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Some info context

* We are a group of 2 professor (myself -> MBSE and prof. Jonas Fulindi ->
STPA)

* We use Capella since 2018 and have the T4C / RAT.

* Since 2019 we have a graduate course that has around of 30 students (OPM/Capella) per year.

e Use in 3 undergraduate courses to teach: Verification & Validation, Space Mission Architecture and
Space Ground Segment Architecture. Around 30 students per course.

e Over 15 final works (undergrad/msc) using MBSE.

e OQur lab is requested to do some help into strategic projects so we already
applied Capella into 6 government acquisition processes.

* We have a funded project to interconnect MBSE with Modelling &
Simulation as well as architecture optimization to create a Model based
Mission Engineering Framework
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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)

Our group

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

Capabilitis are defined in
political level

!

Decided in strategic
level.

!

Strateqy is applied in
operational level.
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— in tacticallevel.
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Concepts

What you are going to find (more or less) in the literature




Complex Systems
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The Hortus Deliciarum of Herrad of Hohenbourg (Landsberg, 1176-96)

https://liberalarts.online/trivium-and-quadrivium/

Socialdynamics

Prisoner's dilemma (PD)

Collective intelligence

Rationaldecision |, w6 PD Herd

making Self-organized criticality mentality
n-personPD \/ .
Bounded Game e Phase Collective Agent-
rationality rrationa 2 “ based
Theory venavir | =" Behavior modeing

Cooperationversus  Spatial/network /) Synchronization Ant colony optimization

competition game theory

Particle swarm optimization
Swarm behavior

Evolutionary :
Scale-free networks

game theory

Time series analysis

Small-world
networks

Centrality

Ordinary differential equations / Social network analysis

Iterative maps Phase space Community identification

Nonlinear stabiiy

Attractors analysis

Dynamics

Population dynamics

; G
Moifs  Networks temy

Scaling

Chaos Robustness/vulnerability
Systems

biology

Dynamical networks

Multistability Bifurcation

Coupled map Adaptive networks

lattices

Homeostasis Attificial neural networks

Feedbacks  Self-reference Evolutionary computation

Genetic algorithms/programming

Attificial EVOIUtion & Machine |
life Adaptation learning /

Evo-Devo Artificial intelligence

Goal-oriented/ .
quided behavior Systemdynamics

sense  Systems  enopy
making
Theory Autopoiesis

Spatial fractals

Cybernetics Reaction-diffusion systems

Information theory Ccrtr;putation Partial differential equations
eory ) )
Complexity Dissipative Patt Percolation Evolutionary robotics
measurement structures attern ST Evolvability

Formation auomata

Self-replication

Spatial ecology

Spatial evolutionary biology

Geomorphology

Introduction to the Modeling and Analysis of Complex Systems - Milne Open

Textbooks (opensuny.org)



https://liberalarts.online/trivium-and-quadrivium/
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Digital Twin

https://blogs.sw.siemens.com/xcelerator/2020/07/07/drones-deliver-critical-supplies-to-communities-in-need/




Scenery from Florianopolis City at Brazil, from OpenStreetMap seen at MAK’s VR-Forces




Our assumptions and
characteristics




“+"10n how could we add simulation into
Y |Capella? And if we should do that...

* Decide on the approach:
 Read the model and moves the parameters: RCE |  Problem [

Analysis Simulation [_PIL
* The simulation tool imports and parse the model:
Python / OpenModellica / Scilab

* Create a addon that exports the model and
maintain it sync: Python / OpenModellica / Scilab

 Embed into Capella.

Concept SIL
Simulation [_PIL

System Analysis €=

Concept SIL

Q . ey
Logical Architecture Simulation [ PIL

Physical Product oL

* Why do we simulate?

 Verify/Validate... the architecture (behavior or Architecture Simulation [~
structure) / the model / concepts / CONOPs



https://rcenvironment.de/

"+"10n how does the Capella Model needs to
Y |be? And the amount of changes...

* Regarding the metamodel:

* There has to be about zero changes.
| would not like to change it into our .
T4C server.

* Capella has behavioral diagrams
(static / reactive).

 To the users?

* There has to be no change unless it
eases the use.

* As new things will appear/be
controlled, the Ul design has to
follow to the same type of
navigation.




On how to open a running Capella to the rest

of world? And interface with it...

* Well... Capella is simulating, executing the N N
reactive mOdeI. ii::;:i B MQTT General Settings

MOTT Client

* Can we interconnect simulating Capellas s =
and integrate it, without actually sharing o
the model. e

MDE Reporting

Model Validation

* (the use of S2SS or the T4C are more to the

Mylyn

model integration / sharing). A T—

Start clean session
Ktend ) . .
Wext ast will topic name

* Distributed Simulation:
 Hard runtimes: HLA / DIS
* “Soft” runtime: ROS
* “Even softier” runtime: MQTT

[] Last will retained

Last will payload

Restore Defaults Apply

Apply and Close Cancel



CapellaSim Add-on

It is on github but the final final real final version release will be made
available with the student master thesis.
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Modelling the Aircraft functions |

(E&' (sameapproachtoall layers)

!“‘r; Transport cargo process f%-, Load cargo process (y; Anti-collision lighting proce!(h Automatic recovery process !(h Parachute process

!‘\-; Remoted Operated process !Ck-, Unload cargo process !r‘h: Relationship process !r}_; Forced landing process

Physical presence
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Radio frequency Phue

Dol Physical presence

_
{ EI > = D=l Provide environment information
@ Operate & - Dl landing
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-
DEl cargo
Dyl g=rgo
e]"
pther Elements
Dl cargo
@ Cargo Exist r
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Modelling the State Machine
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Start

- Simulating the commands and changing the
~ states / substates

= ==y namig |




Connecting Capella to
Physical Things

It is not HIL (could be), the idea ia to have a twin representation of the
physical vehicle into the systemic view and track its behavior changes

validating it.



(@ Design of Experiments

* Use a representative of the vehicle
to run 2D detect and avoid
experiments. Flying crashes are
more expensive ©.

» Use of Capella to track the changes
during the simulation.

* Live Simulation: Commands sent to
the vehicle by a HMI should be sent
to the Capella, sending triggers to the
state-machine should also be sent to
the vehicle.




ROS
FM (Contrdller)

==z Capella

»{ ) Gpeltasim ]

AxisInput (xy) viaBuetodth
ROS2 Topic Subscriber ROS2 Topic Subscriber
— (Triggers+PropertyValues)
| Ground Sation (ROS)
11
ROS2 Topic Publisher
ROS2 Topic Publisher
\ 4 \ 4
| ::ROS
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Final Considerations




( Some on-going developments

* Our lab is working into multidomain problems and Brazilian Air Force Life
Cycle Framework.

» We have a question: “Is the current Systems Engineering
Ul Metaphor natural?-

* In terms of development:
 Library Management Add-On (ways to better filter elements of the library)
* Architecture Optimization Add-On (ways to check interfaces and simulation results)
 Distributed Simulation Add-On (what was presented)
e Operational Research Add-On (we started with Soft Systems Methodology)

e simple_OPM Add-On (changes on the block-diagram to be able to show
structure/behavior simultaneously)
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