
Planned resear
h using autonomous underwater vehi
les inI
elandGunnar Stefansson 1gunnar�hi.isUniversity of I
elandAbstra
tSeveral appli
ations have been submitted for the pur
hase of a �rst autonomous under-water vehi
le and for its use for various resear
h purposes at universities and resear
hinstitutes in I
eland.The resear
h to be 
ondu
ted using the AUV is des
ribed in this paper along with thesele
tion pro
ess and maintanan
e.Obviously the AUV will be utilized for resear
h in marine biology, parti
ularly on thebenthos but also for �sh and various mapping proje
ts, in
luding hydrothermal vents.In addition the AUV will lead to extensive resear
h in various �elds of s
ien
e andengineering, from mapping and sto
k assessments to methods of image pro
essing and
ontrol theory. It is hoped that this and subsequent AUV-related resear
h proje
ts willbe
ome a 
atalyst for 
ross-dis
ipline resear
h 
ooperation and forge a link betweens
ien
e and industry.
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1 Introdu
tionThis 
ommuni
ation is a part of a grant appli
ation for funding an Autonomous UnderwaterVehi
le (AUV) for marine resear
h. The AUV will immediately be used for resear
h on thee
osystems of Faxa Bay, Breida�ord, Eyja�ord, Huna Bay and at the Vestman Islands. In additiona resear
h proje
t on automati
 image pro
essing will be based on images from the AUV and theAUV will be used for several proje
ts 
urrently on the drawing board. It is expe
ted that thisinitial pur
hase will lead to further developments in AUV-based resear
h as well as resear
h onAUV te
hnologies and thus that this initial appli
ation for AUV pur
hase is only the �rst of severalsu
h appli
ations.AUVs are used for marine resear
h in several 
ountries but also when sear
hing for obje
ts (andpeople) at sea, bathymetry and generally mapping the seabed. Spe
ialized AUVs have beendeveloped for Mine CounterMeasures (MCM) proje
ts, others for underwater photography andstill others are designed for hydrographi
 measurements. The emphasis in this proposal is on anAUV whi
h will be suitable for photography and for general investigations of the seabed to a depthof up to 500m with a variety of 
hoi
es of modules. Later options in
lude hydrogaphi
 resear
h,higher-quality photographs or sub-bottom pro�ling.As seen from the list of resear
h partners in this proposal the AUV will be of use for severalresear
h proje
ts, strengthening some and starting others.

Figure 1: The Gavia AUV, total length 2.6m with the modules pro-posed here (
ounting from the right): Nose 
one, battery module,GeoSwath, DVL, INS, 
ontrol unit with tower, propolsion module.The AUV in question has the produ
t name Gavia and is produ
ed in user-inter
hangable modules.Thus the used 
an put together di�erent AUVs depending on the proje
t. A basi
 AUV 
ontainsthe propulsion unit, a 
ontrol module (
ontaining the 
entral 
omputer as well as 
ommuni
ationswith other modules and land station), battery module and nose 
one (with optional 
amera). The
ontrol unit normally 
omes with a side s
anning sonar sin
e sonar images are generally moreuseful than photographs due to the poor transparen
y of sea water. Other proje
t-dependentmodules will be added in future proje
ts.This proposal 
ontains a detailed justi�
ation for this pur
hase. An analysis of requirements is inthe form of a short des
ription of ea
h resear
h proje
t (se
tion 2) along with an explanation of2



why the parti
ular instrument is required for the proje
t.The parti
ular 
hoi
e of modules (in Fig. 1) is des
ribed in se
tion 3 and this is based on theresear
h in se
tion 2. Extra modules not needed in these parti
ular proje
ts are of 
ourse notdes
ribed here. For example this proposal does not in
lude a

urate salinity or temperaturemeasurements. It should be noted that this proposal only in
ludes modules whi
h have alreadybeen produ
ed for other 
ustomers and are in use (in other 
ountries). Thus there is no a
tualdevelopment work in the equipment per se.Se
tion 4 
ontains a 
omparison with other known te
hnologies and an explanation of why thisparti
ular AUV needs to be used. In short this is of 
ourse be
ause this parti
ular vehi
le is
omposed of the modules whi
h 
an undertake pre
isely the tasks required by the resear
h proje
tsdes
ribed.Given the short summers in I
eland it is important that the AUV be in working order during theentire summer and thus one needs to 
onsider reliability issues. Se
tion 5 deals with reliability ofthe equipment pa
kage as a whole (the �system�), whi
h in
ludes spare parts - and justi�es thepur
hase of additional modules as spares. A separate do
ument on reliability issues is available.Figures in this report are either 
ourtesy of the produ
er of the equipment or from resear
hersusing the Gavia. They are intended to illustrate that the features mentioned in this report areindeed available and the resear
h indi
ated is feasible. In two pla
es in the report it is suggestedthe resear
h proje
t indi
ated has a highly un
ertain out
ome and may not yield useful resultsand this is indi
ated. In all other 
ases the methodology has been tested but of 
ourse not on thespe
ies/e
osystem/geology/engineering task in question.
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2 Resear
h proje
tsThe resear
h whi
h will initially be 
ondu
ted using the AUV will be related to the bottom faunain several areas around I
eland.2.1 Benthos resear
h on the I
elandi
 shelfKnowledge of the e
osystem on the 
ontinental shelf has in
reased 
onsiderably as a result of asingle large benthi
 resear
h proje
t (BIOICE) whi
h is organized by the Ministry of the Envi-ronment with the parti
ipation of the Marine Resear
h Institute, the Nature Resear
h Institute,the University of I
eland and the village of Sandgerði along with experts from several 
ountriesas well as graduate students (150 persons). Samples were taken at almost 600 stations at depthsranging from 20m to 300m.This resear
h proje
t has, however, mainly been based on samples taken o� a soft bottom sin
eit is more di�
ult to take samples o� a hard bottom. Information is therefore la
king from areaswhere a hard sea �oor is dominant.Several interesting resear
h proje
ts2 have started or are in preparation as a dire
t or indire
t
ontinuation of BIOICE where AUV te
hnology will be very useful. This in
ludes the Nordi
proje
t Deep-west, whi
h aims at investigating the deep-sea 
ommunity stru
ture o� I
eland withan emphasis on sponge bottoms and e�e
ts of �shing. The AUV will also be useful for the 
ontinuedgeothermal resear
h in the Skjalfandi Bay, the 
ommunity on a hard sea �oor at Vestmannaeyjarto name only a few.Another 
ontinuation of BIOICE will most likely 
onsider the inshore e
osystem around I
eland.It is highly likely that the Gavia will be used extensively and be one of the main instruments inthe proje
t.2.2 Crab resear
hA 
rab spe
ies of the Can
er genus was re
ently found for the �rst time in I
elandi
 waters, butthis spe
ies has been utilized earlier in S
andinavia and around the British Isles. Resear
h on thisspe
ies in I
elandi
 waters started in 2007 and the resear
h is founded by the Ministry of Fisheries.This resear
h forms a part of two MS
 proje
ts at the Dept. of Biology at the Univ. of I
eland3.The AUV will most likely be important when investigating the distribution of this 
rab spe
ies o�the south-west and west 
oasts, but this 
rab has so far been found o� the Reykjanes peninsula,Hval�ord and Breida�ord. The AUV will also permit estimation of 
rab density and from thisestimates of sustainable yield will be obtained, sin
e this is likely to be
ome a harvested resour
ein the near future.2.3 Sto
k assessment of s
allop in Breida�ordA ongoing pilot proje
t4 on assessment of s
allops using an AUV has already been funded bytwo grant agen
ies. The possibilities of using side s
anning sonar (SSS) and photograps from anAUV are being investigated in this proje
t. The �rst photographs (Fig. 2) indi
ate that it is2Coordinated by Jorundur Svavarsson3Coordinated by Jorundur Svavarsson4Coordinated by Gunnar Stefansson 4



indeed possible to use an AUV equipped with a 
amera to 
ount animals from the photographsand thus obtain a sto
k estimate. The methodology of going from photographs to abundan
e iswell-established (see e.g. Stokesbury (2002)).It should be noted that the 
ommon assessment methodology of 
ounting s
allops from a s
allopdredge will only give indi
es of abundan
e whereas photographs 
an in prin
iple give absoluteabundan
e under 
ertain 
onditions.

Figure 2: S
allops on a ro
ky bottomwith an enlarged photograph of twoanimals, taken with standard Gaviaequipment (
olor 
amera) Figure 3: Typi
al sonar image takenwith the Gavia 900 kHz side s
anningsonar with a 30m range setting at ap-prox. 3m altitude. Note the airplanewre
kFigure 2 of s
allops on a ro
ky bottom shows that although s
allops tend to be easily identi�edit would be desirable to have a high(er) quality 
amera in order to identify e.g. smaller s
allopsamongst ro
ks, not to mention dead s
allops from live ones. This is a separate R&D proje
t(sele
ting and mounting a new 
amera and �ash in a Gavia AUV and 
onne
ting it to an on-board
omputer). The proposal under dis
ussion is for the pur
hase of an o�-the-shelf produ
t so thedevelopment of a 
amera module is outside this proposal, but will be applied for separately.Further resear
h is needed to determine whether and how well s
allops 
an be identi�ed from theside s
anning sonar. The SSS s
ans a mu
h wider area than a 
amera and thus it would 
ompletely
hange the 
osts involved in an assessment. Equivalently, if the SSS 
an be used, a mu
h morea

urate assessment 
an be obtained at the same 
ost sin
e the data 
olle
tion is usually by farthe greatest expense in any assessment. There are some indi
ations that this may be a feasibleapproa
h (Kostylev et al. (2003)) and therefor su
h experiments are planned for s
allops aroundI
eland. Although a SSS has been used in multiple proje
ts su
h as when sear
hing for people,sunken ships and airplanes (Fig. 3) su
h uses have usually been at low frequen
y and from thesurfa
e or high altitude. The use of a high-frequen

y SSS in an AUV sailing 
lose to the o
ean�oor should be a feasible option to obtain the kind of pre
ision required for spe
ies identi�
ationof shells on the bottom.The AUVs 
onsidered here 
an not take biologi
al samples, e.g. for age readings. However, forassessment purposes it has been found that s
aled length distributions of the resour
e 
ome 
loseto providing the same information on abundan
e, parti
ularly if the re
ruiting year
lasses areidenti�able in the length distributions (Taylor et al., 2007).The above �rst pilot study was undertaken using photography from an AUV over a �
lean� areawhere s
allops had been planted. The next step is to investigate how easy it is to identify lives
allops from dead using a 
amera and/or a SSS on a
tive �shing grounds. For this one needs5



a

ess to an AUV over some time, but this 
an be done from land or from a small rubber dhingy.2.4 Common whelkThe 
ommon whelk has been harvested in Breida�ord almost 
ontinuously for a de
ade. Con-siderable knowledge has been obtained on the biology and distribution of the 
ommon whelk inBreida�ord5.In 2007 resear
h into the 
ommon whelk in Breida�ord was restarted6 with the purpose of inves-tigating in detail the life 
y
le of the animals, in
luding the size at maturity, growth rate, sto
kidenti�
ation, spawning seasons and regional variation in the biology of the 
ommon whelk. In ad-dition resear
h was initiated on the distribution and density of the 
ommon whelk in Breida�ord.During these investigations (funded by the Ministry of Fisheries) a 
amera mounted on an ROV(remote-operated vehi
le) has been tested. It was found that this setup is not ideal for estimatingthe number of animals per unit area to any level of a

ura
y.Other methods whi
h have been used to obtain sto
k indi
es in
lude 
ounting the number of ani-mals per trap. This may give reasonable indi
es whi
h 
an be 
ompared between areas and years.On the other hand the trap 
ontains bait and hen
e it is di�
ult to 
onvert su
h measurementsto abundan
e measures sin
e it is not 
lear what area should be atta
hed to the 
at
h.The purpose of 
ommon whelk investigations using an AUV for photography in Breida�ord is toobtain density information independent of the mobility of the animals, 
urrents or other outsidefa
tors. In addition to quantitative information on density, the photographs will be used to obtaininformation about the 
ommon whelk habitat.2.5 Bottom stru
ture of Breida�ord

Figure 4: Sandwaves on the o
ean �oor,pi
ture taken with a Gavia 
amera. Figure 5: Ro
ks on a sea bed, pi
turetaken with a Gavia 
amera.It is of 
onsiderable interest to investigate the sea �oor stru
ture in Breida�ord in order to betterunderstand the distribution of spe
ies su
h as the 
ommon whelk and s
allops.5From eaerleir resear
h 
ondu
ted by Solmundur Tr. Einarssonar in the shallower part of the �ord in 1993 aswell as analyses of the 
at
hes in the �ord during the years 1998-19996Coordinated by Erla Bjork Ornolfsdottir 6



Investigations of bottom stru
ture are of interest for several reasons, but here the main reason isthe desire to 
lassify the bottom into groups 
orresponding to the habitat of di�erent spe
ies.Many te
hniques 
an be used to 
lassify the sea �oor, but the te
hni
ally simplest is to take pho-tographs and hand-
lassify ea
h pi
ture. This te
hnology 
learly exists and there is no un
ertaintyin this being possible (
f. Figs. 4-5). For a large 
olle
tion of photographs the 
lassi�
ation 
oulde.g. be based on a subset of these or be based on automati
 methods using measured propertiesusing the entire 
olle
tion.

Figure 6: Example of 
omplete 
ov-erage using a side s
anning sonar:The bottoom of the Ul�jotsvatn lake,s
anned with the Gavia SSS. Figure 7: Example of the use of a 
lassi-�
ation algorithm on SSS data: Classi-�
ation of bottom areas in the Ul�jots-vatn lake. Courtesy of Questar Tan-gent.It is 
onsiderably more interesting to use methods whi
h use side s
anning sonar data sin
e theSSS 
ontinuously s
ans a mu
h wider area than the 
amera (
f Fig. 3). If a high-frequen
y SSS isused from an AUV, this will result in mu
h more detailed images (
f Fig. 6) than those normallyobtained from the surfa
e.Su
h images 
an be put through a 
lassi�
ation algorithm7 in order to 
lassify habitat (mynd7). Several su
h algorithms are 
ommer
ially available but they are also a standard part of anystatisti
al pa
kage8. This 
an be done after some prepro
essing of the original images to obtainnumeri
al measures from subregions of ea
h image.When used alone an �unsupervised learning� or statisti
al �
lustering� algorithm is used. However,when used with data on spe
ies o

urren
e (from photographi
 images) a �supervised learning� orstatisti
al �dis
rimination� algorithm 
an be used.2.6 Geothermal vents in Eyja�ordMarine resear
h at the University of Akureyri has mainly fo
ussed on the biology of Eyja�ord.Resear
h proje
ts in
lude geothermal vents in the �ord within the inlet of Arnarnesvik. It is likelythat these vents are a part of a system 
rossing the �ord past the town of Grenivik.Individual small parts of this system have been mapped using a multibeam e
ho sounder on board7Commer
ially available from http://www.questertangent.
om/default.aspx?PageID=10238Freely available in the R pa
kage, http://www.r-proje
t.org7



Figure 8: A part of Reykjavik har-bor mapped using the GeoSwath in aGavia. Figure 9: A submarine tren
h, dug outfor an oil pipeline in the Caspian Sea.Measured during a pre pipe-lay sur-vey for an oil pipeline in the CaspianSea mapped from a Gavia-mounted 500kHz GeoSwath Plus.large vessels. The resulting images give indi
ations of the bottom topography in the �ord but sofar there is a la
k of 
overage with respe
t to the entire system of vents in the bay. The plan istherefore to have the AUV sail ba
k and forth a
ross the bay to map the entire system of vents.9It is fairly easy to obtain three dimensional images of a region of the type mentioned here. Infa
t this is fairly 
omparable to ex
er
ises su
h as when images were obtained of a long dit
h inthe Caspian Sea (Fig. 9) and Reykjavik harbor (Fig. 8) as well as several other lo
ations su
h asBaku harbor and the underside of an i
e berg in Alaska.The te
hnology is thus ready and the investigations should be possible without te
hni
al develop-ment.2.7 Cod spawning behaviourA proje
t on 
od spawning behaviour is 
urrently funded by two grant agen
ies. This proje
twill use the Gavia to investigate the bottom topography and attempt to investigate 
od spawningbehavior in Thistil�ord as well as o� the south-west 
oast of I
eland.10This proje
t is intended to map the biologi
al diversity of 
od with an emphasis on behavior inrelation to spawning and migration.For investigation the bottom topography the Gavia 
an be used with either method des
ribedearlier, i.e. the GeoSwath or using a traditional SSS as des
ribed above along with a 
lassi�-
ation algorithm. The implementation depends on whether the emphasis is to be on graphi
alrepresentation or 
lassfying habitat. In either 
ase the methodology is fairly well established.In addition to this a known spawning ground will be sele
ted and investigations will be undertakenon whether it is possible to photograph spawning 
od using an AUV. Of the proje
ts in this report,this is the most un
ertain one and the one with the most novelty. It is likely that the AUV willneed to be sent in the dire
tion of a spawning aggregation and sail over the aggregation, under it(upside down) and even on the side, taking pi
tures 
ontinuously.Methods for sailing on the side and upside down have been developed earlier, 
f �g 10. Therisk here is not mainly te
hni
al but rather with regard to �sh behaviour in the presen
e of anapproa
hing AUV,.9Coordinated by Hreidar Thor Valtysson10Coordinated by Gudrun Marteinsdottir 8



Figure 10: Photograph, taken upwardsfrom a Gavia sailing upside down underi
e.2.8 In
reasing the pro�tability of the nephrops �sheryA proje
t designed to in
rease the pro�ts of the nephrops �shery in I
eland 
urrently re
ievesgrants with the goal of �nding fa
tors whi
h a�e
t the quality of the shells, mus
les, sto
k sizeand habitat.11 The habitat will be inspe
ted using the AUV in a manner similar to that used fors
allops and the 
ommon whelk.Underwater photography is a well-known te
hnique for investigating nephrops areas (Tu
k et al.,1997; Morello et al., 2007) but the 
amera whi
h is traditionally on a sled, tether or frame willhere be in an AUV.2.9 Image pro
essingAn AUV with a 
amera 
an 
olle
t images of 
onsiderable quality, almost 
ontinuously or atleast in su
h a manner that every obje
t appears on at least two pi
tures. Su
h data givesthe options of investigating and seeing obje
ts on the sea �oorin several ways. Notably it ispossible to used 
lassi
al te
hniques from geography to make �three-dimensional� (steros
opi
)visualisation(Axelsson, 1998; Petrovi
, 2001), viewing two images simultaneously through spe
ialglasses.In this proje
t12 the emphasis will be on methods to identify obje
ts of a spe
i�
 type from asequen
e of photographs taken from an AUV. Initially the emphasis will be on s
allops sin
e theseshell�sh are readily re
ognized by their shape. The proje
t is aimed at developing methods whi
h
an be used in real-time within the AUV. These idea are not new (Johannsson et al., 2006) buthave not been 
arried through into fully developed algorithms.A grant appli
ation will be �led for a PhD student to take on this proje
t.11Coordinated by Gudrun Marteinsdottir12Coordinated by Thordis Linda Thorarinsdottir
9



2.10 Lumpsu
ker resear
h in Huna BayA separate grant appli
ation has been submitted for the use of an AUV for investigating the lump-su
ker spawning grounds in Huna Bay o� northern I
eland.13 As des
ribed above, the te
hniquesin this proje
t have been fairly well established.In addition to investigating the spawning grounds the AUV will be used to photograph large partsof the lumpsu
ker spawning grounds in the bay. As with the 
od spawning investigations, this partof the lumpsu
ker proje
t is highly risky as it is not at all 
lear whether reasonable images 
an beobtained in this manner. Similarly it is not obvious whether the lumpsu
ker will be identi�able inthe SSS images. This will be the �rst attempt to obtain measures of density of a �sh sto
k usinga 
amera and a side s
anning sonar on board an AUV. If the results are positive, the potentialarises for automati
 and non-intrusive monitoring of non-benthi
 spe
ies at a mu
h lower 
ost thannormally seen with marine surveys using a
ousti
s or demersal trawling.2.11 Control theoryThe 
ontrol theory for an AUV is a very interesting area of resear
h as witnessed by the a
tivityin this �eld (Antonelli, 2004). This is an ongoing proje
t14 and further grant appli
ations will besubmitted to 
ontinue earlier resear
h at the University of I
eland (Thorgilsson et al., 2006).2.12 On the AUV te
hnology and the use of the Gavia as a basis forresear
hAUV te
hnology has been investigated quite a bit as a vehi
le for marine resear
h. (Fernandeset al., 2002, 2003; Desa et al., 2006), in
luding bottom topography (Johannsson et al., 2006). Thesuggested use of the AUVs is as wide-ranging in the litterature as is seen in this proposal,In addition to marine resear
h it is of interest to use an AUV for engineering resear
h. Severaluniversities already do this and it is 
ommonly 
onsidered useful to have an AUV to study it.develop and test new te
hniques as seen e.g. by Gri�ths and Edwards (2003) who investigate thenext generation of AUVs, Lee et al. (2007) investigate the potential of AUVs in aqua
ulture andMadhan et al. (2007) who design a new AUV.On
e an AUV is available several spe
ialized issues be
ome resear
h proje
ts su
h as methodsregarding image pro
essing (Smith and Rumohr, 2005) along many other �elds and the AUV evenenters the arena in astrobiology (Bruhn et al., 2005).The AUV dis
ussed here has already been used in a variety of situations and its properties havebeen dis
ussed in most of the above referen
es (but see also Thorhallsson and Hardason (2003)).From this it should be 
lear that it is a very interesting option for the resear
h 
ommunity in I
elandto have its own AUV. This is not only for the purpose of solving the resear
h issues mentionedin this proposal but also to have the AUV as a general basis for pulling forward methodologiesin statisti
al image analysis and software development, 
ontrol theory et
. It is highly likely thatthis te
hnology will be
ome a 
atalyst for new resear
h in several di�erent �elds and lead to novel
ooperation of resear
h groups.This approa
h will also lead to in
reased 
ooperation amongst resear
hers at di�erent universitiesas well as further link university resear
h to the private se
tor. Indi
ations have already been seen13Coordinated by Halldor Gunnar Olafsson14Coordinated by Anna So�a Hauksdottir 10



of this (Thorgilsson et al., 2006).
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3 The 
hoi
e of modulesThe resear
h proje
ts de
ribed in se
tion 2 have several issues in 
ommon. They are best 
ondu
tedwith an instrument whi
h 
an 
over a fairly large area, but normally smaller than an entire bay.Better pre
ision or resolution tends to be obtained with equipment whi
h is 
lose to the bottomrather than at the surfa
e and large vessels or long sailing distan
es are not required. All theproje
ts 
an be handled through the use of an AUV. In spite of the 
ommon issues the proje
tsrequire di�erent instruments on board the AUV.Only one AUV on the market is designed so that the end user 
an use di�erent modules dependingon the task at hand - this being the Gavia produ
ed by Hafmynd. Thus, depending on the proje
tdi�erent modules are sele
ted, su
h as the GeoSwath sonar (giving three-dimensional views), a
amera, salinity measurements et
. The following therefore gives a des
ription of how one 
ansele
t modules to handle the proje
ts in this proposal (se
tion 2). Se
tion 4 subsequently gives a
omparison with other te
hnologies and other produ
ers.The 
hoi
e of spare modules is des
ribed in a later se
tion.3.1 The base AUVA base AUV needs to have a nose 
one, battery module, 
ontrol unit and propusion moduls inorder to fun
tion.The nose 
one 
ontains a 
amera but the 
orresponding strobe is atta
hed near the rear of theAUV in order to diminish re�e
tion from silt or �oating organisms.The battery module stores the 
harge required for 4-6 hours of operation, depending on thea
tivity.The 
ontrol module 
ontains 
omputers, 
ommuni
ations equipment and the side s
anningsonar. The 
omputers 
oordinate the planned 
ruise, the various pie
es of equipment and 
om-muni
ation with land or between modules.At the surfa
e the AUV 
ommuni
ates with home base using a wireles LAN unless the distan
esare too great in whi
h 
ase text messages using an Iridium phone are used. An a
ousti
 modemis used for 
ommuni
ating underwater, if desired.Positioning while at the surfa
e is obtained using GPS, but the vessel subsequently sails betweenpoints using a 
ompass unless more a

urate positioning equipment is pla
ed in the vessel.The propulsion module 
ontains the ele
tri
 motors, gears et
 for propulsion, steering and soforth.3.2 More a

urate positioning and three-dimensional mapsInvestigations into bottom stru
turee or spe
ial underwater formations require three-dimensionalinformation. The GeoSwath 15 is spe
ially developed for this purpose. The same pie
e of equip-ment is 
ommonly used from a surfa
e vessel, but by pla
ing it in a AUV one 
an obtain morea

urate images sin
e the AUV sails 
loser to the bottom for higher resolution.The GeoSwath requires highly a

urate positioning, e.g. sin
e bands from di�erent swaths needto be joined, but also sin
e 
orre
tions need to be made for any drift in the AUV. A 
omposite15from GeoA
ousti
s, http://www.geoa
ousti
s.
om 12



te
hnology, INS/DVL is used for this purpose and this 
omes in a spe
ially designed module.The interferometri
 methodology used in the Gavia, GeoSwath, appears to be a

urate enoughfor general high-quality bathymetri
 measurements (Gostnell et al., 2006)), although this kind ofa

ura
y is not required for the proje
ts des
ribed here.The AUV des
ribed in this proposal is to be used for three-dimensional mapping and hen
e oneINS/DVL module and one GeoSwath module will be in
luded.3.3 Additional modulesThe only �additional module� in this proposal is an extra battery module. This module will beused in order to be able to 
harge one module while another is in operation. With this one 
anobtain full working days with the AUV, 
onsiderably enhan
ing its potential.The two battery modules will be used inter
hangably. Naturally this also implies that ea
h is aspare for the other and one will not en
ounter weeks of delay even if one breaks down.3.4 SparesThe single greatest 
on
ern is related to malfun
tions due to handling or sailing into hard obje
ts(see se
tion 5), sin
e these are sensitive instruments and it is known that the failure rates of AUVs
an not be ignored (this appears to apply to all produ
ts from all suppliers). The e�e
t of failures
an be made negligible by having spares of those modules with the highest failure rates. For thisreason it is proposed that in addition to the basi
 out�t des
ribed above, a 
ontrol module, nose
one and propulsion module will be pur
hased as spares (see se
tion 5).With this 
hoi
e of modules there will always be spares unless the GeoSwath or DVL/INS modulesfail when they are to be used. These modules are simply too expensive to justify their pur
haseas spares, parti
ularly sin
e they are only essential for one spe
i�
 type of resear
h, i.e. whenthree-dimensional images are required. Given their redu
ed use 
ompared to the other modules,these should also have a lower failure rate.The 
ontrol module is the most 
omplex module of the entire set and the battery modules by itsnature is under 
onsiderable stress, not to mention the propulsion module with its moving partsand the nose 
one whi
h is the �rst point of impa
t. Finally, these modules need to be availablefor all proje
ts making them mission-
riti
al and high-use, advo
ating the existen
e of spares.
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4 Competitive optionsThis se
tion 
ompares the di�erent te
hnologies available and justi�es the use of an AUV in generaland the Gavia in parti
ular.The resear
h proje
ts des
ribed in this do
ument will use photographs or sonar images (side-s
annor interferometri
) to investigate living 
reatures on the sea �oor or the bottom topography onfairly large areas. A variety of te
hnologies has been used for these and similar uses but only onete
hnology applies for regions of the size in question.Sonar and photographi
 images are 
aptured by instruments on board surfa
e vessels or underwaterequipment. Unmanned underwater vehi
les are mainly of two types, remote operated vehi
les(ROVs) or autonomous underwater vehi
les (AUVs). Ea
h of these approa
hes has it virtues andproblems and ea
h is optimal in spe
i�
 
ir
umstan
es.4.1 ROVIn order to photograph a small area at some depth far from shore one �rst needs to get to thelo
ation using a surfa
e vessel and subsequently to send down a 
amera (and a �ash/strobe). ROV-te
hnology is spe
ially developed for this s
enario and is generally appli
able when the purpose isto obtain high-quality photographs of very small areas. The ROV is 
onne
ted by 
able with avessel or land and needs 
onsiderable power but pre
isely for this reason it is possible to atta
hpower-
onsuming instruments su
h as a powerful strobe.An ROV is not usually appli
able when investigating a larger region or if an a

urate positionis required for measurements at sea or if the instrument needs to be stable at sea (e.g. pre
iselyverti
al). The reasons for this are the tether and the steering me
hanisms. An ROV does notnormally in
lude positioning equipment ex
ept as obtained from the surfa
e vesses16. This usuallyimplies that if the 
amera is sent away from the surfa
e vessel then the a

urate position is lost.On top of this one needs to add problems asso
iated with keeping the surfa
e vessel steady andnot drifting. The result is that it is ex
eedingly di�
ult to obtain highly a

urate positioning as isrequired for some appli
ations (e.g. anything related to bathymetry, in
luding three-dimensionalmapping) unless a very expensive ROV is used.If the lo
ation of a spe
i�
 geothermal vent is well known the ROV approa
h is of 
ourse appli
able.Thus a surfa
e vessel will 
arry the ROV to the appropriate lo
ation, the ROV is sent down andhigh-quality pi
tures are taken while the equipment is manually kept in a spe
i�
 position usingto a live 
amera feed. On the other hand if the task at hand is to s
an a typi
al �ord or large partof it (e.g. the geothermal vent system of Eyja�ord), the ROV is not the right pie
e of equipmentsin
e the typi
al ROV does not have any means of following a spe
i�ed tra
k, knowing its exa
tposition while travelling or maintaining a �xed height above the sea �oor.For the same reasons an ROV is not the instrument of 
hoi
e for sto
k assessment of benthos (or�sh), whether with a 
amera or a
ousti
 means. In this 
ase, in addition to positioning issues,the 
ameras on an ROV generally point forward, i.e. in the dire
tion of travel, but for assessmentpurpopses it is 
ru
ial to take pi
tures in a downwards-fa
ing dire
tion in order to 
ount animalswithin a re
tangle of a known size.The use of a 
amera atta
hed to an ROV has been tried for sto
k assessment of the 
ommon whelkand it turned out that the ROV was not suitable due to instability 
ombined with the forward-fa
ing 
amera. This is easiest to see if one 
onsiders a 
amera whi
h 
an photograph with a 90degree angle. If the 
amera normally tilts forward at 30 degrees and the ina

urary in this tilt 
an16In some this 
an be obtained as additional equipment14



be 15 degrees, then the 
amera sometimes takes a pi
ture straight forward with an in�nite-sizeimage. A downwards-fa
ing 
amera will be mu
h more stable with regard to the size of the image.The 
on
lusion of this 
omparison is that although ROV te
hnology is optimal for some proje
tsit is not appli
able for the resear
h proje
ts in this proposal.4.2 Surfa
e vesselsThree-dimensional images have been obtained using a
ousti
al methods (Ton
hia, 1994), e.g. usinga multibeam e
ho sounder, (Hammerstad et al., 1993) or interferometri
 te
hniques (Malla
e, 2002)and used e.g. for imaging large portions of the Reykjanes Ridge (Keeton et al., 1997). In orderto obtain images of very large areas su
h as the Reykjanes Ridge, it is fairly obvious that oneneeds large apparatus su
h as a large resear
h vessel or a large (e.g. manned) submarine. Themultibeam sonar in a resear
h vessel is a well-known te
hnology and it is also well-known that thisis a fairly expensive te
hnology. The base 
ost of the resear
h vessels is typi
ally measured in tensof millions of dollars and the 
ost of the instruments alone 
an easily be over a million dollars.The result is an extremely powerful te
hnology for mapping large areas but at a 
ost whi
h dwarfsthe 
ost of the AUVs 
onsidered here.The large vessels are inappropriate for 
oastal investigations for the same reasons: They are toolarge and expensive to run and tend to be di�
ult to operate in the 
oastal zone.4.3 The 
hoi
e of an AUVThe above implies that an AUV is by far best suited for the proje
ts under dis
ussion. A few
ompanies manufa
turee AUVs and they vary greatly in size, shape and 
apabilities. For exampleSAAB manufa
tures an AUV whi
h weighs in at 620kg and AUVs may weigh up to two tonnesto rea
h a depth of 6km. For the resear
h in this proposal, however, an instrument whi
h 
anrea
h 500m is more than su�
ient and it is highly desirable to have the option of transporting theequipment e.g. in an SUV and laun
h it from a pier, the shore or a small boat.Two produ
ers make su
h AUVs 
ommer
ially, Hydroid17 and Hafmynd18. The smallest Remusvehi
les from hydroid are somewhat 
heaper than the Gavia from Hafmynd but they are soldin �xed implementations and the equipment under 
onsideration here is not all available for theRemus.The 
hoi
e of equipment must take into 
onsideration several fa
tors, starting with the type ofinvestigation to be 
ondu
ted but also the 
osts involved, maintenan
e and reliability. The pri
e,maintenan
e and reliability is dis
ussed elsewhere, but a 
omparison of the Gavia and the Remusqui
kly shows that the GeoSwath+INS/DVL 
ombination is not available for the smaller Remusvehi
les. The Remus vehi
les be
ome very expensive if they are designed for depths greater than100m whi
h is important for some of the proje
ts here. Remus vehi
les whi
h 
an handle greaterdepths and 
an 
arry a GeoSwath are 
loser to weighing two tonnes and pri
ed a

ordingly.The single fa
tor whi
h 
lin
hes the 
hoi
e of a Gavia over the Remus is the modularity of theGavia: The Gavia is the only AUV whi
h permits the user to insert modules appropriate to ea
htask.17http://www.hydroidin
.
om/18http://www.gavia.is/
15



4.4 RentalsIn pla
e of pur
hase it is often possible to rent instruments and AUVs are no ex
eption.The daily rate of an AUV with an operator from Hafmynd is 
onsiderable. In fa
t, with thisday rate it would take about six months of use to rea
h the pri
e of the system proposed here.At the 
urrent time the 
ompany only has one vehi
le for internal use, though several are under
onstru
tion. This vehi
le is used for all purposes, i.e. rentals, sales and marketing in addition todevelopment.Attempts to 
ondu
t individual smaller resear
h proje
ts in 
ooperation with Hafmynd, based ongood-will or for payment have to date not been very su

essful. It is 
lear that proje
ts 
an not be
ompleted in any other manner than through hard 
ontra
ts, either for rentals or pur
hase. Thereason is simply that short periods of resear
h 
an never have priority over a several-week rentalagreement or a military exhibit with a potential sale of a dozen vehi
les. In addition it shouldbe noted that a vessel whi
h is also used for development is not ideal for a short resear
h proje
tsin
e a development vessel is by nature an unstable AUV.The rental rates of Hafmynd are of 
ourse the rates whi
h the 
ompany 
an use for general rentals.This is therefore also the lost revenue if the 
ompany were to 
ondu
t experiments with a resear
horganisation. The rental rates are of su
h a nature that it is obviously bene�
ial to pur
hase avessel rather than rent it. Given that the rental rate is 
omparable to the rates of other 
ompaniesit is unlikely that one may be able to obtain better rates - apart from the fa
t that other 
ompaniessimply do not have the equipment required with the GeoSwath being the obvious example.4.5 ExtensionsIn addition to the above list one should note the extensibility. If a Remus or similar vehi
le ispur
hased there are no options of modi�
ations or extensions. On the other hand one 
an addmodules for the Gavia to 
ondu
t new investigations. In parti
ular one 
an pur
hase equipment fora

urate salinity and temperature readings for hydrographi
 resear
h. Similarly one 
an pur
hasea single 
ontrol module for experimental work on 
ontrol theory or a new nose 
one to develop adi�erent te
hnology for photography. None of this is possible ex
ept with this spe
i�
 
hoi
e ofan AUV.
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5 ReliabilityThe 
hoi
e of equipment naturally needs to take into a

ount the type of resear
h to be 
ondu
tedbut also equipment reliability. The resear
h to be 
ondu
ted in this proposal will mostly be donefrom shore or from small resear
h boats su
h as rubber dhingys. Su
h investigations 
an in some
ases be done during winter but in I
eland it is imperative that one 
an utilise the equipmentthroughout the summer months when it is mu
h more likely that weather will be favorable. Itis therefore important that the entire 
olle
tion of instruments (�system�) be 
hosen in su
h amanner that there is a minimal probability of e.g. losing several weeks to repair.An AUV of the type des
ribed here is a very 
ompli
ated pie
e of equipment. It is in the natureof 
ompli
ated equipment that these break down, i.e. have a high failure rate. These instrumentsare 
ommonly 
ompared to heli
opters and it is well known that if heli
opter operators wantreliability they tend to want to have more than one ma
hine in order to guarantee the uptime ofthe �system�. The �system� is the 
olle
tion of instruments available, in
luding spare parts and/orspare modules and �reliability� (or �availability�) is the probability that an experiment 
an be
ondu
ted satisfa
torily at the desired time.The failures whi
h will 
ome up will be of a multitude of types. Some are simple and 
ause littlein
onvenien
e, e.g. routine repla
ement of movable steering �ns. Su
h failures (whi
h shouldprobably be 
lassi�ed as wear and tear rather than a failure) are therefore not an issue regardingsystem uptime. Other failures are more of an issue and need to be taken into a

ount.Considerable experien
e has been a

umulated on the AUVs sold by Hafmynd as several havebeen sold to end-users in addition to Hafmynd's own use of vessesls for demonstration, in-houseuse and rentals. This use implies 
onsiderable transport using planes, 
ars and ships and a widevariety of uses on-site. In addition to general handling issues, the handling of deli
ate instrumentsby shipping 
ompanies is notorious and equipment may well arrive broken on-site just like otherluggage. All of these issues will arise also with the equipment in this proposal and therefore thisexperien
e will be used when planning for in
reased reliabilityFailures due to handling 
an be quite problemati
 and it is important to show 
onsiderable 
are inpa
kaging. Although the AUV looks robust it must be kept in mind that the internals are basi
allya 
olle
tion of deli
ate 
omputers. Even with su
h 
are instrument breakdowns will always 
omeas a part of shipping and handling in
luding laun
h and re
overy of the AUV. The important issuehere is therefore to plan for failure and make sure that a three-week repair 
y
le does not stopresear
h for three weeks.A separate do
ument details the reliability of di�erent systems, with a variety of modules anddi�erent AUV 
onstru
ts. It turns out the there is an enormous di�eren
e in uptime if there aretwo modules of the types whi
h are mainly used. The di�eren
e is mu
h greater than that whi
hone would observe merely by having a spare of a non-modular AUV and the do
ument explainsthe probabilities involved.For these reasons it is suggested here that three modules be added for the sole purpose of ensuringreliability. With this addition (along with the extra battery module) the reliability is mu
h greaterand for this reason these three extra modules are 
onsidered a very important part of the systemproposed here.
17



6 Operations6.1 GeneralAn AUV similar to the one 
onsidered here is used in a resear
h environment at the Universityof British Columbia (UBC) and 
onsiderable experien
e has already been obtained from this use.The resear
h is mainly 
ondu
ted by a professor and a graduate student. This experien
e suggeststhat a reasonable model is to instru
t graduate students in the use of the AUV and subsequentlymake them responsible for the instrument (along with the advisor).The suggested proje
ts for the instruments des
ribed here are more variable than at UBC andmore resear
hers will need a

ess to the AUV. It is therefore prudent to ensure that at least oneknowledgable person is normally available to tend to the AUV. The general rule will be that thisindividual will be able to go with the AUV to those who require its use. A post-do
, hired at theUniv. of I
eland (at UI expense), will take on this task.Courses in the use of the AUV are in
luded in the pur
hase and all parties (post-do
s, studentsand sele
ted instru
tors/resear
hers) will attend these 
ourses.6.2 UtilisationIt is assumed that the AUV will be of dire
t use to several resear
hers in I
eland and many morewill be able to use data 
olle
ted on its missions.As the AUV be
omes used more intensively the partners in this proposal will 
ome to an agreementon the share in its utilisation in a

ordan
e with the amount of funding raised for its pur
hase.For example, the University of I
eland and the University of Akureyri are assumed to raise equalfunding and are therefore expe
ted to have the same a

ess to the AUV.It should also be noted that due to the modularity it will be possible to add relatively few modulesto obtain two or more usable AUVs. It is to be expe
ted that individual modules will be boughtannually as parts of other resear
h proposals.
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7 Maintenan
eThe equipment is sold with a warranty and modules needing repair under the warranty will of
ourse be shipped ba
k to the manufa
turer. Given the spares, it is assumed that in by far most
ases a module needing repair 
an be ex
hanged for another and thus there will be no delays dueto su
h repairs. This type of repair is expe
ted to be rare in any 
ase.Initially there will not be mu
h maintenan
e ex
ept of a general type due to handling and a

identssu
h as ramming into hard obje
ts while sailing. This is not to imply that the AUVs will behandled 
arelessly. Rather one needs to a
knowledge that a

idents will happen no matter whatthe pre
autions. These instruments are deli
ate and it is inevitable that malfun
tions will 
omeup on o

asion during transport, laun
h, re
overy or while in the sea. It will be assumed thatmost su
h repairs 
an be undertaken by swit
hing modules and sending one ba
k for repair.Regular maintenan
e is minor but in
ludes renewing O-rings and su
h. This is su�
iently mi-nor that the operator deals with this during vehi
le use, before it is laun
hed. Dire
tions onmaintenan
e are a part of a 
ourse on handling the AUV.In the longer run (2-5 years) it is likely that more modules will be pur
hased resulting in more
omplete AUVs. These will then be �nan
ed with individual resear
h proposals. The pri
esinvolved will be mu
h lower than in this proposal sin
e usually only individual modules will bepur
hased and usually not nearly as expensive modules as the ones under 
onsideration here.In general broken modules will be sent ba
k for repair and it is assumed that the University ofI
eland (S
ien
e Institute and/or the Institute of Biology) will foot the bill, at least for the �rsttwo years.It is not 
onsidered important to in
lude a spe
ial maintenan
e or update agreement in the initialpur
hase. If this is to be done later the 
onsortium will de
ide on the 
ost re
overy in a

ordan
ewith the relative use of the modules by ea
h partner at that time.
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8 Finan
ingIt is assumed that the National Resear
h Foundation of I
eland will provide 50% of the 
apitalrequired. Other 
osts are 
overed by the partners, either through their own 
ontribution or throughother grant appli
ations whi
h will be submitted during the 
oming months.Partners within the umbrella of The University I
eland (Univ. I
eland S
ien
e Institute, Instituteof Biology and Vestman Islands Resear
h Institute) have guaranteed 22% of the funding neededand The University of Akureyri will raise another 22%. Other partners will raise the funds neededto 
over remaining 
osts
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