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1 FREQUENCY COHERENCE W THI N A LOCATI ON NETWORK FI ELD
OF THE I NVENTION 5 The present invention rel ates
generally to systens and net hods for generating
preci se position determ nations for a nobile
apparatus. In particular, the present invention
applles to preC|se time- oﬁ-arrlval position
det 4 HRENCICVATEARNA 1O ATTON NETWOIRK
constralne y prlor art requi renents such as
physi cal connections between transmtter beacons,
such as the need for atomc tine standards connected
to 10each transmtter, or the need for differentia
FIELDS?% Bt NYFNEDhni ques. BACKGROUND OF THE | NVENTI ON
151t is well understood in the art that precise
The tdrf!;@lt qavegﬁernl Maﬁ es p&ﬁér&llyoﬂ) Q%Eeﬁlg n&nﬁ a&btf?d&s | or %@ﬂ%ﬂ%,a lﬁecme position

upon the accuracy of the transmtter c|ocks use
detergigs B » PﬁH‘ﬂer?éP&‘%WSymeﬁF‘ﬁ‘f’aft i BEoH paraiy SR @i oraal
positp SetbrintRsol sfdtenisN D prisat aiveming isakatecogmmneChygtliot @t @quirements such as

physﬁﬁ??& ctigllls%cé%veé/n %Eﬁ&e@?e&cg{g nsu:hczé It.he n@%&t&@p uﬁést%ﬂd.]ir!is connected to

ce as the basis for a arriva

each asIitterpffitirgeeh et diffprentip) W@‘fo“ltq‘i*i“%q“% di nentary

posi tioning systemis highly inpractical to

manuf acture and install due to the requirenment for

precisely timed cables distributing high frequency 20
BACKGRONY DG VoMot enti al | y | arge di st ances

bet ween beacons. Alternatively, precision atonic time

. Standards, . whi ch have v ra

s S5 PR iy VL A3 PRSP Gl SR TR gndant opon the
accutasyi ofi the ganssiter dwwkeused bgiswest npliséntaoied thege transiofionirpacons positioned at

known QG Hidn®ha2Mthe GANH § Corifnt a?oc@wa ﬁ&e%n&ml itd Bill blffice as the basis
response to pOSItI oni ng na S receive fromthe

for a R RERTIYA BFIUBEEE AT, T GAK TEOP B RETAYES SRR Sy impractcal
to mithecinefaed sk dicpahy equivinent dor pRfeiselntimed tables tlistribaio high frequency
tunmg %ﬁﬁp ’oer Oﬂof\gggaﬁﬁ]qg'gee B{staﬁc@{ 5&9&@ b%i?do&n Aﬁt%%@& precision atomic time

g satellite pOSItIOI’]I n‘%ﬁ
stan ish @gp sy ko CIFft Fates (yqoty bg Haﬁqaw at egqhrapsay pe&ﬁpé and monitored using a
referéhb@fe@dnl‘ér ﬁ&&iohwaaﬁ(inﬁddbloddtlblmﬂdl d¥EneGbBddareffen@r tBnebase. In response to

posm&lgﬁ% gi%traﬁéecelvef? h tﬁépl§m§ a:]{ ? ! l!elic%l%r cloc:lct &ngctlﬁ?sc%agg 250 gne reference

cont I NU torin
receieR Vsl alnuItFe@walﬁ@ togadhi thngfOfcﬂubﬁﬁﬂleﬁth‘Tﬂé@tWrS@h 4o psgt e@ppent. Modem

satellf@ b &lohih e 1eEMBIbYiest MENESYGHOMIPIdYQhEE Sechnifl€ SReQRI k@Gt bidNSbidium time

are the rebr adeast a S, na
snCus et U QR PR CrS Bt G SePERL YD monicring
all GBS geHies Iamlslpmmg dlock herctiRSs wseh sadud pre mwentydonr howoThisse corrections
are tlfleg b?‘(ﬁh&Ltl \Jlat Eaclt L‘.é:t’@ffte ?%@éanon%&sghg@% bﬁ@ﬁger E@%eﬁdpé I§Q positioning

satellites I n view,_ a three-di nensignal positian
algorghRsoigin SR &GS T SRSt Fasegepnentaelils riepk gat bt Jpst four P
satellit@&Ch RieGU € tRaifensisnal p@Bidl &Ndctddiplithed BOEROBESEdLBIRG! using a standard

_technpqgg Ik!lc;“?lrassato Lolﬂ%ngghal I(Ql.e-%as?& %Elg ?)Bgtmiﬁesgﬂ@&nq "fﬁzs sénc@.hlsgchmque is also

position’
gene@w tprmed| g Sﬁlgle ﬂ?@m&]"f“mééh‘g@%tﬂfﬂéﬁ@ld} thste- based cps
position solutlon (single point p05|t|on) 35l n
conve, J L at it | ongi t ude,
Convg?]ta)n Qﬁod% u%féd g(ﬁtlmB Eﬂutfon?ﬁm ‘ie émfnt p({sH:mn ear th can be
In copwhigmilavdchased GBS thelajiindsp byzitiie pnd dltiple o dnviphiat close to the earth can be
calcuPRd b QR ﬁcg%%h&n@he% of .0 msﬁlt,nd@ggsltals B bt 1BSoSatm8lshibili@Sin view. A

in . view. A UPS receiver nakes r tations
GPS IS SEmES TR BRI R b FEBRTEE W'f% Pt pscudorandom code
(PRI scquscions aviithl @eneive:0 geuddRR)m adetrquro@s frovh tdoh GRE@fellitnd The measured ranges
are r#tﬁr@ljg% @sﬁv?ﬂ%kg%gmw?@g HENCH ertnfc@ r& cﬁﬂ,&h}egg §; lﬁ@él&i«l Antt& satellites and

e nea fanges are referred to as_pseudor anges
the clggk Wil e FES el FICFPEPER gnsure Bt thyrpeslprs sk egithrpesd with the
cl ocks on the satellites and 40the clock within the
UPS receiver. It is necessary to ensure that the
receiver's clock is synchronized with the 2
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satellite constellation's clock in order to
accurately neasure the el apsed tine between a
satellite's pseudorandom code sequence transm ssion
and reception of that pseudorandom code sequence by a
UPS receiver. A navigation mgssage is al so
transmtted fromeach satellite, which includes tine

satéllﬂtt, %HIBI]AHQP cﬁ)@ﬁ %L lohitele td Elaln%@’y 111155@195 iRt &l%@d and between a satellite’s

te c correction terms. For
psev#rae@nufq% F@veafﬁawnwéﬁmu B FeTEplian piptet pepudqsudyny gpde sequence by a GPS
recﬁﬁﬂlﬂ hoSgafi@Uiessagt &l dldot tenShigdaatdtn Eaoh sapdllite whizh ifidiees WiuH information,
s .of 05|t| t
Satfilﬁr%e orgx{vn mformat g 519% 1t£ )élocly olx%()rt]tfn%%gns F&edtlré%aemFrEBFal )1()05 Jlonmg a GPS
recgjyry reapiree @“Sﬁteg’ltq jignals éﬂi sgh(a Iﬁ§ therfenr ppigovIsed PesEios 6t \Yez)faﬁﬂf“me (t). For
m&&hﬁ&ﬁoﬁhﬂ &Qﬁ@%ﬁudﬁﬁg RpRekde lisORked, Xndide Qéﬁelh&ﬂ;%nili; frerehiged toAolve for three
“"lglg‘gfé? b3S g'lnl? léx etﬂgg? Iangd(a:’tip%v EPS E O%{o%%l %Fdézzjs eéj FIPQ %oslltisonasgutmn is able to
progid¢ ®[GP$ teegver, nvithjapigast quesaeeéipvabm Vipw.\the gpaiditete ietpraningran absolute three-
dinRESRM-B) foiliEwith ABRSGNR hppkoRintlelyN0Sd doinitreM t h an
- accuracy of approximtely 10 to 20 neters. 10 This
Conventi onal Code-based UPS position solution is an
Thig Weorwivoa Codobastd GPS peditios olgtdm iclet evtpiomeuspobitipn, ovhjch can determine
pos}ﬁ%ll Ov%loh)ﬂﬂ al?cpﬁ’mé '(Imef) (v MZD: dﬂf&éﬂ@ﬂtcmqjéc{ufne&a%nﬁ'&@|referenoe receivers. It has

correction data f romreference recelvers It has
thege ey bagoBE KnF@ o RITBNA BTG saligyyirde38i nt " posi ti on
solutlon in the art. 15Conventi onal Code-based

CO“VE{lthbiil htl: giseﬁ’ﬁel(eﬁﬁgl%Yﬁlaﬂ%sﬂnglL egljlg) Wth an

accurate atomc he UPS o
Wi g sptebliphsg peshrate stogyg Gmebassaba %P%FO“ﬁ?IBW“dF RBY s2napis of providing a GPS
recéiRE Rty @ abﬂﬂldtd’lhﬁadlﬁbﬁsﬁinﬂtpesﬁdﬁ fa@rachi Jfﬁﬂﬁdxﬁﬁhﬁly [0S 20 meErs. This is due
C&nul{xp 1%%/ ﬂtggomg (glglr Qs aor{;ﬁig‘ogl ¥1x 10' t&?rrglh sioHrces ﬁ{ %ﬁcrs-rlg#u? déla§( Zg(lroposphenc
delmapaa ephemerigerero(f) e@éﬂé,hte LS ﬁrreh @ S rr¢cew‘%3 éIP’a%/aﬂd( ©®) mulﬁpath lonospheric

deldy'i 1@(99\?&%%&11& dQ%l @Morickodd bﬂéﬁ@é‘ﬁ%@hﬁ‘ﬁc RhVeORhen ﬁﬁs}mg thmugh bands of ionized

voriy Syl PR TYSTOGISHERY & T3 SRR TR Tyt vaves when
pummnenugiamﬁwxpeﬂmémnedmbmmeheaﬁmmwagmGUsdwmmﬁvgmmh@mwnﬂwfwmm

sata‘i’fﬁxg‘ﬁ!:aﬁgn LR YR %FEQ§te@ Ey éa%mteztﬁatapfﬁfat R&bi®S nbifk it 18 noise generated by
|OnOSp ere. roposp heric

the njgmaf flesheniss by OBY wtet w@[] e Qe%é‘ff“b‘ys'g‘faﬁﬁd signal reflections

in &iddE @u;gtmmsmb at@RSereteivet. hﬁe pjcety dtiss ghve I’s@uceEphe{fﬁtaH)s correlated over
! 5 1

L LA ——

progEY fapnechaeEer B BT eSS €7 T FehRTS @og8liep dergre the spatially

corRrell Beor lscﬁﬁ'o‘ésf iRk 2 @RGEduE RIYWESs Thiffae B ofreftiei "V @ Feference receiver placed at

a wg{r %ﬁgﬁ ? z&ofl Z éﬁlﬁ eznl agsgqglled g]sglld?%n é’ll'seaec szgéflfte %nal 1& éeljsté [t then measures
the reegiesid peendorafipes fhomjtieer GRSysatejfites @ég@um@as%gi psegiorapgss from the received
pseéﬁﬁ&-ée@' f!)ﬁﬁ“%q‘r':ﬁ@r‘%‘ﬁ GanQY Efiredth & bME kieIFO A iewd i1 RRVRESE receiver then

W T RN T O —

subseqahihesddwihbse cotesdmy @ thhpseglarmmsce itmeassres (for thessatmi entelitoy ip view to the
refe?e?u?esrle(gtvgr) Bé}mje %éugﬁe 0%15 f)}ﬁmﬁrp Q)'idtl@ll IEYmIQ 9&&&111@& ﬁtﬂh fefdrddbe receiver and the

sour ces usi ng known as "Differenti a
GPREFEHEE B PP FeamErdy e Pfét"Q‘i‘r?/é?mWE@% g souees such as multipath and

recMu&L‘ hoidé Rt dl Qe ﬁiﬁhdbﬁulg}e@ ﬁmuhl&Squ&me dasidepditipsendoy Zigjdon accuracies in
the or er ofa severa% §‘8 l{sLlet gchi’céva%pe ith Eodcg—gatse%célﬁerenll% (Eljgedaﬁectlﬁjbg low multipath

recel ved pseudoranges fromt
em@@m@%$|tes and subtracts the assuned pseudoranges
fromthe recei ved pseudoranges, formng a
differential range correction for each satellite in
view. The reference receiver then sends these
corrections as digital data to the UPS receiver via
an R F data link. The UPS receiver subsequently adds
these corrections to the pseudoranges it neasures
(for the saute satellites in viewto the reference



10

15

20

25

30

35

40

15The user receiver can neasure the fractional phase
plus an arbitrary nunber of whole cycles of the
carrier, but cannot directly determ ne the exact
nunber of whole cycles in the pseudorange. This
nunber, known as the "integer cycle anbiguity", nust
be determ ned by other neans. Traditional strategies

ConlvQftioh:8 8Qhriet- B&e&ﬁfffei-eﬁﬁal@i’@%ﬁldn% ﬁsmegbl gw ties fall

N r ﬁg S fi
ot LS BB RO 00t TR e

locatiwt 4nd ds ucho loadion yéiey ite diffgtmed Rveoutbe tantios getses ©f the eatellites measured at

the x@ﬂgh&%ctnyer ra&ﬁtﬂé ﬁét:tl r&@rverAA C%Qi?g ?e@'e!?éﬁhél‘é&we# A4 led well—known location,
wi de- | ani ng has been devel olped t Q. overcone

calepfgir. TSR HAST Bhasqypeagurmeed dpealiisiign it Yerr B |ﬂ’éPnbf°adcasts carrier
phastidake +d e iuseg retRivet ivialan &F daadinki THe@sd récviger @b cal@ates simultancous phase
mea%u&e%%ﬂt? %i‘l aﬁs at(‘:lii{e? &Evpnaﬂ lstsL ﬁltlyp%ﬁnte's a gse I'd?ffereﬁce to determine the

uenC|es orm’a requency signal. This
posijignnl the p@am@yw‘mﬁz@e@ Itfgtpﬁref%enge] r@(‘ﬁ}vFr 1?,03?ﬂﬂl &;’hq Wﬁ@hase measurements
are 4 hﬁrﬂngt Heie Wﬁll»a@eﬂghh& Imfpplﬁhﬁeqhéh@y $hiTchprisestt A the @arkir feetpsencies from the
GPS satnﬁgg lIk:jc X h tflg %u%lul[%t !:y%{t]: cg gtﬂ:evaiug h‘glg %‘fe@)regggs e?gch lus the advance in
ed b u3|n% pseudorange obser 5
phasd émrexg ﬁhe m@smt@oqhmsegeéﬁbleafmm Geifeesjven Mopersaccifice]lyy the 4dygpeein carrier phase
durifOdn¥B&th li%ydefeﬁﬁned %5 ine@alind theQHRP DYpplet §1a1 over tEAErvalloRthe epoch, hence
0 turE1 g ﬁg ¥5% @g the vol une of integers that nust
© RRe SEEFER ™" ve the integer ambiguity. The
mai n constraints for CDGPS nethods are firstly the

The 'ugl* ﬁ:gé‘we} Ym%kgsﬂﬁﬁ@ﬂ&ﬁongf ph ‘§;IBF Qz@ftlﬁy hnloder oﬁﬁﬂ)le cycles of the carrier,

secon I on us
bt RS FERY At S BT O Hobr Y B Pt T g, known s
the ‘GroMEBtayclé sbighits’t @ne h¢ deskmidatia ou:pldeﬁass Tradibmpl strategsds fi resolving carrier
phasg %%811 ﬁ{b?gmct‘# %f] ?ﬂt&lﬁg‘,@ @g)'a&] aas@égséegﬂclp Hnetﬁ&ﬁ Lﬁl@ﬁt}ﬁ méﬁﬁ% and. geometrical

reca&tlon ferential data caused by 'Si ca
methopts tihepe t fragifongh grethadst 9o aatyidd &gﬁgtm&a%aﬂfe%ﬁ r" t prgbiguity resolution. A
techififfieC knotle @5 aslidslafiog] hisbeenadetlsyad Yo krclesthe nanigstmessod Siteger cycle

| e Whiiadid) RASkLL { Iy the GPS L1 and
bl 2o, Wil iy e 08 1 RO AR Gty i GPS L1t
1.2 frepwrpcigsbtodorm arhattifisapency stgaly s e Aiatiucady ngyedenglh ispignificantly longer than
the m&EﬂgH@Bftﬁ@dw‘dtlﬂMu&QhM% doateqichly, foodhitiobl BIKAKOMBEershn be accomplished
by ‘%ﬂ%b\%ﬁ Loran, ée qdbs%\fatwlgs é(gtli]e r?l?grﬁnéa&xgg ‘er, an CI%GP%/ tg W?ﬁ:rp‘ﬁa?gse?%ned by the
beat tifguency sighal.dlihess] i orkn, Ewptlysreduor thbmhhnetqf @tqge‘ﬁ thptapsiebe searched to resolve
the iht€&CintfRfuignd the user receiver. Therefore, the user

recei ver can determ ne accurate position with respect

to the reference receiver position, but cannot
The d@inedondtalLs tfbrﬂ‘EDGPEhinShddS argnfirstiychd mrprity fand lenay o rthei B data link, and,
seco§dlmtél Iac Va‘?@héf ?ﬁoﬁ ra?ﬂeelgerl dceRES 'Thé 0l balﬂ@wﬁﬁe({f the RF data link

preci se an accurate %Et em t hnebase is
wm%ﬁﬂl%ﬁéﬁfl e ‘ailda‘P e pping 4t laspy PRt deerrdRePOriRPGFPAAY) Poor reception
of dﬁﬁﬁ’@&hl &a&a E@Eedmyliﬁysaﬁdoﬂsﬁlce@oﬂﬂUﬁul@ahchessqaﬁt d@fEption] Which degrades

poston accurac a{ ge%t 4} E% a‘i Ita? rl‘mf< %aﬂ?xer%h gr g’s%%ﬁ Zl%a?enlt worst, The second

aSSoClI a prior ar
shorfgreingl of CD@PSAugth@ ktlapf feme mﬁ@m@rﬁna@) pposrinal sigle peintgpogition solution

solvédSt ROBL ﬁ&ﬁbﬂ@%tﬁﬁmi&atﬂ OMy)lafd L@t sgapi u.@fl': ) gﬁgesbaﬁ)e;d as “double
nmen Sl ens S S, 0]
diffeéeage év%_‘a}fﬁ 818?%% él{e éea:e v?{t gf’h%fg glﬁrt ug’r{}é re r%%gcr and tBe user receiver.

TherGGarer ihe pseh@sddr @nfdétaumtap@katmstlgymhemwewq thoxgfereagpyreceiver position,

but @aggdt tcfe@%e ﬂuﬁg aRLiE %H&Emtr £ QH:' ﬁs@xnﬁrﬁnﬂyly -merﬂf BftelR®ed in position.
used as additional ran 5 sjgnal s, and also as

F
Homgugt, PrIei KOWIGES it AR e HE LARDRP e PR g MiBieser applications
invoBrihid | cpiRIMdr nethbike hibielesttininicpBe wrbenk t B8 l@Rpf Bee determination is a major
P nmebase. A UPS recei ver
pmb%}{ltr}’gslr%rﬁg{gde‘éﬁ%é Spﬁgr# gsrtﬁtng conventi onal code-based
UPS sol ution using at |least four UPS satellites and
passes the determned tinme to a co-located pseudolite
transmtter. The accuracy of the UPS tinebase is
constrai ned by UPS error sources including



10

- 15

20

25

30

35

40

15U. S. Patent Nunber 5,583,513 to Cohen, titled
"System and Method for Generating Precise Code-based
and Carrier Phase Position Determ nations" describes
a differential correction nmethod whereby a so called
"omi - mar ker" pseudolite seryes as a channel for
relaying information to a position receiver for

ZE%;efngggentlal rangi ng corrections (Colum 6,
|nes The omnj - mar ker pseudqolite can be

An%% ERFREysabto ald'rFéliSaPﬁﬂB% SEigmingipt i it ey g augmentation systems
such ad @hildblites. BicgiolieS cat be intdrprt@iCihie donvenriopdl &ode 4nd GatritiHesed Differential
GrE AN G ehﬁ{tlona%gx Hﬁe réqhi?eu{%%'fh%yo&ntbg kdAGss gditionsl ranging

pOSltlon rec |Ver out -golng carrier an
SRS e B i RO sl AT G Belstc GHIPREiAematively, pseudolies
cande gﬁﬁlllr&nie& tCKAGPS ¥m@ARSE (PO hetied dettinides GESRCHonl O conventional code- -

base(’(ggké solu %)g rHSuq egsgtfc{eurr Q%é s%tefkp:s taH{? Palsjf ? Icg:[éﬂiLlﬁed time to a co-located

I oONn recelver
psewdotitg Ataesthitien T aesyary: ¢4 44 6 alinP‘@fea*F reonsiginsit P §PS error sources including
10n&91§h§ htﬂlﬁ'oﬂgp}ﬁhm ScatbHi@ moElJfU?roUE’afell&aﬁtﬁitlbd 4B re3fi¢hr Adi®Oand multipath.

Tu%ﬁ%:i%}a\égsfq{ g?prcﬁ(gléaue Og) t{) g&()) n ooescglili'I girgzéa ey v%leqor}a&lalg épg tunf%ase method,
hovgivdr ey teanslates| to pEiigR aqverageoalremths ord@ Bt @aﬁmf pieters. Thls accuracy is much too
coafll fof BEERLEALsEL QgL el i m nates the need for a

traditional digital data |link, as required by
~ conventional code and carrler-based differentia
Casisbens Diffelangal &IPS using onfOmridMdcker” Poaddliton recei ver
u. S'Tya?ént ﬁ&:ﬁl{(i 5, 53%%?§ %%on&t nle!ip@séﬁtaﬁc!l Me&&ﬁfma@éﬁeratmg Precise Code-based and

omi -marker signals to conpute a differential range
Carrigs Rbasehpsifion Dﬁé‘e@}aw*ﬁgdﬁfﬁﬁ%rd@feﬂ%’ GPrRcdongnghod ‘werePy a so called
“onfh@inarRdr? @:Wucﬁ:hfé(kﬁﬂvbsl Bn camEiubatelaging idrs@ion td1@ position receiver for making
marker  mis r NSt Lo viduak. o _
dlﬂo rgxglal ranlgm§ ﬁo tﬁﬁg ngrﬁrlgmg r?zl%nt%ss @?g?@g@:; B&%g%ﬁl& }gs%ﬂ]?ﬁty !:ag lﬂ@hescrlbed asa

metvnhewal wristel. iigherebreGBhefellitatigals aongiiedst” Amehawxenibs &@Wﬂ omai-marker

pse@dﬁtl% B&toN to tﬁJBo&tl&ﬂHdedreﬁ Eiﬂid |tﬁe@3uﬂ@mig0:aﬁ‘t¥ﬁhd/ RN Bk Vonfhbiihts of each of
ransm ssi.on

the cacen %lfelr( %ana d ?)&acmg rH)hase chwr%nt%vnph res ec[ % ea'o E;é:iﬁltng fe:{]uhterparts in the GPS

recelver I res
signals ¢@dlunen @ Hegs AR 1o32b A pasidareceives Stméﬁd inggnfofesiflying pigdrafigprgves positioning

sig Ja@ %fn\fﬁ‘erGPSaQth&g atdOaish R@eicR S8R~ G@ﬁp&sﬁ%hlﬁg’ signals from the omni-marker
El %"g‘“@ ‘B H’g [¥=asur enment s u5|en 'Ground
pscedolilp, apd qubsefluenty cop ‘Fsudt e ROECHPWEMR her 6 121, 928

to Sheynblat, titled "Network of G ound Transceivers”

Colgl? S &l?fhl@tﬁéjf rgeﬂg)idfefu f-‘ﬁ&ttﬁeq}eecpf&r d tﬁi@ﬂlbxﬁndl%[ﬁf (ﬂ%%ﬂﬂ"@@lreﬁﬂ'}fd l§_‘/ conventional

net wor k SO ca ground transm and "ground
codg piglcaprisr-basgd: dtt‘&é%@)léyqtetrré SHg@Vgeathgtme-ﬁ%ﬁreRogm?noqecewer must still receive
botl 6P YateNiges laf @ﬁxﬂ&iatk@d’hlgnﬂs @ cpﬂﬁlté a dlt’ferélﬁﬁlehnge feds@emdnh) ®eceiving omni-
may] erst%%:glse g olgealvilldr?o% 6;15‘& %ﬁ@t élﬁ) nl %)Pplt&%tg{:hggf? It egrgum—gn%]pymt generate and
trangipif fodividal icettiercand rPBHtcp@Ppnﬁrés By eick GIE seiellite &y vigp aabiak the omni-marker

confpleRSnd &Qéﬂéﬂ@ Qirrerltly 88 wdald k@uidSip ﬁrﬂdeﬂid ﬁcﬁv@laﬁﬁz@@mwsmns from a single
|ntrod the ound fransceiver . g ummn

o in o P o AR B I (g Thmmes of a

conBingonablifferéntal GiPH fe@ﬂmtad@hg torthe hetiod ogirdsitand

enbodi ments include: (i) a user receiver differencing

.ground transceiver signals with a ground transmtter
Diffeyegtial Rapgedigsrenenty yspgs Gopng J r%"éc""“’ﬁh sendglis 2) (i)
U.SaPattaEiunibecii 20,028  Shdysti@nitled TQVek ofGir@mdrBrsdsediveg? dusaridies a differential

corr%(!t%xlq %%&f %re%y 39)2%1'&%%\1 S‘(:) Qal@%%(fbﬂ% gaéngl%liﬁg}s& e g%%@j:ét%p’ pseudolites

_serv(e|ap p})ar:raalsjgreqelay% gxlfqy@:‘ttion Py pquh@yp é(ﬁ%lyeﬁ éorélineoqj ntial determination of user

posftlbla(@ﬁlﬁﬁl\ﬁeﬁne§ s oRaks She!ﬂiﬂlfﬁ h:a&h@&CtﬁdE 20 lofdiferaitigtak & tidnhi@ bvercome master
clm‘? 1af r?gugn?xégfu{ez ggg gg)eérgcf lvl}nae 1a§es %raéuceé bilgttee ?olg%‘b%lnscgi\ge? lhé"rg‘]v’]are (Column

Sheynblat S patent teaches an advance of differentia
nmet hodol ogi es but does not teach, show, or suggest a
hi ghly desirable systemthat woul d produce single
poi nt position solutions in a roving position
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and carrier phase position determ nations w thout the
need for physical interconnections between

Posi tioning-Unit Devices. It is yet a further
obj ect of the present invention to provide a
positioning system and nethog for maki ng 25preci se
code and carrier phase position determ nations

5, 11}5\ést3'§%%7 LRECaERs, q{nesai Rﬁ@ﬁ ShbyBlaft AREALA Snettbliotdgfes Xﬁi embodiments
a further qbject of acyi)resent i nvention t 0 I (Cols

il leie B 1T A5y e%%%%% RO “FEBH Wil Sy B Sens (Cohunn

5, liG@de takyl agiaddih @), (Hhase et diffuendesd ankipla atast@rpsound transmitter signals

w1th\gﬂ g&&ﬁftmﬁﬁﬁ rJ;n?'% i escis% %|7 (Nﬁﬁﬂl J t[{n&nl %%3?'2&1& El% @ user receiver

ti nebase. s yet another o
dlffemneeegfﬁunﬂ RS PRYeH HENalS ‘ﬂv*zslvﬁwafé’mate pigugls thas H?"ﬁjﬁeee%{e’é’r?ﬁe‘éwah a satellite
sgmﬂ&bﬂ@ﬂnﬁQﬁwHBkh@@7p&ﬂﬁhﬁ&Im&deuaﬂq SiRpitila€s pPdaSAches an advance of

dxff%e%?l trr{e% 05135 rul;:ndgegt t?eqax, ¥Me$vhoqgll ééspaehl%}ﬁ)%gslfagﬂgﬁlem%at would produce

correction chn
smgfempmweaﬂtmb?ietcms i5fa reving PpYEos &vseiver o A perEerk peround transceivers.
chronologlcally synchronlze P03|t|on|ng Unit Devices
Primf;]%t rvrlﬁ§}ot 6‘&‘% érgleg?ef’ agbvale ST e dg {:T] %nlﬁagcgn ‘%ﬁllo’tlt I‘qulrl y%%t least one of: (o) a
physfiaak tdmeactn@b])eevwn dfanspifesr ;b?ae@e.nfb) A o PRici %me Ft@deﬂ@pa@htt@ﬂsmlﬁer (c)
syndﬂroﬁi%ftﬁﬁ RNLEPd hhBRASE (@@B@Uﬁ)ﬁn geagE:aRhi &ﬂch’ttb‘n A system that can provide

di stri buted i onj n Vi ces. S
Cxtrqft RS G & i ?Sﬁeﬂ‘g% gk ARG PR 6°‘BF%9}%Y - fighigply desirable.
The pRsehigvepds iathicves thie d@irabdy gowlibly lohronologically synchronizing a system of transceivers

(her@dﬁérqaeh Qe £abl mﬁ;}{é‘ﬁﬁi'iﬁ&@ééé £046iRhEseE,. pseudor anges,

such at S|ng e- poi nt codeé phase position sol utions
can be detern1ned wi thout the aid of differentia

correction. is yet a further object of the present
0&@E¥%ﬁ 6&VIde a roving position receiver wth
chrono oglcal y-synchronous carrier phase

pseudor anges, such that once integer cycle
It is m;@tld'aﬁtlierﬁesélﬁ ﬁwErEiS@{o\iﬁﬂude a psditihging sﬁﬁinﬁahd Gahddl 8l making precise code
pca%%re ]p ges fpt sleit?ogan e(%e m%tg:;n]sr gvg lft)etlrled en%e I‘ or yp%tysxé/\q g'%’lotﬁmetcp o%s betweern
Positipjingd nit Bevitdse present |nvent|on to prOV|de a roving
position receiver with precise network tine transfer

i nformation. MVARY OF THE | NV ment s of .
i s S SHE PR SRS EPEorHp PIREBA PIYIOTRE gLl B ghod for making
precizetddothd ofirig @hee pisitiogdefermigariomsoxithaw the nend oBatdngt (veestrndards.

recei ved reference positioning signal transnitted by

at |l east one reference transmtter and a uni qu
It is ygisd fortesnphigrt f Gmaresgbituntgnda Pryids 2 pedtioning Aystig: aaﬁ frethod for making
precBEVdde @nd daRtieApHabd Sdsitias peeininafond Rithohniie idetl @i1,a Glbkal Navightion Satellite
g F L,ded a method of generating frequency coherence
YSEEm

Ween a received reference posi tioni ng signha
carrier conponent transmtted by at |east one

1t islyef SbBHCBjebil ot Mrést‘nﬂ linvatfdn do Eﬂhﬂlﬂ-‘ﬁ p&ﬁﬁhlﬁé @meﬁgm& @& for making
Prec’(%‘g\r,(?dlg Zﬂrld gorgg Pﬂfg‘f R %g gl%]‘%%r}%gil ?’% v&fﬁﬁgu? %iet rletgl?rlarg t o{' (!h}ferentlal correction

techwigeei vi ng sai d reference positioning S|gnal b)
measuri ng the frequency offset of said recei ved
reference positioning signal carrier onent

It is yeb p Bythss @bipeh oLfhe I psRREs AV ERLIET forchrprplasicplly S&laﬁg{? i Fpgitigping-Unit Devices to a

systdof @GHb@R ke sgpdetmddhe netineehsalily béng oﬁﬁmuma agleniyved from
sai d neasured frequency offset (b); d) generating
sai d uni positioning signal carrier conponent at

It is ypf amﬁ&wctmq RpseHt ARYERHOR Prwasaﬁe Y rpfegpnpeciitasbasp dgough geographically

distrDQSd bdsRiblikpI S I8Raks. carri er conponent, wherein said
uni que positioning signal is aligned with said
frequency steerable clock; e) continuously adjusting
sai d uni que positioning signal carrier conponent by
appl yi ng sai d neasured frequency offset (b) to said
frequency steerable clock, said frequency steerable
clock referenced to said comon oscillator; such that



6a positioning-unit device incorporates a comon
oscillator. The positioning-unit device receives a
ref erence positioning signal and neasures a frequency
offset in the received reference positioning signa
relative to the comon oscillator. Once a frequency
of fset is neasured, the positioning-unit device
adj usts a frequency steerabge cl ock by an anmount
derived fromthe neasured frequency offset. The
1t i9R8d AulRNdbREvERE freE@ Wivador th eiaviganefrgipesion reckiiet|uigh chronologically-
positioning.-signal, which is aligned with the .
synplrestgiettdsy PrstecRspudpRRESt: | StrRichar iR AR fiffoePhafepipsition solutions can be
- detRRBLS AR BYuM B diereRva &GOt i NUOUsly -adj usts said
uni que positioning signal by applying the neasured
frequency offset to the frequency steerabl e clock,
It isy\ftc]ajt aCtJJntllei‘S o‘baecl:tsp ind e1'f <&l & Qﬁ]%g’l tI) Eno%&% rGAHETER i of? ?b{;:éixle} Mronologically—
i‘ncor porate Wi T hin the poSitioning-unit device.
synSuids@ quraatphise pslvierafigee qurd tet/onof intedre cyaldjaubigeiibs anirgeleed. a single-

posi tioning, signal i ligned.with t frequency.. of
 polftgery g ORGP R B D iwgﬁf%mn%e i °3ﬁ§5flgr?“q‘%ﬁ°% o
- preferred enbodi ment of the invention, the frequency

steerabl e clock is adjusted by an anount equival ent "
It it st 4 ighenabiehof GePTPRGYBTIEY o BTV E%a rovVing Posifgeaiyer With precise networ
imPLSEersdfnbodi ment of the invention, the adjusted

uni que positioning signal is transmtted. In yet

anot her preferred enbodi nent of the invention, the

' | sitioning signal functions as a

SUﬁnggéﬁg%ﬂ%ggﬁg?gﬁing signal for other

positioning-unit devices. In another preferred

enbodi nent of the inventjon, the %rggyen&%i§ q%&agl%euam
Empqdigpets ©f 5 Pressas MYEEHs “F Pkt fLig 1R LA TP Eqtiency s e
colSRE bade£a obRekrcRYen@PBiitbniNgsigal taakehitlcd BNdlead BreGEf@ERY transmitter

of fset for a predetermned tinme period to tine slew
andtapypiquerppLfispingHEpleESTiieA §Y SROGRFME- MY an al ternat i ve

enbodi nent of the invention, the reference

transmtter includes positioning-unit devices, Wde
In Afrgasphu gitkritattioorthedyis prvilslatmestbpd efgencraijedisgijency coherence between a
e St R e SRRt AP35 o EREUARAd B warsmiver
and DiruEPdsitioniag dpndl Geie0thpasPeeteragf by heositioniegitnitglayice, said method

there is provided a_po itionLngrunitP evi ce ﬁﬁ&ﬁ ency offset of
compaipfsy b steptPirYy BEfMSY EERrPINE Bt M8el "B Y e ved
said BELBER P PRinbili U NidAY c&tigRebhpokicdd ElitE/E 1oGQBPARERElator; ¢) adjusting a

transmtted by at |east one reference transmtter and
frequengpfteprable plogkiby promon deivehiiam seid rpgsed feegiep Bt (b) ) eenerating said
uni%\%ngsgtlaoﬁi%dsigpﬁi cﬁﬁér Q(g%ﬁén{ At leéli@;&'d Ue[?hér jfrgﬁe\ﬂc?@iath SRirGerence positioning
I'tioniAg-unit device conprising: a) neans for
sigiab@elevéomgorea wherear seid enige ppoeining eimiahig alignegrrath; saip freqypgy, geerable
R
meds@bBfrdqiRcyl (B (1 NI Mre@B &y kk@ibiarclocks JaidfiBgmscyfseerable clock referenced

adjusting a frequency steerable ¢l ock by an apount. -
to ?}é‘Jr opage Py sich ﬂﬁ‘éﬁ? Jragng ot aﬂi ﬁ‘gvteg #fg‘& p"t‘g‘?"fﬂg §igal carrier
conPofSis Ilﬁﬁed genglt dqudigy & @di@reféﬁhdﬁ Y&t steh Bdring _(:(Srlpgrﬂ:ﬁ:l
carrier conmponent, wherein said unique positioning
signal carrier conponent is aligned with said
A ;]:or ggllij -rl]].gly dérgcg gsr QQ{;»e%iaﬂec@ ‘t‘rgisceﬁr):r &F&%ﬁsof fr&giviﬁ,‘g Aid ﬁlié@#é&ﬁgy reference
adj usting sald unl que positioning signal carrier
posBioTiDIResl frdpytherpiolende apsittelanpba pesrtionng eibdseiprgy best- fliet
(b) to said frequency steerable clock, said frequency
steerabl e clock referenced to said common oscillator;
such that the frequency of said adjusted uni que
positioning signal carrier conponent is aligned with
the frequency -of- said reference positioning signa
carrier conponent. In a third aspect of the
invention, there is provided a nethod of generating



FIG 3 is a graphical representation of another
enbodi nent of Tinme-Lock according to the present
i nvention, incorporating a single reference
transm tter broadcasting to a plurality of
Positioning-Unit Devices. FIG 4 is a graphica
representation of another enbodi ment of Tine-Lock.
according to the present invention, incorporating a
reference transnitter broad®sting through an

positig}xix?or—umﬁql L Ynodr s b QB RGMM akor. PRY AcGiBonin! L@ devicd rScefes a reference
graﬁhlcaf representation of another enbodi nent of

postiofly digakndio@otd 2 figokwy biiet iptleswrivedirydyrant pogioning signal relative to

incorporating a pluralit f. reference t.r i. e
iSRG REUMG PG 5 TEPRT ST PRSI R A 1 DRy e adiss

tredubdey st@rabl® cBcky AP hh&ad defi @ G6:S @R irdisivahfragfiengrdibdn She positioning-unit
enbodi nent of_Tine;chk,acconggn .to the hesentt ble clock
devicp (hem BIMEFALSS # WP BTN Wide ' APRE’ K ATl clock
Fur¥h&hd Mngruﬁift BLR D CEiibb@NSHuttt 8fd RIGeARGASIn Rigna By applying
four Positioning-Unit Devices. The Positioning-Unit
the Dessine Goqenbs effjeran thi: yrequensy stpdrblorctogh: phighis alipfegraced to the common
oscﬁlgtgr.oiplcoolrp%%{eg %!mh}{ ] g’lﬂ([nﬂl@—'uﬁl? gerQ%uEé_e&@dﬂ?,gthé frg:fﬂé“cys oft e @djusted
rovi ng position recelver situated in a
uniGR b&ttlohihesigndl &l abighediwienib fregueneyof the Bteled r@ferense posiprasiticos|
representation of another enbodi ment of Tine-Lock
according to the present invention, incorporating a
In PesickioMitd@mbRiot mDewe@on,MEf fé@MELs Bl SRR tserjusied by an amount
broadcasting to three other Positioning-Unit Devices.
equivglent faosd redagre Aeresy Mevi ces subsequently transnit
their own uni que chronol ogically synchronized
positioning signals to a roving position receiver.
In dRbtiGsr pdfeirsl cmbgimapivil tha lnventiry bewivstad 4oHe ReFitioRiG fippal is transmitied,
enbodi ment of Tine-Lock according to the present
i nvention, incorporating two autononous networ ks of
In ROMbthdr @RicAGH dlhbdimddeyfite dsentiam the adinsted brigre pogiogipgoygnal functions as a
recei ver situated at the boupndary of the two
refereaps gsiRging Sl R o BE Mt 1°95Png- Uni t Devi ces
subsequently transmts inter-network corrections to
the roving position receiver. 8 FIG 9. .is a block
In @P@grpﬁrﬁ@f"@g e dimeRt SR I GIVERTIOR: BB iCRIENTR AT HiRkiey dock comprises means for
adj ﬁr?gogaglf{é&]eﬁc:? s{egﬁ)léo(!l&ﬁ %9 tapﬂbfi}}éeaﬂ tahc@t_rbnal %BMJ/ Eﬁ%ﬁfoﬂt predetermined
ositioning-Unit Device is a specialized transceiver,
timgbrigdto time porsthe ingmersiiening skerrbwn | ocati on and recei ves
at | east one reference positioning signal from at
| east one reference transmtter. Preferably, the
reference transmtter is another Positioning-Unit
Device, or a WAAS satellite. In response to the
recei ved reference positioning signals, the
Posi tioning-Unit Device chronol ogically synchronizes
an internally generated 10 positioning signal to the
reference transmtter tinmebase and transmts its
uni que positioning signal to all other position
receivers in view The m ninmumrequirement for. the
formati on of an autononous | ocation network is at
| east two Positioning-Unit Devices chronol ogically
synchroni zed to one reference transmtter. A roving
position receiver in view of the all the transnmitted
signals within this autononmous network is capabl e of
det erm ni ng aut ononous code and carrier single point
position solutions without the need for differentia
15 correction. Furthernore, the reference transnitter
oscillator does not need the inherent stability of
atomc tine standards as required by prior art
systens, thereby allow ng an i nexpensive crystal
oscillator to be used as a reference tinebase for the
entire | ocation network. Thus, as detailed below, a
Positioning-Unit Device may serve as a netaphori cal



SYSTEM AND METHOD FI G 1 shows one configuration for

a Positioning Systemthat generates precise position

deternmi nations using code and carrier-based single

poi nt position calculations. A plurality of

Posi tioning-Unit Devices 101-1 & 30 101-2 are

positioned at known | ocations with respect to a

ref erence co-ordi nate system and respectively receive

at | east one reference positioning signal 102
I A S G L e e b AT oy e dvies
Wide@SREGmbn@tich $yQERERMEE, GlobabNaigatinesSaiglis tSesmam dawllites, Pseudolites, or
- response to the received reference positioning signa
any piygr deyiess 1y S1erPT HYRUAP T #%8vi ces 101-1 & 101-2

transmt one or nore unique positioning signals 104-1

& 104-2, which are chronol ogical |y synchronized to
In 4 fe@n¢ ebet efiftranGHion thasiproyided aypgtionae Pl Jepee BoPetigy frequency

recel ver ved kAt et atlbzﬁep@(tn%ﬁekttgfl QY Ib§ BSeast one
i %{we]efb%?egel? li%eg er%cs:lelinvngss%r} ef erence posi-tsi oning
refe@h@nahsittOdd b moqe phrionied eguelrrargicrcrrarvett gepwstcd b Seiqpreitioning-unit
oo SRR S BE g8 A b Gng snrv
e §00 RRLBHAS |2 ireGiRh S Whak @iSsaid @dchivaiockererae fosttianing stanal parsgdomponent

single point position determnations fr {ngiy% netmonhwﬁmd
relagiye te FHRST Ot BAF Py SYTRTBIIS RUPBEY ¥1°BAT AG™ S GhETS”
frond sald Bk Qe qlh ek @ Gl e nROR b foRbkaglr i vhiqhoENski€mg signal carrier

synchroni ze to a comon chronol ogi cal tinebase, which
conpamathehafin aidintiquapysitiening sizih g Pemepet tralgpd with said frequency
stecyable cfode S ok n oregogﬂ‘ngou?lg Ydj hﬁEpJalﬁ u ng; ﬂoﬁtﬁ?ﬁﬂ? Ol Gerfe! Qonent by

source; 'such ‘as a cry 3 oscillator, wll suffice as
applyli@ sii@ freds@Br feqadnochisetrib)ac séd Eeqeneesttcrabingioilt sait freapamey steerable
coloPRE] SLLE IOL L8 4,2y} PRSI SOYSATA' o
sigrR20 S QBrptGentIl §1ighd@ViidethE iffeGlencRl O Lihitl @ference @bsio@me @ignal carrier

transmtter positioning signal, and cal culates a
compncpta| | ed time-of-flight offset fromthe known

co-ordinates of the reference transmtter and the

known co-ordi nates of the Positioning-Unit Device.
In dfthig! aspeptef b infdniiqrhtherofs prowitedagicthed phreprsratirgrieniaey sehetspre between a
 eeilG BLOPagation L REL4EOR EFred¥ee tlRmitter and a uni
e é%ﬁ@%%ﬁsbhgﬂl% (S)'ﬁlgﬁ 8%§+fg%daF)XMi st traveling from - oo
postibing @ k@aaed ind ansmittd gra ppdiohineuRasiic sain imagod gainprising the steps
o D b B RS e Ay SRR ot B, v i
unifl@ RS ML ds%nalN?)ﬁIigneci hah RoSquinoN ktagabldndldck;De)vie@ding said reference

applies the time-of-flight offset to an inte[naII%) .
posgjieniesr gemelchng e ¥niashPAsEoSREGHEAR ARG atepiy itierencebetween sal
rech%ﬁ!rgf!sr%ﬁ!e %gsnﬁahjggg @i%na‘ Ad B& feEE@@ﬁnuﬁQuer}%giﬁﬁfnﬁlQ Cfinal; d) adjusting said

positioning signal, thus bringing the internally
freqyene st clyoshyt dncmiowny deiveshfzim fait fesaushay sHtsTeayineatred in step (ck ¢)
con%lbulg%ryg%%?l%a}dhgﬁe%egr{%é gnl%gs]lﬁsg%lthc{f%evhﬁjge }qﬁ pgaitioging signal by applying said
meRaSI Hk@aicngitkhaict el Gegincy Reauiatibd genéntathe drequency difference

positioni ng signal has fregyen 15 coPer en.celvvi th . i and
beclien S B REF @PIRRES ) T GHY 15 DRl omng g ' miftmized an
congéaﬁegﬁ]yo L0, Gated ARG @HGBnIM biBnal e Fref:@EL B rence with said reference

transm tter thnebase. A reference positioning signal
positigningrségnadni tted via a radio frequency (RF) carrier

froma reference transmtter. The reference

positioning signal can be generated from any valid

time source, which may include 20 Positioning-Unit

Devi ces, Wde Area Augnentation System (WAAS)

satellites, dobal Navigation Satellite System ( GNSS)

satellites, Pseudolites, or any conbination of valid

sources. Referring nowto FIG 2, a Positioning-Unit

Devi ce 201 | ocated at a known di stance from a



30 positioning signal 206 has a carrier conponent, a
uni que pseudo-random code conponent, and a data
conmponent. The Positioning-Unit Device position
recei ver 204 receives and simultaneously sanples the
reference positioning signal 203 fromthe reference
transmtter 202 and the slave positioning signal 206
fromthe co-located transmtter 205. A transm ssion
tine difference is then cal®ul ated between the
Tn 3r Qurd 1%' avvpgegt S| g\e}léfgnplgrglﬂ?ea%slls fnrﬁg &g:% 0 ‘Jllogﬁaljmgcgglceaﬂdgehé?ﬁing frequency
cohbrEREENVcSISd @ftivkd RRredb gosftoanedmnd ragsitiad et ]en;t th @ference transmitter

L S STo0 T L5 CELEE Tt B (5] PIORE
unitRli & B pEMef ) QBAnt R cGidrbink @Ad EOGPOALRAL Snigie pbsh]lﬁ)nlng signal, wherein

reference positioning signal 203 and the sla "
saldplglglpq pqg]ﬁplﬂl@ sgn@n%ph Gmfthdl %feécfynﬁteﬁrébleaciecgr l?)l néefms for receiving sai
refeien%’gt%gg&l}{lg gLfIl GhE LEL umqul- gos(tg)unrpﬁgﬁfj W) 3HednDGor AGuring a frequency

I ng the navigation data conponents fromthe
| dlﬂrﬁcebmmsmmemwﬁmge pisirne sOd anrdid rdseived Ppigus positioning signal;
oSi.tiqni.n " i

d) cpng ﬁ‘(g ﬁﬁ? gsgfggs*ﬁi% tfrg uenc& le)lte glﬁg(g)ty% H]l ?ﬁ dglvgci;iggmrssﬁlﬁ 51'6(% enecy difference
mefISQUE QEARH e MBAIHH eitiRihdy sl Riidgderition mdttdg@mission of said unique

pseudo-random code conponents %% t he ri fere ble dlock; such
posﬁ@gqgtsfgéﬂ ib-Y‘I @)pgqné ﬁ%‘i m d 5??&“6?% él §encs éo 561 uen(:};' steera ¢ clock; suc
thaéﬁe%alm% QrefeRe Qe@\tvc%ﬁ HdNGuedeRGR pgs{ﬂﬁ)ﬁit@dﬂg’na REHsaid reference posmomng
. difference. (d) Conparing the instantanequs carrie
signahiamiiniesd sucenvemendy Batdiradyaiguerpyitrphueial des fegyency coherence with
e reference positioning signal 203
Szmﬁ%%%%cﬁgmﬂ”gneg%gsmlomng signal 206 to deternine a
carrier phase difference. 10For precise tine
synchroni zation of the slave positioning signal 206
to the reference transmtter 202 tinebase the signa
propagati on del ay between the reference transmtter
antenna 207 and the Positioning-Unit Device position
recei ver antenna 208 nust be accounted for. The known
geonetrical distance in nmeters 209 fromthe reference
transmtter antenna 207 to the Positioning-Unit
Devi ce position receiver antenna 208 can be converted
to a signal time-of-flight by the fornul a:
time-of -flight = distance/ speed of |ight. The
Positioning- 15 Unit Device 201 incorporates a
steered transnitter clock 210, which can be adjusted
in frequency by the Positioning-Unit Device CPU 211.
The correction to the steered transmtter clock 210
Is determ ned by the Positioning-Unit Device CPU 211
fromthe tine difference between the reference
positioning signal 203 and the sl ave positioning
signal 206 which is neasured by the Positioning-Unit
Devi ce receiver 204, and offset by the reference
positioning signal time-of-flight 209. This brings
the slave positioning signal 206 into 20chronol ogi ca
synchroni zation with the reference transmtter 202
ti mebase. The process of differencing the received
reference positioning signal 203 with the sl ave
positioning signal 206 elimnates the
Positioning-Unit Device position receiver clock term
t hereby allowi ng the Positioning- Unit Device 201 to
follow the reference transmtter 202 tinebase w thout
any clock bias caused by the I ocal 25Positioning-Unit
Devi ce oscillator 212. Furthernore, differencing
bet ween two channel s of the sane position receiver
204 elimnates any receiver |line bias or group del ay
caused by the position receiver electronics.



Control States of a Positioning-Unit Device In
the preferred enbodi ment, Positioning-Unit Devices
Ti me-Lock to reference transmtters using the
30following control states;p State 0: Reset Reset al
hardware 35 State |: 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. 11
State 2: Lock to Reference The Positioning-Unit
Devi ce position receiver 204 acquires a reference
positioning signal 203 and reference transmitter 202
position and tinme is denodul ated fromits navigation
dat a conponent by the Positioning-Unit Device CPU
211. 5 State 3: Synchronize Slave The
Positioning-Unit Device CPU 211 waits to allow for

coarse tj j Lt h the reference positionin
BR@?BH%P“%E@%E t*%@gggéa é%nponent. An i nt er nal clockg
generator is then initiated by the CPU 211. 10 State
FIGg%l_ :ifl a dhﬁ!il' r@ﬁes@l&@i\ﬁ? of T4A€ Bl ehOdTi ITﬁt@e— -Lgk techiaig wethptdent invention,

tenlln S an_appro a
incog i EF DR TAF ST P ditpp b 1 Ao P povices, and
rovid@pbsifite@ibad dgmsnibihg @ aRBENIoETE2k @@fﬂf@ﬁ%@nﬁﬁmi"he
Posi tioning-Unit Device

FIG. 2 is a graphical representation of another embodiment of Time-Lock according to the present invention,

incorporating a single reference transmitter broadcasting to a single Positioning-Unit Device.

FIG. 3 is a graphical representation of another embodiment of Time-Lock according to the present invention,

incorporating a single reference transmiter broadcasting to a plurality of Positioning-Unit Devices.

FIG. 4 is a graphical representation of another embodiment of Time-Lock according to the present invention,

incorporating a reference transmitter broadcasting through an intermediary Positioning-Unit Device.

FIG. 5 is a graphical representation of another embodiment of Time-Lock according to the present invention, -

incorporating a plurality of reference transmitters broadcasting to a single Positioning-Unit Device.

FIG. 6 is a graphical representation of another embodiment of Time-Lock according to the present invention,
incorporating a Wide Area Augmentation System (WAAS) reference trapsmitter broadcasting to four
Positioning-Unit Devices. The Positioning-Unit Devices subsequently transmit their own unigue

chronologically synchronized positioning signals to a roving position receiver situated in a satellite-occluded

environment.

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

positioning signals to a roving pesition receiver.

FIG. 8 is a graphical representation of another embodiment of Time-Lock according to the present invention,
incorporating two autonomous networks of Positioning-Unit Devices, and a roving position receiver sitnated
at the boundary of the two networks. The boundary Positioning-Unit Devices subsequently transmits inter-

network corrections to the roving position receiver.
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transmtter 205. The current frequency offset for the
reference positioning signal 203 (relative to the 15
Positioning-Unit Device oscillator 212) is al so
assigned to the Positioning-Unit Device steered
transmtter clock 210 by thegPositioning-Unit Device
CPU 211. This serves to initialize the
A lg?-p
FI(,F I‘g quad}éoggii} SPP?)SSII%S%% ?%;E Ibléngt Z}%’d&&rﬁ gc%l(aaﬁl «??rﬁsent invention.
frequency of the reference positioning S|gnal 203.
The Positioning-Unit Device CPU 211 al so assigns the
ngﬁbﬁ%yined PEN sequence to a free receiver channel in
osi tioning-Unit Device position receiver 204.
The receiver channel is initialized 20 with the sane

A ffoﬁlﬁaM@nﬁm ebitsieh s@a@im@@@aaaﬁmmﬁm i€ iR ASAYRh 1d€atidSand receives
tioni transmtter 205 |ﬂ%§)

at ltaagt %ﬂe d"e g&rﬁ& P} %}118% mgxfapg m a? 'e%sv é)neprg §| cieotrn dﬁegl 3 e{-r\bq . the reference
trarf@@tetbly atokier Rowiptipoidiingevigel ¢ aDEAAE eatqilis il responsede gicvrespived reference

posggélng H&&lsp(ﬁ% f’dsﬁﬂﬁnﬂQUﬁfﬂ |ﬂevn€?\z’ﬂr&ﬁio§@§@ §yﬂdh¥dn%§e§n ﬁlternally generated
transn1SS|on t he sl.ave 05|t|on|qﬁgswﬂna

06, 25
posgpoppesiggal inthe i eatPate BBy NG PG PR g Sena o il ot
pospios reb¢ivrs it eice The mirddim reqiitemaittder tee fopmtialp pautdnh@ous location network
is a?’ Y fvo E‘gﬁtlio'iﬂng %Infl] @evci!:eg @lﬁl)nogjgﬁally%m&d@o onle %&erfc@transmlttcr A roving

ave The PoSiti onl ng- Devi ce position receiver
9052\911 resRivfh i Wew chide &ff é’\?émﬂ%ﬂgﬁtefiﬁtsﬁ%tjlﬂg? HiAutenerrous figfwepk is capable of
detﬁ'ﬁiﬁ\ﬁ@ QutShoaas doldérend Grride skt @okitfoh @olutichs whttout dpainéedror differential
corrlx_ealo& lﬁ.\ﬁ(ﬁgormore 5} %%gag%?algsﬁr? téeé r%gmga%? ?:c%r?r : enr%é/detﬁéa: gngtg%)? ility of atomic
nmﬁﬁa@wwﬁqv@d% priqr [ sysemg b allpydie an & wm’gsIV§ CgpHal|0sPHB to be used
as 3Bk AMEbaRASHthe cafitt RPatdh giads 206 are initialized

(zeroed) and differenced by the Positioning-Unit

Devi ce position receiver 204. This differenced val ue
Thus e detsiler below, ePobifiendnedinityDexisel mpth s agl frfetaphorient “dhennplg én distributing
chr&'laﬁgltﬁﬁgr es&&ﬁl%ﬁzéaoﬁdsﬁlb Hghaii g r3.‘5‘111:)\1 Bosfial r%cﬁﬁers ITRY Qllows the roving

osltionin W t hi

A contr
posfiGR 176 o LotHE POt Gl PO e B Pligh ynations, witout th
mwdﬁpbhesmc@mﬂamﬁmawgmﬂbﬂmhagwbsEkwonmn@mwnﬂmnmeummeﬁmmﬂmmmdsm
GN§§ grﬁéb@sqs Er{mﬁmttréqﬁifmg&ﬁ&&mgl%&@m 12 maintain a zero
difference between the reference positioning

S|gnal 203 and the slave positioning signal 206, thus

mai nt ai ni ng Frequency Lock. Alternatively the

.ﬁﬁ? ence positioning signal frequency
SY% se %ﬁqgﬁgﬁﬁfas nmeasured by the 5 Positioning-Unit

Devi ce position receiver 204, can be fed directly to
Fid | %0@9&1{3&:&)&@&'&% g3 latpodARiving §ys$ehﬁﬁ't Qﬁe&t@ﬁﬁ&ﬁﬁb_b&sﬁfm adt@@lfations using
codf iﬂd c%%ﬁerg r élﬂg]? é)é]?lt & g’l'{nl?fg%écrunll:{ eq ueglc k{tlgrgﬁg%ﬁii{ Semloes 101-1 &
101enart atseonddne klﬁqvecﬂu@riw voth frespect &f a teﬁ-eenpen@emimg: system and respectively
recdife! 8 liafl Gfe Q%&e @&h&gngsgl alaim %Qc?adca;t fw B m BhPdeRiAG transmitter 103,

Frequency Laock uires

whighys 9 BAFHARS e ‘fm’t‘%iﬂc&t@n 54k repesig "‘2‘3?%“"? BN G o response to
the Beéived a¢ferpes pésitioning sgal VErthoPitionit-Urricsired 10641 L0682 thsmit one or

moéﬁlﬁl{p?e p%'snn%?rfgesﬁgﬁglg ?64—31 @Vﬁlat-g,ogﬁéﬂ‘gfg léhr(nmk)gically synchronized to. the reference

transmitter 103, A roving position receiver 185, situated within the network of devices 101-1, 101-2 & 103,

receives reference positioning signals 102 from the reference transmitter 103 and unique positioning signals
104-1 & 104-2 from the Positioning-Unit Devices 101-1 & 101-2, and antonomously calculates both code
and carrier-based single point position determinations from the network of chronologically synchronized

positioning signals.
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Once State 7 Reference/ Sl ave Frequency Lock is
achieved the time difference between the reference
positioning signal 203 and the slave positioning
signal 206 can be accurately nmeasured and any tine
bias elimnated. Reference/ § ave Code-Lock is
achi eved when the Positioning-Unit Device steered
Timt a%$n1tter 15 clock 210 is slewed the requisite
Snbiint of time to bring the reference and sl ave
Timgplpaskdd] Rositionipg S Ingfridel isesi spchropianNoe @ogemen shymalesical tioiphase, which can be of

tfahnﬁtu@fancf Mvg it Viandd Fhdréfort! S@dsuhﬁe &fdflﬁﬁbenﬁiﬁeclock source, such as a

s g gl SR el F BT B GRS [FOPATa DR ggmbodimenta
tempanaret hmp@adtteubrait@obsrtlﬂm (@CXPeprehdter issustden P@ﬁphm%ﬂmaQevwc first

acquﬁ‘escal r@ﬁ&n&%ﬁﬁﬁ&&? 1tﬂ)19in§ nglaf) Qs éalcﬁlﬂﬂeﬂgso%ll&l iRk fifght offset from the
steered transmtter cl QC ctijon

non ooty DD AT M (S R HEY S e S Doviee
The (ihd &) flighantiscapRdsyinto goraiderattbd ithiel rpopagation? Gmé dabryLegprgignced by the reference

posn%fmfn% %%nzﬁ QVhILQ §e‘il§§ Er@tg tﬁer @ﬁ§mett¥aﬁgml&lr QF h’ne %thfnﬁg Uit Device. In free

predeter m ne tlne period. This additional freq uenc&
spaceyf flasEpmagngtis ¥avet draggl aﬂ?@%@%@% B HY's PgRafhresoppsgeonds. Next, the
Posnﬁdnﬁi@ﬂ.,lul’ﬂ [Ieh@aplﬂiﬁslthe tirhe-dFelighireiset fora ittahely @aterawt tpbsidonidg signal and

‘ahgné%use rc% i%l%nt r'an th: elﬁcoglgx rEt’ex{JE{Qgp%SthQ% nslh{hﬁs ﬂ—.}aﬁﬁg the internally

'S co he cofit
genepifed pesiiRping égfyﬂ m@@b@“&%ﬁ%‘ %‘aﬁﬂ“ﬁé“’lﬁb‘h? @f‘ﬁ@ﬂceﬁ?‘l@’l“ﬁwsﬁﬁ‘ﬁcaﬂy Time-

Lock B@cHQ&d fhean lﬂﬁmbiﬂxhgtUlﬁleﬂévﬁﬁs tn[taﬂﬂlmgﬁrteﬁfed 2395(1 s@ﬂﬂi Bas frequency

cohe e?r'!“‘|e‘£‘ tﬁ?}{ﬂ‘%ﬁ’{t}gﬁg {ﬁ'@ éﬁc%lptgsgt{fgﬁo nt%gﬁgd Clg%twt%ﬁg ¢ eﬁce DI \PF) the reference

ranspiigetinadme PEN code accuracy, which is |nherently
noisy. In the preferred enbodi ment stationary

A reliate g emiBE S o arpy i Vi eghonp B GEE e  lréhoe wansmicer
The Rifaaee lpodkond@ Gipnal SibalicegcrierRed dromnog/ @lid vime Fowgueriap may include

Posujit)gﬁF URf? %evﬁ’ze@t\ﬁldg AB@E\%E&&E@&&}@%EA (%‘A%} La%ﬁiﬁes,a(ﬁl@bal Nav1gat10n Satellite

eved tine errors still remajin that _nust
Systes (GRS é@elhtfsﬂ’seadqlg@ (’(ﬂé‘@f té%nbﬁ'ﬁlé%o VH]bq ﬁ’tﬁcfsy Rcéfffmng ?(2\) to FIG. 2, a
Positoning-1Bit @fevitd R@htocpdiosen bfolvs atistanfel JrorCar reeehdengmaniddB @02 receives a

refer%»é.rg\lposﬁgglmq%§g a? % %S&l%tbd E)?{h% %féregcg mﬁjsﬂhtér @6& fIfuf') {:ch?ence positioning

I onl ng Si gna using a specit all zed
signgbRGshas p orHer lcompenenied Yidgen BRpiorTAPdER SO repmpsens, mdpdiingmponent. The
P0s1tkeﬁﬁE-Umt Taac.Comt BSorpor@f al REIAG Sugvet DECEAN io}'located transmitter 205. The
o REOREAR £ AL RIS AR B i
203, widt Hsogpobitidning sigodleremis crulotajed tr'ﬂlﬂngtteh 205 Ingysppxge to the received reference
posxtﬁ)qﬂlg Qgrllai Yo, ﬁl@@ﬁﬁﬁ’dﬁ‘nﬁ [ﬁﬁ lﬁpigé' 041 (ARt %Qg-cﬂlb@ 058 Gedbning signal 206

sef at. 2AGHz. stas Loo ui t
Fomgls TSSO AN Bl FETIHCR e o BB DR QIR R A . Th save

positivhingl algaal 206 Bas geﬂﬁdfradoinyonblﬁf enniged pseudagangonp ce ndoinpgnent, and a data

coml%oﬂé?lp SI%.: tPBﬁlgonhx%[&ﬂ s?‘]eé\ligﬂ gcys tgﬁtrécgﬂerdfﬁh FectiQ sgpaggl Fs‘iﬂxtultgﬁ&msly samples the

ransmtters ocati on networ
referensg pogigioniugoenal 283 fipm thg gfergnes Ganppite 20end ﬂ&ﬁ‘ﬂ%ﬁﬂﬁﬁl?ﬂéﬁﬁﬁlﬁﬂa‘ 206 from
the efol-ib’(ﬁﬁd phaaeatet ndS er &ﬁﬁﬁlshﬁﬂﬁﬁe&fﬁkéhddaﬂ&heb&ﬂm Helw@en the received

S ition. r ecel e r e &
1 it i gg e recelv ve osﬁom al 206. The transmission time
TR JUENEYE PEEk e erence and stave posrtioning

dﬁ%@mgnawgdHmhnyﬁhﬂﬁwm©Ghympﬁd@@“@ﬁﬂ@ét is due to the
arbitrary phase of the slave positioning signal and

5 B A DR 105 S ) Wi s i

f r &ahponens ofC the | refetenogeposifionfigi ginal plasd bf ket posisioning signal 206 to
Pr @36 Mine QUG il Ay BfRIL&NCE posi tioning signa

propagati on del 'ay between the reference transmtter

antenna 207 and the Positioning-Unit Device antenna

208. The geonetrical distance 209 between the

reference transmtter and the Positioning-Unit Device

can be represented as a nunber of whole carrier

cycl es
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10 (the integer conponent) 213, plus a fractiona
carrier cycle (the fractional conponent) 214. The
time-of -flight phase offset is the fractional cycle
amount 214 conputed fromthe known geonetri cal

di stance between the referengg transmtter antenna
207 and the Positioning-Unit Device antenna 208 The

: .
P i B e s

abo?83 anf K sipyepesitioniig Flg@b%ﬂémf?fmm%c%fm%‘rﬁsmp gmf gj§erence.

f @p dofplRg @R pEabd@de mBastrBRenbt @ic@niftd Hom the pseudo-random code components

Ref eg%? gf%/fresnlﬁg éoeslti(é\'r%}gg =0 aF}ﬁJS 9 Ehe slawgengos{tﬂ)]nsu%ﬁ mgn%lhﬁk ?cj; getermme a code

be ¢ hase a
Fr e gepatreanedifiedicng Systen1(FTS) i s engaged and the
P@§5 |dofn9:ﬂﬁ1 the ll:!@iaﬁta:@@%' cﬁ:%iersﬂh%% rnﬁﬁkufeﬁl@{ﬁ§dl&&rﬁﬁé’d EdnDEK ca2ddd components

t.he re ctior a - CY.

(1 SHF (2B oahpTy TP ot 4F Bt R et yIE dtimine o caric

det @haw diffgenicn step (1) above) to a newy determ ned

time-of-flight phase value. The Ti me-Lock- Loop (TLL)

‘i's then re-engaged, The Posjtionin éhlt Dev
Forggiels Gpe Ty hrBRARE ok potie PERPHRGHPHGOSIogHFSSi58 rnsmiter 202 imebase
the@iad atopaggfioh keliy hido@elPts rdfiraud tragsnhitdr int@ay Rand the @paitmning-Unit Device
po T ?rﬁ!c&vé? %nﬁy 56%‘1%59&4 &aJuLth R nﬁl’érkgmnzﬁgm%ﬁgahdl&&@e in meters 209 from

erence transmtter 2 carrier g)ase posi tionin
thegplepre UaivRivat 30HgnT 33 1ie fhﬁé"’ﬁ“é‘f“ég it Betirechqaitian pegver anfenna 208 can be

cométe@ ﬂﬂﬁm@ﬁﬁlme-%f aiget bl Qe fRGAT WRCE/NThey Sisthick/speaicd 1igI1.CTRe Positioning-
he above_ st at N o2GhLE ; -

Ung f’lfw?f 20, 20 ér%cogor"r.bes a stEeredEtransm Metr ﬁ;g&go é)i ‘t%fﬁghn%/aﬁ g;e a%l?s?edgg%equency by the

Posfioping Enip DVidsFUNK Lt Thareerrecion o e gperid tgnsig Fialy 310 is determined by the

Posﬁtibﬁﬁél[}ﬁiﬂbm apoigy ﬁor@@h‘éltlhlb Qiﬂ‘eﬂa@;e sitgan |th62é|f5enca_ ﬁﬁltlonmg signal 203 and
PSltlonln Vi ce uni si.ti.oni

the: is \S}\],tl%ﬁlf]'g q&g? g'g 1ys mSe?/ergﬂ H%trl]llg gcé th{)mg- gD?Vé recelver ]254 and offset
by ltheaﬁ%mcb tresiticRD sighalalyaséllight 2H09abhinbengs deslayd posﬁwnmg srgnal 206 into
chr@dofb%ﬁ@fh@ﬂ'&lzaﬁo&ﬁﬁ% rblefedee bhBhitk 203 Hagant i al 1y
beyond the capacity of any prior art. 30Uni que
Positioning Signals In the preferred enbodi nent each
Thé@sdetsi o diffagadiipi the ideaived esftrenanpusitibisngasignnli 248 evith the slave positioning signal
Zﬂﬁoé:fiﬁiura{eg 91' @'gsnfb'nﬂg %]Iglt dé@b&&s;ﬁ&ﬂéée%ﬁcl&fc téim Cﬂér&ﬂyed[lowmg the Positioning-

nponent orandom_code conponent, and
on Qe\rlﬁam rfolaatia r@fﬁ’r’?ﬁ‘ifﬁ@?ﬁfmﬁeﬂ'% s ‘é&thoat&l%aﬁféﬁtas payseq by the local
Posmoﬁiugum:itaéva& ad:m?tﬁf 2H®gf%&m01\%mmﬁaﬁé ®fvabl ywo channels of gle alame position
ed in the 1ah .t .
ot R o A A R e d oL B
ot her frequency bands. The 35 pseudorandom nunber

Coﬂtﬁﬂ@at&@ﬂﬁd&ﬁﬂﬁ%ﬁﬂi‘tDbﬁcem)du' ated upon the carrier
nent cansj.st.s uni cod u
in iR TRCeR e aG, oot Brie eIGRE o RERHE Finissy wine te

followdgcaeguences transnitted by other devi ces on the
same carrier frequency. This technique is known as
Code Division Multiple Access (CDMA), and is
Stafg @] |ReRfhown in the art. The navigation data conponent
Redealipbrapdrt et ary i nformati on nodul at ed upon the
pseudor andom code conponent, and provi des a
conmuni cations link to transfer navigation
40i nformati on to Positioning-Unit Devices and roving

sm@qu&maﬂkmﬁﬁaivers Navi gation informtion nay
g B RRR ! L e RS BCR: raek et PRGiGaEE sl 203 by the
Positiofiiog-Hreit Porre pmwnmchwwie& red network data.
Ti me- Lock Configurations 5Tinme-Lock nay be
i mpl emented in many different configurations. These
configurations include: 1. A single reference
transmtter broadcasting to a single Positioning-Unit
. Device; 2. Asingle reference transmtter
broadcasting to a plurality of Positioning-Unit
Devices; 3. One or nore reference transmtters
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104. A plurality of reference transmtters
broadcasting to one or nore Positioning-Unit Devices;
5. Point position time synchronization. A single
reference transmtter broadcasting to a single
Posi tioning-Unit Device. A gingle reference
transmtter can be used to broadcast a reference
: )Si ti opi ignal to a single Positioning- 15 Unit
&mggéf%g?ﬂf$%§§2 shows a Positioning-Unit Device 201
The &psitigaingHninPeviee RAGMR ricairaRfbirauighifefrenesnaridaning signal 203 and reforence
uangnﬁiamdripbmﬁﬁl agdZnaib S@noThlhtetbt @Oitsabvigtiin@wkoh@aai byole Positioning-Unit
Ikvwe& gﬁitioning-Unit Devi ce 201 receives the
te positioning signal 203 transmtted by the
reference transmtter 202 and the slave positioning
signal 206 transmtted by the Positioning-Unit Device
205. In response to the received
$”?£f g%?@e 8i ti oni ng signal 203 the Positioning-Unit
The Deviligdz2Di RiwiceGAUN2E whis toedliew dinc evapso dinte| abigpmeyt with the reference
posﬁdngl@ @b@ﬁa@@?&ﬁhh@&ﬂ@ﬁeﬁﬁ An ARmaQR R PG rARAL 1h&SiniBifed by the CPU 211.
appropriate transmtter clock correction to
chronol ogi call y synchroni ze the carrier conponent,
State¥ | TaiidizERNecode conponent and data conponent of its

The IPESR&BQ?'ULX Dgﬁ&eéﬁf ?ﬁ d% eﬁﬁ{&s QJQ aﬁp'i'dpﬂﬁé MY u?ii g@?ikN %Qfé s@qgence for this

rier conmponent € CO onent and dat
partigggrponiine gpit Drdos 2 éi“’éﬁ@%’s {RSFRYAE BTUBERP f‘iﬂd’ﬁ?‘i’i’gmg-"n“ Device
transali@n abs. 208 .curldie ﬁaﬁlﬁmosfl (IRdt G- dbleirdfertdey ipGsitioBinp Sigapl 20t Iylative to the

.'Pos}l%lmg%mtt[)semce ?anh‘%oreZl aIsb QAQ ggetq c1)1? i:h% @’9411:1 ﬁl]lg UmWe&& ‘site§red transmitter

sync roni Ze ere ence
clock RHhlayrihe P@mzwwli Reviets@U 2. Thipsepesioripiuizn gie Spyitipaing Unit Device

transdit®r B63to 8 b dulescly @t istaPprEb@ih 8L TS Sandt ap @1 ifilefuditcy 9P thd rdf@éhce positioning

mgn@%fig ”lréiﬁX)gs tg)rnﬁo%ln}tl eUme! ?gﬁ [azYm%ksks)xg? Vt% dfitenninﬁch F’RN sequence to a free
receifernbanbe Gk thel ngming@hit mgvichpasitiPerebaver 14g TP regppivdr chpanel is initialized

withSHO G OROM S WMokl GRS pEéuHB?anh&n RbdeOgaeONthc| 8V Positldfling-Unit Device
t herefore can ge TEY ositionr

ransyyEer 245t Qrderdp qu&wiﬂ&?@fy e IR e 1] 2L s Fopiphige Unit Deviee
positdadecebasid. THeFosiGbrite-Gri. D&Be Areg iimidiice artehariwiog @f the slave positioning
ﬂﬁ%& gpsm tter broadcasting to a plurality of
osi tioning-Unit Devices. A single reference
transmitter can be used to forma network of
Positioning Unit Devices when a plurality of
smm ?Ith&lng Unit Devices is in clear view of the
ence transmitter. 35FIG 3 shows a plurality of
The P@smonmgaﬂm@avwﬁ pasitior (ace ees 204; initiptas @ epageh fog e Wavepevitipping pignal 206.
301-1 & 301-Z and a reference transnitter 302 al so
situated at a known | ocation. The Positioning-Unit
Devi ces 301-1 & 301-2 receive the reference
Statqpgioth oflang si gnal 303 transmitted by the reference

The tPB ﬂﬁﬂk hh‘? bev?]&%)OSll:IS}l feé‘e‘mpﬁkﬁi tﬁl‘e.@ fe slﬁv%%élﬂcﬁglg signal 206 and a coarse
reference positioning each

'Slavijﬁ%‘i‘fiicﬁﬁii%ﬁedlﬂ’?i“tm%‘%a%“ E?f"rip"&e“éOl 2 determines its

respective signal propagation delay 304-1 & 304-2
fromthe reference transmtter 302 and applies an
40appropriate transmtter clock correction to
Stateh risfioenifilevaFieguesydOff oni ze the carrier conponent,
The bﬁ&hm&mPﬁi‘dgm&& ceﬁﬁ@leph@e (R eakurenitie fdl #eacfaaitp peraidhindfignal 203 and
slav%:%{)gllgn{;%rigr;t e’{l{sp A ﬁ lg% tlI% tze%j g)oaélg dltftlgr%ng:le«{]l%' [g) gor{%ngt @mtt[ne%ce position
receiygTRGH N Ewis dlﬁ?fﬂltChﬂbVai@fremmﬂlﬁ ﬁafhlslm ﬂdeﬂhaﬁd@fereiﬂ%ﬁﬁﬂﬁﬁeﬂ the reference

posﬁ‘dnglg @i%na?ﬂ};%lan@havg 9§s§t1t¥0hﬁ£] i@ del A c@ﬁ\iﬂ 166pSwithin the pOSIthlllng unit device
subsequen Yy _ransm S un
e e P %feeﬁ%'hﬁ%sﬁmé glock 21010

to the reference transmtter 302 tinebase
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One or nore reference transmtters broadcasting

through intermedi ary Positioning-Unit Devices. One or

nore tinme-synchroni zed reference transmtters can be

used to forma network of Positioning-Unit Devices,

wi t hout all Positioning-Unit;,Devices being in clear

VIeM/Of a reference transmtter. In this
malgtg zg'y dlﬁ&ﬁ%ﬁ%ﬁ%ﬂrﬁhﬂ g:fe?éngé %thl{)/n%g g%ﬁ*a(f agxedly {ﬁlﬁ Qave positioning signal
20%?#%?@%&%%%‘ 1@<y |5%i t i oni ng- Unit Devi ce declares

Tlne Lock subsequent P03|t|on|ng Unit Devices can

hi,s intennediary Positi a
Al gve y thef g?eévﬁ% ere Brgtécle tl?og n?nﬁn& 8 ap %‘Iec%d@r}fg/ é%éz[{ &.ﬁlo s measured by the
Posrﬂe#m’émt@evuqe ansdirntrecaiver 94, wn P‘a gﬁ‘é‘ﬂecﬁl’ togthg H@Wﬁnmg-Uﬂ“ Device steered
trankiPiG@clo@210 8 Geal afsh EaBikd '%Q%‘élhdnbyoﬁ'hdll@g S{H;teﬁx” Darg). TR skd2d transmitter clock

210al > ?yt 41:%1%1 gl %ﬁ anc%g se? omm éeiq%'eenge ;Ec;ﬁltlonmg SmgPal 203, thas maintaining
Fregieqym dlockl Fhid 6@thod remeng thP @dﬁitb’yms-h@t De‘fl@r‘?é?\'@@f 212 to be common between
positl&%&meﬂoﬁﬁnd‘{ﬁéﬁm&epzdses ponse to the r e_Cei ved

ref erence positioning signal 403 the first

Positioning-Unit Device 402 determ nes the signal
Statp BORefgartct/Blaved®Halock04 from the reference transmtter
Onc% %196 Che"i)e%ﬁl:é/ e af'?em QBEIJ ft a%ha&]e@% Gkt GG dcO MetwPen the reference

chronol ogi ca Sy nchroni ze the cattier conpo
posijping e e!a’o% 86"1‘?}?8%%1‘&“'% sigpa} 2%%*’%6%?}%&?&%?5 prdgany time bias
eliniindte@.r Rb‘iérénye/ SieRaTodd-Betk pO sdhievednihag te i Pgsidning-Onk Mevice steered transmitter

cloc%qgﬁ 1s s eWe(? E;E Qelaﬁlgi{e El}l of 8&? 10 rclgﬁg%g%encgm sﬂ\@g qumon%signais inte

er ence t tter positionin
PRI% |c'gq@raa11gw@3t. Timmwfr%lsht Paist 2P Hig- ermlleet thevpegirdirpicrence-slave time

diff&eﬂasﬁqm& ihy eﬁd&aﬂametf&mae u@iam@agaa@ﬂ deliaf) maugs Glcgied time difference is
s chro chronlz

then:‘r aé)Phed as a cf(]) k correctio P:)otll ﬂf_ﬁllo%m%%%y Bevzce tet;ée &uttetr I;J,I%ck 210. The clock

erence r ansm
corrpagion tis avhieved -tyningagbeihe Ere@@@cySTrtmkag Setent (ngk rigduapplying an additional

-freqhé?x@ﬁ%ff&p to kel whiimibeVof 2106 4 ph&kamsa time penod. This additional

pOSI ; ofba;l} n\%ﬂ?ﬁf %Tn glags&éégg g%}eszg%(]gd %n‘alufng EnZtFi\r&t gcomes time coherent with
the patﬁs&nbe tmnsmlgerZSZ gmgja@l 04@5hif Tom Sldveis fcpmlgqted the conirol loop is re-engaged.

Aitegﬁﬁlrew E‘BHeIchlé&h be Qﬁi‘é&‘eﬁ gy é‘lg'?mg th@?cfsﬁm ﬂeolcé t%smltter 205 PRN code

recel'ved positioni ng SI% second
genenejr the TEsHEAMHTHOT p9dt P EEW H‘&F‘éﬁ‘ﬁ“}'ﬂé%g Froqaengy sk
propagatlon del ay 407 fron1the first Positioning-Unit

CodeT.OUC TR bzz"lgeg ?niqﬂﬁgpcje Blr %plﬁﬁ Eﬁlﬁ‘y ﬁ(L Clﬁhthe prefer:ed embodiment

Correction ronol y synchroni z e carrier
statieRpmpRNiEpRing- W%@%Fﬁéﬂ % dfb‘t?ﬁ‘b@ﬁé\‘h“amérﬁéi"l?j'&l’

conmponent of its internally generated positioning

signal tqg.the c er conponent, PEN code conponent,
Stat%h'g(eg%ﬁl?%&% ﬁ%lE] ok of the first Positioning-Unit
OncDtetectRGGerpe/Siatd Iuprivergy $pgrral SHBSS RefiencgBavgr{ipde-Lock are achieved, two
timd Riokst stif} D8 i 'Iﬂust%\ébﬁ&teﬂo(@)  YSREMESHhde YamblaMRSAUL B) @time-of-flight

uni_que positioning signal 408 incorporating a carrier
plm??(?ﬁf%nent PEN code conponent, and data conponent

Thi s unlque positioning signal 408 is chronol ogically

f t C 1’1111 Signa
%ne%g 8l %4 Wgo de eL L}ﬁse @g&hﬁ%@g&ﬂl mﬁateuwoﬁl a@w 68 AQ%oning signal

chronol ogically synchroni zed

Lo e repscishish é’w—k%ﬁm pel-kupyn 1 e hide Costag Aoop™ The Costas Loop
p| Ufe&]nlqﬁé/’mﬁhfenﬂ}eiﬁxﬁﬁlﬁim atl BEdREIFt pHaLrafmbiglii el &icforgai quire and track

ti n%os{tmnnn?cg[f?%???‘?{éh B enceél Dgﬁlg Er;rﬁ%!t;c %‘éélﬁ)ldgﬂ [tﬂbgggémg%] approximate
to %m@a@@amdﬂme@@*@ﬁ%éGﬁééhq¢%Ww#&wgm@mﬁ¥§mﬁemﬁﬂ@dé¥mﬁmmmﬂva
”Drﬁref?%lﬁdd%hlﬁﬂcew}‘: datD8M G@Srally Refdridd So Q.Oﬁf;ireghiﬁl%t ir&@Fmitied in the
any reference signal_ error. source

A D Eh g PRATRI A DRSS naP gl b P Bl Coses Loop
reference transmtters to i nmprove t i mebase accur acy.

16 FIG 5 shows a Positioning-Unit Device 501

situated at a known | ocation, and a plurality of
reference transnjtters 502-1 & 502-2 m@th conmon
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Poi nt Position Tinme-Lock A Positioning-Unit Device is

al so capabl e of synchronizing to a network tinebase

wi t hout the geonetrical distance (reference

positioning signal propagation delay) between

reference transmtters and Rgsitioning-Unit 15

Device bei ng knomn For this enbodinent of Ti nme-Lock,

nus‘im aStt¥ Iflf.or\clusr lve al.}.ﬁll'g Ckelxteg) Bn P ﬁ’mnrc]:? b(%grlnés evI ent %eetween the position
I equgtaiven ghaseoreexﬂtre rof m@wmnmkeds@fefen@mﬂ@ égase pasiioning signals. This

t hr g6irsh, BROSIRAM qub @Sthd irBiBard PhaSdranel sAld RGitidhi sp8AIAnd is adjusted in
poi nt 8OSItI 0241]’ | ch i ncor por at es t he

Posﬁh?fo BB 'BEvi ce position receiver clock
of fset. The Positioning-Unit Device position receiver

‘(a) O?&Tegcfng Frhe-dh %ﬁg{t BlaSd oreE Q%gﬁﬁlﬂﬁiem{e%f higﬁf%hase offset is present due

ative to the | ocal position recei ver cl ockzr
whi e fherTFeregse BesHioR s HEIRTPREpRV ek P dhe rofgyence transmitter antenna 207
tr a;ﬁﬂMetﬂoﬁﬁonﬁ@m:mmvlaesanamaeao&mhage:mtamlsdm¢ Rofctztveen the reference
I n mgﬂlﬁ&%ﬁt{lé Po%tl {[Pgoﬁﬂlﬁ?&ke I::Jﬂ%e P&éke‘iﬂe&) Qs' Jlﬁ[nwloi‘ whole carrier cycles

Devi ce uses a Ssin oint carrier solution to

det @rerintpgsr gampaieat 1-’n W rirectionheariey yele (he %&@Eb??&‘l"mem) 214. The
| evéhe-ofAlighdghadiokriet i telattiohs C)&!bhﬁi)ﬁiﬂ tidabhyttdadipmniet kinben geometrical
ca pt"f}sciantc%/ be?\;ree;é rﬂle ?F%fergxgct a%/srm pErF Ao C K R? ftb% r[’%ﬂ&({%fné %nﬂ Devnce antenna

the preferre ransm
W dR08 AFbe iptosgrgpraprnent P Bris Sprsein hywiias) Rs“alle@eflslav@:odwm control state:
sat ghdiivddeBor! BreGROhA lchiRIbALNY 2 LITWENRE, Gatbd ﬁ[é&o be corrected in the State 8

satellite ransm.t
c or FEEFey; g"ev%d& lﬁgl%e?t\Qélimgt év\%lﬂé bg c?rrer:t]et? A carrrer ghase adjustment.
t r aftenirequency irgpiag Fogen i (GH) nig eggagwaandome tPhaiticBS Unjt Device steered
car finGhired: ' GRIK U YS fhe dova ﬂgi}édlﬁlsxte-rﬂdcﬁonulmygé‘ @mount (from its currently

ositioning si i S_acc nchroni zed.to
E e FEBY e b gemied B (3 Hes 4 Gplaed e os e
WAAasahiat. [Tht EinrdloadsLap (TIdead mﬂaaf:enggadeﬂie rPanmmngmn Device carrier
Whl %'?56 sl%feﬁaéﬁﬁ&ﬁn%r}% zé’is%ﬁmttﬂg 4R [hl g0§¥0%9 @L?’DEML@&@&@ 208 is now

erred enbodi nent
Po sthepelpgisngy extrhronied i ﬂ&?o@fefeP‘E?rF"Psé‘E‘@ﬁ‘ 84 carrier phase positioning signal
| NCatiap@in@rs theRAMG cd Bihsniide @ittobABH7POSI ti oni ng si gnal s
t het, Po ioning-Unit Devices in the 2.4GH | SM
Stat%{oogé “En S es%i%olgl tioning signals from WAAS and GNSS )
Oncs all g the s siaks kv bien prbivtiedh aﬁ@ ALY deglaresaTime-Lock and the Positioning-Unit

Devi20 S0t | e GarshistionDBN i€ QoW Bl %ﬁlcﬁoru% MM@pSsﬁﬂoﬁink Iig@al 215. The

ro B T S TP et ARy 5 e A me e
trangpO8ir 1200 Hinplgseswignad accifpayesf Lnirofecdpds, \weweprbidfiysibat rig swbstantially beyond the
capag{{x}rgflaw hf fauencies is initiated by coherently
down- convertl ng the incom ng WAAS and
Positioning-Unit Device carriers to a common baseband
Unnfprea’@uemqgslgiatshe Posi tioning-Unit Device position
r
e ]ErF] erag% emrbg Vulg%b lg?cﬁ lﬁ’g éé%nHE% JH’%&%E %EEQ;@NL L&q&e%ﬁtlonmg signal, which
consgig ﬁ(?éiﬁvreqo@ll’%mr feaﬁamo@gd%@d? 6‘@5’@%% éfrdl q BayigRUion defa pepponent. The

,cm%p&ntpb&m i@@ sinfiidai km%\édp_ﬁﬁtypmé picRAbL daBivRs id de DAGHz ISM band,

o P e VL R £ B8, € e e
pseuderhriomraatin b (FRAY) cede| compmprts iramedylaigd upgn m@mmrmqmn‘gwrwrﬁnﬂ consists of a
umq%t\/ddg ?equén%&ﬂ' 3dbd (h&ngﬁ)sﬁéd dnfdllg; sE &E& ipde@doranlidnRébANkeljheBEes transmitted

and_ central process uni I.ases
by o 385 e RS AT DRI s e %*3??3%3 {igh Multiple Acces
(CDM) eind fsmeltitanvayin Tk ae-Thotdigatibn datt contphents wp@aicatyenformation modulated
upox{ i sglﬁiorgﬂitoﬁscogé c&l;]&: A%Aﬁd %Wnd’ 9 %' Jofnﬁnﬂl&gongmnk Stml\éfxs@& navigation

carr requenci es prior to down-conversion.
information to Posmonmg-Umt Devmes and roving position receivers. Navigation information may include
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Referring nowto FIG 6, Positioning-Unit Devices
601-1, 601-2, 601-3 & 601-4 are placed in known
| ocations with clear view of the sky, and preferably
in elevated positions such as on top of hills 602-1 &
602- 2 and/or tall buildings4603-1 & 603-2. If
required, a directional receive antenna 604-1, 604-2,

| [ :

e R e ot BBl e AGAIBRTP 7Rt Rl pfomadon. and
othes desiredinelwetkdga10 toward a geostati onary WAAS satellite
605 (though these additional antennas are preferred
L ESse ntial for the nethod). Depl oying

ngﬁmg&? 5ﬁgm “8ft ennas on Posi tioni ng- Unit Devices
Timkedgkgnay be iviplemgatecsin et diffaanheonfidipnsr Shres qoaliasratieny include:
§i gnala stuigneri&ers@e irdHs @S beéadaahag WAAR R iPgiitdhing Whit Dbvide)

turn i ves ref er enc timeb
Bosi ¢ POTTEStoNE ey P rasripeeps tiagraty @fsughing Onjeves:
Bi me- [weks moret ke ASnsmittert | tirdadcasting nthough Biterméglipgy Positioning-Unit
cr eat ifygic@; Preci sion UTC synchronlzed network wth
plcosecond accur acy tion 15 receive %
By a peiweliy ?féﬁefsﬁ%“?"é,m F‘t“‘ Srdettie e Peer 1B E?ﬁ’f&f‘% it Devices;
609. Phiat pAAAG tBatsplchiobigatisn.gnal 606 cannot penetrate
the building 609 due to its | ow signal power.
However, Positioning-Unit Device signals 610-1, 610-
A siggle gefqgenge transpritipr quagﬁﬁtr'tgﬁ%a s RosiaRipg Vet Pevieseyi ces
A siafld referen&Qrhnséitted Chh-b3 use&toﬁﬁdadéhst@l&fferﬁﬁa edshtiatigg digvel to a single Positioning-
Um¥J Btlavllcgl lﬂg gohows a omg %mt ]94\'9;% ?oﬂ@é&ﬂtta)/mmﬂ‘ ?ocation, and a reference

I on recei recel vi n%f) .
tranmgfrrtzpbmmynm qt arbemlecq@}@s |Tfl? BesitigirgsPghRevicei2Pbrpeeirep the reference

posﬂil&ﬁ[g el 105 QRhsRG ey tineDRRteE R Stranitite hOﬁEI_LdOtﬁS sINeebifhing signal 206
tran.g%lg%d)a é]%%:p%léongxﬁ% t | %\I;Ilcegtp delg: EHQ ﬂlaigslpglﬁe 1) esrg‘c:ewefi regerence positioning

10 n once
sigralet98 itheeosi6OTheH g Rraice @0ladetegniges plssiefeicass p@@mmg@rgnal \pRgagation delay

209%@ apﬁleg% %{p%pﬁ@tg RfpitfeR LY corthfon b %&%ﬁﬂiog‘m@ﬂﬁ%a@&m the carrier
therefore_al so prOVIde recl sl on tran

 conppieRtopgt PR SOl TR B O PR U R PR e posidoning

signBiO9b ta thncarrec@mperentS PRN eode tempohet, bl dagi cngp®O9 of ¢ gfveshe: transmitter
posn%(gtg[g] ?gﬁM 2 W‘%ZEJ f’ogﬁblnlgg IHQ{ IBer@ ydb@é?ﬁe I;'an;m1ts§1%1qga po@igénu% signal 215,

satel | , satellites
whih iggliroaglagiendly praeonizsd T"(S*i*eﬁ? ﬂﬁ“"&{?@‘rs’%‘f’rezpm“ﬂ@ﬂsepo& ti on
sol ution, adding position integrity to 25the

Tw edl%St %2&%8 %1%' sor su%c?&b%oée'te lgpa g&sﬁﬁo acegyln% ¥r %M}g%osmon receiver.

re sitionl ng- In C
Howeireit 56 rfrenckiRgmien ik [WAAS ﬁﬁylteam%auﬁéoﬂ% Bosigigning-Unit Device signal

wxlI'FI;Q Eﬁﬁmﬂhﬁ%u(ﬁﬁ 18heB faﬁos%éoﬁﬁ &8, dnid thalpk el barhDig d'fkition receiver as
sitionjn ni vl ces that 0 recelve
R A R S e

"backbone" Positioning-Unit Devices as the|r tlne

A sﬁl £ Ferl'é?'ﬂﬁg tr%%ﬁt@e@ hro-ghﬁagtﬁfgqg & plul-:ﬂ_ @} m)‘snthﬁmgllﬁﬁtrﬂebi%e d

roughout the network wi thout all Positfi
A sy wﬁe&c%@}imﬁ&r PP, B o P 1L PP afenint bk Dehn o lraiyof
PosBiatie Uit BvicB0sin tle@nicwgf baeferddaatiaggmief er ence 351 n t he
event of a WAAS satellite not being available, it is
preferable that at | east one Positioning-Unit Devi
FIGp§ chavd aPlydisy eff Rrsijadee- Wit Deyicgesingipdc 2t dmown locations 301-1 & 301-2, and a

refeRRAG] thabsditad @62 ot s1tlileédl £ @SnoviRelbkibr. M PAWokife-BhiDevices 301-1 & 301-2
osi ti qni.n
et B Lo ALt ST PP FUbED a1 pons o e

- received] rfwreme essna)msgl steagh 303 reedh aRpwitipringrhiit %e‘fiqut?’@iﬁa% |3¢1-2 determines its

respg&fgg Ligh:f ?rog - 3000s SRS FMEME F88dck in@RnEr B fnd applies an
Devices 703 & 704 Sj

tuated at | oc ons
SoOePPRS, PBKI Glop Bt o BEEPE B m’&)ﬁ‘?’\@%ﬁe Sfigieromponent, unique PRN
ref erence positioning 40si gnal 705 A fourth '
Positioning-Unit Device 706, which is situated at a
known | ocation but out of range of 18 the first
Posi tioning-Unit Device 701, Tine-Locks to the second
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~Positioning-Unit Device Reference steered by GNSS

ti mebase In the event of a WAAS satellite signal not

bei ng avail able, and alignnment to a gl obal tinebase

I's necessary for the network, it is preferable that a

ref erence Positioning-Unit vi ce be steered to UTC

by a GNSS tinebase. A G\SS tinebase requires a
codP %(21%%0%181 an? & éavt%rfgor{% tls{)'lft {Ih‘%ﬂ %g%rﬁgl %e&%?ewqpolsig&%g %%léttg the carrier
compeytent) PRI eode Tommoneitnd &g @apprsntiof ghe sefgfenice Ginsmigger positioning signal 303.

Eachl @fb&ﬁﬁiﬁ@ﬁﬁtﬁD@ﬁ&s aﬁ&h&\éﬁsbdr@sxﬁﬁluﬁguetﬂaklﬁmh@@@wm 1 & 305-2, which are
Rel ative tinme |t|on|ng Uni t
chrqaglopieady Synv&ﬁ(’“ézﬁ‘?torﬂée rQr{CI)é £ Em'i?le 3P9§ W& ef er ence

Positioning-Unit Device, wll rerraln at the

- OnddrGRRERARG L ﬁ%ﬁlmttelr:n;r@&d‘cmﬁhg\ﬁ?&gﬁ)ﬂﬁérﬁ]b&ﬂ'y%*i&ﬂnﬁ;@ﬂﬁut Devices.

on P e RS SRS P IR TL AL R a2 st i
Devitgd, orithom udl TvsitimongUlia Bevides bemg in neaudew pfre befsrence whpsotifter. In this

conti sur G RE AhE 31%&51 # BScan&ifvel ﬁ%@dlﬁrz PRThihs- gﬁlt DE\@c%J, @hean mtermedlary‘
receivers t are situated w In a si.n

PosiprinsrgtRRY el kimeartol etPetaHThEe s Heute 'Y e"&?i‘:ﬂ Byt s intermediary

,Posﬁ&dngwmﬁ)e@ﬁé/{b)theummcap@ﬁhghgmgm@n nt position

solution. The position receiver's time will be

deternmined relative to the network tinebase (i.e. the
FIGr & fhope p exfereneafrgnittered0! simgter pt almgwp bocttign g2 &ﬁ‘ bostioning-Unit Device
4021aRb Elﬁaﬁﬁitmh&wrplﬁﬁinbd QBe 5 Mﬁltlﬁiﬂlg-Unﬁﬁ)eBaSrIMIr&&ves the positioning signal

receivers.that are | ocated at the

1403

403 gm%smitteg {) the Ie Efence t[(ans,m t? @lr [eucrees (\)/nls% to pOSI ltvldgrﬁflgreréc% YJ\&ltionmg signa
the sﬁmgrﬁ'emtsmmgﬁmt Mszice 4o ﬁﬁgm@m the @@0@1 ceepagarigmildhyt 494 from the reference

tran S HAOIOK Sind Appibs bk BSpropshts tolotig %r&&l&%%@ﬁbl&gﬂﬁli}t Wiichmmze the carrier
net\/\orktkgﬁgba es efore termnlnogthelr

comﬁ)ﬂegg lgxéq;fe a% clpﬁn%Oéxant aag %l}egtne ts internall O%enfirate rPosmonmg signal
to tis@hruitr componem,d°RNeqpdd Foeporgnty o |datg cqrpoien| qﬁ rfhe refererice manstnigier positioning

mgngl' 403 tTh%bﬁ’s%@oﬁmﬁhlgﬂinﬁ ﬂeh@@%@bs@tﬁ%ﬂ?@@ﬁs&:@!& Qﬁlfue positioning signal 405,
corrections to the second tinebase b f conputing a

whigh indjrouolggiraly SBELPRER I RGPIEETS s %t ef err ed
enbodi nent, Positioning-Unit Devices aI so i ncl ude

A S@%&H\%ﬁnolnin}g% gje%é |4% m&lN@(L\QP:{ Knolwn Doc)atld nwrrﬁﬁﬁﬂ HEw lof] the reférence

net
posifigingrsighle 4 10] dye to %*&“@r‘%?ﬁfﬂﬁ‘é’&tcf“waif ba#‘PHde‘é’P=tSP‘&ﬁfi“ﬁ‘§1Y ERFpiyes positioning
signbleteb 665 the Fine Positidaing-Bes DEViQMDD Gn ditiotise e Rasved pditioning sagnal 405 the
I tion receiver n determ n )
B T e e T a—
Uﬂibﬁme P2 jand G}PillFFgaDLﬁHPIOP%/ﬂQ(@ qoprectipre g, chidaplasiepily émhfam the carrier

com?éleﬁ,otﬁﬁcfuh PRI R dBinbonbR Ving ﬁaté)éon@&&htt Jf @DinteR R géﬁérated positioning signal

ocated at th ounda t aut ononou
to. the Gaitier compoRent EWQ 58 o ?ﬂe?fga"\g?ﬁatf w%g gts tg? grs\,\posmonmgoUmt Device
posiiasigGizail @0b. Whd fecad Chritiveingdini Dedsrd0é fvbregiepthetrapfiit fa unique positioning

-,mgnElo‘ﬁiStdl&H)loH%g% LnQ%ﬁlS&ém;r ﬁ&@'o&ﬁ‘s &hﬁ&léngczgﬁr(ﬁﬁtdoﬁponent. This unique

rovi ng position receiver

postiging faaeh DR cheopelzipdly isyobnpiFy- e od oo i Py 402 timebase

whiddat & dkroholdicallyndyadhiimizbda the raierer@é tran@hie ™01 timebase.

Positioning-Unit Devices in view, and in response
generates and transnmits its own Network |.D.
A plurdligy ofmefprgnee ixgngmitters broadcasiing te prsror wgrwmu!ﬂﬂéw Beviges.
A pﬁﬁﬁtyﬁ)@ﬂ&h@@n&ﬂﬁizﬁd Riren@ARhMAess dambeis@Mb broalBasRefeRide iptifioning signals
two aut ononou

o R PPy Lot Bt o O ro S0l B G RO gRIT er s, s s
mulfpgi aidgrepesghedinidelad evai begved@dd betwd Tefrency (einsBOErsFo dmprove timebase
acclrfkyVi ew of one another and conmuni cate to each other

Vi A posi tioning signals 803-1, 803-2, and 803- 3.

Posi tioning-Unit devices 802- 1 802- 2 and 802-3 are

in
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5 view of one another and conmuni cate to each ot her
via positioning signals 804-1, 804-2, and 804-3. A
Positioning-Unit Device situated near the boundary of
the two networks 801-3 receives Positioning-Unit

Devi ce positioning signals 8@4-3 from an

adj acent - net wor k Positioning Unit Device 802-3 and

FIG a}?ol%vgeasPotsQ?ml;r% I{Jriﬁ é}?ce C&Oi fsﬁ[a%@ Gfa ﬁ]?d'wncllx%ﬁ& Qlll Plu[QJity of reference

ti mebase wth respect to |
anritio M 196 50% RS EaRstO FEOID S1% FIBRE ) KT Io@ayR: e Postioning-Uni
Dev&@ Ko Bretdivan $8vdfdentd lﬂﬁiﬁorﬁﬁy iRt S08M,5508-Q firadshi@tted by the reference transmitters

502%&2 %Eze 5‘ L 1 %8‘%)\1,1\%&(‘)( the - rffcelveds rteitereom n o%llrﬂ}gt D?%d?acle §0389 %e %bsmonmg—Umt

S ne
Deviep 60 qstsvmanee the sigmal prapagasion d¢lays ﬁ%gl & ﬁWGHB@QI rgference transmitter 502-1 &

502205 tapyi8d ﬁgapgﬂoﬁfﬁé eclocﬁ(rcgﬂ%cgéz}i % tﬁfbﬁol@i&la@gﬁ@ﬂ&mﬁ% \Mlzr(}ﬁmer component,
1 oNni N ni Vi Cce I el
o Y PR BB BOL oG BPHRRL SRR o i carter

compoxrente CRRN pody abrompacngss agd flata baveplesents rof dlye tvatreferomep (ignsmitter positioning

mgnglggm & 5852 Thb %nﬁfﬁn&f}ﬁ[}bewdz Wi :ﬂxﬁieﬁ@ﬁtﬁr traf¥itY 2 @fQue positioning signal
Posi ti oni ng- Unit Device - (Sg‘lé asure an

S05 e GO TR 1 BRI € CE BTGP 1 & 5022

corrections which are sent in the network data of its

ifhLopiag signal 803-3, are received and rel ayed
Po"él&ogg%f' OSJI?(tI oning-Unit Devices within jts own

A Pprgtiopig-Rnig Beviceriy ?15%%@&% Efehrprizingstp Qe tiggpsg wighout the geometrical
dlstﬁge?(reZerérﬁe fostibui sRAA plobayaridn@eIR}) bt sen BBencelt@smitters and Pos;tlonmg—Umt
nsmtted 50 recti al n R
N T A
Devwsmw srin Wigw Stihg Repitiogiog Usit Divicey raquring éppnisy theyngsesk. seipfyrveys its three-
diménBe Rl Y& ltioS %caﬁcﬁﬁﬁngl assdgﬁ\ﬁoﬁgpdaﬁbl\/\@@ﬁh ﬂﬁ&r}zﬁ@it&&he&@ﬂxtl&mg-Umt Device

pOSIP%“CTS?e{-;ngeflo:ﬁg ?té‘%t?"l('ﬁ) 2[%8%?( [Emt(beelv:\éee ! s@?xprecewer cﬁocl?offset accurately provides

Eor't ect |
netwagds iiné drlatig- tortht 1delvipasiGon 2QeiBO Tlogk)ambicls thyskogitieningtynit Device slave

tran&e@d WP b€ Sas Qtnsalb(!ﬁgilteenepﬁirighmgﬁs%' ful @R p?eﬁln@& blﬁifbdkkfchtniﬁe @Ls’momngUmt
Posi ti oni ng-Uni t |ce §S|tionin_

Devisp gseg o s Point ageyst %‘) iigp, i fraee ATURE S PE““’G ('t piébsecond lovel, a
capdBiisi thdt BrRibagatlahy beybe\hierepapiosif piia it sygtess-gnal 804- 3.
Wth a single point position solution calculated the
roving position receiver 805 clock will be time
WAASReferste wi t h t he network 801 timebase that provided
In ﬂ{eip&fasﬂe@ﬁiﬂao&ﬁl&ftaeetfiramsnanis‘mmﬂaear Wk @reatAgna@ciacirtm (WAAS) Satellite.
net k Positi.oning-Uniit
WAAE SE\lli\:q{lteS are O%:os{taltlglhalryn%mgiumcat @teg %lcg’ ﬂ'g]glﬁlt & § Qlfferentlal corrections to
GPS?@(@}VF“S dﬁM@ satellipeg a!gpm"qns@é@/p@@le 8@);11103111&?1@1&}@&156&?@ Ltl |g@rrier frequency of

1578 ARERAI8is ﬂcqiclee pRRAnOEigldh & :fdcﬁr&&ly @fﬂbﬂiﬂﬁ&d 8@ ]SPW thnfd, with corrections

ST T MCRTOW T A7 —

to the warksswantigd dhebede o€0FEC.ections for the its
adj acent - network Positioning-Unit Devices 801-1,
01-2, & 801-3 inits network data within its
In “i?d%"rf?”ieé bRyl Besitiopiae-Bnit PRgecsyjon PSP RPoRaicn greans for receiving
pos;ﬁ@ﬁigt dighils @M aithee IPSsit@ng Lnit Cleoiosen et eEn: ISMelbdsws also positioning

51gnals frFlg ﬁii;'}éidse G,%%SNQI!JI&GP ¥n (!: £ %?d‘&%ﬁ%}péﬂsr@ 'PlTth?olﬁmg %n& E)%vwe may use a

ur a osi ti onl ng
WAéﬁ Al agracreforenes imsm@fer it ’éiﬂﬁiLa?kaitﬁ E §oT S‘F‘ieeﬁj’a*@?f@fge‘égml to the

1575 200 WA A S Rosiidning Nighg: DiielLoblevdte@n dBpsdtd i:mt iﬁe@emc\ee iSinitiated by
cohegt?ng uz?-?%xlv%tériggtfb [ugclgngl% f)\b‘g‘é‘? %qjosritzf)ﬁ Ofgng ev1ce %QI{IQ age to a common
baseband ficgrenqyyr the Pesitiynigernly Dedeglotifdngreeif wRyirme- R@kcafiwq merfomed with the

methivds ﬁ%ﬁ&é e RURAT CHRBER (ﬁwBJc&ﬁelggﬂ AYuiddhihl HcalRBGHakdA0in the Positioning-
through {ransmtter eceiver elegctro i§ own
Ui gekg e e b@dguﬁ‘ N ayropm gyl hﬁlh@i prefrred embodiment the -

nanoseconds, dependi ng on frequency and anbi ent
tenperature. Therefore, a plurality of carrier
frequenci es generated froma conmon oscillator and
transmtted through the sane transmt path wll
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transmtting a plurality of frequency-diverse

positioning signals, which are individually

time-1ocked to their 5 respective incom ng reference

posi tioning signals. A Positioning-Unit Device

incorporates a plurality of ;steered transmtter

clocks, capable of steering a plurality of

%ﬁ chﬁip{g %?rat(e:sgc??cl( zdrfo V\A:tlle Eor A1) co&po%%}ﬁsm)ft tF%gtloc?lﬂlg%mt Device, including

the Pgition rqsnvmgxaumer Ra¢ p@é“alpwﬁqsma mnit ddngibigss 204 grewpsdelapj@re taken into

conme%a:l whet c&f: ut,ﬁgeﬂféﬁﬁéayendy Vil 38ck, fcQb B8 ABpaR@Skdeive PIRGF the WAAS
al sq tracks the ural ity of

ana iR Qvaﬁfvvcs P SO o BT 1 SRR S e . The
Posi tioning-Unit Device Tine- Locks each
Refér{u?g%b%ﬁfamtél ¥ qro%iﬁo&u%flﬁﬁtefﬂ&r?cepaﬁtﬂ lﬁ@m n@1-3 10 661-43 BR|plde@ in known
its respective frequ ver se | ave po
ol ik SO et of W15 LUy B Jeu@r oA oR PR AP of Qs 6021 & o2
2 andlor @mmhlﬁiggm3~|1y§z &3+2CHi requifed exdliredtivim! tebrdve pgfran 604cie604-2, 604-3 & 604-4
mayI e{lgrﬁrﬂlgogp%{atedw GE&SILOEI'HQHA 1tL‘Bév§ce @@ﬂi Cﬁ@l-& h@'ﬂ—S & 601-4 and directed

transmt ural i re quency- dl vers
towseh 3 EeoptatAnAY “é‘}ﬂg%fgqeglte Q’% (tagqyeb,these addigonal alﬁgllnéﬁﬁtfe RfEry5d byf ot essential
for @€ RktRodyl Qjeﬂyyuﬁgdix%tbm art@hBroe Redtichihgsin Dévies helpd\id thitigie multipath and
1mpl'o|vt2 \r?\e/%en?’e %%eia] ttA mse rgt%lé %pth dAAé Q%Lap gwhk‘gﬂ Ilﬁ tu%?ﬁ[ﬂﬁﬁﬁé ljeigrence timebase

tiron receiver

sccurgey el PRFAIOR Ay DIV 6D i BT AR frdQf dHesocks o the WAAS st
mgnE‘loﬁl’Gt &Mr&ﬁnng biecit?e UTE sirdhrdhigad. nefﬁbﬂc w1ﬂh5p160§éc&fdei&ﬁﬁacy A position

receévﬂ,@? mﬂé\ﬁy zup 60§ ?s s atelll"i‘;?sm%% glfl ding ?ﬁpre LO oK %Pelhte signal 606 cannot

comon ano
pendBo rtltelbottﬂmggﬁmetto iDdww signal pOWPreH@'M?fePOlSlh@m@dh@ Dapce signals 610-1, 610~

2, 61619 U&eﬁﬂ-ﬁmth@ rP()Qﬁonlnﬁ LRUIISOREs i1e8@ly, 601—3 & 601-4 can penetrate the

Posi tionjn vi ce pseudor an The
oD BT o i EPITSEE D  TEOIVRH R PUH SRS af B Eeidoning Ui
Devize pasgiohivgesignals ol alb foasPoaitichieUnif Deatceswitltheﬂlewmlsq: singlepeint position
deteﬁﬁlﬂzgl 1? up&ieﬂ&e QCQﬁthdl @Qo&ainca{dhiﬁSd Qbce tgtgq_&ﬁ éiver 607 has calculated a

Co-ordi nate Frane prerequisite for -Lock is &
posiig G EC 61 P HErPBSY P GRT R PEAFE BT BB P ETeplgpevide precsion
UTOithdtrdn6fefie ﬁ‘ielltt@ocﬁluﬂﬁfr@icam Mpré@erOwih ha Pesitfon &neiver Myzxus the building

\V; \V d 4t
oot gl 68 05 3081 R RIS, B colbl o, R gt .
GN: %S@@Em)es Boicyredt brare tp foRRen pvsrdgigraped pesitiomsoludion P@algtpﬁ%tm integrity lo
the FeRes@hfl cRiddifedpoati@. used by GPS and WAAS. In the

preferred enbodi nent, Positioning-Unit Devices

sel f-survey from G\SS, and/or 25WAAS, and/or ot her
IntePoelitry WA AfJRdDerce Devi ces to determ ne an ECEF

PosiaShidL GHi"BdvRes Fﬂiﬁc@ﬁ‘ $hSs vRw & rtﬁéqmgysat'elﬂtettlﬁé? 4o %@ Qﬁeﬁ%ﬁi mtermedla:y
enbodi nent

N NI
signelf may 0 hirerhadiady, “BBBbne” PokiorngdUnBHDevie @ heintinekfeons stuipe. Therefore,
UT(Ej EIX Od?s%%d {.‘?J-o %ﬂ l!tgé &moﬂgwlthug’toaﬂ%énrmn% anﬁ Ben&l m{gﬁ clear view of
out regulatory constraint, and wt
me@ﬁ%@ﬁ?@$@%@@”?b current navigation systenB such as
UPS. The 2.40Hz | SM band al so al |l ows 83. 5MHz

can be used for increased chipping
P”'g? mb5$Bgm$g%e"?equence spread spectrum positioning
In thoieymbdfo WASAS saieBite nobbeiois aprilphle. flitprelerphlq bt 4t leagrongPagisiprigeInit Device
m\lld'(@% ?l%?%&ﬂk% Br amnRbviial by PhsfRlinbUne rDevnE& @5&@@ Rdd CIIN P@_}_' 7, a first
PostRS TN JOPGLFER BT KD PBly BB o fusmiter an

creazo 8 bystemnimegsefrane jts intarntliyepemamdtddicdock 763. ’E&mﬂtlbsaquent Positioning-Unit Devices
703/ ﬂﬁ%ﬁtﬁl{eﬁ G I&mw'n{ loéagg)rg)ﬁm@ﬂ&k i) tﬁ@ﬁ‘MﬂQﬁﬁigldnﬂt]ﬁﬁee rdB8nce positioning

position receiver_incorporates a
sanigIE ooy PR S CIED 10. Bch BBIFE At KB G g out of range of

of positioning signals, each conprising a carrier

conmponent, 21 a PRN code conponent, and a data

conmponent. The transmitter incorporates at |east-one

RF carrier generator, at |east one PRN code
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Referring nowto FIG 9, there is depicted a

Posi ti oning-Unit Device 901 incorporating a position
receiver 902, a transmitter 903, a Central Processing
Unit (CPU) 904, and a conmon oscillator 905. The
position receiver 902 incorpgrates a plurality of
recei ve channels 906, and the transmtter 903

the gré OEEI ongnag‘tl_glsf D%\Ellge ? Tu;ig LORL & tl%fsec((:)gt{ lgdéggnu%e[%ﬁr@(f%’ unique positioning

code gener at or
siguli0E Brﬁre%)teéher were jabite a0pTe criaded e gEmier mqugtuv@tgmr?élarm Jositioning-

Unif I8dvicROBdstio®RcdiRE ﬂ&&&few@ﬂﬂﬁﬂ»&@ﬁ&ﬂh&u@ PosBibling H@QIESOQC Halng transmitted by
all Poflté%%t{nf glgwgeg g;‘r’? n 7%?%'0;9 q’ﬂf? %51706 anrcll sut%squen%g) iagculates a single point position

¢1°'0CKk ™ conmuni
solufdgs Farthemibg gm@]mi@ula@é\pt the ppsision recaiver 7Ecwll be ghramglageically-synchronous with

the Pe@esénké ObdKNS2 Wriste x@é)éhé‘eepﬁﬁ&hﬁng D&i‘c@l‘mﬁ [Thé QFARFalySife vaiue of the

ast_one recejve. chapne ap recei vin
reegtishuRR 0T R B BT BParoml S sbuy ERBRest T AL is onty
congingh alth pasiion determfnationnif ¢hetusea vashrest tineraligredt with 4 gebwt tirghase, then the
refe{eg&%iomog Rannek r&@&@pi’cglngxfmgt@rﬁt%e%é'@l aods ¢ @méuéh ﬁllﬁm
| east one co-located transmtter slave positioning
SI gnal . Preferably, a Positioning-Unit Device
Posftiogihg-URINDévae Refétincd steetodl PRIGINSS difnebascei ving a plurality

in th%fevgn?gfedr\ﬁﬁﬁ§ sa?e?lﬁé &én‘&fﬂopge%%' agﬁﬂl!ﬂé a{lcpa[hgrlmrﬂsﬁ{ ] @%ﬁga] timebase is necessary

curacy and Positi onlrng- Uni t
for 1% §*i=t'(“?rl§,rﬂt isgtderohly a‘mreﬁfeéfeeﬁo%?ry“%@“dm%\ 3 8‘3@5@@ to UTC by a GNSS3
timeb AP ADERS Difimdba ed:qviirﬂg pOSiGdntrécoRérNEsiforgd atl aknwrolntaGén @rcompute a time

solu {%ms%llgo deasgongla OSSSI f'mell%)lﬁale n!én%é%rt}rsacm stlg?{%%%em%a&ée%%ge achievable
using gtisetdbpitees Rtlataﬁswptatwﬂ@f lefyveph Bositipringo\iiil/Revicesp ihigh are Time-Locked to
the fefeRAUPHSHRRe- Ut BoGdel HRingr bk bicddeéhdieven0si ti on

recei ver tracks, denodul ates, and inter prets

posi tioni ng S|gnals ut|I|Z|ng t he sane net hodol ogi es
IntesrdNetvorinPoidiny 8oletiamnal GPS recei ver design. GPS

A pﬁl%%fl Yl reRhQCERShitehs %9 Heslon ate X\’%iulmil&nmwn&nctup Qetworks. An
art "and are not a subject dezl i bed hg

autopRya P BRS R PP BRGH® b KRR R
receRas ithat o8 singtedUwithin Besinigle @utbiicanvgmetviosh can alstenmingyposition, velocity, and time
(PV'ﬂ Mn %rSinéltl: g«ﬁfgtpgs1@0n%&ﬂﬂ&nﬁe%ﬁélonugc§va§%igQ\lllll Be,edetel%lﬂéa relative to the

tical inprovement: a steered
net“t"ﬁ‘am??ﬁet(éﬁr the| rgfefence) trpngupiger ﬁl"é‘f)é‘f"i‘ Bofermyh 88 g Rtwerk @osition solution.
PosifiéBiREeRrs iHaffts Mcatbddt tRl Uaﬁdﬁaxys)f genafosdneds habvdribbeand irgkitiag positioning

ect I

sign ?]% gﬁm ? Sﬁg’ Isnllg Bﬁébe‘gﬁs ? ech n%lncejl§¥ i}I(thtjuc es a 3515}1 R §/he fwo network

tmeg@wéqe@teeigte@gmg theit ppsitionafhig hangg despribed sl W@Work position solution, and

requir@tf toBhd R idrOrodbived to IR Eh%sea&s@iéfeaﬁie&‘ée anld fﬁfsi:&y Abck O¥MeBEhns to the second
eﬁjhe transmtter, CI| ockt eghgrem sely "slaved" to an

timepase Bfer epmpRing A gl PuR é’ﬂsé'ilon W&t ransmitter al so

i ncorporates at |east one radio frequency (RF)

In ﬂfeaﬂ' n{fér%ﬁ ﬂﬁﬁg‘ﬁ ngmoﬁ{ﬁQ Ul ﬂeﬁ@é t21159 ﬂl@luﬁ’esr%w ﬁ%ﬁéﬁmn (Network I.D)

enerator. The BY carrier genera
mf“ﬁ‘?"ﬂ%m’& heirnqavopkadaty FMEM AERg the FRfEenes %mealﬂ§fcﬂrtf§%li\fl&’a?f Positioning-

Umtr Héi/luﬁs fsh@Otif Meyitiwase nipDefices abl postivnRseivdd ed delamtifvethe origin and
meta hor1 gil‘%meag okP %ﬂﬂg enc nlgckt 5!1%1 F ﬁucv\% %%t&ﬁiﬂ& Ugi? B@Ji&tuqrwew ThlS allows a

roauces e code conponen conprises a uni que
Positigydhe-UdloRievive cor tpheitioncreppises logdtast ftrflyupamdsy ahbipgtongpays metworks to

deteRSiRY QRICR NEHSAd RIS @Gﬂ&:@ CRS absb@N&Iwhth €LchO RetivfiR, SAMBerefore which

Pos%tgt{l]{glr[g}it é%l;'ig%l'}gquﬁ% ullpgﬁ l gcrtlgl ! e%{j é ﬁgdegsn‘tcl:o% r%cgwea L;])osmog calenlations.
Eacls PositigibgUnit Dévite rdceine Nemml Idh Hémnem fromrailioger RorstiengparUnit Devices in

view Yidif Me%&l&a&s 6% RBsrfi€ KOL MGtk ik BD i InAHort0 81l §the® Positioning-Unit
receiver. In the preferred enbodi nent

DGVPB?P@T%WP@“‘%GW’W‘G%Wtransmtters are pulsed in a
Time Division Multiple Access (TDVA) 40schene, such
t hat hi gh power CDVA positioning signals do not jam
weaker CDMA positioning signals 22

by the rg'erence transmitter. Position
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transmtted on the same carrier frequency. This

phenonmenon is known as the "near/far problent and is

al so well-known in the art. Positioning-Unit Device

Central Processing Unit 5The Positioning-Unit Device

CPU conprises: a)Means to dgyerm ne the current

position of the Positioning-Unit Device. Position

deternminati on can be achi eved through either

sel f-survey or through manual initialization. )
Refoging povs i@ #, ther ifidprided i aysyeneys B erks-oResitiopiagy PaipDeviges 801 & 802.
Pos@@uigmnit ideweof01a1 30122051 SHDBIEre i @Y ofloff MEEBSAAA] communicate to each other
via ?Oﬁl 1o}mg8s?$l%egg(}ggl!ﬁtgp & n(é ﬁéj :I %os feotne% E’lm? ﬁeov%ess % zf,llf 802-2 and 802-3 are in
view]¢f aap ﬁ@ﬂﬁamd\mmymme@wmwm feﬁlwr AR PWOPm&)éwlﬁé?esﬂl‘rdys‘Hé Frhi 804-3. A

posm{dnﬁ\gtnmﬁ Rlicd QRRbd har 86 bsiﬂsa?ay SAthe nkd ﬁ&ﬁorl&' 803—3&€ceiv&a&ﬁltmnmg—Umt

one refreren tionin
Dev1§?1%o 18?%,?{@?0[%%04%640& a ﬁl@gg {“iofkg%?]’ q D[Selce 802-3 and measures the
timebagp differese, o tlckcbigke ofathel adi@ent ingfworl |tlﬁ1ﬂ@ﬁeeﬁth gghpect to lts own network 801

tuneﬁﬂé r et bRRSnik malﬂewg\@&ﬁ ataBdndits t @tk | Qer¥diBW $oP ttléh %djacent-network
Posi ti oni n?eé ce. The P03| t oni ng-Unit Devi

posif e B U1 P 1P 5 ECTPAE QT B, VTR R Be e postioning
signdl 86323. @ositienil Spdals diinrogly dné ddjaDey-natveork Rdsiibmingalinit Device 802-3 needs to be

recei Qf l}y' 1,%'5&1&:%_@“ ﬂ)eﬁnc@%&f ?Wﬁgl 1{'}%111%' M I:J?x%ctlon value, as all clocks in an

osi'ti on Devi ce at predet er m ned. | ocat i on
autoRpRIUIHEFNTEN Wlwé?r?rﬁ é““&ﬂﬁgﬂf’g“e 8‘6}‘ S RPRUPINEBH QFYicg S -3 need measure
an adjftent@StwoiR] 8 iPGSnshitRd hergoRiotk ddavdticr whiiiareysent limtht h@work data of its

' posnPorm%f %rﬁl{a? 3% are recelve‘llal od, 8{ {Ierd%tg otﬁ) Q %!35&&09:9% ﬂgikHw;ctes V%l\{d &%wn network

Si n preci se nown
801, &lse\rbmwgt @Slsmwﬂlﬂﬁ“-’sh%@%ra é’th’V“FEd’ﬁ“l'qﬂé‘ﬁFlh‘?j& 8Ai t Devices
The ﬁﬁ{si‘nl‘tﬁcy E:Mﬁytioﬂ Qrafub, Qfn §ANed lﬁaﬁeeﬁekvhi'l@&alzaﬁﬂhtt h&lthhlﬁ@Umt Deviee 801-3

. Pos Unit. V|ce t0|n|t
poslt%on géedgs 1gs rr]%: 1ve snbon r% léfer%lé]gth i on r %egTe\&}rle netwnAlfslsm & 802,

The ghviag meditsm adfceiydy @pipi@stht: |r®ﬁquex<9@fi°xke¢mb pasregtiops frem Sesifiopihg-Unit Device
sm-i %d A¥eqh&lt {c@lle&lﬁestpg Sinbik %ifn’ﬂ Gosiof rﬁ@hndn?usﬂgeéﬂ' p&,ﬁlbﬁ.agasm Device
acquire a eas ne.re nce | Qnl N
TR S I NI T TR —
signdh aM-.’g a\mhcann@btpamcmmpo]n@htwn calculated the rovind/pegiiion tegeiver 805 clock will be
time g@ltel%ﬂmi{ﬂ%het rl%ﬁwoﬁ& 21, %e%@ﬂﬂ%ﬁ;ﬂd&ﬂhgﬁl)&)éoﬁ'&m tFnﬁhennore the adjacent

reference transmtter to th e Posji.t1onjn
netwpk Ppsioningbipis PeyieeS02-8 s recgiye lt?é‘g‘i’“f"igdﬁ“”g‘cﬁ?? a.frﬁﬂtﬂéesﬁfst Positioning-
Unit @e@icd 8013 ane Mitetishfl @l tihébasw diffentebfatefistamep@ski 801 ovithirgpect to its own

netwgllég&?hme%%w %S&J?celﬁ%%gxk I%ﬁtgonﬁl W?b%cetsﬁz 5 Bl@ﬂ %M clock corrections

I oni ng- vice | ocat
for thyeity rﬁéwmcamdq Rositipries-Pit Weices §0dflchldacd& 8@% ér%’ﬂﬁ Repirk data within its

posuﬁiﬁﬂg Bosal k@@ﬁ'ﬂ&%ﬁ@li&wu@eﬂéhﬁ@pdsﬁmﬂ Bt 898 td BloGseDetween timebases, if
time-of-flight offset. 30e)Means to initialize the

re@iave transmitter code generator with an appropriate
‘uni que PRN code. '

Multiple Frequency Time-Lock

In the preferred embodiment a phurality of positioning signals are transmitted on a plurality of frequencies
from each Positioning-Unit Device. Position receivers subsequently interpret the plurality of positioning
signals o generate a so called wide-lane for integer carrier cycle ambiguity resolution (AR). RF carrier
signals experience a time delay whilst passing through transmitter and receiver electronics, known as “group
delay”. Group delay can vary many nanoseconds, depending on frequency and ambient temperature.
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 clectronics. This causes
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OMeans to generate and pass appropriate network tine

and network datA to the transmtter, which is

transmtted as the navigation data conponent in the

sl ave positioning signal. Navigation Data is

nmodul at ed upon the transmtggr-generated PRN code,

whi ch i s subsequently nodul ated upon the

r F r

tran&&t@%&ﬁghaénﬁxg n%ﬁﬂ? e &E § phﬁéo{dﬁﬁé’nf Ol\gﬂ\ﬂﬁ)%glt:%h?lgrg?p%%@onmgtmgnals will
indupgsgeg eTPHBRthegide-lans ambieHerespREREAR) BISES such as
A Pl)sﬁlfoa-ﬁlg-gﬂlt paaceSha biuSinddd the bhisdohdras pliasOpbikgn forh b rEavice @snsmitter by
tran%rm lfst}r g tl{eq ! eys—ch n i t 2 F?igtpa*s%/‘gﬁé&e ecﬂchlf’ &ﬂaf& ﬁge-iocked to their
respeatiy @mntmgeirefeteeceawﬂ@wgnﬁa@els n@thtrURmswUmé Dyriep mcorpomtes @ plurality of

steeledl ﬁﬂﬁﬁﬁfgryolocﬁ@ éiﬁiﬁ}lé & ste&ﬁnig'a%ﬁlﬁali}hﬁ’ pﬁﬁﬁﬂnﬁlg GibnalsCR LN 2F trztnﬁmltted ona
or

plur%%yq SF SRRrigr hféeqléef%?fe q'é% ggﬁitfoam]g g Tt glgélﬁea %os%oa recelv?rl\@acpss the plurallty of
frequneytdivtse Irdopnct postivhiag mighale qmbmcytr@m@p Bty st fsgesney-diverse slave

pomﬁ(tﬁglgrs%rxzﬁsr mﬁosﬁ&gngsﬁtﬂyﬁevﬁgsﬂxﬁéQﬂksﬂﬂchsﬁeEMﬁdwe%b ?ef&:P kL positioning
nmeasures the instant angous j.nt.egrated

r
s R R e e e e R
chropalegidallyosyhekgpnizbwiatl e aftbnepyphsngtter.calhe Boritionihg-UnibPevidetipmransmits its

urgfgy : egﬁqu/r&n%&g pl'mﬂg)ﬁmé I,Lgﬁa)s whlIlhﬁe mm:(ﬁl%nt%uhttﬁkegra—dpl-dclay from the

recti on val ués he st eeredtransmtter
rofergh SROTF. St le?sbﬂ‘ff‘ér"e‘et“fféedl RopoeEr G Vipapgtion receiver
detehﬁne@ )Gtﬁd'eaﬁie ﬂt&’ger dnitdguiyrdsbletbn AR ok E4tR Pf)slitm)fﬁng-hlﬂlt Plevdgecin view. The

refelp TICE nsml anyafnlléis %?a&:figl@kkgﬂﬂg op wﬁﬂmm aﬁ%st the Time-Locked

det ern1ne : erence“bet Ween the reference
Posijepdngtlng meﬁlgessﬁjﬁ’&lf e they spme] ARy é‘dffé% fatlgedi‘TP‘h‘g e‘§ﬁ1“§’h‘é‘l each Positioning-Unit
meifs);d\ﬁﬁﬁg% 112 pdsitl¥8 redkiNVirkdiRetShE @brion psaB& gt Erfbk asCd ré@ker clock bias

and elmnnates &g Ier%t!r Ell%heaS}rlL%ié pomg pomﬁ(?n cglcltll.'l;he ti me difference

Network Co-ordinate Frame

A prerequisite for Time-Lock is the knowledge of the Positioning-Unit Device positions with respect to a
reference co—ordinatc frame. Any valid co-ordinate frame may be used, but in the preferred embediment the
Eatth Centered Earth Fixed (ECEF) co-ordinate frame is used, which is also the co-ordinate frame used by

'GPS and WAAS. In the preferred embodiment, Positioning-Unit Devices self-survey from GNSS, and/or

WAAS, and/or other Positioning-Unit Devices 1o determine an ECEF co-ordinate.

Transmission Frequency

In the preferred embodiment, Positioning-Unit Devices transmit in the unlicensed Industrial Scientific
Medical (ISM) band of 2.4GHz to 2.48GHz. The 2.4 GHz ISM band allows the development of Positioning-
Unit Device networks without regulatory constraint, and without interference to current navigation systems
such as GPS. The 2.4GHz ISM band also allows 83.5MHz bandwidth, which can be used for increased
chipping rates of direct sequence spread spectrum positioning signals, or the use of multiple carriers for

widelane integer cycle ambiguity resolution,
DESCRIPTION OF POSITIONING-UNIT DEVICE HARDWARE
In the preferred embodiment, a Positioning-Unit Device incorporates a position receiver, a transmitter, a

central processing unit (CPU), and a common oscillator. The position receiver incorporates a plurality of

receive channels capable of receiving a plurality of positioning signals, each cormprising a carrier component,
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bet ween the reference positioning signal and the
sl ave positioning signal, such that the sl ave
positioning signal is chronologically aligned with
the reference transmtter tine. 1)Means to declare
Ti me- Lock status. 15Common Ggcillator The conmmon
oscillator provides a coherent local titnebase for

a PI@J Jodecéamp&l@&%ﬁ eQ:Ita (,IOHEGIIEIQ telngrﬂhlﬂ‘gr &I{Qgptu Mile I lIﬁT charrier generator,

particu sane oscl ator 1s u
at leﬁsb gqetPWOFifé%eé?r@t%rr andtah]éasm stcgﬁcacl?ql?eﬂ@t(‘ggrcgﬂpnses means for interpreting

posifidn@R SEhdl{ RteieH ®¢ khe pﬁsnﬁ@i’h&!ﬁe&fét réspehsile hbﬁﬁﬁ&&ﬁmﬂkﬂa&h&ﬁsmmer steered
clock Er?d%éan%qg g nelgtgﬁg\Pca ont daRCTHeN ml%(fm ost:]i atgre 90%{&/ coaerent local timebase for
Fehce®posi 1 oni ng si gnal usi 0 'cal
all cwv@wer?éshe diewrsigrigyeyicem ( FTS) . W t h FTS t he
received reference positioning 20 signal frequency
Referrmg In{:xlav 8°nﬁ?}eg§%\‘}°e‘rs %eqxcge\{lfae d’%ﬂﬁm‘% A 1t351 v189 ?(]H énctorp(?i%t\{ng a position receiver
902, ﬁd@pmrm 9ty aGieitral Prydstee Grie@iPEl 984 andsndotnmen ogiligok 905. The position
recel-{;a@0§ in%@r[)ﬁ'gestar PRSI bt Rbeivel Rsnkel$ HI¥PIM RNBHLGLiGS %ﬁﬁcomorates one or

re uenc et value f t he |ncon1n refere
moT! (g T eﬁﬁ)r gcmslor m?rﬁ geI geﬁefrﬂ(gt | ?’I@n 9% ordmﬁteered clock 909. The
CPUQM iidclugdtsoneatsefonpaitidn reedivet aonmmundpaiRe 90, enee/ fSl teenitter communication
911, B Yo rahRfer Qe}e\m& dobsuhiedies #3ce and sl ave
positioning signals. FTS aids i n the acquisition and
time adjustnment of the slave positioning signal. 25

PosilinGlgRINA &R fdsitibirikecéitdd| LE SYSTEM A roving position

A Porsﬁgnﬁﬂr%\"@t Ipe}l;{lﬁg SJS%QI![ hcd %EFO ?e§ ataleagé ok %cel\Ie%lba%nel &% (\)/ferecexvmg and

are ca recelvin
dequﬁlpt@}gﬁlf lepst PRY rffggqlop p@fﬁ:{opﬂgg glgtg'lhgqng a ququqqpe transmitter, and at least one receive
chanRiD Sdphbl© 6 rB@ividaiahd 8N aRmg abBisEbhe aﬁe)cmdafaeﬁrﬁc&k Wlave positioning signal.

ans 2A0Hz |1 SM band
Prefe rab gr F'Fgﬁga)rnemgel.%n\r}eéewce po ltl()l‘l recew relrs acg;ra)b/le é’g rec%ruelg % fplurahty of reference

posﬁloelee isighalsg for ingrepsad e%%lrae»t rﬂtﬂgmﬁewt ﬂwsrﬁosngonslgghal Revice pepition receiver
prefefISSnadl MBS cpalie bt iet:e@ﬁné pASAhS Elgﬂag frofh S8 PesitRARE-Unit Devices

fre g!iegg g(s’%%%gglrag J]%g osi ti o%}ﬁé g}‘q@ ﬂégﬂs%s.ﬂegﬂes transmitting

in the mmemeabandl fequertcive IKPagibang-Yonipeick p@don tecaver magks, demodulates, and
mterﬁétg B&lti%mﬁ@m%iaﬁvt\{ﬁhﬂy tRe anJe %ogﬁttg?é %eﬁéﬂ Edﬂ@enﬁ(tnai GPS %;%ewer design.

Posi ti oni ng-Unit. Devi ce network time,
GP'S pseyef Profesig-Aushiepienes P eknong H‘t‘l‘ecﬁ‘ité’“d Aok -T“PJF% described here.
| ocations, and other network and GNSS data. In the

Posi ge&heQﬁgﬁgﬁ%kggpt network time is derived from

satellites, thereby maki ng network

A Pogifippingdlingt RINiSS tpaspitter hayemasy yispilarifes tona EventiepahBBY picwdelite, with one

majof @GetntRdl idbsRnRhehakall Yrahdnber RRKALIE &hd'fﬁﬁ&&edt SnbBBKENt the steered
transmlrt)t €r. (ilocﬁ‘%e%ne?a%e%ud ! %Jq%gl Jgr%% lilvr.; enBlrecES lalg?é lggn%gg F!?Desr) techniques. DDS
technphas erori!eass@lrd@@elbt genfrefed escdhtOpoghlm oni lngiregiegrrakonirplled to millihertz
accuﬂdié?,%usaﬂawﬁ@mnbﬁttéqo\ﬂ@tofbg breBIQH X to\é.t?{ugﬁﬂlﬁgyrefe@ﬁl‘g signal. The

lgﬂPVT 40u3|n sin ol nt

ms‘ﬂ‘é‘f PR APEPPYRcs & @‘F @ﬂ% o’F“H? Traere éﬂ’) FEOE FRFTAIPT gRd at least one
pseudomnddoemadbefFBN) sdie GelpyataSThRgRE 2urica gaenwe pldweahe (%r component,
whlclpg %lshlh&ﬁalsxgéhy Erbcﬁ@n \Ma{'e Erefe%amg% i ean fle 2.9 5 11 ]%EVI ta‘ﬁ@%d the PRN

squares regression 't hat own 1 n the art
code BERPFARG HERIETCE itkincade cePRABPNLYVRIFTE CormITiges] 4 Briqup edt Eequence that can be
distingEABS arh @rgd Bther FEbiBrahddnOYas seqidbes tr&[ﬁﬂ[t@dl b #he sdnfd dafii@r frduency. A

plum](ﬂ‘g gf er I‘ e US In%géj I rﬁent lll;l.rg q? %eﬁ]Xéim%s tgnblcllg:UI ;[él s led “mde lane”, which

alfowwerle awmr gwlf ;amblgw?ye@oweéolve& lprae@wlse pesetromreqewghaséle preferred

embo&ﬁﬁﬁid’@hﬁﬁ?@ utna ﬂi@&@ﬁz{ﬁ‘sxﬁi&% Bfegms%ng FIENd ﬂ%lﬁi@ﬁﬂuftlbl@ rz\ccess (TDMA)
recejver,to the onln Vi ce.
sherl S PG PSP Lo T BT o Bt SR ppionin sigml
cycles (the integer conponent) plus a fractiona
carrier cycle amount (fractional conmponent or phase
conmponent), and is ternmed a pseudorange due to the
unknown position receiver clock bias. Tine-Locked
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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

recei ver 15design. UPS recebver processing and
design, as well as Wde-Lane Anbiguity Resol ution,

n‘ansﬂ{lt%d\éﬁlth smc}:%erl f?eqﬁcrﬂ@y @fnﬁ F@H&’ne@&?is Riwn 34HBE Efehrfar problem” and is also

descri bed here. of course be realized that

wellkppynde the gie above has been gi ven by way of an

illustrative exanple of this invention, all such and

Pos.géﬁ?a%vm‘!vfchE%t#a?ﬂﬁocéﬂﬂ%ﬁnﬁ ia“ ons hereto, as would

ar ent er sons led in 20the art, are

Theﬁ@@ﬁﬁﬂﬁ?@t?%{l“’le JePPIRS$he broad scope and ambit of

a)

b)

@

2)

o

t theahsnkl @dirinDB tha Surtet fogfiddionths Pdsitind-tnit DXBe Vhat i s

allogrgon def?égne 1ah€h gneﬁtbg gcque%d &g&%ﬁr ﬁﬁei' Qe%—s(urvggéi{l hiosh mraliéual initialization.

coher ence en a recelve erence
Si gﬁq@swwﬂpqugps the Pomg,ﬂelﬁ Deyiptoshei ip tvisy gyat depst | Tam fher reference
on Q’oﬁ@cfnﬁlﬂgﬁﬁiﬁ eDévEc!Bd'] $dTudedrine &n thred-ditith i@l P8 pbiNpddlion solution, or

r rer. ent er ate
D Oglp?rpa&lﬁ Pﬁﬁjlt ()Pm %Q@g\me lﬁg%eﬁ Ooggpéeéi%p thl;‘ee S(’}NE;S s:ttt?lll1tes plus at least
st eps re@tencear;osmew ViinBevisai i ﬂn%@éméln@é thsogierencg r?pwgsmng-Umt Device
Si Gfikies Kbt BRASHE IcRflerd aﬁer&{tlﬁ%?r@&r}énsofof RGNk sa@llifds in view to the

Lgﬁ%%ﬁ%ﬂg rLE\fgﬁ)réten]cn% 3‘11%) gci}élg%%%) g 611 gaﬁ%l gels %raccurate position relative
adjuutht refegenee Hosidepireripg Istieer abl e cl ock by an anount
de rl\!ﬁﬁﬁzﬂ mﬁt[a%&ﬁk gch[é@e%%y E)ﬁgn &%ﬁ&ﬁ]yg— eﬁf§@$t a i)kkétengﬁled location

gener at | n? uni que positironin carriler
corfpbranebrntedte By sgHareroriiare t ‘@wgﬁeyﬂwﬁmg Lpyjce memory. In
r efﬂ&r R Ereeed Radodinn ia st Pogivalng CaltHeeice iampaille hiitialized using precisely

Wi ?ﬁel ncogr%*nr e Wn‘ﬁ Hl%s%?e%{ Igdsﬂimx_&g[lhﬁl! l%@ﬁl:s sjel%s e&ﬂQ ﬁgm GNSS satellites

equency st eera
cored heBelogitiendtied iNeYes ai d uni que p05|t|on|ng si gna
c aera@srto HOARARGR EncO¥igrRNPr ﬂ?@espaslﬁbnl&ms ur ed

ol Gueona f 4Bttt el S et Bl o i view

[S a@@aqsdmmtr@ stcledst ene geference posmonmg signal and extract neiwork time and network
data from the navigation ddta component.
Means to determine the signal propagation delay from the reference transmitter to the Positioning-
Unit Device.
Reference transmitter position coordinates are first extracted from the reference positioning signal
navigation data, and compared to the known Positioning-Unit Device location. The computed
geometrical distance between reference transmitter and Positioning-Unit Device is converted into a
-time-of-flight offset.
Means to initialize the slave transmitter code generator with an appropriate unique PRN code.
Means to generate and pass appropriate network time and network data to the transmitter, which is
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 status of
other Positioning-Unit Devices and GNSS satellites.
Means to apply the calculated time-of-flight offset and initialize the slave transmitter to approximate
network i:ime and frequency.

Means to initiate the position receiver to search for the slave positioning signal.
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such that the frequency of said adjusted uni que

positioning signal carrier conponent is aligned with

the frequency of said reference positioning signa

carrier conponent. 202. A nethod according to claim 1,
wherein said frequency steergble clock is adjusted in

step (c) by an anount eqU|va ent to said neasured

i} g_r eﬁu::]%}/ acqénre g’t sgav S{)Slt C?rung1 51 qda.n@% %If %Incr(]_'%[rotl QOO t% olg!aisi’l frequency

t r areberpuce l@ﬁveerz@areﬁ@rwméaavaewwmggnﬁlé claim1,

\f/\'h %!@U&@éaﬁr&@ @lel«[?staﬁﬁnddﬁy lﬂb@at@%ﬂn‘%ﬂ {hENe @E”Pﬁdhﬁ&&{ce ()ﬁli}]e reference and

unctions. as a referen t|on| si_gna r [<] AR

oSt BT APteC Ry P £ oonrad 1S Rt s iy oF GrLLY T
cl agutputlef thmf’{éhepmwswrrdctmtalhtsdmfthﬂﬁem tra@emmr icloels mtcwter to zero the ICP
st epQénc@dj usting said frequency steerable clock by

.. applying an additional fre quen

D POkt rad 6 et S e o S g Sl B gigpa paviesion daa
pOSéotnpa@htrgd gétgmdve .the Gue dfforatdhitveat donefermge pesitohiag penal and slave
1, ¥Qﬁ&ﬁ1ql @l d at least one reference transmtter
i nc osi tioning-unit devices, Wde Area

k) AugMenit ©ilimshSiey dtestrpreh rapmpiftrglock tp grgupite REIY 4t Fetgyfhe time  diffrence
Sat zlvebd e SYfakesn waitiabngi sigasl, anP3leudok i poaganin@rsighsty such that the slave

Ot h & rém&n A ISl%gfﬁ is rﬁ;ﬂl_%{ljor#)g?'%%r ?ﬂégkﬁ%&% g&‘e@eﬂce’ &L&(}E&?Eﬂng n. 35

IFoni generating frequency
D cohM%@h@éﬁﬁﬁfméeﬁm§SW@éelved reference positioning
signal carrier conponent transmtted by at |east one
pe refqﬁ ce transmtter and a uni que positioning signal
oM &2 nponent generated by said positioni ng- unit
The dehaescilbigor propidesiacplyrentieralimebaseiiovileompenapss ofdheligsitiopie)nit Device.
In pﬁf‘ﬁéﬁ‘ﬂt? theQhmé SRR} 0 scd @U :ﬂlvé ok PosR1dG @eca%? ithd U, REH the steered transmitter

BN NN O TR R T -

signgonipg nen tallked Fatuene Trackmg Sopvier F165 AVithl BiiSathe regdivedwederence positioning
mgn&%eq@%%ét,rbg m%asfufeg By &P %fsﬂfbﬁiﬁg Uﬁl@b@\rl&lpgﬁ%nqyceﬁ& 1s fed directly to the

anount “derived fromsaid neasured frequency of

osigyus st DitsA EeRet TBHE gl 1S G HEIEIeD G PORI s th

freqengndifset valtd ofdlic iG@MpQRIEMEnce phiebaingsigal, thuudlintiuagog the common oscillator

term and maintaining Reference/Slave Frequency Lock between the reference and slave positioning signals.

- FTS aids in the acquisition and time adjustment of the slave positioning signal.

'DESCRIPTION OF THE MOBILE SYSTEM

A roving position receiver preferably comprises a plurality of receive channels that are 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
positioning signals from GNSS and WAAS satellites transmitting in the L band frequencies. The roving
position receiver is preferably capable of demodulating navigation data incorporating network data from all
positioning signals in view. This allows determination of Positioning-Unit Device network time, GNSS time,
Positioning-Unit Device locations, satellite locations, and other network and GNSS data. In the preferred
embodiment network time is derived from GNSS time via WAAS satellites, thereby making network fime
and GNSS time 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 catrier 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
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positioning signal carrier conponent is aligned with
said frequency steerable clock; e) neans for
conti nuously adjusting said unique positioning signa
carrier conponent by applying said neasured frequency
offset (b) to said frequency,steerable clock, said
frequency steerable clock referenced to said conmon
S t. ' .
o oA B Aol Ml b ARG S R A, e ot s v
hwW%mﬁPW@ned with the frequency of said reference
p03|t|on|ng signal carrier conponent. 8.A

ICr)o(%.qsua p]pr e nrgcetver psrcf‘td r%.\)i)légr}ec%r%(gr%gsr déamgtottp te%u?éegl ger c Im%éhny In the

uency ‘st eer JUS

prefeired ﬂb'gﬂdmmah‘@&}h @yc@cﬁmbwaibeﬁtrewlesedslwﬂa wisdag rtf@bmques Once integer cycle
ambgﬁ;f@;qyﬁibﬁbéd, QfpeSi€d cafrfe) phas'le@seuaorar@e @ Q&br&lin@{ﬂ fréi@) thid Rdving posmon receiver to

A i B o i g Rabrhee PGS Rt ARy Sirer yctes che

mteagocsrmmn@n} mg-afnstiond sutigeydeaont (ﬁrgtmn@i coinpdnpnt Pr phageepippopent), and is

termSBh YscBblirdisd B Hnhd Hxﬁm%ns b&slti@ﬁ] rddEhved B l)la{. Q)ime—l,ocked Positioning-Unit
Of unctjons as a reference i tioni

Dev18ets ﬁg}x 1tﬁg§lc?t}e{?ﬂ(fyﬁ& temﬁfplcas&ﬂn e ereby a o“[]ugg %{é pomt posmon solution to be
formpdisint thopredisg carriér pseddvinge vatheo the heed for dlff@hmamoﬂ‘e;cuvm erein

said frequency steerable clock further conprises

neans for adj ustln% sai d frequency steerable clock y
A pogifiph rergr B atraofBrtatn i ErE ARFObRS SEpls geieralyd by a netwdrk of Time-
Lockpd @eadoninfrUnie d)etqbd’ienmﬁﬁg @@ she hietidoRlgeyVugdiial conviergid®l GPS receiver

0 ionin %2‘ R

des1§ éf’é racelver ocgss d.?ggl, re'g‘la% 9\22&511,3:9& Ar&?gjgg %{Esgﬂgéﬁ, %€ well-known in
ﬂwaﬂeWbW@M%%mW¢%#§ﬁ$WW@W i ncl udes positioning-unit

devi ces, Wde Area Augnentatlon Systen1satellltes

Vi aon t stem atel fe
It WIEO?CO&U‘SF Il}lf{arealgecl t!hat wh%q tl?ehabove as deen §W‘iﬂ waP( ok an Elﬂsn'a {ve example of this

or any evi ce ncor porate

 invertionyiaH guch n:ﬁdnﬂwampdwﬁcan@@@@d wariptiephitsebicpfis wpaliche appapsgt to persons skilled in

the aft! ROERGIYo RORRLIL RS SrolBIcHR AR bl SRk OGht6EL 8 1RRESet forth.
positioning signal transmtted by at |east one

reference transmtter and a uni que positioning signa
generated and transmtted by a positioning-unit

devi ce, said nmethod conprising the steps of said
positioning-unit device: a) generating and
transmtting said unique positioning signal, wherein
sai d uni que positioning



signal is aligned with a frequency steerable clock;
35b) receiving said reference positioning signal and

"~ said unique positioning signal; c) neasuring a

frequency difference between sgld received reference
positioning signal and said received unique
positioning signal; d) adjusting said frequency
steerabl e cl ock 'by an anount .derived fromsaid

f r @gueoeedi:f f erence measured in step (c); 27 e)
conti nuously adjusting sai d generation and

transm ssi on of said uniqu i tioning si
aphl yi riymabep of epsging EH oY gﬂg‘ﬁ"’s‘g‘f“’&a " eer%g?}rg%r}l pogtyqnﬁo sgnal cartior
f r eg@at rashier abbkelest oekrefese Hrapspifier 3np & @rq@quéxﬂwg signal carrier
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si gnal efer 0si.jt.oning signal is

m ni ni saéd reéiﬁ‘&“gé?f §rerb°§msf%°§r§§1on ust ed uni que
posi t i oM myaswing ﬁlaﬁ”eQH@QY ‘fffs%aﬁfé'ﬁ W“B‘{:ré%‘é?”%??&%‘m&ﬁ Fipal gyicy component
referencenmﬁ&&&ﬁ@mmﬂgx&mgmal 14. A nmet hod accordi ng

to clai ]é.g’ﬁsmg %Le cy Sk @biock SRS anROR dbREEoRNG® measured frequency
transnmittér nerates and transmts a plurality of

frequencyqﬁﬁﬁ%se posi tioning signals that exhibit
ti Me- i npoherkatgesid ange phdcangsigyal] cfrignseriperntfatnt JHged carrier frequency
conprises 5 GaiP Ee%%ceqos@cﬁlng si2RaP bdrmie B Gretd Ntercill 8Md Gréque positioning

10a) generating. a I
frequercy-* @W@@%&@QEB a%q%ﬂmmzﬂﬁgm@dFkura IﬁgchV|n

said plar a:bthtuyms@f adjupt@q it @yqlﬁlpg:@.}ogzég ﬁ%‘gll Wgrfpxﬂlﬁ)nent applying said
signal s fﬁﬂﬂh@@m&maky&ﬁasﬁm@ﬂemMQﬁememaechﬁaméﬁﬂmmeﬁwﬂwhChﬂ

?Isg{?ngftgﬁgﬁ@%”a %Q%Qg% Rt devices including

endentl hr onol o
sy fieih ﬁgﬁhezﬁrqqlg:n@é)é ﬁ'«nc{: ?dé!atacbﬂw Eﬂski}lgr*x? é;}élbag gaget comf)o%en? 4 aLg,xtcd w:th the
Si ga;akng JT &4 reference positioning signalscarief cotppobeplast one ref erence
transmitter or said other positioning-unit devices or

bOté_E alt 0 f\ %ﬁ%’?sd;gﬁ% %gt I ?’a{nr L r‘ﬁ%%g? f']mn e%lan\ég s[:téxeablp&&i( ¥s 'a&}ﬂle&‘ﬁ step (c) by an
amount equivalent to said measurcd frequency offset {b).

3. A method according to claim 1, wherein said adjusted unique positioning signal is transmiited.

4. A method according to claim 1, wherein said adjusted unique positioning signal (¢) functions as a -

reference positioning signal for other positioning-unit devices.

5. A method according to claim 1, wherein said method further comprises the step of adjusting said
frequency steerable clock by applying an additional frequency offset for a predetermined time period to time

slew said unique positioning signal.

6. A method according to claim 1, 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.

7. A positioning-unit device for generating frecjuency coherense between a received reference
positioning signal carrier component transmitted by at least one reference transmitter and a unique
positioning signal carrier component generated by said positioning-unit dev;ce said positioning-unit device
comprising:

a) means for receiving said reference positioning signal;



such that said tinme incoherence is commbon anongst al
frequency-di verse positioning signals. 15. A nethod
according to claim 13, wherein said adjusted unique
positioning signal (e) functions as a reference
positioning signal for other positioning-unit

devi ces. 16. A nethod according to claim 13, wherein

said step of neasuring said frequency difference (c) . .

- furt her b awgs fos esastiing adteaoncy PGPy Foripd TrETengs pRsiigyins signal carrier
carrier phase..AEaskteaeen sietianm ned froma carrier
conponent of said unigue positi.oni ' Ofrom said measured
carri er “cIHPH éﬁ%u%lf‘ & %ﬁ?qa&cayt gtﬁgébgé;%ldg% F}%LQ?%?ET gﬁg‘é
posi ti oni Migusicye@tt ®o determine a carrier frequency o
gdiffer €Qf Seand for AedeRitilpadid agige pabitvgng tsignat bagrienpor@onent, wherein said unique
wher ei n Saj.d. St o8 Q i ARdbrkd 8 afdatlid &8 GURBEYstocrable clock;

di f ferenc&{C) FUTther conprises the.step of e component by applying
conpar i Ry Mefrs for FnERERE SUERE ST P BHRE P R A8 Urenent 8

det er mi negaid mesreidtericaty ofiehbioin st ftsaugicy degraile slock} @i diequency sicerable
one refer%B&Qﬁgg§%gggggﬂgw§MQma&;and sai d uni que
ositioning-signhal to_deter.mne. i : s aliened with the

i arnd B Beandh preat SHEET g KT heRer Ty e
c| -affenneded of svidweferenas pesitionnztiend! eHISt OB ef er ence
transmtter includes positioning-unit devices, Wde -

Area Augnent atior i itnf7t in &ld kney steerable clock is adjusted in
N gat [aR AT AR A Riaa Qi) ten @@ o e

or en{r) bytehaoun sgiieled 1 KIS PP RESFRERATE O i ng

i nformation. 3519. A positioning-unit device for
gengr at [ Anlgsiﬁoﬁﬁg_ﬂlﬁ%yiceca@@ﬁﬁn@ Wat“m@nsaa alj@yB:@ v @@ positioning signal is
ref'erence positioning signal transmtted by at | east

‘onepEitifence transnmitter and a uni que positioning
signal generated and transmtted by a
posjgt i ong g@gﬁddmg.hnid&whe?&cord&@ ioCbia0B inbdradniaid gdjustad eniqdendsigeing signal (2)
conpri sing: .a) neans. . ik@ansm ttin

28 o BT e e T A G B A i cue
positioning signal is aligned with a frequency
st efr abl £p&hiaalgunid @b)ce neandsg foorlaim dcwieginrigd §agugney steerable clock further

ref ceor srrﬂs(e:seme%g %o!r Ldjlg{ﬁlgqu ﬁéqgarﬂ@l ste@hbk R b?‘ a;iﬂl?in@ bfadditional frequency offset for a
positfonin nal ;-

Si g ;. 28 \%é neans _for npeasuring-a
ined Bi ; i 0! sigrmal,
fr eﬁfEPé‘iﬁ%“gﬂeﬁg‘fW@?"écht@“eB@fv RGP ESE Ved reference
2posi tioni ng signal _ . .
12. A positioning-unit device according to claim 7, wherein said at least one reference trans_‘.mltter

e

includes positioning-unit devices, Wide Area Augmentation System satellites, Global Navigation Satellite

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

30 13 A method of generating frequency coherence between a received reference positioning signal
transmitted by at least one reference transmitter and a unique positioning signal genetated and transmitted by
a positioning-unit device, said method comprising the steps of said positioning-unit device:
a) generating and transmitting said unique positioning signal, wherein said unique positioning .
signal is aligned with a frequency steerable clock;
35 b) receiving said reference positioning signal and said unique positiqning signal;
¢) measuring a frequency difference between said r_eceived reference positioning signal and said
received unique positioning signal;
d) adjusting said frequency steerable clock by an amount derived from said frequency difference

" measured in step {¢);



and said received uni que positioning signal; d) neans

for adjusting said frequency steerable clock by an

amount. derived from said frequency difference

~nmeasured - in step (c); 5e) neang7for continuously

adj usting said generation and transm ssion of said

uni que positioning signal by applying said neasured
frequency difference to said frequency steerable . =~ . by
cl ock: uGhidaly djaging midquentn al fhersemcs siHfeeRsionne S 5
saif d adj U%%D?gngwd %regﬁﬁh&kﬁ&c%e&isglﬁhuem eleesalle clock;
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according to claim19, wherein said at |east one
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tine-i her en Jibhirsahithe@si t i oni ng-uni t
dee, 851 urthey rg%ghﬁpgt%}ggg%g Bg&_&lr%gns £ Qe IS RGHALdsgkiand

16 1 ansmi &t bygetias 0 GrEriies? YA LRy - di ver se corence
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from sald, gl LS AL inf & & lhdntyefive@d pdsiieiing signal from
ot her p&s i‘“ti?p‘(‘i‘ﬂ?“ﬁ e °g‘fj’g{, CnERiGint LR St adiveQd p

) iI'ces 1ncludjng itself. or. both
fr om bot hgaicc)t iemetaess refesencs RASHET &Y 94"*& %?S‘_ HOIE001 g‘é{_f“i’sy‘“ ol
1§ynch{ oni Hs&&iv@ﬂ&hbn&tmtﬂmﬁyondg vigrldiem psppitiog e gy devics
sign rqm sai | £aSE, ARGl M EuRBCH ebd RitSing dspals.
or Sé‘%‘iﬂEISo ﬁré‘?m%’g%r%%ﬁlonlﬁlnggunﬁﬁs dfgsf]cesor bot h
to a respective frequency-diverse positioning si %F“’gl fumotions a5 a
fr om saigdm@es bdcboini nglmidt wigeipistdalesgsie PERETES ¢} func
t ”r%feée&gedzﬁ&n%{g@@mh Br GRAFBInARRIgSiceal |
frequency-diverse positioning signals. 21. A
2§hositioning unit device according. to claim

.19,. .

wheréei n 5 awitbdadjontinedel i Huehas T B P IR 1A Spgrey difference ©
f UNG P BisupRSs e 56 @lcBR@enepDeindd oniio ghasi npaiemnt detey g from & camer .
posi tioni ng-unit. deyi.g i RS} Lin@RicR Gt Yad bt least one reference
devf°8‘8°“§‘3\c°gr”d(|[] ng tad o%ﬁog?lﬁws 9, %nd%er ein sr,da%?H d means for
e asvsitipoing signat tp dEERE 2T FEPEAYETCE) furt her

seonpri ses means for conparing integrated carrier
phage "EQ%{hsém@&&ngdstcﬁmyj Q@lerfik @ step @BUnabueing said frequency difference (c)

conmponent of sai d uni que positioni . r&MAfks @termined from carrier
car Pt cEwrsbhe P %ﬂ""r@’&'}’"ﬁ masfa_“ffnecglgfaprgrn%%srg gl%urrégl{r% e 1to determine
POS bdnipampitnef s8d gt otegeltfercepastiptinsgisrbnd i R

di f {61 LGS ous 30R3 piisdi@Bichde0ni ng uni t devi ce according

to claim 19, wherein said neans f.or neasuring said

3requenc o
?8 : X method according to claim 13, 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 timin'gr information.

35 15 A positioning-unit device for generating frequency coherence between a received reference
| positioning signat transmitted by at {east one reference ransmitter and a unique positioning signal generated
and traﬁsmitted by a positioning-unit device, said positioning-unit device comprising:
a) means for generating and transmitting said unique positioning signal, wherein said unique
positioning signal is aligned with a frequency steerable clock;

40 b) means for receiving said reference positioning signal and said unique positioning signal;



di fference (c) further conprises neans f ing

i nstant aneous carrier phagg neasurenentsotrjefgmaglegg
~fromcarrier conponents of said at |east one

reference positioning signal ang said unique

positioning signal to determ ne an instantaneous

carrier phase difference. 3524. A positioning unit

devi ce according to claim19, wherein said at | east

gne_ r ef §F GR&S ok AR 4 ftentyritfetsate Setyposi ferHedglemre positoning signal
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Pseudol #t ewsens §r adipgpestih g %@bjengtloﬁ atyea:n lﬁ%gcl)l?tzdgrgvg% fom said frequency
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-C nand ne 0 i
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g A & L i POSI L AL GNt  device. A
posTHIBARMHY T deVi'ce Ts a special i zed transcei ver
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posSipt | ony ﬁb@iﬁcﬁtlﬂ@-ﬂﬂd &vibd mdhtgeo cleifnal? evtewsin tsyich p dpptropeference transmitter
anot A&l R onssclastn{ezglglfop gén&:ming A MhsmRnd b pla@iiyhof frfduency-diverse positioning signals
positioning-unit device receives . a refalaMGe compriscs:
postha Pkt e iasobrRare WA SRR PR E Y equency of Tset in .
the recej veens of gretizenpasinifies Al P enc%[/-gir/eéste pslioging signals;
18 C omm[}) 0S&dnt Eﬂe@eﬁgﬁng@ﬁla pldlith bEggengivad pedionipgssignals from said at least

measur e the positioning-uni i _— -
f requency §?eéeé$‘3‘6? “éansér}q'%rc% ﬁg]g an g%ﬁ%lﬁ%iu;ﬁgljdﬁég Rl ing sl or from Do

. fro m t h @? mewang) fos dndpqeg}jmgmn%%fcgl]étmcwézlng egsg ! ﬁ!e&/uggy—diverse positioning
posi-tionin grgxﬁﬂﬁrdm A i 18t ohd'rgﬁqexg.etx@g@tceg said qthsi ;ﬁﬂté}hing-unit devices or both
e sauency S SPae R e e

2 0s el i RHGIEPTRCTERsS I CEEB AP TR O s°ﬂ‘§/”°§1§ﬁ" e pesiigning senss.
uni que positioning signal by applying the measured
f reguency Qf:f 58t QvithRcddi@ i y9, stoairsabidesia] vwigh, positioning signal (¢)

which is referenced to th , il
S BB AT B T By S R aE Bk i que

' pg3| tioning signal i's aligned with the frequency of '
2% €21, ecel peshokiaf @it BGR aposint kcorkim ¢, shgeimpaid means fHrguppring frequency
-difference (c) furthet comprises means for comparing integrated carrier phase measurements determined

from a carrier component of said unique positioning signal and a carrier component of said at least one

reference positioning signal to determine a carrier frequency difference.

36 23. A positioning unit device according to claim 19, wherein said means for measuring said frequency
difference (c) further comprises means for comparing 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.

T35 24 A positioning unit device according to claim 19, wherein said at least one reference transmitter
includes positioning-unit devices, Wide Arca Augmentation System satellites, Global Navigation Satellite

System satellites, Pseudolites, or any other devices that incorporate timing information.
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FREQUENCY COHERENCE WITHIN A LOCATION NETWORK

ABSTRACT

The present invention discloses a system and method of generating frequency coherence between a received
reference positioning signal transmitted by_at least one reference transmitter and a unique positioning signal
generated by a positioning-unit device. A positioning-unit device is a specialized transceiver capable of
receiving and interpreting reference positioning signals from the reference transmitter, another positioning-
unit device or both. The positioning-unit device receives a refercnce'positioning signal and measures a
frequency offset in the received reference positioning signal relative to a common osciliator. Once a
frequency offset is measured, the positioning-unit device adjusts a frequency steerable clock by an amount

derived from the measured frequency offset. The positioning-unit device then generates a unique positioning

signal, which is aligned with the frequency steerable clock. Furthermore, the positioning-unit device

. continuously adjusts said unique positioning signal by applying the measured frequency offset to the

frequency steerable clock, which is referenced to the common oscillator. Subsequently, the frequency of the

adjusted unique positioning signal is aligned with the fréquency of the received reference positioning signal.

FigUre 2



