=& Graduate Program in Science and Space Technologies (PG-CTE)
: SPACE SYSTEMS, TESTING AND LAUNCHING (CTE-E)

TE-265 — MODEL BASED SYSTEMS
ENGINEERING

Prof. Dr. Christopher Shneider Cerqueira
2025



& ) 24
- ||
f\é

Prof. Dr. Christopher Shneider Cerqueira

e 1998-2003 - Professional Course on
Industrial Informatics — ETEP

e 2005-2011 — Bachelor on Computer
Engineering — UNIFEI

* 2012-2014 — Master on Space Engineering ‘;'
and Technology — INPE |

e 2014-2028 — PhD on Space Engineering
and Technology — INPE

e 2018-2025 — Professor at ITA




e of
Prof. Dr. Christopher Shneider Cerqueira

e E-mails
e chris@ita.br
e christopher.cerqueira@gp.ita.br
* christopher@cscerqueira.com.br
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A goal of education is. to assist
growth toward greater complexity
and integration and to assist in the

process of self-organization - to

modify individuals capacity to
modify themselves.
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Model-Based Systems Engineering (MBSE) replaces
traditional document-heavy approaches with coherent
models that serve as the authoritative source of truth
throughout the system life cycle.

These models help engineers reason about requirements,
functions, structure, behavior, and constraints—enabling
better alignment across teams and disciplines.



This course introduces MBSE as both a way of thinking and
a set of practices.

We will use two major modeling languages:
*OPM (ObjECt'PrOCESS MEthOdOIOgy): Based on a minimal, yet

expressive syntax, OPM provides an integrated view of structure and behavior in a single
model. It aligns well with early-stage conceptual design and supports systems thinking with
strong philosophical roots.

'SySML (SVStemS MOdEIing Language): A standardized extension of UML,

SysML provides diagrammatic tools to rigorously define system structure, requirements, activities,
interactions, and constraints—supporting downstream engineering and formal traceability.

Together, OPM and SysML offer complementary
perspectives on modeling: one emphasizing conceptual
simplicity and holistic thinking, the other enabling
precision, analysis, and integration across engineering
domains.



=¥ Learning MBSE empowers you to:

* Think and communicate like a systems engineer.
* Handle system complexity with clarity and rigor.
* Design architectures with traceable decisions.

* Engage with modern digital engineering practices including
simulation, digital twins, and automated verification.

* Align with leading standards: INCOSE SE Handbook, NASA SE
Handbook, and ISO/IEC/IEEE 15288.

This is not just a skillset—it’s a mindset.

MBSE will challenge how you think about systems, how you
frame problems, and how you collaborate to build the
engineered world of tomorrow.



Course Structure



Ementa atualizada

e Requisito: nao ha.
* Horas Semanais: 3-0-0-3.

* Ementa:

* Conceitos basicos e principios do pensamento sistémico e da Engenharia de Sistemas.
Frameworks e stakeholders. Tipos de arquiteturas, funcdes e analise da coesao e
acoplamento. Ciclo de vida e CONOPs. Requisitos. Modelagem da estrutura e
comportamento dos sistemas. Analise de contexto. Intervencao sistémica. Exploracao de
alternativas. Arquitetura conceitual e desdobramento. Processo de Verificacao e Validacao.
Arquitetura Concreta e Carta Morfoldgica. Desdobramento para especialidades.

* Bibliografia:
 SEBoK Editorial Board, 2022, The Guide to the S]ystems Engineering Body of
Knowledge (SEBoK), v. 2.7, R.J. Cloutier (Editor in Chief).

e CRAWLEY, E., CAMERON, B., SELVA, D. System Architecture — Strategy and Product
Development for Complex Systems. England. Pearson. 2016. ISBN 1-292-11084-8.

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



Objetivos de Aprendizagem

* OA-P - Ser capaz de aplicar modelos para formalizar o pensamento
sistémico como ferramenta de engenharia para o desenvolvimento de
sistemas

* OA-1 - Ser capaz de estruturar o desenvolvimento de sistemas utilizando
Engenharia de Sistemas baseada em Modelos.

* OA-2 - Ser capaz de identificar a necessidade do uso de modelos.
* OA-3 - Ser capaz de identificar as limitacdes e beneficios da aplicacao de modelos



h of
Languages/Methodologies o

i1 ti

1- UML 2 diagramming, OO software
°
SyS M L modeling, Source code engineering Tool

MagicDraw UML from No Magic
https://www.magicdraw.com/main.php?t

* Apply the Arcadia Methodology

* non-registered — use trial s=download&cmd_show_mirrors=8731&
. . . menu=download_cameo_systems_model
* Students using @ga, I'll provide a VPN to access ITA’s license er&c=ab2cfab27 Ibda6boas 26 14801387

11&pr=8013&NMSESSID=9f3d0fe455b0b
1dd17b3d81f94244dcc&product_version
=2021x&product_edition=Cameo+System
s+Modeler%7CEnterprise&group=39

* OPM
. " " . 2- Fazer cadastro
i Web (Proprleta ry but free for ed Ucat|0na| USE) 3 - Selecionar Cameo Systems Modeler no
 https://www.opcloud.tech — non-registered Zln-e\r;:rjéf)sgg;iaLTR | edicio Enterorise
* https://opcloud.systems — Students using @ga 5 - Baixar a vers3o (No Install)
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PROJECT BASED LEARNING



How will it be...

e Systems Engineering can be applied at any level.

* Our case study will be a Complex “Toy” System.
* Use your imagination / we don't need to be bound by the rules of reality.
* Each group will take part of this system.

* In order to exercise, let's assume that the strategic level has already
created a high-level concept.
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DISCLAIMER

The views expressed are those of the author of
the material and do not reflect a policy or
position of the Brazilian Air Force, Ministry of
Defense, Brazilian  Government or the

Technological Institute of Aeronautics.
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Strategic Proposal

* Requests:
* Allow the C105 to be used as a hospital base in case of emergencies.

* The hospital container must be all inserted into the aircraft with the functions
according to the type of occurrence.

* Must respect aircraft limits.

* Design freedomes:

* Interaction with the aircraft (and crew), interaction with operations, interaction
with patients, etc.



§rbis EXEMPLO

MD-10-30 Fying Eye Hospital
N330AU

Modizlar design

https://www.orbis.org /en/what-we-do/flying-eye-hospital
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A little philosophy

Explaining the organization of the course



A Hortus Deliclarium

(Garden of Delights)

* Text compiled by Sister Herrad of
Landsberg(1167).

* |t was used as a pedagogical model
for young novices in convents.

* Philosophia et septem artes
liberales (Philosophy and the seven
liberal arts)

$ fpin mundo
N\ Smhinct

*Rosalie Green, Michael Evans, Christine Bischoff, and Michael Curschmann(ed.) (1979) The Hortus
29 Deliciarum of Herrad of Hohenbourg (Landsberg, 1176-96): A Reconstruction. Warburg Institute/E.J. Brill



e

Trivium and Quadrivium

* The trivium is the part, formed by:
grammar, logic and rhetoric. The
Trivium is the study of the
transmission of truth (language).

e Grammar is the art of inventing

symbols (signs) and their
combinations

* Logic is the art of thinking,
structuring a sequence of

combinations.

 Rhetoric is the art of communication,
adapting logic to circumstance.

Joseph, Sister Miriam (2002). "1, The Liberal Arts". The Trivium: The Liberal Arts of
30 Logic, Grammar, and Rhetoric. Paul Dry Books. pp. 3, 9.

* The quadrivium is the upper part,
formed by: arithmetic, geometry,
music and  astronomy. The
qguadrivium is the study of nhumber
and its space/time relationship.

e Arithmetic is the study of numbers.

* Geometry is the study of spatial
representation.

* Music is the study of time.
* Astronomy is the study of space-time.

Kline, Morris (1953). "The Sine of G Major". In Mathematics in Western Culture.
Oxford University Press.



Trivium

(jRAMMAh NON EST /

LOGIC

https://casadacritica.com.br/site/curso-trivium-versao-iv/
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Trivium and this course

We need to understand We need to understand

"how things are known"

NON EST

GRAMMAR LOGIC

"how things are
represented"

Interpreting the

MBSE Symbols .
diagrams

The information
integrated (in the model)
should be the only
source of information
(truth).

RHETORIC
We need to understand
"how things are

communicated" Message of
Modeling

32

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



Obs.:

* This course is always evolving — this year we
will try adding a new tool.

* Problems are expected 8y

* Do not shy away from making (constructive)
comments on the conduct of the course.

* | will always try to keep the map of the
discipline so that we know where we are in the
learning process.
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