] HANPAMKU PO3GUMKY.

Knwuosi crosa: Annoxamop menna, HCA, ACKO, Wireless-MBus, LoRaWAN



Valeriia Darahan, Iryna Kolupaieva, Yurii Romashov

A GENERAL APPROACH TO DEVELOP DIGITAL TWINS OF AUTOMATION
OBJECTS FOR SMART CITIES APPLICATIONS

Annotation: The general approach to develop digital twins to represent properties of
automation objects with the improved detailing of the inherent processes is proposed for smart
cities related applications. This approach is reduced to the mathematical modelling of the
processes inherent for the automation object with a given controlling parameter and on the
mathematical modelling of the controlled parameter through considering dependencies on the
state and controlling parameters. It allows considering different levels of detailing of inherent
processes to represent properties of automation objects.

Key words: automation object, digital twin, mathematical modelling, smart sites

J.€. 3aayb

PO3IMI3BHABAHHS KECTIB I KOMIIU'IOTEPHUM 3IP 111 BE3KOHTAKTHOI'O
KEPYBAHHS IPUCTPOSMU

Anomauyia:. Y cmammi po3ensioaemocsi mexHoa02is KOMN'1omeprHo2o 30py 01 OUCMAHYINIHO20
KepYBaHHsi NPUCMPOIMU, WO OA3VEMbCA HA PO3NI3ZHABAHHI dcecmid I 0Opodyi 300padxcens y
peanvHomy uaci. Onucano 3acmocy8amusi yi€i MexHoNo2l 6 NpoMUcIo8ocmi 014
a8mMoMamu308aH020 KOHMPONIO AKOCMI, y MeOuyuni Ons Oe3KOHMAKmMHO20 YNPAGliHHA
001a0HaAHHAM ma 8 noOymi 015 83aemo0ii 3i cmapm-npucmposmu. Hasedeno npuxnao peanizayii
na ocnosi 6ionriomexu MediaPipe sio Google, sixka dozeonsie weuoko ma mouno pos3nizHasamu
Jrcecmu, nepemeopioyu ix y Komanou 0nsi Komn'tomepa. Biosnaueno eHyuxicms i nepcnekmusu
PO3BUMKY Yi€l MEeXHOI02II.

Knrouoei cnoea. Komn romepnuii 3ip, po3nizHasauHs xcecmis, 00pooKa 300padicerb, MauluHHe
HABYaHHA, AlOpUummu Wmy4Ho20 iHmenexmy.

Illia Kalashnykov, Irina Kolupaieva, Yurii Romashov

RESISTANCE SENSORS OF ANGULAR VELOCITY FOR RESEARCH ROBOTS TO
BENCHMARK SMART CITIES APPLICATIONS

Annotation: The resistance sensors are considered to estimate angular velocities of parts of
research robotics envisaged for benchmarks in small scales of automation engineering solutions
for reliable implementations in applications related with smart cities. It is shown that
applications of resistance sensors to estimate angular velocities are suitable due to the simple
required electrical measurements and complicated due to necessities of differentiating measured
voltage on the time having incorrectness in Adamar's sense. It is noted that the suitable
regularisation is required to use resistance sensors for estimating angular velocities.

Key words: smart cities, automation benchmarks, angular velocity, resistance sensors.

10



Irina Kolupaieva, Yurii Romashov, Ldszlo Vértesy

IMPLEMENTATIONS OF  CIRCULAR ECONOMY  PRINCIPLES FOR
SUSTAINABILITY OF LABORATORIES IN UNIVERSITIES INSIDE SMART CITIES

Annotation: The possible ways for implementations of circular economy principles are
researched for laboratories of universities to agree their activities with smart cities initiatives,
and the graph is used to represent the laboratory related activities. It is shown, so that the
Reduce, Reuse and Recycle principles must be implemented for real-world prototypes firstly. The
suitable design, optimisation and 3D printing of real-world prototypes are crucial for
implementations of circular economy principles and sustainability of laboratories. Usage of the
graph allow highlighting separate parts of the considered phenomena, and this approach will be
used in further researches.

Key words: circular economy, smart cities, sustainability, university, laboratory

Irina Kolupaieva, Igor Nevliudov, Yurii Romashov

EUROPEAN VIEWS ON A GREEN AUTOMATION AS A CRUCIAL TECHNOLOGY
FOR CIRCULAR ECONOMY IMPLEMENTATIONS TO SMART CITIES

Annotation: The phenomenon of green automation is considered from the European point of
view through implementations of circular economy principles to the automated systems that
existed in the linear economy. It is shown that developments of green automation require
considering the related optimisation problem to provide the minimum consumed resources and
produced wastes during exploitation of an automation object involved in the smart cities'
environments. The principal difficulties are in the formulation of this optimisation problem for
the considered automation object, because it requires more detailed mathematical modelling.

Key words: green automation, circular economy, smart cities, resource efficiency, wastes

Irina Kolupaieva, Igor Nevliudov, Yurii Romashov

EUROPEAN VIEWS ON AN INTELLIGENT AUTOMATION AS A CRUCIAL
TECHNOLOGY FOR CIRCULAR ECONOMY BUSSINES MODELS IN SMART
CITIES

Annotation: The phenomenon of intelligent automation is considered from the European point of
view through related evolutionary improvements of automated systems for linear economy
business models by means of implementations of adaptiveness toward circular economy business
models. It proves, that intelligent automation can be considered as a crucial technology for
circular economy business models due to wide possibilities of the Al in generating necessary
decisions for adaptiveness taking into account various circular economy principles and their
combinations, as well as due to clear ways to agree with the Al Act envisaged as the common EU
law near future.

Key words: intelligent automation, circular economy, business model, smart cities.
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Irina Kolupaieva, Yurii Romashov

HIGH-PERFORMANCE COMPUTING TO RESEARCH RESOURCE AND ENERGY
EFFICIENCIES OF AUTOMATED CONTROLS FOR SMART CITIES
APPLICATIONS

Annotation: The general concepts are proposed for developments of computer programs for
high-performance computing required to research resource and energy efficiencies of automated
controls to support greener smart cities. These concepts are reduced to usages of Fortran
programming language and in excluding of graphical user interfaces slowing calculations, so
that only the text modes must be envisaged in the scientific software for high-performance
calculations. Free Fortran and C compilers provided by the GNU project are recommended to
develop the programs for high-performance calculations for scientific research.

Key words: smart cities, efficient automation, calculations, programming.

C. B. Xpycmanvosa, H. P. Kypbanoeg

HEPCIIEKTUBH PO3BUTKY AJIBTEPHATUBHUX CUCTEM
EJIEKTPOTEHEPAIIII

Anomauin: B pobomi ocHnoemy yeazcy Oy10 nNpuldineHo NepcneKmu8am  pOo36UMK)
AnbMepHamueHux cucmem eirekmpozenepayii. byno pozenanymo i npoananizo8amo exce icHyoui
cucmemu enekmpoeenepayii. Busnaueno muailinepcnekmugHiuy —anbMEPHAMUBHY CUCTHEM)
eflekmpozenepayii, 8paxosyroyu WEUOKICb pO36UMKY MEeXHONO02il, 6NIu8 HA HABKOJIUUHE
cepeodosuLfe Mma MONCIUBICMb iT GUKOPUCMANHSL 8 DI3HUX KYIMOYKAX CEIM)Y.

Knrouoei cnosa: cucmema, enekmpozenepayis, aibmepHamugHui.

R. V. Marunich, S. V. Sotnik

MODERN [IOT TECHNOLOGIES FOR CREATING AUTOMATED ACCESS
SYSTEMS

Annotation: The article analyzes modern 10T technologies for automated access control
systems. The architecture of such systems, key components and innovative approaches, including
biometric authentication, wireless communication protocols and the use of artificial intelligence,
are considered. The advantages of integrating 10T into security systems and prospects for their
further development are identified.

Key words: 10T, security, automated, access control, smart

B.O. Muxaiinos, 1.B. Bireyvkuti

BIIPOBAUKEHHS IHHOBALIHHUX [U®POBUX PILIEHD Y IHOPACTPYKTYPY
3AKJIAIIB OXOPOHM 3/10POB’SI

Anomauia. Po3eumok cmaniux i po3YMHUX MICM GUMA2AE GNPOBAONCEHHS IHHOBAYIIHUX
yupposux piuenv y KpUmMudHo GadCIUugy iHghpacmpykmypy, 30Kpema 6 cucmemy HOCMAa4aHHs.
Kuchro. Y yii nybaikayii posensdaemvcs po3pooka mooeni MOHIMOpuHey ma YRpasiiHHs
gUmMpamamt po3nooibyoi cucmemu KUCHe80-NoGImpsaHOL CyMiuli 3 GUKOPUCAHHAM YUPDPOBUX
OMU3HIOKIG. 3anponoHosanuti nioxio 6aszyemvcsi Ha mexHoaoeisx Inmepnemy peueu (10T),
WMYYHO20 [HMeNeKmy ma anaiimuky 6eauKux OaHux.

Knrwouoei cnosa: kucneeo-nogimpsana cymiui, po3ymMui micma, Meoudna ingppacmpykmypa.
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K.C. Peovxin, /[.A. Anywresuu, JI.C. Isanog

MEXAHI3M [Ii PHU3UK-OPIEHTOBAHOI'O MHCJIEHHA Y CHCTEMI
YHPABJIIHHA AKICTIO TA BE3IIEKHW HEHTPAJIBHUX TEIIJIOBUX ITYHKTIB

Anomauin: Memoio pobomu € niosuwjeHHi eghpeKmueHOCmi cucmem YNpPaeiiHHA SAKICMIO ma
besnexu yenmpanvrux menioeux nynkmis (L{TII). ¥ cyuacnux ymoeax enepeemuunoi kpusu ma
3POCMAHHA 8APMOCMI eHepeOHOCTi8, NUMAHHA epeKmUeHO20 MeNIONOCMAYaHHsa CMAe oyHce
saxcausum. L[TII € knouosumu cKnadosumu cucmem YyeHmpaniizo8ano2o menionoCmadantsl, sKi
8i0nosidaroms 3a po3noodin i pe2ynio8ants menid. Aoekeamua aoanmayiss CUCmeMU YRPAGIHHSA
LTII 0o mpancghopmayit 308HIUHLOLO CePeOOBUA MONMCIUBA JUULe 304 VMO8 PUSUK-
OPIEHMOBAN020 MUCTIEHHS SIKE CNPAMOBAHE HA YNPABIIHHI 0€3NeK0I0 1020 PO3BUMK).

Kniouosi cnosa: yemmpanvhuii menioguti NyHKm, PUBUK-OPIEHMOBAHE MUCIEHHS, SIKICMb,
Oesnexa, Heeiono8iOHOCMb.

D.A. Sukhomlinova, S.V. Sotnik
AERIAL ROBOT IN URBAN ENVIRONMENTS

Annotation: The study is devoted to the analysis of modern opportunities and prospects for the
use of aerial robots in the urban environment. Key areas of their use, including logistics,
infrastructure monitoring, environmental control, and emergency response, are considered. The
materials of the study emphasize the transformative potential of aerial robots for the
development of «smart citiesy, as well as the need for further interdisciplinary research to fully
realize their capabilities.

Key words: aerial robots, unmanned aerial vehicles, urban environment, autonomous systems,
Al

Ruslan Faryha, Olena Chala

THE AUTOMATION SYSTEM FOR THE PRODUCTION OF MATERIALS, SEMI-
FINISHED PRODUCTS AND FINISHED PRODUCTS IN LOGISTICS PRODUCTION
PROCESSES

Annotation: This paper considers the development of an automation system for the production of
materials, semi-finished products and finished products in logistics production processes. The
proposed system improves control and management of resources, increasing the efficiency of
logistics operations. Modern automation approaches are used, including integration with ERP
systems and the use of 10T solutions.

Key words: Industry 4.0, robotics, production processes, automation system, development,
control and management of resources.
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A.O. Fesenko, I. V. Kolupaieva, Yu. V. Romashov

MATHEMATICAL MODELLING OF AUTOMATION OBJECTS THROUGH
PARAMETRIC IDENTIFICATION AND DIGITAL TWINS

Annotation: The paper considers mathematical modelling of automation objects using linear
differential equations, parametric identification, and digital twins. The dynamics of the object
model is described through the relationship between the controlled parameter x(t) and the
control parameter u(t). Accurate determination of coefficients based on experimental data
allows us to adequately reproduce the dynamics of the system and promptly respond to changing
operating conditions. Continuous monitoring, forecasting, and optimization of operating modes
is facilitated by the integration of digital twins, which are constantly updated using data from
sensors and SCADA systems. For high-tech and critical industries of Industry 4.0, it is very
important that the synergy of these approaches increases the efficiency, reliability, and safety of
automation object management.

Key words: smart cities, automation objects, modelling, parametric identification, digital twins.

Y.l. Khalimonov, S.V. Sotnik
CIRCULAR ECONOMY IN AUTOMATED SYSTEMS

Annotation: Circular economics in automated transfer systems are moving from a linear model
to cyclical development of resources related to technologies: SHI, 10T, robotics, blockchain and
3D tools. They will optimize production, automate the processing of products, ensure the
transparency of supply lines and the production of products with a development for future
disposal. The price of the world's most important is the cost of new economic opportunities.

Key words: circular economy, automated systems, piece intelligence, 1oT.

Maksym Cherkashyn, Irina Kolupaieva, Yurii Romashov

POTENTIOMETER SENSORS OF AN ANGULAR ACCELERATION FOR RESEARCH
ROBOTS TO BENCHMARK SMART CITIES APPLICATIONS

Annotation: The estimations of angular accelerations by means of the potentiometer sensors are
considered in the context of the applications in small-scale research robotics prototypes for
benchmarking of automation engineering's solutions to support full-scale implementations
related with smart cities. It is proved, that potentiometer sensors are possible for instrumental
estimations of angular accelerations, but it requires defining the first and second derivatives on
the time of the measured voltage incorrect in Adamar's sense, so that it is necessary to propose
the suitable regularisation approach to have reliable estimations for angular accelerations.

Key words: smart cities, automation benchmarks, angular acceleration, potentiometer™ sensors.
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A.C. Hopxos, 1.B. Bineyvkutl

PO3POBKA CUCTEMMH KOMII'IOTEPHOI'O AIMIHICTPYBAHHA
BUPOBHHNYOI'O NI AITPUEMCTBA

Anomauin: Y pobomi npedcmasieHo po3pooOKy cucmemu KOMH TOMepHO20 AOMIHICMPY8AHHS
BUPOOHUY020 nionpuemcmea y 6uensidi  eeb-oooamky sk  CRM-cucmemu. Po3zenswymo
asmomamu3ayiro  YNpaeninHsa 63aEMO0ICI0 3 POOIMHUKAMU MA BUPOOHUYUMU NPOYECaMU.
Busnaueno emanu npoexmyeauns: ananiz nompeb, cmeopenus eed-inmepgeticy CRM ma
mecmy6aHHs. 3anponoHO8aHO ITHCMPYMeHmu Oas ONmuMizayii 83aemoolii i eupoOHUymaa.
ITiokpecneno ponv ee6-oodamky CRM y nidsuwenni egpexmusnocmi nionpuemcmaa.

Knrouosi cnosa. CRM-cucmema, e6-oooamox, asmomamuszayis ynpaeninms, 6isnec-npoyec.

Artem Shevchenko, Irina Kolupaieva, Yurii Romashov

A GENERALISED MATHEMATICAL MODEL OF ELECTRICITY CONSUMPTION
FOR ELECTRIC DRIVES IN SMART CITIES APPLICATIONS

Annotation: The generalised mathematical model of electricity consumption is developed by
using electromechanical analogies 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
electricity consumption of the electric drive. This mathematical model is 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

Matvii Tkalenko, Irina Kolupaieva, Yurii Romashov

CIRCULAR CONCEPTS OF RESEARCH ROBOTICS FOR SMALL SCALE
BENCHMARKS IN AUTOMATION ENGINEERING OF SMART CITIES

Annotation: The standardisation of the parts and the usage of the 3D printing are considered as
the concepts allowing to develop the research robotics prototypes for benchmarks of engineering
automation’s solutions to implement in support smart cities applications. It allows to provide the
Reduce and Reuse principles of the circular economy at present, but implementations of the
Recycle principle required complementary technologies not fully accessed at present. Small
scales of the robotics prototypes decrease exploitational energy consumptions during the
researches, so that the related carbon emissions are decreased.

Key words: circular economy, smart cities, automation benchmarks, robotics prototype.
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