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Executive Summary

The University of Southampton’s entry into the Student Autonomous Underwater Challenge - Europe (SAUC-E) 2007 is
a custom designed and built Autonomous Underwater Vehicle(AUV) named SotonAUV, it measures 1.31m long, 0.26m
wide, 0.22m deep and weighs approximately 24kg in air. Originally developed for SAUC-E 2006, the vehicle has been
significantly upgraded for the 2007 competition; the propulsion system has been replaced, resulting in a more efficient
and highly reliable system, the pressure vessel has been redesigned to reduce weight and the vehicles software has been
redeveloped to improve the autonomy of the vehicle.

The design of the vessel focused on a faired hydrodynamic shape encasing an extruded aluminium frame support-
ing the vessels propulsion system and two central pressure vessels. The autonomous control system is undertaken through
various custom built PCBs, off-the-shelf components and a central mini ITX computer running a specially developed
autonomy program based in the MATLAB environment. Sensing is undertaken through the use of waterproof cameras,
a compass, a pressure sensor, and a three axis gyroscope and accelerometer. Propulsion is achieved using a pair of side
mounted horizontal rim driven thrusters to provide surge and yaw control in the horizontal plane and two vertical rim
driven tunnel thrusters at the bow and stern of the vessel to provide control in heave and pitch.

1 Introduction

SotonAUV is an autonomous underwater vehicle developed
specifically for the purpose of entering the 2006 SAUC-E
(Student Autonomous Underwater Challenge Europe) [1].
The vehicle was originally developed by undergraduate stu-
dents from the School of Engineering Sciences and the School
of Electronics and Computer Science at the University of
Southampton, see figure 1. After achieving 3rd place in the
2006 competition the vehicle has been enhanced by a team
of postgraduates for use as a research tool.

Figure 1: SotonAUV at the 2006 SAUC-E Competition

Four key areas were identified for further development fol-
lowing the 2006 competition:-

1. improve the reliability and performance of the propul-
sion system;

2. redesign the battery pack for easier access and greater
energy density;

3. enhance the autonomy of the vehicle through significant
development of the control algorithms;

4. design and build a new pressure vessel to reduce weight.

Each of the four areas has been addressed throughout the
previous year and the enhanced vehicle is being entered into
the 2007 SAUC-E competition, being held at the Qinetiq’s
Haslar manoeuvering basin on the 12th-15th of July. Teams
from six universities are competing in a series of missions
aimed to demonstrate the capabilities of the vessels. The
missions for the 2007 competition are as follows [2]:-

• Move from launch/release point and submerge.

• Pass through a validation gate - without contacting any
part of the ’structure’.

• Locate a circular target situated on the bottom of the
tank. The objective is to ’hit’ the target using a suitable
(non-chemical) marker dropped from the vehicle.

• Locate a mid-water target and contact it with the AUV,
avoiding a similar dummy mid-water target.

• Produce a 2-D map of the features in the competition
area. The map is to be a list of co-ordinates.

• Surface within a designated surfacing zone.

In order to compete the vehicle must be fully autonomous
during the missions. This means that no external communi-
cation of any type is allowed. The vehicle must be powered
by batteries and must be designed with an emphasis on safe
operation. The vehicle must be no heavier than 70kg in
air and points are awarded for lighter vessels. The maxi-
mum dimensions are 2 x 1 x 1 metres. The vessel must have
a labelled and easily accessible kill-switch which must cut

1



the power to all parts of the vessel when activated. Fur-
thermore, there must be a minimum of two clearly labelled
lifting points.

2 Mechanical Systems Overview

The general arrangement of the vessel is largely unchanged
from the original design although most of the components
have been upgraded. Significant effort has been made to
enhance the reliability and usability of the vehicle, in some
cases this has meant moving towards commercially available
components in preference to custom made, most notably the
use of commercial thruster units. The principle mechanical
components are discussed in the following sections.
2.1 Hydrodynamic Hull and Fins

The carbon fibre hydrodynamic hull is unchanged from the
2006 competition, see figure 2.

Figure 2: Soton AUV in the Lamont Towing Tank, Univer-
sity of Southampton

The fins are also unchanged however a more rigid mount-
ing system has been developed to minimise fin flutter which
was previously experienced by the vehicle.

2.2 Thruster Layout

The layout of the thrusters was governed by the competition
rules as well as the mission brief. The rules require propellers
to be ducted and that the AUV is positively buoyant when
all systems are turned off. This requirement is contradictory
to the diving ability of an AUV. It can be overcome in one
of three ways; either using hydrodynamic forces from control
surfaces or the hull; using a spring loaded buoyancy bladder
which will expand if all electronics are switched off; or, the
chosen option, using vertical thrusters to constantly apply
a downward force to overcome the positive buoyancy and
thus maintain depth. This system was selected as it adds
manoeuvring flexibility, has a low probability of malfunction
and meant that the team would not have to develop separate
systems for diving and manoeuvring.

The other consideration governing the layout of the
thrusters was the required compromise between obtaining
maximum vessel manoeuvrability and a simple energy ef-
ficient arrangement. After assessing the options the team
decided that a suitable compromise between having maxi-
mum manoeuvrability and low power consumption was
-Two vertical thrusters, one at the front and one at the rear,
positioned on the centreline.
-Two horizontal thrusters, one on either side of the hull, po-
sitioned close to amidships.
This arrangement allows control of surge, heave, pitch and
yaw.

The lack of control over roll is overcome by offsetting the
vertical centre of buoyancy and the vertical centre of gravity.

A limitation of this design is the inability to crab. With the
current layout, this is only possible by turning and adjust-
ing forward/reverse motion. This is likely to be important in
the marker dropping mission. However, by assuring that the
marker dropping mechanism is positioned away from amid-
ships, sideways motion can be partly achieved for the marker
droppers by yawing the AUV.

The original vehicle had bespoke thrusters consisting of
small model aircraft style brushless dc motors and 70mm di-
ameter brass marine propellers within straight ducts. There
are three main problems with these thrusters, namely, the
inability to operate at a suitably low rotational speed to gen-
erate an appropriate thrust, the high currents drawn from
the motors and the vibrations caused by the non-uniform
propellers which are accentuated by the long hub design. Af-
ter initial tests to attempt to achieve greater levels of control
over the motors were unsuccessful, the decision was taken to
investigate alternative thruster options.

Investigations were made into developing the original
thruster design using new more suitable motors and bet-
ter matched propellers, however the costs and lead times for
these designs proved prohibitive. Hence, a complete off-the-
shelf thruster was sought as a solution. The chosen thrusters
are 70mm diameter 50N tip driven thrusters, see Figure 3,
kindly lent to the project by the manufacturers, TSL Tech-
nology Ltd [3]. The thruster motors are encased within the
duct, minimising the hub size required for the symmetri-
cal propeller blades. The symmetrical blades result in the
thrusters having identical performance in ahead and astern,
simplifying control of the vehicle.

Figure 3: University of Southampton Rim Driven Thruster
Produced Under License by TSL Technology Ltd

The tip driven electric thrusters were developed at the
University of Southampton and are now produced commer-
cially under license by TSL Technology Ltd. The thrusters
are driven by a PM brushless dc motor whose rotor is fit-
ted as a ring around the propeller and the stator is housed
within the duct space to produce a compact efficient device,
whereby the motor does not obstruct the flow of water to the
propeller. The key to the high efficiency of the device is the
careful matching of the motor and propeller characteristics
[4] [5].

2.2.1 Thruster Testing

The thrusters were tested statically using the original motor
controllers (Castle Creations Barracuda 80 brushless motor
controller connected to the computer via a Parallax USB
Servo Controller), Figure 4 shows the performance to be
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symmetrical (in forward and reverse) and capable of gen-
erating a thrust of appropriate magnitude to allow good low
speed control of the vehicle. In addition, the power required
by the thrusters was found to be within the capabilities of
the batteries. Tethered and free-swimming tests confirmed
the results of the static tests and hence the suitability of the
thrusters for the vehicle.

Figure 4: Tip Driven Thrusters Performance

These new thrusters required new mountings to be de-
signed. The thruster fairings are removable and the connec-
tions for these fairings provided the method of attachment to
the new mountings. The horizontal thrusters have two rings
inserted between the fairings and the motors on either side
of the thruster. These are attached to an aluminium block
which slots on to a NACA-66-018 wing section attached to
the hull frame. The thruster location maximises the turn-
ing capabilities of the vehicle within the maximum allowed
vehicle dimensions. The vertical thrusters are mounted in a
similar way, using a set of flanges which join the motors to
the perspex thruster tubes. The vertical thrusters are placed
as low as possible in the vehicle to aid in keeping the verti-
cal centre of gravity below the centre of buoyancy. The tube
ends are faired into the hull form to aid the flow through the
tubes and reduce the drag caused by the holes in the hull
form, see figure 5.

Figure 5: Vertical Tunnel Thruster

2.3 Frame

The frame is central to the design of an AUV as this provides
the structure for the components and hull form. The 2006

frame was designed considering the following parameters:

• Component integration

• Ease of production

• Material suitability/availability/cost

• Adaptability

• Weight

• Centre of gravity of the frame

Each idea was individually evaluated upon the basis of these
ideas. After much consideration a Meccano type space-frame
system was chosen as the final framing solution for the AUV.

The chosen design uses a lightweight aluminium extrusion
(Bosch RexRoth) to form a frame to mount the pressure
vessel and other components on. This space-frame system
proved successful in the 2006 competition so has been ex-
tended to provide supports for the new cameras, multiple
pressure vessels and to allow a more rigid attachment of the
fins.

2.4 Pressure Vessel

A pressure vessel is required to house the electrical systems
and batteries. The 2006 vehicle had a single pressure vessel
to house all the electronics and batteries. Experience gained
in the competition lead the 2007 team to modify the design.
The new design has two pressure vessels: one containing the
batteries and battery management system and one to hold
the vehicles ’brain’. The use of two pressure vessels increases
the flexibility of the vehicle meaning it is now possible to run
the AUV in the water using a tether to provide power while
the batteries are recharging. Access to the batteries is also
improved by this design.

The main pressure vessel is constructed from 200mm outer
diameter perspex tube with two bespoke aluminium end
caps, resulting in a total length of 380mm, the new end caps
are significantly lighter than those used in the 2006 com-
petition. Seacon wet mateable connectors and Lapp cable
glands are mounted in the top end cap to allow connections
between the internal electronics and the external motors,
cameras and battery pressure vessel. The battery pressure
case is a commercially available water tight box, Otter box,
this has been modified and fitted with Lapp cable glands.
The connections between the pressure vessel and other com-
ponents are illustrated in figure 6.

2.5 Marker Droppers

The third mission is to locate a circular target situated on
the bottom of the tank. The objective is to ’hit’ the tar-
get using a suitable (non-chemical) marker dropped from
the vehicle. Each marker can have maximum dimensions of
35mm x 35mm x 100mm and minimum dimensions of 15mm
x 15mm x 15mm. Testing has shown that markers with only
a small negative buoyancy are the most effective at hitting
a small target. The low velocity prevents the markers from
bouncing on impact. To further increase accuracy, the mark-
ers are shaped to provide a high level of directional stability.

The release mechanism consists of a passive electro-
magnet. When no current is passed though the release mech-
anism, a magnet in the tip of the marker will ensure that it
is held firmly to the soft iron core of the dropping mecha-
nism. When current is passed through, the electro-magnet
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Connector Details

Battery PV
Power : 4 wires (2 for +ve and 2 for 0V)
RS232 : 3 wires
Charging : 4 wires

Electronics PV
Start and kill switch : 4 wire (2 per switch)
Thruster : 3 wires
USB : As per USB standard
Marker dropper : 2 wires

Design Philosophy
1) Glands are less likely to leak than cheap connectors.
2) Connectors need to be designed so they cannot be incorrectly
connected

Figure 6: Pressure Vessel Connections

will repel the permanent magnet in the dropper and hence
the marker will be released out of the housing tube. This
mechanism ensures low power consumption and is more re-
liable than a mechanical system.

The marker droppers are located next to the downwards
pointing camera. Thus this simplifies the control system
since the AUV can drop the makers when the camera is
vertically aligned with the target.

3 Electronic System Overview

An overview of the electronics systems within the SotonAUV
is shown in Figure 7
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Figure 7: SotonAUV Electrical Systems Overview

The electronics are split between two pressure vessels. The
battery pressure vessel contains the lithium polymer battery
pack and all the associated control and protection electron-
ics. The electronics pressure vessel contains the heart of
the system. It houses the main control computer, the motor
control system (motor controllers and Parallax servo board),
the navigation system (Magnetometer, Inertial Measurement
Unit (IMU), and depth sensor), the marker dropper firing
circuit, and kill switch power control.

The details of the electronics within the electronics pres-
sure vessel are discussed in more detail in the following sec-
tions.

3.1 Mini ITX and Mini ITX Power Supply

The control computer used in the 2006 vehicle was a mini-
ITX form factor VIA EPIA ME6000 Fanless Motherboard.
After some testing it was found that the 600MHz Eden pro-
cessor used on this motherboard did not have the power to
perform the required image processing. A solution to this
processing problem was provide by Kontron Europe [6], who
donated a Kontron 986LCD Mini-ITX board with a 2GHz
Core Duo processor with 1GB of RAM. The RAM has subse-
quently been increased to 4GB to increase processing speed.

The Kontron Mini-ITX board has many advantages over
the previous computer, as it contains 4 serial ports, and 8
USB ports. This removed the requirement for a USB hub,
and the USB to serial converted used on last year’s vehicle.

The Kontron board is powered by an M2-ATX power sup-
ply board and uses a 60GB Hitachi TravelStar 5K120 disc
drive for storage.

3.2 Speed Controllers

The tip driven thrusters uses a brushless DC motor to drive
the propeller and therefore requires a three-phase input.
However, to ensure that the phases switch at the correct
time, the position of the rotor must be known. There are
two methods of achieving this, either through the use of Hall
effect sensors, or by using the back EMF from the windings.
Hall effect sensors were tested on a modified brushless DC
motor using specifically made motor controllers, however the
large number of connections required and the availability of
off-the-shelf controllers using the back EMF approach meant
that Hall effect sensors were not used.

To allow easy control of the motors in forward and reverse
the team had to find an Electronic Speed Controller (ESC)
designed for bi-directional operation. American ESC man-
ufacturer, Castle Creations, suggested a suitable ESC - the
Castle Creations Barracuda 80. Castle Creations [7] offered
to supply us with four Barracuda ESCs at a reduced cost
as sponsorship. As the Barracuda 80 controllers are radio
control ESCs they use the standard pulse width modulated
(PWM) signal used by all RC systems to set the motor de-
mand. To interface the controllers with the main PC it was
necessary to have a system that could produce this PWM
signal. The chosen system was an off the shelf servo con-
trolled produced by Parallax. This servo control board can
control up to 16 ESCs and servos, and is connected to the
main PC using a USB interface.

3.3 Optical Systems

Optical sensors are vital to fulfil most missions, as they are
needed to identify potential targets. Several options were
feasible to detect the marker dropper light source, includ-
ing Light Dependant Resistors and Photodiodes. To detect
more high-level features and assist in further missions, cam-
eras were tested and found to provide more versatility. The
computer architecture chosen proved to be fast enough for
advanced image processing techniques. Three cameras were
fitted to the vessel, one looking forward, one upward and one
downward. Therefore all surroundings of the AUV can be
monitored to identify objects in the water.

Logitech Quickcam Express 640x480 Webcams were se-
lected for their low cost and suitable performance. Custom
built water proof housings were developed using perspex.
Using the Matlab image processing and acquisition toolboxes
the camera streams are sampled and searched for objects.
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These are identified using regional contrast, edge detection
algorithms and colour and brightness levels. The centre of
area of the objects is used to provide coordinates to the cen-
tral processing system, which can then make decisions on
the AUV navigational targets.

Figure 8 shows the forward facing cameras ability to ob-
serve items on the tank bottom. The ’wreck’ measuring 40cm
was placed 3m away from the AUV when this image was cap-
tured.

Figure 8: Image Capture from Forward Facing Camera

3.4 Navigation Sensors

The navigation sensors comprise a pressure sensor, a com-
pass, and an inertial measurement unit.
3.4.1 Pressure Sensor

The vessel depth can be obtained by measuring the local
water pressure, this is measured using a CTE 9005AY7 by
Sensortechnics. This pressure transmitter is compatible with
corrosive media as it is stainless steel and therefore allows
the vehicle to be operated in saltwater. It provides a pres-
sure range from 0 to 5 bar and thus can measure depths
up to 40m. The output is amplified such that it can be
plugged directly into the DAQ (Data Acquisition System).
It provides an analogue voltage output between 0V and 5V.
This 4 means that 1bar corresponds to a 1V simplifying the
conversion. The achievable accuracy with the DAQ and an
analogue resolution of 12bits is at least 1cm in water depth.
The pressure transmitter screws through a specially drilled
hole in the aluminium end-cap of the pressure vessel and
then connects directly to the DAQ.
3.4.2 Compass

The AUV’s heading is measured using a 3 axis magnetome-
ter which gives the 3D vector of the intensity of the local
magnetic field. As the main component of the earth’s mag-
netic field is in the Northerly direction, the compass needs
to be tilt compensated when the AUV is not level to get an
accurate estimate of the vehicle’s heading.

The compass consists of a MicroMag3 magnetometer,
which is connected to a PIC16F876A microcontroller via an
SPI interface. The PIC then interfaces to the main computer
using an RS232 serial port. The compass is designed so that
it will output the heading data when poled.
3.4.3 Inertial Measurement Unit (IMU)

The AUV’s rotation rates and accelerations are measured us-
ing a 6 degree of freedom IMU. This system uses a three axis
MEMS accelerometer coupled to three single axis MEMS gy-
ros positioned on three orthogonal axes. The accelerometer

can be used to measure the vehicles attitude as it measures
the acceleration due to gravity. The unit is interfaced to the
main computer through an RS232 serial port.

3.5 Interface Board

To simplify the wiring within the pressure vessel and inter-
face board was created. The board holds several functions.
First it acts as the main power distribution system within
the electronics pressure vessel and controls the power going
to the motor and the main computer. Second it contains
the marker dropper firing circuit. Third it contains the kill
circuitry which cuts power when the kill switch is activated.
Finally the system also contains sense resistors to monitor
the current flowing into the motors and the main computer,
and monitors the battery voltage.

4 Weight Control

One of the main objectives of the competition is to pro-
duce a lightweight vehicle. A lightweight vehicle requires
less power for propulsion and control making it more efficient
which is an important feature of autonomous vehicle design.
To attempt to minimise weight the vehicle is designed to
be freeflooding meaning that only those components which
need to operate in air are sealed into pressure vessels. The
pressure vessels are made from lightweight materials such
as perspex where possible. The internal frame structure
of the vehicle is made from aluminium extrusion which is
lightweight but has good stiffness and strength properties to
form the required rigid framework.

Two of the key sources of weight within the vehicle are
the batteries and the thrusters. To minimise battery weight
it is important to have a low drag vehicle thus requiring a
low propulsion power. To minimise the drag the outer shell
has been hydrodynamically designed to have a low resistance
in the predominant direction of motion, namely, surge. At-
tempts to minimise the vehicle drag have also been made
through the use of tunnel thrusters, as opposed to further ex-
ternally mounted thrusters, and wing section mountings for
the side thrusters. The thrusters used on the vehicle are rel-
atively heavy when compared with smaller shaft driven sys-
tems. However, the superior control capabilities and hence
enhanced vehicle performance provided by these thrusters
outweighed the desire to reduce the vehicle weight in this
case.

Table 1 gives data on the mass of component parts of the
vehicle, values marked with an * represent estimated values
at the time of writing. The total vehicle mass (in air) is
approximately 24kg.

5 Numerical Hull Resistance Pre-
dictions

An understanding of the forces acting on the AUV are re-
quired for input into the control systems. The fluid flow
around the SotonAUV has been modelled using the com-
mercial finite volume code ANSYS CFX 10 (CFX) [8]. For
these calculations the fluid’s motion is modelled using the in-
compressible , isothermal Reynolds Averaged Navier Stokes
(RANS) equations in order to determine the cartesian flow
field (ui = u, v, w) and pressure (p) of the water around an
AUV hull:
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Table 1: Weight Breakdown for SotonAUV

Item Weight (kg) Number Total (kg)
Thrusters
Side Thruster Wing 0.18 2 0.36
Side Thruster Mount 0.18 2 0.36*
Side Thruster 1.18 2 2.36
Tunnel Thruster Assembly 1.46 2 2.92
Hull and Frame
Hull Top 0.94 1 0.94
Hull Bottom 1.54 1 1.54
Control Surface 0.06 4 0.24
Existing Frame 2.22 1 2.22
Frame Modifications 1.00 1 1.00*
On/Off Switch 0.06 2 0.12
Hooks 0.02 2 0.04
Main Pressure Vessel
Pressure Vessel Internal Structure 0.54 1 0.54
Pressure Vessel Top End Cap 2.22 1 2.22*
Pressure Vessel Bottom End Cap 1.43 1 1.43*
Pressure Vessel Connectors 0.60 1 0.60*
Pressure Vessel Tube 0.25 1 0.25*
Electronics 0.60 1 0.60*
Battery Pressure Vessel
Battery Box 0.60 1 0.60
Lead Acid Battery 2.48 1 2.48
Cable Gland 0.04 3 0.12
Miscellaneous
Marker Droppers inc. Cable 0.52 1 0.52
Marker Dropper Tube 0.04 3 0.12
Cameras inc. Cable 0.18 3 0.54
Buoyancy Foam 0.20 1 0.20*
Cables 0.16 9 1.44*

Total (kg) 24.00*
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Simulations were run on a high specification desktop pc
running 64 bit Windows XP with 4 GB of RAM. Solutions
presented have been calculated using the high resolution ad-
vection scheme. The residual mass error was reduced by four
orders of magnitude and lift and drag forces on the AUV
were monitored to ensure convergence, further details are
available in [9]. The numerical results are compared with
fully appended straight line resistance tests, performed by
Andersen et al [10].

SotonAUV was tested prior to manufacture of it’s faired
wings. Consequently, the appendage drag for SotonAUV
is considerable in relation to the naked hull resistance. The
wings used for the model tests comprised of 2 cm × 2 cm un-
faired aluminium extrusion. Assuming a drag co-efficient of
1 and a projected area of 0.0076m2 (0.19m×0.02m×2) gives
an approximate wing drag of 8.55 N at 1.5m/s, inline with
the CFD prediction. The CFD analysis under predicts the

Figure 9: Fluid Flow Around SotonAUV

total resistance compared to model test. However various
aspects of the appendage geometry were simplified for the
CFD analysis and no free surface was included.

6 LandBot

To enable the team to continue work on the AUV control
systems and electronics while the vehicle was upgraded a
wheeled vehicle, ’LandBot’ was developed, see figure 11.
LandBot is powered by two 12v lead acid batteries, while the
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Figure 10: Drag Predictions for SotonAUV

Table 2: Drag Breakdown for SotonAUV at 1.5 m/s
Component Drag (N)
Naked Hull 5.46

Foils 1.50
Tunnel Thrusters 0.50

Wings 7.45

Total 15.83

AUV’s electrical systems are mounted on three aluminium
shelves. Two electric motors are used to independently drive
the front wheels and two caster wheels are positioned at the
rear. This allows the vehicle to drive forwards, backwards
and spin on the spot replicating the motion of the AUV in
the horizontal plane.

The use of LandBot has been invaluable in development
of the AUVs software and electrical systems, providing the
team with invaluable experience of interfacing the electrical
and mechanical systems with the control software.

Figure 11: LandBot

7 Autonomy

The hardware platform facilitating the autonomous control
of the AUV is constituted by a single mini ITX board car-
rying an Intel Core Duo processor and 1 Gb of RAM. Addi-
tionally, our hardware platform included the following com-
ponents:

• 3 Logytech cameras,

• 3D magnetometer,

• 6D accelerometer,

• pressure sensor,

• two horizontal thrusters with controllers,

• two vertical thrusters with controllers.

Our control module is formed by an ensemble of software
agents (SA), which constitute an independent pieces of soft-
ware. Each of the SAs is responsible for a different aspect
of AUV’s autonomous behaviour. The SAs run in paral-
lel, while constantly exchanging information using UDP sig-
nalling. The main advantages of a control systems com-
prising multiple SAs, as opposed to a single process-based
control scheme, may be summarised as following

• Parallelism. Specifically, the computationally intensive
processes can run in the background without interfering
with the essential real-time control processes.

• Optimum exploitation of the available computational
resources via parallel processing.

• Scalability. Namely, SAs can run on any number of
independent hardware components.

• Robustness. The overall control system can recover in
the case of a failure of a certain number of SAs.

All SAs were implemented in Matlab. The list of the SA
modules employed along with the corresponding inputs and
outputs are summarised in Table 3.

More specifically, the agentMissionCntr module of Ta-
ble 3 facilitates the high-level control of the AUV. It takes
the data provided by the agentFrontCam and agentDownCam
module as its input and sends the high-level commands to
the agentMotionCntr agent as its output. Additionally, it
monitors requests from the agentRemote module and can
switch to the operator-control mode, or otherwise provide
the operator with several types of monitoring data.

The low-level control is realised by the agentMotionCntr
module and involves a vertical as well as horizontal closed-
loop control modules. More specifically, the depth/pitch/roll
control is achieved by invoking a closed-loop module com-
prising the 6D accelerometer and the pressure sensor at the
input in conjunction with the pair of front and rear vertical
thrusters at the output. Furthermore, the low-level head-
ing control is realised by invoking the a closed-loop module
comprising the 3D magnetometer in the input and the pair
of left and right horizontal thrusters at the output.

The agentFrontCam module is solely responsible for mid-
water target recognition. The properties of the identified
mid-water targets are registered in the database, which is
utilised by the agentMissionCntr agent for the sake of high-
level control and mission planning.

Likewise, the agentDownCam module is dedicated to the
identification and characterisation of objects located un-
der the vehical. Additionally, the agentDownCam mod-
ule performs the mapping of the tank/sea floor. Subse-
quently, the attained map of the floor is utilized by the
agentMissionCntr agent for the sake of navigation.

The agentRemoteCntr module is invoked on the remote
computer and may be employed for remote control and/or
monitoring of the AUV’s status and activities. The au-
tonomous bahaviour of the AUV does not rely on whether
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Table 3: List of Software Agent Comprising the AUV’s Control Module.

Name inputs outputs
agentMissionCntr data from SQL Database requests to agentMotionCntr,

agentFrontCam and
agentDownCam

agentMotionCntr magnetometer, accelerometer,
pressure sensor

signals to horizontal and vertical
thrusters

agentFrontCam requests from data
agentMissionCntr, data from
the front-looking camera

mid-water target-related data

agentDownCam requests from data
agentMissionCntr, data from
the down-looking camera

under-the-hull target-related
data, mapping-related data

agentRemoteCntr operator input, monitoring data
from agentMissionCntr

requests to agentMissionCntr

SQL Database data and requests from all other
agents

data distribution to all other
agents

the connectivity with the agentRemoteCntr module can be
established.

In addition to the aforementioned software modules the
main processing unit runs a SQL database server, which may
be also regarded as a software agent. The database accumu-
lates all the relevant information concerning the AUV envi-
ronment. The data can be accessed and extended by any of
the control agents at any point of time. For instance, the
database contains the 3D coordinates describing the AUV’s
trajectory, supplemented by the magnetometer, accelerom-
eter and pressure sensor readings as well as references to
the down- and forward-looking cameras snapshots associated
with each of the registered trajectory instances. In addition,
the database records the information describing all detected
mid-water as well as under-the-hull targets

8 Mission Planning

The design of the vehicle and its propulsion system influ-
ences how the team plan to complete the 6 missions of the
competition. The vessels fins ensure it has good directional
stability when travelling forwards while the large separation
between the wing mounted thrusters means the vehicle is
able to spin within its length. Depth and pitch are con-
trolled through the two tunnel thrusters.

A two-subsystem controller (see figure 12); for depth and
heading has been designed for SotonAUV. Assuming an
AUV moving forward with constant speed, the heading sub-
system presents the steering of the AUV in the X-Y plane.
The control input commands two horizontal thrusters. The
depth subsystem presents the depth motion of the AUV in
the X-Z plane. The control input commands two vertical
thrusters. A PD controller is chosen to stabilise for the depth
and heading subsystem.

Each mission will also be subdivided into horizontal and
vertical tasks. For example for the first mission passing
through the validation gate. The vehicle will descend to the
required depth first using the tunnel thrusters, the depth is
constantly monitored using the pressure sensor and will be
maintained at the correct level using the tunnel thrusters.
Using the magnetometer the vehicle will ensure its heading
is correct. To correct its heading it will operate one wing

Figure 12: Motion Control

thruster slow ahead and the other slow reverse, resulting in
the AUV spinning on the spot. Once the heading is correct it
will travel forwards by operating both wing thrusters ahead.
Once through the gate the vehicle will stop.

Missions requiring location of targets will use the 3 cam-
eras mounted on the vehicle and image recognition software
to locate the targets. The field of vision of the cameras is
restricted consequently search patterns may prove necessary
to find the targets. The search patterns used will depend
on the distribution of targets within the tank. The vehicle
is highly maneuverable at low speeds meaning it is ideally
suited to these kind of tasks.

The navigation capability of the SotonAUV relies largely
on the Simultaneous Localisation and Mapping (SLAM) ac-
complished through the real-time processing of the visual
imaging of the tank/sea floor. More specifically we employ
the mapping technique outlined in [11] and [12], where the vi-
sual map of the relevant region is incrementally acquired us-
ing the sequence of snap-shots taken from the down-looking
camera attached to the bottom of the hull of the AUV. Each
acquired image is registered using the FFT-based method.
Subsequently, each pair of consecutive images is processed
providing the indication of the incremental transition, scal-
ing and rotation of the AUV. The resultant incremental val-
ues are integrated to provide the total horizontal transition
and rotation, as well as the vertical movement indicated by
the scaling of the current view of the tank/sea floor.

9 Risk Assessment

Safe operation of the vehicle is vital. The following risks
have been identified and where possible reduced to as low as
reasonably practical.
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• High Speed Propeller Rotation - Propellers are enclosed
within fixed ducts with stators to prevent entry into
ducts of large objects/cables.

• Use of Electrical Components in Water - Low voltage
components used. Sealed pressure vessels used for cam-
eras, batteries and main electronics. All external electri-
cal connections are isolated to avoid contact with water.

• Pressure Vessel Seal Failure - Camera pressure ves-
sels constructed from 3mm perspex and sealed using
epoxy. IP68 rated connectors used. Battery pressure
vessel is commercial box designed to be waterproof and
crushproof. Connectors are O-ring sealed cable glands
rated to IP68-5bar. Main electronics pressure vessel is
constructed from 3mm perspex tube with aluminium
6082T6 end caps. One end cap is fixed and sealed with
epoxy. The other end cap is removable with an O-ring
seal rated to at least maximum tank depth. Connectors
into pressure vessel are O-ring sealed cable glands rated
to IP68-5bar and O-ring sealed wet-mateable connec-
tors.

• Power Management - Batteries are sealed within indi-
vidual pressure vessel with independent and easily iden-
tifiable connectors for power transmission and charging
circuits. An on/off switch and a kill switch are located
on the top of the vehicle accessible via holes in hull form.
These switches are reed switches to allow power to be
stopped easily by removing connecting magnet.

• Battery Charging Procedure - The main battery for the
AUV consists of a number of connected lithium Polymer
cells. There are a number of issues associated with the
lithium polymer cells, the first is that they can catch
fire if over charged; second the battery chemistry is de-
stroyed if they are fully discharged. To remove the risk
of over charging and over discharging the batteries are
coupled to a battery management system (BMS) pro-
vided by REAP systems. This BMS senses: the battery
voltage; the current flow in to and out of the battery;
the battery temperature. Any abnormal conditions will
cause the BMS to switch off the charge and or discharge
relays thereby isolating the battery. The BMS should
protect the battery against fault conditions.

The cells will be charged using a commercial bench
power supply, with a voltage and current limit set so
that the battery initially charges at constant current
and then the final charge happens at constant voltage.

• Pressure Vessel Collapse - Pressure vessels designed us-
ing appropriate materials for operation at greater than
maximum tank depth. All pressure vessels enclosed
within hullform to protect from impact. Main elec-
tronics and battery pressure vessels further protected
by aluminium internal frame structure.

• Sharp Edges - All edges are shaped to reduce sharp
edges to avoid possibility of severing cables or damaging
components.

• Internal Frame Structure Collapse - The internal frame
structure is constructed from lightweight aluminium ex-
trusion and joined together using appropriate connec-
tors.

• Unexpected marker drop - Marker droppers use passive
electromagnets to hold markers in place. Markers are
not carried on the vehicle when this circuit is not to be
tested/used. Markers are lightweight to avoid potential
damage.

• Testing Procedures - All testing performed in dry areas
away from water where possible. Water based testing
uses sealed pressure vessels and connectors for all con-
nections.

• Vehicle failure - Vehicle is ballasted to be positively
buoyant to ensure vehicle rises to surface in case of
failure. Positive buoyancy set to minimum achievable
steady state thrust from vertical thrusters to ensure con-
trol is maintained.

No other chemical or biological risks have been identified.
No compressed air is used on the vehicle.

10 Financial Summary

Table 4 represents the items purchases during the course of
this year AUV development:

11 Innovation

SotonAUV is a custom built AUV, key areas of innovation
in its design are: -

• The innovative integrated rim driven thruster developed
at the University of Southampton [4] [5] was kindly do-
nated and has offered significant performance benefits.
In particular, as it is a bi-directional device the control
load is reduced. The rim driven thruster uses magnets
mounted on a rim attached to the blades with the stator
coils located within the thruster.

• A novel approach to control system development and
specifically the visual identification of targets used a
land-based system before migration to the water based
vehicle. This allowed a much more effective develop-
ment process that significantly enhanced the intelligence
of SotonAUV.

• A program of in-water manoeuvring performance trials
have improved the reliability, especially of the propul-
sion system, which last year was identified as a major
source of weakness.

• The AUV has been developed as a platform for investi-
gating various aspects of the performance of AUVs in-
cluding, the performance of tunnel thrusters, slow speed
control and hydrodynamic performance of the vessel at
non zero yaw angles.

12 Conclusions

A significant upgrade of the SotonAUV vehicle has been
successfully completed including significant rebuilding of the
propulsion system, pressure vessel and software. Testing of
the upgraded propulsion system has demonstrated the relia-
bility of the chosen solution and enhanced the teams under-
standing of the vehicles behaviour, while LandBot a small
autonomous land vehicle has proved vital in developing the
software for control of the AUV during the upgrades. The
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Table 4: Financial Summary

Item Cost (£)
Updated Pressure Vessel
Machining End Caps 430.00
Battery Box (otter box) 21.00
Cable gland, cable and IP68 connectors 156.00
Battery System
Lithium Polymer Cells 400.00
BMS 0.00
Electronic and connectors 50.00
Bench Power Supplies 150.00
Update Computer
Kontron board and processor 0.00
M2-ATX PSU 60.00
4GB memory 163.00
Hard Drive, USB DVD drive Hub and cables 132.00
New DAQ 487.00
Motor Upgrades
TSL thrusters 0.00
Baracuda ESC 0.00
Parallax board 40.00
Old motors 50.00
Updated Sensors
6 DOF IMU 230.00
Mechanical Components 165.00
Electronics components 77.00

Total 2,611.00

resulting vehicle is lightweight with high levels of slow speed
maneuverability ideal for completing the missions of the 2007
SAUC-E competition.
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