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1 Introduction




Introduction

The focus of my work was to integrate the software needed to run, communicate, and record
data from the hardware used in the Nautilus self-driving project.

In particular the main areas of work for this thesis where:

+ design of the ROS 2 module responsible for capturing and sharing data from the a stereo
camera couple. It also needed to generate additional dynamic modules via configuration

files
« integration of the Docker image for ROS 2
« design and implementation of a web server for viewing video streams

This presentation will also cover the Chioggia filed test we conducted with the Nautilus group.
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2 Hardware




Raspberry Pi 5 4 e00 >

The choice of the Raspberry Pi 5 was dictated by its connectivity, in the form of the GPIO
pins and camera connectors, form factor and power consumption.

Especially useful where the integrate camera connectors that allowed us to use well supported
Camera module 3, avoiding potential compatibility risks with generic cameras.

3V3 power > o 5V power
GPIO 2 (SDA) o o 5V power
GPIO3(SCU) >
GPIO 4 (6PCLKO) o GPI0 14 (TXD)
Ground o © GPIO1S (RXD)
PI017 o GPIO18 (PCM_CLK)
PI027 o Ground
6PI022 > GPI023
3V3 power GPI024
GPI0 10 (OSI) o Ground
GPIOO (MISO) > o GPI025
GPIO 11 (S0L) GPI08 (CE0)
© GPIOT (CET)
GPI00 (ID_5D) > GPIO1 (1D.50)
GPI0S. Ground
GPIOG o © GPI012 (PWMD)
P10 13 (PWM1) o JCICI < Ground
GPIO 19 (POM.FS) o o GPIO16
P10 26 © GPI0.20 (PCM_DIN)
Ground GPI0 21 (PCM_DOUT)
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Stero Camera Box 4 000D

The box was designed to suport two cameras for stereo vision. It houses the raspberry and the
cameras with the needed connections. It can be also made water resistant for submerision.
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Boat and structure qo00 >

We used both the BlueBoat for tests and for ease of deployment a custom structure mounted
on a SUB board.
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3 Software




ROS 2 project structure

The ROS 2 project structure is orga-
nized in a way that allows to easily
integrate new modules and nodes.
This comes naturally from the mod-
ular nature of ROS 2.

Right now in the project there are
three main modules:

« the camera module

« the pump module

« the debug server.

ros2_ws/ # R0S2 workspace folder structure

L— src/

N

|
|
|
|
N
|
|
|
-
|
|
|
|
L

camera_module/
}— camera module/
}— config/

}— tlaunch/

}— resource/

L— test/
debug_server/

}— debug_server/
}— tlaunch/

}— resource/

L— test/
node_pump/

}— node_pump/
}— config/

}— tlaunch/

}— resource/

L— test/
custom_pump_msgs/
L— msg/

PieTRO TRABUIO 02.02.2026

#
#
#
#

FH

H* H Rk W

camera module node folder
camera node code

camera module config. files
camera module launch files

debug server node folder
debug server code
debug server launch files

pump node folder

pump node code

pump module config. files
pump module launch files

custom pump messages folder
custom message definitions



Camera node structure 4 ©©€00000 P

The architecure of a single stereo module is

Sensors

capture_node_left capture_node_right

made such in a way that can be replicated on ‘

multiple, for example, view directions.

Each module is contained in its own topic, so

Type: sensor_msgs/ Type: sensor_msgs/
fOI' example: Compressedlmage Compressedlmage

front | back | .../came raileft | rlght image_topic_left image_topic_right

It can also be seen the debug server that auto-

matically and periodically searches for new debug_server

topics and serves them on the local webserver. |

web_feed

http://raspberry-ip:8081
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Camera node code configuration

camera_module/
f— camera_module/

|  F __init .py

|  L— capture node.py

— config/

| L— stereo camera.yaml

f— launch/

| |— stereo camera back.launch.py
] =
stereo_camera_configurable.launch.py

| |— stereo camera down.launch.py
| L— stereo camera front.launch.py
}— resource/

— test/

F— LICENSE

— package.xml

}— setup.cfg
L— setup.py
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A

ros__parameters:
# Camera device settings
camera_index: 0
topic_name: ‘'image’

# Image resolution
width: 640
height: 480

# Frame rate
fps: 30

quality: 80
use_compression: true

# Publishing settings
publish_rate: 30.0
frame_id: "camera_frame"
# System identification

system_position: "front"
camera_side: "left"

<1 0000000 >



Docker environment and launch logic

To facilitate the deployment process, ROS 2 was installed and configured inside a Docker
container. This allows for quick and consistent deployment across multiple systems with a
single command.

So to deploy the system is sufficient to run a single docker command that will fetch, download
and start the pre configured ROS 2 image.

For exact purpose ROS 2 developers created a custom image we based our system.

To simplify the process even further some shell scripts were created to automate the launch
process, allowing to start the system with a single command.
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Shell script for Docker 4 ®000000 >

1 # connect.sh
2 #!/bin/bash

3

4  CONTAINER ID=$(docker ps -q --filter "name=nautilus-ros2*" | head -n 1)
5

6 if [ -n "$CONTAINER ID" ]; then # connect to an alredy running instance
7 echo "Connecting to running instance.\n"

8 docker exec -it "$CONTAINER ID" /bin/bash

9 else # build or start the container

10 echo "Starting new instance.\n"

11 docker compose run --rm raspberry

12 fi
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Shell script to start the camera node 4 0000000 >

1 # launch-back-camera.sh
2 #!/bin/bash

3

4 if [ -f /.dockerenv ]; then

5 cd /home/ubuntu/nautilus-ros2/ros2 ws

6 source ./install/setup.bash

7 ros2 launch camera module stereo camera back.launch.py

8 else

echo "Not running in Docker environment, execute 'connect.sh' to run

2 the container."
10 exit 1
11 fi
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Debug server 4 ecccc0e >

The debug server is used to see the live feed of the camera modules for debugging and
monitoring purposes.

It automatically searches for new camera topics and serves them on a local webserver.

FRONT - Combined View

Cameras: left, right

Back to home
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4 On field experience




Chioggia canals 4 e00 >

The system was tested on the Chioggia canals that revealed a challenging environment for
both hardware and software.
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System setup and startup

The deployed system was composed of two stereo camera module independent from each
others.

To connect to both we used a phone as access point and logged in with ssh.

Here we started the ROS 2 node on both and a single debug server instance to monitor the

cameras.

For recording the camera feed we started and saved different ROSBags that we used for

testing later.
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Problems and future improvements

One big problem was the overheating from the sun. The boxes being black and the limited
cooling capacity of the raspberry heat-sink caused a stalling of the recording in different
occasions. This could be solved using a bigger heat-sink or even implement some water-
cooling solutions.

Also the ROSBags where saved on the same SD card that run the OS where the storage
capacity is limited. A solution could be using an external USB storage device.

On the software side starting multiple ssh session for each module is impractical so in the
future it should be implemented a centralized solution to start the modules and the recordings.
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5 Conclusions




Conclusions

Working on this project was a great experience that allowed me to apply and expand my
knowledge in software development, robotics and system integration.

The project allowed me to make experience managing a complex software project and
working with a team of people.

The field tests conducted in the canals of Chioggia provided a practical validation of the
system, highlighting both its strengths and areas for improvement.

Overall, this work contributes to the still early development of the Nautilus autonomous
marine vehicle and lays a solid base for future expansion and development.
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