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Abstract—Arcturus is debuting a new autonomous sur-
face vehicle (ASV), Fish ‘N Ships, for RoboBoat 2025. After
a season away to build a more maneuverable, modular,
and well-integrated platform, we plan to attempt every
task at competition. While our team has prepared for
every task, we prioritized the navigational challenges to
ensure a vehicle with reliable basic functionalities before
expanding its capabilities. Our design strategy is focused
on adaptability and modularity to create a smooth initial
integration process with room for continuous development.
Following through on our commitment to system integra-
tion and testing, Fish ‘N Ships has been thoroughly tested
in various environments to ensure consistent performance.

I. COMPETITION STRATEGY

This season, our primary objective is to create
a vehicle capable of handling both navigational
and mechanical challenges. With that, our goal is
to attempt every task at competition; however, we
prioritized building a reliable base platform first
and then building up capabilities to maintain a
realistic workload. Guided by this strategic vision,
we concentrated on navigation tasks (Tasks 1, 2,
and 6) to refine and enhance our existing software
stack. Meanwhile, docking and mechanical tasks
(Tasks 3, 4, and 5) received less emphasis, as we
prioritized achieving consistent performance before
introducing additional complexity to the system.

A. Course Approach

Precise robot pose estimation is essential for
navigation. We achieve this by combining GPS data
from the ZED-F9P dual-antenna Real-Time Kine-
matic (RTK) system, which provides centimeter-
level accuracy through error correction with a sta-
tionary onshore base station and IMU data using an
Extended Kalman Filter (EKF) [1]. This fusion en-
sures robust and reliable pose estimation for consis-
tent task execution. For obstacle avoidance in path
planning, we generate an occupancy grid using 3D
point clouds from the HDL-32E Velodyne LiDAR.

Although the ZED 2i Stereo Camera offers high-
resolution depth images, we opted for LiDAR due
to its 360° horizontal field of view, consistent 2 cm
accuracy, and robustness to variations in weather
and lighting conditions.

B. Buoy following tasks: Task 1 and Task 2

Fig. 1: A pair of red and green buoys detected by
our fine-tuned YOLOVS8 model.

To achieve buoy following, we identify the lo-
cations of sequential red and green buoy gates.
Buoy colors and types are detected using a fine-
tuned YOLOvV8 model, chosen for its real-time
speed and accuracy [2]. The positions of the buoys
are extracted from LiDAR data using Euclidean
clustering, and their locations are projected onto the
camera feed using a calibrated extrinsic transforma-
tion and the camera’s intrinsic matrix. Finally, buoys
detected by the camera and LiDAR are matched by
pairing those that maximize the total Intersection
over Union (IoU).

Once we localize the buoys, we iteratively grow
a sequence of buoy gates by repeatedly adding the
buoy pair closest to the end of the current sequence.
The boat then follows a series of calculated GPS



waypoints between the buoy gates, navigating along
a discretized, obstacle-free path calculated by our
A* path planner, which uses the 2D occupancy grid
produced by our mapping system.

C. Task 3: Docking

To execute the docking task, we designed a
state machine to navigate the two-sided dock,
ensuring that the vehicle docks in the correctly
labeled area. The vehicle can be in one of six

states: approaching, checking_camera,
shifting, orbitingl, orbiting2, and
docking. During the approaching state,

the dock location is determined by matching a
pre-existing point cloud template with the LiDAR
data using point cloud registration. If the current
dock is occupied by a vessel or does not match
the correct color or shape (determined using our
YOLOvV8 model), the vehicle transitions to either
the shifting or orbiting states. In the
shifting state, the boat moves to check the next
dock on the same side, while in the orbiting
state, it switches to the other side of the dock.
Once an appropriate dock is located, the vehicle
enters the docking state, where it navigates to
the center of the dock using our path planner.

D. Task 4: Speed Challenge

The Speed Challenge is a lower-priority task for
us, but the point bonus for completing all tasks
makes it more significant. Given the point values of
the Speed Challenge components and the slightly
constrained time frame, we have decided to focus
solely on the stationkeeping subtask. Once a set of
four rectangular buoys is located after completing
the buoy-following tasks, the vehicle uses its PID
controller to maintain station at the holding bay until
the LED turns green. To detect the color change,
we utilize color segmentation to detect when a
rectangular patch of pixels changes color, which
offers the advantage of not requiring training data,
unlike learning-based approaches.

E. Task 5: Object and Water Delivery

The Object and Water Delivery task is completed
in between other tasks while target vessels are
within proximity. If faraway vessels are identified
during other tasks, their locations are recorded. The
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vehicle will then navigate to them at the end of its
current task, provided the total path length does not
exceed a specified threshold. A separate webcam
mounted on the turret is used to detect the vessel’s
shape, with the centroid of the shape serving as the
target for turret aiming using a PID controller.

II. DESIGN STRATEGY

After our last competition season, we recognized
the need to place a greater emphasis on system
integration and testing. To ensure seamless opera-
tion across all subsystems, we specified a list of
design requirements for our vehicle, prioritizing a
lightweight and easily transportable design to make
testing easier. Adapting our previous boat to meet
these requirements proved infeasible. As a result,
we decided to build a new vehicle, focusing on
maneuverability, modularity, and testability to better
meet our goals.

A. Hulls

Catamarans are optimal in the context of the
RoboBoat competition over monohulls for their high
stability and low drag characteristics [3]. The hulls
are symmetric for better maneuverability during the
docking and navigation tasks. To increase meta-
centric height and therefore stability, the batteries
were placed within the hulls and protected by plastic
containers [4].

The hulls went through two major iterations.
The first pair of hulls weighed 36 1lbs, exceeding
design specifications by 105%. To reduce weight,
we shortened the hulls from 1:8 m to 1:2 m, reduced
fiberglass layers, and employed vacuum bagging
technology, decreasing total weight to 12 lbs.

&

Fig. 2: Top to bottom: new hulls and old hulls. Note
the cavity in each hull for holding battery boxes.



B. Propulsion

To optimize maneuverability, four T200 thrusters
are mounted in a vectored configuration, making
the boat holonomic. However, since this is the first
year using this system, experimentally fine tuning
the angle of the thrusters was necessary to find the
best forward and side to side speeds. Because of
this, a piece of detachable marine plywood is sand-
wiched between the hulls and thrusters, which allow
the thrusters to be mounted in 22.5° increments.
To protect the protruding thrusters from damage,
thruster cages were designed to be both lightweight
and durable (see Appendix B).

Fig. 3: CAD of thruster vectored configuration. Each
T200 thruster can be manually rotated and mounted
to the hulls at 22.5° increments. Red arrows indicate
direction of thrust on the water.

C. EE box and Sensor Mast

The ASV’s electronics enclosure (EE box) is
designed to be (1) lightweight, (2) debuggable, (3)
waterproof, (4) breathable (to prevent overheating),
and (5) compact. While off-the-shelf options from
Pelicase, Blue Robotics, Condition 1, and Tup-
perware were considered, all candidates failed to
meet at least one of the five design requirements.
Therefore, the team designed a custom EE box
using primarily 1=” plywood and a Polyurethane
Laminate (see Appendix C). These choices resulted
in an 86% increase in container volume/weight over
the leading off-the-shelf option (from Condition 1)
and better breathability. The EE box features a
base height to lid height ratio of 1:3 and elevated
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pegboards, allowing easy access to electronics from
both above and below. Removable faceplates enable
easy addition of new passthroughs as the ASV’s
electronics payload evolves. Inset faceplate gaskets,
an H-gasket between the base and the lid, and sealed
seams waterproof the EE box to a tested depth
of several cm—well beyond design specifications.
Finally, a center pole was added to prevent water
pooling on the lid and double as a self-locating pin
for easy lid to base alignment.
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Fig. 4: EE box CAD. (1) short base (2) elevated
peg boards (3) removable faceplates (4) H gasket
and (5) center pole. Lid not pictured.

The LiDAR and ZED are mounted on an alu-
minum sensor mast to increase range of vision.
Vibration-damping mounts, adjustable levels, and
multiple points of contact securing the sensor mast
to the deck and aluminum beams ensure that the
sensors are level and experience minimal vibrations.

D. Mechanisms (Ball Launcher, Turret, Water Can-
non)

The mechanism for delivering balls and water
to the vessels around the course consists of three
subsystems: the turret, the ball launcher, and the
water cannon. By integrating these subsystems into
a single assembly, we create a reliable method for
aiming at targets.

1) Turret: The objective this year was to create
a lightweight, precise turret that could withstand
both the weight of the ball launcher and water






