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WD 2008/ 048346 PCT/ US2007/ 004170 -1 SYSTEM AND METHOD
FOR DETERM NI NG THE PCSI TI ON OF AN UNDERWATER VEHI CLE

WG 2REL4SBED APPLI CATI ONS Thi s application cl ai nBCT/US2007/004170

priority to United States Provisional Patent
Application Serial Nunmber 60L776,120, entitled System
and Method for Determning the Position of an

Under mﬁg\esrmmmb METfHdI? FORDEBHMMNINGBHE %@%@nowm AN

application is hereby incorporated herein

reference in its enti r@YERWVATHREVEBHIGLE NVENTI ON The
present invention provides systens and nethods for
determining the precise position of an underwater
vetﬂEﬂ@TEW@Lme arly, one exenplary syst em

prOV|de abl.
si gnal , ng%c plécg ﬁ‘én @%‘ 3’ ngﬁ%m bg&edf %’t?tg%Prlog? ltP| ﬁ%m@@llca“on
15 Serinl Yasbdr 60761205 eititledl Sydiem andietetvad €t Deednmah@ thé Pésition of

e i, A ke L R e

Detif¢otpdratbdhdréif bp Fereacelin A endifgignned under wat er
vehi cles (UUV s) or 20 autononous underwater vehicles

(AUWV's) is a difficult problemas high frequency radio

WAV EL BSIEMAIENTION not travel significant distances in
water. This renders direct reception of GPS signals,

V\/ni ch wdbe dresenh svention pprvides sstegsaed prsthiods fon deternliniag the precise

“p%Elﬁl)Jl It él’ﬂtﬁﬁ@lg\‘a?er v%i:ﬁ’ icle, ]gl%l'egﬂ?tl gb%g xJn%larK syéstem provides a

et'erm ni n osi
t y pﬂocaad:dpyble nﬁmebamng;al péscinrsgnalhsuck eha GP8 sigoal aidaraasl@@She GPS

R o5 BB R HO AR R B Bl o KBt o
I Naindérsvater ¢hidlé 3nawpusti ¢ buoys) and dead reckoni ng

calculations to determ ne novenent fromthe fixed
position. This process both exposes the vehicle to the

Surg ACRGROUAY 0§ THE AWBNTIONM i ts mi ssion and
potentially exposing it to danger) and results in

errors Deteypming thapesiionsf upmaned wnderveater yehiclas VWY shor
t hedug)?l?lq lﬁQlWa Qﬁél&l)(l "l‘}\} Qr]ia di cuﬁr]ﬁ e{rﬁ%.ﬁl'é?llx g?(iugs\;:y radio

severa osed I n™t prio
a bweoyys gdnelatly tlo notbmvdsrgmftcanttdmans&snﬁ sveter.f Tloseaders direct

u nd1'eecrep ctmec;f (yI?Sh s!né:rla?s, \fzv[u ﬁnwoultd orthré?\{nsé }())I'O\gl 'é good posgpnal ﬁxes
generally unusable. Conventional methods for determining the position of an
underwater vehicle typically involve surfacing the vehicle to take a GPS fix, and then
going underwater and using various sensors (Doppler velocity logs, Inertial guidance
INS, ranging from acoustic buoys) and dead reckoning calculations to determine
movement from the fixed position. This process both exposes the vehicle to the surface
(taking it away from its mission and potentially exposing it to danger) and results in
errors in positioning as errors can accumulate from the dead reckoning calculations.

There are also several schemes disclosed in the prior art that allow a buoy float to
be sent to the surface from an underwater vehicle from a tether to obtain a GPS fix.
These include US Patent No. 6,058,874; US Patent No. 5,379,034; US Patent No.
5,291,194, US Patent No. 5,377,165; and US Patent No. 6,907,839. Each of these
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These i nclude US Patent No. 6,058, 874; US Patent No.
5,379,034; US Patent No. 5,291, 194; US Patent No.

wW®2®3/P48860; and US Patent No. 6,907,839. Each pET/URMET004170

WO 2008/ 048346 PCT/ US2007/ 004170 -2 patents discl ose
a schene that brings sone floap.attached by a wire up
to the surface to allowa GPS and/or RF link to

op aﬂ:hf% dilob&a §ch€mé! 0 Brinfgs bo?n@ﬂ%a?%afcﬁ% b“)rzpr»(rx?&@p tosurface to

problemw th these nethods 1s that
detalpwiar{eP emé/qn &&ilink gmopskate whilethe, w@ucée lslbatovxahgsn&pal One

th ep @)ggrh wltﬂ egé m"eiﬂgdsf 1L ﬁﬁt th%J &]c?r?og d%tgltn?ﬁe?&g ??sntl{h e?haélcle, but

to ‘address the err
f | gaoerdlhyahe péssioneth |th}:I fk)abyThesesrefeednbssrthuslfml wckddtesﬂhe error

| h

P ned NI ot Sh e FoRithe SERRI hARTehE: W Sudidh, longer
angerigltlt tethb fard e dest:ﬁbﬁtlﬂ dehrt! s GPSadcumay of 1esstthed one meter is
venl Cc as, a

0 rs, that .introduce n
b svidh! S e bR o ach the B Bt i HemibsE nh et o To
t amekéls, AR lirftiodiices 'aJXord-gmﬁnigﬁm&/ﬁﬁﬂéaéeriﬁ)ﬂlétaédﬂﬁ‘ac%?ﬂxe
the UWNV is bei ng used for eratlons such

hy o8Pk Ehig bwwg verwrm w@nﬁl&‘éwds/wrag ysed for operations
ac (‘su&fj‘zﬁmyﬂl%gfaSHlU 'sﬁr%’ys Qﬁeré'rh n& mefe? ERRARIERARGE r@;tﬂged or mine

renoval , "whére the vehicle mj% have to go Dack
sarreconnwamqe@né rwels where thegghiclemag xR godrckrioghe same

m&@e{&ﬁ Higsent invention describes the nethod

and appar at us to translate a positional fix of the
float to an actual position of the vehicle. In

addqj, t,i.on, ibutes of the tether and buoy
fl ?W%%ﬁgﬁqﬁﬁ\&vﬁt@ ke the systemnore reliable
in ogerl‘aé pRBent ngel}tidn GB@nBﬁsﬂE@ﬁaeth&d’lﬁldi appaatus Q)rtran?late a
provi.des or m.ni ng t he position of an
un&eflmaé?xggﬁlﬁglp@ 10 20 p9TeAL PR greaehiglee iy aditian, some key

t etaRfib@es $fhd @hetd DuVPH St alINco&! that Mk BfeQlyteth more reliable in
receives a signal representative of a position of the

f | OReratign. posi ti on of fset ,di stance between the fl oat

and t he(l)ﬁj{)}ﬂe%ﬁ@{ e M@Jﬂhg:# Ero\nﬁest %}g&h&dafo? été'rtnﬁﬂnggg ppsition of an

added t pdsition the float to eterm '
pogintéryatepfehidhe A fldatrharing a raceiveras tethered to the upderwater vehicle.

[ |y : .
R e P S T g e
t helisande betater the 80at ahdethe dedeewatexmehgletlhmexﬂ efittated artdradded to the

sol vi n

under. ehi cl an ositio
of oot e 'S aefermBB g Pasthion B b8 mdg G ebicles Tn one
deteatbodinet, bﬂcﬂatdigrtl&ﬂfdsmﬁ? effseh dmaﬂée inéludds deteimaifingatdestance
I
Veq)le{:we%n the oat d?ltdlt}(ljenlgldelx’va?er %e cle determlmng the depth of the underwater

vehicle, and solving for the position offset distance. The position offset distance is

determined in a direction of travel of the underwater vehicle, and optionally also in a
direction perpendicular to the direction of travel of the underwater vehicle.

In a further aspect of the invention, a system is provided for determining the
position of an underwater vehicle. The system includes a float having a receiver for
receiving a position signal representing the position of float. The float is sufficiently

buoyant so as to place the receiver in a position to receive the signal. A tether connects



10

15

20

25

30

direction perpendicular to the direction of travel of
t he underwater vehicle. 30 In a further aspect of the

WO pwenisdad, a systemis provided for deternm ni PGI/UR®07/004170

position of an underwater vehicle. The system i ncl udes
a float having a receiver for_sreceiving a position
signal representing the position of float. The fl oat

IS fididad: fd RO hhderw USRI aﬁﬁ gx%gildgﬁ% ?A“‘ﬂﬁﬁ%‘ée ‘én BRI bEfween the

in a position to recelve t er connects
WD R0 UBBHIe T /B8 0 A0 Okt edlculatPnteteeneht is iptovided phet least

{
e 87 8 Do 84 TSl I o G RREPIAEF b disopsecpotween
An thd tﬁxﬂietwmlvemt:lahnd)the ﬁbanmnprocessop cmﬁhdechlonlnteame pesitiin of the

" Sl vyt Miine e o8 Pl el BrpasfiaBpEihe Hoac

vehicle and the float. A processor can then cal cul ate
osition of the underwater vehicle by adding the

th
poiﬁlﬁFBPFéﬂfRé%TIQN OF IhEPRAWINGS position of the float.
BRI EF D PProtedddidgrhm QR@WSN%@&HV&U& HfVQMblgﬁ%lf?cle pulls

di agram of a system of the invention in

veltisslai float | s “ 10 a small float; Figure 2 prow des a
di agrammatic illustration of the float of Figure 1;
Figure 3 provides a diagrammatic illustration of the
vehi cl eFgurd3 pravidesla diagrammntipitlestegtion dfitb¢ fledt e Fighe 1,
geonetry of a nethod of the invention for determ ning
the positional offset for the float tethered to the
under waFgure/Epiocides Ddiagrivamatysillesiiaddn &ff theivehiclelof Fgure 1,
Figure 5 illustrates the geonetry of Figure 4 froma
top view, showing the float pushed off the vehicle

track byigaROd Bluftapide %%Bﬁinetlﬁf St Iﬁetﬁod J:ﬂth'éﬁl(féﬂtl%ﬁ fé¥ determining the
di agram of _a section an under wat er

ve moer@abpffset fra theflashiethered H‘h\h? Hgdeanet@twbxclefcﬁ &he system ofifFigure
25 |DETAI LED DESCRI PTION A system and a nmethod are

provi ded for determining the position of an

underwat er vehicle while the vehicle is operating

Sur 1 ace ! e 1USHEIA e etfiBhy 20efiRe BRor{H pRE R g g toa

t hipastted bffahe tehade wark by angle Alpha; and

Figure 6 illustrates a diagram of a section of a hull of an underwater vehicle of

the invention having a tether feed system.

DETAILED DESCRIPTION

A system and a method are provided for determining the position of an
underwater vehicle while the vehicle is operating underwater. A buoyant float stays on
or near the surface of the water and is attached to the vehicle by thin tether that can
include insulated wires. The vehicle moves under the water and pulls the float behind it.
The float can receive a localization signal, such as a signal indicating its GPS position,
and so can determine its position precisely. The position can be transmitted to the

underwater vehicle over the wires located in the tether. The underwater vehicle can use
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30 include insulated wires. The vehi cl e nobves under
the water and pulls the float behind it. The fl oat

W@ 2008/0¢83¢6 ve a | ocal i zati on signal, such as a BCTOS1007/004170

indicating its GPS position, and so can determine its
position precisely. The positign can be transmtted to

- the wunderwater vehicle over the wires located in the

t etsbRbrs Ar LARIARS B'deleBiltine IR SQHodéiS@ffs]\épof?tﬂQ%th‘I@ﬁgfrﬁ the

PCT/ USZOO?/ 004170 -4 sensors for calculations to
detfloantues andhgengratss tits tmeaposgiondesed oh thermowa ippsitien dfithefloat and
th - Ltian . d

o s SRR, A0 0B B Shp b VAR RIS o o
of fitscaieratél' With & gmatbr tether lengtlh, ang inrtust abldwithde imdatwateér lyehtiels to

t ocheF 2 AR he 3 mayplso BPEHEY S haRaPh R S high
vehpedde;otrmmnmamﬂifelgails gomahevehibbpiiiik. thelVehidld 19 @libnigyed.

al so e car a em f hi gh_ speed )
o ommuss Befeftinengi oimlgras L A srbaunghtet s p 8P R vention for

Ve et flining tﬁéiﬁb’m{oﬁ Q€ an RRIEAVidr R6hiE1012 1sQl1dskratel € The sy§tem 10
first errbodl ment of a system 10 of the i.nventi on

detislydes pmundepwatgyshiciedd, floah hd, apdia falaer &6 cwmtmgéhquat to the
IS vinhdriSter Adnede. ’IIIIEQIO%’ i ﬁ{l}x&égtaﬂr %%bﬁgggqg thaf'ff can reieéve a signal

under wat er vehi cl a tet
c onmdieating Qletmeltlm @ﬁhe floatt Fle flagh dj@cmeunun@hiechne posftipa to the

f I ' '
Sk DELACEE RIS S 1 A o
f I qmsltldrﬂffrommha:ﬂnmiktmo dtaethe postignadiithiel float ¢an beltenverted into a

under.wat er.. vehi 12. In.addi tion, the underwater ..

Y PR Ehngeticie T e 48 Bote btk e o o6 e pasiton of
f | aid vehitle whentddmiparell @ FtEint i methodsRE tHelpaiat ar€ and B ws the
converted into 1 osition oéphge vehicle. This

r eSYi¢na tq pperat gfeateglep peeswEnedp atsypéem that allows the

POSinlérRatePiehid tIéQE]'t& bRateh @S @Iﬁﬂ%ﬁ@nﬁ&mﬁé&%ﬁﬁs and
met hods _of the prior art, and allows the systemto

oper at e T fleatld cangeneratly be ef-poaventienseanstreaiian ay iskuown foga

I
Y DS B0 R U LB L, e o

Theohthips at lQast veantepenéd for Irgcelbmg@fmgn@lrremtenmahe position of the
I 20. va of buoys

t th% taI; I%%\Irgath%g‘ then%oIgIIl%mﬁfﬁlg ltII P ac%réb%?aﬁ%l?a&%ddy of water.

I n geneired prefered Binbadiment ditsaratad dlagratlnﬁﬁﬁtallglm Bigtirer2) the 1i8at

for ei vin s presenting the position of
{ Panchiteg aecBe 0 R bR b optng b o paieuaty. a GPS
CaRrighsl GHSCrefentte the G16ba PPsigdrig BdtetiYR %I'Isféﬂﬁﬁon of more than two

agrannatlcall in Figure 2, the f| oat

Il ustrated
I n@?’gﬁﬂ]@ Sgsalteglgg b r%cqsbpreglgctgpxgg ﬁgnaés bb@filou to lesgpnic GPS
si ga@lvers v@ﬁéIl dﬂéﬁﬂh&ﬁ £ dcEtthaily! (ﬁétenﬁm%lr 16catiS @OitudEmitude,

refers to the d obal P03|t|on|ng System a
corgad @lmlgp) 1g feab fimgp OB S r¢sgiyens\a@ calculate their current position (latitude,

longitude, elevation), and the precise time, using the process of trilateration after
measuring the distance to at least four satellites by comparing the satellites' coded time
signal transmissions. In general, GPS receivers 20 can be highly inaccurate, or
completely inoperable, under water. For this reason, a GPS receiver (or other receiver

for receiving another type of position or localization signal that cannot be accurately
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-vehicl e

dozen GPS satellites that broadcast precise timng
signals by radio to electronic GPS receivers which

w@bdosmussiem t 0 accurately determ ne their | ocap@DOS2007/004170

(longitude, latitude, and altitude) in real tine. GPS
receivers 20 calculate their cgrrent position
(I atitude, |longitude, elevation), and the precise
ti Boeividd udEr WARNIINAS £35ided o thi: 184t@6 @Iat R BarPid iRhr, 30or above the
measuring the di'stance to at |east four satelliteées by
corfpece ﬂlewe'ttegaf eapiredby thexgeriver apdvignal | lrpae exemplary
tr %ﬂ'ﬁ)ﬁhlﬁﬁhpﬂé redelVePENRF ?écelv% ? gFﬁE&la}/ ﬁ é% @@reggver that can
I naCcurate, or I nop

vvataelmevqtadngh mcgracsewmnaleﬁxcgﬁsem d@ml emet(r@reaw than 95% of the
recei Y iti r

o i Bl siific WELRS Hirehni Foid oo BN BB i system Gos
ZOOSLQMBMe ﬁ@ii/(idﬁﬁﬁam’eﬁﬁﬁdxﬁn Inc. bf Olathe] Kadadynder
wat er) 5_9 g Erow ed on the fl oat o tha? it can
near , patl{ Genaliqcarry Spmpypigatipps aﬁg‘”%ﬁ &rSughas ra i

r e(ftbq{xéhdy BominigicdtiREShal @Ward itkesid Qfda’ecel\lerboﬁﬂﬁmﬁéﬁdm lugihy antenna
emhodi ment, the receiver 20 for receiving p03| tional

si ¢haVirid (EEEsendard 803 4} 2. fof sxaraple) 5 ong FrADRIE o Iy gt radio

ac GéthAQYmy PRt i§ VAP Rw EdsKydd thaP&hthe usdd e éxstﬁ?ﬁ:‘é@ﬁp ﬂraes@%‘?il miles
than 95%of the "tinme using sinple WAAS differenti al

corvitadhe praper agignmp AEANgARENtSa ANPTACESINRE yan frthegibg inchgled on the
( a\ﬂ%gst‘)alﬂl'c%ﬁ;s @Hh%ﬁ{olﬁﬂ% gﬁﬁegﬁﬂéi&dnﬂﬂlﬁﬁcatl&ﬁ% afd fr@n%é@PS

Kans SO carry conmuni ca
harehsevee2® the @umtuna:stimdiandwafer@qmnlmgfundemum ivela¢le 32 hrough
and, rece omTunl catl ons u

2?}1{ %ﬁ% e}g 1,0 Se ng}entelm gﬁ,]sag?,rd)r g{l)aéer rin% mpgrrthat operates
ex &ﬂ@kmﬁablle&eqmcﬁtoamdrmmeta rimgmwms tndepwliter \Iemhrml ca@ilso be

that W et that. can 0 .

ai Seedted ?Jﬁth? 8050 eion o peigars ki e i Veroenize that ange
antRAME cRiANIEHRBE Plackl G tREASS O4, oA Shiilefvhhidr DEicID €2, or
included on the float to process information and to

me distittated etvasn &8ttvens to and fromthe GPS recei ver

20, t heTﬁ@ r Oﬁsgtﬁh%%&d%‘ e‘ﬁﬁ%eg‘.vgt% veRfath l;yl'hete E}dlgr. Y3k Rliher 16

tet range-fin
el emoides E& sgamh requigasirta tovothe floatddeas wellnge nﬁaarmlte rcatryn either

?g%[eg{éﬁil orfibe 18%%9:&4 t?e[t&ée e Adal gquhéjgﬁd%%t&%e cle1°

underma can nclude
on comenuhicata iGPS4r oﬂueppnssmn dath, asrvaéllraafqr offetr tdmrnunitdtiensakiich as

wi | | cognpi ze th Ierre 8 can, be

o) an BEIEROThE ReteD B cariEAg beiai et e RE £y e Epespd (pSotied) as
or redtirgd by thetudervaterrhitld iepetatig detth. TiTRe dsipatof it flogt 14 and the
connected to the underwater vehicle by a tether 16.

Thdethezilf &an Bgsuch Fhébﬁglﬁbé@mﬁtﬁ geting %gbtwnro@&aﬁs inste pgier @y stopping
t hene Undtwaldt vel@e VB from3RopRIliNE 8If FAWaR MYcaR lafsh hportant for

either or both of the tether 16 and float 14 that they deflect weeds or other objects

floating in the water.

The underwater vehicle 12 is preferably an Autonomous Underwater Vehicle
(AUV), in other words, a robot that travels underwater using its own propulsion 30.
These vehicles, also known as Unmanned Undersea Vehicles (UUVs), are usually

battery 32 powered and can operate in water as deep as 6000 meters. With ongoing
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el ectrical or fiber optic signals between the fl oat
and the underwater vehicle to conmnunicate GPS or

wo@rien4gsesi ti on data, as well as for other PCT/US2007/004170

communi cations, such as an RF link. The tether 16 can
either be a fixed | ength or cag.be di spensed
(unrolled) as 25 required by the underwater vehicle's

op : . . _
¢l A8 g S ok Wi b 1 AR B e
on lmdwehmrsowrnpqwe Srchevehiglesicantbepisddrag oceanegraphietonkst arrying

Vleggr‘fsl a?%@&noﬁﬁ}o% Je]r?aﬂofrearglee% éf tfh? % El‘g%% ge%?%rs include
an d:ombasats cle‘pth steasors Isdyscdlearldanher\smcksmgnethS cnlltqrmcstcss and

fl oat the Q Th hi

b SPAMIBL BB, HB4E i 100 o BT BT Bl g B i Ganp. A
ot lpedcesvor Bt canalsh bb riclidedito ;irbamhﬁmuﬂdﬁranahemaw%ﬁ@untcsnons

own propulsion 30 . The 0..known
Cnrane A AEo FghFe . best Blons Pt BRUBEPE postion ofe,

batﬁeﬁ&yoffﬂ?e WRAREVaR4 vé}{i'éie CRRitR %g &t ® flodt V¢ be ASscHBAP TS offset
6000 neters, Wth on 08/ 048346

P U RIP b Aner et e 260 apaRde fom B 20 pesiion e igyide o
¥ Eﬁﬁﬁn&?ﬂgﬁ repre ﬁ@édeﬂﬁ?p&ﬁf&n%f h %hlleh’ rlﬁ :Qﬁ‘c{ nA R floa 14 A

under thelrr own power es can
us edocgssondeamibg veldle &2 cangdenerate agw ﬁPngentmswpms@nng the

na ogﬁ{>ﬂ %@U&Ac‘i’é andooug)gp;ger%% Hi s 8}; % vg iE ¥ use GPS

sensors 1 nc asses, sensors,
SI dxes:txamngaduia ot deerefeencertbeir mngnmtsoctedssrds scanlsonarredoatess 34.

and Vit r ohes. re.,are.al so,a nunb

o o Sl 0T SRR oSS o R Shigle Satn SesBEd B g Goat can

Carbegih Sthlike BB LitedRek df thedliNGRE FomthvehRid moamhoat 14 (Dy). The
nlcatlons Referrln oW to Fi gure

nmedi ate co

b dRaSYTEE ORAISERE g oF qﬁrmoﬂlglepﬁ@n thiyiayentign ISdmag%rﬁd directly by

Delchmmafding e {16802y 19a4raran WERskd §§rﬂa (a}’*‘s&rﬁr bﬁ@ﬂ%hgﬁ'&lge finder
fse

float 14 can be described. The o
add8dthe yehidle 12 will therymeastiee thoargral tiene anddwpwn@ thy-‘syegbof sound in

L ) Y RO SRR L RS e v
14 thesvehpsieolPeand dloadid. @notheemeank o€ ingasting the digtanes Bt wouhdbe to
uﬁ'? Qﬁlgﬂg)?ﬁ a%l HS&%ﬂe éﬂﬁe v&?&é i ﬂhé){lo tt h% Flélt I{r%vg{s well

en1to evli ces on he ve
useh:@ﬁ’@ wque:santlldeuectmg adakbattle agependf er ence their

r eadi ng ugh gs si.de. scan so ecorders 34. 1

Cat cul 2% ST SomB i Eighte e CLay ot hasinee Fa Qisppeied asone leg
W tdfl 2 igBRASAgld Oric ehef diftatice DAR meaQFed) thalérdytt §he hypotenuse of
nmeasurement of the distance fromthe vehicle 12 to the

| daat right trigggfe is kpwvn. fEevahiclesan alsy deraingiisdeph I yeroyppgurately
e MG i BtaRdard PrRssufMRREduRE 340 MRASHHIESE AuftRé idVorMe right

triangle is known. Now, Pythagorean’s theorem can be applied by the processor 36 to
solve for the length of the final leg of the triangle — the GPS offset distance Delta, or

distance in the plane of the surface of the water between the float 14 and the vehicle 12.
The vehicle 12 can carry a compass 34 to know it’s true compass heading, so it can
project the vector Dy into Latitude and Longitude distance in the current datum (e.g.,
WGS 84, the 1984 standard of the World Geodetic System which defines a fixed global
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conmandi ng the float 14 to send an acoustic signal (a
"sonar ping") using range finder 28; the vehicle 12

waowdos/osdsen nmeasure the arrival tinme and, know PQI/Uk®07/004170

speed of sound in 20 water, can, using its processor
36, calculate the actual distance of straight Iine
between the vehicle 12 and fl oat 14. Anot her neans of

”e%féfe'n&gfrirﬁ‘@fog tREARR Porldbe m@éb&spwrﬁwgewrﬁ CThs loffgé@ Delta can
of a wavel ength fromone of the vehicle

f | JBRTeSERt & prary £efvastian tpedeferming thslfgﬁecmdt lemtu%@dd@t&tgde of the

it Svefiicle! l‘éa'\’Y])@h &ﬁ)&ﬂﬁzfs Ibﬁfa 1§£Haed t%sthé fgrgshg él t?r{)]c%\f\%}négrbg the float 14

Figure 4 S of fset di stance

oneusing s GPS redeiver 20, diiet positipm pfthe undenwatertviebicldi 18 tisohs @nddf
isg‘ﬁ?&% ed, the length of the hypotenuse of that

ri triangle is known. The vehicle can al so

det er m Refeirirgy rbaptolFigure & ray eaoc(ilisiratbd/as donor syl lpha) can also
st andar S transducgr, 34 so t | engt h. of a.

F UG edlpan 4 e PR S edigh 2 iaRe B ol hicl 12 due
Py ttha@artedidh Ss wind @F Qe AdreRC4(A NS &fdr AY¥pHa iCodRE@RR Sififller than
36 to  solve for the length of the final |eg. of the

t r ithaepiraary offpRe e@@%ﬁafa%mawb% able tocbepignored if 6¢sus@accuracy
di shaEeibdt dahBe mew&&t itt l&ﬁexﬁatiJe@c ﬁn%IeateP SccWAES it can be

between the float 14 and the vehi ¢f The véhi cl e
12 ceamt@da&rdyscalb%hqi@gs 34 to know it's true conpass

headi ng,x 3R, e o PR fiidncl 1 EADA4 W beidl Rished off the

Latitude an ance 1n
(e. vghlple tMES3 Bdan b:eheprdséﬂtéd by apetperdicofar dfiset ¥dtol the primary offset 44

f bal WD .
SoGBTblE st cet S 1F BoutiRe ¢ BF Phite Bhe i anejeploha i
t P f%nﬁ?fthh loi{fm 4215@ Yefindiiered asthe apisbsitelé; 904 hgn)trtxan’g'tél ftﬁrmed
(0] se a can represe a mar correcti on
detbEMVReR etVﬁ@cledPrbsle?vetae ?"5‘%"‘?‘% Qrpdéﬂ ‘éiﬁEFthGﬁ&Pﬁ‘lP&é‘“%‘f of thgfloat 14
vehinGh@sulfdce IRNwAEE af dcnscﬂset%lai p"bsitn%n ﬂfﬁgﬁ Qeﬂr&eﬁt@@ by the

positional fix obtained by th 14 5 using its
GPantersession ef thg offset Hé (\pl@gh ﬁuabng 6fe V@hélemmlemamé gircle 46 that

\Ié?glﬁ[rﬁlés%gt} 1€ ssqm: pbﬁlﬁﬁs ol the aﬁgc}ﬁ ‘on tlféesﬁlﬁ%e' orf’ Qrereu)% éﬂgl)respect

erro as error
carto legehicla rli25bese'rlfon1tftedm_f>im distaiice Dsbetyaien @epmhlhkec:hnd)ﬂfe float. The
% he ffgét?v‘é(l:éﬂrs 484 t%IlS rtre]:gr%%ern s&tgoéﬁs%{ rdr?eef}ﬂa? E)bﬁ'oqq e veﬁ:r F 1r2 n the
A p:haumﬁarge whemltlheye smalwisd ortdnfrent Htht plivhegthe fMoatyffafdck et
error des re

ta and bl e to be i red|
accur ac @B@g-o]fﬂ%gﬁps cular legt2 ﬁé’f‘g Tt r?nd us the second
Al teronedrie¢@dnyfor the lpogﬁ&ﬁdfeme @ﬁﬁwlaqwh ﬂeipe@taa tHedloat 14 can be
corrected as described below. As shown in figure

t hesmnatehad o AlRhRwith thg knawn yaluea rﬂgem%nﬁetae bmteph@ of the

triangle. The position offset in the direction of travel and perpendicular to that direction
can then be solved for where Alpha is known, and the solution would be the second
offset to the GPS fix on the float 14 to approximate the true position of the vehicle 12.
Alpha can be measured by using a pair of transducers on the vehicle 12 receiving the
transmitted acoustic signal or other range finding signal from the float 14 and recording
the phase angle or onset time differences. This technique can typically detect phase

angles of less than 1%. The process of determining this offset is symmetrical in terms of
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vehicle track 38 can be represented by a perpendi cul ar
offset 42 to the primary offset 44 15 fromthe

w@omshissm of the float 14 behind the vehicl e 12CT/VEm®0B004170

the error angle Alpha is small, the offset 42 can be
model ed as the opposite leg ofga right triangle forned
bet ween the vehicle 12 bel ow the surface of the water,

t hem@&lowen&% hk'ff%g%#{ k. fafﬁ JehRRti214 th@fro {:{1;? w%uldfv%?feq%auy as

t he wat er, an o oat positi
r epw@lsémhadie teynt thi pulsé andehesBat | wen thodf retdieerof f set 44

{nat 20 Freefy S Al bl B hodimenflingin o e

14 embotifent defunderwafer Véhéclevel lutdstaitetha@ P Eedd sydtém SDEA reel 52

vehi ¢l 2 bas on the known di stanc tyween the

v eith e Geciurten G0 ey Dot O By o taier 36 WP ommanded by
I € AREERIM S12 pi8ceddor S@¥ed 6A déplieor dt barhthetefsOMhb P%uiée:ﬂ‘docsh@ws
12 in the circunstance where there is no win

curdFRtic faRging faasducers $fory the Heat 4t and the yehiclahdl [2ngt h of

the per mgﬁ'p?ééhsﬁfn it Feﬁuﬁe%l @ indpltr §ysfén95‘[tméa§ﬁrﬂ1;é %gpr@ﬂﬂmatmg the
t hus the second error correction

of offset Dedthicowld bqgseda iThis cewh ol ve mensguaing tlmatmomt qf amhdn @6 that

est) megqelggeﬁemﬁ é‘{éﬁkc‘i’é‘ﬁ) x{gl:{hé gh%e&é&ﬁﬂ? and some

representing ypot enuse o
pogatile data afoutskeiw tha tettlltma 16 deftects] mrocesdor B6 aamdaloaratb a good

per endlc Iar 0 r.ec . can en b | ved :
P orBtartaf e s aRlediy vRins® i SEBnd PR SRR IB 17 B techniaue
th Qoﬁlﬂ&ﬁl @e uﬂefdfas Qllovt/e@ cbdd ®wePnethod oPitpréiend the adcuﬂaéy to

te the true paosition of the vehicle 12.

A'pha cdfe BechfaL@aH Iy meotihe el oo e dpiarandc i gveral

on thdiérs (GH df'tlﬁ: 1&g fe[c&ﬁ'@is \ﬂherlﬁaé ﬂﬂ@semfeﬁ 23: #itéth&d 6364 h‘t%éch&i float
signal or other range finding sign fromthe fl oat

and4r examefiy desige feghuesaised g iredugs the d@stami gengrally improve the
di ffehE8tEsSuddNi S techni que can typically detect phase
angolfpeé1 cgfl Fess than 1% The process of determ ning

this offiyet Stsor@yhmeablefmltethm16eil'h|ﬂsdr@gon/ﬁem/cme¢6’unction

"RG0 o Byl B P ERARTEER U Sy

as pulliag thei floav bf)iand ehaethé tetHeEgep:udrﬁgeﬂnd miuktepufl tieefloaveriderwater

et PR e iFeRd pimen or, T ireGrred e s e mode e
Und@fl&\@dbw TH&B h@w}eeveilyzhx%!gféhﬁlé%ﬁe@tﬂ glhﬁ[y geBatéra@Rh 1296 NeWons.

50. A reel in the ed system pay out

a
e dDgreEF Sé%réaﬁﬁitele&fm%f%ﬁhatmsm Protasakthtauan dy fiber; ane example

vehi (i grdrPUBB RS &S0 (@@t%%@ nerdlSableP " ARJHRE Version can run a fiber
paraneters. The Figure al so shows acoustic ranging

tr a@n@que&bﬁkzeordwherbett@m@&me oapnd the vehicle hull

12. §£ss [ |

e u r | ng o ﬁ{écg&hc?xc%ﬂtrélfed t&{?ﬁ lohiie16: 271 03 B4 nR XS LpBb P fhe net
force of gravity on the tether (cable). If you add small outline positively buoyant floats

along the length of the cable or alternately add air to the insulation you can adjust the
total weight of the cable / tether to be very low. This allows the float to be smaller.

3) Small sized float 14: Reduce the weight and size of the float and the
resulting drag it presents to the underwater vehicle at the other end. The float musi be

able to self right if it gets knocked upside down as the antennas on the top must point up.
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10 offset Delta could be used. This could involve
measuring the anount of tether 16 that has been

WO 2008/a$83d6 behi nd the vehicle 12. Using the sperdr/of20011e04170

vehicle 12 and sone table data about how the tether

16 deflects, processor 36 can.gal cul ate a good

approxi mati on of the distance that the float 14 is
behl’h@@ndd@ﬁl d@mﬁéxﬁasl&d rJJeiv%rstaﬁ& hplrgda@um&%&mas%bé X Bﬁy weigh a
used as a | ower cost |ower nmethod of 1 nproving th

acdew augces 36thy mechanicek degign ispemplaum | engt h of the

t et her ca t

of the Kby 1 MefBFREL TG (RESES Bbot Sl el prclfion

16 systen &tat duves thefuop forward, wigo msemrfes mimordleshagnbfeezatl wedase the

opcr oA Tl AT B GhARp Ry PP R o SR ERICIebIG i oy anc

Thencdeaagms tmehensﬁcﬁtlhﬁeasesabl e is a function 20 of it's

fo be vy SFPETY il paiifon S s ighiotol e Bat s have a

angmahero é)hféﬁmts?ité}ﬁ fo %ﬁ &e&l@ﬂ&ﬁﬂiﬂxg ih terfliSdireetibrl kelePifig the tether
fl gat underwater —and t he obstacle (thread through

or ipiepsionyEhiscancheuse wh %tbﬁerﬂder‘gat%r vehirleimHsgo yndges surface

OPtgbStnfchbh. ConelfRRS £t E@Mx?plé’r‘%rv\\heﬁ‘ hgﬁg fh8 UiderFatet VeRiRAE1H do Hull
typically greater than 00 wtons. There are

st dnfiregtignepleshinso ﬁh@ﬂ@aétc@ m%cba@&eMWMI@tbb side of the ship
th
o 05l 5 e 908" B Bkl B0 e o

carpropmisicn and lsteeringocah be sempthraugh Biertether dr acdubtecahp thrmrgh olfie water.

2 R 0L S LSS Sl

t hehédd bedes(gdadiote. hylifodyrathiagd s&fdi@ih|so @lﬂﬂcbﬂ@e pulled around an
posMweJ%u?glg nt f oats . al ong the | engt

f th
cabEchpt <ry %"’6&“31‘% caughity Hhe gk 05{21 agﬁ‘? bg‘?égleé%?ie

adjpufidd drder whtet HitRlead BEdABh op&oﬁda%n%}ékteanﬁ qhi%fd@?foalt BacP® the
very low._ This allows the float to be 3)

Smahrfacg; Standard GBS recgiversuehcas therf@arpin QEM b’iidarg very godd at losing
t h . .
ungg,&m%a ﬁ{églﬁ/ Synchifg w.ﬁ]'t féﬁﬁ!& gh @h&%ﬁ@l&{a&v&g@ﬁﬁgg like a

vvater v at t he ot er
ablvesaviog sluittle tlhatghused fto pull ygert @rduglma hoealvingpwithhet dasohingen
tg%jﬁgélgnnas on the top nust point up. WO 2008/ 048346
07/ 004170 -9 The npbdem GPS ant ennas and
r ec e i veffy anDyhdmicalgiadjubtablk sabdeibhlemgh: A02 silstenn banybevsehgtucted
f ew ounces t he, nechapi.ca esi n is simpler. 4
otTE 28t e Eobid SRRy S ot Rystcte T fentg mork cable as
sahd veRlcRY ksin®No 2 gfaiet @ptt. Maks villl ANGS theRELID ANy ArmGE d

when it senses tension in the cable will reduce the
optimum mode and not have too much extra cable floating on the water surface as a

target for passing boats. In general the float could be run over by boats while in
operation without any negative effects.

With the present invention, a rugged system of continuous GPS updates for the
vehicle while it is underwater can be realized. Further, the addition of a radio
transceiver to the float allows the underwater vehicle to be controlled and redirected
from the surface based on real time data analysis. This could be as simple as ship hull

inspections using real time Video and Sonar images to move the vehicle. In effect, one
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drag significantly. The notor speed control is zero
when the cable tension is low and increases as the

W@ 2008/048346 ncr eases. 5) Float 14 with propul si oPCEOS2007/004170

direction control: The float can also have a snall
propul sion systemto keep the fg.oat pulling in certain
direction keeping the tether 10 in tension. This can

be cdsid habesh lmeov@m@ﬁro\ﬁ@k%ow atunfdt@ow%d vemuleﬂ&»blea vehicle

surface obstruction. One relevant exanple is
usiWithoutacabledherwagn the watanisenface and the usqug data dlspézpyetetvmen Wi-Fi

of I

hi t(ﬁﬁ}?ﬁmﬁﬂ&%og 1‘1)%l ffopﬁ@mgﬁ is aﬂ@'ﬁéﬁr A ?Hé&\?g &ﬁ?&qechnology that is
undery lomosrymhatthreb@md 78 dcsmxaesmo to g sﬁvenlamd@swmoths proper
on opuIS|on and steering can be sent
thra%%g%ﬂf!ﬁ%?m% acoustically through the water.

15 6) H¥fdamply m@pimatlbﬂlscnfuhelpﬁresamtiiwemimwnﬂnAhl%ymlmﬁ The
float apd.teth shouldb e

i ody RACE R SwREs: Hugemals S RaHR wih e inyeation can
an mezbihe aécuvdcy Peapirerhéifs deEN(bIAEA fex hytitogaiphid tutvieysg ”Bhédég ht.
The fl oat should also be able tgo be pulled under

wat"equitspeRth elide g Rpzegial W“%Fb‘ﬁflﬂ?ﬁgﬁh%‘blj Ogpgterg ghe tether can
quigpkiate WdlIQRtoRAE lireisqm{t R shaltdvi ?}fs? tharpll SO EER1 dbeffor example) where

receivers such as the Garmn are very good a

| od¥ pignpRatanyite) ehart thedepehsifersple nﬂ@%@ﬂﬂ‘ic Hisef tietihventien can also lead
sa

o vk it S N Sof L QLB b o e
meakﬁpln@d\mtmeMe toatomhmrpgraﬂnl anyt hing. 7) Dynam' cally

adj ust asl e cal le 16

an
ooty o Spet e ASBIHP qudbed PR R oD Syuld bs deploved
W Irhpidily) foredahples ysdearioh fop adirSamipse ofRf Scctdehl victis THEability to

the vehicle is qoi to. Aa.greater th. . This wll

L Tats PG Bt v le 1ty At it Joi diden EsoRaRFptsy allows
hawa obél@toﬁ%o&bat&%é Bigh R devidth Aah i@alQitng %@ cW@ge khe mission if the
surface as a ru%et for _passing boats. In general the

f I gagtinpay brvsdesn detestedr With Besht accuimiel GPS fix ofprtarget, gmoperator
W o tnd ARivvePESR hglﬁ oﬁftﬁeesﬁ&s ThdHRc1E E‘(ﬁll&’ﬁ&§1§f)‘/tbe é)utﬁtted with a

i nvention, a rugged system of continuous

f orhopker graiber ard takec ofgh¢ victim audnmepmteer todlmutfece and ashore.

realize Funqt .

tr anscelgv PH{HOI Hﬁ?‘ém%n?'o a'f géglhtl fﬁéﬁalﬁ@géﬁd/a ee]ra ur\I/ChF1Cl tc:ol peerform
t 0 ahénspextivn of 4 shdp hulbwhidecthe epdraot is fvamhlmg hies or Joamraesults on a
bagsed_.on real ti.ne data_ an Si S.. be as

P\ RuinBe notenap Smudo b Bisdion g of Slaret ieailp kg 2
anglodérlask it ARUestiohdbldWting 8 a¥EHS ke AUMca8inb @ Gave BB irect

WO 2008/ 048346 PCT/ 820 7/ 00417 -10 _
remote control attributes o an ROV without the cumbersome heavy tether to the ship

above the water.

Environmental Monitoring: A vehicle of the invention equipped with chemical
sensors could follow an exact path monitoring any body of water for changes in
chemical composition, pollution or terrorist attacks. The vehicle could instantly relay
the results back to operators and with the exact location of the measured data. Action
could be taken before the water is allowed to flow into an intake and risk endangering

people.
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15

coul d have an inprovenent of the ROV (Renpte Operated
Vehi cl e) cabled vehicle wthout a cable between the

wowrien4ssus f ace and the users data display deviRer/us¥0oFH004170

(I EEE standard 802.11 g, for exanple) is an exanpl e of

| ow cost radio technol ogy thatjlis 5 very | ow cost yet

that can be used over distances up to a several mles

Wi t h t hgeRdr@RRirpos@ DURN NGy the PYERA1Sa ufdeARES ehicle can provide
Applications of the present invention wth AUVs

i nc,thwengatlw@nsmgn apriracy snky\pessible wging Inersipl Mavagatior Rységnes and
OUtrS dofolePQerlidy

o IE Sty lods T SO SNUr@h Sn TRA o D6 UG e any
10 newcpaésrfenenmeannederidaryentes vetoelgse ont al accuracy of

const il AdDohSf MLl fhe &t i ap B S FE aha "

d eeipvéimngeemh@ineéntmh buased on t}ieabo\mpﬂmdﬁbad eibodierts. Edi@xample,
dept hs. for, saf.e navi t.h nvention can

o B oS i g Bk aPBoci By Bteg i 2bOvezELpy rborated into
N @égibesC Sethiddabf the i@ emion o a VAR FRYmbinkgord apd ﬁ)b@&nﬁhatlons
the tipe to work in parallel. 15 Search and rescue:

velis died aplpatupsaeferied 1o in e clams&ﬁq%whleta tay be ema@mrts@ﬂelw means

I apfestribed Addéin EARERMifgly  tRe ﬁﬁé}fti"én isf Rk toPbed it gvhgf has been
other accident victim The ability to have rfadio

c orpagitsulagh phoavntang dessnibed, exdept ag indégated tby ﬁhechppﬂgleéclmnuem those
or [
oA UGN, Ay Bifice e QREICRploot Aol bl Rpllbtly
t hencovpocatedihearzy bi eefererive emthelie xtoeted. Wt h a very
accurate GPS fix of the target, an operator 20 can
send a diver down right on the spot. The vehicle could
possibly be outfitted with a hook or grabber and take
a hold of the victimand propel themto the surface
and ashore. Ship Hull Inspections: A vehicle of the

i nvention could be |launched to perform an inspection
of a ship hull while the operator is watching video or
sonar results on a W-Fi equi pped notebook conputer.
The m ssion could be altered quickly to take a 25

cl oser | ook at a questionable sighting. In addition,
an AUV can now have the direct renote contro
attributes of an ROV wi thout the cunbersone heavy
tether to the ship above the water. Environnental
Monitoring: A vehicle of the invention equi pped with
chem cal sensors could follow an exact path

nmoni toring any body of water for changes in 30

chem cal conposition, pollution or terrorist attacks.
The vehicle could instantly relay the results back to
operators and with the exact |ocation of the neasured
data. Action
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coul d be taken before the water is allowed to flow
into an i ntake and ri sk endangering people. WO

WQQOM8Nh;BI8346 PCT/ US2007/004170 -11 General pup@DBS2007/004170

UUV: Using the invention in a underwater vehicle can
provide the navigation positj@n accuracy only
possi bl e using Inertial Navigation Systens and

Dorgl ghvigrel ocity logs for several orders of magnitude
| ess cost. This could create nany 5 new uses for
unrranned underwat er vehicles. A person of ordinary

Skl|| ef r .features and
advant ag es? ?ﬁ{)%%e\{\ér nn\l/né%t%g ﬁ&ggoé’é) af)} ru[lﬁ"ater @hidfe GBmphfing
above daéloau, baedlombduidmgmt&sewd?dor reoewmg ®positipaigndlirepresenting

|4 M B SRR B G SR 2 B eser

i n\aqmtsmomtdrec@ve\ftﬂéslgtay of conbi nations and
subconbi nati ons, SWEH‘B%“‘PL atures referred to in

the cl af %épwmt hiloat{p Rereishugls apd proyuing a

de et Ghshel BB and RS uhdRVERE RRicleSarfd0l T O
be limted by what has been particularly shown and

descri bagoffesk cdeplation elemgnicreudedsp at krastoppefihe Hoatland the

or JnB@S/ater %lﬁdlé"’gtlﬁé)\)fdeoa{ RO fose?‘métapé%e't\%éh @ \mdEMGter vehicle
references cit herei n are expressly 1ncorporate

heragd thedlpat, ef erence in their entirety. 15 WO

2008/ 04 0 I NG, 1.

for det gvr%?ﬁ%ln ngéégﬁgogﬁgég% %aﬁlg% &%edtcg'grpv\%\ l(c)anroveehi)[oalg go result
c onpa ipsditigr of Sheeurkdbroater vétiete.f | oat i ncl udi ng a recei ver

for receiving a position signal representing the
position of float and the float being sufficiently

buayant Ta@syfent 6f qiliRaewhéteintIRCETsHEalculdti ofel A&t ldcRilled Hrange
recei ve ihe %%o ghal ; a tether connecti n the float to

t hdindipge F seading psizapldhropgh theivalgr betwessiihg float and B
ch %H&Wa&?@éﬁ‘&é"mﬂ%r&e%“ cHfigulel & MRIRIMMRREEmY R b&ik@é for the

and 10 an offset cal cul ati on el ement provi ded on at
| eatgnalgn passbetween the faat and chetunderwatereahede and to edléwdate thedlistance

S)Y:{vsje@ the %ﬁ%&rﬁ% ﬁldgrgﬁieﬁ gélﬁ(%l@ﬂ{fr?g tﬂg gﬁ/ggc? Ot thy ggnal in water and

erwat er ‘vehi cle
the determined time.

3. The system of claim 2, wherein the range finding element is an acoustic
transmitter.
4, The system of claim 2, wherein the range finding element is configured to

provide a pulse of light of a wavelength suited for travel through water.

5. The system of claim 2, wherein the offset calculation element further includes a

depth sensor for determining a depth of the underwater vehicle.
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wherein the position offset distance is added to the
position of the float to result 1in a position of the

wapasoysster vehicle. 15 2. The system of cl ai nPAT/US2007/004170

wherein the offset calcul ati on el enent includes a
range finding elenent for sendi.ng a signal through
the water between the float and the underwater

vely cl e %sé@&%%%vh&@iﬁﬂhaﬂ%&?so} Sol PR L6 B@sntioﬂ%ffset
time it taKes for the sign pass between t

f | oieatarm usingthe dentle plhe emdewarteromclaradd the dcssﬂnembaweentthmﬂoat and
rvgaq) Qaﬁl en the float and the underwater

veh| cl e using e speed of the signal in water and

t he determ ned tlne 3. The system of claim2, wherein

the ran ti tran tter

251, it YRS R R E Mt g RS i o

el elirectioniof tra@eﬂl bt Be nﬁztbnt/aer \rehmlel aflé irpa ditdcBén p)e‘rpdnd@hlta: mfthe

a velen ﬂ#%ed ; r eﬁ through water. 5. The

sy SHIEFHO gla‘é‘? cu @Fr" K& of fset cal cul ation

el ement further includes a 30 depth sensor for

determining a dtpth of the underwater vehicle. WO

204/ 048baystsamotiglpmd7wherain iy tetharangludes i dibereptic gpmmunication

cl ahfney, Wherein the processor solves for the position

of fset distance using the depth of the underwater

vehi cle and the di stance between the float and the

cber V\"r’lt'l"ﬁ%1 e})éfepd &lcfmmq Perg-g(?}ae 'i\%msoafGl% él%é

wher ein position 0 ance 'S de ermned in
a direction of travel of the underwater vehicle and

n di rection endi cul.ar, to t direction .

el GRE e AR whee i Pt nprhin R aiEs fepsghle uring
c| ajpBiafion B EMBioR aﬁ(ﬂﬁ’mfr@ltsgﬁém basel bl @ depthiob@k vetiitle @nd its speed.
comruni cati on channel. The systemof claiml,

wherein the receiver is a GPS receiver. 15 10. The

systiem qte gy‘séh{%fjdalmeﬁvﬁér&nttm&%ﬁb%s b&R %&odﬁa&ﬁ%d

water i s adjustable durin operati on by a not'or and
c orsmopthlysshaped sp et 8 gaobe nubled thegngh obstaclesavithehi agickingnd

its speed.

12.  The system of claim 1, wherein the float buoy as a propulsion device that pushes

the float based on sensing the tension between the tether and the float.

13. A method for determining the position of an underwater vehicle, comprising:
providing a float having a receiver tethered to the underwater vehicle;
receiving on the receiver a signal representative of a position of the float;
calculating a position offset distance between the float and the underwater

vehicle; and -
adding the position offset distance to the position of the float to determine the

position of the underwater vehicle.
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11. The systemof claim1l, wherein the float buoy is
bot h hydrodynam ¢ and snoothly shaped so that it can

wheoopukdzedl t hr ough obstacl es wi t hout catchi ng. PQDUSDN7/004170

The system of claim1, wherein the float buoy as a
propul sion device that pushes.ighe float based on
sensing the tension between the tether and the float.
13.14A mahBafinhof B ITWRERG: Jaf&ﬁlaﬁ%ﬁﬂh& b4t ofRBt distance
underwat er vehicle, conprising: 25 providing a float
havhdlydes: recei ver tethered to the underwater vehicle;
receivi ' | tj.xe.0f a
pos 1 oneppRSEaE: bithed fy Aiind GELARAMG Veliflel
di st ancdeteminmg thetdepthfof etunderdatehechichei endvat er

vehi cl e; | bg. t Itilon of fset distance to

t he pos;s'?li@@g f%ﬂg‘%ﬁ(%mppggggtﬁg{aa%f ermne the 30
position of the underwater vehicle. W 2008/ 048346

PCT/ US2Q07/ 004170 . -14 14. The nmethod_of claim13, = .
vvhe{5ei n 5W&Oéf)?ﬂ@ln} ’??eWBS@!"HF"OPPSB‘PPQ@“&F?P%‘E etermined in a
I Ncdingtesn: of @ave? oFhe ufderRateh ehRRGAd ied deRAord PdpdniRalar AMKE

t he underwater vehicle; 5 determ ning the depth of

t heligetipgrofdipes! ol uadeswatgighielst vi ng for the position
of fset distance. 15. The nethod of claim 13, wherein
the position offset distance is determned in a

di riéct i drsystemifpracetraisly deteeminingdheeasiion o€ veicle kgated nndar the
dir ' . CU tQ the 10 direction of travel
SRR BRI G ot

of the un 16. A system for accurately
det er m mi ng & beoyputloat lmvingfa GP Ssrebdi el evith @ag antexhaudipesed above
th surfa of a body of water, conprising: a. a

bu(é%\ WY WdH5 ng a GPS receiver with an antenna

di sposed. aboy etheil bavirpea Gninhiicatied cHaheel Wit € conrected between the
t et hgr havi ni cati on channel that is

a co
cortt Wé@%%‘?%@w %% nder wat er vehicle and the

float; . a &amgefihded 8 mebQirinPRRLASANOSbeHEendhS NS GRd vehicle;
between the float and vehicle; d. a heading sensor

for det dr ni nt hepdingisensar fogdetermininga hepding ien the undsnyat¢reehicle;
and
e. a processor for generating an offset for addition to a GPS fix obtained for

the float to represent the location of the underwater vehicle.

17.  The system of claim 16, wherein the range finder is an acoustic range finder

provided on at least one of the float and the vehicle.

18.  The system of claim 16, wherein the range finder is a light based range finder

provided on at least one of the float and the vehicle.
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20 and e. a processor for generating an offset for
addition to a GPS fix obtained for the float to

wo epsossmé t he | ocation of the underwater vehi BCBUSH7/004170

The system of claim 16, wherein the range finder is an
acoustic range finder 25 provijgled on at |east one of

the float and the vehicle. 18. The system of claim 16,
Wheyoei N ThB SysierNSEcldimNéShvhdrdin ghel dighice RRSRMANE Pefrbiflf usi
provi ded oﬁy at |east one orf nt helf] oat and the \?ghél)ﬁie_. Sne
30 apmspio oBLmg derGePtit floggwoy ABivehizte whetdin apacoWistis transmitter on

sy Wy i n-the. di .

2 S trafitls i YAE B B8k 34 AP TE AR LR e
buaistaneel betwheércthe twihadghasyachramization ofthe tramssmd pulseris avhieved by
the.float . .tr ' a signal to an acoustic receiver

on 1 %ﬁ@etﬁ‘{og eﬁlgrt]é Tal culates the 5 di stance between

the two and the synchroni zation of the transmt pul se

is . achieyed b ignal i ng throu the tether. 20. The

oy Aom ThE Systa ool e i bt cAmprEs AP e gable
fiber optic cable. 10 21. The system of cl ai m 16,
wherein_the tether cable has added buoyancy so that )
i t 21 weilgreystem ofalaim 165 wWhesein ths tether cable ghbyopancy so that its
dOVWéé:%ft%\%tH is @6htfolEd fol IRften tedtowhRardpiR bR TheMoat! @i M

16 erein tlhe di st anc%ﬁbgtvveeon t he devi ces ?as

cal cul ated based on know ng the anount of tether that

is 4N~ r p - t¥ ' | . 23. T
system gﬁL gﬁg\eﬁ{r}wgfiﬁm\/\% é‘?g?%[?h?ed%“\sé?gﬁg)g&l tl§e é%l“’geg fsac? g:gilated
usibaspdaontkabwmg|tizesaabuntofiiethérrtiat isain-rdeledhamiahes speedlof tRelvehicle.
The system of claim 13, wherein the angle of the float

is nmeasured to increase 20 the accuracy of the fix

of f23et . The system of claim 22, wherein the distance is calculated using a table based

experimental data measured.

24.  The system of claim 13, wherein the angle of the float is measured to increase

the accuracy of the fix offset.



