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| . FieldwbDoheldsiventi on The current invention rel ates tedracsat/hons of a
device. Mire particularly, the present invention relates to a nethod and
apparatus for determning the |ocation of a device using a coarse estinmate
of the position of the device and 10 estjmtes of the | ocation of
transmitters used to determ ne that coarse estimate. 11. Description of
the Related Art A common nmeans by which to |ocate a device is to determ ne
the amount 15 of tinme required for signals transmtted fromnultiple
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| ocat ed. One systemt hat rovides signals froma plurality of transmtters
of known location isWh IA-COARSE ROSITHION: ESTIM AT [ite (GPS)
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i dentified by a nunber of different pieces of 20 infornmation, sone nore

accurate than others. For exanple, a reasonabl accurate determ nati on of
the | ocation of a GPS BACKGROEUNPORIHEINVENIEONf day at which a
set of information, known as the "Epheneris", is available. Transm ssions

fromealh satellite provide the tinme of day and the Ephemeris for the

particular transmtting satellite. The Epheneris provides information 25
defi ni ng tI;eF’SF‘inEI“‘o*m{el‘?é‘%‘art icular satellites fromwhich the Epheneris
was received. In addition, all of the satellites transmt another set of
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location of a device using a coarse estimate of the position of the device and

10  estimates of the location of transmitters used to determine that coarse estimate.
II. Description of the Related Art

A common means by which to locate a device is to determine the amount

15 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 location is the well-

known Global Positioning Satellite (GPS) system. The position of the satellites

within the GPS system can be identified by a number of different pieces of

20 information, some more accurate than others. For example, a reasonably

accurate determination of the location of a GPS satellite can be made if the time

of day at which a set of information, known as the “Ephemeris”, is available.

Transmissions from each satellite provide the time of day and the Ephemeris

for the particular transmitting satellite. The Ephemeris provides information

25  defining the orbits of the particular satellites from which the Ephemeris was
received.

In addition, all of the satellites transmit another set of information,

referred to as “Almanac”. The Almanac includes less accurate information

regarding the location of all of the satellites in the “constellation”. Both the



Al manac and the Epheneris information is valid for a limted anount of
time. The Almanac information is considered to be accurate to
appr oxi mewelog/08145ki | onet ers for approxi mately one week fr @artuse2/0i7s® t he
Almanac is transmtted. The Epheneris provides information regarding the
satellite orbits 5 with an accuracy of approximately 1 nmeter for a period
of tinme equal to approximately 2 hours._The errors in both the Al manac
information and the Epheneris information grow as the data ages.
Accordingly, information regarding the location of the satellites is |ess
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accurate in{é]é)r tion rﬁ‘?ardi ng t.he Ioc%téign OL the satellites, .the
| ocati on t hfe i‘slmpnas Moty d8 ensidrred ofoe PpracSHrale ¢ioa PEPFOdRSkSlY: 39
fromthe I i o u e e r i 1S o t:
Zlgi&hb?&?sfowt %épl?)é(tn'&@ﬁi? LAk e webReHY? g}ey timb the .&thgﬁé'c if

receive updates Trom e or alternativ roman alternative

sour ce. Onerranghitedd eTHEpNENEHs pRoviRsiiffoamiitionl regardiagrthpisgriliterorbitst em
base station that has a S receiver capable of attaining the required

i nf or mabi orwithodn tansuEeg ehapproxissateodemater forop pedodeni time eqbal tecat ed
to attain the informatiqn at r.egul ar interyal onsunes,.val yabl e

resour ces, SRRXEBasAt iy TiRerErs 2 BRUE e, ATTaReS ARfgR o e the
bandwi dt h rgowiheds tirdrhdiom gr&we as Y Bk Qb om&o&ﬂnggwfr&oﬁﬁgﬁ g to
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and appar atlosation v is determined basest om the receipt of signals transmitted from the

satellites will be inaccurate. Therefore, it is necessary to receive updates from
the satellite or alternatively from an alternative source. One such alternative
15 source is a wireless communication system base station that has a GPS receiver
capable of attaining the required information from the GPS satellites. However,
for the device to be located to attain the information at regular intervals
consumes valuable resources, such as power required to receive the
information, and bandwidth required to transmit the information from a
20  remote source to the device. Accordingly, there is currently a need for a means
by which accurate determinations of the position of a receiver can be made with
a minimal expenditure of resources. This need is particularly acute when using
systems in which transmitters move over time and the location of such
transmitters is known accurately only upon receiving updates from a source
25 remote to the device performing the location calculation. The method and

apparatus disclosed herein satisfies this need.



pseudor ange receiving device (i.e., a coarse position estimate) to be
calculated 5 using less accurate information. In one instance, the |ess
accur at e wofoeeesé on i s outdated Al manac or Epheneris. As Paotisd2/enyos e,

Al manac and Epheneris information provide the |ocation of position

| ocation transmtters, such as GPS satellites. The use of inaccurate

| ocations for transmtters causes errors in the determ nation of the

| ocation of the pseudorange receiving device. 10 In accordance with the
presently disclosed nethod and apparatus, corrections to the coarse
position estimate of the pseudorange receiving device are nmade at a renote
| ocati on at which nore aSUMMARYOFTHE INVENTIONe. Alternatively,
such corrections can be made at a renote tine when nore accurate
information is avail able. The disclosed nethod and apparatus relies 15 on
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Alternatively, such corrections can be made at a remote time when more

accurate information is available. The disclosed method and apparatus relies

15  on knowledge of the errors present in the less accurate information (e.g., the old

Almanac and/or Ephemeris) that was used to calculate the coarse position
estimate.

One advantage of the disclosed method and apparatus is that a coarse

position location estimate and sufficient identification of the information used

20  to calculate the coarse position estimate can be conveyed or stored in relatively

short messages. In contrast, it requires greater bandwidth to transmit to a

location that has more accurate information, the measurements needed to

calculate a more accurate estimate of the location. Similarly, it requires greater

storage capacity to store the measurements until more accurate information is

25  available. Accordingly, the present invention provides a method and apparatus

for saving either memory or bandwidth in calculating position estimates when

accurate information is not available at the time or place where the

measurements were taken.



5 taken in conjunction with the drawings in which |like reference characters
identify correspondi ngly throughout and wherein: FIG 1 is a sinplified

i1l ustratwon2o61480 system i ncluding a presently discl osedPosdisdvoenge
receiving device. 10 FIG 2 is a sinplified block diagramof a pseudorange
receiving device and a position identifying device in accordance with the

di scl osed nethod and apparatus. 15 FIG,3 is a flowhart illustrating the
process by which the position identifyi4hg devi ce deternines a nore
accurate position estimate (i.e., location of the pseudorange receiving

device) based on a coarse position estimate calculated within the
pseudor ange recei vi n@REEF JAESLORBETAONIOBESEREADRAVWENCRSFERRED

EMBODI MENTS Figure 1 is a sinplified illustration of a systemincluding a
presently disclosed pseudorange receiving device 201. The pseudorange
recei ving device 25 201 recejves signal s transmtted by a plurality of
transmtters 203dedertures cpiedncandcafyartageelof the pgeseat dpueridom gwibr

"203") thr n e i p QFange. .recei vi eyice 201
communi cat ;.Dslégg\nn}%hngﬂ%o%r%ﬁé frlod;e[lr}?‘ i (?/?etlége(?ie ?Osgrelp 8%, Sefﬁ%r%oéﬂp%ﬁ”%en
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determ ni ng the position of the pseudo receiving device 201, as will be
expl ai ned iidemipiyecateespondirglypwhrdughomé andtyolénebnt of the present invention,
t he pseudorange receiving device 201 is a cellular tel ephone capabl e of
receiving signals fromthe plurality 5 of transmtters 203. However, it

shoul d be under gijepdy t;8af sirﬂgliflﬁcg%ﬂ%&ﬁﬂﬁnr@ﬁ%i YR EAnE 0 pRYefy anY

devi ce capable of determnin arrival tines recel ved si‘gnals-“with
respect t o disdedeel pseeloramge reeoivigxdepice, the pseudorange receiving device
201 ma;iobe a conputer termnal having a
FIG. 2 is a simplified block diagram of a pseudorange receiving device
and a position identifying device in accordance with the disclosed method and

apparatus.

15 FIG. 3 is a flowchart illustrating the process by which the position
identifying device determines a more accurate position estimate (i.e., location of
the pseudorange receiving device) based on a coarse position estimate

calculated within the pseudorange receiving device.

20
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 is a simplified illustration of a system including a presently

disclosed pseudorange receiving device 201. The pseudorange receiving device

25 201 receives signals transmitted by a plurality of transmitters 203a-203d
(referenced collectively using reference number “203”) through an antenna 204.

The pseudorange receiving device 201 communicates with a position

identifying device 207. The position identifying device 207 assists in



wi rel ess nodem a stand-alone GPS receiver, a receiver capable of receiving
10 signals fromground based transmtters, or any other such receiver. It
shoul d aWweo2lel4sot ed t hat coarse position estinates nade Pagiusg2/rgagcur at e
transmtter |ocations together with actual ranges, as opposed to
pseudo-ranges, may be corrected using the disclosed nethod and appar at us.
The difference between a reference tineéﬁnd the time that the signal is 15
received is comonly known as the "pseudorange". The reference tinme nmay be
any tine, as long as the reference tinme is common to all pseudo-range
neasurenen;f bei ng nagg (or. the Qs§gpo-range measurenents can be adjusted
to conpensdeterpining ¢ e, pREEON Oft Kie Peeude deeeiving deydeq)201Tige wall nbe
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The difference between a reference time and the time that the signal is

15  received is commonly known as the “pseudorange”. 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). The term
pseudorange is used to indicate that the exact amount of time between

20  transmission and reception cannot be determined, typically due to offsets in the
clocks used in the transmitter and the receiver.

In addition to the actual position of each transmitter 203, Figure 1
illustrates an estimated position for each transmitter 205a ~ 205d (referenced
collectively using reference number “205”). In the instance in which the

25  transmitters are satellites, such as GPS satellites, the position of the satellites can
be identified by a number of different pieces of information, some more
accurate than others. For example, a reasonably accurate determination of the
location of a GPS satellite can be made if the time of day and information,

known as the “Ephemeris” is available. However, the Almanac information is

30 wvalid for a limited amount of time. A less accurate determination can be made



| ocation of satellites (such as an old Al manac or old Epheneris). Since
pseudor anges and the inaccurate |ocations of each transmtter are used to
det er m newDhe/0caar se position estimte of the pseudorange PCFAsovIITgs devi ce
201, 10 the errors in the locations of the transmtters 203 will translate
into errors in calculating the position of the pseudorange receivVing
device 201. Corrections to the coarse pgsition estimate of the pseudorange
receiving device 201 are then nade bas&d upon know edge of the anount of
error present in the less accurate information (e.g., the old Al nanac
and/ or Epheneris) that 15 was used to cal culate the coarse position
estimate. [ acowragniivde nehtdayf ande cprreséntAlnatiasd| odednativhows amalilable.

apparatus, .the correctjons are at the position identifying, device
207. The pé&Wewi/ &ﬁ%@%gaﬁﬁﬁ%?s infprBatipe ey iid e fotimiiech
respect tou pseudorange receiving device 201. However, the position
identifying déevice 207 may be co 20 located with the pseudorange receiving
device 201 in sqie gresadiyriibdosid hethodi &ed apparamksnobvaaes appRiAs b
Figure 2 is a sinplified block diagram of a pseudorange receiving device
201 andba pdych thmldcaiden of yi pegudevange ®ogiving devise 28hCiee-wh charse podition osed
nmet hod and aratus. .The pseudor ange yeceiving deyice 201 ma e a,25
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pseudor ange receiving device 201 may be a stand-al one pdsition’l ocation
det er m ni ngseuddranges lands tlee Sharvtiraeolveattht® o caichetrandinétt@oard wsad to
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i dentifying device 207 may be a conponent of, and co-located with, the

wi rel ess communKoatdcinns ys thercoanseipoesitionr estintade ofdhe peetdhatangaceeadvingt he

device 201 are then made based upon knowledge of the amount of error present

in the less accurate information (e.g., the old Almanac and/or Ephemeris) that
15  was used to calculate the coarse position estimate.

In one embodiment of the presently disclosed method and apparatus, the
corrections are made at the position identifying device 207. The position
identifying device 207 may be remotely located with respect to the pseudorange
receiving device 201. However, the position identifying device 207 may be co-

20 located with the pseudorange receiving device 201 in some embodiments of the
disclosed method and apparatus.

Figure 2 is a simplified block diagram of a pseudorange receiving device
201 and a position identifying device 207 in accordance with the disclosed
method and apparatus. The pseudorange receiving device 201 may be a

25 component of a wireless communication system terminal, such as a wireless
telephone or a computer using a wireless modem.  Alternatively, the
pseudorange receiving device 201 may be a stand-alone position location
determining unit, such as a stand-alone GPS receiver. The position identifying
device 207 may be a component (such as “Position Determining Equipment”

30 commonly referred to as a “PDE”) of a wireless communication system base



5 pseudorange receiving device 201. One exanple of a systemin which the
position identifying device 207 and the pseudorange receiving device are
co- | ocatwo memeHar system in which accurate infornmation abea/ushzoi7egat i on
of the transmtters 203 is not currently avail abl e when the neasurenents
are made. However, accurate information will becone avail able at sone tine
in the 10 future. Accordingly, a coarse_position estimate is cal cul ated

i mredi at el y upon naking the pseudorangé neasurenent (or actual range
measurenents). The coarse position estimate is then stored until nore
accurate information regarding the |ocation of the transmtters 203
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processl ngrecgiarrayrilé th%qgca%{or{[ gfe the transmitters 203 becomes available.
The pseudorange receiving device 201 is coupled to an antenna 204, and
15  includes a receiver 303, a processing circuit 305, a processing memory 307 and a
communications port 309. The antenna 204 receives signals from the
transmitters 203 (shown in Figure 1). The received signals are coupled from the
antenna 204 to the receiver 303. The receiver 303 includes all of the radio
frequency circuitry (or other such receiving circuitry if the signals are not radio
20  frequency signals) necessary to determine the intelligence in the received
signals. The intelligence is then coupled to the processing circuit 305. The
processing circuit 305 calculates positions. Such calculations may include
calculations intended to provide pseudoranges to the position identifying
device 207. Alternatively, or in addition to the pseudoranges, position
25  calculations may include coarse position estimations that indicate the position
of the pseudorange receiving device 201. Such coarse position estimates have a
relatively large error due to the large errors in the assumed positions of the
transmitters 203.

In accordance with one embodiment of the disclosed method and

30  apparatus, the processing circuit 305 calculates position by executing program



di scl osed net hod and apparatus may include the processing nenory required
to store the programinstructions, or that the processing circuit 305 may
be a 5 stwD@26mR ne or dedicated circuitry that does not PCEFqLs02/@17p% ogr am
instructions to calculate the position. The results of the position
determ nation cal cul ati ons are coupled to the conmunication port 309
within the pseudorange receiving device 201. The comrunication port 309 is
nmerely a conmuni cation interface that C(ﬁupl es the 10 results of the
position determ nation calculations to a comuni cation port 311 wthin the
position identifying device 207. Simlarly, the comunication port 311 is
a communi canstonctionsesfozed vhichinetre phecessimgunienairyod0polfo®@eerarit wiblebe

position idengifyi deyice 207. In _addition to the comuni cat] ort 311,
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311 is a communication interface between the communication port 309 and the
position identifying device 207.
In addition to the communication port 311, the position identifying
15  device 207 also includes a processing circuit 313 and a processing memory 315.
However, it should be noted that the processing circuit 305 may be capable of
directly communicating with the position identifying device 207 without the
need for a discrete communication port. This may be the case in instances in
which the position identifying device 207 and the pseudorange receiving device
20 201 are co-located. However, it should be understood that this may also be the
case in embodiments of the disclosed method and apparatus in which the
position identifying device 207 and the pseudorange receiving device 201 are
not co-located.
The communication port 311 within the position identifying device 207 is
25 coupled to the processing circuit 313. As is the case with the pseudorange
receiving device 201, the processing circuit 313 of the position identifying
device 207 may be capable of communicating directly with the pseudorange
receiving device 201, making the communication port 311 of the position

identifying device 207 unnecessary.



determ nation cal cul ations performed within the pseudorange receiving
device 201. In addition, processing circuit 313 within the position

i dentifyiwgodevisse 207 receives a copy of the informti oCrhasb2/oerss used by
t he pseudorange 5 receiving device 201 to performthe position
determnation calculations. It wll be understood by those skilled in the
art that the information used by the pSfudorange recei ving device 201 may
be the Almanac (and the time at which the A nmanac was valid), the
Epheneris (and the time at which the Ephenmeris was valid), or any other
information that _the processing circuit 305 within the 10 pseudorange
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transmtter | Lgure . Jhi.s.information nmay be proyided by
the " pseuadtidginpBn il Ght bdidbied Syihdne HERH Ao TR ket Bl e i

position gdeternl Addition, prbcutiali @Reit 313 ﬁ)i'f?ﬁhh%@'g%@i&bﬁ Mﬁ&%ﬁg‘)@eﬁ@t in
sone enbodi nents, it nmay not bé necessary to nake explicit a

i nf or mat i oR0ferecdiyes sedppyi ol thetihforniatidine dtatr wasmysetebysibd pseudiedange what

infornati on was, used., exanpl e, the tinme at which coarse position
esti mat 8s 5?@1‘(%5%1?% E@f tfbpsrr}glaa neingsttireAeterpinaficrecaledations.ndiywib

suf ficient yf éﬁ%&&%ﬁﬁﬁ?s&i AdMed 96t é((jljt nt%aget%{% gﬁg(%ge}?att%o% GLd qag e .

deduce what Al manac or Meris was used to ca € coarse position

estimte. pyetdlerdmpeaecéinirgplevicd 200kes berhs Alhdnae (8he chosiask seihed and
apparatus, the position identifyin device 207 may be responsible for
transmtti te Admamacyiay validhdee merisg(andehieceme gt whiishi the diphemhenis used

by Lhe. SeUlr g CPeR g RGP L AL S Rr SRRt
dor o100, Sabiabinggonting vy eyl g ayPRiinds MlodiL Pk, e
i denti fyi ngragewriitters2ZiB (sbowinviesFighies1). riflus imfoirmatipnimay be precigledt bpthd he
results of the position determnation calculatjons. Furthernore, the
i nf or mat i pﬁsﬂé‘g‘b&b‘ﬁe ’{%@V}B‘ﬂ%ccké’ﬁenﬁolzitpgﬁﬁh@r 368hnHe EsUMEcel el PASHIIM t he
I U R e
embodiments, it may not be necessary to make explicit what information was
15 used, since other indicators may be used to deduce what information was used.
For example, the time at which coarse position estimates are transmitted to a
position identifying device 207 may be sufficient to allow the position
identifying device 207 to correctly deduce what Almanac or Ephemeris was
used to calculate the coarse position estimate. Furthermore, in some
20  embodiments of the disclosed method and apparatus, the position identifying
device 207 may be responsible for transmitting to the pseudorange receiving
device 201 the information used by the pseudorange receiving device 201 to
calculate the coarse position estimate. Therefore, there would be no need for
the pseudorange receiving device to tell the position identifying device 207
25  what information was used.
In one embodiment of the disclosed method and apparatus, the position
identifying device 207 receives this information prior to receipt of the results of
the position determination calculations. Furthermore, the information used by

the processing circuit 305 may be received within the position identifying

30 device 207 from a source other than the pseudorange receiving device 201 over



10 a communi cation link that is not shown for the sake of sinplicity. For
exanple, the information may be received directly by the position

i dentifyiwgodegisse 207 fromthe transmitters 203. Alter n2CIDUEShy9179he
information may be received by the position identifying device 207 froma
source that is distinct fromany of the 5 conponents shown in figure 1,
such as a conponent (not shown) of a w g@l ess communi cati on system base
station. In one enbodi ment of the disclosed nmethod and apparatus, the
position identifying device 207 may have nore than one set of information
(i.e., several versions of the Al manac, any one of which the pseudorange
recei vi ng @«amemunication kgl thedienosgwwe fereftesaketo simplicity.ofometasnpienat i on

calculation)..ln this _ case, the udor.ange,,r ecei.vi ng, devi ce 201 need
o o oet 4o e Brin AT B bRl AR M e i o By e 2 Do
Such addi t igRpal thi i i-ndi what b it i.Qn, n

the informati onthg\?gﬁégﬁfltte&%lgo%\ﬁgh%ﬁﬁggﬂygyf]%dent f?@?ﬁ%@%t%ere%%&% S gsed
by the psetbepasigionrideatifying ddeited? fidm20douree Hedtliodistinkefroas ahy of the

determ pation calculation. Figure 3 is a flowhart illustrating the process
by whi cA t KeTRssenipshowndRdiguye dg sudvre @ crapperend(pphekownhef a vagelesat e

position e%hﬂﬁﬁﬁie&hoﬁ‘s steh?ﬁe?steis '(91‘{ t he pseudorange receiving device 201)
based on a coarse posi £ On RS tinat B cal cul ated within the pseudor ange

recei ving devi cén 22 ARbo@InGchtIIAHE digdn@se_aombmdzrlaﬁdﬁpghfa)thwhéﬁaasﬁfo@?
first receives from the pseudorange receiving device 201, the results of
t he positi édenddfyegridauice @07 roay bavemar thenameast af infrsatipodi.ei several
estimate) (STEP 40]1), The position identifying devjce 207 al so receives
ht of mat | oNCHTERS Phihe ALBER R 008 Y MGl B PP S BT e
det er mypat i j st 'S ﬁiju??( .
Ephenen:l?s \%gis] ﬁigﬁ#gﬂgg?écé)%eg@ra coa?é%ﬁgggﬁt%#%gg? ﬁsncgt e a&%g' q%‘h%u Yinme
at whi.ch t kasepshadescangeangsn seveiingt devies 201 akey (RHER HBSvideNatditionhhe

position identifying device 207 determ nes a nore accurate estimate of the
| ocat i on ofnfpﬁ@%lpalrr@ﬁhﬁﬁv&sglomsie{lsﬁ}@gm;ce 26 Swebtasiditipmaliinformatiase made
? Ke using g4 i3k Ak %9@?1%%51‘0%, - rc])];r?Brnr%ﬂgot%etipl?c;rrﬂascioqu\t/aifia%(feu oatdf?e For
position identifying device 207, was used by the pseudorange receiving device
15 201 to perform the position determination calculation.
Figure 3 is a flowchart illustrating the process by which the position
identifying device 207 determines a more accurate position estimate (i.e.,
location of the pseudorange receiving device 201) based on a coarse position
estimate calculated within the pseudorange receiving device.
20 As noted above, the position identifying device 207 first receives from
the pseudorange receiving device 201, the results of the position determination
calculation (such as a coarse position estimate) (STEP 401). The position
identifying device 207 also receives information that indicates what data was
used to perform the position determination calculation (e.g., what version of the
25  Almanac or Ephemeris was used to determine a coarse position estimate) and
the time at which the pseudorange measurements were taken (STEP 403). Next,
the position identifying device 207 determines a more accurate estimate of the
location of the transmitters 203 (STEP 405). This determination may be made by

using the Almanac and Ephemeris information that is most accurate for the

30  time at which the pseudorange measurements were made by the pseudorange



30 time at which the pseudorange neasurenents were nade by the pseudorange
WO 02/ 061450 PCT/ US02/ 01798 11 receiving device 201. In one enbodi nent,

t he posi twormziosasd i fyi ng device 207 nmaintains a | og of APCANE02/arvds
Epheneris transmtted by the satellites of the GPS constellation. Such a
|l og allows the position identifying device 207 to use the npbst accurate
Al manac and Epheneris to correct the poﬁjt I on determnation 5 cal culation
recei ved fromthe pseudorange receiving device 201 in the manner descri bed
bel ow. Once the position identifying device 207 has rel atively accurate
information regarding the position of the transmtters 203 and_information
regar di ng RIS devge 20t (Bcnersghpdimeniyibe @ostionpisentifyinggtevier 8071 ng
10 device ‘ t ' rs to be, the.position identifyin
devi ce 207 AaRRY A0e ICALBEMRINIA BRbelBery robiBuRer kY 1AF reffitia oL ER on
received f @8 thestePaesH0EAAYE 16€ GHWsNBe P4 %ﬁf%{g"&&;ib@ﬂoﬁ & Lbe
position determ nation calculation is made by first tcalculating an

"equi val enthpsmsieraurgte Almendc ankhEpheinesisdotcop=etittherposifion dsteeminatiors
cal cul at.ed for_each transnmtter 203. Figure 1 shows a transmitter at a

poi nt t Rat ‘REHIatEheceried wap) thejpseydorange seqehang dsvigenddl incthe manger ¢ he

transmtter ggﬂf paue 1 also shows transmtter at points 205a-205d
(reference(ﬁle co eide:!():t Pve’ly by the reference nunber "205") that represent a

|l ess accurate €xidemehe Qbsitive lidemti ugedicey 207ehps erd@tivdlge ab@&atey/ i Ng
device 201 to 20 performthe position determ nation calculations. It should
be noted t Heformagiganiegasdingphe pesitione of rthaskhnsmitterg203cand dofomptian

iti | ti ti L t he.. telli il t t.ed by th
Poct that foardite (R R ETHGE 208 (obe TBRB0AY Wheney b bl icorantiy oS er |
the | ogati @evRe d01€adstipteeited &ﬁnérﬁitte?@ 16 PeV el F%si%ndi'dfeflﬁlégﬁ% lﬁégzw@bﬁg

upon whether the location of the 25 transmtter has been ted using

more or | esan attengrittoi qofroratnile positionedetermisiatignAtabmiaiiora peteBmptefrem shd hat
is, or is ngél,l (e)arc%ure%teiii%r &e@?cetzio'{? at which the pseudorange neasurenent
was taken) P ange receiving
Correction to the position determination calculation is made by first
calculating an “equivalent pseudorange error”. An equivalent pseudorange
15  error is calculated for each transmitter 203. Figure 1 shows a transmitter at a
point that represents the “more accurate” estimate of the location of the
transmitter 203. Figure 1 also shows transmitter at points 205a-205d (referenced
collectively by the reference number “205”) that represent a less accurate
estimate of the location used by the pseudorange receiving device 201 to
20 perform the position determination calculations. It should be noted the
transmitter 203a and the transmitter 205a correspond to position location
estimates for the same satellites (as illustrated by the fact that the transmitter at
location 205a is shown in shadow). However, the location of the transmitter is
perceived to be different depending upon whether the location of the
25  transmitter has been calculated using more or less current information (i.e.,
using Almanac and Ephemeris that is, or is not, accurate for the time at which
the pseudorange measurement was taken).
The position identifying device 207 identifies a “transmitter position
error vector” 209a-209d (referenced collectively by the reference number “209”)

30  associated with each transmitter 203, the vector being formed between the two



The position identifying device 207 identifies a "transmtter position
error vector" 209a-209d (referenced collectively by the reference nunber
"209") 3Woarmews@ted with each transmtter 203, the vect ecThsSong7d®or ned
bet ween the two WD 02/061450 PCT/US02/01798 12 points 203, 205. The
transmtter position error vector associated with each transmtter 203 is
then projected onto a unit vector in thi direction of the line 21la-211d
(referenced collectively by the referen % nunber "211") between the
transmtter 203 and the pseudorange receiving device 201. This projection

is 5 represented in Figure 1 by a dashed |ine 213 between the point 205 and
a point oRoiME 3432021 1 Thenigapsnitter gppsitien | grrer yeqtopeisaeciaterewiddeadth

byt hose sierPENTeh 20RBEHRE PRt P oo o Bt BRecta ' gilipom i the e o
represent ed1pyot e (féf@reh@é&i %Qllé’crtf kha réfrendd RhBbERCSP1”) Berwedd ged | vel y

b
as reference nunber " shown |¥}5 ?gure 1. This magnltude represents the
val ue of tthmmquttea&@ﬁtan@sﬂwjpsemigmange oeceiviihgsdendgn20Lldd g projectidrets a

positiv ative val ue pen g upon_t he sign convention that is
sel ecte eg%m@ﬁemr BYfe 3%1&@&1 line2hnbe PAiRe2¢ ard pinaivt s 203

and the 1%11%%‘1&133:’ YL ﬁBﬁ#tvqnhn@*teq& Vec@?\gas%ﬂec}%f S’3halt e 11.?8 a%%f Jing

devi ce 207 reé¢tio e unl cou fnative

defi ned by pehgerldibglabed Weeline he poi nt 205 and the posi t| on |dent| fying
device 207. The direction of the unit vector could also be defined by the

| i ne between thét W@ﬂlhe potersivgdt e thqse skiltachiny the et dhatl iy prejdctiondes.a Stil |
further, the di. t|o unit vect could b efl the |ine
bet ween t hglap%} ﬁéﬁpﬁﬁﬁn%aﬁ: by dhe | P O}?feaﬁz’fjf FRyvs Q‘goee}/%ﬁ‘?qd
furtheng toenetiuvess iaQ nre@éreh@@ nder veQsey sﬁ%dlrp% 'Pe@i"l'ﬁ’éf rﬁ&rgmtddé"e

bet ween either the point 203 or 205 and a w rel ess Tomruni cati o’ system
base st ati oepraserits\whecaludief fieceqidvalege psewdonangg eteoti CEhib $naghitude has
conmuni cati 0 Al'l of these di rectl ons W |l be essentially identical, even

t hough t hafitheea NASItivEonpesative valbe dapending upanithy sign onerdigsethat is he
distorti Onsélgctleﬂfa relative

Due to the relatively large distance between the transmitters 203 and the
15  pseudorange receiving device 201 and the position identifying device 207, the
direction of the unit vector could alternatively be defined by the line between
the point 205 and the position identifying device 207. The direction of the unit
vector could also be defined by the line between the point 205 and the
pseudorange receiving device 201. Still further, the direction of the unit vector
20  could be defined by the line between the point 203 and the position identifying
device 207. Still further, the direction of the unit vector could be defined by the
line between either the point 203 or 205 and a wireless communication system
base station with which the pseudorange receiving device is in communication.
All of these directions will be essentially identical, even though that does not
25  appear to be the case in Figure 1 because of the distortion in the relative
distances between the elements shown. That is, the distance between the
transmitters and the devices 201, 207 is much greater than the distance between
the points 203 and 205. Furthermore, the distance between the transmitters and
either of the devices 201, 207 is much greater than the distance between the

30 devices 201 and 207.



di stances between the elements shown. That is, the distance between the
transmtters and the devices 201, 207 is nuch greater than the distance

bet ween wba2pei4nt s 203 and 205. Furthernore, the distancecCyaiSozerrog he
transmtters and either of the devices 201, 207 is nuch greater than the
di stance between the 30 devices 201 and 207. WO 02/061450 PCT/ US02/ 01798
13 Once the val ue of the equival ent pseiéiorange error is calculated for
each of the transmtters, that value is”applied to a |inear estinmation

al gorithm such as the well-known "Least Mean Squares"” algorithmthat is
commonly used to determ ne the |ocation of a GPS receiver from pseudorange
val ues to the Ge¥cestheatadii¢ pf the qqeiEReriOeudnrangometronisapldudatedrfor each

detail ed description of the prqcess used.to calcul ate the |ocation qf the
pseudor ang ! the dransmy Haes, thal vajue B aealien & 2 [insar sehmatistieatitipesuch

I naccur at e ,esh L RS S8y hﬁee{s?g\@%eirpﬁ ,]9 re%h%(leédmﬁét%sconﬁ%ﬂl  ASedFO
satellites I n one exanple, use 0 c% cul ateé®an erroneous ocalyl on for the
10 pseudor Feganii@eaheilogatitay bf & (I8 redeRertféemt pseriddiranidd ¢hlueheo phe GRS ange

measurenments were taken;, and (3) a nore accurate know edge of the l|ocation
of thedGPsaksHites ($TEB469)-t he tine the pseudorange neasurenments were taken.

It should be unders d that there is an assunptj.on that only the radial
conponent s of |t HEe: FAGHIG & * Bo%e (95ale Sroeneat,of Bie Plackst e 0 ™
account.  13-fife RHENOSRIRS of BR ¢ e%%l%?éﬂ%e f’éc’éﬁ}iﬁ%%vﬁ@et Jndpaed @y us 1s
to attain an offset in the position of the pseudorange receiving device 201
and add t h&nowdédige bf tthe ifeccposte testimatist eff thenlacaion of lthe bansmitterspsuded t o

the position _identjfying device 207 by the pseudorange receiving device.
For this eﬁaﬁﬁ%,satehﬁ%s gsgn%ﬁﬁraﬁf@ yseqiéﬁ calgilate an exranears f%f@élo ar the

o . > ! o ) "
This prceretRSilas, berelting, dfvied A1ERE) the BB a® HHitene TidBoRad 18
i nf or mat i ofnéssusdAbhadvereraken; AGES) atndrefactardtd Kndevlad g@opeedstatictof

| ocation and b is the clock st - xst yst s~ Si
the GPS satellites at the time the pseudorange measurements were taken.
It should be understood that there is an assumption that only the radial
components of the transmitter location errors need to be taken into account.
15  The purpose of the presently disclosed method and apparatus is to attain an
offset in the position of the pseudorange receiving device 201 and add that
offset to the position determination calculation provided to the position
identifying device 207 by the pseudorange receiving device. For this example,
the assumption is that the transmitters are GPS satellites. However, it will be
20 clear to those skilled in the art that this process could be used with any mobile
transmitter for which location information is available which ages.
5 = [xg‘l y‘s’, z;’ijb is the almanac-derived location and by is the clock
bias.
5= lx;. Ve z§,.J is the ephemeris-derived location and and bg; is clock
25 bias for the i" satellite at the time the pseudo-range measurements were made.

—a a a

nt = [xu y. Z b,j’J is the location of the pseudorange receiving

device 201 obtained by the pseudorange receiving device 201 when running a

Least Mean Square (LMS) algorithm with pseudorange measurements made on



bias. s;e = Si Lxysl zst J is the epheneris-derived |location and and bl is
clock 25 bias for the ih satellite at the tine the pseudo-range

measur eneWwD92ier460 made. W" = [xu yu zu bu ] is the | ocatrcaruset/ot7be
pseudor ange receiving device 201 obtained by the pseudorange receivVving
device 201 when running a Least Mean Square (LMS) algorithmwth

pseudor ange neasurenents nade on WO 02/ 061450 PCT/ US02/ 01798 14 the
signal s received fromthe satellites and#4satellite |ocations obtained from
the almanac. i "nit = [ i "t y;i 't z;" t |l is an initial estimate of the
user location. For this initial estimate, the location u a can be used.
However, t hig eighlald tevdivied frb@ Bictsatdllites landusdellisd Brdtibhabblaned i thd e can
be derived from other sources, such as the rangi ng neasurenents perforned
over a | andlmanatni cati on network. The nmeasurenent error due to the

di fference between trgmlocgtlon of thetgiatelllte as d?ternlned based on
the Al manac and & he=bPacatY.on ® tlﬁénéla’c eplimate ofthejasea dagation. sird®ion t he

Epheneris is given by: 10 Sta) -{- ~ttlS -bS,_c, a init where c is defined
as bei ng t hiritiehestdmete, thghecatipmexé canrher useshnHlsawveverpinese SkIHfzd mrtbe ast urm

sa 2SSy il ndGRGR Y i Komrel ey pf el By oh? spicel Fychfas )"
- XS2 YU ySqh&bangihkméAsurétBhis perfotnied dver aldnitiommuichtiod rétwdfit.t a: init

a snit a
The measurement error due to the difference between the location of the

satellite i as determined based on the Almanac and the location of the satellite i

as determined based on the Ephemeris is given by:

‘ e
_ _ga i o

10 &= (s 5, ) E——

Sy U

where c is defined as being the speed of light.
These errors can be combined into the column vector Z .

The geometry matrix is:

T mit . oa  hit -4 it _a V
Xy T X5 yu . ySl Zy T Zst __l-1
I—Zinit _ Ela l?f"” Ela ﬁim‘t' : :9—10
init a . mit o v it .
X —Xs Ve “Vs2 Z —Zs2 ~1
H = L—l-inig ___Eza - a—zmt _S,-Za L—l-mzt _ S;za '
init ) a. : . mxt o ' init ____ a .
Xy T Xy ,;yu ySn k\zu L8 -1
lTinit —'E: LTxmt S ’\Einit S:
15 Based on the linearity assumption, the optimal estimate of the position

error resulting from the satellite position errors is going to be:

& =(HT-RM-H) -H"-E



Xu -'"xSn yu ySn zu - zsn' -1 luinit -sal, usnit - ainht- an nnl 15
Based on the linearity assunption, the optiml estinmate of the position
error reswbtoog4fromthe satellite position errors is goi RETIUSOD@L79A T =
(HT . Ri . H-i HT E WD 02/ 061450 PCT/US02/01798 15 where Ris the
covariance matrix of the satellite nmeasurenents. The final estimte of the
user position obtained using the epheneris derived satellite position wll
therefore be: i e =u +( 5 Those skilledl3n the art will recogni ze that the
validity of this calculation breaks down once the satellite position error
becones bigger than a few Kkilonmeters. The previous description of the
preferred enbodivhent R isghpicovadancetmatrbnabtie stgllipeneasuskidnte Thenfindle art
to make or use the_ present invention. The 10 various npodificati on?,to

t hese enboBftHEAlEsOhithe user mosHion Ogtﬂéra%msmg) the sphemeris derived satellifer | and

t he generi 1 NCj ined herein may be applied to other enbodinents
w thout th Oglélgﬂﬁﬂﬂttﬁ%r%ﬁgéeﬁ%i ve faculty. Thus, the present invention is

not intended to be limted to the enbodi nents shown herein but is to be
accorded the w gest &¢ consistent with the principles and novel 15
features disclosed heréin. WD 02/ 061450 PCT/US02/ 01798 16 WHAT IS CLAI MED
IS: 1. A nethod of identifying the |ocation of a device, conprising: 2 a)
recei vimng a coaThesgsidileddn tks bitmailerecoprizedhat thepedidityoof #ed catatilatibai ng

breaks down once the satellite position error becomes bigger than a few

kilometers.

The previous description of the preferred embodiments is provided to

enable any person skilled in the art to make or use the present invention. The

10  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 the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein but is

to be accorded the widest scope consistent with the principles and novel

15 features disclosed herein.



based upon estimates of the position of transmtters and the tinme of 4
arrival of signals transmtted by the transmtters; b) receiving

i nformat iwo a®edst o cal cul ate the coarse position estimat @CTAIS0/01798

cal cul ati ng an equi val ent pseudorange error by projecting a transmtter
position error vector fornmed between a first point and a second point 8
onto a unit vector fromthe first point in the direction of a third point,
wherein the first point is a first esti¥ate of the transmtter posi tion,
the 10 second point is a second estimate of the transmtter position, and
the third point is an estimate of the position of the device; and 12 d)
appl yi ng t WHAJUISGLAIMEPd$dor ange error to a linear estimation algorithm
to cal cul ate an of fset between the coarse position estimte and 14 a nore
accurate position estimate. 2. A nethod of identifying the |location of a

first devi f.etzﬁg@ﬁéﬁio@%erﬁ}(@?n%ﬁleﬁgéﬁ%n@f{a:;d&glﬁé,s%ﬁﬁ% ion estinmate using

i nformation I'STKnown e inaccura F8vi di ng the coarse

posi tion estigyatRket@ng asesaHé tp@@fﬂo@teeétﬁﬁﬁ%h e Wbidfde postitsrirRbtiAbte Bahg
i ndi cates what data was used to calculate the coarse 6 position estimte.
3. The net hod obasedaiipon, estimeates roft the peditionsedtraosmiiiters| aick thdqdimearfse 2

positio estimate.ieﬁ ?n.AI nac.rﬁjg. ‘Ii?e met hod of Claim2, wherein the data
used t o cal cul atBifa & gigaalitranspified bipthedsansmateers's an Ephemeris. WO

02/ 061450 PtCiUr2rE1t e@{vgljr% %%oné-.éﬁén_%@& ﬁg'éél@,ﬂﬂt@ fche(%c?a{rg%éosi%ﬁregﬁﬂlatc@e coarse

position es tored unti nore accurate ta then was used to

cal cul a8 e t he) cadeglatingsirt equivakinit peeedofegersgsonbiprafelting @. trdtdnitRirhod of
Claim?2, wherein the second device is renote fromthe first 2 device. 7. A
met hod of naki NBOEHPRETPLNECtPD farmedbesvperia fish pent patea secoyehpeinte a

8 onto a unit vector from the first point in the direction of a third point,

wherein the first point is a first estimate of the transmitter position, the

10 second point is a second estimate of the transmitter position, and the
third point is an estimate of the position of the device; and

12 d) applying the equivalent pseudorange error to a linear estimation

algorithm to calculate an offset between the coarse position estimate and

14 a more accurate position estimate.

2. A method of identifying the location of a first device comprising:
2 a) calculating a coarse position estimate using information that is known to
be inaccurate; and
4 b) providing the coarse position estimate to a second device together with
information that indicates what data was used to calculate the coarse

6 position estimate.

3. The method of Claim 2, wherein the data used to calculate the coarse

2 position estimate is an Almanac.

4. The method of Claim 2, wherein the data used to calculate the coarse

2 position estimate is an Ephemeris.



2 nmore accurate estimate of the position of a device, conprising: a)
receiving the coarse position estimate; 4 b) receiving information that

i denti fi ewodawel4ssed to cal cul ate the coarse position esPCFAISE2/069E)

cal cul ati ng an equi val ent pseudorange error by projecting a transmtter
position error vector fornmed between a first point and a second point 8
onto a unit vector fromthe first point in the direction of a third point,
wherein the first point is a first estilfate of the transmtter position,
the 10 second point is a second estimate of the transmtter position, and
the third point is an estimate of the position of the device; and 12 d)

appl yi ng t be TrunéeRnbf ORemdD patigeirethe@oatde positicieastiraatd iggtared ungil gor i t hm
to calculate an of fset between the coarse position estimate and, 14 a nore
accur at? posimprmacsyrateutada tien wae used trochletlat thiergorrsepasitiomestinale poi nt
is the positiion of a wireless 2 conmunication system base station with
whi ch the deJécemes avatalgmni cation. 9. The nethod of O aim 7, wherein
the device is a pseudorange receiving 2 device, and the third point is the
position of a position identifying device wth which the pseudorange
recei vi ng devitekemiethddofGhiinit, velhérein théGebMd Advind iPfehhblsdPom 0 8irst18 10.
The position identifying device of Claim9, wherein the position

i denti f¥ing devik&yi ce is renpte froma device in which the coarse position
estimates were calculated. 11. The nethod of Caim?7, wherein third point
is the position of a wireless 2 comuni cati on system base station with

whi ch the gevi ggethad JresgahbYobRRAond b £8sARE bositiodnestiate Ao posdrhiteod
identifying device conprising: 2 a) a receiver: b) a processor coupled to
t he rec2iver raock amntatgestthate ohthegmsittanpta device, comprising:
a) receiving the coarse position estimate;
4 b) receiving information that identifies data used to calculate the coarse
position estimate;
6 ¢) calculating an equivalent pseudorange error by projecting a transmitter
position error vector formed between a first point and a second point
8 onto a unit vector from the first point in the direction of a third point,
wherein the first point is a first estimate of the transmitter position, the
10 second point is a second estimate of the transmitter position, and the
third point is an estimate of the position of the device; and
12 d) applying the equivalent pseudorange error to a linear estimation

algorithm to calculate an offset between the coarse position estimate and

14 a more accurate position estimate.

8. The method of Claim 7, wherein third point is the position of a wireless
2 communication system base station with which the device is in

communication.

9. The method of Claim 7, wherein the device is a pseudorange receiving
2 device, and the third point is the position of a position identifying device

with which the pseudorange receiving device is in communication.



4 position estimates and information identifying the data used to cal cul ate
the coarse position estimtes, and to calculate a nore accurate position 6
esti mat e Woonioeas@ used to cal cul ate the coarse position estiusatessand
recei ved coarse position estimates. 13. The position identifying device of
Claim12, wherein the processor 2 calculates the nore accurate position
estimate by: a) cal culating an equival ent pseudorange error by projecting a
transmitter 4 position error vector foldred between a first point and a
second point onto a unit vector fromthe first point in the direction of a
third point, 6 wherein the first point is a first estimte of the

transm ttenoppsd bﬂﬂonﬁ&@ti?@@@ddvi@_@bﬂ(ﬂdim%WH@I@Mt&ﬁbéﬁﬂbﬁidﬁnﬂfﬁiﬁg o
transmitter position, and the 8 third point is an estimte of the position

of the Bevi celeies isprmie fyonng devicedguvhighdhe cparee gosidiogeestimades werea | i near
estimation 10 aLh%orithmto cal cul ate an offset between the coarse position
estimate and UYL accurate position estimte.

11. The method of Claim 7, wherein third point is the position of a wireless
2 communication system base station with which the device has recently been

in communication.

12. A position identifying device comprising:
2 a) areceiver:
b) a processor coupled to the receiver and configured to accept coarse
4 position estimates and information identifying the data used to calculate
the coarse position estimates, and to calculate a more accurate position
6 estimate from data used to calculate the coarse position estimates and

received coarse position estimates.

13. The position identifying device of Claim 12, wherein the processor
2 calculates the more accurate position estimate by:

a) calculating an equivalent pseudorange error by projecting a transmitter
4 position error vector formed between a first point and a second point
onto a unit vector from the first point in the direction of a third point,
6 wherein the first point is a first estimate of the transmitter position, the
second point is a second estimate of the transmitter position, and the

8 third point is an estimate of the position of the device and;
b) applying the equivalent pseudorange error to a linear estimation
10 algorithm to calculate an offset between the coarse position estimate and

a more accurate position estimate.



