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Abstract—The UFRJ Nautilus is a student-driven engineering
project team at Federal University of Rio de Janeiro, focused on
building and designing AUVs to compete in the AUSVI RoboSub
Competition. For the team’s 3th season competing in competition,
the team reviewed it’s second AUV called BrHUE rebuilding all
the internal hardware, re-projecting it’s software and changing
it’s propellers. The priority of the team was deliver a robot
capable of localizing it self on the pool, with more reliability
from all hardware and mechanical systems.

I. INTRODUCTION

UFRJ Nautilus team is a student engineering group of
Federal University of Rio de Janeiro (UFRJ) focused on
autonomous vehicles. Currently, the unique project developed
by the team is the Autonomous Underwater Vehicle (AUV)
for AUVSI Robosub Competition. Our undergraduate students
design, build and program an AUV to have the lowest cost as
possible, as the team have to get sponsors by themselves, mak-
ing all the work harder. The Nautilus’ AUV, called BrHUE,
is programmed to perform a mission completely autonomous,
without human interaction or any other remote operator. UFRJ
Nautilus’ main goal is to have an intelligent AUV capable to
localize itself on TRANSDEC, and based on that the team
expect to sum enough points to rank to the finals. The team is
the unique Robosub competitor in Latin America, consisting
of over 35 students from different backgrounds and majors.

The team was founded in 2016, by 8 undergraduate engi-
neering students, as a way to motivate them to create high-
end technology and to feel engaged with the Engineering
major. Starting from scratch, the team dedicated themselves
to building the best they can, with their own resources. With
the intention to keep innovating, the team had grown and
started the new AUV, called BrHUE. To compete in 2018,
the team made a crowdfunding to afford part of the trip
costs and acquired enough sponsors to build the BrHUE. Due
to team efforts to make an reliable AUV and the use of
software simulations, UFRJ Nautilus could classify to semi-
finals without having pool testing in Brazil as some sponsors
delayed to deliver some equipment’s. At the end of Robosub
2018, water came into our AUV and we lost our entire
hardware, so we made a raffle to fund the project and we
redesigned all our hardware.

II. COMPETITION STRATEGY

For RoboSub 2019, it is essential for UFRJ Nautilus to
accomplish all the tasks that just need robot movement: Gate,
Slay Vampire and Expose to Sunlight. These tasks just need
our localization system working and control system to drive
robot to desired place. The team prioritizes the robustness of
it software without throwing away complexity, this comes in
their project with many levels of complexity in their software

and the team decide which of them they would like to use
according to previous performance and sensor readings. So,
the most complex software has more chance to not work and
the simplest one doesn’t perform the best as possible, therefore
UFRJ Nautilus choose to try both.

The decision to maintain the same AUV from 2018 to
2019 came from the possibility of having more testing time to
extract the best performance from our software. Since we lost
our entire hardware in the flooding accident during last edition,
the first logical solution was to start the project from scratch.
However, we didn‘t have enough resources to do so. So,
coming back from Robosub 2018 team recruited new members
and made a Christmas raffle to afford this repairs. With the
lack of time in mind, we had to ignore the manipulation tests
were ignored, but the team expect to sum the most points
possible without manipulation.

The first problem we’ve faced was the incompatibility of the
new CPU/GPU system with the Data Acquisition Board of the
Acoustics System. And without tracking the pinger position
it’s possible that BrHUE won’t find the Expose to Sunlight
task. But if our localization system is robust enough to emerge
on Expose to Sunlight task after passing through the gate and
slaying vampire we hope that it is capable to rank to the finals.

Fig. 1. CAD rendering of BrHUE.

III. VEHICLE DESIGN

A. Hydrodynamics and Mechanics

Since its first conception, the team’s AUV project had a
modular construction demand, due to several factors mainly
related to difficulties in manufacturing and obtaining material
resources and due to easy maintenance of the different parts
and modifications in the arrangement.
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With such need and constrains in mind, the AUV frame
was designed from aluminium structural frames. These profiles
can be easily assembled and disassembled into a structure that
supports properly the attachments arrangement to be placed on
the frame, as well as the arrangement of the propellers.

Different from 2018 the team decided to put all the hardware
together, except the battery that it is on a separated annex. This
change it’s to minimize the volume of the robot, organizing
better the hardware displacement. Thus, the team chose to use
a centrifuged acrylic cylinder for the main body, dimensioned
to contain the electronics inside and generate the necessary
buoyancy and to guarantee positive floatage, as required by
the competition rules.

The concern with acrylics structural resistance was also
evaluated. The thickness was calculated to withstand a pressure
of at least 2 atmospheres, due to the depth that the AUV
can reach during the execution of the test, but we oversize to
withstand a pressure of up to 10 atmospheres, aiming at the
possibility of performing tasks in greater depths. A cylinder
of 270 x 500 mm and 5 mm thickness was reached. For the
design of the annex, the same concerns were considered.

The design of the hatch covers was developed mainly for
obtain efficient covers that allow access to the electronics
inside and at the same time, guarantee the perfect tightness of
the AUV when submerged through the appropriate O-rings.

UFRJ Nautilus hydrodynamics and mechanics’ team had
reviewed the modular system of movable cover coupled to
a drawer, which main function is to support and organize
the AUV electronic part, besides allowing access to each
board of electronics independently. In 2018, the proposed
internal profile was made of circular vertical plates, but all
the hardware boards are rectangular. So, they decided to put
horizontal plates where the thinners board are placed closer to
the acrylic curve. These plates remain cohesive through four
horizontal rods, which, secured to the movable cover, provide
joint movement by pulling the cover.

The propulsive system has always been a project in which
team tried to develop technically. In addition, since 2017 we
have sought to develop a propeller designed entirely for our
AUV and that was able to compete on a professional level
with commercial propellants. In the beginning it worked fine,
however the structure of the motor that powered our thruster
was built in a corrosive material, so it didn’t last enough
time to be viable. So, the team preferred to buy the entire
thruster from Blue Robotics because on the previous propeller
the project parameters was never validated if it matches the
real ones. So the idea is to learn how to measure the real
parameters from the Blue Robotics’ thrusters to after redesign
our propellers using Blue Robotics’ waterproof motor and
validate it. In addition, the team had to design a 3D printed
fitting part to adapt the new propellers to our structure.

B. Electrical

Electrical and Electronics Design was made to optimize
the relation between quality and low cost. Primary goal for
this years competition was to minimize the amount of volume
required by all the hardware, this was the first lesson learned

at Robosub 2018 as the total volume of BrHUE were too big
and we had to add a lot of weight on it.

Due to water flooding in BrHUE at the end of competition
in 2018, a system was made to detect water inside the AUV
to shutdown all the power as a damage control action.

So all hardware system was redesigned, the unique sensor
that remains the same it is the IMU. The new eletrical project
design are shown at the Figure 2. The challenge of this
area is to interface well the software requirements with the
physical aspects of the BrHUE, and to do so the UFRJ Nautilus
electrical team had to concern about temperature, current,
interference between the boards, protection and monitoring
systems. Some systems and boards of BrHUE:

Fig. 2. Diagram of the new electrical design.

1) Motor Board: Motor Board was designed by UFRJ
Nautilus to withstand current measurement, a software require-
ment, without temperature variation. The main goal was to
create a feedback loop of each motor power consumption and
also to have reliable connections. The difficulty of that board
was to support all the current required to power the 6 thrusters
and to have a precision measurement of these currents. The
battery, six ESC’s, and a Teensy 3.2 are attached to this board.
The Teensy is responsible to control the ESC’s. The motor
board is shown at figure 3.

2) Motherboard: In 2018 the mother board used by the
team was a mini-ATX with an Intel i7, this board had a high
power consumption (450W) requiring another boards to supply
this power and and over-heating. Therefore, we‘ve changed to
a Jetson TX2 board, which attends new software requirements
as deep learning and faster image processing due to it’s GPU.
with this new board, the power consumption was drastically
reduced as well as the board volume and PSU system.

3) Sensor Board: The sensor board was designed by UFRJ
Nautilus and it’s also an important part of our hardware
system, because it holds together all our tiny sensors that
are measuring temperature, humidity, the internal pressure and
external pressure (depth). A Teensy is attached to this board
to receive all the information and pass to the computer and to
a display that it is a supervisor system when we are testing
the AUV. The sensor board is shown at figure 4.

4) Battery Management System: The Battery Management
System (BMS) is a board that monitor each cells of the battery




