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Abstract – In 2021, the TERRA Team per-
forms its first participation in RoboSub represent-
ing the Federal University of Santa Catarina -
Campus Joinville. AUVille is the AUV developed
by the team for this edition of the competition,
which has a resistant and light structure, in ad-
dition to having a cooling system specially devel-
oped to soften the internal temperature of the elec-
tronic watertight enclosure. In addition, this AUV
has excellent battery life to perform competition
tasks such as identifying and passing through the
gate. For vehicle automation, codes were devel-
oped in ROS and with regard to image recogni-
tion, OpenCV libraries were used. Another im-
portant point of this project is the improvement
of the mission through the analysis of data col-
lected from the sensors. As a result of the COVID-
19 pandemic, the physical distance was respected,
for these reasons all experimental results were ob-
tained through simulations.

Index Terms – autonomous, underwater, vehi-
cle, cooling system, computer vision, simulation

I. Competition Strategy

As it is a new team, TERRA developed the
project from a remotely operated vehicle (ROV),
performing the automation in such a way that the
vehicle could fully autonomously recognize and
pass through the gate, which is the main task
proposed by RoboSub, in a quick and efficient
way.

Considering the structural part of the vehicle,
it was decided to keep part of the ROV design,
and furthermore, an expansion of the vehicle
structure was carried out to allow it to be possi-
ble to allocate new components. In addition, the
vehicle structure is resistant and light due to the
characteristics of the materials used. A whole
energy system approach was studied so mod-
ern solutions could be implemented that would
allow a great autonomy of the vehicle without
compromising the vehicle’s total weight. In or-

der to obtain better performance from the vehi-
cle, it was equipped with angled thrusters that
provide the four degrees of freedom: surge,
heave, pitch and yaw. Another important point
was the development of an internal cooling sys-
tem in the watertight enclosure that hosts the
electronic components to maintain the proper
temperature for the best operation of the vehicle.

For the electronics part, the main challenge
was vehicle automation so that the AUV was
able to carry out the projected mission and to
take decisions in a completely autonomous way
in a short period of time. Besides that, an im-
age processing system was designed to guide the
vehicle during the mission and an analysis and
improvement system, which through the evalu-
ation of data collected by the sensors, enables
new improvements to be implemented in the ve-
hicle in the future.

II. Design Creativity

A. Structure
For the design of the AUVille, two possibili-

ties were initially analyzed, one of which would
be to continue with the design of the BlueROV2
by the American company BlueRobotics, which
is the equipment that the team physically has
in its laboratory (Naval Simulation Laboratory
- LaSiN). The other possibility, this year be-
ing a concept edition of the RoboSub competi-
tion, would be to create a completely new de-
sign. After several discussions and surveys of
positive and negative points, the team concluded
that following the design of the equipment al-
ready owned by the team would be the most ap-
propriate path, because new solutions developed
during the project may in the future be tested ex-
perimentally and actually implemented.
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yaw directions. The maximum and operating
speed of the vehicle, as well as the voltage re-
quired to supply the thrusters, were defined after
studying the values found in the hydrodynamic
simulation.

C. Energy of the system
The main challenge system was to propose a

solution that would allow the vehicle to have a
good autonomy without compromising the per-
formance of the electrical components and in or-
der to add as little weight as possible to the struc-
ture. To assist in choosing the solution, members
of this sector carried out a survey of the vehicle
components that consume the most energy in the
system, namely the thrusters and electronic com-
ponents: Raspberry, Pixhawk and ESCs.

Next, the specifics of each of them were an-
alyzed and it was noted that the electronic com-
ponents in general work at a lower voltage than
the thrusters, so it was decided to divide the
power system into two circuits, one to power
the thrusters and the other to power the water-
tight enclosure that houses the electronic com-
ponents, because that way it would be possible
to find an ideal battery solution for each of these
circuits and it would not be necessary to use a
component to reduce the voltage that feeds the
electronic components. Herewith, it was also es-
tablished that the batteries would be placed in
the vehicle in different enclosures, with the up-
per one for powering the electronic components
and the lower one for the thrusters.

From this, it was possible to study the best
battery configuration to be implemented for each
of these circuits. Extensive research was carried
out regarding modern battery solutions, and ac-
cording to the analysis presented by Warner [2]
in his book, lithium-ion batteries composed of
nickel, cobalt and aluminum (NCA) are the ones
with better energy density results than batteries
composed of other chemical components.

Thus, with the results of the hydrodynamic
simulation and based on technical information
from the manufacturer Samsung, it was possible
to define an efficient battery configuration that
abides all the requirements of this project.

D. Cooling System

Currently, a major challenge faced in elec-
tronic systems is the heating of their components
due to the increase in the intensity of electri-
cal current resulting from the implementation of
new functions and the simultaneous operation of
subsystems.

Applying this context to the BlueROV2 op-
erated by the team, converting it to an AUV re-
quired the development of a new cooling device
for the installed Raspberry processing unit, as its
overheating at temperatures above 65°C implied
a critical reduction in the autonomy of the ve-
hicle, preventing the performance of the desig-
nated activities, as well as reducing the useful
life of the component due to the thermal work
cycle to which it was submitted.

In face of such problems, an analysis of the
initial watertight enclosure dissipation capacity
and the survey of the unfavorable cooling char-
acteristics of the system were carried out. In
which it was observed that the thermal exchange
was performed via free convection with the air
inside the watertight enclosure. The low thermal
conductivity of the air and the polymeric walls of
the watertight enclosure, together with the inef-
ficiency of free convection in heat exchange, im-
ply a high thermal resistance between the elec-
tronic components and the external environment.
Thus, it was essential for the effectiveness of the
project that this resistance be reduced.

Based on this, some constraints and selection
criteria were listed, as follows:

1. Difficulty in repositioning components
and spatial restriction, so the designed device
would need to be spatially efficient, allowing lo-
calized cooling, with minimal change from the
original position of the hot source(s).

2. Alteration the transport mechanism and
preservation of structural integrity and tightness
of the watertight enclosure, as the low thermal
conductivity of the polymer structure and the air
in the immediate vicinity of the electronic com-
ponents was verified, the team chose to develop
a device that prioritized the transfer by conduc-
tion of the heat generated in the processor to wa-
ter in the external environment. This solution in-
variably involves replacing the watertight enclo-
sure wall material in some region. Structurally,
this variation in composition and geometry im-
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simulation were faced, such as not recognizing
movement commands and paths traced by the
AUV that weren’t on the code. These errors
were caused by conflicting versions of libraries
that were fixed with the duly update. However,
the simulation occured as expected after cor-
recting the aforementioned errors, managing to
perform maneuvers and measure sensor data.

Figure 10: Gazebo simulation.

Improvements have been implemented to the
code in order to identify side, top and bottom
collisions during the trajectory of AUVille, us-
ing data obtained from location sensors such as
the compass and accelerometer. In the future,
it is intended to increase the complexity of this
identifier, integrating the calculation of the dis-
tance from obstacles through the camera and an
ultrasonic sensor or DVL sensor (Doppler Ve-
locity Log).

F. Computer Vision Simulation
The computer vision of AUVille will iden-

tify the structure of the gate.

Figure 11: Identifying the central coordinates of
the gate.

The implemented code allows the AUV to
be able to identify the coordinates of the center
of the gate and then, the center of the image of
the police character. From that, AUVille will
be able to activate the thrusters and move in the
identified direction to cross the gate through the
side of the predetermined character.

Figure 12: Identifying the central coordinates of
the police character.
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APPENDIX A

TABLE I
Component Specifications

Component Vendor Model/Type Technical
Specifications

Cost Status

Buoyancy
Control

Blue
Robotics

BlueROV2
Machined
Buoyancy
Foam

Quantity: 4
Material:
LAST-A-FOAM®
R-3318

$ 53.00 Installed

Ballast
Weight

Quantity: 5
Material:
Stainless Steel

$ 9.00 Installed

Frame Blue
Robotics

BlueROV2
Frame

Material: High-density
polyethylene

$ 339.00 Installed

Payload Skid Material: High-density
polyethylene

$ 279.00 Purchased

Waterproof
Housing

Blue
Robotics

Watertight
Enclosure

Diameter eletronic en-
clousure: 4 in

$ 224.00 Installed

Diameter battery en-
clousure: 3 in
Quantity: 2

$ 123.00 One
installed
and one

purchased
Waterproof
Connectors

Blue
Robotics

M10 Cable
Penetrator

Quantity: 8
Diameter Cable:
6 mm

$ 4.00 Installed

Quantity: 2
Diameter Cable:
8 mm

$ 5.00 Installed

Thrusters Blue
Robotics

T200 Thruster Quantity: 6
Operating Voltage:
7-20 V
Thrust Maximum
(20 V): 5.25 kgf

$ 179.00 Installed

Electronic
Speed

Controller

Blue
Robotics

Basic ESC Quantity: 6
Maximum Current:
30 amps
Firmware: BLHeli_S
Operating Voltage:
7-26 V

$ 27.00 Installed

Camera Blue
Robotics

Low-Light HD
USB Camera

Maximum Resolu-
tion: 1080 p
Field of View : 80º
(Horizontal) and 64º
(Vertical)
Compression for-
mat: H.264/MJPEG

$ 99.00 Installed

Pressure
Sensor

Blue
Robotics

MS5837-30BA Measurement: 30 bar
(300m / 1000 feet deep)

$ 72.00 Installed
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Component Vendor Model/Type Technical
Specifications

Cost Status

Light Blue
Robotics

Lumen Subsea
Light

Quantity: 4
Operating Voltage:
10-48 V

$ 115.00 Installed

Microcontroller Arduino
store

ATmega328
(Arduino
Nano 3.x)

Microcontroller:
ATmega328
Flash memory:
32 KB, of which 2
KB is used by the
bootloader

$20.70 Installed

CPU Submarino Raspberry Pi
3B+

Processor:
BCM2837B0, Cortex-
A53 (ARMv8) 64-bit
SoC at 1.4 GHz
RAM memory: 1 GB
LPDDR2 SDRAM
Internal memory:
Micro SD 16 GB
Power input:
5 V / 2.5 A DC

$ 115.00 Installed

Flight
controller

Banggood pixhawk px4
pix 2.4.6

Processor:
32 bits STM32F427
Cortex M4 core with
FPU - 168 MHz
256 KB RAM
2 MB Flash
Security coprocessor:
STM32F103
ST Micro Gyroscope:
L3GD20
ST Micro Accelerom-
eter/Magnetometer:
LSM303D
Barometer:
MEAS MS5611

$ 128.00 Installed

Stepper motor Blue
Robotics

HS-5055MG Velocity:
0.2 s for 4.8 V
0.17 s for 6 V
Output torque:
1.3 kg-cm for 4.8 V
1.6 kg-cm for 6 V

$ 39.00 Installed

Battery Samsung
adaptation

Lithium-ion
battery:
5S6P

Number of cells: 30
Power: 18 V, 18 Ah
Weight: 1.44 kg

- Selected

Lithium-ion
battery:
2S7P

Number of cells: 14
Power: 7.2 V, 21 Ah
Weight: 0.67 kg

- Selected
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TABLE II
Software Information

Control Unity Language(s) Tools/Libraries
Algorithms:

computational
vision

Python OpenCV

Algorithms:
simulation

C++ Gazebo

Algorithms:
T.A.R.D.I.S

module

C MavLink

Algorithms: state
machine

Python ROS

Algorithms:
engine control

C++ ROS

TABLE III
Additional Information

Team Size
(number of people)

13

Expertise ratio
(hardware vs. software)

7:4 (2 energy system, 2 cooling system, 3 modeling and
simulation, 4 software, 1 design, 1 management)

Testing time:
simulation

77 hours

Testing time: in-water 0 hours
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APPENDIX B
Outreach Activities

One of the missions of the TERRA team
is to socially contribute to the dissemination of
the extension projects of the Federal University
of Santa Catarina. The team were present at
various events aimed to the university’s inter-
nal community, such as the Week of Teaching,
Research Extension and Innovation (SEPEX)
which takes place every 2 years, at the reception
of new students every semester and at the sci-
entific dissemination fairs that constantly take
place in our campus. In addition, the team ac-
tively participates in meetings of student entities,
contributing to the growth of competition teams
and to excellence in extension projects.

Figure 13: Dissemination of projects to the uni-
versity’s internal community.

Also with regard to the dissemination of
projects, the team contributes to the movement
of holding project exhibition fairs in public
spaces, thus promoting closer contact between
society and scientific knowledge. And in partic-
ular, participation in UFSCÊNCIA project pro-
moted by Tutorial Education Program of Engi-
neering for Mobility (PET EMB - UFSC) which
takes place every six months with the objective
of bringing scientific knowledge of the univer-
sity to young school students, encouraging them
to become future scientists.

Respecting physical distancing measures,
the TERRA team found other ways to divulge
their projects, besides recording videos for vari-
ous events promoted by our university, the team

also participated in the recording of an episode
of the LabbryCast podcast. In this episode, the
team members talked about the experience of
developing a theoretical project of an AUV ca-
pable of carrying out explorations in the frozen
seas of the moon Europa of the planet Jupiter,
for the COBRUF competition, which happened
between 2019 and 2020. And also about expec-
tations that existed for the debut in the world’s
biggest AUV competition, RoboSub 2021.

Figure 14: Dissemination of projects in schools.

Figure 15: LabbryCast podcast recording

Since its beginning, the TERRA team has
always wanted to participate in an edition of Ro-
boSub, therefore, has always sought to maintain
contact with other teams that already have expe-
rience in this competition. The team has already


