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üAvionicsystemsengineerin the FrenchAir Force

üTeamLeaderin automotive industrydesigningconnectedsolutions

üProgramManagerin elevator industrydesigningconnectedsolutions

üHeadof systemdepartmentin defenseindustrydesigningHighEnergyLaserSystems

üLecturerfor FrenchuniversitiesintroducingSystemsEngineeringandModel-BasedSystemsEngineering

Speaker introduction Speaker: DROUIN Remy

ά¢ƘŜNASASystemEngineering(SE)handbookaimsto providegeneralguidanceand information on systemsengineering,as it shouldbe appliedthroughout NASA. Thehandbookintroduces3
commontechnicalprocesses. Oneof these,is the SystemDesignProcess,describingthe stakeholdersexpectations,requirementsdefinition, logicaldecompositionand designsolutiondefinition.
The4 activitiescanbesupportedby a Model-BasedSystemsEngineering(MBSE)approach. Todo so,an appropriatemethodandtool isnecessaryasthe oneprovidedby the ARChitectureAnalysis
& DesignIntegratedApproach. ARCADIA,with its modelerCAPELLA,is a MBSEsolutionsupportingsystemmodelingactivities. 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 ARCADIAmethodologyandSystemDesignProcessfrom the NASASE,by introducingMBSEartefactsfor spacesystem.
TheHUBBLESpaceTelescope(HST)is a Cassegrainreflector telescope. Orbitingabovethe earth, HSTelaboratesa clearview of the universefree from the blurring and absorbingeffectsof the
atmosphere. In orderto illustratethe journeythroughoutCAPELLA,the HSTwill be introduced,asexample,basedon publicinformationavailable.έ
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üNASASystemsEngineeringHandbook

üMBSE

üCAPELLA/ARCADIA

üModelingoverviewwith HUBBLESpaceTelescope

TALK Life Cycle Speaker: DROUIN Remy
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« All modelsare wrong, but someare useful»
George E.P.Box (British statistician)

Speaker: DROUIN Remy
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Speaker: DROUIN RemyTALK Life Cycle
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NASA SystemsEngineering 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 Handbook MBSE CAPELLA/ARCADIA HST

Expanded Guidance for NASA Systems Engineering
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NASA SE HandbookςSystemsEngineering Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

The systems engineer usually plays the key role

in leading:

ü the development of the concept of operations

and resulting system architecture

ü defining boundaries

ü defining and allocating requirements

ü evaluating design tradeoffs

ü balancing technical risk between systems

ñSystemsengineeringòis defined as a methodical, multi-disciplinary approach for the design, realization, technical

management, operations, and retirement of a system.

ü defining and assessing interfaces, providing oversight of verification and validation activities
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There are 3 sets of common technical processes: system design, product realization, and technical management.

NASA SE Handbook- Processes Speaker: DROUIN Remy
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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.

NASA SE HandbookςSystem Design Process Speaker: DROUIN Remy
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NASA SE HandbookςRequirementsdefinition process Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

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

Stakeholder expectations
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NASA SE HandbookςRequirementsdefinition process Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

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

Requirements definition
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NASA SE HandbookςTechnicalsolution definition process Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

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. 

Logical decomposition
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NASA SE HandbookςTechnicalsolution definition process Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

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 HandbookςFunctionalAnalysis Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

ü Functional analysis can be performed by Functional

Flow Block Diagrams (FFBDs). They are functionally

oriented and not solution oriented

ü It is made of functional block representing an action to

be accomplished

ü The functional architecture is developed using a

decomposition and interactions between each functions

(functional flows)

ü Functional analysis looks across all life cycle processes

Capella Days November15, 2021



Speaker: DROUIN RemyTALK Life Cycle
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Speaker: DROUIN Remy

Model-based systems engineering(MBSE) is a systemsengineeringmethodology that focuseson creating and exploiting
domain models as the primary means of information exchangebetween engineers, rather than on document-based
information exchange. MBSEis a formalized application of modeling to support system requirements, design, analysis,
verification and validation activities beginningin the conceptualdesignphaseand continuing throughout developmentand
later life cyclephases.

MBSE Introduction

Document centric

NASA Handbook MBSE CAPELLA/ARCADIA HST
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Requirements

Behaviours

Interfaces

9ǘŎΧ

From document-based

to model-based

Model centric
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Speaker: DROUIN RemyMBSE - Modeling

NASA Handbook MBSE CAPELLA/ARCADIA HST

Modeling objectives (sample)

Characterizeanexistingsystem

Specifyanddesigna newor modifiedsystem

Evaluatea system

Trainuserson how to operateor maintaina system

A model consistsof elementsthat representrequirements, design element, and their relationships.  SYSML isa graphical
modelinglanguagethat supports modelingactivities.
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Speaker: DROUIN RemyMBSE acrossSE engine(NASA SE)

NASA Handbook MBSE CAPELLA/ARCADIA HST

System Design Processes MBSE Contributions (NASA)

Stakeholdersexpectations
definition

Need, goals and objectives are kept within the model and form the top tier of eventualrequirements
flowdown

Technicalrequirements Requirementsare kept within the models

Logicaldecomposition Requirementscanbe categorizedinto functional, behavioralΣ ǇŜǊŦƻǊƳŀƴŎŜ ŜǘŎΧ Thesecanbe usedto 
developfunctionalblock and behaviordiagrams

Design Solution Definition Allowsintegrationof information and designs from different engineering domainssupportingthe 
single source of truth
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Speaker: DROUIN RemyMBSE Benefits

NASA Handbook MBSE CAPELLA/ARCADIA HST

NASA MBSE benefits(sample)

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

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

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

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

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 
that would be invalid if the upstream mistake were not corrected  immediately

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):

Enhancecommunication

Reducedevelopmentrisk

Encouragecollaboration

Managecomplexity

Automaticdocumentgeneration

Reuseof existingmodelsin severalprojects

Better requirementstraceability

More stakeholderinvolvement

Digitalization

Singlesourceof truth
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Speaker: DROUIN RemyTALK Life Cycle
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ARCADIA/CAPELLA - Introduction Speaker: DROUIN Remy

ArchitectureAnalysis& DesignIntegratedApproach(ARCADIA)is a structuredarchitectureengineeringmethodfor definingand
validatingmulti-domainsystems,basedon architecture-centric and model-driven engineeringactivities. ARCADIAis a method
basedon functionalanalysisandfocuseson developingthe systemby startingfrom needsanalysisandsolutiondevelopmentup
to integratedverificationandvalidation.

ü Ensureengineering-wide collaboration by sharing the same
referencearchitecture

ü Masterthe complexityof systemsandarchitectures
ü Define the best optimal architectures through trade-off

analysis
ü Master different engineering levels and traceability with

automatedtransitionandinformationrefinement

NASA Handbook MBSE CAPELLA/ARCADIA HSTCapella Days November15, 2021



ARCADIA/CAPELLA - Introduction Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

Method

The Arcadia method enforces an 
approach structured on different 
engineering perspectives 
establishing a clear separation 
between system context and need 
modeling (operational need analysis 
and system need analysis) and 
solution modeling (logical and 
physical architectures).

Language

The Arcadia concepts are mostly 
similar to the UML/SysMLstandard 
and the NATO Architecture 
Framework (NAF) standard. Because 
of the focus on architectural design, 
some of the SysMLconcepts have 
been simplified or specialized in 
order to better match the concepts 
system engineering practitioners 
already use in their engineering 
documents and assets. 

Diagrams

Arcadiamethod issupportedby 
variouskindsof diagramslargely
inspiredby UML and SysML:
ü Architecture diagrams;
ü Dataflowsdiagrams;
ü Functionalchainsdiagrams;
ü Sequencediagrams;
ü Treediagrams;
ü Mode and States diagrams;
ü Classes and Interfaces diagrams.

Designingcomplexand critical systems,and more generallyarchitecturesthat are subjectto multiple functional
andnon-functionalconstraints,isanactivitywhichrequiresa levelof rigor that canonlybe providedby formalized
andtooled modelingapproacheslike the onesbasedon Arcadia/CapellaandSysMLtools.
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ARCADIA/CAPELLA - Diagramdescription Speaker: DROUIN Remy

NASA Handbook MBSE CAPELLA/ARCADIA HST

Diagram Description

Breakdown diagram Stakeholders/Functions/Components 
decompositionthroughgraphicaltree

Capabilitydiagram Equivalent to a use-case diagram, usedto 
organizethe functionalanalysis

Dataflowdiagram Provideinformations exchangedbetween
functions

Architecture diagram Describedthe assemblyof components or 
functionsand interfaces

Scenario Provdesdynamicbehaviorbetweenfunctions

Mode&State Providethe workingtype of functionor actoror 
system.

Class diagram Often, data-class diagramcompressof exchange 
items or data parametersutilizedin a system
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ARCADIA/CAPELLA ςFunctionalanalysis Speaker: DROUIN Rémy

NASA Handbook MBSE CAPELLA/ARCADIA HST

Definethe system

Definethe functions

Definethe tree diagram

Definethe functional dependencies
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ARCADIA/CAPELLA - Operational Analysis Speaker: DROUIN Remy

DefineStakeholderneedsandenvironment
Å Captureandconsolidateoperationalneedsfrom stakeholders
Å Definewhat the usershaveto accomplish
Å Identifyentity, actors,roles,activitiesandconcepts

NASA Handbook MBSE CAPELLA/ARCADIA HST

[OEBD] Operational Entity Breakdown diagram

[OCB] Operational Capabilitiesdiagram

[OAB] Operational Architecture diagram
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[OAIB] Operational Activity Interaction diagram
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ARCADIA/CAPELLA - System Analysis Speaker: DROUIN Remy

Formalizesystemrequirements
Å Identify the boundaryof the system
Å Definewhat the systemhasto accomplishfor the users
Å Model functionaldataflowsanddynamicbehaviour

NASA Handbook MBSE CAPELLA/ARCADIA HST

[MCB] Mission CapabilitiesBlankdiagram

[CSA] ContextualSystem Actors diagram

[SDFB] FunctionalDataflow Blankdiagram
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[SAB] System Architecture diagram
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ARCADIA/CAPELLA - LogicalArchitecture Speaker: DROUIN Remy

Developpsystemlogicalarchitecture
Å Seethe systemasa white box define how the systemwill work

soasto fulfill expectations
Å Performa trade-off analysis

NASA Handbook MBSE CAPELLA/ARCADIA HST

[LFBD] FunctionalBreakdwondiagram

[LDFB] FunctionalDataflow Blankdiagram

[LCBD] LogicalComponent Breakdown diagram

[LAB] LogicalArchitecture diagram

[ES] Exchange Scenario
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ARCADIA/CAPELLA - Physical Architecture Speaker: DROUIN Remy

DevelopsystemPhysicalarchitecture
Å Howthe systemwill be developedandbuilt
Å Softwarevs. hardwareallocation,specificationof interfaces,
Å deploymentconfigurations,trade-off analysis

NASA Handbook MBSE CAPELLA/ARCADIA HST

[PDFB] Physical Dataflow Blankdiagram
[PCBD] Physical Component Breakdown diagram
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Speaker: DROUIN RemyARCADIA/CAPELLA - Addonssample

TheMassviewpoint enablesto simplydescribethe non-functionalaspectof massin Capella.
ThePriceviewpoint enablesto simplydescribethe non-functionalaspectof pricein Capella.
ThePerformanceviewpoint enablesto simplydescribethe non-functionalaspectof performancein Capella.

Xhtmldocgenaddonenablesthe end-userto generateanHTMLwebsitefrom a Capellaproject.
Sharingmodels with all stakeholdersis essentialin model-basedsystemsengineering. Publishingand
sharingHTMLversionsof modelshelpsmakemodelsThereferenceof all engineeringactivities.

M2Doc generatesMS-Word documentsfrom Capellamodels. M2Doc usescustomableWord templatesto
extractdataanddiagramsfrom yourmodelsanddisplaythem in a docxfile.

Severaladdonsareavailablesin order to unleashthe powerof MBSEworkbench

Open-Source Addons

NASA Handbook MBSE CAPELLA/ARCADIA HST

Price Mass Performance
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