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Abstract—The Duke Robotics Club presents
Oogway and Crush, our AUVs for RoboSub
2026. This year’s strategy expands on our previ-
ously narrowed scope, targeting all four of Robo-
Sub’s design goals for the first time: movement,
vision, manipulation, and acoustic tracking. This
expansion is grounded in sustained reliability
investment across all three subsystems. Mechani-
cally, Crush gained two additional thrusters and
a CFD-optimized case, providing pitch stability.
Electrically, we addressed accumulated failure
points by repairing unreliable connections and
upgrading thruster control hardware. We also
redesigned our acoustics system, featuring a
new custom PCB with higher-order filters that
significantly improve pinger detection reliability.
On the software side, improvements to state
estimation, sonar-based object detection, vision-
driven task planning, and IVC enable more
capable and coordinated autonomous runs, while
investments in our testing infrastructure ensure
we maximize our limited pool time. These im-
provements allow us to attempt a broader set
of tasks while maintaining the reliability our
competition strategy demands.

I. COMPETITION STRATEGY

Our strategic vision centers on core tasks, which
our robots are programmed to perform every run,
and alternate tasks which may be attempted at
the end of a successful run for additional points.
Core tasks are implemented with fail-safes to ensure
reliability, and tasks are delegated between robots to
maximize efficiency. With limited pool testing time,
every new task competes directly against reliability
testing for existing ones, driving our core/alternate

distinction and task prioritization. This year’s sus-
tained investment across mechanical, electrical, and
software systems gives us the confidence to expand
our scope to all four of RoboSub’s design goals for
the first time. The tradeoffs between complexity and
reliability for each task are discussed below.

(b) Crush
Fig. 1: Duke Robotics Club’s AUVs for RoboSub
2026
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A. Heading Out — Gate its downward-facing camera to locate the table,

Both robots must complete the gate task each rdapsitions itself above it, scans the hanging image_s,
To maximize reliability, we employ a multimoda/@nd rotates to face the correct one. Crush then waits
approach: our CV subsystem detects the gate frd@ @n IVC message from Oogway before surfacing.
arbitrary angles and estimates symbol positions. A$ our grabbing mechanism is still in development,
a fallback, our control system can perform deaif® will not attempt the object manipulation portion

reckoning through the gate using odometry and st@&gthis task.
estimates. Both robots also attempt the coin |
bonus. Crush performs the barrel roll style task;
Oogway skips it to preserve state. Both tasks are designated alternate tasks. Bin
. _ navigation currently requires an extensive search
B. Avoid Debris — Slalom over a large area, making it too time-inef cient to
Navigating the channel is a core task for Cruslun as a core task, and the engineering investment
After completing the gate task, Crush dead reckotsimprove it was better spent hardening the torpedo
through the three sets of slalom poles. We expeand octagon pipelines. Both robots carry marker
imented with HSV ltering to locate each pole,droppers and may attempt bins opportunistically at
but the various positions of the 9 poles and casi®e end of a run. Return to gate requires global
logic proved dif cult to reliability implement, and position estimates we do not have at competition
dead reckoning with our improved movement staclelity, and offers relatively few points compared
proved more consistent and reduced complexitg the core tasks.
Oogway will not attempt the slalom, reserving time
to search for and navigate to the torpedo banner. Il. DESIGN STRATEGY

C. Deploy — Torpedoes A. Mechanical Design

The torpedo task is a core task for Oogway. Mechanical work this year focused on reliability
After the gate, Oogway uses its front-facing camel@provements to Oogway and expanding Crush's
and YOLO model to navigate toward the torpedéapabilities to support our broader competition
board. Once positioned, it switches to sonar for ya%¢0pe€.
alignment and HSV ltering to center on the open- 1) Reliability: During transport and testing, criti-
ing. Sonar yaw alignment was chosen over visidi®l connections have come loose or been damaged; a
for robustness to lighting variability and turbiditynmomentary battery disconnect shuts the robot down
common at competition pools. entirely, requiring it to be pulled from the pool and

Before ring, Oogway queries its hydrophondestarted, wasting up to 5 minutes of pool time. To
array to check whether the random pinger is neari@gdress this, Oogway's epoxied connections were
If so, Oogway res rst, then signals Crush toreinforced and battery connectors were replaced
surface in the octagon. Otherwise, Oogway signaMth hard-soldered and potted alternatives. Another
Crush rst, waits for acknowledgment of octagorgxample is our torpedo launcher's large pro le
completion, then res. This sequencing enables rathich made it prone to snapping when passing
liable coordination for the random pinger bonudhrough doorways, frequently preventing in-water
Timeouts at each IVC checkpoint ensure neithtégrpedo testing. To x this, we reduced the total

. Recon — Bins & Return Home

robot stalls on a missed message. volume by more than 15%. We receded the launch
tubes further into the robot, and used structural
D. Resupply — Octagon screws and inset nuts to strengthen the weakest parts

The octagon is a core task for Crush for ththat previously snapped.
rst time this year, made possible by improvements 2) Crush Eight Thrusters: Two additional ver-
to our navigation stack. After the slalom, Crushical thrusters were added by redesigning the side
uses sonar sweeps to locate the octagon's bawgikgs and mounting system (Fig. 2), providing the
wall and navigate inside. Once inside, Crush uspich control needed to reliably navigate to and
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