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1 LOCATING A ROVING POSITION RECEIVER WITHIN A LOCATION

NETWORK 5 FIELD OF THE INVENTION The present invention relates

generally to systems and methods for generating precise position

determinations for a mobile apparatus. In particular, the present invention

applies to precise time-of-arrival position determination systems. The

present invention is not constrained’by prior art requirements such as
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for atomic time standards connecigelstgyeagh transmitter, or the need for

differential correction techniques. BACKGROUND OF THE INVENTION

151t is well understood in the art that precise time-of-arrival position

determination is dependant upon the accuracy of the transmitter clocks

TIEEE ORTHE MSENTgentary form, three transmitter beacons positioned

at known locations and connected to a common clock via three identical

Tengtiaseabiesniill suificeasiive hasisiak aaliufn%e@xt@rrfy,algg&gg@@gm posmn
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8 maulagis, apdinsial due fo, e equirement of preceelytimed”

gablﬁséoqlksetrtl{k})utmg high frequency S0 timing ST oV SoteAtmiigey e
Stances be \fveeé‘ﬁe%‘egﬂgﬂge’&ﬁaéf’ﬁsaﬁ\‘f@lff t 8678 18hARtBifentifradards conneeted to

“&th AT Wik ke &R st arftiontetnimey be installed at each

transmitter beacon and monitored using a reference receiver positioned at

B RrRoroUgcatramand/esmaected to a reference timebase. In response to
positioning signals received from the transmitter beacons, clock

rEestions. S é[gr 1 the ref rence re el(\)/er via an RF data link to
Itggcfﬁ %&é%é%ﬁggférefspu sn(ze{gttjepﬁ:tmrsg'[?ansmairégf%ﬁ i STy At Sh E R A pon the
e e s e ﬁ‘ﬁ%‘*‘téﬁ?ﬂﬁa (5gReY BiRKgy Epstp ;SP&W‘?% Resepitipaitioned at
kore daseiiens sndriPamseerUn oo itk tain deraidenticvivstdiletin e R erdRSthe basis
fuatalitel-with! theitdRE Ground-Control Segment Renbit Ry anNEKINgualctcal
rdURGsateliesiand up-inking closkEaweslions t&&ﬁ@ﬂléaéﬁmgﬁtﬁg%% frequency

umngmye@p%a&&h@%&g@%&%&@@%&% Qgﬁom%bfqg%%asﬁ% ge%a atomic. time
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error. \With af ‘3%'{?’?0?5 AEEr é‘iﬁ@ﬁieﬂ‘i‘ﬁé&“ﬂﬂﬁ‘é\‘ﬁ aa"‘tﬁ’f@ée difeeHsidmeponse to

p?ﬁﬁ@%ﬁ@ﬁ%&ﬁﬁﬁﬁ%ﬁﬂ% UPgitsdreaguiphdntusitgasstantdren the reference

regeiybmigiLee Riciam i & eonvientiondt eaderbaseeheRSiRasition &RIpHOR. Modem

safehis pianaarciianbBicheuls alserg %fﬁgi@llﬂ{x;%‘mﬁgw %&F&l%a@ﬁlﬂw@%@@m time
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on it u d 5Itlt fany poin R R R GUL ‘%'r’fﬁe&%@b‘"é‘ok’féﬂh‘fﬁté‘tﬁ‘“tmm
“Fr oen fﬁé"f)dr%ﬂag"aﬁ’éh i %P‘“tﬁé"ﬁt‘isﬁ%%ﬁﬁ% dosifatsfrsppaeib astifepositioning
alggimns atdlinds HView ARSI cveiverikes:lingeckemputationsdased Grs
satghitth & clweation Ghinteraaiiyigene raterRseu ot AamMGAReLPRNY » standaré
e SRAUCRCRS WIh IeeaiNed: %&ﬂ%@ﬂ@@%m ﬁ%ﬂ)ﬂe%§§t§£9m %&%que i¥ also

ge§§gg}lggn'ﬁhgsmé@eap%%%gs{t%ng gsare ref e‘{] gto as pseudoranges as there

is a time difference, or offset, between t ﬁocks on the satellites and
40the clock within the UPS receiver. It is necessary to ensure that the
COBERIIBH S MR STRERTUAR A8 ARt Figgle point position)

In conventional code-based GPS, the latitude, longitude, and altitude of any point close to the earth can be
calculated from the propagation times of the positioning signais from at least four GPS satellites in view, A
GPS receiver makes range computations based on the correlation of internally generated pseudorandom code
(PRN) sequences with received pseudorandom code sequences from each GPS satellite. The measured ranges
are referred to as pseudoranges as there is a time difference, or offset, between the ¢locks on the satellites and

the clock within the GPS receiver. It is necessary to ensure that the recejver’s clock is synchronized with the
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2 satellite constellation's dock in order to accurately measure the elapsed
time between a satellite's pseudorandom code sequence transmission
and reception of that pseudorandom code sequence by a GPS receiver. A
navigation message is also transmitted from each satellite, which includes
time information, satellite orbital inforntation, and satellite clock correction
terms. For three-dimensional positioning a (IFS 5 receiver requires four

- At uriiatetd ek drrOr e TotrTIh SWITE PP GESH Brey beyemdativilit’s

@y PTon - eiin exsiem Ak (S ositicaing: altitudsdsifixedmnand: thugeice by 2 GPS
setettitessigrigieareseguiretotosahiedarthiea wknownsofpesitiaRd xanRgkion,

yand signa Herdusanuentional sedediased (ES H?LP%!I&QQ&QAH&% J5.A0184Q ars
pg&wgee@%%&%&%@E,gmmoa;ol@eaf%!; fou ﬁ%&%“&% n view, ?%’Mé ). For

trwo_gtermm n,absolute three-dimensional (3-D o§|t|on wﬂﬁ

HILEN SIOTH

accuracy 0 éppr Ximately 10 fo 20 Fhé %%Belsdmi"ﬁ%’ﬁf%lﬁ@réﬁ?f@)‘ﬁ‘é’l f0 solve for three
e tp & ﬁ‘l?slﬁlﬁ‘ﬁi §61ﬁ1f it |§°&‘ﬁ“§%ﬁ%@a@ SR itteniopvkritakog dnable to
detédntinBSgersitronyietoeisy fanetiliites (PYEF) withoutidifferentisihcorrestion tree-

datasiror(Iélerericevioce merscitohasrthetefip e becasesknown as a "single
point" position solution in the art. 15Conventional Code-based Differential

@E’%&seée&ma W@%&@A”@BSV}%@%&P sgﬁ%b'&?Q&%@C%‘%@&%ﬁtom'c imeba a%mme

stF%e 0onstaeéatlon ?? ‘y u% e of providing a CPS receiver wi
Bbsolute thrie-dimensi iR REE ey °6‘f“a%ab“rc§§?fﬁ1§fé’i§f‘To‘%%?%S It has
%eéetfg?%b“‘f‘i’i‘?gl?%"%ﬁ tosthe Bﬂﬁubﬁmnéﬁlb%lﬁd’i‘ﬁﬁ@ signals from six major
error sources: (1) ionospheric delay, (2) tropospheric delay, (3) ephemeris
Evrotidibaieitedlouteennr &) @RS+« peaivarnoise and, (6) multipath.

waosphesicrAAdalayadsdhaManingdine delay.expe r&ﬁ?%%galﬁé’ of providing a GPS
SL%QLFQJB?&Q@%%%"%MA’QE&B%& g throual) %%en ds a?ei'%'zeg Paagr's?'?h%s'{; due

hg ionos or;ll(%re 'I;roglos ?I’IC delay Is the time delay ex erience
e lectromagnetic Waves %nomasé’éfﬁaofﬁ%hfj‘ﬁr??fo é}ﬂﬂ’é’sﬁﬁ“’tﬁ‘édf&)(/é? tropospheric
ﬁ%débf?&?@erelsﬁﬁnﬁ‘a r‘i@eéFFdr‘ﬁ‘tﬁé‘rd (FRerBh EsBERrie i thdCh et aidatetimeheric
{eleatisn wndreiagibitopepredictedebysatelite rbitangatanRecelvennaiSenized
ngitie hoisdgenerategdphthediniernnd @leHONiIGRRLRGPRIRERIMRIC waves when
Puinaluds iesignabdelay cansaddyincalizedsignal ERGIONS 2R I actual

sgtgﬁt@ iQE&%?SH‘QAWtﬁQ p@s&l!):n preglgte Iversa-ﬂﬂ% qrc!'leXa qie%eggrenggqg g rlﬂgics:ee %enael;%.ed by

!%ttélanlal i orretlatéad ver re latively s ort distances (1.e. tens of Kilomete

1S heans hattwe aiffsra ey V@f‘%“%ﬁ?ﬁﬁ TS IPORMATESS tesh s flections
‘%ﬁ‘é}fﬁ@?%%B%é&%gtﬁéegarm@%ﬁa@mw&t&ﬁemr@g@sm@@@w [roviated over
reheveigatiat yissorre lateene pidiigotrch S hisingra technidiiertin O”® ra@ivers within this
riRiffeyentiat GotiectionbsdviaferansareseiveriatrdnalaVa!lrkRoWNke spatially

chpeatia @&Pm&ﬁ%&f’gq %W@%o%%y%f%gﬁlfggn%éﬁn’ Sﬁﬁ%}%élgﬂﬂg} §iaced at

RIRGRJ1d0eR Megeuies. 30 e Lecelved Regudgranges from the, GE
satellites and | 'Subtracts thesuéns?sﬁﬁﬁu mg eUUOrARgES TrOMm the TEEellag measures

S e BRIy SR g A et %CE&?@%H@FFWL@%%%@W fceived
pﬁﬁé\ﬂf‘*“ﬁf-’ﬁe freminechéBeratiaipetierrdionds drbsuctivriectionthasciigitalretatar then
sqitheeftFSretever diptdnidRFdata dpk rdhieeGRSrereives Sdhseguant!yeceiver
sBeidsetne saICOreEiNRmOEhe: RERUIAANG R LRERS WE S IOLNG SAMEew 1o the
ralpllitesnyiewiQthedeler gﬁsn s%a.%o\l,ea@sfcgn&gﬂcw% AR gggfa@r and the

G§g|1%<t;69\%r Errors co Pwmoor‘],et(g ot ref erence receiver and
receiver are co rEOVedr By RIS DRSS NS Stepu prypoath and
PSR R S B pE O R e i  ebEs P SReE deRpidtipnirr tHa D Satitiorasrigesis in
tha et Ses ik ety rakie Positidreadscural jifRosi 6P S couraioie s invheultipath
engidenafsseveral meters are achievable with code-based differential GPS
correction in low multipath environments. 3 Conventional Carrier-based
Differential GPS (relative positioning) Conventional carrier-based
differential GPS (CDGPS) calculates the difference between the reference
location and the user location using the differences between the carrier
phases of the satellites measured at the reference receiver and the user
receiver. A CDGPS reference receiver, installed at a well-known location,
5 calculates simultaneous carrier phase measurements for all satellites in
view, and then broadcasts carrier phase data to the user receiver via an

RF data link. The user receiver also calculates simultaneous phase
meaciriramente for all eatallitee in view and ciitheanaiienthvy comniitec a
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but cannot directly determine the exact number of whole cycles in the
pseudorange. This number, blown as the "integer cycle ambiguity", must
be determined by other means. Traditional strategies for resolving carrier
phase integer ambiguities fall into three broad classes: search methods,
filtering methods, and geometrical methods. These traditional methods do
not yield instantaneous integer cycle ambiguity resolution. A 20
tERNSIOR kAtimbasd Rideersdal /S (Felatiossi@ainsloped to overcome the
ronvtndtenhtesriobrseih tbfemty clP uEBIgEily cproblienmb Witieslan irgveau liplifrence
amekifilters twacastiesiisay enciga(iadisienal the k) BRshd A Lailites measured at
fﬂﬁq&i&aﬁ@r&)_et%; Q[([ﬁl@u@? ?’Jcéfx%g %%@'g:ﬁ@éncl pé&ib&%tnsﬁ%ﬁ%?@&&k—@cwn Tocation,
Wﬂéﬁ%@p%l%%&nmg%pﬁ%&g{%@s tp)re a‘fY as'vg:l?tpsgghaegff EQ(? Lﬁ\évobroadcasts carrier
|rhgls\élglaltjatloctﬁlerréeerrsr.m(a:iggs&quentlg,tr?,solutlon of the integers can T:)_e
ccomplished by Using peebdbrERgE bSa rrstitH tb Ut thuliancous phase
REEYEramitg dtysfite ke ndnastammecpyrirs 2Bhreatiffeequecyetemine the

. Shytien of thegwer ivrdurmyidrastiyt rediecéthecvakimdofintetersthapmt siherements

searcheotodesolneihre integpspam gty The mein SONSURIBISQlencies from the
eﬁs@@e&fmﬁmi&%@m @j‘%%&@%%m%i%%@% giems%p%cgga@r lrl;nka in
5 Ol ARG Geieannaon & u:c?i ress er'ce in ea i
i%géﬁgg%@gigh of hgl %él): ég'}g Iink %O_constrai‘)ﬁgsﬂﬁfgr&ﬁ’tfg? &a% A B GAtsT phese
rates. causing data fatency Bhaedsgrhg puEiabH Qe Ralirregsibe cpoch, hence
Fgﬁﬁimﬁtéﬁﬁgﬁ%ﬁgcau%d by physical obstruction and multipath
causes data corruption, which degrades position accuracy at best, and
Taguitsrinctotaldinkfaiute frtbno ROSIHRN X RARISAWRESI TG SREQREMe carrier,
a;acgjmm_mmeg,_a@%&aaw%@ko@wm%mrmm@%m@eﬁwﬁgm%%'mwn as
sin Sglutignsolves for the four ynknowns of position (x, y,
7) an@dtetimeqeé%égggggs lfé%%egnﬁ’rlg%e%s%nénwaﬁlsainq%tcmﬁl_emﬁg i ereniclégﬁ,ar_”
Which eliminates the raCelVet TBER et Bsthetheietar artbade s gegmetrical
Bk th e tse rAdiangl metnd dioret Yisk! isurracelyerisan dldtermbisety resolution. A
ta@é[ip&téﬂﬂﬁ%mwmn%p@@tb@tm%ﬁ@f encereneite hpesitoRydu integer cycle
oeignot pletenminiectimiey hintsis: whimpetantifihesarcis sHRYaBNE QMY L] and
o, B B SR o
e
& &A1 TOTORTEM RS SCIEARTNt CITIRHEE o Peyiieiianest formed by the
YL e R s et B oot EYess Sro dtma 6 B teemititURS prositidd to resolve
tebenespairvaticyinis the use of ground-based augmentation systems such as
pseudolites. Pseudolites can be incorporated into Conventional Code and
MA&%@@%&Q&‘J&T&@@E@B@ ﬁ%ﬁ}ﬁﬁ‘(&l Im%”t)a% "flagq !:900@%3 RF data_link, and,
JLUSUHE WL [eRIgents, oy can be yeed g6 addilonal ianging b
signals, and also as RE data finks to Send differentiar coraitibAG s fEafue tink
BT R IR RR B S Rsprhed RSO P e P reception
ofififéFrase. WP sdeaiveict etsrmiive sid 8tk dron digenveritionalich degrades
retde-Based WRSiseldtiensisingatisastifeuind RSysaielitpsand RasSes: second
sthedaigrninechimentoRkcerlacata-RAatE N ARSI NEPESHACYortion
scﬁ&eghﬁr %%ﬂ@&p@?ﬂ@ & &%%r&!r‘?% QXd%eS (Sr%ég%g%se ;f’ IQ)Chstq(IIQ(gvn as “double
4ignos Shq; c. an E%&%EEP&ELC ci Of%% satfell_lte clock error, sggte(ﬁlte position
error, récelver noise, and muttipath. 10 ¥iPRE R EPESRE S ETpI S M Egriver.
TR 151 60 NS RO Sk RaiRes Y STA oS LIPS wpretsaseiver position,
b e¥He deies EmehiBriy an siatesto po Sitioreatcurabicadnly inntheerdepefition.
Hemsnbrstamsvidis aCauiaopmissarahiie:c0nrae feneaischavigati®Picatons
mﬁM&ﬁ%m&n;Qﬁf nekrhiased RiffstantialddP §g¥é§l§%ﬁéﬁé&@@%@ﬁ'¥'§é§%&aﬁm is a major
prmjgggge&%%ﬂggggg&w&%% _5,583,513 to Cohen, titled "System and

Method for Generating Precise Code-based and Carrier Phase Position
Determinations" describes a differential correction method whereby a so
called "omni-marker" pseudolite serves as a channel for relaying
information to a position receiver for making differential ranging
corrections (Column 6, lines 43 to 46). The omni-marker pseudolite can be
described as a metaphorical mirror, whereby UPS satellite signals are
"reflected" in-phase from the known omni-marker
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20 pseudolite position to the position receiver. Thus, the out-going carrier

and PRN code components of each of the beacon marker signals is

exactly phase coherent with respect to their incoming counterparts in the

UPS signals (Column 6, lines 28 to 32). A position receiver situated in an
over-flying aircraft receives positioning; signals from the UPS satellites and
also receives "reflected" UPS positioning signals from the omni-marker
Pseddulitegandagubsequently computes differential range measurements.

A2 hgsoscdifferentiabmathedmaliminaiesthen eadfgoadndiionatAighabystems

g@ﬁaaé 'E%ud%ﬁté@ (ﬂ% &ﬂ#tmc&l%\{r%@ | gﬂéh %g %@109;%5[ @Jap %Méﬁggﬁﬁ tﬁ}ferenﬁal

et S N A o R
ute a differenti

both UPS satellite an omni-marker signals to co

Pt aﬁ?eaé%u?@‘?rw%ﬁt*“ﬁ%&éﬁ(‘ﬁﬁﬁf%%‘fﬁ‘rﬁ%ﬁ?&P‘EuQ?r%‘é?"’s"&‘“l%?f’i‘é“hm“i’i‘&?f‘éﬁ|¥7\R/‘-‘%i'd°“t“
FaStiBRctOnTstitatie T A Eer e b i medrkete sty eRetaian g cggyentional code-
brarishtit i wabatriestand BRINwdiponéntsstorieathridRe satallite dprlocated
el akingithe mmamarkeheamplexairdie xpensive vnCorsantly séitss including
WQ}BHHLJ @%'(x@ﬂdﬁﬁ&ig\@ﬂyga@wm%#@% ﬁesl'_mgﬂﬁntr% a8i0g lrﬁnse and multﬁpath
lrnl;len zlcmx%l‘:!éseg :I;)Lplx[é}t]’u%ré’t ?nSg) {TI [He Wa%gls(eecr %OSLJEI aocri]lifg\e gegsgne r&%g ase methad
the receive channels of 'a conventiona ferential e|ver adt

S QR EE PRI YK siee ARG Rt isnSiresye HEE‘%TH‘@W Fmich oo
26 (i P iRa R e Y BB udolites U.S. Patent Number 6,121,928 to
Sheynblat, titled "Network of Ground Transceivers" describes a differential
carfiechian mgthadiwbeseby:anetwarkiohee ealladiiground transmitter”
BRGrONRRbIF3RSEEI Vel cRREURRIIESRRNYR RREhADNSIRIoLelayip gode-based and
axtrqgrn%%ys% {Eg)m%np BStItIOQla i%gse’l\égr;:rf [ the Qilﬁersgte tlalecggr? rz{lmp%thxfere yug esg called
position ( olumn , lnes 3 0 36 § fat teac es the use o

d’%f&%ﬁ%ﬁaﬁl Bsef'f‘@%éf oS 6%?86’?‘&\% ‘i%a%lf‘é’enaoﬁaeﬁt*s?ag tEBTlimAERdY meking
SRS BEAE MEHPasES mpddincet? AR o onta ki sradolie prafkiviesrabed as 2
@alynimi HidyrlinkegBB G8SGHtdind sGalamn ‘Geflned’ Intch28 froBhizyilolat' smni-marker
dilfenenpialiorethndolagiescand ermhoditieis i beRided (PRE LSeEFRRMEIT each of
tdéfﬁ%ﬂ qi,@gegsfgmﬂl;@mgwsercﬁigﬁmmit@s&g kouRd fran &Uﬁ&ﬁ&%@h the GPS

lines 31 10,36, and.claim. 2), (i) a user rec iver |ff
lumh mes 28 10 3 II‘ms ion reccw led Hx OVer- ﬁ' é‘% au'cra ecelves ositioning
ple master groun ransmitter sig n with a grou ransceive

S(%‘ﬁffﬁ'ﬁ Be fhBS6E'Es B 2E0nirhiE 7 “ﬁﬂ%%%dl F&’%@)ﬁ*‘éﬁ%@( EgFak g s omni s
sedie g HifeHsHE prPEret AR ratitsEat EcigpRgas which incorporate

signals that have been differenced with a satellite signal (Column 7, lines
Chelos Gifiela@ll B S dinesmbigddkd BReyahiaha palaRtiaaches@R-ady i ational
Qhdifferantial.methedalool g%emyh%%@emﬁ 1;%9%Japgxms?gn%&gg%mhl&ewe

AEADIS fystem that wou ﬁ%“[‘)‘{ %"EL“&,% SAQQF% gégtﬁos't'%‘ea%%‘é}éongéc%m omni-
roving pOSI'[IOﬂ receiver a hetwo roun CEIVEI’S rior art

AN 6l R ﬁPH@ 61‘9%%%[3?58%1%?1’ R SRR ithSlet generate and
tagfudtripdvaivae esstio red dR acparphrpti ferl dn ABE tiorlivetwden makimg tittepni-marker
chegieons, {hppan-altmiaiime stantatdiate achvHansanties, fekmissions from a single
Synehienization tea.GRIAmeRass: Q'E&qi\)e§QEQ§r£9r§Uu91E differentialcnannets of a

SRESEIRUSYRER Al AN RIOYIHE Sxremely precise time-of-arrival

positioning signals, without any of these constr mts is highly desirable.

The present invention achieves this desirable goal by chronologically
Tifrieriaiangs Aeays e O N Seenvérrasmizre sfterddferred to as a
UFobitronigligriit Dévide Shoatidaiiedi s o(rBUE@FDF:Tdetkt ibes a differential
chMMEDhIh @B 204Els anebieet okiha presaentdnvantiondohiavidadiver” pseudolites
sROSIRIRGSYHtRmR AR %mmaﬂtxogmmge&[@e@iﬁ,e tﬁQQﬁfe@:ﬂgl GaLHRation of user

stnﬁg?C%P%nlgnlmestﬁrmlﬂﬁ tg%eynl;iv tgaclflx%st t % LQS%% dz%rglUXIScorrectmn to come master

mterconnectlons between Positioning-Unit Devices. tisyeta urt

“SBiett Br e pre8e T ??33%1"8H“Fobe%Wédécﬁdo@‘ﬁ&rﬁrﬁb‘%%‘t%ﬁf%ﬁi’i“?ﬁ%ﬁ%&“’m
for making 25precise code and carrier phase position determinations
without the need of atomic time standards. It is yet a further object of the
present invention to provide a positioning system and method for making
precise code and carrier phase position determinations without the need
for a Global Navigation Satellite System timebase.

urnai renging
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30 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. 35It is yet a further object of the present invention to
chronologically synchronize Positioning-Unit Devices to a system
timebase, the system timebase not necessarily being of absolute
acteraty/tol ETsaye Caldithamabjact2of. theyrsreentiRYen i i RERP agAt8 Bdiments
iefRrenge tknehase &W@&%g&%&é%@@&ﬂﬂ%%ﬁ@QH&%‘L@%%&M;% gfzﬂ (Column
@%&eﬁ to@ﬁlta}% XE%W{ Epg {w%b }eec%ltvgrftp?te f%gglseﬂrl] t'ini\éenggtgrn 19 xpc{ transmltter signals
w{\él ourﬂttlroarrt]sgeen%?l(ver with chronol o% -S nc1 nous cgﬁ
pseudoranges. such thar singlepoirt fbdeBiade ‘ﬁﬁs]tﬂiﬁ?’%ﬁﬁ‘h&iw dﬁ?f receiver
BeAnsReY Wﬂﬁfﬂtﬁﬁ‘%ﬁd%%ﬁf@i@‘ﬁ%l%ﬁéeﬂ%ﬂﬁe Peqs jBerepfusttide satellite
oiBjelct ot hrsseht nviEntionnto Hrovidé a fevintepobitionecsiver withivance of
dittonoibgidallygim shdaouseal| iksphasgpse udaranRgas: skeh thalofeeroduce
HHRORNR YR ARMRIgH iﬂ%;@r@g&ﬁﬁl}ﬁ@ceﬁréE&l‘%ﬂ%@k‘%@%&%&ﬁﬁé@vem
position solution can be determined without the aid of differential

rl&rggt n. It |s"y 3% vaygigsr onlect osfutihe present invention to provide a

FOViNgG POSIION recanar With Prociee el ST PARLF PR dRS pne of: @ 2

h‘if%/lf&ﬁ‘?ﬁt@?: bpfyeeny I EENIPT RO BB dimEpiric ot sisdasierit s rptivpiteers (©)

greheirEeietiar S5y dnshasand(detho bforedibbting! asoving positionhat can provide
receive ptaideiermingeits pwhpasitionsnvanpa SHios ngss yatamy nasahfgm} desirable.
a&gm&@hﬂ}&ﬁ%ﬁ&l@%%ﬁaﬁew\@ @Q(ﬁamﬁyﬂ qmﬁrgﬁ!:ﬁlgg g}y@g\ g}%anscewers
@Q@Aﬂme%fé%%o@% N IeeRINELIN %e&% ligaing system comprising at

east one reference transmitter, and at least one positioning-unit device,
said method comprising the steps of: a) each of said at least one
reference transmitter generating and transmitting reference positioning
FHalLEIEG BINGNSIthe timebase of said at least one reference
transmitter, wherein each of said at least one reference transmitters is at a

IkﬁQWEbj&@&ﬂﬁ@pt@geﬁ e e S| rﬂ(ﬁh@}%ﬁ g@%&!ﬁ%&%&&k %@ij&ﬁné)precme code
HFeceiving and |m§{pr[e&negn§nguoglfs ransmjtted by either said at least one

Jeferenc trgg‘:islmltter or said at least one posmonlngp unit déritlelrcceongecbmﬁw between
said atledst one reference transmitter and said at least one

positioning-unit device; ii) determining a reference positioning signal

Tokopsae atiter dbifayobétwesmisaitntitd aa stogide a efarienice sfransmitieniandor making
peRig positicringryhit-gevice ithgeaprating-and LansmitineiR HHiaHe.
positioning signal; iv) receiving and interpreting said unigque positioning

l; ing,said received int rpreted nals from step (i

Iiifggk@salm ugcE o%ﬂlorilﬁétsl?g emfnfréJ rcs“f‘e% Simalg’tfﬁ%%ma raﬁ%ﬂrlﬁfis%}lro‘ﬁakmg
pffrﬁ'sgrceon?:éﬁ Vi mﬂr RIS L ﬁg?i’ﬁ‘"’dl%‘ﬁlﬁ‘@é‘ﬁ éhaft &ha Hardhneempnoptelie
Sk Hﬁfﬂi‘fé posmonlng signal according to: a) said deduced transmission
difference from step (v); and b) said reference positioning. Signal
rpsopegatienddetayriierpatepiigiekeh thalsaidunigHe @Q&H'Qﬂ' RRgRG! :h%kmg
pQBEQQQIQ%Gaé%yﬁﬁ@%%%Q (}Qﬂﬁgﬂgt[ fer?tgou? BOSI&IQHHII’] P(ri]i?i]erén?zli correctmn
tfQvin position receiver receiving either: i) said chronofoglca
n%hronlzed unique positioning signals; or ii) both said reference

posmonlng signals and said chronologically synchronized unique
It fsttidiihy digriafshameesuibsetudan ty calailabirgiis ok Pposiiantvithedtes © a
sytitven tegplise e mtsohdifferentiaheesreiniiong o 6@sAupasitiagaing system,
according to the above aspect of present invention, comprises at least one
7 'i?i%{ %Qﬁ%éF%Qj%@b‘iI% ?)%@Jllxgﬂl(%gt 39 %%%2%&% etérg’:g mEI: aI:seef renh: &0 hically
dIR%sl}egg ng sign Is ccordlng to the timebase of the reference trandmitar.

e pOSItIOﬂIn Sti}g em t'7|LSUI"[f'IeI‘ comprises at least one positioning-unit

device. Each positioning-unit device is a specialized transceiver capable
of receiving and interpreting reference positioning signals from the
reference transmitter, another



positioning-unit device or both. Each positioning-unit device receives
reference positioning signals and detennines a reference positioning

signal propagation delay between the reference transmitter and itself. The
positioning-unit device generates and transmits a unique positioning

signal. The positioning-unit device theh receives and interprets its own
unique positioning signal. At this stage, the positioning-unit device i
Bonparesitheieodited i HecpEsifoniee SigEr R THe feeaied rararaie s
pasitianing.signal-in ardestgdeducea thahsmissioi diffrencecherivgan < o
the reference transmrities.and itselfiolhe positioning-unit device adjusts the
generation and transmission of the unique positioning signal according to

the propagation delay and the transmission differenc en; nologically-
FotchEn e ARG 4P S LI ach o e e i Chordeecl
ohrorologieay syRERHErTIHSH T HHE FOT8FEHEE BUSITO G Signals, Af this T
stagesadoving positionirg fecaiverdantieeie tHe eHROABTTGRally
synchronized unique positioning signal or both the unique positioning
Sigyalanghe reference pasitaning, Subseouentlysthe raxing positioningork
receiver can n%zﬁil&g_late its own position Wlthqut the requwgment_ of

‘diff&fEntial Correction. In a preferred embodiment of the invention, the
reference transmitter is configured to generate and transmit a plurality of
frequency-diverse positioning signals that exhibit time-incoherence. Each
positioning: uait devsElizNalso configured to generate and transmit a

plurality of frequency-diverse positioning signals. Furthermore, each i
mesitigning 4mik gevise isveonfigurett-tore seivestha pidratosffor enabling a roving
frequency-diver ositioni ignals nGe transmitter or
R?Efﬁ%"b' Cél“/}vﬁrotgiﬁseo?ﬁ%}é?a%t %%gv?(g&e%ﬁijﬁétltg ins;ﬂi?gieﬁ%}?from both. At this

stage, each positioning-unit device is configured to independently _
shrenelogically synsbeanize eashsireaueniy diverspdsitorig sigrkition of a
from the reference transmitter or from other.positioning;uni j Fuifeer, and
O B4 TEEPBLEVE HEUBTS e él%%%%%%%%‘é%ﬁ%%*ﬁ%ﬁ%ﬁeg, |
Ukt that théstinte-intoberenceisedhemom BiBRJE SiTeqURReSI dlErsa! et
Desitioning ﬂgm@eﬁ.@gg@ﬁ{g E_Q@l k:}@@sﬁrl]ﬁiafnt;l?@ﬂm?&tmittm@vi@gdpesitidmg to
receiver receives the independently chronologically synchroni
RS A b T ST T R b e HCOT LR 96kt one refrence
tinerinseherancemsa leceiver tlosklbifsgdot et AaPacesHEBoeisvics: 1
Ssolution i 'Calculate%i@ggr[:}%émﬁ@cf@? LeG8IVeH alasksbins. rHeanathefismitter or

receiying a IeTPretnn 2 : St i :
preiyerf’e embodiment of the invention, the rqving position receivers . caid at
%ﬁ@g[a@@mggﬁ@ﬁni@ %é’ﬁérﬁ%@d%?‘)&%?ﬁ’& Iatsl?@f eo_:%; ieErence fransmitier an
l%@%@)‘é&%@ﬁiﬁgﬁ&m&j6P;V§T)i§ﬂ)#ﬁﬂmhﬁ§§.@fﬁyemcanpﬂﬁémg@mﬁémg}dampagaﬁon delay
embodiment of the invention, the recejv. . ! ice: i) senerating
SRR AL N ISR SRR o e
sdeterminéspseudorandon todessigldpBint BSitn SHLTETE daREgd tniave
from said pseudgrandom,codescomrenent wikin.eachdeoeived signal and said
Fin anOthDer preferred o bOdimem) o t%% invg rt]’taikgr}ﬁitsh;%lge&%%{‘g:%éigfﬂaé&tinuousiy
URHFdROE ORI PRE FIEBth POREATRAT L BWHetein said roving position receiver .'
datermpineseatrisbsinglespoinsposition soNtien HEAVER o sarICarier) said
dpe%%gg ntent withig & 1'5%9@%%915%%?'(-\0; Inyet pnetherkpiehesredsitoning signal
e

Tansiisg

. 1011 _ ;
mbodiment of the invention, the received signals include a dara chronologically

reopngoeicRidWRerEm A ISV pYitiGHTecBEr deterines data
@i{&g}%ﬁpﬁmf{cp%ﬁi@Jf&@rhuéi(msitd@ﬁh@digr@m saididataying position receiver receiving

either: 1) said chronologically synchronized unigue positioning signals; or ii} both said reference

positioning signals and said chronologically synchronized unique positioning signals; and

subsequently calcufating its own position without the requirement of differential corrections.



20component within each received signal. In another preferred
embodiment of the invention, the rgving position receiver's calculated
position determines said at least one reference transmitter's timebase by
calculating position-velocity-time (PVT) solutions. 25 In yet another
preferred embodiment of the invention, the roving position receiver's
A Saiculated eoré“‘9&}%&%@[ma%%&aé%g&é@@sgre&gtﬁ%teﬁ%ﬁ,ecg@aﬁ@tger:e%sf one
timebase by calculating carrier single-point positioning solutions. 30In
refepTsthemprEteT rat ETSOR ABRIESPINC HVENTGH & PAdEvEbEsghaRaccordine
to 1RGHAS.: %@ﬂﬂ'&%ﬁ%ﬂ@%@ﬁﬁﬁ@ﬂ;ﬂf@gt?nii@ifawrafmmgmmmnmmeem one
carrier cycles component. and a fractional cycle component. [n.yet another ..
oo B T SR TG WhCbin the e il ST
recgalcgltate thiposition isdetermingdiby: SEjfesoIviig te mittally amBiguses e
po%mémp@[n@{ 8@\%@9"&%%’5 %mwﬁﬁhiﬁggﬁﬂ%@&%@ 1@5@6@9@5@:@@@&%&!@1&1%1@
~ component; b) summing the resolved mEe jer ¢ 1(:Ie %g{npp%g%géiwﬁg ;Qf%mma
SIS TS O ITEHEN LS BN & St A é%?ge%%rrfea phase }
rarpSeudardnger. Chdeteiminingroardecsiggleapoimpusitiomssolutiors fesfning

si m‘tng.e"@';:e%ssl o%%@j{%{inp &%’?c% R 11]9;9{\%@g.ﬁd%(@ﬁé@@@&b}ﬁ@%%%%@k%@g §gnal.
#slich that the carrier single-point position solutions can be determined
At fithioue-tHe PSR TOEUHEREHIEIEBREEtoNR. i AiEANE RIS ERBE dIfBhToF
rectR@dnventienpdhieceferépee tramsmittetsimay it Sesitio AR ES
devices, Wide Area A ntation System satelitas: Giebal Navwgatioansmission
refeé%%‘:eﬁlﬁén&g}grﬁnga%éﬁm%@g g%e%%g‘)llﬁ%gﬁor any ptrﬁeﬁr ?vi%isdtgat transmission
of iﬁl@drpiglﬁateoﬁﬁiﬁﬁigﬁnff@‘iﬁaﬁ?ﬁ‘?!'di’?ﬁst%lI‘B@vgrﬂ?égl%’\%hé? $3sifion receiver to
sisslcuatehothieode -and satistbasedisifgleipointqositios-ustelmirationyss
without the need for physical cannections. een),ROSINENINg-WNL ing
chrepalfeie!yith Df&%ﬁ%r%gt% oﬁ’éeﬁcrﬁe%rt}ztﬁ%%f%s%ﬁrl GNSS thnebases'&h and.
poswithotrreguiring différertialboraescnly ia davsid S8UersPif e signal or
bodM¥ENtRN, theteis REovided a-positioningnsysienwwhichsenakbles iy rowingving

position rec_:elvertoﬁetermine its own position, said positioning syste .
PBDHSTO ) BICHS UG FRrSIEhEE e Sach o Calae o e

corfedesgnce transmitter configured to generate and transmit reference
positioning signals according to the timebase of said at least one
reference transmitter; b) at least one positioning-unit device, each of said,
In 2 gt-feast onelpositiokk ot deviEEeB NSIG T REANE for PEREVIRG R ©
purRierPeting: signals scarsmitied ibyreithérsaic srhoastofevetatetgint device
is JANSAIIEN OL5aid Alleashensipasitioning-twitilevioeiosbothsaidratieast
O el Che Saanemiierand paid akleast ane antioning-unodaice sl
e e T6 1 Hetermining a reference Ppositioning, signal ronagation gelae mis
frompyit RSB ot st 185t B FeTeheCe transmitter and said ositionigl%-li,nit .
sgclevide pifiyimiemms: forviserierstfigshdtr SARTIENG STRIGES Postioning .
freqSigRaliviv): peansdeiredeiving afidtimerprelingSE PTERRE HISIHEHITG e
signal; v) means for comparing said received and interpreted signals from
step (i) and said unique positioning signal from step (iv) to deduce a
transmission difference; vii) means for continuously adjusting said
generation and transmission of said unique positioning signal according
to: a) said deduced 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; and subsequently
calculate its own position without the requirement of differential
corrections.
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8 a In a third aspect of the invention, there is provided a method for
determining the position of a roving position receiver in a positioning

system comprising at least one reference transmitter, and at least one
positioning-unit device, said method comprising the steps of: a) each of

said at least one reference transmitter-generating and transmitting

reference positioning signals according to the timebase of said at least

abe seferenegdnaa sytter-tiksrqinisachy ek saithattedi stanmrafaisnogoherence is
UANSMersistkdRWRlQCAlB0N R 8aeh. af Gaithaldeastsdme invention, the roving
positioningynit davige: uscaiving:and intemreating.nald ALIRASLONGe positioning
r'eferqu:?'xeg Srlgson!:nc msnln%g taﬁlﬁel—lgagogg-grqg Iargga %ngg%ﬂac”%%s“n hs ! agm tll'{g ¢ position
PELitoRmG S nal WheEren Said unique positioning signal is aligned with a
fregoe Re St ape T FRCeRARG Sfd interpreting said unique
positioning signal; iv) measuring a frequency difference between said
teceded miftleastondireie ré necipesitoning signab{Ecancsaits rebelyed position is
uRlgke-POSIliaRInE: signabERoN Adiusinghe, laquancy of said frequency
steerable clock by an amount derived from said measured frequency

e e ndraRd SO0Sed SR, QSN S UNAE,PORIONEL I0Hsr cose
Vi) Fetei INg a reference positioning sgnafpropaéﬂatlon dela between
SofaCAT RS P OFE T SHEraHRe ST HER R P SHir BULTHBRTAY- BT datiegr iy o
miE@aintyed fimeatfifferdmedopenleemauit neittived rerbrdrgRbositioning
signal (i) and said received unique positioning signal (iii); viii) offsetting the
freauancy-alsaid.irguangysstestable elockdotaipriostuidimarterisepbnent and
URé?ém? @AQ[ E‘Mg Iﬂﬁﬁ%r}gc%zmeéﬁ%ﬁgsl Q&%g%i%lgp%{ﬂgpﬁﬁfgnpﬁ?ﬂ@&a&med from said
delay Measure Lin stEE Vlg %pgafonsequently adjusting said unique

FOSHiEARG Sighal® €Gelithat &1 unique positioning signal is

chronologically synchronized to said reference positioning signals; c) said
Fovihgnpbsitisfrretenedines ol hyeinn s aidivdrasmslofibkye data component and
synehrorizedd miqie positicniagistgdals;igiipobothssaidatederediceged from said data
pRsItiRNingnsigRals.and said chronologically synchronized unique

positioning signals; and subsequently calculating its own position without

the requirement of dl(p‘erent'%al correctjons, 8b In a fourth aspect ogt e iy
In another prgferred .embo 1m%1t Cff the invention. the r{)vuﬁ% \}\)Iﬁm n receb r's calculafed position
Invention, there is provided a positioning syste iIch enables a roving

Ao Fad ety BTt SEETRRTA SSTHNTh ELitRSh P ARG ¥y gtlkme (VD)
goriypssing: a) at least one reference transmitter, each of said at least one
reference transmitter configured to generate and transmit reference

91%@'%&9& ﬁ!&fa% éﬁﬁ@mg)ﬁ%&hﬁv@m@gﬁﬁet_‘maﬂ_@i%dga)%tv&ﬂecalculateé position
felerence ranpmiter; bl At/ Gantane PRRINQ0INAHIIL AR VIGR: SAGD 623 ioning
ateleast one positioning-unit device comprising: 1) means for receiving and
fRtESFeting said at least one reference positioning signal; i) means for
generating and transmitting said unique positioning signal, wherein said
Dinigersep ositioni ngpsidimelt isfalig iedmiith &dreguedcjestednable eloukieHiymponent
IRARMIQH (8GAIVIAG A0 INEMHP e tiRgs At i positinRagBignad cinjponent.
means for measuring a frequency difference between said received at

lr? agtt .a%rgt%e';efree%gpelg eﬂ%booﬁsl}rlngnrt]lggthsqgvaél t(xlt)n,a\ra]f erS %I q?gergveull\éep%sx 1l hqu'i'a_ eiver’s calculated
Positoning Signal (i); v) means for adjusting the frequency of said
PRSEIERINES ST Ble clock by an amount derived from said measured
flequereydifftranitali(ivyiavee o obiradilis AP YA ERfEse a resolved integer
positisningnsignal; vi) means for determining a reference positioning signal
Qropagﬁgﬂﬂl@@l@&sae&l\ﬁ@@r% abiaastoRen eferemeRttans BiRhant generate 2

%r@ig&%&%mﬂq{%mg&%}gce; vii) means for measuring a time difference

etwe%n sajd recejved rqueretnce_ osipgning Si rga!re@i)s &Q&i' sajd gegg{%%qlge within
tnique’ PSEITBAIRG Sigial (h): WAll) means Tor oifsetting said frequency
Lrderehied &8ek by a period of time derived from said time difference
measured in step (vii) and said propagation delay measured in step (vi)
and consequently adjusting said unique positioning signal; such that said
unique positioning signal is chronologically synchronized to said reference
positioning signals; ¢) means for said roving position receiver to receiver
either: i) said chronologically synchronized unique positioning signals; or

H) both said reference positioning signals and said chronologically
cvvnehronized 1inidiie nocitioninAa cinnale: and ciribeeaadrientivy ealernilate ite



at the boundary of the two networks. The boundary Positioning-Unit
Devices subsequently transmits inter- 5Snetwork corrections to the roving
position receiver. FIG. 9 is a block diagram of Positioning-Unit Device
hardware, according to the present invention. 10 OVERVIEW A
Positioning-Unit Device is a specialized transceiver, which is positioned at
a known location and receives at keast one reference positioning signal
from at least one reference transmitter. Prefer_ably,_t}he referenTe differential
such Yreirisnimsr iErahBHE PSS STHYEUAT BSeliea P §WAAS Shteliite. 1R
corredt@®BpONSe to the received reference 15 positioning signals, the
Positioning-Unit Device chronologically synchronizes an internally
n an SRASTAISHRASIONAG slanalio heseferencairansmiltentinmebaseiang.uni
d.evicgsr,ar\}»fsign I r(latas X\? Igyn?aiﬁ)c?asg&osgm g.)a%gia‘?l t@ln%!ill %‘é‘_ﬁéaﬁ&s%@ﬂi{ﬁ%@w&r Sclkllites,
View' Thé minimum requirement for the formation of an autonomous
Pseudpgabirhehi GRS SPIESEPRTS BoSiioning-Unit Devices chronologically
synchronized to one reference transmitter. A roving position receiver in
This Aiew of theiall the wansmmitted sigived Potithifethid amterieifolrs Fatibreis"
deterrGRRERIE0h.20 Eeteminingauto RoMeUs: code @n dusdrnies- gigley jgint itout
rquilRORIIOR SR UtinsWithu therneed:fordifferqntial caiectionrduithermore,
the reference transmitter oscillator does not need the inherent stability of

Ina s@égtqgigs iggteoﬂﬁygl%gt%ﬂ,stﬁ@lgLi'é.rﬁr@@i’e@@‘%s’iﬁbﬁ&@@@i&mﬁﬁ?@h&lﬂﬂmil‘tqing

~an inexpensive crystal oscillator to be .%sed,as a refeggrgcce grri_lggas fgr] east
positiperesfives [SCaRiBRHEHFoTR I BSTHOR B il 5etoW 2 Positioning-Unit

one THIBNIGR mMAYISeEYeeaha Mmethphioscahichémemel fondistibetiigured to generate

chronolagically synchroniz 0sitieni ' VNG RASIt reference

e A T B o e

transmiecarier s edesimgiBopBIt Hb SHOFF deAe b A St S A Ry

devidOERRYSICR) ¢pRRaGtRRShatvRen Positioning dilnitl Dexicesewitheitber said at

requiring atomic time standards rGNSI 0tri1i1 | Svi i r ring.
et G GFER A TGRS o0 ST AR P ] o

| referannfiguration fodadRbsitioningSystsintratierested precrse Positian e *
refer&%&eﬁggf{?@ﬁlgg%éh%ﬂgpg’a%é%@q%@M%&@fsﬁl@%@@ﬂl@i&ﬂ@f@ﬁ@@ﬂﬁ@ﬁﬁer and
_calculations. A plurality of Posﬁmnmg-_U{nlt Dag(ylgg%%%ﬁl & 101-2 ftgﬁtioning
said pEYHRSHEIUAL TSI 1BENEHTE WtHEPEEPELE (3'a Feterence co-ordinate
signSystemeand tespectivelyrédeiveratipasiondasfensiicaipositoting siga for
comp32 Proadeast by, af |eastone seference tRpsNiesd03nuhichisialse sigl

pogﬁioned at a known location with respegt to a reference co-?rdi atg said
fromsseeli) 9 fedponsd WSSt diVaa et BhEE PO INoHRY Sghal 12 e
geneggéi;.i%nﬁaﬁ&misﬁ?@ﬂ)@fsaﬂcﬂii(ﬂ)ﬂﬁl& %éi#%ﬂfwsmﬁwfﬁwémMr@ i gij;zd

positioning signals -1 & 104+ nalagically, Lo,
tm”%‘%ﬂ%“ré?é%’éeg%%%% 5 jéﬁ’itafg?ligo%l %%%ﬁ%%%gsition%e%ve%ry%g o Z
fromsiteatél withitheheaifetwiark opdievEEssEDEL 1S Ap91919%8 183, PaKcaIgREe 0 s
e kG lEraNAR RASIIONING Siarals A02:f1om theprfessneeitansmitter LOB:arnsaid

unique positioning signals 1044 & 104-2 from th itioning-Uni vices.
Chmli@‘igfa&ﬁ’lﬁi“@,’ A QUSROS CaIdst: aat%’sotr)éi%)% éagn%gg{g}%é E(t%ased °

sisn@inghe pointopositiopi chéite mmnlationetfrarithePPREIRHIR oTERIb robgRbaTRPenty
caleiiYes src?v(f]rilz}%qi%&o\ﬁm%mge%@ﬂ%em of differential corrections.



Time-Lock Time-Locked Positioning-Unit Devices synchronize to a
common chronological tithebase, which can be of arbitrary value and have
arbitrary variance. Therefore any si?r?ple and inexpensive clock source,
such as a 10 crystal oscillator, will suffice as the reference clock in a

In arﬁgﬁf%gb%gt transnitier:dn he.preteriadembedisent &iampriatkosition of a

“compensated crystal oscillator (TCXO) or bettey is used.fA " tter. and
rovipgEEATELUTTR DA PR SR TS AT ORHCE RS it positioning
at 1e5i95R Bndaaigulates.acsosalleditimenofiligiatioffsetsidmtheknbeit at least
ca-ordinates of the reference t ' -CcO-afdj
e R s
the oosisiderrb et prSARTRIFC RS Hty RN EHCd By thd FeteRseE s
ranP@sitioning signakwhilstisaveling:fram ¢he reference: tranisimitierito: thevice: i)
e RSB MELH Sty Tre Aot N D Cateeking an
trandROSitipnidgrlilnit Devivsrapiiies tertimeadinight pissmipaemterabgyed with
» AE0RIAIed ROSIEARING sianal.and.aligngihisnosiionngsighaldadheignal; iv)
incoming reference positioning signal, thu (bl’lln ing th?elgltl(grnallxionm siomal
meagERe e AUBRRI TG S SRR St Eh RO ARG ment with the £ &
(i) arefereneeitkansmitiaroShedificaiyl Tiine) 2ubioekiis fiemavedhmisiaquency
eeR9SHPANG LI BevieSI ANl enPTAlRARASHONIAG, StaRElas () and
requency coherence with an incoming reference positioning signal, and .
consemmbl@@i@%@@dﬂ@réﬁé@Wifwl%f%ﬂbevt}éﬁ%ﬂwgn?nr&%% € Rositioning
sigmaﬁ%ﬁﬁ%@?%@@éwi{%&ig{ﬂ§|aitSlééﬁrb%mziﬁged:rr]\dﬁtmmﬁﬁﬁrfmq@wgﬁE)ing—unit
carrier from a reference transmitter. 25.The refer :
e e
and Rasitiehingstnit PevicesigWitel Aibavilgiferiaadr Syatern (Waisyequency
seerfliSlligs Plohabbiavigalion Satelie SxslRmAGNGS matailies sep (i) and
~ Pseudolites, or any combination of}%alld sourﬁg%dRe%fgrrggig ngugopgsggdn%g _
said gresiiBhiRURFDEAR JPLOCHIRE A kRowh distince from a
signdefeEanee dansaiiteso2BiBmegeives i referencealusiichingsigivaiagbrterence
osittlro%gzsmltte? :bg the Sl ?Sé‘%%s‘i%‘ﬂs{é}!&@ér%@@eimg teference: pogitienaingc30,
P S|gn§I ik %as) a carrier component, a unique pseudo-random cod d
synCioorEAT e 0 GBFHboeht T HE BOSTRTIFGEOTIE BRbiLa 3o £ *
chroiBRRIPARAISS AReSIaNitReaivET 20 andascontb sdted trafis miter RS Then
_position receiver 204 is gg%gepggtig{ Jecelying positioning signals from all
Posi RIS SSRGS NAIS In View 203, and also positioning signals
from its co-located transmitter 205. In response to the received reference
positioning signal 203, the Positioning-Unit Device 201 transmits a
so-called slave positioning signal 206 35 from its transmitter 205, which is
received by the Positioning-Unit Device position receiver 204. The slave
positioning signal 206 has a carrier component, a unique pseudo-random
code component, and a data component. The Positioning-Unit Device
position receiver 204 receives and simultaneously samples the reference
positioning signal 203 from the reference transmitter 202 and the slave
positioning signal 206 from the co-located transmitter 205. A transmission
time difference is then calculated between the received 11 reference
positioning signal 203 and the received slave positioning signal 206. The
transmission time difference, as used in the preferred embodiment, is
determined by: (a) Comparing the integrated carrier phase (ICP)
measurements determined from the carrier 5components of the reference
positioning signal 203 and the slave positioning signal 206 to determine a
carrier frequency difference. (b) Demodulating and comparing the
navigation data components from the reference positioning signal 203 and
the slave positioning signal 206 to determine a coarse transmission time
difference. (c) Comparing the pseudorange measurements determined
from the pseudo-random code components 100f the reference positioning
signal 203 and the slave positioning signal 206 to determine a code
pseudorange difference. (d) Comparing the instantaneous carrier phase

measurements determined from the carrier components of the reference
no<citinninAa cianal 202 and the clavve nacitionina <ianal 20A 1o determinega a



15 For precise time synchronization of the slave positioning signal 206 to

the reference transmitter 202 timebfiﬁg the signal propagation delay

between the reference transmitter antenna 207 and the Positioning-Unit

Device position receiver antenna 208 must be accoun : i
o o A8 S B ot e e o SR SRR 5 g
207 tootheRgsitionirigruinit Devicerprositio FrIG CeNEn HEtBIITE Z08REEH Be) at least
2Q,canyerted o asignalimer ofsdlight Ry the dormudai-timenel-tightTred to generate

distance/speed of light. The Positioning-Unit Device 201 ir}qor o_riate_s a for

SHSGrER At BOURB18 SWHCH 4 B8 Belli<lBe R TrEqusAty By e
Positiahing Y nit Bavice: ORI 211z-Te deirectiesh td the stelergdone positioning-unit
tl’&rﬁfw Ié%%ég%'& g L( %]Tgclzﬁag%gezr&%ﬁ% mdtﬁﬁﬁ%%ﬁ@@ﬁ%%ﬁ Df%vil&@]é;lg ositioning

211 from the time difference between the reference positioning signal 203~
ariene S|ave s JsTisHIfg s Aal SOETATER 1§ 'muAstrddBiftHe sienal, wherein said
Pasifieningddnit Device raeeivenBQ4ranchoffset:28bylthie figferancer receiving and
positioning signal time-of-flight 209. This,brings the slave .positionin .
G0 50 I8RO R Foni Aor i el ey difrcce
traatseaitteri Q02 time i deasT heepioresss ofdiffereacitigaineé ratepgilgreceived unique
| f?ﬁ%f&&ﬁ@g@%ﬂéic{mﬂgﬂ%ﬁ& RO3withithe stavepesiieringaignal 288§ able clock by
eliminates the Positioning-Unit [{)ie\_/lce Eosglﬁm recejver ;?‘Iocnk Jerm, o isting said
tHEREBY HISITG tREPESITSRNG: 595 OEVIER 501 8 fofiwtne ¥ *mstne
reféegenpestianismiften202 timmbdsedatithoningryclockebizsitense d dapitheppagation
logal ResitaningrHnt, Device 0spllator gl e FHIDAI MRS FHERHENENGe; vii) means

between two channels of the same position receiver 204 eliminates ane( .
SRS HTHE BiAEBAGFTETFuBRYFEATREd Y Yk HESRuhPRSLERIRs signal (1) and said
eleglkepicsatonisplHinier of aiBositipmnings UnibDevice A6l frdheptefermeatie clock
embadiment, Positioning-Unjt Devi ime- ref . .
R (g T A QAR SRR and i romestin
héslewvares s Stafer1(videqtie RN ed PHBZPYSIHBAH RUNRITE vigeal: such that
GRY Ziduintiatesmhseash forartaiesense, pasiioningdstgnal3:-hydb gositioning
POSitiO'ninq_Unit eVng POvSitionosri 'Cgi¥taec%12\fgl4' I 5r§ctﬁqg%r2éitlﬁggkx t%aid chrenologicall
RETEnEe "The BodtiomHgEUR Bevics position receiver 504 acquiresa -
referenceqgositipringssigriat 208&ndirefdrehcel dragmittarod02ngesitionls and said
3@9095‘1&1'&1‘%@@}%@H@%@dfr&ﬁad@ﬁaﬁw&ﬁ&@&%@, GompeRERtRY B culate its own

Positioning-Unit 10Device CPU_%ll. State 3. Synchronize Slave
position without the requirement of differential corrections,



The Positioning-Unit Device CPU 211 waits to allow for coarse time
alignment with the reference posné%nmg signal navigation data
component. An internal clock generator is then initiated by the CPU 211,
15 State 4: Initialize Slave The Positioning-Unit Device CPU 211
determines an appropriate and unique PRN code sequence for this

pRiticHlac-Resitioaings pit Device 201 and assigns this PRN code
sequence to the Positioning-Unit Device transmitter 205. The current

frequency offset for the refefrence thnmlg %I a%gffgd&relatt%e to the mvemm
ESs}nBﬁﬁﬁ’@p'ﬁfﬁh"ﬁés\?%aé‘%‘s%ﬂa"t %ﬁrls 3lso assigne P
Pogiteihg Wk @@W&%t@ﬂé‘é\‘@ﬂbffﬁ?%‘?ﬂ‘iﬁé? %IBER“?ﬂf B%i“fﬂ’é“g “Unit Deviees, and &
Rosithosiingrdcit Devige:€ PUuRidnThis Servesptatinitiadize the
Positioning-Unit Device transmitter 205 to a frequency that is

ﬁ@%% Qpﬁﬁém the.SAME, A5 HRlremsenty: of the-IelereRem PRSHQAIRE mvention
ignal 2 Egg RositioningzUnit Device CEH 250, a85ians:the

1c oratm
3 rminec sequence to a free receiver channel in the

Positioning-Unit Device position receiver 204. The receiver channel is

Tifiti Alizeeipoea it e aneb irdurRey B s at Hier pektiawian ddhh Ry nvention.
iphasealuengs theRositiontagditevicertratisvifier 208 -inigpdérto aid
acquisition of the slave positioning signal 206 by the Positioning-Unit

Devics, Q&ﬁ{&&l%f%?%%%& 2P4odheRosiianipgsnit Pevica.ths Binitiate s Aaon,

transmlssmn of the slayve positionin al.206. 20State 5 Acgyire Rlave
RS SiS ARG AT lgglggaé%agn? %r'%glvgrm%ﬂ ni ﬁLagstégnggsearchvfor the

slave positioning signal 206. State 6: Lock to Slave  The o
P SitioninppitshitrBevidepdsitter rotefirem20diaedoifescoriingiadie presont mvention,
inRstienipgrsignablot-anthactarserdhsiave tindis demodtigiit@dirom its

navigation data component. State 7: Reference/Slave Frequency Lock

plQG Simultancous intearate m&%msgm%%&,(L&E&ma&u{s@ﬁm;@ g%mwm
referengmposm ning signa 3 and SaveibE)OSI IOhII’]%EPg{]aSbZO 1o four

IRRROTERE (&% 6585%‘%??1‘}5%’%%%%/ the Padtiohng-URt Device cr%t ion
Pegiewaivert2 0avicehisTfiBravdg-Vail P rehie SRS B rEgiBihclidn g umiaue
cphage:diffesensenbatwesmincivsiere ncev ik pusitioning sigrrd R03tdkid-tprdnded
eslavgdeasitioning signal 206. A control loop within the positioning unit

device CPU 211, continuously applies corrections to the Positioning-Unit

?e\f'ce Steered transmltter C|O em]boc{s?ne a%p— acEeaElegnﬂ tg 'tqeg%geggmvenaon

al resentation of anet
BAFH al 203 and the slave g)OSItIOﬂI

betwee the reférence osmonln S
RGP, Pﬁfﬁ@%ﬁft‘é THEr ﬁ%ﬁ%ﬁ@ﬁf&‘&k“@%ﬁ%ﬁ%f’vef’y fS e
Drefere Rl présisitienfing Ry strotuaicytsieboanie mgurtaeipeiqely rghronized
p&mﬁmi@gxlumrmefgm@:msﬁwnerece|ver 204, can be fed directly to the
Posmonlng Unit Device steered transmitter clock 210 to create a so called
"Frequency Tracking System" (FTS). The steered transmitter clock 210
simply emulates the frequency offset of the incoming reference positioning
signal 203, thus maintaining 10Frequency Lock. This method requires the

Positioning-Unit Device oscillator 212 to be common between
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position receiver 204 and transmitter 20$. State 8: Reference/Slave

Code-Lock Once State 7 Reference/Slave Frequency Lock is achieved

the time difference between the reference 15 positioning signal 203 and

the slave positioning signal 206 can be accurately measured and any time

bias eliminated. Reference/Slave Code;Lock is achieved when the

Positioning-Unit Device steered transmitter clock 210 is stewed the

requisite amount of time to bring the reference and slave positioning

sigaalss ingapRRN-godalgrmemk: Im&immﬁmm&‘@h%rgggtﬁ%%ﬁ@e&@mvention

oo}t neas B ROEE AR MEATEIANGS Iy RO IR s
nt°ferebn?:e§als cé(t:(?hettigéonma %quaé) a clot I%g’r()r%ﬁig‘ﬁﬂtgefﬁcees ‘3’5?%6 gt inter-
SVice SISer: tf’raﬁrsnﬁ’?ﬁg?sé'l?fcrﬁc?ﬁ The clock correction is achieved by

engaging the Frequency Tracking System (FTS), and applying an

dditiordiidrkdiessmcy Bifsietite-thé Bteerdddransmiitérolonk s for arion,

predetermined time period. This additional frequency offset allows the

slave positioning signal 206 to slew in time until it becomes time coherent

viththesteference transmitter 202 timebase. Once this Time Slew is

completed the control loop is re-engaged. 25Alternatively, Code-Lock can

be achieved by stewing the Positioning-Unit Device transmitter 205 PRN

OB ERETAth Peres fatbirsitdizahiperstivt-ct jsiratéofedApsiamiliication and receives

ridintatimgfoRregeiieynk oake! Goderliook is: befsetbomBiRiNCOteaBQUERCY erence

whighitis inherenthysinaisy.Ufthe s ﬁﬁﬁrmmﬂimmmgﬁﬂaﬁy received reference

Besitiani %M@ltt@%%&@t@&? B%&‘eogﬁoﬁ&ibﬁﬁa asﬁHQO‘EBEE I6F GYEIGIEV Elserated

Quriate Qi.Reference/Slave Prpa§ Lock %)nce tate ¢ Reference/Slave
% 1 egc 7L ock and W’Smt:gtrém "Reterence/Siave Code T OrkPSHE REgigRo alf other

SRR hrsrE S SR B BBy 1 B B Rpas ot
éﬁﬁtdf@sﬁ P ARt iopmeAinRevisestigprafiaicelly oisepniEd (0 e ovfccetingaashBE:. A roving
desfjieephizsénambiguityalDedarisstemictinlatedifiomsadrRN e dework is capable of
pesitinning:signalusiagn sRecialzeddin3san-0akna0 Ridvel kW IN &R ential
WEQ8A. KRR L QRR:LhE Eégﬁﬂ%rj‘cggﬂa@%@q&e inher eﬁﬁé{em stability of atomic

mosrlgg%% a 189 ree ph se ambiquity,.and therefqre can acquire
ancd ack posr?tl%lrr?lngjyg Sys with'a ha ? ci}%’e AMBIGUR T RS RElf Lyt be used

ABIGUTS PRgrEe LR g “ab"ﬁ?ts%ﬁ?ﬁiaﬂﬁozoo picosecond time offset at
2 4GHz The Costas Loop ambiguity can be resolved by reference to a 14
Predetdrniinddiseguentaiaf-UsitaDbits; generally refewacial asavpreamidibuting
thaasiyital Watheday IQ:@HBM;@%@!@%DQ%%%&EQH%@&H@JSWQW%&Qeihe roving
b@ﬁé&i@:@cWMQEﬁcw@%&ht%@§@§la%%&ﬂﬂgkgpdﬂ{ I031 1osno Ve ll%tl.OﬂS, without the

*algrpysf,;x bhase éftfweere ce bggo mes evi dent between the posit
recelverphase r glsters of the ency* ‘%eék‘éﬂl?‘étfg%ﬁ‘&%aé%"évﬁ?/ém‘ims o

BoShamht SRyl °#Fﬁ§‘“§%?ﬁ?fﬁ¥$?‘ﬁﬁ%§é%ffset is due to the arbitrary
phase of the slave positioning signal and is adjusted in the following step
(2) below. (2) Correcting Time-of-Flight Phase Offset: A fractional-cycle
sirgerefAtighiphase offset is present due to the reference positioning
signal propagation delay between the reference transmitter antenna 207

FIG. I 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 reference co-ordinate system. and respectively
receive at least one reference positioning signal 102 broadcast by at least one reference transmitter 103,
which is also positioned at a known location with respect to a reference co-ordinate system. In response to
the received reference positioning signal 102 the Positioning-Unit Devices 201-1 & 101-2 transmit one or

more unique positioning signals 104-1 & 194-2, which are chronologically synchronized to the reference
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10 and the Positioning-Unit Device antenna 208. The geometrical distance
209 between the reference transmitter and the Positioning-Unit Device

can be represented as a number of whole carrier cycles (the integer
component) 213, plus a fractional carrier cycle (the fractional component)

214. The time-of-flight phase offset is the fractional cycle amount 214
computed from the known geometrical distance between the reference
{FAEHiTER af teHARPOT RISt ! Podtisri it fie mevideobitinnkd 1451908 & 103,
THevitefercomiborei481§ donrdetediimdheaBtater iR ef¢ nenesiSlameng signals
Oudes] vek contrel statendeseriledabover Zheiftastionaheomponanidd dom code
hweyerpisiap fin Sollt P&:ﬁgy recedindhesiate R Relese %8{(%@1\!5 ly synchronized
Cadehosk.alate, and must therefore be corrected as a carrier phase
adjustment. The Frequency Tracking System (FTS) is engaged and the
Positioning-Unit Device steered transmitter clock 210 is time slewed the
Fé’ﬁﬁfs‘?fé fractional-cycle amount (from its currently 20 measured arbitrary
phadededesticreetiticteifrstepdiinab ovejdommmenvhpidgtanmised, which can be of
tivtexoflightphaservalievafiecTimedacks sanpe (hd histhan Bxaneagetch as a
E‘ﬂﬁlﬁ’)@lﬁk@[ﬂ ng=hiit Rew G Rl lﬁ&fé hl?é@fé@é’&r%&kﬂ&n 1% bge[t‘é‘le% ngbodlment a
BRERAHNG . ibecf;agq'tggmngr%ﬁ&?gcge%ﬂts“u@s:f‘d BB M it Device i

chronologlca ly tra}l/nc:hronlze with the feference transmitte carrie

856 POSIIONING SluR A EHIRRA Y trEih Bia Petersnwict drsnbifisk offe fom te
f@hﬁ%ﬁfﬁ’@aﬁsz’é%féf&fi@ﬂ Wélfévéﬁéés‘slrawfsmve@mw%eé% Peritipranadioiy@evice.
‘Grateeebilishb el é?ésbﬁet%iedelmr@@u%@bloxdemar e ah-bookapttthee reference
Rogiioning-dUnitibevierng Glrbegirstansmissien of s mawsdullYinit Device. In free
SYACTIQRERChHRIGMRPOSIHIONIRG igNAlL 242 Thg PQ&H‘%&Q%M&@CQ@’ 'Cﬁext the
%@ﬁ%&lﬁg"@rﬁ{tﬁ’e@l&%& Igen% tl megf?hg t ot?: rtloo L?} I?allyﬂ nChrOcp I%seitloctj\mg signal and

refer nce transmltter 202 timebase with an accurac plcos

CEBabiTt RSATE SEBLen R BRSNS RN RRE B iy pitseaf, ho intemally
W%@%@Wﬁ%@i@ﬁ@ﬁ%ﬁé‘ pietarredie b tséitTenraagaiier. Specifically, Time-
IpgsitiathingdUrinDetridetaridriiBaceniguede Sitieningpsignathewigighhas frequency
obngietsyif & CartiticermpoN eRtidiRS SraRdem 8068 GORBRBeN, ADGArence
Ravigatign.gdata component. The 35 carrier component is a sinusoidal

radio frequency wave preferably transmitted in the 2.40Hz ISM band,

thou h the method of the present invention is equally applicable to other

FSG0 8"‘“‘6’“%“’“‘8%S‘ﬁ‘ﬁe‘sp‘ffs"@fj‘&%"r%waSm%ﬁ%m%‘fsfmaaﬁa@wﬁﬁ%ﬁ@ﬁmsm ter.
Tﬁ’i’oﬁiﬁré'fé“d RIB RGeS BaFriem chivasersT, ford oo riglit vt aurigueichdesy include
Pegtpacadéivhivkes dide e distiguishied Snongsh sthetpselGiorantom e deaelit
SSeaLeRLES thanss)iteckbyotbesgavisas.an m&mmr&arﬁi@fe&nﬁgmma 2, &
PIRISHRLDRIONG IS KFOWR.EP & deRIVision Mulfiple AGGesS 4QGRMEY 80 «

reg:well kn wn in th ggg The nayi afion gata com Ponent |sphopr|etar
e

TenCe positioning i it
inf ormaptlon modulat Upon the pseudorandom  code cOmponart, Batenine

“BrEVitie o O IRROA TS R B AN ERIP R S0G AUBRT o TRt TBH fgmponent. The
Priisiiemiing LaviecDaVibesrariey ovintyipositivnrretieive réeNasvigatianmitter 205, The
pésiformTation 2hay dpalisdé raetiiotimen PosiioRingHkie e dneations in view
2epekanhericaloraieientenclR ek N8aas walermation i.ﬂ@g&mﬁfﬂ&%@% reference
p&ﬁwﬂgﬁgﬁq‘f&ﬁ? E@T}%s#u%}’:%g%ﬂ{?f&w%%? Térnrlli :la‘ sooc—:cl:(almc?' %{ave ositioning signal 206

|mplemented ﬂsm%n% [ erent confl urations. These configurations

Eclude™T, ttesrlngl’e Peterened fandii toesIr“B‘f"B%HBﬁﬁfﬁ’ﬁet%“éﬂgﬁf@‘f%“’e“ 204. The slave
POSEEiRS SRR e dicary A upngratrafarisht estranERitie oo SRIPASIH P8 @ data
costefity ‘o Pesditeingldpit B Crenddio 1:08v@Ae4ormivrend foraireeously samples the

refeaneritidssidyroadcasting thresgimdntansardian: Basid opivgokiRiReMICES06 from

the co-located transmitter 205. A transmission time difference is then calculated between the received
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4.A plurality of reference transmitters broadcasting to one or more

Positioning-Unit Devices. S.Point position time synchronization A single

reference transmitter broadcasting to a single Positioning-Unit Device.

15A single reference transmitter can be used to broadcast a reference

positioning signal to a single Positioning- Unit Device. FIG. 2 shows a

Paositioning-Unit Device 201 situated at a known location, and a reference

PRSI ionDeaTEseE AR et Bt S 1HSH skrCaMniTheaPb Sifofrgtuitission time

BiEvieec 20 tsee ietivesiinedeferénes pasitioningpsignal 203 transmitted by

the reference transmitter 202 and the slave positioning signal 206

ooyl e PARHRA M-S GO IS el EP RSO
ere itionir sign sitioning-Unit

Devion e L L ot R G Ty ©

defermine a carrier fr di . .
209 and apphies an apprapHatE Pahsmitter clock correction to

chrEAdTsGREaeyRtHBIzE tharimder tvniponents fimdirrdRggmditoning signal
compotiéntd tnddatasornpoemhticfitsinennalygonenatsdisiavaifference.
positiofingasignal 2eGidenteeairigiao RRANIFRRN 68 6aBRABEN  emponents
and dajeseannpaneps:ebing sefarence sransiuteLRasiloning: 59N .203. « code
The Pg&ﬁ@gg%@#@j&n@evice subsequently transmits a unique positioning
siggglgla 25which is chronologically synchronized to the reference

mi

tranSniter 202 Hiiebase: THE BALio MG EBHALCLRE O Lt Etigpcomponcns
deterntirls & BERHGAEaRESET 23S0t plignsrrbsiven! PSViedermifndypcarier
referepesetiiissnstiter is a WAAS satellite the Time-Locked

Positioning-Unit Device signal will be synchronous with GPS time to

W&%(ﬁﬁg Jﬁ%ﬁl’orﬁﬁﬁ%y&?ﬁ@féﬂ% Egsﬂtgﬁn §§glg¥6% B%%!:%Q&c%%&ﬁ%&@%ﬁl timebase
t@éé?;z@%ﬁ&g&%{ RLGF RGNS O GO er%roxgr\lgegy%)rllrﬁlt](}:eogmgi-tbgi%egljnitf})evice
GPS solution. A single reference transmitter broa casfing to a piurafity'o
RBositionng-UnT DAVICEE" 'K Srgiei dtardhe St bdpe sagion209 fom
8 s HARSPRIST 1tsaradhire yrfiedtievieddni Retrapptidealibpebfer antenna 208 can be
Pyt Hingiaun B efites bs i Gearaiew-of the: referanepetirtsanittete 8&itioning-
W@@imﬁla)@&ﬂtéﬂiﬁ%@éf@&&ﬁiﬁﬁ&%@ﬁihﬁﬁwm&ﬂwgt@é l_ﬁr@ée{ﬁncy by the
im&ﬁ@@@é%&:&rﬁggﬁz el igf5renGe Jo0sTINERAQR AR SIUAEELEI B
QQAIMB - iCev Ao A ;ne ll ereevﬁl’} eS (3% -3 Feleienc -OS{ieO%%llvg e
refgrené&% %Qs?tionin% ngsﬁé? QE{;]E) traqn%?nﬁ%ecf By %é FEFSTSHRE HRRE IR P03 and

05 TSP EASE T The AR Be YAt b FiBrHY Sryisarestisseidnand ofiet

bp GSifHE Dot mEgice 30 mT oS Bo 2% dtur s gtits 4Grespmetigeisighags ino

proplagediondiohiantBO4ith g 3042 frommthermefarenee. transmitter 302 and
applies an 16 appropriate transmitter dock correction to chronologically

ThY 9&@!&%&&%&@5 R&%G&Qﬂl@ %&%e%@t%ﬁf %glla?g&e w%g rtnhp ﬂn\%ng}ds%{gngh.‘Lg signal

26RIRSOMPRIEIL Of heir internally generated positioning signals to the - -

carrier com%onent,lf-lgR code componént, and Qafg’élbfﬁtaoﬂéﬁ%ﬁﬁg ¢
FErSREREE risetes HEuH6 ARttt ar sosbeathpostidftingsttsed by the local

Posigoninss et Bswer roitlyion i sPriteuntiquiiipositie hing-signaleBSe1 i 806 Ryition

repehicliHréibolre nolegical lsyachrgnizaddathedsiarenea irRnsmities 30,
timebase.

Control States of a Positioning-Unit Device

In the preferred embodiment, Positioning-Unit Devices Time-Lock to reference transmitters using the

following control states:

State 0: Reset

Reset all hardware
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One or more reference transmitters broadcasting through intermediary
Positioning-Unit Devices. One or more time-synchronized reference
transmitters can be used to form a network of Positioning-Unit Devices,
without all Positioning-Unit Devices being in clear view of a reference
transmitter. In this 10 configuration the2timing signal is cascaded via
intermediary Positioning-Unit Devices. When an intermediary
BBStof Uit Device declares Time-Lock, subsequent Positioning-Unit
Dk itesisieig-Uwe Beaigd riteiniediaitaRos tietingr Wnifdes pesasnthe lignal 203 by the
nefeienecUpd Sitian ngsighalvdr e, 4 shows a reference transmitter 401
situated at a known location, and a first Positioning-Unit Device 15 402
also situated at a known location. The first Positioning-Unit Device 402
receives the positioning signal 403 transmitted by the reference
transmitter 401. In response to the received reference positioning signal
A% theeir & BE&RBning-Unit Device 402 determines the signal
Bho Patfimioe del Ry o dofiomrtheveelef enpadr arsmitiepodifdiandzap plie sha feference
appropriate olack corecticiiaiaiie olo g eally:SHNEArana 8y e Bigftioning-Uni
eempenent; unigue PRN code component, and data component of its
internally generated positioning signal 20 to the carrier component, PRN
81 (% com onent and data component of the reference transmitter
BSitiorng SigRar403. The first Positioning-Unit Device 402 subsequently

nE?ﬁFt%’a HUEESTiohlg it dP40sw it cheres cironBlomieaNjt the roference
BYAihitnizetnoithiordferencedransimitten 40k timebasabcAiBeoang the CPU 211.
Positioning-Unit Device 406 situated at a known location, but not in view
ohthe gfgrengs .25 positioning signals 410 due to signal obstruction

sequently receives itiqnin nal 405 from

e e Ao R G <alCT
‘f)os|‘f|‘E‘)rnli(’nsmsri‘gﬁ1 arA 08 e Yers At S o TN G Ortraeh e Yot st Sevice
TRERIGh A ropragaitniaemgy 40P &m tefeser osiibningsenit DeideisoR the
mtcapphiéd Brvapprdphiateliockceonigeton te phianalogicalhyisy nehco Ridniter
dle casrigrieoPapanR I INigUe: @RNZ@@%@@&H@O@B%%@Q%Q@B@UM:@ Unit Device

&Qmﬂféﬂﬁﬁtt{{)ﬁ %%q@k@{%“yg gﬁ)ﬂﬁ@(&%@/ mm&esﬁg% Qf H?e tllggrgz%erb%sztlonmg
samaenaqL LRG048 camponent, And.data,compalonlol IR Meatence 10 o fec
osmonln% Device posmonln signa al Z0E T he SEEON
BoSTiSHNG: @ntﬂe6%%)1&%“&6@*&85é@ﬁ@ﬂwﬁaﬁ%‘fﬁs Ansrireie Hoed Hirigjtiatized
ikt 408 ifedrporafiiry atarideesivpontneiPRINIcode tofivtmearnt Uaindevice
tdataito Apomedtr Thig urigiiienpo ditisamgesignak 4081306 by aralagiaath/Unit Device
eyhahrasizeddo the Ifbﬁﬁtoﬁ)xﬁhs@mmgiéel Rit-Devies Q%E&EAQQ@%@M&QQ ﬂ§sxtmnmg
fls@-ehronologically synchronized to the reference transmitter 401
timebase. 35 A plurality of reference transmitters broadcasting to one or
more Positioning-Unit Devices. A plurality of time-synchronized reference
SPEASATTEFSESh be used to broadcast reference positioning signals to one
Thp Prdien PoSRTPTiE-LrieDrevita ot conrfigufationianyosefeiendgal 206,
signal error sources, such as multipath and tropospheric delay, can be
savaraged between reference transmitters to improve timebase

ﬁQMﬁ@Un&%gl% p§s: ton I‘eCS&i@eIP |t|0n1n9thJ n %\QEVI elgrt%%l%llt %&gzmgta coarse

slléve%},rvng 130 e%g at%r% lural |¥ of reference transmitters
With GomMmon Timebass RIS A8 SR wn locations. The
Positioning-Unit Device 501 receives the reference positioning signal

5803 1R S0P Hransmitted bycthe reference transmitters 5 502-1 & 502-2.

Tha fiesponse iocthe-desa ethielEroncaspesiiantg.signahl03stoR312ullges amd

siReplinHIg &éﬂ&k@@@&%ﬁ@ﬁz&%@&fwﬁﬁ% &hﬁr&gﬂ%& Q{QR@ g'ﬁé@ca position

DRt S QLSRG FISIENGS IRNSMILe] pORC1 2022 a0d applice
an appropriate clock correction to ¢ ron%llogvca fsync ronize the carrie
component, unique PRN code component, and data component of its
internally generated positioning signal to the carrier components, PRN
code components, and data components of the two reference transmitter
positioning 10signals 503-1 & 503-2. The Positioning-Unit Device 501

subsequently transmits a unique positioning signal
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505, which is chronologically synchronized to the timebase of the
reference transmitters 502-1 & 502-2. Point Position Time-Lock A
Positioning-Unit Device is also capable of synchronizing to a network
timebase without the geometrical 15 distance (reference positioning
signal propagation delay) between refétence transmitters and
POSIIIOI‘llng Unit Device being known. For this embodiment of Time-Lock,

T RLPESPH TR ARE BBy PSERIH gt e Desiees lonusititia nprtigoitheit devie
BoSitdhitfyitya Devlise coaestivint the dntiitihe VistWotk, SelbasuveysitSock 210 to
threid imenEiB ddlepositioncbyiealgutating aiging . RONE Q&Qﬁ&@ﬁvé’mmmnn}g signal

Irg0rpe ralestingrResHiomikg-Unit Device position receiver clock offset. The
Positioning-Unit Device position receiver clock offset accurately provides

2Q:netwarktime. (re t| e to the Jocal pasition receiver clock), which the
Postt|0n|§ UﬁftCDeV|cee§ e T aRsi P Y e BeBoR L At liir At BTy the

fimebags Hh HSEs Repsive iy biniehbarid Basiidnitiy Aavieedier Dois scered
& ?ﬁ‘@?@“ﬁ)‘dﬁ‘ﬁ%“é&?ﬁﬁ# Sl atione detarminéakvs e nefUerKiimetd themitter clock
piéosertomdiitvels Aegmpabifity tiatineubgtanialy ayend Hecaparibhfiaining
préarest By Rt amSmabo ¥\ AiiRs R@f@tfﬁﬂﬁﬁiémﬂn & BJ; ggggﬁ’lgttﬁ %QQQH@?JHH@OH between

mismnce lansmitisrds:aMhgde Area Augmentation System (WAAS)
Satellite. WAAS satellites are geostationaty communications satellites,

h g]p ransmit GPS differential corrections to GPS receivers. WAAS
saie ite ATs6 ARt ¥ nique positioning signal on the GPS L I carrier
%alﬁé%"cﬁ &fiﬁw%iw Freqsisis kisiqiiepostiohingrsigitatdsabeueataly reference
B‘}?ﬁ@h%ﬁl%dzfﬁ @PEectitme , posithiny seatians %m@éﬂdﬁglmﬁ&m and any time bias
dhereforesfacdibishe satellite: m%ﬂ&@d%@hg @&[@H&%H;ﬁﬁé&ﬁ@!}%e‘!g@ l[l’iQ‘lSHlltter
REYRGhE QQ@&&%&Q&QQSW%Q&I%?%EC{ Itmgg 3g ?egrence and Isrga\tf{b eoggleo!i%g%gnals into

ambagdiment a Positioning-Unit Dev. eposmon receiver inco
%gans rglrg?é'celv&éeﬁosmo mglzl AalsHrof Stedrp ettty UF‘F[P““‘S‘M time

LG SRR 2 TSN B A F’é‘l‘ﬁ@%@% Retspiprg BSiejriedgifrofifference is
AR 4 61 (CSRES S BertisHite SinPrstichitizliigt PeduensiosrAsRasitioningeUnit dock
Desgice magpieise by \WideAite shédilit@asyarreierg nea-kapssniter %ng an additional
fibtee) odkils %4%&2&:@'%&@5|Eerﬁﬂsfﬂn§-Ip¥Qd£Qﬁngn§c? %.ml}:zll)\éljdﬁ WAA a§d:twnal
ROSKIONIRG. SNk HirE dpks%lﬁlpgegwg?.{byi parale, carner; freg}ﬂn%?a%?fmhem with

ﬁl’]ly@e@& I &qurt'ngt e |ncom|ng
“Bositionm Ur?ft? [?gél}(/:e c‘g?rlers 6% B MHSE oI ARB B torraRTob ey ihrttfagased.
SRt bRt e Bisstin Yetanis Pifteined i Revive mpertorAS@RN code
SRRHHEABH oS oo nbly: (eberives nGoheiartrdpwn-Camversion
requires the local oscillators in the Positioning- 18 Unit Device position
cegeebeerisahear dhvenfam @c&@l&mé?ﬁlcgsig'u@x@!ntw Ilzglgf p{n crr!?!‘gfefred e:ﬁnbodlment
samhedmeate cmanAselelal genciales dogk oymaton lo

components of a Positioning-Unit Device, incl d°588ition receiver,
transmitter, and central processing unit. Line blases and group delay are

S?é‘i(‘éﬁ‘if‘?fﬁf‘??@?é’&@?é"u’cﬂ’f%hen computing inter-frequency Time-Lock, due
Opgethatdlishriratecitioeiieqpeatiysiofithe WAL bare sk Rasitiongokinit REWES, two

figarrier MEQUeNCEa PHOLICHRVE: GOV IS RR-RAIRIIAGARLIS. PG diec-of figh
piR@sSHRNING-Unit Devices 601-1, 601-2, 601-3 & 601-4 are placecf in known
Iocatlons with clear view of the sky, and preferably in elevated positions
% ason top of hills 602-1 & 602- 2 and/or tall buildings 603-1 & 603-2.
If réquired. & ‘dir T A FEBIVE it e & domedulagg Ao B304 eitiaping signal

using a specialized Phase-Lock-FLoop, well-known in the art as a “Costas Loop”. The Costas [Loop
technique inherently incorporates a 180 degree phase ambiguity, and therefore can acquire and track
positioning signals with a half cycle ambiguity. This half cycle ambiguity represents an approximate

200 picosecond time offset at 2 4GHz. The Costas Loop ambiguity can be resolved by reference to a
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10 may also 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 antennas are preferred but not essential for
the method). Deploying directional antennas on Positioning-Unit Devices
helps to mitigate multipath and improve received signal to noise ratios of
the WAAS signal, which in turn imprO\}és reference timebase accuracy.
Each Pgsitigning-Uni | -1 re, 601-3, & 601-4 Time-Locks to.
the WA%%SL&%%Q&% %%%j%rkf glaltg_(%ém ’tﬁglg%?h}éa{ﬁ%éfggrgscﬁsi%ﬁ#émnsmm i the
synchronized network with plcosecond Security “APJsitior r&beivs Beps Loop
held by A eHek R Ko & Wittudnd mefeliieseitaioBoos e tRARS the positon
satellité°&y Pt e G EMIA oY penEmatecthiedei| difig 60 9nd sk o ritsoMnsigunalks. This
power. e yiess Pigsitioning hinib Devigessignglsiil fodifh+idu B3 adusted in
610-4 fremithenpPesitlosirg-Unit Devices 601-1, 601-2, 601-3, & 601-4 can
penetrate the building 609 due to their close proximity, The position
recej 07 is.capahle of receiying Positioning-Unit 20 Device _
pos?%?gegﬁ Scé?g %Z. é) (?frtgﬁ £ L_ﬁ%ﬁr 895ﬁ"i § ﬁﬁ%oé‘?tfﬁfthﬂ?\eﬁ%%@?mﬁ Aftgiigresent due
precise singie PSit Pugitioria rPRrutickian Reatemite: SieRIererEyToristama 207
additiofPdd¥defhuipbEidirvetalirercy. Hes calcutatdttaop 68itionsol wtiofrence
UTC camietteletdrininediaceuratalyickhe pregeatiayeniiomiharsiose alser cycies
rl\)/lrovidesepﬁgge;iskmdohg@ ﬁm?ﬂﬁa@%imégﬁﬁﬁ%y%?%@%&ﬁ%i Qélépgnem)l 214. The
OreoMgk.q Qsit jver xits,the bui signals .
satellites 605, Of 25GNOS Satelites ih View 3h Be e aertis B Pevice antana
overdetenhin&HE SR TH i Forstieiity s SstteSi R sfrerseityjats Gade-Lock control state
pedestiigret dieyidtedipusibiemmterniétian WANS Refereneerccted in the State 8
Positidivifrgrtdisied €viee scplageduin leamyinine of 1igWAAS satel IR @ustment.
also b@ﬂd&&d}ﬁ&mtﬁimﬁg|§f¥er§QF@ﬁﬁ?@ﬁ§g§@%%ﬂQ %BUH%E;UI}R Device steered
embodiment.ResifispngikpitRRYiGes hatare unable o receive WARS
satellite sian EL%EQ?%/ use ir &gmediacgl."backbone" Positioning- ‘i(f . o
Devices as theil ime reference soures. TREFETEFS! U tecHiarpained time-of-fight
distribbREE TS UGh SR thE et STk With et ieesesi SRR gstivio Sévidessice carrier
being M garevREHophsiEnt fePenceNAS SalolilienBSROSkioHi ngeLIAILos is now
DevicehRefegerisesyinhthe-evetit of a-WAAS-salelitenotheing.ayaiafifndt sima
is prefesaiinghal at leeshene.Resitioning it Device provides the

dimepase.foranatwerkef Positioning-Unit Devices. Referring now to FIG.
dudfirstLo éggqgtrégﬁunEGDeViCe 701 situated at a known locationis _
esignated as the reference Trananiitter aAt dreatad g s temdthn Bndigging-Unit

BRERA it heEiaiiryunierattdieiaek . srvsimsegiuenpREsitioniryaURAIS. The
Pryiipnings Ui POGCE, uT0up sittifien: sitlah 3141 locationsickimiy kackdozth eofiis teference
uRositioning dortiisb evicen referencs pesitieniNg Asignaky 0w i@ iNbeyond the
chasiioningrdnit Device 706, which is situated at a known location but out

of range of the first Positioning-Unit Device 701, Time-Locks to the second

niosj}tlgnjtn%:Uréi,t Device unique positioning signal 707. Therefore the

sy em altows Selirate cascaded time transfer through intermediary
ToBe wrsfimg -Ohrtveviest Fodisuan Yeic Sloise TOB N eivagut meigyinehviewd ughich
copeisitiohirgrsigrale 09 deindptrahsniite cobyonbnalbid asitianing -dnit DEMIER SThe
cafiiariewn 7@y ROBsirkSddabrdRb mpcisyhiseapentiyc AlaWMEs:A SINIIROIBL band,
upasiien sokuion. Furiheim e mE SISURISGRAIUE ROSHON FSEETOR

will.he gmr&nglog‘iﬁﬁﬂly ynchronous wit tr}e reference clock 702 Of tﬁaen
d i - ,
Preference Positioning-unit Device 701 e BBt tih e Rt opthgnsiss of a

NS RSB At T s BB AB Y CORP I Teom e whysares transmitted
bycoibrsdeilisnerti tracrasen SumycrdiiermiadmyithkpositofodeRirivn afidinldfAccess
(GPAIserd wistiblgtimé dlignnTentaniihia globabfimabasRpisen kmation modulated
10reference clock 702 within the reference Positioning-Unit Device 701
needs to be steered to UTC. Positioning-Unit Device Reference steered
by GNSS timebase In the event of a WAAS satellite signal not being
available, and alignment to a global timebase is necessary for the
network, it is preferable that a reference Positioning-Unit Device be
steered to UTC by a GNSS 15 timebase. A GNSS timebase requires a

no<citinn receivvar nocitinned at a known lneation 1o combpiite a2 time
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20Inter-Network Position Solutions A plurality of reference transmitters
may be used to create a plurality of autonomous networks. An
autonomous network has its own unique timebase, which is generated by
the reference transmitter. Position receivers that are situated within a
single autonomous network can determine position, velocity, and time
(PVT) using a single point position soldtion. The position receiver's time
wilhbe.detarmingd, relati network timebase. (i.e,.the reference .
Positipn receivers that afe located At e BOUMEAYS ot tie K s frardamay include
networ ke and TR NG IsSSHsritg syriaie fran T Prasitotirlgitsée Defioagon, and
P81 deitre At RS, must first distinguish between the two network
timebases before determining their position. This can be described as an
imtes-netnoniGaesitian solution, and requires a roving position receiver to
fsst-alosgaaeinie-iehAsR AR ARPY Flock corplions [a e second
30timebasg before com ustilnnlger%sm%st_poLnatSposmon.so jon. i the
preferred Embocflmeny, ositioning-Unit DeVIEsE e s Weiiork
identification GNSHHSHE B35 IS Asnaltaing reirminatiridenae NetRorke:D.
maps the FBfeF@REitred frerobnmentivisytiof PositioningdiunitDevieesiit Devices
such that Posititnifigsdnit Devicessandeasit @ bie 6aINAS BoSakh fEIHIRE ces.
the origin aundp3srivretapheuicalalineage” of reference clock data for each
Positioning-Unit Device in view. This allows a Positioning-Unit Device or
ifion receiver located at the boundary of two autonomous networks to
QelEming AiCBECT SRR DR PEAREO LR ith cach
NETWOK, and TREPETSEWRILRIBUEHETk g e Deviternesiupdocigekle Positioning-
dptreetisniiitishere # dviigpeditis i recetidrsposition datow atians, baCHreference
Pogitisn ity WnitiDevice leceivies:Netmerkobloinformatian S ramaliQthE reference
Resitinping-n Revices iy 40 MigWaRtiNFESRANSE 48 @ﬁ{?ﬁ%ﬁtﬂ;’é‘lg% signal 206
&Eﬁdﬂﬁ%&%‘%@%ﬁ%ﬁéwﬂﬂ&e lpafr%&%} %@,tlgr%slllggl%g%{t eorg(l;gigg IE']E'%E-I!'U r{]:l positioning
VissanvLigvng postian regelvere i view, feferring now fo F1G. B
t%gere is depicted two autonormous HBHIS iR Br PSS RASHRIGaUHRADBoReERs on delay
FOT%. &5 S PBERSAH it Heifel S BOTon, Brrbraolmigi0 1@ lapeiin the carrier
YrRRrETboEaREthexarthsomirud ibatedererarOth eredialpesitiaringve positioning
sighals 808-4rB03ioand BOS:ZicRasiiRRINGHInil deyines 8024808 Zransmiter
panebBkisgnarpiniuessialana Rnothet apd sommunicate o sachether via o
estone a0l it 1042, 0L 8034 hostioning it Device
situated near the boundary of the two networks 013 ¥Sceives
Positioning-Unit Device positioning signals 804-3 from an
TR0 RELSE R sk B oSHBHiAg Ut aYIse: 80948 apldimecasureddipesil® receiver.
Hentetaid éiitfererrcanoritiock Blasschifieeadjasent aetvorkitimebasewits signal
Wik SpectioitesGum sratwer b B0ddimeRascxt i BastioRINGWRIL DRMIGE recoiver as
BB dianetsElack cR NS iRk NS fYIaGe s NS Hwork Positioning-Unit
Devices 8024, 802-2, & 802-3 in its network data, which is incorporated in
Aigls gg ioning signal 803-3. Positioning signals from only one
adfacentnetwork BEERISHIFfgERsit Dvieingt Segtiseivadiss Bekeeeived by
A PBERTBRIFGIMETSE fepb8 od3odivenn fomminef Boridiverkdopretionhyad plyality of
PosiicaiheidakBeiricess il Bautononieusaeyesaang-ime coherent.
Furthermore, only one Positioning-Unit Device 801-3 need measure an

riaciaagel el Apdiadapemitsdneuark dogk coreations which are

i network data of its positioning signal 803-3, are received an

e A R e ki Uveot- T 12

SUbsEqUERt TrAMEMMLSHHBa%: (Rr Byt toovirg gt i 8V Brs@ose to the
reepREs tErSPRtRecitope Bt Y8 eshtRmismittetin Haeoa civiark:datazofdaenines its
respagtivh o) Wit ieviée80E-8 L0gpasikianing sigaak30303ids BREeethiMs an

a position receiver 805 that is roving between networks 801 & 802. The

roving position receiver applies the received network clock corrections

from Positioning-Unit Device 801-3 and subsequently calculates a single

point position solution using all Positioning-Unit Device positioning signals

in view 803-1, 803-2, 803-3, and adjacent network Positioning-Unit Device

positioning signal 804-3. With a single point position solution calculated
thea rovvina nocitinn recaeinzar QOE clack will hbe 28 time coherant with the

road
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Multiple Frequency Time-Lock In the preferred embodiment a plurality of
positioning signals are transmitted on a plurality of frequencies 35 from
each Positioning-Unit Device. Position receivers subsequently interpret
the plurality of positioning signals to generate a so called wide-lane for
integer carrier cycle ambiguity resolution (AR). RF carrier signals
experience a time delay whilst passing through transmitter and receiver

@A%Hﬂw%sMM&%O@&MPEQ%@%aI@{QMﬁgm %e%mﬁ'ﬁ%nent unique PRN

DAl c%s%%&@:gs dde ndln ogegtf%? HENS tema arflz}itgrlﬁnt éerirtll&euqa nais to the carrer
Therefore, a plura tyo carrier rrequencies IJ% nerated from mon
2

SRt AN 25 FUFRREH Tt le Ot Mool e TSR BERFPRpF cioning signal 303,
E%ﬁ@ﬂ%%@&n%%i@ﬁ%ﬁ@sa@iﬁ% RIE e BprreGiaenc Bt fér&lice yhich are
emehfleeitadly sPithesyedie Heesranpingiimgcdalaysdaased by temperature
change of transmitter electronics. This causes transmitted positioning

signals Jhalare Kebabaseehersnt, %@&Qﬂ%ﬁ @&%EQﬂiféﬁemes
él'gqi?‘ltﬁo\%lu mq%%ﬁ-&ﬁ{%g%%g&%%}g&&g tcrsvi\:la{Ig E Iang: al?] Igau”f::ywrefowos;tmnmﬂ-{lmt

N espl’OCESS A Pasitioning-Unit Device can e iminate the non-cohere

a%é DroBiEm oA’ r%i’élifene"%ii%%tibﬁﬁ/ Bl TG ‘EﬂEiPéiiEy & Bis
i?éﬁﬁ&@ﬁ&%ii@%é*ﬁ@bﬁﬁﬂfﬁi@dsi@ﬁﬁi@%ﬁi&ﬁﬂﬁﬁ@ﬂiﬁ&im QavigetinVeetoeResemeriary
theiprespetiivednéomingrefardnsospositidningsigial HeAcResitioniigildniediary
Bawicngntomeiate s pliralibpefctagregudransmitter clocks, capable of
steering a plurality of positioning signals, which are transmitted on a

Rlurality. of carrier f e%ii ﬁL@%ﬂ%ﬁ@@ geinit Deviee position i Devie

sceiver trtadcks i};m iura |t uency-diverse reference posmon
AL OR R (PN OB i AR ey i
ﬁagﬁwﬁ% @i&ﬁé@rwmﬁréﬂmglvmomeiﬁé@ TFiAsdIefeRacRRRsiioning signal 403
thefluehojidiveide refererte gosiioning signbbtopitstikesBestitd from the reference
tFEeGHien Y1 Cive rpRlsd avMeapesiHian nges i gnakist ¢h dbal-rachipl@Mehronize the carrier
RRsHaRIRL.SIaN I5.cB5aRRIR0 IRl SYIGRFRRIZRR iiii&ii&iiiegéﬁéﬁie%%ﬁmng signl

tr%gggprigecg Tpe Pogifioning-Unit Device then transmits ifs Iuralit}gh
0nen cogde cpmponen COMponent .o ere ce titer positioning

uency-diverse positioning signals WhICh Are time-conerant w.-h the

Sg%ii% 0 ey o {Ha petdr sémﬁé‘ii?sﬁih%eéiewtﬁa%iﬂlé*aﬂswmia@%w’iéé@aﬂ 405,
skt m@%PﬁFUWiEWH PiéweEpOsitontiec i émdSstetermines

wide-lane integer ambiguity resolution (AR) from each Positioning-Unit
Deuice mstiewnsIhe reiercngesifansmitiemgrauptelay as GieatedhamARerence
HRRGEE ggraiwhmémgmmgmmg @%LJ@? ohlfE: k@cmgeg’aﬁiy?&ms&i&iimg
51 aycﬁg‘? Lhe rgrs %sggo%u? a‘mu 06}5:(!9 &Cﬁgrersan éa t(? tr I’é) !eégi\?egldoﬁﬂogu? 405 the

osmoning nit Device pseudora Bosmon recelver nter igesténtah

S O BB R e Heeioe ERaer . lan B ataethes osine
Uiy dletiptHE2sing) kenbeirie somsithonic alkslil ationticROdN\btoolrei @Gl orditvatdze the carrier
chipemet Aujer ERNisite dadpdirne shoaltd sdhgierowle dganafstii@erated positioning signal
uPia§it&emnigsiisr@@meow&ii@awiHaaegipaﬁa&i.@trﬁf@,eeiﬁigeps&lamir@i@ Device
pﬁsﬁﬂh%x Xai‘"?o'%dﬁ%&oqm%ﬁ& %ﬂ@ ?%vp? %%u b bUt i&p Eran dym’t? ];eumque positioning

|ment the Earth Centered Earth Fixe co ordinate frame Is

Slﬁ’éngbf R R (al- Ko e A CRIE) %%géﬁ%v??@ﬁgaa??ﬂ‘w&'ﬁéiﬁlﬁun’que
Pfﬁl&ﬂﬂi@félﬁ'@iﬁ&iﬂbsiﬂ?ﬁ?@ﬁicaiﬁo%mw&miihibéwf’é@@ewgs‘éﬁiié%f%rﬁm timebase,
WM S3lsarfaiondakall Syndmelfordatier FiositiomimgltnittDendbes to determine

an ECEF co-ordinate. Transmission Frequency In the preferred

Ae;mm@mea&agéimm.vmQ&wsg&&mmgioﬂaﬁnggm@@iwust“a'

A%EISP@ Ji?tlme -synchronized reference transmitters can be used to broadcast reference positioning signals
to one or more Positioning-Unit Devices. In this configuration any reference signal error sources, such as
multipath and tropospheric delay, can be averaged between reference fransmitters to improve timebase

accuracy.
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30 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 positioninb7signals, or the use of multiple
carriers for vvidelane integer cycle ambiguity resolution. 35

BE%C:SE)I FZTJ?Q}QHFMS’S'E'ONL,’}]IP'-UN';{ DEVICE HARDWARE 22

receive channels capable Of feceiviig s Sut TRy bi BhiShtrigPLigha g reference
CRH eSS g% t & e r BB SEkisE; A Prieby Erespriprorrent et dieta Unit
BervpStarreiTEhitrafrsmitterifncor panat 683 dt feastrone iRF gafeigference transmitiers
Farietality2 alnleashone tRRM-cede gene miainandighl east ANe SRS &Hioning- Unit
DiRKstiRe Tl R mpHISeS MBaN& [0t HiarRrefing:ROSIIONING, JIANRIRier 5021 &
seeeivad By.ng RASIION. GCRIVEL. FERRONSIVe, means to controlthe . anent
Sianemiter steered o clogk and means {o gencrate ravigation date, THE
common osciltator provides & Conerent folarai EBGeE B YindsrHipeHa g camter
BPBRE BB il -IMRCESEH AR BSTEATREERSW EPFIG? Tftee i e rgitianing
Wﬂ%?ﬂhﬁ-@m Deafetdtio0% Wdbhodratifigrd positivrreneiven@@sitioning signal
Frangivlitteh 903 pOentraldrecessing il (GRL)2R4 santidcommars:. 2.
oscillator 905. The position 10 receiver 902 incorporates a plurality of

PEREYEShanels 906, and the transmitter 903 incorporates one or more of
rrier re of code generator 908, and one or

AC omﬂon&e—r[])%{talgogi 9307’10ne o m? 9 i i i
more of Steered Clock 08 TRe CPESHA O GALY HrEo ¥ sk fbnecomerical
IR EBA REIHTRRE S Y PyPreRsiam et bearrspifemesriIsivic atibPpOtioping-Unit
Dsrier riiseniepor tizan dhhittebativere of TockLodmen tmic &torTi®t2ocked Positioning-Unit
DEGRe sitiobr gyl T @viceRsitie méaee vaird ROGIHORIGIALDIENIES) s its three-
dRASIian peseivey COMRLSesiAIIGRR! PREFECANERNANNE! 6RRANERE Unit Device
sisRelvRG andhsmadkialgaltlesst angoleience RRSIOPO SONALION
ngwrgLeE&gc§e}r%nstT|&é§rb aapdeat_,least one receive channel capable ot~
receiving ana demoduf3iing AFTEaEBiTe L b Htsl HaRerHmtse S Device siave
UBESHiEnity Sighdr Prartdbiyo Pesitenthfunit D fedogosiiche réasivers-Uni
DRyieapablesofiracaivirmea plurality dioeferencet28pasitionimgssignatsdarievel, a
cipdfip sedsacotraielyanddniegaiy:id bepResitigring-Unit Device position
receiver preferably should also be capable of receiving positioning signals
wkaQiher Positioning-Unit Devices transmitting in the 2.4GHz ISM band,
ma{‘ed B?Sitcixoni{' signals from WAAS and GNSS satellites transmitting in
the microwave L Bant! TrEGEHEREeTA pEYItOHHYHRBERRLPARINGH Satclicc
Wi el itk geenuurateRnispipih it bisk rio v Bightisnttlizimetions to
GhRecgarme Wiethoddlbvgids usediin conventionak GRS seeeves desiga. frequency of
1525@RB1 enaivRlg eassing ane design.are WallkRRWR I8he.Art AR 3ecrions
pri\aled B DIRCAGSEHDEY et EASHANG MNTIRYICE IANSMIUELA, o hronous

w0 Rositio S'qn%-ng[%gg%vi&%lrrgnsmitter has many similarities to a conventiona
GPS pseu oﬁte, Wwith one major and critical improvement: a steered

transmitter clock. In the preferred embodiment the steered 30 transmitter
In dhe prefergbrpiiediognin thrattitiieal o Rraisr asitignDirdot DigitatBynthesisr receiving
potDDB} tewhiniGuestaDSstéohpalaigppiaduces a digitaly generatedso positioning
Sigﬁﬁﬁiﬂmmi ehy Q&FS@%&E@U@RH&’L@JAH@Q&&%N&'|%§(ﬁﬁ£€dﬂfﬁ%ﬂ§e my%:se a
Wﬂﬂﬁwm@%t@ﬁ%ﬁ?%ﬁl%ﬁeﬁ%@@ "pll;leg- %g(lyitlslsﬁYﬁ-pzn 'igvea nols@t%%mmsg al to the
ishefsrence, g?(;acl’.s i'tli'pH% trgnsamlltteg_g(l}so E!)ncorpo,rates atﬁeasf one _ragdlo?]‘ )
frequency% JCarmier géneratl; aRt SrisA st BAE peEfaSrarasHh Rkt b
CORPRNY) Lot gEreatlr. 1w Yatiery Sretisriter it Beds thiererrtiep common
basebiEnaeticy BahoBridticiing i isoidalortidiodhaguahoyiwdiethprefabatdy with te
methahygmitied)inidlkeb2dAGhz-1Sddlbandcant tieRRN catdesgrietalah: Positioning-
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
generated on a plurality of frequencies to produce a so called "wide lane",
which allows carrier integer cycle ambiguity to be resolved in a roving

position receiver. In the preferred 40embodiment Positioning-Unit Device
trancmittare are niilleed in 2 Time Divvicinn Miiltinle Accace (TDMAY)
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23 scheme, such that high power CDMA positioning signals do not jam
weaker CDMA positioning signals transmitted on the same carrier .
frequency. This phenomenon is known as the "near/far problem" anq is
also well-known in the art. 5Positioning-Unit Device Central Processmg
Unit The Positioning-Unit Device CPU comprises: a)Means to determine

the current position of the Positioning-lﬁni_t Device. Position
dﬁi&ﬁ@i@@ﬁ&%&ﬁ&&%ﬁ@ﬁ@‘éﬁ%h&%gahc%!r;[ hgz{ §S§:£ﬁ%§o¥.rﬁe¥§%r% roéé\?itg%bfgiment the

initiali i - uires the Positioning-

T e e U T e
O 2 B TSRO S des e ke
SfEiiativen) e PeifsiUnDelieelivydbeuntvidwokatd¢astthreste WAAS
ENBStisuitetliecDptiss atie asgrone s pierenseRositiening-Unit Device. In this
embodiment the reference Positioning-Unit Device supp!ies both code and
s el B 1SN B URU I B o om
e b T i AR D021 & -

AUl InalZAtisH & SRt e -FIdkii e riersmnOhi e e Bk 6044
B rEtete PRTFREE S citottches irairerdlny ntexirgithestfeoghahicabi-4 and directed
EHaci nedeichne ¥ intd Rositioningridnib BedaaomEmMaR s i te-REeIRENRR essential
erbedinenbeivs;ResitianingitDevitsils- Manaly RiHalizas NS B ipat ad
PHRGIS Bkived signal @M?&&Q@ %tsmap%ik%fgq’g%%%ﬁnﬁ&ﬁfcr%l;‘l’ggslrrl I rebase

-surve om ) .

o e R, R AU A o S teobe oy
the position recelvarr KiFeh el df e b axish Yék aitrsteane sere- A position
TEERFEAOTIE Y AY reiraiae B0D issineinineidigrialldmsren Tio) Widsnsdttaseuiadannot
rugstohebréfasiie dup ositionisighsignat.and@xtrashineiworl Hone: aihis 610-1, 610-
MEtWBrk: date: feom HReraMGGAIoN: AAACORNENEAL, 6013, & 601-¢ can penctate the
building 609 due to their close proximity. The position receiver 607 is capable of receiving Positioning-tnit
Device positioning signals from all four Positioning-Unit Devices, which allows precise single point position
determination in satellite occluded regions. In addition, once the position receiver 607 has calculated a
position solution, UTC can be determined accurately. The present invention therefore also provides precision
UTC time transfer in satellite occluded regions. Moreover, when the Position receiver 607 exits the building
609, signals from any Positioningv«Unit Devices 601-1, 601-2, 661-3 & 601-4, WAAS satellites 605, or
GNSS satellites in view can be used to form an overdetermined position solution, adding position integrity to

the pedestrians calculated position.

Intermediary WAAS Reference

Positioning-Unit Devices placed in clear view of the WAAS satellite may also be used as intermediary
reference signals in another embodiment. Positioning-Unit Devices that are unable to receive WAAS satellite
signals may use intermediary “backbone” Positioning-Unit Devices as their time reference source, Therefore,
UTC may be distributed thronghout the network without all Positioning-Unit- Devices being in clear view of
the reference WAAS satellite.

Pasitionlng-Unit Device Reference

In the event of a WAAS satellite not being available, it is preferable that at least one Positioning-Unit Device
provides the timebase for a network of Positioning-Unit Devices. Referring now to FIG. 7, a first
Positioning-Unit Device 701 situated at a known location is designated as the reference transmitter and
creates a system timebase from its intemally generated clock 782. Two subsequent Positioning-Unit Devices
703 & 704 situated at known locations Time-Lock to the first Positioning-Unit Device reference positioning
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25d)Means to determine the signal propagation delay from the refere_n_ce
transmitter to the Positioning- Unit Device. Reference transmitter position
coordinates are first extracted from the reference positioning signal
navigation data, and compared to the known Positioning-Unit Device
location. The computed geometrical distance between reference
transmitter and Positioning-Unit Device is converted into a 30time-of-flight

eifsatoe)Meansladnitializg Bleigé%@ Uﬂ&%@%&‘t&%{e&%&%@? QL WIRAD ange of
%W&%Qﬁ&ﬂg"&‘fﬁpﬁ fN? Ime M a osthteos oasEt? x?xg (Eag%%v?ce%ro unateitiomng
netyork time and network data 10 the transmnt(%er which 18 transhiftted &%

fHe havigation data Componarit e sl b“&%ﬁ?ﬂﬁ?ﬁ&fgiéh qrervadimpafiestioning:
BatR s sddtiietesetipon fectivn simtistcyenss apdommrNwmeld 84 phightimsmited by
al|Bstguiemtiyic 3B rvodn late A0LTER The Sancmitiengenayated R @RpIGbint position
Naiigatiohet stasinclddasdmenobyweakafoemation; ?Qﬂ&i@@@&‘ly%chmmus with
Reviga-dacatianeand @y}@f}%z@&%’\lﬂﬁlﬁl%g §HP Bc@%é%?‘tl% gt%gm%agf{ls ggiue of the
RiberPosoAn G hPEESS BN CNSS spiellies, Meansdo apaly e o,
calculated time-of-flight offset and miti lee the ‘Slave transmitter to

ApProXimate natwoTR TSNS Hettiektlrs Jom e t’ﬁﬂhﬁﬁg’fé‘{th‘éebaf’e then the
fﬁ%&%ﬁﬁ ﬁ‘?%‘é&?\)@?%%‘ﬁé%%é’%&\?@*b%@i%?ﬂhgegigtﬁ bt sipdiedFS to
acquire the slave positioning signal and apply a control loop to obtai_n
Pretjuency cohere eebeiveendbearigrenanand slave positioning signals.
iklag @aummwmh@s@ﬁtqmwm HUE AFR R RRA S GaF; is necessary

Aiffer ﬁ%@ﬂ?ﬁ ﬂepxr SIGIRNGS AN e%'.%‘a’ PRI 't'orﬁ% &?ﬂ Lg and a foueﬁ% %F;LELGNSS

contro AO(S‘}\PS t \évn as a "Time-Lock-Loo put of t

S;Fb ies correction vanests ?ﬁs't'g?erﬁ?%‘ffrtr@ﬁ‘é'f’ﬁﬁ{& ek 5??36‘P(‘}e‘t° foDRYp2 time

crtllgmg at least one GNSS satellite. Time accuracies in the order of 50 nanoseconds are achievabie

_using this technique. Relative time accuracy between Positioning-Unit Devices, which are Time-Locked to

the reference Positioning-Unit Device, will remain at the picosecond level.

Inter-Network Position Solutions

A plurality of reference transmitters may be used fo create a plurality of autonomous networks. An
autonomous network has its own unique timebase, which is generated by the reference transmitter. Position
receivers that are situated within a single autonomous network can determine position, velocity, and time
(PVT) using a single point position solution. The position receiver’s time will be determined relative to the
network timebase (i.c. the reference transmitter clock) and is termed an intra-network position solution.
Position receivers that are located at the boundary of two autonomous networks, and receiving positioning
signals from Positioning-Unit Devices from both networks, must first distinguish between the two network
timebases before determining their position. This can be described as an inter-network position solution, and
requires a roving position receiver to first chose a single timebase and apply clock corrections to the sécond

timebase before computing a single point position solution.

In the preferred embodiment, Positioning-Unit Devices aiso include network identification (Network LD)
information in their network data. Network 1.D. maps the reference-time interconnectivity of Positioning-
Unit Devices, such that Positioning-Unit Devices and position receivers can determine the origin and
metaphorical “lineage” of reference clock data for each Positioning-Unit Device in view. This allows a
Pesitioning-Unit Device or position receiver located at the boundary of two autonomous networls to
determine which Positioning-Unit Devices are associated with each network, and therefore which
Positioning-Unit Devices require clock correction within the roving position receiver position calculations.

Each Positioning-Unit Device receives Network LI, information from all other Positioning-Unit Devices in
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difference. Means to extract the transmitted slave time from the slave

positioning signal navigation data component and determine the time

difference between the reference positioning signal and slave positioning

signal. | Ok)Means to Time Slew the steered transmitter clock the requisite

amount to zero the time difference between the reference positioning

signal and the slave positioning signat? such that the slave positioning
ignal |s chronologlcallxnallgned with the reference transmitter time.

‘i) AN e T T8 R AR R TSP D e RRIALS P R TS pRSRe Unie
%?HTWF‘HWE&%’%{?S&H%?%Y‘WCN timebase for all components of the
Positioning-Unit Device. In particular, the same oscillator is used to drive
Rbenp@sition FECe)ver; the ERivaadthe steeresiamsmiier eloekees 801 & 802,
ICeRaIRNDINGa)tIRDASHE AYOWS0Re %JQQ@@W%QM@QE&;]U@SK'&%:QHQ& to each other
| Q%@é‘{ﬁan%esfﬂﬁ@%ﬂoﬁiygnégg g02id @%l;t%%!nﬁteﬁ Sre ) Galled Fresgggna}% 802-3 are in

tem (FTS). With FTS the rece ference positioning

in
Vé(%?s(l: gI’?re uenccl: v OS B S hads ey By aE s ﬁnﬁ%&v’l’&% 804-3. A
B EL GG, T e Lt PRHE PSR RO 0B seisrodreonine Ui

Lederseeitierinel detelsPRe Stepreddransmitterkdloviosigphy Brniatiss the measures the

tiinegsretityofiset valueinf thadnepmmingreierencePesitieing Signaln thidsrk so1

delivainating theicammen vseillager. ierm.and Eﬂﬁﬂ%mignﬁ%ﬁf&@cﬁ@@y{?wm

blaAHENGY, boskhelegn the wlerenge andelave Aasiianing ot nals P eNianing
cquisition and time adjustment of thé slave pos sftionin s@’na[i

S B e A S oS o oM e o o

rEhEME IR et Brisri SR A STBjre fr RRSEie ceresHiptetaith at afeclocks in an

agapanie sfyekeiing 8bard intdrpretingepositioningisignalBefioniol-3 need measure
alPgitioningeuinit Dewviees;ewhichoaradpreforailys FanRsautingiNheR AGHZ of it

péSbR BT SOMING.RASITIANJIRRA NS AlSARIETEIRBIY: CARARIE £foun network
si£ENINGAAARIGIRISIAG. POYBioning, SignalR o Gigs and WAAS

atel lites ansmlttlngllnt eLb an frequencies € roving
e transmitte cotrection vilue, transmitted in the network data of the Posxtlonmg Unit Device 801-3

positioning signal 863-3, is received by a position receiver 805 that is roving between networks 861 & 802,
The roving position receiver applies the received network clock corrections from Positioning-Unit Device
801-3 and subsequently calculates a single point position solution using ali Positioning-Unit Device
positioning signals in view 803-1, 803-2, 803-3, and adjacent network Posifioning-Unit Device positioning
signal 804-3. With a single point position solution calculated the roving position receiver 805 clock will be
time coherent with the network 801 timebase that provided the clock corrections. Furthermore, the adjacent
network Positioning-Unit Device 802-3 can also receive positioning signals 803-3 from the first Positioning-
Unit Device 801-3 and measure the timebase difference of the first network 801 with respect to its own
network 802 timebase. The adjacent-network Positioning-Unit Device 802-3 then transmits clock corrections
for the its adjacent-network Positioning-Unit Devices 801-1, 801-2, & 861-3 in its network data within its
positioning signal 804-3, thereby allowing roving position receivers 805 to choose between timebases, if

required.

Muitiple Frequency Time-Lock

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

same transmit path will experience unequal time delays due to the carrier frequency differences, and further
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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,
35Positioning-Unit Device locations, satellite locations, and other network
and GNSS data. In the preferred embodiment network time is derived
from GNSS time via WAAS satellites,thereby making network time and
JNSS time time- coherent A roving position receiver also preferably

NcOrporates meshe TS nfAKE BaETBEEEE HeBHd8r ARG e ASterientisruses
E‘H‘%ﬁtf&ﬁﬁ‘l@ élfﬁﬁéﬁ*rﬁf WEWOrAkesh soberraRkiencrlirieroptieps @ositioning signals will
Aegsee mentyfcheadtpogitimingesigrial (Aisweand means to solve for
positioninyulaciyianreh tfmenik\GE) dOusingSIRgeyROIGE ROSIHG e rence transmitter by
eI HMINALeRNDHR %@M&:@Q&l %ingﬁﬂg E@HQ@U@&}?%@ ;PS&‘&%"HBQ%&@% poy their
408, 20 GANRIRNALIER, RARion sOian, WRICH.S. ge“efargesaaf% Mty of

Of least squares r rse regs that is well known | he rovin

DOSItioN receiver prafaraily iest forsy ﬁfé’%&?&%@%é%%&cmg’a?wa%m a
pa\‘ﬁ?B‘i@L‘Iﬁ)?a‘ﬁ?rtﬁ‘éq‘%“ﬁFéfé?FeHOé‘ﬁ%ﬁéﬁHﬂérﬁﬁﬁfég’é?’%%{’crecal’ﬁfbF@alfﬁyths plurality of
rewecetiversirngfvite esiietiog itiglre saOrireerinte ger myeliey amibiguityisiverse stave
resohietizaapr @lﬁ%sﬁ’ﬂﬁﬂ@mhmlﬁﬁﬂdﬁﬁa@%iﬁﬁé@I&MMeff%Jt%wu oning
sIOMIRQ P SHIGRRCRIME). (IQBI‘E@SP&Q:%W% L-ng&iQ&‘c\ﬁ' Gfat ;Egﬁsﬁw g&ﬁtmnmg mgnai is
CQI%GMSL@JM%&%HQEE@% ADRig %%Q%QQ&VHI %afflef oS, (ne intege it i

pguﬁarp§>opg eg)cluglafractlonal carrier cyc eamount ona componen
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‘?f?f%‘rﬁ%ﬁa’fﬁ’e&%é’f it Gbiiﬂﬁéi‘éee‘ﬁﬁfe‘“ﬁ’ﬁélé’é’at%tm RYLigHi D eyRaaigon receiver
desgitbie tivide lesturen eyrtizviensoluo o8& dnas:ath dreliynalowinDesiSingléw. The
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and design, as well as Wide-Lane Ambiguity Resolution, are well-known in
Neteodlr Cantitirés Rowsubjects described here. It will of course be realized
Atpatephils rtheimboye has besmaiyendayrwavaan il lbsiatvaRXxanpIR Sl 1w »
rdBigdvention. Alksuh, 3nG alhermodifications and é{@mw{;}&@x%ﬁ%%oﬁ&em the
9B ARRARAL i persons shiled.in 20the ar, arg deemed o fallwity
G}Qz anl?ir%a!\cigc? pe a fanc? |tbod IS INVENtion as 1S herem Set for ﬂ

preferred embodiment, Positioning-Unit Devices se!f-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 24GHz ISM band aiso 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 infeger 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 comimon oscillator. The position receiver incorporates a plurality of
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26 What is claimed is: 1.A method for determining the position of a roving
position receiver in a positioning system comprising at Ie_-ast one
reference transmitter, and at least one positioning-unit device, said
method 5comprising the steps of: a) each of said at Ie_a_lst one r_eference
transmitter generating and transmitting reference positioning 5|gnals
according to the timebase of said at | Ast one reference transmitter,

: id.at/ R Gleenss ransmitters is ata known
s, Dt sty e 0 o 0 G G e
aqd interpre ing signals transmitte By elther salcﬁp&‘?‘lcéé‘é’f’ﬁh‘é’ergfe‘i"’é‘iﬁé o0
Fanamitter oF Sai SR shEasritrmigelmnt Hedel enous aidsderlpestroing
B8 ritle Tesiehitde andhisaniceir o asponeepositioningsanibdeioier seered
tidetedmining acreferenveetioogitionin gaEignabiopagation delay-REbMLEResase for
ghichabdeastr onedseiaigrosibansmitter and said positionlng-umt dewc;g;
15iii)generating and transmitting a unique poslitio)ning sigqal; |v)_(rjeceé\é|ir\1/ged
| reti id unique positioning signal; v) comparing said rece _

G SITEA0 S o S gt sad e
9??o’rf:‘ll TP dediE Hrieniatigtdifetede: iyeohtilieestys. The positon
rgﬁjﬁgt?ﬁb i%‘"éfé"{j‘é‘-‘ﬁ SrRitiaiY s deeeits shaissio A6 Wa iteunrGgude O8itionint ates one o
XS Fralica cersrelin 8 Toora prsmiek deduceadianonission:diffieie sealianisiens. Tue
q®y; Bndob)aaitkiafeiensadesition Rg.aigRalHr ORAGRIIN e aY- M I8 Rication

i) asuisbuthet SRl HigUe. POSIINING SigNaL{s chronologically

synchronized to said reference positioning signals; 25c¢) said roving

Qﬁition receiver receiving either:
ositiening-Unit Device position receiver

A Positioning-Unit Device position receiver comprises at least one receive channel capable of receiving and
demodulating at least one reference positioning signal from a reference transmitter, and at least one receive
channel capable of receiving and demodulating at least one co-located fransmitter slave positioning signal,
Preferably, a Positioning-Unit Device position receiver is capable of receiving a plurality of reference
positioning signals for increased accuracy and integrity. The Positioning-Unit Device position receiver
preferably should also be capable of receiving pasitioning signals from other Positioning-Unit Devices
transmitting in the 2.4GHz ISM band, and positioning signals from WAAS and GNSS satellites transmitting
in the microwave L band frequencies. A Fositioning-Unit Device position receiver tracks, demodulates, and
interprets positioning signals utilizing the same methodologies used in conventional GPS receiver design.

GPS receiver processing and design are well-known in the art and are not a subject described here.

Positioning-Unit Deviee transmitter

A Positioning-Unit Device trausmitter has many simifarities 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
accuracies, thus allowing the transmitter clock to be precisely “slaved” to an incoming reference signal. The
transmitter also incorporates at least ome radio frequency (RF) camier generator, and at least one
pseudorandom number (PRN) code generator. The RF carrier generator produces the carrier component,
which is a sinusoidal radio frequency wave, preferably transmitted in the 2.4GHz ISM band, and the PRN
code generator produces the code component, which comprises a unique code sequence that can be
distinguished amongst other pseudorandom code sequences transmitted on the same carrier frequency. A
plurality of codes can be generated on a plurality of frequencies to produce a so called “wide lane™, which
allows camier 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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i)said chronologically synchronized unique positioning signals; or ii)b_oth
said reference positioning signals and said chronologically synchronl_z_ed
unique positioning signals; and subsequently calculating its own position
without the requirement of differential corrections. 30 2.A method o
according to claim 1, wherein: a) said at least one reference transmitter is
further configured to generate and trarf8mit a plurzl)ity of r:‘refque_gcyt-?ml|vertse
itioni ignals that exhibit time-incoherence; b) each of said at least
S oM REHAE ek 81k e 589/ cmehatng e
and transMiting™s Brrafg st daieheyRmarsdpuam disifgsineatdi) and is also
rEEEIVAG Sdbe Plurality of frequency-diverse positioning signals from said
at least one reference transmitter or from other positioning-unit dewc_es
incliuding iBelbetfomiothicessing Uaie i) iIndependently chronologically

m@m@mg@gng@gncygﬂymgggyerse positioning 40signal from said at

[ i itioning-unit 27 devices or
Igast O%aﬁ‘?tgﬁ%@&% grtgnsmltter or sai othemosﬂmnmg_ unit

both to a respective frgéﬁ%eﬁé9ea??3Pséh%%‘§i |oﬁ’|%i8"étiBﬁ‘5‘f_e‘from said N
positioniig-unft GEVIEY: Sneh Wit Sty e e tferericerigresshrmtel inftializaio
among8taiitiedeiieytuiersenpesitioMndrsigrials; oysaithravingopositiomeference
receivdicfiirtier Ganiprisingothiesieps ofhijraseiving Said-RORPSaReAtiiuton, or
chronologiealty symehipinizac fiogiienediMarser m%&%@@ﬁé@@ﬁﬁm plus at least
ii) interpesting saibGMMORiNa:INEORa enss:as.a %%%%‘é%w%%ﬁfﬁéggm Device
O A B e B B RO S 0 e
recglv [‘)S(;;JiOCiL( pLIJaIS 3 o met o acc"or' e 'co | Igradyt ’ ifipp relative
roving POSHiOn rEEENEF s Rafqiiitube JoL Ravichiteress pee Hotesnminadity
carrier $Hgr&prtpBYnenvERstity-time (PVT) solutions.
Manual initialization is achieved by placing the Positioning-Unit Device at a predetermined location
and manually entering the geographical coordinate values into Positioning-Unit Device memory. fn
the preferred embodiment a first Positioning-Unit Device is manually initialized using precisely
known coordinates, with subsequent Pcsitiening-Un.it Devices self-surveying from GNSS satellites
and the first Positioning-Unit Device.
b) Means to initiate a reference signal search by the position receiver.
All channels of the position receiver are set to search for any reference positioning signal in view.
<} Means to acquire at least one reference positioning signal and extract network time and network
data from the navigation data component.
d) Means to determine the signal propagation delay from the reference transmitter to the Positioning-
Unit Device.
Reference transmitter position coordinates are first extracted from the reference positioning sippal
navigation data, and compared to the known Positioning-Unit Device location. The computed
geomelrical distance between reference transmitter and Positioning-Unit Device is converted into a
time-of-flight offset,
e} Means to initialize the slave transmitter code generator with an appropriate unique PRN code.
f) Means fo generate and pass appropriate network time and network data to the fransmitter, which is
transmitted as the navigation data component in the stave positioning signal,
Navigation Data is modulated upon the transmitter-generated PRN code, which is subsequently
modulated upon the transmitter-generated RF carrier. Navigation data includes time-of-week
information, Positioning-Unit Device location, and other network data such as location and status of
other Positioning-Unit Devices and GNSS satellites.
£ Means to apply the calculated time-of-flight offset and initialize the slave transmitter fo approximate
network time and frequency.

h) Means to initiate the position receiver to search for the slave positioning signal.
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4. A method according to any one of the preceding claims, wherein said
received signals in step (c) include a pseudorandom code component and
wherein said roving position receiver determines pseudorandom code
single-point position solutions derived from said pseudorandom code
component within each received signal. 5. A method according to any

one of the preceding claims, wherein 34id received signals in step (c)

[ Cluc’%ﬁ‘ea%?%%ﬁ component anq_ wherein said roving position receiver
determines carrier Single-poiRt POLorees|dhb AP HetivaW P idieafriggauency
compoRERERRItH SHbRHsrar e Shynarsisning smitod according to any

one of fke Préeedity etdirryeprherbiresaiticstep e)dicitdeiacariete reference and
whereinsaigsieoey sghgignalgpiliestepie)ine derandata - aampoReia gLy, The
whereinugaidf ving pesitiondesevprdster @Q&&Qﬁﬁ%@i@%@:%&%{’&%@i{?% ICP

solutioggsggrived from said data component within each received signal.

- A method according to any one of the preceding claims, wherein said
Zéving Posistit@:negéac{::gf\ggrt%n é‘gﬁ%ﬂ%ﬁ‘é" BO&itIBR e STaY foydutasmsak exigtion data

least one Tefat Nt RS HRtEPS difenuensre dietiiattng positioning signal and slave
positioA i/ &TsRgtjethe (PVT) solutions. 8. A method according to any one

&F the precedifigctaims; wheneimsaitawn GPeGILoNFRLeIVEFSoGaGIRI8 Berence
pOSitiOlethﬁtGﬁ @ﬁ&&ﬁm&@%@tﬁﬁg Q& r&‘J&&%&‘gesE@ﬁ,SEﬂéﬂ%ﬁ the slave
timebaseREaleHl g caiESglerRaintagsiioning solutions. 9. A
methoglggsqgﬁgc?; any one of the preceding claims, wherein said received
signals in step (c) inc ude a carrier component comprising an initially
ambiguous number of carrier cycles component and a fractional cycle
EB‘Pr’i‘ﬁt‘JﬁEﬁl‘?“fO. A method according to claim 9, wherein said roving
Pusitiorrrecdivenscaicutatecnposition:iassiepi(e)npbrain i PARIRIRIDEMDevice,
loyri28la) mesely i3gIsaids KA ATRIONAHS: RUMRELOEFRTURNEYEIES wansmiter
SOmPORRRL I AERRIALE AESQMERINIRIRL OXCls component Bl sUmmIng ..,

id resolved integer cycle component with said tractional cycle
Si%r?] é%ﬁge%%"téaﬁ&é‘i%?%{*‘f’e‘% %ffé%iéés_&?é?ﬂéfﬁ}a%’éfhp%%% f&‘i‘?ﬁé eference positioning
BTy Ca it ey poft oo i Seiutryits frefvsateoratiss Gartipto the
H5FEing Ll dstish gsortiienenitd rickivid sigrdl nsustinthatosismsyrienulates the
Isinvghey piritposition solutiond-ean: hestletasminadavitheut ke Reedhih oscillator
eliffere mﬂﬂaﬁﬁgﬁ&g@ﬂﬁ Sidve f?’ré&l@mp go@l@ GQ&Q&B %EQe?epeXcQ % 91@%»@ Sositioning signals.

rRikeding claims, WhAIRILGaG,ALsAIdaL least one or more reference
transmitters includes positioning-unit devices, Wide Afea Augmentation

System satellites, Global Navigation Satellite System satellites,
Pseudolites, or any other devices that incorporate timing information. 12.

DESSBEHERIRY SYEMABIARYSERdbles a roving position receiver to

determine its own pos_ition, said posit?oning system comprising: a) at !east
Aﬁﬂgntfqu&[gﬁé&&mmt p,&@fméafa%w%@ PRl LR R R A R ciing
2RORIGURE 1Q:generate and transmit reference positioning signa o
29&&0%}\9% tp%{ e tlgrriz ag%%_of%g? atﬁeé"stt%ne ?%f’é“r%’naéepf%ﬁd _%i‘f?é‘??‘ﬁ)%m the

least one positiGNMGEUITT SBViEE S At AGrRefiertl IeadtiorferseisitiomAdriameting
PHEVINRE CERAD S GNYFnad ié46F rettitingramitintér gretingndigaaiscies. The roving
pPagitpRsFertiesel i hyrogitsbbr csprtlcaf leastioniag 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, sateliite locations, and other network and GNSS data. In the preferred
embodiment network time is derived from GNSS time via WAAS satellites, thereby making network time
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 camier 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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reference transmitter or said at least one positioning-unit device or both

said at least one reference transmitter and said at least one

positioning-unit device; means for determining a reference positioning

signal propagation delay between said at least one reference transmitter

and said positioning-unit device; iii) means for generating and transmitting

a unique positioning signal; iv) meangsfor receiving and interpreting said
unlque positioning signal; v) means for comparing said received and
TRETEHAYEL G AEE R SR B i REs AidTe PG SitgrRatitroRst is well
% tdedtdeduce a transmission difference; v ) means for continuously
adjusting said generation and transmission of said unique positioning

R]ig ﬂﬁl@%@ﬁ&iﬂ&&@e@r@ﬁ@iﬂ%%%g mlﬁwﬁﬁe&%@&e&%ﬁ}&ﬁ V}n the
AL eﬁ@%&%ﬁﬂ%ﬁ&%ﬁ}%‘é%%9&%&9”?9&%{85‘&%‘%& 10 SIED ey cyce

) at said.ur §|ca synchronized to
3s TReaRSTEresid”

said reference positioni gnafs BV Gl B ReSHCn receiver
Pedaiverty Ve&é?véwe.m‘éfa %ﬁﬁ‘deﬁft&ﬁémreﬁwﬂsvﬁ%m&e&fmmﬁecyc!es (the
BT g Harstasror 'EmFr seiid sreferdfictipeasitioning sighatseandnsaidand is
tghirdnategicatize Sipach ronizéchunipie OsHDAIRG & GRAISIm2Q@RA Positioning-Unit
rsuibseiienty: caleulate tason-posiia %W@&}OAHB&J&% £@Qé“:r ﬁfﬂ%tszggn solution to be
roltarenial GeeelinnS i APRSIRING RERMAGIGING ta claim 12,

wherein: a) said at least one reference transmitter Is faurﬁ1er conflgured to

generate and transmit a plurality
ATposition recetver tracks, demodulates, and interprets positioning signals generated by a network of Time-

ch.that said unl%ue Ea S|t|on|n% nal is_ chrono
i set

am ITICT phase

Locked Positioning-Unit Devices utilizing the same methodologies used in conventional GPS receiver
design. GPS receiver processing and design, as well as Wide-Lane Ambiguity Resolution, are well-known in

the art and are not subjects described here.

It will of course be realized that whilst the above has been given by way of an illustrative example of this
invention, all such and other modifications and variations hersto, as would be apparent to persons skilled in

the art, are deemed to fall within the broad scope and ambit of this invention as is herein set forth.
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of frequency-diverse positioning signals that exhibit tune-incoherence; b)

said at least one positioning-unit device further comprises: i) means for
generating and transmitting a plurality of frequency-diverse positioning
signals; means for receiving said plurality of frequency-diverse positioning
signals from said at least one reference transmitter or from other
positioning-unit devices including itself®r from both; 0 means for
i%@ﬂ?&ﬂ%&thﬂ chronologically synchronizing each frequency-diverse
positioning signal from said at least one reference transmitter or said other
positioning-unit devices or both to a respective frequency-diverse
ﬂOSitiOlﬁﬁ@chdr%ﬂ fiesigaRl Pro sitiioing-anitdle viegjss uekithainsaigbsitioning system
teFReciitD Melker cadsrdommonnamaengsidall frequenGYHdiMBISeROSHIGNING memod
signalsizcdesaid spving position receiver further comprising: means for
receivigg said indeRerdent ogically synchronized . . .
frequency-gliverse &)&it@gg\igg}iggﬁ r;%ﬁ%lré?r%g P&rafrgg?rﬁt%ﬁﬁ gigice positioning

S AcCqr

common time-InConerence as a recaivar AIGRR BAL SR tHaralrakbiriech of
position softtiiT 1S WarelTated Hpissatideamioetaiver clock bias. 14.A
positioPing&ystett #&es rirmgsitrelaimmit @13, wherein said roving

position rec8iverseaiguleltdekpesitionsinStems{e)ds ©elarMine oY Gas i ference
single-point positiariued B Yrlima:LR \oE) SRIMLIRRST AAROSIUBNNG G 2 teast one
system according. o.M NG QLAIAINS 18914, whereln said received
signals in step (ge)tgrpn%%d% a rsr?léldorta.ndom cdde co ponent and wherein
said roving position receiver getermines pLatitsraisa A ends erigreibyist one
position solutior& FEFR/ER R4t hrsiterpanttivitvende component

within eacHtecéfedisgnbraginipesitioningisystesymccording to any one

of claims 12 to i&sivilgeneinispidireesiveigusigrnasip siep () include a

carrier c_ompone@ﬁ;aﬁcg_vyﬂ@r@bgiglqt{py[{gg,rgtgtglggﬂlg%gﬁv%pd%egn NSS wmique
carrier single-peigkaRS RSN, fersd.rom said Cafiet component
within eacly recg(i]}l/t%d S'%na 17.A positioning system accor(ffng to any one

ToUs elac'!’lgsgi} rsetg eﬁ?}‘éﬁ‘?fgﬁ‘%ﬂ?ﬂ‘?‘éﬁﬁ“ of said unique positioning

. 1
of claims 12 to 16, whe
signal according to:

#) said deduced 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;
¢} said roving position receiver receiving either:
) said chronologically synchronized urique positioning signals; or
i)  both said reference positioning signals and said chronologically synchronized unique
positioning signals;

and subsequently calculating its own position without the requirement of differential corrections,

A method according to claim 1, wherein:
a)  said at least one reference transmitter is further configured to generate and transmit a plurality
of frequency-diverse positioning signals that exhibit time-incoherence;
) each of said at least one positioning-unit device further comprises the steps of:
)  generating and transmitting a plurality of frequency-diverse positioning signals:

. i) receiving said plurality of frequency-diverse positioning signals from said at least
one reference transmitter or from other positioning-unit devices including itself or
from botl;

i) independently chronologically synchronizing each frequency-diverse positioning

signal from said at least one reference transmitter or said other positioning-unit



(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. 30 18.A positioning system
according to any one of claims 12 to 17, wherein said roving position
receiver's calculated position in step (c),determines said at least one
reference transmitter's timebase by calculating positionvelocity-time (PVT)

solutions. 19.A posiieRing: $y&eM ACFANELIQANRRR SIS, 1249 from said

18, wherein said roe/ Qgﬁg&&g&gg&gwer's calculated position in step (c)
determines Sailgthatt e%st one r%ferenqe transmitter's timebase by o
calculating Carfier singie=goiit FoSiionitg SBIEAE 20 K pestishifge positioning
system accSt#ffy to any one of claims 12 to 19, wherein said received

signals) mistepnéoieiicludecare dirier compdnreit egaysrising an initially
ambiguous number ataaiiesyeles-cQMPQARRALIBAG & EAHANAE Y iency-diverse
component. 21.A pogg';gg}jmggéggm according to claim 20, wherein said

roving position regeivqr‘s calculated position in i§te‘[§)c(c of claim 12 is

) uterprefing saig.cam times lock. biag;
determined by: a) resoling Sal mmgﬁjﬁ ambiguous number of GaFrer™

cycles COAPBHBATTE Yenetsie Qe GIvae Mtd gerresraiaecBitisericntiasy bias.

summing said resolved integer cycle component with said fractional cycle
3companedidDagenerate mipl @CISE CRitRI-pNaSe PSAHERBRER: Caiculated position in
A Or IR FATRL SNSRI ROSHAN SRIHLaNs SRR said Rrecise carrier

phase pseudorange within each received signal; such that said carrier
4singlefpeitiepesitidnsohnions ar becdéte rhainedvivithouidheanedd dois in step (¢)
indiffere plial cormeation 22 AROSIHORIGSYSIervaeGREH B 10-ARY 10RE:R -
pQ@d%g&lt& %jwyéfﬂé%ro‘?ﬁ? p%gggh lea%gs @&!%%?Fo%”s%@;ﬁgéﬂ%&ﬁ%&e Eg&cc%mponent

té nsmkiltters iPclud S positioning-unit devices, Wide Area Augmentation
WININR Cacil FECCIV Signa . . . .
ystem sateflteg lobal Navigation Satellite System satellites,

SPseudaliteshar any dthiers devieesfthabineanporate, tundngn REQI Mo Agaals in

positioning system comprising at least one referénce transmitter, ana at
STeESPOHEPPBLMIGHTE R e fean siddamiethot oompifsngthestepsigfla)

each of said at least one reference transmitter generating and transmitting
feferenceqoditiomties signalsactbrdingdodhieitimebase efisaichdtleastde a
caferlefierencadransnitigt:iwhein)eachhof &@Jdoﬂ@lﬁ@sﬁ%%@h@ﬁrﬁmwng position

r%é@%%&é?c@&@@%ﬁtl Qﬁ’s@tﬁ@z@m@&@ﬁgﬁgﬁﬂq Q;H %Qfg’%gfquﬁnent within each

Cposit oning-unit device:
TECCIVE 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 feast one reference transmitter's timebase by calculating

poesition-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 (¢) determines said at least one reference transmitier's timebase by

calculating carrier singlé—point positioning solutions.

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

(¢) inciude a carrier component comprising an initially ambignous nurmber 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:



i) 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; iii)
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?inique positioning signal (iii); 31 v)
adjusting the frequency of said frequency steerable clock by an amount
derived] frofif ' arrHidAEHFeRieytIe Ry Wi FETEFEE (R9° SpraperR s geRsity2 resolved
adjusting sedgkLayitprerpositioning signal; vi) determining a reference
positianingusignalsprDpagalion delay-habipensaithinlle ast e i ehgFonent o
transmittefand.said pesitianing:uni device: vii) measurlng atime

dlffere ce Qetween said re elved refereni,sl ositionin am(l%a d said

CTINIMANE Carrler §in omt 0SEELon Soluti o Sal rc e C Seregorange
recelved unique posmonln gna |||5 Viii ﬁsef’tmg frequen OF 85itforene

frequency " STERFABIEEEER B period of time derived from said t|me
differefieetieastrad dnssEp e ervdisand! propagation delapahedbareddneed for
step (vi)ffandtanseguently adjusting said unique positioning signal; such

fthat sai,qemm@cpmgim;ag &@mkésppéeéaﬁgt@gk%almmp@m&%%gJ%S@LQL one or

grfceir erencE)?SItlo In% Slgn Sald roym:gicgzso,wlgen rr%%oliy?nrcgteagg{v lysgem satellites,

e|t er: 1) sai ronologica nchronized unique posl ng signa
%)’bﬁb%ﬁa‘géﬁiﬁ"?e%tféﬁ%é%’&ﬁ&*ﬁ‘{@ ST S @S ?fh?bﬂ%ﬁ.e%ﬁwnwwmtc timing
idoreirdnized unique positioning signals; and subsequently calculating its

1own positiomndtihed this seguirem et Rioifferentialcar etinns 2 position, said
mm%wg&gﬁm&laum 23, wherein: c) said at least one reference

transmtte( is fur egeconfl ured to ene ate apd transmit a plurality of

re: cet ansmitter 1§ a Pas 1} enc transmitter configured to
frequency-diverae POSIONIIG SIGNalS that exhibit SinE. EShEHEHger configur

generate and transmit reference positioning signals according to the t1mebase of said at least

one reference transmitier;
b) at least one positioning-unit device, each of said at least one positioning-unit device
comprising:

i)  means for receiving and interpreting signals transmitted by either said at least one
reference transmitter or said at least one positioning-unit device or both said at least
one reference transmitter and said at least one positioning-unit deviee;

ii)  means for determining a reference positioning signal propagation delay between said
at least one reference transmitter and said positioning-unit device;

iii) means for generating and transmitting a unique positioning signal;

iv}  means for receiving and interpreting said unique positioning signal;

v) means for comparing said received and interpreted signals from step (i) and said
unique positioning signal from step (iv) to deduce a transmission difference;
vii) means for continwously adjusting said generation and transmission of said unique
positioning signal according to:
a) said deduced 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;
c) means for said roving position receiver to receive either:
i) said chronologically synchrenized unique positioning signals; or
ii}y  both said reference positioning signals and said chronologically synchronized unique

positioning signais;



13.

i4.

d) each of said at least one positioning-unit device further comprises the

steps of: i) generating and transmitting a plurality of frequency-diverse
positioning signals; ii) receiving said plurality of frequency-diverse

positioning signals from said at least one reference transmitter or from

other positioning-unit devices including itself or from both; iii)

independently chronologically synchro¥izing each frequency-diverse
positioning signal from said at least one reference transmitter or said other
positioning-uitit HESTEBL LY BIANAG Bsreepaetiverfratigariey ameeseent of differential
positioning stgmetifrom said positioning-unit device; such that said
tim%-iré%%hrgggQ%%Eagcgpdnr}g?&gurglqg%sﬁgll frequency-diverse positioning

G

signals; c) said roving position receiver flrther comprising the steps of: i)
receivihg S48 IRTETE A ERFBIEISY A QY RERFD ifigigraie and transmit a plurality
frequencyRtii@rgeypbsitorinirsiprigents thajipirbdrpretinghsaidecommon
tune-imcokrit erieest as: aoseioeiemel oskcbiasicssuahpthat an accurate position
solution is calcuiptagkincRrRHAlING SRIFFSERIMEE SISk NIAS A4 BEIBOsitoning
according to claim g3 or 24, wherein said roving position receiver's

calculated posji ionmigast Q%%cg,is det_(ceirrpined bfy carrier single-point
position-velociiy-timerﬁJe SRS S B 8 TA SRR it lgpals from
one of claims 23 td*X52 RS REfT 460 FE SR RTEN STgRH A5 P8 ee poge] driekvet alevices
pseudorandom codetsomipeiienfranteiwherein said roving position receiver
determines psgudarandenhegdaising B:pPinkROSHION SOMEONS derv@thcy-diverse
from said pseudOf%&@@J&&QQ&QP@EQQ&?@MAL@!%,%ar‘éﬁlfe%‘égl}/%@n%gé}% said other

27.A method according to any.one. of cla})irrhs 23 to 26, Wperein sail o
X . . positioping-u If évmes or both to a respective freguen —dw.crscgiﬁ;momng
received signals in'step ?c include a carrier component and whereinsal

roving position recBRIEFIBBHRITESEEHEF ifigfe-point position solutions
derived froniushitiat ard@edraperar witvirperashorasieil ddagigaatl 28sA positioning
method accegaidg to any one of claims 23 to 27, wherein said received

signals insstiepde) jaalbde g datacompanent and wherein said roving

position receivgr %&%&%ﬂ%&&%&%ﬁé@EA%&%QhP&?&E{%’(}ﬁc‘a’lh‘fté%‘c%rg%?é&e Fequency-
from said data cor(ril,ponent_wlthln each recelved signal.

iverse positioning signals;
-ii)  means for interpreting said common time-incoherence as a receiver clock bias;

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

A.positioning system according to claim 12 or 13, wherein said roving position receiver's

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

15. A positioning system according to any one of claims 12 to 14, wherein said received signals in
step {¢) include a pseudorandom code component and wherein said roving position receiver determines

pseudorandom code single-point position solutions derived 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) inciude a data component and wherein said roving position receiver determines data singie-point position

solutions derived from said data component within each received signal.



29.A method according to any one of claims 23 to 28, 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. 30.A method according to any one of claims 23 to 29,
wherein said roving position receiver's®alculated position in step (c)
" etermines said at least one reference transmitter's timebase by .
GG CTRRPETRTIBESS Y B RISHINY SbladongesinAsAaeritsg position receiver's
caleulated pasifi &t (PR SSHETGTE RIS 103 S0 e snswitie réioehretb sigiralgtine position-
velocity-gtedR¥ ) imeditids.a carrier component comprising an initially ambiguous
number of carrier cycles component and a fractional cycle component.
1. R2A.MENd.aceqraing kg clain. 31, Wietein, said roving position receivers . .
receiver%acétéﬁ%ec% E&?&!“;?Q n sét%%j:gr) %feclalm 23 |ts determined by: a) rtesolvmg ot
Said initiany AmBigUoa S h BRI e HET SR Lo ForBHets aherdtecglculating
carrier sipgleRidPIRtiSGE EJeiereomponent; b) summing said resolved integer cycle
component with said fractional cycle component to generate a precise

20, eajsialcphaseRsaULRIRRGELE) Hetermining cArsisnsinglespoint position
_.solutions from said precise carrier phase pseudorange within each

recel ved el B CRYTAIP CRUE A THEE SATP 25 P RRGE Hoitit Y st aue sl awobes elgarrier

cycles cqpaietetrdinberiwit oxd thenneed.-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 positioning-unit devices, Wide

2L AyreHimigmettatiorn Systeridatellitdsr Globakvaigation Satelite-aystem

peatiellitaspfgeudaliesisauannatber devices that incorporate tjming N

InformatiaQ.: i, 3 RARIARIDG RSN WEh L0aples a.foving position . .4
receiver to determine its own position, said positioning system comprising:

£ | t; . .
a)at least Ofie réference transmitter, each of said at least one reference

transMittsP BB Er iR v e niG parEYalfch trenesmiit tBleréhEeshositioningomponent to
signals acesrdingrteritaestimebasesaidaigat least one reference

transeyitt@termining carrier single-point position solutions from said precise carrier phase pseudorange
within each received signal,

such that said carrier single-point position solutions can be determined without the need for differential

correction.
22, A positioning system according to any one of claims 12 to 21, wherein each of said at least one or more
reference transmitters inchudes positioning-unit devices, Wide Area Angmentation System satellites, Global
Navigation Satellite System satellites, Pseudolites, or any other devices that incorpotate tuning information.
23. A method for determining the position of a roving position receiver in a positioning system
comprising at least one reference transmitter, and at least one positioning-unit device, said method
comprising the steps of:

a) each of said at least 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:

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

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

iif) 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 (ii{);



b)at least one positioning-unit device, each of said at least one

positioning-unit device comprising: i) means for receiving and interpreting

said at least one reference positioning signal; ii) means for generating and
transmitting said unique positioning signal, wherein said iii) unique

positioning signal is aligned with a fregtlency steerable clock; iv) means

for recejvi nd.interpreting said ynique positioning signal; v) means for ]
measuri nagjgsﬁ%gqﬁeer%c ua?ﬁ%%gﬁ%% 'Ece %\‘73C n%ﬁ%%e%e‘f%e% at feast to‘iifév_ed_f”’“.l said
reference It ATy ARy T shd sat rasavatviristiaesasivmipa e st sienal;
(iii); v) MEsHEYePadjastime thrafratasisey ofmaidfrdguchyestesrableslosk

by an ametint:deraredifromdsaidpmaasuredfaeqiency difference (iv) and
conseqg Bdyasusing SaiddNitNRRASHIONING: IENak. VDMEARSI RN () and
determini@g@g&{@gg&q&p@ﬁﬁg&gg{ gsnlgta%;,propa\gatlon delay between said

at least one reference transmitter and said positioning-unit device; vii)
means 1 8? ?ﬁ%%tén _fiﬁcg%gqtl?emnceyﬁﬁ‘féipefﬁ@%e?% FeER st BeARE R ETE fdved
positioning $Ty114 () idesard reewrodir Spque pusitid pirrgesipnalkii o saired
means foroffseitihgsaiddregtieniysieetdie;clocktbye period of time
derivedh {ranaisaidl tiae-ditlercntce Ergﬂaﬁdr&doﬁbﬁtﬁ&WiDyMﬁﬁigi_m said reference
propagatiom.delgymeasured in step (v.i) anq conseqqen.tly adwstm_g said
unique. posiioning, signal; such ihat said unique positioning signal is

chrono oglc_aITy s%c ronlz_edeio sald‘%je’feré_nce positioning signals;

c)means foP safiif Sy poitiol1beEzer wivscar s deimay:oaid
chronologi&allybsi{inesktrenfizecr arigoengesitibramipsighats;iaid)ibothisaited unigue
reference positipRifgisighatssand said chronologically synchronized

uniqueg,p M%H@S signals, angd.s H&ﬁ%q RRiY tﬁ@ig&li%geugopwaggglﬁcooinrections.

without the requirement of differential corrections. 35.A positioning system

accbrdinq to claim 34, wherein: c)said at least one reference transmitter is
urthet BERTATFEE S GRS Re afdtransmit a plurality of frequency-diverse

positichingi&ighedsoth atfesivibittimgsnc binbrenoégd)dsaigatale ast tonenit a plurality
positioning-iapc-aevice fe Eihﬁi’oﬁﬁmﬁﬂaeﬁht exhibit tune-incoherence;
d) cach of'said at least one positioning-unit device further comprises the steps of*

i} generating and transmitting a piurality of frequency-diverse positioning signals;

ii) receiving said piurality of frequency-diverse positioning signals from said at least
one reference transmitter or from other positioning-unit devices including itself or
from both;

i) independently chronelogically synchronizing each frequency-diverse positioning
signal from said at least one reference transmitter or said other positioning-unit
devices or both to a respective frequency-diverse positioning signal from said

positioning-unit device;
such that said time-incoherence is common ameongst all frequency-diverse positioning signals;
¢} said roving position receiver further comprising the steps of:
i} receiving said independently chronologically synchromized frequency-diverse
positioning signals;
ii)  interpreting said common tune-incoherence as a receiver clock bias;

such that an accurate position solution is caloulated 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.



iv) means for generating and transmitting a plurality of frequency-diverse
positioning signals; 34 v) means for receiving said plurality of
frequency-diverse positioning signals from said at least one reference
transmitter or from other positioning-unijt devices including itself or from
2%mth; Ximeéi‘”s f%_r independently chronologically synchronizing each

Fequénty-aiveres Poifis GGl ronf saibrai sl eaiud smplsigce (o) inclde
AR endsAnretpel prisitistR gt iteviedsoordsottstec paspastivierandom
cfrequenoyidiverse positoniag signal $i0 mesdichpositioRingmpiaihOeMiea:ach received
sighith that said time-incoherence is common amongst all frequency-diverse

positioning signals; d) said roving position receiver further comprising:
Ai)means orreceling said independenty ghronologically synchronized
“frequency- diverse positioning signars: > © 2% ey EhREsirE it dtinge
“%&‘I%eé&%ﬁ’r?bﬁ"f?ﬁ?éﬁﬁé‘tiﬁ SEFERSaS B YesefvEioalsek tsiasicsnishs thaianingle-point
Pt aato o e sdiotioid il cutatechintonporatingvsaithréceiver clock

bias. 36. A positioning system according to any one of claims 34 or 35,
24V hereﬂ?M@eré@&QiPQ%t!ﬂQ J&C@}{l@i’;@ gglt%%%t%a%?§ 'ELQ&QQC%&DS@I)B&% in step {¢)
ndetermined p'¥ &%Eﬁ'% ds‘lvr;%lr%ps%gtr £OSIIIOD:VG|OC!ty-tIme (PVT) solutions.

osifioning system according (o any Ohe of CIATRE S (G4 6N gliipas position

37. A po . ng ne o
S°§%ﬁ‘?§%€ﬁ?§f?’§@f‘?&4§ﬁﬁ“ﬁ%‘iﬂ%)“i‘r‘f&hf‘ﬁ@‘ ¥isuedieisidndom code component

and wherein said roving position receiver determines peudorandom code
295inglepoint pasitianzsolutiens.darvediitom, said-pseudasandam.cads e s

caﬁﬂmaﬂﬁﬁﬁ'&%rﬂéﬁ (@ﬁ%ﬁ@ﬁ@é\égg é'ﬂ&@kn&@&&@&?&'&m@% %&%Eeagg by cTIculating
po?i%%&(%i@%}% qar%\gﬂew?&u%@lms 34 to 37, wherein said received sighals in
step (c) include a carrier component and wherein said roving position

receiver determines carrier single-point position solutions derived from
3haid AdrribriciriBasnwitfnfekir P8 cetdethsignadid 39inAppisitiondgs calculated
posiigtansterc torditertoanyid ael o claims 3dnte B3&swhersinmsaiddeceivadhting
cagignsilgzinsteppeitintlydedidata component and wherein said roving

position receiver determines data single-point position solutions derived

from sgj c onent within each recejyed signal.. 40. A positioning
RS - b R T R
SO TEEETRBPARACTIRATERE PO SHTGHY protEpe te Feehe P Bt <alidF atdeagtent and
2 priveferslcentrarrsmitter's timebase by calculating position-velocity-time

(PVT) solutions. 41. A positioning system according to any one of claims

3234 tQ ﬁchWHL%E@Q@%dCM 'QQ wherein said roving position receiver's caleulated position in step

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

within each received signal;

such that said carrier single-point position solutions can be determined without 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 mare
reference transmitters includes positioning-unit devices, Wide Area Augmentation System satellifes,
Global Navigation Satellite System satellites, Pseudolites, or any other devices that incorporate timing

information.



position receiver's calculated position in step (c) determines said at least

one reference transmitter's timebase by calculating carrier single-point
positioning solutions. 35 42.A positioning system according to any one of
claims 34 to 41, wherein said received signals in step (c) include a carrier
component comprising an initially ambiguous number of carrier cycles
component and a fractional cycle comp®nent. 43.A positioning system
according to claim 42, wherein said roving position receiver's calculated
Yositidrrmidteipgersmnctiith Stbissdetsimirneit dycalvrenolvimyisaid dnitipdbjtion, said
rambigucuscmuntipesiaf carrier cycles component to generate a resolved
mtegeraCMEOQQm %M1§mm said iesplyed dntegen.cysie: configured to
compopgit. Wiih.sald iRclonal eYle, component (o, aencrale a,pIECISe . e
carrier (B]Qagfeeregggttrjd%%trége; C) letermining carrier sﬁgf’e-_po_lnt position
solutions from saldmprems’e carrier phase pseudorange within each

Péceived 'Sighaile SatH amas said taitre cathgfepdmit posiionstiativascadevice
be determmrigakwithout the need for differential correction. 44. A

POSItiaNING: Sy S BM-AS AR AHAGHIGRARNLNA ATGIRINS Al A3 haseipaach

of saigat least one gr mare reference transmitiers includes

positioning-unit devices, Wide Atea AUgmentaton Systan SAtaliggren said
Global N atiisfise sniesierdystbmed st nderpestieiiesiosr any other
device® thatdrider poratestind iepirfonnsiibmia8etsO@NT IGIA ROVING

PO SITON:KRECE | MER M ETHI Ak QG AT QAN R IMNGQIR K ABS ERAG Tone
The presentigv@ntionsisciese s aRsilinaingsysie .andinethaddsr
enabling 3,(gying RASIIAD [RGRIYENLO delerminist own POSILON, THE o mount
positioning system comprises a specialized transceiver (hereinafter

termed a”B' POSIHORINGGNIT HeVIEST tha FERETEA BREBF HISH Tarsiand
positioning™SKFRAISIFEsBIEr positioning-unit devices and/or other
qualifiedl refererioelpositioningRigralsotroes sioat rohthéfederMedveen said
reference positioning-sighalsspieiembly hRs a8t Lomponent, a

pseudﬁk)raﬁ&(ﬁm&%ﬁs&%@ Qgglg%ftg@gcgbg@}&rg o Qgcglevre](l: 'r;;'Q“gnce ositioning
Posmonlng-gaprg evice gene ates, in res onseg

D 0.the received reference
.. . Slg %Jm said recetverd unigue ;fosm mrgsmgé\a i) e .
positioning Signals and their known focations, a unigue p93|t|on|ng S|_gnal.

The uHIgUEBOSHSHi RgHE Frseaceat st tomtisbhenpeibrigiagidaiysd from said
time difference measured in step {vii) and said propagation delay measured in step (vi} and
consequently adjusting said unique positioning signal;

such that said unique positioning signal is chronologically synchronized to said reference
positioning signals;

c) means for said roving position receiver to receive cither:

i)  said chronologically synchronized unique positioning signals; or

1i)  both said reference positioning signais and said chronologically synchronized unique
positioning signals;

and subsequently calculate its own position without the requirement of differential

corrections.

35. A positioning system according to claim 34, wherein:

c)  said at least one reference transmitter is further configured to generate and transmit a plurality
of frequency-diverse positioning 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;



10 synchronized to one or more of the carrier components of the received
reference positioning signals, a pseudo-random code component
chronologically synchronized to one or more of the pseudo-random code
components of the received reference positioning signals, and a data
component chronologically synchronized to one or more of the data
components of the received reference ppsitioning signals. Once a
Positioning-Unit Device is chronologically synchronized to a reference

transmitter, 0th?¥n€éﬂ§'ﬂ)@@é@9ffggl&a:&%@x@ﬂt‘?%? @%ﬂ&%b&@%@’&%;ﬁg@igmis from

use its transmitted; unjglie POSIoRin 8? Q%Ll?t?ragffﬁﬁngﬁfsog?ggndﬁ unit devices

e
signal. The geogra hjcalaﬁistrlbutlon of these chronologica nchronized
Positioning-Unit BEYEESEeaiEe 24iine-coherent network of positioning

signals that propa atefglr irgere ce timebase over a substantial

geographical area. 1he posi %‘nfzﬁlays% B ST RERIGEes %8?/%_6’?98?]%?3“’“56
receiver. The roviPftj PUSRCTERELERR FEAA! (fdffetiftes BothesyEast Epigresaid other
point position detersitirationst dyvinalinprangearedasurements-{ore20pesichning
of the received;ghranelagigallyo.syachranized pseudorandom code and

data compapanis: AR GARAGNSAIG ST ISR SIS PAINL DOSILION. .+ simals:
determinations by maklng range measurements for each of the received’

C(ﬁ rér)&l 0 furthe

Sa1d rovin, GSiIIoN rece ) TESING S . e
ron oglcﬁﬁy synchronized carfier components. The roving position

receiver can atfondiotiEly ettt botpetsidesta iwalrtisayeehmsiriglé frequency-

point position solutidnsandisubgegueantly calculate its own position

without the requirementiéehdifiersntial CRKSEHAR.QEARSQUUE MG er clock bias;
s@&%ggﬁyac\!gﬁ@gp@ﬁog %Wt(?gé(is %g cu'l:e{gg Egc«:)zrporatinfg”s% dSrécg:cich/rgcioyc%ias.
36. A positioning system according to any one of claims 34 or 35, wherein said roving position
receiver's calculated position in step (c) is determined by carrier single-point position-velocity-time (PVT)

solutions.
37. A positioning system according to any one of claims 34 to 36, wherein said received signals in
step {¢} include a pseudorandom code component and wherein said roving position receiver determines

peudorandom code single-point position solutions derived from said pseudorandom code component within

each received signal.

38. A positioning system according to any one of claims 34 to 37, wherein said received signals in
step (¢} 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.

39, A positioning system according to any one of claims 34 to 38, 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.

40. A positioning system according to anyone of claims 34 to 39, 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.

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

timebase by calculating carrier single-point positioning solutions.
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42. A positioning system according to any one of claims 34 to 41, wherein said received signals in

step (¢} include a carrier component comprising an initially ambiguous number of carrier cycles component
and a fractional cycle component.

43, A positioning system according to claim 42, wherein said roving position receiver's calculated

position in step {¢) of claim 31 is determined by:

a} resolving said initially ambiguous number of carrier cycles component to generate a resolved
integer cycle componeni;

b)  summing said resolved integer cycle component with said fractional cycle component to

generate a precise carrier phase pseudorange;

c}  determining carrier single-point position solutions from said precise carrier phase pseudorange
within each received signal;

such that said carrier singie-point position solutions can be determined without the need for differential
correction.

44. A positioning system according to any one of claims 34 to 43, wherein each of said at least one or
more referepce transmitters includes positioning-unit devices, Wide Area Augmentation System satellites,

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



