© Dassault Systémes | Confidential Information | 2025

D?S DASSAULT (_) VI Sesede

SYSTEMES Organization.

Advancing Industrial Systems
(Of Systems) Engineering:
Leveraging Model Based Systems
Engineering (MBSE) with OMG Standards

OMG Europe Information Day 2025

Guillaume BELLONCLE
CATIA MBSE Strategic Engagements Director
gxe@3ds.com



mailto:gxe@3ds.com

© Dassault Systémes | Confidential Information | 2025
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* Software Solutions for Model-based Systems -

Engineering, 3D Modeling & Simulation, | . ...and new

Product Lifecycle Management, artecure, [l s “market shakers”

Collaboration and Data Science s construcion Jill & aterin
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Participation in INDUSTRY STANDARDS Co-Creation & Adoption

KEY PARTNERSHIPS . .. .
* Actively part|C|pate and lead the creation of OMG Standards for MBSE
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()I (7 | =7 PN T ? uuuuuuu o T
mm= Object ) . . . )
Management | « Engage with Emerglng Technologg Ecosystem for Virtual Twin and Augmented Reality

Group.
digital twin- AREA\,

* Actively participate in INCOSE to support MBSE adoption

IN‘ CO\S E - Corporate Advisory Board

et Couna anSsems nginecring - Working Groups, MBSE INCOSE Certifications

- Delivers papers, presentations, tutorials

* Actively participate in MODELICA Association Projects for multidisciplinary simulation

: mod/e)]);’ca
Modelica | ~ModelicaOpen Language B2t | |
#  Association - Functional Mockup Interface (FMI & eFMI for Embedded Systems & Software) | m: efm;

- System Structure and Parameterization for co-simulation (SSP) ssp

» Support of key industry consortiums & standards
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- CONCERTO Construction Of Novel CERTification methOds and means of compliance for disruptive technologies,

AUTEsSAR - AUTOSAR AUTomotive Open System Architecture 5
digital.auto - Digital.auto Software Defined Vehicle innovations DS STSTENES
RN

- OpenScaling Large scale cyber systems modeling & simulation with Neural Networks
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Key Collaboration with OMG® Open Management Group OMG

m= Object
Management
Group.

Participating in Architecture Board Supporting OMG Task Forces Developing webinars
and Specification definition and Communities for knowledge sharing
among practitioners
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MBSE as enabler for Digital Transformation...

40 years ago for Mechanical...
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MBSE as enabler for Digital Transformation...

MODel & SIMulate to improve collaboration, evaluate “what-if” scenarios and support informed decision-making
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‘When the function becomes selected andif atleast one of the following conditions NOT allowing g o i s oo o b, ST

correction is fulfilled:
- Vehicle speed < MIN_VHI_SPEED_DEACTIVATION

[ S
- Vehicle speed> MAX_VHL_SPEED_ACTIVATION

- (Left or Right turn signal ON) AND NO target detected in the blind spot %
- Driver activity HIGH : : f—

“Driver pressesthe brakepedal leading toa deceleration equal or higher than
BRAKING DECELERATION W

“Driver applies a torqueon steering wheel equal or higher than
MIN_DRIVER_TORQUE_DETECTION
OR

e iotiroas], Tl Tt ks« i Tt A6

~Acteleration pedal gradient is higher or equal to ACCEL_INDENTATION_GRADIENT for more [l [Sese 1

than

TIME_GRADIENT DETECTED P ‘A G E
~Driver appliesa torque on steering wheel equal or higher than

MIN_DRIVEE_TORQUE_DETECTION -

- Lane limits arelost (left AND right lane limits) -

- ESCbloc regulationin progress

- Steering whed torqueis higher than MAX_STEERING WHEEL TORQUE 2 ":." lIl' 103

- Steering wheel speed is higher than MAX_STEER_COL_ANG_VELOCITY_ALLOWED
the function shall immediately forbid the correction and inform the driver fhat n correction s

impossible.
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Evolution of Complexity
Towards Emergent Behaviors

Product

Industrial
System

Mechanical
System

Mono-discipline

‘\?ﬁ__ 7Y

Industry 2.0

Mass production assemblu
lines using electrical power

Mechatronics Systems

Multidisciplinary field that includes
a combination of mechanical,
electrical, control and software

Automated production using
electronics, programmable logic
controllers (PLC), IT systems and

robotics

Software-defined
Systems of Systems
Software-intensive distributed
sustems interacting together in an
unpredictable world

Industry 4.0
Smart factory. Autonomous
decision making, machine learning,
big data analysis, interoperability

..iN @
PESTEL » VUCA
environnement

Political, Economic,
Sociocultural,
Technological,
Ecological, Legal

Volatility, Uncertainty,
Complexity, Ambiguity
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Evolution of Complexity
Towards new cross-Industries Ecosystems
Manufacturing Industries City & Infrastructure

=

Infrastructure, Architecture, . .
Citles & Life Sciences

Marine Engineering

Transportation Industrial High Tech

Aerospace E
& Defense & Mobility Equipment & Offshare & Masarbus G R on) Services & Healthcare
—E8 m i . > E g “ ™y
. - b i
Nuclear & SMRs Smart Buildings Smart Cities Medical devices

Hydrogen Aviation Electric Vehicle Equipment

l!’* : - ; " Transportation
SilhgreWigd farms infrastructures
% ———T . L
Defense & Space Datacenters Gigafactories Precision Medicine
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MBSE as Authoritative Source of Truth
US Department of Defense Digital Engineering Strategy with MOSA Standardization

DEFENSE STANDARDIZATION PROGRAM MOSA: Modular Open Systems Approach

MakING SysTEMS WORK TOGETHER

MOSA can be defined as a technical and business strategy for
designing an affordable and adaptable system.

MOSA is required by United States law. Title 10 U.S.C. 2446a.(b),
Sec 805 states all major defense acquisition programs (MDAP)
are to be designed and developed using a MOSA.

o Goal #1: Formalize Development,
Integ_;ration & Use of Models

The U.S. Department of Defense breaks down MOSA into five key
objectives:

Significant cost savings or cost avoidance

*  Schedule reduction and rapid deployment of new technology
Source: Do, June, 2018 . Opportunitie§ .for tephnical upgrades and refre_sh.es | |

* Interoperability, with system of systems and mission integration

«  Other benefits, ex: sustainment phase of a major system

Systems Engineering Models used as a
“Authoritative Source of Truth”
for the full lifecycle phases
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MBSE as a Key Enabler in the Virtual Twin Lifecycle

Out-of-cycle & Customer  Configuration Firm Authority Firm Start Major First Flight
Market Needs Needs Selection Concept  To Offer Configuration Assembly

Certification
& Delivery

End of
Life
>




MBSE as a Key Enabler in the Virtual Twin Lifecycle

1. Enterbrlse Business Trahsfermatlon

Out-of-cycle & Customer  Configuration Firm Authority Firm Start Major First Flight Certification End of
Market Needs Needs Selection Concept  To Offer Configuration Assembly & Delivery L<if>e
AS NEEDED AS SPECIFIED AS DESIGNED AS PLANNED AS BUILT AS CERTIFIED AS MAINTAINED
s B B ==
P D G & IN-S
CONCEPTUAL STUDIES ST-E]I(-)II“:IT?JREYFINIETSI:;;NN e FLIEI?':'J":'I;STS OPERA:IONEg\chIESPPORT
T :Z &=t —— = F;:«
2. Mission 3. Safe & Secured “by 4. Manufacturlng 5 Operatlons

Engineeringifi design” Product and Supply-chain and Support
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1. Enterprise Business Transformation
Example: from Carmaker to Mobtltty as a Serwce Provider

Physical Product

N

Ilustrations: Renault Group & Mobilize

M@BILIZE

Vehicle

B

Energy

- Parking
Management

Fleet
Management

25
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1. Enterprise Business Transformation
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Define Enterprise new
strategic vision and establish
key metrics

Model required capability,
services and ecosystem

Explore alternatives and
evaluate new business
opportunities

Bridge strategy, operations
and existing / new required
resources (in-house vs.
partnership)
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2. Mission Engineering

Journey Status

A
o

Enhance stakeholders
alignment and shared
understanding

Accelerate concept
evaluation with “what-if’
architecture trade-off

Analyze interdependent
systems to identify
emergent behaviors and
reduce risks at early
development stages
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3. Safe & Secured “by design” Engineering
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Define toms that implement a function at the vehicle level
Then define assets contribuling 1o the vake of ltems. and
identify cybersecurity properties

Identify and estmate the severity of
damage or physical harm of those scenancs (rate the
impact)

Identify Threat Scenarios, threat category, and of each
Threat Scenario, the asset, imp;

y y p ies and damage that can be
realizad if threat occurs

B o Throat Analysis and Risk Assessment table

controls, claims and goals

'x‘l Contains ity risks, and
TaRA

L L. =

Eitl ‘a

N

Cytrneciity Goals & Requirements

Enrich systems architecture
models (SysML) with safety
and security semantics
(RAAML)

Facilitate collaboration
among Systems Architect,
Safety Engineers and
Cybersecurity Experts via a
unified data referential

Continuously assess safety
and security from early
design stages through to
operational deployment
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4. Manufacturing and Supply chain
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INCOSE Working Group for Industrial Systems
https://www.incose.org/communities/working-groups-initiatives/systems-engineering-
for-industrial-systems-(se4indus)

Capture interactions between
stakeholders to define the
industrial system and key targets
(ex: delivery performance, budget
performance, maximum storage
capacity)

Analyze Supply chain
configurations trade-offs to reach
KPIs (ex: stock level per supplier,
delivery timelines, production rates)

Perform early analysis at factory
plant level to evaluate equipment
changes impacts on the
assembly line (ex: introduction of
new automated guided vehicles)
p?g DASSAULT
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5. Operations and Support

« Simulate “what-if’ scenarios for
= adaptive Maintenance, Repair &
Operations strategies

B m
|
|
L
|

- * Improve assets reliability by
" detecting problems on the field
and enhancing proactive
maintenance and logistics
solutions

* Empower “non-systems
engineering” experts to
leverage models, simulations
and data informed decision-
making

e GURIBL4IPS BEBRACS
%, Loocangsompies N

[00:4283 | et T8 B Globe Viewse - Rualiime Spare Pacs Safony Sinch Loval o S

, To be presented at INCOSE International Symposium 2025
|N§OSE A System-of-Systems Modeling, Simulation and Data Analytics Framework
2 - for Resilient Sustainment and Support Readiness Strategies
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MBSE as a Key Enabler in the Virtual Twin Lifecycle

1. Enterbrlse Business Trahsfermatlon

Out-of-cycle & Customer  Configuration Firm Authority Firm Start Major First Flight Certification End of
Market Needs Needs Selection Concept  To Offer Configuration Assembly & Delivery L<if>e
AS NEEDED AS SPECIFIED AS DESIGNED AS PLANNED AS BUILT AS CERTIFIED AS MAINTAINED
s B B ==
P D G & IN-S
CONCEPTUAL STUDIES ST-E]I(-)II“:IT?JREYFINIETSI:;;NN e FLIEI?':'J":'I;STS OPERA:IONEg\chIESPPORT
T :Z &=t —— = F;:«
2. Mission 3. Safe & Secured “by 4. Manufacturlng 5 Operatlons

Engineering design” Engineering and Supply-chain and Support
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MBSE Adoption | Business Benefits
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ROGERS EB, MITCHELL SW. MBSE delivers
significant return on investment in evolutionary
development of complex SoS.

Systems Engineering 2021;24:385-408.
https://doi.org/10.1002/sys.21592

System Definition & |
Planning .

80% of defects
found and removed

late at high repair
cost

. 70% of defects are

System Design

.

(onmonsmr )| Doploes

.
.

.

.

.

.

0%, 9%, 80x Acceptance Test

Where defects are introduced
Where defects are found
Nominal estimated cost of defect removal

24

80% of defects found at high repair cost in test phase

70% of defects are introduced during requirements and design
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https://doi.org/10.1002/sys.21592
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MBSE Adoption | Industry Maturity

“Maximum gains likely to be achieved with the
adoption of MBSE"”

Lifespan
10
9

]
/
/
/
/
/
/

N W Dhu o N ©

System
10 complexity

Environment ;,
complexity 8

Source: Azad M. Madni * and Shatad Purohit, “Economic Analysis of Model-Based
Systems Engineering”, University of Southern California, February 2019

Observed “Industry Footprint”

Aerospace
& Defense

for Systems Engineering

Transportation
& Mobility

Infrastructure,
Energy & Materials

; Others
High Tech
Industrial
Equipment
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Key Success Factors

“All models are wrong, but some are useful.” George Box

a unambiguous formalism and semantics... the relevant level of abstraction and viewpoints...
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Key Success Factors

Why
changing?

Processes

supported by support

How to
change ?

Supported by support

Tools &
With what?

Languages

Process Referential
Define activities to transform and
expected results

Methodology Framework
Define methodology frameworks and
practices to implement the activities

Software Tools
Improve the efficiency of processes
implementation and methodologies

=

Digital Engineering an E
with Virtual Twins:
Streamlining Robotic Arm

)
UAF / 7 ;.7 Designwim Changs
MG s iED Modelic CATLA Magsc Governance
RO = # Association
-
- b
I . T2 Behavior 4
m e (¢ R
] ;(i’-ho Madeling | % e

+ 3 party tools integration

From theory
to practice...

Change

Management

Implement & measure conditions of success
Value Assesment, Training & coaching,
Community of Practitioners, Industrial pilot
Projects, ...




MODELIN
LANGUAGE

Method Example | “MagicGrid Book of Knowkedge” '“:«\t

Free Download: https://discover.3ds.com/maaicarid-book-of-knowledge

The case study : Vehicle Climate Control System

2=
2> CATIA

Aisté Aleksandraviciené
Aurelijus Morkevicius, PH.D.

| implementatio
s : e e e presn = Implementation
MagicGrid® BOOK OF KNOWLEDGE it o rssn i1 | "oeintion
A Practical Guide to Systems Modeling using — z”::“":xﬁm
MagicGrid from Dassault Systémes o pen
2nd edition
© Conprser © Fiedisyior
@ Entrapee uconpassr © Epuair
© Condenseur @ Puseur
© Gouenobetises 0 Deender
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https://discover.3ds.com/magicgrid-book-of-knowledge
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SYSML V2

Discover
CATIA

° ACtIVe Partlc'patlon Slnce OMG g::?:ﬂs:;MLVERFF’lsiusd Draft spec submission SysMiL v2 spec finallzation
SysML V2 inception S| @ -9

Early Experience Program launched e & o7

in December 2024 and open to

¥
testing & spec verification Q1-2025 3DEXPERIENCE platform

Clients & Partners 7S st SR

-~
: 3DSwym CATIA SysMLv2 Early Experience Program Community

CATIA Magic SysMLv2 Community AT snm G st oo g 3

Comm NS
- Installation instructions o @) B

- Tutorials and Videos 3 Ej WELCOME CATIA SysML v2 EEP Members - CLICK ME FIRST! e
- BestPractoes, Tpsand ricks ~ *
- Collaborative SySMLV2 Models § Preses NOTE: Ths coremnky s NOY for o sopen and

https://3dswym.3dexperience.3ds.com/post/catia-user-community/discover-catia-sysml-v2-early-
experience-program_UwLE13bMRqy8SAxvv-HHdw

975‘ DASSAULT

SUSTEMES


https://3dswym.3dexperience.3ds.com/post/catia-user-community/discover-catia-sysml-v2-early-experience-program_UwLE13bMRgy8SAxvv-HHdw
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Key Takeaways

©

» MBSE drives digital transformation

- Acts as the authoritative source of truth throughout the system lifecycle, from concept to support

- Empowers "model & simulate" approaches to evaluate “what-if” scenarios and inform decisions

- Continuous align and engage stakeholders at Product, Industrial System, and Enterprise & Value Network scales
- Supports the creation of re-usable company assets

* Industry standards such as UAF and SysML accelerate MBSE adoption

- Ensure semantic consistency and foster collaboration across disciplines and organizations
- Enables interoperability and toolchain integration
- Create new opportunities for tool democratization (e.g. SysML v2, Generative Al and Knowledge Management)

» Beyond tools, success depends on a supportive transformation ecosystem

- Process, method and change management: “Value-based modeling”
- Investment in continuous upskilling and coaching
- Knowledge sharing among practitioners, leveraging key communities (e.g. OMG, INCOSE)
975‘ DASSAULT
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CATIA MBSE USER DAYS FRANCE

May 20 & 21 | Dassault Systemes Campus, Velizy | Free in-person workshop

Mai 20 -21, 2025 | Velizy | France

CATIA MBSE User Days France :

May 20
Keynotes from
Industrial Practitioners

May 21
Trainings on CATIA
MBSE Solutions

A
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https://myevents.3ds.com/fr/catia-mbse-user-days-france-2025
https://myevents.3ds.com/fr/catia-mbse-user-days-france-2025
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http://www.3ds.com/

