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1. Preamble: Arcadia method and Capella worklbench

2015 Allrights reserved.

2. Model elements ARE requirements

© Thales

translated, in any way,

ea
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3. Contracts between engineering levels: workflow

4. (Happy) consequences on V&V and incremental development strategy

5. Instantiated workflow

0]
)
o
0
@
3
5
o}
Q
=)
e}
£
o]
a
o
o}
2
o}
O
3
Is]

a
o
9]
1S
)
o
o)
o)
0
3
‘:
€
IS
o
°

part or di

Th

THALES






Methodology and
high level concepts
and viewpoints

&

ARCADIA

Purpose-built to
provide the

notation and
diagrams fitting the
Arcadia approach

=z Capella
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SOLUTIONS

Customer
Operational
Need Analysis

What the users of the
system need to
accomplish

System/
SW/HW
Need Analysis

What the system has
to accomplish for the
Users

Logical
Architecture

Design

Physical
Architecture
Design

He

Development
Contracts

+ Define operational
capabilities

+ Perform an
operational need
analysis

+ Perform a capability
trade-off analysis

« Perform a functional
and non-functional
analysis

+ Formalise and
consolidate
requirements

+ Define architecture
drivers and viewpoints

+ Build candidate
architectural
breakdowns in
components

+ Select best compromise
architecture

+ Define architectural
patterns

~ Consider reuse of existir
assets design a physical

+ Design a physical
reference architecture

+ Validate and check it

+ Define a components
IVVQ strategy

+ Define & enforce a
PBS and component
integration contract
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2 et

ctors, o
- Actor act
- Interact

UNCLions o

- Dataflow exc =

- Functional chains t

- Information used in functions &
exchanges, data model

- Scenarios for dynamic behaviour

- Modes & states

SAME CONCEPTS, PLUS :

- Components

- Component ports and interfaces

- Exchanges between components

- Function allocation to components

- Component interface justification by
functional exchanges allocation

- Configuration items tree

- Parts numbers, quantities

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

T .
L Dataflow: functions, op.
d = ] activities interactions &
[ I exchanges
— | ]
" i z
Scenarios: i | | | | | ] L
actors, system, — J
components interactions - - -
& exchanges s "
-
Functional chains,
operational processes
through functions &
op. activities

Modes & states
of actors, system,

components
Breakdown of functions
& components
Data model: dataflow =% Tet— - remnanT man

& scenario contents,
definition & justification of -
interfaces o

'y - Component wiring:
1 all kinds of components

of op.activities to actors, %

of functions to components, ] i
of behav.components
to impl.components,

of dataflows to interfaces, of

i
Allocation ~]. TZ:r”‘

elements to configuration items



A practitioner-driven journey started in Thales...

Practitioner-driven
Capella development
2006 2008 2010 2012 2014 2016

Multi-domain Thales working groups $
on language and method
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and now continuing beyond
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2. Model elemen’rs ARE requirements



Need model

helps formalize and
consolidate
customer and
system requirements

Textual Solution model
requirements

helps validate
are at the heart of feasibility,
the current elicit/justify new
engineering requirements for the
practices system/subsystems
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. Interface
Capability

Functional 5 Component
exchange exchange

Is described by m m

Functional
Chain
implements
(2::(; Function Cogcsgrrwsén’rs

involves

Mode State
Scenario @

T 7C
involves
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/ \
/ @ Visualize data in live during flight \
/ \

/ Q::c) Display acquired HD video in live |} \
I FC . o . . . \
QO Display multi-spectral image in live

Q:S Display thermal image in live |l
QE‘; Visualize all collected mission data

Q:S Visualize substance level in live

Visualize, analyze @ Plan and automatically execute a mission
(D) and manually
control the mission
® g;sgllaylmission @D collect mission data 15 the moving object of study
n hive
P HO video abquisitioh arder
Dl HD video &) Acquire video 1”].9 t
D HD pictures j
multispectral image
D4l thermal image
D= 3D image D=8 HD jpictures|acq order
D=1 ispectral image acqliisition order @ Is the object of study
vi thermal image order »e
a Capture still images g LA ]
@ Archive data
HD video stream I _II therfnal properties
D=8l HD image
D8l mutti spectral imade,




Models enable automated processing

Models add rigor to need expression / solution description
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Requirements

Model elements
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Textual
Requirements

Model elements
Requirements

R
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A model requirement can formalize a textual requirement

and explicit its effects and ramifications

;) SSS-REQ-005

- The system shall interrupt automated flight on
joystick move detection

A
1
I

!
!

N / {

( (P Mol rads manual motion orfders [ Altomatic mode 1

start notification J

N |
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Some expectations (environmental, regulations, etc. )

are easier to express with textual descriptions.

(D SSS-REQ-015

- The system shall implement the SDB30052019
regulation when flying over urban a...

jht plgn

G Process flight plan

@ Control drone motion and orientation

D=3l motion instructions

D= motion limits

Implement propulsion
and orientation

THALES



Some expectations on a model element at a given engineering level do

not require a formal modeling (which is left to subsystem design)

() SSS-REQ-015

- The system shall display the
mission progress status using a
completion bar wi...

@ 555-REQ-003

- The system shall display flight
data in overlay of the collected data

Visualize, analyze and
manually control the

mission execution mission progress statu

|/®

Plan and automatically execute a
mission

Y|

B mission progress status

W ng—

live analysis notification

collected mission data

!-E—[

D=3l HD video stream

D=l substance level

A A

'Y
@& Archive data D=8l notification of

D=2 metrics o

D=3 notification ¢

D notification

D=3 flight data (positior

D=3 HD video stre

Dl HD image
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Tooling support
Coupling models and textual requirements
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Capella in Siemens TeamCenter via Obeo SMW
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- Passenger can watch movies during the flight - After an interruption, movie resumes
3 .
; . ¥
} 57 sﬂpmte Video Display Unt
L — Trace Link allti
{0 P0U Streen + {0RDuProcesior EB £ PVDU MPEG Decoder
i ! U
£ 2V Sreen S s {0 VDU Video Decoder
ﬂ;’?é{&}q‘i - Hmj {0 PV Vidkd Plyer
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i
Display Video on 5 Decode Video Packets
Seat TV Store
interrupted|
® VoD
Mavie 5...
[l |Video Packets
Receive and Bufferze
Video Packets
_ Spit Audia |
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5

b
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@ Active Workspace i3

watch movies during the ﬂ]ght » 1 After an intermuption, movie resumes >

ing) *

i |
@
e
L]
=

by B &
2 & B W
Element Name % {§}

= )
‘ Passenaer can watch movies dt
- : :
. 1 After an interruotion. m¢

’ 1.1 Resumina movie

Date: Today *

Units: All Units (REQ-0000D1/A;2-Passenger can watch mavies during the flight)

Architecture  Documentation Overview Parameters Diagrams

¥ PROPERTIES
D: REQ-000004

Revision: A

Revision Name: ~ After an interruption,
movie resumes

Deseription: In the case of an
interruption {imposed
movie, crew
interruption, ..}, the
movie the passenger
was watching will
automatically resume
where it was
interrupted

Alrriirrannn

¥ PREVIEW

r1
Ld

REQ-000004-
After an

interruption,
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3. Contracts between
engineering tevels: workflow
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Need

Solution

Textual
Requirements

1.
Elicitation of model

and textual
requirements on the
system
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Need

Solution

Textual
Requirements

2,

Architecture description
specifies with the
adequate level of detail
how the system works and
what is expected from
each constituent

The goal here is to prepare
the contracts for all
subsystems and guarantee
their proper integration.
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Solution

Textual
Requirements

3.

The context of a given system
constituent is entirely
computed (anything

contributing to the definition of

this constituent including
allocated Functions,
interfacing Components, etc.)

4.

Textual requirements are
created when needed, in
addition to the model
requirements: legal, non-
functional, additional
specification of internal
expected behaviour
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Model-based workflow favors
co-engineering over the
traditional differentiation
between “customer”
requirements and “system”
requirements
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4. (Happy) consequences
on V&V and incremental
development strategy




Textual Model

Requirements Requirements VY

Version

@ (RV/DV)
- ]
|

R r’

(Derived,
reconstructed link)
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Visualize data in live during flight

Definition of increments with expected
e e e I Rl functional chains (user stories)

Display multi-spectral image in live
Display thermal image in live

Visualize all collected mission data |NC 2

14440 Q

Vertical slices of architectural design
across need and solution models

Visualize substance level in live

FC E b o ono
O‘gm i B
R] © oy T [R]
System architectural design
Subsystemes, software, eftc. o
System-level V&V procedures ® O
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5. Instanciated workflow

Two years, 30 persons



Classic scheme, rolled out by increments

System delivery

( SYSTEM
L VERIFIED

System Engineering data pockagew

SYSTEM BLACK
BOX

SYSTEM
INTEGRATED

© Thales 2016 All rights reserved.

SYSTEM
GLASS BOX

Sub-System Engineering data pockoga X8 (

SUB-SYSTEM
BLACK BOX ‘

Sub-System delivery

SUB-SYSTEM
VERIFIED

SUB-SYSTEM
INTEGRATED

SUB-SYSTEM
GLASS BOX

,‘ SUB-SYSTEM
COMPONENTS
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ldentical pattern at all levels

Functional Chains list Functional Chains release definition
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SA Functions &
exchanges

System SA functional
Context E chains

System LA functional LA functions &
context [ H : exchanges

Logical (LA)
components

Domain
knowledge

SYSTEM GLASS BOX
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Requirements IE

Requirements

——————>

6 capabilities
198 funct. Chains

24 leaf-functions
458 funct. exchanges
641 requirements

satisfies

15 leaf components
402 leaf-functions

1856 funct. exchanges
1676 requirements

THALES



Automated transitions

System Logical LA functional chains stem Internal Data
Architecture .

External Data E

_____________ 5

SUB-SYSTEM BLACK BOX
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System verification: enhanced progress monitoring

System SA functional SA Functions &
Context E ~hninc exchanges

Test results
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Test results: models facilitate analyses
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Tooling support
Managing increments with Capella
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Funchonal Chcuns |IS|‘ Functional Chains release definition

CF-5M@&-0201 - Martev Ioperateur d une panne de ligison SSRI-55CT
CF-5M&-0202 - Alerker loperateur dune panne équipement; Y1

% CF-3M&E-0203 - Alerter lopérateur dune panne équipement IFF

% CF-3MG-0204 - Alerter lopérateur dune panne équipement radar
-, CF-5MG-0205 - Réaar & une panne aénérale Radar

Associate functional chains fo increments

Compute, visualize and compare the footprints
in terms of expected components and functions

Functional chain
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Focus on the dedicated tooling
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Global architecture

B FunctionalChain 5
™ FunctionalChain 4
[l FunctionalChain 2
" FunctionalChain 3
™ FunctionalChain 1

0 [Requested Version] RV 1

Elements
[To add an element to this version, drag it from th

Element Correction

., FunctionalChain 3
., FunctionalChain 4
9 FunctionalChain 5

RV 2 expected content

v [Requested Version] RV 2

Elements
To add an element to this version, drag it from ti

Element Correction

4., FunctionalChain 1
., FunctionalChain 2

!_&_,:"_ —— " B
= ’i
= ==
REV 2 footprint
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F[

en

\ =
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Preview of functional increments footprints

¢ ]FLIR Processing

D=2l FLIR images

FLIR steering

FLIR target designation £ S FLIR Sensor

FLIR Image mode

FLIR Image mode

Radar image

FLIR steering

FLIR images

£/

Radar

4 ®]Radar Sensor

4 ]Radar Processing
D=1 FLIR mode

D=2l FLIR target Position

D=1Radar tracks
D=1 Radar mode

4] Tacsit Mamt

FLIR images

1 Radar mode

|

dar imagery m

(= Release Manage...
== Select Versions

€ Unselect a Yersion

|

-

re% [PaB] Distributed Services

comman|

D=3l Radar tracks

Radar

D=ElRadar image

"

mode commands,

> Radar tracks

(&

41

B~ %~ m | R

e Management and I¥Y

Q Release management viewpoint:

Automated visualization of versions

D=2l Radar image

e. 3
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Preview of functional increments footprints

4§ ]FLIR Processing FLIR images

FLIR target designation $ FJFLIR Sensor

FLIR Image mode

FLIR steering 4 2] Radar Sensor

Radar image

D=1 FLIR steering

D=2l FLIR images

Rada

D=2 FLIR Image mode

D=1 FLIR mode

D=2l Radar mode

D=1 Radar
mode|...

Radar modg commands

Radar image

e commandg

DS R adar tracks

Radar image

Developed Version 1
Available elements in BLUE
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Preview of functional increments footprints

4§ |FLIR Processing

Send Target
Designation to FLIR

D=1 FLIR images

£ JFLIR ITE

D=2l FLIR target designation

D=2 FLIR steering

©@ Send Imagery

D=1 FLIR Image mode

@) Dialog with FLIR

D=3 FLIR Image mode

4 2 FLIR Sensor

__[
D=1 FLIR steering |

r@ FLIR Sensor

A

i

Mode to FLIR

D=5 FLIR mode

D=3 FLIR target Position

1

D=2l FLIR images

D=2l Radar mode

D=1FLIR images

A
uire FLIRY

4] Tacsit Mgmt

D=2]1 Request A

Acq
@ image

D= FLIR

D=2 Consolidated tracks

D=3 Consolidated tracks

age

DV 2

b Compare Radar & Fli
Information

D=2l Request

©@ Elaborate Picture of

global Situation

D=2l Radar image

4 ®)Radar Sensor

@ Radar Sensor

4 ]Radar Processing

Send Detection

D=1 Radar Imager:,Lmod?,.—

D=l Radar tracks

>
D=5l Request position —@ Determine Position of
Distress Ship

D=2l R3dar imager

Mode to Radar

D=1 Ra rar tracks

D=2l Rladar tracks

D=1 Radar Situation

D=1 Request
i Process Situation

D=1Radar tracks

request to Radar

mode,
b Send Imagery Mode

b= RadLr Imagery mode command

Radg
D=3 Radar modg commands

D=2lRadar image

T St |

s
—¥ @ Dialog with Radar

Acquire radar
tracks

from Radar r

A

D=2l Radar imag

D=1 Radar racks

D=lRadar tracks

D=2l Radar image

@ Acquire radar

Developed Version 2

image

Available elements in CYAN

A
an's
——_—
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Preview of functional increments footprints

4 ]FLIR Processing

Send Imagery
Mode to FLIR

£ JFLIRITE

FLIR images
FLIR target designation

FLIR steering

FLIR Image mode

D=2 FLIR Image mode

£ ZFLIR Sensor
s Saar

o

__|
D= FLIR steering |

'FD Dialog with FLIR

» 0 FLIR Sensor
'[ e

D=2l FLIR images

A

FLIR mode

D=31 FLIR target Position

D=2l Radar mode

DSIFLIR

DV 1

Request

mage
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DV 2

X—\_I

Compare Radar & Fliry
Information

D=1 Radar Situation

adar tracks
D=1Radar tracks

Send Imagery Mode
request to Radar

D=2l Radar image

4 ¥ Radar Sensor

Radar

D=31 Radar tracks

Radd
mode

adar image

[2=1] Rad}r Imagery mo

e commang

=

+ Process Situation
from Radar v

——

D=1Radar racks

Radar imag

- Acquire radar

D=1Radar tracks

Radar image

image

Developed Versions 1 & 2
Common available elements in GREY
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Public forums, webinars and Youtube channel

Show: Today's Messages :: Unread Messages :: Unanswered :: Show Polls :: Message Navigator
Admin: | Reported Messages (5) | Custom Avatar Queue (2) | Group Manager

Home » Capella

Forum Messages| Topics|Last message

Capella - Capella Modeling Workbench and Arcadia MBSE Method - Click +/- to expand/collapse

General information o 25 Octaber 2016
o {f latestnews about Capella 171 65 o ober

By: stephane.lacrampe.obeo.fr &

Moderators: Michel BISPO benoit.langlois.thalesgro

Arcadia
Ny § The Arcadia model-based engineering method 214 50 Wed, 21 November 2018
By: xurenfei.glaway.com &
ARCADIA Moderators: Michel BISPO benoit.langlois.thalesgro
-—e Capella workbench
@@ ) Any tool-related question, suggestions, problem, etc 1625 363 Tty CSE 2 2N

By: zhangtonghui.glaway.com &

Moderators: Michel BISPO benoit.Janglois.thalesgro

-e Capella Studio

mm's ) Capela Studio related questions. 29 85 By,”"’:;ga“f’:s‘:u"‘;’eg;j?ﬁo

— : yvan. .obeo|
Moderators: Michel BISPO benoit.Janglois.thalesgro

[Marka\lwm][g

Capella Webinars
PolarSys Capella - 1/8
E X

THALES

‘Webinar - How is Capella
different?

PolarSys Capella

[Webinar] Thales return on
experience: usage of Capella in
PolarSys Capella

=2 Capella

How is Capella different?

= Capella

Equivalences and differences
between Arcadia/Capella and

PolarSys Capella
= Capella What's new in Capella 1.27

4 i PolarSys Capella

Stéphane Bonnel

=l systems Engineering
Transformation

Webinar - How is Capella different?

https.//polarsys.org/fo
rums/index.php/f/10/

https://www.youtube.com/pl
aylist2list=PLfrEYVPSGVLXEFR
ODSWUTP8NSIBNTG40-
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Capella website

o
=Cape||a ARCADIAMETHOD~  WORKBENCH~  SERVICES ~ COMMUNITY — CONTACT -

OPEN SOURCE SOLUTION FOR
MODEL-BASED SYSTEMS ENGINEERING

Comprehensive, extensible and field-proven MBSE tool and method
to successfully design systems architecture

https://polarsys.org/capella/index.html
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=z CapellaDay _
MUNICH 2019

bit.ly/CapellaDay2019
Sept. 16th 2019
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| Thank You! Questions?

Capella website:
http://www.polarsys.org/capella/

LinkedIn Y
https://www.linkedin.com/groups/8605600
Twitter W%
https://twitter.com/capella_arcadia

Arcadia forum:
https://polarsys.org/forums/index.php/f/12/
Capella forum:
https://polarsys.org/forums/index.php/f/13/
IFE model & doc.:
http://www.polarsys.org/capella/start.html

www.thalesgroup.com
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