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214 -Abstract: A nethod of chronol ogically synchroni sing a unique a uni que
posi tioning signal generated by a Positioning Unit d DPeViIARE2414% known

| ocation to a reference transmtter generating a ref eeivd2p¥By2003ni ng
sigmal at another known |ocation, the nmethod 00 conprising: a) receiving
and interpreting said reference positioning signal to determne a reference

posi tioni ng signal ' - erence transmtter and
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the Positioning Unit Device, genera ng and receiving said
uni que posi- tioni ng SYNGERONBINGH EOGABIONNESWORK ecei ved ref erence
positioning signal to deduce: i) the transmt mnus receive linme of the
reference positioning signal by said Positioning Unit Device; ii) the
transmt mnus receive time of the unique positioning signal by said Posi-
ti oni ng® UTH-PEEVHEINVENIIY d). conparing steps ¢ i) and ¢ ii) to decuce a
chronol ogi cal transm ssion difference; and e) chronol ogically O adjusting
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regul ar issue of the PCT Gazette. 23 June 2006 PCT/ AU02/ 01495 Received 27

May 2003 b,k GROUND OF THE INVENTION

15 Itis well understood in the art that precise time-of-arrival position determination is dependant upon the
accuracy of the transmitter clocks used. In its most rudimentary form, three transmitter beacons positioned at
known Jocations and connected to & common clock via three identical length cables will suffice as the basis
for a time-of-arrival positioning system, However this rudimentary positioning system is highly impractical
to manufacture and instell due to the requirement for precisely timed cables distributing high frequency

20  timing signals over potentially large distances between beacons. Alternafively, precision atomic time

- standards, which have very low drift rates, may be installed at each transmitter beacon and monitored using a
reference receiver positioned at a known iocation and connected to a reference timebase. In response to
positioning signals received from the iransmitter beacons, clock corrections are sent from the reference
receiver via an RF data link to each beacon, for subsequent retransmission to user equipment. Modem

25 satellite positioning technologies such as GPS employ this technique, wherein cestum and rubidium time
standards are installed in each GPS satellite, with the GPS Ground Control Segment coninually monftoring
all GPS satellites and up-linking elock corrections to each satellite every twenty four hours. These corrections
are then rebroadeast via each safellite’s navigation message to GPS user equipment, so that positioning
algorithms within the GPS user equipment can acoount for satellite clock errar. With at least four GPS

30  satellites in view, a three-dimensional position is accomplished in GPS uger equipment using a standard
* fechnigue known as & conventional code-based GPS position 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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A METHOD AND DEVI CE FOR CHRONOLOG CALLY SYNCHRON ZI NG A LLZCAREQYoAETVWORK 5
FI ELD OF THE | NVENTI ON The present invention relates generally o _systens
and Jret hods for generating precise position det er mi nat PGHAUPHPI42S nppi | e
apparatus. In particular, the.present invention appl Ressived?

time-of-arrival position determ nation systens. The present invention is
not constrained by prior art requirenents such as 10 physical connections

between transm Lh&ha : ch as the need for atom c ‘tinme standards
connected to . each at“?g?ffsé%r%t%tmg%?o oy b 9?)”? di't %eg‘feeérﬁ’iaté“te%orrecti on
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three transelidet Slur <HASI - A& LONS, £ connected to a
(el £ B8 SRS SBAS L OO 1Bl wio S AORAREN, b U2

common clocgk via.t i.dent | cal ngth ca i as the basis
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timng si griadegioQNeD) pR@bneNRk dn bkl of BhBlBmG) B126RES. bet ween beacons.
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ref erence tPsiigrbzeely, phtinedBTonident ditkrenplowirdion dierfgm sifgpma kegivire @dbved from t he
t ransm t t enhelofraromnskove:kacilCRir Rl 80%n Akeamsent from the. reference
receiver via an 1Wdata |link to each beacon, for subsequent retransm ssion
to user . equi nt . d 5 S | i.te positioning technol ogi es such as GPS
enpl oy tlil ;H ‘E'F"’e“c‘ﬁ’f—’h?&‘l}g?&‘ﬁ{é}"'&?}%&’gé"éﬁ“ﬁH‘fﬂﬁﬂ‘d‘g?r ubidiumtime standards are
i nstal | ed it @xEphlisys acowaty gomictipgase (i G cqnpiatigrisengceebisd! 1Bpidis ©EPSSegnent
conti nual | yeesenviith @absohgy tr@ilenBS psitih @byt o Ppréxiidielyl p1d 20 Atdsis Gla@C K correcti ons
to each Sattoﬁlke!cérﬁxﬁmﬂ:‘f@ﬁﬁbniig\@@ﬁf& ]i‘olmf sQ%jor!&QHJoﬁces: Ell_hﬁﬁsﬁneﬁqgle&?ﬁm QPede are t _hen
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t hr ee- di nme natcloyinthe iqyespiiert. Fromespheric deloydsahafirhei deldy@gierienned GREOmPRtic@gysiwparent  usi ng a
st Fmd_ard - %ﬁ@@w;ﬁiﬁﬁew&c&ﬁm&m&%yﬁﬂkﬂ]@ﬂ&& i@@ﬁﬁ%&%&%amsi ti Onl _
sol uti on. 8 oSk & i ener.al terned. "a single point
position"” 3&/ t ﬁ’g%e s,%l{e Imeuggr%?luﬁt gategfr%?@%%%h\l}%%tming%glﬂxﬂfgﬁ%mfef%g%%d GPS position
sol ution (St HGMe BBPRE FEEPEIDHY PER horiepaisineres brigtiet rrbedgosd UPS, the
| atitud® [olvesi oty o &GS radeiver. (Thecherjon of sy epwisqmices @t epstidllytegrebiicoverar t h can be
cal cul at ed seftvaynhbrhistaisqipagaif kioReids). BBSmeit thic @ dEra&i drs eRbvagwith gial s from at
| east four o{irmy $PhSinbthet G8 obstve WHe SMe erfdrs. F BerklGERINE Lo RS LHARGE conputations
based on the qe%rgmelu@cté an gznil néﬂe“g ngHﬂ%e gﬁggera ,,eg gseudor ag%gm code (PRN)
sequences WLH Fecal VadspEatgsiranao R TEHD TS TR EE R GPs
sat el | i t-e. 2 TH&noHRlgaiop eapuies tuged pgpduangedt eplyseiitorsigneldtgletssts & theraiessijes as there is
atime ®if fhgtceimapudmngeﬂfoﬁmﬁﬁgs_sdm&‘tmnb@chme Bduied jetuddpanged e hsddiadd| | t es and 40
the clock Wetfd(tﬂdn%}s, Fohhng YRR 6 ection! fhr edoiPsatIREIE FSBTHY refelho RSt fent Nat the
Ils(é'(lz'le:A\LngrZ / ST%%%& ec{):rrg{itic\)sl% gscqggryg %az t% %6\3%% n txvg'eviaAall\l/I%%I %&D]in‘?(.HEeEEPS r%éefeelg 23 June 2006
hE subsequently adds these corrections to tXe 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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satellite constellation's clock in order to accurately neasyngeldoeselapsed

time between a satellite's pseudorandom code sequence transm ssion and

reception of that pseudorandom code sequence by a GUS PETANREI014R

navi gation nmessage is also transm.tted from each sat Retdited 27 Miy@003 ncl udes
~tyme information, satellite orbital information, and satellite clock
correction terns. For three-dinensicdnal positioning a UPS 5 receiver
requires four satel|ite signals to solve for the four unknowns of position
(x, y, z)CaHgaEpliarerhased pferental @PSreletiieestinite (2- D) positioning, attitude is
fixed, anGmutehtiogad cgdet-Brbed i differegiblgBRS| (CDAPSE cil@bled he diftr@cSRiwée &O Fefdelizee
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(2) trop %é]ﬂ epheneris error, (4) satellite clock error,
(5) GPS 3%@%% tﬁ%c?ag%}’pgné 6) mul ti pat h. Ionospherl c 20 delay is the
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5 the tIniRatld ity SRR FOALE e & wﬁ%e SRS B2 Y8R piBE o3 °

t hrough npi sture 1I'n ] di fference
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the same erro ossI b
correl at 8§ “'é‘felr;‘gp“ LG Proddivige] qgers, Cf"@%ﬂl‘?ﬁ‘i‘yqrﬁséiu%’ﬂ e insegers @ befa@mmechl

Correct i dntising peevdorhige ehsepetionsae eitentitie o imgerchmbifuity 6f thhalider HaRQWRmied 6t ON conput es
an asgu i Ohrm lek : t hen

measur e?%toﬁ?ﬁgw?%@%éd psggﬁgggaﬁ%géwtl r o?nf%% Easéﬁejle?e %dﬁoensgo%end subtracts
the assufBF°BLE¥EFanges from the recei ved pseudoranges, forming a
differential range correction for each satellite i n view. The reference

recei ver thd\edh &@m i tihe ,GPS recei ver
via an RE d@&aﬂc;l E§f ;;fm%%%ﬂ‘{dge%g%@?& @ﬁgﬂg agiulgetﬁl'lf 3%-‘&3&1 hgkge torrections

to the p&EHi &t s gpr rpogeer. T t"sbrijfdéffdfhl of e RFflailidy ¢ o t he
ref erd¥nc @nmmﬂ&@myﬂ dyedpdategatas,ahusig dath iatagy aud rgedidgipesitiorsadutatyi. Pror redegitioior S conmon
to both pefir-RRCatn BRI flysid\thslobiEn 2R of ‘Eﬁﬁm&%&'d&?ﬁm&ﬁ:& Hpc]leg'gtﬁé y removed

by this g{ﬁ@cedure lgncorr el ated error sources_such as rru th, and

recei ver PREPSECER PR P sl ol s lre @ ng pepitian, prdated veest ﬁ%ﬁ?‘%\de posi tion
accur acy shomoming pigIPGEE suledek efstiniericterinhyation rAd@nvegibnabgngle peiht positos sdutiar e

achi ev abl.;cmfewmt d&e ﬁ@dﬁm&%@ﬁ& si#ibJT&%r g%d tehbe (BB GPPHsks S Ghoed hnbih 4 OWui!| 1 pat h

« envi ron I\IDED HEE
9 rTEI creuces whmh immates the Teceiver 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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23 June 2006- PCT/ AUO2/ 01495 Received 27 May 2003 3 Convest
Carrier-based Differential GPS (relative positioning) Conventional
carrier-based differential GPS (CDGPS) cal cul ates the diddresemugqdet ween
the'reference location and the user |ocation using tfgeiddagnees bet ween
the carrier phases of the satel lit'es neasured at the referencé receiver
antl the user receiver. A CDGPS reference receiver, installed at a

wel | -known | ocation, 5 cal cul ates sinultaneous carrier phase neasurenents
for all saRsedidlitctAmsmentationi ew, and t hen broadcasts carrier phase data to the

user recei Mgfher )@p@ac@-ﬁkeﬁg alﬂj@fsa}soéxﬂoﬂllfeterm-[rﬁﬁ’on ‘i&%ﬁ Eﬁ?&h&’b%{ed &Eﬁe‘ﬁt&tﬁ)ﬂy&é{% ates

si mul t anequs phase ge‘gsl nts for . al Ites In view  an

subsequent T c%??%’d’?se *° ﬁeﬁ% ©HOPPEE I VW°@=@8?WH@‘?WDW§WTH on of the
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avai | abl e ghaudtite trivaninter TB atifacy Vit GPS PRxBiss is Gobtladied by 16BS Al ARGE ieigar ri er
phase durj ng.the carrier, Doppler

of f set oV eﬂF ef’gtnaiuﬁtggr @er cﬁe]a?%gtﬁﬁ%o&?ﬂﬂps&ﬁmt%og&ﬁﬁ¥ egewernoTehatn U]tl %the. d Carrier
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arbi trary havewdp éus traflatesttqlositiop yeeraigs ool intilt @rderaf ters efmeters ik acc@RP B bbb eCt | y

det er m ne g reRkdnabitR§4eRf Whol e cycles in the pseudorange. This nunber,
known as the "integer cycle anmbiguity", must be determ ned by other neans.
Traditional strategies for resolving carrier phase integer anbiguities

fal |l into Garierbasdd Diffanintip] GRS3ing an E@uani-dlarkePholdile fi |l t eri ng net hods, and
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n%[ El'ﬁie] E'véeré ? 6‘%}3 Ja&lﬁtg gig %e re ase. fro k%)oﬁsrgau gne,[ i Y,

t han thewa hat Vi rrie
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observat i aiRdeatod metid SuilE 18 Exadtl) hase ISR WithAeifbbe@d thd YncOihing! dIreiphrd @'the dpgnes” f or med
by the 25 @&EL owam@ Yo 2. ﬂp@hmdem%?&umh a&éégrfhﬁm%@r?é&czw&g%&eat he vol ume

i nt eger at _must e0 sea reso The
rral n constEyls fensthy GFS segitgsand plse wrsis “reffeetedf 9’?’55?6’%“3?"111%@“415@@@1%@%}"‘@ Iat ency of
t her RF datpgudoliteniad subsagiontly @@putendifeyentiat e theastdemeptts. t1 M2 det erm nati on at the
user rgceiver. The data bandw dth of the RF data |ink 30 constrains

differential data upd usi data | atency and degr adi ng position
accuracy. C%B’b?d?h@ﬁt@]&eﬁ?ﬁflmﬁalm %i’ Tefddgr {ai%ﬂ’?l diguipl data dink, a5 Zrquited by SPRREHoRAL |
obst ruct i ewle anddamiprbabed pmrbnudmsmsﬁmwamcwmqﬂ{en wrionwhtiehmgegl &ckds  position

‘ af cur aC%’ %th ERShtaltid M ofaf il $i totcé?ﬁp@tla idreriitiaf x%lg& H£a?ureﬁa€lﬁl R@Qwﬂé)o%infn ion update
at wors

det er mi naﬁ gégﬁvvéﬂfl‘?‘&ﬁ% %“g?'?dl"@“l’ﬁ%‘}"ﬁt’mﬁo‘&ﬁ ‘f“?”bﬂaﬂ%fﬂﬂﬁ f“’e&ﬂm @) ves for
t he -f oifr MMDWI@HGWOW?BN) non@onentswor ech GBhdtellite ineviet pekinCBDERBiwes a process

known as cd@wbin@ exdasitt EifnBlg MGSFould 1o G;hm Nelv%ma&u@amﬁslassurn@% AMéilgle Cl ock terms
ei ver her.ef t he user

E for both the r nce recei e user

recelver - BT R " SEOTIARFC L TR Gh RITEY SPRE JEcreo "HHES PF er ence
recei ver pugntiopabgifferentisl (3PS aeqeivetddinkse baopst deopplerity. This is uninportant .if the
user is sinmply, and only, interested in position. However, precise

;Bg\l’\’: g ?Ieg%ereﬁat al I?angeMe%%r%mesr%sugu?gm(:roumslqanscewer&Pselﬁl l%esbenef I ci al to many user

11.8. Patent Number 6,121,928 to Sheynblat, titled “Network of Ground Transceivers” describes a differential
" correction method whereby a network of so called "ground transmitier” and “ground transceiver™ psendolites

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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i nvol vi ng conput er networks and tel econmuni cati on systens.23lhgeloagk Of tine
determnation is a major 40 problem associated wth CDGPS prior art
systens. AMENDED SHEET MAU 23 June 2006 PCT/ AU02/ 01498CT/REB20ME8 27 May
2003 4 Pseudolite Augnmentation Anpt her approach usedRéceived 2F MB208Dsi ti on
determ nation is the use of ground-based augnentation systenms such as
pSeudolites. Pseudolites can be incérporated into Conventional Code and
Carrier-based Differential GPS systens w thout any additional

i nf rast r ustings &8 tp 67 erid (Celemé, dines Titped3). Eleyrblats diffsrerdial arstherididiies ingirrabodimemygi ng 5

signal's, ik 8 Seer ﬁ&m&lﬂnﬂa{cﬁg érdauﬁli@ﬁnl sEe@:er%@ﬂﬂvﬁhiér&ﬁ@%Bénﬁder sﬁg%[ (C@%n'hona: tSO user
equi pment (pativ seudol J t can he. synchroni zed. to the

ti mebase. }Kﬂéyg récell\%len%)’&@tagsrerrrrfcﬁ%% CE; kLol Wﬁ?ﬁcf PR code-
based GPSVia|emEmddmsesiver{goham 6 kngssd 19 Gy Folumpd, bnay bIOI3i3)t @g Garrcsparssbes t he

det er né nediffetehcie gividd Gensbelvel QRAY, Kch inommtie Glals Batthive BE At Rded wzﬁih@at@ﬁecur acy of
the GPS tﬁgﬁ%%ﬁ-ﬁn b7 Sy 9503'3% %ﬁ'cpﬁv&t?i{m Fp réﬁ!é nb%‘a‘? {%etﬁfa{: L UG f1g ¢ | ONOSPheric

and tropogpheric sate posi |on error,
recei ver m"QFﬂE’] "% F"E‘ FWH“%@WFPW%%@WH@P@@@ %ﬂeﬂéﬁ?ﬁb‘mﬂmﬁ*ﬁ%l y 50 to
100 nanosmgle)pms;manioﬂ sobutidns 18w Mlihgpoditign reived Gort HetwaR S ghouiidhisG®erdTet hod, however
this translates to position accuraci es only in the order of tens of neters.
This accuracy i s nmuch arse preci se _navi gati on systens.

Carri i? PR R SRR ?“é o “EH?W&”&‘FF“"EH&W‘%F@R‘@?“EM#%%B‘? % 15 U.S.
Pat ent Nuhisieat cHnGEBB,bSE@n trensiiiten dsagonst i lve etoriSyis¢ aaniana oMb taledindor) Gener ati ng
Preci se Ggﬂeanaﬁﬁfga@mnm% laf@rsmﬁ’m%f&ﬁéanﬁal &mc%tﬁgﬁﬂm&m%ﬁm describes a
differential .correcti earleﬁlg (i1 mmi. - mar ker

pseudol | (KT BrEhe dne- g”&%@%ﬁ‘&’f"n&s % ¥ ‘Sfla'?’(g“ FFFB‘!“?F&‘PtF d‘ﬂ’% d%?“'ﬁ?l&y tion

recei ver Thepreseptilkientign ackj¢visitiy desirableagbal hyahrofiolgicabhoyroizing p systénQdrenseive®, | i nes 43
to 46)s ThRRIbmdBEde@bsiRBRUARDIE), SaduBAdasCr i bed as a netaphori cal
mrror, whereby UPS satellite signals are "reflected" in-phase fromthe
known OTnl -mar ker 20 pseudolite position to the position receiver. Thus,
the out-going carrier and PRN code conponents of each of the beacon marker
si gnal s immerastrhynvarsencoherent with respect to their incom ng
counterparts in the GPS signals (Colum 6, lines 28 to 32). A position
receiver situated in an over-flying aircraft receives positioning signals
f r om the T objert fitite press inggrbpn &1 neide anowitioningesystemaind masthodfgr maEimyrysissdodei oni ng

si gnal s faﬂd)Eﬁl'rIeh@ha&n’pUsmdﬁHdeieﬁfnatloﬁkS @itea | thd Geed 0 CphsithlSRERREdo RORRAUL €S

di fferenty B masurenents. 25 Cohen's differential method elininates
t he need &traditional di gital data link, as required by conventi onal
code and car rier-based differential systens. However, an omi - marker

posi ti on Irieged feler sbjeStof G préstnt iv@ativh WroviteOd fosichiie Sadnednl mbthd fandkignmi - mar ker
S1ONQYSS {0 QYR Core ] fofifof Mchblotioh A IR B e w81 VI N0 ONM - 1 Ker
signals alone wl t allow a position conputation. so, the omi - marker
must generate and 30 transmt individual carrier and PRN conponents for
each UPS lisggetd fuittecobjert of/ihemgsentintenting totploeideonmtitiontag dy@eém and aeplddo maltkgg expensi ve.

- Qurrent | ek Rids aamh&l a5 Hdilof? dhiraffond WBbeY e hddélfo ) BHA NiVIzR0P Shefii ONS from a
single mi - Eirth her, an omi -narker position recelver requires
doubl e t H&©RER e channel s of a conventional differential GPS receiver,
addin® to the cost and conplexity.

¥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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35 Differential Range Measurenents using "G ound Transcei v&r junB3®ogol i t es
U.S. Patent Nunber 6,121,928 to Sheynblat, titled "Network of G ound
Transcei vers" describes a differential correction method whereby a network
of so called "ground transmtter" and ¢ ground transceiver" pseudolites
serve as tchann |s for relaying information to a position receiver for the
di f f er enff St HEThSF ARISLATitsPresmt inveation tp provitd anavigembitiomredsiveriviith elromlbogicaly36) .
Sheynbl agyntheamoe®dd hiesal pudtanghis§ fiek et isajg;&?(ggtr&gg bgdgg 5&“{31\(65%19%@ c%lalget er 40

[

cl ock bi @ferdifQviiTht e aill LESrao L2.30) and line biases Introduced by the
ground transceiver har of¥ite (‘%‘3 lﬁrr“‘r%““n)" AVENDED SWEET | PENAU 23 4u_.., _? 06

PCT/ AUQ2/ 01495 Received 27 May 2003 5 5, lines 38 to 67 and Col um 6,

i nes 1 k6 ya)futiShajenhir gl prsll bl RS hroliac TEHRAIALAN 1653 Wy SHBOHLIRD! S

I ncl ude: syfdndondhs BERF praf G oS LAl L Lerencing ground transcei ver signa _§ wth a
ground transmtter Srgnal  CoTuHF: hasonce nfrad cysie ambigwties arg molvaded SingtYpoiny i ) a
user reccéil\?‘ahas?(fs!“@rsel%é?mgn brudetermied witlost te aidpTaildntiar apghsnl t er signals wth
a ground transceiver (Colum 6, lines 25 to 67, Colum 7, lines 1 to 33),
and (iiig; er receiyer 5 differencing ground transceiver signals, which
i ncor por’@a‘ts Z""@b‘%‘%‘f e?ﬁﬁﬁe RIS yeiem én Hf?‘%%eéﬁ%véts Pfiticn regeiva it pictiss netwpignal

( Collfim time-tpnsfepinfoguptioro 67, Columm 8, lines | to 34). Sheynblat's patent
teaches an advance of differential nethodol ogi es but does not teach, show,
or suggest a highly desirable systemthat woul d produce single point
position solutions in a roving position receiver froma network of ground

t r ansceSYMMARYIWF THH VERTIONSySst ens Wi || not allow tinme-of-arrival position
determ nation without requiring at |east one of. (a) a physical connection
betyween transmtter beacons; (b) an atomic tinme standard at each

t r atrs i P2t aspesf of theyprreant inyentiant 4 Dvient dane GRS tisclebbBeshronslogiclly SaBnk@g M of

i 1o Of sl B om L1 o0 Bl G UepLo o BT B aRbERRE |

time-of;:arri itioping.signals, wthout any o
i on . Eiabnk Yo B BY et oS ot a Epene vion e iees il degoml by
ch ][-o n olasggifjﬁd I“?"S@gmafbh iofferriying a8q/intemprating reforeid poskioMing %@3& %oxlﬁ %&ﬁ“@%ﬂ%&é EJT -
referr A Sndth bR N Yl s). .as described bel ow.
~ THE,y| NVENTI ON 20 i tpﬁ%;%“ts”i an g%jﬁ‘}et%to? 8&&%8%%‘8%“&?%“%%6??% POIFHH B a
 positionrng. ESPLPURE sierdl avd thep detsrminesmtefersace positiining sigual eropagatidn clelny beercerphase
posi t i dkp Witearermznaitieonsl. tharpdsiionkig-inh QRS Thel SbiteHMESh G %Lviéeﬂﬁe%rg%fi’ega%@%d ons

t

bet weeRRas § Lankngadni § Devices. |t is yet a further object” of the present
i nvention o 'B@ S{ﬁ%ét}ggin%g%}%n@rfﬁfﬁq"wfgf@ VoS fad IRETIRESTtY QY0 yRigee pesitioning pr eci se

code a4t s o f9ama cloprddeopi Bre pdwticempruniaddvion Soiaieh 0 freckibed e afler@étedat oM C
{1 o, Sraknalos isiiokihe bnal Gt el ih B bndD WOl b o B SSE ank YR 2 | ©

proyi dg. Sitdoni system and met hoc makKi ecise cod arfd
carrier p ﬁ_asgoeﬂ d:)l%?ﬁelng’l‘f pésétpéﬁnﬁﬁl?i%ﬂei"&'rfé’m%ﬁ“?% adjusisthe geawetion and tan@lissiomof

Navi gathP gHaSaositiduing igndysdoriing tb:nip ia steducedrahdmidsion Y¥itfercARO hlde) BOIRFhoOf the
pr esenpositioi bdod ol el VMo [-S gsj tioni.ng system and method for neking
preci se gode ?ndrﬁf:og%rl er pi .ast_’gs _ Slitiy t él%ﬁn“ﬂ'gf’%‘%f?f“ﬁ%f‘%hge%ﬂ“‘ls (sBragolagisally
“requi refe wifhitheefyrence pasitioningsigadt i on  t echni ques.

30  In a preferred embodiment of the invention, the reference transmitter generates and transmits a plurality of
frequency-diverse positioning signals that exhibit time-incoherence. The positioning-unit device also
generates and transmits a plurality of frequency-diverse positioning 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.
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35 It is yet a further object of the present invention to s#hymeagogi cally
synchroni ze Positioning-Unit Devices to a systemtinebase, the system

ti mebase not necessarily being of absolute accuracy. It is yet a further
obj ect of the present invention to pggpagate a reference tinebase through
geogr aphincasthey preftired énitbdtinel oP®S iidvbr@id, G- ddibda dagMd & RioniftOsiAMENRs SHEET

EAlI AU Z%eégﬁlgp%ﬂlggnési ;lfgrgﬂlgregsit%nil:lqrtt er. object of the present invention to
provi de a roving position refel Vers W R Ehr onol ogi cal l y- synchronous code
phase pseudoranges, such that single-point code phase position solutions

can be Idepeimsiharesletote HaUsdihde itk Alenod R RMcbPlrarSRisidRCliti@lice Rcthdes | S YL

a furth L eCl . e present..invention to provide a roving position
T eceisvef&mvé t %{ﬁctfrugg 0 eggcf"g% °9-°%Wﬁgﬁﬁaﬂsphe=am%¢mﬁ%§e@%@m @fes, such

t hat onCEMRoRIERE thecrpisierce padifioging sigrab arslrthe mdge [pusitBning sigiah gl datefadient carrAr 1 i er
phase paggich®dife@hdgdt i Oon can be determ ned without the aid of differential
correction. It is yet a further object of the present invention to provide
a roving position receiver with precise network 10 tine-transfer

i nf or natn Wether SofwrRmbORmaL & thaNMEMDh,@M dBuckdradsnflidsios HiffaeiRe Bbudf cdrpise esent
i nvent i eNdatadompoai Brot \He I: LS for chr.onol ogi cal .
synchro pi ezé.{%% Iya uni que %%;sein%icbggﬁt?oﬁgé g‘?’%ﬁ%‘ﬁ%&e“ﬁg‘r‘ea%%‘g”b“ﬁ s%“aggos%e%%“}ﬁ%g- uni t
device at  d RASwn | ocation with a reference positioning signal generated
by a reference transmtter at a known | ocation. A positioning-unit device

is a Speqt ahd Jo: abl e .of receiving and i rpreti

ref er encgﬂ ?é%fgﬁfeﬁg’ng‘%gﬁ%ﬁg’g #ﬁgemmf Ao é#ceﬁeg f “g‘fsfngﬂg”rrgﬁré'&? 6 ther

poSi ti OWP’H%@WPS%’QWEE@WP‘?@WN?WW fios psendorandog-codeicompbasatseéthe ebencees and
| Nt Br priesigonlig &igdl) dhe k! @RGE phtPhihd GRlN% SLERRAL 23R dbRRRmASIEhB RS2
referengg positioning signal propagation delay between the reference
transmtter and the positioning-unit device. The positioning-unit device
then generates and transnmts a unique positioning signal and subsequently

recei vas aidiheh prakil Qﬁ&aiﬁleﬂttoﬂhtg}ﬁ%nﬁmt Y Beal Q8 blns R iereri cq:nu%llud!csr] Lo dseolil to form
a cl oseg | ggtg? The posjtioning-unit device conpares the Teceived and

i nt er prret P 1ABIKE Bha3H MepsHrmy desramed famdcearice compaeniedt thedrefersteer pr et ed
uni2§ue ppihing Sgvingd thé Wit pdsiEioA@AILER toedido A RSHHRSIS Burridh paRTuBRERce. ThE
positioning-unit device continuously adjusts the generation and

transm ssion of the unique positioning signal according to:. i) the deduced
t r ans NSt Bytheriprofesed prebedimont ¢f the jnventien, the tafirewesitiphias sighal propagatkinglelay is

pr opagadtim@inedtyl ay. Consequently, the unique positioning signal becones
chronol ogi ca}l Iy ?se nchroni zed with the reference positioning signal. 30 In
a -pr ef er r ed”enboli*HEHE B Posilien of the &sferensmransmigter cetained icthe referpnes potitoning
gederates and trdgmslits a plurality of frequency-diverse positioning
signal s thaly exhiohitind i0®z her.ence, The positioning-unit device also
gener at es g;r%d t?gﬁggrljnn {shgglteb{;]%érﬁﬁo ""t'of/l(i%Pe H°338%@§98F‘68%é“8“%%ﬁ'tﬂe‘8ﬁi‘?1g
signal s. The pos@kilgnp aymaiic disse between Herefereme eansmistet gl tol positidningyonio f
frequency-di ver sRvig@si tioning signals fromthe reference transmtter of
from ot her R posi tioni ntg- upi t devices including itself or fromboth the
reference t9 ansPPPEPe tizgle tﬂﬂﬁ“‘ﬁ%@%ﬁ‘ﬁgﬁmtﬁn@'ﬂ&é‘&i ces including

i t¥e| fsuchthps theaefertrico positigningnsignaidespagation SR id QRN dené boavalen spal agi-emal |y
synchrgggt zes each frequency-diverse positioning signal fromthe reference
transmtter or the other positioning-unit devices or both to a respective
frequency-di verse positioning signal fromthe positioning-unit device

i t sel fln 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




Consequently, the tinme-incoherence is common anongst all férqueneusd verse
positioning signals. 23 June 2006 6a In another preferred enbodi nent of
the invention, the adjusted unique positioning signal functions as a
reference positioning signal for othgf positioning-unit devices. In yet
anot her ppeehilesd ©ascand IR c3ei Lvent.| t he deduced transni ssion
~di f ferengg,d.pc! udes g%corrpg??@%gngngﬁte%pn%}(@%% %%gﬁ p‘(’:srcl}lr(r“ﬁ“é% T& %ﬁg%‘? ﬁ’?rﬁ’ &0t ed
carrier phase heasur ETEMRE UL fevicrion bef fln g wpack plethe twwmienn e pasitiofing-tmit

refer e_ncée"p?ie §¢uerpteyying g;gt?‘ﬂhiq&ﬂpbsﬁhﬁlglﬂgﬁ%ﬂ Wherflp &}e hﬁimgﬁﬂ:ioﬁih%ﬂ@m it Qig?e@t ﬁr m ne
a carri efit i fr Sbrablle [ .. | n_anot her preferred enbodi nent of. the

i nvengiop, w?g%ﬁggﬁced tlr %L?%Sjgssﬁfogﬁg ﬁ}%fd%"él?eerﬁ%gesi arfﬁfrrfﬂfégt’g:g’?)xﬁlﬁaﬂgpéﬁw 510 of
dat a compohent § P SIE FEH e mpiuees o seatenni difersicy etiveeartte toesianals. e

posi t i onPIYonsisgnitievicoadiiat e frquencylof thel fuecklly bQiti iRk by 4 2M6int RARE BEH the

pr ef er r egledAGH} : v I O he deduced transm ssign difference
i ncl udes e.c:om%@?l%gen%ggduﬁ%r%%gwﬂﬁ’é‘};‘lﬂ’él}?‘egﬁ‘feéa“&‘b"t“g FRRSTIEEPRoF Bippnique

pseudor aNfTBTTE Bl Y prplEst e arastrpd frequbrey aliffeendd topths | fieipey nepesblg piatk. and t he

uni que powictueatyi e fisquais |ditfeRndd Seedy thead %@H%@r SRR S ge

di f_f@re%gﬁon[ﬂ%si?t@gggﬁfmigﬁgtf%r ed .en‘ﬁ%%i J%rignt .0 he i%e%ﬁf%’g?ﬁ%? %g%%gduced
transni ssion difference I nct uaees PREESR! in 19UIR5 t ant aneous carrier phase

- neasurenents determined fromcarrier conmponents of the reference 20

posi t i ok mpreirgrMbodaitglt SR isvhiRk ShedOSkdch A gg;ﬁ ermne a

i nst ant %@cﬁx%f-dﬁé?{e” er. hhase ﬁi ?’ere_n_ce_. ?%{s'g%flségno Séfﬁ%ﬁ%?ﬂé’%ﬁ%ﬁgodi ment

of the invention, the e SFRKet flibt figpringeiessposnAbhe posisioringit olsvierepleyy i s

det er ni REdrEAnd pmsmlls aiphuralityof Geduengy-diveese pRiohih@dgoalk. ThORoskiRfiRIBINERIc thansni tter

contifi nedeivesItht e LERER&! Ltiani.ng. signal: b) conparin he

i nter pret ed i[pogrja rtailtgn tglut_ﬁ]'(é.m E%S%s%%@gg?@ SfrslgrS?l ﬂlt'ehrgl)e‘ﬁ%% irglf%q’%'}'itf’%’é{ﬁﬁ’ﬂi"fherdevi ce

to cal LUl ate 8" Jediietrrlrinetsef amfeem bt the evkertnhe trmehigerond ethermesigoning-tigr - and

t he posflavicesriichging itself mdepvdittbfem%-lﬁau %ﬂ&%ﬁ‘&n&ﬁd@ﬂ:ﬁ&éﬂﬁy a&nﬁwéf@mf@nmm&t&éhc o

Gl onal  prbaauR Rl R fop b0l ‘e b o Pt T of

flight. Uit BFReeive dfeavracyedinstsel i paetivhing f signkile from vida t fositionink sit rdefi@r BRES

-t 2205 1M Canetueh @G ihelGHES inEBE ok 19 Bdnlhthn i ' iyl Q6 Agrent ati on

System satellites, G obal Navi gall::Flgér?%Ségl?%%qfi&t%%—dg\%ggsﬁﬁééﬁg%?ﬁt es, .

Pseudolites, or any 35 other devices that incorporate timng information.

lj n 2 séggm&;ﬁomﬁem egtboditan i pf s m&nﬁ&mnueﬁajm, u&?&i@ﬁ%@ﬁ&aﬂﬁﬁ&ﬁ&g aisaf

-~ di scl ogesle s I ncy. . coherence between a received reference
posi ti oni ng siSIgnai ’ rdéfr%g?n{rﬁée%g'%%@ué"@%'fcgsr ence transmtter and a uni que 40

positioning signal generated and transmtted by a positioning unit device.

A BOSI b hamater phifired @bt ot e ket G Ao RO Hebehifivd LARSRET VET

capabl g ' iasréqna‘nd i nterpreting reference positioning sighalS from

the reference t ANt rapats ‘gfﬁg’fwm'ﬁéﬂmﬁﬁ?ﬂlmﬁ%ﬂﬁ%W?wﬂ@\mgbmﬂ%. I'n

this a¥9@Euriospomplarent of the reféraus pobitieming Sigtial to A&térAgie o Birdier frequency difference.

In another preferred embodiment of the invention, the frequency difference is measured by comparing
30 instantaneous carrier phase measurements determined from carrier components of the reference positioning

 signal and the unique positioning signal to determine an instantaneous cartier phase difference.

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

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

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 a known geometric distance from




device generates and transmts a uni que positioning signal23lgeeionst he

uni que positioning signal is aligned with a frequency steerable clock. The
positioning-unit device receives a reference positioning signal and its 5
own uni que positioning signal and negsures the frequency difference between

the two iegeritiosing ﬂﬂlteiewq:boalpbsnﬁ)ﬁh@@ntlﬂmr&e xﬂ@yﬂeaa.z@éﬂ&a!d&&&r EJBQ)IJ Jf?%ﬁgf%/ndm the
frequenciat éﬁkﬁw%g&lﬁm ¥‘ﬁ‘% unt. derived, fromth neasure regquency

di fference gnd then contin fmm e, efprence HE“SﬁEtﬁre?'QPFrcﬂqs“é?ﬁ’ﬁg‘W%ﬁé'Fﬁ %sj on of
the uni qoa™ ‘PAUs £iPEHioh Ghesinwamtian, @9 Pawphglg-ngt titvee meraisesr @dl iften@elti @ Nefyrence
di f f er enpositioningtsigeal; fgﬁr&ﬁwemyraﬁhmrtﬂﬁﬁrﬁ)oﬁﬁdﬁﬁnﬁ 31g11a@%§§fﬂmgm4u¥pos dgh?rr%fsfggﬁuency

di ff ey engerida& il d uni,que positroni ng Si e reference
10 posi t,blorlu n gﬁgﬁéﬂr‘#ﬁf BP9 heR reperyen and inigpts Qﬁéﬁ"&“%’?‘é""&%é‘g@ht in

frequency® pP?‘rt °am§;rrgr dvicemeasyiorfregeenty differérice bétmees Niel edived fefrefice fped’lﬂiﬂﬁig

transm tsigasl ag;bmefeadi\ea uidf@ szﬁtﬁ)HﬁéT}r%n%I @heHJoH{lﬁnkn'gtlﬁﬁt Qévxcel_%]c@ugtg e rﬁ% ur n? {hs €

t t exh ~tini t
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posi ti or"r‘fllﬁﬁs &y pprare ositiphios piersl. tAit Giis stage, Wil flositl@iitipGRit UARS dkBmmECLprYRSatbie

pl urtal i tdylayaf mfeéxﬁﬁléll@iaﬁﬂ e ; gnal s, fromthe.reference
transmi B%t;gegglﬂ %Sﬁg‘é@gn?@gh&hgm&%%dewa%es [ ngﬁ“{?ﬁf% 4& or
t

from bo ‘é"? e 3’5’“5’ ©Rg tigel ap G‘edﬂq’é@d winst posisioninecsizneli Finallglahe ces
i ncl udi figpunesef the faheacp geiable by offdi for 8 PMiod Rf 1S BervANRREBSREEI tine

chronol gigreaé hnd By b C uency- diver 0si tigning, signal
fromthe re rref erence t raﬁés&nl‘l% ‘?’t%géarﬁ&o&r&a{ ‘F&P Hae X’i?’o%di“ﬁszbr‘? “ﬁ’ﬁ“ﬁﬁ??'f“’“ﬂ"e’ igds or

both t o A% SEHRaRs pesitoping, sienqk hecemey dieqsnqy croherént wiithn ghesfrogweady dfrtgeyefeeace
posit i d?w'n@mnmal el Vira@log iclI§ bdherent A GORSGHISHhL ¥rerch A Gadsh iy | NCOher ence i's
common anongst all frequency-diverse positioning signals. |In another
preferred enbodi ment of the invention, the adjusted unique positioning

si gnal P dReEferetrmbadiment of e @errmethqa@&rememnsﬂgtes E@Batks fno Era:@ﬂn‘fh&rplurahty of

POST 1} Jreangyhiebe daniohRg «igdth Wit Wehi ANALRGHBEET AL S STDON TRRL 41 L Ne
inventign . the fre u"’gﬂéﬁ{ ffer ence is neasur &d arrn i it gr at ed
carri erg ase r?%% of fistsronidiverse positinming sizeals: mmoa‘lvnpg}metrﬂpwwfthmhe

uni®que “196‘3*13 theqirality ofifigqehcy-diversk [Rsif@mg ishal CHGHP M §Rirondd trﬁnﬂrﬁtteﬂr of £5EDRE

POSi t i QLIS : rier. freque erence.. | n_anot her
pref errg?él e odr&nlg%{sq‘gﬂ‘%ge@f%gﬁ |%% rﬁ%”??ﬂﬂﬁ*&%&“ﬂr%@?‘@ﬁﬁ%“ﬁ%‘“neasur ed

by co i ps g uding tiselfs Thewosifieningamit device Gen joikpaieny abionchiglally SyRbeizesicated from
carri eﬁeqummmtpsm&lmg Binal $érfe 118 NBdren RO LR oP e ok Hd&Hionf ﬁm{ cﬂa@: lén' que

posi tigal g det eé{m ne an i nstantaneous carri er Gr1f er ence.
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satellites, G obal Navigation Satellite Systemsatellites, Pseudolites, or
any 3@ 0 her devr ces that incorporate timng information. In a further
aspect THPEefpTed smbpdiment of fhe inyptiommeaswing thecfreguenwt difbtbnéesomtprisesl competing Or

iy e B e S ) By ST RRESRET, ol ng

posrtr ey, known | ocati on
nala%uéaﬁglr%@g&dl e'gs tltherI e}a Wé‘&“%é%%%%@mwer&ewma difiwsuge: geonetric

d| tance from 23 June 2006 6e the Positioning-unit device. A
_posi tlIrDYHtﬁlgf_h irdferfl@\einf SAGekal i Zzed Lran apabl e of receiving
and i Bogmggﬂre gfdédrlr%te&posr t+% ing S ﬁ'&l fl&fgﬁ?cfﬁg‘mﬂéﬁfé’?
transm ? e ugeippsitioning signeland dad!@omp@lem fronpgidithe refiretichpitiesipect  of
~the i ﬁmmdmnpmbheoarxeﬁmémﬁmﬂag unit. device receives and interprets a
reference positioning signal; generates and transmits a unique positioning

%g ,. Wherein the unique positioning signal 5 is aligned with a frequency
strer WFnhe prfared smbpdinientrof twcmieatios, tanting &'ﬁ&hﬁb%ﬁrﬁpr&&&oh\ﬁﬁrﬂgﬁse@&ﬁnﬁd oni ng
Si gnaeasurehiefits [WORItihed NddS pseidbrdn r a frequenc di.ff ce :
_ betwepg 3&%015%&% ved ref (IaJrencedc'%gésélhe‘?:E(SIH}‘?E&{é &Sth SRR %’ggné d uni que
“positioni ng Si gna'f"mp‘]’}‘?éts ;?B&etﬁ‘*%ﬁr%gwamntngmb@ @F@Iﬁ]mm 9 cofrepserdogusncy of -

t he difference.




frequency steerable clock by an anmount derived from sai d neEpsineedodr equency
di fference and consequently adjusts the unique positioning signal. At this
stage, the positioning-unit device determ nes a propagation 10 del ay

bet ween %He reference transmtter anggthe positioning-unit device and then
‘measur es PR Bt cebrdinentof thoipmtionne tiretifforaek comprisesempmrigDsstieisn g

si gnal awrier piesemeaseicniah dd@intiie B Sirfidr emp&qmé bﬁmlmqufbdaﬁbdu%mghéﬁﬁm dfigauency

of the f e.cloc set for rio t1me derived
fron1the&%%ggﬂfegé%%%%%g’m??%%éﬁ%%mgﬁﬁmwﬁ%“¥mﬂQﬁﬁﬁdﬁgﬁmﬁropagat|on del ay and

consequent |y adjusts the unique positioning signal. Hence, the unique
posi tS onlnrg alsingtie embERRARS the' :ﬁﬂlﬂ%ﬂcﬂ{e ﬁféﬂﬁ&%ﬁsm‘m& ﬁcﬂn&? 8%% ﬁ%e&éce%t he

ref erenc n Si chrgono o I ca eren he
tlnebase@g?;éﬁﬂgit%ggeﬁs mﬁ?%ﬁ ?P%?“MWWPW§NE Eﬁeﬁ?%ﬁmgﬁﬁéﬁ?ﬁﬁﬁfOGWYthe

i nvent i dither eriees phatrinsprpprate timing nGominttive r generates and transmts a plurality of
frequency-diverse positioning signals that exhibit time-incoherence. The
posi ti oning- uni &EW%VICG alsp . generates and transnmits a plurality of

frequency-di varas Bodiy p BeRYIE N flayiee’s intprally generaied mpsifigning pignabiie feavency hen 20
r ecdf vesoherset Witk an dicomipg offerénce pasitingiyg: ﬂgn\ﬂﬁﬁrﬁ&hﬂﬁ«ﬂbglidapwh&&o& Wi @de Seféréein t he

refer enﬁamﬁ]m&nﬁﬁgbgsgebmgf Bésﬂﬁhiﬂé A& devggsml ty on{ n.ga un| tcmgl\éédces i_ncl udi ng
itself oth_the reference transm Y Her posft? FHG uni t

devi ces |ncﬁﬁdf b“ﬁ?@%ﬁﬁmﬂfﬁﬁwﬁéﬁ?PgBﬁmﬁgmhwwtMU@VPmewﬂhemmkﬁdeﬁemdentIy
chr onol dgfelea b irgfergyapisitiatiigZsiyaal CHG fgeogfnbﬁ&u @RfbiricH S GrdaQISilaliP Yhdhniional

fromt £ I I er, or t ot.her, position u devi ces or
bot t (oA I dre St Ao ou S pSHotitrmens Shg e grharriase
t

posi’t i o tg,pquagm,eg@mp gstife Ume@ée Oossedseniz gepgriphieal iieare- | ncoher ence i s
common anongst all frequency-diverse positioning signals. In another
preferred enbodi nent of the invention, nmeasuring the frequency difference
conprises conparing integrated carrier phase neasurenents determ ned from
carrier conponents of the unique positioning signal and carrier conponents
of the reference positioning signal to determne a carrier frequency
difference. 30.1n yet another preferred enbodi nent of the invention,
measuring the tinme difference conprises conparing data conponents fromthe
uni que positioning signal and data conponents fromsaid the reference
positioning signal to determne a coarse tinme difference. 35 In another
preferred enbodi nrent of the invention, the tinme difference conprises
conpari ng pseudorange neasurenents determ ned from pseudorandom code
conponents of the unique positioning signal and pseudorandom code
conponents of the reference positioning signal to determne a code
pseudorange difference. 23 June 2006 In yet another preferred enbodi nent
of the invention, he tine difference conprises conparing instantaneous
carrier phase neasurenents determ ned fromcarrier conmponents of the unique
positioning signal and carrier conponents of the reference positioning
signal to determne a carrier phase difference. 5 1In an alternative

enbodi ment of the invention, the reference transmtter includes
positioning-unit devices, Wde Area Augnentation Systemsatellites, d obal
Navi gation Satellite Systemsatellites, Pseudolites, or any ' other devices
that incorporate timng information. TinmeLoc is achieved when a

- positioning-unit device's internally generated positioning signal is
frequency 10 coherent with an incom ng reference positioning signal, and
chronol ogi cal coherence with the reference transmtter tinebase. Once a
positioning-unit device is chronologically synchronized to a reference
transmtter, other positioning-unit devices entering the network can use
its unique transnltted positioning signal as a reference positioning
signal. The geographical distribution of the chronologically synchronized

AR




~transmts J'ts uniq 0sl t1 onl ng

positioning-unit devices creates a time-coherent network of3 p@sidopeni ng
signals. This thereby allows a unique 15 capacity to propagate an
extrenely precise tinebase across a substantial geographical area. 23 June
2006 7 BRI EF DESCRI PTION OF TIM DRAWMNGS 10 FIG 1 is a graphical
-representation of one enbodi nent of Tine-Lock according to the present
invention, incorporating a single reference transmtter broadcasting to a
plurality of Positioning-Unit Devices, and a roving position receiver
determ ni ng an autononous single point position solution. FIG 2 is a
graphi cal representation of another enbodi ment of Tinme-Lock according to
the present invention, 15 incorporating a single reference transmtter
broadcasting to a single Positioning-Unit Device. FIG 3 is a graphical

Ir epr esengriel DEscRiPTAONGHTEE pRAteisment of Ti me- Lock according to the present
invention, incorporating a single reference transmtter broadcasting to a
plurality of Positioning-Unit Devices. 20 FIG 4 is a graphical
repré8ent’&t | 54 seaphicalieprepralptiop plrueisrvadimentof Timeyesk pagerfingte i preiem dpvantiont he pr esent

i nvent i Oﬂcorpoia!ﬂﬁ@rsﬁg]é’ ﬁi‘exler&l g rihsrhi®f BOERAGE: t A PRSEH Bﬁf%ﬁmbiﬁ@@ﬁ'r%ﬁ% ngh 4 hr ough an
|nterned| RositLo graphi cal representation

of anot her oot i st e inige ar'rlea“t?fwmﬂ‘(‘ssglél&%or”“g?foﬁg"“f(’ MPhe present invention,
i ncorporating a pIurallty of  reference transmtters broadcasting to a
si ngl e Ppisi1it Dgtdphight fefitdséniakdR 6 Midther eafbodilekbor 'ﬁmei-ﬁc!@ac@fdﬁﬁf&itiﬁﬁeseﬁt@lwme ntation of

anot her L. t he sent i nvention, :
|ncopgorg?ﬁ%%hﬁg&?é%?&qugﬁugﬁéﬁ%m%mg b%“mm?9¢£g§ F&ference transnitter

broadcasting to four Positioning-Unit Devices. The Positioning-Unit
Devi ces Emrnsiemmtal Wprdsénfiitd 0T ahotehdibddin@MVOE Tiidd-1ptiCaccofdiig @ bie@it Giddntioy,

synchronj i eiver situated in
a satell ertgog’ '&gﬁh& iagp%eg% “?rs]@?erﬂgﬁad&%fl O{Z@‘éh[}gfﬁgéonﬁ%emt E{]?%al representation
of anot her enbodi ment of Tine-Lock according to the present invention,
I Nncorpor Bl 4iga faphlQbregrdsaation gf abbitiet cblliflef Of THRLIRERBGAInE fo @6 Frededt Indditidar oadcast i ng
to threey Q | Unit Devices
subsequen%’fpla]%lin g%%%%%ﬁgwﬁuég%yﬁﬁmggﬁmglgaeroﬁ%ﬂga&m&éﬁyﬂggﬁchronrzed 35
positioning signals to a roving position receiver. FIG 8 is a graphical
I epr esenkials iodpraphicabpdsdn@tion S ibdt ciBdlimed bf TiheRcklabGiding16 @@ prebed Gvehtddn,t he present
- inventio j { i oni ng- Uni t
Devices,ﬂgﬁghgggé ﬁ%h%%gr%%@ﬁﬁ@%@@ﬁ%ﬁ#ﬁg?@%ﬁ?51&mmIm ﬁgk%oundary of the
two Retworks.  The boundary Positioning-Unit Devices subsequently transmts
i nter- 40Great apeubkicaleteseaition ofuBotiie:ubddiment GMIHRY ofk@Sdordingt0 the freseit @htion,23 June

200 2 &Eéé Hﬁ?’ W30 Ree R Sl Q%erf&%%u&eﬁbﬂad&l;&g'& flizagram of

Posi tion vice mare according t resent i nvention.

OVERVI EVioatiope el Hayisy- Ibﬁr Ros'mr% Peyicgs %ew@rr%wtt thelih Q¥R Wig¥, which is
posi t i oneebnoddgicaly kyfhibmized p@iitning Sigak @ a F@BEIoSRE recaider slha@dih a Givttiteroednegdence

posi tj onjag. signal fromat |east one reference transmtter. Preferably, the
reference transmtter is another Positioning-Unit Device, or a WAAS
~satellite. In response to the received reference 10 positioning signals,

t he Posi BIG.nd ayepplial réprefagtation 6f andtierembldineyit AfTiabel oskpberEnDIn thz rsenBinventob,er nal | y
gener at egopRst b PARbASU B ohfinc kil GO A0GES b/ AR hilonb FRD2SE and

to a
Devices, The Posmomn -Unit Devices subsequently transmlt their own unique chronologically synchronized

35 posmonmg SIgIlﬂlS toa rovmg pDSItIOl’l 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.




position receivers in view The mninmmrequirenent for thes jpepgoson of an
aut ononous | ocation network is at |least two Positi®ning-Unit Devices
chronol ogically synchroni zed to one reference transm tt @&CT/AUREN43g
position receiver in view of the all the transmtted Rebgved2? May2003n t hi s
aut ononmous network is capable of 15 determ ning autononous code and carrier
si gl e point position solutions withput the need for differenti al
correction. Furthernore, the reference transmtter oscillator does not need
the inherent stability of atomc time standards as required by prior art
systens, thenaRyioddseh i 8eBink-DEHRAR BB GhobihAth mOPEid ihaligr to be used as
a reference tinmebase for the entire location network. 20 Thus, as detailed
bel ow, a Positioning-Unit Device nmay serve as a mnetaphorical "channel." for
di stributing chronologically synchronized positioning signals to a roving
positiofn rexseviEsr . This allows the.roving position receiver to calcul ate
both code and carrier-based single point position determ nations, w tthout
the need for physical connections between Positioning-Unit Devices,

wi t hout r rEhog Ut RsHeds A spesiplized frapsreizer. cpliclyip positiomed st akpgys fpsptiengmd regeivks wi t hout
requiri ng atieést @ eftendalpostiouing eigdl fom. ot st oY Bibfzivt AN idE Pletclbh héetrehOWs ONe
confi gur atya@Riuk QY andel Po?i{iJnlnBﬁditr]lgvigy&ta VAL e IR NG go%he%g\%h ReeReS! t10n

deter ations usi 30 .code_and carrier-based s ngle polnt position
cal culmé(?i Jigik Wag & %W“DWg%Bg?ef‘feoWW&g‘EﬂY {YnpiERYPeE @8 nfally gemgrated 1 2 gy e
posi t i onecresgtionijgsigyehto holeicomsmigpriinchese @i eaibmits @ vaique edsitiimp dgal el atiedi nat e

Syst em andhditRfRRfé i Gy, Thd RERINMEiRient BARL BB 5] KloRRGS 10885 @il NY Si gnal
r 103, . which is al so

102 broadc t..| east. . one reference fransmtt . [
positionedagkngﬁﬁgﬁﬁmggggFWﬁﬁ&wwﬁ mﬂ@@ﬁ&%?“f%mﬁ SEERE PR £ 62BR di nat e
system | rPostiessesivedn vigy ofttisall e traimjtedisignalf witiirthieaupomiotsingwirniy capibproél 102 t he
Posi E | O rigierlolfing auldPdtiotesde bdlearder &ngie@&\i;lt%oﬁtfoﬁ E\ﬁiﬂ%ﬂ%} witidg lﬂ@ haged or Fiﬁé}ﬁﬁay nihq ue .
posi tioni - - are ¢ nal ogi synchroni ze
to the r e?_ g'feggﬁlg g%?'?égﬁ)éﬁi}etf% 3%%8%@ %s\cdr}a%’\r/ F°r?sgn°|5'(])e§‘{ ‘% ‘ghﬁm ‘g étg"g‘-\'tyv"é F“"%S, si t uat ed
Wit hin t hé™RERGRSE fe respired ey prier asysiag, thereby @lowing & inegrnsive grysteleopoifieter i tefisd ence

posi ti oni nge skrgirainsbabd thé eiralodatv@ natvifker ence transmtter 103 and uni que
positioning signals 104-1 & 104-2 fromthe Positioning-Unit Devices 101-1
& 101-2, and agtongnnusly“calculates both code and carrier-based single
poi nt - Posi ROSFIRY: A Zbsitigine Unt Rsidea v soe podopsephgrical Fimpylo foodirdeis v

synchr oni Zigehologhk@llypsyschrbuiizpd) pasigonis gjgnall ®. » Alig\bokidn SEdEHeP' This iioAd tkJroving 3- June

- 2006- PCHfb2le 44l 5o YR dr bt A3 oSl ot bkl Bs-E ko

Posi ti oni n%éyni t _gew ces synchronjze to.a co n.c 10l ogi cal tinebase,

whi ch can "B8ehHscalepeeions Rotwern PogEon g BritPayjess. yitoptrauing atguls fmefadardspher of or e any

si npl e and@NShianchress sidwethon rejuiting Sifermtiaborrsstish as a 5 crystal oscillator, wll

suffice as the reference clock in a reference transmtter. In the preferred

enbodi ment a tenperature conpensated crystal oscillator (TCXO or better

is used. A Positioning-Unit Device first acquires a reference transmtter

posi ti oni AYSEMIRMETHEY cal cul ates a so-called tinme-of-flight offset from

the known co-ordinates of the reference transmtter and the known

.co-ordi na Rosi.t i.0nj ng- Lni.: ice. The tinme-of-flight offset
L e R L e Ak

t akes into consi by the

r ef er el e code and carrier-based single point position caleulations. 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, and autonomously caloulates both code
and carrier-based single point position determinatiéns from the network of chronologically synchronized
40  positioning signals. '
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10 positioning signal whilst traveling fromthe reference 1 anamdgger to

the Positioning-Unit Device. In free space, el ectromagneti c waves trave
approxi mately one neter every three nanoseconds. Next, PEEAU02/01495

Posi tioning-Unit Device applies the time-of-flight oRdceived20Man200dt er nal |y
generated positioning signal and aligns this positioning signal to the

i ncomi ng reference positioning signdl, thus bringing the internally
generated positioning signal into chronological alignnment with the
‘reference transmitter. Specifically, Time 15 Lock is achi eved when a

Posi ti oniTigelitkt Devices’ internally generated posi tioning signal has

1 equencyre0hes RIRGA A bASRILIG, LikS! SRGS.PORLLLONLAD SLggal , and

chr onol ogi ¢al erence ref erence
refer enceaﬂb"&?l" Tegd bty 2ehitgp ytrianee ThoreknsHy siprleang FnBEfP@ESIYe&bPWOWWe‘H@e‘-my (RF)
carrief fanomhosillsef el ffices he oireme ddlein 2 refoRie Fhmitee TfQRERRABIHkRAI Ng SI gnal

b
can | ?Ogﬁn%%%?goﬁﬁsemmﬂ %&iuats!r (tl"bf@ & SUELLCE usew ‘f%m médm @Mcgeﬁrsé atellites,

Vi ces Ar ea ‘Augnent at1on
d obal ok PGPS RIS pastioning Sl i eSS acorealed g efsﬂlghp@eqaam Wes or any
conbi nat i ksewngé-orjipgke; of tis oufbregee Sransriec exdn:he tugpwin @irdingresfof @ Positiong-UlOiSehvikd, Oni ng- Uni t
Devi ce 2013;3 {Mh@d okt t&eswygﬁmﬂ'atﬁ)ﬁ ﬂi@%ﬁpa%ﬁl@mnﬁ dé]%fe%eﬁeﬂr%@ g} %@ﬁ{ﬁ%ﬁé ter 202

recei yes r.ef er 0 n transmt e reference
tr ansir%et (Piitionjpesen %‘?’@&r‘g“f’ 2‘?%#? thep‘g@“tcggﬂ?nﬂlﬁr 19fie Fogffonine- %?eﬁ“ésmaﬁe% arrier
conponentspacey elgpilomagestip svensd travelasppoximasahd eneCovp emen threa Nehosccddit Aegomponent . The

Posi t i onipagiohlitnit Dewde Gflies b ulnélgmgm{f@& 85 BreRRF/ gBﬂeth@d oBdtnY gélal%gcfl and a
colocat%%‘g ansm t.ter tion.receiver 4 1s cC e of
o]

recei vi ng posi tplos(l)nl S a%%ntg? §'°°f“f‘"6|ﬁ%éﬁ“?° Roompz i ‘b‘ﬁsbf“fgi“ér'ﬁedﬁer%”f%nal s in
view 203credipfposiionipg S;s%iﬂ‘lo chsmblpgicalaligyment mtwﬂwmhrqntesmmmrmtﬁwy,mmmsm tter

%05 1sn nea&pOMREed Whed baaSIEgifgumeﬁkvmf RiERNE generﬂéa%sido& s@ﬂn Bls the |
osi tionipg-\ transmts . a posi | on| ng si gna
206 30 fromi g{u’":mt r a\éésn%n%t Y %“m%s‘gcﬂﬂ’ ai“‘i%@"ié’l"@@?f“ﬁ’f}" VReBEETIES oni ng- Uni t
Devi ce p&armifghudseei ver 204 The sl ave  positioning signal 206 has a
carrier conponent, a unique pseudo-random code conponent, and a data

“conponent itk on. recei er 204 receives and
si nul tané&ﬂ%%]‘ge sa }"+é %ﬁﬁﬁgﬂn re% é‘?g’r%"é‘e o%clyl(ﬁpb)cmﬁ KSk FFEom t he

r ef eridncdht P&ﬁ@mpﬁt@}mgzﬂm &#gbet geesraig é‘&?@ a1 ¥4lid |mﬁlsﬂ!§fe,swbg7hahay A88df r om t he

co- | .ocat @ditbmigirDivicay Widdrea Aghd@iv 8B (WAAS) kdite] |GiofJ§NWih€tﬁn sﬁenitehen

ot 2 SR INEE Rihild® PR by o BHALPURE DR AL B8 SR3 y 203 200 (e

recei ved slave positioning s Rem Seron P fference,
as used Feitipqe- L@‘f apvisf F@d‘“@fﬁ%ﬁcﬁ by distqnes Sget aciefense aniitter 282) re@yespar i ng t he
i nt egr at eftreo@positivningplass 203 (duliHed By Al efereRRd kafsnlRl B0.MTHE fbrehde QoRIHRG Carri er

Conp%en&éaa%s ﬁap?wﬁﬁfe@lﬁﬁ&&e o O eﬁséu@ 38 edegcnggrngé and, &L}e S 3L
PoOsSI | on| n % rm ne car req uen ?ef er ence.
AVENDED &R R;‘APJ"%"%W@?WBB Pty esiys/ 204 and 5 wﬂe@émwmzm/ﬁye 2003 to (b)

Denodul abdsitign raeivabr 10 ivprpable Ofyectivigy phtisiigpAlghal ol Al réferenO TOMR AR sfmalsiuDVigwt he
referenc S03PHP ol Qsﬂ?oﬂ'ﬁg 2 'ﬁ‘@rl‘i its %Q&até%qgnéﬁl@% Z&I @i\{'e%pogs ?()tﬁecxgceweqqaeren&nal 206 to

determ ne g coarse tra sm ssion time t he

- pseudor anﬁ‘E “f’t‘éﬂ%‘lﬂk’@ﬁﬂﬁ?@‘mﬂ%é’F‘FrP?Yé&IWr"@H‘P‘fSHéWﬁﬂ@ﬁE‘G ms&ﬁwwge%aeﬁ conponent s

- of tise rédreisemcnitpoes vhidbirgved byhabosiZARg-tumbelitdoslonitaivaasd. theaRieng si gnal
206 to dﬁkﬁ&nﬂk I$Ena206 (ﬂgea carﬁer%xﬁﬁbﬁleg{ @%ﬁe %eﬁgo-?arnﬁglcc%de 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 the 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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(d) Conparing the instantaneous carrier phase measurenment spigfpgragged from
the carrier conponents of the reference positioning signal 203 and the

sl ave positioning signal 206 to deternmine a carrier pHASéABYdlé¥ence. 10
For precise tine synchronization of the slave positiReeingl 28iMaya003206 to the
reference transnitter 202 tinebase the si gnal propagation del ay between
the reference transnitter antenna 207 and the Positioning-Unit Device
position receiver antenna 208 nust be accounted for. The known geonetri cal
di stance i n {ePaqod:lt@ Sndfconparing thbvavigatiddsteno@ndis msmrét&me p&th‘hxﬁ@@@aQO? to the

Posi ti oni ng- Unttfsal@&\!él@ ol siofi206 £ QRMR cﬁﬁéu‘%{%ﬂ% converted to
a signal ti o %fgm of -t |1 ght d| stance/speed of

light. The |on egpsTE‘X‘l“ﬁﬂeasWi’ %te‘?’(’fi‘! gﬁé‘ﬁr"%ﬂr"éﬂ“‘e@ cole SYTREAPALS |
transmtter cI @fé‘l@ referece pogkiioniig sigaah20b end dhd jslens tpesitfoniing sifuelcd§éirigymiya dofiee
© Posi ti oni ng- Unpstuddd@peldt@edcd”U 211. The correction to the steered transmtter

cl ock 210|s P ni. t vice.CPU 211 fromthe
time di ffereﬁ)gg&g&ﬂ%\g tamI¥|1e re ‘Fﬁéc“ém%%u’é*}‘??g’ﬁ}‘“%pme%efﬁw g’r%d t he sl ave
posi tioni ng si Y4 Fe?é’ep‘?ﬁﬁ?“t‘?ﬁ”@é‘ 2rod th Hoe RS?““F‘Wé‘EF’b%th‘q derminge GFT  Devi ce
recei ver 204, pmeldifkheet by the reference positioning signal
time-of-flight 209. This brings the slave posi ti oning signal 206 into 20

chrono ogl cal nchroni zati.on with,the, re transmitter 202 timebase.
s Hsp Y PIE y BF  dodiap t RE PGP Bl GBS DAIRE o1 gnal 203

“The process
with the gl al%l PpErsition dsiay fr‘fgleﬂsﬂlgn&tence E@@nte# mtmnnm &d ht Pusitidipg Utii eviéeng- Uni t
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cl ock bias cause sttionin ¥l ator 212.
“Fur t her noC@Yerigh § sgp Hﬁ%&g%et%@nukt ites-of Pk diftageeigfeediofléshits BiaBosiasing-t | on
recei ver 2BDeicé 20 inad@stecd Weerstamnine clobid 20 whithash i@kl freflabty tgaused by the

PO’ {100 Rk ShESAON 68 gABlS Al oSk AkRRndluod JERPLID) U ¢ Devi co

In the pr%ferre enbodl ment, Positlonin VI Cces

r ef er ence PPHEHRS; rlrlf"f ’i’eélfescp H 21 igm fop e d§f9“’"’l°b‘l°1wéf‘&fhﬁﬁfe’€1}5?ﬂ°ﬁ@|“m%ﬁ%"£‘ Y andSt at e O:
Reset  Redeslavapdsitifning signel 2¢6 v@ifsh Stnextueed by thefoejtiohiignRBEVE:E REviver 2040 fd offset

Posi ti oni mﬂﬂlUﬁfe;encpﬁéﬁuﬁlﬁw QBH t%;u:f ﬂléﬁt fob. althﬁ%m@s ﬁcﬁﬁzfvg SIL(Ql[ng & [e.tlelil@ fafgnce

posi ti n'”ﬁ\?{}éﬁ&%ﬂ 203 Dy POS|t|on|n Vi ce position receiver
204. 40 V° S’“@R ion 23888 - PCT/ AUD2/ 01495 Recei ved 27
- May 2003 11 State 2: Lock to Reference The Positioning-Unit Device position.
receiver Z2eMwoadChai uﬂ@@m@ t]{e@«foﬁfeﬂff&féﬁnc@ﬂﬁh&lh@ gossaltgma&tavz&&né\ﬂgs:guﬁf erence

transmttg{) ﬁ?xﬁ&?@sﬂ N gng,. Ll e tg{ @ s, navj gation data
: 6 e t1
conponent os°| P Ng- OREe °"c5%°*’“““'6 CE:*SB‘ TT y g b poiibring!

Umt Device 201 to follow the reference transmitter 202 timebase without any clock bias caused by the local
25  Positioning-Unit Device oscillator 212, Furthermore, differencing between two channels of the same 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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State 3: Synchr oni ze Sl ave The Positioning-Unit Device CPURjvheWwiobs -to
allow for coarse time alignient with the reference pos@dﬂgbgg flognal
navi gati on data component. An internal clock generatolgI é&W y@ogl at(e:é by
the CPU 211. 10 State 4: Initi‘alize Sl ave The Positi ot Ni vi ce CRU
211 determ nes an appropriate and ugi gue PRN code sequence for this
particul ar Positioning-Unit Device 31 and assi gns this PRN code sequende
to the P I |t Device transmtter 205. The current frequency

of f set fg%‘ tihlgo%ge]g?ér%nce posi tioning signal 203 (rel ative to the

Posi t i oni HgEeiienineBaiy Pevise Eﬁltﬁﬂlcha‘tebm quiips 4 refergticspsicmng gand d03tand efrence

Posi t i oni tagsmite 202 Joeiion @@l ik B @l RS iknbvigBion dab Bkt b hP PoQMonEnE-%mt
Positi onllJ)"!agj.[c tmgw ce CPU 211. This serves to initialize the
Posi ti oni ng- Uni't vice transmtter 205 to a frequency that is

appr oximately the sane as the frequency of the reference positioning
si gnal 208hte 3T et $hveni Nng- Unit Devi ce CPU 211 al so assigns the det er m{ned

PRN sequ r er.channel. in t sition it Device
posi t i oneﬁg?%slghgm% %jﬁv hgﬁjra%fée\i{'a\'/eg agl ¥ fre?aqem"i nﬁ%ﬂﬁﬁﬂt %E}g % t he sarfe
fr equencW°W%WE%&HW#m¢bmwmmlra@tedﬂy&epﬂézlm oni ng- Uni
Device 20 transmtter 205, in order to aid acquisition of the slave

posi t {Pnidad 48 6 by the Positioning-Unit Device position receiver
204. The P05| th‘?@%!ené-gml t Device then initiates a transm ssion of the sliave
posi-t i oniTgPosioniperlpit Deyige CHY 2 @eteminea agy epipiopriaiglang naiqPRNvede Byssnceifamtfiing- Uni t
Devi ce p@atiduiaORvsitieRe UnEDeviddzt bﬂ&laisig@fﬂﬁS’RN obR AdqbdiceftOthe Foglﬁonﬁé-ﬁﬂ{ﬁ)epiﬁbs' tioning

si gnal Q%g]ﬂﬁ s e mln%ﬁ i%'eiu?nag offsu for 3 rel%pegc!etplccs?m sx%aé.’tﬂ?éﬁgs\élgecg osi tion

recei ver acquires t posi 11 ont ng fse slave
time is ’él’&ﬂ‘é’ftélﬂ“?eﬂéﬂﬂa'imt?éz)ﬁfaﬁlﬁogﬁlﬂ%w thﬁdioaﬁoe@mﬁrotri@wpe ste@ @} t@nsmitier 7:
(Ref e ; I-Sncelo&i 8¢ by the BEiRe Ynil Devcs TPE213] THlskraR Q»Qh!ﬁahteﬂﬁe&%ﬂ%iﬁgjmﬁ@eg;beer I phas e

| CP neql%{% ti,onin n 1p] sl ave
posi tioni ng E%;%gtt E%eélsmtg%ﬁ%{“ qu gﬂ%'l(azséhfeor}re ° ?f%‘“&‘i@ﬁ“%?&%‘@‘&% by the
Posi t i oni®&HL 2931 The Besifonies-[si Detise SR Alolssi apigns thodetermieil SRY isqufemtedne &eb val ue

r epr esentaeiteheharnel &oiePSHondUnipbaREpottiidafresien 2@, lmetmm haBiR i pligfgnce 3|5 I
posi ti oni [ e pgsition .control | oop
W Thi i g8 sPhegll S abd B RS A R0 e BRonir B o fopS
corredti GFFém‘F%Z‘EsH@W@iatdlaWRyﬂmslﬁVWO@@ Sgﬁaé@lﬁéldﬂlﬂoamm-ﬂm@ewwl ock 210 to
nai nt ai n pasitizeieivtr@04. dhé Peii@mGSniDDIVIE B hillfes 2OhRMRIGT BO Shvk p@omg Si gnal 203
and the ggﬁ%%@q positioning signal 206, thus maintaining Frequency Lock.
AVENDED ET JPIWAU 23-June 2006 PCT/ AU02/ 01495 Recei ved 27 May 2003
12 Alternatively the received reference positioning signal frequency offset
val ue, asumeasmireslav®y the Positioning-Unit Device position receiver 204,
can f ni vice steered ransmtter
cl oc %%2 13&%&1@@%%{%%@%&%&&{:%%&%@% lieunmgseal g fp E@ec TGS S 2% e Ts) | The
steered transmtter clock 210 sinply enulates the frequency offset of the
i ncom ng sweé:aroente®ayp0osi ti oni ng signal 203, thus naintaining

t

The Positioning-Unit Device position receiver 204 acquires the slave positioning signal 206 and a coarse
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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5 Frequency Lock. This nethod requires the Positioning-Uni2s gy sme
oscillator 212 to be common between position receiver 204 and transmt{er
205. State 8: Reference/ Sl ave Code-Lock Once State 7 Ref eFEAEd/
Frequency Lock is achieved the'time difference between Reprived@y Magdb® 19
positioning signal 203 and the sl ave fositipning signal 206 can be
accurately measured and any tinme bi ad? elimnated. Reference/Sl ave
Code- Lock 1-\1% . é i eved, vvhen the Positioning-Unit Device steered transm {ter
clock 210 7€ E1ENSY TR EHMWrS Pronisasion Tefengy Aot Wb % mseskee by & er ence | and
sl ave posi TositnmingrnisPayicratiosition rebaiver FoRNancie thel didcilygm e Résitionflg®nit Devize @fereli | | ght

val ue 209 masmmcg 0 mrsa&qrm &m«ff@@&y 'i“ﬁ&i:mé §yfst§:£ RPGE TR @Y tng&nﬁ%r aflk T T erence
"to renove eeu%% ! oge gtrence Sl E&lg&g%atlon el ay,.and the
cal cul ate e di &%g“”f 55 8 te fsping 5 ﬂ"i“@(?s IIEREE on to {he
Posi t i ohi n@“iqt‘Jﬁ?YtLOEBeriﬂct@thsct requires the Positioningilink Bevice bsaitidter 21200 be Thmemap| betwden
cor r ect i Onpokiton &6dMe29£64 BYm@RQ®QI Ng t he Frequency Tracki ng System (FTS), and
appl ying an additional frequency offset to the steered transmtter clock
210 for a predeterm ned time period. This additional frequency offset

al | ows t hedq 8 Feferprsedilave @fsitgk si gnal 206 to slewin tine until it becomes

ti me coher@mwd Suth 7IRefeickresSiive FRUARE Bock DRG] the Hne GBerdntRBRNAme GBGRthis Ti ne

Slew iggcC 4 9 1o OAItrnteer,

Sode- L?ck%ﬁj‘ﬁfeig%%‘%@@é%% HRARs bty pfr UGy Bty bt e
transmitt FOBHS- Foismesiae Coddadrintcpved Wign ﬂleaﬁmw@mamweem iragésr phase
(chi ps) wiokist10 ivalenddaliendquigre huiotq UBIR Yo bring ke reERGe addQB pbsﬁmxb@&%delsqﬁb PRN code
accuracy, i Gl gk SRl HidVrog bhsdi NP oL oSG0 REBRALE Y,

stationary,Positioni I’l% sub carrier

cycl e | evefiorissto&mayedic gfectpitheasiusiresien] W@ﬁpﬁm %%W@#E@“Bﬂ‘gff@cﬂﬁs

-Ref er ekfc e/f8h applied By edesie moyetids dctke Brithning-tilittDeGccReérel tenaméi-Sloavae. Gaddt ock are

- achi eved, ch¥¥ion b d@ﬁev@drﬂy%g%g&tﬂlé i‘reqﬁﬁ@fr&kx%&%fsteﬂ#ﬁ%) Qﬁ g)ruf %ﬁtag fonaf, 1) @ 180
degr ee ph eanb U|t an 2 time ’ 5 0 (1)

Correcti ngﬂe%{'e‘@é Eﬁé‘@'l% %‘?‘iﬁf"ﬂiﬁ 19 Jor “E%ﬁdﬁ"“l“%"dd'é‘ﬁlﬁﬂﬁ‘ll Abis dditowin 2 PRN

code posi tﬂe@mcntﬁsgra!@waﬁe slapgpositignieg sigre 206 & slew ddinPlnaib it bek@eidinle@tiprent Wil | - known i n

the art aaheaefer&&&ﬁa@sﬁunkrcmpnmeb@@nc%ﬁtm sk@qsocomlgﬁéa*aﬂ'c&ga 1dop B&L. &ga%

by
i ncor pgr at has erefore can uire and
track fbposﬁ?tfr?%?# d%f gh“ﬁ’lel?g ‘feﬁhyaf Wﬁﬁg eP@%@F‘@W‘Q‘GFW‘“&ﬂ'ﬂS@%FﬂﬂT cycl e
anbi gui t y seepterdeaqqtisite aiyeun pfjordophisa tehips) @Blst 2BiGkiphaFeqenphakt i me of f set at

2.4GHz. The Costas Loop anbiguity can be resolved by reference to a
predeterm ta bits, .gen raII referred to as _a preanble,
transm ttggﬁqﬂ& gasgi aﬁ”‘? ML gh‘@“o'ﬁ’b‘g %’9? In therResred enpbediggnt hi n t he

| ocati on ﬁ*@tﬁmr%sltlmfﬁmtme@@ﬂ’mc@mwtoaauibaaglencyc!plaws resolved, an arbitrary
fi xed ghase di fference becones evident between the position recei ver phase

registers £ Freqguenc ocked reference and sl ave positioning signals.
Thi s AI\/EN&’{B9 ﬁq’ﬁ’%ﬁﬁé’k 23 June 2006 PCT/ AT) 02/ 01495 Decei ved 27 May

2003 13 afietSarr\RefytmreyBeve Frayeney hosk wd State 8 Refbrencefflayé Codakopk phabievedfwdt he sl ave
‘posi ti oni fge &iofRB reddhChat FusttsdjcotbiRd() D180 degree phase ambiguity and; (2) a time~of-flight
phase offset.

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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the followng step (2) below (2) Correcting Tine-of-Flight3 Rines®oer fset: A
fractional -cycle tinme-of-flight phase offset is present Uﬁ” ﬁgghe
ref'erence positioning signal propagation delay betwe e
transmtter antenna 207 and the Pasitioning-Unit Dewelg g%"tief%g%g The
geonetrical distance 209 between thg reference transmtter and the
Positioning-Unit Device can be represented as a nunber of whole carrier

cycles (the i ntiegQhsERNOMERh: arRiad, phdd oithe sivd phsiililg ARl anCiddalki @ CycCl e (the

fractional COWBQ&%%QSm%éﬂthe tinme-of-flight phase offset is the
fractional cycle anmount 214 conputed fromthe known geonetrical 10 di stance

between the reference transmtter antenna 207 and the Positioning-Unit
Devi ce ant enfhComegjs Tinpitlighthesg efsetooirpiontmde timg-G-light perfiedtpeentidn t he State 8
Ref er enge/ Sl ave tatient patoni@0iid BipagaibnddRy bees f ke RAME ancdfa@rf r act i onal

conponent 214 kg ‘&@%ﬁﬁomné I§11t b%e B.n'(eﬂlg ZJB Ol"hp&ongéggaf B.%;cg 909 b e%xhge r§£r%ct,ee 8

Ref erence/ Sl avg ml‘Mndlfhe S % her et ore corrected as
carrier phase aaas ust e °S' oml"ﬁ mi"—Demeﬁaé'rti r?‘*f“‘?@c“ﬁﬂ‘l‘ﬁ"@é“ﬁ“é“rﬁ'{‘?‘l’éﬁs i's engaged
and the Positi @’ﬁl‘”ﬁ@e’ @HP“P"“Q)%V: Ri‘@aﬁcé‘@?léwe!l@d% {tha frachdos! toamporei)Zak TR10 is ti ne
“stewed the reqimesfight thaseutiet iotxeftacioyIC) o aiii b tonfpiidd @rom ihé Bovalgboeitll Y Measur ed

arbitrasy phasmyabémmdeetra&mmgmmmﬁetnﬁ@m(al&m@m%ﬁ). dinQ D@wéa%@én% determ ned

time-of-flight, yal ue. n_re-engaged.
The Posi ti oni n¢ Um"t% VT Ce: zégﬁ?wg?c{mth aseRéng‘glg ‘6@8’%"’111’@ gs € gnal 206
emanating fro ef"FPéd%&Fﬁ%ﬁ?’\%‘gp%me‘t”%é%e@é'Séﬂqtﬂ@ﬁm@ oq@@edjinstherfign 8

chronol ogi cal | Befesyeri@éve Oude-loelstari 4nh mishiierefoffbe codrev@@astarcatiis Pladetaistmed)2 carri er

phase positi Om‘hagre@lblﬂ,nﬁlwkmgzﬁ)ys & Qitdackd letlte%sﬁfoﬁltﬁnﬁ%\gce daasm tter
antenngs 207.  Stake. 10 Sefer enlg%é) i ﬂﬁf’“ﬂ“"ﬁ“’“*‘?“’gge glmoﬁ% (%B’c’f?()f t he above |

st ates have been achi eved, BGYt he
Posi t i oni ng- Unesredsebiiery ghass opjue Hieappigsd in plsod R ghored o Bl Spteriipe timewfllizis| | y
synchr oni zed unhisgr@iee. o SinteiLoklovg (TEL)GHeh re2dghged. Tih@ositiidgiUhit Devicangriddni t Devi ce

un } que p05|2 g i ?msmv@bﬁwg sighd204 eﬁmmmme?agbnagtrﬁ@et.& a{ﬁéﬁﬁh]f’zﬁmé}[ahzed t 3 the
rererence se accur ac I.coseconds, a
&r@ﬂ&ﬁ&&i&b%{w&% v{it{n %g?ercnce W ntaraiaz CaITIEr Cph;ase Xos? 3#: %

capability that 1s s capa rior art

“ Uni que2q305| ti CTFTE Tmds spfeeencp rpnyrfifer a?i"r"@f"'@rred errbodl ment each
Posi ti oni rigte UnRefere@e/§live i oskansmi t s a uni que positioning signal, which 30 ..

CONSi St S. @hceall &F & dbbve biates MNTVRRA BMeved, Bre mﬂme@.@mm&pﬂ@mmmmwt, and a
navi gat | Orﬂ)e\ﬁ@tﬁl &g ‘Qr.l?‘-mon J*\? nowcﬁ[ly sd'nc.hromzfe n?qﬁng aodnt Pé?ﬁl %ﬁﬂ%{)%ﬁsﬂ dal radio

frequency wave era t hough t he
net hod of ?SH@“‘EB@?@H{B “'i'%?/lé‘ﬂ‘t"i‘“fﬁf‘gi‘%n%ﬁEP&’I"?’?}‘“'%H?H!Y PEelipieed fodbecsfarese f r equency
bands. 25Th ¢ranstiigefe] Gmenel vith an uerbey of RERpnde @ dgattliyndRo h eivbaniidly bepekdilhat ed upon t he
carrier cogpbneRfpoand consists of a unique code sequence which can be
di stingui shed anmongst -ot her pseudorandom code sequences transmitted 35 by
other devices on the same carrier frequency. This technique is known as
Code Di vi SPigsPHidmne el Access (CDMA), and is wel | -known in the art. The
‘navi gat i ofn thareferrgiomipdimenh tachi Xsiipniogiit @evice yaninitf @ nniged posivoninp dgsblathesl  upon t he

pSeUdoiﬂanddﬂfﬁs%f)Mﬂ&@Jﬁ@&&@@Emud&ﬁlﬂon%&%ﬂ@;ﬁn&%%%h G oSl 1Pk toO transfer
navi gati O&r%@&ﬁﬁeﬁ% as sozfl AL {Sréqgelnc(? r#av@%rep radly | snn &%?iﬁ;&{z I%L ng posi tion

receivers 1 nc

Posi ti oni REEUME t“""i‘)é‘v?fd'é‘ l”ﬁﬁ'&t"i"%‘i‘?@ is PPé’c“&;ﬂPPb‘F‘?l%HI Oﬂ"ET &emrgnkeeis.cThock | i neage”
i nf or mat i esudoradvch nudh®: (BRI erle Wnent@nomwkmﬁﬁlamnwmm&n&ﬁa' NAU 23 hma

- 9006 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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__PCT/ AU02/ 01495 Received 27 May 2003 14 Ti nme-Lock Confi gurzgd.ngespofsne-lock
may be inplenented in many different. configurations. These configurations
include: 1. A single reference transmtter broadcasting Per AU/ %
Positioning-Unit Device. 5 2. A single reference transReeeivet2 ting
to a plurality of Positioning-Unit Devices. 3. One or nore reference
transmtters broadcasting through |nferned|ary Posi tioning-Unit Devices 4.
A plurality of reference transnmtters broadcasting to one or nore
POS|t|on|ng,I,UnlLﬂk vices. 5. Point position tinme synchronization 10 A
single referencé’tﬁgﬁgﬁ??ter broadcasting to a single Positioning-Unit

Devi ce. A siTglLek papeipenened inmap difigrepicefisuetion. Tese wafguabninidoadcast a ref erence

posi tioni ng silgnal A ¢ingle @fegici@s@inPOBiicksiind Dia Bt Pdslfidning-DBYVEGRE. FI G 2 shows.a
Posi ti onixng- Uni t Degmglaefe@@amﬁhwmu@toaa.,rmgwas.dm@,@%hmam and a reference

transmtter 2Q2 al i ti.oni ng-Unit
Devi ce 201 regel ve()zn(‘?('t’r gL,lré%%n Chafth mmblf)agmt’?%ﬂ" ‘%’ '“é"rmsﬁ“&fﬁﬁ'm'?@ nif PUES i '? t ed. by

the referencet rarféWi”‘f"F%ffe%t’aaﬁ‘?&mﬂ‘f’éd“étln&@@eﬁﬁ@'??‘is'ﬁ'ﬂ‘ﬁ’ﬂ‘@“gfvgﬁal 206 15
transmtted by t héoPgssitentmpiywhonizipt Devi ce transmitter 205. In response to
the received reference positioning signal 203 the Positioning-Unit Device

appl i o5 o Qe Al B RAT Hb Ap RO o oo caty
synchr oni ze%t ﬁge %eée?cre e 1t[°‘i:°8'§?]5'(‘f?‘i’é°$ﬁ°adcﬂffﬁfe&ﬁ’8e PopikpitesER! RRETEINEE and dat a

conponent  of/™ Regee FE-rshpap b Jositinaingelin Devite M aiated picaskingvin dnodtiongand s iefgad 206 to t he
carrier conpondet22 KRMigCHE: EOAPGNBITh; Pofifthdal DvBONPRELR the Bfakne ref erence

transmitter pefonBOddnd kOValiGing lbgm@kfm%%ansﬁm& 229 el s%' GEQIO:HQ \7\%:\ agi ce

subsequept | chis

chr onol ogl cngu{h&tm? e %1°§ltm"mgg[?"d Bf‘"w tg e er’e? 3?’8%’8% m@?’ ARy %el’e@"iﬁ p°2‘t‘5‘2‘“gt i mebase. Two
posi ti oni ng¥&f ?‘?aﬁes? osigipringpjt Dewlpp21; detpraipps the esferenes Revitiohirgesizes! pyeeitier &y sol ution in
a roving podPidompliescrg @ppwerate tradkititges@k porbcfion tih @rofiei@ne ozt &R SHel ter i s a

WAAS sat el | totngondafi@hiqld HRBtJdQ&Jﬁﬁﬁtnt,Fﬁﬁlﬁdaﬁ !:ogﬂahéﬂlgaf Mmtet’nalp%éﬁbr&@ vk BHRRhingZ> Wi |1 be
synchr OI’]OUSS@MA Eda tol'dl?%arﬁel' JngoBe&(rgN 909? nen dedata oot’nponent oftke re rel ﬁ%ne Can be used by

a positign receiver Ise rang o)}

convention aP°s"é°B’8€€'gbah7§'% Jhecpsiontrg; P’ﬁttqe‘ﬁcﬁ S“b*‘;‘;ﬂ“"é"ily riggits @’fqé"rpé‘ﬁle"é‘g figng] ﬁ@m t t er

br oadcast i nyhish i cheengisigrlindyichrgnizesifio tRerE:retck tominitg 2@tmdbasevi ces. A singl e reference
transmtter can be used to forma network of Positioning-Unit Devices when

a pluralit YT»prosmgiﬂig Sk brb Wéuﬂﬂm&,@ 'd&mm\élpgsﬁ\’&l sl)lﬁlo)ln i fa?:%gﬁg ogntY ?exgrvOf the

reference tﬁ Eh el %A @b‘g -Unit Devices
situated at ‘i?'e"g\’/\n% T 8EEET “3’%?@‘“%61 & thezrmefalﬁ?!f 5"5“’1‘"&"%’?“9‘?1’(‘5”@ s‘E‘}“'ansm tter 302
al so si t¥at Wibegynchepngan bGP b sptoiceserond IFrsbanesdfors canbe wep mpokitioDeeive s 301-1 &
301. 2 r eceinvdgititnkl gredisef@ e fopivinotNdoRGasalicgnalltiod03 transmtted by the

ref erence transrn'tter 302. In response to the 35 received reference

posi ti oni ng, s |g em g e,gcg F:los1t| oni ng-Unit Device 301-1 & 301-2
deternines Tte Tespective st @ﬁ“&Fmb?'gﬂg‘@’§¥°f'%“ﬁ‘“%‘éﬂ“§’§v‘°3‘04 1 & 304-2 fromthe
ref erence t’f‘*%@MW@P“SBGEC%WSG&E&FW@@W@W”O&WPWPMWher!aﬁ'sﬂﬂmf?ft er clock
correct i¥n RostogiplninDiviog is bakd yewsytneduremniaasmitirne carri er conmponent, uni que PRN
code conponent, and data conponent of their int er naIIy gener at ed

_ ' dd
28?1‘;3:):]22![ ngFflé ![3%&%3 Y ]thr& tg op Fosnfon! rL'ln% E)ffw{ces rsxF%% ovglﬁ?cﬁl&ns §4§3 ﬁ&afo? o nez\}\/EN%ED ata

SHEET | PEA‘F trones t?rgm% ﬁ(E amted ala known [ocation. The Posmomng-Umt 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, N
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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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WAAS satellite as e reference transmitter and Time-Lock its 2.4GHz slave positioning signal to the
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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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Unit Device position receiver to be driven froma comon @Xjunea006. I n the
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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 Pesitioning-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-
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vel oci ty, peaiReh rbdoinees Mwmcawat@gbﬁnﬁwm ad’&sabn%s &%ﬂé hlfa@ecaﬂl te&,gﬁfr;}%%gmgpﬁ

position rece eter atlve
' tinmebase t‘?‘&l ho"fe{]elgormél?gg E‘%f’s fr?”h'??g'rﬁ’tt”‘fr rm't‘,sffiﬁﬁ‘f““%?fﬁb‘it‘?e‘t%ertﬁ‘éﬁ?“'ﬁ’ﬂc
i nf r a2het Wesbaees befarp defermining Glipposita. This Po&é dejctved psag lermeiwerk phaition salntien, lagc at ed at

- the bOUndﬁ@uﬁtesﬁfrovhg\@bsﬁbhtr@mmﬁﬁt oB3d MRETK Bmeb B khd bpG SlodkicBtictBf S the sR3haNY  Signal s
fromboth networks, nust first distinguish

from Posi nit.Devi
bet ween t he {J%ﬂrﬁg%mﬁa% P%"Eﬁ%é “t‘ffbf ore determining their position.
This can. be described as an inter-network position solution, and requires

a rovi-ng Rasiptefofl din&&iﬁieﬁtQ"OSJﬁoﬂngtUﬂt%VL&h&%anﬁde%et@&k ?deﬂtﬂﬁm%m )appl y clock

corregtio b ore

pOSi tlg%n ig% t&'?l 6nnhtgemsn%&? Eqm ketngk e&@f%ﬁ’éﬁf? “rfF‘P “l%%‘%ﬁ‘i“ﬂ‘?h"ﬁgwmﬁlﬁ Devi ces

al so i nc| YiePaisssayphicthat (?@MHH&U@&PFW leosition kecdiverDedn de@ring tfearigmiidon i n t heir
net wor-k  chadtaphoribse tiiagageX of refedencdTORR ddiBr Ja@fﬁfnﬁﬂﬁ@[ﬁ:t' D¥icel il ViGh, CRIMGHsiavi ty Of

~Positioni ﬂgimuﬁl%b%;Pﬁéﬁcg ?F%oﬁéo%ece&ep%tcateﬁ %? bné b % N LunoRehsCRivode & POST L1 on

rece|vers can
determine which Positioning-Unit Dewces are associated with each metwork, 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.
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=netapnorical "lineage" of reference clock data for—eachPoddineroog-Lhi-
Device in view This allows a Positioning-Unit Device o o4 eceilver
| ocated at the boundary of two autononous networks to %E’Cﬁf’fﬁbd i{ch
Posi tioning-Unit Devices are assom ated with each net\% an her ef or
whi ch 35 Positioning-Unit Devices require clock correction within the
rovi ng position recei ver p03| tion cal cul ati ons. Each Posi ti oni ng- Uni t
Device r nformation from all Posi tioni ng- Uni
Devi ces. o Ry SR s et RGeS R B Prie SR 8B Net wor
|.D. inf cfpwaa‘ﬁllttdwlca*ilsi’l-bﬁ@iér a3 taic grviengt dnanbther Belvorgesicatrteleartooitieng posi i on

receiver Sualﬂﬁs:ﬁbm@/‘élgnmm 8065t ahd1803-B, Wﬂ@e@cﬁpﬁz 1, I%@[i M 9%%5 Recei yed
27 May 2QQ. t here ononou

Ref.erring naw. to
net wor ks o? I%’g%sel 0|th§ni?mrilc ?atef%th‘gt%er Bhp° sﬁmg’éélmsg@g 40%'1?'*4381}1 devi cés
801- 1,5 g@esitipringYre 138'6‘?-58“3‘&‘# Eﬂﬂ‘-i the Ronmdow of thotwe netmuslisHB1-3 wepifeschysitianing-tet e t 0 -each
ot her  vimavigQsdtohifyiiong S64-0mvalae acﬁi@éﬁtﬂbmoﬁ@&mamngﬁjﬂ@})gﬂgsﬁé altQfchstrle QR NQ- UNI

devi ces qg%ba;e dlfég&e %r cl(%f'gi g}’%hesadjgc%nef‘l S %'Ib%ne ase gx&igsggttghs?gv%rﬁ aﬂq Commm ate

to each other via posit na
Posi t i onitFE2enithe B@\Vﬁ’“&’é UE‘F P&‘é‘t"eﬂ’ 'ﬁé&ﬁsm#héh@oi?ﬁ%qﬂy fisf the n@acpww wor ks
801- 3 r eesitioming-Undl DetidescB02-1) GO2IN&:1802-30 ¥td revorR @dkd, Hikidhd iRGrp&rht@NPksPositBtng3 f rom an

adj acgnt [ i .3 . . S s e, tinebase
di ffefri!}encgfigl%I éggglﬁﬁ%ﬁgtbig&@ﬁ@ﬂp M]‘}?E z@%ﬁgng@ﬂrﬁggmu?n\;\n%'{@n@% vﬁqﬂ’] respect to
its own AEHER PYPasiBonme it Beyise 8013 Fhen frnmtaunefmrhwmw%w @@10@@111@1 transmts
cl ock commechiuomsiofiar tihh@hddi RedRfrhord)&iyuad bositidas Uil mﬂbemgr-«wﬁﬂea mé2gwl ces 802-1,

802- 2, &aﬁ%%ce’ét ﬂeﬂmﬂct nm}i %ﬁ(%]ock%llre%&né \ﬁuch Im% 9?110 9 Ehg %il crxlita o[’ 1§s

posi tioning 10 si oSI t |on|&%
adj acent PRfEeRiRs Y §?’t"1’e(§‘?‘i‘?’%m®?ﬂa{f"d%ﬁ° 5‘%93 @n'tr%@ﬁféw’ﬂ@l%éwnm@@éq ved by
Posi t150ni8tigiotntistquelllennspissidl BB-13% §0B-2 o réving pasideh reeidtBr k correction val ue, - as

al | cl 0CKfe ddsnild c@ﬂe&ﬁnﬁﬁplﬁaﬁmw\g% g@&kmt&%ﬁﬁoﬁ%ﬂmﬁﬂv&pﬁ{l@r e, only

one Positioni n? Unit Device 801-3 need neasure work, as its
transni t PEHOTRSEIRRGHI03-2I5eeRived BY ¢ Rosition SRqeverdib dpt isgpvins beben Refvoph 801 §ef0%or k data of
i ts. posiThd roviigpgsition geviver $BiS- 1, recaived nbt@ale vk dor@élidnsIfeh Rysiidnik LU Thaee

‘Posi.ti onigfgr H@'sﬁbs%}ftl Ccﬁﬁulé@éstahé Ie ﬁt Mo "SR dine HP Pcﬁ%mng(}@ft @ﬁgsequent

,transgmssmn 803- &803 %? ositron retelrvers
tran tP‘&lﬁ”"(ﬂ"@F‘ﬁ‘@Et“%W%} 6@'2 ?@ﬁr?é apeaipetwerk PesisioningtUpts Prvicq aesitioniz t he
Posi t i onkigigh-80h$. Witbe vingteepolBQrbsitBn sohutien chltuuteid g roSiGidetion Bdadve3805 kisckivwaitiel ved by a

- POSi ti OnghesekNSHith 80 Rertdiddor | iu:?ebz{sé)ﬁ{éx E.Qv.é%%\@ﬁsc@ énm fﬁs% 1%1% :gs ey The

rovi ng position receiver E%’ | es e recel ve net wor CBF fect i ons
fr om Pos FEYBHioHNEmYR Decr® "‘BEE}FY?@“’ﬁﬁ%f“‘%‘%flﬁé‘é‘ﬁhé??t:"lf";?m@’ﬁlﬁ@[ﬁ"a‘t“@@g'a single
poi nt po¥hnit Payite &bbund wasutg Shenigietdel diffesee bf Bt Gettulitk 801 ey ir@@ct2itdai t i oni ng

Si gnaks hdavorld Wpage ‘i‘heatggéﬂf %two&(%@sltﬁmn%mﬂ %Qﬁen %gm Gl B@R s oni ng- Uni t
Devi ce pgsjtijoni SI]%?? 804- 3 asm )0l Nt position solution

cal cul at 5™ i JF"’B ™ aifiquings Huit Reviggs UL, B3 qu‘lw"”ﬁéa‘a Vit¥escoher ent
Wi th t hepasititnivg siknaB4-3 ttherebaiswing tovitg ositou Irddﬁdrstt?b&?to@hoﬁ!é loete@h tifebieD IFS .

Furt her nRhfied. t he adj acent network Positioning-Unit Device 802-3 can al so

receive positioning signals 803-3 fromthe first Positioning- Unit Device
~801-3 and neasure the tinebase difference of the first network 801 with

respéét Muliipk Erequarey Pinefiedkwor Kk 802 ti nebase. The adj acent - net wor k

b e SR b gl ATl G RGESS g o111 11
networ k ot ?fvﬁf ‘H‘f’“ﬁ‘g PrEPviso gPSEtH"’b FRPYEFS SORSARSILY Siseanre the pieslics 199 Pasiipgi ng 1 ovi ng
posi t i onsignge @i goemnts a80 Ealltdowidme @ ireedr wedd cicle RbIARE Sesolitibn (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'é.
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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required. 30 Multiple Frequency Tine-Lock In the preferred2®oirediopent—a
plurality of positioning signals are transmtted on a pl U{: %/

frequencies fromeach Positioning-Unit Device. Position ggfyo ggg
subsequently interpret the plurality of positioning Rerate a
so,called wide-lane for integer carpjer cycle anbiguity resol ution (AR). RF
carrier signals experience a tine g]el ay whil st passing through transmtter
and recei vex railidnd Und Dbvies can kiﬂawth@%nmﬂfeﬁyﬂase%éméﬂﬁiaﬁx refere@E Mgl ay can vary

many nanose U8 a - ARCIA arem m rature.
ANy qano: tgsgﬁgufg}n é:[g:gmqnagqp ¢ bR, RS AT A0, SETRSIAT e

osci | | at or ff""f“é’*d"’f“ﬁ'i“‘@lﬂﬁ‘?’i‘“‘t%é’s‘t“’g’%@“ P?vaﬁgmrﬂteaa@wawm experi ence
unequal ti n¥screfapremider dhdes ctpepletofteeringy phratity offppsitiepise rigpats, elliich fretresitedon e and f ur<t her
experi enée pngdity ioNgritri fhertiedl Do Posniuing-Ealt be)ﬁcet;emaﬂeaatvbiraﬁck&iﬂaﬂ@ﬁtyqff transmtter
el ectroni CSgequlfyy. &ve:gear!:éﬁé podibr) Sigatt, teiCts Qisis bele gﬂjalﬁgof%aéﬂg-di%ersta hat are not

phase coherent <] 40 i nduce
range error sﬂwn"’tg Slg’?]ﬁ i °s m'ﬂgg {]%gcr?bTFmi”%s eacp%?‘%’f"ﬁf‘%ﬁ%ﬁfﬁﬁ)‘mﬁ?“ﬁ% ess. ANENDED
SHEET | FENJR3' ' 8 repppfise %'em! d’WPﬁM@&%@B susdetbabgach claie povitiovpgsisi93 20 A

Posi t i oni ngehibhnkdica Dewmshoazed it the keerichnishseititr/ Tee Mginigakiepwinl hephiasis iPr obl em from a
referenae tphamng oskdu@by-dodse pbslidig Hinlld WG ardtifRlcbbek hqtthe%ifoupdeIQQiUﬁ Bey-di verse

. pOSI tioni ngeﬁéng%glﬁtmr ‘M&l aCE ﬂasﬁﬂr& lll‘np}gt!ke\é IPgM&lné Mmttﬂe@ m vw;&! BF;Jgsumx{ ne:ctelt;I i

respective J ncommjggl erence positionlng Si I'oni ng- Uni t

Devi ce incof gt ?eﬁ?"ﬁ’lg‘f‘ti’%"lﬂ?"“ AR &ured P’ESF‘%PP%H?“H?"‘@‘F i capabl e of
steering a fﬁ?rﬂ‘femﬂfﬂtlf?w@wdﬂ@éﬁst’fﬁ@ﬁqﬂﬁgfwgwa‘f'@hISW@hm‘mS@heﬂ‘m’ah@Mtted on a5
plurality Obsitiodugihichevites. Sigton ti @Be AR idcelPRiRh tro0Ndviagit doJddcit PofdRiiz@Rit POSI ti ON
recei ?/erIS t r[ﬁﬂéﬁ?selﬁ(kﬂﬁgepﬂhyﬂ%ﬁloﬁ Je&éive@ﬁ'lterprztg tﬁ%ﬂaﬁz%&uaﬁ}(ﬁ&%ﬁw %{@Iﬁl@&( msl posi tioni ng
signals, a c of frequency-diverse slave

posi tioning dse?"a‘%%msw%?ﬂ sfﬂasqoflpgsﬁf“nwglm ni't Devi ce Ti me-Locks each
frequency-di verse reference positioning signal to its respective
frequency- dietvenk SeordihageFemposi t i oni ng signal, such that each slave

POSi ti ONi NOA SdregRad forl THue-LEck bs @9 RloMBiac R nk %smm?gczm Qaic;&ﬁlowvmrestpéaﬁo{ eference

transm tl& ern el‘e-luggo om% éaﬁgmwgld%&nm L&%ﬂ seﬁrllmtgnrt%tpre esm Id}m%ntAEO pl urali ty of

frequency-adil verse S| a erent with the
group del ayf a‘fhrcf)“rtﬂefﬁ&" ’%’{E@ffé‘?‘?@@‘“gﬁfﬁﬁ?ﬁ‘ﬁdt“@i“h ‘sthﬁ“é‘fdmi‘“’efE%@‘t“s%dm ee

ti me- | ocked™Ped WARD i fheypréSimied cBdipnpng @esitigning-nilt Seyicesaelfpuwy fnENSE.awdr ver

det er m nes wiadandobumer PosiibrEHOHit TRAA ihdirie of BB boubidingd) (AR) from each
Positioning-Unit Device in view. The reference transmtter group delay has
created an AR range error, which is common anongst the Tine-Locked

~ Posi ti offt nd"PRTTBEH®Es. Therefore the same AR induced range error is

evi dent on e pefmelssmbedisiit TgstionfietUnt Bevisse ingrt i Se utferpsahlydastriallfrisntiosi t i on

recei ver i MedieiiiSE] gndbfu4SHO0INAGH:. TheRLMie ISHhge allewsite levédBmett of GtRdinger cl ock bi as

and el i M NajyeSeyitHQwdls WiHou yegmaﬁog%onﬁlmmg.hmmlﬂ%faa&% &laremav&ﬁ{b fikti on. Network

Co- or di nat r |tefo e of the
Posi ti oni néﬂc{:ﬁ?’??&gvﬁé% ﬁggl R £35Hd{?fbm“"9 Wh’tdb"m};l "?5? é?’eé‘?gnce
co- or di Aat EhifPinges of WS%W Bred snegiug pesiHaniae sraﬁ%fnﬁmﬁasy ofyuiltigle gafies Bt i n t he
preferred editocrtmemice tkbiguity Eaphids. Cent ered Earth Fi xed (ECEF) co-ordinate
frame is used, which is also the co-ordinate frane used by GPS and WAAS.

In the preferred enbodi nent, Positioning-Unit Devices self-survey from

GNSS, and/ or. _ WAAS, andl or ot her Posi ti oni ng-Unit Devices to deterni ne an
ECEE co- or (PESFRIPEION 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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. 25 Transni ssion Frequency in the preferred embodi ment, Posijumei2oge Unit
Devices transmt in the unlicensed Industrial Scientific_ Mdical (ISM
band of 2.4GHz to 2.48GHz. The 2.4 GHz | SM band al | ows t RET g%sent of
Posi tioning- Unit Device netwdbrks -without regul atory &seeiteday May 280}

w thout interference to current navg?atlon__ systens such as GPS. The 2.4GHz
| SM band al so all ows 83.5MHz bandwi dt h, which can be used for increased 30
chi ppi ng rates of .direct sequence spread SP ectrum positionin S|gnals or
Uhe use. GFisiTs TagfiLrolelfet e pogtiy oeii Earie P il g oo e

resol ut i ¢k IbgSEm PnCN n@ligamtﬂ‘ﬂ@ﬂwm@n Mliormwmhmmmetﬁﬁ fdrn t he

pr ef er r edul evipaekityBEME Posifon@GAMDe@RI NQ- Unit Devi ce incorporates a position
receiver, a transmtter, a central processing unit (CPU), and a comon
oscillator., The position receiver incorporates a plurality of receive
channel s Relapagon oFIGy % bt is depigtocha Rovitioniab-Unig Dayiee 99 spormiotivi pgosiprgrraivs, each
conpri si 192, a ransiitidr 893, £ O RdéRising Uﬁt(ERhalgon@l 2CORRAREMhtor 983) dnePothivh &

conponen n RF carrl er generator,
40ngt le;resc%ngl;g%ﬂétn[ﬁ Egﬁjéhet}n@?&%@%ﬁaﬁﬁeﬁgﬂéﬁnd th% ar{smxgerrlgoss o&q (Sgk The CPU

" conpri se§“°W€5‘i"]’§‘°’f38’fe’a'i°rr?f"éP%P@?W%@WWGSPE@B OTW’EKFY%d 01205 90pFhe. 2006 -
- PCT/ AU02 /BT #@inchiRe aiin dunl p@ifonboyive? GiduidstiOBe, N bongnSign@hsuiaesi ved by t he

posi tioon N £58 ¥ifid for theRRRG Athe QoM RANFoidefon RN r0l the transmtter steered
cl ock and neans to generate navigation data. The common oscillator provides

a coherent |ocal tinebase for all conponents of the Positioning-Unit
Devi ce. ZFodRohieg-VnitIgviregwitoorebeivéi 9, there is depicted a Positioning-Unit

Devi ce 9Qboénﬁbﬁ@§@9¢ﬁﬁﬁé&'ﬂ&m§n BRR: Edn{BﬁEeJ £E&! hEocoivd Bnmel fe%ﬂ&%&& 903, a

~ Central Pruwglﬁsa n % L% and a common OSCI at or

* position% %ﬁ”ﬁe e Pagiqning ﬂ%‘alé“"ﬂIaEﬁfe&’P‘iet“?'s’B‘f‘eﬂra’é’caéF??@“%ﬁ@HﬁeI s 906,
and tHe tlraxignaiable grec8GR snddmodplating bidest omeo-diated EMEmIited flave posiiontnp siganNer at or 907,

one Or NppRnsl, ARGHBEHR o8 re is . ok 0Cck 909.
The CPU 904 3|tr? Iaﬁﬁﬁhﬁma%%%rg%égﬁﬁ?on@gg%{ﬁ%gmﬁfggﬁgo%910 means

for tran8f I?Ifnérmgﬁ FR5E PGReY 399 Tgyeeiity. ThePosiionipesUnit Reviee neridonirecsiver st eer ed
cl ock conmfmtlc shotld sisodt 2apatfRoefi reckiving wogitidaing tigrle i ethe PssitbiigrUnt dediey er A

Posi ti otk ih 6DEIIEE EPRRL il P S8 ron HARE b s Akl BATm QL 1 OCCI VE

channgl abl e of ul ating east_ one reference
posi {Bi% oni'ng “gcm G W‘%ﬁ‘i“&m ef‘g?sﬁ‘%‘@?{‘{?gﬁ’é“ﬁi"ls‘f’%‘r’“e“é?h@dﬁ»td"?@‘&g‘fs Bhe receive
15 channéltem@timesbioungcﬁfgnalse@mnsﬂn@ﬂamﬂl@dngNmmmlcngenadmallcwasdcemn@slgo | ocat ed

transm tt}mreosi_'vay.ece@@ﬁnaae@i%ﬂmeﬁhgﬂﬁhmeﬁaﬁiﬂna@s%maesfﬂeﬁ'h&ré oni ng- Uni t Devi ce
position receiver is capable of receiving a plurality of reference

positioning signals for increased accuracy and integrity. The
Posi t i onPesiioning-Unit Dexjde renspiteri t i on recei ver preferably should al so be

capalgse mfpos'taﬁ@mﬂurmw&ws&ﬂm h:ﬂﬂhﬁ!xé& tf 4 &meﬂfoﬁaﬁépspﬁaélh&te%{hfwe Uni t
Devi ces Lran positioni n%ﬁra gnals from

VaAS and™ el B it { ?étﬁeé%“f“t“i"ﬁa U T b wabemeCmbrigd e
frequen c';rae%mﬁem%g igerergfer im the Uigitat doiDen isipe Djposliikaoiyntesic @D8)sechriquescIRidg

denodul afe@ﬁologﬁlﬂﬂducdsrhtﬁﬁﬂ[y%&mﬂ@%&cﬁiht&nhﬁlﬂl &h g@%q%enw Lohdhofidag lilhRrs ame
net hodol ogi.es alg i n.conventi on ver OPS r cei ver
esl

processi fig and d ﬁthﬁf‘?@s%f‘ihdf(tﬂh%m’isw t*lf'f’éé é"raﬂ’mé‘?‘l‘lff‘gg"f‘*ée“‘f‘f T&%bj ect

desc P betrnsjitier also incorporates at least onc 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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Positioning-Unit Device transmitter 25 A Positi oning-Unit Z3akinec2006
transmtter has many simlarities to a conventional GPS pseudol | t th
one ‘major and critical inprovenent a steered transmtter?P M‘?f’t he
preferred enmbodi ment the steered transmitter clock is%@%@ﬂ&?&@ﬁ?f’% he
digital domain using Direct Digital nt hesi s (DDS) techni ques. DDS

t echnol ogy produces a digitally genefated oscillator, which can be
frequency controlled to mllihertz accuracies, thus allow ng the
transmitter clock to be precisely "slaved" to an incom ng reference sighal.
The 30 tr aksifprinedinit BeviseCoanpie BroprsingUels at | east one radi o frequency (RF)
carri er geflePatiating-Uairibviad CPlleastissone pseudor andom nunber (PRN) code
generator. yThe ygE %&Jnﬁ.ﬁe&he%raﬁ5&&%&@#&9&;&5&%F&? ga”i er conmponent, whj ch

'is a sinusoidal_ra enc ransmtted in the 2. 4G+
| SM band, and t%°mm%@a&aﬂa%%@?‘faﬂl typushsithey efaf@w tdrugenEbinibiFe® | whi ch
conpri ses a uniSgéerveygemires g TesitiomngtUnt Devira i tsdn vich &tal hguivehder rafragst ot her

pseudor andom C@@s@oﬁ@%ﬁ%ﬁ@s for @RS ot &L &Ekn.srwna@ s uﬁ%%do?@oﬂh&pqpency A 35
ted on.a. ncies to

“plurality of co el rali

produce a so ca @tHCI i ‘H'g “ﬁégﬁm oviHeL s I e’ é‘ﬁ%f}fqﬁq‘satflh‘%é’g‘é?t el e
anbiguity to b@nerrgfggpe\,l@ampmg U,Illtrﬂgmedg thp@siwtllm@nﬂw witmicy BositionfngrUsibevior ef er r ed
“enbodi ment  PosislphiR bdt0coldinll cldRY id@ererkisl a&&m'mtstf&raﬂ NS sqditles @l vibw) oPmel | ME

Di vision Ml tiple A glvplg S.C
posi tioni ng si ?qﬁ %gﬁéﬁ%{w T ht? “?f%%‘.aﬁ%"‘gﬁ‘aﬁgﬁ“éa “transnitted
on the sanme ca tb"é@@@@ﬁfﬁ’éﬂ%@“’?ﬁ% phenorrenon is known as the "near/far
probl ent and i MambiSializdidn ivechivedBYPWeingtHe PéstlithingUhit DeMMAN YRR EMER Tocatib:"ENALJ 23

June 2006 PCT! 4020k 405we FEGEIG Sl 2GR FRSII AR At Dovi ce

Central _Processi % tionin U 'conprises: a)
Means tO det er e REETe mbodimpab p, first iy §?°E“Fg0‘11f‘“6?e"‘?ﬁbmﬁ”€?§¥ W@’Hﬁdh‘ﬂnﬂm"lﬁd@ew ce. 5
Posi ti on det er imommtobrdinates, awith hae@ainPceiﬁ@iﬂg-Uiﬂtrmughsemm\)e;&fg fism IGNSSaareNiey Ofr

t hr ough manual aﬂd@;eyﬁggl%@ggltﬂgnméelf survey requires the Positioning-Unit
Device to Qe in view of ast four other reference Positioning-Unit

Devi ces t 0”det &P RAIEC4Y ?’@‘é"s&f‘%ﬁ@lbbﬁ%ﬁm@l‘ﬁ@v@ poi nt position solution, or
al ternativel y, AlciRmss of ihoyvsiting rebdivert arelDe ipiscereh fhrmyy rif@enterpositioiny sigifal intied, east t hr ee

GNSS sag el i te%leﬂ& WScqite of BAShe refdfdRe bRHGHE ARA afd0Rabe AR Find b be ice. In
t hi s enbodi rren ?e reference Positloning-Unit Device 10 supplies both code
Bife P

and ‘carrier PEEPIBHs for all GNSS satellites in viewto the
Posi ti oni nd- Un Meango giterraine tRlyignaPpyergation dilay othe tefeDewy fagmmittchve e Balticningat es an
accurate posi tmmem&I ative to the reference Positioning-Unit Device.

Manual initial achi eve cin he, Posi tionji.ng-Unit Device at
a predet er ni neg oca maerp?imdn °ﬁ‘é{%ﬁ%??'§h§ﬁ¥“é"?edﬁa“ fhﬁrg?‘a'é“ﬁﬁqs‘& 81313} coor di nat e
val ues2into PoSﬁV{g?“@hilaﬁga“éJﬁ?ﬂtPa@efmt@eémmrfbwjbﬂma-limt Dp#cet ipratiopr B eempatel enbodi nent

a first Positi gRindgal Wsthrke UV Gferend® aihBtikAknkl Yositibhink Uil Dedldls tbiverd@ iy £C1 sel y
known coor di nafnﬁ S .1l tgae ubsequent Positioning-Unit Devices self-surveying
from GNSS sate tes "and the first Positioning-Unit Device. b) Means to
initiate.ref Medrieitigiaghegpve sensmitd codyeeretsier vith & aprraprinterupians PRRS pode.

) 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.
i Means to acquire the slave positioning signal and apply a conirel loop to obtain frequency
coherence between the reference and slave positioning signals.
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Al'l channels of the position receiver are set to search fo23 &me 2086er ence
positioning signal in view 20 c) Means to acquire at |east ;)ne ref erence
positioning signal and extract network time and network 89 AR e
navi gati on data conponent d) Means to deternine the si §ReVeh2boNsga90%0n
delay fromthe reference transm tte33to the Positioning- Unit Device.
Reference transmtter position coordinates are first extracted fromthe

reference pos}rﬁé@mnﬂ&m&ﬁ%ﬁtﬁﬂ%ﬁsﬂ%ﬁwa&lﬁ%&?sggéﬁgggﬁ%%% éljes.tcf;ntége known
0

Posi tioni ng- Uni t vi.ce, laﬁjcactl on. e co €

bet ween r ef er en& & TPERSIE 28t PRt P8 orRy Koy 2snTimebatkilew (e dbverted into
a time-of-f bitghttheTHswplies cerrectivie gatiss to G steared trafdmit@erioell) & ofkray Lrotife dIPSM t t er
code gener at og;satdd an appropri ate uni que PRN code. Means to generate and
pass appr; priate pet ctrtg I me gn]d network data to the transmitter, which is
30 transm tt ed“&E ™t A& ?/lE”d‘g‘f‘tfe oG48 o8 s oitenposifioping signak paxgion g t i oni ng

si gnal . Navi geampenept Betdeferinine fip thod diffostce penn thl efeten@ pssitotifigedsnd emdehet ed PRN
code, which i gosgelpgasient|y nodul ated upon the transmtter-generated RP
carrier. vigation. data.inclydes .time-qf-week information,,

POSi t i onikwg- Ugl? sﬁg\lﬂe%}éﬁ‘wlthgéaef#g S °“5?"ﬁé°ﬂ“‘%ﬂﬁ&??tli° w8 b timg g | ocati on
and: st at us of betvgemne reforsade ppsBiadingosiguijand Meskive eeitianig ENESudiat teiskes. 35 Q)
Meansiot 0 appl positidiBg 6ghiGsétradoRgleally MBredfich thk FefRbce nbrdigd w@nd i nitialize the

sl ave trebnsrri I ttieglargﬁ%_%w%tse network tinme and frequency. h) Means to
initiatethe posi T1°6h° receiVer to search for the slave posi tioning signal.

" .1) Means to acquire the slave positioning signal and apply a control | oop

t 0 .obt ai wemaOPseEY CcOherence between the reference and sl ave positioning

si gnal s. ' T ..1 PE un 006 PCT/ 2001495, Received 27
May 2003 §3 i Eegﬁﬁgg mggﬁsjﬁcé)g&ﬁ{%cgl%ﬂébfsﬁﬁf %‘ﬁ%’b"ﬁ%"ﬂfﬁ ?fﬁgg?sﬁ'f”é’lfg‘%ﬁp‘?"?“&r phase
(1 CP)13di ¥ Raftgiip dhe game pgsillatprds usad dadsige therngsition Fegpiver, HoERY, pniegersiitgmaite and
appl i es  alokoAtoh@dnt loQ@Dnebale MIMA off-108p fredileRBR trheRifdor il Rieifelt beberénoe pobiiShmgOUt PUt .Of

the TLL | 0 | Lues to the d trapnsmtter, clock, in
order t o%%gﬂrdcs) fl,g" %@%}e@?ﬁ' \gfg‘én gyg&“g ([]'Ll?)' ﬂé‘gﬁg ?‘%"ﬁ&ef("#r&f’tem’f REMPY % nsni t t ed
sl'ave ti MEkiegncy pieisss gasudds the Positoning Usit Bviad positioniregeiver, defedctliredtly todtenponent  and
~det er m ne@osttivingtUnit®edécl derbd ARMMIRE tIWEEThet sRBed RALGIIRN CRAPSHIY LRMkNGeSI gnal and

sl av pasi i L.omd i . ns.to Ti Slew.the steered transmtter
ol ooty P Esdb A R Yoo rorlE Syl SR, i PP 08 et RN e
1 ef 'er enc &M< pripteneRyfesncgFave Frqvency knek bewaandhe prisinte aphilavgposifigyingdignals uch t hat
t he sl avers akidin e Sdqhiditdn ind GmSdddadht of Be B paRRLiROL6A! | Y aligned with the
reference transmtter time. 1) Means to declare Tinme-Lock status. Comon
- Gscillator The common oscillator provides a coherent |ocal tinebase for all
conponents of the Positioning-Unit Device.

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 frequencies. The roving
position receiver is preferabljr 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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15 In particular, the same oscillator is used to drive the2dphsietd066__ _
receiver, the CPU, and the steered transmitter clock. A coherent | ocal

ti nebase al |l ows open-1oop frequency tracki ng of the receimemAUel/er48mCe
positioning signal using a so called Frequency Tracki pgeisIi7Taay168$) . Wth
FTS the received reference positioning signal frequency offset, as
measured by the Positioning-Unit Dewce position receiver, is fed directly
to the Positioning-Unit Device steered transmtter clock. The steered
transmtter clock sinply enul ates the 20 frequency offset value of the
~inconing ri¢ erienpeitiqposéiter peftradly iRorgRl medd Mo Set@hind VintspRrt dy¢kJanibigeity. GO BN

0561 | | al Orprerdrf it H Lo Bty L GL BN, Blie Jgﬁﬁgyggb@&mgep | Det ween t he

reference and.slave positioning si e acqui Si ti on and
time adj usPHEH =5 fcﬁtprﬂs%fi%’er BOEPE ‘%‘ﬁ‘i‘gﬁ{j dedqrpjprd from %""BES@F&“I”W"@\T" OF THE
MOBI LE SYS‘PEMWIP%W@W@OE’P Farprpsudaegeenprivs ef ermilupber ofvpriar syeles epl ural ity
of recei Ventghaspeles) gl ﬁﬁac@ﬁ@caﬁﬁ@%' aﬁou&f(ﬁicﬁﬁﬁ bo\ﬁbdﬁ&t or Had cdnfpindPim@ii N Y

posi tioni i s oni ng- Uni.t ferably

t r ansni ttlrlﬁmsd aﬁp@f?ﬁorané Zﬁmé—tiéz) 4“%” outn refﬂ‘éer? %%yl‘ﬁ%g’ﬁs%’@‘@g% is also
preferablJkﬂﬁbﬁbhgmﬁﬁmﬁ@@@?VFﬁ@wﬁﬁaﬁ$ﬁﬁ@vHEEWSﬁQQQEMH@@WEWEWmﬁQES|gnals
from GNSS femel MASSprenE @lribripte@iBrarzds dil it hded@r diftredti@orectibiand f requenci es. The
rovingy, position receiver is preferably capabl e of denodul ating navigation
“data incorporating network data fromall positioning signals in view. This
al | ows detB1°H{oR FeER g dBrdyaps. a'ﬁrﬂff@re@mﬂmw&%@g%wg* eeprivel THENSS t i ne,
 Posi ti oni dgektdniobitidDiag UdteDelvices atiliziogite sema tngdhddolbgies lued &t domBBionalaGrd ra@bier net wor k
and GNSS dglgf Gps Reelvl sing &l & ved from
GNSS Ui e V158 YARS sm“iﬁééﬁe%&”%?ﬁ%%ﬁﬁﬁwnet P s T e
time- cohe@@ﬁ?mlﬁf?ﬁwm%ﬁ %on receiver also preferably incorporates
means 1o make code- based pseudor ange neasurenents for each positioning

signal in lelew,cou&eaa}&nie@mm&ﬁt :&@&Mﬁm@@@@w m@&y BRI RandpRof RQCH
ition, velocity, and

ositionin sol v
PI me ( P\/T)ug ngongaq 1l Such ang Ex mV%iﬁcanPns anggf jfauogs rf]elatg’ta@?(%dr%&pp%ﬁt to %is%&ﬁ’kjéledd%l nt

posi tion d@ﬁé?ﬁ#ﬁﬁ#ﬁ@%“@%ﬁmﬁﬁmﬁﬂw@W®@¢§ﬁ@@“b?mu@$m@%maﬂ@@nvent|onal GPS
position solution, which is generally.a formof |east squares regression
that is well 40 knomn in the art. AMENDED enm POW 23 June 2006

PCT/ AU02/ 01495 Received 27 May 2003 24 10 The roving position receiver
preferably incorporates neans to determ ne integer cycle anbiguity. In the
preferred enbodi nent integer cycle anbiguity is resolved using w de-I|ane
techni ques. Once integer cycle anbiguity is resolved, a precise carrier
phase pseudorange is determ ned fromthe roving position receiver to the
Positioning-Unit Device. The carrier pseudorange conprises an integer
nunber of carrier cycles (the integer conmponent) plus a fractional carrier
cycl e amount (fractional conponent or phase conmponent), and is terned a
pseudor ange due to the unknown position receiver clock bias. Tinme-Locked
Positioning-Unit Devices exhibit tine coherency to tens of picoseconds,
thereby allowing a single point position solution to be formed fromthe
preci se carrier pseudoranges wthout the need for differential correction.
A position receiver tracks, denodul ates, and interprets positioning signals
generated by a network of Tinme- Locked Positioning-Unit Devices utilizing

t he sane net hodol ogi es used in conventional GPS receiver
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desi gn. GPS receiver processing and design, as well as W dzs hare0dsbi guity
Resol ution, are well-known in the art and are not subjects described here.
15 1t will of course be realized that whilst the above has been given by
way of an illustrative exanple of thi invention, all such and ot her

nodi fi catyspns ggpdsnari ations hereto, as would be apparent to persons
skilled in the art, are deened to fall within the broad scope and anbit of
this invention as is herein set forth. U AVENDED 14NEEI @RF1AU 23 June

2006 Whatl. i s mlxaebﬂmadfﬁﬁonolzg‘icaﬂly syﬁehmﬁ{z{aggum&ueq,t}sntggﬂ% g%g&g,[ a%dg}’gf}@{t&”' Zing a

uni que p rated a position
known | o%gftt ?jggﬁ: W “@q?cétéogtm & eréf"ée?l’éf?FPécewé‘i"t“iné ieral spratehby efdenetrane ed by
at | edst f?f?{@lcstmﬂém@qrem@owlwam Shﬂeiethaicoﬁpﬂ{smgm sﬂeﬂ@)&i&id@&lﬂt)ﬁﬁé-tﬂﬁtﬂ&ﬁd&Od
conprising the Sl‘é@%g@lfld lﬁtablgtn@(gﬁﬁ &t'legﬂbx@get&mcg osﬁgnu:? emgnal receiving and
interpreting 32 ‘f easﬁ[ one reference 05|P rff iI'gnal ; b) determ ning
a reference posiTIeBHMRAEAE eﬁPFﬁPosﬁP@?%t‘llp&ﬁamﬂa‘Wmmmd gsdiadd ogetrefbremst  One
ref erence transtrmm:mra:deﬁmtmhn@eﬁitHdv&al ng-unit device; c) generating and
transmtting @ héMiRs BQ receiving and interpreting
sal d gnl que p s:%}l oni hg %ﬁgﬁgg%ﬁmg a}mhm%%gn%al d received and interpreted
| d3st one lefré“reéfﬁéé“dﬁ%%@?%ﬁﬁ'wlqs?Mﬁnmmtn@,al d received and

i nt erpreted umi quepdpes isiid eBdivg asd E&E}Jretéd%dé%ﬂ%@ r@erdnb APRBbRR! s@éﬁal%? s8¢ ence
and f) continuoygly. d transm ssion of said

[ sai d generation an
uni que positi oni ng &% MF&rEteq um?uﬁlp?fﬁ pige S‘%‘gll ¥ feduce  franyaisine differencsi @i ssi on
di fference; afld "i"i‘t)““‘é‘&y deF@ﬂQF@dwe@emlmd oansdpsis g aid Wiq@P agsiiohia siged ay,
such that said udoffitgQ0si tioni ng Si gnal i's chronol ogically synchronized to

sai djseference po§| tlsglnlegg gF% A net hod according to claim1,
wherein said at | dast™BHa"e F“é‘?ﬂ?&difff’ré’iﬁ’rﬁ‘@ter generates and 20 transnmits
a plurality of fri@quetié elathegrstenpgsgral pophgagorsdegnal s t hat exhi bi't

time-i ncmema@ﬁ@um(ﬁgﬁbsmﬁtgﬂalﬁ%ﬁ:gnolcgﬁglpgﬁwﬂr%l%\g% said e e Sich e sist gps of

sai d positioning-unit device: a) gen transmetn?e’posmﬁmﬁis1 lity of
frequency-di verse positioning S|gnals receiving said plurality of

f requenc¥- di vémeathop @sdotdingnd RBinsi, gﬂaieﬁl JardQ{ml&@l dhe MferbBRBinsPRG dofihfLENEE

transgm t &RmiRh plufk® unit devj.ces mcbudln itself or from
both; 25 c%:l | r?c]i)epe{r? Qﬁ%mgﬁ?éé}ﬁ omf‘ c%ﬁ'?‘as WP OIS RopgT gk fipd wherein said

fr equencg)e é‘“B%FSt“i‘edF?PSrﬂﬁsaﬁPgﬂ%ﬂnmﬁ-lumhdewsel d at |east one reference

1 eauency- di v ag. ROl Lon b aE el o Ao e BBl 1 T dovi ber

frequency- di ver Si
such that sai lﬁ t§ cl%lr‘r'glg |Saﬁ&c}(’)lﬁ% %%c%q‘g%cy@bvﬁﬁﬁws'&ﬂwaléﬁm ?aldé'gl%h?}vl eferense se
posi tioni ng si drajmitter gJrog othey watldmé-umcmalmgudhgmlf&lﬁ‘asmlbmhy\her ein said

adj ust ed uni g andepsblidnt ogil nchrodiz I ncPRivise postiching Sehal from
pOS| tioni ng g:?l%n. Fbﬁ lpg%r&glrgl:%2| |§)r.{')‘|l|) n“t %%]? tﬁ‘gﬂl% ?% EPS %l l%e%%‘lgldﬁ-

according to clardf ieaStvﬂ‘?Errg?r?Pc% Srgmiferderced ?thean’gﬁilosm-emt drivicéseerelptieto( @)

i ncl udes 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 31gna1 and said unique
_ positioning signal to determine a time difference.
40 '




conparison of integrated carrier phase neasurenents deterrg@3nkeef2006n carri er
conponents of said at | east one 35 reference positioning signal and said

uni que positioning signal to determne a carrier frequency difference. 5. A
met hod according to claiml1, whereinsgaid deduced transm ssion difference
(e) i.ncludes rison of data corrponents fromsaid at | east one

r ef er enc& positt mgfﬁqdnyc@ﬂx@m claimd 1 swilertin saidy deduceh asnstaissipn differsiog riel in¢lgles

det er m neoripatidon®f fWéutidrit @ﬂ@a&lreréeqts %&e&m@@ﬁ@&&d&%doﬁ codd cﬂfﬁﬁot}éﬁé o@&ﬁ% dishg . to

claim1l, m\{\@mfereimré sal. d ﬂi@g dgnsm ssi.on_difference (e) includes
conpari son O epﬁﬂé‘?nﬁ‘ﬁjgn & TG e Sositoping Senabip fetBrif S BTtBPARBORIC ode
corrponenP@lI@fﬂﬂle&reate | east one reference positioning signal and said
uni que positioning signal to determ ne a pseudorandom code pseudorange
differ eng 5 7. té met hod according to claiml, wherein said deduced
transmi si on @i PREYeHERdpEfo PR |)oWherein: said dedposd, tapsission Aifiesire @aislidss phase
measur emesrsrigdisentaiens darfier s Ofdasuirients GRNIRATHomR c@ﬁer&&h;dm@ts of @RSt lea@tﬂﬁe

ref erenc uni P i oni.n naI

det er m n%fég%%% %ﬁiﬁwgﬁg%gﬂﬁggr @ erp%L ﬁomn SI%“aa? &)t%mﬁrc‘f’ean %" o rlﬁ’
accordi nﬂf%‘ﬁmél aiml, wherein said at | east one reference transm tter

i ncl wtles positioning- unit devi ces W de Area Augnentation System

satel litgs, G,qhal Vs a ite tem satellites seudol.i tes, or
any ot her devi 3‘2@0?%@? a%(%? m:‘oIr’Sa ere”f ?aﬁ’laﬁ'gz}g? GRS t@ﬂsmnfﬁi“@’fﬁpoﬁ’ﬂ?"ﬁ’éd
- accor di nBit @F%?Sa“hﬁlelmeww@mntmaﬁyetem eftdliten) Gbg O%ivigition Sagllisi Yysteth speligpagat i on
del ay: i SPscaBti®y, Hﬂaﬂﬁdhebhfewc@s)thak ﬁ&ﬁfo&i&ﬁﬂlr%gnfgrﬁﬁtmﬂps' tion of said at |east one
reference transmtter contained.in said at | east one reference positioning
signal; b) conparing said interpreted position to said known | ocation of
sai d1posht i onfrrepthed iaeconding ite daitnol, whereio ahid udfaénee postieningeigraCprotiagtionddryliet ween
sai d ref grepmedyr ansmtter and said positioning-unit device; c) converting
sai d cal cul ated geonetric distance to a signal time-of-flight; such that
said refer encé r)'g%’i’rf’tf“é femgiion ghid ahletsheng arfiresnse enapmaiffer cantaingd insaif atleastioge saj d
- converted si gna|refbrbnﬂ5€pcﬂlilenufg|siggﬂ;t 25 10. A positioni ng uni t device for
chronol ogi cal i i que ition nal enert
said_positi onilj)yng uni t %@v@&g&e?ﬁé&ﬁg% Saﬁ%%oc“gftlocghongof S Ryt é’s‘fmt%mce e
‘refefnce posi t iBrHlRy2 g disprerbateeh salsyrefatende drpsmitten end: widetrosifiing-unit
transmtter at alek@pwn |ocation, said positioni ng un| t device conprising:

a) means for [eceiVv terpreting said a one reference
posi tioni ng s'lg)gr?‘é Ve "i% @fﬁqﬁkgﬁ? G ﬁ‘t‘:‘%@?% m’&e' %‘F’ence posi ti oni ng
si gnal ptetptigaed mfprqygel mtlmm popagdion tieldydaginivalen & saidfcenvened eighal emsoft t t er

and sai dpjRsitioning-unit device; c) nmeans for generating and transmtting |

a un%Pque positioning signal; d) means for receiving and interpreting said
uni glie p03| tioning signal;
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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e) neans for conparing said received and interpreted at | e3slune@e0s ef erence
positioning signal and 35 said received and interpreted uni que positioning
signal to deduce a transmi ssion difference; and f) neans for continuously
adjusting said generation and transm,ssion of said unique positioning
signal according to: i) said deduced transm ssion difference; and ii) said
reference positioning signal propagation delay, 40 such that said unique
posi ti oni Hy s@@mzﬁtiohigfésmmd;m ogirdiad fo\tlagy 16 WheiinZ6id af Bassa@edefgafcefnﬁﬁﬁi&er g
posi ti oni fghepé s m Prhnshi itianing-unit device according
to claiml0, V\Cﬁigr ein saﬁ)g&g%rgtlggg‘ét_ om_i,\r‘t mr?éf@?%%‘éﬂ? A peas it R
conpri ses T HELIPE Ungncohisience and Whereifraid positioning-enitidadcefurfperepmaiirisesy  of :
:‘Mz equency- didvelv S enepSorigbr@ntinGnGirgMalisy a lmthﬁtty @ﬁh&@ﬁc&-dk&éﬁ%@itﬁbﬁﬁ@ﬁﬁrﬁl&csy and
erein sai Si -ynit .device rther conprises: .5 a) neans for
gener ati ng angg t rngehh[g%%}tgﬁeﬁglg%a%) Ut & f’{%"%“f“’#‘}“&{fﬁgﬁ&g&’@ﬁ W@‘PE%‘“‘BS‘E? #il8%i ng
signal's; b) nean$n§igferepesdapsmittarpr &eri otheypositiphing-ynitaiEvides ipcjutmytyel ot fre isoeh;
posi ti oni ng s|c_g]naa{eSnsftbpimH@;aidShtléchhlbmgfcauyosgﬁ‘ch{ogﬂ‘Zﬁg SR GreluePIheld SokitiHing! F OM
ot her positioni ”gi'g;h’arll Emga? |t§:e% |n%I u |tirrlﬂg itself_or fraomboth; c) nmeans for
i ndependent |y chrénol 0gical 19 S ALHFEHTRIEe anel] ofhFreqtidnning i dgres er both
posi t1%ni ng  si gried refpeating Segiaicyadivesepriomuaigh fien enCsitiong Snt devies; or sai d

- other positi OQﬁdﬂ@rabﬁﬁid&inﬂ-‘ﬁ%@)}ﬁﬁ&e_@srcomgﬂmoﬂﬁgt Jl!%'éaurf)%c %Rrgrgér#oylgonin siFnaﬁ.e vi ce-

frequency-di verse positioning signal from sai i t1oni ng-uhi

such that said time-incoherence’is common anongst all frequency-diverse
posi ti onildg sifgevaitieningit dekicp esbrtlingmiclaih L NwkerdEMid adiusha GitubipBgtiohig Gdnai (i 11,
wher ei N Sadchond gl aWSie-le bk nOSELi.eNing. signal, (.f functions as a

r ef ergnce posi tiaonirngegHigglﬂ‘gFé %ga?kog%tﬁ%k&gglzﬁq?@ﬁf&nﬁg'unit devices. 15 13. A
posi tioni ng-unit device according to claim11l, wherein said deduced

t L ansmi sdBon i ridfsieimgrgemit @&)ce aci:c?\ﬁingl ebecfairk O1TRAErS Q41d Bfduded ﬁ?ﬁﬁ&ﬁﬁ%fﬁéﬁ{ei(@r

phase mMeasyu&Eilatsod§ fromcarrier conponents of said at _|ease one
reference positi on?ong% igllré na .cqrélﬁ{f%%s%fngfs 'ﬁfﬁ?ﬂﬁé"’%ﬁ‘ﬂegﬁ%faﬁ&r pis ?fda‘gat

det er ni né*®f WAFGSrEpe Pasiserirersispal agd fafdamigne positiping] ignalfto Yesmink @ mmrig-fiemichcydevi ce
accor di ngliffeene! ai m 11, wherein said deduced transm ssion difference (e)

i ncl uges conparison of data conponents fromsaid at |east one reference
positioning signal and said unique positioning signal to determne a tine
di ffer endé. 2% PRgtiontagpinit idevico Aeconding) i claind el inbiereia 6add dedided) trinemicdical diffekice (her ei n
sai d ded lﬁféﬁldesfc&ﬁﬂﬁﬁi&%ﬁﬁaﬁrboﬂ%(fngﬂifoﬂlgﬁgifd(aﬁlast 611@?45&49;‘3? %ﬁﬁmn%&{ggag gndosfaid uni%ug of

pseudor an?sgﬁomaasur enent s, det er m ne rom pseuaor anaom c nmponen
a
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said at PPESYPE JHa ¢ Qs ranadiffranseoni ng si gnal and uni que positi oning

signal to determ ne a pseudorandom code pseudorange difference. 30 16. A

posi bk OoNitfg- URI Jog ice. j o,claiml1l wherein said.deduced
t r'ans2 i ss1 i on dilf‘o?lg(%\eﬂﬁglgn g:g&?&?ﬁ@?%{gé;g “%oﬁg’g?rflgf)%wgﬁduﬁe Eafnﬁ?ffséf’ﬁél%@%é‘?)ri er
phase me Sl fupedsop ek nesudergeimeasisementa detiramedlomprsmenesion todeseiygnats of eidst  one

r ef er encet lpssint rdéndgpditgma siARNGn® @lighe PHuiIHA leﬁﬁ fol RRRG as[;sgﬂajandgrg code
~determ nsse%mh%}:s&%pe%%neous carrier phase ditference. 35 17. A
posi tioning-unit device according to claim1l, wherein said at |east one

reference transmtter includes positioning-unit devices, Wde. Area
Augneeot atié.on ByetigiMingahieldvict Qc%ordi% BRAkn N?%QQL LS acaRh® {rzl.nlsr}nigsion 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: '




System satel lites, Pseudolites, or any other devices that 2nagepooat e
timng information. 18. A positioning-unit device according to claim11,
wherein said reference positioning signal 40 propagation delay (b) is
determ ned by: 23 June 2006 28 a) megns for interpreting the position of
said at |east qQne reference transmtter contained in said at |east one
ref erence posiPi SFEr dtsgmetioe theposidpnefsaid o leas orpreferense transhitier containedin etidd
position to sai dldestomnrettioapdsiionifdfsichai d posi tioning-unit device to

calculate a g i i ce..between said reference transmttier and said
5 posi ti oni ng-e@gﬁe%dég(\)}‘%@aﬁ%n%‘d&? erp“r?% d;%os 1510 & irare °F@°%‘§isﬂd BoltiRRTrE e o
geonetric di standeviteotogcalohlginad seomaic ofistdnkd Gkttveen swidhrefelvade Emingtar edhé rseidc e
posi tisoni ng si gnabsithhagpagatdi®umdel ay is equivalent to said converted signa
time-of - flight. 9. A npethod of generating frequency coherence between
a recejved r efct r 31:?%'3 }06S%ﬁv?%ﬁ?“ﬁﬁlcgl?‘ﬁ‘ﬁﬁPm‘i"rdéﬁ‘?é‘?ﬁt??%@alﬁym‘ﬁf'ﬂ‘g@ast one

r ef er enc &3 thehspid refererce apritioning sdnaiLpeoppgtiont delan isreguitdlegina baid@Be @l sitlal Aime-of-
transm ttfege by a positioning-unit device, said nmethod conprising the steps
of said positioning-unit device: a) generating and transmitting said unique
posi tioning signal, wherein said unique positioning signal is aligned with
a f I’élﬂueg&/ SFA&ej@Pth@ of gﬁhmﬂ_ng .fﬂ“ﬁl.elkh)’ cbifif@i:ejﬂadﬁ@eﬁ aird:eiir@[f ﬁfe@%?oﬁ@ﬁnhﬁisgﬁimg
si.gnal amghsaieds . C)..neasurin reguen

G 1 or ence bt yem cas oy dinky Ol Heliose souaciRR A ettt S o

recei ved *BFHqHBE W' eYiteottidmythed eymenising e staptjofissid pegtioomg-tnifdedepuency st eer abl e
clock by an ambugebersling iandethnéniifing S shidut QEkitRARY sighal WAEEGH GRd uABRFEEH LN St ep
(c); 20 e) Contiﬂ&Q%EM:mﬁQ%#§&j$% sgidmggn ration and transm ssion of said
uni que positioni ng. sl gnal by  Apprylng safd measured frequency difference
to sard frequBhcd§eeiingssidusiersice pestikningsigntl apdwaid uhlye pheitgingsignl; di f f er ence
between sai d i ikatuaiy bty Bkl QRS siid BOAed ARARSAIGidnBE SEANGR soig

posi tioning signal;is mni .sed and consequent|y said adjusted unique
posi tioning signal has P BIfEYE" % oher ence with sai d reference positioning
signal . 25 209 Adivgingedd fisearditgblt dodd tyiamathnt ddiedddion ssidifequaicy WiagkceOne

ref erence transnﬁﬁ&gﬁhgﬁﬁgggtes and transmts a plurality of
freqygncy-diverse gpsiti,nLng signal s that exhibit time-incoherence, and
wher & n sai d “rePHEUOY AURERE R goreration andifanssrissign obteidgmiqer preidoninaciensl dy uni t
devi ce: a) generapplyingsaiintasired fiintyt difigende 10 lsAld Adqudniy skrablé @6ENCY- di ver se
posi ti onkae #si eneaOdi r Eving.said plurality of fr engy-di verse
posi tionin th?% g‘ﬁ:éfeg‘_’e? %Q%@sreéllceg&g‘%e\% éag% f ‘%‘(l)sﬁeg PEre P‘EH‘%‘E“&‘% f'?"ﬁﬁgﬁi ﬁa'ﬁerf’gr@?cef rom
ot her pog‘isgP’B‘i’ﬁ Hgpaligiinigpised end worisepuntiyliseid) aflinsed| vniqoe pdsitioninghxignll; hag frequency

i ndependenhtrente etir ariGtfasice fskiding¥@gdnr oni zi ng each frequency-diverse
posi i oning signal from said at |east one reference transmtter or said

ot her positioning-unit devices or both to a respective frequency-diverse
posi ti onfthg shgreliod fagcerding 40 dlaipokdi wheveid said winledst ohe\tbfeierce Xanshitehednbiats mai d
tine i NnCohanitR@als & aEqHRRy-a itiofing: si ¥ gy L4 Lnin
signals.mé%ﬂﬁﬁ:netﬁbd a Co¥d?ﬁ%??%?@k%ﬁ%?ﬁgﬁgﬁﬁéFg?%ﬁééﬁgggg%ﬁ@ﬁg S%ﬁique
posi ti ontng St gnarPEys PifFet of sitposiionipe-unit device:

a) generating and transmitting a plurality of frequency-diverse positioning signals;

b) receiving said plurality of frequency-diverse positioning signals from said at least one reference

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

30

¢) 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.




reference positioning signal for other positioning-unit dediJuas2023 June
2006 29 22. A method according to claim19, wherein said step of nmeasuring
said frequency difference (c) further conprises the step of conparing
integrated carrier phase measur errentg gdeternined froma carrier conponent
of said uni que posi tioning signal a carrier conponent of said at |east
one ref efence? BHet escorivade drignkyl whesein) esidestapi of ancasutingr said dreqfeney (iifEsrsose (©)
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i nformation . osi t 1 oni ng- uni 't device 1 or gener a equency
coher enc%"‘ﬁsé”f‘ﬁﬂiéeé'ﬁ"aa““’r@g’é YEgeref er ence  positioning signal transmitted by
at | &ast one reference transmtter and a unique p05| tioning signal

gener at egly ang I‘I‘lJﬂ‘%H%O&' dtobMarﬁl Rpsv!rh% Iegnslafagat mt on C% eren?e ganszmtte includes
positioning-unit device r) nsS TOr genera

transri t POSHEpiRgamY deyifesy lY\éldﬁoé?P ﬁ“@?ﬁﬂﬁ@ﬂs%gmlsatelme ﬁ@bﬂ T‘@alg'dwm ﬁi’t@:er System

posi t i onsariites,iPgddlitel, r aty bigérekiosk hil iRorhdrROMARCHIoMtaA61, abl € cl ock; 20 b) neans
for receiving said reference positioning signal and said unique positioning
signal; c) nmeans for neasuring a frequency difference between said received
r ef ebenct- - pos# tiogtirningurit gevide fongechemtiizdfreqemey vahdrenmi iptrecp @ seteiverh refigensd gnal ;

d) manspcfsﬁﬁnu%dlgﬂﬁﬁ‘én&ﬁm&ﬂ!yqt feis?&ié?éf&éﬁcesﬁ'aﬁﬁn{n?ep L a%ﬂgf*pogﬁong{)g si@ﬂ@gm&atgﬁr' Ved

fromsaldfre ency erence-nmeasured in _ste means
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positioning ®i gnalb f@ygeaqothg/mﬁgmamﬂhngmsmﬁ@d pbeideing Rigyal idiefeltr @idomiqic0 sai d
frequency Steeri&ttﬁnlﬁé%husﬁnﬁ:&ﬁwﬁt?%qu&%& &g&y di fference between said

adj n?t ed uni que positioning Si sal erence positioning signal
hi mi sed Hn&es s BeildRgSpig relcsgnge pesifionise @alalmrl spirnjsseposifieningignai gnal has
f r equency  cod)emeds for wiedstring aifidqueRtly AIFRRER bitRseh bdiOREMNGd Fefegiedl posithiling Signal\

posi tioni ng-uni r di to.claim?25, wherein said at |east one
ref erence transgnllldg%}“eg&‘fﬁ&?ﬁueposqgﬁ%‘?S'%’gls means for generating and

transnitting @ prans fr pdystieg saidrfesguenayctiperetilomdeck &y posiountaiived from gridfrauentshat
exhibit time-i nemael{ceﬁye@m@,ﬂgwg{@)er ein said positioning-unit devi ce further

co ses: a) neans .f or In dtransmtting a plurality

f rrergiuslency di v2r P& 5% f’?"i"%fﬁ’%@qé‘ls'é‘%aﬁ“g gongugtiqyand ransmisgion of said pniqpe H‘Qf“’g‘%ﬁ‘%
plurality of fr deabiyeppidigseidseaspoditgan diffrabgn slibfidgnary saiatle dock] east  one
ref er encget ﬂxﬁ’incﬁerrh‘&ﬁﬁg[cy QfrefchQ rﬂe%glelgahdéﬂ%’stred Qﬂlﬂ-{g%ogiﬁ ﬁdﬁ%ﬁ!ilcaﬁﬁ shil Gl 9

itself or from bot means nden
synchr orfeSfioRfesed) 1t misgprised @pd agmoespeatly prifs1diusteh phigre Ropitining srgpﬂrha%ﬁ?qaensx | east
one r ef esobanepes withasidrefeteh@podtionmgbighaDt her positioni ng-unit devices or both

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.




to a respective frequency-diverse positioning signal from2Zsalude 2006
positioning-unit device; 40 such that said timnme-incoherence is common
anongst all frequency-diverse positioning signals. 23 June 2006 30 27. A
posi tioning unit device according tosglaim25, wherein said adjusted unique
positioning signal (e) functions as a reference positioning signal for

ot her positioning-unit devices. 5 28. A positioning-unit device according
to clai ma25, Wesitining s divieRROi{zA5 RS Uhkre sid ddjeetianey postbdidesinee ( C)

further éé%?eféf’éﬁ@erb%slﬂ& g rrp%mtgeggcr*slnutgnzr% ﬁd carrier phase neasurenments

determned froma carrier Ufi§tfe positioni ng signal and
a carrier conponent of sai d at | east one reference positioning signal to

det er i n@s8a car lfoblﬁdnmfgfuﬁiﬂ Uﬁrﬂ;@ Mccdﬂdinﬁ & 8495, J%Qre%gsald%le&gsfbrt ﬁl%ﬂ?a Hg!frﬁncyd evi ce
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phase rreé@@raeﬁﬁem @mmlérqﬁﬁmmlq@ [positiosiag sigrel and GnpoiREciporelt of adidiatddasticeast one
r ef er enc QerRaied fobifdAtnR Sigil @A&km itioning signal to
determ ne an |%§tan?aﬁ§bus ca?@?g?%%ﬁgggkgyﬁ?ggince 15 30. A positioning
unit device according to claim?25, wherein said at | east one reference
trandfit 287  iArolitinding ugodiicé @nirdige td Risin BWhefediSsaid Weald foXmBasuAMEGHR Béqaénc N
System Saffﬁﬂeﬁdet(cgﬁmh@c%:@isesgﬁmsg&tcb Cnlaleb® tha%@m%%%r%& A ined
Pseudolrtes Qr “an evices t I'ncor pora % ornmati on. 31.
A et hod T8 c¥RF WP%‘F pispid gt l%ayﬁerrr@wnezr»wglounaﬁ@n@f@ed q@@snmme@mnwgmss@niaq

gener at edetpinaantinsnticomicager pRdde diffirtncélevi ce at a known | ocation with at

| east one reference positioning signal generated by at | east one reference
transnitter | ocated at a known geonetric distance fromsaid

posi t'? onPhg- ufiRosidraipe et deyige gooming alclaimATpwhesimgidt 4t deass toap e feehcestasghitter

posi t i oniindlydes PositioflEpin@t@ievicsh, WRIS Akdd] AAGm&RHor @Et@rﬁ REQfik) S10Al T@Vl@&tl(}lll 84ile ONE

etebpe ST SRR, R RN i R I R
with a frequency steerabl e clock; c) receiving and interpreting said unique

posi tionBng SihGRabd OQMOWW Q&hﬂm&tﬁ?ﬁ%{lﬁl}g ¥Os$&)rtllflr§e {lg%?l%?nepa?eg FOéi%r i ved

recel ed at | east one referencé positlo

uni qdé p8Y FVisht e fosgtiop &jth ab@ﬂS&ﬁf}eJ%ffW@ ppsiioning Senpb Beprated ek legstiopgquency
st eer abl efadneothandmyjitca focagdt o knotl@ zbonedic idis@ite Hioin daid ELiHIRAS Wit@lvile] QUURNGY

di ffereng(en ggggt@&ggsc&%ﬁ%%g Y gﬁlév},crgtr ng sai d unique positioning signal;

f) determnin ference posi th oni Ag signal propagation del ay between
said at | eastaoﬁ@elf"é&@ﬁlmﬁmgF%MQﬂerefmebmah@qgelsuaﬂ,r oni ng-unit devi ce;

9) rreasur ing B tgbnmmcy {alt %ﬂﬂﬁt&ngbﬁid%ﬁlﬂe miuemrgeﬁ@w Silertif 554 GRNGR é:@%hrhg oni ng
'signal (a) and ?q gisa{eg(e %e un| g oni ng signal (c);

of fsetting the rg'eque ‘?5 fllt?n ﬂﬁ’eﬁ%ﬂsll"steerabl e clock for a period of
‘time derived ®r Wlw@qummabﬁéwmwatlmsmwd instep (g) and said
propagati on dgl a&iees m:dﬁ@ﬂy 'dﬁfel%ﬁ&poeweé dﬁﬁdreceglg&]ﬁegéé? B %feégde"b%stlﬁopg% :a' d

uni que positioni %‘@%ﬁ such that said unique positioning si

frequency coher é S?‘%’é"el‘"r"’%ﬂﬂf@ﬁ&%?“‘&‘fmgssﬁpﬁ(@’ef erence positioning signal
and chronol ogé)c aflihsjing th dre@urbcyvif tskid tiaguericl RRERSECIk §adnCandlnt|dO@&E A Gaid
refeggnce trans MehstiCl ﬁ'eq%&cggiftgrwag (d?g‘lg @onsequently 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 ' '




31 32. A nethod according to claim31, wherein said at | @3slune2e0s ef erence
transmtter generates and transmts a plurality of frequency-diverse
positioning signals that exhibit time-incoherence, and wherein said nethod
further conprises the steps of said gpsitioning-unit device: a) generating
and transmtting a plurality of frequency-diverse positioning signals; 5 b)
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according to claim 31, wherein said step of nmeasuring said tinme difference
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uni que positioning signal an er conponenf of ‘said at |east one
refernce positioning signal to determine a carrier phase difference. 30

37. A nesfiod AaGsEod ae8rding 1Cdldkh 31 mmemga@tep ots,aea@lmag salldatﬂrﬁet difidicd @) BFRACE

transmt chudes cpositioning-unit devices, ea Au tation
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38. A POfetchcn@podhibning kiknafts YtGink péodgam@,%gquﬁéuey synchroni zi ng a uni que

posi %% oning signal generated by said positioning-unit device at a known

| ocation with at | east one reference positioning signal generated by at
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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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positioning signal is aligned with a frequency steerabl e d3hke 20D6 means
for receiving and interpreting said unique positioning signal; d) neans for
measuring a frequency difference between said received at | east one
reference 5 positioning signal (a) gpd said received unique positioning
signal (c); e) means for adjusting the frequency of said frequency

st eer abl e cl obk dmgnsafir gen@ating a6k frind@itink @@ uniGR| (dsitDAE Wt §HeRGUATN Gitique

di fference (d) . 1] Lusting said uni que positioning signal;
f) means for .detadggnrﬁgﬁgﬁégggéhé?%ﬁﬁ%%e _“8%_???%%‘??1‘8‘*& gnal propagation del ay
bet ween sai d & MRy recqpingnne infeafrating sridanianeamsiioning signabind sai d
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step (g) and saisgd Mc2RRE Abdubity Qlﬁi‘e?e){ce%f ﬁ{d@oﬁ%@tﬂeﬂﬂ? adihdhiRz Cid u gpos%téning

consequent |y adj UStl.I ng sai d unique positioning signal; such that sald

uni que positioni®®§*si gnal is frequency coherent with the frequency of said

reference po$i tncamifergiesingnial 2 Rfecbn@ositioding Gig®h plopagtion eel@tictwebd daidtahRast

ti mebgse of sai dndbrhfRthusgie HELEIGIRSLLANRMAL Cr . 39. A positi oning-unit
er a

devi ce according to claim 38, wherern sa t T'éast one reference
transmitter 50 MESIIdr R inedifermen ketyesh sfapeived fefsignesigsitioniag saal @) ng a
plurality of fr eadeideyeickdvtifioithing kighi@g Signals that exhibit
time- I ncoher efl}ﬁ%ear@@? oﬁ’ﬂeﬁﬁ%éatﬂd e%lleqlqp s?es}atylle cgék% -auer',]r%oh og t?t}l/ ! &’;:rewf %ﬁa@% time
conprises: a) neans for generating -an Fansnt tErng ca piuraity o
frequency- di ver SEFEES magdnly sipgighlend sdid prepaastion fdeley deteringdl rig stsmi(@) and
pluragity of freoisenayly shiwmizsad WAk bbsAidhiRkigaignal s from said at | east one
referenc I 1tter or..from other_positioning-unjt _devices i.ncluding
ol 1 ofich S bl hionind Dol R (sheehoy oSG BHPIG DT ATHes
sync hr onP¥itiagnesiad atdchrgeptagisgllydpheenswethsigsimebagif saf o legpherle réferows teainditeat | east
one reference transmtter or said aother positioning-unit devices or both
to a re-sggecti e f.r.e@uenc(y-,di verse positioning signal from said )
 posi ti onfng- uftiFPPRYE R dedige preeriing tasclping 385 Whsteinn ek feash ere felerags i i%hongst
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difference (d) further conprises neans TOr conparing I htegrated carrier
phase neasur eﬁe n'f‘%a“%fé‘tgé?efﬁ"i‘ﬁ’_ef’&d tranpipifing a phuality ofdftsaysenyeiierse pesitignneciznal$ que
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posi tioning sign termne a carrier frequency.dfference. 41.
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meastt i ng sai @ tiheees foy infigpendently echiogylodivglit hywehrapizing reachefeqnaediverse positonipar i ng

data conponents didn@moakidlaridit GhkEreRRNe brhitB%br ShiCUMR} posRbHngdRk devied R oRENt S
fromsaid at Ieatst one . reference positioning signal to determne a tine
2

di fference. 42. A*[FPREFHP BTG KTt Padiresigeiprdrid gosttionigs-witdewis:  wher ei n
sai d neans f owchthe saiftinrenesiareated is commod Bmahizdt hlbkagimey-dig)se bositiohieg sigmelspr i ses

means for conparing pseudorange neasurenents determ ned from 23 June 2006
33 seudor andom code conponents of said unique positioning signal and
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reference positioning signal to determine a carrier frequency difference.

35 41, A positioning-unit device according to claim 38, wherein said means for measuring said time
- difference (g) further comprises means for comparing data components from said unique positioning signal

and data components from said at least one reference positioning signal to determine a time difference.

42, A posi;ioning-unit device according to claim 38, wherein said means for measuring said time

40 difference (g) further comprises means for comparing pseudorange measurements determined from




5 difference (g) further conprises neans for conparing i nsi3afhai2e08s
carrier phase neasurenents determ ned fromcarrier conponents of said

uni que positioning signal and carrier conponents of said at | east one
reference positioning signal to detergine a carrier phase difference. 44. A
- positioning-unit device. according to claim 38, wherein said at |east one
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i nformation. ABSTRACT A positioning systemthat includes a transceiver
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a PSeUftfrdhe PO RO €200 BRGNRDS carrdPfhaid dBfeAccCONPONENt . The Posi tioni ng- Unit
Devi ce generates, in response to the received reference positioning
signals and their known | ocations, a unique positioning signal. The.

uni quetposi firewionige-siigdraice haerding tarisin g8, dlerrposagnt le# ron wltogiciadnbmitter
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~conponents of the recelved ref-erence positioning signals, and a data
conponent chronol ogically synchronized to one or nore of the data
conponents of the received reference positioning signals. Once a
Positioning-Unit Device is chronologically synchronized to a reference
transmtter other Positioning Unit Devices entering the network can use
its transnitted uni que positioning. signal as a reference positioning
'signal . Be geographi cal distribution of these chronol ogically synchronized
Posi tioning-Unit Devices creates a time-coherent network of positioning
signals that propagate a reference tinebase over a substantial geographica
area.” The positioning systemalso includes a roving position receiver. The
foving position receiver can generate.code- based single point position
determ nati ons by. nmaki ng range neasurenents for each of the received
chronol ogi cally synchroni zed pseudorandom code and data conponents; and can
generate carrier-based single point position determ nations by making range
measurenents for each of the received chronologically synchronized carrier
conponents. The formation of a chronol ogically synchronized. positioning
network allows a roving position receiver the ability to autononously

cal cul ate both code and carrier-based single point position solutions

wi thout the requirenment for differential correction or absolute tine
accuracy within the network.






