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Abstract—The Duke Robotics Club is proud
to present our robot for the 2023 RoboSub
Competition: QOogway. Oogway marks one of the
largest design overhauls in club history. Beyond a
revamped formfactor, some of QOogway’s notable
features include all-new computer vision soft-
ware, advanced sonar integration, novel acoustics
hardware processing, and upgraded stereoscopic
cameras.

Oogway was built on the principle of inde-
pendent, well-integrated, and reliable subsys-
tems. Individual components and subsystems
were tested and designed separately. Qogway’s
most advanced capabilities are a result of the
tight integration between these subsystems. Such
examples include sonar-assisted computer vision
algorithms and robot-agnostic controls config-
ured in part through the robot’s 3D model.

The success of constructing and testing Oog-
way in under 2 year’s time can be attributed
to 20+ contributing club members, supporters
within Duke’s Pratt School of Engineering, and
outside sponsors.

I. COMPETITION GOALS

In previous years of the RoboSub competition we
prioritized modality and flexibility over reliability.
While our previous designs allowed us to complete
more tasks, our runs were inconsistent and unreli-
able. Since we only have three total scoring runs we
need to ensure reliability and the completion of all
attempted tasks in each run.

This year, our strategic vision consists of core
tasks which the robot is programmed to perform
every run with one alternate task which may be
completed at the end of each successful run if
necessary.

RoboSub’s design goals focus on four fundamen-
tal principles: movement, vision, manipulation, and
acoustic tracking. To accomplish our strategic vision
we chose to focus on 3 of 4 design goals: move-
ment, vision, and acoustic tracking. This subset of
goals aligns with our team’s strengths in controls,
computer vision (CV), and electronics. Our focus
on these methods enables us to perform the gate,
buoy, and octagon tasks (our core tasks) reliably,
while still maintaining the flexibility to attempt the
torpedoes task (our alternate task) if needed.

A. Strategic Vision

The team’s strategy this year focuses on com-
pleting a subsection of tasks while having fail-safes
in place to ensure a successful run. We designed
Oogway for this year’s competition to ensure that
we can always complete core tasks, and in the event
of a failure, we have multiple methods to complete
each task in the form of fallback methods.

Movement is essential for every task so we thor-
oughly tuned our cascaded PID control system for
optimal movement in 6 directions. For both the CV
and acoustics systems, we rewrote the codebase,
adding a new stereovision camera and additional
high resolution hydrophones. We mounted a new
sonar sensor to obtain real-time depth information of
objects in front of the robot. These new components
allow us to achieve our strategic vision through
multiple methods of completing the gate, buoy, and
octagon tasks.

B. Destination - Gate

Since the gate task is required to start a run, we
used multiple subsystems to ensure that we could
reliably move through the gate. With our redesigned
CV system, Oogway is able to identify the gate



from any angle and get an estimated position of the
poles and center. We implemented a sonar tracking
system to identify the gate with minimal position
error. Given these two fallback methods we will
elect to do the coin flip for the random starting
heading since Oogway can reliably identify the gate.
We will always pass through the Abydos side of
the gate to have the same competition run. We are
confidant we can complete the 720° yaw style tasks
with our tuned mechanical control system.

C. Start Dialing - Buoy

The buoy task is another core component of our
competition strategy. After we complete the spin,
we use our sonar-CV system to identify and get
the position of the buoy. Since we do not have a
downward facing camera on Oogway, we do not use
the path markers to track the buoy. Instead, we use
the sonar which can scan objects up to 30m away.
Once in position in front of the buoy, we hit both
corresponding symbols and then back up. This task
is one of our strongest tasks as we designed Oogway
to have precise CV and mechanical control.

D. Engaging Chevrons - Octagon

The final component of our core tasks is surfacing
within the octagon. Since robot actuators are still
in development, we opt to not move the chevrons.
After completing the buoy task we activate our
acoustic system, listen for the acoustic signal, move
slowly in the direction of the signal, and surface in
the octagon. Should we encounter issues with the
acoustics, the sonar is used as a fallback to locate
the top of the octagon and surface.

In preparation for the task of locating the octagon,
developing a reliable acoustics system was a large
component of our design. Acoustic hydrophones
listen for the ping of the underwater pinger and
calculate the direction of the source, providing di-
rectional guidance for the robot.

E. Goa’uld Attack - Torpedoes

Even though we have minimally tested the tor-
pedoes task, if we need the additional points at
competition we believe that we can complete the
torpedoes task after surfacing in the octagon. Our
new CV algorithm is fully capable of identifying
the torpedo circle. However, we are unsure of the
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capabilities of the torpedo launcher, given our focus
on vision and acoustic tracking. With additional
development time at competition, we believe we can
accomplish this task as a risky end to our run.

F. Location - Bins

We are not planning on attempting the bins task
since Oogway does not have actuators or a down-
ward facing camera. Given our team’s time and
member constraints, we decided to forgo this task
until next year’s competition.

G. Trade Offs Between Complexity and Reliability.

Given last year’s competition experience, we real-
ized that many of our systems were too complex. We
attempted to do every task which made it impossible
to thoroughly test each component in the year-long
span of creating a new robot. We designed Oogway
such that each component is separate, allowing
for thorough testing, while being robust enough to
complete the tasks successfully. By narrowing our
focus to 3 out of the 5 tasks during the design
process for this year’s competition, we allocated
more testing time for each task to ensure that our
complex integration can work reliably.

II. DESIGN STRATEGY

A. Mechanical Design

Fig. 1. Full SOLIDWORKS Assembly of Oogway

The mechanical design of Oogway employs a
wide structure to position the thrusters further away
from the center of mass. This allows them to pro-
duce more torque for actions such as spinning.

Oogway is also designed with adaptability in
mind. The frame has mounting rails built directly






