20

25

30

35

WD 2004/ 027927 PCT/ AU2003/ 001246 A SYSTEM AND METHCD
FOR THE M TI GATI ON OF MULTI PATH AND THE | MPROVEMENT

WOR00SI0EIAL - TO- NO SE RATIOS I N TI ME DI VI SI ON M_edT/RIIBED03/001246

ACCESS (TDMA) LOCATI ON NETWORKS 5 FIELD OF THE
I NVENTI ON The present invention relates generally to
sy SYSTTEMAANDENRTI(D FOR THREMETICGWITON C)iFSHUM’SPATHnAND THE

of  nOREROVEIEN ORI EoPEBETRATI R st FEVIRTGN

the 10 pMBEETIPLEMEOUHSS(TDMA} EOCATIOMNENPTH@RKEON Of
code and carrier-phase nultipath and the inprovenent
of signal to-noise ratios in received positioning
signals generated by Tinme Division Miultiple Access
(FIEDRIF THEANMYENIION net wor ks. BACKGROUND OF THE | NVENTI ON
15 One of the | argest error sources in all radio
%seegc¥nvn$n re a%sSIgtnlerollrlly rt]og S%St G 3 dITU| ¢ I ath.

ers t8 ta e ﬁg ﬁ"leta(f S rSIgiI’lﬂ‘ging precise position
rd@%mtwgs faf arr@éléq apRaraghin éwm&sevqeaf wmar@rmuhfmﬂemtgaﬂtm@ In particular, the
?y@h@@hdryn rel@est @BEhVQLARE @M:ad cafriGCRAsY B8tidath EndGHe B dvement of signal-

%(J &ﬁglatlcér}\qecg(/]e% p&{nomrsgnaﬁ;sl ggngé!ec? 'I%INJ Iﬁ&l}lo%q/luﬁt l%mccesﬁQéDMA) location

structures in the receive anten’La svicint

2B quent range rreasurerrents deternmined by a position
receiver are the sumof the received signals, 20 which
anexgeoetmbl yuimasuried "l ong" due to the del ayed

nature of the nultipath reflections. Therefore,

mul ti path refl ecti ons cause code-based pseudorange

Bray §§ larggst FrESE 9P 1 2 BEIE FR@ERT RSt B pg SRS tsanyitipagl]- Myltipath refers
teprhcenabsdh bitnel rpdwigh FodiveaC@L GCtyo STBAE PERATYBIValIf a receive antenna

Fb@é\beg !h@ E\regtgﬁﬁl ahe (me oF érd Bﬁﬁlmﬁ&ted M gtrlu@u.ﬁgshn theerfeéeﬁg £nlte9rﬂ§ vicinity.

arrive at antenna wth ases
g@efol nf rail% n{eﬁggment(s) fietelrrﬂléedgr f‘l g%sttlo%reﬁﬁlglare e|spm gfdli)ﬁ received signals,
ctbight prej@eneroity] yeasuigd! t'lanet Hiee tditheeleleyed ingiabf, thamwdtivat e¢feétionse Therefore,
Gallath @f1dcRS cabde chEiB&izd\/]ﬁﬁhd&ﬁn@@ BihseP@WREtion KAGMR A%h ShiO9Bkantially
Ec%glhen Q)'sohh@ g()@l{lé’}lt £cu2a§y §1!3 gﬂéil by aarg)g Poq ggll(’é elisurtgr?n%‘?eu rm%gpath reflections

carrier ase errors_ o
agléluﬂrévre éﬂbﬂere%lveagxggqa wﬁh yflﬁ%s 11%eﬁe§t to 81Pse ﬁ%ttlei.%r ct sngjél\)z@p ghm destructively
gitigthadireft sighiah gpd dhanglor Saupead e afeqeeited sigidl pager, koo as signal fading. Moderate

dasi ﬁm{glcéuﬁtnba&ﬁed chri& blﬁse&lfrérsp& up BS£ mgr@@ Ak p@u@ﬁﬁ& biabelin the tens
f)th me]'%res Qevcirchsegnal gadm ngltus%se r%c’elv track¥J 1; %oa\}gsta%mza?grrlp cy{; F]qlps pset?dor?lrfxge biases

I onl ng Si
Bripbugeds oh athehé@fwa@ﬁeCﬁwlﬁsf logsf qf logl prs thmwsﬁlprprmsignal Moreover, the
srilg¢nadns! ng@nkiigt & off-@Gerhwtiphth BPPIP beiiptd Fe@isd D8PRG surements, leading to
L S@fﬁihrﬂ gegta@atlorﬁin gﬂ@'aﬁc’ur‘;@r& v&i&w ﬁg @'L‘rllep théeﬂnetaéan%mé%QQH %Mo lfeCCIVCl‘

?z Lan nd carrier range asudrerrents In a position
‘8%‘8? e 10 W&ﬁ?eng%‘ﬁ&&eﬁ?‘y %‘%’Eﬁf“éﬁ“éﬁ‘ﬁeg‘e“r‘sé%i‘ée ‘short”,
"l ow', and integrated carrier phase measurenents range
R&B(Hdtmgnal toB@&thMﬁﬂj poSiti@hiha kigla@ alRQELhe Adatud pr@cflsmn of rangmg si gnals In

g?agl d‘leo nelatglghﬁécg%? gc'nal%!re%gth Qig geﬁgrtaccsr?cﬁ earrxse%ilsr rgmenf Elénal -to- n01se ratios

e éeéfa & 8? Q‘Fféals‘“%"t‘st‘aéﬁﬁ”loﬂ ”teWé“sﬁé%‘%“é?“r%d@dig%?bﬁite‘b*ﬁ“oﬂ Fsed by line-

easiobeneinis, susi ag hdllings @rndoliage (3) atilli@s sigedl edlﬁ@gfdad&d inbyased noise

fck} chua 5 ARkNGhallr ShiRBEiEnal g dfmhser; ERRSITLSSL OR tﬁoaay.@oﬁmg signal

%%Q?g si gnal attenuation cause i ne 35 of -sight
fPuctions, such as buildings and foliage, (3)

mul ti path si gnal fading, and (4) an increased noise

fl oor caused by intentional or unintentional signal

jamrers emtting signals on the positioning signal

frequency. WD 2004/ 027927 PCT/ AU2003/ 001246
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2 Prior art nethodol ogies for noise and nultipath
mtigation using antenna desi gn have focused on two

waxeo4/0zm9ens; (1) multipath limting antennas, BCTA{U2)03/001246

Programmabl e Mul ti - beam Antenna Arrays. Miltipath
limting antennas shape the receive antenna gain
[Fabrtag mathpdglogiesdergeisd dné mgitipachmgtigation fusivgehte@e tieidn Bivé foaxddSn two key

Sllﬁ@mj rﬁi}ltlpﬂ-h ﬁm1m&ﬁtennﬁmﬁrégglﬁqmtﬁkalhthlbeg‘m ﬂﬂtnﬁp%yp @l'uln}gith limiting
|
an gnlnicﬁ gha eq € recel]ye anpenna lgamg pa?em 0 reguce t%% strerrggl regectéﬁ%ff -axis r518na ﬁ dThe most

| ca I ons
F@?‘PO@} & gl anfeﬂﬂatbf"pﬁd'reﬁo Fﬁ“‘fﬁ chakeydrearierahisedsn ﬁPSaqulmueqmr mytigating
podlitt signl gowdd raiedibenElbitigai lmltmgﬁﬁtefﬂﬂ&rahlﬂonallyf poXi@dd a directional gain
qntenem atﬁx&rbrler@a%aegakrlnw pps%h i Ifa@n%g@ a6k g o@é@@x% fh thme EJ?&‘ce (the

flective rfac ound 1 n
BFUBHE T REICE PR LSRG PSP o EPrHEn w1k muioat
|ePiFPrIMERs: BHoTpAs indeprs oo ¥Tbap predyi vpbre signhls iefrat ftom nemdireciens@pitding buildings,
swisshfloas, ckiMde GFSueand pedprn ar eas, where si gnal s r ef | ect
;PFOQI‘QH’II%QXAUQ# Jeﬁ:?Mt&ﬂasArla%%&éﬁlcQQ fg\bjé tLeq'Lclel a’ntfla\a gam psa’lftem to reduce the

| oors, ceilings, furnit
S IS ST 1S A SR Py A Al ot of mlipa
slaapePreghre malde ditli-beammingnm airgaieithep &) t@ibine k @lurakig] uC@tefinA @lements to
edrib @giin HAfi inlaFhQE fnRABREELBAUE @%@mbﬁ‘n‘é G Blu@h?ty bt &k gﬁ@zlntennas each

r
?oc% aa on 4{1?](% GQPS satr]ptesplr Zorm a %gtly WﬁlTs m a ?j‘égkrﬂ“tﬁ{ﬁ‘f é%rh%lttem or (3)
A}dw&gﬁgy BPtithrer plurelm) Ofcdef%?nﬂlegala appsataiht fycuﬁi opeeetiithy GPS satellites,
gr@gentgrit of rededtrmirévitgai PragtihhablenMati-BéaROA fen@NA R NGhidH Sk dduces a
Q%tal%l@arlpadjlgtﬁblégl)n n@lgm aﬂt@nn?gaﬂl %Heﬁ' ﬂag %plgguoghp rﬁ%@r@gqgg effect of signal

ga ant enn each = focused on one o

g{n&g |an élglmpxtobmg*rscrexﬁﬁ: 58 Brngﬁ;e rzttlys 6]‘1&5@5’& gnt(inﬁa gém gll tlﬁgilr%tlon of the
anrenrre Hyabw partienarraols {rgid plicativd foy ingltiaihl nytigatyn int high maltipath
prlviddnakrits, Whef mulliphite G fnkio RAdCt Ehai rﬂm)acnxte&lﬁxﬂaﬁ Pro@ﬁﬁhﬁhblﬁ: @ﬁkﬁfﬁgn Antenna

prra Q%chogroéuag g3§m§ aoF %Jl_n)!mk gaﬁ)S ﬁiﬁg%ﬁh‘g g%u e%ks mg s anterﬂn lgam P]attem has

ceiver eir
ﬂRPP%i&P“ R &%‘"ﬁrtbed%fe%gf agna'dwafiﬁ LAV RglfEE A BB graris raos by
Imgrledsing gpin i She alivecaonnd thg adtellit abd @erersind 1@ ia [oip ldir@sdni o0 khe fn@ise source.

ﬁb\t'évgaﬁli H8nda Qr@ay%gsfllgﬁéd aﬁﬁlcaﬁénqg}multlpa{tlﬂﬁt%aﬁ(gl n@!ﬂ& n‘ium[ﬁh environments,
ing received si

d gggeraesés ngt an nte(?‘lfrr]néﬂtl at i recewec{atkhr%uggs k2 taptgxwa %)afnypf'%% Whlﬁ}b?r%létended
&othe esptiopieimtiretetcllite mPSS'O'amS@Fﬁ‘faI"@W%}jH nbpaioripg qultradigh of directional gain
&fﬁe[aﬁais mﬁﬁéh@ hati© b1 réxeil e &u@ﬂfr}l’hﬁlé’ﬂlpﬁli‘c@l&t folOhlti g'afhgh]i.e @ﬂ?ecﬂ'ﬂﬂllénhl@a'ﬂllﬂg and
?rr%roelné/ Jegegmgl% nth| g{lo@ aqa'lilstol %&tﬂﬁ/ﬁ% 9f?e§t| of mnlﬁ%ﬁ]eﬁowever amamx of

dlrectlons A Pr ogr anma Beam
ﬁf’er‘ iR héshmw 8‘6?8‘@@%3"%‘“&‘1]\8&!5‘% t?e}PoﬁT“a‘dgfﬁ%V?’f‘é‘rt jggpup delay and line
didrusiabiraiugding ipedkd pesiioritgsisahinesraegadun topke werl dispahageceive
&fﬁﬁlﬂh@@ﬂdla@d’bh&@é wifh vtaﬂlagﬁlg bfn:&n;tohbﬁt t@'ﬁ;fm@t@l‘é alefsup%lyg'Elage thus causing time
r.ec

Larlant ran%nlg CITOI'S !an SUbSGqUCHLqJOSlt{OF] mac uracnes {thCrﬁ)OSltPn {eﬁelver Igc)fmcrn \} ?)Cltg Time

easi ng gai'n Irec
é\%(d“) s 43 i"“ﬁ@/ F@H?fﬁO“PWPt“Héued? thegdditieyl redio freausnay ORF é“cu'"y making
gopsstien recdi@meA@Iable tdiiapplicanéng Whee it yvelpirSant isd bre destricted; (c) the

@%rﬁéﬁ%rj Morﬁ&ﬁll %Jeﬁe&?&h Dcﬂp&nkrgsattldnqgtaﬂdg}d thganmm{:lné Je&@grbjesngn
25 wh

envi ronng

e R ATor i g O p B et o) B TR brisog pyes o house
peakigonalvtrrivdvirepitey, makingthekeadiverfagger thah e sndasdgile Gront-ofd regtitre A system
satal plrd'vtde pdSiBShinkg Isi@ials G BomJRdn@mbrhridelb\séverd alluinyatmmetgxedeh Elghal-to-
Qmsglr&liji!‘) ftﬁo\ét 291 og Ithrés% 5;‘59&%' 15%?%['1 desira ler"}ﬂ rcsent 1?vergion achieves this

trix of receiver circult i catlon
iiﬁs'faP'Q&‘tal PoPtiptly serchratiging 3fTingg H%\‘I’“ ‘fPﬁ“u AeFsBMA) AP Disggtional
recei ved signal -to-noise rati os, and also mtigating

the affect of nmultipath. However, a matrix of

receiver circuitry has many di sadvant ages, i ncl uding:

(a) the potential for time-variant group delay and

i ne 30 biases being introduced into individua

_positioning signal nmeasurenents due to the use of -

di sparate receive paths. These del ays change with
variations of conponent tenperature and supply
voltage thus cau3| ng ti e v_ari ant rang| ng errors and

e .

o " S
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35 requirenent for proportionally nore electronic
conponents than a standard single front-end receiver

waoleai@n7927 maki ng the position receiver rel ati vECT/AU2003/001246

expensi ve to produce; and (d} the large formfactor
required to house the additional receive circuitry,

Aaking grriyhea thegadgizdly singirgpeys Tinfydivision dubtiple Arogss STOMyY) éocation network,
by RRLiveeRdwl ecei ver. A system that can provide
positioning signals free fromthe encunbrance of

severe multi path and degraded signal-to- noise ratios,

W t hout any of these constraints, is highly desirable.
DBE@roesSBRINVENWEMN | on achi eves this 40 desirabl e goal

by spatially synchronizing a Tinme Division Miltiple

ACC ’&Mﬁé?ed%fieﬂt 4%\Bntr§n %ﬁgélaeﬁac 0 90?1%§/sy%/t\%)n %9%%{h9d2fo7rgmzang precise code
etiirce'ﬁe"l PORSE (erde |MpasyrgTpRat e BUFRS the prsysnbpneg o8 pegre AUTiRpth ek that accurate
Agie & Sarfel pMAPositiog &b afiellinqPKT) soluisns degieidétbadedel ow. 5
OBJECT OF THE INVENTION It is an object of the present
inventjon to provide a positioning system and neth 9

ftdﬁ, yehaaflgrtq%rgob_kfir];t égtftes%es&nb ntrogl ﬁodnr(e/gle P Oéllp nbrﬁ é%sgm Iﬁ%ﬂ,]raeéhod or improving
meawed rentenbssidngl gignaf-oopivetriies (ENDUIIrZhEseurasfcody@ydsqarsier phase Position,
Weibdity,Rad Time (BUDRolliBRImaPECtERIngl. code and carrier phase
Position, Velocity, and Tine (PVT) solutions may be
determined. 10 It is yet a further object of the _ )
presehfrterpiss of BrPrese Broir ey idp 6 BIHPRIKg™ ST Bhtpproving
medsiredpofidming sipraDsgnal go-noive aeas ((BR) poss irdlali Gy lmge ditayeeal or through radio
%%&E}@Jf CRﬁ:degtgbt%n{rﬁﬁﬁegﬁ 0( m@hrmdﬁﬂféﬁheﬁcv @iF) ﬁﬁrﬁlw ﬁtr%mﬁ&\g esuch that

acc?rﬁtgcaérger ang carrpr ase P s {/el gdand ¥],§1€ ﬂ’({hﬁ %Yutlon mag-l;]e Er?e rigme

ns nay
obj ect of the present |nvent|on to prOV|de a

QS i b Githen GhjGy &ttt PreseiinvERioh Q)Cbrcfv(DIE a peHEbONSI siEm A€ astided making
?Qﬁ&%d@ B QQ iep brﬁ&@éngéhegsrdélnenk% R S&ee o’r‘.‘io']s%d (oat¥Bhh BNz a position

ativel di st ances, or throug radi o
f?%&U&ﬁ@V“Pﬁ?ja%ﬁ@ﬁ?ﬁ@?@ﬁ“@ﬁ@??onnents or through
radi o frequency (RF) jamed environnments, such that
accurate code and carrier phase Position, Velocity,
ions may be deterntned 20 It is
R?%?SEgﬁgé%Regi of the present invention to
prOV|de a positioning systemand nethod for making
phebieging 0gee oamel presam nvarionpleastdevedn gensers ag v st it diredtipnal receive

tarh&maprtrr el %chQ)tnzﬁ@d wifh aa}JﬂpahW}‘ frht@@tvigrorUlt/lhlllﬁlezAdaQ;s @ DMA) Positioning-
EJID iti.on recel gat tLe dlnC.Of Or ates a sin

BB EaaTy B ot okt SoB e TRES) WS
Thremiftog Bygpning Lok Pedesor erorltnrré typrd $he qtigt efvksrsreaty rageiged positioning
aghl. @Ne&ﬂecbdﬁal@&&%ﬁtuﬁnh léel)nyfolh‘zcﬁ @&fdctﬁ@tma;trdjdl doftrh bR&aN the knowledge of

g 0si 1(1nm rﬁt catio Sp €C a (0) 1K 1 ceive antenna
rlcr? Lileing: B %syﬁrz@w%f? b t%LM Q&ere&t%&m QN r\rbtmtér R 1

si on Access ( TDVA) .
P@%‘F"e rear?rkﬁg“e RiFsie “Bé\?te écetsr%“@grﬁr?g seawpfNp HopUtning Kt Device
@ositiedig sgmaprop@d@idvieysamremad ting ori ented toward the
currently 30 transm tting Positioning-Unit Device, or
is oriented toward the origin of the currently
recei ved positioning signal. The directional receive
antenna is controlled by a determnistic algorithm
based on the know edge of the Positioning-Unit Device
| ocations, directional receive antenna | ocation,
directional receive antenna attitude, network Tine
Division Multiple Access (TDMA) transni ssion
sequenci ng, Positioning-Unit Device positioning
si gnal propagation delays, and network tine. 35
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WO 2004/ 027927 PCT/ AU2003/ 001246 4 BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG | is a graphical representation

wo@tooioz7977 me Di vi sion Multiple Access (TDVA) PCT/AU2003/001246

positioning system accordimg to the present

i nvention, wherein a network of chronol ogically
BRIRE RESIRIETERN POBTRRIYINGS Unit 5 Devices transmit
chronol ogi cally synchronous Tinme Division Miultiple

ﬁ%cc? is"a érap%)repggg‘tht;ok Qpéhp 91m%|1ﬁ\r@ SMJ!t%le%cEerVg:g Ap Qo%itlgrlxr%rgystem

receive a spati al nchroni zed g}p

Eﬁcqr@%gttpéqﬁﬂeseﬂhpgﬁtwa, \merflay"i netw?%éf §l'ﬁg1f)lf)%(fa|l)ysynchromz osmomng Unit
Dasynehmichzete FDMAnAwaqyt Tine DDisioe Mution AtcesARDRHY aoshioFiggpignals
foa I‘Q%fﬂogtwﬁ edeiver) viad sﬁ&ﬂﬁﬂl!y Unsﬁhcﬁr&ﬁztedl DAk A@@hﬂ: p@dib@r Anténdd Array.

t |t
Pl%sslﬁﬁ{al c’y Pnsyglchrongeda'i" I%I\?X q\%art{)%ve bl{e}c]txona:,llt nEamBl Arra ISS co@fl\ﬁﬂed in Ian omni-

representatio
A@@@S%ga{%ﬂ?ﬂ)foryﬁﬁ§‘P't"?gdﬁi‘ah@qW§f em accor d| ng to the
present invention, depicting a subsequent tinme epoch

Fromid h g‘ragh#cmep%&mn Q\emé t‘rrm%d) \hsrbn %ﬁ%pﬂe Acc (ﬁgsm b&Moning system
recel ver recejves

ecmto g}%gfsmt 8\{]6???@ %g;ilcd%ﬁ s% qgerr]ns tll,?q]e Se olclb{rlon? Le tlme epo% d?éplcted in FIG 1.
éwpsitemteejver recaimes arilime DivggioPdYigitiply Gesksh oFPMAY Posmmgéléna‘ KApsgpisgion from
8§ PadehtiRrhiémiSnp eRiientg 2R E DRI AACBADibiy\sgncdbniZC TDNIA Alaptive Directional
ﬁ%}%n%y ﬂg’ éAB{ea% tlall;rl%cliﬁ'@@zred ?IIJI{/IX A%ypﬂwlgmoéegntg—%ra is confi %yred to

Antenna Array Is conf | gure to dual
é‘feéérd“‘ét"tﬂ'f"rgé‘étp?tﬁﬁd?wa@da‘rhﬁCLHS'FLE’ SPHVBREPIOT HE R Y g (i
pasgipgisietal ragkif2osi ti oni ng- Unit Device for individual
posi tioning si gnal tracking. FIG 3 is a graphical
% I e§§gt %Fc%l Q%I‘CSCI’H&UOH of -Eee ﬁ}eme{[}é\(fgsmn ﬂtg@i&ésﬁ@%%? §§s§%nmg system
Rqsrding tp hppresehs meeth“fﬂgwfé}nm@@q%we epqehvBomd gty er%fﬁ?lftﬁ’é“ FIG 2.
fal poRioR pOlar rekeipds @ trzd Diivisiolr Mtigle Acc2 (TAMO §dsitibrdg sig@t@inandssion from
b %\S‘(%htwqrgnsﬂltt-gh H&Itlgm\éllﬁlh B\ M’U 44 Qitl@ll)’%?&ﬁr@ﬁze(( ’-[FM)Adaptlve Directional

positroni ng a
Rt et | irgP g, HIeBTAG TRt QB Byf APGRL i ppered o
sty @ hifrefinzlemdin PRIVA hdadté veremy rehitys &psitiopiper @nfrRevieg fogypdividual
'gggg,o,s,@afghaardcyngsynchr oni zed TDVA Adaptive Directional
Antenna Array is configured to steer a directional
gain pattern toward the currently transmtting
Bt i+ti5 DerrriigY Csetentiay Plce T Afmte\Radark! A1Ee ’%firaés rﬁ*lah‘ﬁc"rpmtes a
plughgbf direcB@kli gaig) anteBimis. Fhd@direftidng g&in gprearplin combcted to a position receiver via a
LEREISREDEAL AR rRf o AurdiMPrAd 8RN IR BIskiRELT Onal  Ant enna
Array that incorporates a plurality of directional
gain antennas. Each directional gain antenna is
Ethridet edphice reprayngiion|ohHie flieePividn MyltiplegAccsh HOMEY PAEQRgs system
tatading RCGAY PAEAINGSL@, WHetdbyad pdsyionOkceivadécaivé MagUBTISY NilRfiple Access
l f o\ ﬁ(t,o} tesoj lurality of

R e o B R A e P g
§3?“§E“€H1ga"é@l‘,’8‘f‘ﬁl ng to the present invention, whereby a
posi tion receiver receives Tinme Division I\/UI tiple
Access (TDMA) positioning signal via a TDVA Adaptive
Din gngkVonal Antenna Array that incorporates a

Grali ty of directional gain antennas. 35 OVERVI EW
A plurality of chronol ogically synchronized
Roamtampraf Brgonblbdidal yDEWiheEged RoOskinihg-Oniedevitts, lkevdigmed at known locations,

trQr%ﬁFt t:og??rnﬂnrg] é glragﬂxsar&etjetm ﬁédgiﬁl&rl\l/ju figon%ugfﬂl@lA&er 'ZTFD'MA se%uence such that

§§;a Ltlrérﬁraléter hgi,l% qu:uﬁ g'[msmlssmn time slot.” A poPtlon ré%\gn%rels cor‘f'gure

receive Time
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40 each transmtter has a unique transm ssion tine
slot. A position receiver is configured to receive

wa 200e/0¥¥22004/ 027927 PCT/ AU2003/ 001246 5 Di vi BCDAU2003/001246

Mul ti pl e Access (TDMA) positisoning signals fromthe
network of Positioning-Unit Devices via a
dlivigsotMuing|AcsessdPNLL rodannasidngn fien thd idvoek of @@ttibOmpallnitevices via a
a:gd:ch@:axt;eagne Bt QREhda. m&@l\/&ilo&ﬁly lefE% M@ﬁﬁt k%@n as a TDMA Adaptive

r'éc%gll:al Qrﬂe%l‘- grra:'yels’] abﬁrof ﬁ%%m%ﬁ%we%lon% ém% aa&t r gh I n%e successively

Irectiona aery &f
SeEehng p'i“rﬁ“‘é"frfl“ﬁﬁ“ﬁ‘F |TP‘3/TWA Ararivetdirggignal Attigana PopALs Confgured with an
Atiaudt deteaniDiigneadansometl as Am Treitis aNaigationy Sylstem QB ioGpudvitel ofvhition of the

anm@ggtllvgmgamgﬂm@gnm@@;l on neans, such as an Inertial
orientatijion of the

V| t on
PR Rl BT s Pt 14 B AP o Py P FRr s Ao
reefine P'“%’" é’b‘h‘f"F Gerese TN Jansmissidn] syquengmef e @ptiverk of Pesitioning-Unit
ToMAs Adgptl we Piolitoaied-UknddvicARk 461 aietAfnl'necy frorh Ehe tPBioAihdTBnit Device
waéat?bln %ssi\éé %j) meq ITA% l\‘uﬁ%ccegs (?Bﬁm t?aﬁgm(?sgon s%ﬂ.llé QSCCF Sermmed

net. V\Dr of t1oni ng-
B B BET Bl B MUK 4860 PR EAES GRS GPGF RTFGE s Arey
efedeyided byriberpgitudndeternbayengesars 04 the/ TR AdntiveDseagasyntenna Array
(oldtiok h&erﬂhﬂﬁay%éﬁboﬁhdﬁﬁeﬂ“&rt%ﬂloﬁ V@@Q@S@ne( (-EEDWIUUOH (5) network time
td!té%!ﬂﬁgﬁ' b§ %nle g&U‘éne Igé'é&}%gs%log @gloecgtm i %VT{TEP{“ on; am? (6) ;io§310ntnﬁ signal Time

Posi t1 oni navi

PR A}ﬂ‘é{'ﬁﬂ‘ﬁ Perepi TR aﬁlafr"ssmm lé?ﬂ%%%ﬂ%r fekpys deaqrmlpqdu@@n the acquired
Postienickelchitgvitch@at@atstand thck@teghirte@ THVMA Atldpove DIRREGS], Anfeda Arfalocation.
:F%l\'ﬁg ﬁ@ﬁ)t’i% %erthQCAtn{eQQ axlrram&%agaNpgt@% is Je&lgrf’i]iglly(%altched to follow

%ﬁlrﬁine AE).?tlonreceh}J; ition Vélocity

e Airlechoets U RatiRe Pl oo Pl bbich g pgions. sue
hﬁtéh%gqtl9qalcﬁqlnrp§@@|1s\/élpntepé(§\'al|_d|tl@ﬁurvequd@psmytm'gwmglOQIFg\-/q'r)‘t Device, or is
Si@ehtdd fo041d thabrghin(of he @Sty ke@d‘Medﬂﬂasxﬁbr@x@ iknall WEMe WDAﬂépﬁ‘le@rectlonal
MLl RS 1406665 ol Nlngd 5,203, 33180y B RRAGALLRD HEL Ao

g rnSne fromthe acquire Positi on 8
R R A P AT DT B8 PRREARgT Y B fochemtaprenty
AavsreiningP ofifignang- UhiblReaicd. ome follohie off g thadauodtly veeei il posiGéning Kigral.
Ant enna Arr ay di rect i onal gain pattern is sequent ially

WI t %1 %ged'i)e ow a 11‘1519¥V Agaﬁtlve Blrec[](?lall%ﬁlterhna {\U’iﬁ/ 1ia SE%I&[PZ%deI‘CCCIVC a%tséx?na that is
fﬂa‘&ﬁéﬁi’@%’i“@ﬁé‘) a chrppelqeicaflgypehioppas ing 'é'ﬁ'ﬁ'P‘Uﬂ‘&‘l‘Pleg‘\a?eﬁf (pAIp)eetyork of
P@itioninge it aubvic@WalicTIINIVE AQlbHti Vel Dirdctond] I ARG Adrdy N@ovides both multipath
RQ%A[M %luﬂggovupélénal%}{dls‘e eatloso{or bo§1tu%91g 1rgllna§n$cgdedtb9%55§'hofl he@elver by

i tionin
R Fo T e BB T TR AR e Un Devi
proecatshivshy starrde afiteptionstieccyhantege tghael theorigis eftherponeatiyeertived hvasmonmg
pgsi tion recei ver adjusts the TDVA Adaptive
Directional Antenna Array directional gain pattern
azimuth and elevation to follow the currently
transmtting Positioning-Unit Device, or to follow the
BYISTgMMNIfMETH®DCUr rent |y recei ved positioning signal.
25 Thus, as detailed below, a TDVA Adaptive '

Pelf?rrmﬁ t0 pl?hatthere lseclgnafed%rn{e a rk ofschrr?ccﬁ]%émyglénlahzr%ge Posmonmg Unit Devices

thy BAIPb i B4l tras}sm§*y1a G‘H?‘@'ﬁ@?j‘ﬁy SIYT’"{‘FE’“QBF Vimg iDéysioMiYluttiplp [Agcess (TDMA)
AGi@SS sigrkDVBY, 1062 10A0I0K Tadre is ReSdebictedd fdgtidonéckiveDeos] £ESMA Adaptive

B—nz@tlo-ll;%eﬁg %HLJ M@ am Jneclﬁltuhé)&élmuép&n%% lﬁr ﬁ'?eynetR/FrQ\{)l’ 91%§ologlca]ly
RETE8F 4EVBETF Y BYERT Pbrihg oS SmPacary By il Accs

position receiver by successively steering a

di rectional receive antenna toward the currently
transmtting Positioning-Unit Device, 30 or
successively steering a directional receive antenna
toward the origin of the currently received
positioning signal. SYSTEM AND METHOD 35




10

20

25

30

35

40

Referring to FIG 1., there is depicted a network of
chronol ogi cally synchroni zed Positioning-Unit Devices

waed4/01027 103, & 104, transnitting chronol ogi eat/Ay2003/001246

synchronous Tine Division Mibtiple Access (TDVA)

posi tioni ng S|qnals 105, 106, 107, 108. There is al so
GEPiOtretiionng vt 10619 &ek a8y sudhQlmrt eagh PRENdAInAt 8ipPavigetransmission has
B sveohiganade sibnTiemtdiofretayr 1840 conBiiekd & reddid Titnbl BRision Multiple Access
@ﬁjﬂ)%ﬂ@hh? nﬁ?ﬁfﬁs]o@lﬂﬁ 18—8h ﬁonmﬁlt; \{I\Q\;'&k fo Positionin Unit Devices 101, 102,

&rgq&} a nchroni zed Positionln “Hni
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I’()‘qu't"P piray lAQ:le@SPSfaW Qt@t@dtlde)@@@ﬁﬁn RETY 1AL28DBA @O 224 BGtion Of the TDMA
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PREIRLUMA DKviRTiocdeS il | 1@[“1(13,9& Nﬂll at1d l%“én%g%mlggvlce #2 D1v1S|on Multiple
%QC%SS ("l% %pl’xlsedhrou 1]'(]) t h% 8e Directl ona
nﬁ(}:%u u]c 'Eﬂe Ipcgt%)ri r8<‘ﬁ|6ylfr 1%9 subsequently

Ant enna apt I
m"ﬁ)"éﬁ A 505}&'31]., é@loc]m@d Tie (()l}Va bs,ob]tlc@go (gﬁrnaltetcpafsg tbeeiver position, coarse receiver

dedicigr md p@tse grworke@ia Podibd,, Vestig ind had (Pt/NBoIGoh£Nddbdwa Bs angle point
Eclgﬁon-r%ons%mtl kdo6n IAele gr@z;nh Q0R 2 A[)}Lc?ml% 8@&3&%}(’61&101 onsmomng

e gng%r]rréage osition recerver 1

con 88" Hi%terﬁ“ﬁf\?ﬁ "RNYABEY T 2R W PSR ntoardn ﬁce”ef location
séa*errmyﬂd P11e PopitiepnV adngityi and iTime (VT bxalalion ¢fa ipevitipartdeieern09kcdiRilate the coarse
abvhi@W andLilithSihfoin@iibn Gfr o8 1PbsidORISd-UdiOmdviag - uUﬂév& ld:?eVdZC% & 104. The

{i({s]myn r@éé{vgrqa9 al;ood%tErm?an the ﬁ)l\}lp ﬁda&tlve% r@c%onaF /krg?nilare ar?a? lYO rr(irlentatlon by

I nterrogates navig

REEH AR Faé‘lj”%’(’.f%‘i“ieii Wﬁ?eﬁ@t“ﬂfrﬁe‘t”mwé‘W@éa“f Yldeternine 10
Positioning-Unit Device |location 101, 102, 103, & 104,

ﬂn&leé)&J ﬁdnpﬂbﬁg aWﬂefem%%letg F-E] frethg %Id%lc% aMétLthjk QI‘ %ronologlcally

TR e
B@? P@’I‘SWB W"P@sﬁcfeﬁso(ﬁDM’eléPoelé‘i’W s@rrth 2PP.res, 2PVEY8, 04 sibsequent Time
bigisioke Melkiplt ReceS QAPNEAL) InRCPL. VIBére RBQSH lépitd 2GRMIE @ec&&g @@9V§FTDMA

X&l)tglg b;réévlonﬁ\%g_terﬁgﬁlrrg/gld’]%g X}paqt%udg &egﬁnmaP 8\%65[‘# 9“ Thle on rec¥1'ver 209

an (a %i | utions, nown as
B 8’§‘igi’tfs Siviealog At ragiutied E‘i‘i‘“éea?/(}eaF‘i“‘“Té’ﬁ W“‘P%U't“rPéV‘%f é dzoér‘%zo“ to
$ststming Rogitinimg-tnipPevich docqipre 2080202, 2996 2040and Pdfitidning-Unit Device TDMA
foesd ttahs@ﬂdsﬂgse@ncgﬁbi 209eW7CE 2b DGRt ;&ognﬁ et S hig !l]gsgqugn'flp Mrforms a

150980%' \ye?o%lty %\X Lr%a&%\f}gﬁ{% Sf({a %%rn?jrb ch 1vec% E()aSIrtl%/]: re%egv%%e Vlocng,nnatwork time,
aﬂi H@Vﬁ‘(or»\m azigih ipforpion ﬁ@a“ﬁe%trovlm)ﬂmtr%eqswewem@g 202, 203, & 204. The
®aificd likcaite@ 309t daermieaths Bositi@ingWalk DeMte aMICkhaA %illNBdiMence transmission in the

rleﬁﬁ%e@@ di &%%ﬁt% AQJ:e%) Zi’ﬁﬂ\%z&)ttxlmg @lbtriag co%!ar¥ng E@r\éﬂlt 9§\§or|§-n‘b prci%V(Yed by the

oSt on _recel ver
d’@ Oé’r%ﬁ%ﬁ'é‘/s R P \%)I\/ﬂ”tﬂﬂa“ﬁ@l P\?@"’ﬂ”? “HUE PoifaIT TN Pidisipm MR plg ghocess
(TRYAprapsayssiot qeqyppct;;y;row@qd@n@g@qsnn@ma—[qut Peydenagigdtian fcb@Bges. The position
r&feﬂé{lzdﬁ(ﬂteb@lnet e diattoh-bikelRal dethe he mtldnﬁi@-Uﬁ‘fEmﬁe 36k ositBRng signal

E L)’ c%W)an QJ]QachlaQ af llmgfl a:"!d elevglr})g fnforrﬁa%gnr Aen\gd Hom ﬁhf loosfonq/e%ocfty and

ere is e Icted a networ r'onol
E%@N%ﬂ'f‘% d"“Pi’H%?“FF"bﬁ‘PM@ Adgiive Dméwre'e‘gﬂez'@frmam attipgyproviged by
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/Q‘te\(rlasdlrl@?ﬂwu& Erbcﬁl:eea ﬁ@&%lsgalg -EM)ZIpQ'ﬁIlCﬂ: ﬂs ggalreﬁ% ﬁé QQ&%? of the next

tli\/&sr-n%ttmﬁl OSitlA |n lénét 6%)at t?e ¢ mmenrse ent oEI.nH g?némlfsg)n 5(?5 Bwe posmon receiver
depicted a position receiver 209, a TDVA 25 Adaptive
Directional Antenna Array 210, and an attitude

determi nation neans 211. The position receiver 209

i nterrogates navigation data transmtted from each
acquired Positioning-Unit Device 201, 202, 203, & 204

to determ ne Positioning-Unit Device |ocation 201,

202, 203, & 204, and Positioning-Unit Device TDVA

pul sed transm ssi on sequence 205, 206, 207, & 208. The
posi tion receiver 209 subsequently perforns a
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Position, Velocity and Tinme (PVT) solution to
determ ne receiver position, receiver velocity,

woetanrto2t i ne, 30 and el evati on and azi nut h i nPOT/ABIRI03I001246

for all Positioning-Unit Deviices in-view 201, 202,

203, & 204. The position receiver 209 determ nes the

P& ortinemitngeettiet TODBY Adelive OkectidngltAnwirlal Ay PIOBITEGonal gain pattern 212
tidwadd SiE dSigih @Nthé Burieki recﬂ&)itPosTlom @lt\'ﬂe&heoﬂ)l %&Iiti)hl&l §gnal 205 until the

%"Sgaﬁoa%f I(S\WV1%JH %ﬁfé]e gzcesp 29%”(} tragsnil:sléllg g] t network

time pro P03| ocCl " e (PVT)
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Ee curren ve Direct

termme Borgr{g ntt d)&élc c@{/(indféb 38%, 30% Hgé 3%4‘3 taxixdt Il’j)algomng Unit Device Time
@é’tsé? MilArie Aaogss @Mﬁ%puzidxransﬂiheonp@sdntei 301 306108 i&/308. TROWsition receiver
BO®N{s@knes pethiehs 1 DdRioNARRLIHy AR Tk @G/T) Q)ﬂﬁl)n to ARL-BRD Rceiver position,

’r%léer v@ryvel%[:lltg Je&vo:ﬁ% g‘g l‘élﬁoeeleﬁatgjj\ £n§ %ztinlm(Phnm orrr??1 on I’}or OS{UOI‘IA]‘@%}]H Devices in-

teere
‘F%‘Eﬁi"% PP%& P b Rodiep ﬁege"t%%OP dffB’é‘V‘P?f éhe ieﬂslomg Yrfif@evice 302 that will
bonwreaCe mentextgfDMA gmd sla g Rrgsing RuRBGnetwblkain2QB8dvidedby the Position

K/@&Qﬂ' Yale (M)nglgéoln ORih 94 dR QE@M%@/T%]-%QQM Klulg[gg Access (TDMA)
re

A%?ntués%rllj %es uetn((:)es a%ﬁos%onm& I olBrI‘\%M‘gﬁe locatR)H prOél{j? lfynt%? i(?lthl{lr@ng‘lP d)evnce
payigation F’@“Faﬁ“o he petisloneererifd éﬁtewe'@eihv é«cfctlbersfrarrrvelmf fhg adghPsitioning-
DevbDore 2Q@1popting kigmal 30g bg ic@ipaing 2 TaltuMidd lazitbht@ andCRS §idd in@Fation

Qefrlvédtfrgm -tﬂe rlrgsmg %lgéltganIlng ijf)%olﬁafﬁ)g ?ﬁl?’thc( %P&DM Agaag tve Directional

W ng
PR P U g 3 e e U e Tt areer
ephfigoiey tbn@PMg |A@a1tleDlreglywthm1@m fred 3 Ros ploduoni digetiomi tain pattern 312,
Bkl i€R8reBid the diddddon oalganext&arggiﬂmg t’({sﬂmdntt b%e 302 at the commencement

Iy synchronou
&g%g@%k%m& ’%e EXS tion helcehver §)9 contnTues g‘cfgec% g‘ %&,&a&gﬁglrecnonal
frp{engp @@bé@qﬂ@ﬁfﬂalﬁﬂ'ﬁéﬂmw |“§Yaiﬁ‘rﬁhel9[1$“ﬁ meeéurme@er%we(d?mymg Unit
Dévire 308 [p@itionighvna 3063intél s OesgleqpioCitselteeDi{I OG Nullple Ac@ESTVRK) pulsed
gggnss@n ;(QNH]G a&g'@faésbr\l{)gi %cgsg%t&gﬂ@oluslm%egt@d’]ﬁr é[‘ gv‘?ﬁ)ﬁblg’ ]Fgﬂe Division

de determ nation means he position
l?'gg%ﬁgcéerss(%@xﬁtﬁ" i*SFer r ogat es navi gati on data

transmtted from each acquired Positioning-Unit Device
B&rate 38Rion, I0Zjty 8nd3t O nowdet RiciFiHIE bPAS ipt)siitﬁiﬂ rddGvel I performing a

IE&}MnC @el&cﬂ? %dl ﬂme %Q/]T) S(;'l)’lggﬂ wg’lg?fhe fgbl\gl)’,gz}\d

POS| bi oni hQ- s OEII’{)?R/U?“%“OF&I A'&tcnna Array is
PB4 GRS §.%tﬁa‘§déa%h@%méefsth s sy gt egineiona
B0t @nreived dgnalrne owdse vaivs are30@easdl bseghubnintryasep édrhOd B of the

(ﬁrecl? Qrﬁl Edn@ﬁwtenMelTQ&éeré{ nﬂaﬂzdacgararfg:-‘co(ié:> W) cati@! Hﬁée%snt‘io‘ﬂ solutions can be

eteimmed 1nnfm£ fl:V?SIiO\I( ultfg)ge\S/Aé: ess {']} Dl\dﬁg?gagllf)q\ﬁwylgﬁggp h%?rf)oéaﬁe a TDMA
AdgptivePirectippal r\tltPrtaﬁﬁwgﬂmlntTmE&w'sweéﬂulﬂnle A&pesy (TMAG (tatiorBi@Rvorks that
HOF, & 304. The position receiver 309 determ nes the

Posi tioning-Unit Device 302 that will be received in

the next TDVA time slot by comparing current network

time provided by the Position Velocity Tinme (PVT)
solution, with Positioning-Unit Device Tinme Division

Mul tiple Access (TDMA) transm ssion sequences and
Positioning-Unit Device |ocation provided by the
Positioning-Unit Device navigation nessages. The
position receiver 309 determ nes the

direction-of-arrival of the next Positioning 20 Unit

Devi ce 302 positioning signal 306 by conparing the

cal cul ated azimuth and el evation information derived
fron1the P03|t|on VéI00|ty, and Ti me (PVT) solutlon

o, ———n AR N . AN o
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configures the TDVA Adaptive Directional Antenna Array
310 to produce a directional gain pattern 312, which

wo somgioemeed in the direction of the next transPCT/AUR@3/001246

Posi tioning-Unit Device 302sat the conmencenent 25 of
its transm ssion 306. The position receiver 309
THNIA AfpeG Directidhal 80tnnt KerayDivkodAdapt i ve Directi onal
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Riotesteanal Antenna Array nay be created using a

variety of nethods. In a first enbodiment the TDVA
Adaptive Directional Antenna Arra |ncor orates a .. |
bqadl'lurgprpltogyxm&q& thg Blavf\ é\pnpyve(ﬂlrgctn?r‘aWCg% Arr%lflc@ ﬁ)ﬁrgte alp ura tﬁ of directiona
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freq
eputish EacHRaREEAnE UE] @W@ﬁf%ﬂ%@ BRI 1 g s, can
candida ol h@PusViinges @ €redid va@ibus NBtaMS gais pgtarnasThia allows the TDMA Adaptive
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Pbrkr8 Giein® M2l TRATDRIA Mialapfiver Ringctionat Amqp oy Artap 410ancehpdrapes gight directional gain

ANLGRIR, 41‘3'4@5@9& 417"\4]%(21h9 '&Qz@ﬁwﬂﬁﬁ&ﬁﬂaltgan fnkBnaPOS k4 OB, 416, 417,
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e s TR o o P B AP rov o
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E il fern of the parasitic array. Each parasitic
antenna el ement RF switch is controlled via a contro
means, such as a mcroprocessor, so that various
conbi nations of parasitic elenents can be activated to
create various antenna
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gain patterns, and therefore allow the antenna gain
pattern to be consecutively steered in a plurality of

wal2oogorisons. This form of adaptive array i s KnPGIYAES003/001246

"Switched Parasitic Antenna Array” and is al so well
20 known in the art. In a third enbodi nent the TDVA
Adaptive Directional Antenna Array |ncorporates a

plurality of directional ai n antennas, each facing
i Rirectional Ciretért%ectt i on. EACRRHET ectional gain antenna

outputl 1353 connectjed [ Qxa31aeix@z225requency (RF) switch.

The OHH-RHES ot—ahkl—+adt t%eg""g‘.cy (RF) switches are
conbi ned and fed linto the 2 _DOSI i receiver radio

frequendl® (RF) input. E&é"h‘xrfddﬁ% frequency (RF) switch

'S contired I'ed via a comiasekx<means, slich as a
i , 7eaehs el ement, or a

€ _ ﬁe activated at
vari ous 44 mes to [creat 8%aF¥dtfé>ant enna gai n patterns.

Thi s al lows t he TDVA Adzaptix/sml regf t onal Antenna

Artay pagiern to e L,Ulzquqb,g*sz;lsoy steered in a

plurality of direlctions. 1n the prefefred enbodi nent

the antenna that faces the ori gi n of the currentl y

fededi ved Posi tioning-Unit Device positioning 30

signal is activated, with all other ant ennas
s ST rom R oot Qe i o DB 8 g o
indigidrepetiafdavraey &RF) prilgheatilt 472, d¥3 th4r@otPtttdl & ¢pdi rhich pass the received
mﬂﬁl&n@aﬁnaﬂal&)ﬂw @itidtrdcbitetla® wHeteivakd) atdis@R thigadaiseddbdsltjoniag signal to
g( 3 gvhgr(]eagtl%%&%l é’a@l{raﬁoo&weﬁr{;’(ékﬁsw&tpﬁtl r49Jr 4%9%254&8 427TEQZS is also

e Direct tenna
F‘]’iﬁeﬁtfdpfﬁ radlpsétgm éﬂcﬁ‘g\ﬁl‘t coptol BEans gﬁasluchgttéﬁt phe g‘ék/‘g{h&e‘@}’{ﬁé‘ 9 aaj}gc’:tlvate each
ékdtlonaﬂ i anthiing ps rddLifgd addlBgoesditdy, stelr MM AEAGPIvE Dirgtiqnil @mighna Array

Jdueﬂnh §%@d éhgeghon Alé&ltuée]étemﬁlt@n méali; 411 asgol;r&ed Aﬂqghe T@Maptwe
gs cﬁlélf/\ntenna At aé\ﬂo 1}5 al eg\/»)/ %h tIle. reprc:t % ir Ct\lé)g%l %g enn 413 The attitude

Wl@atlpn BeaeRds! Rrovidesthgpiengtion ?iﬁ@ éef%ﬁ““t @“?“P‘egP‘d a‘éﬁ“"a\/‘iléwa“"e ta

EdniaM) dl&f:tm%ﬁlhlcad)lr EueiCds itrGav@kth. Bib 18 redetbdat) Bkahe refubkhed @ie@@ibiObearing, and

g% Elﬁl%l%l s§ht Eyhl% a@i%&tdétg'm%fatlok nlganI 41?%%6%851&“ @ééflvgr'i@/) of a
erende directional gain antenna 413, with angul ar

vaI ues increasing in a clockw se direction. 40 WO

RGOAIORTIL FIPTThedd BCOB QG IRk of ciDpnolegitally praghre@iagdnPositioning-Unit

ARELNNA, ﬁWOR&"@Q hdshitdng cBr3nblo@iediiX syddudaod Ttne2RvionMMtiphe Access

?@?@,posntlomng s§naés 5§§ g%&i%?s S%Oéwgré, s agso %ep&te&-z%?séxo?re%;%r 5§)9 a TDMA

pive Sygeignaly epcnapigiep GsTaseig S, o SRAHTH By R altop%?tammde
adicr@iagibn dicing c1 i, 0mala géickingank@n 382. 45b8 illugihdve kirbple, 4teb petwork of

é}}%oloé}c‘laﬁy syﬁcln%mze@- P&%Qmﬁg&lr@t%@@e@ 505320503, 10 sdanedhsthie Yekoning signals
5_(%2% (g 45575‘7 %(%u (t%% IEEHVOTI( TCme 151on]Multg%%cc&ss%ﬁ)MA)%rahsmlssmn scheme

ass e rec
as given in Table 2, though the method of thc present invention is equally applicable to other Time Division

Multiple Access (TDMA) transmission schemes.
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positioning signals to the position receiver 409 when
activated, or discard the received positioning signa

W(bm04/g2’mrnd when deactivated. Each radi o frequeeyudB)o1246

switch 421, 422, 423, 424, AR5, 426, 427, & 428, is
al so_ connected to a 003|t|on recei ver control neans
412, such that the pogition receiver 409 can activate
gach dirBot¥lgnal gain aienias Bsitiprdguintdevian
uccessively steer the TDVA Adaptive Directional

Antenna Ar'fe®) 20 gain [pattern in ®ldesired dinection.

An attitudd’®et erm natli on neans 4932 associated wth

tthe TDVA Ad¥ptive Directional Ani%nna Array 410 is
dligned w8 he referlence directi%nal gain antenna

413. The attitude determ nation nmeans 411 provides
fTAdedri entati on of the reference directional gain

antenna 413 relative to a comon directional

iTeckingyart loatios @Edachelsitioning UmidPelviae S0T150% 543s5& 5@ @0 rhe detd@k Eime Division
Mﬂlﬁlpl@ @tc%sﬁﬂ@@lA@ﬁﬂar@ﬂE%' s‘@lﬂ:mb%@f 506), s0RN5@ls, 1!‘, Preferably prov1ded via each

th erm nation
SO I3 Pl e S Sl R o o
PISEOS fece“tehé}i’ém semegeifsT e o the eprefprkenepdindti B dhagilesetlon yf cach
syshichitigomitZedceP08 502, 603] 8FodRiprovidéday ihe &itibDrdceive (389 inTxdh Centered
‘%arﬁi%ed &b@ﬂ%m%&dté@ O &)l:}x% 9HQ lc&gén%ﬁlcl) erxﬁé(%p% ‘%‘8:‘%}1@ |IIIJtr

[ Access TDMA) positioning si gnal's
gﬁ deag‘g%“g'ugfﬁ’ 404313@5 arﬁdﬁsé?bédl s al so depicted a position
recei ver 509, a TDMA Adaptive Directional Antenna
Aittaiyy bif6rE @ IPRATAVEIRGY Ainfel (BVBIsbltityn @f coflpuied Gf kna paditio Rediver 509, the
RAENIAR Aaaw@bucﬁouggné&a si%ye{lwa%wp GHERY)

and a_swt 1gD nmeans ustrative exanple
PRE"HEERD I U5t TN b GRG0 BTy AR A Ein Bt the mwork TOMA
Pastitsion sahengg-50n 586, 0B\DPE; 8otpastible. FORrinSQBp to&1 B4 dhe posBitiSRietver 409

Q@&h&eht@ﬁl&tngesﬁil BN@ithes 9222, 286424, 59574265198’& 4@539521 plis 3 6he b@put from
Flh %rectlona\f\gam an-[ennaﬁ 49‘ X1|5841% n41|yUJ 4’% .Fcaﬁ% du@g aEI ﬁlgh/g%ts ttcxntge Position

€ example

r%(n?wn Therefore,

Ven in
ResEiM® A0%oFhug, P@‘“B‘T‘@é‘é‘ﬁts ffprn% FttifedR0 Jegreadligldaf-tigy GPRYI dreradyires. This is
hrﬁlogﬁuhﬁrusﬂ_g asRn @t d\oinSi-dietiorMidedeivin@nACRBSS1g bghIDMAYIG 5, from the coarse
bERDSTIRE! AR n alett'u a itioning signals
PCT/GIZ o Og}lS/ Be ﬁ?ﬁﬁ% c%ﬁn\’é@ g%tQﬁfe{l_ ?ﬁlg%%%sto ng s als 505, 506, 507, &
BPPOFI 2 LR B EE AR5 ™5 6t sy g dtomined
CHOhe ]5@@)“ catfr8iQB) ofx@dh PostimtjhgUr DEgce TRk SRNBM& $0d.cad thogpproximate

REatiePGRdR@sd df |th@ mbMQ'AldlE}jnte liiOIQEAIEQQlﬂa Ar@QgIO tﬁ@&sntn& r@Bor 509 can

Qalcalﬁtg I?‘epéog‘%?n aSZlC t-lll-larr;r(}:" gﬁvgtlon 6% S t% Ga?L tPgBlgmngi L?mtqjc'evnfce(e E—oanblt e TDMA

ROV EFt‘?l‘ia'a“"éea'@H\"aPHQ facqtiggh IF‘Hgh‘UH‘iStfa“De@WtP&her?avtroglaﬁ- p'ﬁ‘r\DeV‘CG
fvesieage, s@l 10BoIgh, & osn inMbige Fratd wilodaBy ob@e POMN iAdthe Directional

ﬂntg{né ,errdy s (paré: }Q@wdecpqg It\I’(J @rﬂenglglgl%b Vl%#latg%e h%@%@n%@@tﬂhe present

me he known | ocati on
f"fe“té"a“c‘:sr?q“a%?'iﬁt"ﬂ’{e tEr e‘%ﬁﬁ“i“)"ﬁiévf’gga‘%‘ 617 502, 503, & 504,

provided to the position receiver 509 jn Earth
Centered 15 Earth Fi xed (ECEF; co-ordi nates, or sone
otorfiening St BRIG Nt co- or d| nat-&* ‘1”ame. For this
FHustr g veexampgabads e A hppettude
CO= 0T UT B@t €S ar €] UeSHELIIBd0 Longitude: 149.10°
503 Latitude: 34.93° Longitude: 149.00°
504 Latitude: 34.99° Longitude: 148.94°

Table 3
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Initially, before a Position Velocity Tinme (PVT)
solution is conputed by the position receiver 509, the

wo oman2mer of the TDMA Adaptive Directional AntBCIAU2003/001246

Array 510 and network tine i8 unknown. Therefore, 20
synchroni zation of the TDVA Adaptive Directiona

Antenna Array 510 with the network TDMA transm ssi on
JeheEPEA 5Qfaqtivd Oectidpd) 7Anteodd S\rray Slon@broﬂﬂ&éiokhh@ is Baérainéd B ®e at co-

%gﬁht& 5g IEI l@ 61"}3 ’H@ %osﬁ@rﬁ'eéelvgr&algu?age? lazYn?Jth tf)"gagh Positioning- Umt Device 501,
b§&qg§nlh%%%ctlvpg . %mn ches %i 423,
© gplpylate 02% 0 é{‘ﬁ& MAsdartive Rizectiony! Aienng ABHH 510 as
dPW“@ﬂﬁﬁﬁﬁﬁmeP gai n antennas 414, 415, 416, 417, 418,
419, & 420 during all tinme slots to the Position

Receirver—409—TFhus—post+t+pri-ng—SstgnralsrFHroemthe
eﬁ?WP@m%QG’degree g d- oftvh%%L&F ar e deiouih Ok

Thi spivge 25 dnalogous to usfng-a ¢C8itar J0°<x <3609
mi -directiional receive aptenna. Referfring again to
FI G 59 from|the cd&fse Position3Velocity Ti me3(PVT)

ol utsoon calcul ategde using fhe aceyi red positi g Ng
nalc ENE CN6 EN7 2 02 annr r\V|

igllasog \J\.I:J, LPAYAS N Vl, oL OO u g AT | 5
\dapti%e Difectionsl Antenna Array posilion afld

etwofk ting are @W8berm ned. G«¥n the | ocatiops

O- ordimates of eachPosTtromng=umt—Dbevice—561,—562;
g & 504, and the approximate |ocation co-ordinates
P4 he TDOVA Adaptive Directional Antenna Array 510,

the position receiver 509 can 30 cal cul ate approxi mate
agZd mithda c&f&ﬂmﬁh(ﬁvla&hsoﬂlaﬁtgﬂnﬁﬁ the r@aede E’l@ﬁﬂattoh Qg vk treference

t Di Ll
%Xt&oga? §%%91@n¥141§3 T%rl_jor g g + \éerTfTren[:eecg:rle?tﬁon Learmg r'rs‘p 1uglra%t?1d from the

%%ha%‘i‘ Besitipnedt e v\ Arpph tq ’iﬁif‘hi‘ PasAled 3gmuth Bifgt forsgeh Pogioning-Unit
BOdke, ag shoghipwWiabld 41 colanml 3eFdB gxa@aplel the fiest Posid@tng-Onit Ddvict b hdsBVBrimuth

@@@tp)tf hW&ggs oG deR0at f rst’%@&t%ﬁﬂ@wﬁr lfeaﬁ& 1511)&te@'iﬁde9€e,@ Vlb(ﬁi@ge from the
nensi o
rerf]e{eﬁce glrec%lon%l I‘%am %tenna%lw 09 t?w % J\?\gagtlve Dlrecé(anal é}nrevagﬁ 51§ éB(F\gse the

ent  1nven
thid PRYtieenglV e RYice 78T With-ap rdimtht E5d oA . de@s is located 135 degrees
Rasbdkivienirdigthd JafedencDaivetidl baCateind I135)@ﬁue Irat1i tadghave (BRctdhl Antenna
R b e 208 R e AR 2P OB S i e
Eadfmrdubrehe fautigg Longi t ude: 148. 94 Table 3 WO
2004/ 027927 PCT/ AU2003/ 001246 11 The TDMA Adapti ve
Directional Antefhna,Array 510;apgroxi mate |location is
detern1neq‘to be) at co- ordinates 35.0 N, 149.0 E. The
posi tion rédeiver cal cul ates azimuth to each
Posi ti oni ng-Unit | De¥®¢e -86%% 502, 503, & 504 fromthe
calculated posi tion of the TDVA Adaptive Directiona

OSI Fﬁg@aﬁuqha&{fse%]ag’theg%ed tﬁ se@qmFﬂr& A;Z[gl cme(%ﬂn%l rg:%ve sz:nna for each time

I onin
F P B g pEonMuling s S FAMA SRS GEheTTSD Ut thepglges iven

th3mble 1 as a look-up table. The directional gain antenna, whose field-of-view (FOV) range includes the

~

w

S0

mapped azimuth offset for a given Positioning-Unit Device, is activated during the Positioning-Unit Devices
Time Division Multiple Access (TDMA) time slot transmission. For illustrative example, the mapped
azimuth offset for the third Positioning-Unit Device 503 is 225 degrees, which lies in the field-of-view
(FOV) range of the sixth directional gain antenna 518 (202.5° < x < 247.5°). Thus during the reception of the
third Time Division Multiple Access (TDMA) time slot positioning signal 507, the control means 512 passes

the output of the sixth directional gain antenna 518 to the Position Receiver 509. Performing this operation
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503 180 -135 225 504 258.50 -56.5 303.50 Table 4 10
The attitude determ nati on nmeans 511 determ nes the

WO efog0z19eE ori entati on bearing of the referencBCT/AU2003/001246

directional gain antenna 51312to be 315 degrees. The
reference orientation bearing is subtracted fromthe
daleech | Patitoding"drti Rdvighicprdjs Wrthet SvDehinigCabla stiopuiirhTable Sf wirieh iadicates the
SBecERbl B Tlan@ria oL Bse@fof eS&htTinﬁeCﬁivis%mltiaeﬁLct:sis Qﬁbll\/[)\g tikd ik,
Devi ce, as shown in Table 4, colum 3. For exanple,
the first Positiani nn Unit Device 501 has an azinuth
af f setT™ S 3 dedriste Dirglpns! Ginapitennang £ r st
Pos iTimesik h@oni t| Devi ce iv31 ocated 13 degrees
' U(qms%@ngé?'lll tire— 15 refsggencedire¢ctional gain

[ h | i ecti onal Antenna
r r 255 9% kewi se, the % hird Positioni ng- Uni t
beviTom SBOBS08M t i an azi mfeh of fset of -135 degrees is
ocated 135 degrees anticlockwise fromthe reference
giLesti onal gain antenna 513 of the TDVA Adaptive
Directional Antenna Array 510. Azinmuth-offset val ues
are al so mapped into the range [0 < x < 360], as shown
iltpyatiyig s gprogess CotverHpdate intpgsition endfagiyde Vi rgnsui@ @ormect alfighmendof theFTDMA
(Axgptive DirecB&aHAGteniaf AaOwith 2 ndi@k TVRP PR BTk Aec®S frBRMA Prransmission
ah&.t hen used to select the appropriate directional
recelve antenna for each time slot in the network
Time Division Miultiple Access (TDVA) transm ssion
Fitedrimisioln Multiplerigeess{EDM Q) TiesSlgiOyenp in Table 1 as a
la0 @K didacd badated a Pdd hi@m@LU‘nﬁ ‘Dta\h& Rdaila pgsﬁiomre@ﬂgreﬁﬁases tm%anon delay of

];hf ?rlangmﬁ?d pothlomn% snéna i greaap gcccl)rcﬂr(l: Il U S t ?0 the 8(Pﬂalhty %at ime - Bwnsmn

oSi ti oni
Yulipl Atcess (TR fgns i PEgT %PO%W'ﬁ@Uwetvwmme@s recefyegygatirely in the
Dime iDsvigon Niditlptei Jokess ADBRS Smd J@M&)catidl #yBheSpoition receiver. Consequently, the
wsﬂaﬁ@aewnw e mmug&aﬁﬂz b ARG ,Arrgﬁrem%egq C;,%Qm away

zinuth offset for fhe I rd Positionlng-
gﬁj@,thf %rlggfgthwapgyergcewWO%twmpg lérgt QeﬁcetpHSétlo]u P@l gaal gﬁhe@F%WOcated time
SO misa rhg éail of the Ipevigis Reshiowdigrlag tDieora Mimg divisioa Mudinla s c&EFTDMA )
s <Thé Frax@hh. Rdpagatibhl Selatl, Uﬁdf(ﬁg alhRe 'Dﬁ&%ﬁ)ﬁtM%leofAccEsb ]TDMA)

trﬂgmlglon 1srrre%e1ved \érlltf?el olrrl1 g1 lac!:eranme slot &Binda(]t 0% tré[h%_lﬁlSSlOn gulsetWIdth used

positioni ng Sig

{10 e G BRiseh Mu“s?‘%qﬁesaﬁTPMéi traewa%slorgsa*reme Ao smgedent s
somiclagcdRd ildeiiOmmniRdice one rvebOfllliseRen f Dispravgest ahirgagation distance of 15
RREERL be@d?e Mpragglq&/d 925219@.% ng()v{l\LcngQ;;génQQ@Zﬁtﬁ an ;d%cgnpfo microsecond

ach Rasit] | B 22 Swi tch ng
le.r-xéco ot. en al smon%g 1t eglces\'ﬂﬁ Lhos? ;h%hm&xtgttoetg ;Eols]l%on receiver, sayl s than 1
tﬂiiom@@t tihwwvefg@ﬁs'ﬂonmats'@wﬁaw pretire bugetd stysral wigretecoRdsnighis overlap will
Edus¢iaShiaun rdilbibd jalr&eifd GR&S olndildNRjos tiee th‘é's@g‘hb ml-;l,_d.l@ﬁ\exslo@the TDMA

Aﬁ;ahevg %ngtlgnglci all\r gﬁ&;}_ﬁﬂg&@ﬁ%tg glt?.% a %eféldl taln(;)?))m El% %DMA

éfiaattve 4)1r€q3-)1 g?oa Array, the received Positioning-Unit Device positioning signals will not

overlap neighbourmg Time Division Multiple Access (TDMA) transmissions. However, if all Positioning-

O Q

Unit Devices are equidistant at 15 kilometres from the position receiver, and the position receiver ignores the
approximately 50 microsecond propagation delay from each Positioning-Unit Device, the TDMA Adaptive
Directional Antenna Array will be switching one Time Division Multiple Access (TDMA) time slot
advanced from the received positioning signals, and the subsequent Position Velocity Time (PVT) solution
may fail. Furthermore, when Positioning-Unit devices distances vary significantly from the TDMA Adaptive

Directional Antenna Array, received positioning signals may significantly overlap neighbouring Time
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10 Table 5 Iterating this process for every update in
position and attitude wll ensure correct alignnment of

wo b@4/0DivEy Adaptive Directional Antenna Array BECT/AURI08/001246

network Time Division Miltipl3e Access ( TDVA)
transm ssion schene. 15 Tinme Division Miultiple Access
CTBMMuTfipleg cgis TP erebsafssigns Théseovdilapt an caselzetsidereile digruption to the
E‘ﬁh&irdnizﬁlﬁﬁ 6¥@re DM ADepuieQBre@ibid] AhtepARrhy iOKDt BIRE Bilo\e&sideration.
i ncreases the propagation delay of the transmitted
Q03|t|on|n ?nal I ncreases accordlngly. Thi s | eads

t B¢ He "S50Ns] i TG THaPCTMeoBIIST B Sieflpropagttien Aol each
Q’GEEDMN)g Unitdygien Wi oalwlating aim aapréogé timoni sre-thdnTIMA@Vdptve Directional
ABiy¢nnA Qirayb(ﬁvalrd%%hglred tHe Bllrﬂeﬁtl@ ke¥eivepdsi h&lm%—@mﬂ)%e RsMbn‘ﬂg Qbhal. As the

g&lt&)r& Qace%elp\gc%t%% I?%Jete min 1c allgorltthmt ﬁ)nsncFers the. ptrop%/ﬁ%tlon delay from each

t1on recel V e r.
Fetervt fayeeardedis %GrFé""*?‘Dt\Wm'a’ﬁfqovaé NS Bt zaion o bes
Antnfemmalonﬁmmqw the] que@tngfhmabevgairnme patstoe Maltigavadgess TDOIA) trda@nissions.

@hib Edieifie &yhﬁm&ﬂifu@tﬁl% bﬁlTlﬁ’lg Q@lsMxe glulP;ch ik WM)%etslot position and
he next allacated ti

%atlon %r tEeO[%I\XA ,gcgl?t 9D1{ec&1ﬂaq A?tentn:h rra endmé gn posttion recelver loglgon
P05| ti on| ng Unit Devices Tinme Di VI sion Miultiple Access
SHABAIA) nehitohigdtisiwigiButNititudeNe  Maxi mum pr opagati on del ay,

lpnedffg‘[h@r eﬁbo-gfn{éﬁ o% ﬂre?éngnveMJJ\ & ”l"[ﬁll.@AﬁEtglg §§ec&o Mnngﬁnay m I’Téspatlally

SSlon 1.S.recejve entire I N an a ent
STEYT § SRR O PR 8 B for o
pf§iadt detprmingtior mppot. vibituke dEjemEna@inyriess oanduvishdieivien AD e IOMA Adaptive
OiFé) Alnicah QMﬁM&llﬁ&E]m with 'ﬁxetd tﬂtﬁtu&r &f(ﬁ fhk €9MA Adaptive Directional

%E‘t@&%A%Qi mounte O rru]sec[_rlpl 0$n(1: cv)v 1q1 ngé%/ess“%th f§<ed a{tﬁxrc]et' %rtlﬁustgztl\%qegaemple a

ever
anéﬁ@éve&rrecwal %‘W@rﬁé’f%@%%@'ﬁ’i‘@%’%e w ﬁW‘f'tu@d"hen configured
Pois & bthtiomryNRpsisonggahit Mkvide, vonoe lid @pfigetd forrekiye pubsitidhingRignals from other

@ghlagr%m:mt @vnms gur 1%%919? Ci:or ﬁlhﬁpll@sltrgke ex\é\hﬁp aaILdMA Ada t1ve Directional
Posi t i on| n se proxi.m t he

6(r5t§nln %Cté sta lFa y é)gsy}loreg WItE tfjﬁeé%altitudé divhﬁri Fodlﬂ%lferd w1thtah<éeformat10n
mefete'i"we’eﬁltmsepewero ﬁFfPrglat@p gnrallosng\mnlon epoedvels agashyy thg lighignovements of
SEWaEDduch BTIGS 8Q0GNHEgs, dEin@nt@N QI @fablek ds kemp&AlSAd Badifg NOT
reduction in received signal-to-noise ratios due to

the slight msaljgnnment of the TDMA Adaptive

Eyr P e SrRMANERHR Rireay e Ap AieyzHors PSS BiRdR degingion means
deenino@eed an eusegplptfoimsthih tnofes with fixkreattObMor iMNa@g0td ox@nple, a crane which

Qb\re? ﬁtﬁ&éarka; aM &Jﬂ&abuﬂxh@ﬁéano tclﬁﬁ‘ge mr ;ﬁt@lﬁ |ro\t'lec5;i yaw does not requlre a TDMA

Pos n 0 I n

Qa t1 e Dlrecrt]lg I ] EJ t(gﬂar IQI’? cfnf E)re w1th ? a(st l%mft%xin Ttlgn R&%}é SCé)nsc::quently a
eowmmycew aﬁgﬁﬁlﬁf@utw@la“ymw a fijefl atiipde prguﬁtdpm)m [iggetigml Antenna
léh{iytto @emhe PEisialk Rul@geAdess (rana) &Jnsniﬁlokiehl@ﬁﬁet)f tEeSnetfwlbem #oRiBoning-
ggtslbc;v]cg rL‘lSll( ﬁ? hé/l%rsmon g%nﬁ Bgllcp Q)§?Jt$ Qé?errﬁnﬁé?ﬂ% o%q}(e Po %Q)FE e§mt Device

t he appr oxi mat m cr osecond propagat i on

LT PR T G R L

Dhor e Pasidenék-Uai Perrm aaviietiop yresyagds] (3ol DM A sdaptivg DiggeondliAmtenna Array

[3ba¥brS de@Fini AVl b} itl‘@'p@sntﬁsﬁ CR&%r (’JW}/el&&tﬂEunﬁ' (WT) s@ldt\(ﬂn@ﬁlqatwork time
m t [ece 9si.L | onin

Iiseﬁ mmed lgy thf po&;o n T C.CIV v el cgt)lgl:ime QU@F@* on; ancl %)t posmomn%ra%?al Time
PaisPY Mokt hbserib BV BBt tFFOBFERLIAG - ‘UﬁXSt defmjficd gféom  the”acquired
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Access (TDWMA) transm ssions. These overl aps can cause
consi derabl e disruption to the synchronization of the
TDVA Adaptive Directional Antenna Array if not taken
into consideration. Therefore, the position receiver
must take into consideration the signal propagation
del ay from each
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5 Positioning-Unit Device when cal cul ating the
appropriate tine to steer the TDVA Adaptive

w@rooeorioenal Antenna Array toward the origi n BET/AL2003/001246

currently received Positioninrg-Unit Device positioning
signal. As the position receiver |ocation changes, a

thett teer direqtiprsit daio peiey oy dripttethtiearighedaTestivt thesmpting Pag@eingpnit Device, or is
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ustrative exanp % rectional
A8 %Fa%{rar“%\%radlﬁﬁv dlbeét‘°§?‘ 51"? %’951‘“?%}0 8%“’ T &R R KT xed
attitude when configured with a defornmation
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Ruiptirari@ibe) AgenfaDMAY. Atlaptiide derddningiol menarhay ArvtuddananeAlal eyigation
A6 B, c&ﬁ;saw srta$ kel HoMER sgs%t %F m,e;l a&dumem&n smg;nAny attitude

nDunted on ve th ed
gftirlintnﬁlalé mez?_aiﬂvhlf ?r&\P JFSI‘ gf ?BIUPA Adg%lf/ﬁ gri)ectlonal VXntenna Vﬁﬁra% Iy]wth attitude and

Ive ex a Crane
[yosp@tion] ipfofratiop dnay be ylsed de dulizl E}F aqqgg:merﬁmf they prespyit tinventign. An Inertial
@Jﬂﬁg&g@l JyfenPint sy s dd's@n'béd in D€ prysaxw;nvdﬂ@ﬁmijﬂﬁcluﬂedwlbd‘s GucR asTdobctronic
Qi)jr%ap[a)sts aa:geleumgtgrgtaﬁdo 1@@ | 5Ntlrﬁeﬂi@lawﬁ[&£)t%y s%%ﬂl‘; (ng'é{ %q a\MtJdg1 d@8mination

et erm nation neans nsequent
FUSME Fovel keopainghsartiaed aegnrasehifFtatht Rﬁesg‘ba‘tertﬁr | y
synchroni ze a fixed attitude TDVA Adaptive Directional

Al PR o sRYad © the Time Division Miltiple Access
IﬂMA m Ssi on se&tgsgsm f the net wor k of.

gmf: to?e%'?ﬁd e&%odwﬁpt eac[%l’\?i;lces nedlce {T)smlis unique positioning signal, which
Persiptt pf@rﬂamg-cmonenmme@erarrd@e aqu errpondet m“mé}mﬁ fihsopprent. The
Rasdr kbrgateRTs AlintsoiddBMliE Gequénay w8 piefablTRSSEGES] thé 2)GHAIEM band,
leloﬂr% t% \Meﬁl Cffe) Uf Me”p'].'e'sém %vé%ﬁ&lercs{ q&a-lgpsl\((lﬁ%lcat)l(: qg%mersﬁ‘!eqqg}]cy bands. The

ences termined fromthe I.oni n ni t

ée%"@‘&dc"i“d‘hm%@ B g, coprgpent i B PAY %fﬁfr\f&‘)ﬁf’?“é'&af‘%ﬁ’&ﬁ‘s‘s of a
Antenna Array 35 |l ocation determ ned by the position
recei ver Position Velocity Time (PVT) solution; (4)
network time determ ned by the position receiver
Position Velocity Tinme (PVT) solution; and (5)
positioning signal Tinme Division Miltiple Access
(TDMA) transm ssion propagati on del ays determ ned from
the acquired Positioning-Unit Device |locations and
the determ ned TDVA Adaptive Directional Antenna Array
I ocatl on. The TDMA Adapt Ive D| rect| onal Ant enna Array
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WO 2004/ 027927 PCT/ AU2003/ 001246 14 that the
directional gain pattern is oriented toward the

W@ ooseemoky transm tting Positioning-Unit Devi CBCT/AD2G03/001246

oriented toward the origin ofs the currently received
positioning signal. As the TDVA Adaptive Directional

Arifug spra spanggyvhich esa bé dingylized greenest] efber psoudprgaipm pldaitefiygnom transmitted
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ositiQn r |ve zi nuth and el evati on to each
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Adaph MakiplDh tcess tTIDOAR bulsAiringtiksin Akqieay may B assadite@ WINOMEE FEEIRdning-Unit
\N@\l &h’séu@&&ﬁ&pf\lﬁ;b@swﬁw é.ogeh @ndthg %E‘l@(ﬁ’n&ﬁt(“the%glt%q r}@elver determines Time

he nunb arasitic

I Ncre n
ghv'}sg)ﬁ r]]\/‘l:ilﬁlglle mﬁt(gD qu trag?r?lgvn éeﬁl&n%\kl?, Pﬁﬁ;}ahr& a received Pseudorandom
prelebe (RENIrcqde ovite @ msdetyantined TgneoPivitiprel dtigkap@ss {T0iMAQ | pelseetrangnission

tQudREcO AGRRAhg-0RT DOWe AR a8} ade AN NaJieRRess (TDMA) pulse

ﬁdgmlssmncsiéq %ce(s‘" %QCU&%HC{%%&%%C? ﬁJRE\JYCOQQJ aH(?l%oggon CO- or% n;[eg% agPosmonmg

B lve Direct!on ten

fYiFHE 8T POttt iads 'ﬁv'ﬁﬂ"ﬁf‘r%ﬂsi%eythﬁfa leyyi ‘}gé@f’ﬁ“lﬁﬁ Epeivgip Auickly acquire
arrdtsemnasz,e tolpvighdbatinafatiionige-Enipbevicaal i ty of adj acent

di rectional gain antennas to broaden the di rectional

gg{:ilﬁof cgltrsgf,?ﬁ qiz%d tlgah\gtsl?tc;t Iz¥<ﬁ/§ lhei,s gge {v% ?r\}v%ye AP lgsl:trlfltg/n g‘xample of this
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Y, G t@med 1l §ibhé tatbohd suand @hBiddehis IVt &l lad TEIREAnQ A @drth Y

or three-dinensionally, of the TDVA Adaptive
Directional Antenna Array via an attitude

determi nati on neans configured with the TDMA Adaptive
Directional Antenna Array. The attitude determ nation
means may include an Inertial Navigation System
(I'NS), conpass, star tracker, horizon sensor, or other
attitude determ nation sensor. Any attitude

det erm nati on nmeans whi ch provides the TDVA Adaptive
Directional Antenna Array with attitude and 30
orientation information may be used to fulfill the
requi renents of the present invention. An Inertia

Navi gation System (INS), as described in the present

i nvention, may include devices such as an el ectronic
conpass, acceleroneters and rate gyros. Inertia

Navi gation Systenms (INS) and attitude determ nation
systens are well known in the art, and are not a

subj ect of the present invention. 35 Unique
Positioning Signhals In the preferred enbodi nent each
Positioning-Unit Device transmts a uni que positioning
signal, which
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consists of a carrier conmponent, a pseudorandom code
conponent, and a navi gati on data conponent. The

W@ aoopfozro2conponent i s a sinusoidal radi o frequBCXUN®S/001246
preferably transmtted in the 2. 4G4z | SM band, though
the nmethod of the present invention is equally
Wplsrleimblie to ot her frequency bands. The 40
pseudor andom nunber (PRN) code conponent is nodul ated

pon t (8] 1 lI'l Ggm I‘Cﬁ re 1 0~ sS€ 1O a Time Division
4501 ABONSY W BRI 00 SR A 8010

MW*?ﬁﬁ%ﬁﬁp%ﬁmdfﬁ?ﬁHﬁﬂ?%ﬂ@ﬁwHW§ngst ot her pseudor andom
code sequences transmtted by other devices on the
SaBE deidyink € plubiitLEIUREEWgically dySchib @£l BdsBbHhgiufit dei@WYpositBned at known

Vc\g:jle-l%cat}énss Iam(a traiyﬁ!tJn. ?$sn%on®%%%§a§s in QWmlﬁQQ%e D?wsnon Multiple Access

e navi ata conponent,
al so fefer F"étﬂ thptpachgaig H%""““HW’@S?Vlcbﬁans'ﬁ‘ﬁsas‘ﬁ@@ P°S‘ foging signal in a
pr opruhigtcarnsmissifn@meradti on nodul at ed upon t he

psep d@;n@mgs)ms@&d&e.ce@saa@ga@mm a@n&tl@alg\églae&mam&na

fgrcr)gud%c%:lglp 'crl]nl(a Enste tm sa&t{?lque poleon d;g SléVIi %oa tde:Ct)egngm% dlregxorl;rﬂy agole beam
receﬂW@WS@mmeW@atlon |nfornat|on may |nclude netmork
tiae, corB&StiivEl'b/ QEetifpGailUitettiohd@y hgd€behrd) nehhapiasd onldl¥Metermined directionally
tr ansag\esb%l}l]n(l) nnt&lﬁaqglg%ﬁrﬁze IQQ&UQ ts%@l(ron@?tﬁ:h r\@tg sancﬁ‘i"yﬁgrl%vlsmn Multiple

dat Each uniq posi tioni ng signal pseudo
r anddYFs® Pow%w't d‘f’(“’%\""ﬂ?‘é‘d’éf %‘F'r’r’ia’n‘fé‘ﬁs“’FF ‘me Di vi si on
dvth that pldairAi@aly sgile PN tenhy dngipriabmin eaiters cdraimeoriced ddwatdigteurrently

teaamtmgpﬂ)ﬁlh&nﬁn@mhlnge\/wa rdd@Mb Gfenfed 30GHA theS odglnSofURd Gl4@ntly received
a unique tinme slot. 10 Tine

p%lsﬁsomn grﬂtla%ﬁ € os IomngA nal

IR ECéss (TDMA) Transmissions In the
preferred enbodlnent each Positioning-Unit Device
Pul sese inttsodtof afiGM SBfcdail Hircgtiopdie glle bamcamnnd kigBmstance may include

@e}ﬂ r§a i&be M:J:l of }nprla %pﬁ%‘ggﬁbﬁé séléEch}‘/Mm §1§ @pﬂ:@r%rsur@ oE;Qmmonmg unit device
lm Gl OSGCOﬂl upl i +l l? s\ ult i Ac st&ns 1SS10N_sg ugngeesddlreocrt]lgnglly agile
BT PRUET e é8ﬁae R tH ?he FEEUdST an on1séhu fce

e @¢ehiarpgsitey @pstio@Omindel ibd pewiiopingisiznal Piapagatip dsiplschad negvoggygme.

15 duty cycle with 20 available Time D vision Miultiple
$CCESRe bl B%ﬂ%} clslinwetx\c e.qtsad ?pmﬁs ;?c%%gassnm%m LMBun network time in

Vi si on e transm ssi on
¥ @é‘l*f%veforc?f’s“@%l&ﬂwunp%ic‘i H"Bﬁ‘ﬂ“ﬁ@s‘%ﬂlpﬁ’"@@\% “BY s
transmtted in its navigation nessage. A position
recei ver determ nes the pseudorandom Tinme Division
Mul ti ple Access (TDMA) pul se transm ssion sequence of
each Positioning-Unit Device by interrogation of each
Posi tioning-Unit Devices navigation nessage. In an
alternative enbodi nent, the pseudorandom Ti ne 20
Division Multiple Access (TDMA) pul se transm ssion
sequence may be associated with the Positioning-Unit
Devi ce Pseudorandom Nunber (PRN) code. In this
enbodi ment the position receiver deternm nes Tine
Division Multiple Access (TDMA) pul se transm ssion
sequence by associating a recei ved Pseudorandom
Nunber (PRN) code with a predeterm ned Tine Division
Mul ti ple Access (TDMA) pul se transm ssion sequence. A
Positioning-Unit Device may al so supply Tine Division
Mul tiple Access (TDMVA) pul se 25 transm ssion
sequences, Pseudorandom Nunber (PRN) codes, and
posi tion co-ordinates for all Positioning- Unit
Devices inits vicinity via its navigation nessage,
thus allowing a position receiver to quickly acquire
and synchroni ze to nei ghbouri ng Positioning-Unit
Devices. It will of course be realized that whilst the
above has been given by way of an illustrative exanple
of this 30 invention, all such and ot her
nodi fi cati ons and variations hereto, as would be
apparent to persons skilled in
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the art, are deened to fall within the broad scope and
anbit of this invention as is herein set forth. WO

wWQO40927027 PCT/ AU2003/ 001246 16 What is clBOCTRU2G03/001246

1. Anmethod for mtigating nmultipath and inproving
received signal-to-noise ratios in a Tinme D vision

Mul t i phehobe egigatihpuddpath mdiratraxoe feceivehdenshad-pgelratios in a Time Division
CIOIR ASdsiiGoation ndvord @R eddR@npasift ur al i ty of

chronol ogi cal |l y synchroni zed positioning-unit devices,

posi tioned at known |ocations, and transmtting

po@) tderipying g plaekin of chronolqeicellysyaryapiesd ﬁ?swwgwlh@waswgtowﬁ at known
Mul t i iphind\eciessmit®e ossinge, sigsalbch a phdterngaed Mingdlidsion Multiple Access
pOSI tsEcﬂch{' gucl=1I rHalt eagles\ﬁd cb@&ttoﬁn%%ﬂ'd@vﬁse @ads'rﬂn'ts%uﬁlqﬁkoﬁ)lsltldnﬂg |51Qrgl in a
S|gnal qu transm ssion time slot; 10 b)
deploﬁwﬁ”mgmﬁﬁgf *of recei ver configured with a

di Peclerietala|pysitag redvepwafierahtigrndirectienally iebegn Ajenaggnd an attitude
| Nt erdpe@iidaing nBab @ ploviiichie:dPas o saBiniregonsliyggigbamtagenna;

det:)e rrE@mUﬁg grldr 1@@.‘%1'3% %L !i le@gIphﬁlomﬁ@%na@qgﬁﬁ@aamtude data to determme
cl rcunst ance; consecut i vel y steering said

di r ectPEHAM 3 aéte'ks’%ﬂrr‘ﬁmgﬁ?c%n na, based on said
deteromiseratiel isteesing seid dizectiopally ggij¢ beam brecarn bpppd @ yaid determined directionally
Ci I' CUighet RAE Qntenhd cistahad) in Sy RyroRbrzzatoh Gvith \Waid Minkadidsion Multiple
Time DLy p%;n?onmmttda&' sosnl?nﬁ?#\gngﬁﬁaﬁsmag&lst i oni ng- uni t

devi ce_positionin ransm ssi ons,  such that

ey Bt o rBectionai el eaﬁ‘gaf“F't?a oS Linie o AL f%ﬂ‘iawé@‘te?‘%s‘ri%wafdg% cpyrently
{pegnii@nen pasigonirigiosit device nir ecinatno waantdd ttdverdcti prégit pfyythe currently received
bosiadhBhudit deN@ pRARAiLd sRRI.NG- UNi t devi ce, or renains

oriented toward the origin of the currently received
positioning-unit device positioning signal. 20 2. The

fret hothe ofthes| oA iclim14, wigreéy seid diregtiondlly @gile dea a9i§RIP ICFuRnfegnay include
DeaMaast & Bitdr Gk Gl B ira bRl EERY from Gk gidé cotletironpdaiaiéningHanit device

%gatl(g’lg ?0&9{%1@\%@ dévﬁpjl’litne M@f’smﬁghl&ﬁ’e &c@éssetﬁtlsggssnm’ ({I}:chedlxg&lQHﬂ agile

consi osl t1oning-unit device ons

B B Ao R FEM TSR BRI plea-riretigis ser
proragegen delgisand wequkeimees, directionally agile beam

ant enna position, positioning-unit device positioning

R? I g n allél grgf:tg(%aog a1£1| 9 nw}gi e&n%){ﬁ ﬁ)at@ap g'aﬂ%klwgr}(rrgyl bg%ffsetzt{%m n'ethljﬂ Gime i in

g%@ﬁvarzpa%troaﬁg \*P&)‘?evlﬁ?epoéff‘?’é‘%i‘g“F‘rPB)ﬁﬁg?ﬂé’t‘ fP% tinme in
order to allow for positioning-unit device positioning
signal propagation del ays. WO 2004/ 027927

PCT/ AU2003/ 001246 17 4. A nmethod for mtigating

mul tipath and i nproving recei ved signal -to-noi se
ratios in a Tinme Division Miltiple Access |ocation
networ k, the nmethod conprising: a) deploying a
plurality of chronologically synchronized
positioning-unit devices, positioned at known 5

| ocations, and transnmitting positioning signals in a
predeterm ned Tine Division Miltiple Access sequence,
such that each said positioning-unit device transmts
a unique positioning signal in a unique transm ssion
time slot; b) deploying a position receiver configured
with a directionally agile beam antenna, and an
attitude
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determi nation neans to provide attitude data for said
directionally agile beam antenna; 10 c) receiving and

WO niogopioet i ng sai d uni que positioning signals BOHABAi06/001246
attitude data to determne 1girectionally agile beam
antenna circunstance; d) consecutively steering said
directionally agile beam antenna, based on said
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posi tupignsitrergmissin timel#ali ce positioning signal. 5. The
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determnation 0 nore 1 nput vari abl es sel ected
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