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N°1

worldwide

Payloads for Air traffic Sonars Data protection services
telecom satellites management

N°2  Jgies
worldwide [l IS

Rail signalling systems In-flight Military tactical
entertainment radiocommunicati
and connectivity ons u

N°3 “billion
_ In revenues
worldwide @& (2017)
V. SRS | s
Commercial avionics Civil satellites Military surface

radars
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- We create modeling tools for
systems engineers, software
engineers and domain modeling
experts

* Open Source Software Vendor

» Global presence +
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The key enablers for MBSE adoption
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= Why? - Company strategy: from equipment

5th Annual Systems
Engineering in Healthcare

== 10 global solution supplier

(New) Systems * (New) Systems Engineers / Architects roles

More complex missions, more constraints « Plan, design, justify, integrate, validate, test, certify...
(safety, environmental impacts, weight, etc.) « Frequently resolve complex issues while considering time, cost, risks.

More reliability, versatility and added value, less - Larger teams, with more development interdependencies
time to market

* Increasing parts of SW

T
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The case for a MBSE approach
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« Systems rather than equipments
« Complex systems and products
Highly competitive markets

More demanding customers and
stakeholders

Multi-cultural and distributed
engineering teams

Heterogenous engineering

workflows (top-down, bottom-up, legacy-
based, iterative, ...)

-
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The case for a MBSE approach
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Manager

« Methods and tools designed for
(complex) systems engineering
\/ V « Common and simple modelling
languages

« Efficient and customizable support
for model-based workflows
» Support for knowledge capture and

/\ reuse
s Desrrs o  Collaborative and distributed model
development

o 2
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Key enablers and obstacles for MBSE

Conference

de P | oyme Nt

» Workshop held in INCOSE MBSE Symposium, Canberra, Australia, October 2014.
35 + 20 participants

14

12
10

M Enabler

W Ohstacle
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Key enablers for MBSE deployment

May 1-2, 2019

: Mobilize the organization
Good foundations —
L anauadge. Method &Tool towards the deployment
Juage, of MBSE
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Key enablers for MBSE deployment
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Good foundations —

Language, Method &Tool
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Technical Foundations:
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Need understanding
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Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built

\
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SOLUTIONS

Customer
Operational
Need Analysis

1ser the

System/
SW/HW
Need Analysis

What the svster

Logical
Architecture

Design

Physical
Architecture
Design

How

Development
Contracts

- Operational capabilities
- Actors, operational entities
- Actor activities
- Interactions between activities & actors
- Information used in activities &
‘:n interactions
- Operational processes chaining
activities
- Scenarios for dynamic behaviour

BRACADCASTING STATION

poe  Dlaorate Rates Pr g sme

v Define operational
capabilities

v Perform an
operational need
analysis

D ot s

P Lintmn 10 Mo

' Perform a capability

£ - Actors and system, capabilities
trade-off analysis

- Functions of system & actors

- Dataflow exchanges between functions

- Functional chains traversing dataflow

- Information used in functions &
exchanges, data model

- Scenarios for dynamic behaviour

- Modes & states

v Perform a functional
and non-functional
analysis

v Formalise and
consolidate
requirements

“ZniZOR~-<In p

v Define architecture
drivers and viewpoints SAME CONCEPTS, PLUS :

- Components

- Component ports and interfaces

- Exchanges between components

- Function allocation to components

- Component interface justification by

functional exchanges allocation

+ Build candidate
architectural
breakdowns in
components

+ Select best compromise
architecture

v Define architectural
patterns

SAME CONCEPTS, PLUS:

- Behavioural components refining
logical ones, and implementing
functional behaviour
Implementation components
supplying resources for behavioural
components

- Physical links between
implementation components

+ Consider reuse of existing
assets design a physical

« Design a physical
reference architecture

« Validate and check it

- Configuration items tree

- Parts numbers, quantities

- Development contract (expected
behaviour, interfaces, scenarios,
resource consumption, non-functional
properties...)

v Define a components
IVVQ strategy

v Define & enforce a
PBS and component
integration contract

- -

Scenarios:

actors, system,
components interactions
& exchanges

pre———

Breakdown of functions
& components

Dataflow: functions, op.
activities interactions &
exchanges

Functional chains,
operational processes
through functions &
op. activities

o -G

Modes & states
of actors, system,
components

——— v o v b

m -

Data model: dataflow
& scenario contents,
definition & justification of

interfaces
. et
)
=k, et
wade
Allocation

of op.activities to actors,

of functions to components,
of behav.components

to impl.components,

of dataflows to interfaces, of

Ve o ey -—

Component wiring:
all kinds of components

elements to configuration items
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Technical Foundations:
Method and Language

« Comprehensive coverage of b Itagration er, il
engineering and architecture (

Analysls  fundt. Multi-Viewpoint Analyses

- ——
System ’ = AD/ANCE
d eS I g n Analysis aints / T Concage
f.:.‘:“ ."0""-.....'\“.
b g
ical ( > v v T Maeme
LOQ & Non- St 5

e
« From requirements to integration s o 4T 7 EEE

Constr

Physical View

and validation

* From CompleX SyStem to eqmpment Transition 55,5W,HW <€ . s e s
and subsystem, SW, HW —L s, e, p——

Speciality Engineering

- { Safety... |
Sub-System, SW/HW -

» From functional to non-functional e A hitccture

[roigg o engineering

constraints and engineering = —
specialties

WL
|
|
|

i S '!‘»- Software/HW Modelling
i & development

T
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Arcadia main objectives
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Define and share the solution among stakeholders

Better understand the customer need

Secure SYS/SW/HW engineering, prepare subcontracting

Early evaluate and justify architectural design

Prepare and master V&V

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Citi.esf Minnesota/ #hwgsec
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sz == Ca pe lla

Edition Tools
Layered diagrams,

= > ’ Tables, Editors

Extensibility
New diagrams,

new layers, M2 . S
extensions, etc. e b || g
[ el \
?‘% N Embedded
Model . \ ;M_m:.: Methodological
Monitoring \_ ——— b Guide
Progress, —
metrics
/ —

Modularity & Reuse Model Analysis
Librairies, Patterns, Semantic browser,
Coupling with PLE tools, etc. Iterative Transition Tools Model check, etc.
Traceability, Generation
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How Systems Eng

ome Architecture

§ 3 Drone pilot
HMIL Pilot drone and payioad coftro
- DHMIL switch button_ _ _ _ _ k|
Dwbl HMIL Hold remote
Dwd] HMIL Hold drone battery
e e D
C
Dwb] HMIL Keybord and mouse
C
D=l H1IL Display
C
Dml] HMIL Hold spare drone battery
@Deta base
C
Dwll SL data link
§8] Power supply

Dwbl £PL Electrical power supply

G Remote control

T T
! |
Deil ML Rgmote siot |

1 |
1 D=ll ML Remote battery power supply
)

1 )
§ 0 Drone control desk

D= USL remote control

§ ] AIDA System

Dmb] ML Storage compartment

)

G Drone

Dwb] USL Positioning signal

Dmd ML Mobile support

Positioning System|

[

{C} Copyright (c) 2016-2018 IRT AESE. All rights reserved. Available under the terms of Creative Commons BY-SA 4.0.

This diagram is used for:

{C} Diagram for Architecture design

{c} Diagram for Safety Analysis

{c} Diagram for Cosimulation

§3) Aircraft

#}] Drone

Environment

Diagram examples

wgsec
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How Systems Engine

§Drone
- §dsensors :
E Inertial reference E Inertial reference
Sensors sensors MON
§] Magnetometer g7 Magnetometer
MON
ﬁ Pressure sensor {a Lateral speed {a Pressure sensor
camera MON
§0 Actuators
2’:\‘:;” ::::jtor I 2’:3;‘” ;’:\‘:’tm § 0 Telemetric sensor § Position sensor g7 Telemetric sensor
MON
variator 1 variator 2 variator 3 variator 4
m! [l ] m! ' ‘
1 ial M
D=l EPY motor e me Dell EPL Laterhi spded camera Dwdl EPL [nerfial gensprs MON
Dwi] EPL motor 2 D=l £PL| Mahndtonfeter D=l EPL Position sensor Dwil £PL Maghetpmeter MON
w8l EPLmotor 3 P S Dm] §PL Pressure sensor MON
Deil EPL motor 4 D®il EPL Télenetric sensor Dmi)|EPL [Telemetric sensor MON
Power supply
(] ] (] L1 PTIET B B s
£ Power distribution Power distribution MON
) 0 0 ! 00 !
Ded] EPLEattery
LI EPL Batte
§Drone pattery D=l ™" iON 4
T
Dmb] EPL camiera sensor D=l EPL Radig controller Dmb] EPL|Video processor DSl EPL i
monitoring processor
Dmbl EPL CamEra support Dei] EPL Wif{ controlier D=8 EPL maih processor o
§ 0 Payload § 0 Gommunication devites § 0 Computers
amera E Camera E ifi E Ralalio Videc processor
rotatry sensor controller| controller|
support
Main processor G Monitering
processor

I {ﬁ}‘Copyﬁght (c) 2016-2018 IRT AESE. All rights reserved. Available under the terms of Creative Commons BY-SA 4.0. |

This diagram is used for: | {c} Diagram for Architecture design ] {C} Diagram for Safety Analysis [ {c} Diagram for Cosimulation I
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§3 Drone Environment

§ ] Drone control desk

H OW SySt e m S | {c} Copyright (c) 2016-2018 IRT AESE. All rights reserved. Available under the terms of Creative Commons BY-SA 4.0,

This diagram is used for: | {C} Diagram for Architecture design I {C} Diagram for Safety Analysis | {C} Diagram for Cosimulation

| S
{3 Drone pilot

1 1 ] 1 m! m!
Dmil L Propeller 1 thrust and torgue Dwdl ML LanHing contact ML Storage
FL Propeller 2 tHrust and torque compartment
FL Propeller 3 thrust and torque
FL Propelier 4[thrust and torque
[}
§Drone
§Propeliers §sensors
y— Propeller Propeller Propeller Propeller Inertial reference Inertial reference
E2 ES E4 $Esensors Gsensors MON
§Magnetometer Magnetometer
§0 Computers 0 A
otor 1 shaft D=l ML mdtor 3 shaft Main processor -
E %ﬁ Pressure sensor Pressure sensor Lateral speed
Dmdl ML motor 2 shaft Dwdl ML mqtor 4 shaft EMON Ecamera
Monitoring
%&*‘E processor

Motor §0 Telemetric sensor g Telemetric sensor § 0 Position sensor

anq MON

variator 4 Video processor|

D=
% ML D) ML ¥
Dsil ML Dsil ML ML D) ML 'fil ?& o ML
Dsil ML D] ML D8l ML D] ML =il ML
E Digital networks e strycture
§tanding gear
E Main Monitoring
digital digital
network network §0sody structure i Communication
devices
Elr— rone
pylon 2
o win
d_ B DML controller|
Db iT
DeihwiC i
C D= ML Radio
controller|
DT
d‘-—o-mm [l ] -
D=l ML D=l ML D=l ML Dl ML D=8l ML D=l ML D=l ML D= ML
§Power supply
[} LT LT |} LT
G Power distribution E Drone battery Power
§0 distribution
MON
m!
Dwll HMIL Hold drone battery

S
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§J Remote control

Remote
communication

i

Dwb] USL remote control

E Lateral speed camera Dl WSL

§ 0 Drone control des

D=l WSL

"H\ Dwbl USL mission data

§9eositioning Systemrl Dell USL Positioning signal

IJ] § 0 wifi controller

§Pressure sensor el WSL

§ 0 Telemetric sensor D=3l WSL

§ - Magnetometer Dl WSL

E Inertial reference
sensors

De$] WSL

D=l WSL

1

]lj § 0 Position sensor

lf' § 0 Radio controller : DSl WSL .

Fihfal

Main
digital
network

L
-

paghtliy

[}
1

D=8l WSL

D=l WSL

D=8l \WSL

D=l WSL

D=8l WSL

Desf] WSL

D=8l WSL

D=S] WsL

D=l WSL

i

§Drone

Camera rotatry support

§ - Camera sensor

§Video processor

§'J Main processor

§ ' Monitoring processor

§ Motor and variator 1 I D=3l WsL

§ Motor and variator 2 : Deil WL

{E Motor and variator 3 : D=l WSL 9

digital
network

Monitering

E Motor and variator 4 D=t WL D=1WSL E Inertial reference
sensors MON

(R0

D=8 W SL §0Power distribution

D=8l WsL § 0 Pressure sensor MON

ol #B Telemetric sensor MON

D=l WSL § 0 Magnetometer MON

I {C} Copyright (c) 2016-2018 IRT AESE. All rights reserved, Available under the terms of Creative Commons BY-SA 4.0, |

This diagram is used for: I {C} Diagram for Architecture design I {C} Diagram for Safety Analysis [ {c} Diagram for Cosimulation
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Atmosphere Provide meteo data
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Instances first

Functionnal Analysis support -
== i N HEN -

Functions, Interfaces and

components integration

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Citi.esf Minnesofa/ #hwgsec
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-~z Functional analysis, structures and interfaces
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Functional exchanges & ports carry exchange items .

»

_________ - Audio-Video

Audio-Video
Stream Header = Pa

ckets

1
1
§ O Private Yideo Display Uk 0] video Server Unit '

] |

1 I

1 I

PVDU Process = i ) .
id rocessor €0 vsu Processor : y Vvideo Exchange items group data
G PIV Video Flayer Dl Stream Header \ Streamng Sarves : E HETFrET SR to be carried TOgether
o &= ! | = codec: coDEC
s ronize Audio Vid ,‘ " Rt Aucio-\Videc €tre: | o language : Language
@ Synchroneze Au -nT : . @ Intiate Audio-Video Stream | | =5 videoFormat : VIDED _FORMAT

, B Packetized Audio video 'c , — rate : Frame Rate

J. . e Stream - ¢ | sudio ),
@D Spit Audio Video Streama . 4 Dl Streaming Protoco ,", ;@ Send Audio Video Packst B audio stream Header H audio video Packet
5 e e F] Yoo CODET = audio : Audio Packet
< 5 channel : AUDIO_CHANNEL ) UEEDEVIED RETE
G LNt Network Acdapter ~ PYDL / G Uikt Network Adapter - W = sample rate : Sample Rate
Run Implement s 7 fus
] Network Networ
:@ Ncrlv:w’rl, @ N:lwl-‘"k ® Configuration ® Tests -
l ests Configuration | - VSU VaL Interfaces group & reference
R ) LY exchange items
\ I ) Streaming Protocol |
d — Audie-Video Stream Header(video Video
-'*% Network Path Stream Header, audio Audio Stream Header)
Dell Gigabit Etharmet Def] Gugabi Ethernet Audio-Video Packetz({packets: Audio Video
Packet)
Interfaces are

ST Ethernct Svitches provided/required by

component Ports

e e S

E

=ﬂ Streaming Server

Functional exchanges & ports are allocated to component exchanges Component exchanges & porfs are
& ports allocated to Physical links/paths & ports
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System to Subsystem transitions

£
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Architecture early evaluation

Performance

How Systems Engineering Can Reduce Cost & Improve Quality

Autonomous viewpoints

l - .8 ~ 1 - e Do 0. — ]
M O A
- fewenano Lementy
BT/ Mo
¥ o [ ‘.‘- 2. A ¥ Conmtrainedd lemermts

, e — , 1* Mnstant Observation

natraint :
\ U Ot riah - Ot start + Bt enmersion

Instant R T
|
" Uelayr =

” 2
\
|

== Capella

Stddio
Birectional coupling with specialty tools
] g gy -
_ D I: Citrus simulation All4Tec
WWWWWWWW L ¥ env. : Safety
LI e Architect
‘FE’::':;‘.”" -I"":'M‘*i, °7’=1

e J
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Key enablers for MBSE deployment

May 1-2, 2019
Minneapolis, MN

Mobilize the organization

towards the deployment
of MBSE

k\_J/-qI
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MBSE deployment actions
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Training offer (tool,

method, etc.) BUSINESS UNIT

Method &
Tool experts
Development
teams ﬁ

Local Support &

Development
Teams
M"i
How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Cit'lgs’: "Minnesofa/
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Focus on MBSE Coaching:
Coaching types

, Peer reviews

Implementation
guidance /
assistance

How Systems Engineering Can Reduce Cost & Improve Quality

Awareness-
raising

Strategy
definition

1-2 May, 2019  TwinGit
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MBSE deployment actions
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Group-funded training

offer (tool, method, BUSINESS UNIT
etc.)
CORPORATE Coaching MBSE Champions

'k ﬁ- priorty definition ﬁ bR
Englneers
Low-TRL topics
W l incubation

Local Support &
Development
Teams

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Clti\es, Mlnnesota
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= Focus on low TRL topics:

Model-Based Cyber Security

involves

EAVESDROPFING

Steal citizens data

Police Monitoring System

. invalves

A A 4

Opposant hacker

Make the video stream unusable

|dentify potential threat sources,
threats and attacked assets, feed
risk analysis

How Systems Engineering Can Reduce Cost & Improve Quality

Muabile Police forces Surveillance Drone System Crowd
. . visuals and visuals
Analyze video iflen stream Visualize video suspects id | Capture visuals Take part of the
footage suspects id stream and and detect event
suspects suspect
detection individuals

suspects id

Store suspect individuals database

suspect ids

Police Monitoring Center Spy
Feed suspect
individuals database

|dentify high level primary assets and
characterize their security needs, identify
external interfaces and trust boundaries

Intercept communications
between Police Monitering
Center and mobile police station

T

a 4
L
.

1-2 May, 2019 Twin Citllgs‘;"‘Minnesot'a/

#hwgsec



Healthcare
Working Group

ol MBSE de D | oyme nt actions

Conference

May 1-2, 2019
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Group-funded training

offer (fool, method, BUSINESS UNIT
etc.)
CORPORATE Coaching MBSE Champions

ﬁ Operational
Engineers

%
_—73

. Development

Need capture and
priority definition
Low-TRL topics

incubation

Users clubs, internal
symposiums, etc.

| £

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 TwinCi;l\esfg;lMinnesot'_?/ i
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Capella Thales Users Day
Yearly event, > 100 people

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Citligs’;.ﬁMinnesot‘a/ TV
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Adapt the deployment actions to

5th Annual Systems
Engineering in Healthcare

your organization
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A wide variety of MBSE deployments

In Thales and other companies

AIRBUS

" ZENTH

SpaceWorks

enfmomidn
)

=il
i PT>

& vy

How Systems Engineering Can Reduce Cost & Improve Quality

THALES
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>

ele@nts

ThalesAlenia  [PRFC]  ALUTIC S

CGesa @ARBUS = (Oorfal (o Lﬁl‘n

TEKFER

Y7iHaCon

5
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Use Case 1 — Thales

5th Annual Systems
Engineering in Healthcare

S Managing System Design Complexity

Minneapolis, MN

= |ssues in the latest phases of operational validation
= Very good design documents, but in silos
= 5 levels of functional decomposition, 275 functions

= 1 man month to reverse a first level of detail in a
model, based on existing documents

MBSE usage

First time overall views have been available
= Good support for discussion
= Visualization of transverse functional chains

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Citi.gsf Minnesota/ #hwgsec
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G Managing System Design Complexity

nnnnnnnnnnnnnn

Contextual Diagrams: Low-level internals, high-level neighboorhood

g
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Use Case 1 — Thales

S Managing System Design Complexity

Minneapolis, MN

X40

How to analyze transverse topics?

How to get transverse overviews?

Challenge: Build and maintain simplified views

g
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Computed Diagrams: High-level Functions, Low-level Exchanges
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Managing System Design Complexity
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What now, what next, where to
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since going open source

/@ THALES
IMPORT OF REQUIREMENTS arlanecroup
(REQIF)

FILTERING ADD-ON

v.. OBEO
: : : . A 4 + g ' >
2014 2019
. developed by Thal
i IncQuerylLabs . Not developed by Thales

Developed and funded by
v Thales
MODES, STATES, CONFIGURATIONS

arianeGcroupr Developed b\( Thales,
external funding

THALES
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polarsys.org/capella

CASE-STUDIES

r

(@ntinental >

7

arianeGcrour

% |
ArianeGroup Framatome Continental Automotive
Model-based System and Architecture Systems Architecture Modeling with the
Engineering with the Arcadia Method Arcadia Method - A Practical Guide to

Capella Modeling Tool
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| bk o e o 17 Vebirsy? - How & Capelly dffarer?

Official Capella website Arcadia and Capella Polarsys Capella
public forums YouTube channel

https://polarsys.org/capella/ https://polarsys.org/forums/
PETREEES SRR 3 YouTube

£
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SyEntiveGroup

Thank you for attending!
Share your experiences at #HHWGSEC
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