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Digital Twins

Cest quoi ?




A Simple Truth about Digital Twins

A digital twin represents a system

e N\

s it always one? Does it need to be a
CPS? Process twins?

Can there be many? :
person twins?

/

Digitalization entails A single one? Many? Systems-of-
abstraction: how much can systems? Does the system need to
we abstract? _ exist already?
What does: |t Is this the only

mean to be a

Kt purpose?



DT: A Characterization Based on Data Flows

Digital Model

Physical

Digital Shadow

Digital Twin

- — —p» Manual Data Flow

Physical Physical
Object Digital Object Digital
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real car real car car digital twin
R RS R R 2 4 :

—— Automated Data Flow

Kritzinger, Kamer, Traar, Henjes, Sihn: Digital Twin in manufacturing: A categorical literature review and classification. IFAC-PapersOnLine, 2018



Cross-Domain Mapping Study for DTs
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Dalibor, Jansen, Rumpe, Schmalzing, Wortmann: A Cross-Domain Systematic Mapping Study on Software Engineering for Digital Twins. In: Journal of Systems and Software, 2022.



Alliance
INDUSTRIE
Wik ) COMITE TECHNIQUE JUMEAU NUMERIQUE

I'71 > L L ’ 144 c o : ; ; : ;
] = Collectif d'industriels et d’'académiques réunis autour du Jumeau Numérique
- ' ' ' = ~1 réunion par mois depuis fin 2020

/’1\) Un Jumeau Numérique est un

mreprésentant une
entité du monde réel [0

@ Le Jumeau Numérique est

mis a jour par rapport au réel,

a une [ e et une [l

adaptées a ses problématiques
et a ses usages.

3" Le Jumeau Numeérique est doté
[s| outils d’exploitation avancés

= Copilotage
= Olivier SCART Olivier. SCART@3ds.com
= Ariane PIEL Ariane.PIEL@cea.fr
= Publication :
« Le Jumeau Numérique, levier maji de latr digitale de I'industrie »

Définition, cartographie de cas d'usage, et création de valeur

permettant notamment de :

Membre Inria : Pascale Vicat-Blanc

L

Q

comprendre analyser

i

prédire optimiser

le fonctionnement et le pilotage
de I'entité réelle.




[PCP-04] OPTIMISATION DE
LA LIGNE DE PRODUCTION

DT: “Gartographie de IAIF”
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Model-Driven Digital Twin Engineering

/ Digital Twin (DT) \
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Conceptualizing Digital Twins. Romina Eramo, Francis Bordeleau,
Benoit Combemale, et al.. IEEE Software, March-April 2022, pp. 39-46, vol. 39.



Model-Driven Digital Twin I:ngmeermg
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Conceptualizing Digital Twins. Romina Eramo, Francis Bordeleau,
Benoit Combemale, et al.. IEEE Software, March-April 2022, pp. 39-46, vol. 39.
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Model-Driven Digital Twin Engineering

Approach:

° Modeling continuum across the supply and value chain
° model transformation chain from design models to models@runtime

ope People Digital Twin Actual System
Opportunltles: (Roles) (Virtual Space) (Real Space)
e  Systematically managing heterogeneous models i o ) il e
e  Bi-directional synchronization with the actual system OPerator | paintainer Monitors Sensors
° Collaborative development throughout the system life-cycle ﬁP rﬁp ®
Software  giiarnrie ioti 5 IXES | gg= o ;
. Engineer Erpiieen Desc.np.t»on i\ | / \’{\‘ ; peration
Modellng Cha”enges.’ Prediction ”kﬁ <8 Maintenance
Prescription $~ . Z @ Decommissioning
Electrical I{(’TP sys L‘m Nl
e  Modeling Languages for Digital Twins ) ?P :"g'"ee,\;echamcal S
e  Architectural Framework for Digital Twins “Engineer | Engineer Plans Actuators
e  Openness and Sustainability & W p
¢ Uncertainty Comm,lijg\sioner DECiSkiO" gzgm?::s;t'ons >
i H Maker m 1
° DeS|gq Space Exploration A Erailons
° Inconsistency Management ) o v ) )
e Model evolution and coevolution Towards Model-Driven Digital Twin Engineering:
e Models AND Data Current Opportunities and Future Challenges.

Francis Bordeleau, Benoit Combemale, Romina Eramo, et al.. ICSMM 2020. 1



Model-Driven Digital Twin Engineering
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Model-Driven Engineering of Digital Twins.
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Dagstuhl Seminar #22362, 2022.
https://www.dagstuhl.de/22362
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Towards Model-Driven Digital Twin Engineering:
Current Opportunities and Future Challenges.

Francis Bordeleau, Benoit Combemale, Romina Eramo, et al.. ICSMM 2020.
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DT Framework for Manufacturing (ISO 23247)

e Published in 2021 —
User Entity
User Interface FE 1
e Part 1: Overview & general principles Core Entity z
wll ¥ %[5
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: S | | —
L Digital Twin
Observable Manufacturing Elements Framework
| Resource-specific FEs |

Source: Automation systems and integration - Digital twin framework for manufacturing - Part 2: Reference architecture




Towards an unifying conceptual model...

Digital Twin Services

Digital Twin Models

r y |
: H |
[ B o : i
| Knc g | ser S - I
i Models i : Interface Reliability Usability OPC UA mQtT !
| i !
| Change i || Performance |
i Models : I | Indication |
| | |
| [ Non- H
| | on:
'| Al Models i i Monitoring functional Role I:g;::e i
! i Requirement |
| S it x4 PR F1. !
| Simulation 1 . . R s e e J
: Made/s : : SImu,atlan Iii.f""g""7> ’A:" i »| !”"“‘7" "77.A7A77”’>" - "AI
! concepts in italics are | : <@ ! | Digital Twin Engine ! | Digital Twin Gateway !
i S i P — L Workflow | has o L.* p— |
i it i Controller iy :
/| Online " I SRS | T T% £ i
| bt e e e S o bt i T | . |
! > Liveness ias L Wochfiow | | | :
| i Database ] Synchronizer | 1| Visibility }
I Offi i Rules . 4
I ine  — I I
! v relates & v knows | | i ! i
! * -4 * [ A 1.2 Pl » |
| & £l i 1 H
; ;o 1.* E Model bt : r—" Gateway ||
i Predictive |——{>{  Role  [~— Model S Manager 1" | digitaltwin | CONMection gateway || | Element ||
| ) 1.%, | properties - - properties : 1 :
: P * uses : ! Direction | : A :
i o bt i3 i
i Prescriptive —| I 2 X i i é i ! E
% Wk I
i 8 1 Latad o il é Timed Triggered | ||| Gateway !
! i > Model 1. Lo onnection Connection | 1| | Event i
| Descriptive | £ Modeling x| pManagement Madel o H |
! C Language | — Operator Property k4 1] 1l K :
! * v * ki il 6 G !
i i - Hh ateway ateway ||
| o Latest by Frequency Condition | ||| £/ hction Property |!
i Precision Metadata ] I !
| Update — Hi i
e — 1 T e e e O J

A Conceptual Model for Composable Digital Twins. WIP.



Take-away message

“A digital twin is a software system
using data, models, and services

to purposefully represent and
manipulate its original CPS.”

(borrowed from A. Wortmann)



Digital Twins

Panorama 360 @ Inria




Pour une industrie centrée sur
I’humain

21
Automatisation & Production

Recherches sur la collaboration robot-
humain, I'assistance, la flexibilité, la
personnalisation de la production et des
services.

Pour une industrie connectée,
résiliente et souveraine

Systémes distribués

Recherches sur les enjeux de résilience,
de sécurité et de souveraineté de
I'Infrastructure distribuée, support de
115.0.

Research on Digital Twins @ Inria

Pour une industrie
smart et responsable

35
Chaine numérique & IA

Recherches sur les jumeaux numériques,
la modeélisation, la simulation et I'lA,
l'optimisation, I'impact environnemental

: : : & i (2} Jumeaux numériques, données et D
Cobotique et robotique adaptative Connectivité/réseaux/loT .
connaissances
it g Q) Sgibmesdih R ZsiE )
18190 pArars inateur yetemes |-str| e Modélisation, Simulation, Optimisation
Perception Edge computing, Green IT

AR/VR/interfaces augmentées D) Cybersécurité ® IA et Big Data ®
€)) D) ©))

Impression 3D et hyper- N
personnalisation

Génie logiciel, MBSE

Eco-conception et biosystémes




AUCTUS - Bordeaux
Cobots - Humain

LARSEN - Nancy
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RAINBOW - Rennes
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CHROMA - Lyon
Drones - Robotique Al

DEFROST - Lille
Robots déformables

WILLOW- Paris
Vision - Pinoccio

TANGRAM - Nancy
Recallage visuel

ROBOLEARN - Grenoble
Perception

MIMETIC - Rennes

Pour une industrie centrée
sur ’humain

Cobotique et
Robotique adaptative

Pour une industrie
connectée, résiliente et
souveraine

Connectivité/réseaux/|
oT

Pour une industrie

smart et responsable

Jumeaux numériques,
données et
connaissances

Vision par ordinateur
Perception

Systémes distribués &
Edge computing

Modélisation,
Simulation,
Optimisation

AR/VR/IHM+

Cybersécurité

IA et Big Data

Impression 3D

Génie logiciel, MBSE

Eco-conception et
biosystémes

TRIBE - Saclay

distribués - Fower APl

CIDRE - Rennes

Research on Digital Twins @ Inria

TITANE - Sophia
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Web of Things

TRIPOP — Grenoble
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Research on Digital Twins @ Inria
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Research & Academics
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What is all about?

The wall was not finished during month zero, but finished in the course of
- the four next months. Was it constructed up to the norms and on time?
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. IT firms.
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ORE  nTsiTE orange

Design and planning feedback
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Historical Digital
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Long-term knowledge feedback

1BIM — Building Information Model
2PSM— Project Status Model




Model-Based DevOps for CPS (MBDO)

=>:X:<=

megamodels, software model-driven continuous
language engineering, planning deployment and integration

n ﬂ IO? !*(6}1

refinement, Continuous 9 i) i
Al assistance, Software Systems igita il
low-code KR Twins

techniques

L\ Mocﬂing J

1

, , ; code generation, Monitor o
virtual integration, code instrumentation, process mining,
digital twins, traceability, document generation machine learning
verification

Université R\NTHAACHEN
de Rennes UNIVERSITY
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Deutsche Forschungsgemeinschaft

Universitat Stuttgart




OneWay: The Gase Of Avionics
Program Development Plan

Model-based approach
from PDP instantiation, to PDP exploration, optimization and digital twin

Program

Definition
(PDP Design)

Program

Execution
(PDP Enactment)

Continuous
Improvement

Decision
Making

Assumption
Pack

In collaboration with
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OneWay: The Gase Of Avionics
Program Development Plan
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OneWay: The Gase Of Avionics

Program Development Plan

BPMN Simulator

e Monitoring via process enactment with the
interpreter

e Capitalization through the shadow

e Refactoring (automatic optimization or
manual refactoring) of the prescriptive part
of the model (i.e. the future)

e |mpact analysis with the simulator

Perspectives:

Deviation management

Automatic optimization

Process Knowledge Base Optimization
Cockpit definition

(
BPMN/BPSim
Design Model

Process refactoring

BPMN Animator

BPMN Interpreter

Process enactment
with deviation

Process Knowledge
Base (shadow)

Process and Project
Management Tools

pra Steria company



OneWay: The Gase Of Avionics
Program Development Plan
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STACKEQ: DT for IoT

Dimensionnement et analyse économique,
environnementale de la chaine du capteur au Cloud

Travaux en partenariat Inria avec le LIP et Stackeo
sur le jumeau numérique d'un systeme loT autour
de la plate-forme Stackilab.

e Langage et outils de modélisation des
systemes loT
Aide a la configuration des réseaux

e Simulation d'impact économique et d'impact
environnemental

e Connection avec les systemes de gestion de
device pour lI'observabilité et la
reconfiguration

SIMULATION  REPORTING
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Nowadays products are gaining in complexity, Our multi-field adaptive modeling technology offers you an
operated in various environments with innovative digital representation of your product

increasing interactions and muItipIe use cases.

Comprehensive view from Efficient collaboration Efforts focused in the
design to maintenance between expertise fields right place

Our digital twin solution is made of Open-source Developed by a highly skilled team led by :
modules compatible with your existing tools.

N O

Eng. Adrien DELSALLE, CTO
Quicker and Reduced Assessed adrien.delsalle@twiinit.com @ Prof. Olivier BARAIS
O { CTA

Q Dr. Guy DE SPIEGELEER, CEO Scientifics advisors from &eza—

guy.de-spiegeleer@twiinit.com e '
Aerospace design, system engineering <8} E;‘Zf' Benoit COMBEMALE

" Systems eng., Open Source Software

smarter design operating costs ~ maintenance costs Computer science & modeling i s DS

't\k)lll )I I www.twiinit.com Ssarran il Whisuao A bPi THEC

Cellaborative:DesignSoftivare This document contains proprietary, confidential, and copyrighted materials of twiinIT® 2022 - SAS RCS Nanterre registered - SIRET : 913 780 482

Any use or disclosure in whole or in part of licensed information without the express written permission of twiinIT® is prohibited




Digital Twins

Looking Ahead?




(some) Open challenges

TAIN,
\\s 40(
«

Distributed systems - great opportunities for saving resources,
Cloud-,Edge-computing, HPC balanced with massive resource

. consumption
Internet of Things

- software engineering, MBSE
- collaborative modeling
- interoperability and composability

- humain value-driven systems engineering

- numerical analysis - predictive modeling
- multi-physics simulation - resilience engineering
- explainable Al



Virtual Lab

nghtwelg ht modular, customizable,

distributed and self-adaptable scientific
and engineering platforms...

"~ Polyglot, literate
5 m. modeling and programming

Socio-technical ——] | =
coordination \ mEES L Web-based, Collaborative

““““““““ modeling, modeling flow, social
engineering

programming, digital twin
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E DT CO M M U N ITY https://edt.community
-AL TWINS - ONLINE SEMINAR SERIES

SHARING KNOWLEDGE
Providing a platform to share experiences,
challenges, and novel research
BUILDING A COMMUNITY
Bringing together people from academia and industry to discuss the applications and
engineering of digital twins

ESTABLISHING RESEARCH GOALS

Building a common understanding and vocabulary

and defining research agendas for the future

STEERING COMMITTEE ORGANISING COMMITTEE




IVI O d D it WO r kS h O p Se ri e S https://gemoc.org/events

- DIGITAL TWINS - Workshop @ MODELS

3rd International Workshop on Model-Driven
Engineering of Digital Twins

ModDiT’23
co-located with MODELS 2023

About | Program | Call | Dates | Committees

About the Workshop

Digital twin (DT) is a concept that is gaining growing attention in many disciplines to support engineering,
monitoring, controlling, and optimizing cyber- physical systems (CPSs) and beyond. It refers to the ability to
clone an actual system into a virtual counterpart, that reflects all the important properties and
characteristics of the original system within a specific application context. While the benefits of DT have
been demonstrated in many contexts, their development, maintenance, and evolution, yield major
challenges. Part of these needs to be addressed from a Model-Driven Engineering (MDE) perspective.
MoDDiT’23 aims at bringing together researchers and practitioners on DTs to shape the future of

systematically designing, engineering, evolving, maintaining, and evaluating DTs across different disciplines.

Topics
Topics of interest include, but are not restricted to:

Modelling concepts and languages, methods, and tools for developing digital twins
Digital twins for DevOps

Quality assurance for and evaluation of digital twins

Deployment and operation of digital twins

Model consistency, management, and evolution of engineering models
Architectural patterns for digital twins

Digital twins for continual learning and continuous improvement

Combining models and data in digital twins

Digital twins for dynamic (re)configuration and optimization

Case studies, experience reports, comparisons
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Jumeaux numeériques
» Point de vue donnée / modele et architectural
» Continuum entre la conception, I'opérationnalisation, I
évolution, la maintenance...

Jumeaux numeériques a Inria
» centrée humain
» connecté, résiliente et souveraine
> responsable

Encore des verrous scientifiques
» Ingénierie des jumeaux numeriques
m composabilité et complémentarité des modeles
m interopérabilité et composabilité des jumeaux numériques
m environnement numérique continu (conception « operations)
» Gateways pour systemes physiques (loT, Cloud/Edge, HPC, etc.)

>




Expériences et défis des jumeaux numériques

Au coeur des technologies numériques de l'industrie du futur, le Jumeau Numérique, occupe une place
centrale, au carrefour des systemes lol, de l'analyse de données, de I'lA, de la modélisation et de la
simulation, de l'optimisation et de I'automatisation. Les jumeaux numériques font appel a la représentation
des données et des modeles, a la manipulation de graphes de connaissances, a la visualisation et a
I'algorithmique 3D, a l'acquisition, la préparation et la manipulation de données issues de capteurs et a la
consolidation de modéles et de connaissances hétérogenes, a la modélisation et la simulation numériques, a
l'intelligence artificielle et a la décision distribuée. Les jumeaux numériques sont des systemes complexes, a
l'interface et synchronisés avec le monde physique. lls stockent des volumes de données massifs et
proposent des interfaces et des services de haut niveau. Plusieurs équipes d'Inria poursuivent des travaux
originaux dans le domaine du jumeau numérique aussi bien au niveau de leur conceptualisation, de
I'architecture, la représentation des connaissances, le couplage de modeéles, la représentation 3D, la
modeélisation hybride avec des applications dans l'industrie, dans le batiment, en télécommunication ou en
santé. Dans cet exposé, nous introduisons le concept de jumeau numérique, puis nous dressons
successivement une cartographie des équipes Inria travaillant sur le sujet général du jumeau numérique, et
présentons des exemples concrets de projets et de startups. Enfin, nous développons quelques questions et
enjeux scientifiques vis a vis des verrous actuels pour la mise en oeuvre d'un jumeau numérique.
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