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Abstract

The Reykjavík University Autonomous Underwater Vehicle team consists of

seven technology enthusiasts working on improving last years boat, Freyja, in their

spare time. Freyja got the fourth place at the RoboSub 2011 competition. The

hardware is mostly the same with some minor improvements while the software

side has been overhauled to be more robust.

The boat consists of a frame, battery pack, six thrusters arranged to allow

four degrees of freedom, three hydrophones and a main pressure vessel. Signals

to and from the outside components are fed through an endcap into the main

pressure vessel. Multiple voltage converters supply di�erent voltages to di�erent

components. The onboard computer runs the latest version of the Ubuntu Linux

operating system with ROS (Robot Operating System) to handle message-passing

between processes. The computer interacts with sensors and thrusters through

an Arduino Mega microcontroller. The sensors consist of two cameras, an in-

ertial measurement unit, three hydrophones, a depth sensor and a leak sensor.

Computer vision tasks are solved using either Matlab or Python with OpenCV.
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1 Introduction

In 2010 a group of students and instruc-
tors from Reykjavík University built an
autonomous underwater vehicle and took
it to San Diego to compete in the 13th In-
ternational Autonomous Underwater Ve-
hicle Competition (RoboSub) hosted by
the Association for Unmanned Vehicle
Systems International (AUVSI) and the
O�ce of Naval Research (ONR). With
the experience and knowledge gained in
the competition a few of the students and
a group of new ones kept developing the
boat. The work started in a graduate
level course in the 2011 spring semester
but 12 students kept on working through
the summer. They placed 4th at the 14th
RoboSub competition despite the boat
being �ooded early in the competition.
This year 7 people will be representing

Reykjavík University in the competition
which will be held in San Diego, CA, USA
on the 17th - 22nd of July 2012. This is
the �rst year there is no course for im-
proving the boat so members work on the
boat exclusively in their spare time. The
group hopes to at least match last years
success in this year's competition.

2 Mechanics

In this section, we describe the mechani-
cal structure of Freyja. The AUV consists
of a frame, main pressure vessel (tube),
battery pack and actuators. To start
with, a lot of work was put into mini-
mizing the space needed by the electric

rack in order to shorten the tube, and
make the boat lighter, without compro-
mising access to the electric components.
The pressure vessel is positioned high on
the boat and the battery pack and hy-
drophone array are positioned as low as
possible to increase the distance between
center of gravity and center of buoyancy,
making the boat more stable.

2.1 Frame

The frame of the boat is the same as
the one that was used last year having a
plain box-like shape with 10 mm POM
plates on the sides for stability. The
plates are connected together with two
mounting brackets for the pressure ves-
sel containing the electric rack. The elec-
tric rack is made of 3 mm aluminum
plates mounted on the inside of the side
plates. The mounting bracket consists
of two 20 mm POM plates and 6 mm
stainless steel axles bent into a U shape
and coated with two layers of heat shrunk
tubes to increase the friction between the
acrylic cylinder and the bars to reduce
the risk of it sliding out of place. On
the front and the aft of the frame are
two 2 mm aluminum plates on which the
two sway thrusters are mounted. The
thruster plate in the aft is on hinges to
make access to the connection box easier
and for moving it out of the way when
opening and closing the main pressure
vessel.
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2.2 Pressure Vessel

The pressure vessel houses the electron-
ics. It is a 570 mm long acrylic cylinder
with a diameter of 200 mm and closed at
both ends with end caps. The front end
cap is made of PE plastic with a hole,
with an acrylic window, for a forward fac-
ing camera. The back end cap is made of
aluminum with ten 20 mm cable glands
for connecting the electronics inside the
pressure vessel to the outside sensors, ac-
tuators and battery pack. Two wet plug-
gable ethernet plugs are also located on
the back end cap. Aluminum was cho-
sen for the end cap because of its thermal
conductance, to conduct the heat from
the electronics to the surrounding water.
The pressure vessel has three aluminum
support rings on the inside to reinforce
it, because of the low impact strength of
the acrylic tube. There are two aluminum
bars at the bottom of the pressure ves-
sel that guide the rack into the tube and
make it easier to slide it in and out.

2.3 Battery Box

The battery hull is made from an alu-
minum box closed with a 10 mm plexi-
glass using a 3 mmO-ring for water proof-
ing. The battery box has two cable glands
to get two cables out from the battery
pack for hot swapping.

2.4 Mechanical Design for
Competition Tasks

Instead of going for all tasks the team has
decided to attempt only a subset of this
year's tasks and instead focus on robust-
ness and repeatability for vision based
tasks. Therefore the team will not be at-
tempting the torpedo or grabber tasks,
nor the new manipulation task, and fo-
cus will be put on completing the dropper
task.

2.4.1 Dropper

The task is to drop a marker inside a
bucket which is located at the bottom of
the pool. There are four buckets, with
four di�erent shapes inside them, and the
boat has to drop two markers in the cor-
rect buckets. The droppers are made
from an aluminum pro�le. A pin lies
through a hole on the pro�le and into
the markers. The pin is connected to a
solenoid which is used as a linear actu-
ator to release the markers by applying
current to it. The AUV has two droppers
placed on the inside of the side plates in
line with the down facing camera.

3 Electronics

3.1 Battery Packs and Power
Distribution

The power system is driven from a single
LiMn battery pack. The voltage ranges
from 21 - 29 V DC. There are �ve di�erent
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voltage rails in the system; 3.3 V, 5 V,
12 V, 18 V and the pack voltage. Three
USB-DCDC converters are used to drive
the thrusters at 18 V, two to drive the
PC and the Arduino at 12 V and one to
drive 5 V circuits and external power to
the cameras. The IMU is driven with 3.3
V from the Arduino.

Figure 1: A DC-DC converter. Converts
varying voltages from battery to �xed val-
ues, 3.3, 5, 12 and 18 V.

3.2 Connection Box

Under the mounting bracket for the pres-
sure vessel in the aft is a connection box
for the thruster cables and the pressure
sensors. The thruster cables are also con-
nected into the box and combined into
one cable to minimize the amount of ca-
bles having to go into the pressure vessel
through the back end cap. The box is
then �lled up with rubber cast to mini-
mize the risk of leakage into the box.

3.3 Electric Rack

When designing the electric rack, the
main thought was to have it light, eas-
ily removable from the pressure vessel for
easy access to the electric components
and to arrange the electric components

so that the heaviest parts where placed
over the center of the boat.

3.4 Thrusters and Motor
Drivers

The AUV has six thrusters; two for hor-
izontal motion, two for vertical motion
and two for sideways motion. This allows
the AUV four degrees of freedom (yaw,
surge, sway and heave). The thrusters
chosen are SeaBotix STD150. Each pair
of thrusters is driven with a MD22 dual
channel motor controller. The maximum
thruster voltage is 19.1 V and the MD22
is fed with 18 V from a DCDC converter.
The thrusters are controlled with a

start-kill switch circuit, made of two in-
duction sensors connected in series trough
the circuit. The kill switch is placed on
the electronics rack inside the tube. The
kill switch is activated with a steel bar
in the kill switch housing on top of the
tube. The start switch is to the right of
the tail thruster and it is activated with
an aluminium or steel bar.

3.5 Switching Circuit

The switching circuit turns a low pow-
ered logic signal into a high current power
boost to the boat's external actuators.
The circuit's main components are 4
MOSFET transistors, 1 for each chan-
nel. The circuit is biased to fully satu-
rate a transistor when a 5 V high signal
from the IO unit is received. This will
feed the full battery voltage to the ex-
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ternal actuator connected to the active
channel. The transistors are protected
by germanium diodes to prevent voltage
spikes from inductive components in the
actuators. Currently the boat is equipped
with 2 solenoid actuators used to drop
the markers into the buckets. This pro-
cess could be done more e�ectively with
DC relays but they cause a great distur-
bance to the magnetic �eld detected by
the boat's main navigation equipment.

3.6 Depth Sensors

We use a pressure sensor from Keller to
detect depth. The pressure sensor is con-
nected to a 12 V power supply and has
an operation range of 0-2.5 bar.

3.7 Cameras

Freyja is equipped with two cameras, one
forward facing and a second one facing
down. We use a set of Chameleon USB
2.0 color cameras from Point Grey Re-
search. They are equipped with a 1.3
megapixel 16 bit-per-pixel CCD image
sensor and a CS lens mount. The lens
used for both cameras is a Fujinon vari-
focal lens, with a focal length of 2.8 - 8.0
mm and an F1.2 aperture.

3.8 On-board Computer and
IO Interface

The on-board computer has a Gigabyte
H67N-USB3-B3 motherbord, Intel i7 3.4
GHz CPU and 4 GB DDR3 RAM. It's

equipped with a 128 GB solid state hard
drive. The computer communicates with
the motor drivers through an Arduino
Mega 2560 microcontroller. One out-
put port is used on the Arduino for each
thruster. The digital and analog in-
put/output on the AUV is also handled
by the Arduino. The analog inputs are
used for reading from the pressure and
attitude sensors. The digital outputs are
used to provide signal to the switching
circuit for the dropper unit and digital
input for starting signals to AUV control
software.

3.9 Hydrophone Circuit

The acoustics mission is to locate a pinger
which sends short pulses at a frequency of
22-30 kHz. To solve this problem a Black-
�n BF506f EZ-Kit Lite digital signal pro-
cessing board from Analog Devices was
used. The main reasons for using that
kit were its many analog inputs (6 di�er-
ential inputs) and its high sampling fre-
quency (2 MHz max). The kit was pro-
grammed using the VisualDSP++ devel-
opment suite from Analog Devices.

The hydrophones used are Aquarian
Audio Products H1a. The main reasons
for choosing them were their price and
low noise speci�cations.

The DSP BF506f kit has two channels
from the analog to digital converter to the
processor which means that we are only
able to sample two hydrophones at each
time. That is enough for our purposes be-
cause we are looking for phase di�erences
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between hydrophone pairs.
From the phase di�erence of each hy-

drophone pair, along with physical place-
ment and speed of sound underwater, we
are able to determine the time di�erence,
from which the angle of the sound source
can be calculated.
From each hydrophone pair two candi-

date rotation angles are found. Finding
the two angles which are closest to each
other gives the �nal estimate of rotation
needed to aim the boat at the pinger.

3.9.1 Hydrophone Ampli�er

The hydrophone signal needs to be ampli-
�ed before being sampled and processed
by the digital signal processor. The cir-
cuit is custom made and designed similar
to a microphone preamp. The ampli�-
cation is preformed by a CA3140 opera-
tional ampli�er and the feedback circuit
contains a potentiometer to enable vari-
able ampli�cation. The circuit also biases
the signal to exactly �t the voltage range
of the analog digital converter (ADC),
eliminating the risk of feeding signals to
the ADC that are too powerful.

4 Software

Freyja's software is mostly based on
Robot Operating System (ROS) which
is a software framework for robot soft-
ware development developed by Stanford
Arti�cial Intelligence Laboratory. ROS
provide standard operating system ser-
vices such as hardware abstraction, low-

level device control implementation of
commonly-used functionality, message-
passing between processes and package
management. It is based on a graph ar-
chitecture where processing takes place in
nodes that may receive, post and multi-
plex sensor, control, state, planning, ac-
tuator and other messages.
Our system is very modular which

makes it easier to change components if
needed. We are using Python, C++ and
Matlab and of course ROS which is run-
ning on Ubuntu Linux.

4.1 Architecture

The Freyja software stack is built up of
various software modules. Figure 2 shows
a rough outline of what modules are being
used and their communication paths.

• Orange is a hardware piece.

• Blue is the arduino hardware.

• Green indicates a ROS module

• White stands for Matlab used for vi-
sion.

In the following sections we take a
closer look at these modules.

4.2 Arduino

Arduino is an open-source single-board
micro-controller, descendant of the open-
source Wiring platform, designed to make
the process of using electronics in mul-
tidisciplinary projects more accessible.
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Figure 2: Software Modules - Architec-
ture and communication paths.

Arduino hardware is programmed us-
ing a Wiring-based language (syntax +
libraries), similar to C++ with some
simpli�cations and modi�cations, and a
Processing-based IDE.

In Freyja, the Arduino is connected to
thrusters, depth sensors, IMU, leak sen-
sors and batteries. We are using the Ar-
duino to read sensor values and also to
write control signals to the thruster mo-
tor controllers.

4.3 Arduino Communicator

Arduino Communicator is responsible for
reading information that we need from
Arduino and publishing them to speci�c
ROS topics. This module is also respon-
sible for controlling thrusters.

Figure 3: Arduino - A screenshot of the
Arduino IDE.

4.4 Pilot

The Pilot is a module that takes in re-
quests about what states Freyja should
be in, for instance the desired depth and
heading. The Pilot reads the information
published by the Arduino Communicator
from the depth sensor and compass and
uses feedback control and ramp functions
to handle incoming requests.

4.5 Mission Control

The Mission Control module is respon-
sible for micromanaging the Pilot for all
tasks, whether they are vision based or
not. It takes in an XML �le that con-
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tains the description of a quest. Figure
4 shows an example of a quest XML �le.
A quest is a list of tasks where each task
has a name which determines if it requires
a vision module or not. Mission Control
allocates some time to each task to �nish
its job and if Freyja fails to complete the
task in the allocated time it moves on to
other tasks or a backup plan.

Figure 4: Quest - A screenshot of a quest
for mission control

4.6 Matlab Bridge

Freyja uses Matlab for vision and for
Matlab to communicate with ROS we
needed a module that bridges Matlab and
ROS to send pictures and get back the
result of image analysis. That is what
the Matlab Bridge is doing for us, stor-
ing the latest image from the cameras and
sending them to a Matlab program. The
Matlab bridge is also responsible for com-
munication between mission control and
vision programs.

4.7 Graphical User Interface
(GUI)

We developed a GUI for Freyja which
makes it easier for us to change various
control values. We can log the values we
want, change feedback control constants,
send requests to the Pilot and also read
information from sensors. The GUI also
enables us to generate XML quests and
commit them to Mission Control.

Figure 5: GUI - The Freyja GUI.
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4.8 Vision Tasks

The machine vision of Freyja is coded in
Matlab using the Matlab image process-
ing toolbox. Using the RGB image we
�nd the upper and lower thresholds cor-
responding to the color range we expect
the desired object to be within and then
use these thresholds to reconstruct a bi-
nary image. To erase the noise and small
objects lying in the bottom of the pool we
use built-in functions in Matlab that re-
move all connected components that have
fewer than a speci�ed number of pixels
from the binary image.

4.8.1 Path Orientation

The path orientation is an important task
since it the only task that has to be done
repeatedly and needs to be solved for the
correct heading to the next task. To �nd
the boundaries of the objects in the im-
age we use the built-in Matlab function
bwboundaries, which traces the exterior
boundaries of objects, as well as bound-
aries of holes inside these objects. The
bwboudaries function returns the num-
ber of objects in the image as well as
the column and row coordinates of the
boundary pixels. The function imple-
ments on Moore-neighborhood tracing al-
gorithm which comprises the eight sur-
rounding cells a central cell on a two di-
mensional square lattice. Finally, we use
regionprops, also a built-in function in
Matlab, to measure a set of properties for
each connected component in the image.
Using the area, orientation and eccentric-

ity of the objects in the image we �nd the
center of the path, hover over it and then
take the orientation to the next task.

4.8.2 Bucket Task

The bucket task is divided into two
phases. In the �rst phase, we position
the AUV directly over the �rst bucket,
and then turn the AUV into the direc-
tion of the bucket complex. This is done
using the same built-in functions in Mat-
lab Imaging toolbox as for the path task.
When the AUV has hovered over the �rst
bucket it is instructed to dive closer to the
buckets. Then phase two starts, the AUV
analyses the area and shape from the im-
ages inside the buckets. If the image
matches our primary or secondary target
the AUV drops the matching marker. If
not, it moves forward to the next bucket
and repeats the process.

5 Conclusion

For this year's competition no signi�cant
mechanical changes were made to Freyja.
Instead, we focused on improving the ro-
bustness of the software infrastructure as
well as recruiting new members to the
team to ensure future participation in the
RoboSub competition. Our previous suc-
cess showed that Freyja is a stable plat-
form to build on and we are con�dent that
we can match, or even improve those re-
sults.
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