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Abstract—S.O.N.I.A. is a student-run robotics team
from École de Technologie Supérieure (ÉTS) in Montréal,
participating in the RoboSub competition since 1999. This year
marks a significant transition for the team with the introduction
of AUVLite, a new lightweight prototype designed to operate
in cooperation with AUV8.1. The team’s competition strategy
focuses on maximizing point acquisition through collaboration
between the two AUVs, supported by contingency plans to
address potential system failures. The design strategy empha-
sizes a watertight and lightweight hull, an optimized electrical
architecture, and advanced software integration, including
the adoption of ROS2 and SLAM-based mapping systems to
improve autonomy and situational awareness. A comprehensive
testing strategy has been developed to validate the mechanical,
electrical, and software systems, ensuring overall reliability and
performance. This report presents the competition approach,
design methodology, and testing processes that aim to enhance
the capabilities of S.O.N.I.A.’s AUVs for RoboSub 2025.

I. INTRODUCTION

S.O.N.I.A.1 AUV2 is a student-run robotics club
from École de Technologie Supérieure (ÉTS) in
Montréal. The team was founded in 1999 and has been
participating in the Robosub competition ever since.

This year marks a new era for the team. The oldest
prototype of the S.O.N.I.A. AUV has been retired to
make room for a new prototype: AUVLite. Paired with
AUV8.1, both AUVs will cooperate to maximize the
competition points.

The competition strategy, design strategy, and testing
strategy will be described in this report. The competition
strategy focuses on the point-scoring approach, while the
design and testing strategies detail the work carried out to
achieve those points. The last two sections are structured
into three parts: mechanical, electrical, and software.

1Système d’Opération Nautique Intelligent et Autonome (Autonomous
and Intelligent Nautical Operation System)

2Autonomous Underwater Vehicle

II. COMPETITION STRATEGY

A. Overview
For the team’s competition strategy, at the time of writ-

ing this report, it remains uncertain how our project will
perform. To address this uncertainty, we have developed
multiple contingency plans to prepare for various scenar-
ios. Plan A will be described in detail, while Plans B
and C will be discussed in terms of how they adapt to the
different behaviors exhibited by our AUVs. If everything
proceeds as expected, Plan A will be executed.

This plan involves both of our AUVs: AUV8.1, the
2020 prototype updated with 2024 modifications, and
AUVLite, this year’s new prototype. The strategy is
to complete all tasks through the cooperation of both
vehicles.

The critical components of our strategy are the
robotic arm, the mapping system, the inter-vehicle
communication system (IVC), and the control system.
The robotic arm is mounted on AUV8.1, while the most
critical control system is the one on AUVLite, due to dif-
ferences in sensor configurations compared to AUV8.1.

B. Plan A
As previously mentioned, Plan A is to complete

all tasks through the cooperation of both AUVs. First,
both vehicles will perform the coin flip task and pass
through the gate. Following this, AUV8.1 will execute
the slalom task using its precise control system, while
AUVLite will complete the style points task.

While AUV8.1 is performing the slalom, AUVLite
will locate the bin and transmit its approximate position
to AUV8.1. AUV8.1 will then proceed to the bin task. It
may also interrupt its trajectory to complete the torpedo
task if it is encountered beforehand; otherwise, the
torpedoes will be completed after the bin.
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After completing the bin task, AUV8.1 will search
for the octagon task and proceed toward it. Meanwhile,
AUVLite will return to the gate area while waiting for
AUV8.1 to finish the octagon. Once the octagon task
is completed, both AUVs will perform the return home
task.

This strategy is designed to maximize point
acquisition, with minor deductions expected due to the
weight of AUV8.1, which exceeds the competition’s
optimal weight threshold.

C. Plan B
Plan B is designed to be used in the event that the

IVC system is not functional. In this case, the same
tasks will be performed by the same AUVs, but the
key differences arise in the segments that require
cooperation between the two vehicles.

First, AUV8.1 will need to locate the bin task
independently, which may result in significant time
loss. Additionally, due to the reduced data exchange,
the mapping system is expected to be considerably less
accurate, leading to further delays in locating tasks.

Finally, AUVLite will not wait for AUV8.1 to
complete the octagon task before initiating the return
home procedure. Instead, it will depart as soon as the
style points task is completed.

D. Plan C
Plan C is intended for situations where AUVLite’s

control system proves to be unstable. Due to differences
in the sensor configuration compared to AUV8.1, there is
a possibility that AUVLite may exhibit reduced stability.

If the vehicle is unstable, its position becomes
unreliable, making the mapping system unusable in con-
junction with its vision system. In such a case, AUVLite
will be unable to collect the style points or transmit the
bin’s location to AUV8.1. It will instead pass through the
gate, remain idle while AUV8.1 completes all remaining
tasks, and then perform the return home procedure.

This plan results in reduced mapping reliability and
increased time loss.

E. Other perspectives
There remains a possibility that other systems on

the AUVs may be non-functional by the time of the
competition. However, these systems are generally
easier to bypass.

For instance, if the robotic arm is not operational,
the table portion of the octagon task will be excluded
from the mission plan, while all other tasks will still
be executed.

This same logic can be applied to any non-critical
system on the AUVs.

F. Plan Comparison
Table I provides a succinct comparison of the three

competition strategies, highlighting the key system
requirements and expected outcomes for each plan.

TABLE I
PLAN COMPARISON

Criteria A B C
Control system Stable Stable Unstable
IVC Functional Non-functional Functional
Mapping Full Reduced No
AUVLite Tasks Style points Style points Gate only
Bin Location Lite transmits 8.1 searches 8.1 searches
Coordination Full Limited Minimal
Performance Max points Time loss Time & Point loss
Divergence Risk Low Medium High

III. DESIGN STRATEGY

The design component of the S.O.N.I.A. AUV team’s
strategy is divided into three main sections. First, the
mechanical team is responsible for the hull and all other
physical subsystems of the AUV. Second, the electrical
team designs the communication infrastructure between
all components of the AUV using custom PCBs.
Finally, the software team is in charge of integrating
new systems into the existing codebase, while also
maintaining and optimizing the software stack.

A. Mechanical Design
1) Hull Design: The main task of the mechanical

team is to design the hull of the AUV. This is a significant
responsibility, as it involves numerous considerations, all
under high pressure since any hull failure would be catas-
trophic. Key factors to address include water-tightness,
weight, controllability, and assembly complexity. This
year, a completely new AUV is being developed, which
allows the design team to control all of these aspects.

The most critical factor is water-tightness. Historically,
the team has used O-rings because they can be easily
integrated into the design. This year, a gasket seal was
also considered. However, after conducting simulations
and physical tests, it was concluded that too many
screws would be required to securely tighten the hull’s
cap when using a gasket. As a result, O-rings remain
the primary sealing solution for the AUV.

Weight is another important consideration. Since
AUV8.1 is losing competition points due to its weight,
the mass of AUVLite was minimized as much as possi-
ble. To achieve this, aluminum was selected for the hull
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material, and the hull thickness was reduced to save mass.
Static simulations showed that a thickness of 5 mm is
sufficient to safely withstand depths of at least 10 meters.
The results of both simulations can be found in Figure 1.

Fig. 1. Simulation results: (a) Hull thickness analysis; (b) Gasket
water-tightness analysis.

Controllability has been a recurring issue in past
designs. It was concluded that the weight must be
centered and lowered as much as possible [1]. This
is why the battery is positioned beneath the main hull.
This configuration improves the stability of the AUV
while maintaining the a small moment of inertia. The
motors were also positioned following the configuration
successfully used by the team for the past ten years, as it
provides a favorable moment arm that enhances stability.
As stated in Section II, controllability is particularly
critical for AUVLite due to its reduced number of
sensors. For this reason, all design aspects that influence
controllability have been carefully optimized.

Assembly complexity was another challenge identi-
fied by the team. To address this, a top-mounted cap was
designed to cover the entire upper section of the hull.
This greatly facilitates maintenance for the electrical
team, as it provides easy access to all PCBs and cables.

2) Buoyancy: Achieving proper buoyancy for the
AUV has historically been a challenging task, often
resolved in previous designs by adding foam floaters
as a temporary solution. This year, the hull design team
focused on developing an AUV that would inherently
meet the minimum buoyancy requirement of 0.5% of the
AUV’s mass, as specified in the competition rules. [2].

To achieve this, a prismatic hull shape was selected
to optimize the volume of water displaced. The weight
was then adjusted through SolidWorks calculations to
ensure positive buoyancy. A safety margin was also
incorporated to prevent the AUV from sinking.

At the time of writing this report, buoyancy testing
has not yet been completed, and further adjustments
may still be required.

3) Manufacturing: Manufacturing is another impor-
tant aspect of the hull design that must be taken into

consideration. This year, the team set itself a major chal-
lenge: to build a completely new AUV in less than one
year. This challenge was successfully met from a design
perspective, although some financial challenges remain.

A significant portion of the budget was allocated to
sensors, as high-quality control was essential for AU-
VLite. Consequently, the budget for manufacturing the
hull had to be minimized. Instead of machining the hull
from a large block of aluminum, it was divided into sev-
eral smaller plates that were welded together. The design
was therefore adapted to accommodate this approach.

Several team members also learned how to weld
aluminum using the TIG method. Considerable practice,
logistics, and effort were dedicated to welding the hull
to ensure it would be strong, watertight, and visually
appealing. The final results are considered a success
by the team.

The welding process is shown in Figure 2.

Fig. 2. Hull welding process

B. Electrical Design
1) Overall Architecture: The electrical architecture

of AUVLite is purposefully designed to mirror
the proven architecture of AUV8.1, with targeted
adaptations to meet AUVLite’s unique requirements.
This strategy is driven by two main objectives:
maximizing reliability and simplifying maintenance. By
standardizing solutions across both vehicles, the team
leverages established best practices, reduces integration
risks, and streamlines troubleshooting and repairs.

However, AUVLite’s reduced mission scope and
tighter budget necessitated a careful selection of which
subsystems to retain. As illustrated in Figure 3, several
components present in AUV8.1 were omitted from
AUVLite to optimize for weight, cost, and operational
simplicity:
• Actuation Control Module: Removed, as only

AUV8.1 requires advanced actuation for specific tasks.
• Battery and BMS: One battery and its associated

Battery Management System (BMS) were eliminated.
This reduces weight and complexity, at the expense
of some operational autonomy—a trade-off deemed
worthwhile for AUVLite’s intended missions.
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• Doppler Velocity Log (DVL): The DVL, the most
expensive component in AUV8.1, was excluded due
to budget constraints. While this makes navigation
more challenging, the team compensates by relying
on a new mapping system (see Section III-C2) and
the IMU for localization.
This streamlined architecture preserves the core

strengths of the original design while ensuring AUVLite
remains lightweight, cost-effective, and maintainable.
The result is a robust platform tailored for its specific
operational context, without unnecessary complexity
or expense.
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Fig. 3. Simplified architecture of AUV8 and AUVlite

2) Battery Management System (BMS): A new
Battery Management System (BMS) was developed
for both submarines this year, with two main objectives:
enhancing operational safety and providing more
accurate battery monitoring to extend test durations.

The BMS is built around the BQ40Z80 chip, which
offers comprehensive hardware and software protections
against overvoltage, undervoltage, overcurrent, and
overtemperature [3]. It also provides real-time estimates
of battery state of charge and remaining runtime.

Safety is ensured through a dual-layer approach:
MOSFETs controlled by the BMS disconnect the
battery in case of faults, while a secondary fuse acts as
a fail-safe. Communication with the main computer is
managed by a microcontroller interfacing with the BMS
via I2C and connecting to the system over RS-485.

Thermal management is a key design focus. The BMS
supports continuous currents up to 50A. MOSFETs
with top-side thermal pads (see Figure 4) are mounted
to contact the aluminum battery enclosure, efficiently
transferring heat to the casing and surrounding water.

The BMS uses a two-board design: a high-current
board with the BQ40Z80 and power components, and
a separate low-power control board with the MCU and
communication IC. This modular approach reduces
costs and simplifies testing, as the control board can
be evaluated independently using development kits.

These improvements significantly reduce operational
and charging risks, while enhanced instrumentation
allows operators to optimize battery usage and
maximize submarine test time.

Fig. 4. PowerPAK 8 x 8LR package

3) Power Management Unit (PMU): The Power
Management Unit (PMU) is a custom, highly integrated
PCB that forms the electrical backbone of AUVLite.
It manages safe and efficient power distribution to
all subsystems, motor power control via a hardware
killswitch, generation of motor control signals, and
real-time monitoring of output currents and voltages.

The PMU uses a hybrid modular design: compact,
function-specific modules (motor control, safety
logic, monitoring) connect through a backplane and
robust PCB-to-PCB connectors. This enables quick
replacement of faulty modules, minimizes downtime,
and isolates failures to affected subsystems.

Thermal management is central to the design.
High-current paths are distributed across multiple
modules to reduce localized heating, while motor driver
modules are oriented at 90 degrees to the main board to
optimize airflow and convection cooling. Thermal vias
and thick copper pours further enhance heat dissipation.

The PMU provides real-time voltage and current
telemetry to the main computer, enabling rapid
diagnostics and increasing system reliability. This
data-driven approach supports quick troubleshooting
and enhances operational safety.

Overall, the new PMU design achieves a
strong balance of compactness, maintainability,
and safety—key for the demanding environment
of AUVLite. Its modularity, improved thermal
management, and advanced monitoring directly
contribute to longer, safer, and more effective missions.
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C. Software Design

1) Camera: This year the submarines incorporate
new front facing cameras. The new cameras, (Zed mini
and Zed2i) have been selected for the their inclusion of
stereoscopic depth perception. This functionality lets us
calculate the submarine distance to obstacles with much
grater accuracy than the previous method (which were
relying on rough estimation based on the size of the
bounding box generated by the AI system). The cameras
have been chosen for their high precision and small size.
They also have been chosen for their use of passive
stereoscopy in contrast with IR projector based solutions
which tends to work very poorly underwater [4].

The addition of stereoscopic vision should greatly
improve the reliability of the autonomous alignement
system which inturn should result in faster and more
successful missions.

2) Simultaneous Localization and Mapping System
(SLAM): A new mapping system based on the
SLAM (Simultaneous Localization And Mapping)
algorithm has been added. This algorithm let us use the
informations from the stereoscopic cameras to create
a representation of the environment [5]. This implemen-
tation of SLAM is based on NVIDA’s Isaac ROS library
which let us use the GPU from our embedded computer
to accelerate the algorithm. This implementation can
reuse the map from previous run while also updating
it for any changes, which should considerably reduce
the map creation time during runs. Moreover, those
information can be paired with image recognition
system to identify important objects for the mission.

Overall, this new mapping system should significantly
improve its speed during competition runs. Indeed,
the previous navigation system which relied solely on
2d image from previous cameras and on the image
recognition AI was by far the greatest contributor the
length of our competition run.

3) Robotic Operating System 2 (ROS2): This year
the migration to ROS2 has been completed. Initiated
last year, this transition was driven by the deprecation
of ROS1 as of May 2025 [6], and the need for a
more robust, and future-proof framework. While full
integration was not achieved in time for Robosub 2024,
the ROS2-based stack is now operational and ready for
Robosub 2025.

ROS2 introduces several key advantages over its
predecessor. Most notably, it replaces the centralized
node structure of ROS1 with a decentralized, peer-to-
peer communication model. This architectural shift
reduces single points of failure, enhances modularity,

and simplifies the integration of new features and subsys-
tems. The improved Quality of Service (QoS) settings in
ROS2 allow fine-grained control over message delivery,
reliability, and resource usage, which is critical for real-
time operations and efficient bandwidth management
in resource-constrained embedded systems.

The migration process was approached methodically,
starting from the lowest layers of the stack. Custom
hardware drivers were rewritten or adapted to ROS2,
with a focus on maintaining or improving data rates
and minimizing latency. Special attention was given to
optimizing CPU and memory usage, leveraging ROS2’s
improved multi-threading and real-time capabilities. The
processing layer (control and AI) was then refactored
to ensure seamless data flow and compatibility with
the new middleware.

One of the most significant challenges was the
integration of legacy components, particularly the
autonomous control system based on BehaviorTreeCPP.

This required a deep understanding of both the
legacy codebase and the new ROS2 paradigms, as well
as extensive documentation and knowledge transfer
within the team. Despite these hurdles, the migration
has resulted in a more maintainable and extensible
codebase, with improved documentation and clearer
interfaces between modules.

IV. TESTING STRATEGY

The following section presents the team strategy
regarding the testing and the validation of the AUV’s
various systems. The testing strategy for the mechanical
systems, electrical systems and software systems will
be presented.

A. Mechanical Testing

1) Water-tightness: The most important mechanical
testing procedure is the water-tightness test. This test
serves two purposes: it ensures that the hull is watertight
after manufacturing and assembly, and it verifies that the
AUV remains properly sealed before each deployment.

The first test is performed during the manufacturing
and assembly process. It is a standard step to verify that
all O-rings and gaskets are correctly installed. However,
since this year’s design includes welded components,
the welds also need to be tested. To test for leak, the
internal hull is put under negative pressure. In case of
a leak, the AUV will quickly regain a normal pressure.
A similar test is performed each time that the AUV is
opened (see Appendix A and Appendix B).
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B. Electrical Testing

1) Power Management Unit (PMU): The PMU
testing procedure is designed to ensure the reliability,
safety, and performance of the unit before integration
into the AUV. The process is structured into three key
phases: post-manufacturing testing, functionality and
stress testing , and integration testing.

• Post-manufacturing testing: All major connections
are verified to ensure critical signals are correctly
routed and to confirm the absence of shorts. For more
details, see Appendix C.

• Functionality and stress testing: Core and safety-
critical features are validated, including power shutoff,
motor control, and safety logic. Then, the motors
are operated at full power while monitoring the
temperature of the boards. During this test phase no
major problems have been detected, although we did
find that some MOSFET were receiving incorrect
gate voltage due to the installation of some incorrect
parts. For more details, see Appendix D.

• Integration testing: The PMU is installed in the
submarine and tested in its operational configuration.
Basic maneuvers are performed to verify correct
performance in real-world conditions. Although
this phase is pending completion due to ongoing
mechanical assembly, previous tests provide
confidence that the PMU will function as intended.
For more details, see Appendix E.

2) Battery Management System (BMS): The first
test phase focuses on the high-power board, which is
initially connected to a development kit, allowing direct
communication with the BMS chips via a graphical user
interface. Through this interface, the team can program
the BMS, test its core functionalities, and verify the ac-
curacy of all measurement channels. This phase ensures
that the basic functionalities of the BMS are functioning
as intended before integration with the rest of the system.

The second phase involves connecting the control
board to the high-power board, replacing the
development kit. This step validates the firmware on
the control board . To simulate real-world conditions
and trigger safety features, a variable power supply is
used in place of a battery, and a set of potentiometers
simulates the individual battery cells. By intentionally
inducing fault conditions (e.g., overcurrent, overvoltage),
the team verifies that the BMS responds appropriately
by activating its protection mechanisms. The detail
procedure is presented in Appendix F.

C. Software Testing
1) Camera: The testing process for the cameras

mainly included running them solely with the provided
SDK and tools, followed by running provided ROS2
nodes and observing the quality of the cameras with
the integrated ROS2 telemetry (RQT).

2) Simultaneous Localization and Mapping System
(SLAM): The SLAM algorithm was tested in three
main stages: land, water, and integration. Land tests
focused on tuning parameters such as the camera model,
sensor settings, and subsystem selection (landmarks,
observations, odometry) to optimize accuracy and
minimize sensor jitter. Water tests evaluated the
precision of the generated maps compared to land
results, allowing adjustments to expected accuracy.
Integration tests combined SLAM outputs with
AI-provided information to ensure correct landmark
tagging. This staged approach systematically validates
each component while minimizing unknown variables.

3) Robotic Operating System 2 (ROS2): The
decentralized nature of ROS2 greatly facilitated the
ability to test the various systems. Since there is no
longer a need for a roscore node, the team was able
to implement unit tests that could test each system in
isolation. The approach for the drivers is running a
data stream check with the hardware plugged in, while
the other systems may run with either mock data or
some kind of manual testing. For system integration
testing the simulation is used as it is able to validate
the functionality of the processing and management
layers. The final level of testing used to validate the
global functionality of ROS2 is a ”Pool Test” where the
system is run on the prototype under strict supervision.
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APPENDIX

APPENDIX A: MECHANICAL ENCLOSURE TESTING

Fig. 5. Mechanical Enclosure Testing - Page 1
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Fig. 6. Mechanical Enclosure Testing - Page 2
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APPENDIX B: PRE-WATER TEST

Fig. 7. Pre-Water Test - Page 1
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Fig. 8. Pre-Water Test - Page 2
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Fig. 9. Pre-Water Test - Page 3
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Fig. 10. Pre-Water Test - Page 4
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Fig. 11. Pre-Water Test - Page 5
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APPENDIX C: PMU TESTING PROCEDURE (POST MANUFACTURING TESTING)

Fig. 12. PMU testing (post-manufacturing) - Page 1
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Fig. 13. PMU testing (post-manufacturing) - Page 2
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Fig. 14. PMU testing (post-manufacturing) - Page 3
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APPENDIX D: PMU TESTING PROCEDURE (FUNCTIONALITY TESTING AND STRESS TEST)

Fig. 15. PMU testing (functionality testing and stress test) - Page 1
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Fig. 16. PMU testing (functionality testing and stress test) - Page 2
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Fig. 17. PMU testing (functionality testing and stress test) - Page 3
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Fig. 18. PMU testing (functionality testing and stress test) - Page 4
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APPENDIX E: PMU TESTING PROCEDURE (INTEGRATION)

Fig. 19. PMU testing (integration) - Page 1
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Fig. 20. PMU testing (integration) - Page 2
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APPENDIX F: BMS TESTING

Fig. 21. BMS test - Page 1
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Fig. 22. BMS test - Page 2
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Fig. 23. BMS test - Page 3
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Fig. 24. BMS test - Page 4
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Fig. 25. BMS test - Page 5
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Fig. 26. BMS test - Page 6
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APPENDIX G: SONIA AUV PUBLIC DOCUMENTATION

The club SONIA AUV has been hosting a publicly accessible wiki (https://wiki.sonia.etsmtl.ca/) for the
past four years. The wiki presents an overview of the various projects and design decisions made regarding the
submarines. Its purpose is to share the knowledge accumulated over the years with both future team members
and members of other teams.

Fig. 27. SONIA’s wiki

The club also host its full software stack on GitHub (https://github.com/sonia-auv) under various open licenses
with over 100 projects publicly available.
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Fig. 28. SONIA’s github


