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Speaker introduction Speaker: DROUIN Remy

» Avionic systems engineer in the French Air Force

» Team Leader in automotive industry designing connected solutions

» Program Manager in elevator industry designing connected solutions
» Head of system department in defense industry designing High Energy Laser Systems

» Lecturer for French universities introducing Systems Engineering and Model-Based Systems Engineering

“The NASA System Engineering (SE) handbook aims to provide general guidance and information on systems engineering, as it should be applied throughout NASA. The handbook introduces 3
common technical processes. One of these, is the System Design Process, describing the stakeholders expectations, requirements definition, logical decomposition and design solution definition.
The 4 activities can be supported by a Model-Based Systems Engineering (MBSE) approach. To do so, an appropriate method and tool is necessary as the one provided by the ARChitecture Analysis
& Design Integrated Approach. ARCADIA, with its modeler CAPELLA, is a MBSE solution supporting system modeling activities. Based on 4 architectural layers, which are Operational Analysis,
System Analysis, Logical and Physical Architecture, it is a structured architecture engineering method for defining and validating multi-domain systems. This talk will present an educational
overview of the ARCADIA methodology and System Design Process from the NASA SE, by introducing MBSE artefacts for space system.

The HUBBLE Space Telescope (HST) is a Cassegrain reflector telescope. Orbiting above the earth, HST elaborates a clear view of the universe free from the blurring and absorbing effects of the
atmosphere. In order to illustrate the journey throughout CAPELLA, the HST will be introduced, as example, based on public information available.”
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Speaker: DROUIN Remy

« All models are wrong, but some are useful »

George E.P.Box (British statistician)
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TALK Life Cycle Speaker: DROUIN Remy
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Speaker: DROUIN Rém)

INASA Systems Engineering Handbook
NASA Systems Engineering Handbook Is intended 1o provide
general guidance and information on systems engineering that
will be useful to the NASA community. It provides a generic
description of Systems Engineering (SE) as it should be applied
/i k . Sl throughout NASA. This handbook describes  systems ‘Speaker: DROUIN Rémy
e engneering best practicss that should be incorporated in the

development and implementation of large snd small NASA
programs and projects.
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block representing an action

unclionar architecture Is developed using
a decomposiion and Interactions between each
functions (functional flows)

» Functional analysis Jooks across all life cycle
processes
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NASA Systems Engineering Handbook Speaker: DROUIN Remy

NASA Systems Engineering Handbook is intended to provide
general guidance and information on systems engineering that
will be useful to the NASA community. It provides a generic

description of Systems Engineering (SE) as it should be applied
throughout NASA. This handbook describes systems
engineering best practices that should be incorporated in the
development and implementation of large and small NASA
programs and projects.

NASA Expanded Guidance for NASA Systems Engineerin

SYSTEMS ENGINEERING

HANDBOOK
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NASA SE Handbook — Systems Engineering

Speaker: DROUIN Remy

“Systems engineering” is defined as a methodical, multi-disciplinary approach for the design, realization, technical

management, operations, and retirement of a system.

The systems engineer usually plays the key role
in leading:

» the development of the concept of operations
and resulting system architecture

» defining boundaries
» defining and allocating requirements
» evaluating design tradeoffs

» balancing technical risk between systems

Systems Engineering

System Design Processes

& Stakeholder Expectations Definition
¢ Technical Requirement's Definition
¢ Logical Decomposition

¢ Design Solution Definition

Product Realization Processes

¢ Product Implementation
¢ Product Integration

* Product Verification

s Product Validation

* Product Transition

Technical Management Processes

* Technical Planning

* Requirements Management

s Interface Management

* Technical Risk Management
+ Configuration Management

¢ Technical Data Management
¢ Technical Assessment

¢ Decision Analyses

* Stakeholders

» Risks

* Configuration
Management

* Data
Management

* Reviews
* Schedule

PP&C

* PP&C Integration

* Resource Management

* Scheduling

* Cost Estimation & Assessment

* Acquisition & Contract
Management

* Risk Management

* CM/DM

» defining and assessing interfaces, providing oversight of verification and validation activities

) N—

NASA Handbook
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NASA SE Handbook - Processes

There are 3 sets of common technical processes: system design, product realization, and technical management.
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Technical Management
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Technical Planning
Processes

10. Technical Planning

Technical Control
Processes

11. Requirement Management
12. Interface Management

13. Technical Risk Management
14. Configuration Management
15. Technical Data Management

Technical Assessment
Processes

16. Technical Assessment

Technical Decision
Analysis Process

17. Decision Analysis
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Product Transition
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9. Product Transition
Cross- +
cutting
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f

Design Realization
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5. Product Implementation

Product Realization
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Initialize Project
l
Stakeholder
Product
— Expectations
# Implementation
Technical
Requirements Product
Definition Verification
Logical Product
Decomposition Product Validation Integration
Design Solution
Definition Product Transition
Yes Lower No
Tiers
Remasin?,
No
System Design Processes Product Realization Processes
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NASA SE Handbook — System Design Process Speaker: DROUIN Remy

The four system design processes are used to define and baseline stakeholder expectations, generate and baseline
technical requirements, decompose the requirements into logical and behavioral models, and convert the technical
requirements into a design solution that will satisfy the baselined stakeholder expectations.
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NASA SE Handbook — Requirements definition process

Stakeholder expectations

Speaker: DROUIN Remy

The main purpose of this process is to identify who the stakeholders are and how they intend to use the product.

Iterate Requirements
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Develop
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Allocated
Requirements

Y + Functional

+ Performance
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Success
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Customer Flow-down
Requirements
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Establish list of stakeholders

v

Elicit stakeholder expectations

\’

Establish operations concept and support
strategies

v

Define stakeholder expectations in acceptable
statements

’

Analyze expectation statements for measures
of effectiveness

- Concept of Operations

To Technical
Requirements Definition and
Requirements and Interface
Management Processes

Validated Stakeholder
Expectations

_,_,——"_A_'—'_'_

To Technical Requirements
Definition and Configuration
Management Processes

v

—= Enabling Product

Validate that defined expectation statements
reflect bidirectional traceability

v

Obtain stakeholder commitments to the
validated set of expectations

Support Strategies

—

To Technical Requirements
Definition and Technical Data
Management Processes

v

Baseline stakeholder expectations

Capture work products from
stakeholder expectations activities

Measures of Eﬁectivenej

—
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NASA SE Handbook — Requirements definition process Speaker: DROUIN Remy

Requirements definition
The Requirements Definition process transforms the stakeholder expectations into a definition of the problem.
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NASA SE Handbook — Technical solution definition process
Logical decomposition

Speaker: DROUIN Remy

Logical decomposition utilizes functional analysis to create a system architecture and to decompose top-level

requirements and allocate them down to the lowest desired levels.
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NASA SE Handbook — Technical solution definition process Speaker: DROUIN Remy

Design solution definition

The Design Solution Definition process is used to translate the requirements derived from the stakeholder
expectations and the outputs of the Logical Decomposition process into a design solution.
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NASA SE Handbook — Functional Analysis
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Functional analysis can be performed by Functional
Flow Block Diagrams (FFBDs). They are functionally
oriented and not solution oriented

It is made of functional block representing an action to
be accomplished

The functional architecture is developed using a
decomposition and interactions between each functions
(functional flows)

Functional analysis looks across all life cycle processes

Slew
Command

Initialize - Timer Expire
\/ T o= _"\\
( Ready ————————»{ Rejected )
\ 4

A “Bad"” \
N

Context

External Systems
\/ System‘?i'.
>

— -

. End of
| \; Settling

> Settled )

= ,.//
Any"
Slew
Command

November 15, 2021

Are mpactad by the systam

Impact s, but not impacted by, the symm.

CAPELLA/ARCADIA



TALK Life Cycle

Speaker: DROUIN Remy

= TALK Life Cycle

[region]
Initial Final
AHE (WHEN) ARCADIA/CAPELLA endi
& endin,
(WHEN) NASA SE ending ) 9
r i 3 s & r
(M) NASA SE Handbook Introduction (M) MBSE Introduction (™ ARCADIA/CAPELLA Introduction (™ Modeling Overview w/ HST
[region] [region] [region] [region]
\ \ u -
(WHEN) MBSE ending
L J
e i i o
N e n e R Tt R o e s
description of Systems Engineering (SE) as 1 should be applied information exchange. MBSE s o formalized appliation of modeling 1o support system requirements, design, anahyss,
i oS g ) X ke st R ot e i AR e N S L B et et S
e L L e Sl P
iy e e o e o =
WNEER Expanded Guidance for NASA Systems Engineering  JMend to use the product {' 2 Y Speaker: GROUIN Rémy
: B s fic g
3 §
r ; -
= Speaker: DROVIN Rémy|
e - - — — - I
— = = | |n be pertormed by Functional fer- omOUM: Rémy
— S pns (FFBDs). They are @ Tashoical reauirements Resuraments: are bwes within the medels
== Jid not solution orlented —
- e T e B e
block representing an action sesmipo fnctmpalblock end bt g
— - =
" - tecture Is developed using 0 =T
a decomposition and Interactions between each o
functions (functional flows) 3 T =
» Functional analysis looks across all lfe cycle | =
e
- Charactarize an anisting systam 3
o
= N Train users o how 10 ENYats 01wl & System
——— — = =
oVve De U



MBSE Introduction Speaker: DROUIN Remy

Model-based systems engineering(MBSE) is a systems engineering methodology that focuses on creating and exploiting
domain models as the primary means of information exchange between engineers, rather than on document-based
information exchange. MBSE is a formalized application of modeling to support system requirements, design, analysis,
verification and validation activities beginning in the conceptual design phase and continuing throughout development and

later life cycle phases.
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MBSE - Modeling Speaker: DROUIN Remy

A model consists of elements that represent requirements , design element, and their relationships. SYSML is a graphical
modeling language that supports modeling activities.

sd Sequence Diagram 1 _/I
Actor Acto 2 Actor3 State
| |
L-J I - S ' Behaviour lRequirement I Structure
1.1: i [ h
| | ¢ diagram diagram diagram
|
I = | State3
| — 12 | Activity |Block Definition
| ‘ diagram diagram
i 1.3
I _"+ Actor2
| i — | Sequence | Internal Block
3 diagram diagram
Modeling objectives (sample)
. . State Machine Package
Characterize an existing system —|  diagram ml oo

Specify and design a new or modified system

Evaluate a system

Parametric
diagram

Use Case

Train users on how to operate or maintain a system diagram
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MBSE across SE engine (NASA SE)
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Allows integration of information and designs from different engineering domains supporting the

single source of truth
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MBSE Benefits Speaker: DROUIN Remy

Model-based systems engineering does not affect process but will enable the opportunity for overall better quality, lower cost,
and lower risk.

Overall MBSE benefits (sample): NASA MBSE benefits (sample)

Enhance communication Greater consistency of all products because any single piece of design information can be
expressed authoritatively in a single place that can later be referred to by others for
decisions, derivations, or formation of artifacts

Reduce development risk
AneeniEEs eollElerEien Better visibility into the salient characteristics of a system because multiple views can be
Manage complexity created that succinctly address specific stakeholder concerns

Automatic document generation Model-based artifacts can be generated automatically, lowering the effort to keep them up

. . : to date with the result that artifacts can always match the best available information
Reuse of existing models in several projects

Better requirements traceability Navigation, traceability, and interrogation of information are facilitated in the model-based

approach
More stakeholder involvement PP

Can be less investment lost in erroneous design because sometimes the model reveals a
flaw as soon as it is created, enabling correction before downstream work is done, work
Single source of truth that would be invalid if the upstream mistake were not corrected immediately

Digitalization
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TALK Life Cycle

Speaker: DROUIN Remy
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ARCADIA/CAPELLA - Introduction Speaker: DROUIN Remy

Architecture Analysis & Design Integrated Approach (ARCADIA) is a structured architecture engineering method for defining and
validating multi-domain systems, based on architecture-centric and model-driven engineering activities. ARCADIA is a method
based on functional analysis and focuses on developing the system by starting from needs analysis and solution development up
to integrated verification and validation.
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Logical Architecture
How the system will work

BT > Ensure engineering-wide collaboration by sharing the same
reference architecture
» Master the complexity of systems and architectures

Physical Architecture

Solution architectural design

How the system will be » Define the best optimal architectures through trade-off
developed and built

analysis
» Master different engineering

levels and traceability with
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ARCADIA/CAPELLA - Introduction Speaker: DROUIN Remy

Designing complex and critical systems, and more generally architectures that are subject to multiple functional
and non-functional constraints, is an activity which requires a level of rigor that can only be provided by formalized
and tooled modeling approaches like the ones based on Arcadia/Capella and SysML tools.

EECTEEE BT T

The Arcadia method enforces an The Arcadia concepts are mostly Arcadia method is supported by

approach structured on different similar to the UML/SysML standard various kinds of diagrams largely

engineering perspectives and the NATO Architecture inspired by UML and SysML.:

establishing a clear separation Framework (NAF) standard. Because > Architecture diagrams;

between system context and need of the focus on architectural design, » Dataflows diagrams;

modeling (operational need analysis some of the SysML concepts have > Functional chains diagrams;

and system need analysis) and been simplified or specialized in > Sequence diagrams;

solution modeling (logical and order to better match the concepts > Tree diagrams;

physical architectures). system engineering practitioners > Mode and States diagrams;
already use in their engineering » Classes and Interfaces diagrams.
documents and assets.

“—
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ARCADIA/CAPELLA - Diagram description

Diagram

Description

Breakdown diagram

Capability diagram

Dataflow diagram

Architecture diagram

Scenario

Mode&State

Class diagram

Capella Days

Stakeholders/Functions/Components
decomposition through graphical tree

Equivalent to a use-case diagram, used to
organize the functional analysis

Provide informations exchanged between
functions

Described the assembly of components or
functions and interfaces

Provdes dynamic behavior between functions

Provide the working type of function or actor or
system.

Often, data-class diagram compress of exchange
items or data parameters utilized in a system

NASA Handbook

Speaker: DROUIN Remy

Architecture Diagrams

Scenarios L
?. Measurement Engineer g, EOLE -?.,Almosphere | et

{8 Atrasphere

i

[l

" Dlbsestner

[l air

image request

I
|
| iluu-.r-a'h?:
: A Luulgl_!:mn-'——‘
g,

1

[

a\aqiﬁsmenhlqr
'

I Wesraster

|

Mode State Diagrams

3] scientific user

) Batch TELeo data request Dataf!ow Diag[‘ams
collected meteo dats

#) Image Acquisition;

CA

7

PELLA/ARCADIA

D=l current situation

.% Aggregate data FC
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ARCADIA/CAPELLA — Functional analysis Speaker: DROUIN Rémy

Use-Cases-driven

0 I0CD: @ LIf o ® >Define the system

———s W W @ Level 1 f— >
= DD g/

SystemFunction 2| SystemFunction 3|

> Define the functions ‘ | ‘ ‘ ‘

- Operational-driven ] }

= = = = =i

L T | § —T > Define the tree diagram @ Level 2 '—D LogicalFunction LogicalFunction Lngiml;:ndion LogicalFunction i LogicalFunction

241 2.2 3.2 33

— I -

Functional chain-driven

System System
o e s e ) h . | .
Py i~ Define the functional dependencies — |

PhysicalFurctio PhysicalFunctio PhysicalFunctio PhysicalFunctio Physicalfunciic

® Level 3 T n2.12 n2.21 ® "0 n3.2.1 n 351
PhysicalFurjctio PhysicalFunctio PhysicalFunciio PhysicalFunctio PhysicalFunciio

E nz1.1 nZzz2 ® n 312 n322 n33.2

System
LERE g Dacs LETY
<

PhysicalFunctjo PhysicalFunctio PhysicalFunciio

D n213 ® n313 n3.3.3
PhysicalFunctio PhysicalFunctio

n 2114 n3.3.4

SystemFunction 2 1 @ SystemFunction 3
) LogicalFunction 2.1 @ LogicalFunction 2.2 e e S .
() LogicalFunction 3. P LogicalFunction 3. e —
PhysicalFunctio| PhysicalFunctio| PhysicalFunctio PhysicalFunctio| PhysicalFunctio () PhysicalFunction 2.2.1 ﬁ Funi
_i’ n213 _T’ n221 _i’ n 222 _T’ n2.1.14 _i’ n2i11 L : 5 L l[PhysicaIFumiun 333 51 Fu hetionalExchange
@ PhysicalFunction 2.1.3 R 2/Exchian 38 dpctionalexchange @ PhysicalFunction 3.1.2 Hpetionalexchange
| | |
FunctionalExchange 3 : | | 37 T ® PhysicalFunction 3.2.2
- Dl Functionalfxchange 1 4
\ B ! B ;

| |

| |
|:| | |

) 3
| | FunctionalExchange 4 (&) PhysicalFunction 2.1.14 @ Prysicallfunction 3.3.0 |
— @ PhysicalFunction 3.1.1
| | | D1 FunctionalExchange 1
| | |

DSIFunctionalfxchange 1
| |

DEl FunctignalExchange 2 D= FunctidnalExchange 3

ALT

PhysicalFunction 3.3.2

FunctionalExchange 1| i AN S k] [F] FunctionalBxchange 2 el

PhysicalFunction 2.2.2

Functior

|

|

|

| - ‘ ; ;
DlFunctionalfxchange 2 @ PhysicalFunction 3.2.1

| i A @ PhysicalFunction 3.1.3

|

|

|

PhysicalFunction 3.3.4

PhysicalFunction 2.1.2

< | DRI F ynctionalExchange 5

|

|
| |
| |
| |IFunctionalExchange 1
| |
| |
| |
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ARCADIA/CAPELLA - Operational Analysis

Speaker: DROUIN Remy

Define Stakeholder needs and environment

e Capture and consolidate operational needs from stakeholders
* Define what the users have to accomplish

* ldentify entity, actors, roles, activities and concepts

D=l Interaction 3 T

OperationalActivity 3

|  [OCB] operational Capabilities diagram
-i, OperationalActor 1 -i, Operationa OperationalCapability 4
| Interaction 1 |
' I
: | % Operational Actor 2 OperationalCapability 2 % OperationalActor 1
| IO perationalag e I
2
| T
OperationalCapability 3
g ALT : :
§ I Interaction 2 I
]
1 | R .
2 | : [[OEBD] Operational Entity Breakdown diagram
-~ ICperational Activity - -
's 1 = =
~ -
--------- Mg oo so T e ssssess §0E] Entity 1 8] Entity 2
-§ ' Interaction 4
§ i !
~— IOperational Activity
m El Operational Actor 1 OperationalActor 2 OperationalActor 3
|
) .
[OAB] operational Architecture diagram
Entity 1 Entity 2
£ Operationalactor 1 Y —— [OAIB] operational Activity Interaction diagram
) @ OperationalActivity 1 ) ® OperationalActiaty 2 —
@o R B Interacticp 1 Dl interaction 1
OperationalActivity 2
D= Interaction 4

D=l interaction 2 D= interaction 4

3 Interactiol

jon 3

Capella Days NASA Handbook

_— CAPELLA/ARCADIA HST

@ OperationalActivity 3
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ARCADIA/CAPELLA - System Analysis Speaker: DROUIN Remy

Formalize system requirements [SAB] system Architecture diagram

* Identify the boundary of the system i_
* Define what the system has to accomplish for the users '
* Model functional dataflows and dynamic behaviour

® SystemFunction 2 ® SystemFunction 3 ® SystemFunction 5

Dl FunctionalExchange 4

@ systemFunction 2

SystemFunctio SystemFunctio SystemFunctio SystemFunctio
e B T S S

| | |
I FunctionalExchange 1 l l
] |

|:| | |
I FunctionalEXchange 2 '
|:| I ]
|

| |
| |

[CSA] contextual System Actors diagram

[FS] Functional Scenario

[MCB] mission Capabilities Blank diagram

FunctionalExchange 4

|
|
|
|
|
|
|
|
0

D= FunctionalExchange 5 © systemFunction 2 Capability 4
@ SystemFunction 5 \ctor 3 Actor 4
Capability 2 O

D=l FunctionalExchange 1 Defl FunctionaExchange 2 A - @ \

(3 & SystemFunction 3
@ SystemFunction 4 DHl FunctionalExchange 4 o
Capability 3

”PELLA/ARCADIA
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ARCADIA/CAPELLA - Logical Architecture Speaker: DROUIN Remy
Developp system logical architecture

LCBD)] Logical Component Breakdown diagram
e See the system as a white box define how the system will work i i
so as to fulfill expectations

e Perform a trade-off analysis

[LAB] Logical Architecture diagram

{ lLogical System

[LDFB] Functional Dataflow Blank diagram

@ SystemFlinction &

[ leulru‘rm &1

{ llogicalComponent 1

§ llogicalComponent 4

" [LFBD] Functional Breakdwon diagram

unction 2 ’J @ SystemFunction 3 ’J ©@ SystemFunction 4 ’J @ SystemFunction 5 ’J @ SystemFunction &

| _— | x x

(@ LogicalFunction 4.1 @ LogicalFunction 5.1

Capella Days

NASA Handbook LA/ARCADIA
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ARCADIA/CAPELLA - Physical Architecture Speaker: DROUIN Remy

Develop system Physical architecture

* How the system will be developed and built
* Software vs. hardware allocation, specification of interfaces,
* deployment configurations, trade-off analysis

PhysicalComponent 1

{1 PhysicalComponent 3

{drc4

D] FunctionalExchange 1

ﬁpl‘ Tpad1 DAl FundtionalExchange 7

[PAB] physical Architecture diagram

{1 PhysicalComponent 4 PhysicalComponent 2
& =1 B
= IR I L
§F] PhysicalComponent 1 | PhysicalFunction
ionalEx| ~ 312
?
§P] PhysicalComponent 3 §P] PhysicalComponent 4 §F] PhysicalComponent 2
PCBD] Physical Component Breakdown diagram
[ ] Physi pon i [PDFB] physical Dataflow Blank diagram

&) SystemFunction 2

@ LogicalFunction 2.1

r}) PhysicalFunction 2. 127 D=l FunctionalExchange 1 f&) PhysicalFunction 2.1.1 J

p o

”PELLA/ARCADIA November 15, 2021
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ARCADIA/CAPELLA - Add ons sample Speaker: DROUIN Remy

Several add ons are availables in order to unleash the power of MBSE workbench

Open-Source Add ons

Subsystem- Basic- html- - , : . . -
Capella & HDSYSIeM- | pequirements & | Filteringa | . oo i M2Doc & The Mass viewpoint enables to simply describe the non-functional aspect of mass in Capella.
Transition & Viewpoints & docgen & ) g . . . . S
—| - The Price viewpoint enables to simply describe the non-functional aspect of price in Capella.
5.0.x I——— | ‘ﬁ‘ The Performance viewpoint enables to simply describe the non-functional aspect of performance in Capella.
1.4.x
Xhtml docgen addon enables the end-user to generate an HTML website from a Capella project.
13.x I , ‘Q. Sharing models with all stakeholders is essential in model-based systems engineering. Publishing and
(releases) & (releases) @ (releases) @ | (releases) & (releases) @ | (releases)® sharing HTML versions of models helps make models The reference of all engineering activities.
1.2.x
11x »;Fr_-b M2Doc generates MS-Word documents from Capella models. M2Doc uses customable Word templates to
1.0.x extract data and diagrams from your models and display them in a docx file.
0.8.x

.
Price Mass Performance
c
% Start Playing VOD Movie "
i 9, Start Playing VOD Movie o % Start o VoD Mavie
@ 50. ‘ lcurrenvr 262 Max: 1000 I
' . g
Ge ne rated {0 Video Server Unit - - - &3 Current: 140 - Max: ... g £0Video Server Unit 8 | 5] £Avideo Server Unit
E | I8
X €0 vsu Hard Disk
M2Doc Document 1 current 100 - v o [  curen 1 - w15 If ==
{0 Media Server = Y | ( &2 Medio Server : - 11 40 vedia Server
hernet| erne 1 — o pegcto o -
@ Store Digital Media - -F - &3 Current: 50 - Max: 60 H @ Store Digital Media M @ Current: _10 - Max: 20 i @ Store Digital Media
Document otce wor E—
F8 vsu Prodessor i i vSU peodessor= ="
Template £ VSU Prodessor ;\, | O L —
M2Doc Templale Editer I t [ Medfaﬂe"'"’ Server R Streamind Server .
dfiS!f'eammg Server a DHIMedia Requa] Tﬂ et D Media Requdst
Medi E
TR D] Media Requ 2 Current: 1140 - Max.... 1 = T @ Current: 120 - Max: 115 i s
S ! - Broa In ® o e
®;0n & I ‘ o

—
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ARCADIA/CAPELLA - WEBSITE Speaker: DROUIN Remy

https://www.eclipse. org/cape/la/arcadla htm/

=3 Capella wol COMMUNITY CcoN

“Systems Architecture Modeling with

the ARCADIA Method”
@Pascal Roques

LET YOURSELF BE GUIDED WITHARCADIA

with the Arcadia Method

A comprehensive methodological and tool-supported

NS 4 Pascal R
model-based engineering guidance ascal Roques

A Practical Guide to Capells

https //WWW. youtube com/c/Ecl/pseCapeIla

Cape"a

Sorn Open Source MBSE Solution
-

AL
+ Ecll se Ca ella - Open Source MBSE Solution
[—v-) p P p -

ARCADIA METHOD AT A GLANCE!

= EBVoulube™

The essentials of the method are summarized in a four pages document

LE MEILLEUR DE YOUTUBE

“Model-Based Systems and
Architecture Engineering with

the ARCADIA Method
@Jean Luc Voirin

& Capella. Creative commens BY-ND Licence: Attribution +
NoDerivatives

000000009

Model-based System
and Architecture Engineering
with the Arcadia Method

zines

@

AUTRES CONTENUS
YOUTUBE

Jean-Luc Voirin

3  YouTube Premium

(@) Endirect Capella Days 2020 Gen g m ed with Arcadia  Capella How To Capella Community Capella Webins

AFFICHER LA PLAYLIST COMPLE AYLIST COMPLETE  AFFICHER LA

AFFICHER LA PLAYLIST COMPLETE
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ARCADIA/CAPELLA - HELP
@HELP Contents [CAPELLA modeler |

= Help - Capella

Search: |

| E Scope; All topics

Contents

&-|¥-B8[F o

@ Workbench User Guide
@ Java development user guide
@ Platform Plug-in Developer Guide
@ JDT Plug-in Developer Guide
= Plug-in Development Environment Guide
@ Acceleo Query Language Documentation
= El Capella Guide
[ Release Note
(3 user Manual
[Ee] Develaper Manual
=
B Common Diagram Tools
B Activity Interaction Scenario
Bl Capability Realization Blank
B Capability Realization Refinement
B Capella Architecture
B Class Diagram Blank
B Component Exchanges Scenario

B Compaonent Interfaces Scenario

B Confiquration ltems Breakdawn

Bl Contextual Capability

El Contextual Capability Realization Involvement
Bl Contextual Component Detailed Interfaces

B Contextual Component External Interfaces

B Contextual Component Internal Interfaces

B Contextual Mission

[ Contextual Operational Capability

Bl Contextual System Actors

El EPES Architecture Blank

B Functicnal Chain Description
B Functional Scenario

Bl Interface Diagram

B Interfaces Diagram Blank

B Logical Architecture Blank

B Logical Component Breakdown
Bl Logical Data Flow Blank

B Logical Function Breakdown

B Missions Blank

B Missions Capailities Blank

B Modes & States [DEPRECATED]
Bl Mode State Machine

Bl Operational Activity Breakdown
El Operational Activity Interaction Blank
B Operational Capabilities Blank

B Operational Entity Blank

B Operational Entity Breakdown

B Operational Interaction Scenario

[ Operational Process Description

Capella Days

NASA Handbook

Capella Guide >

Diagrams

Contents

Common Diagram Tools

Activity Interaction Scenario

Capability Realization Blank

Capability Realization Refinement

Capella Architecture

Class Diagram Blank

Component Exchanges Scenario

Component Interfaces Scenario
Configuration [tems Breakdown

Contextual Capability

Contextual Capability Realization Invelvement
Contextual Component Detailed Interfaces
Contextual Component External Interfaces
Contextual Component Internal Interfaces
Contextual Mission

Contextual Operational Capability
Contextual System Actors

EPBS Architecture Blank

Functional Chain Description

Functional Scenario

Interface Diagram

Interfaces Diagram Blank

Logical Architecture Blank

Logical Component Breakdown

Logical Data Flow Blank

Logical Function Breakdown

Missions Blank

Missions Capabilities Blank

Modes & States [DEPRECATED]

Mode State Machine

Operational Activity Breakdown

Operational Activity Interaction Blank
Operational Capabilities Blank
Operational Entity Blank
Operational Entity Breakdown
Operational Interaction Scenario
Operational Process Description
Operational Role Blank
Package Dependencies
Phvsical Architecture Blank
Physical Component Breakdown
Physical Data Flow Blank

Speaker: DROUIN Remy

https://forum.mbse-capella.org/

== Capella

Welcome to the Eclipse Capella community forum.

Categories JEEICES

Category

News

Latest news about Capella

Arcadia

The Arcadia model-based engineering method

Capella

Capella Studio & Kitalpha

Document Generation

Doc generation with M2Doc or other Add-ons.

Add-ons

Any question related to other Capella Add-ons

Top

Any tool-related question, suggestions, problem, etc

Topics

159

3 / month

15/ month

167

1/ month

4 | month

Latest

0

-

® 6

REC / RPL and parts naming
W Capella

Functional Chain EDIT
W Capella

Requirement VP: Extract Requirement
Allocation?
W Add-ons

Capella 5 Issue with behavior PC
W Capella

EMF Diff/Merge : same match keys
M Capella

Open Capella internal link from external

browser?
W Add-ons

n

17h

19h

3d

4d

4d
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ARCADIA Versus NASA System Engineering Handbook Speaker: DROUIN Remy

7 [EcCapella
7

ViewPoints N .
- a2 Operational Analysis
Iterate ConOps Iterate Requirements \J Wh t th f
herate v WL AN attheusers o
Expectations Stakeholder Expectations Requirements Definition = the system need to

Inconsistencies - lterate

accomplish

MNeeds,
Goals and

No - Iterate

Need understanding

. Derived and
Objectives Allocated .
Requirements Functional &
mﬁﬁ: ! Constraints Develop v ol | runctiona Validate~~, 600d | ~Teq, Meet tes Non Functional Need
onOps « Parfi aq. CanOps?
Cintartace What the system has to
[+ Dperational

accomplish for the users

i 1
Success + Safity . R
Criteria eilithes £ N | V| mw----------------1--
A Operational activity
F: Function
C :Component
Develop
Architectul

Logical Architecture
How the system will work

No - Recursive Cycle to fulfill expectations

To Prcd}lct Lowest
Realization Level?
Processes

+ Functional Flow

+ Temporal Flow

+ Behavioral

+ Data Flow

+ States and Modes

Devel
. elop
Criteria ian

Physical Architecture
How the system will be
developed and built

Solution architectural design

/er'\/m //

. ViewPoints

Requirements definition process Need understanding
Technical solution definition process ESsms Solution architectural design

7
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TALK Life Cycle Speaker: DROUIN Remy

= TALK Life Cycle

[region]
Initial Final
nitia =
© (WHEN) NASA SE ending (WHEN) ARCADIA/CAPELLA ending
- 3 r f
™ NASA SE Handbook Introduction [~ MBSE Introduction (™) ARCADIA/CAPELLA Introduction (™ Modeling Overview w/ HST
[region] [region] [region] [region]
- . .
(WHEN) MBSE ending
N /
g ker: DROUIN Ré) MBSE Introduction ammiiasisdory " Specker: DROUIN Rémy) EREES liaass -ntroduction Speaker: DROUIN Rémy
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bounces the light back 10 the pri ane ts center. The bght small
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GINEERING ! =
== Sr———
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HUBBLE Space Telescope - Introduction Speaker: DROUIN Remy

The goal is not to apply the MBSE approach to the entire system, but just to apply few diagrams showing the application of
ARCADIA/CAPELLA

« All models are wrong, but some are useful » George E.P.Box (British statistician)
Hubble is a Cassegrain reflector telescope. Light from celestial objects travels down a tube, is collected by a bowl-like,
inwardly curved primary mirror and reflected toward a smaller, dome-shaped, outwardly curved secondary mirror. The
secondary mirror bounces the light back to the primary mirror and through a hole in its center. The light is focused on a small
area called the focal plane, where it is picked up by its various science instruments.

. » X :
\ ot y o . B 7 N
. E/ . -l \
- . : . 7 4 o S
< / { :
4 ' ; ” > J ; o/ ' & Nl
> - o ) X 7 / 4 2 SN B |
L 3 | ~
. ,'; 4 ™ - — A i \
$Y s - £ A 9 . /'8 \
: - » ‘ . 7 S / 4 5 m \
- . N % R N
- w5 ; . . 44 / N

Orbiting high above the Earth, the Hubble Space Telescope has a clear view of the universe free from the blurring and
absorbing effects of the atmosphere. In addition to observing visible and near-infrared light, Hubble detects ultraviolet light,

.
VAR [ ] dDSOINrned (1€ alrmospriere 4drd 1€ OF'l OIT] Dd(CeE (1€ C|C OPE Ilc pedadliriedd ri [1UTed 0 fle dll( O
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HUBBLE Space Telescope facts Speaker: DROUIN Remy

Launched: April 24, 1990 - _ Hubble Missions s Deont

> Mission
> Deployed: April 25, 1990. First Image — May 20, 1990 g 1 :}z@*

» Servicing missions: 4 (SM1 — SM4) > - e

» Launch vehicle: Space Shuttle Discovery (STS-31) IR . | | * £ gﬁwmw
» Launch site: Kennedy Space Center, Florida | S ‘ s"'c%:,.”';“m

» Location: Orbiting 340 miles (540 kilometers) above the Earth _ it gw%u’?/
> Orbital Period: Approximately 95 minutes to complete one orbit around Earth =
> Speed: About 17,000 mph (27,300 kph) e

» Wavelength coverage: Sensitivity to light: Ultraviolet through Infrared (115-1700nm) | . £

1990 1993
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HUBBLE Space Telescope science Speaker: DROUIN Remy

Answer some of the most compelling astronomical questions of our time, and uncovered mysteries we never knew existed

P

Solar System Exoplanets Universe

Capella Days NASA Handbook CAPELLA/ARCADIA November 15, 2021



Operational Analysis Speaker: DROUIN Remy

Operational Analysis

uirements definition process
echnical solution definition process

Need understanding
Solution architectural design

Operational Analysis

I Cof I i
) l“““" o rerate Requirements What the users of
Expactati Stakeholder Expectations Requirements Definition £ the system need to
Inconsistencies - lterate E accomplish
Gzeleﬁr.ﬂ No - Iterate ::’j
alsa Derived and °
Objectives Al c
Requirements - Functional &
] Functona! $ Non Functional Need
[ performance What the system has to
Operational accomplish for the users
e
Criteria ‘ilities™

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built

Solution architectural design

I
HST
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Operational Analysis Speaker: DROUIN Remy

LJ
R e e e expiorer ——

P Ede Nevue Sesch Proet fun indow Hep
RN PP R R 7o ®

1 CapellaProject Explorer 11 £ %, Hubbe Space Telescope 11 a0

Workflow of Hubble Space Telescope

Select 2 name o find
74 any character, *

"

iy sting
Define Stakeholder Needs and Environment

Capture and E

Operational

e Define what the users of the system have to accomplish
Identify entities, actors, roles, activities, concepts

1 Hubble Space Telescope

Formalize System Requirements

Define what the zystem has to sccomplish for the uzers
Model functionsl dstaflows and dynsmic behsiour

system o5 3 white box define system will work
Perform o first trade-oHf analyses

Physical How the system will be developed and built
Architecture Software vs. hardware allocation, specication of interfaces,
deployment configurstions, trade-off analysis

ty explorer
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Operational Analysis | :. Speaker: DROUIN Remy

[ OEBD ] Operational Entity Breakdown diagram

T ¥ T

TScl Associate Dibclor for ESA  Head, Businiess Ressoufe Center Head, Data Mand germent Division
aison engineering/Steering Committee
Head, HUBBLE Space Telescope Mission Office
| Information Techinology Services Divifion Head, Office of Public Outreact
ead, C s Office Head, Nancy Grace R cope Mission Office

Head, Pr t Office hair, Senior Science Staff Executive Committee

% ead. Science Operations and Engineer

>to
>to

=
= @Gmund segment
- Space
H| Space Telescope {C} 3 D
Operations Control Center environment
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[ oCB ] Operational Capabilities diagram
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Behind Hubble's captivating images and groundbreaking science is a team of people who
control the telescope, ensure its health and safety, and innovate ways to keep it at top
performance more than three decades after its launch. This group of engineers, scientists,
and operators at NASA's Goddard Space Flight Center work together to monitor Hubble as it
travels around Earth, point the telescope &t cosmic targets, and solve any problems that
arise. They perform their work in specialized facilities fhat provide the tools and equipment needed to operate this great observatory and
continue its legacy of success.

NATIONAL AERONAUTICS ARD SPACE ADNINISTRATION

h0DDARD

SPACE FLIGHT CENTER

GREENBELT, NARYLAND

HUBBLE SPACE TELESCOPE (HST)
LAUNCHED APRIL 24, 1990 W

We are the science operations center for the Hubble Space Telescope. Our. .,

the lifecycle of a scientific proposal for Hubble observations, which we hav®™ 3

since its launch in 1990. We help turn great science ideas into great science, highlight
the results, and distribute the data acquired for others to use. Our work includes running
the peer-reviewed science program selection, planning and scheduling of the telescope,
characterizing the performance of the instruments, maintaining and enhancing the
archive of data, and making the data freely available to the world.
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[ CSA ] Contextual System Actors diagram
[ MCB ] Mission Capability Blank diagram pr—
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[ M&S ] Maode&State diagram
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[ SDFB ] Functional Dataflow Blank diagram
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[ SAB ] System Architecture diagram
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[ SAB ] System Architecture diagram
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[ CDB ] Class diagram
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[ LFBD] Functional Breakdown diagram
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[ LCBD ] Logical Component Breakdown diagram
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[ LAB ] Logical Architecture diagram
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[ LAB ] Logical Architecture Diagram
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[ PCBD ] Physical Component Breakdown diagram

Speaker: DROUIN Remy
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Speaker: DROUIN Remy

[ LAB ] Logical Architecture Diagram
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I

The Fixed Head Star Tracker (“Determine attitude by measuring location&brightness of stars™ function) is a sensitive,
electro-optical detector which has the capability of locating and tracking a target star within its Field Of View
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Physical Architecture
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[ CDB ] Class diagram

[ PAB ] Physical Architecture diagram
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