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Who is this for?

This brief is intended for Digital Twin creators and other members of the industry interested in
understanding what makes this technology difficult to make interoperable and how they might
contribute to harmonising representations of real-world scenes digitally.

As Digital Twins become more widely adopted, the variety of data formats and types used for
continuous updates also grows. A unique value for Digital Twins comes from a place of connection
and communication, when users can commonly understand the digitised representations of scenes
from the real world, regardless of the context in which it is used. Existing and ongoing initiatives
for achieving this type of interoperability of Digital Twins focus on the data level, but do not fully
address the dynamic geometric representations on different levels of granularity needed for
running Digital Twins in eXtended Reality (XR) applications.

Context

Digital Twin is a term used to describe a digital representation
of a physical entity that is synchronised to the real world.
These synchronisations can happen in real time, which, Europe represented
compared to 3D models, makes Digital Twins advantageous 28.3% of global
tools for connection, integration, analysis, simulation,
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visualisation, optimisation and collaboration. Different use cases

in 2024

for a Digital Twin will have different needs of these capabilities
Source: Grand View Horizon “Europe
Digital Twin Market Size & Outlook,
a variety of ways, which hinders connecting the Digital Twins 2024-2030 “

and therefore may choose to represent the real life scene in

with one another and establishing interoperability. Initiatives
such as FIWARE and the Minimal Interoperability Mechanisms
(MIMs), which are under development as part of the EU Local Digital Twins (LDT) Toolbox, enable
interoperability on the data exchange level. Similarly, standardisation efforts in ETSI focus on the
conceptual model, the states and communication interfaces of a Digital Twin, but do not fully
address the geometric visual representation, which is key for using Digital Twins in XR applications.
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Challenges

Digital Twin coverage of the world is patchy. There are Digital Twins covering parts of

=
L@ cities or regions, or covering part of the capabilities for infrastructure (e.g. road or rail
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network) or industrial facilities. Integrating Digital Twins with different granularity, different
level of detail, different focus on realism, dynamicity and functionality remains challenging.

Different time scales and update rates. Different Digital Twins may have been
captured at different times, or updated with different frequency. They thus contain
potentially conflicting information, making their integration challenging.
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Suitability of representations. Different representations for geometry and visual
appearance have different strengths and weaknesses. For example, meshes and

point clouds, which are traditionally used, facilitate editing and object-based

access, while emerging methods such as various types of neural radiance fields (NeRFs) and 3D

Gaussian Splatting may provide more visually appealing information for XR applications. However,

conversion between these representations may result in quality degradation.

How to contribute to Digital Twin harmonisation and
interoperability:

1.

the European Union

Advance Digital Twin standards to better support diverse geometric representations

for fostering integration and fusing Digital Twins, including fine-grained semantics. By
participating in standards development, active members of the industry are able to decide
what best practice looks like. Anyone can participate in standardisation — it is voluntary. Learn
more about how to get included in the standardisation following this link.

The discoverability of open Digital Twin resources should be facilitated to allow for the linking
of local and purpose-specific Digital Twins. One approach is the better support for Digital

Twins in data spaces, where initial guidance has been proposed by AIOTI. Greater sharing of
tools, methodologies, purposes, outcomes and experiences allows the industry to learn from
one another and build solutions of greater useability and value to society.

Foster the further development of open standards, such as WebXR, and the supporting
software ecosystem that enable the handling of complex, large-scale 3D models in XR
applications without the need for proprietary software frameworks.
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https://www.iso.org/committee/6483279.html
https://aioti.eu/guidance-for-the-integration-of-digital-twins-in-data-spaces-report-r1/
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Conclusion

Technologies for Digital Twins are rapidly advancing, simultaneously improving their realism and
functional capabilities. In order to fully benefit from the efforts put into Digital Twins created in
different contexts, they need to be interconnected and kept in sync with reality. This requires
better discoverability of Digital Twins, improved interoperability of representations and further
advances in open standards for XR.

Further reading

e  Antoun, M., Elhajj, I.H., Sayour, M. et al. Interactive digital twins enabling responsible
extended reality applications. Sci Rep 15, 34539 (2025). https://doi.org/10.1038/s41598-025-
17855-9
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