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Intellectual Property Rights 
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IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations 
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-members, and can be 
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to 
ETSI in respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the 
ETSI Web server (https://ipr.etsi.org/). 

Pursuant to the ETSI Directives including the ETSI IPR Policy, no investigation regarding the essentiality of IPRs, 
including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not 
referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become, 
essential to the present document. 

Trademarks 

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. 
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no 
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does 
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks. 

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its 
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP 
Organizational Partners. oneM2M™ logo is a trademark of ETSI registered for the benefit of its Members and of the 
oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association. 

Foreword 
This Technical Report (TR) has been produced by ETSI Technical Committee Smart Machine-to-Machine 
communications (SmartM2M). 

Modal verbs terminology 
In the present document "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be 
interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions). 

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation. 

Introduction 
In an increasingly interconnected and technology-driven world, the concept of Digital Twins (DTs) has emerged as a 
powerful tool in various domains. Among these domains, the urban landscape stands out as a fascinating and complex 
environment where DTs have immense potential. A Digital Twin (DT) refers to a virtual representation of a physical 
entity, such as a building, infrastructure, or even an entire city, that is synchronized and connected in real-time with its 
physical counterpart. In the urban domain, DTs offer a transformative approach to urban planning, development, and 
management. By leveraging advanced technologies like the Internet of Things (IoT), Artificial Intelligence (AI), big 
data analytics, and cloud computing, DTs enable a comprehensive understanding of urban systems and facilitate 
data-driven decision-making. 
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DTs for the urban domain go beyond traditional 2D maps and static models by incorporating real-time data streams 
from sensors, cameras, and other devices embedded throughout the city. These data streams provide a continuous flow 
of information on various aspects of urban life, including traffic patterns, energy consumption, air quality, infrastructure 
health, and social dynamics. By capturing and analysing this wealth of data, DTs create dynamic, virtual replicas that 
mirror the behaviour and characteristics of the physical urban environment. One of the key benefits of DTs in the urban 
domain is their ability to simulate and predict outcomes. Urban planners, architects, and policymakers can use DTs to 
model different scenarios and assess the potential impact of changes in the urban landscape before implementing them. 
This predictive capability helps optimize resource allocation, enhance sustainability, improve infrastructure design, and 
ultimately create more liveable and efficient cities. 

Furthermore, DTs enable enhanced situational awareness and real-time monitoring. City officials and emergency 
responders can use DTs to monitor critical infrastructure, detect anomalies, and respond swiftly to incidents or 
emergencies. By integrating data from various sources, such as surveillance cameras, weather sensors, and social media 
feeds, DTs provide a holistic view of the urban environment, fostering proactive and informed decision-making. 
However, the adoption of DTs in the urban domain comes with challenges. Ensuring data privacy and security, 
managing the complexity of integrating diverse data sources, addressing interoperability issues, and gaining public trust 
are some of the hurdles that need to be overcome. Additionally, the scalability and sustainability of DT ecosystems 
require careful consideration to ensure their long-term viability. Despite these challenges, DTs have the potential to 
revolutionize urban planning and management. By harnessing the power of technology, these virtual replicas provide 
invaluable insights, empower decision-makers, and enable the creation of more sustainable, resilient, and inclusive 
cities. As urban populations continue to grow and cities face unprecedented challenges, DTs offer a promising pathway 
towards a smarter and better-connected urban future. 

The present document provides an analysis of the utilization of DTs in the urban field, with a specific emphasis on 
interoperability. The adoption of existing standards and the utilization of semantic-based solutions have been surveyed 
to determine their implementation. Furthermore, a comprehensive examination of the SAREF suite in relation to various 
use cases is discussed together with the identification of the priority gaps that need to be addressed in the near future. 
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1 Scope 
The present document provides an overview of the DT landscape for the urban domain. It is also discussed how the 
DT domain has been addressed from the standard perspectives by presenting the existing ones by also including a 
deeper overview about how ontologies have been employed to manage interoperability aspects. The present document 
also lists  a set of use cases is presented in order to depict concrete implementation of DTs to use as starting point for an 
interoperability analysis. Finally, the present document provides preliminary insights about how the SAREF Core 
ontology, and its extensions can be exploited to support interoperability aspects within the DTs domain. 

2 References 

2.1 Normative references 
Normative references are not applicable in the present document. 

2.2 Informative references 
References are either specific (identified by date of publication and/or edition number or version number) or 
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the 
referenced document (including any amendments) applies. 

NOTE: While any hyperlinks included in this clause were valid at the time of publication ETSI cannot guarantee 
their long term validity. 

The following referenced documents are not necessary for the application of the present document but they assist the 
user with regard to a particular subject area. 

[i.1] WorldBank, 2022. 

[i.2] Caragliu, A., Del Bo, C., Nijkamp, P., 2013. Smart Cities in Europe. Routledge. 

[i.3] Florida, R., Adler, P., Mellander, C., 2017. The city as innovation machine. Reg. Stud. 51 (1), 
86-96. 

[i.4] Lehtola, V.V., Ståhle, P., 2014. Societal innovation at the interface of the state and civil society. 
Innov.: Eur. J. Soc. Sci. Res. 27 (2), 152-174. 

[i.5] Calzada, I., 2020. Democratising smart cities? Penta-helix multistakeholder social innovation 
framework. Smart Cities 3 (4), 1145-1172. 

[i.6] Linde, L., Sjödin, D., Parida, V., Wincent, J., 2021. Dynamic capabilities for ecosystem 
orchestration a capability-based framework for smart city innovation initiatives. Technol. Forecast. 
Soc. Change 166, 120614. 

[i.7] Negri, E., Fumagalli, L., Macchi, M.: "A review of the roles of digital twin in CPS-based 
production systems". In: 27th International Conference on Flexible Automation and Intelligent 
Manufacturing, FAIM2017, 27-30 June 2017, Modena, Italy, Vol. 11, pp. 939-948. 

[i.8] Jones, D., Snider, C., Nassehi, A., Yon, J., Hicks, B., 2020: "Characterising the Digital Twin: A 
systematic literature review", 29, 36-52. 

[i.9] Greif, T., Stein, N., Flath, C.M., 2020: "Peeking into the void: Digital twins for construction site 
logistics". Comput. Ind. 121, 103264. 

[i.10] Deng, M., Menassa, C.C., Kamat, V.R., 2021: "From BIM to digital twins: a systematic review of 
the evolution of intelligent building representations in the AEC-FM industry". J. Inf. Technol. 
Constr. 26, 58-83. 

[i.11] Wong, J.K.W., Ge, J., He, S.X., 2018: "Digitisation in facilities management: A literature review 
and future research directions". Autom. Constr. 92, 312-326. 
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3 Definition of terms, symbols and abbreviations 

3.1 Terms 
For the purposes of the present document, the following terms apply: 

Digital Twin (DT): set of virtual information constructs that fully describes a potential or actual physical manufactured 
product from the micro atomic level to the macro geometrical level 

ontology: formal specification of a conceptualization, used to explicit capture the semantics of a certain reality 

real time: timespan sufficient for the entity to accomplish the task for which the entity has been built 

3.2 Symbols 
Void. 

3.3 Abbreviations 
For the purposes of the present document, the following abbreviations apply: 

AI Artificial Intelligence 
API Application Programming Interface 
BIM Building Information Modelling 
DT Digital Twin 
IoT Internet of Things 
JSON JavaScript Object Notation 
OWL Web Ontology Language 
RDF Resource Description Framework 
SAREF Smart Applications REFerence ontology 
TR Technical Report 
TS Technical Specification 
XML Extensible Markup Language 
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