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Abstract—The Triton Robosub team, represent-
ing the University of California, San Diego, ded-
icated most of the year to developing a new au-
tonomous platform. Our experience in the 2019
competition, in addition to the resources we ac-
quired in 2020, led us to create a new submarine
addressing the issues we found in our previous
design. However, COVID-19 limited our amount of
in-person construction and development, meaning
new strategies and overall goals were adapted
to these novel constraints. With the experience
earned from this year’s focus on remote work and
collaboration, we hope to finish development and
meet our fellow competitors in 2022!

I. COMPETITION STRATEGY

At our first year at competition in 2019,
we only managed to pass through the starting
gate and attempted the buoy task, though
we were not successful. Considering that last
year’s competition was cancelled, we were
not able to test some of the developments we
had made through improved machine learning
models and localization techniques. There-
fore, the plan for this year’s competition was
very ambitious as we tried to accomplish or
at least attempt a variety of tasks that we had
worked on.

The addition of a DVL and a sonar to
our new submarine this year meant that we
could better map our surroundings and navi-
gate the competition course. This capability,
in addition to the new submarine’s grabber
and torpedo systems, meant that we planned
to complete the gate, buoy, bins, and tor-
pedo tasks. Furthermore, we developed a hy-
drophone system this year meaning that we

would also try to attempt the surfacing task.
On top of all these new additions, we were
able to perform deep dives into underwa-
ter depth imaging and machine learing-aided
object recognition through ongoing research
projects, and applied key findings to our
competition control loop.

In essence, since our competition appear-
ance in 2019, we have made great advances
in our hardware and software stack for each
competition task and are now eager to try our
sub out. However, due to COVID-19, most
of our testing was run in simulations; while
simulation runs are good for testing general
understanding of tasks and control code, we
still await the next in-person competition to
test our overall performance in a real-life
setting.

Last year, we acknowledged the fact that
trying to attempt each task was ambitious
considering that we were only able to ac-
complish the gate at our first competition, but
we remain confident that through designing a
completely new submarine and reworking our
software architecture to use Robot Operating
System, we can perform well in the com-
petition. Our advancements in deep learning
and enhanced positioning sensors mean that
navigating the pool is a less daunting task,
and our new acoustic and infrared depth
sensing technology allow us to view G-men
and Bootleggers alike. Again, due to COVID-
19 we were unable to test much of our
code in a physical setting, instead relying on
Unity to drive most of our software devel-
opment and testing. Instead, while hardware


















Triton Robosub

build, and look forward to this upcoming fall
when we can put our new design to the test.
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Table IV: Electrical Components: Controls

Component Vendor Model/Type Specifications
GPU: 384-core NVIDIA Volta GPU
Computer NVIDIA Jetson Xavier NX with 48 Tensor Cores .
CPU: 6Core NVIDIA Carmel ARM v8.2 64-bit
Memory: 8 GB 128-bit LPDDR4x
CPU: Quad Core 1.2 GHz Broadcom
Microcontroller Rasberry Pi 3 Model B BCM2837 64-bit
Memory: 1 GB RAM
CPU: STM32F427 180 MHz ARM Cortex
Flight Controller Pixhawk Pixhawk 1 M4 with signle-precision FPU
Memory: 256 KB SRAM (L1)
Motor Controller Blue Robotics | Basic ESC 7-26 V, 30 A max current
External Comm Interface | Blue Robotics | Fathom-X Tether Interface | 80 Mbps Ethernet
Internal Comm Network | Brain Boxes SW-115 > Port
Gigabit Ethernet

Table V: Electrical Components: Sensors

Component

Vendor

Model/Type

Specifications

Sonar

Blue Robotics

Ping360

Acoustic Frequency 750 kHz
Beamwidth - Horizontal: 2 deg
Beamwidth - Vertical: 25 deg
Maximum Range: 50 m
Continuous 260 degree scan

Doppler Velocity Log

Teledyne

Explorer

Bottom Tracking Altitude: 81 m
Water Profiling Range: 35 m
Center Frequency: 613.4 kHz

Magnetometer

GeoDevice

Minimag

Principle of Operation: Overhauser effect
Range: 20,000/110,000 nT

Sensitivity: 0.01 nT

Resolution: 0.0001 nT

Sampling Rate: 5 Hz

Depth Camera

Intel

RealSense D455

Depth Field of View: 87 deg x 58 deg
1280 x 720 Resolution, 90 fps

Front Camera

Sony

IMX322

1080P HD Resolution, 30 fps

External Camera

ROVMAKER

HORUS-S10

1080P HD Resolution, 25 fps
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Table VI: Electrical Components: Hydrophones

Component Vendor Model/Type | Specifications
Sensitivity: -190 dB re: 1V/uPa
Hydrophones 4x Aquarian Audio Hlc Useful range: 1Hz to 100kHz
Polar Response: Omnidirectional
Amplifier Board Custom None None
Low Noise/Input Bias Current
Quad JFET OpAmp Texas Instruments | TLO74
256-Position, End-to-end resistance:
Quad Digital Potentiometer | Analog Devices AD5263 20 kOhm, 50 kOhm, 200 kOhm
None
Daughter-Board Custom None SMsps/Ch, Four Channel
Guaranteed 16-Bit
Analog-to-Digital Converter | Analog Devices LTC2325-16 | 8Vp-p Differential Inputs with
Wide Input Common Mode Range
Zyng-7000 SoC
Development Board Xilinx MicroZed Memory: 1 GB DDR3 SDRAM
128 Mb QSPI Flash
Table VII: Software
Programming Language 1 C++
Programming Language 2 Python

Operating System

Ubuntu 18.04

Open Source Software

YOLO, OpenCV (Image Processing Library), ROS (Robot Operating System)

Algorithms: Vision 1

OpenCV HSV Filtering, Gaussian Blur, Contour Detection

Algorithms: Vision 2

Custom YOLOvV3

Algorithms: Acoustic

Online DFT, First Order Infinite Impulse Response Filter, Phase Shift

Algorithms: Localization and Mapping

Vision Position Delta (VPD), Kalman Filter

Algorithms:

Custom State Machine
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Figure 12: Screenshot from our Birch Aquarium test livestream.

Figure 13: Illustration of FishSense depth processing pipeline. A similar pipeline will be
employed for the upcoming RoboSub competition.



