
PEE-33

AS-761 ςModel-BasedSystems 
Engineering(MBSE)

Engenharia De Sistemas Baseada Em Modelos

2025 - Prof. Dr. Christopher Shneider Cerqueira (chris@ita.br) // Prof. Dr. Guilherme 
Conceição Rocha (grocha@ita.br)



ÅQuick Background Presentation
ÅBorn in SJC

ÅIndustrial InformaticsProfessional TechnicalSchool
(ETEP ς1998-2003)

ÅComputer EngineerςAR Researcher(UNIFEI ς
2005-2011)

ÅSpace EngineeringandTechnology Master (INPE ς
2012-2014)

ÅSpace EngineeringandTechnology PhD (INPE ς
2014-2018)

ÅSystems Engineering/ Aerospace Engineering
Professor (ITA ς2018-now)

Prof. Dr. Christopher Shneider Cerqueira

chris@ita.br
Room 2011 // LabCONCEPTIO (1523)

9BC2RGWBK

Let'sbe friends in Pokémon GO! My Trainer Codeis512244814898!



Course Organization



ÅConceptsand principles of systemsthinking and SystemsEngineering.
Digitalization of Systems Engineering. Classicallanguage of Systems
Engineering. SysML. Reactive Systems. OPM. Arcadia Methodology.
Problem Domain: Context Analysisand SystemicIntervention. Solution
Domain: ConceptualModeling, ConceptualArchitecture, Verificationand
ValidationandConcreteArchitecture. DocumentGeneration. Trends.
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ÅSEBoKEditorial Board, 2022, The Guideto the Systems EngineeringBody of

Knowledge(SEBoK) , v. 2.7, R.J. Cloutier(Editor in Chief).  https://sebokwiki.org/
ÅDORI, D. Model-Based Systems Engineering with OPM and SysML. Springer, 2016 
ÅVOIRIN, J.L. Model-basedSystem andArchitectureEngineeringwith the Arcadia 

Method. Elsevier, 2017. ISBN 978-0-0810-1794-4. 
ÅFRIEDENTHAL, F., MOORE, A., AND STEINER R., 2015. A PracticalGuideto SysML: 

Systems ModelingLanguage. 3ª Edição. Elsevier. ISBN: 9780128002025.
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Classic Representations

Case Report-Presentation/ Test

OPM

SysML

SysML

SysML

OPM

7 Weeks...



Google Classroom

kc4h6pwz



ÅLevel2 ςGroupCase (Report-Presentation) (50%)
ÅGroupreport with the use of MBSE on a PracticalProject. 

(25%)
ÅPresentation(25%)

ÅLevel1 ςFinal Individual Exam(30%)
ÅFinal quiz (30 questions)

ÅLevel0 ςQuizzes(20%) 
Å6 quizzesw/ 10 questionseach.
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eVTOLrelatedthemes(Use Cases)

UrbanAir Taxi Service -
Provideshort-range 

passengerflightswithin a 
city.

EmergencyMedical 
Evacuation(eMED) - Rapid

extractionof patients
from accidentsites to

hospitals.

Last-Mile Package Delivery 
- Deliver packages from 
urban hubs to customer 

rooftops or delivery 
stations.

Military Reconnaissance 
eVTOL - Deployable 

unmanned eVTOL for 
battlefield surveillance.

Offshore Oil Platform 
Transport - Carry workers 

and cargo between 
mainland and oil rigs.

Airborne Firefighting 
Support - Use eVTOLs to 

monitor and support 
firefighting operations in 

forested areas.

Luxury eVTOL Charter 
Flights - On-demand air 
travel for VIP clients in 

urban and regional areas.

Rural Medical Supply 
Drops - Deliver essential 

medicines to remote 
clinics.

Police Surveillance and 
Crowd Monitoring - Use 
eVTOLs to support public 
safety during large events.

eVTOL for Infrastructure 
Inspection - Inspect 

bridges, power lines, or 
pipelines autonomously.



Some thoughtsbeforestart...
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https://reports.weforum.org/docs/WEF_Future_of_Jobs_Report_2025.pdf
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discover

learning

diagnosis

dialog

representi

ng

A systems thinker knows how systems fit into 
the larger context of day-to-day life, how they 

behave, and how to manage them.
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Systems Engineering

Asked the chatGPT: "create an illustration of Systems Engineerat work"

Engineer that is responsible for the whole, that understands how 

the parts/ people/ organizations, through the lifecycle, will deliver 

the intended emergent properties.
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Systems Engineering

https://sebokwiki.org/wiki/System_Resilience

NATO - MultiDomainFramework + Social

https://www.act.nato.int/article/mdo-in-nato-explained/



17

ñthings as-it-is 

symbolizedò

ñthings as-it-is 

communicatedò

ñthings as-it-is 

knownò
(MB)SE language symbols (MB)SE language diagrams

(MB)SE model

(MB)SEôs single source of truth

Systems Engineering is (should be) the Engineering lingua -franca
https://en.wikipedia.org/wiki/Lingua_franca

https://historyofeducation.net/2024/03/10/the-seven-
liberal-arts-part-1-tools-for-learning/
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UML

OPM

SysML Vx (and variants)

Modellica

Mathworks (System Composer)

Χ

SpiceSE

Model-Based Systems Engineering for Aircraft Design with Dynamic Landing Constraints Using 
Object-Process Methodology , AIAA Scitech 2019 Forum 

Capella

SysON

OPCloud

Disclaimer: State of Practice, to include on lectures, I would go with SysML / OPM

Classic Representations



Super Basic SE Review



Whatisa System?
A system is a

<set, combination, group, collection, 
configuration, arrangement, organization, 

assemblage, assembly, ensemble [10]>

of

<parts, components, elements, objects, 
subsystems, entities [6]>

<combined, integrated, organised, configured, 
arranged [5]>

in a way that

<creates, enables, motivates [3]>

<properties, functions, processes, capabilities, 
behaviors, dimensions [6]>

not

<possessed, exhibited, presented [3]>

by the

<separate, individual, single [3]>

<parts, components, elements, objects, 
subsystems, entities [6]>20

5ŜŦƛƴƛƴƎ ά{ȅǎǘŜƳέΥ ŀ /ƻƳǇǊŜƘŜƴǎƛǾŜ !ǇǇǊƻŀŎƘΦ 
27th Annual INCOSE International Symposium. 2017



WhatisSystems Engineering?

Systems Engineering is a transdisciplinary approach and means, based on systems 
principles and concepts, to enable the successful realization, use and retiral of 
engineered systems.
It focuses on
Åestablishing ǎǘŀƪŜƘƻƭŘŜǊǎΩ purpose and success criteria, and defining actual or 

anticipated customer needs and required functionality early in the development cycle,
Åestablishing an appropriate lifecycle model and process approach considering the 

levels of complexity, uncertainty and change

Ådocumenting and modelling requirements and solution architecture for each phase of 
the endeavour

Åproceeding with design synthesis and system validation
Åwhile considering the complete problem and all necessary enabling systems and 

services.
Systems Engineering provides facilitation, guidance and leadership to integrate all the disciplines and specialty groups into a team effort forming an appropriately structured development process that proceeds from concept to production to operation, evolution and 
eventual disposal.

Systems Engineering considers both the business and the technical needs of all customers with the goal of providing a quality solution that meets the needs of users and other stakeholders and is fit for the intended purpose in real-world operation, and avoids or 
minimizes adverse unintended consequences.

A fresh look at Systems Engineering ς what is it, how should it work? 
28th Annual INCOSE International Symposium - 201821



22



23



Weknowthe basicSE Framework

Lifecycle

Scenarios

Functions Elements

Stakeholders

(MoEs)

Requirements Synthesis

CONOPs



 X

Viability 
Studies

Assembly 
Integration 

Tests

Operation

Pre-A A B DC E F

Concept

Development



 X

Viability 
Studies

Assembly 
Integration 

Tests

Operation

Pre-A A B DC E F

CONOPs

Component Design

System Design

Subsystem Design



 X

Viability 
Studies

Assembly 
Integration 

Tests

Operation

Pre-A A B DC E F

CONOPs

Requirements

Decompose

Evaluate the organizations

Subsystem Design

Component Design

System Design



 X

Needs



 X

Capture what solves the needs



 X

Decide how solve it



 X

Decide how will be build



 X

Viability 
Studies

Assembly 
Integration 

Tests

Operation

Pre-A A B DC E F

CONOPs

Requirements

Decompose

Evaluate the organizations

Subsystem Design

Component Design

System Design



Classic Representations



Reducingfunction: we are standard recognizers

https://www.psychologytoday.com/blog/the-athletes-
way/201311/what-is-the-human-connectome-project-why-should-
you-care
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Cognition

Cognition is "the mental process of 
acquiring knowledge and 

understanding through thought, 
intelligence, and senses". It encompasses 

processes such as attention, knowledge formation, memory and 
working memory, judgment and evaluation, reasoning and 

"computing", problem solving and decision-making, language 

comprehension and production. Cognitive 
processes use previous knowledge to 

generate new knowledge.

Perform

Plan Compare

Perceive

Goal

World

InterpretSpecify

https://en.wikipedia.org/wiki/Cognition
35



Eachengineeringhasits own language

ElectricalEng.

ControlEng.

MechanicalEng.

ThermalEng.

InfrastructureEng.
Systems Eng???

36



Whatis the languageof Systems Engineering?

37



ÅOver the past few years, systems engineers have used some 
graphical representations to present the functional and flow 
characteristics of the system. 

ÅThe most common are: 
Åenhanced Function Flow Block Diagram (eFFBD), 

ÅN2 (N-Squared) Chart,

ÅBlock Diagram.

38

Classic Representations



enhancedFunctionalFlow Block 
Diagram



ÅFunction is the activity, operation, or transformation that causes or 
contributes to performance. 

ÅIn designed systems, function is the actions for which a system exists, 
which ultimately lead to the delivery of value. 

ÅFunction is executed by form, which is instrumental in function. 

ÅFunction emerges from functional interaction between entities. Function 
is a product/system attribute.

ÅFunction is about activity, in contrast with form, which is about existence.

40

FUNCTION DEFINITION
F

U
N

C
T
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N



ÅFunctional modelling in Systems Engineering is a structured 
representation of functions (i.e. activities, actions, processes, operations) 
within the modelled system. 

ÅThe purpose of the function model is to describe the functions and 
processes, assist with discovery of information needs, help identify 
opportunities and establish a basis for determining product and service 
costs. In Systems Engineering, a function model is created from a 
functional modelling perspective. 

41

Functional modelling



ÅThe functional architecture is (usually) a top-down decomposition of 
system functional and performance requirements. 

ÅThe architecture will show not only the functions that have to be 
performed, but also the logical sequencing of the functions and 
performance requirements associated with the functions.

ÅThe functional architecture produced by the Functional Analysis and 
Allocation process is the detailed package of documentation developed to 
analyze the functions and allocate performance requirements. F
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Functional architecture



From CONOPs (1/2)

Takeoff 
with cargo

Transport 
Cargo

Lower 
Cargo Deploy 

Cargo

G
A

T
H

E
R
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 F
U

N
C

T
IO

N
S
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From CONOPs (2/2)

Raise 
Empty Tray

Load 
Cargo

Land with 
Cargo

Lower 
Empty Tray

G
A

T
H

E
R

IN
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U

N
C

T
IO

N
S
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Planetary Defense Program

Planetary Defense

1. Detect Threat 2. Eliminate Threat 3. Re-evaluate Threat

3.1 Monitor Impact

3.2 Ref. Detect Threat

3.3 Confirm Success/Failure

2.1 Track Target

2.2 Run Simulation(s)

2.3 Prepare Delivery System

2.4 Prepare ñPayloadò

2.5 Implement Response

1.1 Coordinate Assets

1.2 Monitor Sky

1.3 Confirm Sighting(s)

1.4 Determine Composition

1.5 Determine Size

1.6 Determine Velocity

1.7 Determine Orbital Elements

1.8 Run Simulation(s)

1.9 Establish Level of Threat

1.10 Decide on Action

Space Systems Engineering: Functional Analysis Module

Functional Analysis Module

Space Systems Engineering, version 1.0



Planetary Defense Level 1 Functional Flow 
Block Diagram For Threat Detection

1.10 Decide on 
Action

1. Detect Threat

or

Ref.
2. Eliminate 

Threat

Ref. 3. 
Reevaluate 
Threat (b)

Ref. 3. 
Reevaluate 
Threat (a)

1.1 Coordinate 

Assets

1.2 Monitor 

Sky

1.3 Confirm 

Sighting(s)

1.4 Determine 

Composition

1.5 Determine 
Size

1.6 Determine 
Velocity

1.7 Determine 

Orbital Elements

1.8 Run 

Simulation(s)

1.9 Establish 

Level of Threat
and and
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Planetary Defense Level 1 Functional Flow 
Block Diagram For Threat Elimination

Ref. 3. Reevaluate 
Threat

2.1 Track
Target

2.2 Run
Simulation

2.5 Implement
Response

2. Eliminate Threat
2.3 Prepare

Delivery
System

2.4 Prepare

άtŀȅƭƻŀŘέ

and and

Ref. 1. Detect 

Threat

Ref. 3. Reevaluate 
Threat

or
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Planetary Defense Level 1 Functional Flow 
Block Diagram For Threat Reevaluation

Monitor Impact
Confirm Success 

or Failure

3. Reevaluate Threat

Ref. 2. Eliminate 
Threat

Ref. 2. Detect 
Threat (b)

Ref. Eliminate 
Threat

Ref. Detect 
Threat (a)

Success

Failure

or
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ÅThe Functional Flow Block Diagram (FFBD) was developed in the 1950s by 
TRW Inc., a U.S. defense contractor. TRW created the FFBD as a structured 
method to represent the sequential flow of system functions, particularly 
for complex aerospace and defense projects. 

ÅIn the 1960s, NASA adopted FFBDs to visualize the time sequence of 
events in space systems and flight missions.

The FFBD ςFunctionalFlow Block Diagram



ÅThe FFBD is a multi-layered, sequenced diagram of the functional flow of 
a system. 

ÅAn FFBD usually defines the sequences and supports step-by-step 
detailing of systems, but it can also be used effectively to define processes 
when developing and producing systems. 

ÅIn the FFBD method, they are organized and represented by their logical 
order of execution. 

ÅA key concept in modeling is 

that for a function to begin, the previous function or functions within the 
"control" flow must have ended. For example, a "view targets" function 
would logically not start until a "detect targets" function was completed.

51

FFBD ςFunctionalFlow Block Diagram
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ÅA functionmustbe representedby a rectanglecontainingthe function title
(averb followedby a noun) andits uniquenumber.

53

Symbology



ÅA line with a single arrowhead should represent the functional flow from 
left to right.
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Functionalflow



Logicalconditions: and

ÅA parallel construct consists of an 
AND node, followed by separate 
branches that rejoin and terminate at 
another matching AND node. 

ÅEach branch can contain any number 
of functions and control constructs.

ÅWhen executed, the first entity on 
each branch will be enabled at the 
same simulation clock time. The 
construct cannot be exited (from the 
second AND node) until all branches 
have completed their processing. 

ÅControl is then passed to the next 
function or construct after the parallel 
construct.



LogicalConditions: Exclusive OR (XOR)

ÅA select construct consists of an OR 
node followed by multiple 
branches that rejoin at a matching 
OR node. Each branch can contain 
any number of functions and 
control constructs. 

ÅIn contrast to a parallel construct in 
which all branches are executed, 
with a select construct only one 
branch is executed. Thus, the select 
construct is an exclusive OR.



ÅInclusive OR: A condition in which one, some, or all of the preceding or 
successive multiple paths are required.

57

Logicalconditions: or inclusive



Loop

ÅA loop construct consists of a pair of LP 
nodes that enclose a branch and are 
connected with a loop back line. The 
branch can contain any number of 
functions and control constructs. These 
will be repeatedly executed in sequence. 

ÅThe branch will typically contain a loop 
exit construct to conditionally exit the 
loop construct. Without a loop exit, the 
loop construct becomes an endless loop.

ÅThe loop exit construct provides the 
mechanism for exiting a loop. When the 
loop exit construct is encountered, the 
innermost loop is immediately 
terminated, enabling the construct or 
function following the loop.
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enhanced Functional Flow Block Diagram

https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=82205762


