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ABSTRACT

This research explains on a design and developroénan
Autonomous Underwater Vehicle (AUV). Definition AUV is a
robotic sub-sea that is a part of the emergingl fadlautonomous
and unmanned vehicles. This project shows the desify
implementation of an AUV as a test prototyping weihi
especially involved small-scale and low cost sub1s#bots. The

the world’s population lives within 100km of the ezm. The
ocean generally overlooked as we focus our attentiore on
land, atmospherics and cosmos issue, rather thea mat been
able to explore the full depths of the ocean asdaliounding
living and non-living resources. An example, estidawas
finding that there are about 2000 billion tons ofnganese
nodules inside of the Pacific Ocean near the Handgslands[1].
Underwater robots can easily help us better unaledgtg marine
and other environmental issues, protected the omsources of
earth from pollution and efficiency utilize themrfédhuman
welfare. However, a number of complicated issuéseadue to
the instructed and hazardous undersea environmexie nit
difficult to travel in the ocean even though todayechnologies
have allowed humans to land as discovered the raadmrobots
to travel the Mars. This high potential field isye@conomical as
AUV’s has been created for cheap scalability makieléal for

AUV prototype has been design and simulate by using |arge scale and long term research for marine citaction. As

SolidWorks. The AUV assembled with mechanical syste
module of electronic system for development of cater.

KEY WORDS: Autonomous Underwater Vehicle; Prototyping

1.0INTRODUCTION

Innovation for AUV is very tough research area amdlable
study because it can be deploy in hazardous envigats without
risking the human divers in sub-sea explorationwéf refer the
oceans covers about two-thirds of the earth anchlmeat effect
on the future existence of all the human beings. dbout 37% of

mention earlier AUV is robotic device that is drivender the
water with complete their propulsion system, cdigroand
piloted by onboard computer and manoeuvrable ineethr
dimensions. A lot numbers of universities all otbe world
focusing research on AUV[2]. The demand for AUVgi®wing
up and will eventually lead to fully autonomous,esialized,
reliable underwater robotics vehicles. This wagpsut by [1]
where from year 1990 to 1999 the numbers of AUVie a
involved around the world more than 46 units onfhe
navigation and control [3]and imaging [4] techno&sgassociated
with manned submersibles, remotely operated vehi(ROVSs)
and towed vehicles that service such needs todayexpensive,
require large ships and infrastructure, and ashort supply. The
technologies associated with autonomous underwatbicles
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(AUVs) are rapidly evolving to fill the requiremenif these
communities. A large number of AUVs are being desdj built
and deployed in the support of such tasks. In tBethére are a
number of ongoing efforts, including commercialogf§ such as
those associated with the Bluefin Robotics AUVs #rel Remus
AUVs for oil and gas surveys and naval applicatiche ABE
AUV [5] designed for deep ocean scientific surveyse Altex
AUV designed for under-ice surveys in the Arctiodahe Ocean
Explorer and Morpheus AUVs[6] designed for coastatveys.
Other notable efforts abroad include the Britishasub AUV [7]
the Norwegian Hugin AUV [8] and the Japanese UrashAUV
[9]. In this paper, it will proposed the AUV prelinary design
and development by using computational-aided soévwalled
SolidWorks Premium 2010 and some descriptions endigsign
concept which has been implemented. Furthermore, ribxt
section discussed the step-by-step developmentndérwater
camera the AUV and it will end with discussion oihee factor
that will affect the AUV design and development exsplly the
AUV performance in the deep-sea or underwater.

2.0 RESEARCH BACKGROUND

2.1 Material

The material used in this research where the bodgenfrom

fibreglass and some electrical components. Whike pgfopeller
made from alloy-copper material. The primary stvetof the
design is making the mechanical parts especialey gkeletal
frame. The skeletal frame as is might be made fatuminium,

chosen especially for its lightweight charactetists well as its
resistance to corrosion which helps protect thené&ragainst the
harsh saltwater and chlorine environment in whids subjected
to. As well as supporting the two hulls and fourtams, the
structure of the frame allows for the simple moogtof external
devices and components. The design took into adctim

potential need for additional components in thereitand for that
reason ample space is available on the frame. Yhenstrical

and structurally simple nature of the frame designtributed to
the relatively straightforward aligning of the thters with the
centre of drag for increased dynamic stability.

2.2 Design

First of all, to design an AUV, the project procedwould be
identified as shown in Figure 1 for the processfldt can be
classified into several stages. The first stageceotrates on the
design concept of the AUV. The second stages catteberibed
in two sections; the first section is the developmef the
mechanical structure. Thus, computer-aided softwach as the
SolidWorks software is used to draw and animateAb¥® that
are proposed and expected. Another section isehelapment of
the internal and external electrical design of Aw#/. The final
stage is concluded with its testing, appraisal améhor
adjustment of the project. The overall design flmfithe design
and development of AUV is shown in Figure 1.Therallelesign
flows of the design and development of AUV is shawifrigure
1. Design of AUV’s in Figure 2.

Investigate on the AUV concept and Design:

a) Propose the Best design.

b) Study of analytical with analyse of design cguice
¢) Finally, choose a concept design.

v v

Design Mechanical Design Electrical
system system

v

Finalise the AUV Mechanical
and Electrical Design

,—>

Major / Minor
adjustment and
Change Design

A\ 4

4 SolidWorks Design before send for

fahricatinr

A\ 4
Construction of AUV

\ 4
Sea Trial te:

Figure 1: Development of AUV process flow.

Figure 2: Design AUV using SolidWorks.

The AUV can be designed in 3D by using computeeaid
software and hence, the SolidWorks is 3D mechan@aD
(MCAD) software used. The software enables the tseplay
around to make any changes or modification of thedleh an
AUV. Actually this design is finalized after a sefed the suitable
and best design. Figure 2 is an example the AUY design
using SolidWorks software [2]. In addition, by ugithe tools
given, the modification could easily handle anthi& design can
be separated. Some of AUV’'s uses two thruster reoior
horizontal plane for turning and heading propulsarFigure 3
[10].
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Figure 3: Design AUV'’s using two thruster motors.

The torpedo like structure of the design in Figeinerovides a
sleek, hydrodynamic form that houses components ihigh
structural integrity, cylindrical hull. Power comaption would be
kept to a minimum due to the use of only one mettrated on
the stern. Steering would be controlled by a ruddeile bow
planes and ballast tanks would controldepth. Batkasks would
involve comprising tanks, pumps and compressediiroard.
Maintenance, inspection and addition of componevdsid be
inhibited due to the limited space available.

Figure 4: Torpedo shape concept design.

The need for servo-controlled rudders and bow gameuld
require through-hull connections capable of allgyitational
movement, thus introducing added complexity in engu
watertight integrity. The nature of the vehicle’ovement by
way of its bow planes, rudder and ballast tanksldvouroduce a
high level of complexity in the control of the veld. These
mechanisms would involve intricate modelling in taafre in
order to sufficiently and accurately control théniate’s motion.
The one-hull solution consists of a cylindrical eulwith four
thrusters attached to a skeletal frame (FigureT&)o thrusters
would be used for horizontal motion and the oty for depth
control. Due to components being housed in just lonlg the
need for through-hull connections would be minintadwever,
the amount of available space would be restricfitee stability
of the vehicle would also be a problem as the eepfrmass
would be located very close to the centre of buoyaBbue to the

use of four thrusters, power consumption would de dgreater
than with the torpedo design, hence the need faerbatteries
and space. On the other hand, the four-thrustefigtoation
would allow for easier modelling and control of thehicle in
software. The frame supporting the hull and thmgsteould also
allow for modularity and relative ease in attachiegternal
devices.

The design in Figure 6 is similar with structurette one-hull
solution, but consists of two hulls; an upper aoder one. The
added benefits of this design includes increasedcespfor
components and an innate metacentric righting momeduced
from a dense lower hull and a highly buoyant ugpel. Batteries
would be housed in the lower hull to lower the meof mass while
the remaining components would be situated in ppeuhull.One
disadvantage in comprising two hulls would be tleechfor more
through-hull connections to link components in bhbtills. Other
advantages and disadvantages of this design arecattiose of the
one-hull solution.

Figure 5: The one-hull, four-thruster concept desig

Figure 6: The two-hull, four-thruster concept dasig

Following in the footsteps of the two hull designoae, what
makes the design in Figure 7 unique is its rotatithrusters which
allow both horizontal and vertical motion simultansly. Utilising
only two thrusters, this design would require mieds power and
reduce construction complexity both mechanically d an
electronically.The main disadvantage to this detligngh would be
the need for powerful servos to be able to effetyivotate the
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thrusters. Another disadvantage would be the diffic in

guaranteeing watertight seals around these rotatinghanisms.
Software modelling as well would generate somecditfy mostly
attributable to the rotational nature and dynamidke thrusters.

Figure 7: The two-hull, rotational thrusters cortaggsign.

The mainframe structure of the design is makingniieehanical
parts especially the skeletal frame. An exampldetieframe as
shown in Figure 8 and Figure 9 is made from alumnmichosen
especially for its lightweight characteristic adlvas its resistance to
corrosion which helps protect the frame againsthtimsh saltwater
and chlorine environment in which it is subjected As well as
supporting the two hulls and four motors, the stecof the frame
allows for the simple mounting of external devieesl components.
The design took into account the potential need additional
components in the future and for that reason aspaee is available
on the frame. The symmetrical and structurally sgnmature of the
frame design contributed to the relatively streigitard aligning of
the thrusters with the centres of drag for incréalsgamic stability.
The frame was pressure tested to ensure no leléwirg water to
enter the frame would upset the buoyancy and syatiiithe vehicle
and would also prove very difficult to remove aftards. The nature
of the frame also allowed the thrusters to be yeasibunted in
positions where they would minimise potential maigne
interference with onboard electronic devices.

The body of AUV must make from lighter weight mé&ksuch
as fibres reinforce plastic and PVC material. Thpew and lower
hulls were made from PVC tubing utilising threaded caps
(Figure 10) with O-ring seals for easily openingl afosing each
end of the hull, but at the same time ensuring rgle integrity.
Each tube measured approximately 50cm in length awitinternal
diameter of 15cm. To support the electronic comptmside the
upper hull, two Perspex boards were machined t® aim PVC
supports were attached inside the tube to allovodtiaeds to be held
in place and to easily slide in and out. In oradepdsition the three
batteries in the lower hull, an aluminium rack waade to hold the
batteries together. Supports were attached insiléube to prevent
the bank of batteries moving from side to side.

Figure 8: Skeletal Frame front view of an Alumininmaterial.

Figure 9: Skeletal Frame for two thrusters madefAduminium.

Figure 10: (Left) The two PVC tubes.
(Right) Tube with end caps in place.

2.2 Comparison Design

From our investigation with the previous work, aabative

analysis of the four proposed AUV designs was ntssed upon
particular attributes. From the literature also parp that the
design incorporates two hulls and four motors agdcto a frame
in a very symmetrical manner. By comprising twolsiuample
space is provided as well as the opportunity tatera low centre
of mass and high centre of buoyancy for enhancahilisy. The

two horizontal motors control surge and yaw white ttwo

vertical motors control heave and pitch. The posii of these
motors are such that they align with the centredmefy and
provide a significant amount of force and torque fwving the
vehicle. Their positions also allow the relativalyaightforward
control and modelling of the vehicle.The frame wasigned not
only to accommodate the two hulls and motors, trd o allow

- Published by International Society of Ocean, Mea®rand Aerospace Scientists and Engineers



Jour nal of Ocean, M echanical and Aerospace
-Science and Engineering-, Vol.2

December 20, 2013

external components to be easily attached to thécheg hence,
adding to the vehicle’s modularity. The size of thetors and
hulls determined the dimensions of the frame taeatgextent.
Shrouds for the vertical motors were incorporated the ends of
the frame while an adjustable mount was designed tlie

horizontal motors to adjust the centre of massdeoto maintain
the vehicle in a statically horizontal posture. Amsnary and
comparison of the main advantages and disadvantdghs four

concept designs is presented below in Table 1.

Table 1: Comparison of Proposed AUV Concept Designs

TWO
ATRIBUTTES TWO HULLS,
(DESIREBLE | TorPEpo | ONELL | HOLLS, TWO
HAVE TO SHAPE THRUSTERS THRUST ROTATING
‘HIGH") ERS THRUSTERS
Ease of
machining and Low High High Moderate
construction
Ease of ensurin
water-tight -
integrity Low High Moderate Moderate
Power
conservation High Low Low Moderate
Space availab Low Moderate High High
Modularity Low Moderate High High
Cos- . .
effectivenes Low High High Moderate
Ease of softwar
~ control Low High High Moderate
implementatiol
Range of motio High High High High
Ease in removini : :
component Low Moderate High High
Ease in Low High High High
submergin
Ability to
withstand high High Moderate Moderate Moderate
pressur
Sleekness .
Hydrodynamic High Moderate Low Low
Stability Moderate Moderate High High

*High = 1pt, Moderate = 0.5pt, Lower = Opt

2.3Higher Resolution Camera

The feasibility of an underwater installation catisg of either
cables for power or telecommunication, or pipelifies gas or
petrol, can only be guaranteed by means of an atkduspection
programmed.This programmed has to provide the coynpath
prompt information about potential hazardous sitaator damages
caused by the mobility of the seabed, corrosiomuonan activities
like marine traffic or fishing. Nowadays, thosekaef vigilance and
inspection are carried out using video camerashathto remotely
operated vehicles (ROVs) controlled from the swfay trained
operators. Obviously, this is a tedious task, maogifrom the
operator a long time of concentration in front ofamy part of the
inspection process can constitute an importantawgnent in the
maintenance of such installations, not only regeaydirrors, but also
as far as time and monetary costs are concernemne Hie many
types of camera install at ROV or AUV’s vehicle. urent
technology, the vision system consists of the fDiconnected to a
standard parallel port web camera design for Maklv’a[11]. The
PC was mounted onto the component boards alongthétiother
electronic components. An example, a chassis maade Perspex
and aluminium was built to house the camera in &enight

enclosure. The chassis was attached to the underfsitle vehicle’s
frame (Figure 11) so that the camera was pointimgcity
downwards. A through-hull connection was then mdde

connecting the camera to the PC located in theruppi The
disadvantage of this camera was direction is bott@w not the
front view. Unless if it was installed for both sidront of bottom
view.

Figure 11: Camera chassis on underside of frame.

Another example was ORCA-XI installed a forwardiigc
Prosilica EC750C camera for imaging process [1Bp Tamera is
mounted in an external compartment to allow fosiba-adjustment.
It was chosen primarily for its flexibility. If copare with other
cameras, custom exposure times and gains suiteé toission and
environment can be programmed ahead of time. Machision
algorithms running on the main computer analyse ithages
provide real-time targeting information to highewél control
programs. The Figure 12 show the Prosilica EC7&f@era. It was
found that advantage of this camera, image carrdmess directly
as long as pre-install the algorithm.

Figure 12: Prosilica EC750C Camera.

From literature also mention importantly, the cameright be
choose should operate well in a wide variety dftligg conditions.
The condition could be indoor, outdoor, or changete fly from
sunny to cloudy. A camera that reacts well to ligitinges and has
contrast and iris adjustments is useful. In addlitio selecting a
camera, it also often needs to convert the analsgral of the
camera to a digital file (either video or still rina).Cornell
University Autonomous Underwater Vehicle 2009 depetwo
camera’s which can view for both side installed caad for the
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visual parts of the mission [13]. The downward came an AVT
Guppy F-046 Colour CCD FireWire Camera with a 6 machine
vision lens and the forward camera is a Logiteclbhosen. The
captured image was process use software such asT@e+vision
system is written in C++ and uses the open soumen@V and
libdc1394 libraries. The vision system architectaéows the
mission to enable and disable the various visiogordhms
whenever visual data is required for a mission el@m An
integrated vision daemon combines processing daetiat were
previously standalone entities (such as the pigenda, the buoy
daemon, etc) and the camera capture daemon intetaamlined,
multithreaded daemon. Each processing daemon bsccene
‘module’ that fits into a framework provided by tbemera daemon.
These modules are dynamically loaded and unloatigeinding on
shared variables. Separate threads are used forremiule and each
capture source. Capture sources can be physicatasndirectories
of images, or video files. Previously,images cagtuyy the daemon
were saved to disk and passed through paths storeshared
variables. Images are now passed in memory ugliffit module
framework, resulting in significant performance nmpements.

All of the machine vision algorithms work in a siani manner.
The input image is converted from RGB space int&/l4face and
split into its three component channels: hue, atiam, and value.
Each of these channels is segmented through pnetietel
thresholds, and the three segmented channels eoebimed to
form a binary image. Contours are detected in ihap image, and
these contours are then run through a set of pilitiakfilters and
moment analyses to determine the location, orientatand
probability for a specific mission element.

RamSub 2011-AUV is the 10th entry from the Uniugrsif
Rhode Island (URI) use the camera chosen a Logidiit at
Figure 13, which has auto-focus capabilities anesute RGB
colour space for data output (Tyce;2011). The lemgit Orbit is
capable of 8 mega-pixel resolution for still images 2 mega-pixel
resolutions for video output. The camera resolutsscaled down
to 640x480 pixels to enhance processing speed addce
computational power requirements. The resolutiorthef camera
controls the amount of video frames per second tet be
processed. Since pixels are processed in a maing, fthe more
pixels, the longer processing time required forheframe.The
camera and accompanied thermal sensor are moumtagan and
tilt unit that allows a pan of 180 degrees andfi®0 degrees.

Figure 12: Logitech Camera.

This feature is utilized by C++ coding in OpenCVcammand
the mission computer through UDP communicationgdnotrol
the movement of the camera for certain tasks. $asks include
object tracking, object following, and search patsethat allow
the camera to search for necessary objects when arenlocated
within the field of view. The image outputs are tsémrough

universal serial bus 2.0 to the vision computer.

3.0CONCLUSION

In this preliminary stage there were several rexjnents for the
materials to be used in the construction of thackehFirstly, the
materials had to be considerate to the overall ke the
vehicle. Materials also had to be corrosion reststa they would
be subjected to a harsh saltwater environment. Wlityawas
also needed from the materials as the vehicle wagldesigned
for several years of use. Furthermore, materiald k& be
inexpensive and easily machine able. The designaiasidered
the depth of water, if the materials chosen did hatve to
withstand significant amounts of pressure it migkteffect the
operation marine exploration. While for shape of\A&Jit can be
seen that result finding from table 1, it is cléae torpedo shape
design was not an ideal design to pursue when cadpa the
other designs. The disadvantages of the torpedagrdefar
outweighed its advantages. The other designs pedval much
more feasible and advantageous approach to degigmnAUV.
Table 1 isserving as a guide to choosing the filesign and the
proposed design should be two hulls with four ttetss which
give 10 points, many other factors not discusserkvaéso taken
into account and considered before making any iie®n
decision such electronic parts and control systermévigation
of AUV’s. For image vision high resolution cameitasuggested
that Logitech model is convenient and practicatlyjuse for both
side front and bottom views.

ACKNOWLEDGEMENTS

The authors would like to acknowledge to Univerdftiala
Lumpur Malaysian Institute of Marine Engineeringchaology
for support and funding the Conference Grant ardligation.

REFERENCE

1. J. Yuh, (2000),Autonomous Robots,lduwer Academic
Publishers,pp 7-24.

2. M. Shahrieel, M. Aras, H. A. Kasdirin, M.
HermanJamaluddin, M. Farriz Basar (200®gsign and
Development of an Autonomous Underwater VehiclevV(AU
FKEUTeM). MUCCET (Malaysian Technical Universities
Conference on Engineering and Technology) procegdin

3. L,L,Whitcomb,D,R,Yoerger,(2000), Advances in
Underwater robot vehicles for deep ocean exploratio
navigation,control and survey operations. ProcegdB®th
International Symposium. On RobotResearch, Springer,
London.

4. Yoerger, D.R., Bradley, A., Walden, B., Singh, Hnd
Bachmayer, R., (1998F%urveying a subsea lava flow using
the autonomous benthic explorer (ABElnternational
Journal Systems Science, Vols. 29,No. 10, pp: 10344-

5. Smith, S.M., P.E., Holappa, K.,(2001Morpheus: ultra
modular AUV for coastal survey and reconnaissatEEE
Transformation OceanicEngineering, Vols. 26, No. 4,
pp:453-465.

6. Babb, R.J. (1993%cientific surveys in the deep ocean using

Published by International Society of Ocean, Me&wrand Aerospace Scientists and Engineers



Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-, Vol.2

December 20, 2013

10.
11.

12.

13.

Published by International Society of Ocean, Medatelrand Aerospace Scientists and Engineers

AUV's: the Autosub project. Proceeding AUV 1993
Conference, Washington, DC.

Jalving, B.(1994).The NDRE-AUV flight control system:
IEEE Journal Oceanic Engineering, Vols. 19, Nppt497—
501.

Urashima, K.T., Aoki, T., Tsukioka, S., Murashimg,,
Nakajoh, H., and Fujita, T., (20Q0Fhe development of the
deep sea cruising AUWProceeding UT2000 Conference
Tokyo, Japan.

M. R. Arshad and M. Y. Radzak (2004pesign and
Development of anAutonomous Underwater Vehicle- Test
Bed (USM-AUV IB"International Conference on Control,
Automation, Robotics and Vision Proceeding.

L. A. Gonzalez (2004Jhesis Design, Modelling and
Control of anAutonomous Underwater vehiclde Journal
University of Western Australia.

Y. Aldehayyat, R. Dahan, |. Fayyad, J. Martin, Merl@ns
and R. Sharples, (2009DRCA AUV TeamThe Journal
Massachusetts Institute of Technology.

A. Rzeznik, A. Romanenko, B. Seidenberg, B.MitteredC.
Petersen, D.Kotfis and E. Fischell (2008prnell University
AutonomousUnderwater Vehicle 2009: Design and
Implementation of the NovaAutonomous Underwater
Vehicle The Journal Cornell University Autonomous
Underwater Vehicle.

R. Tyce, (2011),URI RAMsub (2011pesign - AUVSI AUV
Competition The Journal University of Rhode Island
Autonomous Underwater Vehicle.




