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INTRODUCTION

Problem SIMULATION q GENERATE CODE

. . Enabled modular, AUTOMATICALLY
Need for real-time simulator real-time ROV AADL modal <>
simulation based Ocarina C Code—>
Approach on architecture C++ wrapper >
e Use AADL for formal modeling of models Gazebo plugin ->
system architecture, timing, and
behavior.

® Produce simulator automatically*

Contributions INTEGRATION
e AADL model of ROV Integrated with
. - . ArduSub SITL,
e Software mtegratlgn of Ocarina | MAVLink,
generated C code into Gazebo via C++ QGroundControl

wrapper



RELATED WORK

Most simulations use ad-hoc code; few combine model-driven engineering
methods with runtime environments—we intend to bridge that gap*.

* K. Aloui, 2024: multi-robot behaviours using SysML and ROS, real-world
prototyping instead of physics-based simulation

e S. Steffano, 2022: virtual prototyping and validating integration with real-
world laboratory equipment

* R.Jasmine, 2020: high-level SysML-based mission modeling and fault-
aware autonomous behaviour
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AADL MODELLING O

* The Architecture & Analysis Design Language (AADL)

* Allows the specification of real time systems (both software and hardware
parts).

 SAE standard published in november 2004 (AS 5506 document).

 An AADL specification may be composed of component such as:

1 — < >

Device Memory Processor Bus

 An AADL specification also contains
* Connections between components : model component relationships.

« Component properties : component information/characteristic
(behavior, Ada package file name, Ada task stack requirement, ...)



AADL TOOLS FOR MODEL DRIVEN
DEVELOPMENT

EARLY
VERIFICATION

OCARINA
CODE
GENERATION

REQUIREMENTS ——— »| DESIGN IMPLEMENTATION

kL J

L J

AADLInspector

* Modeling and analysis tool that supports editing, simulating, and validating AADL
models.

* Real-time simulation, timing analysis, and scheduling validation.

ente £ |
e Eclipse-driven toolset i \_
 Modeling, analyzing and validating AADLInspector

Ocarina toolchain
e Generates C code from AADL models.
* Supports deployment RTEMS, POSIX, and ARINC653, ...

OSATE



AADL MODEL

Model overview

« 11 threads (7 sensors, 2 actuators*, 2 central units)
« 9 devices (7 sensors, 2 actuators™)

« 1CPU (ARK platform)

« 7+ AADL files modularized

« OSATE Model Size: ~800 LOC (Lines of Code)

s *
rover.impl P . ~
central

( central® j

external®

autopilot™




SUMMARY

1. Introduction
2. Early verification of ROV
3. Proposal

4. Results
5. Conclusion



ROV SYSTEM ARCHITECTURE

ARK communicates directly
with PixHawk4 hub
PixHawk4 sends commands
to actuators, receives
sensor data

PixHawk4 communicates
with PWS and PMO02D for
power distribution

OVERVIEW
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—>|SENSOR
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i SENSOR
Fower
BATTERY _2 distribution N TEMP.
board SENSOR
I
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C++ WRAPPER

How to map C code produced by Ocarina to Gazebo components?

Relationships between AADL components and Gazebo components
*Bridge between C logic and C++ plugin interface
*Handles data exchange and timing

*Enables use in Gazebo and interaction with PX4/ArduSub

ARDUSUB Sensors

(CONTROL Data
AND STATE "

| AR ASSA da OCARINAC
(TRAN%ELATDR “ODE
Commands| MIDDLEWARE) (AADL BASED)
GAZEBO f;?] ?trutil
(SIM DATA) p

Status



C++ WRAPPER INTEGRATION

How different parts of the simulation system work together?
* Gazebo simulates the environment and provides sensor data to the C++

wrapper.

 The Ccode calculates control commands
* ArduSub communicates with QGroundControl for logic etc.
Wrapper connects C logic with Gazebo simulation

REQUIREMENTS

EARLY
VERIFICATION

()

IMPLEMENTATION

» DESIGN

Y

OCARINA
CODE
GENERATION

(_ ) Data already in the system

QGC

F 3
Manual commands,
mission uploads, Telemetry
mode switches

Y

ARDUSUB

Actuator commands,
estimated state

Updated thruster state,
position/velocity overmrides

Control output v

Sensor data

C CODE GAZEBO

> C++ WRAPPER

(OCARINA)

Translated sensor data
(to AADL model port types)




EXAMPLE OF A MISSION SCENARIO

STREAM | (SHOW LIVE
TELEMETRY DATA
(MAVLINK) | | INQGC

A

START INITIALIZE BEGIN SENSOR DATA ) AT
MISSION ROV WAYPOINT ACQUISITION WAYPOINT ES
SYSTEM ATOB LOOP ) B?

NO

Mission Objectives CONTINUE

MISSION

Waypoint Navigation:
The ROV must go from checkpoint A to checkpoint B and complete whole
mission

Sensor Data Acquisition:

During the mission, the system continuously reads data from simulated
sensors

Operator Interaction

Real-Time Feedback via MAVLink:
Sensor data, ROV state and system logs are streamed live

Direct Command Execution:
Operators can manually send commands through MAVProxy
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EXPERIMENT: A MISSION SCENARIO

Manual ~| | Disarmed ~
——— e

Takeoff from ground and start the
current mission.

' Slide or hold spacebar '

+-0.1m 1-0.0 m/s &00:00:00
Y—---m 200m/s $00m




EXPERIMENT:
RESULTS

Successfully produce and run Gazebo simulations from an AADL model of
the ROV

Designed a complete modular AADL model of the underwater ROV
Modeled sensors, actuators, controllers, and processor bindings
Integrated C code into Gazebo via C++ wrapper

Integrated a ArduSub simulation bridge for clean data flow

Aligned the model for future deployment and hardware-in-the-loop
(HIL) testing
Documented the structure for future DSE and system extensions
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CONCLUSION

Problem statement
* Need for real-time simulator

Contributions
* Modeled a modular ROV architecture in AADL
* Generated C code using Ocarina with deployment and timing properties

e Successfully integrated the code into a Gazebo plugin with ArduSub SITL and
QGroundControl support

 Demonstrated a working simulation with sensor feedback

Future Work

* Optimize thread performance

* Automate testing workflows using headless SITL setups

* Explore integration with physical hardware for hardware-in-the-loop (HIL) testing
e DSE can be applied to the ROV architecture and to explore ROV architecture
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