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FREQUENCY COHERENCE W THI N A LOCATI ON NETWORK FI ELD OF
THE I NVENTION 5 The present invention relates
generally to systens and net hods for generating
precise position determ nations for a nobile
apparatus I'n particular, the present invention

plies to ecise tine-of-arrival position
det er @REQ&N@V@@NERENQ%WM ALMREATION NEIOYVORK
constrained by prior art requirenents such as
physi cal connections between transmtter beacons, such
as the need for atomc tine standards connected to 10
EAChOFTHRSMVENTRON or the need for differentia
correction techni ques. BACKGROUND OF THE | NVENTI ON 15
It is well understood in the art that precise
Thenpressht- Bventignarelyrs s genprally éhetsestams nandi weihdds foegensting precise position

UREMnABR forEhQﬁdMlﬁ@)SarQﬁs tnl'tﬁrtkﬁlﬁ'ntfﬁérb&&ﬁrmv@ﬁtﬁﬁ Kp‘bhé‘s&@ grecderhme—of—amval
I ee transmtter beacon

poalglontnt}%%ﬂré%a%gl} syst&t a\rX% ;rr%s&rgtn}varﬁlgn gﬁlat Q_?Bsﬁrﬁlgidt é/der arl;arequlrements such as

Mﬂwbwn@bt@@kbewean trédnsraitieribersmitsi el asltemgtd forcadnliegmenitdntards connected to
St ah&GhteR or hhRePBSdifferentifl Eorﬁacﬁdn%ﬁrﬁ{uesar rival

posi tioning system However this rudi nentary

posi tioning systemis highly inpractical to

manuf acture and install due to the requirenent for

AR IND b PRInGARRSy di stributing high frequency 20

timng signals over potentially large distances

bet ween beacons. Alternatively, precision atomc tine

Is isavetl am@sstooMin b aﬂ&iﬁﬁprﬁ!ﬁeyclﬂeﬁiﬂaﬁﬁl fpbs1t[oﬂtda&muﬁﬁc)ﬁ 3] Gependant upon the

alc&?at(:)aj)fl tl?eq'ra&}mt%?a&k; Jsgc{] f'nrrlstéogtrru e{n a EIL{ 0 1t111?terebeacons positioned at

rence receil ver
Hne‘@amaéws arropnseisfde f eeinpay clpc exﬁ évee n@eﬂc@ln lme&@ées wﬂhsufﬁce as the basis

f?leastﬂ&flﬁ@rrﬁvﬂ poda@fing byoih :’l%v@b@ A Iﬁdﬁ% tfcﬁﬁoﬁﬂg‘%mtténhﬁ highly impractical
ran Con cl ock correc ] Qn e sen

‘ﬁ%’ aé’ﬂ élgta |’j5 o] e eayprenent ﬁ"rFﬁ‘—“’(ﬁ‘g’f Emf‘{ Rl %‘Stﬁlél’é‘ﬁgn}“gh frequency
tbem: Sﬂlalsfcapr BirbEadly User disteicen hetwies Siewnnst @ltersagively, precision atomic time
sﬁg&b}dg NRiith havM?Q? mzv%ﬁft ?a?ets erhaly'bg fnstied Iattehéﬂlillaﬂgutte%mg lalgﬂﬁcﬁﬁored using a

such as GPS enp his téchni gue, wherein cesi um and

BRI PRIORS A AP e FSCHER B it flapigs. In esponse

: p@alh@inblstgﬁa,ls mecivad fitve tKePRGin(Aiiaettdactiontibakl cofs@der® rate sent from the reference

r&gﬂ% \)’]aﬂﬁll Wdzfﬂ%c Sl licﬂ g)eacgll lfor%%e@@&t %t\lalmsgn?sﬁxf)ggbduser equ?ment Modemn

correctlons ch sa
Sﬁt%éfﬁtpyﬂtfoem terialogies sPHes SRSy tthip rehmiqeg, @vberpig gesium and rubidium time
stafdarde ad GRGlled\il Acle@PY sa Rt he GBS Gfb\mcﬂ&hﬁcﬂ rsegmﬁfsca&ﬁmm monitoring

Elﬁ%??] Sa?e?lftfﬁ q%g%qﬁ%dlocﬁ gontealons 1l each sateﬂ{t]f! er\]f%ﬁ lg? our ltmurs These corrections

pnmen can acco
argathes| febreadceagy i Rack Ffﬂ@ﬂe s Wvugqﬂ@t mésggsto GRUNseIGRBPBON, so that positioning

afgofitihd bvftlﬁ‘ﬁ the GPS 1 S eqlﬁplﬁelﬂ{ £8-adloiR NS QRAle RRE 'extréroﬁhth Rt least four GPS
er..equi pmen a stan

i, she usi n ard
SRR QU3 R A S e B USH i GITaP LULE et saeront using a stndard

tqgtygque i komwrs @l aiteneemtionihegle-baseth GBS gositde hﬁiumpueThxs starldgrd technique is also

DAY RhnleY ) tion" by those
ggﬁsl I% el nat%{r%g%g?ttpgs@gn?etﬁ??%ﬁ%}m%%;&g based GPS

position solution (single point position) 35 In
Qoavevidiiai Qodabaseddes pagiesl sdhition (sl pbiat pdsitick, | ongi t ude,

h@Eﬁqve%*Jnlalt g&ieebage G%E yﬁleolgélt[lﬁe I%L tﬁ(?e %n(a aItJaﬁe Etaatrn% th%%ﬂ')sé) 1% the earth can be

ated from
clgpdsadifiomi troprapregHien tsneﬁ bet %ﬂsmprwsstgn%@?m apgstdepr SIPF atelides in view. A

GPR réébl@éa‘\hnalés ra@éﬁoﬁﬁﬁaﬁbd& BhisedBKBS colrARBEA oﬁﬂt@iﬂﬂtya&ﬂe&fbﬂ pseudorandom code

( se ?ngeﬁ grﬁnreg%\[ Ei gsel(u{gﬁRéwom Cé’a‘!(fg%]“%ré"g ai%&n%/ ‘ﬁagr\,(gf% giatvlgla The measured ranges
aﬁgs@mé tozm Browdonateasdleepieniresdiffaram, eadiet GRBesnaiteeldckston the satellites and

thERR A RASh &GP RRBESI 1@1@& sshi§ S Enb @Skt %e@&:elpecr% YR i@ Eﬂ%enlzed with the
as there is atine difference, or offset, between the

clocks on the satellites and 40 the clock within the

"GPS receiver. It is necessary to ensure that the

receiver's clock is synchronized with the 2 satellite
constellation's clock in order to accurately nmeasure
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pseudor andom code sequence transm ssion and reception

of that pseudorandom code sequence by a GPS receiver.

A navigation nessage is also transnmitted from each

satellite, which includes tine information, satellite
orbital information, and sateldite clock correction

ternms. For three-dinensional positioning a GPS 5

sl caastelletéayisi eleck inowdler gatagquiatelye medsgyn dhes elppseds Hing detfvgn 2 satellite’s

ﬁshﬂoﬁxﬁi‘d&l c%&@@%& tr@rlfsmﬁﬂ&i ﬁddQEbe;(tRSn of/thatZbeudd}shdbrh r(IE‘de (stqhence by a GPS
I Tensi ona

ch(:)e;lr(vgr 4 A nav1 atlto?] ansga% df g!%q }'rqném E?d;%ogr gar(]:férszgelllltal ! Iﬁﬁm éEIC%{dSS time information,
%ts]htﬁe)r'flf@lr infotyraien, andrzwaliterrdoco forppgon temon Fémhlaﬁdimyi)smam @ositioning a GPS

r%éeﬂ?@r r@&u)res bhr QQQM@ Eﬁ%ﬁaﬁl’%@ Lol&mﬁeb@&%gknﬁr% d? 9§§1ttoh %pﬁ' z) and time (t). For

; € P %: g recelven W t d Ive

tI""8 gg'iensr‘oé‘t’.h( Qé’i"’é‘l ‘?‘?“fgeg 1nge 1§, ’@9\’/ a“‘l tﬁrée @E?B‘éao‘%‘%“i’f e feguire t° solve for three

whktoemspfipesidan (8 bshy)uhe tidié (e @&- cothentbing icodeadase &PB)position solution is able to
Ll I,

RO o B8 i, B S IGHTAE Y Mres PRI BB b R i absolute thrce

dimngipnab(d-0) gosifin ¥ith BTGl ST IR, LOhIOREtEsan

deternmine position, velocity, and time (PVT) mﬁthout

'llql éo%(feglgénﬁla&od% %Qse(? %&’b gxosng tsgluglornoig]alq %I;tgl{oreng)ﬁsesoqu% w 1c can determine

ererore

_Hgggqnt velesitg ging, time r{PY'ﬁ) Wlﬁv@utajiﬁ‘erengag c@_rmv@nqlqtaoﬁgm reference receivers. It has

thepd@e BaGRAnblird 4 8 Feipld paint GhiBioh ka4 iniR aROSI t i oni ng)
Wth an established accurate atom c timebase the GPS

constellation is only capable of providing a GPS
Goareatignal Cadie tbhsed Riftebtal §1RS (tekvtieepositiondngdi onal posi tion

WRCH QtMistl a@cﬁﬁfe%xﬂ@hﬁl&ﬁéseltﬂ)e 565 gongEIxcﬁlr i® 'onl;r Qﬁpﬁb]é of ﬁw\ﬁdmg a GPS
to the corry tion of ¥05|t|on|n nals froms

r?fﬁljvgrwng E E}Fo E)Eﬂ:e& éignen H"%‘ilﬂf)‘gfﬂ‘]'@?y a%qxaggatelst E))to 20 meters. This is due
16 the pasipive i positickddgasjgnal{ Bym aph@nﬁliﬂoSsomtst(ﬂ) 10(1di;bhenc delay, (2) tropospheric
d%ﬁ]f %1:) ebﬂe el%l e%}( (tS 11 Qfite cl%cg() eérq:)?) Id#S %c ol nglgé &ﬁg@fﬂulu&@ Tonospheric

| 'ondspheri c e varyin
dgfay 'aiﬁe é@ﬂﬂ%&trn@nieléﬂwasﬂewéb\t ql?ﬁﬁﬁ'@fﬁ'@?ﬁl? ana\vl@ﬁ PipiRgfhrough bands of ionized
pPEiSISs iinfje tohd’sﬁlié@:hﬁbﬁﬁlﬂﬁndﬂelay RteZied de]@éﬂkﬁdrxﬁcaﬁbyl efecttddRgnetic waves when

las(gﬂgﬁ'r%ﬁ C% is lreolﬁ) AR IC1h“$errla 0S| % yEplhemerls er\;‘\%' 1%&3 %et{‘ere%cegbetween the actual

rie el 6c romag
sptplfite éﬂg%lowdéhem‘)@thnrprqdh@d biomrhteatrmlsbheli@eweEpmenem goise generated by
tl%ruﬁtéﬁtial blSctrEnh@ oflh ﬁf’@fe@d’\%ﬁ l\rﬂﬁﬁ:%f%mlets@ﬁal aeﬁiyu:aﬁsed l@@&ﬁilﬂeﬂ lighal reflections
cation .an

t
i ARG « S Bret RS rBR oF e Rl SEnSeerl gy over
rtléileeiY rhowt divahcee (i e.ctrs of kiksewfs). ShiRGans doeiwealifferdtiGPY periviers within this
pfo§nﬂ115] & §ﬁe%§llher%h%,e%%egmp¥rr$r9 qgis'ﬂ?e?e%rt?g Qﬂe to improve the spatially

reflections 25 in c]ose proximty to recel ver.
CoFR L S Ty i Ry o5 (e piectons A s reciver placed a
aceli-kiva leaiod v@iputes &1 iadumvipsytidstuge for elch tabdll@eSenbl it dtects. @Mken measures

K fe%:gl:vc{;l Egg&c%{n %1 ﬁo&%es(}ﬁ%agﬁtest Jﬂﬁl%ub{r%m th% agstuggae f%]udgg %esl ITom the received

I OXI one a n
respdoanges. forinsiferetisl grge COITFCUPIS for prel eafelitein yisys Ty referenge receiver then
sénfP ﬂl@ééecot'rlétﬂorﬁ pcﬁt dlglai Yata €0 the abrat REkiver kialanSIA rdﬁ%@ fimkJ STHAOGPS receiver

Slﬁ)st Ee% Ce 1?1838 é:()l‘\l‘/ﬂétrlons fO tPe‘ %feuecl{)ranggs &&e?urﬁ%gwﬁel SS(g&’afaitegﬁeS in view to the
T@@W@S’eﬁ hefers S@mﬂwm@m whten. Eoers eoauten sabpath defeteace receiver and the
GPb eR@ler bt cElB5I8GY §emo‘1etd RGO IR AR RS raked Bfor k&FRE MBFlas multipath and

Seudora es from 8ﬁlsatellltes and subtracts the
TSR Y T ERIY B B 5‘“‘%"‘? STHEUPEE SRS peasasea s ﬁsé%"“ accuracies in
theorder pigseerainfefesraanidhabablearifieodeiased cliffecntidl GIPS @atdtion in low multipath
cnabglehdte in view The reference receiver then sends

these corrections as digital data to the GPS receiver

via an RF data |ink. The GPS receiver subsequently

adds these corrections to the pseudoranges it mneasures

(for the sane satellites in viewto the reference

recei ver) before calculating a position solution.

Errors comon to both reference receiver and the 35

GPS receiver are conpletely renoved by this procedure.
Uncorrel ated error sources such as nultipath and
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40 3 Conventional Carrier-based Differential GPS

(relative positioning) Conventional carrier-based
differential GPS (CDGPS) cal cul ates the difference

bet ween the reference |ocation and the user |ocation

using the differences between3he carrier phases of

the satellites neasured at the reference receiver and
Eerventigng] Cagiesbgssed DiffaregiixbGES (relptivegatitoningt ej ver
Cﬁﬁ&xﬂbﬂaEdarﬂér-b@seMifﬂerefﬁﬁDWﬂS l(ovats) Qﬁk:ulﬁescﬂﬂa @H’feﬁb&sbetween the reference

eqQus,carrier sure nts. f
l%c thl’1 ztnﬁ?heesuser loca 10n usm tﬁ)e d(? {?%encesb?t\gge aesctarsrxer otJ the satﬁihtes measured at

Watrepe rechisergadhe yseaerverA (DEPHGRRedE e msmaed el known location,

siRBlhted ﬁﬁﬁ{aﬂéﬁﬁs &P Iﬁlﬁl lﬁé&!su?énﬁ‘eﬁts %rmﬂlsﬁtélﬁ@soﬁ’l&lewﬂ' @Rf€then broadcasts carrier

remen for. a lite Vi e
s e 15 camsnan &Y dhis G0 ot P bl 19 lspips ippaneous phise
tvreurenpols ifori ablrsaplitet imeviers end pubsequentdr conipbites # elsgeediffertroe tohdetermine the

150@1‘1&1" ¢t ltfe Saser ?egéﬂeyﬁﬁh Jeéﬁ&@%o' t@}efelrgﬂ@ réeber io@f{uop hﬂ‘l% %amer hase measurements
nmeasurenents are a running cycle count based P

FoPPILLS PFEGRREhAPIoR |t}FtD°BH‘I"é§‘@ﬂF“°éfr§h‘f‘rPéeS‘é‘h?“r s farme frequencies rom the
Gireguiine iBech chocbhit heniddeyB@PSusithe valud fivgn thEpretioue mﬁl'hplus the advance in

ﬁh@ge%hrlng% H:geﬁp%g 1s Q\%Hﬂ) ﬁ(o&nlﬁe rgc%fv eMBlJé ldﬂ} h&gﬁy Bl gy\)ar?cgﬁl carrier phase

ance 1 n ase U rmn
@m)epch isggtemingg by mfeglatmgttlﬁ:é:arflgd%qulgrrof s%wéthe interval of the epoch, hence

ek ntgatel CarittPaasadegmnce in carrier phase during an
epoch is determ ned by integrating the carrier Doppler
of fset over the interval of the epoch, hence the nane
Tha peey regaivst] caBapepsuesrtheragtinnal (PhagPlus ahSirbifasy mysder of ebdé Gweles of the carrier,

lﬁlﬂﬁn{[ﬁ?&&&[y&le&hﬁnef tﬁ@&ﬁd‘[ Qtﬂllflkrt ahase cﬁieyfn tﬁbséﬁ@’hr{gE %ﬁé number, known as
0

Cl es
P oy % Bt By BT SEE Ay ping cair
fhise intege pdbigaitigrefall i threg biodglentassek newvh nxghods Akeritig mbtegisrand geometrical
hfohe T@EE@'tQH]IUBrMI metmzjfﬁtdo%t 91%&%{& ﬁQ)UPYnté%Em@'cle r%@&ﬁlty resolution. A

Traditjonal strategies for reso carri er
tFﬁq?‘@’Qe]im"&’Hﬁ? é‘ﬁffi?‘]ia'é%g £ hgp peep deslopgrte @V%?Oé’ﬁdhecﬂ"a%‘é’éfaﬂe"us integer cycle
asbihig pratii) Btde; larfing] iultipli®d gndEitels0€lS canden &ecgamwecmalmhuy the GPS L1 and

Lﬁe?ﬁg(ﬁes) t-gl?(ﬁ’ﬁled btm{t ﬁ'g(glgdcg %ial %%Ee% eq?é?lcméve 1{@?1 1931@1%31516 longer than

I NS Nt aneous I nte reso
thearaiplengtheof tkﬁrfwwdwuﬂ\ﬁﬁlw F@m?%@?ﬂ}’ rwa@thy@é e dptogers enp dejaccomplished

Hy %@ﬁéﬁﬁﬁﬁgettﬁﬁnﬁﬁlﬁs toﬂﬁfeﬁ‘[ﬁe&ﬁhﬁﬂid@er |aiﬁ51§lg@ lof &Y GlidRr “lanes” formed by the

bEEIlT%’ © enc é)ali ]ﬁ'lg%s(ejdne n\é\: ga_tl( {elrg]léca %}e V8 Hgf: Ffl mtfﬁresaﬂ%ggui Le Sgiﬁg‘led to resolve
ﬂLezntﬁgele*mmm es) to forma beat frequency signal. This
beat frequency wavel ength is significantly |onger than
Tége wavel en ths of the two individual carrl ers.

ﬁ@é&a’éﬂﬁﬂﬁg for RS Jrgrs Bt e the Micsgiyyaad oyl the RF data link, and,
secomtyniel Igdkedl tingydeteshimgior setbiel osrearegeveebﬁlerdmatbmmﬂwﬁiﬂt of the RF data link
C S Tl at 5, 4 lMency. an sitio: Poor reception
Rk SRR ol o BEOSHes, AL toen) ala{gr ol Bsiiod RBRRy. b

f ormed ééq eat uency s
of diffrentigh & faysef by apica! ipkstyesiop gl BEh wYE o3 HeRRipoghich degrades
pbﬁ_loﬁel&fuﬁlbﬁdt bedt, BEISduMtLin thlalelinkthiREeindaisiogitidnt Ypdatd Beworst. The second
S?Etl‘:%b r o?ts (Elgﬁ&di]‘ts %l%efel%cg( ogglf%g%ﬁtcmt hgo acogYeLglcE%t lh%létplgn%t position solution
seless cf‘ﬁdlley ourt ylnowag ff mmlqnu (vey> deng ﬁlwp K2 GRS ases tatpeocess ipown as “double

d[f@ﬁﬁdey’eﬁrhlcﬁmiﬁmﬁﬁﬁ fhe RAENIVNEI6HK Rer @ fol B dé %fe%&e@edeiv&lﬁmg@e user receiver.
r}.g,re Al ns rgcl:elv rer egtl al data u(? tat e l:lgj‘at est % ? "

ey U BRCVNR Y ELFRET A5 PHRISTOD Y EFayr AR fie rggpe receiver position,

blﬂtet@&rpt Haeming ftingi Thie iseyrimpattand ift the ogeu Sedmiy, qnﬂlynslw,cmterested in position.

HBQ&IJ 'ﬂféhkeolalo@'ﬁggerﬂf”aﬁ bo‘aﬁ{itp sﬁéﬁkst%bggﬁsaveﬁpr{eﬁéfeitaf tg%any user applications
whi ch de rades EﬁpOSI tion accuracy best, and resul ts

“}"Pﬂ"‘fl%f‘&'? fer ARV er ?“ﬁr“’éec%‘ﬂunf%““ﬁéﬁﬁtﬂsoﬁwdbﬁa‘tf dmgd W&“’“ is a major
pibhlem g®ontuted with IODIGPE paiir argsystbm<CDGPS is the | ack of tine

determ nation. A conventional single point position

solution solves for the four unknowns of position (X,

y, z) and time (t). CDGPS uses a process known as

"doubl e 35 differences”, which elimnates the receiver
clock-ternms for both the reference receiver and the
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but cannot determne tine. This is uninportant if the

user is sinply, and only, interested in position.

However, precise know edge of an accurate system

ti mebase is very beneficial to many user applications

i nvol ving conputer networks arfd tel ecormuni cation

systens. The |lack of time determ nation is a major 40
Brewdlicpugueaiztioat ed with CDGPS prior art systens. 4
Beneflgppiobdd ulNdgorR GB$ hitio NI AtioR ﬁﬂﬁeﬂﬁ&&f getuRibabdd a@dntntation systems

sq-}P H-a ns%?%d«%hteg ri)seuﬁtgli €s can %tll’llCO]ﬁorated m{%ecc ve]ntlcinal (,%r ou %amierst{ased Differential

@%\5‘71 sygiems W@W‘p‘@ﬁ" &ﬂ@@nﬁl H‘!fGSt@G‘F’rVG Fﬁ“lfmis Thed eand-n cised as additional ranging
@lﬁﬁ lafd alJBQ§ElddaB ka6 @04 difdrentitiRRrSNHE BMBer Wt;tphl@dﬂ tAl@ﬂytlvely, pseudolites

|t| r ruct ur ui renents.
G Bt PREMTue] 5D PEb A8 Yerlyareion 7S g P Reventont cote
ehsdaGRY sltiont esingeat deadti hire@RSnsatedlites pod pees itendstetronadstme to a co-located
I%thlb]ﬂmﬁﬂsmlttél trﬁerdaaﬁ‘dcy %l‘ Me d@§ SHQQ&!S& {s @Snstrie b? &PS error sources including

%‘F@fhr oni, zed g@, I mebase. A GPS receéiver
iR e Gonesplirie WB% il HHRSHE!E Ao BB recti 4 Bejse: and multipath.
TRSaswhdds oDapprasinagly a4 tol1e@sihost@ois afsRGigaiiletlyl usih@the @PRltimebase method,
&mﬁ&lsmﬁlaggto%roﬂﬁoqggcmtah&:e 011%)’% % %@g ??&ﬁg &Qnetegsﬁlilsda%!:drgcﬁ is much too
transmtter. accuracy o 6 GPS 11 nebase |'s
‘i?@FF‘sfPfrPé?"H%’&F"BV“’%e@’r ror sources incl ud| ng
i onospheric and tropospheric delay, satellite clock
@arr[‘ ?lr -Bas Sdeﬁlﬁé it?.FG uséint Ial? rbmtrurl\(aa er "i"(s:e%h(}i?r noi se, and

ath. 10 Tife accuracies o appr oxi mately 50 to
qg@aﬁg%@é@éﬁa%S 13 feCcherq Fl@wlé‘&'s@m@yd Msthefofor Graer@@S Precise Code-based and
¢ariee PASE Posatoh mtemlﬁuﬁﬂ&fév QEsciitdt 8 cﬁffe@éﬂﬁdl %B@e%tldn%ﬁfl@\;ﬂe@gy a so called
‘al%glynrla%r,,ess K ‘:’;Lbé/ Ln the or dle% ré‘ of meters, This ok
accurasy §°8 HOEHS 2 HEPsler £ m%? Qrngion f,% Pﬁ“g’f’? Ber‘ie“'er or maxing
@%@eﬁmﬂgmms@pm Kerdumah 6Diirfef ¢ te A6)i Ehle oBRMnadsT pygpdalite can be described as a

M]Jf(ﬁ‘rwh Repudobddife & “ i-m
5. §§1051 T o Tt %dg}ggﬁéﬁ@gﬁf&t‘nﬁg}d% Oy v ommbmarker

PRy (PPEEFEES s Eiscl SHEPECHTF B PPhidecomponents ofcch of
thdsadon onrkEBetgearlms mattyqphast caesntrwitheSpae dltﬁetre.fc&ﬁ]hg &lunterparts in the GPS

sf;gmfﬂ Q @ lﬂgstﬁ 9932%%0%9%61 cue e?r ?l?alted %d*crn cnvegl2 'ﬁg ng ml:a%%’celves positioning

pseu ite serves as a c )
sEpoRoTRbE GRS g lies geskaleoiresaivesc edlpaiadt OP% Posmwarﬁggnals from the omni-marker

pekiufidiied, @idtsibadquin@N@mpPesiiifereatid] ifgtSmdafuainam® 6, |ines 43

to 46). The omi - marker pseudolite can be described as

a netaphorical mrror, whereby GPS satellite signals

Gaheas diffefentiat mettiod ofiminpfprehenced-forn traigionahdigiil datink, pereduized t@@onventional

ch@eMgl %Jr—@as&pﬁfférklﬁﬁl S RentsNBoRQ&! b Qhi-hB&E PéSfion rddNS must still receive
onents of each

bS(FA%Pg ﬁge OI n ﬂr%ﬁ,&{,ah(g{mgg gw;?gpl}tga @Q‘g@lt lyané(hlggaéurement Receiving omni-
ngddee signts alunt Wilt egpliot atrositidne¢ompitarooniisg feoennt-eknber hsst generate and

tﬂaﬁkmﬁthﬁdwﬁj § cﬁfeﬁﬁﬁlm(cgg%dﬁ% @r eelcfl B8S s %llltg 91 vof%) ‘m %Ple omni-marker

position receiver situa I n an over - aircr
C?%R!%Sﬁ 378 Expesb Rt SRR gthis SYORH A98iTe Yoty el l@laifaéwwswé%fmm a single
omnicmakes OFrRa e iy e)ﬁlm-zh:&lﬁelr gobied’ reCi\Br Pafirdsi @AbIE GheS kegdil Shannels of a

cgrfvgrmoﬁali]@ifﬂ? inldﬁr&‘gc aH‘ﬁI? l'{g lelcgs?andgorﬁg lesérbsequent Iy
conputes" erentia r%ge nmeasur e 25 Cohen's

dlff_er_entlal _ms_thod ellmn_ates t he neegl for a
Iiiil‘e&lditiﬁl Feigd MélisgHetalts ik 2Gkdulf T r&ﬂﬁcefv@qul"séuﬂaltay

Vteen? I\Iumoli%g 121 %%j to Sgeyndbiacf %rtlfr:cl etwor girctu{l Sr{s(gegftgr:s’\a/'%?cribes a differential

&b

CWPSWOHSIIGWM Whee@leti wworb@ﬁSh 0@8 exmtibtrdninittes” ) fground transceiver” pseudolites
sEEs cﬂﬁﬁéiseit‘or &laglﬂékn%rﬁl@loﬁ: Wbﬂs%o@regél\tef' for %}dﬁfﬁl‘elnﬁaqﬁgﬁmmlatlon of user
p%ﬁ?}% géq?ugwnj 1116:6 Ctt%l?’\g/}] &%&rﬁzﬂm {eg@?sa&{ﬁe u%EAP o) el;]e[?lﬁai coarregtgg tcy\f)vercome master
clogkrtiias fiGatioer s, ings 23 1g 8)endcline biasesl inBGiutaddp ﬂlﬁ‘gltoundnﬂnsvelféuhdrdware (Column

carrier and PRN conponents for each GPS satellite in

view, making the omi-marker conpl ex and expensi ve.

Currently, this would require up to twelve individual

transm ssions froma single omi-marker. Further, an

ommi - mar ker position receiver requires double the
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conventional differential GPS receiver, adding to the

cost and conplexity. 35 Differential Range

Measurenments using "G ound Transceiver" Pseudolites

U. S. Patent Nunber 6,121,928 to Sheynblat, titled

"Net wor k of Ground Transceivers" describes a

differential correction nethod whereby a network of

Sdings 38t §7 'mgirtgﬂy.ﬁ@ & diggssiniot 28 b Sheyahla's di@’p]@lmquethodologies and embodiments
hfl&i&S(QQi uveE Fecei@p ﬁﬂﬁ&lcinh @ﬁ)und&&ﬁééaveaﬁglﬁh aine |gﬁ3uxfcﬂfansmltter signal (Column
%ﬁl{p? é»lrl 2%%6: gl]fcdo c(ﬁ]aér{l 1, ﬁs t oergehcglgs Id%‘lffsergelgmnrgengu?np!eenrlaﬁtelz %ESTnHre%nsmmer signals
with § prqeng tscqiyvsr g@}umngq élyqqkﬂsa@ 1. dptvhe d. titse | Us 83)pfnd (iii) a user receiver

&iﬁérén&ﬁ@é%ﬁn@'ﬁa&&fv@ﬁs@énhl@ Ryvhic uﬁb‘rﬁ(frﬁ@i@aflg@ﬁltfﬁ{?e lﬂgl (ﬁffé?&lked with a satellite
Il ne

3 to
TR SOTBRA By Phee BF it 4AS e vl SHRPURA R CErln sdvance o
djff@entldd mgthedoBBiet kit &¢s wntacGoshewyor Giggebtiahigbly destrableA3stem that would produce
é@@b&m plitich sellilch&ih & Rlvin@ bos oA ROSRI AR SR WARS sﬁata{a%ﬁgﬁé?&e&
include: (i) a user receiver differencing ground
transcelver S|gnals Wth a ground transmtter signa
KrigodrusystemsSyill hdt Aigsy tBdk-df-arri84 positionl d@drminarior Jvithdut dequirtag dGIedst one of: (@) a

: Jh?&(gli yo%ﬁecgdnf ge%egrp F‘tﬁn@xglttgg'l e‘é&oH eﬂgun d %l;rc Hho? l'égtgdard ?t C?th transmitter; (c)

transmtter sig ransceil ver
grehopizgien oo QPé fwbaswr tf{)naomﬁ oy ¢f glifferentiah cogrggtion. ahafsfemutha) can provide
eatrd.ﬂlﬁ:is/r précB€ ﬁh&&ﬂanﬁraﬁ;bofsiﬁﬁﬁ@rﬁénﬂg Vgﬁl&ﬂﬂ&@ df rtl&EbScﬁJﬁdtr‘d'ﬁﬁs is highly desirable.

%ﬁ?l?%{lt en‘{;]vex\ﬁ:'h n ach{eﬁes 1ra?]%e ig?a na%lca?ydgrlc%mnm?g a Fystﬁg of transceivers
(BAgeaftey regerred @@k %leﬁl@llna-lﬂmfé@VlIeSi @s fEBF)ibedgﬁ@y nbl at' s patent
teaches an advance of differential methodol ogi es but

does not teach, show, or suggest a highly desirable

system that woul d produce single point position

GRIEUT PHABE INVENTIOVI ng position receiver froma network

of ground transceivers. 10 Prior art systens will not

allow tine-of-arrival position determ nation w thout

T gtesehy ﬂﬁtpreﬁeéblgfenm?éo giovidq anositfoning systqneany methpth ©F wplgg precise code

abe toweiem pliakea PGitioh t defernii@dioB NEithob Jhe adited tfQNDIG sitd]l NBterconnections between

'1%5 %@Eﬂmﬁwn£§0h transmtter; (c) synchronization to

ti nebase; or (d) sone formof differentia
correctlon A systemthat can provide extrenely
0% @&Iafsfﬁrﬂ{ﬁt 6BpecOf- tl&r[frés\ilmmv&@ﬁh id 195\11([&91 @klgmig&ystém m%&hod for making
any. of these constrai
precescgdetan?i %a\r/rgﬁ Chase 51t1 | eet%rgléna 9!5)3 Ellerng%# oégto%igltlmsﬁan%ards
chronologlcally synchron|2|ng a systemof transceivers

Itlxg yétl'!lq{uﬂfélf St Jf%eeﬁrésgfﬁ! ilvent B toaprg)\@& C_Iﬂogmn EH@&HI and method for making

él as, d scrlbed bel ow,

p?ﬁ‘s“l ?0 ¥ dafﬁ““i’fb‘] ésétp"%‘f""tdﬁté“‘b‘lﬂlé@‘é Rthquh e mesdder & 8“%‘ SR"?Y‘%P@"“ Satellite
Sastqpogmebaseni ng system and net hod for maki ng precise

code and carrier phase position determ nations

w t hout the need for physical interconnections between )
It Pt NPT bjecint the prstAnRYentiqn tojpeovidea pasitioning [gestemoRsl @ethod for making
peetisd e prdaseidt phaf\ViReitionOdetekBinddio R\ ithGut ahedRGirkh &N iofN @ifferential correction
té%ﬁ%§p1and nmet hod for making 25 precise code and

carri er phase position determ nations w thout the need

of atomc tine standards. It is yet a further object

1164 yet DfariRF &ﬁe@fﬂf the Bl\é%ﬁi Lh\Qﬁ]tlo‘h% dFoAMbEARIPsyRBfohié BRitBEng-Unit Devices to 2
code and carrier

n1an e e
SR SE e Foiem Setart e By thie FoB e RsomBod 1 or o
A obal NaV|gat|on Satellite Systemtinebase. 30 It is
It)ﬁ?ifet a 'ﬁ%t}%je& Qf e %)regetlt ﬁx&ﬁtldﬂrtg plopzack Y dnk OfndbRe Qt[r&l\éh gg)graphically
a positionin em and nethod for making precise
dﬁ%ﬁ%“%ﬁﬂ“?ﬁﬁ?@%%“ﬂﬁése position deterninations wthout
the requirenent of differential correction
techniques. 35 It is yet a further object of the

. present invention to chronol ogically synchronize

Posi tioning-Unit Devices to a
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system ti nebase, the systemtinebase not necessarily

bei ng of absolute accuracy. It is yet a further object

of the present invention to propagate a reference

ti mebase through geographically distributed

Positioning-Unit Devices. 40 @ It is yet a further

object of the present invention to provide a rovin

b ésretd Bher ehicst of de piiswhinydtiw e PoyicaoTipe posiisrcicyFotiS chronologically-

SOMANRR %S PRed gRIANGES, suSh Gl kAL p&kNGUE pRAE Rbsite@Blutions can be
hon Sﬁﬁ¥t ons can be determ ned w t hout

?Pﬁmﬂmeda"ltﬁ?& g7 #9 SRR WS % ction. 5 1t is yet a

further object of the present invention to provide a

¥ RV urkSdth ekt tHe %Fe@ény Blenidntd pt@h&m{’l%@%d r¥cewertw1th chronologically-
alt once

nchronous carri ase pseudor an
ﬁyﬁﬁhg’ﬁ%‘ﬁ CHIFE P, gﬂﬂ&tsr e ‘Et‘ 8nep FLsger 3&%’ a“}%t“ﬁgﬁme‘ BBt single-point
@uaier fhaxe pphias @lytiosdab bodetestihad twitbont hasid bisliftbedtal miraein.
wi thout the aid of differential correction. It is yet
a further object of the present invention to provide a
k wttrtgﬁlrﬂta"s?bteﬁdﬁ “F@Eeé‘tntﬂét’mwntth PISYidic) QEngRasien yeceiveiwith precise network
tinieAadfar &fisthetoni Nf or mati on. SUMVARY OF THE | NVENTI ON 15
The present invention is directed at a system and
met hod of generating frequency coherence between a
recei ved reference positioning signal transmtted by
suMMIe®s DF OHE INefiernence transnitter and a uni que
positioning signal generated by a positioning-unit
device. A positioning-unit device is a specialized
The arﬁsqt}einwtionciatﬁ'ameé aph systsmeing imsthodh pitizenerttimg reqency ggpoherence between a

rEc%fv&f ?e&?e%ceppocslttt)ﬁtﬁg] |s1§191] SR bl 1@ MRabthre MeERES ntFaﬁsmltter and a unique
Qsitioning-unit device_ or

. on q e h){ gl ning-u \8 10 ce 1sha specialized
p?ﬂté b‘éss & o%‘ff‘?ﬁij du £ RPEHEEPh dB%0 AaP Bl ‘H“gc'ﬁlﬁ'rﬂfﬁ’ P ©

tesEiver edpaple of Te!neylﬂ@anp Oseriréting refegpneerpotiticling isigmlsrfimmaheseférede transmitter,
a'h&ﬂe? B&Rﬁﬁn%@ﬁt' de i@ BGth. ZI*hg gt?ﬁtloﬂﬂéjumw ifrcdryd afeg gg&ﬁﬁﬂb Yosciltator. The

fset in recelve erence positio INg Ssi g
pP%'im&’[nE Vit fleyice feeelveniEiFrg e pastigning: mgneh@@ Iﬁeaf‘treécf‘u%?%%ﬂcy offset in the
rakivaltletkeise pRABLITEGENA] rélitRe PAS comMtd B3gHMSH Oncel @ FbqRency offset is measured,

t%déogﬁg %’ng%mft ﬁ&gth ed%ﬁéfs :? {“rg %‘éla? tgerf&)ke c?olék %% ]@Jf_t gm?ugp #eﬁwed from the measured

ency

- fsarsnayi ot rige twﬁlttomaewﬂc@ﬂtsqwféw gje%%?sat uniue, pesitionjgesignal, which is aligned

V\Gﬂﬁﬂietﬁle@ﬁhdjl Sie@Abl tR)ck. Fidtiefdbrd, ﬁte ﬁisin&{h%dumt%\tld% chif¥uously adjusts said unique
p051t10(r:1¥1¥ 51Cr}<{il é,t eﬁ;{l{lg l&eé- meaélére(k ﬁo'eﬁytlenﬁ(u g’ﬁg F(yt%(&&'ffqﬂg}tcg st%egﬁbla clock, which is also
r@fﬁﬁ@@fbtoztlée posidn Q;ﬁllimg lgq()gtntaied Whla Pl pastignitgymit rdewsau Setgequently, the
\lei‘l ﬂﬁ%ﬁﬁl}! atgﬁsteﬁ %1(;15(7%051{@1 g s%ﬁ’allj %Qﬁéﬁe@ Wﬁﬁ@@eﬁneﬂc}l Qe tﬁe received reference
ch i.s also referenced to the common oscilTlator

PP%%%?%%?ﬁted within the positioning-unit device.

Subsequently, the frequency of the adjusted unique

115J Q%réféngﬁ] ICHI dﬁ‘h FQ% the %n\f’étxtlog ntﬁed uteﬁ st]:@ralglg %ﬁlﬁg gc%ﬁﬂlgtt:d by an amount

he receive erence pos Itioning sig a

eﬁP@P@V?@ﬂm@WWﬁﬁWﬂﬂﬁy%#ﬂthe i nventi on, the frequency
steerable clock is adjusted by an anDunt equivalent

In %&@ %repe%ads el‘llqrbgéj 1énrt Ig nve eln %{tgjﬁ tﬁetaﬁ;élsted d.m lflls? pe()al mnmg sgnal 5 tranesgutted
p05|t|on|ng signal is transmtted. 35 In yet another
Irpfeetuﬁﬂlélqgefﬁféb @ﬂbdﬁﬁﬁ&lt d?fthetuh@ntioﬁ] \ﬂ%mdju&ai urlifd€ p@tliokisd &&hal functions as a

functlons as a reference

t
| f‘%%%ﬂug‘t‘?"éfﬁ‘?‘t?{:& S@?"E IF?g?th ?Sltt?{“ﬂ%\mnﬁlf)‘g‘fefl oni ng-unit devi ces.

I n another preferred enbodi mrent of the invention, the

uf Et%ﬂlgleﬁ@ﬂ;{rre%t &ﬁ%@ﬂkﬁ of ltlgclhveﬁl‘ﬂﬁpfht: Sﬁ%éu H@aﬁe%rat)lg lock comprises means for
éﬁ#UStln sai d frequency steerable clock by ap

DL A B sterahi derE by epplying pn qdditional fequensy effsgy fwe&re%etemmed time
périoft® timé Gleyp @ uniduetpositiantig siglabw t he uni que positi oni ng
signal . -
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7 In an alternative enbodi rent of the invention, the
reference transmtter includes positioning-unit

devi ces, Wde Area Augnentation System satellites,
G obal Navigation Satellite Systemsatellites,
Pseudolites, or any other deVvices that incorporate
timng information. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a graphical representation of one

R QR enﬁ%dﬁélﬂ%f #O leenﬁ&uc e Qéfg}gmcg mesﬁﬁerﬂﬁ&%%osnmnmg-umt devices,
i nvention, g?E)oraln a single referen

Wfdaﬁw%%qntatwno%ﬂ% ihﬂe@, Ctl?j)a]d\lﬁmgatfoaﬁ?tflve gystem satelhtes Pseudolites, or any

des ddvicanian feddride tdeng icfasatiand a  rovi ng position

recei ver determ ning an aut ononous singl e point

position solution. FIG 2 is a graphical

representation of anot her enbodi nent of Ti ne-Lock

BIOEPDHSCRgPTIONtdFerHy mamiNGsnvent i on, i ncorporating a

single reference transmtter broadcasting to a single

Positioning-Unit Device. 15 FIG 3 is a graphical

@ pt boeamphicdl aapregrntatimon leey endbadioehit wE RimedockTicepsdingge fthe present invention,

lﬁ’&)ﬁﬁfaﬁlgrtgsﬁ& feRRnR B KA Rer eréﬂ@;fs]ﬁdeﬂ a plu!raﬂl@fo POditRhing Oni@ Devices, and a
ce transmtter adca

e.ref
TBY“Eﬁ%gf 1‘t";f'f""&‘F""‘" BETIg AT ?Pb"“ﬂiﬂ‘f“t" W"E’ég‘”mﬁ‘?é““%‘ is a
graphi cal representation of another enbodi nent of

FlG "% Lg&ﬁﬁ@%@&%& St Qi CenMb&RER br TiRY.-E6tk 2 QBrdin %Qhe present invention,
i ncor por at | n%tfa refer ence transmtter roadcas%

PRPERYS 2SHe'e R gy perdrasing e ?anﬁl‘}r? °i“‘°Blé‘%‘Uel§De‘P—°|eG
5 is a graphical representation of another enbodi nent

3 i 1 i . other dimen e- d to the present invention,
196 TL aphRe &1 Qle%Qn‘t% ‘81{& £ 5 he LAY GRbIR he p

i ncor rat| n g/ erence transm
irRaaeRsticag rﬁf%enﬁ ‘%‘Pﬁ‘f’gtfeé fP’tﬁ‘qu‘Mgé?ﬁ mgalwh?ftl’ommaf&mt Deyices.
FIG 6 is a gr aphl caI repr esent atl on of anot her

adi nent of acc E\ 0 . .
i 8%316 nftl %r Ophlcal repﬁeé%llt 1c6r1r oa fmother em nae } "lolme- ock ﬁ%:ﬁ:;[%lg ¥oot}r113 present invention,

' 1@9@@@ﬁmg(avmgyce F@ﬁr@ﬁ@ h@@lmtlmélmahtae mtebm@awé’asmqnmg%b Device.

four Positioning-Unit Devices. The Positioning-Unit

vi.ces subsequent | nsmt their .o ni que . .
T R B AT Ry TR OEET A Ho S o theprogent invention
imcgmprn!glgp(pklrsﬂlty@ﬁrefe@g@mmmlt‘sxs twadceting ta a single Positioning-Unit Device.
satellite-occluded environnent. 30 FIG 7 is a
F%rlaphl cal _representation of another enbodi nent of

(P 1%5@1@“5‘6??6‘?%@}‘ “tfé"ofhﬁreG“ﬁP‘B@%ﬁ pf Fime/bork pesprding to the present invention,
ilchpatpar AWidgAsa POghéniaden Bgtehdn(WA ABViefeRnde etta@In@INE Groadcasting to four

PE)&%&[P%R ebe%@ a?l%a%éu[&gmé 811.1?1 h[geg%es SLIJ:SJ uently Ljranimlt their own unique

osI tTonl ng-

CB@WIQS@QHYWWWN“}PHFS ggfglmtq a poyiag ]pos@qwqun’prcw@ted in a satellite-occluded
et 0gi cal |y synchroni zed positioning signals to a

roving position receiver. 35 FIG 8 is a graphical
representation of another enbodi ment of Tine-Lock

F4& J oy ahirmyicel geprdsataioneod envtheri embediinént o, Timé-hepl rgvondiag forfle rregent invention,
u@%&ﬁﬁ@%%sﬁ&ﬁﬂéﬁfu‘ﬁﬁ)e@i@e RR%hle R8s Whhdca {0GfSe ot q‘l'oé?tlonmg-Umt

osition receiver situated, at the boundar

leine n&%% tD ot 9, synchronized
Qepigest Wi Fordtopips-kuit Dejges SB??E:‘W&‘E‘W"‘I%& iheir gyR H@q“EJﬁ‘F?“" ogically synchronize

phtiohiog Sgrals sequisgHobifontrecaimgmi t s i nter- network

corrections to the roving position receiver. 40 8 FIG

9 is a block diagram of Positioning-Unit Device

FHG S i fographicy] éf'é’fﬁs"d‘g‘ﬂ‘gj‘ of gothprempdiaa 9&%%% PEprding to the present invention,

incorporating two autonomous networks of Positioning-Unit Devices, and a roving position receiver situated
at the boundary of the two networks. The boundary Positioning-Unit Devices subsequently fransmits inter-

network corrections to the roving position receiver. -
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‘OVERVIEW 5 A Positioning-Unit Device is a specialized

transcei ver, which is positioned at a known | ocati on

and receives at |east one reference positioning

signal fromat |east one reference transmtter

Preferably, the reference trdnsnitter is another
Positioning-Unit Device, or a WAAS satellite. In

Flgshis ableckidengah of Positieriingd ¢hitRef ies hardovere, aprogiingitathd prepent invention.
signals, the Positioning-Unit Device chronol ogically
synchroni zes an internally generated 10 positioning

signal to the reference transmtter tinebase and

OYEREEM s its unique positioning signal to all other

position receivers in view The m ninmum requirenent

for the formati on of an autononous |ocation network

A gosgtomp%ggl{ Devigg isp seseialized, Frﬂ'@cewﬁr whighaly positigned at a known location and receives
@ hdagroad fb@lraﬂ&l Hoyftidijtig Glana iomed da@ obnfefoBfcaraBntier. Preferably, the reference

aﬁ e][ln E‘cﬁer Alt{og n#t ; egg‘g&l aloﬂ’AAg %ﬁ Shi Illll Ire@po\l{sleqo thg received reference

trans aut ononous
R‘i’é‘f‘ﬂ)ﬂ(ﬂ}gkﬁgf‘éls’c‘&b Apgitioniyg-Uniy é?eé\e?ncmn?@gaﬂbfowmmwc@u ity generated
pb&ﬁdiﬂu@rmgﬁdl ﬁ@#e&efﬁﬂicﬂﬁe;nﬁﬁﬁér&ih@lﬁhsé@h Dk 9Sts Wlullda @bHitiohiA@signal to all other
erential 15 correc r
pogfon recr?gg S anéer‘_]’VS?ln‘l trlilllé]lrl’lu% SI; % Fﬁme{l tgeotgrénaﬁ%ntol? ﬁne ggon{)rﬁous I?OC&UOI] network
i peaptéie PositiendigYnityDepites &hremlqglcalbn spehronizged dagnd sefeagce transmitter. A roving

ﬂoﬁﬂdﬂ rﬁ&dvem ViR oD fhe M1 ttheSYRERAGL mgkﬁl? Y th"&l AW Addwork is capable of

expensive crystal . oscil,
PR Bh i i it 84 P W R 8 b Bl ed o dftren
cPirestion. Hertherglomi (he cefaompbaowansmaitd? @sdiltaiop does getuaq:dt thDmbiérene stakslity of atomic
(BRIsRAS asarec{aﬁsdaghsgsa oft ¥ stents ARG bilowiddan Slestlfshv@ Ur{yétﬁ gscﬂ%s&r to be used

chranol ogi cal [ y synchroni zed 05|t|on|ng signal's
% ARG tehasy @hth?%ﬂwron nefRPTE al | ows the roving
p03|t|on receiver to cal culate both code and
aé f?eliaxlghﬁ!?eﬁ)q’ 2 b%ﬁ:p %%svﬁ(g%{a se?vré ag tm%{arﬂo 1ca§ l‘c%%el” for distributing
hou si cal tonnection
beegqlealcéﬁlﬁ Frgehegnized Exsvlpr@%% SI@WSttﬁ@utovm@mtm ﬁij’elaftroﬁliﬂt allows the roving
pokifidR redeRérdeLtdltRlaR both CHiEInd bm&&ﬁsmgw'&m%&ﬁ@[uﬂetemmatmns without the

nﬁ}%?[lﬁ‘(%{’ i) ?légllmff ftx%rso \r)c]vttgvle%lnPe()mC%lrm%ﬁ}gn& ?{é}nc ?318 -rl;gll.}{lnng afomic time standards or
‘ﬁﬁ§ﬁmWWW$ngdE#QWEﬁmeaﬁﬂgem@MQM®§mpreC|se posi tion

determ nations using code and carrier-based single

poi nt position calculations. A plurality of

Positioning-Unit Devices 101-1 & 30 101-2 are
SYSSEMIANSMEHRIOIKNnown | ocations with respect to a

reference co-ordinate system and respectively receive

at | east one reference positioning signal 102

Fiff-d sbrea See ggyfisyratigndoyaPogiiinaing é?%méhag ECNETPIETREGFISE Pasition dptprminations using
codei a@dh carSer-Bds&IsiRRSoint pREGH ailcuﬁtlclﬁﬁlm/\ﬂuﬂam af Podifionmel it Devices 101-1 &

IEIIGE' Elt%ﬁ)toszl]io?letﬁat rkg(%% Pa??ns w1thor<r=;sgé o a re§e¥e§1ct:eecoguﬁa'l qm{fg% onsde respectively

celve ence I onin
reist £t lesi ang radninee mé\vlpmma@llm bgpad@st-bP at leash g refexgpre tmsmmer 103,

WERA & dlk0 |p6Hd:|ﬁ‘m@QiSh chjlerﬁlld&&wﬁ IwGHA aésﬁeéd{tgénreker&cé&fm&natmgtsrﬂ In response to
are C ol ogi cal S Ze ere C
kil erer ool R F ke Erte d sl BB Yot emsmic one o

et unigue positonitg pgnalh a0k &WMR, whicldev clve®logiddly Fynclrodized t&the reference

trlxgﬁmter 108CRIrMES pbffoR rRAGS 1650§iu£tkmmﬁ}&h§de%ﬁé oF ai2s 1019Mo01-2 & 103,
e ref erence transmtter 103 and Unl ﬁ03|t| oni ng

reé:FQjEﬁ &5 genci@&mcinng Sfezﬁs glzfﬁioglrwet rﬁférepﬁ %SPE‘ﬁIi a %Flfque pos1t10n111g signals
18RV kClg-2 Ko h-tHe BsifiGingA nitdhelicaUiDn @rbus, ghdcaaﬂom:lﬁio(ﬂlseaﬁculates both code

a.gigéa%f?%?é% ﬁ%o&?%&siﬁ% dQ?ra'thlc%i ﬂ% eﬁr%{v\n)hi aoc‘?l}ok 1 @cally synchronized

tern1nat| e net ronol ogi ca
POSVBIAE B#RY-ed posi tioning signals. 40 9 Tine-Lock
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Ti me- Locked Positioning-Unit Devices synchronize to a
comon chronol ogi cal tinebase, which can be of
arbitrary value and have arbitrary variance. Therefore
any sinple and inexpensive clock source, such as a
crystal oscillator, will suffi%e as the reference
clock in a reference transmtter. In the preferred
Hmeddilnent a 5 tenperature conpensated crystal

BEeLbdkat lQ)Eltl&nTmt Iﬁrllcég%gfr{c%miesto H%@ﬂnon%hronologlcal tlmebase which can be of
PQSItI nlq?h % Devi ce fjrst g uires a ref erep 3 )
?15:}% €.a aﬁ% & ttrlalg ﬁrflrll?ac '[['lbeﬁegc]re ang Hlp@é‘ng PespeRstve glock source, such as a
gwtatatillatd, will sagtice bs the iefylzhceclofisie b rdfarama ttalyenittek Nio e preferred embodiment a
l‘glgpe%ﬁl% E@Jp@lﬁatgif c&J&ﬁ oE&lia@ﬁ' ?’f@)@))t Sr%ﬁép it L&B ﬂrllq)sxhgh%g-Umt Device first

nown co-ordi nates of Posi'ti oni ng-Unit Device

aFﬂa‘lérest‘? FrisTeB e ensist p?ﬁF‘P%“é& Slﬁnélk@él cplFRIS @@preq!ind fime-pleffiett pset from the
iprepagediiaes of thmefeﬁbﬁdeaxynsﬁmem mocedwnbs,a-otdnﬁtef &fftiy B hing-Unit Device.
ﬂg %ﬁnte IOP ﬁ]i lﬁ %ff?e't gﬁ Qh(&nklﬁérat h Y %bﬁ&tgt Bgu%rp dtep)? F%Qr]ﬁeﬁ&ﬁ %g gxe reference

ransn1t 0S1 t1 onl ng
ROpaEne S§P3é (Y‘thfl% ﬁrﬁm frem \Wg\;@fgreqcp ggig{nlttarpﬁgrt@(i’qqﬁplgql%ﬂ@qq@ewce In free
sPRE, € ElecRruiBgyetic higes a0 pEeescly Nﬁé( tmetet“ R@ery three nanoseconds Next, the

Unj t vice ﬁL
IP ?ﬁ E.DFCU;]IH I}gwce a 11e ?%Per o set o an m epnal C}/n%eneratecfJ osm?mng signal and

{'6 ah° PPETAaI posi ng  si
adipng thig ppsifiening ﬁg@ﬂ frothe tmcetnma gefmngm a¢smpmng bignal, ke rbringing the internally

geﬁ'aﬁd%%%nﬁ@ﬁgxﬁi iﬁt@'CE}Gnoﬁdgﬁﬁlahgnnkﬁ%h lBde |r5f9'bl{d9tr5n§€1tter Specifically, Time-

L0ﬁ 8&%}'1388%/ \815‘%19 0% 8‘5{‘?}%&?‘%\?&%{"%&? iﬁlg’gﬁﬂ‘i{f %?%lﬁ posmomng signal has frequency
colegameenivitht aprincoiBpe e¢férerca pésitioniily signal, hrglodirongogimahioberage witle the reference

BnPRe} thBALNg- Unit Devices' internally generated

positioning signal has frequency 15 coherence with an

i ncom ng reference positioning signal, and

Khfeenelpogicdag sigahi trennitedWit h ratlio drequeiop r(IHT) eftrier from a reference transmitter.

IthE Q%Eﬂcé k@?!ltlot‘dgg%gﬂzﬁa 8rg%£e?zrte%n§§n R olr]Hlen gou]?' ch may include

ra reguen arri er
FasifangUish Beviteh dHidhter Agmentrie g Sﬁ@be% Gishl Aguigation Saclle
Stt@lﬂ &kNSS&Eht&]I&esQBd&ﬁfoﬁﬁaﬁ @r fn‘nyﬁinBlﬁz}ﬁoN af Vz{ﬁd sbui®s. Sﬂé&f‘rﬁl@ now to FIG. 2, a

P t
Pﬂrnmnm%rﬁaﬁl de¥1cet Mﬂelo QSI k(lb&glgl? S?gl i g{nl I fe erecilge%tr%%1 er 202 receives a

lererice) a@snr@mn§ag1@l 203t @nsm?@t tnthq GRBBYc watnaiidri 208 sThe reference positioning

s%ﬁ*ﬁ lea!s & ©frier Q&m]ﬁﬂéﬁt @Q%ﬁ%ﬂd@-ﬁn&ﬁn 6634 doth Stiek! Siﬁ% data component. The
naqw Posi tionin ni t

ferr
PSR G196 10 MERGREHF SPGB0 LT e ot 205, The
pbitin sxgitet 24 iRGRbk ef@ieivdg pasitionieg Sgnala rem plbefeten@rposiigpning signals in view

263 gﬁlzﬁ:llso%gﬁtloiﬁfng Qig'lmstf;oﬁpl,ts% l&clgtgd ﬁ‘aﬁgrﬁ&g &P? It fe?({(}ﬁggit& {h€ Feceived reference

. he reference positioni ng
P&%H"F‘i"% pEb A oHe REsttioRn i e S S0L BRsST riciorFFlsg dlve positoning signal 206
fiomnp animiter WHOvhachdadeeeived BPAE BoitioniddigniZDevice position receiver 204. The slave

oFRR ST B S RLERAS 3aB . i o o

cpreronanl- dhe Pesitiehipgb/nip Davigespositipnatstetren?04rrecsipsy dndgimultaneously samples the
reﬂ&&icé Iboﬁﬁd)rﬁl& sfh) D68 ffonf thORTeRhde ubRheleits @nd}ﬁbsdlatvb FY3iiBIng signal 206 from

n vie and. also tlon
oF R DG C o ANSio (0838 P SeBUHEE by e recoived
refdnrency posisionieg sigraf @93ecardethe pogyet!isbme ptglt@mgm agnalz @®. Thé@ansmission time

.dﬁ’@éhaelagrﬂgemvtﬂéwfmméﬁb%&n@ms ARG5S a so-called

sl ave posi tioning signal 206 fromits transmitter

205, which is received by the Positioning-Unit Device

pa8) Comparing aled \eagraRd 4carrieh ephssk a(W@)Bﬁeqaﬂahmtsodatamgineci dgiom| the carrier
206 r . [ -random

| COdetg%gﬁ%gﬁz{ﬁ thee Fer eg&@fpg&ﬁﬂﬁmg @1%&2 %ﬁ gndo%g Usgage 593%919% signal 206 to
POS|Pﬁ%ﬁmﬁgaﬁﬁ¥?“E%WY@§ﬁﬁB§lt|on recei ver 204 receives

and sinultaneously sanples the reference positioning

signal 203 fromthe reference transmtter 202 and the

- slave positioning signal 206 from the co-I|ocated

transmtter 205. A transnmission tine difference is
then cal cul ated between the received reference
posi tioning signal 203 and the received slave
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10 (b) Denodul ati ng and conparing the navigation data

conponents fromthe reference positioning signal 203

and the slave positioning signal 206 to determ ne a

coarse transm ssion tinme difference. (c) Conparing the
pseudor ange neasurenents detef®ined fromthe

pseudo-random code conponents of the reference

poé‘i’)t pglpﬁdpllgtmg p@h:g‘npazlggthamlgptm dagh eppeponsas frem gheirefggence positioning signal

Si gnato32fand &vaﬁfsiﬁﬁdﬂg@%nﬁ Zméj&tenﬁmpﬁﬁ%@@ﬁa@ﬁgﬁmn time difference.
us carrier

di féf eé en%r?n n%ﬁlf%gr fng?,s BIH gs c‘@nSt ae?&%pne ??setglf:--random code components
corrpo@fehpt IsferGGCfe pofiéoning Signa Aeanp dwi stavopasitigning ggnall 202 @Bdetermine a code
and t];ggldgﬂa,ag\g@lf@,@@et ioning signal 206 to determne a

r e difference. 10 For precise tie

ﬁé hﬁ?%lﬂ’r“‘g%tﬁ o‘HS‘acS‘fa“‘i"HSecagPraR}‘é“&f%ﬁi“fefﬂs‘ﬁ? ?F&“E‘Pij‘r%m hpgicpcomponents
t he r @ftigrrefree positiosing $igrel 202021 the steb @edtioning eigsl MGad determine a carrier
propagaligR. Al ay between the reference transmtter
antenna 207 and the Positioning-Unit Device position
recei ver antenna 208 nust be accounted for. The known
Be pedetine &incldomidanoetht flavaPbs@iotingdBall200 M thelréf@rerdce frRkiRiAG €02 timebase

él% o E}ltﬁllrpécﬁag%%{lonadg 29%63291 re!:f 93%&8 ansn? &estantgnna 9(97 agljil1 {hg P?QﬁiomggeUmt Device

ecel ver antenna
ROPIEMAPCetvETABtepsfa 20§ upsh be dggouptpdior. oTlmknfmn &emn%ﬂ@\‘ diftqnpe meters 209 from
8¢ BleRN&alhRARH a@fnnd 2ONS the _ﬁhﬁloﬁﬁgxbh]it Q@\i’ltfégaogl@on%eﬁrer antenna 208 can be

c?&v(sjrtedaﬁaz gl%na tgng]egr gloggga etiet 8ra1u aetlenFee 3 &Iﬂéh C%%glieprﬁ%lcof Péi\lt( The Positioning-
rgispavice A Inigeogioiates @etwr@etra@mut@ tibck AMhewibdr ¢ae bt djwstet @ fr¢geency by the

I%Elgﬁﬁrﬁdjntt TRESNETHT 811, ’ﬁleQ&jfect?olaQo {h§ stge?édq{amnﬁt%g B 2188 determined by the
Posi t i Unit Device fromthe tine

R e R N A o R S A fsTeiERca pagiigpine signal 203 and
tROGva pditionitgesighledpe whiols istma@smemgy tE gdi’aaiomﬂgﬁm\‘/\hevﬁh rdc@iver 204, and offset

angé}é fe%e%s%g}l%gps%%hltt rUf ' Bt%bt Tl%egllmﬁg e %ﬁ@é gcﬁftmr%% gignal 206 into

ren e positionrng sig
dhyopplogispl Wlfgwatlzwth e iroRse frengRitend2 Spebgs. p os i tioning
signal 206 into 20 chronol ogi cal synchronization w t h
]t(§l| ﬁ?oéelgsfe %{: I n?e%ﬁ;ge f? rsetlé:rt]een;e@ ger r%gz%otSItlonm%a&esllz;gp oﬁlp%le
296 glinipatey ﬂterPém%qnaraéan &svied ropitiongressiveprrddek tepro,Ghesby mlwaltgethe Positioning-

Uit®eResiol k@fﬂl](ﬂ\gﬂlmfeﬁen@@ﬂéhsﬁﬁtepﬂﬁ |t1§n|el§l§]e \filﬁl@ﬁ'&ﬂ}eﬂocﬁ Ib@?éﬁused by the local

o6 P PRORG Fle Y SRc e e gty il sme posidn

rggeivér G0H climmptesdng cdeeitrr Bie biiaoresulp Bajaytchsed hydlzlpodtin receiver electronics.
Posi tioning-Unit Device oscillator 212. Furthernore,
di fferencing between two channels of the sanme position
GoagreSiadss 0%3"3&01“% -Hai BeVictny receiver line bias or
Iy g Urefeted aynbodini e dPdsiyiortintpeUnOBdvicksOMinfe @& Wefeference transmitters using the
f%!é)%’ L bl%?&e .Control States of a Positioning-Unit
I Ce e preferred enbodi nent, Positioning-Unit

Devi ces T| ms Lock to reference transm’tters usi ng the
S8 of okds@wi ng control states: State 0: Reset Reset all
I%Saé gvp e 35 State 1: Acquire Reference The

05|]t COnt | ng Unit Device CPU 211 initiates a search for
a reference positioning signal 203 by the
Positioning-Unit Device position receiver 204. 40 11

Clave 031 10nmg signal
I dital

State 1: Acquire Reference
The Positioning-Unit Device CPU 211 initiates a search for a reference positioning signal 203 by the

Positioning-Unit Device position receiver 204.
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State 2: Lock to Reference The Positioning-Unit Device
position receiver 204 acquires a reference positioning
signal 203 and reference transmtter 202 position and
time is denodul ated fromits navigation data conponent
by the Positioning-Unit Devid¢e CPU 211. 5 State 3:
Synchroni ze Sl ave The Positioning-Unit Device CPU 211
Stete 2:d-ogkgo Befergwie f or coarse tine alignnent with the

’f‘li:éfP@{lﬁfﬂﬁ@-Unﬁ 9&1&';)9&105‘ gsc§{reg B ach@Yd Ddfelemte pgsﬁkﬁng signal 203 and reference

er.n | ock generator is
ff{?p ?@UF"BS}"%aH‘gt e?‘f wlatefigroly ity paviggtion dafp f‘i"ﬁ’P‘?eEFé’Yﬁeé’\‘?ﬁ“"“mg ~Unit
éyee PBYRLL oni ng- Unit Devi ce CPU 211 determ nes an
appropriate and uni que PRN code sequence for this
particul ar Positioning-Unit Device 201 and assigns
this PRN code sequence to the Positioning-Unit Device
SttahsSynthraize 8@&. The current frequency of fset for the

@ofﬁﬁlﬁ&%% Lﬂlﬂdbévlcg& Zﬁi »géqtglt? aﬂ%\b éf%% yl%e ta[’?gé‘n@rﬁ w1§1 the reference

sit1oning- Vi ce O0SCi
RREEINg SignA @a"tgw@n PESGOMP ORIt Igingl cbéwewt@f%@p diated by the CPU 211.
transmtter clock 210 by the Positioning-Unit Device

é§;4%h%dml§%s serves to initialize the
Sition ng-Unit Device transmtter 205 to a

The é’qw@nmvah BevigeCPApHIL dterminiee inyappigpriatoamd urignetPRY! code sequence for this
}faﬂi@ﬂﬁ%ﬁﬁfonﬁﬁ Uhld ®evif201 Qr{d(hﬁslg%)ﬁﬁstFR@Ionﬁkgseqiﬁﬁcg RAthe ?@;@ionmg—Umt Device

The Po nin ce CPU 211 al so, .ass
B R PP BRSOt £ D B U e LB ptive (o the

RokigoniPgd nitilpricngreilinet21Day alpeasposd tol thnPasisicengrénit RO#e siddnel transmitter

c']o%l@ Qi OVI%/" th& p@ﬂl@lﬁhg—ﬂ]ﬁt I')er‘}icte @{.l' %4F th%Qe tg] mqtﬁﬁzemsm(mmg-Umt Device

qtﬁencszl fset and pseu or andom CO E ase val ue as
533 tP Bﬁie‘ﬂ’@“%l‘haft Is pRpEAxEnately theyRuppy t{"% equessy ofj the refergage positioning
sigpal 208 The Quditdoning-Unkit DkvidehEPs tHVz&sope@SgnE ittf2iefaghitel PRAI sefdfice to a free

%ﬁlvgrgomlﬁa% [h.e ‘%Qélt[égmt%’[}lae p%ﬁtmng %r 29%~I jh% rg(!elvgr chgngfll is initialized

SItilonl ng-
Withgthe ﬁ?‘%esff%l‘#en@f offys ang) W@Oﬁwﬁ P‘@ﬁlph@e ‘@Pfg h?athe Aogtionng-Unit Device

st 205, LAGﬁbH 6 &d &qﬁﬁﬁ)nghﬁhe Hesiphditaing ggdahiﬂﬁ b)Dmy Pd&iftioning-Unit Device
pes(%&on:recglr\{?rkglg g’#ha A é).T.ItZ 026% lUpué %Jegfe ﬁuén l%lgt?r % ﬂ'al}srglssgfn éhsill-sﬁz\éfg positioning
sRod 6. oni ng- Unit Devi ce position receiver 204 acquires
the slave positioning signal 206 and a coarse sl ave
time is denodul ated fromits navigation data
conponent. 35 State 7: Reference/ Sl ave Frequency Lock
Stecs: 8&quiné $lareous i ntegrated carrier phase (ICP)
THEARKORREOiDN L poilfh rbeBf B8N B BONA IR a5 i Uidnal 206.
sl ave positioning signals are initralrze

(zeroed) and differenced by the P05|t|on|ng Uni t
Devi ce position receiver 204. This differenced val ue

f he frequency and phase difference between
S%ﬁgiﬁéﬁnégnie posi tioning signal 203 and the slave
ThoBesitioging-Hejt Bivipaapsitipo Geceirer 28h paquires [hyoavanbaskipningt sigsal 206 and a coarse
sR@SinteliOdinBhIakHA irbm GlEMN B Rioft GatdBpenbd, conti nuously
applies corrections to the P03|t|on|ng Unit Device
steered transmitter clock 210 to 12 maintain a zero
| CP difference between the reference positioning
s@ledN RefekAd/sBNOFLfiEncy LAY E POSI tioning signal _
The simultaneous integrated carrier phase (ICP) measurements for the reference positioning signal 203 and

slave positioning signals 206 are initialized (zeroed) and differenced by the Positioning-Unit Device position
receiver 204, This differenced value represents the frequency and phase difference between the reference
positioning signal 203 and the slave positioning signal 206, A control loop within the positioning unit device

CPU 211, continuously applies corrections to the Positioning-Unit Device steered transmitter clock 210 to
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206, thus maintaining Frequency Lock. Alternatively

the received reference positioning signal frequency

of fset value, as nmeasured by the 5 Positioning-Unit

Devi ce position receiver 204, can be fed directly to

the Positioning-Unit Device siered transmitter clock

210 to create a so called "Frequency Tracki ng Systent

HHTE) 2 ZTHIEP difbenedetvranimiiter poltiogks sigd Q03 indieysiave positioning signal
RPUhATBRE0LRE FlehReyeogy of fset of the incom ng

reference positioning signal 203, thus maintaining

Frequency Lock. This nethod requires the

Mosiativelynihn gecbjmédt rePeanteC posiidaing IsigbadrfregiikReyt Gffsbie vah@ 1D Mneasured by the

IQ)@lElgiﬁ%nj_mt %%1'&:5 f)&)ﬂo f%‘c"e%ley %4 %gf]blf_: 2&21%11%)5%@2(?‘ g;ieg’%sgﬁo?%g-%nit %)Qvice steered

. Reference/ Sl ave < .
tFQé?“@‘Feé Fﬂe%/zﬁr 19 §eates W galke E:"ifeCLuatsk Tireking Shitesyy 4T Sp-rae stgeppd transmitter clock
z:lb fsifn@lyemﬁl&eshﬁd M&Iﬂcyt diRet meﬁlemaﬂﬁ@ reffegk pdsmﬂﬁn@s@higna lthus maintaining

c@en gcm?( hﬁns me%ﬁ r I t Ie%sxp (?1 q:ﬂcwce osrzlﬁa%or 79? to be common between

urately measur ed.
HR&*F@FW@PQ%@/@“@‘H@-Z%CK |s achi eved when the
P05|t|on|ng Unit Device steered transmtter 15 clock

5%% erence%ave}:hdeL equi site anount of time to bring
e ST EPEREE® 56 8 ave positioning signals into PRN

- QnoelStatgl T Gelmenre/Slateh Erequierrs - Iobk fisl achiated Vel thee Aifforeics hgiweh the reference
: ﬂoﬁndﬁin% 8#8hal ﬁfﬁn@@%ﬁ@@&mﬁ&ﬁ%&%ﬂﬁ@ﬂ@!:aﬂ‘é@ a@cln%ly measured and any time bias

g ec[ renove t of the referenc

PER %ﬁf’%‘:égg{’? bogle &8?‘%‘;‘7 achigyef ViR ﬂ%?aﬁ%‘ﬁ?“él’ﬁé@“t[?el‘i’ée steered fransmitter
C(thclﬁ fHriersiceditle redulsaarsgupd df iche as bring alleoetkrenre mideddve (pﬁmttommg signals into
ﬂRWcoBQﬁl'n&fn%' ﬂg tM@'off ﬂ@ﬁt Yafu€ 2§§ & s&fjtot é@%stﬂg Itnga Slred e% ce—slave time

clock correction is achieve enga

dftffeéf‘é}ffé?]@w‘?ﬂ};@ﬁ?qﬁ@f ﬂgy‘gfﬁrélffﬁ Elgﬂpg)ropagﬁep (Ebblaw th@cagﬁlated time dlfference is
timel Apjilied mad cli20 chricripu &6 ty P@s‘ltfosﬁgumamm sﬁ&r&ﬁﬁﬁﬂmﬂer clock 210. The clock

c_tﬁ%e%go%rqa gsl;?é’ved: %?&%\% 1Oth£ ¥e uaen ‘?ra &glr stem ?l;":?é%%fi %gpre)Ing an additional

uenc
fisersnayi QSfitrig thei spomsd w2oBiten °19¢ke%0| fnr + iredeiaamined tip, poriod. This addiconal

fﬁ@&@d}ﬁ}ﬂ‘s& hid®s the El@\re%&tldﬁdnﬁ Blgnai b o6 Qe mene ndlitysdHet LR coherent with

S
bR 5B ebh Dyt Rt BhoPy e e gy et
Adigmatlyely £iohd-leogle chn lyy adhiceatibp glewihethPBwsitivnigrlimigPeiies tranBeivér@8S PRN code
ghilebs ik e gﬁ{m %Q&HPAR%CI@ (cngswﬁlas intfil} Fr&PHePLIcR.

amount of code phase (chips | st maintaining
Frequency Lock. 25 Code-Lock is based on PRN code

Cadeluireln dsy basedhonc ARW Sodendveuran] Wiicin @i sherendlyn ndidye p tref pefered embodiment

s%{g%grg IP%EBEm ﬁﬁi%évggsaﬂl%%ﬁggdro?% @?E %}%C\I&érua{negz%ﬁé féget a{ iel ge r

to a su

Ref erence/ Sl ave Phase Lock 30 Once State 7
SB&fQER&&é‘rﬁé/ﬁh\a\PﬂasFL@ﬁuency Lock and State 8

g 9?%6{61%{10%&%\'& reqeutellfffgt(i‘%ckaz{n %e mcge}r{’erree (q’ci/%lave f Eeck fgdlchleved two

ﬂ@egrr@estﬁlhas@ dptynugUbet oprrepted; (1Y Q}Sﬂadegrﬁmléwwfambigmgmd (2) a time-of-flight
pRheseof fset. (1) Correcting a 180 degree phase

anbiguity: Data is denodul ated froma PRN code

positioning signal 35 using a specialized

Phak €olrestitg-al 180 egrevveliake darbipwity: i Datatihdemadulated $rom a' PRDISDdepositioning signal

LOOp using T, ec%&h@ﬁasbﬂ@& Ltoﬁﬁ W@H R 'M@Er?&t | ostaé Loop”. The Costas Loop

i ncor por es a 180 e ree ({) ase anb gw ty

t hor &PBYARe B BEATPAEies 48 FHEYPHAIS AP R BT Gefogfa weire and rack
Wi t h pesitlosihg sighyle ivish aliﬁlﬂcgd]e dmpiguihh iTkis ko clcanbligaitaidibaghts dnyapproximate
repr 9 1 o§ec%ﬁ %)irfsgi?(alt %ﬁz Tge%ostg 153 aengbci) ug%gan%gregcilveﬁ Ey reference to a

at 2. stas Loop a &u e reso
by r éﬁéﬁteé'ﬁ’e?é‘ fegueace ¢ Ghebitr Ainpral éﬂéﬁﬁ&bmé‘? pfpregably transmitted in the
bi t S pavipRtidar &lal BmpRbR ¥ QnsiiteRSwithinPihe BIHoL netlvbrR NS $he Eostas Loop

~in the 40 navigation data conponent by transnitters

within the | ocation network. Wen the Costas Loop
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13 anbiguity is resolved, an arbitrary fixed phase

di fference becones evident between the position

recei ver phase registers of the Frequency-Locked

reference and sl ave positioning signals. This

arbitrary phase offset is duelio the arbitrary phase

of the slave positioning signal and is adjusted in

t he faoibigoy mgesolvedy af @pitriye figed phBse (dXfere@crr reemrieh mgident between the position

Ti me- Qfeived blﬁ&t reE B§'§ %f %fFﬁeﬁﬁmeﬁoﬁ:ﬁe@Q&fEr@rﬂ@'aﬂ&Mgvle%osmonmg signals, This
time-of -fli I's _present due

r ef er BHE® H%Elﬁ Ctﬂf) SSH ‘Ha *°§'i'egﬁﬁba‘ra%ﬁ=haﬁ 55 Flavs PaSétroagvg E}&’tawé‘é ff adjusted in
t he rigd olienestep(Abdow.tt er antenna 207 and the

Posi tioning-Unit Device antenna 208. The geonetri cal

di st ance 209 between the reference transmtter and

t hé& Porgtesting himsept-Ehight PhessAiee: 4 etignal-ovelp e alflight phigee offset is present due
numben tefrefwiod postiatiig s@hal ®y054garson Hllay( Belved 1E fég:&hce transmitter antenna 207
conp Oﬂg ﬁ1te )Posztlo;)ii‘n%-’e}n}tl ?f‘? (‘f t@nn%ﬁ&g’] ‘ril{l %%gmgtrflc%‘; ﬁhs%}{l 5]9 (between the reference

fractional
of f seftanjmitter prsl the Rositipngigd it DpwiFeccam brogpreserpedzps a ew@m @dvhole carrier cycles

fr ]E)m (ma&nt@ob‘&hp&ﬁﬁlmﬂ; piaah fradtbrial A cREL YRR hS component) 214. The
rerer e n C ? 1

ans m t
Posi t1"5m) n&"‘ s Vf’ %‘%g cﬁ ﬁ‘i’fé %gt%%‘ﬁoénpf“ﬁ? &g fhe known geometrical
conpohstante ]@1]?83611 the cafgreneg traveinitter antgmna S0 A erel Be Positioning-Unit Device antenna

Ref ergpasd Slegdt %on%géﬁf 319 Gkor Rl Qe S@e&eﬁg lﬁefergl@éﬁﬁvle }@@cﬂ: Lock control state
above %g Eractl nal qgﬁonent 214 however, is to

F i ne 4TIt ohYyPr 06 Paoreh oqResea 216 Bovsvors Rafaf e e th Stat 8
Code-Refeoducegllavt €odealialk sratg tand hedt efefore lrecosanddas b egri@phae adjustment.

carr "1%5 @%ﬁ&@y %gicﬂﬁé g?sﬂa&n (FJE?ES @ﬁ%g&j GRE Yhe Tﬁc@%&&%mt Device steered

System (FTS) 1s eng sitironin
Devi dBnsdtitss r"]é’Exk 215 ‘éﬁ%‘ﬁ’w tavgd the| igusito ﬁectmaiﬂcwnsqu@v@an its currently

t he meggiled iatb@rafyr sk ivaiadetefinyifiedd @n ﬂéﬁllﬂ)’ﬁbm{ei foQMRewly Sletermined time-of-flight
curr %ﬂ&sl {éﬂw)len?%sﬂmg ﬂ? o-rL(Ec){lc»p:1 (é[\%f,i//as %12? ?egeﬁga%ey Thé ﬁosi%onmgnt‘la’nq Device carrier

in step
t i me-pd#se plpveghsitionin signal 304 lewenatingwm TherResitionide-Unis dlsvicernichna 208 is now

ist mﬂnm@cﬁﬂg@ﬂ&&mﬁdﬂﬁnﬂh@ irdfdr&0d BAmdiRbrt 20DRYti&Ephase positioning signal
carrler 1@ ﬁ$ % aveﬁf03|t|on|ﬁ?75|gnal 206

emand % FOh' ¢ R BS SPEMER RS2 8APt Devi ce antenna 208
$@$hmﬁwﬁmmhﬁﬁnmwﬁgpdally synchroni zed with the

dn@é aﬁlro? e Gndvé §£1§sma¢ret Beén a%lqgve@ %{erdP%fZI P B@ﬁ?es @%' Ltol:lpemi ki Positioning-Unit
emanat i n?émr om the reference tr ansm tter

|
L e b9 Cosyion 103 Srie N CUTCoRged Mo LIBE RNl 215. The
Patifioning-Unin Bevidzomiguesgositiening Rigad ZBGEﬁb“&ihl‘dnﬁV@ﬂIly $yiiehrdoR2kd to the reference

: n%ﬂs;lmtg]e %fat%x?%aspvﬂﬁ a!noagéﬁr %]gf él&gecg@ I J:aggull%g Fh%lﬂs tsubs%alally beyond the

Devi ce egi ns trans on of it €70
CYPFRIRF BRPEEE UNi que positioning signal 215. The
Posi tioning-Unit Device unique positioning signal 215
[blugg%h%h%og %ﬁgically synchroni zed to the reference

4 PreF >822 t i nebase with an accuracy of
I the peedeeieth drsbodimentagaetb Pésitioying-Yrit Dévice Suatpotitantunighd ositieniggnegnal, which
cblﬁﬁts of APAGdr dinRhend Q}f)sdﬁﬂdrﬂxﬁ(ﬁr% E(}jde c&@ﬁoﬁjﬁ't Q€2 Eﬁ%‘aﬁdn%ﬂa REmponent. The

enbodi nen

nals In,the erre
B PPOHIR & Ui o B PO O aIE Sl GO e fie GricHg 1M band
tobighn tke , meghvidcdf the omesers t igveafon ais capatly eqpplicobip On eiter  fiaquency bands. The

&%&%QJM%QP @ﬁﬂ?eoﬁ@%ﬂ&%ﬁ'ﬁtls m@cﬁlgiteﬁ g@x ath%f%]riep I;r%@rfe@t and consists of a

rrponent carri er corrgonent uso
gt cadefsr-‘%*att&e ﬁ'wh b disiingvished napey pihes PRFUAqrandom Fode peguences transmitted

bR otfiéidevideShA thasuche carhh@iid@hndyh’ﬂnsrfaﬂﬂﬂqxd iOknotvii @ Qude Beidon Multiple Access
(EIS‘MSP Lﬂd#{}vélﬁglg\gyﬂltﬂ Xll’taﬁ'l n!ivcf‘ %g)oneclat% gczngﬁmi?\{ is 8r8§r9eya§/nlg%nnatl?n modulated

seudoran Hunpar nponen
upag e Atsrderaadeny ﬁ?ﬂﬁ qomeonetaf mdewro‘@@ﬁmoq@@mmw@% kg tepnsfer navigation
ir@drmation tWIPoSIENiROUH [SRGes0AE RVvD b iliof RBIRE. NividalidhOhb®A86h may include
anongst ot her pseudorandom code sequences transnitted
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by ot her devices on the same carrier frequency. This
technique is known as Code Division Miultiple Access
(CDVA), and is well-known in the art. The navigation
data conponent is proprietary information nodul at ed
upon the pseudorandom code corlrbonent and provides a
communi cations link to transfer navigation 40

neaf ok et iPontionne Dok Detieripaipntimictapeig] Cefrarrdlocl lileags” information, and
SRS Udsir@etva&k@hiyer s. Navi gation i nformati on may incl ude
14 network time, Positioning-Unit Device |ocations,

nmet aphorical "reference clock |ineage" information,
Ting-Lock Gaiggetidnsed networ k data. Ti me- Lock

ﬁﬁ;@ib&%a?%é %ﬁm&wﬁl il TRank gﬁﬂéremxndgﬁaﬁoﬂplﬁgg@ B e iBns TR

differe con i gurations, These conf |%ur ati ons

i ndl ude:Asingler erwwgangn%f’r@?déﬁeg % p sipalifopifioring-Unit Device;

br dadc agtsimgly rdf@enae winshgjte b@a&astlmgam b pl@ralitn bt Pokddoning @it Pevidds;

singl e rpieren ! )

o 0P, 51 BAE AT e BESHERE! My s
ref erend&vitansnitters br oadcast [ ng t hr ough

i naer medi pa.[ralltyRﬂI Selfdrdn e trafgrittdih broad @M ©@S¢ or MorePositdning-Unit Devices;

pl ralltPXt reference transmtters broadcasting to
one or r ogéoglt'f[wc?m rom Mt Devi ces; 5. Point
position t| me synchr onl zation. A si ngI e reference

A Elwm&&%trhﬁﬂﬂﬂﬁﬂﬁidcm& @ a3ingle PEinRR-Pnit DeIEeNg- Uni t

ere e transnitter can be used .
‘% %g‘;e Orgfgre{lce ar}sgfttérrcg?]ge usisigg Frt)?c%zﬁ zhr§ egepcgﬁg:iltwfnag seng 0 @ F%gcfe Positioning-
[p:t(y:sli)qwcgrﬁlfﬁ.gz shbs WRpditioegUtie Deide @01 Ritugladwisa known location, and a reference

tPa9§ﬂ1ﬁér Qﬁ 419" sm'teﬁ a@}é{ogﬁ I&erm S'fhte lf’@&tﬁ)%ngbni@ D%H&%l receives the reference
| acation, and a reference transmt 02

RIS 205 TR PO treee THEMPBI% |ab‘hfhﬁ @'a‘(‘}rﬁ"f““mmg signal 206
tesniitecd b2 O PosgiosihyEsit Ddviee trakmitta208 In ﬁﬂﬁhsb kot @ ived @R@hce positioning

éﬁgl 2‘)% #9 %‘mlﬁoﬁlﬁ? Uhly Dg\hc% ﬁ!?fd&{nggxgethé e%rt]&cqal ﬁgna\%oé ? I}|)d0pagat1011 delay

ave positioning sign
283 2nd PRPHESNH- WRTOPriafe lpanpraitier 1ol ﬁptchw @G@ronql?glqa@s poehseize the carrier

- chBpdnift, mlﬁﬁfel’m&hdé an@)ﬁl&ﬁl?ﬁldﬁi@ts |c&1h;ﬁﬂénﬂ§f 1ts$rlté}ﬁhﬂ£/ g@l@t@tecl h&e positioning

Unit De et
s%grﬁl @d rr}le cg'rlerrg:lonﬁ%qne Y Pﬁﬁ £ com one ré,m a%oco?g@en gtliue feférence transmitter

| oni ﬁr op ag atr o
Pagiisining glglahﬂl?zpﬁ\e Spsitioaing Unit Qnsqmsmbmnendv okmitorunged fogifoning signal 215,

véhith QReloRddctcailyl synchsRiEdd iRl B Rreh R GrafsRldel BB im@ARPONENT

uni que PRN code conponent, and data conponent of its
internally generated slave positioning signal 206 to

Tl gpogidming eiznadoarp ovenfficierPRN\dapdiee @ pngin enititiondmd relddgeposition receiver.
I-BQ/QRP nﬁl@é regfepréﬁnﬁnsgn%{eﬁ{s gﬂﬁ@A§ ga?cﬂﬁﬁt‘hé tl"%‘[e-LoH{%% b{gsitlgﬁﬂl 1t Device signal

gﬁiﬁ Posi t1 oni ng- U Devi ce subsequen
pﬁh{ogou5‘ Wlﬂ"l pa% gmb@ﬂcpqem:ﬁl H:gel,sqne Hléqefop_elqgn be Wﬁ W piogtlon receiver as
at lsrrdnimﬂl predise &dnkiyg SYRERT Dddhvetebnil Qode!besed @PLIHRAGE

transmtter 202 tinebase. 25 Two positioning signals

are not sufficient to deternine a position solution in

AgsinglpTelagsnsdnimiter hreadedstjngrto a plaalitsif Positioing f{mit Detiess.ence

Al dir%[&&éﬂ:rﬁrtcEfranlﬂﬁltt& MARDsea 3 Bl 4 ﬁe@vdﬂh& PId]ﬁmmé—@ﬁK Bélices when a plurality of
: Pos(lnts'I %%ﬁntpgvlces mc@grvvlece gnﬁga? be synchronous
wi TR s&E e\“"é’veerlf‘?‘“S'r%l‘i‘i(5‘ therefore can

be used by a position receiver as an additional

FRE, QChs6s 4 a&gmp g mwoﬁsg lfhﬁf D@I&pnm&i 1AM pLHELRIEE % 3012, and a
S solutlo le reference transmtter

%%Eaéxgrfulttﬂgm% alschs%?t?ﬂ, |a|]qlvmolf)ca% ITP? %Cﬁ}tlﬁl@nqjﬁt}itt Devices 301-1 & 301-2
reDgve thesfereAceiosifining sigdabBBnGsniitied b e rdf@ence @dnsiger 382 th degponse to the
chQ&em r@fe@ﬁ&%glﬁonﬁfg 8 ggzﬁ' 3‘05 %mh%my%}eé L%Vb&/ﬁ:i? 3%?%: 4012 determines its

plurality of Posi t1 oni ng- U ices 1S in clear
re@;?eétwe Stenil proppgatien, %ﬁlﬁé’é"t‘#aﬁﬁ 3B tfeom the reference transmitter 302 and applies an

appropriate transmitter clock correction to chronologically synchronize the carrier component, unique PRN
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35 FIG 3 shows a plurality of Positioning-Unit

Devi ces situated at known | ocations 301-1 & 301-2, and

a reference transnmtter 302 also situated at a known

| ocati on. The Positioning-Unit Devices 301-1 & 301-2

recei ve the reference positiohfng signal 303

transmtted by the reference transmtter 302. In

vods serpoaent. cingd Kdeta cpioponény ef treaf ptempllyegpostd pwitiowing siuphato the carrier

&ﬂ;ﬁo&ﬁcwaﬁlb tdnOheR ard atk: Qﬁﬁﬁh&?o%ef@re&e 3Qkmtter ]i)osmonmg signal 303.

%ﬁﬁﬁsnln mES res ecglye S|ﬂnal ro atloq d ]d% 05-2, which
g Ynib D e S P AR Wi E RYSLiRGIRe; signalsgfs-1% J05-2, which are

dppblbEsiinsynd@napiie Gp refeatne: ttanaurignBd@itieebasd. ock correction

to chronol ogically synchroni ze the carrier conponent,
uni que PRN 15 code conponent, and data conponent of

PR morseEF o PSS Pepadirsng dhronabiivtigredipry Rapitioning- YiePevices.

Q&r ar in@re tun}&mimmamd refbiEilNe aadRitee I’Eﬁlﬂl&a@éd to &l ad‘afv\&rk of Positioning-Unit
]981@50 r\‘ﬁtﬂ&ué QJ] gf[ﬁ{t qﬂeggest l[e tc‘eﬁ% 1evP %§ Iat re r@hcre] %ansmitter In this

0S1 t1 onl ng
é%ﬁ%ﬁkﬁﬁﬂ%m&$%ﬂ§ﬁ¥$§h®ﬁﬁﬁﬁ@m§@§TPP@WWE§m§P@ﬁ3F§Wwﬂw3mwmwmmy
I&)@!ﬁoxﬂng&I nd@Rvids deWiiibsClimAL&k, sHhERBA PeGiosiad-Udit SHRedVad fHe Afntermediary
liogitign?n%- n‘ifD%{‘fiCGBna(s: ei}" LRN3 @p%stltleoqlglg Qiz &J ! ms_bas e. 5 One or
nore reference transmitters oadcasti ng through
intermediary Positioning-Unit Devices. One or nore

G R sho W e RERAEZ R R Wles'ﬂ:%@edtaf @mtﬁc%‘a ara@@ ﬁgﬁP&ﬁi@gng-Umt Device
I1.T1I ON

Pos 1.ng-
0P oo 1 < S doio T Ot Entsbrecl s 2ot posidoning sienal
493 agyspittecbbyrtiefreferenye gansmigtersiti . i esponsk m thdrbgived reference positioning signal 403
thd ﬁlfs! ﬁéﬂtl@ﬂlﬁé}@m@ B@vmje'm r&gteédngp ﬂle §1g%alcﬁ§pg%ﬂ8{j dé{a{ya404 from the reference

i nternmedi ary Positioning-U

Fapetenddl ap apfbﬁsFﬂasﬁmerplamenﬁocbﬁpvecmﬁo‘:féma@tawa\%gvnchmmze the carrier
chmpaerit0mique BRMDS@E| to@ipdnetOSId tdatd Bdnipgndulndfits B&mn)e@n&aéu péSiffoning signal

tb mf §anln{1] E&xl;ﬂg?eq{ M cod? gﬁﬂspltohe%p r’ﬂs{ﬁ%ﬁt}éj &I)mpgnen#f UR ré erenc Eansmlct:ter positioning

erence posrtionin OWs a referen
St&ﬂﬂ € The E'fst %lﬁowgt%t%waﬂﬂlasuwﬁwwmwtﬁ ® Hniqugrigsitioning signal 405,
Whidh $¢ chi3R@ dghicalB yitGrohiid o dieMfefeBee tdRdAiRt AP imbtattat ed at a
known | ocation. The first Positioning-Unit Device 402
receives the positioning signal 15 403 transnmitted by
4 RecordePasitiomiegeUntitr Revipri4pq eifuadd 3t a kmpwndsqims buttnot fohdew of the reference

pﬁﬁﬁiﬁing glgna[seifl@ fhﬁn& ﬁgrﬁpﬁ)ls&dcml cglgefﬁlby%ﬁ&mg%a suﬁs&ﬁm{tl lr&Lives positioning

S %QA tg%f_ 31 Devi ce 402 etermnes he S|% 1 405

1588 gfg oo nit Pavire 418 It spropss Ffb‘Be regervahRGitippies signal 405 the

sekOrld RositlorgyypinitdBvieent0a peroies Gt sigal wofeganian detag H0DfMont the first Positioning-
Hr[%){eé 9@ &alabéﬂle§m{]%%8mtg gloékh&) Qc"%x{ *:oeghronglgéllaﬁyghtchronize the carrier

uni que PRN nponent one
CPIARCET AP P@éhf@ﬁfa@élaonﬁlasqnti a8 F%@owgcﬁ &if ntepngliy ggperated posiioning signal
t€ B kardr coOHREa RN, cofRNnpoRe, aAMaR T&Gr[ﬂonen&ﬂﬁihdﬂltsﬁPOSItlonmg-Umt Device
pgs(?t{gﬁﬁg ?%h&fs_llglh gef:g fPeSrlteBglI(S%lg tUtm(t) %?\ﬁgy 4 %se eI\l/t ygtrleafl)sn tig umque positioning
8% iheoTparafing p ASier qomPenenin PR @oqgowmpqnym ang data gamponent. This unique

pés@cﬁ)mng \iBhaC B8 iS cﬁ&{o?@ﬁil@ghﬁﬁlohﬂedst?{ e @ @bs?tﬁ‘aﬁimé Onit DBvice 402 timebase,
m
5 PO ongoBRTE SBGHieT o e Pu piseay 0 TRBHR

| ocati on, but not in view of the reference

Aatidy emeﬁgen&! m@hﬁteé %Poaﬁeaﬁmlgqo &egp Bore RSl Devices.

caused 409, subsequently receives
AFPglg‘?l @Yn%(”%ﬁe‘gﬁ’&fen%@nwt@fﬁ cprhbe uggd tohroadeast reference positioning signals
tdPe®s ot mmlﬂognddmgnmﬁ)@mm A @1s cohfiguraBiaDmp Seferémde ki@l error sources, such as
R U el AP O B B e SRE Dbt o improve tmetas
a‘i?l‘“a‘id'agatlon del ay 407 fromthe first P05|t|on|ng- Uni t

Devi ce 402 and applies an appropriate clock correction

to chronol ogically synchronize the carrier conponent,

uni que PRN code conponent, and data conponent of its
internally generated positioning signal to the

carrier conmponent, PRN code conponent, and data

conmponent of the first Positioning-Unit Device 30
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posi tioning signal 408 is chronol ogically synchronized

to the first Positioning-Unit Device 402 tinebase,

whi ch is al so chronol ogically synchronized to the

reference transmtter 401 tinebase. 35 A plurality of
reference transmitters broadcdsting to one or nore
Positioning-Unit Devices. A plurality of

FIGn8 shoyis ahltogitipning el nitdPezice Atlesituataing rai nber dcaian doé apdedity of reference

ﬁﬁsﬂﬁ@@ﬂﬁﬁ% Sﬁﬁ FhP L mol? %égaieoﬁéorégua%d gp@o%n 10%&91oﬁnﬁxeqfosnmnmg-Umt
nore Positioning-Unit Devices. |In this confiqguration

B Pl BreRfiee Sfogncn Podiiqds sigeti Feds 503§u‘€4‘}s"&§ed <t PITeR transmitters
02d & 56D phaobse bk aygived aferdnee pogiebragesihnklSOIEE03-2 the Positioning-Unit
%%Ec% glﬁgi:é%nﬁl{e%ﬁ %f ;fr‘&p Fgah&h deHPerGA’ i3 &t§05@ %—Qﬁ %ach ?e(fegéﬁgeqpa}{smltter 502-1 &

0sI t1 oni ng-Unit
W2+2 eaé appliest anaﬁpp\rﬂygwﬁ qlqg]é aqr;egh)n gy nalogpqyly ach{u'?m@f the carrier component,
m@ﬁemamaﬂeahmaﬁmﬁhHMQﬁ&mﬁa%mbf&naﬁﬂa&gwkﬁ&ag&mangggmnoﬁwcmnm
‘{glmgor{glﬁ? ePRNaéo occ%mpo%e%%ie g acfgrakcglgvments (():fatL ﬁ,vo fefe ]gence transmltter positioning

I Oni ng- celves
sall £Q3dn% AYF-% ThnRasitigrdrg-Unit Dspige 301 @wbaqqsqwx ragmigya umhee positioning signal
so8f il 'iLQ:_Eroﬁdl@ﬂ:ﬁlm shicBioBizeddiBe thnebase Bidnedeferloite kABRMBS S020108 502-2.
the received reference positioning signal 503-1, 503-2
the Positioning-Unit 5 Device 501 determ nes the
Roing Reditiop Tomalggki on del ays 504-1 & 504-2 from each
A @gsﬁfoﬁﬂélﬁmt HaRS M i &kpabI0 8t shnronRiL 0% ﬁ%rkanﬂﬁubbs@ ithddt the geometrical

rlate ¢l ock correction to chronol ogi cal
@% E?F?P‘?é"’%‘??émé SER @?Pa%"é‘ﬂ‘b??ﬁé)rhmeerﬁﬁFr&’tfé "ﬁ?\’ﬂf“&%&‘@ Positioning-Unit
Rayirp beigg knowankbr dbit amb@imeonehTimet.odk st keast &nndineylocked Positioning-Unit
Igegggsrrﬂ;stqg 1me%\l tfh@im ﬂgl I[ﬂﬁ}%ewt:e re&%&qggﬂ’t& He network, seltf surveys its three-

onponent's, PRN co nponent $ data conpone
rentie! ROy sl uHBe = SRR BT peion pishtincaimprigs the Pesitignige-Unit Device
aBonkec8ivé 0B ckfisel NBe P&s&lohngUhlﬂEevidﬂ bdsmﬁﬂébe@@r &6tk offset accurately provides

ST L BUSILY SRl 30, BRS04, 5108 P o s
trapyitsn s usé aq Pre aqcerple rnétﬁ’@l‘.‘ tt"lehﬁﬁ?s rhl theardersd 2mbodgndgp the Positioning-Unit

Iﬁ@ie@ liseP® §h ﬁd'fnt Thiis- shﬂﬁ&ﬁ o dEQ ik laQRfaR Gre iRk tinfdetd iteEhidoSecond level, 2
t.o a network tinebase

nc ron|ZLn
by TE08 RS TPRL Sl il pPEPE: ence
positioni ng signal propagation del ay) between
‘pgggﬁgggﬁmtransn1tters and Positioning-Unit 15 Device
ein nown. For this enbodi nent of Tinme-Lock, at
Ip %gfgfemﬁmb@ﬁﬂw TG HeReRTs TRISEHET i6 P VIS AT AVSPERRIEL S SRS WAAS) Satellite.
WRAS sutellited wre gdda@tidiarg ichrmmunicaghn katelliteR)enhich @ranshét GRPS [diffgntiabcorrections to

Cﬁ"gtr&&vér@ %\/A&%t )g?l[léé als%%lagsmﬁlﬂ Xlﬁl}é%ogxtﬁo%m% E‘gn on t?é L\%QQJ frequency of

p05| lon by ¢ atln 0S|
FeMer Hiewiqn Fosicpping S iy Pty th@@zedptesﬁﬁsu e, with corrections

pmmed MEUTC ITaGkKoef £ WAIS saldie Magh id 1061 RErehld! thandAivkl, Gich is synchronous
1§8fwmh%£T£§ﬁe'verfﬁh%Fk of fset accurately prOV|des

nf Ef4t1'Vve to the |ocal position receiver
cl ock), which the Positioning-Unit Device slave 20

Iﬁ fh@@;ﬁf&r&t SiboGiAbht USRsiAhind UnR SelbAloSi i et WREKint o BRRA $Rans for receiving
rre enbadi nent the Posjitjonin

f ni t e
p%t{ﬂme% S'ﬁ%ag ﬁgli’()éltlwgd{mté%qy}pfselp ﬂéeo? dﬁﬁ}ilzoﬁl\/{ Band, and also positioning
sigastisefram WGASGILQIGHS% sapditeson the Libael frequenties. piFogS@dn@blit Device may use a
W@Nﬁa katellﬁe asc Qgé}gjelkcl‘—: tt%.nstnht%{' aﬁdS Tk Q,%Eka[g b %hﬁ/ SQ\?&y gtﬂﬁjim{iltke signal to the

capaC|tX%& rlor art systens. WAAS Reference
1P Re2MHa et 4o prsitinniog signah tTime-Tosk betwsse disparags, samier tfigguepcdes 4s initiated by
chlieaterly d@@-cAVGIBR it inimidsy Whas miVReSionbaliaitl Ddvite caddé\To a common

bgsgﬁag+ {fréq% l%V\l/}% F%ﬁ Rélgn?;%lgm@)?wéyég {gg;ﬂ' cgi?r%n'{ﬁ% 03 ock is then performed with the
ﬂ@@?dﬁéﬁﬂowissdeﬁ@lbe(t;ﬁslwreeb@“wwyersivmmn@athe|140P1t¢@@118éﬂr%@ the Positioning-
Uhnft DRG0 posifior REGLE tPBRS rlveiD BbAG SnBBRbscBtof. e tHePpRfderkd embodiment the
carrier frequency of 1575.42MHz. Thi s uni que

positioning signal is accurately synchronized to GPS

time, with corrections provided for UTC. Therefore, a

WAAS satellite nakes an ideal reference transmtter,

whi ch is synchronous
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30 to the world standard tinebase of UTC. In the

preferred enbodi nent a Positioning-Unit Device

position receiver incorporates neans for receiving
positioning signals from other Positioning-Unit

Devices in the 2.4GH | SM band? and al so positioning

signals from WAAS and GNSS satellites in the L band

fompgu esviiaes gendhatbiodick infmmaign Wnikll cddewieo® ofraosiiiewingUBEDevice, including

%lﬁ%@k@él!{eﬁ' ttﬁins‘rf’n%tte@ aﬁ@geﬁﬁ'ﬁ BB@esglﬁgalﬂl%nhLé ﬁgseﬁﬂlq group delay are taken into
Ti ne- Lock it's 2, aveélposntlonln to the

oenspdsTasion jrpen vmt%tPrrfreewr'w igg-Hrky due tpj t’i‘ﬁad‘%EHEtR reﬁ%f@vvéféhof the WAAS

fhid PEsitiofih@ UsiaDévice Earfici @euabied @isr to Sowndohteaiord by

coherently down-converting the i ncom ng WAAS and

Posi tioning-Unit Device carriers to a common baseband

Refwdgetrytoi Gt hopting{Unititegoasfiol-Lod 2 015b&i §0fl-grpre placed in known

Io&G&s WAk cleal vig® ol By, lafd Iirémﬁbmﬁ eﬁﬁfe@&uwastshchtahaa top of hills 602-1 & 602-
t ho [evi ent. down

PR eTuRbRE PsT oS ErEs eRRip Rt R G Pt 3P & ovs

oy glso[beviicoworisd iwith gavh Pediesnipgtnit Beties eMlily 641-2% 6t & 601-4 and directed

SRR Eeoﬁ&ﬁ)hel QLAQls. satkmte kmthraﬁg%ftxﬁgera@@ku&mgmﬁgm &Jaﬁedlozt not essential
rates clock .info F

G Detin s ot B U Loy B FR BRerdT e mulipath and

inhevesived cignal @cmisv eatips bff then BiAIAStségnal, wiich ipemt riagroves reference timebase
RELLE TR EL MBide-Udid BISicDbASE 0120 do1dd, RUBb1FCHAY 18K 1ol FFRAS satellite

into consideration when conputing inter-frequency

SiEPHA0f.GRY cr@ting & preqivne I&W%ﬁa?héﬂ“@edr %“é‘%‘?”& &ithy 3t°1’?§°°64 a‘ﬂ‘fécy A position
VRAS 602 Yyapdebtta 6NgJis kivhitd iDade adaildi609. @he WARG kk@dNi¢ Gghal 606 cannot
Bt oAU EAOKSE B oS il s s o, o
Za 16803 & S ifemithd Rpsitiopipg Hait BericenSY1hl, P LA 60 By i-4tde penetrate the
ding @A duddb SR EIad |piybxim"ty e[hley@tueldrem&i- $070\Gpadld Ghre@$vin@ Positioning-Unit

%ﬁgg ﬁjsﬁg%wlgﬁa O%(Fm F{‘ s PSét&)ﬂlﬂ%Baltg v&(ie? lerl%lg?g{ow%%regsg single point position
datemeyrtion BOs4tellite @GmdeQ Teg®0x 1B a@lit®@donde therwysitiph gepeiyer 607 has calculated a
ﬂoﬁﬁdﬁ%@l@t‘foﬁt@ﬂ: %Bbdeﬁﬁﬁ&dp&ﬁa&ly‘)ﬂ{e BhsdlDlindenfi i i efeorEMsh p;lf.mdes precision

lglg:ltgxfeﬁapsgﬂ & V%U&%]éc lggiprgslt l\régrg%rgr (v 0 dlf‘,f’gqqu‘%é%céwer 607 exits the building
@9 dignalo frarh agn Pesiiosisg-dmieDpced erlrle 01 t60hd & 6dlsh WAL satellites 605, or
él\%rs sgtaﬁtesniﬁ '%/13\9 Q'Qn be D&@ ko‘%){ﬁnfhg 0%1‘&6%%11’1&%@41(10@ 'Q&I%H aaﬁdu%’po ition integrity to

Posi tioning-Unit Devices helps omtlgaerrul th
taepgdestyippy PP 8REioked signal to noise ratios of t he -
WAAS signal, which in turn inproves reference tinebase

Posi ti oni ng-Unit Device 601-1, 601-2,

Ia%ff#“a’ywég%q{flﬂfene Locks to the WAAS satellite .
P§$“@ﬂﬁalg U @evieds plpcedy ia giteprdeva ofpthe Y At Sosateljranayy sleehire grigdzas dntermediary

- rETeEnoe gl@awéﬂoéglotﬁér%ﬂﬁcﬂﬁ&&dm@ﬁiﬁﬂi{@@ﬂ{t Degiézg,%it ik Q{%b!&ﬁ; rc(ajceive WAAS satellite
eiver e w estr IS Sl.tua
Sfeds e et oot BB ¢ PR g i heggree. theretre,

Wimytbe dp@hletclrthtp@hm the perwdrkl witlpubDIPositieningdnit e vikes \heing in clear view of
Rl 1S ce ROVEY satelfl@Vever , Positioning-Unit Device signals

610-1, 610- 2, 610-3, & 610-4 fromthe

Positioning-Unit Devices 601-1, 601-2, 601-3, & 601-4
PositionpABiit Ikyviee Réferendoui | di ng 609 due to their close

HhO &eﬁpo;“y T&@%atgﬁt% h&t 'b%’]?{vgﬁgllb\étqg pr@fngb]é hat SR a@p(lng P&ftlonTgsUmt Device

recel ving I onin lgf‘e( It oning
PFOVigPR P |tm?ebqaf f‘P’o% |nftwefh|°ﬁ dPotipining i Revies. \Bﬁf“’Eﬁg a‘l"Y"othFIG 7, a first

Pﬁsl'teﬁh@-emﬁ lmgbeem Q;lttﬁﬁted ROS Ikhdv&nlo&ﬂordﬁtd@sﬁgﬁhlﬂﬂﬁd B8 rdfdlence transmitter and

cregtg s sltgme tlme%ase om 1t 6%%"1 ay genethe ﬁ?oc? 5(2% 9w6 sugseql{ent Pb)smonmg-Umt Devices

on recerver
7§~’o& Gt]‘F winated FF EnopadochfionyBmet prkiedie ﬁ@tﬁﬁlﬁ?f@lgwnltm@ce reference positioning
si2ha® SEBNA fbun¥ @BditioRRg-URR DEVid 786, 3R isRInl AESknbH £ fobadibOBut out of range of
UTC time transfer in satellite occluded regions.
Mor eover, when the Position receiver 607 exits the
bui l ding 609, signals fromany Positioning-Unit
Devi ces 601-1, 601-2, 601-3 & 601-4, WAAS satellites
605, or GNSS satellites in view can be used to form
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I nternmedi ary WAAS Ref erence Positioning-Unit Devices

pl aced in clear view of the WAAS satellite may al so be

used as internediary reference signals in another

enbodi ment. Positioning-Unit Devices that are unable

to receive WAAS satellite 301&ignals may use

i nternmedi ary "backbone" Positioning-Unit Devices as

thi Bist Poifioning Uit Dedee @1, Jinprleneks (T Hhe pesprd PesitiogfiEUniaevive unique positioning

- ginatt Toh| bl‘-h%l‘é‘férettﬁhr QUG ANdlys bR Erafd REWREK M ARG H thrdleh mtermedlary Posmonmg

DR L e 2o e B Gl 198 s et
Hdfogtiaing&/nB Deticys inlvewd 0k 183, T4, & 7V eASsubstehily chleulnata single point position
Qﬁx’tl&g Fﬁ‘)ﬁ@t’ h@ h!n@ caldufateh Y [ﬁ)glﬁ&‘pl@éegfert ‘J%@Rvﬂ%e ngggcﬁgg cglﬂ'esgnchronous with

Posi tionin ni t V] ce he ti ase

rovi
Hefsierre o %F;’(% iof g ﬁFfﬁrﬁncgﬁBflt‘%ﬁ'IU@g Devigga fH Phengibifigsyytimg value of the
fefefence fclocR 702 wvithin tHEORdsitibrixigH UG- Dvick 7DEV éf&xo7&ﬂseqi.leﬁdd at @@ user is only

L%Bceﬁle!f le)(\gorsitlgl{; %&elng Hatlof? Ifjﬁ:}ng' hsgpgl;sﬁeg tlgg mégg%ent %}Etﬁr %ﬂ)g{f timebase, then the

transmt tes a sy
Tefiteaiesiary 92 yé@eﬂlm@tﬁn@lf’eﬁtv@nme@mt Wncegﬁb@@ta tpehgpteered to UTC.
Positioning-Unit Devices 703 & 704 situated at known

N ' - k t P
. %ﬁ@?%%égq{r}é% JévﬁgR%IQr%nces ere(rI bGy (EILI 1meboﬁsn,’?lalt I ggISng AUPIOL rth

erence p03| I oni‘ng
Ipdhgieydnbefi arvgA AdndatelliBesiend got beisg awlﬁb@hanri sliggingny ot aeglobalt timgebase is necessary

%ﬁﬁ%eﬂv&ﬁ at is Q)be&iﬂe Rl r@fredcd @&%10% LBt DBBeefde s@tred to UTC by a GNSS

E o%ﬂsg E Device 701, Tine- oc‘gs to the second

TS /b ST AR5 £ EOS T YD BRT LR oS e, o compuie a ime
seBTon uking atelémrcee GIVES sapddiite Tirad dcowmicadncthiy atie of S5maghe@nds are achievable
s ngﬁns tEAR eeﬁeffltlbé' %Qcﬂrﬁ& %&mlﬁgﬂonﬁg %ft b@ﬂéeE‘ gv'hlcprﬂ}etTrme Locked to

Devi ces, oSl tl on recelver recel ves
the higrenss Resiopig Hat Pryise, t"‘iﬂb'ﬁ‘inﬁ@ até'i‘eg’i‘fﬁfe%m‘? 5¥lbei ng

transmtted by all Positioning-Unit Devices in view

IZQ;-NIetZVQQcPoZ?AHSOi?ﬁnZQSG and subsequently cal cul ates a

osition 5 solution. Further, the tine
Fealuwryafeferefemcettr@esmu nEsobe pisd &9 wepte 20Gurglity fof prgonomous networks. An
ER QR T woﬂa{ak Ms SHNBRLOMMIBEe WiHidR is éeh&at&ﬁfy&ﬁe&%l@nc@ kr@Glfitter. Position

cherBferf {hat are %11!;15[643 wi r1]ncae 5 ihegS Iu%olggrgéug aétw%k 8%][%\@%%% plogi%fm, -\lf—gl(?city, and time
v T)msmg tl h&lw msmm W@n iThe Peifiprcmeci@s time wifl be determined relative to the

n@%ﬁ(eﬁ]ﬁé%ﬂg @i el fhe trgfﬁen%'g' ﬁﬁnshﬁelo'ﬁ(l)cl() and Q4 ﬁ:ﬁﬁcﬁ ed nYM'aIthwork position solution.
user w snes

sition er ni nat
PR R DT BGP SO0 PEPHBLALE SEHBHE ARk pi e postionin
sighadcfony DBitioningiUnit Devieesr fevhelogrieevolesiist fiusi digjaduish betbeu itteawo network
uﬁgﬂasél%%r% d&&mﬁlﬁzg%cﬂﬁ%&%ﬁa t'@ls% g%sinEg §§ Jnlug In@t@o}kh?)logltlon solution, and

Devi ce Reference steere t1 mebase he "eve
Iespuires ayuig pesitfon rocpiyes tashiry ﬁ%ﬂse herelyEnshge aﬂflaapmlaap% cowaons tothe second
titlebage BORIAL cofnputiae Qingdoint pobiadASKALINS Necessary for the

network, it is preferable that a reference
Positioning-Unit Device be steered to UTC by a GNSS
In thawisfesred enboding®, Rosifrertings@nitrRayigesralse inglude nqtwrlp pentification (Network 1.D.)

- INFOERHOAER theld Q&W&rk QE\;@ CNeﬂ*orl@I IB N tHe Q&&Eﬂc@-ﬁme tnﬂ:rc@ﬁiféaﬁttﬁ ofPositioning-

Lff” ev15 sg%gl% | g ﬁ) eastd onet S sat el h P
i' Kecliadth o H’“% nih PRures Gpd 85 W&ﬁ%fglé% s eé?F‘é‘“e ¢ origin an
Hamhhoavﬁéﬁlﬂeage’ﬂ g Iﬁ@retldelcs)clt dath for gark PoflgrinmgiUnie Dieviepein view. This allows a

1t bﬁ@%\?@p §d Hccg\ﬂelr R&ati 'att thP%anﬁﬁ? of \MH Qlﬂon%@us networks to

T| me ocked e ref erence Positioni ng} Unit Devi ce,

aiFyecr whigh ﬁosgtoﬂ% HnipiReyescynstoete] Vit ngeg Prppppd thefefore which
PRYGiivning-Oinit Betitts requis cROk Avripdtion afithih yheabvingglogitidreeiver position calculations.
Etctgh%sgl{ﬂn&n %tnﬁ Dgﬁye rEc%wysﬁeqvoq-lQI ]9 rn%@ltmeatl(gl fRJlrnuarllq}ltl{e{’]%gig%iinsg-Unit Devices in

aut ononous networ aut ononous net wor K
VISWrPngd i TERRRISE gHEHeaad ragppispits pyn B@w@}( éperafowtlqug all other Positioning-Unit
Dedifed hRiteengtpbaing Mctile@yin viB@Si ti on  receivers that are

situated wthin a single autononous network can

determ ne position, velocity, and tine (PVT) using a

singl e point position solution. The position

receiver's time will be determned relative to the
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network tinmebase (i.e. the reference transmtter
clock) and is terned an intra-network position
solution. 25 Position receivers that are | ocated at
the boundary of two autononous networks, and receiving
positioning signals from Posi%ioning-Unit Devices
fromboth networks, nust first distinguish between the
two network tinebases before deternini ng their

m&ﬂﬂgln&ﬁ to FIG IgSthé&ren dﬁﬁtﬁ%&d‘ubﬁ&ﬁbu@l&uﬂﬁs |of‘15cﬁ1ﬁodi%tm@trﬂ%v1ces 801 & 802.

I%sﬁonm\;qﬁut%lgw Ut éﬂ?q 8 Saéld g&lq#J zlﬁ([g ?13/13% oﬁg%léngcgh EF{E‘ cglarﬁwcate to each other
i3 prsiioningy signals ﬁ@ris 8@302, tahyk 8056 Berdioning-wbdesices(R82-dr 892-2, and 802-3 are in

BBt raﬂn@r &d%ﬁuﬂ?&lterﬂ) cRA e QR pgsﬁioﬂﬁgmgms 304- h rhoEJE €and 804-3. A
itioning-Unit VI ces

referr
]f%)ﬁlg?ndlééfnﬁ &ev\}ser Rtu?t Wti tIhF g%ﬂ“fla&ho WWOT s 05—3 recelves Positioning-Unit
Pavicopaywitningrsignagds Sﬁhélﬁomﬁebmlﬁt—nd&bﬁ Podiiphing kit Devie 800aPand measures the
ﬁnt]zgasg Qlfffgt{elﬁzg GF clt)o!:knﬁasl S}ttﬁer %ﬁs&?ﬁ&\w& In}{ebQJe V‘P éﬁ%s};éc%' #%wn network 801

Unit Devi CeS such Itionlng- Devi ces an
tskase- O Postigningaynit Paﬂced 8} (rnrmity w@% rCPrgchnarfar the adjacent-network
Rogiticupiadlnit Oavices Bi2ric 8I2eY, &0H02-8 @f iBmemo® dath,Ghikch Geth@rpbRted in its positioning

%ﬂﬁ Iﬁ(]f) ) ﬂ)s‘itlog%ﬁ%ﬁ I&r&k 0199 Xllle ag)aéent nehv%vl\(l Pos;lrI onﬁ'l %lnrt ?)evuf'easgf’? needs to be

ositionin I1on re
repevechey ONRBILJt eviesyB 13 s G arietst desetion value, e ll clocks in an
adﬁﬁcﬁ?xfom 138voM bir O cROIEkdhnd, Blﬂ'th&ﬁ'fOH%IﬂY o@@l’dsﬁlerﬁngalﬁ xﬁt Dev1ce 801-3 need measure
E’ 33 aoc%ﬁtgi%t\ew%rkws:‘l]t? {r«%%é e V\cglégﬂcik rcgrreé: 1061(5: ngglggl?e éeé’f in &Ee network data of its
paFitidaing mgqqésqaéwrﬁgcep@g pr(dj reglpyed @mw@mnmrumtdhwces within its own network

0fks uLb@JquéansansmlsE@Q BosHog 186:4 DR kdVha hfem 18 \WeRod. ecei ves
ﬁ! information from

e erRhln R s PR, 1 R PEPR A o fhe TS g Dovis 5013
pgsemmame@i 084, it rearigatiby 8 position eeaiveNBISWIGE i rdving) between networks 801 & 8§02,
’I'hQ H@ﬁz%&sﬁtgﬁ] retcgye@ Iag) ll%t tneef"ecep \%& lnét{v&ﬂl Icfc]g( cugécglonsﬁm%wugn%ﬂmt Device

and rovi ng OSltl n receilvers I n vie
b 28D S@P@m@/ e 3 gnge poiet Ragitionaeplution SFiErall ositoning-Unit Device
phstioning kignaifin Hes BI3-10 8031803, tand ok Berviidd PekitiBhla-Unit Device positioning

SF Qzﬁ’ hM D Wll?g SHEIE EOH(E{%EAI&O% solgt%%i c%bula%egjfhe rbvu}ggng)seitgcgn#écgéivgrgﬁs clock will be

I cate
tlme aolﬁ@@uvtlﬁh dsinAyodkisghtinehag gt urov1®9:§wzioclaMe®9®- Burthermore, the adjacent
n&@&kﬂ’bﬁ[&hiﬂ@t}ﬁiﬂbévxﬁ 8Y2-T &8 aBDrcedve p&iidniky sighldl 86302 ro3n RE Brst Positioning-

g R RS DR P ST 78 G AR 1 e
nEryerk ﬁﬂhmeh'«ge Whé adjaBayheatveorls PasitiartiglUnid v ict $08-3bigen ma@myts ddck corrections

erl'ﬂlﬁ ils %ad@ﬁtnm&lﬁ%oﬁﬁﬂimé Uhﬁ ‘f)@‘/lyeg §01Pp %blti %Qiﬁg!' Hrfﬂs betwork data within its
itioning signals, 804-3 from an

vice
P&S&]"al&% fenal 8t P Bodiov s ﬁff%f%@l P&V Tre 805t shapseaprpvecn timebases, if
raqeiggur es the tinebase difference, or clock bias, of
the adjacent network tinebase with respect to its own
network 801 tinebase. The Positioning-Unit Device
MgdpipleFrequepey imeLleckock corrections for the

Ireutlg ﬁeﬁﬁﬁd dﬁfbbdkﬁé’nka pliraflp SF ﬁdsﬁ’iﬁxhnﬁ&.ﬂédﬁlb tire D@MINBRS 0:88 Brurhiity of frequencies

frgxg%ac% Posm%nm& U?l’ut Is]ewce %osne ({n recelvers subsé ue\:/r\{ti#/ %geggetéhe plurality of positioning

I NCOr pora
sipslsi to igensiaieq 9i Cglrlﬁ'él Vydﬁlﬁr@nﬁobmeger @weerasdfla@temmtm @tsplotidu (AR). RF carrier

s@ﬁﬁslekﬂeﬁéhb&gmﬁmietay DRt £u8s ?B’ﬁ‘rﬁﬁiﬁteﬁ #Ad f%@elvef ﬁgc%bﬂ’i&dkn@\yn as “group

osl I onl -Unit Devi ce f or
del%/r réé ﬂ vEUEY Q&“yaﬁ‘alr“’s&‘io gepf mﬁn"“r%eﬂ?%" §mble“t temperature.

Thvetioe ralpluenhe of pamier Geduencizngenerbied frdves cowmen owiilbtgr aad @ansmitted through the
saBQSﬂaﬁshlﬁ 'ﬂhtﬂ gnlﬂ&bénexgg \ﬁ)e‘aﬁal %Qélaeiayg‘ﬁf%% HE Srtbt ﬁeqwéﬂr differences, and further

acent network, as its tranSmtted networ

°’@6er?@¢¥@&$§% elays £pyseds By, femppratu hangs Wb RsErften els?fmr"f% This causes -
15 positioning signal 803-3, are received and rel ayed
to other Positioning-Unit Devices within its own
network 801, for subsequent transm ssion 803-1 &
803-2 to roving position recei vers 805. The
transmtted correction value, transmtted in the

net wor k data of the Positioning-Unit Device 801-3
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20 801-3 and subsequently cal cul ates a single point

position solution using all Positioning-Unit Device

positioning signals in view 803-1, 803-2, 803-3, and

adj acent network Positioning-Unit Device positioning

signal 804-3. Wth a single p#lnt position solution

cal cul ated the roving position receiver 805 clock wll

fpasmifigdpesideping rsignals it 4ie ndtevhase coborekt. HOn phasaxshraene peshigring signals will

ﬁmyﬂa@e enarmo@{e%& 16 blh B & ity @stutiof i) BREQDI €, the

SQésm) Eynr ﬁ03|t n|n Uni t Devu;& 802-3 ?an wansmitter b
0 P'@%EP'\/ DS Fwaﬁegﬁg%ﬁ“’é‘ SlIeEengyase Hro g i i referpey ransmitter by

tmsm!ttmgmmlwghtﬂéf frgquencyBiiverse posBi0dingsignalel whizh swerimlividugly time-locked to their

&dp%@@ﬁ@onﬂ{ Jeﬁfe%%s@cfnm&@%nfﬁé 'Asf’osﬁgﬂu\[%ﬁft ﬁgf%ce \Mctnlﬂorates a plurality of

respect toits own network timeb ase.
e E@ﬁfflmﬁé&%r PG sl ahg ﬁg‘u@hwf PosifipRige sigyals. Jvhich @y transmitted on a
luralins of tagrier | fpqlend@r MC Posbiosing- Uit Devi@ posision receiver tracks the plurality of

@egﬁeﬂépﬂersg ?&Mcg HE 9%111 ;_i, 8 aﬁgﬁxygillsg U%c\éltﬁea rglg} ofl' frequency-diverse slave

Iﬁagqnfnig éflgpqlfg'rgq Pgﬁlg?n 1t3)ev1@q1”gp1é1§,9cka Fqcb\me%@ncy@vprpfqeference positioning
smatitd its0BspéctiCeelred BinBy-ERse tsl@vc@bﬂtﬁh‘ﬁﬁg b@ta‘ﬂ/@ﬁiﬁ that EBRIDASL Positiohing signal is

c'in%g(idg;cgﬁ dsyégc% c:;'vgedt w191 tﬁe {ell-ergcu% 1tter ?1113 I-l‘bsﬁ?nm&nrbmtqﬁmce then transmits its

41'@Wa¢f§reﬂue@mdp‘aﬁs mSttwng %mala »16110& rags] tmeycotacfrenf rvélqthe:g@me gelay from the
rbfeeie @a6RitR0 Hith ia0RAsNBrebAint- 10&%& P&sﬁromﬁ’@@hﬁ D&Vices RGRIWY € f)&utwn receiver

SRR B S, S5 UL LA ek e o
reference Eirﬂsmlytcrlge) up Adbiydren cropited @s/dl ratige ennor vARh. is d@fAmo@Imang th@ Bime-Locked

FRLIGARE n@RAES CFHERIOR th BRe AR!iRNicottirleS brrd? 3S&1dBY oh B4R BGioning-Unit
transn1tter and receiver electronics, known as "group

[Efé]lcea}gfeu or@gs L}Iﬁle }Uﬁ? re&eé\ﬁr :gig]fpg;tsﬁlﬁwmﬁ]aﬁ Bsg%@ﬂgﬁ:§rror as a receiver clock bias
adegprdiesnde aror innlegingla pyintandtioa tdiuiatidn. t enper at ur e.
Therefore, a plurality of carrier frequencies
enerated froma commopn oscillator and transmtted
Hrkgeroxdiate iame transmit path will experience

Alpredybaite fob ﬂ&ed.&;bl&ié&hedﬁ&wl&dge bh@e B@[ti)h]% Uit D68 P6sitions with respect to a
rien C

r%lerr:nce co—org’lna%e‘ %ﬂ%‘rbédA{ltura{'J] dmate e m g% cl; ¥a ﬁlgﬂle {)r?terred embodiment the

S cause T ure ¢h
Fetﬂe@tntem iBeth Fﬂﬁdu (gc%@@%eémﬂemeanm twh@éi igyadsyithe corerdingte frame used by

@SQH@mAtSh ah th@rpﬁefdﬂgcg maﬁ@ntcﬂﬁﬁﬁrﬁﬁtUmtmlces self-survey from GNSS, and/or
e- .| ni n uce range
RRS Fuf R PisR e P i s st (AR

process. A Positioning-Unit Device can elimnate the

quﬂmggaﬁhgﬂkmghase problem from a reference
transmttin plurality of

transmtter a
Ilf Iﬂgcﬂﬁgﬂ'@? eallbqf%tp% Pﬁagqntqg-&q}t ﬁ{fwgqsgtﬁag:fngt 1r\,\ﬁp élﬁhcaqsgi Industrial Scientific
Medidal VESBI Beinb yf 24GTR-tb DAICETE. T16 21 RBIzNSM Eaﬂdeﬂ@)&ﬁlﬁd dé@lopment of Positioning-

Uﬁg ‘Si)fgﬂqumroﬁ(fs Wtﬁ{l’l{: %@%%gtcéngéymg %n(? \Ill%%at 1§terf IlCE 0 Ctlﬂ‘el‘lt 1}av1gat10n systems

oni n I ncorpora

sich i 0S T AAGH 1M bit) aieledowscHgiBIreborsividh e e be used for inreased

c}ilb[iﬂgﬁjatbst ¥ et Refabdck Qﬁ‘éaﬂ @pe‘éﬂnﬂﬂéﬂsﬁmmﬂ@él@ﬁls adr&he use of multiple carriers for
ral ity of carrier frequencies.

“T&%mﬁggffqbﬁammgim ?Hfﬁvlce position receiver tracks
the plurality of frequency-di verse reference
positioning signals, and also tracks the plurality of

héééﬁ%?@ﬁ%ﬂgﬁﬁﬁﬁi%@ié%&g”@%ﬁéﬁhégﬁln S|gnals The

frequency-diverse reference p05|t|on|ng 10 signal to

m {h§ p{e&ﬁgﬁ&ﬁaoxﬁeﬁtrmgﬁ fa&x - GliVBLRE &L@x&em@b&dﬂg @écager a transmitter, a

q such that each ave ﬁfSltl ni ng

TP d’FﬂSFSé‘QE B WU& 3?]*9:1‘1[2‘61???02@6?1 of-Hhe H‘é“tloéff@Fléfi’id‘é‘f"”Pomws a plurality of
rédcéiathianndld @pable bR cdRORY df phuddlity g pdshtioiing Mpahle, @ach R@tprising a carrier component,
transmts its plurality of frequency-diverse

positioning signals, which are tine-coherent with the

group delay fromthe reference transmtter. Wth at

| east three tine-locked Positioning-Unit Devices in

view, a position receiver deternines w de-I|ane
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Posi tioning-Unit Devices. Therefore the same AR

i nduced range error is evident on each

Positioning-Unit Device pseudorange. The position

receiver interprets this conmon pseudorange error as a

recei ver clock bias and elinthates the error in the

single point position calculation. 20 Network

(FIodd eap@ciraadreda cpnpne Thsidneniftaincdrpergeslatiedst dng RE twgrier generator,

Jfﬁ%’b&q%l &fle %eh@atc? oa%l‘i tat' 19«1@5 g stwédtclo%“’fh&@ﬂp%phéegﬁans for interpreting
Wt h re@gect o.a reference co-ordinate frane.

RoSlfignpe ST BFHAT & i BREIRESFONE: FEASRFIVC RFENS; o cenffel the he Yamsmiter e
qivele frelrnieanh te plnerak n@fdatidn e, Tha b@ﬁinc@@;ﬁtﬁi&t’oﬁﬁl’oﬁ% t laohketent@¢tal timebase for
(S ohentQr BE PlsBlif-Ti@Bicd S Used, which is also the

aco or 0%ilnnat e ?rsarréggusé?ggy GPS and WAAS. In the

preferred enbodi nent, Positioning-Unit Devices

l&ﬁnﬁg&xdﬁ V(EMGf 9 Ql[él‘eGN&@lcte&l d’bﬁionm@-ﬁnﬂ%&;e 58N he@porBihd € position receiver

9'395 | l}aas%ll’] {‘telt;] QO}J 4 ICtentrD? ¥rocess§n gshg)n A y n e arg?]mm%alzostf‘ﬂlator 985 The position

r ansm ssSi O erre
rmacﬂomerpom@sq Rirlini pfgecekve ehalleels Wbsand the irsnsitc] 43 ifserporates one or

kb df@ﬁ'ﬂ&%@lefafbd!ﬂﬁt an ai mo%@éf%lﬁe'gfzﬂeﬁtor bﬁ%dénﬁ aﬁe o h&:wof @éﬂféd clock 909. The
OWS,

('g{g"\ﬁ]f‘ dléc;ﬁ%ﬁtmeg?s fH‘o%OSlP? i;ehvar COgla’lUEjFﬁthn vrnsaéls ﬁol F%P’lw I commumcatlon
WM. irouans fergahsatitsr sieersd Algtkreammnicagand1 t hout

interference to current navigation systens such as
GPS. .The 2. 4GHz | SM band al so al | ows 83. 5\VHz
Rgsitioniec{nit Dexise ROTitiRnFc4isr used for increased chi pping

A BtsiEenigFUrdi Deett p@igLestver copprisacht &P e retaivi dbinkl capabla @f receiving and

dlélh(tgﬂelg!érr% at Egst Inp:q' r%‘@rguﬁ(rsm&)#t% géﬁthﬁog’?’l%%%ﬁ%é%&lﬁﬁ%%%k %?o-ne re‘ceive

! WPENP Rf@soawm a iofipertvaRtiong p-lpgaied fansmister sqye positioning signal.

P&M@L H%Eltlon&lgmﬁlﬂde b@gmﬂﬁﬁcélv@ﬁy kdpebld BCREPMd BlGrakty of reference
itian re elver a trans

stmonm% 51gnaIs u*creeﬁ&i_.)ﬂjcura(g zalrcp mt(e:gO %Tﬁe g(S)SétIOPIP%kJnlt Devjce eposmon receiver
pp’éﬁsqu fémulql ele'e Py eapatiln eforegsivinat positieuing| signalt froly ogffer B@itioning-Unit Devices
uﬁﬁﬁlﬁhﬂgﬁn sbangel ﬁl\@lﬁ@(ﬁ @Adﬁ)oﬂlflonl‘n@ @@havsl fioch RARS th"ﬂN%)éathttes transmitting

“gtg?s‘r%tgi;]ogﬁ%e%}%d quﬁﬁegt g}émg %ﬁ{evngwaig%rré%gf% tracks, demodulates, and
ingeprpe pesitioning kignals utlliEdigithet eme nmbeﬂvtmeﬁm% inaroneg@sdl (P geceiver design,

Bk reler bﬁgesﬁ%w R are wé'ﬂtknl)\ﬁ'?iﬁ the Q7 ﬁld%l}loﬁgﬁﬁect described here.
generator, and at Teast one steered clock CPU

conprises nmeans for interpreting positioning signals
PostivaingdnhitiDevicdweanp@Béet | ON recei ver, responsive neans to

Acpdg{tlglﬁlll ﬁ#Déﬁc@%n‘t%ﬁﬁas %&%ﬁ gl%ﬂanrtrx]gm % Ocog‘llréﬁtll H@Qﬂ% pscg.ldohte with one

gener at e nhavl gatl on
nmobglpdd griticg] 1@9@@@}% a|stsersd Uujswiiey eleckt &y the pprefgrjed embodiment the steered

n&@m@m&kss @herdtdtiein B0 Hightd! A HY nil muegexglfaegynﬁiea‘se(bbsp@chmques DDS
oSl ti.onl n

BfRblokE phties it Spirie” SPUERT B P RPN Bt to miliors
agepragiesnthustapwigDBe tr@si'@éﬁmﬂﬂdil to ﬁr wewssly i“slyedng 4n L(xﬂ(g; rd@dehce signal. The

trﬂﬁﬁhtt@r GRIMIRBrpQaed bl REP rong Qo E&ﬁe&?s(kﬁj SdPrier rg%ﬁe?dtéfeﬁrgl at least one

[ ncor]]&gjﬁ {lﬁ%{s\f a pI ural i E;%l recei ve chanpel s
P%‘?H R PYIRES TN &30 G8R8TaIoR COF B reatrigseeB RO odyess fit5r<@rrig component,
whiaht isiassinugpiiabradit Grquey waenpeferablyoammintd nokke? 48 dBMtbond, and the PRN
cc%g ne@e@& Hacd rthe”Hfd? c&flpoﬁén?%lﬁ‘&’l & gﬁéés gqgnquér Q@de %%ce that can be

i ncl udes neans posSi tion recelver conmuni cati on
d’@‘f@““‘ﬁ% ARenest ophey l?sﬁllﬁ’grﬁ’?df”ﬁléf’decsﬁﬁﬁ%?ﬁﬁ anprpigsd onghe)samg qgyrier frequency. A
plIREY SF Eodés dati BNSAEritédain a&ﬂt&;ﬂibeﬁf felRadies COPOANRE £ &t dallid “BL2 lane”, which
allgHs Icgrh‘igln lnﬂ:gér U HLIE a@'éilng'eto A2Sk {oivggl i §G§ I Ve{gosi"l" én recelver In tthe preferred

oSl t1 oni n osition recel e
em@dwmcﬁ?@ﬂ?%éw@etlhﬂatrﬁﬂ@mlﬁ%samblrl@d &f a Fige é?lvfimgMﬁWde Access (TDMA)

scl@ie) elieh atat Righ pbwer €BHA ﬁﬁ_aﬁmﬁ@f £4n8I0 A6 nPOEh tulesld} OOMSRI Iﬁ_ﬁlﬁénmg signals
froma reference transmtter, and at | east one receive
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channel capabl e of receiving and denodul ati ng at | east
one co-located transmtter slave positioning signal.
Preferably, a Positioning-Unit Device position
receiver is capable of receiving a plurality of
reference positioning signal3for increased accuracy
and integrity. The Positioning-Unit Device position
rangneiitefeon URGaps cafrier zeahepcys Rgaphdnaieney ipknowe prethd ‘@eagyfar problem” and is also
WEa8bwi AtheRRSI ti Oni ng signals from ot her
Positioning-Unit Devices transmtting in the 2.4GH#

| SM band, and positioning signals from WAS and G\SS
Buitiehihg-Usis Dévica Geutral Pronggsing Unit he m cr owave L band

fﬁe@%&%ﬂﬁg @ﬁnD&m@@?UE&ngﬁkeQQ Unit Device position
recei ver tracks lates, and  interprets

Posi t Ve RGeremih e sorgntippyition ahthe Prsitieningenileistol ogi es

used kositiandewandtionah béRBieradaiabugs citdesifguvey oSRBugh manual initialization.
recei l;

art a%e?sur@%r%%ﬁ%%ﬁ% Sgsﬂggngg gexg g)ﬁ\lﬂ%etavéﬁ l.ljl viléww %E’g iez@t }Ot].le other reference
Posi t FasHpmrg=Unii Pevioey r°c getermiag s;lnﬁhfe?évne?swm}sﬁﬂtgieo?ﬁﬂﬁ potiifnt solution, or
Devi Cﬁteﬁlitﬁélﬁ, RIPbditehin g 6it DBV nRay B 1h ail'ew bf # Bast @re@GNSS satellites plus at least
groln::llec re?erence }g})%orpmrﬁe[yndt%ev%ce 'In \ﬁ{l ds etmb ment P%Jéerq'gr%ﬁ%eg gcr(si.tioqilrl,g-Unit Device
t he prefiey b‘é‘d ceslaisod| |cmtdlﬁ°¢1@t1§tce@¢c§@s f@l‘r dAh GNP sasqllites in view to the
cl oc kPohlﬁmﬁ‘%flﬁEtajeeige iTh: BoliBorfHgQrditetbevIOMEH RIS abdufa®Gosition relative

gital t echni ques. DDS 30 technol ogy
pr odutgglg e“?’ﬁ‘ce Oflg‘f"ﬁ‘yl?%sﬁr%\‘“éet ed oscillator, which can

be f rMdyudinteliciten is ghieed by pladiiglthe Rogtidning-Lag Deviceet &gdetermined location
t hus g l‘nglwlal%ntetﬁ% the’ gQBh?eﬂihifc;I %Bortﬁllla%c\}ﬁluss%tp ﬁosg{c]n%ﬁé §1%4 Device memory. In

"slaved"” to an_incomng reference signal
t r anghf PeigFedambediment & lﬁﬁb Posttiouingfnif Qﬁ‘é‘"te i$ anvpllygingalized using precisely
f r equamey copfdnptess aith subtequ@atrfesitdning, Uni Mdvieds séle@s/byigeom GNSS satellites
pseudgy ﬁ@ﬂﬁ@o%&ﬁ%@%mft?@e code generator. The RF
carrier generator uces the carrier component,
Whi cHVgags tamsqaﬁewffr@aq signglgpagrhioy tg pesitieyregpiige, pref erably
t r ansaxi dnluiels bffthelpbtiod redétdf ark SViolaan, foraﬂ}d'efef&ﬁ:e pPRMoBBg signal in view.

Ode l\gegsetro %Ec&nre Qtrlgadtuo(r:le refetrenge }gosgionn%ghsgr)la e)fjn'ametwork time and network
onp ue code Seq

di st Mq@lﬁmﬁe@ammgis@cmmmm pseudor andom code

45 €U aNMaRSto likiahiid e s@6h1 PRapdein JAREHGAIE Bfenfd RAMBIE Yo thPositioning-

pl ur codes can be generat ed on a plurality of
freqﬂ%ﬂf:[}/é‘% to produce a so called "wide |ane", which

al | olisfecneertiagamitien p@sgien coydlates ararifirsgextrbofedt fwmbxbe m@&octe\pes:ltlonmg signal
in a n%ﬂé’altlgtg d:Rzpsahrj 'cchﬁaalre@ ¢$ 'th\é %owrl Bosst}aﬁin@{h%{ Bgvrngdlocanon The computed

embodi mént Positioning-Unit Device transmtters are

pul s&OTIc distaRte bEVGIISPIRARCR AT [FPreAnABHISRIng-Hippgvica é converted into a
schenime- osmghtot‘fkbat hi gh power CDMA positioning signals

?O n%e 56}5‘1 Yﬁi@é fe 1 2 sgl%l‘ godé) | {}gorﬁltggr?g %ro%?:ate unique PRN code.

ransm e sane carrie
fhhen é%f@i*ﬁdﬁ g‘fnsrall% ﬂ@ﬂmssalsprvmte etk fifng uﬂncme@@r@ﬁa teqhe| tringmitter, which is

al so trawain{ed KteMavikdfiod da@ c@rﬁ]ﬁoneﬂ?ﬁﬁhetsﬂa%]boﬁﬂodd@sfgn@eV| ce
Cent X! Pro ess n

CPU Cé}?ﬁ?ﬁi‘)g ata l%jng‘i\‘}ggjﬂsulf’fn they gfeilgp‘lfﬁel‘n%m‘%%éé gLH\HQ %\B‘teu\:{'l is subsequently
posi tmodwlaterd “anethﬁP@EnSﬁllt@mengattme Beigi. MNavigiPos deta gneludes  time-of-week

dete rufﬁ)rﬂﬁﬁdnoﬁbsiﬁé}ﬁlghﬁut%nhaem&goﬁ BaQH S heSlotk M8t such as location and status of
sel f - manual Tnitialization,

u
Sel f - é‘ij/onﬂnédﬁ‘ftpéggefﬂ@%|sft?lﬁtﬁﬁ ng-Unit Device to be

g) N viMpansaé apply tegalatiaiddoime-obfligaroffsee ind irgtintiee the slave transmitter to approximate
Posi t,L Q0 R0 inif}eﬁl@g&l ces to determne a

si'ngl e point position solution

by o alhfeé’i‘sﬁ%ﬂn}‘%ﬂ‘ﬁPOSE&IO‘P@%‘i“t‘W‘Sﬁ‘?ﬂW@ f%meﬁlamﬁl@émﬁﬁ?abe in
view of at |least three GNSS satellites plus at |east
one reference Positioning-Unit Device. In this

enbodi nent the reference Positioning-Unit Device
supplies both code and carrier differential
corrections for all GNSS satellites in viewto the




10

15

20

25

- 30

35

40

Positioning-Unit Device. The Positioning-Unit Device

then cal cul ates an accurate position relative to the

ref erence Positioning-Unit Device. 15 Manua

initialization is achieved by placing the

Positioning-Unit Device at a edeterm ned | ocation

and manual |y entering the geographical coordinate

Wal ueMednntoamuiz the slayenppsidpiing fenal end gpelyor yontrglnloopt fpeobtain frequency
pr ef edoh&chcephiRel thBBkreme bild shbve RO8oieQ3hdRg- Uni t Devi ce

* coor alHareeefic 1 eogia B e At Y ey ot e and

sel f -dave pesitionigg fignolna@NSBlics atcebttol toes knawndastal{§inielrosit-Loop (TLL)”. The
Posi t dughi dreie PRI Epp%‘éb&e%ﬁonaglug)to ML aRR A st ARE,Gn Gder to zero the ICP
referince signal search by the position receiver. All
chanrn&f€8F the position receiver are set to search

jor amgans ef erameie tpasSiitddcsbive gims ifgmathe islavevposinoning) sighiamsigation data
to a &}ﬁb(gngnt %}-d he?eﬁﬁ ﬁ{Q Bmb %f Iregdg%gmgfi%% llefggh%gmﬁﬁcglﬁlglsignal and slave
and extract network tinme and networ dat a

navi gRREifiFedis®®h conponent. d) Means to determine the

191 gnaVleapy © [Tagogiévoihe et&lreayraﬁmm tIbR tKeat@IsBNG®unt to zero the time difference

tr ansbmeén {he regergnc? POS 1011116% S1 nap gnd t%es spve ot519gnm§ segnfl] sucP that the slave

Ref er 6nce transm I'on coor

ext r shosiduing gigng is H@onobgleqllé Alézaedywithithe r@fﬁ'pmgtr@mgﬁq [time.

Inavi gadhnBdlakainand 4ampar ed to the known
Positioning-Unit Device |ocation. The conputed
geonetrical distance between reference transmtter and
Groyswani Qsrillatgr- Unit Device is converted into a

'lthle &ﬁnn% ogc liagmrm@tfeg §c§;heren§gca@ )nn@ﬁ@@& alt Qoxﬂp%ehﬂs Qi}thezl%sztlgh%lg-Umt Device.
S| avetransmtter code generator. with an ag ropriate

I‘EI H?Iacl'}l Nan&eoqigllatqr )IS W&fﬁ grnfedhe@é)ﬁgqndfc:éwgntae §1nd the steered transmitter
chplp rAo@hérant Bedl ethvtaselallivsnperalncp ftghancyr tackiad & tHe@eckin@! reference positioning

S%Fnﬁrﬁ‘?igé Lgcﬁgaﬂem%ﬁthcﬁ %‘racl{iﬂﬁ%ﬁfgﬁlt(g'ﬁéj Wih H:]Sethg @e\é%lge%trgfglnnce positioning

ta conmponent osi troning
shgad) Iﬁﬁ‘ﬂi‘lﬂ?% 1§ 1595 ppmeasuredde d!ped{ogﬂong)@dﬁﬁﬂqgce posmon receiver, is fed directly to the
Posigdai@iUnlt Qevige @t@é’rait fahsiitd QQEE TheMibefdd fhaBsnSittd SRAM @flﬂp'l)y emulates the

ﬂﬁ%uencd/a%fegvallll%a? gle Imﬁc% tm al'ré ngléeh)gsrm %gglrélila(a %ﬁl\% Blll'H? g?%]%% GO(S]’HHOH oscillator
1oy id inginfpiniges Riferenceiove @eeqmaalmcb betwegm the oetf#mpe amd WG Hesitioning signals.

Fd8h@s Uk ch@ﬁﬂﬂn%@tnh@ﬂ_m@tﬂﬂnt%f B e QJsmeﬁ

Posi tioning-Unit Devices and GNSS sat el tes g) Means

to apply the calculated tine-of-flight offset and

initialize the slave transmtter to approxi mate

oretrpioN bfBmANeshiaddeRey. h) Means to initiate the

position receiver to search for the slave positioning

signal. 23 i) Means to acquire the sl ave positioning
AStogiR@posifitiCre & e ;yefaabﬂam’oﬁlp@es 4 Slopiity 6f redaivakianrels ARLIGE Eipable of receiving

. a&@ﬁé@%ﬁ&gepfgﬁén@% nalﬂ%n{ fosﬁ ﬁn%cﬁmt ev1c§s i £9 ﬁ?rvlef%raf%{ 1ngraitting in the

measur es aneous
2d8HE iYL bpiadle oYiGPpostipf fesrien dealwfprefirediy @p@ieefrfdeceam and interpreting

pSsl:tfb‘dﬁg Bl@}fallst oGRS SIdONAAS sRBleORRiniBi%e & EON bR fréqﬁgﬁﬁes The roving
p?Sﬂ:lOﬂ .ﬁ_iwer i5 Fﬂre-Feré{)% cg?aﬂé (?%' ? gﬁ)dé}%nﬁl éagugfitb(m dﬁt& mgtfrg()g? lga network data from all

posntwmsm‘lgrlab in igvo Ekis allows detegreination ofReritioningdnjt Ovice network time, GNSS time,

Pg:iltfoilﬁ -oht Qevuie) 10&%9 %atrslﬁte Q%Btfoﬁg tand &ﬁer tnEt@Ql% %J I}ﬁgs ﬁité“ﬁ? the preferred
osi t1oni.n navi atl on data

romthe s S
e%%afn@mwogwamdé S B PSS Fphe AT es LBt Rains network time
atd@NSSefngrteraeheros Atrovingi pagticairgiadr atm prefolably Elcorporates means to make code-

based pseudorange measurements for each positioning signal in view, means to make carrier phase
measurements for each positioning signal in view, and means to solve for position, velocity, and time (PVT)

using single point position determination. Single point position determination can be accomplished by using
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positioning signal. 10 k) Means to Tinme Slew the

steered transmtter clock the requisite anobunt to zero

the tine difference between the reference positioning

signal and the slave positioning signal, such that the

slave positioning signal is #hronologically aligned

wWth the reference transmtter tine. 1) Means to
lenoyeatienal TG Rfeposiienksolutien, wdich 1sbee@uatironfo@s of lkdsatqoares Thgession that is well
eemmhe@scCi | | ator provides a coherent |ocal tinebase

for all conponents of the Positioning-Unit Device. In
particular, the sane oscillator is used to drive the

The sevinggmnsitiacredeiver preferktdy BRIhoram dnehineto sitteraing dnteger cycle ambiguity. In the
ﬂi'é‘fé'fﬁ %ﬁ&dﬁl{ent 1ﬁ'ljeé%p Kycle%mﬁ%{:}ﬁrr@ %?llfeg(ﬁgﬂlg Mdgﬁp &m %As OMfRe mteger cycle

pen- re uency trac recelved rererenc
a&?gfufy ‘E)ﬁf‘\l]"gd agfeglffa:'axnaré}hﬁg pgu@@n%ealf peéeanlpﬁdg@@épﬁ:ryvmg posmon receiver to
tHe Prskibihg-Bysheo. (’[Ea' S)mer \ﬁlﬁdhhbrﬁgﬁcdlﬂ]ﬂseﬁ e eitey@ huinBdr @F €4 cycles (the
J&gg%f %ﬁgﬁeﬁg%\%% ﬁ_"cé c f%?%ge am%Xnt Fc'r otir?]bgarl g% negFoz%%Hase ?om%gnent) and is
tefmp & Ppapdarage e 10 w@smm. mgltlwﬂe@en@mlp@eb@t Bistedeked Posiioning-Uni

HievidR S KAiBid e c&ie&ﬁd& 10 tIIﬁQ)f ﬁtcﬁ&f)ﬁﬁ tﬁef‘eiﬂfﬂ fAldwing @ Emélé MK posmon solution to be

fs nnngé'né/n}] I%m'l astg r%%rﬁeé 8seud8rsaln ﬁhohty th%l}eacﬁlgxi dlt¥efeﬁﬁa§ correct:on

eI|n1nat|ng t he common OSC|IIator term and

A‘ﬁisfﬁbrﬂﬂe&h@ﬂm@@f &ﬁx@&l@f@/ Sh@U @b ERHBEHE s lgmﬁb&étwq rfefVBrk of Time-
gre ap i aveuFosltlonlng S qals lGPS

opks aﬁ’&ﬁtt?ﬂ"&% Pl Resieee ubiae GRS mtRolgHes il ] oqptentional GPS. receiver

dpsign GRomdeiver ppdcgiag and A5ihESERN BTWIDNLDF AhbiguitylBtdltion, are well-known in

ﬁ@gﬂg@%@&J&%hﬁgkgg§hh&Qn recei ver preferably conprises

a plurality ‘of receive channels that are capabl e of

receiving 30 and interpreting positioning signals

If witl of RSt bé @ilizeghdRiist EBeVii)dSre Sas Haﬁi gﬁ:\hn 8y @aypitah Auamtive example of this

nwérﬂﬁﬁ qih ts&ch el Atl{tlr &D&ﬁc@tlcﬁ% van ons %r‘s al@guliﬁ apggent to persons skilled in

on receilve erably ca
ﬂ}eééeﬂirmeﬁ@edéﬂfﬂ" Wmﬂeth‘plrr@qdlsme arﬁe@blt G mﬂgm@iﬂ grighesein sepfgsth.
GNSS and WAAS satellites transmtting in the L band
frequencies. The roving position receiver is
preferably capabl e of denodul ati ng navi gati on data
i ncorporating network data fromall positioning
signals in view This allows determ nation of
Positioning-Unit Device network time, GNSS time, 35
Positioning-Unit Device |ocations, satellite
| ocations, and other network and GNSS data. In the
preferred enbodinent network tinme is derived from
GNSS tine via WAAS satellites, thereby maki ng network
time and GNSS tine tine-coherent. A roving position
recei ver also preferably incorporates neans to nake
code- based pseudorange neasurenents for each
positioning signal in view, neans to nmake carrier
phase neasurenents for each positioning signal in
view, and neans to solve for position, velocity, and
time (PVT) 40 using single point position
determination. Single point position determ nation can
be acconplished by using 24 a conventional GPS
position solution, which is generally a form of | east
squares regression that is well known in the art. The
roving position receiver preferably incorporates neans
to determ ne integer cycle anbiguity. In the 5
preferred enbodi nent integer cycle anbiguity is
resol ved usi ng wi de-1ane techni ques. Once integer
cycle anbiguity is resolved, a precise carrier phase
pseudorange is determned fromthe roving position
receiver to the Positioning-Unit Device. The carrier
pseudor ange conprises an integer nunber of carrier
cycles (the :




I nteger conponent) plus a fractional carrier cycle
anount (fractional conponent or phase conponent), and
is terned a pseudorange due to the unknown position
recei ver clock bias. Tinme-Locked Positioning-Unit 10
Devi ces exhibit tinme coherency to tens of picoseconds,
thereby allowi ng a single point position solution to
be formed fromthe precise ca¥rier pseudoranges
m%%ﬁﬁ#t the need for differential correction. A

on receiver tracks, denodul ates, and interprets

IOQS' ti Q‘Meﬂ\gd §f’ ggg&a@!ltﬁlﬁjﬂg{ﬁgﬁgtc&gre %w?e%ta\{-\é%éll‘(/ dﬁreferenc rTgosmorung signal

Locked Posi ti oni Ices u
nePHBEE! W3t lest e itrenss trarsmETd binigue RySSoningsigna) ganeratsst by  positioning-
dewit davice, GRSnatled eimpesingdicaepsssi Ng and design, as well as

W de-L n@ccéqpéagwrgf&enaep%g dﬂ%g&a are well-known in the
art ana are not@%g(#ects descri bed here. It will of

cour se b & PEH FRSY ORI 97 St Feprved BSSTenchBRsiagpipsignal relative to a

gi ven by comyonofeilanri | | ustrative exanple of this

I nvent joRdjuddht a §élﬁ£hcﬁ§l&ra@fenﬁ5k B0 bbb Adeki A o d measured frequency

varlatlon% p§5e as woul d be apparent to persons

skilled in t he art, are deened to fall within the

br oad 4ceEperatagridurisme pogifioninisignalj wheeintsiidwniqas pdsiGorkng sigiahis aligned with

set fort kaid f2QuekdyAedviBle clock; A et hod of gener ating

Lroglqtjle ﬁ}é%)ggdélﬁgﬁﬁgtm?%glm?ﬁ%? ?‘os{ﬁlgrgr%l s\fﬁ%a b Fymg salg measured frequency

r ef er enc &%t EHS pAld Fegrengytperablepiocpraid ﬁwmcy Berrahig clgﬂgﬁfarnced to said

gener at econipn asciti@sd t i oni ng- unit device, said nethod

c r.e

p%@{h%ti%eﬁ%q&e@%gﬁ%ﬁ@ §%§§ch Q%Jes)gstlo\é{ Egigr? ?iesqh n%!i w1th EL% ?rcciucncy of said
Ffe%‘iea"si“é%‘é@isiﬁé”& ref erence positioning si gnal r el ative

to a common oscillator; c) adjusting a frequency

sj eer az@ln@hoq lopéégcrgﬁ}fg @eﬂue?m&@lt gg&:c'g ?gq El&ﬁ’lm MJ‘BQ said faequency steerable

measur ed frequency generating s
ufieck sadipstsd F‘tsfeBFfP Hganging*ﬁéqquw btPéﬁl "é%\‘F“d frageRsy effset (b).
positioning signal is aligned with said frequency

si eer @pln@th@d (Q'ngénerﬁl)n% %meh&%gﬁg‘\l,n}{e &gJ)rHl%E lt(p(gal%ail oq 2yxpl‘le%said

sitionjn appl’yi ng said neasured freqguency
%*@%@pTHT%FUm ﬁmﬁmﬁFéﬁﬁﬁﬁﬁy steerabl e cl ock, said
frequency steerabie clock referenced to sai d connnn

3?1 IC 1:1 lu léd@%éo?}gol'dta%grﬁ#ﬁﬁ thag% one %1& thg prreec t%r!:ﬁ\}/mg e{se%l Sglﬁ acg Jlsyeﬁ umque positioning
fsieed (sefegfionsfas %fafcancewesft@%&ﬂseal ffmsthftr poiorieg-witgevices: 2. A

met hod of generating frequency coherence accordlng to

aljjall,l;nt ]Admtyt\ft]o%r f%enertmn)g grﬁxiluenec c%ﬁ%a%r:ﬁtaccgr IHF \?Oainé P]Ife 0?% grgce%mg clalms,
eereig pﬁé@mfth(@cfm@qummspg@[steg bfjadjuging %agd frequisy stesfable clock by applying an
gedena trkdighcf srRgERNCY coherence according to claim| or

2, wherein said adjusted positioning unique signal is

tr ans At thedtgd acfordife tredyvocofatepording gaitng, whnyin eairtat Bist dnb @ference

@rﬁr@ﬁ@t@r’ uﬁgld& |p§s‘1tf(r§mg-mgée$fc& Wﬂfc Sirea%uﬁgn@a‘{’io#@sg{ﬁ%ateﬂltes, Global

X ﬁtlg ) %£MG %?I, unct i ions as a ref'erence t .
E‘%‘é‘?‘?’] BT SPUTAR P PSR By 2 i AT i Pomaets piag informaton
5. A nethod of generating frequency coherence

a;ccwﬂlsl%lﬁ n@traéw@a%r Pheh G GG ek @etw&m a PRRLEI N
id nmethod further conprises the step of adjustin

* EAPEPf PRI PRSP '8 U O B RpEPYPING i taue pstoning sgna

generated by said positioning-unit device, said positioning-unit device comprising:

a) means for receiving said reference positioning signal;




addi tional frequency offset for 6. A nethod according

to any one of the preceding clains, wherein said at

| east one reference transmtter includes positioning-

unit devices, Wde Area Augnentation System

satellites, G obal Navigation Satellite System

satellites, Pseudolites, or amf other devices that

i ncorporate timng information. 7. A posi tioni ng-unit

devi cebf oreagpdpraicestingg frtquenquieffiesyn sid resied céerdpestowiningsignal relative to
recei ved aehRéaB680R0SI tioni ng signal transnitted by

posi ¢ Shitar PRORRRE el SRl loe PR St gomig mossure
devi ce, §§W&mp6§$9$bning uni t deV|ce conpri sing: a)

neans  fometns 6@ gabratg s wiqhiSfoditi @G Sigih ShidrdiORIdNGgGipgithing signal is

26 b) meagod ofs HEASHEL k[ fGGUENCY of fset In said
received reference positioning signal relative to a

conmon®deEM i°h‘f°6im“°‘t§5‘f affusting sy hpniqeg perdtioping sigpak egpleing §pid measured
st eer abl dreglemg kffdety(b)ansasioquaicy elesableeldelf fatlMeq@ncyl steerable clock referenced

measur ed tosafdedu@oagaemg&f set (b); d) neans for
qugati sai d g05|t|on|ng signal , wherein
s tiﬁi‘ gﬁf@“eﬂ‘d’s‘ifﬁ‘ i@ ei"glﬁaimwgmg %igriag‘ﬁél&ﬁﬂﬁiii Wifh thefreguency of said

f rEguepeitiositedgnabl e cl ock; e) neans for continuously
adjusting sai d uni que positioning si gnal by applying

S asured fre, uenc offset b) to said frequency
? eer abPEFHHIRI dedigy 3eof G “aprERiidfieaensy ieeble clocks adjusted in
r & &) bn@adiount equisgéntito @adrmmsmred $equbdcntfoet)such that the
frequency of said adjusted unique positioning si gna

I al i gne uenc erence

p Osi ti %Fﬁsﬁ' &mré% uétﬁ gffvwe gcor n%Jt gl ]{nl%d)ﬁ? I,Yvéeratﬁ f;eil a&ygs}?ddtélquc positioning
avmdidiangpited cl ai m 7, wherein said frequency steerable

cl ock is adjusted in step (c) by an anount equi val ent

_ :chobsfta: gf\ rgs:? gnliln eugit 1ce lé'c?orr]é; %é%?na Jhed)f [g 61%&‘( t§|9mlh?regirsa1%adjusted unique
- weesitierfing Sgafil éP) éldﬁno@taedrcfgmcq oesitionjeg sidneliérntyer positipniag-uritglevices.
transmtted. 10. A positioning unit device according

Lﬁl ggéﬁ poslgignn%%-ugﬁ I%eﬁwcc Sacl:carﬁi gF ?o(agwxfeer E&L?lfngﬁgodlgg%%?nts%g frequency
rsseble ok fydisi torﬂafnspwa@ ifay i stirfgsid fitqhraey steerable clock by applying an
a&ilidnk] GRbuRGEy Uitk ford @M iBSined Lithe pdioP@Siint Elgﬁﬂaﬂgm%[é'pssummng signal.
devi ce according to any one of claims 7 to 1 wher el n
said frequency steerable clock further conprises

néans A resitigrdiaunitidenicesedorfling teapy oncyf ckinsdrtabl. ehatipedid dyjeast one

aﬁﬁ'leﬂéle ﬂ'glsﬂﬁter ﬁgﬁheg pogn@lhngfuﬁlewﬁacﬁﬁld@tﬂé ﬁhgxﬁcﬁ&ttuﬁ System satellites,

dltq\&aglﬁatﬁm gatellgtﬁ gﬁteﬁ iaéelhtfﬁ %glgt?lttqs Sh iuﬁ at ﬁlf\?cesth;{} fngoéporate timing
altf@fdptdpng to any one of clainms 7 to 11, wherein said
at least one reference transmtter incIudes
positioning-unit devices, Wde Area Augnentation
‘System satellites, d obal Navigation Satellite System
satellites, Pseudolites, or any other devices that
i ncorporate timng informtion.




