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Abstract—Like many others, the Caltech Robotics Team
was only able to work remotely this year due to the
COVID-19 pandemic. With this opportunity to focus on
new developments, we prepared for RoboSub 2021 by
following two guiding principles: (1.) Improve the vision
and navigation of our existing subs, Flo and Deb, in
order to improve our ability to score points during in-
person competitions, and (2.) Develop Gerald, a new fully
functional and capable sub, that will be used to re-
place Flo, thereby maximizing our point-scoring potential.
By competing with Deb and Gerald together, two subs
specifically designed for cooperative operation, we hope
to divide and conquer the competition tasks. Specifically,
the software team focused on improving navigation and
vision: further developing our use of an extended Kalman
Filter (EKF) and improving the robustness of detections
by applying machine learning techniques to more cases.
The electronics team continued to assemble Deb’s boards
and conducted hydrophone transmitter testing, using an
emulator to simulate communication between two subs.
The mechanical team used SolidWorks and FEA analysis
to design and test our newest sub, Gerald.

I. COMPETITION STRATEGY

Given that we were working remotely due to the
COVID-19 pandemic, the team approached the sea-
son with two leading principles to our competition
strategy: (1.) Continue to develop the software and
electronics on our existing submarines to be able
to accurately and consistently complete recurring
competition elements, such as following a path or
hitting buoys, and (2.) further our goal of having
two submarines in the water by designing a new sub,
Gerald, that can be used in the water with Deb and
allow us to retire our oldest sub, Flo. Our team split
to divide their time across these two principles, with
the software and electrical team working mainly to
improve our current subs, Deb and Flo, while the
mechanical team developed a new sub, Gerald.

While the specifics of the competition tasks and
elements change from year to year, the general

concept of the challenges stay the same. Our goal
for each in-person competition is to be able to
complete the following tasks:
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Because of this, at the beginning of our season
this year, the electrical and software teams decided
to focus on improving the ability of our current subs,
Flo and Deb, to complete these tasks. The electrical
team focused on finishing boards for Deb, as well
as developing the hydrophone system, which will
be used for communication between the two subs
and for the random pinger task. This development
involved the creation of an emulator, which was
used to simulate the transmission of signals between
two subs in motion. The software team focused on
increasing the accuracy and precision of our vision
and navigation system through the addition of learn-
ing algorithms for keypoint estimation and color
segmentation, and updating of our state estimation
procedures.

Passing through the gate, with style points
Following the path

Hitting buoys

Dropping markers

Following the random pinger

Surfacing in the octagon

Shooting torpedoes

Picking up and manipulating game elements

In addition to improving our current subs, having
two submarines is another vital part of our compe-
tition strategy, allowing us to complete more tasks
in the given time limit and score more points. In
past years, we planned to compete with Deb and
Flo in the water, where Deb is able to communicate
with Flo and give her direction as needed. Flo,
who was designed as a solo sub, would only be
able to receive Deb’s commands and would not
be able to send any of her own. However, Flo is



























