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Abstract—AUV MIT-B is entering RoboSub 2026 with
Deuterium, a first-generation, modular 5-DoF autonomous
underwater vehicle developed from the ground up. The
vehicle uses a laser-welded aluminum hull with a trans-
parent acrylic access lid, redundant O-ring sealing, Blue
Robotics T200 thrusters, and 3D-printed mechanisms
for task interaction, including a torpedo launcher and
marker dropper. The electrical system integrates a Li-
ion battery pack, battery management system, custom
power-distribution hardware, RP2350-based control elec-
tronics and an NVIDIA Jetson Orin Nano Super for on-
board autonomy. Perception is built around forward- and
downward-facing ZED 2i stereo cameras, YOLOv8-based
object detection, visual servoing and a BehaviorTree.CPP
mission planner running within a ROS 2 Humble software
stack. Stabilization uses PID and LQR-based control
loops for vehicle orientation and depth regulation, while
Gazebo-based simulation supports mission-logic testing
and subsystem integration. The team also developed an
in-house hydrophone acquisition approach for acoustic
sensing. Deuterium prioritizes reliable execution of high-
confidence RoboSub tasks, maintainable subsystem inte-
gration and a scalable platform for future underwater
robotics development.

I. COMPETITION STRATEGY

As a first-time RoboSub team, AUV MIT-B pri-
oritized reliability, integration and repeatable task
execution over feature breadth. Deuterium was de-
veloped over approximately one year as a modular
5-DoF AUV intended to complete a focused set
of high-confidence tasks using vision-based navi-
gation, depth and orientation stabilization, acoustic
sensing and Behavior Tree mission execution. The
competition strategy is to build scoring consistency
through a mechanically simple platform, a main-
tainable internal layout and a software architecture
that allows individual subsystems to be tested, re-
placed and expanded as pool-test data increases.

Stereo cameras are used for visual perception and
object localization, while the onboard IMU and
hydrophones assist in orientation estimation and
acoustic sensing.

A significant part of the development process
involved research and testing to evaluate different
subsystem designs and support design decisions.
The design process balanced manufacturing com-
plexity, compute requirements, maintainability and
subsystem reliability. The development process in-
cluded iterative changes based on simulation re-
sults, subsystem failures and feedback from pool
testing. The team was divided into Mechanical,
Electrical and Software subsystems while ensuring
effective coordination among all members. Through
Deuterium, AUV MIT-B aims not only to perform
well in the competition but also establish a strong
platform for future underwater robotics projects.

II. DESIGN STRATEGY
A. MECHANICAL SUBSYSTEM

The mechanical subsystem includes the hull, seal-
ing, thruster setup and internal electronics layout.
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These design choices were made to keep the system
waterproof, maintain stable underwater performance
and allow quick changes during development and
testing.

1) Hull: The vehicle uses laser cut sheets
of aluminium HE30 which are laser welded to-
gether, forming a single unified structure. Sealing
is achieved through a transparent acrylic lid with
a double O-ring arrangement, providing redundant
sealing at the lid interface. The lid is fastened
using toggle clamps placed along the perimeter
for uniform compression and quick access during
maintenance.

2) Penetrators: Cable pass-throughs are handled
using 6.5 mm Blue Robotics WetLink Penetrators,
primarily for routing the T200 thruster cables into
the hull. Using off-the-shelf penetrators over custom
solutions also reduces the risk of sealing inconsis-
tencies, since waterproofing failures are among the
more common and disruptive issues in underwater
systems.

3) Thrusters Placement: The vehicle uses five
Blue Robotics T200 thrusters (two horizontal, three
vertical) providing control over surge, heave, yaw,
roll and pitch. The T200 was selected for availabil-
ity, prior use in AUV applications, and compatibility
with the vehicle’s thrust requirements. Horizontal
thrusters are arranged symmetrically about the cen-
terline and handle forward motion and yaw through
differential thrust, while the vertical thrusters are
placed in a triangular configuration around the hull
to regulate depth and hover stability.

4) Placement of Electronics: Internal layout was
driven by three priorities: keeping the center of grav-
ity stable, managing heat and making maintenance
easy. Batteries sit low and near the center of the hull,
which passively balances the AUV. Compute boards
are mounted on elevated plates, keeping them away
from potential water leak areas. Each component
has a 3D printed mounting so that they stay stable
inside while the vehicle is moving.

Fig. 2: Bottom Mesh for Placement of Components

5) Torpedo Launcher: The launcher is a spring-
based mechanism and the spring compression can be
adjusted to increase the launch speed when needed.
A servo-controlled release unlocks the mechanism
during firing, enabling smooth and controlled de-
ployment through guided slots. Epoxy sealing was
used at critical joints to maintain waterproofing.
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Fig. 3: Torpedo, Torpedo Launcher and Dropper

6) Dropper: A servo-driven circular disc blocker
with a hole slightly larger than the markers, rotates
across two barrels, letting markers fall under gravity,
one by one. The marker is a marble ball (Diameter
= 20 mm). Considering the minimal torque require-
ments, we chose a simple SG90 servo. The SG90
servo was oil-filled and epoxy-sealed to improve
water resistance.

B. ELECTRICAL SUBSYSTEM

The electrical subsystem serves as the link be-
tween the mechanical and the software subsystem,
it handles power distribution and transfer of data
between sensors/actuators and the microcontroller.
The overall electrical architecture of the AUV is
illustrated in Appendix-C (Fig. 12).
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1) Single Board Computer(SBC): The vehicle
uses an NVIDIA Jetson Orin Nano Super single-
board computer that handles perception, mission
planning and high-level autonomy workloads.

2) Power Management: The vehicle uses a dual-
bus power architecture powered by a 4S Li-ion bat-
tery pack (16.8 V maximum, 12 V minimum) with
18 Ah capacity and a 4C discharge rating. High-
current actuator loads are electrically and physically
isolated from sensitive logic systems using a custom
Power Supply Distribution Circuit (PSDC) to min-
imize thruster-induced noise.

a) Battery Management: A dedicated Battery
Management System (BMS) performs active cell
balancing and monitors cell voltage, current draw,
State of Charge (SoC) and temperature through an
RS-485 interface. Total current is obtained from
the BMS, while an ACS712 Hall-effect sensor in-
dependently measures PSDC current consumption,
allowing thrust-related current estimation:

IThrusters = IBMS - IPSDC

The ESC bus is controlled using three independent
relays. ESC firmware limits maximum thrust to
3.038 kgf, restricting normalized peak burst current
to 13.8 A per thruster.

b) Power  Supply Distribution Circuit
(PSDC): The PSDC utilizes XL6009 and LM2596
switching regulators to provide dedicated 20 V,
5V, and 3.3 V rails for compute and telemetry
systems. To ensure stable operation, the design
incorporates an isolation matrix using decoupling
capacitors and blocking diodes, providing back-feed
protection, reduced DC-DC noise, and suppression
of EMI and inter-rail crosstalk. Hardware isolation
is implemented through system-wide degradation
logic and a multipoint water-leak detection system
with an isolated microcontroller maintaining
redundant safety functionality.

3) Sensors: Multiple sensors were placed on the
AUV to get feedback for control and underwater
navigation.

a) Pressure Sensor: The pressure sensor mea-
sures the depth of the vehicle. MS5837-02BA01
pressure sensor from TE connectivity is mounted
on the back wall of the AUV.

b) IMU: The 7Semi BNOO055 IMU is used to
determine the absolute orientation of the AUV. It
has a triaxial 14-bit accelerometer, a triaxial 16-bit
gyroscope and a triaxial magnetometer. The IMU is
kept at the centre of the hull and connected to the
MCU via 12C connection.

c) Hydrophones: The Hydrophones are con-
structed in-house using piezoelectric transducers
and a charge amplifier circuit [1]. Each hydrophone
circuit has its own RP2350 MCU to sample and send
ping timestamps to a main MCU which performs a
TDoA (Time Difference of Arrival) algorithm.
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Fig. 4: DAQ Board for hydrophones

d) Camera: Two ZED 2i stereo cameras are
used to capture images, one camera is placed at the
front of the AUV while the other camera is placed
at the bottom. It has up to a 120° wide-angle FOV.
It operates at a frame rate of 15-60 fps with a
resolution of 720p-2K.

e) Water Leak Sensor: The water leak sen-
sor is positioned along the lower perimeter of the
hull and operates using a voltage-divider based
copper-electrode sensing circuit. Multiple sensing
zones continuously monitor water seepage inside
the enclosure by detecting changes in conductivity.
The onboard controller generates an interrupt and
activates the kill-switch mechanism.

4) Thrusters and ESCs: A set of five Blue
Robotics T200 thrusters operated at 12-16 V are
used for movement of the vehicle. The maximum
forward and reverse thrust it provides at 16 V is 5.25
kgf and 4.1 kgf respectively. A basic bidirectional
ESC from Blue Robotics is used to drive the T200
thrusters. The ESC runs on BLHeli_S firmware and
receives DSHOT signals from the microcontroller
for precise motor control.
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5) Kill Switch: The kill switch can be activated
in three cases: when a water leak is detected, when
the Hall effect sensor stops detecting the magnet,
or when the Jetson becomes unresponsive for a
specified duration. Once activated, power to the
thrusters, RP2350 boards and the Jetson module is
cut off immediately to avoid possible damage and
maintain safe operation of the vehicle. The Hall
effect sensor is connected to the power board and
can also be used to manually turn the system on or
off whenever needed.

6) Communication and Telemetry: An RP2350
Main MCU and ESC Communication is imple-
mented using the DSHOT protocol [2], which is a
digital communication protocol that provides more
reliable and deterministic motor control compared
to conventional PWM-based methods. DSHOT im-
plementation requires bit-banging, the RP2350 was
selected for its Programmable I/O (PIO) subsystem,
which supports deterministic signal generation. An
RP2350 Main MCU and Jetson Orin Nano commu-
nication is implemented using USB CDC, providing
a reliable connection while also powering the MCU.
The firmware on the MCU was designed using a
non-blocking communication architecture to ensure
that communication tasks do not interfere with tim-
ing critical control operations. Battery Management
System (BMS) and the Jetson Orin Nano use RS-
485 communication protocol.

C. SOFTWARE SUBSYSTEM

The software subsystem enables autonomous per-
ception, planning, and control. It consists of a
comprehensive framework that helps Deuterium per-
ceive, interpret and act upon its environment. The
software stack has access to all visual, inertial and
pressure-based sensors, which are calibrated for
underwater conditions.

Our main SBC, the NVIDIA Jetson Orin Nano,
runs Ubuntu 22.04. Our source code is primarily
written in Python and C++, handling packages
required for vision, navigation, mapping, controls
and mission planning. We use ROS 2 Humble
as our base framework for sensor data handling
and efficient communication between all software
packages. The software architecture follows a mod-
ular design approach where independent subsystems
communicate through ROS 2 topics and services,

allowing for easier debugging, parallel development
and future scalability.
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Fig. 5: Software architecture of Deuterium showing
sensor integration, localization, perception, Behav-
ior Tree execution and control pipeline.

1) Vision Pipeline: Our perception system uses
two StereoLabs ZED2i [3] stereo cameras — one
front-facing and one downward-facing — providing
stereo RGB imaging, neural depth estimation and
inertial sensing. Task-specific YOLOvVS [4] models
trained on CVAT.ai annotated datasets with un-
derwater augmentations perform object detection
across all tasks.
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Fig. 6: YOLOV8 Object Detection

For navigation tasks such as gate traversal and
buoy circumnavigation, we use Visual Servoing.
The difference between the detected object’s current
position and desired position in the image frame is
computed as pixel-space error. This error is then
used to generate proportional surge, heave and yaw
commands while ZED2i depth estimation provides
distance information. For precision tasks such as the
torpedo challenge, we employ a multi-stage pose
estimation pipeline:
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