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April, 14th, 1970 - NASA transcript of the communications with Apollo 13 at the time of the accident.
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Apollo Simulators at Mission Control in Houston. Image credit: NASA
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Digital twins are an evolution, 
more than a revolution, 

combining mathematical 
modelling and digital 

simulation.

ICT, information and communication technologies.
Grieves, M. Int J Prod Dev. 2005;2(1-2):71-84.

Digital Twin can replicate:

•  an object
an engine or an organ

•  a system 
a nuclear power plant or a hospital

• an abstract process 
a production schedule or a therapeutic plan

A  Concept from the Industry



Model Design

Domain Knowledge approach

Scientific approach

Failure mechanism understood (explainability)

Small set of data required to extract model

Models mostly interpretable and transferable

Mechanisms need to be understood 

Domain Knowledge

Data Driven

Data driven approach

Fitting data set (know nothing approach)

Limited failure mechanism understanding

Large set of data required to extract model

Models often neither interpretable nor transferable

Models cheap to learn

Hybrid



Feature/Characteristic Numerical Model Simulator Digital Twin

Definition
Mathematical representation of a 
system/process.

Tool to imitate system behavior 
under specific conditions.

Virtual replica of a physical 
system, synchronized with real-
time data.

Real-Time Interaction No Typically no Yes, continuous synchronization.

Data Exchange No Limited, one-way Two-way, dynamic.

Purpose Theoretical analysis and understanding.
Scenario testing, training,  and 
predictive modeling.

Monitoring, simulation, and real-
time optimization.

Development 
Approach

Based on equations and physical laws.
Combines models with 
predefined scenarios.

Uses IoT, AI, machine learning, 
and real-time data integration.

Dynamic Updates No
Limited to initial setup. Standard 
or case based

Yes, evolves with real-world 
changes.

Applications Academic research, engineering design. Training, operational planning.
Personalized medicine, predictive 
maintenance, 



Digital Twins

“A digital twin is an integrated multi-physics, multi-scale, probabilistic simulation of a
complex object and uses the best available physical models, sensor updates, etc., to
mirror the life of its corresponding twin…

According to the Digital Twin Consortium, a digital twin is “a virtual representation of 
real-world entities and processes, synchronized at a specified frequency and fidelity.”

Glaessgen E, et al. 53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference; 20th AIAA/ASME/AHS Adaptive S tructures Conference 14th AIAA. 2012.
Digital Twin Consortium. https://www.digitaltwinconsortium.org/initiatives/the-definition-of-a-digital-twin/. Accessed 28 April 2023.



EHR, electronic health record.
Acosta JN, et al. Nat Med. 2022;28(9):1773-1784.



Kovatchev B. J Diabetes Sci Technol. 2019;13(4):627-635.
Fabris C, Kovatchev B. Artif Organs. 2020;44(7):671-679. 

• Real-time signals monitoring
• Automated insulin delivery
• Control algorithms are capable of 

optimising blood glucose fluctuation 



Digital Twin of a Medical Device



Digital Twin of an Hospital



Digital Twin for drug developpment



AI-driven clinical trials have the potential to achieve higher power with fewer subjects, to provide actionable insights 
into which patients achieve the greatest benefit, and to design faster, more efficient clinical trials — all while 
ensuring reliable evidence about safety and efficacy. 



Digital Twin: The big idea

1. Patient and oncologist discuss 
goals and preferences

2. Clinicians build a "digital twin"

3. Clinicians use HPC to simulate  
all treatment options on the 
virtual twin

4. Patient and clinician explore 
risks, benefits, side effects

5. They choose a plan and 
predict progress using their 
digital twin

16
Treatment Consultation

Treatment Exploration

digital twin

Patient Data
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Microscopy
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Micro-imaging
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D-FF-OCT, dynamic full-field optical coherence tomography; MRI, magnetic resonance imaging; US, ultrasound.
Venkatasamy A. 2024.



HPC, high-performance computing. 
Audigier C, et al. Int J Comput Assist Radiol Surg. 2022;17(8):1489-1496. 
Dana J, Venkatasamy A. Radiology. 2023;306(1):74-75. 
Felli E, et al. HPB. (Oxford). 2023;25(3):293-300. 
Guan Y, et al. Nat Commun. 2021;12:6138.
Hoehme S, et al. iScience. 2022;26(1):105714.
Höhme S, et al. Chem-biol Interact. 2007;168(1):74-93. 
Montagud A, et al. Curr Opin Syst Biol. 2021;28:100385. 
Ramli MNB, et al. Gastroenterology. 2020;159(4):1471- 1486.e12. 
Barcelona Supercomputing Center. https://www.bsc.es/news/bsc-news/digital-twins-the-cellular-level-help-personalize-prognosis-and-treatment-three-cancer-scenarios. Accessed 28 April 2023.











« If digital twins live up to their promise, they will 
ultimately signal the advent of personalised medicine. »

Octopize. July 7, 2022. https://octopize-md.com/en/2022/07/07/avatars-the-hidden-revolution-behind-digital-twins/. Accessed 1 May 2023.
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