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Conventional Code-based GPS position solution (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, between 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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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 accuracies in
the order of several meters are achievable with code-based differential GPS correction in low multipath

environments.
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3 Conventional Carrier-based Differential GPS (relative positioning)
Conventional carrier-based differential GPS (CDGPS) cal cul ates the

di f f erencwoOlaissen the reference |ocation and the user | @catAwoudsNng t he
di fferences between the carrier phases of the satellites neasured at the
reference receiver and the user receiver. A CDGPS reference receiver,

i nst al | eRdn@htichay@drricK PRV DikICRIaI OF (radath@psitbAh®s Si nul t aneous carrier phase
nmeasur el ent1ona(arcarar£el base%t ?l‘ferengla ﬂ%ﬂﬁ&cﬁcugﬁs%ﬁe road aSt s garrier phase

data to the uUser1ecel Ve RGN et‘@ee&t\l/ee [ereLgnee,
cal cul atlesgtiogjapdithe nsselocatiopksing ghe diffsrysags batreaqn the ﬁ@nerahdsesgétheBaltqlltt@wensmedwew and

subs equqmréme&@ F@pmee&d%enm%elm fAf @ BRGGertiRe HELF, mstsnfed L& RRSntdcapnof the
user recgg h respect to the refe eagﬁﬁilec eiver catl on. The carrier

phasé né t%“eo%ir TS R RS 95 4% élawoaﬁ E‘ﬁ%bf%iﬁ?f Sepier
f requenciess hatdi to thy esenteivonvit AeRE data lindr Therwguenicereso falommes koo Base
satel | i tRSurRBGH(ERA %Qelhtgﬁins\/wt;vu Qrﬂl' s{lﬂse 19.1|y ecoﬁ%t L{h&g@ edlffé?ehééeco fdgt%‘gﬁgh

previous epoch plus the advance I n asé during present

avai | ab|P%S“f°P BFﬁhf PREr el Wikdyrespaghip dhe §ﬁ5%‘?3]i“f RHFY 196at“tnh Y h%mvaﬁ&lése Ffﬁasérélin?”itser
phase durimgigryépach tasd dethe Dofplee tedayhcy sHife prewiiti of ghetchiBierGauehd®ss foRPR er

of f S%t Q8L atélht@s E%ﬁl%ﬁ\éﬁlthlglfunrh&% c?epé%&rn (thp\(faaﬁg ?romttl{%gnreg%mee &cﬂ%ﬁ?{hgé vgncec?‘r rier
Phase (ICP). Ser recelver can neasure fract ase plus an
arbitr arp_k}asmwséﬂle BFseiteBIch) ipgreilapls fresp the Frseien Marespecificlyt thearestin @ﬁrr#eeeftaw

det er m raamtgrae efXIAR TdetElthﬁﬂaéEby fegritigthe cayE Degldr Bfffeh & edBEe0d 3N@€spodiNheicnuNber ,
known ag, . .th jal te| n%g@amer% ase@ Pznbi guity", nust be determ ned by ot her neans.
Traditional s esolving carrier phase integer anbiguities
fall into three broad cl asses: search nmethods, filtering nethods, and

geonst I itg@kser RBLBOMS medshe 3R fia&@ﬂm bila@Aks FBHRGE SR BOWho §lid of s LA aneous

i nteger cycl e ity resol ution. 0 techni que, kno as, "w de-| ani ng",
s beehiaye; Sl st on BhdT B e ieie ) By BRogy b " M
anmbi gui the “pregdylcean amifedit’| raust hegetermingd ] dttesmeansd Tailitignel sgateaivo foc gepalvimgrearrier

fr equenghﬁém(efgér%b ma&%ﬂ Mtottiﬂ@e 6329 cladses@Bhch kéthbds SRMBNCHAR)s, it JeQhdica beat

frequenc g uency wavel ength is nificant]y | Qnger
t han Héhw%vgﬁeéﬁ&@ﬂ%‘m&lr h o Hﬁig\}ils&ﬂté?eo‘ésa‘ﬂweé r°§ae %B‘H%lé% GEAt ﬁy%l?
res dzlout itoimiqE, Knhen am‘tve@elarsngcdms Ixen doycloprpltd shemedme thy nosinsigtapeevidogaa ngd

obser Vataf-nﬁgﬁtytppobgﬁt %c{ylﬁﬁlgmﬁphe@%ﬁ%rs malgféf itréﬁuéﬁglest(gﬁilt}MlaQ§¥he GIP§'@,?§nd formed
by the 25 bea iar%enc These, in turn, grea reduce the vol une

of i nt edéSIEREE) AP aheat §é°é!?”€¥1%%‘alt Bhis Readeguency;H "rnﬁtpésg*égf“ﬁ%ﬁ‘f@i igtget yan The
mai N comstwasdldhi®s $fale tEDERSIdna tdnielSsCataqudnily, Sdsblytioh bethé ntegegyrchit iy aadohplisaddency of

e S8l AT B AL R LB 0

constrarns
di f f26r efeat Gpauersy sisispdatse it degeatly Beusp H@ velareopof|iecern &t mintbedeEhedP FrgeFosi ti on
accur acyne ift@@rantbea@pt i on of differential data caused by physical
obstruction and nultipath causes data corruption, which degrades position
accuracy at best, and results in total link failure and no position update
at wor stThe Thie coesgpig for SHSTPS cwsthodgproo firsODiP Bteigaty tapd lafepgykof @fe RE) dpgp link, and,

det er m RabA@N theﬁia&omﬁr[&t deRPRhatiSd ﬂgheeus&oiewivelp%b tahi® Barﬁ@idmtdfcm Rlse;itevel& for

the four unkno i.tion es a.process
knowd a§°ns‘aad‘ﬁtﬁlllv¥@re§%al E’f{) ki ‘fpg?tfé’ﬁtése éauémgéﬂtf ﬁ%’ncéfl and éeﬁr ”Feép %l e %lf:ac v(éorr TCPEN ter s
f or bot hf tifferentaf drtemoed be pisige rbsundiot el nudidnathr eesed dagsy corrupiipre veich ldaradﬁshe user

recei ver, &apn aggﬂa%}'; ap RAT) %?dcfé{uﬁ; f tQthsﬁnE('fQBreV\dnﬁ o rpl%§lﬂﬁcllpdetteoattv¢bﬁst re @éc&ﬂﬁe
recei ver position, buf uni

user i s SEATRQIHpS Ofa%G]E)Sn}S)}he ]ia‘f]l‘t ‘5?‘8@ tdétf‘fminﬁtloﬁoél P‘i??ltlonéﬁ ﬁﬁ’ﬁ%\?&”ﬁt%ﬁam 1 utlon
know edgevesfforate aacutkaies siymbitum (k.iyrebas éme §). GOOPS lbeen e foiogdsaknown a?n‘ﬁim}blfUS er
appl ﬂ} 5sC atd{fﬂ%ﬁces" Q'}{lglléé‘(ﬂnﬁl%teg QIPUGRE aNE LML £5bANHe el REUPIND Liahd RE r&¥iS&ENS.

The Tack o termnation 1s a mjor
Therefore, the user receiver can determine accurate posmon with respect to the reference receiver position,

t he

but cannot determine time. This is unimportant 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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35
Prior art systems will not allow time-of-arrival position determination without requiring at least one of: (a) a
physical connection between transmitter beacons; (b) an atomic time standard at each transmitter; (c)

synchronization to a GPS timebase; or () some form of differential correction. A system that can provide

extremely precise time-of-arrival positioning signals, without any of these constraints, is highly desirable.
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It is yet a further object of the present invention to provide a roving position receiver with chronologically-
synchronous code phase pseudoranges, such that single-point code phase position solutions can be
determined without the aid of differential correction.

30

It is yet a further object of the present invention to provide a roving position receiver with chronologically-
synchronous carrier phase pseudoranges, such that once integer cycle ambiguities are resolved, a single-point

carrier phase position solution can be determined without the aid of differential correction.

- 35 It is yet a further object of the present invention to provide a roving position receiver with precise network

time-transfer information.

40
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the pr esr&ﬁ%ncl: 9%?191&&%1 hereinafter be referred to as “Time-Lock”.

BRIEF DESCRIPTION OF THE DRAWINGS
35

FIG. 1 is a graphical representation of one embodiment of Time-Lock according to the present invention,

incorporating a single reference transmitter broadcasting to a plurality of Positioning-Unit Devices, and a

roving position receiver determining an autonomous single point position solution.
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A Positioning-Unit Device is a specialized transceiver, which is positioned at a known location and receives
35 at least one reference positioning signal from at least one reference transmitter. Preferably, the reference
transmitter is another Positioning-Unit Device, or a WAAS satellite. In response to the received reference
positioning signals, the Positioning-Unit Device chronologically synchronizes an internally generated
positioning signal to the reference transmitter timebase and transmits its unique positioning signal to all other
position receivers in view. The minimum requirement for the formation of an autonomous location network

40 s at least two Positioning-Unit Devices chronologically synchronized to one reference transmitter. A roving
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acquires a reference transmitter positioning signal, and calculates a so- -called time-of-flight offset from the

known co-ordinates of the reference transm.ltter and the known co-ordinates of the Positioning-Unit Device.
35  The time-of-flight offset takes into consideration the propagation time delay experienced by the reference
positioning signal whilst traveling from the reference transmitter to the Positioning-Unit Device. In free
space, electromagnetic waves travel approximately one meter every three nanoseconds. Next, the
Positioning-Unit Device applies the time-of-flight offset to an internally generated positioning signal and
aligns this positioning signal to the incoming reference positioning signal, thus bringing the internally

40  generated positioning signal into chronological alignment with the reference transmitter. Specifically, Time-
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35
For precise time synchronization of the slave positioning signal 206 to the reference transmitter 202 timebase

the signal propagation delay between the reference transmitter antenna 207 and the Positioning-Unit Device
position receiver antenna 208 must be accounted for. The known geometrical distance in meters 209 from
the reference transmitter antenna 207 to the Positioning-Unit Device position receiver antenna 208 can be

40 converted to a signal time-of-flight by the formula: time-of-flight = distance/speed of light. The Positioning-



The process of differencing the received reference positioning signal 203
with the slave positioning signal 206 elimnates the Positioning-Unit
Devi ce powDtozoss4secei ver clock term thereby allow ng thePPasitiozoniong- 10
Unit Device 201 to follow the referenge transmtter 202 tinebase w thout
any clock bias caused by the local Positioning-Unit Device oscillator 212.
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st eer ed VPYASHFIEFS | ock 210 by the Positioning-Unit Device CPU 211. This
serves to initialize the Positioning-Unit Device 40 transmtter 205 to a
frequengyelohatesds approximately the same as the frequency of the reference
posi tioning V\D 03/ 038469 PCT/ AU02/ 01495 11 signal 203. The

Posi t i oAFGH ORI Devi ce CPU 211 al so assigns the deterni ned PRN sequence to
a feee receiver channel in the Positioning-Unit Device position receiver
204. The recgivergshapnel is initialized wth the same frequency offset
and pseuéoran om code phase val ue as the Positioning-Unit Device
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positioning signal 206. State 5: Acquire Slave The Positioning-Unit Device
posPii oftate@cledck torRe@icei ni ti ates a search for the slave positioning signal

206. The Positioning-Unit Device position receiver 204 acquires a reference positioning signal 203 and reference
transmitter 202 position and time is demodulated from its navigation data component by the Positioning-Unit

Device CPU 211.

30 State 3: Synchronize Slave
The Positioning-Unit Device CPU 211 waits to allow for coarse time alignment with the reference

positioning signal navigation data component. An internal clock generator is then initiated by the CPU 211.

State 4: Initialize Slave

35 The Positioning-Unit Device CPU 211 determines an appropriate and unique PRN code sequence for this
particular Positioning-Unit Device 201 and assigns this PRN code sequence to the Positioning-Unit Device
transmitter 205. The current frequency offset for the reference positioning signal 203 (relative to the
Positioning-Unit Device oscillator 212) is also assigned to the Positioning-Unit Device steered transmitter
clock 210 by the Positioning-Unit Device CPU 211. This serves to initialize the Positioning-Unit Device

40  transmitter 205 to a frequency that is approximately the same as the frequency of the reference positioning
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30

State 8: Reference/Slave Code-Lock
Once State 7 Reference/Slave Frequency Lock is achieved the time difference between the reference
positioning signal 203 and the slave positioning signal 206 can be accurately measured and any time bias
eliminated. Reference/Slave Code-Lock is achieved when the Positioning-Unit Device steered transmitter
35  clock 210 is slewed the requisite amount of time to bring the reference and slave positioning signals into
PRN code alignment. The time-of-flight value 209 is used to offset the measured reference-slave time
difference to remove the effect of the reference signal propagation delay, and the calculated time difference is
then applied as a clock correction to the Positioning-Unit Device steered transmitter clock 210. The clock
correction is achieved by engaging the Frequency Tracking System (FTS), and applying an additional
40  frequency offset to the steered transmitter clock 210 for a predetermined time period. This additional
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then re-enga Qning-Unit Device carrier 40 phase slave

posi tioni ng gli‘aegfﬁ”‘iw%gp?%a ar | ng fromthe Positioning-Unit Device antenna
208 #s now WO 03/ 038469 PCT/ AU02/ 01495 13 chronol ogical ly synchronized
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(the integer component) 213, plus a fractional carrier cycle (the fractional component) 214. The
time-of-flight phase offset is the fractional cycle amount 214 computed from the known geometrical
distance between the reference transmitter antenna 207 and the Positioning-Unit Device antenna
208. The integer component 213 is corrected in the State 8 Reference/Slave Code-Lock control state
described above. The fractional component 214 however, is too fine to be corrected in the State 8
35 Reference/Slave Code-Lock state, and must therefore be corrected as a carrier phase adjustment.
The Frequency Tracking System (FTS) is engaged and the Positioning-Unit Device steered
transmitter clock 210 is time slewed the requisite fractional-cycle amount (from its currently
measured arbitrary phase value determined in step (1) above) to a newly determined time-of-flight
phase value. The Time-Lock-Loop (TLL) is then re-engaged. The Positioning-Unit Device carrier

40 phase slave positioning signal 206 emanating from the Positioning-Unit Device antenna 208 is now
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A single reference transmitter broadcasting to a single Positioning-Unit Device.
A single reference transmitter can be used to broadcast a reference positioning signal to a single Positioning-
Unit Device. FIG. 2 shows a Positioning-Unit Device 201 situated at a known location, and a reference

35  transmitter 202 also situated at a known location. The Positioning-Unit Device 201 receives the reference
positioning signal 203 transmitted by the reference transmitter 202 and the slave positioning signal 206
transmitted by the Positioning-Unit Device transmitter 205. In response to the received reference positioning
signal 203 the Positioning-Unit Device 201 determines the reference positioning signal propagation delay
209 and applies an appropriate transmitter clock correction to chronologically synchronize the carrier

40  component, unique PRN code component, and data component of its internally generated slave positioning
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40  which is chronologically synchronized to the reference transmitter 401 timebase.
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position receiver clock offset. The Positioning-Unit Device position receiver clock offset accurately provides
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transmitter can use as an accurate network timebase. In the preferred embodiment the Positioning-Unit
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35  receiver 607 held by a pedestrian 608 is situated inside a building 609. The WAAS satellite signal 606 cannot
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40 determination in satellite occluded regions. In addition, once the position receiver 607 has calculated a
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In the event of a WAAS satellite signal not being available, and alignment to a global timebase is necessary
for the network, it is preferable that a reference Positioning-Unit Device be steered to UTC by a GNSS
timebase. A GNSS timebase requires a position receiver, positioned at a known location, to compute a time
35 solution using at least one GNSS satellite. Time accuracies in the order of 50 nanoseconds are achievable
using this technique. Relative time accuracy between Positioning-Unit Devices, which are Time-Locked to

the reference Positioning-Unit Device, will remain at the picosecond level.

Inter-Network Position Solutions
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40  The roving position receiver applies the received network clock corrections from Positioning-Unit Device
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40 Network Co-ordinate Frame



20 A prerequisite for Tune-Lock is the know edge of the Positioning-Unit
Devi ce positions with respect to a reference co-ordinate frane. Any valid
co- ordi nawe 0Bzt nay be used, but in the preferred enbodiPegEmuorhetdsEart h
Centered Earth Fi xed (ECEF) co-ordinate franme is used, which is also the
co-ordinate frame used by GPS and WAAS. In the preferred enbodi nent,

Posi ti oM pgrelpiitt fdDeNhE Bk Soethd mswédgeysf he BEsIHGINGSniaDE1ce @osuﬁns\MASespa;adf Dr

ot her Q%xreﬁcg E(') &‘gln&gghgmﬁ[& ﬁa?& co- 09? pl tﬁ&%ﬁgbmeﬁgg rc?t%rgeld re]%lgo%intﬁnt t}[1e

Transm SSI on re oni n
Devi ces Hefthpeired Hagh ﬂx@i @ﬁE‘f)@eﬂ@@efe freveruis piefl grhioldy aé%qtthefm@rdmmap@@mseq PSM)

band of @rsddatiavAs. 2[n4l&cﬂfﬁerrea_ féﬁboamﬁ:nt%ltlbrﬁl\él-mrlﬂevﬁés sOMErel) orfl Qﬂ\%ls opment of

Posi t| o] Devi ce, nat wo eqgul at ary constraint, and
wi t hout %/Qg Se?rafl%?ré)ﬁlgrepof%on@lﬁ %Vmﬁ%t\?lﬁeterfnfng %n%s%/]{sth W8 ch as GPS. The 2. 4GHz

| SM band al so al |l ows 83. 5MHz bandwi dth whi ch can be used for increased
chi ppi ngrrﬁx?sh@s‘&noﬁ)i?rthJn@)Ct sequence spread spectrum positioning signals, or
t he use of mu r s.for | ane i nteger cl e anbi |

resol ut i'on gﬁéﬁ?f’%ﬁ‘ f&;\#;‘ﬁfé %‘“ﬁ%\ﬂ R ORY tl'“‘[%?/“@é !f%g{’{lﬂ%

pr ef er r ededenatd i) fraudtof 2. 4GPol 2@ Fig2Uridz IDd\brclallowsgierdectoah@sofPopidmingi on

recejove rUmt@)eWE:@-ﬁb%ﬁ@rlEstvﬁﬂwut Fegulttit) Tc&i@&alrﬁ) 298 GRIuEteddnte © SRMhtnad o@sggtgﬁgm n
recelve

oscillator. T ecej ver incor s.aplurality o

channel s“uc(?aﬁﬁa?%% Il)ll)efi d@%grs gsolpwsab % %%@1,1 tVYh&fhlcﬁbbeslis?j’n@T @oregseth
conpr i sichigpisg cés of gireccogporentad specRRNp@idEnL ognpis e nife, usa ptimariptiataaiesobponent .
The tran,ﬁgglatn;ﬁ{egér@ﬁgraglg{ggiméolgﬁonl east one RF carrier generator, at |east
one PRN code generator, and at | east one steered clock. The CPU conpri ses
means for interpreting positioning signals received by the position
receisver, responsive neans to control the transmtter steered clock and
means t GaeRaiheoP PULERINMB at BryERfLeRTRG, osci |l ator provi des a
coherent | ocal tinebase for ]FY conmponents of the Positioning-Unit
Device. Referring nowto FIG 9, there is depicted a Positioning-Unit

Devi ce 90 thei pit@tep @mbddintgt, a Podihing-Uhit DeGRI Mﬁfporaﬁﬁ)g posdiot Eeaé’i\&fﬂattfaﬁd’mlt%& a
ggg;[ [ ?‘1) ﬁ:g{trgfjﬁr&:segsglg g‘@é&ﬂﬁg@% 8? délsoscal‘ﬁiaﬁ U po%mon ref-cellP_/elerléneclo oerat%sh lurali?é 050 6,
and One receineninek earaldod recpiging pwraineed pepiioning s@@ls piph gorpiftisipgyy qeirier cogegvertat or
907, one PRIN BB BmftinedQ6€a &&Q&ﬁ@h&f TRORinsnAfel indfords amgt%nm i ReRGhié] oc k

909. The i |ve icatiaon

roans |1 oot R Lo LAY SR SBE et e P DR RO EPR  eer ed
cl ock conitiming aighabnregel2d bP(ds|ppalt®n|rwngmem0®efvmels posintrgldie trapgditey eteer@b A
Posi ti Or&lo@lgan@@ﬁefans@gén&@ce REYShfion QRta. MBS &R o&ARBF hr&B®Rs AbohbiERREl BREHalEELI Ve
channel abl e o}h Cel Vi nlg glpd denodul ati ng at | east one reference
positi ot f ‘Sﬂpé’f‘ed‘ﬁe? the POSHOYE R ¥Rte transnitter, and at | east one receive
channel capabl e of receiving and denodul ating at | east one co-| ocated

transm tﬁeﬁf‘rm% an\V?o ﬂ@sb ttl'le%k @@w&ﬂ g@@slltlonmg) Uﬁ{ 95\@43'951 1né:"or;;D Pa%flgtd ﬂb@l’tl&greééﬂf'elt
Devi ce posi tion recejver is cap ab of recei Vln l'uraltt ref erence

posi ti or?%g”‘ NI 903 §Ceptrt Pré%?ésé’é U&E 69}?@6’)94 FRYai W’é"@r‘is‘il%?tor The position
Posi t i onecaigier 902 tnclpaitesen Parglity bfokceive cahneR 06 Angthe framainkn903 Iimcubcdatal ®eobe

‘E):\F/’ f‘@gg n&% %%%g%é%r%%tog%?] (kfﬁgiz‘r}l%%%gg& ggrlflsatoI SRR bSE mb12 3t debANLAE 9b8 The

CPU 904 includes means for position receiver communication 910, means for transmitter communication

911, and means for transmitter steered clock communication 912.

Positioning-Unit Device position receiver

35 A Positioning-Unit Device position receiver comprises at least one receive channel capable of receiving and
demodulating at least one reference positioning signal from a reference transmitter, and at least one receive
channel capable of receiving and demodulating at least one co-located transmitter slave positioning signal.
Preferably, a Positioning-Unit Device position receiver is capable of receiving a plurality of reference
positioning signals for increased accuracy and integrity. The Positioning-Unit Device position receiver

40  preferably should also be capable of receiving positioning signals from other Positioning-Unit Devices
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supplies both code and carrier differential corrections for all GNSS satellites in view to the

Positioning-Unit Device. The Positioning-Unit Device then calculates an accurate position relative
to the reference Positioning-Unit Device.

35 Manual initialization is achieved by placing the Positioning-Unit Device at a predetermined location
and manually entering the geographical coordinate values into Positioning-Unit Device memory. In
the preferred embodiment a first Positioning-Unit Device is manually initialized using precisely
known coordinates, with subsequent Positioning-Unit Devices self-surveying from GNSS satellites
and the first Positioning-Unit Device.

40 b) Means to initiate a reference signal search by the position receiver.



40 b) Means to initiate a reference signal search by the position receiver.
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component and determine the time difference between the reference positioning signal and slave

positioning signal.
k) Means to Time Slew the steered transmitter clock the requisite amount to zero the time difference
30 between the reference positioning signal and the slave positioning signal, such that the slave
positioning signal is chronologically aligned with the reference transmitter time.

)] Means to declare Time-Lock status.

Common Oscillator

35 The common oscillator provides a coherent local timebase for all components of the Positioning-Unit Device.
In particular, the same oscillator is used to drive the position receiver, the CPU, and the steered transmitter
clock. A coherent local timebase allows open-loop frequency tracking of the received reference positioning
signal using a so called Frequency Tracking System (FTS). With FTS the received reference positioning
signal frequency offset, as measured by the Positioning-Unit Device position receiver, is fed directly to the

40  Positioning-Unit Device steered transmitter clock. The steered transmitter clock simply emulates the
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35 Locked Positioning-Unit Devices utilizing the same methodologies used in conventional GPS receiver

(

and

design. GPS receiver processing and design, as well as Wide-Lane Ambiguity Resolution, are well-known in
the art and are not subjects described here.

35
It will of course be realized that whilst the above has been given by way of an illustrative example of this
invention, all such and other modifications and variations hereto, as would be apparent to persons skilled in

the art, are deemed to fall within the broad scope and ambit of this invention as is herein set forth.

40
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nodi fi catworng/ozsae vari ati ons hereto, as woul d be appar ent PCO/AIB2O0IS
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chronol ogi cal | y "adj usti1 ng. sald uni que positioning signal by said deduced
chronol ogi cal transnf¥<?e¥ke difference, offset by said reference signal
propagati on del ay, fthe tdn@nisfiintd retriye Sidk df he intdue p@EdidHitd OEnalngy ssitl Godtiopinguch
that said uni que posbﬁig]pegf'cggn ignal is chronologically synchronized to said
reference transmitter. 20 2. The nmethod of claim 1, wherein said at |east
one r ef er efic €ompaEpSTAPT ¢ b3d f HHlp dufass 2pbrerolqeise rpgmisignidiffersacs s, W de Area
Augnent at i @n cBysdiennbatjedihd daRSmiqéd peiadninleiviaOiBishi® Bedbat elrdnologicaby &ik@id3ion
satellites, %ggrenclie’s&gggl sia}dere%éren%é SiTgle rorrgtag(%dd gf claim1, wherein positioning
si gnal s incl Ude A cartier conpone‘(f"]nt R é)%)seualo%’andom 25 code conponent, and
a dat a conorrersmittizg saiffenique pesaipiierrsigna; nmet hod of creating a chronologically
synchr oz ARtWREKooniROS ki iOMkdABol: synddRVizE8SsaidlrérereRetriihilkieral | oW Ng
distribution of a reference tinebase to all Positioning-Unit Devices within
the network, the method conprising the steps of: 30 a) deploying at | east
one 2Posi2t i oniThgmgihpd of Dim t.eyheteheaiPasletst o refeperign irnsiiéten ig@udeoPaotipgigddpit i)
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ti mebase fromat | east one reference positioning signal transmtted by at

| east oREUidfEr ence transmtter; iii ) nmeans for generating and transmtting
at | east one unique positioning signal; 35 v) neans for receiving said at
l'east one unigue .ROSIFLLAN, Wersh 90 onin@Ashal dnchuil £LRIeLLdBGheRA) Frefdfafied at

| east one reference positioning signa rom said at | east one reference
25 code component, and a data component.

4. For location, a method of creating a chronologically synchronized network of Positioning-Unit
Devices, the network allowing distribution of a reference timebase to all Positioning-Unit Devices within the
network, the method comprising the steps of:

30 a) deploying at least one Positioning-Unit Device, the Positioning-Unit Device comprising:
i) means for determining location;

ii) means for receiving a reference timebase from at least one reference positioning signal
transmitted by at least one reference transmitter;
iii) means for generating and transmitting at least one unique positioning signal;
35 v) means for receiving said at least one unique positioning signal; and
b) interpreting saiﬁ received at least one reference positioning signal from said at least one reference
transmitter and said at least one unique positioning signal from said Positioning-Unit Device to deduce:
i) the reference positioning signal propagation delays from said at least one reference transmitter to

said Positioning-Unit Device;



transmtter and said at | east one unique positioning signal fromsaid
Positioning-Unit Device to deduce: i) the reference positioning signal
propagat iwp odebsays from said at | east one reference transmcrtaan2nowssai d
Positioning-Unit Device; W 03/03846929CT/ AU02/ 01495 25 ii) the transmt

m nus receive tine of said at | east one reference positioning signal by
said Positi om Mgkt e e@ive itime) of tshi@ at AN AT tefdidntel Posltiokitgd Vignat biRai®f sai d
at | east one j.que i.t.ioning signal by said Positioning- Unit Device;
and 5 ¢) conpggkﬁgqgﬁggkwgaLi).and b iii) to deduce a chronol ogi cal
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and d) tdignsil, bireng ssidtefbrddbY A pRPSHhiion ANEY & cBlombAlcaiil e hohise €RROBRI KQi cal |y
synchroni zed to sai d refgre ce 10 Hjneﬁase such tFat one or nore
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subsipant i ahasgeogr aphi cal area, and allow a roving position receiver

si tuat ed Wﬁhhin t he network té)calculate bot h code and carrier_ single point
posi t i ot AT 8RS ASE FBHgUng BrEDevippidoay Sty chinolegigibnsohereniprby s of Pastoping ¢

| east ondgnplefviick panerdpigata sneftrtrge timetptewdes: sH@shttal gngragickinida, anDeNdwcesyinyV de
Area Au I - Sat J I I i on. | St em

Sat ol 11 1ag o sy SELETER R IR o FIANT, ebE P OPIhEL b Cpkoh

posi t i onfefE™84tig¥al s i nclude a carrier conponent, a pseudorandom code
conponent, and a data conponent. 7. For |ocation, a Positioning-Unit Device
for G 090! 00bfablata 3Y ARYIO IhAL0 G RELMRL Kl RRRLIO B pyﬁi)oim%}{ﬁ ces,

t he devices conprising: 25 a) nmeans for determning [ocation, “neans for
recei vi ngeviees Yide dise AugmarEBAsY SR oYFichites| @eabst Neyigatinefastisn Sstepogielifey rinhg
signal tpsansmeststed by at |east one reference transmtter; c) neans for
generating at |east one uni que positioning signal; d) nmeans for receiving
said at | east one unique positioning signal; 30 e) neans for interpreting
sai d?lat ¢ east Thsriesthod efedlajred, whefernepieing gishals innhidp g casiiey nemponet, d evshydasangdom
referenque@h@&@hﬂﬁﬂgaﬁgﬁ&ygamdelay bet ween said at | east one reference
transmtter and said Positioning-Unit Device; f) neans for conparing said
received at | east one reference positioning signal and said received at

| east ong uniXpuécposiaPrdivningUsi Bevak for chrgelgicdy syndinmdmnglaogivodlof Rasisiogng ssion
di ff er engg; peIResIhe fEBRSorhPEin@d] Usting said at |east one unique positioning

signal based on said chronol ogi ca
25 a) means for determining location;

b) means for receiving a reference timebase from at least one reference positioning signal transmitted
by at least one reference transmitter;

c) means for generating at least one unique positioning signal;

d) means for receiving said at least one unique positioning signal;

30 e) means for interpreting said at least one received reference positioning signal to deduce a reference
signal propagation delay between said at least one reference transmitter and said Positioning-Unit
Device;

f) means for comparing said received at least one reference positioning signal and said received at
least one unique positioning signal to deduce a chronological transmission difference;

35 g) means for adjusting said at least one unique positioning signal based on said chronological
transmission difference, offset by said reference signal propagation delay, to chronologically
synchronize said at least one unique positioning signal with said reference timebase of said at least
one reference transmitter; and

h) means for transmitting said unjque positioning signal which is chronologically synchronized to said

40 reference timebase;



transm ssion difference, offset by said reference signal propagation del ay,
to chronologically synchronize said at |east one unique positioning signal
wi th sai aowoeBessance ti nebase of said at | east one referemcag/Awansstt er;
and h) means for transmtting said umeue positioning signal which is
chronol ogi cally synchronized to said 40 reference tinebase; WO 03/ 038469
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create aél(r:l solnqlcalglrca eya rncegmebase%verasi%st ntlal eo ahlcapa{rer;lg S| gnal S which can
propagat® & Pefer encesti nepase over a substant! al® geographi cal area. 8. The
Positioning-Unit Device of claim7, wherein said at | east one reference
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signal s satnlbieudﬂl%aeud@lrtqs,l er corrponent, a pseudorandom code conponent, and a
data conponent. 10

9. The Positioning-Unit Device of claim 7, wherein positioning signals include a carrier component, a
pseudorandom code component, and a data component.
10



