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Introduction to ontologies
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Why are ontologies relevant in 
urban digital twins?

vCity Ontology

As a shared language, ontologies:

1. Provide a common semantics for a set of 
heterogeneous data from the urban digital twin  

2. Facilitate interoperability between systems 
for scaling UDT models as vCity to multiple cities  

3. Add explainability to the data to aid the 
integration of data from various domains  
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Ontologies structure of information: RDF

vCity Ontology

The basic unit of information in RDF is the triple.

SUBJECT PREDICATE OBJECT

URI URI URI or value
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"An ontology is a formal and explicit specification of a 
shared conceptualization."

Studer, Benjamins, Fensel. Knowledge Engineering: Principles and Methods. Data 
and Knowledge Engineering. 25 (1998) 161-197
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What is an ontology?

vCity Ontology

contains measures

Ontology

Knowledge
level

Data level

Calle Sensor Cualidad

contains measures

Passeig de Gràcia Farola F17 LuminanceInstances

domain

Is a Is a

domainrange range

Is a
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Ontologies and urban digital twins
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What do we understand by digital twin?
ISO/IEC 30173:2023

8vCity Ontology
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Can the digital twin be a global database?

9vCity Ontology

What is required?  

• That infrastructures and cities have 
networks of sensors and actuators 
that allow for the synchronization 
of the physical and digital worlds.  

• That digital twins include data 
spaces capable of integrating 
information from these sensors and 
actuators to enable semantic 
interoperability between a) data 
sources, b) digital twins, and c) 
other systems.

Data  
Appropriate time,  

not in real time

Insights and 
interventions

Physical asset Digital asset
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Integration within the urban digital twin
Arup reference architecture

vCity Ontology

Data layer

Digital Twin reference architecture © Arup

Models and 
simulation layer

Interface and 
visualization
layer

Ontology and semantics
Ontology repository, graph storage engine, 
semantic query, RDF conversion, semantic
enrichment, standard compliance
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Methodology for the vCity project
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Methodological proposal
Steps for the definition and development of the vCity ontology

Analysis and 
requirements
Define the purpose 
and the needs that 
the ontology must 
fulfill.

Conceptual 
modeling02 03 Ontological 

development
Validation 
and testing04 05 Documen-

tation
Model the ontology 
in formal language 
according to 
defined 
requirements.

Generate 
computable 
models in OWL 
according to the 
modeling.

Evaluate the 
ontology to 
identify errors and 
validate 
requirements.

Document the 
classes and 
properties of the 
ontology prior to 
publication.

01

vCity Ontology
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1. Urban approach and difference with smart cities.  

2. Function as a semantic backbone.  

3. Initial scope and first iteration.  

4. Based on project data and expanded.  

5. Reuse and alignment with existing ontologies.  

6. Quality and alignment with international standards.  

7. Governance and evolution of the ontology.  

8. Technical interoperability and semantic alignment.

Initial considerations on the "vcity" ontology
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Conceptual framework of ontology
Linking with the conceptual framework of vCity

theoretical framework 
on how to simulate a 

city

Meta, I., Cucchietti, F. M., Navarro-Mateu, D., Graells-Garrido, E., & Guallart, 

V. (2022). A physiology-inspired framework for holistic city simulations. 

Cities, 126, 103553. https://doi.org/10.1016/j.cities.2021.103553

https://doi.org/10.1016/j.cities.2021.103553
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Domain and scope of the ontology
Requirements specification

Cycling

Breating

Mobility

Sustaina
bility

Proximity

City 
domains

Transversal
core

TimeActivities Administrative 
areas

Stakeholders KPI Geometry

Infraes
tructures

Environment
& topography

Built 
environment



1601. Análisis y requerimientos

Defining the Competency Questions

03. Desarrollo ontológico 04. Validación y pruebas 05. Documentación

Three key considerations for defining an ontology
Conceptual model

Requirements and domains

Standards

Ontologies reuse



1701. Análisis y requerimientos

5 domains of the vcity ontology 

03. Desarrollo ontológico 04. Validación y pruebas 05. Documentación

Three key considerations for defining an ontology
Conceptual model

BreathingCycling ProximityMobility Sustaina
bility

Rapid prediction 
of air quality 
changes due to 
urban 
interventions.

Plan and 
implement an 
efficient 
network of 
cycle lanes.

Investigate the 
environmental 
and social 
impacts of 
different 
dimensions of 
multimodal 
transport.

Extend the 
circular economy 
index to high 
resolution for 
cities.

Promote the 
proximity of 
services or 
points of 
interest to 
reduce 
transfers.

Requirements and domains

Standards

Ontologies reuse
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Requirements and domains

Standards

Ontologies reuse

Three key considerations for defining an ontology
Conceptual model

● Minimum Interoperable 
Mechanism

● INSPIRE, EU Data Spaces, 
FIWARE, OGC

● Living-in.EU

○ Eurocities

○ CEMR

○ OASC

● EDIC Local Digital Twins

● AI Act

● CENT DT, W3C
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Requirements and domains

Standards

Ontologies reuse

Three key considerations for defining an ontology
Conceptual model

Non-ontological resources

Ontologies

Design patterns

Time 
saving

Reaching
agreements

Resource
savings

Promotion of
good practices
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Requirements and domains

Standards

Ontologies reuse

Three key considerations for defining an ontology
Conceptual model
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Key takeaways

Conceptual

1. Ontologies are the common language to enable the 
digital transformation of cities. 

2. An ontology is not a database, but a model of 
meaning and knowledge. 

3. The urban digital twin goes beyond a blueprint or a 
3D model.

Methodological

1. Ontological development is an iterative and 
collaborative process.  

2. There is no need to reinvent the wheel: other 
ontologies should be reused and standards should 
be adhered to.  

3. Ontologies must be public, maintainable, and 
auditable. It is a living asset that evolves alongside 
the digital twin.



Thanks!

Antía Fernández
Senior Digital Consultant
Arup

Antia.Fernandez@arup.com
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