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invention relates to positioning systens for -portable r & s cei vers,
and, nore particularly, to a positioning systemfor a nobile unit of a

W rel ess communi cati ons network, based on signals froma satellite network
such as the d obal Positioning System (GPS) and on signals fromthe base
st at i oA&EETHHe A MIQESLESENIdo COHBRENTEYWBROCRISFThSAGEQDZTE Posi ti oni ng

System i r bj elljtes that transmt standard
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a suitable GPS receiver. For civilian applications, the signals are "CUA
codes"” that are pseudorandom noi se (PN) sequences transmitted at a chip
rat e dfIELGPANRBACKGRQUNELOF THEENNENTGONT 1023 chips, so that each frane
of the PN seguence Includes 1p 1023 chips. Each satellite is assigned its
ow? PN sequelic &TES5RY RIFEUEN r§g’éf§eﬁ%e%osﬂ¥om%gﬁéyvﬁfflﬁof% Btablg iredie are
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rat e obrgesshicsnpacatioes aeisvorEaledsedbt sigmilk Bom-aldaidfitet ewSat ®Rlchizke Data
Messagg i(ﬁ gnﬂyl ated onto the satellite' s signal by 20 nmultiplying 20
consectt /803 rigrivngr srempNCEey ef e Hgnalndian the s ftaties @OBebits of
t he Sﬂ%%lééstc%nl%hﬁca%ﬁfﬁq‘?‘%%k”d udes the satellite epheneris and tinme nodel
el''irte

for the respective sa The remai ning 600 bits of the Satellite Data

Message i ncTHedGlodal PeMitididsy Sfsteheis GPFAMBNGy PobinChbiiSaRniss BRY bit bl ock
of coarse epheneris and tinme nodel data for the entire GPS system In

addi t "GRSYstaadardgignglsiibatzpn-tR0oBed ki egaldishabd le6don bf 2 ss9QLuRPP8&iand bits
1201- 8, f .. eyef¥oSatel lite Data Message are identical 8-bit (160

mlli i’ég]o?l {m %\é%é%? SRS ar cf“f‘]ﬁ?ﬂ f’%‘ﬁfcgpﬂnﬁe it SIgPRlS fFfatC/ay 'éOdeF((jenti cal for
al |t kex GRSpsrati@lahddrg $oisd (PNP bidueddes Ghnsiites A31¢ ri82 9% P60, bits
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header s7° P8 & A ABPSSHRPd e SEQREreiaddhe PNesegugncopol o
011538hé3/arious satellites are mutually orthogonal.

Superposed on the PN sequences transmitted by a GPS satellite is a Satellite

Data Message, transmitted every 30 seconds at a rate of 50 bits per second. Fach bit

(+1 or -1) of the Satellite Data Message is modulated onto the satellite’s signal by

20 multiplying 20 consecutive frames of the PN sequence by the bit. The first 900 bits of
the Satellite Data Message includes the séte]]iie ephemeris and time meodel for the
respective satellite. The remaining 600 bits of the Satellite Data Message mclude a
portion of the GPS almanac, which is a 15,000 bit block of coarse ephemeris and time
model data for the entire GPS system. In addition, bits 1-8, bits 301-308, bits

25 601-608, bits 901-908 and bits 1201-1208 of every Satellite Data Message are
identical 8-bit (160 millisecond) beaders that are invariant in time and that are
identical for all the GPS satellites; and .bits 31-60, bits 331-360, bits 631-660, biis
931-960 and bits 1231-1260 of every Satellite Data Message are 30-bit (600
millisecond) handover words that are time-variani (these handover words include

30 representations of the time of the week), but that, like the headers, are identical for all

the GPS satellites.



PCT/ U S00/3-i 306 2 Conventionally, a GPS receiver acquireﬁfﬁqmn}23©ks t he
signals fromat least four GPS satellites, by correlating the received

si gnal W@ ph38#e satellites' respective PN sequences andedmokiongs@n to the
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JUL 2QP&jver is calculated by trangulation. Pseudoranges to at least four satelliles are
needed 1o solve at least four simulianeous equations of the form

20 fs-r]=p-c» .
where s is the position vector of a satellite and r=(x,y,2) is the position vector of the
GPS receiver, for the three unknown Cartesian coordinates x, y, z of the GPS receiver
and for c;. The satellites are sufficiently far from the GPS receiver that these
equations can be linearized in x, y and z with no loss of accuracy.

25 Several methods are known for increasing -the efficiency with which a GPS
receiver establishes its position and for reducing the power requirements of a GPS
recetver. Schuchman et al, in U. S. Patent No. 5,365,450, which is incorporated by
reference for all purposes as if fully set forth herein, teach the provision of the

. Satellite Data Messages to a GPS receiver integrated into a mobile unit, such as a

30 cellular telephone, of a wireless communications network such as a cellular telephone

network, by transmitting the Satellite Data Messages to the mobile unit from a base
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by reference for all purposes as if fully set forth herein, teach a system and method for
locating a mobile receiver (“remote unit™) of a wireless communications network.
The remote unit and a base unit at a fixed Jocation both receive signals on a control
channel from three or more base transceiver stations (BTSs), and both correlate
invariant portions of the control channel signals. Compact descriptions of the
correlation peaks, such as low order polynomial fits, are transmitied to a central
processor by both the base unit and the remote unit. The ceniral PTOCESSOr IECOVers,
from the correlation peaks, the time offsets of the BTS transmissions to the base and
remote units. These time offsets are the functional equivalents of GPS pseudoranges.
Given the (fixed) locations of the BTSs and the base unit, the central processor
computes the position of the remote unit, essentially by triangulation, and transmits
that location to the remote wmit.

A GPS positioning system is predicated on the GPS recejver having a clear

line of sight to at least four GPS satellites. This often Js not the case in an urban

position of
a

t |l ocation
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cluttered and noisy wrban enviromment, that derives the location of the mobile unit
from signals received sequentially from low Earth orbit sateilites such as GPS
satellites and from base stations of the communications network, without requiring

that the BTSs be mutually synchronized.

SUMMARY OF THE INVENTION

According to the present invention there is provided a method for determining

a pseudorange, and a rate of change thereof, to a beacon that transmits a signal
including a plurality of blocks, each block including a phurality of frames of a
pseudonoise sequence, each block being multiplied by a bit of a data sequence, the
signal being shifted relative to a nominal frequency by a frequency sbift, the method
including the steps of: (2) receiving the signal; (b) digitizing the received signal,

' thereby producing a digitized signal including a plurality of bits; (c) arranging the

digitized signal as columns of an input matrix that includes a plurality of rows, each
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digitized signal that correspond to an integral nunber of fr: %
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on each row of the input matrix, thereby producing a transformed matrix. 5
- According to the present invention there is provided a nethod for
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a processor

i ntegral er of frames of pseudonoi Se sequence:
for peﬁlig@? iri by digdizangr dhee rme!\hfdg@gafﬂ &by guofering on digitbedfsighag rows of

t he may Acc sen i nventiqn there is provided a | ocator
syst em%c?)‘idm § %Bﬁ?% %glbﬁ'?) ﬁégﬁﬂ Fac tﬁf@?% UPIyDE gpvpseldhe Bieobeacon
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oper at bsagon, d))’trr:an:smfﬁ bits afgbpdatn saqeencreamfsm tachdaeaﬂarsi gnal, each respective
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s o2k o B e 5B e ot 5ot 2 S5herd e 29
JUL 20&6nal transmitted by a beacon, the signal mc]udmg a plurality of frames of a
pseudonoise sequence, including: (a) an antenna for receiving the transmitted signal;
20 (b) a mechanism for digitizing the received signal to produce a digitized si.gna]
imcluding 2 phorality of bits; {c) a memory for storing the digitized signal as columns
of a matnx thai includes a plurality of rows, each column mnclading consecutive the
bits of the digitized signal that correspond to an integral number of frames of the
pseudonoise sequence; and (d) a processor for performing a discrete orthogonal

25  transform on each of the rows of the matrix.,

According to the present invention there is provided a locator system for
locating a mobile unit, including: (a) at least one beacon having a respective
pseudonoise sequence and a respective data sequence, each data sequence including a

plurality of bits, each at least one beacon operative to transmit a respective transmitted

3}
=)

signal, each respective transmitted signal inchiding a plurality of blocks, each block

inchuding a plurality of frames of the respective pseudonoise sequence, each block
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sequence, eagRoblack RELAGchdoRbh Btb:LYs P]dted%fmahg yence. the

signal being s efative to a nom na re uency IF’BP frequency

shitbt , atlheatiomedfhoekckivet, Ugdlnding ke Steppsfo(fa) pf@);d]hg(‘aep]’\ﬁl‘d]ﬂy bheeédoeaal (b)
di gi tizi ng the received signal, thereb f\]/j&pr oducing a digitized si gnal

i ncl udPAYDS TRIASFAYS PseudPneisg sequsaees( @l theppicydenpise suehesd Being of al gori t hm
2, LA AHRR e BRSSPI D RRGHEL ARG,
(i) denbftadnet ofige t&t@edjvglptsmﬁedo&e gtfenés (i evdving thdeariatifesgahgece. 1 6 J
ulL Zogélllectively as a received signal, by the receiver; (d) inferring, for each beacon, a
20  pseudorange and a rate of ehange of the pseudorange; and (e) inferring the location of
the receiver from the psendoranges and from the rates of change of the psendoranges.
According to the present invention there is provided a meihod for determiining
a pseudorange, and a rate of change thereof, to a beacon that transmits a signal
mcluding a plurality of blocks, each block including a plurality of frames of a
25  pseudonoise sequence, each block being multiplied by a bit of a data sequence, the
signal being shifted relative to a nominal frequency by a Doppler frequency shift, the
method including the steps of: (a) receiving the signal; (b) digitizing the received
signal, thereby producing a digitized signal inchiding a phurality of bits; and (c)
applying a matched filter algorithm to the digitized signal to extract therefrom the

30  pseudorange and the rate of change of the pseudorange, the matched filter algorithm

inchuding: (i) demodulating the digitized signal relative to the data sequence.



S

WO 01/53343 PCT/ US00/ 34306 7 According to the present inveptg gl[n”t? 1€ IS
provided a nethod for |locating a nobile unit, including the steps™o ﬁ{a)
provi diypg ¢@sghgiral ity of asynchronous stationary beacor]ﬁfwg ghi%ati onary
beacon transmtting a respective stationary beacon signal; %@ providing a
plurality of nobile beacons noving on known respective 5 trajectories, each
nobi | e beacon transmtting a respective nobile beacon signal, all the

nmobi | e beacons being nutual |y synchroni zed; (c) for each of at |east one of
the stationafspréisadeke Pressot ipeendioni theetih pravadasee thsibod fert fooatmeya beacon

si gnal , : - mobi,! upit do(iiy inferrin fromthe respective

stat i on%a%ﬂftb&g’gbﬁgcs}}]glﬁﬁl ,-hea§te$£zic§t (%gm\fdg}pgn@,{g@pa}l al'ed "2 P%hge to the
each staitiAal beabBRCemh stdllonbsr beade B sraitieRfd p QAR e St RfonkHe le _
beacons: (i) receiving the respective nobile beacon signal, by The nobile
uni t, angnali (B wraviding agplufabibmof meokiles persony enawig lo@ keespnesiegingd ,  at
Ieasi] one. paranef er r.'fl ated to a.ﬁ.ange to the e ‘fh nmobi | e beacon; (e)

synchr oS5 HESt HE" R Edeam F2rsmifipg r§§p§fji“('§’n'§P€i bReaceRsiara) el dhemobi | e
beaconsmbliles beRsnd Being dnbially | dmciRbMvEa 19, fof %C}‘?%@%S]}t?é&t' S}Ez?f)% eacon, a
reference unit for neasuring tine offsets” 15 between the nobile beacons and
t he eacHatpnanyiwacomy: Hrwcoming(ihe yespedberstaignttydehcoresigndlf Betie, mébie he
reference unit .I?pd.(i [ %‘ﬁt ansmitting at |least one the time offset froma
r espectife ) dREFUIR T PC P ERERE oI PR NpeacoR Isigrioht & Kpsionst ¢ he

par amet i t Jelgl 1.Qn, f) rring, fromthe
Par ety SnciE! PR d Pantafio e cSUTAiaRl B (05 bich R REEIB: esent

i nvent icdrthe hastélei beapomi (e cecaivimg tigd rdspectivieagiobig tRacdRidngl, WY the | ncl udi ng

wthe steps.of. (a)_ providing a plurality of beacons, each beacon
f@%ﬁvm) B

tr ansni®tPNigmal Fek PRcpfarens: 4y tef sptraive madyledismeompiagakint foasitdnel esti mat e
of a | GAllRY relRfeatilG AR dioethlg% & rloBlle bEES, V{ﬂ%y?gﬁa{,%gqggﬁg% ilen i on®

of the’'rangi ng signals; erring,

one pamaitetral theelsatietaryObeeconnge the iobil2Shdeasonyt haps ihansnk! (gd the
rangi ng siégnal . and (e) obtaining an updated estimate of the |ocCation of
t he noBI9Yédpgi for a9ak stplieRaninbsanpn.| alrelstence it fomaneasutiag fimelodi¥els t he

i et e of ' dat e,.. t that includ
ndat Tanet T ReBlle bARehEAR TR ANy BB, S T R oo her o 8

provi deffsas,lbyahé fefersyeced @itsf &id (iBPrheditindt FelDd Beiithd offtdiGonflhng: (a) a
plurality of asynchronous stationary beacons, each stationary beacon being
oper at f&7Beqtye thearedirprceiielopbe makalesinat itemiafripg &€ dbe parameters being
based on the synchronization; and (f) inferring, from the paremeters, a location of the
mobile nmt.
20 According to the present invention there is provided a method for tracking a
mobile unit, including the steps of: (a) providing a plurality of beacons, each beacon
transmitting a respective ranging sigﬁal; (b) obtaining an initial estimate of a location
of the mobile unit; (¢) receiving, by the mobile unit, one of the ranging signals; {d)
mferming, from the ranging signal, at least one parameter related to a range to the
25  beacon that transmitted the ranging signal; and (€) obtaining an updated estimate of
the Jocation of the mobile wnit, based on an initial slate estimate that includes the
initial estimate of the location and on an update measurement that includes the at least
one parameier, |
According to the present invention there is provided a locator system for
30 locating a mobile unit, inchuding: (a) a plurality of asynchronous stationary beacons,

each stationary beacon being operative to transmit a respective stationary beacon
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1 6 JUL 2004 WD 01153343 PCTI USOO /34306 8 signal; (b) a qurjwig¥ gf
nobi | e beacons, each npbil e beacon operative to transmt a resp P e

nobi | ewbaasesrssi gnal whil e noving on a known respecti vepttajsepiany, al

t he nobi |l e beacons being nutually synchronized; and (c) in the nobile unit:
(1) a nobile unit clock for producing a nobile unit timng signal; (ii) a
first nobile unit 5 receiver for redeiving and digitizing the stationary
beacon signals: {(ii.li second nobi |l e unj ecei ver f.or .receiving and

i g1 ¢ SRR LRt BTt ohaRea rgar soh HEp b h<Ep geting ‘EOrrathdnd ng

di gi ti zagdedRRI h6HIREBCRDN SiRRhilel Mdvidg %@Wo&*@&es?%&ﬁ'anﬁajteh@ry, gijgi ti zed
nobi | e beacon signal; (v) a nobile unit processor for transform ng each of

the st & oy bbaaasbegiggmabhsilyntmchropmedpspbdi mgtbstmbbibnany: beacon

pseudora%ﬂ i ized ggbile beacon

e, and i.0_for transforni.ng each .of the digit *
D onal EtE gt Geck far JEACHARE 2 TOBP T BoLRERE sl dlaAde e SRReaent o t he

stog neecofvel 16 pRERIY dhd !cﬁg@mﬂgbmeesta{qﬁﬁaﬁg%e%&wgnbﬁ; gﬁﬁ dRphnyy and (d) -
at least one reference unit including: i) afirst” reference receiver for
r ecei vimjile heitnetiive foeacevisg gndl dzianthgi the enslilegbdabenr efgnely) therebgnmon st art
time of the nobile beacon_siqpal , gii) a.second reference unit receiver J5
for rePEOYFRg caresperdme shgiligid mRaile Peacop sigmgl; bl a sreRaerydal Sorpgitheat | east

one re ' . ' I N OEN f e _uni | gck for

pr oduc?%g%gh\réﬁ?%}reg%g E&SHE’@ 9‘?#‘?’3 %g]%gilagunai #ﬂo%?s\%?lr lgorfd;eaﬁg@ enc %ar?lgto(}gr ocessor
for i nfterstdtivgary(tRbc@PgbnAdd e asbresgonifpPeaidns batat panabynbeasan, a
timng offset between a start tine of the at |east one respective

st #t i offartjersEapmare sianal thendigitivedcmahdn bsacont signale inp & kerrapbntiimgbeacon
signalgf ﬁn% 20 (iii% a tra %ﬁjgé]ﬁ ng iragsqi tin ht e .at | east one

ti m ng™SPHS FECPHEFYPERETEDIT A UNIC F L8 BEi H ASRUIL T ecei ve
the at pdR88kiQREn hEMGn&Y! ard gif)_r@ MeLAGHe ffeteR@S tmiP MR Iudifl: 85 LA GPstuni t ,
transmtter; the pseudoranges being with reference to both the nobile wunit

t i mi ngredérgmezl reegidert foe reqerting she prodiltitereny ogfdetnd Adfeoidi thgrefront he pr esent
invention there iLs praovided. a,locator remfor | ocatjng a nobile

. 2
o e St Sl e B B P brgF o el Sike o9 TenRes otk AN i ny.
" CRPECI: V&eh AT as R b ARG 6Ly bBaloB TR SR idos b redpdBRhani sm f or

obtaining an Tnitial estimate of a |ocation of the nobi , (i) a
r ecei vide sfapionarg beaaonn (i) heefereangung chichrfal prodding h refepmoe ass dimihgr
i nferri.ng, {ronlo e of the rangi ng signal, ast. one paraneter rel ated

Lo o rafdl G5 § HOCGeRe PR BT Sl P aee oG o B 15g°isTErPecling 30 (iv)
an updaliaTREREAI S Wi obBdAldNBerd BedORRL @NLESE 1Rl e RESEEVEN an
update neasurenent that™ includes the at | east one paraneter.
stationary beacon signal and the common start time of the mobile beacon signals; and
20 (1) a transmitter for transmitting the at Jeast one timing offset; the first mobile unit
receiver being operaiive to receive the at least one timing offset from each at least one
reference unit transmitter; the pseudoranges being with reference to both the mobile
unit timing signal and the at least one timing offset.
According 1o the present invenption there is provided a locator system for
25  locating a mobile unit, including: (a) a plurality of beacons, each beacon transmitting
a respective ranging signal; and (b) in the mobile unit: (i) a mechanism for obtaining
an initial estimate of a location of the mobile unit, (37} a receiver for receiving the
ranging signals, (i11) a processor for inferring, from one of the ranging signal, at least
one parameter related to a range to the beacon that transmitted the ranging signal, and

30 (1v) an updating mechamsm for vpdating the location estimate, based on an update

measurement that inchudes the at Jeast one parameter.




-y (b) a plurality o nary
7 a respeabt five ramigl gnadj @) adceivang] byahe mobiihrenifmadret@end rangihg signil fomechani sm
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1 6 JUL 2004 W 01/53348 PCTIUSOO 34306 9 According to the present
i nvention there is provided a method for tracking a mobild Gnddl. 2081 udi ng

the ste of ) providing a plurality of nobile beacon Jobil e
beacon‘?‘?gH%:‘r%gfti ng a respective ranging signal; (b) pr%\(fﬁﬁfsﬁgfsé lurality

of stationary beacons, each stationary beacon transmtting a respective
rangi ng signal; (c) 5 obtaining an igitial estimate of a |l ocation of the
nobile unit; (d) receiving, by the nobile unit, a first ranging signal
from a respegtéor@inbaaahd pfseminaveadtidnhienel ispadvidddes nethodbfa tanking ()
inferring, fromthe first ranging sig.al, at |east one paraneter related to
a rang@obide ppib ipelueims the steps Phrn@hPiavelng pelurply of melylentgeedygmanch (f)

obtai nin Lrst . updated esti g -t he | gcati on of 1 I} & unit,
pased offobits tHirBh PGS CROLTRVE s8isidd el oSl At MBI & “That 1 s

r el at edsihighahebdadt@Ceddh diRnapab@Bod Hatsrdifap Siteigeetve fahginkisidhl; (angi ng
signal; (g) receiving, by the nobile unit. a second ranging signal from a
r espect ¢Riangagomitdl estiowlepf @f loewnpeiuthg mebilesuot; (Fraewnsne. () thenf erri ng,

fromthe ecand rangi ng sign at | east one paranet rel ai.ed to a range
ot he BERICHEr nAr e FpaRe M PLor Rl i Bhe SPEaE PR EPEP BBy e *

obt ai ni E&cé’ns?fé)@ﬂ@nﬂ@%%ﬂﬂﬁsﬁﬁsﬂﬁhgmgfsio%@, hhRad @eabhRmead: rtARdRl | e unit,
based on the first updated | ocation and on the at [east one paraneter that

i's rel atege to thhberangibat trapseitiedatborfirsthamnginganigmalt (@ dbhtheingezdnst r angi ng
signal. Accaqrding to th resent.invention there i r.ovided. a | gcat or
system ?@P‘e%ﬁté@gienfgf é;ie ﬁ%‘%‘lpﬁ fﬁ;ﬂl? ,mq%ﬂ‘éluﬂﬁi \t“?g?'?é @a)tﬁ%g’a 1218t op B nobi | e

beagons,, ﬁ@%bkgamye?tagggega%gp% rgfa&esmﬁéfaﬁge B (hESPRGh & 280k M Signal ;

eacons, each’stationary beacon transmtting

for obtai ni n% an initial esti }ng (i)f docation of the nobile unit, (ii) a
r ecei vet BTl bepspmngl @mhqra% g)%rﬁgh%ﬂ of beacensy (W) prigE@gsGpoy e

inferri oeg%;% 0 ' j t_le ter

rel at edsg g%]dfaltagg?ﬁ]ge ol’r%efegéa%%nn% ﬁrg%éggé??%gﬁ%% t Te%ﬁ% H%nrg%a%g{] ﬁgﬁsi gnal,
and (i WanamittdadBé ke@ndeabEng sTonkl and pilabiaiigng Beedond tipdkted leoimbiest esti mat e,
using the at | east one paraneter that is related to the range to a beacon

of ©ne the lachtioppiithaimpebitesurst, baasscomibe firiameplpd dowiipaipng oa the pkkeatipdat ed
pdat o 54t HTE BRERsMRelo LERHERN Beskon AR waSpBTA DERAZ ' 0 e
range tendgn@sasan of another of the 30 pluralities of beacons. 6 JUL 20U4
According to the present invention there is provided a locator system for
locating a mobile unit, inchading: (a) a plurality of mobile beacons, each mobile
20 beacon transmitting a respective ranging signal; (b) a plurality of stationary beacons,
each stationary beacon transmitting a respective ranging signal; and (¢) in the mobile
unit: (1) 2 mechanism for obtaining an initial estimate of a Jocation of the mobile unit,
(i) a receiver for receiving the ranging signals, (iif) a processor for inferring, from
each of the ranging signals, at least one parameter related io a range 1o the beacon that
25  transmitted the ranging signal, and (iv) an updating mechanism for updating the initial
location estimaie, using ithe at least one parameter that is related to the range to a
beacon of one of the pluralities of beacons, thereby providing a first updated estimate
of the location of the mobile unit, and for updating the first updated estimate, using

the at least one parameter that is telated to the range fo a beacon of another of ihe

30  pluralities of beacons.




WO 07/5, 3843 PCT/ USCO /34306 10 In the broadest sense, thel grggentids
i nvention includes nmethods and systens that enable a nobile unit to

det er mye ot/t844 Ocati on by appropriate processing of si gwﬁus{ﬁ)ggﬁjﬁved from
nobi | e beacons and stationary beacons. As understood herein, a beacon is a

device that includes a transmtter that transmts a signal, typically a
radio 5 frequency signal, that the mbbile unit receives and then uses to
determne its own |location, Some of the beacons are stationary, neaning
that these HBdROM©adgsksanse.fihs Btrscraysaiiornntledsstingheds @thartemsabens ar e

bil e, ' it L th | K traj ' h
hat  aiB00 4 TR B DR RRERs AR 0eNR A IE Wi Cer hEGE Mol 7o

beaconscedieedk fom. mbpHk Glabohs &l stiBbha® bikcbnd S B eahbilRb ﬁ&bﬁf)@ne, 10
the stationary beacons are base transceiver stations of a cellular

t el ephdifecaneisaolekice thaidogidesriobrtsenibeaidanisansnsissasigndl] typscally aaradio

| ow-_Eart h-orbit-satell|.te- ed positioning, systemsuch as the GPS system
and "t hef_gr RUE'S aﬂg]@d%iés@esvgﬁ ™ {? l{g‘_:et’}feﬁj hep é?ei)fo Sdfﬁé”’fﬂ?bﬁ“f &"Beacons

t hen beb&iohh8ok Rifie Racédens Q{aﬁbhéry,eﬁearﬁﬁ%q}ﬁ HesLedado¥s Elﬁemsfg)%eﬁ lite

epheneris and tine nodels. Mre generally, however, the scope t he
pr esentandgnpwodatations.i Riherdmwscensyars untiall endoemgahst these beacanphegvet he
stati or]a{f\r beacons. ma i al utré ose beacons set up_ specifically to

. be spe
enabl o A0E FRO3ANRGIGRS HEBIFE iy, Mo HETHEBHIE ERBROlF be
a1 1 afbel bggboRark BRNROLEOT AN, S i DON: L RBSEORE PEpLhe pr esent

i nvention extends to the use of sulita €s o

st abi omlar yaeaeobsacob erepbass erahsieive itdions iof adeskldrhedphesehdiwions, 20 ternms
N)of the preferred and nost téglcal mobi | e and stationary beacons: GPS
’sat el | AP dheamabilm beacepnieontclinigysf p Jorv-Rardepibii satellite-kashdpesiieningr k. | t

ill b t i | ' to.adapt ,th i nci pl f
the. pr L& Shci 8 OBES 8 diatpl Rkl BTN L B R s e stintone. The
nobi | ethinnbbilecRtmesthin Biing tisd @datk of icomdbres mbidks&matstatshenaey 25

beacons. I n the case of the nobile beacons being GPS satellites, the timng
si gnal §Phearesis sapdc bmsi medPn flYlare Seneraliiul kavesyehytheheogatd thet mreBatta

Messag 1 a f t at ionar eacons bei ng BTSs, the timng
Si Zim §§’§?ﬁe&"s’§“%ﬁ?So%”.%z%%‘?%%%gar%“? : P(é éﬁﬁ%ﬂ%gs&’f’ﬁg’l’é’ﬂf’?’?@@cﬁ’q‘? ’P%%ﬁel | ul ar
net Wor Kpee RN piibseChabR! set mwsﬁmau%@cs endbESHe HakaL DrhndGId € LPaet ed
correctly by the nobile unit, if the 30 cellular tel ephone network is

asynchHsAerizsle bapeoss i tlRESsTakilyige slpmsnonniegechmiasher to the GPS network
nhor to eac hA%Quegrh’ ﬂltt-: @goi}etor}%lé ﬁz%geaniltjée% on %%en se po tt:hrf]:eusie% Ia}ll)lz gl%?alb]% 6 JUL 2004
types of mobile and statiopary beacons, the present invention is described herein in
20 terms of the preferred and most typical mobile and stationary beacons: GPS satellites
and base stations (BTSs) of a cellular telephone network. 1t will be c]éar to those
skilled in the art how to adapt the principles of the present invention to other types of
mobile and stationary beacons.
The mobile unit receives timing signals from the mobile and stationary
25 beacons. In the case of the mobile beacons being GPS satellites, the timing signals
are successive PN frames, modulated by the Satellite Data Messages. In the case of
the stationary beacons being BTSs, the timing signals are synchronization burst
sequences transmitied in the cellular network control channel.
In order for these signals to be interpreted comrectly by the mobile unit, if the
30  cellular telephone network is asynchronous, with the BTSs being synchronized neither
to the GPS network nor to each other, then the time offsels between the individual
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WO 01/53848 PCT/ USOQO 34306 | | BTSs and the GPS system nust %e knoWy t he
nmobile unit. Therefore, at |east oDe reference unit I's prl) id@&,

det er mvph gs Q54 sets between the BTSs and GPS tine- One pefRIs@hsRNIL 1S
associated with one or iriore BTSs. Each reference unit includes a _
GPS-based tine reference nodule for receiving The PN frames fromthe GPS 5
satellites and cross-correlaling themwth |ocal copies of the PN
sequences to determ ne GPS tinme, a cellular conmunications, nodule for

recei vi B§S 38 the (hSHveamAatstds Bavay b bgaebdlesmi ohharsfera st bashensd BTSs,
e SSynetive rop o R tHe or
osoci A REEE LA iR Eaeckfnl TELTIRLAGA E 1108 S BEEMERE DL LR

provi deghdNefdrénca uhf GaiRociset witieomedsttigte BIE. theh rdferdiet enhansdudyy t s
transmt the timng offsets to The rnobile -unit via the |ocator service

cent er'a GHSthaserhitime Tederenest masle dprerespyancutigt BN Somssi Goat B8 88Sa mast er

refereng nit -That alsp trapsm t atel | it ta;Messages to the

robi] o G imd i ReERubb I, bt el 3B T I oG hce i
may be dehymial GBS | fnegrat et hobliunitAieat OmesareVifop ¢&dhahg ) thEhe mobil e
-unit is synchronized-to The cellular network in the 15 conventi onal

manner .SyTRiirenigatioowsursiheeghensies dromribe asgociierb Bi&ss pnd Hr eyvicheehizatpr oxi mat el y

to the C3 t k.. .havi ng. r- i t BTS tni - ffsets, f th
ot er ety toediminag b dmise Wl voledmmsidted HE StsifE e Sonput es
the timgnOf firalenbl WeSRohd Stk B! R6%eNd1PRFoldidBsetAcs Whditt &a@g%gt ' 30

m cr oseconds The nobile unit receives the satellite timng Sign

col ivectrefesinge inariredeeiGR8 tinihselfwtd id s mbldte amie vinthel lewpiodsgividezes t he
conbi ned si,gagl,, ﬁnd ap 'es(é{natched fill]er aélgorithms to the conbined

si gnal FBeextPutailys r8h §ESTRAY Ukt W ICHENRd A% R neAStef reteggnce y@ydOM ) geS
from The COIPLRSY BR3aciftfe DA MMsagBlGE AR idhile! BAPSiRTnd Nt 91 U1 Zed
conbi ned signal are alTange d as colurms of a matrix. As many i nstances of
t he matstiviceacediek.or (Thit mastbhe¢fercace veatehy bt ghybioaly émegrbhelt wiithethaobi | e uni t
is 25 approximately synchronized -with the GPS neh-vor allows each matrix
i nst and&AY spicedsnsHl | TReduoblh Wit seapleenizy! torike sghwpy petwopaiatbiessage of

t hesCOrLenpAnth NG Rake! ;6. %Iu&hfs T txinB#iYQ AR a6 ko ﬂ;ee C%%eﬁf the

matri x 1 nstance Dy corresponding bits of the ssage of the
cor r es ppprdiingpielpad @lel GPE Retwdrkahamasd eceived @iccBTS thinine dffsetpfromi wed, t hen
a-Dy PN franmes may be used to formthe instances of- thf,- matrix; 30

ot her widerengmumyist o the leeatorrsenpeiscenigiathe dpptilespdrremmytes s tore pBEtsatel lite

Dat a between its own clock and GPS time io within about 30 microseconds.

The mobile vnit receives the satellite timing signals collectively from the GPS

20  satellites that are in view, digitizes the combined signal, and applies maiched filter
algorithms to the combined signal o extract pseudoranges and rates of change of
pseudoranges from the combined signal, as follows. Successive frames of the
digitized combined signal are arranged as columns of a matnx. As many instances of

the matrix are formed as there are satellites in view. That the mobile unit 1s

)
(v

approximately synchronized with the GPS network allows each matrix instance to be
demodulated, with respect to the Satellite Data Message of the corresponding satellite,
by multiplying groups of columns of the matrix instance by comresponding bits of the
Satellite Data Message of the comresponding satellites. If a master reference unit is
provided, then any PN frames may be used to form the instances of the matrix;
30  otherwise, only those PN frames, that correspond to bits of the Satellite Data

Messages that are common to all satellites, are used. The rows of the matrices are
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-.Messages that are cornnmon to all satellites, are used. The rows

matrices are WO 01/53843 1 6 JUL 2004 PCTI USOO 34306 12

of the

flrGndiflor2888 usi ng

a di scr¥Péisihogonal transform preferably a di screte PouWiigmw/swanst orm
The el enents of the matrices are nmultiplied by respective Doppler

conpensation factors.

The columms of the nmatrices are convolved with the P

sequences of the in-view satellites o provide, for each in-view satellite,
a signakm%grq%'dg Lty ¢k 410 | X guar ed gni .udes ©f the

el enent sr off t esgél}rlratgr :Hg%g rbr{g?) %é%gil t(:)rca O%%aﬁrg,?er?lﬂg ?o‘%vscé(%a colm

coor di natesomi. Whhe Rlgoenespohd matrfoah drd aheltipliyd ahegpsciwr Uo!ﬂ?]er
pseudoranges to the corresponding satellites and to the rates o

t hese

psetdEatinge factorsi sThe selamseof dhe apdrcasdars espovalvedli wits the IV

| .Si Lquity. f i L f h in-vi t el
Then, 1 smgR, (RE Iy HABLRY Ry POTHE e Ph RSt SPETTE E sk
exanpl eambigvitpt@@tiah ntgrit.NThe MRLFCHIcRARRS BEtRMdeANEr iHR&NMLEIRE

the nost |ikely peak in the sum or by passing the coordinates o#
peaks ofchie lerat pakasibe oova and eeloinnepotipatde ofwhith catregspont horcanididaed t her
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range offset,

ca, as applies to the GPS satellites- As each stationary

beacon ¥ELSr SRgEthes cazeq ther B@kpyare identibp lusingr eonstantl false elach ratenbi | e
beacon &&SHgﬁg&Qgﬁ,_ - pseudorange rate pair is acquired by the nobile unit,

25 t hese

praduce an Tiedatedbrasics MRstaticiary beacbhs alel SApI9Tind DEreraRE) BetlRid the
Preferably, the dynam c estimator is based on a |linear optinml estinmator,

such adreiswas kaestal ppral ofhe suydhipicatéan bunat ssquencesand e tEnsiissional
ol f Ton g el ofaiiciminal
obt af P S,o% PELHAERRPRRIS! RHRE TR Jcitiag toge (b euf ©PBhe, ¢ he

| ocat i eultplicd by the speed of light. Note that, because the mobile unit has received the

25

time offsets between the BTS clocks and the GPS system clock, from the reference
units via ihe locator service center, thé mobile unit can refer these transmission times
to the GPS system clock. Note also that, as a consequence, the pseudoranges to the
BTSs are with reference to the same range offset, c;, as applies to the GPS satellites.
As each stationary beacon pseudorange is acquired by the mobile unit, and as each
mobile beacon pseudorange - pseudorange rate pair is acquired by the mobile unit,
these data are input as update measurements to a dynamic estimator 1o produce an
updated estimate of the location of the mobile unit. Preferably, the dynamic estimator
1s based on a linear optimal estimator, such as a Kalman filter. The dynamic estimator
requires an initial estimate of the Jocation of the mobile unit. This initial estimate is
obtained by triangulation. Altematively, under certain conditions, the location of a
predefined reference point, such as the nearest stationary beacon, may be used as the

initial estimate of the mobile unit’s location.

ata are T nput as update neasurenents to a dynamc estimator to



30 predefined reference point, such as the nearest stationary beacon, my
be used as the initial estimate of the nobile unit's |ocal Gogy W1/ 53848
13 BRI | PTION OF THE DRAWNGS 1 6 JUL 2004 PCT/ The
i nvent Fvgond?l%g erein described, by way of exanple only, %gtﬁ)zgg?ﬁence to

t he acconpanying drawi ngs, wherein: 5 FIG | is a block diagramof a nobile
unit of the present invention; FIG32 is a schematic diagram of a | ocator
system of the present invention; FIG 3 is a block diagramof a reference
unit of the present invention; FIG 4 is a flow chart of the joint

esti maty It |4 pseudor anges, rates of change of
satell tg]ﬂﬁp(ﬁﬁ 13 615 hﬁL\ -h\tlésn pseudor anges. 10 DESCRI PTI ON OF THE

PREFERRED ENBORIWENESisTREciRrRS@Hed By ealyl @RxhdipRf orty SWith @8fcARee Rt hod for
| ocating a nobile unit, for exanple a nobile unit of a wreless
comunifegstcrempanying drayvmgaswleton: ti nming signals, both from nobile beacons

such as GPS; satel | i,teg and fr stationary, beacons such as 15 base stations
of The wi reIFZ(g‘s] 'Egrﬁlrﬂcﬁﬁ %tgtrf"gnﬂggs@%@% méffé%?ﬂeéﬁql’@/‘fen & present invention
can be usedHE. 4 0¢atBaRiRWiARMNbIRABERARCT R dfdh@preb&lisPRAREyI N an
environment, such as an urban environnmenf, in which it iIs dl?fICU|t to
establ i sh &§1Gad is ardonkslidgramof afre&ragiot utid of tigrpresenninvent@®S sat el | ites.

Al t hough thﬁ}f?r s.entLﬂ' nvention. i.s descri bed. herﬁjng in rgference_ to the GPS
20 system ahtP:a? d8# JIo%f chamt <in Biey I gy Getmations ofyipopitige Hpwr slellited t hat

this d LRb b ' ' j o t of .the present

nvent o Sar eas By PHLBE LS, fRMI e B IRl ARG

stati onary beacons, as defined above. The pri nciples and operation of a

"")I ocato stem and _nmethod according to the present invention may be better
“unders PN OIF 1D KMBOMMENIS t he 25 acconpanyi ng

M ION OF T MEOR
descri ption E 3 te.t r i .S s, partial high
| evel bl oc ﬂ?@%%{‘?#’“%? el alsDiotl AW B0 f‘}%gbj‘%’%@gé‘ﬂ?"?’ﬁ*\?"éﬂ{’r" n. Nbbile
uni t 1ékaimytd dembilannant enviklds? cofmumietiony bRembastdaatimits gesaktted by GPS
satelljtes, a downconverter 14 for downconverting the RF signals received
f rom t prih &g mabide bracens tushan G stelitris apé from stationary beacons such as

15 base stations of the wireless communications system. Specifically, the present

&Lt At Vo,

6.0

invention can be wvsed to locate a suitably equipped cellular telephone in an
environment, such as an urban environment, in which it is difficult fo establish
simultaneous lines of sight to four or more GPS satellites.
Although the present invention is described herein in reference to the GPS
20 system and a cellular telephony network, it will be appreciated that this description is
purely Mlustrative, and that the scope of the present invention extends to the use of any
suitable types of mobile and stationary beacons, as defined above.
The principles and operation of a locator system and method according to the
present invention may be betier understood with reference to the drawings and the
25  accompanying description.
Referring now to the drawings, Figure 1 is a partial high level block diagram
of a mobile unit 10 of the present invention. Mobile unit 10 includes an antenna 12
for receiving RF signals transmitied by GPS satellites, a downconverter 14 for
downconverting the RF signals received from the GPS satellites to an intermediate
30 frequency (IF), a digitizer 16 for digitizing the IF signals, a clock 22 for providing
local timing signals, a memory 18 for storing the digitized GPS signals , and a GPS



for

30 frequency (IF), a digitizer 16 for digitizing the IF si gi | ock 22
providing local timng signals, a nenory 18 for storing¥t el dzﬂé

ﬁtlzed

GPS si gnabsszssand a GPS 1 6 J U L 2004 WO 01/53848 PCT/HSREIe34880e 14
processor 20 for processing the signals stored in nmenory 18 Mobile unit 10
i ncl udes an antenna 24 for exchanging RF signals with BTSs of a

al so

cel lul ar tel ephone network, a ceI | & ar modem 26 for downconverti

digiti trol ch I d.f The BTS
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pr ocessinBBidtnen Sl ’Zﬁﬂ.)r l%%éﬁbﬁ@ams sygntan wﬁﬁfm"s%”&ea EQniih e

ng and

gﬁegnal s from

clock 22, as described bel ow. Thé out puts of processor %ghand cel | ul ar
pr ocessi@ﬁfWQﬁ arcellvlecoodih &b ITon dawjpoinveriess am&mlz&ﬁg thesconttels chidnped bel ow,
> to prodigﬁ oi nt. esti mat e the location of the nobile unit of
oy &

nmobi | e
10 esti J’VI-SI f .a nmana
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requests as RF signals to the BTSs, as described below. 'Figure 2
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Locator is based on nv nt| cellul ar. tel ephone network 42
t hat |nc?*§)§§rgr?ﬁ k& %Ipm s ﬂm esgﬁﬁa% ﬁ'& lpgadion,, B}%HPE@ d8drfled in
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t el ephone network 42 a | dcat or gerw ce centtﬂ'nzlt and a

system 40

mul3@i t L@ﬁtem@fror Péf enetmpeunder tibe S0¢rallatuptivisidn aifch knewgerhatainiops. Jgach
)ref erenc it 50 is assocj ated th one or nore 20 BTSs 44, and
comuni® CB vH’i"??oFlF?S%f xR Teguests fs sHpRlpmepiabflatehask upNgs 44,

wth s i i.ng,ant.enna 24 a
%6, af VECmERD 96 ofPa Ul 4 rilnhid Moo RN ARRP SRaaR B Mt Pos

as deses idtredbeddlom Figure 3 is a high |level block diagramof re
Unit 50. Reference unit 50 25 includes a cellular communi cati ons nodul e
(CCM) 52 foF1%%Hhruds aatshagelis theganypfa desatar S)ds&ml%ﬂ «dl thal presane

a S- i nc 66, and tion nodu
aymonr gt PR T BTG oB e Spifhal F o i Dous rei et
bel ow. 42k fichides hititage BUSH 44 1 anboh &% GPs | i ¢

functionality 56, via %n ant enna 58. g:)ﬁﬁ%%ﬁ% 1? ?rrégéﬁr%?g]r};] ce rr%g

25

satellites” 70.  The terresirial component of locator sysiem 40 adds to cellular
telephone network 42 a locator service center 46 and a multitude of reference units 50,
at fixed and known locations. Each reference unit 5 is associated with one or more
BTSs 44, and communicates with those BTSs 44 and, via the nearest of those BTSs
44, with service cenier 46. Mobile unit 10, using antenna 24 and cellular modem 26,
also receives messages from service center 46 via the nearest BTS 44, as described
below.

Figure 3 1s a high level block diagram of reference unit 30. Reference unit S0
mcludes a cellular communications module (CCM) 52 for communicating with
service center 46 via cellular network 42, a GPS-based time reference module 66, and
a synchronization module 60 for synchronizing CCM 52 to GPS-based time reference
module 66 as described below. CCM 52 includes both transmission functionality 54

. and reception functionality 56, via an antenna 58. GPS-based time reference module

66 receives GPS satellite signals via an antenna 68. Synchronization module 60

includes both a clock 64 for providing reference timing signals and a processor 62 for

ul ar nmodem
t BTS 44,
f erence

twork 42,
l e 60 for
scri bed
ception
ul e



30 66 receives GPS satellite signals via an antenna 68. Syichr oni zati on
modul e 60 includes both a clock 64 for providing referencé &iJdlng08% gnal s
and a pioeigsssr 62 for WO 01/53348 1 6 JUL 2004 PCTI U 5001/8sd03060615
establishing timng offsets between the GPS system and the BTSs 44 that are
associated with reference unit 50, ?ﬁs descri bed bel ow. The main function of
each reference unit 50 is to determne these timng offsets and to

t ransmdsiabhasse Lt f o rs;%[%‘}.i’i n 46, tionally, one
of reference u%?ﬂmggoqffsdgﬁvgﬁgt%g %Pgs a rrasatﬁgr&?eﬁzissén‘%em%ﬁr? The

mast er asgfcatehwihunferertasiithe, adddseinal bflowct TRNnRfn fiReieh WGk he
Satellite Data Messages fromsatellites 70 and transmtting these
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t ' h t k 42 f ti ist
Coor ot Sre QAR e el 15 Duk ShERIRE o B s R Grsen D (ol cphone

net wor ks 42nahatrefeednat @nfto THeemsabs rdfeentd it bkl LRAldLY ARkGoPBE! € uni t
10. In particular, |ocator service center 46, upon receipt of a query from
mobi | eTEARIENg dhe Setcllitsnbete Msssagss | feomnialelli®s sUp phénemisatitioiat thes¢ich as t he

tini ¢ the  GPS syst d BTSs 44 and
ot 1 onSHEURE DRt RER b Mator oA 3B ne vl ow shtel I ites 70
Opti onal |y, [hBfof 4neike @Baki 1 196 dddcnbr r?e‘flhia?ﬁlélgﬁ@g TRYolkeps %Qiﬁe”aﬁg

| ocation service center 46, with the outputs o processor
cel | ul &mctipn g6 elos ovor@Batoetagmnantong thetvden 1ObAE I 9M 30T MidCeegR er 46 for
recei ved .by nobile unit 10 fromthe GPS system

reconc %ﬁtion. Th];a i}ig(i:;nal uni t ] ]
as'% f PR PEOTE fadbat relate 19 tbg seltlosastion dhawumelig of) mobikmumit fibed by GPS

satel | j : r.e.t I t i ‘'t . The sigpal received_ by nobile
uni t foﬂ?ar31 5@%’%@%‘6’2 *’_s‘XjE%‘i\é%‘ﬁg“’%?p{’ﬂhg%%’& o %‘_ﬁ’f B aele 1t 28| n ¢ he

f or m Gréishnits K rhdbhle-wit) ) §uippledd@ndl[dagofuchwlRane tilnihs ofifis SAURES L0t of -1
zj is the true one-way propagation Tine of radio waves fromthe satellite
to nmobPFe syrFm and;ong of gnaap |44 entboplaially thh3steiepBatisMossagdieoft r ue  range
Ri-crl_t.o0 L1 foat i t. and on the GPS antenna gain pattern;

o (- OP oy SR AT L inelt B n eabE A e stivatton Ty drodd e -

9. {5t - Zpkatioh bd@ice PnE@UHENGRN Ofhe SBLBLIS bE ¢ ' i

expfic)(1--rl) ) i sna Doppl er fgct otr% \ﬁhosgpgo?ﬁ?ég%%rﬁe%ﬁaé]ﬁcémglémdepends on
t he r adpessyd$hsmeiranshitidddo Vedation tsyrvide ®ateelb fdrecdonkatibh.ve to nmobile unit
10, on the ,bias of cl _OSLE 22, _ftnd ,oq ot her_ i nBerfecti ons in nobile unit 10.
The tot al S]—lbensa@a%ﬁgme y mobile unit 10 rom the GPS system, as a function of

time 4, is a sum of the signals G(f) transmitled by GPS satellites 70 that are in view at

time . The signal received by mobile unit 10 from any one sateilite 70, indexed by an
20 indexj, is in the form
GA0) = KD-m)g r-v)explio(t-)
where i is the square root of -1; 1; is the true one-way propagation time of radio waves
from the satellite to mobile unit 10; &; is an amplitude factor that depends on the true
range Ri=ct; to satellite j at time #, and on the GPS antenna gain pattern; Dyr-1;) 1s the
25 Satellite Data Message of satellite j at time t-1;; &{1-7;) is the PN sequence of satellite j
at time 7-1;; and exp[iw(t-t)] is a Doppler facior whose Doppler frequency © depends
on the radjal component of the velocity of satellite j relative to mobile unit 10, on the
bias of clock 22, and on other imperfections in mobile unit 10. The total signal G(f)

- received by mobile unit 10 is the sum of these signals, Z G,(1).




received by mobile unit 10 is the sumof these signals, | GL (t) 2D

01/ 53843 PCT/ USQQ 34306 16 The object of the processing in GPS processor
20 is P REBSH e pj R+c b and its rate of change dpj| dRCTIERMNAId06t he
satellites in view Note that all the pseudoranges pl are referred to the
sanme range offset ca. As in the prigr art nethods, eb is one of the
unknowns that is solved for subsequ ﬁtly to determne the | ocation of
mobile unit 3, o

ik ok - e asure z1 exphicitly As in US
5,663, 734, sever 2 Ciét}nhr gcf%seg%ﬂo?wg]s8%??%%&963?59%?%&33%%tjg’ﬁc si gnal

i s st oredratnoNEBsy 3,81 dmdaﬁtlbe@at@ﬂ@@ﬁ&sﬂﬁv.bwo@ﬁapﬁl@Qﬁ%ﬁ@ﬁdo@ﬁxge%e
difference between US 5,663,734 and the GPS processing of the present

i nvent | ¥R Telsred fathegomsriangeyeifest che Agrivdbn pripnaet midtlonts, griowps offtherany nore
than 5 tq 10 PN .t0 sequence franmes are processed coherently. The total
S gnal VEEETPed by OB B STHECTRG0N 40 G0 bPBR By ORI GTOPASATL 4D, ot arti ng
at an iyt idothess .%Eé.sﬁﬁe{-gx ﬁé{ﬁycal ly at a sanpling rate of between -
two and four sanples per chip. ?Nt four sanples per chip, there are a

total of 4x AD2BAIVL 6634 seserpbhuifdradresconas vwaathof A disiewdsakedrst e 70,
i ndexed by index j, these sanples 15 are stored as successive colums of a
matri x S1Listred ippmemenycd8eansk thenserpsEisad atdSofrockenar Wamihes per

hi p, ] | th f . ti
Fr aimes HretAcZyl AE, PR B0 PO e GBS riockiife B M orent BNERooT 1 1 x
el ementihatlaccérding 14 )thé redgh irﬂv%n{iélxo,ggnouiﬁ A BiabPSndik rBhn 4097 192PR! €s.

corresponding to the irst mllisecond” s worth of data; the second col um
of 0L~ seaufnee kramies msirrecelsed coher2ptlp0 t hr ough M (4092, 2), are the second
4092 sanpl es,, correspondi ng, the second mllisecond' s worth of data;
:,etc-, t hr ougweatoi?drﬁ;‘g’iap&fca’g’ﬁ%ﬂ:l%%mhﬁ%q‘ﬂglH{6'5 PHESHRigd by BEtrstales of data
. auSh el T Etrldng 3l (AR 11 SRR BRI HEATE Bl gher 201y
bet ween 100 mi | I]i s]eacondlg C:and ?Lg%ﬁn IF: secon gﬂl\‘f\brfg hOf(%)TaggEgPéw 86 to 1000
f r ames Your ssmpiesred chip. M¥ib fyurlSupdesnmdr rahip, 13 brd @ totslasthixil 02340 sat el lite

70. 25 The first processing. step is to denodul ate each matrix 11111, i.e.,
to remSYBPEREET fiamey itk &6 Insiiew) safalliteHl, anduzed dyendsx /., Thiss shmpltsne by
mulyti plyd f : | eacorrespondi ng bits cof

O (E--1] )Q&Aegﬁgggi%%;“&e %ﬁ%@g@;ﬁﬁ;ﬁ%@%ﬁ@, (HE St SRR S ¢ he bt s

of D farbsanaplegmed chip, hat H®92 olowmnandfasMphnt CoWrkkt Rs (BPQUIbRRST
mllisecond. This alignnent is referred to herein as "approximte 30
synchr 6PRSESEEnTamEs dBHrdd hiltc somppieHoRhtheGhSTt sspdiram of Wiy adx 18

elements M(1,1) through M{4092,1) are the first 4092 samples, corresponding to the
first millisecond’s worth of data; the second column of My, matnx e]eiﬁents M{1,2)
20 through )(4092,2), are the second 4092 samples, corresponding io the second
millisecond’s worth of data; etc., through a number of columns » equal to the number
of frames of data that are stored in memory 18, at one millisecond per frame.
Preferably, between 100 milliseconds and 1000 milliseconds worth of data (100 to
1000 frames) are stored in memory 18 as matrix M; for each in-view satellite 70. |
25 The first processing step is to demodulate each matrix My, i.e., to remove the
influence of Satellite Data Message D;. This is done by multiplying groups of
columns of Mj; by the corresponding bits of D{#-t}). A necessary prerequisite for this
demodulation is for the bits of D; to be aligned with the columns of Mj; to within
about one millisecond. This alignment s referred to herein as “approximate -

30 synchronization” of mobile unit 10 with the GPS systern.
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1 6 JUL. 2004 P CT/US00/ 34306 17 Cellul ar tel ephone network 42 may be
synchroni zed to the GPS systemclock in any case, for exan’bsedujf @g/{)l ul ar
ot
e

t el ephanregpgewor k operates according to the CDNIA IS 9p-si; 6])?% bile
unit 10 is synchroni zed to cellular tel ephone network 45 I'n

conventi onal manner. Because cellul ar tel ephone network 42 is tine-aligned
5 (synchroni zed) with GPS systemtithe, nobile unit 10 also is synchronized
to GPS systemtine and therefore is able to denodulate matrix ilJj~

rel ative to il telephopggtvavs slagay ba syndrendzaduodhe (HSepistsmecioekwor k 42 s
not s i o.th em,cl k., .and, in.particular, if BTSs 44
004 mo e ol GobdBic TP AU ORE nen BRE orplrBS blcofimBlin bt OTo0

obt ai n,CIHNAMS-2f qeede® Mubils vBd M 8 shRGRbDLeBIBIMGRr 684 Rhe ABdike
transm ssion tines of the synchronization burst sequences of BTSs 44

accor diddgnths contentopd wiek. Bytmse cdMis2elophaemeherkni@os tinietalfifed ecei ves a
synchroni zat i on . pur st equence fromone of the BTSs 44 associated with -
r ef ceér eg?gcﬁrﬁﬂzegngwligy%%iFﬁ?@eﬂ]{’%ﬂm P lg(f’qﬁbise?)@ichré@]zﬁ dotGhe of f set
bet veeiydiiatnfRl sditheARdle (D 8IS By &I65 06 Saledichogh 64

Because the | ocations of reference unit 50 an e assocl ate s 44 are
fixed dMrssa@edhn, the propagation tinme fromeach associated BTS 44 to

ref erence ui{t F%gals is knOV\?, so the tine offset is referred to the tine
at whi ch t hatccliBipsiclophope Retviark d4 18 Re! SpRerpisat sathedsPbaydemsiarkence, and

t theydi; : I G f. 1 : iyed th hroni zat i bur st
Coquent BeRagH I BTNE R B ShimRek 1 HE ool EBICAN €87 e

cenver nétrthéleks cars obiaiye fodi réfRfencs WaGBrINadbtAlr bRt &aRYeRCeROf each
associ ated BTS 44, so that locator service center 46 always has a current

| i st ofraRsmiesig fimes 91 dhe ainchRnEption s meqirac@Pst BYSs alrh acchidinad toy, nobi | e
unit 1 r§§§iv e rent ti of fsets,of the relevant BTSs 44 from

| ocat o&eservfl%eﬁcgﬂ}eam%%%noflraergﬁé C?_”?He’”trf??é"‘?f*faf%"BFNBF’Z?%@’ W&k est BTS 44
from t healeGRn 2 bP TS £laRcHRE i HlrkndDuli0s6 488 LAR M nal
transm ssion tines of the synchronization burst sequenhces Promthe nearest
BTS 44mpdplettfi dtahimstihe tmd offset tetwobr thiahBAB wisirioht &R syistedn oW ti me

o et T TR ALSAST AL T2 Rl I 20, 1T Sgecande Tne e of fsets
ot amsst st g eddanas, o s g R BRI Myt ares
headerrefirtreeamnitt® «Batiekhiwe, daha iMessfigeishafigedas iotde bi whichwhitch are
BTS 44 transmitted the synchronization burst sequence, and not the time at which
reference unit 50 received the synchronization burst sequence. CCM 52 then
20 wansmits this time offset to locator service cemter 46. This is done for the
synchronization burst sequence of each associated BTS 44, so that locator service
cenier 46 always has a current list of time offsets of all BTSs 44 from the GPS system.
Finally, mobile unit 10 receives the current time offsets of the relevant BTSs 44 from
locator service center 46 on request. The time offset of the nearest BTS 44 from the
25  GPS system is used by mobile unit 10 to correct the nominal transmission times of the
synchronization burst sequences from the nearest BTS 44 for this offset, and so o
obtain an estimate of its own time offset Ty from GPS system time to within 30
microseconds. The time offsets of BTSs 44 from the GPS system also are used to
obtain BTS pseudoranges that are referred to range offset c,, as described below.
30 1f the frames that are used to construct matrix My; correspond to Satellite Data

Message header bits or to Satellite Data Message handover word bits, which are



WD 01/53848 1 6 JUL 2004 PCT/US00/3-1306 18 conmon to the Satellite Data
Messages of all satellites 70, then nobile unit 10 either Rrdwilit 88% bits
a pri oo (¢i/ssssshe case of header bits) or conputes these pomisobases on the
time of the week (in the case of. handover -word bits). - In the

enbodi mrent of the present invention in which a master reference unit is
designated to receive the Satellite!® Data Messages and rel ay these
Satellite Data sages .t cator service center 46, _nmohile unit 30 sends
a requéSF@ ’Pd%/ggaﬁfﬂga R??ac%&(?%’ﬁf"% Pfﬁ'{é S?‘Gﬁ’éﬁt%% theadpepig pit Eﬁ?ﬁhﬂ Message Df
so t hatabiie uRat elik ibh574 £ REEE BlseRistiR 208 kd can be
used to denodul atearé'frig ML1. S‘It::he sScJnﬁg%gtc%’é’gf’%{hg%%%ﬁ%&?%%lt“r ansform
each méter fimeMf1hé meek Gnnhe case efidhdovaiOwbid es).f & HengnBodigat 6f ;eor t hogonal
transformon each of the rows of matrix M),  thereby transform ng the rows
from t RESERBYAEREIH W h i@ PG ifarRse Wbt dasicased waeceinatheiSetallite) £ | are
in a megednfdiBe B s referred discret t hogonal
transform ]I\JS i 8; éﬁ%g@%fgxeggﬁegpeg@%%ggsﬁsﬁesg? ?%Cguodhse{‘ﬁge st gf)re‘?%f t he

pr esenindbiieaniii D séAdz| i gtR@catibdbcdtoABat RE Renief U6 No bidiReSAMighpRgdamar d

transform 15 the various kinds of Wavelet transforns and the Hartl ey
t r ansf &16¥522¢he Tthihatl thsr siadbisrdrpenday s afhatetitet PphiMassapn Dpfcan lbe el enent s

of eac rix 1 by. )pl er conpensation factors. The form of the
Doppl epseco%rﬁfg é)g't'}fl]ééar{nf%’gt’ “ for the (r,a) element of matrix MMjrf is

exp(- 2.1 itUhédeconbPrdceshLLRpT: it i | il BRLTE X ML11,
nis the nunber of c%:)él unﬁyﬁjgbi npmatrF%Hﬁo??%gﬁ{jnjﬁﬁxsﬁﬁbﬁg{f%@%%ért_ 20 of
t h&0 Dopyiperiofmiague disgreghpfthogrinat rensfogmadn Exdht Of, theeasus efimiatixkhiz;, Not e
+ that, \\j\ﬁietrg%qne @ne:m' | i second PN frage per colum of matrix :Yly, each row
of mmat PFEMITSIORENS BROWEErom thedpas Agmarg the fleqyssppderam; sgihaicy shi f t
of eacha lds), t et - OSE | bi J, t i thin about 4
KHz. T%efﬁg%grﬂg{b fﬁguﬁr; Zgl %%gﬁ%%%ﬁhgg d%é‘% g‘;@&%‘)ﬁ% r{é% %gn 5% ors are
neededoriegouhlt transfommn fipuhe didcfete datinen trnsfesm Malljughothe 220paelf gatel lite j.
Subsequent ly, as dgquﬁ?ri bed bel ow, nmuch nore accurate estimtes of the

Doppl R b RiEAEYD ydes ofjer é@f’é“jloppﬁve%"?]?@s adhe Voushatadamadicrosfory, one mat ri x
L1y rltgla%an' 685 WW&%@%%S? sanB e Pfgﬂfe&&%hs fe remaini ng di scussion of
how GPS pseudor anges and pseudorange rafes”of cthange are measured

accor di ng tDh¢ fifrdopresesingi stapeistihe muliplidhtioh & W QEmani dTeheh MRkAL X | Y1, #

per saﬁ el Li e | .
1157 by Doppler compensation factors. The form of the Doppler compensation factor

2mrir{d
T ir (_ + h)] , where m is the number of

for the (r,d) element of matrix My is B){p(—
b

m

rows In matrix My, n is the number of columms in matrix Mp;jand % is the integér part

20  of the Doppler frequency shift of the signal G{r), measured in KHz. Note that, with
one one-millisecond PN frame per column of matrix My, each row of matrix My
spans one KHz. Initially, the true Doppler frequency shift of each satellite 70 can be
estimated by mobile unit 10 to within about 4 KHz. Therefore, four different sets of
Doppler compensation factors are needed, resulting in four different matrices Mjy; for

25  each satellite /. Subsequently, as described below, much more accurate estimates of
the Doppler frequency .shiﬂs of satellites 70 are obtained, and only one matrix M}y; is
needed per satellite f. For clarity, the remaining discussion of how GPS pseudoranges

_ and pseudorange rates of change are measured accoerding to the present invention is in

terms of a single matrix My per sateilite /.
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convol ve each of the colums of each matrix jWIlj with the P sé%]uence of

satellitepjl to produce a matrix 1}ff that is equivalent to the natched
filter YQW/38Hye and frequency, known in the field of rBaHVS¥Vaes

processing as the "signal anbiguity function". See, for exanple, Fred E.
Nat hanson, 5 Radar Design Principleg Second Edition (MG awH |l, 1991).
It is ibis use of denodul ated signal anbiguity functions, subsequent to
appr oxi mat e Byerfotrtb praratsgnstepis wokinlvelvarath aliht @olunens@Sasly siaeiy  t hat
enabl es the present invention ]ijo process coher_entl%p{rany nore than the S

to 10 PlrsedhdiceNreavmse ohatieliie/, e predised maghdieiel i Syiadier in US
5, 663, (34 . I i i f ast
convol s BattEaPRELETRCREOINE HERMACPELAA R GOGAR Y tacK o e

di scr etpeodesiiig 89 theraiwmbloambiguinaficrlionh Bée, Fatdxampll Fldd EnMbibapion, t he
transformed colum by the discrete Fourier transform.of the PN sequence,
and i nefer divsizai Bopepies, Fesiond drditiern¥icsrawdiilly A9 B! lints. thiovee phat t he

mul tiplyi ' of _t | f ix 1JJJ]L B he satellj.t e-dependent
parts gkﬁt%ﬂ{]alg dp%”é’?%’:%ﬁ%ﬁsa (I:t%l!l}s’f %%%%(}ugl,lt %)Sapgko ]}-ﬁa%ﬂng PV be deferred

to thi sf piglesshngd 3¢ @ 8RS dysiRheBRt@EbRY thd Fﬁés@ﬁqhvenﬂa;n% ahsde@¢ med col um
of Ali , appropriately shining the discrete Fourier transformof the PN

sequené&ehgieiiby mapy thereniban i the | Tde i IBh POY sedventer amksrihgdareopronessisd t he

di scret Fouri er, transf f PN sequence. Note. also,that the matrix
el errenf@’%?’iqﬁ JBPF Gt giéns%’?é}%gerﬁ’? p%gi)‘é%@r %QWQE‘B‘P%‘EF‘I}’P WY in terns
of jhheweaULAh HRIINLHLESH Bietl%(a, his§ u@é@ﬂ?!{&a%neﬂ' @S%%%?{ngﬁ@rjf&nﬁbove a

-~y general background | evel- The row coordihate of a pea ts pseudor ange
7 (uni t saghsciéis tFance) trandorth @nco kolmmrc ob rmditrva tié;( oniltiisy ake tBndguenty) of a

peak is proportional to the rate of a of its pseudorange (units of

vel oci f‘if';}m” )‘t‘ﬁ?ﬁ r‘i‘ﬁgo‘b‘i‘%rfiéﬁnﬁg’ﬂms‘?f&gﬁﬁf EFREEatrd RYRRAKESCSHe frame per
col UMEgider st Oof TePQidif! eNbR §2PH }h%tjﬂmgtri&fo hdefelh IRY §¢ t han one
frame per colum, "as long as an integral nurber o rames are used per

col unmmmatdbi Agy; dsye iter aatellipedependanttparigi ofethet heppiat compersesal Widtes, f or
determ Oé{g the _rates of change of the pseudoranges. A constant false alarm

rage dg, c_t?f'éﬁ‘:ic i i i fy ) S bLY the
o2 B T chERe g s RSN Rl Sa FEELS AP |
background level that is obtained, matrix elenent by matrix el enent, by

aver agiragfarined column of Mjy;, appropriately shifting the discrete Fourier transform of

the PN sequence prior to the multiplication of the transformed column by the discrete

Founer transform of the PN sequence. Note also that the matrix elements of M are

complex. The overall appearance of matrix M}, in terms of the squared magnitudes of

20  its elements, is a set of peaks a'bove a general background level. The row coordinate

of a peak is its pseudorange (units of distance) and the column coordinate {uniis of

frequency) of a peak is proportional to the rate of change of its pseudorange (units of

velocity).

Although the preferred structure of matrix My has one frame per column, it

25 also 1s possible to construct matrix My with more than one frame per column, as long

as an integral mumber of frames are used per column. Using one frame per column
gives the cptimal resolution for determining the rates of change of the pseudoranges.

A constant false alarm rate detection scheme is used to identify the péaks.

Preferably, the detection scheme is based on an adaptive threshold, based on a

30  background leve] that is obtained, matnix element by matrix element, by averaging the
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-around g dgiget matrix elenent- The set of matrix n%?g?
acto

the inst ancédesretpytiof ,stlaem%reew recfivepierss
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matrix elements in a window (for exanple, an Sx8 w ndow or 1%x ‘-@ Iq
squared magni tudes exceed their | ocal average by a thresho isin
the formof isolated clusters of matrix elenents, with each cl uster
corresponding 5 to one peak The corx di nat es of the peaks are the
centroids of the clusters, hted by the magnitudes of the matrix
o ementsgorRd TREEIEPGSt of 8 Ui s é%GWGﬁDéP imarsmdpy (foeesanpledn b8t he
r equi rew XI rruam]g)a]lé madot%n%rgﬂtdemeam R )I(-e nown i thee art The out put

0

of ‘this 8 ure’rs se ypot he o7 teé“%]ée orange pj "ihd its

rate ofe]@ﬁaﬂga;mé k@“ar@ﬁﬁ;@@vhﬁid@ﬂeﬂe&@ :ﬂetyetotmlatvbalﬁe 9GEDFdsBBIdt bRt 0. At
this point, the 10 hypothesis associated with the peak nost likely to be

the nods in Beifath of mk%m&«éumrsmf mgti digjriedts, Witbreaelk shystee corhgponilgigest peak,
coul.d he sele rov he copordi pates hat .determ ne p nd dpj | dt.
br ofer B9 PRAweys oBERHES B IHRERERE BF cERei ot Heas ey Felthieded on

sever alpy Sﬁt@%ﬁ%ﬂt\éﬁeﬁ aﬁt}ﬁenﬁﬁﬁnoéteh]@ﬁrsoth%teIa&%rt Ot fle fFREHRIPRRor Rf €
generatéd. Preferably, between five and ten such instances of each matrix

M are dsttntﬁlegé)mébfateqdnetﬁmbsmm fﬂ]sqﬁlmme rag 19 welthknewh exl thecanar ds
obtaining, for satellite j, values of pj and ngdt that are based on all

ORI aReoRadi ng t he

t f 3 I t t t th he t
Ist] anggﬁsmg ﬁ%’éo /ﬁ ?Sléécsa Wh ‘ﬁ‘h {‘ré rF‘?e)P 8 eﬁgnrt"g%g%ﬁ%ﬂroﬁtqh@% i nst ances
ar gof emtﬁaﬁs&@a{ss&haee xﬁgi’ﬁ]%%aﬂ%%t 19990 bt e indst RNGER AfLurdged to each

420 othef, matrix elenent by matrix element, to produce a sum matrix; the
“fal se ahdtﬂp}/drﬁ&treﬁﬁmp}& ﬁ;eﬂﬁgmswmwadnﬁﬂbabamedﬁ)meﬂetme beteBinafey t he peaks

of the summatrix; and the coordinates of The peak nost |ikely to be the
most  r &t slsleeminsagyAng dsj/dpj PraferablypbeweverpscvesehipitanceTiof thi ghtstespeak, are

aken he .val ues o and d dt .n non ent nt egration,
the mat it ;Ea%eldef’r’énsfge%{ S'E‘JICFSSWFe %@f‘:’asnc?tghfar Fé%q ﬁ% e?TF squar ed
magni t Uéﬁ%@ate@“ﬁ’réf@x%ﬁ]yt Baveenshvanha iél %h%?tﬁﬁ@e@%ff %ﬁél& HiatSE hﬂ@e ii§ used to
conparé each matrix éfement with a threshold. Matrix el enent's that exceed
thQSt heeshatd Suweqe@t@msﬁmr pribeciedridwalds obtaeng nfet satkllied grvehtes ar e

pl ace er os. st ances. now ar dded to, each other, matrix
eI errenf’gB'f“F}a{%’/iﬁ thal %ﬁgi"ﬁeg ony ?B’&WB%BSaP%s{ TResEgdco %ffﬁﬂ"eay second t hreshol d
is applied g ol

];tntlﬁhe peaé%kéif%; {Re %xaée%fﬁfyca{]e%npaakém Hedtde e

coordi nates 0 fhe sum matri x
noncoherently. In standard noncoherent integration, the matrix elements of all the

instances are replaced by their squared magnitudes; the instances are added to each

20  other, matix element by matrix element, to produce a sum matrix; the false alarm

deteclion scheme described above 1s used to identify the peaks of the sum matrix; and

ihe coordinates of the peak most likely to be the most reliable measure of p; and
dpi/di, for example, the hughest peak, are taken as the values of p; and dp/dr.

binary noncoherent integration, the matrix elements of all the instances are replaced

25 by their squared magnitudes, but then the constant false alarm detection scheme is

used to compare each matrix element with a threshold. Matrix elements that exceed

the threshold are replaced by ones, and all other matrix elements are replaced by

zeros. The instances now are added to each other, matrix element by mairix element,

. to produce a sum malnx, and a second threshold is applied to the sum mainx to

30 identify its peaks. Again, the coordinates of the peak, of the sum matrix, that 1s most
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reliable measure of pi and dpildt, are used as the val ues{q j\n, 286id

dpj | dt.w%rbq};%g way to obtain values of p; and dplldt that are based on all
the instances of M processed collectively is to repl ad& YRR x
‘elements of all the 5 instances with Their squared magnitudes, as in
noncoherent integration, but then teyapply the constant false alarmrate
detection schene separately to each instance, to obtain, for each -

i nst anc&kelal is stpraskntiip otdsestisblt ascapyrearih; apd Hgltdr, Abesal hypeotvhreess and

their associated start tinmes are input to a "track before detect”

i dent i f PcMidscheme to identi fy the nost |ikely hypothesis- "Track

before detect," s a nethod that.is | in radar. techno o for
Cdent sty me_tapligs el i Sk of Tl v dP ot P bgie Sl b el .
t he boolnskycds’ G1E prikhANEAREIARTs 3o RaccTihE ;amdaieﬁ%g@ts%ffe M BlSs 44 are
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times of the PN sequences by satellites 70, according to clock 22, are
of f set MCFBHYitherost hhdytrethesing “drackshafere det¢ct? freapaaghddilmgesvelbot h t o
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i 7 d 1Ss 44,.share the same range offset cb, If
“yeel lul a%?g{gghgarggpntg%%ﬁ%§4 % sldgfﬁtgiémggyn?ﬁrcg’ni”iea BVt RE"EPS Yt em cl ock,
t hen mofpivirenmeit SkO f@bé;ﬁini}ﬂe,ttﬁlﬁbédkm? Frefi fEs eloth Bk oBdia%t fiEr om the GPS

system from | ocator service center

6, as described above in the context

of the approXicmseedagnashioBilBadd ere tie diffbichessuritvediOthnirbdastrd tinfRS syst em

for the (UL

Mobil e uni,t, 10 t hen uses. these tine 25

¢ f d dul atipn.
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to BTSs 44 are referred to the same rahge of

set as the pseudoranges to

sat¥®l | iteleghom®. neThierkpd2 il oymmhgeszeticlo thheGPB-system slatle) {hehebe ROmikdie rates of
change .of the seudoriﬁeges 1[‘1_0 t he ig-vi ew satellites 70, and the
ain .

pseudorZRFEESPY EES oL

SORFATOR BUShFTaUeRsssi FreeBHNB D clowk 82/ 58838 1 6

JUL 20Qdfset from their troe times by the same time offset, Ty, as the time offset by which the

25

nominal fransmission times of the PN sequences by satellites 70, according to clock
22, are offset from their true imes. As a result, all the psendoranges, both to satellites
70 and to BTSs 44, share the same range offset ¢,. If cellular telephone network 42 is
not synchronized to the GPS system clock, then mobile unit 10 obtains the time
offsets of BT'Ss 44 from the GPS system from locator service center 46, as described
above in the context of the approximate synchronization of mobile unit 10 wiih the
GPS system for the purpose of demodulation. Mobile unit 10 then uses these time
offsets to correct the times of arrival of the synchronization burst sequences from
BTSs 44, as measured by clock 22, so that the pseudoranges to BTSs 44 are referred
to the same range offset ¢; as the pseudoranges to satellites 70. The pseudoranges to

the in-view satellites 70, the rates of change of the psendoranges to the in-view

. satellites 70, and the pseudoranges to BTSs 44 are input to joint estimator 30.
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pseudor anges p and pseudorange rates of change dpldt from GP§ pijbc@Blior
20, aneycesiizgnt ed pseudoranges p fromcellul ar processettadBo#/9::8€r1 ve The
| ocation-of nmobile unit 10 now will be discussed- The essence of this
method is to use each new neasurenent (a 5 pseudorange p and pseudorange
rate of change dpldi relative to a Particular satellite 70 or a

pseudor ange relative to a particular BTS 44), as that neasurenent is

obt ai ned, t ol NepBstedansed By gkt S8R 80 dp tRbipe csePeRTaREsStBrand. (1, y, 2) T
and of vel ocj vector )T i nit 10- (Lt i al,:this, reason
that t I‘E}%g?doﬁng’gu(r}aé%r%n ieicssjg?% edrp ?equfogn hgirplegi Hjtnzzics‘:’(gsaoﬁr 'jgpd%f% “r?%}éjsaher ement") |If

nobi | e pdiidordfded B MEHEI0aF PRGHEsof 8L io0MaT W (BETIVERTBNSHTREER Wai Mpasur enent s
and if range offset cb weré to remain constant between successive

measur erptg)] baodisdussddo uFheassamoe ef thnemshodne it ssewerke ntw niraswbtaningd from
matrices J1 1] conputed from sig\%gl s received. sinultaneously by nobile

uni £ 105PHIGMPBRE wSPIydeTange ¢ RbEPPSB&/HIESEIE 1o ¢ rartictiHesatqlieat i on of
roDL | € 790bd 2 MRt dARAUALE A0 o BRARYNES. ARSI AR YR o DRYSR AN CD MRy 15
I Ve measurenents, If f's"6bt ar he

drift behveen'succe nmeasut eimen Prom &PS

_si gnal shtalire@eid/ agdy afOPpHi6ri WiifnaikOoRihedobitRmeMcidr AR S y 2V euddoopPfeused, or
if pseudoranges to BTSs 44 are to be used, a nethod of estimating r that
accountslotyy vekter met(von.of ofnuisbile wmi 1010 (Ginds flor thikaeakonf thabfthisl ock 22

must be used. Such thqd i.s referred to herein as a "dynamc'
esti nafr?eélﬁ“rﬁ%‘f:ﬁto’&.re%ﬁ’gﬁdﬁ?é‘?? &d aﬂy%’ﬁﬁ?@ ’@%Q%UFF&“‘?D&n? nEtAedE vort B8 ong to

thgypcl agse o ré.ﬁégg%gggogw DBlyeES LhdRL S ﬁeg{aﬁeﬁe@ﬁ ae}rdeifferﬁg%doﬂwadﬁ c

yestimation met ased on a Kal man ter. is nmet now wi'l | be
descri bett itn regeiraichnstdm- batvase sucapdat e smedsufengiitk, Vor BoBiskreotiidre10 i s
assuned to nove in a known . manner. The npdel of the nmotion of nobile unit
10 useBcABFeNaNiadveas takaapipwed drops matpres Mperppredion sgerls r<reivedndom

noi se. ehEheRAN PmoBHE fhifito FRH B0 NS NP oul A%, 8HANG A fpovn 1 oad,

al so may be used. “Accor di'ng e line &5t ol Of nobi | e

uni t  1fhcatidn bhobideatit 00 by BSdnRhla0bn NB&iabe: Wabile 10t a0 hévi ahd\c) mias rk-) and
the velocity vector of nobile unit 10 at time tk_1 is vk_1, then the
| odat i Bmithstvees| yerasyive yeeeswemeals, ifi measuresqots eblkingd fram £PS signslk 18k and

(e mosgueddSapBaRtest 20 4 el bt B2 ditif ot B R e epecd of
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mobile unit 19 and for the dnft of clock 22 must be used. Such a method is referred to
herein as a “dynarmic” estimation method. The preferred dynamic estimation methods
20 belong to the class of linear. oplimal estimators. The most preferred dynamic
) estimation method is based on a Kalman filter. This method now will be described n
detail.
In-between updates of r and v, mobile unit 10 is assumed to move in a known
manner. The model of the motion of mobile unit 10 vsed herein as an example 1s
25  linear motion with additive random noise. Other models, such as motion constrained
to be along a known road, also may be used. According to the linear model of the
motion of mobile unit 19, if the location vector of mobile unit 10 at time 7.1 1s 73y and
the velocity vector of mobile unit 10 at time 41 is .1, then the location and velocity
. v-ectors at time 1=t;.1+8; are ri=ry v 18; and v=v;.). The range bias ¢y, is defined as
30 the difference between the time measured by clock 22 and the GPS clocks, multiplied
by the speed of light ¢, and the range drift c; is defined as d{c;)/dt. Then



23 CobPf) Cb(k-i)+Cd(k-i)Sk and cd(k)VCd(k-1). The (eight copponent )U,‘
navi gati on vector nis defined as the concatenation OF P V&b £d: 31 x T

W%W v~' Chb' Cd) The state vector
e= (6 5y E? TBvVzi $v3., 8vz, 8Ch, 6ed) T of the Kal man filter PEIUSAY3E8¢ i nat ed
the di fference between the true navigation vector

navi gatl on error, | .e. ,
and 5 the Iinearl y propagated navi gati on vector. This state vector obeys

the propagation equation ej=Ak-]e4_| + )vk-1 where the transition matrix
AK-T i scrpficsh. nﬂcdaﬂﬁk lmﬂ cQ,g¥caQ¢ 59 OHQ: (e@ghl &non%Kn@ er%atIGh Qweélfop IIOISSK 8 8 000

0010000 100 c
0 0 0 19%fmed 2p g’etfﬁ’@“ﬁ?@@@@@f Aok §eand &bknrécgdemmsdcbwdﬁ the model n0| se
00 000000O00O

i RTY. 0 0.0.0.0.0 R
Al SVKI i1 K YEY 6 G000 56»6"‘035 g@7006 Ugp Bﬁbnfel Gltepisolhs 0 0 0 0 0

000 oesangtéa ﬂafnd%%ﬁ%n@/\pé AR e RE e hignGh Gy B a%%@gu%véc%r LR

noise in the x and y directions (note that I'e uni
nmov e sdbgt]mﬁrﬂlabir(wﬂgﬂecﬂ mevigatign) vedtame)Fhistoidie! egtior 1ébegs thapapmahks, and
Ws a range drift error covariance, nodel ed as white noise. |mediately

fol | owi T té?{’ update of the location vector r and of the velocity
=A F1€8] T Wi

where the transition matrix 4. is:

(1 006, 0 0 0 0)
010 0 45, 0 0 O
001 0 0 5 0 0
000 1 0 0 0 o0
Apy=
000 0 1 0 0 0
000 06 0 1 0 0
000 0 0 0 1 &¢
\0 0 0 0 O 0 0 1
10 and wy, is the process noise. wy is defined via the model noise covariance matnx
Os:
(RW, 0 0 0 0 0 0 0)
¢ RW, 00000 0
0 0O 00 0 00 0
) Our = wegws” = g 0 00 000 0
_ 0O 0 0 0 0 0 ¢
0 0 000 00 0
0 0 0 0 0 00 0
\ 0 0O 0 0 0 0 0 W

where RW; and RW, are the covariances of the process noise in the x and y directions
(note that mobile unit 10 is assumed to move substantially in the (x,y) plane), modeled

15 as random walks, and ¥ is a range drift error covariance, modeled as white noise.
Immediately following an update of the location vector r and of the velocity
vector v of mobile unit 10, the state vector e is zero by definition. Subsequently, until
the next measurement, as the navigation vector n is propagated forward in time, the

covariance of the state vector, an 8 x 8 matrix P, also is propagated forward in time:



vector v of nmobile unit 10, the state vector e is zero by de]‘ igni mjo?q‘s
Subsequently, until the next nmeasurenent, as the navigation el:! r q IS
pr opagateesh/fse¥ksvard in time, the covariance of the statecvasbosizoan 8 x 8
matrix P, also is propagated forward in tune: 1 6 J UL 2004 WD 01/53848
PCTI USOCQO 34306 24 P-k = r~P{k AT + O; Here, the superscript "+-" refers
to the a postiori estimate of P af#&r the nobst recent wupdate, and The
superscript "-" refers to t%e__a [ i OFi timate of P, before the next
update. The initialization bf P #+di §df¥sed bel ow 5 A neasurement obtai ned

froma I%Ex%,”alet %g?r@@ftsa}’%fehé & ifd déﬁoﬁio”"@sh +§ ?&;8?%‘&1@‘{}?&59{& reERdp! dt) i

The matrix ates the stat vector e S neasur enent vect or at

time tkopdate, nd 11#d s@beBsclpl “O refdts @b thela e rviestinde bf Mhef@etthe negict or
rr=(l~x,zr3.,ul) is a unit vector fromthe estimated | ocation of nobile 10
uni t 10°Rdgtes Athsipitipbzatyn of P 1s diseRssghPeipPk-skj rk is the a priori nobile
unit, 10 | ocajion vecto obt al-ned farwar d _pro atiqn as__descri bed
above. sk i eRastieR] onSIelisis Pho iR ia wPUBR T plY BB e by

CPS  praefsSAl(p2B/dFl NGe hhieris &t ahirt e RhesBivecRRE 16 e nitadabmeh satellite
70. 15 A neasurenent obtained Tj‘rom a signal froma BTS 44 is a scalar (a

one- comzottent timec¢tior ), z=p. The matrix H that relates the state vector e
to this nmeasurenment vector at tinme tk is: HkK = {Nr ug Ir_ 00 O i 0) where
the vector u=(us, yy, 4% #s é{;urﬁt Yect ol f¥pm mobile unit 10 to BTS 44.
Note 20 that th ogigi qns mf ;BTSS 44 arejfixed and known. In both cases,
an estimate of e is obtained by nufl'ti pl ying the nmeasurenent by the Kal nan

gai N Mafkdr i %éct@‘g{:ﬁuﬁfgkk% Ifszsl-al.l At rom (5 Bianaed YT b endBERS ur enment

“y NOi se covariance nmatri X
10 umt 10 to satellite 70:

1= (resplresil
rx is the a priori mobile mit 10 location vector, obtained by forward propagation as
described above. sy is the posiion vector of satellite 70 at time f;, obtained by GPS
processor 20 using the satellile ephemens and time model of satellite 70.
15 A measurement obtained from a signal from a BTS 44 is a scalar (a
one-component vector), z=p. The matnx H; that relates the state vector e to this

measurement vector at time #; 1s:
Hk=(ur u, uv. 0 0 0 1 O)

where the vector u=(u,u,,11.) is 2 unit vector from mobile unit 10 to BTS 44. Note
) 20  that the positions of BTSs 44 are fixed and known.
In both cases, an estimate of e is obtained by multiplying the measurement by
the Kalman gain matrix Ky:
K= Pl (HP iHy 4Ry
e=K;z

25  where the measurement noise covanance matrx R is:

gt 0
we(7 )
0 Oua

for a satellite measurement and

m=(7)



R6 02 6drrdr for a satellite nmeasurement and Rk= (.g) WD 01/3848 1 6

JUL 2004 PCTI USOO 34306 25
of Q Kk @pgikhggvari ances of the corresponding pseudoraggﬁpgp%_Pse
P36 |

rate of change nmeasurenment errors. A new apostiori esti
obtained as follows: . Ptk = (I-KkHk)P k 5 where | is the unit matrix.
y, the a postiori navigation wector nk* is obtained by adding the

Fi nal |
state

vector e to the a priori navigation vector nk: Xxk{=xk+Sx; vy

for a BTS neasurenment. The di ag%nzaIULel gﬁ"@nts

or ange
S

kt =Yk+SY,

k - Zk+Sr a&KI SSurkswsvent. ViTke HhsdonsVelemeaks oF g \ire tBogati@iddes wfCQeand CA

=Cak+8cd. Fi

j oi nt
is ini
vect or
equal

errors i

ure 4 ig aflo
e‘_é?ﬁa? H%BSB‘J?%W?%%@}QV% PHRIEPEOF DT _
Uhél 128 d-PL 9kt d OOP it Bined alrofBpini tial estimate of the n
n, and by setting the diagonal elenments of the covariance
to initial ¥hlsugsKihaF,reflect the initial standard deviati

chart of the ?verall processi ng effected by
SBBISE dneAsPEMED! SFHS- pfocessi ng

avi gation
matrix P
ons of the

cb.and ed How the initial estimate of it i's obtained is

di sCus SBACTEJi 8 Hoe ¥ B EEK Pl ihgidrosderinmitatiomEeder ar it tlisinafhdyher a
T SR S e PR R Y R ST S0l

cel | ul
j oi nt

in tine, as descri bed above.

ar P ocessor measur efren . !
o5 AP0, I;,-P&»Qpﬂga{’&%v§.,mﬂ0£ﬁ+%9§ ke seaMgal-an L yect or

a neasurenent has been obtai ned,

from
t hen
n forward
t hen

j oi nt esti meltigrredsiee flavechidal ofdhe bidrhkt pratessing dfdteadltovieint bbhekol86) to
obtain an a, postiari %gﬁ?te of the navigation_vector it. Note t

s
updat i 1§ WGek e ’P’Qn%ggﬁ‘

gt gl Tdepaarsyens dy witdized (blogl h9®awith

S a

hat this
to the use

estimate

O 8B e bR SESF Y SRR il s [ o

“)independent simu

t aneous

“i's repdht edvidrnoe kmdDR) P aqcl j10i iftial eedlbdration B30cA0RkENIGhE CHendod a new
measur erent. vector z from GPS processor 20 or fromcellular processor 28.

There &F¥aLeRerldbe sEPRdad, byrwRf i Hew theipitial esimateref & inpbiemednavi gat i on
i2§i ;’?gfd%é:g Ieg%%é}gg}? ]ﬁl}%&'krﬁﬂ, jo%}sésﬁ%'a{y% l%’de?errsngpaeg Ivﬁae Setr Iann?éa%urle?ne%tsed as the

15

25

30

vector z has been obtaiped from GPS processor 20 or from ceflular processor 28. Ifa
measurement has not been obtained, then joint estimator 30 propagéfes (block 104)
the navigation vector # forward in time, as described above. If a measurement has
been obiained, then joint estimator uses the Kalman filier described above (block 106)
to obtain an a postiori estimate of the pavigation vector . Note that this updating of
n is based on a single new measurernent, in contrast to the use of a Kalman filter in
poor art GPS navigation, in which ai least four independent simultaneous
measurements are needed. This a postiori estimate is reported (block 108), and joint
estimator 30 again checks for a new measurement vector z from GPS processor 20 or
from cellular processor 28.

There are several methods by which the initial estimate of the navigation
vector n may be obtained. Most simply, a static estimate is used as the initial estimate
of r in block 100, and v is initially set to zero. By “static” estimation is meant that the
estimation is performed under the assumption that mobile unit 10 did not move while
the measurements were madé and that the range offset ¢, also was stationary while the
measurements were made. The simplest “static™ estimate of r is the Jocation of a
predefined reference point, such as the BTS 44 nearest to mobile unit 10. ¢, and ¢4

also are ipitialized to zero. This estimate is suitable for use in block 100 of Figure 4 if




of r in block 100, and v is initially set to zero- By "static" estimation
is meant that the estimation is performed under the assunbtd QHiLt hggy mobil e
unit 10vdpdsiset nove while the neasurenents were nade q;@”{lg}g;y}o?e range
offset cb also was stationary while the. nmeasurenents were nade. The
sinplest "static" estimate of r is the location of a 30 predefined

ref erence point, such as the BTS 442fearest to nobile unit 10. cb and cd

al so arlﬁjﬁiﬁ}gttfiogrlé]%gd to zero. Tf]'lli.TS estimate is suitable far use in bl ock
100 of Figure 4 TFNABLT 85848 "T Beasyemegly. %%@@@@43@@8@8 theThe fir st

four nMeRSAF@NEN: SeRéRnSaftlbideepiBASULAIBNGSand ek {95 g using

the Jlocation of a terrestrial reference point |s%§%tdﬁs]s(r§%ﬁer than the

di st anceéelkigs.t hganmdatiin i vesl toTednabige imtibloncisiraisads Hroncandliing vinj ti al
measur ement s from satg] | i :qelgﬁv\%_gh Jinitial measurenents fromBTSs 44, with
the provi SO MRATPHES AR S thittenPrevisonibals theermntion petd wilBESs 44 i s

t he  ulihedsaiéaldhatd i l.at | AN ~-~.= P-c6 rather than the

| i neari zed equgﬁrgﬁ)abgzgﬁgfgé%gﬂggﬁg?%h )8%38?%]%%0? oMuBP I e unit 10 to
justify linearizatHenpef this equation. Mathematical techniques for solving
si mul tanﬁous quadratic and |linear equations are tivell-known and need not
be 10 "shrathsdinanzcd ayetion hecapsaBESagdare obilbse tanbébilkQuieR gomrenced,

t he pr i deserib above may b de hoth nore accurate and nore
ef fici %WFQ’?%E%%‘ e‘,?fdt R ﬁﬂg‘gﬁéﬁwlsﬁﬁ%@m foReselvipgal s G (1)
TRy be shiltdmebed IS8 caUT Bhek cqllifinl 0@ weIBRLET haCgHENSY, SAITL 1S the

sumof three terns: the Doppler frequency shi ue to 15 Th i on of
satl@l | ielabojatedihgee. Doppl er frequency shift due to the notion of nobile unit

410, and a cg;ptr'buti n fromthe drift of clock 22. The first termcan be
“comput ed from® e“?é%ﬁ&w%‘?l?%bl it Gbaseeramenteds theeprbtesaing dedbtiiele unit 10
noves skdel :hk t.ermds negligible. The main
initial unCer)tﬂgaitﬁﬁt)fg}/éilaﬁiﬁ’lr%ge:agt?x%?ik%‘ég%ﬁ%ﬁ%ﬁgcﬂg&wfﬁ&?@ﬂ?fﬁ theilppieR t he third
term Begquanhy shiferof teysipeli 6@y rag bo edbdted haeecdhialdy 20pogRgnent cd of
the nayigatign vector n. It then is possible to obtain an estimte of 7r,

t he ini‘l)é? T Heguensy skiflgs Beppre of three tremey theponplaf fi@uebyy shifialbeits nuch mor e

200t abe Al )\ Rl TR 1SS0 DS EReve, Lo ey At e DRt
are o, ahil kebyuibatien fosi the tha ofkeak 2O MRSHRNAIAGh B RomdBdadRp) dt can be
predi Cﬁ}%%pﬁé)mgr\gsta?]hnﬁzjﬁg ngo?:lelz gf ;azéllitaei'. ?\Eglgilseegnit 10 moves sufficiently slow}
y
that the second term is negligible. The main initial uncertainty in the total Doppler
frequency shift lies in the third tern; but this term may be inferred from the range drift
20 component cg of the navigation vector . It then is possible to obtain an estimate of h,
the integer part of the Doppler frequency shift of Gy(1), that is much more accurate
than the initial estimate described above, for use in the Doppler compensation faciers
for matrix My;. Furthemmore, the co]umn; of M; that are most likely to contain the
peak corresponding to p; and dp;/dt can be predicted to within 10 to 20 Hz, as opposed
25 1o the 1 KHz range of the full matrix M}, so that only these columns of matrix My
need 1o be produced by the discrete orthogonal transform of matrix M -
Alternatively, having computed a pseudorange and a rate of change thereof for
one satellite 70, mobile unit estimates the clock drifi term of the total Doppler
frequency shift by subtracting the computed Doppler frequency shiﬁ of the nearest
30 BTS 44 from the apparent Doppler frequency shift that corresponds to the rate of

change of the pseudorange o this one satellite 70. This estimated clock drift term is



25 to the | KHz range of the full matrix ML, so that only these colums of
matrix Mjj need to be produced by the discrete orthogonal-ﬂeaﬂgfcqm%of
natrix‘&L@?; Al ternatively, having conputed a pseudoragge and-a gte of
change "t h&rgof for one satellite 70, nobile unit estinBtEYSPHB3RS ock drift
termof the total Doppler frequency shift by subtracting the conputed
Doppl er frequency shift of the neargst 30 BTS 44 from the apparent Doppl er
frequency shift that corresponds to the rate of change-of the pseudorange
t o thi s:ddedicstht khbivh ®cfPler Tigseestshivat @ 10l D€ kndiohfdf thebihet Satdilifesd U L 2004
WD 01153848 PCTI USOD/ 34306 27 added to the known Doppl er frequency shifts
due to e Prytdesstiamiasied tha el Doppler fieqeapcy soifts of preosthefesatedlitesdl.es of t he
total Doppl £ u -shifts of.th th satellites .7Q. ile_the

i nvention hggh%%gr’% ﬁgéﬁcﬁrolngheaé Bhe hdeFCéjgbﬁ c‘tVl%ﬁ SRCT 19 2 ﬁﬂmﬁ: msgpbeg of

enbodi metogimdnts, Wi Willhe appieatated hAat viRbnahicalfQRsns Mdishicat i ons and
other 5 applications of the invention nmay be made 1 6 JUL 2004 WO 01/ 53848
PCTA USEPBli3tens dghs\magniie mpabaBBdES; L A nethod for deternining a
pseudorange, and a rate of change thereof, to a beacon that transmts a
signal including a plurality of blocks, each block including 5 a plurality
of frames of a pseudonoi se sequence, each bl ock being nmultiplied by a bit
of a data sequence, The signal being shifted relative to a nom na

frequency by a frequency shift, the nethod conprising the steps of (a) -
receiving the signal; (b) digitizing said received signal, thereby ’
producing a digitized signal 10 including a plurality of bits; (c)
arranging said digitized signal as columms of an input matrix that
yincludes a plurality of rows, each said colum including consecutive said
bits of said digitized signal that correspond to an integral nunber of
frames of the pseudonoi se sequence; and 1s (d) performing a discrete

ort hogonal transformon each said row of said input matrix, thereby
producing a transfornmed matri x. 2- The nethod of claim1l, wherein said
irate ja 1 nunber is 1.



20 3. The nethod of claim1l, wherein said discrete orthogm transformis
a discrete Fourier transform 4. The nethod of claim1l, L Fah4
transf eb@ggsggd ri x includes a plurality of elenments, the _nethod further
conprising the step of 25 (e) multiplying each said el elérifUBP34ui6d
transfornmed matri x by a respective Doppl er conpensation factor. 5. The

nmet hod of claim4, further conprising the step of (f) providing an
estimate of the frequency shift; 30 said Doppl er conpensation factors being
based oflkel B €EAIMEIRISf the frequency shift 1 6 JUL 2004 WO 01/ 53848

PCTI USUQ 3-4306 29 6. The nethod of claim5, wherein said transforned
matrix has fewer said colums than said input matrix, said estinmate of the

frequency shift i £rm Lch said c ms of said
transforned matr Pﬁ%‘”ﬁ%ﬁ&ﬁ@%’ﬁgﬁf ig%eglﬁoﬁxss%ragﬁé‘ fa‘ret#&éaﬂ%ﬂ '?’F?iélﬁsf orm 5
The mettiadeasbn dhalitrmenitt nsighalrinclodPpg agRGLHNT 15688, Ofh WRvALMiRg each said

col um of, sg,tiﬁvd_tfransfoir med natrix with the pseudonoi se sequencg& 10 S
The” mef HOT20Y o) fEmRFsof 4 prepf@ioigorsarensenepchitdodt ginotul ig)editenbitf yi ng a

| east gpg i gl tE f . rix,. each said | east .one peal:
having a r(ﬂc%)\?’vglég%dr%al érr?ilalggg Sgt?l ?é)%%}g’le%&ﬁgiég?m%& é‘.n‘*'g’.’m‘?ﬁéeﬁ%q’ﬁbdb}’oﬁ cl ai m 8,

f ur t hefrequmpy Blsfinthetrhethed egnpifisind e(pse@l ecting, from anong said at | east
one peak, a nost |ikely peak, said row coordinate of said nost |ikely peak
t hen corres&glr)ldi Frgerveng the sighgkbudor ange, and said col um coordi nate of said
most | i kel y(bgeakﬁt nen  corr [ o.the rate of change of the

espondi n
pseudor ange: 20 16" Zf‘ﬁ%sﬁ]gt]f%gv?) S atrﬁ’gr,eb%/r%?@lcﬂf‘%ai@gl{@@féiﬂgm@, sai d

digitizing, sai djncﬁjm%mgaﬁ@gfgmoerfor mng, said nultiplying, said
~yconvol ving and said identifying aré effected on a plurality of instances

7of the trarékit tathnsignatid dibtzeétdhon! fasréenne QIR Sighe higxSigp of
25(h)inferring the Bseud ra g,egfgnd the rate of change of the pseudorange
from said row coBFEPRRESS Toy'Se 6p&Ihirie sohuim scdeding consecutive

said bits of said digitized signal that correspond to an mtegral number
of frames of the pseudonoise sequence; and
15 (d)  performing a discrete orthogonal transform on each sajd row of saxd

input matiix, thereby producing a transformed matrix.

2.‘ The method of claim 1, wherein said integral number is 1.

20 3. ‘The method of claim 1, wherein said discrete orthogoenal transform s a

discrete Founer transform.

)
4. The method of claim 1, wherein said transformed matrx includes a
phurality of elements, the method further comprising the step of:
25 (e) multiplying each said element of said transformed matrix by a
respective Doppler compensation factor.
5. The method of claim 4, further comprising the step of:
‘ (H)  providing an estimate of the frequency shift; '
30

said Doppler compensation factors being based on said estimate of the frequency shift.




11. The nethod of claim 10, wherein said inferring is effectgd u in&ﬂm
track-before-detect identificati on scheme. 30 12. The ret hod &fJ@l 7,

whereip said receiving, said digitizing, said arrangi ng, i rform ng,
sai d Hﬁfyﬂﬁg§&ng and said convolving are effected on_an@EV§%?§§§§8 16 JUL
2004 PCTIl1J S(0013-1306 30 plurality of instances of the transmtted
signal to produce a corresponding pturality of said transfornmed matrices,
the method further conprising the steps of _ (h) 10 integrating said

t ransf or med 4rat r i Besneibod obtiameht wiertio sprddtmsoramed umatrixbes fexver and
identifying at |east. one peak in said summairix, ea ald at .| east one
peak vl i i doBPal HETE: 4t 81 h o BF sy STh DEHECHEA B ol a m
12, fur&e&%nfﬁoicc@gh;m@ INGns! 6P safe tRkGGIddN Gt R 3PALsakdsah | east one

peak, a nost peak, said row coordinate of said nmost I'i kely peak

t hen caliscegpontogegal wardsfem. pseudor ange, and sai d col unm coordi nate of said
nost |ikely peak then corresponding to the rate of change of the pseud
oradge. 14. The nmethod of claim4, further conprising the step of: J5 (g)

i di I i L ] hift, th b
provi di ng a pl ur ahicty A 66k 95l FSIEAUEEY hi T, ther eby

produci ng, for e sal enent” of said'tra matrix, a
correspondi (g pl woabélvingoéachagaill rrebpec oif waidDoppsfermed mparis atvitbnihef act or s
that are based on said estimates of the frequency shift; and wherein said
nul tiplying is effseedongisesparatel y for each said estimate of the 20
frequency shift, thereby producing a corresponding plurality of -

Doppl er-conpensated natrices. 15. The nethod of claim1, further

compri sing the stEp méthod &) cli 7, fphbdrRguphieiRInoticpaird bits of said
ydigitized signal, that correspond 25 to_the blocks of the transmtted
“signal, by rfebkpeddéniidyibg tat laght envepepitia saskbijarsiemnedmabix. teack adid ahr r angi ng

of "said di gitizeq, ol gnal 25,69L 4TS Qs Shd DRYmRIG e

9. The method of claim 8, ferther comprising the step of:
15 (h) selecting, from among said at least one peak, a most likely peak, sad
row coordinate of said most hikely peak then correspending to the
pseudorange, and said column coordinate of said most likely peak iben

corresponding to the rate of change of the pseudorange.

20 ' 10.  The method of claim 8, wherein said receiving, said digitizing, said
arranging, said performing, said muliiplying, said convolving and said identifying are
effected on a phuality of instances of the transmitted signal, the method further
compnsing the step of:

(h inferring the pseudorange and the rate of change of the psendorange

25 from said row coordinates and said column coordinates.

11.  The method of claim 10, wherein said inferring is effected using a

track-before-detect identification scheme.

30 12.  The method of claim 7, wherein said receiving, said digitizing, said

arranging, said performing, said multiplying and said convolving are effected on a



16. A method for determining a pseudorange, and a rate of change thereof,
30 to each of "a plurality of beacons, each beacon transnitfifhgJlil 2004
respechig/gskgnal including a plurality of blocks, each pohagdgohigl uding a
plurality of franmes of a WD 01/53848 1 6 JUL 2004 PCTfUS00/ 3-1306 31
pseudonoi se sequence, each block being nultiplied by a bit of a data
sequence, the pseudonoi se sequence80 and the data sequences bei ng uni quely

associated with respective satellites, all_ the pseudonpi se seguepces bei ng
of equatuneBiygfanstanss op e frserity Y& éppEivgR A ﬁ@”ﬁﬁf‘ti‘gli"?%/?}BFaﬁﬁbagnal , the
met hod .l hg.the-s I - r .vieng the transmtted

si gnal ssggg?{néé) i \%%Pf%a%eggggé%%?(aa%hgfé%ﬁ S%‘g% thgi%g‘“ﬂs;egi ng said received
signal, ther@py predHEInBGad HHngidrinz@ dhaiigaton-dobetditliyng prodicaraatnt y of

bits; and (c) for each Beacon, mul ti plying groups of said bits of said
digitized signal malfifatndcorrespond to the bl ocks of the signal transnmitted

by g2 d cach Peatomis Rl of FARCSIEK I gl Eudlel AcRSeRIEPLyee ¢ 2o

arm urt'her” conpri’sing e steps i (d) for

each beacon, arr gRgk Agviidhdodicabididaeasd 98ahmdscooedivaas of a (e)
corresponding instance of a first matrix that includes a plurality of
rows, each said columm including consecutive said bits of said digitized

signal that corr ond, t in nunber .of .franes. of the pseudonoise
sequences; d d f f@H@h?%@ﬁ@ﬁﬁ?Eééﬁﬁﬁﬁ%ﬁﬁﬂfﬁﬁ?ﬁg%?%¥ﬁﬁbrthpgonal transform
on each Sa'qj r OWe ;S8 bl Q{8 RARAENEad: Dk 3RGE. HInciaiiflelideak BRI rix. 18.

The met hod of claim 17 wherel n“each said I nstance of said first matrix
i ncloudes a pl ur alrbtwy cadrd@bienentssd mhe hetlhgeak ubehennespprdsg ity e st eps

f, f h . 25 (f i plyi h sai I f [
O Lo eaoh  Deacon 2mel L S LU 09,6250 32 SLSTHY, Sl

cormresponding to the rate of change of the pseudorange.

14.  The method of claim 4, further comprising the step of:
i5 r(g) providing a plurality of estimates of the frequency shift, thereby
producing, for each said element of said transformed matnx, a
corresponding plurality of said respective Doppler compensation
factors that are based on said estimates of the frequency shift;
and wherein said multiplying is effected separately for each said estimate of the

20 frequency shift, thereby producing a corresponding plurality of Doppler-compensated

matnces.

15. The method of claim 1, further comprising the step of:
(&)  multiplying groups of said bits of said digitized signal, that co_rrespondr
25 to the blocks of the transmitted signal, by respective bits of the data
sequence, prior to said arranging of said digitized signal as columns of

said mput matrix.

16. A method for determining a pseudorange, and a rate of change thereof,
30 to each of ‘a plirality of beacons, each beacon transmitting a respective signal

including a plurality of blocks, each block including a plurality of frames of a



R

first matrix by a respective Doppler conpensation factor; and (Q)

convol ving each said colum of said corresponding instance .sgbeﬁ@krst
matrix with said pseudonoi se sequence of said each beacon. 3071

met hodWeX 01EP&#8m 18, further conprising the step of .1 6PGUUSH@BISO 01/ 53848
PCTI US00/ 34306 coordinate and a col umm coordinate. 5 20. The nethod of
claim19, farther conprising the st.gp of (i) for each beacon, selecting,
fromanong said at |east one peak, a nost |ikely peak, said row coordinate
of sai dsfRiRhoise %&L n&e%%cﬁ BRRK v SSRPEEENG 4 Bitldie 9%%@@6&@&%9“ sai d
each beacon and colum coordinate of “said nost |ikély peak then
correspsenxdhongset cset]hm:cesatmadoﬂ]e {tactramgecesf bdibhe mqmﬂprf&ﬂg@at@d welh d each

beacon. 21. The mft hod of claim 20, wherein sal d recel Vi n% gl?)aig :
di gi ti ZFREEaFdetesmalk 1iﬂ PEFRIOBYISE oSETUBRGY eDIPE ofofaPH e el ®quence,
said ar I d ts by said
Doppl | ef E%@%@%ﬁ’ég gnce?act cS’rmuﬂ‘(sé%.tjlyd&m 1%%%&"8%?‘”&89&% Z’gllnﬂ’ i|ﬁ{::l§ ?fyl ng are
effecteft on a plurality of instances of the transmtted signal, the nethod
further conprising the step of 20 32 Sr%% f or each beacon, |dent|fy| ng at
| east one p&AKk i FECEHIER %r@é?ﬁ%ﬁ@a] Isriiehors axreved pgpalimt ri x, each
said at | eagty on Nitio t he
pseudoraage?@f sgf%ﬁ %k@degiggﬁeﬁa%ént%?i ﬁq@{ebﬁgﬁﬁ?&gﬁﬁ "g IHmﬂ?he@%geudorange
of said each bea¢hdin®aphailily b6bits;e@dr di nates and said col um coordi nates
corr espondi n[g to said each beacon. 22. The nethod of claim 18, wherein
sai d recei vitlg, $eictchibeiconznnlphang sroupsipt said Vitnef wByd didized sievd, bits of

<aid ol cmonts by 0kxarrager ap o st BF + el sPomiBaE P45 B hvolvi ng

are effected on gefloH! §Y febpechbe bitstANE @81aGkqidAge bf B8 BhdHRdcs. gnal to
produce, for each beacon, a correspondi ng pIurallty of said second

matrices, the nmethod furt her conprising the steps of for each beacon:
17.  The method of claim 16, further comprising the steps of:
(d) for each beacon, arranging 'sajd digitized signal as columns of a
i5 corresponding instance of a first matrix that includes a plurality of
rows, each said column mncluding consecutive said bits of said digitized
signal that correspond to an integral number of frames of the
pseudonoise sequences; and
(®) for each beacon, performing a discrete orthogonal transform on each

20 said row of said corresponding instance of said first matrix.

18. The method of claim 17, wherein each said instance of said first matrix
inchudes a plurality of elements, the method further comprising the steps of, for ea(;h
beacon:

25 §3 multiplying each said element of said corresponding instance of said
first matnix by a respective Doppler compensétion factor; and

(2) convolving each said column of said corresponding instance of said

first matrix with saxd pseudonoise sequence of said each beacon.

30 i9.  The method of claim 18, further comprising the siep of:



(h) integrating said second matrices non-coherently to produce a sum
matrix; and 30 (i) identifying at |east one peak in said sjjrﬁ i r 7804 each
said at_| east one peak having a row coordinate and a ¢ 0GR, di nate. 16
JuL 200 W13 3848 PCTI USO(c) 134306 33 23. The nethod of ¢l aim 22,
further conprising the step of for each beacon U) sel ecting, from anong
said at | east one peak, a nost |ikelyg peak, said s row coordinate of said
most |ikely peak then corresponding to the psendorange , and said col um
coor di nat e ofh)sai fornesh Yeakel, idpeEking e deast one gsplonalisag torashendag e.  of

change of the pseudorange. 24, The net hod of c|aim 16, erein said
respective bits ofPs&re ofstd ﬁr:”',fomg%é?@e%a]‘i?'eieéﬁrﬁ?ﬁrf’eﬁ P& hE¥beacons.

25. A receiver for0(§rg&%'¥ev' goléj,)gggg)rd;]{apcnsmtted by a beacon, the signal
“ including a pl urali y o ranes of a pseudonoi se sequence, conprising: (a)

an antenna for receiving the transmtted signal; 1s (b) a mechanismfor
digitizing the received signal to produce a digitized  signal including a
plurality of 28i t s The methodrfiidaip YprimdheaFomprisng e sk PLed signal as col unns

of a matrix .gat i ncl Al ggm :d GRS TL&R! Y { ncl udi ng
consecutive t(] ai df%ri %S g’gg%og!i' gélgclr g}lgt FI}Z/‘%’ sll;‘g%gﬁl tﬁat Score?}(zzsp’on 1o an
integral nunber 2Q.19f ptdkan®sd alowt heoseudasfossde mequditel; pesid the) a
processor for performng a discrete orthogonal transformon each of said
rows of said matricsrespendiog 26the peenydonngg @i sud caghsbesrpn.andisaidaoivm a nobi | e
unit, conprising: at |east.one beacon havj a_respect.iy eudongi se
sequence and a rE%&E{a?ev%fEad‘?gmssgégglﬁcpee?kg‘g%hc%%?sgoﬁ%f’aqgg%eu{aan%g?i ncl udi ng
a phyrality of bifsecofaR SRbdbratcd Fasid QBebARBEON Operative to transmit a
. "yrespective i .
21. The method of claim 20, wherein said receiving, said digitizing, said
multiplying by respective bits of the data sequence, said arranging, said performing,
said muliplying of said elements by said Doppler compensation factors, said
15 convolving and said idenﬁfyiﬁg are effected on a plurality of instances of the
transimitted signal, the method further comprising the step of:
1) for each beacon, inferring the psendorange of said each beacon and the
rate of change of the psendorange of said each beacon from said row
coordinates and said column coordinates corresponding to said each

20 beacon.

22.  The method of claim 18, wherein said receiving, said digitizing, said
multiplying by respeciive bits of the aata sequence, said arranging, said performing,
said multiplying of said elements by said Doppler compensation factors and said

25 convolving are effected on a plurality of instances of the transmitted signal to produce,
for each beacon, a corresponding plurality of said second matrices, the method further
comnprising the steps of: for each beacon:

(h)  integrating said second matrices non-coherently to produce a sum

malrix; and
30 . (1) identifying at least one peak in said sum mairix, each said at least one

peak having a row coordinate and a column coordinate.



transmtted signal, each said respective transmtted signal including a
plurality of blocks, each said block including a pIuraIitbSoUU[rgmﬁs of
said r j v pseudonoi se sequence, each said bl ock bei multiplied by
a bit o?ﬂgéé%&respective data sequence, 1 6 JUL 2004 vwﬁ%@ﬁ%§§ﬂmﬁ

PCTI USOCQO 34306 34 (b) 5 a reference unit including: (i) a reference unit
receiver for: (A) receiving said at;3l east one transmtted signal as a
reference unit received signal, and (B) recovering said at | east one data
sequence fromsaid respective reference unit received signal, and (ii) a
transmtter _for transmtting said at |east one data sequence to the at

| east one ndbi | e ToniTPethed @f (EFirh 22h ik qoanniising thg jten of fex eaddbi | e uni t
receivg&mgfr receiving said at |east one data 10(ii)sequence, and a second
nobile unit receiver including: 15 20 (A) an antenna for receiving the at

| east one t (jRnsnidiéeibe, Gb@n@homotdieat icual oheasear, MokYst Bxepideak aGei ved
signal, (B) a nechanismfor digitizing the nobile unit received signal to
produce a di gitizo¥y cepiginite ioh SPiddMest gkfﬂwup@ki thgn sfreppargting © tle nenory for
storing, for each of the at.least,one beacon, in nge o ai d
digitized signal® Segcrll%fa?ﬁ’ and BePgégls}]g}d]rcqoﬁi%mﬁlotfisﬁﬁ ﬂ%t]g(ﬁg'rpeﬁ R 4 at | east
one instance ofcaRisPorigl {o1BEehis bBARLgbYf SRIpdeRickshoef said respective
dat a sequence. z

24, The method of claim 16, wherein said respective bits of said data

10 sequences are cornmoen 1o all the beacons.

)

25. A receiver for receiving a signal transmitted by a beacon, the signal

including a plurality of frames of a pseudonoise sequence, comprising:

(a) an antenna for receiving the transmitted signal;

15 (b)  a mechanism for digitizing the received signal to produce a digitized
signal inchiding a plurality of bits;

(c) a memory for stonng the digitized signal as columns of a matrix that
mcludes a plurality of rows, each said column including consecutive
satd bits of said digitized signal that correspond to an integral number

20 of frames of the pseudonoise sequence; and
) (D a processor for performing a discrete orthogonal transform on each of

said rows of said matrix.

26. A locator system for Jocating a mobile unit, comprising:

25 (a) at least one beacon having a respective pseudonoise sequence and a
respective data sequence, each said data sequence including a plurality
of bits, each said at least one beacon operative to transmit a respective
transmitted signal, each said respective transmitted signal inchuding a

| plurality of blocks, each said block ncluding a plurality of frames of

30 said respective pseudonoise sequence, each said bleck being multiplied

by a bit of said respective data sequence,



27. The | ocator system of claim 26, wherein each said at kﬁgs ne beacon
25 is operative to nove on a known respective trajectory ol dU ramkh1tt|ng
said waspegkisgve transmitted signal. 28_ The | ocator systemsedghai m 26,
wherein said processor is operative, for each of the at |east one beacon,
to arrange said corresponding instance of said 30 digitized signal in said
menory as columms of a matrix that #hcludes a plurality of rows, each said
col um i ncl udi ng consecutive ﬁald bits of said corresponding instance 1 6
JUL 2004 WO(B/ S3gaETmcroReedises 35 that correspond to an integra

nunber of franes gf s3gj &Gkt onoi se sequence, and to performa
di screte orthogoégl t?ﬁ%f %?%1%%T§E€E§%?dsaid rows of said matrix. 5 29. A

nmet hod for determ ningAg | geadiving efid aatr Rasi va¢ , raRMMdBisigat hg steps of .
(a) providing a plurality of beacons having respective pseudonoi se
sequences, all said pseudor6iesecs 8gliErrebdisEnal 204 equal | ength; (b)

trapsmtting, by each idDb re ective gnal _inckuding.a 10 .
plugality of frames oﬁézaldeﬁﬁégg 5?5% %ggﬁdgﬁ%ﬂg% %@uﬁgm éonkﬁ dreceiving

said transmtted signals cqbﬁ@eﬁmy@hymﬁgu@mﬁ%ﬁ»aﬁﬁb@ﬂg@@l t he
receiver; (d) inferring, for each beacon, a pseudorange and a rate of

change of said (g uderizangentierfar nrsnseweytmgﬁaei ati Jngst tove detrcssnibowedd t he
receiver fromsaid ps dqran es ang}fronlnaﬁld rates of change of said
pseudor anges. 30. The ?Hﬁﬁ B8P TR, ™ Gher ei n said inferring of said
pseudor angeg) ane, 8aigomalgs:of change- is effected by steps i ncluding: 20
(i) digitizing said received signal, thereby producing a digitized signa

i ned udi ng a pl ur@bityadirsbinobile @mt)recfea)arerefeu:i’\a'csamn:lg> bedaolcasiaoneadghng sai d
digitized signal as colums of .a matrix that includes a plurality of rows,
7 each said col um i ncl §89Y5§<e-@Psecutive said bits of said digitized signal

t hat correspond gﬁhggasgﬁgh &g%npwaggljgangﬁbd frames of said

pseudonoi se sequ each sal d Beacon, performng a
di screte orthogonal t(apsf Qﬁrﬁmﬂma for receiving the at least one transmitted

signal colleciively as a mobile unit received signal,

15 (B) a mechanism for digitizing the mobile unit received
signal to produce a digitized signal including a plurality
of bis,

(C) a memory for storing, for each of the at least one
" beacon, an instance of said digitized signal, and

20 (D)  a processor for muliiplying each of said at least one

instance of said digitized signal by said bits of said

respective data sequence,

27. The locator system of claim 26, wherein each said at least one beacon
25 is operative to move on a known respective irajectory while transmitting said

respective transmitted signal.

28.  The locator system of claim 26, wherein said processor is operative, for
each of the at least one beacon, to amange said comesponding instance of said
30  digitized signal in said memory as columns of a matrix that includes a plurality of

Tows, each said cohmmn including consecutive said bits of said corresponding instance



each said row of said matrix. 31. A nethod for determ ning a pseudorange,
and a rate of change thereof, 30 to a beacon that transmit® aéUkiZj}ﬂ I

i ncl udi 9@ AspeMrality of blocks, each block including anJTZ{'%lo). t%/) of franes
of a - pseudonol se sequence, each bl ock being multiplied b PePee JuL

2064 WO 01 /5384 8 P C1'/U S((}/3-1306 5 36 of a data sequence, the
signal being shifted relative to a nem nal frequency by a Doppler
frequency shift, the nethod conprising the steps of: (a) receiving the

si gnal ; tab)comiegpanidziongn Saiedral epmibeedfsfrgned of tshigr eddpeqiivedpehdehdsdi gi ti zed
signal _includi an a *ural(%)itgr of gq%i ts; and _(c) applying a matched filter

al gori t Rt s 47 iC’d‘?eg FAYSLEG oRtogenad Fepshen on Fedhedlr Gif Toms giseiddor ange
and thegf@,e of change of the pseudorange, said matched filter algorithm
including: (i) 10 denodul ating said digitized signal relative to the data
sequence. 32. The nmethod of claim 31, further including the step of: (d)
aligning the_ bits ofeL%he data sequence with said digitized signal, prior to

sai d” demodul &t on”rBe3ad fopyletemaipgia ifcaliomueia Bocivam epmprisisatht fensgni ng i s

w thin gpout one mllisecond. 34. The nethod of claim 31, wherein said
matched filter algorithmfurther includes: 20 (ii) arranging said

digitized sighal povabbgimsplofliy AL béacobd BavideC lrugdRstive Rbbd@idy of rows,
each said col umm i ncl udi nag' consecutive said bits o said digitized signal
that correspond t¥aaePeehtaliga Psavdaperse sequeneasdsingfof egha Jpssiydonoi se

Fow 25 35 e niarRBERE BV ARGP T TREE: 7 trd e pee mEOO Ba
pl ulr(aldletsy Of‘ | el egrentis; o%%@ﬁﬁﬁe@%&t@e%&%@is@is!sc‘ilfel})cé}l gorithm farther
) Hnetd ' (¢} ~ receiving said transmitted signals collectively as a received signal, by
the receiver;
(@) infernng, for each beacon, a pseudorange and a rate of change of said
pseundorange; and
15 () inferning the location of the receiver from said pseudoranges and from
said rates of change of said psendoranges.
30.  The method of claim 29, wherein said inferring of said pseudoranges
and said rates of change is effected by steps mcluding:
20 ' (1) digitizing said received signal, thereby producing a digitized signal
including a plurality of bits;

(11) for each said beacon, arranging said aigitized signal as columns of a
matnx that includes a plurality of Tows, each said column including
consecutive said bits of said digitized signal that comespond to an

25 integral number of said frames of said pseudonoise sequences; and

(11)  for each said beacon, performing a discrete orthogonal transform on

each said row of sa1d matrix.
| 31. A method for determining a pseudorange, and a rate of change thereof,
30 to a beacon that iransmits a signal inchuding a plurality of blocks, each block including

a phuality of frames of a pseudonoise sequence, each block being multiplied by a bit



(iv) multiplying each said elenent by a respective Doppl er cgp&ensati on
factor. 30 1 6 JUL MA WD 01/53848 PCT/ US00/ 34306 5 37 36. - JHHt 12684 of
cl ai m 88 oM#sesei n sai d matched filter algorithm further pmedondess (V)
convol ving. each said columm with the pseudonoi se sequence; and (Vi)
identifying at |east one peak in said matrix, each said at |east one peak
havi ng a row coordi nate and a col un?f coordi nate. 37. The nethod of claim

por  or i BB EE T ey Ruks ShRERVERDRo° arborniel TR BT g are
ef f ect abopplerdregbittcalshifty 1Rf meihsl abgeSsAk ﬁggg_qe};sr@nsm tted signal, and wherein
sai d mat ched O filter algorithmfurther includes: (vii) inferring the

pseudor ange (ahd trérsiviag thegignebange of the pseudorange fromsaid row
coor di nat es ds ci,.d colu coorgi nataﬁs.h 3%)' Thg net hod. qf. c] ai m 36, .
wher ei n sai d° ecFS1FGE LY BFGPGH V$1akg hessygprodeciag i Alftiged supdl

per korm ng, sai d5ﬁ@ﬁg§hgg¥5jd}g]jt§qg‘b§§.iaq,dconvol ving are effected on a .
plurality of instances of the'transmtted signal to produce a correspondi ng

plurality of(c) saiagplyiterd oeéched fdtantrégegitnnsiai didraicithed digtdl @b eabgari t hm
further includes: 20 25 30 vidi i) integrating said matrices non-coherently
to produce a sumbFEEHFER g PsepdpBRe ap %?Fg’ataftoﬂ@lilﬁ’g‘?@ﬁéh%éﬁfl@dpmgai d sum

Matri x, each sai ?ai %Jt(ﬁ%ﬁ%]&?ﬁl imy&iﬂg a row coordi nate and a col um
x? se a

coordi nate; and ecting, from anong id at |east one peak, a nost

likely peak, said@) rodemoduldingt#daigiSaiddigmsicldtiveabyhdaak stdiRAce.
corresponding to the pseudorange, and said columm coordinate of said npst
| i B&ly peak then corresponding to the rate of change of the pseudorange_

" 39. A net hod,for cat.l ' it, .C ising the steps of: (a)
) provi di ng a"‘p’l ur %-}jl P%%gg%£§%%%‘gu&s%§?%?¥gg%£ﬁ%%%éons, each said
(d) aligning the bits of the data sequence with said digitized signal, prior to

said demodulahon.

15 33.  The method of clatm 32, wherein said aligning is within about one

millisecond.

34.  The method of claim 31, wherein said matched filter algorithm fuarther
1nchades:

20 (1)  arranging said digitized signal as columms of a matrix that includes a
phurality of rows, each said column including consecutive said bits of
said digitized signal that correspond to an integral number of frames of
the psendonoise sequence; and ‘

(ili)  performing a discrete orthogonal transform on each said row.
25
35. The method of claim 34, wherein said matrix includes a plurality of
elements, and wherein said matched filter algorithm further includes:
(3v)  multiplying each said element by a respective Doppler compensation
factor.

30



stationary beacon transmtting a respective stationary beacon signal; (b)
providing a plurality of mobile beacons moving on known respdcBi Yl 2004

traj ectypphpssssgach said nobile beacon transmitting a respg 564?435'29bi |l e
beacon signal, all said nobile beacons being nutually synchronized; WO

01/53848 (c) for each of at |east one of said stationary beacons: (i)

recei ving said respective stationary? beacon signal, by the nobile unit,
and (ii) i nfﬁegri ng, from s?,i g,respecti\_/e stationary beacon sid%nal , at | east
one par anet et® r el Hies@eted 81 £igge’ s wherme sud arptdedtilimaigereadenber (d) for
each of; atyleast one of said nobile beacons: 38 5 10 (e) 15 16 J U L 2004
PCTTUUSOQ( 34306 (i) receiving said respective nobile beacon signal, by the
mobi | e uni t(v) andofvblyirigreheli sdid golufirowith e psesdipeiseseqwi| mdbeacon signal ,
at | east one _paraneter related to a range to said each nobile beacon;
synchr oni zi ¥t hedsrsiying alilvest aspeskinisad matohaegh eidcddeast onespdall  nobi | e
beacons by steps.pcluding. (i rovyi di for,.each said stationary beacon,
a rg?erence uni t hfg]r])g%r{gggjl?ﬁ)fdﬁéat??ﬂ%a8?&%&%005%%%\5‘% sai d nobil e beacons
and said each stationary beacon, (ii) nmeasuring said tine offsets, by said
reference. units, and 'giii) transmtting at | east one said tinme offset from
a respecti ve7sai dhermeiapd et slami 36, twhertia sesbickeiving, saidsdigdizing exdi ng of

sai d paa%%ﬂ@%&,rs%i ;g'\elrpogm?ﬁags %gd%]u]%%fygngs, r%%hcrog\rr](i)hzf%tgi a% ;sai(; %e%ir]]gin(gl 1‘625
effecied on a plurality of instances of the transmitted signal, and wherein said matched
10 hiter algorithm further includes:
(vn) inferring the pseudorange and the rate of change of the pseudorange

from saad row coordmates and said column coordinates.

38.  The method of claim 36, wherein said receiving, said digitizing, said
15 amanging, said performing, said multiplying and said convolving are effected on a
phurality of instances of the transmitted signal 1o produce a corresponding plurality of
said matrices, and wherein said matched filter algorithm further includes:
(viii) integrating said matrices non-coherently to produce a sum matrix;
(1x)  identifying at least one peak in said sum matrix, each said at Jeast one
20 peak having a row coordinate and a column coordinate; and
x) selecting, from among said at least one peak, a mest likely peak, said
row coordinate of said most likely peak then corresponding to the
pseudorange, and said column coordinate of said most likely peak then

corresponding to the rate of change of the psendorange.

25
39. A method for locating 2 mobile unit, comprising the steps of:
(a) providing a phirality of asynchronous stationary beacons, each said
stationary beacon transmitting a respective stationary beacon signal;
(t)  providing a plurality of mobile beacons moving on known respective
30 trajectories, each sald mobile beacon transmitting a respective mobile

beacon signal, all said mobile beacons being mutually synchronized;



v/

inferring, fromsaid paraneters, a location of the nobile unit, 40. The

met hod of claim39, wherein said inferring of said paraneters hid JUs a2tk

i nferr "g0B338&ai d | ocation are effected by the nobile umRCI/USA3458he net hod
of claim 39, wherein said stationary beacons are base stations of a
communi cati ons system 42. The net hczgg of claim 39, wherein said nobile
beacons are satellites. 30 J 6 JUL 04 WO 01/53848 PCT/ USOQ 34306 39 43.
The met hod ofc)cl ajoresFy of\h Brael sheSeisehdRiR eScdfacl ude pseudor anges. 44.
The method of claim43, further conprising the step of. 5 (g) for each of
said at |east onelihobiteecibbgcotd ireshertiviengptidnaoyn sacon siespedtyi viee nobi | e
beacon signal, a rate of change qf said pseudorange to said each nobile
beacon; and wherein sard? %P@ﬂé‘f‘grs that are related to said ranges to said
nobi | e beacons igglu hél S Rano8at; 4 rg%‘ﬁ?) tracki ng
a nobile unit corr(g?i sﬁ%&?iﬁr’é’ f'(rs(t‘?d;(;,{%s]d?]:es]:(%a) pggt\]n |ngea§é?)l a’icgttﬁle%%tf beacons,
eachh sai d beacon transeretparamgeter refaaboct iange toangi sagh Siagivahry belonobt ai ni ng

an initial esti e o | pcation of. the mpbile unit; 15 (c) receiving, by
t he nobil e Lﬁﬁ$ t ?B%Bﬁ%acgfo?%]% groé’ﬁ@fﬁ@dﬂ |%§acong) jnferring, fromsaid
rangi ng signal, |l e ; I . e;to _said beacon
that transm tteda@ai dq?%eﬁgi?ﬁgsgg{ g%%c?%%r@b?f&e&ggﬁa?]@%q%nmﬁﬁa% d estimate

of said location of thenwakdl e unit, based on an initial state estinate
that includes said initial estimate of said 20 |ocation and on an update
measur ement t hat Thel udEsRGifPm by EEectivmobidabeaven srgnali @t Iefbieoneet hod of
cl ai,m 45, wherein at | eas REcTel) (Mo TDsai d beac ationary beacons. 25

ns are..s
i 47?10The met hod of cl aiffi 46 whier el nasrg?%ﬂgtsﬁﬁie@ﬁﬁmpbblﬁ cBrf% are base

(e) synchronizing the mobile unit and said stationary beacons to said
mobile beacons by steps including:
(1) providing, for each said stationary beacon, a reference unit for
measuring fime offsets between said mobile beacons and said
15 each stationary beacon,
(1)  measuring said time offsets, by said reference units, and
(1)  transmitting at Jeast one said time offset from a respective said
reference unit to the mobile unit,
said inferring of said parameters being based on said synchronization;
20 and

(D inferring, from said parameters, a location of the mobile unit.

40.  The method of claim 39, wherein said inferring of said parameters and
said inferring of said location are effected by the mobile unit.
25
41.  The method of claim 39, wherein said stationary beacons are base

stations of a communications sysiem.

42, The method of claim 39, wherein said mobile beacons are satellites. E



stations of a conmunications system 48. The method of cl ai mjﬁ wherei n at
| east some of said beacons are 3D nobile beacons noving on?Kkholkid 2004
respecty rajectories. JUL 2004 WO 01/53843 PCTI USOO 0 49- The
met hod %,}z)eoé%g% 49, wherein said nobile beacons are sat ﬁﬁ?‘?%‘gé”%. The
met hod of claim45, wherein said at | east one paraneter includes a
pseudoranae. Z;, 5 51. The nethod g claim 50, wherein said at |east one
parameter includes a rate of change of said pseudorange. 52. The nethod
of claimb51, 4dher @htn msahatl - opdelbinng 3bs whtkBCct €6 Upbrgheters 16hdiydzani ¢
estimator 53. -the nethod of claimb52, wherein said dynam c esti mator

i ncl ude®SAXIOTaBSar  optimal estimator. 15 54. The nethod of claim 53,
wherein said |inear optinmal estimator is a Kalman filter. 55. The net hod
of claimb52, wherein said dynam c estimator Includes a nodel of notion of
the nobile uBit 20hbfhethbderRihcE, Afrthet ediipriing MheREHRIN said initial
estimate of said |ocation is a |ocation of a predefined reference point
57. The net htd of Taz| edch o5 saidhdr 8pyt ergi andble abaarcery wifersiad fiom gl
estimate, 25 of said.locati is ef.fected by.triaslgulation 58. The
met hod of cl ai m 45 PRHEF &Y ﬂggjleaéodlpﬂgfaida IS ?g%ﬁ]?aé]gf gggg@elgfeg«”-}ﬂrvgeon sai d

initial |ocation angdidéchadbiRbeh®ast one paranmeter. 30 59. The nethod of
cl ai m 45, wherein said update neasurenent includes oDy said at |east one

par aret @rd Whgen 163 gagneters that)ard rgaigdiio 2e@4ranges to said mobile beacons

include sard rates of change.

10
45. A method for tracking a mobile unit, corprising the steps of:
(a) providing a plurality of beacons, each said beacon transmiiting a
respective ranging signal;
(b) obtaining an initial estimate of a location of the mobile unit;
15 (©) receiving, by the mobile vnit, one of said ranging signals;
(d  inferring, from said ranging signal, at least one parameter related to a
range to said beacon that transmitted said ranging signal; and
(e) obtaining an updated estimate of said location of the mobile unit, based
on an imtal state estimate that inchides said imilial estimate of said
20 location and on an update measurement that includes said at least one
parameter.
46. The method of claim 45, wherein at least some of said beacons are
stationary beacons.
25
47. The method of claim 46, wherein said stationary beacons are base

stations of a communications system.

48. The method of claim 46, wherein at least some of said beacons are

30 mobile beacons moving on known respective trajectories.



PCTI USO0/ 34306 4) The nethod of claim45, further conprising t of
obtaining an initial estinmate of a velocity of the nobile Ufill%t fuiaiéﬁ)

i nitialwstotessgstimate including said initial estimate afcgaid;yalocity S
61. .to(a) (b) A locator systemfor locating a nobile unit, conprising: a
plurality of asynchronous stationary beacons, each said stationary beacon
being operative to transmt a respea@bive stationary beacon signal; a
plurality of nobile beacons, each said_nobile beacon operative to transmt
a respecti vettobi T pethodef slagnds. wherein srd megle braconk asvistallispect i ve
trajectory. all said nobile beacons being nmutually synchronized; and (c)
in the nobile unit: 15 a nobile unit clock for producing a nobile unit

timng signab0. a The shethwahif CRIMNIS, wheesi %80 of Rhsti®E MG ANdndLgl ti zi ng
said stationary beacon signals; a second nobile unit receiver for

recei vi RYFUEMA@NEH gi ti zi ng said nobile beacon signals, thereby producing
corr;sponding digitized nobile beacon signal; (i) (ii) 20 (iv} a nmenory
for storing said digitized nobile beacon signal; (v) a nobile unit

processor fos1.transd Hefodf ERGNA 50f whaleth Shidbi RAR e g%ﬂfé?é}iﬁélgl?@as into a

correspondi ng stationary beacon pseudorange, and r transformng each of
said ditjﬁfftfﬁfz?gﬂngmtflsmépscﬁab}mesi gnals into a correspondi ng nobile beacon 25
pseudor ange subsequent to said storing of said each digitized nobile
beacon signal in said nmenory; and

52. The method of claim 51, wherein said updating is effected using a

10 dynamic estimpator.

53. ‘The method of claim 52, wherein said dynamic estimator includes a

Iinear optimal estimator.

15 54.  The method of claim 53, wherein said linear optimal estimator is a

Kalman filter.

55. The method of claim 52, wheremn said dynamic estimator includes a
model of motion of the mobile unit.
20
56. The method of claim 45, wherein said initial estimate of said location

1s a Jocation of a predefined reference point.

57. The method of claim 45, wherein said obtaining of said initial estimate

25  of said location is effected by triangulation.

58.  The method of claim 45, wherein said updated estimate is based only

on said initial location and on said at least one parameter.

30 59.  The method of claim 45, wherein sajd update measurement includes

only said at least one parameter.



(d) at least one reference unit including: 30 a first reference receiver

for receiving said nobile beacon signals and inferring the r azﬁﬁgmmn
start twueoiaf;sgai d nobil e beacon signals, (i) WO 01/ 53%,{?3 g% ~1'6 J U

L zao; PCT![! SO0J3-3306 42 (ii) a second reference unit recérver for
receiving at | east one of said stationary beacon signals fromat |east one
respective said stationary beacon, 44iii) a reference unit clock for
produci ng a reo\ferei_gce unit timn signal, (iv) a reference unit processor
for inferrind® for PeFathadnigiam 4oehgther eoraprengdetsiopeofst at i onary beacon, a

timng of f segpbet - i i d. at.least.one.respective
stationary bggcon\égt?glﬁ% i}a]?ijg}al ggﬁnﬁggm%og&%ﬁ&{: f’??&”%funé‘ai d nobi | e beacon
si gnal s saddni(iblistdte estintan BRIl saldinitidl aRsRht bf 894 s@bgitat | east one tining

offset; said first nobile unit receiver being operative to receive said at

| east one timng offset fromeach said at | east one reference unit -
th reference to both said nobile

trangmtter; ¢;sai nges,. bei ng w [

unit” timng g!l'gna{Sl ]g%aggrgsg!g%“g@_{ ]chténs%g'a]%ﬂfij?ﬁt’ﬁQW’lsg’&: 62. The | ocat or
system of cl g)m 64 piwbBfyeoMaSAtElolBRY bigtishin} BRERRESERh baid stdtlohhS'
operative to transform each said digitized nobile beacon signal rnto a rate
of change of sai bFaeen rhssgoRMETAGY DRI Fapsipdae arspstvud atangan? ®ef@n The

| ocat or system of .cl <’ili m 61, wherein said nobile unit processor is further

operative to inf e¥%" ocation of the nobile unit from said pseudor anges. 25

64. A | ocatofb)syss IRy JrafalileBeaRoADRLLE M hobifO RIS SHrative to
10 transmit a respective mobile beacon signal while moving on a known
resPectii‘e trajectory, all said mobile beacons being mutually
synchromized; and '
(c) in the mobile unit:

() a mobile unit clock for producing a mobile unit iiming signal;

15 (1) a first mobile wmit receiver for receiving and digitizing said
stattopary beacon signals;

(1)  a second mobile unit receiver for receiving and digitizing said
mobile beacon signals, thereby preducing corresponding
digitized mobile beacon signal; |

20 ' (iv)  amemory for storing said digitized mobile beacon signal;

(v)  amobile unit processor for transforming each of said stationary
beacon signals into a comesponding stationary beacon
pseudorange, and for transforming each of said digitized mobile

beacon signals into a comesponding mobile beacon

[S0]
n

pseudorange subsequent to said storing of said each digitized
mobile beacon signal in said memory; and
(@  atJeast one reference unit including:
1 a first reference receiver for receiving said mobile beacon
signals and inferring therefrom a common start time of said

30 mobile beacon signals,



(a) a plurality of beacons, each said beacon transmtting a rgif?ﬁhi§ﬁ\
ranging signal; and (b) in the nobile unit: (i) a nechanism. @ﬁng
an i ni M9/B8t§ mate of a location of the nobile unit, BCTAGaVwsns for
receiving said ranging signals, .1 b JUL 2004 WD 01/53848 PCTI US00/ 34306
43 (iii) a processor for inferring, fromone of said ranging signal, at

| east one paraneter related to a rarge to said beacon that transmtted
said rangi ng sig , an i ati chani sm.f or ting,said

| ocati on estimatgﬁ %b%§é3y§ﬁg§ﬁgg% af%gﬁg%Q%Féﬁgﬁ?nThégg ﬁgPuggs sai d at

| east one paraneter. s6%. sta'mﬁaiyob@b@ﬂ sieyisk 609 ht ©hai dReGédspenhas eiip at | east
sone of said beacons are stationary. ]0O 66. The | ocator system of claim
65, wherein said statﬁbﬁaBWY6@a%ﬁhs are base stations of a conununications

system 67_ The |ogatqr StEﬂ]O 66, .wherein_at | east .sane of said
beacons 15 are il é ﬁ%%%c s nDVI g %%]ﬁﬂgﬁﬁkré 58P 588 or i es. 63.

Thesl ocat or system of sphal m 67, wherein said nobile beacons are satellites:
20 69. The | ocator system of claim 64, wherein said at | east one paraneter
i ncl udes a pseudéwhngelfﬁ?QEETh@tpmca$orﬂ@y&@nnngt&mhaﬂnsﬁéznwh@meln said

at | east one paraneter incl dpsyg ratgpof change o %ﬁd pseudor ange. 25
71. The locator syst e BRIV A HESCBTH ggwn%ﬁéﬁ" 58 @t sm
| nol udes a dynani ¢_es{plrsid fdcast b LAGALOL st%}ﬁﬁﬂ;ﬁ‘?‘b%coﬁ B fdg vherein

said dynam c estimator 30 includes ear optimal estl
‘said common start hme of said mobile beacon signals; and

10 (i}  a transmitter for transmitting said at least one timing offset;
said first mobile unit receiver being operative to receive said at least
one timing offset from each said at least one reference unit transmitter;
said pseudoranges being with reference to both said mobile unit timing signal and said

at least one timing offset.

15
62.  The locator system of claim 61, wherein said mobile unit processor is
further operative to transform each said digitized mobile beacon signal into a rate of
change of said corresponding mobile beacon pseudorange.
20 65.  The locator system of claim 61, wherein said mobile unit processor is
further operative to infer a location of the mobile unit from said psendoranges.
64. A locator system for locating a mobile wnit, comprising:
(a) a plurality of beacons, cach said beacon transmitting a respective
25 ranging signal; and

(®) n the mobile umit:
(i) a mechanism for obtaining an initial estimate of a location of
the mobile umt,

(i)  areceiver for receiving said ranging signals,



WO 01/53848 44 73. The |l ocator systemof claim72, wherein said |linear
optimal estimator is a Kalman filter. 74. The Iocator systeg 9 LC (i4m 71,
wher ei §ys@iPdggynam c estimator 5 includes a nodel of -pefieh,a e nobile
unit. 75. The locator systemof claim 64, wherein said update neasurenent
includes only said at |east one parameter. 10 76. A method for tracking a
nobi | e unit, conprising the steps of3 (a) providing a plurality of nobile
beacons, each sai d nobile beacon 6 JUL 2004 PCTI U500l 34306 transmtting
a respective randiiig ¢ %FSSOJ( [ Wf%vﬁ%h Hgmeens| ofr sid rgnprs sigapl, éifﬁary
beacons, each said st nsnmttir e rangi ng
signal; 15 20 (c) (df}yf)gt arnt %gl%g%r |nr31]|t'a{eﬂ ﬁ% %srtani’r%ttcaél SadSl%%%oca %n of the
mobi |l e unit; recei Vi ngranbyittedeaihhgiag siabdl, a first said ranging signal
froma respectlve sai d beacon of one of said pluralities of beacons;
inferring, from $8d faprupdaiiaagnerpasisgniir, upetingaseid dnvetipmregitmets; r el ated’
to range to said beacon that transmtted i-ng, si gnal ;

obt gl ning a first updata%eg] et %a egﬂ‘easué?naeq%gléagt'?%ﬁéegfs dr}g ]ﬁ%ﬁ uni t,
based on said initial dopmatéron and on said at |east one paraneter that is
related to said range to said beacon that transmtted said first ranging
signal; receiving, by the nobile unit, a second said ranging signal froma

respective id on. of anoth Iur I|t|es 0 cons;
niorring. Foom S0P dOSLEHETPHG CFgHrinal ek e POPer 1ol at ed
to a ranagaddhasal d beacon t hat transmtted said second ranging signal; and

obt ai ning a second updated estinmate of said |ocation of the nobile unit,
10

66.  The locator system of claim 65, wherein said stationary beacons are

base stations of a communications system.

67.  The locator system of claim 66, wherein at least some of said beacons

15 are mobile beacons moving on known respective trajectories.

68.  The locator systern of claim 67, wherein said mobile beacons are
satellites.
20 69.  The locator system of claim 64, wherein said at least one parameter

mchudes a pseudorange.

- 70. The locator system of claim 69, wherein said at least one parameter
includes a rate of change of said pseudorange.
25
71. The locator system of claim 70, wherein said updating mechanism

includes a dynamic estimator.

72.  The locator system of claim 71, wherein said dynamic estimator

30 mclodes a linear optimal estimator.



based on said first updated | ocation and on said at

| east one paraneter 25

30 (e) (1) (g} (h) (i) WD oar38as 1 6 JUL 2004 P CT1U Soo/ 3V 63081453004 hat

i s relwated/Bessai d range to said beacon that transm ttedcsaiseh/segond
77. The nmethod of claim 76, wherein said nobile beacons are

rangi ng signal .

satellites 5 78. The nmethod of claim 76, wherein said stationary beacons

are base

wher ei

par anet er,
i ncl udes; rRapsausigrange. 80. The nethod of claim 76, wherein, for said

rangi ng si gnal
| east one paraneter, that is inferred 5 fromsaid rangi ng signal
a pseudora

claim

82. 5 The iRk

F"

that is received fromone of said nobile beacons,

stations of a conmunicati®dns system 79. The nethod of claim 76,

, f t t f id.. [ 10 sj |, sai t | t
or. Ot PEETRFL R T Gk 8 A2l B BT R Clmeitar,

said at
i ncl udes -

aﬁ% aﬁg ; rate of chafgf_of iai pseudor ange. 81. . The net hod of
76, T ei NS APERI GETT RO Slams dét Sdetran rigidh dyRgRinCEIBROF mat or . 20
ok G ALEREH ihRbak ipgal d dynami ¢ estimator includes a -

estinmator. 83 The nmethod of claim 82, wherein said |linear

| i near optina _
optimal estimator is a 25 Kalman filter. 84. The nethod of claim 82,
wher ein saig dynam ¢ estinmator includes a_ nodel of notion of the nobile
Uni t . 5. The locator system of claim 64, wherein said update measurement

10

15

20

25

30

includes only said at least one parameter.

76.

(a)

(b

(D

(e)

6

(g).

(h)

(©

A method for tracking a mobile unit, comprising the steps of:

providing a plurality of mobile beacons, each said mobile beacon
transmitting a respective ranging signal;

providing a plurality of stationary beacons, each said stationary beacon
transmitling a respective ranging signal;

obtaining an initial estimate of a location of the mobile unit;

receiving, by the mobile unit, a first said ranging signal from a
respective said beacon of one of said pluralities of beacons;

mferring, from said first ranging signal, at least one parameter related
to a range 1o said beacon that transmitted said first ranging signal;
obtaming a first updated estimate of said location of the mobile unit,
based on said instial location and on said at Jeast one parameter that is
related to said range 1o said beacon that transmitied said first ranging
signal;

receiving, by the mobile unit, a second said ranging signal from a
respective said beacon of another of said pluralities of beacons;
mferring, from said second ranging signal, at least one parameter
related to a range to said beacon that transmiited said second ranging
signal; and

obtaining a second updated estimate of said location of the mobile unit,

based on said first updated Jocation and on said at least one parameter



30 85. The nmethod of claim 76, wherein said initial estimate of said
| ocation 1is a |ocation of a predefined reference point. 1 b 6auliL2LRR% WO

01/ 5384W® PGTYSOD 34306 46 86. The method of clai m 85, petvekei fussai d
predefined reference point is a |location of one of said stationary
beacons. 87. The nethod of claim 76, wherein said obtaining of said initial
estimate 5 of said location is eff®cted by triangulation. 88. The nethod

of claim 76, whergin said {irs updated .estimate is based only on said
Thitial |ooati on BHdS BItehiesad rngsde SuA caconqfal wansprled said sedoadr ed from
said first rangi ng, 808, and wherein said second updated estimate is
based only ont o said first updated estimte and on said at | east one
paranmeter that is inferred fromsaid second ranging signal. 15 20 89. A

| ocat or systemf | ocatjng.a nobile unit, conprising: (a) a plurality of
nobi | e beacgﬁs, %&W%W%F‘IE: SEDR s ﬂ@g{;theﬁfﬁ@saﬂe sagiEst i ve rangi ng
siggal ; (b) a plurality of stationary beacons, each said stationary beacon
transmtting a respective ranging signal; and (c) in the nobile unit: (i) a
mechani sm f @B. obTak nhagodiofidaitd b, edleidimts@idoktaBoh@¢ Hea@hsOfre bdie Mobile
unit, %iL% a receiver, for receiving said ranging signals, (iii) a processor
forir1%ﬂ'W%ﬂianQWW@ﬁﬂﬁm%Fﬂ%%ﬁd rangi ng signals, at |east one paraneter
related to a range to said beacon that transmtted said each ranging
signal, and 25 (iv) an datin e h G- mc 30 g anisrn updating said initial

| opgti on eyl MaBe skEheD of AlAmaTe, SdsleiR ¥or RANARIAE dhakd igngighated to
sai . . 7
10 signal, said at least one parameter, that is mferred from said at least one rangmg

signal, includes a pseudorange.

80.  The method of claim 76, wherein, for said ranging signal that is
received from one of said mobile beacons, said at least ope paramncier, that is mferred
)5 from said ranging signal, includes a psendorange and a rate of change of said

pseudorange.

81. The method of claim 76, wherein said updating is effected using a
dynamic estimator.
20

82.  The method of claim 81, wherein said dynamic estimator includes a

Iinear optimal estimator.

85. The method of claim 82, wherein said linear optimal estimator 15 a

25 Kalman filter.

84.  The method of claim 82, wherein said dynamic estimator includes a

model of motion of the mobile unit.

30 85. The method of claim 76, wherein said initial estimate of said location

is a location of a predefined reference point.



range to a beacon of one of said pluralities of beacons, the:{ %by pé@\,llai di ng
a first updated estimate of said |location of the nobile wunit, AHE
updat i WY Y&B8Sf i rst updated estimate, using said at | eastri®0g:RaE anet er
that is related to said range to a beacon of .another of said pluralities
of beacons. 16 JUL 2004 WD 0]/538x$ 47 PCT/USQ(c)/ 34305 90. The | ocator
system of claim89, wherein said nobtfle beacons are satellites. 5 91. The

| ocat or systgem ofcl ai 9 hergi n ,sai.d stati Qqnary beacons are base
stations gf %’ com%n?%‘???8ﬁ§%s$@rﬁh%‘?’-’ S§ ’Iegﬁ'g‘li%rregey%ﬁcérﬁoéﬁt iglaaj m 89,
wher ei locd6h of ahdlofdaid &afdnaPMeachdy. anet er incl udes a pseudorange. 10 93.

The | ocator system of claim89, wherein, for each said ranging signal that
is received fromone of said nobile beacons, said at | east one paraneter,

that is infgrred,fromsaid each ranging signal, includes a pseudorange and
arate of ch 'ngecbilf2 m&?‘ﬁ"g@@’ﬂﬂ2?@‘?@%@”1%“@&?‘“?’% oloeyt witiad gstiremeof clai m
89, s Wher & 1¢eaiish g@ﬁk{e@g,zr{gmmtm includes a dynam c estimator. 95. The.

| ocat or system of claim94, wherein said dynam c estinmator 20 includes a
| i near optimal estimator. 96. The |ocator system of claim95, wherein said

linear optigpl estimator., s a Kalman filter. 25 97. The | ocator system of
cl ai m 94, T e Eéﬁ"ﬂﬁ?ﬂ/ﬂgﬁl?ﬁn gg& whsrean saidngistipdated emidmite of bavo@ii on of t he

mobi | €oMBidn said initia) location and on said at least one parameter that is inferred from
said first ranging signal, and wherein said second vpdated estimate is based oﬁ]y on
10 said first updaied estimate and on said at least one parameter that is inferred from said

second ranging signal.

89.  Alocaior system for locating a mobile unit, comprising:
(2) a plurality of mobile beacons, each said mobile beacon transmitting a
i5 respective ranging signal;
(b) a phlurality of stationary beacons, each said stationary beacon
transmitting a respective ranging signal; and
(©) n the mobile vnit:
(1) a mechamsm for obtaining an initial estimate of a Jocation of
20 the mobile unit,
(1)  areceiver for receiving said ranging signals,
(1)  a processor for inferring, from each of said ranging signals, at
Jeast one parameter related to a range to said beacon that
transmitted said each ranging signal, and
25 (iv}  an updating mechanism for updating said initial Jocation
estimate, using said at least one parameter that is related to said
range to a beacon of one of said pluralities of beacons, thereby "-
providing a first updated estimate of said Jocation of the mobile
_ unit, and for updating said first updated estimate, vsing said at
30 least one parameter that is related to said range to a beacon of

another of said pluralities of beacons.
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WO 01/33848 PCT/USH0/34306
47
90, The locator system of claim 89, wherein said mobile beacons are
satellites.
91.  The locater system of claim 89, wherein said stationary beacons are

base stations of a communications system.

92.  The locator system of claim 89, wherein each said at least one

parameter includes a psendorange.

93.  The locator system of claim §9, wherein, for each said ranging signal
that 35 received from one of said mobile beacons, said at least one parameter, that is
inferred from said each ranging signal, includes a pseudorange and a rate of change of

said pseudorange.

94.  The locator system of claim 89, wherein said updating mechanism

inchides a dynamic estimator.

95.  The locator system of claim 94, wherein said dypamic estimator

mcludes a linear optimal estimator.

96.  The locator system of claim 95, wherein said Knear optimal estimator

is a Kalman filter.

97.  The locator system of claim 94, wherein said dynamic estimator

includes a model of motion of the mobile umt.



