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Background and 
Context



A digital twin is a set of virtual information constructs that 
mimics the structure, context, and behavior of a natural, 
engineered, or social system (or system-of-systems), is 

dynamically updated with data from its physical twin, has a 
predictive capability, and informs decisions that realize 

value. The bidirectional interaction between the virtual and 
the physical is central to the digital twin.

— Committee on Foundational Research Gaps and Future Directions for Digital Twins (2024)
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Towards ecosystems of connected digital twins to 
address global challenges

– Elevate cross-disciplinary 
activities and spaces for digital 
twins

– Invest in open infrastructure, 
with a focus on data and 
technical standards

– Prioritise tools for building trust 
in digital twins



Turing Research and Innovation Cluster 
for Digital Twins (TRIC-DT)



Transforming 
Healthcare

– Improving patient outcomes

– Creating a secure and resilient digital 
infrastructure

– Augmenting research through in silico 
trials

– DTs could help support clinical 
research and decision-making



Protecting the 
Natural Environment

– Mitigating the effects of climate change

– Forecasting sea ice loss

– Optimising navigation for autonomous 
marine vessels

– DTs can help exploit environmental data, 
monitoring, and modelling expertise



Decarbonising the 
Economy

– Designing cyber-physical infrastructure 
for low carbon technologies

– Expanding the life of existing assets and 
infrastructure

– Managing intermittent and decentralized 
energy sources to aid transition to net 
zero



Projects and Research 
Questions



– Knowledge Graphs – Trustworthy and 
Ethical Assurance

– AutoEmulate



A fundamental challenge for digital twins is the vast 
range of spatial and temporal scales that the virtual 

representation may need to address […] An additional 
challenge is that as finer scales are resolved and a 

given model achieves greater fidelity to the physical 
counterpart it simulates, the computational and data 

storage/analysis requirements increase.

— Committee on Foundational Research Gaps and Future Directions for Digital Twins (2024)
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AutoEmulate

– Real-world simulations are slow (days 
to weeks) and computationally 
expensive (hundreds of cores) 

– Machine learning models can emulate
these simulations

– Emulators are fast (seconds) and 
computationally cheap (few cores), 
but choosing models and parameters is 
difficult.



AutoEmulate

– AutoEmulate is an open-source 
python package that makes 
emulation easy!

– It automatically fits and optimises
various machine learning/AI models 
to find the best emulator for your 
simulation

– Early-stage and very open to user-
feedback and collaboration







Looking to the future, as emerging advances in the 
field of artificial intelligence (AI) allow for verbal and 

visual communication of concepts and processes, AI-
mediated communications may be incorporated into 

digital twins to accelerate their creation, maintain their 
tight alignment with physical twins, and expand their 

capabilities.

— Committee on Foundational Research Gaps and Future Directions for Digital Twins (2024)
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Knowledge Graphs and 
Embeddings for Decision 
Support

• Knowledge graphs enable a range of 
functionalities to be integrated into digital 
twins

• A potential mechanism for creating a `digital 
thread’ (i.e. time evolving knowledge graph)

• Supports interoperability by bringing together 
heterogenous data types

• Integration of LLM-enabled multi-agent 
systems (i.e. RAG and function tool calling)







In the digital twin virtual representation, verification and validation 
play key roles in building trustworthiness, while uncertainty 
quantification gives measures of the quality of prediction.

Digital twins require VVUQ to be a continual process that must 
adapt to changes in the physical counterpart. 

— Committee on Foundational Research Gaps and Future Directions for Digital Twins (2024)
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Trustworthy and Ethical 
Assurance of Digital Twins

Scoping research for DT assurance1

Co-creation of tools and resources2

Multi-disciplinary and multi-sector 
community of practice

3



Trustworthy and Ethical 
Assurance Platform

– Free and open-source software

– Collaborate on structured assurance 
cases to develop best practices 

– Community guidance, feedback, and 
training

– News about upcoming events and 
workshops

https://github.com/alan-turing-institute/AssurancePlatform



Participatory Assurance

– Identifying and co-creating assurance 
cases and patterns for shared goals 
(e.g. interoperability, data quality)

– Making resources and tools open and 
freely available

– Convening domain experts and 
organisations (e.g. standards bodies)









How to get involved



https://www.turing.ac.uk/



UKRI funded, UK-wide inter-disciplinary 
research network, hosted by the Alan Turing 
Institute.

1

Designed to facilitate research advancements 
that will contribute to the next generation of 
intelligent, resilient, and trusted digital twins.

2

News and events (including funding 
opportunities) on website (dtnetplus.ac.uk) and 
mailing list.

3



– Uncertainty and Trust

– Scaling of DTs

– Design and Implementation

– Societal Impacts

– Health

– Languages, Logic, and Ontologies

– Human Interaction and Representation

– Resilience and Security



CVD-Net

– £8million EPSRC project

– Personalised digital twins for 
patients with pulmonary arterial 
hypertension

– WP6 focused on assurance and 
PPIE

– Focused case studies



Thanks for listening

Dr Christopher Burr

cburr@turing.ac.uk

digitaltwins@turing.ac.uk


