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1 LOCATI NG A ROVI NG PCSI TI ON RECEI VER WTHI N A
LOCATI ON NETWORK 5 FI ELD OF THE | NVENTI ON The present
invention relates generally to systens and net hods
for generating precise position determnations for a
nmobi | e apparatus. In particular, the present
|nvent|on applies to precise time-of-arrival position
resent _invention is not

Egyggf on s stens.. The
O¥ING PQ?ETIPé\gBEF&WﬁBs WITHIN 46LOCATION

10phy3|cal connectlons et yeeyrir ansm tter beacons,

such as the need for atomc tine standards connected

to each transmtter, or the need for differentia

correction techni ques. BACKGROUND OF THE | NVENTI ON
Fidid oF THE MekhmioRder stood in the art that precise

time-of-arrival position determ nation is dependant

upon the accuracy of the transmtter clocks used. In
The tReesgph dtventiony iryiest &gl ofensystemsr and mpthads fprt ecapratiog spesoies position

detog@tionoivetingbile poyus. In@erditutan e pasa iDenieHpRd to fecie time-of-arrival
po%??&@mﬁiﬁ@& {&ﬁt&hsg T’ﬁJUr&&xt indﬁﬁ{vﬂll%k colns%&getdn)y S@rg laﬁ %quJnLnts such as
PR Gt PR Ry pd e Sty andrts cometd to
ea% TR ﬁgnes%/felt difffprdesal pirgptipntechmqyesact i cal to

manuf acture and install due to the requirenent for
BA@R@R@éﬁ&&F&ﬁ?ﬁﬁT&%ﬁhﬁs di stributing high frequency 20

timng signals over potentially large distances

bet ween beacons. Alternatively, precision atomc tine
It ig welhehderded inmvihe adn thagpreisy emsroflaginal gositot deiarh@aion BBlypeldnt upon the
acclnﬁ@toﬁhé t%.ﬁlsnﬂter &afdusdd ﬁn@mst &@ﬁen&%ﬁf&ﬁﬁh%mﬂ ﬂegé’ogs%smcned at
knus& a.r rence receiver pgs

o Ao SO L i 4R Bl o B o o b
for Pé%bfﬂ%ﬂtpeﬂqs@s& whtemiHegevel @haﬁr@emwmag Bsrsiomistbigbly impractical
to NGB dntl @fstald GERCO N, requlr @K FBOFdcBGH {iffAScalilds QisE Bt hibidMaquency
tmeﬂE glgﬁaﬁf &Ereﬁb?eﬁuafl)e qgéevtﬁgtanyels %et@&n %%acgngt thef vlt(algt Frec%labg hatomlc time

beacon, tor subsequent retransm ssion
%r Mﬁf"e YIOIE AT i mapledistalied &t oph W%ﬁlbﬁ’g"“ and monitored using 2
Wﬁﬁﬁ@hﬁghwgmﬁ$mﬂwthka&m@WSNEWWHmyw@ﬁHGahﬁﬁh@dﬂmﬁﬁeh}mwmmem

pmiﬁﬂﬁfg%ﬁgﬂalscl%&tvm Ghe rnkdﬂhlm&ﬁsnaocﬁ tc@ﬁag[‘?) hdge 8h€fom the reference
ite, with the GPS G ound

s RS Nk TS Bk bRaialt il e PRI Sapagebment. oder
satelispt pefifionipg chapleriag sudhiap RPH gmuddy dlik tedhoiree ehcrebnssitmang awbiifivm time
stan86ds @le |idstaie:d @VREhyGHSWRIEILtY, Wit the GROGlotnd CERRES A& &03&1‘1:519 thenitoring

all @S@atéllﬁ& lanclr %%%‘%ﬁﬁg’gorr&h&s %%&D sa\?eﬂ%e%%e{;?} t%vgnasf urll cyulrs tese gprrectlons

nessage user equl i'oni g
are ﬂ?‘gﬁPYP‘ldf?ﬁs“WafWaﬁu'We“aWW%fageeﬁ &Pﬁwéqﬁpql@gﬁntﬂ@d@g pesitioning
algofithms gt thk GPS ueh eipmen oy accolitttht sakllit elast b Whith G feSt B@ GPS

sateﬁ@g & Vichat @%réeﬂm}éhs@d%l p@snion r:sezﬁcogibﬁmeﬂ% epst Lsepa[ﬁfpﬁénpgsan%g standard

Ilshe i n pent using. a Stan
PRI BRI ooty G PR it 10 St is dso
ﬁﬂﬁﬂsWWF@WS@@@HWﬂewﬁwﬁﬁwﬁw%ﬂwhdamwaﬁechn|que is also

generally termed "a single point position” by those

Code- based GPS
Con%&unlaﬁgode— anﬂ{?Psa osxs(m.cs:glu lon?smgf% ﬁf’mt osm ) oﬁ)s 63 5] n

position so
In cogRiRRtPrbard €8t e 10@‘5‘1 H é‘“‘l“%?tqf erycheint dlagpigititegett, can be

calcelng f@nithetpoigigatvh timesyof P1 ipiitiodlg0Reals fmtahRase@irtdPs CadNitdd & view. A
GPSQ@:E;%:‘ lnﬁ&:@lqﬂgfe E%&t!ﬂ:ﬁs ﬂgeq QM@&)&Q&O& J) ﬁ)tﬁgga?ed se| c}orandms? code

R]Q)OSI tionj nl%@ggna s fromat | east our
CPRADCYTER PSRRI cfpRBerrsdng sech SR watelite B‘ﬁglcasmd ranges
awnﬁmyé@a@wmﬂheme@$ﬁeb&@mwnmﬁ@mmnwemma&hwmg&ngwamedemmmmsmm

the QRBICWEHR B CIS MG At i BNy SCARBNER e Wbdivard diels Wabhronized with the
pseudorandom code sequences from each GPS satellite.

The neasured ranges are referred to as pseudoranges
as thereis atine difference, or offset, between the
cl ocks on the satellites and
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40t he clock within the GPS receiver. It is .necessary
to ensure that the receiver's clock is synchronized
with the 2 satellite constellation's clock in order
to accurately nmeasure the el apsed tinme between a
satellite's pseudorandom code sequence transm ssion
and reception of that pseud6random code sequence by a

sz%t{all ! ecq ng fcloék rI]na\érl att I on ysseage ’r!he ﬁlaps Tlme between ﬁe safellite’s

T Ans nf? F'om eac udes
piepondemtopds ricamagien @mmwen WB?OPP&PH ‘?frﬁ'?abirs?l*ﬂ?f?ﬂé‘ﬁf} codpy erqﬂeﬂce by a GPS
rés@idet Al dabigatiod Mekag€ Brals@ GhnsiBiNedt fnN@ch sht€llite, which includes time information,

&5 NERSANak sa?eiaﬁé GdcP @an@&oﬂe.uﬁ’% Bred. eﬁﬁeglyrer posifoning a GPS

requires four sat el | n o solve fo faQ
RIS o b YB3 Ty gy o 9 b g B . Fr
topoyiuertiiqwe i Pletionio@ altie infeil, eiddhrperigsllitatianils agieqirgd to solve for three
uilihoo@l of ;ﬂfhdm 48 e) ﬁﬂttlﬁle I(t) te\ecoﬁdelgﬁﬁl Sodetiatkd IGES] PésitiGsolu@on is able to

| pr%plde a I]CS recel e@ Ikt aPl M eilﬂis anp 9 %”a g&ﬁg@ @ qgﬁr%?ne gpiﬁisolute three-

conventi ona position
d@fﬂs’a% %ﬁ)) P‘§“‘%[’d¥“éa?ﬁc‘ﬁfb?ﬂa@é“xﬁla@fi@‘?%%‘effer with at
| east four satellites in view, the capability to

Tﬁ?bﬁfvéﬂl&@l Sle-phaatngt [%SI&Jﬂrs@ﬁﬁoqlﬂTEnﬁfoﬁHﬁ@Ls doRtich3 Which can determine

p QSI E/ggcgt])i\glnirwnea&aigg Hhroatcty ffer ntm&%rregn)én tat g{{%§}erence rtecewers it has
therefbrab%w kpaynggp “amimeﬁwe@sﬂos gplution %lheart\mu ch can
determ ne position, velocity, and tine (PVT) w thout

cﬂlvﬁnft.SJa?@Jdkﬁx%seﬁﬁfr&&%i ] (Fiﬁh@e phiRiilgef erence

recel vers ere ore becone known as "sin

Wil PSS AR, ASBY BT (0T 't Stk PR 971 it Grs
re@0erevit aseephiBi trbcedimmtional po@RE a(cpredy af apprexinpedi 10itI9inepgyhs. This is due
to Wetc&maﬁbn 85JoaninS NGGIs 86k MK a.sjer AbrQBes: L1h IRRASR dtela,e (RPospheric
deﬁ%,géteehénrngn\t,sv:e{?% dd%sate@le c'occli J[J'ro% ES? Ggg é&#gr\énggeloaﬁ al(t%pr%u Stxp'tnh Tonospheric
delgy: & the ypyjinegime 49y cRtigtest by ‘3}“‘1‘@}“‘%“"2‘@"%]!‘36 pagsingfipugh bagds otonized
patlides ifi e folkSphe-@ITEdpRpheaideny is|iR Sint doDi bxpgiesbdy @leGrointigdétic Shves when

palb¥ibk o BL&&&E@ %%& fower a(rr]o)SphlerQ ORI dreir i1 Bk Bfereho? between the actual

tropospheri c heneris error,

‘safellite éf{"?tﬁo‘f d the 8?51{10%]?? X g cllifgrogbital data. Fvg}(er H(ésieéséhcdwiae generated by

the iGFrnaielbdrpyia bin, GPISmmmp h»@xltlpeh is 2@ sighel dalyy qassed Hy docalaedysignal reflections
in lcloSEprlBhiB Yo €X6PE rrécﬁVeQ efhe m@.oe@ QF It ARG NGNS a;u\@péeﬂy \Mﬂﬁﬁted over

reigtw g Ishrc]) dltstgnrcgs':ltge tens oq' omc CIS ). 1|s rzneeagls tga{% re Icf A‘e?e%t (l(;‘]l@ recewers within this
ere ropospheric [ I'a

pr@xfpe rtfp arvcaeihep yilledbeartertmegh errqrfc Itwmaegformeﬁbig spsr@ipwge the spatially
cotrdMida 3@t soiBbsSkibld Ltedhfique REbwh QUWEN flephiiDSREEGE. A FEpRAA LRy placed at

a el 'I@te@gﬂésfﬁemw saﬁs.séx%@ﬂr Ja&gm@ﬁs &@Lﬂ n%@éc%l i InbsEimeasures

ocatl on an oSI tl on
thegPoT e RPe LN &S ﬂ%@eﬁ%ﬁmlhfaﬁ B ‘i‘i%as%‘f"gée“@%‘ﬁ‘é‘?s oo ecived
psdayordnli, formiog i ddfbreehicadze cunedisn fof cach sibBe no@@i The reference receiver then

seddl! ltﬁe!;ep&;rau&ﬁ ad B@m‘f'd%@é mde&p@yre&ﬁasedmbw me zfﬁéi GPS receiver

s, bR 5 PBOTHECLm BB (U PRCEE LR vew o e

referpra¢ fegeiveny bafay qaloilsting @ pasifierr solueqna'@rroveplym@mb!roth refprgteairpeciver and the
GHSirecBiver bi@ B@p&felyk‘ieﬂx@&ﬁiy&ﬁ&ﬂmcem BnddRRRg efdd @durckdMach as multipath and
recds 8L Sl 1R (L EESAYS Tt Lol defHh? p iRt Eéesfrag?agglgm in
thepides Pibaeem! Betprirpe GVP&V%"F?eW@rfai‘erh&%e‘F 9’“?56‘?’?‘ &Patce&“eﬁ fitpow multipath
enGiOhie@®S USIi Ng a techni que known as "Differenti al
Correction". A reference receiver placed at a
wel | - known | ocati on conputes an assunmed pseudorange
for each satellite signal it detects. It then
nmeasures 30 the received pseudoranges fromthe UPS
satellites and subtracts the assumed pseudoranges
fromthe recei ved pseudoranges, formng a
differential range correction for each satellite in
view. The reference receiver then sends these
corrections as digital data to the UPS receiver via
an RF data |ink. The UPS receiver subsequently adds
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the reference receiver and the user receiver. A CDGPS
reference receiver, installed at a well -known

| ocation, 5 calculates simnultaneous carrier phase
neasurenents for all satellites in view, and then
broadcasts carrier phase data to the user receiver
via an RF data link The user® receiver also calcul ates

ous S satellites in
énnvenLonalr}.e rrler grﬁﬁl“ Igl éﬂéﬁng Ve§08éh05ﬂ§8 e dl f f er ence t o
Gereaion ﬁ@‘?‘ﬁ@‘*‘b@ﬁ?ﬁtﬂ% T8 (CORES) paleiay disediGespooybepigen the reference
166218 @i thel Ger ldagion’ Bfng e BifferercB MRt fthe lcO B bhat of ldwellites measured at

&eﬂ@tﬁr&xﬁ! reéaﬂé}éﬁi FRaS HESHER B eRE [%feiénéé H;UJUeP GoefV s Qwéﬂﬂmn location,
based on th 8pler frequenc present. on

ALy é‘f““'f"P“é‘!fu“é‘ﬁ‘ RA®® OFESTF °ﬁ‘é for 5 s"éﬁﬂé"s é’hf“é"f 74 B brogdeagy carrier

b3y ddt, to tthajuser reerival vigancRicde liplo ¢ usgrt iereiver alseierlehlptesnichulligneous phase

DRARMn QU St M QG Rt lusle& Nd &d:\!e’aiibﬁ@ doRpi3 A5 Rasél irbritige fohBtermine the

stt%§ g{':& ugelg egerl]\)er 1§l Tes Ito %e ref?arenoe recewehgca{l eC‘lah Vil &r lba/?ern?easurements
f t'he "a p S ot P ng an

DECI I cCa vance In carrier ase

ISR & é?“é‘rq"ﬁeﬁ et Qoppler feegtony ishE Presse o e parisy frequencies from the

D6 pyodliiads. Hafhfeg@l, tasreming yeleicninafhy sdluediforn s @re@po efoch e nie@dvance in
phdEIRATR pleh@BIcRLENailkil Edufihe (FRRRS em;sg@)ﬁmn} %I D& atdS B carrier phase

receiver .c ure the fractlo

P P RETADET R HCILAGPIG PR B o g hence
the amrednteseiied Eutig PhagidlCBE i ne t he exact nunber of whol e
cycles in the pseudorange This nunber known as the

Thét Jl@r‘?&%@a X ?Je g:p i‘chHJmta phase Erﬁ)remf Qvﬁjq 8’¥lcs of the carrier,

her neans. t1ona |es or reso

bt g3pgt évecwa@*@“ﬁe mﬂé’@@wma‘ﬁb?fg‘i&?ff Fyé‘§3 ip Bp pseydpyprge tTms é%énber known as
tHo figtegdr otlagdasity”.swstibe detembtdd brlgher fnpahs Bnditvgal setehiade reselvias carrier

:lnﬁ;%lutiﬂ&:hlh@fg three PRESGastet: @Ql’cﬁ 'm@tﬂ@ls ﬂ'ﬂ?&h@ Retfoas! QndRbmetrical
n¥t'h o L Strag glnrie%m?se de nltlo% glc[d eous mt r cya Icrmtr\ll resolution. A .

resol u |on nown as

tepfitiguey fropm de Vadediping. b bweip‘@b’n@ te percpremihe mw?afﬂttwaﬁ@w@ger cycle
ammgu&gﬁﬁbwrry Ulide-Lai® n@ijlitsyanP iRkl cedtarndy febgueh @R (Ha@tionally the GPS L and

%"Hi Hl-sbf?s?on?@@eaf %Jg&e%%%gﬁay\%g 9«%{ lJrnge?-{y LEARGAGL & ificantly longer than

tiona equenci es

the B?Vmc%mb afdte ¢ %‘&U@W‘%‘? STl (g |“‘§°1‘B'é’é‘ff“1"r"é"t§ﬁé‘f?ﬁ9e accomplished

bswame bewigtalnze iobsergatigmitd degamitd dre inegegenbiguinaat titehvdder “lanes” formed by the

eﬁc@g{g;tﬁ ke, Inl'ilﬁn, gy r&!gde\ﬂiedbﬁhe & Bk dr&ha® must be searched to resolve
themg € resolution of the integers can be ,

acc% ed by usi ng pseudor ange observatlons to

detern1ne the integer anbiguity of the w der "l anes"

THeQhiaiBnsRyind e CDBES RaRMs &t A/INSHRE Shicfricg AAl latend NI, R dihta link, and,

eEcMElp thegf.;l &3 lthle rd&gH 101t.1 Igf[e Y QJCIUI'EECWQJ 'dle %%d%ndhlh@ttherwhata link

ed to resolve e I nteger anbigu
CORBIRIAS défE?FFgW & Hpdate Faiss, Wl’?@(‘ﬁ’&&%“eﬁ?"é“g#’?sl“% qogpiragy, Boor reception
ofi diffeegrial a5 @uel. byaihesivalyobafuctioh @ndbhbftipai tegusds idmk comagtigly, which degrades

posiB&ORA Ny attdas, dn@¢u@fin Io{am%lu?erm H@Essfaal g;{dats ?Q’E‘% Sfhe second
|

recelve b dth of

sharfshuipe & CH%GP <§| i g‘%ltl ghi’ ‘5’1" ‘5’1"’3“‘%"&&%“"?“3?“&'55‘“ 20185 ‘H’@““m Sotusion
soffert for thabownelpowmdf pheierc(dli sn g b e (b FDERSCUEamyecesPiggwn as “double
dlﬁ'@é'ﬁ&pf, WwBith difninléslifeQEcGid: Liddk had @Br walURS by @J@M&'aﬁ‘cﬂi}e user receiver.
Thi ché Clgs!:ron ?"er:]d de f:t I' aa‘éc@taig au%i(e)ﬁc’ ngi(at a cF tg It“h'u'a lfle? nce rbce ver position,

degr es posl on accuracy a est, res ﬂ?g

buj PP“{*%ldﬁf““}“F timee- f 1js| it prEmperEnt Hoths) By Flsmﬂlyu?j’d a’tﬂé: igtprested. in position.
Howeveg tprecifdl@oelego oiithn Sftofht: crnninetke RGP EntfRiat th éhahyaGls apflications

m%kaiE cgﬁ:luﬁlr Mﬁ& 'aﬁ&%elecﬁnﬁ%\éﬁﬂt %s%@l The haQQ&f‘%mQ (alat%mahon is a major
mg@SItl so] ution solves f f our unknowns of

?lafsf’céa\’i“(w%hC?/GPsi’f‘°’§ﬁé°’s?‘?’ﬁe (t). CDGPS uses a process
known as "double 35 differences”, which elinnates
the receiver clock terns for both the reference
recei ver and the user receiver. Therefore, the user
receiver can determ ne accurate position with respect
to the reference receiver position, but cannot.
determne time. This is uninportant if the user is
sinmply, and only, interested in position. However,
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5 signals, and also as RF data links to send

differential corrections to user equi pnent

Al ternatively, pseudolites can be synchronized to the

GPS tinebase. A GPS receiver determnes GPS tine from

a conventional code-based GPS sol ution using at | east
four GPS satellites and pasfes the determined tine to

a co-located pseudolite transmtter. The accuracy of
Peyslicpmmepititdase i s constrained by GPS error sources
Ahaotied apprbaaiguskOm 08 |Gie pisitorakentiratpds hher pizraletased augmentation systems

sustPds %lseluioin@s ﬁgeﬁﬁllﬁesw&rmcorﬁ@&tﬁl ihth t&vﬂl@&ialt (088 an@ Chrfdr-based Differential
recei ver. noi se, curac

CEORFE%: HEEE Y f’éﬂ“ﬁt“% "rf%ﬁf"% el ‘é“é"é‘ﬁ“g‘ of B ke hf%g\%sa duﬁ‘%% anens

signalp. eyt alshies REPS linksie prad Efforptizh marecuﬂ'a\feé% Fq“tPWF‘% Allematvely, pudalics

cah b@HsdhAbiaa td e EIOintchad A BPE bicdetr @Sernninds P$ find e :opahertional code-

b fd (EP%ns‘%Iuﬁ)Jn Jsriﬁé fl 19ast fl_ﬂ' (?Psas(d‘tglﬂ{eggt)ﬁ &ﬁes%&te%&d GRENS & co-located

or precise navi atl on S S .EIB.

PGB PP R G SEITAC VRPIR SPORG By s nohing

Joddsiiters andReb@pieriddalath gitell@ cgg@enfgi]_ 31&1[@ PO ep pror. pecqitepRgise, and multipath.

Tuné}{o%&r&m ﬁﬁsbr&é&taizgdo {0000 faeRQbE Wl @hlE’\raas byssingibelepshiasiash method,
ho%g\%r transiat s to Fos Ign alc::)c%Fc’a Es 091'3? in %&We s o 1S. ﬂ%%gcwagfq§much too

feren correction’ met a so cal
WPIW“RW“““&%S@%OI ite serves as a channel for
relaying information to a position receiver for

c bldl&a%&eﬁeﬁ{.ﬁabs @J.ngaél%,nm&@ew Beldods (Col um 6,

e bt 12 S S BECHIEL L GBD. P
Caviiet @hisi Poition Pricriationsd desribpy @ ditforgntial Wﬂﬁﬁﬁ%ts@ew Ohpretp e so called
ok e@ PudolR (sl as 2 ChaRSield@laibLinPRisiidnl @A pbstiok Rexiver for making

di:%%%{‘lt[ L.on rcoerge%ﬁo\r{squolurﬂw l'chles I?Hg 46? l‘ith%&g\b b G Bs'él{dblﬁg ca@ﬂdlescnbed asa

ts of eac eacon_ mar ker

mePhATEY ST "é‘ifa‘a/t@”;? splite é!g%"é per EEcteli PRbr e el kpgn omni-marker
pstudalitd poiita G hegsitup atier. (s ts: durgoing en@PSd ERY Fra¢ @mponents of each of

thd &QJOH HI!S}kQ mngaks %eeiacgﬁpﬂaﬁ cotlkent v/i\h Pé-s’ﬁei:tttd.) Qar Lﬁ&ﬁﬁk Ydfdhiterparts in the GPS

si tuat ed airc ves . N
s CPBn i o 6 AP Bl s ap B Bind B oty posionine
signgle fony ths GP mfllieand dio rePSeselipoted] oﬁ?srrgs@qngﬁ gipnals frpng e praRd marker
psbibiRs; s EIQAuRTRNERE diforenfil) Shingeliitsaquant | y conput es

differential range neasurenents. 25 Cohen's

differential nethod elimnates the need f !
Caheniliffereniphmethpr gfinpiugfes tieesd for 3 ffeditiopal djsay] iy 2 ajyjauired by conventiona
coBOdN @dttidr-oRal diftveddarl sysem Hpwdver atbasedarkh ixfsenpremeweﬂ must still receive

boﬁly(%%gﬁhtes@d\ﬁ%? Fnark Ekgxﬁﬁw coﬂﬁrté(@(ﬁﬂd?&ﬁdl Eahé% Qneﬁs@r@rﬂdn&! R&ceiving omni-
must still receive both UPS satel Idh%o g‘? m{u
f éren

maskeh pieti et Va whafey 4 BOSIEWB]P g
ranwaiSindiadvalrverriRaod PRA prappenevts forpdek OPS paggHige g Wa‘{v,dwé'ﬂ&\}hF pmni-marker
colAPitx al |eﬂ§éﬁsﬁe RQSdnkty, A CRARREHuRd hp0B twolVle SridividhdD @ansmissions from a single

- { t d a
onglélell?rkeg? ugtﬁea %URS 1%1e ri(er & lt% an ewe?’q ll:e% tméeath!ee Il%/elegllldﬂ'lels of

copyjentignal diffieentie) Gﬂ’ﬁ@%?hﬁddeﬂ@FOS&%‘ﬁfﬂ“@l?x‘Hn d expensi ve.
CQurrently, this would require up to twelve individual

D:hgr%n%m{a% cl ﬁgéurgl{l&@ ugngs'l'(ﬂ-gvlnﬁ ’[Qﬁméewm ipkQloticel U r ther, an

I - mar osition_fecei res, doubl
U8 it D s ST s SPTRC Y ST R A s dficntal
corretien megiod wischtly angptvtodk of bpecallyd Sgrovadhinengitep) aadfgroynd transceiver” pseudolites
sevo Jhglﬁglﬁf&; hﬁ?&f&ﬁﬁu&&&aa \W6sRIFR RdcSivek! Sok (g ditfesribl ekermination of user

e agﬁ‘éel \ ]f tg &myn ttt%hei(thg) ast %‘Hiﬁ‘e gt%(%;recﬁtm]tga\'e;%grﬁe master

pogifion ranscel ver s
cl@bhl&ﬂr(?ﬁw Salings e pndlng blﬂé@ﬁﬂe@wd&ﬁmﬁgmeamwwéﬁw& (Column
network of so called "ground transmtter” and "ground
transcei ver" pseudolites serve as channels for
relaying information to a position receiver for the
differential determ nation of user position (Colum
5, lines 31 to 36). Sheynbl at teaches the use of
differential correction to overconme master 40cl ock
bias (Colum 5, lines 23 to 36) and |ine biases

er must %enerate and
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15(hereafter referred to as a Positioning-Unit

Devi ces), as described bel ow. OBJECT OF THE | NVENTI ON
201t is an object of the present invention to provide

a positioning system and net hod for maki ng precise

code and carrier phase position determ nations

W t hout the need for physical interconnections

bet ween Posi tioni ng-Unit Devices. It is yet a

3§ livet Hep 6oBjdceolmpfo, kse! foridk Shrynhilatsy Efingm medodalegissi apbengpodiments
oIt ) 2008r Pl Bl Sif@dRTIR by of QfnalfTBkl GouRbph@ftieSEenal (Column
5 Clglgsejlqygjﬁ Qrﬁ Ealn'?% @?%g‘ rgsg§ér tdiﬂgx@ncglggn%ﬁlm Hl%‘.ck ?rgiﬁnd h‘ansmttter signals

nee atomc tine s
wih p ﬁ‘i"l"l‘?é‘r‘“’sﬁ%“e‘é@f""ﬁ‘f 11 el PrhidRes & R Do G e recivr
differpgng prowd rfrwgwesrswm vehvind] ingpdnackighds tharbdee brgn Pifemied arith a satellite
sigROE& oRRE 7C BRI & 10 ASAROS |1|I1fjs Qo ae)l ekpibRAL ﬂaféﬁ’c&ea‘éld'ei ROallvance of

di ergntlnl megl (Io 6[65%{112(30(95 lcr’&lteach a; slugogg ?ﬁ%l?}l Je?"gij‘hsg}{ tﬁa%mtld produce

ano ‘Rer =0
P%‘F\F@ﬁt R"H?‘Pnt"%““ﬁ‘ifsé‘w ’6‘@‘3&"%’6’% TeEeivE T "FFQ ek efdf Oafﬁ’d‘ e ESd
for maki ng preci se code and carrier phase position

Pl%@ Er@{ym:ﬂa’;lﬂ &p§lowﬁtlﬁln%h1v£l Iﬂ@s;tfo@ %ﬁ@ﬁmlm&ft requlrmg at lcast one of: (a) a
correctio ues 351t is

%{erentl Sy Yet a
PFHiP] Rl ot orre: BPESEAD Frvai fign i & et s @
syethropiadio g aCl T ltigrebasener i) geme fermpd diffierensinli cpgretign 4 syBlery fhetesgn provide
extrEnedy [Sy6BE GMR-$tlal RN PoRionihg inSY SRR dni BEINAS Conit@its, is highly desirable.

ngg,&%ﬁ%reh xa£@4e9§,s Q%Ea%ﬁfgs& wcﬁmﬁ'&%&éggwﬂmﬁmﬁr s4Eh am.-s

esent ion dpagat

(haeﬁﬁféfff%?r@ﬁ@é‘s tRopfiniag Unit lﬁ%ﬁw Aoy bt cal |y
di stributed Positioning-Unit Devices. 6 It is yet a
further object of the present i nvention to provide a

eceiver wth
Oéﬁ¥%ﬁglom %ﬁﬁ%héynchronous code phase pseudor anges,
such that single-point code phase position solutions

1t Baf ot dete prefFheiOEntioh o PRvitle 4 Jieiticing sy@iem Aid de@io@ Rl inaing precise code
gocgaﬁ’xgrc ﬂa‘%n ositlt)n Id&er%ﬁ!ﬂm@s tvh!l{o{lth L &Qil ﬁ)? r{lh}% calt Ql%rc&ﬁe%ﬁc%ﬁ tbetween

I nvent FS provide a roving position Teceiver
“%%?ﬁﬁéFBBPE€1Iy synchronous carrier phase
pseudor anges, such that once integer cycle

It ﬁ%’ Didditled &)ﬁcﬁif Ghe rp%&QIJ ¥Rfkion @) ﬁévﬂﬂ la%oa@ﬁhlﬁg syﬁéﬁ £dd%{ethod for making
PRy BRLP R Pt EBERTr Biton e S o pcli Tt

obj ect of the present invention to provide a roving
It 9 Q& ol fn@idr SHREEE Yhe lpreWhd iveitioR € 156id8 @ ipWditioking dyfEn i AR&bEIor making

preicﬂé Qoﬁyﬁntdicgrﬁer p§agi\%8¥1 (génn%nls %Nrt‘u%ed for a Global Navigation Satellite

System timebase.

It is yet another object of the present invention to provide a positioning system and method for making

precise code and carrier phase position determinations without the requirement of differential correction

techniques.

Tt is yet a further object of the present invention to chronologicafly synchronize Positioning-Unit Devices to a
system timebase, the system timebase not necessarily being of absolute accuracy.

It is yet a further object of the present invention to propagate a reference timebase through geographically
distributed Positioning-Unit Devices.



Enbodi ments of the present invention are directed at

a system and nethod for enabling a roving position
receiver to determne its own position in a

positioning system In a first aspect of the

invention, there is provided a nethod for determ ning

the position of a roving poSition receiver in a

ositioning system conprising at |east_one reference .
it SR it cRhe PAT e DRE BT (T BRI R  Cronogicall
sﬂx@%ﬁdn&_@,m&ab[ﬁsen&hh&&g&omh it migelt-frat st@d.ep)gasgfppsitiagr s@ﬁicﬁ can be
Sl sl d, at.l easli0ngalGlalgnce transmtter generating

and transmtting reference positioning signals

according to the tinebase of said at |east one. coal]
Hneker ereebla andapteeineifidy Bple@at e srUshire g P gagposcay
sBSond € f:a%’fe?ﬁ&@ psteﬁ@)ﬂﬁg& LRI ohcS indEer &ycle rovguiteooatsplom, a sip)le-point
each of said at |east one ROSIhd ANREUNktdeM Ce: 1)
C?@%@?ﬁ?ﬁﬁ“ﬁﬁ%“?ﬁ?ﬁ?%?% I'ng §%dhals transnitted by

either said at |least one reference transmtter or
153eh @ihel BRS bf @8 BreP@SIvELOND Prgvidsri revidewitiorreet Ve recise network

.sai d .at Ie@st one reference transmtter and said at
time-transfer informanom. . . . . . .. J
Teast” one posi tioning-unit device; ii) determning a

reference positioning signal propagation del ay

bet ween said at | east one reference transmtter and
sSMAR PO ik BRIeREIGNI t device; i) generating and
transmtting a unique positioning signal; iv)

recei ving and interpret | b g D4 EndPRSthéd BPEMBling a roving
E@V&ﬁ%ﬁ?Fgﬁwggﬁﬁgﬂyﬁgﬂgé?dﬁ?éggifeg_andninterpreted
pSHigNALbE v kotReatp it bYn poifios &l ALOHHPTHRESYPSSI ti oni ng

signal fromstep (iv) to deduce a transm ssion

di fference; vi) continuously adjustin%?said. ) .
[OEFREr AbécDBf AB htenims thesss provigtd § aiethod fr dlgiermining the position of a
posi tioning.-si.gnal .accordi ;,pm'i A) 21§ @sOord 8ALERM transmitter, and
r@c”fl&H%Sfﬁ°§§?cg‘ﬁerdﬁ1ﬂfp8?té‘ﬁ‘é“§ el ep (V). and b) said .
tN@kiene peippgiuhitabiiog s&i geabd propsgatiesisrdef ayash g iid at least
step (1i). such that sal l ROSIL LR g SledNRhecording to
°¢§E£FWEHHP8§F?é§PVm§§ﬁ% %%%ﬁg%gg{o sgig #efe?eﬁ%e
P ARk OF sHig aSia ahsrefethcestringmittoy Whegeip gahtof sid atdeagh apg peference
receiving either: i). said 00168l dn¥ positioning-unit device: i)
“@?ﬁ%%@dﬁ%%é&mﬁﬁp&ﬁghgﬁgpfﬁgg?ﬁgﬁiigﬁéls? g?mf?gm%oth o
" e&,awiriﬁig iRfigeRREay PiRsdlt ironiningd & gither s deasiyng reference transmitier or
chronol ogi cal | y synghroni ' HRSLlQRIABkmitter and said at
saidj 4 Jfatone B??Hlog%ﬁ'é%‘ég‘évr'mctelC))l}%gthS%g g%lg%g its own e
R SielpoSiNonthd hatevichdi) deeuiiriegrerterate plistipaing fighahpropagation delay
corrections. 6a 0si ti oni NonBSSRL Gbn&: ti cratin
DY S A B £ TP BT SRt P o Bl e 1 eeneraing
aliCRSkmARG hehiffeN pesitdnans siptat;eiv) coreivimgu ped intgrpreting said unique
generate and transmt reference .positioni ' Y and said
PABEOPEIEIL D CHETHEILEE B TR POt L oqaar e 08 B and s
ﬁi{@%ﬂiﬁ&dh@g signh @ropOsé (onb rigdsy sttanmfissiqrhdflereesrpyi) gewgnuously
at l'east one_ positioning-upit.deyice..: “onal dine to: id
spogua Foraengaan e s B B g el secordg o o
1 RaRBDEB s Qfssi L GRifrimg ol st eopret ibhgaidefadirene epositioning” signal
posi tioning, signals fromthe.refere ol @NSALT & @hronologicall
PBRSE T BST TR SRPHGLMT (oot L v Barls RRgRr ! b Shronologially
syRARAriLcaNh REd pfietencte pbsirning Gidnlegsc)rsefdenoring eosition receiver Teceiving
‘posi tioning signals and.determ nes. a r ERCE voth said ek
eifhers DispigHvgoIeF EH Al Sﬂbﬁ?’b‘)&%&gf‘-‘?‘%‘h@ e ’%@“ﬂb%’%&éﬂﬁ‘_?hé 7 s peierenee
pgsgifgﬁﬁgrg%alg rARS&id teBbon@bglcdlly sehdhrorifded unique positioning signals; and
posi tioning-unit device generates L1481 @rrections.
sulsFIeRrRY PRSTATNS HE AN BYSGRAM T ‘%%@F‘?%“E PR LA Brrections
device then receives and interprets its own. unique
positioning signal. At this stage, the

positioning-unit device conpares the received unique
positioning signal to the received reference

positioning signal in order to deduce a transm ssion
g!fferenpe betmeen_;hg rgfereqpe nunbgr and itsglf.



7 fromboth to a respective frequency-diverse

positioning signal fromitself such that the

ti me-i ncoherence i s compbfiaanongst al

frequency-di verse positioning signals. In this

enbodi nent of the invention, the roving position

recei ver receives the independently chronol ogically

synchroni zed frequency- di yerser RashiihRRtidigcshinel a8 least one
AImﬁﬁﬂ“%hﬂgPBﬁﬁ?gmﬁ%ét@%%ﬁ%%xﬁgneiﬁﬁgoﬁerenge_as_a i
referdnBS RNt Efurll @esurmhartdimnsTain e EEaath RFEOHDBS pigpagyfecording

5sol ution is cal cul ated 4 - DA AL, fiRBer COEMIMEL: least one
to the:fragbrseiit .ref?rﬁmﬁ%énfsﬁ]étr%r'grhg% gsﬁ#gdr@eﬁbo_di. nent o}?jit he . .
positlofEihit @vicel gzacrr @&s@ithugiclilg{gsiit e dre Fet éwétzeé feareratEe! ©

position is. determned. ef ons HAGE Bre BRI thnsmitter, another
ﬁmﬂﬁB%FW1BﬁmV@WE6?$Vwﬁﬁﬁgn?%%%§§%gld?[ons._fOIn yet .
posiARREREE devies er beil Baboulisitering-ofit deicei YRR iR I{ehPsIionE

recei ved signal.s incI%gS

a

i i (87a] 2 S[sYal = V<] the reference
e oGHET S TREFB P LB Tt ) ot 1 on' 1 beel ver

er. . .
ransBRlL B RES. TIRquUsdoansonm duide seleris a0hBIFMItHaIPApGRsttioning
~ solutions, derived from sai £ 30 HREIQES ositioning signal.
sgm%aﬁﬁaﬁ@ﬁpﬂﬁﬂ?%ﬁﬁmgé%ﬁf?%@8%3§§%§388a|., In_;ﬁotheq )
At thE ©Fo8 thefosrivhingiunie ttvicofeomprzes thy ERRITe8IGpHROSIORIBE \Z‘éﬁa to tth ¢
signals I nclude a carriek. &uU¥PesantanaidiohSifkeses hetween e
receiyeql WG RYB0ST Pt HE ecei ver det ermi nes Carri e onsmission
referSihcB g_lnﬁbe@ahmttsemo"ﬁl';etriogaihcl;:isféﬂ"ﬂ"ﬁicdﬂ(gﬂge ﬂjé‘isfsgfif’ 3 g;ndl s£ ;']:ll 0 omission
carrier _conponen e €A CHRe IRGRavad dslg the trarsppis
of ﬂi{ﬁef‘mg‘ﬁo?‘i’f’g{gﬁﬁ% esf%]fal\rl\%éccf embodi ment of the. | nvent iR pecomes
diffe&ﬁ@e B@ﬁ@h\ﬂ@ge&ieg@akmmlﬁ@ R B%SﬁB’ﬁ‘%ﬁ and i
herei.n sai.d royi.n 1Sk ok @ Nhok@i6i@hyY SiEnatie t/ar tisngsged at wving
dm%@ﬂ@?@yﬁ%FﬁTmB%%f?%gﬁgsglJtﬁgns derived fromsaid Goulor
posifii RASRRPanestvawht Hirnokephly SOETORE SPGHAF .
anot her preferred e Rler@ice thbgtidnihge Bilbisequentiyhéhe roving
bothy B¢ WHFVp PO ETEI ¢ cgpgg;'s ézlcuL ted position ¢ prental
posifglify Fciies @aidicakite] Baghn ARENPE o R THRREN 't Cort's
©  tinmebase by cal culating position-velocity-tinme (PVT)
corrg@Plt i ons. 25 In yet another preferred enbodi ment of
the invention, the roving position receiver's
cal cul ated position determ Sabds BhfichBAS fen@f@and transmit a
In a reféresd eodiment of Y 'Sh %g re%efeﬁ% g%rés_e by .C algé: ul &L 1A Guing-unit device
pluraf@ b re@ienidbgbepogitining sipels et YR P LB T o nT

is also configured to gencrate and transmit a plurality of frequency-diverse positioning signals. Furthermore,
& ,

- each positioning-unit device is configured to receive the plurality of frequ ‘
m other positioning—unit devices including itself or from both. At this

ency-diverse positioning signals

from the reference transmitter or fro

stage, each positioning-unit device is configured to independently chronologically synchronize each

. e - .
fr iey-diverse positioning signal from the reference transmitter or from other positioning-unit devices ¢
equency-
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30l n anot her preferred enbodi ment of the invention,
the received signals include a carrier conponent
conprising an initially anbi guous nunber of carrier
cycl es conponent and a fractional cycle conponent In
yet another preferred enbodi nent of the invention,
wherein the roving position7receiver's cal cul ated
position is determ ned by: 35a)resolving the

filoi ibbth 8l al ryspeativb irguosdireperbeitionyfe stea fipre jtself yysh gt the time-incoherence is

M%&@& aﬁ Qqurﬁaﬂfi uepoﬁtufnﬁ§ GibndR On thidte@B@ImeR Yrtheinvention, the roving

t b 'l l €rse sitionin,
PEOD GG R Ry R PfF AP eaft e possoning

sigahemd intsreptsheaenae tngrirephgiench h‘a?sféce‘fﬁgélﬁﬁ‘d‘f"é Hgete &) ) accurate posiion
sél@boeis Bldaiadgin@pbiaiing the Sbdgt dbcpldasnt posi tion sol utions
fromthe precise carrier phase pseudorange W thin

40each received si that .the ?%r Icﬁgugted position is

I"s F“r‘f@?rep"’ﬁ"(ﬁ'ieﬁ eoisder %Bﬁ ° &y F’Uf”l of % mv’"zfnp B detennine
dytkrininel y cénlive simpteepdinf noitiogivélgcity-tipt PYT) seigie®sect i on. I n an
alternative enbodi nrent of the invention, the

r efer %Q Hmren trreaa em%gcll ?&Schen’iﬁv){antkog,%eu]g&wgit Jﬁzﬁs include a pseudorandom code

S5 “Uni L dev ea Augmentation ...
R HNET Prlauie @ssﬁafwwawCﬁg%"r%ﬁw%g{F@?*r P lrig posidon
s@@ioM|dbrivbEfiom shis pungiotidbe sqde ampenay wilileeh refeivideigngl t hat

incorporate timng information. This allows the
PSR S E Bl GG Al 0 Ao s
whirtiln enist rotikeepopitmctechipr dﬁwgﬁwercwﬁ@w. PETHON prbigns diprived from said
S bduipBRhtR@nikl el redRMIs@RA, W thout requiring atomc

time standards or GNSS tinebases, and mﬁthout

requiring differential correctjon. a Sec S
Ipyet prigiber RGERt sbRdimenh e the ireentigp. ot Hedn“gﬁ% oﬁ id% Effhent ana
whySH e rdiigphsiten abdiesdegmrisy fatpingloopitipoyitiop @é’é‘?"@ é?“"iddT om said data
CQ§£§£ﬂhﬂﬁe&£§m§wmh sition, said positioning system

conprising: a) at least one reference transmtter,

each of said at |east one reference transmtter
lic ewvfhegprrlered tapbespret eft Ge dvventiens AifsTiriee ptiey Effe’s caloulated position
dRQ&intd 92N Gash biig ReRbrEcALAaNitHR Gmttaset by ealtularieas@ngélocdaiine (PVT)
s(ﬁmmleast one reference transmtter; b) at |east one

p03|t|on|ng unit device, each of sald at | east one

positioning-unit device conprising: i) means for

I @€ @iothengefard chbidigriprof the ivyersig i raviter nasiiprireetiesgs pajoulated position
d&é&gsgf 513 H 16hst¥hne FeRRSle tARRiEES BR{ERER dib iy latibeingBpoint positioning
sal | east one positioning-unit device or both

sUuiopf- at | east one reference transmtter and said at

| east one positioning-unit device; ii) means for
Y %to%nb:@fht% e@ﬂb&ﬁflﬁf &nﬂi@ ifvuibi, Iﬂ&nte&greds kgl linclude a carrier component
RroRATAL LNy Sl RELURE Bl fos BhndofiftSht (MoK LEAE B Sren.

& NG Sal d pos ‘Ng-unit device: iii5

means for generating and transnmitting a unique

IIDQ@ lakdeHRNprbrElred Ie@ﬁkﬁ]mentl of Yherim@mn, fvdrerein deapwngrgsitan deceiver’s calculated

angggg&hggwsald uni que p03|t|on|ng S|gnal v) means
PYor conparln sai d _received .and i { pr et

3 1 onFRUBAS ST S QI S PGP RO Fleivd s
cgdeapmonan); t 0 deduce a transm ssion dlfference VII)
?Ean§dwﬁg$@m%haMﬁM§}Mm@dmﬂﬁ&mngmaaudagemakabmqnmandgmamea
ransm s f said unique positioning signa

KSR ?%m‘g #%ai d deduced transnission_ differe epce
cf r onﬁ@tﬂepmé gerier sield-PRIt Pesition sqltipRs oM s PISHE CATB i goeudorange within
ofich goéed Bf@Pagat i on delay fromstep (ii); such that
said uni que positioning signal is chronol ogically
synchroni zed to said reference positioning signals;
c) neans for said roving position receiver to receive
either: 1) said chronol ogically synchronized uni que
positioning signals; or ii) both said reference
positioning signals and said chronologically
synchroni zed uni que positioning signals; and

[x]




8a In a third aspect of the invention, there is
provided a nmethod for determ ning the position of a
roving position receiver in a positioning system
conprising at |east one reference transmtter, and at
| east one positioning-unit device, said nethod
conprising the steps of: a) each of said at |east one
reference transmtter geﬁerating and transmtting

ref erence positioning signals accor 6,9 LD difforential
such the thredasesingle-paiat B JUEEE BHE F Eél?dg‘ﬁ[g‘gﬁthr ansmtter,

comrectdler ei n each of said at | east one ref erence
transmtters is at a known | ocation; b) each of said

at | east one jtioni
In an ajfepEE ﬁrflt@{hfnﬁpé fgtge[ Bveg?oon tpegeil'lrené%‘] téaqs?ne efe§ r%'éxyn g;ﬁd!% gtﬁir$bsﬂﬁnu€r%g[ﬂlt
devicesS IWgiakhiea jAuymegen@r ﬁisFCWgsaﬁprs tqngﬁé ﬁtfl\?qa tIloﬁg atse a_m3 ystem Sat ©5,
Pseudoﬁ%sdrgx{ygﬂérﬁgqc%l 184 @borpondnain@ip Inf@m@dtioh. uni que posi ti on| n g
signal is aligned with a frequency steerable clock;
iii) receiving and inter n d u
This alpgszlp iIreYRE ﬂi’@‘t@g g‘nﬁ;&lrlel' t(? ﬁ)‘é}gthr Igdﬁ C Flgda%g Euégle point position
detenniddt'f)rfs etvEd@ethd ededeon p@apw cpraeefny éerwm PPSétagff*o g evices, without

requiri SHEE SREENRRS bl 1@ ibGhesth, G ithdut thquBinghianthl ey ed
ani que positioning signal (iii); v) adjusting the
frequency of s S8R 8y 8P GKich ¥naBlls a roving
Ina%‘Wﬂ&ﬁ?dd%PFV%ﬁg#?b&$§gﬂggﬁ%35&}e1 ffgauencfc et
positichli EdeBERRCRLe(rhiMY iARUNTOFEEY s@@;pzt;&@ﬁ FELSOR GorRgisipe: @) at leas
osl 1 L ik Qorigured to generate
mw‘#?ﬁ%&%ﬁ@@ﬁﬁ%§F$}%%?%éggﬁgﬁggkﬁ?opa ation d(elng
and rBEh RSB baitahidzerstls anedngtethe fuebass ffaifat IF@ ongfeference
sai d posi ti oni ng-uni t oMo oF SIBaS YakiNGhe BokilidHeng-unit
“wsnﬂq’f@r%ﬁ%‘a@t %t‘ﬁégﬁn dar’ ?}ﬂ‘lévg%. Ved Teference °% ot
deviceP@SiptisiOg iiNGedi @naﬂew@w)g alddn@a)r@tfn% eg@ﬁlsvfé@dlﬂaﬁtff“ggéeﬁh“ﬂ saic &
positilonln frsedelicO& to d at least one
least OF‘? By Wﬁfg%sai’d raélea% rt%lcl:e)}J Ogliuelel?gab e ol ock for a

refereR@tiafghifdr 4ndl BEd diemasxeade posirpninaiugit devige: §p feap é’?fc@termmmg a
) measured in ste

referenge RTINS SHENEPE %aﬂo?)delwt@c%h diRHQPROR: rG8ede krddgmitter and

consequent |y adj ustlng sai.d.
said PRl SHIR-R@SHdvicen m’J gn@ng fial gengatisl andh é}tﬁﬂ%]faﬁlag @it el positioning
posi tionjn GGl Lasionnehianl zegednd for
Slgﬂalsa’) dneaR¥ @rg‘i‘f@e’ %]dt I%teﬁjﬁiggg%lgna&s b S)1 salgd gﬁlow ng .
comp@RSishill Rteiveriivieerpraaiianii droet fdvdp)and yaid ypigne positionng sign
chr gnol og i,cal l chr U S8 RYSdohtirdBisROadjusting said
from gpRyHE) ¢, 6‘1‘“6 i %a%%‘%sﬂong rﬁ%f efr?jenceS pOS| ti oni 38 taced
generStodl Nl Srafdilssfoai of et o:mqneogqsmamhg/ sigyah RFBHNS &Y ) At deduee
posi ti onin naI Béﬁlﬁl hiedrd gnmﬁad@z
transr@wlpnpj%@‘?r?chﬁo (fl)[ aﬁ:@ S?’ggﬁt?'%e nt of @é%ﬁf Zdr e}ﬁ i g ”
from G0 (IBCEucR Bt saidhnikje aosftmnnng higa pedronglogticRly Wﬁ%ﬁqe ff, sa
there is provjded a SHSH £V ERcBRaheRS) said
I‘Efefeacerll?\?mﬁ‘ﬁ“%%@}al St ShMFRe & \?%!ri 9([%1%33% ermne its own
chmnllal%glbiny%nchs@md RORjut pesiiange sienrlenrdd gﬁﬂ?} @Idnfﬁf:eaﬁe pgpitioning
east one referenc S/ - Aardt subsequently
signajs eand tsaigngrorg §P§ﬁ%§yr{cr1§1ﬁ§% ngre cont i Sgrsé‘% to
calculRNR b Bosititdl vithanshe tequirfientof diéfersorigl (irsAIMg signal s
according to the tinebase of said at |east one
reference transmtter; b) at |east one
posi tioni ng-unit device, each of said at |east one
positioning-unit device conprising: i) means for
receiving and interpreting said at |east one
reference positioning signal; ii) neans for
generating and transmtting said uni que positioning
signal, wherein said unique positioning signal is

aligned with a frequency steerable clock; iii) neans
for receiving and interpreting said unique
positioning signal; iv) nmeans for neasuring a

- frequency difference between said received at |east
one reference positioning signal (i) and said
recei ved uni que positioning signal (iii); v) nmeans



9 FIG 8 is a graphical representation of another
enbodi nent of Tinme-Lock according to the present
i nvention, incorporating ®wo autononous networks of
Positioning-Unit Devices, and a roving position
recei-ver situated at the,boundar% of the two
h1aﬁﬁdﬂ@&%ﬁmehﬁmbmnmﬂaeysBuﬁﬂ@immp ol fon fetermiyecibs position of a
subsequently transnts g&ﬁﬁmgﬁg‘g@ffg&hhggﬁﬁ&omm
’D“n¥ﬂ§“P66$ﬁ§“ %??“8Wn$é@%?V§%P”F|G_ 'S a block
at mgiloagmmoﬁ»rhg-a@smvlce,mamgndﬂmdtcomwr@éhewéqpawéuabeach of said at least
according.to the Qi SMERYEW abeording to
mwrﬁ%gm@ﬁ%ﬁ%ﬁ&”@ﬁpﬁmgg f@mmﬁﬁﬁﬁﬂ%ﬁgﬂgz%zgd transcelvoérg
the tibHasIbrisSd Elqgalsttdn@ Rfetemt tlandmmwher@@aﬁaﬁb?f saif gt leest o eitence
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pomu&p%MRgﬂﬁp§@Lkﬁ&nm€ﬂﬁkﬁﬁﬁdC&hﬂ&ﬂﬁi|OMB the roving
position receiver to cal culate both code and
carrler-based singl e point position determ nations,
wi t hout the need for physical connections between
Positioning-Unit Devices, without requiring atomc
time standards or GNSS tini ebases, and w t hout
requiring differential correction. 30 SYSTEM AND
METHOD FIG 1 shows one configuration for a
Posi tioning Systemthat generates precise position
determ nations using 35 code and carrier-based single
poi nt position calculations. A plurality of
Posi tioning-Unit Devices 101-1 & 101-2 are positioned
at known | ocations with respect to a reference - -
co-ordinate system and respectively receive at | east
one reference positioning signal 102 broadcast by at
| east one reference transmtter 103, which is al so
positioned at a known |ocation with respect to a
reference co-ordinate system In response to the
recei ved reference positioning signal 102 the
Posi tioning-Unit Devices 101-1 & 101-2 transnmt one
or
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whi ch are chronol ogically synchronized to the
reference 10 transmitter 4B3. A roving position
receiver 105, situated within the network of devices .
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fRREhAahab iiee diffenpe baagatshidmedel o raffetnay peskiveing sigead i) and said
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el ectronmagneti ¢ waves travel ! OXJ- MRt e ] :
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Ry uGigua p@itiofidg tsik@alt is mércpbloficalyhtyndirdnized te gaigneference positioning
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e BLEHIoa T SR LS PRe PG CaPGy bt onclogcaly
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ener at e osj ti.oni ng_si [ .] r [MoJoll .
SrrBReAD rerorng e g Rnped il ALRRRhERY caciat it ovn
SReoh Withalt kg reqhirerent o20ffdrotikl dogedioft eved when a
Positioning-Unit Devices' internally generated
positioning signal has frequency coherence with an
i ncom ng reference positioning signal, and
chronol ogi cal coherence with the reference
transmtter tinmebase. A reference positioning signa
is transmtted via a radio frequency O(F) carrier
froma reference transmtter. 25 The reference
positioning signal can be generated fromany valid
time source, which may include Positioning-Unit
Devi ces, Wde Area Augnentation System (WAAS)
satellites, dobal Navigation Satellite System (G\SS)
satellites, Pseudolites, or any conbination of valid
sources. Referring nowto FIG 2, a Positioni-ng-Unit
Devi ce 201 | ocated at a known di stance from a
reference transmtter 202 receives a reference
positioning signal 203 transmtted by the reference
transmtter 202. The reference positioning 30 signha
203 has a carrier conmponent, a uni que pseudo-random
code conponent, and a data conponent The
Posi ti oning-Unit Device 201 incorporates a position
recei ver 204 and a co-located transmtter 205. The
position receiver 204 is capable of receiving
positioning signals fromall reference positioning
signals in view 203, and al so positioning signals
“fromits co-located transmtter 205. In response to
the received reference positioning signal 203, the
Positioning-Unit Device 201 transmts a so-called



(a) Conmparing the integrated carrier phase (1CP)
nmeasurenents determ ned fromthe carrier 5conponents
of the reference positiofitng signal 203 and the sl ave
positioning signal 206 to determne a carrier
frequency difference. (b) Denodul ating and conpari ng
t he navi gation data conponents fromthe reference
BB bt scrmiTiaN o tHE DI2OBNand t he sl ave positioning
signal 206 to determ ne a coarse transnission time

di fference. mpar i ng
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signal 206 to determne a carrier phase dlfference

15 For precise tine s nchronlzaé#erm;[(a 08 %%Oge%m“mnmwmmm

FIG Gf 1 §-ephiFah PresPRiiat of ot e ot ™" ence
in@O3rafirig A SlkS dertnhetragingralirapreipalg a Pirality d8psiignitgd Perit- he
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207 to the P03|t|on|ng Unit Device position receiver

nna, 208 .can Ion e! Mm o the present invention,
FI? I} isa %‘efphlf Qre rﬁant% ?f al%glfr%glg(ydﬁlg Lteog TIIIIQ L&k to the p t ti

or mu
m@tpsl‘lata‘ﬁ e elﬂrslpmf &fwcq Haggptters 'Tlnf’élcaﬁ% ‘°ta S‘Bﬁ? ‘?ﬁ’@‘“‘t‘)&% P‘“ Vike

201 |ncorporates a steered transmtter clock 210,
FIgH [’i)igal Qﬁes@rgin%(tfgg)tﬂeﬁmg&ﬁ%ﬁﬁ EdheDyck bddding to the present invention,

n|ng Uni't Device e corre

g oW Eh PSS SEFBCR 210 LG oraie, B fline © o
Potitk@inROsit tDegitsis.n FhdrfotitioDosiaie TEPEys 2ptseqiengm ‘ta’l*fé‘“t fhﬁ‘b own  unique
cﬂthJgﬁE!@%%ﬁL%ﬁﬁonh@ Slgdal® foel e Qosposictcivainagd Bia mltc—occluded

and the slave positioning signal 206 which is
“W%ﬁ@?ﬁed by the Positioning-Unit Device receiver 204,
and offset 25by the reference positioning signa
FI&i7®s @;iphlﬁah feffibnt200of adoihies:mbedirmgof Time-Ladk asrerdiprys bt provsptyyention,

'”Ct‘"i‘]’%%é £ %nglohx{ig inglgé’vgy RkRAl. %ﬁsm%ﬁémaﬁ@ﬁhg @bt BdSitioning-Unit

erence transm owﬂmnueﬂm>ﬁo

'D%F“dﬂ*?@?@ﬁ@ﬂﬁﬁmFﬂ@S?@F@FW%E“?%&%Eence PosIt %%?ﬁ%dmmmm

poSitiogin@ignA06 a vavingpdsivien redeigre posi ti oni ng si gnal 206
elimnates the Positioning-Unit Device position
receiver clock term thereby allow ng the
Positioning- 30 Unit Device 201 to follow the
reference transmtter 202 tinebase w thout any cl ock
bi as caused by the | ocal Positioning-Unit Device
oscillator 212. Furthernore, differencing between two
channel s of the sane position receiver 204 elimnates
any receiver line bias or group delay caused by the
position receiver electronics. Control States-of a
Positioning-Unit Device 35In the preferred
enbodi nent, Positioning-Unit Devices Tinme-Lock to
reference transmtters using the
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follow ng control states: State 0: Reset Reset all

hardware 12 State 1: Acquire Reference The

Positioning-Unit Device CPU 211 initiates a search

for a reference positioning signal 203 by the

Positioning-Unit Device position receiver 204. State

2: Lock to Reference The *Posi tioni ng-Unit Device

position receiver 204 acquires a reference

positioning signal 203 and reference transmtter 202

1303 it 4 spaphigahprestadion « ad®erpdbddadcadf Timohack tgordigpsd Bapresem invention,

Iﬁtﬁipaﬁﬁi@ m@mﬁm&w@ ){et\]i/en@ oPﬂ)§1h$ﬂm@ﬂJnﬁ Be\kéﬂé End 1?(%! b&ﬁonqg:lcjiver situated
Si

a&e boun Blhé va% F# nl Ze - g 8r}mg%6lp e\gcei su nsgqugntly trantsnuts inter-

vice eB
fﬁWP’éﬁ%ﬁ‘Pﬂs\ﬁﬁ‘f‘ﬁo‘twoﬁtl@?’éﬁgﬂfee posi tioni ng signal
navi gation data conponent An internal clock generator

E‘I@ 9%@%[3)014 Jygltatlu %F {%gtu}ﬂ%g—bmﬁ)e@%a?d%lre agl:‘(r]l‘d§ f’atth% pl%se%gwenémn

Initialize Slave The Positioning-Unit vi ce

determ nes an appropriate and uni que PRN code

sequence for this particular Positioning-Unit Device
AGkvewd assigns this PRN code sequence to the
Positioning-Unit Device transmtter 205. The current
frequency offset for the reference positioning signal
Altegitiquinglait Peyise i @ srevjdlizes (ramsesiipi PRIFH ihkpsitigapd at pnpe lecation and receives
ape®i 4ok ﬁfﬂmﬂcea)fbﬂi)oninﬁ sighhlsfras Sdag Redref@nct Ir@smitter. Preferably, the reference

tfa@ﬁiusrl @ab@a ?umoﬁmg%wmws Lredewﬁsais E:fte@ﬁ’es m b #&Igests Ehg :;«éé%?eﬁ Qoference

Posi nLn
p?s}/“""“%ﬁ figuali ‘% % 9?%‘8'9%%;‘1“ Py ﬁ? ﬁ‘@["’lﬂl’?ﬁ‘f““bém%@”f“r &h W‘?ye penerated
Po@ninesiceal fortsauiremenyrarshiiter timsbasqrnd waeinrite itednigud degfiopiagrasnaldo all other
phshion foteersl BN, The mioiRu ©fuén@Ra6r dROSrinktion B aﬁgut&i'o@a@ hocation network

ls%plgas JID sosgt:) E{J g&k{@ cyp)hglo % s?n%hrgo zgd %%g‘e re crence 1&? % roving

t he termn guen ree rec
PEHighirestves iy viey of bpalf e Wﬂﬁl@edwﬁs P g wﬁ@g‘mu? e*ﬁwork is capable of
detegiging @rondbds cofih edregd@isige pah andidh sdihgionswithduathe Aed fo? ifferential

oaue@uhn B e8BBnd LRAME mmfa&fé&tamaams £b$ 6 Ak ARIAMUGARL of atomic
has value the Positi

ni.n
o SR 21 B D DT Ot B Fiog R RIS Gl o be wed
asgreferamcgnshasd fortierspirsipggtimiver#@® by t he Positi oni ng- Unit
Devi ce position receiver 204. The ‘Positi oni ng- Uni t

TIRS Y Gl ey, ;@oﬁg@&g gg.@n% %?%{Tlé\% '35042\%81 hor.c éﬁmxﬁfm distributing

oslitionin
ch?onologlcaliy synchreni positioning signals to a roving posmon recelver This allows the roving

position receiver to calculate both code and carrier-based single: point position determinations, without the
need for physical connections between Positioning-Unit Devices, without requiring atomic time standards or

GNSS timebases, and without requiring differential correction.

SYSTEM AND METHOD

FiG. 1 shows one configuration for a Positioning System that generates precise position determinations using
code and carrier-based single point position calculations. A plurality of Positioning-Unit Devices 101-1 &
101-2 are positioned at known. locations with respect to a referenee co-ordinate system and respectively
receive at least one reference positioning signal 102 broadeast by at least one¢ reference transmitier 103,
which is also positioned at a known location with respect to a reference co-ordinate system. In response to
the received reference positioning signal 102 the Positioning-Unit Devices 101-1 & 101-2 transmit one or
more unique positioning signals 104-1 & 104-2, which are chronologically synchronized to the reference
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The Positioning-Unit Device position receiver 204
initiates a search for the slave positioning signha

206. State 6: Lock to Slave The

Posi tioning-Unit Device position receiver 204

acquires the slave positioning signal 206 and a

coarse 35slave tine is denDHﬁIated fromits

BB o SR BB TRRNE B i LD EPEL B sz
roptiees @fe(evmﬂﬂﬂfeww@ﬂ%if@n the Feferenes “F‘é‘?‘@?ré%‘@d unique positioning srgnals
1(aIS& t0aNidthSPogiidiing- 208 Dands Bi1ave 10QSint m@ddbigslS taliiBkSboth code
arR0GriB Gsed g}ﬁgﬁeﬁ%lnt Bl £RMABHI: R o dofoGk &P asoqolbsfmﬁ,[;ﬁmmzed
Posi tioni ng Devi ce position 40receiver [
PYIPYREHled val ue represents the frequency and phase

di fference between the reference 13 positioning
ThdegRAl 203 and the slave positioning signal 206. A

T%%T})ckgd Posn?o% Wlmf Bewcet h% lgzsel t(tz I Onl n chlgoglolgolcaﬁt}{negase CEIC can be of
cont i nu usly appliies cor r ect I ons

arpigaY VARSI v IR g Thopelist a8y Spls sl ineRegsive ClogssRurgeq gych as a
criystl ovgillandr,adilisuflicezs® e refetSRtedtioflf i@ b @RGace hakmiee Nin tha @referred embodiment a

teﬁséﬂr@men&%alcwmsa@élm) #QBucPRAust ] SRR g-Unit Device first |

ac l?lr%!‘;(ﬁtl re rrcla!mg ?%’F g?rlp Vs&ovngt ﬁ'ﬁ%lgl‘ :gxg g‘iﬁvgﬁal nllrcgg% Ex%ee—oq“l%hggt yffset from the

knggis fot dréiened the irdfmeate Hapsafigeamd fhe dfiofvg eq-ondipsites) f thegPgsitioning-Unit Device.
TH&El&;‘B-ldf fight biysertdxes MO Sorsi@MioN Gre H’ébzfgatlae Hxh&&lap Q@brtehdatﬂ by the reference

po \égﬁal %Qﬁwagé}ig&?&n fth%q'etg'!ﬁrcg E%‘lsl}{lttél' Qo Ihp ?osmonmcg—Unit De&i(j-e In free

OSI I oni n vice steered transmtter

SPRcE ElpuRAgnele Ve AT dw%%% (3B8y P B piljrespmpgspppds. Next, the
PofiEB)-Unil evie tappiesetc it glipht didet tCinOgkmaBy Gengriteiyloyitioning signal and

m&%&oﬁﬂéesignﬂ qdl ltin% Wmﬂé fre?@énceog s&ho;?l@ig 's@ﬁh@ rﬁuQ gnngmg the internally

geieﬁaﬁer% émesllij}l‘é:nﬁm ngacl) ‘]:él:t(oo ﬂxfﬁcgog l%[]%mnant Fvneth tllﬁ, rreg: Senc%Ta ﬁ‘;lmrs]ntut%ér rgpecgically, Time-

L%@a@hwm ige wRestioneing ddeyises| intemlbrge@m@d pasitipnang signalbss frequency
coR@HWEE ap AsbkihsOBfele@E Phsitioning dhalpind chrbmRgEA Eoh@Ence?Pfh. the reference
mﬁgf%;m§$m_eference/SIave Code- Lock Once State 7

Ref erence/ Sl ave Frequency Lock is achieved the tine

di fference between the reference 15 positioning
A giegpn@lposRDBngoiptlal ishensaitiad/ ga pesib frequencn@ Fsdagfirdion 3 @Gerei@diransmitter.

ThD Qe Bl E)@tti@xllﬂé @@S%ng g@iﬂ:gat NYoud lmg‘evam fide gdul'cgn \ﬁ@(ghe[qay include

Ref erg / S
L AN A L L e —
Syjtem éﬁh@ﬁbwethm Peeadplifess iot eny spmpbinptionoé! validpeureesy Rofeiring nqvhie FIG. 2, a
PofihRp-GmeC eeuiua ctos lovatsa da@sdn&hoﬂiktﬂ@e ﬁing AatGencd ir@siiiN 200 eReives a

ref%%r%c(g B({H%t x&ng q 2&* Il?ift! Itgeh;efex\'{aal Qtegr iﬁgl ‘lfun (iIerence posmomng

asur ence- sl ave £ e
sigpd 2?3e*ﬁb¥/@”teh‘é'mé‘¥“ﬁ"éé‘t“m6‘fe Reprdo-fepdom cpds CRmRSRegingy 2 d‘“a ""ml"me"t The
PogiticDpaysit DoMve dell ByorpoaRrsa bt 2dceivt at4etld b icorBeathil frbn@mBECEDS. The

poéltﬁm ?egez\tehﬁ@ is %Qhé S go%g%os?tlogiﬁé(siﬁxgg ﬁcﬁﬁﬁl 'ré-{)&]ent %Jul%ﬁin%(mgnals n view

Posj tioning-Unit Devjce steer transmtter
205 5 SRR LR P GG D BPOBT: fall Tt dgteronce

poditopigg) sigreh 203, igdlesitingingSl/ait Bemict ROK ®psmitg p co-@lbyd Iskpverpgsitiming signal 206

froﬁdig Iuhisiﬁﬁéﬂzus‘ Evﬁgﬂi@ Fb@%vg@?}f ﬁ@t’osfu@fmtgtlﬁnti)teﬁ&rpssdlon recelver 204. The slave
or a

"“S‘“"“"‘% dg"“zrﬁ“s “ad a"“i‘“ Snal™ ¥t &q highe S"‘%? f‘“’“‘ﬂ’ 15 SRR 2 date
W‘@?"W@ ThroRasitiprangUinl I@wwltl@oecew 291 eppiven and; sippeltappquply sqmples the
refB@EORFEtontng KEnal20N Rdneiné refitehds vhil3RittrabEmethe Qavk posiiais i@l 206 from
the%Q%théd 'Eakﬁgrﬁt%r 2@1 (}\etr&mls%m;[ lgHhE d%eﬁ}{\éelzsc‘thgno‘!m{ﬂﬁgde@mteg?me received
control loop I1s re-engaged. 25Alternatively,
Code- Lock can be achi eved by stewi ng the
Positioning-Unit Device transmtter 205 PEN code
generator the requisite anount of code phase (chips)
whi | st mai nt ai ni ng Frequency Lock.
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Code- Lock is based on PRN code accuracy, which is

i nherently noisy. In the preferred enbodi nent
stationary Positioning-Unit Devices filter PEN code
noise to a sub carrier cycle level. 30 State 9:

Ref erence/ Sl ave Phase Lock ce State 7
Reference/SIave Frequency Lock and State 8

re erence pOQﬂ%{%IIHFS lsig‘lyaF 2090 am? tttﬁ r%celv%r %?av% %Q;monmlg si 296 L[k?%ansrflésbon time

d‘ﬁ@@?"éé‘ "méﬁsthﬁpaﬁﬁeﬁﬁfbamb?d}meahﬁdﬂmwedabyu me- of - f | i ght
phase offset. 35 (1) Correcting a 180 degree phase
I’(QI @dill{pgﬁfl tﬁ@tnﬂegl‘al%d d:ﬁ'HQ‘dHJaQt ﬁgP)f &%éﬂwr?tﬁuet&ﬁﬂced from the carrier
pOS|t|on|n % ? usi n SF ql g " 1 206 1
F>has,‘é’“‘ii"é“t‘:“ks o %‘”"" TR RESRA 1o e gositepag g °
LoopﬁwmmWeﬂﬁngﬁﬂsmﬁﬂwbﬂm@chn|que |nherently
| ) Ob el RitifSan dookBin SBEH0Ratioh Ao ithing tbih Yhe refeftblce positioning signal

t hergh gﬁ%‘ %g\@ p£%%;{§£r§namt def meg (ﬁal's% srgnllslgi tﬁﬂegiﬂ’gleﬁce

mnth a I gul
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t [ rreof dfefref@tncagosifionii@eiznal TienChs slas phsdiopnssinal @i b \deterauime a code
be re&adgchilend-ef erence to a 14 predeterm ned
f dat bits nera ly referred.to a

D @L@r?gll%g}lng %hr sty etotls cax‘ne Ienefﬁlé Vments Ei egﬁme from the car%er components

conpbfie rﬂferw Pesitippiggignpl0d ang) theylape mﬁ@ﬂiﬂe weﬁ 2@ﬁ to determine a carrier

net waiskdiffddhen t he Costas Loop anbiguity is resol ved,

an arbitrary fixed phase difference becones evident

bet ween the position recejver phase reglsters of the
Foppresit BRTY 2 PEvieder of ©f Srepstioniyaiesy 26 L Grodirinpegmpspfier 202 timebase
thessighal @logagatibh deday detivsen tha refereptramesmifef @etna P05 agh tke Rogitignipg-Unit Device

poﬁﬁdﬁir%dé@& Mnt&hkﬁﬁ@m@it bd J@&)lulﬁzlzcﬂ‘éle RO Rrlodvk &G&ég@aﬁﬁsaﬁlﬁ lin BA&s 209 from
a 0 el ow.

thed)ferencle ;flranﬁmd.l an enna ?07 lh E?sm‘gﬁlé% m% §r ce) e[{osmog\ receweg' ar)tenna 2{}1'1 can be
cofveripd ¢ DAl ﬂesrefrfbght ‘?Yr?’@-f@’ﬁmlﬁ | timg1ef-tlight 3 disansf/specd of ljgkt. The Positioning-
UnfaIRSied 1201 Gid@pdrdes tali@erédefabinfifte Sloqi @38, thioiNéah ge SliugiBiBin frequency by the
PoRfi AR b%e @@d; M. ﬁx%tcﬁﬁﬁnm e &e%&f?&aﬁmr LERRAM bdihined by the

antenna Posi t 1 oni ng- Uni t Devi ce

Posifipnipgryat Eﬂgc Cﬁ%ﬂ Gem hetips Glrongy ‘setwaﬁé*@ rofRICeFRTRRiaR sigiRF03 and
ther s eposifiode tigah@iwitiers wasvared hyghdsiidinptringvidnieteivBeapi,grd offset

by Q@nre!&%n& %Qﬁtﬁﬁﬁgn&‘cﬁﬂ tﬁﬁ-o@ﬂ;@]&i rf’hﬁ Thid fbn!y&] QJe %la&q{oglﬂlcﬁﬁlg signal 206 into
Chm%?oglcgl }(ﬂ zat?)%l ﬁ%ﬁge TE an?ter g&%inehp eUS a fractional

QB SOnE FACT ona conponent) 214. The
time-of-flight phase offset is the fractional cycle
Tha ottt of dilféreDETY teedvell Fofftntc1RsifoRMYAZ@IE0RRIN thCBdve positioning signal
208 LBHARC R, PRINTR %%wxeg,fosﬁq% 0 LA Ay AIER R posioning:

ti1oni ng-Uni
Unit evige oty &tlow BRfsratsrapmiste; 202 E‘B‘ibl”‘sé &flﬂeer "PYrFI"FIh‘éaSSf‘“é‘Edé’y g local
PofRphg-TncRvEst @vibatditcFukirgior, difiteging Bivatowadamel ffalg same position
mabe Y64 clihilfes by BGtivd R binC QIRADERY catsbfoy MRWRNRH recever diddbnics.
fine to be corrected in the State 8 Reference/ Sl ave
Code- Lock state, and nmust therefore be corrected as a
Coptael Stages ofplfasitonimeiUnis Pevioat . The Frequency Tracki ng
In %ésﬂréﬁﬁe& i indes, ﬁﬁﬂﬁﬂl@dﬁlﬁ Nskvidd eriosocit loollafe{é&e \dRhstnitters using the
ol &Smﬁ GSered transmitter clock 210 is tine dewed
reqU|S|te fractional -cycle amunt (fromits
currently 20 neasured arbitrary phase val ue
Stact@t et ned in step (I) above) to a newy determ ned
Redel iBa@ad | | ght phase val ue. The Ti me- Lock-Loop (TLL)
I's then re-engaged. The Positioning-Unit Device
carrier phase sl ave positioning signal 206 enmanating
fromthe Positioning-Unit Device antenna 208 is now
chronol ogi cal ly synchroni zed with the reference
transm tter 202 cani er phase positioning signa
emanating fromthe reference transmtter antenna 207.
- 25State 10: Reference/ Slave Al Lock Once all of the
above states have been achieved, the CPU 211 decl ares
Ti me- Lock and the Positioning-Unit Device 201 begins
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In the preferred enbodi nent each Positioning-Unit
Device transmts a uni que positioning signal, which
consists of a carrier conmponent, a pseudorandom code
conmponent, and a navigation data conponent The 35
carrier conponent is a sinusoidal radio frequency
wave preferably transmtteddn the 2AGH | SM band,

t hough the nethod of the present invention is equally
S35 1 4EABREEPE® ot her frequency bands. The pseudor andom
TheuPdsigening PRINPeGed& Ucipiovatn ta spaschnfgrduictereaed pogiioning pignal 203 by the
PERLFhLInitCRIRERDE receddo£oNsi st s of a uni que code

sequence whi ch can be distingui shed anbngst ot her

pseudor andom code sequences transmtted by other
devices on the sane carrier frequency. This techni que
is known as Code Division Miultiple Access 40(CDWA),

SERE: oS Welelmknown in the art. The navigation data

PR U PRt aTs chA ER 8 AT PRt G end efrnes
trnemitien AQ2cpagition and tifmg iy Heméulet?dém‘fﬂé pavigais W?I@?ﬂeﬁ by the Positioning-Unit
Divitk gpad1i on to Positioning-Unit Devices and roving
position receivers. Navigation information may
i ncl ude network tinme, Positioning-Unit Device
Sipt VP RS $8F aphor i cal "reference clock |ineage”
ThenfosifioniviUoin DededCRIt RHr walie 30 midal fre tegeoe Kime glighmer§ with the reference
po-gﬂn%g Li@aKnalinb ddid EMpbrRRMSAnTihibRE bR G MnerdBiis tha initiated by the CPU 211.
i mpl emented in many different configurations. These
configurations include: 1. A single reference
Stpte 4inlgilize Bave br oadcasting to a single Positioning-Unit
THIPéitioRing-Bait Bevit QP 211rdekmienexppromians Mid un@lic PRN code sequence for this
pagrcﬁﬁ%%%%gmtt Iﬁ:vﬁe ﬂ)ll %daakélény thf fPRB rode Eéq@eﬁéqumypdsﬁlonmg-Unit Device

Devi ces nore reference tra 1 . "
R O (1 G SO (RS et HPY IR PP BTG L (Flaive 1o te
Pdlguriing d it Pevidd opfiligoad 1R} iy algf assigbdtodivdiesifonianbnii Pavise seered transmitter

cl&k Qﬁﬁmﬁé i‘oﬁgantng—lﬂﬂ Be\ie OPOI281. RAS isdried Rl ifiGatikdthd Po@ﬁbﬂlrfge;ﬁit Device
1tter 5(% to E gf UGEBC :)n {s eaPpr%(Sli%%F ¢ agtgtlnez z?‘st qure%élc?sr I ﬂ% rgference positioning

1'eT ence I oa
szan@saoe Toh PR RovPCEPU TH A5G gty GRERiEalEN seauence fo a fce
retefva W hdindl Hrehe mﬂxﬁoda@-ms Belvide podixiod adleias t04a Thefe@ivertbnel is initialized
mﬁlolﬂ; tsén%nfréatgmafl an(i gse{’i]doﬁah(ﬂgll oeodg 91?&5 !raﬂl@lap Yie [UﬁﬁJnm -Unit Device

Devi ce. ows a Positionin ni t

i 5 gt AT RE P Posiig P 155 e ESinng- Ui i

pobiti@uTewivirt204. TRO Posaibrarg-Uinit tDgwitcetienainitizes larrauamishiorcefttheotave positioning
sight@od0si tioni ng-Unit Device 201 recei ves the
reference positioning signal 203 transmtted by the
reference transmtter 202 and the slave positioning
Stai yAeduirgB®et r ansmi tted by the Positioning-Unit Device
THe PARBAhL TrRDed@DositoN rebREION Tmfiatb sbAAR foi BE dvv Afditioning signal 206.
ref erence positioning

State 6; Lock to Slave

" The Positioning-Unit Device position receiver 204 acquires the slave positioning signal 206 and a coarse

slave time is demodulated from its navigation data component.

State 7: Reference/Siave Frequency Lock
The simultaneous integrated carrier phase (ICP) measurements for the reference positioning signal 203 and
slave positioning signals 206 are initialized (zeroed) and differenced by the Positioning-Unit Device position

receiver 204. This differenced value represents the frequency and phase difference between the reference
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20 signal 203 the Positioning-Unit Device 201
determ nes the reference positioning signha
propagati on del ay 209 and applies an appropriate
transmtter clock correction to chronol ogically
synchroni ze the carrier conponent, unique PEN code
conponent and data conpone of its internally

p%gi%% 20§ lﬁ%\lﬁ% § 6%33‘:)%&0&%%5?%%3569 ncant[a gogtwgrlbt S Ciﬁ({mn% Fmt device
CP 115 eopinmeunly epplissapresaion tetheFasttiopipmWiitigpvisd tperad trapeygiter pgk 210 to
mblaisih b @INCP Gifikderict beldRwi (BereBlelRs RiiiMg lsignal 103 AflMetsBvedositioning signal
246NLAUS: &gﬁé Erkqgél{cyr‘&d?' gnal 215, 25which is

chronol ogi cally synchroni zed to the reference

transmtter 202 tinebase. Two positioning signals are
Aloratielif thé eicart! tlorege tresitivhing sianap dsqueticy rpifspvaltel an mieagurgd by the
PésRVil2dInR Qﬁh&l ;;anane&abe{ 864, cAl®VRM Qirectly fo theBsitiBbLURANGKice steered

trag smlger I;?oc‘i(aﬁir o cUeale a sV\éﬁ.‘% “Ig atugnqlr/] arrw%\llr\lhg F)iste%- A &:FS) l‘[%%slgeered transmitter clock

POSI I'oni ng- vice Sig e synchronou
2ARisimRly @oidargs |ﬂt?é‘e‘t"6“°b piEEoEES ﬁﬁPW“@\V’é‘F"“"“&‘ﬁﬂ“’t‘W@?‘ &% “‘t&*‘d‘i‘i“”‘a‘”mg
Fia@end Betk iis anefhods fefuiras the Bsigoning {Unia e\ asillaidil? iodR @bmmon between
p&;l&%cg%rgﬁg@%mwoge for a conventional code-based
solution. A single reference transmtter
br oadcast ing to a plurality of Positioning-Uni t
Stibed: | Reference/Alayy Godd-kock ef erence transmitter can be used
OicO Stall TR erblRd/S8e KrrdgdendFOSdek iisORMBGd bR thne (AR DetWbeR hedreference
-Ur al i S
po{gllllhéeﬂ\llx\}g 81?}3%/ %]09 tg :lsiave gge;{tl?x%gr%%m}l ngc}éxll ge aécub%& mréésg}cﬁ Qt{d any time bias

Vi ] eren mitte
eligfingedy IRFft"‘ﬁ“"’Eﬁla‘P&é’fkt’Ir"ﬁlh IS ARt ‘l’he‘D@S iPpsitiening Ynit Dewiep Séef’red msm‘“er
cldckh OUris Hoed the oxeisi@ Qbeubt & tB0 to Ring & tbfgenteahdslayy g@itioning signals into

PN &3S Miohhdl Tﬁ@%n@&fﬁﬁ}ghﬁbaﬁdé%@@ Bld & olﬁé@&}@ mbAEA @iBnce-slave time

he P t t 301-
RSG5 R RE IR, PSR otod 5 SIS e

th‘tnhephpfé&erc@#c'@nmﬂents metPPﬁetrﬂﬂ@@th Payice gegysd Fragiamitiay c’lwﬁfem The clock
cofr @E@I ¥ Qehick Rl BT RRER: O TirdgheRdyi ng:kﬁg gyain (Bﬁs3, HSAGHplying an additional

ﬁeﬁ’%ﬁggt Jeoni g E{Qéréd Qﬁs\ﬁln%? Bdlng & 3 e£m§ ﬁ%%g;ig% xih%%ddiﬁm;

ective oaatlond
fregyepeh ﬁbﬂ“?%%%fr%t@ﬂff?ﬂaﬁgw! 396 fo sy n E‘H“dmﬁlp‘d?e‘"r"é‘gs tigyg cobpggnt with
thearpfore®p krivavhiger (2020 thgdbdst tGace bk Able Shawaic tamplated Be control loop is re-engaged.

AIRRERAP, |CQ&J:LL‘SQJ Jaﬁ/ beSURGRIH Qlle@nﬁg &%sxﬁﬁﬁﬁkﬁE D&QE@.@E&G&E 205 PRN code
one

e ERT P oW TP GERRPSCeD OSBRI CORGAS "t o ¢ he

carrier conmponent, PRN code conponent, and data
CoRONTRP Mehibed G HRNE cdd@ B@ﬁ@@c Qhith A NSkt Qoisy) O itle | pRAdrrB&) embodiment
sta§1 n%ggosm%rp 3-Un§ %\t}cesp e lt'lil*? coi | n lscqglagub %elr c(::yelS lcve.
equen S unlque positioni'ng signals
305 1 & 305 2 mhlch are 50hrono|og|cally
&&&nEMMGWWQﬁdmﬁ&Ih&E reference transmtter 302

Onled %@@%@fm&}ﬁa\% rFré?I&B& o8¢ &l %ﬁ&% f(e[fe%ﬁémal} &'&éLock are achleved, two
br oadcast t hrough i nt er ped) ar%'ﬁ osi tionin

BT 0 s P BEEILY RO PR P i B » mor i

phase effigmi tters can be used to form a network of
Posi tioning-Unit Devices, without all

PQ? ICE)rre%p QS(HQ ee p? %‘?’nrg?rb t a[']igs deri%slulate omval Piw coeIe Rospﬁnmg sipnal

erence trans, guratio
t i mivyig agpegiabiged P@Sedaé‘cla’dlé d’e\!'l“&‘”}l mtieratayd aﬁogias Loop”. The Costas Loop

POS iteklin@yad iRigrehiyi lﬁco.la&ms&eso de¥iehasa Ambidaing irnd@BicMre\an acquire and track
Pos lp&sktﬂlﬁl‘lg{l%na%x&x a@ﬁy glue li‘lﬁs?’hag aljﬂlg reprehs:ents an approximate

sub sequen Posi ti onl n -Uni't _"Devi ces can use t
i nt Wﬁﬁw@%eﬁ fit&ﬁ @’I{ij,ﬁioftas[%)eq aggtg%{g cztnﬁuéfefolved by reference to a

ref erence positioning signal.
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FIG 4 shows a reference transmtter 401 situated at

a known location, and a first Positioning-Unit Device

15 402 also situated at a known | ocation. The first

Posi tioning-Unit Device 402 receives the positioning

signal 403 transmtted by the reference transmtter

401. In response to the recgjved reference

positioning signal 403 the first Positioning-Unit

DeVI Radtiined QLRLIA DL Gt NS, SthQHh ref&.re@ &aga; b@&bfiemymmd in the
rorrtllt(lga refercet cetratltnsm ?‘ﬁ gsan .

appr SpE AR §*E FEER Yo |y rEEPTER " |’°6?E‘8‘r 6“@1"’6‘%\% ¢ ostas Loop

sync angity & respleedoryratiitesry ohpies elffferency hicerure PRI ksbvgen the position

C O edo@vt phaﬁn'éhlsda&ta' t&oﬁf&ﬁﬂaﬂtocﬂﬁ rdfdreficel 40 GIRVAGodittoning signals. This

geneLg plﬂg%kﬁge{ Qﬁl!lquth§ l\r&gﬁy has% t&] J}%s;&o%ﬁég al and is adjusted in

conpgnen code conponen? dat a conpohent of

t he P%F@W@Wﬁ@pg}ﬁﬁgn1tter p05|t|on|ng signal 403. The

first Positioning-Unit Device 402 subsequently

tr@n @met:tﬁlg @nlU—’af ig P%%ﬁ'sktoﬁ li’Q:gonﬁll-c ime-%pl!ﬁght m&e(bﬁsef i present due

chr O%%e Fy erence %Em%n)n/ln (s-;l r;a pagﬂtlog dga be gne {ef rence%'ansBIttlertantenna 207

transmt I oni ng- )
Devi &¥ ﬂk‘éd’ BS‘%’P‘P&J%’%“&FVI&? aﬂﬁmk' ﬁ%ﬂmﬁ‘lelg&t?ﬁ?l?% %mm&w e e reference
Vi eWrafmitidd endnie fPexitRIGEUNATvigO@ih beirépfesdigd Sia giatleSor 4héle Atter cycles

to Sttﬂ%kge%&ﬁcﬂlé{l‘t")tﬂl? q)lug Qliﬁt%gnapmyéyl:lg tﬂuzg"raéggal component 214 The

subsequ | VeS OSlI tl oni n rom:t

1 r SO Dt 5% S o] g ot e g e
r ec eflistece Iytysint theorfersere Sigmighr 2@8a 2 end the Gepdioning-Unit Device antenna
Posi t030Mmi: R@geklbinponki ¥i3GEood R d flle 81l REGedc VS b&ﬁfﬂock contro] state
pr op%gc%hé &)vg SLeaﬁ(ac 4091371 cg %ﬁgnttﬂf hofw!e\[crs t toF())ot]SnI ¥o| b% rc],(ljrl[e]e c State §
corr %f‘éﬁtf?ﬂbe{ﬁ‘af"bc?ﬁﬁ#mw%@ﬂé gyt §“C'§§'ﬁ il F%’ﬁ‘?“?‘é‘s P faries aP“F“i iustment.
C on”p'ﬁreelmqpencymrmmg PiMbnC QEIS) Gsoemp@mic i, thea PditickargelInit Device steered

Conp%@rmer Q!f)ckl ilﬁ 1§ e El%hlt% (g(ﬁﬂﬁbr @Jcﬁgalg |$ﬂo&ﬁ'(@&n its currently

si gnal er co ode
co %p%ﬁ%"ﬁ% 'gﬁ‘a Pl&‘éet gﬁu&g SfeBEI)filr?ée) #9 art§¥tv1y determmed time-of-flight

Posi ithese ilirg TheTinee-Ipek/h aop (Téélsns theipraienegeed | Ty Bdsitidr@B: Unif Pgvice carrier
secC Ogﬂuﬁlse Hos b&slﬂ'&[ﬁg&%ﬂdﬂlﬂﬁdem%ﬁig(ﬁ@mﬁ‘@ ﬁosﬁﬂdxbrﬁﬁﬂﬁi%ﬁ&e)éntenna 208 is now

tr an&n[gn; giﬁfus;r){lc Sﬂll ihe e erenge t‘?’z?sgfn%m% czmd;er phase positioning signal

i ncor por, carrier conp
conpﬁﬁﬁﬁﬂg e Wﬁﬁ%?qﬂﬁﬁﬁﬁﬁ@ﬁﬁm”Whls uni que
Stpo 8k RéfoarcsrpveAljnek 408 i s chronol ogically

ogcy DELR Iaf,oz@sdmeg Qavt B&n za,mh, ﬂPQ;%tzkpaaame' tockDEY IhE PosthiOeng-Unit

hr onol o i.cally synchroni zed

i C

Dive tzﬁ’zi?gé’f éﬁﬂ%‘fﬁ*&%% P§H% AT Y RSAOR s fosttaging, signal 215. The
Pogitieping{linit Devisk uri@f eesiingies sienad LS towvahranologicadiyl syasditoniag ¢ the reference
@G0 B02RkcBasP A bl QBIrRY ohbdsech Y laCRmbilicA il ¥ ls@bksthrdidityOfeyond the
ag&gp synchroni zed reference transmtters can be used

¥ bro §CE8t reference positioning signals to one or

nore Positioning-Unit Devices. In this configuration
Uil PositfoRingSi@alsSi gnal error sources, such as multipath

In %dpréféng@ Qrﬁp)@iﬁlgﬂt %acg %’Io&%nmg éxqt B&ICQ%&E C!i &ﬁhé"@o@xﬂonmg signal, which

reference transmtters I nprove t
°q$§§€EﬁFﬁ%?cm“ﬁﬁm¢ﬂE?m%mgﬂbﬁgh3“P8§Wt@%ﬁPﬂ@@TﬁPFa“mmm“m;“m
cafervjoppon&0 & assiniseiibloddia freqaenkineans pleoldt irosmittcrig tha 2.4GHz ISM band,

md&gm A% zh&abd Qft tﬁeein%feﬁmeen&crna@ Séaaah,t %5;)%0351@2&) Jom&r @&ﬁen%y bands. The

w0 B ol mohlee b e e o of
uniqpfecodespaupnaheldchsasherdistighishyd anayerhdthesppguiqrandgyg gedp sequences transmitted
bylothadusvidet sratEk sAyle dahiRr FeQieRdyCGRechiqul & Khdwh @ Code DiviR2 Mlittifle Access

I [

(COUE) o 1 P RERI Pt B ol A o Bl BloBRER, mfomgon o
Devi ce 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
chronol ogi cal | y synchroni ze the carrier conponent,
uni que PRN code conponent, and data conponent of its
internally generated positioning signal to the
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Poi nt Position Tinme-Lock A Positioning-Unit Device is
al so capabl e of synchronizing to a network tinebase
wi t hout the geonetrical 15 distance (reference
positioning signal propagation delay) between
reference transmtters and Positioning-Unit Device
bei ng known. For this enbodijgent of Tinme-Lock, at

| east four Tine-Locked Positioning-Unit Devices nust

6n 1B p%hcﬁ:%dogmﬁdep &ﬁlb&nlerﬁ,nén@ %rc“ﬂést %Ydu&gdtwng Qe ik {r:ﬂngelt vigation

Eoﬁn%{lnnmhﬁ monmw}?r E? d—s urve s its I[iee- di mensi onal
POSI By eary ‘%Xt‘"’?*’rﬂ’& EARSE I “‘68Y°Fft Ptgeiop fnfspmation may include
RO i, ri’@ﬁﬁ!w‘dwe@evm bcariens, pdtaphpiriead) “refererce Fenitiligrage” information, and
JqlesdetilediRwo@d. ver cl ock of fset. The Positioning-Unit
Devi ce position receiver clock offset accurately

rovides 20 network tine (relative to the | ocal
IS'B‘é'f“?cf‘g?f’f'P‘érété’i“i/er cl ock), which the Positioning-Unit
Teardoclemay baipeleianih s matyt differeg@mmigg@ions Tigse cadiguritiatsanclude:

net. wor ka idgﬁ@e%ni&%gxéﬁﬁertb%dc%fgft@a[ Ju@zé p&m@a@tmrﬂkw&he
It onl ni V] .C
0? ﬁp uigg reyre CE transmnter%rom?cas? g%o a 1|t|g V\H o't;pq(s;,tlonmg 6 it g)ﬁwces

ution erm ne accur at
pi tosedBhY ﬂ1°@@féqr?ﬂ°eafm’es&5‘a% quﬁdsaytﬂ% el intermeringt Popitigniag-Upit Devices
betyyond A fhealigapeicicy radfmifidrd Wdadd@dibe 8 Wi bahide PoRdondAGVNt Devices.
Ref, er engf phiioh fife s %cﬁgrgga{i&d enbodi nent a reference
transmtter is a Wde Area Augnentation System (WAAS)
Satellite. WAAS satellites are geostationary
Acaintriiraea tiwwstia itedditng B a singli BivitibriarGni Devi@PS
AGinEiE RFRR irfthmiB® En®E sk DD Sroﬁc@as@ rgfer@rﬁgﬁds&‘&l[ng mgﬂMA&;mgle Posmonmg-

Uﬁ?bglcle | flgé %Lv%% Itosuﬁ onmmU]Iplt ﬁevlilcrenzgflsnu Isalé%%rgml ?‘%ﬁfn guiu?a reference

requency
'&?5 é‘”p%‘% iSPEEhit A @‘@md?féﬂfm 5@6@?%@1@65%?@ h Fegtiyey thg reference
pdsbiorBESighal 268, rawdntitled O Fhe @drénon Bandh(Dk Q82 Gl@ the fsve pddifbning signal 206

h‘éﬁ%&éﬁ%? e Posﬁon%t ﬁéﬂw@ lullds&xﬁerw ﬁﬁes se tﬂﬁ@ecefv@cgrqer%m Sosmonmg

s s 3’0 té)h ynchr onous e wor |
%‘?andaf Teip gL degse é‘*tef?*ﬂ“ﬁﬁeefcfﬁﬁﬁ%f BYHgtesisht dicpmspiion delay

203 g gppligsomi apgyordett traPeitircdoch ggicttiono rlemelpgi@ily synchronize the carier

cdrrﬁiﬁﬁx[t,ﬂﬁﬁ&tfﬁg c@?ﬂﬁpofleﬁf, aldGei@ 'cdﬁip&@ntp}@fﬁ lﬁtbiﬂﬂlk/ @&eﬁtbcgﬂﬁ'la ositioning

0Si t i i C

SI%AEIQg&’ 8 nOS :’}{R?I%ﬁ%éncompog%n! andedgta Fomp?nre% reh %%E%Cﬁ 8‘ansmitter

POEENGS e §l&‘tﬂb?“? TheRoaping Hait Degsa thsoteed FOATBImisge posioning signal 215,

wiRdgs chiomiigioaly kinchoniDents bereRiee taemitter YRAMemat el | it e as a

reference transmtter and Tine-Lock its 2.43 L sl ave
to the 1575. 42MHz WAAS posi tioni ng

osi.Lionin nal
AT P TP eI BB G Ao el i roving posion eceiver,
Hefwiegeey ifethropference ganjuxifter isatVetlAbspteltichier Bmt-Logked Positioning-Unit Device signal
wifl GM@n&iﬂﬁBdﬁﬁriﬁll @18 b & ;J:d@&&mi R-G:L\Mr@&gcan be used by a posmt()m reaelver as

ont ng- Uni t vice carri ommon baseban
oy (?délﬁﬁag 1y | tEig sureElor s qopvspioRal ‘%‘ﬁ %sed%gg F"Z“é““bo& tion
receiver. Time-Lock is then performed with the
A dipeetiaess uﬂfsﬁuieﬂbﬁidyasdﬁl,&G h plaRdty o ISR URIt Devices.

A g%%f&&l@é’h%ﬁﬁﬁt@%ﬁ % efgmi ﬁ%ﬂo&%?%qsigél%ﬁ Ulnf%‘ BQVEO%S v¥hen n!?tality of

Posi t1 onl ng- ‘Devi ce position Fecerver
P "H'i“ink‘)%Hmf?e&‘l‘i"rséf “t‘dW b refereggedpnsmiter- t+ he pref erred
enbodi nent the common oscill ator generates clock
m rsf mmt ﬂlmwf@mo@lohmg:@ﬂpﬁm&tm 2Bl obakiH 13001 bénsoi.z and a

'!ten A osition r ver transm

51 K ek R B B ST
m@éﬁ Wﬂf&ﬁe@e paskieningisigeab 303 dramsinified bt thomfexsive mansmitiqn 392 agesponse to the
rectiitl Qferbrce gosmibGng sldniIE30k QLK , Podiit@ink-Onit DEVid I38PREABA-2 determines its

res) egtﬁfgisi‘él%l gﬁéa?a;ﬁ?ﬂ’ Iglelé'ho%zi Y%%Oé? E%'m Ft)l%srlesttell Omtrargmlfzcl;}'l §02 and applies an

Vi ce car guencl es prror to down-conversion.
Referring nowto FIG 6, Positioning-Unit Devices
601-1, 601-2, 601-3 & 601-4 are placed in known
| ocations with clear view of the sky, and preferably
in elevated positions such as on top of hills 602-1 &

602-
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2 and/or tall buildings 603-1 & 603-2. If required, a
di rectional receive antenna 604-1, 604-2, 604-3 &
604-4 10 may al so be incorporated with each
Positioning-Unit Device 601-1, 601-2, 601-3 & 601-4
and directed toward a geostationary WAAS satellite
605 (though these additional;gantennas are preferred
but not essential for the nethod). Depl oying

aﬁ:lrd'pﬁeﬁg dra@ﬁﬁtlter astk @(ﬂl@éﬁn Qth%&ﬁdgtcﬁ]@@jm@lgonki!@ bt ey Eo%\%&lent, unique PRN
code ch onen an& daQaat & n}ént of R etirh tae%erat < rlt%ge signals. to the carrier
al ?6 noi se Tatl o t R Al %E’ﬁ R
Cﬁﬂmﬂ??mr RpY W%@mp@ﬁréra%@@ oPIRpoRERh gfdie r@f@em t&ewﬁe'&%lﬁomng signal 303.
ERG Pbsitioting-Uhik-Ddvites subeifietty tGfbhdtdynidoOfosiZonin® Eldial 30581 & Bdb-24 which are

cﬁbmglaﬁpﬁch&m&%%c%ﬂ@m imdbaseSi gnal 606, thus

creating a precision UTC synchroni zed network with
pi cosecond accuracy. A position receiver 607 held by
Oge gyanpastefeienss 1@ O itfess bygad epatingdhrowed jindamgdidyy Pdsitipning-1GOPevices.
odd1@ nbAARISAlcRbdidd Rfefeh@M@hsmbQO oSk (DBREL Ketlotk df rI"@smonmg Unit
Jei qi}ltgcglt gl?% gl%?mgggmtl ISev:cel:sobV‘\:/m%: %’T 0 1efw6318§¥%ncg 1t8ns§utter In this

osI't1 onl ng- Vi ce Si

%&@m&qu‘edmﬂiﬁﬁ'émbagaﬁwes M w&"mafy Ppyitippipgaldnitdigwices. Wheippp iermediary
PEUIniR;Un& DEOE-déklaca Nimp o] sulbsbaert PesitibiiigH it Deyid08n ahtl @istir@ermediary
Pds By (ke PSce BY (K rdBrdnYe podiftamP Ak | ON recei ver 607 is

capabl e of receiving F?85| tioning-Unit 20 Device

positioning signals fromall four Positioning-Unit
FiBed/ thewse refpfvice Hanghiftey R giipased at e kngjvp ipbationy grid atfirsp Besitipriingrinit Device
4(d Q&@:ﬁﬁﬂtﬁ&t 4188wil Bcatial Belfirst BositiGlUGR eti® G020BSives! i positioning signal

img)(n:g glg D née%nsplgtgll A&)P cl)rpte%)gr%g Ju}é%;ecg\gz %:E%%é Posmonmr% s&nal 403

tion so
ﬂ‘%@ﬁh?‘ﬁf‘%‘}‘ﬁg”“"rﬁﬁwﬁr 2 dheroyingy, 15t 5ept) PoRHIsr drley 4y Jrgm the reference
trapggier d@ls andrapplies ar0appidpr@tet dlavke chrreativs fte chrondlogi@tle binttiaize the carrier

coﬁlﬁ&ngdﬂ%guerﬁmc&ﬁ%emmg bt chﬂJ@:[&nttohﬁs it Qﬁ.ﬂl} %ﬁg&lated positioning signal

owhecelver t he buil

w BEEF Bipita e Rstiengt w e Soggppin o bR g Rltioning

sigpp\ A I b @’PtIHOftft@smﬁﬁlst Dayice 4@25uiEp@ely gangrhifs jatupiguei pasitippiog\signal 405,
witid s chendibgR4ly byactk@ 60 tele SRRE@@tRhtRedinRsd t | on

sol ution, adding position integrity to the

pedestrians cal cul ated position. Internmedi ary WAAS
A Rerpih RavEieingdiait Pevissi 496 Stted 20m RopR Loofiom ot I s the reference
postiiicging Gfnak A W0 Sigmd dteiniclidnaauselby dhiking B8, wbegherBly receives positioning

mghzﬂ 705 ﬁﬁﬂbe@ﬁé( Pos@[gm.t[gﬁnﬁ ﬁ)@ﬂ&eﬂl§ IIIQ!@@LI%C TJo Bie ?e@éi’yteg' ﬁfsu:mnmg 31Ignal 405 the

settoxé O&J:Oélfn% ifn\t/\@%a édgt i %flﬂzﬁ1£¥(|§)gg%,§)§} Ei{]:gr 407 om the t?:st Positioning-
Uniit Regieenédi and yoplidy ze l@bmmeﬂc Flersku qoirestidnrtg chypriologifdy Fywehsonigs the carrier
coifdBdnt, ukibud PRI @58 ERPERSAY aaﬁcom];&ﬁ:n of i@ lirRornalifT fend?et pRBioning signal

it e Sallon AP U o S by B cponpg g Do
positiopiag dgreld0 ecgnc Fgpitianing Unig 9F’(’f§ r‘?ﬁ PRt IURPERDR iiqppositioning
sighie fey Beg@ratidg daher evPetentOPRI cMAASBENE bldi da@ coxfifondd€ ITHIE unique
pos‘ri\:}()ﬁih% @QJalecws llst ch}oﬁol [cﬁfy%&rﬁ:@oﬁz&l n@'ﬁm ﬁ]tst ll()g% gﬁ?Dewce 402 timebase,

Posi 11 oni ng- VI Cce I‘OVI ase

Whﬁgls\ﬁé‘f‘lbmﬁ‘fk’gf%lg' |S’f’ﬁ°ll§?ﬂ‘zﬁf;t°@ﬁ‘°tfe" @’é‘t"'r %?’%etb?si’ ng now to
FIG 7, a first Positioning-Unit Device 701 situated

A ficaRy 0HOMace RS RbiRR bh—&déi@tﬁigmte eﬁm&&i&&mﬁm@&&@
Aptlur%g/r nat e}-s%cgbrg)gizeepg%e?eg;};e nﬁ(t%% \ie\% Fglaadzcaét rﬁ%ﬁ‘}ce pomislonmg signals
to 8 &f PP ﬁ?sﬁ'gn“wrﬁﬂl“ Dowias db ghivmmiiEgraipn pogrefsiencg a@l@blef@t sources, such as
mukxp@l\mdl tﬁ;ﬁﬁfaﬂeﬂd‘l&la-yrl R bt @GlagidObetvten fefefefide transmitters to improve timebase
c§,| tioning-Unit Device reference positioning 19

SI gnal 705. A fourth Positioning-Unit Device 706,

which is situated at a known | ocati on but out of

range of the first Positioning-Unit Device 701,

Ti me- Locks to the second Positioni.ng-Unit Device

uni que positioning signal 707. Therefore the system

all ows accurate cascaded tine transfer through

i ntermediary Positioning-Unit Devices. Position



10

15

20

25

30

35

40

for the network, it is preferable that a reference

Posi tioning-Unit Device be steered to UTC by a GNSS

15 tinebase. A GNSS tinebase requires a position

recei ver, positioned at a known | ocation, to conpute

a time solution using at | east one GNSS satellite.

Ti me accuracies in the ordet, of 50 nanoseconds are

achi evabl e using this technique. Relative tine

accuracy between Positioning-Unit Devices, which are

Locked to the reference P03|t|on i ng-Unit Device,

F@ P o ﬁsﬂ*’%‘“’a*t’g PHePHIcE c¥etttid o 2l lostithiat @ REEI pefeence
rngmjitary Werl SoHUL iwish somivop Hmebage dlsy sigrbted ab ke tpgations. The Positioning-Unit
Dévicd BEINbdeit & 1% rél@dhedRsiliRd sl 06825082 Banorhitddaly iHe Yef@dnce transmitters
S{ﬁ-l‘it&) Qﬁqoﬂ%equ%gc Ehk %ece:% re(i‘%engeg)ggt?olﬂ§ Q?&i‘g&%i‘ Gﬁéthe E’osmonmg—Umt

own _uni ene

Divisr S driemines s HERA RPN ETS Mok PO St eferrae capeiter S12-1 &
5022t agda bppliks Wi bipropriate Jdch gérectian toothongagiallyeinalodilize gigrcarrier component,

mﬁiﬁ& moﬁhecem%ént b ¥ata vo%lpgﬁmtovﬁs uﬁéﬁgﬂl}t ge{;@ate(i Bo¢ibnitkSighfl tofhe carrier

int position soluti
com %1gntsv é)glgsoa{e comy n&nrs1 ange ta fxrréproxlyﬁntrs] eop %e I%e{;:zéce tﬁSnanhttér positioning

Sl&"ﬂs PPt \foP0R-2¢ TherBesiiguing(nitdevige il wbﬁb@ﬁéln e‘@wrmrsaﬁ@memséioning signal

506, vk s caadiofiGil Shdieizad b thd HnleBisd YE theRfelendd @Skhitt@d502-1 & 502-2.
solution. Position receivers that are |located at the
‘boundary of two aut ononobus networks, and receiving

P“H’ég?st"i‘”bﬁ'i‘“ﬁ‘é‘“g‘l gnal s from Posi tioning-Unit Devices

A Pestinnitedink Dedtevioalioapabie) eft sydchogtingde 8 tdtwrgiutinshasheithnwgali geomeirical

diskah&@ (ki@@nc@?&s‘ﬁ@ﬁﬂé skiNghAsas: dBf) 8érRecklRfcRhd trihihiGerd aﬂ@i’c{satmnmg-Umt

eQ:ce no Tlgorsthi(s: aE’:Irl]l m&% (?fcfmek}I?od]g a? leg'sp folurn tl'l%}r nied\,\posmonmg—Umt
"Fon’ sol U requires’a roving p05|

Def"é‘if @w B¢ infrigw- fTh? %qsmeq%sléﬂt &e*gqerfgqué% o RE%5 &S actum seéf;fpws its three-
dirdn @kl posirioh BE talcoltig b Ginglhgvirnt P it wBith indopabast: alidmhe Unit Device
po&&gpééé&eptgocﬁ of?sktnﬂle gosﬂﬁhng U[Ht%{ﬂtel pggtmﬁ pelcéﬁtel‘ c@(ﬁk ofksg alclnxgtely provides

ﬁ% errc;:% nbodi nent sitioning-Unit Devices
e | B REB e [ogrL RSP E3eir ﬁ"’ ¥ e T"S‘B"‘)"‘g‘u“‘t Device stave
trapspeftion ¢pm fuseors ai pectiiate inptwork tiwelrake. uwattaapretb@ti \eobdditent[The Praipening-Unit

Detlltbeusés%f:ﬁfgﬁ D6it- chrk BB ot @6 GRRMEL Scbivded Mervdfic dRRSH thb PiddsBBid level, a
vices at |Igo|raﬂp| -Unit Devices and

h Po
cameltHh S eéféllly\%/)é sd%‘a apa(ﬁ’@’ﬁ M Ae"{TE origin and 35

nmet aphorical "lineage" of reference clock data for
weskefdrasd t i oni ng-Unit Device in view This allows a

In lgpﬁéfsnteﬁ) Elﬁﬂil%&&% Jefegﬁéé o Gsmiatks 1spao§§fd$ A@Atytgﬁ&%yn%gsténp%%? Sateliite.

bou f wo_ aut ononous _ne

%Aegt Sé‘F’H‘iesrﬂée gﬁﬁfaﬁ?ﬁ‘arﬁﬁm‘iﬂfﬁ?ﬂqﬁmﬂ’fﬁt wieigh jrapsgit GBS differential corrections to
GP gsacis WS siclits daddwsmi b wiquk postimthe tsiget @ftierGPS Whapier frequency of

157BQ§NAiIi Ak f&ﬁqdérﬂoﬁmd;?ﬁg |sf§§a§ i’ &%Htéi}esyﬁéhﬁﬁlgedq@ IGP€ Giluk, Okkth corrections

NI NS A IR R O A —

mth@e’tﬂwé?%dﬂ,{ﬁﬂnqbﬁ??fﬂﬁﬁtl on from aI | ot her
Positioning-Unit Devices in 20 view, and i n response

| In lgoe fl’%r?eh %ibo%gnttarla{]t’?’omn% %mk Eéc’vn:g ition ;ece Vﬁj‘ tes means fgrnre eiving

ormation t 0S| Onl n VI Ces

r“e'wgn@g“pib &P jother ’?"é‘ﬂ@f“@é’i“% Detieey et 2- ZeHSM . geslaplgocpositioning
sigrels Gom 8YAA @ GNES saghijphs &t teelL band fréutngia0 ATPAStionied-Uiit HSicOfnay use a

WAa@‘xS.J.a{eihQrHs qgreﬁﬁﬁllc% h%é?t%l: ?dgﬁﬂle-%cgg% f 4Gﬁz slavae pé)sdt:[lfmmg 51gnal to the
157p. Eﬁ@% e%g %ﬁﬁ‘gﬂ%ﬁ?‘ﬁ o SHGC lbaPﬁﬁ?n‘f‘SBﬁTt% oI5t ERTICiEt é"r‘“ated by
cohgrprtly slowi-¢oneriing ghesinggmank SW 883 add PEBGE;Uni ARviBOGwBrs to a common
basdb@xfll fleluitl ﬂﬂhe@%hﬁonﬁ@%ﬁ BSvid3 Peitibn re&fér- Pime-BHH iGRR pRfoRke® with the

7 metia/c%&sa WB‘E(WSI? descn%ed %nh%;en X owggo%ze%%%c g}t ?ocal asc@%t%{é én?ﬁlgsgsitionmg-

I 'oni ng
Posi ti oni ng- Unlt DeV|ce si tuat ed near the boundary of
the two networks 801-3 receives Positioning-Unit
Devi ce positioning signals 804-3 from an
adj acent - net wor k Posi tioni ng-Unit Device 802-3 and
nmeasures the 10 tinmebase difference, or clock bias,
of the adjacent network tirnebase with respect to its
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20 positioning signal 803-3, is received by a

position receiver 805 that is roving between networks

801 & 802. The roving position receiver applies the

recei ved network clock corrections from

Posi tioning-Unit Device 801-3 and subsequently

cal cul ates a single point peggition solution using al
Positioning-Unit Device positioning signals in view

U810 Bevice p&@ﬁ%n 2«:31&9 & 135 dn@éﬂ%’oﬁldd &ﬁﬁﬂi OS@@&&D&%& preferred embodiment the

P t
c?ﬁ%solﬁ osl.cﬁ)l%r rggireraﬂas c]oc?e\%ormanog Por al I g]F)](IJn? 0%' gosruglmlgaﬁrgtﬁjefnﬁee including

I1on SO 1on Ca
the @?Fi‘“ﬁ'g feffafgli F?ﬂawtt%eaeé Ffv@rl PEEFSSing| upie linybiates yd grops deldy pee taken into
capgdveri@nithemtotnbutibd BteRBaE K il lock, dRROBS Msphrhia tecdive P¥th<E the WAAS

a&&@sntﬁh@&n@%&%& ﬁ%encﬁwnkﬂ§ E(;\TNQ—C&IVGI‘JIJH e a dJ acent

net wor k Positioning-Unit Device 802-3 can al so
recei ve positioning signals 803-3 fromthe first
Refeseitiet owyrip HE- Enfositigdingilpee DB OGes J0lak @01 48l & G0h¢ are placed in known

lotakithe bﬂS@edelefwfoeme;kgi Qndrefbcdt® if bibvakd ﬂaﬁﬁo\mn& 288 kop¥t hills 602-1 & 602-
2 £n Hﬁ%d&%ektﬁq 2I’1§t Vl\{lortr;(!( a § onaé retl‘ﬁeve an?enna&ﬁ:gl, §04-%,]604~3 & 6044

acent oSl t 0 nr ng
iy sbm"lcwf%ewh SR PTG Bivice - P82, 6013 & 6014 and dircta
towal§ agresrtionay tWoYSksathlie 6eS (Bnigh Gredeadditioldanietr@SarSfddferied but not essential

&Q@m%oﬂ%&gﬁn&x&&rdatsa%tcﬁﬁg MOKHOQ% QmMetrlpés ﬂelﬂsttémmgh% multipath and
. POSI SI ghna ow n rovi

RSR PR at O B0 PovRRE68E! BB BN Prbeas e
acfufacy. @efeauPpset@nmww IPOﬁic‘eﬁﬂFfleﬁ%én@y-?ﬂ& -4 TrokLdcks t Mie WAAS satellite
signil D& tHue eheARDO Pried BRI UL Phdifodikdatifiwtr wRB Picdstcoft 2€racy. _ A position
rcéivgr&@il h%Id@; ﬁ&é&tﬁ&% {Sglﬁge&) u@ Ql&l V%at!(lb tIXePVgRA% £a%ﬂ;He Il gﬂ% cannot

from eac Posi t1onl n
Pe?egtt%'ih?/‘é’f‘%m@ﬁ%‘%‘é tde l‘?tvls‘?"ﬁgi’ﬂwé‘i‘ BevestenPprtiopipgyniy l?etﬂye sggpals 610-1, 610-
2, pUs: & OMiAnipus thy Resitonitgdigrede et @1-8 @02,0@1-3,6% 60i-¢l el @m@ate the
bufidMg 609 EuE Beir ¢de TphoRinich YL sl Bk ko4 .J oIk uftrec@,nmg F¥bioning-Unit

RE carrier. SI naI erl.enc
DeBs S nE g i v Ll *ﬁ"‘?ﬁé@@i"'@ﬂﬁfv‘"%ﬂmé@f?'&?we@* posiion
de'Rfﬂwﬁ*Pﬂa% sﬂeﬁﬁw&@é Ireggphis. InGrdditipn. desk 4y Pesition veseiver fnkes calculated a
podidi O8G0 DUS can Be@efitthed @cc&ﬁelﬁr rragpete Wveritdl aRRd-QRs provides precision
U'I‘C‘e:ﬂ}g %ﬁxﬂ%e% ?atelhl::h)gghﬁl]::&lég?ns Ei/[o%oyer %Jhe tye l%Ltm(i‘i ?er:&v:? EO7 exxg the building

frequenci es gen

60% PIETREATOM: Y Fosfionitggiit ?Féw?’fo%ﬁ’eﬁ“l + aﬁ‘ilsi’rﬁ G%dt AR | spellites 605, or

GNSK prtslitee mo@wisimehg udl totferinen chetdetytmincklp@sition sdldtien, diling ip@ftion integrity to

ﬂmp&@g%@nngggg&gggnces and further 21 experience
varying time del ays caused by tenperature change of
transmtter electronics. This causes transmtted

Interapedliany SYAAFReErageral s t hat are not phase coherent. Non

Po@hﬁﬁ@ﬁlﬁtoﬁ\ﬁfc@ﬁﬁac@% lckedr GRWNG 15 WAAS SutcPike! rhay' a6 W6 Bseli ANPRmicdiary

refe%{nge% alsl urnl %gﬁ i3 em une:%. [losai{}%fn?‘ [G)f)'egu lf:,esytha aeres ucr)l tto pe:n lv(e%a]AS satellite

_proc osi t1onin VieE e e
SigRal5 e tb*ﬁ ipemmsdian [heekbonsT BositieninerUnis Rrvicey a fhgir 'ér#creferem source. Therefore,
UTC mansdistribated thrgughdt the 6 Withibwt @l Posiabnibp-dnit DYicdd being in clear view of
the FERALSRLNs D€l se positioning signals, which are
individually tinme-locked to their respective incom ng
ref erence positioning signals. A Positioning-Unit
Posftioying Enil Pyise Redereices a plurality of steered
In thd’ e@ﬁsmat“t}@fs sELIRE K beu@,@%wleelt RbreRl18Mhit Bieadt o&l NE!@AD[DE Yinit Device

carrirer

ﬁw&‘i’%ﬁl eiigr THRistuaee g %@om) ddcation i designarpd,qs rthet refgreneg tpymitter and
creg@rs bl Eyakerh titebade fibih @Elid@MEY peliekaRl S16ck 1767, Bk GO BdsitibiiR-UMg Devices
703% ‘ﬂﬂ@%tuﬁted ﬁ%wﬁ Ilo%&wﬁs“l%&%c]&% %e%si’lﬁq@ihc]mgn% U9{t Dewce eference positioning

frequency-di verse sl ave positioninig sig als: fHe

Posi tioning-Unit Device Tine-Locks each

frequency-di verse reference positioning signal to its

respective frequency-diverse slave positioning

signal, such that each slave positioning signal is

chronol ogi cal ly synchroni zed with the reference

transmtter. The Positioning-Unit Device then

_pm\bl{ies 411{1 5S¢ Ifﬁg‘ga get\gonka ? Posi 1omrr11%hUmtr Sev}.';%]saﬁstm erring now (t)o Fl% 7, a first
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Earth Centered Earth Fi xed (ECEF) co-ordinate frane
is used which is also the co-ordinate franme used by
25UPS and WAAS. In the preferred enbodi nent,

Posi tioning-Unit Devices self-survey from GN\SS,

and/ or WAAS, and/or other Positioning-Unit Devices to
determ ne an ECEF co-ordi natg. Transm ssion Frequency
In the preferred enbodi ment, Positioning-Unit Devices

s&ﬁaﬁ‘ﬂﬁm fbuﬂhﬁ’o&tﬂﬁm@ﬂ*ﬂ BERS A, Mk@l l#sss‘itlgake@Lt a%ﬁdvﬁ rucétfoh Gut m§ Qr range of

g e PMRERE oa e-L?cgs Fith =7 PP B P b postonin
sigpe{, 702 eTherelempdie Restepiations Gﬁcura@geﬁcaéfddw tgnsfess topgh igtermegdipgy Positioning-
Unit DRV PdsibrartdiRdr @080Eceives tiidlsyretitbnol@vsitgaig s@RalSWS bé¥Bransmitted by

| aﬁﬂﬁlhmﬁ"g Uﬁ?lg'ewa].— t}x?vngw ’ﬂ)@ Hﬁ.‘i |7|§N& h)@ﬁrlﬂi ﬁﬂas«g'qq‘enﬁyl; olagm%s%%m?%t position

$ whi can be used for | ncrease

SRP Loy st QL e e B P OB B Fgpos wit
thg irgfreabes loch 1702 plehus@reade RyeilidninglUeit evice i76¥. Jhd abiray Gk asle of the
reffefth&Oddek @MCJv'ﬂlmaﬂb P& Hiblive-USOdvidt H@Nis oBRo m«:@ L1 @c\lug is only

C(P %e@}v PI% eﬁnma%}lll I%e uﬁ%r %s/l\éRgn a?%nme V!{l a r%logal ?mg)ase then the

capa ece ving a ["Ur a
m&r"@ﬁéw 0% thip “tf’(ﬁ‘?ﬁﬂ‘f“F"sP"ﬂb‘mﬁlg“é’a’F P?V@? 04 wﬁmﬁ@wdao BN

code conponent, and a data conponent. The transmtter

P&sﬂi@ﬂﬁ@@sﬁﬁieﬁ& Rferdn&AREre® Q}eGIEE‘S tﬁ@[n;‘sé er generator, at
at | east one

In ﬁfe vern WA&g ﬁatellﬁsgg%agg%glr&%vg{ aglé?gn gﬁgﬂtfooar global timebase is necessary
fof the evtyrie it ingrefrehdd hit aribfrrgres Potitine-Ynd diiveed slogred @I TC by a GNSS
tif @5k 1A GNBSHieIRle\@fires b BERION fbhar, ﬁ@mﬁd de @ kifo@h fokibn, t\8mpute a time
soturuﬂlrh%&% éttle%:c t(ﬁ@é%ﬂemﬁ? ﬁtlleo&icég:ra%gs(j el er 0& 90 e(p eecrson agre achievable

navi I on Common. 0sci Tl at of provi

s H’é ehiavp- d*e'atrve fipfraguRe betygen £Pﬂlﬂ°@%ﬁn%ﬁ)éﬁf°§ Which prp dime-Locked to

thifefStetck PnitignipeUnit Devide\wilt emaiRgfiepicosagndiow. to FI G 9,
there is depicted a Positioning-Unit Device 901

ratin osition receiver 902, a transmtter
]hbbgtwg%@%ﬂ*?gwaﬁﬁoce33|ng Unit (CPU) 904, and a
A pBreHY ! odvinbd mnemitted0Bay TT’hbsed drs Fredteon pludifly o eneingrequs 9@ Rorks. An

aufoRB DAk 85 i@ oyl khiqad fithdpasefwhice &%Edéﬁte@w}&kr&lcg%smi@e@ Ghosition
reJeQ&s {hgt%%mateﬁ %{ﬂur? Q gﬁé}p &190118190'1195&:%0 one el eli'm nDe;;‘om on veloc:lgrr and time

carrier genera
PYPgsinggtnets e g i B B e BE Kol be EmiERstaive to e

ne@0dk timagheuile sherrefanse frosmipesddek)and fsag@édvad lntra-network position solution.
Poﬁma{(e%a:ia!t QQlo%leQ at lﬂgmafy% @ora%&%istn%orks and recewmg [aosmonmg

or transm tter st eer
S RO RAD Tt BT OB G GLFHEY POt o o nevwor
timglsads pifendereanivine\tesir psitiop Sliisicaprhie degerlbie a5 anDaseringt@orfy pesitipi. @ivtion, and
reqiRs @ roVRRE pcﬁiﬂbmﬁdeﬁﬁ&y @t chBOSingRABHRGR] ¥fly SBRBGHREtions to the second

tlm e%@g‘ogco putEneceull gt 03190ns¢?lrr9)dm at i ng at | east one
erence Tposi t oM ng argnal froma reference

transn1tter and at | east one receive channel capable
In Of prefodi embaagnea:nabsdmduﬁtajem@ aRd intlB1A Stwl BeliGeati@C@E@6H 1.D.)
inelrh 33 it ,Lén%m%mx@ »@Rm i9 n,kagsw FoBRAL- mE’ﬁlEIc&{n@cm,x ot Bosionine-

Positionin Unit Devlce OSI Ion recelver 1S cap
Unih Deyiges.eoch 'ﬂiﬁ Fgsitioping-Hpit Pﬁ‘“ﬁf a‘i“’e‘?“é‘P‘E‘rf&‘é‘“”“‘ZE?“p’G@’i“’(“}edFﬁ ﬂ@m and
mephgrical Yinfege” of nlreegsdk datchor excly Paitiohingiinie Pevideyin vidiae This allows a
po&@&hg_mnbme Unbasmaevac&@r RRsL 4t UL BoRBY 6P FwoPRufh &ERD hdbtworks to

determme qucﬁ I%mhonmg E}%P%glvlges ozIre rasesgc%! vl n'?; %h\sl: E:nléo I 9 therefore which

'S fromo oST tToning
P"SE“P’ang‘ﬁ"Ftt Revipry rqapiretcipek @ﬂﬂf@ﬂ!ﬂhnsm p9wuingciositign decgjis pesition Falpgfations.
Each iPgsitmhifig- Tl WAASivanttvkaiSD . sifdr@itol f@ballthe Fiiidnlnl-00git DEVices in

the m crowave L band frequencies. A Positioning-Unit
" Device position receiver tracks, denodul ates, and

interprets positioning signals utilizing the sanme

nmet hodol ogi es used i n conventional GPS receiver

desi gn.
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25GPS recei ver processing and design are well -known

in the art and are not a subject described here.

Positioning-Unit Device transmitter A

Positioning-Unit Device transmtter has many

simlarities to a conventional GPS pseudolite, with

one major and critical |rrprovemsnt a steered

transm tter cl ock In the p7referred enbodi ment the
vuav aned meligsp(al%g e}tlen ea gnl nt tse{tsr t% lc(:)oc r%g[Fn ;ﬁ%&ﬁgo alpoﬂz b%g)tmmng -Unit
D‘t"%sﬁﬁﬂfa‘(j’@?"mmc%"@éWﬁéﬂ”ogy pr oduces adigitally

generated oscillator, which can be frequency

R&&% LR} o 8f. 5 Gheidhd delJ&a@ E&Jau@ﬁo‘&l&?sg{étlkv&ﬁs of P@M&ix@dn@ %J’lgs 801 & 802

e
PGF‘H%‘B‘%]UHI{JECIY &P 31? Teh g“é“ S h‘Hr” &Y Pfi‘i’ﬂ% b 3‘3 °%{'i“‘é“8‘°"“" 18 Sach other
vig praitionpe siatab$oat. A nd WS PaidpninefUnit deyesercBP2-{, RP3-2, and 802-3 are in
vn&ﬁéﬂ&n@ﬁm@&&ﬁ{ Slrfunica@Nl cth oth@AGd poflitRind Sigldl GIAN EOM, and 304-3. A

POQH&!%E Elm BBJ\& s&gtgc? negreilﬂce Eo%ktﬁﬁ' of m%wggetvg&a{ rstlllear e eﬁo@i‘i&ring—[fnit

he carrirer co

DATorRySE A Pkl 8047 Py a@%@s‘;—“‘iﬂw‘él’ﬂs'ﬁ?“@s é’F’aB?vgfe 8033 and measures the
tintebaandifiirdnteg ok dladk bilseof2hel:Gatzent SiMotiaivdbasawith reshret tPRNowgrogbevork 801

tinfd6E r’ﬂl@ qiosn%ﬁgu&? Delifte 361 A SarGRRP AREL Nomeci¥al Q’(t} the adjacent-network

uence, t hat
roi bt i Pt LS & SR 1 RO o R e in s posiining
sigggd é@é‘ﬂf’,‘é@o“@% derghvifom enly eng atimentgmk RasitigningUnit Pevirp 83 3yneeds to be
reckivial by IPadidohiiie-Oit BOHE 801Baheh iR € hdbditconittic Yl fahil E1yeks in an

aut%ome%%gﬁﬁg grle fime Jogezré?l{ 9&&‘1&&0}@ o§l9 OI?CqJOJI gi gnmmqﬁwl:e%? 3’need measure

WS carrier 1 nteger Cy

| gu
an pELE P A 1 ERstRivrGRepEss 4k ﬁ"“i"@’&'é‘l“(?@l‘ are Feﬁt '{‘ ﬂ’é “‘*‘W‘”’k data of its
pogiogiheigna 304D ewbodiederireldtesto bihgrPositgritiaiit [fogws gghin its own network

80, E‘cﬁ%@tfeﬁtﬁﬁn%m@sﬁoﬁ 30U & 847 1rofin %ﬁoﬁgochMJre%'S@ﬁ Ml tiple

L
W@Fﬁ 413991.8%3 §|r§ﬁsﬁdéy t P@ﬁsrnﬁefetvercﬁ%ﬁattﬁr!@'mg aetweep patwdris 801 & 802.
Thé foRit] RI3i6iyh. reﬁher&pmmmmnmﬂmmna&ods hiem Pagmhihd-Bfit Device

Sﬂpf le glm cltl}?]lllliﬁéssao Mel l)ouk EBMLF s%l}ltgon %sxgg Lll Posﬁlionmgl_lf{lmt Device

Posi t 1 | n - Device ocessl] ng
PoEI 4371 PGP BB, B P PP Es Pt Oeyis poiionin
sigghd 80d3nWitea $ilzl poiul pogtih squ@@n tadlaplated fhe tokiae position receiver 805 clock will be

umE’Qo‘s.b,%dt QR Dkt 30PEHILES thafiPSVided A ISR LRLHLN @tmm&@&e adjacent

nehﬁ%‘lﬁ 90511110 qﬁutgewce;ﬁgp 3 %Jll glh§ echfei%rgéc{s émng Flgréls g{; Ofnhﬂg:qjlgst Positioning-
UnipBeyicei3ghd pryg-niadute tRdlipiebase differpnse pfrfhwﬁré\mttwrk a'u Yitagespect to its own
netétki 802GinBALe. THR hGiceiR 8okl RbsiRa e tUnd n’an:g $02H then BRMHiIGRBcH Wrrections

for %% t? acmgcﬁx?negvogkr&{ ? gxg%g ?f:v%ggkﬂlgb e& @&il 3n L gj r%%réro . é%!l wifhin its

I onl ng-
P"Sfi’a?r“‘go‘ég“i" 30477, direby alQ’("‘“ﬂ éﬁg‘ﬁ Pestiion éeméﬁ%fatc@wm ﬁ"'@@enp‘}“tféa"es if
reqaited| east one reference Positioning-Unit Device. In
thi s enbodi nent the reference Positioning-Unit Device
suF)pI ies both code and carrier differenti al
Multpte FeaponEmegpekal | (NSS satellites in viewto the
In tRopyéftried anlrpdimiei i2 tplubity jof positidiling siBpals drd topsitgd Wind pluribisy ¢fdmquencies

fmrh hfcﬂ peﬁto&ug -BLiESvRE ragaqﬂrraa‘eﬁerp aﬁéstédeﬂg .ﬁt&ﬁr&ttﬁevmal@ & positioning
ni t . Dev

s;gr} 18 (f Fenf ?oc gali?do Wlde-lI %ntjornigtégeb came]r cyc e aIgllblFlhté resaunon {AR). RF carrier
sigrpis §¥Pmeeﬁuaﬁ@9 Gﬁlﬁyt‘”h{!;é%s%"é %“%%F@H%?@FW‘W@@“W&WW as “group
delgn cbrn@nmi/ lcyn emt e:anyngmaslsnemg,e@gérﬂip@ i€ &rbquaeo hrdi daddicst temperature.
TheYe?i)chéJ gﬁlmlal & cg-gg‘ ﬁIB&ugl{l ep ?yﬂédtﬁog%vcbrﬁrﬁonm&ywd Mm‘il@& through the

preferre i ment Irst Positioning-Unit Device

same Sarypih e ‘1“9 fPeiepse amq?éa%%efaﬁ@dua [t FBI A Terences. and frter
coordi nates, w th -subsequent Positioning-Unit Devices
sel f-surveyi ng from GNSS satellites
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20and the first Positioning-Unit Device. b) Means to
initiate a reference signal search by the position
receiver. Al channels of the position receiver are
set to search for any reference positioning signal in
view. c¢) Means to acquire at |east one reference
positioning signal and extract network tinme and
network data fromthe navigation data conponent

h
ex]penegce vﬁglg’gr el?le ge?al)]'sé eg q)ﬁt tetx?qelisﬁ n('t%ang? HP 8&15&1‘2 %t E:clmmcs X'hls causes

ragrpifed pesifiopies sigrelf élﬁream:eot tpk%%qhﬁrfnf dfon @Eﬁé‘i“t"]‘e@ﬁt Posmmmg signals will
indoOaiE aats@so thviddline shbigiy kabtiedARpesRrst. he ref erence

A @Qs%ioﬁihgo@lltr&vée' chp élmuﬁé\ﬁlegrﬁh-l:éﬂg}etg gﬂage' pr&)ﬂ:gl ﬁ)ﬁ%t@l@e L‘Qmmltter by
L oni ng- Uni t %f %atlon gl Jocked to thei
:Q‘I'n ?ré‘i“?‘i“i?’ﬂ‘ af %"t‘l&% SBRE W 2P AR fme-locked to their
w@ﬁaﬁswwmmem&am@fﬁsgmhgeamthGMwﬁmﬁkvmt@wwsﬂ@@ﬂﬁ@ﬁ@@@MMyof
stderdd @an&m@e@ﬂj)cﬂ@ n@ﬁb‘lef df kthnhg Dﬁlﬁr&l@} of pBsitioMBAdalt, @hich are transmitted on a
e t c n o]
plllrzwlyt l)ta lajrr%r fr %méss %’he Pos%%ﬁ?%mng I%vnfxz c%)gorg %ce?\rela Eraec{(s We nxrallty of

an appropri ate

ﬁf&‘f?ﬂ%‘&%‘%’ rﬁ%rﬁ‘fcf) lﬂ?silt'ﬁ’f“ég Heruork alpg s Sa‘h"dP'WélttX/\Bfr lgeqltfao{yahvprée slave
potifir@ing rigmals.(Mihé Peditipninghling Devie Tinaleky chdh didlquarsy-tilx@se reference positioning
SIgHQYd lﬁ%ﬁe&ﬂc ﬁ&h&cﬁMQ H&- Tpositi@mﬁ# h‘fgnﬁ,l s@éﬁ%ap&fﬁf ko Opdkifhing signal is
o Rl e eI T THh e Ll Beds g
phugsityypd feduepryediversp potitipting signalyn shich Fermg@h@mawédthwwp delay from the
referedce ﬁzﬁﬁn1tteNaMﬂ:gﬁka\saﬂretdﬂﬁealodkﬁtﬁﬂ'ob[d@&glmme@:Es MRRK, a position receiver

dci!e QJ %é fargrh da?rlbighlgf%{qﬂtwg Il) p%:\l/ leaghel’(ls@&%%ltﬁﬁ De@z%\l,qn view. The

net Wor Ocat | ONn an at us
AT 4918 i ST oy e SO @ o pes s fime-Locked
Pofitiopive HmsDdvigesahplefprettivesarga AR indatddnge ieme -isofvidénk prgdath Pesitioning-Unit

Defd ﬁﬁaorﬁéw'fﬂe Bbstt?oﬁ)-}ebezv@r ifltg'ﬁre@ &Q%&nrﬁdﬁ @ﬁﬁ(ﬂ}aﬁée @fror b receiver clock bias
equency. 40h) Means to

an DK SR Kot PPl oE oy e Tor t e
sl ave positioning signal.
Network Co-ordinate Frame

A prerequisite for Time-Lock is the knowledge of the Positioning-Unit Device positions with respect fo- a
reference co-ordinate frame. Any valid co-ordinate frame may be used, but in the preferred embodiment the
Earth Centered Earth Fixed (ECEF) co-ordinate frame is used, which is also the co-ordinate frame used by
GPS and WAAS. In the preferred embodiment, Positioning-Unit Devices self-survey from GNSS, and/or
WAAS, and/or other Positioning-{Unit Devices to determine an ECEF co-ordinate, -

Transmission Frequency

In the preferred embodiment, Positioning-Unit Devices transmit in the unlicensed Industrial Scientific

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

widelane integer cycle ambiguity resolution.

DESCRIPTION OF POSITIONING-UNIT DEVICE HARDWARE

In-the preferred embodiment, a Positioning-Unit Device incorporates a position receiver, a transmitter, a

central processing unit (CPU), and a common oscillator. The bosition receiver incorporates a plurality of
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24 Means to acquire the slave positioning signal and
apply a control |oop to obtain frequency coherence
bet ween the reference and sl ave positioning signals.
The CPU neasures the instantaneous integrated carrier
phase (I CP) difference of the reference and sl ave
posi tioning signals and appl, es a control |oop, known
as a "Tinme-Lock-Loop (TLL)". The 5output of the TLL

reSHRR l:ﬂaﬁ:%ls &%[e%%degﬁg ml,woftpsmohﬁg sﬁhﬁﬁsaaﬂw&lsr@ﬂgma}z&%mmm

Zero ég* ference a%
B L R e T S T R
at dre preiPBH icorlg ewprefpraind peledsipae #ested elegkalbe SRt omverites mess for interpreting
posi@dnp ﬁigﬁi& rich&adtbb N pdiifidn QEceins Q‘e&b&&i\/ﬁﬁéﬁnst th Qorkr6if B ®BGter steered

cl&fc’ §[ldtnleglg korkgncr?a{e Qﬁﬁéaxé‘?rﬁgm %Q%MQ §scnthoQ ;B}OU Qes C(gl Qnt Iolcal tuﬁebase for

Means he steere ansm tter
a“tc °P"é'dﬁ‘iﬂ§|Pf’sé“°‘éfﬁ%H?ﬁDef”ﬁe zero the tine difference
bet ween the reference positioning signal and the
Rfﬁelrralg QoA F! id. DQﬁUr@Q d&)ﬁcﬁﬁ a|P031t§MEgtUJlthﬁtrlcet Jie m&lrl%\‘agng a posmon receiver

909 Stra.nsm%ll 5{69 as(l,‘c ?i’rocess ngw}r@g& cally coxfafm?n oso:aleco\f\%is The position

reference ansm
f""ﬂ"?f@“{’B@R”%‘Pfa"t lﬂ'g"dlmsfe@fﬁ%ﬂwesl& Pas) @ﬁ & tqRiteH§Prisporporates one or

maDsf bdriegeiiatgd DTy dng @Smcde «F OdUe Edethtor 908; ald ohd «maha sBtebred claak 909. The
CPEOJP QREI §eaQJ fmt Eb%ug’rpééelv&%ﬁlﬂ&w%bh @lipﬁl letter co mumcatmn

articul ar e sane oscillator IS use rive
9IB3§PFW%ﬁrW3%@WW%?mHSH% cospynicdigy®ith e steered

transmtter clock. A coherent |ocal tinmebase all ows

| PoSERRe URPPevick PRI RYcIVeF acki ng of the received

A {__o?i:&g g%ﬁ?DQ( I tsituc))nm n Srtcoe rlﬁs atl sl ngiﬂ?cteﬁvg ?E%n%glc%pﬁ le of receiving and
depodplaing edwft é‘feé?fgﬁ%l’%’&%ﬁ"tglst&*ﬁ' ﬁgﬂ a pyreade gppgnittery g gidget poe receive
chapfiel &pible ol ceiving Sntl ceﬂloch)ymﬂgl'he 1e32080e tcb-Deuted Gankiiktdr sBR\HoG@ning signal.

Preﬁ%lbrtd PJ&mEn?r%Qin}{ Gﬁevncé ﬁ)sﬂilﬁfjregelivjéregtc!ap\‘blé Or gtegﬁ'mg qluralif(y of reference
Devi ce %teere tfransmtter c

rocf R i B AL PGB <SPy BRI DRt Rsiton s
preferably) ghonld piso b§ erpabloyef] repeiving posiiieniiensizoaty figm rdfrelfogitimie-Unit Devices
t[mﬁﬁﬁiné in@RI2AGHSISHINAK, adi PorSioRhd deﬂbﬁm GRETRRites transmitting
tgf’rgicr&tléag%: P LT %(qm%l%?sdA OSIItF)t igg—{r}nel rvgee : %ﬂr%g' éﬁ?trac demodulates, and
“’teﬁ’&%‘i &Of*'eﬂﬁ% gjenals yhiliging the sqmegmetfiogplogier usedhia canventiprgl EFSomceiprgesizn.
GP$ feepby erqpehcdssiig mpiesigfaretvR B-kSwa Wahe2a Sidlatc@bria Rihjest dgiai@ed hedDd
DESCRI PTI ON OF THE MOBI LE SYSTEM A rovi ng position
[ecelvere?referably conprises a plurality of receive

Posigupg Py iFerangpittet: apabl e of recei vi ng

A Positioning-Unit Device transmitter has many similarities to a conventional GPS pseudolite, with one
major and critical improvement: a steered transmitter clock. In the preferred embodiment the steered
transmitter clock is generated in the digital domain using Direct Digital Synthesis (DDS) techniques. DDS
technology produces a digitally generated oscillator, which can be frequency controlled to millihertz
acouracies, thus allowing the transmitter clock to be precisely “slaved” to an incoming reference signal. The
transmitter also incoiporates at least one radio frequency (RF) carrier generator, and at least one
pseudorandom number (PRN) code generator. The RF catrier generator produces the carrier component,
which is a sinusoidal radio frequency wave, preferably transmitted in the 2.4GHz 1SM band, and the PRN
code generator produces the code component, which comprises a unique code sequence that can be
distinguished amongst other pseudorandom code sequences transmitted on the same carrier frequency. A
plurality of codes can be penerated on a plurality of frequencies to prodice a so called “wide lane”, which
allows carrier integer cycle ambiguity to be resolved in a roving position receiver. In the preferred

embodiment Positioning-Unit Device transmitters are pulsed in a Time Division Multiple Access (TDMA)
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30 and interpreting positioning signals from

Posi tioning-Unit Devices, which are preferably
transmtting in the 2.40Hz | SM band. The roving
position receiver is also preferably capable of
receiving and interpreting positioning signals from
GNSS and WAAS satellites trgpsmtting in the L band
frequencies. The roving position receiver is

fmﬁxgé @Jclg:alg%/ﬁlg%qﬁwgltcm paéﬁsmg%lrggﬁrﬁ dg?mm}é ggﬁ% cﬁj}g{i PsRioning signals
RS Rl R TP Bt SR 1 T Broblen” an s s
vebkiorh BificAg- Uni t Device network tine, GNSS tine, 35
Positioning-Unit Device |ocations, satellite

pt,@tfom Gﬁ‘iﬁmevﬁl@@en%ltﬁ&e&ﬁ% perk and GNSS data. In the

referred enmbodl ment ne V\/OI‘ktIrT’BIS derived from

fgregng Ui RkRARP St ef | it es, thereby making
anet wikdas t detamigar i C@NSSotilione! the mnwgrymelmvzce A roving

pOSI pdsiash Je@:ﬁﬁﬂaﬁbﬁ rcmade%@mnmﬁﬁrga Bila¥ sbRGRERR &@Ju mﬂﬁaﬁ ﬂﬁtxahzatmn
pOS I"?e —Sury C O eiu.res q’op fS onmP %{Ii? Bgvmeqegsllflrv%qe I} at least four oﬁgn:er reference

1 oni carrier

phas%’sﬂ@é’ﬁg’ﬂ'é r’i’éﬁfe% tff d?ter@&ew %@F@?ﬂmﬁahgn%q B | posifipn solution, or
Vi ewslteraigelyyRutiSoring-Usd Dvwcelnay bl @du df @iMsast \bek GBIES atelti®Biflus at least

Ejl :Teon(: P @ce%&%hlﬂgmﬁl B&Jicg Iﬁ)ﬁnlisne;nbmt tl'xeor%}erence Posnttlomng-Umt Device
e T G080, Bk St B AL Seclgrr o e
posi Itﬂﬁlwm&@htquw , The\Pasitibninggng @xadeediieh yalcalakoammrmfate|pedteh relative
squab &smfeﬁgke&&b% xjrhaiewbas well known in the art. The

rovi I\ﬁgmap ggﬂlltz.&ﬁ%pls Elc %%d % Blaymg%e%lrase%mmy Unnc 183 a{al pred?tﬁnnme%locatwn

means to er °c w%
pr ef8{ PEyRl FsHEg %&PP@?H&F@ GeF ’11‘3‘3‘7 s iy PSQ‘EPP'P%rUIi“%DeV'ce memory. In
I es chevigelertsd bﬂﬂ@dlmﬁd e-firda mesitioticIiCJieBe is ARl BIERIGAT using precisely

cycl Isovairmarme; )émh SubbeGRAY xsegs#mmg URE B&AS S E ARG 1ol RS satellites
pseud tﬂgg S%}grm ned fromthe roving position
receﬁ'f‘l °S’(“P1”é“g iFY%ni ng- Unit Device. The carrier
b)ps e Udrarsdnifiatcarfprics agnalgenrdh by depsitimuestier. of carri er
cyc |Aﬂﬁ:ha{nﬁellh%f thd Yo QG recti VR R kdarcP foklity Afefeh@Gbsit sxgnal in view.
gg%ﬁéﬂ%{é i gc’c(::ulnrg a@ ory{:: grgng‘eclg‘ds; Ql?nl a%naglr%]ige%nt Ot{vorg tlﬁle and network
unkl%‘e\ﬁ""b "s‘}a’t"g"’B?an@é‘é‘i‘F\%ﬁﬂﬁ cl ock bi as. Ti me- Locked
d) POS iMcae i dagrilifitlte sibODPMpagan @l ifldin tthe trdfdid@ccORRMIIERNG Yhel POsitioning-

t engm@bedpkb.cOSECONdS, thereby allowi ng a single point
positjon solution to be formed fromthe precise = =
car ﬁe’lé‘i"“"f)gaé‘ﬂ’&%“f AR coprdmst e e iieledfromype reference positioning signal
di f evigatipnjdath, apd congrgied on the Anqyashobifiaping-t/sic Bewie rlodaticac K, computed
de @Qﬂeﬁ@aﬁ&stan&"lﬂtwb&tr&&g{o@ e 'aﬂd'PQﬂloﬂi% SLiGNHcSis converted into a
gen at ‘}{Tﬁf networ k of Tine- Locked
Posi |on|%'g Nit Devices utilizing the sane

) met Ases fodytieiz theslavs tiappmitistagdapeiersivnl ith@PSpropiiateiugigye PRN code.

f) 15d b . gekeRRB afi Q] afR6pripe Qﬁﬁeﬁlsmﬁkgmcﬂﬁhdvoﬁﬁﬁia gnhe Bk, hwhich is

k
S WdgalAlge mpaugxmatavc [ﬁ*p%ﬁe% Mk escr {g%lu}‘%% okl nown in

t he art and are
| Nagatiqedipagis ms%ﬂafee é‘P‘i’“z’é%I “’P‘FP&F“WF‘P%‘{ PRY, eodayydira ma@sequenﬂv
beemo@ilavee mpctnyﬂlmynsmftte:agenardtddu&ﬁ cautier. \iavigatiaandhte befudds hing-of-week

i nv ﬁl’ﬁ:hhéﬁ& P@iul)mn%qﬁ)h DRI 194G an QA lteiw%ﬁ:dat? ASn &bation and status of
vari e apparent to persons
ski P erlposmmrfg‘inﬁée‘ﬁ?ef wd\g&gs fEEHEd to fall within the

8 br obgansieepply tervefoudatdd itime-of flight pRsetiapd ditinliegie shrge tragsniiter te pyproximate
set ndvakit e anddRquency.

h) Means to initiate the position receiver to search for the slave positioning signal.
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What is claimed is: 1.A nethod for determning the
position of a roving position receiver in a

posi tioning system conprising at |east one ref erence
transmtter, and at |east one positioning-unit

devi ce, said nmethod conprising the steps of: a) each
of said at |east one reference transmtter generating
and transmtting reference positioning signals

l)aCCOM@{an, :Ic&lurt tﬂ@ sia'vé@&ﬁx%ﬁngoilﬂn%aéng aﬁ;l L %@ﬁ-&l Ig(gbeto obtamt frequency

reference tran %?ter wher el.n eac sald at | eas
one ?E"f'eé‘?eé’ﬁ‘g"é‘en Epfeppdsiage egtiogpe %\gnﬁ'ﬁom | ocation; b)
eac hThsfCPY sicajurestthe| instaineeyn ntepratsd ¢ajrigrrihesg COR iditferdeyy pthe reference and
10i ) #1f€ pisifbitg s@itdd abd bpBlid 2@bAudDIosy, SRR & 4 TTRRILLLAF (BY)”. The
eit h&l{putsb@hgﬂﬁ,ta é}h@s@;‘%{trecﬁ&%al{le% toet[ue s%rgd n&ns%ﬂénmloclg ? or%hto zero the ICP
sai d _at | east e positioning-unit device or
sai d¥*feast one reference transmtter and said at

Dl easMeapne ot thi omioigpduitive tigle dbe élie sl pheitiening] sitndl gradgation data
r ef okt 2 Ubebrin@E kb S @R ce '5&9&3@-&@1‘6’&:%%@41&}{mg signal and slave
bet wee en s SId at | east one reference transmtter and
saldm603|%ﬁ%n|ng unit device; 15iii)generating and

Bt r ardsipstte il”lﬁng Sigw thy ISW Wt{eﬁ téqﬂ( ﬂ?g regqlsghmount jta/3ero the time difference
I C Stietwed GhedidtEredcd pBuitphiRY Y &di ik M GosRioRIRSHidnhl ONUCK Giat the slave
s. grmgmona{g signf mermo cﬁ% 456 Iy Rl Bl Bh G LRE St ed

a gm st ep sa| uni que posi t 1 oni ng
Dsi gﬂ\é ‘[‘if’ﬁ“%}“"@ﬁ tust o deduce a transmi ssion

di fference; vi) contl nuousl y adjusting said
C@ﬁﬂﬁﬁ{ﬁ&“ﬁaﬂiﬂ and transm ssi on of said unique

_ Tl'? go%:lmgoln gsgllllaqg Hrogéef: ?coﬂeren% basgJ {or :31 ctn\x}%oneisltg' Iotgh g’egtyonm%{ljmt Device,

ransm ssi o er ence e
In paticulais fhe eamp psillatordviiseigo éﬂvgﬁalposgﬂ% [eryat thoRPdenrctye feetstiransmitter
cl®k. @colidrent) lpcalSi@baset ditavis (ﬁﬁ]l—ld)plﬂ%l;tﬂlhb@ rfRisg fitRRdcEigd Séf@Ead positioning
sighdt uSY PRQLIRG m?dmlc%/ T&m%w b ). 98 394 He [LhRE SAG&ce positioning

n
s1$§§r§c} I Oﬂ(l) l é|ﬂ{e[‘r§‘f‘m°“m§'Um{ 89}\/1{{:2 posngOSI LS

Positioning-Unit Dev1ce steered transmitter clock. The steéred transmitter clock simply emulates the

on receiver, is fed directly to the

frequency offset value of the incoming reference positioning signal, thus eliminating the common oscillator
term and maintaining Reference/Slave Frequency Lock between the reférence and slave positioning signals.

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

DESCRIPTION OF THE MOBILE SYSTEM

A roving position receiver preferably comprises a plurality of receive channels that are capable of receiving
and interpreting positioning signals from Positioning-Unit Devices, which are preferably transmitting in the
2.4GHz ISM band. The roving position receiver is also preferably eapable of receiving and interpreting
positioning signals from GNSS and WAAS satellites transmitting in the L band frequencies. The roving
position receiver is preferably capable of demodulating navigation data incorporating network data from all
positioning signals in view. This allows determination of Positioning-Unit Device network time, GNSS time,
Positioning-Unit Device locations, satellite Iocations, and other network and GNSS data. In the preferred
embodiment network time is derived from GNSS time via WAAS satellites, thereby making network time
and GNSS time time-coherent. A roving position receiver also preferably incorporates means to make code-
based pseudorange measurements for each positioning signal in view, means to make carrier phase
measurements for each positioning signal in view, and means to solve for position, velocity, and time (PVT)

using single point position determination. Single point position determination can be accomplished by using
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i )said chronol ogi cally synchroni zed uni que
positioning signals; or ii)both said reference
positioning signals and said chronol ogically
synchroni zed uni que positioning signals; and
subsequently calculating its own position w thout the
requi renent of differential corrections. 30 2. A
nmet hod according to claim £ wherein: a) said at
a ?Oblveaté:)ﬁfg %2{3 :‘goesfgiﬁlgse() u?u%ntg/ al?lss gcr%{"aﬁyr If’o?ne { l%afsths%gare(s: gege!ss%}il I;h%tdls well
kopyiig heprty - di ver se positioning signals that exhibit
ti me-i ncoherence; b) each of said at | east one

Th@?&/kn% ﬁ E‘%&U@J refg‘ﬁ)w &%rpo}!!{eg mgaﬁls &xodrt;@x{n n§ ?r?eﬁgrh:?clé Lm%?o@uy In the

ener a transmt
Prgfirgy) eﬂa R %le ﬁ%'f;‘tﬂiy Wﬁﬂb@ds‘is% H}%%-'&ﬂer terRRNG- ﬁg“é’ﬁ?gﬁf cycle

anthlguityad esblyedof préciseguientae prudenge s gosnineddinmg reing pastign receiver to

thd fo@iﬁ?arﬁ@[ﬂit Blvick. SRS ban@P BsehiRfafide R OERisds :raa gl&g@r tadef¥er afca&.srceyales (the
evl] ce udil

mtf%er com (Bef‘nﬁ }usls 19 i‘{:!ictlogal ga?r&e‘f- cycle amountsfﬁ‘acp G ?l grg %8%% tc?lgponent) and is
terppd ﬁiﬁvd@'@ﬁlge dhd & taoyynliepp Rpsitiop ge‘%‘&‘e R %r‘@&u?dﬁ?:yoc&ﬁid\i’eﬁig%mgﬂmt
Depioss kxthib® Fihé\@hef0Sitg1aa lof fidoRBonB8Qihehetd biliowig $ &inppeint po itk SIMEB: to be

foﬁnmm tp‘e@ige cHier ﬁéﬁﬂm&"e!\%&oﬁ Qé héeh 8”1&%11%%0‘1’(3&1&7
devices or both to a respective frequency-diverse
positioning signal fromsaid positioning-unit device;-

A Bpeitidn rechiat ks, dmpduintes, iamCiotrerce pogiolig sgoipoRraRdbiNge:wor df Time-

Lobre® %@iﬂ(ﬁt}é‘[ﬂltt RIS ul@R ttheORIA gleﬁbcﬁﬂ@és SusedCih c&ﬁblﬁtozfap GPST Beceiver

i receiver ,furt her L sin the st pS of
el @t GEEH g blod ROICOTREL S A b RRLERS, 2 ietichown i
theats pdiare gt swpisefs dercabfd by - di ver se posi ti oni ng S|gnals

ii) interpreting said comon tine-incoherence as a

it Wiff 660N & be %m& LR S HGR LR Al BN @Lnem&géfvé LQBpte of is

solutl g cal cul at ed i ncor oratln% sai d recei ver
mvaqtlgrb %l Bf other modifications and variations hereto, as Would be apparent to persons skilled in

the art, are deemed to fali within. the broad scope and ambit of this invention as is herein set forth.
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3. A nmethod according to claim1 or 2, wherein said
roving position receiver's calculated position in

step (c) is determ ned by carrier single-point
position-velocity-tinme (PVT) solutions. 4. A nethod
according to any one of the preceding clains, wherein
said received signals in stgp (c) include a

pseudor andom code conponent and wherein said roving

RSt ddikd i ecei ver det erm nes pseudor andom code

si ngl e-poi nt position solutions derived fromsaid

pseudor andom code conponent w thin each received

1si gnélmethog for Actyrpining dhearpeitrndif rgrotie @pijonorreivafin tahyesitioning system
cipEiERdit NEhstCna irdBencaVi@k GG, &Rl £ 168CRL Y&MHoSl0RRdSvideNsaid method
cHipBBnaaR)elsBE! ude a carrier conponent and wherein said
roving position receiver determ nes carrier

si ngPe-PBHF BEH PRGHCE1t TR TBtTE eErerina Al ieineraffrgnce positioniog
carri ersiggdigo@nigato h tihibise @@l af BSEiny ettreBieg@ditter, Gherefh cach of
met hod sa@g%s@lbne&f&eeoe%%m%@m%&m kggedi ng cl ai ns,

wher a a carrier, wherein said
recel ve S %Sa'dattleagmg )’Stm(mmg('““)ts'fvﬁ‘él ude a data conponent

and wherlbu rre@law mrdolvfielmgm}go@nﬁ msiteed by wither Widtat fleast passreference

~dat a si ngl erapditet oPQE 4t iIQR BO pattibMSmiel @évicy 86 bdtk 4 at least one

sai d data GoEmRRNERLW LA ﬁda%mp&?%gsan}aggm?da\qna' 7.

- A met hod according to any one

Cl ai 15, "l BTG 4B B S6o PERUEpaE €y kv sud atleas oe
calcuIatedIﬂbgmtm@mmmnmsbamm@m%maemaﬂmmnes sai d at

| east omg rge.teaﬁ@raaﬁmhm&%muhla.%oﬁ.om ise by

cal cul atj 05|tdmg %1n d ty-t PVT ~sol utions.

8. A met according to any “e%”% brecedi ng

cl ai ns, ")Wh e‘fP‘Eﬁaﬂ“gs%}ddm?“W‘il psPreteqt GMSe@@I wesr (ip and said unique
cal cul at ed ppa®hihd styal ifBm SO ©@ddudd @ tRkMsRe Sifftsraicel at

| east c@rruﬁfow&]ugt[nggﬁmgén&ﬁ[on %ndt d’amm%gg'n otb s¥1d unique positioning

cal cul at| n rrier single-polnt posi
sol uti ons. %‘g@?aci?’%t%od accordi ng any one of t he
precedi ng clai ssldedntrd rgismisgaidiferese timsed (Siaghal s i n

step (c) i an) UGLR rder&ndd ﬂ'olsngcrnmg Q@%ﬁﬁhmﬁ@z‘@ﬁi‘bxﬁ !st&ﬂu)an

i ni tl gllJ'lz{ sal mguuou‘g’mr};liln S al 1s no:n:)I erl I‘% &nmmze'i said reference
conponent “and i Snaﬁn e 5%5 7 d° A

nmet IRE)“'&“”&’E?@@P"&& ng to claim?9, wher ein said roving

pOSict | @il révg dsiia re@ivaaleeivih@ditbgt position in step (c)

- of clai W 1 sdlcﬁchgg&o%[cm Qﬁ}ohrerZe un%§e 1t10§1$%s3%1\r/1£é nlg sai d

initially a uous er o carri

conmponeft P‘Zih fj‘ PrEfioR Py tipRingsfetabrnd feidetraologigally gynchronized unique
conponent ; pésiiomngryighatsy sai d resol ved i nteger cycle

co m@ﬁ@gquéﬂﬂytcmcﬁﬁhéits foﬁr@ﬁ;sihmo& MQB&III&I%{EB?(BE&%MIJ[ Qorrcctlons
generate a precise carrier phase pseudorange; c)
determning carrier single-point position solutions

- f r ofhmstipdpcqording loghinch whirgr: phase pseudorange within

eachy reiaed l&hﬁdné&ﬁﬁﬁﬁl‘: {ranSbigh ls.tft&ﬂlter Siflg@edGREhdrRd and transmit a plurality
si ngl eof‘PchLQlEy-B\Q %L. si%onéngfs%glg stha exh:F?tune—mecohdet er m ned

w t hout e nee ren Correctién. 11. A

net Pod®2feEBidai liig opaosifinpingiut devicedisther prmpristthergredfai ms,

wher ei n edk h gatratig el tﬁisnﬁtﬁ@ﬁbluﬂﬁtﬁof(ﬁéquﬁﬁi—ﬂivdﬁﬁ p&rietRisnals;
transmt t ﬁf S re'cam:x‘rlg%g@ ﬁluﬂﬁ)& 'of ﬂ*eQ&ﬁrggw%l P ﬁltggl}{% s(f&&ls frég g:l% at Jeast

Ar ea Augment ation st em sat el
Navi gation SEUEFTFFeT8utem f@&tO&F‘l Rofoune yai st il st or

or any ot her frghebdttges t hat i ncorporate timng
i nformat iigN. independbrip @l%bﬂologir:ﬂil@ %rn@lix‘oﬁzﬁgncéeb h&}ﬂeﬁﬁé@m@ Positioning

roving positi n“gecel ver to ne #
aid af leas ~
position, said positioni ngo%eyr% renc%@f% “fgﬁﬁ‘ -other positioning-unit



a) at least one reference transmtter, each of said

at |l east one reference transmtter configured to

generate and transnmt reference positioning signals
according to the tinebase of said at |east one

reference transmtter; b) at |east one

positioning-unit device, eagh of said at |east one
positioning-unit device conprising: i) means for

recei vi ng anddevigtser potletol argppetivpfodasenesr Aypsxiposittoging gignal from said
ei t her sai d agosihgr@ﬂitumo&eiog eference transmtter or

said at c%%?tt say (anfp grlen%Q {SI’A gé},‘ atmo?%sy ;lllc\f?e csypé%\gfl;]se tposmomng

said at 1'€ast *oneé"Te erence Fansmtter an

| east orfEmgbwsitioni ng-unit device; ii) neans for

det eyshill Riviag pitibefetiv@NodhePOSpiiding MicRGpsSE:gnal

propagat I on; delJ i 3&%@&];&&11% cﬁ‘loncllgg"i’tﬁféyev rJn?zE@ﬁt%Géﬁ@y diverse
ice

transmitter and Sai positioning-unit Pii)
nmeans for genelH{T§S8HF transnmitting a uni que
posi tioni ngiisi guadrsting sajd cnmagrsinfedrcohewa®pvi mgiverrshpek bias;

I Nt ergpd, &l aﬁgcc§1§1!e goéﬂﬁh Motﬂ@&ﬁ&ia@@ﬂn&%oﬁh&@ﬁh recler JIRAMRs.
for conparing said received and interpreted signals

fromstep (i) and said unique positioning signal from
3. st ep nfeif] acc@diced gisian bort2r whvssin ssid Faying disttipereeginees calgiliptyd position in

stef AN Gl iRhicd® P Bk MU ohe pikibtSteionig-tR e 19 M@ibat | on and
transm ssion of sald unique positioning signal

4.. aCCAm@thadac@dingtp agyaind oflBieaihatcrapiswiesi sain ratifl sigetsdestep (c)
mclfuﬁ ﬂs&kﬁ&d&}{ ladc @&onmm actﬂlwqter%ﬁ &8 ﬁ)@lﬁ p(ﬂ@i%ﬁ Iet:é?\r& Hkgermmes
| propagati on ay fromste %? suc
Pseg%ﬁraad%?ﬂa%n R P?ﬂﬁ"ﬁ udprg feiveq féf’mcf P Glewgt °Elaff’ e;?"ml"m"‘
wnmymhtemct@alt o said ref erence positioning signals;

c) nmeans for said rovi ngdeﬁOSI t on recejver t rece

ol hmethofl feegiing (@ APoYRE PUY LEPTRF WReHOHP 284G fiF s in

stcp@@hﬁdhﬁig Ia r&g“n&l Siabsent Q4 whérélﬂ sMhn@ﬂsﬂoﬂ' ﬁﬁeﬁfeﬁﬂ'&ﬁe@mmes carrier
posi tioning signals and said chronol ogi cal |
singlgReiRT RSP FeR U P e h BYR IISHT HGOBRoBRAFEn "a%m"ﬁd signal.

6. A method according to any one of the preceding claims, wherein said step (c) include a
carrier, wheréin said received signals in step (¢} include a data component and wherein said roving position
receiver determines data single-point position solutions derived from said data component within each

received signal.

7 A method according to any one of the preceding claims, wherein said roving position receiver's
calculated position in step (c) determines said at least one reference transmitter's timebase by calculating

position-velocity-time (PVT) solutions. .

8. A method according to any one of the preceding claims, wherein said roving position receiver's
calculated position in step (c) determines said at least one reference transmitter's timebase by

calculating carrier sing-lé-point positioning solutions.

9. A method according any one of the preceding claims, wherein said received signals in step

(c) include a carrier component comprising an initially ambiguous number of carrier cycles component

and a fractional cycle component.

10. A method according to claim 9, wherein said roving position receiver's calculated position in

step {c) of claim 1 is determined by:



and subsequently calculate its own position w thout

the requirenent of differential corrections. 13. A
positioning systemaccording to claim 12, wherein: a)

said at | east one reference transmitter is further
configured to generate and transmt a plurality of
frequency-di verse positionipg signals that exhibit

tune-i ncoherence; b) said at |east one

pOSIat l %QAI‘HI% B tnﬁtla%ye b@g%onHﬁnLlnﬁtgf cﬁ'ﬂm‘:ﬁéﬁﬁfpoﬂe)n t&EAN e a resolved
for eneratln transmtting a plurality of
frequeﬁ’ffﬁeraw PR YBsi tioning signals; ii) nmeans for

recél viumgpisgsad rgblyediniegey cole domeepaw vaty sgid frestigml cycle component to

positi gﬁ&&gaﬁg&@mrgﬁa@ps&&rgg@t | east one reference
transmtter

i ncf dcl:leﬁeémllmP% rarr*er sing efpomtl'ﬁO%P ?nﬁsoll:mogsr% r;]rgsml({ Ell'egl ?e%gr\r/ier pﬁase pseudorange
i ndeperdentrhreehrdgitntlogi cal |y synchron|2|ng each
f r e gt FGYsaldl MdRieS EngdOsdiktipofilidhGoRitiga @hn Heldetdingadddvitbut the need for
| eagle.ong Leference transmtter or said other
positioning-unit devices or both to a respective
115 eﬂq@éﬁi}efyacﬂ?r@ég é(eangd)g? fj tbﬁﬁrﬁ:@dlg %arlfaq whirgis cacki qf said at least one or
mopQsicich@ntafgnitiéts incld@y p@Bipnispdh dévivad WideiAtka Augmentation System satellites,
. Glo Mr}‘?avl 391%19 @%&ﬁ‘tﬂ c.igstéms sa?eﬂmlopscm&g §1t an@ldther devices that incorporate timing
requ ncy-diverse pos oning signalsy said roving
infgBaori on recei ver further conprising: i) means for
- 12.1 eCRpatitingngsfiréhn WREEpEMNL @ Adving peditiod Rodi@gioGatkdnhe its own position, said

l f.requency-diverse positioning signals;
"“*Q‘M‘%% %ﬁlg% rllel%ter preting said comon

timeli %&%@w&ﬁ%@%\wwi@ﬁh\?&wd@f Igtstonpietpeencedgpspitiepcppfigured to
an ac Cgshdadt€anp OSishit iferGied pobitiGimgisgndede@igti@tle timebase of said at least

i ncor p&gp&e&g&t%;ngmr eceiver clock bias. 14. A
positioning system according to claim12 or 13,

whePleish 8% PR RBIRGEPBS FEigna-BeETE 125 0aF Befftigniag-unit device
posi t icomprisifg:st ep (c) is determined by carrier

si ngl e-poi pL. PRSILAR .ngtayl@ LG Lidha lgrm Hah¥eled B9 LIHM QI¥S:t feast one

15. A poOsitioning em accor to any_one of
claims 12 ke, ﬁavaﬁ)étfeé?rrfmg & laﬁstroéeaf’\?éfangswﬁa‘ﬁfg of ppth said at least
step (C) idmeldig@carpaitetol sndo et odgostonmmnmadtviand

wher ei nn S ax'ngang Y. &e&gfmﬂ‘ﬂg 5 l:elfe%ﬂce,r &Q@&nﬁ% ggﬁ Bl%*;a[gﬁtn)ﬁ%elay between said

pseudor andom code sin pol nt. posi tion solutions

derived f r?5Fﬁ%%eﬁfﬁg’éﬁ%?“ﬁﬁﬂmsﬂﬁwuﬁ‘bq%ﬁwew thin
each rewpi weds ®r gabting aildGransfiffesi ubiq@iosigpndy Sip@in

accordi ﬁg }nganéfl}s( reQJlﬁng%d lct‘ileﬂ)lreqﬁg S:LI% mtna.le:lésatmmg £1§Ja1n sai d

receive I n st (é‘ carrier
conponert} a’ﬁﬁls\iﬁé?‘éﬁ’aﬁ‘“% 4] "?eb‘i?ii ﬁ*@f lbfs@fefer‘ Signql e ey (1) and said
det er m nes ufique posibnityd sipghl Erof Glepiv) Pasdubd Drangidsiib ditfasnce;

: derived f HOR %IQOIﬁﬁﬁJﬂgl? Edjgs‘? @&W&Lerﬁﬁol: Q{dr}raﬁs%ﬁaglon of sald unigue

i
recei ved si gnal posi'tioni ng system accordi ng t
any one of Peﬁlté’ﬁ%s’%laf"iﬁ’fdl‘@m wherei n said received
signal s in g efiddeduced transmission difference from step (v); and

b) said reference positioning signal propagation delay from step (ii);
such that said unique positioning signal is chronologically synchronized to said reference
positioning signals;
¢) means for said roving position receiver to receive either:
i) said chronologically synchronized unique positioning signals; or
ii)  both said reference positioning signals and said chronologically synchronized unique

positioning signals;
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(c) include a data conmponent and wherein said roving
position receiver determ nes data single-point
position solutions derived fromsaid data conponent
wi thin each received signal. 30 18.A positioning
system according to any one of claims 12 to 17,
wherein said roving position,receiver's calcul at ed
position in step (c) determnes said at | east one
rpg;e[ Ieg:_:“e/ ed;: :')Cslgsuryntiy g[cu%g\#n%gﬁﬁsﬁ?a%gﬁﬁggut%gel g\&ulregent of differential
posi ti onF‘WQC“SI}Fst em according to any one of cI ains 12

rovi ﬁgwlpo& tion receiver's

tq 18
l?f' ca POS"imnfnéd'Stemm?rl O%ltol nstep (c) deternines said at

| eadt #ifet ’P"é‘f"é‘i’ SffesRCetTRRREN if faesher configquppd [-pgreratsynd transmit a plurality
cal cul atfieqi@ncg-diverkeqiosiGdnibg kigra3 @HatHxhipO8dctihoOlitkeNG;

sol yti sqmnca%wpog@afm%lugmme fyst epmpaccording to any
one ‘of cl al ms wherein.said recejved si

in step (c))i MEPHBEEerEsE P‘}dé‘?“SE‘B‘fPﬁé‘ﬁ]éﬁ{“y Soliic Al ‘ﬁ"ﬁ’s%l?f’sm"“‘“g

initially anbiggdous nunber of carrier cycles
conmponent ;@n dne@nsff&a&ﬁﬂvﬁg ?alld kLot @r@cﬁp&ﬂ-@ﬂ&rse p%gituﬁmg signais from

positioning s ccor whe .
sai d rovi ng %él %elfaosnonrcecercr\l/cg Fral%sm&:t%f orrpo dth iy E)OSltIO{ll.tl% amit devices

in step (c) oﬁclﬁiﬂalt%ﬁfmlzﬁqﬂsb‘)@et er mi ned by a)
r esol Vi Nngiiip ainadsBrtiddadpdnifenByilir GoIo pisal I wyibig bniMlg Gal Fdq@dney-diverse

CyC| es Conpgnpe()gli [omg%ggﬁ?{:r %alﬁl t]rlga%P«J)n:éEg‘elje&%%ggsrnrl&éé%lr §aid other

conponent
conponent Wi tPPsélai‘lag F’%“a‘%f"t"lcifr?épo“tVél’@l"ifﬁmfffﬂ’éﬁﬁ‘ﬁ'?‘b@m positioning
generate a prsiagdl $em e posiguninghsis@vipseudor ange; c)
det er m néuEthh&%ﬁ luﬁg—m%éylﬁghé 19&%3% ;t 1@ ﬁetﬁlgx!lcyld'i‘feﬂtgposmomng
fromsaid g%em se carrier phase pseuéor ange Wt hi
each rec¥"™W&d signal; such that said carrier
si ngl esaidmdmp@w@htebeémrmﬂieu@mmgcan be determ ned
wi t hout the &%&gf& Qcithhd Hi@ kR chdRhtly CRELREIAIQ ByncidniRdd frequency—
positioning s system gccorldlapg to any one of clains 12
to 21, wher ei’W“EHH "B S0 at | east one or nore
r ef er ence iid r sm@nfor inesrpeetipgreldgereonigs inephoiahon ge-arercver clock bias;
devi ces, q,WikheanAtRADBETR Midibh ©Bulcdkisd Bi¥pSRkRlsdid f@&Bver clock bias.
G obal Navigation Satellite Systemsatellites,
14. Ps augailiodigSystsar acangingto RBim theor il g ederkin adid fomiogpgdivategeiver's
cachIth& ‘%l)gimlmq; «ngprfatlé d@@rmme‘a §y caﬁne@gnf—%%mf pggmoq Q/Ll@&tmtlﬂlle ﬁ‘g/TS Qﬁuﬂons
position of ‘a’roving position Tecei'ver in a

15. p 0SA ﬁésﬁﬁhlﬁgsy&)ﬁﬁ E&mdﬁx@ BPdnly She 1 claitns h:&asx wa8rein k84 RESNRE Signals in
step (5(8 mc?uq!: a gseudaramﬂ){nﬁoécf com ao%tcrmt gnrzln r%f?]ll t 1?)91'11% slﬁ(l;]nl rtecewer determines

pscudorandom code single-point position solutions. denved from said pseudorandom code component within

each received signal.

16. A positioning system according to any one of claims 12 to 15, wherein said received signals in
step (c) include a carrier component and wherein said roving position receiver determines carrier

single-point position solutions derived from said carrier component within each received signal.

17. A positioning system according to any one of claims 12 to 16, wherein said received signals in step
(c) include a data component and wherein said roving position receiver determines data single-point position

solutions derived from said data component within each received signal.



a) each of said at |east one reference transmtter
generating and transmtting reference positioning
signals according to the tinebase of said at | east
one reference transmtter, wherein each of said at
| east one reference transnmggers is at a known

| ocation; b) each of said at |east one

18. A@@ﬁﬂi&nﬁﬂ%@ydﬂt&r 4bBdrlingl @\Hh € Bic of Haifn€ TRl 17, W@ edinQaid rdvmg position receiver's
calculated gmsmon E’n s?ep (3@ QGtérranlings aﬁltd a! lga%tso e ?e?e?en«geet}tag m?t%gsetmgagﬁe Ey c%,?:ulntglg position-

enerating an ransm
velocity-ti YPﬁ@HPﬁ@ S|gnal wherein sai d uni que p03|t|on|ng
signal is aligned with a frequency steerabl e cl ock;

19. Ipﬂo's&m&rﬁ& @irsYérrp ?C(:@Hl gl t‘3t3§§ Q)Beegl* agm§ @Z q? Ligl UHEein said roving position

tiohing s neasur i ng requency

receiver's afrlf%?c’eli‘?e@ﬂu’éf*wé@ﬁﬂgralwas %m&eb‘F%ﬂe ﬁferepfé HEEGH

carrier singlegfolt @RiG@ingesitohoni ng signal (i) and said received
uni que positioning signal (H); 31 v) adjusting the
freguency of sajd frequency. steerable cl ock by an

20. A gpRiPRPE FERPPETInednT Y SrPT ABs it Bd? Pﬁﬁﬁﬁéﬁﬁy

received mg:kais iff Et%ﬁn&ﬁd\é)a cﬂ'ﬁg G&%ﬁ&%%ﬁill% aﬁ%tﬁﬁ} alnﬁ)%uéé lru.(ljmbcr of carrier

05|t|on|ng etermning a
qus“m?%?%F@HHE”ﬁE?WFVHﬁ?ﬂ@“%|gnal propagati on del ay
bet ween said at | east one reference transmtter and
said positioning-unit device; vii) nmeasuring a tine
21, - A dbififrdreongen Besridiee v cidh o0, mbcreinvad raviel ess@iog eceiver's calculated

posﬂig§intsﬂalp@jJﬁgmﬁxllgﬁ%lsterghm)ad@nd sai d recei ved uni que
posi.tioni ng (Lii); viii) offsettin

fredu erﬁi?V““éfa’%‘ﬁ’i“a“yfaF'B‘&Ef’é‘ﬁng‘t"é ‘é"u"é?bfyélcscﬂ"?}%‘l?e‘i‘ {rgengrate a resolved
per i odingger tyciyeomperentyed from said tinme difference
NMeagUr Kthndikk sSdGR ok ¥d 1ht)=:ge§1 1S3foRAQRAGAN kXA LRYe component to

nmeasured in ste Pﬁ%‘ onsequently adj usting said
uni queSPBEF I ‘§lﬁﬁ£ﬁm‘?ﬁ€h that said unique

pos#t | dtErmgingdagivatinglepoigtnoaim|sefiossiompsaid praads corr pleek fsendorange
sai dw#lf &EERGRPQshit | ONi ng signals; ¢) said roving
mmg S|tJon recelver recelv

3ﬁ18|c618f:r sIe e)}:ogxy%o(glﬁ?lbrﬁ l%lgl&f c&IhF q{?g:rr?}%eglvii Ih%\.ﬁ hn éxeed for differential
. comgdtighal s; or ii) both said reference positioning
22 A$és@R@hS sy@t&d a&aﬂdﬂg thlja&@'oﬂ ghlala2l1h ¥6 ﬁm&ﬁanﬁHhZ}Eﬂld&ﬂlcﬁkU@le or more

- reference t?ansm1&er rq%lur}lgs 0s1tgc{]nﬁ18 %J'tht c? Hces %LQ@S gr%zlil ngnltexxan%na ! g¥s¥cm satglﬁhe ébﬁnbal

e require eren
Navigatio Soielisciponsiclizs Parudich oina b Aetforybat octopsferfymig information.

23. A MBRYdFbiYetermining the position of a roving position receiver in a positioning system

a timebase by calculating

comprising at least one reference transmitter, and at Ieast one positioning-unit device, said method
comprising the steps of’

a) each of said at Jeast one reference transmitter generating and transmitting reference positioning
signals according to the timebase of said at least one reference transmitter, wherein each of said
at least one reference transmitters is at a known location;

b} each of said at least one positioning-unit device:

1) receiving and interpreting said at least one reference positioning signal;

i) generating and transmitting said unique positioning signal, wherein said unique
positioning signal is aligned with a frequency steerable clock;

i) receiving and interpreting said unique positioning signal;

iv) measuring a frequency difference between said received at least one reference

positioning signal (i) and said received unique positioning signal (iii);



c) said at | east one reference transmtter is further
configured to generate and transmt a plurality of
frequency-di verse positioning signals that exhibit

tune-i ncoherence; d) each of said at |east one
positioning-unit device furtsher conprises the steps

of: i) generating and transmtting a plurality of

f r equedapyting| MEFR@enPOSH shid FrRiIRGySk@Bk Siock By)an la@6@i érVed from said
Sal d pJnyafslﬁLd ée)iueg tﬂf‘i’e@éﬂ&q ?%d@)n\égﬁéﬁy p(ﬁﬂ% ulgj s3A lnﬁc‘fhe {)osmomng signal;

gnals from said one reference transm
o r f FidffteErinias 2 rﬁffﬁlfﬁ. Paﬁﬁtfowgg HifRL Propagifiengislay 'ff&vrea'bﬁaﬂgt least one
itsel fre&renéemmmb@tdnd sajdipbsjtiohinglefielmdent | y
chr opglRMGR ahx.eayfasrlammeéa 8 (&ACA it EQURNEHind kBT BGnd
posi ti oni ?é %g from salaq at | east one reference
t r ansmi°tf EFGH UL BooBPHE S SBR LY i oni ng-unit devi ces or
bot hvitipoffettiesstpeleaioney o FW@GWV—S@!’P@@? deck fp s paripdefitimg derived
si gnal HomQaH Sidb ek hkRitbdg steivii) ade%tdcpeapagammelam&asmd
sai d ti,ne wf/ %Q@Jnse ”Eééﬂ | 2R ”ll}%i”maﬁ‘éo F.‘gf?onm S
freq uenc -é oni ? %ﬁld roving
pos |S?‘ihd’hat pEd é?‘ﬁ‘é‘—‘rl"’f“t}?‘tl%i*g”ébﬁ'ﬁi“i°§?*Pﬂjcat“ﬁ &ynghrapigeddp said geference
r eC@bMioﬁl&sS@hld i ndependent|y chronol ogically

synchr Qi giﬁﬂ%g%yreglv}ﬁﬁ&ﬁx@r posi tioning signals;

i) |nterpre conmon tune-incoherence as a

recei ve® CIS%%W%PI%M%%WW‘H%“%W PR tiEASSEi t i on

sol uti o) | $otb sdicralert@dositiosiog favnlatidrgd eaindegi@tiesyudronized unique
cl ock bi as.,.d@nfe GBLA0d according to cI aim 23 or 24,

wher ej n sai d r ov| nr%)lts position receiver's cal cul at ed

pos |ﬂlfdl SB‘??G‘!“FF % £3 la% P pa%tto§ I}Nilﬂl{ﬁlétae erxrgngtrolf @fferentxa' corrections,

singl e-poi nt position-velocity-tinme (PVT) solutions.

24.32 Rhehod BLRRHE tAGHR B WRGeid: O any one of clains 23 to
- 25, V\herell%ﬁsald recei ved si s i.n ste eé% i ncl

a pSeuthiehionT t5Ta-CanpaiTeAl &n aIAEr S i g vaaw*hagvlurahw
posi ti effremeseidier: pheitiemgisigets insebidio manidohsrade

Si Ng) eadQk Btd PRSI db ARics Ul @eﬂ:ﬁze ﬂ:ﬂﬁér ¥&Qm;e§ msra@@ud
pseudor andom code co onent rece

signal . 27. K8t ‘?Fd“ﬂ TEFH “r?“éy 2 ﬂfg?qugﬁ% d‘é?seé’?%‘i"ﬂ*ﬁg ol
to 26, WhiBr efespiaiseid plostid vEfbasingrdivesse pevitiotiagrigualy from said at least

i ncl ude a Caﬁﬂelrﬁ'&e&%&ﬁﬁ‘éﬂt}r f@%ﬁm&%nﬁgﬁﬁi &wﬁe@‘ﬁﬂclﬂ(gng itself or
position receiver determ nes carrier Ssi ngl e- pol nt

posi tion sol PP M derived fromsaid carrier
conponent iiin irképrandedly ishrombegicybydyrshrgmizihg cagi@requenptdn@ge positioning

according to sigdhY fr&H S Ie%t @hmfel%gcethgnsglﬁter WhSH 8h& pgﬁt'idlmg—umt
received si ggal S | nl(i’s}h gfgf:]l ude dat a .cor @f d
and wherei n S8 POVIHG Bt % CEY ORI BRET V& PET R ‘"”ﬁé rom sal
dat a si ngl e- pesitahinpegidvign sol uti ons derived from
sal g]cﬂjﬁgt@aig AHPREEn it mnﬁnO%Qﬁbngs@ﬁlﬁc\{ﬁqcys&i% I]msiticuning signals;
c) said roving position receiver further comprising the steps of:
i) receiving said independently chronologically synchronized frequency-diverse
positioning signals;
ii} ~ interpreting said common tune-incoherence as a receiver clock bias;

such that an accurate position solution is calculated incorporating said receiver clock bias.

25. A method according to claim 23 or 24, wherein said roving position receiver'’s calculated position in

step (c) is determined by carrier single-point position-velocity-time (PVT) solutions.



29. A net hod according to any one of clains 23 to 28,
wherein said roving position receiver's cal cul ated
position in step (c) determ nes said at | east one
reference transmtter's ti mebase by cal cul ating
position-velocity-tinme (PVTp2solutions. 30.A nmethod

26.aCC an%xggactz&dn?gnx argnyﬁc &fclaﬁJs §-3 B&S %;ﬁer&g sagﬁecel\()@%fgﬁzlmn §é}:| (8 include
Ition reqflver sdcalculated posi tion dorand
2 PiePdoE RO S RPIRET 30 WEF Rid PP PP ERRis® Preudorandom
codesiggisivintipesitios selutivprag ed Hym il reewiatndengcodagompaent within each received
sighl.Ngl e- poi nt positioning solutions. 31. A nethod
according to any one-of clainms 23 to 30, wherein said
received signals in step (c) include a carrier
27.compavrthed 2ecorig teiampnast claiisp i 6y whartin epibireel yrdmiseals igfstep ()
inchidé § tRfier GYifijo@&t GINARARIThid advihg Positfod €dckiGn AbterGihed Arrier single-point

posﬁ%ma%ngdm&&ﬁéu 0Bl hed o &9&%&%&@&%@& L, wherein

sald roving position receiver's ca ated position
in step (c) of claim23 is determ ned by: a)
28.r esol wkthgl gadrding N 4oy @hd of claindd 3 0TS whkieiiD @iid ©fei@akighady in step (c)

mcﬁXepz!L @a?a &WH?&E thQrelg WO@L&OQHJH%CQ%V&%&CI{HEHESG&Q mglx%lmﬁ position

onent; b) summ ng said resolved 1 nteger cycle
SO“E‘B‘TﬁS‘S‘ HEhFommit e srmporepieinsah FeedyPe i@k onponent t o
generate a precise carrier phase pseudorange; c)

29.det & H&tﬁyd Q&oﬁﬂé fd 28Y ors bA\@hBy B Y R leQ&' Istih QinS Qbikdn r&@i%er s
I Se carrier phase pseudoran

W t hi
cocly PP B FirgOS G AT A e B e b Slultin
posiipmgptositpioier(f VPoslbtidnon sol uti ons can be det erni ned

wi t hout the need for di fferenti al correction 33.A

30. \Anﬁt H methodca(c:cooﬁdgngft ang mg I?X!alf%n% tc? £9 WLCI‘CIH sm%owng Posﬁﬁ%{} ré:%eévgrs calculated
P"S‘t“?“dh R {9} e mings g é‘s‘,e‘*ﬁb%ﬁef?fﬁrﬁ?‘i’?émﬁﬁﬂ‘i‘“d dirbasshy spfeylating
carglyr gmelawpgimepsigibiiggsoBiigsem satel [ i tes, d oba

hbvigation Satellite Systen1sate||ites Pseudol i tes,

O S BRSS9 e S0 BB s e o
incladraddaerir @mmh@mumﬁm@nﬁaﬁle exehw!evs e bel ef @mivi qyele§ domponent and
a FAMInPORIclhiYdnensal d positioning system conpri sing:

32. A method according to claim 31, wherein said roving position receiver's calculated position in step

{c) of claim 23 is determined by:
a) resolving said initially ambiguous number of carrier cycles component to generate a resolved
integer cycle component;
b) summing said resolved integer cycle component with said fractional cycle eomponent to
generate a precise carrier phase pseudorange;
¢) determining carrier single-point position solutions from said precise carrier phase psendorange

within each received signal;
such that said carrier single-point position solutions can be determined witheut the need for differential

correction.

33. A method according to any one of claims 23 to 32, wherein each of said at least one or more
reference transmitters includes posttioning-unit devices, Wide Area Augmentation System satellites,
Global Navigation Satellite System satellites, Pseudolites, or any other devices that incorporate timing

information.



a)at |east one reference transmtter, each of said at
| east one reference transmtter configured to
generate and transnmt reference positioning signals
according to the tinebase of said at |east one
reference transmtter; b)at |east one
posi tioni ng-unit device, ea of said at |east one
positioning-unit device conprising: i) means for
:'2? :p\éslr]]tgogmasg(gtiel%lrélﬁzﬁ Engagltses: agr%\gﬁ%gaplosdm%tr%%er%o c*egrmmc its own position, said
posifioniag TtimepmaFEiSt r ansni tting sai d uni que positioning
ayS [ g N@ heast WhQEG bR e GakiFittt dabHE s410S lehst @B kraf@ensd tRRdditter Gonfigured to
al i gnezelgat\cmali[drgrar?‘snj:tr gtgrlér?ce ?Xsﬁ%&ﬁ%&&gfs gc ngdﬁlg &’thel t%)ebz[@mﬁd at least
for rtecerving Inte sald u
POSi ?qeét‘rﬁﬁr%@e*@vw V) means for msasurl ng a
b)f I egat@éstyond ipbdiimpizcnihievieenchsdisdld raesi Megodtiodimgastit device
one goglfpgsr[%nce positioning signal (i) and said
recel ved uni que positioning S|qnal (iii); v) means.
f or DadjTFEY fRECHTIRE P BETEHES g et egiopr ‘FfFré‘l‘jEn%‘ﬁ’é‘?“mg signal;
st eeal) aldeensCbr@elerdiyig atdl tanminmbg Saininigedpdkirioringsdgnel, wherein said
Meagyr %9&511@ gs&ggﬁgx di if I@ﬁeﬁwa&q@m,ﬁs@%ﬁp&&@quent ly

~adju positioni ng si.gnal; vi) means
for “det“@‘f“ﬁf‘ﬁ T ving ﬂﬂéf"é@f%‘ﬁ’&%“t?&‘iqi‘ﬁ pﬁﬂ‘i‘ Fiige %‘Pﬁln al
pr opagateriGiordadaaying atfiwgencsdifeenat biteeatsaid nacivel a feasioae

transmgdd g, @aﬁon%@sgua@@ﬁn& J;amacagedtmhﬁe p@lﬁ}ehﬁgmgnw(iu)
means for fg renc

recefv @’(?a‘}sge é‘ﬁléf’ﬂl"é g}ﬁi\écq’fei“?)vn‘i ais] eqj‘ﬁ“ﬁP’ Stferib acn‘)cfkiﬁa“damoum'
r ecei vdedved fipmg spad ipe@sired; fogieny digfengrra (1v)@d dodsequeritly pdiusiszipid
for of f@?jetpbsngmg@glga;ﬁ r equency st eer abI e clock by a

per Ivl [ e t dtete%nutn\lﬁ a A%ferenca posntu:namfJ (fm Il()]l dglnf @etween said

meas
measur eﬁcﬁstrvngqc%ﬁﬂ'{e\ﬁa‘)sm&ﬁ@né ﬁ)’*ﬁ’é’@ﬁ‘ﬂ’éﬁ% P‘y‘ dﬁﬂ?"'u stin g sai d
UNi GiE n@iférin@Rduigy SiigddifireBeiBdiwdeh Riid iB@lvel tafetefitbositioning

posi ti g@ta?g)ﬁ&&ﬁqgc&v& SREARG log%lggja{(;{])synchr oni zed to

said re nce positioning f
r ov iVHig MseRs far CORFUECER FETeRS SEHERF Giekdy £ Rgiod of 5"“% 2{1“&“‘ from said
chr onoliegidifalelcy neyneh inoswrp 26l andrshig l?E’Pi’fEGIStn tiq:lm’mqaglred in step (vi) and

si gna: %ons&gennyadﬂp@frgammll es&‘sfnl %@npgm ti omdng

gna S _an hr.ono O |ca S ro | Z€
posi BT SPEHFACS AR %a%%*ﬁ%v P BRI & dctorence
own poietiigeignali t hout t he requirenent of differenti al

90T I i Q{gﬁmréfaﬁg'ﬁnm&c&am%m@éﬁﬁeem according to

claim3
4 sals chrono[oglcally synchronized unique positioning signals; or

ii) both said reference positioning signals and said chronologically synchronized unique
positioning signals;
and subsequently calculate its own position without the requirement of differential

corrections.

3s. A positioning system according to claim 34, wherein:
¢) said at least one reference transmitter is further configured to generate and transmit a plurality
of frequency-diverse pesitioning signals that exhibit time-incoherence;
d) said at least one positioning-unit device further comprises:
iv) means for generating and transmitting a plurality of frequency-diverse positioning

' signals;



c) said at least one reference transmtter is further
configured to generate and transmt a plurality of
frequency-di verse positioning signals that exhibit

ti me-i ncoherence; d) said at |east one

posi tioning-unit device further conprises: iv) neans

for generating and transmtting a plurality of

frequency-di verse positionimg signals; 34 v) neans

for receiving said plurality of frequency-diverse

posi t i oni Rmedng falreceiving inig @luthliat of| feashcyoiierse @bwitioping Gignals from

transm tter ;Qf of QM 091; haﬁmeea;ahmm RY-HR bihéd §6biERg-unit devices
including itself or both; vi) neans for

i ndependent I“Vl“‘é?ﬁ‘ﬁﬂ%ﬂrgﬁ‘f‘ Iy synchroni zi ng each
frequency di verse positioning signal fromsaid at
| east on¥)r St &R PIRERTTPalrsigly SaFientttgepeh frequency-diverse
posi t i oni ng-nesitibnigesigrebBorsaid atlénst @e gfrgsp @etsin@r or said other

fre quenc y di p\éﬁ{wch?n ngﬁ IdL‘}l&E] bm&ﬁb g Ha@ﬂectfv'e %ﬁﬁly-dhverse positioning
positi oni such that said

n evi.c
ti me- |ncoﬁ%?ig%%“wgmﬁ%ﬁﬁﬁﬁmgﬁﬂﬁgst al
f r equeshehpt gidtisregecopasict is opmnep wioggyedlidreqebhoysdiverse pesitionige signals;
dPOSd bR} ofERidbEiler FlthlrRERprEREPr | S ng iii) means for
rece|V|ng ald |ng % ndent]y‘Phrg $ %%)eallgg od £
synchroni Z d PP (e HE™th e pusTH 7Ot Yhkyegized frequency-
i v) means f ordivenieeespiogtd segalsai d commmon
~tinme-inco h@l‘ Shafs f@rsintéprétﬁig @Jad’c%ﬁ‘lmsrl t%&ncbﬁe%ﬁae aSHeRivERALK bias;
?ﬂgaccurate 03| i.on solution is calg % ‘
e i ioteidsio 1o P??g“’%%? s g ealaelpet eI ERES T é"'c"“"’é ock fias.
36.posiA positiprigg s3yet exvidioe b1 gy g of daimnif copb whfrciglsadl rpging gosition
rec@fverdalcWAGS ;ﬁénfbns@tcg & AVieBhiRO &Y Jahi@ﬁm%l@—%&ht‘ﬁ@ﬂiﬁoﬁ velocity-time (PVT)

Slg%l cul ated position in step (c) is determ ned by

P¥i er single-point position-velocity-tinme (PVT)
37 sol l}xtﬂogﬁ ing s§sZem ﬁc&&%%td a\%ﬁbxﬂ:gaf SM&s %mo%CMC%lMidtr&eQWSlgnals mn

ne of al ns erein said received signals

step () SicRpe z( lﬂs}udblﬁﬁﬂohid:ede&o:ﬂﬁ(ﬁbkd BidANERN 60 Eheing PFEPIDR Bdiveddiibrmines

wherein said roving position receiver determ nes
peuderpnion Sprid GHgle i Pesitingiolitions feiveddogysid prepderandgip cesip gomponent within
eacBl@Edivé@denbil Om sai d pseudor andom code conponent wi thin

each received signal. 38. A positioning system

according to any one of clains 34 to 37, wherein said
38.r ecdij Wéﬁot@qggy\saqnsacpqqdigg oEny ene of plaimg detogd 7 calyereinespid received signals in
stcpemanmcaaﬁﬁcmiseﬁeei J})d%bl@m&@i‘d't%gﬁﬁﬁh&ﬂ 10 Ve £ERd MREs carrier

Slﬂ% om{n si ?Ib%n uéénls 38{'16/5 r‘i[;ll ﬁaldggnlgrtcotg;%fléng m 6381 recelﬁ'cdn s1g11a1

eac
recel ved signal. 39. A positioni ng syst em accordi ng )
3% 0 amoseﬁengcffsteel toiinedd ay §nad claiftidf @itk wdarig sidiesi als in step

(cﬁh@ﬁah 8atd JdmPIneP ardGyherkei Gal:mang%oﬁiﬂﬁnaeo@l@éfﬂ@&ﬁmﬁs dai Elngle-point position

Solu OﬂS enveds‘l%lmq;auﬁga\( g (Ele]ﬁl ttil cacll;rcce er det erm nes dat a
sin pol nt 05|t Bn utions erl%‘ed from said

dat a conponent wi t hin each recei ved signal .
40. A positioning system according to anyone of claims 34 to 39, wherein said roving position

receiver's calculated position in step (¢) determines said at least one reference transmitier's timebase by

calculating position-velocity-time (PVT) solutions.

41, A positioning system according to any one of claims 34 to 40, wherein said roving
position receiver's calculated position in step (c) delermines said at least one reference transmitter's

timebase by calculating carrier single-point positioning solutions. -



40. A positioning system according to anyone of
clains 34 to 39, wherein said roving position
receiver's calculated position in step (c) determ nes
said at |east one-reference transmtter's tinebase by
cal cul ating position-velocity-tinme (PVT) sol utions.
41. A positioning systemaccording to any one of
claims 34 to 40, wherein said roving position
receiver's calculated positson in step (c) detern nes
said at |east one reference transmtter's tinebase by
42. cal [%bihailliuj’k@st&aﬁédoﬁingi’ab Bxgzl @e POELKNs POSI 41, OMdrélf) said received signals in

step éﬁln%’l ons 35f)(§4n%nt'§‘ ng)[?’l% %%Ogikﬂ%ra ogm 3‘1%&%‘%%{1:9 dﬁc@s component

one sal d recelve
m¢“§@ﬁﬁﬁ#§“?ﬁm@9@ﬁ (c) include a carrier conponent
conpr|5|ng an initially anbi guous nunber of carrier

43. Cyg gﬁtm(ﬁ g@%&%co@a 3 cfafn@@;t 'WQQQL sdrd/ r%luﬁg ]%gﬁglplrégenJcr s calculated

posi Tionin em according to c alm4
WEWHQPgﬁﬁﬂ§ﬁﬁﬂmﬁbﬁﬂﬁ§“ﬁ8§?%|on receiver's calculated
poS#t | wsvlving s8d @tial{yCnbighous hvaiben o daviies cydies @mpanae ¢ gayerateaa)resolved
resol viag, Sai thlpfichd al 'y anmbi guous nunber of carrier
cycl es conponent to generate a resolved integer cycle
conJon¥Rmingspid SR hGteass CHF ¢ BB PRI P ieid &é‘f“"&"‘} 8¥°ée °°mp°“cm to
conpgﬁemeammﬁhcsﬁudmﬁfmmmm@maj cycl e conponent to
ge ns r a&e&mﬂmﬁ’é’ cgﬁ“l Issﬁlgfé %5151' pggltlcﬂigﬁt?tgn%%%gﬁ) BI@L@Q Carride 2)hase pseudorange
determning carrier single-point position solutions
fron1§§@&eﬁP€EP§@S@%$rler phase pseudorange within
suchelnt krid @Ot shalk-ming pesition stiaiend daabe &arminglarithpe the need for differential
corrafiddal e- poi nt position solutions can be determ ned
w thout the need for differential correction. 44. A
positioning systemaccording to any one of clains 34
44, A@odBgningligtedi ncedichtoghy emiof claitms|3é as43. ohaciopackof @id at least one or

mork ﬁ:fﬁggn%@ ftﬁm{u& ah ﬁl@i]u(!eg Ssﬁloﬁlmgcllnﬂ dl@v?cep %ﬁé J\x@zp hﬁﬁmﬁ’cmoﬁ System satellites,
devi ces, de Area gimsnt at1 on St ems

Gloty] BJB%""‘NaW% U PomoRtli tadg)s: Py g{héﬁ? ‘t"'ésth‘“ Sacbrporate timing
infofiggerdol i t es, or any ot her devices that incorporate

timng i nformation. 36 LOCATING A ROVI NG POSI TI ON

RECEI VER W THI N A LOCATI ON NETWORK ABSTRACT
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The present invention discloses a positioning system
and nethod for enabling a roving position receiver to
deternmi ni st own position. The positioning system
conprises a specialized transceiver (hereinafter
termed a 5 positioning-unit device) that receives
one or nore reference positioning-signals from other
positioning-unit devices and/or other qualified
ref erence positioning signal sources. Each of the
recei ved reference positioning signals preferably has
a carrier conponent, a pseydo-random code conponent,
and a data component. The Positioning-Unit Device
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