


Our gripper is a rel-
atively simple design; it
is powered by a threaded
rod drive which converts
the rotary motion of a
Blue Robotics M200 motor
into linear motion, causing
an assembly of aluminum
plates to open and close,
actuating the claw.

In more detail, a
threaded rod is attached to the output shaft of the M200
motor via a long shaft collar. This rod is then threaded
through a nut, which is attached to a thin machined aluminum
plate via a 3D printed plate. This plate is attached to a series
of other machined plates via a series of non-threaded shafts,
which are held in place via either shaft collars or snap rings.
The specific configuration of plates results in the open-close
actuation of the claw when the threaded rod is spun by
the motor. Instead of being machined out of aluminum, the
plates may also be 3D printed; however, this will result in a
much weaker claw that is more prone to breakage, and is not
recommended. The entire assembly is housed in a 1.9” OD
(1.5” ID) PVC pipe, and is held in place using plates and
non-moving shafts.

Various compromises and trade-offs were made in this
design. First, the decision to house it inside a relatively small
PVC pipe was made in the interest of ensuring it could fit
on the AUV and be attached with relative ease, as well as
detached easily for servicing. However, it led to many trade-
offs in regards to the internal components which could be
used; only parts less than 1.5” in two perpendicular axes of
their dimensions could fit inside the PVC pipe. Thus, many
design considerations, such as the use of a worm gear system
or a planetary gear system were discarded due to their space
requirements.

In addition, compromises were made in regards to cost.
Underwater Robotics @ Berkeley is a student club, reliant
on university funding; as a result, we are unable to procure
extremely expensive materials or source extremely expensive
parts. As a result, decisions were made to greatly simplify the
interior from its first design. In prototype designs, the interior
used a system of spur gears to reduce the gear ratio; this
was removed because the gears included in the design were
prohibitively expensive, and replaced with a screw drive.

Finally, compromises were made in regards to safety. The
Blue Robotics M200 motor was selected for use because of
its ability to operate underwater, despite its lack of precise
position control. While other motors such as precise position-
control stepper motors would have been more desirable in
this role, they are not waterproof and would have required
extensive, careful waterproofing of the claw. This would be
difficult and expensive to completely achieve; in addition, in
case of a failure, the entire motor would fail, which is both
dangerous and expensive. Another trade-off made with regards
to safety was the shift away from a gear-driven claw design to

a plate-driven one. The original design was somewhat easier to
machine since it included far less aluminum plates; however,
it made use of 3D printed parts in critical load-bearing areas,
which would have led to potential failure. Thus, the decision
was made to move to a design using metal in the critical places,
improving strength.

The torpedo launcher
is designed to accurately
launch a torpedo while
maintaining modularity
and compactness, allowing
for flexible mounting on
the AUV. Due to COVID
limited testing has been
conducted, so inspiration
for the torpedo design was taken from military torpedoes. The
launching system is spring powered and utilizes pre-owned
motors to launch. Though simple, the launching system has
very few areas for error.

The torpedo has been designed to emulate military torpe-
does, since the COVID-19 pandemic has greatly impacted our
ability to manufacture and prototype designs. There are four
fins on the torpedo for horizontal and vertical stability, helping
it launch straight. The torpedo is neutrally buoyant, decreasing
the buoyant force and increasing accuracy. The curvature of
the torpedo body is designed with hydrodynamics in mind,
limiting the wake left behind as the torpedo travels through
the water.

All our design choices maximize the tor-
pedo’s ability to shoot as far and straight as
possible. The spring-powered launcher pro-
vides a reliable and cost effective source of
force to eject the torpedo. To initiate a launch,
the tab that holds the torpedo in place is ro-
tated, allowing the spring to extend and launch
the torpedo. Although the launcher’s design is
straightforward, it is compact, cost effective,
and easily mountable anywhere on the AUV.

2) Electrical: Learning from the experi-
ences of developing our past vehicles, we
strove to create an architecture for our elec-
trical system that was unified, modular, and
repairable. In order to facilitate quickly adding and removing
components such as thrusters, end effectors, and sensors, we
chose a standard set of signals that would serve as the bus
connecting all of them together. Reviewing our use cases,
we chose to provide 12V, 5V, and CAN bus connections.
The CAN bus is widely used in the automotive industry as
a noise-resistant, reasonably high-speed interconnect which is
why we chose it for our architecture. With one bus connecting
everything, we greatly reduced the amount of cabling used and
even enabled daisy chaining modules together. Of course, there
are certain components with requirements vastly exceeding the
capabilities of our bus, such as the high current draw of our
thrusters or the high speed communication of our cameras.
In those cases, we had dedicated connections to meet those
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needs.

Fig. 1: Daisy chain test

To maximize repairabil-
ity and modularity, we split
our electrical system across
three enclosures. The main
tube is flanked by both
the battery tube and cam-
era tube. The main tube
contains the entirety of
the computation and mo-
tor drivers. It has a single
backplane with connectors
for the various devices we
have. Cables run out to our cameras, battery, end effectors,
and each of our thrusters. One side of the tube has what we
call a ”sideplane” to facilitate removing the entire backplane
assembly for repairs. The battery and camera tubes are simpler
in construction and just have mechanical mounts for their
respective components.

Fig. 2: Electrical connection diagram

For firmware development, we chose the Mbed platform
due to its ease of use, feature set, and community support.
We chose Mbed Studio as our IDE to make it easier for new
members to learn. Getting Git working with Mbed Studio so
we could do version control on our firmware took some tricks
with symlinks, but at the end we had a monorepo to easily
distribute and develop firmware with.

Fig. 3: Template schematic

For hardware development, we developed the NOGGIN
system which consists of both a general purpose board that

is good enough for around 80% of our tasks and a KiCad
template that people can build on top of. The general purpose
board contains a brushed motor driver, CAN bus connections,
current and voltage sensing for debugging/telemetry purposes,
and I2C, UART, DAC, and PWM breakouts. The main idea
of NOGGIN was to shift focus away from the details of
microcontroller supporting circuitry over to the actual task the
board is accomplishing, whether it be reading from a sensor
or controlling a motor.

Fig. 4: Two NOGGIN boards

For integration of
our electrical system,
we chose a stan-
dard set of connec-
tors for various ap-
plications. DuraClik
connectors are ade-
quate and compact
enough for all low
current tasks. Molex
Ultra-Fit is good for
medium current use
cases such as motors.
Molex Super Sabre is our battery connector due to its high
current handling. It was difficult finding a small enough
connector for our board-to-board connections such as those on
the backplane, but we eventually settled on the new Samtec
mPOWER connectors which can handle a surprising amount
of current in a small package. Unifying our connectors meant
that we didn’t waste time deciding on and buying different
connectors for each part of our system.

B. Software

At the start of the school year, we wanted to have a software
system that is easily adaptable to different robot hardware,
and also be robustly tested in simulation. For this reason, we
decided to upgrade from our old ROS 1 system to ROS 2,
which was becoming the predominant robotics middleware.
We used an NVIDIA Jetson AGX Xavier as our main compute
with a ZED 1 stereo camera as our front camera, a Logitech
C920 as our bottom camera, and a Adafruit 9-DoF IMU fusion
sensor.

1) Controls: Our main sensor is a 9-DoF IMU that gives us
accelerometer, magnetometer, and gyroscope readings. Using
the measurements, we have 2 separate PID systems: one for
velocity control and one for orientation control. For going to a
desired velocity, we utilize acceleration-based control through
a PID controller. We provide a desired velocity vector in the
x, y, z directions and the PID outputs the desired acceleration
of the sub. Then, we use the moment of inertia matrix to
go from body acceleration to body force, and a precomputed
Jacobian transpose matrix to go from the desired body force to
the individual thrusts of each motor. These motor thrusts are
then converted to a PWM signal through linear interpolation
and sent to the motor controllers.

The orientation controller behaves similarly and takes a
desired orientation parameterized by yaw, pitch, and roll axes
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