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* Engenheiro da Computacao pela UNIFEI (2010)

* Mestre e Doutor em Engenharia e Gerenciamento de
Sistemas Espaciais pelo INPE (2014 and 2018)

* Atualmente professor do ITA e colaborando no
Centro Espacial ITA

* Topicos de Interesse:
* Engenharia Simultanea,
* Engenharia de Sistemas (baseada em Modelos),
* Interacdo homem-maquina,

. Artefaicos tangiveis, Realidade Aumentada e Realidade
Virtual,

e Industria 4.0

e Lattes: http://lattes.cnpg.br/6516110599667954
* E-mail: chris@ita.br
* Website: www.cscerqueira.com.br // not well updated
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CONCEPTIO

Laboratdrio de Concepgdo de
Sistemas

LADS-01

Laboratdrio Aberto de
Desenvolvimento de Sistemas
01

LCOS

Laboratério de Controle e

Operagdo de Satélites !

—mll SALA DE

Laboratdrio de Integragdo
de Sistemas Aeroespacias
Sala limpa / Bancada
electronica / Bancada de
montage / Simuladores
Térmicos

—————  Laboratério de Monitoramento

de Objetos Espaciais

REUNIOES

LADS-03

Laboratdrio Aberto de
Desenvolvimento de Sistemas
03

LADS-02

Laboratdrio Aberto de
Desenvolvimento de Sistemas
02

SALA DE
PESQUISA

Sala para Pesquisadores

LADS-04

Laboratdrio Aberto de
Desenvolvimento de Sistemas
(02!
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OBJETIVO

Introduzir os conceitos norteadores da Engenharia de

Sistemas baseada em Modelos e sua relacao com o ciclo de
vida da DCA-400-6
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Ending scene from 1971 movie THX 1138

https://www.youtube.com/watch?v=atMdfOrhbpl
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https://www.youtube.com/watch?v=MKOSrxBC1xs
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PROBLEMAS COMPLEXOS

*Problemas complexos sao problemas que sao muito
dificeis (ou impossiveis) de resolver.

* Emergem de sistemas/situacoes complexas.
*O termo '"wicked" vem da

13
%ﬂﬁ Traditional Problem Wicked Problem
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Introducao

e Sistema

* Engenharia de Sistemas

* Ciclo de Vida
* CONOPs e Arquitetura

* Requisitos e VV

* Engenharia de Sistemas baseada em Modelos
* Linguagem
* Modelos

* Engenharia Simultanea
w7
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“The whole is greater
than the sum of its parts.”

-Aristotle

“... that the whole is not the same as the sum of its parts are
useful in meeting the type just described; for a man who
defines in this way seems to assert that the parts are the same
as the whole. The arguments are particularly appropriate in
cases where the process of putting the parts together is
obvious, as in a house and other things of that sort: for there,
clearly, you may have the parts and yet not have the whole, so
that parts and whole cannot be the same.” [4]

“The System is something besides,
and not the same, as its elements.”

[4] Aristotle 100a, Topics, Translated by W. D. Ross



Definicao de Sistema

Um sistema é

<um conjunto, uma combinagdo, um grupo, uma cole¢do, uma
configuracao, um arranjo, uma organizacdo, uma montagem, [10]>

de

<partes, componentes, elementos, objetos, subsistemas,
entidades [6]>

, que

<combinados, integrados, orgaFSi?ados, configurados, organizados
>

de uma forma,
<criam, habilitam, motivam [3]>

<proriedades, fung¢des, processos, capacidades, comportamentos,
dimensoes [6]>

gue nao
<possuiam, exibiam, apresentados [3]>
por suas

19 <partes, componentes, elementos, objetos, subsistemas,
entidades [6]>

. l Emergenece
Aristotle @ Concgiving 1
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I Reductionism Q
Descartes +——@ Conceiving (17th
Century AD) -
1 Systems In ":’/
Carnot Y}_‘. Thermodynamics N
| Conceiving (1824) ==
. B (‘/
Clausius Environment <
—e Conceiving ]
' (1850) <
o

General Systems
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Complex Adaptive
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Emergence:

The Whole Is More
Than The Sum Of The
Parts

Reductionism: Rapid
Progress In
Experimental Physics,
Biology, Medicine

Systems Use In
Thermodynamics

Environment Concept

General Systems
Theory

Cybernetics

Living Systems

Complex Adaptive
Systems

Defining “System”: a Comprehensive Approach. 27t

<eém separado, individualmente [3]> Annual INCOSE International Symposium. 2017
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Caracteristicas de um sistema

Fungdes e outras caraceristicas emergem
com as interagoes, guiadas pela forma
dos relacionamentos. Essa emergencia é
gue define o sistema

Entidades estao ligadas através de
relacionamentos que possuem também
forma e funcao. Algumas entidades se

relacionam com outras entidades fora da
fronteira do sistema.

Sistemas possuem forma e
fungao, a forma é um
instrumento da funcao.

AN

Sistemas sao compostos de entidades,
cada uma com sua forma e funcao. Essas
entidades também sao sistemas, e o
proprio sistema pode ser uma entidade

de outro sistema.




Principio da Emergéncia

Quando as entidades do

sistemas sdo conectadas
suas interacoes vao causar
uncoes, comportamentos

performances e outras
propriedades que irdo
emerqir.



http://n9neo.wordpress.com/2013/09/05/sep-5th-13-line-app-new-paid-stickers/mickey-mouse-wizard
https://creativecommons.org/licenses/by-sa/3.0/

* Emergéncia é o “poder e a magica” dos sistemas. Ela se refere a
gue aparece, se materializa, ou transborda quando o sistema existe. Obter
essa emergéncia é o motivo pela qual fazemos sistemas.

* Entender a emergéncia é o objetivo — e talvez a arte — do
pensamento sistémico.

* O que emerge geralmente s3o: funcoes/funcionalidades.

* Funcdes sao as “coisas” que o sistema deve fazer. NOs devemos projetar
sistemas, antecipando as funcdes que irao emergir.

TABLE 2.1 | Types of emergent functions

Anticipated Emergence

Unanticipated Emergence

Desirable Cars transport people Cars create a sense of personal
Cars keep people warm/cool freedom in people
Cars entertain people

Undesirable Cars burn hydrocarbons Cars can kill people




FIGURE 2.1 Emergent function from sand and a funnel: Time keeping. (Source: LOOK
Bildagentur der Fotografen GmbH/Alamy)




FIGURE 2.3 Emergency as emergence: Hurricane
Katrina. (Source: Image courtesy GOES Project Science Office/NASA)
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ENGENHARIA DE SISTEMAS



O que e Engenharia de Sistemas?

Engenharia de Sistemas sao meios e abordagens transdisciplinares, baseados em
conceitos e principios sistemicos, para permitir uma realizacao bem sucedida, uso e
descarte de sistemas engenheirados.

Focando em:

* estabelecer as dos stakeholders (interessados e e
e impactados), ajudando a definer as necessidades atuais e antecipando o
funcionalidades no inicio do ciclo de desenvolvimento;

» estabelecer um apropriado e os processos considerando < -
a complexidade, incertezas e possiveis mudancas;

de cada fase dessa atividade;

=3 =2
. 3 =4
* continuar com o ;
* enquanto considerando e que dao
26 suporte ao sistema de interesse.
%ﬂﬁ A fresh look at Systems Engineering — what is it, how should it work?

28th Annual INCOSE International Symposium - 2018
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Stakeholders de um Sistema

_ System Context

@ /! Users T Environment
. ,’ § T o
Mo P
f’: ! ' External
- D e N A I T S N Py
.2 ® ? " System
AP 5

&) —>»

........................ System -of-Interest
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Q : Maintenance “......~" =
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- Systems ,/
T e Production e P

Other Stakeholders~" "~ ' et

SPEAR!

ID | Need Stakeholder

N1 | "Need to notify support manager when a Support manager
‘'support request’ is initiated.”

N2 | "Need to assign support request to Support manager
appropriate support engineer.”

N3 | "Need to keep customer informed of Customer (user)

the progress of a support request.”




rios de sucesso de um sistema
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Technical Measurement INCOSE-TP-2003-020-01

Increasing
Measures of Technical
Effectiveness Resolution
(MOEs) & Periodic
Insight
8 Service Life | Key Performance
years Parameters Technical
Mission Needs (KPPs) > Measures ?;sim;ta
or Critical of = (Pro gges s
Operating Issues Rer AN Ce w &Risk)
Technical
. Performance
Increasing Measures
Scope of (TPMs)
. ; . Technical
Sufficient propulsion Propuls’on Ba ttery Solar Cell Solution
for 35 major i i
e Capacity Cycles Life Technical Measures are Interdependent
corrections
Figure 3-2 Relationship of the Technical Measures
Type Item Threshold Indicator
MOE/KPP Service Life At least 8 years Service Life Expected - trend over
time
MOP Propulsion Capacity At least 35 major Orbital Corrections Supported -
. corrections trend over time
Volume Allocated Satellite Propellant TPM Volume Allocated to At least 17.5 liters Propellant Tank Capacity - trend
ii . Propellant over time
Need fo obtain to Propellant Mass Efficiency Energy/Volume

an allocation of
17.5 liters for

Figure 3-3 Notional Example of Selection of MOEs/KPPs, MOPs, and TPMs

propellant tank TPM we want Assume max Assume energy/
by production to track of 3,630 kg, efficiency volume cannot
but could cannot be be changed
be less changed




Ciclo de Vida

* Todos os sistemas possuem um ciclo de vida

* Ciclo de vida € uma série de estagios que o sistema passa
durante seu tempo de vida.

* O ciclo de vida deve considerar toda a evolucao do sistema, da
concepc¢ao ao descarte.

System of Definition ,"’ Production ~
interest A y Sy
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Ciclo de vida como um conceito

* O proprio ciclo de vida @€ um conceito que descreve o0s
produtos e organizacoes que interagem ao longo do processo
de desenvolvimento, uso e descarte.

System/Subsystem/Parts Integration and Test

Development Organizations Organizations Opergﬂqns
\ / Organizations
systemot " ——— .
interest p 5 s
Concept System ,,” Realization Support 4 \\ Retirement
Utilization N
31 | ]

Y
System Life-Cycle




NEED FOR SERVICES
FROM A
SYSTEMOF-INTEREST

¥ __Concept System ‘
Concept | Dewelopment Production Utilization Support Retirement E The System -of-Interest requirements
s for enabling services
i
P Development System .
:‘0 Concept | Development | Prodjction Utilization | Support | Retrement
," The Enabling System services
N delivered to the System  -of-Interest
; g Production System
I .0.' Concept | Devel|pment PrdJuction Utilzation Support Retirement
t ; /R g Support System
. ': .°“ Chcept | Develog ment I Production | Utilization | Support Retirement
Y : e 4 Retirement System
“, "‘ . R Cof pept Development Prod |ction Utilzation Support Retrement

Development Production

Svste
.

* System interaction with typical enabling systems
* (ISO/IECTR 24748-1:2010)

- - » »

SYSTEMOF-INTERES
SERVICES TO ITS
OPERATIONAL



Requisitos do ciclo de vida

*O entendimento do ciclo de vida permite antecipar
funcoes e atributos.

Life-Cycle
Requirements

s N

Utlization stage

Development Production Retirement
stage stage stage

= Support stage i

% Life-Cycle //
33 Requirements

w

Concept stage
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Requisitos

* Requisitos indicam o que o sistema deve fazer
(requisitos funcionais).

o sistema deve fazer (requisitos de
performance)

*Em qual ambiente o sistema deve trabalhar
(requisitos de ambiente).

* O que o sistema deve fazer para se conectar com
outros sistemas (requisitos de interface).

* Qual composicao de ;
1 O sistema precisa para operar
(alocacao de requisitos).

* O que e preciso fazer antes de operar o sistema
(verificacao/validacao).

I DONT UNDERSTAND
ANYTHING YOU DO, SO 1
ASSUME IT'S ALL
USELESS.

/ -
fea:




Alguns pontos sobre requisitos:

* Rastreabilidade (traceability) é a relacao entre requisitos.

(rationale) sao as informacoes que explicam
como/por que/quando o requisito foi escrito/derivado.

(Verification Method) € a forma
como o requisito vai ser comprovado

* Critério de Sucesso (Success Criteria) € o critério da
verificacao que deve ser apresentado para comprovar o
requisito.

w



Escolhendo um método de verificacao

Teste € usado quando:

Técnicas analiticas nao produzem resultados
adequados.

Modos de falha que podem comprometer o
sistema.

Elementos associados com sistemas criticos.

Inspecao é usada quando:

Diagramas, documentos e dados que podem ser
visualmente verificados para comprovar o projeto

Tipicamente usado para verificar metodos de
contrucdao, manufatura, dimensdes e registros.

Demonstracao é usada quando:

Verificacao podem ser realizadas atravez de
observacao.

Resultados tendem a ser: sim ou nao

Requisitos que sao mais subjetivos como fatores
humanos ou conceitos de operacao.

Sistema real ou representativo

Analise é usada quando:

Métodos analiticos sao possiveis
Teste nao é possivel

Verificacao por inspecao nao é adequada.
Técnicas analiticas e modelos estao validados.




Exemplo de escrita de critério de sucesso

 VR-5T: Prove that the product’s communications system is
capable of communicating with the ground command team by

performing an/integrated system test within an integrated
hardware/software environment. Testing will show that the

roduct can transmit and receive to standard ground recove

erification Objectiv

37 Note — there are no|

Special Conditions _




Conceitos impactam nas decisdes de todo o ciclo
de vida

— 95%

100% —

Committed costs
— 85%
90% — l

80%
70%
60% ~ 5

Prod/test
50% —

40% —
30% —
20% -

10% — Concept

Cumulative percentage life cycle cost against time

38 0% —

RE Time
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O sistema @ um conceito ou o conceito é um
sistema?
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Conceito de Operacoes ( CONOPs — Concept of
Operations)

42
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O que é um CONOPs

*E a descricio de como o sistema vai se comportar para
atender as expectativas do stakeholders.

* Explica o comportamento do sistema de uma perspectiva
operacional para facilitar o entendimento das
propriedades emergentes do sistema.

*llustra o uso pretendido do sistema através de recortes
de situacdes de como o sistema deve se comportar.

* CONOPs pode ser detalhado em casos de uso / cenarios
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Exemplo de requisitos tirados de um CONOPs

NEED STATEMENT: PORTABLE AUTOMOTIVE VEHICLE FOR OFF-ROAD

* Use Case: Camping Trip

Scn:

Scn:

Scn:

Scn:

Scn:

Load Camping Gear On To Vehicle

Function: Provide Space To Store Camping Gear
* Requirement: The vehicle shall be designed with a minimum cargo storage area of 11 cubic feet.
* Rationale: Estimated calculation of space needed to accommodate customer’s camping equipment
Load Personnel On To Vehicle
Function: Provide Capability To Carry Up To 4 People
Drive To Camp Site
Function: Provide Capability To Drive 20 Miles Roundtrip
* Requirement: The vehicle driving range shall be a minimum of 40 miles.
* Rationale: Customer stated the maximum range (out and back) of use as being 20 miles after getting the
vehicle to where it would be used.
Function: Provide Capability To Utilize GPS
Get Stuck
Function: Provide Vehicle Capability To Get Un-Stuck
Unload Camping Gear/Camp
Function: Provide Electrical Interface For DC Powered Camp Eq.
* Requirement: The vehicle shall provide, 12 VDC +/- 1.5 VDC, 12 Amps maximum, auxiliary utility ports.
* Rationale: Based on power draw assessment of the connecting equipment
* Requirement: The vehicle shall provide two utility ports for connecting DC powered camping equipment.
* Rationale: Customer desired two specific ports to connect equipment simultaneously



* Arquitetura é a materializacao de
um conceito.

*E onde ocorre a alocacdo das
funcoes e caracteristicas em uma
forma, e sao criadas as relacoes
entre os elementos e o ambiente
de operacao.




Verificacao x Validacao

* Verificando um sistema: *Validando um sistema:

Construindo o sistema Construindo o sistema

corretamente: garante certo: garante que o

: que o sistema atende sistema faz o que deveria

aos requisitos. fazer no ambiente
X desejado.

46
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HETA Process Input

https://ocw.mit.edu/course

: L » Customer Needs/Objectives/ s/aeronautics-and-
Requirements astronautics/16-885j-
- Missions aircraft-systems-

engineering-fall-
2005/readings/sefguide_01
_01.pdf

- Measures of Effectiveness
- Environments
- Constraints
A » Technology Base
* Output Requirements from Prior
Development Effort
* Program Decision Requirements

* Requirements Applied Through
Specifications and Standards

System Analysis
and Control
(Balance)

Requirements Analysis

* Analyze Missions and Environments

» |dentify Functional Requirements

« Define/Refine Performance and Design
Constraint Requirements

Trade-Off Studies
Effectiveness Analyses
Risk Management
Configuration Management
Interface Management

Functional Analysis/Allocation + Data Management

+ Decompose to Lower-Level Functions ; Pedr_og\g:'cse MseNamant

« Allocate Performance and Other Limiting Requirements —TPM
to All Functional Levels

« Define/Refine Functional Interfaces (Internal/External)

» Define/Refine/Integrate Functional Architecture

Requirements Loop

- Technical Reviews

Design Loop

Synthesis

« Transform Architectures (Functional to Physical)

» Define Alternative System Concepts, Configuration
Verification Items and System Elements

» Select Preferred Product and Process Solutions
Define/Refine Physical Interfaces (Internal/External)

Related Terms: Process Output
a7 Customer = Organizations responsible for Primary Functions + Development Level Dependent
Primary Functions = Development, Production/Construction, Verification, - Decision Database
Deployment, Operations, Support, Training, Disposal - System/Configuration Item
Systems Elements = Hardware, Software, Personnel, Facilities, Data, Material, Architecture

Services, Techniques - Specifications and Baselines



Cada dominio de conhecimento tem uma
linguagem
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Qual é a linguagem da Engenharia de
Sistemas?

The whole does more =]

-
than the sum of the parts Probability of Each Cutcome /‘/
= 8635 //
e A c:::::“ = 0600 &= 1.000
= 0765
Sub- | sub (subsystems) 2 Q /(
el ubsystem neld together e
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\'\0"\\ \-"‘d\ ot \ crour M
Product Breakdown e s _Q
Structure (PBS) v\f' S ,a‘;f%
Shows the components h\“‘;\ss\o“ Slon
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& ‘ {
! \ - NODAL POINT g ( ) E ; ( )
System
L e %8@0
B Occision Node @ Chance Node ~ /A\Outcome  0.00 Probability ~ B

A B Cc ||D ==
The individual / s el o S o TIME LINE ANALYSIS
e . Work Breakdown i sealb i e ' L
Structure (WBS) Y i"p Approve "lp"’ Request Disapprove e e
All work components Change Seller | Class| Prop_ln Buyer | Formal ECP [p o0 Buver Approve [ 2.2 :_-—=."_’
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a complete system ECP : \
Approve =]
' System Class Il Approve
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[ | I . il | | | SCHEMATIC T N
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A B C ! L - — with > 4.6z -
L B oy Classification ===
49 Work 1o produce i s Sowrn, s.0=l=|=
the indmdusl Work to mtegrate the
systom componants | components Inlo a system
Record
The whole takes more work Change |=t— '"c“;l‘:"“."' —
than the sum of the parts [ indicates Buyer Action Status ng
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Q Industria 2.0

= 1945
©

1950
Atual?

‘ Industria 4.0
5

2
s

Industria 3.0

"=~



MODEL DRIVEN ENGINEERING
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Document Model
Oriented Oriented




DCTA

beneficios

v

Model
Modelng Validation Observation

II II ﬂ J:I D-ﬁ

Model Bus = O &]

Orchestration

Mo deling

Mod el Code D ocumentation
Repository Transformation Generation Generation

design space exploration

initial CAD
geometry

variable
obstacles

generate
routing

MODEL DRIVEN ENGINEERING

?) define boundary meshed for later parameterized
> conditions collision checks e equipment boxes
8 build grid search algorithm post processing
g ° Ssssssssananasi e 3
© dominated ., SI3ERE31 520
°
- . °
o possible solulions ¢ TS =
O Pareto Front & 4 ses )’
< o hrInes! \
i EEJ::. A / //// ‘\\\\\
5 5 collision checks modified A* algorithm collision free CAD geametry e

with exact cable length

Priv.Doz, Dr -Ing. habil. Stephan Rudolph lide 20/ 32
PD Dr.-Ing. habil. Stephan Rudolph slide
[@) Institute for Statics and Dynamics of Aerospace Structures G e s SISy ACCM Workshop, Linz, Nov 30, 2012

University of Stuttgart

Objective 1

http://www.eclipse.org/proposals/eclipse-mddi/
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Definicao de Engenharia de Sistemas baseada
em M Od e ‘ OS (Model based Systems Engineering)

“ESBM ¢ a aplicagao de uma
gue foca na utilizacao de modelos na
como o meio primario de troca de
informacoes entre as equipes, ao inves de utilizar a
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%J?lﬁ http://www.omgwiki.org/MBSE/doku.php



http://www.omgwiki.org/MBSE/doku.php

S
= TRIVIUM AND THIS COURSE

We need to understand

We need to understand

“ena)__NONEST /[

the “thing as-it-is-
known”

LOGIC

the “thing as-it-is-
symbolized”

SysML and OPM Diagram

SysML and OPM symbols g
Interpretation

The integrated
information (on the

4 oo model) is the single
Jmfinet
source of truth
We need to understand
the “thing as-it-is-
communicated” Integrated
Framework

https://augustineacademy.c

om.au/subjects/trivium/

cg TE-265 — Engenharia de Sistemas baseada em Modelos
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List of Methodologies and Methods
Methodologies Surveyed in INCOSE 2008 Report

Name

INCOSE Object-Oriented Systems Engineering Method (OOSEM)
IBM Rational Telelogic Harmony-SE

IBM Rational Unified Process for Systems Engineering (RUP-SE)

INCOSE lista diversas metodologias

Primary Point of Contact
B4 safriedenthal@gmail.com
&4 peter. hoffmann@telelogic.com

B4 mcantor@us.ibm.com

Vitech Model-Based Systems Engineering (MBSE) Methodology|Vitech & jlong@vitechcorp.com

JPL State Analysis (SA) Methodology|JPL State Analysis (SA)
- Dori Object-Process Methodology (OPM)

B4 Robert. D_Rasmussen@jpl.nasa.gov

B4 dori@ie.technion.ac.il

Additional Methodologies Identified as Gaps Since 2008 INCOSE Survey

Name
Weilkiens Systems Modeling Process (SYSMOD)
Fernandez Process Pipelines in OO Architectures (PPOOA)
An Ontology for State Analysis: Formalizing the Mapping to SysML
am 150-15288, OOSEM and Model-Based Submarine Design
Alstom ASAP methodology
Pattern-Based Systems Engineering (PBSE)
- %@ Arcadia, a model-based engineering method

Primary Point of Contact

B4 Tim.Weilkiens@oose.de

B4 joselfernandez@telefonica.net

B4 nicolas.f.rouquette@jpl.nasa.gov

B4 Paul Pearce@deepbluetech.com.au

&4 marco.ferrogalini@transport.alstom.com
B4 schindel@ictt.com

& Polarsys/Capella
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O comeco: explicando ideias...

—

./ *Pegue uma caneta e um pedaco de
*Faca uns rabiscos com ums nomes

—' eEnguanto conversa, desenhe umas
$l linhas e setas para interligar os rabiscos
*\/eja a reacao as proposicoes

o *Continue...




O comeco

conceived reality modeled reality
Object

e ]

ISa

RSO
- i

IS

Concept
A w— G -
Models Process \-

gmented knowledge
to explicit and
integrated knowledge

e

@ » simples porém expressivo, e
- e model to stakeholders ° intUitiVO pﬂrém fﬂrmal




Created in 2002

Dov Dori

Object-Process
Methodology

A Holistic Systems Paradigm

A Single Diagram - Maps Behaviour and Structure

* 2 Building Blocks and 10 basic relations
 Designed to “Systemic View” and “Concept Modelling”
 Simulation Ready

System

....‘

» ~130 Pages standard

* Published in late 2015

* Intended to “Automation Systems and Integration
 Has the “power” of a IS0 seal.

Architecture

P e

s N

Strategy and Product Development

Dov Dori

for Complex Systems MOdd'BaSed
Bvad Crwly B Camrsa Dl S Systems
r— Engineering with
OPM and SysML

ISO/PAS 19450:2015°

Automation systems and integration -- Object-Process Methodology
(Only available in English)

Abstract

FORMAT @ LANGUAGE

ISO/PAS 19450:2015 specifies Object-Process Methodology (OPM) with detail sufficient for
enabling practitioners to utilise the concepts, semantics, and syntax of Object-Process

Methodology as a modeling paradigm and language for producing conceptual models at

various extents of detail, and for enabling tool vendors to provide application modelling

products to aid those practitioners. English v

English _v|

While ISO/PAS 19450:2015 presents some examples for the use of Object-Process

Methodology to improve clarity, it does not attempt to provide a complete reference for all -+ 198 \YJ Add to basket
the possible applications of Object-Process Methodology. =




[Dori] Object-Process Theorem

Dbjects with states, processes
and their relations among
them constitute a necessary
and sufficient universal
ontology to describe a system.

64
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Dois canais cognitivos: visual-OPD e textual-OPL

Christopher

OPM

+

—

OPM Theory

Presentation

Christopher is physical.
Christopher knows OPM Theory.
Christopher handles presenting.
OPM consists of OPM Theory.
presenting is physical.
presenting consumes OPIVI
Theory.

presenting yields Presentation.
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= Automatic Crash Automatic Crash
o Responding Responding
66
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g & AN

robotics laboratories, autonomous cars, and even 16, 8iterispace!

https://www.opcloud.tech



https://www.opcloud.tech/

OPM so tem dois blocos

Product

1. Objetos estados =)

As coisas que existem ou podem existir. (”Ot tESted)

%)
N4
@)
@]
—
)
O]
=
a
=
)
o

68

\
2. Processos
As coisas que transformN

Todos os outros elementos sdo relacdes entre coisas.




Esséncia e natureza

Informatical Physical Informatical Physical
Systemic Systemic Systemic Systemic
Process Process Object Object
< il JPLJuini L prisisdutnes preses osene
S " Informatical s ¢+ Physical "\ . Informatical : Physical
0 . Environmental 1, Environmental § + Environmental ! , Environmental
= v Process ,’ ‘_ Process ! Object : ! Object
5 ‘----‘-' ‘----'.- ——————————— ) - A S A S aE.

Informatical Systemic Process is an informatical and systemic process.

Physical Systemic Process is a physical and systemic process.

Informatical Systemic Object is an informatical and systemic object.

Physical Systemic Object is a physical and systemic object.

Informatical Environmental Process is an informatical and environmental process.

Physical Environmental Process is a physical and environmental process.
69 Informatical Environmental Object is an informatical and environmental object.
Physical Environmental Object is a physical and environmental object.
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Resumo de links
estruturais

Aggregation-

Whole consists

Participation “;f :tag A and _
Part A Parl B a ’
e Exhibitor
Exhibition- iﬂ:} bnlfte A as
Characterization well as _
Altribute A
operation Operation B.
G'r!'r:n-ﬂ.g"' Specialization A
Generalization- $ and o
Specialization I 1 - Specialization B
Speciabzahon A Specinhzabon B are General
Thing.
Class
Instance A and

Classification-

CI.

Instance B are

Instantiation - instances of
Instance A Instance B Class.

Unidirecti It d .

nidirectional tagge tagmame Source tag-name Destination.

R Source > Destination
[Unidirectional null [Source relates to Destination.]
tagged]
a-m-biag

Bidirectional tagged

A =T

—
alag B

A a-to-b tag B.
B b-to-a tag A.

Reciprocal tagged

[Reciprocal null
tagged]

reciorocal tag

A =

A and B are reciprocal tag.

[A and B are related.]




Resumo de links transformacionais

Procedural transforming links

consumption link result link effect link in=out link pair I

Consumee
W Resulteo

Affocten

gt | [ outpt |
nlats

e

State Changing

\ : ; . ) hanges Affectee from
Consuming consumes Creating ylﬁdﬁ- Affecting affects C
S Consumee. Resultee, Affectee. L':;“: state to output
> .
I
w
om
Procedural enabling links
.
agent link instrument link
Agent Instrument
L%
71 Agent handles Processing requires
Processing. Instrument.
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Name Semantics Sample OPD & OPL Source Destination
The human Miner
i agent enables [Csick | [heatny .
State the process —_— L]_ Mqlf:per agent enabled
specified ided she | ing tat
agent link provided she is state process
at the specified Healthy Miner handles Copper
state. Mining.
Dl
The process —_—
State- - | faulby -:1:e|a'|on:i -
specified irr?sqtlrﬂgse:ﬁat 9 ch:iﬁﬁ'_;’ instrument | enabled
|nst:'_ur:ont the specified state process
m state. Copper Mining requires operational

Drill.

Name Semantics Sample OPD & OPL Source Destination
The process
State- consumes the Food .
specified object if and >-{ Eating consumee rocess
consumption | only if the object state P
link is in the Eating consumes edible Food.
specified state.
State- The process Copper
specified generates the ™ ~ — rocess resultee
P ink | obiectin the Lo | [ e P state
specified state. . )
Mining yields raw Copper.
I":::;;ipd"t' The process Copper :EUE:;:E affecting
. changes the process
E"f'E'B;"l-Ink object from a r:\‘u.«l Tur: state
P specified input Y
(consisting of state via the
one state- input fink to a . affectee
specified input || specified output @ affecting destination
link and one state via the - process state
state-specified output link Purifying changes Copper from raw to
output link) ’ pure.
Input-
sptciﬁtd Sample affectee aﬁeding
effect link e . .
pair The process [qu”’J ‘DT{%M] L 8 sg'::e process
changes the . 7 5
(consisting of object from a "
one state- specified input
fpﬁcﬁd input | state to any
ink and one :
output state. affectin
state- Testing changes Sample from awaiting rocessg affectee
unspecified tast p
output fink)
QOutput-
:‘l‘l:.c':'li':L . Enging Hood affectee affecting
ectfin The process A I — process
air y y | e
P changes the %
(consisting of object from any Y
one state- input state to a .
) . Cleaning &
unspecified specified output - ; affectee
input link and sfate. e — alfecting destination
one state- Cleaning & Painting changes Engine | Process
specified output g g g g state

link)

Hood to painted.
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Evoluindo: como nos podemos descrever
arquiteturas?

 Analisando necessidades de stakeholders

* Analisando propriedades emergentes que
interagem com as necessidades dos stakeholders

*Criacao de arquitetura funcional
*Realizacao da selecao de fabricantes
* Distribuir compras pela cadeia de suprimento
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Safety
Performance
Human Factors
Secunty

MWQ Product Line. Cost

Specialty
engineering
safety, perf,
secunty, ...
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XP Z67-140 - ARCADIA

C

AFNOR

norm’info

Technologies de I'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 Z67-140

Suivi par la commission :
Origine des travaux :
Type :

Motif :

Résumé :

Vie de la norme

NORME EN REEXAMEN

() https://norminfo.afnor.org ) ® = &

Accédez
‘4 aux tutoriels

suvre Q ﬂ

Francaise
Expérimentale
Nouveau document

La méthode ARCADIA peut étre appliquée a la 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 ...)

Systems Architecture Modeling Model-based System

with the Arcadia Method and Architecture Engineering

Norme Norme Norme Pascal R with the Arcadia Method
Enconception| | SHEEE | | Pubie En réexamen - SO
{— Jean-Luc Voirin
Inscrite le : Publiée le : En cours A Practical Guide to Capella
23/11/2017 07/03/2018 ﬁ 5
i = t 7

Norme XP Z67-140 (afnor.org)



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

Operational Analysis

System Need Analysis

Need Understanding

Logical Architecture

Physical Architecture

77

Solution Architectural Design
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{C} Minimize noise

Road vehicles,

% Site user
= D Road traffic noise
@ works < D=8 Heat or cold
D= Light
< g
= D=1 Road traffic noise
= D=l Cold
Sleeps or ,
. DS Light
D=l Inside vision
Protects
him/herself
@ Qom D=2 Attempted intrusion
- - -
intrusions
Enters or
@ leaves the
place

etc.
Limit excessive
LS heat and cold
@ Circulate .
Al % Environment
i
@ Heats or
cools
R @ Is bright
) Bystander or %
intruder
—P
Seeks to |
|@ see inside
....... b.......,,tb.g_.place
Hide on
Seeks to {C} request
@ enter the
place
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fﬂ Environment L
Heat or cojd

G Door

Heat or
o cool
Dl Light
|@ Hluminate
D=l Light
ﬂ Road vehicles, etc.
@ Circulate
DR|Road traffic n

Protect from
e hot and cold

@D Let light in

Prevent light
from
penetrating

o Minimize
noise

Allow

Let light
® through

Stop

intrusions

a Site user

D=l Opening/closLng
comman Enter or leave
o the site
== Block light
® and view
L= Let light
®
through
Opening gction
to [i%ﬂ
Protect
1@ him/herself
from intrusions

D=l Attenppted intrusion

Dl inside view
ﬂ nder or intru+r
Seek to see Seek to enter
e inside the site e the site

Lock/unlock command




G Door

Door frame insulation and

U Locking mechanism
occultation device

]

Fills the space
of the door
frame

Lock the
@ door

Unlock the
@ door

D31 External Unlocking

command
The occultation must also (=]] Locking d
: - comman
{C} isolate external noise and D Door unldcked D31 Internall unlocking
temperatures cgmmand
g Glass opening £ Artlculation mechanism
Prevent
light from Set the door to Set the door to
® penetratin © ©

open position close |position

)

&
Insidg .
: . . - [External locking
view D=8 Occultation action Exterhal opening c:;tmand
...--5' qommand .
/ pg Internal ppening
——— command
I q Sitq user
Seek to Protect
si‘; '"si'tde I@ him/herself from @ enter the site @ Exit the site
e e / intrusions
/ | pegpnternal locking
30 S © Blocklight © Letlight Sl
enter the and view through
locked site _ - :
D=l Opening action to light




[ﬂ Site user Door h] User inside the site
Dl Cod
@ Enter the key Ll Lock block E Door panel D=4 Opening action to Let light
light E
through
D4 Elockin g/unblackar . ) €0 Glass frame
@ Turn the key - g Gf-m command Def Traction Q
L
@ Recognize the key D Blackout action @ Block light
@ Seek to enter the Ok id Opening/closing and view
locked site D5l & Convert Rotation Dl Release ;
, wotanen 1 ture into translation
> @ close the blinds
) SScodedikey | Unlock
B @ oOpen the blinds
Pﬂuoriuchng D) Coor el ﬂﬁame
& engage the lock
9ag > 1 D=l Engagement »  Block the door
8 Disengagement when the lock
® Disengage the lock b [T ——r— ' 3 is engaged
b Seek to see inside t} Dol Hole 8:25x15mm g
the site |
Handle bolts Block ?r Defl Hole 12¢15x15mm
. D=8l Translation 10mm E
Door closed uphoid ==
id g %’ D engagement b
@ push the bolt [P Disengagement I—b Block the door
] when the bolk
€D Release the bo D=l = Mounting pﬁtes with screws » is engaged
1
§ o Hirges
D] Harclle
1 - -
é DRl Rotation 1/4 turn ']Duar r:amrm+d E DOr phvoting
D Opening/closing . Convert a thrust or
@ Enter or leave the ()] e s © traction into rotation )
e | Dl External opening e transistion j Mourting plates with screws i
_l Dl internal opening
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Need understanding

c
20
v
]
T
™
-
S5
e
)
7]
—
=
O
_
m
c
2
-—
=
0
W

e se s s ---------

A : Operational activity
F : Function
C: Component

.....

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
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Consideracoes sobre ESBM



ESBM E AS OUTRAS ENGENHARIAS

Single Source of Truth - /
A

MBSE «~—

Architectures
Requirements (written/model)

84

Electrical Eng.

/ Mechanical Eng.

— Conceptualization

M2M

Q‘ Certification/Eval (W)

Operations

¥——— Prog (Risk/Safety/Sch/Budg)

y
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Fase de Defini¢ao
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MINISTERIO DA DEFESA
COMANDO DA AERONAUTICA

* A presente Diretriz tem por

finalidade ordenar 0
planejamento e a execucao
das fases e principais eventos
do Ciclo de Vida de Sistemas e
Materiais da Aeronautica, bem
como regular tecnicamente a
atuacao, a interacao e a
responsabilidade dos Orgdos e
Sistemas do COMAER que
intervém no processo.
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FASES
SUBFASES
FUNCOES
{ORGAOS)

FASE DE CONCEPCAO

SUBFASE INICIAL

DECIS AL
CMTAER

COORDENACAD

AVAL. DA NOP
FIXACAD DE ROP .

GERAL —
EMAER
DESENVOLVIMENTO DETECAD DE CARENCTA OU

~E OPORTUNIDADE TECECONOME =~ ————»

ENGENHARLA ELABORACAOQ DENOP 1

(TADECEA
ENSINO E DETECAD DE CARENCIA OU

TREINAMENTO OPORTUNIDADE TEC/ECONOME =~ —— >
DEPENS

ELABORACAD DE NOP !

PROVISAD
E MANUTENCAD
COMGAP, COMGEP,
DECEA

DETECAQ DE CARENCIA QU
OPORTUNIDADE TEC/ECONOME, — Ll
ELABORACAD DE NOP

UTILIZACAQE
OPERACAD
ODSA PERTINENTES

DETECAQ DE CARENCIA OU
OPORTUNIDADE TECECONOM E ————*
ELABORACAD DE NOP !

ENGENHARIA E
PRODUCAD
EMPRESAS

E INDUSTRIAS




FASE DE VIAEBILIDADE

SUBRFASE DE PLANEJAMENTO DO CICLO DE VIDA SUBFASE DE AVALIACRD DO CICLO DE VIDA

DECISAQ g

COORDENACAD GERAL VIO CHITCA DA ——
) VLA BILIDA DE ————————— NOFRORAR
=

! H

ALTERMATIVAS COMNSERVADAS

"

ESTRATIV A
DE QUPSTOE B AVALIACAO
FRATOE 4 NG RETE .

ENGENHART
CTA/DECER ODSA
FESPOMEAVEL

T ¢ ™ ESFECIFICADOES ¥ 3

PRELIMINARES B

LEVANTAMENTO DAS ALTERNATIVAS

Y
o
S
5
<
)
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B%El

FASE DE DEFINICAO (1* PARTE)

E DE ESTUDY) DE DEFIMIC AL

SUBFASE IZIIZ-!]Ii{i.-'tNIJ-’..-'-.(;‘-.-!HIIZI_%IN('I&I.

SUBFASE DE CONSOLIDAL AD DOS
RECUISTTOS E ESPECIFICACDES

SUUBF ASE DE PREPARACAD PARA

DESEMVOLVIM EMTO O ."l.':_:ll..".ls-l‘;..'-'l.'!]

ENGENHARL A

ODEA RESEBONSAVEL

| EQUIPE DE

DESK: kA

v

CERENCIA

Ll

.
Y

PALLIE I A

¥

FLAMOE DE DES ENVOLVIMENTO
{CTA/DECEA)

DEFENS

S

E BMANL

i‘— ASSESSORIA HA EMISSEO
Y | L

COMGAE , OOMGER, ., - - LHRDRS |3
DECER ‘q PMIESAD EEPRCTFICACOES
TECDETALHATIAS
. O -
FTILIZAC AL E

P ER AL A

005 PERTIMENTES

-vy-

Y
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Antes de comecar

 ESBM é a formalizacao de ES para que ferramentas
* (PPoint / Excel / Visio ndo representam ES)

* N3o existe bala de prata
* A propria Engenharia € um wicked problem

* Industrias usam adaptacoes da ES.
* Colocando restricoes da cultura organizacional

* Academia pesquisa
* Olhando a filosofia da ES, metaforas, transformacdes e generalizacoes

* Entao, talvez, uma boa ideia seja hibridizar alguns métodos para “ver
o que sai”
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Comecando do inicio --- Trivium

https://casadacritica.com.br/site/
curso-trivium-versao-iv/

https://www.educatedclimber.com
/how-to-learn-anything/




Gramatica - Logica - Retorica

We need to understand

We need to understand

the “thing as-it-is-
known”

GRAMMAR LOGIC

the “thing as-it-is-
symbolized”

SysML and OPM Diagram

Interpretation

SysML and OPM symbols

= Vi

The integrated
information (on the
model) is the single
RHETORIC source of truth

We need to understand
the “thing as-it-is-

communicated” Integrated

Framework https://augustineacademy.c

om.au/subjects/trivium/



https://augustineacademy.com.au/subjects/trivium/

{

Gramatica do OPM

Element |~ kel Package
l Is A od 35 3 source 1
Entity < Link
s ek od 35 2 SosUnaton o
| 1 | 1
Thing State Structural Link Procedural Link
[ —
; A 2
[ 1 [ l l
Process Object Tagged Structural Fundamental Structural Transformation Link Enabling Link Triggeting Link
Link Link

o ) 1 ) |

A Result Link Z Insttument Link A Invocation Link

Aggregation
A —i —0 = =
Generalization Consumption Link Condition Link TimeoutLink
A - —© =
Characterization AgentLink
94 <>
Instantiation EventLink
o . N [
https://www.researchgate:net/publication/220059359_Reusing_se

mi-specified_behavior_models_in_systems_analysis_and_design
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Logica do OPM

Acceleration
Time Stamped Execution l |
"0‘.--‘~‘ : Node INpWR 1S fcung?
-~
e * Product -m -m P il TN
. S Report \0 .*° FullProcess “=,
’ Time Recording ) <€———33 Racorded Procuct = Actvaung .
’ -
g l‘ me Catzlog .
----- v
' ' . .
' [} ’ Output .
------ s ) DB
S L at, T 1 v S
" . Data Handling Y®€&~—-2X_ _ _ ' "_"2‘_' - Product /
Y Sa R S| 5oy R e
“ _____ 'l Consistgncy 2 proper l defective
~ . Checking ’
. " &
s Time Stamped Consistency o
. ~Execulmg’ e Message Product Handiing - PRtk
e -
Product Handling | il [ 1T T
Cg‘n:éoto
Product .
Repont Search Result
Product erm
o 0 Catalog g
tﬂ
| Product
proper | [do'ocmo
Consistency Query Result
Massage Message
Query Message

https://www.researchgate.net/publication/220059359_Reusing_se
mi-specified_behavior_models_in_systems_analysis_and_design
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Logica do SysML (SysML-like

1. Structure 2. Behavior

. s sd ABS_ActwaticnSequince [Sequence [l»)gvam])
bdd [package] VehicleStructure [ABS-Block Defntion Ou-zum]/ e interaction
definition
sblocis «blocke «blo cke I d1:Traction I mi:Brake
Lideary Astl Lock Lidsary:Elec —~ SR e
Eloctonic Com'rolcln tro.Hyd rasiic state stm TeeTracton [State Machirm [--)gumu
Processer Valve X
machine —
41 m ‘ 0% o
~ = aC'iVitY’ act Preventlockup [Actvty Diagram)
4 [block] Art-LockCortro ler . ]
[Internal Black Disgram) o functlon l
di:Traction Wi
climodulator o s use Detectl oss O R Modulate
irtarface Traction Brakingforce
=1 :Brake sendAck)
Medulator
> | <
req[package] VehicleSpacicatons
[Requirements Diagram-Braling Requremenrt s) l
parjcorstrantBlock] Sy mghtLneVehichD ynamcs [Pacameric Diagram|
[ 2] [3
Vihicke Systems Braking Sebsystem
Specification Specificaton (=] Y
‘Hrakingfece tAcceles ation
" Equation Equation
. - esequir i y= :f'bﬁ'(l an) |: = ma)
St ppingDistance Asti-LockP efermance K ke A\ec ' )
=" 100" g="337" L
lext="The vehicle shall sicp ext*"Braking subsystem shal a
from B0 mph withen 150 Nt pravent whee!l lockup under all y- N
on 3 clean dry surface” bratong cond®aons”®
:Dstancet quation NVelociny® qu-ﬂon
97 (v = dwa v (s = dvid)
«derweRegt» . 0 5
X

https://omgsysml.org
/what-is-sysml.htm

3. Requirements 4. Parametrics



MMMF (Multi Methodology MBSE Framework)

DCA-400-6
A =z Capella
OoPM
Problem Open Source MBSE Solution — — PNOP
Operational
Context Analysis Context Understanding R h
“Reverse Systems R Operational Problem Exploration Proeblfmea rc
Engineering” r Analysis Problem interaction map Structuring
- Methods
7™
L r l Formalized Needs :@?‘e > NOP
Multi Criteria . . 3 . ¥t
Decisi Systemic Intervention Emergent Properties
ecision Required Capabilities
Analysis ! Seed| ' tertacet
| —
b : l System Element Requirements - ROP
©
= L Conceptual Alternatives - Concept Exploration and Evaluation
;; Solution Neutral | Arch Concept of Operations
. »| Logical Architecture i i
© Architecture r gica tect f{y'}tem'c Analffls
c - eference Architectures
< T
1
3 I Flowed-down Requirements —
= q
5 4 : . + : .
S Realized Architecture Solution Selection _
Physical Technological Decisions and Refactoring
Design Architecture > y Budgets and Domain Analysis
98 Architecture As-X Architectures
Co-Engineering
w7 _

Solution
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AV
OPM

iIse do Contexto

The initial perception: Free
interpretation of the problem.

Learning the domain to frame
your knowledge

== Capella

Open Source MBSE Solution

C‘L
frea)

=

]

“Reverse Systems Engineering”

L
Find each seed problem then
decompose, simulate and validate.

Set of

(=]

problems

Context Analysis

Context Understanding
Problem Exploration

g%  Organize the identified

© @  required capabilities.
= Harmonize actors’ activities,
-

99

\ 4

; [ the architecture that express

Operational Analysis

5 relationships and behaviors
within a unified map.

Describe the interactions of

the capability.

Formalized Needs

s

\ 4



Usando ES para entender o problema

Find stakeholders!

Estamos pesquisando a
uniao com métodos de

Pesquisa Operacional

@ The initial perception: Free
interpretation of the problem.

v . .

,@: Learning the domain to frame
a

=N\ your knowledge

v

Find each seed problem then

-
oA decompose, simulate and validate.

]

== , Set of

problems

:

Forest 1 }
T ——

Group Of Fire Set Of Forest Fires

Fighters

7~ Fire
Fire Information '——Q\ Combating /
‘ Fire Fighters Problem

The fire fighters described that
takes too long to receive the
fire information so the
handling time (after a fire
starts) is usual lly 2 days.

Handling Time
[day] {htime}




Formalizacao do Problema

Getinto the fire before it spreads
2 Group of
Fire Fighters
e—

about the "ed of the fire combat

1 2 Media / \\ R oot 7
|

£ Population Maxesar being used correctly.
w h alth e

g%  Organize the identified
© o required capabilities.

Context Understanding Harmonize actors’ activities,

X i i

Problem Bxploration %< ¥ ¥ reJationships and behaviors

S ™ " " .
within a unified map.
.. Describe the interactions of
i the architecture that express

the capability. e

Formalized Needs
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Proposicao de um sistema solucao

AV
OPM

== Capella

Open Source MBSE Solution

Systemic Intervention

3@
© o

o =
Bl

System Analysis
Define the system’s mission and
desired emergence capabilities.
Define the system-actors’ functions,
interfaces, relations and behaviors
within a black box architecture.
Describe the concept of operations /
scenarios of the architecture that

express the capability.
Abstract all the flowed capabilities
into a single function seed.

System Element Requirements




Sistema Solucao

Q
System Analysis

- Monitor Forest Fires

%@5@'% Define the system’s mission and
®

- Mission Statement

impact on recreation and commerce, and have an

ever higher public visibility (largely because of the
ability o transmit

desired emergence capabilities.
e . Define the system-actors’ functions,

o

= . .
= interfaces, relations and behaviors

\
I
'
'
|
'
I\ - The FireSat-BR Mission
'
'

'

e B et
i K
o sat\sflllles ,'/
- The FireSat-BR Mission [ 4 &5A| e AR GS
shallmonitorthe.ﬁre ) l‘ I' \{L‘ ik "
?:t:iliemf.tevs as indicated in ) .1 [,’/ %%v . '
L . ) ". D4 Routed Fores Fre Data e, -
within a black box architecture. 3 i 1o
. . & = D51 5at.GS Cor T N ®F°'SS;EF”E
... Describe the concept of operations / ISR ! ; wr, saarell NN
= ) - - Y B P ——
[I' | scenarios of the architecture that B T
express the capability.
Seed
L N B B N N

- “n.v,!
_________ Abstract all the flowed capabilities e T _
into a single function seed.

= - - ——

'
/s Directly Receive
i ® Forest Fire Data
. \ N
2 3 ! AN 2 *ﬁ p
s & ' k e
- . == Dl
# . s &£
- ., v s [
° _ safisfies g6 \ % S
- The FireSat-BR Mission shall 24 ‘ % satisfies N
identify Forest Fires. %% oW A N
—- 7 i N
o sptisfies ' . Q
e 74 satjsfies A “The FireSat-BR Mission shall
S tem EI ment R 'r ment £ " ' \ send Forest Fires Data to SAR
ys e e e eq U I e e S (R} o “ M Ground Stations.
- The FireSat-BR Mission shall comply with NASA bk i ,
space debris mitigati idelines as d i |, \ o
in NASA Technical Standard NASA-STD-8719.14A. L
& - The FireSat-BR Mission shall prevent
S \ ized access to the dand
& \ control functions of the spacecraft.
\
O Y
- The FireSat-BR Mission shall deliver the o
identified FireSpots to the Fire Fighters in
less than 1 hours. - The FireSat-BR Mission shall preclude the

release or generation of any foreign object
debris (FOD) for all mission phases.
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Exploracao Conceitual

Q
2

== Capella

Open Source MBSE Solution

Conceptual Alternatives

] 1

Solution Neutral Architecture .'.

Create the seed initial context.

Explore the decomposition and
the conceptual alternatives to
processes and objects.

Conceptual
Alternatives

Conceptual
Alternatives

&

A 4

plic &=

(S m =

Logical Architecture

Decompose and evaluate functions
and internal components, interfaces,
relations and behaviors within a
white box architecture.

Describe the concept of operations /
scenarios of the architecture(s) that
express the capability.

System Element Requirements

P S E——




Brainstorm de Solucdes

Q
2

T —

Conceptual I

Aerial
Create the seed initial context. Alternatives Identtying

Explore the decomposition and . I
Identifying

B\ the conceptual alternatives to — l

processes and objects.

Big Satellite

Ground
Identifying T

Nano Satellite

e



Electrical Power Conditioning and Distribution Unit
4

Dl Power Cmd

) Control Power

¥ Conditioning
2ol M,

* {F==4Jeps Data Port

5

STS Power O

AOCS Power Outlg O

a3 =

OBDH Power O:

° ~J °
Lines
B Po
TICs Power Outlgh ":" Dl Power Generdted TM
Payload Power OutlSh d ; 3 i Pover
Dlbtored Power D4l Extra Power <
4

& Ia! =
D2 Hower o
Identify L i
@ Forest - J'
Fires . D1 Photons
© tlectrical Pow — - TRkl
refi Power TM BE a
EPS Mouting
Structure Mounting
Process Control Scan Scan )
® oo e [l s | i S e conTRoL unT
Do cacrc | @ Glelae Tlf‘ RS resaspne
T DA data Conditions.
g oar
D9 cale ction
i DFYsensors TC
DS sensor T™| e 5 i
A0cs Data porf BT, | @ RSN
D Actuator I
D] Actuator TC
.
I Decompose and evaluate functions
Conceptua L s Bobua | ————
L—hefm | A e e DaFors
i
L7 micu trol Crds]
n =

---------’

Alt ti p— H H
XTI s g @ =|andinternal components, interfaces, I

%5 @ ™| relations and behaviors within a
. . - [ o ] e
white box architecture. i |
I = ; wﬁ,f”::‘;“ |
Describe the concept of operations / . P
| scenarios of the architecture(s) that — e
express the capability. =

© Handle Data

The FireSat BR Spacecraft shall send the
FireSpots 10 the Firefighter Truck Radios.

™

System Element Requirements ——

BalUser Radio TC

DI Direct Communication Link
@
DI TTCS Power

BH o o
s

~The Firesat B Spacecraft shall guarantee.
i pawer distribution during the Firesat AR
R Mission duration.

Fire Data

The FireSat BR Spacectaft shall provide time.
tagged packets relating orbital atitude and position
that comespond Lo he fire spol identfied.




DCTA

Conceito de operacao modelado

“ a 3 Fire + FireSat-Br System P> Legacy SAR GS s Fire Fighter
Qs O L ARA |
. @ é) | |

I °.L Burn Trees |

:

I

1

]

!

1

1

I I >k

|
|
|
|
m | Fire Flames |
Identify Forest
|
|
|
|

Route Forest Fire
Data

0= 9 : .
| <
3 Forest Fire Data 1:|
> ; . |
i Send Forest Fires
Q/ - | Data
() I | l|_] Direct Forest Fire Data
% ! | | >
- ! | Routeﬁl Forest Fire Data |Receive Forest Fire
I e Data
@ | | | i
I Forest Fire Data
_ |
e et =
i
l@ @ |

Forest Fire Data

Directly Receive

Ly

|

|

|

c{; 14.[11 1 |
_GTT! III:5 el - | < | :
|

|

|
|
| Forest Fire Data
|
|

Fig. 1. Methodology Diagram. Fig: 6, ModelSeenasio:
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Arquitetura “a ser” concretizada

oy

R

== Capella

Open Source MBSE Solution

Design Architecture

Decompose to real element
alternatives to fulfil each
addressed concept.

L

Realized Architecture

Reality
Alternatives

A 4

*

i oo
(S m =

Physical Architecture

Decompose and evaluate functions
and internal components, interfaces,
relations and behaviors within
concrete architecture choices.

Describe the concept of operations /
scenarios of the architecture(s) that
express the capability.

as-x architecture




i3]

Arquitetura Concreta - .

Magnétic Field ]
M(Dumérh)rces Dl Photons
f Eocw Ni-cd Battery Pack |

i '
Lelcuicdhiisne Defl Magnetic Field ' . £7]ITA-ELE EPS | _Defstart suceon 7] ITA-MEC 5TS

i '
RoBler

3 I
7] ITA-AESP ACS

= Launcher :
T —
H H H Defl Vijat Cable
g Power Conditioning and Dl USB Cable ‘ | Dl USB Cable Dol USB Cable
Power Distribution I [ [ [
T Do VBT Cable D=l Bb(@%a‘ — T T T
1 12C $ensor Lines ! L ! E
L 1 L] Lk T
' Elusa Bus ' ]
O ) _m u J
. 1 b L L 1
\ 0 7 EEVBat bus ! G
. O . 0 0 h
Sensor 5V Bu: PR ! ! n " 7 .
- 1 1 '
ensor | pu sv eus 12C se ] H DVt Cable i I Dol VBat Cable  pagss Cable
O o ' ! i Dedl USB Chble 3 L 3
DeflUSB Cable . . s . L
—Ll . - ' E ELE TT& at Cable §F]ITA-AESP Payload
VBatOutPort 5V OutPort T H
r Defl UHF Link Ik '
ort Connector 1 Defl5-pand Link !
O Eraoad wain fuoter D

Reality Decompose and evaluate functions
Alternatives s @ =|and internal components, interfaces,
%5 @ ™| relations and behaviors within
concrete architecture choices.

'i Fire Flghter —‘ .Forel_;lt Fires
r|

(B PR

EPio 08s
DD i

PRSP e ;EMH‘.;,S.,M,.mkmi

VBat Port Connectorl 1 D8VBat ifes

Describe the concept of operations / _— I I
. . R i/lﬁa\);;etorquers i/lﬁa\glzetomet I'\a/ﬁ)’\:nted Sbit E‘F&Ztar:t":sﬁr\%heels
scenarios of the architecture(s) that i

ope { ]
express the capability. m@? mf/
D=l RW Cable

§P] AOCS Testbed ] \ \ /

S]]

D=l GUI

‘g 1
. CS Arduino
as-x architecture FIJ—T—'/ s

D=l JTAG §P] ACS 0BS
.Aocgj

Specialits

P]Power Regulator

D=l Pojver Line
MUS;BJ_I‘_'mes
1




MMMF (Multi Methodology MBSE Framework)

DCA-400-6
[ AJ
o == Capella
Problem Open Source MBSE Solution — — PNOP
Comtext Understand Operational
Context Analysis ontext Understanding
“Reverse Systems - Operational Proplem Exploration Research
. e » . Desires Concept of Problem
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ENGENHARIA SIMULTANEA



Crescimento da complexidade dos sistemas

~Mechanical  Electromechani Intelligent Connected New
system cal system system system servic
T | 1 T 1‘ | t Tl
* Mechanics. *Sensors « Controllers/ e Communicati  *Al
* Materials. eActuators uprocessors ons eloT
* Production *Power * Software * Network * Industry
systems. electronics * Control control 4.0
*Signal systems systems
conditioning *|[EEE 1012
*|1SO 15288 * Communicati
*|SO 26262 ons

https://doi.org/10.4271/12-03-02-0011



https://doi.org/10.4271/12-03-02-0011

Velocidade do mercado

Profitability
( Net Income as % of Revenue )

6.3% )
US National Average /

for all Corps in 2003

Profitabiity Starts to Erode as
Competition Enters the Market

Extraordinary
Above Average
Profits Generated
by an Innovative
Product

Average Profits

Salvador Dali. The Persistence of Memory. 1931 | MoMA

Time in the Market

Time to Market Knowledge Center and Forum - 12manage



https://www.moma.org/collection/works/79018
https://www.12manage.com/description_time_to_market.html

Organizacdes comecaram a propor novas formas
de acelerar o time-to-market
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: Participants at the first [DA concurrent engineering wurkshop discussed concurrent
A engineering practices in several U.S. companies. They described thie use ol methods that

ircluded traditional system engineering practices and new engineering and management
appreaches. DoD and Air Force initiatives to improve the acquisition process were aiso
presented. Based on the discussion at that workshop, on further contributions from
participants, and consultation with various reviewers, the following definition was developed:

Concurrent engineering is a systematic approach to the
integrated, concurrent design of products and their related
processes, including manufactur~ and support. This
approach is intended to cause the developers, from the
outset, to consider all elements of the product life cycle from
conception through disposal, including quality, cost,
schedule, and user requirements.

Winner, Robert |., Pennell, James P., Bertrand, Harold E., and Slusarczuk, Marko M. G. (1991). ‘
"The Role of Concurrent Engineering in Weapons System Acquisition", /Institute for Defense
Analyses Report R-338, December 1988, p v.



https://apps.dtic.mil/dtic/tr/fulltext/u2/a203615.pdf

2001 — Manifesto Agil

Manifesto for Agile Software Development

We are uncovering better ways of developing
software by doing it and helping others do it.
Through this work we have come to value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on
the right, we value the items on the left more.

Kent Beck James Grenning  Robert C. Martin
Mike Beedle Jim Highsmith Steve Mellor
Arie van Bennekum Andrew Hunt Ken Schwaber
Alistair Cockburn Ron Jeffries Jeff Sutherland
Ward Cunningham Jon Kern Dave Thomas
Martin Fowler Brian Marick
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We follow these principles:

* Our highest priority is to satisfy the customer through early and
continuous delivery of valuable software.

* Welcome changing requirements, even late in development. Agile
processes harness change for the customer's competitive advantage.

* Deliver working software frequently, from a couple of weeks to a
couple of months, with a preference to the shorter timescale.

* Businesspeople and developers must work together daily throughout
the project.

* Build projects around motivated individuals. Give them the
environment and support they need and trust them to get the job
done.

* The most efficient and effective method of conveying information to
and within a development team is face-to-face conversation.

* Working software is the primary measure of progress.

* Agile processes promote sustainable development. The sponsors,
developers, and users should be able to maintain a constant pace
indefinitely.

* Continuous attention to technical excellence and good design
enhances agility.

* Simplicity--the art of maximizing the amount of work not done--is
essential.

* The best architectures, requirements, and designs emerge from self-
organizing teams.

* Atregular intervals, the team reflects on how to become more
effective, then tunes and adjusts its behavior accordingly.

Manifesto for Agile Software Development (agilemanifesto.org)



https://agilemanifesto.org/
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ESA - What is the CDF?



https://www.esa.int/Enabling_Support/Space_Engineering_Technology/CDF/What_is_the_CDF
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Bidirectional Graphical Modelling Supporting Concurrent Spacecraft Design | Semantic Scholar



https://www.semanticscholar.org/paper/Bidirectional-Graphical-Modelling-Supporting-Design-Schaus-M%C3%BCller/2e0d9124ebd9ee4a38260756ac1850093dd4737d
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DEMANDA DO PESE

3.5 Processos de Engenharia do PESE

3.5.1 Os ciclos de vida dos SE s3do permeados por um processo de gngenhana de.
sistemas para desenvolvimento, fabricagdo, lancamento, fiscalizacdo, acompanhamento,
aceitacao, operacionalizacdo e descarte desses SE.

30/174

MD20-S-01

3.5.2 Os processos do ciclo de vida dos SE devem seguir a DCA 400-6 |5] e, no que
couber, outros processos utilizados pelos demais paises na definicdo e desenvolvimento
de missdes de sistemas espaciais.

3.5.3 Nesse processo de ciclo de vida de SE, sera empregado o conceito de Salas
Integradas de Gestdo de Projetos (SIGP), de forma a permitir o envolvimento e o
acompanhamento das etapas do projeto a custos menores, sem perda de qualidade. As
SIGP serdo equipadas com recursos de multimidia e informatica, além de ferramentas de

software para trabalhos em grupo, que permitirdo a interacdo em tempo real de equipes
técnicas e gerenciais geograficamente afastadas. Essa infraestrutura minmizara os

custos e o tempo_no_desenvolvimento_dos_requisitos, dos_sistemas, na implantacéo

propriamente_dita_e nos_testes de aceitacdo_de sistemas, também permitindo um
acompanhamento adequado dos processos. As sao instaladas nos pontos de
_I_Hﬁﬂer Eresse a dennicao das missoes dos oL.
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Algumas consideracoes...

* ES é sobre a entrega do melhor valor para o stk através de um
sistema.

 ESBM é apenas ES usando ferramentas

* Faca nosso curso: TE-265 — Engenharia de Sistemas baseada em
Modelos @

* Em algum momento ESBIVI vai dominar ES, e se chamar apenas
ES.

* ES é a base para interconectar disciplinas, € o LEGO, ou a lingua
franca da engenharia.

* Perfeita para ambientes de desenvolvimento colaborativo.
* Facam nosso curso: TE-219 — Engenharia Simultanea S
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Venha nos visitar

wWww.cei.ita.br
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http://www.cei.ita.br/
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Perguntas & (talvez) Respostas

4 Prof. Dr. Christopher
i’@ Shneider Cerqueira

chris@ita.br

A http://www.cei.ita.br/
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