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rgE e A UPRHERRAWINGR recei ver comprising: a) a
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such that accurate position rreasur enents can be
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through SiktbdnQPatiaG-ddiiblted DMz IoMahts b oh BSRARPradiRs a spatially
di verse transmt cluster, is broadcasting four unique
positioning signals through four spatially distributed
antenna elenents to an observing receiver in a
mul tipath-free environnent. FIG 2 is a graphi cal
representation of the first enbodi ment of a transmt
cluster according to the present



i nvention, whereby a Positioning-Unit Device which
incorporates a spatially diverse transmt cluster, is
broadcasti ng four uni que pggitioning signal s through
four spatially distributed antenna el enents to an

FIGOPS ? bem}g:’]rth&é\sI@:?téé‘%ﬁ %ﬁ tljﬁbsf?sé %%Jgfnﬁﬁ\tgh? @c?laﬁev[e Flggstg'%?cac‘){diing l’f]o tge present
iR AP B cp bt by P AR o SPBS B penp gery: =
recqe spfeas dirrfete R sgpals e fowiRpsitioninelbPa/iceT thfopgly four spatially
distdiiated reodivegintertalelmenysichr oni zed Posi tioni ng-Unit Devi ces
whi ch each incorporate a spatially diverse transmt
cluster, is broadcasting sixteen unique positioning
signals through sixteen spatially distributed antenna
el ements to an observing receiver. 5b FIG 4 is a
graphi cal representation of the first enbodi nent of a
receive cluster according to the present invention,
wher eby an observing receiver, which incorporates a
spatially diverse receive cluster, is receiving
si xteen di screte positioning signals from four
Positioning-Unit Devices through four spatially
di stributed receive antenna el enents. WO 2004/ 088349
PCTI AU2004/ 000419 6 FIG 5 is a graphica
representati on of an observing receiver configuration
according to the present invention, whereby a network
of four chronol ogically synchronized Positioning-Unit
Devi ces which each incorporate a spatially diverse
transmt cluster, is broadcasting sixteen unique
positioning signals through sixteen spatially 5
di stri buted antenna el enents to an observing receiver.
The observing receiver is configured to pass al
si xteen uni que positioning signals to a position
solution algorithm FIG 6 is a graphical ‘
representation of an observing receiver configuration
~according to the present invention, whereby a network
of four chronologically synchroni zed Positioning-Unit
Devi ces which each incorporate a 10 spatially diverse
" transmt cluster, is broadcasting sixteen unique
posi tioning signals through sixteen spatially
di stributed antenna el enents to an observing recei.ver.
The observing receiver is configured to preprocess al
si xteen uni que positioning signals, before passing the
preprocessed positioning signals to a position
solution algorithm 15 FIG 7 is a graphica
representation of an observing receiver configuration
according to the present inventi.on, whereby an
observing receiver, which incorporates a spatially
di verse receive cluster, is receiving sixteen
di screte positioning signals fromfour
Posi tioning-Unit Devices through four spatially
di stributed receive antenna elenents. The observing
receiver is configured to pass all sixteen discrete
positioning signals to a position solution algorithm
20 FIG 8 is a graphical representation of an
observing receiver configuration according to the
present invention, whereby an observing receiver,
whi ch incorporates a spatially diverse receive
cluster, is receiving sixteen discrete positioning
signals fromfour Positioning-Unit Devices through
four spatially distributed receive antenna el enents.
The observing receiver is configured to preprocess al
si xteen di screte positioning signals,



25 before passing the preprocessed positioning signals
to a position solution algorithm OVERVIEW 30 The
present invention discloses a system and net hod for
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positioning signals, and (c) determne a filtered or
10 dvereEWi t position solution, such that optiml range
measurenents and subsequent accurate position
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i n-view. SYSTEM AND METHOD 25



A first enbodi nent of the present invention discloses
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r ecdFeEPETE" POt P’%"}?'rfﬁvﬁ'}"ﬁ‘h%@se%‘ﬁ‘? Ferisgon 9k TRFGHOUEHGHR Positioning
nurfsess {rPEN) Phedittebspigh dstf)d trapggt antgand deneny. All bansriyfpffroa elements
r ecsd poeiticadt vat Rabstdfdially eqhd) @eddiit raWRCind it vedidkSwithlidsfect thlab observing
& 1r1r§wer @ﬂgrefe Qeﬁg&%&ﬁaﬁ of! tﬁm&n&l%er Jﬂ;lvéen :!)]9[635 %g&.%%h antenna

f Pﬁky\ent 13 d;lOSIthﬂ% é{:itﬁgm %EITT gs g lrﬁlnéq?le; %)Bg({mg% flgngl Frefcrably, each
eq u&wuﬂweﬂemﬁ'mh@ﬂweaw@muﬁw espifririom Wl GRYD cpdyo o o rete  Code
r e cgvisied Muhible Aceess CDRAA) sﬁdemomtﬂelpmmt:a;dsxtlomngslgalsob@emnsmmgi on identical
r e%&%qua&,em.s&s‘egmg rebelvirBs doldigl- @M rechideland indpieGiit PGS loMiRBsmitted

{qs)e%am)-ﬁy%%gﬁa% ”58 gssto %&% %% nBEiSaH.dc%&”mds? msrh%%%?aﬁ; FiR0Nbrect pan

rece
ntségﬂ%’faa“ﬁ‘?"f"rﬂ@‘%ﬁaﬁ thé qeleigriops £ffeet of mUiRgh g PPy “’“‘*T?ﬁ“ *175: &

126, and the geonetric ranges 127, 128, 129, & 130 of

t herefe@ing no8AtNBIAT, GBS I Seplatad Cputipls Bad GOr@meld Whé BRNPosid@bhe-Sinit Device

1071»01 $0BooradOBur sghtiahyl Mst@ieS anfhtR Sib:ARE 1! 1oy, 1608 abs ek \WRQBliectively

%ag I%g%man lBi? lr.:!?sﬁc}; %rﬁ F%Qtlonm ngmttl?ewce %I tl\‘/anesHl Hl% nln sna:’il%gom unique
4§ o EEPRGURE RO . B 0 Ve PE B S pyeoens

the Positioning-Unit Device 101, to its new | ocation
121. During this nove along the trajectory line 131
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Carrier Phase (I CP) measurenents for all unique
pseudor andom nunber (PRN) codes 107, 108, 109, & 110
~fromthe transmt cluster 106" are proportionally
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Doppl er nmeasurenents and signal strengths for all
uni que pseudorandom nunber (PRN) codes 107, 108, 109,
& 110 fromthe transmt cluster 106 are proportionally
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i nclude, but are not limted to: 35 a) A spatially
diverse transmt cluster which transmts a plurality
of unique positioning signals to a spatially diverse
NP6 ShMBEsss Uster. b) A spatially diverse trangdfidgiosmnooars
cluster which transmts a plurality of unique
positioning signals to a polé?ization di verse
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mul ti-frequency observing receiver. c) A spatially

di verse transmt cluster conbined with a pol ari zation
di verse transmt cluster which transmts a plurality
of uni que positioning signals to a single frequency
observing receiver. d) A spatially diverse transmt
cluster, conbined with a frequency diverse transmt
cluster, conbined with a polarization diverse
transmt cluster, which transmts a plurality of

uni que positioning signals to a single 15 antenna on
a nulti-frequency observing receiver. Miltipath
Severity Indicator The | evel of non-coherence of
positioning signals neasured froma cluster can al so
be used as a Miltipath Severity Indicator (MSl). Low
cl uster coherence indicates heavy nultipath
conditions, and high cluster 20 coherence indicates

l ow nmul-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 (MSl) to
determne nultipath severity from each
Positioning-Unit Device, and then select the |east
mul ti path corrupted set of Positioning-Unit Devices
to provide to the position algorithm Furthernore, the
Mul tipath Severity Indicator (MSI) 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
estimat ed degradati on 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
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shoul d be noted that receiver systens that do not

‘incorporate the foregoing receiver nethodol ogi es can

use the non-coherence of positioning signals froma
cluster to provide a robust <‘9arri er cycle slip
detection and repair net hod. Cycle slips are detected
ESW lme(ling positioning signals froma cluster and
nti- yi'ng non- coherent 35 a) half or whole cycle
step functions in the Integrated Carrier Phase (1CP)
Mas Ur Lk Sor madlipOibultida in pBRtiokiBSsy stdm rartgh Acabiddiehte he RENdd
VaddiBsne 1RQE:0F C) T spikes' in the pseudorange
measur f nment's, and/or d) abrupt signal strength fades,
and/ or® e)HBI{ PIWRIHY SwChrggoys Apiaug BFipRine S'ﬁ?agémnﬁ@fut%ﬁ
| & Q valauewa clipentO(A4d 088« JocRiist AU2004/ 000419 28
When  a) C¥&kbiGingshill Plutaify §t8)ne1edn6 ulibl® pdsiBbBGsRhRa agaﬁsErhﬁg
Phase (Igf%) nmeasur enent of the ofFendl ng channel is
correcte “the requisite nunber of half or whole
cycl et (S‘e‘ﬁlnlni‘i‘g whigh qb gaédeluralily of ssrghrenemiquagiotitipningdenals received
i nt egr at edktep Mlbt&hbSQ‘hﬁ]@&ql(al @Eﬁ)etrfd‘%@dsl b rt‘iﬁt’hte&orﬂtfvtthtrhﬁ:ct to

subst ant |S;§43byenpf@b£g,§ept positioning signals within the
of course be realized that whil st

cluste I

t he abjgvélteﬂ’é"é'“%sé“@ Hettjt‘wﬁ‘gw fRayem oLy BLee gy e

exanpl e ofasgremegts; | nvention, all such and ot her

nodi f isﬁbﬁthiat@.&%ra@B&iitMﬂlﬁéa@ﬁeim@(ﬁsgqamrdﬁsrﬁ%ine(ﬂﬁmm&thdlff&eed

appar ent. rtmoem%)er sons skilled in the art, are deened to

fall wt he broad scope and anbit of this

invention as is herein set forth. 29 Wat is clained

i 5. 1.A dfetiaichodingft@flaiil tvihgreih saRiGtepaflididrpaihdsaid@etermined signals

p&ﬁnbr‘sés%'s@@of§&e€$ﬁ@ﬁb§t§ﬁgﬁ AT Hx{[ﬁgﬁc!gjtlt?'mngts Ial%lsnEt hod

conprising the steps of "5 a) transmtting a plurality

of synchronous uni que positioning signhals froma

p}ur alA reghoddecordimttedisia | ethare midstesofiniatraids daid dkeroined signals

I daﬁ.aftstscmastep herdrBRl ¥beRGit Sahab dpbabdlpfikaidy Yt Yhcn@SNREIBNOUS
OSI%M posi tioning signals at an observing receiver,;

5 fersm i ng which of said plurality of synchronous

uni que positioning signals received 10 in step b)

exhi biatmesiobatondieit@didind 1 @Grah sa@@@mtﬁérlﬁetlﬁ@ﬁ@ Q&erminél stehdlsd

Vc%r%ﬁrﬁ!s%te%ptc}? derte%ﬁlg'ﬁgi mJaQ rang% gur%%t oﬂénd‘};&raﬁ@%ﬂ Xcﬁlro ougl)mque

|nterpret|ng sald determmed si gnal s f é 9

cpaf“t?ﬂ‘l"%‘t'géa%)ptl mal range measurenents; such that

accurate position neasurenents can be determned in

gl ti ﬂaﬁemo@a{cgoﬁﬁtg@pclalrﬂﬁ wRbMA &Q@t@@&tn&pr&r{g Ad R signals

accor el n sal ste

i ALRr ef)r et | n‘ae g atﬁckf] clﬂ'%stsg?cf’ﬁsh%thﬁrﬂﬂ §T“§'S“"E 8frrpr i ses the
st ep of skttiag tubsirytialy bberemneriont boyitigipl eiebt . uni que
POSi iy ONécRgnifihDREtSit estimate of said plurality of synchronous unique positioning

signals; and
iii) determining a mean range measurement of said plurality of synchrenous unigue

positioning signals,

6. A method according to claim 1, wherein said step of calculating said optimal range

measurements comprises a receiver autonomous integrity monitoring aigorithm.

7. A method according to claim 1, wherein said step of calculating said optimal range

measurements comprises a Kalman Filter algorithm or any other best-fit positioning algorithm.
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20 3. A nethod according to claim1l, wherein said step
of interpreting said determ ned signals conprises the
step of determining a best-fit estimte of said
plurality of synchronous unitque positioning signals.

4. A nmethod according to claim11, wherein said step of
interpreting said determ ned signals 25 conprises the
step of determ ning a nmean range neasurenent of said
pBur al 4 F§thpeceRing R Figitd usheishistLep oiBePreting priddeferaingtrignas

5 comfyriggethduegls @iccording to claim 1, wherein said step of

I nter Br etc’oﬁ&rifg@!ﬂgde@ﬁﬁi&ﬁ g’f%:gg gl}d%egrf')?Athmn—&%m{ Hal? grﬁyhglg\a/clg Etep

nore of techni ques sel e rom group consistin
of: 30 i )f“‘g%qnﬁlgf'ﬁteﬁ@te et R ME TS her ent  uni que

posi ti) onicaigeeiie gnaf wid identifiedien-eoherinhintagyatal (aeist Phiise teasurements by
esti mat e freqgigicderRletihdbirbyha@be Wh¥BGREONOUS UNi que
positioning signals; and iii) determ ning a nean

range neasurenment of said plurality of synchronous

ufri quet MPlrdiptepreing th gfeiil giiateis saidstep gf intppreriag friddetermingst sinty

t omplisad thaskps otherei n sai d step of cal cul ating said

Opti Ngl I aRQEn: HPARHRIBELS arfl MRk 88 BnddCEk & the carsier
nmonitoryng algorithm 7. A nethod

aut ononoys. | ntegri.
accor di ngjctod'glﬁﬁsgﬁ'rsﬁ?%te%egr‘“é’?aﬁ; said step of calculating

‘sai d ippt icereekting epreligpinatinenyrefasididemiretl sizrplo Hygreihitdtgomacokéadnisaikies

Fi l ter aligeftdtDO vyl sh@fandd @Risarbhdnts RQ&H &yl ONi ng
algorithm 30 8. A nethod according to claim1,
wherein said step of interpreting said determ ned
sl nal‘smethog ppspringdeclaitg & vdergip saidgtep ofjinterpresinpeidideigmiped signals
demgispitratpssf:gnal s and i dentifyi ng non-coherent hal f

or whol e GHGEE sod &Rmired GtNC nk B3 bt %{éilg Garrier

Phase measurenents; ii) correcting any o

i dent i fi BF'NEPECCESREFEAE oKt &GFaPEdeesrri er Phase

meas i e meetedingyr elinihpting aayjefisad deemiet! dgtie thatrkhititmpn-@ferdnespikes
or whol e ifxYig bRGioratge mésthiBiteMOForGR RngH ritgkuloRenslifdtdayl '
wherein said step of interpreting said determ ned
signals 10 conprises the steps of: i) conparing said
ddt er i PrEd Epdingltaclam & whereimaldisigp efintansping widdeteminedsighdle s
idamprhe teakgsioer DCO val ues of said determ ned signals;
i) gprr ' LTy Ratl NG . saj r.n

i nal s (Rt b Bk B ok B BT o
carrier BEHNAP frsamipsdggiaai d range measurenents in

st epiid) . colrSctififor elinimitgrodof saidipraiinrgsignals hhtaxhihit hon-anireshebimpt

- sai d st eRyi stehtifhdl! Rl B8 @ inflasdeh &M REd). si gnal s

30

35

conprises the steps of i) conparing said determ ned

signals and identifying non-coherent spikes in the
12. A method according to claim 1, wherein said step of interpreting said determined signals

comprises the steps of:
i) comparing said determined signals and identifying non-coherent abrupt changes in the
carrier tracking loop I & Q values of said determined signals;
ii} correcting or eliminating any of said determined signals that exhibit non-coherent abrupt
changes in said carrier tracking loop I & Q values from said range measurements in step
d).

13. A system for mitigating multipath in positioning system range measurements, the system

comprising:
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pseudor ange neasurenents of said determ ned signals;

20 i'i) correcting or elimnating any of said

determ ned signals that exhihit non-coherent spikes

in said pseudorange neasurenents from said range
nmeasurenents in step d). 11. A nethod according to
gletale;nl’nl ’nemvwgn%rfoerltranlsm:%n% Opﬁruf)ar?ll o?s nclth{]?go%gé) Eqﬁ%}goggomn§ggnfﬂ5 from a
compar i ng“'%aéﬁmf@@@"éFlﬁ’i‘%@éﬁtust?dgm]ap‘g" lagrtons:dent i fyi ng

non- c ok)ermads fa bediiy s8d GRdky @Iyﬁ@ﬁﬁ&u@umtfuﬁﬂﬁﬁomin@ sigoalk & an
det er m negl 8t gpals, 1) correcting or elimnating any
of sai d determ ned signals that exhibit non-coherent
abr upt® §T‘e@’ﬁ§‘lr§e‘§'f" Bftidh of 2l Blurality By Sl pngus B gositioning signals
measur enerrrigediinrsteg blaphitd)subs@@ially2qualgeompiri otlgeasd orideags it
claiml1, rgyp&{t@gamossawgglggegp{ of inter pr eting said
gg:ﬂ?;ﬁ) 2 Sngegng If(g in C%D etm auriTPe d:rmme% sngrrag ﬁglnﬁ atpp c()jto c%lculal)e Olﬁlmal range
non- coherf@ﬁsl'“eaﬁ‘fsupt changes in the carrier track| ng

1 oop |su& Gk acakaeessitbh mS@irghetledal b Beta@theSin Gid@pathyaffedet

COrr eclliRfndlk €l imnating any of said determ ned

signal s that exhibit non-coherent abrupt 35 changes

in said carrier tracking loop I & Q values from said
rthge fesegurcendgticcldimlis vgpin sgj mealFor idergytivt eindbtomined signals
N okripGhed thed@ fVbHlickAin® @lbfantidiy BMGEd: lfRfb ﬂginéﬂﬁ%ts@rmsr ange
measurenents, the system conprising a) neans for
transmtting a plurality of synchronous uni que

pbisi t i‘oWpteRRcerdiiga dein Povestinghidmesny fpryintespretigp saigdpigrmined signals
e&oﬁﬁﬁbﬁirﬁ‘ﬂalﬁ Ifdr tla"Hrrﬁlding szek—lﬂﬂééﬁlnake@ﬂiﬁtdlpﬂfhﬁw oﬁ}ncmmﬁmiﬁ&r positioning
rggaiving said plurality of synchronous unique
positioning signals at an observing receiver; 5 c)
means for determ ning which of said plurality of

skt c hriongusaceigueclpol vieaii sagmehghaitgpreting g@liduegoinkdsignals
S&%ersgk)me% Ifdr @été‘rmﬁ%@rmaﬁg@ Inba¥ur&etras saﬂgﬂlfﬁﬁtj bt EnchrBfdgERique
aosmomn L vectors wth respect to said obServing

riBcel Ver 5’) nmeans for interpreting said determ ned

Si gnal s from step c) to calculate optinmal range

MEas U raaiedt &coldig SdbGlin t3hﬂtereﬁ@ﬁ&ﬁ1@hﬁorﬂﬂ§ﬁr§tin@ﬁld determined signals

r@%ﬁ:ﬁﬂ&%& ‘n%re %ﬁ%hﬁ%egggc@w Eno %rma) conmsting Q@t h-affected

‘envi ronnent

stem acc ¢claim13,

wher &l n éeéﬁcﬁ‘gﬁ’i?é{%allﬁﬁqherF%P'é?“E)P‘é‘f‘P% signfisd det er ni ned
si gnél s doanping ses-ineemse o oid heligof iy mgrosubsitqasHosigtininy
coher ent  uRisGHe positioning signals. 15 15. A system
according to claim113, wherein _said neans for

i nt elibr efHY"0%T Be2nEPES P’Fﬁs'r‘f%emsqfml‘gamyc?gﬁfﬁh‘i%o&““fﬂé%\ns
f or det epwitipiinggigeelshest -fit estimate of said plurality
of synchronous uni que positioning

18. A system according to claim 13, wherein said means for interpreting said determined signals
comprises;
i) means for comparing said determined signals and identifying non-coherent haif or whole
cycle step functions in Integrated Carrier Phase measurements;
ii) means for correcting any of said identified non-coherent Integrated Carrier Phase

measurements by the requisite detected number of half or whole cycles.

19. A system according to claim 13, wherein said means for ihterpreting said determined signals

comprises:



signals. 20 16. A system according to claim 13,
wherein said neans for interpreting said determ ned
signals conprises neans for deternm ning a nean range
measur enent of said pluralityof synchronous uni que
positioning signals. 17. A system according to claim
13, wherein said neans for interpreting said
deternined signals ... ...... ... .. .. .. . 25

conpr i )S eS or coaparrtl?g s% iifsrmme 51%1?19;}"? %en? fein n(c:)rtl & erﬁn{ %}i@s tmhhe

group conS|s

coher ent %’ﬁf‘c‘j’ﬁ@ VPGE§Ee ri“i‘@j“‘dsfi"fjﬁ‘?a‘f‘%“g“ﬁ’ﬁ’ ) det ermning a
best - fidt regts foratretigfor diminginpiny pighid deternirfed Sepricthat ehidbiin-
uni que PoSictcht@gMiesIQsaideirGn BES valddIRmisdid ngdlRb SENIR NG &.
mean range neasurenent of said plurality of
synchronous uni que 30 positioning signals. 18. A

sy%t enf 2EEBIEIdE Gt ayhsiei sid mgpns fopinerpistine sridsgtamied sigpals

i ompripeset i ng sai d determ ned signals conprises: i)
means l)f 0 ﬁneﬁ@ﬂpﬁiﬁﬂaﬁg sﬁcﬂzicgmﬂ'l%ft @Bm aﬁ@@ntﬁ‘}l&@@l c%he&ﬂtqlnkes in the

i dentifying, non-co 5 cycle step

f un Ct i on §) i al'lgrclatmeasuren%ents oféaaaacletem1neﬁ%s1tlonln% %S u reme nt S

i) miAngrersfor ey ?cf“&f’f Flirrating gy of said dytemined elppels fapteghibit non-
non- c ohercegatent ki e gsailip@adoGage mkgureniehaion saidm@@s tEen@Ritsn hyd
t he requigpi te detected nunber of half or whole cycles.
19. A systemaccording to claim 13, wherein said neans
for interpreting said determ ned signals 40

cotpr i Atygem BoprdingJo dfppspliswifersin sedprprfdr mgrrrstiiedrididtenrinyisinel
signplss and identifying non-coherent spikes in the

carri GH Q’QQ %@ioh{sa?in fﬂd §e@e':'r9neq g%\’ﬁl‘é Hl]d gh&quﬂgﬁdnt&h%@ﬂt Ql:gupt

signals; 11 neans OI' correc m nat 1 ng any

of said d&t ?ﬁﬁﬁ@ﬁ“§ﬁ6ﬁ§F§mFﬂ5Sm%%ﬁ?ﬁ?? non- coher ent
spi ked i rmesng foglcopgtingioadlimPEEE yna birasdeferming semilothat exhigienon-

nmeasur e MedicRntiabupslig@pl sibhgth 28ks fréh S fh@MeaGahE inR@p 4)0

claim 13, wherein said neans for interpreting said

det erm ned signals conprises: i) neans for conparlnq
sai’d dePEPRITFERe& YTl sWharsi saidreseits for Yicmigting epf detgapdsignals

spick@sesi n the pseudorange neasurenents of said

_ det er m n %a@%b&nﬁ;&ﬁé ﬁg dStErglnl@cl ssgnaié alnt) ldémgéﬂotl Q(gherent abrupt

correctin ed
Eaa es m caB'leli trackmﬁ goo% c‘%% Faéuﬁi 0? saqi d&temunedm osmomrég signals;

signal s t
pseudd? arggE Wé@gﬁﬁ‘%ﬂf@a?ﬁgé’m"&%‘i"detWheéé‘g%é’éﬁfF}é‘T@ﬁ‘ts
in sted coherentZttupt Aargysdt et OkicigNgp { LQEHSE MAmlBid range

wher ei n s@lsgeiRaASef §r i Nterpreting said determ ne
signals conprises i) nmeans for conparing said

determ ned signals and identifying non-coherent abrupt
23, A method for mitigating multipath in position system range measurements, the

method comprising the steps of:

a)  receiving a plurality of synchroﬂous unique positioning signals transmitted by a
plurality of antenna elements situated in known locations;

b)  determining which of said received plurality of synchronous unique positioning
signals exhibit substantially equal geometric ranges and unit vectors with respect to
said receiver;

¢}  interpreting said determined signals from step b) to calculate optimal range
measurements,

d)  processing said optimal range measurements to determine a position solution
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signal strength fades in said determ ned positioning
signal's; ii) means for correcting or elimnating any
of said determ ned signals that exhi bit non- coherent
abrupt signal strength fades 34% om sai d range
rreasurerrents in step d). 22. A systemaccording to
%h\t/\,here n.said neans for |ntergret|ng sai d
d et e r rﬁuc ETITAL sét“’" REHST ISR by dpterpnggya mplpatheafifded r j ng
sai d dwriepmicled signal s and identifying non-coherent
abrupt changes in the carrier tracking loop | & Q

v 94 ues 1? Sgthoﬁ g&cgdlg? Lto §[£ H‘ 29 %vqTrP no ssafdtstl 9 Q%n%g)re%n%gﬁq]é%és e stel) of

nmeans for cor
d tegiopuhtagtialy &Hﬁf%“%%%s‘@%ﬁg B%“t"s non coher ent abrupt
changes in said carrier tracking loop I & Q val ues

f Efp m S@-inghoﬁ ditEing tga§§l Ys GREOL sildlstgp of ‘n%ﬂyre‘im saif getenﬁnmigﬁﬂd

m r ange
a0 LM B PP o ?ﬁ%{@f%fﬁguﬂ )
r%@?%ﬁ@ab plurality of synchronous unique

positioning signals transmtted by a plurality of

aﬂ't en %&}loﬁ gc&ﬂ&g‘%é Ll# it §§ I@Jgeré rpsaﬂﬁ WQVW mteﬁ:?eﬂgﬁ 59? §e‘terr? )led signals

det erm ni ng recer Ve

SSPH’B’PFFSd'i‘deS%"fd‘ﬁF’alBé‘g wgﬂr faﬂgfmeﬁgrem@ (é Pﬁéﬂ Riurality §f gpcpronous unique
seodnaatignak.l y equal geonetric ranges and unit vectors
with respect to said receiver; |nterpreting said

determ dSI sfr cal cul at

Fhge gt i diisic wom & Vi é@étfpr?g‘“&sfeaﬂgém? it gt
n@asdeSémthmPﬁeCd'eqvesrsnqufvé frem hogrpupicomist@abfit i on 32a
such ;hatseleaﬁ{guwbamame&b&mdnqumﬁwr@ggﬁtss can be

d ete r ggerrln@mgybetstlfpgflmate ﬁi%cpqu\ll'&?g OI'eS nC'hI’OHOI.l?juqueé)OSIIZO{Img

met hod accor 'n Sal
i nt er pr efFRE "B‘brrpr ises the step of 5 selecting
subsiiant dadrhiging oinen ende naairepiet 4o e|i plurlifioNgncdiognalnge 25.
A net hod ,ag6akding to claim 23, wherein said step of
I nterpr efl ng sai “d determ ned si gnals conprises the
step of determning a best-fit estinmate of said
PA8ur alAi meghodifccasdimpahelaim @l shami sefd gep o pedessinpsridrgtingd greal s.
LfkastRmenfy cﬁﬁﬁri@@d re@@x@pd'ufghdﬂ'gustlﬁegﬁly @iomogﬁ%’ alg\ﬁlhﬁ‘ﬁ ein said
step of interpreting said determ ned signals
conprises the step of determ ning a nmean range
méas urdirliat aceprdinga dpim P vhersinsgid gi¢p oE prerstaing FrisieBtimehEREE €
' theagD@@éritsic@nyirioeg a BhlapmeHiler alghBthid 6x anPotiee bt paniciedightghnt. O
claim 23, wherein said step of interpreting said
d term ned si 1%nal S conprises two or nore of

‘chn ﬁd?f&‘%‘“ Lpfiietingmyitng “tpﬁsé“"@ 2elois) ra&%ﬁ’r’i“oef“grf"i“‘ﬁ‘ﬁ ‘PPf‘ece“")r
serhm@mg ng substantially coherent unique positioning
Si gnak)S; means for receiving a plurality of synchronous unique positioning signals transmitted by

a plurality of antenna elements situated in known locations;

b) means for deternining which of said received plurality of synchronous unique
positioning signals exhibit substantially equal geometric ranges and unit vectors with
respect to said receiver;

¢) means for interpreting said determined signals from step b) to calculate optimal range
measurements;

d) means for processing said optimal range measurements to determine a position solution

such that accurate position measurements can be determined in multipath-affected

environments.,
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ii) determning a best-fit estimate of said plurality
of synchronous uni que positioning signals; and 20
iii) determ ning a mean range mneasurenent of said
plurality of synchronous unigpg positioning signals.
28. A nethod according to claim23, wherein said step
of processing said optiml range neasurenents
conprises a receiver autononous integrity nonitoring
alBgor i tirrivepBcpiing toklanpithwidremoddndis e ittapraihgsaid@@mined signals
Wh&Hiibed mSadd O sSitchi} stHstal¥hQCRS @A NQque BésBioRlsigh®| range y
nmeasurenents conprises a Kalman Filter al gorithm or
any other best-fit posjitioning algorithm J 30. A

{"ei v & eetivsF %fﬁrcthgg%?%@ YhsteRisphmaans foy iy iting o ddgeipe signals
r amg:esenmmafmeimtnmg a bekrdiit £sen@Bd of €did ph&ﬂltyGJOdYﬁl‘lhioﬁdunglquﬁ:)mtmmng
mggg, for receiving a plurality of synchronous unique
positioning signals transmtted by a plurality of
antenna el enments situated in known | ocations; b) neans
f 8+ det esctiverdcepfingln ciahin Bf whswin daid e fyrdnteryudting ald Hetaymipdd signals
S VoD ROUSoRER AR e 2 ROS i‘ahg.e(ﬂﬁi.tsﬁ}gn@i goad p‘ﬁ.:reﬂii&"&l’ $hchronous unique -
\?\Pgﬁi&%%t lgi?ahsly equal geonetric ranges and unit vectors

t 5 respect to said receiver; c) neans for
interpreting said determ ned si gnal s fromstep b) to
C 3 cul Ateeeivopidontils torcRINGAO, whaneia Sdit el lidr Snteroktings8id gerthioed signals

PERPERSiwD 6 nmloﬁte&gaaeg@iectéd%megﬁﬁaﬁ&dﬁs@m% s to
determ ne a ti.on such that accurate

posi ton F}ﬁg‘gﬁﬂ“béﬁ‘g'ﬁ y§°}3§?{ e gelter A SRR i n

mul tiipat Hictefining & bat i estimpte ifsadmesliyef syB@tynougdniqugpositioning
recei ver sasdadi Nng to claim30, wherein said nmeans for
:c 2: e; |r ggftet?r%lén‘?ng EI Zg t earm@rslﬂlgrgl%no er‘g ]?‘llufrallgnc)? ?r)lghm?&l%unrlrtﬁg ns
posi ti oniMtfeaingsiEals. 5 32, A receiver according to
clai m 30, wherein said neans for interpreting said

dﬁ er Fﬂ mﬁﬁjod%r G tlﬁg mlﬁtﬂng;ﬂ Enl p%&%niﬁ%@&én iar%[:: mgaglxr&{e% mc B9né&h

best-fit estimate of said pluralirty of synchronous
Ui posi ti oni ng  signals. 33. A receiver according

t o cl a mu3Bmitigh eplerklity o anighe pesaingngfsignals frtmepjority piygsels ganenit
determ naﬁie@j,gdﬁﬁh&,mak&rg@mn&gtﬁﬁs neans for determ ning

a meari;% r afgt]: vucﬁ,]salgﬁlura!%m?fggl?ug 805§1omngss%nalljs wa a pf % At():/) ]:)i;&eccivc antenna
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36. A method according to claim 35, wherein said step of interpreting said received signals

comprises the step of selecting substantially coherent unique positioning signals.

37. A method according to claim 35, wherein said step of interpreting said received signals
comprises the step of determining a best-fit estimate of said plurality of synchronous unigue

positioning signals.
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iii) determ ning a nean range neasurenent of said
plurality of synchronous unique positioning signals.
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44, A receiver according to claim 42, wherein said means for interpreting said received signals

comprises means for determining a best-fit estimate of said plurality of synchronous unique positioning

signals.

45, A receiver according to claim 42, wherein said means for interpreting said received signals

comprises means for determining a mean range measurement of said plurality of unique positioning

signals.




S

conprising: a) a plurality of spatially distributed
recei ve antenna elenents for receiving a plurality of
20 uni que positioning signals transmtted froma
plurality of single transm gz2antenna elenents
situated in known Iocations wherein said plurality of
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determned in nultipath-affected environnents. 30 43.
A receiver according to claim42, wherein said nmeans
for interpreting said received signals conprises
means for selecting substantially coherent unique
positioning signals. 44. A receiver according to claim
42, wherein said neans for interpreting said received
signals conprises neans for determ ning a best-fit
estimate of said plurality of synchronous unique
positioning 35 signals. 45. A receiver according to
claim42, wherein said neans for interpreting said
recei ved signals conprises nmeans for determning a
nmean range neasurenent of said plurality of unique
positioning signals. 40 32d 46. A receiver according
to claimd42, wherein said neans for interpreting said
received signals conprises two or nore of techniques
sel ected fromthe group consisting of i) selecting

substantially coherent unique positioning signals; ii)
determining a best-fit estinate of said plurality of
uni que positioning signals; and 5 iii) determning a

mean range neasurenent of said plurality of unique
posi tioni ng signals.



