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Abstract—In 2025, Okanagan Marine Robotics (OKMR)
presents Ogopogo, the team’s second submission to RoboSub,
replacing the Cascade AUYV. Following a successful RoboSub
debut, OKMR’s second design cycle marks crucial improvements
emphasizing reliability, modularity, and extended capabilities
to meet the planned 2025 competition strategy. These include
additional enclosures for Ogopogo’s batteries and actuators, the
standardization of all communication and interfacing with a
modular system bus, and a significant rework of control and
autonomy stacks.

These upgrades enabled new hardware additions, including
the 3-axis gripper arm, mechanically actuated torpedoes, and
acoustic subsystems, allowing OKMR to attempt all tasks at
RoboSub 2025. Facing numerous setbacks throughout the year,
the team maintained momentum through continuous design,
build, and test cycles, while remaining committed to system-wide
improvements through weekly pool tests to fill gaps in Cascade’s
control systems. With this, OKMR is expecting to complete the
Gate, Slalom, Dropper, and Return Home tasks, with attempts
prepared for the Torpedo, Gripper, and Random Pinger tasks.

I. INTRODUCTION

Okanagan Marine Robotics is a student-led engineering
design team at UBC Okanagan focused on the development of
autonomous robotic systems. The team provides students with
practical experience in electrical, mechanical, and software
engineering as well as business administration through hands-
on project development and fundraising efforts. By offering
these opportunities, Okanagan Marine Robotics extends the
academic experience at UBCO, contributing to both curricular
and extracurricular learning in applied engineering fields.

In the team’s second year of existence, OKMR has quadru-
pled its membership, which catalyzed the major overhauls
to the previous AUV. This report details the work done to
enable OKMR to be more competitive in upcoming RoboSub
competitions, as well as pioneer robotics in the Okanagan
region through professional development opportunities and
outreach initiatives (Appendix D & E).

II. COMPETITION STRATEGY

Following OKMR’s inaugural year at RoboSub 2024, the
team created year-long competition goals to guide develop-
ment for the 2025 design cycle. Taking into account the team’s
significantly increased membership, funding availability, and
timing, OKMR outlined a strategic overhaul to bring these
goals to fruition. OKMR has split its ambitions into two
categories: primary and secondary goals.

Fig. 1. SolidWorks Rendering of Ogopogo

Primary goals are OKMR’s immediate tasks for the Robo-
Sub 2025 competition that can be accomplished with a high
degree of consistency. These tasks were selected due to their
reliance on subsystems that were readily available for testing
in late 2024 and early 2025.

o Gate: Attempting the Coin Flip, enabled by the new
hierarchical state machine in the Automated Planner, and
the new object detection subsystem. OKMR will also
execute style points (2x Yaw + 2x Barrel Roll) using
the new control stack.

o Slalom: Undertaking in the full slalom task, now feasible
due to the new object detection system.

o Dropper: Pursuing the dropper task utilizing the new 3-
axis arm with predetermined joint states. This de-risks the
task by separating it from the complexities of the fully
actuated gripper, allowing the team to secure extra points
while manipulator development continues.

o Return Home: Aiming to complete the long-horizon
task, made viable by the new localization system, which
mitigates the accumulated drift that would have previ-
ously caused mission failure.

Secondary goals are tasks that the team has considered
possible if development ends ahead of schedule. The sub-
systems required for the following tasks are currently being
manufactured, with completion expected around early August.
Due to this tight turnaround, OKMR will likely be performing
initial tests during RoboSub 2025.
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« Torpedo + Surfacing / Octagon: This attempt is con-
tingent on the successful integration of the team’s full
acoustics pipeline and the proven reliability of the core
autonomy stack.

o Gripper: The full Gripper task depends on the late-
stage integration of the team’s actuator hardware, control
software, and the close-range Intel D405 camera.

« Random Pinger: Requires a fully functional acoustics
system for localization and a mature automated planner
capable of handling uncertain task order.

The focus of this year has been on reliable completion of
the team’s primary goals as well as the design and imple-
mentation of the subsystems required to complete OKMR’s
secondary goals. Following the successful completion of the
primary goals, further testing and data collection will ensue to
support attempts for the team’s secondary goals at RoboSub
2025 or in preparation for RoboSub 2026. (See Appendix
G: Competition Strategy Risk Mitigation Plan for more task
selection rationale)

III. DESIGN STRATEGY

A. Mechanical Systems

a) Structures: The structure redesign improves on
OKMR’s prior AUV’s suboptimal hydrodynamics, poor buoy-
ancy, and overall size by adding an internal air pocket within
a compact shell design (Fig. 1). This updated design also
significantly improves durability, as the previous design would
frequently snap at fatal stress points.

b) Electronics Tray: The electronics tray was com-
pletely redesigned with vertical mounts and custom snap-fit
clips, exposing more modules per layer to simplify main-
tenance and upgrades. An aluminum tray runs through the
hull and is connected to the end-cap to increase heat transfer
outside of the control enclosure.

c) Torpedo: The torpedo design utilizes a spring-loaded
launching system that operates by misaligning the torpedo fins
with guide grooves and realigning them using a solenoid to
fire. The torpedoes weight distribution is adjusted with variable
infill in the head and fins, resulting in a maximum straight
trajectory of 1 meter.

d) Gripper Arm: Ogopogo’s gripper arm was originally
a 3 axis design that utilized bio-inspired gecko fingers, how-
ever we chose to lock one of the servos for now to simplify
testing and software development. In addition to the large
range of motion, a pulley system was implemented in the hand
of the gripper allowing the fingers to grip any unique shape
effectively.

e) Battery Enclosure: To improve thermal management
and serviceability of Ogopogo, the team relocated the batteries
from the center of the control enclosure to an external, custom-
machined aluminum enclosure. This results in simpler distri-
bution of power to future enclosures, increased heat transfer
and significantly more space within the control enclosure.

Fig. 2. Gripper Arm

B. Electrical Systems

a) Overview: For OKMR’s second RoboSub submission,
the electrical team overhauled the communication and power
systems, emphasizing modularity and expandability. This is
to support the added hardware such as the hydrophones,
gripper arm, torpedo’s, and Zynq 7020 FPGA. The new layout
and design improve on Cascade’s lack of circuit protection
and unified communication system for data collection and
debugging.
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Fig. 3. Ogopogo Power and Communication Flowchart

b) I2C Sensor Bus: The 12C Sensor Boards are the
backbone of the I2C bus unifying four out of five of Ogo-
pogo’s enclosures. This has been the most significant electrical
upgrade to support the team’s newly implemented systems.
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These STM32-based PCBs provide current and environmental
sensor data, simplifying system-wide troubleshooting. They
feature PWM for actuator control, analog inputs for low-level
interfacing, and I2C pass-through to connect to other 12C
devices to the system bus.

This replaces a point-to-point wiring scheme that was dif-
ficult to debug and scale. The I2C bus architecture improves
modularity and standardizes diagnostic data across enclosures,
simplifying maintenance and the addition of new systems.

Fig. 4. 12C PCB.

¢) Hydrophones: The Hydrophones began as a project
when OKMR was formed and are being implemented into
Ogopogo as the foundation for its onboard acoustics. The
analog signal generated by the Aquarian S1 hydrophones is
amplified and filtered through a custom-designed 6th-order
Chebyshev filter and ADC board. The digital signal is then
fed into the fabric of the Zynq 7020 FPGA, where the cross-
correlation is calculated to determine the time delay of arrival
(TDOA). The peak of the resulting output is fed through a
custom driver and utilized by the team’s Jetson to aid in
navigation during competition.

d) Pingers: To aid in the system-wide testing of the
hydrophones, a Digital to Analog Converter PCB was designed
to power a transducer to mimic the ones used at RoboSub for
a fraction of the cost. The AD5760 DAC is driven through
a custom SPI driver compiled with MBed OS on an STM32.
This delivers a 12 V 25-35 kHz sine wave through a bandpass
filter and amplifier, enabling the transducer to reach 120dB
SPL at 30 cm.

e) Killswitch: The Killswitch serves as a software and
hardware interface capable of killing power to the propulsion
system and beginning autonomous missions. The design uti-
lizes MOSFETS in series with the motors on the low side,
disconnecting them from the batteries on command. Flyback
diodes were included to enable safe dissipation of any stored
energy inside the thrusters.

f) System Improvements: The other electrical updates
included circuit protection for the team’s ESP32 in the form
of the ESP32 Motherboard, which serves as the master for

Fig. 5. Hydrofilter PCB.

Ogopogo’s sensor integration, system bus and actuator control.
Other systems were implemented to improve on Cascade’s
safety and sensing capabilities. These include the Battery
Management System (BMS), an I2C device on a custom PCB
made for high power applications, and the leak sensor, a
transistor-based circuit that acts as a switch if water is detected
at determined failure points.

C. Software System Design

a) Overview: OKMR’s software stack has matured sig-
nificantly to support more advanced competition objectives.
Based on the control hierarchy model commonly used in
subsea robotics [1], the system is organized into layered sub-
systems (L5-L1), with higher layers responsible for mission
planning and lower layers focused on high-rate control.

Although the ROS2-based architecture and subsystem
names remain the same, each module has been improved or re-
designed to enable more sophisticated autonomous behaviour.
See Fig 15 in Appendix A for a full system diagram.
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Fig. 6. Heavily simplified Software System Diagram, please see Appendix
A for full diagram. This version shows the overall data flow from Automated
Planner (L5) to Hardware Interface (L1)

b) Automated Planning: Ogopogo’s automated planning
system manages high-level decision-making and coordinates
various subsystems. To handle more complex missions, the
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