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I Three pillars are identified for the Digital Transformation
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“Digital Work Products”
| “Digital threads” —)
| “Digital Twins”
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Digital constituents replacing or in addition to
existing ones within a single entity (processes,
infrastructures, products, components,
services).

Techniques for digitization of
functional/operational chains within
processes, projects and programs

Usage of digital entities in duo with others for
added value along the life cycle of projects or
programs.
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Example of Digital transformation of
products, services and processes

Product transformation
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Marty, Model 1910

Switchboard operator from the 1920s Automated routing

Service tfransformation
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Telephone line installation 4G/5G Box and Internet Service Provider
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I Digital Thread: e.g. modelling activities in an MBSE approach
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I What “Twins” are about?

| “Twins” are as old as the Humanity: common sense can lead the “twinning”
- concepts and principles.

oleorin

Twin beds

Apollo 13

"Houston, we've had a problem"

Source: Camille and Kennerly — Harp
Source: The story of Liberty, 2012 Twins, 100+ singles online since 2014

“For the NASA Apollo program, two equal space
shuttles (one in space, one on Earth) were

produced to mirror the conditions during the flight.”
(Glaessgen & Stargel, 2012; Boschert & Rosen, 2016; C. Mikinis,
2019)

Common meaning is that twins are two entities born or created approximatively at the same time...
with complementarity, similarities and differences.
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I A bit of history (Space context)
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I Who is studying “Digital Twins”?

Presented by Pr. Tao Fei
(Beihang University), January 2022

908 Universities

51.2%

China:94

USA:90 1600+ Institutes

Germany:88

Database: Scopus
Span. 2003-2020.10.28
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I Who is studying “Digital Twins”?
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Annual Num Of Papers Published

8000
Database: Scopus
5000 Span: 2010-2021.10.29
Papers published in academic journals
or conferences
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I Various academic theories Source: GAR MACS, January 2022

Models, Architectures, and Developments for DT

Grieves, 2015 DT-RAMI 4.0, 2020 250 DT Technology, 2021 e A
MBE Diamond Model, 2018
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I Emerging standards
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Standardization of "Digital Twin"

Harmonization of the Digital Twin concepts

IS0

-
Digital Twin standards

Information Technologies
Manufacturing

IS0

Lead: USA
Part 1: Overview and general principles

Workshops
. Use Cases Lead: Canada
Concepts Coordination: Korea & France
Architecture B |3y — BT 63280 = .

systems integration

. Part 2: Reference architecture
Part 3: Digital representation of
| manufacturing elements
IS0 23247 ¢— h Part 4: Information exchange

AFNeT Standards Days 2020 : 6 & 7 October 2020

http://standardsdays.afnet.fr 3
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I Various understandings of the subject
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ﬁ‘A Digital Twin is an integrated multiphysics, )
multiscale, probabilistic simulation of an as-built
vehicle or system that uses the best available
physical models, sensors updates, fleet history, etc.
to mirror the life of its corresponding flying twin”

\_NASA 2010 Y

ﬂDigith twin: a digital representation of a particular \
physical entity or a process with data connections that
enable convergence between the physical and digital
states at an appropriate rate of synchronization, and
provides an integrated view throughout the lifecycle of
the physical entity or the process that helps to optimize
the overall performance.”

\[Source: ISO JTC1/AG11, 2019.]

Py foace Vs Soxw

Concepts are

more and more

improving through s A
. Traceability:
analysis of cases logs, decisions, actions

Present Future
Control, Monitoring, Predictive, Prospective,
Diagnosis ML, Al

\‘ Lurpa Source: GAR MACS, January 2022 /
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I Who is studying “Digital Twins” in France?

(Cerfainly not an exhaustive list)

| AFNOR (French Standardization Organization): CP IDMI (mirror of TC184)
and CN loT (mirror of JTC1/SC41)

>

© Thales. All H'ghT

| BNAE (French Aerospace Standardization body): RG.Aéro 000 723

b\ shed T \ ted, in any way:
nt of Thale

| AIF (Alliance industrie du futur): CT Jumeau Numérique

o p'

| AFIS (French Chapter of International Council on Systems Engineering):
- MBSE Technical Committee

| CNRS (French National Centre for Scientific Research): GAR MACS

>
E

| ATLAS Programme: “Digital Twins” Domain

£a |
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I Who is studying “Digital Twins” in France?

action-jn.sciencesconf.org

in whole orin
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.g Le jumeau numérique vise a produire une réplique virtuelle d'un asset physique (machine, systeme, produit) afin d'obtenir des
0 fonctionnalités de visualisation, de simulation/prédiction et de monitoring. Dans le contexte de ['Usine du Futur, le Jumeau Numérique est
; - Atelier 1 : Place de I'humain une approche permettant de coupler le monde physique avec les outils numériques, et ceci tout au long du cycle de vie du systéme concerné
g 3 dans le Jumeau Numérique et a tous les niveaux (stratégique, tactique, opérationnel, temps réel). Le concept est aujourd'hui au ceeur de nombreuses attentions et de
S nombreuses questions, de recherche, organisationnelles et technologiques sont soulevées. L'objectif de cette action est créer un espace
£ Atelier 2 : Tester et valider d'échanges autour du Jumeau Numérique de Systémes de Production, et partager ainsi connaissances et pratiques.
O

un Jumeau Numérique
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e Ce séminaire vise a faire échanger les communautés scientifiques et industrielles sur plusieurs thématiques fortes autour du Jumeau
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I Who is studying “Digital Twins” in France?
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I Who is studying “Digital Twins” in France?
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Mise en commun des connaissances et >
compétences entre filieres Connecter les Exploiter les
Détermination de 'écosysteme de RIlIEICEANAIEE ) technologies de
standardisation FR, EUetINT jumeau jumeau
Mise en place d'échelle de maturité sur
l'interopérabilité des JN

numeérique numerique

Ethique, Identifier les Contribuer ala

Transformation des métiers: ISR NI standardisation
Compétence - Formation - Transformation g X
sociales et du cycle de vie

Confiance, : Pt
Objectifbas carbone, CUVACHUUEINEIEIES d’'un jumeau

Sécurité et Homologation d'un JN numeérique

Stratégie ” Jumeau Numérique

Concept et architecture

Veille sur les innovations technologiques,
standards

Technologies : IA, VR/AR, IoT,
Modélisation, Simulation

De l'identification du besoin a son exploitation (cycle
de vie systéme)

Comment faire vivre un JN ? comment on l'alimente ?
Démantélement JN = Turn OFF ou plus ?
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I Digital Twin Market

« Digital Twin Market - Growth, Trends, COVID-19 Impact,

and Forecasts (2021 - 2026) Digital Twin

“The global digital twin market was valued at USD 7.53 billion in 2020, and it is expected
to reach a value of USD 46.08 billion by 2026, registering a CAGR of 35.01% over the
forecast period, 2021 - 2026.”

 Digital Twins - Global Market Trajectory & Analytics

 Digital Twin and Teleoperations Market by Technology,
Solutions, Segments (Enterprise, Industrial, and
Government), and Industry Verticals 2021 - 2026

By honbretoon e Robots, 3D
» Growth Opportunities in Robots, 3D Printing, 3D Vision T Ci'l%.?“' 3D
Sysfems, and DlglfCl’ Twin Systems, and

Digital Twin

» Global Digital Twin Market By Type, By Application, By

Global

Industry, By Regional Outlook, Industry Analysis Report Digital Twin
Market
and Forecast, 2021 - 2027 » ’
“The Global Digital Twin Market size is expected to reach $63.5 billion by 2027, rising at a = 2021
market growth of 41.7% CAGR during the forecast period.” —
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I Digital Twins identified in Industry

Twinning approach can be applied to different
kinds of entities:

» Twins of Products and Pieces of Equipment

© Thales. All rights reserved.

» Twins of Processes

Source: Mevea

Source: Det Norske Veritas®

» Twins of Infrastructures I S

« Twins of Humans / Operators | [hearergach foaeiveringa

United Kingdom
DIGITAL
TWIN
THE JOURNEY TOWARDS
BETTER HEALTHCARE

VPH institute / X3(/

@ ansiart  Arop rpeseranpmenecs
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I Lessons learned

A proposed definition is:

“Digital twin: an entity in a virtual space with connections that enable synergy with a second
entity acting in the real space _at an appropriate rate of synchronization, and provides an
integrated view throughout the lifecycle of the second entity or the process that helps to
optimize the overall performance.”

| The primary concern starts with the operational goals of a solution with
identification of a real “entity”: product, service, system or infrastructure...
Even if the Virtual Twin can pre-exist.

| Then, an analysis can identify how 2 twins provide a value added, compared to a
single entity.

| At this point, the dependence of the life cycles of the twins and their interactions
are key.

CNIS, Digital Twins, 10/02/2022 OPEN T H l\ L E S
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The life cycle of each twin shall be considered (not always
synchronized)

Digital Twin (Virtual Entity)

© Thales. All rights reserved.

Real Entity

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin
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I The life cycle of each twin shall be considered: with Stages
Digital Twin (Virtual Entity)

From Concept,
Business and
Operational Analysis

© Thales. All rights reserved.

To Operation  Until Disposal

Real Entity

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin
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I The life cycle of each twin shall be considered: with Phases
Digital Twin (Virtual Entity)
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I Achitecture Pattern #1 (Spatial and femporal separations to be considered)
Digital Twin to provide feed forward directives

served.

Virtual Entity

Inputs t
Operational
Data

[
le Real Entity N
---------‘

any way, in whole orin
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» Twins work to achieve a common goal

» The digital twin provides inputs and directives to orient its behaviour and possibly analyses the
effect via observation of activities and outputs of the real entity .
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I Achitecture Pattern #2

© Thales. All rights reserved.
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(Spatial and femporal separations to be considered)
Twins acting concurrently

> Environment can be real, augmented or

synthetic _ _
Virtual Entity

LSy

> They can have common and different
inputs and outputs

. . Operational
> They interact on a regular basis or not | Inputs Data Outputs
> Several interaction models are possible: ~
Real Entity
O Supervision or Orchestration: when one twins takes the lead.
O Mediation: when an entity acts to moderate its twin.
Q Cooperation: when the twins act toward common goals, each acting on its own.
O Collaboration or Choreography: when the twins act together for complementarity of their
outcomes.
CNIS, Digital Twins, 10/02/2022 | OPEN | THALES
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I Achitecture Pattern #3

(Spatial and femporal separations to be considered)

Digital Twin to provide a feedback

Virtual Entity

© Thales. All rights reserved.

Inputs Outputs

Operational
Data

Real Entity Q

» Twins work to achieve a common goadl

» The digital twin analyses the activities and outputs of the real entity and provides directives to
transform its behaviour.

CNIS, Digital Twins, 10/02/2022 OPEN T H I‘\ L E S

Technical Directorate, Systems Domain Building a future we can all trust

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole orin

part or disclosed to a third party without the prior written consent of Thales -

[



I Different identified Business and Use Cases

g ; c:flfjesztss& g C:f:;i:s& C;:J:gss&

% 74

€% (1] Real Entity

£33 Virtual Entity

5e W @ m

= ° o

BE ! -‘

igg Twins for anticipation (feedforward) Twins for collaboration Twins for reaction (feedback)

38 % Business case #1.1: Closed loop < Business case #2.1: Closed loop < Business case #3.1: Closed loop
g5 Examples: Examples: Examples:

o = Automated command & = Avatars » On-the-move surveillance

5 control (C2) = Training centers with augmented reality = Process regulation

£ = Virtual operator(s) = Cobotics _

%3 % Business case #3.2: Open loop
g’g % Business case #1.2: Open loop <+ Business case #2.2: Open loop Examples

88 Examples: Examples = Health and usage monitoring
83 = Planning activities = Human in the C2 loops, systems (HUMS), with possibly
2% = DevOps such as drone C2. reconfiguration and maintenance
g2 = Prognosis = Back office processing = Diagnostics

éé (E.g. Military “Reachback” concepts)

ég A Thales paper elaborates on these patterns

[
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I Identified initiatives in Thales (not exhaustive)

Twinning studies and projects are identified in all the
GBUs/Entities and address any kind of entities:

rocess
Products, Processes, Infrastructures, Development

environments and Humans.
Space domain

l!eacl!-!ac! COHCQPLI
llom'orlng !ys‘em
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I Conclusion

)
0’0
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The current trends demonstrate that Digital Twins are directly implementable in
various domains.

Standards will steer the Digital Twins concepts shortly. They will certainly stabilize
the Digital Twins terms and concepts

Digital Twins approach provides areas of innovation and improvement for systems,
with real differentiators in the in-operation solutions.

Lessons learned on Digital Twins will certainly reveal business and operational
breakthroughs in the Thales business domains (E.g. Virtual Operators).

There are Twinning projects in each Thales Global Business Unit sustained by
Research & Technology studies improving and adapting the concepts.
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I Questions

Business

Technical
Others
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