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determ nation utilizing the correlation of spatially
nodul at ed signals. BACKGROUND TO THE | NVENT! ON 15
Attitude can be defined as the inclination of a user
AL OF Tirf fhvakiniy 10 a reference frame in

t hree-di nensional space. The technol ogi es
tradltl onally used for attitude determ nation can be
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reference.
Hitteaftipnd f?e&mnagwbm hegprsiation ofepatigliy @P@lateaﬁlen t ar
sensors. The second group can only provide’
measurenents of changes in attitude. Exanples are
roscogH mechanical, MEMS, ring |aser and fiber 20
OLNR ﬁ@@ﬂgylggegleroneters. Col I ectively,

deV| ces in this second group are known as inertial
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mheslutte beituderbe detenintdyfromehsugments fravidad byelfeaécamippoupf it i S

to be useful. An optical tracker's operation is

limited by the field of view of its sensors, which -

iorungiely. By RIPh GRS ¥ inrsing deyiges fiem eishseeraps B calolatgd attitude derived fom
$eniglaledces wifilers ifrom Rahtihusas diftaaverpindetded 1 atcamglged xhd:aﬁlﬁbmehﬁéﬂﬁrs in angular
% aﬁ&jﬂggfoJelamngﬂLlls%mo&uspﬁl e ngQtl @ihgxgtg ?r(gg l:e%gen&ni?lt is to be useful. An

cl oudl ess nights for earth base term
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an extension of the carrier-phase positioning
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'thesuser receiver to derive accurate change-of-range

nmeasurenents froma plurality of satellites at known

| ocations, which in turn can be used to deternine

accurate position relative to. a known initia

| ocation. This initial locati?on is generally derived

from code- based pseudorange nmeasur enents which are
arrier signals tr nsm
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logafiong, H@‘@e‘ﬁ@mlfafs'@}‘sed tp Seierohine aryEts, poatmydttee ®redingri inigial location. This
inikigl mii:htibii 1&!’%@5&1@ QE:@HITH{% G&Be%h‘de& pée{ﬂdo}dnéel mé&@ern{ehtg Ghich are modulated upon
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determi nation, they possess no

‘”Bﬂﬁék _position |
AR HiESS RESIOBRE SRS Hor iie) fax P‘F"t‘slS dasitiopdetgmingtiqn, they possess no
inlg1egt ragaes foralvermaingenrintded t o overcone this limtation. In
particular, US. patent nunber 5,548,293 in the nane
of Cohen discloses a carrier-phase based positioning
Priog art AP IRHISTSAFMRIE 1P PYFEROmE Sisclisnition Incrtipnar, & patentinjupber 5,548,293 in
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caﬁﬂitﬁaﬂeﬂ&eafbm'é&ﬁ/&@ tdRRhifCRE Bk Jf @w qg‘e‘i Blhfra Qloixal% method is not only
attitude Lhe user pl atfor Cohe met hod i s not

cof bR 8 sy P B oL P Lot Bt o ruirs g

cyqjgpmlplg;qmep traecre G b@@-e ayityds candg detemoged Dtk thérihore | theOuse of GPS signals

reﬁﬁ&%er pﬂﬁ'alitﬁ&@%rreceﬁé’rg toeoemeg Wby o?ﬁxe Eiﬁ’el & o glsgrlte\é elﬂus eliminating the

re attitude can be determ ned ernore

BT bF Bk PRYFRAN'S s> Eyenchesd ef‘ﬂ’é’mﬂ‘f“t:fr B yodT. Mpgove,the reflecion
of pesitionipmyignalf, dndye ars multipaig degradesraqge ntelisgreme: edchrady@®makchahtbliite, which

theﬁ’éf&@gbgraﬁég 'dt%tu@é de 1b£‘9h&1*&§ng @cﬂl:x“ rLeYthf the systemto

operate in satellite-occluded environnments, such as

i ndoors. Moreover, the reflection of p05|t|on|ng
There gpreiehdy, a desfona lamstﬁbkdlutepﬂﬁtﬁie &ﬁgﬁrﬁd@ﬁsyé’t@lﬂ% does not requlre (a) reference
gﬁé‘&?‘ H l@ EEQ;IIJ)G' 3‘5’)%5 Bgo%ytructgé) (i gﬁtﬁe s%afi'lt cl)] Lgt\e-o% 51ght or I’?ptf,fgll rﬂcasurements (d)

m
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—.

 contigpak fe-igitighizatioo(e) Fheobstrpaedctien pf ayGépbﬂé@dlg#t@n Setellitg[Sysdm (GNSS), (9)

mu&b&q;oklﬁ(ﬁr rédetverb Bﬂﬁbld&ltcﬁ&m lﬁa'tﬂla@f@rn? )stfggm: Htaffﬂemgg &5t cBBLr cycle integer
|1 e ILnte

refere r
s SR BTN, o pCpee SRy Aot dpihe. The pren
inveggijon @mqve,salns desaabler gg)niﬂntt@nsn(ld)lg sigmalatthan aralmodulated with a three-dimensional

spatifl-sk tﬁr%aﬂlddzlﬁin QecefvBy ni2hhs WAAR V nsfdnal al signature,
P obggiil vi gat Fon Sat%l lite S Gx?%é#in%%%g i &isg ! spatial signatur

[RiPe U5 SSFYSdoTRnple oedetramize gfhude Fb‘afiétﬁmc?% Pefoq i gpreinafier. termed
Spqyialeﬁhffdﬁm(sstm modylatibh) @nd i@ dpg¢ribedi détaif talowcar ri er cycl e
|nteger anbiguity resolution. A systemthat operates
W t hout these constraints is highly desirable. The
0%%%%&9& EINVENTI®h achi eves this desirable goal by
transmtting signals that are nndulated with a :
Em?agﬁé:rgt?]\tls:joﬁgﬁgn%segpmven?% rov1da € an |att1 é gefm)}hitlgx?gfgtexg:t)ﬁg%g?%twg|s1gnals that
aregpeduiased withy ﬁatb{fhélmensmw Dnmpéqr pHgpatie,g mbdudating @efeveirdng means with a
corﬁﬂlﬁrﬂ:ﬂd&@ thi@e-SRER{oRAl TRpaAkd élén‘dﬂt% -Ehﬁtt%rptse‘t{ﬁ"gt ﬁxmr&gded@éngg% determine
S, hereinafter termed Spatial Shift Key (
todul ation, and is described in detail beIomr CBJECTS
CF THE INVENTION.Enbodinents of the present invention
provide an attitude determ nation system by o
transmtting signals that are nodulated with a
t hr ee- di nensi onal Doppl er signature, nodulating a
receiving neans with a conplenentary
t hr ee- di nensi onal Doppl er signature, and |nterpret|ng
the received signals to determne attitude. 3
Further enbodlnents of the present |nvent|on provi de
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‘means nodul ated with a conpl ementary three-di mensi ona
Doppl er signature. Further enbodi nents of the present,
invention: provide an attifude determ nation system
utilizing the spatial correlation of a transmtted
spatial ly nodul ated Doppl er signature to a receiving
nmeans nodul ated with a replica spatially nodulated
ure. Further enbodi nents of the
Fm%Opp P£‘8e“tsg°?2"\‘?| RIFECTA TV YieT RO eaftg‘ﬁﬁdﬁ%{?‘f“a‘}?% ‘fﬂ??‘ﬁ% the spatial
coreplaugevf g E@emv@r signglompdulpted exdthvei thive-dimessiail Ropplrrt signarare to a receiving
mebrd @b duated WRH ¥ b pRChelthdy hr@-diMn€i6iafbdpRsddanak, Doppl er.
signature, the user receiver further utilizing a
conbi nation of early and |ate tracking arns, or early, :
Funfheoenbbdiments df alfeeprdsens olventign pravidesan attiuderdéterindition Spséein illizing the spatial -
corfeIG eq%em,ﬁen samaﬁ,aﬂéama&a Do 4R wm' CJacehfag &R nodulated with a

nodul at ed w nree- di mensional Doppler signature.
replicaspaialy "é’ﬂﬂ?i‘iﬂ %ﬁ'ﬁ%“%‘f“”ﬁ he present invention provide
an attitude determ nation systemutilizing a Doppler
Furﬁ'?lt én?o%&lmgn?scé}g& ésgtg 1r§7Lrgg£ lIOD'Hg g.n tﬂﬁ e%gttcnntmrz]l?onastygtcrrtl Ho(rjg user receiver
of a recelve antenna no
configyredowil] 41isprive GRgANa "Bé[!fpp‘é‘Pla'Sﬁl gmbp @r@-qneqnaﬁnabeonptsr gignature, the user
rcc%gea Iﬂlﬁﬂﬂhtutlﬂi’ngsd @ﬂlﬁinatlm @u Ea’i\HIS' afl lMetd%cl@hgtahﬁ# er éil‘l?h Brsippial late IIackmg
plLer .si tu rther e t he present
h{/%en Hh S‘%?%vclo é°“%°n“"a £iFhge aje'{rge e??ﬁvq’%fgthlasoﬁe By ? jrd with a three-
dmwhﬂl%lﬁ Deppler sigeatwré. f y  and subsequently nitigate t he:
adverse effects of signals that have been corrupted by

mﬂ%ltlo t h. gvther enbodi nen 53 of . the present
P TIBRS SRF P e PV PR R denrattipade ﬁ%[ PP sgemyutilizing a Doppler
- pattehireegritionelggition &l dephicipenttitgie iof 4 ecqit\aetama motiulat@l witharthree-dimensional
Do£ﬂ§ 8] rcqglvg fo al n%ﬁs%{lt\/eg glg&'l ﬁwcﬁl d “Ethlg EhFE@ ﬁln%m?q%lﬂgﬁér%gnamm
present “hvent i of provi e an electronic ans

for spatial nodul ation, providing for precise

Furgfernenibadimerits dethea;résétg IilﬁrEntiﬂiD priatiad echttittde ldet@rmination system which can identify
0 e ring a

wnd DEGeH) TR B0 cRPRRLE0 FANELHEE v KR LR

enbodi ments of the present invention provide an
Furéiert drﬂbbkﬂﬂend&ﬂf e Bﬂei&ﬂttlh@ﬁhoﬁ ﬁﬁhﬂéﬁn\&ﬂﬂe&b k) Qifat GFkes a ﬂ&ﬂ-’dirrfeﬁslonal phase
ceng ug’veementl%cel ms Qt orr glgrdr ! er tracki ng | 0ops in ’

eeHnnnga ude’ "Fu ?éneMmmnmnsoftm

pr esent |nvent|on prOV|de an attitude determ nati

' Furth¥Sdn®BaiMbtksCp th@ SFEMAER VAT provile UE H@xﬂ%l{:@ﬂgal:ny §)t€ Ypatiaf b tElYa@Sn prowdmg
nent s ur er.

clock drift | er e |
for GHFEMESHEHER ob P SEFAL "f?ﬁ‘aew ﬁ@éﬁﬁﬂ%ﬁﬂﬁb@?vglgr sigpature, yet requiring a
mirgrtnin dfiptiical ebtemaklam¢ntson system free of the need to :

performcarrier cycle integer ambiguity resol ution.

Furt her, enbodi nents of the present invention provide
Further embodimenteof $ePrpel RMIHMPrexjds @natiitkre dstermingtion wyster mhyzh does not
reqaire aSibe fbeivet!® @fe cagieetavitiig 1bdps Hl @berinidinguiaidé.i t ude. 4

SUMVARY OF THE | NVENTI ON Enbodi nents of the present

i.nvention are achi eved by the transmission of a signa
Furfhprre@@gchmgltsroé the mepqqlgmmgaqu)rovgie\m pttifyderdgtemejnation system which removes user
mofirRalahElstFirdtal® Livcl BHrGEI D hhEaRadliABRAST Onal space, such

that a cyclic Doppler is superinposed upon the
_ transmtted signal; receiving this transmtted signa

Furthpp embodimentsy of dhesi préseny invertipms pratidecdn attinde determination system free of the need to
perfRISChEtcLEyoik q}ggggrlamb;gn,mysgmgnhr ee-di mensi onal space, such

that a cyclic Doppler is superinposed upon the

received signal; adjusting the novenent of the.receive
Furtiergembodimentsiof the pxdmmement@n atovidpaaeinslo ddidmdinatiu PteinWhid &uires only a
smﬁé’&larr&m@?ﬁbode{%ﬁmhéaumdé' m zed on the received signal

and; determning attitude based on the 10 adjustment’

reqU|red to bring the receive means and radi ati ng-

nmeans into an alignment.
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Enbodi ments of the present invention are achi eved by
the transm ssion of a signal through a radiating neans
whi ch noves predetermi nately through three-dinensiona
space, such that a cyclic Doppler is superinposed
upon the transmtted signal; receiving this
transmtted signal through a receiving neans which
mﬁquﬁyéﬁTgE -ﬁﬁaknately t hrough three-di mensi ona
space, suc a cyclic Doppler is . superinposed
upon t he recelved si.gnal ; analyzing the novenent of
Enibbt&mén&(b@thv Pred¥RiaMBntion afe QJ:hiﬁ/é(ﬂ:B' tﬁeQ:aIlJ?rﬁssfoﬁlgﬂ a%tg'nﬂ %r&%ﬁ B §dd1at1ng means
LAt eLp t he ived cy

I et ] ec
L T e R T T —
“PCEn"bb&Flﬁ@ﬁ‘F S@ﬁal,tm@lwe@emsméntgmmhrdm@l Oeivigg Byest edich moves

' M&lb QQOLIgH tl@&tcﬁlﬁéﬂsﬁﬁl % abe, skl Qnd ¥ cgafcrlﬂpé_\u 9 Qurimfbsed upon the |

rmxwe ugatlg Shi f Transm t
P YRR R IR T S G500 P Spabiehfimspnpel space so the
S“H(@}’POF@CPG!‘FW opplSSK niR)imizwiconl the reosived isigna tabit; Geterﬁmﬁi[gaitﬂltﬁie based on the

_. adjgﬂhefnt re&%%yd tIBM rtece(v§§$n;— gnd %@%ﬁ%@n@ by O Une IS

generated by the novenent of a radiating ans in
t hree- di nensi onal space, such that a predeternined

Enbodimpdnerof thé grmhtuwentnon sre 3¢hjped¢d HYTIRIARmMINSIGN oﬁah%nﬂ EHr@ig R @}adiating means
which ﬁu@%@};k&e At&i? ﬁ:L‘duglAhx%p alrrr{et?glonﬁlpac suc%){hage e%%fxc IEOé)pler is supenmposed

tion nat ur e
UP%% frastpitted SIam# efe@}vwe am,smqu mwéébrmghenmml means which moves

pre8gdamidatel$ lﬂﬁdﬁlgh t@ée-dameBiofal Qﬂ@; G\[cmtlﬁhed cm moﬁﬁlerslh Qﬂ)@ﬁﬂﬁo@ed upon the
rec&; %88 %ﬁl“ Oseq;lﬁogg rc]emg'nt ro? ee }{aeclve 2t mt {,ﬂagon to the radiating means by

Sl ghature

h | mtesms@eg fhe eeagived nw!mﬁmteg andrbtewemm aitelisbesedathciowpept Doppler.

the apparent frequency changes in a wave resulting
E E(pn1th relative ”03 ns of a transm ssion. source. and
TROVRREOVRT POEBRRTRPD GRS iR 2ndmEig foprermifs gt pysomplating a so-
callsd Spatigl (Fhifi'Ken Jrapgwt(SER-T) tmp@laspeagnﬁmatuhcarso-eaﬂdd $pa6d) BhiftyKey Receive
(SSKQQQ}EQQQE&B glgfuﬂﬁ AP Bilift 'f(@ﬁ'@xgx%ﬁnt éﬁ poKT cﬁi‘ul\é A s &Qﬁ&?g generated by

th %ﬁeqﬁg Integrated Carrier crea

SWV B KRRt oo picanfesh e BrEmins Bl g
is sperimpesed/ eponBlneigin@branshiad Ggnalofa aaaﬁpzshﬂﬁatcystacéﬁe dSSK R) modulation
sxg&@ﬁmcg§&g§§e§%/ gf&? QI%L,K@% Qq”a‘ u g‘{lfg%nl{lgt}“ 9 n{}i ﬁnrs‘é) r egacf’t Yoh that 2
pregieferpiged Lopp] Fraterattye iSURsEmRARRY upprerreqeived signaln Ehetiasing (Popper” and “Doppler

sxgﬁﬂf& lirBthis @eblgmw&mbﬁﬁhms wall-iiergie sy coh&pt{lﬁﬂx@'aﬂﬁfeﬁﬁequency changes ina

wa{eeres% t&lgﬁ‘o 3 nc lrag\:{]e«:: mot olnsoclg] E’“f‘ﬁ%'sﬁmg‘g%{h'?% gr}d a recexv%rr However, the terms ._

“DQPhlafr aet’ @PPPfhf sigratugaids wepdin thissbécifioarion Additioedlp inn@peedte the spparent changes

in re&i’@ﬂ"pﬁise StrRAtH 2 Integrﬁ&iatérﬁér Eadel @(Illi)t ér&ﬂ:d b@ntge relatlve motion of a
f atial synchraonizat are_described in detall

fi0h o™ TPy 6 QTSI & oot S dppomit (SSK-T) mocuain
sigriapgeawithi acfipatial\BHifn KeyhReceigeS SK R @odt%ﬁﬁs@hﬁnetrﬂﬁle nkmemmhg means and

: rece‘?&aI ﬂgalns bei fnegp‘iﬁa‘f ecxhgng ffi}n%hxgtali%n}ngﬁt %@r@mﬁﬁr ?e(f ch%d % %ﬁ)élther "spatial

determ e I n_-accaord

o ce
comsipiaTe At "shaH SHChgRzatioT e Fhe fﬁagueﬁyrcmcefeawam@yenlww these novel terms,

“Dappitresiginne’h tppdtiakrortelationt dnd shidliel schi@nipaabi"| fe @RPBEIAS Hisail below.
the system conprising: a) neans for transnittihg a
posi tioning signal through radiating neans, said

By psingicmbodiraenteod e preesdi inypniianswigtthe rediating meens @ttirdekgiown a priori, a receive

mednblit@rededhiBRASHARE] deRake Wi th predefined notion at a
predetermned interval, -such that a first cyclic

. doppler is superlnposed upon said positioning signal;

In aprpripgse @ity firgt amsetiob the presentémeritin, igreseprovisd s bysien mrmgernunmg the
signal, said first receiving means noving its phase
centre through three-di nensional space with predeflned

~nmotion at a predeternmined interval, such that a
second cyclic doppler is observed by sai d receiving
means; c) neans for neasuring a conbined cyclic
doppler observed by said receiving neans, said
conblned cycllc doppler conpr|3|ng sald flrst cycllc

o r



nobi| e apparatus based on said adjustnent required.
such that said receiving neans phase centre and said
radi ati ng means phase centre are brought into spatial
correlation. In accordance wi4h a second aspect of the
present invention, there is provided a nethod for

attﬁtﬁtz @fm&hp&phﬁﬁ‘s th@g}rsﬂextn ldgﬁprfg{ng aa) m@m ko? trarérgm% qtpbﬁlonﬁ@ﬁgnal through

conpri sl ng he st eps of transm:t gl
R0 P T SHET] P POUGR i SR EFHG (Rustroy dmgpsional space wit
pradefthed tnbtivg arreansetemnmemgtewtls syoh d@mea GBNEycke ddpplerug Buperimposed upon said

po&!iUnng sghﬁe@ &Wg éggscﬁr \Mc&bm% Qz{l(? g&fl ogﬁg sxgpatl I ﬁgﬁ fﬁ‘gt r&cwmg means

term ne I nter val such

m%rag i5% Risejcentrg dsoueh serdignsing®) ﬁp§%ﬂ”ﬂh Pfﬁbﬁ’i‘"ﬁ‘ mmnﬁga BPdgisamined interval,

sudh)thak eﬁ&bﬂdlcpkglc S&}jpder ﬁ(BBdeltvbd]ﬂjl sag rEde@iﬁﬁl Imedns o tigdhs F2 Qﬁhs\ﬁhr@gi combined

cy{[% %Q lﬁ)leﬁ Sl}as%rreedeb%g?eu:j%elﬁg n nrg(TaaHsz E)%-% com\{unte% cycflc %fggg‘rschapnsmg sald first cyclic

dopgler anqwé desprskayelis dappienidp means for adjusting aaida’redaersleredmurval of saxd receiving

mesaﬁsciuuc hElQRP |c&ﬁbuhe8 cszns ecfp}!fﬁldls Rifnisbdl ef ﬁ&gg 3 @&gﬁ%ﬁ\@ She aabmde of said
asurl serve

er
C?Pv?ths%afﬁg SR gaxd gﬁlrsan%torﬁ%ﬁlrﬁ% au%ﬁbal Faécp ﬁ(bebvbr'gépeansy phase centre and said
radmnqamass nhgsesantrd arf browght igtp spatial cosigiber and sai d second

cyclic doppler d) adjusting said predeterm ned

i nterval sai. d recejving neans, such that - sai
_ ‘i‘“ﬁ“e?i“hc%/%fﬂnﬁ eH ?Pf?sg" t VRt hegr, s %’)’V‘ﬁeé‘taé?er‘Wﬁ foR @etefmmmg the
attide ofi b tmobiledgparituss gie tnathot icbreprizinp alicadaps of af echsmiting ai hsitioning signal
thr@t% %Iaﬂ%%eaﬁsegw rﬁcﬁ‘eﬁ’m &%bm&\h@g&lts ﬁzlsﬂc @gtﬁ}oyéshmeﬁﬁgﬁwnal space with

sal r ad Iatln means ar e Into
Preéefﬁlﬁ% Pafmha P{eﬁet%@eﬂ Bisrralesuch that ¢ sr ?:V%Fs‘ft?@%‘ff ig) pupgriygposed upon said
pofiticRihe I’Hgndl,l’lbf)eﬂ’didl\&ig sald@kioniing s[i’in@Nlhﬂﬁgh eVt ABAnt, Qhid receiving means

_moqie?é f ( rﬂasrcl:lcg etf.h:ouﬁ e‘é Ij:htm%xgsleonzqfs a%e m-t)h ﬁdgafrinneg%a[xon alfJ f)recleperemined interval,

c&dmttauseqqpqwgvcbq @qvalpr i [9bsstrephby f%teem‘furzgmmn)sme%mna a combined cyclic
doﬁ[ﬂéﬂ b&%ﬂv&lg)y@ﬁdlfb‘éelﬂig\/xhdaﬁk éatd&oﬂbﬁ&ﬁ:y&ﬁ leﬁp?er EJHpQHﬁE%ald first cycllc doppler
SL O

ang sa1 dse%oné Ic,'){c ic c(lpr er dr 9 jé.lftmg salé P}re?%cg{uncgi Tﬁcwgto?D%ﬁe?ebwng means, such that

sald emblmed cyickr @mb@m miposed e\ qosmmisiag He atiradsiof sagimabie sppgavas|based on said

ad}aamsneqéawedngmmngm& REeiiRCRLMS B Sl FhaR@F! hiaBNhB Brought into spatial

g said receiving neans noving its phase centre

co ﬂ %ﬁgh t hr ee- di mensi onal space with predefined nption
“at a predeterm ned interval, such that a second:g

In Q%SJdLch Q)in Eﬁr@ p'eé 0991%%¥e¥§19' mgyntlgtgltﬁerer & v\ﬁlupg sﬁ%ﬁl r deQe)rmmmg the -
means for continuously neasuring a conbl ned

antiyp B APoLdnRBTTERY e Y RicomRTSog g PRRgS Fop Hpsmiting o aosmonmg signal through
radidiAd inR@E, &36C irauﬁtmgo:aahe rnoﬁag"rm ipBdsé) ger&al t&oﬁghrtﬁﬁee-emﬁﬁsioﬁal space with

prt%ofgx3 ﬁuﬁtloﬁsap a predei Sx%gdo mgagc% sucix (Iél;og <(:_‘yc (gc%plea' i§ s11penmposed upon said

powwpﬁg peeat &) teme\erlsd@plpl f@rrreoemns eq«hsosasgmmles@dmcplhms mpags moving its

phxse sea&a/mgghrtﬁa@&mexﬁ%nmmw&gfedstﬁwﬁlmoﬂ haq)réda@mﬁk& infeHEE such that a

aratus hased on said
s GPR OB FRr BY REm PRt ARG s » combind
cydlioderpher aisgresitbyehid teieviy meres baid epmbintd onlic dopglereomrising said first cyclic
dom&\ﬁl(ﬁs@fa s@coﬁ@éy@ﬁddoﬁyﬂgr &;%em{srﬂamoﬂtgm&g@ maﬁ:%é Eéxﬁj&n@fmcﬁcychc doppler

ar at'us t hod conprising the steps

mta)prcfl?ﬁg%cﬁ)mlfrl pﬁtberrg a?iﬁ%ﬁ‘ﬂdu“iﬁ Is:ﬂ%regﬁl eansy ﬁrn&al@ﬁor dctenmnmg the attitude
of saiiicinché apgarsreschasd osaldanatchdipeddéetertrine doppleraidnitg | t s phase.

centre through three-dinensional space with

predefined notion at a predeterm ned interval, such
In pasertange Wity & foutyaspacicof dhsppet inveptian, Pereiingsoded 2 mstad fopfigermining the
attidde opQSﬂobﬂleOﬁipﬂM u@naelthod RYImprREE ithél d&gs Sflafl rfeittink QMNdokioning signal
thr%\gl %mtmgtmeanshsaldr rgd: a%n n n?gnsiﬁ pfmzﬁc cen&e tgro e%\'ffl tprge cﬁrﬁ%enswnal space with

ase centre e-dim
' preégﬁale%mwov Bt awreéﬁefmrn@dtewdt %“dh‘h%i’@ figst qyeléscliepndar msmdmposed upon said
interval, such that a second cyclic doppler is

observed by said receiving nmeans; c) continuously
measuring a conbined cyclic doppler observed by said
'rece|V|ng nmeans, sald conblned cycllc doppler

o o, B .




‘recei ving neans based on said matched predeterm ned
doppl er patterns. In accordance with a fifth aspect of
the present invention, there.is provided a system for
determining the attitude of 4 nobile apparatus, the
system conprising: a) nmeans for transmtting a
posi ti oni ng signal through radi ati ng neans, said
posidaling tsighdl; b)l’m&l’v&lg neaidi gogitioriry AL &roﬁglﬂ I’el’:@wﬁéml@ddg Mkaid receiving means

motvmg g?]%hqge &R B.?ou%} thigk QC %ns\llgngl spt%cE wﬁh %‘rm*epmeg tmogo t Ereéetemuned interval,

erm ne erval . such
S“@é*ﬁb? sspongl eycliq dopsigr Wé@é’@d bipeid recaivide mpasicl ¢09mnunglysmegaqa¢g a combined

cyddik dﬁﬂp[eﬁ Bbsir%@;b"ézh@&cdﬁ@ﬂﬁeaf\@ Kaid @&rﬁ)'m\éél E‘}gll@@pgcr compnsmg sa1d first cyclic
recel vin anS

onin first
<ot o S Rt SR SoRPBt i “rRPieat §REHEF R FRRRd Eovl (prir i
Pﬁﬁﬁ@ﬁ%ﬁ¢ﬁ@ubnmmwuh%ammadpm@da@eﬂnwmedwmmienh@hmmmsmchmnmeofmm
redeNRE mBanS QSQARM sidibdidhed HaRRIRhed dSppiP pfeed by said fast |
receiving means; c) second receiving neans for
. receiving said positioning signal, said second
In p@ordings with arBBinasparbvfi thgpredest ipteatd, ther tis @ovided @ugahm{ fof @fermining the

' - attmdmﬁﬂ@zlppégécﬁe Wsttexh c%ﬁg %Eltaﬂﬁxgangﬁng hla'{‘;:aﬁf Iposmomng signal through

redetern1ned I nterval, such at at
FEFs; 910 BfjRoE RN FOuRE ds SBse ente ireshi tige imemtional space with
predéﬁn&ﬁﬁblﬁmfaﬂi pa@fshinednigtedvall suck thaCo ARI ﬁeni- doypibri i€ s@&ﬂﬁ;‘o&ﬂ upon said

po%(t?olnfﬂ? mgx%p %fﬁéét d;g e
moying & phasp ceryre th“’tﬁé"p‘bﬂ“@?““&#t?“@‘ abage yvélwrﬁgfu@y giotian adoprpdeemuned interval,

sudi)thaETE @d’d&ldfcsidhc Hﬁ:’#ﬁ:ﬂ i’sloB@n@d EﬁMtGmg ﬁﬁlatﬁ,yc‘? |séc§nd receiving means for
secon [ecel

P o5 piftofe SN iRt 5By s FESB OBpBr R Gene trough e
du@eewi $Phaq gvxtb aredeﬂn¢¢ mptionay ¢ [piedetamippd @reralisuck atiada thivl cyblic doppler is

obseed by saflioRRhe Fecel‘tlﬂg RBANS) fRhns Gbi :B&Eu%ﬂg h rﬁ&% §c§ﬁbthe§ el goppler value

clic doppler. value fromsaid firs
oL PG "6y B PeTBEY S5 BB G SPReh A omprising sd it yci
doppder layd- sgidrserond atls doppt ermeaad fve meghringasd®nd E@bined cyclic doppler value
obé@%&lﬁt sl»aﬂgecSﬁ')d chm%‘&%r ﬁldns@&m& Usnﬂalin\ééil:ycﬂé dd?)@eldvafuk ccﬁ%)ﬁlsmg said ﬁrst_

i'vi.n ns and sal d _second recelvin
cthllﬁ gtfppgté s%%ﬂhfrg, c)mlci,ﬂ)gplprapénewﬁm déqfere@gpgjgldl secopq ?Mngcb@chc doppler
valhg frae@idSirdt combibed Grliv d@p;ﬂg vhlleto détérinind dlﬁ‘eaﬂf/ mSrdé-Hte AOEPek Galue; g) means
for?&%‘ﬁ?ga (r:ég e® Btelssaf sﬁgjkﬁtsrte%‘e § me J% sa{a secondS receR'mg means such

ance wth a sixt
that T‘Hﬁe‘ﬁ’t‘lf Bigus- lf“ﬁ dengler gahﬁrlbwnawdah)md@ dneremm tb«r ptitnderndj said mobile
appafiis Bistd dnWd€adjusined réBididliestdpar at us, the nethod '
conprising the steps of. a) transn1tting a positioning
signal through radiating nmeans, said radiating means
In spprrdanes Withg sisthaspect ofthe presentinvenrigh therrriemoddere neihahiat determining the attitude

of PRk aﬂlﬂaxtams RHeSsdaha &ﬁxﬂ)nﬁﬁ’é ihQBe;@tof afir gﬁg{‘j{a‘- ?5&'&1@[&% signal through radiating -
such that first C

i nterv i
megrﬁ,ps‘éxldl %nggeraewng étf Bhabeovgmfel ﬁ?qk'éb:gq-gﬂ%wnab’pace with predefined motion at
a predetemmiried dntgeal, Gughobattd B ayglics d@ﬁbf 1stshpdﬂﬂﬂ$'secﬂu1fdnl‘ssiﬁ posmomng signal; b)
rec&%ﬁf LaYd Mtxmns al%ln%hf 'ffr§trecg1§ﬁ m\é&{g gsa.img %ecggi&% En%ans moving its phase

hase centre rOUg hr ee- di nsi onal space
| _°°“HF daeh fhesgrd ﬁ‘ﬁ{‘ﬁ“lﬁ‘ﬂ spitce ét’“b PEEREned Aetiqe at 4 Riedeienited injenesh such that a second
cyclih adpplar s @bservel byCsylid | firt rtﬂﬁﬂ,ﬂé fkank; %) El’béiﬁﬁg\/ﬁﬂ ﬂaMtlcﬁx&g dngnal through a second

rec&lﬂﬁ% ['n]ee{ng G& h \éécﬁl%arg%ecg oev(i:neI 1%' %%e centre ougi) (tt]h.re dlé%ei; 8onal space with

a.% fglj JCCIVH]\%aFl Ig\O/SIltlr(])gmg sxgua? sau? ? tal'CCClVlng means

recei neans,
Preﬁfé"e%q PPtien afreafféet?mwch gltqwa!z sm#ahzé ctélnft pxslic fiappletyls observed by said second

rec&hﬁ@ﬁeadé H)B:Héiklﬂﬂg'\i firSiLBMBind ddlic d&fpﬁdedclde Q)S&lrvgfpﬁyl s2i0 fist reébiving means, said
terval , .such.t ird cyclic

ﬁxsp 806%:11&? ?mhc ggsgiéex:;‘] \Vae %)m’pnsmg dsagiellgrg e ic cg)%?r\ﬁn éaxchéeg?fg cychc doppler; ¢)
meg$pringes seaenid rrgmbined] qyelic @9]’“31 Yalig obseoked by s pdeerd reiving means, said second
confHARE E)\éﬁcddop;\der%ﬁhéjcornbﬁs'ﬁ{g shi& ﬁgf C‘!’&IQQOW%’S&& @.r&jc cfclé c{oﬁgler, f) differencing
conbi ned cyclic doppler valué conprising said first o
cyclic doppler and said second cyclic doppler; e)
measuring a second conbined cyclic doppler value
observed by said second receiving nmeans, said second
conblned cycllc doppler value conpr|3|ng sald flrst




nobi | e apparatus based on said adjustnent required. WO

2005/ 012934 PCT/ AU2004/ 001024 5 BRI EF DESCRI PTI ON OF

THE DRAWNGS FIG 1 is a graphical representation of a

si npl e mechani cal enbodi mentfcof a Spatial Shift Key

(SSK) nodul ation system according to the present

i nvention, incorporating a Spatial Shift Key Transm.t
said 88hed Fpmbified gyrlie dorplet vahu Siointssii ifight condpad &yalid dopprerdbib@io@etermine an early-
mxﬁis i opﬁlQ‘ v@lu@%ﬁsdﬂﬁlmg@;ﬁh fp;edé%ngf&%'v\éﬁof Q%c? F ﬁth)ecexa\‘nnt ?neans ‘and said second

s a er verses Tinme

recqixiag, ﬁ’ﬁ?“é Sich é“ﬁ‘o%’&u eARbpingstlate feppisr walveris miw&th B dpﬁermmmg the attitude of said

moblitesppardne BasedonFshig adjdstmanhequetbd) t he Spatial Shift Key
Recei ve (SSK-R) antenna el ement has been rotated at a
slightly higher frequency (1.1 Hertz) than the Spatlal'
~Shift Key Transmt (SSK-T) antenna elenent (I Hertz),
10 such that the receive antenna el enent has been
slewed in and out of alignnment with the transmt
antenna. FIG 3 is a Doppler Power versus Tinme graph
of the process depicted in Fig. 2, whereby neasured
Doppl er is conbined over each rotation (signature)
period and converted to a Doppler power value. 15 FIG
4 is a graphical representation of a sinple . :
el ectronically swtched enbodi nent of a Spatlal Shift
Key (SSK) nodul ation system according to the present
i nvention, incorporating a Spatial Shift Key Transmt
(SSK-T) antenna transmtting a spatially nodul ated
signal to a Spatial Shift Key Receive (SSK-R) antenna.
FIG 5 is a Signal Strength versus Tine graph, and a
Si gnhature Reference Signal Strength (SRSS) versus 20
Time graph of the sinple nechanical embodi ment
depicted in Fig. 2 and Fig. 3, wherein significant
mul tipath fades are apparent on the Si gnal Strength
nmeasurenents. FIG 6 is a Doppler Autocorrelation
Response Function (Doppl er Power versus Angul ar
O fset) graph for a Spatial Shift Key Receive (SSK-R)
antenna which is tracking a Spatial Shift Key Transnlt
(SSK-T) antenna. 25 FIG 7 is a graphical :
representati on of a successive so-called Spatial Lock"
Loop (SLL) according to the present. invention,
whereby a Spatial Shift Key Receive (SSK-R) antenna
i ncorporates early, pronpt, and late tracking arns
whi ch are angularly offset fromone another. 30 FIG 8
is a graphical representation of a sinple differentia
mechani cal enbodi nent of a Spatial Shift Key ( SSK)
modul ati on system according to the present invention,
incorporating a Spatial Shift Key Transmt (SSK-T) -
antenna transmtting a pair of spatially nodul ated
signals to a Spatial Shift Key Receive (SSK-R)
antenna incorporating a pair of receive antenna
elements. 35 FIG 9 is a graphical representation of
an el ectronically panned array according to the
present invention, incorporating two spatially
‘distributed antenna el enents, a transm ssion source,
two variable gain nmeans, and a control means. WO
2005/ 012934 PCT/ AU2004/ 001024 6 FIG 10 is a
graphi cal representation of a three-di nensional panned
Spatial Shift Key Transmit (SSK-T) antenna and a .
mat.chi ng three-di nensi onal panned Spatial Shift Key
Recei ve (SSK-R) antenna according to



‘the- present invention. Each Spatial Shift Key (SSK)
antenna incorporates four antenna el ements spatially
distributed within a quarter wavel ength of one anot her

- WORE0SNI2Béd in a tetrahedral shape. 5 OVERVI ERCTAU2004/001024
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the sane pre

system and nethod to determine3receiver attitude by

S ' rrelating a Spatial Shift Key Transm ssion
(E@%%géygﬁgyﬁé‘%%’?wg%al |y generated Spati al :
Shift Key Receive (SSK-R) signature is disclosed. A 10

t FIBNS 6 & gﬂﬁhidasregr@sexftitﬂ?l gfsi §ﬁ1|91fe?r?e%§{1/l Embbafid f J(f'ég"fgkn?g Shift Key (SSK)

S - through Spat L K :
| alr‘{?@%lr’fé‘ Sgiﬁﬁf”c °°ﬁ@‘<ﬁe‘§gﬁ°tp§seﬂ‘ﬁa‘%"°e»e‘m°@9fa'efﬁ rSawll Shifekey Transmit (SSK-T)
- WinteRnaSRRsEetine g srftisily moduinted Fighab top Sputial fShift ey RadéilqBSK-RRARBLS. :
at a predetermned interval, thereby inducing a -

pgedet er | e %F Doppler patftern on the .

tﬁlgh g?rsl{ tBLed&Ep eol'%f i ims ﬁg Olé?l& ﬁﬁ]P?ﬁ lﬁ@ﬁl?aglcaé F@Bc@p@phqfﬁ@cpresent invention

i $giceipaddn Fipsl, aereip the Sppdial Shiftdeen Reneive (SSKiR) eitenna\elérient HaSbeen rotated at a

Psgdgfigxewﬁmdmy @Y Cektd) K@oﬁpépeﬁan Bk k& Ranbifil B8k THLIRL etémem (1 Hertz),
. ser. receiver s configured to

rec g‘ip‘x vgg lfe%ﬁevg %@&&egeﬁegrhgsrqr’ﬁﬁislf‘l”%ﬁn ol §1"t"ir Lt @ﬁgﬁﬁﬂ“sm“ antenna.

through a Spatial Shift Key Receive (SSK-R) antenna,

VIt GHs elbappler FOW QErsus Thne[RRPISET tiePRERS depiBtbH giE. 25 Rikreb m%l{r& Doppler is

brﬁbiﬁeﬁgﬁar &E@gggdngsex datru‘rr’(g)t Iegor&’anc}: egegt ! n? the mverm%t a
determ ned T Hat aYeredde § Ropplespawer xpluegy; £ ¢
Key Transmit (SSK-T) antenna. The Spatial Shift Key

REE di i & grahBHeprkcratibrsTaBiniph @lobfcRicAlly sRAMEEHbARGE &3 Spatial Shift Key

[ ' nent _on the alread ) o
N R e SRR 0 b Bl FsBiens Do el S Ky Transi
é?#é-ﬁ Rfenes FREFRIBIAG & metialiymedylated tignalnemSpstialBiifiK ey Riedeive (SSEIR) antenna.
recei ver 20 continuously adjusts the frequency and
RRRSE OF; | [ Ke cei ve (SSK-R) antenna
Er edef ?%ggjnh &ﬁeg??g%ﬁ% c.)fﬁr%a%a %ﬁ af’%*é B%Faglﬁes%f%"t"éeds' : pgth (SRSS) versus
5 rEitrl) 1l theysimply derhanicah embediment rdepici@oin g2 of Righ@, wherein significant
rogltipdth/fads arpappartnit Gthe'SJgnal Srerath ediRmEszer 0. Once t he :
recei ved Doppler is mnimzed the Spatial Shift Key
‘Transm t (SSK-T) antenna and the Spatial Shift Key
& 15\pPoprigs|Auteroris|ation Rezporse Bungtini(PreppienPower versus, Angile DBt graph for a.
Setd! Skif ey Repaitel (SSK-K) aniina ohioh © Sackide § §t VAL R
The attitude of the Spatial Shift K%st e Kyl 1SSK-T) antenna.
antenna can 25 now be determ ned accurately relative
¥19- 1 frer srenhictlepeesespatiomef apyecessing so3ialledtSpatelyLoFk BApI(SLL) according to the
- {88k inTntion) ivBinedfa Biatial Blﬁlﬁxldf Rd&@vé(fb?(—ﬂ{hﬁﬁﬂﬁ "ihcorpoa-at%s earl|y, promd:t, and late
(ol 1) nt & means offset required to prin
?%E antﬂﬁﬁ?ék?ﬂ?o %%%?Fg omﬁ%ggﬁlation. Wien a Spatia
Shift Key Transmit (SSK-T) antenna noves its phas
men Em_gtablﬁﬁugbr:ﬁmme of¥ ﬁ!hplﬁdiﬁé’srgﬁﬂgﬂeaﬁxq%al &fbolRbd: 3 SpR shit Key
Qo 3 s o T8 BB IO BB Spiel SR Key Transy
FLANEERnR triesenitingt achaly 4f spatialy modulited sigrela lto mSpasiaBiit Kef Reckie: (SSK-R)
apenna ndorpdritin@SpairDf fe@iveBiflenfsiniedt. Synchroni zation or,
alternatively, spatial correlation. It is'inportant to
understand that in the context of this specification
HG,& is & graphical Fretssentption of poelectionicsllnpsoned aireyl apcordifzas the @rebei€invention,
icoparetf tva spaialyQistribue@ahtefinal eRmbritd Brransil R foh _?Jurce, two variable gain means, and -
A SOHAGI QM zation as  used in this specification -
enconpasses ‘i dentical periods of antenna novenent in
both tinme and space. 35 Spatial Shift Key (SSK)
nodul ati on signatures can be generated using many
different nedia. For exanple, sound waves in the
audi bl e human spectrum ultrasonics, infrared, and
radi o waves can all be used. In the preferred

- enbodi nrent of the present invention, radio frequency -

(RF) waves are the preferred nedium Therefore, in
the preferred enbodi nent of the present invention
Spatial -Shift Key Transm ssion (SSK-T) 40 nodul ation.
is achieved by the novenent of a transmt antenna

I e
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7 that a predeternined phase, frequency, |ntegrated
Carrier Phase, or Doppler signature is superinposed

the original transmited radio frequency (RF)
wWoathsp
8 £ 129§pat| al Shift Key Receive (SSK-R) nodRCHAD2904/001024

Is achieved by novenent of a r6ece| ve antenna phase

c e such that a

oragerod: B sl ELHLIRAR & e BRSR ol pmstrotos it ey Taneme (55
Pkﬁgﬁ;@xam ang-a Eﬁ}giﬁ @ﬁeémﬁﬁ’ﬂﬂz:;%;dsspgupﬁtﬁ mw&eﬂveqsmm)tahﬁma according to
I etearsg inventorD Exch SpitielBhlf SKO)! e mcw eqna elements spatiall
VEEHHeR I epl ct patially
si npl eedp?laglﬁar wntgrc‘ﬁg%\éln%@r&"%%%%?’ﬁﬁ}&e&@% ﬁ’@hﬁ%@&?t

invention. A positioning signal transmtter 101 is
configured with a Spatial Shift Key Transmt (SSK-T).
amgverwgEw 102. The Spatial Shift Key Transmt (SSK-T)

arAt ergena 02 COTTE)H ses a transnit antenna el enent 103
Ayand pethogd o determinggpeeiyer agude byrspatipllyrepriciating avipatinl SHieK ey Transmission

ot(!;ﬁgr'r)émn@ef wttlhelqczdiv gtneragd 8ﬁaﬂhlw{h e TRR&SVe §*SI€ R) Genature is disclosed. A
bl Do o ?z‘éﬁﬁqr‘i“x’eﬁ'"? ] Wl Sty 5 e g .
s duu% w rcrlhmo&i t.F @agtt!berMmptgu g pretiefinedmabtion repeats -
t Bie? Bpdgiamningd dntgpeal, |tlw(¢by fﬁﬂl&mg lagfﬁﬂététﬁlﬁed)@ﬂh&ﬂopbﬁr ﬁaﬁ&n on the transmitted
dpb’sﬁbdu%rknénkle'l'ﬁﬂ ﬁ%@ﬂme@'ﬂtﬁﬂpﬁ tchLaegg { Signan ﬁ é)tar? 3‘["4’ he predetermined

Jgoelc ne gvolu nof Its
W P o 9T pgn tFlF\ﬁ'g B‘IPP‘Gfe“@éfH'boéu yserreceiverisl Ccfnﬁgured to receive the
eﬁ@élebmdeﬁeﬁ) IPesitisning signal theughr Sl tsmrlte@r}&ae,\gl ©SRRS andddd, which also

r @bvad Bphadé cedterté Ee vol utjon
sp o na el oc \;a\%as e“lmlrhr%ésct | onLﬁ%?e'f'ﬂm" gFPesting e F‘&‘F’@e’“ at the same

seeRRd)
n%gd(e) ae va?" °8'8' °c‘(5h 'a‘r Sé’ffmer@FF‘lt SEKAT a’\ﬁﬁntﬁh iThe $platizl Siffe Key Receive
r @Ry entennsathertfore utdms:k beo@nd leguip Dbﬂ;%d%n%ﬁbm ohRe already Doppler-modlﬁcd

t t’faﬂiftﬁtfﬂd t foSitionin® ¥nktN %n dnfthnhO A&n&h?on?itlfb gox% I?’g%‘é e‘%‘g'f“t the user receiver

{nuous fﬂh g 1 antenna e enen
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the receive antenna elenment 112 are rotating in a
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Power versus Tine graph of the neasurenents depicted
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rel evant switch in the RF switch bank 410, so each
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sxgﬁﬂ&ﬁﬁ&ﬂdl&gldam&syﬁﬂhfoﬁ&ﬁ ﬁﬂlfh@vetﬂﬁﬂstﬁ&ﬁﬂy thb§ ?am% %Eé & Ghid V‘e&&q’wth respect to

B LENER 2 B N RS B e e s it
substgrmyaity) the gaue P@rsleAu@@@rAmema@ao uleB ndverradat3a roGimp fusq Weceiver. In the
preﬁ:ﬂed é]x%@dnéﬂt thRANE B8diVeP conth %L&fnn(hl alﬁltlay\slfijﬂK%Q& ﬁg’c%ESK -R) antenna and

& ?.I ver.and difference t
= Siagls T} o (SRR PREOBTA/B PSRRI it SRR S v Tseeive (SSK-R)
antging. (fhasitgle fixed refanmpuecmendta. doéil.hppdrgéte atréRive Ddppleyig@iGre. Spatial Shift Key

Traﬁinglr@bK tl‘?aﬂtéﬂﬁ‘a ﬁ(ﬂ)&)ﬁp é&é@&}@ Fegcm'eﬁ %1:1)\1%9 tbk %ggtlaloé é?we%eg?sfe (SSK-R) _

Inertlal a |on stens are
anigity S dhen Brec OGLREPRE) B posiliswing sierlsetTt iropivedSthrough the fixed

refddptdveckivd antérink. (ThE adtdmﬂ sfyﬁcﬂlfbuﬁﬂﬁy c&x&@lrme@&\&?%ﬂfed b 6@t B Signal which

replreg‘elnl@me\é%%n% 'chQe meqéégl.v?d%/fgfgggp R:regcrg r?%fl xgdI tb%%:a% ?lgg] ﬁgy (SSK) signal,

me@%ﬁ‘f”@?ﬂgﬂ%wmeﬁntrol nmeans. Method 5. Apply
so-called Differential Doppler Signatures, as
described in detail below. 10 Differential Doppl er

" Signatures The present invention further discloses a
system and nmethod to determ ne receiver attitude,
unencunbered by wuser novenent and receiver clock
drift, by differencing a plurality of transmtted
Doppl er signatures with a -
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plurality of locally generated receiver Doppl er
signatures. A transmitter is configured to generate a

Wb gy 15 of unique positioning signals which are
rans ed through a plural iy of antenna phREEAU2004/001024

centers of a Spatial Shift Key Transmt (SSK-T)
aMe®dana, Wdohtig8R Gh IrRMLIAMNBatRR 35&nC AT Nith %les,e? Iretceul? and difference the

u t|on uni que prede
m@lts%ﬁd ?“e eg"a“ %L A <§%@eqnswm to %*ftn@mv gier movement. Supply
tﬁeeihgﬁ‘if‘chﬁm Fonthe antennsi sopebronipationd exnizel miems. Cinéniaud Prbv@dation Systems are well
Sknguneih the &t DB 218 A6t Dsubjed BEAY frds@flinABdrl | ONI NG signal . A
receiver is configured to receive the plurality of
uni que Doppl er-nodi fied positioning signals through a :
pYEoAri ty Eiterdp Bemrropiserarsverent fenstherklativeld Qigfreduray Doppler signature,
Sind fupplibe/higRepes ifilteed(sitikold)e aBiing SR duronithtiol cRR6 hefnSCEI VE
antenna phase center receiving a unique positioning
jﬁﬁpﬁ Each recei ve antenna phase center is

hof Sur ed APRY Seeselled RifferntiahRopglan fignatpiey eralesorited infdptribigtow.
nmotion, and repeat at the same unique predetern ned
|m§f§gn\(,§\lno As skgkﬁmfeﬁs pective transmt antenna phase
&S A0 ant enna synchroni zation control means
t ‘Hfsﬁ'“ Prrratiopdwtherdiselese AsysteEmed methest 2 deferminl reestver attituge, unencumbered by

- mhenmeneitny ardfreceigen tleokl’dﬂﬂ,p:b&’lﬂ”&reﬁ@'l’gta%@al@fof Hh@m MJp@Lr signatures with a
%ml‘afnty oﬁ@&llﬂeﬁ@dt%%c&%ﬁo@er g aﬁ&g tratns er 'Sf?'}i{]ﬁgfﬂ to generate a plurality

plural it i uni que 25
JURy oS3 ighals bich are HP”é@'“B%/thmsh\mPhlgﬂlb'hémnﬁa‘mm poed of a Spatial

Sif Ky Trap mitS SK-Tyestanis, GVitk Bdch Qlftenhhﬁ:ad’e%&@dr Vit &k.&de Qﬁhéﬁged motion.

A r eiv
?i}[‘g’ﬂ%ﬂ%’éﬁélﬁg g%ﬁ]&ﬁll l?ﬁea%{: ; heﬂ‘% Lrg% “FD‘%?P ﬁé&freby in ucmg a unique .
PEdFFERifed DRIk signatuze, on g3ch %ﬁﬁﬁp%@m@ﬁ@%ﬁdﬂ@h’a iSmafigused to receive
Bk plilitkefunRed®pple-mofib&tpo Et()jona.g kighaR &r&ﬁlﬁﬁlﬁuﬂ%f @htenn&Phase centers of a
\1 i A
BRI Rift] Ky lkrééeﬁ'g r(‘%st?{l}ét ﬁ%ﬁlﬂ, ?‘t‘}{ %cl? g 1 e an grlma gﬁa}s? fenkregfcewmg & unique

relat
P?é'(’j‘%'f%'g’(‘agé?fh @cetm@m ahaeedﬁntﬂdq,goygu@@[o@}om Vithche same unique predefined
prtisp, apdilepeatratthesane/ @riquopredeemdet ixidthdl?asﬁtﬁ reﬁﬁéﬁlvggan%?@nteﬁia phase center.

Rh hxfémmcﬁé{ﬂém&u&mmmﬁk%f (e receYver ?o]u ?n@{,ulslg %@aﬁs‘ ﬁh% alurahty of

ant enna ‘synchr.oni_zati on control neans

T“E?“‘Brﬂh?f@ fo&s oh e Spatal Shififiey Reprive i(SIK-Roniersis 4t mageh, the plurality of unique

- $tial ShigoKy Depmit (SSKFRR DopdiEsinsurebl By HﬂvuigsﬁE dxff’é&\i&g%pler power

Rlastr ooV Ge re&{vwﬁsxggning %&ggfs ﬁ)wgaldls 55}0”8}1 g)e pecely el gopp ler,powgr difference is

deferenC|n9 NOW £
pigimiged ihe. pRatie ﬁ‘"% F%T’@S'ﬁlt éﬁ%&rﬂ ﬁﬂf@h@aﬂhiﬂs@ a¢nteesramme Smatid! Siift Key Receive

(SsreRpknfefra plast demtérs ADOPPIirtlin unBbn i g6 Adcldfe s;ﬁ@aﬁl? %el@&d trhatinude of the
k- i i tran

tﬁﬁg{sﬁ lé%)ﬂ%?%r §e§3( Rﬂnﬁm él n;&ta' alqet %ed? ;Erecﬁglg; re?a.s Iye e ﬁ‘etamtude of the

§§ 0y Key fraasmi{SHEP) anteppa b smawralg thejanténna syaqhroRizatios eontrol means offset

réqBisid- (6 ) briggn the nntennBOitoCspatiar toBrelation. Exftlakedls ibd; #)Bl@ls Rbdsurements due to user

' d t at
S L s TR Rl BRel . 01 1l o ne

arm 804 and transmtting a
signal 805, a second transmit antenna el enent 806

Refbuing s taFigt&)therod depited @ sitipe pﬁ:far inBBantcAtebdditeknt @Eh@hﬁ@rémm Dopéler
%ﬁgﬂé x’flm 'J%%é ﬁr&gnt "ﬁw&%gl? Ahostiibni lFJ FrP PSI %\'Ifx{:)ﬁp g@%s ggured with a Spatial

nter ero
SE'g ﬁﬁ%@?’éﬂ'“ﬁ?"a’? AREAY ?q%gmﬁéﬂfﬁﬁl SBifi&ey §'l§!§h"t &SSKaT)satenne 802 comprises a
firsbtrapsmit ahietnalelBhait 803gnoRiited 48Ok chdiST- aaotﬁting adl do® mtd%nsnﬁm% 2%t unique
pé’sQiQuﬁr’.goﬂ&ﬁ?sﬁs P%rﬁ%ﬁ ﬁ%}ng %l%lrvfng'gtp motunt dea§ éﬁﬁB"d’F'ﬁé’ﬁ‘l of the rotating

e etern1ne rate IS |
{0 rapsputting 5°f=_°£f5 P%lﬁ’ﬁtPP%‘f?"mz Fignak §07,rveithithe ceptert of theastating arm 804
c@@@te&m&o:@mmmm 808} sachaks @ Gérvd MétorCl THea6thtind ramakoﬁmi Elfixed length, and
rate (one conpl ete revolution per second), although
this rate may be varied to any rate which falls within
the receiver tracking |oop bandwi dth. The transmit '
rotating arm 804 is also configured so that the first
transmt antenna el ement 803 traverses its nost 5
northerly point 809, and the second transmt antenna.
elenent 806 traverses its nDst southerly p0|nt 810, at

e S S o n ~A A -
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10 802. The Spati al Shift Key Receive (SSK-R) antenna

- 812 is attached to the user platform 813 with fixed

orientation, such that the principal axis 814 of the
WEh2003/2i2938hi ft Key Receive (SSK-R) antenna 812pGT9AU2004/001024

preferably aligned with the .pt#ncipal axis 815 of the

body frame of the user platform 813. The Spat ial Shift

KEXP VR@&@PV@‘WM -TFY- I this dltusteati el énbodimpnt,ias & Ror easé efSekplanation, the transmit
rm;emas/ms zmsmsngzt% &l Bﬂmlsg &@cﬁﬂﬁ%% ef; ?ate (Q{Lecoﬁ glgte Qefvolﬂxon per second),

Ik B ei.xin rs uh

pOS| onlm%g arreﬁ‘g y{a %a‘r"]'g?h @F "th"rt ffeserer tt’af’lif“§tl°°1‘ bandwidth. The
tfa%mta(tmglzsméﬂ s plsrconfigared fpt thed 08 firshitramemiomtbnrae@zminy 803 traverses its most
anthery@ine BN the ScoBnd BaksRiitGkerHR eleriht SBRARrLits GG Bftheli Foint 810, ar

rtgtb@%,,;nmgoggépsgcgﬁw and receiving the second uni que
positioning signal 807 transmitted fromthe second

transmt antenna elenment 806, with the center of the
rAgisertréceiver 8 s @iffgucd wiles Sradkl Skift Key Récéite OSKRF208na31H which is mounted

e lﬂseﬁpclaxﬁm? ﬁ3\419d sxﬂRLoan the i él&te% i ?pa?alrgh%;l{ep(ﬁ'gﬁs&m (§3kyT) antenna

e he tran
B Tt iR S Rt (5K g 121 meebed e, wsppTormeht with fxed
\ Pw@tumewcls that the proinhli eyis r8d4] of the ISpatiati Skt KBEREckiKS ESSK-R) antenna 812 is

bfeﬁﬁﬁl%ﬁgﬁ@%tﬂ Qﬁ'phhc@pm 41 8§5 aaal bﬁ@%n% Qs t&g Qs]gr ptlat igrm. dég ZIIh% %patlal Shift

'i( a}g e( @ghnn&a %I egrent e803 t ough t

S RHEHYS @YRsRbrienas F42 compisesp st eeei fFﬂé nimtemmamg aoffne end of a
toting 4nn $17, prstredeiving tpdisit tuniquei pogtiching Bighal B635ransmitted ﬁ'om the first transmit
b e BB 803Y a $eBdhd red SR anteBE 91: egf 818 bhbured of 91@ ]:)%ngs Ite end o, gge/rotatmg arm

ve.the second . .transmit posi tioni
BT T QR PfHE Af-FoRF SFLPOZ rensgifed B e Mpcond ginsmic ot

tlereentsi96,07ith theemenad thembtaing armed1e KBiikotdd kS a roldlitly HBRS B9 such as a servo
Insl@r mm&t@g antt 31 s ﬁEnul’:Ji‘ ﬁgﬁ%ﬁg g%gﬁd;rﬁ? ?okaYm da[rrg g&l gnlsgsg:l? n@aof revolving

i gn A var
8y YU Do i BT P 1o e e ot wresiessapsoming i 305
Ban e fifsigrnsoiit aptema elemens 803tthrauph G fist etep@RiNbma &6hfen81838d measure the
Dbpbiar \faﬁ&ﬁﬂfétﬁrst Qccﬁw@@p&ﬁ&ﬁig‘é&a@%%&n@&tg %me§xiecegﬁrﬁ‘l is aonﬁgured to

reewe esec the f rst, ransmt antenna €&l emen
?1 fe fesgo d i d‘f"éﬁﬁ‘&““é?"é (fam thegeegnd fragsmitsntgane Alemenh806 through
ththqegmﬁrecebgpﬁeran tlewrnt818) sadrmprsige te Dbpplet mros the kdoghd MBR&ited positioning

d’@ﬂ@b’ﬁ‘ K'v}(rylﬂé) Eydic HdpReWill BOShs@nd belE Gger r A1 degen%l:nt upon the relative

%OIPO%%W mtrot at Ilons ﬁoncurren tane
R e Sl P Pen B Ao renre b rsevg Sxipes s Bl6 & 818
Wiea gie fisst trapgmtitcantesna elemene 803 a8dl@Be fivitirdceive MtetiaRmbd) 816 WeSrbtating in unison
b3 eheBrh bi¥mdARIvi trhveid fhE m%& Qorfh@:@ &Qxlt ﬁtomﬁgo})amp %:mg % of their respective

ttFectlve 30r tatlg, ant ennas are s
"TBRES BPTYenLy iR Ree sk the s Rt igad cloem 0 Rl the second receive
apfenmpelement B8 Will traverse mammitheﬁlp\bﬁmr(pomlsem{atpoﬁoﬁnﬁm\eu respective
r$tktfo§st meeast@anxsem@mm %@spﬁtaﬂyrg,a{smmvgé% t@ﬁié sé“?‘%ﬁa p;pgtﬁngmeen the first

asur e

RS SR PSR S ST RGP S PSP scrinioem and h messured
DoprdqrbstweeBthBsebmi trapsmin bntahnd HlefiekN1806 sl MO secobld Gecfive afitenna element 818 being
af @ afiinYiRalido By firkt r@é&ﬁ&f ﬁ@gpiep&sérgatslgnhs q}{eﬁ Qu'trngv\ﬁ%ttgxﬁn tfh?] second received '

econd recej ve erva
Py SR, MBI tHE 1 <255 HEbHranFal 26 Ropoig Efence. Thi substantally zro

Ddiipfef diffgenceis uiifieitgbed b steomavieddnt, ys alaiked uﬁﬁceDD@ﬂﬂeEfs removed in the process
oﬂixtf'ef'eﬂ&@gq&%dt ﬁosﬂﬂﬂﬁgr shgfl @anl%e‘&%ﬁxfd ﬁ)g%?(ﬁ;gﬂ% al 07, al l

user induced Doppler is renobve cess
differencing the first positioning signal 805 vvlth t he

Ifeetennnelenputsotatiogrdivege &by tids|staB @F spatiaf corelition rﬂﬁ Uamémmtme will increase

: uxﬁlpﬁxaﬁﬂtéﬁﬂﬁelgﬁe}{@ raﬂ%t;tfng kg Eggﬁessbh%?hagz re? BN each other gtd the measured

at| on, pI er ce VVI

DR e it &, FrsimainG Worn e ‘e“"P%‘t“a‘t“Feﬁ‘g‘ BN RO eaete frst receive
out of phase relative to each other, and the neasured
40 Doppler difference is at a maxi num Wen the first
transmt antenna el enent 803 and the first receive WD
2005/ 012934 PCT/ AU2004/ 001024 20 antenna el enment 816
~are rotating 180 degrees out of phase with one another
‘the flrst transntt antenna el ement 803 traverses the

. o, Y -, T L ~ N~ o,
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5 the nost northerly point of its rotation 820. The

antennas are said to be spatially unsynchroni zed, with
nmeasur ed Doppl er between the fast transmt

‘ﬁﬂ?@ﬁ/ﬁép?—é‘l ement 803 and first receive antennaP@l/Alzu04/001024

816 being at a maxi mrum and-t2e measured Doppl er

bet ween the second transmt antenna el enent 806 and

t FFmnasleme B 6 2t catin 189 deemsy it eflphavevith o8 @otheri it diirsarangnit antenna element

N8R itramgrses tle 305t nértiiR domIdf ity rotatidhBOEwWHNO PP QY re @RS Elichi B3 816 traverses

ath€ most 8&1&@@3@%&@ St @ fordkbn ma§%u@4{r%ouslg anogr% %Bgla{}téx&a element 806 .

e user recejver

neasur
Wﬁﬁfgf l@?s}/%'bt Epeiptobits ptatiop ﬁ@n‘”@lﬁlﬁ‘l"l’s%'tdéﬂ?ﬂfvv @tenialelement 818 traverses
stecwestinorthrle peimchf Dopplier 820 Theantanids @ said\dibe Igpa;m Iug@mﬁmmzed, with the

Chddbiked MBppdr bbe&en mmﬁ Artting grfe.P&E BdaSL d %np recerve antenna element 816

nature o

ct% 1o Lhe out as
g a1, 2 Waxifurm, arnﬂ,g-ﬁlnf W& opp{ehpegweatbtabfee@d mmt @iptenna element 806 and the
defondiessive antdnna elamsar8is) bdmdt Dytaxirme alsWDM@ﬂ’&ﬁﬂly,, these Dpgler observations are _

UIBE ldegreed 16l Gﬁﬂxa@Qﬁﬂl ARE arlofher’ mmgaﬂedﬁ by BF Erfcer £of! @}% first received

S Eur t. h ubl e Yeren
8@? Bty et ‘H’gﬁ%“ﬁ B e e AemelT b, ot yils
Vaovhing; off, they mmp@gmaquol?ppglgnamnhtudsldgﬂai ‘thet dutssf-phfde nature of the two

Pb@kratiks. r[grpdirﬁﬁfyothﬁd!tom@tlboﬁalercdﬁﬁ‘&ﬁkeaﬁ ;uﬂﬁmﬁ’lted pr% %'rovement as all user
n nn ncnroni z | ONn con ns’

%dgél@tddfépge?ﬁu l&?‘gg iy B ] USt & P{%""?p@‘é’ﬂ"ﬂ?"’t e dpubled Dpgpler difernce

PB?%r"rfngé‘&rfyﬂmmewwolt heang1823swithed highet @resvlenibn control signal, thus

Popidihg mproshéds é‘pﬂfaﬁ‘&ﬁ@l{lﬁoﬁ oﬂbop%lemr Zlg?émmér nfd &R Rization control means
%’/ﬂ?%ﬁwg a'a'ﬁﬂ th%(s).n 8‘ fthe tr::nc%ve '8%‘@? gr!éarr]l? %ll%g%gﬁtbg %@ﬁﬂ'ﬁd received Doppler

decr eases
iigrencjs PHWF'H“@UF‘H antenps yephrosizaion Wuol BEBERR2 frtreasese Gxdredts the speed

bhiae reediva trotitigg meﬁxeusw? whidi) nQH 3ncRbsBNH b Feabs
Eﬂéka &Jpnemg glg%rhy‘t% r]}?g [na el enent s 8?.% 8?‘8&@%}§f thé%mmg receive
| gnment f oS APERR RiEREAR 31 o Sffbtiavsing @lignment with the
5@’8‘“? Yeans; e@?ﬁ‘e“‘-ﬂt’éé‘ B¢arotation Qacetie Mempdddropplérfdifierenda deat i inimum the
geteia anterind efertient foftion’ spéed iiseRbiBzl W@ﬁnﬁmﬁhnare%@ﬁt'r&&on speed (in this
SRR 1 it BPLLLAL s biGd Langm L antenna el erent
rotation spee % s %ﬁ%ﬁn TPRSDY aBiFRga eigments o flepfpred spatially
orelaeth gheéptélﬁé FM”Q“‘H‘F?G"W‘ H@U'Ple@@ls@@ @ntineousiz applieBrfttonatd ehe rotational
gemg@ﬂhﬁdceﬁlﬁ)ﬂimﬁﬂ rbt¥ting ?‘ﬁinﬁ @ﬂ9@cf’] rgﬂntarr;rslﬂﬁra% Icﬁr‘&g%uon with theltranesgut antenna
C%!ELT ect| ons ltémlt %gﬂ'tal ﬂtﬂgnia‘fem §%§§§ apjgnng h‘é‘%r"@:é@i iy ggoriented due to
"SFTt BOYAEEN} Spatin! jcprplatian itsmantmned. oAttimdenofathe) usp plaifarin is then determined as

sevivodly destribied tin thifispa¢ifidatidnne transmt antenna 25 el enents,
such that when the Spatial Shift Key Receive (SSK-R)
antenna platform813 is reoriented due to user

rRoPRigs Siengtprescrasyrbe Ireseived thrpugh arasentecrivercidcorpdtatigtayeality of radio

firhuehdy¢RE) Srﬁﬁt—eﬁ?ds @t byod tﬁ%rlr&erw? ﬁ%@%ﬁ%ﬂu&ﬁ%ﬁﬁe&#ﬁ&%@ l‘}i%lr%nd which

erenti

lg xﬁﬁ%[léxpcp 9& tuﬂe ém%gn I'ISIIH Cbgl {7%% &f m& Adglg?ht)‘, cé' eéio\ﬁéquency (RF) front-
er?rew st htt ?Sﬂgwamﬁraelr @ifmiquey Derfpler a@utun: 138 afSpaiLShircKey(FREive (SSK-R).
ahtermn tsuck ﬂﬂﬁfuchForrhytlo& poWReEis rdcéhée® Hfrﬁ Each %Qﬂl@é&r %&Aﬁ[}g CBhcurrent reception of

| f
D%JPQ sr%r éh?o ﬁ{r mg{e%] oae( @E é-? drfh?‘fs fbr] %eagb peeRived (:mw power for
PRler srﬂmm flug| tp the erspter repgivesl dutyargale hg \eretiFthe fotenti for varying -group
déti)d@d MiBey bisd betvedhdisparcs SHAR Cﬁ'eﬁrﬁncgl r@%m@n&”kﬂéﬁ%ﬂ@%ﬁﬁr&f&wﬂm of each

eTak VAT [ aI Key Receive
s%r?t enna, b@SBn(E: %ﬁ%ﬂa@% %‘? gf‘i“%‘ﬁy gﬁﬁ@i""”"gd’ rsé@é%"& &#fh Doppler
Signayes, f@a‘ér?!’t‘t&b%sﬁ#wt?éw@ Kséﬁa&) amtenna alivcaedraaniyuerree ipi i slot. In this
erdfodimiein (xfd Spatisii SHIKe) Feceivd r(gstgﬁ) Bk b@&ﬁbr&?&e Rﬁtchmg means which
angegmcl % B&gleg ; atu .ecei ved correlation

power each fiEne iiFTune igypreferably dqne within the integration

greater recer ved duty cycl e but creates the potenti al

for varying group: delay and |line bias between S

di sparate radi o frequency RF front-ends.

Al'ternatively, the reception of each signature can be

~time shared through a. single radio frequency (RF)
front end such that each Doppl er Si gnature froma

e
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21 period of the user receiver carrier tracking |oop,

so that neasurenent updates between signatures are

updat ed sinultaneously. Miltiplexed reception of

W MEFBI29% gnat ures in a Tinme Division Miltipl BCPacam$001024
(TDMA) schene decreases recei2ved correl ati on power

for each Doppler signature, due to the decreased duty

CRpEedeof thpyuger resiverparriertrecking lvep, srothe nteisarkmdnOupdated bdtiverg sigfatdbtd are updated

Chthuitgnedudigl, MilfyRexBd & ptioR oﬂb&fpﬁ{ §§,£tb@4 in DA i .§A ﬂ[ﬂ@iély W&3ss (TDMA)

nat ur es
:;E?ﬂeég@léeggasF z'%ctep gajncoréegitlrrilpower&% eflcg I}o er %%Heaque L°d]3ﬁ @e‘E@Efﬂ duty cycle, but
(cHmingtes herpptsnsialfaryvering graupsielaxdngd tissl bjes. n t hi s
specification. Miltipath mt| gat| on using Differential

i alsd def s le ler S nat res. - |
%ﬁ‘% g{l Dﬁ#p@JP §%|’M l'ﬂ]B? lg l rivl Dgpggﬁnﬁﬁayhléc Hqé?catgﬂ,céectromcally
BPLA S PR &I”‘i“r‘ﬂ?ﬂ (S%Iﬁ a*eth?dedeenbﬁé areaeusly éfi thi§ speciffvhtion.

| ocati ons concurrently. Therefore, a user receiver

W{lﬂa%lﬂ&utjpusrll%ciﬁﬁe\(&)t&lrl%f) r%ngenmtul;ets ed positioning

erience mul tipath effects on

Z’é‘% b”i?f’?ﬂ'eé fiepagresicaiist of tpluslity of ipostianingnsignalm that srtranmieed from, and
Téveivad et differenl Iogatigisabnesrientyn Thickef¢e) Waser E&nv&hﬁnﬂgw @l réctaxye tﬂé transmitted

?bsﬂﬁﬁﬁé&r ignals @fll%x&HQns.J rénﬁhlhtgpathuggcé OP gac| rdacisﬁ %nu{grsgﬂg ?ﬁafly given instant

ree %EVI ronment as tan

i Ahesregelyeq fignal Wwﬁrﬁf S rPiusaliyr of sigmatuses laset substantially the same ina
mhldipatta fres. endironglonts bs Bk glivaboes” @oiRakie rARKE adtingddatb uﬁt FeWt agtem,as are

éugmuniﬁ@§dﬂt{ee lxegtust gfgna%.@& Refer@r%g‘ : grgtrlet%gf’ S&ﬁ%t weaﬁlgwpt for each

determn 3 ﬁ’avera I Nng recelved:
Posttianing siepy! canche etsmpd by Srasige ressived &B“akﬁymgﬂltpheeréqvgn&t eashepositioning

pgra] @ theRigsitire pnibd Gositiogjndignsl eaawede@\asséu@ﬁw poWbr 16881 ikt drop below the

% bi{%kess %)h@gtré R%% QS]%g Eai)"é H&? te, erergn g ﬁ;%l{ g’ﬁ?ﬁ%ﬁr tp tgebe adversely
1k %‘ra e @F”?‘g afle %lﬂ\'?éli“’é"éll’?we’ alrer-‘eww 8 eithet elinjeatdd Gomdthe antenna
tyheironizitiop grinteel mp@sERasIERGY) DcATErdiSelAth D@Ll PoWerehsiieRatis@t corrected

beffdpd Beinp SppRAA SR htefh sTAERGIHARMR! Al QdpsCONT r 0l Means
nmeasurenent, or alternati veﬁ the ppl er power
rreasurerrents are corrected before being applied to

gh@taépflelrﬂhé:( Koy Retzive (HSKeR) iamténns, @oififyddd t6RNG o pW‘iﬂ? oﬁDopplcr signatures,

i conrl

gﬁrl eIIZ esr’\?gb ibed |§Eﬂr{ 5%???&! ¥ ft %ﬁa@n g(lg%;lﬁ 1 ante a tranfrrg%ng a plurality of
glfr SéﬁnTtves @ﬁ glmy{g}lﬁl w/qqu agla@'qngpn/rgﬂvp palmysubstannally the same.

Whea adirst fece{vBBiterEy enterstaguultipath rmnasiot.h:&gre@w&lnumiguw D@Epler value will

@%x‘%ﬁ@lc@&dlﬁ'é @ R EMESRY of dhe e l-rlm\leyek' qlﬂé&, tr%cg' Gl antb ﬁlil q?cH goncurrently is

for ea&n ansm ttrecelve palr -
o i e mp eaoéia%reaefwew%nsém Dogpics vius wmqbaa diqcurate. This

' af:q;d@ ttatking derp Gppidr oalue @g B wsat byt thedfirit irddgver Gﬁbﬁm&‘bﬂpbﬁl‘e its own value is

c\‘fi\lpy @né@"ﬂlc multmgth R Fak Ddef BavBS drﬁ%g ok 8 Lt pn enn S ev r A yed signal strength

X qﬁ However, a secon ceive. an
%o &‘Uﬁt%‘?‘h tragkipggloopfgptrof is regumed by %ﬁrptﬁecﬁaﬁ@awuulacmm» Serefore, the
peessLiDVeation clllovecfar avatatet traclirigi 160 vhlﬁuaﬁb @Q@@ﬁtﬁl&d féﬁﬂnblﬂpaw‘ﬂxs%hed tracking

R T LM y—

| "\Rﬁ? REovidesa sytiem yagrehe X’?"@“@G’“&‘cﬁ"rt@éﬁd bet@pen tracking loppslas ¢apharedaive antenna

eftersland lexits mbleipath fadever sed by the first receive antenna,

and received signal strength has been restored,

t racki n IooE control is resuned by the first receive
RS

: Flg“!&ﬂwla Hﬂ"e‘f Mﬂed e indivigual tragking loopsrwhinh ate deemed to be tracking

- cqmastlymiay bnacathﬁmw by thre uset ceoei et B clehtals kd-dﬁ@ed'o@tﬂﬂsﬁéahtb@ﬁedt(ﬁmer Phase

€] S1 t k
e “i’:”rﬁ‘?‘? penfost ol el A (5 st Bpgenly Bocumutates
oXy ﬁf"éﬁ/ EBPH Vs H “5!‘?9'??‘19%%“ sqvere multipath, @ad theréfore provides a

met hod provides a system whereby tracking val ues are
traded between tracking | oops as each receive antenna -
35 enters and exits nultipath fades. Furthernore, the
Doppl er val ues obtai ned fromindividual tracking |oops
which are deemed to be tracking correctly nay be
'accunulated by the user recelver to create a so- called

o, -~

e
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- Uiasq RrpAefined motianiTerdaty @ a e tistarmineicinterva, Oikrab ind Rirlgiah Wﬁlch){mdetenﬂmed

(1 CP) nmeasurenment. This conposite Integrated Carrier

Phase (I CP) neasurenent inherently accunul ates 40 only
ood’ pl er values, free fromthe deleterious

W P@é’@k”?)ﬁ severe nultipath, and therefore prPei/AEm0£001024

VO 2005/ 012934 PCT/ AU2004/ 001@24 22 nore robust

- ranging method in nultipath environnments when conpared

t Gor Vg’l’sé ﬁﬁg‘?ﬂo'f’eﬂlfgl"l'@“]t'ﬂ?@ epvirogments whem veanphred . sysbdntsinbtudiftg the present
dieteationi ned froma single Spatial Shift Key Transmt
(SSK— T) antenna 5 A user receiver configured to
ceive a Differential Doppler Signature can determ ne
a tff“Pﬁ‘EFé“’ﬂﬁ'F?]@°'%\f sipglepptial it Key Branymit (S TDintdhex ent i al
Db p3st reeeiver qgniiptined ©. rec?ﬂiﬂ Dﬁ&eﬁSlS)oﬁ}fler@&nftﬁ'E @JﬂQi‘et@rgm'Ie Ritude using at least -

fs:lneég Fﬁnsx@ﬁ&mllﬁ’fr%ﬁﬂ g&gﬁslér‘ EIEnaMet 'B'xe Ip"-n.u:e%s g’fe c!‘}:fJ (e cnwptgqp é?t ng&er signature with
B L s o ioh o e o v e o e dot

dihrefore ctheodifferenied mighal caa e iped to deteimine aﬂﬁhﬂpﬁlaﬂ@nﬁfbﬁﬁﬁ:@@wmom accurate

Smtbblﬁ‘é avﬁlﬁﬁl@ m@nhezsﬁ‘iﬂp Addofded Qg H{e o e%ﬂtﬁaﬂ)?qgler posi nonmg s1g|9als is sufficient

e. St a

%lél ? Feénﬁlgen me t wbc&seéyndéedgp which ap 'h’gmg‘?"@ﬁﬁ? af one; Hertzf will yield jan orientation
fmrt'@hmeepfqu@l thqusppdths of ¢ degreariTids osinE candisd se\aaélwd /aip&ifbf Spatial Shift
ey BSKPind sl 1R4itioniAk ﬁglﬁlfs mﬂrbﬁo k&eefaﬁ)l ind¥ theb tryc}on% %onﬁ%xratl%’\ts I,?gprcvxously

a ror_in the grder severa
%S.“g"eéd‘é‘t"“s SBectfiod o °@£&”af%uw@mﬁw Pty @nct lge tcigag am Doppler
@pwespeé{e$ elimingtes 4ll{Dopriten yxd-(csax)xseamdveamnndmsepesa%i M3k .
signals -and also to early-mnus late tracking

qfd QUL at. i ns. Plr evi ous descri bed in

- ?‘ﬁ ¢ §°’é“%;"“3 romm, Pz‘ﬁ "’Tﬂép’ﬁ‘l"'o%‘é‘&'é“&f“'ﬁ!"?‘K%‘F‘e’ﬁ@ntqglae
4 %P'F‘&%U \isclesad brybogimenty efttle presand kivergion b SpddaIP$Hife Key Receive (SSK-R)
ﬁlﬁéﬁﬁf mi&adetéﬁﬁneedtﬁume 'ﬁ%ﬁ:ea%m@ielSp p%llf?key '{‘}grgl%g q%([wﬂtaﬂt&gm. However, in

and user, recejver

m emrr?rllmrsl%n A aty de get?ﬁnﬂ?tlgn fnf\)g/beochx%gfi?eaxp emyH} fnewrire by multipath and poor
1epeiyed signel s(rggl(s T’erqﬁm theprerent hmntléndurphbxeiﬁblmdsé systéhh £/ ied&to determine
eedpeckining by spaifally ﬂﬁ-elEHnES ?e&twea BYRE & Adﬁgnu@ with QngﬁtnY ?hsaatlally-dlstnbuted

K- R termne
#gr?x)’g?ﬁﬁga? %mmnftéd%%g%fr) sgfmmgﬁ] 4] Eumx-lspaéxﬁlyrﬂm@betsg@nﬂmers is configured to
coFft eanerage 95 orer unique) positioning signelcwhiaht in ra:eRitiad Uirdugtde Spatial Shift Key
Theidsqit (SSRat) |aﬂ5hnmchtﬂﬁmﬂﬁﬂﬁ@ﬂ§jl‘ rgils'lﬁlt SquZF.lggn%a Is "8G Lﬁrﬁlgredd with identical

stren

cel ved SiI
'""Rg‘ﬁi”% e b Feneei anisre i GFWGB‘T"&'D unison. The

QUD

deﬁérl s%hdtlh‘e &Naéh@aﬁﬁﬂnﬁ@ pRitibrfirfg %lgi{% ?\ %RB:J lggoaﬁgu%g A LR the transmitted

yrali spati a
l%a%l%r{nlwdﬁif Ropition g%flﬁﬂg pétfal gﬁlfbm@acfegg (SSA RJ eatenpd, whish is moving
it Phasq pamter aith the ehnsmeddﬁmdedmtnr B Shich fefehis atities AR Prddgtetnmiel xtn@wal as all
tRBmR afieng blﬁﬁeazex%rs txapﬂﬁﬂ HW Kbtive (%k)éﬁgm rEl%re’?oregimfi‘xces a second

dfﬁpﬂler com | %net n‘s taéyﬁ?o Lo o 518 pat als

A S ;{ (n -11 ghlﬂdn 5&:;}? %Qg Fléq 2 m{enq(@ychmmzatlon control
mpang yethin tthe (rsSixer Fyntiauwbsisnadiists the SpacilisSyitries Metvb (sttat)taht&ﬁh predefined
nﬁﬁonaﬁ)tmitdﬂdﬁb Spattal isHRNE dy Cidnsdl &Rﬁ? %ﬁ% %ures By ety mg?lﬁ measured

uni'son

. t L t
TN NS RN O L s

Shify tl@y Feahsmitt (S8K-Ehantenmus| erdli thegSpatinl Sidfe Rey E&Ewep(fSSld-@} Bftdth @6l moving in
ufPRR Rhdre %ﬂﬁﬁf‘@fl&ﬁbﬂ% ‘?l?ecﬂmrdg W&JBB ?gth kec?xﬂé &gK-R) antenna can

sian configured to recelv
"Tran B e Cigimized 8'“‘5@5%?‘8? *°ﬁm“ndéaf theotprtial S Key Trhngmia (SSK-T) antennas by
mF‘ﬁ‘I“UEIQW B csyRchioniBHeN ¢contkeh yneids offiey exqliSBio Ringathd @itvsbs into spatial
comBlatill, i S noving its phase center with the sane

predefined notion, and which repeats at the sane

predet erm ned interval as all 30 transmit antenna

phase centers. The Spatial Shift Key Receive (SSK-R)
antenna therefore induces a second Doppler conmponent

on the already Doppl er-nodified positioning signals.

An ant enna synchroni zation control means within the
~receiver continuously adjusts the Spatial Shift Key

Recel ve (SSK— R) antenna predefl ned notion to mat ch

- m L NNl 7 T\ ~

' ~ a4 "



Doppl er of the received positioning signals toward

zero. Once the received Doppler is mnimzed the

Spatial 35 Shift Key Transmit (SSK-T) antennas and the
wipados@izesahi ft Key Receive (SSK-R) antenna ar ep@PXiyhd4/001024
in unison and are spatially synchroni zed. The

attitude of the Spatial Shift Key Receive (SSK-R)

arittisyd arraz due to Maltpathds sipmifiemny ﬂ&&fc’e&]’sﬁg hE@ledod &k ?otth VeftelrQ s chronization
t RGhtrattrhckds 46ngQpll PR Bl DG SE NS gﬁlﬁﬁgﬁﬁ i1

a uri n the ant erna one received
o Bor i, sir Aiemsel S, milpethgotiy (tioiBormiat Gamess, which are o
i Adversebpaffested by nudtipatin| veill bo#vailable tW\VBe 20054 Mﬂmnon control means Received

P%ﬁ%@ﬂé@%%ﬂpmﬁ 3o A cf;ldtlIl‘y i@fex% &%%ﬁer&% dggk%) %ﬁtéxmme when a

an magag Hb% ucre“usn ng
an enna Sy nehi SHTg P Bsen d‘Hﬁ*t%Pmﬁ@aﬁsmm flgtegmination means robust to the
pPdypred ﬂifff%s obultindthrwhencsanparad g sy stertstenclsiBPROpraEnt Mivgile U €S

- to select from As one received Doppler signature
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SH%ITeKé:m%QYJe ? ﬁegfrom mul ti path other identical

whi ch are not adversely affected
blp P'P‘i'?b‘éli H’SC‘W qmblimengsadf| taebpresent dnvetion & tspatiapshift Key (SSK) Doppler

Ssignetive @dpeaz pdriod 13 c&@lﬂﬁxfe@ by fﬁ?@«ﬂﬁer oBkng 'l()6 gan?wﬁihgg'gal

S th c to nat, ur e Referenc (gl ulser receivers.
Sﬁeéﬁ)@ ﬂ %&gp ?mb%g)L 1o g?lfn pﬁ%en YAtion a gftfj‘h and, fpethod go gq&pname receiver
falfifle “‘Fhé’?sie!'%‘?%m% fredifslossd e Titis $ysrorermtd methqdrvawk GHtlouedle need to perform

adppltrsidaanieteeyingiusing e RertRAGR Tradk@Raps, { © the adverse

affects of multipath when conpared to systems not

usi ng the present invention. Rapid Attitude Update _

ph freoamittes, qopfigpred togenstateh positjontdg sighap which ﬂﬂ"&lﬁdittéﬁédiﬁ)ﬁghchfspma] Shift Key

{Thensroit ESSEFTY) amamanﬁdv&nnst ﬁ}ﬁseSi@ﬁEH @Jm rab Edéﬁﬁé’d &§§ referably with this

i gna r epe eri i S cONStrai ne
?%?ﬂre&o?o?a KNG ao‘('Jop‘R%a‘ﬁ' Rela ‘§S el ef b "#“PF“EJS‘EI“ s wavelength This
PEFAeineAapation repegts P‘éfRB?detemlﬂqd imtefvak; therely mbngja predefernfifed higB-rate Doppler
pigEs@Nbn tha \tafsmitRf P&I@yﬁé @@a&nﬂw NRhdatla U gﬁ&t s%mun Ss modulated at a

rfr@&x@r cy Grfu %ﬁtp]ﬁérlti:qx?a Pse} recexvar p y ﬁ%%%%ﬂ%ﬂ? E’?%f"{’ leﬁstef than the user receiver

em an

ﬁ%‘iﬂ"'f"&‘“b’@?"f"@i’ﬂ‘ﬁm@oppl er signature tracking using
receiver carrier tracking | oops 15 Atransmtter,

[ [ which '
?ﬁgﬁgﬁ%{feﬁ g:od'h'?‘];]rgaetg ?{]Q etgeaD(prlg !g?ﬂn %l g%wg@ggns%ngﬁg;ﬁc& a IS;?anal Shift Key
ngpe ﬁ R %‘?Fe!“ﬂ tthe $3ima srepid epredefinediimiotion] agpedling at the same

prededafibed G&deniiDisltlQrSpatﬁr sHifek &0t x%hst\%g~I Ktﬁ 'afte i?'l}g@ gkaltli&l%ﬂlﬂ l?ey Receive

d
{@Ek 'R? P;ée?]xgarrﬁl {0 r}_g) mduc?s. aaseﬁ\fleg‘{/lg}]%ﬁ @Pﬂppﬁr] chnpoxmnté:a dhejalseady Doppler-modified
tFRatTRitaq PPsifioning %gnét Thg uger rechideris ponfiggledi tmmaﬁutaﬂecelvbhﬁi’s{ﬁhﬂng signal carrier
phﬁﬁ Uﬂdaﬁg:m&:t{) PRERLD rlﬂbﬂ%?edanh ' qgnﬁ't{t@é 8 M Qllxegsél gl%‘lafi oncg, every correlator

i the transmit 03|t|on|ng

§l|e§ﬂ'ﬁ % deaiie etl} %hﬁcﬁp% nmm%@aceaqvera signature period. The
rpqag.ﬁeg(pppé?vam Qypr qle§lg¢tmnod e pongpareds @l a DB Y@¥er pdllﬂ&'& the signature
p&ﬂxﬁﬁ&ﬂoﬁi&m THe eénipﬁéd Dépgier Joﬁ&tf&rﬂletsm J&goéilr'iétrﬁgéacuée?@seﬁe mieasurement to-
L o Bl BF e VP S I NS b b proiveyertd in s

: sgqcﬁiﬁﬁxpn thhphegggqap @&Wg (Ia% QBmpasureniéaltechfiqueRas @lVa uéesgﬁelﬁ} correlator
it EpaBO EchniiizY, @S wél knbwa 1 Che 3R AR nbidRbifeclir i Fieieﬂ%ﬁzen@& hon, '

repeating at the same predetermned Interval as the
Spatial Shift Key Tr ansnit (SSK-T) antenna. This
Foifestrative eyamele, rederingRaaie tovkig. 4( SSKisRepietad eSparal SHEL Ke) Pafmit (SSK-T)

antéhily @GS coalpﬁﬁi‘goﬁdanbj' S eréndrhi® afeHAR leﬁﬁ\enfsgjwqqg 3.8 moarned in a circular

e L ; transmtte ositronin
- ‘ﬁ‘lf g;/ E‘%%u“é“é?'““r‘%‘cse‘r"{}”é‘red [SUEETIPT GiaRedPdiohongmillisepand each, such that

40

’é? o PRySrses jaropidnthe !mgwadw 8 aniltiseconds. (Fhigplease center movement therefore
maasuremants preferably in-phase and quadrature (I &
Q neasurenents, . once every correlator :
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30 integration period, and update the carrier tracking
| oop no nore than once every signature period. The
neasured phase val ues over the signature period ar

e
"Eoiparéd*and a Doppl er power yalue for the siffi4AYR04/001024

period is conputed. The con‘putz‘éd Doppl er power for the

' eriod is then used as the nmeasurenment taq
AIE PhGid Botalr et e Eba AL b R et Wiy TRGUEDVE 125 H. A user
(’%SYG_—' @7 ‘&Fﬁnéﬁ'ﬁ?i’ vt apipetipl BhifsKey Reseiver (SBICR) antentdd08 comprising an array of
S@eied dhiena bleaents dbsii PS8 mauiitkd GHLEGHEA4rphrRm(df iddhtibd radius to that of the array
%P@ﬁé#ﬁ%?%?& el%rg&:ﬂm)ﬂy3%03-9%3%‘2%t;3m9§e&i’esme Iﬁg—lr,l Z«F %1\‘/’?;‘12‘?1’6 in succession

c%or re egration nni ques,
[

195 & prEody ph ong fpfllisespndacach, mych dhat dfe RhRe qomes Stramerse; vt tho ey every 8-

mﬁsei:dnd_lsu”s‘ltisr ;a:_hsie\centee naveplee _,thefe&frcﬁi_bcldcéag fﬂﬁ@iﬂ Bopbler sﬁn&lures o% the received
Bo i 63 uem)! Yhe irfeasalia \ d i
polafing Sty S SESIE s gRAk Bunenof s SR ol fgnlon g s do rcsver

an.t,enn% 402 conprisin T ans

&HHSt HAKing Jogm Isqset 1g om)gl_%gecﬁ% Rt Bdt ip-phage and quadtatire (I & Q) phase values are
earrhtedaartamilliserondEaehracking dop & cedfigiredio updateaGirithéabmiletionof each Doppler

§i {%&jﬁxiic{a Revk)'s RSN Do Bt DGl Hch%ﬁ%"dﬂ%iﬁgc%xghro}l%;o%1ator (DCO)

that 40 fﬁge Pglase cegt,er— traverses aroul

SVETES T HEE COTaR duripg, the signayeeeriod fiight intpiaseand ayadrature (I & Q) phase

valuss e MUWaEEUEBhUMﬂcaPGﬂ' krdkid ) ép @fitd) 2dntrolfed dsdMBHOE ESCO) value,

anibORREPInd 56 @ ?ﬁabl«! fRcelBPRont EiEh Lt SHiedins SRmB? 091 B¥09F in the Spatial
|.gﬁgl R th s I equenﬁa/ f 125 Hz. A user recelver

T PR (55 AP 9% T s o s G 8 phase vaues ar

{u58peerly ampasvihte @@ Banotberpp idsiivageighn Dappl@ymafuremie®S EThES® eight Doppler

AGkeRRAs &b SIIRPAS t6'QRipeke 4 &mﬂiﬁ& Iﬁ){aﬂglﬁg&§ Qaltﬁdrqhe%%&m Aliod. This can
ea}!tmih(eerr}itmqlf |0Lent|gal fr‘@?%ltf ls to at of the arr

TRRSAT Y EREEARG e O {58 comprigioatan the eightiRqppler measurements: (a)

apming the squares ) rootieandsquape BBIS), &) ithe neat if wtabsdluieValues, (d) the sum of the

- SobhRERRED b aay Eillardnalehdied o&tati@tn %Jﬂeiehﬁ.ﬁe%%?rgﬂﬁ ?%g:ir]err 5c§/wér over the

sslug:nr;mthlzalo'ct!.the_ gegase center traverses around |
RRIEIRS Pgiod I5;thefjused ko trpgl the sififtpde of the Spatial ShiRidtey BerpivpSIK-R) antenna 408 as
Rrevéopsly dgpeaibed irkhis epscificafianr ThisgrocdSeis pdnduuosslyyupdated Brylspadduré feflod. -
received positioning signal with a Doppler signature
eriaod of the

. uency of 125 Hz. The integration
SRS BN bbnia SR Fimy PO Rrpd s g of v G s e inphase and
qupdratures@ &N dbhase walueh Fhe §implgshand deas plcesponitteasive bproath t8.dé@rmine Doppler
AOR&@ 0 HifibretREth@piise nBRURMMTIMPRRdE MHjdclnt REHR gﬂenﬁJ dMents and divide by
t{l'ers%ﬁ#ﬁ ngerlog?tf de:eS iCeoi%l'%F][é[?og lt Q. update after the ' th
conpl etron. of ceaen topPFer-PRey “&‘?’%ﬁﬁ‘t"lﬁ AhesePoppler measpesmpnts are then
cgmbiged It detepmiveciscompasite Pappler power ogaxtheisignanire pecibd. bophbse @il quadrature (1 &

@iplHsé Rluessrajbceht!r@eivdsichrlaleRinbHis drd ¥ifirenceidb He?enﬁﬁg@iuﬂg% change between

subst anti a const.ant during the signature perl od. )
"EFGhEPRNp @%%P‘Eﬁ‘d‘s‘gﬁ%? AT £ nge ehnesIPYe kngu pasied of time (the

apienna syitghi _ 'wmdodag@ich therefofe progidey @ tnemtire oBDdpplex THelirdioAdud) gheasured Doppler
vhIR Bolér&ll dva thERBbnRlpkRd aQ%FéerJb@&g verked ) bite Vﬁlue\AQxlc:lFarl an RMS
psonr es gnq to thﬁ 8“"%36 receivéd from eacczth receive
QPRI RAVEET K1ie B fie iy yhigh s ysed ingthardefermination of Spatiab$hift Kypyj Regeive (SSK-R)
apenpa tedei ve (SSK-R) antenna 408. These ei ght in-phase

and quadrature (I & Q phase values are 15 .

s%{seo uen [asgﬁlfdg arefllag‘ﬁ)éone anot her to derive eight

arsx‘e s s glgsee\ialglmarewﬁﬁptgrnmsy measurements. Therefore in
a fusther amberdimant ofthe praggfriengetior dh-phese codipuatretu® (L&Y phese values from each

rebXRRhterna PIGMEN ary adherently Gteg ' - ' . Thi
g B BBl ALY ‘gf é%"f‘é‘*nii_gg* e B R o VARl wed o
conpu_? S Hec H% wen 5 pzmggr‘efpéﬁﬁgr_ece(va’ntenng element

- 409uirisrpatipptedifor kuyiliseaond at (tis)begimibig offe:ain § milijseadnd sigkalEy) perigd: Yhe first in-

pHaft@nd'@adat@t (114 ©) akse Bfﬁx@ﬁr&’t@iﬁﬁﬁﬁe pe(-i&l%is L&Smﬁﬂe]mv@tt\ e I?'ue-st in-phase and
absol ute values, or any simlar mathenatica _
operation. The determ ned conbi ned Doppl er power over

- the 20 signature period is then used to track the

attitude of the Spatial Shift Key Receive (SSK-R)
antenna 408 as previously described in this
specification. This process is continuously updated
every signature period. Signature period Doppl er
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the switching period to determ ne individual Doppler
nmeasur enents. These Doppl er neasurenents. are then
conbi ned to determ ne a conposite Doppl er power over

woRooshpamt ure period. |n-phase and quadrat ur epétyafoeidoios
phase val ues of adjacent receigye antenna el enents are

differenced to determ ne a phase change between
aquedzavne(! €| Q) smiipleFrom TeQEendR AR phiribd, %@tns?fe%un{umﬁ %ﬁﬁﬁt& fifSt in-phase and

r@mﬁur@@@']@)%mﬂﬁee& tifd th&%l athiE | en%% a{u{ws g;TlgnFsg a?ﬂxrat{)?naxésgred:erfonned for

antenna swtc 4p
nBASTFRe gieriopimedr 09-tﬁfe 91l B $hef it he ‘endeaf 9 predeterDimpdh huptber of signature

VRatiqde dmprokd lewinaisk ibptese ahdQuadritgie @t & QEphaR rvkl&@ ardfatailable for precise Doppler
Rfe@ifnﬁfaﬁ&\l M‘ e OddfiEr J’a@lgnglt Qo@d.?t&ﬂﬁo%ﬁtﬁf oscl‘rﬂat ﬁar gnhtﬁeg lésararlgﬁxver 407 is

l\/§it Dgp % ower ue O
tRE 4 SFErAn f“B’ﬁ P8?°dsbﬁ?rf°5ff°“9ﬁ“‘? rexgspd R@@e iaRp&ied BSidcHRIn-phase and
ardeanree(l &tQ) valuscbefore BEing avammiated WD tE inipRasp A GEadAREL (1 & Q) value from the
Cbbbaﬁﬁsadigﬂitﬁe phriod 1R Qxbééﬁtﬁl %ﬂL %F uﬁt foxna%}%pt éthﬁf cau]séé by the digital

I -ruh‘edo'sTcﬁ fl%%Serefor er e
the presen Aiepeine “%Wa%eavearha@qfaawm PAdso, gny atits that occur
ﬁm@ev@m@w@mmpmmedloebcmmteamenna el enent are _
coherently integrated over a plurality of signature

re. bei ng used t determ ne a
i gﬁ‘%g"é é%t”a“% ‘@ib o et amenion phes @iffyrenay meegeired between adjacent
PRtgpna s}emqnneref ¢ohesgntly ettﬁetatpé oeen tacphnaityebfesignanire péhd@s, Juch Shat a change in
&ettubﬂbﬁlbﬁﬁ’e éfl@fal dontitidd dsSsed? (ﬁt@t ortah:ﬁanpeeﬂ 'd£l£‘ Ltﬂg%?gsf ?10‘? %erse?y affect the

[ e er
gwgl"‘g’-ﬁeg me,,gn?gf E{"’@a I B'F ‘tstfécet'? ‘i“’é"f’"‘é’ieg‘ﬂat‘%ﬂ"els activated for
b &ilfisseend 9 a&emmtawedjqwarhre (IhﬂeQi phese valieris spldiSemenidly. ¥iBsequently, the
%&E&ﬁ&&%?@%%@@% RHEL for 1 %ﬁlnﬁé&ﬁﬁ%@% \%&dﬂ:} ?h‘g‘segd quadrature (I

EE@B som? second_sSi nature ro
&1 R TRSRErY THe S ttored i aisee auh auacrayes @ & Rphese(vilue and the
ey s@%ﬁ’rtﬂ Riasgfand; qyedratire (I0& €)) ghea¢ vahe apediffebticed a0 detciin® B phase change

B’d&&%lethaﬁﬁtmké%&dd(lﬂt&xﬁ fefém&%fioﬁﬁ @%Jzohﬁ ﬁﬂ&&c{detg&uregtent is stored in
-1 to 409-

%Q’Bo@y Q%C%uerT?eg annhu Herence eagjfegﬁn(ﬁ fnuthe Pes fwg@afenna Pmeﬂ‘? 4A09-1& 409-
? w“fﬁ%ﬁ'@éswn% Imeriods. islproesduly i@ bl gpplfet toSall YheqHaACR! dledleateR the array.

But Exafpl8) itleadebmt shieina BlbfG 4082 @Qi@@e‘rﬁ&d Withll ﬁﬁmgﬂa eftfent ido.3, the third

rrile r.a Ita contro
R 4y B¢b§’¥° T, A 08, e ity tp, ang] 51 9 cbfccumulting
diffareaped gpgasuregionsn gliminates (1b ned ,to apEy Loreaioht %alabl@mEEYd in-phase and

quededuré @&@ PW@Jaluﬁdiui 19 digfdt bontr&l’e@&@i%ﬁor?ﬁé% ﬁgﬂ.@%%aﬂ% or &alta bit phase

reb accunmul ated wt
c‘g‘ang I%@car;ej%f\ e e?ﬂ()i § b gc\/ 8*1‘:{'1 eququdﬁté pouﬁroégqe Jigital controlled oscillator
@P@h‘t&ﬂ gheech gase hitgrnsitiph arg preferablp @kendnto acekmte Wi | | account '
for the phase change caused by the digital controlled

At or %bBDC(g) gg& q)g fre ency between signature

Bl o AT 10V MR ProUs dhe st e A tramamical
a?ﬁtﬂt ettleﬁft upilat ratgy dependant ypen iserciraestEnce. FoDRanile; i3 tus reb@ifes fast attitude
updatef arddUhi 1RFatedbvbel &Q@ﬁrﬁnéﬂ%hoﬂ%ﬂé usg'f J‘L“Eg 0 &R0t ngléuéﬁitto provide

I.fferences neasure tween a
s“‘%\f ﬁ‘n@ f‘g‘ﬁ%‘ﬁ?‘g“g‘f e pgHEEThger Prreitiel akitusel ang\pery tolgrate slower attitude
upratgrraigsi theyusesfrecsivey ATt can I qowfigiredi® prosidedititids apdas VB Yg@ality of signature
péoagiuency of the digital controlled oscillator (DCO,
or a change in data bits, does not adversely affect
the 15 accunul ated neasurenents. Referring . again to
Thy pyesent invettion therefore discloses wanethnd ehereby sSheestitt ROOESEK) Senatures are not

:)-

O

triRéd, Vier cosberhifdd, bylcdﬂwnhdnﬁle&%:duﬁﬁﬂg ?bq;ﬁ teElﬁagquésnsxR *}ﬁﬁe‘? ax% Nrived from

40

val.ue IS

"%Hu%gs é%% r‘ﬁﬁ"g'““ P‘ﬁg'e é’@é’ﬁ°&“?‘é“€b?veféa°3|?€anlﬁﬁawwewerﬂ¢
409-2 is activated for 1 mllisecond and a second
i n-phase and quadrature (I & Q phase value is stored-

- in nmenory. The first stored in-phase and quadrature (I .~
& Q -phase value and the second stored in-phase and
quadrature (I & Q phase value are differenced to
determ ne a phase change 20 between the first and
second antenna eI errents 409 1 & 409 2 Th| s

I L Y Y 1 o e s o, o
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2 of subsequent signature periods. This procedure is
al so applied to all other adjacent elenents in the
R=l] rz@tfé' For exanple, the second antenna el enent 409-2
VL2 EPEnced with the third antenna el ement PGDBU2004/001024
the third antenna el ement 40%$3 is differenced with
ot.t.h antenna el enent 409-4, and so on
Aég'ﬁ"r?u St r"H'Q“'Q’S“SHﬁgE’ piisro.Recogtition atRpalentignstustsi i nat es
t he f\*f@erdmtbeduwpbfyheamsmemmmshet ahteﬁﬂﬁeyrﬂik&lmﬂn&hﬁx@l means, as previously

| despibedS R répided Witk aﬁJﬂU Fe@ogﬁlllo ﬂﬂh@%gte%ﬁll lﬂ%ﬁxde l‘l!)%ﬂ)tleé Signatures are

dj egelg&%a n‘éont ! Ol l e 'tgﬁcé?ﬂ’éﬁ t E Transgntb(gg}ferg'ggvgmas, and receivers are

C@Fﬁ:ﬁ“'{eﬁ with %ﬂat"’é ﬁ*ﬁﬁ Keéyw l@qqmﬁﬂ}( &Dp!dlatms 5 PreMibuslyfdestrited. The Spatial Shift Key
dRegd:ie&kSlGD)ﬁhlEﬁh baetateSe bllecieﬁhﬂﬁed do%phlg@ﬁge ih a%QLnQ%Q‘n That js, the

H I e ran ase Ken | nto._account
T “? SR e MR il S s . rioploe i fh o ofexch coeh,
aﬁ" eﬁ'll Wf“a'é% Spf“ﬁ’gy fegelpte WﬁIq*F trahsmitted iDloppiey Sigmatuty Dififeriest alidndations of the

BpaiaPhitaKey Ruele: SSKIR] ﬁxteﬁﬂt ﬁ&u&ﬁﬂ@%ﬂﬁﬁ&pp erHsScﬁEr the s1gnature period.
I res

Cink Eqr r re
at ts? ngﬁlé rb% tmgsco and can %d:q era greﬁef)%‘f’e %lﬁfrpé?FEH t"53°Clalted with
B§ Q}Hal S ey Resgive (IR )patenna orfentgtigns, Bhescmyerktenyined Doppler patterns are
e@vablietored mngé BerTtgiNg indinbry,ab Hat sHIRatieR g@ét@rﬁme& Elret:t'}q}om the discerned
ler 'bﬁng l?s%?mclr%%ﬁs%pﬁlarg&ay%le %Q?Vaetd E,wlzﬁgg)gg of?lﬁéecmg%lps described previously

erate
H‘b 8 pRy&ifcatiegy Thereforepthe presat P’g@ﬁ@ddlacbsep the vie@Epatiérh fetagaion of Spatial Shift

Keyl@SeEmadivieted signiilt td d@dnininyau@thdesi gnat ure 35 periods. The
present invention therefore discloses a nethod V\hereby.

ﬁgatl al Shift Key (SSK) signatures are not tracked,
fee-Disprations Prepler $igneatstivent i onal carrier tracking | oop

Tl Ipreseq émentibiu talsa Aliskleses ar §rstehe Many Qﬁiatﬂco& Qe prddﬂét @RL- Eﬁﬁ@rﬁ“ﬁ'al attitude
Eéié'?ﬁﬁat}éﬁ‘llﬂiﬁg uﬁ&%ﬁ&imbgop% ig%er g‘ﬁ glrgg)gflgnea D%gp(l:er signatures are

er. Ssi gnat ure erio
H@Jil; Asie 2 %‘Ul%ﬂKeyZWlt (YD anfeanay tritrreave Ghair wrsliating means in three-
Bimensionah siRec Tgev-dimensionall mdvenpdl @k beSichibal WaeSbatlaﬂSh{i\‘t K& tdd&hit (ssk- -T)

ymﬁﬁﬁzmﬁé mIttl:ﬁﬁa anﬁlg‘tf ﬂt tﬁr&-a%rn]énlsgn% eﬂetfﬂ‘g‘l a§/a sp%ere or tetrahedron, and

ﬂ%@ nr]onl zatron contr means,

Bivplp Spftching betveegtt eleraegts g gepprate *pﬁtep-émnsroe@ Sgpriler ignature. The preferred

eibgdimertt losts Four aednr elénietts 8 fehdratél @ thrdeARRN S D é}t 1§.f§e however the
t

h&atiod ted L hrou g
% n‘?’r ans m %%%?E@mf%tﬁ 4 usiog apy P%Ebéf %2‘?‘5“"&?@‘“@‘5 fall within the
B ofH FeRR AR BB ﬁeBﬁﬂt‘iméﬁ"“@hl ft Key Receive (SSK-R) ,
antennas as previously described. The Spatial Shift

ﬁg%cﬂtefﬁg%%e (SSK-R) antenna generates its
@re determ ned Doppler Signature with a fixed

O BatipRyef an ?’H"&‘l’a Rhase cqntgecan Byashipved bySipatiatly d(mbuﬂewemeelemems ina -
p(’@&bﬁnﬁl):d adfigundtian @D SeceGRELY SWitdhing \eRMERS tol dr&el L)ﬂl‘ﬁésw Fhase center

t iohs - h £ po(‘;l att empt
n"f“énﬁ:nta FL% o& ?pflegé bf?daﬁ‘l ﬁs lhcatxgxh sﬁ‘?“ﬁ“’é’dthbdﬁﬂ}"@? of this method is

%F)at | a cor ate wt
e dhe ymbercaf apenng Ie‘e’E?Wsa"t‘VPleS wifh thhrese ofpdditioad! antenna elements

clg:mgtgrdﬁey cﬁﬂﬁﬂlty/ @nd &}‘Qﬂﬁf@heﬂfbﬁeﬁ g{éaﬁogaﬂtﬂg ;ﬁlgrgonﬁidnéef &‘er%ﬁﬁgtwn caused by
i 999«{1 ﬁ{ltuﬂ?aytu Blﬁn% stanngS ele:%gl]m? se ratlon 5. gec%?ck K élao s\,ﬁnlf gant.

Doppl er patterns are conpare
predet er mi ned Doppl er patterns associated wth

Tirapresent idvarition Epdidsésal metiot bid dS@Ye BPFBIcK Righ %ﬁ& s {E&%@J‘@me center

pattierns a

ed Doppl er
m@%‘mf +"99'§ neJ%%ﬁex‘e{nﬁe us{(”eerr °€ E’%’la\?g °’|’l’eﬁtﬂ“§7’“‘y§6“‘l‘% elements,
W 'f*f ﬂhfpafﬁ’ 6H'S‘F§““Gé‘t“é‘f' FaprEer veavelangth ofone prptier; bre eadh @oettedd individual
viDgippleain s@tidrs.esuch adUmeib FEASYERE) BRRP @buabBRY ADGntd TUE such as a

mi¢Roipf3tes NG Bifighidfro Qiée?ébgﬁof d es%ﬁﬂ'l g%'?vag%bﬁe;/glaﬁg H‘isﬂlé?};h sloldlrr;t the gain of

this specification.
di scl oses the use of pattern recognition of Spatial

- Shift 15 Key (SSK) nodul ated signals to detern ne

attitude. Three-D nensional Doppler Signatures The
present invention also discloses a system and net hod
to produce three-di nensional attitude
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determ nation using three-di nensional Doppl er
signatures. Three-di nensi onal Doppler signatures are
20 produced using Spatial Shift Key Transmt (SSK-T)

w0880t hat nove their radiating neans int
di nensi onal space. Three-di mepsi onal rmvem=:ntlJErTZ'ﬁJZIgg“/OO1024

achieved in a Spatial Shift Key Transmt (SSK-T)

&E]Hrhggag? ﬁg?]eg! Gt Be' Mduﬁlg nﬂﬁfﬁ@ﬂ %yﬁgﬁl ﬂlﬁ ?xstﬁlﬂxtnon between antenna elements
t°e rmﬁem& r ga r? Aaéﬂﬁ eff%cbgl‘gsglggn B \51@ %l;asg ReE ﬁq th@arﬁét'mé"‘ehs gain is redistributed
EPPRR Fftenng eierg@ndxeab@e eentehof dte- aghiayris i plavediind BafpftleSifed Doppler is induced

p@ Rt sighf. m?%llﬁﬁrﬁéf‘ﬁferpﬁge ceﬁﬁp&m R de{émgylﬂf reSGT Sk e variable
ng P) andx ngtecrgéerage? aththree- | nS| onal , _
_ sh ngﬂrl PP’ “Zlgqugglﬂfélf &lfla]d*Sp acement of antenna elements.

three di menS| onal Doppl er signature using any nunber
ahereftrt @B pRsest itVIRIA 815510’3&5' a téttlol lahl del¥Be to QFeQ@Qigﬁﬁ%or?{]Wﬂmesized phase

@!{ml- Lw\gtnmtt u'ﬁh 91 nﬁa‘? enna el eemr%nts Olﬁ.g t?eré 25 lsct:eg%tf(g;haggpprg% egannmg Phase

ctronic notion o0
SEOKT BAPRIDS 15 yecipposaltha rSyvaml@tﬂpq geint distripution tbetwera agtearelahaitsi in a transmit

array 30inpreeied srayivillasiu@any sufié/syaihtsa Mglerse%& ﬁﬁ:ﬁ kéQigal. By varying the
S {asBibitn etle%xmmﬁenhp efeln&t §n & 3 nuouesS Z cfg‘f"ﬁm?hingnner a continuous

cent er novenent previ OUS| escri
Rrdstermpined hgsegpnter mwg\?'é le" '{°I$&“°’r'8@§mh!fh Wé‘ﬁ’e oaserkd as a pystitidappler shift by

AreobsarGuphtrier-phasel uidy retelver. MhisTiaetniqdd cad S BppMki RTRE SyStem and method of
Spads saRk & (s¥ibynldandidibn &ﬁ,@ pflenARVLL cff i onal antenna el’enents

creating 'greater conplexity an °Cost. Furthernore, the
potential performance degradation caused by increased

Ref¢rtirgg] now gl Bigi ) the@ ds adpicred Br&elaitreﬂﬁﬂi piastahtat ﬂaﬂﬁd lrPay incorporating two
ﬂ&\%&?@&ﬁﬁpaﬁl&ﬂ‘y m&eﬂn{%ﬁ}{a eLﬁ%tsagr(])(lj g 9321 g'%t%isbg Plbedﬁ%r wavelength 903

i nvent1on di Scl oses
¢fitghropdsesh ignel fffﬁuegcyfﬁafpe’gﬁvwwem alsreene:@m t&aﬂOZ isppnfiguresitith a variable gain

mmmat& Q0i5,csuchene @ difginal at&ﬁua&)(breﬁﬁdbléﬁgaxﬂ diipier. Bdch aﬁfaﬁg Bﬁ?n means 904 &

I
S %&Eﬂ ‘éd}fhgtclrﬁl{trgil rﬁ&% 99& Lﬁﬁl%seagpgﬂ)rocfssorn?lé \?vé'lg% Ejﬁlﬁmmat of individual

I
B °aFﬁ'BF¥@F 2044 205and W"%‘ﬁﬁ@@t‘ e@;lusmmi of, éfidiyidun eritenna elements 901 & 902,
Engly antehiacelegnanit 19015& 902 i dchnectd eHiougls ity rédpbctivel Jaﬁ&lé%@iﬁ )he‘nBEN & 905, to a

c@nﬂbﬂ @Jnsnﬂ;s;oﬁm %ﬁBOt#P‘&QIH'ESEO |1,{,LIED§1WS tHc'elLin[:sHlésslPlbvglice %1}7 to the first

croprocessor . i s con 0 con
J(Efqé?"r?‘" PInD FIFEER 91y bt fngiesion 6tree 907 tp Ha secortd airiypaiantenna element

902 ai¥\(Of 2PAIMEI® InkinkAETPhaddAElRbAMPI. OKin the fwé Bed3mBdnCIH0Rs. When the
ﬁ&@ﬂ?&@;&m%&ma@s dnr}ge'né{t!afj ﬁll dobim 'oftl{end?%talvﬁ?nxaéﬂg g(i;fh‘g ﬁﬂgl:th antenna

di stribution tween a tenna ene
elempnis M 4% ?zh%‘"é?df“é’cﬁq“%ﬁneéﬂﬁlﬁf’m thecammen |yprsmissiencsatreq 903 Ignoring any
mukuel @nopliay betwden antends elgfidnty, the. ﬂdﬁﬁ’dnsﬁaftdnbUf &fen Q&ﬁe\?@@ﬂl & 902, which

c@ﬂ?&tﬁ‘t@r}ﬁe gl ”%ﬂ&.s gtlnnc% Bﬂ? éa? wt he H&é’éwerLPﬁwﬁ reduccd by

ace %/)nt hes
afﬂﬁ%‘"%fﬁ‘e&rﬁép d“°rf9éh=r SivE §'@h‘ vase W!&e"pfhasreth@e direstions. PAsf dqual radistion

fiom bbth ergensicd et 9ve & QB?/ plhdecthd 80 kantet %e@.ﬁtexﬁlhﬁmy ﬁd'lﬂv@p b between the

e t co
t\?ye%l‘%?lpg ?rlilrﬁ B#)fgllrgég as?re 5&’1 gmﬁlfe raﬁelv%{tym%ﬂ ﬁgength power control
megng F0 fssues gimeximpy rzémtqa@mmdets élm firstrdjgitalt dtigmuatoli 9| apé @migimum gain

conetand teRetoreligiud @ttehitod PESAReLirsD irgina eRfneit Y1 vl radlate maximum energy and
the )@:Lrh%ﬁtlﬂﬁm’ Q‘terﬁiﬁﬁfo‘i‘ w_FﬁSE]Lt? i Enﬁu?ﬁeerﬁ?rg g‘het ;%:Fsmtebﬁ)g gé the antenna array is

ant enna el ement
e ﬂ{bgi‘“““”ﬁd%?ﬂﬁﬁ‘gd at tha %@mtee@moehonp%hnmﬁgmg & areginhdioctdopl patem.

- Coriverely, ®hen\tiRr opntfoDméahe90g dsids dinﬁ:lnﬁlinbbﬁd RRmRRINVEE &cﬁﬁtdﬁﬂﬂ%enuator

I recejve arf
o0 ¥ il oy hATS b 1 86l A B om0z v
raflipte, maxigjpm, pnergp gnd the ‘}’F‘ﬁ@*""t“h glement904 wifl xadipte pininupmenkrey. bephase center
91810f the Brensd 1A 36w bubstentifl §PodidbHEALS the EBsHA afEnth PRittod $0A nﬁcﬁatmg in an
a continuous predeterm ned phase center novenent w
~ be generated, which will be neasured as a cyclic

Doppl-er shift by an observing carrier-phase user

recei ver. This technique can thus be applied to the

system and nethod of Spatial Shift Key (SSK)

nodul ati on of the present invention.
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15 Referring nowto Fig 9, there is depicted an
eI ectronical |y phase center panned array incorporating
i dentical length spatially distributed antenna
Vé‘l’éWB’Hf‘é’ 001 and 902, separated by one quart ePCT/AU2004/001024
vvavel ength 903 of the broadca8t signal frequency. '
Ea ddegtlvqn antenna el ement 901 & 902 is configured
"t“‘h TONEY PSR ThESEIOR WheR £p18 igigversely appfjed t9 pthnng glements in an incremental

gy &e efiectierphase canteoof theamiyalbill de gaved onfpainkd"ibetveen BRGNS, For example,
Wetfeh &8 loghtrahelins TP0E3Ses A0 dterdiGticd WBmrhahd CPRL h.gt%g‘?t?l a%n?x{?or%m and a 3/4

c such .as a m croprocessor
Gt AR o A teort il o o0 E B song P menc e 7 of s

&"@W%ﬁ%@ﬂ%q%ﬁ antgusia glemeljt 982 witlmadiavd iion s mixhiad energy. The phase -

et o the @htEAR iHa§ 991011 néw fidoned Bawiin ARtGRDR e@h@ﬁeﬁtl/lg SFlthe broad t

%&&ylﬁw’%%g%k &Qrfoyggﬁat S rea peCLl ve var adcas
gain neans T (PB3HAA 0% Pgin, sobstpntially preni-directional
dgrem- Bghif i arﬁwgwhmnqrqnm;sl enio beyseen Y4 Wezelenpt i nibsal attenna elements
Sama:;sg sﬁﬁﬁnttacz[yniﬂa& phds¢ Giiter nﬁ)ﬂrén\éﬁtl beﬁ@inﬁglg%at%ieﬁfﬁﬁnﬁm %’thd: basis for an
ap i our ce o the sec

driven \gﬁ?%nnagg%%%ew gé @ffﬁ" AT 8’1’ equal length to

mai ntai n phase rel ati onshi ps vvlthl n the two

tir herefersg Blohibdmeﬁt(bﬂanteﬁcmmmyl pKaEbQ;entmp% ; GRGRH eletdfis are placed in a

IS LR Sen@dhalls 9.ihe

at t enuat oFﬂsﬁjagm"m:aszl s, pdlon rm?enﬁ‘%‘“‘e“s oas ﬁ”gé‘tsg‘&f°>85s§'6)z“°“"'a‘1°“
W e senggated; Electuanieally @P?é"r eepten Pﬂamdtwsmm MY paasteivissmp@el by fixed
swen eler@Df only driog Bbikgtopaneratenfiked %Pﬁr@ l#ﬁﬁei‘nﬁ‘ Orne %I‘e‘&ﬁ‘@d“embodlment of the

ern of dri
aﬁkﬁtnﬁ\@ntﬁn &Uﬁf&&é}(l)ozuls u%tﬂr@eﬁduﬁé&s;gn 'er%trlc shape t%?fagg@ra&ag A% &oSpatial Shift
gg?' PSS, will be elliptical, with end-fire power
bei ng reduced by 30 appr oxi rrately 3dB due to the 90 -

ﬂ&g'ﬁfgenowtcgﬁgl 10 Qﬁ@eslgd @g&:?{gleghljm%{]s olnar.i 9[15 Se AL%}gﬁ ?j'%r%smn (SSK-

I all rom
Bpo PR, b ik o s ot 1002108, 104011095 ity cistibuted
wdyn DOSrteh wvplength df e andthvdane blaeee b AetRBelirafsh R 2EabIBRRIN G Hkenna element

£002] 1963, iidoli 6 9408 i red Wﬁ&mﬂth'gtg éﬁ %%Jn rgcngr;a n%??: RAYAR. For illustrative

St rlﬁ g‘ﬁ‘ﬁ%&gﬁr control nmeans
d pplg aptpnga plement paif fod fnaqua%m:re rmalﬂ orodge4 sastintally omni-
memom gairgmitemn. Egob trammid mitennateiee]eaeouznmoﬂumﬂ 8110081 SFHIALARS a variable

 SR5mdahe chh ra§ta dgul eaﬂéhﬁauﬁcrﬁdke r1160791(8(]8 ¥ lidoo! & Iﬁ'glls \?Wr'rr‘g?c)t(eldr{y a common

ener. second antenna él ement

P e, 1, e vl Emrons i 2008 S0P 1009 asb cqued o @ contol
TBeansesFipasamyiaypracassor NN s taiheogaini of bl traaiit inteﬂmfémeﬂ: 1602 €1003, 1004,
& 603 TanR iV a1y qabs‘eh % e?epé' ff l:nqgel u%nsxqrx]sglon %l@ﬁl({lﬁg redistributed between

omi -gl rection

e el S e FRetgA 1L OG0 65 tagitiéngoin means

- 1906 5000 10089 &t 1409 thé pleseaitaof thd @fayas disflackd dh A4PALEALH three-dlmensmnal
DoppIaFa i t, i alten r-204 the sec

ant en%ﬂlr@ 1615]% Bdé.\%cg u&ﬂ& tPe,| t]i'aﬁ md d signa. lllq%ghfmﬁ tgﬁ%ij, Wg phase center

"l°H"é"°f"d§‘i°“%%‘I{“B‘ﬁ wan@a%wnmgmmmon flesetibed by thﬂamprmmmmem 1002, 1003,

- 1004p& (905 Iobhtiony) Mseteforean Mifigie nﬂiﬁbegaﬁpﬂfal Shitex ey pE sy E]E\'laﬁfeg &Y possible. For
lllu&aBQWxWﬁle%gﬁ ll‘lJCMlS NS knta l9e corq" ig’%%di’sj“%% e grl;]tgrernor\lteament which

QSItlon |a|ng|
F ACESHar ANy erip Supe mypally ﬁ?wenféjwae pleries, thus produtings Poppler signature 1012 in

the theee@kes EX, y e Howeyad, iy iotheripBié i of @loyemei IO th@ghtehmh pRAL &RRARIs within

8 b3 RIS ard AmBiflortld Gre&nB @,n manner the ef fective phase
center of the array w pe noved or "panned" between
el ements. For exanpl e, mhen the control means 906

" issues a 1/4 attenuation command to the first digital
attenuator 904 and a 3/4 attenuation command to the
second digital attenuator 905 the first antenna -
element 901 wll radiate %of its 5 nmaxi mum energy
and. the second antenna elenent 902 will radiate '/.
of its maxi num energy. The phase center of the
antenna array 911 is now positioned between the

~antenna el enments at 1/16 of the broadcast frequency
mavelength avay fron1the flrst antenna p03|t|on 901,

.
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10

15

provi des a substantially |inear phase center novenent
bet ween antenna el enents, providing the basis for an
10 el ectronically phase center panned array of the

WO R888heiqnvention. In the preferred enbodi ”entlcﬁiuﬂﬂuoomu
el ectronically phase center pagpned array, antenn

el ements are placed in a three-dinensional shape such

6‘131:::3 i etd abRdd Q%eeﬁﬁn&thﬁttal Eﬂﬁ&%ﬂﬁaﬁﬂﬁ'l&gqiec lsea(gél@k) antenna 1014,

It o 5 SR P L i 17k 1019 i it  usrer
6ielength jof ens anqﬂposlécnlatvy if 4 seeahedrd shapt. Bachcrnehma RRMbS 1015) 1016, 1017, &

hemig cciixlﬂklﬁedtt@ trﬂﬁﬁlﬁﬁﬂi & dnink 8- cdnR @lﬁ atl@l EQH F&s.ewemgnna element 1015,

es i nyenti on
er or z%“’g s °°""°di a Vﬁ'i’aép gﬂf’ﬁﬁ?ﬁ' & @ Jeitglatienupter 1819 20, 1021, &
tlgzzbghx%wme@gp tag usar regsiver 1823. Spphfvariabl ggin (&5KI019, 1020, 1021, & 1022 is
aisg) trahadtedto aRoitor rhdaﬁhgsuﬂpé&/ aﬁtﬁcrgﬂr&ess&qoz‘tt Q%?thb &.ﬁ&m&#&@tw antenna

?leInLHt ?l?s dl%%@ﬂﬁ% %znf% %8 Stg Vl§\Pa adbuftgf (\ﬁﬂtel%g%/m EI;F gﬁéxﬁxftfd signal 1013
hfege"metzma ftaeeﬂs &%@4016&1@0»06 1818:ityitael doytrol means 1024

ddjmljt;gtb&ﬂa&l;lc giih inkein$11029, qoz8y 021, &J\(:‘!f :tlﬁ PR et o@!ﬂ@amy is displaced and a
ra

PO UG RES e R4 U5 B e oy, e o

B3 I"&d Sé:anftgbrecl to zpRlicate fhe\mxgeﬁhraqqsxmhnsg cantecmetiom af theyzansmitted Doppler

Partatuer 1012, kat subseduettsly detei th@.&eceﬁfwmpﬁr to%a miﬁﬁﬂﬁsﬁg 1lmktﬂmreeexample, the

BRk8 mﬂnsqbﬁq?a%ﬁ 11 fo cflli'or%gce a%h&g 1axtnlo'lvrer%e \{V\ovgx r@gscthcucular motion in |

@ngtantla |ona gal n
“tres ARl Pant"é'ﬁlﬂei P'é’l'eé Hehproduging a Dm@smgnm@zmzsax hOOBe pRs of X, y, & 7,
- ipalerser0¢ mehntras the waErmiaddl dpaar sipadnite N3ATSopp I&%S\betﬁée ﬂeasured for each axis

- gHa g'lréeﬁllime"i] L&n@ﬂﬂiﬁ&iptg deleggiﬁed uglg OrZetl}ogsot?escn%ed preggdshr(ﬁ is spetagort}tlon
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RSB0 e il LYl o 01 050

connect ed conmon transm Sssi on sour
variabl e galn neans 1006, 1007 1008, & 1009 is aIso

- hefwthetemtiodinpentof the prb:t‘emlmvemiﬁlam;tedfstﬂﬁh SHR lﬁy (SSK transmit and receive arrays

m,ﬁﬁe%ﬁt%ﬁ& witd O\;Lg% li?eﬁs%gg Q@L t&% 4on9 %!gﬂir \8%5 %rgenna g[]ement control

ant enna el enent
8T &t}?&tw‘ 50, tfjet Rbipse qentenganaing taks Placopnlt breverr antenws edegiensn which are

waiallc distfiBidd withinr € quagérrwaveléngl dTchoNedier. AldnfElancats Qﬂ?ﬁ:ﬁta?e spatially
M!zd #0603 m]t A0 one q%ﬂ?tg%v&%gﬁt Iﬂr% egc?da%i%fbtge ans . soL cTﬁ d-‘gr illustrative

al n _neans

' Qgtln the varil a
°&‘L Gniege elgRepts erecRoitioned ra ircularaqopfigpration ‘dthsqoﬁm@ (vagaterigth spacing -

tetwssmdutresive mbnhztuleeemd iHigh&sblatical spattE]Qﬂdﬂhl@ﬁon §9 BRaed 6 panning between
pl%sdc&séxﬁ%&ﬁ?elﬁuh‘&&ﬂ the transmtted signal 1013.) This
a .

hr ee- di mensi on se center novenent is L
configurable to any pattern within the tetrahedror
Whipe Positipdind Bigiide ant enna el enent 1002, 1003, 1004, &

.‘“"Q?Ff:%%‘l Ciopbiep o 08 QR frchn el bl SBREF e pogionig s,
“fhf"f‘ Gpists of a famighogmponet, ‘Pf?éd%ﬁﬂn‘r otle sompensnt, and)d davigation ldga component.
Thoeuieg eimpohetitds epiirﬂd»wﬁl&adib ﬁ&;ﬂ,ﬁ@ »Gaeaﬁra'éml{mvﬁiﬁﬁﬁbh i £4GHBASM band,

a%@?%eﬁgﬁgeﬁ Glorf CHDIE'IY_IGRUOH i$ e hi(il?’ ﬁ&pmgatbgotﬁp%/ﬂgf frequency bands. The.

- PEdprTREQR @‘"TETQ r?°d°t°H‘eP°P?'i¥ é@oavtesi uppn the cagrier @mponent, and consists of a
uliqueydr sequéray whithvan beaistihgRished Qﬁtoﬂ'ﬁﬁ\bﬂﬂ?%ud&ind&ﬁ‘ Sodé! §Uq€eﬂ&§‘transmltted

SCO
present T Rvention es Co%e Smsnon N}ulnple Access

(@ERRaegdondidorainthe st Therayigatipnda) csrapou@pqs propsiftagy information modulated

:Z:hl’tkbepsehdm'(dﬁm @bda | comy@idne dndSpaides b c&ﬁhtfntcat%ﬁsyluﬁe& ﬁrﬁn\’@r time and other
our, .re C el

%r@r nawgrﬁ %ﬁé"glgoﬂ’natlort %%%F Pe% %lgitt?f énf Srﬁng{_op gm' i}xclude network

ant enna el epent's
“B?%FPPBU*%EFWWWWH*? a quarter mavelength of one
anot her and placed in a tetrahedral shape. Each
antenna el enrent -1015, 1016, 1017, & 1018 is
configured to.transmt with an ommi-directional gain
pattern. Each receive antenna el enent 1015, 5 1016,
1017, & 1018 is connected to a variable gain neans,
such as a digital attenuator 1019, 1020, 1021, &
1022, mhlch are connected to a user receiver 1023.
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el ement 1015, 1016, 1017, & 1018 can be individually

adjusted. As energy fromthe transmtted signal 1013

is redistributed between receive antenna el enents
WID95/0129346, 1017, & 1018 by the control neansPé-ng}mmoowu

adj usting the variable gain msans 1019, 1020, 102

1022, the phase center of the array is displaced and a

Jywillio6 sduzse te ediiz@lcheclwhitrtsd ol haDodp kiodn b5 iwgy 8Kt ot filfustrefvexample of this

|u$.'ehtfbﬁ| (40 8sth Bt MIﬁ[:ﬁi&ﬁla}(@er%o?{lgegﬂoé Lhﬁ)ul‘a 0 appar!:nt to persons skilled in

r@ ¥m4|§ LQ%& tore

s e e 088 00 B ST o s mticmgess heren st forth
transmtted Doppler signature 1012, and subsequently
drive the received Doppler to a m ninum For
illustrative exanple, the control neans 1024 is
configured to produce a phase center nobvenent which
ascribes a circular notion in 15 three nutually

per pendi cul ar pl anes, thus producing a Doppl er
signature 1025 in the three axes of x, y, &z, in the
sane manner as the transmtted Doppl er signature 1012.
Doppl er powers are neasured for each axis and

t hree-di nensi onal attitude is determ ned using nethods
descri bed previously in this specification. In a
further enbodi nent of the present invention panned
Spatial Shift Key (SSK) transmt and receive arrays

20 may be configured with overall dinensions |arger

t han one quarter wavel ength. Antenna el enment contro
nmeans are configured so that phase center panning
takes place only between antenna el enments which are
spatially distributed within a quarter wavel ength of
each other. Antenna el enments which are spatially
distributed further apart than one quarter wavel ength
are excluded fromthe panni ng process. For
illustrative exanple, antenna el enents are positioned
i'n a circular configuration with a quarter wavel ength
spaci ng 25 between successi ve antenna el enents. Hi gh
resol ution spatial nodulation is achieved by panning
bet ween pairs of successive antenna el enents. Uni que
Positioning Signals In the preferred enbodi nent of the
present invention each transmtter transmts a uni que
positioning signal, 30 which consists of a carrier
conmponent, a pseudorandom code conponent, and a

navi gati on data conponent. The carrier conponent is a’
sinusoi dal radio frequency wave preferably transmtted
in the 2.4GHz | SM band, although the nethod of the
present invention is equally applicable to other
frequency bands. The. pseudorandom nunber (PRN) code
conponent is nodul ated upon the carrier conponent, and
consi sts of a unique code sequence which can be

di stingui shed anobngst ot her pseudorandom code
sequences transmtted 35 by other devices on the sane
carrier frequency. This technique is known as Code
Division Miultiple Access (CDVA), and is well-known in
the art. The navigation data conponent is proprietary
i nformati on nodul ated upon the pseudorandom code
conponent, and provides a conmmunications link'to
transfer time and other transmitter or network
specific information to user receivers. Navigation
information may include network tinme and ot her
desired network data. 40 WO 2005/ 012934

PCT/ AU2004/ 001024 30 It will of course be realized
that whilst the above has been given by way of an.
illustrative exanple of this invention, all such and
ot her nodifications and variations hereto, as would be
apparent to persons skilled in the art,. are deened to
fall within the broad scope and anbit of this
invention as is herein set forth.




531 What is clained is: 1. A nethod for determ ning
attitude, the nethod conprising: a) transmtting
signals that are nodul ated with a three:di mensional
Doppl er signature; b) nodulating a receiving nmeans
. wWth a conplenentary three-dine f»l onal Doppl er
signature, and; <c¢) interpreti na the received signals
t 0 vAGLEdidHhdA8s: the attitude of said recei vi ng nmeans. 2.
A nethod for determning attitude, the nethod
conprising: a) transmtting a signal through a
radi at i Agretiedfosderdmicihg anbrwde shephettde taipriingat el y t hr ough
three- dimensional space, such that a cyclic Doppler
is su etrninS osed ugﬁg the trapnsmtted signal; b)
recei Vi KYSANESERS HETAT TE R \jﬂ‘aﬂ”“ferﬂ"ﬁfﬂﬁﬁ'a@@é@eimhm
meansh) whpduhtireresivipg @ekmt eithrd combletheptatyhir@Wihensional Do pler mgnature, and;
thr ee) din%%hmc ténals @& Hgﬂx% uge%?%aidq'ecemggmeans
superinposed upon the received signa anal
the relative novenent of said receive neans to said
radi at i Adgethredipryletsymining attitysle, altei nneghod evinglrisingy c| i ¢ Doppl er
sai d superinposed upon the received signal, and; d)
deter gl ng t he attltérudgg of .sai d receiving neans based
on sdf dTIHYEPS P &1eRy Wateq A piptng megisprhich moves pradergmyinaisly through three-
for det @mmmnmah@atat svcltthadecycltcmpppmuhmrunwmpcﬁlmgransa)tted SIgnal
transyi fedeivitg sald ﬁéngﬂlaéd ﬁghfl QHrdhiah §re5$\qﬂg%eé£ Unilf QQ\%S Precletermmately through

noves predet at e hr ee- nensi
space, éﬁ%ﬁmﬁﬁgf‘a é"a&ey%’Fq Ea‘ Eﬂgb‘l Rapplprds %B@quﬁp'a@é@ reppiwad signal;
t he ftcr aanslmutgttwelstnvg m@bemeitt)of sa&beaem menstaisdild fadid Mg Aednt @dinterpretmg said

si gnal  @liicd updinfed

pr edeﬁ im né’?rﬁ&?ﬂéur ou Fee- E%'Jg&)s\r{é?loaﬁ%l space,

such “th {emHnlag);E ?“Eu%aﬁsidé?“wl%g @?}Efé’ﬁeﬁ?!@@é@teumd stidhayclic Doppler.
recei ved signal; c) adjusting the novenent of said

reg.ei V'K‘ﬂetﬁ@%}%ett:ﬁuﬁ{g a&igldt?ﬂx'e%e{ﬁ deJofn ppl er sai d
superinposed upon said receive ngna to a -

predet erm ned val ue, and;. d) determ ning the attitude

of sal dransgutdngva signalrgtaough laasmﬂmgj pedds tWhizh adjdd Sii-ewaaﬁmately through three-
requir Qﬂnensxé}ml JX&@ smﬂttﬂlpaq: ch Dggpq’e!r ms%erm\ﬂi{asgw thggmﬁ:ﬁged signal;

predet erm ned, val ue
“meth g)d "of'Vee %ffdrﬂ"’gsm‘%%é ﬁ aéeéiF‘&%'F’éﬂféYhéP FiPYFa predeterminately through three-

noV ene riimepfionglgpate, senb diata cnglc Degples is superiipoded ﬂ)).m th® received signal;
repl 5 3ad_]95ftmg°' @k %opén{%Qtle %ﬂ&‘ l' é& Msetg%mé ?E cyc?c Boppler said superimposed

radiatin i.n s
det er m"| ‘%ﬁ@‘ Eff"t“fefjﬂﬁ’@ t°i“ﬁ’é FERIRS Jalgotilr | si ng: a)

t r angridettriningngahesitigidabs silhrecaisdry nfbarts BktdApénE: aBRARE 18kiEd
noves predeterm nately through three- di nensional
space with known attitude, such that a cyclic Doppler
i s+ supdhs RpRrd etelaip drivhersis said # pypstemined vhlu ptea k) is dxpinimum.

recei vi ng said transmtted si gnal at a recei vi ng neans

h t
eryng n :’Tg% ;g og gggﬁx %Lﬁﬂ(_gﬁﬁ ﬁ %freéeltl W mov%b“pof g}d rpegiving means in step b) is

s dﬁ@%“far?ﬁ%@@&dﬁ?saﬁme Favemgnt af spid audeﬁugmms in3t2p a)c )
anal yzing said cyclic Doppler said superinposed upon

Sgl d racsk pler pattern,
and; d)g de%gg)%&ﬁ?ﬁglng %tgm%?%ertgucfgg% "Rof”pd recei ving

means by matching said determ ned Doppl er pattern to
a) transmitting a ;ignal through a radiating means which moves predeterminétely through three-

dimensional space with known attitude, such that a cyclic Doppler is superimposed upon the
transmitted signal;

b) receiving said transmitted signal at a receiving means which moves predeterminately through three-

dimensional space, such that a cyclic Doppler is superimposed upon the received signal;



pre-defined Doppl er patterns associated wi th known

relative attitudes of said radiating neans and said
receiving nmeans. 7. A nethod for determ ning attitude

at a user receiver configured with a first receiving

means and a second receiving pgans, the nethod

conprising: a) transmtting a signal through a

r adi Qt iwelyzing saiscyvitei DopplerBaidpinfpekad @fommc%ivyd %m(w&nmme a Doppler
t hr ee- g{e,qe&gj onal space, such that a cyclic ppl er

i s syperinposed upon the transmitted signal;

recePv ﬁﬁmn‘g‘é{‘igdhetﬁ“éi‘h’% Af seid degeixing magns By masetiing shif |d§trmmed Doppler pattern to
recei vprgefined Dsppivh patbmymssseistedwatRbR lathdta@ides df Bi®M8Ling means and
t hr ee- gd,mggﬁ,ingg@;m space, such that a first cyclic

Doppl er is superinposed upon the received signal; c)
receiving said transmtted signal at said second

r écei virmethys &m deterinintp atindess a pieettediver dwhipaiee ith a Lk rQeiUhg means anda
t bdceR r&biRRERL A AL mSRRACEmpridRg] 1S i n angular advance to

said first receiving nmeans, such that a second cyclic

Doppl er i s superinposed upon the received signal; d)

di f fagr sanemittigs Sasighalf thnowgh acrpdibting niday3 piieoh mdvek ﬁadedmﬁ:ﬁfégrt{%-ough three-
cycli Cde@!ﬂQhﬂ Epa&eosugﬁfaaﬁfﬁ é%lﬁ%oﬁplmsqsgge%posg F)&Sﬂe%‘ax?smitteg glgnal

adj ubztln Sadt q of said first rece

and S&cBid ralr"se"é' TTERY e It Secrivig mrepe Wh%uﬂwves predeterminately
Doppl ei*“Odghftﬁre?“@m%maf pace,stiabriit mfinstgydlib Dopptet is bupetnpdded upon the received
sai d usgsl;recei ver based upon the adjustnent required.

8. neLhod figrmgete m n‘ n% ?ttltude at a user

recel ver contrgured. 4 F%“P"dr'é‘EBf"Wﬁg“ﬁ@&h@ovea predeterminately

secon dmwe@éhmmemhmacamﬁ ig intahgulacladvanceetb wiid st FEREVIS means, such that a
t he neiet‘lﬂﬁicﬁmpbﬁr' ld’kﬂpenﬁliosédruﬁg}ﬁﬂé rhdeividi F%ﬁ‘als' gnal

t hr %Egﬂff% n(:% Sm% nfaﬁ 1 I ch noves edeterm nately

thro THree ef?' %PPe’sb‘%ché'd S§°ﬂ’é‘h°>‘l°‘l‘faP°Pa‘eb§¢c46te{!mne a Doppler
Doppl e‘?‘ff?r@c‘?auperl nposed upon the transmtted signal;

b) ep CﬁjthInl €he SRvéhneht oA BEITirdt Fe@dlviy MR an@laiaS @bl ruerﬁi%%m s to minimize
receiv, ngﬁg 9§&rnJCh noves predeterm nately Sﬂ
t hr ee- st onal Space, such that a first cycllc
Dopft efetermining theeattityds ofseid usarsensiveribased womhymiphstment gaiided. C)
receiving said transnitted signal at said second

ceiv pr edet er at el y  through.
i oe. B RP S thine RS 48 TR feburd Yt gotiging moans,
ssa<f°ad regejving megns adpi “?1’6 r%@ﬁ?ﬂéﬂea@ubhmmatonmnslmc ond
cyclic. Doppler is superinposed upon the received

si gpal e .ansm tt Si naI at sai

hi P paihilof b BB e B0DT! e BB Rreviraiye trough tree-

‘throu g’H“"E‘ﬂ?"é’éP@F:ﬁ@h%fGﬁm“c Berpleeis suastichppsed upon tengpdneitted signal;

‘adveneeeiviag Sad GasReen Gﬁgxfaﬁ@teslaw st ERRIAE mezdd ich{ FRks @ed terminately

th' rd tlﬁgu%.khr eEOPP9510nalsiace ulFlg ';r%osed upon tne recel a
griterencing: &8 gup é?y°lt°)Pé’ RIRE Is[StsimRaped apRy the received

sal d tsmaﬂd cyclic Doppl er to determ ne a Doppl er

di f e &2 E1GiRg s&pﬁtranﬁrﬁltt@dshgdﬁ tal Qxﬂi Je&ﬁd @aﬁﬂﬁ%so&hlgl%ges predeterminately

flrst neans_and third receivi
i A Qe R S e B i g e g suh
m)verré?‘ft’"ddffchsai’mﬂesée‘wﬁmppasd:movthng:cqmangmlt o mnimze :

said) seeaang sdid/ &ldsxﬁxtt@ﬁ@lﬂed't »said third receiving means which moves predeterminately
through three-dimensional space, and is in angular advance to said second receiving means, such
that a third cyclic Doppler is superimposed upon the received signal;
e) differencing said first cyclic Doppler and said third cyciic Doppler to detérmine a Doppler
difference;



and; h) determning the attitude of said user receiver
based upon the adjustnents required in steps f) and
g). 9. Anethod for identifying and subsequently
di m ni shing the effect of nultipath-corrupted Doppl er
measurenents in attitude calculsgtions in an attitude
determ nation system the nethod conprising: a) _
t r angmiatjusting tha msvegemlor sk My gtlskeﬁl.m%1 Actin@bddR8d %ﬂ?&e:m fiddns to minimize
noves Q;ggagﬁ gﬁely t hrough three- di nensiona
space |n § eC| T ed period, such that a cyclic
Doppfler? Jf‘gm% gl‘b BPYepHY S’éff“iﬁﬁ@ﬂd fekgivingt meamsg primtitirgicle Sidgsecahd cyclic Doppler
b) recebdfi ng said transmtted signal at a receiving

ng) \ [ hr hr ee-
i monisi e Bl it B R0R Bl b BT nsrs 0 e )
super i nposed upon t he recelved signal; c) measuring

te inst aﬂlicﬂrf&(]dwﬁufﬁlhgﬂﬁkutﬁlqﬁﬁﬂg Bthﬁ%ﬁm§ akb dfferc?&%u‘{tﬁgh-corrupted Doppler
SiygR@lemeddin Q&&&%Luyxbrg % ﬂg‘l at% dna lSéFm%aé%n sysiegx gxgrnathod compnsmg

each said specified perio
accumul at ed neasurenents to detern1ne a reference

si gna)l tradsmizing tehsigne) thﬂ)@élipa'i Faldﬁﬁhgsxﬂdaﬁg dﬁ@heﬁlmep ?I@determmately th:ough three-
t ant aneous

refer qu,gn&dnm ce r%r];é & ghed 5% tlalgﬁ 24 §,D§%ﬂled is superimposed upon the

signal stren ure "TO |
recei v&ESBitgHige: whi ch are beI ow a signal strength

thr gli)h (Ddcdym@?id tradspitted dighhlaod tieﬂ:@m@ Enein@ AHe Red A?&ietlérﬁl%atglg through three-
sal r
st reng q %ﬁs?;og ;E!:eg%al i,? tx\%cfsfcgl)ogpl rtls[ su]Eer gos%dﬁp&fﬁcdfqewwsslgal
10. ‘32\ ﬂ‘é‘lsHB‘é the ystagianequs $ignal sepethiof seid srdeived sigmal; us er

- eced)v eccumgdting @hisr @ehsusdnichits of fo) foSér daC Sidv h;ﬁgﬁéﬁeﬁeﬁﬁd Qﬁ'hdpr@cessing said
second 1 nﬁﬁétéﬁlrrﬁ%mqﬁ%@%o delel] ing at{etlgrencﬁsn%:gﬂrjsgl ot 0 @

transm tt I rst signa Tt i ng means
whi ¢ ﬁ%‘%?é@’gpﬁ“‘éd’éie'@r"f?ﬁ referaicy sigpal Glmyhth ttdepeing instantaneous signal strength

di mens mexvarbmen(s axidentify sedd vedelved sighal Ciidhiafe bEIOW %S{al stréhgth threshold, and;
Supey i BRASA &J Paikin g'}g ol df §a§<1 rte%eHQdS %%lg \ghdlg'l:BIEegﬁgw a slgr?a)l strength threshold

transmttin sec
r adi at fiPmRs ﬂs“e%fﬂ"é??“?roves predetermnately through
t hree- di nensi onal space, said second signal being

. S%w ?%Lﬁfemgé %ﬁ@e enfnfm%lt‘&tﬁ&e% % beer> rtecelver c?y&%%r%%m& :ﬁ:ffs{s ?e}r%ig\l/mg means and a
-s?&%’ﬂ&cf’Y‘Wt@%ﬁF@FWS’"Es) r ecel ving said first.

transmitted signal at said first receiving neans which

m)V%§ %ﬁﬁ’i %B?{ %&?l? oL gﬁ mag#t%g n%%nrs %v u:$i Img\%Q grec%terrmnately through three- |

space, _such
super | ‘H‘Bﬁ’é‘é‘éj" BefGrTudhhat Foyplis °PPJ°ét§é‘lP9'mP°§9ﬁ gxwakhe fig}) transmitted signal;
recé) \é:rangm&ag 8l se&emiogighalt th@GhNd bckand rﬁiagﬁgaﬁlefi wﬁn@ﬂ %oves predeterminately
secondyfege redet er i

t hr ough otﬁ% r {eh}éeb g’?‘rer%ﬁg%qzsﬁwp Sﬁlaa%eéon % RNE Shet °rdéc°é$'ihff?§‘ said first
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f) @xjreelving gsaidh &WVW&edoﬁlgﬁﬁ|ad shill I tond er&%iv}ﬁh nngeans wgnch moves

Dopp! el MG el HiitendatE AN oovd echyhe e eine aoulrty
of saidfsg&ep sﬁ‘de@é‘lfﬁfé‘l’mm%aéﬁ S‘{Q’pé‘ﬁ atstrendzeoiglig Hopmben s superimposed upon the
r equi rsexgnd received signal;

e) differencing said first cyclic Doppler and said second cyclic Doppler to determine a Doppler
difference;



11. A nmethod for determning attitude, the nethod
conprising: a) transmtting a plurality' of signals
froma plurality of spatially distributed transm ssion
mear configured with at |east one or nore radiating
freans, said radiating nmeans confjgured to nov through
three-di mensional space with identical predefined
notiony  Whjdsthg @RGR v entSREH R YLaL Lgnals i e
assi gned_t g one {sai d “radi atcigiklgé ﬁ%ﬁ%@ﬂ%%ﬁ"? T vi°g fpeans to minumi:
i denti caf cygﬁ?g'ﬁﬁﬁﬁﬁg i superinposed upon each -
t r ansréd t detagminipgghedtitude pf seid o recaivgr taeeil opop thel Edsimdedt r&dfhired.
transmtted signals at a receiving means which noves

pr edet er m nat t hr ough. t hr ee- di mensi onal space, such

tha?ﬁa cgkfﬁgﬁégﬁﬁF@W@%'mgﬂﬁﬁFFﬂﬁU§@H“B§on the receive

signal; c¢) adjusting the novenent of said receiving

Means af Owrdanhitiigh & PiuchliG Yot !sighal PROR SlurS & SYRES LR i

upon the received si %nal g?o a r,agfguet @r i s%eigﬁ&g%be"?eg(““smmm mear
and; d) detrm i ﬁg_e hee §f P priating meags, gpid Biating imeaps configured to mov
means bateeeh ikseprdiméneioralijperstwitbridenticelpuédefined matn, With&t@daid plurality ¢
for det edighulfiafignedt oi dnd Ot Widt AQMEe Y1 slef G LET: dor . .
carrier tracking | oo&s t he net [1-%( conpr ﬁ%lk %;‘“g&m cyclic Doppler i
transm tting a srgna SEPGEdHenEk  adi ati ng means whi ch

noves bbr’é@g"& FI’S Pherelist V?mmgg;‘gﬂﬁh rae@recetlingBritas WA h anoves predeterminatel
space, Stiehbh tirébafimedsiS¥Ciphde LS cybl 4 QROSE :
upon the transmtted si gnal s by e%lelﬁvl?%ﬁ‘;g?&sf%%mmp osed upon the receive:
_transnit#%djsignal at a receiving neans whi ch noves

pr edefkradiusiag e yoydmens ofbrid tepebving robianyao Biing3&il cRAADENpler said superimposex

-such  t hadporheryteivddGighd RRIpREerSinSdARRE, WPOsed upon the

recei yed, si gnal.: ¢) deriying. Doppler nmeasurenments from

t he iﬁ’st"ﬁ% e &is 8‘%&'&% é“%’f"“g'éﬁg&gg’ébﬂéﬁd\?éﬂ thejagjpsgment reguired.

adj usting the novenent of said receiving neans to

brimg sai ehetler fov @eterHRNR! ditudk Qyiodd WGFE teBikV] ¥
andc;omgrzjsmg,et ermning the attitude gﬁgéaei d rg%gelr\ﬁ%kd'gq“ps’ the metho
means’ baSed upon the adjustnment required. 35 13.- A

"method for determ ning attitude at a user receiver

conf i guriesimitdng . grbil thdheh! £ Fuiatle \eahBRARR i PredeRE G through three.

receivi neans, th t ho onpr.i si ng:
transm P ?Ill BG4 B ss”?h'g%?@ﬁyéﬁ" ISWPIB’db“}‘IP"EquS onythgdfensmitiqdsignal;
meansbwiiceiingfeid sanspittediignalrang naciving ynednk whichghoves predeterminately through three-
-t hr ee- didiRsionhd fiate, SPPER a cyR it Bbphiblad s_uﬂriﬁ%ogédluponmglzigrdsfgéal;
super hyosedoupan, L.ty et transmtted sfanal - BY 25
transi CF 1 ngCPPELmessutements from the (ptantaneopsphase, pfsadreesyied signpl
synchPorAdstngttes meypraenf ¢fissid recivimesmeatstie bhing isgh éekrived TioPI&d O predetermined
a stati qamfepgi;ati ng. nmeans which is in close proximty '
to sajd_ first radiatipg. nmeans; c) receiving said first .
tr ansél)n' fyaymisg éﬁ%ﬁ'm t°P %girﬁe’f’[‘?g?’?’%b&’fémﬂl theedinstEa riapited h
noves predeterm nately through three-dinensional
space, such that a cyclic Doppler is superinposed upon
the first received signal; d) receiving the second
transmtted signal at said second receiving neans
which is in close proximty to said first receiving
nmeans; e) measuring the Doppler of the signals .
received at said first receiving neans and said second




recei ving nmeans and differencing said Doppler.
measurenents to deternine a Doppler difference; f)

adj usting the novenent of said first receiving neans
to mnimze said Doppler difference, and; Q)
determining the attitude of said user receiver based
~upon the adjustnment required. 145 A method for
determining attitude in a user receiver configured
with an Inertial Navigation System (INS), the nethod
conprising: a) transmtting a signal through a
radiati ng neans which noves predeterm ately through-
.three- dinmensional space, such that a cyclic Doppler

" is superinposed upon the transmtted signal; b)

' receiving said transmtted signal at a receiving means
whi ch noves predeterm nately through three-
di mensi onal space, such that a cyclic Doppler is

sufier i npertiod fapasterhihiag &@IGRIaY & UseSleRed conflahred G Fe MG g means and a
S ool R Eivide G GisV tegT{%éem% Doppl er fromsaid Inerti al

Navi gati on Syste m%ilfferencmg said cyclic
Doppl er sai d superinposed upon the received signal and

ISal d sy Zfﬁgl;ﬁﬁg?ﬂ visr Slg!:%ww@ rat firb9G uidif naéaﬁ@ﬂﬁx@r%@es predeterminately through
nerti bRRLd Q o . det

Doppl er . di. ! %ﬁer iean% el!;hc X&Lgﬂb P§ 3 ﬂ° ler s SUEW?“%FP% ghegfirst transmitted
rece|V|ﬁ§aneans to mnimze sald Doppler di f f erence,

and; b) ft)ansihethﬁag" d1tetint igial) Vhial isi cmﬁt@oggmlysﬁcgvﬂé&% smd ﬂ%t tm?&mm;d signal,

receiv I 15.

ot hod PenA SeicBinl ASnAfo! S TER po SR o Sl ol g means

conpf) S"F‘i‘?ljmg &9id flﬁ'am?ﬁ"[“’@ istgepl 4t ssidgfmrecq:mcmgm vebich moves predetermmately
radi at i tigughftdsdinidisicral spay, @Sch ﬂfaﬁﬁ@ﬁlﬁ%ﬂ’@‘s%p\émﬁﬂ%eg 'dg;ﬂ the first received
t hr ee. %qgrrenm onal space, such that a cyclic Doppler

i s super osed upon the transmtted signal; b)

recefd ’FF§1V§&F1’G 51°P'§‘rf§*ﬂﬁ"t“t°@ giens] ¢ seid sepdnd Uerg\imganem obic isrigclose proximity
means Wwhiadifirteeeangiaasiet er m nat el y through

thr e@) qﬁe%ﬂié &b %o ﬁao? Ghe s %Hﬁp Cgcex\%% a? t r]ecie1vtngp{n%s taﬁc’d said second

super’i nmposed” upon rec
said réd Ecé’i"‘&éﬂ‘”é‘f e §1ff°1°’25""8 éﬂ*ﬁmpplemmreeqmeem dsyermine a Doppler difference;
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rece|V|ng nmeans to bring saird e
cyclic Doppler to a predetermned value, and; e)

deler ITi ¥ 6Ugbd tfd @etarinlinidgabiEad O 2 Siddr EedivRE @hiigurld A Sert
1) tﬂp% o6 4 h‘%{% required. 16, A rretgﬁ%dwf PR ALation System
bs

yl ng an equent.ly di mnishing the effects
of nultlpath corruption in signals wused by attitude

cal cyl &Brtsﬁignn@"%lﬂgml Ehrc’ﬂgHJS Qfdxafuﬁgcﬁéa\'i@ WhictS Abws Hx%ﬁ’e'ierrm'nately through three-

receiv onf.i recei Vi means|

a seco ﬁ‘c‘r‘“?‘é%‘ as (?uch Wﬂt i cy‘:?‘f 'ﬁ%"p Eﬁ‘f WB?:T'"’(?&‘FY‘E‘E’P%‘?’??&"“‘H‘}“ signal;

t r an®nireceivingysaig trfarlsmstted wxglmar recdiinguphns avhich meves preetiertrinafBly through three-
means ‘M?deﬁ‘sl"bnﬁl"s‘ya@é; s&ﬁ &ﬁ*@%ﬁ[l@b&b@feﬁk Yopdri 5§ tE)oreceived signal;

thre nens on
Sonet; TR RE C ol ohnal e S gt pFpyigiiop fysiem (NS);
trand mdtfﬁeliewgﬂgame @@WPBIF@HQ bupertiriipoeed gpen ¢he s ¢ied dignal and said user receiver

radi at hia@n{éﬁéb’dﬁplw'ﬁbﬁ balm&mnmggg@gsg%&ﬂs(ﬁ@sﬁ ﬁa:dyt rminB & B&s&%ﬂr difference;
| el

t hr e 4np t+ona g

ang u‘i PPV ISR S%%"%ﬁ"’r‘? sgns t°ﬂ“ﬁ'ﬁ'§*‘rﬁm€ Darples Flgﬁaﬂce and;
suchd t Hermining the kitityded pair] user reicej ves byselupomtie sdjckmepaequirdae
second transmtted signal; c) receiving said first
transmtted signal at said first receiving neans which
noves predeterm nately through three-dinensiona

space, such that a cyclic Doppler'is superinposed upon
the first received




si gnal ;

d) receiving said second transmtted signal at

sai d second receiving means whi ch noves .
predeterm nately through three-di nensi onal space, said
second recei ving neans being angularly of fset from

said first receiving neans, suc

6that a cyclic Doppl er

I's supegi ed upaon the second recei ved signal; e)
AP

rrea’(§ur |

recei ved signal; f) neasurlng t he i nstant aneous

first
si gnaj

‘1’?§T’H’f1'ﬁ3a”ﬁl§‘t9&éhesmf(§wéF0"wtm@n gth of said
[: ©
@i’lglﬁﬁ% E.] s%al Qﬂbﬁh %elg&l&n d’l? %.\?I \M}lcql lgovgs) grgcha%natea through three-

rocesst.n sure nts obt al
get er ni é}“ég‘ém’ragiRF"&sn%é‘r“ P gmﬂerv%wrlmmd@non thervuhsoiittedggnal;
nul t iPharetsiving FWWG’G‘“@ signa kisqueln i fheeivigg niea3wh@h! fnbﬂ:g pr@tﬁlegnmately through
-at ti t udreedieddiond iR, ﬂ&ﬁﬁh&éﬁn@é E‘Ig'rxsesgé'glh%gcayd uﬁond.se received signal;

ete

ronger .t | evel
si g n%J Sﬁlégmg S&lg feceiv sxgnaI to remove low-frequency user-movement Doppler and hence establish

d)

e)

16.

a residual cyclic Doppler;

adjusting the movement of said receiving means to bring said established residual cychc Doppler to

a predetermmed value, and;

determining the attitude of said receiving means based upon the adjustment required.

A method for identifying and subsequently dummshmg the effects of multipath corruption in signals

used by attitude calculating means in a user. receiver, said user receiver configured with a first receiving

means and a second receiving means, the method comprising;

a)
b)
;

9

g)

h)

transmitting a first signal through a first radiating means which moves predeterminately through
three-dimensional space, such that a cyclic Doppler is superimposed upon the first transmitted
signal; . )

transmitting a second signal, through a second radiating means which moves predeterminately
through three-dimensional space, said second signal being angularly offset from said first
transmitted signal, such that a cyclic Doppler is superimposed upon the second ﬁansmitted signal;

receiving said first transmitted signal at said first receiving means which moves predeterminately

_thmugh three-dnmensnonal space, such that a cyclic Doppler is superimposed upon the first received
sngnal '

recewmg saxd second transmitted slgna.l at sald second recelvmg means which moves

- predeterminately through three-dimensional space, said second receiving means being angularly

offset from said first receiving means, such that a cyclic Doppler is supenmposed upon the second
received signal;

measuring the instantaneous signal strength of said first received signal;

measuring the instantaneous signal strength of said second received signal;

processing measurements obtained at steps e) and f) to determine a low signal strength level Wthh
indicates multipath corrupted signals; and,
configuring said attitude calculating means to preferentially use signals stronger than the level

determined in g).



