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Abstract - This thesis describes the development and 
implementation of a test bench for multiple underwater robotic 
vehicles, where the user can test motion control algorithms, 
coordination algorithms and simulate missions. The vehicles 
are submergible and have reduced dimensions to be used in 
test tanks or polls. For that effect, a single PCB was developed 
with all the necessary electronics in order to maintain a 
compact system, due to volume limitations and waterproof 
issues. The interface between the user or third-party control 
applications and the vehicles is held by a ground station. There 
are three means of communication with the vehicles, at surface 
will be used a wireless communication, namely Zig-Bee, while 
submerged will be used an optical communication. The third 
communication is optional because it requires a cable with 
Can-Bus protocol. The vehicles have several sensors for 
attitude and positioning purposes, namely GPS, accelerometer, 
magnetic compass and gyroscope. With the information of 
these sensors an attitude and heading reference system (AHRS) 
and a heading controller were done by using a quaternion 
attitude representation. Two motors, one on each side of the 
vehicle and a moving mass take care of the movement and 
pitch, respectively. The programming language for the 
microcontrollers was C and C# for the user interface 
application. 

Keywords: Test platform, microvehicles, autonomous robotic 
vehicles, attitude and heading reference system. 

 

I. INTRODUCTION 

The concept of multiple autonomous robotic vehicles to 
mutually cooperate in order to achieve a particular mission 
is a very attractive solution when compared with the 
paradigm of a single vehicle. Improved efficiency, 
performance, reconfigurability, robustness, and new 
capabilities are some of the strengths of the concept. 
Potential application scenarios for multiple vehicles include 
tasks that involve search, inspection, exploration and 
mapping in harsh environments. To develop this concept a 
simulator or a test platform is required, as close as possible 
to reality, were it can be tested, evaluated and improved, the 
control systems and coordination laws between the vehicles. 
The inhospitable environment focused on this work will be 
the underwater environment. This is one of the most 
challenging environments for the development of robotics. 
By their nature, it is necessary to establish watertight 
compartments for placement of electronics; failures may 
result in the dissipation of heat generated by power 
elements; and barriers to wireless communication. This 
work consists in developing a test platform for multiple 
autonomous underwater vehicles, AUVs [1], and it is in the 
scope of an European project on development of cognitive 

systems and robotic interactions, namely, Cooperative 
Cognitive Control for Autonomous Underwater Vehicles 
(Co3-AUVs). This project focuses on several aspects among 
which stands out the mapping and perception of three-
dimensional environments, underwater navigation and 
communication, and real time processing [2]. 

 

II. PROJECT GOALS 

The aim of this work is to develop the electronics 
(hardware) and programming an interface (software) needed 
for a test platform for multiple autonomous robotic vehicles. 
The test platform will allow end users to test their vehicle 
control algorithms, vehicle coordination algorithms and 
algorithms necessary to complete a specific mission. 

Due to the environment, all electronics have to be 
watertight, but also easy accessed so that batteries can be 
loaded and the board reprogrammed. In this sense it is 
necessary to select components, namely sensors and 
communications modules, which are easily integrated and 
compact. The design of printed circuit boards must consider 
the specifications of the components for which there is no 
incompatibility between them. It is essential to include a 
programmable device that commands all the peripherals on 
the printed circuit board and run some control algorithms, 
with the possibility of these being run in the vehicle and 
remotely. Therefore, there must be one or more 
communication means (surface and underwater), with and 
between vehicles, that is reliable and have low latency. This 
is because a remote algorithm requires samples in real time. 
The communication system must have a sufficient range so 
that the developed platform could be used in a pool of 
equivalent dimensions of an Olympic pool. 

In a first step, we intend to develop only one vehicle to test 
and characterize all systems. If the platform is verified to be 
robust then there is a second phase where the vehicles will 
be replicated, at least three of them. The system should be 
able to support not only software updates but also the 
hardware updates, so that the user can be able, in the future, 
to introduce more sensors or actuators that could be needed 
on other types of vehicles. 

 

III. STATE OF ART 

This work began in April 2006 with the system TeleBotix 
[3] carried out at IST-ISR. This system is an interface 
between the control software and the vehicles. Several scale 
models of vehicles were used to test this system, namely a 
hovercraft [4], a car, a train and a submarine. The system 
with the submarine was in the third version. 
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which changes the distance between the plates of a capacitor 
and this change is detectable electrically. On the other hand 
there are the actuators. The function of these is the opposite 
sensors, i.e., a physical change in accordance with an 
applied signal. Examples are the motors, which change its 
angular velocity accordingly with the voltage at its 
terminals. 

Regarding the accelerometer it was selected the LIS331DLH 
from STMicroelectronics [19]. It is a low power tri-axial 
accelerometer and has a digital interface with the 
microcontroller, namely I2C. The physical quantity 
measured by this sensor is the acceleration in three 
orthogonal axes, with ranges of ±2 g, ±4 g or ±8 g, and 
resolutions of 1 mg, 2 mg or 3.9 mg (12 bit representation) 
respectively. Given the environment in which the vehicle 
stands, the range of ±2 g will be preferable due to low 
probability of sudden movements. While admitting that the 
accelerometer only indicates the direction of the 
gravitational field, whose amplitude is 1000 mg, and 
selected the range of ± 2 g, the angular resolution is 0.06º. 

The magnetometer chosen was the LSM303DLH also from 
STMicroelectronics [20]. It has 7 ranges between ±1.3 
Gauss and ±8.1 Gauss and sampling of 12 bits. Special care 
has been taken into account in the placement of this sensor 
on board, because as a magnetic sensor. A current passing 
through a conductor generates a magnetic field, so there are 
no tracks that are troughed by more than 10 mA less than 1 
cm from the sensor. Was also taken into account the position 
in the vehicle due to interference from magnetic fields 
created in the motors. This magnetometer measures the 
magnitude and direction of the geomagnetic field, projected 
onto three orthogonal axes, which can then be translated into 
three-dimensional direction of the vehicle. The Earth's 
magnetic field has amplitude of about 0.6 Gauss and a 
tangential component to the surface that always points 
toward magnetic north. In the northern hemisphere the 
normal component points to the earth's interior, while in the 
southern hemisphere points to the sky. At the equator there 
is only tangential component. The angle between magnetic 
north and geographic north is defined as declination and 
ranges between ±20°, depending on the longitude [21]. The 
manufacturer indicates that this sensor have a resolution of 8 
mGauss. As the amplitude of the tangential component is 
about 300 mGauss, we obtain an approximate angular 
resolution of 1.53º. 

A gyroscope is a sensor that indicates the angular velocity. 
The chip used is the ITG3200 from InvenSense [22], with a 
range of ±2000 °/s, which allows the vehicle to turn on itself 
at 5.55 revolutions per second. The ITG3200 incorporates a 
16 bit ADC which results in a resolution of 14.375 
LSB/(°/s), i.e., each increment of a degree per second, the 
value at the output of the ADC increases, on average, 
14.375. This sensor is also tri-axial as accelerometer and 
magnetometer. After analyzing the datasheet of this sensor 
was found that there were other possible ranges beyond the 
±2000 °/s, but they appeared as reserved. Studying other 
gyros from the same manufacturer, namely IMU-3000 and 
MPU-3000, they had many possible ranges to select without 
being marked as reserved and with greater sensitivity. This 
raises a question. Why this manufacturer behavior to point 
ranges as reserved [22]? This could have two origins, a first 
for marketing reasons or a second by defect in chip design. 
Taking these hypotheses, we decided to select one of the 
scales aside, what should be the most sensitive, and 
determine the relevant parameters that should appear on the 

datasheet, in order to answer this question. After 
characterizing the range this sensor was found that the 
sensitivity is 57.1204 LSB/(°/s), i.e., assuming an offset of 
zero (the line passing the origin), the value of end scale 
corresponds to 573.65 °/s. This value differs from the 
initially assumed value of 500 °/s, with an error of 14.73% if 
this was the supposed value indicated on datasheet as other 
devices from the same manufacturer. To calculate the noise 
level, statistics has to be used. The variance of a random 
variable is the measure of its statistical variation, indicating 
how far the samples are from the average of the samples, 
can also be understood as to average squared deviation. The 
YY axis has a noise level below 0.653 °/s (worst case) for 
99.7% of the time. Applying the same procedure to the other 
axis of the sensors similar results were obtained. 

The GPS (Global Positioning System) [23] is a system that 
provides location and timing information to a receiver, 
which is in the earth's surface, since it captures the signal of 
at least four satellites. The receiver position is determined by 
the method of trilateration, which determines the distance 
from the receiver to the several satellites and calculate a 
point which is the intersection of all distances, taking into 
account that the position of the satellites is known. Distances 
are calculated through the time that the satellite signals take 
to reach the receiver. If the distance to at least one of the 
satellites varies, means that the recipient has moved. The 
chosen GPS module was as the LEA-5S from u-blox [24], 
by having an input for an external antenna adapted to 50Ω, a 
startup time of less than 1s (Hot Start), and Supersense 
functionality that allows use in environments where 
conditions are not ideal. The accuracy of this system 
depends mainly used in the receiver electronics. In general, 
receptors are able to detect variations of 1% of the width of 
one bit, i.e., knowing that the GPS system sends one bit 
every 0.98 us, it has an accuracy of 0.01 us, which 
corresponds to approximately 3 m. However, there is the 
RTK (Real Time Kinematic) [25] method, consisting of a 
fixed GPS receiver with the ability to detect phase shifts 
from the carrier wave of the GPS signal. This receiver then 
provides in real-time, the deviations found and corrections 
that need to be made by the other receivers. Thus to 
accuracy of GPS is in the order of tens of centimeters. 
However, we still cannot add the RTK method to this test 
platform for compatibility reasons. 

The microvehicle has two thrusters, one at the end of each 
wing. As the thrusters are DC motors with a propeller, 
controlling its speed is performed by a PWM (Pulse Width 
Modulation) signal. To this end we use the H-Bridge 
MC33932 from Freescale [26]. This integrated has a pair of 
H-Bridges, i.e., two motors can be controlled with one chip. 
The vehicle board will have two of these, so you can control 
up to four DC motors. A major advantage of the MC33932 
is to have power transistors included that support currents up 
to 5 A. The PWM signal frequency is 152 Hz. If the 
frequency is too high, the motor is less efficient due to 
losses caused by inductive effects, which in turn will 
generate more heat. On the other hand if the frequency is too 
low the motor will vibrate. Thus the value selected was a 
tradeoff between these two extremes. Another problem 
detected in the motor happens when the average voltage is 
less than 2 V. Below this value, the voltage is not sufficient 
to cause a rotation due to static friction, resulting in high 
current, with no movement of the propeller. Once the 
voltage increases, and the propeller begins to rotate, current 
drops dramatically. Thus, a software protection has to be 
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used. The PD controller is sufficient in comparison with the 
PID, since the integral component of the controller 
introduces too much overshoot. The gains have been 
selected using a simplistic model of the vehicle. Despite the 
simplistic model, the controller performed well in tests with 
the vehicle in water. 

 

X. REFERENCES 

[1]. Wikipedia. Autonomous underwater vehicle. 
Wikipedia. [Online] 4 de Junho de 2010. [Quote: 7 of 
June of 2010.] 
http://en.wikipedia.org/wiki/Autonomous_underwater_
vehicle. 

[2]. Co3-AUVs. Home. Cooperative Cognitive Control for 
Autonomous Underwater Vehicles (Co3-AUVs). 
[Online] 21 of May of 2010. [Quote: 7 of June of 
2010.] http://robotics.jacobs-
university.de/projects/Co3-AUVs/index.htm. 

[3]. Silva, João Vaz da. TeleBotix. IST-ISR : s.n., 2009. 
[4]. Wikipedia. Hovercraft. Wikipedia. [Online] 6 of June of 

2010. Quote: 8 of June of 2010.] 
http://pt.wikipedia.org/wiki/Hovercraft. 

[5]. Crossbow Technology Inc. MICAz: Wireless 
measurement system. San Jose, CA : Crossbow 
Technology Inc. 

[6]. Simpson, Jim Anto. A 1 Mbps Underwater 
Communications System using LEDs and Photodiodes 
with Signal Processing Capability. Raleigh, North 
Carolina : s.n., 2007. 

[7]. Wikipédia. Transmission Control Protocol. Wikipédia. 
[Online] 9 of June of 2011. [Quote: 9 of June of 2011.] 
http://en.wikipedia.org/wiki/Transmission_Control_Pr
otocol. 

[8]. Microchip Technology Inc. PIC32MX5xx/6xx/7xx 
Family Data Sheet. s.l. : Microchip Technology Inc, 
2010. 

[9]. Atmel Corporation. AT91SAM ARM-based MCUs 
and eMPUs . Atmel. [Online] 8 of June of 2010. 
[Quote: 8 of June of 2010.] 
http://www.atmel.com/products/at91/default.asp?famil
y_id=605. 

[10]. MIPS Technologies Inc. MIPS32® Instruction Set 
Quick Reference. s.l. : MIPS Technologies Inc, 2008. 

[11]. —. MIPS32™ Architecture For Programmers Volume 
II: The MIPS32™ Instruction Set. Mountain View, 
CA : MIPS Technologies Inc, 2001. 

[12]. Hamlin. 55100 Mini Flange Mount Hall Effect Sensor. 
s.l. : Hamlin, 2003. 

[13]. IEEE. Part 15.4: Wireless Medium Access Control 
(MAC) and Physical Layer (PHY) Specifications for 
Low-Rate Wireless Personal Area Networks (LR-
WPANs). s.l. : IEEE, 2003. 

[14]. RF Monolithics Inc. ZMN2430HP: High Power 
ZigBee Module. s.l. : RF Monolithics Inc., 2008. 

[15]. Raghavendra R. Hegde, Atul Dahiya, M. G. 
Kamath. CARBON FIBERS. University of Tennessee. 
[Online] 1 of April of 2004. [Quote: 10 of June of 
2010.] 
http://web.utk.edu/~mse/Textiles/CARBON%20FIBE
RS.htm. 

[16]. Wikipedia. ZigBee. Wikipedia. [Online] 8 of June of 
2010. [Quote: 10 of June of 2010.] 
http://en.wikipedia.org/wiki/ZigBee. 

[17]. —. Underwater acoustic communication. Wikipedia. 
[Online] 18 of May of 2011. [Quote: 9 of June of 
2011.] 
http://en.wikipedia.org/wiki/Underwater_acoustic_com
munication. 

[18]. —. Infrared Data Association. Wikipedia. [Online] 21 
of May of 2011. [Quote: 9 of June of 2011.] 
http://en.wikipedia.org/wiki/Infrared_Data_Associatio
n. 

[19]. STMicroelectronics. LIS331DLH: ultra low-power 
high performance 3-axes “nano” accelerometer. s.l. : 
STMicroelectronics, 2009. 

[20]. —. LSM303DLH: 3-axis accelerometer and 3-axis 
magnetometer. s.l. : STMicroelectronics, 2009. 

[21]. —. Application note AN3192, Using LSM303DLH for 
a tilt compensated electronic compass. s.l. : 
STMicroelectronics, 2010. 

[22]. InvenSense Inc. ITG-3200 Product Specification. 
California : InvenSense Inc., 2010. 

[23]. Wikipedia. GPS. Wikipedia. [Online] 8 of June of 
2011. [Quote: 9 of June of 2011.] 
http://en.wikipedia.org/wiki/GPS. 

[24]. u-blox. LEA-5: u-blox 5 GPS Modules Data Sheet. 
s.l. : u-blox, 2009. 

[25]. Wikipedia. Real Time Kinematic. Wikipedia. [Online] 
29 of May of 2011. [Quote: 9 of June of 2011.] 
http://en.wikipedia.org/wiki/Real_Time_Kinematic. 

[26]. Freescale Semiconductor Inc. 33932: 5.0 A Throttle 
Control H-Bridge. Denver, Colorado : Freescale 
Semiconductor Inc., 2009. 

[27]. Wikipedia. Quaternions and spatial rotation. 
Wikipedia. [Online] 27 of June of 2011. [Quote: 9 of 
June of 2011.] 
http://en.wikipedia.org/wiki/Quaternions_and_spatial_r
otation. 

[28]. Madgwick, Sebastian O.H. An efficient orientaion 
filter for inertial and inertial/magnetic sensor arrays. 
2010. 

[29]. Franklin, Gene F., Powell, J.David e Emami-Naeini, 
Abbas. Feedback Control of Dynamic Systems: 
International Version 6th edition. 2008. 
9780135001509. 

 


