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initial location is generally derived from code-based
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replica spatially nodul ated Doppl er signature. Further
enbodi nents of the present invention provide an 2 February 2007
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recei ved signal; analyzing the novenent of the receive

means in relation to the radiating nmeans by 2 February 2007
interpreting the received cyglic Doppler; and

determ ning attitude based on the interpreted Doppler.

Enbodi nents of the present invention disclose a system

and method to determne attitude by correlating a so
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I nventi on ere IS provi a syst em f eterm ni ng
rgdfpging %fta’e%pbﬁa@nﬁar%brﬂ%.llrt%spat&b%rfsle@g the system
conpri.sing: a) neans for transmtting a positioning

' | i d. radi.atj ans. ..
Ii§ «Jclcg(g‘g}mc vpﬁl%léﬁ:ond Js%gén%éﬁhee rl])%ls]r olﬁ\%ﬁﬁ(in ere is afolyrlél%dts 0 F? rc]ietennmmg the
a@lblé@ wnphle aBIPaEHG@f"Ihﬁ evath?ﬁb@qnmﬁsnwt they staxs e e dprsinfiéng a positioning signal
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r 0ose u n sal
o0 PR R ERRa R gty B8 i St Poshier suncrjppged veon said
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g%edetern1ne i nterval hat a second

gt &ecep PSR mog}m%adfi’y R e PR 1 PR pined ovli
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| er conprising sald cyc oppl er an
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admhﬁehi RGuiBA| stchCRITI3RI0 @ebeiving Inictns AP RAI@ fradiathhel Mcdpd &d rdugidnto spatial
Soppl er patterns associated with said receiving neans;
If neans f or determning the attitude of said nobile
appar atus based on said matched predeterm ned doppl er

prﬁ:Ectr%&Sto al thirdeds el &*‘aﬁh&ﬁéééﬁttlﬁbeﬁofl Onidrd B p?{ﬁ/ﬂl@@ﬁ sﬁ;ﬁemt f3€ determining the
there |

BSSS Ak Rventl o, Lhere Lo prguided o m fopigg signe trough
Gl PR U Y PLHEPBY e SBIF [S %Bﬁ?"étﬂ@gs‘ lopig signal throug
radistidfgodeagn rwd irgliatige thens stapg ivfphasg)cettreathonght thieprdimansional space with
- pn@se%hédl B8 ShriO@minelt QUG Rudh etk 3tk ycREQRer i3 3 Qptrimposed upon said

- ralatln‘%erreans nmovi N |tspase centre t roug
. PesiPRies SgnfreSieaivag mEpRCETHi i s postierTh g intid fﬁfﬁm&s mgans moving its
: plpseecdﬁteﬂh‘diﬁgm thekeddintetdionsl|spacs witthprédatited Mofidnfatd praiytedmingd interval, such that a
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noving its phase centre through three-di nensi ona

space with predefined notion at a predeternm ned2 February 2007
interval, such that a second cyclic doppler is

observed by said first rece|V|hg nmeans; c) second

recei ving nmeans for receiving said p03|tioning

signal, said second receiving neans noving its phase
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r&& B&IQS GME Léc&dq'&faﬂing Ene%(r@lnﬂﬁmgg hesdé:ﬁ‘tg Iﬁﬁbﬁl tfu'eé &ilnensional space with

_ ic do pl er nd sard t C i.c.do
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recgivihg rgeank) ipheasuringd firg chmigomad ssalzddcﬂ)plmsmu@@bndwen &yl sabl/ftirgeiving means, said
_ ﬁgpgﬂlbﬁxgd yﬂiup@opblgr %%%Hljrﬂﬁlg afla %E %Ilc H&;:BHIS mldasgiﬁ second cyclic doppler e)

doppl er val ue; " g) sai d predeterm ned
nﬁeﬁf‘é‘ﬁ\ﬁaﬂec"&? cg%h"&dfcwcr‘%tdon’l’é‘f é’F‘% ﬁfgerﬁega‘ﬁ{ssm&rﬁawg%\rfam%&:aﬁ?&s said second
. contbired diclivglopia RaueStitising Siid firdicghli€aupplyrand qaidshildatabic doppler; t) d1fferencmg
‘doppl er value is ninimsed; h) deternmi.ning the .
attitude of said nnblle_apparatus based on said :
adj ustnment required. 2 February 2007 WD 2005/012934
- PCT/ AU2004/ 001024 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
r.aphi.cal. .represen




5 antenna transmtting a spatially nodul ated signal to

a Spatial Shift Key Receive (SSK-R) antenna. FlZFetuarg 2007

a Doppl er verses Tinme graph of the sinple nechanica

enbodi ment of the present inffention described in Fig.

1, wherein the Spatial Shift Key Receive (SSK-R)

antenna el enent has been rotated at a slightly higher

shif eqgerdrreybifed cyeli¢-iappler) valub fem sarbfir@perhbingl cBhi¢ Edpplgeyplue to determine an early-
ki ﬁMoEpi&% D) adfng @zﬁ@pr@deﬁfﬁﬁﬁ&i idtdrval 68 shid Kirst fle&w%‘lé%ans and said second

that the receive antenna e nt has been s| owed

THHd"® H‘F“éf“‘éif“‘dﬁ‘ﬁ'ﬁﬁiy‘W‘Fﬁa‘et ‘ie?Bpl?‘ rARS ORI Wrﬁﬁtemlﬁ?%he attitude of said
@ bilesapperdDe ppbdm sRdwdusimearrguigedTi me graph of the process
depicted in Fig. 2, whereby nmeasured Doppler is

conbi ned over each rotation (signature) period and
converted to a Doppler power value. 15 FIG 4 is a
graphi cal representation of a sinple electronically
swi tched enbodi nent of a Spatial Shift Key (SSK)

nodul ati on system according to the present invention,
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 Signature
Ref erence Signal Strength (SRSS) versus 20 Tine graph
of the sinple nmechanical enbodi nent depicted in Fig. 2
and Fig. 3, wherein significant nultipath fades are
apparent -on the Signal Strength neasurenents. FIG 6
is a Doppler Autocorrel ation Response Function
(Doppl er Power versus Angular O fset) graph for a
Spatial Shift Key Receive (SSK-R) antenna which is
tracking a Spatial Shift Key Transmt (SSK-T) antenna.
25 FIG 7 is a graphical representation of a
successive so-called Spatial Lock Loop (SLL) according
to the present invention, whereby a Spatial Shift Key
Recei ve (SSK-R) antenna incorporates early, pronpt,
and |ate tracking arns which are angul arly offset
fromone another. 30 FIG 8 is a graphical _
representation of a sinple differential mechani cal _
enbodi nent of a Spatial Shift Key (SSK). nodul ation - -
system according to the present invention,

i ncorporating a Spatial Shift Key Transmit (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 representatign 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 neans. 2 _
. February 2007 WO 2005/ 012934 PCT/ AU2004/ 001024 . 6
FIG 10 is a graphlcal representation of a -
. three-di mensi onal panned Spatial Shift Key Transnlt
(SSK-T) antenna and a matchi ng three-di nensi onal
panned Spatial Shift Key Receive (SSK-R) antenna
according to the present invention. Each Spatial
Shift Key (SSK) antenna i ncorporates four antenna -

el ements 'spatially distributed within a quarter C
wavel engt h of -one another and placed in a tetrahedral .
shape. 5 OVERVIEW A system and nethod to determne -
recei ver -attitude by spatially correlating a Spatlal“
Shift Key Transmi ssion  (SSK-T) signature with a
- locally generated Spatial Shift Key Receive (SSK-R) -
signature is disclosed. A 10 transnmitter is conflgured
to generate a positioning signal through a Spati al.
Shift Key Transmit (SSK-T) :
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antenna which noves its phase center through space
with predefined notion. This predefined nntion1&%®emt$2007
at a predeterm ned interval, thereby inducing a

Pfned cyclic Doppler pattern on the PCT/AU2004/001024
transnitted posi tioni ng signal® This predeternined

"sjgnature period', wth the
pre é¥2#§$%ghﬁkgggp%gﬁf®%%%£r pattern being ternmed a

"Doppl er signature”. A user receiver is configured to
r e€kSi. \tds & laaphldal ;aeaahﬁan amlsn#;,br@ RedAfhiait én{%[?duﬂan ¢ Q%l.al Shift Key (SSK)

th ant enn

whi andﬁgigong%s%gﬁ%{:/ogdgg§? {hg rﬁsaeréq){nvcn%m{, 8‘|9°T°§ﬁ£ Eﬁ az ﬁ)a% ﬁle% K\%i '{‘rﬂlsmrt (SSK-T)
t A EURTESHTENE @ pRatliy madylated pignaktepipatial $hift KdyReww (SSKR) argehina.

the sane predetermned interval as the Spatlal Shi ft

KeV[GTﬁ &S Bhgplek &%& Tikne gl'?m% su%l: e meSr.%at' laem ‘g’"@‘é 8‘5%% present invention

K- ante t her ore 1 n UCGS

cy elscinge%lﬂbélﬁ ervﬁ%%e)ﬁ,@yﬁl Slaf,t] KPWC%YBF(%@ antenna element has been rotated at a
Dobiglitle highro tiéahdnesd 1.1 Herethio thet Spatial( SR Keiy Oihshg (s‘i;lxgﬂ aAtenna%mem (1 Hertz),
anfu@NRAhSUAEE bt hZeRibR Fﬂ; ggigv%li m%cﬁﬂts?f\ﬂ‘&nment witthqﬁe Bt antenna,

recei ver 20 continuously adjusts guency ah
phase of the Spatial Shift Key Receive (SSK-R) antenna

prid@dfiy aiagplenPodr gewsut Tmaprahhof théygockss aspsotett tntradl, MBREy &leasured Doppler is
Si cgmBhed bfer Qvh rBkhrioM (s ardrl) er TR ?ﬁ IO o] Blo%ﬁer Olvet a5

received positioning signal toward Eﬂmrm?ﬁ
recei ved Doppler is mnimzed the Spatial Shift Key
TR Jrid 4 graghiegiepyentativn ©f i eimple clectrbricalbpvictiad e.ﬂamfném 6€4spatial Shift Key

RQS@J) \iﬁdtﬁaﬁ%ygﬂm aﬁgrﬁrﬂgﬁ) tﬁer &aEHP Y%QQMIF] the I on % 5 ).(Shi?t Igey Transmit

t t
RS Bitens it eEi o odeml o R p 3 KeeRepa Sy ) e,

antenna can 25 now be determ ned accurately relative

t ®1d. Bes Atikdal S&@gﬂp%rshﬁﬁm§%h| & as;»liﬁngtﬁre K@ﬁfm& %ﬁ&ength (SRSS) versus
(§mwh%2 a?ie nalb% qsurgﬁg he ant enn

sy REHEBRI 2E; spple Biehantsp e fepicted iny E'éu? ARdGFig. o3, ty¥hpreity significant
t Peltipatit fedesvasappanintonglp Sighal Srengtomeasirantehtan. \When a Spati al -

Shift Key Transmt (SSK-T) antenna noves its phase
CE@tgr_;Fn%ﬁ%p sEgce with a predefined 30 notion, and

a Sp % i Dloprlgn AptpcoelatiopRespensedupotien(Dpgples Reweh veesunangplptfaiser) graph for a
aPpaiial] 8t Keyecejre EXPEFR) aechnawitidh Gitraéking b Batial SEABey Transmit (SSK-T) antenna.
predeterm ned interval, this identical novenent of t he
pﬁpifdicith. i s termed spatial synchroni zation

al ter REFYP ’F@ fepgﬂffarr%r’f Eé‘f“Feéﬂ“’atS? ed $petigl ook hgeny &Shwtawoaimg to the
umeent Bveatia, wiveeby 4 SpattahShittKuyRecetve (SBK-RirfenaiRGipbratesaehrlypprompt, and late

URkinglaRiisTAnRY AE RigQEH 2 filel R0y HOGRmA0t SOl ely refer to the
concept of a coincidence In tinme. Spatial - '
synchroni zation as wused in this specification

&f¥G.Gnip & graghirali repeaatntationl of p girriplo dBTereitialondcIRnios efBHBIERTYE a Sphtial Shift Key
RS4K) ntdadiRioR Eﬁtcﬁ Q@&ﬁmg %th§9@§eht€hlwe§aﬁ fn]rc Xtm% §%th|aly8hlﬁ Key Transmit

ggg%b ation SI npatures can generé e
Bl AL £ gfi @i@ﬂﬂwo ulzied sigenlsie o Sesil Shifttkey Recoive (SSK-R)
audinb Ineprveatigg s peipeftdcsivinntents tlemeaapNi cs, i nfrared, and :

. radi o waves can all be used. In the preferred

35

Eg di ment__of the present invention, radio frequency

?’ I}\& gaphicay 'éP"fSFfEa"B“r &fra8 efegstnipaly pasried anheseasding te thei pesent invention,
tritepquitieg o s@dalip disblitaieménnoflenteits a pinSfididn sbufcé QWb L4mkble gain means, and
2Belrbldeansni ft Key Transm ssion (SSK-T) 40 nodul ation

i s achieved by the novenent of a transmit antenna.

phase center in three-di nensi onal space, such 2

.February 2007 7 that a predeternined phase,

frequency, Integrated Carrier Phase, Doppl er
signature is superinposed upon the orrgrnal
transmtted radi o frequency (RF) signal. Spati al Shift ..

‘Key Receive (SSK-R) nodul ation is- achieved by

nmovenent of a receive antenna phase center in
t hr ee- di mensi onal. space, such that a predeterm ned

phase, frequency, Integrated Carrier Phase, or Doppler

uper.inposed upon the. . i.ved. radi.Q...-




positioning signal transmtter 101 is configured with

a Spatial Shift Key Transmit (SSK-T) antenna 102Febrhagy 2007
ift Key Transmt (SSK-T) antenna 1

conprlseéya transmt antenna el gnent 103 nnunﬁ%HAg?mmm"n4

one end of a rotating arm 104, with the other end of

t h Q*‘IG‘ Qb &td PehnRd ri%p?e@e%taﬁoq% §91§'e%—$ﬁ1ter%1o§al 5%@ é‘ NGkt B l’ﬂ% Es)hTransmzt (SSK-T)

ﬁmmamﬁ as atger not or t1ng rarm

a fxed éH‘éi“'H“g “P%’x‘/‘?ﬂa\%@‘*%\?!’a%al PH et Beetiver{89K-R)pntenna according to
f ofthe Jresqpiy ipvtetions Epcn 8rdtigb Shift Kely (SBIEY ameshatifterpaitgtalr Whtéhna elements spatially
P € WistEiblited MtFin $ buGHeR tvhVeRn gt brfd GnolhSr a}rch;ﬁacgi% Qtretlrag%h rd Ql?pe.

stransmt antenna elenent 103 takes to conp et e ‘one
revolutlon of its predeterm ned spatial pattern. In

this illustrative enbodinment, and for ease of

expvarEWwWon, the transmt antenna el emrent 103 rotates

2" A Brbplnd o o HaEmiS ULk ' Pl BRI Spatpt oA Koy hansmisson
vafSFRd) signatyigywith o lecaUmeewatedemtiaissw K¢yi Recdivee(SSKsRY signature is disclosed. A

10 r eczgsmi iscpnfigined tol gefebdtd £ phskicHRig sQﬁdl‘ chadught B spaliRSshin Key Transmit (SSK-T)

15

.20

25

30

tr ﬁﬂﬁlﬁ‘uﬁhfcﬁﬁnmfe?ﬁﬁ;ﬂs@&nt@r tm)u]gﬁ) Lbaée%vlt? pric%gne @ogg@ggrqd?ﬂged motion repeats

t hat he transm't ant enna e
mot ¢ PFFS?W@?‘! interyd)i Hereby Glugiie a predetraiion mclrgDmrpler petterhy on the transmitted

s eeitiling Figenl. Shia tpreidtenSined itelde \is fEﬂhﬁﬂlﬂm"Elgn(at&%}fseﬂ-c)d" a¥ith b Redetermined
1Q§rclic rbobﬂ?ér Satich! BARE tethdd Vs e"Dgéi: FP gl e A user recefverl\B SPfiguedeto receive the

gn %ure to use the car I on
as’PH Fopopitipning,sienal girovgh 3 SpatiplehifinKey Receivee(SSKAR) gntenna, which also
I gupatsiie phaaeaamer shranglndpheg witledle daint preddfirSP Abtiod] repelting the HB¥ment at the same

R%?e@étéfﬁmm&vﬁ)asogg g;%gﬂ .a‘shlft %ﬂ IE%SKSF) m)t%@g. gg%%gaéghxﬁ Key Receive

us atforml1

%“s‘ffaﬁ“ﬁeﬁra thepefors induess PpeapiLtil Roggtic cqppopgnt emthealreddy Doppler-modified
TWBHS@ptart ipesitiofihg fsignaKeAn Reenad @cHranbiior) coitl Qﬁbﬂtﬁ Hefh R user receiver
atc&ﬁ%ﬁs@ a&iﬁsé Jﬂ?ﬁﬁ]ﬁ&ﬁy 4911 ?lLage%E' %éggal\%rﬁ lﬁe R oilﬁ)(s%lf—R g,nna predefined

orientation, suc
SPAET e rthe e ?“‘F(’éc@ﬂpﬂl@ Sc%er(ﬂ Ry erinaothp anezs08d Doppir of the reccived
p pesitienigghdignalabwagh eeb. Windelthe la@ivial DéppledDia midatiz& tﬂé—ﬂpaﬁﬁl Sﬁrhfkey Transmit

b |
@.ﬁk '[f) ?J?é% I;Eg thE g;)%:ésl" §%Zil Iéaj Eeivg Eﬁgjkg?nte A%! a‘&%ﬁ%{a:rtg vau%ls% they are declared

R@’é‘ il g‘é’“{’ aedoyidie U eshiYeL q@%“% &f hergpatist i Kf:‘)’a&ec%m(emﬂi)_‘@menna can
ofow Yraleterined acplradl§ @lartve 10Ge Mifte BOthe wamagsmlxw Trihs i @SK- <T) antenina by ‘

aﬁ%ﬁﬁ%ﬂkgﬁeﬁglsﬁkﬁryﬁg%lcg%%éagpof% at r%fr?]dt Mﬁ%{tﬁ)% ng la:&r;g)nnas into spatial

axes 110 e neasure
af oMl with one another The Spatial Shift Key
Recei ve (SSK-R) antenna 108 conpri ses a receive

a I Qne. e eive

rg%“gltql n@l asﬁm B’LM‘“W}P’E@&%{ (gfs ltes ﬂ] ) %entfrﬁlgowggip&;e\yétpapredeﬁned
rBetgh; % 2 Srapig! f!t*@ Kot Rerstve E19KR) apfermpypsgritiene idestisab pradefined motion in the
s predstegniigd irnvepvalytisGdentical ii@erieRC Ithé @Eriodioitierl ib RGned kpitial lﬁchrommtron

r@%ltérﬁ‘aﬁ%ﬂ gp@a!ral Lo@r@ﬂgl # i mgrpt]r%m{ 0. ﬁr&h%rrsrt] ! tthea{ mrﬂ%tch%?xg t@i sgeclf ication the

) 1S Ca a varl
fFfE* Sﬂ?@?ﬂ%@é‘f)ﬁféﬁ Sa‘érfefeswéeﬁqnmg & goincislence indimg.&Spatiksynchronization as

- tusairsthis speeiitatio 2icoinusded i@entidalpdiddds of ddkénnd thBMdnbR bbth ARSHY §pace
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antenna el enent 103 through the receive antenna

el ement 112, and neasure the Doppler value of the

PBEiEh ShifKeyi(§iQ modutagien sigpatwresshn bogshemted tubivermany Jifikment mivdia. For example,
chud waveokh tlishadible Bunwiiscbtn, didabonilAnfrakts, G Fa816 Nade EauJaﬁZe used. In the

th tial Sh
Fe?errgr:fnt@ﬁmngﬁ :;gﬁie segﬁ ﬁrgemi 828&@ grequ{arﬁ:é g%a@cgl aresﬁf ]prtep rréél ‘medium.
§° REL % refesel cnipaEN B fiprero mpoborsraRd BHA Kpy Teawpepission (SSK-T)

wiodulatipreinahieted bythemmamet efamadsmit Elifenit YHase bedRr i @R IditRnsional space, such
antenna el enment 112 are rotating in a clock-w se '

‘direction. A varying cyclic Doppler will be 2 February

2007 WD 2005/ 012934 PCT/ AU2004/ 001024 8 observed by"

- the user receiver 107 dependent upon the relative

motion of the rotating transmt antenna el enent 103
with respect to the. rotatlng receive antenna el enent -
Wh L. itenna. el e +103- and t-he-




E e

measured by the user receiver 107 is at a mninmum |If
antenna el enent rotations diverge froma st ate 2february 2007
spatial correlation, Doppler will increase until the

10 antenna el ements are rotati’ng | SO degrees out of

phase relative to each ot her, and the nmeasur ed Doppl er

oy Pl R T o b SRRl SRS FL o oo
te8Qigindleigmedded gerdio Gfqugrian S wighH. Sratdh Shifthieay Repmavet (S&Krghmodulatwn is

a@ﬁi@v@m B& &vaRBNLe 303celvt aMGHS e;ﬁlastehc%m&oﬁlt thRQiARE dnM sBﬁHenEuch that a
ve, antenna el enen

its. rotation 1 rece
ST B Lo R LRI FaPRBIeREHES o PGP won e
r&dived radidfieqeentyéRPaigedl.enment s are sal d to be spatially
uncorrel ated, and the Doppl er neasured by the user
receiver 15 107 is at a maxi num An antenna
synchroni zation control means 118 is configured to
saeTEM ANDIMERIEed of the rotating neans 114, until the
recei ved Doppl er nmeasured by the user receiver 107 is
at a mninum The antenna synchronization control . )
Rifeming nomtg Fign'e therg éselepiesrd 2o & anephipicad grahedimgit of thpresent invention. A
pbsitioting SighalRadistel 104, is Gffiguicl @ith § bRl SKift KL Tamin@ (F8K-T) antenna 102. The
B B S el UM el bl A0RI) fos oo
oIS p ratating amd P4, ayithyihe pthay padtof the patating aya 18dvoaaseied te p etatipg means 105, such

as’la,zervcpﬁlacbﬂ Q‘He m@da&nsms thaddd kikeaQ6hgthOardCredoli@s itl B8t ¥ieimined rate for a
ant enn 03. r t at i '

PR b CE NS AR AN I LGN EE0 S o PR ransmi anena
clewment 10% takiest e moapletk esme revoldtibR odirite predeterniimed arebd psirat ilm|this illustrative

ealneh@bfdior Ihe o%ﬁﬁ&ﬂéh AENERHAN ke é?é?nemcﬂﬁtr&%s &Eaaﬁ& rate (one
118 continuously applies correctltgns to the rota

HRPATSPIHORRST Fe) 1t EOdPE Ersstonsiidteh s RO PPURARRgIP g o which
fatie iwirbia i tivedier 2&Eivih@miea trickiag davp thasinidén Mhe edremBatro@ting a@m 104 is also
c&ﬁ&ﬁé&’s@ Meetggﬁmt%lﬁt%qﬁ ngm k ﬁ)3rtxg$e§st3§ 1@%o§tnox%eily 1%[111‘? mﬁ at the begmnmg of

const ant ener at'e Doppl e
eqch sqoppd. Fhsceptipk Shifh K@hﬁam@rt &ﬁﬂ) aptpgna; 19,2 E“d’ﬁ? }"@W‘é"e efﬁ&lple is therefore
confifdédao ek tha cadihaltiitebton bi 1R M06 45 MR Giieipalsaxis &f itk rdfledntZffame.

than the transmt antenna elenent 103 (1 Hertz), the

receive antenna elenent 112 is stewed in and out of
Agisir greprean 10746 ednfigurrd with 4 Apatipk Shidifey Raeeive (Slghtanig@a 1085 which is mounted
oft D8scf Akt 10d A8 sidhtd &1 BONGSRC gfanet f&net siyaual élﬁﬁ qlelgemﬁsﬁa (SSK-T) antenna

g i MR et R0 ot T aficie 1 HE visE oy gy it i

onirp@aten egh filrad the tprindpak it Ilgmf dlel Bpratial quﬁrj{eerqucgve (SSK-R) antenna 108 is

: pﬁé}ablg E&anih@he'ﬂﬂﬁcﬁﬁl KB liﬂ#th\é %Séy'ﬂ%ﬁle of%%' vler fRfbr | '16'33Alt§matwely, if the

cali.brated in sSeconds rizontal axis,.
PR B SPotpE e §eYo$F°f1YFe(Sa‘f Bb#eeppy 108 appde PG s 11 ofthe

ugpOplatfosm Wedrenot hlignddwdthand nther thd relatbzabﬁenanm pattvapiingipal axes 110 &

- _1ﬁqna! %8 gxga%&gdza&%gancﬁ%aggﬁ r e’%ﬁ(‘éﬂ@ 98! ik s?%kl%'tiﬁ\?tnlé?@ RE e (SSK-R)

gra oi nt's

- ansnpa M sompristrerrecsiva prienspgicreraty i aroueiert ot 9 H A5 & regtiYeR e am 113,
- wliMBé BiBdr endB thREL @ Vel tobhGng W1 I.‘ﬂ:oﬁieg:ed t3 a Ed%ﬁgeméaﬁs repRidtaeslservo motor.
. T}ge recepwgr Ig[atupowerlly Eajs(y R c-zla.- e thg{ er transm1 T rotaq%asur Qntdsis capable of

Heasur enent s conbl ned
remlmg a4 vfriable g@eﬁhﬂsg regfn@r Wes prafiguesd tateeeive ép@@@meéwswnnmg signal
lishﬁom W ifahsrd! anﬁiﬁiascleﬁﬁntqom{?ﬁ.{gﬁ rthepr@déﬁré aMéHn}! Glemdn €12, and measure the

t
- %pp "éi"‘ﬁ O?g’ﬁl"‘?“ﬂ?”egts@ﬂ‘ﬁ H‘ﬁr %aéeg%r? anabiy S}rlﬁ%% R eq‘bB‘g‘B‘f {gpémitter 101 and

usporeiverpld7 are shramelogibaly gymelpinoB) the S&ﬁ@@mﬂcﬁee Ttahanit{6$ KT santenna 102 and

th@@;?a'ﬁﬁ Sinlﬁeke ﬁcJeM@(S@ﬂtR? m&ngilﬁ%@{aﬁon% €18 Btk ¥ntema element 103 and
co-i.nci den wher eas 't he. maxi mum Doppl er power

nts
- thgrogiyrantga pimanE 113 arﬁé%ﬂna%ﬁny Sltfoyise qREyoD et pa Sy Dopplerwill e

"PCT/ AU2004/ 001024 9 303, 304, and 305 are points’
where the two antenna el ements are 180-degrees out of
phase with one another.- Conparing Fig. 2 and Fig. 3
it can be seen t hat spatl al- correlation of a Spatial

{ SSK
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antenna phase center to a Spatial Shift Key Transmt
(SSK-T) antenna phase center is achieved at théZEdknu32007

ppl er power 301 & 302. Therefore,
gﬁ%&ﬁsﬁéﬁgbof the present inveption, antenna EEENWQWM@?HH4

correlation is achieved by adjustlng t he antenna

Sy&&FUeeé)p}L éthULBS') e we:nid"?er eﬁ? ﬁtnﬁog gle r atn\.r/eem(t)tlrgl? ogga e fol g ag transmit antenna

ower va U re
Wéspecg@ﬁl@rr?tﬁﬂg reaegv&, appeqng) elprpegt lli W]@ep Hheduapsmit antenna element
anlﬂbmzi the ecavvriiténnad dhent 312004 btht iy rn&:disdngaoﬂmraﬁtuﬁis&al trdv&iseMMRSost northerly

n (}fofnh& rtlle% r@&'ct{“a r&z{tl?ng rc{é}n'i-,ﬁiﬁatﬂz”m]L% |ll%atlvp @asp ?rg'lsrgp Iarﬁgm oilement 103 will

each second her e e recelve
CIBHER{ Ay BOIRION {1 sam i i TP P lpRoRt R s trsversig it mos
t rrastteriy poing At6e Hinanterine plomdnts 1084 11hee fadloabé patiabdy cotrbieted, and the Doppler

I GeShuNEoydRtledd Reeive! ATRHa midigul (h€ begi nning of each
second represents the nost northerly point of its

rotation 116. Furthernore, fromthis infornmation the
orif wfehmt dlegwnt gftatiohsediwsge frop| sagtdtcoefmspdidiocorreitian, i DogplérovilNdictelve until the

1Ja§ze:ﬁaaenms ﬂ@k@ﬁd@ :@@&ig@éa emﬁsh@e Yelativel 1 Sxch ditfer, %hﬁe%/e%qremsoppler is at

RSP P ek SR D S 57 5
fdeggeha;ougrfaybqsg?nth&hthother}@aﬁ@@en%a lelﬂ; treyersee the anodt @8therly point of

a'itﬂro@ﬁ'ﬂnﬁbﬁ ﬁﬁ:!e 0 rdediR amBidbigienOfft? §£r5mel ﬁle RRs SRHETY dofd€of its rotation 117.
wn, r ot nal nch r ed rec

an eeaﬁtﬁlgla & ?ﬁ%nafe sil_dL%tbe s%an%lhf ugcoxérlgl Ppé% mggrxre«? by the user receiver
e ABdTat prmprimyn. dppatienhp spEtropization ca@ebrnqm ltlihve cqufigured itquatjust the speed of the
ai@taﬁnglri@nsoﬁd ta@ tepedeived Daﬁillerf theadb@) bBﬂﬁ QheY ?ecen(eSﬁﬁ th a mmlmum The

?%tév er l]ﬁomﬁaﬂon cor%w Wn = ﬁg mm%as% of eC et ?{hﬁ éotatmg means 114, so

r Btk Tprgive %_fkﬁeelila\ﬁ@mam M213163’S pﬁs%l@snemweﬂl Iﬂ@a@nsma rmujerga ekerahol 193 rotation.
| Ofce &R B‘Qastu‘ed‘lﬁopﬁl'&ﬁm a i@ CHBE AQFe Bitenh\enldRaN2 rofaﬁﬁ@.béé@fs stabilized to

107 e time
o st s 0 o 525 B Bl DB e e cemen 10
Rynd ahweqqlﬁaar&w limett 12 apmew declpreNopatisily Ldr@latd.riTho @ntenna synchronization

C@h@dﬂ kn2dn® @l1803%nthotkIf bpBestchiechbl BIhY Bﬁt%gtn{eﬁié Qg o AR e sBte of spatial
ase. the nodul o 1 second tine stanmp) by the

kﬁgaﬁm?gP%?a%nal rate of the synchronized receive
antenna elenent 112. For illustrative exanple, the -

swm R wa:hz a@bnﬁa&,mbﬂt Bnd @ B 1ateb BEARAL are]flt&mg amreﬁﬁsnstaht%peeds they
lé &é)re a ?ﬁce ] n pl%}'(])‘lgthe {eﬁetivré%ntes sé,lén%litgl n{ gu?% é(ﬁ'e%% arg séxghtly higher
wmxl( bl Heﬂ%@@bthﬁtmiﬂn*eﬂmemlemm t3gp swzs é@@mse gntgnna clement 112 is

rR&e i e ofior mg@nddﬁamtu{emw a&enamemem 03) i Ghe ¥R df e d@BBnce of the two
rav

ree rc.is.25b sed Lve antenna .
SRl o B e WTITGR - 05 i e € B 8RR g or
Tbpoplesfespsured from dhis @nﬁgawqamomr it prbibretetein Hegz G @ Bftical axis and time is
s:em&d& gééouasdﬁ the lswnz&m@ s/ EneSRiGiRGA sao?\g Pﬁmﬁgs@%@ﬁ 20108 202 are the

| at
3PP PSR 7% BT B el g WD e e pler s ot
Sl 2031@? afRb 205 arepoif S BierfRIhe tivotanirrme cldr@Bts wiet! Bo-degsisovatt of piBge with one

~ tapotrth 116 can be cal cul ated by neasuring the
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angul ar of fset of the spatially synchronized receive
antenna rotating arm 113, at the begi nning of each

Kefgming waveo Bigr3 ke is daniclathy Dbnaler Prwversigrses i graph af the meagurdtnents depicted
_Grﬂﬂé i20THe %pﬁh!r tnBashrblfents Q&iﬁiuié&? bvef &bk de&ﬁd %Hﬁx@%&ﬁ)ﬁme)‘epresented on the

rpcapaxls as a. drgq%r%werr] g’i’ieo e I%Fﬁ“g& gtlf gl\FNIS%E t{nf % éegéente}i in Flg 2, also

F@é@iﬁﬁbe se(cssls(m migiypes Reppler 0@ver Mfints catiyerapls 305 18 302 ere dfe poipte where the
SiRanieitls ledmentsyanCdpatiaili BALLiIdeRCEHND B hAMUA DpplagoRe p@ms on the graph
he

113 is read fromthe angul ar nmeasurenment neans at

begi nning 35 of each signature period, which in th|s I

‘Hertz illustrative exanple'is at the beginning of 'each
~second. This neasurenent corresponds.to the time when

the spatially synchronized receive antenna rotating
arm113 is traversing its .nost northerly point of-
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Al t hough the physical notion of antenna elenents is a
sinply expl ai ned enbodi nent of the present i nédisbivary 2007
such a %Ysten1|s consi dered inpractical due to
#Phg conpl exity, manufacturing expens&CTAERE401024
potentlal for nechani cal probl%ns Therefore the
nbodi ment of th resent invention reveals
UL o i bt e St e st of e wih oneanther
e ICelemarlMIE alahd Fig. Bliterert reormn shanpttiabrerrgiftionst achiptiianShilt KqyRastve (SSK-R)
C exidned phesd Ben&ﬁto a@ﬂtlﬁ%ﬁiﬂ KQyTrﬁiQﬁﬁt '(S%kl-ﬁ a.rgénx%t ;fhbsp Uetnleﬂg achleved at the points

o B SRR o & Ao TRE R T & e a e aveana spai

sUCCEssI W tC |ng

s §Avekdny iy é@'erﬁﬂld’geﬂdﬁ%m de antgyie ymohroniRish eontiohgeano v driye the measured:
FD@bpiedpowe@ln€ovbrshedigihued Ribddo Shinie valeeCt r oni cal | y

sw t ched enbodinent of the present invention. A

p03|t|on|n nal transmtter 401 is configured with

aRejfHis agpin rﬁgf ? trpgspit tenprsiment (105K coifigured it teavenss itd @Pst noptherly point of
Smatmnaﬂﬂs Shheftogidteny ofl daetiséthd. TheTSite, _Ehen&ﬁht r@d’éﬂﬁarﬂéﬂ?a element 112 is spatially

C&E‘F@lﬁtbcﬁﬁ& ﬂé‘u@n&ﬁ@%w&f l‘ngrl?tlﬂg I’ﬂél’i& of t%%] G, tElne EPmen? 112 at the

to 403-8 nount é C|rcu ern
?ﬂ&lﬁ% o ea‘i‘ftsa%?awwawerm st DA REHLRS 1o fasaen Bk Rurdigmore, from tis
olhfofRedorcheatietptiant'he (fplatfomd 108 Rfusive t&ld\l%rfhhld dan bebefrmiitfed accurately. This
C; i
9@&3@9&%9 n&&hr[ng e RS Eﬁddﬂlg 1 'g%orﬁﬁ AR ine %.:&23*@%1& e?elamf% Qi‘% traverses the

SO connec

TR P10 S SP) i v, (S5 R s i e sngla ot
i baghil \on dtheakrioym awdtbnabitee @il gachednimtaiceive aghniielefidhit ICH) Th Ahis simple
tJ&%haEi%aI %?ﬁb&dmntqqgifchq%ls Rl %ﬂ Hl'e hﬁ:ﬂga&lﬁ? 110 ?91% rSﬁJua] %ﬁrkc’ey Receive

IS conf |§Ure |Va e a eactli va
r(é‘f’“e Prterne P% baipw et fhe Toatingsirrefve A averesa Thagyvitcipli8 jy triggered when
dint retatrg reckienam t113Sesl overbead,(idd 8 modulecsWetond éde staiup is recorded by the user

SHERE98T. Bim tlﬁé"rﬁ&ui% I?@écor;dlﬁfne E&%ﬂ@%rfeﬁtﬁ&g}?l@eﬁ*ﬁf%ﬁf?%g Receive (SSK-

traver ses around array

UFETS TR0 FPHALNEG 116 i it it e e e i i
pse mhet rivelulb 1l aexomd tinteeschmp)Olsyi thd knowin eptasibrginva o6 synW¥idnkz8d receive antenna
%leQE}ﬁ lﬁnhﬁ q%ﬂe%%me %ht?gﬁ’l?chll&ﬁ' gcq r%cavetantle&a eleljnéﬁﬂlrz%\ét}é?s the principal

mber  of
i 10l Sttt S e W en, s b sy b gheghtod sl 1
isevoreitimegdinp of\0.8052 secdn@CiSiett@ded Mo s réualing IQTUAEe Mbriz on@degree of arc is

%‘Q@Fsleoailsy t@'}laofe{/e 5@{!}33‘%&% Y 1{1 %k%xﬁ)ate? '3'5? ﬂﬂﬁslec%gcé '{heretzlg S5he. orientation

recelve antenna e
Bth‘zuég i W@H dﬁVHed&Y 809228 pesandsy Whishepystes o 20 Txlsareqs elggkwise relative to
MNaginig. to that of the array of transmt antenna
el ements 403-1 to 403-8. Each receive antenna el enent
409-1 to 409-8 is connected to a bank 410 of Radio
128 qrnatys epmpadimentriecnitign of thirSpatial Shig Key Reselve(SesRiternad 08 wyith respect
to Neorthl 4 Bircarf pealtulaes by fidbsuriigithe igulir offbet $ete sl syhdiBonizéd receive antenna
;}]ltamg nN&c . n 0 i O 0
rotatin Erﬁ;lﬂg ﬁtqﬂa ﬁeg gﬁl{ak &Jrnga%r 3 zratg% grg it (r)lr H‘lll lar Heagl%}ﬁeﬁt Jneans may be
F‘H‘EW"@HFQ I‘IF W’ﬂt"f ToRIRES T RSPy Y efapably 4f reea@awna@ﬂr Q(féie’ls With respect to the
ip:hl axi§ 110 oRfre Spafial SHif KB Receivd ISBKAD ahte@al lﬂsﬁ‘ﬂie anEhEr offset of the spatially
Jﬂﬂ@d é%ﬂg Maﬂrﬂ'r&&&% an l??dfs’] Efé‘%‘{%eg atn%uletr Hwasuremeint mealﬁstat the beginning

con gure e an

gﬂﬁﬁﬂt’!émﬂﬁe peried, whichsipfhiscl o a Hikstiativg example st e peginping @f each second. This

mﬂﬁlﬂﬂlﬂaﬁt ehepmas to 40 timd when ﬂwatﬁlly Snchdhibedh@ekvd Mtenna rotating arm 113 is
i?sj rgtﬂ Hﬁeﬁ Eaﬂtof I‘olaaﬂ @Szﬁd FseJJE JI'OVI(@J]Q‘I accurate anéulztr offset of the

consequent raver ses aroun

e recelve
Spatial Shifh Key. Rf‘"'e"’le EKJO apennarifs w "‘?rﬁ{%f? Norkitlées a cyclic

. Doppl er upon the received positioning signal. The

antenna -synchroni zation control neans 411 is
configured to adjust the tine of the receiver antenna
RF swi tching bank 410, until the nmeasured recei ved

‘Doppler is at a mininum,. The antenna. synchroni zati on

control neans 411 increases or decreases the speed of
the receive antenna el ement swi tching bank 410, such

that the receive antenna phase center slews into-

ith the, trj phase..center..




WD 2005/ 012934 PCT/ AU2004/ 001024 11 is maintai ned.
Whi | st ei ght antenna el enents are used in this 2February 2007
illustrative exanple, any nunber of antenna elenents
are deened to fall within thelbroad scope and anbit of
the present invention. The Spatial Shift Key Transmt

SSK-T) antenna 402 is configured to activate its nost

fromgipyemeptobAptennadhase CRYFE  103- 1 at t he begi nning of

gthigh Sleciipckal Themedfomennavwdikanenit ea Sipatyl alplaibll Erhboigynt of the present
les@rﬁ%h e h(a%§¢§enﬁ)s oSN n,%m%&% dus té&glﬁleeﬁ%(yon@%ﬁ@h @Rk G5he expense

atiral Shit Transm é t enna
aa(b?e P?‘FPé‘all atehairal BiPleel Reirfretit Pfyfe'a%flt §oipedipgt 8f {pe present invention
réadlen nehd i Wiich Dappldr Bignlheg iafetirda@d efbceicily. SBR0¢EE motion of an antenna

: pgq%g) % ?t S n[g Be Elngve(\i;gﬁ %g%%r c&%ﬂrﬁ%lu}fg aRtgﬂng %}gggntstxxbz?pr%g%ﬁu&ld configuration and

_ ey Recel ntenna hase cent
svcmss'(qwcfﬁﬂtchma PEIPTER PIERELS Iof greg i syhesized Phaseu CRUG MYETC®n t he
orientation of the Spati al Shl ft Key Receive (SSK-R)

Rﬁfé}nﬁg gg' u?oloﬁ ZF tgerei 1sede£:ote dullmgle eilégtéoglg%h SWi V\ﬁ-l%d e{n%]oedlment (%qm present

m'vet@lem v%pcaﬁpmnell t@n@mter 4000is Zodigwpd wr@h@a gpatig)Shifygey Transmit (SSK-T)

aftbrinh G020 8he Sp4iisS Sﬂllﬁ(e@fTrJnBﬁt RRLT) Ahterah 4d2 co%ﬁ‘aMseR@rpﬁJray &f eight transmit

ena4 is activated. Fromthis
eiph e A DRSS riesrf b HAE T e AP St i comected
tKe paoReld¢ iof) BadicSBKguRlcy dARF)eswitehes] GRuchiid hum tse:sp@md to gheNepsitigming signal

uﬂ’r?sx%lttgml %e ﬁf"&vﬁfdﬂl ﬁatnf%4qy alsq|c¥dngdte'ag:) chaﬁ‘troqj ﬁlt:a‘ﬁg ms%gl a@ Q ffFoprocessor,
center travel tine this case

ond
h@ané%%wllywﬂ%ﬁéﬂ4<#6%at? G ta 6‘1’1‘511 i B %F Eﬂ‘“"'i‘ h@éﬂs‘ 40425 required. The
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- Toprles pawgy relesds ﬁéﬁcﬁ% frpmp, the Eaéﬁ}ﬁrﬂarg A (2 IRnpﬁliefrmwerDar%ﬁ termed an "early-
n6Rd-latcT percdgnd Jetebmiack bangetidh Mafiddde land sikrielie STIsstrbir@adnathenitude and
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-Mm nus- atetrac
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rovi an ‘ear
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WSS SRR 60A Gl dhin ST HESE P Qb AP e e o,
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ear m nu
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mbyf Q6 békSte AL HANBS HBSwil PO E&iBRAbde. Signs are indicated -
the early-mnus-late tracking ann value is wutilized

"to bring the Spatial Shift Key Receive (SSK— R) antenna
phase center into spatial correlation wth-the

‘Spatial Shift Key Transmit (SSK-T) antenna.phase

center. Tracking Arm Techni ques 30 The'creati on of

tracking arms in a Spatial Shift Key Receive (SSK-R)
antenna can be achieved in two ways: (1) A Spati al
eive. (SSK- R) .a gur.ed.
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val ues are therefore generated concurrently. O, 35
(2) A Spatial Shift Key Receive (SSK-R) ant enn& Pabyudve 2007
configured to consecutively generate a plurality of
WEHTUZB4 Doppl er signatures that are spati al RGA/4¥30844401024

from one another. Each Doppl er!%ignature is

ivel. t i i ngl dio f
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B La6h vhIEKs. AbdcO Positibedd; fur e . 0 ]
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fitilizec gl‘ﬂlg eagﬂts ift Ke {igflyedﬁSK?&bmt@;nap ogﬁgpqtqiqpat'g]ﬂofrqlation with the
Renjial Bt Epy/Bran§ SBSSRYT) ahephas céitd. is initiated at a
first receive antenna el enent 703-1, as a starting
?oi ]?t 709 for a conplete rotation of the first_phase

HRtRgArotesiniayess 706, The neasured Doppl er power val ue |
ﬂcyrcreathf off trapldrig K:pmhms Spati® SHi®Key Keteile i(fﬂK-l%Qﬁedn§ cah bOhchidved th two ways:
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SO AL B8 OO RERER] B by A I S RE ALt g Do
valjs re hersforegenepieq seayeatlly. ) antenna 702 is initiated at =
t he -second receive antenna elenment 703-2, as a '
starting point 711 for a conplete rotation of a second
phase center rotation 707. The neasured Doppl er power
.value for this second phase center rotation.707 is
stored as a pronpt tracking arm wvalue in pronpt
tracking armmenory 712 within the user receiver 701.
| Mmedi ately after the conpletion of the second phase
center rotation 707 a third phase center rotation 708




the third receive antenna el enment 703-3, as a starting

point 713 for a conplete rotation of a third phaBeruary 2007
center rotation 708. The measured Doppl er power val ue

for this third phase center rotation 708 is stored as

a late tracking armvalue in |ate tracking arm nenory

714 within the user receiver 701. The Doppl er power
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C nove
oot S B YRR PR A1 b e Pt a0 £ gc s
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ilBitintitet ANBMLIGIs agdldy offiedisl rqiraeﬁterda@%hﬁ@a afciient anpl K kecond phase center
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u&m@ﬁmfvhlmn &taafa&lﬁgrm flihbry a14UHLEIUR: uSdr adcéiGer POIS The IWPH1ETGPower values
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nn a
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‘substantially the same Doppl er neasurenents due to
- user novenent at a roving user receiver. In the
preferred enbodi nent the user receiver is configured
with a Spatial Shift Key Receive (SSK-R) antenna and.
' ILxed_ reference antenna. positioned in close.




Transmt (SSK-T) antenna Doppl er signatures are

recei ved through the Spatial Shift Key Recei ve XISSKadry 2007
antenna, and the static (non-signature) transmtted
positioning signals are received through the fixed
reference receive antenna. The antenna synchroni zation
control neans is supplied a di'f f erence si gnal which
represents the difference between the received fixed

IB %IIS ﬁlfsg'gtg/e %ﬁl%ﬁllentaq}%et e%en§91@$nh&! th1§gI |1sfz; 4 reé %EEZI offset bfltweeu each
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sinfaltHEEL, gw&egreteaecganﬁmaaﬁ ofithp bﬁH’nﬂ'LoEWL&a’é (QfL) Wi t1Qekehg arm values are
I.t1on

oBRi PRy ap” I ah el B 20T O DR G ie) G0l pp st
oKdikferant Eﬁnlsxmvsmf(r@@xinﬁ Jaclapfttemevasecutive incagaanenathessrer sphigegemitigated by

u{él%ﬁbhﬁrtheeﬁblﬁ i& Siord RiedURs BLRAGE tH@?erﬂ@tblet%bn cafBAGHY late tracking arm
a, uni

uni qu efined notion repeats a
“’B?'S%‘g’é‘i 1E'i’r‘?‘r‘q’r“‘ré‘ﬂ‘i PRiERRERE P‘E‘ﬂ'&ﬁ &i55 PR P*ﬁ@eea TERTTEeRS:
predeterm ned Doppler signature on each transmtted

Nfé@ﬁd 5 i oni agnfﬁ{ug gﬁﬂ tranﬁ%ulr a%ﬁllxé/ &artlc Ipésﬁﬁﬁﬂ% é@ﬁﬁﬁ glogeq)roxlmlty to the Spatial

recei ve Ruralty uni g er - nod
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siphBaf cﬁﬁﬁtﬂ@fcﬂly@fmc&mﬁﬂs anp Bdvk aubstdohialfyltheKaye Q€ Rid\ugit vector with respect to
a go%é%(g 2 )rf%gtéreg(?glﬁib g s lfﬁalse 1%(%111’6({ ggnlelt Y%ﬁ T)‘aﬁg ﬁ)g Qa?‘ne? asaéld mﬁt vectors exhibit
sybgiantiplycthey mnerimplph aseéureews eiue ‘tc‘suserom\reglerrt ea atrevmzover receiver. In the
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et B e TR P Bl RSP RRT 50 sgna
 therghy cligiggting BT BRYSPEREr power difference is minimzed

the Spatial Shift Key Transmit (SSK-T) antenna phase
~centers and the Spatial Shift Key Receive (SSK-R)

ant enna phase centers are nbving i-n uni son and are
“decl ared spatially correlated The attitude of the

Spatial Shift Key Receive (SSK-R) antenna can now be -

det erm ned precisely relative to the attitude of the - °

30 Spatial Shift Key Transm't (SSK-T) . antenna by '
nmeasuri ng t he antenna synchroni zation control means
offset required to bring the antennas into spatial
xtraneoustoppIer Jmeasurenents. due to -
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novenment or receiver clock drift are elimnated in the
di fferencing process. Referring nowto Fig. 8, &Wféﬂﬂeﬁfyzom
k,‘ﬁoeggg SEﬁd a sinple planar nechani cal enbodi nen

fential Doppler 35 sjggnature net hodP‘E)'F’AFT'Pg“’““m“
present invention. A positioning signal transmitter

8(Metitod 3.C ONT icghig@el aMinbrifal @Iav%@ﬁ&n' @Ltem &hg)f\’t'lﬂl@usé; G&El?»éiﬂaﬁd difference the

T R T —
arthectifraenest! slgohto UBOBerp ayvelsarization @w@vlemansomeraal Natigetionriystems are well

ar@evBQdtheschnd &réidbaBubjict iThe prefehtibtntihi que  posi ti oni ng

signal 805, a second transmt antenna el enent 806

mounted at the opposite end of the rotating arm 804

anltfted nsmi Fitsrigy ‘gﬁq%eé%iiﬁama‘ﬁi“aﬁ Eromp, tha reletivshyi el fraqugnsnPoppler signature,
8 Qirq supyilst the Highease Bireted sigmaf to thb@iteh@itspichrivGzatioh RboTO4nedl.

connected to a rotating neans 808, such as a servo

Nt Qr . Thero ating arm 804 has a fixed |en and 2
Fé%’fohﬁ‘é? y 206’517p y Wﬂg?)‘a%’?r@f% @swlepawammmw%mm Yelpw.
revolves at a predetermned rate. In this illustrative
emwngﬁm%plgg m{t% ease of explanation, the transmt

aq_f‘ennas 8 %{gﬂl g rotate in a clockw se direction at
a TS PAPETBAERE SRHTEF &SR o RATPOR dpeming esbiffyitude, unencumbered by

abtehoughent dnd scceiat dockeiyhl, bediffaenciegla plaralayyf st inBted\Doppler signatures with
f %Jaﬁly ¥ by bedeifea FRGRE M%Elelt sfg‘ﬂ&l!ﬁ‘ésnﬂ Mﬂer%@&gé f gen-gllﬂﬁ a plurality

nsmt rotating arm8 | so conf|gure
t H ”F’F“’r%’f“"l“i"éﬂ?ﬁg Phighte '@Féﬁ’i‘é’ﬁ*l RitrAi of é%t@’lﬂ%@@“ °f"éF’S of a Spatial
nBis Ky Trausinin 3SKyT) pinie, wiliO@ch satetha plvee @siereridbitnganiguipredefined motion.
AB4cR MRBuSIr&IBEAd mBRA eV RIS ub Bx%d%’%g.ﬁed%ﬂe&lér% %&&g a unique

810d at, he begi nni ng of each Sec user retelve
gHIgdefemined f’l?p UPE™RT lh"@?ﬁ‘ﬂ'fefi Apsitieping St‘g“ﬂe%/ reERlYeRfs \‘i‘%‘ﬁg‘"‘md to receive
( Beplurijty efmmemﬁhmﬂbl hodifidd ipesitionisg sippaltuedkh a plarabity bfa@tenna phase centers of a
Phakidi @k L t

lgt | g lﬁj 18} Re@d (ﬁ_klgrlg %gtﬁ]ﬂati, Qﬂtg Se%?z r&@:gtﬁ?ngﬁﬁgﬁa%%erﬁé Teceiving a unique

é“‘%ﬂg%i‘l‘ e SFevepn o o o S N3 s predetined
amnetine, hetegey atthesanrewiquqpralttéroined iGidr3al s tsreshéch@transmit antenna phase center.
OM Githat ég%@lﬂlom%&hcoﬁlmgne{ng Qutﬁﬁ 'tlﬁq}sé? %ce:?e)x( 'oémmﬂklf)zfdjugtp the plurality of

Spati a ant enna

é Rece |}4 é
hHa,Ptse GPnigss o E&l} EPa4ig! St t“t“ﬂéRifF“"‘n ISP wasevastomh i plurplity of unique

bipatial fShignigeyoTrartsinie (88¥eR) Phrplef sigmmuBi Dy diivieg MpaditfatnedhDégpler power

Kﬁ%suﬁ?n@rﬁ e r‘ca% p&tmﬁ‘iﬂ% s@%ﬁ?to@&gs 260, 5&' tﬁe%ei@edf gfv[ﬁv%r power difference is

recei ve antenna nount ed at one en

R SR B ey o SR F) S S and el SHR Key Receive
[B3K-R) 20t ghasa cgmad ar3idying; imamisaiabd decheéliralspdibiey chiralagdl. The attitude of the
o RABEHA Koy RN PR GLERNE B nB? §e Egiseiy%lgt a&{ . the  stitude of the

agntenn el ema %8 m)unte on t o S|te en
AR m“s“g% KeRgatenag Y meapugng th% eeawahrwmwnfm' means offset
pomirddi torbrmgths lagrennds ig0 Apdtinlanoselativd. abttrineanDiopyder S:@gsoRalents due to user

kPR of reBiVefidRdrinGleG iRibied G0 Be dlmrénan% egenter of the

rotating arm 817 connected to a.rota |ng ‘means 819,
such as a servo notor. The rotating arm 817 has

_ iRdEmllg o8 to Figrsgthdre is deplicleda timpleglatiat mdclahied] el dimentofibdiffedntial Doppler

.35

40

‘ Eth%’ﬁ r“’i’de‘FPf"f‘%}“’l’%"e“E%

gof)ti\e ﬁr&&ﬁ’ li ¥éﬂﬁ&l A%Bsi_t@ni“ﬂi%ﬁ%{nw @1 iS-I;Qlﬁ-lgMéﬂiﬂl a Spatial
recelver |'S Ccon ure tQ recel ve IS I rst .

SH et Tl ISR e 03 e Spacal SEKexstrami(SSK fTaayanpacd comprises
tirsatsmit angntz element Sl3ewenvdd aBGh8 eddif @ aing dne 804 and transigigiag ¥ Erst unique
?&hsml ; S@Lﬁﬁ? ratsecﬁ;hﬁmﬁ.n qntérﬁéauﬁeﬁt 0B ﬁour@% RPHEbppYAL HR &the rotating

recei ved EOSItIOﬂI ng signa
priqug pesitignin signal 80% with fie cgtrr affhe fytating am 804
ranawied & 1 totingowarsB08, isuch 391h senedngysThe iraating grms80g hasl a BO length, and

" fromthe second transmit antenna el enent 806 through -

t'he second receive antenna el ement 818, and neasure

't he Doppl er val ue of the second received positioning

signal 807.. A varying cyclic Doppler will be observed
by the user receiver 811 dependent upon the relative
25 notion of the transmt -antenna el enents 803 & 806

e.recei.ve..ant.enn nent-s.-816 &
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antenna elenent 818 will traverse the nost southerly

point (point 810 and point 821) of their respeckFabeugp2007
rotations. The antennas are said to be spatially
WHOAYUAB2ed, with the nmeasured Doppl er bet weRGE/AYR04/001024
first transnit antenna el enen? 803 and first receive
antepna el enent 816 being at a mninmum and the

mERSFEH? Pressisingd f%fefwt}@%ﬂ‘"&tfﬁéfe ephodifents 3nd S ese ofiaeption, the transmit
e|aeteramt 308 &G80analatt he debdrdirt@arcit \4d Ha R @ibcombleERblutdd §er second),

beinRgsh (B raR niky BL 13481 @laSPrate WRRH f‘aM withitl tﬁ&l%ke\l’vgrdtrag?&ql)&rbandmdth The

rom-t secon

" SR Bl BF 5SS U o BHT rfpeciepsy B85 averses s o
y ingrthedy mmSQDBM@m feadnll yranzmit miteDoyEipnen 8¢ tfafeseeinamst stiliedly point 810, at

su{augam,gf@ieac}{semﬁo 35 Doppler difference is
unperturbed by user novenent, as all user induced

Doppler is renoved in the process of differencing the
f PAriser regdsr §11 drepniigurad Withal SPBBIShiRi Kee Rechize SBK-Bhahtenna 812, which is mounted

Se:sa tideridtfough S8 @ititituated én thh Eanarﬁta?rh@ the %baﬁmtﬁ K9 trthdnESK-T) antenna
hdﬁefﬂgesp%{aﬁﬁf{ ﬁ%ﬁ(eg'ewe $SKOI§?C St@r%a |8ﬁ :s a ac“et? {ohté r.g?{tpéaﬁth?{gl 813 with fixed

rease
préa, fraton.ssucy that (ther pringippg %glddég}ee%@abﬁlﬁ &fy Beraiye(SSK-R) antenna 812 is
r prbfakbly Sigied wtR OB piicipe fxis $18 df hd Dy RRfRbE 6l useiatIRHIB Cife Spatial Shif:

d n.the first

SbSERUSR iU A5 Y5l RS o o
2vHne apSYord rertiviog e ﬁtsmmmwzwmw Figpak 80Sgngited fom the first transmit
ednenmareleméhl §3pd secondreive RigendaBRmele BISRMEntQln tﬁéfop}ﬁ;i@%ﬁl ofnt Ptating arm

S mi I e
T T R L T —
vitmet 806, avith the cpnter @G tbs KP@“%&% AHzcorteetrietn i r@aiBe meaay 8195 sugh as a servo
t t@orITIhs totaSiL i 817Ihys iadicailength td tﬁe&raﬁsﬁﬁt 2drdtifPar@ 84, and is capable of revolving

%(5 g%ritam uﬁlle ¥ser {?&R’ersﬁf 8%911'%1&%‘11? reoelve %n tﬁe F'.ms ellte% posrl]tlonmg signal 805

traverses e nost sou
rieomoth iyt tranppyit aqtpang %enteﬁéo%'é@&#dher % @ﬁcw aatnmte ﬂlﬁaenewémﬁ measure the -

SoPplérivalieanf the frstyedeiied poIRhing ¥idnbl8es. Cohc@RhtRithe@ber febelver 811 is configured to
T .
il sEqond Ty femvaiemea 415, andenresve ﬂs@am&qﬁ el of g spopndetosiend positoning
alhat BITAA @drginpdytlic@ibpler bl ta @bsadvedby R b HeBRiveP81d dépdiRient upon the relative

ﬂéﬂff 619 g@%&?&n&ﬁna@%&%&'ﬂs &gﬁ Qﬁﬁ&eegt :'g%ne%ﬂet ?‘nn‘a:i § Qr{ﬂe%:s 816 & 818.

erren secon recel enna e
8’1"8“ the fesfjranstit antepak rlerismt 4P 2 the firsiyogeive ptanga cloiqes 826 are rotating in unison

Dap pirehfia @dasehts wall traDdds iRl st nbilbripl Pt %ﬁ‘ﬁt 209t an® poidld hﬁﬁ Rf their respectwe

PR S0 TRSSUA bty W3St 5 ey e

SHIT0T eleneat BB piliiraveres themesh eputhier e:ové@mmotpp jawsk point 821) of their respective
edugiosVEik aMéhnas\aktl s6id Wﬁe&bﬁ&ly&yncﬂi‘@rﬂﬂh ivAg (1R mehdiRd: eﬂyemreen the first

ﬂﬁ?xﬁ#gn?eq? [%? t%{)S a@iHE Srtgil’é%g %Jaeele}ngnté%eﬁn?% onfn{\ as, and the measured

-~ Benplsr betverno e@ﬁd nmricpme donast ﬂ%wrﬂte@wwdecyye aptsmya element 818 being
. BV RN, alsa.STl'a|ﬂrst wSéved Dopylid @BrvAdP B Hén duﬁra&&f@éhe the Isétond received

Bg}:galeﬁébgeﬁvgﬁcﬁl%ﬂeﬂg% ﬁé Qa%eu%eqc'ls a sﬁl!)rs't%r{]t}ae]{ygt% B?ﬁqler lfference lnus substantiatly zero

a Esnﬁ@h‘?lﬁmnzeaf Pnpprtughet by User mewemen, 28 2tbusey indyced Deppi ésrremoved in the process

bfeiftehtig CHa fiEORbifi6Ning SizBNSUS witk fitiScohdpoBilichipGigMgsdyMpr oved
spatial correlation of Doppler signatures. The antenna

- synchroni zation control nmeans 822 is configured to

14 pfytenag lomgut raggtiens diverge fromcthip geteqfonatial enmgletionpheReppier diffe@nce will increase
uhtil the ankebif eleR@MSI5re ehtatify £80\dEec DO P ﬁnﬁse rdati‘vé R @dhCothel, anda&:e measured

gofgibpdlﬂljﬁ}:e iIQ?a ﬂi d[glglp %?e){ %% rt]rlanzsr%x I nt rp Jiog Cegl e first receive

I NCreases or creases the spee

rotating means 819, which in turn |ncreases or
‘decreases the speed of the rotating receive antenna
el enents 816 & 818, so that the receive antenna
el enents 816 & 818 slew into alignnment with the 20
transmt antenna eI ement s 803 & 806 rotation. Once t he

L

m‘_t he
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25 el enents, such that when the Spatial Shift Key
Receive (SSK-R) antenna platform 813 is reori e leshreagg 2007

venent spatial correlation is maintained,
ﬁzoﬁé@é%g? the user platformjs then determ Ua004/001024
previously descrl bed inthis §|8e0| fication.

D| t b
aLtfelﬁxg ﬁgﬁeht%lm are lng 18OSd|e ne?‘ou (r) Oal’s%l‘f’ r?&ee agcr)tgqr EIF ﬁ{s t{a{}smbtfa.ntenna element

hro ug Iver— 1 ncor
r eﬁ(ﬁ t()avergethf Ipréwglwelx,pocmm fofatien 80Lyrllg the firsfygeeige antpara element 816 traverses

T digemasesouthdnlp PopOSTaLsi rotgtion 831. BGIuRanbaasly, Ghel e &%Mu (hfénha element 806

f rugm;ses%b%om&uﬁ@rly AFW Folaﬁén%i((? g/l\le'}]l‘eéecgrid ce:gel. Vle Ofgment 818 traverses

access
s BB 1 i o /7 £ St 45 s ey, wit e
t m‘a@kretal)@mleqlweve%th fist traginginteant @lehiénd Bo32mSHARL jeedive 2brnd element 816

K@Vmg@@ﬁ ﬁxhﬁﬁﬁun(, %@meu@at]ﬁWb fle Eet}ﬁh trheidthit ante ate]eawnt 806 and the

corrg at.i on r is_received meac transm
sPGMACTrE = 'ﬁ& EPeERE bF”é%:%bf“f”%‘ﬂ““b?‘” a3ty these Dappler phsgvations are
t A¥odsgrtes wugrof phasawitioene aiRffhef wipn tmeasreld By thousr fecdiveg8ATIRIfirst received

r@ﬁ@lel/ SbderCaib ﬁltﬁ'ﬁl'sgﬁraamm 19 %kecir BREK &])?Qll %servanon which yields a
ei ved but

antur o gg{e 0 them#;@ea er re
cr eaf &L ROt EhFFRIeF spre %F‘?‘?hﬁ'é"" Jrolp °c?€1'°5)?"aé?1 gare of the two
| Pkﬁ@"’ab’ie%émlﬁéﬁ'l%éms divbiprhPeppler diffidine # mepgieied by R¥er movement, as all user
f In@déd BapPier. is N:ﬁo@éd?iﬂtthevﬁi’féfencfh ﬁrocfeﬁc%énﬂ&e wa Q@Glgd Doppler difference

g Gan L me_shar S
R, e BB R oL e B cPohc APl corvol sial, s
sli’r U'PEWW eniah cpslatianaelf Dewpief pigritongs. FEQ@:eltem s BBidrikYion control means
asek &I’E&Eﬁgﬁr&i taﬁdjl.@t&@et af th’d’l‘bﬁk‘@rﬂifaﬁ? Qiednk O, dntiN¥Re 2daQited rdcfived Doppler

t'mtf enceS 9 erent eamen Spat i, al gén%%?el ve (SSK- %

enna 1 NCOT Por at es & g\'/l\fhf"(’f'ﬁ? ﬁ'bc"’f‘FE’ i E’ﬁmifﬁf"' ecreases the speed
cileaeoaive tpiating Wt%ﬁé@“cb@t e davreBeey| desreasss (heapoad efSthe rotating receive
Tdtefina $}ménG hlm 8!@ s@ﬂlﬁftlﬁrr@h%ymﬂﬂﬂ Bleriénds Bi6\& 86slew into alignment with the

SRR sBbisd Pt B0 e SR LR 0roE Y prabreg T3opoie dtaopes s ot 2 minimum the

caee @\femtare&@mt ﬁgﬂﬂp’bwped lsssbabtllh:sltto thetavsmitantemta elemei radion speed (in this
ReinpREINZSing ﬂ@tukﬂsﬁft aftbriia WIBEEALs @6k m@hwetaiﬂé}ﬁQ EiShohts are declared spatlally
i it SR B S s o
Resbofhe podi v aptemnanolating npemBld t6 mrintsmephti Dyyslowratiai wjialiewremit antenna |
dldﬁelﬁspsuﬁﬂ'lﬁat deGreapRal shit Key%éé‘él@ (sshty antﬁinh f)ﬂatﬂﬁﬁ ﬁﬁ‘» 15 Rriented due to

B bl skt ¢SRiop b o Sl 5y i gl it oprgmind o
B@ﬂ&lﬂéﬂessib%athms@sxﬁmmh are created el ectronically
and to the Spatial Lock Loop (SSL) nethod described

BB Pinfel Sl mBR bt Qi b ss B bl g of i
@e&wmqeﬂu’s‘frcgh@ﬂw by a worTsieiver ingbrpatipg asinglxlradjo,fregdency (RF) front-end which

_ BQﬁllt?bleﬁB inr!lglm‘é Hﬂﬁ@ﬁ ﬁulﬁﬁléiicc@sr (?Dltdﬁm% tal ]ﬁxgalftjr & mdlo%@glency (RF) front-

HRE e S waetpas SHER byl Dot i b THL SR Koy Rpesive SSICR)
i“’tteaﬁ’s ¥t thas ll cqrskstianpowér irgecsivag iwin sachirinbmitiodpignateen Cencurrent reception of

- Dbppleefi@Bthred Midobgh R en@f Jn@@??roﬂ-@ntﬁﬁi&l?s B0 batek %él@g cﬁ'}eﬁﬁ@il power for

i i ns cei ve )
G, Bt U5 T el e R At e g for vaing v
defpy gedlivg |ba$ bopweeth dispsrateaadionfrequengy) RFt frapteenits. Ahteatively, the reception of each

SyfRitire QR Wme s]i&ed ﬂiﬁmﬂi §Elﬁ§!§ﬁ§:o fﬁE@Eﬂc} I'(’lﬁ-gtﬂoﬁttbﬁ?ﬂ' stuih that each Doppler
SU Stant] a

 FRLGERAT S S0 KB G (O e P aonsia s g . o s

.%@F@&m the Spetiak ﬁ@ﬁtKeDfoRecewcﬁSK-pbsaltemo iricorgoraésgm awitchiag meens which
QDRERLIVElY IRIEhEbetH R RGN SiglaRF8 ITHE %lﬁhl%@breﬁltaﬁlf BAE RiRPWE ftegration
| evel s for each positioning signal over the signature _
period. Positioning signal received signal strength '
power |evels that drop bel ow the - Signature Reference -
Signal Strength (SASS) by a predeterm ned anount are
considered to be adversely affected by nultipath and

their Doppler power neasurements are either elimnated
m.t.h e ontrol .neans
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bef ore being applied to the antenna synchroni zati on

control nmeans. When a Spatial Shift Key Recei v@ February 2007

(SSK-R) antenna, configured to receive a plurality of

POSIIEH28¢ gnat ures, s spatially synchroni zeRCEAE2904001024

Spatial Shift Key Transmt (SSK-T) antenna

transmtting a plurality of 25 Doppler signatures,

t Reriof AidRepse tredivet semiendreeigislasp.getat megsureresatppdates between signatures are updated

t iswnismiobsly. SDEpNSA Padptionadf BoplebSgnaiiied i la e HiGsisAMBpIWEEss (TDMA)
scfhlarﬁt.sdecrga?eg glzeY\%d @OQ'LIQBH gw%%,eera 5 Bﬂ?‘go%xpl'el%t cnze Io%h %ectreQ%[i duty cycle, but

associ ated recel ver cki ng et val ue
bé"@Eﬁ’?ﬁ&?%“%@&‘(?ﬁ&i%@“&%'w thdlisedper ity of the fade.
However, a second receive antenna whi ch concurrently

i $)1ffef}ﬁﬁal bdppler S%ib&kﬂ%t&lss géja% M bolp glgﬁ%né%ﬁﬁ LRARMed clect.romcally |

;%@3? ﬁ% gé’a“ali‘wﬁ“g@é'g’rﬂgffhé ?ﬁ%&&%ﬂﬁwﬂawﬁhlﬁe&pﬁceﬂmva| ue

can be used by the first receiver tracking |loop while

lmu@xm th&lltHﬁ ukiﬁgﬁiﬂ'er@xﬁfa[lwﬂ?!er GRirds he nul tipath fade
recel ve . a nna,

r.aversed
- BRI, S sers bit A i o P wPR o P fom o
I @@Ppye‘é:%imffevm Ipogtionpeopgymenty herdfare, fajusepiteceiverccenfigared toagvried the transmitted
t jﬁc?iﬁiﬂu@?xgﬁaﬁml exﬂ?@ﬂ’c@ﬁlﬁ&ﬁﬁ mﬁlhﬁth cRtB G EHch bJBM&'mg's%ﬂal at any given instant
Sﬂ kt)ig Ws{he t?ercg\?a Cslllél[l L& {]%g(fwﬁl!' c'e}%%et pg‘ff{{'gq&ﬂg'g&ﬁs suﬁ;s%tﬁlly the same in a
viatlipad freg \pavironmppat ag)the adistances fige kthen gangrait ﬁlmnmrte d@he mceive antennas are

_ asﬁiﬁhtaﬁﬁhﬂjd theMbaiid)| A irgbad m:@&&& Wﬂﬂﬁ@tﬁgla”ﬁ-e@tﬁ@l{'s@eme&ﬁén&m for each

Rl BBl e Bt Pl e B G 50 B o s

Fipnd qyee the signatgire @sriod. Positining pmalnecpla@e@a! sogratttromerdevels thatrdeop below the

Cgpdue rRemahdd @sgmo kshaigqultzsfsu ey Ipﬁabtemlﬂudaaknfm a&kcbrﬂﬂezjecpﬁnﬁ adversely
0 e racki n correc

accgerlaru um ? s ﬂJgglerrpé“geerl Ve emsc“%ﬁt% nﬁg%a %a?qnbgw antenna

csmbre@ml@ cpmbgqa@tr@asu@amtﬂoeﬂtemmdbthe RapeIR) porrerananuesnrentstare corrected

TBatofs bERIERAIRA fothe bilénRLNyAhRBzASH dotRI méZRase (| CP)

nmeasur enent i nherently accunul ates 40 only "good"
Doppl er . val ues, free fromthe deleterious effects of

e p Spatinh Fhift Kent Receiver{8SK-Riaaniemne rconfigyredtp thesivea plurafitylof Depplpr signatures,
:mzaanw@nmaém&% épaE’@Elu&LﬁeQ Q%%l@ﬁ&'r) &nli@&ﬁs;ﬁ:ﬁbglﬁ Elurahty of

D%p;g’ér rS]l a res 1ndbv§qu%3aﬁ%l?{§ val?eé éﬁic{l gf“ﬁ{}'g'ﬁﬁ‘% Raelrn%% ?‘ﬁg{gﬂ[ﬁi‘y the same.
&@wm ﬁrﬁtn@dvefmtsma antesy «'nrg!ﬂ@a@pﬁm theypssogated tecefqentragiingrienyiDoppler vatue will

bSSRKrptdd addofdm Eméev/émy%me fa&C ﬁb%eér, 2GoAd r@défv@ﬁutdhﬁh wluch concurrent]y is

L B LSl BRI T e

ERSWpE Ercking Q?FHPQPP’@' valph eange oise QsmbﬁmtdvcﬁW@Mmg fRgp whils its own value is
tdrhufit (t)l@ﬂipinﬁif‘ ipafh ﬂi}:{aﬂﬁs%ﬁ tbelsbd byttﬂ%%ﬁ&ﬁt@ ahtdAnd) Q{&Ecewed signal strength
nat ur e at es vemen
98 Pl 2 o] b ey o0 B el o oo, Thertor e
icfefitdpveniordllows fpnackcuratemaciking kaepedluesdo bboswlestitoied éor amltipatindistorted tracking
ﬁJBﬁWh@J sl ﬁﬁt@'@ﬁl‘ I?a@lhﬁgc}ﬁrﬁmnmé)ﬁ Echﬁ%% ﬁﬁlﬁpathtéummhﬁlknﬂ practice, this
i | abl.e an, ] @1 rlﬁ: |
B RO RHE R SO OB T e iyAch cerhig aopyap pch gfveanenna

dniersand ¢risy reyltipathéadesi ne t o t he i crosecond | evel.,, which

- at a rotational rate of one Hertz, will yield an

- 40

of several  :thou

dths . .
B SRS feHbon 1l cbfipt Fonhd G R RT ot P v o kg

- eofrecty ey 'a=| acqpmpipted bydbe/useragidyer seeatstage-talieompasitointegrgged Carrier Phase

Igﬂﬂhsﬁreﬁ&ﬂ 'ﬂisﬁﬁmﬁdﬁ:teeﬁfeb:%emm phaad ﬁCIt)rn%GJﬁ}eHﬁlt inherently accumulates

| bed
-on? goo? %PPI rovr?ﬁlbsTﬁ?ee fom etﬁe &%?en%/us ag 26 C Iéﬁ:ge rﬁlﬁtlpaf}l ang therefore prowdes a

process o
S|nultaneous early and | ate tracklng arn1DoppIer‘
‘power val ues elimnates all Doppler induced by user
nmovenent  and user receiver clock drift. 15 Attitude -
determined froma plurality of Spatial Shift Key
Transmt (SSK-T) antennae ILn the previously disclosed
the present invent Shift.




some circunstances attitude determ nation may be
degraded due to errors incurred by multipath addehowry 2007
20 received signal strengths. Therefore the present
WRWAY1Y4f ur t her di scl oses a system and met hBEl/AB2004/001024
determine receiver attitude B spatially correlating
a recej ved Doppl er. si %nature wth a plurality of
sgas ‘3+stm1§f“§ triefaprl e SRy ting)in envirenaprs Whep carpad fei systasng not using the present
Doppttier. si gnatures. A plurality of spatially
di stributed transmtters is configured to each
te at. |.east one uni que positioning signal which

B RGPy e SBeR Frast GO ) amepna

( 38!(“1’9“‘3?’1 rafigraed iEmeive SPiffereatial Bipplet Sighanyre Tanatasiite atiitude using at least

( SffradsmitRD DERR Al §op§l@ﬂsfghﬁ% etk ;WJCESQ of d¥enkifPhe gé Doppler signature with
I. d edef i ne such that

depand
et R ey ﬁ‘ﬁ“m%eg b et PR DA e ip £ oo .

- udhegRiee, ﬁ\eé‘!ﬁéﬁl‘ﬁ‘éﬁgﬂm byrysed mumsneauteraa spatiadl syhebronizatien without accurate
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[ ﬁmeben@ layailibRe TiRhihe sta6p keddaGeEdR te nﬁ@ boﬁ:ie? E’c@iﬁfu@s@ﬁa@ is sufficient
li%{meZlng EL%&%I%‘OS%CQ)H(? Pvch ]yvhxrchaarg m mna f afqne L’f"ﬁe‘”lg yield an orientation

lver on
t F%?ﬁ E'ﬁ'iet"fdéfd’f semﬁ B‘P‘é?‘ld%‘lfl‘a fi‘?g@ei Tbleslpthqd@m alsg besippfisdios pair of Spatial Shift

t Kéyctﬂg{] afid s‘fz{ﬁabcbs&bm@fblgﬁdls 6@ Ysole Eafl- B 1S Kadidhg BREKNMAGs, as previously

cgl 1r§thg?;}él:lﬁrgtwn, ﬁ%%]ﬂ?dl grgntc%%%(\{/lwlgttmge{)&sqe 8’ agglﬁr@ tracking arm Doppler

pP"é’&fe“la'é?Srﬂ“ﬁ‘éﬂes PhPepplprinduged byiser magrment anigudr teceivet dovh drift
phase centers. The Spatial Shift Key Recei ve (SSK— R)

(S onent
FRDBGEE B £ o0 ey SER RO s
r@ﬁﬁ%\v ¢ wreeﬁvdmﬁs @ the @rsentgihventipn aripatiel {:‘lhit .Kex n@ewe (SSK-R)
ramtema\nay dererine AtiRdStrom A 6thdkSSpatial BigR ﬁ@ﬂﬁ‘ia&kmt%bsl‘f T) #R¥a. However, in

edef.i n
%ﬁﬁg %ﬁ%&@?%@ﬂ%ﬂ%& %e {iegxia%%}gu% eBOrs Flﬂcgfe%y mL]ltipam and poor
Sfﬂ‘aé grepgths Fherpfors dhe progentrivansion fagher diksiopss & pysterh andwethod to determine
rmﬁeruﬁddmspmlatmbmuﬁg Geeival ﬂogmeugaaﬁ@rvﬂth aQiEhﬂtytoi‘lﬁanauymsmhumd

@néﬁ;@%&h ?E)pp'le? %1; tGJleJnAiﬁ%h ?spé%ﬁt éx%wu%ﬁ u'?sr{s]xlm 15 c%ﬁgured to

ransm-t cennas
FRBh ceRpRate %Sklstmﬂe Apigue rieditioning signsl, high ls riransmifted @irougin @ Samel Shift Key

srmtmzads‘sly T phibeadtl. Bidh Eﬁdal smhxeﬁhtaﬂstnu QSSKOT) ahtlaxﬁua %R@ﬁﬂgﬁled with identical

et erm ne rél a
Spjae; ppdefigd mQtIOKeepeatrrahmmﬁetpmﬁr@smterwyl ﬁm‘ymcbsnm identical predetennmed

Depdd bifnagirelol @ach Bireminel pssitﬂ)ﬁihg SEBIZA tecser 6 QEHAERL RS the transmitted

goép?e? g%&egﬁbsﬁn}%nézslqgg%ﬁng %a gﬁ:g &Ba%ﬁl o\ %tenna, which is moving
F‘U#‘P%EPZE?OW‘UM%‘E@IPWQ@W?%&WI@ reprats@t fhe sage predeteinyimg nterval as all
krsusifiit Gifdnfid hass tdnyers! T \Spatial SURIKRY R&cﬁb@(SBﬁkb‘ afbnsbtBerdf@e nl\Res a second

Wﬁﬁpfbﬁa@:‘é&l%‘&é’ ngd?bl aﬁyﬂ: -xrngér:]’ﬁ] :rhos{umgne allz hgp a:ge%éaﬁgtcwprg?uon control

- gng withi the feeqiyey continuppisly adivstsetho Spgtial wb}sme&ecmeg(ﬁ%ﬁ BY atenna predefined
sidfch @6 merkl Rrspalay siit @y ﬂuhﬁxﬁtqﬁﬁmlﬁbt;bﬁfer éiﬁﬁﬁk& Gﬁ'dnvmg the measured

OB TR g S B L BBy 6 PG o
SRith et Bmsaaat@%ﬂcaewmm the Sprtial SR@JEsy \Reebive (35KgR)ahtenna are moving in
aliHengtakt spatiallypnchiRmRal B atiQdeif Gﬁ%bdﬁﬁl%hﬁ@rlﬁm S%I@G%tenna can

?)WCP% %&%[Ellﬂ@&@s %Llyrre?%lgeetg % g&elﬁ% o}@ﬂl\? e%a?ml gﬁ%ﬁ ey Fa{r}sggtl (g# 'P) antennas by
BEfring, the agfea ﬁwlﬁmafem cpihmeanopffigt requised facbring: the antgngas into spatial

-@frélgioi.s of multipath when conpared to systens not

usi.ng the present invention. Rapid-Attitude Update
Rates 10 In the previously di scl osed enbodi ment s of
the present invention the Spatial Shift Key (SSK) .
Doppl er signature repeat period is constrained by the
carrier tracking | oop bandw dths enpl oyed in user
receivers. Therefore, in a further enbodi ment of the
present invention a.system. and nmethod to determ ne

titude. wi.th fast. upda
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15 Atransmtter, configured to generate a positioning

signal which is transmitted through a Spatial SRBiHebruary 2007

Ke Transmt (SSK-T) antenna, noves its phase center

WQ HOFU3PYM predefi ned notion, pr ef erabl y wi t hPEFAY2004/001024

SI gnature motion contained in &volume within a radius
én.éee he transmt signal's wavelength This

pr edef1 Aed W'P%‘Waq’ Bpigyientlyredaces, psing dhisanefiohdug tq th asfegrglsynchronization

t heqnisgd yoehns Hayie p glualitp pidisticel trmandald Dbgler figahtered 30 ByddceFom? As one received

SI Qﬁb@teﬂ Eignafift JubiSs Hvﬁm&ﬁ %anem b&érqaénﬂgj EBI%H? sngnam? which are not

a i s nodul at e
f r eq u en a‘fg@é{j d[ao %P{ngaﬂ% P"B\%Pé "alL’]lﬁ the éf“’tfgtérl"a PaiEnization Gepyelgneans. Received
medshal %ﬂ@ﬁ‘t Cﬂb & icompared tpt Sifrawtechelcrdna@rSigralcStis S (SRES)eto \GetErmine when a
C adignhtere istid 2fadel 'ﬂ@refoﬁQﬁ\a M%ﬁ%nﬁ@%ﬁwde@a#%de ﬁ&&ﬁln}{tﬁﬁﬁ means robust to the

(of0) o [e e\I/Ientlhe | er-npdi fied positioning
si %&éﬁg Q&%g oﬁ%ﬁtp y gh TRk (sl ’B{g‘mﬂ&"mﬁg‘e pREse inyentiens . R)

ant enna, noves Wlth the sane rapid predefined notion,
r it Attgdelipdhle Raggae  predeternm ned interval as the

Sﬁﬁttﬂeadrev§ml3f &lSC&?&M é[)(%ﬂ}?e% %SSK_ -pguwcm rﬁ]ﬁaSp?tHE lgf? &ﬂ}é(SSK) Doppler

Spat i al
i THEES “’aea‘s@em cq*ﬁﬁgﬁedr bytthe pigragingdenmbendwidths employedin user receivers.

alTheefory, iDefpther entbtdithdnt €ftthe Srésan wivtntibresl sy@t&ﬁ |aﬁd RAShdAG0 determine receiver
S'aﬂﬁ@é w1tf-1rpa§t e rateh %&sc\j&[&d I'Iﬁls %ﬁgf ' Y me tgl \éor WILEout t%e need to perform

celve ositloning signal rrer
eRlgr gna °§’a°kﬁﬁé?”éf°&f5¥e§/°affﬁt‘f9ﬁﬂ@é°°ahd quadrature (1 &
Q rreasurerrents once every correlator 30 integration

itte oide! siehdl
?ﬁ;tlr']ag%nté fg'@gn\iigt?é}qg F a%rga}g a ?t%rt i &aarl % ﬂ %ﬁgggtgc} @Eu%@énal Shift Key

varied GH¥ED pianag mgres tity eraS?)@%“Eebd*ﬁaraelddmwgmbuomdprefembly with this
Deippiuer mquiomemtained i@ voline titkn 8 irggRabEI/8 of A8 Erbr@:git kinaPs wavelength This

c &%ﬂﬁe@ antl&r}gpe&pm g;ege%naﬁ&%t%al R m%u%%%g Pl‘??"%la'% %h\@{l-rate Doppler

erlo hen use nmeasure
af’ﬁa'f"ﬁo‘l—? ‘5? trpsittes, pasitioping Stignply Thee(enfReitted] RopplrStitatile is modulated at a
afitgeennpawideh ipsl@xer thasd uier d@8iCe lagOndasireinbit %enod,gt:ut Qf;tster than the user receiver

SRRkt Bl bR o dﬂgﬁ&wohase and quadrature (I
nmeasurenent “techniques, as well as user receiver

‘correlator 35 integration techniques, are well known

i 4 ugehwecedver, canfighred ®f re@ive tho Jmﬁﬂer—ﬁﬁﬁﬁda%oﬁfoﬁiﬁ@%aﬂ tm%fgﬂfals%al Shift Key

Flﬁ:gt}ntg *Sﬁtdégal‘h%yng, ﬁmgmra | a %%E H)ﬂ%areadg%ggﬁréoﬁ? r?%%nkg-la} the same

JHCERed el shibe Sestigl @hlgﬁ“&?’rﬂw“dﬁlﬁ-ﬁm tThig/SpasialrRhift Key Receive

- dBR e Adrefored ﬂuéb@3sa$orﬂﬁi§ﬁﬁa&:d)ob§ler%orﬁﬁoﬁeﬁ%n@ﬁe already Doppler-modlf ed

Ctl(a&tnlltg&l F&&lbr?% Slgéq C[IHG l%nrggcel]yer 15 COl'ﬁ-I:%EI'F(f o g]gig%‘% %‘fICEé\ﬁé HOSltlglul‘tgH)lgna] carrier

sSuccess
tPRAE meaperenee, b‘ﬁfafé‘éY é’dﬁ?sé end: quadretprs €k & a@)omeashreniems, sonecagyery correlator

:unegfalgzrﬁpﬁbd |311:<Sﬂﬁﬂﬂtis carffégl;ﬁck\[;%a% 616 Weeﬁlmr@n¥ee§@ﬂts1gnam period. The
3 C;%I'EXA &5 4\%16 %8%&1@ %nzfglp uog earse cgmgﬁgg grdgaa;og?laﬁgyﬁ WﬂueLfHd?‘F signature
PHISA fsieofprufer. Theeempsed Ropriss Pevsr for thypsignatine pdniodis fhereuedom thy merurement to
& thiz attithddIsfethe  Spafis!eShife Keyd Roteild (SSRIH) | 48ding Gis Busf described in this

[ e e ——

35

40

f“&’g‘ﬂ’ﬂ’g fhnigyesirewel kﬁ""ﬁ‘ i the st ppdiot puibiect pfithepfesentieventional
radius to that of the array of transmt antenna

3B A8 05t K ) By ORI e i o

?ﬁtef"l'al 402 omerisiag @m ARy efHrepsadit antepna. glmanie 4®dntoe403{8naunem ésa circular

- @nfiguadont Beh sitenfelefi isVicti¥ated Th fukbdeSRE QR EiﬁenodTJ? ome xﬁhi@e%ﬁld each such that”
@e B;a@' ceﬁ[&vt?am \DA@ rﬂ%f evlaa% S Bandfs ul%ﬁ psifsﬁ ﬁeélﬁep WOYewerﬁ therefore

sl gnature upon the recel )OS LT Oni

Doppl er signature frequency of 125 Hz. The-integration
period of the user receiver «carrier tracking loop is
set to one -mllisecond, so that in-phase and

quadrature (I & Q phase values are generated each
mllisecond. The tracking loop is configured to update

npletion of each. Doppler 10.si.gnature....
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val ues are neasured agai nst the constant carrier
tracking loop digital controlled oscillator (DQ@Jjebruary2007

g@c#g?j%l&ge@i ch correspond to the phase recei VEﬁCf/%ﬁﬁomomu

ve antenna el enment 409-1 to 409-8 i
Spatial Shift Key Receive (SS%— R) antenna 408. These

d d I
ggcm:eé gerbaﬁfheqssfgna%ge ] gngr%e I%)’I:Ete% npgas%orr]u(r)l% é‘P p?‘vgheﬂé%u%lgvso 2? Hz. A user

ei gffiter BB cenfi glﬁ@a@@rﬁe%ﬁ‘t %ﬂﬂ KaydRseeive (it R)Dopipk 698 comprising an array of
NBESivw DRENAEBMENCIOAY G4eYRinaiteld B 2 DARAHRer ofGRAIIIRELs to that of the array

DQ:@QJnﬁﬁlt ABQ}M% e]e?‘?‘lllsL&SS { 8r40§ ih Bac ghrg:ﬂﬁate%%m Q@J intg Q?9 h!iclsva‘t:eg In succession

be_mat hy (;TH%(’]I ca represente
cdffptiPPd 8 %“edﬁ“lisﬁ%“deﬁa‘&hf“cbﬁ}ﬂb?he PSR, S8 garemsSamucdashe amay every 8.
S uwritiisenqydst lds ishee aertes movelnpnt rhereforeriRiaes a Aephid DBppleRERature (ufgn the received

t G@sntﬂﬁﬂé’kn@gl Wil g D@WL]&E@W%@&%? of l(lfjl)iz ‘rﬁ%éy{ﬂuﬂenlim the user receiver

simlar mat

o SIS PP P PP oo P AP R Qe v ar
t |gg1ez2@d sichymidiiserrm. Petiackiis logp b hanfigursieduptige tfeatbkcotnpletion of each Doppler

AlsighaturtdRridAf(eved @ meldigkdndd), smhtftﬁe HEYr u&ﬁ&ﬁ'l&bﬁ dfeiePniDled oscillator (DCO)

ant.en des cr

2R Py RO PR PRt e R ey st 1 20 phe
e \Ydyey atg imgpsied) pRRingtcthe ¢yubtant @ﬂgmmcm&lowedlglwcomuwpi erillator (DCO) value,
PGWRH coffekfond @0 ﬁ@ﬂﬂhﬂr@&wéd’ﬁoﬂl QbHRRIve HtendiPSnehi 4050 414098 in the Spatial

TSRSl BORSF 0 P b SR s o e

apbreansely W@P‘H@’t tor fme ri’ef’ﬂ@b i Mesive ZEhtp@mler measyrements. These eight Doppler
dméafs@én&flﬁ fre E@&E%Mmmﬁﬁm @Bﬁplef‘ ﬁcﬂm VR foﬁth@glgnamre period. This can

l?ﬂﬁﬁlggﬂcgllg I%:"egeg grtagygtir% ‘aw ?ﬁ“ﬁ‘g‘%] Walpl{}zp'laﬁ é’P \4158 %B %?pler trllzeasurements (2)
n@aewéwéms @mg@mmwemsae@sm werp of the absadute Yalues, (d) the sum of the
Cﬁbmlttﬂﬁﬂei 6r @ biRNi¥inaBentri0HHREdn! Ehe RABRRINES coﬂn@fﬂ&f DIpM&! power over the
L 900 i BB et O 0 AR B S b o v
onr?w@%l!emfebpdt"tfh@ @F@ﬁontionéha Piopessdecontinaougle unglettdmemsxgnature period. -
antenna el enents. These phase d| ff er ences repr esent a

e 2500 BBu R e B RUHIER et Lt b Persedn s s
rfsedsaired QDb F?éws TiRsémplestchnd) leaUridcessw dmansivcchpidorglp foaletermine Doppler
Vialver@So &E&r&rﬁ&&@&aﬁ%ﬁkm&ﬂéﬂts sbra Pk Ufa@_la&ﬁrréc&de aa{eﬁ}a elements and divide by

E{{?é(’vﬁ a:clﬁ%(rmﬁ QOn(}égeéIElr%vl% v1dg§l Dop '?n.Iﬁ) glee]sur&néents\l#\Fs‘é tIPoPpier ngaéuérerpeix}ts are then
teprabigged ¢ m’q‘ compasife M@rmawer oghihé signause pRisd dn-plaase and quadrature (I &
((§$1ﬁsﬂaluesaﬂta&j£wﬁ redkivel ahtehhe elerdents |aﬁ$ﬁfﬁféﬁ(§@ﬁ)%§ﬂﬂlﬂ3'&$ﬂ@§&aange between

B VGR, Ft  lnBLASENEY HE5 Gl S LS oo o e
@ma $witehing pexirfd), tvhich therefore provides v weasuroef Dopplep Tasiadividia! measured Doypler

Qhlad rcélfe&éd&wér' thc&n@tm@ B@ﬁ@ark’ ﬁaleféﬁﬁl EJn%@@Q%mﬁo@&@aM@ such as an RMS

TR B e b 5k A Sl R B Gt

d@eneﬂwtvﬁe a h| gh accuracy Doppl er neasurenent.

‘ Referrlng agaln to Fig. 4, the first receive antenna

. 35

PNt 9 1 : d at
SRy 935 b B Sl e
Ld |ﬁrr@@r qnﬁod;@enppfatbeprm "Q’EF@GFF ntphase al(dlqu@rﬁ@’e € Q) phaesf valupsefrom each

f'dcd'\&tantSﬂnl Blahdat @e asaarbrmyi mte§rat€d3 1@&1 f\él durd faBods bet&tE being used to

)

"ﬁ'ﬂ%&n g 2 Qefg g}e[ﬂﬁg qﬂm &3 % %Stgetﬁﬁt écccflyedamenna element

- $03d is exsivated foxi lgméhS%PP@ apéne |bmtmma\/hi f@th § willizeronshaignatire gerinil.t The first in-

pae ahd d{uSdratier (arRhapamae st the%ls'ﬂgélﬁﬁbérp@no(:l s a@bu@)ﬂaﬁ@m e @ikt in-phase and

the third signature period, and so on. These
accumul ations are performed for each receive antenna-

‘el enment 409-1 to 409-8, so that at the end of a

predeterm ned nunber of signature perl ods, i nproved

| ow noi se in-phase and quadrature (I & Q phase val ues
are available for precise Doppler 5 determination. If:
i.ng..l.00 ji.tal. controlled..
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.receivers are 5 configured -wth Spatial Shift Key
g d

controlled oscillator (DCO changing frequency between
signature periods. Al so, any data bits that oc@urebruagy 2007
during the coherent integration period need to be

Eﬁ‘llé%?“for. In a further alternate enbodi MGE/AB3004/001024
the present invention, phase &fferences neasured
bet ween adj acent antenna el ements are coherently
i AT (e Qbpmple Siemghs second sigpatye pesipdy ihieh fp tecysafated ih thesfiretfip-phase and
t leadraguredhé Q) eanipla of the ®idiggatyre Périot,fagd Biogi Thak a@aﬂnarnalslaaciaerfomed for
O0&%4ch |récéﬂe%1te|(n@@@1em ﬂfsi-latocih@-ﬁ] q& ttﬁ'atnat data Riat rc'edete §1§d N9%er of signature

adver,sel % %s accumul at ed neasudr enen
REFRP TR v I it B3Pty ond JUadises G % RLphos Gl 1 svifigbifoygrecise Dopplr
e def¢rinption JOthg cirder ecking drop digiiad contrdlledrbdcilllitergDooinatCuser receiver 407 is

f updaded bffer B&éﬂﬁ@]aﬁ:@peﬁb@qr&;r&ﬁ& \(alue &ha@nce@ h@%@ aﬁ{;‘ﬂéduﬁ e'a§1 in-phase and

stored i rece
> bl OPARE bepclE RO 0ol b BrntiE 5 ol Qyvave rom the
aﬁ’G"‘%PS SlgrebiFropetiod- Pruererection valngadit adcomiefo( the piiseGhanghemed by the digital

V adntidicd Ssciﬂit@f(Bd))l dHan@ﬁ encﬁr Dé?wefeﬁ §1§1‘hnu% tpSHo@sd AlsB- ) Qactz?blts that occur
and .second

a at

stg‘ici)ilf1 %@Qél%her%' '5‘5 lmnp(f "?q u"§ F‘:@"”F#?& Q phas e value are

di fferenced to determ ne a phase change 20 between the
glnrasﬁml&ﬂdteﬁ&é? eiddiaer: 8NA pﬁie&{’lﬁ@ﬁtﬁn 403 difrertl Qnegsurea- BitSeen adjacent

r e I.s store

contchf SRR o DT S Py e o o chune i
sEaTReneyAS the disiiah peatredied preiHeter (BO0), gr aghapgoin dgta bifs, doesombepessly affect the
Sicginmiatdd ReapRdieMe Referfil aganﬁ) focrfgeﬂ e @irst Bceé ﬁ;&mﬁm}lniezﬁ do9L Qs activated for

el BUBIO n PR e 1 SRR P o}l 453 g hmor. sy,
oRPFOPIeReHE Bpnyg clepfent H‘@ Jt rﬁ ﬁmrweamrémwe@n@m becahd G- 1Base eiigyuadrature (1

?’h Q) phaseatliiccinddaedah RERIM. THOG st &oﬂﬁglﬁhﬂfsé b Qtﬁ@r@tdre‘(!‘ & b) lslﬁﬁ value and the
an

g&’g‘h?&?er e d"% hg%g‘ﬁtﬁ"gﬁg%t@ 15 W Bpee ffetreﬁ Ke eée"f"i}e £ phaso change

Epyesn tﬁ“ofiff*é%dt ﬁe%%anteénatﬂllﬁew%wrhﬁ 49 Thlhdlﬁﬂas%l regaghrement is stored in

qnbaﬁfyahdut:@m(ﬂhtecﬁw:@)d:ﬂamﬁ@mh@lru@ﬁts oSt éamsiwalaﬁtél{na elements 409-1 & 409-

SR el i e, GARE N S8R5 20, A5 ey
é’a%qmnlee'am@%?aﬂ@wab@% A9rtis @fferqnppé with the thisd antsomatelenbrt d@9-3, the third

Qamerink leRbi@t 4093DCQFeRMEd itk Qlﬁctbrﬂfjﬁ*eﬁnabél&neﬁtrﬁm| dnld QB oft] Kccumulating

SRR b b8, B 05 SR e
ratuggi(k 4 Q} ihase gtlyes que ip d!&btal(}?‘ﬁ&ﬂpﬂ exillityr (DE@dicgnancachangepddata bit phase

ldm:d@t Howeddr, Gﬁbogﬂﬁﬁ B&iﬂﬂﬁn At[R6HH ﬁ'd@l@licy ?lbtﬁttﬁ ?Eftﬁttog[h@ @lgltag[ Q?ntroiled oscillator
user attitude updates
g g }c adﬁat ?abq {dab tmnfltc')o\f\‘/éwre pgr%t%aaéle?alée 'ﬂ'f i si on, the user

receiver 407 can be configured to provide S|ngle

| S‘hcgaad Dé;@leedigmtwﬂlahddm&&a abobé aldo fis&wfdgseﬂe uke® Glath {h%bnhty to dynarmcally

h SIO attitude and can tol erate_ sl owe
BB il P et o e o 1B SR Iy S rapigs fot atade
ens‘#ﬁﬁ 3¢, F@dol*tr@ic bwemea?eremw piecide, hpukat rewiven48T can be configured to provide

ﬁhg&r siﬁndxtﬁry at?ﬁde%bcﬁt@ﬁiﬂt!fe@ser RquileeHid %lsmﬁrﬁﬁudg Euﬁg:%lerate slower attitude
Ven n heref o

RHE Bl B e TR eu S e e st e
E"@'P@tral ned,” by conventional carrier tracking | oop
techni ques, but rather are derived from instantaneous

%&q eny :n'ven?on eﬂe?%é‘l Ehgc os m%lt?%%[hﬁrét’egf gl}acgtéﬁg (Ss@s: Qignatures are not

JMZW‘“PC‘P? AQH@GM“D@I@EMC@Q loap ttechniges, but rather are derived from

\%/eiqu. }P urahty of signature

- iRedn@fiddhsPRdst @liedifidas@d BRd ds@lrddeifRe 6L Dopgler SbnafdripRliclr

Signatures In a further enbodi nent of the present
i nvention the antenna synchronl zation control neans,
as previously described, is replaced with a pattern

“recognition algorithmto determ ne attitude. Doppler

Signatures.are generated and transmitted through
Spatial Shift Key Transmit (SSK-T) ant ennas, and
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Spatial Shift Key Receive (SSK-R) antenna phase center

traverses its principal axis at the top of eacl? Fgbowiny 2007
t attenpt to spatially correlate w

traﬁ@%ﬁ@EEd Doppl er Slgnature.6D'fferent orieﬁ?gépgﬂgmum“

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

DB RER Wip FAD Blco Do SF Ao B Sfnalalls 1,900 17 ©

perl 0 erns eéred and
et & AEter Girbopimss ofibe er-'smt ﬁeetl@dbepqnernagaw@m@onawemww previously
Wdksaribefhas teplacad aith Sparkm adcoghitibrl dlgddayn fRAGEmAe aliS<DRpler Signatures are

anLRARA RY luﬁﬂmad gﬂaﬁﬁ Qi é}e&&{ ﬁ“‘ fg§§k BOQ,RJnﬁJs and receivers are

patterns pre rab store Ser - recelv
né?ﬂﬁﬁved et SpaalSh i Kew Riceits R Rmguapsete pioHeisly despribed W’ Spatial Shift Key
f Rewive (FEK-AD sterapemratcbitppamipaitiopyie Sighihes withn\f@aifitntation. That s, the

D@Pa@kl%ﬁlﬂrmy R&ﬁw{ (gﬁgl(ﬁgte m Bty trgje és ke &n@iﬁaﬁ RS @S top of each epoch,

eSCJ g I evi QLIF é’ﬁ his s eC| | Ca
TREY BB Lemy [Pl seumstate Wit R am “EG|D§EHI°6§‘§%"““E%B‘EE]‘§% origpitations of the
p&patig rSh!ﬁr@z Bgreive ($ﬁ-lﬁfant@paprp®be Sffarent Doppler patigms(BSHe signature period.
NEYH BopRr SettEHAdrS coPar6ledn® AlciRe wath bielidttBined Doppler pattems associated with

T N T T o —

Prefdl@'de storprf in ghe gcneseeiveromeaioryatotthiat erdatatiod éstdetenminadiiitectly from the discerned
U BbppGr ﬁahé'rﬁ sl hﬂﬁﬂﬁﬂt @Bﬁﬁer BRI kefloved | 'uﬂﬁka)tnUSﬁIfe techmques descnbed previously

Three-
mrthelse spgp g zloxé l'Igeé%?r? o ep éfi;er ‘%‘h’g‘h’? TCH) %srf)%f %ﬁ?rré%mnqnﬁ%?paml Shift

-nﬁvésﬁmwﬁulﬁfdémtﬂmwmn@mdm three di mensi-onal space.

Thr ee- di nensi onal novenent can be achieved in a

atl Key .Jr nsnlt (SSK-T) antenna by

di's l?.E'u'fs":"'mﬁ)ﬁ' ?'%ﬁ %% nments in a three-di mensi onal

s Faperesen uewntas gposittioree 2opysteretand hethod o ragsdce three-dimensional attitude

tSdé&ﬁzﬂﬁagan ading Gdb-bimbisioghl hﬁﬁﬂl@%ﬂr&”ﬁﬂﬁﬁld&&sﬁf&ﬂ Qfoﬁﬁé? stknatures are
l.me re e referred

R SLAESR6D58 RPNl UPLY bR wh iR e St s i oo
t dipeagionsl spicn SThrserdimenSioppbmesement ¢pn &ie ephieved froaipetiat Sttith Key Fransmit (SSK-T)

GaiRah 8Y Higtfbubile ateind @!@ﬁmﬁ |tﬂ@tﬂ§b—&1ﬁ’|ﬁsmﬂp%e SduchSds 9 ﬁ;ﬁﬁaﬂe‘ b&ketrahedron, and
enna el e I n

0 Sbe L B S TSt FEp, B e o
@eh@devenpawrﬁowgn@ma clementsite gererete o hresfdiraensienal Ropplar gignatwre, however the

. C‘g&l’éﬁaﬁ&n of AMrRRAinRBIInRVREpIR YigRRt dsih by nthh} bf BRidhra Rments fall within the

nna_e 0 predeterm ned conflguratlon
% 4t gg'edlsa%“:gl\g‘ré}ft%?pgeﬁn?%vﬁg"ﬂ@ el enents to create a .

synthe3|zed phase center novenent, as previously
d!ﬁﬁsetb.h&-d)abd’hgt hi s speC| fication. Hovvever, t he

so ution rai ned. by the : .
Efalt oBh o0 n bt o A0S cin e R PIR3 b ey i ploments in
aGéﬁtWWa@n@qtaMn@d ghooqttivelysswitching celemangs ¢ @erteen synthesized phase center

' Qﬂmﬁleﬁi?(hi Proadisty Qﬁs%ﬁbed Rl i ﬁﬁm&m HAGevRO 18 Ndolion of this method is

erfor Ge de |on ca r eased
R £ Bl Puritbe v b dpeons clemens
icrgating ereateyi ngPTGXID’aWﬂ conghmncm,g@mtenmhmmmme degradation caused by

- desstaRAR BuplRd 4 Aflendd enidR VépaRioh B dirdl G5ush kighicant,

35

40

resol uti on synt hesi zed phase center novenent w thout
the need for an extensive nunber of antenna el ements.
Breptregent; foivengionodisclaset @ mathodedng deyive &, prodadei high respleticapattliegitel phase center

ﬁibﬁfnﬁdt moedhweemfonmexﬂuﬁs Inffber VR YRR Gnln0 fA 08Iy of antenna elemens,
onnect e i vidual variab

th
O i PR PO RET o P v i g v

‘wa%sm EFF%OHS’ Avchoastradint frepeneys (RE3 igital ssienmata A control meas, such as a

iicROPOREOC R SEfiEuredit6 coR@JD fhi Gl 6Ckath Gro 4tk katabIb %@1 e @i ko Rt the gain of
gain fromeach variable gain section,.so that the gain

o of 2 February 2007 WD 2005/012934 PCT/ AU2004/ 001024

27 each antenna element can be individually nodified.
Varying the gain distribution between antenna el enents
of an antenna array has the effect of shlftlng the
phase center of the array. Thus, as gain is '

__between he phase...-
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upon the signal. The resolution of the phase center
shift is thus determ ned by the resol ution of tXhgbruary2007
vari able 5 gain sections, -and is not constrai ned by

WRS0054d24 ement for physi cal di spl acement of REGIVAIRE64/001024

el ements. Therefore the preséht invention discloses a

met hod and device to create high resolution

s ﬁﬂl H\éegpazeée@elﬁ lsapdie individyallinmodified.Nrping thricpip digtibytipndietween antenna elements
ant @renenng lagdyeiad the effbltiof sHifGIHhd gl cbrber bLhEBEhy DINGS @ gain is redistributed
Cg&\ké@ﬁ mtéam"@&s the Ei‘lag%guter Qpﬂé §ha %%Bl'a&@ a:ld v\gﬁ%h&ﬁ% ler is induced

t hat gai n di stributton ante

er*@ﬁﬂw‘?a?/ Aheleso R Of e ooess vy Syt 1o thu ﬁ‘?tegmveé &g eSOAqﬂPragf the variable
wedid seqtinnd poéis héteonsterive by vhe rdqeisnze tr iggiel deplacinke ot antemo Blements.

t he si gnal By varying the gain distribution betvveen

?IE: E at el em%nt s.in alPCOHt &EUOUE epr edet erm ned nmann

2 B R ETEt myprEoedistioss A devise ioroEspte hist Bimlyten W“Ih?s'zed phase
beentigeneemgnbith minimglaniging Ielelb@tsn’émmdleastemmt ptebei center “panning". Phase
Dexpred Iﬁﬁmrﬁghé ife&prbdél th@trls QRSIBY Mk Eﬂn @&Eﬁuh&%eﬁ@&sﬁmﬂﬁ %fements in a transmit

;)e/ gf oer\r/hl?ar\a ﬁz 1ve dﬁ ?&cgé G an £h§r‘ﬁe? Boqgg g%n the s:gna? By varying the
nisthy Bistribugen cbw@en ea“mf@sémﬁﬂfﬁ nio efh teprdipuous] eremqu. mernerOR continuous
t {Pedbtirghindd pHeds Rénber inSvedl@PViA begin@daede\bmt“mmlnfé@meyasplaﬁﬁeooppser shift by

C tin ica

oo SR e R RS R o e 58 e gt et of
otygtial ﬁ%mwlawefww%mvma ength 903 of the

br oadcast si gnal frequency Each driven antenna

elie?eg-xeng g&\? (t)o Flg‘gstgere 15 c%&f %(%(r:treogltca pzts fa [ .20l %mgr mcorporatmg two

e nua 0 r or
véanvcamreth Gentigily éﬁﬁpbqtqﬂ nwé?fma fm@ms 04 o082, cepgrated byropcaquerted @ayelength 903
&f O bro&bast sindl Gedubngy) ERE diiveh hneanaczaﬁﬁhﬁ od1 mm&o.&@@ed withG Variable gain

earﬁ 9HA g@ﬁ? "k ?ssas %nt’al a‘tenu&or or Varidhé ag!p@t%,g IE.Ecr}]x dana[vle gain means 904 &

vi dua varl a ans

§Q¥)§ explissrnd with p pPil Pieass ?Pésrwch@# a mmpwwmo a%pmgen pdijustment of individual

@bl Biie m&ksl 904 S8 and s&a@henagatneajaﬁn@t &fﬁgmdua Qektendia S&hsents 901 & 902,
tLs I e variabl e gain nea

SR Boblt X o £k EARTR bk B NGB0 g R TP o o0, 00

{OPTBPAR HRRSTHSE PR #oprﬁﬁa%ﬂ Biethtaesmissiprelivey kepwser Beirapsmissign pavese 9¢77t0 the first

{dfiveh Biitenhid didadent 90T, bndawadR LR AABmMALIG BB 9Pb, ﬂlﬁEUanMﬁI:‘sﬁ@ﬁlﬁnna element

‘ &teaé'% rﬁg&e{pé%%ﬁ] @ Elé’?%ih%ﬁaseg Qaiatl?mql ts h\ﬁﬁhﬁ',ﬁgeg@{j Hra{lsmls?r%l} ?ﬂcglts When the

- priFsepeocester A6 ieshies e rigntiggl 1shin pommeed twtbe @xglahmustsns 8P & 905 both. antenna

Glehditsi doB & dhan trahaete equamnegy 0611 Hi8 QbmridEi0irahhiddBS scdfte 907. Ignoring any
0.t he i tal ttenutors

o, S0, TRl s S i of S Bl & on, wain
evpeiilte &xenhepy derteannapted awmmlh be relipmah y4th ond-Srourower BOR, reduced by
bRl 338 Yue tmﬂﬁ@@'deﬁda ld@la'l Bﬁsebﬁl‘ic!ﬁﬁé‘h ﬁ%mtmﬂs An equal radiation

" %)18 B%hm fse a c{%menés%ﬁis ?B#Z d)?acggﬁ ghe E)encglé%‘ gté Fnaglaaﬁllf%gw% 98 I;I'etwéen the
| Wre&menwm& P2 reskivqd sighat stfengtinboriar. Shen the reeenpfd)ml srerigtigpower control
- melsl o@dissays 39:21:6@@15 @tk BIMnRhY to3lB Al ngﬁeﬂ) afte@ito? 904 Giﬂ% RGimum gain

h
L I Y e
1@}# seeang antippa @m@% willradiategfinimpre energly <the ahase gentgr Iphoiithegnignna array is

. Wsubﬁxﬁﬂ? fi}oitl’bﬁed dt R ﬂi’Jt QRBIRL Positied 9di, %%tn{geiﬁ &h V)ﬁﬂl-durecuonal pattern.

VWhen the recei ve

PRl e Bt afiReR ape KB et S ettt o sl anenar
- Yhiend mmmcsamommd foi thesfirst fligisdl iattenuatr 984 theatecond @efnagianent 202 will
. (@i RS Pdnbrgy aﬂmamiamnat Jibﬁaeﬁ@ﬁpﬂiﬂ rmaw lﬁ.ﬁhmﬁkﬁe?gs}ume @hase center

9%9 of t‘xepaent LS anct:we& tial

eg at]ih second @%@1@%&%0?@69 mdlatmg in an |

energy anc?ag?ayltsﬁe secondlyﬁor?t nna erren

radi ate m ni num energy. The phase center 909 of the
‘antenna array is ‘now substantially positioned at t he
first antenna position 901, radiating in an

- omi-directional pattern. Conversel y', when the
control neans 906 issues a naxi mum gain command to the -

_.attenyato

ni_mum gai n..
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28 omi -directional pattern. Therefore, when gain is
inversely applied to antenna el ements in an 2 February 2007
WG b6 ?J manner the effective phase cente %g]
arrayg@\n[%g be noved or " panned;3 bet ween el ene%?i’f‘w ?’091024
exanpl e, when the control neans 906 issues a 1/4

at &nﬁx'ﬂ Hl?ettiogtﬁ })ﬁgmgfok, wl*ep gaug }s rmsv%rse dv %Bhe? to_an eEmearL (Bsrm an incremental

attenuat he' S8
d i '@?“P% |the éf%\*?@é%fm%% the ey AT} oy @ PR etrne legns. For example
Wi When tha dengrblaneariy 90 issués 15 ar@n¢ition) Con@asd g yhe Finel dikiRCatS RGO 04 and a 3/4

arnk&san @dnﬁm the Q&on\ﬁ"dlgltal Et@g.'a@ s tle ‘ﬁrspintehﬁa eleMat gm radiate % of its

ener% %ga]% center e antenna array

noW Bogi ?‘?’% SRR Bt 98 14! B4 Aximym gery. The phase
t i?e'lt@mé&d edenna arfay 8tjUemoyposidoned @ngtrhthaureynd ddatat 516716 of the broadcast
fi ﬂ‘eéllen@%&lbﬁéh 2R krbrh 09 idQdtennk fditid 908 Sadidindin a sLI't]astantlally omni-directional

Isu\gltg ﬁ gettfg}s \g%y Pvegsgly iawb{;izlﬁ%w? n ?eﬁveaeef. \Wé‘@"?ng% distributed a¥1tenna clements
mmid@rvgtlhstama%vt linpdo phagsctenign tnevement bétesrr Arttena qhanems, o widiag the basis for an
S ihaitoniodllly plabecertdr PARK alftly 3R friAl BlenfRYENENt  bet ween

antenna el enents, providing the basis for an 10
electronically phase center panned array of the

ptbeiefemef grateeimer of ap gleqtrprically riiise pontstivapneth erchy.materina gfmeats are placed in a
e heeldinendi®a|shaye NS SteBattd] so PR QChiAdntio] Spaif .‘ﬁnﬁﬂéy (SSK modulation
€ keﬁn%néeﬁer de lQJtr%c%Hy bl{;.h actent% Haanen%d gx!raﬁ ﬂe%logeﬂaaﬂ:y chg%? fs anosed by fixed

as a tetra r on,
SAt4npa ﬂggpme sgk)bexpﬁ)@lﬁ ta Eengigte f@gin[)qyelelg@ﬁmsaﬂ'@cpreferred embodiment of the
Ebmﬁtmm{mﬁihbrﬁoxﬁhmea@ﬂﬁieﬂimeﬁﬁﬁhl%%nﬁ&fc @habe (o BEERYGat& WY a Spatial Shift
cggﬁgﬁ {éﬁa?uré nposed by fixed 15 antenna el enents only

bel ng t0 generate fixed Doppler patterns. The

preferred enbodi nent of the present invention

t Refergdpio® kil QU/SherNY debibtécEBthied-diRESibANhned S&Hﬁtanl’c ey et (SSK-T)

t Qltepl?a 1967) ﬁ%@%ﬂn@w%%ﬁ? artennﬁ:e%ﬂetflt%bﬂofqéw( g 4 S& b“&f)fpé“faga distributed

nat ur é NOwW
&%wﬂr&r Yf@’ﬁ'ﬁf}g&rﬁ’éPﬂe e d Svafi p aetratigdralishae acK trenysifintenna element
EEK 1003, 104 s ndos BroanfihGetlto trhridi® il ArddrhrinGirekAUdAl ghih ﬁd?c&m Hor illustrative

ng c%s%ﬁ@}l? ﬁx}t(:?ma ele 0031r fldo '04 1005 gf Prgch)ge a su%stantlally omni-

| Str er V\IaV
d’r%‘t“ﬁ@n‘ gy RAties)- Bech tansipit @t%ﬂﬂaﬂ@ bﬂ%llﬂ@h@ﬁ‘b & FA%T iy connected to a variable
tgaial”r&dﬁhst suth e B ARtk [t 100501087 1dd§,03 10&5@%@& &Q!Qgted ® a common

lsgiUr[ Sg‘cé R}Ijllf Fﬂﬂ %maléle %%ntml’leanasl rfﬂd?: nir&h'i H)'Dﬁ ?&Cltob& is & g) glglﬁcéed to a control

pattern. osse
ARFEETYER 380 SYGEIPEOCqsYer FO1E, gojthat ﬁwq@aeﬁ eaqhmm;mplma pensdiUige2, 003, 1004,

S&! DG Badtbie Adividu@PBjusted IA izl BB khe Gﬁisﬂﬂmﬂﬁtsblﬁéerlommsmbuted between

taﬁt@ﬂ? gftcéltan%%)&n %3 qbﬁbn?ribozigbo Qhe CHI:II[THg slﬂgh%qhustgg tfg vana?)le gain means

dp% 1007 1808; @ﬂ@%&‘bﬁr phag Genter !O*DEY ar (radisplaced @@Da syhesizh thse-dimensional
Copke Gightturd 12 isGRIITD ﬂponttlfeaﬁﬁsmitﬁ@ bigﬂl FRMMGR tt}&:'d@nenmrbhase center

Yr%@ém%pt is 89&nrablgt%ans O%ﬂﬁ]{g ihre]g grhdcggbeégy t%e antenna efément 1002, 1603,

nect e A" Com
r’f?‘l‘,‘r% B8 desationy: ThEmD1e an infnitelnarmbet 4f SpatjaliShit ey (8K Tignstaerarvippssible. For

AnktRARRxMpRIBE tontdd) Bans 103DRay b@Q%gurec&o }Q@)’ée £ fHiaseR6hter movement which

dj e n transm ssi:
o3l & il 2008h WD B B R e e o 3 BERRIE e 1012
Yo tpee 2308 9%, ¥, ¥00 Howyer) Wy Sthes patiem of meyament df theeratmia pipgelcenter falls within
thel prosd seopg arfdambiv e i plade ig@iioh, "eans 30 1006, 1007 1008,

& 1009 the phase center of the array is.displaced and‘
a synthesi zed 't hree-di mensi onal = Doppl er signature

o Q

1012 i's induced upon the transnmitted si gnal 1013. This

t hree-di nensi onal phase: center novenent is
configurable to any pattern within the t et rahedron -
described by the antenna el enent 1002, 1003, 1004 &

1005 locations. Therefore. an infinite nunber of

Spatial Shift Key (SSK) signatures are possible. For -
illustrative exanple, the control nmeans 1011 may be
.configured to produce a phase center novenent which 35 .
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29 There is also depicted a three-di nensional panned

Spatial Shift Key Receive (SSK-R) antenna 1014, 2 February 2007

i ncorporating four receive antenna el enents 1015,

WORe0s/01ys¥, & 1018 spatially distributed witHHGH/AU2004/001024
quarter wavel ength of one an@fher and placed in a
tetrahedral shape. Each antenna el enent 1015, 1016,

103here isgalsoqdamiged; & theegsimpryigpab dartngd Pratigh Shift Kayj Reppivg {SSK-R) antenna 1014,
o iebrpadating fohi rebeiod an@iiba Blerienis 1@ISN1016ACN, & STIG kpiGallA MiktATIRA within 2 quarter

M2 anotber b Raced il Ja?etraf?édﬂap 'E%fhca‘il{lﬁh‘i%feﬁgn Y615 2016, 1017, &

varl abl e gal n neans, such t enuat

1 3818 eppied gmpremt oith s mni-disione 8 s G e agenga clement 1015,
U6, 10EL & WHis GBR3ed tbaninabkegainaiehre, sgdiana digianmenhfdrap19, 1020, 1021, &

1%Qa wﬂc@%geacoﬁecgcg Z)Qa ds§ recé\|/e§ fo28. qﬁ&e\@ﬁ:ﬁg g&n?m@angﬁﬁg 1@0 1021, & 1022 is

Cro I‘OCG SOr

10 t
RSt o Tt R o B E31 S s st o ke e
1€1argent RS, BHU 6, 1AL & i1ehd adn| by indijdupdly edibisted\ds envegy Gym fhe wamsrtikted signal 1013

t fs&&ﬁsmbﬁt&ﬁl?nﬁ.btgr@@llve ; eldnfentt @615 Siokd, bﬂbi% lb%t ontrol means 1024
an nna el e
e BB LS TEA B 00 O e o G St 0 Dt
mﬁ@@@@@e‘d@@@mﬂ Dorpler sighatw@ 2025 is lmslugeth aprn theenateiyed gignal. The control.
t ﬁ&nﬁfﬁﬁﬁhﬁ cénﬁgtﬁdd%ﬁi@a@dihﬁﬁ:@e-ﬁmerﬁitﬁﬁht ﬁﬁs%'c&@cFimotion of the transmitted Doppler
hr ee- ur e
L O A OB P SR Ee 1« i PGBy cxampe, e
ceontfdl gepne 8024 & cpré’ srwddarredwmphaﬁrce@er dioyemers whickadscriybrepseireular motion in
iR ﬁﬁtudll?bdr&ﬁun@far pidaes, mﬁs@fbaﬁeirtgtampxﬁ%a ﬁ@aﬁfe 108 Lﬂmaméé @xes ofx,y, & z,

ﬁlO and subs

c same m er as ent % D?Pgler sxgc{lanuie Iﬁlgt ogpler (Pow%mp g? mea.sured fa or each axis

o mQtilreFémwm#l gmd@ds dsfemwwu*e @etaoqa Frsesibedesiowsly inthiy mﬁttanon
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whi ch ascribes a circular notion in 15 three nutual ly

7B AR ity 8t e bt Bty R (Gl ey g pegive s
Jeayebe senfigwed with qverel dimeagienyilargee thamos haster \savgwamm@m@glgnem control

ml & coPfPORE So tﬂeft ghaae@&brgﬁﬁmfgqakeﬁﬁaa oy bebweer fiftbnna elements which ‘are
al  at tu et.er Ng ne
atlgl? % nﬁp {ér eVI OUS y xl' Ha\{e en%h gp %ael] fmF] 6a$]?e(§lﬂa eleny nty whmg are spatially

. fdmrtbwecf fu@wwm hasepe qufrter h@elpngéwwcmdqd/m thopanting mmaseps. For illustrative

S%{pleﬁhnte%}i élémelﬁ@)ﬁ‘e @&%Aedtlﬁ aQﬁéﬁa} ccﬁﬁglrah&pﬁithvﬁ qlﬁftér&)ﬁ%length spacmg
%F]tween successwe an enng ull;:mentsV\f-hﬁh {eﬁo\{u i %pg Haij 5@[& sh?chlg\gﬁ ?¥ Bzrnmng between

wavel
m@&wésueﬂe@wewag@m@é so that phase center panning"
t akes pI ace onIy bet ween antenna el enments which are
$RaLL S%m | buted wWithin a quarter wavel ength of
each® oPhet g%? nna el ements which are spatially.

&1 We prefonedsnibddimentiobthe prsont unvmqemeadrt@naqmw fraaymitya yeifue positiening signal,

#ARh EorGitid e darfidr @cﬂﬁpbll%ﬁi, @ﬁ.ﬂﬂbr&ﬁlorﬂ E&l@ @éhiponeliOdnd a navigation data component.

e ] Dby - 5ADYT g R e BT e R b
- sihgushnige 2Bthbe pivtie roresut doedion ds equtliyrapplicelile frepthe . fregiiegly bands. The.

B@ﬁ&hﬁ&dnﬁmmsea @im\? kodeBHpbridhtl iPRodufate@ Giidh 8% @&rid? Mor@am BY consists of a

t t | U
PR BB ey a2 Rt R EHBBU R sl sTpenpH gosmive

b @l devicesnpdlivtsirenrvamierdiequencal s techmique isikagvauss Cele HivisiAnd\duitiple Access
@A) &1@ hsﬁﬂll-ﬁﬁoﬁrﬁ 8 the art 3the Whvigation QRN SIS dnSnt %fpr@néw #fofiation modulated

u é’\gﬁhj éis?ugdﬁan e é(':l 80%%%2{& %%?zheés 2 rTEnmumca :dnf)??g: tﬁ %mfsfer %u'n%l and other
teqnprpigierioy aqt\vqﬂaw%ﬁcfwf@'@eré’n da/usppereacivess- dlavigatie ipformatignmay tinclude network
il dnb Gthe? adfbddervivlidtand, al t hough the nethod of the

present invention is equally applicable to other

frequency bands. The pseudorandon1nunber (PRN) code
conponent is nDduIated upon the carrier conponent, and
consists of a 'unique code sequence which can be

di sti ngui shed anongst ot her pseudorandom code

sequences transmitted 35 by other devices on the sane
carrier frequency. ThIS technlque i's known. as Code

tiple ...(CDWVA) , L1 -known_i
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30 It will of course be realized that whilst tR&chboye2007
B iven by way of an illustrative exa
thlga&ﬁ2€%ntlon all such and gt her nDdlflca?F%ﬁégéﬂﬁmuuu
vari ations hereto as woul d be apparent to persons

S lﬁ' vlr h %Qcoh:@e be rggzeéﬁr%t whﬁsrt?'l Qﬁo%grﬁag bgeg I\'gl Wi tth aln nlwtsrrr:];xgve gxample of this

broa scope an I nve t|o

s &ventigh P'IH ohsang ofhes BiogjBeno e yariatops it o5 @u@ IbaPPm,fEP‘ fogpersons skilled in
1 the Art,guesitemen fo Gall witiit e Wrbadiscoge dnll emtdttof this theketicfas i@ hdidahded forth.
apparatus, the systemconprising: a) neans for
transmitting a positioning signal through radiating
means, said radiating neans 5 noving its phase centre
t hrough three-di nensi onal space with predefined notion
at a predeternmined interval, such that a first cyclic
doppl er is superinposed upon said positioning signal;
b) receiving neans for receiving said positioning
signal, said receiving nmeans noving its phase centre
t hrough t hree-di nensi onal space with predefined notion
at a predetermned interval, 10 such that a second
cyclic doppler is observed by sai d recei ving nmeans; c)
means for nmeasuring a conbi ned cyclic doppler observed
by sai.d receiving neans, said conbined cyclic doppler
conprising said first cyclic doppler and said second
cyclic doppler;- d) nmeans for adjusting said
predeterm ned i nterval of said receiving neans, such
that said conbined cyclic doppler is mnimsed; 15 e)
nmeans for determning the attitude of said nobile
appar atus based on said adjustnent required. such
that said receiving neans phase centre and said

radi ati ng neans phase centre are brought into spatia
correlation. 2. A systemfor determ ning the attitude
of a nobile apparatus according to claim1, wherein
said 20 predeterm ned interval of said receiving neans
is substantially simlar to said predeterm ned
interval of said radiating nmeans. 3. A systemfor
determining the attitude of a nobile apparatus
according to claim1, wherein: a) said radiating
means i s dedicated a principal axis within a reference
frame; 25 b) said nobile apparatus-is dedicated a
principal axis wthin its body frame; and c) said
receiving nmeans is dedicated a principal axis relative
to said nobile apparatus principal axis; and wherein
said systemfurther conprises: d) neans for measuring
a time from when said receiving nmeans phase centre
traverses through 30 said reference frame principa
axi s to when said receiving neans phase centre
traverses through said receiving nmeans principa

axi s; T
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e) neans for calculating the attitude of said nobile
apparatus principal axis based on said neasuredFebmery 2007
and said rel ationship between said receiving neans
principal axis and said nobi}e apparatus principal

axis. 35 4. A systemfor determning the attitude of a
nobi | e appar atus according to claim1, wherein: a)

$ptds Jaiprday i ng means is dedicated a principal axis

within a reference frame; b) said nobile apparatus is

pl;a dlsaz?%%rgnel ?}é \r/r 2 %gxg ﬁtg éde of\émréltatme a%paraéxs la'res stem co%;frism%? nd

rel at® veancpwy fgarumﬁwrgramesltaywmlu@mr@h raﬁke'in}ganeanss@e}d as!iatglg means
2 Febr uakoying hase %ﬁa!ﬂﬁyug/m&&e&tﬁen&&ladsp&)é shte predetifiel RBfion at a

of Sai 0 HREPUFT O AR B T REIBar et R oP e et orgsionin
sai d refsgpddnce frame principal axis at the begi nni ng

of sajd r&E:@ﬂ@h@aﬁﬂfoﬂ%@wﬁn@ L84 Maitionds s@ﬁ’dl Qaid fe@e@sﬁlg\{deﬁlg movmg its phase

neans; ans for cal cul ati the attit

Car o PITE P e st R s Ader toh P dfegmised imerval,
measur egudtigtd sseondéybizaibppéand obsanvell by edidtcepigimepshet ween

sai d ch eGRh¥ 'f(ﬁl %eﬁﬁ:ﬁ'@% C&ﬁﬂlﬂ’ég 5)‘39(! doﬁﬁfér%bs@xqgi by%zﬁr!l Qccmaglnleﬁls said

apparatus princip axis. 5. system forf determnin

the att iPPI%d &C“%d%HrcP%pr’a‘ﬂ%ﬁldiﬁﬁ9":1&%:"(?61%1‘3@??’9“&‘9 gpoQd gyl doppler;

1, whier erermsf:aladjusnﬂg}mﬂ e duitevrhing] iNEread Sf shidl febddebiy r@I¥ILISES said

a) a car, corporating a digital

cont roI ° e %gg{cﬁf&%ﬂgdx%&&mwns for measuring carrier

phas &) nEE f Auririing the agijude 9f rdd mebgdnIpagatas hgied po said agjustment required.
I €C €isiR FhaCsaid Ii'dcﬁﬁmg PRASDasI RAGEHNE KRIYhdidtiag ﬁean§1ﬂia§§ centre are brought into

receiyer carrier phase measurenent rate being faster

t han 8ai d redeterm ned interval of said radiating

neans; 15 c) nmeans for updating said carrier tracking

2, ooro Aastystéin foea‘e%rrl% ﬁ@ﬁdtith&roii h&ﬁlkh}ﬁ%ﬂl%&){dﬁ@d@@lﬁmﬁ A tRrein said
rri.er I aCkl (0] ate r
PR OB e of “RTra g BGLF O P LG PP of i

rgfatigibgng adi ati ng neans; and wherein said neans for

nmeasuri ng a conbi ned cyclic doppl er further conprises:

d) neans for conparing said carrier phase _neasurenents
qw@der%uaob&r fpPRrafs acopyling 49 ¢lqing 1 hgrein:

0sci la as@crqadaaang reans dédeatedgghagabisigthiairderant friney

phas A [

25 B eABHAC %ausk&eﬁré&a oFiSbaPhcs QAith P! fi
at t i Fh d éal%lrcearm&aﬂ@rqs i deligated apripsipy AELElARS ¢ srvg mepilgiapgamitus principal
wherei naggid 25 carrier phase measurenents of said

-agcpv%elt_ern%%?r}% Si erc are i n-phase and quadrature (1 & Q.

asur ene Rnpmcst emfor determ ning the
at t i dlid@east foamensising etnapfgralr eilten saidrecstyind imags plgsaentie ratses through

wher ei nsaﬁﬁh@renq@ E‘x@rﬂ@ﬁﬂnﬁﬁéﬂa@& o A5 szQ(i re&@u% n{eﬁg!pﬁatsé d3fikre traverses -
means i oélghnt ined in a vol.u within a radi us of

one- quat’ f%?a“agmﬁa%ﬁﬂrr ¥y signal''s wavel engt h.

30 ) means for calculating the attitude of said mobile apparatus principal axis based on said
~measured time and said relationship between said receiving means principal axis and said

mobile aplaaratus principal axis.

4. - A'system for determining the attitude of a mobile apparatus according to claim 1, wherein; .

a) said radiating means is dedicated a principal axis within a reference frame;
b)  said mob11e apparatus is dedlcated a principal axis within its body frame; and
c) - said receiving mearns is dcdmated a principal axis relative to said mobile apparams prmclpal

"axis.
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8. A nethod for determning the attitude of a nobile
apparatus, the nmethod conprising the steps of: 2Bdbruary 2007
transmitting a positioning signal through radiating

means, said radiating means npving its phase centre

t hrough t hree-di nensi onal space with predefined notion

at a predetermined interval, such that a first cyclic

e ppirat sajdsysaaitiergemeses: upon sai d positioni ng si gnal ;

35 b)d) r Qﬁ‘eﬁﬂls\fabr%asﬁﬁlgdheﬂﬂ@lla} bfﬁ&'oﬂgldﬁécgﬂﬂé mbdn$ }Q‘hh@f?al axis with respect to

Lﬁgg IeV IC 2 A fi rrgi::ereinﬁerﬁéa%g' hrgric{;l)gl eaxe1s i(l\:/i thrtl, %F%nm%%% Z}T sai Bredegenmn?dﬁntervai of said
predef i ne‘ﬁlvmmp@ﬂam a predeterm ned | nterval, such
t hat = SEaRAs cﬁmtxhﬁme ef sald noBRS px@élpﬁ@klgbased on said

e e LS e A Sl i
conbi nedaid yobile@ppadoppineipal @anpr i si ng sai d f| rst cyclic
doppl er and said second cyclic doppler; 2 February

2007 33 d) adjusting said predeterm ned interval of

Jai d 4 YEER AT AYeTHEig a@ﬂﬁ‘ﬁ’f? I‘Fﬁ‘?‘le§la’ia’at“&%?ﬁ‘l$‘i1%8°&‘9‘cll’ Vherein said
eyl exank firthar inprised; e) determning the attitude of

sai d | nt

requir eg cmgrglgﬂ&lg %ggﬁc%gp?r eer “\%llaéﬁ&o?fgdgﬁgﬁagﬁ d said

radi &9 MpAHEAHSasHing CHTIE BhAt m"?af'ﬂf?ﬁﬂegtﬁaﬁsiﬂéPOSEIB‘?W&'e‘*Fg&%lla’cﬁfm“’ef carrier
5 9. A neishachsirafientat, emriewnagcatriaﬁ)haaehieztsmdﬁenoiateaemgﬁntelre,ausald
appar at usdgccoradl Igalo saf& a%laWJS eaI\{vher ein said

pr edet efmned tn of 8 Fetei vi ng nmeans is

subs teantmieats|fay ugdamglswl cafTigr %aakleg lopreati e teesiviel qawigr trapkingrlepq update rate,

of sai d sifl Rekiat daRBr BES0op LatkQate &émgelbh&dmﬁ 8Hcqual to said predetermined
e attitude of a nobile apparatus

determ ning,t

accor di Ay r?‘éopflgraﬁﬁa@g%%’“’d met hod further conprising
aphehegtirepd noins fajreatetic ¢ ednibingd evciprdoprtsr pather aomgiseso sai d

radi g %mme&qﬁmgmlmc@n& flERAGR M AT Bd calibr tracking loop digital
dedi catin principal axis to said nobile apparatus
within i 016386?‘116?"5% c) dedicating a principal axis .

t 0 saj) d nfees diruggngating aiiscaitied phisk eastrong@itccketBiliid agcombined cyclic doppler
appar at ,q,ghnpri nci pal 15 axis; d) neasuring a tinme from
when said receiving neans phase centre traverses

through said reference.frame principal axis to when

6sai d A gaeh w H]@anﬁﬁil@&xe plaGe T £ Al Bpphra@y/REBES; th ElEMSOWherein said

Sal d recei vi e% tmt Ip?s I nC'g%aallaregﬁ(hlg J]quaaerltureg %) measurements.

Fré) ?S casure
ul"atrng sal Terd ppar
pr|n0|pal axi s based on said neasured time and 20

) ai d A @gtaﬁ fo@ﬁb‘&l&hﬁmbﬁé WBEAR o8 Rinbbilk Gfparhivd R&rdiRANRaim 5, wherem said

Bdsipala g s and sald robLLg, R e i ¢ RO pagerofsaid

pnutlmningmapbavaael@r&thaccor ding to cI aim8, said nethod

further conprising the steps of: 25 a) dedicating a
prlnc:lpal axis to said radiatin ns Wthin a

& of er'WATReIfGr defermining fhe gifiyicofp F’HEF%QPW usrcheggthodisomgriging the steps of.
sai daymo lﬁ‘bﬂsﬁm&fgfaaﬁsﬁﬁotﬁﬁg signhlhliréugh taﬁlaﬂmgd;ealfs,rs&lﬁ‘&gdl,atmg)means moving its

- dedi cati e é%nt& tfg&%gﬁ{ —d%hs‘?’on!ﬂg a%@\lﬂﬁil ﬂ’re%gﬂey {nagmn g)pe% (J rmined

relativé to sai paratus principal . axi
measur i iertah ench haha fiss CYG'FGF @t*ef SfSURSHTRPsdaipen sgifl ﬁ‘gﬂtﬁ@%&%@al
Pri NGy padeeividg Kid\Wbditdnih@SERIGEro1lgh reSé@vifh means, said receiving means moving its

phase centre through three-dimensional space with predefined motion at a predetermined
. interval, such that a second cyclic doppler is observed by said receiving means; ‘
‘c) measuring a combined cyclic doppler observed by said receiving means, said combined cyclic

doppler comprising said first cyclic doppler and said second cyclic doppler;-
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30 reference frane principal axis at the begi nning of
said predetermined interval of said receiving iy 2007
and e) calculating the attitude of said nobile
apparatus principal axis based on said nmeasured
angul ar offset and said rel ationship between said

recei ving neans principal axis and said nobile
app ardit utgjusfgipg satdj ppgq:terg;(liadsintelgg ofjspid reeinipg egas, fugl that said combined cyclic
det erm %mrtshﬁ\mﬁ{sgdl tude of a nobile appar at us
accor to c t ho further
et et B o2 o lfE e ek o Sl el iy
sai d spdgliat sazdmcngmsmgwadnd sid radigtiepeageare hztalghtlnecr spprhbeowelation.
measurenent rate, said receiver carrier phase

neasurenent rate beln f ster-than said 4
‘or edet B R s S A" 8‘8%%1&”23 wherein said
preloterrdney inRBIAL saBWredoiyingipetat is nstantielprsiniilerto taidgpeidtargiinedporval of said
M&£ﬁ ReS@i d receiving neans at a receiver tracking

oop update rate, said receiver carrier tracking |oop
update rate being slower than or equal to said
1or edet @ﬁmdﬁ@detérﬁmﬁfgmlatti@nﬁe &aindbileappatitus AgortiBaa si;ain@), said method
GIPARLAL, 321 rrier phase measurements to a digital
conf%ol% g %gafﬁﬁator within said carrier 5 tracking

| oop;?) dyledigteegaednilys & aid edietinzarcasivabia 2 réssth@ment
t o de) erdedidaenga pEifvidal AR sﬁM ﬁiobm‘a aﬁﬂﬁhb Rfthiviad o ﬁaml,s A

met hg 0 et ernln n

appar g t &gc{lcgg (,gO rpanc af(g to s|a1g receni%g me en%iaéth] to gg? glob gprparatus principal

phase massur enment s of said positioning signal are

I N- PRRS GnedheQYiad ek Whé sﬁﬂi re&n@g ﬂiga’ﬂ;z)ﬁzfsg&ﬁlﬁg t&verse@t@roléh said
A net hod for determn : gf attitude of

| e
appar at deferspsg YHPHY" Tﬁl recsiving Wegns @lgs‘e aentre traverses through

predef i nedireepbiinigarans priggeidxis;add at i ng means is cont ai ned

i N a cyol by tﬁJ‘elttﬂud@ ofs@ﬁ'rd&&!e%%paﬁ% gﬂi&%ﬁﬂaﬁE b9 of B ncasured time and
posi t1oning sngm s wavel eng A net hod for

det er ni AFGletiqrainheteen faid regeiviae /3P Arincinghasisand sgig mobile apparatus
accor di pfncipal £kai m 8, said nmethod further conprising

the steps of. a) transmtting a plurality of

positioning signals through a plurality of radiating
Beand mfé@é%o r @fterminiie ghe pititpenti ppbilsPPRIEREF 2E9IHRe threlaifiss, said method
ﬁnmm&ﬁbmm@ﬁ@aaﬁefcentre through three dlnen3|ona

IS ﬁ?g I‘ WldcteJ] catnp ﬁ plt'uﬁ: éJf'al ax:s F} sai !1 glat glmcans O mﬁﬁ re?erﬁn%enfreame

supem) nﬁm@g azoncwp@ws @&elﬁ melﬁllesma@tupwmlalltsl bpdy frafoe;

POSI o] ORkdGirGia PARIEH axio shil GRiMhd YobaSSivPloWki®hbtilY afratus principal
positioni.ng signals through a plurality of receiving .
means, &Hth of said plurality of receiving neans

novi iy imbsuplgdsenmibndfe of aideewghing ncapepriltipad mds vothadspect to said
space \Mréff!?enc@]faﬁg Egﬁcﬁgl%ggtttﬁe%ggﬁﬁng%f Q[d%%ﬁét&ﬁ)ﬂkﬂﬁtgrval of said receiving
i nterval, such at ‘a second cyclic doppler iIs
observe&mﬁﬁam%ach of said plurality of receiving

nmeans) 28culyjingRoeftinide bifpaid mobilélapdatatuy privicipal @xibbatd dn eydohdagured angular

. doppl er o&s%ﬁa%crl %/a?ddrelg%)ns%%rrgtw@ ggu"ill'eceiux%g% %ﬁ&: rp\cllf 238 and said mobile

nmeans, eac cyc conpri si ng
a flrstﬂ@?@W$Em@E%E¥%r superi nposed upon one of said
plurality of positioning signals and a second cyclic

go PP lAenrzetlg)Q ?o? Eé{grrgumtglg the at?ltude of a mobile apparatus accordmg to claim 8, sald method
further comprising the steps of:
“a) measuring carrier phase measufements of said positioning signal at a receiver carrier phase
' meﬁsurement rate, said receiver carrier phase measurement rate being fastérthan said

. predetermined interval of said radiating means;
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of said plurality of receiving neans; d) differencing

said first cyclic doppler fromeach of said pl ulBébrugry 2007

of positioning signals with said 30 second cyclic

doppl er observed by each of said plurality of

receiving means; e) adjusting said predefined notion

of said plurality of receiving neans phase centres to

mat ctP)  sadatingwreadierttiasking lovp tritem sasifrecsizingimppog gt 4 rdcgiver ggcking loop update

radi ati Rge, eﬁt&e@wm&&& tﬁﬁdﬁigﬂd%ﬁ updstd e beii@dlovieRinth or equal to said

pluralit dncl:)eplpler IS mnimsed; f)

determ plurallty of sald

nmobi I apgapw sglg clymes e@swa@mma@ P digttaleptrolled Sscillator within said carrier

reqU|redmdégkm@ nethod for determining the attitude of -
| e appar at, ording to claim15, ere

adi "o rare R Rt SRS Ty DIPREd o aedr%%ﬁi‘mﬂ“ value.

and said pl urallty of radiating means into spati al

R’_orr eA ﬂ&th(ﬁ@or détg‘mg'un': %*3 aldehy. of% QQlee aﬁéragaz acccﬁdlﬂ?&) laﬁﬁjn IfZOVK/herem satd

ng mtf:rvaq of sal\{lcl:"adfa?m

" determning the attltude of a nopbil e apparatus

AL RRF W@asxgrsneeﬁs af id pepitiopipgefignp lqrednsphyse and quadsature ;& Qiqneasurements.
interval of said receivi ng neans is substantially

ﬁi m l@&etﬁo(a for %t'et qutdﬁ} Fum m%oinmaﬁ{a}ég:L acggrdlﬁg’aﬂo glaun 12 wherem said

radi at1 ng neans. temfor determni

paRdefingd esiop pf sgid f?ﬂ‘B‘i“lg e ﬁéP*ﬁ%"ﬁ’é in apvglume mw@w% Prresqwﬁﬁf of said
p@ditioAR@ Kignal OkavéléngihSM t ti ng a posi tioning signal through
radi ati ng nmeans, said radiating neans noving its

phase centre thr ough three-di nensional space with

15 ed e netend fardeterppining the gttitude of d eckijegprastes foperdipg g clainsg, paf method

fhrt}&tcoﬂpﬁsinﬁaﬁs@ﬁé%fl c doppl er is superl nposed upon said
pOS|t on|n V

r ecei® gﬁma gp |“{Y| 13% f eS%rE&IéSI tﬂrgl%g nglgrraitg pradlaﬁmg means, each of
nmeans mga;ql pigahty of rqﬁhaxmneauﬁgnqvmg itg tfhpse oghie through three-dlmensional space with

t hree- di @Jﬁé@ﬁlﬁhné@ﬁ@&te%@ ug&-@cﬂj elch BEG MRLYB ler@s super:mposed
predeterm n%ggl nt.e such t a second cyc

doppl er “Pg© %SI‘“\‘}@H‘”’E?’ "E%ﬂs‘ﬂ‘mr“@é'éi’ Fng neans; c) rreans
for ®pn &écaumidylurma$ﬂﬁqsmm sigaaidahrovgtl a plylity of rekejypk @rans, each of
observ eg ]M\Inﬁﬁ} 51‘ chS%ﬁé M‘I-:aggmovmg %?ﬁmsc%éiﬁg o%ﬁp&u@ue ﬁlimensmnal space with

cyclic doppler conprising sal I rst cyclic dop
and sai @SEEYTRption3a prfrRingd dpsTab such gipt arfﬁcawkwflifrdopplef is observed by
cont i NU@ats bikaidplutality Bfre@iind eI Nned cyclic doppl er
| ‘;"'ef: 2. r %%%Lén” % dlu%i’?%lvcombm cgéh%ggpl%h%%e%h 8y %‘%‘é é,YMéatthE o%%gp
of sai d mmuewé objpidarmaineg cyshadogplessomngisige sartedig doppler superimposed

predet egpg nréﬁéi}f PRk Alty JFRbLRhiASsigndi@anki D sccbhdTy it @sPpledbserved by one
determn n F Eﬁltude of a nobile apparatus

accor di 1g™ '%8 YChLE SR i n said predefined

dopplder difiaetcoignad Bsieydic deppldr fram eaehmb sayd phrsaitysof 9¢s1tlsanwlslgnals with sdid

Tecel Vi Qoo IRams dopglgr ob&r@{ By 8 Jr i p‘ﬂﬁshxﬁf dﬂe@éx&lﬁ% # 8.
ai m

attitude of a nob parat us accor
wher & n ¥gies 2i9 S pfiet ﬁaé%mm%?ff%%n%??ﬁnhgs& §en“'%f)t° maich .

a carri edid jfiredafided mgtidn @ OgaidipfueatityOraditting geas phag:p cbmes, such that said

~control l ﬁghtggf:c!olnkiﬁéd%glchc doppler is minimised;

) detcrmmmg the attitude of said plurality of said mobile apparatus based on said adjustment

requiired.

16. A method for determining the attitude of a mobile apparatus according to claim 15, wherein said

. adjustment brings said plurality of receiving means and said plurality of radiating means into spatial -

correlation.
40




b) neans for neasuring carrier phase neasurenents of

said positioning signal at a receiver carrier DHhegweary2007

nmeasurenent rate, said receiver carrier phase

measurenment rate being fasterythan said predeterm ned

interval of said radiating means; 30 c) neans for

updating said carrier tracking Ioop at a receiver

War r i emethqdderidpteitpining oy atipdaefe mobilcapparatyy pegordigg ejclpiat 15, wherein said

(G @k dnfied infeARKF B rLRORg HBARE SubkiaiflyRRliBGo SdidPMIEeddlRMin@Fval of said
ual to said predetermned interval of said :

?@ﬁ?%??ﬂg means; and wherein said nmeans for

conti nuously neasuring a conbi ned cyclic doppler

5 ﬂ‘sur t h@gysts@mpaet&ﬁﬁmg chy atma@ma&%le GPRRRAY, 'tlﬁgysﬁﬁl'cgmﬁﬁlﬁﬁ ier

phase neasurenments to sajd carrier
i g1 Al 3 8 GO GG SRt oo A G g mosns
aggr egatnonigg sgihake catr¢ thepghplvecstmergarssparwith gredefned motion at a
det erm ;}?edéerﬁﬁ%l@ﬁg SGMIQilalt QﬁrthQO‘ﬁl: ﬁcfpple?’@éuﬂ&nnpgs%d up%n said positioning
systemfor determning the attitude of a nobil
_apparatd§mﬁccord|ng to claim 20, wherein said 40

10 carr |b93 I rgbigisememma @ iving bad hitichiig digip) Sdid teaivinggnesds gioeihg its phase

are n I
o SOGASALIAEL B Ly BT o
at ti t udéwdhage fiypd ‘fyé‘“‘d‘ﬁ??éﬁ‘ ﬁpkfﬁr"%’d’é’é%li‘ﬂef?@’“tg@“eé‘%sal m 20,

wher &) N nfeads Gor cmmesﬁy mdmfmt do&ﬁn@[fcy(ﬂla H&i)preﬁ:ﬂ)lsea\teﬂ a;gsald receiving
gﬁg_na u Ia;cﬁ% gnros ns%? omqnnad cyclac d\(l)%)lelﬂ ?(Fmd)\él\gllg saﬂ ﬁrst (glc cI dlélgpler and said second

15 wavel engydic dgpigg. A nethod for detern1n|ng the

at ti taydencas £ camiiobsdy m&g &tld'b‘émbﬁl@%yd'ﬁe s GiNpRI bR @ppler

t he st eps of c% EW@Q gl g §05|t|on|ng si gnal

t hr ough PPSEF &F9°HY o} r“@%? "¥°4di ati ng means novi ng

its ephasesdedétermining the aigjivdd di sabmabilemnzitoriaicd gpadaawhadh
predefl?ggwgghagﬂm@&.gwpﬁedetern1ned interval, such
that a first cyclic doppler is superinposed upon said
positioning signal; 10 b) receiving said positioning :
19i gnal syl;tlsm mugdmmﬁmgthv httigdevE amshile spbratug aecmcimg' tO\¢Jaifie) &, veherein said
RALAYTMATERN ;%1% pat%ﬁ.éérg st gﬁi'in%m&{) RO LB [E&wcl fEBRSi onal

space predefined notion at a pre eternlned

20

interval, such that a second cyclic doppler is .

wbse rA/@ﬂerﬁ)‘;‘br Scdrilindn € e htMtud¥Gh MRAGUAS apperhtuCRrdikptO LISy 8, wherein said
25 neasur.in conbi.ned cyclic doppl er observed by said

rece1ving mean: €I COINPrIsSCs:

recerving neans, said conbined cyclic do g pl er

conprl sia ngnggp@ng lops incompeatingce digplsprsiollediosriliatord second

cyclivg QRRRER easurinp caﬁlj)ler 9&5@ méaéhﬂeldﬁﬁty of B4 ﬁd'ﬂitx&ﬂngss%hﬂ at a receiver carrier

conblned c clic do det ermi ned

pattern ghas ?6‘5‘?“5? ‘? ’i’?ceé"g’i amFré’gﬁF Wﬁ'ﬁe‘ﬁ%‘h‘ﬁ‘p ge“é%faswr than said |
deter”1mﬂﬂﬁﬁﬁmﬁﬂwmmmvﬂﬂéndﬁmmamdmrecelV|ng means based

30 on s Q:} d o XBHs ?Jl] ﬁlgiaiﬂ{ @Q@&aﬁ‘feﬁﬁ'ﬁ I%QPA @Eelver%ﬁigﬁfa%g 1&9 update rate,
24. A netwod or determ ning attitude of nobi

appar at 844 'ateevarrcamrgﬂaf@gé?oa.umatzgﬂe Yk Y g gaual © sad predetermined
predeflmmﬂwMﬁpﬂﬁemmn@hbﬁmns are stored in menory. means
_ l | lrg
o B BEES 1) Dol oty SRRt BlppSR BT R,
23, §hu enerps £ @anpmqsﬁ%lﬁ@rn%wmeﬁm@eqt% said “é’rﬁ@r taflﬁngi@P digital
35 a)’ neasuﬁmm@deﬁﬂﬁmﬁr phase nmeasur enent s of said
Prgglsm, gm& A for a regzlatm%lsal c?_rréigrc | zl\l/s}eellr?nga(s:%t?n?eirn{e r?o dc%%%e a combined cyclic doppler

measur enNgvg rate bei ng . faster than said

21. A systel.ﬁ for determining the attitude of a iobile apparatus according to claim 20, wherein said

40 carrier phase measurements of said positioning signal are in-phase and quadrature (I & Q) measurements.
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predeterm ned interval of said radiating neans; Db)
updating a carrier tracking |loop within said retE¢briiary 2007
nmeans at a receiver tracking |oop update rate, said

recei ver carver tracking |oopsupdate rate being slower
than or equal to said 30 predeterm ned interval of

said radi ati ng neans; c) conparing said carrier phase
nmeasurenents to a digital controlled oscillator within

®ai d A;@rstemecrr detérﬁ@ﬁlglmegm}u@aﬂanﬁ})ﬂeaggfaamwrm@ tS amdl 20 wherein said

asurenents t.o dete
prf?d[e{meg matpon OF said ra 1a; m&emeans:é%co%ned Rl a VOEUHIO an a ra e oef r(_)rrxﬁ cﬁarter of said

ROH@OIngtSuglmeIEaVelﬁngﬁl nmobi | e appar at us accor d| ng to claim
25, wherein sai d carrier phase neasurenents of said

%gs ! IA @ﬁ‘hﬁ% I%}?Ilmg re%ngﬂqégth a?rg)szle&g?aéﬁ%ﬁqavﬁquﬁg l“olfi F]Oén(pnsmg tl(@ steps of;

at t i taderaginittngraplositicaing pgal tirougd r@@uwmhawgsatd@ad@hm mpaiBnoving its

wher ei n Sak Qenu@mgg%ftﬂr&%mﬂa&gacefm}%ﬁaféﬁlreaglb@owa{aqmdetmned
nmeans i s contal ned in a volune within a radjus_of

“one-qu arpgryal,gpchdhat afirst &@ll?)@gi)lfr 1§ﬂ.}§>e‘xil§1p%s?ddﬁal} said positioning signal;

wavel#n géchl.vmg safeposititainy sid@0HrougB FecRiBing Beasy slidomefvip means moving its
det er m nj g0, 3 dhl éé%ﬁnegim@ sgazpmﬂ?préagma b 4 Metermined
system conprl sing:- a) neans transmtting a

posi t i orifttpbspcy ﬁ*&& 3 FRAGOEH dPIéPbﬁf Bobyrigyed i atid recedvipie greans;

radi ap i rtgntiiﬁiﬁﬁlﬁmedﬁiﬁhﬁg 0 &hnibinsd @h&?dﬁp}ﬂ?@ﬁﬁsfr&dﬂahﬁa@ughwmg means, said

three-di malps | %}Dc Ip g%f?mﬁl}‘is&%saij%ﬂe}g Cycli n(%P%}t?%d s%]'a se%gnd%yc%c dopplcr

pr edet er'm ne suc
doppl®r cpyinaqyplemptehingstdicombised @arc@omm stretﬁ@meé flapplgy patterns
b) fi rstassaﬁg@hmlrgzgdma,n@nfe@g receiving said
p05|t onj n d,first rec
its é) gtgl%é%rﬁt%e attli’:tL}q? gfl ﬁ@%re{:ehx?xg éneans%sr%réon%ﬁig%atghed BreXeterrglﬂed doppler
predefi metttrmsot i on at a predeterm ned inter vaI such
that a second cyclic doppler is observed by sai d first
receivin ns. .10 c) second ceivin ans
2r4ecei‘§/1“ﬂg“ ddoridgt gt“F&Fﬁ‘F‘ﬁ%"f&"{? appags %cg@e%m aim 23, wheren said
praefeed/ dapglenpeens are Bxvd in greindrs mpima sieaid exndivie: thdansough
t hree- di.nensi onal space with predefined notion at a
2gredeterm ned interval, such that a third cyclic

oppl emethed fordetermiping thspititds of a aobilssapara 81U cligeissaid method
fihhen@apEsing @e sE@asuUring a first conbined cyclic doppler
]\cllalr gte ggs [ Vegamyr gﬁ ém%asurgn?eétf o€s§ eslxt{:&ou s:l'%%alqleaqn(%iver J%lngrphase
first cy@tlwm%pﬁm -'@vir@ﬁuer swqa phaseetmgwcpm@vem ‘@maélﬁtﬁqﬂéﬁnsald
e) NMeangrlQémiRBPisithvil Bkaid rRREQHEamO DI ned cyclic

S Bl O e A ki R S R ko o e
conpri sirmg saxhiediven cprgitr gk loop updllelp pﬂteéqemaﬂdﬁes teprchr equalrtelsaid ‘

cyclic ‘iﬁi%ﬁ&érﬁfned:@t@wil))fsgﬁ%ﬁnﬂg%ea&lffer enci ng said
second conbi ned C%‘E‘J%I C do l'er val ge from al dfir

'conbl"}le aom@r@ ané BITAéerme\z} eaaéntf@ ’ét“"éf’(}ﬁr %Illator wx&xm said carrier
ear | y mt:actkmgll«mﬁe doppl er val ue; -means for :

adj ug o fldi
] LB ] 5005
t hat sal d early-mnus-| ate doppler value is m nim sed;

28) neowmahddd@sr d@t&hﬁﬁdgiﬂfa ialﬂ@dé dT@ ndbilel appachss adeorgiag @ clamlls| wherein said

%%Qr Elat y §a319'9r§e% oPdia3 posmomn dJ:gng'ltmrEelﬂl }3hageeag<§J quaaerqure a%’z d))nmeasurements

27. - A method for determining the attitude of a mobiie apparatus accordmg to claim 23, wherem said
predefined motion of said radiating means is contained in a volume within a radius of orie—-quarte_i‘ of said - '

positioning signal’s wavelength,
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29. A systemfor determning the attitude of a nobile
apparatus according to claim28, wherein said 2dtehaary 2007
centre of said first receiving neans and sai d phase
centre of said second receivifg nmeans are angularly

of fset fromeach other. 30 30. A systemfor

determning the attitude of a nobil e apparatus

according to claim28, said system further

O A §ijsid for Adterfalhink dle REEEd ok Hﬂb;ﬁﬁﬁjﬁﬁmﬁ Ae sysRERbMprRGg:
sai d ag OSI L q' ! g.t%mlttl os’ltmfuﬁ% %nalh %rn%h ga%x%tgrlg\{nearg sanE alglatmg means

novi n THASETE ree-drimensio

space Wi rtlcmnp fedes Fmelthmmh thype- ‘hmenamlp‘»t wehe tvith mﬁ'i?é@d n@RHon at a

i nt er val preqgibifbhed B tvalBudtb: b BrsCydic sppRPP RPb&fmpbs3d upon said positioning
observec})r said third recei ving means, said third
rece|V|ﬁ&mﬁeans pl aced between said flrst recei vi ng

nmeansh) arfolst s:adidneswenid receigieg seidipgsitiveiagnsgnal, faid finge geprgvidieoneans moving its

neasuri as@cc‘h@é t%ugﬁ%' Ms:&%%éc@ w@%&ieﬁxfed }ﬁ@&dﬂ% a predetermmed

observed by said recei ving A neans, .sa

conbi ne dm‘E“’y"’&’ISPCE ﬂlﬁ'(fp';ﬁcl"é‘? CYglie doRpIeE i Hb*F‘i"%di W&%@F‘d@mﬁ%’[ﬂeam
cycliag d;wpﬂ edeiviap chesa foel recefi@igrsﬁlﬂ]pasiﬁ@dmg(slgdﬂ ppl @rgnd Zeceiving means
Febru af gﬁ s phitd c&lér? g}gﬁ@ﬁﬁn@&& b f£552 %ﬁ‘ &e&ﬁﬁeq e a@'a

conbi ne fromsaid first combi ned
cyclic d)fﬁgﬁfr@pleq,%qe@@ speh thpb BiEd§yplis dgppler is observed by said second receiving
ear | y- mnpas: pr onpt doppl er vaI ue d) neans for

?Ir ];];ne e n C I 22%"?11%%9111%@%59(:088 ce/f Ic dg%i:er va?:ue 0 sQrQTd%r s%f ?—ecemng
det er ni rwalas spid fipst gefohinsl oyelis ﬁwletmblp Ffemm%ﬂ spid firsteyelic doppler and said
nmeans fQ&mﬁﬂ#g§HMEgrsald predetern1ned i nterval of

said first recei vin deter .

Pt 1% G T SR ST R i R iy sid second

pr edet erereimiegimeans. sxdsadondfombmpdtyclic donplir Yabie edmprisigp sad dipsscyclic

such thQ$Iﬁgbgsggﬁgmwgkqgﬁmgronpt doppl er val ue and
sai d | ate-m_nus- r val ue ar

substhntTeEF IR défara%%rﬂg ﬁ”é{ﬁ‘?F"c“ incg gyplic dmaplwiﬁﬁomwd first combined
det er m rydiigddphler valu¢ fotdererening in @ely-chinonlaic depppaiueat us

base on, i :
R 3 Otk egfggod @%t it malgls{]gaet ek lﬁtesi.; O%Qd Gfl 2Ry inegns m?xﬂsal.d second
appar at G¥cEBEBIE He thad Satq eaﬁlwee-la%@wef "ﬁl“%‘éf”ﬂ’mﬁﬂqas e |
cent @ @feards @r detérininbiy the @ERHY/IFBAd HRTE SpparSial baseP) RBGR adjustment required
centre ofsgz i\d second receiving neans and sai d phase

centre of G d third receiving means are angularly

of fset fromeach other. 15 32. A systemfor

20et ergdyRii fbr &e’ﬂs%mﬁﬁlﬁ !h& M‘EiﬁdeQ)ff a Mol E}iph:@tu@d@@ﬁﬁ@ttbl §a1m 28 ‘wherein said

cordl claim3
DK Gt Aot R PR P OB S CO 1 SEH Rl heins e anguary
c@@ﬁﬁme&mhwmmklng | oop incorporating a digital
controll ed oscillator; b) means for- neasuring carrier
ghase nmeasurenents of said _positioning signal at .a
eceitBeR ioF fetegpming e arfiudeof fmobils prparats acpoxding to dajngs, said systom
furéeomgrisingar r i er phase neasurenent rate being faster

than g a| L q.0Led %n@e{ ng}oplg tsgﬁ g@iéw&{g sl daili Ak AL % énﬁxgg means moving

nmeans; nmeans carrier trac
| oop at lﬁ phasespiipdirongh fhrqeérmepvaqﬁ@m%@e%@ Bption ﬁ‘a?tpéedetermmed
said re Gﬁtbr‘v‘;ﬂ,rsudhalfaf 4 iﬁﬁrthtc&aﬁ lKopPEr i BREVIdDRY RdidthiFdERivAE knbdhs, said third
sl over t ha{] a%g aaced lt)e(t)ween saccil srt r%ge?\trme rmrganr.l)eagd sa{drs]écond reclelvm means;
of smdra&%ﬁe P & &
'b) means for measurlng a th1rd combined cyclic doppler value observed by said third receiving
.means, said third combined cyclic doppler value compnsmg said first cyclic doppler and sald

- fourth cyclic doppler;
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25 and wherein each of said nmeans for neasuring a

conbi ned cyclic doppler value further conpri ses2February 2007
nmeans for conparing said carrier phase nmeasurenents to
said carrier tracking loop digital controlled

oscillator; e) neans for aggregating said carrier

phase neasurenents to determ ne a conbined cyclic

doppl @r meped foreliffegpeigeaid fird gapbanes! $vghc ddesties vatterifomgaid fiist combined

attit udeyaf dgpppid-& cﬁaﬂﬂﬁ@h uﬁlyaﬁﬁ@{)ﬁmp@op;ﬂbr Gelhﬁ:* m 32,

\ggglr te gnr?%lasdfgr dgﬁagelglcnggis%l cchm me (l:'I ! lsfr(ri%;ﬂptler V&Slfe from Sﬁi se&oné)combmed
measur enerlicgopplegplue & @v@tm lit@mmd%tf@m‘rﬂmhlgvahlhe

attitydenQhs ér o gﬁhﬂng ﬁldqupaaasr@ﬁnu@m@ﬁggr St ;egblvqugaﬁeﬂﬂsssgid
wherein said 3 Efedef ned gﬁglon of said radi

moans. | SPGB Bt RIS AR P gpined intervalofsid
one- quar thigtreq@fving seshs suolodattsiiderirgings-groedt deppisenelik enghif late-minus-
35. A SYsldRud Pk At ﬁgmsﬁus{a&mh,h@u@hsgnimée of a mobl I e

apparatus according to claim 2 wherein said nea

for dVffBRE dﬁf@"%raﬁlgdh%wﬁ Bt S&ls mobisarpaeiebase o B%}ﬁd%‘f‘““em required

val ue friasem@l d first conbined cyclic doppler 40

val ue further determ nes an early-mnus-|late doppler

sign. 2 February 2007 39 36. A systemfor determning

Xhe ot vitemyfedesrmigingdpatiadeghpupbile prparaiicasioglingge ¢lymep.avhprrin said

pB&e coplpedt edid irft aécdvmg'ﬁﬁﬂﬂ@ safd}jhasa SHnMSdf sdkseSond ficelvmg means and said phase

c rftre g)F sax?ir md rl]e%gvnll nl}leeaﬁsva.lael an, flarl o set I re%.gh Cel ving nmeans

nd ‘sl d Second recel vi v T ner conprises: 5

a) firstly, nmeans for sIeMAng sald first and second _

pecei A/dyagn PESASmibing ink atﬁtade@f £A6HiY apFhritsSacd alig) 1o 42RBD,Sherein each of
and then, nmeans for adjusting

n itive;
S&f&ﬁ‘a élg@%étf‘?‘hrﬁgﬁln% BELTPHP5¥ said first receiving
neans)ahdmsandkmsbommdwmmﬂmgaﬂmwycm@aﬁ@osﬂbhrthat sai d

ear | 5 Mys o AbRuHQ PRI ghavédla&rém%mmf@almoaﬁamgls%nﬁ {t-a reiver carrier
nethod for determning the attitude of a nob

appar at B¥se PRBIREEt Y Sf’é‘bﬁ‘?‘iﬁf"F‘s"Pﬁ’f@‘ HemeprufRenypte gel%%)fastef than said
transn1bkmm@mmqmmmmbﬁnﬁm@mmgywm t hrough radi ati ng
rean % g for aglktﬁ'% sdi8catfie @Xdpqga xjecteﬁ'er cgnh?r%ﬁcel%ﬁ nJo ﬁpdate rate,

through t ree nsi ona nD I on

at a pr SHEEEvA ABE repiredsop avdateg%f‘chﬁms ﬁfa‘ver tharf qrieguel tp 74 Rredetermined
doppl er intesvabdfped iadiRDg &anstpon sai d p03|t|on|ng si gnal ;

E’% \g]geerc\?}leelfa]c Iop gldsm%l’ax% f(B‘?%!iS%ﬂ!m%rf]ilcg : ell‘(l:egl cflc dop%%' Vil gef}m%g éom@ttlses _

its phageans @n@mmpm@metwha@éw@mm toyif casiprdraekingilaon tgrtal
predef i gago@bicooat a predeterm ned interval, such

that a second c C|IC observed, b

Foceitl H sReeatag s SRBr PG PR RS G ?ﬂﬁgc’%‘?*@eﬁa)(dw dopplr
t hr oughvavesecond recei vi ng nmeans, said second

receiving neans noving its phase centre through

t hr ee- di nensi onal ace with predefined nption at_a

330 p rf*esa%%ﬂéﬁomef?%m%@%?%@ of %@?ﬂﬂe eaRaptspetorfinede gy PR, herein said
calaipphe¢ méasuraiasie biseid pBitiosiag sikns@dnthase@tdiuedrange (1IXE@NEpsurements.

~d) neasuring a first conbined cyclic doppler value

observed by said first receiving means, said first
3donb |waene§&4ereemmﬁf titude of ¢motelp FApFmtes Aiprdingtoiolfim P wherein said

pEA Gt Cn@iOP¢HsAd raditkche SB4re isSOMRE inGY6huin € witHkOPRHIRI of one-quarter of said

positioning signal’s wavelength,

35, A system for determining the attitude of a mobile apparatus according to claim 28, wheréin said
means for d1fferencmg said second combined cyclic doppler value from said first combmed cyclzc doppler |

value further determines an early- mmus—late doppler sign.
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25 e) neasuring a second conbi ned cyclic doppl er val ue
observed by said second receiving neans, said BZReomdy 2007
combi ned cyclic doppler value conprising said first

cyclic doppler and said thirdy, cyclic doppler; f)

di fferencing said second conbined cyclic doppl er val ue
fromsaid first conbined cyclic doppler value to
deternmi ne an early-m nus-|ate doppl er value; 30 @)

Rdj ust iyt $RGRRLeC ek aﬁmerbesjmbm Sp¥rdtus REor&a 16l crfiinr8, twherem said

rece|V|n ns .and. Sf e receivin

R T PRI RS PR Lo P e s A g g vine
theansdfetherannprisegy t he attitude of said nobil e apparatus

bas edd 0 rfirs%l 'nqaalﬁ%r gl%ﬂ?ﬁtd fﬁs@gﬂlsécgﬂl recgﬁmg éeﬁ?&dﬁpsqﬁfeﬁfy-mmus late
detern1n| the attitude of a nobile apparatus
accordlﬁ@P‘%m€PaﬁﬁW§7 wherein said 35 phase centre of

sai d b i r:8d thencme@hsfongjusipansl eadetersidtiedlinpvala@ sapiging reeciGig means and said
sai - secopth AECAEL hhROnIRANT AL AR Ko AL AGHnikh A
each ot her. g et o T §ﬁ¥ern$ﬁ|né¥fﬂeuattltuée

of a nobile apparatus according to claim 37, further
JTONPrA @ty f&rfd&exﬁﬁrﬁﬁsheaftﬁudéof FalobilbapparalGhk metd ejnprising the steps of:

rec e| I %gns a%g &tloh:g Q{’%ﬁﬂlﬁu gpaﬂiat,gg*},[& gslgld @ad¥am angeans moving its

r ecel ga ecel ving n’eans %
its phaS’ S@@ﬁwqt@owghﬁwgnnmm@épw Wém?deﬁf&fl mgipR eled Pdgtprmined
pr edef i RRgvaeich @At arst aych@croﬁd&tsaﬁﬁhﬁﬁﬂed dii&rﬁin\z! @bsmoﬁh@shgnal

: 2?2 |b€| &&%%g%%osﬁgm%s 51% rg:h ﬁ firs %gtee}[:]v}{n'% énearx n%lg hrst ecezvmg means
cyclic doppg garhisatagee Tbltgs@rtkr@cﬂumnsryal sghace wyiith nrede’é@é mgiigygt a
means, $akderminkd ihEvA QORI e s ENE Lycfic PR sEbseMad M aid first recewmg
conprising said first cyclic doppler and said fourth
cyclic "™§dPpler; c) differencing said third conbi ned

cycl ict dopphesidpaditivping sige thraiet] a fdcomlireceivinhinened saidsedondreceiving

doppl er ;¥R L,M@;ngl% HHeL &5&@ a@ugﬂ m&%&aﬁslmaﬁHae mtmmeﬁned motion at a
doppl er val ue; ferenci ng said I ne

cyclic (H’E?B‘fﬂ‘f"é}“e%‘r"rﬁ"é SF‘ihé‘ﬁ’f %%%W%‘@é‘&ﬂ?&?f EBh%‘i"??é’d S%%Fqng receiving
doppl er méamdspie to determ ne a | ate- m nus- pronpt doppl er

\S/,g! 3%? I %?Sﬁ%égﬁ%%bﬁﬁ clBrdgpgﬁa; gaﬁdpogsgg' tSS(:i_] i rccgit/ing means, said

i nt er valfirst gpmbined fard@éerwkdvaﬂ@ e@vmﬁlmfaﬁ@aﬁwc prdcs pyy said second cyclic
predet egpgprred i nterval of said third recelving means

gglcg f gtatGasﬁl,?n:% seecg FJ cﬁ,p&]ne ‘6:11? 5o|pp T vr'ﬂgeg Qtig err\ZeEi b)f{%&dus?comp recewmg means,
subst antsiidsebopd eapibined qypliprviopplpd walue compriging eid firs pyelic dohmder and said third
attitudeyqfapgld mobile apparatus based on said

adjustnent re U|red

det e rf)m H}fﬁlﬁn éalgfefcf"fl ﬁca%)m&‘? cyi h%iﬁmlqr §ah}f 51{} ﬁ.@t ct)m,;med cycllc
accor di dgppleovable &i dnedne ankeelyaiinus-fg ddpplphaise centre of

sai dof | L§haihSGRAN %h@&mﬂ&ﬁ%ﬂ aasm ﬁgas 3 ﬁrm%%&fs GndRhia a@anq receiving

second recel vi ng neans and said 0 centre of

sai d t hifeps st Bptspi gaﬂwgafh’gla&rdep%wea%w%ﬁ ‘set from
each npt ldasrmindnl theAtinid $Tadd inctile GphaidBated Bf)saidwdjuainéok fegided.

. of a nobile apparatus according to claim39, said

met hod further conprising the steps of. a) measuring
Bar r ifemeti &y deteraindg therhisof g obilsizppapses recording glaist n\&lrerem said

pRdse Sentre st OidV@Hbi r&e@lind BEand U@ §:R1 phab® cINROST A @SB reb i) medmiath angularly
‘ﬁ%ﬁﬁlver C rrler phase neasurenent rate being faster

Ol]ég.lc o

39, - A method for determining the attitude of 2 moblie apparatus accordmg to claim 37, furthcr

compnsmg the steps of:




10

15

20

25

30

35

predeterm ned interval of said radiating neans; Db)

updating a carrier tracking | oop within said reZBebhrhmy 2007
nmeans at a receiver tracking |oop update rate, said
receiver carrier tracking |oog, update rate being

sl ower than or equal to said predeternined interval

of said radiating neans; 30 c) conparing said carrier

phas e) megssiving paidestiqnigg signs] Hiovgh|a tarptcpiing wepnh & thifdgeceiving means
Wi thin sadvhe ea;shadeeém thfoaghmeegddna@@nal §hhce PO ho@hhddR@tion at a

sai d carf Idgt[:rfn?neg‘ la%wgesugh%a% nt X y%ll% doggiier 18 O sgracd%s rsa1d third receiving

conbi ned" ¢ty ¢ 1 8" Vaf
det er m rmeags: t he attitude of a nobi | e appar at us

accoryi Ngkatufingd tﬁkm,ﬁﬂmed\ems &ppL els,amsiobs&&d@agardmﬂfd r&aaﬁgmeans said

nmeasurengnt s of sai gsitionin are

and_ quadb S aPERERIs P PR oS PR Rt ot et
det er m rdoprgert he attitude of a m)bl I e apparat us

acco ré}“ r&fe‘fs‘ﬁc&é ﬁﬁ%rééomb%@gﬁﬁﬁioﬁﬁér daluerﬁro%ciﬁti fﬁ&gmﬁ%lc%c doppler

of said radiating neans is contained in a volune
wi t hi n 22PaRdEEmEe ahRdy-HiFay Pt §ePPELYH hosi ti oni ng

si gnal)' sliffvevehgesaig third cohbingd @elku’daﬂ:lej vah@Qrbm sdid sedahd conbined cyclic
met hod chf; lé;i @:IIL% mem‘rﬁge atl e mﬁﬂlg BM@op(Bfer @dlugobl le

appar at us accor alm 3 wherein said step of

di f f &0 erf@iPitige @i Paad%*@@wﬂfn%ﬁﬁf ﬁ@dﬁr% (Peqiying mrdiyppid predeigrgiaed interval

f r om saidflsdd stohd e@Vhiz Aeshs W@klﬂ ﬁredi&ﬁﬂheﬁ fintdrad ¢f@aid dhidd debeBting means

ﬁg: ﬁr g] Psgcr thc?g S{al% { ymmmls ?)%'Io%xg %Flfler vgllggo Idslatg-mgmﬁ prorr?pt dépler value are

appar at u%sub%@é?l’dleml !Faém@ldfai m 44, wher ein said step of

adj usd i Neadlifk tRrBHRE STl RElc bfpaRfuyBikedoh saiBidflsthédt Rluired in step (e).

recei ving nmeans and said second receiving neans

further conprises the steps of. a) firstly clew ng

ai d A inpthtd facermevaiie attiededfrinmgilamepemrts axpriding walagh 39, wherein said

;@@s@ l:aaagr&f@mﬁlls@sc@wﬁga%ﬁ Eauﬁﬂhgs@ cdnfie oﬂm bebdnM Goceivifl dbhns2B@said phase
usting said eterm interval of said

“F?‘?‘"ﬂ Sa?‘ r??F‘ﬁ‘Qg ’ﬁ@ﬁ‘ﬁ’é T E‘@b‘?ﬁ‘ﬂb" "<t-ecei ving means

such that said early-mnus-late doppler value is

cﬁl ni g& I%gtgud for’%&%ﬁﬁg—ﬁw aﬁﬁd@&f{aln{()u&% AT Qd&xhﬂﬂg% cia{ﬁPJQUQﬁ%lethod

at1 ng neans noves pre term nately through

’écémﬁﬁlsﬁ’é slertf: space such that a cyclic Doppler -

I's supermcipageaTitipaae ﬁeabt[raiikﬁﬁbtshﬂﬁosﬁ:ioﬂﬂ@d1gnalfa%€deiﬁhﬂ’b@11er phase

fl\llq: iht :Tgu%r}gsg]re}n%n glte15 sear nrrnea(‘:lfﬁig I C mer?%seamera?e%nr = eXt rﬁ&g[ﬁﬁ%@t& than STld

space, Eféﬁermﬁatmtawéyﬁﬂlaidéadlamwma@r i s superinposed

upon o hepdaBiai ek 1S aﬂop wilR@bayZbdaing REanfRY eeraamr tr&king loop update

the recelve ation ftot

by 1 1t o b B R RSB P el e FB s e gt S

det er m mredgeraintd intordd ofyaid edliabwe iidaws; | nt er pr et ed

Doppl c§r corgmﬁ"é shi Eaﬂéerr bﬂé@é easuRtPHeMSh] la Q%ltatl Bt RY 4R \ﬁ{hm said carrier
the recei ve rreans i n" three-di nensional - space so the

super i nyeS®E 19%cl i ¢ Doppler is mninized on the . ‘
receidye dgﬁeggm]a lsaiddadier et @rasinanag t@ddarbincecombiagiegclio doppler value.

(

- the adjustment required to bring the receive nmeans and

radi ati nﬂgl; means into an alignnent.
42, A method for determining the attitude of a mobile apparatus according to claim 41, wherem said

carrier phase measurements of said positioning signal are in-phase and quadrature (I & Q) measurements.

43, ‘A method for determining the attitude of a mobile - apparatus according to claim 41, wherein said

predefined motion of sa1d radiating means is contained in a volume within a radius of one—quarter of sald

,posmomng mgnal s wavelength.
40
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44, A method for determining the attitude of a mobile apparatus according to claim 37, wherein said
step of differencing said second combined cyclic doppler value from said first combined cyclic doppler value

further determines an early-minus-late doppler sign.

45, A method for determining the attitude of 2 mobile apparatus according to claim 44, wherein said
step of adjusting said predetermined interval of said first receiving means and said second receiving means
further comprises the steps of:
a) firstly slewing said first and second receiving means until said early-minus-late doppler sign is
positive;
b) and then, adjusting said predetermined interval of said first receiviﬁg means and said second

receiving means such that said early-minus-late doppler value is minimised.






