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Whowe are....
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DE AERONAUTICA

Sao Paulo
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http://www.ita.br/

( Somaeanfo context

AWe are a group of 2 professor(myself-> MBSEand prof. JonasFulindi->
STPA)

AWeuseCapellasince2018andhavethe T4C/ RAT

A Since2019we havea graduatecoursethat hasaroundof 30 students(OPM/Capelld peryear

A Usein 3 undergraduatecoursesto teach Verification& Validation SpaceMissionArchitectureand
SpacesGroundSegmenfArchitecture Around30 studentsper course

A Overl5 final works(undergrad msd usingMBSE

AOur lab is requestedto do somehelpinto strategicprojectsso we already
appliedCapellanto 6 governmentacquisitionprocesses

AWe have a funded project to interconnect MBSEwith Modelling &
Simulationas well as architecture optimizationto create a Model based
MissionEngineering-ramework
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Jeanne Samara Lima Priscila Renata Emerson Oliveira Maj. Daniel Pleffken Maj Leonan Falqueto Lt. Col. Guilherme
(UTM Business Plans / Cardoso (Operational (Verification and (Certification) (Mission Optimization) Moreira (Scenarios and
Systems Eng.) Research and Systems Validation) Formal Methods)

Engineering)

Master's Students

.-

Matheus Cogo Ariane Novais Cap Bruno Avelino Angelo Florentino Maj Thiago Melo Rebeca Suede Cap
(Architecture (Interaction with Digital (Route Optimization) (Interaction with (Cyber Simulation (Requirements)
Consistency Check) Twins) simulation) Sandbox)

Collaborators

Arthur Assis Alves (Simulated UTM
Dev)

Ourgroup

Ariele Ferraz (Sensor Fusion) Guilherme Matos (FullStack — VR) Joao Cioffi (Machine Learning) Moara Oliveira (Embedded Design)
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Multidomain(So3Operations

Capabilitis are defined i operational

political level Analysis
Decided in strategic S
|eve I_ Analysis
Maritime Domain l _ o )
Strategy is applied in Logical
operational level Architecture
Air Domain 1
Actions are executed Physical

Architecture

— intacticallevel

Social Domain

Cybernetic Domain

3 Ground Domain




concepts

Whatyou aregoingto find (more or lesg inthe literature




CompleXSystems

Music

@ Tmundo
[‘mfmﬂmch

The Hortus Deliciarum of Herrad of Hohenbourg (Landsberg, 1176-96)
https://liberalarts.online/triviumand-guadrivium/

Socialdynamics

Prisoner's dilemma (PD)
Collective intelligence

Rationaldecision |, w6 PD

3 Herd
making

Self-organized criticality mentality

n-person PD

Bounded GAMeE
rationality Irrational

Theory behavior

Cooperationversus  Spatial/network
competition game theory

Collective agent
Phase based
transition Behav|o|’ modeling
A‘ Synchronization Ant colony optimization

Particle swarm optimization
Swarm behavior

Evolutionary
game theory

Time series analysis Scale-free networks

Ordinary differential equations Small-world

/ Social network analysis GO

RISt SR haseenace Community identification ~ Centrality
Nonlinear staiiy ) Graph
Attractors D 3 analysis Motifs N etw o) rks ooty
ynamics Salg )
Population dynamics Chaos Robustness/vulnerability

Systems
biology

Multistability Bifurcation Dynamical networks

Coupled map

Adaptive networks
lattices

Homeostasis

Feedbacks

Artificial neural networks

Self-reference

Evolutionary computation

Goal-oriented/
guided behavior

sense  Systems  enopy
making
Theory Autopoiesis

Systemdynamics Genetic algorithms/programming

Artificial EVOlution & Machine /A
life Adaptation learning ; :

Evo-Devo

Spatial fractals

"\ Cybernetics Reaction-diffusion systems

Artificial intelligence

Computation

Partial differential equations.
theory

Information theory

Dissipative Evolutionary robotics

structures Pattern
- Cellular
Formation automata

Self-replication

Complexity Percolation

measurement

Evolvability

Spatial ecology

Spatial evolutionary biology
Geomorphology

Introduction to the Modeling and Analysis of Complex Systelitne Open
Textbooks (opensuny.org)



https://liberalarts.online/trivium-and-quadrivium/
https://textbooks.opensuny.org/introduction-to-the-modeling-and-analysis-of-complex-systems/
https://textbooks.opensuny.org/introduction-to-the-modeling-and-analysis-of-complex-systems/

DigitalTwin

https://blogs.sw.siemens.cotrceleratof2020/07/07/drones-delivercriticalsuppliesto-communitiesin-need




Scenery from Florianopolis City at Brazil, from OpenStreetMap seen at MA K-BoscesV R
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'|Onhowcouldwe addsimulationnto

Capell@ Andif we shoulddo that...

ADecideon the approach
AReadthe modeland movesthe parameters RCE

AThesimulationtool imports and parsethe model:
Python/ OpenModellica Scilab

ACreate a addon that exports the model and
maintainit sync Python/ OpenModellical Scilab

AEmbedinto Capella

AWhy do we simulate?

AVerify/Validate.. the architecture (behavior or
structure)/ the model/ concepts/ CONOPs

Operational

Analysis

System Analysis

Logical Architecture

Physical

Architecture

Problem
Simulation

Concept
Simulation

Concept
Simulation

Product
Simulation

SIL
PIL

SIL
PIL

SIL
PIL

SIL
PIL
HIL


https://rcenvironment.de/

“/“|Onhowdoesthe Capellaodelneedsto
> | be? Andthe amountof changes.

ARegardinghe metamodel

ATherehasto be about zerochanges
| would not like to changeit into our
T4Cserver

ACapella has behavioral diagrams
(static/ reactive.

ATothe user®

ATherehasto be no changeunlessit
easegshe use

AAs new things will appea¥be

controlled the Ul design has to
follow to the same type of
navigation
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“"/Onhowto open a runningapelldo the rest
).|of world?Andinterfacewith it...

AWell... Capella is simulating, executing th"" pr—
reactive model. =
ACan we interconnedtimulatingCapellas s
and integrate it, without actually sharing - cpein:
the model.
A (the use of S2SS or the T4C are more to the =" =
model integration / sharing).

ADistributed Simulation:
AHard runtimes: HLA / DIS
AG{2FT0¢ ROBzy GAYSY
AdG 9 gsBfilere  NHzyMDRATY S 'Y
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CapellaSimAdd-on

It Ison github but the final final real finalversionreleasewill be made
availablewith the student masterthesis
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Behavior
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Cape"aS"'n Edit Pins + Watch 2 ~

¥3 Y Go to file Add file ~ <> Code ~

. S
3 Your main branch isn't protected Protect this branch

% mvccogo Change wizard message

features

plugins

tests

.gitignore Releases a

LICENSE > CapellaSim v0.1.1-beta2 ( Latest

README.md

View_prototyping.txt

README.md Packages

CapellaSim
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