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Abstract—
The Water Dogs plan to improve performance in tasks by

focusing on both basic and advanced challenges. This year, the
team assigned new members to basic tasks and experienced
members to advanced ones, emphasizing a solid foundation in
the fundamentals to ensure reliable performance.

The team’s design centers around a lightweight boat in-
spired by Vietnamese coracles. Its spherical hull, made from
CNC-cut foam, fiberglass, and carbon fiber, allows for supe-
rior maneuverability and stability. The boat features a unique
propulsion configuration with three strategically placed thrusters,
each offering independent azimuth control. This setup provides
omnidirectional control and precise movement, which is crucial
for tasks such as docking and station keeping.

For software, the team uses advanced tools such as LiDAR for
buoy detection, YOLO for computer vision, and ROS2 for overall
control. They also conduct extensive component testing to ensure
reliability. The team has incorporated simulation environments
like Gazebo and VRX to test both hardware and software
simultaneously, reducing development time.

In the lead-up to the competition, the Water Dogs plan
rigorous in-water testing, along with high-resolution GPS sensors
to validate boat positioning. With these improvements and a
strong focus on reliability, the Water Dogs are excited for the
upcoming RoboBoat competition.

Fig. 1: Our boat: Astronautical!

I. COMPETITION STRATEGY

We plan on scoring points on all tasks, including Return
to Home. We have grouped the tasks into two groups that
represent the level of difficulty given our software and boat
design.

• Core Tasks: Navigation Channel, Speed Challenge, Res-
cue Deliveries

• Advanced Tasks: Follow the Path, Docking, Return to
Home

This year, we are assigning the many new members of our
team to focus on the first group of tasks, while the more
experienced members will handle the second group. Our most
senior members will split between both groups.

In the past, one of our challenges was spending too much
time on the more advanced tasks, leaving the basic tasks un-
derdeveloped. As a result, we struggled to perform consistently
when faced with less-than-ideal weather conditions during
competition. This year, we are building a strong foundation
to ensure we tackle the initial tasks effectively. We hope to
”get our feet wet” and have some wins during the first days.

Having participated in numerous competitions, we have
come to understand the critical importance of robust software
solutions that can adapt and recover from unexpected obsta-
cles. Additionally, we have learned the value of situational
awareness and the limitations of relying solely on dead reck-
oning for navigation.

Our strategy is to focus on developing strong fundamentals,
outlined below:

• Vehicle State Estimation: Accurately tracking pose,
location, and power consumption.

• Vehicle Control: Managing speed, heading, station keep-
ing, and omnidirectional movement.

• Game Element Recognition: Identifying buoy types and
docking structures.

• Task Chaining: Seamlessly linking multiple tasks during
finals.

• Error Recovery: Skipping tasks, redoing tasks, and
regaining situational awareness after a failure.

We have adopted several software tools and algorithms to
address the fundamentals mentioned earlier. These include
Kalman filters for state estimation, LiDAR (velodyne) point
cloud clustering for buoy detection and classification, ad-
vanced control algorithms for omnidirectional vehicle control,
AI vision algorithms (YOLO), and decision trees for error
recovery.

As we brainstormed each task, we developed individual
strategies that leverage the unique strengths of our boat, better
navigation, and path planning. Common themes emerged in
solving each task, as illustrated by the loop shown in Figure 2.
These strategies are outlined below.

A. Task 1 - Navigation Channel

The objective of this task is to navigate through a channel
marked by two sets of red and green buoys. To begin, we will
use our station-keeping capability to position the boat at a safe
standoff distance from the channel entrance.
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Fig. 2: Control Loop

In autonomous mode, the LiDAR will detect the two closest
buoys (1 and 2) and compute a path through their midpoint,
extending perpendicular to the line connecting them for a
predefined distance. The vehicle will then follow this path,
scanning for the next pair of buoys (3 and 4). Once identified,
a new path will be plotted to pass through their midpoint.

The task is complete once the vehicle successfully navigates
between buoys 3 and 4. The pure pursuit path-following
algorithm will be used to follow the plotted paths accurately
[1]

B. Task 2 - Mapping Migration Patterns (Follow the Path)

This challenge is another path-following task, similar to
Task 1. However, the path is narrower, and the buoys are small
spherical shapes — red on one side and green on the other.
A key complication is the presence of small yellow buoys
placed in the middle of the channel, which must be avoided
and counted.

Our strategy for this task involves using computer vision
(OpenCV) to identify and connect sequences of similarly
colored buoys, creating continuous barriers on each side of
the channel. A global path planner is then used to calculate a
route to an arbitrary point beyond the channel. A local path
planner handles the avoidance of yellow buoys, ensuring the
vehicle navigates around them before merging back into the
original global path.

C. Task 3 - Treacherous Waters (Docking)

This is one of our Advanced Tasks that we have not focused
on extensively. Our plan involves using LiDAR to accurately
locate the empty docking bay and employing a camera with
YOLO (You Only Look Once) for identifying the correct color
and shape.

We also intend to construct an external model of the dock
and utilize SLAM (Simultaneous Localization and Mapping)
algorithms to determine the boat’s position relative to the dock
after navigating to the general area. A key design feature of
our boat is its round shape, which enables omnidirectional
movement—an advantage that will be especially useful when
docking in windy conditions.

Fig. 3: Pan/Tilt Camera

D. Task 4 - Race Against Pollution (Speed Challenge)

In this task, we begin by applying some of the techniques
from Task 1, followed by using our path-planning and LiDAR
sensing capabilities to plot a path around the blue buoy.

To detect the color beacon, we purchased a pan-and-tilt
camera, Figure 3, equipped with optical zoom, allowing it to
track the beacon and accurately determine its color. Green
means go!

E. Task 5 - Rescue Deliveries (Object and Water Delivery)

This task involves locating and targeting stationary vessels
with water or balls, depending on a specific shape attached to
their sails.

We developed a model of the target vessel and trained a
YOLO AI model using approximately 5,000 images captured
on our lake. The results have been very promising. Using our
pan-and-tilt camera, we continuously scan the area around
our vehicle to locate the target vessel. The optical zoom is
particularly useful, allowing us to identify and track the vessel
at varying distances.

F. Task 6 - Return To Home

In this task, we must navigate back to an area near the
starting location and pass through two black buoys. Our
strategy is to set a waypoint at the starting location at the
beginning of the run and plot a path back to this point, ensuring
we pass near the exit gate.

We have not attempted this task yet.

II. DESIGN STRATEGY

A. Design Goals

The strategic goal of the Water Dogs’ ASV is to create a
lightweight, durable system with exceptional maneuverability,
stability, and buoyancy. Our versatile platform, built using
proven boat-building techniques, adapts to various tasks over
time.

The hull, constructed from CNC-cut foam coated with
epoxy and fiberglass, is reinforced with carbon fiber in high-
stress areas for towing and pulling. Designed for Florida’s
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Fig. 4: Hull Design in CAD

Fig. 5: Hull coated in Fiberglass

extreme weather, it features a waterproof shell, foam insulation
for thermal protection, and active water-cooling radiators.

Inspired by Vietnamese coracles, our unique spherical hull
design allows omnidirectional movement, powered by three
strategically placed thrusters. While less streamlined than
traditional hulls, we plan to incorporate hydrofoils to reduce
drag. This innovative approach gives us a distinct edge in
competition.

B. This Year’s Updates

This year, we have introduced several updates to enhance
the competitiveness of our boat.

• High-speed WiFI - Ubiquiti Rocket Airmax high speed
point to point router

• Azimuth brushless motors (3) - that control the azimuth
of the three thrusters

• CAN bus - network daisy chained to motor controllers
• Added 4th thruster - Flipsky Amphibious Fully Water-

proof Motor 65111
• Epoxy - stronger coating on hull

C. Fabrication

The Water Dogs’ boat offers creative and innovative solu-
tions to the various design challenges and the objectives set out
in the Competition Strategy section. The team took a unique

Fig. 6: 4th Thruster

approach to fabricating their Vietnamese coracle-inspired [2]
hulls, utilizing the machinery accessible to them. The hulls
were designed using the PTC Onshape CAD software. A
custom-made 4 axis (3+1 rotating) CNC hot wire cutter was
used to shape the large foam blocks used in the hull. With prior
experience with vacuum bagging in the First Tech Challenge
competition, the Water Dogs decided to place fiberglass cloth
infused with epoxy resin over the polyurethane foam to create
a hydrodynamic [3], smooth and lightweight structure.

Fig. 7: CNC Hot Wire Foam Cutter

Reliability is a key design goal. Through past competitions,
we’ve identified unreliable systems as a major obstacle to
success. To address this, we’ve involved UCF students with
internship experience at large defense contractors, particularly
in reliable wiring and testing. Their expertise has significantly
reduced issues like electrical noise, power glitches, and signal
loss. Additionally, we’ve implemented component testing,
verification, and qualification processes to enhance system
reliability.

D. Electronics Platform

The team employed efficient design strategies to create
a large, low-profile electronics compartment. By placing all
electronics and batteries low in the main hull and using a
lightweight cover, they lowered the center of gravity and
ensured the boat could withstand extreme winds. Every com-
ponent was carefully modeled in CAD to maximize space




