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Agenda

▌ Digital Transformation context

▌ What Digital Twins are about

▌ Identified cases in Industry and Research

▌ First lessons learned (patterns, business & use cases

▌ Conclusion

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022
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Three pillars are identified for the Digital Transformation

CNIS, Digital Twins, 10/02/2022

Technical Directorate, Systems Domain

“Digital Work Products”

“Digital threads”

“Digital Twins”

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

CNIS, Digital Twins, 10/02/2022

Technical Directorate, Systems Domain

Marty, Model 1910 Smartphones and IoT

Product transformation

Process transformation

Switchboard operator from the 1920s Automated routing

4G/5G Box and Internet Service ProviderTelephone line installation

Service transformation
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Digital Thread: e.g. modelling activities in an MBSE approach

CNIS, Digital Twins, 10/02/2022

Technical Directorate, Systems Domain

Concept 

Development

Architecting

Specify

Design

Procure, Build, Accept

Integrate

Verify

Formalize needs Validate

Deliver, deploy, 

operate

Market 

Models

Operational 

models 

Business 

models 

Programmatic 

models 

System 

models 
Component 

models 

Integration  

models 

Qualification  

models 

Deployment 

models

Certification  

models 

Procurement 

models 
Acceptanc

e models 

Manufacturing 

models 

Disposal  

models 

Challenge: information continuity and consistency

Maintain, dispose
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What “Twins” are about?

▌ “Twins” are as old as the Humanity: common sense can lead the “twinning” 

concepts and principles.

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Source: Camille and  Kennerly – Harp 

Twins, 100+ singles online  since 2014

Common meaning is that twins are two entities born or created approximatively at the same time… 

with complementarity, similarities and differences.

Twin beds

V Twin Engine, Daimler ,1889

Source: The story of Liberty, 2012

“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)
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A bit of history (Space context)

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Source: GdR MACS, January 2022
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Who is studying “Digital Twins”?

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Presented by Pr. Tao Fei
(Beihang University), January 2022
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Who is studying “Digital Twins”?

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

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



10

Th
is

 d
o

c
u

m
e

n
t 

m
a

y
 n

o
t 

b
e

 r
e

p
ro

d
u

c
e

d
, 
m

o
d

if
ie

d
, 

a
d

a
p

te
d

, 
p

u
b

lis
h

e
d

, 
tr

a
n

sl
a

te
d

, 
in

 a
n

y
 w

a
y
, 
in

 w
h

o
le

 o
r 

in
 

p
a

rt
 o

r 
d

is
c

lo
se

d
 t

o
 a

 t
h

ir
d

 p
a

rt
y
 w

it
h

o
u

t 
th

e
 p

rio
r 

w
ri
tt

e
n

 c
o

n
se

n
t 

o
f 

Th
a

le
s

-
©

 T
h

a
le

s.
A

ll 
ri
g

h
ts

 r
e

se
rv

e
d

.

OPEN

Various academic theories

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Source: GdR MACS, January 2022
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Emerging standards

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

SC 41

Internet of Things

& Digital Twin

Workshops
• Use Cases

• Concepts

• Architecture

• systems integration

WG 6

Digital Twin

Information Technologies

Lead: USA

Part 1: Overview and general principles

Part 2: Reference architecture

Part 3: Digital representation of 

manufacturing elements

Part 4: Information exchange

Lead: Canada

Coordination: Korea & France 
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Various understandings of the subject

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

“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

“Digital 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.]

Concepts are 
more and more 
improving through 
analysis of cases

Source: GdR MACS, January 2022



13

Th
is

 d
o

c
u

m
e

n
t 

m
a

y
 n

o
t 

b
e

 r
e

p
ro

d
u

c
e

d
, 
m

o
d

if
ie

d
, 

a
d

a
p

te
d

, 
p

u
b

lis
h

e
d

, 
tr

a
n

sl
a

te
d

, 
in

 a
n

y
 w

a
y
, 
in

 w
h

o
le

 o
r 

in
 

p
a

rt
 o

r 
d

is
c

lo
se

d
 t

o
 a

 t
h

ir
d

 p
a

rt
y
 w

it
h

o
u

t 
th

e
 p

rio
r 

w
ri
tt

e
n

 c
o

n
se

n
t 

o
f 

Th
a

le
s

-
©

 T
h

a
le

s.
A

ll 
ri
g

h
ts

 r
e

se
rv

e
d

.

OPEN

Who is studying “Digital Twins” in France?

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

▌ AFNOR (French Standardization Organization): CP IDMI (mirror of TC184) 

and CN IoT (mirror of JTC1/SC41)

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

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

▌ AFIS (French Chapter of International Council on Systems Engineering): 

MBSE Technical Committee

▌ CNRS (French National Centre for Scientific Research): GdR MACS

▌ ATLAS Programme: “Digital Twins” Domain

(Certainly not an exhaustive list)
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Who is studying “Digital Twins” in France?

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022



15

Th
is

 d
o

c
u

m
e

n
t 

m
a

y
 n

o
t 

b
e

 r
e

p
ro

d
u

c
e

d
, 
m

o
d

if
ie

d
, 

a
d

a
p

te
d

, 
p

u
b

lis
h

e
d

, 
tr

a
n

sl
a

te
d

, 
in

 a
n

y
 w

a
y
, 
in

 w
h

o
le

 o
r 

in
 

p
a

rt
 o

r 
d

is
c

lo
se

d
 t

o
 a

 t
h

ir
d

 p
a

rt
y
 w

it
h

o
u

t 
th

e
 p

rio
r 

w
ri
tt

e
n

 c
o

n
se

n
t 

o
f 

Th
a

le
s

-
©

 T
h

a
le

s.
A

ll 
ri
g

h
ts

 r
e

se
rv

e
d

.

OPEN

Who is studying “Digital Twins” in France?

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022
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Sa
n

té

A
gr
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e

n
ta

ir
e

B
o

is

D
éc

h
et

s

Ea
u

Domaine Leader

Ingénierie Système

PLM *

Production du futur

Logistique

Maintenance

Jumeau Numérique

Données et Infrastructure **

BIM ***

* Product Lifecycle Management

** incl.Traçabilité, Blockchain, IA, Cybersécurité

*** Building Information Management

Chair:
Thales CTO
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Who is studying “Digital Twins” in France?

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022
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Digital Twin Market

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

• Digital Twin Market - Growth, Trends, COVID-19 Impact, 
and Forecasts (2021 - 2026)
“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

• Growth Opportunities in Robots, 3D Printing, 3D Vision 
Systems, and Digital Twin

• Global Digital Twin Market By Type, By Application, By 
Industry, By Regional Outlook, Industry Analysis Report 
and Forecast, 2021 – 2027
“The Global Digital Twin Market size is expected to reach $63.5 billion by 2027, rising at a 
market growth of 41.7% CAGR during the forecast period.”
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Source: SIEMENS

Digital Twins identified in Industry

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Twinning approach can be applied to different  
kinds of entities:

• Twins of Products and Pieces of Equipment

• Twins of Processes

• Twins of Infrastructures

• Twins of Humans / Operators

Source: Mevea

Source: DHL

Source: General Electric

Source: Det Norske Veritas®
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Lessons learned

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

▌ 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.

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.” 
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The life cycle of each twin shall be considered (not always 
synchronized)

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Digital Twin (Virtual Entity)

Real Entity
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The life cycle of each twin shall be considered: with Stages

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Real Entity

From Concept, 
Business and 
Operational Analysis

To Operation Until Disposal

Digital Twin (Virtual Entity)
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The life cycle of each twin shall be considered: with Phases

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Real Entity

AS-NEEDED AS-OFFERED

ORIENT
AS-SUPPORTEDAS-DELIVERED

DEVELOP

DEVELOP

Digital Twin (Virtual Entity)
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Achitecture Pattern #1

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

(Spatial and temporal separations to be considered)

Digital Twin to provide feed forward directives

Inputs Outputs

Virtual Entity

Real Entity

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 .

2

1

Operational 
Data
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Achitecture Pattern #2

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Twins acting concurrently

 Environment can be real, augmented or 
synthetic

 They can have common and different 
inputs and outputs

 They interact on a regular basis or not

 Several interaction models are  possible:

Inputs Outputs

Virtual Entity

Real Entity

Operational 
Data

 Supervision or Orchestration: when one twins takes the lead.

 Mediation: when an entity acts to moderate its twin.

 Cooperation: when the twins act toward common goals, each acting on its own.

 Collaboration or Choreography: when the twins act together for complementarity of their 

outcomes.

(Spatial and temporal separations to be considered)
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Achitecture Pattern #3

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Digital Twin to provide a feedback

Inputs Outputs

Virtual Entity

Real Entity

Twins work to achieve a common goal

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

1

2

(Spatial and temporal separations to be considered)

Operational 
Data
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Different identified Business and Use Cases

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

 Business case #2.1: Closed loop
Examples:
 Avatars
 Training centers with augmented reality
 Cobotics

 Business case #2.2: Open loop
Examples
 Human in the C2 loops, 

such as drone C2.
 Back office processing

(E.g. Military “Reachback” concepts)

 Business case #1.1: Closed loop

Examples:

 Automated command & 
control (C2)

 Virtual operator(s)

 Business case #1.2: Open loop

Examples:

 Planning activities
 DevOps
 Prognosis

 Business case #3.1: Closed loop
Examples:
 On-the-move surveillance 
 Process regulation 

 Business case #3.2: Open loop
Examples
 Health and usage monitoring 

systems (HUMS), with possibly 
reconfiguration and maintenance

 Diagnostics

Real Entity1

Causes & 

Effects

2

Twins for anticipation (feedforward)

Virtual Entity

Causes & 
Effects

Virtual Entity

Real Entity

Operational 

Data

Twins for collaboration

1

2

Causes & 
Effects

Twins for reaction (feedback)

A Thales paper elaborates on these patterns
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Identified initiatives in Thales (not exhaustive)

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022

Twinning studies and projects are identified in all the 
GBUs/Entities and address any kind of entities: 
Products, Processes, Infrastructures, Development 
environments and Humans.

Twinning of products: e.g. radars

Digital Twins’ implementation 
principles, technologies and tools in 

Space domain

Environmental Digital Twin  (R&T UK)

Single Pilot Operation

Digital twin and multitenant data in Rail 
domain

Twinning of Air Traffic Management 
Process

Digital Twin for Mission Planning

Twinning of combat Operations 
(Reach-Back concepts)

Digital Twin of Autonomous operations 
(R&T UK)

Digital Twin as Health & Usage 
Monitoring System
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Conclusion

 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.

Technical Directorate, Systems Domain

CNIS, Digital Twins, 10/02/2022
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Questions

CNIS, Digital Twins, 10/02/2022

Technical Directorate, Systems Domain

Technical

Business

Others
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Technical Directorate, Systems Domain


