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214 Abstract: A nethod of chronol ogically synchroni sing a uniqgue a uni que
positioning signal generated by a Positioning Unit d' Device at a known -
l'ocation to a reference transmitter generating a reference positioning
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NO (57) Abstract: A method of chronologically synchronising a unique 2 unique positioning signal generated by a Positioning Unit

¥ Device at a known location to a reference transmitter generating a reference positioning signal at another known location, the method
comprising: a) receiving and interpreting said reference positiohing signal to determine a reference positioning signal propagation
delay between the reference transmitter and the Positioning Unit Device, b) generating, transmitting and receiving said unique posi-

. tioning signal, c) interpreting said received reference positioning signal to deduce: i) the transmit minus teceive time of the reference

- positioning signal by said Positioning Unit Device; ii) the transmit minus receive time of the unique positioning signal by said Posi-
tioning Unit Device; and d) comparing steps ¢ i) and ¢ 1) to decuce a chronclogical transmission difference; and &) chronologically
adjusting said unique positioning signal by said deduced chronological transmission difference, offset by said reference signal prop-
agation delay, f) transmitting said unique positioning; such the said unique positioning signal is chronologically synchronised to said
reference transmitter. '




23 June 2006 PCT/ AU02/ 01495 Received 27 May 2003 A METHODANR=Dbys CE FOR
CHRONOLOGQ CALLY  SYNCHRONI ZI NG A LOCATI ON NETWORK 5 FI ELD OF THE | NVENTI ON
The present invention relates generally to systens and net hods for
generating precise position determ nations for a nobile apparatus. In
articular, the preseng KL R<aP R4 €S| NN & IR &l
P o e P eSeriy 384 8P AL S AN AR R > . o,
prior art requirenments such as 10 physical connections between transmtter
beac ofvsiro-Bascdearnd dirgbbrraeiots tadrodd “'6md-c ti me standards connected to each
transﬁf%%@%%%???@ﬁﬁmﬁgﬁﬁﬂpﬁwﬁdW$F@TentiaI correction techni ques. BACKGROUND
OF THE®® TRperBietT $& el | understood in the art that precise
time-of-arrival position determination is dependant upon the accuracy of
"the transmtter clocks used. In its nost rudinmentary form three
transmtter beacons positioned at known |ocations and connected to a
common clock via three identical length cables will suffice as the basis
for a tine-of-arrival positioning system However this rudinmentary
positioning systemis highly inpractical to manufacture and install due to
the requirement for precisely timed cables distributing high frequency 20
timng signals over potentially | arge di stances between beacons.
Al ternatively, precision atomc tinme standards, which have very |low drift
rates, may be installed at each transmtter beacon and nonitored using a
reference receiver positioned at a known |l ocation and connected to a
reference tinebase. In response to positioning signals received fromthe
transm tter beacons, clock corrections are sent fromthe. reference
receiver via an 1Wdata link to each beacon, for subsequent retransm ssion
to user equi pnment. Mddem 25 satellite positioning technol ogies such as GPS
enpl oy this techni que, wherein cesiumand rubidiumtinme standards are
installed in each UPS satellite, with the GPS Ground Control Segnent
continually nonitoring all GPS satellites and up-linking clock corrections
to each satellite every twenty four hours. These corrections are then
rebroadcast via each satellite's navigation nessage to GPS user equi pnent,
so that positioning algorithnms within the UPS user equi pnment can account
for satellite clock error. Wth at |least four GPS 30 satellites in view, a
t hree-di nensi onal position is acconplished in GPS user equi pnment using a
standard technique known as a conventional code-based UPS position
solution. This standard technique is also generally termed "a single point
position" by those skilled in the art. Conventional Code-based GPS position
solution (single point position) 35 In conventional code-based UPS, the
| atitude, longitude, and altitude of any point close to the earth can be
calculated fromthe propagation tines of the positioning signals from at
| east four GPS satellites in view A GPS receiver nakes range conputations
based on the correlation of internally generated pseudorandom code (PRN)
sequences wWith received pseudorandom code sequences from each GPS
satellite. The measured ranges are referred to as pseudoranges as there is
atinme difference, or offset, between the clocks on the satellites and 40
- the clock within the UPS receiver. It is necessary to ensure that the
receiver's clock is synchronized with the
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sateldite constellation's clock in order to accurately neasure the el apsed
tine between a satellite's pseudorandom code sequence PEEHEIHROI4BN and
reception of that pseudorandom code sequence by a GUReccived @7 May 2008
navigation nessage is also transmtted fromeach satellite, which includes
time information, satellite orbital information, and satellite clock
correction terns. rRAS I L] Qni a UPS 5 receiver
requires four sat e‘ifﬁﬁjteﬁas]?gﬁgl S t(éshg@?‘vce}ﬁ?(g[%t‘ﬁ@w ¥ unknowns of position
(x, y, z) and time (t§YNGERONIANGH h@dsTIONNETWORK posi tioning, attitude is
fixed, and three satellite signals are required to solve for three
unknowns of position (x and y) and time (t). A conventional code-based UPS
position solution is able to provide a UPS receiver, with at |east four
satel | it eHR O TR VENTEONC apabi |ity to determne an absol ute three-

di mensional (3-D) position with an accuracy of approximately 10 to 20

Ut ONOTDUS, Sl g bk Rl PREaas A il 87 oty 3Rt T e
(PVT) wit ?ldgé.t ﬁgt?gﬁ“é"n'fi“’%f‘”‘“‘%g‘#? eguﬁaf’ E:E)l?\pr E) 15‘8?3?"3ﬁq“?sé‘fpé“f”§ﬁ‘5’%'°f?%%i vers. It has
t her ef or e PHERHE™RITEFriens Thy pregept ipyanion 5 59t grastraipsd by wipram registment svhas n the art. 15
“Convent§ orphsicalgepectidpgimvebn Binfufiter beaadni, suth dCRSeddrie biartié fin@ syp@sds bin@dang) Wt h an

est abl i shesth Bfmitrak Be nadd GRdiGrekibl IRBAScliges, GPS constel lation is only capable
of providing a GPS receiver with an absol ute three-dinensional position

accuracy Qqf ipately 10 to 20 neters. This i-s due to the corruption
of positi %ﬁFﬁ‘g‘%@ﬁéﬂgﬁE Y x maj or error sources: (1) ionospheric delay,
(2) tropospheric delay, (3) ephenmeris error, (4) satellite clock error,
(5) GPS r aoeiel edern@il :idhea that plefig tifitid tbrivRBotkion hRAABRE R dkEnaROumsiahay i s the
varyi ng il BlnditB B3 i ik AL AGHT BIBANSLLSRLSS RSN PASST N

t hr ough b%pdsI otf I oni zed gartl C % lhe |onosP ere._ '1ropospheric del ay
is the tine GETRY EXFEFFERRBYBYoX VB bEs itisy ieettyotblooul @i gmbepasispas si ng
t hr ough i s timpogarivel peskiwming eygmy Howeveukiphiinegtary fopthamesystes iseigioimpricalt he di f f er ence
bet ween t memsagiture bnd st dd o it Goqlivergemtiir Gidcisa) Gk BBled@iblihONbh RERGiyCt €d Dy
satel | ot e @i ligndd oveloRiallREER | diEces ROKREL behodnsl ﬂémﬁ%h,? ecggﬂggm% @nge by ~the

1 Mul t1 pat the

internal elecironics of a UPS receiver. p S, the signal del ay
" caused by St?ngaé‘%ﬂwﬁéz]’ém °§°fyg!1°ﬁ’gd[ e P R Rt o996 tpmpnitey haonn apdmggitoned wile et o g GPS

recei ver . ™Fifee Ve ppsitignedyt a fquasiaceiop and consegitdrte e fomoetinebrest Inatshogee mor r el at ed over
relativel yosigdniog tigngli 8deigeni e thé iran@nittel @MGs, @lock kebre bR @ &Y from Hhtl Serdi®@ans t hat two

di fferent kRS Gt R 36 Nink tW'eJclme&onE ) ﬁbseq%tQMi§s¥n &)leepwt?i II%BO MJ&B; wi I observe
t he saie errors.. It is t.pserOFf ocgpg (E)gsa]l bl e to I npraqve b e spatially
corr el at e o PEFOND i eleees fiep i R0 AR GE G R ceslun anghyupiiegt ¥4t i o
Correct i offendardnaryipstaled i grslaGRS satclliteyNeth they (RS Cspindpntrol fegmert pontiapstivwenilodngat i on conput es
an assunead! qrs ulthenangnkibgriockeatdions Abed shitiievesi g ourhborsMs@Gkettions| T t hen
measur s F0ukal@robemala taH RHEY q@rﬁﬁmagt FoQPs hufdCeqliirmne S8 ! doJit#,ﬁ& and subtracts
t he assung%i%e“%gﬁlgepseusserf romthe r e?ﬁl Vtelﬁ I$Feud%&£nqes,f ormng a
di fferent PRl Fange ¢orr et o For “BHER BEPR Pl FEn ™ &'at ™ HE reference
recei Vr taisitiles in Yev, g Surep-firmegsional ppsifion dt docgmmlishein GF st aquipwiet using pstendad GPS r ecei ver
Vi a an RFiedgijua downis.a chivetidndP Sodt- @@ IGVE fosition solution. This standard technique is also

generally termed “a single point position” by those skilled in the art.

Conventional Code-based GPS position selufion (single point position)
35  In conventional code-based GPS, the latitude, longitude, and altitude of any point close to the earth can be
calculated from the propagation times of the positioning signals from at least four GPS satellites in view. A
GPS receiver makes range computations based on the correlation of internally generated pseudorandom code
(PRN) sequences with received pseudorandom code sequences from each GPS satellite, The measured ranges
are referred to as pseudoranges as there is a time difference, or offset, betw-een the clocks on the satellites and
40  the clock within the GPS receiver, It is necessary to ensure that the receiver®s clock is synchronized with the
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subsequent |y adds these corrections to the pseudoranges itsyRpaswoes (for
the sane satellites in viewto the reference receiver) before cal cul ating
a position solution. Errors common to both reference r REF/OEP2YAHS t he 35
GPS receiver are conpletely renoved by this procedur BecetwrtdMay 408d error
sources such as nultipath and receiver noise remain in the pseudoranges
and subsequently degrade position accuracy. Position accuracies in the

order of seygkadlonBLES r ievable with code-based differential UPS
' nil i e o I Bl Tmetee W (e RDBY 8 ] PENAU 23 June

correction 1n | ow tipath e )

2006- PCT/ ASEFHIR S S TRoERon PO RS PRdarEien eodt sewoverl bY €8PS | er - based

Di ff er ent i dFe'GPS nevigatiommisipgs ignbys irasmitten fing eaciComlie vhibhomales G nitfirekonpased

di fferenti ahdGRSI{ CRGCRE), stiakdit Blkesdibemil fof ftaitRioRgbiaap e reference

| ocat 1 0Ns alGte@utis Bir oBEALLOD:oE b shllfiablll (BLENGER ) REINEG!] Ne car Tl er
the reteren o Patar

phases of the.satellites neasured at i r and the user
recei ver. Am&%ﬁgmr{é#) }ebro eRtE aﬁ"@%é‘iq%?’}dmfeﬁ??@f V&R = e st Sk W& | ocation, 5
cal cul at es “Si"PHI ¢f 875w sand W paditime Opheventiopel awervesstBiftrositfnoplution if sblsat el | it es i n
view, and triveide afPd metvasiits at bar v @kllitespheesSthecbapblilitytiOdeibrinie 4d Stedutelti®@€i VEer. vi a an
RF data | i niensiblaRs-Di$@itionwRER boviiby ofdppRinBidy 16 Wh@kfS Si mul t aneous phase
nmeasurepgnts for all satellites in view, and subsequently conputes a phase

di fference.t.o determ.ne t position of the user receiver with respect to
the refer eﬁ%‘%c?"ée&tgf“’g}é‘ig”f“%gggﬁsi FaHon sphiken s ap pytaagmoys jokien, Wiich &4 ‘eIt s are a
runni ng cy @psiong ¥rlerity. phitired?\Gh vitihie diborplis! @rectfon dpLion aojeregh icfetverptdaent on t he
carrier fr eguenkieskmivwmen ibeptBpiSomah ftid es. Each epoch, this running
cycle count (the value fromthe previous epoch plus the advance in phase
during e present 0cC i S, ilable fromthe receiver. Mre

speci fi t([:{’JH Icgm“tﬁﬁ’g'?&%@?ﬁ%ﬁﬂ{”@ég{’?’a&W"‘ﬁﬁ%{@'@ during an epoch is determ ned
by integr at"?{‘hé“ ippished groprtecompdipisseie GHF fapgeiation ip pulyteppeblejofrevidipzd GRSf t he epoch,
hence t he reverevith miegutedlredm@smsl pasition Rhsyeof {ppr&ititely 1o 20 R@ersUmREs die€Cei Ver can
rrﬁasur e 1 he thekaafibrangbiioRkanfls s mh «RF Birdd @fiﬁwsﬁlmgary, (ﬂtro%mﬁxlicef cm les of
the carrier t . m.ne the exact r.o ol e
cycles in td%hg,'(ﬂg%aﬁgs?gﬁ,gg%q;ﬁ?léck %ﬁ ﬁgia@;s o A% (%St"ﬁuépatg‘ﬁ?ﬁ'%ﬁ’éc r cycle

~ anbi gui " ,dclﬁ’?ﬁg’fvaﬁﬁg‘%fle ¥ FRETEGT By ectpmenattic yawes s pasyipedtiughibasfs g iongrdy at egi es f or

r esol vi ng - eaticld igthe ionpsbhers Erofospheddfielry isaheiihegieldyeip@iguod by dectiomipngtic tiveseenbr oad cl asses:
seaEI ch net bags ;}Eoﬁg'hlxﬁoﬁﬁris A Gre 1904: iS6kShere, ZPENB LGB hd Giftdence &B&eﬂ%@&mﬁnﬁse _
traditiona t us integer cvel e anbiguity
resol uti on_.L)ﬂteﬁE %ﬁﬁhq‘%lz‘gﬁ‘g&ﬁﬁ%f"”ﬁ%’é"gﬁ*@%g‘ﬁ%“ﬁ%-ﬁﬁ’fﬁﬁ nﬁ%'s?g Floggg%erealg.ﬁby devel oped to
over cone t ME&FBRETHEE SRERHETTE Mp ety by e Aekerased bilaeayief fgre! sHegigte m

W de- | a#i nép el proxipityi te s GBfwdoeifer. [Theamagority vichegsamar isauces fre ergfiayrvarebisd qverr adi ti onal |y
t he GPS  L1reatiely shhidisfatic@Gid QR o Rifketdisd THOHe: Mat B0 aftferfnl @g ueRGywikh @Ral . Thi s beat

frequency yasel @l RotheSwift b@iNe il GAR o). 1| £ RE8. %o_@ﬁi@to ihfhGe WEYGLGNIt hs of the
two individugl rrig I nt égers can be
|

ca rs. nseguently, resolut]on of the
acconpl i sh&T By U T B4 te"c‘(’t}ﬁ%'f? @?1“6’@8 %ﬁi’%‘?@é‘?’f”&“ﬂsg EEHLERFRE % t he i nt eger
ambi gui ty @Felitkppan gaiipneompuieson pymed pigidprags fgs gacrspiitpignalitdeiets. ft thenisi®y  si gnal .
These, 30n thewredaiyed ge@@rinkeyiron eel GRSGatetlitemdstirasia e Shmdd prbud@Bechoh hevkecivadSt be sear ched
to resolve pseudoranges, forming a differential range correction for each satellite in view. The reference recelver then

sends these corrections as digital data to the GPS receiver via an RF data link, The GPS receiver

subsequently adds these corrections to the pseudoranges it measures (for the same satellites in view to the
reference receiver) before calculating a position solution. Errors common to both reference receiver and the

35 - GPS receiver are completely removed by this procedure. Uncorrelated error sources such as multipath and
“receiver noise remain in the pseudoranges and subsequently degrade position accuracy. Position accuragies in

the order of several meters are achievable with code-based differential GPS correction in low multipath

environmenis.
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__the integer anbiguity. The nain constraints for CDGPS net heglgarmobiLst!y
" the integrity and latency of the RF data link, and, secondly, the |ack of
time determination at the user receiver. The data bandwPETFAUR/GAY RF dat a
link 30 constrains differential data update rates, c®eesived2ddax20@ ency and
~ degradi ng position accuracy. Poor reception of differential data caused by
physi cal obstruction and nultipath causes data corruption, which degrades

p05|t|on accuracy at best, and results in total link failure and no
posi ti on GP¥eRiwalLarriphaged DiffsrentialCES (priative mesivpninghi ng of CDGPS is the |ack of
ti me det efarventimpal eamier-¥ased Gliffuemitli GASaCOSPM Gil@lPOIR BifRASI betvlth GOkdteh@n sol ves

for the fl@delﬁon %K}ﬁgywl&Cﬂ@Jﬂ uﬁr%sﬁetdtfﬁr@ncgs)ﬁeméén thg %%ﬂ{}]ﬁzsés ()Frﬁe sg,te]%ﬂ;es LIl u_ra? atus es a

process kw 'dou ference fe- Fecei ver
clock ter TgiFe TSR W&“SPré?"%Y'eéﬁ&@G}r’%tEf@'P’\?@F"ﬂéﬁﬁéPs‘ﬂllﬁ@ately%!i'kﬂ?"é‘d‘éﬁfk%r

Ther ef dr ecalotidire siprgtgreous @t plese nearemtet @ Al REIECE Wiw el POTrdadas atidh respect
to the refes ea&pt@tha RRELXRE: v AS kit aa@mmk. Tl?elkrseﬁéampélso OShGE S dﬂhﬁanl'sdu gINI S IS

uni mportant i f Y, only, interested In position.
ovevor - Brmlchal i o SR B G B St ot e i oo rEe gy

benef i ci afositop ofifieryser gasiser wilippsbdctinithe efesnce feerirellovationg Theamiet blae nvesivadnk s and

t el ecomMud dradnin® £yclS dotilt €43H -on E@@op&)ﬁlcﬂ%qrﬁrfcy Ehiffﬁeséﬂﬁzrn%{e WE&Q&Q%&S%%@&@HJ or 40

probl MAU 23 June
D006 PR T Bl B s S B g b ety e s R v a1 o
Anot her 157 GyERghe pswed enodd) iapvallabPRmyshegiceiven Mo epeaficatly igdvame in sarfehastis e of

gr ound- baﬁ@@a@#mm&@tuhﬁmyﬁummau@gp pRSoHRS SR idRfor mES oMM t €S can be
n

i ncor por | Code a Carrier-based D fferential GPS
syst ens \?\Aﬂt od'?ég%tre\%a 3{1 @aﬁl i nfrastructure requirenents. They can be

used as additional ranging 5 signals, and also as RP data links to send

di f f erSentTheiserc@sivee@i in@ff: theGadiGAY phd6|plisRE B Bitary diknbeL6RBGI Maibsor mP&BICOl i tes  can
be synchrQnis [’%Q ecej ver determ nes CPS time
froma convenl??% “&Q‘g'a@?%é}“ %"l@ﬁm&% PHETRG® é[fd" S ke kog GPS

sat el | i t &% "By Pcabiguity’lmusthe fiearpiped Bypthey mﬁ@StTeﬁdlaon@euateszséqree@mssmm| ite
transmi t tphase inidgeeandiguitiss AL jatoafreetbliva GRS fehtFRRBSE, AitSring Q&Ede &d’h@&c@i&ai GPS error

- SOUrces I4if, cfs'd'f‘h&g mdn%?%&i?ﬁ! h&no%r}gld a@an%o%sh%elge?c% 1%&%@&%111 E cl ock

error sate+llte position erro 10 Tine
accurHci dghnigpe, 5‘#91’.’5? X Widerianiney hﬁd’e‘i“die"fbﬂd HeaiEReme B k- %@@ﬂﬂ’éﬂm&mmle by usi ng
t he GPS tmbipisaseleneWidolhing mulMiey/ad filtel ivé c&rﬁa&lﬂa;hﬁlﬁammﬁbnm&bht)@m aLcuraci es

N\ Y L1 UB8ExRh8aS o R 20 el T ey BB AAARY i fden ©02 5 T

preci se awgat i on _systens. rier-
" omi - tenstb of i Piogndivigig! riess. CF’E‘[‘!@H‘%Y: RiGioR pf 155 s 3 by apagmid n, t itled
" System éndsmVBQBMgé d:lsen%meu adidriiiny thiggbraabifing e-thaseomac fomiea by her Phase

Posi t4son b@i}e@t{eﬁ@y Bahi ’ﬁ&% in ﬂﬂ%ﬁﬁybﬁ%ﬁce he o GF iSO ﬁzlt mG Phels Féd?(preslgﬁé hod wher eby

a so calledt .- mar ker pseudolite serves as anne or relaying
i nf or mat | 8”3?5 B88si ti on receiver for making dlfferentlal r angi ng
corrections (Colum 6, lines 43 to 46). The ommi - marker pseudolite can be

descr i begndfairfeonstraints for CDGPS methiods are firstly the integrity and laency of the RE data fink, and,
secondly, the lack of time defermination at the user receiver. The data bandwidth of the RF daia link

30 constrains differential data update rates, cansing data latency and degrading position accuracy. Poor reception

- of differential data cansed by physical obstroction and multipath causes data corruption, which degrades

position accuracy at best, and results in total link failure and no position update at worst, The second

shortcoming of CDGPS is the lack of time determination. A conventional single point position solution

solves for the four unknowns of position (x, ¥, 2) and time (£). CDGPS uses a process known as “double

35  differences”, which eliminates the receiver clock terms for both the reference receiver and the user receiver.

Therefore, the user receiver can determine accurate position with respect to the reference receiver position,

but cannot determine time. This js wnimportant if the user is simply, and only, interested in position.

However, precise knowledge of an accurate system timebase is very beneficial to many user applications

involving computer networks and telecommunication systems. The lack of time determination is a major
40  problem associated with CDGPS prior art systems.
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nmet aphorical mrror, whereby UPS satellite signals are "refd agkedosi n- phase
fromthe known Omi-nmarker 20 pseudolite position to the position receiver.
Thus, the out-going carrier and PRN code conponents of qaghag/oiagse beacon
marker signals is exactly phase coherent w th respectrdegivdd?iMayl2060N Ng
counterparts in the GPS signals (Colum 6, lines 28 to 32). A p05|t|on
reteiver situated in an over-flying aircraft receives positioning signals
fromthe GPS satellites and al so receives "refl ected” GPS positioning

si gnal s f risemddlicadupmmiatianar ker pseudolite, and subsequently conputes
di fferentigbmd FIR: WRAS Ll GRSy de%éu&ﬁbn%eﬁsequréu&{@m;mg&em%h fad.el | m nat es

th df t t al ta | t I
code and cPe p ik e i e P BySkatsiion) e Y g MPSHRL kor

posi tion ré&eysimey mﬁm%wgddlﬂﬁhal mivstaityre requiyentelts. GRS cactie adell bst additionsh dogingni - mar ker
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(Col um r mm@eﬁpwﬁersmvammlafmmmg mfoma@@ tmvsmca@mmgaahnaeceu ved 27
May 2003 Sifforentiki caihfy cahBotibi (BHmig) thes3 ko8 TTHS omnk- m@@spséuadh@ c3) desca@MADI at ' s

di ff t t
i 1101 onciae m%ﬂpﬁ"ﬁ%ﬁﬁ%@%@?@’s@ Al Gl B S5 et °C) g

“( Col un#f 5’8"“‘10 itpogition tp the gosien recaiyey T@‘F ﬁﬁtﬂ)‘“ﬁ ‘#TM 9"1 dercomppenerts of eek of j f f er enci ng
mul tipl e nRStaen marked sighels is EANS Blade lcMErer® Wil TRbest to Mdirtitdorfingboddipats tltRreps el ver
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receiver ferencil n r%) transcel ver si ncor por at e

si gnal s t (g fom/the %"@éﬁe fufdéls‘éfﬁfe'é%ﬂ st 8"@8"(“@!“1‘& sjegals frgp dfig SIOHOEIT yrm 7,

| i nes 34 tpoudolifs, mTobiaquntiBcomputendifierehtial rmpSdepaurertii@y Nbl at ' s pat ent teaches an
advancg of differential nethodol ogi es but does not teach, show, or suggest

a highly desirabl e, that roduce S|ng oi nt position

sol uti ons %f"ﬁn ggﬁf%ﬁ“ﬁé‘% ‘Par*"'éﬁe ’?"%’3 °“Plrdl§1‘ﬁ[ data ligky W‘E“”W Ry
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marker signals alone will not allow a position computation. Also, the ommi-marker must generate and

30 transmit individual carrier and PRN componemis for each GPS satellite in view, making the omni-marker

complex and expensive. Currently, this would Tequire up to twelve individual transmissions from a single

. omni-marker, Purther, an omni-marker position receiver requires dowble the receive channels of a
conventional differential GPS receiver, adding to the cost and complexity,

35 Differential Range Measurements using "Ground Transceiver" Pseudolites _
11.8. Patent Number 6,121,928 to Sheynblat, titled “Network of Ground Transceivers” describes a differential
" correction method whereby & network of so called "ground fransmitier” and “ground transceiver” pseudolites
serve as channels for relaying information to a position receiver for the differential determination of user
position (Column 5, lines 31 to 36). Sheynblat teaches the use of differential correction to overcome master
40 clock bias (Column 5, lines 23 to 36) and fine biases introduced by the ground transceiver hardware (Column
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physi cal connection between transmtter beacons; (b) an atmumetdone
standard at each transmtter, (c) synchronization to a GPS tinebase; or
(d). sonme formof differential correction. A system thatPCEHAUBYOMPEle
extrenely precise tine-of-arrdval, positioning signal Receimed 270y 206 of t hese
constraints, is highly desirable. The present invention achieves this
désirabl e goal by chronol ogically synchronizing a system of transceivers

15 (hereafter referred to as a Positioning-Unit Devices), as described

bel ow. OBY BET3A0F 6T ik ColuERTieON to223). Sheyriblat's diiferitil erchodolbeids el qpbaienst i nvent i on

to provi dehde: GRSikd ieébﬂbrﬂﬂfe;@déﬁé iRk @sRRE Wik MHQWQ @amﬁpde and
carrier PhASCROS b i dF (8T MLNALI O Bifecnlth L HOHE LHE grﬂnﬁmd pinlee Bl 7

i Nt er connéct ons ad gam g i onl n % ur t her
obj ect of“’@‘ﬁ@“’ﬂ‘?‘ié@ém"ﬁfl(ﬁ‘i}%ﬁ ep 2500 Sy B Enepbioi3p) o iliflp wy e and net hod
for maki ndiffereing pioRE irdh@ei GO SRaIQ RIch QRdifoka® Giziah @SQawP 0% dilidc.dRinQlaanimat i ons

wi thout g RERH T imd' A &, Chilfa £ HANIY 55. sulbord Spakl i cafhed WAL (OP1 €CT Of

the present Invention to provi positionin dd for maki ng
preci se chfyentigimethpdgiogies bt d‘ﬁh“&bt@"hp%%”? P"S@ﬁ“@é‘tg@}‘ %"F‘ﬁ o yerstaprquld igduct he need for
a d obal shigiwpotngyiobitivn sobiinein b tobigy posBigsie@ive: fbrnER&OS® of gdbindltdnsdeeryy €t @anot her obj ect
of the present invention to provi de a positioning systemand nethod for
maki n? ngp eci se code and carrier. phase position determ nations w thout the
r equi Menent 2B Py 0% tHie-oRagH VA Butipstermmaltop pitigt sequiing & lepg op oF @)t o fur t her
obj ect ofphysioad cqammhttweemwr@mutteomeatom, @ o mahio gine sdnbiayd & \emi himemitere(s)

POSI 11 0N sidhmBidon B S e o BT kERRASSecidaE o RUP R W poiRDASE. MOt

necessari so| ut.e ‘accurac) yurther "object of the
present h%ﬁ% PI?JC% P‘Be"%P‘B Hfoning siepaly 3&’8‘?58‘8’ qfﬁlf’%ﬁc‘&%"é‘mf Ay Hes8Sgr aphi cal |y
distri but"é@b%tm\tentomcm;esm desirfbigpat ey ShrondDgiANENCEDZBEEfyflem EMnikive®3 June 2006
6 It 5 YRheafRr rbibHeh 0 8a PORHoRGIUNRDeviBLas RE@S QML NVeNt i on to provide a roving
position receiver with chronol ogically- synchronous code phase

pseudor anges, such that single-point code phase position solutions can be
determ ned wthout the aid of differential correction. 51t is yet a
further adymaiorafisiNvenporsent invention to provide a roving position
receiver with chronologically- synchronous carrier phase pseudoranges, such
that once integer cycle anbiguities are resolved, a single-point carrier
phas eZpodi it nGieckeS i P nteaipn sy aeHopiRgchySiamandusthod fermakingipresse ogdof f er ent i al
correcti aml carler ipasey gbitidd dettfiiatvhs. @itioR Cthe Bded trdrephjpicdl SitbonkeRieRNbelv@s t O provi de

a roving geiver with precise network 10 time-transfer
i nf or mat ﬁﬁﬁh}él&ﬁvﬁﬁ%@ OF TIE INVENTION 15 In a first aspect of the present

invention, a systemand nmethod is disclosed for chronologically
sy nchr onilzs yega further object of the present invention to provide a positioning system and method for making

25 precise code and carrier phase position determinations without the nieed of atomic time standards.

It is yet a further object of the present invention to provide a positioning system and method for making
preéise code and carrier phase position determinations without the need for a Global Navigatioﬁ Satellite
System thucbase.

30
¥t is yei another object of the present investion to provide a positioning system and method for making
precise code and carrier phase position determinations without the requirement of differential correction

techniques.

35  Ytisyet a further object of the present invention to chronologically synchronize Positioning-Unit Devices toa
system timebase, the system timebase not necessarily being of absolute accuracy.

It is yef a further object of the present invention o propagate a reference timebase through geographically
- distributed Positioning-Unit Devices. ‘
40
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a unique positioning signal generated by a positioning-unid3 figeiogpesat a
known | ocation with a reference positioning signal generated by a
reference transmtter at a known | ocation. A positioning-unit device is a
speci al i zed transcei ver capable of redeiving and interpreting reference
posi ti onhn signals fromthe reference transmtter, another

posi t i onf igthiutegehisere RerProsest inventipncto prowifle 4 oving wpsition receiterviith ehmebgicalgs  and

i nt er pr esyychrdneus20da gy PROMAAGS, $uickd Whah FinSib-gia! codd ?haEJ‘ ﬁ&iﬁ?ﬁtsgl[u'fg{np% e

r ef er encaudipmldifh A0xs bRl QRagaL 1 on “delay befween  the reference
transmtter and the positioning- uni tdevi ce. The positioning-unit device

then generates and transmts a unique positioning signal and subsequently

r eceisveslt &ryet d fintter dbjeertof the plese@dAvehibh W/HoRRS) r&\iil%ryog&n ré:.higép Hitn Lol gigalil to form
e recel ved-anyg

a cl ose i t1oning-uni evice corpares t s

interpre e%%?ug e.r%;reﬁ"cé3 P ﬁegg?r?n?%hsflﬂ’&ﬁaé PR Rfeess Reslerpmbisyities ate weselvedracringlatreintor et ed
uni que FEEFERMEA Pesionssolyian can by detenthinee withoBEhd diduTaiftsianomeiidd er ence. The
positioning-unit device continuously adjusts the generation and

transm ssi f . the upjque pasitjoning_ signal according to: i) the deduced
t ransni g@f 8‘% a%u“?‘?‘é’p%?% 85‘3‘“’ B0t pntion & Resids ageving positéenireckivan iwitly probisgmativork

pr op&gatimsiransier infprmagemsequent | y, the uni que positioning signal becomes
chronologically synchronized with the reference positioning signal. 30 In
a preferred enbodi ment of the invention, the reference transmtter
generates and transmts a plurality of frequency-diverse positioning

si gnal sSUYMMARYOH BIRINVENEIONNCcoher ence. The positioning-unit device al so
generates and transmts a plurality of frequency-diverse positioning
signal s 'I;Jée posi tioning-unit device then receives the plurality of

f r elfuent®y- Tt pBeeLef ths@rssent ipyrniing, svygemdnd nfethodiis tisdossdbberhmaeezidallpsyadiinkiag  Of

fr om ot esique pasiioning a0 sddtibd BPY bERBunAHULIacl GEM] 100riol LATa D1 N

ref er enceibd: Q%Eg[l%én%{ateggd oe}herthFosLtl oni ng-unit devices 1 nc?_ucﬁ hg
itself. Thefﬁ%o I't Foni ng-URTTrHER Fauniie ahe knqye etigerft pepitieningommds| devidedsd | y
synchr oRPlZd @ansesiver qapshleeficseivitigwnnd RS biofite Pesithhigsaknak HoMcNGertRs €r ence

t r ans m ttah@fitted fandtRe pdRfii g L:.Qni ng-uni t..devi ces, qQr oth to a respective
freguency- dtit verse p%%?ﬁgoﬁ???&gﬁg h(g? T?i? horﬁﬂf’ g e g 'I‘fﬁf—aﬂ&u f“fe“ﬁ“éwge

it el f.UVESREStaung fgpal and dhep detmingscatsferentepesifioning signab propagativg sitlayabetween
f r equertkeyrefiiene rmesmites artd the) pa oAl dsvice? PhelptBiBoraORit Qdvice tfilan%ﬁ%}alfk@ Fnd

pref er edmahhodi - he invention the adjusted unique positloning
si gnal functi gﬂiﬁggé. tg)gﬂlﬁ tél ol & Eic% sﬁ‘iﬁ'glirg]?'ir%’ﬁ'l"‘?ﬁg”‘“ Ingerpsgts ¥soRwngnjgae positioning

posi t i BTG Uk fo fEw p closed loop. Thetpositrpinpenit fviet esmipats B h@eiaRAL Sudfciche

i nvent refaiencd Peitid@ck Gighi AP B8 M@ RbP Jnd] nce includes .5 c ri son of

i nbegr aLedi SONRar sgﬁ%of i nt egrat egmgg%ﬁe? %ﬁ%ﬁlg sllmeﬁlloams“ rsé%?%lng’gpeg%cfélr m ned
fromcarrier conponent OBtonagEnqeyies coptinaously silipsisthd grgeration pral trapsudssiomef uni que
posi t i Baiupguestostieaing tsignal eterdiigne i the aAkdubd tranduliRBH AfMend LiieHANCREerdh@ anot her
pref er gamk it i ntion, the deduced transm ssion difference
i ncl udes Lgo TPAT.| S’ﬁgogﬁga{i’%, Jg@féfgps\éq%ggﬁ,p@%gmug PPYSRIRE Fenal beeipes shrangipgicallyi oni ng

" si gnal VBEPRRHth fiegefaense pasitipning siggalsi gnal to deternmine a time difference.
In yet another preferred enbodi nent of the invention, the deduced

trgnsng,ssy LLference includes conparison of pseudorange neasurenents
determ FQ? Fggn‘%‘bﬁg%‘ﬁ‘&??&ﬁ GEFRUED g rlesrRse Hapmittergrnaraies apdfanpraitreplurdity of

posi t i AReE-dversn ositoniig t dignalsirthat) Leghilo Simb-inddHeddfbe S ITHE @bsitloRin L AHIE Vi €10

PS €U d Qe BhdRAGEiD § FIARY 3P Guent-dif 5% BMtoning signals. The positioning-unit device then
receives the plurality of frequency-diverse positioning signals from the reference transmitter of from other
positioning-unit devices including itself or from both the reference transmitter and other positioning-unit
devices including itself. The positioning-unit device then independently chronologically synchronizes each

- frequency-diverse positioning signal from the reference transmitter or the other positioning-unit devices or
both to a respective frequency-diverse positioning signal from the positioning-unit device itself,
Consequently, the time-incoherence is common amongst all frequency-diverse positioning signals.

35




I n anot her preferred enbodi mrent of the invention, the dedugeflinkrzapgm ssion
di fference includes conparison of instantaneous carrier phase neasurenents
determ ned fromcarrier conponents of the reference 20 positioning signal
and the uni que positioning signal toggeterm ne an instantaneous carrier

phase di Ifagotin peferbdienbodimenn Of Me inveiiiel, Aol ARSI ML PRENAYS sigaRSudcinenl hon, the

ref er encgrRAS biskgni anal propagation delay 1s determned by: 25 a)
i nterpret ieng ﬁfeﬂ posI niﬁ(lg(%oﬁ?rpgsﬁneog'? SYWEEA%S transmitter contained in the

reference positioning signal; b) conparing the interpreted position to the

known | degki aiotharf préthifed R@SbdihéaRi dT0hd! Bldntle leCRATQ tiRLiEdnAifferdcIRANRL I C
tter and the positiaoning-unit

di st anc OV reference trans . t

devi ge; ech convogrl‘%[%%tedtcﬂnépag%ﬁlc(’& [MAFEETE SETTReRbpse (epue it deteppined FRejer

ti me- of -SPPROGHES; of Iy reigrehre hsitioning) eigmab hrelr the wilqup pasitiohion ki@l ®i dyRAlinepr @pRgat i on
del ay i sreq@atyddt@mk. t 0 the converted signal time-of- flight. In an
alternative enbodi mrent of the invention, the reference transmtter includes
positioning-unit devices, Wde Area Augnentation Systemsatellites, d obal
Navi gat ooty prefoired enbSiiméne of thaitehtion,f thsdediReRdalijsioR Siffertice MBlides Sfmpaisher
deviiges of Blcomptathid R AhEretelelde sitjioﬂ{ng ';1% !in(agﬁe ulnrc}uea SRS dA5 R e{em‘?n]:eat he
present i nyention, a system and nethod Is di scilose ?prg_ enerating
frequency” “cBMEr ence between a received reference positioning signal
transmtted by a reference transmtter and a uni que 40 positioning signal

gener at gdy.a ] by a.ppsitianin it device. A _positioning-unit
devi ce i gy a,Ialg)Ct*}lIe l\r] gﬁ%%%@”%%‘g’x‘“s%g@% ﬁv?ngwérﬂ rg"ﬁ‘&&%iﬁ{%}“'ﬁ‘?}%{’pﬂ ré“%fmcfug?fei vi ng
and i nt BPPIE of Breydarige aqpsereneds deterovirie fons psgwintasdofarcadn cogpnengsfofthersfeence
t r arss i iosidning il @ tROGidhb PBNiRGinG Bital 4L ULERIROT RAldbrandofd ol Ssc@BRREL Of the
i nvent i@, the positioning-unit device generates and transmts a unique
positioning signal wherein the unique positioning signal is aligned with a
frequency steerable clock. The positioning-unit device receives a reference
posi t | aNGe:gHRE ofhnkit3r fo AN H0 B AR L OB Wb ARaA dmpRAG T 3 L he
frequengy. glnfference bet ween the two signals. The positioni ng-’fml {' device
adj ust & ' RENPILE USRI Phase dsasurementsy, drierpingd domatsirier chmpduerty of theamfstsrre der i ved
f r @ t Ipesitioniepsgeledd he wituepsiiomislsiofdl fruc@mMIdn R SfnsRNtdRH s iR eUSt S T he
generation and transm ssion of the unique positioning signal by applying
t he neasured frequency difference to the frequency steerable clock.
Cons eqUi¥st fgtherprpdered ehodiment ofifhé ingentionc the loaféraveepvsitibingasipinal propabationidefaeis
posi ti @éendofgeddygnal and the reference 10 positioning signal is mnimsed
until the two si ﬁgal g afe coherent in frequency. In a preferred_enbodi nent
of- the invefiti onT "PREE RS Resilon.of thereferense rangpitiey spptaingd insthewsfirengopasitining o
pl&rality of fremelency-diverse positioning signals that exhibit
ti me-i ncohgpenc Ll ond ng- uni evi ce als eperates and transmts
2 plurality of %35%%%@8- i A0 B e Bfeom dseaity ol PSRRERER BRGA g o ¢
devi ce then 15 ra@kestyageomiic distrca betweendlfe rfferetpa eramsiniteli andrtigepopit@iingiveini ng
signal s from t haletigf erence transmtter of fromother positioning-unit
devices i nCCBUdi ncgni;gt.seth or fromboth the reference transmtter and ot her
posi ti oni ng? uni t verting the calculated geometric distance to a signal time-of-flight;

30  such that the reference positioning signal propagation delay is equivalent to the converted signal time-of-

flight.

In an alternative embodiment of the invention, the reference transmitter includes positioning-unit devices,

Wide Area Augmentation System satellites, Global Navigation Satellite Systein satellites, Pseudolites, or any
35  other devices that incorporate timing information.

In a second aspect of the present invention, a system and method is disclosed for generating frequency
_ coherence between a received reference positioning signal transmitted by a reference transmitter and a unique
40  positioning signal generated and transmitted by a positioning unit device. A positioning-unit device is a




devices including itself. The positioning-unit: device thempd qigepepgent!y

chronol ogically synchroni zes each frequency-diverse positioning signal

fromthe reference transmtter or the other positioning-unit devices or

both to a respective frequency-divergg positioning signal fromthe
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In a further aspect of the present invention, a system and method is disclosed for chronologically
synchronizing a unique positioning signal generated by a positioning-unit device at a known location with a

40  reference positioning signal generated by a reference transmitter located at known geometric distance from
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generates and transmts a plurality of frequency-diverse pEsidne@nosgd

signals. The positioning-unit device then 20 receives the plurality of
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ivention, incorporating a single reference transmtter broadcasting to a
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data components from the unique positioning signal and data components from said the reference positioning
signal to determine a coarse time difference.

35 In another preferred embodiment of the invention, the time difference comprises comparing pseudorange

measurements determined from pseudorandom-code components of the unique positioning signal and

pseudorandom-code components of the reference positioning signal to determine a code pseudorange
difference. '




roving position receiver determ ning an autononous singl e 230junk 2posi tion
solution. FIG 2 is a graphical representation of another enbodi nent of
Ti me- Lock according to the present invention, 15 incorporating a single
reference transmtter broadcasting tgga single Positioning-Unit Device.
FIG 3 i % Bpppipleznd epbadimeatof tha inveationgthe tmrotiffremceaniopitesmempariad insinameedsoC k
accor di neprieopitaftancpuRBeis defoMiRA frbd Barrier boMpRLeRO bfthd RuposkiileSichf LRAERG S

transm t L&t [Qﬁtpﬁqﬁ ing t.0o a plurality of Ppsitionlng-Unlt "Devices. 20
FIG 4is agraphi 253‘{*4“? 6?'%%'5‘&5'5?4tSHetﬁmﬁﬁWb?ha%%ﬁP%nt of Ti me- Lock

according to the present invention, incorporating a reference transmtter
br oadc ashianglidrative egbBodaient SHoRY iFRAMA! the RRJhd! QMLRAR: HBbdes PRMofifr unflaRice 1S @
gr aphi cayyig RRE KeGR@ioh QN0 o ANSL gﬁ’ enhodi nent of Tine-Loc ac_coréql g to
the present . | nvention, > IACOF B(‘ﬁ' 7 ffedeapimn fetslliferSysten sapellitesPapdalitcs, OEaR% 1vi t t er s
br oadcastliehl§viess that incomeyhte tiPipg infameatiomg- Uni t Device. 25 FIG 6 is a graphical
representati on of anot her enbodi nent of Tinme-Lock according to the present

i nventi ' tporating a Wde Area Augnentation System (WAAS) reference
transm ?’?’éer%ir% %gléfg%s a}leﬁégi’s&“’?&%ﬂ‘"“ devjes]'st intespalipy genergfed Pﬂ%“?l"é@ sjgnalyip fequency

Posilfi ofPhegotitkian Devining sefgenos paltienlig ignbll aidSoiioholédil Soh&Wide With €4 Geference
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: he pr _egfqltas iamfg;zt:é mai_;ioni:ig{nﬁgmtilpnre@edg&ghi@l ggﬁwtﬁ@,[pgﬂ Mhﬁﬂ&%’g@%%&“‘f“ﬁ&s} L ence
ransm als ree 0 r .Posi t.i oni ng- Uni Vi ces, e

Posj t i Ol?li lﬁé - rlllfa t %igeé}%ge{% 30 e'scghqeﬁe%tn e%“’ﬁ%"F%%’é‘?ﬂ“@ sfgﬂa'? Thigthereby llgig unique

chronol %W‘%’a{? Propagala 8 S¥ESAPLY ecisedmekrosactossamibsgntial ggmipbicilarea r ovi ng position

receiver. FIG 8 is a graphical representation of another enbodi nent of

Ti me- Lock according to the present invention, incorporating two autononbus

net wor ks of Positioning-Unit Devices, and a roving position receiver

situated at the boundary of the two networks. The boundary

Posi tioning-Unit Devices subsequently transnits inter- 40 network

corrections to.the roving position receiver. 23 June 20 ? PCT/ AU02/ 01495

Recei ved 27 May 2003 FIG 9 is a block diagram aof Positioning-Unit Device

har dwar e, according to the present invention. OVERVI EWA Positioning-Unit

Device is a specialized transceiver, which is positioned at .a known

location and receives at |east.one reference positioning signal from at

| east one reference transmitter. Preferably, the reference transmtter is

anot her Positioning-Unit Device, or a WAAS satellite. In response to the

recei ved reference 10 positioning signals, the Positioning--Unit Device

chronol ogically synchronizes an internally generated positioning signal to

the reference transmtter tinebase and transmits its uni que positioning

signal to all other position receivers in view The m nimum requirenent

for the formati on of an autononous |ocation network is at |east two

Posi ti oning-Unit Devices chronologically synchronized to one reference

transmitter. Aroving position receiver in viewof the all the transmtted

signals within this autononous network is capable of 15 determ ning

aut ononous code and carrier single point position solutions wthout the

need for differenti al

AR




correction. Furthernore, the reference transmtter oscill gJjund®essnot need
the inherent stability of atomc tinme standards as required by prior art
systens, thereby allow ng an inexpensive crystal oscillator to be used as
a reference tinebase for the entire I®cation network. 20 Thus, as detail ed
-bel ow, a Positioning-Unit Device may serve as a netaphorical "channel" for
distributing chronologically synchronized positioning signals to a roving
position receiver. This allows the roving position receiver to calculate
both code and carrier-based single point position determ nations, w thout
the need for physical connections between Positioning-Unit Devices,
W thout requiring atomc tine standards or GNSS tinebases, and w t hout
requiring differential correction. 25 SYSTEM AND METHOD FI G 1 shows one
conf i gur griePPESCRIPTRONROSIHE DRAWNGESSYSt em t hat generates preci se position
determ nations using 30 code and carrier-based single point position
calculations. A plurality of Positioning-Unit Devices 101-1 & 101-2 are
posi tPonB§- his 2igreehivl repesesalptiop plcongprbpdimentsh Eime-Leock acgordivgf te fhe present dnyentindi nat e
Syst em anehoRRgAGhEY Rf¥nce EAGEIeY Bordlasth£B S plRRE of IREVNBAGA RASE thdni Ng si gnal
102 br oag)gastosit%}{ agverldea}_%lininoglgutgng&%rseglcea.géa.sm'lt.t er 103, which is also
posi ti oned A A Know Tocat i on Wih retfelt™ P& ™ ef er ence co-ordinate
system In response to the received reference positioning signal 102 the
Posi ti on@mgziwgﬁpmfae;vﬂr&?aﬁo%ﬂm&hz&n&&ima ofhfuﬁdtﬁﬁlé aﬁcoﬁﬂgm@{e pés’énlat:imdfnﬁan,urlihque_ g
posi tizon . gn - 104- whi ch e..chr ogi cal ly synchronize
to thlg re%ﬁ%’?}ng5&g?rr%e%§cﬁ1%?§%ﬂ%girﬁa§w% ?%s\‘/".gﬁié°s’é‘%“é“ﬁ§’3‘g%“rg%cei ver 105, situated
within the network of devices 101-1,101-2 & 103, receives reference
posi t i onFag isé@pﬁkaﬁrep]:@&taﬁdh6fﬂl¢tﬁ&ﬁenibﬁ;nﬁﬁt@ﬂﬁﬁ~llobkaa&§mn§ fo@ie prddam inddiibnUNI queE 0
posi tionj ' 2 4-.2 | Ltdoning-Unit Devices 101-1
& 101- 2, h%ﬁjg% @g? %l %%ﬁéﬁ@ﬁ%grf’ag%semslgtgg%h{]&@ggg%%ﬁgﬂ%@rg P%g%r - based single
poi nt - position determ nations fromthe network of chronologically
Sync 20 onFizeds a gdphi@DiSprdsdn@itin BOn&HegmBddsnent HNMENINGER aSklidErlo the frésédt Wkdntion.2 ﬁ - é une
-2006- P ' Ti ne- [| me- Locke
Posi ti onﬁog%?égﬁ%?%ﬁeﬁg&%bx%%% rﬁ%é}aggg%%ﬂ%ﬁ%gﬁg gﬁtcﬁe%%i cal tinebase,
whi ch can be of arbitrary value and have arbitrary variance. Therefore any
~ Si ][r]PI_ e and. 5 iNexpabtpenation 6fandiot b @ineR U imeASckacddrding i fik ﬁ-bserﬁﬁﬁ‘ehﬁbh,ﬁt or, ¥m N .
- suffice o feren r.ansm In the preferre
ebod;, menp g Sl SRk Al Eh i CRR bR St 5 ) o bt rer
is ugdd. A Positioning-Unit Device first acquires a reference transnitter
posi t i onFIGG isd ggpifdal repPessdltativa bithdtiait e@BodeR 6F TaRHlokGechidin®to O préskiit gitehtionf f set  from
the kno = Or dj I s Lte own
co-ordi nﬁ?&’ﬁ'&%? %ﬁf]lgéé%iﬁ? Sﬁﬁ%hﬁrbgﬁﬁr?t(@%gl%%&& The t |F Iﬁe@ﬁ%?&?ﬁ{gﬁ t offset
t akes i ntoHtiREgSRiy SFURs othe t Foaltiqning il Revicern subsegigntly etfeaypite gl oM 1BBY by t he
r ef er enceroddbgiodip kyhdhhizen gositioniha sSifnakiaia ksibg dosidv ebdivaginfaedin tdrtiteroednésdence
trangg tfar to the Positioning-Unit Device. In free

FIG. 7 is a graphical representation of another embodiment of Time-Lock according to the present invention,
incorporating a Positioning-Unit Device reference transmitter broadcasting to three other Positioning-Unit
Devices. The Positioning-Unit Devices subsequently transmit their own unique chronologically synchronized

35  positioning signals to a roving position receiver,

FIG. 8 is a graphical representation of another embodiment of Time-Lock according to the present invention,

incorporating two autonomons networks of Positioning-Unit Devices, and a roving position receiver situated

at the boundary of the two networks. The boundary Positioning-Unit Devices subsequently iransmits inter-
40  network corrections to the roving position receiver.




space, el ectromagnetic waves travel approximately one neter3 agragoshr ee
nanoseconds. Next, the Positioning-Unit Device applTes the tine-of-flight
offset to an internally generated positioning signal an®CTAUGH34%5his '
positioning signal to the incoming reference positi orRepgved2¢Maly 2003hus
bringing the internally generated positioning signal into chronol ogical
alfgnment with the reference transmgter. Specifically, Time 15 Lock is

achi eved when a Positioning-Unit Devices' internally generated positioning
signal has frequency coherence with an incom ng refer ence‘ posi tioni ng
signal , andaoieRRlRghnaboRARENRIR Ao Mo ulul i B FOGEadEANSM L L er
timebase. A reference positioning signal 1s trans d'Via a radio
frequency (RF) carrier froma reference transnmtter. 20 The reference
posi tioning signal can be generated fromany valid time source, which may

i ncl udes PosveRvVEW Ng- Unit Devi ces, Wde Area Augnentation System (WAAS)
satellites, d obal Navigation Satel lite System (GNSS) satellites, .
Pseudol i tes, or any conbi nation of valid sources. Referring nowto FIG 2,
a  Posi t i ohfoitieninerPet Rowesiixaesbesinfired trisipcalyes crhisly is posilioneshafe kagve losatienamdirecaives a r ef er ence
transnitt et @0Re re@eai pesionns sipal femanest RORfiico Ringrs PgRdly, B0Rffiansni tted by
the refer angRick OGRS pdiBlning O Dehll& rQWCAQE 1 oLs% %r{ﬁer}g:el@ agrga 203 has

a carrier co onent a unj eudo-ran om co corrponen dat a
corrpone(ﬁt R R et 3“%}# oHigeoReosieplly |33Pi‘[",h8‘f"6"6r3&t“@"§‘ %ﬂ‘f?fef‘l on
receiver momsdiml te the tefoigime towbmitteraimebmse dufl @ansnA@ s, vnidua ositipuag signilonll steeei ver 204

is c a}oabl Sodion @G M ki T&qaﬁﬁluﬁqu%ﬁﬂenﬂoﬁri@fhﬁlaﬁoﬁ S Aol rhomEnE flo@a'ﬁgnrhgtgor?os ' : ' 3”' ng
Si gnals I n SO oni romits CoO ocate
transmtt era{%‘\% llzosgdr‘%gﬂ% B‘p‘i"ﬁf@"‘ah’e F’g’é’ﬂ‘h? é’“‘?"ﬁ’ﬁ‘ﬁgm"ﬂtﬁéi“f‘i"%l ng si gnal
203, the Moot T%ﬁ?rn’gﬂlwn?ftthe@éw rasnt@d signple withini this autnaous etivérieid capibiz\og

posi ti eni rigerindtonoAfs c3dd akd @Ry kibge PointAsHITh EJILﬁdins et ﬂae/faee@ Iﬁn b€ €l ved by

the Positi &EL&&Q Fﬁlj{ﬂérﬁmrp%]\é Ire?e?enc@ %gngz eF osclﬁa?o? Soleél 1% S e‘{'j“d&‘“”r""gﬁ%’&ﬁﬁvg 6t OSI tioning

si gnal 206 carrrer ° conponent ,
and a dat 4™ %‘Pf‘ﬁ’é?féﬁtmd Wéw%@ﬂ%&w‘aﬂgﬂww W@S@@«ﬁ@@ﬂﬂ@t@m beawdi ver 204
recei ves asatefgénmtivklando tisdnre bang@haakt he reference positioning signal 203
fromthe reference transnmtter 202 and the slave posi tioning signal 206
from éﬂheJﬁ gecatei%%transm tter 205. Atransmssion tine difference is
then c W52 EFafled Dsles  Prstigping Upbhayienyuay srve &% wpeeporcal ghamely Brdisiyuia gnal 203
and the r ebelgllysiyatrenizod sdsitinig) bigngls ®i gdihg @eifon rebbi@r. tThia AW B6 rvig L1 ME
differ enc%osm@!ﬁedéﬁé?% dalbutshe b6t B EAn@ o BE t gsgd'g&% KB ?resttmd refiGhiRts d@&\gthpy (a)

Conpari ng ede gﬁrat ed carrier ph asurenment s’ determ ned from
the carri &f &QS‘YPE BhRTLT v Esirigy “%P‘Btr’f’(‘f@“b Lhopr T okt GRTAFTEHI and t he

sl ave posiGNSYHimchpsps. sadgyithdut r@ing tifferendDcodtetiorr i ne a carrier frequency

di ffergnce. AMENDED SKEET MAU 23 June 2006 PCT/ AU02/ 01495 Received 27 My
2003 to (b) Denodul ating and conparing the navigati on data conmponents from
the reference positioning signal 203 and the slave positioning signal 206
to det er mSHEEN AABMETHOPr ansni ssion tine difference. (c) Conparing the
pseudor ange neasurenents determ ned fromthe pseudo-random code conponents

FIG. 1 shows one configuration for 2 Positioning System that generates precise position determinations using
30 code and carrier-based single point position calculations. A plurality of Positioning-Unit Devices 101-1 &

101-2 are positioned at known locations with respect to a reference co-ordinate system and respectively
receive at least one reference positioning signal 102 broadcast by at least one reference transmitter 103,
which is also positioned at a known location with respect to a reference co-ordinate system. In response to
the received reference positioning signal 102 the Positioning-Unit Devices 101-1 & 101-2 transmit one or »
35  more unique positioning signals 104-1 & 104-2, which are chronologically synchronized to the reference
transmitter 103. A roving position receiver 105, situated within the networl of devices 101-1, 101-2 & ¥03,
receives reference positioning signals 102 from the reference transmitter 103 and unique positioning signals
“104-1 & 1042 from the Positioning-Unit Devices 101-1 & 101-2, aud autonomously calculates both code
and carrier-based single point position determinations from the network of chronologically synchromzed
40 posmonmg signals.
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of the reference positioning signal 203 and the slave posi#$i GiHarhosi gnal

206 t0 determ ne a code 5 pseudorange difference. (d) Conparing the

i nst ant aneous carrier phase neasurenents deternm ned frofeT/AF0YAI4P er
conponents of the reference -positioning signal 203 Revelivech2y Mpn093
positioning signal 206 to determne a carrier phase difference. 10 For
precise time synchronization of the9%l ave positioning signal 206 to the
reference transmtter 202 tinmebase the signal propagation del ay between
"the reference transnmitter antenna 207 and the Positioning-Unit Device
posi ti on Tieekicker antenna 208 nust be accounted for. The known geonetri cal

Qe orance il AP RERPuli Aber bRBh B 1 BRGS WLARSI [REL, ARLEANE 07 L0 Lhe

Posi tioni ng- Unit Device position receiver nverted to
a signal TTHE-VEreR] heyppeiogy virianee fTagrslim a4y siplend ipxpepivectloek seureti wehame e/ speed of
|'i ght .5 TheystRoilletoronill suficelbihd Jofertncd ek i6 @reRdike fral@@ied Of Rl pRferrél ebRBHeRR 8

transm ttagp, e&l@%gé&&d c%dl %ﬁlllﬁérncréﬁo)adﬂlbk’céxt £ ek N A fPEsﬁigrP]ng%%/eer edﬁfgst ransmtter

Posi ti oni ng- Uni t Vi C 211 he correctio
cl ock 210 esaéelfeéef’%“'ﬁ’é’ﬂﬁ%ws’f'??@g s‘F"G’s?"fll"%“H'F‘thg‘ spFRiled Gmeoffight dispfram the f r om t he
tinme diffkeaseerdiret videmitche tamerhitar ed de kpos totordinabsngihsPogiiale-BASDesd t he sl ave

posi t i oni g ddd@aal RGNS Budidradlh &3 HofShtibiine 38ay 2 %ﬁﬁeﬁlée&’w tﬂegre{eif;ﬁcé Devi ce

recei yer of fse ference osi tionin
e B e, ShliC e Hor i et B hamh o v 806 i nto 20
chr onol ogp%lel@ymhﬁhbWﬂ‘@amvelnﬂpmxumtﬁhheneradteereeamce:reb rmanesindst elext, 282 ti mebase.

The pr Oc%ﬁmﬂig‘(ﬂﬁtfl)fs% Qﬂ)ﬁdsﬁlﬁ tinbl65- fﬁgﬁ%ﬂse\’ﬁ:@n %%Rgfyeg@xﬁﬁtedg&zﬁﬁotlﬂng El#n Gud! gnal 203
W|ththe | mnates the Positlonlng-Unit

Devi ce pos r lg%n |S\1)g35rl LS g%mfnér’%ren?ck}’@?@ﬁﬁg Sertholiys e depBERel oni ng-  Uni t
Devi ce 2@3‘1@?‘@}1 Ppaﬁomewgmh@to FW@PWP@MeM@qmemmmmxmmout any

cl ockisbi asckGedsieeh tyn & hﬁiudnmg‘-aﬁn ﬁe%mé?omﬁdup Qéné%ﬂed lﬂgs'm%nuges}éha@ﬁas%&éﬂqt ator 212.
POSI 1 0on

Furt her etween two . C

recei veiTQ ?ﬁmgfn m na{ r}%{‘erlf’f/1 PO R ety @%P%?"‘gf”h&@ﬁ%'ﬁ‘%g%‘éfffmé%used by the
posi t i on UAERIEsr fesbase| ectroni cs. Control States of a Positioning-Unit Device
In the preferred enbodi nent, Positioni ng Unit Devices Tine-Lock to

‘referenc control. states; State O:
o o1 eno8, LRSI B LAy o Ao R o e Rl e
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Posmonmg—Umt Device 201 located at a known distance from a reference transmitter 202 receives a

reference positioning signal 203 transmitted by the reference transmitier 202. The reference positioning

25 . signal 203 bas a carrier component, a unique pseudo-raﬁdom code component, and a data component. The

Positioning-Unit Device 201 incorporates a position receiver 204 and a co-located transmitter 205, The

position receiver 204 is capable of receiving positioning signals from all reference positioning signals in view

203, and also pesitioning signals from its co-located transmitter 205. In response to the received reference

positioning signal 203, the Positioning-Unit Device 201 transmits a so-called slave positioning signal 206

-30  from its transmitter 208, which is received by the Positioning-Unit Device position receiver 204. The slave

positioning signal 206 has a carrier component, a unique psendo-random code component, and a data

component. The Positioning-Unit Device position receiver 264 receives and simulianeously samples the

reference positioning signal 203 from the reference transmitter 202 and the slave positioning signal 206 from

the co-located transmitter 205, A transmission time difference is then calenlated between the received

- 35  reference positioning signal 203 and the received slave positioning signal 206. The transmission time
difference, as used in the preferred embodiment, is determined by:

(a) Comparing the integrated carrier phase (ICP) measurements  determined from thé carrier
components of the reference positioning signal 203 and the slave positioning signal 206 to
490 determine a carrier frequency difference. |
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State 2: Lock to Reference The Positioning-Unit Device pospdy@e Jdoggei ver
204 acquires a reference positioning signal 203 and reference transmtter
202 .position and tine is denodul ated fromits navi gati ACTAAPTR/P4¥ponent by
the Positioning-Unit Device CPU 211. 5 State 3: SyrRdueiowi2dMg28%e The
Posi tioning-Unit Device CPU 211 waits to allow for coarse tinme alignnent
with the reference positioning signal navigation data conponent. An
internal clock generator is then initiated by the CPU 211. 10 State 4:
Initialize Sth@nOGﬁh@lgmgbmphrbmthwgmgdmntdaxmwomm i he2ditencbabspibniig KG@l an
appropriate anzbs hlﬁ'th@lbl@e ﬁﬁﬁﬂmﬁﬂ@ﬂ REBURARR afoda{seutaﬁ}haﬁsm&ﬁer ditkGiib. ar

Posi ti oni ng- - %h g aSSI ezp%aﬁl RN code sequence to the

Posi ti oni ng- {f pﬁ%%/ TR ?@%Wﬁeﬁ? dhe@ppdoantomsopds SUBMNEYS of f set f or
the reference gfcslyurftfqrmmwgw@qggml 209 @@ tie sleve gesitioning tsignat 20@to dRgwing 4 @i ng- Uni t

- Device pscil | aﬁsa:ﬂom%gea)ffemﬁe al so assigned to the Positioning-Unit Device

steered trang &ﬁ ze"""ﬁ'. ‘%égspl X oe%?wng)g%dé 'B&éﬁlﬂgn%m t. Device CPU 211.

Thi s serves to |n|t Vi ce MT?réorl{lgm ter 205 to a
frequency that® fithe W&W‘?’Fﬁ%é@?zﬁﬁé“@%WE&%“%%‘M@&MW%#W‘% ref erence
positioning spgndifersd®3. The Positioning-Unit Device CPU 211 al so assigns
the determ ned PRN sequence to a free receiver channel in the

Posi ti Uni ition recel he recel ver channel is

‘initia zggpmme esf”h%" tﬁ%%‘?%’%ﬂ g{:&i@%wgﬁa "TrtlfdirEsde phase

val ue as tiieePospitionichgbetpn the Dispice tan@ ot antemsi¥ tnﬂ&p P@ﬂ@wgﬂmﬁ prigder to aid

z[i)te:qw Si ti Qitio redeilip anfelud 188 R B etctog;gwdm% Thb GHOR geddRicdPiisth G rE’e%'zhyhﬁBﬂl ng- Uni t
vice posi 0S ni ng:.Uni t ice then initiates a

transm ss:&%ﬁ&oﬁ i n{{&?ﬁi{ Ml%ﬁna %@g&’ ks pmm“ b““’ D%me pgﬁ‘f%melﬁr 5‘1\{53“3208 HHuire Sl ave

25 The Po$MFiit Wweﬂ’f ﬁ)é\?%'@ fcﬁaléq mewﬁﬂrsléc@wwpe@@migmnm Peitiaise-a sear ch for

t he sl Bve UpioBévicé 20 iinBapomiesgeebreORBminGtcRe1® whithQtdbe afjusd R \iequFBEhy the

Posi ti oni @amumgmﬁsew@u gﬁlrﬁe'c&@mﬁn%ﬁa Yy é{?ﬁma%ﬂ&'zgﬁdem

posi ti oni ng. gﬂmgn a coarse uf at llé’ “fromits
navi gat i oR® E‘b‘?Fﬁ‘BerFé’Htm frgip thesfinaydifferynce hjurpen e efrapenpogiiaingsizady 2By Lock The
si mul t anedwglave pasibqingtigee 2@arhich 8 meapira Siethy Holfidhingina Bevce feeivtr204, i offsite 1 ef er ence

posi tioni |Bch§ bR p@ﬁghma@ 2l MBS | Hids (Bprlg{'ﬂe ﬁdvg Lo?lmggglal%@mfom tialized

(zeroe er en, si tioning vice position receiver
204. T%I) salﬁ?n?l?géPlé’ﬂ@ﬁ'ﬂm\t}%lwﬂ%therr%ﬁ?“éeé‘éﬁwr?%Em‘ib?s‘équency and phase difference

- between the reference 35 positioning signal 203 and the sl ave positioning
- signal  206ne phyedssun tiff@dncitg AR Reckibed Riednt iﬂﬁwﬁﬁ didndl Q@'vﬂgthbmév& pdd8hinE Genat CPU 2 11d
~conti nuougdey, orr ons 0 n yice steere
transmitt Z&r %“F‘%R%(ﬁ@i gmttde“ g °sh°n me%ﬁf °I°°F%,‘B’ % g0y gf"gﬁ%% %Wﬂ%n t he
r ef er ence Upjoviee 28kip ﬁ@?"’éﬁegﬁ%ﬁm E@Sm@h%i’z fipgbassyitipeanpdosk bigsonety teilgal 2086,
-t hus i npaiicringYnifveao@may: 2120mithermd/EINEERIn SR twe ThanndIPd Wdme position

receiver 204 eliminates any receiver line bias or group delay cansed by the position receiver slecironies.

~ Control States of a Positioning-Unit Device
In the preferred embodiment, Positioning-Unit Devices Time-Lock to reference transmitters using the
36 following conirol states;

State 0: Reset
Reset all hardware

35  State 1. Acquire Reference
The Positioning-Unit Device CPU 211 initiates a search for a reference positioning signal 203 by the
Positioning-Unit Device position receiver 204,

40
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23- June 2006 PCT/ AU02/ 01495 Recei ved 27 May 2003 12 Al t erzmlinéeopst-he—
recei ved reference positioning si gnal frequency offset "1%1‘;’&00 14r§§asuréd
by the Positioning-Unit Devi ce position receiver 20 ?é I rect
to the Positioning-Unit Device steered transmitter ¢ ock reate a
so called "Frequency Tracking Systenl‘i (FTS). The steered transmtter cldck
210 sinply enul ates the frequency offset of the incom ng reference

posi tioni szﬁ t hus maintaining 5 Frequency Lock. This nethod
requires the Posi Foni n -Unit Device oscillator 212 to be common bet weer]
posi ti on TheBesitignine- U%Eevampsqurna%gm 30 eqquiOiefrSicatostiBing Rafl gilentedSiay e
Code- Lockmenmz&mmzndmteﬂ@;mm&we nEVipRiH SR Hmpe Rt by mépﬁﬁ&tngwﬁﬂ the tijme
di fferencg ﬁ:"l the reference 10 positioning signal 203 and the sl aje
p05|t|on|ng S|gna 206 can be accurately neasured and any tine bias

el i mi mated. Reference/ Sl ave Code-Lock is. achieved when the

Posi t i onisug-stsjrkiridevsioe st eer ed transmitter clock 210 is slewed the

requi si't t h f erence K| d sl aye tioning

si gnal s ?%?ggs%ﬁ & eep;gel {:IQJ E)ﬁn‘Fag‘s}f' oy Gf?re"’m’(ﬁ'z Bmm'{/a‘{‘?tﬁékpiﬁjgeﬂf’% used t|o
of fset t Hestepingsigpdppviedtipnsfaia ﬁt%nnsqtaf«vewﬁ’eck gefiofs féﬂneetla'@ctbyrﬂe GBWaLt he ef f eqt
of the reference SI gnal propagati on delay, and the calculated tine
di. f f e[ENCRyeisS g applied as a clock correction to the Positioning-Unit
Devi ce st eere transm tter clock 210. The clock correction is achieved by
engagi ng Pheesitonigaih Beyicq PRE L dgonsipes e pppprips)nd ugioes BRDsbdgiseupne@rforalddi t i onal
f r equenc paadufasmiitidnbe-UREDSLERI 0d aisigz@ R RNt B séqheﬂ&i‘fo @elﬂmﬁdaﬁg-emme%@eet erm ned

time perldlglgmmy%@ ﬁggﬁnteﬂt%&henc¥ ffs | {)r CY..0 cesgstlnﬁgm%om%tzﬁfm%vave 03| tioning

si gnal eco

r ef er enc &o%tionpglftDewre ogelpton 31 Rty assione octhe Resitipniyg-Hait Miviea piepred @uﬁmpﬂe!et ed t he
cont rol lcbeeid by tePen@agod DIRe A BN NAksisi Rk ¥, mnméahe'-mﬁhnﬁ@mthﬁw@& hi eved by

sl owi ng mgt teer enerat or the

requi si ttgggnr?oﬁﬁz?sttg? @éqﬂ%gl-ﬂh& ]g% hﬁf}) saﬂl\gll\isﬁmIthset “f%ﬂqh?% ° ‘ilyeﬁeﬁcelff’s&ﬂ'a'égncy Lock.

_ Code- Loc Rietas 2 e dosiqrinertf ‘tdllﬁ‘d@ deoyessipphthe fietetneinel R saarepdefo mGbesy. I n t he
pr ef er r edecevebestinerBnihe Pam@mg-umangmmﬁh&ﬂr&meﬂmmh& redRd iR if ininﬁlﬁéd PRN code

noi se to“@}h%g&%aﬁghe% glmed é&%ﬂong’o St c”f? Wﬁaagﬁgﬁ’gﬂ ce/ %e Phase Lock

Once State ave requenc Nt/ Sl ave
Code-300c Krangpifier 05pip é‘\‘?‘ﬁ&’ aidtawsmqnuofrﬁhe SlﬁYerPG%lt@mmSing 206 byriag H?Silmm-UmﬂBmebe

cor r ect egositibrl ecebrer B4 THEPPsEinGIAS PeveTBbOiitidiad 20 nisdicd)of Be bl PosRbaidgl | gt

phase offsgng} 30 (1) Correcting a 180 degree phase anbiguity: Data is
denodul at Pr om a PRN code positioning signal using a specialized

Phase- Lock- Loop, well-known in the art as a "Costas Loop". The Costas Loop
t echni queétt hidequeesidvy | ncor porates a 180 degree phase anbiguity, and

t her efzor ni ignal s.wt alf cycle
anbi ?ﬁ. t3h o q’tng ?%‘“M ‘b“mq “%Sé‘é?%@%ﬁ “%éerP"s“mP%" %tlae 35 200

pi cosecond tinme offset at 2.4GHz The Cost as Loop anbl guity can be resol ved
by ref er smee otk taiSlave ,

The Positioning-Unit Device position receiver 204 acquires the slave positioning signal 206 and a coarse

y

slave time is demodulated from its navigation data component,
30 |
State 7: Reference/Slave Frequency Lock
The simultaneous integrated carrier phase (ICP) measurements for the reference positioning signal 203 and
slave positioning signals 206 are initialized (zeroed) and differenced by the Positioning-Unit Device position
receiver 204. This differenced value represents the frequency and phase difforence between the reference
35  positioning signal 203 and the slave positioning signal 206. A control loop within the positioning unit device
CPU 211, contimously applies corrections to the Positioning-Unit Device steered transmitter clock 210 to
maintain a zero ICP difference between the reference positioning signal 203 and the slave positioning signal
206, thus maintaining Frequency Lock.
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predeternined sequence of data bits, generally referred_ top@igus sgoganhl e,
transmtted in the navigation data conponent by transmtters within the
| ocation network. Wen the Costas Loop anbiguity is resol PGAPUCHPIAN,; ¢ ary
fixed phase difference becones’evident between the posiferaved 2/ ¥gi20& phase
registers of the Frequency-Locked reference and sl ave positioning signals.
This AMENDED SWEET | PENAU - 23 Junel2006 PCT/ AT) 02/ 01495 Decei ved 27 May
2003 13 arﬁeI trtarg&phase offset is due to the arbitrary phase of the slaye
posi ti oni ngG S HGI0e GV Setepps BEEeRng siens (feaupmey PG Yale 96 apsasired b ow, (2
Cor r ect i ngPoviiiowme-Hiit PevicegositioRPkreiver 20K, feanctte fed Alirdetlyate the BeshtibringYoak Devick preredf - 1 i ght
phase of f Sikuniir RAEALE bdbisy calic Ralefls THEUESRIPTROHLLAR KGR ghp!

propagat i erence trans tter antenna 207, and the
Posi ti oni (I’)lﬂ %m+ %Bie) &’é\eﬁ&%{mﬁ%ﬁfﬁ%" H5 greompg Lot %%?‘fr?%‘l“?%é‘ﬁ“akﬁ"%fhﬁsrf’@@‘%% bet ween
the refer ﬂcytlﬂﬁhm meghed: required the ResitiPargiUinit Bevice epeilliter £12Bekei commap dewide
r epr esent e@siia redeivai0DRE rattnita®d. € carrier cycles (the integer conponent)
213, plus a fractional carrier cycle (the fractional conponent) 214. The
time-of -flight phase offset is the fractional cycle anmount 214 conputed
fromthe ﬁ%&w%@iﬁﬁ'ﬁ”‘f%ﬂ"i‘@ di stance between the reference transnitter
ant enna 200kcafsle 7ltefddeeslive GrRivagy Utk tis S0BMWed @e 8R¢ Qifk@ce @&&n dRfededtt €0€ET

conmpongyt p%é'it?bmbggmﬁﬁ &63%9& ﬁﬂslab&o&&ﬁm%%l@%l QO@carﬁ%faaL%rqg %Qfss & aPhs o9 k-contr ol

state desgjEE ngq vveveyr %P8 00 fine
to be corr§ ’P%‘H WfF""’E’WéIa‘StC&‘Eeé”‘S is aupved whee By Bysigoning BitBevico stered frapsmeiter and nust
t her ef or e dvek BOisrsbwddeln raaisiaaman bf e PHHAG Be AeehtS TRk posltlIxhl% s@ﬁa&wncy

Tracki ng Sgstem aﬁx&%@t ‘I'h§ mﬁ‘e%ﬁi&ﬁ‘%&’hﬁg Esthedptp §ﬂ’s&t r}llxe%?recp Q{exence-s e GSe steered 15

transmtter_cl ock 1S t] IsiteTra cycle anmount
(fromits F‘?“&Wﬁ"&‘)""' W&%‘ﬁ‘?ﬂé"d“f@éﬁ“ﬁl Wbﬂf?agﬁtﬁa%wr&méﬂca@fdémwﬁwcq ih step (1)
-above) 1% o fign pwlisd ys dedciecomberiado thd Positicafe-Gilid phte steptiasaminglclak 210 ITe: clock

. Ti me- Lock- cL&&Bn GsTalelkigved' § G fone) Q&{@ygﬁl k%gﬁenﬁgﬁ‘b)t L&&%@@%l{@ {:]dth.% I ce

carrier ﬁmase s ﬁgoa 0Nl ng"si gna nat I n
Posi t i oni NGT O PEe ik 4o aHHY 2@%‘ 4 f?’iév?‘“@?ﬁ‘?%d%@?f@%lmﬁ addifigpehr oni zed
with the rﬁefiueqc:evf@@ atfopsthesstriet posisioni@(Znat 206 ta sew intiva @il josdnted thpicslgregwinal 20

emanat i ng e @Rnte RnsnBEr A LAERsd HRD ﬁmm%ﬁew%ﬁﬂaé’a tife Udrol %oggsq%gngaﬁedac hi eved,

Ref er ce/ bove states

the ) 2 T ottt e e e oo Es Ui ERmier MSPRLE9901 bog) s
transm ss|g®1¢‘a@fthelﬂtqwsﬁn@wmﬁQﬂctbdyphssyfvmbsb eirfit zeiokaiving Fpgenop bk t | oni ng si gnal  215.
The Positioning-Unit Devi ce uni que positioning signal 215 is now

chr onol oglcc%l Ié(( S ngihr % to the reference 25 transnitter 202 tinebase
with an accur ?3 p‘i’“ PRIy MRS RFEfY, nqis ol thecprefort prubadivedt | y beyond
the capaétFttﬂpﬂDdTO WW@WGBS@MPMunem@@@qumm@laﬁelgnal s In the preferred
enbodiazent each Positioning-Unit Device transnmits a uni que positioning

signal, \M.'}{a% Q: Reference/Slave Phase Lock
Once State 7 Reference/Slave Frequency Lock and State 8 Reference/Slave Code-Lock are achieved, two

. time errors stitl remain that must be corrected: (1) & 180 degree phase ambiguity and; (2) a time~of-flight
phase offset.

14

30
(1) Correcting 2 180 degree phase ambignity: Data is demodulated from a PRN code positioning signal
using a specialized Phase-Lock-Loop, well-known in the art as a “Costas Loop”. The Costas Loop
technique inherently incorporates a 180 degree phase ambiguity, and therefore can acquire and track
positioning signals with a half cycle ambiguity. This haif cycle ambiguity represents an approximate .
35 200 picosecond time offset at 2.4GHz. The Costas Loop ambiguity can be resolved by reference to a
predetermined sequence of data bits, generally referred to as a preamble, transmitted in the
navigation data component by transmitters within the location network. When the Costas Loop
ambiguity is resolved, an arbitrary fixed phase difference becomes evident between the position
Teceiver phasc registers of the Frequency-Locked reference and slave positioning signals. This
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30 .. consists of a carrier conponent, a pseudorandom code2xamedoest, and a
navi gation data conponent. The carrier conponent |s a ﬂbﬂ 495ad| o]
frequency wave preferably transmtted in the 2. 4G+ %{% gh the
met hod of the present invention is equally applicabl requency
bands. The pseudorandom nunber (PR)) code conponent is nodul ated upon the
carrier conponent, and consists of a unique code sequence which can be

di stingui shed atmRGSk: oEfcheue SR bEIRHBRGUMENASSBAKERGES: § fRfsF tted 35 by
ot her devices @bl RfBRGRTFier frequency. This technique is known as
Code Divi sion MJItlp%e Access (CDMA), and is well-known in the art. The
navi gation data conponent is proprietary information nodul ated upon the
pseudor andoni?t EWertissd ims ot Phasa ety petiondleoscledime-eftiiigbimbegatiiedneeschtidwk t 0 transfer
navi gatfon i nfoﬁtmnmmﬁoﬁlngl%@ﬁal ;I{dp@ﬁﬂmﬂgla}u}aﬂw&n mﬁ@ﬂ&a@mﬂal’a@ﬂaﬂ@ posi tion

recei vers. Navigat PoQﬁbmhan DB hobha BB Yrhd @%e“gﬁdxsta&g dﬁ@gt‘%ee} the Weference

Posi ti oni ng- Unj a hor | cal erence crock Ii neage"

i nformati on, alrrl i (n (ﬁl} ﬁ°5%°nd1§?n'{bse8°eﬁaé' WEPREEHE SO ENESSERES  NAU 23, hna
9006 PCT/ AUD2/ e ptszsr comppead) GBcplo 7 fingtipel 2RyRCyde) (i frpptionyl gepponeltir?l4. Gher at i ons

- Ti me- Lock may  fne-of-fight phavenfitesielthd Mctirairyclecinduit 214 ediipu@ @oh ihiéwalgbodfiial These

conf i gue at i ONSgidane bekee: the rdferend h%ﬁsﬂigér%teﬁtﬁfz@fr M@Pogxtﬁoﬂimf[ﬁ%%@& appgadcasting to

a_singl e Posi tin? %er@ﬁeygpro?e%\q ctc mthe Sétc§ k%'gﬁn%elsﬁ\(;?%-zgﬁe t ansm tter

br oadcasting to I onr ng e or nore
reference tr an‘%?fﬁ'bF‘ A TE?@@“&EIE‘&FS"EPP‘WQWH?VGUQHtqf’lfﬂ?ﬂé?l??émeﬁqdyﬂ tRsle®i oni ng- Uni t
Devi ces 4. A Pfeurcablive Qodefock saieememasethdrefo&rbs Birtcte®#sS i A agilsineg t 0 one or

nmor eI Posi ]'EI ONi 1hg Flelpbrky ﬁg\c\gmpgﬁtgm |e@ggep91§|ﬂ{elpgsrhoﬁ,ﬁgr{gﬂsi)\;@&{g{egéal zat |Uont 10 A
singleyefere l resgvp cast (i et B 0si L1 oni ng- Uni
14 r&ﬁ%mjtﬁg %ﬂ&@l& % 5 1 eg‘ 1t t gat Béyl %na?glttgﬁ'o&,g

Device. A single ref erence 1St a reference
posi ti oni ng sﬂ@"ﬁ&’l’ ﬁbﬁaﬁp@%ﬁﬁ‘leé"%@i"E’Ptﬁ?r{})ﬁ'ij‘ve)‘E’JHP"(""IYBE‘W’G@“mﬁf@ENZ shows a
Posi ti oni ng- Urdhtse @ee e GinOdck-Seop (ThL)acthea te-capaged) Dbositioda tUnioDevicevadera 1 ef er ence
transmtter 20ResedabeQoshibingStoRdoctanRink AR P&Q&ﬁ& Uﬁarbew&fa&enf%d it do@Ni Ng- Uni t

Device 201 recggo%ggcﬁ%yy{lﬁé}%&%%r‘g@%gm :éce'ust' AP TO PR IOaI Ho&gogﬁnt?r@%?sm tted by

the reference tran e posSi 206 15

“transnttted bfmf‘?f@gwef&fef??ﬁi‘?@“ﬂﬁafmﬂé% ce transm tter 205. In response to
the recei ¥ed 1k RfeencgBloeAldodi ti oning signal 203 the Positioning-Unit Device

201 det er WReboihbBovk L HRNER «PRBE, thh@pijz@gdeaar@ﬁamw APaoRtikaR-wel ay 209 and
appl i es a%eﬁbgeﬁlogghsa&agsm}séogqé%a efully am romz% rrecgosx gnnég Clh%lgnﬁl ogical Iy

synchroni ze_the and data
conponent *eioRnELn Rerics i R°§)“°§|‘éﬁf@?"‘é’c1%'d"°§vl°%{?)’él°%§FSE‘?hfs’ﬁ'qu@ besgfagpral 206 to the
carri e? crmpoitieiie tm@wiﬂlcﬁdeccm@nptnmmds anghattlipt et b epoadnbeyal it he ref erence
transm tt edpacQrfpsibtadoni Ng signal 203. The Positioning-Unit Device
subsequently transmts a unique positioning signal 215 which is

chronol ogi cal |y synchronized to the reference transmtter 202 tinmebase. Two
posi ti oni Hw&#’éﬂaﬁwg&&% not sufficient to determine a position solution in
‘a roving pobd treferyey emndiment eaph, Positioning-Unit Device transmits a unique positioning signel, which

30 .. consists of a cartier component, a pseudorandom code component, and a navigation data component. The

carrier component is a sinusoidal radio frequency wave preferably transmitted in the 2.4GHz ISM band,
- though the method of the present invention is equally epplicable to other frequency bands. The
pseudorandom number (PRN) code component is modulated upon the carrier component, and consists of a
unique code sequence which can be distinguished amongst other pseudorandom code sequences transmitted
35 by other devices on the same carrier frequency. This technique is known as Code Division Multiple Access
(CDMA), and is well-known in the art. The navigation data component is proprietary information modulated
upon the pseudorandom code component, and provides a communications link to transfer navigation
information to Pasitioning-Unit Devices and roving position receivers. Navigation information may include
network time, Positioning-Unit Device locations, metaphorical “reference clock lineage” information, and

40  other desired network data,
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__However, if the reference transmtter is a WAAS satellite i ed

" Positioning-Unit Device signal 25 will be synchronous with UPS t|

pi cosecond | evel, and therefore can be used by a positi onP@'E/ég y@f’@%\

addi ti onal precise ranging source for a conventional cBesived

solution. A-single reference transmtter broadcasting to a pI ural ity of
Posi tioning-Unit Devices. A single r& erence transnitter can be used to
forma network of Positioning-Unit Devices when a plurality of 30

Posi ti oni ng- Lglré_ng kEew ces is in clear view of the reference transmtter.
FIG 3 showe 5 BFIPUrI 9 of Positioning-Unit Devices situated at known

| ocati ons 36&‘“"}"“&2“@@‘1@2%%&*”&1? diffehianfgyationst Tremonfigtritiens n802 al so situated at
a known | ocatilon. Adtete Pesicd tizeninGealidniidy o Daigie eRBonBPTnit bevie. 301. 2 recei ve.t he

ref erences posiat i Omweﬁkﬂa@alanm%%br&&cﬁmémafolﬁrﬁig oﬁ%snt{mﬁr% Uﬁ:ﬁﬁeﬁg&?nce transmtter

302. In response t i gnal 303 each
Posi ti oni ng- Uni t ﬁ%@%réngm%%im % %ﬁ%mﬂwﬁegtmé“ru‘?nmffg“s@ﬂP§S'“° g‘b‘ c"gﬁ/e si gnal
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FIG. 3 shows & phuality of Positioning-Unit Devices situsted at known locations 301-1 & 301-2, and a
reference transmitter 302 also situated af a known location. The Positioning-Unit Devices 301-1 & 301-2
receive the reference positioning signal 303 transmitted by the reference transmitter 302. In response to the
35 received reference positioning sigoal 303 each Positioning-Unit Device 301-1 & 303-2 determines its
respective signal propagation delay 304-1 & 304-2 from the reference transmitter 302 and applies an
appropriate transmitter clock correction to chronologically synchronize the carrier component, unique PRN
code component, and data component of their internally generated positioning signals to the carrier
component, PRN code component, and data component of the reference transmitter positioning signat 303, .
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Posi ti on ip&gibnliﬁ-éi s$gnal 405, The second Positioning-Unit Device 406 subsequently transmits a vaigue positioning
signal 408 incorporating a carrier component, PRN code component, and data component. This unique
30  positioning signal 408 is chronologically synchronized to the first Positioning-Unit Device 402 timsbase,

which is also chronologically synchronized to the reference transmitter 401 timebase,

A plurality of reference iransmitters broadcasting to one or more Positioning-Unit Devices.
A plurality of time-synchronized reference transmitters can be used to broadcast reference positioning signals
35  to one or more Positioning-Unit Devices. In this configuration any reference signal esror sources, such as
- multipath and tropospheric delay, can be averaged between reference transmitters to improve timebase
accuracy.

FIG. 5 shows a Positioning-Unit Device 501 situated at a known location, and a plurality of reference
~ 40 transmitters 502-1 & 502-2 with common timebase, also situated at known locations, The Positioning-Unit
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30 In the preferred embodiment a Positioning-Unit Device position receiver incorporates means for receiving
positioning signals from other Positioning-Unit Devices in the 2.4GHz ISM band, and also positioning

- signals from WAAS and GNSS satellites in the L band frequencies. A Positioning-Unit Device. may use a
WAAS satellite as a reference transmitter and Time-Lock its 2.4GHz slave positioning signal to the
1575.42MHz WAAS positioning signal. Time-Lock between disparate carrier frequencies is initiated by

35  coherently down-converting the incoming WAAS and Positioning-Unit Device carriers 10 a common
baseband frequency in the Positioning-Unit Device position receiver. Time-Lock is then performed with the
methods previously desctibed. Coherent down-conversion requires the local oscillators in the Positioning-

Unit Device position receiver to be driven from a common oscillator. In the preferred embodiment the
common oscillator generates clock information for all components of a Positioning-Unit Device, including

40  the position receiver, transmitter, and central processing unif, Line biases and group delay are taken into
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30  thereference WAAS satellite.

Positioning-Unit Device Reference
In the event of a WAAS satellite not being available, it is preferable that at least one Positioning-Unit Device
provides the timebase for a netwotk of 'Pdsitioning—Unit Devices, Referring now to FIG, 7, a fist
35  Positioning-Unit Device 701 situated at a known location is designated as the reference transmitter amd
creates a system timebase from its internally generated clock 702. Two subsequent Positioning-Unit Devices
703 & 704 situated at known locations Time-Lock to the first Positioning-Unit Device reference positioning
signal 705. A fourth Pbsitioning—Unit Device 706, which is situated &t a known location but out of range of
the first Positioning-Unit Device 701, Time-Locks to the second Positioning-Unit Device unique positioning
40  signal 707. Therefore the system allows accurate cascaded time transfer through intermediary Positioning-

AVMENDED SHEET
PEAAL




is Unit Devices. Position receiver 708 recei-ves—time-synch2bimiss2006——
positioning signals 709 being transmtted by all Posi t| o Vi ces
in view 701, 703, 704, & 706 and subsequently cal cul at g@@? I nt
position solution. Further, the tine calcul ated at th ei ver
708 wi |l be chronol ogically-synchrongus with the ref erence cl ock 702 of
the reference Positioning Unit Device 701. The arbitrary time value of the

S refer €NG it 9[3&@%1’0@9& rm&emﬂg' re}eﬁgs tilx:1)19§l .I,hlrogglug A tm[LnJ.ﬁxlg b 56‘ %/0? geﬁng é‘g}ts%%t%‘lb()f no

consequen\&ﬁ e user 1 s on ncerne hat i on.
the user g‘ﬁ’é‘%" UH’ED‘*&‘I"?SQ‘I’H‘?’M‘F W E’% %7‘§IWB@FWQBPW®35@MWIPH@OH refer ence
cl ock 702 selitiol iFarihrige tinefealuiptata thB@sitidni ravstion gps Wi Hecl%\ﬂb@ﬁﬂy%ﬁ&hrﬁe@d&ht 0 be

st eer ed t%euafé;mfa&ktvbzoaltﬂageférta&etpogﬁ‘o\{ﬁlﬁﬁnﬁﬁkﬂ R SHEGY %%3 timebase

10 I n thhe event ite si ber ng and

al i gnmént ¥ T %ﬁ"%ﬂ@l W‘E“Pﬁiﬁ&’ﬁ%@“‘f‘% “Hé%?&ges’é“ﬂys °ff“6r°°”t*%@“9ﬁéfi %PSR‘ is joply |
pr ef er abl eoncdysd with posifics desorgioatifo¥ the nmimiishes- toiatiznbetwithe gkl shebae, @dn he UTC by a
GNSS  ti Medades-clodk 703NGEin thk RBRAS Bosii AR UAES itk T00RddL b B ek &GHINer . Posi tioned at
a known | ocation, to conpute a time solution using at |east one GNSS
satellite. Time accuracies in the order of 50 nanoseconds are achi evable
usi ng t hi SositionipgVeii ReviceRafergucp sieered by @NSGdimelesecy bet ween Posi ti oni ng- Uni t

Devi cel, \Wrhcdventdfe WHASEateliGigRilhot Wing 31/513151&1%d&ﬁ’gﬁ:ﬁéh@t@@@o%bﬁaie%&%ﬂmi t

Devi ce, Wig

Sol uti ons (JAlthpI ura %ﬁ I%re f ﬂgéer%%rg%gpr%ﬁ"sn ﬁﬁ‘ ) e?v’é:e Verf)dtet\é\?fé'gay ¢ %k%‘ eate a

pl ural i ty"BFsaf %ﬁ‘ﬁﬁ%se FF&‘E“‘\‘?&)“rPR%“W 1aggiver cnatitéoprd iUmovmdqeaion fo chrepgte i tige own UNi que
tinmebase, sobtibching & lge ae CaKSdteliy, TidtCachfie REBC et 630 SdﬁbsEcB:ﬁE are Resiagid on 20

- receivers u&ﬂé%s t@cﬁﬁq@ 'REIH@& &SL Mﬁgawén ?Asx?%?l)%%&gﬂés) 1c are V\eociged an

deterr?nemg_ ition, veloclt a sing ep0|n posi tion
sol ut i Bn. BYFETpsEstioue: UF‘b‘?:"é‘Fe\’/%'P ’eg‘a‘ﬁt%l"%ﬁ“"rﬂdlﬁ@l determned relative to the

- network tinmebase (i.e. the reference transmtter clock) and is terned an

i nfra-net erﬁeﬁ,Q&ipwugﬁlSMLﬂgti on. Position receivers that are |ocated at

t he boundgr% ‘1? tf\(\ff aut onopous networ ks, and receiving positioning signals
from Posi t'i ORTH TROSCETEE TRy BbSHhioHIRE @Ry of dyiepemauy pebyorkg A% | ngui sh
bet ween t n@mms metikbsits @& uipetibase vhide eneadey he Ris@ica Gndnitet. Posiaasi ti on.

- This @an Reivee sedatd At @Riman slnElE %on&ﬁﬁs%grk Bﬁsdetgﬁnﬂpp(ﬁl%n, 3108 an@‘ requires
a roving to hose a_sing apply cl ock

tion.receivey
correcti oﬁ)%jt % %Sé"glg &%y ﬁ?imo“tsf’iﬂ’é’b zIEeé""B@F Brdresdims Htl'i o, ﬂﬁe&n‘?ﬁ F?&P‘@ tcp‘B“l nt
posi ti on Bdtodk timspese (i e hrkrpeediemite dlodirauids twerd m Bosktvbo pistigr dntide. Devi ces

al S0 i NC| ponebNGY diat hriRGA étlmga&lhda@ of NG LB dfoud nefonks, ard Qecdiviile %ﬁectl Vlnt 'y“mE hei r

net wor k dat re erenetlrrelnterco
" Posi ti oni ﬁ%‘a ff\?%%oﬂe %gmt%eg‘ff&%’“{ ‘??Qtﬂ“‘tmf F PO Aigineysh petysen fhectae ek positi on
recei vér sm%ea%esééf?féﬁwgﬂ%mhw@hﬁ cag hexdescrit! ayah biei-mavbrk hsitionssalgriott, anf 1 ef er ence

. cl ock dat agir@r reag fosit@SictilePd 'ﬁl@lg:hds@!'\i shngiPRMdbEsSankt BpplY I BW.corbbiom tthd O 2
Posi ti oni @%bag@&m@emn | ocated at the boundary of two

. itjon. receiver
aut ononous ne i “gasﬂ‘éltegr‘“i? ‘{én\ﬁﬂt% Posi tioning-Unit Devices are
associated with each network, and therefore which 35 Positioning-Unit

Devi ces r Eﬂﬂdlpl‘e&rrﬁ R6GinGeR) rF’oﬁlibBJth!ﬂuthﬁJaé DsolildRge" ﬂé‘Mhrﬂ gieﬁﬁéﬁtﬁx'(l@é&vow ver

p05| t| n t oni ng-Uni t ce receives Network |.D.
i nfor n%)tl on f‘ roﬁ%1 ﬁé%nn%mf’rhﬁ&gt 1 oma??d“etﬁfrﬁn°mlﬂﬁ°é°§“ﬂfﬁ’imy\?f%%“m%d in
response gEneavigsechsiy P@Srﬂmﬁm Hevicpssangd wpsitie repaimeri cdn, determing ftfo roigit imgin t o al |
ot her .PoSmhdtdpiitan Yinddgs” bof refkdeiéd QRS dd ¥k daVHofkDniROSitt DeAi: ih GGET VB Bovish Vi eW.

-NVEENO SSl_ﬁlsi&onmg-Unit Device ot position receiver located at the boundary of two autonomous networks to

:

determine which Positioning-Unit Devices are associated with each network, and therefore which

35  Positioning-Unit Devices require clock correction within the roving position receiver position calculations.
Each Positioning-Unit Device receives Network 1D. information from all other Positioning-Unit Devices in
view, and in response generates and transmits its own Network LD. information to. all other Positioning-Unit
Devices and roving position receivers in view.

AMENDED sMEE
{PEAAL




=TPWAU 22"ho -2e06- PCT/ AU02/ 01495 Recei ved 27 My - 644ew- o]
FIG 8, there is depicted two autononous networks of Posip-haiy
Devi ces 801 & 802. Positioni ng- Unit devices 801-1, 8 %"Z'*" ar in

vi ew of one another and commuhi cat-e to each ot her 03|t|on| ng SI gnal s
803-1, 803-2, and 803-3. Positioning-Unit devices 802 1 802-2, and 802{3
are in view of one anot her and co nicate to each ot her Vi a positioni g
signal s A5 Positio i.t, Devi ce situated near
he bound ey RS BB R AERP Rl “Brsmmos FbuT o B8 st BRHLERE  Dovi C

poSi ti omﬁﬁﬁ“@%}ﬁﬁld&m@@ﬁlgsqlrw 303 adjinaviserrof onm @b rikd cRogibdteonéaricpitieni t Devif ce

802- 3 and;mmmg@dﬁﬁaltmmms ﬁllpfoa‘lt%ﬂuﬁgm devites $bb-DG62-Di.Acs02-9he the adj acent

network ti h.re I I e The

Posi ti oni ng ﬁ’?efam%e}and comﬁﬁ’l %t rm p%?“?)“é“ﬁ s%}s?sg%{, 8@5‘&5“@%346? He adj acént
net work FPEFopiag U Degeeieted Evewthq:@sndwzftme g @gw@ks 3Q1-BRRVES Rositidning Usiet wor k

dat a, V\/ﬂImhwlpﬁslﬂoﬂﬁg(}fgﬁmm%mwaﬁa@a’&@t—ﬂ%ﬂﬁﬂkt’bsﬁl&hﬂ@@mﬂﬁevﬁ:b gﬁ-@landg&lﬁ?&m%e the?0S1 ti oni ng

Si gnal S ftﬂn%ge%f%e an gﬁl&?b%cgtqﬁe a% el%tn ork t%%ebgeo\il aﬁ%tl%g Itsf %VFDEVI C ? 02-3 needs

to be recelved i onl N A% et wor k
correcti GHelyss E’l’é@ ogigionine-Unig IDG‘é%ss‘}i"ﬁ ‘E@Pﬁmﬁhtﬂl‘)@n@ﬁms et %Iﬁﬂacmf-eetworkne :
coher ent .PofflonibgHinit evices S0B1)I892-20 R B0220I8 itd rievBrk B, WiRdhtis BOYbraR &&Jpos&wﬂ@ed measur e

an adjgac # |, Ofls which are
sent in ? ﬁdﬁg%%{%mﬁ Mstﬁ?m%@%%@@ﬁkwg&é%ﬁﬁ@%%s P3PS Pecei ved and
rel ayed FEeEE h!é?OSIFB&g'HJWbPﬁVﬁb%ﬁ.“ﬂwntfeWe ésletwﬂe pipption gl whallplockadt f 15 801,

f or - subs eqesendus teivanaritias tobdenBRidheimote, GHAMPPokifonih SV TBvViREI-B hdimégeLi ver s 805.

The trangmifatadehak ra?festt.ta%gﬁt}xcg,le%k cfoskacnéa@aokstmhwﬁéngg% Fhol [ &ndpga of the

Posi ti oni ngleUnl t Device osttioning s I's recelved by a
posi t i on PPsicniesigsal $d, ate pegeiver and pedyed i pihigeRorineine: %Fekylt@(}!ﬁ ogn @@k The
rovi ng péel for sotmeqnepceasutission a3l & 893-2 tolreving peiEinteevendbavor k cl ock corrections

from Posinid eias Hikdiol i il 3300 WP RO ERLEHL R 852 ST 0! €

p0| nt position solution usi n}g Positionin goleonl ng
signal s PHHOIRSER02-4, s reseeed by a%’@%‘m?ﬁ““&h%?s %‘%&V&Stbe%f‘é?w{%‘s% -oni ng- Uni t
Devi ce padkd movingrppsitign resewg@has&ﬁb&ec&yed\mwrk &lock ictt@tions [fioi PhsitpAfd-UnitARvigo| Ut i on

cal cul at ggt.3t Be e %&%gtm%tésl ogﬂlg{]z,gﬁ ‘?iflondsglauoﬁl %FM‘LJM&% Unkt IgReCONer ent

Wi th the network aset t he ections.
Furt H8r nﬁ?slemm‘tgﬁ’émﬁdﬂvé?@’e“ﬂ% 965131@“  tprk Gositipning-Unis Ppvice pBBioNITE can al so
recei ve pgsiits-dWithg sisglegpoiad positih DhBorf calautatet e rofing whitidtasditet S8 clog-willi t Devi ce

- 801-3 an%%@e&%v@thE@%ﬁ&mpﬁﬁeﬁasgﬂégﬁﬁﬁgﬁ@cl&i{ &ao.%'fu&te %%@{ng 01 with

respect to its net wo ace het

Posi ti onpﬁﬁ“ﬁ’ﬂ@ﬂf"f°‘“ﬁfe\ﬂ“@§“‘§@%%“‘i 78 FPoYi Ve APPEIpRIng Sistals 8‘8’ fropy the St Rogitipgine-f or the its
adj acent UnicPaxives #01Baal hannnritrgintpietdifen: otte B0 hetdork 80 bvith resct8Ofs dmi n i ts

net wosk gkadoR 804 dokkbdse., T‘ﬂe%djac%wofk(wéltﬁgng%ng %@Jme gl%ﬂ’: then trén%ﬁ?tg 8OV celi ng Or oving

posi tion r&lcel g}ers chogse bet ween require
Ml tipl e® ﬁcc?'i;n“f‘f’%l)"ﬁl (E’i?g'p’i‘it Toepviges Sty %‘1‘129& S'E‘ﬁt)‘ﬁ)m 15k dﬁaﬁmlﬁl ity of
' posi t i onpasigoning g&al 804-ariereby alowing toviggbogiion Secgitets 1868 1o tehbod foetfvée Ginedased, s from
each Posihiygi ng-Unit Device. Position receivers subsequently interpret the
plurality of positioning signals to generate a so called w de-lane for
“integer carrier cycle anbiguity resolution (AR). RF carrier
30 Multiple Frequency Time-Lock

In the preferred embodiment a phiality of positioning signals are transmitted on a plurality of frequencies
from each Positioning-Unit Device. Position receivers subsequently interpret the phirality of positioning
signals to generate a so'called wide-lane for integer carrier cycle ambiguity resolution (AR), RF carrier
signals experience a time delay whilst passing through transmitier and receiver electronics, known as “group
35  delay”. Group delay can vary many nanoseconds, depending on frequency and ambient temperatlu'e.
Therefore, a plurality of carrier frequencies generated from a common oscillator and transmitted through the -
same transmit path will experience unequal time delays due to the carrier frequency differences, and further
experience varying time delays caused by temperature change of transmitter electronics. This causes
transmitted positioning signals that are not phase coherent. Non phase-coherent positioning signals will
40 induce range errors into the wide-lane ambiguity resolution (AR) process,
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_ DESCRIPTION OF POSITIONING-UNIT DEVICE HARDWARE
35
In the preferred embodiment, a Positioning-Unit Device incorporates a position receiver, a transmitter, a
central processing unit (CPU}, and 2 common osoillator. The position recetver incorporates a plurality of ¥
receive channels capable of receiving a plurality of poéitioning signals, each comprising a carrier component,
aPRN code component, and a data component. The transmitter incorporates at least one RE carrier generator, .
40 at least one PRN code generator, and at least one steered clock. The CPU comprises means for interpreting
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posi t i ONiGPGredivg PadeSing A dekiBHClSREROWAS BbBEYardhd sibjili 86 bdiYere, THE
Posi tioning-Unit Device position receiver preferably should also be

capabl e of receiving positioning signals from other Positioning-Unit
Devi ces PesitioningrHnit Deving trammitte 2. 4GHz | SM band, and positioning signals from
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met hodol @ﬁgﬁﬂe@r ﬁ@bé generatesoim the figitalolhimdin GRSDiraCRiinclynttbeis (DPA). techniques. DDS

technology produces a digitalljz generated oscillator, which can be frequency controfled fo millihertz
accuracies, thus allowing the transmitter clock to be precisely “slaved” to an incoming reference signal. The
. 30 transmitter also incorporates at least one radio frequency (RF) carrier generator, and at least one
pseudorandom number (PRN) code generator. The RF carrier generator produces the carrier component, .
which is a sinusoidal radio frequency wave, preferably transmitted in the 2,4GHz ISM band, and the PRN
- code generator produces the code component, which comprises a unique code sequence that can be
distinguished amongst other pseudorandom code sequences transmitted on the same carrier frequency. A
357 plurality of codes can be generated on a plurality of frequencies to produce a so called “wide Jane”, which -
allows carrier integer cycle ambiguity to be resolved in a roving position receiver. In the preferred
embodiment Positioning-Unit Device transmitters are pulsed in a Time Division Multiple Access (TDMA)
scheme, such that high power CDMA positioning sigﬁa]s do not jam weaker CDMA positioning signals
transmitted on the same carrier frequency. This phenomenon is known as the “near/far problem” and is also
40  well-knownin the art,
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8 Means to initialize the slave transmitter code generator with an appropriate unique PRN code.
) Means to generate and pass appropriate network time and network data to the transmitter, which is
30 transmitted as the navigation data component in the slave positioning signal.

Navigation Data is modulated upon the transmitter-generated PRN code, which is subsequently
- modulated upon the transmitter-generated RF carrier. Navigation data includes time-of-week
information, Positioning-Unit Device location, and other network data such as location and staius of
other Positioning-Unit Devices and GNSS satellites. )
5 g Means to apply the calculated time-of-flight offset and initializ the slave transmitter to approximate
network time and frequency.
h) Means to initiate the position receiver to search for the slave positioning signal.
] Means to acquire the slave positioning signal and apply a control loop to obtaih frequency
coherence between the reference and slave positioning signals.
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15 the preferred enbodinent a first Positioning-Unit Devi czB Jgergaal | y
initialized using precisely known coordi nates, with subse }1
Posi ti oni ng-Unit Devices self-surveying from G\NSS satel |i g*’“ﬁﬁ@lﬁﬁe first
Positioning-Unit Device. b) Means to initiate a refereReeieldhMaydBy ch by
the position receiver. Al channels,pf the position receiver are set to
search for any reference positioning signal in view 20 c) Means to acquire
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" the steered transmtre n ‘or 517j)
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si gnal nawA affisnithe ReqslddoRand GOTHIRMERILS B WhvelRLitRAHE sRBat he time difference between
the reference positioning signal and sl ave

25 ~ DESCRIPTION OF THE MOBILE SYSTEM

A roving position receiver preferably comprises a plurality of receive channels that afe capable of receiving -
and interpreting positioning signals from Positioning-Unit Devices, which are preferably transmitting in the
2.4GHz ISM band. The roving position receiver is also preferably capable of receiving and interpreting
30 positioning signals from GNSS and WAAS satellites transmitting in the L band &equencms The roving
position receiver is preferably capable of demodulating navigation data incorporating network data from all
positioning signals in view. This allows determination of Positioning-Unit Device network time, GNSS time,
Positioning-Unit Device locations, satellite locations, and other network and GNSS data. In the preferred
embodiment network time is derived from GNSS time via WAAS satellites, thereby making network time
35  and GNSS fime time-coherent. A roving position receiver also preferably incorporates means to make code-
based pseudorange measurements for each positioning signal in view, means to make carrier phase
measurements for each positioning signal in view, and means to solve for position, velocity, and time (PVT)
using single point position determination. Single point position determination can be accomplished by using
a conventional GPS position solution, which is generally a form of least squares regression that is well
40  known in the art,
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positioning signal. k) Means to Tinme Slew the steered tramddured008l ock t he
requi site anmount to zero the tinme difference between the reference
positioning signal and the slave positioning signal, suchpttatiol/beos! ave

10 positioning signal is chronologically aligned wth pheivéEl/Tavammes
transmtter time. 1) Means to declare Tinme-Lock status. Common Gscill ator
The conmon oscillator provides a colrent l[ocal tinebase for all conponents
of the Positioning-Unit Device. 15 In particular, the same oscillator is
used to drive the position receiver, the CPU, and the steered transmtter
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ti me-coherent. A roving position recei-ver also preferably incorporates
means to make code- based pseudorange neasurenents for each positioning
signal in view, nmeans to make carrier phase neasurenents for each
positioning signal in view, and:neans to solve for position, velocity, and
time (PVT) wusing single point position determ nation. Single point
position determ nation can be acconplished by using a conventional GPS
-position solution, which is generally a formof |east squares regression
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The roving position receiver preferably incorporates neans23 fur@elogsm ne
i nteger cycle anbiguity. In the preferred enbodi nent integer cycle
anbiguity is resolved using w de-lane techni ques. Once integer cycle
anbiguity is resolved, a precise carmricer phase pseudorange i s determ ned
from the yQviRgnResi tion receiver to the Positioning-Unit Device. The
carrier pseudorange conprises an integer nunber of carrier cycles (the

i nt eger conponent) plus a fractional carrier cycle amount (fractional
componentl. or phagedeOHRMBISHt)ly syadhtbnizie a - s 0.t he
unknown pasition. r Elgo%\{ert.%l 0y K. bias. gT%ﬁgﬁgséﬁgﬁé%‘g%?%%%ﬁ%lﬁ?ﬁfnﬁmﬁﬂevi ces
exhibit time coherency to Vel bieahrrpektpisdesiionme sigrn) supmiedbng leestsinagl e
poi nt > podiferraspirasemitier pigrkneve: yetionf seid mettlod dompising the PERGE G/ posdiohihEinitasAedor anges
Wi thout the nepefeingdhd ihierbrRAie!sAd a1 &A% bLRGAGNe pBR! LohpD T €CEI ver tracks,
denodul at es, %gd int.e.rgr e{% posi tioning SI gna?s ger%ergréat’ed by a network of
Ti me- Locked BbsTTUMPHersmeE Pitionipgsieng/proapssationgelay hstreenapitatiest hesd it ronge e s
used in convent i onsit<ChE ssi¢psitiviitz-unil @Sicgn. GPS recei ver processing and
design, as wely Ag. 06 : Lauity.Resol.ution, are well-known in the
art gpd are nﬁita ggu_:r)%%%i%gltﬁglgt;r ngg'g#luﬁgér(sét{omi%ﬁqnfl’w || of course be realized

t hat “Whi | st t fib "SI50{P8 anfuierprating said wpigpe pyyitiowng sighalan i | | ustrative exanpl e of
this inventi en,compdring s reasidd Q{&d”'ﬁhferﬂi@_?éélJtIIéaﬁtdng@ergwp&ﬁgd@tgiéﬂgs?ggfﬁt 0, as
woul d be appar e%celg?daggﬁxﬁa%?e?ed%lﬁ'llel ed.in the art, are deened to fall within
the broad scope and anbit rof thrS PPHPRAE gl todedpcs a rarsmissipndiffererssyangy. U
AVENDED 14NEEP c@tnuouely 2djusting eaid2 g0 &ratith and itensolissibnredisaidsuniqd® pdsitiofingreiehod of
chronol ogi cal | y assRiigh&Ni zi ng a -uni que positioning signal generated by a
posi g oning unit .)devSLig?e at .a known | ocation with at | east one reference
posi tioning si gnal géA&FpEgrBmssondifiaeiceGid 5 reference transmtter at a

known | ocation, sili d seidtefecrdceposipning signg! frdpagatibraiy,0f sai d positi oni ng- unit
devi ce:  sudl) thit@H@InYdub Sos@bifing sha fsRASilol ' . Least ane reference

posi tioning si gnald; E))S detéesﬁlﬁ ni ng Ogdggae@g#“glﬁ@emggossfl FSRP gL oghg fenal
propagati on del ay between said at | east one reference transmtter and said
Bgzg ; (; Sﬂﬂig; ;?ixﬁgmwg;mggb c@ﬁﬂiﬁl’\?ﬁieﬁlgsgr@ le%aﬁet?dﬁg grétf%r%]dc@ﬂag?%iuﬂirﬁ&h’faées and

posi ti oni Q%ﬁnal“;y oe?‘ é‘on{)%rg"?sﬁég%“é’. sr'%'&féf teeé’?‘E‘hB‘“‘?"ﬂ‘E°E‘?'??FeeF’@dvq‘§‘FmIS@%St one

ref er enc® ‘

PrEAPRReshecgisas of spifpogtdnive-unitdseicwed and i nt er preted uni que
posi ti oni ng sd)ggadrathPand GatiaRiing a ARG OF RahRl)-diest fiRBaR si@ld ) continuously

adj usting saig, ration.and transm ssion of said uni que positioning
si gnal accor'ﬂirﬁ%ﬁ’?‘g :Sa"ﬁig“’?'jty %‘gffeﬁ“e&cé’tﬂfé'éﬂp‘lsﬁngﬂ%grﬁ‘%glf Bom gidraf lepsbonedcterensel i )

sai d ref er ence TR effiongptisi sidiningunipdegiadsimudie iy or fomednf hat sai d uni que
Bgz: %5: 82: Rg Zc:) gﬁr}.ﬁ entéatlF H&&B%i@ﬂy %ﬁlcflr}fniﬁyéqgalaﬁ %@&u%r%?—d%vgrsesgblm lonrinegf s?gnglntgc?m
o %alg at least one reference transmitter or said other positioning-unit devices or both to a
respective frequency-diverse positioning signal from said positioning-unit device;
such that said time incoherence is common amongst all frequency-diverse positioning signals.
30 3. A method according to claim 1, wherein said adjusted unique positioning signal (f) functions as a
 reference positioning signal for other positioning-unit devices.

4. A method according to claim 1, wherein said deduced transmission difference (e} includes

comparison of integrated carrier phase measurements determined from carrier components of said at least one

35 . reference positioning signal and said unique positioning signal to determine a carrier frequency difference.

5. A method according to claim 1, wherein said deduced transmission difference {e) includes

comparison of data components from said at least one reference positioning signal and said unique
_ positioning signal to determine a time difference. -
40 '




2. A nmethod according to claim1l1l, wherein said at |east orgs Juebeoesice
transmtter generates and 20 transmts a plurality of frequency-diverse
positioning signals that exhibit time-incoherence, and wherein said nethod
further, conprises the steps of said pgsitioning-unit device: a) generating
and transmtting a plurality of frequency-diverse positioning signals; b)
recei vi n§ sai & prihgdasceardingpto tlpimgliewkeyeind saik dglaced dsistiissio diffesicg e isclideom sai d
at | east caiffridoR bi@BsMge tAR&Hnk UREmRE féP bR ROR bl RMRIr Yt 1edeVi ces

i ncludi ng i Ite%eelnge ogi.from bagt h; E\Zﬁg c%‘ i ndependent |y chronologjcally

synchr oni % 5 a5 H1Horig il g pab prique peslioping, signsly osdelsraipe # pistHoraademirods | east
one r ef eptendoerngerdiffeniet t er or sai d ot her positioning-unit devices or both to
a respective frequency-diverse positioning signal from said

posi ti oni7ng- ugi t device, such that said tine incoherence is commbn anpbngst
al | freqdency dM¢apsteeasiieg {9 elpimnly Whemimpad dedpred trangmigsion differsace dP)dinsliies o

cl ?i ml, cmﬁleimtastaiechsadﬁansm@?ndaﬁirmas PfsrhihddFRRGris cgiihenslo] safdunekiopns as a
referenc | & sA0ENg. S for ot . pasi tjoni ng-uni.t devices. 4. A
met hod agegég@gél %%‘9%&%13241 Wﬂd\;\‘ﬁg?e |°L;11§‘{§1a 51g“oftét?u‘{(§%§139?eragr'fgr?ln S ST PSS ence
(e) incl dff&€rceconparison of integrated carrier phase measurenents

detentmi ned fromcarrier conponents of said at | east one 35 reference

posi ti onigng si | and.sai d uni que.positjoning_.signal to determne.a
Porri er P gy AaBlog ARHanAh S, OhSeiailod lind Bt Sposfr iR
- said ded H’E’e@?"lc?saglfﬁdﬁ Arsd dpenehtptioarSystere sftellites, idbal Mesigativo rBpteltiic stystern fatellitésa
conponenPsudoli@d)iSay Sheplievic@amt in@l:ﬂ%ra’feq;lﬁl{gqﬂﬁﬁlam.Si tioning signal and said

uni que positioning signal to determne a tinme difference. 40 23 June 2006
26 6. A nethod according to claim1l, wherein said deduced transmn ssion

di ff & enBe (e} matiol getemling ¢o pigiar 1, Sdherein fsaip seferchos pasiienine gy gogtion dddyds i ned
from pseggenagdem code conponents of said at |east one reference
positioning signal apd said unique positioning signal to determ ne a

pseudor andom Pod¥PEEE thaepsifiey &t widm éﬁsé?ﬂfé‘?fe‘@c"iﬁfa“ﬂ“‘ﬁ%ﬂ%w%‘éé‘ﬂa‘i1??@‘ % claim
-1, wherein saidrefgcucpditibnignizaal:ssi on di fference (e) includes conparing

i nstant aneousb)C Q:Blﬁﬁaﬁﬁg ﬂh%&g%@ﬁéﬂtigﬁrﬁnsgl ktqg“gn tr)ca-ion eo sz];i 8(:H]slﬁgr? ! r—dm rdev?c%qponent S
of said at |east one " reference positioning srgnal and-sal d & que
" posi £9 oni ng si gr@Puna geometrigidistancs rbefwaent spist mivesng Srapemitter ewd pkiapositionifigfufier ence.

10 8. A nmethod aeg&@yding to claiml, wherein said at | east one reference

transmtter ipQclude osi tioning- unit devices, Wde Area Augnentation
Syst em sat el I'|5t ecglfve%‘ Sﬁfgf“&]ﬁﬂg\{}fjé%ﬁdgﬁdlgﬁ?%@lafwl%gfﬂ‘ﬁ%at ellites,
Pseudol i fuelsthatgpid zpfepenest ositionihe wiguak propagetion delayds gpivaitre td saidicoiyerted ignatimé-ofn. 15
9. A netingd. according to claim1l, wherein said reference positioning signal
propgbgati on delay is determned by: a) interpreting the position of said
at |east one reference transmtter contained in said at |east one

10. A positioning-unit device for chronologically synchronizing a unique positioning signal generated

by said positioning-unit device at a known location with at least one reference positioning signal generated
by at least one reference transmitter at a known location, said positioning-unit device comprising:
a) means for receiving and interpreting said at least one reference positioning signal;
30 b) means for determining a reference positioning signal propagation delay between said at least
one reference transmitter and said positioning-unit device;
¢) means for generating and transmitting a unique positioning signal;
d) means for receiving and interpreting said unique positioning signal;
€} means for comparing said received and interpreted at least one reference positioning signal and
35 said received and interpreted unique positioning signal to deduce a transmission difference; and
f) means for continuously adjusting said generation and transmission of said unique positioning
signal according to:
i)  said deduced transmission difference; and
ii)  said reference positioning signal propagation délay,

40 such that said unique positioning signal is chronologically synchronized to said reference positioning signal.
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reference positioning signal; b) conparing said interprete&s$ JJnasi200®&n to
said known | ocation of said positioning-unit device to 20 calculate a
geonetric distance between said reference transnmtter and said
positioning-unit device; c) convertihag said cal culated geonetric distance
to a signal time-of-flight; such that sai d reference positioning signal .
propagation delay is equivalent to said converted signal tinme-of- flight.
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30 16, A positioning-unit device according to claim 11, wherein said deduced transmission difference (e)

includes comparison of instantaneous carrier phase measurements determined from carrier components of

said at least one reference positioning signal and said unique positioning signal to determine an instantaneous
carrier phase difference.

35 17 A positioning-unit device according to claim 11, wherein said at least one reference transmitter
includes positioning-unit devices, Wide Area Augmentation System satellites, Global Navigation Satellite

System satellites, Pseudolites, or any other devices that incorporate timing information.

18. A positioning-unit device according to claim 11, wherein said reference positioning signal
40. propagation delay (b) is determined by: '
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| ease one reference positioning si gn?I and sai d uni que positioning signal
to determne a . carrier frequency di fgerence. 20 14. A positioning-unit
devi ce accor di Hg TEHs&er tsmrreting the prsitien of sajdatdeast onf referenet ransmitir santaied idisfid ®r ence
(e) includes conpsapicelreant pditibmgeRaponents fromsaid at | east one
reference posigy Qi i d,sai d uni.que .positjoning signal to .
determne a ti'%%e gl¥ ? %‘fcg%gll}g Sgig nfegpretl negide tf’Ba}‘i‘?]ﬁB‘f"ﬁ o \??“5803538'81&#‘8‘?%9 to
claim 11, wherei 9°9%i @ epstlaie erd geomatnis rdistamibe betatéeh f Biderfeende eiyansnivee | andl essid
conparsi son of pseusitivhiag@s dBasHEenent s determ ned from pseudor andom code
conponents of gai t least aqne reference positioning signal and unique
posi ti oni ng sicgngl%arisgoraoéltveétrmﬁis calgulye 8‘8‘?"6’1%&5???366%@3’“ Beghbiednge

di f f er enc¥h tBpsaidgeferangs pesitioniogiigngl-poopbgatichedeiag 6 eqaietntb B dofventdaionl like-opher ei n
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i nstant aneous carrier phase neasurenents determ ned fromcarrier conponents
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of said beedce ofti agrefredee oMbt sigR). generating and transmitting said uni que
posi 4 oni ng signal, wherein said unique positioning signal is aligned with
a frequency steerabl e cl ock;

20. A method according to claim 19, wherein said at least one reference transmitter generates and

transmits a plurality of frequency-diverse positioning signals that exhibit time-incoherence, and wherein said

method further comprises the steps of said positioning-unit device:

a) generating and transmitting a plurality of frequency-diverse positioning signals;
30 b receiving said plurality of frequency-diverse positioning signals from said at Ieast one reference
' transmitter of from other positioning-unit devices including itself or from both;
¢) independently chronologically synchronizing each frequency-diverse positioning signal from
said at least one reference transmitter or said other positioning-unit devices or both to a
respective frequency-diverse positioning signal from said positioning-unit device;

35 such that said time incoherence is common amongst all frequency-diverse positioning signals.

21. A method according to claim 19, wherein said adjusted unique positioning signal () functions as a

reference positioning signal for other positioning-unit devices.




15 b) receiving said reference positioning signal and sai @3uwonhg2806
positioning signal; c) neasuring a frequency difference between said

recei ved reference positioning signal and said received unique positioning
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signal by applying said measured frequency difference to said frequency steerable clock;

such that the frequency difference between said adjusted unique positioning signal and said reference
positioning signal is minimised and consequently said adjusted unique positioning signal has frequency

coherence with said reference positioning signal.

30
26. A positioning-unit device according to claim 25, wherein said at least one reference transmitter
further comprises means for generating and transmitting a plurality of frequency-diverse positioning signals
that exhibit time-incoherence, and wherein said positioning-unit device further comprises:
a) means for gencrating and transmitting a plurality of frequency-diverse positioning signals;
35 b) means for receiving said plurality of frequency-diverse positioning signals from said at least

one reference transmitter or from other positioning-unit devices including itself or from both;

¢} means for independently chronologically synchronizing each frequency-diverse positioning
signal from said at least one reference transmitter or said other positioning-unit devices or both
to a respective frequency-diverse positioning signal from said positioning-unit device;

40 such that said time-incoherence is common amongst all frequency-diverse positioning signals.
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30 measured frequency difference (d) and consequently adjusting said unique positioning signal;

) determining a reference positioning signal propagation delay between said at least one reference
transmitter and said positioning-unit device;
g) measuring a time difference between said received reference positioning signal (a) and said
received unique positioning signal (c);
35 h} offsetting the frequency of said frequency steerable clock for a period of time derived from said
) time difference measured in step (g) and said profﬁaagation delay determined in step (f) and
consequently adjusting said unique positioning signal;
such that said unique positioning signal is frequency coherent with the frequency of said reference

positioning signal and chronologically coherent with the timebase of said at least one reference transmitier,
40 ' '
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23 Jdhe 2006 31 32. A nethod according to claim31, wherein said at |east
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other pOS|t|0n|n9 ni es or
components o said unique positioning signal and carrier components of said at least one reference

positioning signal to determine a carrier phase difference.

30
- 37. A method according to claim 31, wherein said at least one reference transmitter includes
positioning-unit devices, Wide Area Augmentation System satellites, Global Navigation Satellite System
satellites, Pseudolites, or any other devices that incorporate timing information. -
35 38 A positioning-unit device for chronologically synchronizing a unique positioning signal generated

by said positioning-unit device at a known location with at least one reference positioning signal generated
by at least one reference transmitter focated at a known geometric distance from said positioning-unit device,
said unique positioning unit device comprising:

a) means for receiving and interpreting said at least one reference positioning signal;
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respective frequency-diverse positioning signal from said 23kinki2006ng- uni t
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