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Abstract- The design and implementation of the ROAZ and
ROAZ Il autonomous surface vehicles (ASV) is presdad. These
systems were developed at Autonomous Systems LaBHAP/IPP —
Instituto Superior de Engenharia do Porto under a esearch
program in marine robotics. With multiple applicati ons either in
river and estuarine environments or in the sea, thesystem
applications in search and rescue operations are dressed and
were taken in consideration for the overall systendesign.

Mechanical design issues are discussed. Hardwaraftsvare
and implementation status are described along witlthe control
and navigation system architecture. The real time igion
processing system is described and results are pesged in
operational scenario.

I.  INTRODUCTION

Autonomous mobile systems have relevant application
numerous fields of human activity. The areas
environmental monitoring and surveillance are aangxe of
this.

Although not specifically designed for search aedcue,
the presented ASVs embody a set of technologieslefance
to search and rescue in marine environment.

The vehicles were developed under the researchitgcti
pursued on multiple autonomous robots, developedthiey
Autonomous Systems Laboratory at ISEP - Institufe o
Engineering of Porto.

In the following sections the vehicle design opsicand
considerations are presented, followed by a bresfcdption
for the control and navigation system and endinth wome
preliminary results and final comments.

Il. VEHICLE DESIGN
A. Mechanical Considerations

The ASV developments lead to the implementationaof

ofsmaller vehicle suitable for river and estuarin@imments

prior to the development of the ocean capable Simee both
vehicles share the fundamental autonomous contral a

Autonomous surface vehicles have been developed faravigation architectures, it is possible to devedog test first

science applications ranging from standard oceapbugc
ones [8] air-water microlayer studies [2], and alspo AUV
support either in navigation or providing commutimas
surface relays [7], [10].

Advantages over the use of robotic systems coma fre
large environment areas to be covered, repetitiskstand the
usual benefices of autonomy by reducing the hunaeof
(both by reducing associated costs and by improguoglity
of results).

The vehicles multiple sensor payload capabilitidewa
them (with particular emphasis on the sea ready ROAto
be used in search and rescue operations. This eawoite in
two main roles, either in support activity suchnaaintaining
communication links or providing additional sensalgta or
by direct intervention in active target searchemavery.

in a platform with reduced operational requiremgR®AZ)
thus allowing the leverage of experience and vabdaor the
implementation in the ROAZ Il system.

A twin hull configuration was chosen for both vdbg in
order to achieve good stability with low drag amdyide easy
water access for different systems to be mountedoamd
(such as recovery mechanisms,
autonomous underwater vehicle docks).

ROAZ ASV was designed with reduced operationaldtigi
requirements. These coupled with a typical riveeragion
scenario imposed limits on the overall vehicle digiens. It
was developed in fibreglass structure reducing kteighe
thrusters are externally stern mounted (Fig 1).

deployable sensors or



Figure 1. ISEP/IPP ROAZ Vehicle.

This configuration allows the ease of thruster exde and
good vehicle transport configuration.

The vehicle has relatively low area exposure aboater
with all the electronics in the bridge section betw hulls,
thus reducing wind effects. It has a flat top scefallowing
solar panel coverage and an antenna bridge.

The central section has structural fixation poumslerneath
and a connector’s access for application of difietgpes of
sensors and mobile AUV dock mechanism.

A payload up to 50 kg can be added. Battery suppodt
fixation is provided inside the hulls.

A bottom sealed hatch in the central section can
configured with different plugs and connectors aditg with
the sensor suite used.

The vehicle overall dimensions are 1.5x1x0.52m, #rel
hulls were designed in order to reduce hydrodynairag.

The ROAZ 1l system followed a catamaran design wad
developed in order to allow full open sea operation

b

The two high density polyethylene (HDPE) hulls are
connected by transversal aluminum tubes with a @uiog
stainless steel platform. The overall vehicle weigharound
200 kg and has 4.5 meters long for 2.2 meters wadith 0.5
meters height.

Figure 2. ISEP/IPP ROAZ Il Vehicle

The on-board computational system, embedded thrust
control unit and several navigation sensor ele@tsorare
housed in one of two watertight boxes mounted enctimtral

platform. The other houses four 12V AMG batteriesvirling

24V and 12V power capability. These boxes are impleted
by two sturdy Peli cases assuring the necessatgqtion for

sea operational missions. All subsystem connectimasione
through IP69 plugs thus ensuring weather and wadefp
connection.

Two Minnkota trolling motors providing 22 kilograntf
bollard pull each achieve vehicle propulsion.

On a raised bridge the vehicle as a WIFI 802.11ga/b
antenna for communications, a 2.4Ghz wireless viliigi
GPS antenna and vision system.

The vision sensors are a day/night video camera and
thermographic infrared camera.

Attached to the central structure and deployechénwater
the vehicle has a retractable sensor fixing meamasaillowing
the use of underwater sensors such as a sidescam 6D
sonar altimeter.

B. Propulsion

A dedicated thruster was developed for the ROAZoaleh
Due to the small vehicle size this option allowelde t
development of a relatively low cost propulsiontsys with
yelocity and electrical current measurement.

Figure 3. Thruster unit with embedded axis corgtettronics.

A dedicated thruster control board was developeith w
local processing in an integrated DSP and with esurr
monitoring (Fig. 3). The local motor controller indes the
power drive along with the processing for veloaity force
control and diagnostics and failure detection. $y&em has a
CAN bus interface thus providing a standard intefand is
integrated in the thruster enclosure.

For the ROAZ Il system a pair of standard electraat
trolling motors we used. These allow a consideraidecase
of thrust force. Although with a lower voltage ragi and
higher nominal current, the available space for trbn
electronics and power drive allows the system use.

A Roboteq power drive housed in the electronics box

provides thruster power control.
e



C. On-board computer system and communications E. Power Supply

The vehicles main on-board computer consists indower ROAZ vehicle uses a main power supply of 24V predid
single board computers. These are responsibléhéomission by a variable set of 3700 Ah 12V NiMh batery padksused
control and vehicle navigation. in the hulls. From the base power line various DC/D

converters generate appropriate voltages for differehicle
subsystems and sensors, such as the main CPU hibHayd,
GPS, communication systems or other payload sensors

The sea vehicle ROAZ Il power supply system is
constituted by a bank of four 12V/56Ah navy seaf@M
(Absorbed Glass Mat) batteries housed in a watefpReli
1620 case, providing the 12V nominal voltage foe th
thrusters.

Inside the CPU case there is a 12V distributiorigarion
board handling power sharing for the motors, CPC/MC
and the additional DC/DCs for all the other thecetenic
devices. Vehicle power supply is protected agasuste and
overcurrent system failures.

— e
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Figure 4. Vehicle software architecture. Payload sensors for the two systems depend onethielg
size and operational requirements. Particular gomditions
Control, navigation and mission control are perfednin a  address different mission needs.
low power embedded computers running a modifieduxin  For bathymetry and underwater bottom imaging an
operating system (Fig.4) Imagenex SportScan dual frequency (330KHz, 800KHZz)
On the ROAZ system CAN bus communications are argidescan sonar is used along with a Imagenex 86@rso
used between the central CPU and the thrusteralombdes  altimeter.

and other sensors. A SW100 Glomo CTD is used for oceanographic data
Serial communication is used on the ROAZ and ROWAA |  collection.

read GPS and INS data, to receive sonar data ¢sidesnd Bottom imaging capabilities provided by sonar sidescan

altimeter) and in ROAZ Il to control the thrusters. be used in search missions, such as in marine @ogeor in

Radio communications are achieved through an eatterncase of corpse retrieval in sea catastrophe amdtdis rescue
IEEE 802.11 a b/g ethernet modem with externalrarggin  and support operations.
various configurations and gains). Currently IEER281a is
used since the operation in the 5GHz band provitledrly
higher range and bandwidth in near water conditiams . VISION BASED TARGET TRACKING

comparison with previous experience with 2.4GhziWif
With particular relevance for search and rescuesions,

the vehicles vision system allows automated seanchtarget
tracking.

ROAZ and ROAZ Il are equipped with conventional
cameras (both for on board image processing andiftmo
transmission).

bVeIhlfle na_\tl_lga_tlon I\?nd tp:)ss»ltlonltgg tuses a GP; m'('jt ROAZ Il system is equipped with a termographic anéd
absolute positioning (Novatel SmartAntenna, super} an camera (Fig. 5) capable of resolution up to 0.1°C o

an IML_J sensor couple(_:i_ with magnetom_eter prOVidingtemperature difference.
orientation, attitude velocities and acceleratiombe IMU
used is a Microstrain 3DM-GX1 module combining #re
angular rate gyros with three orthogonal acceleterseand
three orthogonal magnetometers outputs orientatoigular
rate and acceleration at a rate of more than 50Hz.

Sensor fusion algorithms estimate the vehicle stdeired
by control and mission application.

D. Navigation

Both vehicles share the same navigation systemsahaf
Sensors.



Figure 5. ROAZ Il Visibe and infrared camera.

The vehicles vision system is a particular appilicabf a
more general vision system developed for robotjdieations
(LSAVision).

Information from the low cost embedded roboticsiors
system (LSAVision) [11] is used to determine targettive
position and orientation to the surface vehicle.istixg
technology demonstrated on other stringent mololeotics
scenarios (such as ISePorto Robocup's robotic séeam or
FALCOS autonomous aerial vehicles) is applied is thse.

The vision system processes image in real timd) wilge
detection and object identification, extractinggetr image
characteristics (position, orientation). Colour dmhsimage
segmentation is used as a first stage in a pipealingcture
with increased abstraction.

Currently one USB digital camera is used. It acepii
images at 30 fps with a resolution of up 320x24ABips at
VGA resolution (limitation from the USB bus). At ver
resolution it is possible to process 2 camerasahtime.

Lower stages implement image acquisition (Videodkin

provided) although the vision system can incorporstereo
information for increased precision.

Target position in the image plane is related wiith
position on a world reference by a rotation anddlation
matrix. Th relation between a 3D world coordinatel @ 2D
image one is described by camera projection model.

Considering a pinhole camera model, image planatgoi
relate to the camera frame points by the camenangit
parameters.

Using the camera extrinsic parameters it is possiol
determine the correspondence between a point iextarnal
frame.

The loss of 3D information in a monocular visiorstgm
can be retrieved in this case, if we consider #nget to be at
surface. This consideration is of particular ing¢rsince it is
the case of floating bodies such as people lostat

A four state kalman filter is used to estimate ¢angosition
and velocities from the raw vision data.

In the problem statement the target is considecedd
drifting on surface and if water current is relativ constant
for both vehicles, both drift so the target velgcis not
relevant. However it is assumed that the ASV caweha
relatively complex and accurate navigation systeaviging a
precision estimate in the earth fixed frame.

IV. CONTROL

A hierarchic architecture is considered to integrae
vehicle’s navigation and control systems and a idysystems
framework was adopted in order to design controtl an
navigation algorithms.

The global control design relies on the concept of
manoeuvre, which is modeled by a hybrid automatdn 15].

camera interface) and image segmentation. The imagghis can be briefly described as a set of discstates and

processing threads are capable to process all ¢hairad
images. This processing is mainly done in a cokmgmented
image.

The colour segmentation algorithm implementatioltofes
a very efficient method proposed in [1]. This prexés still
sensitive to lighting conditions.

Regarding thermografic images, a binary segmemtaso
performed extracting high intensity regions (copawding to
higher temperatures relative to the water).

Upper layers perform edge and blob detection ahith
object recognition. Only relevant features are pssed. A set
of additional modules performs statistics measurgnimage
calibration and overall control on elements to pas

The vision system allows the use of conventiongjitali
low cost cameras, thermografic infrared camerasaor use
dedicated hardware vision sensors (BoaVista systeitt)
significant energy consumption reduction in imagecpssing.
Relevant image information can be retrieved by oohe
camera (distance to target and orientation measares

transitions between them, being a set of contratletinuous
flows associated with each one. The
implementation involves not only the vehicle hylsricbntrol
law, but also the navigation filters. The controanavigation
systems are integrated in the manoeuvre desigaddiition,
more complex manoeuvres can be obtained by tharhlec
composition of simpler manoeuvres.
The next figure depicts the information flow diagra

Actuactors
Sensors

USER

’J:

Control Actuactors
—

Controllers

Sensors

Estimators!
Navigation filters.

Figure 6. Control system architecture informatitovt

manoeuvre



Vehicle motion control uses information from thesdd
navigation information and mission objectives.

The vehicle mission can incorporate autonomous robnt
such as automated search manoeuvres (lawnmow rnstter
active search etc) and direct human supervision o
teleoperation.

V. MISSION RESULTS

Both vehicles have been performing a various set o
missions, ranging to subsystem test and validation
operational scenario ones.

Communication tests have been performed validatireg
use of Wifi comunications for short range videans@ission
and vehicle supervision. ROAZ has participated in

technology demonstration mission in the scope efNIATO
Swordfish 2006 exercises performed near Troia,ugaft

Figure 6. ROAZ ASV in the NATO Swordfish 2006 Exses.

Bottom imaging missions have been performed near th
shore in Matosinhos, Portugal with the ROAZ Il \@hiand
sonar sidescan sensor.

Figure 7. Image captured at test site with buoy EIARUS AUV at
surface. On top real image, real time segmentedyem@ed, yellow) on
middle and bottom (only segmented colours).

Vision based target tracking tests (Fig 7, 8) haeen
performed with different targets such as buoys unfased
AUVs (Autonomous Underwater Vehicles) in the Do®iger
or the Montemor Canoying course.

Target measues x(blue) vs kalman estim  (ted)vs robot x (mag)

Target relative distance (bue - raw measures red-iered)

2|

15
r

390 395 405 410 415

f Figure 8. Target to robot relative measures.
The target relative position to the robot is giverfigure 8
along with the filtered estimates used in control.
Preliminary tests with the thermographic cameraehasen
erformed (Fig 9) with high contrast detection lie infrared
mage for surfaced human bodies, even in diffidight
conditions (low angles of incidence).

Figure 8. Visible spectrum (top) and infrared (bot) image of a human body
in water.

VI. CONCLUSIONS

This work describes the design and operational meari
capabilities of the ROAZ and ROAZ Il autonomousface
vehicles.

Mission tests and sea trials proved the operatipiélboth
vehicles and demonstrated mission capabilities.

The real time vision processing system is descriaed
results are presented in operational scenario. €lfmesults
give confidence to the use of autonomous surfassels as an
effective and efficient tool to incorporate in nmisearch and
rescue missions. Their capability of autonomousraifmn in
extended periods of time, night operation and aarorus
search can be exploited to augment current mamseue
human and technical infrastructure.



Further work is still necessary to throughout dale de
approach under stronger varying light and wave itimmd

In addition future work must be performed addregdime
specific requirements of marine rescue such aahiéty and
operation in very though sea conditions and thegiration of
autonomous systems in a more complex and vasthsaaa
rescue scenario.

REFERENCES

[1] J. Bruce, T. Balch, M. Veloso, “Fast and Inexgige Color Image
Segmentation for Interactive RobStEEEE/RSJ International Conf. On
Intelligent Robots and Systems®I3 , pp2061-2066,2000

[2] M. Caccia, R. Bono, G. Bruzzone, E. Spirandeli, Veruggio, G., A.
Stortini, G. Capodaglio, “Sampling sea surface WBBESAMO: an
autonomous craft for the study of sea-air intecanli Proc. ICRA’05
ConferenceBarcelona, Spain,2005

[3] S. Cowen, S. Briest, and J. Dombrowski, “Undeewadocking of
autonomous undersea vehicles using optical terngnalance’ Proc.
Oceans '9'Halifax, 1143-1147, 1997

[4] M. Dunbabin, P. Corke, G. Buskey, “Low-cost wsibased AUV
guidance system for reef navigatio®foceedings. |EEE International
Conference on Robotics and Automation 20@4 1, pp7 — 12,2004

[5] J. Evans, P. Redmond, C. Plakas, K. HamiltonL&ne, “Autonomous
docking for Intervention-AUVs using sonar and videsed real-time
3D pose estimation,Proceedings OCEANS 20080l 4, pp2201 —
2210,2003

[6] M. D. Feezor, D. Yates, F. Sorrell,P. BlankinshiJ. Bellingham,
“Autonomous underwater vehicle homing/docking vieceomagnetic
guidance,” IEEE Journal of Oceanic Engineeringol 26, pp515 —
521,2001

[7]1 A. Leonessa, J. Mandello, Y. Morel, M. Vidal, NDesign of a small,
multi-purpose, autonomous surface veésseProc. MTS/IEEE
Oceans’03 Conferenc&an Diego, USA,2003

[8] J. Manley, A. Marsh, W. Cornforth, C. WisemariEvolution of the
autonomous surface craft AutoCatProc. MTS/IEEE Oceans’00
Conferencg2000

[8] J. Manley, A. Marsh, W. Cornforth, C. WisemariEvolution of the
autonomous surface craft AutoCatProc. MTS/IEEE Oceans’00
Conference2000

[9] A. Martins, J. Aimeida, E. Silva, “Coordinatedadeuver for Gradient
Search Using Multiple AUVSs,”Proc. MTS/IEEE Oceans2003an
Diego, USA.

[10] A.Pascoal, et al. “Robotic ocean vehicles fararine science
applications: the European Asimov ProjectProc. MTS/IEEE
Oceans’002000

[11] H.Silva, J. Almeida, L. Lima, A. Martins, E. I#a, A. Patacho: “
LSAVision Real Time Framework Architecture for miebrobotics”.
In: Computational Modelling of objects represented images
Fundamentals, Methods and Applications CompIMAGE2@®imbra,
Portugal,2006.

[12] R. Stokey, B.; Allen, T.; Austin, R. Goldsbogiuy N. Forrester, M.
Purcell, C. von Alt, “Enabling technologies for REM docking: an
integral component of an autonomous ocean-samplitgork” IEEE
Journal of Oceanic Engineering001, vol 26, pp487 — 497

[13] A. Zhang, “Flexible Camera Calibration by Viewi a plane from
unknown orientations"Proc. 7th IEEE Int. Conf. on Computer Visjo
vol 1, pp666-673,1997

[14] T. Henzinguer, “The theory of hybrid automat®'.Technical Report
UBC/ERL M96/28Univ. California Berkeley 1996

[15] J. Lygeros, C. Tomlin and S. Sastry, “Contndlefor reachibility
specifications for hybrid systemsfutomatica vol 35, pp 349-370,1999



