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DIGITAL TWIN: AVIRTUAL COPY OF APHYSICAL OBJECT, PROCESS, OR SYSTEM.
APPLICATIONS IN INDUSTRY, CONSTRUCTION, AND CITIES

A. Taran, S. Sotnik

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: artem.taranl@nure.ua

Annotation: The paper considers the concept of a digital twin as a virtual copy of a physical
object, process or system that operates on the basis of data obtained from a real object in real time or
offline. The principles of construction and operation of digital twins, their structure and classification
are analyzed. The role of digital twins in the concept of Industry 4.0 is shown, in particular in
interaction with the technologies of the Industrial Internet of Things and product lifecycle
management. Special attention is paid to the application of digital twins at different stages of the
product lifecycle, as well as the use of this technology in industry, construction and "smart cities" in
order to increase efficiency, reliability and optimization of processes.

Key words: digital twin, Industry 4.0, Industrial Internet of Things, PLM, Smart Factory.

N ®POBUM JBIMHUK: BIPTYAJBHA KOIIISI ®I3MUHOT'O OB'EKTA, ITPOLIECY YA
CUCTEMM. 3ACTOCYBAHH4 B TIPOMUCJIOBOCTI, BYAIBHULTBI TA MICTAX

A. 1O. Tapan, C. B. CorHuk

XapKiBCbKHM HalllOHATBHUN YHIBEPCUTET Pai0eIeKTPOHIKH,

VYkpaina, 61166, Xapkis, np. Hayku 14

E-mail: artem.taran1l@nure.ua

Anomayia: Y poOOTi pO3IIISIHYTO MOHATTS HU(PPOBOTO BIMHKUKA K BIpTyaabHOI KOIIii (hi3HIHOTO
00’exrta, mporecy abo cucteMu, mo (yHKIIIOHyE Ha OCHOBI JaHUX, OTPUMAaHUX BiJl PEaTbHOTO
00’exTa B pekuMi peanbHOro yacy abo odmaiin. IIpoananizoBano mpuHIuNHM moOyA0BH Ta poOOTH
nupoBUX IBIMHMKIB, iX CTPYKTYypy Ta kimacudikaiiro. [Tokazano posb 1mudpoBuX ABIHHUKIB Yy
koHuenmii [amgyctpii 4.0, 30kpeMa y B3aeMOJii 3 TEXHOJOTISIMU MTPOMHCIIOBOTO [HTEpHETY pedeit Ta
yOpaBIiHHSA JKUTTEBUM LUKIOM BHpoOy. Okpemy yBary MNpUAUIEHO 3aCTOCYBAHHIO IU(GPOBHUX
NBIMHUKIB HA PI3HUX €Tallax »XKUTTEBOTO UKy BUPOOY, a TaKOK BUKOPUCTAHHIO IIi€1 TEXHOJIOTII B
MMPOMUCIIOBOCTI, OYyIIBHUIITBI Ta «PO3yMHHX MICTax» 3 METOK MIABUIIEHHA €(EeKTUBHOCTI,
HaJIIHHOCTI Ta ONTHUMI3allii MPOIIECiB.

Knrwowuoei cnosa: nubposuii npiitnuk, [amgyctpis 4.0, [IpomucnoBuii [HTepHET pede, ynpaBaiHHS
YKUTTEBUM IIUKJIOM BHPOOY, posyMHa (adpuka.

In the current conditions of digital transformation of industry, construction, and urban
management, there is a growing need for accurate modeling of complex technical systems and
processes [1-8]. Traditional approaches to designing and operating facilities require significant
material costs, lengthy testing times, and do not always enable the timely detection of hidden defects
and risks.

Digital Twin technology is a relevant response to these challenges, as it enables the creation of a
virtual copy of a physical object, process, or system, with the possibility of continuous updating
based on data from real sensors. This allows for repeated virtual testing, fault prediction, optimization
of operating modes, and reduction of the number of physical experiments. Digital twins are
particularly relevant in the context of the Industry 4.0 concept, where they are an integral part of
«smart factories», product lifecycle management (PLM) systems, and the Industrial Internet of
Things (l11oT) [9-11].
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In construction and «smart cities», digital twins help improve energy efficiency, safety, and the
quality of infrastructure management. Thus, the research and implementation of digital twins are a
relevant area of development in modern information and engineering technologies, which have
important practical significance for various sectors of the economy.

A digital twin is one of the key technologies of modern digital transformation. According to the
research and consulting company Gartner, a digital twin is a digital representation of a real object or
system. This definition emphasizes the main idea of the concept — the existence of a virtual copy of a
physical object. In a broader sense, a digital twin is a software counterpart of a physical device that
models its internal processes, technical characteristics, and behavior under real operational
conditions. Unlike ordinary computer models, a digital twin can reflect dynamic changes in the
object's state and respond to external influences.

A key feature of a digital twin is the constant exchange of data with the real object. Information
from sensors of the physical device, which operates in parallel with the virtual model, is used to
generate input influences. A digital twin can function both in real-time (online) mode and in offline
(autonomous) mode, allowing numerous experiments to be conducted without risk to the real object.
Comparing data from real and virtual sensors enables the detection of anomalies, prediction of
malfunctions, and identification of the causes of deviations, which is particularly important for
complex technical systems.

The implementation of digital twins is closely linked to the use of Industrial Internet of Things
(oT) technologies. 110T enables the collection of large volumes of data from sensors, controllers,
and measurement systems. Without digital twins, full implementation of Product Lifecycle
Management (PLM) — managing the product lifecycle — is impossible. 10T and PLM are integral
components of a Smart Factory, within which a digital model is created not only for individual
products but for the entire production system. These technologies are part of the Industry 4.0 concept,
which focuses on minimizing physical testing and maximizing the use of virtual modeling.

A digital twin of a product is a complex, multi-level model and includes:

- the geometric and structural model of the object;

- calculation data of parts, assemblies, and the product as a whole;

- mathematical models of physical processes;

- information about manufacturing and assembly processes;

- a product lifecycle management system.

The combination of these elements allows for the analysis of an object's performance even before
its physical production and throughout its entire service life.

At the conceptual design stage, the digital twin is used to create and evaluate different design
options. At the detailed design stage, the model is refined, operating modes and environmental
impacts are taken into account, which allows for optimization of the interaction between components.
During the manufacturing stage, the digital twin helps determine tolerances, quality parameters, and
quickly identify the causes of malfunctions during testing. In the operational stage, the model is used
for diagnostics, failure prediction, efficiency improvement, and feedback for enhancing future
products.

Digital twin prototypes (DTP) contain the information necessary for designing and creating
physical products and are relatively stable models. Digital twin instances (DTI) describe a specific
product and change according to the conditions of its operation. Aggregated twins (DTA) are used to
manage groups of products and analyze their performance collectively.

In addition to individual products, digital twins are created for: the entire production system; a
specific production line; a particular asset within the line.

Such twins allow for the optimization of material flows, planning, and production management.

Table 1 shows the areas of application of digital twins.
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Digital Twin technology has demonstrated measurable impact across multiple industries, though
the extent of improvements varies depending on the sector and implementation approach. To
illustrate the comparative effectiveness of Digital Twin adoption, let's examine key performance

improvements observed across five major industries:

Construction, and Smart Cities.

Table 1 — Areas of application of digital twins

Manufacturing, Automotive,

Energy,

Which processes

Digital twin . i
Area of use gita are being Practical purpose Expected effect
object
modeled
Machines, units, Operating modes, Pro d'.“'Ct'.o " Reducing downtime,
Industry o . optimization, . . .
production lines wear, failures di . increasing reliability
lagnostics
Mechanical Product, Physical processes, | Design and virtual | Shortening development
engineering assembly, part loads testing time
Turbines, Energy flows Failure prediction Improving ener
Energy sector substations, gy TIOWs, ° predl : proving 9y
thermal regimes optimization efficiency
networks
. Buildings, Design and Design and Reducing errors and
Construction . . .
structures engineering systems operation costs
Building Engineering Resource Monitoring and Saving ener
Maintenance networks consumption control g 9y
Transport Cars, railway Motion dynamics, Maintenance Increasing safety
systems wear
Logistics Warehousgs, Material flows Route optimization | Reducing delivery time
supply chains
Smart cities City infrastructure Traffic, energy Resource Improvmg quality of
consumption management life
Environmental Ecouss/;;re]ms, Pollution, climate Analysis and Reducing
protection . data forecasting environmental risks
environment
Education and Educational and Experiments, Training and .
. . . Safe testing
Science research facilities scenarios research

The diagram (Fig. 1) presents a visual comparison of performance enhancements achieved
through Digital Twin implementation in these sectors, helping to identify which industries have
benefited most significantly from this technology and where the greatest potential for optimization

exists.
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Figure 1 — Range of improvements with Digital Twin technology
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Digital Twin technology delivers industry-specific benefits: manufacturing and automotive see
20-30 % less downtime through predictive maintenance; energy and utilities achieve 15-20 % cost
savings via asset optimization; construction reduces rework by 10-15 %, improving safety and
schedules; while smart cities gain 20-30 % efficiency in specific services like waste management,
though overall city-wide impact remains complex to measure. Digital twin technology is a promising
and relevant area of development in modern information and engineering technologies, with wide
practical applications in industry, construction, and smart cities. It provides a deeper understanding of
the behavior of complex systems, allows for predicting their condition, optimizing operational
processes, and contributes to improving management efficiency and the quality of decision-making.

This research provides a comprehensive analysis of Digital Twin technology applications across
key economic sectors, offering evidence-based insights into realistic performance improvements
rather than inflated marketing claims. The work establishes a practical framework for understanding
where and how Digital Twin implementations deliver measurable value, enabling organizations to set
appropriate expectations and make informed investment decisions. By comparing adoption patterns
and outcomes across manufacturing, automotive, energy, construction, and smart cities, this study
identifies critical success factors including the necessity of deep integration with existing
management systems, the importance of predictive maintenance capabilities, and the distinction
between concentrated versus distributed impact patterns. The findings demonstrate that Digital Twin
technology is not a universal solution delivering uniform results, but rather a sophisticated tool whose
effectiveness depends heavily on industry maturity, implementation approach, and alignment with
specific operational challenges. This understanding is essential for moving beyond theoretical
potential toward practical, cost-effective deployment strategies that maximize return on investment
while avoiding common pitfalls of over-expectation and inadequate system integration.
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