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invention relates generally to systens and net hods for
generating precise position determnations in radio

pr coent SATENAND MR RIRRREr AR FrbinGd Ay bl

syst enms whi ch r eddiUSTEREDIRPOSITPONING SIGNATIS ng

signals fromsubstantially the sanme 10 | ocation to

mtigate the deleterious effects of nmultipath. The

present invention has particular, but not exclusive

appELDcCR THEANYENTI@SI t | oni ng t echnol ogi es where preci se

range information free frommultipath perturbati ons
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C uisiRS dd@zglhﬁdte@stem‘slv@nﬂ kece @GRSt pﬁiﬁd}mh@%@n@@ﬁ&n substant1ally the same

bé}&&ﬂ% q& E?tlgafté){he %Q%&y e(i"i@t;tsl &r}mﬁt)oéﬁﬁ eﬁx@ grese?t mvexl;]t%% %as partlcular but not
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objects including walls, ceilings, floors, furniture,

and people. A nunber of diversity nethods have been

devel oged to mtigate the effects of nultipath in
QQQ%THWg'EHHQ?’SteWB They i ncl ude spati al,

frequency and pol arization diversity. These
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not suited for the mtigation of nultipath in

positioning systens. WO 2004/ 088349 PCT/ AU2004/ 000419

2 Traditional nultipath mtigation nethods for

positioning systens fall into five broad categories,

as described bel ow



(1) inproved nodul ati on techni ques; (2) inproved
recei ver correlation techniques; 5 (3) nultipath

wO 20v0883@0 ant ennas; (4) over-determ ned positiPCI/AU2004/000419

10

15

20

25

30

35

40

sol utions; and (5) Receiver Autononous Integrity
Monitoring (RAIM. 1) Inproved nodul ati on techni ques
. el oﬁésﬁQescnbed
cﬁ%dg%%”a'a%“?%%%ﬁ%% AL P ot P ok
) pseudorandom nunber (PRN) codes. As chi pping
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n@&rﬁptgﬁagﬂg&eﬁ hig@irkids Qhé{aﬁgf SBthe &aﬁeﬂtﬂlﬁiﬂnﬁu&@d’ﬂﬁenwl‘d&%\ée r, for
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I oni ng gl v
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€ BALkHHR NIAEE bifiplesBBrnbD) RARBCBgovitain obsatvGnopDiggdubln frang diff¢rgnt combinations of
M&EHSIL‘R&I &gtl&lﬁé‘lsMalsl t% c@@mﬁlegﬁflﬁp&m&ﬁ | @Mﬁeg :Jﬂyes POSshitt@h that are

rpgé?eclta\{ag ;Yﬁlhtbl?ggia@%q éﬁséua ] gﬁdleeﬁ‘gﬁ gx ltl%?ﬁ corry te ang are emeated from the position
medgion. eRighes  fananitiep cohitinatioss  ap laghicied n%‘/ ufﬂ‘r‘% irﬁld@d@it rAgtidogine signal
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at orru out |
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I angRittrésditdiiaddsroa the pditieneldtion which fretehredioss geopetaddiarndy- ar e
elimnated fromthe position 35 solution. D fferent
transm tter conbi nations are achi eved by using
redundant positioning signal neasurenents from
additional transmtters. Therefore, the RAI M nethod
requires a significant nunber of redundant
transmtters to provide an effective nultipath
mtigation tool, which in many cases is highly

i mpractical. Furthernore, if the RAIMal gorithm deens
a positioning signal to be nultipath corrupted, the
transmtter |s eI | m nated fromthe p03|t| on sol ution,

I o, o e




40 WD 2004/ 088349 PCT/ AU2004/ 000419 3 Ceonetry-Free
Positioning Signals Geonetry-free positioning signals

w@ae®@4agdBined as uni que positioning signals thaPCEHAB2004/000419

10

15

25

30

35

transmtted on individual cayrier frequencies from
the same | ocation, such that the unit vector and

gg[g;)rlgr% ﬂoﬁﬁﬁxﬁﬁgn ach uni que positioni ng signal is

i denti'ca espect tq an, observin ver. .This.

r %eqxa?trry érge Qoﬁgomtng agpglﬁfrg geif Beﬂ an.]'mqlée pgsnks)rn n?li g? transmitted on individual
f qeigUienehdss fibh teusghe lbdatonsarrshap e gt eaiertapdeeafeticirenss afrpach unique
%M@dnﬁ@ kigRDNis Q&ﬁl&al afith aéépectV’b@ larC Bosdr ﬂngﬂé@{v‘irl T redd@€ QR Bnsmission of a

hprlllg'arllgfab% %rcaqgenéesq% %uéil &e same P %se cglge gfrth%q#%g) % a@&g oaqu which in practice

accurate c I Ca
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i Sncalosigtiehi of fdontnlyifiee @sitichingsigyalois Psodilical; asthakrdup frdry biddigeases of the
oeflecltrclﬁﬁ corﬁéoﬁe@l{s rv@cﬂh Qacﬁ: @JEQ&QQ(% RbRm¥didn phh m@@)@rﬁenﬁlf SASBGCERSrature and
aW angg \%ﬁ?r’?ekg gl e(P @B%,gg ?1§/n ?_-?r)re %Qe:gallg ung rr01y thmetermmgatlorr'{pfe SO cz}llecj‘ "Gycle slips"
gle n@m@-pqsayi positiedling wystentshie cydle slie A sprden ipjpgeip pr hgl’écyelmum@al the carrier phase
" yeaBe 5t ﬂ@ﬁtlonﬂ@ signBl, €aaded byed losH aSIElt opBS bilsérafy Hgiva ¥&tie@ iricking loop

%Cn\érﬁl éf a ;ﬁlase-Pock- ppﬁéxz ée’lr(#ggeel%%de&gl g%rt‘ Emng%g'stelﬂl‘rél lltfhascgy&/!enedlﬂf YR, accurately

stg Friy ges e "By @oleol Broiteat RYCE?f sl 3@%2&%’*\%?{%% uiilized linear
I @geinatiens oCgpindtrgfred qbatykhlqs,gyplceib fretwéeg tom 6P A1 ayd B2 carrier frequencies. These

p&@rﬁ&ry lﬁ@@rlﬁetﬁo@@@%ct cfclR sﬁis ﬂgl)tﬁer\fn{geﬁbtﬁmwespﬁ) &b tnlte@tﬂtbcn@rrler Phase (ICP)
Sér[lei sgxbeis g% E} e%egn‘&?trgr) rgﬁ%peosmonm s1gnals I—{owever ﬁ‘lecsg lﬁlrrlo?‘_%r?l yt?odg do not consider the

Pepar cyc
cypbdrencesyf pometertiiserried meaﬁbéﬁm%ﬂls dq*Fﬁv@anltlpﬁtE euptivhear
conbi nati ons of geonetry-free observables, typically

bExEoWeag %%sttem‘g (%J\P nA'og' d@tﬁgu thbe&@\{nr bifeds afng %Hl M'ccﬁr%pted-rpcﬁﬁﬁqmg signals

eemetosdetectccg %k‘% rout redundant
oB%lg]i}l%d lti\@m dlfbét%ﬂ][y tlﬁaa}m(e l(ézglo? I(‘b)f:eﬁléot ey ed?uétp lam aljl?rl \%1}, out redundan
Pﬁb@@@nc@lly@ﬁ)mse trangmgttesse(c) (@@ot@fov@h@dx‘g:@mﬁmﬁ‘efe ffreip the encumbrance of time

p@a%’ Jg' QSUansla§| gﬁa(ldﬁ canti@WRMSVe, milf}RE EmiPgatiel wilolt MBEAEadSansmission
ngaggvbgths 1ncr aseq recenaae Powelg c%lr?s%rr;lpgljgﬁ: % cp Lcr&%ﬁ %%él\rey cotn%l%gtiy] rﬁ?E}thn that can

FENEAES i N erm ni
Pprpvige Pegpite rapgerpeaTemenis) iy hfh L “&f%?ﬁstﬁ‘@’ﬁﬁ‘%h]% @TSW@En
direct and nultipath corrupted positioning signals 20
transmtted fromsubstantially the sanme | ocation, (b)
annot provide nultipath mtigation w thout redundant
gBB‘"FPéIlTF(? NG TSR verse transnitters, (c) cannot provide
a diversity systemfree fromthe encunbrance of time

v ﬁ£r¥é Y3etord rAQM)@e \Q&J)r@sya vedtn flat (€lhesGR Batdl 1elaﬁﬂﬂ£h@\b®twﬁ"[d$1ﬁtd ip&hda by
de 1mg t¥1e ectlon and 8§%ance tl%%?sg}%gl{ tl(’) @1@ §egcln§ ﬁdm(l) o:' &Q’H})‘#ﬁ%l@h %'pomts in

n eased
r %@' )5 z[nd (29 ['Rpilhakébdia&ed po&tl&y\)ﬁdt taha e Chaﬂmge pecoy iRdem p, to p, is
preci se range neasur enents w thOUt éan ese
C QdtsddraaiebiSutingetibd o hk yosi@Skdicadhduen tha? {)EFI | X BMeCRe direction and

TERMS Range vector - A range vector is a vector that
dekthmesont hoat gpwtmal rel ati onship of two points in
space by 30 defining the direction and distance from
the first point to the second Po i nt. For,_ex ﬁf le. 11
g iCostrie {feeep Srometic rapee lsélﬁé@@ distance %eebtzvo pmw ip FP e. Fof example, the
agancmammﬂomn@@¢wow}6eéﬁbﬂ@s and YZ, the range vector
~fromp, to p2is defined as vector subtraction of
the position vectors, such that WY2 . defines the
direction and distance frompoint p, to p2 . 35
Geonetric range - CGeonetric range is the scal ar

di stance between two points in space. For exanple, the
geonetric range of a range vector 9 is defined as | W
. WD 2004/ 088349 PCT/ AU2004/ 000419



4 Unit vector - A unit vector is a vector with a
magni tude of unity. Unit vectors are used to define
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vector, , can be represented py a unit vector, P, that
has the sanme direction as Wand unity magni tude. 5

%mt%c%c!rt X umt. vle%toY %éCIOyWIth%%‘IaEh%LdCE% (fh %lpveEtH§a1 pﬁs@cﬁtg &Iﬁne direction.

I

i nvent1 on, Ee transm gSi 0 "

r EPETPly h@ﬁ%?r@n BB Ve D £ ?{de‘iﬁ"ét"? %Ycﬁ“B‘t Y"%’f"r ec?ﬁt e same
| robidflisOR ERMhigGLEMs( mul ti path) environments.

Diversity generally is acconplished using either

Sﬁi@&h@L,Dl‘tersﬁyq Hﬁfé@fbﬂh erthdo;Qéséf an@tlanB tHIB@R Missid M@6rSeeeption of radio

r ?%PI%IF S\:\thi_cllr| eghg)%t Snique dra&lo re (glorrs in Wd%sﬁﬂegt% (r%g 11%th§/ envll(l ?r%mfl:nts Diversity
1generaly ﬁ@?fsmplIW%WélﬁFl@erélPaH@tﬁé‘r“emy’ﬁ{ eleriration P‘F%?S of uni que

positioning signals which are each synchronously

V\Rﬁ &%cﬂo lﬁgs fﬂl% radid ki’iﬁllsad?tre{dfalhkydlte%ﬁy, %@%10 s%@st \]vl@dﬂaemploy diversity

retaining radio 1ink diversity, are known as a
Wﬁﬂ%nrt cluster'. 15 Receive cluster - A plurality
of discrete p05|t|oning signal s which are each

S Wafsﬂrt QIR SJ\)Slufaﬁ}.? ef waRGk @titionSgl b@lﬁlaﬂhd‘:h&kd eyfchts}ehrG@ 8 transmitted from
su%s t1a?l¥ !hg %%g oca dn, v\\llmst re%a‘imng atd% 111[114 cﬂ/gm gaaqe lQloxl/d a@b‘transmlt cluster’.

ersi as a receive cluster
Substantlally coherent positioning signals -
Sebsitadisteal Bypledilyesteistretp pssitibrigniigngs shignad saclasy@chronously received at
p%Atgn{la(ﬂy&Q&m&e&ﬂ@lo&tlont Qlﬂl‘ét rm rddfo G c}{'\/%git}@ﬂgknown as a ‘receive cluster’.
interpreted by an observing receiver produce
neasurenents that are substantially 20 simlar.
P&@htintighicoperertinésitiorDasizunds - Substartigllyicptiershi ippetsionis signdbeayd regitionigg signals
anbtofHen RfcivBOSit tidtdindtdA By ok A& k@Fver p%lilcéi PhedstirenaiatHaSare substantially
posrt|0n|ng S|gnals 25 CbserV|ng receiver - An
o%serV|ng receiver is a receiver that receives and
interprets positioning signals. OBJECT OF THE
| RAHEDAT gt IDkevides- /aPositilyjirgd nit OEvide lirer formed esttionimgpviersition whigh transmits
PLANLAS s@nfll versity system and nmethod which can
dlstlngU|sh 30 between direct and multipath corrupted
positioning signals transmtted fromsubstantially the
s @hervingtegetvierorin obsprying rcejyertis agrecpivpr thieqceishing tterpests Ppsigning signals.
pr esent |nvent|on to provide a diversity system and
ne%?Qg F@ondi stingui sh between direct and
ath corrupted positioning signals received at

substantlally the sane location. 35 1t is yet a
f wrig hesbjeathif @e treght inemiop reegert idvreitsisem e methatid cgn distinguish
di b Fder !ilﬁe& amttlgm @%teﬁﬁ&sﬂ&ﬁ‘rgfs@{als mmlﬁ@l fild# bkt &Bally the same location.
posi tioning signal neasurenments, in the presence of
mul ti path, w thout the need for redundant
t Mtaimgeriatfertaprsobjeqtiof fhe pipgept ipveptigp fhpvids ) dEsityopsignhand method which can
PRGN YetVe NiftrécD fhd truitiPatio Weinth@edepogtiovieg Sinbly reggft enauiangtially the same
”%mQBQ for making precise 40 positioning signa

measurenents free fromthe encunbrance of tine varying
group delay. WD 2004/088349 PCT/ AU2004/ 000419 5 It is
y @ttis yat o furthtrivbiect oftfe@ctentafivertiveto proddeayiverpipy yistemjarstmethgd for making precise

Sﬁmogﬁ‘g %népggakttrénﬁﬂé RGheSHesechRI3F rﬁlﬁl@atﬁ[ﬁ:‘itﬂﬁdhd‘ n8dd fd¥eddindgt transmitters.
precrse posi tion determ nations, in the presence of
mul tipath, w thout the need for increased transm ssion
b Atritigi afiper object of the present invention to provide a diversity system and method for making precise

positioning signal measurements free from the encumbrance of time varying group delay.



It is yet a further object of the present invention to
provide a diversity systemand nethod for estimting

WEe@aiss34posi ti oni ng signal measurenents, in tPET/AU2004/000419
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presence of nultipath, which have been transmtted

and/or received fromsubstantially the same | ocation

10 SUMVARY OF THE | NVENTI ON The f oregoi ng objects of

the present invention are achi eved by nga .

i This @ptpgr st Ryiegt o ibe PraseRt gryergin to &K BhiTee fayaﬁw g for making
sirgRapsifion @eeiinatds, irhthopregbncel piveitpah, védtblubthe paak r wbrpeeﬁld transmission
exhiwRils, substantially equal 15 geonetric ranges and
unit vectors with respect to an observing receiver.

The observing receiver is configured to conpare and

t hisnyetgeidher obisetes the e [ViioR @08t 2 PisSitt P #g method for estimating
Shr@RabSitiondiy Al mekRdids, & thasdsentd df n@Bibdtrabien lafe tedngransmitted and/or
TEARUIEM OSLLENDG ghgnal s, such that ‘accurate

posi tion neasurenents can be determned in nultipath-
affected environnents. 20 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a graphical representation of the

f éunatia RVBP G BRENGDNA transmit cluster according to

the present invention, whereby a Positioning-Unit

Devi ce which incorporates a spatially diverse transmt
cThasfpragoing  ofiects) piothe) €r4%1t| IRERLPR @t aalhffveﬂjév peses of BigiPiggre 2 plurality of
Siygindh@s bitionhgpsidh@g) recsyra ttlir@uigh ylvedses‘tidlq byt elblclaexhibih mastantially equal

eée@ﬂg&tr%ﬁgsgnoqgﬂ vegérs 9%@5{)%{ th g‘1 Jbﬁﬁ/ﬁ’] Ve@crlve} iT‘he%bservmg receiver is configured

riR ﬁ?n@?@ ﬁ'fda%ﬁn § ecbsflbsiaﬁlélpyf l}ege{n pgs&ﬁ)ma% si ngélgi% andgr cr(p Fa a%es -fit. eftlmate of the
cherstrdrposiioiog elgnlg st thehecoysieRasifien mgapFmPNLS Bh be %ﬁ@?l@éyn gultipath-
Pasbitd a¥ton@ntni t Devi ce which incorporates a spatially

di verse transmt cluster, is broadcasting four unique
positioning signals through four spatially distributed
aﬁ%@ﬁﬁﬁygﬂé%%%8%T¥%D%HMN§g observing receiver in a

mul tipath corrupted environment. FIG 3 is a graphica

I Slr ?lsseargra%ﬁ&apQpr%tentettlg}?offtﬂerﬁ%‘i erfysRRch: PRNfangit ctugtéré&mdihg to the present

C!nﬁ%{w{%?\rﬁkelaég? g?’&sﬁ{&%%[?ngngérl&ep Tv%%llelchtorporgtgsveggt{a Y dl\(/frse ?ransmx¥ cluster, is

P@gadpqstg)gﬁwg ulimtiet poféoying @gnaw'ﬁlpr@qgh @Hb ppatlailh é]étf-ﬂp@[d &ptenng elements to an

spatriiad tiveineenusatt-f@dsMnine] Uster, i s broadcasting

si xteen uni que positioning signals through 35 sixteen
gatlally di stributed ant enna el enment éfn obser | ng .
RGP Gt SomprEr T ont G P M LB AL DB G e s

f inv@tions whodly Arendtiogifig-Gnitrpgied vigehcihambrates et flivege trenspgluster, is

PLESEREng ﬂnﬂ\(ﬁla&el &thonfﬂ@ @ﬂélﬁi@ychraﬁh GRS atvdl @stﬁﬁﬁe@la\ﬁa’(na elements to an
whi ch | ncorporates a @ hx di verse receive
i p?e envtl

cPﬁ@Yé&”*V%”F%%”W@hW"“ 287" di screte positioning
signals fromfour P03|t|on|ng Unit Devices through
f @IU 3 SPAErhpAlc Yepibeihiloh bitheflst efBodinaiail Uensiainti@mi3according to the present

. mvgrrP (Ql §/h e\ép %9\9 ‘% Qisfgﬁ?’%l%otf) @ézﬁ}J%Q&‘UniQQ%é&nméUE tl Igévwé which each

Ical representation 0 bser vi n? Vel i oueh
C éﬁqrpcﬁq[ﬁ, %%PP%W %matse) fr@FerC1TSBr’ foPéanfFSélggesr'ﬁIeerf R ci518?{nng ign g
whietealyatialy digtivuwed kntepfa efenents tednorohogieeal |y synchroni zed
Posi tioning-Unit Devices which each incorporate a

ik TR ' 0 o the presen
>R % Iéé%a gﬁﬁ la%l éep§e6entat on ofs tm, I’lrst e.m% Sd‘inilent of Iz_ﬁ'ecg% c?u%?r)a(ﬁ(te }edﬁg to the p t

s Igapq‘um wyer@y eh c@:{efvinb @Peéler ‘ahfhé??ﬁlaorﬁfséﬁ@ﬂ*tﬂé 1t/e(55e éﬁﬁlelve cluster, is receiving
0 ks RVdida@te hetRhiNEdignalsT fien OBSBEitining-Unie Devicesethropgd four spatially distributed
Cg@&%g&%ggd&gmpass all sixteen wunique positioning

signals to a position solution algorithm FIG 6 is a
graphi cal representation of an observing receiver
configuration according to the present invention,




whereby a network of four chronol ogically synchronized
Posi tioni ng-Unit Devices which each incorporate a 10

W@ paiosdsy di verse transmt cluster, is broadceGr/Ango4/000419
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si xt een uni que positioning signals through sixteen
spatially distributed antenna el enments to an observing
recei ver. The observing receiver is configured to
preprocess all sixteen unique positioning .iqnals, L
bBForE SRS RyesERon A AP EE Ber SRR TS h IR R Yy BT S et {gYention.
awpe’y atnetotrk sObw tthranlogicall goyndatohized PdsBiorgetinit Peyieps which each incorporate a

ngﬁlQlW ke t[aﬁsﬁ‘ﬁt%ﬁﬁ&t@l;rbagﬁstﬁé suae[én Qﬁﬁ@}b‘o\ﬁh(ﬂxglg EiGR kkﬁ/cﬁéh sixteen spatially
Sél }bgtgc{j 4 tgi%{nla gmegt:s: \%’I an Q ser\g%g recelver q"hgv)a%)s%rsvﬁlrg] I‘eﬁeévgt} is coolr)%gtured to gass all sixteen

sﬂﬁwmnﬂmymﬁwvé?@éP%@QE$W@m@EU§WEr i's receiving

sixteen discrete positioning signals fromfour

Pﬁél 6t é ﬁel%ﬂ XQIS}ESLntQ&Vdf gnecﬁsetvhlrg R:U&Jér cio%ﬁrat%p ?ct:ércﬂxllgl ty the present invention,

A arﬁt dg t t@ ggn rate a
G SEBRFI e S Ree BT U R e peoe
pogially dvaisqigpnsiitghvtbrsis brmdastmg)@geetl miqye pasifieping cignaly |t}gqyg11 Sixtpan spatially
28subphica anfdnda SledenB i Fda IBbs@t'alhg {e&ﬂéreﬁﬁ Bis@bihgdBcei®dr istBnfigured to preprocess all

observi.n cei ver
srlxe eseré ﬁrﬁrthug%oa on%nig \s{lﬁnals V\fﬁlgl)re Ip% Itne rr?eg@%%s?ﬂ\?q % é&ﬁ% %gr\alts Qea posmon solution

mﬁ%@ﬁmincorporates a spatlally di verse receive
cluster, is receiving sixteen discrete positioning

Sh@“ﬂL aS grip[ngamefn I{tatlapocf Iart 6b§éWm@ gecétl«réf Jonf@@rytloﬁ §<§or§1 t@’fﬂ. Besent invention,

four atl al y distrlp ﬁ f ter 1srec€¢1'1 sixteen
Tl“ilé“'re@b@e"}’ﬁﬂ"ﬁ‘é e GRS mf"’é""@%? Fpétt? ’éﬁvelrSS reﬁ?“’e S OCe s SAlt®
siisctegepsithhise rigle fpodiut Poitipning-Usit dpaddes throughFous espalie Gsributed receive
pm%regmgr‘fbeﬂ{éro@@ﬁ/@§ Re5ets Pasdutell @Hadd @11 Siktghh AlsGetd @siBoning signals to a
m“mmaqm 3(m&|on al gorithm OVERVIEW 30 The present
VERtTon” afscloses a system and nethod for the
n1t|gat|on of code and carrier-phase multipath in
PBSI 4 ik OFhphigal Eeylsieﬂi’(Bn dFyn soeauig raofiver wnfgmpmoetadcprging to the present invention,

S M&?eta}[ M%ﬁvlﬂg QQQQ@ %@ﬁ] tnc et b %ﬂlaﬂg diSdr @ NALi S c1kBIC Birdb@@ng sixteen
t hrough di verse radio

SHGHGRTAT yoaa AT Te BV SR AR D T pppued s
WarttehnareemepscThe Obsmwe@bee?wmfﬁge¢teermlW@P all Slﬂtﬁefs@c'aie Vesitignng signals,
I 8 Opadsin SRS prébk Resked oMo siginals € alpSditii Solu@dn a@oEhdi.i ONi Ng

signals. In multipath-free conditions a cluster of
positioning signals provide substantially coherent
measurenents at an 35 observing receiver. This

cokexwanwe of positioning signal neasurenent is due to

the geonetric range and unit vector for each .

ngehotéege?qtn LIPVén%toP,' 8190605e§ 8 ?}(e; Iengl gndf eg‘g& f%r t?xe m1t1%_abon oli] godg gﬁ ﬁamx{\ér-%kgse multipath
minl tosifrainh seome Pt mes O%mtemﬁ%lérswchfgnoldse’@@i’i?éef“ WSIF“Pm“ﬁ Gsignals, received
W&@o‘ég{ cﬁzet@é Iladlcplﬂﬁé Whl&ﬂdxlﬂ@t ﬁlbsgﬁlaily&qﬁa[ @bidiric rankds 8bdahit vectors with respect
¢ %l se{vhn% 1ece196§ ”Phes% %\nge ﬁhlg qa!s afqug\” &Cae clgs@eg ro@qgsxc—uohﬁh signals. In

environnents due to radio |ink diyers % s atan
c F“é‘éit’aithrfge enndifrar atlestenefiPpstigaieFienaly e pgiE e '\%ﬁ‘? ¢H QF BEpers =2
t b@erpasideivenihngolsiegn afl positdaisd Higaerdsgenght ipdye by thA@cometric range and unit
2 ggﬂ% Qo834 %OSP@A#@IQ%{HQ %ﬁé‘ﬂgally Tnel §arﬂé( wlt}n fibp\édt ad auk |obﬁervmg receiver.

anount o tionin
dgﬁ\éwaaﬁtmuﬁlﬁﬁlh ccinﬂlgong é ser\{lri; rec‘felv%r w1l'? Inotlrfte%shre gll ﬁ&sﬁ %g ménﬁs from a

e aivitar ephemly. PASitipning esienm cahereicp éieqmdesle rultiply ewtr?nalﬁnfs due to radio link
digs &9 SRSinBSRSte litipabi reTefion] Whid) afecpheipoaitioning sigfal measurements of each
synchronous unique 5 positioning signals, received

t hrough diverse radio |inks which exhibit

substantially equal geonetric ranges and unit vectors

with respect to an observing receiver. The observing
receiver is configured to (a) determ ne synchronous

uni que positioning signals which exhibit substantially
equal geonetric ranges and unit vectors wth respect

to itself, (b) conpare and then sel ect substantially
coherent positioning signals, and/or create a




best-fit estimate of the determ ned synchronous uni que
positioning signals, and (c) determne a filtered or

waoobess349 it position solution, such that optiP&Ei/AD200¢/000419
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measurenents and subsequent accurate position

solutions can be determned in nultipath-affected

q{r]ll\cl {n{h\(}ln nﬁyn rl‘lse a Ldﬂt otf g)%el &beerfe eé‘n%gsﬁ%ﬂpgos%mp&epegéantt 60 the severity of the
esent I'nvention an observing recelver is configured

fﬁmwﬁhﬁﬁW@mgﬂcluster of positioning signals and then

sel ect substantially coherent positioning signals,

SRR e rEr@an{ Fﬁa&ltbncd?s@lﬁééptfn@gs ofl Qte}pleﬁﬂgsa glolite of Binthedh@d unique
Iqrogtmﬁ%n% gg}ﬁl? n%ﬁ Vegﬁ?qsl.l%lnde vat‘arﬁe ra%m len}k\s/ Wl’ﬁlch exﬁlbltesglbs%m&déq&? Ba%m&uc ranges
ceosh firiitgyentoesdvith eesweptdon @bsgrvipgiseeiver The elgsgrylwfc‘élv?r I1s(§|;1‘1i«f1§ured to (a) determine
Cdyabslois @fquRsitidning E]gnﬁlg whithggRBibissubsgutally dqtbdibeo@etric ranges and unit vectors

Sle?l rés%«]ttto e!f ﬁ)%ﬁa rle Qxﬁttﬁngé’le%tesulgséﬁgﬁy églﬁ:ﬂsﬁt%s@cmﬁg 51én§1s and/or create a
ererore, ‘gnr esent | nven

o
shegpfia besiticrsdivtipn stgh fhat dptimad) rapgpmeasgqergmmgd qg@pqqglt accurate position solutions
PQS bd de!@inBDin SluGRlaFectell Endinmmitdst €d from and/ or received
at substantially the sane | ocation. Accurate position
solutions, free fromthe 20 del eterious effects_ of

i [the iprsstrdd, emEO&ﬁle@ abkserrerareveiopa opsgIVRgecsverc "B%ﬁgTrFf’eto compare a cluster
Om&[tMﬂllﬁng&S&ﬁd e Beleprsaatasialfyfchieied@ mbsitiotingainsats ¢hadirasmgtfpath-corrupted

I Y Erg\é{imlé¥§w t&NBgyEIMemzﬁl aAfuftﬁef éﬁbo@m@gﬂ tﬂ@ﬂgseﬂfmvemmn an

S%eéﬁr:gg%ggé is Iﬁﬁ?{’}( %{}etg Itogcgegtle # ?eatrﬁ? ﬁsamat%%;'o cllugte Sogf?osf?onhng 51gnals such that a
plubstaatially yultifethSieariza mbayuraiesttiy delsutined) Thereins He Preﬁﬁt“é’ﬂ)ﬂ@}‘ provides the
e&b@ﬂﬁt@tdﬁsermﬁla!e bbttvéh Sirdet pai RigRIkNAd LieRmRbRipt sphads using positioning signals
pt? aS sm1gte(3 tIrom ar}ﬁ%r recelsvé'ldte)l sh@g,%t{ag}! tLQ/salgechgtlion gﬁmtpwltfon Eoﬁﬂ&@ Sree from the

an
st R gl avl@aa@f b wse@ﬁ% 6l B B R P e once sufcen
t ranGmrdateadviear ri er wavel ength, or |less, apart. Each
antenna 30 elenent is positioned at a knomn | ocati on
and transmtting a unique positioning signal.
Preferably, each unique positioning signal is encoded
WBYS$TESN ANH MEEIQPseudor andom nunber (PRN) code, so as to
create a Code Division Miltiple Access (CDVA) system

tfh rst, emtiodl}?llg It gtu t?e &ggnlt ¥n{/ ?mnrbgcl&lasqpeatlaﬁsnggbm(g s;tnﬁl%h%@ utn(ql%dposmonmg

requenci es b
r @é‘@}i \t)hé){ugq asphe%lﬁ/foif g)&tiagyddlitr&utle%Eaém}teamgwa elFrPﬁlté If‘ﬁl t1é1?smtt ﬁuétenna elements
b paditiohey voh sttstamisilyi ehdab geomeind guees oSt vaglais vdth s¢sppatato gin observing

S Qodr gn@ ﬁexﬁdﬁﬂp&éﬁ a @‘Ie-%almf hife er%lhengFIJr UJB\te@ﬂfkthS or@3Q bfart. Each antenna
fromnu nat s

e
t ﬁlérpeé? Brp%snﬁrix atgaagrgwq %an?jm ea[n%,?raenlsmltotla a u?lﬁl S 8%31t10111mgn§tﬁq%1 Fé*eferﬁbly each
onmnige sistiprdngisian! is rguded withe eniqug psgudorpre pTDR PRAR g9 & os to create a Code
FIDgl'ISll)l’l Nfuiﬂ@f: ﬁccbs§ (diiﬁ/pl) &€l vath Bliniqud@dbifnih§ S@aletring frmBmiediton identical
cie b6 rv1 iver is configu rece Iy QF ransmitte
£ caljrrler ?an?n asr b I}gr}&%%‘i (§ nlgg\{édqg €c ;'vgg'nd Q&&&@Q 2 a, f t itted

siigni to differe ennc% el engn ?r g %1 e direct path
1 O PO HER: 397810 R feigie myltipah coppisthaien’s o ppilinaiiic

C kig@itseihd th@@ore R Sietiticdeiétamigusiiiiéct of Deltipathen AGifioning signal accuracy.

transmtting four synchronous uni que 40 pseudor andom

C BT 1o e B OB e e iRl grc povie

PQTY A0 DOOAgly WBHiped, antmls elerm& 182, 1495 1043 &05 which are Rottsivel

S Radwin &k |a Yrafhing telubt® UDE BosRhieE Bdvierentis td@iting B8, syddrn®s unique

105 ag of?x%ﬁllnl;e} @ C!:ocﬁg 107, “169‘4‘@ & QR@Ea RS spMilMtr@ﬁt@d antenna elements
era space at one-half of the transmtted

carrler mavelength or less apart. Each antenna

el enent transmts a uni que positioning signal on the

same carrier frequency. There is also depicted an

observing receiver at a first tine instant 111, which

recei ves the four synchronous uni que 5 pseudorandom

nunber (PRN) codes 107, 108, 109, & 110 via a single

recei ve antenna 112. The unit vectors 113, 114, 115,

& 116 and t he geonetric ranges 117, 118, 119, & 120

o a1



pseudor andom nunber (PRN) codes 107, 108, 109, & 110,
are substantially equal between the transmt cluster

wAa2®4ms8349 he recei ve antenna 112. Al so depi ct ePCT/aUL00/000419
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observing receiver at a second tine instant 121,
whi ch receives the four synchronous uni que

pl%? Uﬁ? fgﬁgqm %Q‘%}a@tfau} E B‘Mlteé: ngeﬁrﬁl egteZnts 1]098103 ]1949 & 1@5 ;rg- ositioned at

ecel ve ant enna

VI@E‘{’I’OIP‘@UO]}? ?hlc}ﬂ_@‘?lpl efe_E@é/ spa&edf%e haéfl’?athf ﬁa@sngtées ﬁaérfeIL Yv%velFrgW @blgss apart.
12:¢h anke@B, elemd Qansiits3@iqud potitreing sigmal enythecdame roigs fregmingpu @here is also

pcfé nga[‘nad%gﬁmg(rg) Bwr aﬁ@ﬂﬁtstm;'eqz_%tantlﬂ8 whidd Feceides 1}%Qoﬁrsﬁ1chronous unique

tatlal transmt .clus
aﬁ&ax ?rW orr} 1@18%%/ n({de AR aY@ZIQ9 &hﬁo \ala a sxr(l;g[n rea:e%e anterﬁla II12]'1(?1e unit vectors
) b0y [16nee T3 oqse oSt Vs A, 1o HerT ShopSEires wiass
[ ﬁs&d&ﬁnid@ﬂl Hﬁﬂberﬂ@ﬁlﬁ)t do@® 1d7] 108, toowsan tb, tik Bubstantially equal between the transmit
chlﬁ. elt 109 ﬂ-{gll relcjme antQ?é/ 115. %ls% ggplctea Q tﬂe Bl%er(fl eJeiQ&@tta s%ndl&l- instant 121,

iS nove a tra ector I ne
oB‘%Y%‘r‘?FF‘YF@ thp @ereﬁy%rﬁmb%%ﬁbeeﬁea??&é migeet AN i"& ’é%ﬁi” é":‘“’ viaa
PiraieccéiteGRnnariasAprie innisveftos 123] 1P4, 139 &US, g the ehomeiticdangss 127, 128,
n%bgrli%é PRN);- MQ%M&QIYS, unh@egpse\;h@:&ldor& (ﬂl&@ bde® VA NEB, 109, & 110 are

d:l)lﬁ &antﬂlé%qtleil He%weterhthejlra SITI lgsteD E(%p Odr tﬁe recelv alt_]%nna Fz‘% creasin g.

serving recelv
méedspirtethe He §aJ?§ﬁ’€Y ligg i &p okzs,W@ﬁ@elrfé mfva% frog i F s origijalpggition 111, toward the
pB&itzani oatidunh er its(nBRIN)aticro the SDulify this hO8; aldhP Se tréeclodyOline 131 the
f gngmlﬂgh %oe‘i\fexag\émo&nggi lét?ti: ﬁ'x'fegrl'tgcﬁ ci& ﬂ{aégp@@{)' rQéaﬁtelTMnts for all unique

| neredsi n conel 819 11} { tﬁt 16e rtionall

gEEHER1PR HWﬁéE@“fz“?s 10 2‘@ P58 0&%%6 éﬁ%ﬁﬁm&“ £ Vet gprgrionaly
2@cr2Bg. CoRArrenthy2 Be olgertigreqyiver tDiaeplep brspsyrepienigy and giges] gpiggeths for all unique
aﬁgeﬁ&ﬁﬁmﬁ- glgnbEIQPmezocP O R7 1109 N0 8-1UNfrdm BReWdnet BiktetSID@4re ZOBrtionally

ord v nit vector

r gxrrgatsm% %g i%e co‘ncl smn o n\1/0é/% ?thhe)éi%?t%c %@29{27 128 1%92 & 130 and a it vectors
g&Bnet-rleT &I’léﬁ g@&e ob*gmpg regep@r antprg 122&0 the Bosglgrtn%é@ﬁ DFH% cluster 106 has
f EHdige® Wi Gﬂbl@dﬂﬂ)}l.tﬁe relRtive|tsRtigpS B ot aevehae ) U2 s, & PR geometric ranges
Eﬂ/elsiz é\gg & %Q%etweellglg fou {&&%OMMMWMMEb@WRW) codes 107, 108,

nmeasur.enen fromthe f syncnr on
P % FBtb PATAUHD e AIPRRg e Ld o, Pog g e
&pstikibraiiiay gumten@Recddes LHFs10809, & 1§ hasggapined ’M’é?né*f“@ fequal. Therefore, it
Zén%@ﬁern%t &eﬁlﬂlpiﬂhﬁ& ehvitordMdhtd 4 @:@i&lfjﬁdﬁv&eﬁchﬁtﬁ\ﬂf Er MY [pGsitidning signals,

S evglﬁh e[x i 1¥su tantm?}y ec&tg% ggo%{etlelg ragg;e% and %&? tI)rE %gh Bﬁ@ t‘o aq %i)sglgmg receiver,

antl a equal” geonetric
raﬁ@égld%mhﬁtamﬂliCWEIDG?‘@“W%‘WW@%}B@%‘*P t0 an observing
receiver, wll provide substantially coherent

pﬂ?t‘ex%ﬁgq{ah @(QF@“’ %x@lls &B@@%ﬁﬁﬂﬁﬂﬁ §w1rd%§1£n@ rvsrhérag aszYMoﬁng Unit Device 201

V\Al-pé(?-l ]é)b'yes té)urlrﬁgag%ﬂ fy| BTHF%C arU?,?P% eleBgr{/s 28? ‘3(%0@‘2? 8{ W I}]Cél oarre cdollecél'\:/el known as
f @trnsgipetsiea?doyPogliioging- UmUqug@e W isdarsaritiive &y ypar og{ggumcg@@eudorandom
2Q (31@5) C&ME& 2, 208, 805 8 b1 0BG theVigth YoatkeNPUAKitASd anfonria FBAGEI202, 203, 204

t I&EZ?])E el'lh% ipatlal %3 Qr?butecli %mlrlglelygl 20%6’3' E(ﬁ 82% ale%osmoned at known locations,

chronous uni que pseudor andom
nubech elpm el DFE BORTR00T & B4 6T HEHPy T 5 49
SRépkctedlah ybsetisgd febebet B vaivh @neias ek dave sinchr@@R uni@ Pseud@Guidom number

5 6%% Eod3_%7 %&aﬁdﬂﬂ Y vxgh §i£éie' r&&b@ﬂteﬁﬁb@nﬁ@ uitl REBNLIS, 20215, & 216,

a‘[“ﬁhf’e‘%ﬁ%‘ﬁ“’é I aé‘%f‘é %][ e% ? fSﬁZ?(F %ﬂﬁ ?Oélr Hﬂc(ﬁanous uonc1: atl ?seulaorand(ém (PRN) codes
si2gfh 208, A st He g aﬂréanezalv equed rbetiveep ¢hg Eprewit le{SF?é ?Oé aildstheaF%e mpnna 212.
dep, atRddas 1%&@%\6&&&%%&@@# ViRétralZdultipatibinpbhefite e 28223, Be224, each
four synchronous uni que pseudorandom nunber (PRN)
codes 207, 208, 209 & 210 via a single receive antenna
212. The unit vectors 213, 214, 215, & 216, and the
geonetric ranges 217, 218, 219, & 220 of the four
synchronous uni que pseudorandom (PRN) codes 207, 208,
209 & 210 are substantially equal between the transmt
cluster 206 and the receive antenna 212. Al so
depicted, for illustrative purpose, are four spectra
mul ti path conponents 221, 222, 223, & 224, each WD
2004/088349 PCT/AU2004/000419 9 relatlng to a

LY ~resa N I P —




The first spectral nultipath signal 221 is generated
fromthe first unique pseudorandom nunber (PRN) code

wWQe4mt3¢h has been transmtted fromthe firstPCT/AU2004/000419
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spatially distributed antenna, el enent 202. This
spectral 5 nultipath signal 221 reflects off surface
Zt%étg@rl&' @{eﬁh Y& QEseJdU;’é‘ndBI{?%ﬁhb\éP(Pﬁﬁ &@@7 2562 b 1218, AR has been

h respect to
t%Féeltt?dérﬁ%“ﬁfPFt@dpad% 'ﬁ‘g Sé‘ﬁ?ﬂ Eﬁ%?ﬂ%ﬁ?ﬁ%@& PPRN) code
20he firshgpebiral ufyktipatf signad Ztlrlemeeesed dres the dist vnigee pecadreeafidmertuinbn (PRN) code
ofo7tven fhEsr Sebn &HAIGE fRSandREapaam duishear an{eBBN)eme@ de. This spectral

2mulft at{; &nal 22q %:cqsuo?ftsuryace 1’%9 Qn%gll'l 1|veas‘ta!tt r}ecigt(/eea%{egn% 2 20 th a one hundred and

Il zati o
pgléwot@gr@rpaqgeﬁhﬁdﬁtb gppect opmansgﬁﬁ%u%ﬂpselgq@p(@} nuEtﬁﬁéPé{N) code 207, and
t therefiek igetds AOP®:iwi chraliation ethe Bisemiieygeut @ dinv@mba TARN) Ttk 207. This

t [legt%tlivg ganl:egQBn Jrgateg%%tl%fvédl szgﬁetl S tl?!zua%gs@ﬁtlia@dnloy pseudorandom number

O BB et Pl el S 3o o o
péeet@hﬂaptam sibtantinlindsenprdef PRIYrangothe Inpgrgied CPriisr Riese gRE) measurement accuracy
Sp&fthE @bt uitk bdeigibiiiond hgidbal (Prd8 2odk sv7generated from the

second uni que pseudorandom (PRN) code 208 which has

been transmtted fromthe second sgatlally di stributed
anteepian serceapitiagipnal #7 is egpiaied fom the spagndyygiapq pygdpjandom (PRN) code
sb@nalch 22 2ednehisattdi@f fhe sdaenfl aggall A6tributed astennd sl@sntgl03.tThie spectral
r ﬁx&@f)&ﬁ%lg@&ﬁlﬁﬁ %@cts%&‘%ur%etz% Qld glﬁ{;e@ at%gé‘cgﬁ aﬁ’cg‘ﬁ§§12 %lith Q Lero degree phase

he .second
C Slgéw%%sgectatﬁ Hte feﬁOétp éljfl%l? 8selbd|9r61%0ta ZP;?{?I& gogies #)? {ﬁere ore rovug\el)s constructive
aeftditipri ofrthegfcordhyeiqus eecpdochndoni nyuker (FEN I R dféwwetwtaferz addition creates a
( RENEcesQOgna? @8ngth Mith Ser&hakS bHift) Chd predottel ghint nbiiier @REBdo@Sndcarrier phase

h L%ﬁngslgcﬁ)gw%%ql Sol)sgtgéérb §e¥v£re2[5% ’\éqauy\gtagg vﬁlﬁﬁ Qoemgﬁtgr Ir?t&ig] teti Carrier Range

dorandom nu e and carrier
k“él’c)meﬁ@ eedi Fam (i %WP%WH%DS%!B%@F% Moy CBHI w2051 1
remai n stable, which does not alter Integrated Carrier

R‘?ﬂsgﬁtd S}%Qra(du@: dth 5@@@% i€ Q&t&t fifok Nk ﬁhtqﬁ@&@ﬁ@add&h RlidfBer ( PRN) code

nﬁ(f9t ﬂbcét?’ﬂ %eF tﬁagfmltfé érgti‘n S tgtn ?p%{aél d§1?trr1b8tl;cn£ ennat enemegezgi 'I%ls spectral
umiigiesd sipa@ Q@otpﬂ;ptﬁi gfﬁﬁmfmqﬁéq' ang mpggs apthejsceive @denpehd 18 pyvith 4 ginety degree
bk shif ans Akpkd @0hd thiRhilResdiftkandbmSpaber @RNYcoth 259, ahdttidré@dle creates a

Elgt?era@a%fzs?ru 1\%%!1] ! 2t9)€' of th-lemm% é\%@ﬁ%ge andoHldLntttlerp(@II{Itﬂ) c§deg&falﬂns moderate

surf arrives at
" dsiebs caeioh aeam oo 1 TR YGRS b epfiggied phese rackin
S hiird I Thanpstudoring@p@eiber (RRND krge 4nk barribr phade Gergingploevs drimthelebparving receiver
NYRES [ daB: BL\'} e Yalale wgtgxgmod@xxa]tg Elh:%rtl%fpﬁt{ueoréﬁ Al Bfgr@ted Carrier Phase (ICP)

noder at e ctive I at i third uni que

o SBEBH AR BOR TR B s ae SO8 O E mder at 6
destructive cancellation cr eat es noderately | ow

I‘ Skl Giibhth SikiaENYE BSeritd O maHR f@s Sk pbw@ckarfabia S'nber (PRN) code

g)c\!\(/htch%as §eenj; ﬁJnSmltT Ia%ropts‘tﬁeu %ﬁiﬁ’m] Hﬁgg lanténEaF@\gmeﬁt%g ThlS spectral

carrier tracki ng OOS n the observin
r @@l@p?\gheﬁtgnal éaﬁretgftéofﬁﬂggfz a%6ea|n§,13 a?tfr§8‘feg ay the\ﬁ?eb\fﬁ antenna 212, and therefore
macte i tredteyanpditdtrasce biiee fpsheuderpemdpendmchuhigt @§Npdogeck10. Received signal

C@t[eﬁétl%rrenP RagQae! Witk ho astfialdBakadd rtl@dﬂﬁ@&rﬁ)r ﬁﬁ%uﬁ@@d&nhh&rﬁer (PRN) code
uni g rp euaqo

Sﬁ C(iavl PhEsS | rﬁ li(lﬁ%?)ﬁps w1tlfintglre cﬁ%almig recel\éeﬁ erl ar ma(tjn ¥na§eote<9 VJ:thh leaves the
f metlctqrauﬂq i etegrnicd Geroer atx?emtﬁl’hm?m)éqmettm thecfera*élmqmuewﬁn@t number
hasNyereribamsdl tted fromthe forth spatially

di stri buted antenna el enent 205. This spectra

mul ti path signal 224 reflects off surface 226 and is

not received by the receive antenna 212, and therefore

35 does not create any disturbance of the forth unique
pseudor andom nunber (PRN) code 210. Received signa
strengths remain the sanme with no associ ated phase

tracking error. The pseudorandom nunber (PRN) code

and carrier phase tracking | oops within the observing

recei ver 211 remai n unaffected, which | eaves the
pseudorange and Integrated Carrler Phase (1CP)



10 The observing receiver is configured to receive and
interpret the four synchronous uni que pseudorandom
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fromthe four spatially distrjbuted antenna el ements
202, 203, 204 & 205, conblneé with the four spectra
rq“ﬁle R)BS%E’IQ rege%pg @o%ﬁg ured 2021'1celv2 g% mtga'gl thegfouz gy‘}lchro-gag umque pseudorandom

confi quration to sel ect subst

ey SRS b ot ot o SR D BRRT L Uitauied tgnag clements
5202, 1203, 2frdl& @S, pamtinpdieithathenfow tspeftial multnafhrparmeoneyfs 281 @22, 223, & 224. The
PRtk nsglﬁ‘angédn& eg& aibagltléﬁa dhkBt uﬁiila&aud&{al@a)l nunmenpme rcodes 208 &

as urenmen
ﬁlg % OIgpl I?es ﬁ f mate seudorange t[r§ a? (ti E\a@rler haseﬁlcf))z%ﬁ)glel and signal

Fecel ver an
R@Pf@ﬂlr‘qeﬁ*g‘ efﬁ‘?ﬂwb‘tt‘beellﬁlhif?an%‘,‘t °‘t“‘ﬁ“é @ apdsthepbgsTving Eepiva" e Pk
of four chronologically synchroni zed Positioning-Unit

%\félrﬁﬁ %ov?’g]ﬁg §Ql%re 1§&§eted8é ngtgfé'rk o?ﬁ@ruhrg&ﬁglha‘ﬂg Eﬁglro\ﬁ\‘ﬂzédh’oﬁmnmg Unit

dgevfﬁ%élleéoz? 3|r°§‘?§3rﬂ ,tefmg ﬁ(ﬁl 1%‘3@ wg%?ﬂp'rlt@gjﬂ Jlsgrg};tf;qo 8Psm1t cluéter §05 306, 307, &
f 308 tyeremitting on idghel fajriersireqtencien it firstaitappit eiust8 % trapsepiiss fjint sgnchronous
f xQﬁ-J;[le SISO QbiSbe PRI SEL AN andaminuipar sphtRRNJistributed antenna

r‘?‘ts %%9 3 143 ]395 &3311% Th§‘ sg’c%r% t\(a{ngngtf gl&g[e ?&attra%éﬂujs )foué syélchronous unique

| but éd’ ant enna

sréeeﬁaldw AR (RN cprst &7 E S ea e dyfrhent BifgRgsiements
UsRiLAze, 32p SetrdoTha nidd mamsuitrioester 3PRMnsnde des sy3dhiyonoud hque @ dorandom

&,.344 mcédes%s %faawa& ba¢ velitSit g;am;t @gmba@a mﬁ}{a eellneﬁeﬁu $30, 331 &

t%n@’ﬁ%"ﬂg gt %g%éﬁf’%lﬁ%té‘°“h?¥?°&ﬁré°“b% qtid%se”d?{?i‘ o ‘l‘%“%e" (PRN) codes
N8 H BRRNj36cades sBPdy digidigied 3gignna gen@rg 337 @%-’éﬁu& 340. All spatially
smﬁﬂu@a hnyenihi efeinkrdtskeus, 8 0, 131 RENAL, 8l2e 5B Mg 332 930, 83332,3871 338, 339 &

33?213 alﬁ ?tlone%ra¥ Dnosvr( g@ﬁ&’st tg leé&? él@rﬁent?’ 9a§ Jl&ll?gnaplghglespogxgéﬁ[ng signal on the

onous uni qu seu or an
393 iy, Tegey. WS Inu| SO SEATEREY df SOPbiERYs e s
agyha@nnas eli@apaideraddy purd3EPRNG 8@1eB03 400, 31A] 12,.9pAa B 18a1Pp,)B20, 325, 326,
d&zfi%k Q@I.’at ?ﬁ ﬁpwgﬁonﬁhm@ﬁﬁm@ a-lgtnbuéa-ﬂ'ansnaél&»stmsa(ﬁ; 30@3@-7’ & 308 via

gﬁ’ﬁceﬁ’? glteﬁngs’&% Ileeﬁlgave&?rs 24% 3%9 %?SOC a%ﬁ‘ aa% tﬁe geome F]: ranges 2478548 349, & 350
ebfemst syngheereypinianq negydaepndpm nguiesr FBY) qofley zﬂn?*i@edéfog fARgh tragpnit cluster, are
t f18stadh11$ R baher da@itrafsin® LAY the TERRE entdnt 38d. SO depi ct ed
an observing receiver 341, which receives the sixteen
nchronous uni que. pseudor andom nunber g cod
%\g obssrileg re@ﬂyir 34 lsri%ures 3Lf§cwnt<->l)f%tlomgq§mt I%ezlﬁas 0§>2 51 v1esg %etermme a position
3dWyion3ABpraldB3 B¢ ot3Bvng r@8ty 348 uBBE af leagrhrde ResitowinerUng Patideato dgtermine a
d{w%tdfrﬂepslﬁaﬁ gosﬁ15r%ﬁ{9ntor chle'a'@ Foft P%sn?bgigg-Uﬁgﬁmceg € Qetertind DBreM hiRensional

0
&pOgl&@ sglﬁtéont Oé\’e&é 8%19? ?ogltlc%n%ﬁelfleémmegigi (f\he, §§fgvm%rﬁ<'§weréﬂ13g§zmg less than
ofret Resitionjuer Unitylreibes ovrots Witk @m Brogsisteqpel 61T 8] Hie AR invention. The
( Mmg&@@ﬁ& WeRbELe b FodRe QAL MtefpfeBINS fikien GYnttBAneIs ,unigife@ositioning

sw alts Eantsn%ged fl%ln |t1¥ fo%%ﬁ 1onggb%§&}ﬁ&%6p 3(;2r@§] SSIEOE s&h 'tﬁ%ttagc[lrate position

ecel ve antenna e observing recei ver
3%1!b?@ﬁﬁ‘?“?eéérh%@fem"éfeé%‘tﬂ%m tioning-Unit Devices to be
in viewto determne a position solution. Preferably,

t e 0b§u§§ly lafl Geckifeld ednl\(}@er poglﬂ&llnﬂtsﬁglndl Zpﬁe%d@etngek e@®dratddNCLRr Phase (ICP),

P&ﬁopg% %@ ﬁ%&b# g%h ﬁbe%sullel}qeéltrs] to stoel ogstervmﬁ recelver poiltlolmn%al%on?qm ready to produce
P@ysqvgrrdgtﬁmwgd ngpifiqn sqhaign given s@f@le@@psg}omg-]lémté)ewces in-view. The locatlon of each
t hinegr eHidRNSdnRnalithid Gadd QBhshnit Qlust&Ohdytadso e plodvda\t€ Ehe observing receiver
position solutions determ ned by the observing

receiver 341 utilizing less than three

Posi ti oning-Unit Devices remains within the broad

scope and anbit of the present invention. The

observing receiver 341 is configured to receive and
interpret the sixteen synchronous uni que positioning
signals transmtted fromthe four Positioning-Unit

Devi ces 301, 302, 303, & 304, such that accurate

position can be deternined. The observing receiver

can: 35 1) Supply all recelved unlque p03|t|on|ng

T 1 -~




an over-determ ned position solution given sufficient
Posi tioning-Unit Devices in-view. The | ocation of each

W0 ean®s8a3E9 ant enna el enent within each transm tPCT/ABLM®H/000419
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may al so be provided to the gpservi ng recei ver WO
2004/ 088349 PCT/ AU2004/ 00041 11 positioning
og{?ornin%qg&(iltk%’ua tc@gs?Lt atcﬁ%{%c;}é! @c;ra% P qg%a@cﬁ %m@ngwse (ICP) measurement

neasUr enent
d@?@]“?ﬁ“ﬁ‘ﬁfﬁ”f?ﬁ eaﬁlétt a\’ﬂ%ﬁm@ﬁ% “F?t éwg%oi’serélﬂ% R W BHent

and the observing receiver antenna, 2) Supply all
r ﬁ cei Wﬁﬁ)l)“ Ri QS Q§the| &Bﬂldﬂﬁg SR BleuddB AL OFiaNGR SGarrler Phase (ICP),
S orpglgrgatn?l s1%§%lcgengtll measL{reme{xts to gl'ﬁ nggr{/mg I‘QCGL%% gg)s;tlgmﬁegi a? qh whaimploys a

pRSM (Reseivan utertogens iitagrity Mapitodns) é%?ﬁih@ywasufﬁmt Rﬁstﬂpzé‘@éin\} Dpvices in-
Addévﬂilﬂ@ﬁ@lﬂ/ﬁaléoﬂﬁhﬁgélectsyheNhEtlntumbatl’n@)ru]ﬁd g»mttiomhmmgnw frén each Positioning-
Frtltf ﬂeg’ l::eqlrzlllismP glﬁéte} lmg @db@%emluges Q&ybegt% 51%15‘15 1nYHe %Wltl‘brhﬁlu%l ”IMB location

orithmselects the | east nulti
YR B EPg A PR el EFOH &V-‘A'f"%m b g e
t positi@ini talgoritius tie pssisnadcusishrseduaat knd lpfegeated t Gaevise Pligges({CP) jmeasurement
S ic@RHa8on bBwheh BacP@Béntit aBnS dnidhtiaibe oBd3Oing RED/d aBtbhna, OF
each transmt antenna elenent wthin each cI ust er may
al so be provided to the observing receiver
pBsi t i BpAbhY! Eegse iupiA Popitoning Sised PrElERsE e‘ntﬁ%"é*‘lfio%‘frﬁh Gpse (ICP),
anébplkming geat @ehgbatetisuenenthabeobdGig)receiaa sasitignmentgorithm, which employs
dﬁﬁa@ﬂr&ﬂnﬁ@&&tﬁé&atpﬁta%ﬁlﬂn %%ﬁ)hucg 5 %ﬁﬂb&sm%ﬁmafoﬁéxthalman Filter.

r %@?Wﬁﬂgaff%?ra%/j%QSBﬁ%ﬁS{ﬁ? g‘ﬁ r?{lée lg%aglﬂeglfﬁt B §1 %mé IUmt Device using all
| prewdgpprart, ddes@ie (Chrder PRiya §EP)( PP, and Bispsh pt@p%th gﬁlgpl egje@hg/pﬂable to the
S ﬁcfslﬁcﬁﬂfg ngﬂﬁlﬂﬁ 6 A P&sﬁlortu% Unl ®eaks @ MéwI Thd B&@bnV&@Teach transmit antenna

gement w1 11n egh all %}ﬁ %k%%?sronbe Provu? Q toec oﬁgxﬁ% re%éve?ﬁbsmomng algorithm, to assist

bgcgltra.tq: qs«tudcpj@gq i Bperated (aatlleblﬁlase 1(18][?) %ﬁ%?ngdegrwlﬂxdnﬁtween each transmit
Fhnkch@relemehhad postsdrvigréceiger adeg@y | t hm esti mat es t he best
range measurenent from each Positioning-Unit Device
oy iR S BB AL e o e
avem| ivble; nd sighbstrepsideiusmintigficnl gdr tapsmihofusterie & mean pseudorange,
PQ&@&E@@EHQQPIM@'(I@PD@U@E@ Sndls@navwel\lyth md@rem@GatHe@ e clug@Glsitioning

tr 51gna1 measugm dntts zgorig w1tlel tlbe agllqalent metarh 10&t1§1ac% I111 %Jlté‘ﬂﬁg &éme@%m%l $O transmit

receil ver pOSI I oni ng
aplgs@r e Pty a4 P B ObHERR A Pesigtivssieaiye Ry produc a posion
| sluBgH cateaafidiar RobiminPlisisBevicds @P)n-vis@as ur enment
determ nati on between each transmt antenna el enent
ag)gr ;gglprg}o |Sal E‘%I%lg Vurélkeﬂg ei;]\élg{lnén%nst ge{l] tpség%or%)ﬁ es, an %Qi:d 8arr1e1 Phase (ICP),
pgm@g p@mg@ﬁs’crer‘gﬁt@@m&m@@ fmlaltrpnémxt Dsigeia the ()lps@p)lg receiver range estimator
D@E@llth%r The ad'ﬁge eStingifballlgoﬁﬂlfrﬁﬁl@fatlas {RERGAT iR MtSurénie@iTtceited from a transmit
cl ust

clPster rpef%) aas%xgr , Ieset-:fp ;ﬁ% g«%&éﬁ,«;ﬁﬁ%&&? %rgep F’IQEEQ?OP), ggépleé%, and signal strength
sﬁlﬁféllﬂfglteht bR POﬁTPf’é@éa‘Wé’éﬁ Ft?%&f’ésr“mﬁt&@fgf"‘ %Wﬁgﬂclude any
S la@rb@hatenﬁ&smmleanﬂmlslm véalch prgduvsds & best:fh golwipp aucie st fonas@mple, a least squares

c ? 2 S1 019 Q/elglfted%g%j s@ﬂ&s@%@sloﬁ l vﬁgﬁcm r&a%ftemd @stlt‘r&@ sho@BS&idkate or similar

r &&}é‘ q{}e&i’novﬁbtg fhf)?e 6]ﬂﬁeﬂ éﬂ tﬁ‘f ﬁ kaefeﬁa%t ﬂtrpéxgtbonm% s1gna1orr?eas%1[e¥!:ngsgalong with the
p et bast-fit ertion df elhantsrne elemas fitkin @man@ww?roﬁﬁq Hegeauprly supplied to the
D%%br@ﬁgsre@[v& ﬂoﬂroﬂlhffemgorlfﬁﬁdx'éady DUpgabag agbditiof &ﬂlﬁgﬁ/(ﬁlde dufficiepl @ositioning-
p oni_n i.gnal pseudoranges, Integrated Carrier
?ﬁnbwfféﬁgléﬂ%bppler and signal strength

measurenents froma transmt cluster to the observing
receiver range estimator algorithm The range

estimator algorithmestinmates the best-fit range
measurenent received froma transmt cluster, before
passing a best-fit pseudorange, Integrated Carrier

Phase (1 CP), Doppler, and signal strength measurenent

to the observing receiver positioning algorithm The

range estlnator algorlthn1nay |nclude any 35

o,




techni que known to those skilled in the art. These
best-fit positioning signal neasurenents, along with
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el ements within the transmt ,gcluster, are subsequently
supplied to the observing receiver p03|t|on|ng

algorithm ready to pr oduce a position solution once
sufficient Positionin Uni t. Devices are i

WD 2004 FHESE Shocopsterr Eftﬂf dﬁfﬁ‘ﬂg‘mqﬁf’z"°%‘3°“‘ﬁ%f‘é’}aﬁ1f% Pectuster by
cohesrismip@rnpanveleted diom theegrevip\cemprising efiie-Piessing iqesdiatag (I & Q) carrier
Sti‘a@ﬂ%' l&pfﬁe@ﬁ}eﬁa@shps@db&&fd&ﬁ oy tradk@ETRH inﬁ@urérﬁ&t@,"ﬂi&ﬁdr@@es, Integrated
qﬁag I(:l;h S€ I(IEE)%]%SE{G%HQ rﬂ%#ib? %?a@{#egt% D re%gi]/elggg&qg’%gth%:d

measur errent s, pseudorandom code tracki ng | oop

Meas uy elae fibsantiqil g etidar angesitidnng egria tren eactbira@antrclugéer for supply to the

Phas %bsgljv&-:gpeoemq;gﬁfoﬁ%ﬁhm %Q)pdo %dd@@ﬁ%&»& @é@rﬂlge%’pos@cﬁg solutlon once
recel V

coher¥ ?e“hﬁ?%‘&wgz’% Yq%“ﬁ 5 d“‘%‘e% ?‘)&F i °?“P‘b ﬁ? e""gb ﬁeﬁe{% *’s“sm‘%/ antenna
cl ustelement withingaph plhsier mey afspiee prayidesdy ih¢ heprving esaqixpegositioning algorithm, such
poSi tilaoduA@ p@hc@ﬁﬁg'e bfdMitegfa@@ ditridr Phaf(0Ef@su@ifents can be determined,
over-determ ned position solution once sufficient
P03|t|on|n% Unit Devices are in-view. The | ocation

each Phwuled eoeatialy sgherr trigpRositnie fienats fremet trwnﬁtﬁi“ﬁeré%{éwply to the
cl ustoeervinmyecchlessitraing rlgwiththe erhithoentplogs DREIRT Rpoaiger rA@©eimpey Integrity

Y 03 ' }Mo?ﬂnﬁ@ algdr 19191" Mtllf' Mﬁc@'ﬂ @Bkmoﬁlmymtméﬁéég ALRwRS RUGa 'él@é?ﬂﬁ?n selects
an nte

det elﬂ}ﬁl??g dnu t183 Qr élllpg'g Posglarﬂlégt s1 él’ﬁ(ls froIrr? eac! ¥ O tleormg%'?mt ]§ev1ce P ansmlt cluster
posi tadombseryendly wppreikess best-Gisneirin the pasiigniohics| The fogor efpelecte transi
supplaptedn® eltdgis waks ed'ch/ L‘lﬂ@%r hRE alko/El prg¥@sd foltiRNdbikEying receiver positioning

21 9OLLLIMM, WALED EITROX B CRBRRY S PO OP S

I nt eg gorit | cl ent
Posi tdFtEi"ﬁ‘inﬁtj’“ pfreen "Eﬁé‘\?‘f“}f‘@ga“Fcﬁ“a\ﬂe‘@W e ?’?ﬁﬂ“ﬂﬂgéﬁcﬂ‘éff EeRth
sel ects the least nmultipath corrupted positioning

sign Q:B §1e£t @L@Eﬁnﬁzﬁlg BonBRas hlﬁﬂu@ﬂd&ﬁ&m@@i%ﬁals e bé@let1di1§nﬁtrbﬁ1%rtfor supply to the
cl ust best -

in tK serﬁ?}% fef‘?w(%rr}p(’%‘?ﬂ%ﬁg ﬁ%‘ﬁXhmTﬁ'eﬁl oea ooy 3 %‘nap%?p“%tee ecetmgtéf A ot o
t r ansrdice a baytfe itioe forpremitess Kalean FiereBie Rosisipringtalgprithmgptimates the best
al so rpge PEMMEndRdrdmOeatin BosBIBSERIUAIL MG viEee Gl \4B sel@@8 i sttistrtiibllygcoherent
al gor Isetux ra ge&%te?iédlé 1@%&59 EI@%P?(BﬁQUQQ El&@l&ﬁen@ﬂ %easurements available to

Inte | er nmeasur el’rent
dot o FATTBRYBEE BN b EHHopPEHEeE o4 Ui AP EPBfEff e s
and tuasmdbseny iclgenr etigh veh chisttremayagisodp pseldeicto the observing receiver

su bﬁ tptaﬂtohﬁé zllé()rltﬁlg RELsER oot ﬁéﬁ@orzﬂl@@dn& ln@ la.t&giaﬁiem%le &ch)mRBurement
eac rans

recei c\?grfnmﬁt&)g eliwesr}ﬁa%lgrarg?‘ng %nrtemfaﬁzgmgnmg thﬁo servnrg recelver antegna
appropriate mathematical algorithmto pr oduce a

best cf) Eélect%@&sﬁﬁtﬂal@%hefe&runﬁ%aﬁﬁﬂloﬁm@méﬁaﬂs e edecth {rdn@fit clubla€for combining
pOSI t | (9 \I,eﬂlgm |09 ﬁ{eﬁd&nlg%k %rﬁtégp;?eﬁ ec%rr&nh ?hageééP) Zéoplbl@ln Qﬁd signal strength

msasur emsnf eaclt Posit|onin Dévi ce us (9 | .
al | JEPHEREE t%fweg}ﬁs?ugqrqnﬁe {‘PBF{@F 1er Pﬁ%sgg(al’ TDé?ﬁlﬁeé andsignal strengtl
| nt egricatiedenGarteiearearRiragepofiti@R) sigfBopphuementsa plohgsTid el apparent mean

S|t re n&tatf]bn gf?aﬁ%&éc@@%@ eﬁhﬁ@dtsl \ﬂt‘ﬂin @he lu@hsmit a%tep a® |s¢bbe@®htﬁ'g;upphed to the
gorithmfrom

Th e |08%35{n# 6?‘]061(\5?‘ pgsgmﬁm% Forl e%dyt E') rocgc% a gosi‘%lon soét}{lon once sufficient
eIenéﬁﬂmmmtﬁmﬂxﬁaéwewwwyter may also be provi ded to
the observing receiver positioning algorithm to
assi st accurate pseudorange and Integrated Carrier
Phase (I CP) neasurenent 30 determ nation between each
transmt antenna el enent and the observing receiver
antenna, d) select substantially coherent unique
positioning signals fromeach transmt cluster for
conmbi ning and averagi ng of pseudoranges, |ntegrated
Carrier Phase (1CP), Doppler, and signal strength
nmeasurenents to form nmean pseudorange, |ntegrated
Carrier Phase (ICP), Doppler, and signal strength 35
nmeasur enents. These nean cluster positioning signal

o .



| ocation of all selected antenna elenents within the
transmt cluster, are subsequently supplied to the
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produce a position solution gnce sufficient
Positioning-Unit Devices are 1n-view, WO 2004/088349
PCT/ %Qc@s‘%sgaq{paﬂ}(%heréhamﬁﬁe pgs@cloﬁﬁé mg%&ipfﬁrpe&th krﬁlmlmy ch%&ha%& %%ate best-

uni ositionin romec transmt cl ust

and CPTERFETERLT b ler e SHRGE FERER Sl Bars eaesion,
best wigltedr leasigrauages tagmenion rveightefomgan, Hiltpreds estihaten smagthpdogtipate or similar
SQUakLHmiheHoRS Tl 1Bie skillo® inghu 8¢ Thee@fihated GobadoRSge, Integrated Carrier Phase

regr ﬁgf)ié]gcg)?mr\/\gh ght &8en m aSurefn{exl)tg El % w1t§ﬁx£ apF:ﬁenﬁ)est%ED %%ﬁ%gsaected

esti ar 0se s

in t AEengg flementiiReatiansy %rw'e%aenﬁ& e 3 g Qbseryipg st etperifioning algorithm,
Car r ireedy thhratne aposftiofCi8ution[oap piffisient Pasitbnigg-griktdlevist sreinglet.
nmeasurenents, along with the apparent best-fit

EELIS 5:} eécf1 %ulfbstan%allz) C({i‘l@l g&ul?qgg ;Eeoglp %me eg?\%;%%m €a ?g ]E‘lbh are combmed and
posi @Ye@ﬁ?dﬁ@foml gen ipeshiiping Srge%axyasqr@aeptp G@lﬁh ae @bﬁwmb ipesped to a RAIM
sol utkeadiveDRG0SAEE fntegriteRbnithiaig) dokitiing ggokihint WDeNIuBAS: PaditBning-Unit

i n- VID%wces rn VIC%Q£6 tIMSé%prﬁllinggékjctﬁ hl: Péaspgmgﬂ’aﬁmﬁrrugﬂd rqé'ég positioning signals

posi t'i oni n i gna om eac
conbPﬁ%@kéﬁﬂ”“%@“%&%ﬁé@@@“?@”ﬁﬁkﬁﬂﬁﬁﬁﬂmﬁ8§W91on|ng
signal neasurenents, which are subsequently passed to

a RAIgMele& Bﬁﬁﬁﬂtlé‘fﬁ thé%ﬂt %@Eﬂéﬁon&n ts@rgfs 'frjé)M P Elﬁs@ep thlefggre combined and

Dovi cuerd 0y Fatieh e S SR PRAR Cop Bek & PRBIBgTon o 0e
mul t iopsaving WWUEF'@@“W&PF‘“B’BS’W POiiPNg addotfhya|mgy include any appropriate
avai hnaftetiande&iHas ertepbduyes USRS-fit B@gien, FaSdxarhild a KagaalFster. The

I n t :Bgsni%l? %ﬁqaqéogtnn §39L'1&£s tl%%est l'lﬂl"_é gl)iasé egtc%Iom%%E:?%gsﬁlgﬁu}gadn t)bevxce using

V\:hl c HH as‘eléior&w?t%&d gﬁ'aer Plg\spé[,(‘gb %app{eb arrd%?g,%l fef%]gg‘tp measurements available
pos i td tﬁlﬁl’polﬂ@m&g ggmthmrfreraslquslmnig-SJplt Dévicedin deve The apparent mean location of

subs t@&é&ﬁ@ &An%l%é&@ gerEths tvmfr‘n ea@lb&ﬁltﬁgr\fﬂa? Qso be FiB¥idB o the observing receiver
posi ti oni.n Sitio

el B G G A s Ra LA S U U e
pr odyeeryingiopbatyyeerf qagh trgusinifineons clefient anésba?haqr@ngaGCKwr wrepne,

Filter. The positioning algorithmestinmtes the best

rang %) sggg gﬁﬂ%’t&gﬁg Eo&gl gn?%qﬁ%?tloﬁ%éélénl(ﬂgﬁ&rp&ch%g}lsklt gﬁs\t’elr Gfich are passed

usi n oran rate Carrier
( I CP) hrou%bms iy ran&q,ﬁtugqtog ﬁl&qutbg]ttp cﬁ'@tbFft mgleﬁr%lﬁee Ilﬂte§rated Carrier Phase
avai (&b}, Bopplen artd hignaporsigthinsirergenial Tyoe bestitpdsitionngaighal measurements are

Posi tsﬁb@éaﬁeﬂ@y H@ée& tpﬁ'ﬂ‘!'o@s%@mé @ecM{fee\ffosm-Bmﬁg @E{Piﬁl?ne Wincln'%@iﬂoys a RAIM

legg ﬁt(lléq%%%e? fél}ton%g}xs §Afe§rbty %lgnatﬁr%nébaﬁ%ratgm tq)gg‘ntl dundgrgsosnmnmﬁ L}mt lDev1ces in-
r eceivigerihe Y tlgogihinrrgectsl throledst mplirathpomuptsi @@Sltlaleltguﬁiwl%aval able and
PS e Ud@kaingy 18 thede BEsL kigdal & tiepbsitiorfolubbhase (| CP)

neasur enent determ nation between each transmt

antenna el enent and the observing receiver antenna, 25

h) s &) seleqt subipg Aty pohreat ‘I‘niﬂ“ecpﬁﬁté’f“éﬁ‘gnﬁlﬁfr‘tﬁ‘h@"hﬁré’é?f“tt Roinik r‘i"b“’h are passed
Si gnakrewigh 1 ben-Baobe Estirges plgdrithod ta $ére rbest-fhpsaborage Inrgege arrier Phase

thro ﬂl@) BOJB%IS Endfsﬂgltal fcx‘@r@‘g%eﬁuﬁ%ﬁlé@tﬂgse Qelstg@ Edsﬁlm,gtsi@naf Qéamrements are
best-fit I nt eqr at ed

S equep ;g'la SO ta 0 1879 rel ver OSItIOI’lm OI‘IEhm W$§] €m &)ys an approprlate

DoppIHP= ARCPEFGRAT ok BT CrreTPe Rty
best _nfa’phpmqtj@é plgqu@ym t@]go@pegﬁaqt fifgeldqny fehepmpie affatman Filter. The positioning
subseguamt tymPa B 06kt fke nbRur@ksE ow i) Pbs@idRhg/@fit Device using all best-fit
pOSI t &)S@tghlpggmg?b&poqnl sLilﬂmnt mh&l %ﬂpbé%é«?s 1@\/1% lMlcﬁéglon of the selected best-

Recglver Aut ononous Integr|§y Moni toring) algorithm
VVth redundant Positioning-Unit Devices in- viewthe

RAI M al gorithm sel ects the |l east nultipath corrupted
positioning signals avail able and subsequently uses
t hese best-fit signals in the position solution. i)
sel ect substantially coherent unique positioning
signals fromeach transmt cluster, which are passed



35 through a best-fit range estimator algorithmto
formbest-fit pseudorange, Integrated Carrier Phase
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These best-fit positioning signal measurenents are
subsequently passed to the observing receiver

pos i tflt Qg}krﬂig a@n&%ém%rﬁ%lﬂ%éa&hcl@nggyﬁo a8 l%g@erd Qp 'Eh'e %Ss@rvmg receiver
mat hemat i c hmto F

for é%lgﬁlﬁll olétﬁ%g? ?f‘ﬂﬂ aEPrlatF B{e)udor-ﬁ,gé rgg%tfgfa?eg ﬁiarﬁa- P%ase (u éP) medsurement
al gordetermipption betvreert cosh tpymit pdegta clementiand e ebsuvismeseiver finteorn
each Positioning-Unit Device using all best-fit 40

pgx\%rl CBA’I&IQ id19¢ %E %\%_Ig%scxflqeg Eglb%éflingnlts(i‘ lle\mﬁm t ogcl s%% ngj_eag?ﬁ {)&3@ present

ces Invie tion o e se _
2RI DTSRG TP HFED YPPE%EPPQ"“‘“E Aigfs candp aﬁ@?ﬁe%sedawb & Rffit range
edstnasn taigoritnt, Ivihivh @@ Ghbsghantit gocess@lywithl sSi@stifie pgitioningl@ghrithp, which are
t R8s BRG pleBroli 8 G RAMBReceRS AITRIBEs 1RGO Mobildg) LiQri@aSi St
accur ate pseudorange and Integrated Carrier Phase

(1 CP) nmeasurenent determ nation between each transmt
aflugeriementSpasive and t he observing receiver antenna. 5
Arhre G iviniadnd «Dithe bpatifpeviBii @ vRtidle sigfituld@thn@inet"EIa kiSser the elements
f QL Jaom%n‘é(h kdd tegg tlQ TR atl'?‘&)gaqglce%gre@xm&oragéomtlmﬁbep Eﬁﬁ?g&ies becomes,

i nvent| on. or exan‘g , .substanti al %} coheren

p@glt]ie 18Sﬁ Isl??@al élivaﬂtall calﬁde b"lgle FEPQBP% €l§‘§ baaawgt ip) dlﬁtated by the minimum
bexgdcted pliser'rnmrg:elver espirptivp from thg trglgmt ¢lstey. Feafoptipfymageselts the unit vector from
S%Qﬁéﬁﬂk}rﬁ @ltmlnéﬁt \Oifhﬂlctﬁ‘estﬁ%n\ﬁdugta tcﬁth@%ﬂrfgir&elﬂp sibd feRRh Elgstantmlly equal.

x?i?ﬂse(\ﬁlénlcewer POSIRUnteJ t%rther a{ilzvg}g’ f qii'ltge tran tpﬁ‘/?:'t 1 exFerlewcggrea%r similarity of

celve ononous
a]hgmqvgcmrﬁ con@redfo 8 plservipy reqq@ﬁtposg}g@é pnﬁ@)s%p@ty j Tganpypyt antenna element
NMipRiF Wil eieBighs P aatiaglcwihtnthdbbrvp &tdmaﬂ degaraddnsi Jrigd) Uit txChreferred
t gn?og(ﬁrmnt %lesféxscﬁ QJtennaTJlL%exﬁ 1% o@&mnte{'@lth%l 0 uer %E@length spacing between

posi tione reater t erenc

betVRRR nﬁé‘%%l%‘”r BHaGhERBer BRIy u%tdﬁcé"é d‘@é‘é‘ﬁ‘h@éa carrigh{gpauency of
t hesHzaBisregpats aa kntaiac@msit $pyeing & teeohiesV ethm. The maxi mum

el enent spacing is dictated by the mnimm expected

opser Vi r ver separatl on fromthe transmt
Pﬁg?%t (Hl%E Embod

HF RS m resul ts the unit vector from 15

el pf tambewmasc@qeé Fresier sRpbpdinants topiiealsp bg pRpldtto @y farment trprgmit cluster. A
t s BBENR G CoRiRBled B useNbiS s nét Efiddro, Spldibﬁ tfriadutric@ lot olarization diversity.
eﬂh‘tﬁérmﬁe, '%ntraggrﬁteglﬁ/s{ep ?xa}r 6 gdnff&[:ed ROSL e{n§) NGt Ghati@ V@ uency, or

fromt transmt erience greater
PR PP i Thre Ff’ébOii.n‘P?F“ES @%t@f“&?@‘“%% AH A Eh D B

observing receiver positioned in close proximty.

T£)@B§myt diRAL RNRA ﬁlllsﬁnﬁﬂtP051t§)Qiﬁé:UﬂgD@lfce {IRBYigWEViE |t1@d§191t BSlurality of

. sgln no%g Iunuilulg pf)ﬁ‘ltmg%’ 51% re]lrs Ifrgrasaeprlt\l{" 1g'gof rrga(f\iquv(? SI{rlbﬁtgcf z?hteg'r'l:a e?ements The

ameewﬁé?melrweme plposd pEh pbgdntidlly seval sfpnichic gangw endh st Ve@w rViﬂerespect to
Wedetignekiers ﬂ'ﬂméaﬂgelé&ﬁﬁt\waﬁd 20 kedwaneiios atdQrafmitinglaZeiqielpesitioning
SB%EII %Le aq dhE I%llnényspm 1%;@%1%1}2 gnethglfethyggrlger %%G%%Eh and the synchlonous

persion. At a carrier equenc
r BjeRasHIne signals pre @rﬁfﬁréb%rrsa’ﬁ%?ms*w& 5 G 98 H@S‘B‘F%ﬂé’f‘ *dsﬂmal
60amancidr ansm t C uster Enbodi nents Al of the above
descri bed recei ver enbodinents can al so be applied to

any. form of tranSQ% f
n,@ Freﬁuence/o V_[_EISG transmd uste1 A ?osnblor{mg%mt %evwellsl contigurad 0 transmg a plurality of

Sgyathoaqus ufiqug qqﬂgpﬂg}g s1geqls B phyrglity pf ifrgﬂqenepsvé{yﬂs?ag}yumque positioning signal
Fosinds refsiiiédon it@ovinfufie Meduercy. UBd fRifiality@y pokiGonihg Bifral b @ghsrhited through a
use any conbi nati on of spatial, frequency, or

pol ari zation diversity. Three enbodi nents of a

transmt cluster are described as follows: a)

Spatially diverse transmt cluster - A

Positioning-Unit Device is configured to transmt a
plurality of 30 synchronous uni que positioning

signals froma plurality of spatially distributed

antenna el enments. The antenna el enents are pl aced

with substantially equal geonetric ranges and unit

vectors mnth respect to obserV|ng recelvers wi th

o s " o, .



signal. The antenna el enent spacing is preferably
one-half the carrier wavel ength, and the synchronous

W@ 200g/0883pDsi ti oni ng signals are preferably pseRdDAEZNON00419
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number (PRN) codes transmittgg on identical carrier
35 frequencies. b) Frequency diverse transnit cluster

su@lepe@§ﬁria| CQHIEI{T] Grabdai o a%c\u'ncﬁcaho% Q@théﬂ%ﬁcﬁg uﬂl&et;fo%%@ ts1gr1als are
onous un onLng Si
r%Q‘era paerugé an?o}r/n n(%?lﬁ/ef &El[l [¢ (% trag%mltteanott IH(P Vé%%lﬁar{'ﬁr] fra;geéwwsg

p03|t|on|ng si gnal belng transmtted on its own
Ud) iP6jbteatfofi &thlﬁ I’ﬁﬁgémlt dilser pA BésalboditigyUmDep@Ss éohﬁgﬁﬂ'edﬂ@ uShs@ @ pSrality of

hltorlo@(p rg Is %}rhgal'h‘og) VRI%%’OZHOQ& d?ﬂﬁ@ rﬁglauzed imterma dplements The

/AU200 g e antenna
anrsm% an&caéet 1?136??‘ S GY RS SHBUE UGB OS P THiE g Sbsering
siegiverb, svitaragh clgreatfsiiabity kpsie ldgivamd omsmitlinbe uiuiPRhjioning signal. The

CRLRS efeﬁlélﬁamp;eteﬁtgy ﬂﬁbed A dibgé |pl%éﬂlty fo @ﬁerahcﬁ'rer AL lﬁﬁﬁ\ﬁ'p&ﬁlomng signals
F?re pr %qera%q pse{ljll I Oglo d Vbeeg (%ﬁ\I) coc%s tran?mtteg on %ﬁntfcal c%rrler fI‘CChﬁlbnf)leS

Bevice s eon
plurality of 5 synchronous uni que positioning signals
fIIhO:hE prefprred retbddinyentD Eyn@nfdnbie gaigl dsyud@oi@l hmeet @RNEBA& are generated
ﬁ[ﬁ%&é fT-EP a P(@ﬂ& Rt %e\%geﬁgﬁ %reqra%mmeégﬁgltamoﬁsﬁ from each antenna

substant] a ran e and unit vectors wt
r eS8 g lﬁ% N}tfiﬁ*ate *PRAIEICY R 11 SYNG P BUER PEIRRAT number
siPRNBat@e aty be knowivcl goatidwitand RosidmdpUbit iDegeeaand ri gu@essively

PRSintite@ Qﬂr&@h %Acg Qﬁénna Jéﬁfént \ﬁ{ﬂtneﬁ%snﬂﬁ SRNSa @ﬁeedlvmon multlple access
p(r[{ ghﬁg} scpen}é seohahat eachI € emgnt t?asﬁsemxp 21 gﬁ&{]iulgn gsteydg:ar%o% P%‘?bg Qg%]{fs >9ode in a unique

e unique positioning sign

ﬁ@@ﬁ@brandon1nunber (PRN) codes transmtted on

identical carrier frequencies. 10 In the preferred
egmgghﬂgn%nmﬁynchronous uni que pseudor andom nunber

(PRN) codes are generated sinultanequsly froma o

%%(?bfeirv&ﬁlrﬁaveuﬁvhin aE%vp%tgnqg\ermsnﬁ)‘még ilgngﬁ §m %e%lérﬁnes which unique positioning
siigmé transoust yit ponpagaddr tamné ghder. Bl @bseming wedvai nace@es each unique
t 150@9&1% Elgxﬁd S In@lrprets hﬁlgﬁloﬁ 8431k t£ne. m@&ﬁi .lorﬁa@‘tnﬁle thk l&@atlon of each transmit

Sz}{lpen a egrglgng g“ges cl;s?alse\r/ e g rgc):g\g:ﬁ ge? rr]?igeg(\)v c]} tﬁansmlt anten(na ele'\rRentclocatlo%s are within a

F’é@? PPERiNg wathem@é Mbéheanei tripemis Ygepraplsnengs| eyhitftSsubstantially equal unit
t VeaxtrS i lptolelri¢ Biped 1@ refRE b IRIVbRAME retiverTEH3 bbswih ihd Yeddivé declares transmit
t {F%@\meke (Esl \M1§C‘il %ﬁlﬂlt%ub@[ﬁ&lbl@eegﬁl] E{AltS\Je&JJS M tgéo&n@tlr § ragb%g \%ﬁlsrespect to the

such el ene nt ransmts
u??ﬁeq‘ug I H’d’F A USRS BFOrBmiveace e pritioping ﬁlﬁ‘&b‘@“ transmit cluster
t idanefigficntdata GHittis tite mavidettoe rdak masstgenan@ Gherdforeotiswe ssdciagon of each unique

r ﬁgﬁdn}ﬁ Elgnam%rl sﬁ:&ﬁéﬂaﬁénﬂ%uﬂﬁ' ! gbs@@@' rEdeIOJﬂ Ire@égves?'a{ng Hl@kp?ets this cluster
1den§1110at5)tn daga to 1d?rﬁ g/ a% soc:1ate ef'ichqm ue sflonl ﬁ Slﬁ_rlla? \glthl eac%?’ansmx?c’.lﬁ{er

S&CH par
observing receiver receives each unlque posi tioning
sr@aricrand | nterprets navigation data cont ai ned

tk‘%ﬁﬁ eq:oélt ni n% ?l[il%(ﬁgedt Egn (ngegvzﬂg iv& fthrc%@lp ve&s‘é ?Jéé\%‘ aﬁltenna elements,

antenna e servi [nf? recelver etermn
whighare r"}ﬁii’fgilﬁ“i/ IR nEroeh e REFHE PR ATONE: SPEES i ?IW?lﬁy &t disorete
Chosiganing rsexalsriThege tiscrapngpsisionit hignalsaexdibivaebtimgellyt dalgrent measurements in

t &uﬁﬂﬁﬂmﬁ‘ée ANLRRNA 1R ARBAL ScBXdhd RbhenRyBsd fﬂ)ﬂatelaéﬂ keedfve @A clement to
ttﬁ S r%nﬁmltt (e:nﬁ%gu stang1 aﬂx/ gci,ugnﬁ%\nl;eve? 15 aanng.l.?hﬁath env1ronmen Qhecc}lscrete positioning

dignplareesiyed ﬁfoawé\msq recelpinEspig glemings ﬁ?é\*ﬂ@or\mliletent Pé%ktnplbg ipeasurements at an

Sabbesiliytéckivdr| Hhis @6HADhercddRid duv @ChOdbSorag tecg @D MBAIThE diff @GR Bected path

V\élénl;ls frcgﬁ‘ & Crgceﬁfgantemﬁ ele&éﬁ%c‘ﬁl W goﬁlglﬁéd\(&%ﬁ thLlpreggcu@e direct signals, cause
transmt cluster. Furthernore, each unique positioning

signal can transmt cluster identification data

within its navigation data nmessage, and therefore

al | ow associ ati on of each unique positioning signa

with a specific transmt cluster. The observing

recei ver receives and interprets this cluster 30
identification data to identify and associ ate each

uni que positioning signal with each transmt cluster.



Receive Cluster A unique positioning signal received
at an observing receiver through diverse receive

w@niogissz4el ements, which are individually i ntBCPABL®E000419
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through separate recei ve changels, creates a plurality
of discrete 35 positioning signals. These discrete

P@S8drdn @r@t 5}9 si3had n@tgﬁl neexéatenénts f<§ um bbdidslgal. QQJ;a%fo@ft't‘ be nor- ~coherence
nts ue 0 e
begv“ \P&Y t°“‘Pg %ﬁ‘tgs ) %8‘?‘%%% Pe “teat%ve“ty &\r{hg H’f‘gg@h‘“‘t‘r@?}‘ﬁ Ve

antenna element to the transmtter being
STH@$fe&BﬂZ ima@htloy dRHIB| mitigaipneF &g and I’darﬂer-li.’ﬂhhlset ekt in positioning systems by
eﬂééhsr oq %\Qﬁg LtllxﬁluedﬁogiGJnﬁE ggrﬁlotﬁljo&%h Q%IUQgty o§ ép%ﬂ@l (ﬁstrll—bgt(é‘@ }eé/eﬁlg antenna

from di verse recelve ant enna enent

nDIUB REPEITPe pULE PTG S'ere et‘éfﬁﬁg?eﬁ@t’ft‘? %‘ft""l%tﬁa“"‘bﬂ‘ée&? {Ppeyg antenna
r ety @il recfing snteprrplepoittaranegon¢dswith pebstagialiyhauad bowetsid magges and unit

re&&h WRE refiRa Sl tht Rghsditddl s%ee Nithle@dh| RGbR gosn@tett i) kvl tb@h& to one

Qtﬁér %ﬁ& Qldl'\‘/lgl?aﬁ}" ye@etv%\r%tt € d?ar e %nl%g%n&tlowg (s"l%rfal \qu%n Coal recetve antenna

ZWWB% B%’QOWFAUZ@G‘&TI W&@@ or %% %tr'f f ‘@r"éﬁtvmﬁ é’fﬁ%‘@r is prepfigured to
sindjridkllystdaeies grudh, e dspree e piuglity off diserate Inosjiog gt sighdtd, Figes to mitigate the
ShelRAdus efERSf AMRPER bn ;;atmonnglacaegﬁr ence between
positioning signals is dependant upon the severity of

the multipath environment. The present invention

dRefeing 0% thfie| Galietecrs dpickdoEs Paripnipsp | Revicpsts gh02, 403, & 404, each
Ntshfigupdiith 4 shgle GSdsinit ARG leBYHS 103/1A06,0Y7, &5108BAIGeDEt known locations and
r (%ghec'oﬂﬂgﬁtgd t@n&ﬁgﬁlpaqﬁlq&gﬁtcﬁrbn‘a&lp&glorﬁﬁggs&@il 4d9h£{16) qglh&QIZ Also depicted is a

p ur al Ity of Sp distributed receive antenna

PRt &S grpeive é‘tisé?‘ nﬁ‘“‘& ReRPYHE WoPPHA O iT Ry 1o prtenna elements
t Hirclighicas pl7uEah feteive afenpolememt 411415 Ml6dk ¢Hris@nnedidd adcrete receiver

apthengang, b et KithirYnl obsfe@ﬁi FeVeve@idb. %&ﬂe&k@@ﬁfﬂﬁﬁ? Ab120, & 421 is

s%gclhlto}n(z)e? %r%r\t/l\g(:({orgm(?nur%%{v%% ock 2|3 )grttcP {3&‘ 90 c%:?srsEEt tr;nlltc4€4[ a[{]dt,ggscrete receive
SiegIcem sy, GHicHS.) Huhieh mwnmte@ﬂe@scteﬁwamwmwﬁus 419,420, & 421
I @éagtféuOtiscte@ pe@rangokdedd Cafiel Phaaeliier) dwagdidr)ind SR istehgligmeasurements

t Bleeaétqgggvéérﬂhl% %os[‘?tglﬁtltg sfgﬁ)amlog gll§ hﬁn@hn zP E %ﬁs%?egtp 1Meen @ cl rete positioning
recel \?\Et ennag,

0 e-
cBYPT &F %F‘@W&t‘% 0 P “egp“gft“& e P’ﬁ@“mg it 424
r eeligupeio rdcdvedhsprsixigenrdisetet Rositidninglsisppleiendd | y receive,
track, and interpret the plurality of discrete

gSI t ISQtFEl}n 911 %?!{dédhr?tés gufaann% m%&lt squog‘a%igets hl%te%ratcai Carrier Phase (ICP),

| et erf'ous ef tion
a’é‘tPBIFra%PQ ETREFEIEH PSRBT o GHrg nareoo PO oA B o producs
f arerBagninedgaditivg sdiktipit gividentficies Pefidningd B2 DeviQ8in-vigw Al location of each

etngeh/e ar%eizage%ﬂtfeﬁt Qhthife gle Wt:éi\Ja c1§ste$ |razgllveetotarr§@§15@ ﬂeariﬂé‘ tnﬁp B& be provided to
el emren

40
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Rest M3, Res &l ¥ via bl QAR UStribultk @@énhd eV b370538NGBP & 540. All spatially
al, 990 Jch s 38S '5\f§E 514I 5‘1t5e§19r5§f b o AN 599b§§%r 3’31”%2 537, 538, 539 &

recelrver 1s con g to recéive and’inter
p?4l9 P51 PPt KTy @‘t‘%ilﬁd’ﬂ‘d e TR YRR TV R ‘fnéﬂlﬁfi PP@"“"m“g signal on the
$agﬂ adrder rfiegeicy. itfert fsosiopditted @nibregyingirgpaiadr 5el, wdtcR ngeived h@ sixteen

g %{o}(dupQnd’u@fs@ddb/rﬁ{donﬁﬁaﬁ*dbgﬂﬁﬁ)%&1@ 366 s6Nannab 14, @18 39, 520, 52, 526,
o erhaRe e tha BoGer b1 R R Rp L B RRE P o5 & 05 v

acgesive entenzgrddp. almumh@ﬁwaﬁl%ﬁ‘lf Peek S46apdthe gonasiriciranees Ay, 548, 349, & 550
SbrgRtbur sJHEIER uiifuel pR@POMEERInbe: (FROKbAE eleARMN @bm cabltrfsmit cluster
;ﬁ()éep %R <§ 568 a@é:slélgsgxgaa eqtpap\? h‘n chﬁltlghgmllséhgﬂaSIOSS 5(?6I gOQ%?OS relative to the

énf fheasurenent of eac oSI t1oning Si
f’feE‘Pl‘*i’Fa“ée“’E‘l5ﬂ%t er, w thout any positioning si gnal
measur enent being affected by any adjacent multipath

Cﬂ[ero%ﬁéjreceg@%hlt rbcﬁlﬁ‘és %ﬁoﬁh@@ﬂtomng-rbﬁt 306318k intVRE td’Hét@ﬁﬁﬁfe a position
n als a
so ? ll‘r%éﬁrqo {Egobse é recen{er gléﬁl fl l%(ﬁ atqeast théemPosxtlomrllﬁs(Sn% DE\{ICCS to determine a

ob‘to'él“ﬁ@d’nal P!é‘F‘@‘rSPlPtr?g Oh%i\‘ﬁasf @“rlfPsgtlomsg UnitrReyiges jogieteimfsp & hisejdiggensional
NEsar sklutivh. Hooeier, pd3ttionlutgs Gaskrhiyed By the bfs@vihgziediver 541 utilizing less than
Positioning-Unit Devices 501, 502, 503, & 504, each
configured with a spatially distributed transm t

cluster 505, 506, 507, & 508 transmitting on

identical carrier frequencies. The first transmt

cluster 505 transmits four synchronous 20 uni que

pseudor andom nunber (PRN) codes 509, 510, 511, & 512

via four spatially distributed antenna elenents 513,

514, 515 & 516. The second transmt cluster 506

transmts four synchronous uni que



pseudor andom nunber (PRN) codes 517, 518, 519, & 520
via four spatially distributed antenna el enents 521,

WGH204/08838 & 524. The third transnmit cluster 50FCT/AU2004/000419

10

15

20

25

30

35

40

transmts four synchronous unjque pseudorandom nunber
(PRN) codes 525, 526, 527, & 528 via four spatially
dt'hl%@ pésﬁgrtu%%nﬁrﬁeﬁ&g ?em%hsemﬂlt tﬁe an% sco%g’ g1d aﬁlglil- ofgihc,zéreség %xventlon The

or t

SkenRree R a) i HHRAP=C BN 1D B 51715 515,
55339 525 5%, 525,388, 5%, 55‘3 635\/‘F‘ &36ftthy obsspying Fﬂaftweypoe!iiom johytienatgorithm means
assll eva na toedeiiidtegheb BY an HEA8ietermBBd SositidiOsoluin] (b PaAIMAbdpyhdant position

d§o§1¥15n g)u'} p%gtloﬂ %lﬁlggﬁlte%% %ﬁon %%%%te gl%og‘;}'nm,ségi 5%28%% or (d) any

%-’5‘1"5*}“8“ ‘58’§ﬁet5‘i WfEd at known | ocations, with each
el ement transmtting a unique positioning signal on
t RBerring ABR to0RY. B,it@re i Jeﬁﬁéﬂ&ﬂﬁty/ork-ghﬁﬁl e;hriox&lo@lcaﬂp sﬂ&mnﬁéd@dsitmng-umt

o]?&,% 6'0{]902r &)geélc é’o‘z? reac%%(;lﬁﬁ re w(ﬁpa ?%gt uy n%s?rl 1t)((:f:usg I2;1053&6 607, &

T oRouUs UNi que pseudor and
5 é trargrf@mg Stllfenn@h_?mensfﬁuenm Q‘ he grj_tgransglg Glustgé tra%s four synchronous
5@pe p2@lpraidd nutdd (PR3O des &% 88, Hrips dihea fat Epat&p)aﬁu;tﬂiu{ey antenna
déle?ﬁeﬁtk lai"_%t %@4 t(;ﬁﬁ@s{ﬂst Tl‘@ls%grtde{ra%sn'ﬁtoéustels Q& tra%%ts fé%r 5}91&1@4151@ unique

a receive antenna uni t vecto

BT e DROBET 18 aod Gl 7h ey ity amyish i dencrs
of2lt f1e $2ddr 628y Fhe Hirind angwit Yinitey $€7 penid drua meddmnevs rveye pseudorandom

(5 feRbY: (0g e%emﬂ 18teabeck ézrsamf@aspanatly m&néea anfehrd Sle@énts 626830, 631 &
U c
&9 Thkl‘t3 (i%rth trTnsn? péusteraéggtrﬁlg%tégo%%%ryz cx%lﬁxg;ue pseu ranlaom rtlum%%r RPRN) codes

ansm t IVG

3@3 TREEPY & SN Brives sy ditrikicd gaepy pITRgIF é}fe?%@ BA5ft0. All spatially
r éigyibuedantegmafefementseind, 61310@1151616)@211922%162{)6% 6Ws631,353H @37, F88, 639 &

V48 W tpOsitBBda8F Flome108tidQ Siith 2R elerﬁéal t%gnﬁmng Pl Ef Mg signal on the

t ra]lr?le oabrr%?rl\élug I‘ grel sva SQ 1erd ) lblse%vens 19cte1ver %?1 whchI;] re%eelves the sixteen
G8F £175RiTR g VICeSP'YS HelEF PN

tvmﬁh@n%mubwaldmwgm pimee (8 aftdFSdiQ? 6&; 61ét6112=éé17s§18f @820, 625, 626,
P23, 6b8, 033, 63@,-6kk) izt 6360 tLBur kifdtidll@ tigfitiel @andnit clusters 605, 606, 607, & 608 via

Ly c,%f%e &keﬁiﬁ%ﬁd QA égor%?@'eﬁi ng %%Léhd tRJEDonEQ*@’?aX%E 647, 648, 649, & 650

position sol utiaons serv

r ‘?écéfé'?l Qe pyneyopoYy PRI f?ei*f’@ra?d@@ é‘“r{ﬂﬁ‘a RINsod0 gerpreghfipioeach transmit cluster,
ROY./6M4BT0& B DkiBtant2lly etilal v@dinegh irtnbraitvilusigr-60h 66, 0B \K @& Slative to the
r 8RBRLE Denechhi n t he broad scope and anbit of the

present invention. The obserV|ng receiver 541 is
configured to pass all unique p05|t|on|n% signal s 509,

5hg ’obsg"]_iig re@il/g’64 15‘g_q]ai’res glj:fg:ientgg_syi’onin%wpeg'%t’o i gi’ew g)zi'qt?rmine a position
5s3BtionDFderath3the obseBding refeivedd@ 1 titdizds BiRcaq Ihsee PasitibrEngf &G kWS to determine a
PR3 Idﬂ‘del%mlen 9051% sUltxt&oQ My @le&@%ﬁrk%ﬁoﬂﬁﬁﬁt Degég'to dé(gmﬁg‘a Juge dimensional

determne et an OV% det erm &

SQZ?FIEICP]I salhtlon PB))Nevgr 1thﬂ Salétﬁf’éﬁ gmmes Bg hf Plﬁ?’iw rgcsxlv%tmlolﬁmzmg less than
(tbige aospggqgt(jn@ edesk cpmpigmnwithin] theebread spppe aldpiglglp pll thnpresent invention. The
esobdrViRt Beeér gl iist damgurs&féma@&nauéﬁ@kifmmg fsighatsedoo, 620, did)612 to a first
'a:pl %)roccgs :ﬂb 121%316%2? 6% unl%gégitén?r!ﬁu{gha% 7, 6@6%5" E’cl6g(gto rglos}elgoril:dopreproc:e:ss
c%@ﬂﬁ’@l”@@‘? el 4n3ﬁu%39~ﬁt@wﬁ%ﬁ*ﬁn%~°e@5 & P17i PSR thafﬁ Peprogog#|geréiyn means
6631, an® Qidque (B Boning sighdst 633 632h636,00bi6gel s eth Weirdvesa algdiatin radeds)655. The
dﬂl ec'p'fotéésp Q%&% Ith@ﬁlss&b t659 | 645 te %556}9&esse§ Qk@’ rec@QJd’ clu&erecil- osﬁ%g signals

nsm.tting on identical rier equenci e
f‘f“?@'fg Gt %ﬁ%%‘i‘ PrepiRpstasy i 6’59"?“\5%%‘%&‘?% PS?%&’EFF‘“% ﬁﬁi“éﬂ‘r PG &) 2 ranse
ussiireptre ajgsréind o ererdesna brsinfis eoseuddRiR) estiortie on6 €01 cigsiad, or @) Ia coherence
&Ie@xlﬁna\s{(bnaalﬁoﬂtﬁﬁq % Pabd: adbbiyhtislly Sdokdrdat ps@ioraddtsC i eac® | cRFBNHIS (d) any
613, 614, 615 & 616. The second transmt cluster 606
transmts four synchronous unique pseudorandom nunber
(PRN) codes 617, 618, 619, & 620 via four spatially
di stributed antenna el enents 621, 622, 623 & 624. The
third transmt cluster 607 transmts four synchronous
uni que pseudorandom 15 nunber (PRN) codes 625, 626,

627, & 628 via four spatially distributed antenna
el ements 629, 630, 631 & 632. The forth transm t
cI uster 608 transmts four synchronous uni que

o ~rrss n 0 1 _ NN ~N A ~ N - N NSNS



distri buted antenna el enents 613, 614, 615, 616, 621,
622, 623, 624, 629, 630, 631, 632, 637, 638, 639 &

WGAD4a8834p0si ti oned at known | ocations, w th eBCIAU2004/000419
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el ement transmtting a uni que,positioning signal on
the 20 sanme carrier frequency. There is also depicted

abbnBRSBE ¥t e abf& 8dsMBLd e@g%xlthmél\h h& H‘epﬁ‘&&?e'd \ijgs?tlohll:ﬂge mgﬂaﬂ%( Le eSGbsequently

S oo e PR AR o e siter 0 an over
Qe‘F“mEFE BOS“BIB@EUU‘@SQI (b) 835IM @pee%t Pp§itipnrsdlytien, beWOSIquaolutah fikered by a
dpsitisn ekinta@ehl gofid@in Stidh s adalih Bife§ oG any BRGnati&QFthes€sofBs.Vi @
a receive antenna 642. The unit vectors 643, 644, 645
§46 and the %eonetriq ranges 647, 648, 649, & 6
“EHE PEUF Fey &litfec?ﬁeof?§1°tfﬂnt°%t}°831*t?§’é% THE BTk r%e7|°3 & 704, each
( PRidpred pifessiglernersatt edenfiaratymene 28706 741 K1i08 pashtioed @rkpowad ocations and

6% coffifred 6 Qahsmia B4 sy@ﬁr&loﬁslﬂ)bﬁfoﬁﬁﬁ digadi how, AEYR, &Wlli hls@deplcted isa
e%&tﬂll}; &x%ﬁ?s' {:chlve %Ju&e%%%r gﬁ% Q?Jﬁoraqes four s;iatlaﬁ‘ ggr‘ciibu{eg recelve é(ﬁe_[maoelements

recel ve ant
r 84uils-é¥ &35 Feh @fﬂve %t%ﬂ%ﬁt H@JU‘h |’7 t6 tﬂ lt:@gnetttsi tqyerlisorgte receiver
Vv pai 18,014 €202 BaTi2 h @ittdn @0bsetving recei@oT20t BactnreceRerehie 7 egbV g, 720, & 721 is

t g}ﬁch%bi%rfﬁéinr&g:orhlﬁ&ﬁéc\ﬁ% c1§&372#trhé dlS%I%t% re@élve aﬁt@ﬁg elgnnrhtg %4 715, 716, &
Devices to

P?l%' ta{ct?g]re Qc%nectec? to thscret? recelver SDatP % 2%9”17 &2%1 (ireétg g(tur ?%:Lﬂ’e pseudorange,
p@@grgtpdo ﬁz}nﬁ@ Physe t(ICEb\ﬂon@g ang s@@{ gtiepﬁtbn meagurements for each received unique
t hsie@ind isigen 3090718 71R0S 712) 6 tHObrkitel siften dHlRIR\HGYitioniAOSEnklE BN the four
S lsbok @R BRKEIROR R, YRS ARSer Vi ng recel ver 641
ut|I|2|ng ess than three Positioning-Unit Devices
remains within the broad scope and anbit of the

pFlesksaving meeeert7Rmquirh Iatéﬁmegtb’ggtromhgagmtrlkmedsweje inGid td dstermine a position

Cﬁﬁfténglbiét@gol}t e f@é\f}nglﬂé&&%@z RASstki 198RS P%itgﬂﬁ’gL[%tt@Q@ces to determine a
0 a

6%\'2 dlmens.tohal 8031 10n so uttog,noir aﬁt?east foEr Po tlonlgglgn [%Tge(s) tOéiitg'mmga %tﬁﬁdlmensmnal
t @Slaons*ele@ﬁd{cw@p pesties %ﬂu%ls éﬂtegmtthbh Hie iseirine BBBer Tehitidjeies less than
post Postibiindgng i Dgvied SenBAS yithi?Be brbad eop& akiZnbit Of Me pradekt Gnvention. The
pr@d%%C@é%rath Qr &Ltgmemaam all qt'ﬁéue ;%Elgonlﬁg's@&éﬁ 709,710, 711, 712 to the

05|t|on|n nal's 633,

P CEEN YT e A 0 54, ot gt e
abogiti hipnnisam §ABS Zper@B8 posigGusolugen6Eha prsieebiie filfard by a position
I @6@dtof @igbridISitiek @-lal RSt P @) AYcohbBRRA & theddlbdnbiionsl NY
either (a) an averaging algorithmto produce the nean

seudoran%e of each cluster, (b) a rang _estimtor
aRGEHERN'G Bigph duticer dpigrisiourFositopiagstioPaiefes0b <07 Pt ¢k 804, cach
f cooftoued oith clingBtiersmit @ttenfac)ement 85HE6,80T & O palidibred wrikisvh il@fions and

atag%tftgtt@a ib Qan%l ﬁﬁﬁue%ﬂ‘kl%&r@ﬁtpbsﬁiohlyg stggah 8doef1b, 811, & 812. Also depicted is a
seu

AR R W N L A —
adld\pds, § s & 81 heagh 1a¢eg'9 atenfysismenTHeé, 8{1)5' éwr & 8 B/dsmuhected to a discrete receiver

Pe 415,109, B, & sgNkisn @roﬁseﬁld@fe@éﬂdéxenmﬁéch PRS&E 8B, §106820, & 821 is
%ﬁ'c%to}(laplagrorlhea mmo% recEQe% Icl%ck)%% tﬂlgs a‘?s Qll‘e:gglv%q]ntgrt%g Qcane%s 3'1’4 2?19 816, &

p%)lg Micye Soatleﬁtﬁ‘t fﬁHI’SCI‘ B TeERY pghngAq Mgd é?ﬁ ef délrﬂfeafﬁ &y fisegsls pseudorange,

Shiegrttedoagrrief Phasa (IPB)s iDbpplen agdbigtal dmangfh mtagr@aintd yor &ach received unique

D&ﬁh&nln@ Bigab §d9nﬁb 011, 90/ dnbi BB cr&%%ﬂte@ﬁ&@re@é@hﬁﬁﬂng §1én£l§for the four
lgos1 1?nlng%n¥Dev7>es n% ?]19\75 éO?%OPEO télggoﬁe solutions. 5 Referri ng

‘are eplcted four
P05|t|on|ng Unit Devices 701, 702, 703, & 704, each
configured with a single transmt antenna el ement 705,
706, 707, & 708 positioned at known | ocations and
each configured to transmt a uni que synchronous
positioning signal 709, 710, 711, & 712. Al so depicted
is a spatially diverse receive cluster 713, which
i ncorporates four spatially distributed receive
antenna elenments 10 714, 715, 716, & 717. Each receive
antenna el enent 714, 715, 716, & 717 is connected to a
di screte receiver path 718, 719, 720, & 721 within an
observi ng recelver 722 Each recelver path 718 719

-~ N ~N =N A - o o



717 which are connected to discrete receiver paths
718, 719, 720, & 721 create four discrete pseudorange,

wo nioegsssted Carrier Phase (1 CP), Doppler, and BCAER004/000419
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strength neasurenments for eachj received unique 15
positioning signal 709, 710, 711, & 712, and thus

ChRab&rek ieseeemz@lie@esse&fﬁmn%ilidnngmng)esiceg 'ﬂoatJe% @0 deREnine a position

f o%an E ﬁ'% al}lyo gig Iob:s]gwr%% recleléeggz\é utlhzes.?El?st three osritlogm%wflﬁgqe&lfeéFftdetermme a
PHSrreaFn gositin qolueew aréagst foyr Reitioning- UW@WV*P% tocfleterening fese-gimensional
p e®itibr ©NtionSkdwdiel, @oritiolPsoikians a@érrymedtbb ¢he OBXSEIhY lett@ erl R2L R1iVI8Y less than
7%1?% ll*‘leltiohl 1taﬁev1l:e§ Qé&amg ulftﬁrﬁ thE gt%édt Jc&bQ Ianhgamlgn Io{‘ th%%se&%?vention The

term ne | mensi ona
of G AT %iirwiﬁésiviﬁi’ G MU R BB R G b i dom 7
arepdive ewengh girey B Briah figospodepnlgeriinnéanyB25, bigyve pesitioning signals 809, 810,
PO8I &isFrosOkdahd SdadSTe Q&B@reféhaﬁ ghstaya Jea)ﬁd &Q)ﬁﬁ&syélﬁﬂthm means 826, unique

i‘ o%%onm rnga%s éi(}bltgll) I[éi Q’QS 2 rom tBlrda recelvg ?l}%enna ?leﬁnent 816 to da third preprocess

ning- Ces renn
%1& marﬁednsaﬁ%ﬁlafd klj’l'lqu%/ ;;f@1t1mn§§gpﬂs QO?}\ﬁé(}“SFIOﬁ, 81%—ﬁrém fourth receive antenna
obismnmlng af@gieprepedeesy 2oriths neon B18gThe @eiprocess plasBhmerhdans 825, 826, 827, &

u @28%%@%53% rtede@@l' ciber&t pgsr\@lnﬁg s?gqgs utll?zli% ’e1thzr1(g-)’an Zvl%gu]ig% ft)ljﬂﬁ’n to produce

SerVIn el ver oSitionin Orlt m nea
B Bl ) RO el Sy L TP ARl s it B o
pgigq‘teg, ionfe) ascelierside dptermifidipn alzoFinNG wiop eubelznidlly pahstert rapges from each cluster,
Sed i ia0Rmbifdlipn Bf ﬂi@sab(tve QiBsciRl Ulchr@hnsf iThet SHEfRdesiY ;ﬁsmonmg signals are

p%%éeédeﬁﬁ 8%%?%) tiga{)s(e)rvmg n%? er d)%btmnn%e#gorl ng %gaer]‘isé & ,lu f) 0 detgimme either (a) an
R%\fe@ﬁlefefnﬁiﬁd %Wnt saluhpin,g)r (bga MIP@e@ncg?t@osdiéimo&lﬁ@d(q 4dgition solution filtered
Poysa rositin estigatbmigéritide sucice 8 K8Mdn filtBOGR (d) 8 Sgmb&atB0 41 thegasaliftions.

configured with a single transmt antenna el errent 805

g%wt lgléure%s 1 8% r§o(é)c artgyo Sitmgv Iill?lgi!rgtg/fa Q‘xtam%ys,%gl\{p ea dg )}1%% geﬁ %fa gsmomng 51gnals and
p &Ry e@mewi@lp 8 plepter, &herg is ngg}hpreniglgg}atm&tog@ Possil mnbed efyiogitionids signals
| &r e @dnieb iny cliktey. ThSReateBRiuMEr 6XlpbiGloaRg s&ﬂa?s tralMRitBdor received from a

Ia.ﬂgsgea ﬁ‘ig %Qtlter%l*ﬁ: urte%Htgl of?‘tgeargrlggln«%yul eg-ilir% tolgtééeg fgrqne edeéégse of the large number

ement’s recei
aPftRetiiPAn e Fpsatied or r8°f’8‘°'d b8 fG‘“Ste&sySti“?’ Bjreceiyes ﬁ‘i‘?é?ﬁt agd iOcsecave every
dirggmigdd @igrabo @pevdey in aqo@dance8t8 the 8k®nt 1B @fHon. EhiGiAterewt 1éviali ofi redumdancy is
Ol Shi¥abid Gork foLMBitioRigsystdsRCh recei ver path 818, 819,

820, & 821 I1s synchronized froma common receiver

clock 823. The discrete receive antenna el enents 814,
8isitiogngdigngl Mygsugmgnifhi ch are connected to di screte

I @GtEih e fcofeat hepr8dnBinveBidd, palBA iy atBntiB2id giCdh @dth€pséudtinge, Integrated Carrier
diaiser(%ﬁ ﬂ%ﬁ;ﬁéﬂ doy @gigsmngihriie%%néne%f% i;insi;mgi&a? Holw&IR), ny other

p S| stre neasur enents
r %‘E‘é?‘\f’é&lf‘u‘ﬂi“a‘i}&a CﬁB 8%‘?bfai“8dn‘? RghedPYionine D ang 1i§¢ t°8‘¥f“1 p"“&"nmg signal
8hRgrity fidfs Wikhinghechr@d scepesinddndi pf tol mameinentpo diot ¢xorpla e measurement of
S ingR@k Shdloeddr atuh:QI & OViheasuR@Sitd df @8 bldGviddtbckivdPBavticE 88kihdloops, BWarly and

S%iglé_lcﬁire%gog trac% V% arm éegﬁremsnesrc% gl?%/bsc()arsv%g%egcel\g% / @%}J 2 odgrﬂ' /n?obce)né]' &IP%N) code
PRy {9ck lepms QDLEJF'PI niay bevspdas Surthey mseatqmnof Wséwlltgdlgt??ét“@ﬁfﬁf( At therefore fall
pestirt thatifvad €6de it theiesenPneditesi.abl y, t he observi ng recei ver

822 utilizes at |east three Positioning Uni t Devices

to determine a two-di sion posi tion solution

at 1AL TFEHF D ET C1UH; W G o g gie&eév§d PSIgELET i‘h‘“ijier (ERN) codes
t hitteinterdélipraenstiatechizsbudorpndent tintyer (BRIY) i¢edeinom ddolusiving receiver. This process is
P @5drdniiOndis$ @Hld bdviDNSre o i Pl THAYidhd) @1c @RS @F Mibid@: these inherently noisy
receiver 822 utilizing less than 5 three

Posi ti oning-Unit Devices remains within the broad

scope and anbit of the present invention. The

observing receiver 822 is configured to pass uni que
positioning signals 809, 810, 811, & 812 fromfirst

recei ve antenna elenent 814 to a first preprocess

al gorithm neans 825, uni que positioning signals 809,

810, 811, & 812 from second receive antenna el enent

815 to a second preprocess al gori t hm neans 826 unique

L o o N NN ~ A N ~A A N N A N



el ement 817 to a fourth preprocess al gorithm neans
828. The preprocess al gorithm neans 825, 826, 827, &

wW@2®4p883¢esses the received clustered positi onPEIYAU2004/000419
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signals utilizing either (a) an averaging algorithmto
produce the nean range of each cluster, (b) a range
eﬁlEaISLﬂ'ﬁ{eﬁlE inPd1\@ ctelsREHE Ghifping CUACE 1R Q:@&Fan(iohtnuxﬁlﬁ:p g‘@d\l) codes to decrease

s%ddg%gg %Je \mlc concurrecthl'h%c%'egses m}(ﬂépc n]lt ath{l %q[weva?f luy/;reased chipping rates

rmna S
clS‘Ffé*’F“eﬁf bﬁrﬁwﬁ@s refq*vern?f’évarcf?n%lma@ﬂ epd regaiyery pomplgyityg The present invention
cdisrsenatsysem aod méthve vabey e pdﬁﬂi@rolf Biedlse athigu@ rahd/da Bcretd iSitioning signals,

Piv&EEN &ﬁﬁ%%@sgntgﬁ)}séqul ml B&orSdnd Q@lm?trmaxlér?ges At p&x%%té@ P1t Jol%‘éllanﬁﬁ fashion to

pgeérﬁ%se gﬁaﬂxtaneg%s pfea(%alg%e él?l% aﬁgmlggettadlélijtg?t%)thgoﬁt the constralr%s 1mposed by faster
o#@Pm@@F%rn1ned position solution, or (b) a RAIM
dependant position solution, (c) a position solution

fb!)ptpﬁxr %‘gthe QXnt&t gpﬁé tp}e&rl]t ﬁvcéhﬂoga{s QI[Ie Iﬂ\l:ag.p';o"}e&t I'Lﬁ]rela%ye mot%n between a

I nat1 on

}%CISU?W“& [ D%e i %‘15 “fﬂ?gg%/fflé% Deppler §§ megsipd sipegips qbgerving pggeiyer carrier
i frdckingt lpatdigiadly eontmatipd cscillaios(DGE) wlugaf padetchckingrvipenel. @kie carrier tracking loop

pagially @RtINE oSdﬂchl@'(lSC@)’lgack @fdtntﬁﬁbﬂt@ tte |v§65§ﬁ$fﬁhe%§enlng ré@eiver relative to
ren

Cl:agh P(%I'Flbnlnﬁqg t %evme by refereni:m%elyﬁamst the n'gserwln% (r)egelJer loca¥I %ock Thls means the

pOSSI
efigitbh fetroligd asc@ﬁ?rgtﬂgfr%) Frre gk é‘a‘toé‘fn‘”t'ﬁ@e n“E?ﬂ*beé rcloe}f . Al Doppler
posktrdnens fgn sdgadils bd snianasiatt etll&dm@lfnultlﬁﬂﬁfev efirdnfa@Migespective of any

Cll.lsb{siﬁcﬁgmenttdg %on%ﬁ 1n6de rzcgger 'cl@ék%gﬁ ' th }{mlg athl eﬂ@roﬁr?eﬂtg e carrier tr acking loop

r ecause t he
SRR ARl B0 et S UM e o MRS i g nd s
r @cvef spesed tyyreflacted| sigaalseopmigyingt i prdesuctieowsinge Prmokd eith the tknawdedgd that all
t @gitaBCOhRedE M BTTOh KARS Fbrh b Qdsted M@ﬂ@' suis@ntiQIRSI @ & d Bultipath-free

a&l@lpoﬁrqglp ¢8s ssEbE} tg Qc@urggl)? %gma{te then(}{)g«?c ‘I%)%)ltgnyf corﬂroﬁed oscqstor @E}O) value in

|l eve
pfes@ilﬂa‘ihocml%@n%gf@f Srshicph sy ﬁ?%ﬁl%gallspwmeo%és@m@n@ﬁw controlled
Wistitttan (0¢1® slos jemof cltstreanp deseintg b Rbemitibl toheatrdhd/@ @it digitally
adohifiNld MialoSDBO)ER. & Bicf ABRFEHEREANGE, | ntegrat ed

Carrier 30 Phase (I1CP), Doppler and signal strength
measurements of the positioning signals. However, any
olntseted Gopig Biso@FE i derriecdy Awrisfina IpaRler pemurivesnts ybigl inesek in observing
f le@verk hﬁieﬁ(ﬂﬁdetah Qﬁﬂrﬁ@ch&ig@-[ﬂl&hn@e méBEend® €TherbOre] s0fs@ftially coherent and/or
pt%§t'f‘i Iceglnslr rt]rgckﬁé %1’91 a ch%%de& XSClllgta‘l (b%oi"’l/aﬁulgd E‘O\Lcnes )ggl%galgtdbencﬁt in

scope .and E@RL I nvent
t frE e ?Cé‘ﬁ‘iéﬂt‘te%ﬁ“d CF‘HerFBPFé%(éCPéﬁ?TSLﬁHﬁ‘HT at ure (I & Q)
nmeasurenents of the observing receiver carrier

t §1§!ﬁ1k§tr8@th|nﬁ%ﬁx§men9 let@Rint Ye @tnlgy ot{ A loBseeRY ﬁ:@eliv@xt 0 rack T QG B&kitioning
ervin

Sr rlgld?j G nre SIUm% rsll %s(?reng%gﬁ belg(')\év C? é)reg:gbea éiﬁlgytraf:l%x@wf hE)Bo&gomng signal by
(tm_‘LbSer‘rﬂﬁVelﬁé willdagme margipg! pridaray peardialiagetiesr. Jhigfan occur when the observing
pe&ivér K imd@d Si sipfifitant ARG dvlay frol MEnsiR@ded@Ee of Blchn also occur when
V\&eEtJﬁEth Rnlﬁpatﬂrr%gloﬁ‘s QRE de%tadédtl%nép Et%ﬁ tArl ghgeﬁmg chlgwer which only has

Pseudor ange neasurenents are creat

cA5TFEY U FiEAl 9P 2 frEERirsiea o g o i1 &% &6\”%&8????%%%%?1‘”( PfRRfed the range of the
clodasssiopjotie ar [iftiids inalnulfipgiefader tredippis fagdoiramdgmessivabegnal strengths
(fIN) c1GRAGS b fu@sﬁﬁhtﬁﬂy QRS QE Wik anganeee&adeéﬁ%&oh altbhnS el dMRGRES a cluster is

r§lft1V4]8 smaﬂ I?neQr?I%Ig d80¥ W[fl‘l h?s stan%ecli)etgeen %ﬁl r%smlssmn sourc?]ang %e observmg receiver.

i FveYes it PYJURB |°‘§19m°mh2 geul Heghyyill we:vrrvsem Boas o g dnowiedge that all
neEmd ireegiievatuss fiomwi olsiee willibe subgediiallgeqidl & aGruitipsh-fieg edvaénenedfit is possible
t he pseudorandom nunber (PRN) codes to decrease

pseudor ange noi se, which concurrently increases

mul ti path mtigation. However, increased chipping

rates increase RF bandw dth, receiver power

consunption and receiver conplexity. The present

i nvention discloses a system and net hod whereby a
plurality of diverse unique and/or discrete

positioning signals, 5 which exhibit substantially

equal unlt vectors and geonetrlc ‘ranges, are

N | o



Doppl er, in the context of the present invention, is
t he neasurement of relative notion between a 10
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Doppl er i s measured using thesobserving receiver
carrier tracking loop digitally controlled oscillator

( 1GRYuraved/ ddBSetcOhe @BED s@rfalaéﬁ'gdgﬁlg/alﬁ@ ﬁir}ﬂﬁtpa’ch I&h@m&@ﬁ;y k&Mparing all signal
t gti@r?%rl \ggle lfl%%l% clugterqiuiI ter n%%rs]%bgtgnltl%l@ tc herer% and/or Eestﬁg sénal strer)gth value.

obser
r E‘E@?’”@}‘é‘f’ pP%tPE‘f‘g gjgwalp ghat af-_@af%w% 7199 B F“ﬁféﬂnlw £ohpeny jprdéer pept-fit signal
r efeepthomnios eag beaigaichstltiftih effecisdad asisiy cline@ed @t thd regadstimate.
clock This neans t he digitally controll ed

0 c nat1 ns tsosgt 1 %%13 xe ure at%k a_conmmmon- nlode recei ver )

c P EPOTRITE TP PICET B e AR e 8V E T Rfffioging signal coherence.
CFCU ﬁwlewupqtan%y gq!mgqt gﬁ@aﬂlapcpnyolle@q gsgillatpr{DGO) values from a cluster may be
Mebnipargiadit sdbiigalip BohtrErDHEHE Riengths oM 1 ClGdidr W @nBdve AN encyUiHEiity.
novenent or common-node receiver clock drift. In

n‘gl tilgat h environnents the carrier tracking |oop

dPBresRPy Clgs e ore YLk | | ators (DCOs) are easily
deubttznbislly | coleeknidppsitiongng tskgeald @ gefingd escposiidning nvigndlsnthp hetsie received and
ai’rlférp&te@ |Bﬁ|an olﬁ@\’i@r re&ﬁ&%ﬁﬂuo@)‘neis@r@rhe%ﬁttﬁga@ lstﬁmﬁihaﬁly 51m1 ar. Examples of

destructi ve i
gg%xe@nérqg pro uce% in 'r1r1 ObSGIVII’lé rece] Yelr mn]u(?e ut & notglmb%d tP | aseg?oaatnge Integrated

con
(fX‘Z@} Pbﬂéﬂf G%@ IP‘?PB‘Fﬁ genel) ey anwlq mhase@ndswe@qnamtl&@l fragking loop values.
eQuudification ofl mdashrérhdpid tah) subst@E21l2 GimBAVE prefaaBiN Esablisked itough a mathematical

pﬁ%&u@ sﬁchtag l%ﬁéﬂgnaﬁﬁe}ésm%rﬁgnlts% &mbﬁﬁ%’]&g&ﬁ'ﬁ%ﬁ&es % a%gsﬂ)ld (% tolerance,

ntro

MR RS 3l AT B EGHBEFTAE: S, o any ot echius
[ WBfl‘bbl’ﬂfa)hféU@S [cgherszpprpiaedoutti gpi knail Yo ©oere elille@dh the art of mathematical

0&)ﬁér4nl’:@§&&ﬁ({ MCe\qae{llﬂﬁﬁonfvElﬁth@ dSdrdmda d@@ﬁi d&!@itn% ramcﬂi’ce@ Qiith each
%c@%%%@gler% o% i ﬁ 111ve1% 1on (Z atlve eTamEle or{ly Ieraﬁce va%es maIy bé/conft‘xgured such

0sCl
e% dasurg pSF‘ﬁlf’ré‘&Fsa‘t"@tﬂ 1CATF Plete Prodgey feamy cpds- C@t@rleq\twlefagrw Carrier
aH@ur(mPatnbaatgeanp phteare WighiSLIr enentysle of\bhe @ivtherSard) Gededi darrier-coherent,

O(Q%%lr tya'cm lodp %%@él ycﬁﬁ‘&le& cgcﬂgl%t' @j‘ Oa@ue?fﬂat@x%%ﬁlf’ilb ?Hertz of one another are
fore, substanti al'l

i n- y

R AP SO, R P CEPY B 7t AR oPiphr i dema in
dﬁtrgﬁgthavphesﬁmc@lmwzﬁnm@ﬁ ofpiglerprict wtlugs 1S(®@®ﬁntwa¢mﬁeselrpcooﬁvgud®n and user
Sie@trheh€,adnti ab@d’&ﬁfrday bk MhdivAGHIE kAT iRNieRE 089vAE GldEiRL, &or example, system

l&%fggglra%e\gll g%{a{e thee nuplger d)e tp(gsmom%% 51%nﬁs a\/abar[)rF nt{om ea181 transgmt fluster and

neasur enen
o%gié?lebwgml%@éﬁ“@'é‘fs ag ?PS@W%é%eweéar@rirwaanﬁ/e@mom aﬂﬁgrﬂhm has access to.
SThy matebsetvibles,hig beteche MeglitySif goharlencs tafidxhdgdfdie ¢ ORE tlrabs@edaolerance

p\ra@@sq{aly @@Qt W@L H@mrmﬁeﬁt@glﬁ)l ditfdr. §(§me ugg?s rﬂi?%lllot)ée Waﬁuﬁoaf‘ﬁ:lluggn}%hherency (i.e.
|

Rt B By BT bR B g s me hoos incesed
otisterogherrgey ty amves inpespsedraiienipeasit- a si gni fi cant di st ance

away fromtransm ssion source, or it can al so occur
Whehsiydestructive multipath reflections cause degraded

S| naﬁ strengths. An observing receiver, which only

h%efss Sadé‘i’cll{‘éss"én Pocregivd atceftigh e trfnmfﬁr &" TePeiFrs ffi 2 Bqtffhe transmitter and the
seyiveesimutlimeousip Twaynitafversigtiepeferalyraghi¢ved using brathl, éxgeeg edpolarization
t h@nd(@ rdl@s@rlb@cf befohﬁ alth&fgl@&&moﬁrﬁ I RBHGLR uRl ardfrentahr whtiin 18br8hd scope
r(aynldgnl1 Ol;tp reseng ventrg) nmul ti path-free environnents

r'ecel ved al'°s rengths froma cluster will be
substanti aI I y equal , as the distance between each
antenna el ement within a cluster is relativel y smal |
in conparison with the distance between the

transm ssion source and the observing receiver.
However, in multipath conditions the signal strengths
will vary widely. Armed with the know edge that all 40
signal strength values froma cluster will be
substantially equal in a multipath-free environnent,

it is possible WO 2004/088349 PCT/ AU2004/000419 25 to
accurately estimate the correct signal strength val ue
| n rrul t| pat h cond| t| ons by conparl ng al | si gnal

. . e o




5 Conbi nati ons of positioning signal nmeasurenments may
al so used to eval uate positioning signal coherence.

wao-0040883mpl e, substantially coherent digitallyPCT/AU2004/000419
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40

controlled oscillator (DCO vgl ues froma cluster may
be conpared with substantially coherent signal

S ta]'"ﬁih@ﬁll’b‘éatialr&@ﬂsﬁyhﬁlul% Hﬁﬁrﬁfty dr GhtdnFARIQURS t@&rbﬁtge@ @lgéély together (preferably
I rcl;neqxg &a}ré wal‘r%en%# Qrsltslv% Wi h eeﬁL é{em(%(l)c s{teuate Ex)mown locatlcin 6ﬁag£1ansmgtrmé a unique

Sign a ubs pos 1 1
d &fFivers asitipdegsiensdni ng si gnal s t hat vvhen recei ved and
il Epnenie fredentyydi@nitologdresvthenignsm@g@i of @ Ipluplit diiuencies through an antenna
”%l@i%éﬂ{ ABNES, LA 1868, @1%be§$h3tﬂﬁlle§clyltx¥ns§dt%laa&l}rrch] Eé%rmlqﬁe positioning

asurement s produced in an Observing recelver
é’? ude, but are not linited to, pseudorange,

| 9 Beeit eedprizadtey diversity Piviese puratip)f uibyglp barized giteprablements to be placed
lStc]lbﬁlS] gcigfther aiderdbi- 185 &&Eona-ﬂa(ﬂf At QEradr WeR darki&Qavdlh @D KiithGhach element

QRRed:R) hEFy 1ocheR Qﬂﬁxl L8028

e 11 lo Qnm abs lttﬁ@‘é lrmgcpes? {Xg Q[i;g)gl %F\ %nal

substanptial [y si ar 1s

t ﬁpasﬂ,gﬁquen%fnh Mﬁtl%@versm Bde qu fomn gxificiﬁ ga%erate]sven greater diversity. For
diefafnple. @ ig§tan of spatially isEibrad rgenga rtbmerds Wt i pélérigation characteristics may each
dithdsiei SNeSYy of GhiqRe ﬁogiﬁ&ﬁl@ Qéans a ptu?blll@ %ﬁ@l@l@nfrequgi)ole&c' pectral

anal ysi's, 3) convolution, 4) correlation, 5) Fourier
transformation anal ysis, or any other t echnl gue

CREFAIT Vet b BTy seiitireretlEraepsl dolisaatikmoes. tigough oter
S GmeOfidivesity dah Bxtlisédrand rbr@inawithin @k bro@EtRBN@E the BadntioncOher ence.
S%beﬁv’e gpaﬁ%‘p Eﬁ% sﬁp Fé&uugsuaq:llulraﬁdy Q%{G% el\ﬁﬁéng @osbe %fa(%d g@s‘él? Eoggtl{g?(greferably

b eCl SI1 O ssoci af ed Specl
ﬁ%g"a‘?ﬁgﬂf °6rfle‘tWé5?“ﬁ®e N s clegpn lﬁdwﬂgaﬂw éftcf%% %‘ﬁdﬁ“d‘r“é the same

ofitnymitigdohigiearrtieninetiseés may be configured such that

MBAR4ER0fdaERL OGveRANY RGuiM Thé iindiviluaRedpBon0ff 20RRa1BNE HRKronocus unique

a t nt e t Carrier Phase
(PR TR A NG b 0, B S T o TCyol e
oF) Rsfréve aplgirtion dxpdty araditke Plerality pleinideshhrologssd antenpeeglquiersy to be placed
t clasell | topgthdr q@prerehilyg ietsathan cadlialf alel @flie:0SGEIbdeAL Qtith (26°@ement individually
é&%% alicﬂf'%&km@ﬁh@ saWeMMuQ{)on g'%Jalz of one another are

g | er-coheren recei ved signal strengths
S PER R TR B b EGHOD FErmaPS BB S g e For
2@435191? enmgtive-cveibredt emtially dikiibuigd sfegmrsementisofithugihue pelm@ion characteristics
V @bk ricSvel@RENE 3 niqldodtioBSdeBIR &3 @ Plla@ i 6aii® Re@desUSer

requi renents, and as such nmay be individually set in

each observing receiver. For exanple, system

c Y IBEF ETHI W P oAb FREDIRGHHFB OF th&fab"ﬁbéﬁsﬂtﬁb?ﬁ‘n‘?l‘ﬁ@e radio link
smghdh &r avredsddaiblesityl Tiese nethods idchudnisth singie @ity diveasitg combinations and

t hl@l[llﬁé ngﬁenm%éfgﬂp )forr@)pﬁﬁﬁsv chh @iﬁgloa Hquglé}e HlVérsﬂQ ccrrrﬁ)ﬁ@clo}{se fhe observing
cess as, ac

éép v%lrnfgrpreg Sa ep?ur%ﬁfl %O nlqlfehpé)s%%ﬁ% élﬂl’%.g ﬁrgnsrnﬁtf &r], idfrg)cag]earrler %‘equenmes
c EB%@méﬁ@eO,f peitioningrrésnaf aragsingly carmigh Gemmencyt Ire tha sdyngpge of not suffering from
t odr@rpaReRdeBl) aVabdiaied i yhulfe SQlency dains. KRG Eq@RBMVSsiBl c&fbinations

d&n%lﬁa%%uta@% lmlrlcg.dqgs may choose to trade-off cluster
coherenc [ stem accuracy in multipath

c @nAdﬁp%t’ia]é‘/rFé‘)ersT feﬂnsngv B Rigl EAPTHB P PRSPy ofwpigte@eionparignals to a spatially
udiens repaipr dbisteose i ncreased cl uster coherency to

eB)SN IsGatihl ) CdiRAS BhsrBY SH@MwWhidk §&HsihitsYa plQal}{ﬁ bS hidide pgéﬁionmg signals to a

o\{arlzaqu ({VCI‘SCI‘CCCIVCI‘C}I(J&G Can be Creat ed at el t her t
t PENEmM T eceiver, or at boththetransmtter

aFPdA P‘Haélzatl% Bigrsg dpnsit giyster sl trapryits aTRIvagE T tunighie\pegitippipng signals to a
i polqoiragbrethvalsd iyce@ahivgv.ed using spatial, frequency, or

pol ari zati on neans (as descri bed bel ow), although
other fornms of diversity can be used and remain within
the broad scope and anbit of the present invention.
WO 2004/ 088349 PCT/ AU2004/ 000419 26 a) Transmt
spatial diversity requires a plurality of antenna

el ements to be placed closely together (preferably
one-hal f carrier wavel ength or less), with each

el ement situated at a known | ocation and transmtting
a uni que



synchronous positioning signal. b) Transmt frequency
diversity requires the transm ssion of a plurality of

wo c@gugs3ed es t hrough an antenna 5 el enent pl aR@€AER008/000419
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known | ocation, with each freguency transmtting a

synchronous uni que positioning signal. c) Transmt

PQ) ArpolahitoR RivelbeVighsit YustbrOPHith 8 Smes Ptk bt 1){11q9ef pos1t10n1ng signals to a
Qﬁaﬂa‘l‘l?&%’e@%ﬂ%}c ed antenna el enments to be place

closel y toget h fpr eferably | ess than one-hal f of t he

carrier cycl e carrier wavel ength), with each el enent

SiFtrtharined, thd preseik evdtiod gbad fod mulapiel fréqﬁﬂl’:}sm&stt} BGhbRatleRy Ehkhitting to

S YRGNRRDR Uer ARSI A QNHRE 1Rb@NAY e nbimitRAS:1 @, frequency,

or polarization diversity nmay be combi ned to generate

even greater diversity. For exanple, a cluster of

sl praffafly/divtrss trgpribglusigr cambieed wih efepnoytdivens ttahsmifrelugjerevhich transmits a

p@lualty @ahinePostloaspihastd £§irigE Sntd¥Ryon & AGIH- fretqurﬂﬁ&)%r\Imgaecelver

p lb}"/( ﬁtJlalrlza}{onQigvellslerﬂa%% cfagé J‘rrlbglgd vﬂg 3&(@&@4 d?ve%g' tlransnp tI c uster whlcP(transmlts

of carrier freguencies. Recelve ersit
pr BH BRIy Rer R eed SR S g p AP o0 @ pl aepéweprseoveng
p o) Aaspitiziit divorse traeanisluste Icctntb@achhth@mhexzatloticﬁvefs@tramanloﬁuster which transmits a
dipM&ti$ bﬁuﬁﬁq& @&mbﬁngl'b%ﬁcﬁ’s 1@ Ehele ?r&ﬁén@y Ibkelvite Fécé:nlafv‘ b road

agPA gpatla ly éwerste ransr?lp ({luster ?om%i)net-d eer]trﬁ] g_ ﬁ‘ecﬁenﬁ;&d@ \{erge iraélsnBt c?uﬁtf: %?éamed with a

res a
c:Ip %”é*}“j?n ?‘b‘@sét“‘ﬁé?“t (’lbﬁteéfv@lchw‘?mltsc?ﬁ@“%aloﬁ ugique (pppesiogigr sidngdy to a single
Wwa@han g tmhl)i-freqptdcoteaaily rebierent i ndi vi dual [y recei vi ng

and tracking the same transmtted unique positioning
sngIP_al . g) Recei ve frequency diversity requires the

i AHTEPPB ISP YT on of a plurality of synchronous

uihegfere!l of R@-cplisreide jobppsiaying signala knsasyikd fom aréter dareds be used as a Multipath

t saagIiked (©BD.a0pl dlhrstﬁl doﬁeYen&f mcﬁcfat@ﬂl%@@%tﬁfpath %&mﬁ@ﬁ €Y Bigh cluster
p@&h%dc ﬁ&léa{g{] loxg L’n\llll?éfi?h €O dltlror?s 31Fu§t§)nsa\¥h€re %’Ier;iuangan IyOISIP omna—Umt Device signals

uni quel y polarize enna e
c 5 8eilahletap glseriing reqepyprater g e yelquisis s M ngth Sewgty ig|cftor 0H&) to determine
C awltipaghr scvadty b Rgh MYsjtionthgt nitacte, @l @R ftecti tedbavt nelitiphth Yorrupted set of

r @&@ibﬁﬁlgnﬂlt @@@ceg o %&Jkihtﬂg thE: H@mé@aﬁ'ﬁ@mﬁlﬁ‘ IFHEmBR chetr I\I/[Lgtg)%lt? gevel ity Indicator
0

q

80P oy oL Bk b S e B b i o

dFlsesr thﬁr?we» Foarning Sanghg grepidad, to He psscindlicatingcdn iggtimated defgradation of position
Spaitrhcl |y distributed antenna el enents with uni que
pol ari zation characteristics may each receive a
plurality of unique positioning signals on a plurality
of-ydeailip Peipction 4ud el es. The present invention may
f [Hlietphle&‘ss & pddeoithy sidtyntidip Rdhkma bridonbeafit fokigonmb axAls das £ tliske ek described

V@Ju%? 1nr tﬂg d&mhéa{% el%—iﬂ!@@@l§ plfe%ellnoﬂ GF @}Ql% %ﬁ]p %o%glgrs ¥o¥ XOmpleteness it

C R PTG A S0 £ EPat B AP oth Py coibes o e

C @ﬁmnrvaltetemq sf pogifiening siemly Ifr@mfc1 rc'el%ru éoniegyidel ip yabust gatripr cycle slip detection and

C &:pdi nitaibd. O, slifishe debse bydoMphriiEaliodRE signtlk BEnPX @lsBr Ad identifying non-

pLdﬁgrgqlt ity of unique positioning signals transmitted on
tical carrier frequencies. Transm ssion of

p6?§‘f‘lf T 8’Pﬁl“n°d°1%‘1te@ ﬁLﬁth’“deh%Imégr 2i’i*’@‘lcér rigr §pasg &P) F?aé”(ﬁfi‘f@% Pdiens

t hiespikeby @ e aagéer BEO prbites, gndfof er i ng from varyi ng group

de:)' Pes’ aale sge@ﬁ@lilgenlea%ﬂenms Mot i pl e frequency systens.

ngl ersity conbinations include, but
)aglnp?flgqalsgentgtgci’x s,am¥ 35 a) A spatially diverse transmt

C F)Ggftlpé phargpes g fe ‘taf”afrf@ﬂﬁmlgéoo%\l $Ruseghi ty of uni que
positioning signals to a spatially diverse receiver
cluster. b) A spatially diverse transmt cluster which
transmts a plurality of unique positioning signals to
a polarization diverse receiver cluster. c) A

pol ari zation diverse transmt cluster which transmits
a plurality of unique positioning signals to a 40

pol ari zati on diverse receiver cluster.




WO 2004/ 088349 PCT/ AU2004/ 000419 27 d) A polarization
diverse transmt cluster which transmts a plurality
W@Roounss3we positioning signals to a spatial |l ypdi/«e2me/000419
receiver cluster. Furthernore, the present invention
allows for nultiple frequency diversity conbinations

t rvaRs kit |slﬂygs &e%ctecﬁth@InﬁQLt&i GRHLFRR (il@pﬁ‘ﬁé’aéﬁfeﬂlgnt %ﬁtﬁee&%%n% channel is

whi ¢ atl al |
di c?/rree!;lecf by (t:he T Hu1§lte Pumer of ? éf?)r v(\:zhooiﬂs):?:l]e 8 rmgtnhbacg) ui;t? %gaeﬁré‘ﬁlbvth tl¥e Integrated

d W@Pé’ém G%\’h werpurementyefthe pubsigitiaiy coberenhropiiiqning signalp itfriathd dugter.
of unique positioning signals to a single antenna on a
s multi-frequency observing receiver. b) A polarization

dirtwen sfolrde@B fellizbd t6dt WhilsEthe HORMEHBE Wbd t’f} v@y 153 a%%ﬁ-ﬁ@c&ﬁ\)é example of this
d Iu}(/gﬁlﬁeali s[l(%%cmtlger modijfségtlons a%varlatlons EleI‘EQO aﬁ wou d be gpp%rf,np] 8lpgrsons skitled in

aﬁt“'é‘ﬁ AE d"d’ﬁedé° ﬁhw&m tiﬂer%ﬁis?%ynd@%@ff g'lsﬁ’genﬁ@c?asw‘rm seicyrthA
spatially diverse transmt cluster conbined with a

pol ari zation diverse transmt cluster which transmts
a plurality of unique positioning signals to a single
frequency observing receiver. d) A spatially diverse
transmt cluster, conmbined with a frequency diverse
transmt cluster, conmbined with a polarization

di verse transmt cluster, which transmts a plurality
of uni que positioning signals to a single 15 antenna
on a multi-frequency observing receiver. Miltipath
Severity Indicator The | evel of non-coherence of
positioning signals neasured froma cluster can al so
be used as a Multipath Severity Indicator (MSI). Low
cluster coherence indicates heavy nultipath

condi tions, and high cluster 20 coherence indicates
low nul tipath conditions. In situations where
redundant Positioning-Unit Device signals are
avai | abl e, an observing receiver may use the

cal culated Multipath Severity Indicator (MSI) to
determne nultipath severity from each

Posi tioning-Unit Device, and then select the |east

mul tipath corrupted set of Positioning-Unit Devices
to provide to the position algorithm Furthernore, the
Mul tipath Severity Indicator (MsSlI) can be used as a
mul tipath integrity check. If all positioning signals
fromall clusters indicate | ow 25 cluster coherence, a
war ni ng can be provided to the user indicating an

esti mated degradation of position accuracy. Cycle
Slip Detection and Repair The process of selecting
substantially coherent and/or best-fit positioning
signals froma cluster, as described 30 previously in
this specification, elimnates the phenonenon of cycle
slip. However, for conpleteness it should be noted
that receiver systens that do not incorporate the
foregoi ng recei ver nethodol ogi es can use the

non- coherence of positioning signals froma cluster to
provi de a robust carrier cycle slip detection and
repair nethod. Cycle slips are detected by conparing
positioning signals froma cluster and identifying
non- coherent: 35 a) half or whole cycle step
functions in the Integrated Carrier Phase (1CP)

nmeasur enents, and/or b) “spikes' in the carrier DCO
val ues, and/or c) " spikes' in the pseudorange
measurenents, and/or d) abrupt signal strength fades,
and/ or



e) abrupt changes in the carrier tracking loop | & Q
val ues. WD 2004/ 088349 PCT/ AU2004/ 000419 28 When a

weymhessid p is detected the Integrated Carri erP®AB2004/000419
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(1CP) neasurenent of the offepgling channel is
corrected by the requisite nunber of half or whole
cywhaeiscldi@edds: i Ng it back into agreenent with the
Integrated Carrier Phase (I CP) neasurenents of the
substantlally coherent positioning signals within the:

cllust er®, mghofor,itipatipg mulEgithsia heosifienine sy tapgst mephyiemgt, the method
th@mmboye has been given by way of an illustrative
exanpl @ahitdhf b iurdhid) Vo @}nh@&ous%iquesﬁogtbnﬂg Q1g1%¥sh§)|;nba plurality of antenna
nodlfl%@mnsgﬁmgﬂgm%%glatlons hereto, as woul e
appar ent to ons Skilled in the art, are deemed to
fall b>wuf€1°fﬁ¥l% S%lﬁ@urﬁﬂyaﬁayn@@emurmwpoamyinz sigyhls gl @pserving receiver;
I nveat dommiasg wschh@rad flurgdt of k@ eHdaous Wiud g%{OQMQS recelved in step b)

PCT/ AU%)Q)Q)ﬂ/ L@Q&ﬁ'ﬂ-@ et}u% %eom\!m@ltangkssangtlnﬁ L’ﬁr&glg w&thc"t‘es ect fto sau!n%servmé receiver;

for tigating nu p posi tionin

measur &ng’h S?gﬂ %I‘n S“&f?r‘ﬁ Fil¢fefs getimel Sﬁ?ra'e&e ARG ng

a plurallty of synchronous uni que positioning signals

f rom aTRd sé@hiiot ylalﬁhfl SRErEI Bkl mﬁlpﬁﬁﬂ%ﬁigﬁald ﬂ skeB QiMihcludes the selection of

| Q&)@ttadtlg@%ohexkggt sarlc?pcl:u?éh OP% clﬁronou% LFr)nélue po 1om %/51%;]1 S ynchronous

uni que p03|t|on|ng g receiver;
c) determ ni ng which of said plurallty of synchronous
udi que Tipositbd grleingl, Shqeiradaid integeeding/slald iR stgt @ fhckdes the determination of a

ebu- o ebtinBid BiShidpbrhify dr Yoy REMBLs uQ@LQ %IUBI{U% slefiig€S an d unit
vectors with respect to said observing receiver; 10

d) interpreting signals deternmined in step c) to

cdl cul &reanctipd of pipim lovdiergin paighigepretiva signele imstap d) iR1udeF ke determination of the
metelhothgOheaglembdibikaid MAGTHEI Yn&ddhdhs it EfoRti®ink Rgha8] gnal s

in step d) includes the selection of substantially
cqoherent said Iurallty of synchronous uni que

D 5SI ti alﬁ:l H}?&O%(if @lﬁl% Swhelfgj said intgigreting-signsls én ssp d)dpcaqd?ﬁtv]_o or more techniques
Whi@scteil fronsthd atbup prngstipgedt | Ng signals in step d) includes

t re d letlﬁﬁerﬁl&t%n' o@ﬁbs@lﬁtlaﬁy copeeeﬁﬁ saif blﬁralﬁysgf 'sﬁ%cﬁm@ Lm&@ b(gmonmg signals,
prura us. uni oslt1.onin
. e U R T R S oh PO Pt PP oty e osonin

si gnal #&®ihask ep d) includes the deternmination of the
mean r @nge: IRAsdi@eE iMe nRhn Sk chePhretiaad dftshd Qfurality of synchronous unique

synchr gpous . unji.gue positioning signals. 20 5. The
nethod8%¥ Fagﬁ1l wherein said interpreting signals

in step d) includes two or nore techni ques selected
f bom t hesygpmo fop ndtdeadic Shuiltipgth of 2 posifjonihd @yser| 1@k in@Rsu@ient, the system
subghiant i al |y coherent said plurality of synchronous
un| jtioni the determnation o

bl rBREbLEFHAR U Fpshirid G R hERRS G Pl o
un|que“ﬁ@@ﬁ?@@ﬁﬁﬂ@mWQQMQW@naIs and (iii) the
det e mngaad foO Fecadingt dai@ phaedity of ayr@mm&&ﬁﬁ&ﬁ@ﬁ&m@&gﬁ@& & an observing
pluralk&%mof synchronous uni que positioning signals.

S y S tcé rreéc?:’a%ﬁ,e{g élgt%glglé PNE %gc{g fald%iuha tlyt§ I J%Erlﬁnolllsnun%ue%ggtliogilrlg srllglna?lg received in

step b) exhibit substantially equal geometric ranges and unit vectors with respect to said observing

receiver;

e) means for interpreting signals determined in step ¢) to calculate optimal said range measurement.



30 conprising: a) neans for transmtting a plurality
of synchronous uni que positioning signhals froma

w@bkawnagdsty of antenna el enments in known | ocatPCHAD2(9)/000419
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means for receiving said plurglity of synchronous
uni que positioning signals at an observing receiver;
35. C) TRaREmlOaid @ ¥R iRtolpStatii in6ahs c@ﬁﬁg&@d #d sddcUtiRlahilalYy c@lﬁerent said
S¥ﬂ1%n synchro usug ue (l)%%gmt spna:l ng S| gna s received in
E@ny Tbit substanti g’y equal geonetric ranges

and unit vectors with respect to said observing
r 8cei VEre;sysen ofieleing, fudifer iné&p@ﬂ‘aﬁ}fgatehtﬁ GonSugpd & Gtefh@icQradt-Ne@timate of
| BuicB ey Q) syhBrofd dntdls sai d range
b B S ho04 000410 30 7.
The system of claim6, further incorporating neans
cénf i glheetstamoofseddine 61 fusheh dncaprrating iganceshiiguesito degeimgine the mean range
P Imeids@brientyor @fd pBijsmg BsaRRbiBuslRiy @ BesitpRs sighadni Ng Si gnal s.
8. The system of claim®6, further incorporating neans
c ﬂfigfred to determne a best-fit estimate of 5 said

ral 11y7BF SGHE fir YHELECTAPHE &°35 ST EEUBH FritPosss dhegmaination, two or
9m0rﬂtﬁehn51yﬂst$@ntﬁctﬁomdlllea§rom @psisfingrof:her i ncor por ati ng nmeans

confi g@rt&del&ﬁbn@%&faﬁﬂaﬁecoﬁeﬂﬁt KB SMitalfiy2oR %chro%@&h’c{u@ﬁﬁ@i%nmgglgnals
glalggaioéw ?_‘ldclat&%{%mag 32 geétt e rﬁ%o ]ate lf)l{l sa%urﬁ?uédﬁglfc’olf :s)lfnglg?,ml% unique positioning
i ncor pd§at Pig neans conflgured to process, in

conbi n@it)it@nieteinidtiod lof ke i€ Mds@erst & Qi@ pitvaidy b 9BnbRRS unique
group &gﬁg;ghg@g of. (i) the selection of

substantiall'y coherent said plurality of synchronous

uni que positioning signals, (ii) the determ nation of
albest A fopthodeimijigetinteanutiipatisia arcbbgstving gebdivenpogitfon sotiorh the metrg comprising:
uni gy eudpastitd ORuAGy oSiygiiahsss udhd pdsRiofihd dighalt A6m a plurality of antenna

detern&gg&gﬁﬂmggbﬁggmnean range measurenent of said
plurall ronous uni que positioning signals.

. BA ‘ﬁ@tvﬁlé Sdpfuraity of sgrekepiog URigIetPPSSianing sigpalsehsaiglbserivg aggiver:
r e c &) vrempog whicd uf BidIplitaiippf sybdi@ndeinoelposioampE isigiaRGéceived)in step b)
trans m,xﬁlt')lt ﬁ&taﬁlaﬁv édﬁa@%eblﬁé(rlcqgnge? Xrﬂ%ﬁl{ \QQ& 1thlljé’§%egtl‘éc?sald o%sgvmg receiver;

posi tionin al's froma ura
el efent&ry gﬁ‘ﬁ% CYTBiE T Saeﬁg) to %&ul?t%@éw Fopgy MEprgments;

pl ureal ireogssipg said ymighlraeousugnentpiedegadiesdidmbing sditgnal s at
sai d observing receiver; c) determning which of said

plli'lr al "j"hg){neﬁ)lgd &y&ﬁgﬁpwaﬁn g c{ a%érprbe OSSl tellso'nls{ég d)S ngfda S t%e selection of

received 1 n G @é
g &biRtaly E"h‘?r%{'hs@'é§1“‘§ aofamdtmweelwgoww sig@épect to said
observing receiver; interpreting signals

dei er mRgdndddr i8R, @Lerénpsaﬁ%e?dﬂétlﬁg s?gnﬁsﬂﬁ EthBJ) mglaﬂ%e determination of a
mal range

t|
e R R e R
The nmethod of claim 11, wherein said interpreting
signalﬂmhﬁmQMﬁﬂmﬂn1hmabmaﬂﬁm&hamgabﬁ@hi@$dpmdmmsmedaammmmnof

S Hpﬁgaﬁ Ql‘lée%legsxe egh)(i% gaﬁl%uraﬁ? Iofjsyrg%gr%gsl e é)gsmo nehronous

uni que positioning Si )¢ M% claim
11, wherein said |nterpret|ng signals in step d)
includes the determ nation of a best-fit estimte of
said plurality of synchronous uni que positioning
signal s.



14. The nmethod of claim 11, wherein said interpreting
signals in step d) includes the determ nation of the

wore@n/osssmge neasurenent of said plurality of PCT/AU2004/000419
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synchronous uni que positioning; signals. W 2004/ 088349
PCT/ AU2004/ 000419 31 15. The nmethod of claim11,
wherein said interpreting signals in step d) includes

twg or Tﬁg)rného t % gl' u%el 11? 1 Oﬁerpg%mg S[%lt he geip acs |1(701udes two or more

con EFIP St n% |

c St P BFee! ﬁ?ﬂmﬁpﬁWﬁPﬁP?ﬁ%ﬁdeynchronous uni que
posi t i GhhergecpnpfisubsantiaBy ¢ohdrdnt aid @lweiiy eksyniii@bis @ique bosoning signals,
best - f (if) tRSkikBbi®n 6f 2 BR1-6 Rintdle Ak L pllgglltyséf Q%ﬁr%ﬁ’s%lque positioning

uni que %gﬁr&ronrng signals, and (ii11)
det erm Rat’i on of the nean range neasurenent of said

pl ur al (Pyhioteleatjasion s s trsaneg ursesupromsi ofi seifiiphglits o radhmnous unique
10 16. poktieningsitdabd of claim 11, wherein said processing
in step e) includes a receiver autononobus integrity
itorjn it 17.. The nmethod of claim 11,

W e E sl%rh%‘l "g e éggvr?ﬁa“ i Popesspe dysiep f dclygre & respivReghtrgpous intogrity

f iMopigringgeodiither best-fit positioning al gorithm 15
18 A nmethod for mtigating nultipath in a positioning
ngagmﬂg‘??{%ﬁl&i Oga%1§3¥ g«ﬁ@%}{/ Salg%gges s% l}lrg:&lir:lg) i(%rlélglngﬁlter%z other best-fit
p8E P %S gﬂﬁ ignals froma pIuraIrty of transnit
antenna el ements in known |ocations; 20 b) receiving
sas d pA Uheltod iyt rfigay %h[p@cﬁ‘%% ﬂdﬂloﬂﬂa‘? S}thrﬁlr&llg@ Qllezﬂrgement the method

1% at an observing receiver viaa plural

re I Ve antenna el ements which exhibit substantlally
equdl FavHELe 3 Plurplin gfessnchierput priique pesisiortingr signald fiém p @BIPBG tof transmit
t 0 sai ghteplaidieddnis inkndfn IdeitdRS M t  ant enna el ements ; c)
i nt %5 plre@tvlng gauﬁ}shgﬁ@ of s§n§l’ﬁ(§1 \}/S%glql!ler})ﬁiéoil gfa'ﬁlg gt a%a s%rgmg}ecewer via a

opti nal sard range nmeasuremen
cl ai m g @?%WﬁmgﬁfHmWﬁ?é*ﬁﬁ%@@%@mﬁﬁﬁﬂhﬁemﬂﬁm§Weﬁm&$mﬂumt
i ncl udegort i repscidepidohralyf of igusi treentaielintnys ; coher ent  sai d

Pl urcgl ihtkigrefhly sigdid hdiveda bisp by B'cg&ﬁteQﬁﬂaI shi ﬁhé@gleéﬁrgrﬁ@r! S.
20 The nethod of claim 18, wherein said interpreting

nals in step c¢) includes the determ nation of a
b St - £ i€ methed oferteln &% whepin s3] inferatelingysisodls ig ysige by ipriwesthe selection of
usvb i@l pasdrdnt 0id pinglitsefgatir@ious 3tqué ositidiig siglishod of cl ai m
18, wherein said interpreting signals in step c)

ﬂplud@ Fd ?e erm nation of the nean rang o
neasur erBRtodSE “UB LY VT A inspregpe ségWﬁ:‘ﬁ?t??r‘fb‘B udgfrheflgigrmination of a
perstitit psmatary saisi plyrality of syRBronoTiveiquembsitotingsfenad ai m 18,

wherei n said interpreting signals in step c) i ncl udes

t or ni fromt
YYO Thgpxgtgod o?%lp g erem fald u{%er%'e mé ]srgnals fegﬁ)tli“"éﬂgTS)}he determination of

consi st ng
cOHBPRRbee %%SH%PWF S&ldrpwh% P sEyiHesRtsrigng gositipingyianals.
positioning signals, (ii) the determ nation of a

bﬁSt fint m&Rk bifmtnﬁl SO\Lher%frf} Isé#d 19tl3rH%t§1g ls&r%ls 91 tepc" c}j ﬁ‘élﬂ&e? twg lolr more techniques
sefec%é%og %e Igtoﬂp%grlsgt g Ofs I g n a S an

(i) the selection of substantially coherent said plurality of synchronous unique positioning signals,
(i) the determination of a best-fit estimate of said plurality of synchronous unique positioning
signals, and

(iii) the determination of the mean range measurement of said plurality of synchronous unique

positioning signals.



(iii) the determnation of the mean range neasurenent
of said plurality of synchronous uni que 40

w@omunsssmd ng si gnal s. WO 2004/ 088349 PCT/ AU200B¢DA0ZM$/000419
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32 23. A nethod of mtigatingsmultipath in an
observing receiver position solution, the nethod

CQRPI i Aind@od of a;)txgattlﬁ@ﬂﬁtfﬁbtﬁ tniah st@vn%l rééElaelr bJsMoanlutlon, the method comprising:
syn CJj r 9&%& Péj A Ipﬂlgﬁt%gp %Jnéhl o%Ls ugque pgsntlom{l% s1%nols frﬂrB mlurahty of transmit

pl urali t% enna
| ocat i BYgua 5y e“FSé’blié‘P‘WlPﬁjt‘%sal d plurality of synchronous
uni qh)erep@mgtsmd) plimally ofi sgrarb®uainiqanposiBBRE Vil af MCoBieW@E receiver via a

via a piSralR} b r@deﬂvé éﬁteﬁ)ffa BGRIWiRh BRILE rs]ﬂ)?tanﬁ!ll@ q&ﬁlt g%on\gt“cq'gl es and unit
exhi bit  substant | eonetric ranges and uni

vect or o V\ﬁsthh resgec tQ safdyp%ura(ﬂ%gl/ ol“t s 1tlj1?tg1|n? vex&sf transmit
ant efnRic@rearasiseas mcel‘ce)i injsfgp '@r“mﬂlelthtmtﬂml gidadnge nreeeingngd | N

st epd) byrotesing aldoptnat rengoptakuilentSia tdtkrhid 1 G € pdABG@SHLRRAE Nt .

d) processing sai d optimal range neasurenents to

d% ermne %%i |%f| on sol t| on. 10 24, The met hod of
cFai m 2%, "R PR ™ & ‘H‘erelﬂtsﬁ BYERTStipgysiapls) Mt o frelades e gglection of
i BerydEy C‘thPrentSﬂeilpé'rﬁtltl}' ofsynghironogs Hpigueapritiogihd signatsoher ent  sai d
plurality of synchronous unique posi tioning signals.

2 Th i d ti
§5 %he%&paooq clglm)29 w%erfm sgé mtet‘r}ﬁ'gm%i %rr]%lsﬁ]stﬁpati) nslegegr egetern%natlon ofa

ghal s in st
b@?i ﬁtfﬁtlfnate%ftsa“%‘tr%ﬂwf syBfogPupIistsiopitqpingfiengy nchr onous
uni que positioning signals. 15 26. The nmethod of claim

236 \’Vhﬂfeerlenocﬁtﬁlclglml z@t\ﬁﬁﬁﬁl %d ﬂlgrpl%{ug@@lllaﬁ 1111 Qe %L%Qud%‘s) the determination of
[ cIudesthe eterm%zf\tlo |p

me S O SR i AR of styﬁlfhr8‘f°“§‘$?ﬁtﬁe}?f’%tﬁ6‘ﬁ%s‘gﬂ}ﬂ? que
positioning signals. 27. The nethod of claim 23,
WRET ei TheSathdli of §idie xe fvﬁi‘élrﬂ@d Site@RBlgSighalk iS4 B) ifcdudds BFl HEAGS techniques

tmctgc[ﬁoqlqﬂe%ro%r? h& 20 selected fromthe group
consi stin e sel ection of substantially

coher ethhe§eé‘?°6°nﬁ ﬁ?tia¥33F°1%?fe“t§§}nEfﬁ?1%Wéeh{?muqlu’elue positioning signals,
posi t i Ghihngetsnigial of, a befiifit pstimie oti@idelulin af kx@thrdbus Anique positioning
best - f jidnai€sdal mat e of said plurality of synchr onous

uni que,..pQsi ti oni n % nals, and (iii)

det er “ﬁ i d&ﬁ“ﬁ‘?“"? REDRESH TPISF e HEngd it é%ﬂt‘ra@f ofgsyjegronous unique
pl ur al epitfjonisg signglchr onous uni que 25 positi oni ng

signals. 28. The nethod of claim 23, wher ei n sai d

P o T b S 1 P B g B R s s
cf“%ﬂ“ﬁ‘f“ﬁ%‘gorﬁﬁer ein said processing in step d) includes

a Kalman filter or other best-fit positioning

abegor i thBMkthod of claim 23, wherein said processing in step d) includes a Kalman filter or other best-fit

positioning algorithm.



