10

15

20

|
25

30

35

40

2 February 2007 WD 2005/012934 PCT/ AU2004/ 001024 A
SYSTEM & METHOD FOR DETERM NI NG ATTI TUDE USI NG SReiTasy 2007
whlhboE o (SSK) MODULATI ON SI GNATURES 5 FI E

I I\I\/EI\ILI'F%% The present invention rel ates gener a%z@?@%a;m
systens and nethods for generating precise attitude

det er m nat i H&bﬁk
t he present 9’insnve I'on appliés to spawﬂqégxﬁlﬁl on

syst ens UWRING SRATAL SHIFREEY ($6K) MODULAFION SIGNATURES
determnation utilizing the correlation of spatially

nodul at ed signals. BACKGROUND TO THE | NVENTI ON 15

Attitude can be defined as the inclination of a user

pl @kfperehdkiyon 0 a reference franme in

t hree- di nensi onal space. The technol ogi es

traditionally used for attitude determ nation can be

c alhe grosent ehtiomielates aaerally GLspse:ms Fidanethbds If@ izengrting prepiseoutingle determination

fggxcbj n%ﬁfci:’eeaﬁﬁal;ah& gl e ﬁ&ﬁﬂﬁ&nﬂn%})h&‘%@ﬁﬁf mddRlafbn systems which allow

o
0§ AR Pne G st o Pt G AP ar

sensors. The second group can only provide
measurenents of changes in attitude. Exanples are

O RERE TRI o oe L10 LTl

devices in this second group are known as inerti al
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denticrazd afgplarpcesietometers.(fiotiesiivelyiTderices il this begand @romt ¢ kngwtm as inertial devices.
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ool Som R %,y PREPURUR 58T REIADE My g ey oo s
nmatseluth wtithide dedetermibad fiom sedsyyeraddts povided bepheseemdgroupt it i s
to be useful. An optical tracker's operation is

ted t he |eld of - vi SensqQrs,
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S D ey WPy ﬁé‘iﬂf%‘?%ﬁ%@%ﬂﬂﬁ oo B 3eE s ‘gﬁ%‘ s, o cxampo by
elange fepmuyeshjests Ini feexirhityrtg ¢hei nmagneti¢ field bensor, arenglering a@tfoonan%unsatlsfactory in
a&%aﬁﬂ&ﬁhﬂélﬁ&&ndérﬁal%a@fa&&{emh iwihotsts. the traditional

‘met hods of attitude determ nation described above is

an extension of the carrier-phase positioning

t & hivmefive the etitioyal Bethdsis bf Rl idetaminatyn SyseibedrrtoGPShn extension of the
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U - u
S e (BT STy T ar CRT Ehpss e otp e A rocessed by

(1CP) neasurements. Integrated Carrier Phase (ICP)
nmeasurenents are processed by 2 February 2007 2 the

“user receiver to derive accurate change-of-range °

measurenents froma plurality of satellites at known




| ocations, which in turn can be used to determ ne
accurate position relative to a known initial 2February2007
| ocation. This initial location is generally derived
from code- based pseudorange neasurenents which are

nodul ated upon the carrier signals transnmitted from

each satellite. Due to the | ack of precision i nher ent

&Jhséﬂ@ceﬁzé’rd@ d ?igura@%ﬁalﬁg o&%gg ﬁleas erg%[lg maatntiurgtéjlr Bty satellites at known

remai ns termning thi niti

Ipcgticas. "Y’ﬁ‘ﬁh “TFH‘i“§art13¢61Feé (e qcynamwovelawém kpean initial location. This
ihiGdl M@atioR GshyahefHll@ Derit] ﬁmkmmsddrpséub&a@ Incasi&he@is Gvhich are modulated upon
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rmrer- ase positioning
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system wherein attltude is determ ned by spatlally

di stributin rallt¥ t& GPS receivers on a
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teamage ofrEetsn Hiclded & cdnfenphastd basedPSsitaming |syskeine@herein atiit@lais determined by
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cal cul at ed "bet ween GPS recel vers eterm ne
Phst rapgsdwayremenpiraps dl O3 satelitss wwe@oﬁfféﬁﬂﬁghqw &lffe§nq%%re subsequently
caltlayed bervsqal GPS adoeitran deteriisi kit atliti@e bfahel i@ pmftmﬂetﬁoh&f's method is not only
cgﬂ;hceite% n@&@tﬁ,’edugs %'mrn%%l%lr gfecr S . %a% bf’gre{:eweg req]t,nred%uls?ﬂso requires integer

requires | nte er
cprde ampbiguiies fotby d@oleealrbei?@ ﬂé!de reaf PF‘e‘iFterfledt Rethermprs, the pe of GPS signals
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of the sa

{:1 tr\;é)% tKe iyﬁtattns 90e pFrIart]e hna tel?lte-o{;chuéle eé)%lil’annflg}s 811;0}1 el og@yc)é?ﬁv?rl tLe reflection
obwlm signals; rtogvh lag mdunaélcdlegxd@d raemqawmntta@uram q@sh satellite, which
HeRER e SradeMHitBR\ S Emida i WhE! dsBE ELIRRs mQhodPOSi ti ONi ng '
signals, known as mnul ti path, degrades range

nmeasur enent accuracy fromeach satellite, which

Thdness eltclye nekdduradesst atsblbte adidddeteanimtinatysian thatioes ndstequfe (a) reference
Q%Et%nf ieRl ﬂ@%rgp EL) anTlnlgﬂsﬁ“uéteﬁ vf‘ekv%ﬁ{hL }»{taré1 (8 %ﬁgotf -8 flt %ooéggfﬁéasurements (d)

sol ute a tf ude eermnalond/
coniigig} feenitiakiyatips f(@ra8 HEdsTTRY) eV i of 2 ‘é’P‘dNﬁVWP@@rﬁa@}f“e Spym (GNSS), (f)
makipld pasioh Fedeitepodisuib@iad 6fer b ber ﬁﬁtﬂ:ﬁﬁ or (g} ):hehdacﬁlﬁenﬁfnt-t&l @hier cycle integer

a'“ffléééu,itg ?&%s:olgfl%:n.z gte s?r%eﬁ ! %(a ?1}31%{68 (.wcﬁl ut ese (‘tonsﬁ'amts is h%l%ly gesirable. The present

an uno ruc VI ew
ingntipypgchigyey itl‘gsa({epi@hle Senl by Fingipitting g@@q}ﬁ thaoig Fodulgtpd with a three-dimensional

- sﬂmdl tsl'gml@e RO&iI4thO R rk SR MQRSwidh a3$oﬂ¥lféiﬁ&ﬁ’fgy @1)6@-@1rrﬁn§tb§ﬁ lspatial signature,
r carr i

atform or the requirenent
- oft R e e S AR I BT H b e ermed
Syetial Bl Key (FEE pmoedvhgdns @ ivtdssciitsd i dghil belakesi rabl e. The
present invention achieves this desirable goal by
ransnmtting signals that are nodulated wwth a -
,Obﬁggéﬁﬁﬂ7 HgVEHﬁPN spatial signature, nodul ating a
receiving means with a conplenentary three-di mensiona

Eﬁf’cﬂhﬁe?f]s of"’&lgg'@steﬁ{rnﬁmnuogglqwhy&gﬁﬂ{dghét%tgg sys%ﬁx \ﬁ%gsmhttmé mgnals that

signals to determ ne I's system and

arp smgeleted vty & rthreq-dimepaignal Sonplera pienapires tmort@ymg SSRepeiving means with a
coiiplithbir) @ice-didlsibif]l D6SGF is@ehrd, And ﬁie@rétm@@'le%ew@slﬁggsm determine
arithge] HE | NVENTI'ON Enbodi nents of the present |nvent|on
‘prOV|de an attitude deternination system hy

‘transmtting signals that are nodulated with a -

-t hree-di nensi onal Doppler signature, nodulating a

receiving nmeans with a conplenentary : S

't hr ee- di mensi onal Doppl er signature, and interpreting -

‘the received signals to determne attitude. 2

February 2007 3 Further enbodi ments of the present

invention provide an attitude deternination system

spati-al. - correlation nsmtit.




Furt her enbodi nents of the present invention provide

an attitude determ nation systemutilizing the 2fabnaky 2007
correlation of a transmtted spatially nodul ated

Doppl er signature to a receiving neans nodul ated with

a replica spatially nodul ate® Doppl er signature.

Furt her enbodi nents of the present |nvent|on provide

e n%%ﬁﬂ)é fits gﬁé}g émeﬁa&vezglon e an a ?etéjrén%gtmra fﬂcsl(.‘aé]t'nvugﬁzing the spatial

ecelve
?lﬁma of Hrt‘*é’@m&ieﬁélﬁ@i eﬂ‘alllateedmbl aeﬂireeﬁlgw&toml doppli¢tesienaiese to a receiving
hRBehodeHkted Wit St8mplethdnlaiyZiredlimenGORDD Pk @Rar@b, early and
| ate tracking arns, or early, pronpt and late tracking
arms, to maintain spatial coherence with a transmtted :
Tarthan sirbagivients of (s privems invensigubratidechnaitinide detqniingion system utilizing the spatial
QBHEBRSE 0O ahs&a&pdparmhﬂngdmiew ﬁ)%ppxé:ufgﬁéa% to Sﬂi@&%@f&@&ﬁ offlulated with a

rovide an attitude
'ﬁ£¥%$ ‘%h éé "RETFi zi ng a Doppler pattern
recognltlon algorithmto detect the attitude of a

Fufi8 emdﬁx{&@m pdiliAtfds Wolike & e faetshnﬂl%ﬁ'sm for a user receiver
r S|%?ature re&gtlve to a transmtted siQ
UL PRI SopTh i H P ERS] Baf EopReatonas e agsre, te wer
rbegiverfatheeuriticiod aremibiativh of buly piicelste frcking A} érGarlyD prowptchad late tracking
aﬁﬁk ?ot In!ill:ltglq %pzﬁiiglt C%angeagvitﬂ) B ﬁ'&t@gns gﬁ]all Q»}ch egne Hl%)&uﬁa}/ed with a three-
subse%uent nltlgate e adveérse e
‘@?ﬁﬁ%?gmw StSIBANFR2 been corrupted by nultlpath Furt her
enbodi ments of the present invention provide an

Fﬁx%e? O a e L@ ehparctasen Ent%%l iSoprovi ehagl %El{uge H?e@nsﬁlngzon S){/P ey u§]ezmg a Doppler

~centre novenen ransmtted or

paffegTeqognition aleptifbn t@m@fdlremémds ofyf regefre apenes epdulareﬁws@m fhgre-dimensional
TRpEFHsid i relRlive el Mn%e@@iﬁ%écﬂfatc@@ﬁ{ d tﬁtlee-mgddioﬁl D&dpler signature.
providing for precise generation of a signa

modul ated with a three-di nensional Doppl er signature,
- Fymghter enadgpdiimentnef tiee prevemn inwentiprofiroyideyes jattigide datdrmingian elsemeriich can identify
afid Mol sBREn S TG, R BlvErs e dtd\ siPhaR B avé E&X@J&Hﬁﬁé& bp mivlbéii?

an attitude determ nation system which does not

requi re .a user receiver to use carrier tracking |oops
Furthetkatbediments ofi e prbdenttinvel@ion providelae ant@nbaa tieetestesaf thibdidimensional phase
B € AV ncd INGRE L RAnREAY B Re k! | t ude det ermnatl on
system whi ch renoves user mbvenent and user receiver

clock drift fron1D0ppIer nmeasur enents. Further
Ferthbiosibo@inénts o the pR&n(if@66A prokidy fidldcBdhiotieas! f&&paﬁhﬁl modulation, providing
Ty g}efng Udg%%r%};) G gn SInlla I oglula'? Z;@P tgrrr%%e)l gorlgstoi}aq ﬁ)é)gpg?r thpaglﬂe yet requiring a
nmmwem@wmeww@@mweﬂmymef the_present i nvention provide

an attitude determ nati on system which requires only.

S lL.e user receiver to determne -attitude. 2
R ?5%3 they PETRINAYRYOBRP™OME 21 RIVERAPRNTIEASD dY fidh Fich does not
regfirealyger praveen NscicATieNhikie lapsn doduhping aitibode. t he '
, transm ssiaon of a signal through a radiating nmeans 5
whi ch npves predeterm nately through three-di nensi ona

- Furtherembodinjeots OF g progenicifieptiog Pms?)wmfdg d%‘ifﬁé‘ﬁ‘?%ﬁﬁ@é’d"mh removes user
mbifeehnt bitinsdr raeisdrtibdkeldlft Sbrf Dagpler mef@EentdnBg t hi s

-transmtted signal through a receiving nmeans which
~_noves predeterninately through three-di mensiona
F‘é’%ﬁ@é‘,"‘"@‘ﬂ@ﬁ of RaPregentipreniion powjsip e ptifade dstepreipationpeysiend fremefithe need to
pd’ri_hﬁl cafrRESLIV Bitbe & b@Biality redéljriasit | Ng t he noverent of the

receive means in three-di nensional space so the

superi nposed cyclic Doppler is mnimzed on the
Fyrereobasgnesis gfth¢ preserd invehtionenreriidgian gttﬂa@etdelemﬁmm@h mmcttrmlres only a
eméﬁngghgaﬁy@mhm&@gqﬁ&ﬁg to bring the receive nmeans and
“radi ating means into an alignment. Enbodi nents of the

present invention are achieved by -the transm ssion of
—a signal through a radiating neans ' .
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whi ch noves predeterm nately through three-dinensiona

space, such that a cyclic Doppler is superinposé#february 2007
upon the transmtted signal; receiving this

transmtted signal through a recei vi ng means which

noves 15 predeterm nately through three-di nensiona

space, such that a cyclic Doppler is superinposed upon
sURBIARESETMER NGRS, . anal yzing the nmovenent of the

receive means in relation to the radi ati ng nmeans by
interpreting the received cyclic Doppler; and

FelbbdimndiisF he pradeditiitvetiion rasonived By thh @ansikGinf £iigd] thoyh la @ddiating means
v&ﬁ[gg glgl’eggl@%§en’gltl%(§1{| hﬁgrggémerg%ga@ gdbga %ugl# t?l%lz%? clic Boéﬁ’e‘?’ gs%ﬁ'ﬂenmposed
upqy they Frpr@lglttgb gignak| recsﬁlplg fhlq(ggpsnplttgh gmal- lh{ow(a elvmg means which moves
pfmdéﬂnﬁlﬁtblﬁ thr&ilzl) ﬂ@éeldl[r&néd\érﬁalhspaces Srcl€ @ :Bekrcﬁipﬁbﬂp&} 1s$315&1¥nposed upon the

Recej v hion signature, at.i
R SR8 “Tnch TS bR s el TBRR B e PRRH space o e
S'gvewmoaqde‘dchb;li)opniﬂes wrivirered ivh tesf reqgivedheignal dndigdetepiming tfude based on the
adjiNeRr ARG bigd Ae r@ ARG RoansTHE Rdibidh@ nedhs RioaH Slihbitned
Doppl er signature is superinposed upon the origina
transmtted signal. A Spatial Shift Key Receive
EmBSKudR)s oftbelurtsatt inoentiosargavbibed by the trasthissn et dignaltthyough a radiating means

willel fmb¥e! fxre&tenﬁm{te%ptﬁlloy tHTEAS; ﬁedsﬁnaﬁ H:E:& ugﬂ 4R Q%&cﬂ@ Bl)ppler is superimposed
space such that” a quseget er m ned p | er signature

“l?°§ ay B@’F‘f“n‘?ﬁ’o%’&l EPEH S e EurEy dgghionehrs gopidpagicans which moves
pre@oqapingdly thaoagh thRedpleationalSdpgpaaduch Bt 4 eyclichDappler is superimposed upon the
re% “?eﬁ'sﬁg!mﬁa!ada?xﬂ?gre rn?oQSné:h %f wel LD ‘ijn%&étlgggatﬁ:? NE ﬁ:@tra&?zftmg means by

aren 1‘]"g[)ency hanges 1 n wave resul
WRIET @ﬁgetwgﬁvlalﬁ%weé@ oA méealﬂtﬁ@oaﬂa
a receiver. Fbmever the terms "Doppler” and "Doppl er

Emiac%nn%% [)PtPe epret‘s%n mventlon dlSC hsesa sS e%calné metgodI tc? Eete?n%gelqattthﬁ e%g!:c%relating a so-

CEI“F‘E%RE@# 8kift Koy Tllamneigﬁift@dn@ahﬁtqnérgnanhag@ { focpljed ép@laltSéltft Key Receive

(RY-1) %dﬁlﬁiaﬁglkﬁéﬁrenntsbﬁﬂl RO ﬁeﬁﬂan&rﬁla@smﬁ %o%uﬂiﬁﬁ@ﬁtu@ﬁéjgenerated by
| On |.a

a recelv
O PTG ¢ SR AT P BRio0 e bRy poppler inatre
isShpefitnpdéed/upte ttei oviging]l $3BkeriRYed rvigokll AtSpaial ShifyyKegt Beceive ESHIR)smodulation
s:érﬁtu}chﬁ a(:ﬁg/'e@tbkf ngk mﬁgnt%da re(:e@&éeilné/aﬁs £HE fhike- dplﬁhs&glall {;])ace such that a

atial alignhent. This alignment 1s hereinafter B
prle eé‘PIFeél(‘P O?Qﬂeréwet if@peringppd PQ?I“ a reggiyefl gignpf. (T ¢ D°ppler and “Doppler
sigrapet intthis aapfiﬁdaﬁ@mnhata thdwell-uhbBe@sidod adnidépe 8f, the apparent frequency changes in a

W%Esﬁfﬁk%? Erbﬁ ttﬂe r§lat§zg qnoﬁﬁ)rg ! olf %%a}ns%ﬁ%mx? f u}cg Grf -3 Qé%gxgé trﬁ;%‘&r the terms

nat ure patl a corre at1on
“D@p} F‘Qill“D HELBHICZ ﬁtu‘ﬁqénﬂ this speeifigpiepcadditiegllyi ippogparatgflie apparent changes
inbRtepied phde, Eﬂyéql.tbﬁdy[l Or ﬁﬁé@ﬁdzﬂ F@Eﬁes POdse t(i@) Bﬂ’eﬁ&ﬁﬂ} the relative motion of a
ﬁhpr:x{lgs?gntn%gﬂs V\A ati n:ct%vlgemegt%d orrek ?‘i%i oqe aSrBatm%hbi!t I(e AN u i QV\%KE‘T) modulation
Slgi@weerwﬁhnédatlall %%@@Mé@%)t thodglatidnsighangs ol indle r@dm@mg means and

reEHiV%Sxﬁé'&Bs et s‘pﬁﬁl altghﬁén@ THds &%énﬂ @hﬁl&ﬁ&t @E}rédo{o as either "spatial
a, attl

th F
coban ot LGhuimatoat. JE Yasiier it e gnd s hegiiign & thesg novel terms

“quaimsmnautre”n pagial parsiationt andgpatiil gyaetirorizaticnt) gis descdted atdetigbelow.
means, said radiating nmeans noving its phase centre
through t hr ee- di mensi onal space with predefined
Bypsine spibodmegts of thejresent iVERIgD.; Yith dheyragtiatingsmeans atfifude kgovpn 4 ryford, a receive

memshmmkdﬂpph@mamﬁdauﬁﬁﬁdnposed upon said p05|t|on|ng
signal; b) receiving neans for receiving said
positioning signal, said first receiving neans noving '

Injagegrdpyice with 4fgrpt pipect 9%@%&3@ tomengen. Merris REvided sysigynferdefeipiping the -
predefined notion at- a predeterm ned interval, such:
that a second cyclic doppler is observed by said
recei ving nmeans; c¢) neans for measuring a conbi ned

' ~cyclic doppl er observed by said receiving neans, said:

conbi ned cyclic doppler conprising said first cycllc
doppl er and said second cyclic doppl er; d) nmeans for

edet;' ed_lnter




radi ati ng nmeans phase centre are brought into spatia
correlation. In accordance with a second aspect 2d&kbtuhe 2007
present invention, there is provided a method for
determining the attitude of 42 nobi | e apparatus, the

nmet hod conprising the steps of. a) transmtting a

aRRRE bi aQﬁUbngapgargﬁsaahle sybtbrh QdHEPisingd € dahs Yok tmnﬁng aRkifloning signal through
T cﬁa%n jail ag sa: ra&latrrrlo\” n R plrtlsa eaSBC eenttl‘er ﬁ}.\’%ﬁl sional space with
P e G eisi Gnal™ Spate™ M th'™ Prederi ﬁv "R P
pdeftbed @thﬂ ﬁédpqemeemwdl intergajciucht thatta fastfcths Horplpe Isiseperimposed upon said
p@ﬁtﬁb@]ng lsigha® 1) URSHInBRRER oM RO isAdald poliRstide| &Bhlnﬁaﬁfﬁmééewmg means

rec ivin 0S tlonln si gnal rough receivi
i 6 ekt B RRG ReBRes VT g - 6 BRgnod el
sudhrtbtUQ fecantl cwdc dipplemis Plseradd by pad seaiitgtmeprsec) afepnsdet mpptuiinep combined
c?cthc %;Bfeﬁ&@ér@eﬁ FE} Qa%jreéem&rlﬁ/e%{s sald%%t]netdlz?otlm aopﬁfclc&ﬂlgnsmg said first cyclic

| er i s observed y sai d recei vi ng nean C).
Sﬁg Seqon8 GYF APRleR 9)<:‘P‘?a65 ro"&b‘ﬁ}né paidypsedatenpingd B’s‘ﬁ"‘%?fda‘d receiving
lﬂmesuﬁ'/h thy ssieamdined aiclit ®ppityi in@okingsed; d) tedh® fp ld@érmining the attitude of said
n%gfngpréé gaa é“olg sag% Jdﬁfs mgﬁ{ %qluﬁzeddﬁpfplhgrsald %Qwﬁgaﬁngassﬁ%rbgmre and said
[ usting sald predeternine
r?%%vs pyfse gea'iff‘onff %@@Wtﬁ@a%%ﬁgmgu ch that said
conmbi ned cyclic doppler is mnimsed; e) determ ning
Ii‘i %:gm@a%]ée \151 r%fécg%d a% of gltgg)h‘:setl'lhm S aia%elil'f? 1es b%%i\%/gdnagnn]ethoa f(g' determining the
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BRI EF DESCRI PTI ON OF THE DRAWNGS FIG | is a 2February2007
graphi cal representation of a sinple mechanica

embodi ment of a Spatial Shiff® Key (SSK) nodul ation

system according to the present invention,

i ncorporating a Spatial Shift Key Transmt (SSK-T) 5

saifi basend gomiyiggd syvli¢ dappler valus frerh kadd firgt corghdnel atciiddplgnalue togletgrmine an early-
&H@Ildtea&opﬂyvmﬁe Ef%ﬂ]uﬁﬁlﬁ ehiy ﬁre&e%e@mt@ﬁt SRA firsk J'egéwxr% nheBnsBnd said second

| er ver l.e mechani ca

’%CFR%%{ f“Fr'E‘ﬁf“"‘b?““tSﬁ‘é e?f‘ryg’g‘é‘ﬁﬂa“i ?W@ﬂt"f’l%‘s THRB B’eddte?"ﬂm?ﬁ ffje aitude of said
rdopilevdpparagis hastdre sSp atjusmlentSinirdd. Key Recei ve (SSK-R)
antenna el enent has been rotated at a slightly higher
frequency (1.1 Hertz) than the Spatial Shift Key
Transmt (SSK-T) antenna elenent (I Hertz), 10 such
that the receive antenna el enent has been slowed in
and out of alignnent with the transmt antenna. FIG
3 is a Doppler Power versus Tinme graph of the process
depicted in Fig. 2, whereby neasured Doppler is

conmbi ned over each rotation (signature) period and
converted to a Doppler power value. 15 FIG 4 is a
graphi cal representation of a sinple electronically
swi tched enbodi nrent of a Spatial Shift Key (SSK)
nodul ati on system according to the present invention,

I ncorporating a Spatial Shift Key Transmt (SSK-T)
antenna transmtting a spatially nodul ated.signal to a
Spatial Shift Key Receive (SSK-R) antenna. FIG 5 is
a Signal Strength versus Tine graph, and a Signature
Ref erence Signal Strength (SRSS) versus 20 Tine graph
of the sinple nmechanical enbodi nent depicted in Fig. 2
and Fig. 3, wherein significant nultipath fades are
apparent on the Signal Strength neasurenents. FIG 6
is a Doppler Autocorrelation Response Function
(Doppl er Power versus Angular Offset) graph for a
Spatial Shift Key Receive (SSK-R) antenna which is
tracking a Spatial Shift Key Transmt (SSK-T) antenna
25 FIG 7 is a graphical representation of a _
successive so-called Spatial Lock Loop (SLL) according
to the present invention, whereby a Spatial Shift Key
Recei ve (SSK-R) antenna incorporates early, pronpt,
and |ate tracking arns which are angularly offset
fromone another. 30 FIG 8 is a graphical ,
representation of a sinple differential nechanica
enbodi nent of a Spatial Shift Key (SSK) nodul atjon
system according to the present invention,
‘incorporating a Spatial Shift Key Transmt .(SSK-T) :
antenna-transmtting a pair of spattally nodul ated
signals to a Spatial Shift Key Receive (SSK-R)
~antenna incorporating a pair of receive antenna.
elements. 35 FIG 9 is a graphlcal representation of
. an electronically panned array according to the
present invention, incorporating two spatially -
distributed antenna el enents, a transm ssion source,
two variabl e gain neans, and a control neans. 2
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FIG- 10 i's a graphical representation of a

t hr ee- di mensi onal panned Spatial Shift Key Transnlt
(SSK-T) - antenna and a matchi ng t hree-di nensi onal '
panned Spatial Shift Key Receive (SSK-R) antenna
according to - : o o




the present invention. Each Spatial Shift Key (SSK)
ant enna i ncorporates four antenna el enents spat? Bdbiyary 2007
distributed within a quarter wavel ength of one anot her
WOROBYUEBE in a tetrahedral shape. 5 OVERVI EVPCTHAU2004/001024
systen1and nmet hod to determ ne teceiver attitude by
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at a predeterm ned interval, thereby inducing a
pr gded @srﬂblé}ﬁgr GeYs‘EJ ',l’ﬁle @a l)tetfle n‘ﬁl]glé eﬁcrt]lan?cgl eml(}gqng?mfnolhtgta present invention
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through a Spatial Shift Key Recelve (SSK—R) ant enna,
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#ﬂg%rstan in the context of this specification
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s¥aehnRMszation as . used in this specification
enconpasses i dentical periods of antenna novement  in
both. ti me and space. 35 Spatial Shift Key (SSK)

~nodul ati-on signatures can be generated using many

di fferent nmedia. For exanple, sound waves in the
audi bl e human spectrum wultrasonics, infrared, and
radi o waves can all be used. In the preferred

‘enbodi ment of the present invention, radio frequency

(RF) waves are the preferred nmedium Therefore, in
the preferred enbodi nrent of the present invention
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transmtted positioning signal 115 -fromthe transmt-
~antenna el ement 103 through the receive antenna
el enent 112, and neasure the Doppler val ue of the
recei ved signal. For ease of explanation assune the
transm.tter .10l and.. ecei-ver -107
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eceLve tenn enment 112 stewed in . and o of, .
recelver ro%{] qtlfLa [rcFegthcgl]r;lie gthatf%; ttléentﬁagszré é ﬁ(gaﬁ%ng mﬂ)téi %nd.l.s c-apab%e of
revﬂveng 2 warigble ratpe Thtj ek exceivee B07G$ canfigared precefve & trenitied positioning signal

1‘50&&11 tﬂ@rtlteis)mt aﬁﬁﬁrﬁre‘ie‘m@ﬂ I'ﬂ@\fﬁr&@h ’I_ﬂeg'eceﬁe al?taiﬁﬁ eleﬁé%lt 112, and measure the
Ses a (0] e
Dl T e b el i P e Bt e Ares o RERRRher 101 and

usearkdelyeait0? are clyonefopitaly eynclirbrousy the SpagialShifkes Tanahit (BFFe T} aitenna 102 and
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he neasurenents..
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in Fig. 2. The Doppl er measurenents conbi ned over each
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116 can be ealculated by measuring the angul ar offset:

illustrative exanple, the synchronized recei ve antenna
el enent 112 traverses the principal axi's 110 of the
Sfarripmbowsp Fit3 thess/is frpisted ¢ BorpBGRewR) verawst Timgirpl 08he mdggurements depicted
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orientation of the user is 0.8257 seconds d|V|de

0. 00278 seconds, which equates to 297 degrees

‘cl ockwi se relative to North 116. In an alternative
~enbodi nment, orientation of the Spatial ‘Shift Key

Recei ve (SSK-R) antenna 108 with respect 30 to hbrth

ant.en
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configured with the receiver rotating arm assenbly,
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fromthe | ate tracking arm6 @ ower val ue
- Rogptrripgesrivaitrds phTasrd fiy g éafeéfaﬁls%maﬁ Gh e R5per vlae, tened an ey
miiugHhitd’ pebeesg MddeSintiife a ddi@ctidh gRgnihdel and) giC Gilue ETHese caf@ttidnhi@agnitude and

s%ﬁ :l?l?gsoam—: %%té‘éggéﬂeﬁ; %?gg}{l nge Mhna \ngclllror[m%{oql (t,olﬂi?or!] %?eﬁssl Qld the requisite

> %ﬁt antenna rotati on
agipyyrapio) e wrathl S ey Recays(BeR) trtrana phayg reettey drotio is|made(That is, the

r@2ide biathd SpaRESIHAK &y 1GL&RISSIOR Ana6R phizecanrs ik ydva{ddj dr@dided the requisite

trackin r 605-.1. & 605- ss the oVerl. , . .
o L0 B P PER0E GRCH BiebliGonacoRBR Fa FENEy swin ey
Rawtvd ($3K-Beanieanarphise genta jnse shatial jakignment fEbisorecess h%acqnwalellr@imgdated in a

cREBoop irfAndeOS Infaln@RAEE GAY-MBGL I valhd as Icﬁseal e;‘ﬁ@ne@ @SStk 903@1915 When the
[ ac

rl ackin rm 606

cBBanSede iR BTkt risrans Bopnp B Gk onf kg Resive (50
aB@Ra i dechred swﬁ(ahlw birtelag:d gl the$hatd! BYift EguibrhnsDo (RSKED amawe r

vaI ues However, in this situation the

y-m nus- | ate tracki ng, val ue will exhibit t he
“f}ﬁ’é'&? PR3{i3L L%‘ikéﬁof’[ (St ‘ﬁla%ﬂf’ﬁ‘“‘f“r’ﬁ??ﬁloﬁﬂ <8 hgreghagbept zuRden gser moverment,
the ledrly andIBl trdckifp MOS mAy Wt I'deraddtel' thp Doegpler PéveeMBOROIDEM) IOVWEKo depicted in
e | et
% @Ifs Qlolﬁus;!ratlvcsgy g'%g of 'a Sg}%th Lﬁ %_t/ogg St‘:ﬂn aﬁ:{ﬁ.[tgitﬁ)(ﬂ‘tn:logy whereby the early

rocess nay oc ra

prsiae embfisd it brasdciZp 968“325 phepst of é#e;P@B'GWIQ owpMogesDEYD Q@.’A and the late

trihf Abd2 30512 QOLEA 3018epdel aheddubit lﬂeﬂ)oﬁﬁm%bv&e%n&f (IBEMD 601. In this
es i nv.e a t, trackj.

con &&mﬁmn the falrlg; :Bci(m%?rmgg%? tthe late {rac eaﬁ {/@oélﬁtqstrfi%%e ethe Doppl_e"r Power

I Ona
Minige KPEMG @t.reod exdibaymeaynlt léopphlep@pavaha* The eklyltracking( 8| 6p5-1 Doppler

: p@e?eﬂ YAIS & I sHkaddi0idnd 86 Két@ @adﬂfu@%ﬁﬁ $05-2 Bospr $6: Ghadl (éaﬁy—mmus-late) to
_d%% alsacorrectl ckl ng‘ﬂgatla Lock L&%t ol

P(t Elja cQRigetion B@gngl];.‘ie AN 511%}1 eS1ER eai:f)xmcgﬁxﬁi t&e sypchrolization contro _megns

- wilosdve the SpatialfShifitKey Receiye (FSHrR) esterah exetioroth thelapprdoipp Higwtion. However the

mEé?)We VJ}ﬂ llﬂ)lt %erﬁ%%uf@c@e]ﬂ to %1aHJ tf?cr@ltly 4ot ?a%a%gm 6@9 4 &5603 2 across the

posi tioned._ at Power I\/L

D%?PB" Bovren Minipy QEM ﬁ%l Q]Perﬁ"ﬁf?&"@'?cgss v{o}3 FhFﬁe@FFé’GedftB t Wated soveral times
bdfory the GeRineeRs Hefusifiched bereddyppl er Power M ni ma ( DPM

601. The early tracking arm 604-1 value is subtract ed
fromthe pronpt tracking armval ue 604-3
Tt Geadso| ppssibierfersansrbnipeingtre 0fré anche Blettagkingi g S8f-Hriogdan tz 2 180 degree
D¥jiplet! Beak, Jike 602005 AraGkigslt bRl @quar OsPler fowaCaluBy HBWEer, in this situation
th%/ ga!rl%%:n%?—ﬂxtc%ra%kmrg Pe Wﬂ hll.ﬁ{e tgégfé‘tr}()rnggo ; th?iEan maigac %L)a%? ﬂw trackmg arms
606cdck 6%2-) pill "S1 off "\t ﬂ)oppkom“tdrepealnﬂ@dr Beperad 1rmg011saf this Correction process
mby Q6K békste AL kB MAL W bobosRiBRACKIIML el y zero, with the -
early-m nus-pronpt and the [ate-m-nus-pronpt val ues
~providing substantially equal magnitudes and positive
signs.. If the Spatial Shift Key Receive (SSK-R) -
‘antenna shifts slightly off-peak, but the.early and =

| ate tracking arms continue to "straddle" the Doppler..

Power Mnima (DPM 601, then the Spatial Lock Loop
(SSL) will provide an early-mnus-late tracking ann
' npt. and.




10

15

20

23

30

'35

Power M nima (DPM 601, will provide an
early-m nus-l ate tracking arm val ue whi ch i s nd@Febeuapy 2007

with the early-mnus-pronpt and the | ate-m nus-pronpt
VARBO1EBYyi di ng unequal magni t udes and opposkGEAU2004/001024
signs. In the case of the Spalial Shift Key Receive

( Lant enna ase center tracking at 180 degrees

6 ggl_a(ﬁer %mltgaglfn_e% oF tﬂ%prg%tnregponﬁgwp“@gﬁngmay aglglijignally be placed between
prifRAaeand frtectereing ammisrie) sxpbdite e Spatial Ikbakd.oqr (SSN) abquRitidng Backing process,
| sAleulgsdadnt Figblish cafbcl@iabking Bhatik] LERE oREINLY, WD S5 BEP MRking arm 6041
ar]gpogi@cﬁed fgl{l)?ﬁ € den Lég _age[agme. \{Jal ugg e &Ovl d nl% 1,a@; 'gm
substantially equal magnlnt BRYE Eovsh ef e RPN 491 @ippppngt tracking amm 604-
THdF epiiined atithe Qoppier Bewes Minimat (RBM) §0brand & late Spaking atm 4082 ks positioned forty
Ld@?e@%;%h_hﬁ mIZL meppDp Bcfufi Mifgha (DEM)l6DE Tlti'ecéﬁr{y%%king adeO?-l'l] value is subtracted
C QR i ] = n S_- nrq va es and . e .
b il B S 00 (o S S e e 02 e
Tﬁ‘é""§&8t 00| thesprpmpt tﬂggpgﬂgﬁéqdqpeﬁoe-gg]{teﬂ)inua—nm@pma) create additional tracking
s yafiethatiom iThatorrentdly aakihg S}:Iatid_ﬂEtﬁla &o@km wtllhﬁ‘ovid@ eC&HY Binus-late tracking arm
Qﬂﬁ!@mepml)F%, Slith H&[&t éale—rRiglﬁlp (Jm%? %I tgenﬁéte-amrit% -nzgastuv%@ds rovidi
Dyl earlyom ngs prompt dnd whe & & nfRUS SEUE oe ridee
t Fubstn 1% é e 30 %gl}d RSPt s%S{fttl}e\ﬁgatgli S@r&s}(queceivg 655K R) @enfenna shifts
t ﬂ?:ggmpfﬂj{;m lﬂs-ehl?bﬂtajed ﬂd@gﬁih@@rﬁ%nﬁb@é tée’sﬂ'sa%dle" Lige' Il)cipﬁl@lq’ower Minima
t QP G0tk e SR L LSS AN A -
phase " %nt e ; ) ié?ﬁt 0 m%éalldﬁy a(l QLC): clérﬁ ?%ﬁ#%%%&%ﬁ%“ﬁfgga&mg am value of non
Szpeg)t IWla Sl yt-mtpég-y 'a‘ﬁ‘g ﬁl}etlatf-gg}@:pft)mpa Malyen ,g@wslnag@qual magnitudes and
C@pﬁtiﬁf@srmadmo@ﬂmmﬁge@a?l Gook LoG0(SSHE white @k ﬁ&g "ﬁﬁdlgle" the Doppler
t Poneiuitingh dof) wa i > X Recei ve - .
a% ¢ nnla g??}ﬁ@g ag h{ o an?narlf%tns;\%tggyéck:% aﬂn vﬂugéhé% lsarf()}’l zero, with the
SATF T RRPMEL T iy datq-reiage-promptvalues iy ding yinsges! mamminides and obppsise signs. In
stheneatet o the SpasialyShifr Kot Reeiva (SSKLR) ahtbriny piafo celtéd @Bdking @l 180 degrees 602-1 o

[30pp Ine Bpafidl AHRLBYpRSSLY Qﬁtpro%gan%g En}i@s—!la\[ne d%{’,lﬁtmgg%'} {a{ (e)\rvr}ug\r}se substantially

anot heﬂg; .. Fach Doug%qer Si.gnat ur €
FEPp T ey ey yninusshiames; W rtag deterraipysromple qeliss yovidg) substantially equal
freagwitudeeond neghtia sigmeTherPrAi otebe.scclktat fortiREEAAILL oA 1B BRIt E8e operating
ViRhbl Bstredd bhfi ] tly O = 35 _
T M o L o
SANT EPeticr B #1‘%%5%& GeveSHeRbfnme synchionjpation ¢optrad fueans slews the
iregeiyetanienap piderrpite untd paitiad sipghese dagired af the Gafhprhind@prompPinl 81 ate-minus-
fprompR &%mm%o@&&gmm fnb nﬁ'cg&athéjgaﬁ -I;n}shgsdlatg rt]%ving‘ arm value is

cansecutively output into a single radio Tr
GRS i 52 i SR Ky Reiive CRRGUAoa phae ceteraka eeiabiomsiaton with the
Sestivd Sigft Key/Bringweit (SSK ) 4needaphiase @ntgener at ed sequential |y.
2 February 2007 16 In the preferred enbodi nent of the
3r esent invention consecutively generated Doppler

TeSHIR Afmekechiq®es sed for the creation of tracking arms |
g ;amt@p af tragingBhisfit a Siﬁya;mgeﬂmceﬁvsﬁﬁé(ﬁi)aﬂ%gw e achieved in two ways:

Spakidi Beln ROV R4 E epicted a yser 3

r eceiaéerl 73%\,\%%}’%'%5%% %)g?n t\1/3\/|l¥nt ﬁg)gbeg%nziﬁr,% ogﬁ'lg?‘feo 5’)}” oduce a plurality of
et Yeprlprsiaranisys tapdrempislly oot Eompeiaaqthsy Bach Roppler signaife is individually.
@fpghintorite ow discramtadin fraquedce (RPN fient 2RkB0fk Us@ rdtider SAIMRAREESm Doppler

&aﬁeﬁ;&ﬁe{&ﬂé%ﬁeﬁ@ggﬁmm Egch receive antenna el enent
-8 1.s connéctéd to a radio frequency (RF)

03-.1.tQ. )
8 et if Koo BERCR) ons it bercantigimifo xnebiivly entr o plusity of
ig@jﬁ' vgazbr \sia“gui‘ﬁ Lthat Tdre spatially Coffbet ffpeie ?ﬁéyan(:ﬂ:r) E&M b&pPler signature is
wialen uths ; nna . .
"?AX nchr ‘c%n_"tglg{ i o%&élg %tﬁ fra %F&“?fee)é Y %’5&%} g%é’ fir fggenvgr. All tracking amn Doppler
ErGHrsREsasred syttt an i ndi vi dual |y activate and .
deactivate each radio frequency (RF) switch within
the radi o frequency (RF) switch bank 704 as required.
The antenna synchronization control neans 705 is
.configured to activate and deactivate the rel evant
switch in the radio frequency (RF) switch bank 704,
so that each receive antenna el enent 703-1 to 703-8 is
switched in succession and the phase center, and
consequently the received signal, traverses around the




to a period which corresponds to a first phase center
rotation (early Doppler signature) 706, a secoriF¢imase 2007
center rotation (pronpt Doppler signature) 707, and a

third phase center rotation (hate Doppl er signature)

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

701. A first phase center rotation 706 of the Spati al

Lt preferrgdecipbedimpent of ghe PSBRLIRENtA FRFATHIVTID genprated Pepplessigagiurag are used for
tBe drdafiGitor ﬁ'ﬁﬁxﬁé Mﬁs ﬁlﬁtS@ﬂﬁHShiﬂ dyRREeivé G3KIR) atkdnnd. Fetetnb h&b@to Fig. 7, there

1? (%thcted a user recewer 7%%% wﬁh g Qtaf?‘ tl E@E Bg)]; R tcpnge (Egﬁ ﬁi an%mraslﬁZ comprising

er rotati
ah @iraytofiiehf fepeiye antgha@%aneefe ﬁ'l3e1r to F’Qﬂt&am“elnd i?i@@!rquélr patteyp. ddchgepeive antenna

e&ﬁwﬁ ae3- ytotwaas:is bdﬁﬂec@& {@a\f@ld&qﬁeﬂcﬁﬂlf)ls%t&lbﬁﬁ(lﬁbzﬂ gfh@ﬁ mum is connected to -

e user ecel v
aef Fser ¥eﬁ,]ver g@‘ ﬁp’]ﬂlg trfldéch c*ueI{cH éR#)I srugtf:h g ’8)% 1% ﬁt[ggeconnectc% % an antenna
syrghranization cPO®] meage WS rrdchpl a swropmessios (which taatinddiduly Actiyhite and deactivate
eﬁJﬂ@ad%piﬂzﬁlheﬂcly (ﬂ)' sfvhch&ﬁ%m%qﬁhé/ &qﬁé%@ switb S20I0%4 ZQ du%d The antenna

ti.ated siﬁ)?rtl ng at a_ predeterm ned angul ar of f set
SY‘}" Sritafion r PFy o Fﬂ“ﬁ% D potiyaifeang [dragivaly thy Jeleva fvigh in the radio
fre@ieatyi (BR) 590i6h bink 704 9 that ledctiStoeiag my@ne xlangl @03k hies703-8 is switched in

s@c@&m)r@{nd % pﬁﬁg ce'nér &%PJoﬁs%ﬁiéﬁtﬁr%e*}Xce@EH §gl&a¥%§£§%&d the Trray 703-1 to

-2. A sécond phase center rotation the Spatia
7§h§ft Key Receive (SSK-R) antenna 702 is initiated at
t he second recei ve antenna elenent 703-2, as a

%Igl%l{otwlngg ﬂgé%lcﬂ(gleszaé' 767051989? &[iﬁﬁtmg% eha ctez‘rf)tgr dq%é)g];ﬁqi%ng’:e ﬁlglrcle relates

ase center rotat
tq/fareaed Flath cpmgspondeie 6 AiEFt phasesenier apiation (epxbt %QPP’efrﬁlgPWeX '@6 a second phase

c&ilted ro&ﬂoﬁ@mﬁsptmogﬁatmgharna@ ko7 ﬁmd&rtl{ﬁd piad &48ted Bradn @B Doppler signature) 708
ser _rec
{’ tlixe PC? 12{1] gmﬁ er%‘gE ceive %éﬁz 115 811[1[%1fxae 1% Pnaffp aste ﬁgnteg éga :ﬁra'yﬂs ﬁ)gi‘ﬁé Spatial Shift
KerReceive (ISSiﬁﬁi n@nnamﬂ is gpitfaped pich fpﬁh gs@vegutrine plement HB11oas a #@Eng point 709
i8h c&ﬁwete?@@ﬁdn f m&hﬂstfpﬁlasgeaﬁteﬁ%aﬁanwea (r&iﬁeas@d Iﬁﬁﬁl&%@erm& for the first
%af |atted,§tart|n atla pr.ed eterlmne 710 withi
el e Pl LIPS T CHs CEUpS g memory 710 wikin
the luges ecaienTidr Immediattly afer O dompleriort dfits firsk phagtce@érirat@ion 706 a second phase

EXA TR En t-;m %f a@%&m{ sﬁ&i‘tfﬁé’yt Rdcsivd BRESSSRELRH RY @%ﬁ@p Qtarting at a

el enent hase center rotation
PrefRéerLpet @&trlargﬁw tffomefye FE@“&%& RAEnt (TESRE 1y Tizh Pl eentpotafin 706. In this
illusttativeadx@fipladhis ahﬁlﬁhr toffiet & repeGQited by afikia REmelt B AL A Z@,&rd3phase center

ro%{lﬁo@ d@tﬁcﬁ%:ahap %hlﬂq{e tReZe%V% %Sq{ R)aa?%énw_Fﬁtisemirhgef atI ns 0%6?3 fecelve antenna

e cente I‘Ot nmeasure
15‘8%?03%11%5@@% roint B1tfpr & ¢pmplaig seatior af rccend phast emicy Bgtion 707. The

mefursd DpPRr RSverdvalud b thist sERBKHHAG caﬁmd(zﬁlbﬁlﬁ]ﬂ 1@stc|.rr&1 a@ a prompt tracking arm

ackin arm nenor 1 n the.us
S SO B e it st % . BEROY pel B spoteon of
the seqendhase pnigtT@ation 167 qrhictyhese tamiciolatian 748 nﬁﬂmEHMrayShMQey Receive (SSK-
R%g:nﬁahﬁz i ﬁﬁtﬁte& gtﬁ'ﬁlﬁl APpréfetBimifls Mr ofidét ﬁ%%ﬁ%%ﬁ%ﬂl@ iy oy the second

X @er recei ver 701 and the Spatial Lock
B%mtféﬁtﬁ ° 7%&,% YL AR e SrEUBE RS PRitiRie By gionna clement
703&3 Alliinalpmsle ceiﬁhﬁﬁﬁﬁ@&ﬂ&&ﬂﬂ&t%dxal\&lﬂ}&s Radetye $INKSRIGUEnh 792 is initiated at

P i ?egeu;egnt&mﬁ elem?'}d.’i % as §Igﬂa1ftl}1g JSFIY'I’ 18?&%' %%l&é%éﬁcﬁﬁf a thir?]phase center

ant enna _synchnr oni zation control neans

roftere198 afhg measied, Denplsh povter vlus dor i third phaterrentaygatation 70%h tpted as a late
trdéRiyg eﬁhﬁzﬂhe\hﬁ lefeSfalcidg) ardl Rie QG 14 A RinRRASE r ik 601, TRIRbpI& Power values
stére nqom élb gar lic*n% F%n me%?] S7e1§]‘ t7ﬂmll pgov ! Etlfalsclémlﬁg! :{rrﬁztre{élgrtly E aniléhe late tracking arm
mefeRsy dB AR gehswue%lv fcsmarqgehw\fée msep gastiver FM1 anth the (Spatigb heck Loop (SLL)

_ ngaa;dl atdGigh Q&reguonﬁrhiﬁ&|afég:alhheﬁede'ﬁ{ebe%altzﬁlﬂ&#daﬁ& 2 sm)s%&lmﬂy passed to the

rees, a | at e LI KI n

: Spatl an§1r X hlgec 1ye Lsgkl’lﬁeaﬁ%mta tl?lh 8%&?]19111%1‘11?\/\],?%6 é(ﬂ f:hgﬁ, Xxe necessary.
-_admlsiﬁs@pambam@so th éﬂ!altlal\muftﬂﬁenRQChee B8O antegwoi2 plasecemorinitation. . .
of the present invention. Doppler Induced by User '
"~ Movenent  User novenent of the Spatial Shift Key _

Recei ve (SSK-R) antenna induces an additional Doppl er
conponent  upon the received Doppler signature. ‘
i nduced_hy user. movenent. nust be elininat.e




(SSK) antennas. This can be achi eved using one, or a
conbi nation, of the follow ng nethods: Method 12 Febagry 2007
Spatial Lock Loop (SLL) methodol ogy of the present

i nvention provides for the subtraction of an early
tracki ng arm Doppl er power value with a late tracking

ar m Doppl er power val ue, knowh as an earl y-m nus-| ate
process. The process of differencing simultaneous

if %J Mus@%g/F Fﬁﬂo%n&eﬁt%qlﬁ} g)getst?lg gl]\rcn@rptﬂeé'g b aD%r reev %J gr offset beiween each

recel ve smtte nat ure
gennaiclemens 4025 fo 7%&»@»%@% e et dicking o § ﬁiegwwé §f the late tracking arm.

H&ie&eatamammeﬁbadhmteleﬂénﬁ R (REIBGEIRN ahddlae BifseORBRYall within the broad

Sapture . f%'lereQ (armval ues sinmultaneously, in the
rp ?e red’e rment of the Spatial Lock Loop (SLL)

the t racki ng arm val ues are captured consecutively.
D@b]&ma&edﬂﬂ@keﬂmmamp,gt ential error in the

ar | e due b .. 0
G el e P RV AT rE PR S RS Pt el Bl comonen
vaEabe reesred tRoppld egatae-rapplsonduca hysusei mevgmene ahulgybe climinated from the

2htBnh SR rdhatidd SoddOPRLEY s05ds 9&@5 st m@tssaualtsw&ogﬁ%@@%bm Shift Key
bet ween | ate trackin

(?t‘Fé(S%‘g?%é"lﬁg S°é‘b‘?§é‘ﬂ’ée"ed3’:ﬁ‘:ﬂg i’“ﬁd’é PRI 4 ‘é‘ﬁ% ?lﬁPOdﬁser

nmovenent between neasurenents. Method 2. Configure and

M&ERASM t gl @ffaqmo%ﬁ ﬂsdpc(spésrhaﬁoqabg}gofwﬁ@éem' gwe&log_slg?owdes for the
proximty to the Spati al Key Transm

shfeEfthef Ansarbhirackag apdamPETREVEals #1tA éatﬁsﬁalflvgamwwf power value,
k@ a D4)ly-mosd-tie @Rkddg Theprepada loS dififrencial) Eitiitha@ad @ay hng late tracking arm
D%ﬁ;ﬁ?% IBEVQCrl] Qbizes ?eg%ihela %r\é% H]?I% t\‘r@lﬂ&.\t@é bgvppiep g%n%ﬁ'ige eh%&gseall%l)gpler induced

vector w receil
bpyaT tioykeny VEtilg esnbr)@@@t \Pé élevnrftswt Wamav ghitype frpgking arm values
sERAReduAN G the PEHE] ¢mbéBRER 0B the xﬂsuulalnock BavhSLIan ttﬂeaJaJ:lc)ilgtaF}E values are

ts
c?pglrn% consgce% re{y " e sacsall1J [e J‘rtg a Hotflﬁ' é err%r r%#lg Ig::%r : dn%uﬁ%ng dva% ﬁlfe%? ng possibility
omgqrent wsehorenent éurmmmh efiiwechnsiutive meaSpentcntl Thighsirérisoudesyis mitigated by

ugn%gsﬁfg\/tﬁe bégﬁr B)gnaﬁﬁg RN aluﬁﬁ&reas"ﬁlgsth@ Gérf%d fobreed cra%)f &ldCHHE Qracking arm
ant enna p%ﬁ %ﬁgned in. close proxi mtx}% to the gatl al
S Nl e AR PPaupigijes pytentis) HepRpyemert RV eR RGP ed
ref erence antenna does not create a received Doppl er

Nﬁ:lrhg(p?t ure Cotﬁ@@g 'alﬁf tra%?rhtf ntagé/ StatlIEJ@SRI%HﬂJé %énﬁgcllge p?d;u:nﬁt? Bthe Spatial

l'er signatures are received throu

St ey TSk ) amprasenst o G i SRISTONS SBAAE SO posicinin

s:émrareﬁmgﬁmigml@)sydcmaﬁwsmnﬂ havel swmlinymmga rérigf) Mrfllufiit @k with respect to
recejv hr e filxed r ecei ve anten

a V&S Lse? ecr?ﬁfgr gé;%c ghs (I‘,egrﬁd \érigl s{el? %]utl r‘%g_)ﬁ game ranée and '.mnn v&ctors exhibit

St&st@itlﬂlbeth%ﬁ@@ %qulﬂramea@mmts due Y WSSTe PP ST et durﬁmr@m@cewer In the

plRRiaaBodihi: th@ﬁ‘fb@ﬂ ré®@ferfid 086buF8 lfwﬁli EﬁlﬁlﬁalShiﬁﬂ@b R&B#e (SBR-R) antenna and
na t.her

ti.al f t by, el j m. nat .
« 3885 et ohSH-bRP Ry J* 900 7o) 30.98 FoTsb T Rey Rileive ssicr)
afR@y. A2Q@k/ Bed ORAnce hfterv tifes dot BreatCa rﬁﬁ:w@d Depat sigmerd. Bpetial Shift Key
_TM@sthtq%K @ﬂm%t érl M@turw a}J}eJengd Gh tﬁ@ﬁﬁﬁéf gﬁlft% Receive (SSK-R)

~difference and pati al ey
anieapichd ﬁt"s%?é“ F%)“’“aﬂ%P‘E‘Hﬂam’é‘?’ﬁFF&I P“P‘B"”é‘}gu ?’ﬁ"ﬁ’éta? ﬁ%eé"re through the fixed
refoponereive arfinp Tyte antchier sphichbBizagorc@okred mganalks stpliddhadifference signal which
re geﬁtg &1@ dl?ﬁél@&@ BcQQéeﬁ ﬂxte lregaveﬁ ?1Fédr %‘Lrel{gg & l e rSFAtlQll Shlé’t Kely éSSK) signal,
ation Systens are wel nown e art an

_thFF@?Ye EFB‘Fé%?fm@Fmt’q‘re present inventi on 5 Met hod 4.

Filter |ow frequency user novenent fromthe relatively,
~high frequency Doppler signature, and supply the

hi gh- pass filtered signal to the antenna
“synchroni zation control- means. Method 5. Appl y

so-called Differential Doppler Signatures, as

described in detail below 10 Differ ent | aI Doppl er

Si gnatures
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The present invention further discloses a system and
met hod to determine receiver attitude, unencuniyerebguasy 2007

nt and receiver clock drift, by
g‘ﬁ$°3§@% ng a plurality of trgnsnitted Doppl BfT/AU2004/001024
signatures with a plurality of locally generated
I oM 8 DO@Bﬁf@ﬁre &l Gaad %@%tton’%‘:yﬁt&n@ﬁﬁ? vith&ke s receiver and difference the

COIHE gn the%Pa%elarks ﬁage R 1 e élg%{b gﬁeg?ﬁ ngg% é"u%?'ﬁ‘fq'ﬁﬁ aﬁr rgovement Supply

pI ttﬁcaﬁfqrqngﬁd élgrnaamr@rmfannp msieoneretwn spntyolgfieans. Bertial Nayigati@hHiyftems are well
KaylowkiiaheaH dhd £rS50Ka stijecbdttiR Blddnt iedtiBn €ach ant enna phase
center exhibiting unique predefined notion. Each
un ue predef| ned notion repeats at a uni que
&r mi nEderileyt Feayeagy user mevensy from the ecfarivslyigh fieqyersy Doppler siguature,
p rawmppartm higbehasDOIEPA €ignalb GnateniaeyiioRAGIR cboirdlhtatst t ed
p03| tioning signal. A receiver is configured to
3%&‘(’ t he I ural ity of unique Doppler-nodified
% Bni n gA%H Yghraaled PiHtrestie iy orplep Pignanres. g3 degsribed iy detaihbglow.
phase centers of a 20 Spatial Shift Key Receive
(%r@,almﬁmg aatlled N €ach receive antenna phase

ter recej Vi posi tioning signal. Each |
et avw*éﬂﬁﬁgtgisﬁﬁcioéese@ﬁ% g etod g ri g oS A Unencumibered by

vwiemmh:eensaﬂeecmr clock diift, byldifféreneidg a plartlityef ragmiked Bpplart sighdtures with a
t BRrafig Emoddﬁy éaﬁé?ateﬁ 'i-e@&lﬁt Bépple \Garket £ %1ﬁer@§wﬁf§g§md tto generate a plurality

respective transmt antenna phase center.
s ‘ﬁ'%’%?ﬁl%‘*&t"ﬁ gepals 8H'E‘} %7 e thiguglhg plurplifeof a%t@ana P*@%fé%fé‘—'rof a Spatial
c 8nift KeyuDrarsiniy (S&H{ T sittedna, With qathUm@hnia tpyasodenterariiiding anigltpsdefined motion.

CeRh %Bﬁueogredﬁﬁ]l@d ﬁ%'rﬂ:}eatssﬁ' f&mdﬁ@ m&é@eﬁﬁhe\ﬁ%ntér&éﬁh@by urducmg a unique

g{;ﬁt c}%{;n q %Wn{%ﬁ gwt%lrg ?) o aln&% ﬁPsgPtllJlggl sgs,"z}aalt A FeéeéveE)? configured to receive
dehe vlumlgy ¢fireiqudiDiopriar-endiid p@(mphﬁignqﬂﬂhmugh a plealiy piamednb plae centers of 2

t Bi&tidi %ﬁlﬁ'léé? RedIRS kEISKq{j'am%né'“glﬂ Qlaccﬁ rEc@'\O@%azﬁEasg -cerltdn Qegemng a unique
ower | erence 1 s mnimz

the recej %gﬁo {3
| TR, P e e ' CABRIoHyo Be St fa @ime prdefined
ciastion agd reeet at trsaBpmiqiegiredBbrmintd itteryal e tsorespetive(rEifSifit Bjtenna phase center.

agt %ﬁﬁ@a ﬁiza@;@nnéoﬁ&'@ n@&n@ WY R Qisdr Reckt ik midly fﬁ u?ts the plurality of
decl a;’ﬁ ?ﬁg {a@ gl ated.. The attitude o
Spiste s © il o Koy ResprpS SR e e Pl of niqu

. CRpttiat ﬁhlﬁeﬁeyp'rmms &S%K-R)ebaiplex/ gighaures [bg daiving tthed diff@éncdédhBoppler power

?&Qeas%%%ﬁt @*the'smelfvéd pgs%()m;[é ﬁ@§l§rt]o$/arés§§h< dmc Mc@@&%oﬁ%er power difference is

measuri ng ant enna synchroni zation contr ol

d?’F‘E‘,‘@Fd ﬂ‘? %’&'Lﬁ' PR 'ﬁf"i“?@sﬁ -hantepna @At centers i ‘@ﬁﬂ‘t“?‘aﬁh‘ﬁ Key Receive
0B3K-R] antennd phaseEmtmﬂlmwmg Dapigdnend axedkedsrédspaipityotkibged! The atiitade of the
%ﬁ{al smﬂ)k%e,rmsve %Sﬁf@%hﬁ‘n?ﬁan b sgde@m& pﬂ&?elyeljclhtme %@Ame of the

proce ferring now't

rencj I g.
t%ﬂ%?'ﬁf“s“d gl Ei“iﬂ‘téﬁsgn@tﬁw fmaglﬁgq th?@&:pfgﬁynelg?mzanon control means offset
aejonddi trebrivg e atténeascintd fspatielndoireldtio)Hxpinedus Iiaﬁplasln@mtemm due to user

R s BRI O ARABlc Ol 1O ST gnal

transmtter 801 is conflgure a Spatial Shift
Key Transnmit (SSK-T) antenna 802. The Spatial Shift

. IRefgrribg aomvaoFip. 8( B5Kis dgpicadia lilﬂﬂaplﬁﬁﬂneel&m‘ﬁdl hrﬁlﬁﬁ:m&]t of the differential Doppler

.35

40

rotating. arm tran uni g

oo RSd Thdiod BF O o lmeémt A g@ﬁtm ﬁ;ém i1 mgm%eaamm a Spatial
SB&ikey Grrsy (kg arrtenswz e Spatiah f(ﬂaﬁ%fﬁmlf (SSR{T&ean 802 compries a

disermntit BEmarpaet 813 natntédaeond PRIOE ik fosatigyvin 804 dnl @ansmitting a first unique

E)%iti@ﬁlbg@gnal%fnaggﬂhdeﬁt raﬂ%ﬂlsrte'nmﬁ ﬂwﬁx‘taeﬁgpﬂ hﬁgbsﬂygnd of the rotatmg

posJ.t1 onin center o
e B Siond Ui o, i B e o g e g o 804

sorpisted & arotazaearsi0s) such B @ ser@tradiorthe actating Bd 894 Sasan fixed length, and

" fixed length, and 2 February 2007 WO 2005/ 012934

PCT/ AU2004/ 001024 19 revolves at a predeterm ned

Taté. Inthis illustrative enbodi nent, and for ease of

expl anation, the transnmt antennas 803 & 806 rotate-
in a clockwise direction at a |Hz rate (one conpl ete
revol ution per second), although this rate may be

- y..rate which.falls w thi [-eCei Ver
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A user receiver 811 is configured with a Spatial Shift

Key Receive (SSK-R) antenna 812, which is mountZkkbremy 2007

a user platform 813 and situated on the sanme plane as
MO208HEB4l Shift Key Transmit (SSK-T) ant ennRCT/A¢R004/001024
802. The Spatial Shift Key Rec@ ve (SSK-R) antenna 812

is attached to the user platform 813 with fixed

orP8IEs4t # Biffietertined raten Ly this Kustraive preliopispntoard & gapetofsplanption, the transmit
Speitingy 805K $06 rdey inRedekwie dr&St iRp 188 Fan@Re Bihplete Sevolution per second),

pra%foﬁghaﬁ& Yote Bhaly BE SN0 k) rtaJQ Qhidk faM1ﬁlﬁJ th@%ke%ve;stgaglu fl%oltghvgndmdth The

ne of e user atform8 Spatl a
g@l}/ﬁg &0 h lg'ﬁirfg thgtflf %Wq‘l%@gn% efement ?03 traverses its most
r @@fé‘ﬁl\lb@oahﬁﬂé,m@the feeamd frénsi8if Gitempelvinerl 866t tragenes imbstGsbutlierly point 810, at

I @le bRz ¥lekbh Sboha. and receiving the first unique
positioning signal 805 transmtted fromthe first

transmt 15 antenna el ement 803, a second receive
arttiesi raeter Eikdsrronigure! withurbpwidl SHift Keh BecolppGEK-Rpangnch 837, whisieis mounted
I Of Sbded\htfokn 813 Sold/sivaed of @6 Sdm¥é iplAgk & Ehe sﬁaﬁﬁlcﬁﬂm Kk@l‘r%ﬁm (SSK-T) antenna

t
prgglngl}%%?hglgsthzﬂn%%al{ecﬁwg geél{lag%tg]ma IF] t[a %} tﬁfi user pgaph'fnh%:'o with fixed
r SeBpGORGPucly et daerpriogibeh kit BY of ghecSpatist Shif nlfgy Recaing (SSER) antenna 812 is
S prefiraliialignes @fith De prifoipa) axis S18 O theody frad@ oﬁfhghs%rlﬂatibﬁfssn The 3pat1al Shift
' ﬂ%&&\fél(s Kelp%tgnng ?12 clalﬁprfsgs%%megeu!e g%tantmla € 91{: { ﬂ#.ﬂ‘lglmilfg é’{] one end of a

i s “capabl e e ra
r @E@}&P@? 813 andjreceixipg the Qm 'é‘éﬂ“% B’S‘F‘@@&S@Eﬂl ¥fctrapgmited from the first transmit

t sneeasartieiéne 83 p0Bdohd @dRive gneﬁmg:mbm B3modkledfoh Qmopﬂaﬁtefexidfo‘?the rol:atmg arm

t t

0 PR ST ] TR0 B o
t Simne; 806 pwith e spnges 6F Poiatine ﬁy appngpied to 308fting means 815, such s & servo

GonerLIre emtitgar SIE7 hbsSidhtcalaegth wake tGrshit rdatis Ot Is@#é;ﬂ@% calsable of revolving

ra?g %rf}{ lra@ S ﬁsgpl@glv&r 8%{? % eet al%(%e;lvte Ith% %sng'ﬁugn ?% rposnta)ﬁmg signal 805

fromt e secon transm
tiFpmn thefiry frapsmis e*é?wlwtéﬁmm&héwrw regel'® antgnyel elament§16.cand measure the

tivppledopid othe Rl reteivaifpoditk@inSHMAIIBOS. Cav@ieMEAnIES tetdg@mm & configured to
Srlscglq s%&Zd tréAsnY fdd bﬂg%]g%&%kl %0‘}:%13&[13 SECO\I/l\é lmtn?] ete arn%m men9806 through

e .user recei epen
Sﬁ‘i?f*q T8591ve Antenprcelement § 1 pnd nsfhsv@ ﬁhﬁé"’@ﬂ@ mivﬁqf thg @@or& r@@@ed positioning

\Mgﬁaﬂ] 8074 payibg dyclictTdEpldr @dlEe\0Bse Rl L I Ascl teRdRAE1S dépbiRiert upon the relative
%ﬁyﬁor%of }{1\@ %sxﬁlpﬁmﬂa eﬁ;n n'isr S%S]igrlg w;ﬁr}%&%ﬂg th% lre%m tter{na éememd 816 & 818.

Irst recelve an enna
dHiea Bhfirstigeshit aptenan rlenca S the g teqeive priapes cenent 98 gt in nison

D6th bit@ind alenfpts Wil tfap@ienke rBGhonRely Pedit @01118 2@) an@tmutt ism) lof their respective

: rr(ﬁa?lgr% Hc}ﬁ%n%l)r g}nfalﬁt ?gﬂﬁ%‘t e ﬁ;rutg ﬁant l fnteg%mfemﬁgtr@ﬁ é"" S%%: Seﬁtald receive

PREEE} Gement B é‘i*\‘hﬁa"@‘F"eth‘éWPSf epthen(yj noint ¢opint/&1P ged pofné 82k of their respective
Sdmﬁblhﬂ He Yint@hisiate ship @ Iﬁtspzﬁal@ siRBlofd2d, Mith & Ineaddfed bbﬁ:ilef between the first
al??m |¥a eleﬁ'ngxg ﬁ&;o %E ﬁgp ecewe Jhe fer aahne‘ie%gigg aelrélg at%érlblﬁllmglin ang the measured

| B’ERP&%W"’FWBB %‘*W%'rmw‘raaﬁqw*ﬁm%moémdéiwé@enﬂemwmgma lgment 818 being
- hil & RinfuBCdlsb VEhe Mt GRERA ejos;ma dbseddHn litethdigsuﬁiact&i f14nk) theWEbnd received

%Ier‘ cﬁ;?e o%swlﬁ?lqlétaggag%&is a sul st\a/\r%ae]ﬁ( &er B%pgﬁ-r :? Eéjre ﬁwis%sﬁantially Zero

enna hé seco

2 Bpw%ﬂﬁer@ms Boprigped byt usey qumemwﬁnssrondum@omiqrsatremoved in the process

sfiERicnEg HOBRPPosiFionig SIGIaVSUS wlithé ScohDsitisitpsimts09d from
.the second received Doppler observation, which in

~this case yields a substantially zero Doppler

§ pritempsy slement rotatipys dliveres feomethis sta¢ ofypatiab parelgtipnhaRprippler difference will increase
whkif me&&gﬁh&lzﬁnw&ﬁ ettty 130 Wedddés bift Of phade FARRE fo, cadhSotih, land the measured
4 e [ t r,oce

P SRRECE o Ry Pk ST Sl G BBy afl%ﬂxeﬁlést rceive
second positioning signal 807. If antenna el enent

rotations diverge fromthis state of spatial '
correlation, the Doppler difference will increase

until the antenna elenments are rotating 180 degrees

out of phase_relative to each other, and the neasured
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the nost southerly point of its rotation 821.
Si mul t aneously, the second transnit antenna el éngbruary 2007

rses the nost southerly point of its
aquoflgl%lg%glo whil e the second receive antennfs &t EMRH{01024
818 traverses 5 the nost norttﬁgrly point of its
rqf, The.a nas pSaid to b I
unsf@l{nh ﬂ?noeﬁt?iigﬁ aée rotatlrigﬁgﬂtecﬂ €5 ou o I§ew 1353 %F‘E"ﬁ'ﬁg %sHXttaﬂama element
f 8P raverses themest noglmrlépﬂqﬁo@qs mmsog@igle Hp Arsfrpoeig¢ anfeprp@lement 816 traverses

-anteennasogthe@lypint &l rotadh 3Y1. StmuBanERNy, mlénaecoam @‘aﬂsnhﬁ antenna element 806

m%@&ﬁés@ﬂt nQQIQHJ:hgﬁy %ﬁﬁ Waf H)taﬁtg%llf‘ @98% sgcg e:ve an rl;]nta %lnlflent 818 traverses

el ement receive enna
5 1% 5 EILt PO SRIR Foih 00 oA A S5H YpO sty gnsynchronized, withthe
Derpphlei Daplsetrewatn e irstarapsmitlennd elgnae 8030idd il ref2il@ Sfenna element 816

W'b&}i]g e@ﬁ‘ﬁxaﬁﬁ@ﬁ %mm&ﬂum%ﬁ’é} GdlweaY tnl fonlt E’Slrsm{l gn‘%e%}la e?e{rﬁnt 806 and the

e first recejved ppler observati on

s ueﬁ?"fi é?:cf' SR APRITESI1S SRREAY @ PR, Y- 15BHS3Rtlyy these DOPPIBF observations are
o b&edegreds iowrof phobd with gk @haisr ghen cleaslzkd ygthe fiset Re:iveBKILNTHA first received

ITBaﬁ)léF Gﬂerm&pls Qﬁena.,mm:iéngdu% thg ls!&on‘%JeR&l B F:l’enogbsﬁba@ which yields a

nport a

n
CRUHIE 12 el Bt B E BB SnD i 08 Wyorpisss maure of the two
e EYRE nnmanw |thig)deabled DopeigrcdifferdBerpip huepertiirled ibe v edivemeant, as all user

t eucell HdpBleeid Géntdedin Qﬁeeﬁﬁ'erengxhg Brb&é’s ”ﬁ[ﬂﬁerm&r@ e[y N goppler difference

TR S BN AT M————
r l?!%q"lﬁt ifnpypved gnatial egrrelgfioyrad IPopplen signathe@s. Theosntediarsynchupizagoreabntrol means
sgrafsi cafigrents afjuddthedPeedbr t@qmb@&m& gk 8‘f9el§1tll Jﬂﬁeaﬁ% %&@d Doppler
AR bl PRS00 ) S Py e

tthe] fe%imrommdﬂ?,e@@h weigm Despepteseer deiiasel ¢he epred of the Btating receive
ent¥hria ielefidits 816\ 889) &&m e S0 e hBNAR Q8kdn B1LL BIT Bdw maﬁgﬁmem with the
SR A 88 o SR, A 07 R Bl D o s
d@é‘r"@ﬁ%@ element sqiptiensperd it sirbilipd teathé wrysibwBmaclemem ramin@speed (in this
xAPRIES) Ad the &adh antSria biBRds EREHE RERI URerRA E@xﬂ&ﬁ are declared spatially

t eW n
%ngerlr;ragcﬁ] ‘It%e aén%e a swafli'gtr;za r!r%l é{b‘?ﬂs éhg‘ﬁ%‘mf‘%‘fléf’ﬁpgﬁ c“"{ﬁﬁ‘lf’és tP HE rotatmnal
feeas ef the gpogins gpsenag rowfingfmenns 8 9o ingintain spatiaisynvhmonization weith the transmit antenna

leR&itsy @ctthdt ShRaheIpREESHiR Kéartré&du@ (Ssmﬁ Qhlerin® pl&roﬂl? bl i¢ Rbkiented due to
ion s

tu% %%mteﬁt%geﬁlgl.' ciop@%tog rxlsn I%fllﬁtalg qe;a\ﬁlg‘flﬁ o t %R Rgtef%?m eg‘ﬂgﬁ éietenmned as

arsuousky despriveddin Ghis spepifieariona el enent s are decl ar ed
spatially <correlated. The antenna synchroni zation
ti nuo |ies.corrections

B8] P S P e Rk SRR i o e
frecensy @FDfranbendsdr by aiiser rsqsatrluubrpWImmmr@m fregueneyi (RIP) ftohtend which
_ lsrnﬂlﬁ@ﬂkeﬂ manriﬁ'n@ ﬁﬂ@o@ﬁulﬁﬁl@%(%hﬂﬁ famt. DAY rJdr&qre uenci g{ﬂ front-
b bt P s Lo B B ALK o
angmpagsuglt thap ﬁlll cesTelridnpowér isgeteivetifion eaghl tgangﬁltwdhena!lg‘e Concurrent reception of

‘ Dbp’;ltef ﬁ@%kﬁtbﬁo@ rintﬁeﬁ&ﬂlr b ﬁﬁ@oﬁ@nd Jﬁﬁ@svfopﬁgaltey rééé?@ﬁ %rﬂﬁgon power for

f | C
b b, SREEY b Bt LA e et e s e s
%?laps ek Lipe |bta§/bemeerr éaena@te @ity fregeeaeyRFCioni-dRi) Aftmnvelsertdsecemmn of each
dighatre WaEbe HnRCHVE throuflC O EiREM Allib M8quenep 09 | fRnt A8l Beh that each Doppler

: { gt'-(']"u g"lr’] CXEI;J hﬁ% F(Fyr%ﬁc‘g\’egﬁégg@gntfupm oclg%ilﬁélhlgl)l(eerg{;epuon time slot. In this

. embadﬂa@nt the Spptial Shift Kefyr RegeieenSHK-RRE)tenha dnoorporsesdls swighing aeims which
domsedniveiy@RiRtlestbetwben Dafipla sigiiuete rnPRRKiEY is BB} Hne '
Spat i aIy Shift Key Rg%elgrg (SSK-R) ggmg‘?ma }chﬁMl&m&emmn _
full correlation power is received from each
transmitted signature. Concurrent reception of
Doppl er signatures through nore than one RF front-end
allows for greater received correlation power for 35

each Doppler signature, due to the greater received
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771 2 February 2007 WD 2005/012934 PCT/ AU2004/ 001024

21 period of the user receiver carrier tracki ng Hebomry 2007
so that neasurenent updates between signatures are
WOPAH293& | nul t aneousl y. Ml ti pl exed recept i GCTHAU2004/001024
Doppl er signatures in a Tine Blvision Miultiple Access

(TDMA) schene decreases received correl ati on power

f BFriof Siche UESS sprier cagierjTaelting laop. seithe measurerprat widates betwesisighatuips are updated
C yiuiganeohdit. Mulible:¥il Feadp@h df DeppROtigiakilesth afrofe 1Vidikidd MEtiglé Qebpss (TDMA)

delhehe o%agsés feBve &oﬁganoﬁpw e‘OﬁeJac%'H quér siORR! &L m%,e%&%‘éa;éﬁ Ry cycle, but

may .al SO ap E gnat ur es
cFé%ﬁ“’éedﬂ‘%F"ée&'l‘ar' hyaaneieteur deiayand fnabige Spatial Lock Loop
(SSL) met hod described previously in this

S @ﬁﬁfeﬁtiaﬁ%{p}:l%ngn%st hiyaksh bempﬁlleﬂ tﬁ)f%o ler lﬁ%hsﬂu.ges thcg %ligt%ﬁ%téedzellectmmcally |
cgﬁé‘r & Spatfa%a'b‘?‘ﬁf’ ?Sah nt“fﬂ %?“%Bfé.vw'sﬁlw wgﬁgapgﬁ*ﬁ.fr\@nt hat

are transmtted from and received at, different
I Qﬁﬁfphtﬂﬂﬁt éﬁﬂﬁ%iﬂgﬁﬂ&kﬂhal J&ﬁeﬂlﬁaﬁma user receiver

Bl?‘tfere p lr rgces é/e Sé" ;?!fr%n qﬁl 0s]tion! oS, %I on| n% i elq from, and
ST GRETE! LgPpIpr SIBIRAPS RNk o Ryl fﬂﬂi‘?% Py 8% ity
emewe%,silffereetriPcnrgmswgwa#nﬂnflhqﬁ% juseerceivrbefigtired formectivetiz transmitted

Tﬂib@lt:dinﬁﬁ SiMaB GhilBdxPddce SitEran ﬂﬁlhpaﬂl@‘ﬂ?c[s of Eacl‘i Bkﬁltl&ln{érs%hdl 'ét)ényoglven instant

Qﬂ?n%tﬂf SRR VAT bstanti al |

P edeny I FeneRte "éeg REeH? ea”ﬁ%iy ge'g?ﬂ“fﬁ éwtsluééfﬁg%ﬁf © same in 2
dﬁlﬂ@ﬂ'ﬁa@ e te@"’fpwnﬁ‘s @?) é]e\ﬁb‘;t%m E;ﬁlqméfke We'ﬂli_fl_ gﬂtm gp ahq [ewl\{e )ﬂntennas are

_ tslaatamme theAaxh@bU%us‘Bl SEpAabre TR@fetBﬁ:fa g C@reéug (mbsﬁhéaamaﬁeb; for each

0p0§At§on2n sngla c%{ beegtttgrrméne? {r;?r aevearg mé Oifd tsngng nl%gltsplp‘gﬂ'gf‘t"ﬂs @ %posnttomng
| ségped joer %flgne'a@ merpésﬂo;lﬁlmms pignal receiedalgnabsrengtit powerdpvgin thstrap below the

rmgnmd Reff?ﬁﬁob tsn@ﬂls&algﬁl (smb bi egﬁumeal A aﬁ%ﬁxfﬁﬂ%thto be adversely
re e

§%é\<ﬁegl ?tlaﬁg:aﬁél E%&&é%?pl% )Power ntzeas ents?npr%tg e&m% Sfrom the antenna
CHIFBPREHsoRg] mRsnseppsaremert,pr 2 altarmtredx ©eDipplerngivesi npaﬂuwmamre corrected

tba@icheibdpieio the aMEha SPRASHERAOERA®! @daf. €1 t her el ini nated
fromthe antenna 20 synchroni zati on control neans

measurement, or alternatively the Doppler power '
v & Pratind Bhif Key Recelvor(BcRentitennp sprfigwredde reprive appyrality@f Deppler signatures,
tid atﬁﬂ}t %Mnﬁéﬂ‘ﬁlhlr@%aﬂﬁtshiﬁme? Qb dnf (SQE@-QﬁﬁttenW‘%srﬁmng a plurality of

\4 nna, conf
%%pptlér s;&nav g:s éhe 1{1%6 \ngiﬁ%}a&mg fvalﬁ% EOIB le@ tr%nisr&xﬁ GI'F ggu' are fugstantlagly the same.
é?ﬂm 3 ﬁ'}sqrg;aelgf&qqtgﬁp gwpry@gulwaﬁ Hade thepsspciatad re®@fyerftrackigmyloop Doppler value will

‘bt Rtptidacdodaftokie sBREGRNEe Ea&eaﬂ&mvérta' sElﬂncﬂedéivUﬂn@JthMudﬂfconcment]y is

AR o G S SN 6 VB

gegprate trygking)logp Popplor valug eaniby used hit @ﬂﬁa respives racking fnep whiseitslown value is
E@ﬁtﬁr blethamoiasattahd Uasbea Qe REd By iR Gt R&ivk &Q&mapmnéo%&ed s-ﬁnal strength

alue W | | orrup ed acc to, t r|t :

i oo aofors, sk P bonPa Bt Ry s RO St 1gt{dop- Therefore,the
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I e _ca oop digita

gon iaﬁqﬁpe%g“%ésggﬂrﬁm?mm 5%6}’8‘&1@ i %”ﬁ? I receiver. 407

is updated after each.signature period, a correction

ThY reged D’@ﬁleﬂ'@ﬂw& Pt @@HILGH ﬁﬂw& Qso%ﬁﬁﬁes'ﬂﬁ u@?@ﬁﬁﬂ:@gghty to dynamlcally

B o R 5L A L ot e i

prdates a9, sanétiﬂgﬂalowenemmm predifiinsthe wer re@iverail7 vaa|be eonfigiréd to provide
ﬁwituré ﬂi‘ tude hﬁiaﬁshm ul s lﬁél%?eglsﬁ%tﬁtlﬁ@ arfdl ofHl thRdate slower attitude

oscl || bet we
SR ol P Bl mécon (73 B de e et e signanre
ERJP‘iSng t he coherent integration period need to be
accounted for. In a further alternate enbodi ment of

[ {i,0n hase .di.fferenc as
’gdlepré%n?%% ion tperei%} € dis ldes%sﬁaame og rwsnﬁrftgr Sg?tgﬁ%ﬁg?%tﬁsﬁ signatures are not
frﬁﬁ'feéglroatc@amwb oy aormn!wrw camjer drhcking doop teghninuese but ggther asudstived from

- ithaneﬁustlﬁﬂ@&m titasufell BEHARBGILei® oveFBchoppldr SiknafifPesidl | €d

oscillator (DCO, or a change in data bits, does not
adversely affect the 15 accumnul ated neasurenents.
Referring again to Fig. 4, the first receive antenna

“element 409-1 is activat ed for 1 mllisecond and a

first i n-phase and quadrature (I & Q phase value is
stored in nenory. Subsequently, the second receive

~antenna el ement 409-2 is activated for 1 mllisecond

_in-phase’ and..quadr.at
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20 between the first and second antenna el enents 409-1

& 409-2. This differenced nmeasurenent is stored Fapruary 2007
accunul ated with differenced neasu

Eiraoimh%%? 1ggkgama two antenna el engnts 409-1 & 40%8%{%]?“001024

subsequent signature periods. "This procedure is also

a pﬁlléusg)e‘ﬁgmﬁat{% Qi %aﬁa'aJRecoEnl?tEon %“ I?qupt Sﬁ@a%% h g Ia; ray.

For exa
di't BJF‘E"FI ERpdiffent 9f i reseR jreptiony cctigenasymekreninatiop Ganirg! mepseas previously
t hiesexdbed, anteplmad wih € petrh rebQfitidn aigorithinf b AEtEMmE Aitiid. IDofphte Signatures are

f %E&Hte@r&h@ H‘Q@mﬁlade[ﬂ?oqgh g’}:gga'f %hiﬁaﬁﬁl %8%591“({8%&9}"%4&93%' 19 receivers are

nced neasur ement

A PgeeGH BRI SHG KGNS (S B POt Agghdhe Spatal i Key
g Re@va(SSK-R) ¢nitenids s@erapphispedaarhin@Dogle Sigantk Githtadixed orientation. That is, the

C @Pﬁ&lﬁl%lu'lﬁ@@y ﬂé@lbé Gat-R an{eMase c&ﬁéﬂ H@\)@E% ltgprﬂi 'gﬁ afid at ﬁ@{oﬁlof each epoch,

bi A boundary condi tion

o 3PP P e Bl B S B Do Sipano PP prgiaions of

o§eatitl | Saifidfey ReBEROYSSKrR] antennepreducatiiff@enb Doppler patignst dverrheasigpature period.

pH’&E@D@J@ieN paﬁéﬂfsed?e boﬂ'ﬁaﬁeda&@ QeRiled with prelferhifdl 5b Qg%llteﬁ{s associated with

A LA S T ATt -

Ber f FEYS) SRy 1‘%9‘5 Beh '@‘%ﬁe’%{‘f’F pgler patterns are

u prefaneldy steredoin thy @ﬁéﬂd‘-’&ﬂt megounsollsberientition ismstmuinee direftyrfrom the discerned

GEW} Sutterh. Usdr h\@veﬁﬁlﬁ DoppRlMay e fermb @3 HISI@&E 5%@%&&{&@%&%& prewously

B S, B L

-sK@’ﬁ&%&)F@dweﬂﬁwlﬂ@damwe@mdﬂf the user requires

hi gher precision attitude and can tolerate slower

at e rat the user receiver 407 can be
Sghr{ e'ﬁl'dlfmeﬂ ’m’ ?“\ﬂg('i"g"')ﬁs(tltude updat es over a

pT‘\SrEFSFIF yinygftiog | %ﬁﬁIa‘iliﬁb@s a3 Bystrp r dng deethod Tib eprqsingss thrpe-dimensional  attitude
| dRieRikation udiddeihef-Gimensidhab qjowsslgaau&&t hde-BRGEBRY D'épﬁér sfthatures are

L I -
t draanpipnglrease. Tbm dimgnsient meyement|ean jbe axtiieYer dma Spatied Shifh KeyrBsansrsit (SSK-T)
piiﬁﬁﬁ by aikt#iﬁlﬁngr@ﬁﬁid eRilenid in tﬁthﬂé§&ﬁ1erfsi8&?&h¥&rsu91vﬁ b s$h&E Br tetrahedron, and

f& i %riyz%lggﬁﬁ i p%ﬁﬁf&gb ca g%brﬂtrjrt%p.‘%/qﬂég)oppler signature. The preferred

B@P@Wh‘&?& fovr anisinn glePeatstte prerRe ¢ dlyerdimepsionall Dapplppiigpature, however the

- Rer@ABdnT @ SrdoinfendidARItD¥Gler @ERQ!FQ W38 bnyAlimbeD 6f Rlefid @fdhnents fall within the

i,nvent IeglpdaEnp‘?o t%nenta} vsl}énc roni zati on control neans,
as previod EEEFIDEY™i s repl aced V\nthapattern'

recognition aI gorithmto determ ne attitude. Doppler
%ﬁeemgmnﬂge gener at ed and transmtted through

' ?:%g eolm\n/: én tmn o %’l %e%'SR aise gcul{% 8an cﬁegﬂ 3¥ fq%tlleaﬂlsﬁf.t?tfumﬁ%}tema elements ina

R@éeéfiﬂmeed( @Qi@ﬁywnam svrasivelysswisehing| ebrrsity td@eaty & Ismthesizih ghase center

 pRddniet) assbrb¢1$uslgﬁi£scnﬂ%@Q€ It splecifrbitioR) HAWV&N B r&%ﬂﬁcrna&fetﬁls method is

th a fi
SPRERRERTbE AREDr PUBR, e BB Sttt 45500 s ctomens
CremiKe Ryeatemeomplexity pind srest.cButheemorg, rtiey potential Aetfgmpice degradtion caused by

- Beedthutdal @uplifes AftenfPdhe Bpfttion is3dkadd® ?s%ﬁo 19%05& npt ‘t 0

35

40

spatially correlate with the transmtted Doppl er

Signature. Different orientations of the Spatial

Biei HrgsenkimyenRRecdisclpees ¢ BBICARINd device rnaodpredihoeoldiidnfspmtiesited phase center
RORRER Withiad thekead foPdBktersVE mHbE VR brkkinfa @é?l{ethq\ plérQuyT&%aama elements,

t mat ch
EPBP sg?tpﬁﬁly %%’Eb&sgd W{ﬂlgn aC %g?e{ g?vdlgnggnsog ane ag?ﬂge& awlef.qq connected to mdmdua]

}fﬂﬂ?‘l‘q gairl W%éﬂqhaﬁs g frequecery (R dligital citt¢r88s. ) centrblemenas, such as a

RitiofrBdestbr, 8 BSufizuFIRs Condl B8 B¢ b Hail @0m PRR Pirable PR £&6H) o nﬁe& fhe gain of

preferably stored in the user.receiver nenory, so that

- orientation i-s determned directly fromthe di scer ned

Doppl er pattern. User novenent Doppler nmay be renoved
usi ng one of the techniques descri bed previously in
this specification. Therefore, the present invention
di scloses the use of pattern recognition of Spatial

- (.SSK)...modul. at. ed. si gl 0. .determ ne..
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Thr ee- D nensi onal Doppl er Signatures The present

i nvention al so discloses a system and net hod t @ February 2007
produce three-di nensional attitude determ nation

W& 2805/ 0B€e- di mensi onal Doppl er signatures. PCT/AU2004/001024

Thr ee- di nensi onal Doppler sigdatures are 20 produced

usi ng Spatial Shift Transmt (SSK-T) antennas that

7R AqRs elemeny gnde P"H'g‘,jld Bedified. \famr@@e@wnélﬁghu@mhm@me@ma elements
Thf @enghnarenyianad ffeD\oe shifiig tBaphadd et bf AY &thy| Thusl as gain is redistributed

Spakded bntertld didmekiEMe Jﬂa@%x’ bt he> %ﬁ?s)dlsyg&& %giasﬁgl}ésxzed Dcfpler is induced

di stri but ant enna_ el enent s hr ee- nsi ona
S H%?B gle SI%L H’g gsolyticn ﬁﬁ@? phagg centes, shifh.is thus @Wﬂnmaeﬁ & the resolution of the variable
s erircedtigns)aadl is neswanbtained by the edquieaent &k gyt dsplacmege ofxh@ine elaments.
t hr ee- di nensi onal Doppl er signature The preferred
enerate a

R T e SRR .
gesnieT mavEreamt with minimal-agtenng ielawensi Mc}l@%‘p-" tenmeg pigseaenter épanning”. Phase

U&ehtaCpaiiig Iﬁﬂﬂpﬁd’al Qe iR Hﬁﬁe EAI@Muﬁonf #wleenMndehha @leltngh% in a transmit
?%tpdad Scope and ﬁrpn {1

he es nv ntIO
8 RSB0 T Wl B it S8 Pl R0 b e s 35 vaving e
ceHfy distribugipn tbetwsf‘e h%ﬂw@delwmg patd aprtiguogi Predqidopingdnpanner a continuous

aﬁ?id@lﬁﬁﬁe@ﬂ;[ﬂﬁﬁfhtesmb»&nﬁt wifl @e gRhkal HidKiwiesd nféﬁ%ﬁlfed BukRlit Odppler shift by
n t Hrﬁ]% %312&— ﬁascy us§r rec%:%é?l ﬂ% tecL ug I;:]a%nstht %e pp Itg ng ls;g;tem and method of

center
t@Wthe%Pylf fipdylation ofthe presept invﬁnoni—lowever t he
resolution of this nmethod is constralned by the

ra%gg}enﬁ IIQ‘I' th %snéﬂgre l%lcﬁpe %ta{l [ ectromc:ﬁlb pﬁa‘se cen{ell:]?atmllqeg array mcor'poratmg two

onal tenn creat grea
despfirridsasthypatisllyl distobuted aenpg drarentp90d andtﬂ% sqperBlechiyiond quarter wavelength 903
RE thE BroABdeEnd €81uaea Ehch Brivemaktearh cRMent DIICE aassesanﬂghmkh a variable gain

Ciﬁ)egrﬂlﬂlpg 99? S F%seep (ﬂ?lale%; I’}'tor §a%Qerre%§nl ax%ﬁl\x/tl eer Eac% vanagls € gain means 904 &

al'so sidgni At
d’P%lé F‘tﬁ‘ﬁ@éﬂdgﬁ"% ol mawﬁ’ﬂééwh@ea MigroppeEice allnwgqm adjustment of individual
rvefaole diih ﬁéanssgmtsrms hr?d&ﬁbsﬂh@ﬁ@uﬁﬂjﬁinﬁéut ofNTRIVEIVR Rhteriid S161Q24E 901 & 902,

EQC% aﬂt%t% sler%nt ?Jénna gl?gg fts res Vvﬁc%{\]rt \gagifa ee élnel?nf 2}9?4 & 905, t0 a
GP‘%‘P?‘H t@w@aowowm N7 aBoéuanwrﬂow\lm%beéwgt the mnsn@sn@n source 97 t the rst
dfah B@dnna AdnRntSaLG End%ﬁﬁ@@ﬁe%dnsh@s:émmw iR the sh’o'ﬂﬁd &b&n&ntcnna element

g?i.t e ‘EP Léu‘i t(? H\gth %hasea gciapongh;pequ € {WRF smlsgon circnits, When the

enua
- FCEIPERFEE é@slafr“es ap sdewﬁ fepip oouenepnd 19 tb@ﬁgltabmemters 984, &| 908 both. antenna
gla;mtsfgnpm 03 GHll Yadiate 3hCenBdy fon® & lchrftRon: Falsnliddiod sdulRe 9@ idAoring any
G SR O, A0 B T AROUEAGRAGE S o, e
Wﬁt'wtqw dhet ihase cpanter mained T twilb e (siptigale wvith rené:fing apowkre bringt sduced by

@ﬁproﬂiﬁlaﬁ@tseﬁl AR 103y diRs sl piRfel BrckiiaQén ﬁtﬁloﬁet diré@iodsNEn equal radiation
1l lgh {98 il e s Syl 908 ot e

:D

' b@rﬁeéwn%?ﬂlt%ﬁﬂzamw‘ signal grength paovet] WAenditherresejvad bignal strengith power control

RednP @ isduss 4 REIBEE gaind B&tﬂnahch&; thé @Bﬁhlgmﬂ- €@ @bﬂhddchnmﬁlfmum gain

| ﬁ gggflm g%e%% td‘er egt{/éngngttor ? the Er%s det etn{bgggltﬁ ’%{‘H{f nra§:mﬁrg energy and

the pegand mtm@ei%n&ﬂﬂ%wﬂlg@gﬁqmm e:fe{w '@h phasecegiter 909 of the antenna amay is

- ﬁﬂwsﬁb%@dﬂ? @Bsxti?:fledadﬁ HRMA afbRIBERN 901Th&fa§l’:gol’h%n lobiBi-directional pattem.

resen ent | oses a et hod and
SR i P S5Ot i e il avenar

996 wedvemininyint gain epmyhasd ko thanfivet digital etteavaton 984 theTirtopd antantrnilepgat 902 will
- faSiaté ARG RBRH thd URITe® intenft elbRieR 901 wilRaRR: mikifkh @hergy. The phase center

P L S

array or- |narece|ve array will induce the sane
‘synt hesi zed Doppl er effect upon the signal. By varyi ng
the gain distribution between antenna elenents in a

~ conti nuous predetern1ned manner a conti nuous

predeterm ned phase center nmovenent will be generated,
neasured as ppl er. shift..by..
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an observing carrier-phase user receiver. This

t echni que can thus be applied to the system and hebrivoy 2007
Shift Key (SSK) nodul ati on of the

%%@?’?Qf’]ﬂ 15 Referring nowto,Fig 9, there IgB’i‘/%%%?Mlomou

depi cted an el ectronically phaSe center panned array

' ”&&E-&}&E:ﬂ:h% Q&ek"‘ﬂem%o@emeh %z?lrll is lél‘gg ea)plgzg%o antem}g elem fmts dm 6n incrementat

di stribut ed antenna eIene separ at €
OB BT 41° EF Viklrest eeri 97 o ey vt by ‘Ffé’%‘?’é'%%eé'é‘tet‘@&ﬂgq*wﬂts For cxample
f regu te coptrolizehy 90K issuen 14ntt@nsian edniaid b R Qidst §igiBOatedusStor 904 and a 3/4
c Qsﬂgduﬂiéﬁ Schmihd B 1R sééa\rd 'd%peh ﬁtegﬁiop%s %%&?an?egn% e%fngrg 301 vﬁiy%!?iate % of its

L getal ttenuat or or. varl ab B‘g
Ea“&“\’q‘ VA PEB] &3.5??0 ag’efae"&”zdvﬂé 'ath‘ %fdﬁ%ma@mr*eaﬂerw The phase
Wi cerher 2f the antenod arme S's @@GosisweTbeaeratherhmeN@eRS 8AI16 of the broadcast
al ﬂe@l&hc@@a&leﬁgh Mﬁ} ﬂ?ﬂﬂhe ﬁlfst aht@rﬁght{ sﬁii%(ll r?(d?ﬁ:h L, Gnda idlly omni-directional

al n ment 0O

R B o e Db g G el S el
e IP@H@WB soigtantiglhdiger plasecentin metement bétwew gritenid denrems pedting/tge basis for an

V @lettibicaly pibeterio? pinfed A ofthePARent hdnddn, CONTION
transm ssi on source 907. Both transm ssion |ines

bet ween the transmni ssion source 907 to the first
d i1 dehielerred epliediment afag plectromicplly rhprg cptst mened anraantenna elements are placed in
t ﬂm&ﬁﬂﬁeﬁﬁdnﬂghaﬁmmea fhfedion, sb hﬁt tﬁ-&ﬁdﬂﬁéﬁsﬂfal Sp&ial S’hﬁﬂ%‘j‘ (B8K) modulation
ength to maintain ase
fla@:'%%%ﬁed E@cn@{ «%ll)p El}a%q:%@ nrecgl ralxga ] gegllméenanglc?%str u}ts imposed by fixed
WHEFng ﬂ@“e‘"i*h“&'i*’ bpipeotbissts @pnenyio dixpdsBoppler paperisd St ireferted gmbodiment of the
C pregomiberition thbreford iakbivk aly tiddelaRibusiingllgSonROR sKupH@ Be Fkﬁérﬁied as a Spatial Shift

aﬁg)&gﬁﬁelg%luﬁgents 901 & 902 will radiate equal energy

conmon transm ssion source 907. |gnoring any
mut ual coupling between antenna el enents, the

r Reférfiig oW tOFL, tle,rmreqf deﬁi&bd/a&ﬁ}e@&xﬁaﬁ&taspa%& sfarifl BRin KON rekimit (SSK-T)

Cﬁ%ﬁal ltOblltéFn JT%?&{ %{t‘ tén%engf\;egermegts 1@5 r@%d lﬂy@ OA b@? g)étlally distributed
aﬁ‘ﬂ?fb%&“ﬁﬁf @?"9‘*’3&@*’%&"% mﬁ@acgbm aéﬁé‘@iﬂ@é skapgy fiech trgriynisantenna element
CHOZ abd3al 60 & 1005 ishoasRureli to Qﬁfsin@ Réth ar®honR&ik3konsl 2sth aatubxﬂ IFor illustrative

f t eqent s 1 & 90 ac

SR SRR ELTHI s b5l s o
t digsctignabeninatierrg Sach gangrgipantepne slement l@%gﬁ@t 1084, R 1993 i cquuesled to a variable

\laia nndale suck @€ b ARkl Sitgidir 1606) F0Y1ISPLVIRDI, Gaith risol:onneﬁﬁﬁﬁsa common

%ﬂ:&é&&&%ﬂ@ﬂ%‘d%ﬂ%& Ce%l"s”i’&f& dIOB'PIOB? lfgb{ '5 alf%cgg\ecte% to a control

att enuat or num- gal h
JEESnYchAs g |%1%?Pr°aw%°é%ﬂ!hﬁbthat§@$am h‘f‘eﬁa¢h| ttaesmltam@m ¢lement 1002, 1003, 1004,

et E0UB B4dn 1A Ghliivitidnll adjR@d. Ak &e@ﬁbtﬂﬂﬁhﬁﬁﬁfsﬁdﬁ sad?éi 1810 it ll&ﬁstnbuted between

n
R S M —
r’rﬁ% g‘{%él"ﬁnf‘l 1499 the phassicenites alille array fishdisplaped snd msmibesized three-dimensional
[ERppidr isipRanPOin12 isashual upg tﬂe&aﬁ%ﬂut@&@hﬂaﬂi(ﬁ? eIﬁlisQf'ﬂf&l-dlmenswnal phase center

Rl oot gfﬁm%ﬁ%“ﬁ&%‘%f'h%%%%me gkt 002, 108,
d?"c‘eﬁ 6%56908“0%13‘19& an infipitginvraher of Spatial ShiftanSSK zignivges are possible. For
flluﬁt&tlvﬁk@iﬂeaihe &vhira? et 1011 P8/ be lhiigh QOO Pdadd} ﬁﬁﬂ%@eﬂter movement which

L AT TN R s ———

the s axes 6f % Bk & Howgyerpanp other patiem ofmevementoftherantgnnp shagpopnter falls within
thel brdidestidp aidlaybip e ple@it@fden@ibn, t he second ant enna |
position 902, radiating in an 2 February 2007 WO

2005/ 012934 PCT/ AU2004/ 001024, 28 ommi -directi onal

~pattern. Therefore, when gain is inversely applied to

antenna elenents in an increnental - nmanner the )
ef fecti ve_phase center of the array will be noved or -
"panned" between el enents. For exanple, when the

‘control nmeans 906 issues a 1/4 attenuati on command to

the first digital attenuator 904 and a 3/4
attenuation conmand to the second digital attenuator
905 the-first antenpa el enment 901 will radiate "h of
y-.and..t he .second. antenna el ene
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frequency wavel ength away fromthe first antenna
position 901, radiating in a substantially 2 February 2007
omi-directional pattern. In this way, inversely

WeRAPHH2934kcr enent al gai n bet ween % wavel engtBET/AU2004/001024

di stributed antenna el enents 2fprovides a substantially
I'i near phase center novenent between antenna el enents,

priB%T &i kg depigedon dreg dimensionnh paney! Snatial (Spi§ rfey dicpejve fHESR) antenna 1014,
C énbrpiratipgfonaeteidd d@iha eitmdn3 @013( FIEN617] 82 V@B bjally dibtibuted &vithin = quarter

pﬁrﬁvteﬁﬁ gf oﬁmgﬂérqﬁﬂlacgf @Qetrgllleﬁﬁlt Q' éh' Anénng u,%ﬁ&t ?lﬁ@tﬁﬁﬁ 1017, &

anne arragf ant enna el enent ace
0

t Pﬁ'léés PR fodrasmit 1A B oraRi Eﬁ"“%\‘%‘a'aga‘tl @ff&e*ah%aalr er agjennp, glpment 1015,
t M6 L0UT, Bt ipcvarlect@pad vaaibbléShinfriear<aych(@SSKitahanchuktat1pm 1020, 1021, & -

C @622 bﬁmﬂ%ﬁ%&ﬁ&%@ to &Fels & ?Jc&&ﬂi@é”éa&ﬁ \Bha%%al& ﬁl%ﬁoﬁ’ ap¥aefha1, & 1022 s
arrays rte({m (g){naconusc r ai nms %Ps S fi1xed 9135 0 o ant

aPPeRmEiE 18 HE-y°B &1 HG'“RBP i’o‘ ’g‘e??e":‘%t"%gﬂ"l &tgh receive antenna
Deipprnel01p 381640175 & 1018 canbe dfdividnatipl adiusied dbs eremgy frof the tramsmitted signal 1013
pfsQ&ﬂHfbmbcﬂ%%Eﬂ RRivh B @Jnﬁnt@llé@v‘ﬁ)l@@m7 & 1018 by the control means 1024

L e S SR g e S5 iy B e
>gthesn.zeﬁ threprdimensional Benplet signdtues K0P is dndudedrprs | thernadeivprhsignatd The control.

Shahd fk4 §B¢nﬁ£urdﬁ@d’reﬁm:a?dl§m&e-él§§l§ibﬂa phas%Qen&PB‘l&Bﬁ‘ @f thOP:hsmitted Doppler
U KR i T e—
q@atrql @Pﬂnﬁvéﬂ?é isepr@'lglnedd@ pr@@ee apietelventer gaempnt avbicilasiriesea circular motion in

ttﬁ&eé ahealy prpebdia ;aepnanéam ptcrdmmﬁopﬁda tigRNA 161580BAhree axes of x, y, & z,
9}? san;l'eong R 1 1tt1 (9 prpler sn%gt{l]rell lir]?%pltﬁ??o&grsaar}es rmaatsured for each axis
I’Tnl - r ec I ona

T 4nf1 @@Fﬁmﬁmweal atiitdgrinstermingd using slsté@ﬁs disqsibedepreainustyrinthis specification.
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el enent palr fed in quadrature woul d produce a

ubstanti Q rectional Eac .
2 RRLAR b B s 8 8, G S BSB) gfig ocie o
d@ﬁﬂrbé@?@aurtdowé ayerslh dingions sar@amn e apaster \sayéwgfasmaenna element control

Ghe@hst 284 coafigu@ btﬁthﬁ &;hal@&ﬁer p&Qﬂ}% tdkeslace Snlyl BAben Mﬁnmlén&nts which ‘are
ngart]i 151s%%u 5‘? r\]:v rr:% aan m%ba'%veﬁ &%b SI On SO rce f;%enfgl Enbc% are spatially

. @@Hﬂ?@ect @dwt garpthoong quester wivelgneth ar@sq;@#ﬂeta&onathe panning process. For illustrative

ﬁEksﬁfpﬁp h@é‘nﬁﬁﬁé&{enta- Qfl qaosnﬁﬁbdtm ateirdu® cafbufbef wﬂa@liuahéra&wéngm spacing

% een sapces IYB an usr{leéls.. &%reseoﬁué?rb vhtf 1(1)1%1 Phon 'i ?c 1ﬁve§nb§ ngngmg between
Q@G@%‘%@W@Wﬂgﬂarﬁ@mﬂiﬂr-i buted between antenna el ements -
1002, 1003, 1004, & 1005 by the control neans 1011

[ us ri able gain neans 30 1006, 1007 1008,
@d&'d B“Sq'ﬁ'g“%a]"ﬁ% 'g center of the array is displaced and

& dy prefoeediembadinteitofdie piesant inyéntipiadach tBosDYsteniransyiilg A unigHe ositioning signal,

Wik °d“§5t§ ‘qu od:kﬁ:@nﬁnﬂ bﬁeﬂd&ﬁ{ﬁsﬂ\:&& @ﬁnpﬁﬁeﬁnﬁh a 2&Vigdrion bRtk Soraponent.
r ee- di nensi cent er
CRTLIPHBAE PG BB 2P SRS T FEREY PRpp e dnpe Atz IM bud

- didwughi Beanethyd of) the apniseh inyentibre ise prually 0@ licatl) @3 other 1fBQuencygbands. The.

SR rah @mAfuinBdd SRR BRAE &fnﬁﬁ&nﬁ@mbdﬁfaﬁeﬁ‘ bifof tHa RS Eon%nemr:and consists of a

atures are

P 2tE W bte Do B feoPet e bR S gecs it

bioethiar devicechniths spreyduigdreatentidlié tebnque is knoxnasede Ditisican Mi@tEple Access

mm)bﬁa lsaveﬁ-'lu‘o‘?vﬁ knAkie aFDTHe mlgaﬁbnum &%pmt %%Hpﬁetary information modulated
eoxrm & Seu orTg olt:léa Qoes ne}nhu %gsuaccom unicati ungJ P tg transfer time and other
gnatpure O, S, compiie t*ﬁ'r e axes of X, "§f?

mwe%wr neiRpk wqiﬁsrmfﬁmoe tnusest reqaivere Aavigatiost mfpmnqmmae rinshide network
Bheme 0@ absesd nbrabk 8arapi t hin the broad scope and ambit- :
of the present invention. 2 February 2007 WD :

2005/ 012934 PCT/ AU2004/ 001024 29 There is also .

depicted a three-dimensional panned Spatial Shift’ Key
Receive (SSK-R) antenna 1014, incorporating four

recei ve antenna el enents 1015, 1016, 1017, & 1018

spatially distributed within a quarter wavel ength of

one another and placed in a tetrahedral shape. Each




1022, which are connected to a user receiver 1023.

Each variabl e gain means 1019, 1020, 1021, & 1@Xxbpuary2007
cted to a control neans, such as a

?rdio?raoo%@ocgssor 1024, so that tjhe gain of each PERAEF00Y001024

antenna elenent 1015, 1016, I017, & 1018 can be

i Wr}( 'og&)allsé l}é ré%ﬁie&‘ﬁl Cﬁﬁulst f;}% oqg ﬁ%)g%e\rll\é&m b he ttr ag‘ nlﬁlgqafwe example of this

IS redistr 've an
'g( it §“ i’@'&@d oty yigd 'ﬁmsra“d&af@wshw W@“@(‘?MHPHP“‘ W@&fﬁ@s skilled in
1 OGR4, b@ deatiedi® fall mfhit thebrvw siopddne angiitioNthis Bi@enton bOid Rereinl X0,
1021, & 1022, the phase center of the array is
di spl aced .and a synthesized three-di mensi onal Doppl er
signature 1025 is induced upon the received signal.
The control means 1024 is configured to replicate t he
t hr ee-di nensi onal phase center notion of the
transmtted Doppler signature 1012, and subsequently
drive the received Doppler to a m ni num For
illustrative exanple, the control neans 1024 is
configured to produce a phase center novement which
ascribes a circular notion in 15 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
same manner as the transmtted Doppler signature 1012.
Doppl er powers are nmeasured for each axis and .
three-di nensional attitude is determ ned using nethods
descri bed previously in this specification. In a
further enbodi nent of the present invention panned
Spatial Shift Key (SSK) transmt and receive arrays
20 may be configured with overall dinensions |arger
than one quarter wavel ength. Antenna el enment contro
nmeans are configured so that phase center panning
takes place only between antenna el enments which are
spatially distributed within a quarter wavel ength of
each other. Antenna el enments which are spatially
distributed further apart than one quarter wavel ength
are excluded fromthe panni ng process. For
illustrative exanple, antenna el enents are positioned
in a circular configuration with a quarter wavel ength
spaci ng 25 between successive antenna el enents. High
resol ution spatial nodul ation is achi eved by panning
between pairs of successive antenna elenents. Unique -
Positioning Signals In the preferred enbodi nent of the
present invention each transmtter transmts a uni que
positioning signal, 30 which consists of a carrier
conponent,” a pseudorandom code conponent, and a
navi gati on data conponent. The carrier. conponent is a
si nusoi dal radio frequency wave preferably transmtted
inthe 2.4GH | SM band, although the nethod of the
present invention is equally applicable to other
frequency bands. The pseudorandom nunber (PRN) .code
conponent- 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 - pseudor andom code
sequences transnitted 35 by other devi ces on the sane
carrier frequency. This technique is known. as Code
Division Miltiple Access (CDMA) - and is well-known in
-the art. The navigation data conponent -is proprletary -
“information nodul ated upon the pseudorandom code -
‘conponent, and provides a camruni cations link to
transfer tinme and other ' transmitter or network.
specific information to user receivers. Navigation
information may include network time and other
desired network data. 40 2 February. 2007 WO
2005/ 012934 PCT/ AU2004/ 001024 30 It will of course be
realized that mhllst the above has been gi ven by way -
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' a{lci( wherem sa1<\i\'h ystf:rﬁr I uer cont

invention, all such and other nodifications and
vari ations hereto, as would be apparent to pers®iigbruary 2007
skilled in the art, are deenmed to fall within the
broad scope and anbit of thissjinvention as is herein
set forth. 5 2 February 2007 31 What is clained is:
1. Asystemfor determning the attitude of a nobile
A8 t he system conprising: a) means for

transmtting a positioning signal through radi ati ng

ans diatlag ts. bhase centre
{Tﬁr ouAF?%t%H?oég&e rf"i\s11 SI Sﬁ?eogagg%g\%’paﬁ i ‘h"a’ Fimed noti on
at a? prr@@étf@rtwﬁé@lgwm%mag signglfierppeh Wé@tua fepns.pid gadigtiie gneans
doppl er shosing liBhsk H&Gému@pﬂ& cﬁﬂén@iorﬁos‘iah& R prB@ fined i@kl at a

b) recei Vldqc_ e Qterval R ehrst e go pie gsuﬁ?]mng)%seé ‘épgnfa}dé"’m“’m“g

si gnal , P§ard recer ving nEahsvr A
throughsmhﬂee di mensi onal space MAth predeflned noti on

at ar Géi:@itfﬁé ﬂ'éa'ﬂ?i@r leddivik VAl pos1t13n91g§?§§ah s&@ﬁ&ew@hg%féﬁ:r@ F}{évm% its phase

cyclic do er observe recei vin

means f 6F‘P '?rﬂ“é"é‘é’} tf‘ﬁfg ‘H‘e‘EBHaS Fﬂ%‘é’d“‘gﬁi‘?liﬁﬂ&e SRt f’g P P‘S%?é‘?‘%“é‘d“‘c“’al
by sai d swebdwi aserngd ¢yelanispples iobservaidiyisdidectivingalebrs; doppl er
conpr, b S '&%s%ﬁhﬁasﬁﬁﬂg%goﬁﬂ&h Eﬁlxcddag;ﬂ r%ﬁsez@%y%zﬁ& chﬁ%%&s said

cyclic doppl e d) ans_for adjusting Said
predet ef® tﬁl&& csrch‘t @%cm&ﬂs’g&?ﬂzﬂl fvSéey&m\AOPﬂﬁefﬁ%*éﬁlg secif @yflic doppler;
t hat & falnﬂ;a.ns €0 adjustgChaid )trelidtemudﬁpxpéraeﬂ of s?d m:mém xﬁeg{dil sudtbtha@ Jaid
nmeans itude of said nobile

QU %i‘élsi g%fﬁé QLAg lstcfﬁk%g@s‘}

appar at us on sai ust nent required. such
t hat esaimgans &8 e'minigs the a‘i‘%%‘df‘rﬂﬁ gramebilpappaatayigsed g sgid adjustment required.
radi afichfgt 59 A& vIRNBSEs HR8 tdhe Al RidrhdatgHnedntifb@se c&iakrt Blought into
corr% ation, .2 A systemfor determning the attitude

a hobi1e apparatus according to claim1, wherein
sal d 20 predeterm ned interval of said receiving neans

2.S subst@niot &Jtérmmﬁgmhta{udeto@a ﬁ&h]@ia@md@dcaﬁmgn@dml wherein said
radi ati n,

p&cgft%e%fltﬁraal ﬁsé?u Leopivipg means sugetzwﬂ% yﬁgulgrﬁtb%{ eggtenmned interval of said
ratiggiamg to claim 1, wherein: a) said radiating 7
neans i s dedicated a principal axis within a reference
frams 25 b) .said. npbil e apparatus is dedjcated a
3ori nd Pl @&?ﬂgﬂﬂw"%'ihﬁat?ttl@ ERPile pERFRIUS agipEringyto daim 4, wherein:
r ece|a)v| s mdaing meas d edlicsiad Slineipgdadisndihpalrefanicsfranet at i ve
to S% zfir(prgéb#l % i?&eﬂéat&ral Hz(félpg.fb!)( vﬂﬁ%ﬁ bo gat%‘ha%ﬁel n.
sai d system er conpri S8s 1or’ measur | ng -
a tifk F%“b‘ﬁ?%éﬁegﬂais&edﬁfé@éﬁ pringigal H"éfafﬁlﬁ“"ﬁFPa%’é mebilgtapraratus principal
traver seds;t hrough 30 said reference frane princi pal
d re%xseé vi ng neans phase centre.

raver ses P recei vi ng nmeans princi pal

axis® elueapeon @eqswg e am@mnawhen epid asiving trieqns dlescobnts igrses through

mobi | e @a@ﬁ%@ﬁdd%mﬁéﬁrﬁ&ba@@hs 18¥%hed szk?@r%@eﬂm%%e&ﬁbﬂ’tse centre traverses -
measur e ne..and said rel atllonshl between sai d

recei vi “%551%“8?”1“%‘8?&%‘7“%{ ¥nd said nobile.

appaeat u@anpfor sabrnlatdds tgnitigide @BSaid mobile apparatus principal axis ‘based on said

~measured time and said relationship between said receiving means principal axis and said

mobile api:aratus principal axis.

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

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

"axis.
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4. A systemfor determning the attitude of a nobile
apparatus according to claiml1, wherein: a) satBebruary2007
radi ating nmeans is dedicated a principal axis within a
reference frame; b) said nobije apparatus is dedicated

a principal axis wthin its body franme; and c) said
receiving nmeans is dedicated a principal axis relative

a0 whadigsadspidamdughsempisess princi pal 40 axis. 2

Febr ugr Mnegﬁqgr medsdrind Ik HROF S 0$ﬁldd‘eo‘éi¥§§ R8ani }H‘ﬁltnbﬁ ﬁx1s Wlth respect to

conpri ses a1d rege)rengeﬁa 2 Im%é)alq%sas re Ibfgqgmun§ Of sai W%{eﬁe?enmned mtfrvati of said

of said recei Incrp
said refreqeemg@eaﬁmaqrrb principal axis at the beginning

of sajd RLAISLAEITNEH: dudie raf/said tﬂaﬁue%ﬁsa%s faﬁféﬁ?)hl\ékl@&sed o said

means; and 5 e s for e attitude

sai d noBﬁ‘ﬁaSé“egﬂ’%ﬂl:;r‘:"? a'tﬁlrs?‘ﬂf?ﬁ‘ﬁ%ﬂs t‘%"‘g‘bségé‘é‘fe‘&’ﬂg @%’P%P“““‘Pal axis and
measur edaidmghileagpaefif watipdmds. sai d rel ati onshi p bet ween

sai d receiving means principal axis and said nobile
apparatus principal axiis. 5 A systemfor determ ning .
Yhe ot PRERHE IGFmEingHE F‘?‘%‘d%f’ﬁ paPYle G@’%E‘&%&’F?ﬁ“’i’f@m flimelp Wheffiin said
rﬂ;qelvm@&ﬁ&sﬂlmminpnﬂe@ recei ving means further conprises:

) 2 ALl ORGP BodrdORed NAGERSAANL i OF L 2

control I'€ OSCI ans or neasuring carrier

phasé’ né‘&é‘!frf‘é'ﬁﬁ?ﬁ‘@lgéfm%ra 28 PBHIreteatn Phieid BstiARIRe sigoal gt 2 receiver carrier
receive rphﬁamsdsﬁemenpbxasm REAs10aRBEIAbse frddstrem&8da being faster than said
receiver carrier. tgwg%%mgl;a% genrlregnt rate being faster

than sai’df prede of said radiating

means) Pﬁa@for redating Sﬂ@)?wlfpmklmﬂgopsaé? rgosivar qefriey traglyngd gop mpflate rate,

| oop at s@d feeé;@f bBer Fadifingl 1680 ubdaRGKE 1B kIO Pkt t 8didpredetermined
sai d recelv grrler tracking | oop update rate being

sl ower (HEH %frsa‘ A"eF8*"$ai d predeternined interval

apd wisgiirckaid agira far mgaswrna A sombénadicyplivaioprilan fusthér dommpeisass f or

neas .y i %axﬁ £5 O ARGai8 Yk FhaflQRALR fedtith LRBar ARS8 digital

d) neans for conparing said carrier phase neasurenents

to sai d “@gPH é’fcn‘g?"‘éckl ng | oop digital 20 controlled

0SCi le} atnetins f@ pggregaing saidonriagpase gadsiregens & diteG@ind a cembined cyclic doppler
phase nggsurenments to determ ne a conbined cyclic

doppler value. 6. A systemfor determ ning the

attitude of a nobile apparatus according to claimb5,

ewher e syster fodl dete&&nﬁgmé hftide[dh aﬁa«u eammlﬁg t0E12imd| Wherein said
cgr%S I ual}seg %%ag ememg nfa sax&pos%o?n:éf%éD Sz'u‘ee &ne ]?hgi?e%mﬁ gtiljrggl 8“2) n‘?‘eas@’ements.

attltude of a rmbl | e appar at us accordi ng to claimb5,
mher e @stéﬂfoddetep[ﬁﬁﬂe{he RG] inéille Qfpardiad Qc&ﬁ% ta&unmg wherein said

cont in a.volu
PR R R PRI B T i "SR RS Sgpperof id
p8¢@ticBing fAgnaky wryelergthr determ ning the attitude of a
nobi | e apparatus, the nethod conprising the steps of:
a) transm tting a_ paositioning signal through radiating
8rpand mebad for determinie g 2udE 2 Fgvileapparaius the i ‘é""&’@ﬁ%“l‘ééh‘* Sepsof:
t hr ouph thidmizeng dipositiosingdigrbl dspab exdiatidzmepis seke fadiaeg nads noming its

~at a pr %ﬁ'a@é Shitt! tﬂ@&éh three-dimensional space with predefined motion at a predetermined

interval, such that a first cyclic doppler is superimposed upon said positioning signal;
b) receiving said positioning signal through receiving means, said receiving means moving its
phase centre through three-dimensional space with predefined motion at a predetermined
. interval, such that a second cyclic doppler is observed by said receiving means; ‘
‘c) measuring a combined cyclic doppler oEservéd by.said receiving means, said combined cyclic

doppler comprising said first cyclic doppler and said second cyclic doppler;-
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interval, such that a first cyclic doppler is

super i nposed upon sai d positioning signal; 35 B)February2007
receiving said positioning signal through receiving

means, said receiving neans npving its phase centre
through t hree- di nensi onal space with predefined notion

at a predetermned interval, such that a second

cycli® ddpphesaidi Psed@%'élﬁd/ie@v{iyf widirgeivipemeans. frgh fhféaqi\@;@omé'yled cyclic
msasurl ngp@;rggm,lngﬁd cycl ic doppl er observed by said
rece| nmeans

compr s g moarerT Rt oGO P et s SR Fmm sy
cycl isechdimpypidesceivifle Feaby and sad rXl0F: mS8s af) brapghtirsd spaty! weaplefion.
predeterm ned interval of said receiving neans, such

that said conbi ned cyclic oppler is mnlmsed

Yet erWW%&Ortdﬁté‘mé{ﬂglﬂ%é&B‘&‘d%?f@gF‘& “RBBTS EYPPRr SF S berin i

falstechirehin®avklch sl rersivinemeans is spbvitargially singlacth sAdraddetgrmingd interval of said

LEL6E MlAg means and said radiating neans are brought

Into spatial correlation. 5 9. A nethod for

determning the attitude of a nobil e apparatus

1AC C or Alingtfpdtfer dexbrainifg Zhe attitvdd &la Mobiki apbaraps edatief wicka@B, said method
Lery, fh greceiving nmeans is substantially

qu'El; Ieﬁro E‘llsmg e§t%5q’ redeterm ned interval of said .

r adl & | ﬁgﬂrmﬁsmqp@l iy to said Frdiakngdnepis itha e efoioes fREet he

atti toyd @e(ﬁkfatl@ arpﬁhnlﬂama 3 alobife aﬁﬁfh&:ﬁ diﬂﬁlgnstbedwﬁaalb m 8,

32::1? é: t ncg caténg Fb)lrpl’llln'.)l af-ax%%nEh re%?w\g%mearas Ic at IQ %tsmél mobal% apﬁaratus prmcnpal

wi t hi n axitef er ence frane b) dedlcatlng a prlnC|pm

axi s d O nahuheARiR hsmaﬁmala;adﬁvﬂg rhelhsPhdst SenlRfkVerdes BRABEN said

c) dedic t|n i nc Xi S, to said receivin
o1 a1 v e PR e ot SASRPF REPDAR SC gReRe broush
d) neasusid negivngmens pficpahawitend sai d recei vi ng neans

phas %) c %Qzuﬁa%ng MBS BFsald MOﬁ%glppaﬁuﬂfs gnncﬁ)ﬁfaﬁg 5 %n gaﬁc?r%sured time and
principal axi's to when said receiving nmeans

phase

centre tHUFEIGHE heffer g roog e meartReingahgy stk mobile apparatus
pri nci patincinliasis. and e) cal cul ating the attitude of
sai d nobile apparatus principal axis based on said
measured tinme and 20 said relationship between said
IleceiArnitpd s deigmisine e Pl of 2 rsbileepaseip epooréipg (p glaim 8, said method
fﬁ*ﬂ)ﬂ%ﬁﬁﬁéﬁgﬂﬁﬁtbﬂaef pal axis. 11. A nethod for
gigg?gﬂ gec{] tmga a‘;ﬁ:algflsgsal frad%iuﬁr!g mé:!ar!s]gu?i Erelfereémoesnt%rl isi ng
the de ggilcetﬁn,g a@anca))tl agie thiseid mobily appaygiup widhiipits| bodyydtamest o
sai d of adidhiddd phREAMSxNMotshil Pecdvih@h @8R lolAdRobile Q)paratus principal
dedi cating a principal axis to said nobile appatatus
within % body frame;, c¢) dedicating a principal axis
t o sd) d mesedisienguledhe of @ldatcrivieg homspincpalodis Wit respect to said
appar at Wgefkd Eb‘&le PAcipaiBiis & the%)eglﬂmwialdfﬁgedéé}ﬁm@dl&%ﬁ of said receiving
of fset of said receiving neans principal axis wt

respect ™&S¢8{ d 30 reference frane principal axis at :
t he  Begicaiulatifg taf attgle 6f spitl edBite@ppitare principil @t ivilbed©h saiirhedsured angular

- recelvi D ii§ Qa'ihsrélat%gs%ip between said receiving means principal axis and said "mobile

~ apparatus principal axis.

12. A method for determining the attitude of a mobile apparatus accordmg to claim 8, sald method
further comprising the steps of:
“a) measuring carrier phase measufements of said positioning signal at a receiver carrier phase
' meﬁsurement rate, said receiver carrier phase measurement rate being fastérthan said

. predetermined interval of said radiating means;




10

15

20

25

30

35

“radi ati ng neans; conp sal

e) calculating the attitude of said nobile apparatus

princi pal axis based on said neasured angul ar 2Félsedry 2007
and said rel ationship between said receiving neans

principal axis and said nobilg apparatus principal

axis. 35 12. A nmethod for determning the attitude of

a nobil e apparatus according to claim8, said nethod

furt Hr vedsipera cariergrarking lapp epyn efd repivinp e 4t Agrotier Yasking loop update
phase nBasuhEERAIM:Sa8E: 1Sadkid 1P Spdhte QR bBIGe Sdv@NAhn Atqual to said

receiver %%érﬂme({méewﬁo?smd% ?&ﬂ%&?”t rate, said
recei veP Carrer et rate being

f ast e - tchagrarisezsid cat@er phraeﬂmwemeﬁe@ adigitabpopedlied pscidlatprgvithin said carrier
radi ati ngadeaes; 2 February 2007 34 b) updating a -

carrier tracking. |loop wthin said ei vi ng _neans. at
r eceiV erS¥78AER F%"g HpgErEm 4t ‘i‘*“"“%‘&"i "cF°’%%‘g%i °\‘4°21F doppler vlue.
carrier tracking |loop update rate being slower than or

BJu al A &&h&%%teﬂhﬁ@%%&ﬁh@&q nloﬁieealgﬁéaglﬁ ?{c%rélﬁé tg ciaim 12, wherein said

HELPHe FEATrEnps 0’31'-‘&’8 p@?tto“él‘flg apedi-phage aﬁ%‘l’:‘f"fri’“éff E}r& R ETuppments.
said carrier 5 tracking |oop; d) aggregating said

Garr I@&%ﬁcﬂ@tﬁ'%etm rﬂfégﬁ"ﬁgec‘of'ﬁgmogiﬁtaﬁ%ﬂ}uggcc&dlﬁé)tgpfaﬁpﬁ wherein said

cyclic determ ni ng
nrqé@fmati metiogy ef‘éaléfadlammﬁms & caipipue dxarelvae Wit gy o orer ey of said
pbiionidp SR’ Swsabgdth. carri er phase nmeasurenents of said
positioning signal are in-phase and quadrature (I & Q
measurenents. 10 14. A method for determ ning the

14t t i tAmiehodffor deterppiving the aipyde o trsbilseproraty trgording i clajnys, gofe method

ﬁm@rc@mﬁhgﬁ@wswﬂ%sdefl ned notion of said radiati ng
nmeans. 1 s _cont ai n.a Vo

r
B
15 15. Acidpirkliogoffrgifatiirheansmoying ds ghhse catr¢ fhtoughahregs-dimensional space with

nobi | e @R}Q@ﬁﬁ@tlﬂﬁox@zﬁg @teﬁﬁnéd%t&ba@'sﬁh that 2SR chmobﬁl& is super:mposed
further conpri transmtting a

plural i PEP“(??Ch6%%1dﬁ’}“{fhiyﬁ§p°§ﬁ?@ﬁﬁls§“$%r ough a plurality :
of r apli adcéingg sai ahsityedhitiofing sigadlsdhrplgti p alutatity ofybceiving means, each of
radi ati 84 HBQE%%&MH@@&%W%&%&QH&@g&dﬁé}?&h@@dunensmnal space with

t hr ee- di nensi onal ace wt ef1 ned nbtion at
predet e pfﬁi&ﬁiéedl nilqtf?léqt @ arpdetegﬂeqq “t“ﬁ‘é?ﬂ sxgh f@wfcoec&pé@lfc@oppler is observed by
doppl er eich ofskip plutalifp oS ddivingheatgon each of said
. S: 3? 21 | Eﬂ%éasgf nggol%rai ély 8?] ?OHigmed (212 :dg ebébseﬁv%ﬁ Ey sa drg)g;ra?ﬁ ogrecemng
of rece m&qq,g:aqimgqqgl complyier c:g;fic dogdpr&oxmr@p@qt fuptyay@ip d0ppler supenmposed

receivi 'ﬂﬂm@ﬁ@ﬁ&ﬁ@&hlﬁ)@of'p&ﬁmﬁh@ﬁ@al@ﬁﬁta%&oﬂd'%&@@ @ébpler observed by one
t hr ee- di ‘HJ(HPP %ce with predefined notion at a

pr edeter"ﬂs}3 BYYPEFPRPR{E MEff¢h that a second cyclic

dopplder difsrembg esid st chsfic depglehfranf cashanif shidallugaligyl df pesitiohing sighals with said

recei vi Qe §doé)315r d%%enfé@@ﬁédéﬁ d@&:d%l&iano@Hc&Mng%eans
combi ned c¥ | er observed sai d plurallt of

Cecoli AHRsEH gy o aﬂl%@%%?f FEEES BT TEPeS bigfso match
conpris Isaﬁcgpraieﬁned sibtion pEdaidpluehlifypk @diatiip) pedns plagrsedres, apbhat said

- one of - pilafly BHALBAdiRoBRR kgl s gnal s and a

second rve one of said
pl ur A i pg;ermmnlg gyééqngapfﬁg s%@wghty of sald mobile apparatus based on said adjustment

requlred

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

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

correlation.

40




d) differencing said first cyclic doppler fromeach of
said plurality of positioning signals wth sai d2 F&guary 2007
second cyclic doppl er observed by each of said

plurality of receiving neans;,.e) adjusting said

predefined notion of said plurallty of receiving neans
phase centres to match said predefined notion of said

B ur at ingthoddr detgreinangitiegttitndaefe mobilesepapin peeerding 9 glsim tShplerein said
p‘-?@'etgrmuﬂh tepvhll of idQbcc R AR RERSH subM&kikls sORNb Sid gr&etermined interval of said
n%n imsed; f) determning the attitude of said :
BIHPEPFY of sai d nobil e apparatus based on said
adjustnment 35 required. 16. A nmethod for deternining

5 fghe aa;systwdﬁd&e‘mﬁmgmb hthﬁdean@ﬁ’ﬁiﬁlﬁl% bSpades %@l)»s{ag csrgprﬁllngl m
15, wherein said tment _bri n%-\ggfa pl ural.it

receﬁ%lﬁﬁmﬁgﬂﬁgmﬁﬁﬂg§ﬁﬁﬁmﬁﬁﬁﬁﬂﬁﬂF %@Fﬁ??ﬁﬂd %W?nmmm
i nt o spatoviak its phare r@irathioogh. thrdQii@enfigral pave yitR O3 fined Frotioh at a
A met ho %refi&énnﬂ@& 151(31[%1 nshﬁlghat Pﬁ‘rst%%éhb Hdﬁgﬁr 19Iup§1rﬂ£9&gél Jl;%n said positioning
apparatus according to claim15, wherein sa
_predeteﬁﬁﬁﬁed interval of said receiving neans S
10 substantrécaiviby meinstiot radeiving sadpositiing digtiab s1id rRedingmtcas waling its phase
of said g JSB: d 1,
det er mi ni rﬁ:@ %(ﬁ%ﬂ tgl?% {ﬁtﬁ %n% age%“th@ ?e’ﬁ% alrr)rgat[t ﬁgrede{eﬁmm wterva
system ¢ t aspqond ovalic dppplenis O?Séwedtbwa%memgﬁﬁ%
POSi tch ORichry s ic@ﬂﬁdoudl)l’kﬁdauﬁhg 4 @flbiadd chgic H@J@mﬁobses@a sly said receiving
radi atin ase ce
t hr ee- d In'r%%nrs] Ssalo gor bmeé{ (grglgc d V\F@h Qomrpnsdngf sajatﬁr ?% %c do [H)ge fmd said second
15 predetewwﬁﬁéwpkmterval such that a flrst cyclic

dopplagr nie&xs%ﬂl@&hhdmslﬁ&’chli@% RbifedRAsit bppi With preaefgaﬁdopp1er

10 b) receivi or receiving said positioning

S|gnal p?ﬁFﬁng@gFVFiﬁmﬁggﬁﬁgWﬁWTng its phase centre

t hr oy h ntehys éu delérmming the pidindeqd saidbmaekil¢ dpppatechescl pedidmatchan

at a prg@@&g&g&nﬁgmagkg&yal such that a second

cyclic doppler is observed by said receiving neans; c)

means for continuously neasuring a conbined cyclic

140 p pl Ledystary e deseedintdy the attndderoéﬂ:abbﬂb B}@araﬂmmdmﬁabldm 18, wherein said

t cyclic

ARl € OB ROTRELS ps Rl O e

for continuously matching said conblned cyclic doppler

m t h piyaeefor ﬁb%&nldﬁ@mla Sfituded@d 6yl SppasBORtadifpto Vhiinl18,Sxhkrdin said

25 w wm’&gngmgg ns. . eg nmeans for determning the attltude
RSB T 8" 8B ar at us based on sai d mat ched :

p r edel ernimietadiog isprincometatiey aiginalzontrplied oxcilleipst em f or

det erin RieR tdr Hl@asﬁ‘ntg beldiéil ﬁha@f m@su[@ﬁﬁt& & sﬁ@ﬁﬁﬁx&hﬁgﬁslgnal at a receiver carrier
accordln to claim ei

n
dop p| er PIFSt Ipfélf%f‘énegtfge gztl rrcga/eli Cﬁl’l‘l hﬁ? ?Q%gﬂegxt rsﬁa gg% faster than sa1d
recei vi pgdneaing int20al ofvaid yaltadamuieans; det er m ni ng t he

30 atti tc}J d %eﬁfs ity glsﬁd éﬂﬂ%ﬁﬁﬁ@o@%p%&iv&g:aﬁ@r iﬁl:l@{gmo} §pdate rate,
wherel n said. 25 receiving means further conprises:

a carri & {e?eg’ekqawgr tfa%tg I?qq@g:}aﬁéqteé{e*nﬁ @knger H{axg?rte&qal to said prgdetermmed
cont r ol liredilvabsfGaidl tadibting means;

- and wherein said means for continnously measuring a combined cyclic doppler further comprises:

20

d) means for comparing said carrier phase measurements to said carrier tracking loop digital
35 ' ' éon'troll_ed oscillator;
. ¢) means for aggregating said carrier phase measurements to determine a combined cyclic doppler

value.

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

40 carrier phase measurements of said positioning signal are in-phase and quadrature (I & Q) measurements.
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15

20

b) neans for neasuring carrier phase neasurenents of

said positioning signal at a receiver carrier Zhegeary2007
nmeasurenent rate, said receiver carrier phase

measurenent rate being fasterydhan said predeterm ned
interval of said radiating neans; 30 c) neans for

updating said carrier tracking |loop at a receiver

carrier tracking |loop update rate, said receiver

pArrig gys&ﬁl&s; kaaﬂmin@ ehe atlekRIr @ mbampaa@mm gc&hlﬁgme Elaitol 28\ HRfcin said

predet er m.ne nt e c“‘nF i ¢
pr%ggxlei] motlon ok sald rad1a mr% dne V\ﬁ 1src8n nneé:l é!ll aavo r‘lrl’e e Wt aradms of one-quarter of said
mmrlﬂu@@mﬁyam@mrl ng a conbi ned cyclic doppl er

further conprises: d) neans for conparing said carrier
B AR RSH SR R Sl B b S 9B s
aggr eyattangitte apogianing sgnajhrassd ravedeeumeerresatd sadiaing means moving its

det er m Ng,s@cdn@iohba thr&e)dithenGodOPRE §ith pr&i%hﬂéﬁ mot?o]a at dpredetermined
system for determning the attitude of a nobil

“appar at U8 HECHdrHY 6 %Pﬂfrzwupmffs&q oSl gostipging signal;

carrir rphasesdigadimhegeptasthofighsatidngosig, fablTedwiying mganaoving its

are in- -
Febr uar %%3%7%89%%9&%%%%@:%%0 et er mEl %Pﬁ)gtdtsa pre%ete d
At U1 € UdE LA A6l AR BOtOER bGP G-EREF20,

wher &i n cSzainﬁbuslpm&d&fng nechbied dyeir de;fples stiselvad aglbatt rbdaiging means, said

gﬁ:na u Ia?f’ gl? netcc:)l yc 1€ Qoaplgr cg‘m%l%m%'I %naﬁl ﬁ%t c CilC doa lgr%g(i i se%gnd cyclic dobplcr'

wavelen gvprrimu@slmatctmgﬁg mmﬁcbwclaéﬁmemvm mgieqmmled doppler patterns
at tit udesoliar@ BBl BccdpRaleatus, the nethod conprising

b oo PR g AR SRR Bt O HE BT st dovler
its phastermsentre through t hr ee-di nensi onal space with
predefined notion at a pr edet er mi ned interval such

that a fjrst c c do IS per| npos upon

Hosi t4 ’BFfP‘iﬁ‘J"ré‘F%’ﬁ%ﬂ‘“g e ‘B’f’ ?fé‘é“é’P LS P ‘8% °t°1a'6‘}ﬁ3n6he’em said
mddgfinad ddpplergagins e stered/in igmon anass ofsaid thesid@pnosisng mMeans

novi ng i.ts phase centre through three-dinensional

space with predefined notion at_a predeterm ned’

- Fnt erasthodderdpeqoiping t a8ild o a mobiteaprarays pisprdie foglaim 23, said method

25

30

35

40

“appartht GETRHERGPA T PESCTA

fosaompthiddyheS@ps@L: 1 €Cei Vi ng neans; c¢) continuously

measy E/I ng. a.c %%%"ern ed. mgagu,gr%ng 8$1d§55ft1%8§%£ \6§1‘1t abr¥ce§/gjcgmerphase

recei ving ne
CONPri SiMSasuISEpn rafs; %ﬁgitreceyqu Farger plspryneasuremef r@fahcalg Sglerghg said

cyclic &aaéﬂnedmt%aldbsaﬂmﬁmw&l y mat chi ng sai d

corrb e clic .do with predet erni ned
pat 0 e SRR R Uy B R PG PR Ha G iine oopwdat
det er m mttn gpid tha@ivertctrritripdeking floop apdete ragedheing slovger frereon squblds il |

on said F@ét&ﬁﬁ%l%ﬁﬁﬁf&ﬁﬁdﬂ%&@&m er patterns. 20
24. A rrethod for determ ni n% the at.titude of a

%{s to\mc}@]laé F‘Pftr%“éii 8sc111atorbw1t|hm said carrier
predefl nedirgbppl er patterns are stored in nenory neans -

of s %? fi %g@%@ﬁ% Fzﬁcﬂcaﬂ%ﬁﬂﬂ S m%a%nrelﬁen&q(g &%M@J oglﬁlh%rcwh]@ h&)gier value,

the a e apparatus according to claim
23, said nethod further conprising the steps of: 25

' 28) rreaaﬁunddm@ d&&fn[nhn@ lthe RIfiGSEOT ARDBilt PR ScctillingBicHim 25, wherein said

C Ocsrlp .'Iasg Hxlf:ars] emen f"-l sa1d%ct)s.1t1aom£ges9g%lal\éx%rm -p aatgeralm? quacﬂ'r}urgﬁ & Q) measurements.

27. - A method for determining the attitude of a mobile apparatus aécording to claim 25, wherein said
predefined motion of said radiating means is contained in a volume within a radius of orie—-quarte_i‘ of said - '

positioning signal’s wavelength,
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20

25

30

35

measurenent rate, said receiver carrier phase

measurenent rate being faster than said predetdidbiuaeg2007
interval of said radiating neans; b) updating a

carrier tracking loop within said receiving neans at a
recei ver tracking |oop update rate, said receiver

carver tracking | oop update rate being slower than or

equal to said 30 predeternined interval of said

182di ah ky3Qm R ARG inint} (16 AXRAY B GhoBiR afhaRBMk, e SfsteRRBGRising:

2‘:?3 u E ::rf |nt6;¢for rsglg(kng%égﬁ?t!omgg sr}%'lgil(%ﬂmu&gj Ia f?lc Iglﬂllegns oszrna racha!1 ing means
carri er quiviagés nhesaswh'eﬁr@nglghlt@dlme@elrampm W&h Bre‘#ﬁlllqde@tmﬂ ata
cyclic dpRRb@incy RN, such?tﬁat st A1 HBRAs LuPErinthEle@Uig¥h Biid Ydsitioning
t he attlt ude of a nobile apparatus according to claim

25, wher'#'¥r said carrler phase neasurenents of said

posi th}orfirn gedvigraknsdorecciinnphsipesidnidg gjgraldsasitfint ecdilinedne@)s moving its
measur e rﬁiﬂt Sentre tgrzu &réﬁrnéﬁgorfa%acg @Iﬂ%rgﬂeﬁﬂe@ Qlotﬁotﬂgt a predetermmed

attitude of a nob N apparatus according to claim 25,

wher ei n 1V ) et oL HEPRR © Ghee S dropge meabs;
nmeanse) i Secoodve@iving chedni folreveidingimd pastibving signal deitl sigondfreceiving means
one- qua ngo%{ng gJ ph??‘s‘fél t’:éatre fﬂx%%%%get (%851% gxgl %!wg %i’l pr§deﬁned motion at a

wavel engt h. bruar temfor
det er ni m@!@e@w@d igervaly Sa@éh%f thizd ¢yglisi dp@leaﬁﬁéﬁeafw said $ggond receiving
systen1&ﬂﬂnr|5|ng a) nmeans for transmtting a

PO L O 511 AL LA AU IRR0R S it st eciving

radi ati ng rean
t hr ee- dineatichid fit cosiblazde:ywc ﬁ?ppbr wite pampaging reid iﬁ@hcydtc dgppipr and said

predete@abmﬁgdka&gkyal such t hat a first cyclic

doppl er i osed u i tionin al
o) i toer s R PGPHUE R aae P ety GPRy e gy hea ) Aicons
posi t i omécrigingingpnakajd ss@ndicombined cyelie deripler Yelpe neaprisngreid ifipgycyclic

its phas kggﬂ%&@mgnﬁggg@mkpree di mensi onal space W th
predefi ne nDtlon at rmned  interv

that th SEEBH EErine Sﬂa‘bmﬂn Forb oS gRsi b@'ﬂ%ﬁ}nc}a i ?Wf’mbmed
recei vi rgelioraapisy vali€to dterssie encirly-enes-kic degpplreais; f or

recei Y I Dans %r gdpﬁ%?é stnl‘.l Blré&&gmlﬁédgﬁa'lml ofssﬁh ﬂmﬁ@cﬁf&ﬂg means and said second
receiving neans rmovlinhg 1ts phase centre throtgh _

t hr ee- dirfFeikas Beal SU%%@IWWV%%MPHW%F i 5 |
pr edey e ¥kl & dédtinRny de attitidCdT satlchﬁibllaa;i)i}htﬁsd)a@y 61 daid adjustment required
doppl er . |$ ?Qserved by sai d second receiving neans;

d) neans 5 gmsasurlng a first combined cyclic doppler-

val ue observed by said first receiving 15 neans, said

i sty %&'ﬂ?foﬂ&%aﬁﬂﬁﬁ 6 atBORIVF £iobiia Lﬂﬁ&aﬁ%&@i t@gmmh Gyvherein said
| S S %ﬁrst 5 2 anddS g: Aty cg co % 1 pgpmeansarean lar]
Eﬂse Fra%sE s PHE R LLPEHE EEHY P HETCR BPe e angrary

offepfidreeaclvetheme observed by said second receiving

nmeans, said second conbi ned cycllc doppl er val ue
conprising_ said first cyclic pler and_said third

By cl iAeTHTDIT determinipe thy ath%%ﬁ?éa?ﬂahﬂe eﬁpfff‘asf rrafingge dajmgs, said systom
fereeanslpredabi ned cyclic doppler value fromsaid first

co nb | Jj € qh.l.l' S XCI%JV{I]g m E+ %xgex\){ﬂ}l SHE pgsgf&%tn%gﬁr? SSQ? th%@ recewmg means movmg

early-m nu a@g
adj ust | rf@ rhasg ‘&Htﬁrﬂg gyrqﬁdﬁlg‘amqnﬁltsgchwth rydelingd aotfoin Ia@tprede:termmcd
recei Vi Nger® a0 tafgfotail flol asppRehs obsataiby bdilgluFﬂ&aﬁﬁrm§ wedis, said third

t hat s al d e%%& Lu!an%lgc%t? het\nar'eter? sa%qgﬁ lregeﬁwx\liganllelél% a}ldS salq] second recmgfmlg means;

'b) means for measuring a third combined cyclic doppler value observed by said third receiving

.means, said third combined cyclic doppler value compnsmg said first cyclic doppler and sald

- fourth cyclic doppler;
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h) means for determning the attitude of said nobile
appar at us based on said adjustnment required 252 February 2007
step (g). 29. A systemfor determning the attitude of

a mobil e apparatus according 40 claim28, wherein said
phase centre of said first receiving nmeans and said

phase centre of said second receiving neans are

angul @r | eansfprfdifferengingpid dvrd Fongbirtydpyelic dappleg galue frognpail i combined
for det ecrymcrabmr e 1deteintibtde oy nﬁmﬁ@#ambteiow adn@f us

accor C S
{3 &dnsofgr cJﬁ?eﬁen?nég s?lg gh.\rd corfﬁ)\{ue lTémhc do?pler v"ﬁue from Vsa1d aecond combined

conpr FVi ng
sai d poswﬂmdmmth$mgn&bﬁmsaﬂ@&mhm$mmm@é@wbrwgﬂneans
MOV NG shdais mgﬁﬁmgﬁmp?e%etérﬁfn@&'ﬂ@rvﬁihf KRk ABRH s, said

|S ﬁ? gfv\g: gl'ydg re ];ﬂllg?vglao’ff%{ﬁﬁftoﬁd %gﬁb\’ﬂg glre%epg E%H sglﬁn prg egenmﬁe%l interval of said
obser vedhigire@aing nidns sudh thgced sarlprgrinoepprspt deppledvatuh prdgaid late-minus-
rece'V'ﬂgmﬂﬁagﬁwﬁ&ﬁgﬁgo@@%%ﬁﬁﬂyé@hQm&h&§§ receiving

nmeans_and saj d second recei ving neans means, f or

measu® i B2 PsERpiRiRg b idye efyseg Febilg BRptews ﬂﬁwa gud adjustment required
observednkgp@®ai d third receiving neans, said third

conbi ned cyclic doppler val ue conprising said first

cyclic doppler and said fourth cyclic doppler; 2

tebr YapgemBpftermiging e pHimdeor § BebilEAPHAPEATETHRE 3P 3-fvhprgin said
pliﬁgbalnﬁ’fﬁﬂ sﬁt&ktlr@m@kﬁ@@éaﬁg saibgphate cdnfr T giddetbnd tebSitingGaaidiaftndid phase
cet}{rc }” saxd%n‘g Peceel\l;m vl allilse et azol qa?l%z otrf I‘Q fpom e rf'l other
ea y m nu d%rﬁ op 33 ans for
differenC|ng sald thlrd conblned cycllc doppl er val ue

3br OM S@kiéh ﬁe&%ﬁnﬁ@mb hiAGdL of £%6Yilk GppElRNcQFAingAd HBm O, wherein each of
ﬁ&ﬁ%rn}nﬁmg— t e-m nus- gg n@t doppl er value; 5 e)

(3 éﬁ“@ﬁcmﬁlﬁg LY OPPEE%8t er mi ned i nterval of
sai d af i msdrriar gaking lomgmmraang aghgitel conobsd@tcdlatyi; ned

inte rbY a lmtefs for ﬁilezgur&@ QQH&I pﬁa@&@éas\ﬁ}eﬂﬂmm@@p@ﬂ%@@lgﬂal at a receiver carrier
predetermned interval of said third receivin

such t h&RASGBIAFIeLpyI3e, ﬁ%“{—ﬁﬁgewﬁfrcmphﬁgﬁgﬁsg?mf\l}g@g gemgf{gfter than said
sai d Iabe&mmmMshmmmnnpmmdﬂpmm@mmma|ue are of

subst j".l n He&l i‘o\{ H%Q&h? sa@a%ﬁ} t‘a?ﬂ‘?gsloo af zI rfec;efvlr c%@rﬂécﬁr@ rloop update rate,

deternlnlng t al e appar at us

based ofpidEsererrayigtapingtloop gefiaie rasheing goye thay & sayeldy saidppedetermined
A Syst emdnar ofded Qfiling dgs;t he attitude of a nobile

aféllr;cggeg ogsaallcdgxgeg: ?(%tt&ez?seg lgaei \r/:{)ﬂﬁb%r%& C)\il(\:lﬁc O%I)S}Q' v ueplﬁlthep xg»%%gses _

e nt b efans for epmpatingsaid sagrisephpie mgasn@mﬁéﬁ teyyaifl camipidragiingdesp digital
centre @fnrSiRh dsclibdos: d rece|V|ng neans are angularly

of f set fron}each of her Eg ¥ bined cvels & .
det efhi FCHYF FREETPE iati‘cfém?ffp ° RE ’%“‘“‘5{? §*r°‘§l“t?sa combined cyclic doppler
accordi mguet 0 cl ai m 30, wherein each of said first, '
second and third receiving neans conprlses a) a

carrier tracking |loop incorporating a dig
Ront rf*oayw@af%%r@wa% By attitpde ofpmphdle ?Pa?ramsgagotﬂwgﬁ@d% P+ "gproin said
cpiapRastBaSiknen® of s5id pdsitivaihgkigna aietin-ghasensyd @hdaat (18 Q)ancasurements.

~receiver carrier 20 phase nmeasurenent rate, said

recei ver carrier phase nmeasur enent rate bei ng faster -

3than At fopgetsprainiag Wi #ddeioft Betjla prrarmsassorinedellai P hgyhorein said

pPREME] motion of said radiating means is contained in a volume within a radius of one-quarter of said

positioning signal’s wavelengih.

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

value further determines an early- mmus—late doppler sign.
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c) neans for updating said carrier tracking |loop at a
receiver carrier tracking | oop update rate, sdl Bebruary2007
receiver carrier tracking | oop update rate being

sl ower than or equal to said predeterm ned interval

of said radiating neans; 25 and wherein each of said

nmeans for neasuring a conbi ned cyclic doppl er val ue
further conprises: d) neans for conparing said carrier

ﬁhasww@;ﬁuﬁea@ﬂmg th@atﬁ@aed)fs;asme partaﬁl@&kdrmg th OQR 35, wherein said
ital, controlled oscill

5 TR e 88 Tl el e g i ccond recivng
ketsduriervempriscsonbi ned cyclic doppler value. 30 33. A

syst em Tk, GRARFISIRGsalates Malsdcbiid&eiHng RediPRiil Gid early-minus-late
appar at us accordln to claim 32, wherein said carrier

phase nESRNF EFERRSTYF sai d positioning signal are

i n- phaals endtheh, geradivedjusiag §aid pledrminedistarvelvb suiddirst re8dvingAneans and said
system %mﬂ‘g&a@{ E}nQalnE‘Qmﬁ lﬂﬁ sa%} Jal‘l)tr mgs-lglfc d&)pﬂpsglu[e E mmmused

appar at us accorglng to claim 32, wherein sa

predefined notion of said radlatlng nmeans |s‘conta|ned

imn a A/ﬁéthbmor\ﬂiattaxhaiuﬁngahe ramdiduﬁ‘aafobm:mﬁpaqauﬁ,rtmeeﬁeﬂﬁﬁ co@iidng the steps of:

pOSI t kno I& 4 gntﬁri% 1t gjfx% d%‘lg tﬁrnl%i] radg&r% me%sSsX‘aga%mufg%eans moving its

det erm ni ng
accor di méese e tbFleh Sigee-difpraviaplspasg vigh Pf?ﬁggﬁé mﬁteﬂn at a predetermined

differe fi:ﬁérﬂﬂ siofl ke asma Sﬁﬂc @pﬁmmaﬂnﬁy@w @ord;@iﬂ PbsRionivEdidasl;
fromsaid first co

Furt R gt i sEE A Sl ot A (6 e sy Bf DA pging e
Febr uar yno2@9ifs phd9 c<dée thJAUSlylsteemlffnéwnatﬁmce itk predeget hlefloﬂ ata

at ti t Ud@redierAinbDENA, BN Adebbiid ALEoPHIRG cbfrved 1Y skt 8 recewmg
wherein said neans for adj usting said predeterm ned

i nterval™@f said first receiving neans and sai d second
receicyi ngeivinpaidpodiioninhegnavlingh e seed réeigihg hieans saidsecond receiving

neans f %an% L,ﬁ%m PRk Gnld duSiendld- dﬁﬁegaml hRE mqsrmﬁned motion at 2
means until said early-mnus-|late doppler sign . is

pos itiv @l‘ed%ﬁﬂmg%ntfﬂﬁ%ﬁuchﬁ%léihfgﬂq cdi:hc é‘ﬂlfpﬂfg B Iohsgrvgd‘ﬂy aald second receiving

predet emgamed i nterval of said first receiving neans

and sal d
ear | ;&? mqqneﬂl ol g%q:ngst %}%%%F&/ JP(QIQ: dFrI%"Pep%éu% %ﬁs@hﬁv%@tsgé ﬁjitgecglymg means, sat
met hod i coaﬂétnedrwﬁud?@lef Yrde sqmprriipgieid girst eyckipglgprles and said second cyclic
appar at Wspplek;he nethod conprising the steps of a)

‘r:rregﬂz ’ té]l:g:asgl%}g gagiglilsd Gﬁm l%;lélg Sg ?f%{)}l?rnvaltue ?rbcs)éjl’%la Ssale S(G:GOIIE{I rgcemng means,
t hr ough stihseemd ehnrb@n@yelmailoppéqam cvwnrhmpara@cﬁ;ﬁ wa@ionmrlamald third
at a preggt gpprhed interval such that a first cyclic

doppl er 1.s super.i u i t1oni

by " Sk PRI BT BN P g P s g T pipgg v
recei vi dgppleeeahs fo ds@mtinefan pgly- umaxs@te\domgern@@ns 15 novi ng

Its %r a%ﬁus%ﬁi‘s‘afd%raﬁé&&xﬁi‘d&ﬂnt&bll Qﬁsaﬁ hﬁ?ﬂé&k% Heard RAGRA Mnla receiving

predefined notion predeterm ned i nterval, such
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42, A method for determining the attitude of a mobile apparatus according to claim 41, wherem said

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

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

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

,posmomng mgnal s wavelength.
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40 2 February 2007 41 44. A nmethod for determ ning
the attitude of a nobile apparatus according to claim
37, wherein said step of differencing said second
conbi ned cyclic doppler value fromsaid first conbi ned
cyclic doppler value further determnes an

early-m nus-| ate doppler sign. 5 45. A nethod for
determining the attitude of a nobil e apparatus o
according to claim44, wherein said step of adjusting
said predeterm ned interval of said first receiving
means and sai d second receiving neans further
conpri-ses the steps of. -a) firstly clewi ng said first
and second receiving neans until said early-mnus-late
doppler sign is positive; 10 b) and then, adjusting
said predeterm ned interval of said first receiving
means and said second receiving neans such that said
early-mnus-1ate doppler value i's mnimsed. ABSTRACT
An attitude systemthat includes a radiating neans

whi ch noves predeterm nately through three-di nensi ona
space, such that a cyclic Doppler is superinposed upon
a transmtted signal; receiving this transmtted
signal through a receiving nmeans which noves

‘predeterninately through three-di mensi onal space, such

that a cyclic Doppler is superinposed upon the

. received signal; analyzing the novenent of the receive

means in relation to the radiating neans by
interpreting the received cyclic Doppler; and
determ ning attitude based on the .




interpreted Doppler. O alternatively, adjusting the
novenent of the receive neans in three-di nensi dhBtbruary 2007
space so the superinposed cyclic Doppler is mnimzed

on the received signal and; dgtermning attitude

based on the adjustnment required to bring the receive
means and radi ating neans into an alignnent.

ABSTRACT

An attitude system that includes a radiating means which moves predeterminately throngh three-dimensional
5 space, such that a cyclic Doppler is superimposed upon a transmitted signal; receiving this transmitted signal ©
through a receiving means which moves predeterminately through three-dimensional space, such that a cyclic
Doppler is superimposed upon the received signal; analyzing the movement of the receive means in relation
to the radiating means by interpreting the received cyclic Doppler; and determining attitude based on the
interpreted Doppler. Or alternatively, adjusting the movement of the receive means in three-dimensional

10 space so the superimposed cyclic Doppler is minimized on the received sigﬁal and; determining attitude

based on the adjustment required to bring the receive means and radiating means into an alignment.




