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A SYSTEM & METHOD FOR DETERM NI NG ATTI TUDE USI NG
SPATI AL SHI FT KEY ( SSK) MODULATI ON SI GNATURES FI ELD OF

wORdEs/0IBENTI ON The present invention rel ates @ETexwEiod4/001024

to systens and net hods for generating precise attitude
determ nation for a nobile apparatus. In particular,

the preseni SYWERNM £ MEPRODEEOR ®BFER MENING QUi BT UDE
systens which allow absolute attitude determ nation

utilizi AYNGEPAJIARISHIFEKEY (e MADYLASHINMSHNATURES
signal s. BACKGROUND TO THE | NVENTI ON Attitude can be

defined as the inclination of a user platformrelative

to a reference frame in three-di nensi onal space. The

ras s A gyelili tional ly used for attitude

determ nati on can be categorized into two groups. The

first group provides absolute attitude neasurenents

\Wh¢ presere Syercibn tebteagenablyre systems 46 aneibbds $or génetatingprdeisqaltitade determination
T3 *Prl?;&'le%%/m@fg 8n Pgl?cﬂﬁ; kh@ plfeéeﬁtl 1ﬁjve§tﬁ)ﬂ %ﬁccs 'to Q&‘al ﬁ@dulatlon systems which allow

trackers, sensors. The secon roup can only

SYRCAAN G@t“ﬁ"e‘?féeﬂ?‘%"r‘i‘ﬁﬂt@z‘% the. g0 H@té’g of sRatigiht ‘P‘{gdﬁldté sighdlsnpl es

are gyroscopes (nechanical, MEMS, ring |laser and fi ber

optic) and angul ar acceleroneters Col |l ectively,

devices in this second group are known as inertia
BAEKEBOUNRIY THEANVENEIANS| ng i nertial devices require

the initial attitude to be known. This is normally

%%tgthcg glechLe l('iécflingogﬁ tt et%{(]:ﬂ{a i0 g)f ? 1‘?’serf rla?fm flgtlve {orasr%fﬁlgncg H‘Bne 19]1&}(/3 dimensional
appd- iTeeattdhpptogies haditiohalls giee for atawéecﬂemnenaaprt qap broategpaized into two groups. The

diet ety %&qciefs ra&w%aalué REBHRLSenR rvmslrsiséit RY kfdRnce e@@mphes of this kind of

rou nfortu exi st
e Bas oA EH Gt GU S SO RO TAE 1 P e o ony provide
densuremehts ofahangesdn titimfe. dzanpdee gresayfofaepes (hechamicelo MEMSuOS]aser and fiber

dbtcdh bndQ¥Ghiar bdcbEoHHE:. t@ue@mgmb.@és @:dthﬁpsé%ﬂ&rﬁéﬁﬁ% kﬁwnozrssnemal devices.
in angul ar rates, and t heréfore an inertial

ABRHEEs g Bt deyio é%‘ar"regtheeamfﬂoaﬁgldr I e THY oy acheved using
tte@hrogiasiednuthe fidtrpraptOntyadhet araioikiarattigidoip evailiblean thi gpplication can subsequent
b8ty b imfile i s\ Boviakooy 3R UEB dppouip 1

be unobstructe nor ope Yation. Star
sensors, whi ch involve star pattern recognition, have

Uﬂﬁ)ﬁﬂ:ﬁi@i@/ﬂmﬁﬂy m'obﬁini &t Rfusifddeyicdd %ﬂ@xtl&@@’ﬁ@t THRR&buld attitude derived from

rtnafj %ewtces suflfegs ftrom con{mug%rdtnﬁ obear‘%rna du t(s)tacecgr%ulat &%Eu%rﬁlenn ors in angular
I'I en Ion using Sensors re on

iresegdititegefond ant lh@mql @ﬁ@mem@feberfﬁgwetm rgaligped teja rc’ﬁfﬁnse if itay @ "be useful. An
Io ic@if tha@itr 6l bsekaab @dnmt@cpﬁy ﬁé( ﬂém beviby of ﬁU @ﬁsoxfs eWHilbust be unobstructed for
‘]ﬁgct S in roxi mt

]e?qeﬁ&onp sgpsmih%lélc ﬂgoé\ie SEH net recogmtlog ﬂm\?veftﬁoln nc%iﬁ% limitation of only
Ibbik£0deancgiel anretbudiess nights far ek bascdemtma RBagerminihg wrigntationusimg magnetic field

RAths @ fefitsN e 1&::#1’1%/ Sef rberdglh Ha@ﬁl"i’d i trO ddd Rfotat ﬁlét&léﬁl &or example by
determ nation descri bed above an extensjon

f

dasger fegqus ﬁhlagsemﬁ%‘gﬁ"{ufyo‘ﬂuﬂﬁgmigé?f‘ﬁ rﬂﬂi‘&é@"bé‘*@%‘f”ﬁ%p °%aafe “unsatisfactory in
Rediohrhdatilikglasy atennlafeRSctbres eidwarebousd€ar r i er - phase
positioning determ nes position by determning the

Doppl er i nduced upon received positioning signals whe
aAn plterpative fogthg, gditional mgthedsiof affituderdstermjagtipn FEé(Ef)@F @Pve is an extensmn of the
aaﬁ&rwisatpeﬁtlohiagseemmﬁphsed byTERbAL I TR GHi swaﬁ (GPSy|eceivers. Carrier-phase

er eh rodu0|n I a L Is wh

RRY ARk By A0 Y 8h e SO ook B Byioning siemle e
@rusdr FRCRivAr Btie pot@ar Fhie e‘Per mﬁea&eé aceyrgytafes %m@mﬁ@%lrements over time, thereby
|pﬂfdﬁ@fgaﬁgl® £cdurstt SanRvasRge( b@ﬁ)renﬂ@ﬁﬂcﬂ&vﬁfmnﬁesaraﬁseaccumulated Doppler, or
gﬁ%aéeél%vfne} lk;%s&gl%ﬁggeaa rerén%gtg tIr\ls/tee ! rt%i%arg%rﬂlhasf gﬁﬁfr}ljgasaufements are processed by
satellites at known | ocations, which in turn can be
used to determ ne accurate position relative to a
known initial location. This initial |location is
general ly derived from code-based pseudorange
measur enents whi ch are nodul ated upon the carrier
S|gnals transn1tted fron1each satelllte Due to the
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pseudor anges, a cycle anbiguity remai ns when
determning this initial starting |ocation. This cycle

w@pisguisy nust be resol ved, using techni ques PCT/AU2004/001024

wel | -known in the art, before figh-accuracy
positioning can take place. Al though carrier-phase

msulsér r&@l'vé?go g9t Ec@ﬁ-at@@ﬂakgev@ l'a!ngef lggaf]e nﬁﬁtg $6m Q:ﬁdr%\n Ol satellites at known

det erm nati on, 0ossess noO | nherent

CRSRBP WP gt Y PG eFR ARElig 8 HwewpEidocation. Thi

firdtiablpeticroirgerietall B dekil i fiodut doderbasell psepddangeCiidagiifemehds Shich are modulated upon

rﬂ@tcﬁﬂgr s&“ﬂp Jnsrﬁmg §on?9a§h Lalﬂell]:teh Bul'B'te l%k cg?)\l;]sﬁlglorg }n}?{eren9 in t}sle code-based

a carri er-p ase ased positioning y

RS 5o rRIEI rﬁ@anwewmlm s et Srtairtsraﬂqcﬁgn &his cycle ambiguity

plustiba kesdlyed Ofsmgiﬁﬂmlicﬁ&&'e‘ld&h&naﬂ tha aﬂﬂiafol‘eﬁlghlaa&ufaw POs@ABing can take place.

céggoglg}( éaﬁ"%h%%s% l(S)l rﬁ(?narfgl &%‘%\M{ Wl F}g? é gmse on determmatlon they possess no
@RPIE Eeanh fop deterpining &ty f er ences are subsequent |y

cal cul at ed between GPS r ece| vers to determine the

Qn?r a¥1 lél}% ilave tat?ea’np?eg d) e/%rg e(%hls llmltofon []nH)amnng%%hlg.?. plé\ﬁ%ntrr]u%mber 5,548,293 in

mrnr-mwﬂ élsqayss ¥ @uisi- v@wsba#eé@enlttoeldg syswgin wherea| agtiude is determined by

E;ﬁﬁdllly rd@ﬁlbhtfﬁg Qgﬁlf'ah@)b(f' es MegsLUntahﬁ)%llJ atfdfin hRSBANSEtly collecting carrier-
before attitud (gjﬁdet Etem ned. urt her nor

Bhaée ra?ge aggurgﬁneén a o§n 21)1 ISFt%l $1A élem (Eﬁ;rgr Pttaff raee gﬁ‘gtellgcgs are subsequently
cagiaied between GiPP eeceiversath daigrming theyattfudd dfehesiser eladfdrm eGohert's naektod is not only
Ednfﬂﬁ@aied%ﬁﬂ%%st@ldhéfb ﬁ@'ﬁﬁtﬂgr $fh,§-n§ kﬁhzlsé éVS IQICIVLIJ;] ?eqﬁ)éﬁ tbﬁm Jls% requires integer

operate in satellite-occluded environnent such

PlIEIBP &P B sy vedibpfgreratifyda cin *zfrfietsfmlefsswhﬁmrﬁgthe use of GPS signals

siquires ths plukaiigwh GBS repditetsit@bd i clegteipvad @6 sitellitgseat all times, thus eliminating the

Q@ﬁf b tﬁé@ﬁg % ggcrltgﬁ%atglntg JLRAG b E%BSJmlts gugh as'i oc?rL1 Moreover the reflection
eforé es at e determ nati on I ng

%W@H“@gﬁ‘é’ﬂ%ﬁ‘°wrrhse‘l“é“ﬂa@ depradsp Tapgeanepwegiert e«rcuracwf@mﬁgth satellite, which

sl @adad dttithds daerfh@biin Whemlsin® Ootsy Sthetvdt hat does not

require (a) reference magnetic field integrity, (b) an

unobstructed view of the stars, (c) line-of-sight for

Oy ie alparlya Aeed fes sqbuss absplulp attigie defstmitatipresystem thitaloes natreauite (2) reference

(e YielNRESity, (—b@ﬁrﬁ@ob/strﬁiﬂd Qlewas & 3 I(c) ﬁllﬁ’éldfgéﬁt' 8 bptical measurements, (d)

FauBel r ST Tp ap st Setiote ol PR dheg g 059, 0

meltjoli p@smemteceflws distrrbuied pver y gdeeplitfotne ge () dheipdqgiteimeyt for carrier cycle integer

Exﬁﬁ&h&'%s&[}uonAAszY@én? Rat Iatep Wﬁﬁ&t ﬁ%se%ﬁst}ghﬁ id ﬂsﬁf desirable. The present
constrajnts Is esirab The present T nvention

Gerpen sk s el iy B ﬁ?ﬂ’éﬂ““ﬁ% gl el FIoA o1 Vi dree-dimensional
traddl sigmaeraypdduigib el reoditiny rﬂeahsmﬂéhea- ﬁmpﬁmma@nﬂ_ﬂ}ee -gip@aiisiond] spatial signature,
%dgﬁ%}é{lr% thmgewe@g g&gl t& dgt%ﬁ‘lle \é nge rﬁ;g@%tew Jnﬁ' nfdthod is herei after termed

Lementary i mensi ona signature, an
?Fﬁ‘f‘@lsb‘ﬁéﬂe)/ s iﬂ@“?@‘é‘eﬁ“@é(ﬂ‘%”@ﬁ&ldﬁta‘f blottet er ni ne

attl tude. This system and nethod is hereinafter terned
I f SSK) nodul ati on, and is descri bed
gtﬁ‘gfﬁlﬂ%nlﬁvﬁﬁ’ﬁ JECTS OF THE INVENTION It is an
Obj ect of the present invention to provide an attitude

@t bmcn&ttne@fbs&ymeamnbyprw@as mnhad &@mﬁdagmbﬁen{ $)afansRHitBng signals that

i ona r. signat.u
AR GTGeEng il 7 <Rt Urmaeimb ety DRy e G R pghine means with o
tdmpeeendinmtnetdomabiondb Pptpler sigiagreatanrt @ierpaatiolg tha tresejvedesignaly to determine
tihgqer eceived signals to determine attitude.lt is yet a
further object of the present invention to provide an
attitude determ nation systemutilizing the spatia
correlation of a transmtted signal nodulated with a
t hr ee- di nensi onal Doppl er signature to a receivVving
nmeans nodul ated with a conpl enentary three-di nensi ona
Doppl er signature. It is yet a further object of the
present invention to provide an attitude determ nation
systemutilizing the spatial correlation of a
transmtted spatially nodul ated Doppl er signature to a
rece|V|ng nmeans nDduIated mnth a replica spatially

I 1 .
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It is yet a further object of the present invention to
provide an attitude determ nation systemfor a user

wo ewsioyms4 configured with a recei ve ant enna t hBtT/AB2004/001024

nodul ated with a three-di nensigpnal Doppl er signature,
the user receiver further utilizing a conbination of

@3t ot aditthed et df rtlf%%és&g in9éntlBh to %Fovﬁ@-t;ul M‘!ltu&rCQMmaﬂgrgs stem utilizing the
coherence W th

|nt S
L5 HEBR 00 s T P SR Bl v s 10 s
fda¢ives Idﬁamuletnﬂh‘{vlﬂmppblenen@ryghraet -dimensionat Doppletysignatare.
further object of the present invention to provide an

ttlg %1 éernl ation systemutilizing a Doppler

%a% ¥ AR B o rPfeé‘f“@kS‘ PHINP PEVide fiftude feteminafion gyatem utilizing the
eifatial, coreetntipnv e agtraneritted spaviallyl raddeldtedvDopleasisatueadlia ﬁ&ﬁﬁﬂn@ Madns modulated
mpp}eﬁrca a@?ﬁnU&u@atJd@oﬁJlér&&a‘u% a transmtted signal

nodul at e hr ee- di mensi onal Doppl er signature.

It is yet a further object of the present invention to

prioydt ddfurghar ettidei ¢fubkeprekettenventidatid piavideysit Mdatietelhiadh system for a user
l‘egg\QF &&H%u%%ltﬁ u %Q%%EHaYham In&)(g]ﬂﬁeﬁ g]ﬁtEgth?eg \c/i{en{egs?cinel l{opé:ler 51gnature the

s that have een corrup
Fsgr Vé‘i‘veé fyrir i lFineo ptbinatisn qfwelywééemracmg/ émsi gneatly prompt and late
packivg dens Al naltitaiindpatiab Edhaynck Rah aGla@aliRs si@nal which has been modulated with a

&Qgggwghggggggggl Rpase centre novenment in either

transmtte cel ved signals. It is yet a further
obj ect of the present invention to provide an

Bliegd b Gitiher SHRBUNGE theOpressd verition Eﬂi)ﬁbkll&tdn(%ﬁbtudg GQM‘lnmam £ Qdm utilizing a

PRPEL B aSLon Bt o P B e S et g wit a e
#merisienanDepplep W@FWIaWF‘ENm@SI@ttM@]SHOdllltted githyaethre@dimensional Doppler
figafuker object of the present invention to provide an
attitude determ nation system which does not require a

user receiver to use carrier tracking loops in

Hest vt aifurihergobitit of tthedeesent inversiony @t pravide Wh tatieide addgr@mbtiodfsystem which can
fdgﬁfy%@s%@s%&ueht[}\ﬁﬁ {e% ati\grsp Efﬁytg ij% Is tﬁz}t Lelvg B'Q? corrupted by multipath.
determ nation system whi ch renov user novenent and.

user receiver clock drlft fron1D0ppIer nmeasur enent s.

It ts yets fyreier ahjebtof thia ereseatdpvetion @f préviie apir@ad trray MMRRLOI thie@dimensional
L LA mBih g,md diltl Gl DB dBAystem T ee of the

need to performcarrier cycle In eger anmbi guity

resol ution. is yet a further object of the present

It Bvenh Iﬁﬁﬂﬂertcm_]eardﬁ\iﬁeq&sém inféritibrt t6CHRovilR taR e RELRAL Infdns SYSSUA modulation,

Bg@t %me grl'ejcln ree%séttle?agll Wl 3 a%%lév ecal y lr@és%qgl Doppler signature, yet

%We@ehm@n%bweéﬁeﬂ@ﬂﬂmheﬂmeSent i nvention are
achieved by the transm ssion of a signal through a

means whi ch noves predeterninately through
ot B B R B g oM S ep e AR e dossno
rsqupet isapos e taypo raricngackinglogyint deechiseguamlde. recei vi ng
this transmtted signal through a receiving neans

whi ch qg %ﬁ ? gdetern1natel hr ough t hree-di nensi ona
IéBé{ifé ieptiph he gre ‘ie’&f'OD%sﬁmVé%e ap dtitydpletermiagtenepystemyhich removes
wsérenor@eet audderseoginalclockadlifii®miDogplér irastiomanent of t he
recei ve means in three-di nensional space so the
super i nposed cyclic Doppler is mnimzed on the
It s ¢t ip Fsereobig i a?{ theyprgpent dnyversiphiorprayige ant attingdg deseripingting systemt frpe of the need
taphrfosi dariat cytle titegdr @dbipyity Bssdlitgnt he recei ve nmeans and
radi ati ng neans into an alignnent. Alternatively, the
foregoi ng objects of the present invention are
Iig gt @ fiedterppicet ipbthe pragenirivesion tp podvidg ag htinddl detetmimtighsystem which requires
ohRdisiagle igr roRRa S0 Whehkike AMRMRS Predeterm nately through
t hr ee- di nensi onal space, such that a cyclic Doppler is
superinposed upon the transmtted signal; receiving
this transmtted signal through a receiving




means whi ch noves predeterm nately through
t hr ee-di nensi onal space, such that a cyclic Doppler is

waeapsnizpbsed upon the recei ved signal; anal yzP@mAUD®4/001024
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novenent of the receive nmeans i4n relation to the

radi ati ng nmeans by interpreting the received cyclic

Doppl er; and determ ning attitude based on the

interpreted Doppl er. The present invention discloses a
% thod to determ ne attitude by correlating

a so- VYO8 £t Key Transmt (SSK-T)

nndulatron signature with a so-called Spatlal Shift

K e I' 1 B3
S RGeS0 TSR LI By P 8 s v

g’éﬂ%‘l“ét"é S ppich Pi‘éveﬁﬁr\‘i@fféﬁt‘a‘@f th’é?“%hébﬁea‘tlinﬁ’glowéwq@ $uﬁh that a cyclic Doppler
tik lseler-lrdpomelmbromakrarsmﬂteceslglﬁl,l e&elblh@ﬂus&ra%ﬁt@ﬂ&%ﬁm}ﬁ]ﬁ@h a receiving means

Qan&' rﬁd'vessﬂr&i@t@l&nlljrragly tl’ﬁ-o&é&?{e da[?%g%ﬁtgl sugzo QUCH] &)at a cyclg: Is]oppler is superimposed

transmtted si ecerv

(“KhRyccrrtsdueat's Whstse g*watqmenr & brchiciy e eattsyn thive-dimensional space so the

nepeeinPostd OfcliaD6PRE is\heiniiEad16n {hé) rdedive@ @rgﬁﬂl ARD Aét@Rfing attitude based on the

2«§ﬁlgt?1|ent ?eﬁr? l%g{oh;)?i %_'t%e 1Q.§elevg gntea\te/nrégldr}%g eulﬁixréo o E‘Wf‘teﬂf eis
Doppler and " Doppl er signature” in this

SAIRehativelyathé &Hﬂeg&ﬂ? 6@&% df Iﬂﬁ pP&dnt In‘«'éﬁ@i&tr st %Qvé&%qt%ot}an&tlssmn of a signal
ve resultin

tprgl;ﬁ%gQ%la?r& m ansVe iy ¥e8 R egeé%‘“‘gatfl}( grﬁ)ggﬁa grge Qjﬁ‘efg’aﬂﬁl Epéceawgl that a cyclic
dPapelerdp wuperimpogpdpaarthe trangmittedrsigsal; By ahid tramﬂttethgppltl&lSugh a receiving

Shegﬁl;athE}ﬁmo%S p%ﬂﬁgmlngtel& hhrﬁugﬁ AREd- &dnsr@fotra@ Qpa@g gr'ushl {ﬁgtazl cylic Doppler is
ncar rent anges in recelve
fS}‘lpeeamE(ﬁ% upo% IIhe rﬁvteggdra aregrzlpg g]F noMeeat ((fﬂ@:j)ecee/le @g@l@dn relation to the
lygdiatingmeand la/tlmtvgremlgtthemem:fd cgelit DoppBiTasisde@ il Buda Bdedon the interpreted
bve neans. Correlation of a Spatial Shift Key

- Transmt (SSK-T) nodul ation signature with a Spatia

Shift Key Receive (SSK-R) nodul ation signature results
i The plaentrigvdntiah Idﬁcgosémﬂlyﬁenﬁzﬁld nfeﬁ&ﬁ‘tlo\d&erﬂiﬁﬂ @ﬁtub@lbyrhgrréleﬁmg a so-called Spatial

%H?t kéJ nglstng I’%gg.ﬂ’]h ?}Tﬂlaﬁon 5i Urrerevﬂtth a S0 cal? HatlaLFhlﬁ Key Receive (SSK-R)

to as eit corre
r@)ﬁggqommgga};ﬁgm Spitiglaghify ﬁey Tqippentf (S8 -Iy ewdulation signature is generated by the

Glvaénat & ralr&ﬁdtlﬁ§m9aﬂ£jm Qlﬂw-duﬁﬁglbrﬁns%a&f sutBs 8 p&@éf&rlnmgcpf)%lrer signature is

T T TR e .
Q@PW lsggch@qunlg/ thih enopenesniepft a irgvoiea mieais , in Wirtekdithdngional space, such that a
ﬁ)&dét&ﬁlinﬁmdﬁﬁﬁ{\ﬁgmﬁﬁﬁ istsﬁ&ﬂrnWWBonaa rR:HVQ{ sﬁgnal arnk %ﬁﬁs‘ “bgppler and “Doppler

neans”at can curately determ ned. BRI
{h n%%&e/\ﬁn ? toeti corcepy o&hfémpfxr&nélfrequency changes in a
achsg @s@mg eﬁtomothe wtana: motiopy & mhamonabureninodr re@ivtr. orﬂov&ver the terms

sﬁé};pleﬁlancﬁmof)ﬂler}&%b{anﬁesmsem gllrkl sggclfgtﬂlor? yd%ﬁléﬁll? &190?;{ %ﬁque apparent changes

e present | nvention, I ncorporating

ké{fcfrr At frOResRY Tof I%trﬁwérﬁin‘éartwrrat’rlrgﬁen (58 rrgeatad $pdhei wlajiye motion of a
g nlsgibrertleasd g @lreckite @eal) EodraMdtioSbl SpatﬁﬁeyhlﬁQR@ﬁTM&mlt (SSK- T) modulation
Q?ﬁlﬁﬁﬂlthadrg emﬁhé% Eleyq{ecére @?}%ggjgd%a ion s]gg%%rtﬁrg%ﬁu té g th%rac?‘ Etmg means and
FSEn PR DBIBg &y pratad alignmenty Thig aligyment ds hereinpRerSysetrediko as either "spatial

Shttefationk@y " spREiMSInéRrofifatit” R)he fatuRy) Qﬁara%teﬁiﬁ@srﬂnd E@ﬁcagﬁﬁ I3f these novel terms,
r‘lﬁ%ﬁfefs?%% A, ss’zlltl ht ll%‘lton Iﬁﬁ(? Sk tlfll {emrr]icaégy( aﬁe)des‘,gﬂlieg Hafjﬁta‘l below.

el enment ( 1 Fbrtz) such that the recei ve antenna

8} edwRyike ph:@&lt ﬂ%ﬁ%nsdvmadlﬂm@ﬂ@nwm&ﬁm@n JPROR QtecWd feans attitude can

%emmnmg iﬂ%“ antenna. FIG 3 is a Doppler Power versus
% f’t he process depicted in Fig. 2, whereby

neasured Doppl er is conbined over each rotation
(signature) period and converted to a Doppl er power
value. FIG 4 is a graphical representation of a
sinple electronically switched enbodi nent of a Spatia
Shift Key (SSK) nodul ati on system according to the
present invention, incorporating a Spatial Shift Key
Transnrt (SSK—T) ant enna transnrttlng a spatlally

T | o ~ . o ~—~
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FIG 5 is a Signal Strength versus Tine graph, and a
Signature Reference Signal Strength (SRSS) versus Tine

w@e@pl184 t he si npl e mechani cal enbodi nent depPCt/ati2G0m001024

Fig. 2 and Fig. 3, wherein sigdificant nultipath fades

are apparent on the Signal Strength neasurenents. FIG

6BRIEF RESSHIPTION OKRHEIRAVENGSI on Response Functi on

(Doppler Power versus Angular O fset) graph for a

Spatjal shift Key Receiye (SSK-R) antenna which is =

t'r ac |Snaggr§ph§6 AFEPTEFNERT of 3 RilpleTpesraisl empastipentpf & Spatiplngift Key (SSK)
Fm(@rlat‘ltbl:lrggteat @iy to dle presgpr iwedtidnainto@idralifg DSt GBIk Key Eransmit (SSK-T)
Siredn@ i

i R R o R SR N R
(SSK-R) antenna incorporates early, pronpt, and late

tRGcK isrrgDepphvs vartes @ lineagraph aoifi gis| s&liﬂleyma:ﬁin&ﬁlt eritblo @@ RE the present invention
QQsQFrlQ@ rm F i l IGwh§e1h %ﬂaglﬁlaéﬂm £ lRege% égﬁ{s H)t a%ntelmf%neée()f }fas ef:n rotated at a

QE ferenti a chani c
ly higheyy frrqsek; (idlup den ta Sepjid Shifh ke Egrsait(SFK-H anlh@a element (1 Hertz),
rsncaslenthe feteire aiténaielentclhas iREH Biwed g ad coPdFtaligddendWith the &Y mit antenna.
Transmt (SSK-T) antenna transmitting a pair of
%%gtlally modul ated signals to a Spatial Shift Key

él‘%ﬂeD%PQSW “ORyr varstsdimerdph 0 Ghquecass depipted inpRig. R, wifereby measured Doppler is
lc@fiRhad Over Eﬂcﬁfb&aorﬁls@ﬁﬁﬁ? SerioddnPeonVerleS10d Dapid? Iﬂbv?e"ill/alue
representation of an electronically panned array
according to the present invention, incorporating two
dfatiiah byphifiabreprestion oféar\etirepmaecebreq:remmmhea etnbaims & 2iSpatial Shift Key

SSBKT %dul&tm s%@fn‘ zﬁwr(ﬁnggt@tlﬂa ﬂ?&é}@ %rved’{]iglg uﬁ:m?&%nrg Q! Spatlal Shift Key Transmit
| cal repr esent 1 ONn

{E%Sm aaterﬁlg H’g‘}“&iﬁ%‘ﬁa Pﬁjtl srgval gHISPattlal@W Key gp@wp {SSK-R) antenna.
(SSK-T) antenna and a natchlng t hr ee- di nensi onal

&) @an MI 'Sﬁ‘l: ﬁtﬁmerfs&s ]Kﬁé/ gl%iﬁxc gtd é?%é lBLereg&tf aStrérlgﬁ'tl} &SRSS) versus

accor to t resent -l nyentio

RESF el tB‘h iRk a{“f-i"*r‘i’e'ﬁt‘ pobedinasst fepirted 4 tFign ﬁa@né |FégnBnwherein significant
mmmtmfahey adiagptarentlob the Siginil bdength Aeditandn@r wavel engt h of
one anot her and placed in a tetrahedral shape.
OVERVI EW A system and nethod to determ ne receiver
&G prigrdigorplpr Aysepoiredation Respanpeciiungtiom (Poppl @Pawérakrs@hinglarkiffset) graph for a
SpaaISAISSl RbcelvSSKKR) aﬁénQM@ﬁrlﬁraﬂrﬁghi S?atlapﬂﬂﬂ lkéﬂf Transmit (SSK-T) antenna.
generated Spatial Shift Key Receive (SSK-R) Signature

is disclosed. Atransmitter is configured to generate

G dsé p igtsphicat repiesgntation tofi p oupgdssiwe sBpalteil SbatiBhidck LIK@Y(SLL) according to the
Ix%@ﬁ‘tsmeﬁtloﬁ Soc‘ﬁgrel;;)a @E‘t‘aﬁ@ﬁtﬁK%s&t\/ew ahtbrha E}Jééh?é? a&%m e](%ompt and late

%n %m e | predefined notion. This
Aot F&E& ?%”ﬁT”HOHV%@%T@?ﬁWW@H i nterval , thereby
i nduci ng a predeterm ned cyclic Doppler pattern on the

FfGa@%nﬂ %r&p@(éalﬁ&%sén‘tagg}t 4 sﬁtrlpsr]:rb?tlferentT'J1 ‘m%chQ&%PSBb%E B"r'ﬁrﬂ%ﬁa Spatial Shift Key

interval is terned the Ignature perio
Hr &4 BeEYateh évateweqordeg%&ﬁrperenblar%qnn nBRIPYRIng @ Spasidl Sift Key Transmit

(SSRAD lagénns trgfisditting @ pair 6§ spleﬁlel[y dAGIetked @gnals So £kl ghi& &y R&eive (SSK-R)

&ﬁﬁgélgﬁrpm@] 9RPLE gﬁwﬁne LGflyesi L1 oning i gna

at I'a ecei ve (SSK-R) antenna,
whi ch al so noves its phase center t hrough space with

FiGe 9 S BraphicR0@fresafdionot énodﬁectrcfnmeyapahﬂg aﬁ%%cﬁ?&é | rﬁﬁe p?ésent invention,

R R 0 T B e By R o P g e gin means, and
Reeeﬂvem§SSK-R) antenna therefore i nduces a second
cyclic Doppl er conponent on the already

Doppl er-nodified transmtted positioning signal. An
ant enna synchroni zation control neans within the user
recei ver continuously adjusts the frequency and phase
of the Spatial Shift Key Receive (SSK-R) antenna
predefined notion to match the transm tted Doppl er
signature by driving the neasured Doppl er of the
recei ved positioning signal toward zero. Once the
recei ved Doppler is mnimzed the Spatial Shift Key
Transm t
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(SSK-T) antenna and the Spatial Shift Key Receive
(SSK-R) antenna are noving in unison, they are

walewsarme4 spatially correl ated by the user recrtwaU2004/001024

The attitude of the Spatial Shi6ft Key Receive (SSK-R)
antenna can now be determ ned accurately relative to
tiHE- Hx i iaterpbicad freptebpata@padf iaghreeShinénsionée paniedaSpstivl Shift BSKTTahsmit (SSK-T)
%ﬁkﬂﬁnﬁd bMatEﬁ%ﬁ%é (ﬂﬂer;sﬂal?al %ﬁrﬁ?ﬁlaﬁ%%ﬁg %ke?[\%t(kﬁgR) antenna according to

G, ntrgsot nmeans c‘% gﬂ lsgﬁw bring the antenn
i Tt BESEP drvendion ot el iSBH Ky éntgwancevorem fpyr aK@'}“a elements spatially
Tq1mm vithirS8iGarfey waweteagtinet onmmetBer atdplapddaseteteaBed: 4 Ehape.
t hrough space with a predefined notion, and a Spati al
Shift Key Receive (SSK-R) antenna ascribes an
i dentical predefined notion in the sane predeterm ned
IOMERMIBWV, this identical novenent of the periodicities
i A@sfst@rﬁ %q‘neﬁlgéw oglemﬁ er}gclgll;/& raHt Elﬂé %'%Fatlgﬁy’ cor@ilétl%%g §;§1 12\11 %E‘X 'Key Transmission

Eatl al. correl ation.
AT fenete Wt lasefly é?"e‘ta'ﬁi‘ §pa§ﬁe%lff Keyahecddve GHER) sigrpture is disclosed. A

SwmsDiitreo i3 @afiguet tal geaerate @tpoﬁtﬁﬂnﬁh ylgﬁaﬁfflﬁd’ugﬁ e Sbal'ﬂﬁl S}@fﬂkgﬁtrransmlt (SSK-T)
%telgm ?vﬁicﬂ]ﬁlb\qag R$ agePenEelr EEFo'u z%% qun 58 eﬁne %%ﬁg)rgdegned motion repeats

I's'S Ses
ﬁ‘é?lpt?6§er'61"e‘b’f‘i‘f°é’ﬁh ﬂlenbx/eﬁ*ene 3, medbte‘ﬂfle@ |CYPéC @nlubles pate on the transmitted

Ppdfidnk s@iﬁl fThisk@dtelernttsll iU lisBernRA (1 ’QE@W ﬁeﬁod}awltlp fhe predetermined

Qgcnlg (Eﬁe\g T ePs e;m enréla%fls EE%}%H%%L é%fl?.eb Fﬁcewer is configured to receive the
(Hopplergrpdified posjtiafing pignd! thamdl # Rpktial Srkm/ﬁsy Bernival4SKIRY antenna, which also
Urﬁﬁéi its bibsd J’é&exﬂﬁr@éﬁ rslga@éjwﬁm cfiftht IIIOB&I R ﬁér?gr}ﬂe movement at the same

I nyent | enc waves are

6)};68?%?1}118(:8111}?8%] aartﬁe g]L,J %&y Trlarﬁmtt H%SKD"F)élp@nqaeBle Spatial Shift Key Receive
déPFoR) amznia thdreforh dndpeee 8 estbndi ayul@Mhoppler cSmpctnbralon Sl dirkadik@ppler-modified
%Hﬁ{fﬂi él@cﬂmg So%alT)An%aagyngfgor{h tidhC wng%ﬁ exqeagy v&itllju% the user receiver

m)verrent of atransmt antennha ase cen

tcmtlélémﬂy( ﬁjélﬁg Itlﬁrfgﬂuegcgé%phagd)éﬂmf ﬁ@ppaléhﬁr@ @p@rvpn(ﬁﬂng) antenna predefined
plodseto fiwt&qthe nmysmldemtlze;gmat siflat@ary i @kinfiaS@eas@éd DEPR} BF the received
%bsﬂ[&%gﬁ ai ?bwﬁ pz@xrol Hpcg%?edreééﬂgdgaggngﬁr %rl{llﬁlmrl]%t!i }ie Sgiltiab?]hi? 1Key Transmit

transmt frequenc
K- ﬁé&tem end(t@e?&atnb Slvﬁ)lam Rafqn@ nSSKsR)aaeqqmaevre @Obyg imoviearethy are declared

@lfatlﬂlyrcaﬁe@itédﬂby &id e Fodei 2N AR Eat G 0P the iSphtibi Bh B¢ IRARRS  BRAR) antenna can

ﬁﬁage c}e(tel ?nélge tcrl]lfaaie é'rrd%h Zgoet% t{?“%ogﬂ“g g]l%%@lsa{ﬁgeg l‘i‘ganfréf (SSK-T) antenna by |

Wﬁérﬂﬂgtfb@mn{l pwrhrqnhfetme?emov adans gifsed refuieed ue hdng th&Ktennas into spatial
sbr@Radn, SYSTEM AND METHOD Referring now to Fig. 1,

there is depicted a sinple planar nmechani cal

enbodi ment of the present invention. A positioning

hgmaPpatial s ey Tremsmit (ISK-F) agteamh ingues @ciphadetctnted thifagit dpade with a predefined
%lahén adﬁeaySpIﬁaggﬁlmléey (Rgé'lge :{’:éSKaﬂt AR a;l'chges alnﬁnégl%r&%hned motion in the

Shi f r}]/n Transm t ant enna npri ses
A T T T T T ——
plohlattnamglyaapliﬂall&drplamnﬂhls i rtait Randestad ot ih he csixadfittiOspecification the
ser Jl%&l&%&gﬁ% ggrs%lg t?GIfeIE] %ttge: m&%gp%coﬁlm%en]pd m% %8§1a]t anchromzatlon as
4¥¢) mﬁ'equsfecétma@ncammsseﬂléfné?aﬂwﬁe@ of @teenafnmver@nt in both time and space.
pr edet er mi ned per iod, termed the signature period. The
r e duration the transmt_antenn

ST S i B gt ARt P8 R b O e e For example,
ﬁnueheqvew imitheerydiblp al!maalqug’atnt @ltmsonits; infrhred and fadis vaat canenll be used. In the
protaedd éiﬁ%ﬁ&merﬁr&d tHe Pres @@ Ferf@bn, Gm ﬁ‘&;@énlc)o (RF) LG k2 RS Iﬂ]‘e%erred medium.

nna nt 1 rota rate (one
ISP e B0 Foine bt SLER sty i lon Pk Bey Transmission (55K-
@P@é‘é?ﬂ ipgrhieyed by the glavemiant of 7 eneninmienia@hasacentedn theee diyensional space, such
rate which falls within the user receiver carrier
tracking | oop bandw dth. The transmtter rotating arm
104 is also configured so that the transmt antenna
el enent 103 traverses its nost northerly point 106 at
t he beginning of each second. The Spatial Shift Key
Transmt (SSK—T) antenna 102 | n th| s il ustratlve

Y oy
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A user receiver 107 is configured with a Spatial Shift
Key Receive (SSK-R) antenna 108, which is nounted on a

ws®s/opoat f orm 109 and situated on the sane pl BCEAEZ04/001024

the Spatial Shift Key Transm t7 (SSK-T) antenna 102.
The Spatial Shift Key Receive (SSK-R) antenna 108 is
gt pprétvedmtied plese, treg@encp|IattdraddrQatB8OPHAde] di ]Zfobp(@Glgnature is superimposed upon

We'o%@ﬁlﬂtt}a]%mﬁ Hl&iib Frghﬁénqt’ hﬁ-‘ g éﬁ%p@t%ll Sﬁﬁllée %gew%f(sglbﬁ) modulation is

(&‘atl al Shift Key RecelVve

6 éa]veéir g)b|n89ve3}eptg a4 l‘eﬁe]ch afxtﬁgta Fﬂh?sﬁ (ﬁelﬁw 1natjg§egdlpypogif1 gpfre, such that a

b:lsdbytmfllhalnphas@i fretqh’kﬁcy,l ﬁﬁdgra&? a);afrr]ﬁlr B’Sﬂa&?& l?oﬁ)slﬁlﬁggtﬂ&th’e Vdulerimipbsed upon the
v 0 e pati a | ey

fag eatadrgggge @%ﬁg% F;H‘

Recei ve enna 108 and the principal axis 111
of the user pl atform 109 are not aligned wth one
another the relative orientation of the two principal
y be measured and mat hematically
|gneélq Erltrhgnjrlt)gaanot her. The Spatial Shift Key
Recel ve (SSK-R) antenna 108 conprises a receive
RertrEndwad Eigﬁnﬂhera- ik Qepiondd Rl Plandd AR Afbo@mEd Gﬁhé’;ﬁé‘sem invention. A

LT il oSl g DO e v
SpptiH Shi§t keey Jeapsyit (§YE-B) anteTinel 02 eqwrisee p trangmia tritenga @l¢nmenlD3 mounted at one

Hﬂ%f 4 ﬁﬁfiﬁgl a@rﬁ'l04| AROhotled eﬁdl'égths foﬁﬁx?g%ﬁ 1R ol e DRttt dtheans 105, such
bl e of a varjable rate

o nRaporodls DaeT? 104 Rech Pl £ FHelEi e mrigermined e or
predetesminadipenibdptersied the igmigresiegaiaThe kigbatdre panivd ia éhetdu@msihet transmit antenna
AANIE §kSTERbm dﬁlﬁioﬁe%%ﬁ%n Lh&s 'i) &e%n}{ﬁTdag)Et%? rﬂ?ﬁm In this illustrative

el enent 112f, asure Doppl er va

frehodimntand; fiyneape. of ppyplanatione the ftrapsgi| asteniya; edsent IR, etateskas a 1Hz rate (one
cimpiesevolutidntper se¢oad)sima élbokwisd @kctRAIMSE thiE RELhay®E vaid to any rate which
ﬁpiﬁgﬁr}rll{ 91@%'5&9 géc%_@érlacﬁmgrxﬁagﬁﬁ%ggg %ld\fllﬁt% eat%a!nsnrlttegﬁcl)tgt{ng }%ge// 104 is also
‘Réﬁ%‘re@é" 'PSQK tsmi ptenap elemanpl 04 fraverses e mesm agrtperlypauit t0Get the beginning of

$aba g8t Tha Bbﬁ'%lf&lk@nﬁiﬂsmll @Kaﬂ) QntErJﬁ@ 1026k ﬂhsvlﬂusﬁgttv@ BBfple is therefore
(%nﬁ ela'to u]S'éL%f (%FC?%(PI‘C% on quqortFa %he aé(as gv l’f gr&% E%Pe
recelver 107 dependent upon the relatlve noti on of the

A Qieafebd'\@r 107 mﬁﬂghre@ thl@@?&tuﬂ |Sﬁim;l ReEFe stdk) Erﬁgnﬁﬁ fds wiflch is mounted
ve, ani enn

e
i g o Rl S b 09 e PR P PRI RS bRl 55K sntnna
HR eFrerfpatibt ShitaKey Resting (SA-R) antenna $a8nis atlacitelh teatht esenplatfonh [109 with fixed
SrleR¥th Sﬁcl{ Bl@t tﬂpﬁltmcﬁglrgxﬂeﬁb 36f 919' %Etlapghlﬁ lk%%, rRegeR'% Q@S% k)\/ gntenna 108 is

rotatiaons concurrentl Ive Ca

RSN Ened it R a"r@wé‘ﬁélﬁtllfét@e b rrarteroét}lé FSEPIFiogn FBGAtemativey, i th
pripeipdh exid 1106 tha tSpaliQGhiHit K dylRecedba ESKE-R dateda 1083§.‘rﬁ|thé®rm01pal axis 111 of the

E}tpm ﬁb Qtt alt%rtleg vJ1t§ ox'teragéltﬁerrt%l Q%Bii e‘:: (iient?ts P&’lr two pdm%/ %al axes 110 &

Em nt 116. tenna el enents ar e sal
é "’§b%ﬂt ‘T‘eéf‘iri? a&‘b’ﬂ?‘@l‘“&t‘“@’&’ aligned with @e[%}ﬁ*t?r dhe $ratiat Gid HepReceive (SSK-R)
dntREnalIDe EonfpBises la V&@Eivel AhtenhaSeledental lﬂ}nﬂlhrifedm odefencﬁmael@&ﬁ'er rotating arm 113,

thI[lTE ae{ gng Pt‘t%i%)ceisvler rot\e{t?ngg{m Il %cr)gngcte‘gtto a rf)tatlmg tn},?gna éh‘f‘ élﬁp]gs a servo motor.

orre I Ncrease un
Téte EPpeiNer Sotfing arnotb?tltah ifletigd e rtetis tonsmitof roptizgsam 104, and is capable of

ehvitlgial SvakigblErae e Bﬂﬁfeeel\@ﬂﬂﬂ sentiFEasH rr&évmpmngﬁmédspoﬁﬁonmg signal
na el enent 103 and

BBl Rt A AR propohe By i emgion S and measure th
Rropirroalye ofthe wicivoh sigral. Wprt dase @f edplagdtibresassuite ehet ala@kssafitlte transmitter 101 and
t@é}tr&m?@ 16 moléﬁé%u} Jyﬁéﬁ%&ﬁsthet PG K%}Pré%%rgﬁ Qégﬁ@ L inna 102 and

rotation 106 ‘wh the recelve a
t‘i‘iszattaf %N%F%Ye%“t‘WéS%E} ”?Hti‘tlﬂ%?rf $fatigeATm Enddite trapsmitapienne re'snent 103 and
thelréceivé ptermn elemena 1 8 gersntisg AracclaRivite titechd. apatyinglchdfic Doppler will be
uncorrel ated, and the Doppl er neasured by the user
receiver 107 is at a maxi num An antenna
synchroni zation control neans 118 is configured to
adj ust the speed of the rotating neans 114, until the
recei ved Doppl er nmeasured by the user receiver 107 is
at a mni mm - The antenna synchronl zat| on. control

o A AN " o o " o a1
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the transmt antenna elenent 103 rotation speed (in
this exanple IHz) and the transmt antenna el enent 103

wearashim34 ecei ve antenna el ement 112 are now dect/avem4/001024

spatially correlated. The antenna synchroni zati on

control neans 118 continuously applies corrections to

bt ved dly ahd 0gr REHRS 1@ 1dépendent b thehelatve ab@io0 bf P adtati@g transmit antenna
88&5@10@%9 ges{;e%t Wer}gtﬁing @Qewm%gﬁxaaeletn{eﬂrﬁfn \%’hegme%ﬂut antenna element

| ement recel ve ant enna enment are rotating
WFPdetPee‘ﬁTe'VE Areragimeaidbuerotatrgin Hisop. befd Arnags v luatra(‘fffﬁq q]eCmOSt northerly
R pf @éir rebfectivh eotdtioB &bncarrantly. entha idlsedti®atase] rzhsink antenna element 103 will

ac\)/g%é Ellél[l;o «:lhﬁ)eﬁlgﬁé @H@G heasarﬁé flrgéuslr%elbé &Eﬁﬁa eien?rgiig”ggﬁ iversmg its most

ransmt antenna e
pegherly)point HE- Fhepienpa elamentnifd Selimesneid 19 be jpatiay eqfssigteql. nd the Doppler
Aancuray tefusealctgrmmnts and hiinfulke transmi t ant enna el enent

103, at the rate of the difference of the two

frequencies (0.1 Hertz). Referring nowto Fig. 2,

if renterna jebemes sptatioasdiger@olin e statg eaf seatial Topglatign, lprinplet willpjpcrease until the
%QJ e%?neﬁ‘f?ﬁ@ H)Eaﬁﬁé if80 Q@&Nuﬁot@ﬂz@é ieﬁtiwfea& éa@ﬁbtheDQﬁ)cpth&healslﬁed Doppler is at
cali.b on axi s .and

%rginilrglf,r% n thﬁ trgrg%% %ﬁla%nn%tlmt?eﬂ ﬁ)% 8? eO rre]%elvre atég(nn% eletﬁfﬁ?llz are rotating 180-
deigreesmunef Dbasp vty eaghodtier the Gansint entgpnagl¢meROLD3 Gav2OES ther reost thpetherly point of
ft)sorbtgt'ioﬁ IM@ﬁlﬁ tﬂeh@ce&%teﬁﬁh&%ﬂﬁﬁ 181 SIVBE She ot s&fﬁﬁh& Qdult)bf 1ts rotation 117.

é]‘?eélﬁ{%l’?nlg g%egl'rl]lteme Sa&ﬁg%%%}g&ag%&clﬁ%? ﬁid&a)%llg?éopgl%lélq%a%e rg)y the user receiver
HTtiean A aadihenemiagtenn eyndiBihdagrews! oats 108 isphrdigeedip bdjusothe speed of the

1%[&95 rﬁgans ﬁgf Gl {h@ el RY ﬂogplgl rgeasul?bdtbp @t{e%sérﬁecglegllﬁ"' %dat @ minimum. The
Power versus Tine. graph of the measurenents

aemac%yaampﬁavp? gontred megnscl Ihiggrgasesyor ﬁ?é‘?iff g‘ﬁé???%“é%’ﬁﬁa eans 114, so
thitele reaivh aﬂtenﬁe clandt B2gRkat bifocaliperentowithahetrah @it esemut eithem1 03 rotation.

Epc% the%{e%sl [Iﬁ?fé 33 a@% f%mRQPtHé l%gel\P ANEtha glaneﬂfl la -Il—cna%oxll__speed is stabilized to

ori zon e Sane tlne represen
the trasmibanteang qbqna@té@ foRtigeseesA éls thispranpid hizhardihpapsre @ntenna element 103

QQW re&We NahtSnn@ T&lefn&@ 19 &B Rows Qdclafed 3PatialBr @rrélted. TRé Rftdana synchronization
pat |

%ogtrc?l ﬁ%ef“}ﬁ % co%u&,\s a][ers] ec:orlgﬁgt)l(cinls,rho%lt’lwmﬂ?gerpeaﬁsc) g\}élrso Ft)lbalt th{e state of spatial
orelptfne ignapda®@3, 304, and 305 are points where the two
antenna el enments are 180- degr ees out of phase wi th one

?NH%{ aht%gsg}ltl aanB]g 8{;}1?1%1 gtd% &SN angmgﬁginfrg pre Elt'f]% at %zglrent constant speeds they
Releedevae o GSK-DRpplarit bareeciphasma glemene t12tipconfig8yd ta rafate at a slightly higher
%gntcy qul-lemﬁn&r&et tragmn;gnna%tn%ﬂri% Bh@eﬁ?) 17 %&\Ve dnt%nna element 112 is

i eved polnts of | east | er ‘power &
syed inpg P‘éf’%ﬁ“é“m“r‘h“”@n@ BB A EISB (et pe Bl o dlffrence of the two
freguenaies N, Hany. ®afeding pat taFig.C) theel iaidepiurediasDepplai @vsed Tin¢ graph of the
Qgﬂp\eefc’ ¥nt z}r:]s]g'ec} H’oem ﬂﬂ;t gﬂ%grat?(%nnﬁwﬁgp kszc‘}lgblr Q43 i ﬁgr[zr 0(?1I tﬁmﬁ% a&g and time is

e ower val ue over

enlibrated Wisecoprs ron 619 ht)ftswraal n**m%mnvainuléopp!f\feﬁoev%qnﬁ’& gaph 2 & 202 are the

f)(QntSF Wigre tHe twd ﬁrﬁdﬁﬁdgleﬁneﬁﬂirefpﬁkﬁll?&ﬁmnt Whbiead the ﬁﬁﬁﬁdn@lﬁd‘p@ﬁr points on the
Q{qgvzg%;éﬁdn%ofsﬁrge%gs ewglgrr hse e»(\é(b Cfer(?alﬁqgmergtf arg %Oa c} ees O{nho(? phase with one

mewelve antenna elenment 112 is spatially correlated

wWth the transmt antenna el ement 103, the location of

he receiv enn 2 at the. begi nni of .

el oy LT e B AT SRR Lo R OP R AT bl HI B depice

imdig2i Tha Dbfifier miegspreentsypomeinedfovegaoh Hissconddignatnm per@d atehigpresented on the

%llcan;x@tag qrboglglertﬂaeemea T %rﬁz‘aatsna;ig% &lekaie'tme rzﬁesamtlb Fig. 2, also

can erm ned accurately. This is achieved

?F@%f%‘? i ﬁ?fmtdﬁemf MR YTHBepRIePoY ersP@t?Ei A he @Rt a0 é{?é‘?e\f’@‘“ts where the
Bt agiaing eRhenedt sphtally to-mvidans @dertdd ehepiiaxifminI2dpplerxioserlpbBits on the graph
of the Spatial Shift Key Receive (SSK-R) antenna 108,

and cal cul ati ng the angul ar offset based on the known
rotational rate of the synchroni zed recei ve antenna

el enment 112. In this sinple mechani cal enbodi nent a

switch 119 is placed on the principal axis 110 of the

Spatl al Shlft Key Recel ve (SSK— R) antenna 108, beI ow

T a4 = o A A S o o o
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the rotating receive arm 113 passes overhead, and a
nmodul o 1 second tine stanp is recorded by the user

WO emeioy®s4 107. Fromthis nodul o 1 second tinme BCEAD200We01024

orientation of the Spatial Shisft Key Receive (SSKR)

antenna 108 with respect to North 116 can be

3] 4 aad 303 aleypoidlis whelt the titohwetethe leih éntsraedl 80-depyeed out bfipkasé ith one another.
EQlprifAsEe ztan&mgvﬁkgéaﬁ bd se%@aarggmw e éa%k@m) Spa¥al gm K@ﬂmve (SSK-R)

rotational ra sync roni zed recel ve ant
zglfeélhaéﬁfse gopter toFaos'patla] $h&‘slf?y£ran§xélt @%Tﬁb préenn% ph@se center 1s achleved at the points
syt Popplerz@dlerr30C & 32 Thtrtfoie/ia osd @ibBdihend diAhé lliré’s‘v!lﬁ fufv€@Rioi, ABtenna spatial

a&u&% nélachmds?l%qg%afg thbgme%m%al{m fidnt oG mean%g;'o Vi€ive the measured

é K- R) ant enn e SWt I's triggere and
OHH’GEJIR?IWSr "flugé‘@b‘hﬂ“@f’“ﬁ‘éﬁ@ﬁf? agtnipug y8E. seconds i s

recorded by the user receiver 107. At one Hertz, one

Qi?glr r‘r@ﬁalgg ﬁ Hf)g‘r ¢ I ﬁ?‘an}nlglf’;a\)él%nn%t%g br}{ ésgg con‘f?igq%d\sl’t(g g%@%ee 1rt]snmost northerly point of
Piatnek0p pighg lr?émmg @fﬁecatSPceW erqfiye Whgethe fegei\ a@PBF element 112 is spatially
Saeed&idiny i@t Ritedda QRRMB meefan&alon\@hh@ RecBitid @tc@Ba d1&nent 112 at the

beﬁlfuéqug{ eleag/l:sec &gceg\rlg rétﬁ tt}qeemaas ty p8 i 84 its rﬂtétlogpléF Pglfthermore from this
igfeinfationkibg orfRptatésin wEth¢ @Mﬂf())mlaﬂw eatatize t0 O8rthwi 16 lhanrbe dgfamined gcurately. This
DNQdhtRedlbl Gna@RndBe GA erdas edechM) Wﬁé‘lsthg febe taﬂ&n@-@l@r%n@iu traverses the

of fset of t nchr ed recei ve antenna

P OFIR a)ﬂbl lgroﬁ{?ﬁ_%%tlal gﬁ ﬂtl%é?% Fﬁ% apfenng, é@hanglcﬂﬂléqtlﬂﬁ @e angular offset
pexdi @dthe Anovangtatiam! read uhe smmronrmamewmgmdnm clomdni gL @ this simple
Wb Pihenbb &G &k mmn qi@ig tpﬁged 3k meqsﬁémmxys 116 @fﬁtﬁ?b;ﬁna‘?fsmﬁ Key Receive

neasuri ng angul ar O s Wth res

(SPRRe pvcapa Wﬂ?lo’ff@er&fhe fvaing5epive gm |tr]a‘fersrée§heRgg@1 1} is triggered when
thSHokGtifY receiMe armin 413128 es ovardead NGl b atodwé fi S€bndafmet s is recorded by the user
%&gjeﬂ f"b|'7 ! Flom # %Udlﬂggge%gud ﬁfé %t!a%ﬁtél"él gltle%gp&l f %te %g&ltlgl%hﬁtr]{% Receive (SSK-

is read r omt g asur
Ricyiepi 8 ok respsiio Nertyldb eancbe suraasd by iR teriepingd gavel ime (i thi
e the mbdldldJSEerc&Idlth‘@ samamsy e kifowa trothtiagal mgbfnﬁa @gchaﬁllzaa@&we antenna
e?ehmentglq%l tFor 1llPstrg£16vae'se)l(Ja%1I%g§ﬁg 3 %?oréngzgcf rgceelvg ﬁl{tennan %len}e& H? trﬁv rses the principal
fatrsmltlmhq S?pattat MKSM Regeivet(§SKrBRkantenrar10$ ¢helsyitghdithis tr(ggered and a modulo 1
sre%@hlln&ﬂlm% 166 8@7‘ Qc&ﬁs 3 %&dﬁgrbﬁﬁlb Q§3§reé’eﬂ/e§ﬁﬁ LKt%EceHélQ g)ldla &dgree of arc is
of fset of the 3at| z Shﬁ{ %/ y \{l}ISS -
t&’ﬁfréeﬁﬁé thfé@ﬂﬁ 3y m?,aee e&g@t 0 2RQ xtlrﬂat )1% SE'P Efcpgﬂﬁl”la)erefore the orientation
dthe@pae i310.8257 séuohds divaledRydD02 Baevrbgis, svhith edvatagrh 29 Thiegrees clockwise relative to
RhySigal notion of antenna elenents is a sinply
expl al ned enbodi nent of the present invention, such a
systemis considered inpractical due to engineering
R @iritendtivie ymbdatuent @&htation RitheSyatan Sieft HaoRdckie: (PEK-Rydnteaa 108 with respect
tfo %g%%e%?%lﬁ%%g l;ngggnr] #T@%ﬁvg%lt]a? Igfgg]t o?gls aﬁzfll? E)rn@lgonl}]zed receive antenna
roﬁtl%ar@hllg)oﬁﬁheepegglplgg] af each sigoptuse periadyt Adgangular measurement means may be

@hﬁagat—ea Qith @3 lrdcdiver FhaBifd 4rRREsEmBIR kipable &fmeadamagrhhgﬂua BRI SE respect to the

iR P hn o SRR ST XeBPEARRL ok ¥ B gt v spciny
mnbmegsi roaslvy antania rotatinggrahiS deterd fiomaheanguiar mepsyrenacat meaps at the beginning

&f)ém, Q%ﬁdn&@ﬁ’en% 35Rh MRt € HeADMRNRNE exaﬁﬁé RIaf ihé gegﬁmmg bfQach second. This
there .is depicted a si ect.roni cal

lg %rrfétocog%%l&sr wé}he[t rrbefw}{eF1 gw r3;i1a8 Yncprﬁwéeﬂtr?cgﬁe an}nga rotating arm 113 is
pogsitg trmesgnathglyaloint efaprgtion t1l @ randl§ sushprovdled angaseusate angtlir offset of the
%at%‘f@ﬁlﬁ Rk lﬁhélietlésﬁ@%() ahteR1AS 08 \;nth(ré%f dNoAfighna 402. The
ati al ghlf ransmt (SSK-T) antenna 402
conprises an array of eight transmt antenna el enents
403-1 to 403-8 nmounted in a circular pattern. Each
transmt antenna el ement is connected to a bank of
Radi o Frequency (RF) swi tches 404, which in turn is
connected to the positioning signal transmtter 401.
The RF switch bank 404 is also connected to a control
means 405, such as a m croprocessor, which can
| ndi vi dual I y act | vat e and deact i vat e each RF SWI tch | n
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each antenna el enent 403-1 to 403-8 is switched in
succession, such that the transmtted phase center

wo e@seI®es around the array 403-1 to 403-8. Thper/aliame/001024
center notion induces a predeteerm ned cyclic Doppl er
upon the transmtted positioning signal 406. Wil st

Bic@ohic Mol @ tof@neiRiBiasedTetterssed in this illustrative
I \ her I
@%ﬁﬁl@ fte R]%)’W%l %I?ng? of grrt%ng%hgrﬁ%% df? ﬁ{oﬂﬁ%w %{éﬁfuﬁg qa%r%se‘@genl Of the present
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aap alel p@ientﬁh fok EneJSfﬁMcaRﬁl‘bEierﬁ Tﬁe?:&ﬁc e proidred Bi@bodEnt of the present invention
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PhasdicentsT €25 be prievediby sratially distgbuting a"fqm@r%emews inAPeeAtigmined configuration and
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409-1 to 409-8 is connected to a bank of Radio

Frequency (RF) switches 410, which in turn is ‘
Regamirgscitorrcio tig. t4h therg ge depicted @i siremle digrroniceH syRfches\gmbedimpry 9k the present
iVeBtidnS A %ﬁtﬂmﬁ@@ @a‘ﬂrﬁgm&t@r 400 13%1*1%% v RCPaN SEA tKeP Mransmit (SSK-T)

t whi ch
e e oAy kBb P (ST Rl SR Rhees A oy ¥ ramsmi
aniehriai elembiie403A tg wZEhodord ko afirtula patremgBach aahsmil rgenan¢lareniais connected

t%%%ﬁl( Qinkxﬁiﬁ)t Frgcﬂerﬁ:? W)Ql\mt&@@m 617111311 lnstuﬁqpt:éngé&eg do thQ posmonmg signal
activate and deactivate the rel evant sw tch th

teaFRician 49a Hhe REswyitchdgnkA9d j§ als%t"éi‘e\‘i'éd QACHHRLmErS “H%ﬁ‘fCh &b@mlfmpm“““
\mch%iﬂ nGividGallg witivartbi ad dedtti@ieCeeTH wiictsiv ctit RFsavitcht tagk gldas equired. The
%gtp ans g&qs gog %Seg VoeJ&B\La% aBJ‘&g%@&@éhé’ ggva?l{ g\ﬂt@fl 1I1:]1Ithe RF swltch bank 404, so

raverses aroun he arra t1on
daptdtpiene demapt 03 PpBLr sww ip H@C?S@%us%dhabéi@utfapweﬁ gphase center
©dvered brounlifie a&ﬁ!}t 40130 50353C (HiOMasZ Aénked MoioANidiceh a predeesmidct Lyclic Doppler

'Iﬁ)ﬁ? @ﬁqran%r_.é Vao%lt?qrr]l%ﬁjs}’l Sgl &g] %ﬂstng%l?fa?tg glerrgr%g?sadee (ls&d in this illustrative
Peopé, wechu Dby of @renmaglealpmsaar?ﬁeﬁhmqﬁa” Vilkin the brepsgope and ambit of the present
SYAGdr oni zati on control nmeans 411 increases or

decreases the speed of the receive antenna el enent

swi t chi ng bank 410, such that the receive antenna
phasecedentdd is ceifigwsd witht aSpatlal SifhieytRevsive (SSKR) apterzpa 498 comprising an array
@fﬂ&o@ﬂé‘ Qméﬂnae‘é&neﬁt@ Qt)ﬁf tor 4@5 @tnlogrﬁed iPACReutah Fatt@ﬁ%? WeRidal radlus to that of the

ler 1s at receji ve antenna swtc
b8 T AR KT GUhe A, T RISt eGh A to 409-8 s
&)ﬂﬁﬁﬁd pndaikhe Radia Arsduieficy AKE) Witchesat 0, a\yuc)i(i)&uﬂl it @nubQ8d @ the user receiver
%F/ WSC%%IaM( Fﬁtaﬁg r&@m fehi ﬁydang%g s}n&ré‘h@zgtlog cBftB1 means 411, such as a
ec are atla corre ate e dnt enna
migreplepcsial hich e edyidopll cfiwierisd depaivele fich RE Surighywithgighg Bgswitch bank
MJaU&ﬁlﬂi%m tThe ﬁxﬁbnﬁzib?ncﬁfbﬁl%lo@d@onfrch @eknS @B iV eonfgiradne aetitAe and deactivate the

rce)glyarnETWé@g mqeenlléF sw1tcl% §ank Ed(])agwg] re%S v@gﬁ%ngl el§1¥?e?1¥ JlO@ll to 409-8 is switched in

Ironls maln anten
sicesson swh thatthephes cmtf:r tapd @nqeﬂqemyttheafqev@i wﬁﬁw%ses graypd the array 409-1
%Uﬁ@fsr TRE AR MAces | aCERINE Bopplee ug&eﬁ(EdecE@edf fdskiovg Elgral. The antenna
S B e T By IR 3P PNy i
¢ondntitthe @ehstrel reetved/Rdppler is st amnigimumoFie laterny syashirenigatéon control means 411

&t tREQiNR LRehnf bleRAC Byikh h that th
Thrgirg%r% Feé&pegﬁl\%thggpet:&] égflltglea allﬁhl ftle[ﬁKgé éecgéa%k 410, such that the receive

B ARgSeAEFBteT St amfgscnwﬁ'b HEdFP PR Eh e eS‘ﬁbf‘ﬁ‘%lP" Once the
fbisfrtd Byplerlis ansithitnuf BBlecdiye arth@rswachibig 2peed is stailigedtoitigriransmit antenna
%vnc&?éspgeldraﬁcftﬂé Jrz¥1 p%ke}{l‘f"a C?Frg)pﬁb\f(:t‘o ?fﬁts‘%ﬂ&‘ﬁle F‘eL&JE%H:EanBnJyQ% 1 to 409-8

each second represents the nmost northerly
ge.dmlar@r SPPtﬁ‘BY Spyeetated T*smnfefmar@vhnéleaém &ONreSpReaR; %f%ﬂwausly applies
ADB R H8hePRE Of thd 10dehit ardd¢hna FUgwlitieig Haiko410 f¢ thanttehias of spatial correlation
information the orientation of the Spatial Shift Key
Recei ve (SSK-R) antenna 408 relative to North 412 can
be determ ned by neasuring the tinme (nodulo 1 second)
when the receive antenna el enent 409-2 positioned on
the principal axis 413 of the Spatial Shift Key
Recel ve (SSK— R) antenna 408 |s actlvat ed Fr omth| S
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Synchroni zati on Chronol ogi cal synchroni zati on of user
receiver time with transnmtter tinme can be achieved by
utiIizing either (1) single-point position solutions,

r(la%')tauIeh %nH‘%@M' aﬂtt:rﬁlg e]Qrmetn{s) ar%tuseld %@tﬁlg 1llgﬂr§trvte re%%ﬁlren a&& r%.lgnber of antenna

osrtlonln user receiver
s rﬁarns aﬁareﬁ’rd tﬁ%ﬁ thﬂimb'He ‘§‘6’F SreRege ambit e Risesirinvergiony
Position Velocity Time (PVT) solution, froma

C mhospali0 giife ﬁla)] VrarSH# GRK AN %n%ﬁ m&lﬁgﬂ}gd b haRnadhd h&f 1§)rt1%¥ly antenna
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Qsl ti1oni Al ternativel SINL

n
OB B A a5 o R BTG Sty o Norh 12 can
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Sy tre Bl ENeS) 4135 rmig! @atrapshrft KHO&Ldive QrsKSIQIaH&AnQ 368 MWhdilated. From this
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accuracies in
CrFRSFF 6T Bt A8 9oy besplaased dm eu’emﬁ@f éeerfwged arrele cgitef el tiesi (ftthis case the
pasiud DRcaOlimk stampEbyalecknovel rhtatloRd Vit of the tyhraizéd, ph@&6 Ebn@f & the receive
NQfenfla Rt E40b-1 Rf40d H€ present invention. A user

receiver may alternatively determne transmtter tine

by receiving tinme nodul ated on at |east one

transmtted positioning signal. This nodul ated tine

wdhtonngglgg]ymeg,zgmnthe t| rre |t takes the radio wave to
he recei ver

t hgronolo 1cal Isynchfocl)np 1on ?tj?l%er rea:wrer tgl/'ne wqﬁ% Fr%rs%eatﬂl (i:arége ag}HeVV\(ﬂ)y utilizing either
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onary
ﬁqlqﬂpn 'f{@ry a Péé?f‘élf)ﬁ}‘é‘“)( oF%us gfmog(rﬁti g‘anﬁx&Vrse&lﬁ)@wﬁt Fagiens. A chronologically

Cyxktiraals oo | of trammitters imgy dcormratce$pgiah Skift Uy (85K) @sulad signals, and
i trereﬁraaﬁey g@grrt Bt fdditich Jomrcraygtbe tdgﬁlaﬁﬁfﬂpa prLrLﬁt_r, Qlaépléhaf gﬁ@Key (SSK)

o FP I PrHoing A ATty BB P POL OIS S Ve o fn etema
t hercg seh ayfonaiGlbel Nevgationeateltite SesleniGNISH Sjpgle pulirit psitienppledonswill allow
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as"a spat rar riconeiency “rn Bparival

Kéypweetetvv’éon( SSK— R) ant enna phase cent er and

erroneousl y attenmpt to correct t he ant enna
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nﬂhl@ﬁlrﬁéd%ﬁroxn§51ﬁﬁleﬁa€fs Wkl &0dp ﬁlllom@t% of@he dsd? ?ecmeﬁﬁﬁ MHerefore yield time

i nventiQ |e%g§cmlls by using signal strength
nmeAs Y & er?f§r°tf5“ SNt fy nultipath fades, and then
el imnating the Doppl er nmeasurenents associated W th

MBARIEE drfeis NBdpphi Sigiagtd fades In the preferred
'X‘%B&&? E‘pa&gl'!?Ke?q{te&nQéSIé nj;&@ﬁn%%'ayz & erlg ce C olﬂ:gllbg)ppler an% signal strength

onl'y uses nmeasur enents asso

afeBpionts és @f‘sg [eqter Qs thargt the s aylpath \frﬁera@ tinpsdt tiaygrsgs tesysame location
tracki ng | oops are neasuring Doppler correctly These
acceptabl e signal strength |evels are preferably

determ ned by averagi ng the received signal strength

over the signature period, known as the Signature

Ref erence Signal Strength (SRSS), and determning a

signal strength threshold bel ow the Signature

Reference Slgnal Strength (SRSS) in which the Doppl er

o .




unaccept abl e Doppl er neasurenents associated with

signal strengths bel ow the threshold are not accepted
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Al ternatively, Signature Reference Signal Strength

(SRSS) may be determ ned using other mathemati cal

t echni ques such as using the nedian, standard

devi ati on vari ance, skew, kerltosis, or simlar

st a¥n nss at Fn measure of the received signal strength
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ut i dnld ZrethdoG:y ab&‘npttb gorré’cp{h@ﬁpﬁla %&ﬁ)ﬁ&a‘a&' %h@lteh% Qéc%c ngpler due to multipath

a entifie mmae n? € enna 1n anten
gren@t%t Eﬁlﬁ Zélaflt Jli %ﬁ % X%P )% QR rfii‘i?p’f’ tBP éonm Iﬂ'ﬁané [0 consistent spatial
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a pbmrasignspetirakingShi ft Key (SSK) antenna, tracking

3sal Hke aﬁ}gngpsv&ﬁror%gp Lo%ol rﬁéa&nz@stoygte@ %mlt tn?gpatglrsglﬁ% Sl?ecewe ?SgK -R) antenna,

\?\/IE%ESIt r%‘allmt%{rh € recelve? Bopaler ay mmlm S et f r.om aone an ot

e ac um tP Fhaug Iésgft’él§°"§]atﬁ6 ﬁbl] tbﬁ,transmltted Spatial

Si &H%Fﬂr(gs’(l) H°Paﬁ'gﬁﬁ‘”§1’e Hd‘QFa’ﬁéeéCddﬁlquhem lof¢heepraspipdeitionthia fispehieved

Do piirk @ rspegipliggd atadiing loog, knotines $patfablocie Coog (HROK THvespdtialt Ja& Loop (SLL)

I e prererB okl le 2l aﬁﬂalltévl&‘o‘kufgraﬁrm &Qmaﬁvgﬁ%& rﬂgmﬁr T a[eqrackmg arms,
ar |

co tur.e
40 fr ggdﬁfﬂg gmlg‘\r({r?n re&téggo e#agén? \ggtflbu{} gpq ﬁlanagref g{thg tP? Bf&q?tFrﬁ‘ﬁ‘ed cyclic

ar m Doppl er power val ue. These early and | ate tracking
arm Doppl er power val ues are subsequently conpared to
formcorrection val ues, which are passed to the
synchroni zation control neans, such that the requisite
adjustnment to the Spatial Shift Key Receive (SSK-R)
ant enna phase center notion is nade. In order to
determ ne the correction values required to bring a
Spat i aI Shl ft Key Recel ve (SSK— R) antenna |nto spatl al

o e ~ . ~r~1 7\



autocorrel ati on response function of the Spatial Shift
Key Receive (SSK-R) antenna nust be known. To

waledospmoge this function a Spatial Shift Key Tearaordo4/001024
(SSK-T) antenna phase center, of known starting
position, is noved through a conplete cycle of its
signature pattern with fixed angular velocity.
Concurrently the Spatial Shiftl3Key Receive (SSK-R)

antenna ah@St%#i nter, of known relative starting
posPIToR,* P Rex Beradr CH B2 doitipiairecDoenje lp@vep falues for each

i t sPajabniarazied Depalertsigpatira tagkive rme Ingaptvpar Phastad ShitaKiggUBSKD antenna, tracking
vel oos pryduce TagpleDagnpire thacit deeakd @tiailyl s0iheul LS PRRFBM one another, wherein
f ungmt bal{ tracBindO6M GleAds %Cbogpfep E@nt:tma # Qiﬁp Mvﬂgdqf éhF Ia(t)eft %kglF arglf Daoppler

gonf,j 3t Ldeterm.ni he angu , .
t hei %l%}g% Jzﬂ a%ggéﬁ?%% S"@édy Recdive’ ?%@ - ‘ﬁﬁ"esg%‘f’ &HhEeteqERare combined
cent' € PEFHIEPYRY P &t Hegfiakiperm Repplerovieerlugind nigirracking am Doppler
( Sggm)valw%wwglyp@dgetr@@gta@r Dapbyr poreea silnrsi afeGutis@@edy\eatbared to form
Do pphretionaates, whlh&rﬁia@d’d&ti the s@hclP6hizht Q6 cont_(o@ theafSsOJT8 i tﬁ]eg'eqtlibi@ adjustment
ME A3 the %dtiaf meyﬁééei%m}z%tehn‘& plggtcee [l thdd$h i a?e(.) p pler power
alue for the signature peri od, (“(55 I'splayi ng the
det ermi ned Doppl er power val ue on the Doppl er power
verla égleré(hcﬁﬁvnglle the perregtipn vglpqg_ Eﬁql’lim({ @))riq'g 1A GpatiatBkift KeyRetelve (SSK-R) antenna
Spaitip abati@vofdatiddeyithRe edinigd (SHEH- Rt R @NHODPHASEnBRN R Doppler
?]E gzruﬁtoﬂgatigrlpliépﬁdié)ﬂggﬁ(?ggfﬂl& %;tiaggkfiff )ﬁgy?‘lleea}e(/g fﬁ_s%@%nhrénaa‘gngxsg %Ee known. To
) , i | \'
steps Rl P Y b %Fgeé?mtt%%%ﬁ e e ohfown sarin
| | FOETP-AT RV R RSPeiets £ycls oS pigetae pasiem vt diked edgaltrivelovity. Concurrently
Re Sthmﬁpgt'@l Fhaifinteety iquiv{ &jpp] @rnnPohaercenitee FOSk,hSerFd@UJE &dirting position, is also
o Irﬁc@td)thrﬁnf}?@d&mﬁl@f cySle (f‘ﬁﬁia:ﬁénﬁlltre lﬁgh'ﬂc \%it_h Iﬁﬁymﬁgpe?'a ﬁar(véélfy' Iﬂe Doppler
ant oA > a ari | . ey .
Tr ans mﬁ‘% (é%%%n%fm%ﬁﬁg%%egg%dgﬁaﬁlfls éfssc bcfg%ltr_'% BEG™ () dtgminine the
1 taﬁ%u (z)iruog € it @ f 1a6{fhlt’t lﬁiy gecgﬁ é FfRI) En&flr}aalﬁi.se Cq‘lﬁérelglﬁ%tt) fhe Ppatial Shift Key
205h | Transmely SKRBcaatepe PaSSKUGR)D) amtseing secqMad Beppleredrtralie sighature period, (c)
r _Otcaltlﬁim‘lg tHe eur@li rt’céitd:_h DépplEAb d'leQﬁ\"AirWiaﬁ)bpp_lén@W@ vakfeledr thbl g&at@x@ geriod, (d)
f 1 X@playR G| BEm¥E] %ﬁl&éowe@%eloﬁ e s Ile}é h({‘l,grt \%ﬁéga?%llﬁrg (lrff,'set graph, (e)

Shift Key Transm. KT) antenna

a0l B S RSl (RS i hesoer s e g e
ot dIFalhiHort ffer pagiriat feedde @rsprating e ewrwerf.i xed angul ar

2vel ocity. Both Spatial Shift Key (SSK) antennas are
PO Kefeiri RN (Ofg B,h@re&ﬁ&ﬁct&l aﬂrﬂ_ﬁstt\éﬁvt: bxaﬁplgﬁq& &tocorrelation Response

r ot @t i QM. 1 ytsisn t.h nat ure ,erl,g%At_
zerﬁé{ !dgg? % g%gn%u éllr'g"é?l?rg) g%b%ﬁfﬂf tlfﬂrhaes"% lasf’i%aﬁcy B§fiyet SRy antenna
Re 81V te8B8ke Prpiabtidian fret (9o Baeisnprsiseel. af dafcrhadrn Diepshreh Fig.s
powethis sradifisation e SpetialeShisti Kgn BdceivedSIKER) ia0ddina paselcehi& is rotating in a circular

30t hetosdh estekns@aditinad dnY fHGOMER: oS8, M & Redvikg a bl &R Ed @nsmit (SSK-

Do [ d the. Do er Power .

LSS AR R0, L AL e
SpATG PG preRE yelalyc Rt Searipl Sk Ky (SSKD pnéspizerd pesitjgped e ibd sreg plane
a il #00 4eele [9paticn congsivieg thesighaties penodrAt bdnedegrbeg)maitlan et 601 the Spatial
peShit Bl?y Rafde dSﬁe-Rﬁflt%ﬁ_s i)r&iucSr@atniinarlulnboﬁﬂfbpﬂfvgreil@tﬁcgthé’@igtunur@period,
3 5t r m;ﬁmetekﬁ:gpa%g&rggted %/litlgtmr‘nﬁted glﬁ%gturg tl'ﬁl?sise t%nsnec{)tﬁe l}opp?er Power

ol B OBUh Y R tspRy S22 0k seHiugP Y pte S5 e s

sp arﬁﬁivplfmﬁj iR Bopala‘@?vgﬂahlaqveq tly sig}a@g pe1iod) and ehgrfere 5 sfE@By undorrelated

anditrd muitdODpegmees AGDBroFsep bOEHSpBal ShibELy RBdkivk$KYR) antenna from

O Lo e S s B MRring Bl b ity e i degecs oo
ial. . [

SO KEMARNGL AB0E REEARGR, L RRA Ll O LN TRRRL ST,
ot her Doppl er signatures are deened to fall within the
broad scope and anmbit of the present invention Also
depicted in Fig. 6 is a correctly tracking Spati al
Lock Loop (SLL), whereby an early tracking arm 604-1
is positioned forty-five-degrees ahead of the Doppler
Power Mnima (DPM 601, and a late tracking arm 604-2
is positioned forty-f ve-degrees behnd the Doppl er
Power Mnima (DPM 601 In this configuration the early

.



magni t ude and sign val ue These correcti on magnitude

and sign values are subsequently passed to the antenna
w@ysihinsd zati on control means and the requi si PEI/AU2004/001024

adjustnment to the Spatial Shift Key Receive (SSKR)

ant enna phase center notion is nmade That is, the

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

ant enna phase center is advandéd or retarded the

r qygcrg,astse anpunt to bring the Spatial Shift Key

Transi't "t B8R Pyelapn Eﬂ’ﬁ'ﬁ' Prsgelation Reseqnse fiestiqnh whishrramrgsnad to other

Shi PerplReipnamese s dpesned SEKwRYn therbtoetvrrpe A oftie Rl inventicn.

spatial alignment This process is continuously updated

in ﬂlsdﬂcﬂ@e@% P{lgo@lpa M{Wﬁcktngslﬂﬂl ]H)El&o&i EI!L? w ereb%an earlry trackmg arm 604-1

ar
posu P i P fes B ahFs e DoBRF b Nl o7 gy e ek
bel W& Pﬁﬁ“@ﬁf&f"&‘ e s e Prererdfeitnd GPMBHL i thik eopfiguration
Recté¢ sady (raggpg_aﬂ) 6Gitaehtha laie Sactlie irarse spibit dubtahtilly equal Doppler power
COr vagksabe® the Vibrhrlire bdagy. BRairly &Lckx@'ldnﬁ tsod’i&iéppﬁ Ml&a i{ sksielrom the

ant l@t@&@ku%%ﬁ pﬁopﬁ@%& V\ﬁalué‘%ﬁr}é %us II' %loces (tf diet(ﬁmme 4 correction

qul sl use

maﬁ% %e an%~I F'I%] \ggllrz l'l%ese ﬁogecfltgt%agrtlt}lcﬁém ﬂ@ va@eﬁgreﬁWeqwet{y passed to the
St sy Fyéchrolalﬁléonmﬂqn@@s pém;cqq\sitmdme(nm S Shifieg Beceive (SSK-

dept)ahienda phase feéngr HotioSis @iadel ThhtUS the adiatidheof €% @559211 @hl@i(eyaRecelve (SSK-R)

Sp adnierhh pﬂaﬁ QéﬁteLQ Q@anée@lonL:)etathd tl@%&ﬁﬂlé LII]OILIIQQO J@%t ¢ S Mth%%y Transmit

th

ahg(gﬁ(a’l:) fa;{ % Bocentﬁ’ andr t S at1a Sﬁ?}fﬂ k%yn%age%v%ﬁe%( Réﬁ‘fm‘a B%Ef CPffginto spatial
1 at ¥y Ry ﬁfg“ﬁﬁ%ﬁmﬁwu% WPdglteP Bealowdlogomatesy pawitan e aalyofinus-lat
t healBop Fj{)sely aliggive rerdvds prssifte. YIOPMY eathOrlinusliafe vhitdliSariven below a predetermined

C ONrbs@H @4 $parhl ihhﬁ(@aedelye §aRKh G, A1N.005z, L d DS i e So
'atﬁlﬁtﬂ'\)‘aﬁlﬁ,krﬁl& ﬁ{ﬁmﬁe (go n)ga;n stradd e%t%gmgé%%’mh Spatial

Power ni ma and exhi bit unequal Doppl er
ower val ues The ear | y tracki ng arm 605-1 Doppl er
208 ovighen Hatrerial Liogk Lepplidie in@duifiticn modehe whea there bas ek sidgenaikcRnovement,
605ke2ar D@ﬁlp&tﬁfaokﬁ@\ﬂﬁf may abt L‘H&a(ﬁleaﬁehxpﬁf& W&’l\hlﬂﬁl Pltflﬁl)l Also depicted in

detF?gr Blisn@ ilfstfafe ré)@aﬁﬁll& 10 %gpltotc %UISIUOI] mo?e ghereb the early
hi zat 0 reans

b
tﬁackmean%%?{l{s e? q% Je%‘ﬁf P%aqclgggl) ¢ Popnler; Poyer ("@S’K (RB’M) 601, and the late

ant"é‘i‘iﬁ& aof0aRiin E?@eﬁ 3¢ Hesregspabrad 9f thatDeppiti Pect MiimaHONEN€01. In this
25t h @onfrggptionttied@ly Wickihg am0€05-9 end @k Ble krytkileimS 6068 tCdoRRddit @e Doppler Power

Pl agnd ool o 8 Witk ,@é;lwagva@agsrrﬁhe@%@ éck§g6056ogl Dot
?8?9@:}?’ vatlue is @r&ged fr Tom tgvﬁf ﬁ%i%gf ?5? é %Zeg%)plfrooorseé VFlfee(Fagf @Hus late) 1o

rection proc
seVEFaRe 3 orRston B‘é%“kﬁ’ld%a“t‘ H&- The seiihes careprendithesyplygiizetiop pratbl means
c ol the Spptial ShiftAleysRecqhe $3ISKB) @tefind FotaBidd it abproptidieadirkctishgHowever the
30ar Ma@gnid@e Lilas @en&aliy@é Rrntinde klho@ fhe @\Fl)nan@Qt@ fre%klﬁgoamﬁl@ﬂrl& ED@ 2%cross the

i—ﬁ%aﬂgg}ro@g I\MIQZEJD%\BI 6‘3? %he loJrect%g ggcésrs m V}’ atrerergore ne%go EQ \}térFted sFVﬁral times
t hi es°rest|¥‘]ettﬁg‘f“?%ﬁ g‘??és’té’ﬁefjf‘ww nus-| ate tracki ng val ue

will exhibit the incorrect sign to maintain tracking
and ig dwe péssiackst A GarR ERin S 606-15nODBre Gacthd drm 'sdol2l tpal@ﬂ: b a lg(ﬁdegree
35 DO@QAPQIT peﬁofﬂ@ %OZHGQK exﬁglgsugstﬁﬁl\{y €q LDoIpBlee}{pﬁV&t'elr ?anles ﬁowevep ér‘lft%suuanon

corre tion q(es

' “PL " pETS "a 8 {8 S}Pllreé‘%“ftl"s? [ROTSCt £y Mt aehing frecljfg arms
t hé“r:}r‘?é g[gﬁtwﬂi ﬁlqpéﬁﬂ: ihey ﬁopalerppp\\ﬁqpqak @qa-acﬂqyenglteapm pfalyis correction process
adaprytocartafole yhe ekiglaac U bbptiaanotlip. early and | ate
tracking arns to expedite the Spatial Lock Loop (SSL)
acqui sition and tracking process. Also depicted in
Fig. 6 is a correctly tracking Spatial Lock Loop
(SLL), whereby an early tracking arm604-1 is
positioned forty five degrees ahead of the Doppler
Power M nima (DPM 601, a pronpt tracking arm 604- 3
is positioned at the Doppler Power Mnima (DPM 601,
and a late tracking arm604-2 is positioned forty five
degrees behi nd the Doppl er Power Mnima (DPM 601. The
early tracking arm 604-1 value is subtracted fromthe
pronpt trackl ng armval ue 604 3 (early mnus pronpt)

. Y |
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informati on. The correctly tracking Spatial Lock Loop
(SSL) wll provide an early-mnus-late tracking arm

WO 2008012984 appr oxi mately zero, with the PCT/AU2004/001024

earl y-m nus-pronpt and the | atls- m nus-pronpt val ues
provi di ng substantially equal magnitudes and positive
&1 gyfugher ¢rhbotliment SHthe pradent Sivierftion Kepmpteaeingarn( DSKadB}ionally be placed between

@{éteﬂ'}nﬁd S0 tfaglglngsiinhgtlatekﬁéd@ftﬂe gt'ﬂalf Loc? lﬂgo t@ﬁ)fa% rulls&)n arl% tracking process.

i\\%g tlcwgcm arms continue
Binds FPRBORR Y ek (). Wiy Asuly tracking arm 6041
(sPSititjoneu ity fe degradahadd o€ e Dypplet Pawr Maiinga (DPRE 601 ﬂa&)r@ﬁ rackmg arm 604-

‘S%j ﬁéﬁtl&f&d Q% E%IQ Po tl\h‘lmh'ﬁ %D dd0¥ n& nHt?é tlg%kl 2(?1 %gosxtloned forty

| at'e- m nus-p ues provi

Grifegesd ?‘i"\?éheé?Ogmr oy M‘H@b@l’é@ﬂly TherearMapagrlgspaﬁo4au value is subtracted
frowe lthepoa@pt (rSHiny armMAlue [6041® esrly@inus- }ﬁr&rﬁp'ﬂ)daﬁih ehe 14t 8ackRP BIEE04-2 value is

Eﬁm[ed MOHII HE Rgllvprac@g% armWIvalltle &4— l(lag -mi us 8ﬁ)mipg t(h 8Iﬁat% é(}d&lonal tracking

ear | Y- m nus- trac armyva
Wf"c”ﬁa“f’h dhe %‘}"Ieifb/rﬁaﬂ‘ﬂ’@ Sp?t@hlwk hovet (89 Wlilbltrewdnan e lyprimsgte tracking arm
Vﬁleu&fSapprbﬂMktdy 2€ro, Uﬂlﬁqmwearmﬂlstpﬂﬂ@fs ardiNgle Mﬁst;ﬁompt values prov1d1ng

the ial ey Recej ve
Pl DB SEE o1 900 B Sy K50 56 L) s s
@Qtlylo alg (hgt. the F*Wé asbhleltlatklﬂg@oks topidpe (GS!LZ)ddWI thk Doppler Power Minima

mmmsdg tRR t}@ @bitiur 6l U&ip'(@éLz whil ﬁ@h&efhg e?rfy@u)(@'lé!@tr%hﬂlm value of non
1S SUuU ero early-m nus

%eﬁo “iltg?}ée er'il]rl mmu%*yrg{ﬂ%tan%m d%g mB)IUWPI"ERt H@IU%‘LFB%fog‘Wt lfngqupl magmtudes and
eitizd signagivi incadesly drackingeSpatial LecksSliogm §SSLYT ek fdeds enot Tstrad@i@Nthe Doppler
BSves Mifiimd dDiiM) B(ﬁr wﬁlhﬁovﬁ@@ﬁ éaﬁl/ mknqg 'ﬁte I‘l‘rg&ﬂlg Q?Huetw%icg 1es non zero, with the

Qer at i ng 4 e correct confi guration
Barm “hPrF'B%‘ 3Pt BRfste-BIsHESPL YRiyet Rieviding waeqyhlmpgnifydes st opposite signs. In
bhabagegf theuSytatigh ISt i Kde Rpe@sb (SS‘KG()Sah@ﬂﬁ phz;Eh &n@ﬂ@&klﬁé atSi0 fiégrees 602-1 or

@}2 tlﬁ%ﬁfayﬁ)cl( IF??EZS@L) il %‘Uﬂ Crlr?r l(l)srl‘lcltg 9 acl( o%an%&%l \I9111ch is substantially

nmeans sl ews recel v ase cen
BBsi tithy e ﬁa@wmamom add r‘é?j latwmtnn@r@mt | ‘yllum musidipg owiptantially equal
asdinidbsend sdefivertighd STBEORR] it dah Be@éénnﬂit ﬁf ﬁﬂa Yalid €Sck LQ)B:(@SL) to be operating

i QIEGICCEJT%IPCO%}‘%I’L Vl%. ue: ealrlg-dhx?at r%mgt dvaﬁl %9 d% éane]t %gﬁsgﬁ%llmt éﬁlues must provide
IBF’I‘PYet S‘&Q@y“?éé%‘?‘v%lf( BoKRyivea i antprina syacloerivagan donttob means slews the

BRAE hxﬁénmclﬂﬁferrﬁHr Lt detﬁ/@SlénE‘ fre %M(ﬁk\ tl'@mlrfytmlhﬂﬁ)f)rom and the late-minus-
1ran (a hase .c Trackin ,Rr

nt enna
pfon&pnnacmés Haéu‘%: rcgﬁ? P%H’V%P 1818 are i ?"ﬂf Afte farly-minus- l%gt“iké‘g arm value is
uGHzefl to H(leg/ thREpatial\Bbift KBRecklye GRK-R) ABencahad eeniee ltoay@id! dofelation with the

dp¥deht YR RBey ’I(rzgn)smlﬁ(S%% hrfdnn hsfet:entg?y Recei ve (SSK-R)
antenna may be configured to sinultaneously produce a
plurality of identical Doppler signatures that are

BpddigairinyTediniqued from one another. Each Doppl er
"ﬁl'e gl@%h’ 51Etrabl§ngj prgsj ébf&?!ﬂls){lﬁ%% ggc%vé §E aﬁcfenna can ‘ge ?c 1e\/'&f1 o two ways:

ralofre uency r recerve

{5 enetia §h lglKﬁar ﬁsw (@PKRunirann may be tonésu@ﬁmsemgt@nelrsbztpeduce a plurality of

1dzanmaam<;pelaxt sigyiaturéd that are $partelIPP@del fm oab hrfofherK%éh B@ﬁ)?e'r M?mature is individually
consecuti v

o(xéﬁﬁ?ta lté %gB 4 (H'?ea F%%é ﬁ%gl%egcygt{ﬁ?f?ogg Fndlﬂo &ylseé rrecng:é n%lfﬁ%/célgg arm Doppler

“P'Hﬁtaf eéli"?@f@i)%?ﬂ?rﬁ?q °9n°BIF fdeOr.f r om one anot her. Each

(Dopsyaed SER K@ﬁkd;égge (ISSK-'R‘PEH%ﬁ%dy\b@ tdﬁﬂ@h‘éd‘%‘ Eogke@itg?@generate a plurality of
u

t
léentlcgi %&}p{f‘r ’&r%nat?rf, ﬁré %?tﬁ?lméon glog\r)%ne yether, Each Doppler signature is

recei v
corfsequielyontpy ames atg@damqmtyl (BF)Ifipntend dfla@sepreediver. MHGkacking arm Doppler
Vgg@qgitmﬁ;r%%ﬁlergtg@eqq&@ﬁ@nt I nvention consecutively

gener at ed ppl er signatures are used for the creation

of tracking arns in a Spatial Shift Key Receive

(SSK-R) antenna. Referring nowto Fig. 7, there is

depicted a user receiver 701 configured with a Spati al

-Shift Key Receive (SSK-R) antenna 702 conprising an

array of eight receive antenna elenents 703-1 to 703-8
nounted in a circular pattern. Each receive antenna

el ement 703-1 to 703-8 is connected to a radio
frequency (RF) smntch bank 704 mhlch |n ‘turn 'S

N —~ A
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synchroni zation control neans 705, such as a
m cr opr ocessor, which can individually activate and

walemshiwat e each radi o frequency (RF) sw tch wdehian2daoneo1024

radi o frequency (RF) switch bask 704 as required. The
ant enna synchroni zation control neans 705 is
&ohd frgferred embodingattof tepresed iictertion@hicvigivey geh@atédadoppariignatures are used for

ﬁl\éﬂcﬂéﬁian bﬂrat:lbr‘rag FAdh Q S;a’ilﬁ %Hlﬁqﬁy Rch‘}Eg (?’gg‘Rti %J?en9a7 %fergg? AOWtd Fi ig. 7, there

:}ft each recel ve antenna
SWPREHSass Freevre LU safigpredyith atsrﬁé“abﬂ’éf%'éeyd@?ﬂ“@ (SSKaggpntenna 702 comprising
aomseofisehtrbcgive ineentiiaieneT)3d it€T0848, mdufiteME & SiRGlaafdM) Badh R&eive antenna

@1515&)’703(130 7103?% c%g% C}gd to é‘l‘aﬁg ﬁ%@%ﬁ gﬂ’é §W1IC£] {)&nﬁ 7(? onfrvlg!f'hestﬁlm is connected to

epictin center r
Q’éd’ﬁ“érfé‘@“’efEHHh TEq faépefre,qéqn@t &) tSUlt(al kp@k i 784 isphls lponnected to an antenna
SO¢hr@ oA dentrblaneansf708, Siich Bd'hﬁﬁieroﬁreﬁﬁsetr whicH @h in@Rid(@ bdtiVate and deactivate

%gglpﬁhlg rﬁ’e&rgz r\9 ch ng ih the )ran 8‘%quen HEQ@ s?fgglq)t r7ﬂggstegc}ugrecp The antenna

ure
@’éﬂwrzatroatcmtrpbrneacq e Woffggted fo astivgisandifeegtivaiogie afievariewitch in the radio

s@aéﬂcﬁl(m&hwfuth teay 76066 th‘dteea(chS%elR) anasﬂﬁaemgtzﬁb% -1 0 F0BBSY switched in
i

er, rotation 706 of tial
é%gzs?o\r}e ({1 %&%aﬁ) ean t 4d ﬁ(énsef]da]tl?l Ehe x??ad(ﬂggﬁ t)éie/ergs ]arlonluétthe array 703-1 to
T®dei ve antenna el enent 703-1, as a starting point 709
for a conplete rotation of the first phase center

tion 706.. Th ovver val ue for the.
8 8% D 0 sl 2o P FB0HBBe FrobotT s peuiarogh ol s
@ﬂ@eﬂmdwgllca icorresr@hdsao @ firstgdipske yenter ancaluorr(qararnwppmmgnguré)]mﬁ a second phase
U%&ﬂbt@tl&lr@ﬁodaﬁ %}I)']ﬂie? Qg'laﬂlﬁe'} 7030311d a l eact:rﬁéﬂotglfoﬁ 85}%%51)?& signature) 708

conml et hase center rotation

%félﬁﬁ%“ai)ﬂ‘é% 5eyc%°ﬁ‘°t‘?r(s$l<o{‘b”c“ fepre 79b 7 [t Phase cenfsiyofatign 786 pf the Spatial Shift
KeReReE$SKeR Y aiiSita R)2 ininttietada a filPredefve hriténhd ddnf2fk 703-8ak h fFting point 709

Rt a &nﬂBfe@qﬁ&ﬁﬁ Brllﬁﬁketﬂs ?Wéeﬁtgr r&[itfoﬁ g? Heomrgtastu%g Dopp?ed gowefJ value for the first

p0| nt ase center ro
Qhﬁ§e§eqtqr |r(f.tl§lf’? 46i 'i/%or%ﬁ‘f)f”ély trpking amy@lugin ol wasking m memory 710 within
theReasevered]. yimedivkedrafar td @ﬂi@l@ﬂion%@ﬁe Brst phass 8GN Q)tagm a second phase

0 fLh
R AL, ol PTG o g o =
Ripfeemmngd ép@hne wffse Ggm 2he sa@tma roinhi 799 efthe Bistnphaiz Ickntéromotation 706. In this
mﬁbﬁ'ﬂlv@teﬁnfpﬁttﬂiﬁ lafRIaObfrsee iS CpROS e mﬁﬁﬁerﬁg Bl Bnt ﬁ@itlatd Qbond phase center

S8 T8 TR U e IR SRS o e S5 o e
fthnaetldﬂﬁrg g@rarsfagtg peinti 11 fur e rephpléte eckiomef aasecvndrptaeer agntdrIrdtation 707. The
M‘éa&ﬁ’édﬁ)o&ﬁ@r pU@&rvalﬁéa@teﬂﬁ‘é @Jconli%ase ng{a%ne%y is ot‘eg %%ggmpt tracking arm

ﬁ‘ | etion of the second hase center rotation

PHE PP PSRk ipa eyt 7At v POBeGFoct i VSR srelygier the completion of

tHeesgcoRd plesecentdr BIEIRY) 708 teid PRase/ Qiter rStatioﬂ 1708 (ﬂfﬂe @pihiahifl Kt Receive (SSK-
£ tartin

lgtg?t?ﬁng gﬁg%ﬁgt%%ﬁg% gtg%%daﬁnggle C é)ﬁfoe?% e ssf r? 1n9711 of the second

RAPSE Serer Fatpsipn 27 R?éhl%bkla%ﬁnpqwe eXaIPly tlahgnavlerrofm ﬁsgatresprn,ed by antenna element

08Pr £ Gedpiask cb:)ter@d’ﬂitﬁﬁlm o€{h€ Hﬁfiil SK:@&’(‘e@Rec@iv@ @SK-@’{) Qh@a§§702 is initiated at

t on 70
t%eé%%eerﬁ)ewggr} enna ele 8?029 2 af % sI ngtp taJl f%{ ﬁc‘éorrtpﬁ err%}ati,og 8}63 @gj phase center
ratatdon TG Tae @ﬁ'f’é‘ﬁfd Wslﬁ@owafsvahe fr ﬁvStthlrnghpﬁo icenter Fold@iorf 708 imstored as a late

OO a8th @aldeQh ﬁfe'tr@cﬁm@famﬁnént&}” 4 PRAS e ‘ﬁﬁpl]tce@e'ive{ ‘ﬁl’?tl alth{e @Gppler power values
U re e 1or 1 S

hird
SR B ERE TR TeBR 75 o F950 P ire g Bema B3 d b fegacking am
mryvall‘twe sybsdqeently tonzpaled rby tizer weerepaively 7011 dndwhé Spanialt lrek Loop (SSL)
fudé' ﬁl@ Qigy @Jrreczgﬂ- valubD e ERRRIE rﬂ&gw{ula\éﬁ :#d@eﬁp ax%ts&rs%gﬁlhg assed to the

tracki ng arm nmenory
Sa?‘FH ﬁ‘@ﬁd%/ey Reqepve @%&R% ﬁféeqn%lf@dtr?%wnn@n%ﬂl ReARs 9Py so7that the necessary
adjueme a8 beuaiatd tie SpatiuphifeKeyReceiva €S SKSTrante:i2i6 @02\kse ddibr BfAGon.
the Spatial Lock Loop (SSL) nagnitude and sign
correction values are cal cul ated. These cal cul ated
val ues are subsequently passed to the Spatial Shift
Key Receive (SSK-R) antenna synchroni zation control
means 705, so that the necessary adjustnment can be
made to t he Spatl al Shlft Key Recel ve (SSK— R) ~antenna

-—~ o~ o e =
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However, any nunmber of antenna el enments, and tracking
arm angul ar offset values, fall within the broad scope

wapsamos4 of the present invention. Doppler |pduaezholnyo1024

User Movenent User novenent ofizthe Spatial Shift Key
Recei ve (SSK-R) antenna induces an additional Doppl er
conponent upon the received Doppler signature Doppl er

inntg{sl cflﬁlgtragye é#?io%ﬁungntg \SF 3 ﬁ;eselr’lry%\t/en{) fon tEere is aq@tde Wslipar oIPfeet between each

ant enna syncnroni za neans,
e’éﬁ*%ﬁm%@é pat 92 rlasinecther esrly ragking proifo dwaqs |a!aa|ad shthef late tracking arm.

K&WevérSﬁﬁ)nuﬁBdr en E}Qéﬁna diéhhesits CAD trBdkin@ G @Bk fBtNEAILRNRII within the broad
fO||0MAng nmet hods: Method 1. The

59 n
Bgfgg %8%@ E“mn"?gfﬂ} nmet hodol ogy of the present
i nvention provides for the subtraction of an early

bs@wfi[mcearbmummvaﬁenpomer value with a late tracki ng
K | y-m
X AR Tl R

eren |the ragviyed menler ﬁla@kvm dpopien iBiygrd| b rusqy onesementinue de eliminated from the

SRGRd YRBrohiZAHI SonBdIRBAR, okt I oirGf tPSRRA %cﬁbxﬁﬁﬁiﬂ% Spatial Shift Key
| er .i nduced by. user nove

&ﬁﬁ%@g‘%ﬁ%@ﬁ%&fﬂ ﬁ@ﬁwd&m& e opt wEkiptiop. r?\f/@ﬁfoilwmishods

capture tracking arm val ues sinultaneously, in the

p[@tﬁ&?lr red ?&bﬁqﬁeﬁrﬁ%k ]9Jop t(ﬁﬁ,) %E%%hcﬁ& Lo?% &Qnrt) u( §ﬁna provides for the

the tracki ng arm val ues are cap tured consecutiv

sFmragtl%laqﬁ ap éaé]é[ t{ae(m(g aﬁgP@m‘qr [pWeE rvialﬁer withya fajgdracking arm opp]er power value,
e@wh ys am earlysmih@ti@e pradesseTidpeocese oft difterdacingditiiahedoys e@xﬁy and late trackmg arm
Hé)pfgfe?éogﬁ% \r']alfl%?{eﬁsﬁgasl ?rgﬂr? er(s)lPQéS‘ g%l{llglgg(?é&ﬁ]gj si tnXY?re %f? nal es a l Doppler induced
Phesee syt Mailihap smeedingnt abthe rpeesqnawenﬂ?m gy a@evee facking arm values
iuhﬂtaﬁ)@ﬁsﬂ)oﬂl daebrwem eﬁﬁbduﬁen&ﬂidthé aﬁa&al tlba(ClKioﬁl QBS@)’ the trackmg arm values are

U ture%iI congec%lvE:l pI(})us can lea% toa oten 13l emMEr{ e e g r#étv@ﬂ? %uezcht&e possibility

en neasure
@frdafﬁ:m usergnoyevieniduring eaehj of t"pwnmuam mﬁgsusqngmwThls AITE [s@we@ is mitigated by
ﬂEr@iéingntﬁe)’DJpQIeIt 3] atsﬁartaﬂe adhussﬁycrfe&smgqye Jeh@cn S&hden (e§§Kan-E) late tracking arm

ant enna tatic and atia
R PO kD TG 0% BRI VB B ERTO PO B .
synchronous and have substantially the same range and

Mch(;d wvect oéon%&banﬁ et ooty uthueastaBQ dsfi]ign ﬁétss%al ru?ﬁFs'e \éﬁ)ﬁlmlty to the Spatial

Posi t 1 oni ng sggna S received anti a %

ShiffrKey REEIERERTh Ao S rikat B%h |“}5| Sfa“% atsisIratind St Kpy ($RK) positioning

Saak alopploppically a)&dfrmmhdshaddu&'ﬂbsltantla]ﬂs € s \feigedmt ugt vedtor with respect to

r I

{I rgglb&%gﬂggc?r\r\;err l%glﬁém\{n s%gnéls&er:cteeg% V\}B{hﬁflbg{aé%ﬁ% tﬁ%ﬁ%hag%%iénht%ectors exhibit

Regastiafy thesgpe Feop%lﬁt WH&W& dge i gyl Ieovremseé @ ¢ é(fvwgeﬁ%ferecewer In the

@&E@amab@oﬁdnt thm&decblﬂer(isj OfRuied @i N5daial BKIft KBEROHA (SSIK-R) antenna and

a 51?ger ﬁ)ﬁag)e{efgrzeﬁ %cg ﬁnneéma Y S(')‘?ltlonezl C(t?sgn{(])%umt;r Ir?o:glg ISn ge%%fydkecewe (SSK-R)

@iegrr@aifhfrselgle gp@trpfatncsmtefnpa mg/nowraaﬁsmecen(e@sp@mﬁ) sigmueenratial Shift Key

RoRRlk e@gsm)%@w rlﬁoﬁpl@rsi@naﬁf?& %e\/rscdwsdxmgghhetdmlaﬁmﬁ k@) Receive (SSK-R)
Shi ft 5@* SSK- % g ge static

o & 5tSE?P‘é)(“°PF FREHR ¢ aasa"tbe CiRa “EH‘? rf{f“ i gﬁarre@va? grough the fixed

refecadevedivd dnteonng hetahtenrh isyoelgoni@fi@rcemobmeapc iz swpplicd atdiffervace signal which

Js}sseap&@mﬁaeréympme Rie® AxddQRERL SRS b Spafibl RRIRIKEH (sSK) signal,
difference signal which represents the difference

%gﬂvé%mm?ﬁ%“$@E§PV§H fi xed reference signal and the
Spatial Shift Key (SSK) signal, thereby elimnating
user novenent. Met hod 3. Cbnfigure an lnertial

Navi gation System (INS) with the user receiver and
difference the INS signal and the Spatial Shift Key
Recei ve (SSK-R) antenna signal to elimnmnate user
novenment. Supply the differenced signal to the antenna
synchroni zation control neans. Inertial Navigation
Systens are well known in the art and are not a

subj ect of the present invention. Method 4. Filter | ow
frequency user novenent fromthe relatively high
frequency Doppl er signature,
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and supply the high-pass filtered signal to the
ant enna synchroni zation control neans. Method 5. Apply

weososalldoed Differential Doppler Signatures, asPCT/AU2004/001024

described in detail below Dif#erential Doppl er
natures The present invention further discloses a

?g‘fde"’m andConfighpap ngrtigl Nawggtiph syste@cBYS) ayith dhetysqr gegeiver and difference the
INSesipnsl nibethe Gpdiy SHFaKey IRBSEAEISHK - I@ﬁdteﬁrﬁ@@heﬂ & eliifae Kiser movement. Supply
%} ﬂ%x‘enc@&l Sl%’na oﬁéeeagl&bmﬂgﬁr%h& %a% +o§x¥ol %Ie r? 2{1” I\}awga(?ion Systems are well
'g’@}"l@r“é‘!eé‘& aP%@?W%&“@D‘é&WW“@F ’@YP&P‘EPF es. A t r ansm tter
is configured to generate a plurality of unique
lglftur al oni ngit q l&{] f:fl l ﬁen@q%grgfrg@%r%ﬁt%opstﬁ% Ia 1veg( h‘ééplrﬂg;#xg%%foinpler signature,
Né9UWW§W§rﬁlwaSé Qs&@?agn%mt@wwama finehrongzatich cmlevm@ phase
center exhibiting unique predefined notion. Each

HPAEY o7 Aoty Pt P DS ERER) SeRid o 2Tty v

pr edet er m ned Doppl er signature on each transmtted
B#Sichiif Do rs‘sliggm}es A recei ver is configured to

receive, t of un er-nodifie

Bwrefﬁ"blﬁveﬁ@onﬂfﬁlﬁ%ﬂ%“’%ém R TP GRREPBIectHy B inencumbere by
phasecgan m;elrrebeloe‘r clckSividit lbjailffeﬁhcmg a HaylitRefGanswettel BOppIdR}ignatures with a
ﬂm}alﬁp Qﬂocam éeherﬁ@cﬁ@cefv@r § S@:Hflﬁ&nﬁ tr%@nﬁt@r i€ gJM' Qﬂed to generate a plurality

recei ving a uni qgue posi |on|n signal . Each receive
ernigrRESIBIRS gt G aregrapgfier a pliyalify gleanizpraphaspgsnters of a Spatial
StaﬁTEe)U’nhﬂm& (mnb%ienﬁplwnni&ta¢hmﬂtﬁma Phlsé epRBdxhBiing frqus prddfined motion.

re rm.ned [ nt It S Ve, .o .
mrqrglle? prgc%ﬁltte% motlo e éaﬁ % %lq’ue irﬁdeterr?mgde mF%rv%lt theréby inducing a unique

grych@mtmdquamrémn%mw %wh tr?esan%ed\np%twplng tignel. dgegeiveraeeonijgared to receive
GO RtraltY @mlqye @@Jpwlsxh&nﬁeh sos@lbluﬁgadlgnmyth@ﬁgx@rm@maof Rii@S£phase centers of a

SRPLTRE B Hoa0 e TeT i e BT qHEnSEieT aRgirgye o wia
P@yoﬂm@m EaC}( ©8Ne R)tenmme egntes is gp“@g@'p@s nbye thhlthpl SPIOP unfgue predefined

flbdoh %@ﬁge%ﬁat Eﬂ@ B e @hiqRPYREteriRAS e AAER tits REpel O trdnifiBinkRth phase center.
%y tionin naI S iovvard zero. Once the.received

ﬁﬁfné? 8)61 “fCP%tF éans Wéthlﬁ,ltl'ﬁa Wrzrgﬁwghcé)mgﬁ%ﬁsﬁy éfljusts the plurality of
Sreinfid th@)Cerif&‘rﬁﬁiStm $paliabSkft 'K)ey Redeizen (8SKph) agienna eninetctstha pidrality of unique
g;ﬂ&al Sﬁlﬂ% IK@!/ ’[%?151{1& (@R)RB iey %lgﬁmg @ gm(?ge fe adlﬁf!?&l?e% Doppler power
centers are noving I n unison and are€ ar ed
@Eﬁé‘tfﬁ%ﬂnt %f the ggepivgd gt)sé@nmgm@alétot«vprgw@ Sce thy gcwggo@:]ler power difference is
ohirdited K&)Spﬁ@ﬁ&hﬂlﬁey(’[&%&m%Sﬁﬂb |itdnAa §hade cEibdd 0@ the Spatial Shift Key Receive

%gk?{) nr}t@n%%? I‘ e § Itesrse rg(%rgnﬁ?r{ dnts%gzg %rte Iaecla{%'él %&a&éﬂ@ %or% ate% hl%e attitude of the

%a% Shiftrigy ﬂ*h@wafﬁséirﬁc?amtsw éW'@Wlbzdfth@‘Hle% ermlﬁeblrelﬁtyaf?sthe attitude of the

SHafis @}uft KRH Wahs@it (SSCK b)rdn@ﬂlatbh ﬁleﬁﬁﬂn@ R Afkerink Eﬁlclﬁcﬁn&hﬂnoﬂ |control means offset
COr.r a ure

ﬁguérlgc? %brlél}%gtm o?nn?s 1nt |s€aetljr310 g({rgrelatll(on qua[xemal-s?gopé)?elr ﬁeﬁsgxiem(alts due to user
inpvempre ondt@ﬁerc@nlcmqﬁllmmetsdsm thRéltffellewnggron%W to Fig. 8,

there is depicted a sinple pl anar mechani cal

enbodi nent _of the differentjal I er  si gnat ure

ReftHesoytte Figd: Breis drpictsd ﬁ\?‘@’ﬁ{eup%"l’m aagai 0B mAR okieyfifSrential Doppler
ingrﬁm&metﬁoe bf 8Odresers irvaibi. glositonig tsignad trop@iterefol Shbdftgurk@with a Spatial
%i%ﬁﬁr%ns%@&?{r’g) a@t%? Qd}aﬂ@%ganaf@ﬂﬁt Ié?/é\'trdnmnt nglkf’l's anI&%}{a 802 comprises a

. ant enna rises a first
fiptdrsasitanigreslsment 83nREd 807 96 Ot Ltingtarp A sad gangpittipg a first unique
poSikiadin g bikn#l 1805, GG dcomthniniinangniat ey 886 mbunBt atifié Gppesite end of the rotating

B’FI%OE alpdqg:g%mt?]hgy ?elccgnﬁcﬁlmeapﬁigo%pgqlghaﬁ 305 g)ltﬁ %h%%%}n%? rgfglthe rotating arm 804

he
optested g WIS Dena$g Rpasetve metpr- éfhg ESBRY 2Tn$0q Jas 2 fixed length, and
positioning signal 807, with the center of the

rotating arm 804 connected to a rotating neans 808,

such as a servo notor. The rotating arm 804 has a

fixed |l ength, andrevolves at a predeternmined rate. In

this illustrative enbodi nent, and for ease of

explanation the transn1t antennas 803 & 806 rotate in

. " . o o o o,
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northerly point 809, and the second transmt antenna
el ement 806 traverses its nost southerly point 810, at

wo bshbegsfni ng of each second. A user recei verP@ULAU24/001024

configured with a Spatial Shifit Key Receive (SSK-R)

antenna 812, which is nounted on a user platform 813

@vdives pitayatdernoned rdne Iis@ivel lugthagivicentbsditnér® aft &k kb ofSdxplhidation, the transmit
éﬁ%aIrS@ﬁ &r%o% r((t§§|§1 Talocﬁwfsce Hiﬁ:@téoﬁqga IEP ?ate%ﬁet %%plet%r}%\fofunon per second),

Recei ve (SSK-R) antenna
ﬂ@ B Granbg Yiehir 37 PRGBS CH IR POEENgLkipgiagp bandvidth, The
trdngnipioiatigy 2pA 804X hiso Bafbued sd the themast t'rzﬁllsmlsmtefnﬁa dfeént 803 traverses its most

r%%ﬁ&fy}lglﬁéﬁ%ggnﬂgg I@%Lrﬁﬂ%&n&]ﬁtﬁﬁﬁ e léglftsr r% soe tslt rﬂcps?s%ut\ﬁder}yhpoint 810, at
‘;BF%PE)‘P%ﬁfSTBSCCWe Spatial Shift Key Recei ve (SSK-R)
antenna 812 corrprl ses a first receive antenna el enent

/§ %?er EPelIva; ﬁq ?ﬁ)gFlr%g wrhga qpatlzﬁ‘ Sﬁ g ! i{ep 1ve§l {Sg}(%# a:?teng{])gn which is mounted

recel vin ue oni n
My el ‘@d“ﬁ" raeciﬁ"@lﬁ@i ¢n| thesqamf plmww Safnr@leswfaKm Bamenit (SSK-T) antenna

80 3The BpRRCSHIE KELREEVE(SBRIRG Bitéhne BRNE BitaciBd & KD URE RELIRA 813 with fixed
c%rﬁgtat%gp ush Fhat tﬁep grm%%alt ar)](es Jl? ?Ehe rg%atﬁ{ gl]ugé(fy %ggehv% ﬁgﬁq{ é}j angenna 812 is

I oni ng
Hreferably Hen%ie*e&bmltt mnmémsﬁlan&t@rmay fsdngerod the u0 platforin BIB. TheeSpatial Shift

l@@rﬁe&ﬁve({ésﬁ ﬁﬁanfeﬁﬁaailiz B&npREddla 81;57re@é?\rér&§t@$n% Qiefnbht 816 r%uﬁi%c‘] ﬁg)ne end of a
ervo notQ he rotat|n§t arm 8

ARG B AT a3 ri it T PR O Arinn 150 S0 g e 8, rt s
atvona) esmes |@a?o b eecoid receiveodntenmaglemtnt 18wanuntabdrahe app@ite ehl ef the rotating arm
5 Ghd {em Vifrd se%&- uﬁléueci)gﬁlgdngg I‘S?Igﬂ h@/ tgaﬁmtlte\éq:rollnnﬁe Iel:Jnﬁ ttransmlt antenna

transmtted positioni ng romthe first

%%H%Wft‘“s'rwﬁ‘ef?ﬁ'af o] t'éﬁf@ﬁfengsﬂoe Sl%we%?@q%d torferopfinegpeanse}lQ; syeh as a servo
aotbreTie ot@ing aersll 7 Bid Glential ten g aﬂwertans&dmeotm@ P804 \aadl 19 Cap@le of revolving
a%o%arfal)l[:: ?‘atte rl"l?eclg%{\{‘gcgveg %ﬁ 115 Icc%ﬁélngi t§ !'le%g\% the to rgst {ransmitted p?sitioning signal 805

ncurr ent e user recei I's cOnfi gured
fraap b fiest tﬁﬁ%‘“b@@é‘ﬁd’ewlﬁ ﬁ%ﬁh{%‘@dh%ﬂwlﬁﬁwﬁgnasﬁlqgﬁeﬂ 81@ @id measure the
Iﬁdpﬁlﬁﬂ Valie o RO ekcéived PSsifiohin@didnRIB0S Cﬁﬁc&xﬁ@hﬂ} thgﬁ)sgr rEJvaQUI@hls configured to

reﬁ:lve &%%&Pn trraeC et{eg pos?irc])% ﬁggsq%alal%h‘?ge O Ehe second gansmltlalftfng?] Fl%em 806 through

econd receirve
t8¢ ggerafl rBOR. ant&\m\?alewnﬁ §1& gnell megsuiahriPapplenyalup Obtée sbw@ regevkd positioning
sbylaltsh‘ﬁ Auﬁ@ﬁngrc?&le |D¥$ﬁﬂer arﬂlllbed)gﬁﬁ'&ﬂ@nﬁe ﬁ%m&eivg}%lf @Jgéﬂdkn‘{ @pon the relative

01 tq e transmi te s@ﬂ?&ﬂnalteleem&n tE t 1 816 & 818.

é%% et R fRCIeRE R G rRe Srappeenent
Witeothetfins trrismg anténnagiaurnt 803 artdairerfast elc@vemntenid ©Bmenn 8l 6t aerotating in unison
B‘o{hraﬂemfa%ﬁﬁﬂex%@wﬁ‘ﬂ?a@&s%Qheerh(%mher§ Jp@m@(p&ntr @5 %d }E}g’lt hfh% of their respective

uni son both antenna el enents w | traverse t
TABHWPHEFCYTRT Amulserurly: Bogeun dralgfeliltmﬁe@z@jemsrft 806, @1dr the second receive
anespettinem 18 oilntrivansthe MO Woutteiy point (ﬁmmslm auaqxams 821) oft tA@r respective

r%tgt?oqg q‘hé Emﬁﬂ]a;e SQIP ttoe&rk?atlgflye%c'ﬂ.fop% ; wﬁ\lp %e e;%shr é)?er between the first

receive antenna e aver se

R ABIeRn efsEEH 803 998 fiFst regrivg anipia plenant 816 2eing eife mijmpmp, and the measured
DdppIpaBinedhahd s@&oﬁd et antthiR eRMER BITARd AE Rcsnd kedeiteQinidfha element 818 being
%Q%lmmumyal[]ﬁ y’p\% re{celée% l?nvﬁnPlErhob%eé\%H%le 12 ﬁ%hg%&gg%ggrogng g{\e second received
Eqpplsrtobieev@@qnv‘ehl@m bisnae wpldyrenbstagtiaby fsed Pagplart differanten Tivsvpstantially zero

Bpfled d‘&réﬁ&aﬁ Mp%r@@ prsglrm@@rﬁéﬂﬁ 8Nalitu3& iRIBGEO Beppier BR&HBVE in the process
806 an e second recejve antenna

nna nment.
e e S G DT HE ik S ISP e PR
recei ved Doppl er observation is then subtracted from

ik ﬁ%n&%ﬁ%ﬁi rJtﬁi‘Bf?s' dW@n%e g&ﬁ’ms@{ate gpﬁﬁfayc%]:rélgﬁn t‘%’ﬂ ?gler dﬂtfel:eme%xl] increase

case S a substantially zero

Uil tae %’E?B%at "éei’i‘tef“é?‘le)?m?@? 68%??&6?5&“ %ﬁ PF"PSé F"éﬁﬁ‘&%“’leéCh Other and the measured
Doppler diffardnedis by a useimunDWeenethd firsaSanahit antkSed elenislti803Chnd the first receive
Doppl er is renoved in the process of differencing the

first positioning signal 805 with the second

positioning signal 807. If antenna el enent rotations

diverge fromthis state of spatial correlation, the

Doppl er difference will increase until the antenna

el errent s are rot atl ng 180 degr ees out of phase

o o, . . o o
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803 traverses the nost northerly point of its rotation
809 while the first receive antenna el enent 816

WO easeI®aes t he nost southerly point of its rotBtT/an2004/001024

821. Sinmultaneously, the secoed transmt antenna

el ement 806 traverses the nost southerly point of its

an@ehugat eleoniant 81€are Modatingd 84 degre @G phakeadiokEanathdr € Mgkt dn@idatenna element
ﬁ)}»%a\tel:s@svtﬁé' 1§(§§no¥tm§ly gar?ttof ﬁLQ{SJBtB‘E 'é@/wﬂ%’ hghrsli Fcefve anternga e%tmer(l)t%m traverses

he ant ennas
tt}ﬁ gg?ﬁéﬁtttﬁﬁlw et ofyifst t?tatlwzhe%t@alfaéwu% i Sé?mﬁ) dEREdE fntepng element 806
taverses thie frdR SevtHerl Pypvlin® B 18 ra@dtiONBI0f wiBle the 3dtbhdfréceisd anfeRfiieRnt 818 traverses

tﬂphgﬁg élgnjg}%%lpgf 1§]r§t?t ﬁi8ﬂg Tﬁbt an%mgP Xl rsr%ilmo bé r§>[]i>af1a1§nuftsémchromzed with the

nmeasur e ween secon rans
Iétaéﬁté’n?opslele eamn thi dirss gansmig aptenae eloraeng B3cand irse reseieenantegagelement 816

@iz Rga AbxiBunilBXd Wﬁba@ﬂlr&DDopbﬁlp&Meaﬂﬁté Séconﬁ hasiit Q&%l& €lement 806 and the
ObS rvati 0 rees out e W.th

R N L p—
t8i0 rdsgrees @utedf\pbate Bish ehemobiyseew ateisomd by the hieen reseilr 18Rk tThel first received
Ib(fpgm bREvS8E @Ndler QORIME GroRORP kRndOREREY d,tp@etl obAhfoR, which yields a

doubl f t
2 A e S B A 58 SRUBH e of e o
@b%‘@b*@abmwantlb/mbb rdpwabted| Bopplerhdiferaicruls luepbrtDbgiphyewser movement, as all user

1gdlufcédebﬁiﬂﬁle is! ﬁm%@@r{ b rmﬁenQNg pro&ks. @‘Bﬁ:@ﬁ%ﬂt the Af3utidd Doppler difference
Igr i nduced %er is removed in the differenci ng

P L et SRS EE OB 86 Ml Bahergeiobgp gl simal, v
mmmg ieprovddspaiat @nelatios wh Dbpplen sigmturenriThe @mtnma kynoieaiiatidd2dntrol means
wzﬁsnoﬁignﬂegm%ﬁjugt B Qpebd (l)f% fcgi% Jo&h gqﬁeglﬁ%b #ﬁth 1HR n1easured received Doppler

£r0V| | ng I nprove Spatl al correlation o
fegenat i ?tég“mlfpwe TR ERTIRS YR PRIERISM FoRtRl SRS é%ﬂwwes Aidgpreases the speed
@2 fecive aidting) miead 8190 waidh iSturnt ifeasep 6L dbciOdsed the s;fe&ﬁ(ﬂ' ItMeCrotating receive

{u)%hﬁteﬁeglgra!?]?% 81%1590 tha&J Elré trecel"}eha%terrtrga?érlfltgr%]dmg %C?lls E’ew into alignment with the

erence
RIS Rlemees S8 I plaion anse 89 Metsmied Boppiss digtrence is at a minimum the

IREE Qﬁ&ﬁ& elbhiédt RPN if BiliLRAGE thd Krakshilt %ﬁtbrﬁ\g el@fﬂ@lﬂ ?ota%ngspeed (in this
g&]ﬁln i NnCreases or gecr ases t he

exaI{lpq lIllzn a ¢ _transmit & Tesgixe gltegj_%e%enéeats taﬁa({gSared spatially

17 AP ransms APEA Sleg
qottdawde@eq apignng nYnelnerazakdnecnet meagsl 2 LonGBushy appliels pdrEctions to the rotational

Bleld 9rBRLeivihdidand Jaﬁmtgrn@a&md to MAMGR @@ma Isﬁ,@mhz%n&%h@he%%mn antenna

rotation. fference Is

SRS B 8 PR E G L KERSET BHSSH-R) Y3 DG BEGS fegomed due t
sérapevemene dpatiadd dolrelation an swintainedh tAstiia of | temesat platfidratis @Rn determined as
é%ggygew,bgm ﬁns%ﬁ%@ﬁ&lﬂ&x I Hz) and the transmt antenna

el ements and the receive antenna el enents are decl ared
spatially correlated. The antenna synchroni zati on

mieferertial Ddﬁiﬁl&f&g}ﬁtﬂ%s @aybd fadetved ihyougRPhsbresceBa ifid@fofafipSa flGality of radio

ﬁ@ené&&?)gﬁo%p ends gf% ggsep recesvlgre in ro?p%ra in arsolnﬁ{e rargl oq'reﬂuencyt( gfﬁ)nt end which

mal n arn spatia
ig mplfiglered ingriime divisiop F’é'ﬁ'E‘ﬁ pagess éf@cl}tﬁ)tsthame \Mpémaltyhé regjgdiequghcy (RF) front-

eﬂﬂd d"liy cliéBYbe B@fgﬁéd%@ ﬂﬂoﬁsmnla)e l?di}f)lmatﬂk @BI#] @rSBitﬁlllﬁnﬁ Rey Receive (SSK-R)
user orrel a

arr‘lrtaennrz]at sgcﬂt:i]tgag fuﬂ ROTe ag eOW(e)I‘fIS rteﬁa nﬁgog} eal téaln?nst;eﬁﬂggan{rﬁ élﬂncurrenfc’receptlon of
Rbppler signptands tag)u@rwg ﬁlglsptyc Rfefsat-¢nid @towsrfort gngater received correlation power for

eﬁtﬂl%dpf)lbrcs@énht&@ dugtof thé Eredidr kRbive AR Icfdie, Bt Qﬁ@tgsuﬁl@ potdhBA fckr}a/arymg group
%ecel ved t a user rﬁcel ver 1 ncor

L e e o B i R RAF PrA: ARUEgys: iy repeation of s
sigpgure c@ClA ey shared drpeh atsingly radic fragéney (R i fonfane,quentbyt each Doppler
s{gﬁf are f“r&{? Qgpaﬁﬁl%hf‘ﬁ‘ke Redeﬁe &gktﬂ) %t%f?? al'lolazrté%i ttfnﬁ? rgéegﬁoﬁ ' slot. In this

access ?‘?8‘20 ene ura
ef‘tb%"q‘ﬂ@hé‘tﬁ TrRi Srhlffoﬁ% ivergySkeRk h““tﬁ'éa %%@ﬁ@da tstyit¢hing ggeans which
cansediti Gty witthppbeBreerSDEpPIaL sinBurky. TR Switdad ik plefeablly fibne @Min the integration
Recei ve (SSK-R) antenna, such that full correlation
power is received fromeach transmtted signature.
Concurrent reception of Doppler signatures through
nore than one RF front-end allows for greater received
correl ation power for each Doppler signature, due to
t he greater rece| ved duty cycl e, but creates the

T
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signature can be tinme shared through a single radio
frequency (RF) front-end, such that each Doppl er

waee@sataseL froma Spatial Shift Key Recei ve (SBKF/RY2004/001024

antenna is allocated a uni que2reception time slot. In
this enbodi mrent the Spatial Shift Key Receive (SSK-R)
@AbESTIE ube 001 RO¢aRteLBacnSSp, ithanfjeasBennat uptite Between signatures are updated

%ﬁﬁéﬁe%ﬁkﬁy Wﬁltlﬁle)‘?‘eﬁﬁéc?;\ er aq%%ﬁ?r s%ggﬁ)r@splh %rTm?e lggléaltorllJ [Vl%ﬁi'ple Access (TDMA)

ne wthi
ﬁcng%%Wﬁ%@ eRire vontpﬁxé_serlﬁ@é%ch Perpist vww@aciure fothe decreased duty cycle, but
dlifvarles Rpdteatfd for SAyikgd vRdup dEHSHI BiFBAE. updat es bet ween
signatures are updated sinultaneously. Miltiplexed
reception of Doppler signatures in a Tinme D vision
Rifferentig] leopplsi-Hgngturey mppgisose [ried @ dopier Siggatwrescudiigheagp created electronically
0 €0'1R SphtiaDDocP DV SILPHeiRAGKEs NP Ple@busiS iRt jdtifoatichue t 0
the decreased duty cycle, but elimnates the potentia
for varying group delay and |line bias. Differentia
Waltipath mitigiationasing Bifferential Dopmlerthignaypssi ed t o Doppl er
Iﬁlffgr@ﬂfal«lb@fﬁlemgﬁﬂlre@'E:&ls@tr&atpﬁﬁallg' R pbitRAnE Sldals 10 e tr@nshlied from, and
descrlbed(ﬁéeV|ousl

ock Lao
R S aleF e soooned Detorme oreg e e
msififngrgsighalavill Bameriner difSrghat!trats:Bitf duend positahin©oppl & any given instant
1§|tigi3afﬂérr€c%1v&ppgﬁlhlss"trer%{h ;%w@tj & rtl‘}l ﬂl&ert}ng s?l%r{ﬂ a0 'sl{?gantlally the same in a

g E hat are transmtted from  and recel ve
fit OV EREE R OMs e SHETRET SRR Y TTRBH Spigias toathgdeseive antennas are
sumuangrthac eanfel gurobdt Signanec Referende bl StRagrh t(BRS$) measurement for each

&Qiﬁé)ntldg(g@hp gz?u%'e Qéﬂéﬁnﬁaed/%y' ak/ehfgﬁ-lg%{ch%’&%%nﬂ Ettselt)%ﬂ gt{uer levels for each positioning

t1 pat fects on éac tionin %
Hrolencrithesieaaiyre perod. ﬁsém“%%g‘\a]éécél"?fb%ﬂn iSGTREth PR @N‘ést at drop below the
$3g1aafe fferdntxe Sighall Biddnpth YSKHS) 8y @ rpa:timrﬁ&ecaﬁrﬁ)usawes taakibidral th e adversely

free environment t he

a Pg nygglélltlf)artlb rarI]I {l]lelr ?)%%rg rHo*ver m aseurr]err]nggts tage ?1 eer erluenénélted from the antenna
sapﬂh@nﬁggn gan@ol anepns mg#sRiement, yr Ql]qr@atg/alnﬁl_e Dapplss peyeer measurements are corrected
bRk R k1A AE HRGE: sPhBMbatiS dofR@mbBan{, SRSS) neasur enent
for each positioning signal can be determ ned by
averagi ng recei ved signal strength power |evels for
Wheanlr ool $hifokéyrRycaiied$id-Ripntennat dosfigyied mataivea plemlitp df Doppler signatures,

IEQEdeEIin?Ihcmnlgéd%%l a §£§§'Sﬁﬁdi(e§f| "ﬂﬁ@rlmt %S‘keﬂ%gmﬁq}%ﬁ&mttm a plurality of
| evel el ow the Signature Reference

%{ppléhsg%nﬁtur(e%ﬁggjdwlﬂ}aléraﬂﬁugd'élf%rfﬂ:] eﬁ@dragﬁ%t(j?fflveapaér are sug tantially the same.
Whansi file reegivetaoteine eradyensdpath fafe e aitsedatdiyrecaivdr triaqkaul loop Ddppler value will
ﬁeQ@MpteIQg&QJdﬁ togpevg@\rerl{g’r%?&y Eaﬁﬁl%&elaﬁ ?ecc%ldtr&g% le}u{y vﬁl?ch %Sjncurrently is

fromthe anténna synchroni zation c¢ontr ol
%§§lﬁ‘“@l‘?@htfade Wil lﬁyetaéraﬁgctxqtqﬁéfﬁlvqr fracking Llﬂgp @Pppﬂfé\)@‘fe which is accurate. This
AYRABLIE KB IoSp DippleCalut el e disdd el afedird &Icéi@r enpllng ®dp tvhiletiR @wn value is
c%ﬁ&;? Qf‘n%eég lalgltg peagl\r}lzéd% ?éﬁgnﬁ%%gse QLtHéaTEerC %clg]l € uer;mea an?@ecelve% signal strength
hagbasi (eatorgd, rgpqmngﬂqop 9on@qsl 15[;9%yp)pcblyy thq f{\r}ﬁachycg@annplgrackmg loop. Therefore, the
P& |1rﬁ13dt1¥n §MQ§F&: Qdaiert@ Hadink tbo@vaiﬂ@b' b@lsubalﬁhtgci foKﬁMtlpath dlstoned tracking
lTranf éétK ﬁenn transm ﬁl $ ! Uﬁ ¢ hi
BRFpBIUEY ST GAH @ ‘e%“ ‘i‘gn*ée PHERG S F""i‘ JE Pﬁg SPAORRR St Ig practice, this
reield ptovideystemrvaerbiacking velugae tedid betaen iradking lobpses saineceive antenna
MR Pexftd hsitpalh@GE Ve antenna enters a multipath fade
the associ ated receiver tracking | oop Doppl er val ue
wi Il be corrupted according to the severity of the
Hugtbkemorkjokeeappler \alugseabaingd frae @idividua mbaking doopsdwiddh are deemed to be tracking

&9&9&‘ Fn[é)egat Jc%nluﬁateﬁ] Q)tr thE GseﬁreEQrUelt t'o Q?é!u@ E@&Lﬁed\’@olnl) sh@%@:g@t@%Carﬁer Phase
assocl ated recel ver trackin o er va IC

{P) aneasyremens. Thifogpopile: fyegraied %a% Fhaﬁ Q?%é PReBSS S fnhgraptlyaccumulates
B Tgdd" Dottr yfuet, fiee froni gk delaerdus/dects sfaedetenghitipa® PanMibietefdre provides a
its own value is corrupt. Once the nultipath fade has

been traversed by the first receive antenna, and

recei ved signal strength has been restored, tracking

| oop control is resuned by the first receive channe

tracking | oop. Therefore, the present invention allows

for accurate tracklng Ioop values to be substltuted

L 1 o

in
gulr]ed to recelve the transmitted
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enters and exits nmultipath fades. Furthernore, the
Doppl er val ues obtained from i ndividual tracking |oops

wokiosiizse deened to be tracking correctly mayP@BEAU2004/001024

accumnul ated by the user receiyer to create a so-called
conposite Integrated Carrier Phase (ICP) neasurenent.

nhére $obCD MFDQiE tnethddnin eiltiphte dnviZanidn® whEhawartd 0R)stems not using the present
Heasdirement i nherently accunul ates only "good" Doppl er

values, free fromthe deleterious effects of severe

mul ti path, and therefore provides anore robust ranging
mtdaedeténm.miIf.toinmtdgleeswiarmeyﬁamrtsmﬂ‘paﬁ@.da to

Ag}dsset fel&vel gptnr é’:%édqgre%erl]vee arﬁ’lﬁ Seeng%l 6°PM§%@TH? Réan J’f}relé“me a.tt{tude using at least

term ne oma sin
Esgrasited Riftrspiin! l&omee%*gnﬁté@ew eroceb?ﬁqlf@mneag the firsteRRappleresignature with

tBe Bccfnfiﬂ]io@ﬂérl signatle Bﬂhtﬁé’tcs$o@ﬂ@érUﬁcﬁer§eﬂﬂD6@Ie?W a‘ib@ user recelver clock drift.
’%@}e teu gdllfltserlerrllcgd mgai eatS)e use tg dgtgnaﬁps ranﬁgntrn%e s&atg%&sm oanﬂtéon w1thout accurate

process
tfmerbe?tng EJ@HTJ’I f-‘eifheéing 1famp rmedl\}atqd ton thia @lféeeqymt @oidiep pésesioning signals is sufficient

tS |d@£1ﬁﬁn'd lithe @ théhidRtBshd ROEINWHISHEF a Hgﬂi‘ﬁﬁﬂﬁﬁ& o R @iex@i‘, wi\Geld an orientation
user r.eceiver C fore

g B SRS SR S el iy B e g of Sy sin
Kqyd$5kaland static Ippsisioningsignals and dish cutarlgpoinus iateeragkingeordfigurans, as previously

c@%ﬁbéd%mhﬁ speIilﬁgaan rﬁ?e ﬁ&c@ﬁgf Hﬁéiéﬁk ﬁﬂul%ohﬁ:@rly and Jate trackmr% arm Doppler

ferent |]£ posi tioni ng S 1S su
aefdétleremlweewl PRIGS TNGE BB BSRAEISHANS ‘é?fé‘fcew‘?}iﬁlf’@%i”ﬁt a
rotational rate of one Hertz, will yield an

fgtituﬁggé’g&#nglged%{?h%é)ldrpht%m?pgtfagﬂl Rfey l%}{sml?(:S 3’9? glrl]lgg h.s

can a
Iafthespsetqu&v displpspd erReogfimeiSRY theypigscst er%onpao&tatlal c&hiﬁrﬂgey Receive (SSK-R)
tefaahsy d@rchie! Sdude GroRad ill)gienSpﬁthhS SiuﬁtI@y tT¥anSi (39K-T) antenna. However, in
sg)r(r)leg E&%Hgtg tcc:zsgan aﬁer%{ngt\lgn %? lb? de a? dg clrue Eocerrﬁ)xns mcl?lrred by multipath and poor
rsqeweﬂ digaplcbensthe ahqrgforathet prtesantenvprrtrae Rirthey dlaqimsmmmwd metheito determine

rValveieginik bylipadiie &n%iadmgQQ&EKI\/&rDobﬂg‘ld%ﬁﬂurpwltmﬁﬁralﬂpﬁﬂﬁﬂty distributed

de. det
LS PR S Spes A el i frpsi srgontra
cadht gnerate af jgast Ioee priw ipotitdhipg diget wosk ds emswdedmlm_hsx ofSpatial Shift Key
ltrgtl@m@ meﬂtant'erﬁl\é %EH Qﬂmﬁ‘ Sl%ﬁ%& fﬂanéhd (%’SK If?é(nteﬁﬁaclg 'cyn% Tred with identical

ant enna may determ ne att roma sin
‘d@ﬂf“l’ Pre‘FGE‘SFdﬁ“&ﬂ'é NI t‘t"S@KmF’)m“afﬁ‘teéfﬁ‘rPéase Ef5\GEs\/Bqve in unison. The
UnfqusmﬁfEﬁmad mEtorstepeat esa @édefetninte iletat I‘tli‘éreﬁﬁtnkhﬂ:ﬂ\g miydeh?t&al predetermined

[%gg %ﬁ%urg Ye ea‘t: tra%grhlgcrdg) %’]tﬂ)?ltﬂg,% g‘gl ?. recqyl%r 1§ &%‘P gélreg tQ re(pelvg the transmitted

gna stren ore
DappleTiPodiivd paioHes iedfis ‘I°H%‘é§l’%ila'§§*§’t‘@m1‘a<i‘we HSKHD anten@a which is moving

il @hasd cﬂfhtglamﬂlel&&blﬂﬁfredaﬁﬂedi nbteba, abcywﬁﬂatepeals htyheeaﬁer;ﬁédaerhmgd fhterval as all
recel ve I
trans 1t an e1my Dgzp p fen{egs'thggpatlul ﬁlﬁ&eﬁmecel I (%g}@‘#? an}é{n{a tl(lfrefore induces a second

tIca
EDBE}BW cempospry protheglealy Dpppéﬁr—mo@‘ﬁq:dtpymmung piaialsaAr aptenna synchronization control

bt WithBth€ fedivePEbRubilsBTagjudtSth€ Opafidl @Hfﬁ%ytﬁaceﬁé‘%@sK R) antenna predefined

nerate at |eas i oni ng . si
TREOT FEEH 1 SR POR G ATt FAR- B HPrer iy i s fivine the measured
[eBBt-oT Jhe aaatied pesitiofiag $ignBp tivarel |zerGhiint ¢ thddegeivid Boppm ¥ minimized the Spatial
sﬁéﬁk’e Tﬁm@ﬁk %ﬁkar)' aﬁteﬁlgé’];n'd Qﬁérs%guaY\’sﬁ R Ideﬂ ﬁQz%fvg @Sr(q{)taht%ﬂlg Gre moving in

and |dent|cal predefi ned nption, suc

e Rafte SBAYERREehioRizde Theatitudp &f the Sratigl ﬁh‘@rﬁeé &fceivyiEK-R) antenna can

nigW ibe) d@erfp inedlpEdisalg celativg ioahe artigde af the Satifh SKift &@ T@afismit8SK-T) antennas by

nllegstuﬁrrl Y b randkh8 <M or: AMC Loy AR L0 e BHFE B Tmen%%*s into spatial
1%r - si gnature on each transmt positio

cgﬁ'eéarﬁ‘a‘l' A receiver is configured to receive the

transmtted Doppl er-nodified positioning signals

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

which is noving its phase center with the sane

predefined notion, and which repeats at the sane

predeterm ned interval as all transmt antenna phase

centers. The Spatial Shift Key Receive (SSK-R) antenna

therefore |nduces a second Doppl er conponent on the
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notion to match the Spatial Shift Key Transmt (SSK-T)
Doppl er signatures by driving the neasured Doppl er of

WO bmsnewdei ved positioning signals toward zer o. PCaB200me01024

recei ved Doppler is mnimzed 23he Spatial Shift Key

Transmt (SSK-T) antennas and the Spatial Shift Key
Réiitedepror(dgSIdnR)tipai is@ignificaatyeredwoadiusige this methbdsdua texgkn@fi@ synchronization

$&ﬁ%l Iﬂéahé/hasMQQ Blﬁxgn?& &£ dentx&h@an?rﬁn&édtﬂbgﬁer%fgn;tmgs et§pe§'etc€ . As one received

EP )é/ g ? % antenna can no . _

SPR AU 0T SUPSP BP AT G BBt PRl tgnapise which are nr

ngtwlnlaff@hd by miigiyathl mélh BnavhilaplSEKehed anteand §adheBizityon control means. Received

WirdnBE a8 QM RRAZ SHRRN ' 0% Sjetermi

2B 5 S5HRRRS: SRRSO, RSO P i

SFET {1 I Ere e B e B b 3tSegle Hetgrmination means robust to the

sihvgr¢ dffectaoftnhuptipat dtieedmpasad RgsydtdisotBih HBelprebe@ irfventibh e

ant enna synchr oni zation control neans having a

pl ural i t%/ identical transmtted Doppl er signatures

ﬂ‘c‘lp'géi“é‘li YndawRates one recei ved Doppl er signature

$ufhe @f@lomﬂ}vaﬁdiﬁédyenfbbdlmmmhdoﬁéshntQﬁ\]aﬁfon itcbesphiial Shift Key (SSK) Doppler

anpaglreie{epe% (%ﬂgg Wl ﬁ%&aén\@ﬁ] Ibgal | e{%{r rt]rg%kmg %og rbgnﬁllt dth gfgrfnployeg 1In user receivers.
&feie dﬁlazfafl‘iebﬁn@éiﬁl?‘ﬁ of thewespest inFRatien & edtemsagd akthod to determine receiver

Sttifu@d Gt faSEupdNE raked r@afc%dedt DhisSkydBataHd erefRed F6RMBowpRNRLd to perform
bR ANl ERRN: L0 AEHET A G RSN, 8. ST gnature 1s 10 a

Y RPET & SPHE PP EER N BARPY on provi des an
attitude determ nati on means robust to the adverse

Af tFalatitfer, QbnlEed b&%ﬁeﬂté"@ﬁﬁn&ﬁﬁﬂ%ﬁ:ﬁ UnlcR isSHam tﬂ?& h 2 Spatial Shift Key
i nvention. Rapid Attitu Upda

resent
%ﬁf’ €§ { H ’[Tﬁémtf)l}n@\ff“bvﬁ% 1 Phises tonteis ?!Bih é‘ﬁ’é‘o‘ﬂ?%‘?tj dnogjen, tpf?éﬁrably with this
pgr@mmotlon\pemmedm t heufspaitimh rdius bf 1/Key the %)nltaﬁgﬂﬂiseiavelength This
e o ed i egr%llrnre igh-rate Doppler
?,1 maéd%o% mp&@tat Pﬁ&g{%ﬂg}] 3 nngmﬁ%ﬁebg%usg% Det &f%gh te Doppl

racki ng op bandw ecelve
THBRET O 8“’ ‘faﬁsnaﬂeﬂmm@rnge?ﬂa@du fanstaifted; Reppisr éwfﬁre is modulated at a

frequeny vbich & sBy&tteiMaaild rd@ien pidkset rﬁ)eadﬁ&&ﬁtl’ﬁeﬁl@ b2 €BteMB4An the user receiver
@aﬁ,ﬁéﬁggﬁ%gglgng {1 L update rates is disclosed. This

system a vvork wi t hout the need to perform
Doppl er signature tracking using receiver carrier

Anee kdcél@ﬂ dfXfRgired £ rbdeRE ﬁlmﬂoﬁpﬁeﬁ--moﬂiﬁmc ﬂoQHJn sigfal %&gﬁ #8Kitial Shift Key
g - R0S1 %éléﬂ l? S| grrﬁaes w1t|hC$ |Ss trransrrrl %e t'hrou a X

T A FREREY ML YaR e seegrapyd RiggeliA mo?ﬂﬂvé"é’e‘"i Ipg at the same
prhdsteemipedrinterval o 'lhh Spaaplsmftmeeéf@flsnne(asw anoanpa. Phie BeariaIShift Key Receive
WSKI'R) tikténSia ﬁlbrgfdétlﬂﬂl@es g@etcbrfarllugﬁ%é %ﬁ@gcohgon@nt\ég |th‘é rX]‘i"eady Doppler-modified

hin a radi us of e transmt sign
mp@rﬁgfmonﬁaﬁlsgn% r’[@awr rﬁc‘@derrﬁ)(topféﬁqrefi g)préeéflge rﬁielvad positioning signal carrier
predetsarenents dpréferttdy inaghase tahd q&bnylmren(dlmmgle&urements once every correlator
ﬂ{e%%femdn% J};'d&i@ the %&rﬁer%aﬁ“ el()op_l_é]oglqaje Waft 0 %e etvclé}'? signature period. The

transmtted posi ti oni ng transm
PEFSTdERhass vefpea oV the |S’§“"‘|‘ﬁ5“ditfr‘%t’t asgicompared Mg a Hartee poweh vadde fprghe signature
sriodve tontphi@ad The doSiPiited TRPEEr\pBWer lfﬂﬂ as Qgﬁ'ﬁ&@bﬁd@iﬁ@lﬂﬁﬁéﬂ u@éﬂrab @6lmeasurement to

édft tlteaﬂcrﬁcie (';mp SLJ&% §iﬂq’f? rKer ?(%c%iv\é ‘?Esxgﬁf f Iteen;m tasr g'r%¥ Susgl described in this

rate ecel VEer, cont
t\‘Pé? ‘Pti’éast)é‘}ﬁ'pﬂ“&m%(!ﬁ @Unmqntehtdmhmgueyag Well astuser aesgjber correlator
ﬁte@ﬁt@h keBhniqbyl 4ré wi{BRMoWRES e Wi arnki RS s iR} ecPITIHE PRaSnt iHVRMES.
with the sane rapid predefl ned notion, repeating at
the sane predetermned interval as t he Spatial Shift
FoylluTrrativpsaxireplq, 8BKrnE)agaimtoghigd, thabissle@pedt 4 SdatibishifttK eildyansmit (SSK-T)
'c{?}%ﬁﬁ' M2 c(n%%m@anaaﬂ'ﬁ)e B Ranbe bREAL %lellng}ﬁjsuﬁﬁq & 839 ¢nted in a circular

h- r.at Eo er co onent on the alrea
fepen: F‘W‘é‘ﬂe"?}e&% fated i SpRSESTIPT 9 R?g%qu?f‘a’l""lsw each, such that
tUG phaser @uter tegerses sroginthé gy @ckery © miligesande Thie GR4sY edlter movement therefore
posi tioning signal carrier phase neasurenents,
preferably in-phase and quadrature (I & Q
nmeasurenents, once every correlator integration
period, and update the carrier tracking |oop no nore
than once every signature period. The neasured phase
val ues over the signature period are conpared and a
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period is conputed. The conputed Doppler power for the
signature period is then used as the neasurenent to

wo easkiobe attitude of the Spatial Shift Key RECEAUZ004/001024

(SSK-R) antenna as previously24escribed in this
specification. In-phase and quadrature (I & Q
imdbasu Bopplrt sngrﬁmh:nipquhs frai® @it pdsitiarBngSEhal \i’/l&lCaﬁfréqeé’ncy of 125 Hz. A user

&&H\feﬁhﬁtl?{ all‘ %?e%g;nﬂ S(bﬁghaI %@?E}qﬁgg’l% §S e-n?@ tenna @mennsmg an array of

the art an I nven

Tegstve PRPI £pranis 8O- bicaipP ouniedting ?lich‘@‘ PatH] ¢f idepyicpl; reglius 49 that of the array
dffvensanitiastertie fleridn@ d031 foa3-8. @achShieiink elk@ynt 409N AL S it RBatel)in succession
ﬂFtaﬁ%nt . 4%1\%%?[@&5@ 0%918 %ﬁ‘cha\ﬁ{ ﬁse;ge% S%ﬂvrrse% natroeum] he array every 8
wsecopsr BYS RipFe cemir Froveee hizeTas odkishics fushen Bpipleasignderupon the rceived
ﬁidlﬁ&ﬁfgé‘slgﬁzﬂ with & DAppke kikmathreCifeq@R& ol 15| HZS BeQheLrRi08 Porio® SGHE user receiver
%?.rrm } %cplg Phﬁégsetcﬁ.%%ee rrmltsgcgi}le/ censt in- pn%e\zr) agnr(%qte (ﬂ?dre?n{rr 8}/& %\{ ﬁa\ée values are
gehatedk corhenifigesensls The t@dmsl leap lsqogmteéu toeupdgteoattet thecompletion of each Doppler

di gnatuls I}Sbﬁd*d @el) @ShillisBHdE)IsoThad the karMdr Erickig ﬁoros efg@gn D edhtrOfed las%ﬁlator (DCO)
ure

\gﬁue ]:etmaizse su{)% Caﬁ@ c%ns%:gékmﬁl hS él%{))ag{ﬁ rl%ioglglg (ﬁc&acgﬁure (I & Q) phase
whengre ofeasrneé egainst tho tasta catiarmeeking 14@adiditat @ni@ied 8scillator (DCO) value,
m&%ﬁ@pénﬂ té\the |pﬁé§é”e@é‘1ve@ abh @A rQfivd Senbd G@lent 911 Ll§ 46998 in the Spatial

o t he r t mt, antenna el enents
15° hoskutnelh Do B E e e oo v oy ik O prse values ar
fbkqueatlyecdmpareds tc oms gother fooderige pighti Depplof mBﬂ;&rements These eight Doppler

maLJrén%ﬁtQ e gggﬁ%&tb to §dﬁ‘fpnteta I@("i}l‘ibﬂeﬁ] Eoﬁﬁﬁ%%e%ﬁ% ﬁ;r eaﬁﬁ'esp%ﬁod. This can

around t he arra¥ every 1 seco

feféffﬁhéwatﬁﬂkyé??éﬁ%% ePHé?"éPBﬁh%f°il??‘d’Eﬁf€§‘P%at‘P%ﬂ°P H@rel Plggymeasurements: (a)
Sin@ingtthersquateRab) rodtenesne ey RMPOS) thé @Ekn DOhS hGsIRL vakhes h(d)&he sum of the
EB%I)LRA ‘%ﬁ %IOQﬂlgtSM{‘llgr Jla(ﬂ?eglgt? ergtgon l\%]% dlc_tIZ rmm-g gombmlec? gcr))ppier power over the

perio ser recel ve carrier rac
sigapture geripd ds then| usqdde Bepk dhe adignde pifhe $patiah Bhif ge)aﬁq:elve (SSK-R) antenna 408 as

;ﬁ&«b&ﬂﬂﬁ&e\d&iﬂec{ ih thés spekifipdtios Q’hlyﬁ'béé%Ss @hthudlEly gpdle®EleSA%Mature period.
mllisecond. The tracking loop is configured to update

after the conpl etion of each Doppl er signature period
Yenawreypedodnipdpblerspowernmay) be cgmputddan a nimebec eff waye fror tiggikeasuged in-phase and

Jue®Burel| Ug?l ﬂ)ha&c’v@lﬁlé’soﬂe%% R5Ghd leat ﬂSce!sMnsM@Lﬂﬁﬁ)athsrﬁét&%me Doppler
é)url ng the stjqnat ure

subst ar const ant

g e he SR e PG P S on TR E bR iy g dvide by
theaeiummeagap detrmink éndysing tDaptler owasniementst Tigedkidapgled ro@urements are then
&ungﬂnet.dql) dGQRInE Qlc:&n%sng%bﬂlér %Bv@err o(epﬁ;p):;lgﬂﬁﬁllrelﬁnom ;ﬁlgse and quadrature (I &

correspond to the phase received from each recel

Qrihess r‘f%l“eé PE3REARIN Kesdve pntpnga glorpents aferf"ftfefféceéb‘ai“ﬁte&?‘m%h?ffafe change between
dfeynaRéxeehty. eTheS PKasR)differeh@ s FeprestiBa rahftechenge iogdita kndwip Iﬁ&&ﬁ of time (the
a?l{(l,gnag?dgc [n g&{og? \g'lglq]hgfheh for® F\'@\$ e%’ﬁl&}agl?rg %?pl%oﬂls ?n%'i’lv?cﬂal n}éasured Doppler
W@&%@H@Wé QYes the Figaaguae equgqh@re P bl rcorwe*&ém epm«mpgte Aplee, such as an RMS
B@Pea@atodiut or GO RIS GRihi tRedieRaRabest sgameshlﬁ/ﬁkw@ecewe (SSK-R)
for tg% signature period. This can be mat hemati cal

antenna attitud

repr &selit ed by any of the follow ng conputations on

the ei ght Doppl er nmeasurenents: (a) summing the

Iﬁ%ﬁﬁ&éﬁs inpkhke 4n@ Qﬁa‘dﬁﬁ@rﬁr & @ghlﬁ;eevaﬂlgl\@)mhei(eﬁtb nt)igfmg@lﬁane‘ﬂfs Therefore in
e absol ute v m o({ t he abs

av l"ﬂfé§mb°8lm%‘§fa‘ié ?{fSF‘gs ‘)ﬂﬁ‘f’h Ea apfars: fsﬁﬂsé values from each
rekestve prinnedenotdy svbaenDy pyrigeted pene plunlite pf stlgmausmgwat befege being used to
REMHIR, m%.atéa%@y BB &&s&Jn@ﬁkRJfJﬁ%gquLd b etles, w‘e f‘}sl?%cewe antenna element

IF))atI al Recei ve (SSK-R)" ant enna

4974\ wtiepeg f?ie‘s‘&‘n“isffé‘di 3t thetbrginning of e3ch ﬁ@a'élfeewd Srzmnge period. The first in-
phiise &RisfhadrBure (18 QYsampls bfthaipstaisrthirepeeibd/is Sdc@iaited ith the first in-phase and
period. Signature period Doppler power may be computed

in a nunber of ways fromthe nmeasured in-phase and
guadrature (I & Q phase values. The sinplest and

| east processor intensive approach to determ ne

Doppl er power is to difference the phase neasurenents
frompairs of adj acent rece| ve antenna eI ement s and

o I T o
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antenna el enents. These phase differences represent a
range change over a known period of tinme (the antenna

wa@osomsy period), which therefore provi des aP@Eab20€/001024

of Doppl er. The individual neasured Doppl er val ues
col l ected over the signature period are preferably
Qadratek (10Q) sample BEMNMOSccdnd sig@ituctheri G eNichaSacainulds widh P FiRf in-phase and
t he
QYtlre Ylaéc Fsag{ple OP% ltﬂnjﬁ gll’gnaggé $ F c{<§nd gfg eTlhgsg ac(cggﬂatlﬁsns are performed for

eter m nat
GHFY BFANA ST Elemen APh P dntslis o ¢ paed @ Padgtermined number of signature

fktledd ) imbrated 1dw nofse Q)-phﬁs]a aﬁcﬁqu\kﬂiﬂdeﬁ 88QFphbdd hﬁﬁ@ Efe'ayallﬁm’d Y premse Doppler
&EF&%%IHJU%MFEI %merqr ki % lﬂog egltal camtrotlle(f3 osmﬁa or {Iﬁ?m ouser recCeiver 407 is

present ‘i nven uadrat ure
wﬁa%deaﬁﬁawéelgﬁwweaé ha FEtEeiop evalantten need dp épr@mllewceeach in-phase and

gadtiaie atd @) vahk eg*s;abaﬁg AodeulaRd Pltithelniphse &fd (BAdeHARS @ BAQ) value from the
I&Vboblf s1Fnall%re erlod k‘]’ﬁljs rc]:grreézfl valtue quaccountntg% the pFaéglola&nge cF'lgedC gy the digital

P ement erring agal
foptradied pseiflatpr(BCRN thargiee feqqmmet“@@gmglame periads. \Adsoe ehyfdata bits that occur
dkihd thSQEQOHinREratidl Berld@ died W A Gectifnteg@eh 8 m I 1i second
signature period. The first inphase and quadrature (I
& Q sanple of the first signature period is
mcclurthet alteendte \embdlinieneoffthe mesent irvphias ehan diffiacteamens@ed betv&en adjacent
AenB TP efirs fJeOJEthJﬁﬁ)ﬁ %ﬁéfganq o%dr gmlrmt,e oipﬁén'atqg émfs Chet ft a change in

accunul at ed rst i n-p hase an rature
fReaegrexs i dsital coptrped gfifier é‘?@%m Gange g D s 885 ey afect the
aEhesiated measireth ntsi R)Em‘Sru@ragaupte Figo4, e dirst @eeive attéhns &@mdny499-1 is activated for

?Hﬁlﬁékgf?d a%h & HEN pl%lgeg Ig&agrfaélg% é g@ E‘n set\glﬁé is & ea R%eﬁm‘&% Q{gsequemly, the

eterm ne g{] re periods, 1npr
SR 1S EnPTRG BHBE Al S5t i milifepond, e sedoncbie-PhS andguadranur (1
@Q@ plavealua Bls@rell @ mdMoQC TKirddoPRd RFphshe brifqgiadiairé @B Q)lphase value and the

seco%d %t?rre t)rerhfstﬁé%f quadrgt%lrﬁ gp (gr zlzrlstg S/zlaluec'grg tdlrﬁf‘f))n}nceci:l to detémfme da phase change
lafweer the fitshand isegortk anternagsemensg|409a & #P9-2 Cihis aliffereaded elewalyment is stored in
HERREY 4@ a&annanlwla qlffeen&aathsaramn@ #9R 1R @Qneqw@gﬁaﬁataeaem 409-1 & 409-

val ue befo accunu in-p
£ Ui et ReTocs, 15 PURRHE MDA HHo B et Gesanc2lmens i th amay.
B grampleytie sprend aptdnna Blement 4@ i ditferemsedaeithuie third ahtemg element 409-3, the third
Jngﬁnat eh&neﬁthﬂﬁg is Qﬁ'ﬂ&ﬁce@ R QHJe R}{h tamgmg 'egfn&@lm&@ ne;nﬁ Q!) | off dAccumulatmg

oscil lator (DCO _changing frequency between signature
oMo PIASY e e o R GEEPTSar i, gEeigated. in-phase and
qadigiire (11& Q)phag rahies dua tqdigitaladntroB&itbsdiltatod D GN) Gequadcs chahgror data bit phase

Jh \%Q IIO%\t'ep &r oﬁ‘ld&@ é&?#t m&dﬂreﬁ%ﬂz ul{f)ﬁ%é Ebe t BF 2 g%gal controlled oscillator

ent 1 on, hégtéase erences tween acen
@ﬁpéﬂﬁét caehettia A Sangiie EaRET Pk feregyat ed over a
plurality of SI gnat ure peri ods, such that a change in
"I"he F gvude[ﬂogﬁler sanatura mgtlhgcioéefcrlbecd (t)v%% so rogc? \S;ghre Suleat % %@?} to dynamically
atszh@ attwsle nmafatraéqs denezdantrupangisr srrcuRetfmm Fprrwgar@@alf rthetusﬁr Fiqgjres fast attitude

1ﬂ>dat$shlﬁd £ah rtoclératg %Q/@ﬂ Mﬁs@ﬂeﬁ'}%wﬁn QI‘E&B& rél:&9er ]407 §a.n be conﬁéured to provide

t‘il vated f C[ ‘Il[}hsecon firs grﬁlé

s(lﬂgr d}gganﬁ? egtlttl e u&da sy reﬂallreﬁ lg‘leé prggi %(fnéialtll A Wbt‘okerate slower attitude
@ddnsnetqu enmteyrecd.nhews ea0n donfiewed tv erovird atinia updaesrevat a O RitPof signature
deSoddctivated’for 1 mllisecond and a second in-phase

and quadrature (I & Q phase value is stored in

menory. The first stored in-phase and quadrature (I &

The ppans vandbrugerafnd dishleses e aethdd shaebg Bpitial fHi Key IS/) signatures are not
%Ul@grrﬁ); lz!&les‘tragrleﬁgby(@omgmﬁ c\iﬁllelugacﬁﬁf hogﬁ }ec}ﬁﬂ &C% r‘atﬂer are derived from

eterm ne a phase change between I'rs second
iBAnEpRQES RBsE ﬁ%‘r?f weajyyer by a gsepryeriver ovangpch Dgprigr é's@nmmd
nmeasurenent is stored in nmenory and accunul ated with
di fferenced neasurenents fromthe sane two antenna

el ements 409-1 & 409- 2 of subsequent signature
periods. This procedure is also applied to all other
adj acent elenents in the array. For exanple, the
second antenna elenment 409-2 is differenced with the
third antenna eIenent 409 3 the third antenna eIenent

AN N I L Y Y 1 T T e o o oy
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quadrature (I & Q phase val ues due to digital
controlled oscillator (DCO frequency change or data

whedospase change. However, a boundary conditiBCT/atu2004/001024

each frequency update point otethe digital controlled
oscillator (DCO and at each data bit transition are

futiefde Dateinyindtink @ding Mattarn Reco@hifibn of Dopplérainatukdo ppl er

m 'a%ﬁ%%n%oﬂﬁ&d? ggﬁ\?ﬁ'@sgﬁt 1rp'§rgloéﬁg\éﬁe %%gclpd’n%tllogl%?liﬁ%{]lgﬁns as previously

user with nam ca assl

tpsaatdeisrenased wigpe ﬁ%ﬂfa'ﬁtrece%r?n plearihg 13 drarinaAde. Bgppler Signatures are
genangl end irdnsrhil@ theRgh SEjhl SIEG ﬁe@sﬂran&hﬁ i($3K0®) bidhAdsC8nd receivers are
c%pf%u&au'ltﬁ g%sgl %Llpﬂ eowg’celv{r{%@g:ﬂé anqe as a rgr%\%clals y%eSﬁrlqe(Ii] q‘he §pa[1al Shift Key

recel ver con
RecqjvedBle-B) @fetmatge@etea pﬁmdetsmmeﬂ Dmer &lsreﬂlrwam fweisonentatnon That is, the

Sti)htgaln Sﬂift KE}GRIchi/eQISSIa-RK dnteEhhaB QenféadPaVEerls |/ @In@ipa‘i baye Ehe top of each epoch,
ate

|
8 esn u s e &)p{g spa‘talalfé/ cor(r]eZa’teav{ {111 elﬂansrmt[eg {)pé)ser 3 gxéaglre B%@rent orientations of the

C (0] n
Jortint é!l ftikgy Bﬁceyf: ¥t Rirantepya ioragups dlffﬁheet Papglsieprtternnaventhé gignature period.

BRI BIpPIEEpallirSCdr® Sdfpardd &tﬁt r{ﬂ@éﬂedﬁ@gﬁ prodereAddl l?dppk%hpattsms@yocrated with
alr e racke nor OnS aln
RO DB KR CERMRAGE BB P R Bermage Popplerpterns re

preferihdy staredein therusey exdeifer mAMON SO that @ikedios 1splatamenevd diregehys from the discerned
Ma@&’n Wer%omﬁt ﬂoﬁ@&'lﬁé? be ffNEVed ﬁ%@%n@&ﬂﬁ’e‘ tgcjilm%ues descrribed previously

gnature period. Attitude Determ nation using
'Peg‘z‘:‘d@?ﬂﬁr‘i‘t’aﬁ "Iafrgarﬁpqleeqresgrt eofippy discloges, the uge of patfern recognition of Spatial Shift
Ky log ki) medilateifsighdibao (tedsiaedtitadevent i on t he ant enna
synchroni zati on control neans, as previously
described, is replaced with a pattern recognition
H‘Irgeo‘?'f“ﬂffﬁ“?'d)oaelfreﬁ*wr\'éesat titude. Doppl er Signatures
’Blbepr@ernelh&hﬁﬁl and diselaes @ dyftanl dnlr gl tspﬂbdu&i thekbl dirhensional attitude
lnaElgtp Sgﬁ%ﬂ% %K_en%onglnbenﬂ:f tsig%gurgs rﬁ%gldl}/n%{s% Issppler signatures are

| gure Recer ve
Paqrirl@ﬁ naise Seatiy rSbify IéqysTrgnsméé%ﬁﬁ Be@tenﬂah éhaSpeie their Biipting means in three-

dﬁﬁéﬁm&ﬁﬁ@h&éeﬂ{réﬁhﬁleﬁ)@mn@nﬁ&ﬁﬂﬁt g8 e Ecﬂteeeﬁ uﬁ 5 §pat1al Shift Key Transmit (SSK-T)

Bty SPbHRE wep g Ghens b st PagiongBoe. s Syauptirs g emnearon,and
SEEBKivER svatrhiegbeaweeh eleneents g geeratt p Hr@rdiessioralsDepplendgnptade. The preferred
eﬁ%bcﬁmé\t u§ep Sout S}Qenﬁg el&@éﬁg t@?&% aatﬁ\‘ge rﬂﬁ%i@na‘i D@p&le‘? %aﬁfr@ however the

spatially correlate with the transmtted
eaeEAiaR efrdethrepylimensiopah Doppler sighatis y5ig apf numiey oépar%rlermrffrﬂ within the
by sdl@caad atabit(cBBKpBRentamverginma pr oduce di fferent Doppl er
patterns over the signature period. These Doppl er
l%etter ns are conpared and matched wi th predeterm ned

t5($fenter Paaningr ns associ ated with particul ar Spati al

ERtirdrlic f@ign Req antdia ﬁlﬁﬁlécr@r céhlte Q&hﬁbﬁecﬂfyls@lﬂﬁl@tdﬁsﬂmﬁtmg Thées€elements in a

ppedgt?rﬁlgn% conr}%?raetg)g Pa@r!le rsucrresrve ryeerQt%hln% elfé ernFs to crebtle samt‘ﬁesrzed phase center

eV ereantyi 48 e vEPihe deserjbed i thig Pr@crﬂ%g@eﬁmvdvewppreeq’lutwn of this method is

cﬂrﬁfrﬁlﬁdrby th§ Slfmb@ioyfeﬁféﬂﬁa ME’CE @Vallﬁﬁ?é( wag tﬁeeﬁEQ\()EQddflﬁ)hﬂ Gintenna elements
revio

cgeaténél gfaéeét IBﬁexnglhagil}J g:gsérl'eurtﬁ?rﬂ%re p‘hg §8tﬁratlar RSY H?ainrifnlci]egradatlon caused by
idreeset owes couping ss entepha gieatettaeparatioddodgeredsédpis alef sigBjfiadni. al

Shift Key (SSK) nodul ated si gnal s to determne

attitude. Three-D nensi onal pl er Signatures The

THF BwRt inyeRvae isciatss ameBodisnd éiF‘6“§é% produce high Fesolpign sthetized phase center
nto@erEnOdiitioe: thehre@bfociinnapiassive nethbeAbitantind @leslentts Arpludityl Fantenna elements,
vHrﬁ:h AR s yﬂglg@fis@tbm@ §fﬂ9rp?!1ua1%? Q&Ql'e?eg%tﬁ' 5%@%&@15 are aach ccamected to individual

Thr ee-di nénsi ona er si ures are pro

veréablg gaigpseetiony, sugh etra@ﬁ%;ﬁfeqprr&h SR digigpiteryatoss the poniel mepag such as a
nif@vRockdI&| i configliraittd EoytroTER MSeliof gdilfr @eehcHRRFSH QAR secHip €that the gain of
Thr ee- di nensi onal novenent can be achieved in a

Spatial Shift Key Transmit (SSK-T) antenna by

distributing antenna el enents in a three-di nensi ona

shape, such as a sphere or tetrahedron, and

successively switching between el enents to generate a

three dlnen3|onal Doppler srgnature The preferred
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generation of a three-di nensi onal Doppl er signature
usi ng any nunber of antenna elenents fall within the

whemadiwspbpe and anbit of the present inventi oPCT/RO29€001024

Center Panning El ectronic not2on of an antenna phase

center can be achieved by spatially distributing

atit arna cehenem ig individalymeddied Vaiyhe the @ain Histgfbutiod bebieeimiknna elements
ot 4t Qﬁéﬁh gﬁ%ﬁai}% %EJZ{ &gshﬁkng %gbthg'se tc&te? F@IE grra@ Thus, as gain is redistributed

nt hesi ze ase center Rov as previously
‘i‘fé’?&‘? MR ‘i‘er‘i"et“h fhe Pagseeenter Rfdhe Ay is displasd And g gygthesized Doppler is induced
upestht sigriad MhodesolufibrSof Mitphael cantr HEFNS thiodereatinddby HtQesBIMITAGE the variable
%]:51 5%9?‘% %ﬁllsghtt%éﬁﬁﬁ%&g eﬁée III% SrI r(r:lérnte a ]i)h251éah§13é)ya{:ementfof antenna elements.
conpl exity and cost. Furthernore, t he pot enti al
T.}ﬁlrefo&f thapreentdOgitRA alsdQes aCIﬁéllﬁﬁ(inJ)&/evicH r @@&%@h%hluwn synthesxzed phase

cen 4h Tovergen? §11t118‘¥1]1§n%§]arl]fa{nteen!f.t}e‘| mentssﬁpsatec%m uenl lermeg ﬁase enter SDannmg Phase

SO Si esent enti on I SC ose
cnetﬁrmam%rﬂ@l realew%ethqt as» m@déegam @ﬁrlbue@blpet)ztemomtenna elements in a transmit

as,yn tnhes kezEI0k ARSI m&t 8¢ saﬁﬁ@‘dﬁfﬁ@smed mgptw bﬂfectt Up6n MEQhaf. @Y varying the
ensi ve nunmber of antenna el alit

%1%11 1{1e ﬁlﬁ% bee eeﬁue r'{ﬁltenna V\%emeﬁts nglfluogf lpred&[I %nreé bIEﬂn% a continuous
mﬁdt:thmnmeé Pleperenentermoyigaest vekhgqmnqnﬁtedomchankbbhmasuredraea @alizrPoppler shift by

4 OBREGH d ec@rfrltaxq:hhs@ 1R Eegéi@l‘ Mﬁftécﬁ.h(%.u@ cfg]tathl% b%t%ﬁﬂlﬂe@ﬂazhe @H&H arlxd method of
I att enuat or s contro
%é!fi@‘ tl‘gﬁ'c(ﬁgg lgﬂ fag%ﬁpé‘if%@%ef‘m“r s configured to

control the level of gain fromeach variable gain

@%g%w 8 (Flg]t J] Rerel 1'3 % ;gc%dnan %ie@tﬁﬁnal@r}{gﬁsg Q@nte? 'pﬁ{ﬁ?d“ Ilrra? %orporatmg two

be individ Varyin
igRnaeet fergth %p%m"sb %%@ﬁ mﬁnﬁaeﬂngmét’ﬂéneﬁ?% BFried by wavelength 903
@t dipadeass siglabfrelich@C Each friveiantdnha ienieM@OPRABEIs carfibu@éd vath a variable gain
IBJA% 50y '8 5, s-Elew& talgiﬁ% l{]at(l)r or (Iaﬁ(gﬁl? ggn# Q’(ﬁh?g‘ é) }tx varl,all)]e gain means 904 &
ant enna el enent ase center
WP spr{iewad Wit oan@;/ nﬁﬂe%%zse‘al AR PFraprocqsser, |tcmillex\: e'dn ef!p}@mnent of individual
\_tahﬁlesga@ﬁh%ns 90 m@&msbﬁséqﬁﬁt gdin idhl@:m@:b %Sﬁdl@lﬂtﬁﬁ ﬁﬁen_ﬁildlécnfents 901 & 902.
égac zﬁneguiac c?n%zﬁt;m Igze%) Scorrllnoe teci(; tgrf]ts(l)%lhlr{ 5 Ire(r%,geag\g var, %le g%{‘l Imaez?nls 304 & 905,to a
qompon rasmpistionfsoyrcefigy. ﬁommmlsspn bigee hemendfe tlamrmnrasource 907 to the first

BNEBRES -clehBR D6 AdBelrBS tﬁgtﬁﬁsﬁﬁgsmh Rk bO?Q@ thd s 6]dQAHGS afkenna element

device to C h resol ution
o AR P08 B aR PHRe RSO 1 F i FHSTISioh S When th
reikrepracetser. 90 Hssees tae ddamticg] gainicamm@nd e the piigitsl extte@aibre 904 & 905 both antenna
ele%ﬁl@ Yyers 905> Wi‘i? fadiake %ﬁf en@@? B Ind &nﬁn%ﬁ R AG&abn soBJEé‘Bm Ignoring any

var'gnl aln distribution between antenn

sk ENPRE HOEN e g ORI paem B RLelgPRPOT & 902, which
dohstitutel thel phgse tdaerSmnmed Sy, heitl i eedlijnepplvet eff-fire GlowetPB¥hg reduced by
gﬂ% 1r§1£1tgp %{1B dL%yto Yh%r%l ce sﬁai%ﬁqsp ca‘iice‘?ISt Qnuﬁlos% dlr(ejpﬂms /gn equal radiation

tenna” el enent erm ne
frpmcheitantanng elémwséeb&é?mlnedh%ﬂws een@é?fﬁ}@rantn@vmmlf WYI9P8 between the
tbe e@ﬁ&ﬁr%ﬂ Qd902Vk@bb10ai sﬁnﬁ”stréﬁ@th@i&?éim tlﬂa&e@wé‘d’ﬁénhlcstrength power control

pler. ft b =y obser vi
L eCS &0\%} elrssues max1 ec Iz;]m C?&rgm%ng 29 ttl}c]aﬁfgrstbde 1taIO rLﬁnuat&r ?&r %1}(]1 a minimum gain
copmpnalie they Qj:cqnéﬂ]g(tﬁy attyfxua@p%(tsmmf rsSintepa qleglynt@gsrd)l radiate maximum energy and

tﬁ@s@éblnélﬁdté?lﬂa Qémetlthﬁz RAIEaGRE mlnﬂr\(ﬁ'ﬂ:tn%rg}n Thaﬁ{aiﬁrcédt@ Q09 @MhelaBtenna array is
an EQ roni ca

%rﬁ*lé*fant&&ﬁ pefionsd %w*n ﬁfé o5 B2 R HY ?%rafhaténﬂF eanmrueqﬁf@%tnml pattern.
@pmsleal Wwhen thie Sortiobra¢ag908 liss e m maxdihemesid eonidd @nitk s8@RJ digital attenuator
br ot ﬁﬁ%@gaﬁ%@mﬂ%% Rk ARy la?ﬂ‘g{gjﬂtog Qﬁ tf?ef seéonc‘j:2 antenna element 902 will

st si quenc riven antenna
ré@llaéﬁemm%?eey a5 ths st apipe glerpeot O vtilh radiaty Apinisprm gneggyj Fhe phase center
e aftSe £i@:Anatarr3PH nos sidktardisilygpodiidged 4 khe aéco®Nihimarpotion 902, radiating in an
variable gain anplifier. Each variable gain nmeans 904
& 905 is configured wth a control neans 906, such as
a mcroprocessor, to allow gain adjustnent of
i ndi vi dual variable gain nmeans 904 & 905 and
subsequent gai n adjustnent of individual antenna
eIenents 901 & 902 Each antenna eIenent 901 & 902 |s

T | . o s
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driven antenna el enent 901, and between the
transm ssi on source 907 to the second driven antenna

webmsemw3N02 are of equal length to naintain phEEaU2004/001024

relationships within the two 2§ ansm ssion circuits.

When the m croprocessor 906 issues an identical gain

@oivdipsaibnblafidie THérgfork,abhem biie BURIEREIS afpliel t& aftbina biefdnts in an incremental
g%ﬂ:ft@ém@%e cer%(g]of {%c %9%/ th 'bcl m{)\%gl la'%smgf‘ lﬂ)@tLvee%rL?angx}{i/ For example,

transm ssi'on sour norin
‘ﬁ‘i?t‘ thgiconsLprhPorsriadst Aemeaion soumBiafs ﬁrstt Gigital attenuator 904 and a 3/4

dtterthiatith icoimad ttd @6 fecafl digitdl WeRuaek oFaRd ﬁstQﬁl&;m&elQ.Qéﬁ: 90Mw11¢ Fadiate % of its
1%2?(?]1?\.&\" Enléltg‘f argcptg% Ee@%ﬁ%nt?&gteﬁ&gﬁgéwggIr%féater a é)f 1ts ra\a)bmum energy. The phase
C&ﬁ‘ﬁr‘ék‘?em&lﬁ@}%ﬂ"@dgld%@% npsrflﬁed bawese g*reeaete@agmpmqoﬁdélé of the broadcast
BRNRE| Watibddth awdy fré0me fifi mRealpoditfon 96Y) raadtitalin § A@étakihlQBmni-directional
pagtomb%th ant en | aces t

PEATer 1S W '\.' 1nverse ¥ epﬁ!)]fgi lrg:rrermaent%ﬁalfl%etween \éavgl ésﬁ'lbg{%(? an?enna elements
nrovidegd e&bemlsllygmar @mﬁnt¢rm¢m@e§ﬂemten®tebenlgt hropiding the basis for an
HVe@hidatEphhis GahteY Sifined la @AYk thS preRAGVEhtipOWer control neans

906 issues a maxi mumgain command to the first digita
attenuator 904 and a m ni num gain conmmand to the

lgdtoorefbrrad gribodimerd bf arslgettonically Phse denterfpammsd aramtagterma elements are placed in a

tﬁﬂe@%@ﬁsm&@ g-ha}% Ju!:h & @Qtrﬁfe@oﬁ%hﬂ“ﬁ@e-ﬁﬂ&ﬁﬁ%al@gﬂ ih% ﬁ{?“(@ﬂ@ modulation
enna el e 2 wll radiate m ni nrum ener

e Bt PGy Pt Coalf B HPYLGIEE g Foriaine Moposed by fied
z@mm&t cdententgilohly bpios ptile ®reederad fited obplergatteaunst Elenprefrasi dnbodiment of the
p%ggnt ﬁv%b%kr%w apovﬁr;m}ptHEE alqlleﬁsﬁ)ﬁgl gaﬂé{rlc Qlﬂlbé e generated as a Spatial Shift

Conver sel when t he control neans 906 1ssues a

et conmand to the second di gital attenuator

905 and a mnimum gain conmand to the first digital

I?etfe dr?r%l‘rlx%w QJ F1(F9 016 tBé?e is %gy‘fc?eg% él'ﬁ th Jl]%gon%l panne; n?%ﬁa%ol?Sh\% I%Té/ Ttransmlt (SSK-T)

t e nmaxrmum ener
@Mnavw@ll ineipHraing ford trnsrinantsprarelpentst 2, 1AE3s £00d ok 1405 spatiglly distributed

Withird 4 \@are wwmagtmﬂowmbtﬁeraml&mg g geﬂaﬂe&hll sMapP Faéhl tha@tiGintenna element
t1on ] atl

0 nt en S Ia d
thlt,lrE(I% ? ?e%] 90(%n%fong %‘u{‘.{égr #]ransnﬁ;] w1the ?do?mm qul‘\%té(wnlg%inﬂ)alitegn For illustrative
§xpnyes, gedrgsseammoleeegtem etementmain fed| 0 mpairature owd produce a substantially omni-
dura&fom hernﬁﬁa&ecfanmeanem Shény P00BNBEE 16081 eéos@e‘coﬁda&ed to a variable

array wl be el e For

ST R i TR 18 4750 S ined o o comnon
teh¢nessigabaucn lﬁwlﬁudn@rmlxbe gafnenehnis 1646, LHI0Y 1008, & HA0P dsraisak@nected to a control
rg%s ﬁﬁﬁjasaa Iﬁi/cr%pr%egsglnﬂﬁ 's@l‘ﬂat(’fﬁ%%%geatzl'ptr&ﬂﬁt ﬁ%ﬁr%rk%merét 1(])_02 1003, 1004,

I tal attenuator first antenna el enent
%13 S Enkf ‘&‘t“éd“A“yoﬁdJ“Ft?ds Aﬁesergphﬁ'ﬁm didrgppissinrisopte 1 W8 isgpptributed between
AthRnithed BIVEN00Y) @®4y\&I1bosrt@dheaioetr01Ae@ﬁ 1010 &djmxg {i Rriable gain means

l%ﬂg lﬂgip%z 9 §§he p%g cce t %I‘ thg tm%ﬁ/qp Ehg narcl:g‘d an raasgl{t}?e:jl:’%efé}?rgef-dimensional

VV pOS Ione bet vveen e an erren
@qwelerb%i@atar@ d8t2 if indensd Aroy teeltreimittrg tsignad Wlp- Thiotiep-Himensionaphase center

AeVeREnna c&ﬂ§dr5b|lect51 arggattemrw?lﬂ*lnaﬁd t&ﬁhddf&n aes&llbbcﬁﬁyaﬁbtah@ﬁﬂa)élement 1002, 1003,

@%ﬁ Rigg lioi;]a ?ném\ﬁrte e a% gllrﬁﬁltets]gT%%fl S%atﬁ%lﬁ&y é%%{)ﬁlg)(atures are possible. For

ithisgative brample, tharortrohmean Bk masbenonfigudé  paodgeghrphasn tangeh ingvement which

dsdrBEA cirONARBidnENhRE miTME PEHndiRRL PRRE 1AL F@&uaﬁg gbgﬂﬂ%p%@mture 1012 in
ase center

Bea V(Le%(leg P‘a{z%‘o%) S‘]I%%ef %)n& Q %tpglgtelte“c;cig Fﬂ%m Cal ﬁ’n tarﬁ(ama phase center falls within
mﬁm&ﬁswmdmemmmdﬁﬂenmwmﬁmammelectronlcalIy phase center
panned array, antenna elenents are placed in a

t hr ee- di nensi onal shape such as a tetrahedron, so that
t hree-di nensi onal Spatial Shift Key (SSK) nodul ation
can be generated. Electronically phase center panned
arrays renove any constraints inmposed by fixed antenna
el enents only being able to generate fixed Doppl er
patterns. The preferred enbodi nent of the present
invention therefore allows any three-di nensi ona
geonetric shape to be generated as a Spatial Shift Key
(SSK) S|gnature Referring now to Fig. 10 there S

o, I L e 1 Y ~tl " . Y
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within a quarter wavel ength of one another and pl aced

in a tetrahedral shape. Each transmt antenna el enent
waowzp12beD3, 1004, & 1005 is configured to tramSTiAU2004/001024

with an omi-directional gain2pattern. For

illustrative exanple, a crossed dipole antenna el ement

Paier is fad depictgiuadiraidiniedsismlUupatingdr Spakiat Shidt KayiEdcant (SAKIRY antenna 1014,

QMOramlé’ i%lgr écglog%mbeg?al eﬂm@ﬂg I(%g rl8]06Eﬁﬁ9 & E(ﬁ@%ﬁ% EIH%PE%E}Q&Khm a quarter

el emsn
VAP <z£ °§%1F‘ﬁthPfé‘aﬁ glaceg &bh‘eﬁé‘?e‘!{aldh@? (Eath Sniepramegr 1015, 1016, 1017, &
]Iﬂ)ﬂ)ﬁ codf@Oréd bOBsmiwithOdDbmnirlitecttondl Faifi @m’dﬁCEﬁﬁi récé]veaantenna element 1015,

RN, § Y8R0k his3 Wi shl e 30 s { BT HBgF Ly 1020 1021, &
WA thish afgsenecteddque perigeelyenh0as Sph arisbls grin meany 101§010g(h 4921, & 1022 is

dlsl’d&o@ﬁdté’ﬂl toh c@&GlhnehﬁsaﬁSHT:lsta Iﬁi&b;ﬁ&ﬁﬁm&h%&m 1@@2111 ofL&OBreceive antenna
% ent 10§Sé }99510?7&& 1%?8 éarrll gel Mél%guah)b%/ld athl l]@%ne r from theQran tted signal 1013

ransmi ssi on Sso rs T ediZeriout e
lbeqdweléwedawveﬁrnE?Cfe\reeﬂnewelemwli’o'@eﬁ, IQUO& 1088 90 tS cnjrol means 1024

ddiiSring @R tvirdble BRAMSand 114, 100 1021, i 2k, R pHAE takt & tlg@frﬁy is dlsplaced and a

e center of
TR0 S Bst e 0 o0 SR SE el b e conro
Iﬁ)@pqol%‘f is sorgig'aedm eepli@tk Zhej thyed-dinlensieh! plipsrvertdrenctignaof Switdatsengited Doppler
ﬁéngmllﬂﬂzo A3l subk u%ltle Iafleeethgfet@\Q§ 'Dgﬁ}ﬁér t(pp ﬁlﬁﬁnlﬁlﬁ I?"Bleﬂlustratlve example, the

Q?rrent é}\s%con igegraleto anyljpattern W t th

PRYY 2T B [HeBREToA EPrRAP o RIS SETETH QYR Bneh ai“ﬁbeé a circular motion in
tm@ﬁ)@mwﬂ@®¢pen&c11@®5nds,amatprodm1g aThepletignagral2s infthethreeaxes of x, v, & z,
i m%e ﬂinne?‘ra?\t.hk ﬁ’!insuﬁ&!ec{ bopléﬁly 51én§§K)10ﬁl Eﬂ’gkg%ﬁt@? g{e%easured for each axis

possi ble. For Illustrative exanp nmeans
"‘_1?6 thyee ﬁ"é‘iﬁn%‘é‘al@BﬁFF 5 G%H"‘F%“SB?» B‘G‘H?f’é d%icrt?ﬁ‘b%'@’ iqualpindlis specification.
movenent which ascribes a circular notion in three

%Hfﬁ!er e}{lb&ﬁﬁe!ﬁ 0y q{e %%%) %m@ht?o? %%‘nfr{] bl SYfif? Ey (F&g transmit énd receive arrays

er si u re ee axes
mﬁvt@\ﬁerrﬁgura% yitopyreal qeensiens farest th orerruprter whvelehgih. aﬁvteem@emem contro}

PARS e Ecﬁlﬂﬁlﬁ{d sb atlat ﬁlaw Jeﬁtérrbaﬁrh% tb(e@f;lﬁ’ce%ﬁ@ m&w@éﬁdan@m|etem@rfts which are
res. vent i on. The

S'-p%la] dlal n%eﬁis\lwé na Baartﬁrnév ve%npgdl{ Fac%ﬁ hf:r Rktgva FSéegléPt% évh1ch are spatially
disgRiteiurthen aparttian d@Iggartei wavolerathr a¢ ¢xplgdefl dram thegeming@rocess. For illustrative

c@ﬂﬁ;ﬁ@ RfkerBh %%E}It§aré- Qésﬁlonell Qd G, cirddt:} za)nf é’uré‘tg;lr &ith Qla(&uh@elr I\a\bévelength spacing
distributed within agh%@:;ter wave E%SLH of _one anot her,

bﬁW&erbﬁugcgga'e pienga fl‘é'[“in 5?F°1‘§'ﬂ%1§§“a atlgﬁtseaﬁlﬂeged by panning between

miresfentessi@hbtennd Bldients1017, & 1018 is configured to

transmt with an omi-directional gain pattern. Each

recei ve antenna el enent 1015, 1016, 1017, & 1018 is

g EetiiringS5ieaaly ar i abl e gai n neans, such as a digital

1a tite @refbae © émbbithSnt oﬂ.tﬁ@_ﬁ}eseﬂt(ﬂﬂ/ﬂ.ntlo&ea]:ﬁ)%smfmhitlﬁﬂmaf eumque positioning signal,
e

\?lrlgéaﬂ%grﬁ%g %55 Qairgﬁg)%l%ﬁlﬁ&t £ Ss&ﬁﬁ?@%%%%de G r%%otﬂ%ng %Irlfie %?av%?tgg sza component.

T FATTi%s IcopRsBANLS a SilNspidah srdia figuercy pevsaeaiesbly taggnitted drothe Mﬁﬁz ISM band,

a‘lth&]glg aaenmaﬁodeac e rp@éﬁ@lk \hﬁ/exﬁiﬁﬁ a4 @éhaﬂ%l Qﬁmmblelt@léher ]fg&ﬁncy bands. The

FPAmACHR PP IR aneairgieat Rt borShe G rbatnstnd conss oo
iEneednsenen@i whish gt be distingeibledremengst 20 drpseud@dn@om §aig Fequelices transmitted

b]yQﬁlh%r &ylcés Qﬁ tHe QmechrlrlerrfPeaﬁﬁ 1ﬂg§]te@1g|g“§§ kddGn EJ@ody @Wlsﬁ)g ll\ﬁxltlple Access
019, . 1020, 10 e hase center

(gg%g 1 Vg lG]Og’n tgﬂpqﬂagfg&avég?aonéil g)("?ﬁlq,?g?él prietary 1nformat10n modulated
upbrr e petndpendinoerdé cddppPhie pndgirgyiriag &l c@enni@z&ionsslinkrrel treefdr time and other

tfépéprntt& bﬁne%ﬁ@ép&% %%@An to Iﬁﬁregewa;srﬁiwg%ﬁri’rﬁbrk%% rﬁa§ include network
conf |?g[ure to re | icate the three-di nensional phase

tEeRpEFheRasirgg eypr fl‘ﬂ‘e transmitted Doppl er signature
1012, and subsequently drive the received Doppler to a
m nimum For illustrative exanple, the control neans
1024 is configured to produce a phase center novenent
whi ch ascribes a circular notion in three nutually

per pendi cul ar pl anes, thus produci ng a Doppl er
signature 1025 in the three axes of x, y, &z, in the
sane manner as the transn1tted Doppler S|gnature 1012.




may be configured with overall dinensions |arger than

one quarter wavel ength. Antenna el enent control neans
wae@somIsi gured so that phase center panni ng tBREAU2004/001024

pl ace only between antenna el gments which are

spatially distributed within a quarter wavel ength of

e adihofeblne@rbe rellided Maawlelbtaheeidbw hahbeergiedh &y Syanbi aalillugtrative example of this

ﬁueﬁ{ld’n' Qfstugld:ﬁﬁ ?t!xér %E %a{stanat mglogsr}l%re%ugr\{_gﬁ{d bg\@p\fagljerﬁ li](g};enons skilled in

are exc e panni ng proce

the 3y e fAegmpd te fall vt Fhé broageeps And agbis Aehie Wveatien apis dereip ehgh.
in a circular configuration with a quarter wavel ength
spaci ng between successive antenna el enents. High
resol ution spatial nodul ation is achi eved by panning
bet ween pairs of successive antenna el enents. Unique
Positioning Signals In the preferred enbodi nent of the
present invention each transmtter transnts a uni que
positioning signal, which consists of a carrier
conmponent, a pseudorandom code conponent, and a

navi gati on data conponent. The carrier conponent is a
si nusoi dal radi o frequency wave preferably transmtted
in the 2.4GHz | SM band, al though the nmethod of the
present invention is equally applicable to other
frequency bands. The pseudorandom nunber (PRN) code
conmponent i s nodul ated upon the carrier conponent, and
consi sts of a unique code sequence which can be

di sti ngui shed anongst ot her pseudorandom code
sequences transmtted by other devices on the sane
carrier frequency. This technique is known as Code
Division Multiple Access (CDMA), and is well-known in
the art. The navigation data conponent is proprietary
i nformati on nodul at ed upon the pseudorandom code
conmponent, and provides a comunications link to
transfer time and other transmitter or network
specific information to user receivers. Navigation

i nformati on may include network tine and ot her desired
network data.lt will of course be realized that whil st
t he above has been given by way of an illustrative
exanple of this invention, all such and ot her

nodi fications and variations hereto, as would be
apparent to persons skilled in the art, are deened to
fall within the broad scope and anbit of this
invention as is herein set forth.What is clained is:

1. A nmethod for determning attitude, the nethod
conprising: a) transmtting signals that are nodul at ed
with a three-di nensional Doppler signature; b)

nodul ating a receiving neans with a conpl enentary

t hr ee-di nensi onal Doppl er signature, and; c)
interpreting the received signals to deternine the
attitude of said receiving neans. 2. A nethod for
determining attitude, the nmethod conprising: a)
transmtting a signal through a radiating neans which
noves predeterm nately through threedi nensi onal space,
such that a cyclic Doppler is superinposed upon the
transmtted signal; b) receiving said transmtted
signal through a receiving neans whi ch noves

predeterm nately through three-di nensi onal space, such
that a cyclic Doppler is superinposed upon the

recei ved signal; c) analyzing the relative novenent of
said receive neans to said radiating neans by
interpreting said cyclic Doppler said superinposed
upon the received signal, and; d) determ ning the
attitude of said receiving neans based on said
interpreted said cyclic Doppler. 3. A nethod for
determining attitude, the method conpri sing:
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a) transmtting a signal through a radiating neans
whi ch noves predeterm nately through threedi nensi ona

waEpme®e12934ich that a cyclic Doppler is superi nppSEAUNOHN01024

the transmtted signal; b) regeiving said transmtted

signal at a receiving neans whi ch noves

Whadeh@retisnat el y t hrough t hr eedi nensi onal space, such

that a cyclic Doppler is superinposed upon the

recei ved signal; c) adjusting the novenent of said

lrecel‘%F’ﬁtQOq%éjﬁ@mt"B“gcﬁ“}% thegnefhod sPEPTiEing o ppl er sai d

superi nposed upon said received signhal to a

pr r de
o S5 RE el A8 Rl SR TRALOE bolFe bl

r eahl Tpslylating a r%ﬁe"&efanwth&fcoewlmqﬁﬁae ‘MW@FW&%@PP@“&“&“““ and;

pr edeihtemieinank walvetsigails B da@mp the StiRddBf BHidAd¥lving medh e

met hod of claim 3, wherein said predeterm nate

novenent of said receiving nmeans in step b) is a

¥ epl i £ aebyd fertieigmpringdéiuge.tiermgthed sppwatient  of sai d

radiating means in step a) 6 A nethod for

e
mov e sdimengigest pqei sn@tﬂelt ycyplhrlbagjﬂ i shpeeemsrﬂemsn hasAnsngipalsnal;
Wb KRAWR sAd frinbible, sighdl Gouzh @Fecé’i‘vu@frﬁéahﬁwhﬁzﬂmvérpre'dectermmately through

super sed on th rans t ed si gnal ceiy

ol d PPRRERTETREe Sub RO DBer G e oDl Bhhed fanl

nove sangyasgeaheariatva atoedrrymttdﬁ pagsLrgteive Meane o said nsliagmgarheasytq d@grpreting said
such cIyaQtDoﬁpléf)!zlﬁcll %Fem%@s% lﬁﬁm fh§ receiNd§ glérﬂp 81%9 d upon the

recelved anal yzing said cyclic Doppl er said
eﬁﬁ&%}%th eobfald f%&%& g kepeg ﬁ'afaldt"aeraré%%arﬁ cyfic Roppler.

Doppler pattern, and; d) determning the attitude of

aid v [ det erm ned
521 O L BEEMA A e R Gl 0ot er 1 e
associated with known relative attitudes of said
rae) atahddgrtii 8 Rgna NEtogRiatradi@fE inéh3 GwHidhaRSves Zrede&nm:iithp @hrough three-
\fMO{ h dde L& Elgl’]la sparlcg ngghf}haha cyellc%ogﬁerlilsifgpemrngcgseg nuv gnr; tgéé tgalg%mxﬁeé 51gna1
ne!ahsrecewhle smewwtt@c;rgmi ptg repgiving neang whishvinevies prefletgrmynatgiyzthrough three-

t h r ommnaoﬁaagmtsmghane&yae DoppI&G s smﬁeﬁoswleeeh@&mv@@;@w

ough t hreedi mens ace,
Do Bl g T P tGRA TGRS PS4 e 14 PRL SgligFae swerimposed
b) r epei saidngeis@isigna apsdit¢rnaed wlugnad; at said first
F @GR défefhiIniRERNRiM2 o ERid FRYUGRe rnsaﬁeo%;ee (56 mtaaha&nénm&m
t hr'ee-di nensi onal space, such that a first cycl
Doppl er is superinposed upon the received signal; c)
4. eC ei Thi mgthsdadf diaitnr 3awkandirt daidd pedgpnainedhlus ofisdp S)&:Czoﬁidimum.
recei ving means whi ch noves predeterm nately through
t hr ee-di nensi onal space, and is in angul ar advance to
Ssai d e mgthod of glaimA, wersipsrideredeerminate payemsntoBaiskierciyipe mpass in step b) is
APeDipd (Tkaid Sreddidbiate OGR! of R YadidliRg hemei vesha)si gnal ; d)
differencing said first cyclic Doppler and said second
cyclic Doppler to determ ne a Doppler difference; e)
Gadj ush inpthedferaetammininegitude theggthed fomprigingr ecei vi ng means
and said second receiving nmeans to mninmze said
Do%pler di.fference

transmitting a signa tHrough a radiating means which moves predeterminately through three-

dimensional space with known attitude, such that a cyclic Doppler is superimposed upon the
transmitted signal,
b) receiving said transmitted signal at a receiving means which moves predeterminately through three-

dimensional space, such that a cyclic Doppler is superimposed upon the received signal;
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f) determining the attitude of said user receiver
based upon the adjustnent required. 8. A nethod for

walstoenmosd ng attitude at a user receiver confiRur&aud2004/001024

with a first receiving neans,3a second receiving neans
and a third receiving neans, the method conprising: a)
t r @nsawblydingngid ayctic Doyler tabh soprgilp@ed wpdi euid ragiveeagsl twhdteRine a Doppler
noves,pLedefermnately through threedi mensional space,
such that a ‘cyclic Doppler is superinposed upon the
t r hslricfpigipg & gifyde ofiyid reseiving mpgs Bamefchingzsaid Wetermingd Doppler pattern to
Si gnagre-adfin&iaddhpler FaBdrnsracsdeiatet Wigh IBGT flaei aBtudeDdESId radiating means and
prede t hrough t hree-di mensi onal space, such

t hat %%f$%g$é§%%ilc Doppl er is superinposed upon the

recelved signal; c) receiving said transmtted signal :
at saa ﬁe&&tﬁ)ﬂ(ﬂetdﬁﬁlﬁﬂg SititDgp 68 aRBrevddieCddnfigartR Svith a first receiving means and a
4%&%9%&%%'“{1:%5 Eth/m il Q4 'i]mlngr ee-di mensi onal space, and

'S 1n an a vance d first receiving neans,
such that a second cyclic Doppler is superinposed upon

the rm@hlmegda&iggmhmugﬂ)a fa&&agvﬁealg »smhdmwealﬁﬁa@tetr&ﬁgely through three-
recel

or oaetaieRErte Rt SRR TRERerehEr B et sip

i s bl rreceivipal sard tadvatrﬁéemgpd at apid) fiss gespidling enseris\wWwingd mevan gredeterminately
such hid@dh teed ddhéntioal/ $phde CudRQRPA Bfst dySlic DR i RRBRPostHRBn the received
the r ecell ved signal; e) differencing said first cyclic

Dopp! ***and sai d third cyclic Doppler to determne a

Dopp| reqeivetigfshie tramsméted pigimtl ptusidi spagnd treeivimpvreemenihidf mewas gredeterminately

fir Stth&)@éﬁ%ré@ dﬁgenﬁ%ps%a@rhqd ﬁ"ﬂi ﬂg&lﬂ'a&ﬂnc@ ﬁ)%%ﬁ‘fi}sprgcem%ans such that a
to mnlmze sai d Doppler difference; g) adjustingthe

movenEPPd %VF1“s’%ﬂpa‘eré%%%ﬁﬁ‘a‘P?sé‘t‘é’PQ/ﬁhﬁﬁcﬁ‘fﬁ‘éﬂ@a't 0 mininze

saidy &fieanidg caid Ifitsc C}E‘hcppbppier a@hehid $epondeyadic MopplerGio tdaermine a Doppler
attitugde QJ sai d user receiver based upon the

adj ustnments required in steps f) and g). 9. A nethod

f of) i WBpfing thpimeyemen'Pt saibretgesaiing (reais #idi§0id prcpng recpiwing means to minimize
ef f echidwloppRi k- cor rupt ed Doppl er neasurements in

at ! t&é%er?ﬁlré?é t%é’l lttlia]tuciao ssaldluger raegelvae} l;alse;dll’ll?oen tl%eagernfmen?raeamre

ySt em ransm
SI gnal t hrough a rad| at| ng neans whi ch noves

or edeA @fembmair akt&mm{gcauame tam @semeeams bdﬁﬂg’ﬂred&ﬂﬁxcﬁﬁﬂsﬂe@wmg means, a
eri o SUC
S§%’B‘£‘F’f BB G RHE S PR R AT HRAEL) 1 ocei vi ng

said transmtted signal at a receiving neans which

rm\()estraﬁgnﬁﬁiﬁg grs&heﬁ f—ﬁir@dg)f tﬁ&&h&g hnemrv@rﬁ&lx' H@Jé§ 'plQEE@erﬁQéf %rough three-
such t hat acc I C | I'S Sup erlrrpose upont e

recei %@Slg’?abﬁ’gﬂe’ Suel)th%‘a'glffrqoﬁﬂertlsrfépeflﬁg?sﬁjrﬂpﬁ‘ht@%%s@ftﬁﬁﬁ{‘al

St b nedetvingfsaifl atadsnriteed esigus cht Shig)izsk recelyin@ @@enINHadhi Gyed pdeterminately
neas .

or ooan SRS S GhnaCUEE BAG: £ Rty ARt R REh R BFhe ecive
a ref¥dnce signal str ength; e) conparing said

detersienagd ﬁlﬂfft@x{sﬁlﬁl@d? sigiag Etaslald Skdofd @EJ’Nlﬁan@.ﬁlﬁHﬁlﬂgmoves predeterminately

| nst at[l‘rt 2&:21 %.Jes 1men Qn%. sgg’cte 5! % n annil?as el 0 sa1§ ﬁrsp recegllengtmeaxx, such that a
said re OW a

st r erfgtohd QthliCé%PmdedS SumﬁlleOSPC) upe‘l ‘ih?ﬁewa@‘il iﬁ@ab r r ed uci ng

t h@y usRivek s§1@|tﬁn§rﬁt&6|s¥gﬂﬂ aB s @Hird r%ﬂvﬁ@ nRAR WHhOMbV3s predeterminately

§|a|g23|1 8?%51 egcglmensmna?space andfxs.r ﬁ%gsﬁ alr gdvgﬁcg to sa% second receiving means, such

that a third cychc Doppler is superimposed upon the received signal;

e) differencing said first cyclic Doppler and said third cyclic Doppler to determine a Doppler

difference;



10

15

20

25

30

35

10. A nmethod for determning attitude at a user
receiver configured with a first receiving means and a

w@emensecei vi ng neans, the nmethod conpri si NgPCEAU2004/001024

transmitting a first signal tPtough a radiating means

whi ch noves predeterm nately through threedi nensi onal

s pdk e2divstingribe; moyement of said;fst pgpiyngePeansand 53 tirdyreeEpe TR0 minimize
t he fialdSloppléraifithde ed signal; b) transm tt| ng a second

or Shct bR et S FERE AR, B IR AERESpl SR g oroir
secon'i‘il si gnal bel ng angul arly offset from sai d f| rst

t r apsdeeithitidg e gtiade,of SaidiGRer tdd@lter BaséilYipdn the ADRARERY reduired in steps f) and g).
superi nposed upon the second transmtted signal; c)

receiving said first transmtted signal at said first

*ecei &im§todrioa ientifrinecid prdyesuenihy dindinishingrihp affest ¢f mulfpethgprrupted Doppler
thdukLEnetis FRRBIAO Ebﬂ’dulaﬁ@l&ﬁﬁn atitd@d tetefiadatich sgldtJnS the G\\éﬁbd demprising;

Doppl er is superinposed upon the first received

signal; d) receiving said second transmtted signal at

saiay tga@@;m’ﬁigg  esézndlvihnaegh reeradigtingjrheghs wijghemoves predeterminately through three-
pr ededifbddioRd gk int NEgRISH ﬂeh&degucﬁ“tmg%yéﬁ@éﬂopﬁgqg @upeﬁh%oged upon the
second recei vi ng means bei ng angularly offset from

sai d fPUEedsi8Ri vi ng neans, such that a second cyclic

Dopp| reeeiving sgdipasmitigiciged awpecmvtnb @1c8. ebildmpes pedeedninately through three-
Si gn a&lmerﬁllma‘ljépfacfees{lanﬁ:dt Q@c%cgplglj i sﬁfxerlﬁ\}‘gsl:d &omeFeWed QQH]

sai d second eterm ne

S RGeS 5 Fa s R e o UHer VSR 11§ ot

r ecei accunglarigars radashra@itsl of e aNet ¢aelC edid isprgifis perdtad processing said
m ni P@gg r Jeterm ning

t he ;qicéﬁluﬁ%h e ai t%%keegrglrgiaggﬁg %Igr? 8 lSt gbpon t he

adfPlistretine rséﬁ feteraned raferenge (igpah dHeng@rto cfé’t“é\gn*flsrﬁqnﬁgeous signal strength

alt ti tx‘ridﬁ;rente?t@toﬁ&hﬂi’@ﬁhtﬁ@d&ﬁéd @nmgwmaa)areweawsmgﬁdl !;tfé@gtlathreshold and,
p ral.t or _SlLgha

) rehg\u tmé 0{ f g Xl ﬁ]ths? Sl’sseoog sarlrcg rg%n &51%1?12 th ol'ége be (N‘Ia %nXl strength threshold

I eastffwnﬁld@ﬁmﬂmaéulptam-atl ng means, sal d radiating
means conf i gur ed to nove through thr ee- di mensi onal

pac ‘5’ nti.cal 1tfdefl ned noti op P gach of

a| d ﬁlmlﬁ 2{1 oE te8F1m§$ ul} Sat a usey xﬁﬁaévar ctoB ﬁag w& 5 Hcelvmg means and a
seedd &tdivirgs neaaths meghed koriphising: an | dent i cal cyclic Doppl er

i s superinposed upon each transnmitted signal; b)

receiving said plurality of transmtted si gnal s at

r e@ki AT RRAHS! WF‘&‘PP%%\? &diafinemeapseyithinaves %?edﬁtﬁ%‘&@ﬁ through three-
t hr eedidénsienasipasa shehsipaLgclicNopplertidsaperimp@ydipbcthXagpla@inities signal;
SUB?Y&M&Q a lé%‘&ﬁh E Gl ﬁ]ﬁ)‘ﬁ?’) X%&or?dl xq{i}ﬁln e%n qglnl éﬂsrtnb\gg predeterminately
t he” novenen sai d recerving neans

cycl i erorsgpihreefimsaionalsuprer Fakpoxers tigsh bf‘PHe ali*gegéy \pEfept from said first
Si gnatandnfitted sipiiat dch et ch@id Deied a,supamdposda)xp&eﬁe&émmaagnmed signal;
tagj%u gx%cf%é/%t% %’z}el% 91%& t?agmls qﬂ%%?gg!ﬂ\v ?ihﬂg r?cewm m aél? m ‘ﬁh W&ves predeterminately
atti ttb@@hvﬁlmﬁdjmnml&ﬂl pryce; ewskithaer ﬁwamlncelbowhera@ lsipggmposed upon the first
I oopsrecetvaes@at hod conprl Si ng a) transmtting a signal
t hrough, a radj ati ng neans noves predet er m nat el
b O e P B A BRI, SRR, 1 (e SR TEeEE | s hich moves
Doppl eedetermimmiglychiovgh obreddimpoinna ly@cd, s@d saqvridtrediving gnears; being angularly

offset from said first receiving means, such that a second cyclic Doppler is superimposed upon the
second received signal;
e) differencing said first cyclic Doppler and said second cyclic Doppler to determine a Doppler

difference;
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b) receiving said transmtted signal at a receiving
means whi ch noves predeterm nately through

wo boosediosensi onal space, such that a cyclic Dopt/an2i0s/001024

superinposed upon the receives4 signal; c) deriving
Doppl er measurenents fromthe instantaneous phase of
saifid ad@stig viednaséngphaif saidlfirstackeiving mpaps brideaidEee@@REALIVIOE means to minimize

sai d LAGREM- Gk gﬁc@%dto br| ng said derived Doppler to
a predeterm ned val ue, and; e) deternining the

at €1 t drifEnipipe Geatideotsaidyse gecwawgedbla@élaf iy ement peguired.

adj ustment required. 13. A nethod for creating a

A 9Nk el ol 5 e L RS HLTRASA 0Nl synt hesi zed

phase centre nove hrisi ng: a)

deploying a plurality of spatially distributed antenna

el erewinsyitieAa (pladityesisenals &R ploQiit) @f @@ﬂﬂ@cdlmute@ t@nsmission means
\l';:r I a(!%l'l@ ug:glﬁvgtlh\rlgg%&? bne o@% eSl‘a {i glﬁlé%[e!m% a% d'gf Itltpl% rnrlgTanP Sconf igla'ed to move
vari a@ogghgbrﬁﬁdmmal éR?Pm\é'@t ientiead p@dqflewmwn rvathsqqﬁhs@ isgjh plurality of

or r eﬁ@ﬂt ia@dignmeaﬂsne 5Y) sdice dlafilgl MGanS aduch @RNEA QdentiBBABRIic Doppler is
to va ug i ose(gu eaghgatngml t] on bet ween ant enna el ements

whi | sYPEFERSHPOE PHG ™07 recén\fl ng a signal, such that

t h&) pleeiying ceith plluehtm fof ranemitiedzsienati attagereiving meae whiskl mevey pretieterminately
| s phyRighathleddiflbrRidhAG5ek, 'sﬁlhttlm e Rydit msemérqmp&ﬁlnpog%d upon the received
devi ce flor creating a signal tha¥ mani f ests

t hr ee¥®nensi onal synt hesi zed phase centre m)vemsnt,

t he) o=ljusting tieonqyemet pigsaid rgpkiving imiedny toobring paid cylid Poppler said superimposed
di str i bihed b ﬁ%gﬁo ?br@dl!%ﬂﬁﬁedvﬁ@ecﬁhdam enna el ement

bei ng connecte a varlab gal h neans, each said
vaf] afsieamipiag e siudq of qa@.rﬁgvm@gﬁeﬂgfe\c}épqnéhegdjesgmnf ggfuired.
means, and with all said variable gain nmeans connected
Lo a r
2t o AP ARSNEE el b hRE Gl AR B chhingRoons, the methos
@@H“Pﬁmgur ed wwth a first receiving nmeans and a second
receiving means, the method conpri Si ng - a) o
:r;a St%tngl 1 a \;felsl t%r(r)u&g e(?l?hmﬁ Jieay gWhl'tl I?Jvré?s]tprecrie?egrh%ztxtelal? S%’hroug,h three-
t hr eedumnntewsspmqesbchsﬂpiamychcsnmmertlmerlmpcwbipbxcthﬁmypvhimd siggal;
SUBPT edRAE 84 mgmuédn%na Iatrasteceivﬁ@ néme, cvnladmwegﬁ@denemmately through three-

trans ttlngase |? IS chronoI0|ca 1y
synchPBHS R ParesaTdhat ¢ Pt I%°P%1ﬂésrﬁ“?ef‘%‘805§,‘1 B “"TeH’F igab

a s} aderiving Ragpplert meagyremedsiSonvthe iphantageousiphesde 0Bsid pecaixddrighay;

to d)S addﬂstfnh Q&tmo(/éx%%f 58 re%ea&) to B%GSEM 'dg}gefﬁ&pglet fo astﬁedetermmed
transmtted signal at said first receiving neans

noves'3PF-@Bbt er mi natel y t hrough t hr ee- di mensi onal

Spar edetetniiti thdratituda ofyid Iréceivimpypgahetased pdh tha adjLstpaseghireg on

the first received signal; d) receiving the second
transmtted signal at said second receiving nmeans

W#hi chA imethogy for efeatingy p Fiendti thay magifesty & thfeedisensionaletyyihesiyed phase centre
M@an&t, t neiBd&mplistg: t he Doppl er of the signals

received at said first receiving neans and said second

recei ving neans and differencing said Doppl er

meaks wdeplnerg 8 plunalige bie spatiatip dastribated |agtenngljefefemte reaeh; arftgnna element being

adj usdohhigled B3& Jm&ﬁ%mtm&fs é@ﬂ chid Vafistie dafiGRlaNs B3fhg TRARS ve to a control
to mnimze said ference, and;

g)
det er i A Ve S PRl S et Foet P Gcsafipen rapsmistn or eception

upon rdass; adj ust ment required..
b) regulating said control means to vary the gain distribution between antenna elements whilst
transmitting or receiving a signal,

such that the phase centre of the transmitted or received signal is physically displaced in three-dimensions.
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16. A nmethod for determning attitude in a user
recei ver configured with an Inertial Navigation System

w@ bSp1298he met hod conprising: a) transm tti ngPer/avgalo1o24

t hrough a radi ati ng neans whi gh noves predeterm nately
t hrough t hreedi nensi onal space, such that a cyclic
Doppler i s superinposed upon the transmtted signal;

reg \?%Vl’:en &r Sc?éagngt 4 @ir tﬁa& qrgm*?ést naalhﬁe@tduﬂﬁglo%gleé%tlh&&ed phase centre

neans noves preceternlna e

PHERE TR dsesAmPrisap 3 plurality Gf:‘iﬁattaHia‘E‘St‘éb“f?? errt?nea Pespspisespchiagtenna element

2l ednhé Sl atigdRIgaih heans, @GR isai® christl ARl mear beifkEre §b¥ive toRGontrol means,
' I [ D nerti.al

R o B o RE o ER R s Q005 ok I

Doppl er said superinposed upon the received S|gnal and

sai d Algethod Bﬁdﬂtéfr&hmﬂﬁﬁtﬁdMB u@ﬂﬁéﬁn@f cohfigred Svith @ fitsDREdivir! means and a

SeCO, Igg‘etivlmor}ne s tl(odcon} nt510 determ ne a Doppl er

di f“i! nee, e) P justi rP t%e novenment of said

rece|V|ng neans to m nim ze said Doppl er difference,

angy ahsnbl@heh msmlg}gl thReghad ﬁr’stt bﬂjzﬁln@fnezﬁla wilichl §i@Ves qaea&érmeately through

basedhmggn t he ~adj ust

det ertm hS nensmfle%l S?JC% esucqetﬂé a ng% Ol%)p% 8r rﬁs) rsupemﬂpéo,sela axjpon 81e first transmitted

transmwﬂtlng a signal through a radiating neans which
MDYE StraREnQEEE £5e0dnd @fgﬁél )thtcn Es%ﬁol&gliv’aﬁ)esghm&}s mld f§§ ﬁ'ﬁrﬁmltted signal,

© 1 s bPe s e MOR WER § FRG PR (o8 G ot means

Si gnatkcetving caid firsatranggitddwigng an@ainstwdteiging neane s/hich moves predeterminately
pred ethr%ﬁéﬁ]t Qet (RIIII%SIB{H s%lszg Ilu(thhl(a?g cygflé.@dggllelqulherﬁﬁgsgg upo§ e I't]irst received
that a cyc er 1's superimpos upoh the

r ecei a8 S|gnal c) filtering said received signal to

re ﬁpv:eceivol\gnﬁersexqmmymm eigndex\s8idBdtbndDEPiPIng ek GHhibIe: Geclose proximity
estahli §pm$r&§%gggak;cycllc Doppl er; d) adjusting the
movenent recéiving means .to bring said

estlabndaginag the daippleratf theytignple reveingsl & rsaifl dirsh rqspividet @eant Arsldsaid second
val u &ece&ﬂl@ meﬁl); arﬁ’l&ﬁfﬁfeﬂ&ulgl shig Dbﬂb‘fér Abdskrtrhtel® tdetemmaheth Doppler difference;

I‘ e el Vlus vemex?t ?sad s(t)recelvme m %llls Sr%ﬂ?n?zte i Boppl’ere c(ijlfference, and;
AWEPREG ™ nt | &nd At

_ orrd subsequeé

di B rdetsmiimipg &lh@tltefe@é@tdgseofecqrmt aped apdn thy@ﬂjmp@t oquied

signal s used by attitude calculating means in a user

recelver i d user receiver configured wth a

Becei v MAYe i@%‘%&"‘ﬂ%ﬁ e dhggen %Cé‘é?r\?f“}f’émﬁ%‘éiﬂba“ I?ﬂ‘?é“ Nav‘ga“"“ System
(M) hiechnettodpompsisingy: a) transmtting a first signa

through a first radiati ng neans whi ch noves

predeterm nately through three-di nensi onal space, such

t hax tgnenjdng 8 S@% phreeh jagradigiine Mears oWed meysh p&ﬂ%ﬂfum*ex through three-
t r ansdithénkiewhl hagysadh;thab)d cytl[c&]ﬁ:ﬁ;mrﬁstsuﬁgmﬁ)s&ﬂ@&ﬂde tEen @iiddd signal;

:leé)g Lelrtgcleglrv% 34 cf t?a;ﬂgn E%qgﬂ: ﬁtr!aq?] < ee gllca\r%@e :\g]vgllc OIII’I]OaV\éS ﬁcf%determlnate a' t}gough three-
seco rfhrn@islglwhqpaqsépqﬁlghaawen%ﬁom}ereﬁfSﬂ@empqwddwsth? rgeefvied signal;

t r a)nscmefntlﬁiﬁ’g ﬁidgﬁw}ecelﬁﬂﬁ&e&&abop@leﬁﬂ&ﬂ dafd I@Qﬁpﬂlfﬁl’gatioﬁ System (INS);

er tran
i c{/t{tlgr%eamg sal C?’(Iﬂlr(}té){(])p]ilerr 5&6@%{3?”{“8&6;].1})01’1& © I‘eC?v%g%g&leﬂ rsglfl user receiver

r e cei mqvngenn@mnbr fpdmi aid InesiakNavigation érsemrﬂN%toelbtynml‘ma@qgher difference;

t hs)eeadﬂgtmgnéh@wem%p@faeecelslugmeamatmﬁn&e/sqidIvap,ﬁp BitdeRhice, aid;
on t first received si

superj nmpose

r efei 4t %ﬁ"‘%gatl‘%‘*%g*édéé} id prenieshict eq Ry e ad “Sg?enérﬁgl'&ed
second recei ving neans which noves predeterninately

t hrough t hree-di nensi onal space, said second receiving
means bei ng angul arly
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offset fromsaid first receiving nmeans, such that a
cyclic Doppler is superinposed upon the second

WO emsioymes si gnal ; e) nmeasuring the instantaneoRST/AUgNal01024

strength of said first received si gnal ; f) neasuring

st neous, si gnal strength of sald second
ece| \I/Ae'&ea]?fj&’igftemﬁ‘ ngﬁ?‘ﬁ‘eee@éfnﬁt@"drf@a@!it”énent s obt ai ned

at steps e) and f) to determ ne a I ow Si gnal strength
| ev?gl :ﬁrg?gon I p%%ﬁé@% Irédtla??% ud e c A Qt %§?S| ?{gﬂﬁ’é‘g‘?‘?&elyt {grough three-
pr ef e t‘%“’&?‘ 1S5RS datgilie Dgnptebﬁ g@ﬁnmmmﬁl updndhe|transgitted signal;
dett®r maceieiok dafdl tghsmitted signal through a receiving means which moves predeterminately through
three-dimensional space, such that a cyclic Doppler is superimposed upon the received signal;
¢) filtering said received signal to remove low-frequency user-movement Doppler and hence establish
aresidual cyclic Doppler;
d) adjusting the movement of said receiving means to bring said established residual cyclic Doppler to
a predetermined value, and;

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

18. A method for identifying and subsequently diminishing the effects of multipath corruption in signals
used by attitude calculating means in a user receiver, said user receiver configured with a first receiving

means and a second receiving means, the method comprising:

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

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

¢) receiving said first transmitted signal at said first receiving means which moves predeterminately
through three-dimensional space, such that a cyclic Doppler is superimposed upon the first received
signal,

d) receiving said second transmitted signal at said second receiving means which moves
predeterminately through three-dimensional space, said second receiving means being angularly
offset from said first receiving means, such that a cyclic Doppler is superimposed upon the second
received signal;

e) measuring the instantaneous signal strength of said first received signal;

f) measuring the instantaneous signal strength of said second received signal;

g) processing measurements obtained at steps €) and f) to determine a low signal strength level which
indicates multipath corrupted signals; and,

h) configuring said attitude calculating means to preferentially use signals stronger than the level

determined in g).



