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A SYSTEM AND METHOD FOR PROVI DI NG ASSI STANCE DATA
W TH N A LOCATI ON NETWORK FI ELD OF THE | NVENTI ON The

wEe®@semo3s nvention rel ates generally to systenBCEAU2004/001030

nmet hods for generating position determnations in a
nobi | e apparatus. In particular, the present invention
ap@i §?§TEM ANTPMEHODGE PRb\ﬁiﬂIﬁm\S@lfsmN@E DHTA WETHIN A

e apparatus as It is applied to aiding the
ach|S|t|on and tracki hQCHTIONNETIVOBK subsequent
position determ nati on. BACKGROUND OF THE | NVENTI ON |t
is well understood in the art that precise
time-of-arrival position determ nation is dependant
#20D diipsveNae of the transmtter clocks used. In
its nost rudinmentary form three transmtter beacons
positi oned at known | ocations and connected to a
dbmpresent diversikn telates géverally to destemp e mfiﬂ@rig@hge@ﬁwiné Posjtjon |determinations in a

Sidbifel aﬁﬁraﬁﬁ th Bﬁtl&ﬁﬁ Ith% pfe%t @eﬁtioﬁﬁp#ﬂfwta En::hé ¥l frefl@fdy tdbterinaGhn within the
S ar oS/ 0 ni S
H%/ aiﬂ ?pﬁr%raé 8 1? %pg edtt8 ﬁﬂﬁﬂ:\% g&({uﬁglgrp and frackin or}gilgn ttor %Tésequent position

tihlemimatgpui r ement for precisely tinmed cabl es
distributing high frequency timng signals over
%g%ent al ly e di st ances between beacons.

5PHQPN9éF111 SEVEOONh at omic time standards, which

have very |OMIdrift rates, may be installed at each

tn @ %ﬁ"uiicie%{oo%atﬁ@% algtdprém@ kil @ B%1H§%£ﬁo@d&§&ﬁ£tﬁﬁ G€dependant upon the

el ver position known | ocati on and connected
B e P IaTE el 1 T BT 5 (FESTETUH hgoons posiioned
Sh@nadcatione sdicydectddr®arednien tloaknsdrhied @entiket o sablec WiliGlffice as the basis
(%Ori‘ai‘ e%}ga%onnl\g’a]l ?gsklo?c' % éstz Eangtgis ﬁdg{l&g{l}/ g%&oﬁ@%g}%{em\/& Irﬁghly impractical
rtq;mpraifpgtmespgqi inptall due fg dlhe rwgp%ﬁ)f prewgetm}f:dézaltl@qlqtrtbétmg high frequency
RSt dighMk Rert &&hmi Q@gee&stﬁdd&hbeﬂ&e@&c@ﬁpi\ﬁynaﬁ\hlys precision atomic time

étf“ép %&ﬁ %g{m flzga veir%io E raa%@agg% eitz}Lllie% zg eacmr rg{l:“tﬁrsbg%g%a%d Q'i%mtored using a
@faemd reGover poltioBdghe fpovadpationra |chmm¢mtw o rifprgjcg Fimebaegln response to

%@stitﬁ)lnlné a1 ived 1rbih kel tﬂigsngllte@ %L‘ac@n@ r Jl&:ﬁ tebreddont @re %&ﬁ |'from the reference
satellite every twent se carrec

St i O PO £ ot S USRY (BB S Ay (afprent. Moder
RBEBagesitioaingRBinulsges sediuds [STPS remploy this teehiqyso wherdim pisiug and rubidium time
?la%FdE L0 ';FFtaWdtlrhéa@n EPEsafente, \Ui%ietﬁe @WGBE@@OnM @egﬂﬁﬁth‘rﬂﬁmally monitoring

or satel error. | east four Th
2B OBP pateliges aﬁidd.xp‘}ﬁnléiw clo&k f‘}'ﬁe@'@"sd? Wﬁ}hg eBlf?gi"e%ngi“{/ FOBIi‘Ihoilrg ese corrections
Q&Ctﬁé]ipﬂeibrsd'cl&dt vid) edP Sardlig€s n@tpaiqp MEtagei©i GR$ @erstyeiprat, do that positioning

aFgrn: qul%hm %S%er%ﬂﬁéﬁk\ét@%ﬁ 3190% t f&%ﬂt@lht@ Qﬁ)@lg erg? SWlth at least four GPS

Ion SO Uthﬂ tec eisaso
g@ﬂbtpsainhye% ertlﬁ@_eodlmgmgqah@qs@orb@|aFﬁomB]§§th ip uw egw&t using a standard
Séehdibu@ dnbvh hshe cé‘lﬁ&nﬂor@pﬁbde—ﬁiséd)ﬁm pé&saide silae dTHEPSandard technique is also

posi tion Qlut on) In

i %Fpgﬁa?“n d@mégge Sggﬁbgﬁikﬂbude | ongi t ude,
and altitude of any point close to the earth can be
C@hntditi é\iaeéoéerbgm GRS peMitRR aglatoh @ihgteipemspo@.i.o,t)h e

Rﬁ%{ﬁ%@ﬂaﬂ% 2(‘183%' {b% Ia{n n%klém <§e and aHllgudg(? an ?&rﬁlclog tg%é earth can be

rah € conputatilons
calctlhel foor thepregagatinn mﬁe5|oﬁﬁiepqqapqu}g S@ﬁgﬁm atdeast four GPS satellites in view. A

Q%%qgglrvé}MQm&Q%mﬁﬁﬁws baRE BERE QSrelMioh Bf in@G&iy\eeidrated pseudorandom code

pseudorandonico es from eac
R e ot G B BT st St B BRCcr el e mgmred ranes
tahearsferrddso @& ptebdveangks bf tharein g tme differgtd, seqffset B)eflwm‘é'i? ofoles on the satellites and

qle c‘fd&? witliln Ehg er§ ak&lel. 'Itt@@ce@ﬁg' 1§ &Bur {hQQlK: r¥¥eiéHsR1obie syktheonized with the
receil ver. IS nece;})fﬁbﬁc}to ensure th

rsété‘éiev@fls“‘é‘a‘&’i‘dc‘iloci‘ gn BF2EY R ?ﬁ tlaé’?aetdetl"i’e pegween a satellite’s
constellation's clock in order to accurately neasure

the el apsed tine between a satellite' spseudorandom

code sequence transm ssion and reception of that

pseudor andom code sequence by a GPS
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recei ver. A navigation nessage is also transmtted
fromeach satellite, which includes tinme informtion,

waadosiiiose orbital informati on, and satellite ptDAK2004/001030

correction terms. For three-dimensional positioning a
GPS receiver requires four satellite signals to solve
%Qﬁdo?alﬂ&mf EUdE s ﬁﬂﬁ%ﬁm@fon RS ietdpGu o(f Xhat bﬁeuer)ancﬁﬁhd:oHd mence by a GPS

e§21¥erxe aawggtl(al ??ggages 1s a {smftp 3 ﬂgrgsela 'Sth”l'h{égwm& mclu&J %me information,

sadlte orbigal intfgymation.Lantt ﬁm}mg cleqk op@@mnu ternw -(Ber Hire- dwenwml posmonmg a GPS

tréclémetr GJunres &u@ﬁfé\l@e"ﬁénﬂﬂﬁ' solQ@fliwﬁthQ @cﬁﬁﬁhk%s Bﬂﬁ)hlﬁén‘{ﬂ y z) and time (t). For
SO el

AT rlner1|518ﬁa:] (stlgtpgﬁltllqnpé, § turqe i lé%/ anld ﬁgee s%lteqlltg SIIgda S };n'e r%qmred to solve for three
dsnewryi ofi gosition &badlylitrd tinfer(Bedl |cm¢nslpr@ha1de pBed[SyPSpppsition sohytion is able to

E?‘rot'ilae §@P§9&H{;e@%th% le?spﬁ)ﬁlogﬁﬂemg ﬁll \Mew]- %etcﬁaaaﬁty P i Sine an absolute three-
his Conventional Code-b solution is

ArresiAngiSRORSIALYithp 6%%%9?%085%? byt ‘&Zﬁi"ﬁ [&posi ti on,
velocity, and time (PVT) without differential
irsr(',%ﬁ\teht%gd@o'ﬁ@-bers £O8pd Sgsﬁ&)# Q(ﬁlﬁlorl %Cﬁf Mﬁ{némoug tsoltl]tﬁ'ﬁ which can determine

ererore becone known as a "sin poi nt" position
§6‘1‘t19t1’| #pcith apch Eme RV Cihons ﬁtffefﬁﬁté‘? C‘E%‘é’n 1548 dfigm reference receivers. It has
Biefeford R EUnie &howaRSa (single pbihtV posilioisdotuti@rinh mgirt. Wt h an
establ i shed accurate atom c tinebase the GPS
constellation is only capable of providing a GPS
IGenyentianl Grde-hasahDiffloreptial GBS (ralative-pasitiaBing) onal position

3 hUina60ibliHed a&ma@xakdmi €@hdbask Ghel GPS2nsaBELBA Ss onfhiapableSof Prtviding a GPS
als fro

ﬁ%fl%$ %vétﬁ ?rg?r,bls'lcg%% rl,% 1me\iJ %Sl:!lltplon?c;é g lérzriciyg)?%f)gfommate'g]é? tox20 meters. This is due
tto bpospbt@n otpositidning sighad) fraxpdivemaieri egorsspyress:, (1)(ienpsphericedelpy, (4 tropospheric
Qilel%c l63) %Fl{eﬁlEﬂs ko) ( a%ll'ft@@lﬁ‘dk\éﬁf)r DO IGPE reddih: n({l@)and (6) multipath. Tonospheric

giglb)él% ﬁl& m{@ﬁg tlﬂl}og e %,rlg]hcg § ectlz:osrr{ﬂtér{%gc \}v/ al rg%agsmgﬁhmugll g%ds of ionized
tphtidesginthb anashesf Tromsihziadielpais the tine Qelaymxneh@lchcbm ols¢itampgaetic waves when

&Fs@xﬂ? ﬁPJ&El{ l‘nglst‘tj@l 1§M1e'1§wgr Qﬁmgﬂhgf@ Eii)ﬁenﬁyxs @H‘(P@Sr ihe G%x@nc@)between the actual
ronagneti c waves when pas

tspelite dpgation g{dﬁlteé)ﬁﬂté:}né)redxgﬁﬁ B)hsg]e‘h? étgtfiléilata getnﬁénmse is tLe noise generated by
diefiftahs Bledroliatofe GRS tebven Sultiphth 5 adte@ighal teday|casait by dwvalgedisignal reflections
G heloi% %oxﬁml Mo Qirélgg I%F] ?\gr %e ‘?h@to lo'ftt}Eseanm E(ﬁl'cesdﬁ‘e @patlally correlated over

|se|st e noi se er at ed the 1 nternal
gqal@tyely @twrt(gsstagqes eps of én&p@]e\e@} Thlwe%nF H’é‘t tﬂlo diffeept-GES§ r@(iealr,rs within this
CiﬁixﬁMtyQ@'dﬁ&éjmhib’r \l\nﬂ(‘oaiekvz etk ing a@drs. ﬂefshl&ﬁﬁ‘drop@swlél tC In@8e the spatially
R S
9mt1ﬂmmnsmcamegnr(ures @1 antué‘ﬂ@sPS@}deIRIPgP &mcé paggllite sigapldt %ﬁﬁé‘ then measures

ttm&eﬁv&ppsém&ﬁr%&%% RSP 1By AR &bwctsfﬂﬂeﬁssﬁlhédsps@ﬂ@éﬂgm fioyh the received
tpﬁeéli%ngené?snf%t her %}feéeqlqtg%%%%/ogreguoe or eanEs Feﬁllt ]P v1ew ’}he r erencca receiver then

e ey correlate
BETd@ MthegOLME@BNSUS digitah dite ¢h e (GRS t@mﬁh viggn' IB? gt dighyt Thy | GPS receiver

g@t{ q%&'\(tl& Qhkis Theé LBl BERRERe Fs@&ﬁiaﬂéﬂ it Bleﬁﬁﬁﬁ(f&tthe%ame satellites in view to the

nown | ocation co sune r
freferensg el eay Dafore; cple1ling REFEPY SoRUpBERES “‘1’1“%? i °%ne§‘gﬁ°e gggeiver and the

tdm reRpai ae@dmpisely danoaaigyshif procerirh @nciRglard tredr Iscpurcessualn@f multipath and
Srgcgltvr AGES rer‘flﬁr?m?\é?a%m(#angé %&%%@dﬂ@lﬁ? dcfgfa@%Jsx'ﬂﬁl Jcﬁlga%if \Pgﬂlon accuracies in

seudor anges fferentia
Rl ordenoh SSiFTAPY e Bt ince foeB RO B gppon ow mulipat
thannsands these corrections as digital data to the
GPS receiver via an RF data |link. The GPS receiver
subsequent|ly adds these corrections to the
pseudoranges it neasures (for the sane satellites in
view to the reference receiver) before calculating a
position solution. Errors common to both reference
receiver and the GPS receiver are conpletely renoved
by this procedure. Uncorrelated error sources such as
mul ti path and receiver noise renain in the

pseudor anges and subsequently degrade position
accuracy. P03|t|on accuraC|es |n the order of severa

o o e ___a PN
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Conventional carrier-based differential GPS (CDGPS)
cal cul ates the difference between the reference

wo owanizoes and t he user |ocation using the di ffeRCEAT2®4/001030

bet ween the carrier phases of the satellites neasured
at the reference receiver and the user receiver. A
CDGPS reference receiver, installed at a well -known

lc%m% ilonal C C%'xalLr ase%tlfl?erént M]{ﬁ?e?aqvg' W%%M\;é? rp hase

measur enment s f view, and then
[Sowraettoad tcgrrigiahaped edifforintiad CRFA(CRCOPY) edalalgs die dilbaancs, bytwepp ghe reference
3dtati3Ir astBth@uskd 18dation R3Rg the fofeﬂ’eﬁﬁﬂbe%én b Sdirie Phatdd loBihe Satellites measured at

%tller;rel%ergnacg re gelil\% ng 2 esen%%gélvlér grgﬂng referenﬁe recelvgrainetalled ata we%l -known location,
W Eha S ih t fiput es ' a fereh

@écl@tqmsmedtm@s p@*swrtnhen rretsmtemeltSquettll yatelitss Jreviewy ant then broadcasts carrier

PRAPEAL toltRe dshiEredeRECHLACEF ERCRIKV Ele Us&®GabivdRlso H’]&llates simultaneous phase
re a runnin

carri er asur enent s
Brggsgramgﬁy E) 1? &r%l P VFYe arﬁl K qugr}t'lpl chmlburt g g et%liase l;f?efeﬂcg to determine the
(pasition ef thé wserye@ivei vat rdspeotrte thia eefﬂﬁs rsgtver Ipdaticms Thek@uier phase measurements

%Qqqnnnmtgh,&ée (!OUIQ rﬂ)hs@@ orpt‘ﬁ@ b P S‘Hﬁlen@ th@& Hr@sleM &n fttfe Qgﬂ-lsrhﬁquenmes from the
revi ous vanc ase UrJ ng

SirSeusliicn sk ﬁaoct SSHE SEAREOVT G PHE TP I PRI i s the sdvance in
spacddringdt prysenttepreh)dchvainble from the gecdivee rMophacceﬁcd lyr thexglvauce in carrier phase

%—argtgan t%yggtdaﬁmn@me@g% R RO Eﬁrﬁér gg%pgéﬁ @ffs@tgt{\]/%'éﬁerl tgraﬂ g!rfrgt epoch, hence

Ithtnape Ateerarcd e Bhasifdde ( I CP) . The user receiver can

measure the fractional phase plus an arbitrary number

3111% user recelve%/ (‘%ﬂ %Ea;glérg tthe nI?TECt%lgarl pl%l e ;{I\}]s%tarbﬁl%?:’ﬁgébeg of \%ﬁﬁe c¥cles of the carrier,

tbsfeca@et dnagjly detqriyiing twha@errumbtméwkplea@clﬁm the jpyeudogpage. Eligpugber, known as

leb‘in%értcycle anfm-gﬁlty” bﬂsﬂﬁﬂ&érﬂﬁn@d‘:‘@ dihér éahe lI'raHiE(&lllSstrategles for resolving carrier

iphz?seg Etée:ggga ]igglh rsq‘?llglgtof%% broaﬁ tc%sss?sn\s/elarrcg Blet%m% fq{ert I\ me%hods and geometrical

sedodsh Thest lradisonalf infthads idp qrotrield Gepantageaed iogaeydd elablgwty resolution. A

'I&B;h&b@ Skenovr! gss‘e,vuie[lﬁﬁjdgt’ |hQ:n@eJen H&Elb&d So BNRrcBRS thY in6H-#stantaneous integer cycle

I nst ant aneous nt eger ¢ e ul t eso

BRRAP R e N PEg e TR A b FBRBHe g aiopy e OPS L1 and
tLa fieyenagene fdrh @ bepod frequensy sigrelafilgokest frenteagyeravatangth és significantly longer than
magéién ¥s 1% tl%ttlvg thwM\'ﬂa‘ij @anjle?snt&gqu&ﬁ I}tr 'ré%lﬁt%ﬁ o?tﬂgln{e%érst &@h Be accomplished

carrier frequencies (tradjtional
12 3 U EASHERES SOV Eo DI P dte PR, a&%’g}y 8 hrgjder PG formed by th
ea freduerg sighaC Yhase \refu@ngréally reBucs ihg Roliiheafriitdgyrs kharrgest betskraehed to resolve
the wavel engths of the two individual carriers.
é%“mgﬁﬁmW%‘, resolution of the integers can be
acconpl i shed by using pseudorange observations to
gt &ai daﬁstrﬁtl‘it@ fdrmmﬂ’srmeﬁﬂﬁ)ﬂ 4 i‘utstjly mé idtdaety \ahdl@atencyl @ni@sKF data link, and,

chgg{T‘)[ >}hey léca(u a(}ete];nqlﬁa on a ¥e fise Q%Ner Tllﬂﬁ%ga bltnrc-lw{dtl}rcﬂ’ 'the RF data link

nt egers t
sewrghalifferential é@@tpdee rtathsecqumgetge tawawm@@ﬁgtagmg PRIy Ag§uFRCY- Poor reception

Co@'ﬁﬁ'felreﬁtanﬁaﬁa ga@!ed @Pﬁ?ﬁc%ﬁasjﬁ@dﬁn ati'demﬁlhpfaﬂlt dal)/sest cba& corruptlon which degrades
integrity and

Sf)@etéﬂqoch}lraq ﬂbbels rs%/.tlts? {nnt::gtal lrFefzrn?n n I O r{;oéltfon lﬁwdate at v¥orst The second
rse@eonvieg of ThePattee lackrdwind tdeterofinatidne ARBnvgetfonal |singlk point position solution
gglogstf{)rathé’]ﬁ)uﬂdnuo%gmﬂoﬁtlonqua Z)UJHQ i€ (. TDePs ugééiuﬁofo@@s known as “double

ata at enC%/ degradi n (0] té Q %CUF dth
rdétzegﬁqu@whlﬁ elm"fafeéfhéff’f‘?“gf tt"ém%; i oght ebv (< %/;giecgé?r and the user receiver.
OIbnfo‘t’étTottpdhé Gdar rat'bd/ermai_t tlettepainh accaers pesitidaah Gepest ypthe wference receiver position,
Vg'?l am{)oq %gt;él%lqﬁst*ﬂgo%hlg 1O rg&)ﬁ&m FC¥e Her l%e%ply aaﬂ&i oﬁl?slHtleltescted in position.

['ure an osition u e qt Wor st
Hrwowsguiste SKgtERten gecte EeEp Crtapimebast ficrep dERETE tp MRy User applications
determi nati on. A conventional single p0|nt position
solution solves for the four unknowns of position (X,
y, z) and time (t). CDGPS uses a process known as
"doubl e differences", which elimnates the receiver
clock terns for both the reference receiver and the
user receiver. Therefore, the user receiver can
deterntne accurate p03|t|on mnth respect to the

Y o e . o, o
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However, precise know edge of an accurate system
ti nebase is very beneficial to many user

wa@ppsiocasi onsi nvol vi ng conput er networ ks and PCT/AU2004/001030

t el econmuni cati on systens. Thet |l ack of tine
determination is a major problem associated with CDGPS
Pl ol Gihg editputSly Svasis . andPRRtG@hunic@ioNGRBE tTAE 12060 oA fe@Fmination is a major
appr e position determnation is the
B&,Q%&Qm%gng %ggg%mmgfﬁ%n?atlon systens such as
pseudolltes Pseudolltes can be incorporated into
@Qny@m,g,@n,aﬁtag;,de and Car rier-based Differential GPS
é qurr Ia%) r%ﬁ]t usecf'I L?.ﬁgg?f’é g%s 6)% dugrrgil atg)gflsgges&s% Iu t ur g Pag%d gquﬁnentatlon systems
sticly mpsgxdolgdesaMgbes&gn BRAngbzoratef pqt;k@onﬁyh(gr@k@de and Carrier-based Differential
@i'Pg fsﬁfeﬁlgtwjltﬁ(lut QIQ/rJd@iﬁ&daplﬂﬁas&&tu%sﬁﬁulr@rqéﬂspmg’tcan be used as addmonal ranging

i vel nchroni zed t
e s B tf b e A ar G i R e T gy, pesdolics
gancbe myneiTbriize & the ORfelaed AGPES soivat depmins IGR tiat frbre @sdnventional code-

EQEH Gﬁi?f?olﬁﬁsh %ls Lé tateﬁasaﬁ)% BeS §§§llt$sha§1d q)%ts&ftﬂé B&&nkk%é ® a co-located
a co-located pseudolite transmtter. The accuracy

Pridofip grapsmifish J% ageuragy iy §]%er%PSn‘é‘th‘l§§/ ‘@@"@F"rdotry %P(ﬁﬁ"'@éé"“rces including
iofAGshheelt M roprEs i detay,Gatellite clodk @pe@rSyataktiteipasitie ki@, receiver noise, and multipath.
%me%uul‘a%lgs ocfl %?A&lnga{eq 0t ﬁ)@trlﬁxlo%] l:(}ng zpé)a%hlg\laglg b)elgs[n [Ehe GPS timebase method,
recelver noi Ti e accuraci e

AP e XiTEREas (Spostign SFOcith PSS B S ST ol AT ablr gecpyipy is much too
Uikt @r plo@se GRTzatidn a8 e nmet hod, however this transl ates

to position accuracies only in the order of tens of

neters. This accuracy is nmuch too coarse for precise
Gaxriegrhased Biffsregtial S ugheg an “OmnpMaggristudelitent | al GPS

@Sd BaenfRumtien®) 5838y Jé%nen Rﬁl@d»lﬂ@&térﬁ ghdWethod Bﬁb%ﬁatlﬂmmﬁ Code-based and

83 5?:IésP tsxgprggilgtgrgx n&l)oa% geé §18e(§ %g'erelél tforchglﬁ.;h éﬂgtﬁlod’ whereby a so called
Powii tnraxdicr Peudutife sersigsi a0 @ shanget Serrelinding infordiafifnatp @rpofitidn receiver for making

G%Ireﬁtﬁt ﬂa%gmeb@ﬂs Q@aﬁfnﬁ @Mmé 48 Q) 469 &h&ﬁtm -ﬁlﬁmér pﬂﬁJolﬁ@ lcan be described as a
pseudolite serves as a for

| a
R oT O E % PO TR0 P14y i om (e known omnimarkcr
diefidobire @oritioa ko theapmgtmgeocmm’ﬁm the ng-ghi@tarriznangd PRN|cpdesomi®nents of each of
'ihg b4a%3n m;m? srg,rmhs OBk 9ﬁas@§>ﬁérgwtr fsrkal Re: tleskdy cba@eraﬁs in the GPS

aphorical mrror, wherehy GPS satellite signals

e L gt forf2p ARWIOP FSHYer HYAtRHB A VG erpiffTRibeceives positioning
pigiescidkn thteG]FB')ﬁteIllte@ hdtaBo tdagvep OrsfleciedNGRSgOEiionRE sigrblsLfom the omni-marker
t he rj nents of each

?eu({oﬁ%él atrJlgac 0 eﬁtﬁrclgl!éf&es ﬂﬁfgref @%&@? ygphas e coherent
with respect to their |ncon1ng counterparts in the GPS
%Blgaﬂ’@ Hﬁfel(e@al 1HKbd BlimihdtR @R ned fcIr@ tr&ﬂi)onalﬁrgﬁw gatd il as required by conventional
r(gdg eafl%l (ga%rlle?] asgdia élt?er‘fntlzﬂ fs¥5s¥]ems owe%g5§n o%tn zirrlge{ gosstro de%g +e¥ %%st still receive

om't S an
rbetb 6PY extellitgs@fid @me@rkermlm someputs 3 diffgregiad rragegnepuEspeRt ikeceiving omni-

QAL HBEK Glond SAUAR laiidvE a pBdRthn THRRLELE Nidoy th@ Qﬂﬁiﬂlzﬁl&r must generate and

differentj al asu

Nk R A O e T arl’]i“‘&ﬁl‘e omai-marker
déatipgex| andh kxperase. r@qmtly ghiis lpyuld ocauisnpitotvalve idivélua transmissions from a single
%ﬁﬁlrrna%!‘er bﬂx?tﬁg gx{ E]ﬁrrrﬁ'ﬂlser %t)snﬁ)}{srre&%r reﬁ@)@@‘ﬁ@ﬁbﬂe fHd receive channels of a

omi - marker position receiver nust still receive both
’é‘a‘taéfl"ff‘?rf"é%‘ GRR &t YEhid g9 Bt cogtiaptsomeleYiy: conput e a
di fferential range neasurenment. Receiving omi marker

ﬁ&rentr?lhlgngenﬁea\é\ﬁljellnf(d’t]sonmQl' h%Wn@TQQ&EILérO BseaYHR at i on.

er must generate _and transm
iUk Paneitiembee @i 92% to ShrimttaRtedo Ny ARk 3f Sropngy r"é‘%f&‘r‘ierbrﬂé“'“‘bes a differential
S@te@lion infe®od Whevdbe Mhetwidak 61136 cdllbre"gonmi transtitiee'rand Gunquhdetxangupidler” pseudolites
expensive. Currently, this would require up to twelve
i ndi vi dual transm ssions froma single omi-marker.
Further, an omi -marker position receiver requires
doubl e the receive channels of a conventiona
differential GPS receiver, adding to the cost and
conplexrty D'fferentlal Range Measurenents using

—— e ~ - .
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U. S. Patent Nunber 6,121,928 to Sheynblat, titled
"Net wor k of Ground Transcei vers" describes a

waledoSermei i al correction nethod whereby a net wetkRAT£003/001030

called "ground transmtter” ansl "ground transceiver"
pseudol i tesserve as channels for relaying information
{s@vedas pBdihdld DA rela@i@g indedhation ko 4 frwitich fefedrefot thaldifferential determination of user

gg%t%l; gqor% Hx%eg?l H%Ef SIB' Ila( chﬂes((]?QJaéjémlférentllall Uﬂ%ctl:éﬂ' tot oQ/ercome master

eac ferenti a
clorly s Q&W%llm@rfe éﬂémhlﬁ’ﬁ Piaes iglreskesed BY B 8rpung rgppivs hardware (Column
Isi nRs 38 670an3@))lualﬂ® lidenn @ tm:&)sgﬁydblatsr@mm nf¥hoddgies and embodiments

Phlecg ztl lﬁs%rnrggalevlfarvde trferemim% %rouﬂgir;gnsgwer ] I%B?ﬁg Wi Hd %ol¥1$ §'ansmitter srgnal (Column

r?ehﬂ%@ﬂo‘loég,l and claimd2)elih o dieriseriver difiu¢naide mul(lply mgstergeqund transmitter signals

WG &l oYihd BhrkdeREC@BIAR 6Jhired 0tol 672086 ¥, QinesST Q)nﬁb SindMifi) b user receiver
g rrefnl)cililx%dgﬁ{urﬁcf trr]egl%ge tv%res{;nzhss gﬁa}lgéog)ovgrslgaa?%t%l% #‘%’ﬁ @feﬂ élfgerence? Wwith a satellite
mighdl i(PilenmBslines 34gtoodTn GolummBslhiries i do 34)i Gireauhbiat'wpatémt geaches an advance of

Qrffaf'éﬂ[gll ﬁx&ﬁd&%gés\{aﬁ{doés(ﬁ@i tEHdH SIQ)W brl sﬁh%gst a?l%gﬂl}ode%blegﬁ ek Thht would produce
7, lines 1 33) nd (|||$ r rece

GPF BE ARG P Bt P ROR VG FhRAP S pynd ranscivers
i ncorporate signals that have been differenced with a

%?J,,?gﬁ,él\ﬁwﬁgg?@&&ﬁ@%@ lines 34 to 67, Colum 8,

pat ent teaches an advance
Muclyptieptigndiag pesp fogese %H%@?ge'gcaﬁm cappyidies{p mopiledepices. In many of these
SHHOBY, de cites,Sbreie Positidnihg Ghibnys, dxelsasr@lsj e BYyisds @ptilay 106mich sknsor. Satellite
Fg)r;s%gn? Siffrer frg}lglvgak 9119(1 L?Eﬁmﬁt(w Lwhhlgarll Ilé¢a \gl?osmbspteg‘esﬁgﬁ)l &gerated signals. To

ion recelver froma
tr«rdamle,eé!mélrasls reapighd tebtakier DA, Sglpttoln érﬁmélfe SS%H"@ ysfemeeffort has been placed
Sh gﬂﬁid&g Ms;z-,{anoatofr eiatng @Johrligss tb&&nsatfem&u&ﬁderﬁ)lfb ﬂroQVfbrdfaB@ acquisition and
| .oc es 1.0 ices. l.n man
}ﬁre ore as er cP %(()]n §/c~| uclcénss V&h ?rﬁolpoiltlon recelv T. 6snz|1 <r:]1<éar Sviclaxsvtof %e sky, these aiding
Sezsvtnhquassre@@sthe time regjesd tca@tatmogmmkuyonl 20 alsd kefricesethsremver consumption.

35%# ktle pt)s%oﬁ)féhmoé Whif fale £ HQMNR 3K B, Bést bidmb kdbhriqes enable position
relative to st te strlally

uire si
Gereptathed oy Sl s F Guat Bt PSP o r ecqui e
to obtain a position solution fromthe satellite

%thﬁlé snﬁ)tﬂ‘ngg %nah Qéecpcﬁlerghumsaacsggchoﬁ tike QB{d ﬁiéqﬁegxcyaﬁﬁéesc& @9%%er the signal.
or a| Cl‘ﬁes to.the Sate lite recgl Vers

VPG FF: of 48t 810 LEGHI QI 1'GRVRIAI REPEY GRLIN Pl e s deermin t be
PBSE b dactiacthradthbldnFhe Slemictnbige firosoftai position @geiveraombiae! véth the amount of

Qi:;{x%q}{e r¥4e9¥¥ Cglfl d&l&lﬁm%ﬁ ’tlB‘ltB %@nc?'bm Ewenklﬁc%nﬁu Qﬁkﬁﬁut gldtuggcewer While

require oSi t1on sol Utlon and
domss dw@m swlt Haw ﬁtﬁ\%?"“@bqf S srgaﬂs thoiapreashige g5t imeiRaquired to cover
rtl&CtﬁheV%ﬁued@eﬁnsn&EauEbaweh adldeAbinvie@i Akestibigerskgne mdi@siao mitigate the

mcrer'isg etaﬁg plrrr]l!e ci;utc? %eax%pgml&ep gﬁ#&elagcpfr Q.Lnl@}t 1gsni]¢i EQI L B&e&f these parallel-

I'e becau
Pereeshing qe@mp@s FStqe@n*Peﬁgl 4§ BasdYo- 1486t |de$?fl M%hﬁ F%Oé la/ Abraham Although

Sp%lﬁeq: 'féleﬁqu&s' AiBw adhder f el URBC MarPae et s@nélir&ce v orldifiéns require aiding to
of tinme and frequency bins is

§ ﬁ@hﬁ?ﬁ%ﬂ?t§5§¥%ﬁ%ﬁ“ﬁﬁtll the signal level is

deternmine to be above a detection threshold. The

ef‘o%%r‘hﬁlﬁ’éu Eosﬂai l%gel\fel' Q@aﬁlorpﬁor@thﬁ’%&ll‘ité Qbhals EB&10¥4Bbn of the satellite transmitters
onbined W th the ampunt of e receiver

time
GRS Ko 0S¥ e PTG PR OGP based on the range (or
Pe&drangs)inteysufedthom ek bf/be satelte dl@alb ohgeditiohabGPS tepaigss operations, the

VMdtLlllte ?olcéitlngw oblﬁangf ¥s %Gtglhéarfroglfthev}ﬁﬁgﬁfin &ta%ﬂﬁhcﬁst attmynt per second rate. This
I NCrease e search tine require

tORYIgaieT daie ﬁwdwiﬂﬁfhmw@'&‘ad‘?@at@a@ H“F‘f?a.*‘%f?ra‘atéﬂn 61°H6V§é e dfpovery of the
tnak@Sod @RgRE putOn eonsreainh ordtht minimitm gaditvity hethé recaieas®e receiver must have
search time is to search a nunber of tinme and

frequency bins in parallel. One of these

paral | el processi ng techniques is described in US Pat.

No. 6,704,348, dated March 9, 2004, by Abraham

Al t hough parallel techniques allow |onger dwell tines,

nmany satellite S|gnal receptlon condltlons reqU|re

. Y Y o o 1 a0 o
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pseudor ange) neasurenents from each of the satellite
signals. In traditional GPS receiver operations, the

w@ ad08i01298% | ocation informati on i s obtai ned frpem/Ab2004/001030

navi gati on data broadcast at a650 bit per second rate.
Thi s navigation data is denodul ated to obtain the
sadug densitzity © @arhddolate thade@titarBitsi DI penerdWberesegreHidg@orWREIONEELY, the dwell time

O ins E@b{‘tﬂé’ b é%ﬁed Qﬂhn%ﬂn%@#eﬁte@téﬁaﬁ tiffe &Q%ﬁi&@g 1§cau%ﬂ athJi] fhe g gtability of the

m ni nmum sen trvit
ReNHOB F6THYFR C‘Q%fn ¥ Paniie 97Q4é4déﬁﬁfdﬂ?rﬁ‘t9e2(t°ﬁé’§ ébdbat"a asdf/et”es others, provide
Im @enern&k ,of \WABY s& 6k, Chdréty a‘nwmgvealmnsmegn&lusbelotwh@addmml IGPS receiver

ge{;rzﬁlloTﬁ {anées )t-low verytl’or g na%x eocrzltdaeté(ij gf%nsg

Stilkigseanps he"ﬁforteh’ee signd WFtéﬁsnioea:epugé rha&ih@eq%lver@@ diﬁﬁqrentler%a data bit change
Bet e AR acéﬁai(ﬁﬁilhg@&ﬂﬁ)er%ds 2004 GPbesﬁéﬂ rtﬁehﬁﬂihat@§ daiBdid cha@Be is indicated

ers 0
Bh A iRy Bl o Rt KB B BES el el Uty e iy dwell ime for
@&Ban@cbta\bg recoyseTta 29 Wiliskcondsnurbalso ipaes\aarinimfip sighdie-noise ratio (SNR) to

@?swe %Edc%b(é%ﬁt%n@" r§t§ BEtRB] eCl@érfy tﬁ@@ﬁ’éﬂﬁ/ﬁy QEQEeuﬂ‘os@dn r@cervéltI would be limited
Ol . Oonce egve

r i gnal
A s I 4 HBRHS Hato ERin By it the Setbivty abiined wit
dllbﬁtﬁremldwlbm%ﬂ: dyvel ticlegt dolalldviaghlanifysitali@t vidiegtedhniguea eije regditiented that supply
nmléal J)nscﬁf%%pgqugggdt %@&matfoﬁ] to] thkepogso% r§c¥§%§e'@s P‘énl'}\?o 6,542,820, dated April 1,

navi gat| on change is 1 ndicate
§9f’r§s‘i>’éﬁ’tv‘?%ff’ Fty‘l i’@t‘)‘p]b@@?“éfeteiﬁlh‘é%eé shift int he recei ved
signal. This imts the maxi rumdwel |l tinme for

ésl l’(r)l%?lt n%glgeengac%@sler(? h){ er%a?h%%}{eﬁ aflﬁcg Z‘)ﬂlgl{%\éd\%i%%%p ?ém recelver therefore
efﬁ@?,ﬁ“@ tl&ﬁeaa@éeﬁﬁemdéhwwalewmd thedelerancppfidye reqiverab) t mablhty to decode
&Ha Qaﬁ@ﬂ&l daia‘%itd; ()] s@nhle arP 08 wedkQibd REBEEMES lthe\W2bik . hEhough there is no cure

for sxgn'ﬁs( théﬁlI are sn{\;n)? bdroew%l'lk {oeonecfgttectetdoUg% gl’” 6alt3§,%3’}4g Ig%te)fj October 17, 2000, by

'S F el at | gens
(Kbaswr nedewltrh okthbrrioa At pnl t¢ayheF @mﬂgféq’d tdwélthe acqupision offweak satellite signals.

@ hd I%éﬂl(ﬁg f‘es@rfﬂé(ﬁn |tl'hsrﬁafeﬁltlIlcﬁlﬁe tlrﬁé @bc{ﬁglci' QB IGHBS dAd Bt aiding information for
enen

G BP A Bt D A R S K PGS G ey searh space an
PatefoddadoestrioBri 2 t8 2@ odedlmtnadzafigr data bits fraODSBtraniyyittddalghahcEBhe@iding techniques

AbscritR ?emﬁ}e tﬁé 1§§ ofséJ Muﬁﬁﬁl@ﬁs%%rk %p@xamﬁie QlmdBlio o%twork to provide
caused by we ignals include: a) l[onger dwell tines

f‘P&rﬁeﬂ‘i‘?%Cyraéeeﬁ"{F@Pn KR Sr e i ncreasing the search

time to find the signals beyond the tol erance of the

@ﬁ&%hgﬁ{ems Rg ugtﬂﬁ uLe%@pEdrﬂrﬁuxlchtgnsqlg&glqi% ;L!)\gde%\f{n% aﬁe‘g&'ﬂcy and navigation
ignals are too wea

Bﬁia tbﬁealcf“@cé’l e/ewsmom Tegedytigh Althugle npdeatien daf it fagglingsis g gyl fit for a

té@bunaht®ns hdipdrly, pt@ingiak ahdfrla@endehigit e a shiSlittdised PRitioning system is
%t;:e%nsc? t|he8 s7ccé)1r e o %% E%m(ulr:utcag%gs netél ork %gglgrefogeyre%u% {]dnal c§mp0nen ds be added to

teaches a ma
tthqeomqmaeqnﬁ Mworbfo afetdgkthis. at‘\éqthnﬁlby @Prgnlaweatwwwehq%mnh Cf’d‘é}re a position
SR8 6k | 1 Qfdteintinet f&b&_orp%ﬁteﬂﬁ nbtnl‘éhdﬂrg@a Eénﬂﬁmlcﬁtfoﬁodﬂﬁfﬁay TRdMdore, adding a
avi L&?%tﬁ,?g Erérg%%t@ a}nld regea Ceﬁ oq:%e aqom{ (Hl recelver li rlzo(t)%emrratg[ée IAVs stenhthat can provide
aidpginfdrestios &a satshit¢-hased pesitidning e/qanemvylog@maemnoy (94 eomapygiications network

Esmeé'hg/fc@{lﬁblg OeSodlPso BRYBNIY GesiEiBl A8 @hels rrnﬁcw S teheQYirEat fermation to also
bits fromthe transmtted sig

p@(\flﬂﬁlag‘q}é)ga dér@tpfglst%ﬂs Iﬂ’étqﬁﬁnrt@ l{Sﬁ(Lbbélg 15’18'“%[’ regelver Furthermore, providing
pasirioning capttiilon $hivke tswomidimefitay teshesgudlide-besrioiging sighalyaeuch that the system
%&thk ’and Qfltﬂ;up}ﬁk qgelﬁtla BKed taﬁg&ug&gﬁf’ is %&qu rh@éﬁ’aﬂ@‘t 'Tﬂ@ p?esent invention

ng. Prior art systens requife the use
achiesiiiieeh ‘@ﬂfaPlé ﬁ%alsrPét"WB?%gtcdlyﬁ?’W’dﬂn& haste flgiransceivers (hereafter referred
o 2 g wedkying-ainid DEVaYE), Gedebctibeddelb@ Bdch paitidhimgurit@edce provides unique ranging
position receiver. Although navigation data bit aiding

is a natural fit for a communications network,

providing tinme and frequency aiding for a

satellite-based positioning systemis beyond the scope

of the conmuni cations network, and therefore requires
addltlonal conponents be added to the connunlcatlons

a R ..

%nﬂgg‘nartl%es occur at ara{ehoé once every 20
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aiding information for satellite-based positioning
systens without the addition of a comrunications

wmedodo13e3i s highly desirable. It would al so beprdi/glibop4/001030

desirable for the system providing the aiding

information to al so provide additional ranging signals

bib@ds, ﬁrﬁll’talsbeudﬂrfgeﬂfohr}ﬁnbm&r Wl'ité basdd }fo@iﬁ@ﬁﬂg&&stems without requiring additional

Byt %létrmrcleahneps o?Xe ling positioning capability which is

conplinentary e satellite-based ranging signals,

such t hat the systentmnrks with and without the

satellite-based ranging signals, is highly desirable.

B%%E gﬁfﬁ% Nvgﬁeph&on achi eves these desirable goals

by C onologlcal synchroni zi ng a system of

transcei vers (hereafter referred to as a

Ras hr% bR mheqﬂrbstent e¥itee o de@ﬁmﬁ’eetﬁ@ filn&6xChrb@l Wt 15868 Global Navigation

oni ng- Vi ce rovr des, uni

BT i ) et B e, P it tp gp utonomous ntvork of

satledrized goshiasieglunicokyites onwerk timy sideprevidewiiis tiraeiéf-arrdvalud kippgtion receiver,

C%@Jtlh QRgh tHe (%Moﬁsaﬁetv%ﬂ( ln%edq{omnﬁ‘nm&k §ev1cmst the position
INVENTION It is an o t he present

T PO CER SPHEHE: SHU P GRS P9h) of at | east

one dobal Navigation Satellite System (GN\SS) signa

"f}tls & ﬁptﬂec'rl otb thrUf }Q pﬁe'gé # m%t{é G dw,eltn tt?estﬂﬁt?egt 8;09 ar?lQal of at least one Global

autononnus networ k of sync roni zed posi'tioni ng-

davgatiersSasHRyptRm {GVRS) %wfra' aht W‘Flﬂe“gﬂﬂtt device jith @rpccarwthwrwork frequency

bDanalutpﬂﬁdotld r&t’Woﬂﬁﬁ‘@yn\llelszed)prﬁitlartuhg:\.gut\db\lidai ﬁdfphﬁlde this frequency -of-arrival to

Qnomus networ k . tﬁy ghroni zed posi t onlg nit

agv g)gsrecel'\:'eé (8] era néth ?lﬁ n n?o(t;snnerweocr:el VS Ncnronize 3)051 omnﬁ ~unit devrces to

asioiskd por\mmrqawtrwcemné ﬁllqbtlétasgaélwe?mte(l@@sym éftl@ﬁ’-ﬁat@als | t

is a further object of the present i nvention to

%et er ?rllgobt e fthreﬁ éea[] eInP on ] to rovid p?s%ﬁgtﬁcelge?swhtglaq%e ogfset between a

ﬁdrmltl‘ﬂmgatwg S@mlhte e (ENHR)t distme pe@td pro atdnemere tngimrofk of synchronized

bEROHENEY: dVice@Ret@bk@R@MOUS networ k of synchroni zed

positioning-unit devices and provide this

frequency-of-arrival to a position receiver, operating

Wiig dfunhet bhgecand the peRMDUSVen@h wordvidefa pesjtivg ec@ver welda frequency offset between a

E%ﬁéltﬁaﬁgdu&g Sémllltg Sﬂ@?ﬁ' (@ﬁ§8) s§s%m8f§e§ue§$y alhglgn ﬁ%ﬁ&ﬂdu?ﬂetwork of synchronized

receiver 1n acquiTling Navi gati on Sat el

SV§P@W$W@NSS¥S§ﬁ§ﬂ§ﬁ§meY |s a further object of the

present invention to provide a position receiver with

g}su ke g{%ggf tp f’re@%ﬁ]ﬂttvalﬁg 9 ?%L'rdé\? J&%%%ﬁ?&%@ ul\ﬁl()vsﬁm a]p autonomous

agvier h r°’6 Fﬂni@dﬂzﬂb Besttipwipg-yaE -dayises Wik jatallés orbj dnfoumptionof gilobal Navigation

kiteliits SateyGNB®r obj ect of the present invention to

provide a position receiver with a frequency offset

between a d obal Navigation Satellite System (G\SS)

SYRIVERY QR THHFEMNMENAKIN an aut ononpbus net wor k of

synchroni zed positioning-unit devices' network

frequency.. It is a further. object of the sen . :

TGRS i aioh g G ey BRGp » Positoning Uni

Wetidei posidomedal tadnomiostiometithoeskecofo agyferedte onprdigde system, that receives one or

plgr%lréfér%é E'(gltlUInlllgt srgqu fr&r@l%fe%&hraﬁ'sﬁttlt%rs §b§1t€on9f JP kr{own Iocatlons with respect to
I nformation of a al Navi gation tellite

2 eyteeye cwlmmwst@t &Fﬁenremewmn% orﬂarP@amnﬁl@% jDs¥igss, Wide Area
afigricn@ridnrby @i (VoaA BiseeliiehGiobaeNaviptian SpeliictSyoemi (ENSS)ytelins, Pseudolites,
m@% ha%}gugsfﬁa@ncﬁ’@nm tlrmg rtsorttmot Q&Vétﬁr?e DR5LL 1 RREH pBlitioning signals

ocat ect to a reference
esteEbli harecasi ¥s LTRSSt PSF‘é‘E RIS ceff§ecoppongiy gnd a data component. The
p&itRAIBN0E: PORE bdnorated) G r&sb@Bbtb She frdceivadréfrefc€priioning signals and their known
transmtters positioned at known | ocations with
respect to a reference co-ordi nate system Reference
transmtters include other Positioning-Unit Devices,
W de Area Augnentation System (WAAS) satellites,
G obal Navigation Satellite System (G\NSS) satellites,
Pseudol i t es,
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or any other signals that incorporate timng
i nformati on. Each of the received reference

w@emsHized ng signals preferably has a carrier PCT/AU2004/001030

conmponent, a pseudo-random code conponent, and a data
conmponent. The Positioning-Unit Device generates, in
e8NS Enidue pﬁshﬁnrﬁ@ﬁgﬂhwﬂﬁ uﬁr@.fe@ﬁﬁ[bﬁﬁg 961l Hal Q&l‘rl’égcoﬁip&f&mcﬁronologlcally

%ﬁlghr&hz%éi lo olﬁpgr%re ocfét“e & corﬁ) F&h q)ﬁ’l %e Rﬁgéveh |p(g)srhom %1915 a,pseudo-random

€ uni que positionin
€9t 6‘?1’61%?@? @wnplyg@yw r@éa one@r @Pre OBhe rrmdera@ﬁont ¢ode components of the
EadEiveld @Bsuﬁ)ﬁlﬂ'@ leﬁl’ﬁta‘ﬁd @tiatd J’bﬁlpdin@ﬂ Rhr¥iRtbgRAFIshcRBhiRG to one or more of the data
%&#{rg)gx%gﬁ O%jfla t(l:lg lsrf%:lélw% 'rg]oaéﬂrgrgrg grérg%t g)ncoe 3 rl’g)ls1¥1or¥81|g Unit De(vh:% is chronologically
@glélg(@@eq} e Cgﬁqr@gqj@angmm,oﬁ@nﬂ)gsn@ﬁmg Heit Pexiesi vrg@mg the network can use its

Qﬁ@detdaﬂsﬂht&g pﬁéll@'ﬂﬂ}; %ngnaﬁlﬁﬁa aefgak@p&ﬁrm@ﬁﬁial The %eographlcal distribution of

chron one
GRS ol Pt RabE Doy Bens] DHPREPISF Raverk of posonin
Saeb. BhePuliot iob ik rinyeriton therBlpvallges 4 snigih capaoty ag ppdghty an extremely precise
SNERN00s 2 8bsthPialBesPhRELRGE transm tter, other
P05|t|on|ng Unit Devi ces enterlng t he netmork can use
its unique transmtted positioning signal as a
reference positioning signal. The geographical

Qfless,tygténp Hgol &J‘ud@! at ?eQJt glﬂtorl)\;?r% %Q’J Jn¥ec§r¥5}ofhr Q(Wing ﬁge'srltg)ﬁ {eceiver can make code-

Posi't I oni ng- Devi ces reat es )
Arstdainsle rom mﬁglplt fePingions Yyrieakise psrh@raﬁ@t IAGEHreFents s each of the received
EHasteREit0 sinbiesredey pﬁﬁdoﬁﬂ%nﬁo&%ﬂp&ﬁerﬁﬁﬂ&%h&e}ba&r& mteger cycle ambiguity has

t t t
Egueggr?sgﬁ'%d? ac?nngeoeg E:agrg? Ibgsgl sm igmt.l_lﬁo ion d?tgnrﬁmg iong by making pseudorange
erstrerdkats ferteadhofihie reegived rlwmohgcafﬂb ssrn@hr@wer et w,:rponefrth @he formation of a

E}Q(\Homgictﬂl? Séyﬁdhﬂﬂlzécﬁ‘ Q)@shﬁbﬁlflg Q?‘sﬁ'enmh&vsc Q dr%h@gs SsitfinNEbdver the ability to

I"Hg Qnom c ﬁc lat tE c A(;rgnnatrel oeng % n%]k gg EseUdotr ang h h
BRI B g prep R e B ot U S BT R s without th

gyvicheof diffdepisiewdotiom dotherodethe capomen tfe absetite wrcacuracy within the

Gdhdrk @brmlall REGH ifpHel £t b3 A MA Wik YadddSs) REBAG SOl ved, can

make carrier-based single point position

determi nati ons by naki ng pseudorange neasurenents for

@laectetiofls dehreibedadeie waeteic RosginohmgnicRdvicys chyonaibgicaiy Fedironize to at least one

Rl GATPANGEA Raner i Serlil AL AR plcicd chronol ogi cal Ty

synchroni zed positioning systenraT OWs a roving

position receiver the ability to autononously

cal cul ate both code and precise carrier-based single

g%ﬁﬁ@@ﬁﬁﬂ%ﬁﬂh%k&%«g t hout the requirenent of
ITferential correction urthernore, the requirenent

for absolute tinme accuracy within the network

f1w0n reed gryphdarrbpreelndn&a &Tdna EmbddineYof An@Mock iobmng to the present invention,

\Aﬁor;?,ora% I re er cett? &)Q&Easgg Chrp‘?urtﬁrty (%%%Sl (inlng%mt Devices, and a

I'oni ng gi ca
Dyng pastiph Iz@n’pltﬂemmulnmtautmeorsemelr meoatmammm ter will
herei nafter be referred to as "Tinme-Lock"”. BRI EF
]Plggggég%% gfesgrlr_tlat{gﬁ eé arpl?l:?‘lgrl%tentéf 'If%e-ﬁ.g La&@lzilmg to the present invention,
acepraihggsitze rtfbrencptrmnetr broadeestitg to msinglaRositigndipainit MDyviee.
single reference transmtter broadcasting to a

lurality of Positioning-Unit Devices, and a roving
B‘G’s? {sia SrPHeat EpreeRtatigp plnothen F‘ﬁt@d'ﬁﬁmaﬁ?‘ﬁlﬁ GATASCOE g4 ‘ée present invention,
pedrpvkatipDadidgieoeferamt tidnbriifter blohdCastizy tb § plarally affHasiGaing-Unit Devices.
representation of another enbodi nment of Tine-Lock
according to the present invention, incorporating a _
EiGntis @ ereplfiedt ispresenidtion plpstier embodimes 9t Bigeilagy 2pwerdipedq thypresent invention,
iResspoktifdd B@rehdd irhnskdter bEdcaftingthrodghi a8 infer@iédapMogiBdning-Unit Device.
representation of another enbodi nment of Tine-Lock
according to the present invention, incorporating a
single reference transmtter broadcasting to a
plurality of Positioning-Unit Devices. FIG 4 is a
graphi cal representati on of another enbodi ment of
Trne Lock accordrng to t he present |nvent|on

o, . Y I ____L:.__.
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FIG 6 is a graphical representation of another
enbodi nent of Tinme-Lock according to the present

WO pwsnii9edh, i ncorporating a Wde Area Augment aPCDAU2004/001030

System (WAAS) reference transnmdtter broadcasting to

four Positioning-Unit Devices. The Positioning-Unit

Devi ces subsequently transmt their own uni que

I%lt{/?ns%l %hlﬁﬂl‘eg%seﬁ%&%%@ %?ﬁé‘%?ub&l?& bttdf QGAer}.%clg'Acgon@ ing to ¥hg pr%sent invention,
$5ereqr ?tlnﬁ @Plyality pigeferersa e preadeasingto 375“1% Pasitipninginig R vice.
representati on of anot her enbodi nent of T| me- Lock

%gg Igtrls a &ghlca(?{ﬁhg%een&on 0 another Eoregl%nla:egtn f I:l'grhe oc 1%(20? ing tg the present invention,
copueag tej ngetftreq Hm@n@ﬂ%eﬁ?ystﬁos(“ﬁ@h |rﬁgertm itransDistei bregicasting to four

-FHSQIOE] Q& Uhit QﬁHvﬁ&' u‘hkat P@Ei\irilﬁge@uts l]ﬂ@ﬁ&ag Uﬁlﬁge!]l)énttyr ABSHt their own unique
rono synchro

rSlb%no oga%q\@ ﬁ lgr&b%gp%smplgngaa MOI,? d fbﬂé é’PstlthB ﬁec?léeé gfuetéq in a satellite-occluded
Eivigonn®ni s a graphi cal representation of another

enbodi nent of Tinme-Lock according to the present

invention, i ncor por ating two aut ongnpus networ ks of

ﬁg‘g 7115 acglrﬁphl&a Bﬁ]ieie Iof:aélgther gﬁaodgneptd\; ij LﬁﬁququBrfg to the present invention,

ine@piratidg a Poditiaingtina Detiteactaenta darswitef broddeastingQo hede ek Basitioning-Unit

-ID—IQ\ﬁcep %Qﬂ@ﬁlxmfgo@httﬂe%@és ng)segnén{ly t%ylﬁlptﬁér O%Jﬁplﬁﬁ&%ﬁl%}l(ll(yglcally synchromzed
transmts Inter network corrections to the ‘rov

B‘b*§i°’f‘l‘%sr‘1g“?lé@é‘lr‘v’é’lg postiopyec@vel.s g bl ock di agram of

Posi tioning-Unit Device hardware, accordi ng to the

?fGe g%git é myaFQgﬂesgﬁ?téoanga?é/ﬁh%&)d\?%%l0& fr)nrc]:lLr(]) ac on}mr%gg'}fxe Present invention,

kﬁﬁmmatmbmaptswmwem@é pﬂ/P@gitiémng’rL@aﬁewmemci efogipgprsition receiver situated

&Qﬁd Eolu&iéliyrb@th‘é |t\&ﬂ1&]twdcrl(some ast)unh@ﬁs&sm@m@g U BdVRBCEbsequently transmits inter-
rer e the reference transnmtter is

aﬁ‘g‘fr %"”6?5‘8%%‘?{38% 6PUHX'{FG eVice, or a WAAS satellite.

In response to the received reference positioning

81D BlaSloctt dirstpbsitBRhNGaildvice FIRMiafeCac bR IO Brek At id¥ntion.
synchroni zes an internally generated positioning

signal to the reference transmtter tinebase and

transmts its unique positioning signal to all other

BOskyigQn receivers in view. The m ni mum requirenment

for the formati on of an autononous |ocation network is

at | east two Positioning-Unit Devices chronol ogically
BYMGfndBIUAR Deti@ iONPedidibed m@mctvet, wWaials Ripbsitdhed afa knldWh Ration and receives
thg’ast +n9 Qefgr?n%g Iﬂ&ﬁlﬁmrég s1%1€l§%g6n%d£sagne? lrefer%glgeetrz}ngr%gegrg%’rgfterg@y, the reference
H@Fre\ftm if pnetreralopitiendngd g Revieke oah & Addrsptelite 18irgspngs to dhierteceived reference

p&sibhih® @lgl&ﬁ' el IQJBiﬁoriﬁ‘lgtd'h(ilUlbevtcb| Q:hlrc}ﬁcﬂ(ﬂklcfal@f sﬂbl’frcfn%sﬁ Bt liidmally generated

gcg)slrtlgﬁme ngstl%leﬂ t(atﬁee réa}eﬁ:mie transm dtexi tHnebase ?]ngl rtrgrﬁ{n% lisru%ﬁ?e ;iosntlonfng signal to all other

pashind recdiviersgn g@vaffdjam@gmgsrequgqmnr @dthbfpnmﬂproqaf aapu@tonomous location network

2UBERMS 0 PhARLBOYniRbivR dﬁ%n@&ldaﬂ)e%%%izéﬁqo Gr‘e}f&tar@xlce transmltter A roving
a reference tinebase for

osci |l | at.or

BNtiPY ot Yﬁ’&é‘tY‘%o%ﬁ‘f &g?‘& franfRifec sighg’s a”étP'alﬂr seﬂ"“é‘&‘f‘?i\%““&"’i is capable of

E?msminmg Ritorgmoini doddDed icarger nsgle peintvi@sitin @luties ayithar ihe aiked for differential
EH q:lu et'rQ re, QHeSr'éi%ljerQ:gMgm‘épgsgnz%r%gés%{ 1Ile¥d the inherent stability of atomic

sync roni zed positioning nals to a roving position

fiag gangads as qeﬁwsed By prigpart %Yﬁ@n% gwwﬂwv& AR xRepR i cpetpl opgillator to be used

6sal referbrtt 8mdbade Hor @6 @iralodtiaaktvokr - based si ngl e poi nt

position determ nations, wthout the need for physical

connections between Positioning-Unit Devices, wthout

Pl detpitgd BtleyriacPotifionne Ynih REvigedeny GFrvaaNS o4 sl & @ignnel; gy distributing

WrdnbRgitally @pHehrbhiRg pdiifidnRE ehdidato £ @ving Gbditdn. re@NET EMs ANVs the roving

METHOD FI G 1 shows one configuration for a

Posi tioning Systemthat generates precise position

determ nations using code and carrier-based single

poi nt position calculations. A plurality of

Positioning-Unit Devices 101-1 &
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101-2 are positioned at known | ocations with respect
to a reference co-ordi nate system and respectively

wo emsioy®3at | east one reference positioning siptEAUL0D2/001030

broadcast by at | east one refewence transmtter 103,
which is also positioned at a known |ocation with
Ipestjpe Cdceited tacalcalbe heth cale @t @rridi-Paddesing) $blﬁmos1hdih de&ﬁﬂﬂiﬁ&ﬁ without the
L8N RASY 102, f
Bosi t I%O)%Iﬁng- @&11055 t%e%%stiogglg ?&1%‘85%5139 i'?t%lorql regumrig atomlcqln}e standards or
orse “HPFhaEf&é“‘bWﬁ\ot“ rSHTipgdidsrestialicyrest®a- 1 & 104-2, which
are chronol ogi cally synchronized to the reference
transmtter 103. A roving position receiver 105,
situated within the network of devices 101-1, 101-2 &
PYSTEM A2IBINIEIQ:f er ence positioning signals 102 from
the reference transmtter 103 and uni que positioning
%ecg I's 211eo§vs T&foilggatiod%oré POSétloaln%g%sgggqs?b%fg%{]}ésggqcige[r}%o'g{i(gxsdeterminations using
loeste nd engtrsr-basedl singlerppiat pobitienewd!celptivgd. & phedlitt ofFfosiidningfnit Devices 101-1 &

4l £ R Bt QNS KhévRNbdalishs Meth \Pgﬁéét @fa &Q{e%(&) ggﬁn‘é@'s&sYem and respectively
14%/nchr ni zed positionin

ERGE T QI ST BRI BB bioet By HRote seerge samsmicer 103
obivhrise hesdinnddaga keabvn fdcatieh aviie respaktite i reteaence®-oafinate system. In response to
"Me béchn@rrxfe?é@cle lﬂgsltﬁ)ﬂlgg B&‘éﬁw@%' IIOE @J Yng\(ﬁlrt ID@Q&:@ I%ITP gr l%g 9 tr%nsmlt one or

any s [ e and 1 nexpensi ve source, sucC
EPS?s‘t"élPe prsitipninegyggpls 1044 & '§ﬂr?’f ‘i”&%‘ asgschyqelogicafly Pb@ﬁé@'zed to the reference
chedkeer 103.2A t@ing pestioe rebdian 03] dithaed. within tHehetwprkef @fvice&d 01-1, 101-2 & 103,

?JJQ\%? ?’JE&EC &)'? é@@%@ﬁ]&l u1r0§ frglg %?g}g%cg gang\r{n}@r 1@% and unique positioning signals

osci I [ ator

bR} & 192 rﬁf@mwﬁ ROSIDéwgd@ItﬂeY'gqs 1%14 éa 10£3, aqd pegnemenstyecalculates both code
hzi’dad'zl&m Eatsﬁrsu@ESdoInt @d’éltl&g déidrgina@lons Ml the kto/uik aff @Bromlogically synchronized
osmom 4 lt ime-of-flight offset fromthe known

8 H%H%€es of the reference transmtter and the

knomn co-ordi nates of the Positioning-Unit Device. The
trierqk-f1ight offset takes into consideration the

a on. ti d experj enced by the reference
G Pl Doty STRIes B g bn G REST L Gy etich can be of
ebaagvelu¢ gad e atienPosance. diherefgre @mi simpdewidoeexpensivef die@lke source, such as a

%@ﬁ'cﬁ %scﬂﬁdote GhIf QRO 8l 'req”eré’}@é/ (@o%k b’ aqytngencgg %rﬁlﬁér”ﬁnt tﬁé ﬁ{ef%@ embodiment a
meter every t hree nanosecond

BSETHIG o AP (3Bl POUM S OB OF R [, Prefighipe Unit Devee frs
odqhiseata réf@eraa transhigerpadifioping ciget, ahddicplatsd 4 soaniled gimsioglight offset from the

?«e %l) ongmz?test& ltH% r&é?ghlcé fra%mugeg ag’d tgﬁﬁ'llow 90 &E%tés %Fﬁm)&glonmg -Unit Device.

rence positioning s
|T P& @pqﬁﬁ]pg}at @fgﬁé?kﬁst Bt c,g@gﬁeltapqgﬁhedgo;gga@ﬁmlmq qifga@ experienced by the reference
phyrtionRd Qgiapaﬁllsﬁﬂrdvg[ihgﬂilaﬁl té teRerdhdreran &fils enme Posmonmg -Unit Device. In free
apafgosemtctroma netlc pﬂ%\gets crél‘oxlmatellye?nﬁaw%(ter eéveeag?)r rgnoseconcﬂ Next, the
B@glot"nxaHmh@e\sqe gpriies llhasmf pleftight nifset t\:)cmerrt@mhle gotierated apsitioning signal and
bl%@mlsnﬂ)sﬁl&ﬁr%rs@gﬂﬁ:leto RRSind M @Qreﬁde%ﬁbomn@@%nal thus bringing the internally
chron nce W ce transmi

(inﬁrgts(g%og IOI’}%laglrsgf]%rj @éonﬁl%? 8 @m%bw Eehrgfgrepcg transmitter. 1'Spec1t' ically, Time-
Lodns aohieveddvhen a Pesitiogidg-Unif Pexipa€ nogmllRigyneid pps@ionifig sipnahhas frequency
Ecﬁn@x@ﬁc@ NEER ah ﬁr@&lﬁﬁ@ fefeRhee -Enﬁonfngfs%ﬁae rh‘ﬁ@ clﬂ%lo&ﬂ:e@ @bﬂagnce with the reference
si gnal can be ge nerateJ)fron1any valid tine source,
TRyl ude Positioning-Unit Devices, Wde Area
Augnent ati on System (WAAS) satellites, d oba
k?ééfhr%ﬁf: ch:nlor%?éo s?én!glrxlst t?a% rr%e?ﬂ%g(algzomn A fqﬁe%g)%lg Jsalg%rr fcr:om a reference transmitter.
Rest @fqrqn?f-‘gp%wwgos‘snabcanzbe genpaied tiomnanygealishitime pevyseg vhiply gmay include
Paahiefumt DaicknwiMe Adéasfugmneaatibl Oted (WAASY RRRbiEs, Global Navigation Satellite
transmtter 202 receives a reference positioning
signal 203 transmtted by the reference transmtter
202. The reference positioning signal 203 has a
carrier conponent, a uni gue pseudo-random code
conmponent, and a data conponent. The Positioni ng- Unit
DeV|ce 201 |ncorporates a p03|t|on recelver 204 and a

e o e ~ N - L ) o N NN A
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203, and al so positioning signals fromits co-located
transmtter 205. In response to the received reference

w@emsHied ng signal 203, the Positioning-Unit BEWAT2004/001030

201 transmts a so-called slavid positioning signal 206
fromits transmtter 205, which is received by the
Prdam {OShepellitdst Ppedlitese oparg icomigmtipreofevalid ou ey Reffifiieg now to FIG. 2, a

S?bsﬁﬂb&m@l)&k erQEU N 186803} a 20K @Sane &N 'd ﬁgereﬁ&r@aggxﬁ@etr 202 receives a

seudo- m Co 0 nent, an
?efelfl&]lceq &%t ue ogdgtt{agﬁfﬂlt}-fa l?etrg) (}‘ieé@nsﬁbt?f £92oAhe reference positioning
é‘gg?‘\?é!ﬁs P Cptirier e@ioneg’s a amiaespsatmd fiEe eudl gmBaB)| 86 a B8 component. The

P&ﬁt%fnﬁ@gﬂt D@\Séet 10@ rﬂﬂch?%rgtEsgep gt%/slélglp gég{ n{/'elp g@r){f %1% a;?eoglgcra & g(ér‘gmmer 205. The

transmi tte04 lgg ?

PEBIRT heLYeE 494 P B8 5P M08 PeHipiife “HOR: 9@ A1 seisvee oesiiovng sgnals in view
203renddilsb pesitonioe sigmls tilamrits @Gloﬁdﬂdd&iaﬁﬁntbﬁtﬁﬂ%ﬁﬂeﬁ;&lﬁe to the received reference
B&ﬁﬁﬁﬂﬁggrﬁﬁf@rtﬁpﬁﬁltl&g@ 15dltq513|vﬁ92i§ll g.g%{%ts %%)?; -Ca eéj slave posmomng signal 206

recei ved sl ave positioning |
F?%H%H?“é%ﬂ“ﬁﬁ“? W’i‘é’h dfi rf‘ie'é?detﬁ{d@ Oagowwltumvw@sxpwefe@wprem The slave

pusiviotingregrtal 206shasl@teatrie co@fordyt; a (uRihueGREJABFdniGn L&uE component, and a data
kdﬂ“pgrg:ﬁta&ﬁéjP&ﬁlgﬂlhgeﬁnlthgfﬁzg §smon frect‘:1vers2“4 T?eggge%%g g%slgarrgogsl}d samples the

omthe carrier conp he Te
ﬁg?gﬁnfﬁ ROH{I9RES SiRRFh AP ﬁmﬂwaﬁﬁemh@a@mﬁv @024 the isleveipngtioning signal 206 from

it gb]—a)lcataﬂﬁanhﬂttdﬂ%s rmuﬁl@mﬁy&ﬁﬁlﬁé @ﬁfelfeﬁc@qy ﬁl%yalc#lated between the received
arin

%g&lﬁugea |Sljc§)(r)1mn<§ast1 "a]conpaél%éhﬁtrgceg'?‘gﬂ?‘?ﬁ’é’ ‘Elf"érsé%q?fez“ The transmission time
fiBaFnce. oniseryn 8ie grired2OBodimalt, fshletersiirayey: posi t i oni ng

signal 206 to determ ne a coarse transm ssion tine

di f(a erence ( gg g t he pseudorange neasurenents

et U b ERBE B0 Eahir CUgu CelipaHumIS diom e crier
t he remperente of tosicienni pgtiding nddnal 283 @t dhet H18e Poslliding signal 206 to

posi tde@;}hlﬂgacg}rg;@queg@@ﬁegngeterm ne a code pseudorange
di ffe ence. mparing the instantaneous carrier

ph&e ‘ﬁ@&%‘i}v‘é ﬁ*é’rff"gpa&é% (87 PAYIEIO" AHRFIMPPSTS B fho foference positioning signal
CoNpar0d ntdhadavé foeitionafzeizen s t@@&hﬁnh@ﬂoﬁ}ge t&h@k8ibn ARG ce.

ggfcr) Isée(?%%ﬁr%gtzel %&l@&hr@g m%a{sgnrﬁéntszdo tgrn%r%d ortn I‘ mseu?io raandom code components
sync l‘ﬁfdli‘ﬁ rofaKencs mosiffoning aisug| Fpeangy 619 |Slaveowﬁlngm$| signel120@ @6deteonine a code
the rpéaseneeifteaasn tter 202 tinebase the signal

n del bet ween he reference transmtter
R e S T ST R R R —
receiafdle r%fPfFf@ﬁ REFItIDOEE Hiapslt20p endzbecdaye pasdiofing signdlPO6 knd@whnine a carrier
geonmlhkse @@tkereste St ance in nmeters 209 fromthe reference
transmtter antenna 207 to the Positioning-Unit Device
position receiver antenna 208 can be converted to a
For pyerése timp spachodnizition gfthe dhaye pdaigorfirgrsizndl 206 tb thaeefeddned rl-ah@hﬁer 202 timebase
tH s’fgtnﬁ '}Qﬁégﬁ%@la@getwéﬂgmg refe;renge tPaQs?rh&ek 81% 07 gﬁd té 1 1¥10mng Unit Device

201 i ncor porates a st eered transmtter
p\RﬂtllOélHeCEléﬁ abténnaa?sdgttsélef ch?unft?defaru chhe ynqwl ggqq@trlcal distance in meters 209 from
thRosfetend nramsgritlenanteniae20? eethPYsitiddids-UnihBevicd hbsach lrdaavefr @ntdnb£208 can be
c%v@x@%@(% 5%@1@%{9 o'f 'ﬁ%e b? éh%(f(%ﬁﬁl glinf o{ gl&ﬁt eegspr%ex oz: llgﬁt The Positioning-

Posi ti oni
Lﬂ‘i‘f’?eé'F%HEe‘“%@PRﬂIéieﬁ steeFrd tragsiméticr pleck %swtnqh@m bropdisistgrhal frequency by the

PAGBnARdni: Devigl (H’I/JezllDOI?mb Edn@&ioﬁ]g) thd GRRH U&Qﬁm\éﬁ!l&b 210915 determmed by the
%}%M? ?,glt ?X\bce %H 2?Ish t%n gdl LtJerenIc? l?eb%lfar?]t ere egeﬁ%?ggsrmonmg signal 203 and

& ret erence 0S
t‘ifel sk E?Pm?q"lgg;mlal 200whichH @edglrrﬁdrig'shﬁt ResitigiingVnitfo8icd fe@iveriyd, and offset

b$ |tl@ﬂ6fere1?c9 Eboélﬁﬂnﬁ’lg Q@ﬁa@ ek @Qﬂ@ﬁﬂzoﬁ Yifts tUrlQél' hlihe I?)OWI %mg tsgx?al 206 into
%o ofo ence transni %?g % 2 Tinehase. The process o
PfOg e ORI RE BT LS, AR 4R588% i oni ng signal

203 with the slave positioning signal 206 elim nates
the Positioning-Unit Device position receiver clock
term thereby allow ng the Positioning- Unit Device
201 to follow the reference transmtter 202 tinebase
wi t hout any cl ock bias caused by the | ocal
Positioning-Unit Device oscillator 212. Furthernore,

di fferenci ng between two channels of the sanme position
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receiver 204 elimnates any receiver line bias or
group del ay caused by the position receiver

we@bk@msohioed cs. Control States of a Positioni ng-REMT/ATU2004/001030

Device In the preferred enbodiizent, Positioning-Unit
Devi ces Time-Lock to reference transmtters using the
fTed provsisreg differhdingl theSt@ivebrefeBha@ tpBsiddninfReigl 20366 theddidve positioning signal

E QM{%& %E Q%qu{]m 6\’%952“’&%8%%%% E‘-C%Ql\(’:e? clocn(te term, therebeyaarllgwng 616 Positioning-

oSl t1 onl ng- nitrates a
Hnit Qp\éqeéﬁb@ f(ﬁ[ggqt}!e, rgfpﬂ:q?g tr@,srgtﬁwm@@geb@py withut any clock bias caused by the local
P@sﬁiohlthUhlﬂgequ bdcilReNVA18. FufRhdrd, ﬂm“erﬁrﬁﬁlg batden S hanb18dtGhe same position

Ref erence .The Positi
I‘eCGIV%{ 9 1m1nates an%recezvﬁﬁlmgglasuolr Frglép C%B ?Jg%%ep%lggr] IF?eHﬁrl ellfétromcs

on recei
S|gnal 203 and reference transn1tter 202 position and

Uoﬁ‘?olbﬁuteﬁlﬁmlnéﬂu?gdmﬁfmcéts navi gation data cormonent
Onl n

1
@// Y& rhF eé"i’i‘ie dé{%fq 'Fﬂ%“"ﬁi?g%f“it g’ﬁ‘(‘ﬁeé UFL‘JH? l%“bé?/ Fifﬂ e‘@t‘}a‘?i‘f‘ers using  the
ﬁﬂmWGg@mndMMaW'for coarse tine alignment with the
reference positioning signal navigation data
component. An internal clock generator is then
PRiCi dt¥H by the CPU 211. State 4: Initialize Slave
Rbser dRagt¥droni ng- Unit Device CPU 211 determ nes an
appropriate and uni que PRN code sequence for this
particul ar Positioning-Unit Device 201 and assigns
Bhied: fmredsiengequence to the Positioning-Unit Device

t[‘ﬁeal’&ﬁ'bﬁlﬁgelﬂmtzﬁ&lce Tre o rxﬁlﬁzﬁés & §eQO @I GYrefRfchds Qlosifidiing tsl3Bal 203 by the
e Dositi nlngl naI 203 (relative to the

en
g”“w?m%nmh @IGF?IT%che d&ci | | at or 212) is also
assigned to the Positioning-Unit Device steered

gﬁgasm%ﬁ%e@&&hgck 210 by the Positioning-Unit Devi ce

g@ Eptﬁ?serves to Jnlhéallze t o

1%t %Wﬂg JUORY e RRUTEe T RS LR E?S°etp85‘té°“F‘F &gibHidypnd reference
trimarnitter2 02 pysitioxandtine s yeniddelatedifingn igatigpgorf daggoramvosnt of the Fositioning-Unit
befi&c@nGe posi tioning signal 203. The Positioni ng- Unit

Devi ce CPU 211 al so assigns the determ ned PRN
sequence to a free-receiver channel in the

Past SpihrogzeSnivé  Devi ce position recei ver 204. The
;l‘ﬁec %s}{%gm CGI?P Bg\llce CP r3'11t I l%eglow t{)lhctagg ti%l%w% ent with the reference
requenc seu orandom code hase val le
?%é‘OIPE%Sl'&"P'@hﬂ'&ﬁ@ﬂnwﬁﬁaﬁonwé%“b an infeplseifick se@?ratzosthem mtlfmd&é fhe CPU 211.
to aid acquisition of the slave positioning signal 206
g%m4 %mazeﬁééwnng Unit Device position receiver 204.
PosItionihg-Unit Device then initiates a

Thealtpsitiprangi Uit Refvice GBU 31 ladeternpjuns jan prprdprigie gidgnialie PRINSco8e seqeence for this
gameﬁﬁ\qpﬂsﬁl@m%l%\(ﬁ)e;ﬁ@m?(lﬁd $stipRinigrRANEdde %lye'n&ﬁo e $PbitloRifg-Unit Device
recej ver 2 initiates a eﬁrch f ar t he s]

Bﬂ]érf"ftfr {‘) n S?uérﬁrglfre%g:y cég%t ar %le rci_eae&g? Boséllo&% Slﬂ?é 203 (relative to the
PagiotingninDevidaiotcilBew 2 18eis pbs psigeed to e @psitenin@20dit Revipdistegrsd transmitter
I:l[;'& Z?Ib @y he @’gsctélotning U g)evclée%w 2130§n %Qe@toqggﬂl§eem§ Il’@s\{f?)mng Unit Device

time 1s denodul a fromits naV|gat|on
EURPIEFSAT to asffegt'eécyrhat RPRIPHRYSY 8P 387s 2Ethe &Efé'ﬁw of {§¢ jeference positioning

signal 203. The Positioning-Unit Device CPU 211 also assigns the determined PRN sequence to a free
receiver channel in the Positioning-Unit Device position receiver 204. The receiver channel is initialized
with the same frequency offset and pseudorandom code phase value as the Positioning-Unit Device
transmitter 205, in order to aid acquisition of the slave positioning signal 206 by the Positioning-Unit Device
position receiver 204. The Positioning-Unit Device then initiates a transmission of the slave positioning

signal 206.
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The sinmul taneous integrated carrier phase (ICP)
measurenents for the reference positioning signal 203

w@emssimse positioning signals 206 are initial PzEdU2004/001030

(zeroed) and differenced by the Positioning-Unit

Devi ce position receiver 204. This differenced val ue
seprseseukssidvee frequency and phase difference bet ween
tfgegPotsft% énrlﬂgﬁlpmt%eage;oglg(glgecgl er%bﬁl?@!ﬂtes asearc%rtl rth[e ave pf)%lonmg signal 206.
positioning unit device CPU 211, cont| nuousl y applies
@g{erse%&kqagla\teo t he Positioning- Uni t Devi ce st eer ed

mtter .clock 210 to .nmai anazeo
b PEPeltEimCoqEs atia <Pulteelh RaMsduf Sh orfipnie it 206 and a cons
263 tinads demedulied frem pomiigdtiondatapompayerel 206, t hus
mai nt ai ni ng Frequency Lock. Alternatively the received
referen itionin gnal frequency offset val ue,
?teﬁeﬁé?’%&sﬁv ?Wée"@‘(g)]s‘?cl‘l oni ng-Unit Devi ce position |
mec emneneo@0dtpgraaicatier fhasd (WPy @ebirgments fdr ke reference positioning signal 203 and
19@ podiRinB Gzt izbe ?fmnglee@&e@erd%d hrf@ea&ga b PG 18&}@ Uk Device position

to Create_a so ca quenc Tracki ng
(ngtg 204 Ehisgdiffesanesd valre rsRigsent B figquency andiphase; Feg)ce between the reference
@oitlofih £Senkl 23 fnd@GuRNQpsitdning €EnaDI061 A @oritBIdGH witlin the positioning unit device
E?fej%ggEgn%mﬁoga){(%p%lcro]rgec%ng Q)glle gog%bmr%n'ﬂ?t IST%QE& elal I’a]u(‘\?smitter clock 210 to
Peelratnu adﬁro Agl @Jﬁ?rfncwweeethwéermeawwonm zlgltabwé @ndBerigyp positioning signal
hed, WeshaiRashd Fr@fenteCRkver 204 and transmitter 205.
State 8: Reference/ Sl ave Code-Lock Once State 7
Ref erence/ Sl ave Frequency Lock is achieved the tine
ditbrhasivencle Izedivd arfereire rogfi@ingna@alp eiuenco vifsry vglugnal measured by the
03081 Utnh Qe\%ee})\ﬁﬁtmg%%e]tvér%h NGn 64 B4 @lrecg}og tQ@ﬁbs#ﬁ@mng-Umt Device steered
accura ? nmeasur ed

ﬁé‘?‘éllnérr{%"é gﬂéelgea&?d% caLIB({: |f reﬂ‘é‘*“%k“’ﬁ%@'{}%%ﬁ\ﬁﬂ eﬁ T?)ngheclteered transmitter clock
Pusssirhploenuteges thaifequbey offet Fttearceding referespen posigrming ksigiak 208,110us maintaining
'Fgéfp?éluglvﬁgk tilﬂf? n{eﬁl%}eaﬁntegthgmf%mé)ﬁmt bg@ce tchle(olf ) tB tﬂg common between

eréence and slave positioning signals into PRN
BPSGA FFETHYET 201*H@j apyriteptlSt | i ght val ue 209 is used t o
of fset the neasured reference-slave tinme difference to

f the reference signal propagation

égm %ettere%e%[?\eee&cog B(]; ated tine difference is then
&pyst $tet€i TaRefegenst/ P li’f‘éﬂrl?nébt Lpeknis taghiqvee thegiget qiienag betrigen the reference
bestiofigg §§rﬁﬁftﬁ And ﬁl@ﬁl&@p’(ﬂltﬁ)ﬁm@ 's@xﬁlkZ(%]ch belftCurdiPMbasured and any time bias

correctio achi by en n req

ﬁ;fgxaeﬁedn fn e f/glm/e (ﬁg? ck é%,/]%fﬁl %gqv lﬁ&l gﬂsug)ala%p 6&%‘1‘09' steered transmitter
Elodqiié nscgke“@ﬂ fhs atquisite dmioent of Bies wOring tha safdrdnteand glagcpesidning signals into
fPRN d'adepglﬁﬁiﬁén? ik 'ﬁﬁdof-ﬂ@ﬁ vE’lﬁJ h@dls udedi 1§ oftddl th%'n%gﬁled reference slave time

frequency allo e.sl ave positioni

S5BUS NP PR oL R Y0 GHRRO e GP e tme diftcence i
et Bpplideas raecfoglr eme@iot roathes Pastribréng- A Ddviceretraed erans@iiteeclodhi280. The clock
pjn’m(::‘tlo§I 1?‘9{:h5e§edc@n&%%§ngqhet ﬁ%qug&gt"[rr&l(mé @%@m‘ g’l‘g)e aﬁd“%@%g -an additional

ternatively, e achi eved
iRy St dhing gteert frammiFpregock rZah &g leredret%ed mm R?B%Pe This additional
gec[ilelfcﬂt)ﬂfet ztliaﬁs tih@ﬂfvlfle %bsﬁtﬁmﬁgmglﬁltm@fo LRde tipb asieit b&hm&&bne coherent with
\Mg rﬁ%ﬁcma émla C{:EOE] %meFt;‘as%\?#nce(%lyls lg g s eéyﬁg nfﬁp&?eﬁg?e;céet%?ﬁ)%g is re-engaged.
Memplwef Epdecepclierh bﬁfwhle‘r?ti by tlevtineghecfiogitiéngiUnjt @ﬂ?iwgramitter 205 PRN code
ek feldidit®€imdBRNf 65a8lsha@ingR) Widstnamtalhing Rfefiefdy IOMC! €
'evel . State 9: Reference/ Sl ave Phase Lock Once State 7
Ref erence/ Sl ave Frequency Lock and State 8
Rededyoeln iselfaSidaanePRID dede| aserkacar whichciniighgretly nojsw. Inj the preferred embodiment
ShERLrS PSltbhihg- 1S B RestiAPRNSde nbie 6 Q5ube&Li§dycle(idt. @ 180
degree phase anbiguity and; (2) a tine-of-flight phase
offset. (1) Correcting a 180 degree phase anbi guity:
Data is denodul ated froma PRN code positioning signal
usi ng a specialized Phase-Lock-Loop, well-known in the
art as a "Costas Loop". The Costas Loop
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techni que inherently incorporates a 180 degree phase
anbi guity, and therefore can acquire and track

w@emsHioed ng signals with a half cycl e anbi gui PgT/ATRG08/001030

hal f cycle anbiguity representig an approxi mate 200
pi cosecond tinme offset at 2.4GHz. The Costas Loop
anbi guity can be resolved by reference to a

g&f@ﬁﬁg%g%gg%@;ggug&ge of data bits, generally

nbl e, transnitted in the
PR Yate 7 &qfeaaqeﬁlamﬁwﬂreﬁ@mw# Pt St afarepesSigve tOadenlock are achieved, two
Ine@ a&d)r@ amnermwfhkt midNRtoktRd. (0S4 889 de@@bhasdRinGidhifyYand; $2) a time-of-flight
fst an arbitrary fixed phase difference becones
vas%l%nf between the position recei ver phase registers
of the Frequency-Locked reference and sl ave

POS{} |C@Hécﬂ@ Sigg Bé%l‘e% phag—el'uﬁlgalfyb IDafa @ dém@cﬁﬁl&@ fr0h b BRI cdd positioning signal

due to he ar OS|t|0n|n
si gnaIUS‘%‘HSpf’%a ‘5"’&11)3%3%/ é&k%ﬁoﬂ’ el #‘"8?”[‘ Yt Sehot j-OOP The Costas Loop
bel owtecﬁrﬁque @berendg tncagprafds g 8lodegrbd phegia Fmﬁh&‘s@nmérsfmte ‘canfcquire and track

fracti QJI?Lng Mgrlaﬁ W‘tfl m]fQ§'c1J Jrﬂb%'[ﬂy @ﬁ]?‘ﬁaﬁ c§»)cflef 'ﬁ%‘gul'tysrepresents an approximate
present due to the reference positioning

pr opagdt I?‘??ﬁ“&‘@l“ﬁ'f/ offstahe&pH% Fi]ée ‘?OétFSe[roéh@é’l&u%ﬁg Fﬁ fesolyed by reference to a

ant enpedédéminaneeqtdne &odiat bisnpderallynieferrtietd &xea Pretigble)aransmitted in the
208. onet e S 20

0o AT Gl ARG L R Yl e coses oo
can bémpigpyds epiveel agrbifrap s phass diffpreice becamesi suideng petpveeg the position
(the irdttiogQhase eergg@ﬂaﬂttae ﬁaqaencptmecareferea&t dn@RRVe SRKibHiRY signals. This
fl)/?rleeo Et]?iﬁ/ pfh%]sg‘c 3 al% gue 6? &1 f:t]rgrg pglahee gf#l}e a%aele 051t1?n1n§)7gpal and is adjusted in
anounﬁhequhwmeﬁtM?)éGIOWr om t he known geonetri cal

di st ance between the reference transrritter ant enna 207

?2? @E} 2‘]%” R 155 ﬁgfpbglfgnﬂsgo@gﬁy I{A%ftan a Zogplgleté)ﬁzge offset is present due

Ref er mmefeﬁtmm@ommg bigmkpromegrtiprodelag foatven the sgferengeghnsmitter antenna 207

above anthggP(tsrtl%llié mevﬁpmk ﬁllgemwi@éf @fsbanc'e §OJ §&veen the reference
fine to be corrected in the State Ref erence/ Sl ave

Code- ["AwsRitiet apfl fhe PogifigningHpit Peyice g3nd eepiseenied psag Ry ohwholp carrier cycles
carri gte mh@eeommnm)tmrmus altreetidnsleguiengyle {thatictishgl component) 214. The

Syst ernn(e F;l_ 1% ht 8§ seec;}gégsetﬁje f%@t%n{l Q&l %?%Jt ;hglr!:iorg%éeld’w&n the known geometrical

Devi ce stee transmtter c .

t he r &iiancsiveemrthoreferas eyt a'é??ﬂ% A7 qodl thsRositiaging- Umt Device antenna
currenys. srhmag%woeﬂoraﬁthhz i anrnyctmﬁsle Stda I3 RefedfdeBrabd CuAELLbIR control state
;L:ge(d\]/'s)crllbﬁ obmf% TB 0 z%tlorr])el co%pql_lent gu‘ﬂﬁrv}/%?er txs t(r)r(%ef:{?efto Ee cogrected in the State 8§
re- engla@edcelsﬁhfecmémlq state, At therElierg be @orreated asear capglsmpiase adjustment.

sl ave ’Iﬂ@@‘kerqﬁegaf' mﬁck‘ﬂgg%mz@ﬁs)em%%éd"%df #h& Podif¥Ring-Unit Device steered
Posi tioni ng- Unit_Device F\nt e

chr ondPBEIERFIPS Jrit APEAI° D o, B e aount (rom s curency
t r ans miebstied a2y phase vabre dgbraded posp (i) ebrive)do & nguhadetermined time-of-flight

enanatphalégvéﬁlfeometme io%ﬁ Eso%rt‘?@utx{ @Qﬁ@eﬁgageﬁ ﬁiatpﬁm)ﬁmg%n Device carrier
State 10: Reference/ Sl ave

abov e PEISaH¥S PaEipRIngisar] 28@?1?8@%& fml? H@ Peaﬁwmzahfmala%vrcaﬁfé@"a 208 is now
Ti me- kinciologiallyt sp@hionigddt witinthagfetdniet trafentitee 202 Eirieb @lyisdositioning signal
trans f roni zed uni que

p05| t :T}S?]n?i{rl]n rhs? ?‘gﬂﬁeé%ér g}%%ﬂ%o%%? ?dgnl ng-Unit Device

uni que positioning signal 215 is now chronologically
S}éﬁqb’rl{bfeireﬁ&(lblivé)Atl betkr ef erencet ransmitter 202 tinebase

%nﬁe ei_ll 0 agl?oll\'l/er sétl%%g h%vrc?clfgetnﬁcgme?gco Eld %FU a})l;:cﬁ:gl%rgsl {B%%-%?c‘i(gr? t.helz !sositioning-Unit
l!]qw@méﬁleegmmt@mmﬁngw@ntal now| hﬂl! h@clp‘pléteértmélde epifodingresighal 215. The
@@Qttbnﬁ@-@hlt bWUe Elﬁiqdé%&no%% bigfal 315 mmc%n(ﬁogiéﬁllyqy&hmmzed to the reference
positioning signal, which consists of a carrier

conmponent, a pseudorandom code conponent, and a

navi gati on data conponent. The
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carrier conponent is a sinusoidal radio frequency wave
preferably transmtted in the 2.4GHz | SM band, though

wo bmsoeobdd of the present invention is equal | RCT/AU2004/001030

applicable to other frequency ands. The pseudorandom
nunber (PRN) code conponent is nodul ated upon the
crarsmitier 2Qoimpbne viith agpdueondi mdoscokls, a dapubiljtyethst Q€ gubstantially beyond the
SHAHOBERy WGt can be di stingui shed anongst ot her
pseudor andom code sequences transnitted by other
devices on the sanme carrier frequency. This techni que
UniqkeBositiosisg Sigits Di vi si on Mul ti pl e Access (CDNA) and

t
L et iffbainn 48, ﬂ” kG 0 Bl B0 £ 8 respine sl v
o7 tﬁ&%@%ﬁamﬁw&feaesee FFﬁ%SWbWEIe cogRenepy andj acaigation data component. The
carem¢pnadnt Bnssidusdidal tadio tifeQudsdy 6Favd pidfe @Ry Iu&ﬁm;n@j o A8 k@2 1SM band,

(hguéj oéllf: trﬁe%kla& typlpgeseD? Vullvcn 1%n a]‘n%%ura VI n 1(:%& f.?d 8&?‘{ e{r%?n&y bands. The

recei vers 1on i nforma
PICHASTangogSRUMbey r(PlhT‘@ O EmpREGTt esenqdelefad kronghe car¢rapimnéntahd consists of a

uni@k @ bR RERencd QEiBh dah B@(ﬁgiﬁgms'haif a@foﬁ@l dtl%p pse%?n&%ﬁe sequences transmitted
ratil ons

%ﬁgﬂler ng € ctm\%)e ssme carrlelr ger;%l ey, (L]l'glis ﬁec%% 15%?»@&5 gﬁfe Division Multiple Access
&ﬂﬁ\'ﬂ/%)g@ﬂaﬁtwecﬂﬁcsownﬁh é‘S ert. Johfavigation thitasesponag lisygieprietdry information modulated

§hoh ghee pJe&foﬁﬁ(ﬁ)ﬂp Eodb rc@rﬂ&)m& ta%& l&mvfaésdg Q%ﬁnﬂlg:attio(ﬂs RS b FhiSter navi gation

Posi ti oni )N vi.ce. single reference

{PORRLIRE o é’g“‘?ﬁ‘r"‘étaué‘é §¥‘feﬁ@“dtr8“%F RPIHGIAPSeRvrs- Qfavigation information may include
Rosirk tinaiRegtidoimg{UnD®evigeelscati@s, Mamphdical Mfetentecdi@k GRGE" information, and
bih QS d delosk dh0oadcasti ng through intermedi ary
Positioning-Unit Devices 4. A plurality of reference

transm tters broadcasting to one or nore

PosiliocloOéntiguraiens Devi ces. 5. Poi nt position time

?M’x@cﬂgg %Qﬁﬂpgﬂle&dﬁfl Hg'iy%lf{sr%rfltecr 1urat10ns esP qﬂsg%r%lgns 11}£lude

br oadcas %toasm ni ng-
sifdgl e rf’ew afference Faéﬁglﬁ?rﬂ’toéﬂicaséﬁmob@nalps@@itwrmgﬂhlo@dva:st

g QE‘I er mlepﬁ'&br{cé %brﬁ@er%io@d@&'tmgtt@a uﬁht?gt*l%smonmg Unit Devices.
ositio n
Pod t1 onhe A S 6t TEH PRIt Pty ositonin-Uni Devies

| odat i orh pluglity of refesfneg teansettersrbagadaaiting ®ron@@ Zhogel Pegitioning-Unit Devices.

Si tsuat ego@t podidateBynkiRGRbigQN. The Positioni ng- Unit

Devi ce 201 receives the reference positioning signa

203 transmtted by the reference transnmitter 202 and

A bieglg tefovancposishitenbroglcsitignala sidgle PositbnBiFUntt ®dviy t he

E gﬁ%lé }ef%n:h&gralgmﬂer Qﬁ Ké ¥s&d tB 51%&1%5& 5 IIBEFCH&QéSIUOlﬁg% gl%%gtgn I§]1ngle Positioning-

he recei ved reference positioning
%%‘P‘i"i‘cﬁnF IHg? ehore 2 Bayioriae-oi Dﬁ‘é‘teé’tohlﬂﬁ’é@ P‘h%kﬁoéfﬁ ecatiop.eand a reference

tpmsmltar Qo #g stiapdal a prodp agaion OThe d’Giltﬁ)}th—@fﬁlt D8P kdeives the reference

o3R8 8 R BRE R bt lafopd fiehaifin 7 bl ot osionine st 20
t@ﬁ?“ﬂ'{tﬁé bp x| Pesigaing Bpipoevéca transmiter ZGétharespowp trtkareceytd efesnce positioning
dighh1€208 ﬂieb)ésﬂﬁ}ﬁfﬁ@-‘(}ﬂft edvi&l Zgléﬁlet&ﬁiﬁkst hé F&'fe'fkgcesﬂogﬂéh g%%ﬁal bRpagation delay

arrier co
}OB anc(?)n rlf? o) s ”ﬁ’ fraélF'g'ﬁeCred(lcE éﬁ‘éﬁﬁ“l"t%r E’ﬁﬂ@‘?gfcf‘%‘/n f’yﬁﬂ“o“‘ze the carrier
@mgqmant P8¢ PRMh eodPomiipbientn pndglateieortpoBavofoe iswipde guaenttd glave positioning
Sn@AnBeotus c@m%blgb{ﬁex@ PRNL bR néit giﬂ(@!iata%éponm bflle defirence transmitter
chr.onol ogi cal | nchroni zed the reference
RO LR B O35S PATRRBEUE Dol SR AT g rosidgeipg signal 215,
whirth issahifohalggiicaiyt syticbrodiedded the raferesece prainttie 02 8@dbadei ON i N a
roving position receiver. However, if the reference
transmtter is a WAAS satellite the Tinme-Locked
POt Fighalntre nedSYiTIEiRnt &9 dRteaming B [Posiion Siption rib m aQying wetitipn receiver.
HemSvet, iiftBe te@repiecat@i@nd al veA LS sateBiftCkhd hﬁﬁ%ﬁ&%cﬁPdﬁﬂ&m@eUmt Device signal
used by a position receiver as an additional precise
rangi ng source for a conventional code-based GPS
solution. A single reference transmtter broadcasting
to a plurality of Positioning-Unit Devices. A single
reference transmtter can be used to forma network of
Positioning-Unit Devices when a plurality of
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Positioning-Unit Devices is in clear view of the
reference transmtter. FIG 3 shows a plurality of

w@emsHied ng- Unit Devices situated at known | OPGIL/AT2®4/001030

301-1 & 301-2, and a referencastransmtter 302 al so
situated at a known | ocation. The Positioning-Unit
DﬂWe&@rﬁ:h@Qﬂxs @1&&3@&4110&0 bﬁé‘s@doﬁ(ﬁlewﬂ Qnd t8dr&r6r€ Bh@e used by a position receiver as

?I‘ addﬁnona['}%rec%e 1§5§ng Sf)urceqsr a conven i0 atl basé/d CEP'gesolrtef erence

nse &°Feceived r ef erence
positioning signal 303 each P03| t| oni ng-Unit Device

A0 hpib réferdstd nanﬁﬁ&eerbmaa&sndgtusa PIBSREGE PoéRioMhHOAL Devices.

ti del.a 4-
smgla?ﬁ?etrft*nce tragwtt% ﬁeal%g 6569 fé efg's)’:”rm 4 nnetavﬁ%(rogr%?s%tlg%lrége{h}xtéﬁegﬁf v¥h§n a plurality of
Chsoking Brit Ryicesanintcarylewofibt wlgicaltkysmgignchr oni ze t he
carrier conponent, unique PRN code conponent, and data

RO e R Bb B Nt B8 Ao AU & 3012 o o
afigenckatrasntter30h et sitodtedtdne knavindpcatiroe TherkasigmingUait Devices 301-1 & 301-2

Ri@tﬁ{'e th@r@feﬁ&e%b&%’ng gl?r%l 305‘%‘5&mﬁ@§ b)t ﬂh@ﬁfe%ae%h&nnt@? 3'620 ﬁxsresponse to the
subsequent | transm oni ng

SO9TT B8 PSRRI L CHE GONBE N 155 ik Snieigceemmines i
teopetthve sigedl @raprgagont dedam S¥H-U t&e 304RD ot thee r&sdce ©MENiG¢r 30V ragd applies an
Bgﬁ)ﬁ'oghﬁp&ﬁsrﬁl&é}réﬁm Eo‘ﬁ%&vgn chﬂx%f?&@%elh&nc‘mﬁl%iﬁ? carrier comeponent unique PRN

rmedi ary Positioning-U vi ces. One or
EIYEOBPRETer | BBEPBRE o e I EFERE CoMfIOBEE (igep to the carrier
Eempon{)PRN Redeworhonen, atD&atat dompintrg ofihé tefeldas t@Snittenbdshionitig signal 303.

?lel PE))s(?tlsolmtn %mt Bgvm %] %u‘ase?%}(t#ft%ﬁsn@t? Lun%fe ngsn%l\ ﬁ? %]n\éfs ﬁ& sz 3@5 2, which are

erence"transm 'S cOo gura
ehreriolegically graglironizgd todheceferense anﬁmﬁ?*i%?rtm?isar y
Posi tioning-Unit Devices. Wen an internediary

ﬁp)(l)lg %n{ r%u%r% :reﬁegerlﬁxﬁ lrfmsBetYerstroa (c:zglﬁn rou%lhl%rme%fa e¥ Posnglonm qut I)evnces

Pos prt heye fimeysyphiranizBbrefersacegransmhiteisrcan & wsediecfernpaaitwrlo pf Prgitioning-Unit
Peatal withsht Gl élosﬁlbmgsm b&hies eaﬁgemt as—m S1EWt §ref refbbhce transmitter. In this

uat e

BB R B PR BB b 0% e b B oo i nermetio
Poasitmting Hnit Mvee fléctags TRediotk, mh;emtg:nt[ﬂqsmonme-\kjnc Bevi@®can use this intermediary
‘i)S‘s‘Ft!%hMEﬁmI B&lcp%stfletlr rgﬂbr{agpo%ftlmlmgﬂzgg transmtted by t he
reference transmtter . response to the received
ref erence positioning S|gnal 403 the first
POE dishaviiangferbiite tranReitero®] 4i@2tedi@tacknormiestiénh endsi fiyst @lositioning-Unit Device

%pﬂs%ggja{eggtl adﬁk\@ly loéqgh frﬁeof'i‘%ttpgs‘?no%ﬁé %Fn? BQﬁce%ﬁQ&meI Ihg Eosmomng signal

I es an ppropri ate clock correction
AP ERBEY |bl§ Vg reﬁer@%%ﬁ%tfﬁ 3U. Inprgspqusertp fhe Fec%\t?ﬁﬁ&’i"é‘m P°5‘“°“‘“g signal 403
mlmu@oﬁmn@mg 2RI a0 trtermiaidcthel siiaal popRaide elapi04 frsm the reference
i.nternaldy n [
rrans ](Stﬁ e%;]dl an Rﬁ{e?‘ér? gpé)? %Eéot% éféﬁé a)gre oggoaghré:ngr%pa% CS?!(CHTOI%EC the carrier
thmone@f, ariguq cPéNtcp@rfsmwérancb@éai qomtmprrﬁ of itsi iggerpally gengratedpsitioning signal

kd thédarri p&)hﬁ)bdélﬁ' RO ddad &m%\éﬁt CdRd é@a?coﬁlbkbl&ﬁ dtr8d eledence transmitter positioning

Elrﬁr? Ea{glf g]ée f?gltf’ng}tqbglfpﬁ @Hﬁl(l))%\:n%mgggué)setq% na)f tr nérrrlntesna\é\lllle?llque poséxomng signal 405,
whans eirprolgicall tynchirpradsd tahe refer@me mamemif 901 tingghishg- Uni t
Devi ce 406 situated at a known | ocat [ on but not i n
é %V%Ofpagg‘%"{gg{"sg%%gﬁ o%éu%%;ioagllf aY\lIh C%'@@ b{rlg' gotdm vnew of the reference
soipeiggIvgmalk ¢10r dve & signal opsraétion cansed By Siilgima H0Y Ofschweotly te¢péves positioning

glhr‘ﬁios%ﬁﬂ tﬂe| fﬂﬂ 'Pgﬁlouﬂé Um%%‘lc@ QOﬂ%esp&r@e %%9&@5@% JOQU&BE signal 405 the
recei ved positioni

gr]dtPOBtIJﬂnHlé Ulr_ljrt”vauBé\%ﬁ geée 16%5 tlbeestg@?l moRggthr)rqgla)é?Oé rqrgl'n the first Positioning-
hio[DRgjeet #0arend eprdiys dh0appiopriam dldek chiractitn tPeBotdlagivallygsyndirvhie the carrier
Devi ce 402 and applies an appropriate clock correction
to chronol ogically synchroni ze the carrierconponent,
uni que PRN code conponent, and data conponent of its
internally generated positioning signal to the carrier
conmponent, PRN code conponent, and data conponent of
the fi rst Posi t| oni ng- Un| t DeV| ce p05| t| on| i ng si gnal
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posi tioning signal 408 is chronol ogically synchronized
to the first Positioning-Unit Device 402 tinebase,

woR064012935 al so chronol ogi cal |y synchroni zed t op¢TraUu2004/001030

reference transmtter 401 tinmabase. A plurality of

reference transmtters broadcasting to one or nore

lPasyiohdnd RhighG-PRINI dodL@Mpae8,. and\ddpd ddfnBdnkeiit bf i@ internally generated posmonmg signal

ttd E(Eca?é{&] %SHQ %Hémz ?ﬂNrcgjeeJoﬁlg t%@%ﬁﬂ&r&p@ﬁeﬁ (ﬁ’q}tle t?rsq P%smonmg Unit Device
roadcast ioning sig

ﬁﬁ?‘é’“‘%%&f@i @ﬁuTﬁg SeEM‘fjtPOSD@V‘P&'Eé“ D?the t‘?ﬁ %bse%lﬁfﬂw gensatts mlque positioning

3iyal ned eﬁcemaesngswma&r RBFpdAEnt SERN €IS corﬁ;id)ﬁé'ﬂxt afid B3 tdrpRkeit. This unique

osqlonm Bénafcli]()% is %hr?ntolo ¥dll¥ %}%Qhromzegl Yo { gre Posﬁlorgx&elm; %%)uce 402 timebase,

ransmi
IWIth lsslseﬂmloe\ca%wmhmﬁﬁwg m@mfereneevnwesm tigieagrat ed at
a known | ocat i on and a plurali ty of reference

& [;?urg{né 8} rg{erem;]e tmsr‘l gf&régroaﬁcg\%n%ﬁo onﬁ,8 li'n?re %ﬁﬁ"f?@'“?]ﬁr“t‘ Devxces
Berhirdity E0me-syactepnizedrefetvace trafsmition ca boaw toiboniag refirgpreglositioning signals

e br mérg%gtl&)rn?mﬁﬁbg\h&g 1R Yhist R RGN AP feferdnb ARG drbBloSrces, such as

se to the recelved reference
SBEPY G RS PE0R: To SusPo e BRI BHIHOE U frorove tmsbase

Bewiacye 501 determ nes the signal propagation del ays

504-1 & 504-2 fromeach reference transmtter 502-1 &

502-2 and applies _an _appropriate clock correction to

EHt cfn%‘f"&sg? E%ﬂ‘“l°9‘“%9ﬁbﬁ?"é‘ﬁlsfg sifugied @l ko '?féﬁ‘?ﬁoﬁ’ér?t plurality of reference
travisgyrers BN &GFO2-2 (Witl‘i'p@mmhttunemd aldati@at@irR@Ne Ndcatdhs. ThSPositioning-Unit
ID@\tI @eréﬂillrécé’ veg%g'\{f ggpc&?&h Oé %51%3-?' S@ rantsrglttgch tﬁealre e¥e§£‘e transmitters

I"Tonen e conp data co

S0Pl rspaspec dhe receinpapiFience posioning Fignal 308- lsﬂaﬁahesl’osmomng -Unit
chJSOﬁdeﬁﬂ&n& the Fiagal B@ﬁdgitioﬁ)ﬂbllzﬂgsddﬂl & sddeMioaadhQdference transmitter 502-1 &
%ZQ' & apgltes ¥n %p‘rgﬁ)?rsia ¢ flock cort c}u% 10 c&oﬁol%icglg 2 rom?eh%e carrier component,

ono | Ca sSync
upigysFRY eodgfcomppaent, ef'dedaerfferepmwavfsmmwﬁsgesﬂﬂedlpo&n@@g signal to the carrier

E’&h;ﬁﬁengoﬁkﬂi ic6dd chinpdRed:DGid &t?&ﬁ‘lpbdeﬁ’t@ |oﬁﬂre \dRb trefddR¥d GfhsthSter positioning

a% 058? ??;hgog 2%&1&?&%@1&0{}' Zéffv%ﬁ%{gl sthsgfugl}t éﬁr&rg%ﬁtsne? LtlJnlque positioning signal

é@ﬁs whlpbﬂcwolsglgaﬂimyn@mpacgathe timetds| oty refreenerempmitters 502-1 & 502-2.
reference transmtters and Positioning-Unit Device
bei ng known. For this enbodi nent of Tinme-Lock, at
Paintkositign FimeiLgek | ocked Positi oni ng-Unit Devi ces nust
BePokifionitigelinit DEtiee iPalsa tapabivi off gyntnortiziddey b o@work @ojetiasel withodt the geometrical
gf’slttaﬁg rgtg@ncg EJSWQIB\% mg?ﬁ lptopa%‘a'tfo\r{ %Me?y) bgtéeeh FlFe?e‘ﬁEi;' t%ﬂrcn’t{eg Po itioning-Unit
03|t|on calcu a sing poi nt position, ch
\elois lﬁ:&ga@%@n tFRe thisonbedig it 19 éTl_xFﬁ-Itochéa{/ jleast f%STnfle{ ]Ocﬁked Posmonmg -Unit
Dedes hedt bein ok, The PPsdittoning-bigit POk treqing) @-chien the dOBNOHC &1f-surveys its three-
%hsﬁ&na Q)OSrltﬁ)% %% ¥§<{ulaﬁl!l Céﬁlg%f ﬁ?}go lﬁgnc %@1’{ l%l:(){popaqegwe q’%s?tlomng-Umt Device
net wor 8e Focal position recelv
BPsHiek Fecelwa% offka Tprd@islflqnmgﬂhng Deyiserpogisionirecaives clggkeoffset accurately provides
héERsE Minlet @NatiCa®d ®s eocﬁlSpoalﬂorﬁEe@MeﬁEBcld)l,e\FlMW the thiﬁﬁ*ﬂﬁlet Device slave
Bgnsrtmétgr L?é zlgeeegsras%dacce nJ?e networ n 1r(r:1%brgsrel I tBI P {r(ladneqn %)JEI ment the Positioning-Unit
@etl@rmsmesm@mqmacaenen ethwgv ko defernping @cmﬁenq@wm:bsmmue picosecond level, a
LMisity that iSRRI bforddiRtcadaSityDeftRt A0 /dtéhsl Y beyond the
capacity of prior art systens. WAAS Reference In the
preferred enbodi nent a reference transmtter is a Wde
M AeeB Refigeneait at i on System (WAAS) Satellite. WAAS

%ﬁﬁeeﬂréférte@ SmbYdfeR8OStratct PReHhiMer %kaﬁgkbﬂaﬁanon System (WAAS) Satellite.
satelllﬁ which transmt GPS differenti al

Qe sRtEitghe t°=e85“'t§9§’¥ QEGeigns SV\M§ Whifhefanimig@EPSyitfesential corrections to
GParesaivets. WAAR saligespbs irdnkraing unipus payitieringaigndl heth€BES L carrier frequency of
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 nmakes an ideal reference transmtter,

whi ch i s synchronous to the world standard tinebase of

UTC.
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In the preferred enbodi nent a Positioning-Unit Device
position receiver incorporates neans for receiving

w@emsHized ng signals from ot her Positioni ng- UnPCT/AU2004/001030

Devices in the 2.4GH# | SM bandg and al so positioning
signals from WAAS and GNSS satellites in the L band
fisBsouRAg| B unﬁqu?@SsjlttohﬂQ Isig@r U’]:ict:uriﬁﬂy IsyehromBMéd WS PR tMAARIth corrections

ﬁr%t %_c{ztlo} Iﬁ’l‘@ %‘heret{)rgfa,e\xfgﬂg ?ateﬁll’tqu z{n 1§ea]hr§fnr%g1/'banif£ 9C kmlgltA synchronous

poSIiti oni ng
ﬁﬁ@?WW@ﬁWﬁ@m§m§WﬁﬂfUTPne Lock betmeen di sparate
carrier frequencies is initiated by coherently
g%\‘/\ﬂn Brgaglgrar I' Ibgc? %er{t h%gsttpomcr)lmUnlg Bgvuéa gsﬁtn(le r?l:;gﬁltlaélhcgglorg% [En?]ans for receiving
Pesisioning sigwy- ftgm pth@Repidaingdiglt thepiees rie thei A&z [$Mnlpnd. @ekalso positioning
|s§naﬁshﬁi?n Wﬁ%ﬁ%ﬁmﬂs%atehltets hﬁthaﬁtbmcﬁ‘eqlﬁﬁ@éﬂ A?lp&llti()nmg Umt Dev1ce may use a

ent down-co si on
SEBRY b9t o 2T OBTRE AR RS LR R AT Rpl R st o e
NeBeRMEr WA D positipiingesignhly 6mesL0d0mmqn dspratd @trr freduenciehe initiated by

RERfe Rty &%&Hﬁ%ﬁh@%tm&ﬂ% cwmrhn@%gnkdnﬁg %n FRAES SSs to a common
clock infornmation f

Bi5S101 BRGY DX OBRPInE S PROTE AT "HGr gy e hem perormed withte
meteds\pavioudy dasgied Celrerentadvdn-cantrsiad reprirec®s dical gscillaiots. in the Positioning-
ll-)'nrtl Q)epil:caﬁcﬁﬁiora&gelm QUR: ggLrﬁ%on@ Q:oﬁlﬁgdegscfllﬁglo In the preferred embodiment the

consi deration when canputing inter-frequency
??%0“&8?31@“ &ensraes, clpgkdnipme %ftaé‘ CP‘@R‘EFWfﬁé’Pﬂ%‘mB‘ﬁ Upyy Qevice, including
WAAGsiddndedeiver trdnmhaganwmemramewe@ﬂg Q@t. ILine biafes @QUEBIQI d@Ry are taken into

I;
B 1 S LB T BP0 il o v s
av%f’%rl%@dignﬂt#’?ewmﬁmeq fisguspqics ALOr i doWne9msgtony i ew of t he
sky, and preferably in el evated positions such as on
%{% m%f; (g!)]vlé lé('é?lf(s %2 Fosntlonnllﬁogmt ev%gsdéﬁrlé %&L)iﬁapij% lgzg 66]194S are placed in known
aasetenneithagdar view qg Qmslg; ang gmfe@bl&lmatzﬂ mggyonaq;uglgw@g top of hills 602-1 & 602-

gggfp&rmg)g%ﬁ% s ¥i3tihe e@ch 1rfRRsikddl LivedtignaliRidive BRMINE 60460d04-L, 604-3 & 604-4

g}ggg@c’m glﬁﬁg%atw]gﬁ esagtagqﬂtlpquégelébtgge(vtcﬁg@gﬂ 6?},]% 601-3 & 601-4 and directed

aodidta goesgetionanyt WaAAZ sited itee6 0P (thfugly thesd adslittonah erttenpas seerprdfeaied but not essential
g rthetntkﬁlowéﬂ)ﬁgl}l% dl%tKUnQXﬁtE}ﬂasd)'n ﬁ’@s@ttohi‘aél@hlt BOARIMBS toQﬂtl%f]ate multipath and

Positionin Uql Devi ¢ kaﬁ%A% nL te nultlﬁ L
mo%eﬁfﬁeld signal tg In{}léedragcis d)If] 8&@ "b%lmo'fnp'fo &3 reference timebase
GBeys Egph Rlbositioning-thit Devidelt0hvl,i 60pL2.06002 S, &&DE# Fned.othsneihaIeAAS satellite
gg%}lj g@()c Yhus E@&ﬁg %)cb%c{si'oﬁ) @J’TBQ{MWOE]Z«:%WW%& \ﬁgljpléosecglq]acc?uracyf A position

Ti'me- Locks S satellite Sl gn
6@gver§wljgldé>y équpsﬁgn gOSpsr pated;ingjde EJIT‘@d§§r PO TFIS Y Adetpatellite signal 606 cannot
et ke MWiilliilg @ dase v s@ﬁQin&CHowaOerm&tldnhr@mnft Pedte\sihals 610-1, 610-

QOZ 0236 l&d 6@5%0#%%%@%@at g%?eilvt%eéssds(ﬁ l‘fak 8@53 % 6@1 -4 can penetrate the

ﬁeewmgﬁaﬁt @e totheitnldse prpYging He ma%ontrveﬁveréﬂ 'ewpshl‘zﬁfaffcewmg Positioning-Unit

RRWEY positikdM@ Wighals fBQ:SallltfduOPdsfﬁlgmﬁéﬂUrtlt DR sCwhichi ag vl psecielfhgfle, point position
géi\e/rménélféonéafat%hte é)f)ciu]did regarf gd@%%rg%gczttcegn&sn?gnnrgfelve{ 607 lﬁls calculated a

tositiod sqhgios A Cctambetdetemntinsil pccu;ptglg d’ hp prgs)ﬁlthvpxyxon thigrefore also provndes precision
@ﬁ%‘ thrle Qnsked MQhYIRE o@Qﬁed régiénd Wéo@er Ofheh 86 @bsitioR bceiver 607 exits the building

SlrsnIg%ygsn%r?n? Swnl%]cﬁltl [?n%el%vgtlgt“? {bgﬁs Ig(ﬁnja 60L @]ﬁgg satellites 605, or

:GNSQ lsaellpei imvievp s bt isedito dein@n prerdgteimingd pasitigmgobitidn, ddding position integrity to
ARGLHAEHs LEIRMSositibd) @ddi tion, once the position

recei ver 607 has cal culated a position solution, UTC
can be determ ned accurately. The present invention
therefore al so provides precision UTC tinme transfer in
satellite occluded regions. Mreover, when the
Position receiver 607 exits the building 609, signals
fromany Positioning-Unit Devices 601-1, 601-2, 601-3
& 601-4, WAAS satellites 605, or ONSS satellites in

vi ew can be used to form an overdeternined position
solutlon addlng p03|t|on |ntegr|ty to the pedestrlans

T | YAR AN P~ ¢
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reference signals in another enbodi nent.
Posi tioning-Unit Devices that are unable to receive

wORSosasel [ite signals may use internedi ary "bpemkibzme/001030

Positioning-Unit Devices as their time reference
source. Therefore, UTC may be distributed throughout
the network wi thout all Positioning-Unit Devices being

i Nteitlefi@ wAggkgiferthe reference WAAS satellite.

|505|t| 0 Svice Reference In the event of a
WQH@&P@F ?%ew“ees RBted i icly viewaef|thep WA ASsptellits npsy afse b lyed as intermediary
tré’féi&ncéiilgnhle &Sahot&lﬂ emiaisiekt] Bt st Wit Demv 'thﬁt%reﬂﬁlﬂa\l'é t6l @8eitelVBAAS satellite
Eé er i ?%se 1neor\rlnve 1ary ﬁ\la\%%gnfiogomﬁ?nsmrgtl%mt Oe§1| ets as tlh?lr tg.rle(e\&{grfnce source. Therefore,
D ineay by 1trl§itqdmfaw@bpua@e BeCKQIOWINOIGH Rpsitigning -Bnit| Beiqgnizeing dh clear view of
ak rithencet whakeng@et ransmtter and creates a system
ti mebase fromits internally generated clock 702. Two
subsequent Positioning-Unit Devices 703 & 704 situated
RosifionipgrUnitdovitd Rafiwente ne- Lock to the first

E)rptﬁé $vb19 of M?NQ léitellﬁt?f{dt Ee'%xgrae(fﬂ%lce ﬂ%r@&%‘le&ha@ﬁ'léﬁg o§é ﬂ)ﬁﬁénmg Unit Device

our osi tionin

£ st b R Tk 2 POM e OB ogfoor BFGER R i FIG. 7, @ firs
Ppitehin@Psit Deaeri Mg -sighatet aDeynoee 1qt@tHon iS Heyigrdtad Clk Shet refetelivg transmitter and

%ﬁ&&QstEe%sﬂhﬁéb&Q B 1tmfeﬁna®eg\éﬁe§:a?ed QBEIQ'HDQ 'I%%hﬂséqgg}llt p&monmg Unit Devices
707. Therefore the system all ows accurate

|

8 Bt LTV B S B TR b (oS PP it Dove rfeencepositoning
Blgsil T450A ifaugh Pdditiotindemi Revie 70808hith i KituntedC® ia\kedwn A8Btion but out of range of
Eh%‘%?s't ycg%on]{ullé@mlsly&fé 5(ﬁgﬁﬁ§ Lg&ﬂottﬂe%woﬁ]cgl’ §1h i Lﬁut&%ee umque positioning

bei ng transmt Posi ti oni ng- Vi Cce
vierly Gio“iheremesthe ?mm ovEearstisg @a& gﬁtsfeyth@aghcle@me@@v Positioning-
&ni DeNgde PpGtion trecpios 1708 @ﬁlmﬁnutsyﬁﬁrondﬁu bdsl’merl’u_;g dighgls ¥G9MBRing transmitted by
ﬁk%ﬁlg}ﬁrﬁg 1ta£?ev1tcg§r§/ ﬁ&ﬁ?ﬂg In@% gﬁﬁllgte)f?g%ﬁ szbgegqfléMtllécl:alcesteT a sirlgle point position
Mlzw@fFutﬂné ﬂreémtsrcelﬁé@ed%ﬁlp Posisian reeeivgn7 48 vk b¢ eheonglodicallFhyachronous with

&febbf&r&@é Vlotit M2 dechd) Rfedncet i’}ﬁltlf)rﬁﬁgﬁﬂrﬁinﬁ@lcg l70€ krhd Q%ltr\élfytthﬁenvalue of the
tePo tkl 9|%U|tpDevc . consequen

erfinﬁe ucs er ! gn cl)tlr(])gxg ﬁrél'a ev1%e 7080%I ? PQ, fonsequence 1 the user is only
d@t@n%m@mpwwn dkfﬁﬂmdﬂt@nul&f dhe upir siishes tiniermbgnaentgritirenglobali tinkpbase, then the
2efGlnoh Ak H0NBRRAYR el BROP:REnif I RITRIES708 hQ6dto bRl LT,
the reference Positioning-Unit Device 701 needs to be
steered to UTC. Positioning-Unit Device Reference
Positioning-Upit DENSRefaremedraieeed by GNS timetmst  of a WAAS
W@év‘eﬂt%?a WAQ@@&telﬂ@glgrgﬁﬁopgelr%\éadxlmp Ialﬁi ah@%nteu) h gl@l%?miebgsg is necessary

ti nebase i s necessar for he net wor

fﬂ’ g}f"é‘re%fke itihprpferably thpted wfrencepgsl] ‘P‘I'”@rH“H JRetirs be 817fl (e Upg by a GNSS
sinetaseed GNSS ltﬁﬁébab:)ke(ﬂmﬁ\dcjﬁslﬂidnnﬁha&anosﬁonéﬁ\ﬁS kbhdwitedrason, to compute a time
Fo‘?&l‘dh [1 & lerQ‘gll) d}l\%)s sragﬁ;@ "Ylﬁl% ’accﬁrgaés nl) 9\n %gierat;f 56‘ %‘x%g)e ds are achievable

ocati o to conmpute a tion using
B (ENSSnise: é‘{elaﬁ“teélme?F%CYab,ewwa%iS'égnlngrpwtri%ev'ewd@hwlwe Bigre-Locked to
M3 RAS@COMEiSondig@Ina Cavigy il r@nathSit IRPpitdddcendii@cinni que.

Rel ative time accuracy between Positioning-Unit

Devi ces, which are Tinme-Locked to the reference

e Neatwrk RepitigniSeluBwyi ce, will remain at the picosecond

laemerity lob tedrendle iR e Oy the QﬁedS@| ma'teoan §1uAmpl It TadlohdmbuDhetworks. An
reference trg( nsmtters

al e . .
o ook B Bisih e b T afrentd Brbfeheence wansmiter. posion
reetiveorthat b sitiated wirtin ausiiglg @etomomn@bas\erk aah det¢rming position, velocity, and time

a8ne [seadingi pt)lhtepoglﬁ‘tfn%ﬁlﬁﬁvﬁe’lﬂe s Trdcti G s tlgg’ﬁ/llltBeQi@tenmned relative to the
rec%vers t at ar S| t uat lqerV\fﬁ(tkal n.a singl e autononous

AdY r‘R‘ebé%fn HdterifineE Eod 8 5ETTSE anaiAFp-qeppgk position solution.
PAVIDY) regeiversghan ars ilqvgbdeat feibodndpp sf dwo emoBebustriewirks , Bhdreceiving positioning
position receiver's tine will be determned relative

to the network tinebase (i.e. the reference

transmtter clock) and is terned an intra-network

position solution. Position receivers that are | ocated

at the boundary of two autononpbus networks, and

rece| Vi ng p03| t| on| ngS| gnal s from P03| t| on| ng- Un| t

o g,



ti mebases before determning their position. This can
be descri bed as an inter-network position solution,
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a single tinmebase and apply cl @ok corrections to the

second ti nebase before conputing a single point

p ©igralsi fom MeiticHing@mit Deficds hﬁ@mp}bﬁfn@tﬁv&ﬁd nREHID Hﬁiﬁ@ﬁlsh between the two network

P?%%bta%e? Pég%?fieg%]n%wgﬁn\éu E(%%E 1?19 celn € delégr{%ecp a% an m{e{ Hetwork position solution, and

NEAYESF R ryiRg BOsItRR feprbYek to Lt © mlgh dimelpecand mpé/ dldckygorrections to the second

I RinEYa®BBR Cbrhphtihg/a s@fgleB&&lpmeﬂlsdhgmn.Unl t Devices, such

that Positioning-Unit Devices and position receivers

can determ ne the origin and netaphorical "lineage" of

r &F b¢ paferedcambedimenstPasifipingdlais IPePers ialsd elidegpetdaikt idddefidatia (Network 1.D.)

| Fhfotin@ioh mﬂﬂéﬁneﬁbdrl@&ﬁa @eﬁ@ﬁd ito. Qﬁbsﬂtﬁe H&k&lce%w ifteredtnectivity of Positioning-
an receiver |.ocat bound

agfslah%\ﬁ%ea SsuF]h fh\%ofcﬁgloxeubg ‘E‘é& Ig?vr%%%nde o I'BXC]VCIS ctar\{\%etermme the origin and
Postephionmnl figedgeii of rifervice elbckadatn fassdc PaitiedngAtihDevive fin view. This allows a

n@&s%fnkg Uﬁp@e\tl&e&egogfuﬁl b 10%’2@&1' eIt'tlQ:nbdﬁgdaHnbft tw@andoﬁcﬁrﬁ)us networks to
require C|c3 F('?SCOYFGCtI on within the rovi ng pOSItI on
S

r EEEPPE VI [HgHNE e QU G 25spsirts Wik i¥8ch oRfiHge Ui ¢ therefore which
Dewitosing-BnicDavirss iiptiraolokk dobectibomivithimuag rooing besdion sdcdived pdiiion calculations.
Pﬁ?c'h tPl)QtQ)'nﬂg-U bgvug%lclmgcg %e{“’grk\ﬁ'fﬁ\ﬂ{’forﬁﬁgn Egm rf)l? §t98%§tlonmg-Umt Devices in

generates and transmts it

| MRS PPneoBeRgrgtes 6’9‘1‘?@“5“}1*6 &t ?W“d\‘??"l’?@k Uhl“thBé‘W‘ el offyggiPositioning-Unit
I Devideg)and O&/inkg ipGifitioh BCEvexsad Gew.N Vi ew. Referring now to

FIG 8, there is depicted two aut ononobus networ ks of

Posi tioning-Unit Devices 801 & 802. Positioning-Unit
dggfprg&noggqb’lﬁ 8 gggp_xszdeplgpﬂ)twg @urengmeys aetiverks 4 Rogitighingyldpit Devices 801 & 802.
ap&tideihg-BAdCIORBUN], BAL-E ahdBOL3GR iDVibesT oué #ofB@Shd dofiiufiate to each other

dél\g/ E(?Sétg)mgg%gr%ls @8—;{ @3-2 g 8@%% P%smoFrz%g- H V:Qvléc\l;e]v o(%l'.)nll %02 2, and 802-3 are in
amiov I9€ pnezanothes andrensinginicete tooeaetnether gialmesitiaping sigoad 804dnBleR, and 804-3. A

S pgiidhisg- 6IQA'DQWCG &fdhred ne M 303 -of e ROS hdrv @Ky M'SUEUeFves Posmomng Unit
t he boundar net wo

vi.ce sltuate
BB ot HE ALY FMPHEORT RN g B BN o mesures e
sngcbaslesilf&@aﬂee?, of dl@knban ofithe adjerit-np@brkimiebase with respect to its own network 801

ngﬁébtaéeo ﬁ'h@ g’omnhg %M' lgeellcg’ %1 3 @eﬂgmgeﬁ&ﬂr &)ﬁe&ﬁ% for the adjacent-network
ti mebase difference, bi as, of the ad] acent

n8esitigRipe- W‘h%%‘f@ses%ltsﬂz F’e‘?é B%zé’( in ity ngbyagk G Whigh WF‘RT’%‘EW in its positioning
t biprab$038. Polifienidgaiphdld foum ond)y- dok hdjacEdeudte@k BRilio@dnd-UiEtT34vict 802-3 needs to be
lege(f\%d% rPBs?t Hn? Gﬁxbfg%cetslii? %%gk%ﬁﬂ%gngettwﬁ godrfct;é)n value as all clocks in an

P05|t|0|n- Vi ces

n&RePRUS a%trv%rk aigime Foherent; FypkerpRss: apls anei Psifiqnigie g PPY“Eﬁr?Ph@ need measure
S brgitipkenBRkBr a3k, abPBStrdninfifddmgiwsikgoak Sorikdtio viitdh)areOsBi® in the network data of its
agésb rgrr?thS CgES]t/SW%)S ll;ar %%fsv%dt algg :g]elﬂlgedqg t‘uirla%e 091%%%8@%?’%%5 1‘31u1 its own network
f &anth@bSaqqq@ttrmmléSI@b&OﬁééﬁOéﬁ tQ/raYluﬁewSl%fsl regeiverg$08cks i n
aMh At RO Fre IR WK tradbiBittéd mah&ﬁmameaatta oﬁﬂé bmromag @mt Device 801-3

only ane P Qni n
o Restigr it ks L 4o RR S B i SR PR Byons sn & 02
c Oherreving mmigongEedvMar appkies slemtceived retverkn@dcivoorkectébasg fronp Posittoging-Unit Device

PesLd mn;uﬂgq&ht@n@ahcuﬁ{éﬁ %mg@r&,mrz %estmox esqlu@aadusfngl AY BHitibfng-Unit Device
ot her Positioning-Unit Devices own netwo

Swm%]?ﬁ SI%IEIIE) glevdﬁ)ve!m.’» 1t §03ﬁsm3§s?n8ﬁd_]8¢6§ nitw&rigegtlc?mg (SJmt Dléwce positioning
r ogtiah8P4{30Wiith b eingle Bine pasitios sdBObn calchigted thanwing poseidn receiver 805 clock will be

CQrglg &)%rlsn@ Qiedy 91% H&wortc %ﬁ%&t ﬁlgt Oplrd’\lfldtechﬁe E]@karr'é&l&i@t}:ﬁnlgtmore the adjacent
the Positiaoning-Unjt Device osi tioni

mgwogk quglo?l%glR)%edlcb?ng cﬁrbgsiotr?cslﬁe Qog&c&mgé‘gn 3-t’3 ﬁrarln tlfegirst Positioning-
r Owit DevideeBD B @l Mekwo ik sim8de EffBO2e of Theefistonsiwack §00 Stithir@pect to its own
recei ver applies the received network clock

corrections from Positioning-Unit Device 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 adjacent

netmork P03|t|on|ng Un|t DeV|ce p03|t|on|ng S|gna

~r A . e .
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time coherent with the network 801 tinebase that
provi ded the clock corrections. Furthernore, the

w@ajoaoenss net wor k Positioning-Unit Device 802-BCT/an2004/001030

al so receive positioning signals 803-3 fromthe first
Positioning- Unit Device 801-3 and neasure the

tnetwverh 882tirckibésk . che aijaeendhetb dile Pdsitib it g- et D0ic& 803 Qhnaderb3mits clock corrections
I t I [

R it o VAR e i o D02 o W 2.1 o e it s
PP t}?glﬁg fpignal Qg3 thershy dlowing ﬁg/uygmesntxqqereqe{vgrs 805 to choose between timebases, if
agpiadent - net work Positioning-Unit Devices 801-1,

801-2, & 801-3 inits network data within its

positioning signal 804-3, thereby allow ng roving
Jyesbpsedplorention (s CHSS el Rogjtiestigonit DesicoNetnonis nebases, | f

mequlss ada s%hcﬁﬁkﬁ@eienelvﬁfbf'l@ﬁrmaidn&:ﬂtuil@rth%% ﬁngher adjacent or common view

Pgssftkoh gglmg %a\%y %etw%ﬁ{l %et me se tr T ?1&% %lsa{lch gosglgw (é}gt Device networks is
éwﬁefed adp 8@6émlmgnwmtlém9 by mpremrn%ohq nositeninggighid fronDeti Be@GNSS and the

naivyme rokEosm&nﬁngﬁiﬁthﬁﬁﬁesfaﬂd c&ﬂ%@tm%e@&gnog(?§lesdhqgt'w9ﬂ “WHAH fhe location of

a Positionin

ut ed
BEVIREF BT 5F FufPTRG BciemaronTg <Fihdor v Bilasaion of e
Phratio@NSEnin Pevi¢ehie npteltnomn. KThe fimPlmsd differerice getlueh ta AdMbrC BSPositioning-Unit
@@‘:iceg ARk Edycﬁglt @N§$ ﬁ@onﬁﬂ!e&‘w cg.a) Itog{lon?n?qv%g %@\51%214& ﬁ'htge observed timebase

F | ocatj on .of the Positioni ng-U

8F 26t PRI i Obis “'\‘}%Pﬁisalffegﬁncetheh@%'af [RPSF RERPUIches an offet of the GNSS
haeak raativobh thelRosiRMmmnigtUind Mievigs- ddtwotk. Deéinaivelly Sthd"&fset%@n@!!%omputed as the
-cl)—ﬁs%t df Itﬂg%%gug IUtuft %e\%g %gtwgrﬁrrégﬁ G0 % I’Eﬁ\}smftw&%sgle cgmputed timebase offset

Positionin VI CéS andad an a J acen
SIpRIEd b eé’aewnme@mt iDsYifen & TOring PISition teesivers dtle tinebpdqalifference may
obla@r thetiing diflidnas e Eifne-LfC(f ec[ﬂlaicwfliiﬂferenaa’] ih§ tifnk HRO@S B (frequency-rate), and

Ohl-BLENGR RS YRED, JiiCaiE LS 'S computed as an

Positioning-Unit Device network. Alternatively, the
Ohd @ﬁtxon&@d’éw@ﬁxs&@lﬁ'ﬁﬂﬂﬁe@dﬁe @t%etttb @or&ttfn%%uregltmt; fifen from the GI\éSS network into

05|t|on|n VIC ative GN\S
n%ts%er kmemf%e 215 n%)% %‘(‘Pg é{'§% "‘B’fv‘frketAltF@at’t"?lérfg?rf?st“@H“g Unit Device
Ww‘trh @mpRss ¢ain dricorgpeteihiinto De INSE Sietworkr thnebasg  [Forstiet, ieadh network could be
Ecﬁfé&éd\/ @ry%t a T}m@ tﬁﬂe%pﬁﬁtels diof £ Cvﬁthr@ﬂb(er tﬁecl!’og‘Hﬁ%r it Dev1ce network

di ffer he tinme-rate (frequency

e e GUSOrEDat O (1 FERfRrEmEP-areait By sams bt mossrements con b
tsedriopaghediofpbdure a pesitiob edlyues NTiecky e AitorioRbGeKstiremdild Brocessing, sometimes
Q%IBJ tloqpsn( ?e%%lny}%g]tlmsls L?ﬁy h%%%%&usgﬁtfriqgﬁes ng (fdﬁlona ihformation to be

nmeasur ement s taken

PRYidg dethe aogmtﬂhecepsrsl?erqné fietRyevidsd by %Gw%arﬁé’pwmg Unit Device networks.
Mit @ndcepdcavied extendet oo Singld (BNISS’lgw\UEd dnd DeivdICrsiGHinU K Device network to
' o.the :
e PR Bosh BB ML it 1 e or B o b Rt e goe o muni

SVEftbasac‘trﬁFtrodS ti mebase that is not common with either
t he Posi t i oni ng-Unit Device network tinmebase or t he
ments are in the s
l%}l“s é’é‘é‘"“' %e""r&%?sé"ggﬁ%“%“c& gﬁfe‘iféced%r@d“’f’ﬂé Eosfiop RF‘&'V”
PHENSS ragrirer pos istaich for $10IGNSB eignalsBhios atrgngeofdifequaudied IENMUS uncertainties in

AEREWr ENBY refRfeRE) e Depplc? Qqﬁgd lﬂﬂﬁ’e rﬁcﬁit)@(gfrtl%q}l\tsg sﬁéhte and c) the Doppler
Sltl onin iS esirab ecause

| e point po
eun g miedon & W cpri sriiers e o THEMR CEBPBOPRVI<aiae search spce
foo tetrbrtriap pesition aeveiv@c &i the coriinatondoft Natbe piteliité deckedDopk® which has an
a@ﬁ‘%ﬁm@t@ %a? Q§rh tof %zng uUEéhEth%Mh& ﬁ‘)ce{] %Edggr[é{ée&re-mé oF aP]f(roxunaaely 1.5 kHz

g ncept can be extended froma sin

Gased ‘H‘gﬂ t&"%%fie‘ie‘i‘% fragr EJFFF%‘VCDéf\hP&‘éPﬁQ?WQPW)oSCEJWéO 417542 MHz), and 3)
thopawitiBlo Sodiveo mbtivg -indnceti opMeérE appdxintatelyS2281HE (GiINE@ DMaxifE speed of 150
GNSS networks through the use of nmultiple tinebase
corrections. Using a Positioning Unit Device as a

Frequency Reference for a Roving Position Receiver A

GNSS recei ver nust search for the GNSS signals across

a range of frequencies due to: a) uncertainties in the

| ocal frequency ref erence, b) t he Doppl er induced by

Y ' P~ PSS o2
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i nduced by the notion of the position receiver. For an
illustrative exanple, the GPS frequency search space

wo evospesestri al position receivers is the combtTav2m001030

of 1) the satellite induced Dappl er which has an
appr oxi mat e maxi mum of 6kHz, 2) uncertainty in the
lka@abr 41t6afytie I’Iﬁé/cdhﬁﬁlal’oﬁ RE Mes frePRY Qideridaitied iy aﬂpro'im{ﬁ{dg' 8 kHz. Therefore,

les’d&?p(?c(%l 8% l%T wou% ha\f%%(f) seegrglp %e + f@%{z%g%éﬁ rﬂnecC %/tyesrpace émtﬁ the signal was

tffn'éd péfé? Mptsﬁ Glé%eepwr semshqs cfr?qwen@u@@dth@owﬁ@r Hypfwide, correspondmg to 1
afINdetonl BBdoRIraht a%grathdzl (”E]lbx‘éﬁfé fr RN ifB3eAcS BRRH tRftypical GPS receiver would

%?vce”t(ons{earch in 52 dlt}e gnc blnse conbi nati on of these
Fequency” uncertainties s approximately 8 kHz.

Therefore, this typlcal GPS receiver would have to

$’@ﬁfoﬁi’ﬂg Unlenéxllce & rllﬁlﬂzunfllfeQﬂiS@ﬁQb{tesuﬁH’?@ﬁJtﬁhﬁIﬂer &@@@@Déﬁpm when installed in
recel

RN R M R ——
d@[efoessrproms t|hg6 klidz df figqiehdy siacegavdy mﬂucgd)tlryeheetrahsmltter motion, resulting in a total

lsdtcB Gfadd 61Q roxTrh‘ﬁJl)ei/o[ & kH3 RseafehfbH |Po§1f1&1%%ﬁ)be§i€eaﬂo§1homng signal. The
GPS recejver woul d have to search

the typica 32
PFTIGRRE iR S5 <bitH T PRGHGAUR, DG pieLes et freqency bi
séagphlos appronimiately 1GREths atah time egyireh@wearahdortiireeiPSvhttities. After acquiring a
519Q9 F&glox%O@Al%ev%?B%ﬂap b %Jel%%t}l i tﬁe'l&ﬁ%eh&ﬁ@tré%e #Semoved because

descri bed 1n erred enbodi nen
ke ?Sﬁ‘r‘?“mngP‘EDﬁ’écf WA S‘ﬁ‘l‘i‘"&&’l 1§ BRC fhidy et Pasitioning-Unit Devices in
nrenietweﬂz tThie fiGthérhzmaeés dnradditic@aldys KHaaedtédab e Yochlrfebg@ad) rBfgrence from the
%eﬁcp ﬁfé@%}b%)i %fg((ie %I Jg?slg be Jﬁﬁ&%)j t'l”l'E%éo&e? 8%&%02&% kor ?tﬁ)@ﬁrq&!ﬂt Positioning-Unit
[De‘gq:eg ﬁtegﬁemgnqywpqertqgéms é@veb oy by thﬂOﬁ@ongfcglﬁg [motign, Eor many applications, the
imgfinGal inQedi IlidpﬁlEl‘ i e,ﬁ QlieV(&dier GaD2sBAr Che fehﬂtﬁlg f1-expuaBCequency search is

lélpcgn%;gchtnﬁld r\]vtitx a sm ??uertlcgﬁagl T er%f%rg,q}lsetée al% {1: % %&eﬁéysegchmg required for

ns@eﬁguqne@sm@ll@éév@WIﬁmsmmg@@BISSHteeqtnllamr@é’osnmweHmt Devices positioning
@%&wm 1 withi® thd Ghde RQSntyl s@dhgr Uni t Devi ce’ s signal,
e uncertainty in the local frequency reference is
renoved because the first Positioning-Unit Device's
fTharedwrtion for feequeaeic searcls spagpeapgliaymotaoniyt tvesemttimer for subsequent Positioning-Unit

B@ﬁ&ets TRp hlﬁgt‘o%bs@qugﬁ\ééaﬁé foanﬁg@ m?xﬁtswqrx lfhe p-l'-aér%d feh'l[)(;dhﬁeﬁ'lt the position
renoves an ad %Dt L.onal
e

| o

Ryt & yearas %ﬁ‘&sé“’?‘%ﬂ’i“i H‘é‘“cre rpé’Eﬂh%‘H‘éf‘gﬂﬂsceP ?531"?1‘{‘%/ jUnit Devices, in a
ml tnipddmenat®h abdesgdead o higchrefertrd r@bwinent, pravidefar mhéhngronger, therefore
ezgrer %U@é&qﬁ{@ Qéqulge kl{alSQQiln QQeIE{@ 'bgs%JDSIYtbrﬁse SAftJr Ifh% ffrsrt %géﬁﬁ)gﬁ:lé/ Unit Device
uncert al nt 1S riven onl osition receiv

Resttioping sigrgl is AwHedabpl P KHE Pfd’r*fse”alt“ﬁé“ thaJorahirRquensy uftf@awe can be removed
[Fofp pﬁeeﬁeqhéicﬁﬁartﬂ‘l@a@[ aebvigf 6 d2fe b seardinBing. e&dﬂltfohzﬂﬂg ehéhr Positioning-Unit
%2\68:}_%2 ?%eﬁlg%scsagg{ecﬁop?ﬁersccﬁger% b? t‘11%(:1’05 1on1nﬁ %n‘%llﬂzgice relative to the
ﬁ)psetq)gxggf@ylt Qg\aqec]hq\)vﬁg qrr@q Uite &S @q{ellgg Qg@ém ésrpomputed by the Positioning-Unit

Begid li)yofﬂzic[a@g Wai GNS@G;\GSlﬁ&nr@Qﬁg.nﬁlg QithiA ghesl.’cgiﬁ&{u% UnTtthvice. GNSS satellite

\Ho‘%ﬁler fogs]enlgat\%?% ﬂt A ggf Stlﬁﬂ%ﬁgsst)etr\éleh?eﬁ]z ﬁglgrscgbgelrv% SHs P]Iacgqlﬁrlle ﬁle navigation

ﬁ@dmtsttm@ncomnorfem@themyog@dﬂ@twesm@em@pﬁIsug@é The posdsigh yeceiver then uses

1R @R BUpRE pfoRidedS BP §HE P &itnin -Qﬁit tDeOi@é Rt Hfl)‘ntda@et\ﬂcﬁﬁﬁute the Doppler
ut alzo to bse uent searc

ey O di QBT LS O LM G TREEIGP fipp ofn the prfeed
snamdmhetshduosltuﬁomemroh|aﬂ:gerUIa|ﬁtst Beiripwee-Prosevico @) degodes the GNSS satellite

%‘owllrﬁoma%ﬁ'ﬁtohqné RSr M@l’tl&n I[P?ﬁtvlb&'ﬁﬁ navlléatlcﬂ Jaﬁrbﬁt%%a;n' ald 3) computes the
é;g%%enentatlon as described in the preferred

sHEn PoppisF eraichibing Hrse%‘ﬁ&cﬂ“ BEp AR the spard e GYSS satellites may also be
edede®to alsinglel@tq@atky @imd acqui re, signals than
satellite-based systens. After the first
Posi tioning-Unit Device positioning signal is
acquired, the 1.5 kHz of uncertainty in the |oca
frequency reference can be renmoved fromthe frequency
search space, renoving 6 of the 32 search bins.
Addltlonally, each P03|t|on|ng Un|t DeV|ce transn1ts

' SR ISNES a1 -, ~ s o
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Doppl er observations, or a nodel of the GNSS satellite
Doppl er observations, is placed on the navigation data

whedossiveam conponent of the Positioning-Unit BEWAT2004/001030

positioning signal. The positi2dn receiver then uses
the GNSS Doppl er provided by the Positioning-Unit
Devi ce navigation data to conpute the Doppl er

fAﬁl%HﬁJbﬁﬁé IanrDetrila«% ag\ﬁﬁmgléél&h!y k%@%ox{ £ gxto\/l“iﬁ%ta%omm?n frequ%xcy reference

P05|t|on|n% nit Device network tinmne.

AHBS &he r?ﬁtﬁ'f) t gosﬁwgP% PHhD?Vé}&%I U-@rlocallfyeqlgeau'ﬁe@gce an fhe jpeggtion receiver is

Poibiatefl gsmgrilp- Rdppler Mdesred@nts db)lvﬂ&‘mﬁd%catrhﬁtraahﬁﬁotﬁﬁﬂﬁﬂ drd ds&d to track the
ma}nﬁg ménglg %wengQtlJnrng r[rJ]n{t B@vufeL r'ﬁ‘IereF pe h%;:(?sﬂlon receilver fr%qﬁency reference

VI ce navi gatl on bit st ream an
ERSE SELELP I“}etcé““m‘b‘tff‘@Fk Egugnprefsieprs vipg @@asr@hfrom f sipgknRositioning-Unit
Dasesor thendensie &bl cbotinatSS osadrahdrd P(ﬁiﬁoﬂmjrﬁﬂ Qicke Steermg the position
l;e%g\%{: eQcatl oﬂ@quﬁ%yglje regc!éegsu%gg;e}{abﬁ CCA}ln 151'1:; SI t I g}phrrq%lbemgtlcal modeling.

Devi ces are chronol ogi cal ron

ABTRAHELY: riky toen) cﬁsﬂqlreéqyeﬁe@we@ @e rbe spéysecnlé/ ﬁ@rt\ﬂdp KhepPositioning-Unit Device

Reagmercl ﬁdﬂdré’mge, binbther Wbrﬁ'&ﬁﬁfreqﬂ'ﬂl@ feﬁfeﬂ&e fucie ﬁ’sutﬁzﬁ ©¥ a convenient GNSS system.

rl‘ﬁg %&Jb&?ovides ngte %gﬁfgd?r%%] I a?enf(r]ar L?egce OF ]pnc(e)??1 g%‘ él’ll %gﬁrﬁx}% rosmomng Unit Device

P?Salewev&fggnplézfﬁﬁsstsnmls arr fer qikse &m@tv@nst withinkthe feeitignorsdetverghvit mgy benefit from

i @ﬂﬂit&fréqﬁ@ﬂ? Ieféﬁndgosxld&h&ﬁ]lﬂw &héﬁlﬁieﬁsm%éﬂt&ﬁ@n frd @rfe@’t)gtfoﬁmg Unit Device
I.tLon recelver uency r e

gc%sﬁloxpué%m%nals chh ag carner I’Ph?’?% iy zﬁed cra@ar S&gﬁf’éfc@}né‘h'@ é)seudorange or other
gish pgastrbents gmalbe ysedgmstaerstingiigl er ot the dasalrfigqudndytreference to the common
E@Mhpﬁmwgﬁy&ﬁgm§lgnals froma conbi nati on of one or

nore Positioning-Unit Devices. Steerlng the position

recei ver | ocal frequency reference is preferably
Bostiommd-VshBeliceh rawgh theatineeamet freqahcynaftied ibetgeen the Posmomng -Unit Device
t@t\xfﬂ(ﬂaﬁlb %@'c%xsstn%dk@?é%ht afrer ﬁ%@«”&Xherf%E Eﬁ&?‘i%g%vwe 1A their positioning

? ysical |y steered Posi ti oni ng-
iFakgutign ?aéafbétrSE‘?‘i‘E‘eThefffor%fhﬁ E?Sltlewef‘é\ﬁr @n etqrmiag the ARG system frequency
refier ®nixepossitic feca@r tidodit freqiend ©RRYE@NI R HAYIHKichY1Sde®BR local frequency

;EH: eﬁcer@tsm&oﬁgegv\b ﬁiletﬁe @05%0919% Sm? ev1caeclg:eywo%t g‘ec{ljg eql(l(%%c VlXeéj above). The

er ence use I n ac ositionin
ﬁegqqn}zw%lﬁorsre@ﬁaq lgcal @qggqsqe@ﬁzaqegs th@pradj‘ugpd withhtbg GNSS system frequency
61‘&&0&01)\@1&8 inMht Wbﬂl&liﬁ@-Uﬂi@Sehéeoﬂbsm&ﬁ@ N4l daligdiodB¥a bit stream. Once the

n accurate r renc
%\él dgr{ Te((:)erllvg F)cal %’ uF]ncF rert;eereal-lceu 1rs aggs dgto %{hac‘:k@\as%fsly%m Pf]aélency the GNSS system

eraggney lé)ﬁlreﬁ@’ wlable Déhﬁlpe%twpwmqr oni ng signals, such as
carrier phase integrated carrier phase (1CP), change

ran or ot her s asure
fﬂglé%prf Srre teglgg(? 1‘[1?{1{j dléeI 120318?mrtgoul?r?t etvw? H%WTETE Efgilue?cp/ éiﬁ] @gﬁ@ywnh the GNSS
yyetfre frequersy bp sinkbheonczingriirPosigemivgUait flegicpueveyk tiaf aid dla@ueency to the GNSS
§§%§rh tin® BldBkqbdniyt  TRENAoREBe F’Js%@xﬁ\ggosrlntt b&ick h&@%g'&r‘?d %ess system frequency

requency offséts between the t1oni ng-

‘iﬁ‘&f‘%& PIE(REHT BN thersases 496 e \keFaetiaR) may gt beafF@Iquwdl\v%wqwmon In an
dltr@atFo ehtotiowmit)xhe Rdsitidninge it OevitereiMaki tiine PRI ek heddyl aﬂagillowed to drift relative
tgl(t)hg I%?JIS(S) n@}@?‘é}ggglre brg{kregliﬂlg %trénrc% IIEI] g@s{gﬁb;r%gthg ﬁnea?ematlcal correction required
P PR, Bp Bgsitiopipgt pit RRevicy nqtwask pasandjfisgiepcy @@ucvrewutep oithin the Positioning-Unit
Daviee U 8ah Wositedh @b @NE Oevifel tﬁéSlttransIrﬂ"tE 1rpﬁb3ﬂoﬁlt1&ﬁhgrs%zﬂ In¥\@ atlon data stream the
%._l)gn%?t% IOE) Eh%gr}il %S%thcalﬁégc{e? u1re %o atﬁ ?lre qﬁlfl)seltl?] ogi;lg\ﬁglet rsb(ﬂ( % gcawork time and
%ﬁEW@TOmTﬁ%S§Vﬁ@hﬂ@ﬁW§é@mﬁ@S|t|on recei ver |oca

frequency reference is then adjusted wth the GNSS

system frequency offset provided in the

Posi tioni ng-Unit Device positioning signal navigation

data bit stream Once the position receiver |oca

frequency reference is adjusted to the G\SS system

frequency, the G\SS system frequency is directly

avail able to the position receiver. In the preferred

enbodi ment, the Positioning-Unit Device network

frequency is aligned with the GNSS system frequency by
synchron|2|ng t he Positioni ng- Un|t DEVICG netmork tlne

M A~ SN~ s o
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and tinme are kept substantially the sane and a
correction may not be required during acquisition. In

wa@amoalimshat i ve enbodi nent, the Positioni ng- UnPCT/BENI08/001030

network time and frequency aredal |l owed to drift
relative to the G\NSS systemtinme and frequency
Using P&Iitdeing-URit D_b\ii& TebSdthrediiatiod iﬂ@heﬂaivhg RBitiof Receiver
GOifoff GLckiOfs LEALLTS Do B ALlSk of BRiIDAR ngs Gni L

\l/t |r°ce “net ?NOSI&H %ehrg nd 9 te ué)ﬁc(gsltar eé %%PB&V, s mv?n( %Xﬁlmt knowledge of
tie "PHYE {9 aotmeﬁglthUﬁfmemDévh e Gfé%ﬁcf? UPbrgYetthedmfwgmtqh pfthe position receiver
Bt seRchidgdsr GNSBR&ENitESS Thétirhd l&lo‘pl@d‘gb Edq(ﬂfbld ﬂgn@ﬂogﬁﬁl'formance may be a coarse
n@g Ihagcal‘ltraltteotg b?t@‘v%&d%}l dgl %} ml 158;:0{1065 rgg@ Ja ?ew m%n}x{es This level of time knowledge is
Pagired itoterergind high M SS@I‘WE‘FQ\H‘M’@% 3t preafmqlar fogatiop emte provide time tags for
GBS Q}l}‘ﬁﬁe SyS I B drdni¥is. alfle fq{o%u@n@}(mu% Ipkeise level, a few milliseconds or better,
Po%e ﬁ%(ngr&plg Devi ce Tine Synchronlzatlon in the

ROVI'Rg Posi t1oh Recei ver Position receivers within a
synchroni zed network of Positioning-Unit Devices may

@ﬁ&l Dlsihglk mgéMoﬁQQ-@ni@fDetlbenﬁomtl&ﬁrlga;lén‘dlelsta@tﬁlﬁe& h{Bthd 'i’Ustltl?mmg Unit Device
r ef ekence such erformance

Ok B GSPGH: F ST DBPOREHNGBARE OHE FBY =GR o  rovig position
s@tiel Withogsrequiring the ipesitiok recantertd g@npue ¢ positd, velocity pre@RET) solution. Prior to
Q&ﬁgu g@%ﬁioﬁﬁog}@ f?mé:w ?ol&tfg ere& Qﬁ" [nﬁtter?amt[ Ih)ig I’e¥\§§2ﬁi} the position

hundr eds I'i Seconds and ew m nut es. 1
ey fiacky P?HWdéEFg‘é’mF’g" Padruimechiest Bhedaturhpfihis \mrse fetengisgme is directly
sdted| th thie @lftatie etivBen\theopisieiin r@cefyar dnil | Pasitidndig Anit @ByicedIFof: @xample, time
RLRYd tgo% zI l!’oI;rﬂoJl%%nfl%Clceﬁﬂigl % l}ltL ﬂl% t1§1| gin Qllror within the position receiver of
neasur enent s ge to a nore Feci se I evEf

aPPrexifnately 10 Bigieserads Bivs a9 penEmon gogp tifse b’éfx?flob fot the|detegpination of the rover
QdchI@F 10010 . THIIEHR 18 ifforh@ltieh d206d dsbdDin it Godifidh 5ol RN lafor can be used for the
pOS. |on| Si gna red a t he

ROt e B Shar R BEREER B0 = Vs computeq, o

coar se POS|t|on|ng Uni t DEVICG network time is

@h@ﬂ hahkiy Jd@ltl@lﬂl%‘!lhﬁﬂngﬂﬁﬁ|ﬂeb1§€bo§1§&1§ig‘é%ﬁal§"&h§ Ré&thon mode time bias of the
Ul rnn e 0 recelver 0
SHBRIEEG & PP B Lt ol sk Bt oG Rp g Uare s knowisds

ptbg| Rqsmpnmgxl_éiltd@qvtcy posiitionipg @@\;ﬂﬁ) cag (bk staraberd drdeacquied ugng the coarse time

Us@iﬁl%t pdr @ia\&lp}e" atsﬂlm% @ﬁm%sﬁoﬁng @ﬁlt 9%&; an/Qw a?e%b\yrﬁt{) be within 10 km of a
clock, terned the conmpn node t bi as. The accuracy

BYsitioh fegelY?b%ﬂ@é"‘rﬁﬁ BesthiopiRe- Y hinievice h"d |b?e§ e%quyedr & folfowr) thetghe ‘ﬁ‘@amder of the

Hosglosing Enib Bt v epositibnigpixmalf wdinbe @dieh pproxaimiklst BE microseconds of the first
For exanple, tinme derived

F?%%*%g gg%??gh%ﬁaﬁynﬁﬁmDGV|ce 10 kmaway results in a

tinme tag error MAthIn the position receiver of

ARQm@oiffsaRbedketn HO PoritioniNSBAOMS Re PwiBk taﬁbyana:mémnss §Yaele time is broadcast in

the %SIEJ)n?% LR) ?erwcg \Ell%?lond%tg rbﬁn sg&;n o;bnge th% p%sntlo%Vr%cebver has established

recel ver tag | nformation

@@é@nlmewh@evye 84t qriptimes thisjimie offscbmenidss the ppgitipringreceigerfudth the GNSS time.

PERiIoAMBLUIS DEVIQE tradkkhd dlBivd Qg rcggeuat)magds;hotf |t}Qr@lJSS signals relative to the

g%séfi"{‘ P%ﬂ?lhgevtﬁﬁ ?e{tWﬁE\}ﬁn% gl%ﬁ)ggﬁ?c%% tﬁqs%glag\ie ﬁlgj,{s §“ t%f Haglgatlon data bit stream.
Gormeobingtiodef theirefgivbiimeoffét of theGlEsdignalote the@ewtionwg-Unig Device network time,

SQ!THEP Qan@erdgeaJ)f{ theoﬁosﬁlﬂ{?n Rﬂﬁ' [§e'vf39 l:d?rgnopnrllotde %é/ boﬁse provides time aiding in the
posi tioni ng _signal i s know edge ot her

565‘?‘{“?"0 RIREAER Stg“tbévf% é““ EYet ﬁxml%gf 1R RN prined it Qsice network time is
sean ¢h @tthia 3¢ miveageronds,ces Wgscritgd tihe gias e@mple,nkengbd GNSY Bme will also be
R AR 8 mi@Gsdn®. that all Positioning-Unit Devices

in-view are known to be within 10 km of a position

receiver and a first Positioning-Unit Device has been
acquired. It follows that the remai nder of the
Positioning-Unit Device positioning signals will be

wi thin approximately 30 m croseconds of the first

Posi tioning-Unit Device positioning signal. The tine

of fset between the Positioning-Unit Device network

time and the GNSS systemtinme is broadcast in the
P03|t|on|ng Un|t DeV|ce naV|gat|on data b|t stream

~ a1 ) o T
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Positioning-Unit Devices track the relative del ays
(pseudoranges) of the GNSS signals relative to the

w@emsHized ng- Unit Device network tinme and br oaPlCBAUS004/001030

these relative delays in the rmavigation data bit

stream The conbination of the relative time offset of

tTihe aeNSBnesdidjipaek Snplicestutnes thio Setréloine ﬁt{yayUWitltm Beypdstien receiver are common to
%tmslﬁn& th (UUQA ﬁéDethhﬁv%psQéMalgdlgﬁle ge Sé E}ﬁ the Posmomng -Unit Device signals are

Posi t1 oni ng- conmon no time bia
i fawaaeéreww thit wewky in ginarghede gug Jf bf PN%%mleﬁhetﬁeetlms@mt Device signals
?afegilailﬁerenf:ﬁéqubdcieé,l&lielhai telaBvecofBEdamed b fikduency dependent delays of the radio

D K .
ﬁ%ﬁli‘e'BcH?lg}ldq ponen s of thie %p%?oﬂgéeggr; %’P%e t. :I—%wt 9 ere] frec%/uency dependent relative

ICr 0Sacon
R aiipysare tipirakly ruse sl e thegcoyiay] degipd for tes W@Wetedlme aiding accuracy is
WoinfailydedBibéll i€ AR VEORGSmithcslagve time ai di ng exanpl e

assumes that the relative delays within the position

receiver are common to the GNSS and the

PoSP$ Candodgsigyal repeme gice gergnithippadnd withfa chipgingGRISST &M ¥bps. This results in
H@80 ﬁ\lcﬂﬁdc&ﬂs ante dbIVpsee to?deg&&hai taﬁﬁl tHeI Gftshsegneamrefore if the Positioning-

gﬂé%%gge%y k tlgbe §? ;Er?v(Bc%ﬁ ho tﬂedgvm{] ion, ecefv%r ewnénn 35' g)llcgos%lcrolénp e{][us GPS time search
di feflwed figm ﬂﬁ@qm@mce@s tof WMICESGF@H%\W VA9 Imﬁlf)seqndi) ad@eedavailable from a
ki%snﬂ(lcfnﬁg-lﬂﬁﬁ @))éw@e Qﬁéﬁd&ﬁgmé&e\bﬁyﬁe Gthe Stﬁ@c tb i N sfsfs%iéﬁ? By, allows a GNSS

onents of tion receiver woul d result.
rgg QNF;? Ul Wh‘g‘ ?léﬂ H‘@ﬁipa‘i‘eé?aé% Vaenspe Regifiogypeceiver has acquired
arseffkiynpl no@bdr i ResGionisgrehil Bevice hpagitiohing sigtalsto &aryputtess pdsigidn, velocity, time
f(p\pT)t F Ft?o 31'1&:“13119%1 %ﬁgnereéelvgpclo@f( Gﬂasr}gs &GITPH%%X t}{e%me -Sp ce search for GNSS
eScCr |

nor mal [y in terms of tens m crosecon
apdlitey infupthsgeedipgnal repeats once per nillisecond WI t h
a chipping rate of 1.023 Mops. This results in 1,000

;]1 g({ﬁlﬁ%?e] %Q@En orrgch %Lnat){ ?cgﬁiglﬁn l?mtﬁ?ev%ogeq\%pl? ﬁimé egxd the GNSS system

erefore, sitronin
thyies), @exﬂoe@nweﬂm ﬂ%“ﬁeis NSy nﬁ?rewq&éa the positipa reseisery rom*fi GNSS satellite
ra@cﬁlﬁitMleﬁnd\Maikhign T@Gm%@lﬁ@&&ﬂm ;appréMitfatdaige td HiEsaeBit] ﬁx@dlcted satellite-
ggoofo m crosecon
S

(1_1'_ }Jceg %app?er and o%er ardin 3 on are rov1 §B1| t19e Pf%smomné U(r)u% Bewce positioning signal

m Crosecon
Pegiatiprodatartyedon This Bblecibs pWﬁlemree@Wbton@de iiakly acqere GN satellite signals.

OfhfsSSte Jc&lnstltn)ﬁ ifRRion Wil 88 ﬂe'sﬁﬂ%hed%rl &N@P@ltﬁl\i@aﬂﬁﬁﬁic&eﬁ the network,
atel lites wwthout a full tinme-space

§é‘h$&%‘ ‘{N‘f%‘}ﬁn?t‘ﬁ% posi tion receiver has acquired a

sufficient nunber of Positioning-Unit Device

g@&{,};,g@{%mcyshgpg[)& to conpute a position, velocity,

solution and the | ocal position receiver
(B R RS A B O PRtion Tt D fe Higpsmitied g plugity of frequencies
ffiom ﬁMSEosBlth@ Uit P&vick.SPokitiort taesivers achsemehtly limergretcthd plomality ®f positioning
t ﬁalst ow%ne?aQer I &S Eczﬂlgﬁwﬁggmeﬁp m%%s cEnQ §r| Jyl;lQ Q]’nﬂ%let}flq sBlutlon (AR) RF carrier
I ce het wor time an sys emt
Pisadls $xpriinee 2 G telapepils eesue&tarﬁ%t&ansrnﬁmnﬁéﬂwvﬁe‘ff&mtlﬁe‘mown as “group
Rl@lSy”t IGedup rBRE |cheﬂeﬁfy @anya hahodeddnds, Séﬁeﬁhﬂgl érefraQepdy ahd hblent temperature.

i .
aIr}]]ereftore a Ophlfrﬂgy of ¢ nler%§nc§’e§%§1&mtec§ E(a'p ?rgrfofl %2?{({18%18 Q%fsﬁutted through the
B@waevmlmdl vol W@Prlea«Fedmwgal itiFge d?lmﬂmedﬁ the gareier Feqygrcy diffeienpes, and further

te;a&rlg)rﬁ§ |v§.r5'19§1 i -delayst caldR¥ ib Qerﬂﬁﬁhﬁe' Qﬁﬁg@@bf &iaﬁhﬂﬁl{er electronics. This causes

rgrgx\ésl %(;é :pg{l]tt?nlﬁ%?iégajj 1 % %eyn-lc-)é Rhass ?ogereﬁégl: zl?sg]c?l]efegt positioning signals will
Sindgerakrge ertors igo the rrigle-dpnganbsguity mselutiorf @GRmerpdesn wi | | al so

Q@Pé“@ﬂhg @gt IBQ'fce anr@lﬁnna‘asﬂetdoﬁ’ @dh@rgm lp'ﬂzlsg pr@ﬁyrh @r@l% aI r@fertelli@ transmitter by
network, and for an acent. networks,

R T e (5 R0Y inE B et SN gy time-locked o e
péspecetel ihgombiy riforsict ipositionige Sigigisa A SPositigninglmindRvicd @dorpmate a plurality of
plurality of frequencies from each Positioning-Unit

Devi ce. Position receivers subsequently interpret the
plurality of positioning signals to generate a so

call ed wide-lane for integer carrier cycle anbiguity
resolution (AR). RF carrier signals experience a tine

deI ay \Nhl I st paSSI ng thr ough transmtter and receiver

.
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del ay". G oup delay can vary nmany nanoseconds,
dependi ng on frequency and anbi ent tenperature.

wabmseivmse, a plurality of carrier frequenci esPCT/AU2004/001030

generated froma comon oscillztor and transmtted

through the same transmt path will experience unequal

tsieered whodnaiys cldeks, damble oesteeing 4 Purality efpostiding dighdlse WRIBIC &8 transmitted on a
%Eh?!mfyu&t aﬁ'rer %(ngtrclie?nﬁﬁ P’o@ﬁydu{ég)ngtl ﬂ&lcg?hﬁt}ﬁ% r(e:caeHrgr Eacpy the plurality of

g}gerat ure ange of transmtter e

O, re=oRPS O TR0 iSRS e el f fraency-diverse stve
ptms:emg sip@rseTHe Podinningluas Bed@eneDdckPasi ﬁrdq@d’ﬂb)nd]veﬁde %@&rﬁe positioning
\yé{é,’% ul@ Iqéoéﬁe%t \r&%}&%ncgrdqvglrs? slA\p 951t1to{ﬂ§%m%ngl S a{l]n%t eﬁg \?} ge PO Z{?{ung signal is
shrppiogistly Smbrowﬁ “etbN@rr@‘ﬁencbms@ttmmPemommma Device then transmits its

Ipﬁfaﬁfyeiﬂ @equteric@-ﬂﬁ'é‘fket poSitiong stghald) Suich tie ﬂ@e@olﬁieh’tﬁﬁlh' tBé/ grp delay from the

VEL, t1onin
&3?9 Pér ?ul?gt 1? stst&ree tm%e-lon?cﬁds f’ogmom §pUn%ev1§es m (\(..18% ehpé)smon receiver
ld@fré‘f‘”éﬁhb’@e bé%lnteg% #inpiguity repakitios, (AN P@fsleich drsitiegingibnit Device in view. The

Eh&étﬁﬁrdnfhﬁﬁerr @Gﬁpﬁfeﬁf} ha ct@&tw ad WRtr%gQérﬁﬁ Qﬁfc@g c&rﬁrﬁ&ﬁ%ﬁg&ﬁﬂe Time-Locked

%‘élﬁ% un V\EQ‘V? ese ggeerets r:,e ae S?ﬁ')&tgA]g H‘B'&cﬁg gan%elt ms e? ge%t(t?nl e%ghl posmonmg Unit
@avl?en peerudcfrmq denmositien recEiver ileypriets thisrspmigen faéutiorBew broog as a receiver clock bias
RRSHifnin@Bs thei@h M Bk sib IS0k pdsthibn Alckibhi ty of
frequency-di verse reference positioning signals, and
al so tracks the plurality of frequency-diverse sl ave
Potsiotk OrendpatsiFggmeel s. The Positioning-Unit Device
J\ ;ﬁ@e&u@ﬁ‘ekf%r @19’19 I'Iloékrlgﬁllg Wedgel KGR eStosilibni rlﬁlﬂ C[vac ypoa,mons w1th respect to a

05|t|on|n naI toits resp ective uenc
Exfaipes SGOIPIed G Ve HeSP-orcieie ety b s Mol g prefrred embociment the
Bagi Coerd AgthsHig ELCEFS cosdidimibeotaa@iiscibd, Whisty S @I B8 tZ&dinate frame used by
WPg Iandt \K}g Eeﬁneﬁu.e grrédre%?ﬂ%én? %Sl 10-111-{111§ UIE? E)Ie$1<|:e9 Qéltllgrvg/ntlrom GNSS, and/or

Devi ce t sm S |
WAeAc?u@‘H/@S/Q”EFF %wg@nqo‘érsﬁ l?tevmtm@tesmgqm@EF oehirditptear e
ti me-coherent with the group delay fromthe reference
E;a%pslgslwtntﬁ Wth at |east three tine-I|ocked
equ . . . . .
osi tionin -U'nft Devices in view, a position receiver
tethe preferred embqgélentaﬁesltionmegeir Davitss gravistit in @iwoinlicangd 16dRjial Scientific

Megical @S?thaﬁ’&@ﬂZMGﬁﬁ topOtsonk. tTthy GRS ISMbaMd 8ws the @evelog&}snt of Positioning-

: aE]Bév?cg‘r%etw%;r av(ﬁl{ygttr{gq%gato % int, F@ﬁﬁt@?u%gﬁréfgr%cggo cﬁxgw Bgyigation systems
F@@E g GBiThe 2.WPBH2 ISDevand elso allove B2 5MHe binkeiddankichan be used for increased
@Qesrcﬁﬁg&t §qtinte ép&a@%‘e&iﬁﬁ ogtnonﬁ@%@ﬁals or the use of multiple carriers for

P05| %I oni ng-Unit Device pseud range
W@Eé’i"?/‘é’ieg‘?rﬁt"léla'ﬁ?‘é‘t‘%“tsﬂ?@“commn pseudor ange error as a
recei ver clock bias and elimnates the error in the

it j I wor k Co- ordi nat e
ﬁir‘:gt?rgﬁr&egrdeﬁrpggﬁ[?@ﬁt er‘fﬁ% #%égﬁoc W:Algﬁt he know edge of
the Positioning-Unit Device positions with respect to
B theprefe@ddCnbodime, Qi Rb&tn@mfgﬂﬁﬂ'ﬂ)evnéd’lb{lcd@dtéé aQ@Slﬂfndrledaﬁﬁre a transmltter a

B PP ol ol PR i PoBfo RACR iy & sy o
198584 chapprilseppaplg ofgeasiying A Blu@hfy efRQFlmiltne sigratsnaach rompkising a GRGer component,

aPeN anbd%ntt ziﬁ@a @thdcoﬁ[)d'n@rg ’I%glﬁé?lgrhﬂ?r%orporates at least one Rg /carner generator
an

Pos ce -surve m. GNSS,
e R E G R TR s M -

l@@ltlemm sigpalg recdCEMBy dle- nos1nhnna¢eeer Tes RNV nSeBisat coritre e Braigmitter steered
él&ktamf}m&ﬁsetg %gn%ﬁg nEJQaQ&' (ﬂﬁnlthe cg)n9§d o'chl kop ouﬁgs ta fcgl)%%htqgc‘?il timebase for

transmt in the unlicensed |Industria
%ai“a%f:"“(qf%ﬁ/ﬂ%sri’awag YpitDeviteryy 1o 2. 486Hz The 2.4 GHz

| SM band al |l ows the devel opnment of Positioning- Unit
Devi ce networks wi thout regulatory constraint, and

wi thout interference to current navigation systens
such as GPS. The 2.4GHz | SM band al so al |l ows 83. 5MHz
bandw dt h, which can be used for increased chipping
rates of direct sequence spread spectrum positioning
signal s, or the use of nultlple carrlers for w de-I|ane
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DESCRI PTI ON OF POSI TI ONI NG UNI T DEVI CE HARDWARE I n the
preferred enbodi ment, a Positioning-Unit Device

WO 200301pgRsat es a pOSI tion recei ver a transm t tPEIT/ATER004/001030

central processing unit (CPU) 2 and a comon

oscillator. The position receiver incorporates a

BiferFiag Ropyio GIC- Selbgr i erieidrinfeopigoréngr I Re vies 90 drseiporpting agosition receiver
2y ahﬂsﬁﬁyterﬂf% [0Gdnirl PRicgnSUGNE@IPE) 9(Ea€rfd a(‘dafﬁﬁf)ﬂl SdcMEord05. The position
Fé@erwret) ﬁdg nl&(:%@ﬁ@? Q %l’uraﬁt B{‘gée?%%ﬁ%lggyggg theat{anslmété g?@j 1Hcorporates one or
wpre e%ﬁameeaeneg?é%é%p@ror meye of ceaesaen%m 9mmld@e@g mgesrod stegragiclock 909. The
arid oas m&lﬁﬁS heddh ®r S}Bsﬁiﬁﬂ edeiGk Ogmunith®n ORY) neeHIRS teaftstitter communication

?ﬁ%ﬁlﬁ mea?ng fo Qangmlger%teeredg:loglp Gcblmtmlugpaltlnxg9l§l g nal s received by

osition re esponsive néans to control the
transmtter steered clock and means to generate

mmogag Ua.nndatte@os.%heec@.%ﬂmn osc:I |l ator provides a
onponent s of

z]%gosu omn%1 Um?Ba [ice B%n %geelveh(é%rmé)rl es ﬁtaeaﬁt S0 ESIvE Iclénnegcapzﬁl?eqf éecelvmg and
¢@Odéq§p&até@stan@@§renqe(ppﬁltmgmmgqal B i céred@liransmitter, and at least one receive

RGO JAFHDR tok RGeivAngPAA& Udnld@iath Gtellaééte(fne %&%caté'a txtaﬁsﬂpr&m&i\;e mlonmg signal.
essin ni t 904, and

ntral Pro
GRRT 4 Bt OB ety °8rfe<=rea<§ P18 05 retitiey oo reference
pesipdningadignely f@finqrasdiag@rach aminielegitP 0B Pasitbntng®nit Device position receiver
Ersfaglﬁﬁ'sﬁotﬂ@ralsg% ch;ﬁglg rop%é%ﬁgsjf)dgﬂgmﬁ sighais Gl ot 8 géglt%ﬁln% -Unit Devices

%ﬁnerator one. or nore of code generator
Enigipe e 4&?%% B e pasiERning egnalsriim YRGS JBUONHopigtjiss ransmitting
imgemscréwave p(b&ldtflteqHandlﬁcéeP(\sﬁbmﬂgalﬂmﬂ,[DHanbdsiﬁm 1Q9deier thARIANE&modulates, and
i@fprels! BASIH um&gmg] NSendicdh
trans nq% tt ern&sgeaesr e % gg%ﬂfg#ljm ? F]%% %ﬂvenmnal GPS receiver design.
BoSFEvVereepsingang deisy pre éelbleewe ind apt@pdears nsf a subject described here.
Posi tioning-Unit Device position receiver conprises at
é?%m¥n°ﬂ1tﬁ§%§b¥%mﬁﬁgnnel capabl e of receiving and
denodut at east one reference positioning signa
4 Peitioging-Ehie Pemeetramnam st magy singlprifiesito 4 emeentiapleGRSepseidvlge, with one
rﬁmruaelcnﬁ@pamcae@efm raeﬁé'élre}iltﬁﬁlsnﬁfég cdamd e rd flbbd a:tan)o%@e?l% the steered
cate tjansmtte sl ave ionin

S bt RGP oAr £ i BRELDBEL b (D) echniques. oDs

tpcémgwemdu@s capigblle safrate ogillaion gvachpdan rbal freyenayf controlled to millihertz

afc&xﬁ-e@feﬁ ﬂﬁ?alﬁ@§1h Qh'e Qﬁﬂsﬁﬁe&'loglpﬁlb@ pr@@&ly' E]QJe@’até %n&ﬁx‘ﬁ}é r&&¥nce signal. The
e Positioni ng@qnl t Device posi tion

PRt o oo o, O oF it GBS CBhIsEer pfenraon, nd o lest one
psedgindpm guipes (RIN) vbdveesargmalis Kir @rreogdnettor produces the carrier component,

vﬁ%' id 5 lelsa&!m Hﬁfotfre%}{éy%% E)lreféﬁ&g]trraﬁs 84 *%&;&I—& d)ﬂlg:l%gi and the PRN

and posSI tioni ng Sig rom
ok | é?nFrF‘tf’regroi"}c%lsn§?nc?dl"lCl’i@P‘InFPt’t H%CWWawa\reunmuw?ﬂs sequence that can be
cﬁsnegq:umdcmmgst dﬁleP@&udotaﬁmm@d&hqﬁendBE\tmﬁrﬁm&D&i t'hé Qihe carrier frequency. A
Jllﬁfﬁ%{ d/fgﬁclie% &Q%k gener%'cgyg dty {)luralﬁ¥1 of f{a nlgenclzlpsttoe {;r%g Qduce a d)o(ialled Wéde lane”, which
alJ%‘éﬁcai”FFr clﬁmrewleowé?rgw@:s beer,eealvérm @etsvlggw posTPS receivaei Inethe preferred

elﬂib&ﬁrﬁf&s P&Qmﬁﬁngldﬂde@E‘ tridfsRittd¥e hre pHIRAWNa 'T&etﬂ?ﬁs&{ﬂ’lulﬁﬁgAccess (TDMA)
ere, Positionin

%5:613 sucht t?}%tlﬁl pﬂv r&y“gB%SftP?l%f %Is&q nPt J&we Ig CDMA positioning signals
trapsapiftedion the pantsaarriererquersy nThisephenoing®n fsdnawnca the éneai/fam@éblem” and s also
welRnfaangelite, with one major and critical

i nprovenent: a steered transmtter clock. In the

preferred enbodi nent the steered transmtter clock is
Rysitigvimgt @t Demice Gentd) Ryiotessingdimitei n usi ng Direct Digital

T%yﬁésl@l%ﬁhgsu&m tRehpAes. DDS technol ogy produces a
tally 9enerated oscillator, which can be frequency

a& ont r“6‘1a‘l'sé?fl EMiAT PF FUREY P%'“a‘b%fmea?e-’r"éemgpnuge%ﬂei owi ng the
transmtter clock to be precisely "slaved" to an
incom ng reference signal. The transmtter al so

i ncorporates at |east one radio frequency (RF) carrier
generator, and at |east one pseudorandom nunber (PRN)
code generator. The RF carrier generator produces the
carrier conponent, mhlch |s a S|nu30|dal radio

L Y, 1 " ~ A~ 1L
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code generator produces the code conmponent, which
conpri ses a uni que code sequence that can be

waole@simyss shed anongst ot her pseudor andom codePCT/AU2004/001030

sequences transnmitted on the 3&ne carrier frequency. A

plurality of codes can be generated on a plurality of

f r equissiEPedetermingtion e de adicsdd tiraich either' seifdevdy an éitoughwhing# initialization,

al | 0V\§elf£§;ﬂﬂ'v€>‘ @ﬁun‘eﬁﬂ@@@d’inoﬁi}(@-bﬁlt @&Féegj?'bt: Yn t'i@w ke a{ fé%p koM€6kher reference
n

In a stonrcelver

el RURE AR, PSR i SO o eE PR e gpiion souion, o
pul sedteingfively,Bi quno@ng-ﬂ}gqt Bevidelrlay bepih gieWolat bast (thD[SYN;s satellites plus at least
schenge re?élf&lae f’&ﬁﬁ)m?% .G RIWRE n %bgﬁﬁéntt 'th@ RAECheS i’(gﬁ]l@xln me-Unit Device

do no nals transmtted
on ¢ bPBBE S i oH RO CPRTEUSTS BB GeR saies in view to the
k nownPaigortipeUnitTzzaicd. fTag Pqsitiodideeinit emide 1hsm alcslateml aceukareasition relative

in th@tl@&éferen@@ﬁisﬁlbmlmwﬂbet Device Central Processing
Unit The Pasitioning-Unit Device CPU conprises:

Voans G GRREHTE S o PRGHOS TG TG et a rdeerminedfcation
Posi t and mamgHUnicting b/ geogapRivdicodrdimtedaesrind Rasktioning-UsiNDd¥&e memory. In
Iaﬁlhlt |eM€ ?rg%{nl{dgéﬁ’rgladée r%lag{rjst \?géltfom‘?i% [J}{i?be\%e iE Gl%l%g@qin%%gaallsing precisely
Posi t fnewP FRgdinNgtet: Wﬁbwb&eeuep OE)‘E"“i"’ﬂ L{PFtQRi“éqs sehfsupverdag fromo@INSS satellites
ot heranﬂelfeﬁfsemleorﬂ(gajnﬁumﬂbmg Unit Devices to determ ne
t hr dj i.0 | sition solution, or

%t or S o FROR QMncP G SRy I pBARY ek 201 1 P
vi ew 4 chagnels e%téft pogitigngeseiggs S§ tprsedrhiferany nofexgnce geositjopipgtignal in view.
gne r@aém¢ %rh@@lr? Qtslbzisi 648 irdiGerclpdsitibN Sfal ahdd edifdétSetwork time and network
errbodé ment the erence b Posi tioning-Unit Device
suppl °és B’o‘fe Vl%ad ARd®RP T er differential
Qor r edeanplegiettmyinedhe sig@NSQpagation|dblpy &am the referenve trapsntittee to the Positioning-
Posi tiahends Unit Device. The Positioning-Unit Device
t hen | cul ates _an accurate position relative to the
ref er ‘ﬁ %‘C%@fnflft% I;ff)sﬁgm mr({ma ae é‘lést e%&ﬁqﬁleﬁom the reference positioning signal
I ni timbigatiat idgm dng cerafared e thebpoyd Rasitioging-Higit Device location. The computed
Posi tée&ﬂétﬂgr Wnt:e da%x)ééncx@fel@ﬁce ﬁ’argﬁ"lﬁtg%g f’?gltfaﬁg% bﬂpﬁgvtcgﬂ converted into a
and manual ¥ entering the geographical coordinate
val ue¥"r g misstt i oni ng- Unit Device nenory. In the
epr ef eMéaﬂdto efthbgitBnte tandnites todPgaérktoronih Agappkdbiiatd AN ICTRN code.

oor nat e edeﬁ e ah@é %ggro;ﬁ% ﬁ?lgtggrgcl%& %‘ﬁ“{ r}r{]et“:lgﬂjocy\{z]it the transmltter which is
sel f tsaaw@juah@e fayigitio O@mn@rtrmtb@@thwm sighal. st
PoSi t NQphtivg - iE nB&Mdt&lepmb)he I\@ﬂﬂl&teﬁgbnérﬁéc{ PR eod@ which is subsequently

referenc earc 0Siti I
Channe(fdulete? ? he StranS{mtg:ﬁ ge)rAeer%ttédle \[/{grca%rlxer q\ﬁwltgg n dgt% a{nclthes time-of-week

for aln@rnraé@ne}’@rﬁlerenaa‘ém Revighiosrjons pngrether rietw otk dewsuct; s vatignsind status of
to acm&r@m&tmgL@ataieweéaendr@ﬁ@rsaames posi tioni ng Si gnal

tract ne vvorkdtaf
aVI g]g‘faf]s tﬂ a;a)gft e cg%ﬁﬁg}n E‘}‘ft"?ﬂﬁjlt o%%eéﬂlg Htlt ]ftleeshﬁ thaé}swlﬁeé to approximate
si gnaletworkgjppegad frageengel ay from the reference
ﬂ ran Smaﬂ B knith® tljr'erﬁ@slth %c&@'ep{&'s&&h f&metslav%\ﬂlt%ﬁmg Bgfa? rence

transm tter position coordinates are first extracted

i r om Mgsas foefcé\"@n@% slysspositiginentienali yid=APPIH A Fgieli iR @abin frequency
and congpatadveen thdrefelene wil sRegiokiliabig sigraldni t  Devi ce

| ocat ’fhg %PUmgsm%? ﬁ[lp ngtggangoglg Eﬁg&i{e& ga!rrlep glisa%ja(ﬁtq)? Bgfgrc&@ gpthe reference and

reference transmtter an I onin

conveYareresitintieg Henpls awd applics picgiiiol PR, keawn sy “W@&#@CW@OP (TLL)". The
I Ni t i alputZof the ITEL SppBMe oS Alids tethe SRR rgRMRERIOK, inrdeRto zero the ICP
an appgoRLd ate uni que PRN code.
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f) Means to generate and pass appropriate network tine
and network data to the transmtter, which is

wo ea@s®mosi ed as the navigati on data conponent PET/ALIZ004/001030

sl ave positioning signal. Navizgation Data i s nodul at ed

upon the transmtter-generated PRN code, which is

gubs eaeemt toyextrae the atamsthitiep Glave tige troranisIldvt @bsigAME lsihad havigation data
RE carbd @hent NaVdealihoRe HAL BBl HEOS bileTr 1 and sl

i nfor matﬁ%o??t g%o{c,egﬁloﬁﬂ%g uni tr Devélicen gcafr?r%ﬁ%&lg&mg signal and slave
ot her PAW{ORSE #eWht a such as | ocation and status of

oy her MRasitd THiRI NG thinstdereDeruismsr ddtkl theNGGsigak it Itd 2. theg)me difference
Means bgtgfee@lpt% ¥ef r%fe %ltlgl’HIll al; 1 (Iix{drﬁ?e g‘five JJOLI%m Si ngl uch that the slave
and inrtialize t ? g[ nsmtter 6x]

net worPRsittoniresignabis flvc@qle@w@yahgwﬂ Wéﬁﬁsef@tr@cq trﬁmml@ﬂr émf he

PPSi t iMMEnstE&LlN Timeidcis®arsch for the sl ave positioning

signal i) Means to acquire the slave positioning

signal and apply a control | oop to obtain frequency
domarcefedliabet ween the reference and slave positioning
SihgEbanfon oéEmgo@?&Jldamw@sm&ahﬁndb&s tor At @RBENdSs 6ﬂ3ﬁe@g§1@n@§-Umt Device.
%i? éa‘r;tléc%l{ir Hle sange o(s%l%lt)c)r is uﬁe;dlf t(g [irzv% %nee a{)(o)sfltllotn er%elggf:tgn * Ol qa g Osrgeered transmitter
kelogark ealserw loggl meebaay@kow_swopl IQGISLfts:)lubncym@muf petecgfedir¢fgence positioning

Hglaal @H@ i %caﬁ&lr I“r&fﬁ&n‘c@ mrayl@l{g%erﬁ @F’ItS}j] @Vﬁi pﬁ tﬁg received reference positioning
transmtter_cl oc zero

diend! SPRFREE offsey a*i\)B%‘ﬂE"rétbéS “&Ft"f“é"élngﬂ’ﬂé DFY‘%P&H“’[“H%C&”% i {rd directly to the
tPositoning-Oinit teeics ktaar@l pashittérodiickgTisi geeel traasmitga tclook sichglyaemulates the
ﬁ&@x‘?&%ﬁﬁet %ﬂii o@ ﬁl% %mlﬁgerekn:ﬁcetph%nﬂﬁ gl&fﬁf BHE8; nﬁrﬁi Xftﬁ@common oscillator

e réference positi al and sl ave positioning
é"r"@ SEY malmlmﬂﬁe%ﬁgewﬂw ﬁéquan Oe'h%et“sﬂewr EstpranreARd ﬁl?‘tetpé%"wnmg signals.
G Giks ih the adqeigitibrsdnd Bm@auustient bithezsvopdsiienitgisigraldi f f er ence
bet ween the reference positioning signal and the slave
positioning signal, such that the slave positioning
signal is chronologically aligned with the reference
tpssaRMirtdNeor tie®oBIDE Iv3aps t o decl are Ti me- Lock
status. Common Gscill ator The common oscil |l ator
provi des a coherent |ocal tinebase for all conponents
¥ rovihgpopitien re¢edyei m@erw ¢ompxisg$ Rluralityofiyepeivé ehahngls that daecapable of receiving
Samteﬂﬁeﬁhé ;Lo@h&ﬁn s%nall'ssﬁgx; %@ltl&?ﬂg\/[ﬁntgjk?lc@o@ﬂléhl a@enpreferably transmlttlng in the

e steere r

el ver
A4 %@ﬁ éré r\’f.‘“d‘r %E Salovipg H‘EB‘&% geart Efv@és"d’ﬁeéeﬁa odp? ie 0&5?1’8‘??8%/ and interpreting
tpbs_a‘t@lnmgl gigods ftdreGNER aridV YA eftdlitesrtcesnpidag ini toni. hapdsfregueadies. The roving
\L%ﬁétitn)g réeivé? ls%éfér% & Ba%g%?%%dﬁz[tﬁg Kdv&gnmﬁ')é&‘é ﬁx%r&d?z;[@ network data from all

i S the received reference positionin
fPPSétéj’H’éﬁE?‘alﬁf'f et Thisalloppdeterppingiion, of FogjionisgLinit g& ‘feﬁ‘Q‘WEIﬁlt‘fne GNSS time,
Deutiche{as Devi@nodate, satelfite locstioh© dndlothee @étivyrk tatd GNES data. In the preferred
P%ﬁ&dﬁlh 39&'[%%4 is BEML ﬁo Eﬁ§§ ﬁélﬁ e bih AB Ja&ff‘ifef] GheRBH makkfiEnetwork time
steered transmtter c aes
fepe iy irereghereny 4 rﬁl‘é“chPS“t‘%é“F‘ﬁ?f G‘ﬁ‘i’ Pigferplly pQappiEgies means to make code-
ﬂb@ﬁd tphdﬁﬂtirdh@e Sﬂe@ﬂ;@inentst bl $acal pomldhaigl d’@alt iﬁew@Qmmms to make carrier phase
o?eésuﬁagﬁnéso %Leagkpog? ({n V\é sxﬁna?tnavlerv]vI '{1‘] g r;xlésnné go sglp\]/% ?og ?(!sf%&? velocity, and time (PVT)
peing tlwg@momgposlilgr@resnmqnmsSaglei goigtpositiva dejerminption carohs agaqeplished by using
tal JiRveRBhdI P@g?__ﬂltldﬂfsolhhﬁ Shigl 8 BRIy b FEHNG 16abtBGdkes regression that is well

SCRI PTI ON THE MOBI LE SYSTEM A roving position

PEIEF by of erabl y conpri ses a plurality of receive
channel s that are capabl e of receiving and

ITRE VG bl r&@n%értﬂré?é?ébﬂgmgohgﬁﬁeL $hedrs QYTudRRSint 'uﬁegkrrkgcly%&guny In the

Devi ces, which are preferab Sy transmttin
preferred embodiment integer cycle ambiguity i$ resolved using wide-lane techmques Once integer cycle

ambiguity is resolved, a precise carrier phase pseudorange is determined from the roving position receiver to
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2.4CGHz |1 SM band. The roving position receiver is also

preferably capable of receiving and interpreting
w@oe®snioes Nng signals from GNSS and WAAS sat el | PE'BAU2004/001030

transmitting in the L band fré&fuencies. The roving

osition receiver is preferably capabl e of

eResHiaraE VG Devieei Thstcroier Rigderansh ComRaens 20 iitikgermmmpesrqe carrier cycles (the
id@aged cdnipomen@ blus pmndnmmwrgycsd @rroaﬂtsfracrbnwcemonérhb@hab EdBrWSnent) and is
%%g%r rEs&'ﬁér' og Sc’ilu toz)tﬁéc' n T %LH F(QBGVI&’%%% \C/)ic(:)g(te blas 1me Locked rpi:})sltxomng-Umt
Reyices el"‘i“?‘é“‘l“tf@bﬂ’?"@ﬁé }en%m dicesetrags: thfé%%lﬂwfar@dmmt@wan solution to be
forneti e P Qieisd c@diergBdaading® RithdvethWase fof diffRentisl cotedciioned

fromGNSS tinme via WAAS satel lites, thereby making

network time and GNSS tinme tinme-coherent. A roving
PHowition erreivep racky demogilates, pd drftesprath pepitiphivotignals ganeratedrpyaamstwork of Time-
Ed@ké&&%ﬁn&@@&bﬂsmm&sm@ﬁg 3 3B TBRGOREEN histd P Eon®@Ebhal GPS receiver

ni n s

F]l%ns g‘i’ reg 4 UF %r Fﬂng a!fd1 de51%1a%s weggsgia/s deg énl%é%ujé)halgqsol}lt}?n are well-known in
bb(r aypnd grp oot pubigets dasgibeddleree f or position, velocity, and '
time (PVT) using single poi nt position det ermi nati on.

Si ngl.e poi nt det rmn

BB PR et A BhTaRs bhares Eapakmgipive example of i
igehtidnj dirspchying otheringdifjestiensahd wlalol’mdremoois vogld bt aperedttessrsons skilled in
HEH 55 8RB b BAtwithS th¥Blohd KO WY ahBit bARs Aldntion LR hErQ}( LR brth.
position receiver preferably incorporates means to
determ ne integer cycle anbiguity. In the preferred
enbodi nent integer cycle anbiguity is resolved using
wi de-1 ane techni ques. Once integer cycle anbiguity is
resol ved, a precise carrier phase pseudorange is
determ ned fromthe roving position receiver tothe
Posi tioning-Unit Device. The carrier pseudorange
conprises an integer nunber of carrier cycles (the

i nteger component) plus a fractional carrier cycle
anmount (fractional conponent or phase conponent), and
is termed a pseudorange due to the unknown position
recei ver clock bias. Time-Locked Positioning-Unit

Devi ces exhibit tinme coherency to tens of picoseconds,
t hereby allowi ng a single point position solution to
be formed fromthe precise carrier pseudoranges

wi thout the need for differential correction. A
position receiver tracks, denodul ates, and interprets
positioning signals generated by a network of Tine-
Locked Positioning-Unit Devices utilizing the sane

net hodol ogi es used i n conventional GPS receiver

desi gn. GPS receiver processing and design, as well as
W de- Lane Anbi guity Resolution, are well-known in the

art and are not subjects described here. It will of
course be realized that whilst the above has been
given by way of an illustrative exanple of this

invention, all such and other nodifications and

vari ations hereto, as would be apparent to persons
skilled in the art, are deened to fall within the
broad scope and anbit of this invention as is herein
set forth.What is clained is: 1. A nethod for
provi di ng assistance to a position receiver in a

| ocati on system consisting of a G obal Navigation
Satellite System (GNSS) and a synchroni zed networ k of
positioning-unit devices, said synchroni zed network of
posi tioni ng-unit devices providing synchroni zed
network time and synchroni zed network frequency, the
nmet hod conprising: a) processing dobal Navigation
Satellite System (GNSS) signals at a positioning-unit
device to determ ne assistance data, including: i) the
time-of -arrival of dobal Navigation Satellite System
(GNSS) signals relative to said synchroni zed network
time, and;
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ii) the frequency of d obal Navigation Satellite
System (GNSS) signals relative to said synchroni zed

woedodn13e3d r equency; b) incorporating said det ep@i/avezho4/001030

assi stance data in a positionifig signal transmtted by
said positioning unit device; c) analyzing said
pwisit s cleimedy: Si gnal at said position receiver to: i)
extract said determ ned assistance data, and ii)
determ ne said synchroni zed network tinme and said
s‘ync hr%ﬁpt&(@&orrp&vwlgsspm Wflondyceggé? %Hfsqﬁlgﬂ $¥gjpm consisting of a Global
Giaeifaation Naviligatysem Fess) land @ Syidtraned GBSk & gRifibEngatnit devices, said
S | S . 3 . .
SRR g8, & BERIOLG Rk BRGSO Rl hnd snchroniz
gyerrisates dhHaehd coRFIAE and sai d synchroni zed
net wordl pro@spitgMybal Ravigdtva sateliifa Ggstaf (GNS8) stankls avhgdsi@bhing-unit device to
sai d det Qgterpﬁlﬂggssiﬁy@95&&%#1?&% network time includes a
relative recerve ime’ offset of said positioning-unit
devi ce. 8. Thte fmerbariei ofcflaahiNavisatipaciee|life Syaterd (GNSS) signals relative to
determ ned syggdymftogied na@bwamk ahd;me 1 s derived from
Lhe oL et 200 Rl BBl by Sl QRLY b TBNE Fhats s o i
synchroni zed pveehmizRd rsfwopkofesiaveingyni ng- uni t devi ces. 4.
The rm;)hﬁ‘xgorﬁfratlﬁé idNddiermMI€ Qisans Aafl RS S iMHEEsigAl Ransmitted by said
further inc udes.g time offset between G obal
Navi gat i BR"EHPEM FTESyst em (GNSS) system time and
sai d 9ynehlyons sddositeninpsignakat sme, podtionTeseivartst hod of cl ai m
fl, wher epyn fs?le)drtaéga?c{&¥eﬁﬁ§%a§%€af’ceﬁé&£}aﬁhe:. ! nC|SU?eIS| f'it

requency. of f se et ween d obha vi gation Sate e
Syst em (&NSS) d%%’l“%?ﬁdfswgarﬂ’@ﬁé;?e%?'\f%“@g?"d S"é‘iﬁ%&‘i’i‘F°8ﬁ?Jz‘%v°rk frequency;
net wordy feaeljoefoclobdd NavigagornSateHiedSystém (GNSHrsignalswheidgiosition receiver in a
sai d assj ] ki el b oo
oF or rat o o St ! SR ek S B e oz netvor
(GNSS) . time ydgridgypahepgizeskneokifigquencywher ei n sai d
assi stance data further includes a frequency rate of

id b i gat.i sat el Lite . . .

:Z?gnalqgmg érglhxf.(algfv(%’lrag hlbg/neéér?gﬂ?cla{ie:;ﬁgﬁl,né%y V\%Féc?lg}n%egs\g?) rk time includes a relative
dssived tansoifsegefisaid pesitieHegrunitdeic@des a frequency
accel eration of said d obal Navigation Satellite
%./S.t enf‘hg rcﬁlélt%sc} ots clla%q ql S};'lere?n' saﬁ Jggltmnr%g.sfn%ﬁrorﬁzre \rllltgv!)rﬂ gime ig derived from the
dssi stance to a posiYion receiver if a ocar i on sysst em
celadition joh g pesftiop, \Goeilya HmNERMTY aelition aSspidettobitienerepst Gom said synchronized
(@@&)ofaﬂﬂioﬁrg&)ﬁngmc@ﬁi zed network of positioning-unit
devi ces, said synchroni zed network of positioning-unit
devi ces providi ng synchroni zed network tinme, the
et hodlhe orybed Sichagn 1,adhenpin cge assistange @taofiodtier Nelvdegjatime pifset between Global
%%Ltloh gﬁell%y §§s§m(é@§§@ste§1't% Q:lxd%aiagynau&l%d ﬁe!tm gk uni t
device to determ ne assistance data including the
time-of-arrival of dobal Navigation Satellite System
(35NSS) Ths in@thad 6f dlairh af wikeeid QidSadisthn@ydaa Hirdwi i@diens fredpedcy offset between
Cinp: : ‘ : , .
R e SR NS e U R SO Rk Beguenc.
positioning unit device; c¢) analyzing said positioning
S6. gnal Thatme®ad 6F @S it fWHeRinls&iE @dsié@iice ldMa further includes satellite orbit information of

said Global Navigation Satellite System (GNSS).

7. The method of claim 1, wherein said assistance data further includes a frequency rate of said Global

Navigation Satellite System (GNSS) signals.
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i) extract said determ ned assistance data, and ii)
determ ne said synchroni zed network tine; d) searching

wo ooos@obal Navi gation Satellite System ( GNSS)prei/guados/001030

at said position receiver in & range responsive to

sai d extracted assistance data, and said determ ned

&y nchihg miethed) ofdaimdr kherqigeid apgstandeidstarfisthianiticleskes ¢ Fredupncy acceleration of
J8la &1 BhINaSigdtidn SHRINRE SVt dG9IsNsipHapni zed network time

includes a relative received tine offset of said
positioning-unit device. 11. The nethod of claim?9,

wherein said determ ned synchroni zed network tinme is

gler i Ve ghethédoron ﬂr(tbt@lu@aabs%ﬁh@ttd £pbsibn r?ceﬂ@ﬁh b {0&4tion %1319 Gdnglytlng of a Global
ut | sition receiver
ENC I e RN

sygehroTipa patvydnlo @f @bsitphiag-mio devickre p@wdms ayghraiszil steawode time, the method
Qabidkur t her incl udes a time offset between d obal

I\IaV|gt|on Satelll ste NSS) systemtinme and. ) )
sai d ®yncHFoRr2egl af%"“t §a ite Sygem §HEShiigngls gt agpesitioning-unit device
cl ai rmgetemmeramsmn®aiata isbging tthernme-oftartizal fofl Gtohd rNaviggtion @exsllite System

sat el lGhk§) sphd rt:latkv@to%ﬁﬁ@}nl:t@&n@j ned@tintd obal Navi gation
Satelllte %/)stem GN\SS). 14. A et hod for providing

assi ancd" 8’°’§t“l§oS§’FtdFt6‘i‘P“}"‘% BEPGE dptpy inp P%‘E%ﬁ"lgoﬁ‘g“%‘ﬁ?t‘séhtfed by said
consimmtmgmgomt@w@ obal Navigation Satellite System

(GNSS), an oni ng- uni t

ovi cbs. SR Rl e RO e U ¢

devi ces‘)pr%V‘icbﬁaﬁﬁetgr?‘ﬁ’éﬁ?sﬁlﬁ?nf"e‘ﬁtan@f‘vvor k frequency, the

met hod  GpnRfemsitengd syaahrmzed:@s;&mgnea obal Navi gation

o e e SRR Rl R, RS SR o i
fr equemgngqalresp@swball SaNawfmgfa@ Pseﬂﬁarsatiaéal fujdt sgid Sytgmem §YOMIBB)zed network
signalng. rel ative to said synchroni zed network

frequency; b) incorporating said determ ned assi stance

data in a positioning signal transnmtted by said

positioning unit device; c) analyzing said positioning

9 gnai'he aﬂethgélbfjclaﬁlg5\9I Wh&8n LEL &ke¥Rined s?nch}ohlzﬁxx{e{v@ﬁg tlﬁ@fngudes a relative
det erm ned assi stance data, and ii) determ ne said

NS ieé&fsﬂﬁ?‘?ﬁkr)'?’ﬂ“gf‘ingdﬂ’@ﬁcy, d) searching for
d obal Navigation Satellite System (GN\SS) signals at
[al d e éthcP{)]f Jla%ﬁ@' \Vl’raer'elﬂ {Ald%e{eﬁl‘n&ﬁ é%ﬁﬁ%{éﬁ I,n&@(()ﬁ( @ime tﬂcrived from the

extracted assi stance data and sai eterm ne . .
aliwriior She PesifiopetelReivk tine G AglyHion phsaidmogitiopeiesslygr Ggm said synchronized
eivaikof ddditiomdpam deviceai d assi stance data further

i ncludes a frequency offset between d obal Navigation
Satellite %tem (GNSS) system frequency and said

13y nc hie metedofiglaim mbergip éﬁ%@ﬁ@%ﬂce qagr furthgpingtden s imgpffset between Global
Nehvightioh $delliVBRERI(ONSH b etk SildaARE §ynblddnfed tetoR@ime.

includes satellite orbit information of said d obal

Navi gation Satellite System (G\NSS). 17. The net hod of

18] ai rhg methohefichinn 9, 9diendingsaid pssistanee datel urther ingludey gatellite orbit information of

shil Glovsl 8Gvightibt SEEURNGMerh @disspf sai d G obal Navi gation
Satellite System ( S) signals.
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18. The nmethod of claim 14, wherein said assistance
data further includes a frequency accel eration of said

w@mbal2obiyvi gation Satellite System (GNSS) si gpet/aUu2004/001030

33

14. A method for providing assistance to a position receiver in a location system consisting of a Global
Navigation Satellite System (GNSS) and a synchronized network of positioning-unit devices, said
synchronized network of positioning-unit devices providing synchronized network frequency, the method
comprising:
a) processing Global Navigation Satellite System (GNSS) signals at a positioning-unit device
to determine assistance data including the frequency of Global Navigation Satellite System (GNSS)
signals relative to said synchronized network frequency;
b) incorporating said determined assistance data in a positioning signal transmitted by said
positioning unit device;
c) analyzing said positioning signal at said position receiver to:
i) extract said determined assistance data, and
ii) determine said synchronized network frequency;
d) searching for Global Navigation Satellite System (GNSS) signals at said position receiver
in a range responsive to said extracted assistance data and said determined synchronized network

frequency.

15. The method of claim 14, wherein said assistance data further includes a frequency offset between

Global Navigation Satellite System (GNSS) system frequency and said synchronized network frequency.

16. The method of claim 14, wherein said assistance data further includes satellite orbit information of

said Global Navigation Satellite System (GNSS).

17. The method of claim 14, wherein said assistance data further includes a frequency rate of said

Global Navigation Satellite System (GNSS) signals.

18. The method of claim 14, wherein said assistance data further includes a frequency acceleration of

said Global Navigation Satellite System (GNSS) signals.



