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WEEK

CLASS ACTIVITY

REF INDIVIDUAL W

GROUP

1

Course Structure and Initial Definitions

Systems Engineering Heview

Questions (10)

1ima

0%

Classical Systems Engineering Diagrams
(IDEF-0/M2/eFFBD/DFD)

[4]

representation of your system
using classical Diagrams

504

3

Transition from Legacy to MBSE
MBZE Methodologies

[517]

OPM - Basic

0155=n

QOPM - Extended

[6]

OPM - Group Presentation

56 - Prepare a presentation of

ir
; your system using QP+

50%

SysMLIntroduction
(bddfibd)

P1- Conceptual Questions and Case

[112](3][4]
[E] case

14-08 - Questions and a mini-

100%



CLASS ACTIVITY

REF

INDIVIDUAL

GROUP

SysML
[act/stm)

Simulation on SysML

aader

12 |SysML [7]
anoct| | pkgireq) IA-12 - Exercises 10% GA-12 0%
210k
13 |Arcadia process applied into the SysML [5]
2o A-13 - {r4 GA-13 - 0%
14 |Some System Analysis on SysML [8]
ok SysM L2 Perspectives 1A-14 - 0 GA-14 - 0%
15|5ysML Group Presentation ) )
S IA-15 - - GA-15 - Prepare a presentation 100%
i ) o of your system wsing SysML
Course Ending
16 |F2 - Conceptual Questions and Case 51071
I4-16 - Questions and a mini-
- caee 70% GA-16 -
1005 100%
EXAM
2z If necessary: Writing an article (min 6pgs / max 10pgs) reporting the case of their group in the SIGE standard. 100%




Systems Engineering Artifacts



Systems Engineering Helm

e

System VV
Architecture

CONOPs
Life Cycle

Systems

Engineering

System Synthesis
System Types Traceability

Functions




MBSE HELM

Methodology
Capabilities (Use Cases

)
Structure (Blocks @ Behaviour (Scenarios)

Behaviour (Statecharts)

Structure (Class)

Structure (Breakdown)



F

This course

Domains

Capabilities (Use Cases)
. .
Behaviour (Statemachine)

Life Cycle
Systems Structure (Blocks)

Engineering
System Synthesis
Behaviour (Scenarios)

Traceability
System Types Structure (Breakdown)

CONOPs
Structure (Class)

System VV Methodology
7




Relationship with Other Disciplines

Systems Engineering

Systems Implementation

* Production Line
Preparation

* Needs and Opportunities
Analysis

* Operational Concept
Development

* Production Planning
and Analysis

*Production

« System Scoping and
Requirements Definition

» System Integration

* Production Control

* Architecture Definition « Lifecycle Planning

and Estimating

. + Testing
«» Tradeoff Analysis,

Modeling and
Simulation

* Change Analysis
and Management, CM

« QA, V&Y, Continuous
Process Improvement

* Business Case
Analysis

« Supply Chain
Management

» Systems Engineering
Management

- Systems Implementation
Management

« Staffing, Organizing, Directing

» Cost, Schedule, Performance, Risk Monitoring
and Control

* Operations Planning and Preparation

* Operations Management

Project / Systems Management
https://sebokwiki.org/wiki/Systems_Engineering Overview



https://sebokwiki.org/wiki/Systems_Engineering_Overview

Arcadia Methodology

REF-006: VOIRIN, J.L. Model-based System and Architecture Engineering with the
Arcadia Method. Elsevier, 2017. ISBN 978-0-0810-1794-4.

REF-007: ROQUES, P. Systems Architecture Modeling with the Arcadia Method — A
Practical Guide to Capella. Elsevier, 2017. ISBN: 978-0-0810-1792-0



'
Key References

Systems Architecture Modeling Model-based System
with the Arcadia Method and Architecture Engineering
with the Arcadia Method
Pascal Roques
Jean-Luc Voirin
A Practical Guide to Capells ‘
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* Systems engineers have been making use of modeling
techniques for a long time.

* The technique of structured analysis and design (SADT)
and structured real-time analytics (Structured Analysis
for Real Time SA/RT) are some of the best known and
date back to the 1980s.

* There are many other approaches based on Petri nets or
finite state machines.

* However, they are also limited by their
comprehensiveness and expressiveness, as well as by the
difficulty in integrating them with other formalisms and
requirements.



' * Unfortunately, in practice, it
has been shown that the
affiliation of the SysML
language to UML often leads to
difficulties in terms  of .
understanding and use for L
systems engineers who are not [
also computer scientists.

* This is the reason that led
Thales to define the ARCADIA
method, structured by Jean-Luc
Voirin, along with its underlying =T WY L

. . https://www.linkedin.com/in/jean-luc-voirin-
,  formalism, for his own needs. 808729155/



https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/

La méthode Arcadia
par 'exemple

Jean-Luc VOIRIN
Thales

https://www.youtube.com/watch?v=NIFayQAueso


https://www.youtube.com/watch?v=NIFayQAueso

e
THALES

=

O espirito de Arcadia e
Capella em 8 minutos

Content: 3¥déphone Bonnet
Qe

sy VA AN W™

14 https://www.youtube.com/watch?v=2fve)7 nwiuU



https://www.youtube.com/watch?v=2fveJ7nwiuU

Specialty
engineering:
safety, perf,
secunty, ...

Solution Architecture

15



Founding principles

* All engineering stakeholders share the same methodology, the same
information, the same description of the need and the product in
the form of a shared model;

e Each specialized type of engineering (e.g., safety, performance, cost,
and mass) is formalized as a "point of view" against the requirements
from which the proposed architecture is then verified;

* The rules for early verification of the architecture are established in
order to verify the architecture as quickly as possible;

* Co-engineering between the different levels of engineering is
supported by the joint elaboration of models, with the models of the
different levels and specialties being deduced/validated/linked to
each other.

16
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METHOD STEPS

Customer
Operational

TASKS

+ Define operational
capabilities

Need AnaIYSis + Performan

System/
SW/HW

Need Analysis

Logical
Architecture
Design

Physical
Architecture
Design

Development
Contracts

operational need
analysis

+ Perform a capability
trade-off analysis

« Perform a functional
and non-functional
analysis

+ Formalise and
consolidate
requirements

+ Define architecture
drivers and viewpoints

+ Build candidate
architectural
breakdowns in
components

+ Select best compromise
architecture

+ Define architectural
patterns

« Consider reuse of existing

assets design a physical

« Design a physical
reference architecture

« Validate and check it

+ Define a components
IVVQ strategy

+ Define & enforce a
PBS and component
integration contract

SAMPLE MODEL

2

BROADCASTING STATION

{ Elaborate Radio Programs |

Radio contents

2
 ENVIRONMENT

News Radio channel

1
USER

Broadcast Radio channels

|
L

Music Radio channel

! Getnews

[
P| Listen to Music

Selectradio | Station
station

Fréquency | Volume

signal

EM w.wes’[ Receive radio

Iwﬁ Ip.wmd;o ]_mmmwmm

contents

—HZMZTZOD®—<Zm b

Radio name

Frequency tuning

[

r g Radig

|[Receive racsosignal | \

EM

ENVIRONMENT &

'i Extract radio RDS

MICRO CONTROLLER

=
[osermrenmace | L]
[ Ehcoaianleznnionisl
(o]
HF Recelver MAIN RACK D
e [ Sr—
Demodulator e
= e |
[ ceuna
Vohcable
RS 232 cable
Discrete /O
“~ RCA cable

Display radio name

Y Statior
H Select radio frequency - —

Select ]q)—v" s

USER &

CONCEPTS

- Operational capabilities

- Actors, operational entities

- Actor activities

- Interactions between activities & actors

- Information used in activities &
interactions

- Operational processes chaining
activities

- Scenarios for dynamic behaviour

- Actors and system, capabilities

- Functions of system & actors

- Dataflow exchanges between functions

- Functional chains traversing dataflow

- Information used in functions &
exchanges, data model

- Scenarios for dynamic behaviour

- Modes & states

SAME CONCEPTS, PLUS :

- Components

- Component ports and interfaces
- Exchanges between components

- Function allocation to components
- Component interface justification by
functional exchanges allocation

SAME CONCEPTS, PLUS :

- Behavioural components refining
logical ones, and implementing
functional behaviour

- Implementation components
supplying resources for behavioural
components

- Physical links between
implementation components

- Configuration items tree

- Parts numbers, quantities

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

of dataflows to interfaces, of
elements to configuration items

DESCRIPTION MEANS
Dataflow: functions, op.
— [ [~I—} activities interactions &
. [} exchanges
/— |
Scenarios: m m m l—‘ m
actors, system, —
components interactions ASm—  pro—
& exchanges - >
Ao ——— [ —
[ :l:, l Functional chains,
% operational processes
i~ through functions &

op. activities

Modes & states
of actors, system,
components
Breakdown of functions
& components
sounopRoRLE TUNNGVALUE
Data model: dataflow @@ TREBBLELEVEL s FREQUENCY BAND
: =
& scenario contents, W2 SR il
definition & justification of NG
interfaces FuTRALLE

Component wiring:
all kinds of components

Allocation

of op.activities to actors,

of functions to components,
of behav.components

to impl.components,
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XP Z67-140 - ARCADIA Norre XP 267-140 (afnor.org

https://norminfo.afnor.org

AFNOR = &
r? Accédez

“orm info Becherche : mot clé, sujet, n® norme Al hutoriels

< Retour
| <roour | suvee | M4

NORME EN REEXAMEN

Technologies de l'information - ARCADIA - Méthode pour I'ingénierie des systémes soutenue par son langage de
modélisation conceptuel - Description Générale - Spécification de la méthode de définition de I'ingénierie et du
langage de modélisation

XP 267-140

Suivi par la commission :

Origine des travaux : Francaise

Type : Expérimentale

Motif : Mouveau document

Résumé : La méthode ARCADIA peut &tre appliquée 3 Ia définition de la conception de tout type de systéme. en se concentrant sur la description et

I'évaluation des propriétés de conception (colt, performance, sécurité, réutilisation, consommation, poids ...) .

Vie de la norme

Norme Norme Norme Norme
. Enquéte . .
En conception publique Publiée En réexamen
Inscrite le : Publiée le : En cours
231172017 07/03/2018



https://norminfo.afnor.org/norme/XP%20Z67-140/technologies-de-linformation-arcadia-methode-pour-lingenierie-des-systemes-soutenue-par-son-langage-de-modelisation/123795
https://norminfo.afnor.org/norme/XP%20Z67-140/technologies-de-linformation-arcadia-methode-pour-lingenierie-des-systemes-soutenue-par-son-langage-de-modelisation/123795
https://norminfo.afnor.org/norme/XP%20Z67-140/technologies-de-linformation-arcadia-methode-pour-lingenierie-des-systemes-soutenue-par-son-langage-de-modelisation/123795
https://norminfo.afnor.org/norme/XP%20Z67-140/technologies-de-linformation-arcadia-methode-pour-lingenierie-des-systemes-soutenue-par-son-langage-de-modelisation/123795

~OA

D=1

t

| reatizes

realizes

described by

Figure 2.3: Arcadia ontology traceability

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256 664096

——

SLA

4

Irealizes

I
=7 i}



https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096

Capability

Arcadia layer Requirements Capability Functional Structure Modes and States Data Interfaces
description
R-0A 0Al 0A2 0A3 OA4 M&S-0AS5 D-OA6 -0A7
Capture stakeholder Define Operational Define processes and Define Operational Capture Operational Entities and Define operational Define operational data Define interfaces and
requirements Capabilities scenarios Activities and interactions Actors. modes and states model describe interfaces
Operational Allocate Operatienal Activities scenarios
Analy sis to Operational Actors, Entities
oP \ -
o [ @S < TH ©A D= “0E “OA mME P E @7
D=0
R-5A SAl SA2 SA3 SA4 ME&S-SAS D-5A6 1-SA7

System Analysis

Derive Stakeholder
requirements and
capture System
requirements

it

Define System Missions
and System Capabilities

® O

Define Functional
Chains and Scenarios.

<% [}

Define System Functions.
Define Functional
Exchanges and components

&P b=

Allocate System Functions to
System and Actors

0=

Define system modes
and states

() ()

Define system data
model

L ™Y

Define interfaces and
describe interfaces
scenarios

Enrich Logical Scenarios.

@ 1%

R-LA

Derive system
requirements and

LAl

Transition Capabilities
Realization from system

LA2

Define Functional
Chains and scenarios

LA3

Derive System Functions
and define Logical

LA4

Allocate Logical Functions to
Logical Components

M&5-LAS

Define logical
components modes and

D-LAG

Define logical data
model

I-LA7

Delegate System
Interfaces and create

Ll:EglCiﬂ Capture components layer Functions. Define Functional states Logical Interfaces.
Architecture requirements Exchanges and components. E Enrich Logical Scenarios.
= [=F=F=]
€ s @ o= s e
on) o) E3 S . (m) @ T8
R-PA PA1 PA2 PA3 PA4 M&S-PAS D-PAG I-PA7
Derive logical Transition Capabilities Define Functional Derive Logical Functionsand  Define Physical Nodes and refine  Define physical nodes Define physical data Delegate Logical
requirements and Realization from logical Chains, Scenarios, and  define Physical Functions. Behavioural Physical modes and states model Interfaces and create
Physical capture physical layer Physical Path Define Functional Components. Physical Interface.
Architecture requirements Exchanges and components.  Allocate Behavioural Enrich Physical
Components. Scenarios.

20
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Table 3.2: Arcadia matrix activities
https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256 664096
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e

Modes and

Arcadia layer Requirements Capability Capability description Functional Structural States Data Interfaces
R-OA 0Al 0A2 0OA3 0A4 MES-0AS D-OAG I-OA7
No dedicated [OCB] Operational [OAS] Operational [OABD] Operational [OEBD) Operational [MSM)] Modes [CDE] Class [IDB]
diagram Capabilities Activity Scenario Activity Breakdown Entities Blank and States Diagram Interface Definition Blank
Operational [OPD] Operational Diagram Diagram [CEI] Component External
Analysis Process Scenario [OAIB] Operational [ORB] Operational Interfaces
[OES] Operational Entity Activity Interaction Roles Blank [IS] Interface Scenario
Scenario Blank [OAB] Operational (CDI] Component Detailed
Architecture Blank Interface
R-SA SAl SA2 SA3 SA4 ME.S-5A5 D-5A6 I-SA7
No dedicated [MCB] Mission and [FS] System Functional [SFBD] System [CSA] Contextual [MSM] Modes [CDE] Class (IDB]
diagram Capabilities Blank Scenario Functional Breakdown  System Actor and States Diagram Interface Definition Blank
System [CC] Contextual [ES] System Entity Diagram [SAB] System [CEl] Component External
Analysis Capability Scenario [SDFB] System Data Architecture Blank Interfaces
[SFCD] System Flow Blank [1S] Interface Scenario
Functional Chain (CDI] Component Detailed
Description Interface
R-LA LAl LAZ LA3 LA4 M&ES-LAS D-LAG I-LA7
Mo dedicated [CRB] Capabilities [FS] Logical Functional [LFBD] Logical [LCBD] Logical [MSM] Modes [CDB] Class (IDB]
diagram Realization Blank Scenario Functional Breakdown  Component and States Diagram Interface Definition Blank
Logical [CRI] Contextual [ES] Logical Entity Diagram Breakdown [CEI] Component External
Architecture Capability Scenario [LDFB] Logical Data Diagram Interfaces
Realization [LFCD] Logical Functional Flow Blank [LAB] Logical [IS] Interface Scenario
Involvement Chain Description Architecture Blank [CDI] Component Detailed
Interface
R-PA PA1l PA2 PA3 PA4 ME.S-PAS D-PAB I-PA7
No dedicated [CRB] Capabilities [FS] Physical Functional [PFBD] Physical [PCBD] Physical [MSM)] Modes [CDE] Class (IDB]
diagram Realization Blank Scenario Functional Breakdown  Component and States Diagram Interface Definition Blank
Physical [CRI] Contextual [ES] Physical Entity Diagram Breakdown [CEI] Component External
Architecture Capability Scenario [PDFB] Physical Data Diagram Interfaces
Realization [PFCD] Physical Flow Blank [PAB] Physical [IS] Interface Scenario
Involvement Functional Chain Architecture Blank [CDI] Component Detailed

Description

Interface

21

Table 3.3: Arcadia diagrams matrix

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256 664096
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ADOPTERS https://www.eclipse.org/c
apella/adopters.html

Eclipse Capella is a MBSE solution adopted worldwide in various industrial domains.
Discover some of the many organizatiols using Capella.
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https://www.eclipse.org/capella/adopters.html
https://www.eclipse.org/capella/adopters.html

23 https://voutu.be/nv8l0g xVMs



https://youtu.be/nv8IOg_xVMs
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MMMF

Problem

Soft
Operational
Research
Problem

Structuring
Methods

Multilevel and Multiphase

Solution
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== Capella

Open Source MBSE Solution

DCA-400-6

mep PN OP

Context Analysis
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Hard
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Research

r— Problem Framin R Operational Pl R Problem SIL
g o Analysis ) Simulation (PIL
l Formalized Needs
Systemic Intervention
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System Analysis

Concept SIL
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Simulation PIL

System Element Requirements
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A 4

\ 4

A 4

g (deation

A

Solution Neutral
Architecture

\ 4

Logical Architecture

Concept SIL

\ 4

Simulation PIL
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Realized Architecture
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1
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Context analysis
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Context Analysis

\

r- Problem Framing

Operational
Analysis

A

Problem
Simulation

Formalized Needs

DCA-400-6

mep PN OP

Hard
Operational
Research

—> NOP




¥ Modelling the Actors/Entities of what is
happening now (as is)

29

X

Worker Demolition

A

Symbols

Use context images

Capella>>0Operational Analysis>>Operational Entity Breakdown Diagrams
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30

-

% Carl

Stay in the House

e,

Demolition
Workers

House

Destroy house Demolition

Workers
—_—>

Keep the house

% Carl

P

Map what is happening

House Ownership

Final:
Stay in the House

% Carl »
« i » Demolition

Workers
Demolition Equment/

* «i»

Kee e house

Rep\ng /

EE House

=

Capella>>0Operational Analysis>>Operational Capabilities Diagrams



=

A

¥ Each Stakeholder (Actor/Entity) do something
(activity) and relates to each Other (interaction)

% Demolition Work
<

Moving Team

Keep the . D=2 sending t ti tpl
@ e ending to a retirement place OR) Remove Carl
House @ Demolish House
Repairing
’ @ Host a
Family D=3 Force
Def] Mait g the H P e
‘ Demolition Equipment

31 Capella>>0Operational Analysis>>Operational Architecture Diagram



e
Describe the stakeholders’ behaviors

Sending to a retirement place [Carls agrees to leave] / Demolish House

!

r ; . \
"% Removing Carl (f] Demolishing House

[region] [region]

-

. &
(WHEN) Order to remove Karl
Initial 1
a
' % Waiting orders
[region]
>

. J

32 Capella>>Operational Analysis>>StateMachine Diagram



What do we need to finish with it?

* Needs mapped: What the users of the system need to
accomplish
* Mission Requirements
* User Requirements

* Maybe not all the stakeholders opinion/needs are going to be
“relevant”. It is a matter of analysis and priorization of the
organization.

* One thing: this is the problem domain..... So your systems DOES
NOT EXIST.
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System intervention

What the system has to accomplish for the users
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Systemic Intervention

Seed

System Analysis

A
y

Concept

D Simulation

System Element Requirements

DCA-400-6

—> NOP

——p ROP
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Well.. What do the system must do?!

arl

@ System

D=l Moving Team

D=E] Maitaining the House

H’:ﬂ Repairing

Deflsending to a retitement prace

I © oo s

D=fl Force

Dﬂ Demolition Equipment

Capella>>System Analysis>>System Architecture Diagram
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Well... Carl wants to move the house

2] Mechanisms L«
3

D=El Family Place

@ System

Passthrough Sky

move through

M Fixing Structures

Capella>>System Analysis>>System Architecture Diagram



What do we need to finish with it?

* Requirements mapped: What the system has to accomplish for the
users
* System Requirements

* Remember that requirements are on the problem domain = does not
carry solution on it.

* The system must receive 24V /// and not /// The Li-Po Battery must provide 24V
to the System.

* One thing: The System is a black box... We can not see inside only the
frontier functions (interface/external functions) — such functions are
what emerges!!! (emergent properties)
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Conceptual Architecture

How the system will work to fulfill the expectations
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System Element Requirements

Conceptual Alternatives

WEg (deation

\ 4

Solution Neutral
Architecture

\ 4

Logical Architecture

A
y

Concept

D Simulation

Flowed-down Requirements

DCA-400-6

——p ROP

m—p RT
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LA/LTTTAN



e

hummm

*Even though the joke with Led
Zeppelinis a good one... And |
could not avoid to make it... ©

°|t is more a balloon than a
zeppelin.

45
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Well.. The main function was: Move House

’l LF : Move Housé€

LF . Lift House

LF

Control

Moviment

LF

Allow Carl
to Navigate

@ Sail th_rough
air

We can decompose the functions in
subfunctions.

Only leaf functions must be used.

Capella>>Logical Architecture>>Logical Function Breakdown Diagram



** The functions might have its own architecture:
Functional Architecture

( )
@ Move H
i) Blow
D=E Altitud bil move through
@ Lift House
i )
@ Control Moviment
n
D=3 air flow change
@ Sail through air
A
D=fl change dlirection
D=fl change Altitude
@ Change House Place @ Allow Carl to Navigate
D=# controls
\ =
& i ]

47 Capella>>Logical Architecture>>Logical Function Data Flow Diagram



We can conceptually split functions into a

reference architecture of the aiming solution

Balloon House System

|

D:ﬂ Passthrough Sky
5] ‘T Air

=
Fins ,)—l Ballon Structuye)—l
rt— -
@ Sail through air LFI Lift House
Al
N ns

D=1 Chang%:tion (=1 Chang%e

Human Machine interfate

Etﬂ Lift Controls

Fins Controls

Carl E]

Allow Carl to
Navigate

ATV

B

¥l Mechanisms

[l

48 Capella>>Logical Architecture>>Logical Architecture Diagram



¥ We could have decided a CONOPs to this
solution concept
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What do we need to finish with it?

* Requirements mapped: How the system will work to fulfill the
expectations
e Subsystem Requirements (or any decomposition part of it)

* We have a functional architecture spread through a desired
architecture.
* We can plan verifications, transitions, integrations, operations, and everything.

* Here is the place to ask for functions that will have a technological solution on
the next step.

* One thing: The System is now a white box... We can see inside and
design the desired (at least requested) architecture.
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Concrete Architecture

How the system will be built



DCA-400-6
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PNOP

NOP

ROP

) RTLI

Realized Architecture
SIL
. . Physical B Product
Design Architecture Architecture ) Simulation
v




" S0 ok... Final step is specify what is
going to be built

* He had the “things” that were
feasible, pre-existing in the
house and easily acquirable.

* To lift: balloons

* To steer: some house tools
e To sail: towels, blankets

* To navigate: compass

e To adjust altitude: cut the
balloon strings
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" Point out the technological choices to built the
Balloon House System

55
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Capella>>Physical Architecture>>Physical Component Breakdown Diagram



;ﬁSEissoé"

- X
a

)

E House attachment

J& Steering Mechanisms
~

56

D=8 Fireplace fixings

Capella>>Physical Architecture>>Physical Architecture Diagram



What do we need to finish with it?

* Specifications to the development/acquisition/building
process

* Would go to every details necessary to build the system.

* We have a concrete architecture ( do not be confused by the
word physical — does not need to be “physical”... can be a
process, software, information, so on)

e Usually in the Phase 0 / Pre-A of the Space System Lifecycle it
is designed a feasibility architecture with co-engineering (in
Concurrent Engineering Labs). This Architecture would be born

in this phase and iterated/adapted through the next life cycle
phases.
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System Delivered:
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FireSAT Example



MMMF

Problem

Soft
Operational
Research
Problem

Structuring
Methods

Multilevel and Multiphase

Solution

.é&‘

(o]

== Capella

Open Source MBSE Solution

DCA-400-6

mep PN OP

Context Analysis

\ 4

Hard
Operational
Research

r— Problem Framin R Operational Pl R Problem SIL
g o Analysis ) Simulation (PIL
l Formalized Needs
Systemic Intervention
A 4
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Concept SIL

A 4

Simulation PIL

System Element Requirements

Conceptuz}l Alternatives
A 4

\ 4

A 4
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A

Solution Neutral
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\ 4
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Concept SIL

\ 4

Simulation PIL
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Architecture

S
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imulation ==
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Context Analysis
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e
Research before engineer

Initial understanding: free
explorations of the problem.

‘,é:. Learning the domain to
=N\ improve knowledge

Find stakeholders!
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Framework Activities

DCA-400-6
—p PNOP
Context Analysis
‘ Operational Probl Hard
. _ P BN roblem X
=™ Problem Framing o Analysis ) Simulation Operational
Research
‘ Formalized Needs > NOP
A 4
v
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Structuring the problem (infinite ways of doing)

l Forest %
2 L

Group Of Fire Set Of Forest Fires

Fighters
[ with fire ] [ fire ceased }
[

Fire

8

Fire Information

-~ Combating %3
f Fire Fighters Problem ﬁ&

) ) Handling Time
The fire fighters described that [day] {htime}

takes too long to receive the

fire information so the 5
handling time (after a fire

starts) is usually 2 days.

Y.

Context Understanding

“E]—a Set of Problem Exploration
=) problems .
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ldentification of stakeholders

e Raising who they are

* What they want

* What changes are desired in the current situation
e Capture Success Metrics (MoEs)

e Lift



Operational a

% Population

Initial 1
D

[Fire == 0]

help call, fire information

%) Combating Fire

nalysis

(R}

Q

- Provide notification to USFS within
1hour of detection.

- Detect a potentially dangerous wildfire in
less than 1 day.

- Provide 24/7 monitoring of high
priority dangerous and potentially

dangerous wildfires.

Receive fire information

% Fire Fighter /

% Fire

68

. po¥
fire informatipn help call
'3 '3 . 3 .
@ Bumntrees [ Call for help Stop fires
----- > - -
v 8 fire information y
@) Burntrees @A Stop fires
b e e e e oo -

_____ S @ Callfor help

%
Burn trees

Btatistics

D= helpXsall

D=3 fire |nformation

—— TimeFrameOfNewInf
e olnDays =1
-
s DetectionDelay = 1

% Fire

Visual

Fire Cofnbating

isual

- Reduce the avarage size of fire at
first contact by firefighters by 20%
fromm 2006 average baseli

\ % Population

F Public Safety Role

\ Call for help

% Fire Fighter

Website Reading

Telep

£ Media

hone

. Group of Fire Fighters

T, Forest Fires

Fire information

{R) Common Role

D=F news

--

@ Stop fires

OR) Read News

LOOP

fire = true ] fire combating

2{days

near real tjmy

A

_ Fireinformation

% Media
D=Hl summary
Collect
Statistics
Publish
&r) Statistics
7
’
’
’
/
/
l

- Develop a wildfire notification system with

greater than 90% user satisfaction rating.

% Population




A -
FAB: Publicacao do NOP

* Descrever os stakeholders (OMs)

e Descrever o conjunto de documentos originadores

e Estruturar as propostas de necessidades

e Descreve a situacao atual com a mudanca que precisa existir.

e Rastrear o desejo de mudanca com a arquitetura da situacao atual

e Justificar conjunto de necessidades.
* |sento de solucao
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Systemic intervention
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Formalized Needs

Systemic Intervention

}

Seed _ | Concept
-| System Analysis Simulation

I
|
[
[
\{

'

System Element Requirements

DCA-400-6

—> NOP

——p ROP




Systemic intervention

== Capella

oPM Open Source MBSE Solution

Systemic Intervention

System Analysis

sanX  Define the system’s mission and

©o desired emergence capabilities.
= @ = Define the system-actors’ functions,

7S g . interfaces, relations and behaviors
within a black box architecture.
Describe the concept of operations /
scenarios of the architecture that

express the capability.
Seed Abstract all the flowed capabilities

------------------------------ into a single function seed.

_—
o

System Element Requirements




y

Systemic Intervention Analysis

Monitor the forest fires

Fire Fighter Fire
Get into the fire pefore it spreads

.-/

g Define the system’s mission and @
e desired emergence capabilities.

. Define the system-actors’ functions,
7S g interfaces, relations and behaviors
within a black box architecture.
Describe the concept of operations /
scenarios of the architecture that

express the capability.
Seed Abstract all the flowed capabilities P

into a single function seed.

CFireSat-Br System

- CIFireSat-Br System

System Element Requirements

\ DelRouted Forest Fire Dats

! & FireSat-Br System,

-------
uuuuu
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Context




MISSION STATEMENT

Because forest fires pose an ever-increasing threat to lives, property and biodiversity,
have a significant impact on recreation and commerce, and have an ever higher public
visibility (largely because of the ability to transmit television images from nearly
anywhere in real time), the USFS needs a more effective system to identify and monitor
them. In addition, it would be desired (but not required) to monitor forest fires for other
nations; collect statistical data on fire outbreaks, spread, speed and duration, and provide
other forest management data. This must be done at low cost to make the system
affordable to the Forest Service and not give the perception of wasting money that could
be better spent on fire-fighting equipment or personnel.
Ultimately, the Forest Service’s fire monitoring office, fire management officers in the
field, and individual firefighters and rangers fighting the fire will use the data. Data flow
and formats must meet the needs of all the groups without specialized training and must
allow them to respond promptly and efficiently to changing conditions.

(adapted from “Space Mission Engineering: the new SMAD, 2011")




R

- Monitor Forest L - Monitor Forest Fires - Mission Statement - Because
- - _ %_""“5“95 forest fires pose an ever-increasing threat to lives,
T - property and biodiversity, have a significant impact on

-

= = ~ ] recreation and commerce, and have an ever higher public
visibility (largely because of the ability to transmit
television images from nea...

Fire

SA

Identify Forest Fires

Distribute Forest Fire Data

Legacy SAR GS Distribute throuqﬁ"Ground Stations Distribute if}i.rectly to FireFighters

3SA
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Fire Fighter




- Monitor Forest Fires - Mission Stat t-B forest fires Q
pose an ever-increasing threat to lives, property and biodiversity,
have a significant impact on recreation and commerce, and have an - The FireSat-BR Mission shall send
ever higher public visibility (largely because of the ability to Forest Fires Data to the Fire Fighters
transmit television images from nea... Trucks.
[
Qo 1 7
- The FireSat-BR Mission shall !
s e 1
monitor the fire parameters as 7
indicated in Table 1. \ /
W | /
N |
N\ sal'lsf'lells
ire Data
Route Forest
Fire Data
D= Fire Signal
est Fire Data
Def] Fire Smoke
D=f] Fire Thermal Signal =) Send Forest Fires
Data
Def] Fire Flames
- -
— sawsties Dirdet Forest Fire Data
- a QIJPQ
-
_ - e / \ N “
- -~ / \ N ~
= -~ - 7 \ N\ ~
- 7 A b
(R - ’ \ \ ~
_ setisfies p \ \
- The FireSat-BR Mission shall identify - ’ \ sajsfies
; -
Forest Fires. > ; \
- \ ~
- s A
L satisfies ! \ (R
- ’ sa{'lsf'les s n S
- 7 \ \ - The FireSat-BR Mission shall send Forest
yad P l N Fires Data to SAR Ground Stations.
(R} / *
’ ! \
- The FireSat-BR Mission shall comply with NASA space debris / \ \\1
mitigation guidelines as documented in NASA Technical Standard | 7 \
NASA-STD-8719.14A. ’ \ Q
/]
’ | - The FireSat-BR Mission shall prevent unauthorized
7 \ access to the command and control functions of the
P 1 spacecraft.
(R} '
- The FireSat-BR Mission shall deliver the identified
FireSpots to the Fire Fighters in less than 1 hours. IB
- The FireSat-BR Mission shall preclude the release or
generation of any foreign object debris (FOD) for all

mission phases.
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Directly o
n Receive Route
(EF) Monitor Fire (EF) Burn Trees F::::tnli?re Forest Fire {EF) Forest Fire
Data Data Data

Send Forest

Identify
Fires Data

Forest Fires|

=l
[R)::;:g Receive Route
o Monitor Fire 0 Burn Trees 5 Forest Fire Forest Fire
Forest Fire Data Data
Data
[
Send Forest Identify
_ satisfres ~ Fires Data Forest Fires|
~ -~
~
-
, -~
1
i
satisfies

1

T
1
1
1
1
! 1
1

satisfies

|
1
1
1
1
1
1
1
!
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Requirements...

v fH System Analysis
v [Capella Module]
v [ Mission Statement
> ) [Mission Statement] Because forest fires pose an ever-increasing threat to lives...

v [ Mission Requirements .
v [B Functional Requirements

& [IE PUID] MIS-XXX
& [Rationale] null
2 [VV Method] null
& [VV Success Criteria] null
2 [VV Phase] null Word
) [VV Procedure] null
2 [VV Report] null
> @ [MIS-XXX] The FireSat-BR Mission shall send Forest Fires Data to SAR Ground Stat.
> @ [MIS-XXX] The FireSat-BR Mission shall send Forest Fires Data to the Fire Fighte...
> @ [MIS-XXX] The FireSat-BR Mission shall monitor the fire parameters as indicated ...

> @ Nan-Funectional Reauirements

v
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Traceability req user —req sys (nop-rop
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- Develop a wildfire notification system [< + —Reduce the avarage size of fire at first [= -+ <Pravide 24/7 monitoring of high priority [= _ _ —satisfies
with greater than 90% user satisfaction contact by firefighters by 20% framAT — |— =+ dengersu H@eﬁ]i@ d_anggmt - - - = = ‘3
rating. 2006 average baseline. wildfires. - = ===Z- ZTz==z=d
\ N 7 N r - Monitor Forest Fires - Mission Statement -
\ \ r Ny i Because forest fires pose an ever-increasing
\ N 7 SN threat to lives, property and biodiversity,
\ @ N r e e e e = — === = have a significant impact on recreation and
-_——_——_ == 7 SﬂETIO‘S N commerce, and have an ever higher public
A - Provide notification to USFS within Thour N E’ 7 . A Tl — — ~ visibility (largely because of the ability to
\ of detection. \ L fo= - - T T satisfies transmit television images from nea...
\ “ | - Detect a potentially dange{ous,nmdfire / ~
\ 1 T in less than 1 day. ’ I N
\ 1 ! A — ;’ z / \
\ ) ! N7 ~ /\ / N
I 4 i N ’ // = ! ® Ay
- \ s S . !
\ 1
\ I -7 N Ry’ A \
I / P Ve / ~
v r ~ N 7 ! ~ ~
f\ - P . = N
1 VR -, "\ / ~ o N
| \ 1 Ve 7/ N ! ~ AN
\ - < ’ / ~ \
I - ! P \ -
A / P / ; ~ o \
1 Y -~ / A / ~ hY
‘e \ ! e Vi Y > N
- I P A / -~ A
- ’
- I \ s -~ N
-~ Il - / A ! ~ -
2 I "2 A , 4 A N
(R} ' (R} / @/ (R}
I / ri
- The FireSat-BR Mission shall monitor the | - The FireSat-BR Mission shall send Forest s - The FireSat-BR Migsion shall send Forest - The FireSat-BR Mission shall identify
fire parameters as indicated in Table 1. I Fires Data to the Fire Fighters Trucks. 7 Fires Data to SAR G[ound Stations. Forest Fires.
| - *
| / !
I / /
I ’ /
I / /
v / ¥
f
(R} ’ (R} (R}
- The FireSat-BR Mission shall deliver the ’ d - The FireSat-BR Mission shall comply wil - The FireSat-BR Mission shall preclude the
identified FireSpots to the Fire Fighters in MASA space debris mitigation guidelines release or generation of any foreign object
less than 1 hours. ! d ted in NASA Technical Standard debris (FOD) for all mission phases.
/
!

(R

- The FireSat-BR Mission shall prevent
unauthorized access to the command and

control functions of the spacecraft.




A -
FAB: publicacao do ROP

* Descrever o que o sistema tem que fazer para os stakeholders (OMs)

* Descrever o conceito de operacao geral desse sistema com os
stakeholders.

e Rastrear as necessidades aos requisitos.
e Justificar as interfaces e funcoes.

* Formaliza o que o sistema tem que prover sem explicar como e dar
margem para os fornecedores.
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Conceptual Alternatives
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System Element Requirements

Conceptual Alternatives

\ 4

WEg (deation

Solution Neutral
Architecture

\ 4

Logical Architecture

A
y

Concept

D Simulation

Flowed-down Requirements

DCA-400-6
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Intention exploration

Fire

Fire Detecting

OPL

Aerial
Observing

Space
Observing

—

Population
Informing

1. Aerial Observing, Population Informing and Space Observing are Fire Detecting.

2. Fire Detecting affects Fire.

3. Aerial Observing requires Aircraft and Ballon.
4. Space Observing requires Satellite.
5. Population Informing requires Gossip.

Ballon

Aircraft

Satellite

Gossip



Trading

__ Ballon mmm

TimeFrameOfNe
winformation

DetectionDelay .6 + - + 0
Total 0 0 2
Weighted .6 4 1
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Conceptual Alternatives

WEg (deation

\ 4

Solution Neutral
Architecture

System Element Requirements

\ 4

Logical Architecture

A
y

Concept

D Simulation

Flowed-down Requirements

DCA-400-6
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Identify
Forest Fires|

&

Process Control

Scan .
Data Payload 0 Scan Smoke Thermal 0 Scan Fire

Structure Mounting

v
& N
@ Plan Mission
Quantify mission 5) Define mission phases,
Mis obj/goals p/ph:
© ijectives and goss D Obi/Goals D=3 Mis obi/goals p/phase
Mission Objectives| 4
- Define orbit/ D= orby/Traj Plans
Mission Concept[d (rajectory and
Mission Operations Concept| 4LP) Processing TM
D] Orb/Trac Rules
i Describe the Payload
Mission Operations Concept| atid Detine D=3 Pid Op Rules
Mission Operation Capabiities | gperauorat u I iiisaion plan
S/C Capabilities D=3 Pid Ddsc Op Plan Fire Measurements In[>] D=l Processing Ctrl
[_]Data Port
Mission Operations Concept| Define s/c bus and DA s/c 0p Rulps
define operati G
Mission Operation Capabilities| characteristics [
D=1 5/C Dpsc Op Plan P Control Payload
S/C Capabilities|
Evaluate
requirements for Dl Req
Mission Concept[ gF)
difficult to meet
Mission Requirements|J
Decide whether to use
existing mission
Mission Operation navacst s D=8 Dec/Tech of mission Opefations
Mission Operations Concept[ g~ 2¢YeIP 2 new one
. &
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Q

goal o1 3 years duration.

~Tre Firesai-8R Spacecraft shall exceed 1 year duraion, witha

~Tha Firagat-BR Spacecraft shall sand the FreSpels ta
the Firsfightar Truck Racics

- The Firesat-BR Spacecrait shallcontrol the
temperature of critcal elemen

o

~ The FireSat-BR Spacecraft shall shall mantain

with an error as= than or equa ta .02 deg (1

with SAR Ground Stations.

~ The FireSat-BR Spacacratt zhall ba abie (2 communicate

“The FiraBat-B Spacecraft shall provide frme-tagged packets
raiaing orbital 3titude and positin that carrespond 1o the ire spat
dentifed.

£ Logical Architecture
v [Capella Module]
v [ System Requirements

v ) [SYS-XXX] The FireSat-BR Spacecraft shall guarantee powe

VWV VYV V VYV YV VYV

> @[

& [IE PUID] SYS-XXX
7 [Rationale] null
O [VV Method] null

& [VV Success Criteria] null

& [VV Phase] null
& [VV Procedure] null
& [VV Report] null

) [SYS-XXX] The FireSat-BR Spacecraft shall shall mantain e:
(D [SYS-XXX] The FireSat-BR Spacecraft shall be able to recol
() [SYS-XXX] The FireSat-BR Spacecraft shall be able to comr
() [SYS-XXX] The FireSat-BR Spacecraft shall exceed 1 year d
() [SYS-XXX] The FireSat-BR Spacecraft shall control the tem
(D [SYS-XXX] The FireSat-BR Spacecraft shall send the FireSp
() [SYS-XXX] The FireSat-BR Spacecraft shall identify forest f
D [SYS-XXX] The FireSat-BR Spacecraft shall provide time-ta
(D [SYS-XXX] The FireSat-BR Spacecraft shall have position ki
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Realized Architecture
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Flowed-down Requirements

Realized Architecture

SIL

. . Physical Product
PIL
Design Architecture _.l Architecture |‘_' Simulation m

Specific
Discipline
Analysis

> RTLI



D=l Bolts

Dbl goits [T

D= Bolts

D=l Bolts
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Space Environment

[ ]
V] . L1
: T T T ! :
1 1 1 1 1
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1 1 1 1 1 1
Magnetic Field Count I ! . : I
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| | 1 1 =1
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D] USB Cable Dsdl ysB Cable Dms] USB Cable
I

1
1
1
1

I 1
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1

|

I

1

1
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I

I
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I 1 1
! Bf‘ Cable [HII USB Cable
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I 1 1

I
Dwi] vBat Cable

77777777777 ! 1
1
: D= Fire
1
1
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Fire Fighter Forest Fires
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Routed Communication Link




Dwl] Rw Cable

D=d] Us|

nector Out

D] Pqwer Line

D] Battery Connector

Battery Jack

Dmb] Solar Pane| Power Cable

Solar Panel| Connector

USB Port Connector

L]

E OBDH Main Board

Dmd] YSB Lines

VBus Connector

USB Port Connector

Heating Power DisJibution Connector

Temp Sensor Cables

L]
[ ]

D] 12C Lines

Bat Lines

E Mechanism Main Board
o] Dl GPIO Lines

ines Connector

Dwl] AQ GPIO Line

[_|Rocket Coupling

1810~ |Radiation and Thermal Blocking

=

Start Button
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Vbat Bus 12C Sensor Lines

L]
EI EPS Main Board

Solar Panel
Power Connector|

D] Solar Panel 12C §

Dml GPIO Lines

M 5V Lines

lensor Lines

]

El S-Band Radio Board

Moetdlated Signal Lines

VBat Out Port

5V Out Port

USB Data Port

Dwb] Antena Cable

VBat Port Connector

USB Port Connector

USB Port Connector|

VBat Port Connector|

E UHF Radio Board

Antenna
D=1 Cable
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