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PCSI TI ON ESTI MATE BASED ON AN | NI TI AL COARSE POCSI TI ON ESTI MATE BACKGROUND
Field [ 1080]020hwopr esent invention relates generally to | @cattisonoais a
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Positioning Satellite (GPS) system Satellites in the GPS systemare

pl aced in precise orbits accordiBACKGRGENRst er plan. The position of
the GPS satellites can be identified by a nunber of different sets of
information, some nore accurate than others. [1004] GPS satellites transmt
a set of iri;f.aamati on, referred to as "Al manac", which includes |ess
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observe their variations in orbit. Once the satellite positiagons have been
measur ed, PREICUjagY P frehnighes for providiagiamipoyes ¢ Re mose afquratelestimgte of the
satelli t.eS,méaﬁgnbﬁal@w&e @%a%gran fitiaoarde PoSitiBR EbRRacr €T €rred to as
Epheneri s*, I ch 1'ncludes a higher accuracy version of the satellite
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but the E neri,s information only for itself. WO 02/071095 PCT/ US02/ 06213
2 [1005] A ed Applications;, eceive and/or store an al manac that indicates
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application.

Background

[1003] A common means by which to locate a device is to determine the amount of
time required for signals transmitted from multiple sources at known locations to reach
a receiver within the device to be located. One system that provides signals from a
plurality of transmitters of known locations is the well-known Global Positioning
Satellite (GPS) system. Satellites in the GPS system are placed in precise orbits
according to a GPS master plan. The position of the GPS satellites can be identified by
a number of different sets of information, some more accurate than others.

[1004] GPS satellites transmit a set of information, referred to as “Almanac”, which
includes less accurate information fegarding the location of the satellites in the
“constellation”. Ground stations continuously monitor the GPS satellites to observe
their variations in orbit. Once the satellite positions have been measured, the
information is relayed back to the satellites. The satellites then transmit another set of
information, referred to as “Ephemeris”, which includes a higher accuracy version of
the satellite orbits. Each satellite transmits the Almanac information for all satellites but

the Ephemeris information only for itself.



and the tinme of day at which this information is available. [1006] Both the
Al manac and Epheneris are valid for a limted anount of tine. The Al nanac
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recetver receiver capable of receiving the required information from the GPS satellites.
However, valuable resources would be consumed for the device to be located to attain
the information at regular intervals. In particular, power is required to transmit and
receive the information, and bandwidth is required to transmit the information from a
remote source to the device.
[1008] There is therefore a need in the art for techniques to accurately determine the
position of a device with minimal expenditure of resources. This need is particularly
acute when position determination is based on transmitters (e.g., GPS satellites) that
move over time and when accurate locations of such transmitters are known only upon

receiving updates from the transmitters or a source remote from the satellites and the

device whose position is to be determined.

SUMMARY

[1009] Techniques to accurately determine the location of a receiver device based

on an initial coarse position estimate, which may have been derived using less accurate



devi ce are nmade based on know edge of: (1) information providing a
relatively nore accurate |location of the transmtters; and (2) information
provi di ngwe merapi vely | ess accurate |ocation of the tramemusipoeiie. g.,
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vector and the updating of the revised position estimate for the device can be repeated a

number of times (e.g., until the magnitude of the update vector is within a particular
threshold) to achieve a more and more accurate estimate of the actual position of the
device.

[1011]  In accordance with one embodiment of the disclosed method and apparatus,
the update vector is computed by performing the steps of: (1) calculating a set of
measurements based on the revised position estimate for the device and the revised
position estimates for the transmitters; (2) deriving an intermediate position estimate for
the device based on the set of measurements and the initial position estimates for the
transmitters; (3) determining a first geometry matrix based on the initial position
estimates for the transmitters and the intermediate position estimate for the device; (4)
determining a second geometry matrix based on the revised position estimates for the
transmitters and the revised position estimate for the device; and (5) computing the

update vector based on the intermediate and revised position estimates for the device



enbodi nents, and features, as described in further detail below BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 1013] The features, nature, and advantages of
the presewDonv®pti on will become nore apparent from thePdatiziot/ecti3
description set forth bel ow when taken in conjunction wth the drawings in
which i ke reference characters identify, like elenents. [1014] FIG 1A is a
sinplified illustration of a system capa4bl e of inplenenting various
aspects of the invention. [1015] FIG .1B is a diagramthat . illustrates the
orror 1t AR s EeF B Sftond, 20ttt s, TR @bt e MricePran GHOH Bl o
to the recebngr device. [1016] FIG 2 is a sinplified block diagram of the
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is a flow diagram of thiﬂ%rocessil{rﬁ)lperforned for the iterative algorithm
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detail bel Q,%ous[aggg&; of tRe p@n@HROdi nent, the receiver device 110 is a
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[1018] FIG. 4 is a flow diagram of the processing performed for the iterative

algorithm, in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[1019] FIG. 1A is a simplified illustration of a system capable of implementing
various aspects of the invention. A receiver device 110, the position of which is to be
determined, receives signals transmitted from a plurality of the transmitters 130a—130d
(referenced collectively using reference number “130”) via an antenna. The receiver
device 110 further communicates with a position identifying device 120, which assists
in determining the position of the receiver device, as described in further detail below.

[1020] In one embodiment, the receiver device 110 is a cellular telephone capable
of receiving signals from the plurality of the transmitters 130. However, the receiver
device 110 may be any device capable of determining the arrival times of received
signals with respect to a reference time. For example, the receiver device 110 may be a

computer terminal having a wireless modem, a stand-alone GPS receiver, a receiver



met hod and apparatus, the transmtters 130 may be ground-based transmtters
(e.g., base stations of a w reless comrunication systen), or a conbination
of GPS amaogrounmdgs based transmtters. [1021] The recei vePCadasores2130
estimates its position based on the received signals and information

i ndi cative of the |ocation of the transngtters 130 fromwhich the received
signals were transmtted. Due to various factors, the receiver device 110

may not have .current. or accurate information regarding t act ual ation
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for exanple, due to offsets in the two clocks at the transmtter 130 and
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based on t di.fference between a 'reference" tine and th i t.hat. t he
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di f f er ence$stimaerpadegisiiiglsscaccpipiastransgugr logatiopg maytherpadter ba, "cenected” to
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fromthe actual positions of the trapsmtter 130. In the instance in which
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transmitters 130, the receiver device 110 can “triangulate” its position. The receiver

device 110 determines distance by fneasuring the time required for a signal to travel
from a transmitter 130 to the receiver device 110. By knowing the time the signal is
transmitted from the transmitter 130 and observing the time the signal is received by the
receiver device 110 (based on its internal clock), the travel time of the signal can be
determined. However, the exact amount of time between transmission and reception
typically cannot be determined, for example, due to offsets in the two clocks at the
transmitter 130 and the receiver device 110. Thus, a “pseudo-range” is typically
computed based on the difference between a "reference” time and the time that the
signal is received. The reference time may be any time, as long as the reference time is
common to all pseudo-range measurements being made (or the pseudo-range
measurements can be adjusted to compensate for differences in the reference times
used).

[1023] In FIG. 1A, the transmitters 130a through 130d are shown at positions

estimated by the receiver device 110 based on less accurate (e.g., not up-to-date)



[ 1024] An accurate determ nation of the location of a GPS satellite can be
made if the current Epheneris information and the tine of day are

avai | abl ewotieinenes , the Epheneris information is valid f@ecTtasor/miied
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with respect to the receiver device 11 However, in other enbodi nents of

the di scl og@gersipedrbat Hedinialaestimade Mayebp aaade; based AR | FopmRielyeqytdeted 20
may be co- l@ﬁﬁtngéjo a% n{e%#nf{oﬁ-ﬁﬁio\ﬁer device 110. [1028] FIG 2 is a
e

sinplified ramo recei ver device 110 and the position
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system SuGhe @Sndnitkls Hhiliard GhOPORRE RinfchAIRYLR the position estimate for the

receiver device. Hence, a "coarse" position estimate is derived for the receiver device
based on pseudo-ranges to transmitters 130, the position of which may be known with
relatively poor accuracy.

[1027] In accordance with one embodiment of the disclosed method and apparatus,
corrections to the coarse position estimate of receiver device are made based on: (1)
more accurate information regarding the location of the transmitters 130; and (2)
information regarding the amount of error in the estimates of the location of the
transmitters 130 used to derive the coarse position estimate. Techniques to perform the
corrections are described in further detail below. In one embodiment, the corrections
are made at the position identifying device 120, which may be remotely located with
respect to the receiver device 110. However, in other embodiments of the disclosed
method and apparatus, the position identifying device 120 may be co-located with the
receiver device 110.

[1028] FIG. 2 is a simplified block diagram of the receiver device 110 and the

position identifying device 120 in accordance with one embodiment of the disclosed



with a wireless nodem Alternatively, the receiver device 110 may be a
stand-al one position determning unit, such as a stand-al one GPS receiver.
[ 1029] Thwopesrtedn identifying device 120 may be a conpomemtusot/o@ibase
transcei ver subsystem (BTS), a base station controller (BSC), or a nobile
switching controller (MSC) in a wrel ess comuni cation system or nmay be a
device that couples to one of these elenents of the wireless conmunication

Sy o SHRTTLE bS58 SR DO D BaglY g Rkt 00

Al t er nat i vebinindlie apaigdléss @Bmintl@datibi 's{%ﬂd etk s 4 efllum@itelepiforn@ arieapak of
and co-located with, a renpte term na sone ot her device that i ncl udes

the recei ve¥ithjavyisedess Toodem.t d¥lieandtivelyy they 1eeeipersdaviesnt i0imay ibeya figndralpnee 120
may be a ty, the receiver device
110 and th OS@P?% %ﬁ%}n&g@ﬁ ?Eﬁ'&h as&ésqgj%lalgﬁégﬁgg%es‘%%m in FIG 2 as being
directly cqueiod. EﬁmftlonOE&nﬁfynﬁ@rc&VﬁédMO an@t beches®ipsnene.of. a BasBTS, a
BSC, and so on) be coupl ed between the receiver device 110 and the
posi tion i d&aﬁqurﬁgb%wre;éBEb hase %@pﬂtwﬁoﬂﬁe(ﬁw)ﬂ%@ webile witolgngnd
the receiv O WA o n a
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may be stored until infornmation regarding the nore accura | ocat i on

t he transniteteceni@@nt b codex- lav@cdl amtlhe a ralrnt)@r temhinghomsoroe ethec daviat énat
position esti for the rec evice erived. [,1031 n the
enbodi nent gﬂﬁ&ﬁﬁp%mﬁp&er %ewcteh gqr% Velte e(Pé’S@fB ﬁi%%ﬁﬂﬁ%ge‘ﬂce i?edc@%er
210, a proarssstitd AldreCdonipoddm. a menory 214, and a comruni cati ons port 216,
and further couples to an antenna 208. The antenna 208 receives signals
fromthe tIA8¥Yni t Fer simpdioity.sthevierai ver dedce 1AD anddthe papitien idensifying devied
Slanale 10 {06l SERLY S p1G 10, BORe RGHY Bhufdf HRkeSHE b fiid R
radi o frequéncy processi ng cPrcul her” rece
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used for p05| tion determ nation. Such information may include timng
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circuit 21, P r WRi824 9 k%%%lfqé }e’a@&/a%ﬁﬂﬁns %agﬁaef f%@ gfat #s%]n in

determ ni ng cal cul ati ons. tions may include car ons
which accurate information about the location of the transmitters 130 is not available

when the measurements are made, but is available at some time in the future. A coarse
position estimate for the receiver device 110 may be derived immediately upon making
the pseudo-range (or actual range) measurements. The coarse position estimate may be
stored until information regarding the more accurate location of the transmitters 130
becomes available, after which a more accurate position estimate for the receiver device
may be derived.

[1031] In the embodiment shown in FIG. 2, the receiver device 110 includes a
receiver 210, a processing circuit 212, a memory 214, and a communications port 216,
and further couples to an antenna 208.° The antenna 208 receives signals from the
transmitters 130 (shown in FIG. 1A) and couples the received signals to the receiver
210. The receiver 210 includes circuitry (e.g., radio frequency (RF) processing circuitry
‘and/or other receiving circuitry) necessary to process the received signals to derive
information used for position determination. Such information may include timing

information and so on. The information is provided to the processing circuit 212, which



to derive pseudo-ranges to the transmtters 130. Alternatively or
additionally, the <calculations may include those required to derive an
initial cweree7®sii mate of the position of the receiver aeTiuse2/® The
coarse position estimate nay have a relatively large error due to |arge
errors in the position estimtes of the éransnltters 130. [1032] The
recei ver device 110 provides the results” of the calculations and other

pertlnent i nf rrrat on v a.connu tio rt to the itio

Pdent | 1y ngeigureession il iSO RARMERbA TR B catshlohSpad ini i aiopte ¢ ne
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calculations (e.g., the particular Almanac used to estinmate the position

of the trarglenlatiens meEgoinclugedthess ﬁqwryd dendariventoinitiel eparse tignate of the
conmuni Citzb) 113188%% tf?e%%aé’(zé’r"d ch% ag. ! cogl%g%o&fﬂﬁ 0&;RRs 'xﬁétﬁ{‘ ve %‘?“ltah ' ”ga

devi ce or a recelver evice spose I'n a reno ernlna

wirel ess qageditbedld t@ﬂm‘gystremmltﬂreepdmmmesumates oftheardnsRitferdTE30. Support
comunication via a wreless |ink. [1033] In the enmbodi nent shovvn in FI G
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recei ves t n results and pert’i nent
recei ver dd\Z()ce Thi Opeatinerft oinf@rcision hﬁay rificdndes the mnna) thd eeqmmdesgnaig wdrecui t

222, The “ploccann sorcull 228 ecelyer e cal sy atin Ltz s
i nformationgthad eéﬁ‘?ﬁaté‘%l?éj]émtléﬂq& fh%qgeln‘éﬁﬁtteréj‘ﬁ('))c @nd %)stﬁlﬂx%écr%f&hlﬁ'@on

cal cul ations. The | ess accurate I nformation may | manac (and t he
time at whildie Qdmgmmm@tmcpwaglﬁairo‘dglqs arheltﬁ]&h:ermnhs Ppsitidn tikeantifying davicewhi ch

t he Epherrerl ot.her .informatjon tha e receiver
ovi co 110 ay TavA Tebiyef deBl: HRbeRHnSbit ar Fmot: R - b RS 130,
[ 1034] The doﬁﬁﬁnﬁéhﬁ@ﬁ ayﬁemnﬁférdm{m@ﬁcmn PR JEOihy @@bﬁayt doneniRefionssia devi ce
110 together with the calculation results, e.g., as part of the pertinent

i nf or mat i onwirdlessdiakt ai n  enmbodi nents, the I ess accurate information nmay not

be explici :{!l%_?jr Ovindﬁg-: rgggqg eHF showrp gﬂ %?(Eobsthrgaf{os? For' i giﬁr% dggvu S 158 ©

informatio was use exanpl e manac or

Epheneri s iificlvddsi ddconhii@nithtich pdrtwm @pxbb@sfn@&ﬂcuﬁctza; gmzhsnemwy e24easer ed
at the receiver device 110, the tine at which the coarse position estinmate
was sent t CORWEIMIEPR DGR 329aRes1TSH th@%lemﬁ%@ respits yd pesiRend idermationdiammt i on

(whi ch may th@f‘ec?l?%t V&leﬂ?ﬁ cePAI0L ardf ol NG dPRE id ﬁﬂ&tldnntfo(%ﬁéggfdfg% ng ANt 58> The

sufficient to a e position |dent| ng devi to correctly

deduce t he procsdng cirewit 202 irbcadvesetht mmm‘moh hragultseand MRt QufbOB&ion, and

PCT/ US02/°0 grt 3er rgcelves a copy of the "less accurate” information that was used by the receiver
device 110 to perform the calculations. The less accurate information may be the
Almanac (and the time at which the Almanac was valid), the Ephemeris (and the time at
which the Ephemeris was valid), and/or any other information that the receiver device
110 may have used to estimate the location of the transmitters 130.
[1034] The less accurate information may be provided by the receiver device 110
together with the calculation results, e.g., as part of the pertinent information. In certain
embodiments, the less accurate information may not be explicitly provided, and other
indicators may be used to deduce the information that was used. For example, the time
for which the Almanac or Ephemeris is valid, the time at which the received signals
were measured at the receiver device 110, the time at which the coarse position estimate
was sent to the position identifying device 120, or some other information (which may

be sent as part of the pertinent information), may be sufficient to allow the position

identifying device 120 to correctly deduce the transmitter position estimates that were



used to derive the coarse position estimate. In sonme other enbodi nents, the
position identifying device 120 may be responsible for sending to the
recei ver weweoe10310 the information used to derive the c®ardasopoeRili on
estimate. For these enbodinents, there would be no need for the receiver
device 110 to informthe position identigying device 120 what information
was used. [1035] In certain enbodi nents,” the processing circuit 212 may
comuni cat e irectly.with the .position identifyi devigce 120.wi t hout the
need for a sebld SV wldhti BRRER chble’ TR o AR RS p pbHEPh s
in which theenpi@sihg ideRicel 1R0NhaY Bé REpORbIE Forl déhddipdid he re€sfdrVRVicd M0GRe 110
are co-located, or may even be possible in certain other instances in
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resul ts frarotiet ifeehatdn viiewiseé® 110. I n sone enbodi nents, the |ess
accurate information used by the recejver device 110 nmay be provided to
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device 110 4 et i i QN 4l o i 2 for
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directly byotrimunigaiont pam | Taist nfayi by thewase il 2@stanean incheviichatismpbsidos 130.

Al ternatively,. the | ess ccurate i nformatio be recejved by the
posi tion | AGRICYDE V_tf&vl??)eaqc%@ef RV 9%tk o (e eorIecainds o ety P¥Shbany of
the cConponeRkghi: hRwBrtAiR oﬁ{e@inslta%cessiiﬁg\g}%i@l? ltl?e p&MBOABR fy Rl RVvRESRA HRVepN 1N

a wreless comunication system | ] I'n one enbodi irent, the position
i denti fyi ngledigviasenct20-loeyedhave nultiple sets of information (e.g.,

several versjipns of the Almgnac),.any one of ich.,ma e been used by
the recei véibgﬁgvi cd P19 ef%’%g‘é]?“r‘%r %et%éﬁlﬁ’Bs\%f’?t\égf"@e?eé??\% E?‘Xéecf‘ﬁ’ﬁ Elileaquﬁ)ns.
I'n this casgeurhR@nfReative prideil eeiptlél thetaleRHoh Sedlto Hodfthadeddivepdalice
information to the position identifying device 120 to indicate what

i nf or mat i on10f rlaspmetvabadiipents, the sk aptusate gnfomaatiers hieddry thgaereiveyidagicelevi ce
120, was s ifl Ly L L ecel Ver e t r
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derive a nore accurate position estimate for the receiver, device 110 based

on a coar séIPREGIEY)-o Hopetample.dhe sy pqsuts indemajion m3y baveceizeddivestly ydhe ce.

e s T
the coar se apaghteiinford¥aG6R /] BO SecBlTEA BSOMEQGRERN identifying device 120 from a
source that is distinct from any of the components shown in FIG. 1A, such as a
component of a base station in a wireless communication system.
[1037] In one embodiment, the position identifying device 120 may have multiple
sets of information (e.g., several versions of the Almanac), any one of which may have
been used by the receiver device 110 to perform the position determining calculations.
In this case, the receiver device 110 may need to provide additional information to the
position identifying device 120 to indicate what information, from among those
available to the position identifying device 120, was specifically used by the receiver
device 110 to perform the position determining calculation.
[1038] FIG. 3 is a flow diagram illustrating a process performed by the position
identifying device 120 to derive a more accurate position estimate for the receiver
device 110 based on a coarse position estimate previously derived by the receiver

device. The position identifying device 120 initially receives from the receiver device

110 the results of the position determination calculations (e.g., the coarse position



10 estimate u a ), at step 312. The position identifying device 120 al so
receives information indicative of the initial position estimtes s,a of

t he transwptoe®r®9d30 (i.e., the less accurate transm ttePCRAs0/HEm3
estimates), which were used to derive the coarse position estinmate, at
step 314. This information may i ndi cate16he version of the Al manac or
Epheneris that was used to derive the coarse position estimate. The initial
position estimates for the transmtters 130, as. deterni ne t he receiver

a by
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transmitted by the satjellites pf the GPS constellation. Such.a |og allows
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recei ver device 110, as described in further detail below [1040] Once the
posi tion i @eerdofpngrymaaspranecntygeisdakenniled atetsrohld egarding the initial |ess
accurate posaid.on I.m¢t es. he,.onr urate positian i mat for
the i ranoiiI0rs BbbOTHER BRI o R TP G B GalR B0tk et s

the coarse Pogf tht Wrati6s b MRLEsAttek1830, @E QLY 816, AU L8 Id AcdRarB HRRSHRAE €
with an al gorithm descri bed below, at 'step 318. [1041] FIG 1B is a

di agr am t hgfositibh Wstimades dyhise 8iati®badedl dnhgh APGERACOMdRSr BftRmetis AE S tig@es 130
based on infornmation available to the receiver device 110. FIG 1B shows
transm t t erscurggafor Hheighe p8ovhieh the @seuderiangenmeasuspmenie rvere HBadeppy the

accurate i s. of .t h .ocat i , NSMH.LL e . | B
o 0 ahows T HERE 110 o 854 bodifet b blluch et BB BLLE T o plalBind O
| ess accur at dogesfi st asmadact bed |Eptaineds tednsmithel tiyatRndtéidites . ofTtiansGPS t er
132 (shown with dashed lines) and the transmtter 130, (shown with solid
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dependi ng upon er t ocati on e transmtter een determ ned
usi ng t he nix ecared deyice 110, as described in further detail below.

[1040] Once the position identifying device 120 has information regarding the
initial less accurate position estimates and the more accurate position estimates for the
transmitters 130, the position identifying device 120 then corrects the coarse position
estimate for the receiver device 110 in accordance with an algorithm described below, at
step 318.

[1041] FIG. 1B is a diagram that illustrates the error in the location of the
transmitters 130 based on information available to the receiver device 110. FIG. 1B
shows transmitters 132a through 132d at locations that represent the more accurate
estimates of the actual location of the transmitters. FIG. 1B also shows the transmitters
130a through 130d at locations that represent less accurate estimates of the location of
the transmitters. Transmitter 132 (shown with dashed lines) and the transmitter 130
(shown with solid lines) correspond to two position estimates for the same transmitter.
However, the location of each transmitter is perceived to be different depending upon

whether the location of the transmitter has been determined using the more or less



WO 02/ 071095 PCT/ US02/ 06213 11 accurate information (i.e., using Al manac
and Epheneris that is, or is not, accurate for the tinme at which the
pseudo- r awge2femsur ement was taken). The | ocations of thePCrresayni2is ers 130
were used by the receiver device 110 to performthe position determning
calculations to derive the coarse posithqn estimate for the receiver device
110. [1042] The position identifying device 120 perforns corrections on the
coarse posiftion.esti e.fr th i evice Q to.provide re
scour at e’ poep B REnRNE o1 AMe Rl at e RGUOREwhe B P DI PAE aR BR L e
coar se posithé Gimeest wARhethsBseldd-rapgs hyapmembas @ds @ikepr iThdSloaitimk i dfhie
including a "linearized" algorithm an "iterative algorithn, and possibly
ot hers. Thédranpmiers 288 wergoupechbyi theqeseivebelevics 4H) 4P| perfery, the pasisign
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2001, assigned to the assignee of the present application. The iterative

al gorithmi i descrjbed bel ow.. [1043] The iteratjive algorithmcan be used to
per f or m corlt@li ondhe, Position AdewTymgs AeVies 184 t Pertor@s forestins, ek dhg gragevi ce
110 based il 1) ool e af . i e L.acation
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posi ti on essiimatdof e r¢dedver dedra eFhae@riectonsl tharmdas@ positidmestinetigmapbe t he

nore accurate. estjmates of .the actual |qcation.of the, trangmtters 130 at
the time  RErropRs Abed 4R garpesaruia iaciding aniigeariort alsgrim, iy igegve
transm tterpfhh? 0fd R3ibRBSREs Tihe IRcaelar M dfimis dest®rd khavkgdge . of the
specific time at which the  pseudo-range neasurenents were taken. [1044] It

shoul d be Rttt SAppdigatiomaSeritleNooPEE3 304 entitede SYIEABIQD i ANRadEPAR ATWHer a
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upon when and where the nore accurate estimates of the position of the
transm t t eradgordgmpedesaEbed glowbl e. [1045] In one enbodi nent of the

di scl osed d a t N O t t ] one-tQ-one
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estimates. This assunption is easily satisfied in the case where there are
only four ﬁgggat@_qsgﬁ)@gg ofdhg mcgq?@hf)g%ﬁe transmitters 130 (e.g., GPS satellites) used to

derive the coarse position estimate for the receiver device 110, and (2) a knowledge of

the more accurate estimates of the actual location of the transmitters 130 at the time the
pseudo-range measurements were made. The more accurate transmitter position
estimates may be determined based on knowledge of the specific time at which the
pseudo-range measurements were taken.

[1044] It should be understood that the coarse position estimate is made at either a
location or a time when the more accurate estimates of the location of the transmitters
130 are not available. Corrections will typically be performed at either a later time or
another location or both, depending upon when and where the more accurate estimates
of the position of the transmitters 130 become available.

[1045] In one embodiment of the disclosed method and apparatus, it is assumed that
there is a one-to-one mapping between a position location solution (i.e., the calculated
position for the receiver device 110) and a set of transmitter position estimates. This
assumption is easily satisfied in the case where there are only four pseudo-range

measurements.



WD 02/ 071095 PCT/ US02/ 06213 12 [1046] For clarity, the iterative algorithm
is described specifically for a case in which the transmtters 130 are GPS
satel |l it ewo oRlovmwy®r, the iterative algorithmnmay al so bePaydabomd2m3 any
types of transmitter in which inaccurate transmtter |ocation information
is available at a particular time or plgee, and nore accurate transmtter

| ocation information is available at some later tinme and/or other |ocation.
[ 1047] The tio T el n
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Al manac used by the receiver device 110 to dgrlve the location, sia .

[ 1048] The lootian informagioa 1saVa;labbtaédorhgiat¢mEn¢ andviomhe‘llmatienbased on the
Epheneris information and the clock bia be expressed
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relatively.s Ll error the yse of t Jror e accurate Epheneris
i nf or mat i o g’%ﬁ%tl%baé‘%st eg](?gf(&aéﬁ“aé( ifi’fﬁ’fe&e Sa derived by the receiver
device 110 using the relatively | ess accurate Al manac information may be
expressed as: a = lka, Yysa, zzLaandb@aW UIlt UIl A nore accurate position

. s R A
estimate U-' of thelsmécesversitevi ce¥110 derived by the receiver device 110
using the relatively nore accurate transmtter |ocation estimtes may be
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the receiver device 110 and the time indicated by the clock in the transmitter 130. The

location, 5 will typically have a relatively large error due to inaccuracy of the
Almanac used by the receiver device 110 to derive the location, s;°.

[1048] The location, 57 calculated for the i-th satellite based on the Ephemeris

information and the clock bias may be expressed as:

—_—g e e e e
5 =lx Z ] and b¢ .
i si’ ySi’ si Si

i

The Jocation, 5; will typically have a relatively small error due to the use of the more

accurate Ephemeris information. The coarse position estimate, #“ derived by the
receiver device 110 using the relatively less accurate Almanac information may be

expressed as:

lz_la =[xa’ ya’ Z(I, ba,j-
u u u u
A more accurate position estimate #“ of the receiver device 110 derived by the receiver

device 110 using the relatively more accurate transmitter location estimates may be

expressed as:

7 =[x“’, y¢, z5, b:J.

u u u



Initially, nore accurate information nmay not be avail able. Therefore, the
val ue of the npre accurate position estinate u e nay be set to W" . The
position wetie/ewesu e is thereafter updated as nore i nf oPCEISON0G233

obtai ned. [1049] A Range estinmate associated with each satellite may be

obt ai ned based on the follow ng expresshon: M (x, _ xsr )2 + (Yu - Ysr
Y2 + (zu - Zs1)2 -(b: b: - bs,) . Eq (1) These range estimtes are
essentiall nﬂﬁﬁgd@ofeaw T AR (a v;{ Rt BaViSeREGR. Hl8LRITMEE DY a
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be seen that the measurenent, ml of equation (1) is the distance between

the nore adbereaftes updafpd rpmoresiafarmatien is abtaited he recei ver devi ce 110 and the

fore accur ?ﬁl&é{ osi ?X &ngbsésltl easssacelat%d \%191” ac%fsagerfﬁtetr{l%g E% foi){ nrega c}g aki ng

into accou I as ased on t ange valu ed to
each sat el Ithéﬁ,1loamh§@qireg§mﬂ square (LMS) conputation can be perforrred to
determne the position u'" =[x; y; z, b,' that the receiver device 110

woul d have cal cul ate ocation u e and had assuned
the transmtters, 1 %E £0, bf ﬁ, Ptig anDQ; gd by the]§§@§ accurate
position estimtes, ‘s, Y 1Y ansﬁitt% 30 (i’.e., the positions

i ndi cated by the Al manac |nfornat|on) Based on thls p05|tion estimte u'

and the knoFHe@@%g@Esﬂrﬂﬁc@%@s@htlﬁw paéallo-Yh o GhkkiieeR8 it SFbuldh&vediren W
an update vector du can be determ ned. [105 A geonetry matrix Ha for the

| ess accur ateeertirsdsby tat eceipmgi dévice bettedwdtt e’ recei{ing glgnalfsl framatamceariitared

or oot e LN B R RO RO BIRRE sl G55t hmtion” T LT
zsi -1 lu 'tﬁélneﬂsdr&ﬁént' W of elz\?%aﬁbn f1)-is e d1§‘taffce Betweertthe nore a&%r!ﬁ.’@ f‘OSlHO§2|
lu' -s2l Tu -s21 Eq(2 M M , a xu xsSn Yu YSn Zu - I

lu" - s, | stima, zf o‘f\ﬂl@fycéﬁl&ﬂﬂ&lwﬂllﬁﬁﬂﬂﬁﬁﬁdr& accurate posmon estlmate 57 of

one of the transmitters 130, taking into account the clock bias. Based on the range
values of m; calculated to each satellite, a least mean square (LMS) computation can be

4 ’ s

performed to determine the position %’ =[x’ y/ z, b’] that the receiver device 110

would have calculated if it had been at the location #“and had assumed the transmitters
130 to be at the position indicated by the less accurate position estimates, s, for the
transmitters 130 (i.e., the positions indicated by the Almanac information). Based on
this position estimate #’ and the knowledge of the partial derivative equation between
u® and u“®, an update vector dit can be determined.

[1050] A geometry matrix H, for the less accurate transmitter position estimates

a

5" (e.g., Almanac-derived satellite locations) and the corresponding location u’

t

derived from the previous LMS computation can be defined as:

7 a 4 a 7’ a
Xy X1 Yy " Vsi 2T Zs ~1
el -1 —t a
U — 5 U —S 7
’ a / a ’ a
Xe X5z Y " Vs2 2y T s -1
-5 @-5| @-s
— 2 2 2
H, = : Eq (2)
M M M M
a a 4 a
xu —qun yu—ySn Zu _ZSn 1
— __=f —/ _—a —r  —a
12t u —3, u—s, |




14 Simlarly, a geonetry matrix He for the nore accurate transmtter
position estinmates sie (e.g., the Epheneris-derived satellite | ocations)
and the nwo@2Aactwes ate recei ver device position estimte w®eca/usanodes defi ned
as: X, eeVYeeex-x2Z Z-1uXsS, Y, - S asS ue Sl ue$ll |I~e-Sle e e
e_eex-x2Z-z-1 _lue-s21 ue' | ue-S4, EH EQ (3 MMMMe eeeee
XU XSn yu - ysn Zu - zsn - 1 lue -Stl lue -Snl lue -Snl [1051] A final

geonetry matsj. expr : = o -1 Ha ! , EqQ
(4) where éiﬂéﬁ‘ﬁ’é%@%ﬂ%ﬁiﬁ%@%ﬁ @%ﬁ%ﬁ% a‘rrg‘ig{rsabe(r E%’esrl?ﬁst!f‘r ‘l’@et?d,“ %@’?"‘E&[ m
T™n T ] where. re S j t tatj stical ex atjon_ of
the quanti tf}f F(%'é(’h@ebﬁé%%%t@lss "daeﬁgé%é%ﬁghf@%%Ca\gglé%s)o%ldoﬁ] en%lggeugggn%%% Sre&ewer
determ ned in.equation (1), The dat.e vector du can then be expressed as:
du = geice qﬁ’lltﬁopleswte.“(ﬁag‘ul?e %tﬁ)neé.{afffq (5) [1052] The nore accurate
estimate u e of the receiver device's position obtained using the nore

accurate transmtter )peo_sj,cai oQRe esti rr§3:§§e ste Je.g., the Epheneris-derived
satellite position),|€ar—he expressed—as Y| =u+du . Eq(6) Equations (1)
through (6) can be d}ﬁfi‘éﬁ iEera&li vgfys numper of times to derive a nore
and nore accurate p sjcetig);rzl e§&ti5rsazt ez:fﬂgézt he receiver device 110. [1053]

FIG 4 is a flow diagr ﬁtre—ﬂ'ro g performed for the iterative
al gorithm in acgpr g’ﬁcésﬂ't a2 enanishient f. the invention. EJk® coarse

position estimte rived t he cei device 110 based on | ess
accurate position 0277071095 "PCT/ USO2/ 06 15

X "Xy VT Vs ZTZm

-3 | [@-5 We-5

[1051] A final geometry matrix H; can then be expressed as:
H =] -R"-H,) -H,-H, , Eq (4)

where R is the covariance matrix of the measurements, i.e., R = Elﬁ-mrj where E[ ]

represents calculating the statistical expectation of the quantity in the brackets and m is
the vector of measurements determined in equation (1). The update vector diz can then

be expressed as:
di=(HT -R-H,) -HT -(z, -7 . Eq (5)

[1052] The more accurate estimate u#° of the receiver device's position obtained
using the more accurate transmitter position estimates 5; (e.g., the Ephemeris-derived

satellite position), can be expressed as:
u‘=u’+du . Eq (6)

Equations (1) through (6) can be applied iteratively a number of times to derive a more
and more accurate position estimate for the receiver device 110.
[1053] FIG. 4 is a flow diagram of the processing performed for the iterative

algorithm, in accordance with an embodiment of the invention. The coarse position

estimate #“ derived by the receiver device 110 based on less accurate position



estimates sj" of the transmtters 130 is first received (as described in
FIG 3). The nore accurate position estimate W for the receiver device
110 is i nwDioaloTwedl to the coarse position estimate u " , PEUT/IS0VBM62432.
Pseudo-range neasurenents m are then determ ned, at step 414. These
measurenents are the ones that woul d hayg been obtained if the position
estimate Ti e were the solution. The measurements nmlL can be derived based
on equatiq

1) and b d t.t. I d
o0 Geuet! bk 0% AR et Bl BRSO
oL e B PR r%%i‘v%%’ﬁ%ﬁ%ébﬁmewﬁe LG o
conputatio 081%'8 t%@u %}E £V 6l oleB 432 TPIRIo- ebﬁr%&t% aﬁel-lf {iﬁe SO% Y on

sol ution rom conputation’is en

that the r emetepe4c14 d&hese emdabGrenmutsdarhake onést thateduld have beed dbe@ﬂedaif the

| ocation V. . [1055] The geonet rly matrix H, is then conputed in accordance
W t h equat ma@oo 2ytimaie3)” wete the polugipn. sifég nERGIremRRts i ¢an &e vedvast based ean

t hen be deter he matr.i.x H_ and,t ffereneln
posi ti on eSEPeE) (g depbmi 0 RE A R iRl e o HDRORE 5
at step 42Qoar-£9§ ﬁg&ﬁe&i‘fﬁdﬂé ghe position estinmate u e i s then updat ed with
t he update vect at step 422. [1056] At step 424, a determnation is

made whet hdl0%] noAt step 4r1’égan LMSecmflputbmiaon ism:l:aﬁoemmeba&ad authe sndaggsmeitan a
particular threshold (e. 1). If the magnitude of the u&dat e
vector du i %&%mn@%ntsmfﬂﬂr?@dtth@ @%amrat@ HanppidebResitien eRtimptesosist dpea14

and the renents m o e transmtters 130 are agajn determ d based
o the T ecdnid yoTRRGLOB DS Ehe g ARG KICHT BaPs far 416 KeuBE %

receiver deyn¢end L01s %‘Bﬁ?ﬁtaﬂéﬁ is HEHORORs 424 wikich fs%@%ﬁﬁoﬁsthéff’tﬂé’ rbdefR? 2as

necessary until the magnitude of the update vector is less than the

t hreshol d. dewice 1u0w&;l&1@szla@bfhmeﬂlﬁﬁmaabe@£htlcbdiaaomsl.t| on estimate u e is
returned as the nore accurate |ocation estimate for the receiver device
110. The pld@¥dsi nghe Beameter mptaixt Hs is {heospnpried in aedondange svidegenrtivnsd2her ei n
allow the I ocation of a receiver device to_be accurately determ ned based

on a coarsd3) @Rﬁaﬁ)oﬁt Hen i4|17§t gh?dwdﬁtﬁéeﬁ@éedWéﬁn dhspi keedetgmiped b?ﬁéﬁ Hhe been
deri ved based og ests a IH}?EP@& tion est| mat es ‘fort tRe t ran ttgrs I n
this nmanners®PREY i G ndti 8 eﬁ?qc\g DOPOS YR PHIBIFD N -Sf % Rl
transmtters . g. W) 02.071095 P S02/ 06213 16 Al nanac n&y be
| batod | nf et pvith Eatatgn (o b b FeB Ao RO Ao o, e

then updated with the update vector dir , at step 422.

[1056] At step 424, a determination is made whether or not the magnitude of the

update vector du is less than a particular threshold (e.g., ]dﬁ | <1). If the magnitude of

the update vector du is not less than the threshold, the process returns to step 414 and
the measurements m; of the transmitters 130 are again determined based on the recently
updated more accurate position estimate z° for the receiver device 110. Steps 414
through 424 are repeated as many times as necessary until the magnitude of the update

vector dit is less than the threshold. Once the threshold is satisfied, the position

estimate #° is returned as the more accurate location estimate for the receiver device
110. The processing then terminates.

[1057] The techniques described herein allow the location of a receiver device to be
accurately determined based on a coarse location estimate for the receiver device, which
may have been derived based on less accurate position estimates for the transmitters. In

this manner, the information descriptive of the location of the transmitters (e.g., the



conservation of resources. [1058] The techni ques described herein may al so
be used advantageously for determning the position of a receiver device
oper at i ngwon2anioahal og node, which is characterized by tReTiUSoBORIAND Of

t he measurements not being known with sufficient accuracy (e.g., nore than
5 nsec of time stanp error). [1059] In aggordance with an aspect of the

i nvention, neasurenents for five or nore transmtters (e.g., GPS
satellites) . BV i le, S
he. i me. ot ATEHR 5, LAdSP Rk ot pecBier B AT B, o e
appl i cabl e teasewasasofMessumcdshe ti me-stanp reported by the receiver device

is not accur . 060] . The iterati al.gorithm descri hed, above can be
i npl ement edhﬁg%]epo[sﬂ?i B%hm_&lé‘?sepﬁqcﬁlﬁ’ﬁ%_ 5?@&1“3&%%% faS¥h %Vapfagﬁo%ﬁ' e e
nmeasur ement éetefﬁlilﬁin%otmé“aﬁoéittﬂoﬁrb? a ARERE! G@ﬂc@%é’ﬁﬁhg‘ ir?(ﬂh'aahhlfégsméé& WP RIh
(6) and the flow diragram shown in FIG 4 can  be applied in the manner
descri bed abowacterideddyethe tinmsstemg affthe measuvBmantg et béing knownedithy suffiei@nt or
four measurenents, a nodi hﬂi@eg LVS gl. orithmis.inplemented to operate on
five unknomﬂ‘?scuf*’(?ycﬁ%gi’wr‘? R i _ S.tae“.nl_,)elfr “position estimate for the
recei ver depios9) - l1RSiceardafde ¥itdi R AGBNSS ey infbnti G mdARhireBRAFELL YivEBES | CES
Ha and He respectively shown in equations (2) and (3 , these matrices

woul d have mowg wenssnitiersl(¢-gy CRSosatalbisanmany e tuged 19esoh K, Bf Z.rAed Slockrhasg s
ed. [1061 n fi r n [ d AR t L Nl
Lo G 0ok YRR, e SR B R B S 70,

ri ces e expresse
Xa - XS, Ynapplitable Zidr -cadsd whéredfiRe timd-stam®lrapaitedSbit thé reddiver- déSice & nat a r
aa Xn -xsz Yu -ysz Zn - Zsz_ 1 aPsz at _ lu'-s2 u ;I lu-Y2 H5 5 MM
MM' f X'aRE vy Uya sn Zu - zsan _ 1 aPsan lu" - Snl | T*' _ 1 Wat

[1060] The iterative algorithm described above can be implemented for position
determining calculations based on five or more measurements. The computations
described above in equations (1) through (6) and the flow diagram shown in FIG. 4 can
be applied in the manner described above. However, instead of the LMS algorithm
normally used for four measurements, a modified LMS algorithm is implemented to
operate oﬁ five unknowns to derive the solution (i.e., the position estimate for the
receiver device). Instead of a dimensionality of four for geometry matrices H, and H,
respectively shown in equations (2) and (3), these matrices would have a dimensionality
corresponding to the number of measurements used.

[1061] When five measurements are used for the position determining calculations,

the geometry matrices H, 5 can be expressed as:

4 ’

a / a ]
xu_'xSI yu_yg Zu _Z;‘ll _1 aIOSI

-5 [@-51 @-3 ot
4 a 4 a ’ a a
'xu—xSQ yu_yS: Zu_ZSZ -1 apSZ
— —e — —_ —_ —(1
i —-3 T T ot
— 2 2 2
Ha,S -
M M M M

'4 U4 7
X "X VeV W= _q 9P
-5 -5 ot

;7 —
U —S
L

n

The first four columns of the above matrix H,s are the same as that shown above in

of each

P
equation (2) and the fifth column comprises the partial derivative '0;’



The first four colums of the above matrix Ha,S are the same as that shown
above in equation (2) and the fifth colum conprises the parti al

deri vati vwwoag/071088 each WO 02/ 071095 PCT/ US02/ 06213 17 t pemdrsor/o@u3 s
pseudo-range nmeasurenent with respect to the tine-stanp. This parti al
derivative for the i-th transmtter may ;pe expressed as: H a
(xsi(tk)-x)+aati (YSi(tk)-Yu)+ at' (Zi(tk)-Zu) NnSla - t=tk t-tk t=tk at

| 2 Z 2 ( [ |t ) ]
Simlarly, & “81(“35% éi/ddrrrg?%ﬁg ?leegé Ul—léﬁngﬁt Yidh f é\?%&rrl?agl&rdeﬁrr%%ttaép Ca’ﬁﬁ%%@ﬁa
expressed acbnvetl‘& for the ietheraasmiaermaybeekiﬁ&ssﬁdas.Zsl -1 Psi XL lyeye |yeye
| ye Slel at eeYeeeeae X, Xsz , - Ye Zu - ZS2 - 1 Psl 3el lye -S2
| lue -SZ = MMMeeeeaee XU xSnraz Sn Ze - ZSn - 1 PS
| ue- Snl | ue- Snl Iyey st} St r col s | of ab ve matrix
He,5 are the sa as ta}j:l ﬁm ajﬁ;gve atJn i o %3)); na(zf'ﬂ

f|”f h col um

conprises the p | ‘F"‘earh tr oy 0-range
nmeasurenment with atespect to jgzett d)étg(%)(t )Thy p;’(g rlvatlve for
the i-th transnitter may be ‘e ssé‘ k ’f'r a8 (Y S (tk) -
Yu) + ~~ 1 (ZSi (tk) - Zu) PeS|-ttkttkttk22

[1062] Similarly, the geometry matrices H,s for five measurements can be

expressed as:

e e e e e -4 e T
X, X1 V" Vo1 %, —Zg -1 d05,
—u—e — E-le I/Te — E'le b_le _ 'Ele at
e € e e [:4 e e
X, = Xso Yy~ Yso Z, " Zg -1 005,
—e  —e —e —e —e  —e
g =% -5 -5 ot
e,5
M M M M
e (4 e e e 4 e
xu _xSn yu —ySn Zu _ZSn __1 apSl
el 4 —€ ——e —e bt -4 —e
u'—vs;| W' -5,| [W@-5, ot

Again, the first four columns of the above matrix H, s are the same as that shown above

e
Si

in equation (3) and the fifth column comprises the partial derivative of each

transmitter's pseudo-range measurement with respect to the time-stamp. This partial
derivative for the i-th transmitter may be expressed as:
ox,

. dys
rsi | X6 (2.)— i €t )= v°
a ¢ at ) ( St(k at ) (ySl(k) yu at )
IOSi . 1=t 1=t t=t,

o Yot —x P + 05 60—y P+t -2

0z

(z5() — 2,)

[1063] The partial derivatives (e.g., a;cs" , ia%ti‘— and ngl) of each satellite's
t

coordinate with respect to the measurement time can be derived from the Almanac or
Ephemeris accordingly, since they described the satellite's trajectory as a function of
time. For the above equations, # is the estimate of the measurement time at the k™
iteration. From the above equations, at each iteration, the satellite positions are

recomputed based on the new value of the measurement time ¢, which may be obtained



at (x Si(tk)-xu) +(Yi(tk)-Y +(ZSi(tk)-Z u)2 [10631 The partial derivatives
(e.g., aari , at' and as i) of each satellite's coordinate with respect to
t he measuwermiriops me can be derived fromthe A manac or Poharserie13
accordingly, since they described the satellite's trajectory as a function
of time. For the above equations, tk isgthe estinmate of the neasurenent
tinme at the k"' iteration. Fromthe above equations, at each iteration,

the satelli .14 r

oasor enent i DR HhédsAteRt fmeFEP IR AR MK AROLAS RN VALUE Phbifs |
fromthe nmasacheteeationt i ne error that is one of the unknowns whose value is
reassessed each iteratiaon. [1064] .,The.positioon determni.ng cal cul.ati ons
or the: andtBInoaths eStiaus APiabmime CalgHTHER 1abER e (o phdempbed in

Appl i cat i Oy Rt @hailNeh TO9/FARRA: IplicRtn' S8l No. NEOFH a3 7N ARPARAEPRJTSR
LOCATI NG GPS EQUI PPED W RELESS | CES OPERATI NG | N ANALOG MODE, " fil ed

March 29, 14ND, ARPARAMEUSt BORhE.QEATENGeGBS EQUEPBEDs SWIREIFSS EVICES

[1065] In E esgsi i it,S.,2 and derjve the.initial
coar se poséﬁ%%rg\g{}m%éf M@%%&e‘%g@ﬂ%%%%égg’?%ﬁlgﬂe O PR AREeD P%t he
recei ver dend geschl @pplicagsRect i vel y, by executing programinstructions
stored within nenories 214 and 224, reapectl vel%. Processing circuits 212

and 214 mayl@dh bl Fipl 2npiecesdingscircuds gil2and S2gmdy gerbcethsonitigbspyrse an
a_ppl I cation o§i%88'efst'i1%a 'enz;[nﬁgcﬁgtmeo% %&Ju%ﬂat o%i'ﬁ§I Cé‘%ﬁmgter}r O ﬁl%Zr%QéiVeradevice %10,
m CI’OpI’OCE?SOI’, a controller, a mcrocoen rorl er, a Pl e progr amabl e’ gat e

array ( FP@égpectivedy, dgr exeoniigS ploging itkevitiehs b rwitlieehioniities 214i dnd 294, any
conbi nati on thereof _designed to performthe functions described herein.
Processi ng TesPeetiels  Proressing oouitsngh? @l hl4 may faeh badmplrangnisdorsya sigitabr 224

used to st ' r ' . t; - hSCl hod
and appar a'(t% E@a?é&g‘%sg\aﬂ déjt;%)t %{Pg#%%?%&g fcgigrlgtgﬁiaﬁ? «ﬁ@ﬁ*{%sﬁtf% gﬁgsﬁa make
or use t he nucepestessony antomrollei/aa i micsocontplierc &t ifehd froghinesble eateodiragnt s
will be readj]y. apparent t hose skilled in the art, and the generic
bt nci pl s B IGAPRERBIT i P ety i PUE TSt EHoP nEir AT FRAPSatit etset
departing fde@Bhed ﬂ)e?éﬁirfﬂ theOfun&tER QedrideAthetdiN e HrbQsind Rituitd DB REESEN!
invention is not intended to be limted to the enbodi nments shown herein,
but is to beayaeacbridgber inglude saciesy 2eope2idhated tosstaopsdghmninstmictions hrd
di scl osed pc{aj[anci pl es and novel features. [1067] WHAT IS CLAIMED | S:
[1066]  The disclosed method and apparatus is provided to enable any person skilled
in the art to make or use the present invention. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be

limited to the embodiments shown herein, but is to be accorded the broadest scope that

is consistent with the disclosed principles and novel features.

{10671 WHAT IS CLAIMED IS:



WD 02/ 071095 PCT/ US02/ 06213 19 CLAIMS 1. A nethod for determning the

| ocation of a device, conprising: 2 (a) receiving an estinmate of the

| ocati on WD ologrodevi ce, the estimate havi ng been cal cul area/uss2/mg13 niti al
estimtes of the position of a plurality of 4 transmtters; (b)
calculating a set of range estimates usi@g a revised estimate of the
position of 6 the device and revised estimtes of the positions of the
transmitters; (c) deriving an internguf Anf80sition estimate for the device
based on the set of 8 neasurenents and the initial position estimtes for
the transmtters; (d) conputing an update vector based in part on the
internedi ate and revised .10 position estinates. for the device; and (e)
updating tHe revt g@ﬁlogggqﬁtgﬁﬁg@git%ﬁ@aq%o?ﬁ VHEVTERPTHEEEd on the update
12 vector. 2. The ﬁéib&% A estihBledtlthe 16UatiBE bt ARMRNVIR! fesgm'é%%@fﬂ ehhe
cal cul ating, deriving, conputing, and updating a plurality of tines. 3.
The met hod of cl ai walRulawderusing timéak alstmh@s i ofy, thde positiony, ofc anpldrality, ofind 2
updat i ng are repeated until the nmagnitude of the update vector is within a
particuffar threshol"™@ % He nethod of claim 1, further conprising: 2 (a)

initializing thepyeNhdfchdosh bf RAgE sitMBELudRY a FdVised B¥iiHife 0P tH Y sidRIT e
position estimate. 5. The nethod of claim1,” wherein the transmtters are
satelliPes in a d disadevige apdgttipashgstigaistoé the positiogPsf theywnemittess; The net hod
of claimb5, wherejn the initial sition estinmates, for .the satel]ites are
2 based on an AL b e RS bhadh R Bk Ipt Ayt B pEund e o
posi tiog esti mat es nicgulkeiRnsaheid ihRRil pasitdtedbiashd fontha trakhieer:i s. WO

02/ 071095 PCT/ USQ2/ 06213 20 8. The nethod of claim1l1, wherein the revised
posi tion esti mat(dhceBputingean apdaia Y§¢PY based irnartden denintemegiatsetndorevistd tine
at whigg signals frB&hEH%gnh&@ﬂﬁﬂﬁé&f&ce-m ch were used to derive the

or € ’

coarse position estinate
(e) updating the revised position estimate for the device based on the update

12 vector.
2. The method of claim 1, further comprising:
2 repeating the calculating, deriving, computing, and updating a plurality of times.
3. The method of claim 2, wherein the calculating, deriving, computing, and
2 updating are repeated until the magnitude of the update vector is within a
particular threshold.
4, The method of claim 1, further comprising:
2 (a) initializing the revised position estimate for the device to the coarse position
estimate.
5. The method of claim 1, wherein the transmitters are satellites in a Global
2 Positioning Satellite (GPS) system.
6. The method of claim 5, wherein the initial position estimates for the satellites are
2 based on an Almanac.
7. The method of claim 5, wherein the revised position estimates for the satellites

2 are based on an Ephemeris.



4 device, were neasured at the device. 9. The nmethod of claim1, wherein
the internediate position estimate for the device 2 is derived based on a
| east nmeawoguoares (LMS) conputation. 10. The nethod of cl &cmuse2/bams her
conprising: 2 (a) determining a first geonetry matri x based on the initial
position estimates for the transmtters,and the internmedi ate position
estimate for the device; and 4 (b) determning a second geonetry matrix
based on the revised position estimates for the transmtters and the
revised position estimate for the 6 device, and (c) wherein the update
vector is furthdhehBSEPdoRt tHam i b spvhesin §B%orﬁnlse<£dwéiw egiimales ifeeghe 11,

The netpod of clajihilerd R %fégm%gc%é otk HaYd %‘?%lﬂ@ﬁ'&igﬁ & RL S
for the 2 device are dserlve ased on four neasurenents fo ur

transm tters. 12ZanSthigtersetwinch ofere lvaedntd Heriwd eliee icoartd @ositias Lestameiet for the
correspﬂnd to pseudo- 2 ranﬁgs iqﬂigahive of di stances between the device
and t he®t r ansni (P¥FS Werg meppued. at the deige-c| ai m 1, wherein the coarse and
revised position estimates for the 2 device are derived based on five or
nore neasurenents for five or nore transmtters. 14. The nethod of claim
13, wher ei 9. der Thamiatioddf QPaisi 1.ivoreres thenmteame dintet jositive esitmate $or the dawieel on

the fivg or nore peasyrenents to _account f certainty in the tine at
whi ch 1 Re measureIRNES DRereT et Bea nduage () compataion 1o f or

determ ning the | ocation of a device, conprising: W 02/071095

PCT/ US02/ 06213 21 2 (ég receiving a coarse position estimate for the
devi ce derilfed Bagaepthod gfeplaimoh fujthricpmprisisgi mat es of the position of a
plurality of traps 2r.s: 4. (b i Vi i bt esti for
Phe. tr afom t ¢ r o ceyuhlife st b BRS R phH o, RERH bhRMaERuFBH B
device; 6 (d) conptid tighsanittarpaied theiReinpddifiapedtiomedtineatd forthedevaaganevi sed
position estimtes for the device and the initial and revised position
estimat#s for tHP dgtermiprgia seqadd geomeiigamatiy based rquy itk deyisnsi ppeton

estimate for the dey s‘mp%ﬁle%eoﬁah{h%t@gdgﬁ@_thelﬁiemat PsitiGH dstirhae T OPGAL | NY
the conputing and updating a plurality of tines.
6

device, and

(c) wherein the update vector is further based on the first and second geometry

8 matrices.
11.  The method of claim 1, wherein the coarse and revised position estimates for the
2 device are derived based on four measurements for four transmitters.

12, The method of claim 11, wherein the measurements correspond to pseudo-

2 ranges indicative of distances between the device and the transmitters.
13.  The method of claim 1, wherein the coarse and revised position estimates for the
2 device are derived based on five or more measurements for five or more
transmitters.

14. The method of claim 13, wherein derivation of position estimate for the device is
2 based on the five or more measurements to account for uncertainty in the time at

which the measurements were made at the device.

15. A method for determining the location of a device, comprising:



16. A conmputer program product for determning the |location of a device, 2
conprising: (a) code for receiving a coarse position estimate for the

devi ce dewpwed7tvased in 4 part on initial estinmates of tReTA®S2/06200 of a
plurality of transmitters; (b) code for receiving revised position
estimates for the transmtters; 6 (c) de for initializing a revised
position estimate for the device; (d) code for conputing an update vector
based of the i ni(h)@teiging & evarseasbsitami dstinmte Br elsd devteederfvet Habel theparcen and
the initial and revi sed 05|t| n estj mat s for the transmtters; 10 (e)
code for updating tHE2kes F@@aog%msl&ﬁn@ PiERlEY Ob rap$RItigsyi ce based on t he
updat e yector; r jeasTayelt) and updating a

pl ur al |¥y of ti %@ééém gq%’ %e‘& Ogglpg%g%lg%g%};&rtmdl um}dclzon igured to store the
codes. 17. A po$c)tmrm|almdgratrexhsedr;g)sﬂmlesmnamrfplruhs|dagce2 (a) a comuni cati on
port cogflgured 0 receive a coarse position estimte f receiver

devi ce Herived SOMPHRLNG 20 BRAale, Verter hased pgt He H’fm"[’lhémbég‘flf‘idoﬁo%fm’é 4
plurality of transgsﬁﬁlaes%forwde(@ae ﬁxd%@ﬁﬁézﬁ%d@a%e@tﬂo‘éﬁio}ﬂ ORI forl e t e
comuni cation port and configured (1) receive information indicative
of revi8ed positi otragshitiess; es f or the 8 transm tters, (1) | nitialize a
revi sed positio rrat for.the r celv e 02/ 07
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and reypsed positi@bctofehiimates for the recei ver device and the initial and
revised position 12 estimates for the transmitters, (iv) update the

revi sed positi ofif bepeatingdhe enmpuimgrand epdatingdeplialitvefdeneson 14 t he updat e
vector, and (v) repeat the conpute and update a plurality of tines. 18. The
position identifying device of claim 17, wherein to conpute the update 2
vector, thdaeéprogessdiputd progidigr podatt goir @tetinidg)the alocaticnt @f aa S@dvidef
rreasurerrents based on the revised position estimate for the 4 receiver
devi ce 8nd the CEPPEEASHosition estimates for the transmtters,

(a) code for receiving a coarse position estimate for the device derived based in
4 part on initial estimates of the position of a plurality of transmitters;

(b) code for receiving revised position estimates for the transmitters;
6 (c) code for initializing a revised position estimate for the device;

(d) code for computing an update vector based on the initial and revised position

8 estimates for the device and the initial and revised position estimates for the
transmitters;
10 (e) code for updating the revised position estimate for the device based on the

update vector;
12 (f) code for repeating the computing and updating a plurality of times, and

(g) a data storage medium configured to store the codes.

17. A position identifying device comprising:
2 (a) a communication port configured to receive a coarse position estimate for a
receiver device derived based in part on initial estimates of the position of a
4 plurality of transmitters; and
(b) a processor operatively coupled to the communication port and configured
6 to:
(1) receive information indicative of revised position estimates for the
8 transmitters,

(ii) initialize a revised position estimate for the receiver device,



(b) derive an internediate position estimate for the receiver device based
on the 6 set of neasurenents and the initial position estimtes for the
transm ttwoz/amwds (c) cal cul ate the update vector based @CTIEsazbve2ihn part
on the internediate and 8 revised position estimtes for the receiver
device. 19. The position identifying deybce of claim17, further
conprising: 2 (a) a nenory operatively coupled to the processor and
configdPed to store diii)glompats s1y updats etgonbased fonrthatinitinl amblieyaed pesitbn
position estimates for the 4 .transmtters at a plural.it f tinme .

i nstances, and wher ei neftHEatF%\Wrstga TesiYer idgMice apf ?é‘%‘“?lo%qo??@ls??lé’ﬁ%lﬂ{)?ters
are deppved from one oksitifesfh thedfansiitkdr§,or mation. 20. The position

i dentifying device of claim 17, wherein the conmunication port is 2

further configured tdiwepditehd revisedrpodiden estishatafanthe tefceivepdevi¢echodsed oni ne
at whi i? signal s fromtthed%%ansgttnﬁrs wer e neasured and used to derive
the coarse 4 position %%‘ER '€ ™ ' he recei ver devi ce.

(v) repeat the compute and update a plurality of times.

18.  The position identifying device of claim 17, wherein to compute the update
2 vector, the processor is further configured to:
(a) calculate a set of measurements based on the revised position estimate for the
4 receiver device and the revised position estimates for the transmitters,
(b) derive an intermediate position estimate for the receiver device based on the
6 set of measurements and the initial position estimates for the transmitters, and
(c) calculate the update vector based at least in part on the intermediate and

8 revised position estimates for the receiver device.

19.  The position identifying device of claim 17, further comprising:
2 (a) a memory operatively coupled to the processor and configured to store a
plurality of sets of information indicative of position estimates for the
4 transmitters at a plurality of time instances, and wherein the revised position
estimates for the transmitters are derived from one of the sets of

6 information.

20.  The position identifying device of claim 17, wherein the communication port is
2 further configured to receive information indicative of a particular time at which
signals from the transmitters were measured and used to derive the coarse

4 position estimate for the receiver device.



