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SYSTEM AND METHOD FOR PROVI DI NG ASS| STANCE DATA W TH'N
A LOCATI ON NETWORK 5 FI ELD OF THE | NVENTI ON The

Wwo ﬁ esent invention relates generally to Sé§tens

and
H8¥s for generating position determ nBt aYRR04441030
noblle apparatus. In partlcular the present invention

lies to tine and fre ncy determ nation within the
HobY SEEMRHD METHOR FOR \apiwﬁe%ssa%w‘ala R TenWITHIN 2

acqui sition and tr gk NgggQﬁhg for subsequent

position 10 detern1nat|on CKGROUND OF THE

INVENTION It is well understood in the art that

precise time-of-arrival position determnation is

the 15 accuracy of the transmtter

F'&ﬁc%gﬁggdmsv%g%n its nost rudinentary form three

transmtter beacons positioned at known | ocations and
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detérRinfamuUf act ure and install due to the requirenment for
precisely timed cables distributing high frequency
timng signals over- potentially large distances

BAGKE HEINYENIIPN or nat i vel y, precision atonic time
20 standards, which have very low drift rates, may be
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rubldiumtinme 25 standards gre in
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sat e ite cl
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position solution (single point position) In

convent | titude, |ongitude,
C”E\Wb““&?'f:f"?&[}’dséd ggéj‘ﬁ'ﬁﬁ}""ﬁ@d“of' GiElg go"ﬁtp osqiowe earth can be
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(PRIY exgeraeeatithonssivsd wdomﬁod%%@a@ﬁ@ég eaip PP gl iTiagppasured ranges
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sty eonslliont ook 3 BYF 19 ASEG TopE 8??&6%&“1"6‘?&?{‘“?% %@éﬁ ;
receiver. It is necessary to ensure that the '
receiver's clock is synchronized with the 40 satellite
constellation's clock in order to accurately neasure

" the elapsed tine between a satellite's 5 Febr uary 2007
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2 pseudorandom code sequence transm ssion ands gebruary 2007

reception of that pseudorandom code sequence by a mg

receiver. A navigation nessage is also transnitted
m each satellite, which includes tine_informatio

£
wo 2%03%3&9% te orbital information, and satel W‘E"éU%?P%‘l?WO

correctl on terns. For threé- di mensi onal positioning a

recei ver requires four satellltf gnhals to sol ve
PS@I"@F‘“‘PH‘éWéEﬂ“"Eﬁw‘?HW%“ B repBL9Lof 7 PRR °“‘9d°mz°)’deafFf’éfe"ﬁ bygp GPS
recgive).. A fRoigatibn hevergdis menBangite TOR <o sqirlidts, whidninelgies tohet informetin,
satéfﬁe Brb.zseﬂfom@m M LR fite RIS okrdclih 18 B liRecinRndidRsl l,sbsﬁtﬁﬂn #GPS
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o T OPS R B g St el il B B AR R el p g e

dmrmoeiﬂ@ D) pGitiq ity aGrseaenaf proreaimatdy e Pased UPS posi tion
solution is an autononous sol ution, which can
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theRfdGibécod KnSalasld s@gle ot phi@ioddolution iakRveNt | onal Code- based
Differential GPS (relative positioning) 15 Wth an
establ i shed accurate atom c tinebase the GPS

Copvsptiopad CodgbpserhDifferentigl GPS rslativs pesitistingdyr ovi di ng a GPS

With@f edtavidfied wtclilate aomid isiedatdtde GRSIcaRrelbiioNEN@ilyOspable POProtidingr: GPS
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detl tﬁel Jaﬂyrh%u&lda X]ELJH&B by ée@l}om%:)é\‘lc mﬁbh\éﬂassﬁg ;h?bq%hf%%s af’ Goﬁiked

Is the varyin I me
A gyhe SReTEeT hpgap e it F‘B?Pé’@h“é?ef“c‘fw‘iﬂéi’/ Hecppeytc vvs when
pasgi@Stiroudly molstre Gigthe baerchgnoghert. Ephemad 26 ipthe tiffotnesbavrert theactual

' satéllf?ﬂs)ﬁm %{d‘%h pagitfaﬁ’ g H &teﬂﬁ lul@f{al e, I(e'@t@velt dofiEis q\% Luﬁ%é generated by

exper | enced ect ronagneti ¢ waves when 1gr

the irffrmal iR i o5t et RPRLORE S e e By opeed P eesions
in @dsé proximigy to aGRYiréckiear.cThe eajosy wehere trive s@ctsired spatilst evirblat¢deover
relaln%ﬁ/asmrtQﬂtaﬁcgp(lé hGs m%nteleeﬁ Tﬂ{ ﬁghs%aﬁgro kaﬁffeﬁlﬂ@b bdediRrs Wlthm this

. .Receiver nois ener ate
Prof e A ] BRI B8 BTonl GRS © TP fetppiily
corteBted dwver ssur@nahlg dethaigue kaws g{j‘Db‘l}relllt@kQatmcm’d Agpfgprm receiver placed at

a wglﬁltng\rgrlpl{aéa&g §ompht5§ aft hsQ3d B&l‘a&ﬁn@ fodYeach QuteRite i3 g&l ft ﬁ&&ls M@then miB@es

the E‘&"H‘F%?Sﬁ’ti%’g"é\%‘l’ b the &P ples’ a{}@ﬁ" %ﬂgerafs"'a@é’i**a%é“&% s fiqm the received.
psetdorgge) fornklig] agitfteatinbrnge Edmquowmm satdiliet in Vil Té fefersnos prcei@Pien

sen&seﬂiéé Vﬂe&mﬂﬁ" s Niefhal th S‘tc) thpr(ﬂ).;ﬂréﬁhtré’ vta(th’{Peda@nKﬂ'ﬁ(hﬂe (\}\N Jecewer
bserve the same erro

re
st 0 ERG <SRt P PopPIeE CpatieL o7 O SR TRRe g oo
refegenteackiver)defare kalrolanng a gositip sofudonciintors g¢mn@p forboth réfesemee regqver and the

GP§ %te%x?ﬁ%cc%mﬁlﬁeﬁyeﬂet‘ﬁ@v@d B R ﬁ‘ét:edﬂe U@o%ﬁleﬁ eroh &%es'sﬁlﬁ ad lhﬂtﬂ)ath and
utes  an_as

recgv{e gff rerrlatm Lagf @%ﬁ%?ngﬁ?ndﬁﬁ)é o8 ﬁ@%g%ade %OSIF({II aCCI.ll‘ata! F()Slllon accnracles in
the psleud everr geBrs fareonhitviile IhIodsdpesed diffreatal GRY cqgr@%'prr acitns meiifgat
envisntied pseudoranges fromthe received 30
pseudoranges, formng a differential range correction
for each satellite in view The reference receiver
then sends these corrections as digital data to the
GPS receiver via an RF data Iink. The GPS receiver
subsequent |y adds these corrections to the
pseudoranges it neasures (for the sane satellites in
view.to the Treference receiver) before calculating a
position solution.. Errors comon to both reference
receiver and the GPS receiver are conpletely renoved
- . by this procedure. Uncorrelated error sources such as
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3 Conventional Carrier-based Differential GPSspehmary 2007
(relative positioning) Conventional carrier-base
differential GPS (CDGPS) cal cul ates the difference
bet ween the reference |ocation and the user |ocation

WO 2SPRFPS he di fferences bet ween the carri eFCTAERRIOYp0

the satellites measured at® 5 the reference receiver

and the user receiver. A CDGPS reference receiver,

installed at a well-known | ocation, cal cul ates
Cogventinngl fagdribasalDiffereptial ChSGdatine@stimagent s for al |

Com@itBhal kdrfibdsdd MikRial 3PSl (dERE) &arcazagqaesalﬁcer&.@er ﬁe‘tv%n mp RS &ice
data to th ver Vv

locgioB prd s st @%“\“"“df‘%‘gecg%f °ﬂ‘f°%\'f°8‘§°"§f‘1° 'f'é’ﬁaéiiﬁgt“i)ﬁfé@‘és measured at

theeiegenee recpipgn angl the gyer rgdeiver FRERGPE refegenceirggeiver, ingimlledyayd well-known location,
calamgs QEUARbs Rl ﬁ@asuaemam&aaucém&ﬁt@ne RS, aw thshe&ﬁadaammer

sition.o ser..receiver. w
pipL e RRR ot 8P e BB o, P el S Ao R e

meppraranis dorest tsafellt @ imriew. and wbrervendy eoqmpltes %@mqtdlf@a@e@ dgfarntirig ghe
po@@pmt@rusef fe&ﬂ;bl&ﬁtﬁ Yespad toftlte rdldredGeREttived Reatidhe w&@ﬁm measurements

h
are a nﬁ]ﬂi}!%%%lc ?o t basgtmm t%lq)(){);'%? §eq§ci%%}' s'h kt #}e?eﬁ e%amc? ocﬁe ties lﬂln%he

GPé paffyites. r?echaewla ﬁ’@émwne CYpjegunt (flemﬁlpﬁgmttbr@rqm%s@mﬂ plvfples@ﬁffﬂce in
phaséSdnAdg dtielp@ihi@pooil) RAVAIIDR 1o e tebeder. MODEpECifREE Chelativaith Inyamidr Hifise

L mh e R R
theé‘%f'@r'“‘%ﬁ@"?ﬁ*t“‘é?‘\?ﬁlﬂ t he epoch, hence the nane
Integrated Carrier Phase (1 CP). 15 The user receiver

T REARAP U %ﬁt}aﬁz frﬁﬁ Sl mgu P UA3 amw dSibed nfbm)]? c,tcre@&the carier,

b“‘dﬁ"“l“‘é dirsety defeine Hy ﬁ@ctﬁﬁ@ﬁé&ﬁl@le crﬂfﬁ*aélw PE?P"WI Té‘"sey'e'a%'gwmas
thetiege g atiadigain Y eust Bddesrmitisdiy@ther méima Dradidicnal strdfegies' forrtéselgiay carrier

pha%& t%’%hpég'fmm m@y%ad%sg%gme&@ﬂ #aeémgtnnﬁsds Eﬁ DSmetrical

strat | es for resolving carrier ase
meﬁh?ijf‘ eﬂ’@?"‘ tﬁﬂfbﬁ“ﬂd’f“iﬂﬁ"@ dogngf yiel ipstgntanppuss sy Guelp gpbiguigyoresolution. A
tecih@ad, elvwired Twidddaning” has @seh geloped to@skscome thel ngeimnRmtbedus alkegeZ Oycle

Lamﬁ@gt{]ﬁgﬁmn m%ﬁmé ﬁnﬂl‘ﬂg'h;s aﬁhr}ﬁtlers % EM ﬁeq%m&q{radﬁ‘ Bn@lllthe GPS L1 and

ant aneous | nteger. cycle anb resol ution.
L2 frapgairstigdorm R AGirpaugley sigal i bah f’ﬁ'ﬁ“ x4 ‘F?g engii s ey B’Eféﬁ“‘a“
the tvavelongeis Glalewd nhtﬂwdumcamm&aumambamiumm bixyeintegery cAn be accomplished
by %EHB 'p&ﬁaoﬁyge Qﬁsgrbitlgrmto éé[elqgne ltl@ ndt kl;ll‘}/ 9# thee»%de@ r‘lﬁhgi”'fé'rﬁlﬁirb? the

carrier frequencies traltlofn % Lb
b“’aLﬁfq‘f"F‘éd‘ﬁ'@h Chegs 1 (4 SFRSY Fife BERRlUmF Pleitite E’@‘ “L”Ft (e 4 ”é""’e
the negdr afitigigpiency wavel ength is significantly | onger than
t he wavel engths of the two individual carriers.
Consequent |y, resol ution the integers can )
Theafeae'bwmtfﬁlgtﬁ &g CO8PHYethedy ‘ﬁ“gf“ﬁ&é't?dﬁ‘fg&ﬁgaé‘g Bstee 0 R o g, s
secahelly ctheriackeof trime deterniagien atcthebisguréceiyer.che Wite banfheidh of e RE dita link

. congﬁfnf@ﬁerehyal &aﬁ%pda@ %§ czfugxfgq;ﬁ?ﬁt@r)éy Shld %@hmg p-ghﬁﬁ @ocurhc? PB(H kddeption

or Qi 4 Bprpe Seton 7 anb e P s

postionsturay At wstf ad re@DGRSontEink ddlwe andswfnomm Iuydale fapworst. The second
shoft&.r&lhﬁlg 'E)f éIyGP%rlg thL %@mﬁe QgtermﬂﬁmlELAFcogﬁfltﬁndl kifdfe poﬁlﬂ gomtmn?’Qlutmn

second n er
s GEiR B P BTl G4 B0 R R Lo & donb
diffgenst, whichngimihiatesftepresriver elbck themsdor beshithe weferepce eosciverand thp ey receiver.
The%ﬁ'@thla @starq%iyer @aﬂldietgﬂglﬁ @dllrd?ﬂmﬂﬁb‘ﬁlvﬁth QEbe@GﬁhHra&b’nce RaBEr position,
data ¢ Qi JD anyp l¥e§estgaam position.

but t of 'igus 1 nt I ﬁlf the usef is's y
ou dﬁ’gi’ dﬁ‘ﬁ’f“f“&ﬁ'mgn rﬁjf“{ causes c'ima‘f 4 “Cor
‘ HO\VWﬂdﬂ“d@’gﬁ‘&%S of %GQ’F“F‘P @ﬁte"aé'@@ﬁﬁweﬂtbe’lf%ﬁtl t° r&*ﬁﬂ "ﬁe’e@ﬂncf@ns

intotal link failure and no position update at worst.
The second shortconmng of CDGPS is the lack of tine
determ nation. A conventional single point position

sol ution 35 solves for the four unknowns of position
(x, y, z) and tinme (t). CDGPS uses a process known as
"doubl e differences", which elimnates the receiver

clock terns for both the reference receiver and the
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i nvol vi ng conput er networks and tel econmuni cation
systens. The lack of tine determnation is a ngjor

robl em associated with CDGPS prior art st ens.
wo 28 h 2ROT

23051 i te Augnmentation 5 Anot her appr oabETALZEW/HNY3Y d
GPS position determinatiorfis the use of ground-based
augnent ati on systens such as pseudolltes Pseudol ites

‘“"‘8%1?5 PEPYH &ﬁ‘f’%ra%ﬁ ieepommnisatio, sigeimt Terack ofsippedetgygpation is a major
proidens #ssoeintedoeth EOGH hibren @mtmsal GPS systens w t hout any
addi tional infrastructure requirenments. They can be
used as additional ranging signals, and also as RF
Pseplofite Aupmaptation, send differential corrections to user
Anatiguapproein tsed 18 aid GP$ positionabtgrmingoe is tho luseto€ ground:-based loggmentation systems

suct® ¥peedioRidd, BREHoRR b8 mg: rabell RO @&RAtiof aagaﬂd%ﬁbr%%d leferentlal
0 ma conven code

CrESEROWET &7 VLI e b e SR ke

signala.gedetso psRE detelinky torendadiffeteitiglerorragtions to used equirmtent ch lterpatiealsgl predplises

can bk @m&éd% the dRQindaskUA @ﬁyre&fvertd&%%ﬁs B P&k £cohvBntional code-

basedoé]P%t S0 {mn usm alcaft%ou? rGrPg rsate?l?elél raane ?ass!esn &e %ﬂé]‘fl ?ﬁd tg)e t? 8 cP( -located

I onospneri c roposp hel‘l C
pse@plrtwa}nsr@m-é‘rhe Rocusacy) pisthe $RSrtimepaspis conﬁt@wei by eGPS rpgr seurceingjuding

mndﬂ»ﬂeﬂici aﬁtﬂt'obespheﬂa daTey, A6 tiodk e, sﬂéllltaﬁﬁ{‘ %ird¥BdcileY nonb) aﬁdQnu]tQQh
TlmB acicv';{ac acs (%Fprommaglly %tﬁl n?nosecon%) )‘{i{e ac] Lle{r]agle E}y usmgﬁe Glgé tlmeg)ase method,

howgse this eslates toyprsigion;aprurpdie ondy i & orger °f @ﬁ@ pftersrEtisearacy Thipuch too
coaBElLpraasdhatigatidd@hmi. 00 15 coarse for preci se navigation
systens. Carrier-based Differential GPS using an
"Omi - Marker" Pseudolite U S. Patent Nunmber 5,583,513
Carrigr-lmgrd Differeptial CRYusing g 0sw-MadkerRiendslitef or Gener ati ng
U.SPraeaiNumbdrs 63,5 Bas edennfitidd “Sgdht dn@ Methia &8 Geddaig Pieist Code-based and

Canli)? EJSQ‘P\FALﬁEd Bgé'mngigrﬁ’c EJSIF'FG% gadxgebgﬁagﬁ&@&lblﬁlnﬁtﬁogr\{ha%l 28 called

0%5@%61 e AR My gl &yPPHiign receiver for making
différénii€) Eaiglig corf:ctions (GolyHS] links@R toME)CEe Wildi-mbuRér paRmislitel@n be described as a

meﬁqﬁl&%@ rnﬁrﬂz%,' VﬁLl’Cd’ Qﬁ;g Is e S%A'Iseag‘é g&{éc?etd(e gé)g%g‘rﬁorrﬁae L:Jo@x? %nan ?harker

Ani - nar K S escr
PS‘“%Q"““‘I’@?‘%&SFFUM H?%itf‘m F?P“'l“’Ffo?"“s &'h%ﬂ‘ é‘b‘lﬁ ctyisgand RN pqdp f°é‘P‘§‘F'1§sr?5fa§h °f
the Bea@n maredr lsiehts @d:xaclly’ph@hayﬁeeenf anmsbdaeo RsiontemdDP Tduaterpartk dthe GPS
signaﬁfdmk b, biffes POR 53] ORsit ol retmr RO Enl o Bvel /i3 biYcfih memya}sm%ung

e out - carrler and ,code coripanents of eac
signglf fron ﬁ%ﬁg%safé'g'ﬁs HHFIR EFeies ?fﬁ?“’éj PES Rositiquing giengly B the omni- “marker
psevdiathee ird Bibsegetitly conpstpaliftredtial rinpahdasufememni Ng count erparts
in the UPS 25 signals (CoI um 6, Iines 28 to 32). A
position receiver sjtuated in an_ov ircra

| Cﬂhﬁfbtdéffe\rﬁé%al HeRof flimiypates ey need fog hsﬁdgwﬂfl‘rd&lﬁ'#ﬁ%‘m@g @5%@? Fﬂ“i'eé'é?“a‘

codaund catig-basedoti@renbsysiane f Hoveten di ompPBarj pesitipiosseivg nasigphilhfeseive

I:otl']c (ﬁl%rg}it&n& aQMm Mek@inals tgg’&ﬂﬂg@!i Hlﬁﬁentlﬂ paﬂge%é@;&@rﬁh‘d@ ﬁ&:l%ly ing omni-
nputes differential ran nmeasur enent s hen' s

markt gl e X1 TRLARY POV PHREn: H- B QB P s St and

tranéniiigioditidvalrcarrier cindyf RNadompbadnta for iemrk GP&satql!@qu iview,inaliyg the omni-marker

comﬁl@p%ﬁ ré;dergﬂg lcurrenl, &R %ul@&ﬁtu@ @15 fb't\?é'lve hRr e géngrfuﬁfon%rﬁoh@ single

. However’, an om 0s on reg
omp ke S i o P SO PR drauby Rl T e Saels of 3
con@ifivhal iEferéngl GBS garabrsdding tamrrpand canplikifyf er ent i al range
measur enent. Receiving omi - rrar ker si gnal s al one will

t all iti
Diﬂg*gﬁi“?mgﬂ\gvggs s gﬂgeg'gfq@u% ce'vfr gﬁgiﬂ? Sl ndl vi dual

 USagent Nembephid 1, FIRM &heynmmﬁqdf‘set\ff@f of Sy Tepgeiwrst depdripes adiffgrential

corr¥eli6iVthetHOB ey o fdtor Bk cAlBI i Blnd trARSHITRA"€d ‘RRhd@ARRNET Meudolites
~Currently, this would require up to twelve individual

transm ssions froma- singl e 35 onm -marker. Further,
an omi - marker position receiver requires double the
recei ve channels of a. conventional differential GPS
recei ver, adding to the cost and conplexity.
Di fferential Range Measurenents using "G ound
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40 correction nethod vvhereby a network of so C§IF ﬁ%aryzom
"ground transmtter" and "ground transceiver"
pseudolites 5 February 2007 WD 2005/012935
PCT/ AU2004/ 001030 5 serve as channels for relayin

WO 290PBPHat i on to a position receiver for tHE/AU2004/0061030

differential determ nation’of user position (CoI um

5, lines 31 to 36). Shyenb]at teaches the use
sery % el {9 aqlav%tntoeetq"dﬁ 8 positien /i it g fiprapeial detelaw“% chger
postico{Qaiman 5 linds B 1ne 36)2Bydniglat BGchesalralselof differdpiiah sorsctibrtd p@dLEathster

CEOQ(M)I&E t(}.%lmg}; 9 %923%5 %@ﬁq ﬁﬁe\ﬁﬁiges ’H@Jdgc)éwy%le %{Qﬁld %elvé har!i»traﬂe?éolumn

5, et 1600 81t APV BB 3P e e s elog=s i pihgeimens
include) (ie ueps ereivergiifferencdng gdivk fren@ive isiggls gitbugreind wragicesigna(Column

5, k13 56 wdtdamaz) Qﬁ)qtméd rac&@naﬂ@r&lt,@rmuﬁipg Rfddter @G&}Jammmé signals
ines 31t ser_rece

wnlﬂ P 5‘]“&%‘2??@}}’ & (ﬁﬂ}mﬁ' % liges % o %T Cﬂé-lsﬂa d nlalei f!?r?é)m‘“tdt (gt# ¥ Gter roceiver
diffrienying brgund tanschivea 3151“]@ whigh ineornamits eiznple that (@ besnriffGencddiwitk & saf2Bite

sighaP (Blimn @Oimm 16 67, Goﬂnﬁ:ﬁ 81llide1 %34) ﬁé}ﬁbk&'& pdteht l@acf&!ﬁ@ﬂ advance of

dlﬂr\?\lﬁlﬁlel me&od88$l?58ut%?eén ?leacg ! O%Elggestﬁgl y %’é‘? L ?tfr? @% deId %'oduce
singhi oyt pesitip pakutiprs inea rovig gwswn r¢ogivst fiowre iPtwork pf areynd3eanspeived.7 |
Colum 8, lines | to 34). Sheynbl at's patent teaches
erenti al net hodol ogi es but does
gest a highly desirable system
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Satalag gkitidning sigralCdetestion @quires acskdradWF firde and Bty spAeE) Wl disbdver@hi signal.
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position recelver "has | eal. vi ew of % hese
sbol RS R ESERnBRA 108 oF RSB i i amout of
timOlht Becaiverccap ol tiil @th tBielfedubmon bia RigteralngsCher serditiciyf thia eecgh@mnewhile

uongepttfemm& tvﬁttnow%{m otihs wQaQér'sngr\agrthegf gqe@asevtﬁerseadmﬁ.e R V8 Ver

ear view o se al t echni
the &g fSfagrngyoiis Loete e% I“lﬂt‘”idtli‘h bin \t3Esh tft*ﬁég}*% g “B't‘?tem"égéte the
incr@edi seph s8¢ b tesedddaausier dftmmmkﬁ'e@etgm bihssin pdsaltle I0n¢ bfahese parallel-

| pm&egg ethgﬁtepg JSkR0ah vs k. %t ¢ RI3REAL MES 9326643 Y ﬁttare& ie¥Ben

encY ace to di scover . t%]e SI
para}-lﬁlFttfc&r&clu(lyallow\él oggé{) dvGP tl{flfsnﬂa"ﬁﬁﬂe"ft? %gjl é‘ﬁ:e%y rb?oH(gtloP%requlre aiding to
effid@duendhitialtihyfrgearyspred until the signal level is

determ ne to be above a detection threshold. The

g{m%%; %%Jﬂ% r?qgllve? atlglgg%gf !IlEa gFFL‘ t?%léga?%lgoé\(/l\%rée}tellge tﬁmsmmers
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etection of
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.- navie@H6E Gatal ROEIR 2 cofsiMint B ARkinful) sisitivieg) 3t e deddRer3Ahd &NV IERhave

search time is to search a nunber of tinme and:
frequency bins in parallel. One of these parallel -
processing techniques is described in US Pat. No.
- 6,704,348, dated March 9, 2004, by Abraham Although
parallel'techniqueS'atlom1[onger dwel I tines, many
satellite signal reception conditions require aiding
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satellite location information is obtained from 2007
navi gation data broadcast at a 50 bit per secon ratg
This navigation data is denodul ated to obtain the
satellite location informtion. However, the recovery

WO206/012888 40 navi gation data bits puts a coMSHAGAIHOOHAD

the mninmumsensitivity ofSthe receiver. The receiver

must have 5 Febr uarg/ 2007 WD 2005/012935 )
enqugh Aoy trArprniers besg datadito dasneh i seprghing fortwsakignalctha dapelktime
is lintkexste tid 2tpectddicliasges i ithe gp@Nigrsizhal tindd Wadfreg @adyQdahtidf) aldake stABIER of the
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operdtigekrangédSHRgdver, iche Mavighloh, d34 Bifs, thtatitelthndeBooelt aOa rat2 6fAce elyy 20
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and al so i rrposes a mninmum signal -to-noise ratio (SNR)

Thetd?a'o]f foglnn‘? Csel nglalkt)]'l::ll?qp bslt) tlonger Eiwoerll tlmet gon‘ Ee re)cewer therefore
é i OSItIOﬂ recelve

incigisig de %s%_fchl t!ﬂmtﬁt ﬁé'é e \ﬂE‘tﬂ‘h bqywd the é’éf(?f‘qe efthareceives. ) éwdulitaw decode
the hdviRatiomdata®idd, ind B) siadlsarelPdowBaklicde @bticié@bylnR ntcheer Sﬂﬂ\&igﬁ ihdtt & Mo cure

for 9 a@'ﬂfel?éi‘e Q%;ﬁ)htoo %%‘JR?% QenJe e&éd' é‘s iaa? rll%e{ 13?#% dated d;rt‘(enéer 17 9000, by
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tec ni ques.
thergfarg §‘§d"°b‘3ﬁ"%#k°d§ %W&ls@m} daie P’&&em ‘hayaﬂFl’di‘Fﬂ é‘B“a \i%? 4“‘"1&“\%
desdrib@iNeduitethd € 6 avedimunicRRfisk®61R, forl dRBpRASHOBIT: fhie n@e&k, Gprovide

&k fii @ N s beyond the tol erance of the
tlmre%Ee"\yearn aE at{o{}gmi%r%a@?é[ ity to decode the navigation
data bits, and c) signals are too weak to be detected

Pridbyft sydteens l"e@.ﬁle the ese of aAbhri@idgibos héredrieto prévidetheCitie, Erequéndy, and navigation

I 0 U
data ing %k% to g%%‘é%ﬁ geftzbepg éﬂ%ﬁh%\& na‘@%%iﬁ td% QE fgggqggqg%rai t% for a
wwa@ahf@f netwagk, gepuidipg tieyand, fredueney Aiding e aéi“f““%i?ﬂfdtpé%‘lf’ﬂé%syﬁem is
beysnid tHa eudpetodth@dothmfi@tiRC G thotk| dnd thévefard requirasladditivhat bdnipbrents be added to

the §dm%]ﬁia ons nemg( H‘%ﬁa@l@ g:% gﬁcﬁt%'ﬁdllp qigm) wéanglsapﬁfa&tﬁ%treduﬁq ]Hgl%n

requency navi gation
rec‘i“’ﬁ’f E?r ‘?ﬂif“}"l’in“"raﬁ‘l“ b"f H@ ﬂb‘owff GreopEEnisptipa changgh o hThPfng‘P tdine 2
comDi¢ationQransmisterahd/redeivér astheepoditivg rdcedver is arm desiable] ABys@mhat can provide
ald]&é’ lﬁf&gﬁt[&ff E)r &@ﬁ’i[&%E},e@ﬁ%ﬁmé@gems%ﬁﬁeqaﬁtmq gﬁtscoﬁigﬁmcm}{ﬁe&v&k

navi gatl on bits fromjthe transptte
is highlydsjrable. #h‘éouﬂlalﬂ? ?Fd“gf“é e‘ﬁlmb'a E?é&?e YRR dhe P‘&kﬁwf"s"amﬁ'é" also
provide eaddifiondl rangingnsipnals atbar cansbene¢dwgr thg pdsiden wvedvarp [Ferthermpne bproviling
posﬁnﬂz@ €a Qﬁft)y\@l;uljv is Eo%pﬂﬁegt% Q’cﬁthe %éﬂlt& IhtE ra:fgfng ngﬁHCsth tﬁﬂ@q’le system

navi atlon hit a
oS VB, AL BT, RVRY G [ B e
achitvesmhese desimbjelgrals Yy cheonadogivally isypeltranizing a systera oftiiapsceitien |(1m3afleo‘efa'red
0 a%&iﬁdnﬁ%luﬁn%icéﬁ% desébdaRABNE NEaBIEpSli DRk B0 adlRE amme; uriido
is a natural fit for a  conmunications network
providing tinme and frequency aiding for a
satel | ite-based positioning systemis 30 beyond the
scope of the comruni cations network, and therefore -
requires additional conponents be added to the
- communi cations network to enable this. Additionally,




aiding information for satellite-based pOSitiogyg&umy2007
systens without the addition of a comrunications
network 35 is highly desirable. It would al so be
hi ghly desirable for the system providing the aiding
information to also provide additional ranging
signals that can be used by the position receiver.
signfly rachgsoradling infpmaion &r Frglliterbasd pastipriinggrystagpatiidut toguinpl jadditional
comtraniGRIRhIRRE ALY 0 the satellite-based ranging
signals, such that the system works with and w thout
the satellite-based ranging signals, is highly
OBIEEE PF @E BIVEFR®Npr esent i nventi on achi eves these
desirabl e goal s by chronologically synchronizing a
stem of transceivers (hereaft referred 40t

Emﬁﬁ%‘glf'lfsi Cg ﬁlilenlﬁesﬁ(‘f]h fnf/enﬁ%l\ﬁeté ne (}5Stm8 8 zEPTab%foat begslt 8 Gl?é av1gatlon

SatefiirsSybtero KGNEG) signeltat d ewtnomgpmow\feie Wity FEs g g0 maangnqngussletwork of
synéﬁﬁggéd gsﬂlongn dlelcélngQ@L fime A0 groaliescﬂs frﬁheddf ngvél ﬁfaQJEs‘f[ﬁL fe@diVer,

for satellite-based paositioning s errsd wth
°Pefr’t§'é giepp ﬁ’ﬁ SURGTF BRI of sy“‘:h“&‘('fﬁ‘jn’%ﬁ‘ MYhER RN ?F‘% g position
recefy@tivoqued g GOBY BEGEatOh Saldiiie JyMWERRNEDNgkaisbodi nent s of t he
present invention determne the tinme-of-arrival of at
| east one d obal ,NaVir%ati on Satellite Syste é S? _
Em@?‘@ﬁ’é‘l of prﬁserﬁ&s?“{“?“dlﬁtf’ e tafergeuttes eth eisb%lbg fal Yayiegign
SateBitet SORONGINS S)rpiztalvar Kpogfioningynft Gliice rwitk @dpey 0 tht hawprkngequméyt of an

auto%}éhscrﬁaomeotfm&#on;zéd%sn@:nﬂg QﬁtQig\il(g?an‘ﬂq*o%dg ihmeﬁgncﬁsfr al‘n\(lﬁlto a
fo a position receiver, operating within t
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assistl@w pogie, rectiger A Gistg Glivel T‘p@&mbﬂ Sntlite Seee (GRES) bigmalaC q uirin g

G obal Navigation Satellite System (GNSS) signals.

Enbodi nents of the present invention determine th
Embodimentieth i PEfenyipyeptipn proyfe posifi %‘Vﬁn’é‘h@tﬁﬁéffsei\mﬁe%i flgbel
Navigador Bdtel IS y 465 (GRISS) (s{3NE B)ne Sid g atona@tiouBnep@g of syadhionigpd yesitibning-
it ISYLE R Ml r €SPECt to the network frequency of an

aut ononous networ k of synchroni zed posi tioni ng-unit

devi ces and provide this frequency-of-arrival to a
EmbpdigéntsioDfie Fre&f invetion pREET agbditivg radditehit atfld@ey biGBOGEBES 2 Global

f n n [ C
Navig:g%wgtghtg Sys%e}{‘l &B]@%néyé%g g?q?/%?} ilcln%rgggagﬁ%{gﬁo%s lgg)él'k &Ssyncﬂrgmzed-
positignipg-praftdrdnss’ %‘[”é‘i FfigeeySyst em (GNSS) signal s.

Enbodi nents of the present i nvent ion provide a
Embﬁgi%én& o?tlﬂ% Ihrg; g%:nge mn%\%gih ogmo e géspglgtmg %it%%r&tﬁgmgo% QQJNOI]{
of ssaleiir@neﬁmeisonnewroieveceofvﬂfsvn@nrOdilﬂllzf@@atoosf 1 Plovi Meyleatipn iSfte“lte
Systéheiaing®s’' network tine. Enmbodi ments of the present

i nvention provide a position receiver wwth a frequency

of fset between a G obal Navigation Satellite System
SUMMMNSSYF BHEINERYTIPEquency and an aut ononous net wor k of

synchronized positioning unit devices' netmork

EmboJlme%% rf“ﬁ% mvermo prov1 ep 1'::1Scis.(ﬁlomng s stQm Sfa? 1nclu<le 051t1onm -Unit Device
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erence co-ordi nat t hat receives one
O S R N L s
Posittopiggridmit Dietiesrzeneppios in romme o tha teedondmfreleo poaitioning sgrwﬁ o their known
respect to a reference co-ordinate system Reference
transmtters include other Positioning-Unit Devices,
Wde Area Augnentation System (WAAS) satellites,
d obal Navigation Satellite System (GNSS) satellites,
Pseudolites, -or any other signals that incorporate
timng informati'on. Each of the received reference
positioning signals : '




preferably has a carrier conponent, a pseudo-r§@g&gbyzog7

code conponent, and a data conponent. The

Positioning-Unit Device generates, in response to the

recei ved reference positioping signals and their known
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rcccRecEpoiltlomn% n%i s an aqiﬁa c%rcr)lg:% glroaiglfigécalg mghromze to o%ec)gmore of the data

come%rr@neﬂ by ree%ﬂei! yosﬁiymﬂimnlﬁ Zege taPogtiramgninBevce gf cirprglogically
syncBidhized t&@ﬁl‘éﬁﬁb@ mnsmleér &H%BPJsﬁSﬂigVﬁid Dia@&i EnkeQKY tROneBofN@A Bse its
Positi no

Once n r 0
f
uni uey tran?]mltted posmaml%g mg;gg Igse g?eéeﬁcg é)O%ltIl'OéuH% ?ﬁnfx e geoggﬁhlcai élé{nbutlon o
chromplagicelly gprichrgnidgh iPesitiDeng ni Degients esreptergp tuheecomlwrvi@rkc@frpowemg
signdld, She ol Uethd TrRABAT atc@ﬂiaﬂ@ &itﬁ E@ni,mgnbsiugnalthe&sy Alows a unique
cor B RER PRSI QUGS dnal s, [0, AER0LBRN 68

Posi tioning-Unit Devices creates a tine coher ent
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positiepiphagnal Ripid gedttionfsoeisert e 1) xirast sgi deterpined ARy dajh @nddfi dc“"’mm“'
said SyACHieNhavatk Bad war simdcxfyncaieﬁtetinﬂnbrﬁ CrobiiRhck; aj&varme.g forS@lokhl

Naw%ayla‘icg!%fl)%ls%%m Agﬁésgpénals a salé) OosthlgnLr(e)chlverr] 91 a ru 0l rgsp%nghé tg ga.?d ext cted
+ assisiARoE tad ged galt ynobqq@zepreqt\fmlﬁnme@mﬁ F}g@hm%ﬂd&l}:twork frequency.
processi ng A obal Navigation Satellite. System (GNSS)
signals at a positioning-unit device to determ ne
assi stance data, including: i) the time-of-arrival of
d obal Navigation Satellite System (GNSS) S|gnals '
relative to said synchronized network tinme, and; ii)
t he frequency of G obal Navigation Satellite System :
(GNSS) signals relative to said synchroni zed network -
frequency; b) incorporating said determning
~assistance data in a positioning signal transmtted by




assi stance data, and said determ ned synchroniz %@mumyZOU?
netmork time and said synchroni zed network frequency.

- - === ---- ---- - - 5 February 2007 8a In

accordance with a second ggpect of the present

i nvention, there is provided a nethod for providing

assi stance to a position receiver in a location system

In a&&%&es\;lhlqgseégfid ﬂpeg & % prmy ingeﬂtlioln otneres§tpﬁ)lv1|dédt aerne%}(ﬁ tfcﬁ IB?’Cnvlt:hl‘lg
(GNSS) and a synchroni zed network posrtlonln% uni t

assisgygRy .t%e%",s'tlelarr"a*‘ffgyhe hrBoh Y et viRsrat @ &r‘obﬁ CBrEF g fitte System
(GNSM) bitd 2@@ivtir@@8d HorwonkioChoRigonBiy-MGtileGdas, Zaaihymtibed Ketvark s positibréng-
unit E@Img ?lqwgi cin%rll{flgnctmk tprrc qge%ﬁrh&‘&m@sgg @J prM@sylh@ﬁBHa%wgatmn

l1te System ( nals a posi tioni ng-unit

SRR A d‘hi‘e‘ae“’i“?Fc"‘ls%‘ﬁ“‘r"?gda'ﬁ Rgluding the
timefof-4tvalaf Gabal NM@tloﬁSatﬂtObﬁEm [auss giehdlsoslatiSat edid dyboBroByes hewnark
time (b%ﬁgog Aggﬁéﬂjieérn[u%h Qst.; Ltynge Jaf?: m Ios%oﬁi)f&?gngl %Hs.%lﬁéﬁ b? gaﬁdvffa!lt%nmg

i ncorporating sald determ ned assistance data
unit idwlcoa cb Bgliy:t"fgosﬁlid ﬁ@sug)pggh%gnaltalt %R?fltlcpéamw 3 ét)l gYtract said determined
assispS idbth, Qd ﬁ)g:letellttﬂietsmﬁi @beﬂcﬁ;zedh)etv&fkalnyez irsgarchi dor Global Navigation
SatelHtQ %!/s{ernqalll ﬁga&alg Qt%!ud gt}smgharlecgwg %SJ rLdeFésp&%R@{o\éQE cx‘irQ:ted 'agmstance

assi stance data, and 11
dm&d@FeFﬁ*ﬁ@m§§Wﬂm§VﬁEﬁW®ﬁPfed network tinme; d) searching
for G obal Navigation Satellite System (GN\SS) signals
In a&&iﬂa @el \chp Ot r& %stJJt gfetﬁ farysglrt nlv tlgl S gseprgxgrﬁﬁ) qgéelth\éc? er grovldmg

extracted assistance sal d determ ned
assis@NEA S ROFfHOR el frviblofetien spgem qorflss%tﬁ P &%ﬂ% Sayigation Sgtefliffi Srgem
(GNS3 [ G bynchronfzih e forbR S £pdbitidniny et dievidas, satdi@icRronid frhtv(f]inki off editining-
unit gg}cﬁ qovfdglr SBlr 1zg& Q«Qvéorxilgg‘g' gf?réyﬁ?lg %ﬁg‘r?ds {&nﬁgs‘?‘rlg% &)%@o&esm%g ftlobal
Naww&% &&élreoWSfe*at{@Wﬁ) signatyas g é’ﬁﬁ‘tl°€’@\lﬂ}$)d°‘é‘r?d° &g e [tsisiance dap
incluied MOFuedy op@suamaoi@aﬁlalgsammtsm@vmmes sigiBR irdthtiSyt6 eiirs ralir ek

networ%&'recHenc %flmp r%§1jat%n:%gar1]ci< el rmmed assrstgn%evr{ E n ehgmﬁ ni d‘ng Isr | transmitted by

. nmprisin
said wltlmn@ @@@:@Ylﬁ:gc) @alypiag sa1d p@seqo% silggzﬁ atsgif pasitipry récegg;g{t Brftract %ald
deterfnfoNQS)stafide GA bil iiRbetePmiRQSIl Eyhéhﬁinﬂ@nblﬂbrk frél@diki€ @) skadching for Global

Navi%?l%b g{&l%évs?aglzi}ﬁgﬁ Ql%lglts siuQ ]Eros1 ugl;:/recl'llgelr lrr]l éﬁg‘% sfpgn%tgeutg Faldyextgacted
assisypgsh defa) aydsaifl detasrained sgyiherivednviveedreauersy-wor k frequ e ncy; b)
incprporeting;said determ ned assistance data in a
mmﬁﬁﬁ%&@9ﬂbﬂ%y%hg%&uﬁNéwS"1tted by said positioning
uni evice, anal'yzing said positioning signal at
said position receiver to: i) extract said determ ned
FIG. P8 3 g pHARICEpr&éitafon RBAE dribddirkbed &2 rrmerlecksaadoﬁmg ymmreait ZRGhtion,

. incor%g%ti\é\?{ ?kl %rr%%uenﬁ?rmggfﬁaﬁgt&g é({] gphgetguy OgP&Sltlﬁlbllé% IIJmt\ﬂegices ancp a

roving p@ipn/regeivir det@mingnyevipegponistlyvoint msisaiselutoxt r act ed
assistance data and sai d determ ned synchronized

work fre uency., BRI EF DESCR OF THE DRAW NGS
FiG. £ ey regfe%r*atrs’ﬂ 27c %fﬁ?“@gE B AP !’sﬁ%a S QRBBAT e
incorpdrating awingle a@kemammutprrb@attc@stlmmea ele EesitioniperingPieviesn,
i ncorporating a slngle reference transnrtter
broadcasting to a_ plural % oni_ng -g
FIG. s g el regpgpgion P%rﬂrrgmﬁa P 06 ﬁm’r Leck pererfinete PEPREMN; R gton
~ incorpanatiag i sngle refecescesmgliter bpademtingnosilirilioref Bottiortinigd mit DR, 2
is a graphical representation of another enbodinent of
me- Lock according to the present inventio
FIG. 4 ﬁ @ gfa%iﬂéetpfef?@tatgn §§ aﬁﬁtreéen]bgc‘uéepbqg E;gle-tb?cé ﬁ@?ﬁil{l& tg f.he present invention,
' mcorbmanwkra&tncﬂlgininﬁtteabrsadaginethﬁoﬁlatl Inemedigy RisitibnidgeinitDevice | G
3 is a graphical representation of another enbodi nent
- of Tinme-Lock according to the present invention,
i ncorporating a single reference transmtter-
broadcasting to a plurality of Positioning-Unit
- Devices. FIG 4 is a graphical representation of
. another enbodi nent of Tine-Lock according to the
-.present invention, ‘incorporating a reference
transmtter broadcastlng through an internediary
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9 FIG 5 is a graphical representation of ano

enbodi nent of Tine-Lock according to the prese%?%&umy2007
invention, incorporating a plurality of reference
transmtters broadcasting to a single Positioning-Unit

WO201288. 5 FIG 6 is a graphical represenPEF/ABHI401030

anot her enbodi ment of Tinme?Lock according to the
present invention, incorporating a Wde Area
Augnent ati on System (WAAS) reference transmtter
FId 15 Gsaaqteapigidai reygesdnfatich oL bhotheFRabdirh et vif Mighe-Ubtk hcc&h@ 16 @S presdnn Rvention,
mcgllgéétﬁlé W@ oH@felrenc gnﬁtgﬁ bll%éﬂpﬁt%g H)%jSl%]é/ Pogi{" nin m[ De‘zh ‘?' r
own uni que” chronol ogi cal chroni ze 55 i oni'ng
signals to a roving position receiver situated in a
FIG &tselghapltical repersdntahe df anatio/dmb@imaptrof Timd-Dock hdcording th e fresent invention,
mcg'f)@ﬂl aJJIdJ 300 ﬁgﬁl{%ﬁtﬁﬁ)ﬁ Q%hefaf(\ﬁm} I%%Fem% rm%%n@e E}Badé%gtlng to four

p accor g resent 1 nvention,
°*i"H’&“65’r r Bf‘i‘“ﬁb e PESHPing HEN SRR tsutsainte wepsmi tBic @vn unique
chronolpgisaity $ytabronipd paitiods bipnaly totagoving paitiorobdeiner situated in a satellite-occluded
envit@dedit] ONi Ng-Unit  Devices. The Positioni ng-Unit
Devi ces subsequently transmt their own uni que
chronol ogi cal ly synchroni zed positioning signals to a
FIG- & V#ia migohisalgéptesentption ofpuithgreembodinntf Tne-Bock scadiggtathdyirasat invention,

mc6rﬁ%1@gsﬁfﬂslﬁ$nﬁngﬂni9f)evﬁ9 REhedk Migg'bmﬁsm%fto el Bmdr Q’Gslftmnmg-Umt
ent | nventl on, nc rati

Do Ol R By R BT B IR g b By S
positignieriignals¢eA reving mositienredeivesr - si t uated  at the boundary of
the two networks. The boundary Positioning-Unit

R e
incqrepraging§ veRenaopgr pricot P%mm&U@ﬁ PevigesUnil # ropeg/fogition receiver situated
at tﬁb&foﬁﬂd@i 61, theABE RWRIKE Ohd &uﬁdh'_? PR#iSHHR it DWG@J‘ﬁlﬁsQiﬂently transmits inter-
network correcllz(}:/l\gtzgleie‘) Po]:??) tmn?e@éw@ug Unit Device is a specialized

{ranscerver, wiich 1's positioned at a known | ocation

and receives at |east one reference positioning
FIGS$ § BRlbck @i dPosti@RFIUND D& ick RFdRhE A6rdihg B 1S preskdt Biention.

Preferably, the reference transmtter is another

Positioning-Unit Device, or a WAAS satellite. In

response to the received reference positioning
overyp&l s, the Positioning-Unit Device chronol ogically

synchroni zes an internally generated 30 positioning
signal to the reference transmtter tinebase and
A PositigpiagninitDeyigeds 4 saiciglized tessqives whichrigpositiogesar 2 knewiplpqatian piidapoeives
at l@ﬂ%h& fefernck P& RIbNiRIsfEnal Fony ht@ddkt od veferBics trilibkttdr. G‘ﬂéﬂn{b@”ﬁ@kfﬂrence

tran rr? &er {s I"Jiﬁothero {ors;(?gmng gmp {)eiwce ora Wﬁﬁn) :%H&L\%:sggnlsqu ther:] ?e%ewec{ reference

oni n
P"S'&?‘I‘l‘"é riignaby ithe opifjonisg Helh Peyiee zbrenotogicalin eynelisqnizesefic isternally generated
positidniid Sifiak th GE referdnet Ganniiger tinBf¢ dndl Refsrfit BAUNMBI poditidnivg 4! Bfall other

posi{i&%ecgiln{zs 1B Uigw Hﬂ%ﬁtﬁﬂh;ﬁ e&u%gﬁén%qlesfo%éop b hn tal.mnano%y oc%gonql%wg' k

IS Ca erm ni ng aut ononous coO
is atclogpt It\yoe"ros@qnﬂ@p@t Deyires fhriﬁe,lggl(?@lllyéypcgr@]lzlg({ fo greeiRAFpS fppmitien A roving
positié@@eteiv@lin cévi sfaheedl ttliealansi te O AIEVithinOfis altdabhdde RtRELLis cdpb@ of

detem%iga%{&&%o%s cg&sam &JL,@,I’ sm%? %bdﬁk&qt%ﬁ soql:?gr? wit gogi‘r @? ﬁegd %0!'19 fferential

ent s
compegiefy Furbamess; ts ﬁfﬁ‘fnc"a\‘fﬁf‘f'"’g‘fi’s‘ts%‘ﬁ@' does ot 8959 the fnheseaf Wgs'hawf atomic
timel sARMACH Sdqvird By pist aft lsyseBs thbrbbf hlkvink Bn iRRpei S drystd Sscilator to be used

asa %Lﬁ&%maﬁsgthpﬁﬁgﬁL wlilg entire location network.

om1 a P05|t|on|ng Uni-t Device may
serve as a netaphorical "channel" for distributing 40
Thug by deriled bgove alPbsjtiogneriinh Devide 2@yl sep@ 84 4 madaphdnichl Shannek! for dis@ibeting
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10 position receiver to cal culate both code aF uary 2007
carrier-based single point position determ nati on% 1y

wi thout the need for physical connections between
Positioning-Unit Devices, without requiring atomc

WO 205/8R2935t andards or GNSS ti nebases, and wWGETA&WA004/061030

requiring differential corfection. 5 SYSTEM AND METHOD
FIG | shows one configuration for a Positioning
Posifion, feghiver 1A salculgie etk eofoand pamisebased sigle potint pasitiefedtelenminptivay, isirpst the
need &ir pifysicaC @alectianR det@dti Pdsi@bning 5@ DevitksNgitheut RGUirh a6 tithd @iAdards or

GN@S@ nﬁeLs@staneue%/%qg&gﬁ@MM.: feco@S1 L1 0Ni ng- Uni t Devi ces

OSi |oned at known | ocati ons
W|th respect to a reference co-ordi nate system and
respectively receive at |east one reference
sYPas AiReRghi gnal 102 broadcast by at | east one
reference transmtter 103, which is also positioned
at a known | ocation with respect to a reference
FIGg b S@Wtﬁm@hﬁgﬂ@% foenRosilioning 85190 Kigtexertedtes frddide HoSe dare@ainations using

code ﬁtfdeeﬁrﬁé}ﬁa%e e ?‘bu‘ﬂgbsﬂﬂn SlcRtRhs. AQRralil 6 lPQt?‘cln’né el IBEQ.céJ%I 1&

101: s@ e,gé )1 ‘ii nsm t gne or _more uni
oalc,? P "g‘fwa A?ﬂ’ 10ns v refpeg 19 34 ﬁencwo@,.?ata System an respectwely
rece\hrab ot ogirdadnteypositionighsizuali 102 broddgstttiet keaf @6 efetace biansmitter 103,

whiktl ﬁﬁ]&fﬁohﬁoﬁé‘d a%omﬁocraﬁm 'w'ﬂﬂrcﬂ:@é bolal r%en%@&%l-d\ﬁgtg ?'11915 /In response to
ices 101- f

the i%%“eg RS e é‘ﬁé‘\g%ﬁ%‘é"f"f‘% i Degiess .lblrfa*fzgmfofenwr&m or
more pyaique gpsitionivecsiznaty Wird ki 10#-y wiicd 3reahyonologivaljyl eynqpwsied itothe reprence
tranSrhiGd 3435 A rdvidg szm& rdd@ider 205f 4104 LABn E@ﬁhto}kgmeﬂgas Nﬁllt 101-2 & 103,

receg)%i I ér%nce gs%onm& Sl ngl? I]'(}Zé‘:;,m:nghg éeéegelljléeonongt rplg%/ fﬁ‘ﬁ urb%xg qunltuaﬂzg signals
104cl o é‘?“rﬁ fl’?altqlecﬂqefmlﬁsnﬂﬂ*ttmewqe &iviok Ilﬂle?f, and latonmiugly patralhtesyboth code
and Y16 BESENMingR GointRSitioh A AGiofs febhetheSnetwall of kifBolbB&ly synchronized
pos}'!)ngﬁoﬁnaﬁked Posi tioning-Unit Devices synchronize to a
chronol ogi cal tinebase, which can be of
arbitrary value and have arbitrary variance. Therefore
TinYekSi Npl e and inexpensive cl ock sour ce, such as a

'TMQ—FX::‘I%%?%SH%%%%JJ%]t%eglces séyn hromzes tlél fa fc mmon %P'Sronolh%%{ ti Fﬂ' Eafs Fv?@mdcan be of

renc ransm-t
arbigqh e Adrieve aropry vasisgse (Thtrefore mweme rausineapgnsive ylgekagpurce, such as a
crysﬂS&bnilakoﬁtuﬂfsuf(i&E@@ refeténcd@dck R rdfePentt H@Emittd\ In the preferred embodiment a

temé:) %ﬁl'ret éom’] nﬁgd glgetaﬁ oBﬁlthr g‘ Cj(b)r g’r lTetter (Esqla%eJ %SPO% 1c§nfené %nt? rll)ewce first

acquirgs. ‘t‘"ﬁqmle@ﬂi "‘tnfwf Eﬁsmqmpng @'E‘tal mdfcgl@{!atep f eprpalie ime- ﬁﬁkﬂhﬁpﬁseﬁ from the
knoRiDcoQf ditiateedf 88 reffende lt@rsthitdr @idRARovnlcd Briftdtds Bﬂﬁe mﬂﬂmﬁ-lﬁlﬁmt Device.

| The#nﬁ\g%\ﬂh %Pofg qarkg%t%%nsu{e?ase { E?Selx tatiegp 961a ex era:nerecy {, ret['eﬁréce
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Posifitnisg aighat Wlent ftaww fpen B refesepre rtfelen@edo 6'9 P@Sh'emrrgéfﬂé rDeneeeln free
spacp,0 SlectronBretk] wiled Bradlel H‘]Jj)foklﬁlﬁteli' load/ Q{eﬂetn Svefyr ey tnhﬁse&ﬁ&sﬁ INGKIC Ghe

Pos&t&nﬂ\rg%m b%v‘iecle a;; geﬁglm%mggfsd gfﬁ&q a}lg?energtgd p051 on1n§/ s%naf?’and

netic Ves

_ allglﬁ-étlié pos@w*gwgpqll fathe egringdelerprgs posmlg mgthl}e:hus brmgmg the internatly

generifed IpﬁsitlﬁlﬁﬂgrtmnaUﬁlotchrﬁﬂﬁMglﬁBal@Whtl“&B the Re@rehde BBrsiifter fSpécgiodlly, Time-
t I e
Loclpfs éé’l%tdid »&eﬂ‘?%ﬂ&nﬁl g@l %D%/vtoc%sl %?epngﬁy g%%neﬁ%? g«gsltlgrmgrl%na? 'hzgqi%lquency
cohelr@feéﬂ@ﬁ&@cml rfferglﬁﬁ m@tmﬂn@ ﬁgﬂal andshrenojegial gqhﬁ@cq High the reference
trandniitiectini®bdsd, y  generated positioning signal into
chronol ogi cal alignment with the reference
transmtter, Specifically, Time- Lock is achi eved when

A refgrepss gositioRing sigtrl BffRnEmiftsd yiad éadio freqyensy (RE) qespierdiomid refregep transmitter.

The pefgtntd paitioning Ssiggid hn Bha genérit@iCfien ayy Bbd 66 eduRE CehicM hdy iBdhude

7 Posdmﬂ]ﬂ"lg U}; vfe&f @fd@&@&%ﬁéﬂ:&n%?%&g%vﬁm%?gen ited agbal Navigation Satellite

chronol ogi'cal coheréence wi e referen
transmitter tinebase. A reference positi on| ng signal

is transmitted via a radio frequency (RF) carrier from

a reference.transmitter.  The reference positioning

signal can be generated fromany valid tinme source,

whi ch may i nclude 40 Positioning-Unit Devices, Wde
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System (GNSS) satellites, Pseudolites, or any Q%Qbmaryzom
conmbi nation of valid sources. Referring nowto FIG 2,
a Positioning-Unit Device 201 | ocated at a known
WO 29p/82%"ce froma reference transmtter 202CTAREINIBHIIY
ref erence positioning sigrfdl 203 transnmitted by the

transm tter 202. The reference positionin
syl RS Tahs BSls  pBicoB B S sareei REeene mow  FG. 2,
P“ﬁ@'@%&a‘éufr'%m%ml dodel @onpomeditaneeafitth arettechad tamMpONBN treceives a
refeldne fosifitaini Likn@iod Garsitidd @QNe' 1Bfrered) A'anlsnmfes) LRt rgfgrel@e Fosmonmg

mgr%?@b Hfg Qarrrxe? %oemp%)/n%r% nazu?-n uegqrs]iy%q?rar%?ji Lq%ég)@g?gg% {agdnzgcfr?ta component. The
5 PosjtigningrUpit ﬁ-‘g‘”ffo'@l IR aorafss) 2 gpsisivmtessivbr el 4 corlehtat @nater 205. The
pos[ﬂ&&bdeivﬂ nlltll’ig:aﬁiblgéf @elc&wdgr;}os‘iﬁoﬂ sighdB3rom ﬁlﬂgfe@rlé%mﬁ&ﬁah Elﬁnglg lnr\]rgw

S tran
203 08 B AP 500 GGl B Yot e et e
posﬁlglglg sigpab 2038q Ropitiping b’ﬂlua‘?‘ftce E&é\mmé@ltsw& -calledgayarpdsiiondng signal 206
from - teesmitekos, lwhiieis podvell byorRd RGitichingl0R D@Q@pom{u{nqgh{/e} $04. The slave

10 posﬁlgnﬁlﬁ%@la‘i t2@6r hagg)%am &bl&]ﬂn&nsa rumcug Xau 0 écin{/reaﬁ momenﬁ,‘aéld a data

05|t|on|n - Vi Cce OSI n re
corrg?ngr{;eThi 605516@9&1{% rﬂeﬁﬁ ;@ptg)n aqcelvgggﬂéiﬁgpswg apdasimylianeously samples the
refeeTAPGiiant sigal 208 i@ ibe rpﬁmdmgm&ﬂmmm Qlave ge GG ienal BB Fom
the &o- lgﬁIe@ tracSriftiid? QP Rt traﬁsgtn@orP 91%& i ecr)erillcenl then mﬁulfatg% heévﬂagrl Spe received

osition recelver recei ves an
’efe'g‘gﬁﬁf’s&“"fghség“a' r28% addhfccepekilav @?‘Fi“ﬂgﬂgsﬁﬂggﬂ &D6. DA trénpraisyiot Mime
15 diffarepéecas endio tht prefirgtbritbdiment, @Aeianledibite S| ave positioning
signal 206 from the co-located transmtter 205. A
Lg sm SSI on tine difference is then cal cul ated
{RERFRY e ‘F‘&%"éﬁdv‘@ﬂ'ef Phsee HERCBCApEIRRY doiirnigeds Fromahe 208
andomaeents of e vefelensd positiontn@ Siighdl Q08 A@ thd GRalposBdfing K& 206 1o

trzaagrmﬂﬁqugﬁteglugﬁydlﬂém&l fference, as used in the
inent, Is determned by: (a) Conparing

20 ﬁ’?ﬁ Z)e‘i“?ﬁr“'é‘&ﬁ 3{52‘&!“1’&%{‘& fhie Baviggliom deia compoppts frer e tefoiense pasitioning signal
d e 2&%Fand thessthvef poditimitdsizng 206ne @ fermirg @ PRONRAKNSsieH tmfe Iai@fercnce

(c?fﬁﬁﬁﬂﬁhcmhﬂn&%eﬁ’sgreﬁéng r&é%-mﬁ%o%rlﬁje ptSJ?lgO random code components

fr aé‘ﬁ]%ﬁ Ve P‘FF' f@ﬁl%al 2”20"“{ By slyve msﬁmmatswwg Z%rt@l determine  code
c omedorareg difffv@cenavi gat i on data conponents fromthe

25 (dﬁt%;ﬁﬁ@@he%ﬁﬁtinbdﬁpéaﬂﬂr 6pihsg Hl?surenglgs?’deégrqneﬁ BSn ﬁxe &¥fer components

0sj et erm ne coar
g téerﬁe grgn]c ﬁ)Sl{l mgﬂalf Zf)é F:@ﬁl@élave(peyuow |29pgto f¢tgsmine a carrier
pselmtdrt‘?awge measurenents determ ned fromthe
- ‘pseudo-random code conponents of the reference

For 20 L i oni ng. s %I 203 and the sl ave positioni n%
. For ec1se tg‘ie 53‘2616’ %tgf fl'ﬁcp mgltx%{ungétg@l 20@@@1& a:&feacﬁg@smltter 02 timebase
30 - the s:@maf frenagatimalelaygtwéed Yhe @@arqnarmmgmefhsenhmv mﬂ&lﬁmu&ng;@{’trﬂeﬁ&
posatﬁbﬂ&ﬁwﬂm@rﬁyf{ﬁ rxﬂﬁﬁ tbt.sacgtﬁﬁt&f B AEnd YR oleliGal S'@tgr&:é &' I meters 6(? from

there;r nponent s %@ reference positionng si
ha -t ﬁ'& &1 9\9*8““6 % fhg R?Sﬁlg“%‘ﬁh Rpviey (B@“‘P‘b’eﬁféfffeﬁ“ﬁ'i"ﬁ @08zan be
convesiad to p gignal tigleaiRlightibyf thecformnla @ime-biftighp+ ditin@Bpetd oTilight. The Posmomng

nit B bﬁqm:loé}ﬁs e i OIIC e uefic
Unit WR:G 10RdosaHhtks Qb Qﬁdsﬁrﬁhﬁ t%{‘ AXE .%_ﬂt olidnl %H‘l& %ngsgéd%ﬂéiq e%gaog %

35 posillSe L 006 ot BB ichioR p et damm A clock 9 rHispingy by e
Positigiinee fnf Revke TP RIA frioh e Posdiffdraomnibergeehht tefeld@v p@iEoning Gigial 208 ind
. the slhve Q&itﬂiﬁ{g s@ﬁhﬁ 28 Wi’ &eﬁﬂu‘&ltby Be P@sﬁﬁr@rgrﬁnﬁ %eJuQ rr cenT p f(M kaﬂ&’ Yt

cal. di.stance t rom e reference
oy i SRR o @i iR Solihe 2 g Berche 1 PrHgE S b
cmonﬂeﬂsqakSMhong@ewm@he refertneqnpenR@R0TEwbise.  converted to a
40 signal time-of-flight by the fornula: time-of-flight =
- di stance/ speed of |ight. The Positioning- Unit Device
201 incorporates a steered transmtter clock 210,
whi ch can be adjusted in frequency by the 35
Positioning-Unit Device CPU 211. The correction to the
steered transmtter- clock 210 is determ ned by the
~Posi tioning-Unit . Device CPU 211 fromthe time .
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by the reference positioning signal time-of-flj

209. This brings the slave positioning signal é%gﬁﬁuﬁliyozow
chronol ogi cal synchroni zation with the reference
transmtter 202 tinebase. 40 5 February 2007 WO

WO 2000893512935 PCT/ AU2004/ 001030 12 The prBERAB2004001030

di fferencing the received IZef erence positioning signal
203 with the slave positioning signal 206 elimnates
The piesespplcdifferenringrtbp-regpivad rqfisepiecpesitivning tidng 1203 eithaheyslare mobitboke signal
204 ﬁmmttestﬂbﬂifoﬂtﬁb)imglbﬁlmgv&gpohm rdaﬁﬁsi' &16cR Bekr) GhrerebyNUlbwikgNd lfbﬁtlomng-
UnnggvH:L ﬂ)lftootloflowvﬁle I f(renE) ansm rcﬁz eg nh}:n}t ?ng Slog q(zmas causeérJ Bay the local

Trisused
Pogjtigaingr {ng ﬁ’FWgﬁtﬂH‘Ptﬁr 25 Girhemes élffwnastlaahemzepzwo qrupispétheryameposition
recélvef $0@ eliaiBicd @y REIVRIRI bidk WRroGh RBNQIsEd 19 fhe b BorSaddRer PEEbrick.0N
5 receiver 204 elimnates any receiver line bias or
group del ay caused by the position receiver
C“E‘T"éﬁ‘?‘%’ﬁ? %@'t“’““@dm*l”é‘l‘“St ates of a Positioning-Unit
in e pieed| ambbdis:np Pasdtioinge thit ERiiasl iTiRock ©©Q&krEcO mnﬂgneunmshg the
fougﬁy%cg,ﬁrg]s;g{epe Lock to reference transmtters using the
follow ng control states: 10 State 0: Reset Reset all
hardware State 1: Acquire Reference 15 The
StaPrs Reésetoni ng- Unit Device CPU 211 initiates a search for
Restt afi BfENCe positioning signal 203 by the
Positioning-Unit Device position receiver 204. State
2: Lock to Reference The Positioning-Unit Device
Statp b iequiroRefaredeeei ver 204 acquires a reference positioning

Thesfbognﬁing-aggD%g di’@fﬁf GRGS 2 2 HAD ?b@rehéeed’osn%ggg JeJep @) the

g’hnﬁ denodul ated fromits navigation data
P°5618W’ﬁ S T"‘°59°S‘f‘ﬂ‘é“ﬁ’6"§?q41 oni ng-Unit Device CPU 211.
State 3: Synchronize Slave The Positioning-Unit Device
Statb Yook JolReWRhdeS tO al low for coarse ti me alignnment with
the referepnce 25 positionin naI navj gati.gn data
The@a%&%ﬁr‘%éﬂﬁ rofiion EreRt 20 e Sgaé?f RE8 TGO Tpel 03 nd efeence
trangrgiiter 203 pesifiothapd tiheds GRYuRR from iShartgesion datal coritohead Hy the P&Sltienirg-Unit
Devikbe€piPAsgi tioni ng-Unit Device CPU 211 determ nes an
appropriate and uni que PRN code sequence for this
particul ar Positioning-Unit Device 201 and assi gns
Sttt hi Snch@eedide sequence to the Positioning-Unit Device
Thc%mﬁcﬁlﬁ ﬁm ble @95211 mﬁs lGLngvP iR cf)&s%%%ﬁ%m@rttfvﬁtﬁtm {@ference
erence positionin t he
posI e B TR DA ST & et Pk tyghe CrU 311
assigned to the Positioning-Unit Device steered
statd 4: ARGIMelsiz@d  Cl ock 210 by the Positioning-Unit Device

. The%Qio%%%l}nit%gi%nﬁgl\égaqtewnés {a‘ni. atghrgéﬁa% ?ngl:unﬁtfsmgdocmg sequence for this

partcylas dessinging-Unit fxevige 20 bqnp aseigis thistPBNyrode lsquepeertetha Bositidnéng-Unit Device
rraninn@ﬂ DN EHe &&ent uen@,r &Fs&fr&ethdoﬁéﬁ-}eﬁde Bguraang §én9nﬁb (%Q@e o the
P051 n-ﬁ tvlg gev e tot ég @ I?

REPRT Res® P s B8 S e 5P 5 S e
clock A10t by dhe Fl’@smmm&amﬂri@pwtmlﬂU D\iihs gerpo i itifiaiee theeltnstmn@g URIORgvice
trans-ﬁnﬁr 306 654 ﬁ/eﬁﬁenc@ RN ﬁ)‘proku%atélﬂhé dafid is%l%(?requ\é“c;f bf tﬁel'}a'ergl@é'rﬂ%smonmg

B e T R

recetvey chanetl mdlpUloglioningHnigPevicdymsitinn asreivepdBi tThomeeiver ohangph &linitR4d
withDle L@ HRQuSAck 0Bt B~ JldbidranddRY LRE phase value as the Positioning-Unit Device
transmitter 205, in order to aid acquisition of the slave positioning signal 206 by the Positioning-Unit Device
position receiver 204. The Positioning-Unit Device then initiates a transmission of the slave positioning
signal 206. o |
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posi tion receiver 204. The Positioning-Unit Deyic
then initiates a transm ssion of the sl ave posglFFEWanzom
signal 206. 40 5 February 2007 WD 2005/012935
PCT/ AU2004/ 001030 13 State 5: Acquire Sl ave The
WO 2088/882P350ni ng- Unit Devi ce position recei vefCT4IR004/001030
initiates a search for théd3slave positioni ng signal
206. State 6: Lock to Slave 5 The Positioning-Unit
SEpé\icge Big%i tion recei ver 204 acquires the slave
TheqRoSitichin®Uhit THvicd pgditidh re2BEr 204 ikktiddes & RALHIB theSha \B6kitibdingRighab206.
dempdul ated fromits navigation data conponent. State
7. Reference/ Sl ave Frequency Lock The sinultaneous
State fit k5K 2SkY carrier phase (1 CP) neasurenents for the
The BkigampUiei DOBE pdsiden regive 2gNaebuird0iE stidposifldling bigMIe206 and a coarse

slaﬂgﬁéfsh%liﬂ dga,ngm&v%gpt%@ﬁatﬁmpom jtialized (zeroed) and

differenced by the Positioning-Unit Device position
recei ver 204. This differenced val ue represents the
State 7:cRpfimanceyBlaga fukqen@deckdi f f er ence between the reference

Theqmtxnbaammaga@lcgna ha%Q%pmgsutéa,@mé#ﬁﬂeemf&%é BosiRdRInD Senal 203 and

osl t1onl ng unit

slavg 831“8‘3% S@ﬁlﬁ 2@1@ ‘““&‘[ﬂ‘f‘ﬁ‘ Zﬂﬁfﬁf@%‘m 91&%'362% btte Tagfioni: Phitjeg Rgsicor
receivae20R0 $hit diffrenceg vAlie irdprefday the Geqednaeané phaterdiffesine béngen Gt Gllence

posﬁgt%gts@na] 148k Eh@klﬂ'e fFosifiéning s;kngﬁl)@i i £ Joﬁfoﬂg&b%umﬂhmﬁﬁﬁontng fmic device

erence t I oni.n S
ey B R E TRyt FAos i braetionhe Pt et Fgoomtes gors Aty o
maifteje k zeroACE diffquete; botatey the fvérene pwitived; sigsl B8 erdie spegbdtionng sipgal

20658 Raihtzihih SMAENG oS f Set val ue, as neasured by the
Positioning-Unit Device position receiver 204, can be

fed directly to the Positioning-Unit Device steered
Alternatiely nthe reegived Irefardece2foditigning csigadd t fequancg offea iviled a8’ Fragule e she

PosxT 5 inl DevR¥ spssﬁm rebelvdrnd, Jm f&it cﬁn&rﬂ? th &Jmmng bﬁ{ D&lco Gilfered
e C e

transml%eé glocﬁ §io:%;%tre %ho C%l?é %Seﬁ’{e{’% r’ﬁa Ys{fﬁgiF?%O%e stieﬁglgansmmer clock

210 il Flamims thg freqmnescpifechefyhe lingerking rafbrme Resitidnioglsignal @07, thesgnafnhiing

Fre Q}‘éﬂ' de@ r’['hﬁ GTetHﬁ' rbquikd8 W PRGNk VeRle odchiitol 212 REve COHITIR Between
5ecel ver 204 and transmtter 205.

posi “rfceweézm efe %C §SI ave Code-Lock 25 Once State 7
Ref erence/ Sl ave Frequency Lock is achieved the tine

statélg: Fic@ R RvelBicBaN t he reference posi tioni ng signal

Oncfc(;%-l g%ﬁraggeef%r%&@a\l eg' urrc%l c%lrlﬁ%plkqsn !acg@ eﬁé\%r}gﬂ dzfggptie%etﬁges eﬂtlf reference
.- positipaing sigrac Stdahﬂélammﬂomo&kgna@%@h besceuptelyresasutefh and any time bias

elimf@8d, ﬁ{bf@r&{cagavlsj@bde L&M £8edd GRh e M&mﬁglmnt mlce §d-RE Kanaﬂi@er

cloc% 2*0 I3 %eweg thgﬁzamsnf g \Pgm 61‘% €, t?grljﬂg ﬁl& l‘g?l‘%l(ﬁe aﬂng S‘?"ﬁ??{“‘“‘%ﬁﬁ%&%sdg“’
PRy poidey pligaemant. TiRh@metof-fiight (yftuef 30P dehesed,tg| offsst the) redsured jrsforgnep-glave time
- difféinéed@emdve e aﬁasmeeaer&n&fs%ﬁa@ﬁe@gaﬁmmy nt mecamatai thrle @iETEYEH s

then al;’pllec{E ad; a c%ck cmaeeﬁmn to t?le Poal x?nﬁlé %mg ﬁewcr, st ere tr%msglﬂer alo?k 210 The clock

corr¢cgon i h@nveﬂ@mep@gjngatge Brequéngys [{ra@@gﬁés@m GHS)t and tapplying an addltlona[
frquQ@I desd@ i {RE stbdrd ttrado@ibrCfocis bREHES pltedeﬁﬁﬁm tile E)erIBJI qthié addlifdnal

ﬁeqlEPcé/ aﬁ'l%ehaglywxltl?e g([ﬂlgepﬁst tio%S%&.lggal 9{@1}% gﬂ%unggglfc gtlme rtf‘c%erent with

the raigegice ranaifter 207 tingbrean Oyce ¢fisf Bing Slevois completed the F@UOI' loop is re-engaged.

AltelnEtRAS Wodel 1Bk obid b@ﬁdﬁle\?eagy dieQtng the pcrsﬁstﬂ{g&rnrﬂba&d trdnbrii®Rer PUBIPRA Gode

general{]or %1% uﬂslkt%,] an*unpn’fl of cn 5@%%‘%{;}%%.?{8 n\}em%hnmtg rﬁ%lencﬁt,uh Sl ave
becorres tinme coher ent wwth 35 the reference

- Codd-Loak Ssbabel @h PRNZcodel dif&lﬁ@ls %lcmCmeEehﬂySno_Ej/ NE thel pRaférded embodiment
| en
suifi Qb Ak 0ol sev?cgg%m}}g LROR.is B ablb SRIAURH, %y sl ewing:

the Positioning-Unit Device transmtter 205 PRN code
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generator the requisite anount of code phase (
whi | st mai ntai ni ng Frequency Lock. Code-Lock i §%15§1§%‘872007

on PRN code accuracy, which is inherently noisy. In
the preferred enbodi nent 40 stationary

WO 200§8120350ni ng- Unit Devices filter PRN codePGlpadaa04/(§1030

sub carrier cycle level. 54February 2007 WO
2005/ 012935 PCT/ AU2004/ 001030 14 State 9:
Ref erence/ S| ave Phase Lock Once State 7

- srlof RreeneSlalPRdELE equency Lock and State 8

Ongsegta?er ?eﬂe"}e%nﬂﬂ\{eel‘re%&qs’ IFL?QIf;}td @(a@ s%ﬂk&&ﬁ% tdeﬁgqﬂ L ?Ehlevgdo two

correc
“ma é@qme%" [Srrais tatgmpsiby Geresiedar e 18(’ ésgrea Phape pmbigity pad; g:; # timasof-flight
phpdase of fset. (1) Correcting a 180 degree phase
anbiguity: Data is denpdulated from a PRN code
posi ti oni ng signal using a specializ
Y2 5ot e & [5P dsfse phgie pnbiguing i3t 'Slﬁ‘e'{’%@a“&r&f’m & ERYcodgppaitioning signal
Looping a iRealiGd ShaesLotioop, welbkromi tjufe ait mhe'Casnt Lopp”. The Costas Loop

I nce&mﬁ&%&&ﬂ@m %%@@grs@&grmm&@gmy% fhifefor?O acquire and track
t herefore can cu]|rea ﬂﬁ g@tlomn n

wi t FPSOTHT Fignalg V& “3‘ EF YRiery: scyft ‘%‘9’6‘?”5"5‘* ﬂgmwe
r e p2i8pieesecsndaime effp RGGHR (The CoR2B0.0qpianbigEy @bk respived bpfefegade toa
at ’p)re:fétgﬁlﬁed eﬁﬁn&%‘étﬂ% b#sogﬂerﬁmig%ﬂtta/ asC?-Brteﬁ)ler ﬁﬁi@rhl&ﬁdm the

by reference to a uence of

bi t BVisEh e EF“?‘%’F’P‘PPW"'{SOW 9 ‘15 I?)“F‘@&Hﬁﬁ"‘l—’: “th'éﬂ’g %f’sﬁs &ger
i N enbiguitynia vepolyad, ipo mbitiay fixed plmprodiierence hycomes 2ridant hetveensthe position
W' t "’ébeﬂext M&e kRt 'opﬁ’xe @:%ﬁu%fr Kocke%ﬁﬁent:ehﬁld gﬁ@tlﬁﬁtﬂiﬁg Bignals. This

T ittt Bk R OB By Pt it b Siig PORERY padioed n

r ect¢ fplawingbterd(® belewgi st ers of the Frequency- Locked
ref erence and sl ave positioning signals. This

bi.trary ph offs i g due othe trar has
a3 bt et P i A e alS e gy o oo e
t hetofthg Irdfepanermepitioningsigiad projagdtionelay Riwe@dheredientefygnsmitter antenna 207
Ti Mgy Qlte 'PEshlbﬁQtUnﬁ) DaGR afednhiSPE. TheAgeBl’ﬁéﬂﬁﬁl |df§tﬁﬁ!: 200 Y%66tlv&n the reference

::, Ie][rga;nsgnﬁtéer aan) gls ?S{Pl nlgg.la{?é?vbcﬁ gﬂn bB I'B resen eg FS a leEll‘lJb& e?%v(aol% er Cé/cles
~ t helthediftegeresprononeny) A3s phist a feactionah F@'Fm ay‘«'E @tre fragiipeal tcmponent) 214. The

PoSiidhe o2 Right ghammet lmyﬁ‘&ﬁmﬂ B,tc@ Ia.na;ma@&omﬁm SR AR gearkemcal
Bt R AR bl 58 e A BRI B e
nunfs, rﬁbmtemm@n@a?rla fs e‘rrre@gden thasState(§ R@@renoﬂﬁle‘gé?pde-laock control state

c onutg:n&a tovel 12, ﬁa&nbﬂ&ﬁcoﬁapcfnélﬁﬁwh&wn 153@6 fide®d chb’r?elct@d é.t:ﬂa %tate 8
on

o KTty G PR i a8 it erfor st £ St esment.

f r oFnetneauekeyoTaeekiges Syststor (FE)| is 26paptd sedatre é‘oss;@mwléw Peyise steered

r ef @hRREE clbdk DG i dhnleCiewdd the Peddlsitd Qchtt@nﬁﬂ;y@l@ @mnount (from its currently
Eg ﬁ%%éu%ﬁ f'zrrt}% r]}asg vglge:,/ Fee acp itn %tnrpn abov % newg tfetermmch \l.;me-of -flight
Ref ehese males/ Bie dime L@Bdeﬂﬁ_@blw ISClhnﬂthiBag%*t Hie BositigrirgcynitReyfce carrier

abobh%e sldv@ Sosftlﬁrﬂ%tsg&mb erﬁdﬂﬂﬁ@ﬁ&ﬂhe Fbdidonin QUBMSRice dnﬁnnb Q8% is now
&lrono(l)%g cgl 5 chromze th tﬂe eg e at nenttgl;- 2 ﬁ ceagr%rr Qs%e/ Q’ ng signal
Code K §t3§i st {ﬁere ore “pe“cor A% A
_ carwawmg;ﬁmslérm@mmﬂamﬂw?@ Frequency Tr ack| ng
System (FTS) is engaged and the Positioning-Unit

StatDEO hgfgeéts‘fa%rﬁﬁro?ko transmtter clock 210 is time slewed
t te ractlonal-cycle anmount (fromits

Oncg g ?fémaboye statpe bayelpeerchchigvid, the GFY) 215 deslsess Time-Lask and the Pasitieing-Unit

Deviicd 291 Qégm@ %nsﬂbﬁdﬁedf ftsOno® MMVsMchetRIze2r Wiqie gositioning signal 215. The

Posrttlomrig lfr)ut ?Vé:e gnﬁ ue 6& g&%gﬁéﬁ Og IlS tmlo 2%{‘%% 1&?&&&%9&0 {he reQence
carrler phase sl ave positioning signal 206 enanatlng
fromthe Positioning-Unit Device antenna 208 is now
chronol ogi cal Iy synchroni zed with the reference

- transmitter 202 carrier phase positioning signal- 35

- emanating fromthe reference transmtter antenna 207.
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State 10: Reference/ Sl ave Al Lock Once all of
above states have been achi eved, the CPU 211 de(ﬁég?uggzom

Ti me- Lock and the Positioning-Unit Device 201 begins
transm ssion of its now fully synchroni zed uni que

WO 240881%%50ni ng signal 215. The 40 Positi onP¢lAULPY001030

Devi ce un| que p03| tioni ng 13 gnhal 215 is now
o mtternzg#o caII nchropized to the reference 5

(=8 5B 710 RFES P DPFRPE TR0 1D BASBI bryond the
Capﬁ?“ah@mnﬂvrert 202 tinebase with an accuracy of

pi coseconds, a capability that is substantially beyond

ac of any prior art. Unique Positioning
Unén&w o'”'gg fost he preferred enbodi ment each

In ﬂ’b@ﬁ*‘i’“@ rembrgintont each [Besitioning-Ynitalesind tragsmits o mhigus oqiidaing dighs)] Witch
conSibtgsral cambM’&brﬁdanemC Q&de&ﬁrﬁmﬂfod@coﬁlﬁfnﬁt Ghd £QURRNERE: Jorﬁ)ponent The

: t
carpe;’ @&%Q&aﬁ qS 59 mugo? a[ﬁra«? 2 1 equen%(ow "eo‘i{"gﬁibﬁﬁ tggs\élugi? }?{}g“g% zﬁigl[z ISM band,

““’?gé g‘?ﬁ’o “*F‘P‘é‘q?.fe\h?: yregeaty vepifon i requpllyy applicatris i othe dfrequency hends.  The
pseiodtdotn ninbd (PR ode cbporeaths lﬁdﬂﬁatémﬁ)mg: tﬁifnertcblﬁpomme 28 Qnsists of a

o SYROL Ble LRaCl B d Y Y e i, el SeliatR tgmiced

by gther dewiens Pla%ﬁma ey fFemusncy alih\s iteelmrqaeonlp'ewemcodeamsm Otulsiple Aecess
(CDpfA)Zandli® weliFkinGhn BOMETHS @HIRIE @ita\mhﬂéﬁknﬁﬁﬁopaﬁary mformatlon modulated

lsS.t e seudor ando
oo 8 SRS A CosZ KNP, S IRl PR PR Y Eriemtn s
SR oo i S By <STRY VREGRHHIO v Nekipnin Gt ey ncluc
netviorkyting] Pusitidulng-Linip DevicAweios, metabHol) ‘refdhee dicek Yehde QM on] fAd

othdr BSire@hdiworkdd§ Navi gati on data component is proprietary
i nformati on nodul ated upon the pseudorandom code

conponent, and provides a communi cations link to
TimeLadkSCoafigungans gat i on i nformation to Positioning-Unit

TlmDE(Yck 8 5he HPRmELY] 'u{hgln)rﬁ%l'ew @'ﬁﬁtﬁ'&? o th%s[re%onﬁgura\{long %Elucp n

i, nf ormatlonma I NC

Posi t {978 %ﬁfert‘]ﬁ? tanspitgy bgaadepstingae 4 sipgle Posieningbnis Pvisal
2r ef eA omplegef@éncatiansmittacheg®asting!dd pluraltly Iommncﬁlﬁg-Un iPbeIRds.
gles Ir @.{i oﬂﬁ]}-é’\%ljéncgt?ahﬁrtte;g bid¥dca 5[91? ﬁro%lmtérrge% tPosﬂi,c]u%mg Unit Devices

Ti me- Lock ma ement e
&onf i YEirein & W&feﬂeFFf@%'é'“%hfﬂaﬁlcngQ qnbwsnorer?ealtmies -Unit2gvices.
§i ngl Rint @éidon@megndhosingdn tt er broadcasting to a singl e
Positioning-Unit Device. 2. A single reference
transmtter broadcasting to a plurality of
A sipgleIFTETERSE rafymitier; broadgsgting foa single PasifjeningUnitBevicer ef er ence
A Slltgfeaﬁsmetﬂansmﬂtel’aamdfedl&lbtoﬁt@astahéfﬂ&@d’botlﬁ&lﬁg amalidd sshgle Posmoning-
Unit RSt Fi@N: BGadD b&m%é'lﬁf? %evw% ‘201’%“5’;1'&9 5k im Xn %camgnefm A Forence

transmtters broa stin

transpyjster 202 also sﬁbateejﬁtl 3 knpyn Ipcation g1'h5 Pospeﬂu\g-[Unﬁ nglqeﬂ@,lnreqei\wﬁéhe reference

 posit®ying: HignalrP0Y adnkraitted bQ&eAef&enﬂgdrmsnf tef 202 QRC Me LI @ﬁﬂoﬁlﬁged‘ gnal 206
' nansgfttgcﬁg(ﬁﬁsﬂaﬁtﬂgngt lﬂut%eﬁéel?rgllsﬁmf 9(% Inlrc &h@ & t}ié r&pexvege%erence d:gsé g{lmg

‘Eg}fe reference transmtter can

sngn 2 eePlogti;Peaég H’B%Petvic‘b?ﬂl ﬂgerginﬁﬁl%ﬂ reffr@ceapogzpqqaﬁlg @ignal propagation delay
209 Rgsipplienm spgroprialai ttansbiseeri deek cdrleéhion B hlvBMSically synchronize the carrier
com;P ﬁkﬁl’ Ldmﬁ@i’lﬂ@coﬁ!ﬂéoﬁapo@&\f 'arﬁedatggo]nlpﬂeﬁt Uﬁ‘sq n%%%ﬁé(mrt]eigmve positioning

$ca j on, and ref erence
signe, 1 et ospoRAOURY U APIEH, Sf s BB efifRerigfiregerl ransmitter
positiOming sigeal 203 1The Bgigibnirgsintt Device abequeniy eandBitsRQsile| ipGeiiodi signal 215,

whlcﬁs gﬁﬁbl & s§r{cﬁ5}§z@a th (hERrefice [dAGnikeF3os [11%!:%8 6t ransmitter

t he sl ave positioning signa transmtted
by the P03|t| oning-Unit Device transmtter 205. In
Two pesitipringsignaiscare ive suffezaity detbrmisf epositka eolpds iid 4 ARib Ehsitici rebaiadr.
Howed&L3if hbRfERAS 'trs.dsﬁlﬁér ¢y \wﬂ)ﬁ sa%?é fe Qin%%ckgcﬁ;o%[i%lng-%ﬁit B he signal
reference positioning signal propagation defay Ao}
and applies an appropriate transmtter clock
correction to chronol ogically synchronize the carrier
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conmponent, uni que PRN code conponent, and dataSFdnum-ZOOY
conponent of its internally generated slave y
positioning 35 signal 206 to the carrier conponent,
PRN code conponent, and data conponent of the

WO 2008PRP¥8nce transmitter positioning si gnafCHARI04HHRE30

P03|t|on|ng Unit Device subsequently transmts a
uni que positioning signal 215, whichis
willh xaehatneny ivei GRS tims joridareemnd ipvel andghefefjes cnelfe spesh hycaeposition receiver as
an dddiedA s Pletide @hgiQdurde ifoiBAGMional 308:-HaR8 GPS OWioRg Si gnal s are
not sufficient to determ ne a position solutionin a
roving position receiver. 40 However, if the
A singlp pefepineedrapsmittes hiopdcasfing tua plurplinef Pesiffoning-DpitDavises.
A siiglerefetene k@i an bé welitnfymidmetivorbefHoginisd-Gridlevites Wbk planlity of
posk e UHEeAQNS) OL2 93P BELLALR0O4ARR1030 16 Wil be
synchronous with GPS tine to picosecond | evel, and
therefore can be used by a position receiver as an
FiGad dhiotvi e plaflitp pERpsis@ing-HrigPavigessituated @ khom lecatpenioghté 34l and a

refefeRd ka%ﬁ?r?%ﬁ% si@led! btlaQRown AociiloR Qﬂhg PJsi%n%& Qﬂi@ Bevices 301-1 & 301-2
er

e IR e e & B ot do rwonse o
recetivedh Frécrringet rositioniam sitnal 03 eeth tPositfoning binit Pryice\dHK &301-2 determines its

respE’@isd slg;@lmr@agahwdenapaullc&esomgan the p&fmnael i.-aﬁlymt&ﬁ 302 and applies an
S, N | ear

appro%r]ga{e trgnsx&néter%}pél'(ncgrrec?e \{o c%r%ﬁollogca!l;;, s;g-nﬁ nize tge cafnﬁ tg{n‘oo[nsip? ?1que PRN
codpgamppienin prd gdatyrompopsaty picthelr @ieml'at@@raaﬂ pqumvwg bigrelatd thy sarrier
compbhin, PRSI c362 komponeadfhd Aata doPoRENEETER référahBStEhsrit@T podGbRin@digna 303.
Eacl os}ég‘ntinéqlgg?e&esgﬂt%%enboﬁ%hmsr L{e}%qg T%%tmtgﬁélménhlgselilﬁg%:cggb which are
chrqsejegicellyshichienized tg Aratefersmystanimites 32 fimbasey t he ref erence
transmtter 302. In response to the received reference

On%%%k&i r@ﬂ’é@%tr . lgﬂ@s hl%pd:éasﬁl%mof ﬁ?dteterJ]atqnﬂ)SIPinrI LQ‘?Y)L&%

rmnesits
Onemr ﬁﬁ’ﬁglﬁ?ﬁ@?hr%@?ddﬁfe@@%mls%e@ G- by “feﬁ‘ i aenepis: é’lf gcmglémng -Unit
Devicts Wittt #liePosiBéhihg-aiiel DaYpd beig iflRiear MM [ tefiefe transmitter. In this

roni z e carrier conponent

Posgigsrng i Revice éﬁ‘i'ﬂfﬁ%ﬁ’f‘%"&‘bﬂ*ﬁiﬁ%‘ﬁ Posigpnier{lait P‘“ﬁ‘“ﬁﬁ &t HaP yptermediary
Posifj@iin@Uai Pelicpmstick teffthda posifionghpsipmal. t 0 t he carrier 15

conmponent, PRN code conponent, and data conponent of

the reference transmtter positioning signal 303.
FIGELhpvspgefFrence fantRiteUMt pituped At g knowa IpRRSiNt, Al A (TFS), Pasiionipg i Qevice
402 180 Gpukd:d p()ﬂdanrﬂﬁ‘cbthg Thé @‘ﬂiﬂbsﬁmtﬁ&ﬁ:‘nit DEvi3 @62 r2ceivestitie pbritiaigg signal
403 %QEIQIR&' b glla ﬁe@l'ehc)é tr§1¥:ﬂ9&l;] kA n[h Fe(?fnsg 3 t!‘Ie IPe%eI\reg Feﬁl:eﬁc@ 9§nmnmg signal 403

transmiter nore refere

e 5 RS NETiG DBYSScATE AT CCrVE GrefoR FHRiGTod fym the referenc
tranfRoteer dé10amd ragahhdnant apipepvinte elsck cAifec@nge olronplogially synchronize the carrier

'conﬁ{/ﬁ{}ﬁtmeEi&ﬁ%si%lcfsccgsca(aw ﬁa%ﬁénhqu PQSitf&m; rhqngwgée%%Lnyan mgxrmedlary

_com%&nm? U R PRN QHe z&aa&mmfaﬁcr &agﬁn&ﬁeﬁ%m lﬁtgﬂl%geeﬁéﬁedkﬁﬁsﬂdﬁ%dsngna!

forma network Posi tj oni
to theieariies epmpogent, BN code F‘Hﬁ?nﬁ'ﬁ' Ay ffap © eﬁt@gth'bréqerﬁ‘ﬁe frasmyitfep,ppsitioning
signeli 403V TOH first PositfosingsUindrDeticeai0s subsequently trhnsmitshaiugique positioning signal 408,

whi&x%ﬁoﬁgygé&n& QRchtoRiGed’id thblrdtFensd @fdileer 4B1 ErABsAdEd Vi a

I nter lary Positioning-Unit Devices. Wien an
intermediary Positioning-Unit Device declares
A SfiomkPdsitekng-Usit Devg WentinRy s & ikaywin rigratigni it 0 ¥ Gesofgbrefisee

posﬁlémng siais BT0"HRHo gkl obERRSA éa%@d mgaum uoﬁﬁlwe@ent@&cé.Jaﬁ.sog.nonmg

st Yoo PennBp Pt 0 ey sl Ao sena 05 e

secondammnma-Umaﬂwwa‘iqﬁ idptesmingddhs isigdabimppaggtianideley 400 9ngibe firgh @ositioning-

UnitBtheviRe $02tadd bphes Ah approkid@VMdbcl QerddtibrOid - chrbid®gitdily Syinchronize the carrier
Posi tioning-Unit Device 402 receives the positioning
signal 403 transmitted by the reference transmtter
401. In response to the received reference positioning
signal 403 the first Positioning-Unit Device 402

~determ nes the signal propagation delay 404 fromthe

reference 30 transmtter 401 and applies an
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signal 403. The first Positioning-Unit Device
subsequently transmts a uni qgue positioning siégéPnﬁwy2007
405, which is chronologically synchronized to the
reference transmtter 401 tinebase. 35 A Second

WO 2405/8120350ni ng- Unit Devi ce 406 situated at BCHAGMH001030

| ocation, but not in viewidf the reference

posi ti oni signals 410 due to signal obstruction
CD'HHE%%W'%?P%{HWGPMMA@Q“’ day e 8Rene ptitp {ptemnalty @pnprated positioning signal
to faO Euirtet @Mpdagnt, PRN @ialconddient indiatd Sepdnbnt Sitthe first Positioning-Unit Device

po? Bﬁhgt sk QJ] L1lﬁgTh %ll:o‘ild Q}%l\f b ﬁ'l? U%Qﬁev &L)@JG glﬁ?&&%&? ?rantsrgltstam:%que positioning

posi t1oni ng
S'g%éqst m%mfﬁ@g BysETter &WP% PR96 <9 £uPPPheasd Haocompeyang| This unique
position{asndl i40Mis chednalygiodlly /syiichiouizet! kvethe first Psitiofifg Unit QRViEW02 Bmebase,
whickis s:sofaﬁrmoﬁgcaﬂ%nmgzeagmelr&éenma@mm&q& dn@ae, C! OCK
correction to chronologically synchronlze the carrier
-------------- - 5 February 2007 WD 2005/ 012935
A ﬂR@ItmmehkO&hﬁﬁ&rs HrFadeastingjpromesrtmore Rositpuing-PRND o zebe
A ﬁmgﬂﬁrﬁtsyncﬁ&ﬂeﬂairﬁlcmﬁ Bdn I:Qlis;edI td l?roah(ﬁgt ?efc@ﬂcl,e lodsitioning signals
tDglenerat carr |

ni ng s
6 ARG o BRGSO TRt e St entpoip et s

muttlbﬁéﬂ fnid ftrgpospfRsis jdelpyo mnrbgaumgtd ikvgénorefereng Bantmiters t gmigovg iskbase
accfky. The second Positioning-Unit Device 406

subsequently transnmts a unique positioning signa

408 incorporating a carrier conponent, PRN code
Fl(‘{;éMe@siﬁo&pﬁ]@d}e&iamW@q%@t a knipwnsloggiirncané aPlurality of reference
trar@@iiérd 5000 18592-5 WA @G DBnebbe, QY wmeh Q&h&allécmo&yﬂﬁ libﬁs.%h:;{ga%n

De\fl\c‘%| Sblﬂrgcewés rtl'lsetreferenae rptbélt%?lll nsg%ulif %FJ % t %tec?bé/ dﬂle refer %nﬁe fransmltters

S n C
S02r Ik S92 Bigespanggria e teffé’Fd wforpncp Pﬁ@melsnaAS%lmﬂM the osdsioning-Unit
Devi®@ fsardeté}ﬁlaestmea;@;ﬁmrdphgeﬁoﬁ ddyOs0dq aﬁsm-ngont AchPdRPen trahbRter 502-1 &

502-zo:§|d ta}ggﬁ AEQ%’HFH R%Y#o%&? ion t'g‘ ?ronoﬁ)%icah}{ nc%nfonize the %anier comaonent

erence ers can
“‘“1”6 PRY @Sﬂ‘@ﬁ@ﬂ'enf" W@T@W@@“ﬁﬁ%ﬁ“ﬁ intsmgliy generptesipagitipninglsigngl ¢p thpyrarrier
con@bnefity) IPRN RO | ch@fikntg, endJaitd cddheREST. thel tdo rdldrdice transmitter positioning

eric
Sﬂsbﬁltlﬁééﬁmpg&@fbé%@é’mi“feégé'ﬁf”[“fbéi" f ﬂtedefqrwmwmrﬁ R j92-2
accuracy. FIG 5 shows a Positioning-Unit Device 501
| known | ocation, and a plurality of
Po'ﬁp%glﬁéﬁg"e&% t ransmtters 502-1 & 502-2 with common
A FpjitippipgUnit Deyitedtalsgictrgils o gynahronizing iorh neiyerk fimehrsg withouighe geometrical
distinos(referendd pRtierlitgisibnal fogpegaicd d84) Lbervemedfer@ee taliRitereing PEMGENg-Unit

nem%.l.g AR ForShd %@todmﬁ "o %ﬁe@@@@%&%@y pssnﬁnmg.um

rence transmtters ( G n response
D‘“"‘f"ﬁsé“‘i“‘é?& B vipadrhe Besitioningdait Beyice. raaprine iRen st thfgvots gL sprveys aethlze
dimbriaignaP@siiidnibp calonlgring Ja kiigle doiat/pogition Skliich (hedrgrans the Bositibréngdinly Madice
posmsrpr&@mub& effs@telrm&néﬁngxﬂmt Fevedd %os%oa‘ rEc@mr S5k lafr;e&fc&raéwgﬁmdes

ansmtter I es _an. appr oprl
eyl BE LeFEL ol R E?ﬁ%‘l"b@l?@alwﬁ‘(]"‘ g Revionpe i Payise sleve
trangygitter ic@r use S cvent net@dk timebase.cn FiRNrefacicendadifnntbe Positiaing-Unit
Devil8hds ggxgg%ﬁmam@rfsomoﬁ d &teﬁﬁlmuuxte eRgE a.Lee:q ﬂweb;eeome@g a

e carrier nponent s,
°ap??6'g‘d'8HéWl’%am'amy°8do\‘f‘ea°a?5‘6‘i¥ﬁ3ﬁ’éﬁf‘§ys'6‘f‘s t he tvvo reference
transmtter positioning signals 503-1 & 503-2. The
“mggikﬁkgglngtUnlt Devi ce 501 subsequently transmts a
i on S
o o e B (0 BT e e AT s (YA et
WAAB fateiliten ere geostationsiyicemniniatisi® 2atellites, vHRR w@smiQES @iffenartial corrections to
GPREEivdrd. WAAT baiRiteh- D6 bearbmiPO ichd RRicAEE 483k Ton HEFPSAY chrifer ﬁécﬁ&cy of
capabl e of synchronizing to a network tinebase w thout
- ‘the geonetrical distance (reference positioning
- signal propagation delay) between reference
~transmtters and Positioni ng-Unit Device'being-knomm.
- For .this enbodi ment of Time-Lock, at |east four
Ti me- Locked Positioning-Unit Devices nust be in view

‘Slgngl(s) %3' lg# 5@12' ‘ﬂ'»ﬁ Pﬂméém{g %fnﬁ bﬁﬂ% gﬂlséjl ¢ 9‘ it g%ralts%l’ts astﬁggeggﬁtion 9% ogtlat
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30 di nmensional position by calculating a singl I nt

posi tion, which incorporates the Positioning- UEFp&M&VZOU?
Device position receiver clock offset. The
Positioning-Unit Device position receiver clock offset

WO2980139%At el y provides network tine (rel at PGREAYH0HIE30

| ocal position receiver clidck), which the

Posi tioning-Unit Device slave transmtter can use as
1573142\ ize Thig traqup @esitotite Sanshdhepaumately gyndhiqeized te GBY Himgl With corrections
pro@iBdaqsl UTE Nherkthte, aMOGAStsheellite Mgkes 4 ideal reBEMde Gbnsh 6 Swiitch Sol s@hr6hous
totﬁewﬁgait%g}%({#m%gaseo%%l on to determ ne accurate network

icosecond level, a 35 capability that is
subst anti aIIy beyond t he capamty of prior art
In By préfates embodiAGt Redseibeigdmit Devide pesitiol @0t iRdrpaiQrthrd®in recdving

posftﬁéu%r s@gﬂﬁ("lseﬁ'&j; b %sﬁtfaﬁﬁg—lﬁn‘?’c [%wyég qxethé% Wﬁﬁ%t erﬁlaiw positioning

S sate tes afre

ol BT AAAS T GRS ' T SHE TEHE (ERomggipevice may e
WAASamsliie tas @r8erchicd frapngitet iamd TimeLock it 206Kz tlave pddiofESsignal to the

1575/ gg@t!z?/{gﬁfs}] péé%ﬁlg%@ﬁa@l'ﬂuﬁetl%& @m $ioRARS Bheler ﬁl:ﬂﬁéegﬁfmmated by
cor i 5 e ot e N5 o BIARD £ B i B % DD 40+ £mon
basgbardSeqi@roy-n. the?hqltgmmgdurqmgwg@ganipn @mvprngge-grmhis thews performed with the

metféds HIE\@JUQJ( H’esﬁﬂf@c@d'hgmt Zcﬁﬂ-c&l@erﬁa tlil'eg'@le 10M1 LRGSR ekt Poﬁnﬁmg
ore

unl Bk Pk s ARER O B o CEepe R A S dimpg e
contnm oifptpraensiatancak aforiatieifersll coipongOyf aPositfenipgienitiesitee inpludihe
the @EERHOE FebOREY, trahsnlf@S, iahd &ﬁuanlgocmhg unfPE e fiascd @il grduf® Qeldy QAL Tt

et RO BT R R AL B3R Datl 17 s
andli’awmmm %Yl@@%&?qpqnwmm to dgyrepaeyersiort r om WAAS and GNSS
satellites in the L band frequenci es.

Re er%?gl Eolenc(r):] Ilé‘ﬁ‘:?lﬁ%sr mn??\ﬁm? Bevggsyrﬁ(}&j? Og% kW§z %ﬂ&(eﬁlge‘zplacfd &%
locatiens iwith daai wiRY oS ihejvralandpepforable in elemied postigppguch g gom Billy ﬁﬂéﬁ M@Z
2 aridliofalPBuildinkh 608-118000E-2 DR EdRA Y ditéchPR TR aftebbid 0@, 604-2, 604-3 & 604-4

'ma)t gls%oblél %Q&bo?a%edl“ﬁth e%lh%sﬂibﬁ% llRlYt &%A@P?rﬁpgﬁxl & 601-4 andljiire%ted

own-con OSI I oni ng
‘OWEBé?/ B"@%a“e‘l&'b’r"i’%%sssat?’bte Q’S&‘b‘h‘ﬁ’bthese Wisomy apiernds are giglesre putingf epspigial
for RO @étkod ODdpRGind dkdtiodAMice: op B&itibrigAUnt BORELMERIS to thitigle uphith and

imp! dﬁe ;eaﬁgdeﬁg%gl hd%@ qjatﬁ‘\.‘,| (g I't]'xet\ﬁﬁxs ;] h\ﬂﬂ:ﬁ Irp&n%\qn@' A Qéﬁrence t1met1ase

own- COﬂ ersi on requl
s PSP O BioBng it PRI OBl S-S TP o s A il

SigraIeEDe| il leredtiflg B Pre€lidn WEIT shrchroRiad GdRDWithORdictnd bddiracy.| A dobiion

recéWereJoﬁﬁefd%? &H@QQ)' dif?n? Euuété?l‘%]sxdecmrﬁ eﬁbsfhle IvaﬁtS%tellgee&%l 8l6not

pengdigte fhe Puipipa-ig2 dys forits Bé’\?‘ﬁ'@éf"’w?fﬁi"lw&‘ﬁ'i' F@“‘%’S’gf’H‘éDﬁéf%?'&“P'bﬂ"'l 610-
2, 618:8,0% \6E4 fréni &b PositiohilFUnitdNecices GOILY, &01-2) 6EICIE BS600G cbipehetrate the

bulllhh@&i? gle%stﬁe% cl'%ELq: &ﬁnﬁy I%hedﬁ% 1t"jao¥ réddiver &a%g{}aﬂlemf chlvmg Positioning-Unit

consj derati on en conp a I nter eqguen
Devier prsitipnig Rignaly fem plboyr ﬁ%"“&f'@dﬁ‘ Beviees which aU?é” s B‘Eﬁ‘i‘ﬁ Singlg pofnppgsition
deteviiAuBion ia el RO 6dclided migiog- londdditidbpantecibe puaikion reeivérr 60T e aiiube:d a
posmsﬂ sgl[moB QJT@QM& EMﬂdﬁéc%ely Eaﬁefp?egé’nﬂ Mtl&pﬁﬁéréf&e EJOEI’OVI@BS precision

Positignin Devi ces
UTG firge t(Rpsies @aaq?"ﬁe WEHeARRresiod ”'f"&&‘ﬁf r"!ﬁ'féhe St“nﬂ Efeggrﬁ“wéw“’-d’r"“mg
6091 igpals feym argrRdsifnied-twitlEvigesi 601- 5682 6813 A01-4, i VNS salifas 608, or
GN%&J&!F&E’S nwlev&ma.\l) l!)c%seﬁ Qorth &@Q&mﬁed%&%@{muﬁcﬁ zlddl@“ﬂoél&'n fhekerity to

requi red, a directional receive
the %Fﬁis'aﬂ'ﬁ%i“%'ﬁﬂf’ PJ?S'“°804 2, 604-3 & 604-4 may al so be
‘incorporated wth each Posi tioning-Unit Device 601-1,
601-2, 601-3 & 601-4 and directed toward a
geostationary WAAS satellite 605 (though these
addi tional antennas are preferred but not essentia
for the nethod). Deploying directional antennas on
Positioning-Unit Devices helps to mtigate multipath.
and 25 inprove received signal to noise ratios of the
~WAAS signal, which in turn inproves reference tinmebase
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recei ver 607 held by a pedestrian 608 is situa

i nside a building 609. The WAAS satellite sign%ﬁ%%f%¥y2007
cannot penetrate the building 609 due to its | ow

si gnal power. However, Positioning-Unit Device signals

WO 2¢1$012935 610 30 2, 610-3, & 610-4 from t hePCT/AU2004/001030

Positioning-Unit Devices 601-1, 601-2, 601-3, & 601-4

can penetrate the building 609 due to their close

proximty. The position receiver 607 is capable of
Inte@RdEhry WSHQE hicoNi Ng- Unit  Devi ce positioning si gnal s

PoIItfoQng @llt' thfv%i laE (cﬁd El%ap Qévpgf tﬁ%anAP?a}/elh e mﬁaa\#g Ibg Dseaa as lr(l%ermedlary

preci se Si n‘g oSl t
fefg%i‘f"e*rgml%léaﬂe %Frafzfr@ereq* égsr“ew Unjt Reviggfhat ?fbwablfdﬁ@@“’? WAAS satellite

sigipbSiay iis0 iternediey %&b(ﬁ@?ohﬂﬁnﬁaﬁtwlﬁi 8 (ﬁleﬁnmeﬂ'&&brﬂ sQiitce. Therefore,
U'l"é%a&' Bé o@sﬂnbut%o&?dﬂt tﬁ%%etqgr%t @&HELJA gosﬁiﬁrﬁ g%e\)(ces b-m in clear v1§% of

present invention therefore a SO pr es prec si on
‘helff'i?“felwscsf‘ghtgf er in satellite occl uded regi ons.
Mor eover, when the Position receiver 607 exits the

pomhingumgnevﬁpﬂefer& gnal s from any Positioning-Unit

WAAS tellit
in et 3 WARRSRLSNFE PEBOT Pl i o Qe oEg Uy pevce
progifics dheetirehbase i aneetivorkoefi RositpningBiituDévises, RafkdigngpwpOSHIG.i Dra first

Podntﬁﬁu%;ﬁdlttl',)éw&oﬂ)l Li@ed R d&sdwn| I@RDn §adeGithiad & AheROS LI RRsmiRr and
00 2005/ 01 AU2004/ 001030

o o R APPSR el TP P OGO P8 i
T03% %éﬁ'aﬁew ko jocatione mer.ock beche\ AR siening{Unit Pevicprmipread: switibying
sigh4516l ABfBurih mbsﬁfoﬂ@dhﬁtw“ce 6, GKi@NEMuatdd Sl l&atﬁﬂ] Q.It Bﬁ Bf range of

the ?Mg lomi:ig bﬂlm 40%32 erig%ks {c]) th}g se[c)cven\é g%sr%én%r@nt El)g‘gce umque posn%onmg

signal 102 (Terefpra, iy system eliolys prevratemgssided Gws tragsferironghDriereséasy Rasjtioning-
Unit héics. Bosifid réceifep mn&aveswmhrmﬂihb%ﬁfoﬁ.ﬁgmgnw 109 Baﬁé uRfmitted by

all %sxﬁgn[n Hil ﬁquc{vag)e Glo% JUP g: 79&3’ anx\gl'l’nsié%l.ll\é\ﬁtlg ca?cultates a sm*le poinhpos:tmn

i ces
solyigh, Byibftcthe s asinlied i thipiion fosiyen OBl sHoyplpgilaynsksonous with
the RedreatecsdR e 78200f thie &h&cemmm:@fu"a DORAT08.aMe larbitrbr® tiiﬂ@tialuc of the

refe ﬁae%c.m' mg‘ i paéeonkn 3.uRf SL&% a;gi R d hatc?nééﬂeege .P&.? 38%5 only

I oni ng- ase

F?E’F%'F‘W%‘F““ Pawmt@ﬁ |lfrfbe s |“’!5heE)éW @@@menwwrsiom Qmﬁ’m ﬂeee the
refeFehdarclock,70 Buwithin 18 beferdR@ Pbsitiothizi Ung Dhiide 01[Rexd4 16 B: sb@dd tsUTaIat ed

at a known |l ocation is designated as the reference

transmtter and creates a systemtinebase fromits
Posjtiping Ypif Qeyicefiefreepce slecyedhy GRRS tipepase Two  subsequent
In the@gdnt of @ MAAG sdthtiitd sighe vdt Bty availdDB, akd ZRdmeRi t wglbtaldimalasekdRMEbary
for th ﬁé’i\txdrlp rﬁ a;'lsfg%'lel‘tgacfg r&&enge%sxtﬁahlﬂébmtp ls)e%ic{ %Lglgcgt&%tb?' a GNSS

Devi ce re erence positionin
timabgses iy ﬁﬂ*bﬁ%.ﬂwgba@ﬁw*femwé@ refw PosfiioReh at. adnayintlqgation ¢ cafppus? a time
solulsitmommg 4t a8 bileGINSS WitellidpL Tim® hicctirseitg) & tf ordet §FS0 hdnbsedonds are achievable

usin 91“1'"3' téchrﬁcﬂlle ri{gl?itHQ 'mtne R&chf ?ethgljl’osn;-lnfggljlll'lp&%ﬁcstﬁm% 'Hzl% ‘I‘ﬁ)%%&gd to

osi t 1 onl ng- Device. uni
the rpfgrpnce 'T‘ﬁ@?"é’ﬁélr“lénf"ﬁé will rerpainypt ‘Bﬁ AlegtReondfetelir at e casc ad ed

time transfer through internediary Positioning- Unit

ln:ePﬁytkv&‘ﬁ'osntPQ§6lﬁti09sn receiver 708 receives
i tioning signals 709 being

chronous pos
A PE“Faél‘Pis%’T ‘Ef@l&e B%Psm'%f’?‘! masE; 99 R icHye EJﬁ’i‘“t‘a"Mua'é‘@@m‘i’"ﬁ ngpaky An

autod@bps nE@8rk has0ud pwrtunig@Qimabuck, shidhSegureatt! by the @fecutk aingsitten Position

receﬁermktqmr;ma{ea wims LineRMbudRm&R Inbbivdr© Bun dE%mb stmt Refocity, B time
on. recejver be

- vER e P ST R D SO e s e Vi OF e g

netwpB2imghaset (e tireatferenon tasnittes clbdkpand Agterded tn Demictwerk position Jaheion.

PosidnRicbiVerl tat hrb WBated 3 thheoo@{dﬁ Bwo fuRh&B efiofid, Qxﬁilﬁ-echQgg positioning
wi thin the Positioning-Unit Device 701 is of no
consequence if the user is only concerned Wi th

" position determnation. If the user wi shes tine
alignment with a global tinmebase, then the reference
clock 702 within the reference Positioning-Unit Device
701 needs to be st eered to UTC. 25 Positioning-Unit.




In the event of a WAAS satellite signal not bej
avail abl e, and alignnment to a global tinmebase :Sggbmaryzom
necessary for the network, it is preferable that a
reference Positioning-Unit Device be steered to UTC by

WO258NES  ti mebase. A GNSS tinebase requi rBSI/AUSMI01930 N
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recei ver, positioned at a Klown | ocation, to conpute a
time 30 sol ution using at | east one GNSS satellite.
sigpalidrom Sesifionipe W Devioes fram bothneivorss meo firgfalistinguishdieteen Afie dwo network

tisetade €hefolel determiagiiy Mgir foktfics. Th edark GHuibed R Altdr-HeBwdr f¥tion solution, and
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functions within the position receiver that may Fepruary 2007
benefit from an accurate frequency reference.
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conputing a position, velocity, tinme (PVT) so

there is an uncertainty with respect to the pog%%&gﬁyzog7
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is reduced from 1,000 m croseconds to 60 mcro n
(+/- 30 mcroseconds). Tine available froma §?%ﬁhﬁ§§2oo7
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determ nes wi de-lane integer anbiguity resol ution (AR

fromeach Positioning-Unit Device in view. Theg% brqlary)2007
reference transmtter group delay has created an AR
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welﬁ??&“‘aﬂﬁﬁrﬁnon OSCI I lator 905. The position receiver
902 incorporates a plurality of receive channels 906,

. PosittRfdg-UREn & iclta i1 bobdsing@Aie | NCOTr porates one or nore of

or 907, one or nore of code generator

- r
The%’ﬁ%"“"%h‘a (fﬁ‘%ecgpc?ﬁﬁ‘%s of steered clock 909. The 5 CPU

a) . 90Mleanste Hatprheins themarest pésivipn qf the PosiioningUeicRdviver conmuni cat i on
910, neans for transmtter comuni cation - 911, and
means .for transmtter steered clock communi cati on 912.
Posi'tioning-Unit Device position receiver
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at | east one receive channel capable of receivi RY
10 denodul ating at | east one reference positioning
signal froma reference transmtter, and at |east one
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h)

at Ieast one co-located tf&nsnitter slave posi ti oni ng

an Pref er abL%/ SI tioni n -Unit Device ]
PO T8 fetfrapion, &p %h‘gaﬂg B2t Siher splERvRYeRar Hepugl apYst inifilipapion.
of Selépusier rradres tho Besitipningilnty Devigriabsinfvipw dfRcksafechther reference
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T e e e bR
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us eaﬁ]d rharﬂuaﬁ?&\téﬁ&ttﬁe%ph l%od’m%ﬁ@ IVM&E mg%%ltgﬁ%Ungjﬂaice n}eﬁory In

recei ver process

ar thegFPEr Enoptenk? gfatt}’f’%@?m@%@fd?%%ﬁ mgeially, inifiglized using precisely
PO Sidvin @ ovirdirgjted, Jovitit suﬁB&MtnCBJsitm’na@-Slﬁit DdvRés sO-daSing IO IGRES ddilites
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cr |M°F‘l§é?l‘“‘ﬁ‘aff‘6f"6"\‘i"éfféﬁ’fal seagchdy BRROEIFSEE N t t er cl ock. | n
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nt hesi nrques.
pr% €°€§‘ %‘ %{‘T‘ig’W"@ erated oscillator, which can
be Mepre tpdsternine @‘@ sigmabrdpegdtion delayi floin jthe @efdrehcedansaiten s &€ P@Bipning-
thwﬁ,tggvlcgwi ng the transmtter clock to be precisely
aly an i ncomng reference signal. The
tr é‘ﬁ&f‘ﬁﬂ"? PG O ST S DS cRocp LB e i oning signl
f r egyigetive \gatf, eRd-yomparedr o dire lgemelositioing-Usin Device 19c@ias t The B@nputed
ps QUHAF AT AR BEHIRR Fefeke RBMnsHiRE Snd PERRLiRT-Glic DevitkSs Jﬁﬁvemd into a
E:“?frﬂégﬂ Or&gr ator produces the carrier conponent
whi RGBS S0 dal radio frequency wave, preferably
t r ¥eansrfotinitialize ihp slavi tanSnittbGidde defSivtobeithcin approphiate iEquP RN codod e

ge Wﬁﬁlﬁl{o%nelﬁl@ QYRS SpplopHiate GARGK @rﬁymm%tk, dati t&f&a&mpﬁ MRS
nvg que% Ee ewseqcélﬁence t hat gnebe 0 di stl ngui shed

anBige T8t ORI 6 e Rsieing el ¢ r ansni t t ed

on Nevigation 3 i awdniatedr upby the| rewuitfer-goheratpl RRNabad¢, whiol is cahsggently

CaRoddRied (ﬂﬂﬁrtﬂet Sﬂsrﬁl&br-eenﬁité&r l@+ lcflr%r Qiav&ﬁi@rg Hﬁan %h!ﬁcﬁs Enge-of week
rrer

oo R Rar R Byt b Bt efPrrde i s Rr g s o
posther Pesitioningdlnit Desices apdGNSSeateliteef erred  enbodi nment

: PO $ednt @ ﬁﬂpl}@'re eldutate®Nel o2 Riokt GRABSH ihilidhieShedlaf M BED dpﬁoﬁmate

wtgn SIfely ul\{ll,ytl pl e Access (TDMA) scheme, suc
thaet i gl “PofRFCDMA posi tioning signals do not jam
vveaikmto@mmthpwmmr@mvmg sgiclyfocthesl@fotitioaingsignalt ed on t he

SaM@anQGU e fer I8! Fd'!ﬁMrmg-l:s hat aﬁhﬁ:ﬁ@ NERAKRI ic3p bk ﬁe?luency
the,' wel | -known in the

f
| 'arfoherf’om %Fegﬁwgﬁmffﬁmfdsbé\??sff@"“@éﬁ? *al Processing Unit

ThEhe BBY jmegsusesi thegnstaptimeoudintpgrased cORUPlmes(fSIP) ditfsence4dthaefeivia ast
t Oslﬂebcﬁﬁlmn@&gﬁa'lh%dl bpplic® E'k:onﬁ&%o  KAGWnQk a tfiGie-Lock- Loop (TLL)”. The.

%‘&’5“@?%2‘% ‘g@}f% ¢ B‘%ﬁdﬁc ﬁf)'f&g étcefzg %ar%a'z?rlcllo%hm order to zero the ICP

de@@%ﬁﬁnatlon can be achi eved through either ‘
sel f-survey or through nanual initialization.

Sel f-survey requires the Positioning-Unit Device to be
in view of at |east four other reference

Posi ti oni ng- Uni t Devices to determine a

t hr ee- di nensi onal single point position solution, or’
alternatively, a Positioning-Unit Device may be in-
view of at |east three G\SS satellites plus at least 5
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supplies both code and carrier differenti al

corrections for all GNSS satellites in viewto thebmaryzom

Posi tioning-Unit Device. The Positioning-Unit Device
t hen cal cul ates an accurate position relative to the

wo ZP‘EfOé%gé%ce Posi ti oni ng-Unit _Devi ce. ManuaFCT/AU2004/001030

initialization is achl eved 9oy pl aci ng t he
ionin at a_p redet erm ned | ocation

Posrl‘% %aUn It qcﬁ
D10 ATt B 19° 6115 SRl Si5hPaspning slgpeotipon das
val \sempopant ad Prtesrping thmtimelitrende bPesen the rafaemerppsitiohing signii@nd slave
pr efpbsitiosifl spwdp0odi Nent a first Positioning-Unit Device
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nial u
coor na Jé‘ée S8 &?ﬁcm "a"smd e ﬁg&f-"oy FEHR F’K"é‘mdﬁemﬁé\’)‘re dilfgrence
sel fbetyeep \ﬂeyfﬁfprgwr P%mleslsen% andeth¢ Flave positigrint signel, fugly at the slave
Pos Ipbdltmmhg’hgndﬂfs] HronbMepickIG/Qlignk) with R Feferch @ trhrihittdr ahe a

1)ref qge Sic Jr L sﬁﬁ:?h by the position receiver. 15
anne e position receiver are set to

search for any reference posi tioning signal in view
Coamol/Dsdilatot 0 acquire at | east one reference positioning

Thgrogrral. osBlhr mcre@a%here&ﬁae@ ik ebhde rﬁﬁa@%@&% WaLt dsngﬂﬁ%hfrtrl)%mc

nayi gat on data_ conponent
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sxgﬁ?ﬁﬁl&[gea% Qatled ﬁr&ﬁgﬁb} ’Frﬁ:f(mé’@y%ﬂexh '(191%) Qﬁﬁ] rFq"S Bl@ﬁ'e%e?\reélfeﬁefeﬁée p§Jmonmg
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PO@@SW&-U@I’]DW@F lshesrdd tPaesmitigre clbob.CTltei steared Tmemited otk @ply emulates the
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nLn ni t ce C er n
"e"f‘. e “‘r“rg %fﬁ’ "'°%5Fr’r"§ Effq"°“é>') S s ‘Ff?f‘lf"f"r saf Harg pienin signals

FT§ pigpvrethe goquisitipn and éme adjustientgbthesland msitioning figneln  appr opri at e

uni que PRN code. 25 f) Means to generate and pass

appropriate network time and network data to the

transmtter, which is transmtted as the navigation
DEJGRIBTION 9h GHE MOBILE SY$iEMs| ave positioni ng signal .

Navi gation Data is nodul ated upon the

t ed .PRN caqgde, subse tl

A RS TR PO 1! i et e o peoiving
andNpierpreiing pesitiondutsianals froth Bebisigningi Unis Deficesymvbikh ard prdfepablysetuismitting in the
24605 1SM B, n'ﬂi‘ folthgl pobiifm |ré'éﬁvel' QCRb |p1‘3i‘élsablﬁl aﬂabﬁtdﬁ @&elﬂﬁtaﬂ@ Enkrpreting

a St at us. o
posfRfh S 0 G AL R SR et n 9 o Bt e e
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positiBhidgl sikhdlsZ@vidwh ?h:ﬁalllaﬁé@et%ﬂﬂﬁmftl’ﬁsﬁfomﬁgmﬁ PV mt\m tﬁne, GNSS time,

rosSutEg eyl S SRIEARY, Rl TR i 08Py ghPRges
em@rhgwalnetwqﬂ; tigeisy Aesived drom GAES Hree thWAAS spiellitep disiebyi ropking pptwork time

andSINBB @ilne frickomRpl X roﬁm@&ﬁlﬁdn@éceﬂ/e@ﬂﬁ pt‘eQraBIWn&inﬁrafei B4k HaYke code-

basrgf:”d5 gs%{alnq gn%ee %%e%ur?n?etn or ear%l 0sit] %ge :Tjgrgs Snr \Zrnw rr?lclan%\/tg make carrier phase
meqsrrereatﬁ foawémaethmn& %&g’ﬂ arveer, aedmeangp sqi &5 posifignOpocity, and time (PVT)

usmgrsfnéreﬁmsdem@fdettarhaatroﬁ:fsmgreme parﬁsh deﬁ.lnamm pme £cbdﬂﬁ)hdﬂ&l by using
l..eS contr
a c&ﬁugp o%alSGI”g gi_t%g Qohtmﬂ_l_ mh 15 .F,F]nerallly a omP ?f l sgtﬁrgs :ngssr p%?t rsergell

k"°%F’r&§e‘F| on values to the st eered transmtter clock, in
order to zero the ICP difference. 5 February 2007 WO

Thezrgrgr%{ pgglt?b% ?féﬂr Fg/eﬁ H?%YO 8 o4’pg:gt1 f(f')ansztg dft%rpnme rn%%er C%OSI it#%tﬁ |Cl$1 éh
prefgrreﬂ ﬁayodmlugeafr Syl aﬂralglaty |s resolved using wide-lane techniques. Once integer cycle

ambiguity is resolved, a precise carrier phase pseudorange is determined from the roving position receiver to




conmponent and determne the tine difference begwgg%m_2007
the reference positioning signal and sl ave y
positioning signal, k) Means to Tinme Slew the steered
transmtter clock the requisite anobunt to zero the
WO 295/M@9i f ference 5 between the ref er encePGIoiMEAI%Y
signal and the sl ave p03|f|on|ng signal, such that the
the Pésﬂi\ﬁnﬁltgﬁﬁ{)ﬂev% eolgi:’]g%j { Pans mg% ?om%l-?r so ﬂlqlltg I Ca l ¥»f caallt'rgelgches (the
integE OB PlohTaptipast °§te‘é1°tyﬁl%a‘“°"’wﬁﬁ’e'ﬁ' ‘@E"F‘?HF Qiﬂ’h?‘f"e cqPoTgRE: and is
term@d MpBmionsee idid @ttr unpiody ipditisn Acedvahdicie Biks. TRRAbcktd PBIB@®E Unit
Devtc&rexhﬁ)llt Inm@&[x@&&@%é oﬂﬂcaéetbﬁdsﬁ&%} All%ﬁgkqm%@{:&m %@M&n%@utﬁn Jorﬂc

é icular, the sane oscil| at IS use rrve
f°"TE6 S *P"dﬂ‘F°'F°é’E‘E?‘\V§Fd°m’fﬁ“\“ew‘@$"U e ngedfor differentipl gprjegtign.
transmtter clock. A coherent |ocal timebase all ows

A pamgnedega Radd. eammey ahd i@ HrkeO\ShsiBdnink El?na[g Ee&.?ééé&%? 2 W& &F SNGR-

usi n
LockE) Do e (v e e, S o B8 it
desigroGRStreceivir processing gid désigh, pewpll eni¥ile-lghd AnattiguineResaintions e wdl-Kpgwn in
the drtARi 2Rt stbieRnieRebedRdd, Devi ce position receiver, is fed
directly to the 15 Positioning-Unit Device steered
transmtter clock. The steered transmtter clock
It willjofgppsge bemqglizad has whitibthe sbpvsdipdammgivert ygway of\zp fillygradyp exapele of this
inveht}ﬁ_ﬁ?, QIiuBtgand Gifie MEIIREIORARA fatifitks RGets; bWk be ipbaséi;t to persons skilled in
T e T L T
reference and slave posi ti oni ng S|gnals FTS aids in
the acquisition and tine adjustnent of the slave
positioning signal. 20 DESCRI PTION OF THE MBI LE
SYSTEM A roving position receiver preferably conprises
a plurality of receive channels that are capabl e of
receiving and interpreting positioning signals from
Posi tioning-Unit Devices, which are preferably
transmtting in the 25 2.4GHz | SM band. The roving
position receiver is also preferably capable of
receiving and interpreting positioning signals from
GNSS and WAAS satellites transmtting in the L band
frequencies. The roving position receiver is
pref erabl'y capable of denobdul ating navi gati on data
i ncorporating network data fromall positioning
signals in view. This allows determ nation of
Positioning-Unit Device network time, GNSS tine,
Positioning-Unit Device |ocations, satellite
| ocations, and other network and GNSS data. In the
preferred 30 enbodi ment network time is derived from
GNSS time via WAAS satellites, thereby making network
time- and GNSS tine tinme-coherent. A roving position
~receiver also preferably incorporates neans to nake
code- based pseudorange neasurenents for each '
positioning signal in view, nmeans to nmake carrier
phase neasurenents for each positioning signal in
vi-ew, and neans to solve for position, velocity, and
time (PVT) wusing single point position determ nation.
Single point position determnation can be
acconpl i shed by using. 35 a conventional GPS position
sol ution, which is generally a formof |east squares
regression that is well known in the art. The roving
position receiver preferably incorporates means to
determ ne integer cycle anmbiguity. In the preferred
“enbodi ment integer cycle anbiguity is.resolved using
wi de-| ane techni ques. Once integer cycle 40 anbiguity
is resolved, a precise carrier phase pseudorange is
determned fromthe roving position receiver to 5
February 2007 WD 2005/012935 PCT/ AU2004/ 001030 j u
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the Positioning-Unit Device. The carrier pseud &ﬁg&ﬁ&y2007
conprises an integer nunber of carrier cycles

i nt eger conponent) plus a fractional carrier cycle
anount (fractional conponent or phase conponent), and

WO 2905/01203%r ned a pseudor ange due to the unknWA%%/‘l“i‘Bﬁ

recei ver clock bias. Tine-#ocked Positioni ng- Uni t

Devi ces exhibit time coherency to tens of picoseconds,
WhhiglEBsA a1 | owi ng a single point position solution to

be 5 formed fromthe precise carrier pseudoranges

I W' t I'A%ho& ﬁpprmg a:.fmgﬁncéjtb g Bcﬁlﬁﬁl%clﬂaér mcé%cgtﬁﬁ\’ gyEtQ{]oonAtmg of a Global
receiv nd 1nterp

‘6§‘i°‘t |S?§H“‘ﬁ Y E‘?ﬁsé) @‘@n‘é F%‘Fq%ﬂ'zﬁ/"eg"" P@\B‘?SW"“(TF’* uipf ﬂ‘é’“’eg said
syiclyerkizad] ndPgsl ¢fi positioring-oin devicBepwividing syn¢hronizei natgork ime grarpenchronized

neigeﬁ(haﬂ%yoﬂ:hﬁ&hddmnglﬂg conventional UPS receiver
W‘?Z'g Lbroe ss%@&aﬁm;@aﬁlﬁf’égﬁ%%sﬂ g(cﬁgsg s%flarqmgaﬁmg e di‘ﬁce to

t he ardeternind asgistencavole. imglyipaect s descri bed here. It will
of coujse kg imeatarzaGs Glagd Niwhkdos Bardilies 3R YEeNRPShIeRRAtive 1o

gi ven by \/\@{ﬁglﬁchrgmﬁ“w%ﬁ(tn&ﬁtﬁdve exanple of this

I nvention er 'nodifications and )
vari atid ons Ha&eensy ofHobpldNayigntitneSatslliis By st (GNES) sigpals seisive to said
ski | I ed i nsyntHigizalmbtworbfr@ualgened to fall within the

cet  (RGPRERE A @%&*ﬁe&?&%&%"&%@a‘& TR Bt o e B By i
PCT/ AUSTHIRINEIOH 68316531 What is claimed is: 1. A method
f or cpraeaiizidg saiy pestiivnits@int @ sdldposdtiop®&iveniton recei ver in a

| ocat i;on sm&m&ag}mﬂééagsﬂgmeﬁmamﬁ obal ~ Navigation
Satell]jte System (GNSS) rl;/enchr oni zed networ k of

posi t iBni ngTAPEsaY @ﬂ‘)‘?hﬁ"é'é"d "§‘é’ﬁdif‘ sndgyﬁ&ymhs’ﬁwz@awwé%ww
of gpskadhionionGloahiavigalie Satbie: Spstaom(GNES) gigsisacshid paitierekeiver in 2

net wor, glgé }eﬁﬁnsi@@g said/ &9&&9 EEE ﬁﬁ& da&%d@fd&et@rﬁﬁ%&ﬁ%mmﬁ l?a@work
met hod conpri Si roceSS| ng G obal Navi gation

Sat el [fEan é‘i’%ﬁy@hﬁ%'(' ksffe?j‘ﬁ‘ﬁ?’s at a positioning-unit

device to determ ne assistance data, including: i)

+ 2 t he Thd HR@be @H]rﬁ 'Iv‘ﬁ'lereﬂfsalpd&éhﬁﬁed %ﬁ&h&%d ﬁﬂ«of-ﬁaftrxﬁll)llcluﬁe@ a relative

) nals relative to 10 said
'e°§‘ Eﬂ?%ffﬁ‘fca\gﬂ ?f’é‘f‘ F’R““tdf"i‘fﬁ and; ii) the frequency of
GI obal Navigation Satellite System (G\NSS) signals

3. rel g ,M,@m{ o ew @I whgr)ﬁﬁ‘ mda@mngaisymm%mmmrg%@@ QbfiveddBom the
G oraln m. ne assl sf.ance
ca B 3 P Gt T e b ) PORToss5 o e fgronie

netrork bf pokdipnicgeunit dices) anal yzi ng sai d positioni ng signal
at said positi on receiver to: i) extract said

det a nce ata, a ermn

4. Gy R OO YL 1 i Foe A SGHen G s Boveen o
Nayigatiquetellite S:stqmé@i‘éﬁﬁ) systath) ting emsgduymlyofizd neGragizile. Navi gati on

Satellite System (GNSS) signals at said position

rece ver in € responsi sai d extra

oo Rt o i, . Bt S5 A 5 o PR e et b
quiveltNmkon sagllite Sysiem EFNGSszatent frsqperchand sridsinghrprazedwstwerk frequency.

frequency. 2. The method of claiml, wherein said

(rjglt % g‘leéj of%}érjglc Vél rllt.ltinlzs%g asgli‘?t:mge ag f\m.h%r nec dlges saltle(?l% orl?t information of
saih@lghiat NayigdtippSatshitetSyshen(¥%). 25 3. The net hod of claim 1,

wherei n said determ ned synchroni zed network tinme is

7. der ll‘l\léemcéthg ot r?almr] wherein said assistance data further includes a frequency rate of said Global

Navigation Satellite System (GNSS) signals.
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cal culation of a position, velocity, time (PVT% February 2007
solution at said position receiver fromsaid
synchroni zed network of positioning-unit devices. 4.
The nmethod of claim1, wherein said assistance data
WO 200501288 i ncludes a tine offset between FEkAY2004491030
Navi gation Satellite Syst (GNSS) syst emtinme and

Sal v\ﬁm%/tEO%E& 8%1méeqlerg%t %ssméan%qutg ﬁgtherr tuﬁlgc}egr? %?‘%?fgj ceglat%nrgf
Saldﬁ“@ﬂHé‘f’ﬂé%ﬂéﬁ‘ﬂ‘d@iyﬂwé%ﬁgﬂﬁ@l obal Navigation Satellite

System (GNSS) system frequency and said synchroni zed

network frequency. 35 6. The nethod of claim1,

wherei n sai d assistance data further includes
% sat/efiied for prpyifing assisines thra pIsigen remeiver i iefatiop ey congptinphe Clobr!
Navigatoe | Serkltite Spyrat EENSSICAIBS) syndhronEBE nétdith ofl p@ftioilg AhiMddvices, said
sync%ﬁﬂaﬁ' n@thIﬂl oq @s‘f‘tﬁ:# §gtlﬂp GEvi cgsak@r é W&fon&eg C,L:&L%ﬁs the method

frequency rate of sald vi gation Sate

compsigem (GNSS) signals. 40 5 February 2007 WO

2005/ 01 29@5inP bk NR R Yidd DENBIPstBAGNSS) sifiar atmpbshﬁdngaﬁut device

cl % mte;mmev\@&gagdg reaiati ﬂklﬁhlﬂ%%ﬁ' :&k@ﬁﬁﬁmﬁ@tcﬁob&%t gtfn %lt[tl,fﬁo n@ﬁéﬂ
Sat@ﬁ]sbl?%‘a %?@T"&'r?ﬂ%@“”ﬁ‘?‘be}’fﬁﬁ‘é'm’S 9. A et hog f or

pr &vi di ngormgsngw@mﬁenmed agistpros fate ip A pesisiorig\signal irapsrgitted by said

I oqﬁﬂogﬁg@y&m@em consi sting of a dobal Navigation
Sat eI [ te nchroni zed networ k of
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claim9, wherein said assistance data further includes
satellite orbit information of said G obal Navigation
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| ocati on system consisting of a G obal Navigation
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compringessi ng A obal Navigation Satellite System (GNSS)

si gfyal s prtesshg BRSA! NhvkbRiion Sarsifé SyselRIINGS) sigha® aPEfofidNinf hit device

assj stance data.incl uydi t he f uency of X aFl

Nl B TR e e B st Aot b i
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uni " devy CE, 5%1 anal yzi ng said positioning signal at
sai® podvalyripgfaid pasiigning pignalst saidpysitignaeaeiditor saj d det er ni ned
assi styaract chatdeermdbhssistapce dad, M ne sai d synchroni zed

net vvo[l)k akil, %Eig%%ﬂ@%%&gmq cyf or d obal Navigation

Satellite S S). sl gnal s at _said position ,
rec®i vepearchitg fprifilobal Nayjgador, g% RETPONT) ety ateaid pogitiqnagreiver
as Sih 8 faARGepdiidieao Aalddxmetedhsiiahe i me chidsdérmire® finahdrtlized network
net eh%y. frequency. 15. The nethod of claim 14,
wher el n”sai d assi stance data further includes a
frequency offset between d obal Navigation Satellite
15. Sy Sthe ethddNSYim 34 Stedhn faideslene Yanarthersaiudes 8 fiaqbriep oifszdetween
Ol e AN e TR R o b ey
satellite orbit information of said G obal Navigation
16. Sat Bk ethod ofSyabi BINWEMSSY assidtafice dhila @urtiae inkladdls sallie lodit afolrdation of
i\l bbasi s Qe SR kst ~data further includes a
’ %gﬁé‘{]@cy Irsgpi gé%% sgﬂlg'§5 25 d obal Navigation Satellite
System (GNSS) signals. 18. The nmethod of claim 14,
17. wh elhe meth@iaf dlaimsig, wierincad esittancd datat fivther inahvdésiadleguency rate of said

Glofal RAMAREHieMES 'te%&@ﬁé@ﬁ af. said G obal Navigation
Satellite System ( S%nsn gnals. 30

18. The method of claim 14, wherein said assistance data further includes a frequency acceleration of
said Glebal Navigation Satellite System (GNSS) signals.
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