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Speaker introduction Speaker: DROUIN Rer

U Avionicsystemsengineerin the FrenchAir Force

U TeamlLeadenn automotive industry designingconnectedsolutions

U ProgramManagerin elevatorindustry designingconnectedsolutions
U Headof systemdepartmentin defenseindustry designingHigh EnergylLaserSystems

U Lecturerfor Frenchuniversitiesintroducing System$£ngineeringand Model-BasedSystem$£ngineering

G ¢ RIASASystemENgineering SE)handbookaimsto providegeneralguidanceand information on systemsengineeringasit shouldbe appliedthroughout NASA The handbookintroduces3
commontechnicalprocessesOneof these,is the SystemDesignProcessdescribingthe stakeholdersexpectationsyequirementsdefinition, logical decompositiorand designsolution definition.
The4 activitiescanbe supportedby a ModelBasedSystemdEngineerindMBSEapproach Todo so,an appropriatemethodandtool is necessarysthe one providedby the ARChitecturédnalysis
& Designintegrated Approach ARCADIAwith its modelerCAPELLAs a MBSEsolution supportingsystemmodelingactivities Basedon 4 architecturallayers,which are OperationalAnalysis,
SystemAnalysis,Logicaland PhysicalArchitecture,it is a structuredarchitectureengineeringmethod for defining and validating multi-domain systems Thistalk will presentan educational
overviewof the ARCADIMmethodologyand SystenDesignProcessrom the NASASE by introducingMB SEartefactsfor spacesystem

TheHUBBLESpaceTelescopgHST)s a Cassegraimeflector telescope Orbiting abovethe earth, HSTelaboratesa clearview of the universefree from the blurring and absorbingeffectsof the
atmosphereln orderto illustrate the journeythroughout CAPELLAhe HSTwill be introduced,asexample basedon publicinformationavailable¢
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TALK Life Cycle Speaker: DROUIN Rerr
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Speaker: DROUIN Ren

« All modelsare wrong, but someare useful »

George E.P.Box (British statistician)

Novemberl5, 2021



TALK Life Cycle

Speaker: DROUIN Ren

= TALK Life Cycle
Final
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'"ga' (WHEN) NASA SE ending | (WHEN) ARCADIA/CAPELLA ending
™ NASA SE Handbook Introduction (™ MBSE Introduction ] = ARCADIA/CAPELLA Introduction (™) Modeling Overview w/ HST
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(WHEN) MBSE ending

Speaker: DROUIN Rém)

INASA Systems Engineering Handbook
NASA Systems Engineering Handbook Is intended to provide
nat

general guidance and information on systems engineering that

un
description of Systems Engineering (SE) 8s 1t should be applied

P ,k [y throughout  NASA. il
(. engnsering best practices that should be moorporsted in the
P de t and implementation of large and small NASA

programs and projects.
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Speaker: DROUIN Rém)

ntend to use the product

Capella Days
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» Functional analysis Jooks across all life cycle
process

es

omposition and Interactions between each
functions (functional flows)

Speaker: DROUIN Rémy|

be performed by Functional
s (FFBDs). ey are
hd not sokution orlented

block representing an action

ehitecture Is developed using
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NASASystem<£ngineeringHandbook Speaker: DROUIN Re
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 SHandbookg System<£ngineering

Speaker: DROUIN Ren

NSysteenngsi n e B definedas 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:

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

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

U 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

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

NASAHandbook

Capella Days
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NASA SHandbook- Processes

Speaker: DROUIN Rerr

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

Capella Days

8

ystem Design
Processes

Requirements Definition

Processes
1. Stakeholders Expectations Cross-
Definition i

2. Technical Requirements
Definition <:>

Technical Solution
Definition Processes

3. Logical Decomposition
4, Design Solution Definition

&

1 System Design Processes

: applied to each product

1 layer down through system
: structure

N

Technical Management

Processes

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

NASAHandbook

Product Realizati
Processes

Product Transition
Processes
9. Product Transition
Cross- +
cutting

Evaluation Processes
8. Product Validation
7. Product Verification

f

Design Realization
Processes

6. Product Integration
5. Product Implementation

Product Realization
Processes applied to each
product layer up through

system structure

Pe—————

CAPELLA/ARCADIA

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

Novemberl5, 2021



NASA SHandbookg System DesigRrocess Speaker: DROUIN Ren

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.

Iterate ConOps Iterate Requirements
Iterate r
Expectations Stakeholder Expectations Requirements Definition
Inconsistencies - lterate
Needs, -
Requirements Flow Dd Realized Products Goals and No - Iterate
from Level above to Level above N Derived and
Objectives I i
l Technical Management Requirements \
Processes Yes
ystem Design Product Realizatio gram |y Constraints Develop ¥ 4 |*Functional Validate Req. Meet
P Processes Authority ConOps « Performance Req. Set ConOps?
rocesses W || 7 processes e Interface
. Definitl Product Transition
" Processes Processes « Operational
1. Stakeholders Expectations Success + Safety
Definition Critaria + “ilities”
.......

No - Recursive Cycle

Requirements Flow Down Realized Products
To Level below From Level below

System Desigh Processes Product Realization 1
applied to each product rocesses applied to each : To Product
]
1

T ¥

layer down through system roduct layer up through N - e Eunctional E
structure system structure Realization low

__________________ 1 lmmmmmmmem———————4 + Temporal Flow
Processes + Behavioral

+ Data Flow

+ States and Modes

NN \
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NASA SHandbookg Requirementgefinition process

Stakeholder expectations

Speaker: DROUIN Rer

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

Iterate| i
Expectations,

Iterate Requirements

Goals and
Objectives

Program
Authority

Constraints

Capella Days

Success
Criteria

g |

Develop
CoanOps

Derived and
Allocated
Requirements

Y + Functional

+ Performance
+Interface

+ Operational
+Safety

* “Hlities”

Mo - Recursive Cycle

To Product
Realization
Processes

NASAHandbook

From Project

Initial Customer Ly
Expectations

Other Stakeholder Ly
Expectations

T— -

—_—

CAPELLA/ARCADIA

L

Customer Flow-down
Requirements

__q_\“_\—_____—

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

—

Novemberl5, 2021




NASA SHandbookg Requirementgefinition process Speaker: DROUIN Rer

Requirements definition
The Requirements Definition process transforms the stakeholder expectations into a definition of the problem.

Iterate CanOps Iterate Requirements
Iterate) y r
Expectations Stakeholder Expectations Requirements Definition L
Inconsistencies - Iterate T
Needs, Mo - Iterate
g:als an; C land
Jectiv Allocated
Requirements
Program L | Develop v
: Constraints ™ *Functional Analyze scope of problem
Authority ConOps + Performance vz — |
+Interface From Stakeholder / \
Expec Defi
*Operational and Configuration Define design and )| Define functional and To mg:;al Decomposition
SucCess « Safaty rod . R and Requirements
Safety Management Processes product constraints behavioral expectation in and Interface Management
Criteria * “ilities technical terms Procasses
Baselined Stakeholder > 7
ST Validated Technical
—_— ] Define performance —> Requirements
y EE—————— requirements for each PR
Baselined Concept of Ly defined functional and T
Operations behavioral expectation To Logleal Decomposition
e and Technical Data
—_— Management Processes
Mo = Recursive Cycle Baselined Enabling
i > Y. Measures of
Su Strategies
L _iﬁm Define technical require- > Performance
T ments in acceptable L.
“shall” statements
To Technical
¢\ Assessment Process
To Product Technical Performance
Realization Lowest D validate technical Define measures of g .
Level? Effectiveness Ed requirements performance for each ——
Processes e B l measure of effectiveness T
Establish technical Define technical
requirements baseline performance measures
Capture work products from technical
requirements definition activities

Capella Days NASAHandbook CAPELLA/ARCADIA Novemberl5, 2021




NASA SHandbookg Technicakolution definition process Speaker: DROUIN Ren

Logical decomposition

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.

Capella Days

Iterate CanOps Iterate Requirements
Iterate ¥
Expectations Stakeholder Expectations Requirements Definition
Inconsistencies - lterate
G:Efdﬁnd No - Iterate
als ai
Objectives 0 “.'" w ’"dl
Requirements
. To Design Solution and
m’aﬁ: ¥ Constraints 2;:3:2 ¥ u |+Functional From Tachnical Define one or more logical Requirements and Interface
:m;::n“ Requirements Definition decomposition models Management Processes
+ Operational and Configuration J'
Success « Safety Management Processes Derived Technical
Criteria = ilithes” Allocate technical requirements to Requirements
Baselined Technical logical decomposition models to form
Requirements a set of derived technical requirements
& ‘F ¢ To Deslgn Solution
= and Conflguration
From Technical Resolve derived technical Management Processes
Requirements Definition requirements conflicts
Mo - Recurs !
ecursive Cycle and Technical Data Logical Decomposition
Management Processes ¢ Ea Models
Measures of Validate the resulting set of derived —
To prod Performance technical requirements To Technical Data
o Product
Realization e ¢ Management Process
Processes Establish the derived technical |y Logical Decomposition
requirements baseline Work Products
J
Capture work products from logical
decomposition activities

7
NASAHandbook

MBSE

CAPELLA/ARCADIA

HST
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NASA SHandbookg Technicakolution definition process Speaker: DROUIN Rem

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.

——— e

Iterate CanOps Iterate Requirements
Iterate ¥
Expectations Stakeholder Expectations Requirements Definition

Incong| tencies - lterate

e |

Goals and

Mo - Iterate

or Product Implementation and

Mo - Recursive Cycle Verify the fully defined design solution Requirements and Interface

Objectives B“.'“'“' - v
Requiremen)|
Yos To Requirements and
Prograrn ¥ Constraints Develop Y, « Functional Interface Management Processes
Authority CoanOps « Performanc 1 System-Specified
+Interface | Define alternative design solutions | Mq“"fi“_ﬁ'j‘f,
:Soap;-emlma“ *’ End Product-Specified
Success ey | Analyze each alternative dasign solution | | > Requirements
Criteria + “ilities - —
From Logical ¢ To Expectations D
Decompositionand | | Select best design solution altemative | and Requirements and nterface
- ' C g9 =
& ‘ Processes v Initial Subsystem
Baselined Logical Generate full design description of the > specifications
Decomposition selected solution -
Models l To Stakeholder Expectations Definition
] |

Management Processes

Baselined Derived ¢
t Technical Baseline design solution spedified requirements | ——— Engm;;:g;d
__Requirements and design descriptions —
S

To Product Verification Process

Product Verification
> Plan
) _____,_j

To Product Validation Process

.| Product Validation
- Plan -

To Product

o Produ Lowest : « Functional Flow

Realization Level?

P . + Temporal Flow
+ Behavioral

+ Data Flow

* States and Maodes __
itk I Initiate development I
nitiate development of next lower level ToTechnical Data Management Process
of enabling products
piciles | »| Logistics and Operate-

To Procedures

Capture work products from design solution —
definition activities

 NE—
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NASA SHandbookc FunctionalAnalysis
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Speaker: DROUIN Rerr

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

Initialize

¢
C ante e
Lontext e
- w
"Any” / B \ imer Aar:rr' gellienl
External Systems slew o - v d
Command . \ red?
/ x Slew i
Command Slew Cycl
No
\ System / Timer Expire g . End of o
% “Any ! \ Settling ;
— — = ) > Settled )
5
Ara impacted by the system Gt =

— ,.//
“Any”
Slew
Command

Novemberl5

Impact s, but not impacted by, the symm’

CAPELLA/ARCADIA



TALK Life Cycle Speaker: DROUIN Rer

= TALK Life Cycle

[region]
- Final
Initial (WHEN) NASA SE ending (WHEN) ARCADIA/CAPELLA ending
(M) NASA SE Handbook Introduction (~) MBSE Introduction (™ ARCADIA/CAPELLA Introduction (™ Modeling Overview w/ HST
[region] [region] [region] [region]
< \ u \
(WHEN) MBSE ending

& J

Specker: DROUIN Rém]

INASA Systems Engineering Handbook

s

Speaker: DROUIN Rém)

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  should be applied
throughout NASA. This handbook  describes  systems.
engneering best practices that should be incorporated In the
development and implementation of large and small NASA
programs and projects

[Expanded Guidance for NASA Systems Engineering

Speaker: DROUIN Rém)

ntend to use the product

g Speaker: DROUIN Rém]
= “- | |n be pertormed by Functional
— = — fns (FFBDs). They are
=]= === || ja not sonstion oriented
block representing an action
e i s raron o - i

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

» Functional analysis Jooks across all life cycle
processes

MBSE Introduction

Model-based systems engineering|MBSE] is 3 systems engineering methodology that focuses on creating and exploiting
domain models 35 the primary means of information exchange between engineers, rather than on document-based
Information exchange. MBSE = 3 formaized application of modeling to support system requirements, design, anshysts,
vesification and valldation activities begining In the conceptual design phase and continuing throughout development and
later lfe cycle phases.

Document centric

S e

Speaker: GROUIN Rémy|

P pr—r—
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MBSE Introduction Speaker: DROUIN Ren

Model-based systems engineerindMBSE is a systemsengineeringmethodology that focuseson creating and exploiting
domain models as the primary means of information exchangebetween engineers, rather than on documentbased

information exchange MBSEis a formalized application of modeling to support system requirements, design, analysis,
verification and validation activities beginningin the conceptualdesignphaseand continuing throughout developmentand

Model centric \

later life cyclephases

/ Documentcentric \

o\

engineer

m
Subsyste

laauibua
1sa ]

=

f
®

engineer

r><1
|
K
|
’
Joaulbua
1591

Subsyste

From documenbased

to modelbased

Jaauibua
uoneibalu|

r

Jaaulbua
uonelibalu|

System
engineer

NASAHandbook CAPELLA/ARCADIA Novemberl5, 2021
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MBSE Modeling Speaker: DROUIN Ren

A modelconsistof elementsthat representrequirements, desigrelement andtheir relationships SYSMis a graphical
modelinglanguagehat supportsmodelingactivities

sd Sequence Diagram 1 _/I
Actor Acto 2 Actor3 State
| |
L-J I - S , Behaviour IRequirement l 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
Characterizen existingsystem A A

Specifyanddesigna new or modified system

Evaluatea system

Parametric
diagram

Use Case

Trainuserson how to operateor maintaina system diagram

Capella Days NASAHandbook CAPELLA/ARCADIA Novemberl5, 2021




MBSEacrossSEengine(NASA SE)

8

ystem Design
Processes

Technical Management

Processes ~ .
Product Realiza

Processes

ProductTransition
[

Processes

l\mme ConOps

Iterate Requirements.

1. Stakeholders Expectations
Definition

i
2. Technical Requirements
Definition

Product Realization
Processes applied to each
product layer up throu

System DesigRrocesses

Stakeholdergxpectations
definition

@ Technicatequirements

Logicadecomposition

o Design Solutioefinition

Capella Days
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Need goals and objectives akept within the model andorm the top tier of eventualrequirements

flowdown

Stakeholder Expectations

Inconsistencies - Iterate.

Requirements Definition

aaaaaa

Speaker: DROUIN Rer

Requirements

Functional/
Behavioral
Model

System
Architecture
Model

Performance

Model

Structural/Component

S

i—

Repository/ | Repository/
Data index 1 || Data Index 2

Repository/
Data Index N

Virtual Integrated
System Model

Other Engineering
Analysis Models

MBSE Contributions (NASA)

Requirementsre kept within the models

Requiremens canbe categorizednto functional behaviorak

developfunctionalblock andoehaviordiagrams

LIS NJF 2 NV hesecarte uSedio >

7N

Allowsintegrationof information and designom different engineeringdomainssupportingthe
single source afruth

CAPELLA/ARCADIA
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MBSEBenefits

Speaker: DROUIN Rer

Modelbased systems engineering does not affect process but will enable the opportunity for overall better quality, lowel

and lower risk.

Overall MBSE benefits (sample): NASA MBSEenefits(samplg

Enhancecommunication
Reduceadevelopmentrisk
Encourageollaboration
Managecomplexity
Automaticdocumentgeneration

Reuseof existingmodelsin severalprojects
Better requirementstraceability

More stakeholdernvolvement
Digitalization

Singlesourceof truth

Capella Days NASAHandbook

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

Better visibility into the salient characteristics of a system because multiple views can
created that succinctly address specific stakeholder concerns

Model-based artifacts can be generated automatically, lowering the effort to keep them
to date with the result that artifacts can always match the best available information

Navigation, traceability, and interrogation of information are facilitated in the mddeled
approach

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

CAPELLA/ARCADIA Novemberl5, 2021




TALK Life Cycle

Speaker: DROUIN Rer

[region]

Initial

= TALK Life Cycle

(WHEN) NASA SE ending

™ NASA SE Handbook Introduction

(M) MBSE Introduction

[region]

[region]

(WHEN) MBSE ending

(WHEN) ARCADIA/CAPELLA ending

Final

™ ARCADIA/CAPELLA Introduction

[region]

(M Modeling Overview w/ HST

[region]

Speaker: DROUIN Rém)

INASA Systems Engineering Handbook
NASA Systems Engineering Handbook Is intended to provide

general guidance and information n systems engineering that
will be useful to the NASA communily. It provides a generic
description of Systems Engineering (SE) as  should be applied
throughout NASA. This handbook  describes  systems.
engneering best practices that should be incorporated In the
development and implementation of large and small NASA
programs and projecis.

D [Expanded Guidance for NASA Systems Engineering

Speaker: DROUIN Rém)

ntend to use the product

3 §

Speaker: DROVIN Rémy]
b be pertormed by Functional
s (FFBDs). ey are
hd not sokution orlented

block representing an action

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

» Functional analysis Jooks across all life cycle
processes

MBSE Introduction Scammibsasibecy
Model-based systems engineering|MBSE] is a systems engineering methodology that focuses on cresting and exploiting
domain models 2 the primary means of information. exchange between engneers, rather thin on documentbased
ol oehiege AMRSE 1’ oot Spplathos of iy 4 Wvpea bescrs igelroinets; e amahl
verfication and valltrion actviis bogning In the conceptual desgn phase and contining throughout development. and
Ioter e cyele phass.

Document centric
Speaker: GROUIN Rémy |

P pr—r—
IR e ]
bbavoral. packormce etc.. These can be ssd to

E devrion funcenal bock and ehwer. diagrams
a st the

"2 Gevien soltion Gefinian

Specty ara deign 4 e =

Evaars & systam

T usces an how 10 sparate ar it st

AARCADIA/CAPELLA - Introduction serereli
Jritecsips Aoob & A

W method for defining and
valigating mult-domain systems, based on architecture-centric and model-driven engineering actities

5. ARCADIA Is & method

to integrated verification and validater.

» Ensure engineering-wide collaboration by sharing the
same reference architectuse

> Master the complesity of systems and architectures

> Define the best optimal architectures through trade-off
analysls

-
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ARCADIA/CAPELLMRtroduction

ArchitectureAnalysis& DesignintegratedApproach(ARCADIAS$ a structuredarchitectureengineeringmethod for definingand
validatingmulti-domain systems basedon architecturecentricand modekdriven engineeringactivities ARCADIAs a method
basedon functionalanalysisandfocuseson developingthe systemby startingfrom needsanalysisand solutiondevelopmentup

to integratedverificationandvalidation

Need understanding

Solution architectural design

Capella Days

NASAHandbook

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

Speaker: DROUIN Rernmn

O

b\

Customers

Product Line
Managers

Requirement
Managers

[

Shared & Capitalised
Architecture Models =

1

SW/HW
Designers & IVVQ Manager

Developpers E

U Ensureengineeringwide collaboration by sharingthe same
referencearchitecture

U Masterthe complexityof systemsandarchitectures

U Define the best optimal architectures through trade-off
analysis

U Master different engineering levels and traceability with

@

Logistics
Engineers

Architects
design authority

/ P
Safety, Performance, Others

interface... Engineers

"

CAPELLA/ARCADIA Novemberl5, 2021



ARCADIA/CAPELEMtroduction Speaker: DROUIN Rer

Designingcomplexand critical systems,and more generallyarchitecturesthat are subjectto multiple functional
and non-functionalconstraints,is an activity whichrequiresa level of rigor that canonly be providedby formalized
andtooled modelingapproachedike the onesbasedon Arcadia/Capelland SysMltools.

The Arcadia method enforces an The Arcadia concepts are mostly Arcadiamethodis supportedby

approach structured on different similar to the UMLEysMlLstandard variouskindsof diagramdargely

engineering perspectives and the NATO Architecture inspiredby UML andSysML

establishing a clear separation Framework (NAF) standard. Becau U Architecturediagrams

between system context and need of the focus on architectural design U Dataflowsdiagrams

modeling (operational need analysi some of theSysMlconcepts have U Functionakhainsdiagrams

and system need analysis) and been simplified or specialized in U Sequencaliagrams

solution modeling (logical and order to better match the concepts U Treediagrams

physical architectures). system engineering practitioners U Mode and Stategiagrams
already use in their engineering U Classes and Interfacdsagrams
documents and assets.

——
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ARCADIA/CAPELLBiagramdescription Speaker: DROUIN Ren

Architecture Diagrams

Diagram Description —
F Measurement Engineer . eoLE . Atmosphere L!‘bf?j;whﬁ
Breakdowndiagram  Stakeholder&~unctionsComponents _]'.’,'.5”..,, o
decompositiorthrough graphicakree e : -fﬁtnuzuamnfj--“‘“wh
: | T ‘q:l qaoq: sitiznblgt
Capabilitydiagram Equivalent to a useasediagram usedto I I
organizethe functionalanalysis | |
Dataflowdiagram Provideinformationsexchangedetween B =S A
functions
{Hweonaster o
Architecturediagram  Describedhe assemblyof components or Mode State Diagrams
functionsand interfaces ?
Scenario Provdesdynamicbehaviorbetweenfunctions
Mode&State Providethe workingtype offunctionor actoror
SySte m . D=l current situation
Clasgliagram Often, dataclassdiagramcompressof exchange

items or datgparametersutilizedin a system
.% Aggregate data FC

7
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ARCADIA/CAPELEAunctionalanalysis Speaker: DROUIN Rén

Top-down
tional breakdon,

Use-Cases-driven

3 3 E Definethe system
? ’D.Ijj:.—i;jao R > 4 @t ST >
L = | - am

 Definethe functions | | | | |

= = = = =i

SystemFunction 2| SystemFunction 3|

- Operational-driven ] }

- m
0| = m 'T

‘:I_/: - | . : — > Defi nethe tree diag ram @ Level 2 —bj.r LogicalFunction LogicalFunction Lngiml;ll:llnclinn LogicalFunction ) LogicalFunction

241 2.2 3.2 33

— I -

PhysicalFurctio PhysicalFunctio PhysicalFunctio Physi(llFunctio Physicalkul
® Level 3 | 212 n2.2.1 ®" 50 PEEX] n3.5.1

PhysicalFurjctio PhysicalFunctio @ PhysicalFunciio PhysicalFunctio PhysicalFunciio

E nz1.1 nZzz2 n 312 n322 n33.2
System
LERE Dl 3 LETY
€
PhysicalFunctjo PhysicalFunctio PhysicalFunciio
b ;, n213 ® n313 n3.3.3
Dl P -

PhysicalFunctio PhysicalFunctio
n 2114 n3.3.4
& \—

Functional chain-driven

o1 e

J

> Definethe functional dependencies

A
B

SystemFunction 2 1 @ SystemFunction 3
LegrelFanzion 21 @ LogicalFunction 2.2 ) LogicalFunction 3.3 ) LogicalFunction 3.1
N LogicalFunction 3.2
_T)Physicall'undio _T)PhysicalFundio _T)Phy‘sicalFundio _T)PhysicalFundio _T)Phy‘sicalFundio () PhysicalFunction 2.2.1 ﬁ
n2i3 n221 n 222 n21.14 n211 . | . A ,[ PhysicalFuncticn 3.3.3 I "
T T I I I  PhysicalFunction 2.3 FunclipnalExchange 1 uhctionalExchange © PhysFunction 31,2 upctionalExchange
| | FunctionalExchange 3 5 | | ® PhysicalFunction 3.2.2
D=lFunctionalfxchange 1
| | | | D51 Functi 3
; | 3
| | FunctionalExchange 4 (&) PhysicalFunction 2.1.14 @ Physicalfunction 331 |
@) PhysicalFunction 3.1.1
| | | DSl FunctionalExchange 1
| | |

DSIFunctionalfxchange 1

ALT

DEl FunctignalExchange 2 D= FunctidnalExchange 3

| |
FunctionalExchange 1|

PhysicalFunction 3.3.2

Functior | 'g Al

DI Functionalfxchange 2 (@) PhysicalFunction 3.2.1
@) PhysicalFunction 3.1.3

PhysicalFunction 2.1.1

[} FunctionalExchange 2 D

PhysicalFunction 2.2.2

Y
PhysicalFunction 3.3.4
PhysicalFunction 2.1.2

D=1 FunctionalExchange 5

|

|
| |
| |
| |IFunctionalExchange 1
| |
| |
| |
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ARCADIA/CAPELLEAperationalAnalysis

DefineStakeholdemeedsand environment

A Captureand consolidateoperationalneedsfrom stakeholders

A Definewhat the usershaveto accomplish
A Identify entity, actors,roles,activitiesand concepts

Speaker: DROUIN Rer

] [OCBloperational Capabilitiesdiagram

% OperationalActor 1

@ o ionalActivity 1

-i, OperationalActor 1 -i, Operationa OperationalCapability 4
| Interaction 1 |
' I
| . e
| | % Operational Actor 2 OperationalCapability 2 % OperationalActor 1
| IO perationalag e I
| 2
OperationalCapability 3
=) ALt ' '
= | |
§ I Interaction 2 I
]
1 | - |
2> : | [f@EBDbpermam Entity Breakdowndiagram
ICperational Activity - -
S 1 = (=]
g --------- Mg oo so T e ssssess Entity 1 Entity 2
g ' Interaction 4
Q D T
ICperational Activity
El Operational Actor 1 OperationalActor 2 OperationalActor 3
e '
[OAB] operational Atchitecturediagram
Entity 1 Entity 2

DF Interactiop 1

% OperationalActor 2

D=l Interaction 3 T

OperationalActivity 3

D=l Interactio

rs

OperationalActivity 2

[OAIB] operational Activity Intetactiordiagram

. .. ® OperationalActivity 2
@ Operational Activity 1
Dl interaction 1

D=l interaction 2 D= interaction 4

jon 3

@ OperationalActivity 3
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ARCADIA/CAPELLAystemAnalysis Speaker: DROUIN Ren

Formalizesystemrequirements [SAB]systemarehiteaiureliagram
A Identify the boundaryof the system j@s:;w ©smeinsnz | | @smenficens | || @y
A Definewhat the systemhasto accomplistfor the users )
A Modelfunctionaldataflowsand dynamicbehaviour

SystemFunctio SystemFunctio SystemFunctio SystemFunctio
e B T S S

| |
I FunctionalExchange 1 l
1
| |
I FunctionalE)Jchange 2
|:| I
|
|

[CSAontextualSystemActorsliagram

[FS]FunctionalSeenario

[MICB] missionCapailitiesBlank diagram

FunctionalExchange 4

|
|
|
|
|
|
|
|

- &0 SystemFunction 2 Capability 4

& SystemFunction & D= FunctionalExchange 5 [p :Y

@ 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
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ARCADIA/CAPELERogicalArchitecture Speaker: DROUIN Ren

Developpsystemlogical architecture [LOBD] ogicalcomponentBreakdownliagram

A Seethe systemasa white box define how the systemwill work - -

soasto fulfill expectations [ DFB Eunctionalataliow Blankdiagram
A Performatrade-off analysis
[LAB]LogicalArchitecturediagram

@ SystemFlinction &

{ llogicalComponent 1

§ llogicalComponent 4

[LABD FunctionalBreakdwondiagram
’J @ SystemFunction 3 ’J @ SystemFunction 4 ’J (@ SystemFunction 5 ’J (@ SystemFunction &

t T [

@ LogicalFunction 6.1

(@ LogicalFunction 4.1
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ARCADIA/CAPELERhysical Architecture Speaker: DROUIN Ren

DevelopsystemPhysicalrchitecture

E PhysicalComponent 1
. . g
A Howthe systemwill be developedand built 5 = Tm—
A Softwarevs hardwareallocation,specificationof interfaces, E @
A deploymentconfigurationstrade-off analysis £ e
P % P
2
A8 PL1 :
§ ﬁ DAd1 DAl FundtionalExchange 7
& {1 PhysicalComponent 4 PhysicalComponent 2
@ = N
= “eefdee
§F] PhysicalComponent 1 _— Physic.;ll;uznction
: :
§P] PhysicalComponent 3 §P] PhysicalComponent 4 §F] PhysicalComponent 2
[POBD physicakGompenent Breakdovdiagram [PDFB physicabatafiow Blankdiagram

&) SystemFunction 2

@ LogicalFunction 2.1

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

p o
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ARCADIA/CAPELEAddonssample Speaker: DROUIN Rer

Severabddonsare availablesn orderto unleashthe power of MBSEvorkbench

OpenSourceAddons
Capella & :;:i‘:;:enm@' Requirements & | Filtering & Vie:;zii‘r’"ts ; d::;r:l: 5 | M2Doce TheMassviewpoint enablesto simplydescribethe non-functionalaspectof massin Capella
ThePriceviewpoint enablesto simplydescribethe non-functionalaspectof pricein Capella
5.0.x ThePerformanceviewpoint enablesto simplydescribethe non-functionalaspectof performancein Capella
1.4.x ; .
Xhtmldocgenaddonenableshe end-userto generatean HTMLwebsitefrom a Capellgproject
1.3.x Sharingmodels with all stakeholdersis essentialin modelbased systemsengineering Publishingand
(releases) & (releases) & (releases) & | (releases) @ (releases) & | (releases)d? sharingHTMLversionsof modelshelpsmakemodelsThereferenceof all engineeringactivities
1.2.x
11x M2Doc generatesMSWord documentsfrom Capellamodels M2Doc usescustomableWord templatesto
e extractdataanddiagramsrom your modelsanddisplaythemin a docxfile.
0.8.x

Price Mass Performance

Generated
Document

Document
Template
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