
Smart City Digital Twins:
A Survey of Key Technologies

Eero Immonen*, Tero Villman**, Michael Lindholm***, Jari Kaivo-oja**
*Turku University of Applied Sciences, Finland

** University of Turku, Finland
*** Turku Science Park Ltd, Finland



Smart City Digital Twins
History
Standardization
Survey results
Future outlook
Conclusions

Contents



Smart City Digital Twins (SCDT)

• Smart City
• “technologically modern urban area that uses different types of electronic methods and sensors to collect 

specific data.” – Wikipedia
-> This is done for the benefit of residents: better decision-making, enhanced efficiency, 

sustainability, quality of life …

• Digital Twin
• computer replications of physical devices, systems or processes connected both ways to the physical 

domain in real time
-> Key enabling technology concept for Smart Cities; integral part of the Industry 4.0 paradigm

• Smart City Digital Twins (SCDT) facilitate prediction of complex scenarios with multi-user interactions, 
based on real-time data and numerical analytics, before they take place in the real physical world.



History highlights

• 1980s
• Personal computers, analogue point-to-point communications, industrial automation systems

• 1990s
• Internet, e-mail, digital distributed communication; city information first available online in manually updated 

announcements (alongside printed publications).

• 2000s
• Industrial HiL, cloud computing (e.g. AWS 2006), onset of massively interactive client-server software (e.g. 

Facebook); towards real-time city information, e.g. in public transport tables. First API’s starting to appear.

• 2010s
• Digital simulation platforms, IoT, mobile internet and smart phones; 2-way access to real-time city information 

anywhere, including elementary information synthesis (e.g. server back-end gathering data from several sources)

• 2020s
• Artificial intelligence and complex simulation/prediction models; vastly interconnected city information systems 

or capable of acquiring distributed real-time data, analysis and even synthesis for decision-making



Standardization for SCDTs

• Regardless of application, standardization always aims at “not reinventing the wheel”

• For SCDTs, standardization refers to modular software and hardware solutions that are
• Reusable
• Interoperable
• Low-complexity (relatively speaking)
• Can be rapidly and collaboratively developed in isolation of the end application
• “Plug-and-play”

• For SCDTs, standardization benefits
• Flexibility – use any suitable module, 
• Maintainability – modifications and upgrades at module level
• Scalability 

–> Managing the growth of smart city information systems!



Taxonomy of SCDT standardization
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Standardized communication



Standardized architectures



Standardized middleware: 
co-simulation



Standardized middleware: 
generic solutions 



BUT…..

So far
so good



• Strategies
• Business models
• Organizational structures
• Processes
• Skills

When aiming for larger SCDT’s

We need to think about



What about software standards?

• Software standardization are achievable with underlaying data structure standards

• High level standards exist but these do not
• Define software or algorithms
• Nor the data structures for business models

• Defining the functionality and building the software in “blocks” can resolve much e.g.
• Composable software
• API (Application Program Interface) based solutions

=> We need research, planning and cooperation

Composable design, or composable 
architecture, is an efficient way to create 
software systems composed of freely 
interchangeable components. These modules 
work together seamlessly to form a unified 
whole system. With this approach, 
developers can build more robust and reliable 
applications quickly and efficiently.



API principles

 Companies Utilizer End users 

Products 
and services
 Software interfaces software
 for utilizing products and services

The Finnish public sector API strategy 2022

https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/163864/VM_2022_12.pdf?sequence=1


Build business models with API’s
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An example of a city model with API’s

Turku

Vilnius

API strategyGdansk

Wroclaw

End user

End user

Data

Partner 1

End User 
Software

API 1

Data

Data

Data

Broker

Broker

Broker

API 2

API 3

API ….

End User 
Software

Partner 1

St
ru

ct
ur

e



Conclusions
• Standardization is the key to a certain extent for ensuring compatibility between solutions, we also need 

cooperation, strong strategies, organizations and skills

• We do need to agree on “standardizing” mutual city data structures
• We have similar needs but different data sources and different systems
• Find out joint API strategies and test these in the near future
• Working towards the visions which is what we are researching now 
• Remember Strategies, Business models, Organizational structures, Processes, Skills)

• Benefits of working towards mutual goals are obvious
• We can agree on standardized API based development as well as goals
• Structured plans and development have large possibilities and will add value for our regions

We can and will develop Smart City Digital Twins together!



Thank you!
Kiitos! 

Michael Lindholm
Michael.lindholm@turkubusinessregion.com
+358 40 502 0089

mailto:Michael.lindholm@turkubusinessregion.som
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