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| MPROVEMENTS BACKGROUND OF THE I NVENTION Field OF The Invention [0001] The
field of the present invention relates generally to determ n| n the Iocatl on
of a device. Mre particularly, the invention relates to negh q;
appar at us Wﬁm’ﬁ?"évgdi ng an inproved (i.e., nore accurate) esti mate of the

| ocation of the device based on processing pseudo range val ues from
transmtting sources, particularly GPS satellites. Background O The

I nvention [0002] The desire to determi ne accurately the |location of wreless
devices is being driven MUI)HHPIHS/ME@ISI&REMEMI‘S&SERI n June 1996, the
Federal Communications Copgysy Q;N@igq qeprt - for enhanced 911
(E-911) service with pl anned ased ment atl ons by the first decade of
t he 21st century. [ 0003] A commn met hod of | ocating a device is to

determ ne the anount of tinBACKGREHED dPTHRIRVRNGIONANsM tted by known
sources to reach the receiver of the device to be |ocated. One such source

- of transmtted signals is known as the 3 obal Positioning Satellite (GPS)
system as shpi OfNTHe Igvention The GPS systemrelies on a constellation of J 24
satellites (plus other spare satellites) circling the earth every 12 hours
at an altitude of 20,200 km Each GPS satellite transmts a unique nmessage
whi ch i dent i iG08%] Thesflqbi)@ th¢ pmsenamvaltpamlntcugémpratly tmdetetmmanlgitheﬂmaumeafch GPS

satellite trangmits i qu nary..ran eswh h,all ow t he GRS
recei ver to giscrim ir‘lﬂé % pg‘ﬁ lari’htgﬁsmgegpg? Irlglta'g§ 5 g 899 3?1‘8 PR 1 ¢ he

apparent rangevidingsaugigrovenge’, mdpeidserie) eatiuts ot 1t |dchGorddithé Bevideaasddver -
Mil tiple GPS signals at any particular time can serve as reference 0| nts to

determne tfR Hr%a%ma)rPSWOaraa&nve@es EjPPrel AT tHRE tsRBrCes, sPaviedarhyy 6hSat | east
four GPS satgllijites, the GPS receiver within a device can triangulate its
position anywhere on the earth. The device's |location is calculated by

measuring the tine required for the GPS signals to travel fromthe GPS

satellites tmmwww, four pseudo range neasurements from

four GPS satellites are sufficient to determne the |ocation of the device.
[0002] The desire to determine accurately the location of wireless devices is being

driven in part by regulatory forces. In June 1996, the Federal Communications
Commission (FCC) mandated support for enhanced 911 (E-911) service with planned
phased implementations by the first decade of the 21st century.
[0003] A common method of locating a device is to determine the amount of time it
takes for signals transmitted by known sources to reach the receiver of the device to be
located. One such source of transmitted signals is known as the Global Positioning
Satellite (GPS) system as shown in Fig. 1. The GPS system relies on a constellation of
) 24 satellites (plus other spare satellites) circling the earth every 12 hours at an altitude of
20,200 km. Each GPS satellite transmits a unique message which identifies its position
at a particular time. In addition, each GPS satellite transmits unique binary ranging |
codes which allow the GPS receiver to discriminate the various satellites in view and to
obtain the apparent range ("pseudo range") between each satellite and the receiver.
Multiple GPS signals at any particular time can serve as reference points to determine
the location of a device. By measuring the distance from at least four GPS satellites, the
GPS receiver within a device can triangulate its position anywhere on the earth. The
device's location is calculated by measuring the time required for the GPS signals to
travel from the GPS satellites to the device. Typically, four pseudo range measurements
from four GPS satellites are sufficient to determine the location of the device.

Additional pseudo range measurements may be needed depending on the GPS receiver's



Addi ti onal pseudo range neasurenents may be needed depending on the GPS
receiver's 2 2 JAN 2007 W 20051008278 2 tine alignnment accuracy. Each
pseudo range neasurenent contains partial position information for

cal cul ating the device location. [0004] One conventional methodi 2egAl s a
position for a particular tinme using M pseudo range val ues determ nedfrom
M GPS sat eWPI2HBHORT8 t hat particular time. For a stationary device, this
estimation is repeated at N sequential Rine intervals to derive N position
estimates over the Ntine intervals. The N position estinmates are then
processed t dingealignmient a¢cueacys tHaghtpseiidp agingel mnastitemenf centales partial fdsaion

processi ng tiﬁi%ﬂﬂ%%%igorc%ﬁﬂlakiﬂc&%%g{ri@éf%c %I man filtering, maxi mumlikelihood
estimation, welg te averagl‘%g, unwer'g {'ed averagi ng, and variations of the
above- ment i J060H] @necasintigndl aaithod| enatdsOYBsitiéh Qi€ pitibliactime vking Mrt .
However, since each of these processing technjgues uses conputed position
esti mates t PSeROIRREnERIYES idefeprgingd frﬁ&M?GB% sateHiggseat tkat particlae Heat for a
difficulty wt; i . - Whi r ERa l. rat en(i . e.,
e orroneoty e TG er ok FReABLaIE Stk e FRRGATGUERENE &
filter out qusitiberestiinhteposerdther Mngme ivwivabs Whe eN prosities satimdies eed lthenpri or to

position determnati si.nce in.the "raw' pseudo . r e fornat, outliers are
more appar e%?feﬁ?gé%gﬁq?@nq tge 5%%%1&0& nﬁ‘%é’iﬁ%@ﬂﬁ%t IECF?SSIP%"CS}P‘&Q‘}C_SH cally
i nconsi st entcaifitddrpotdie KahaSufefiil haimbarikelasnal imhilh, FeShic8 @éighg | S
susceptible to occasional neasurenent outliers. [0005] In addition, when

posi tion estinyigishtedagveraginge and dariatigny ef dienphove messtienednprocesging teghriqeésgnal s
fromat | ea 2984t el t j i.tion.
e eventppl 6 ol KRGl boFiofE - AL Bikad? el bbc ARREIIMG IR O

t he nmeasur exverphited spasition- ghdinateri tnedbfermieea fiteasi pedithot, there dgrant nheent t or i n@)

can be perforned. asurenent integrit nitoring is the process af )
ensuri ng thegffﬁfl\gm”fb@ ogfier moypl ‘glflc Mﬁﬂﬁéﬁ%ﬁf&ratﬁﬁ'%ﬁn‘ﬁﬁﬁnﬁ%eoaghi eved
by checki ng gdsgion @btedhihitiodles@ReB. PG BalbRier iAAEG OV BHES MBRbudotaitdend

measur enent values in tur nz% agai nst the position conputed based on the
renai nder of Valusé WeEsarQgesel irsctlyi prior to positiondleteapiniaiien siecetin the "ggvg'spspudo

measur ement ) ., £" outlidrs %ﬁ%&e t%g‘ﬁ&?{tef&g RAHAP tiscﬁssb Y SIEDh S i@ Ve an

over-determ ned solution o PoOsSI rmnati on, en neasur enen
integrity is statistically inconsistent with other measurements. For example, the GPS receiver is

susceptible to occasional measurement outliers.

[0005] In addition, when position estimates are processed to determine position,
accurate signals from at least four GPS satellites are needed to fully determine position.
In the event there are more than at least four in-view GPS satellites (i.e., the
measurement is over-determined), then measurement integrity monitoring can be
performed. Measurement integrity monitoring is the process of ensuring the validity of (~>
a set of GPS measurements, which may be achieved by checking the validity of each
particular range measurement (taking measurement values in turns) against the position
computed based on the remainder of the measurements (i.e., the set excluding the
chosen measurement). However, if there are not enough GPS measurements to give an
over-determined solution of position determination, then measurement integrity
monitoring cannot be performed easily to determine which measurement is inaccurate.
[0006] Accordingly, it would be desirable to provide methods and apparatus for
providing device position determination with improved outlier removal. Additionally, it
would be desirable to perform some form of measurement integrity monitoring even in
the event when the GPS measurements do not give an over-determined solution of

position determination. The methods and apparatus disclosed herein satisfy these needs.



nmoni toring cannot be perfornmed easily to determ ne which nmeasurenment is

i naccurate. [0006] Accordingly, it would be desirable to provide nethods
and apparatus for providing device position determ nation with inproved
outlier re%"z‘t%i/oofﬁgi tionally, it would be desirable to perf@ranJddnggfror m
of neasurenent I ntegrity nonitoring even,in the event when the GPS
measurenments do not give an over-determmned solution of position

det erm nati og b RRAENARPRS at us di scl osed herein satisfy these
needs. WO 200 AN 2 3 SUMMARY OF THE | NVENTI ON [ 0007] The

present i nveg royides an inproved (i.e. . nore accurat esti e of the
| ocation of [}i?i‘a’ evi Igrése talg\é%?tlgﬁg}é’rv b&ée%g%£nﬁ%0¥)d§le(h%lomt°§r1a§8ur\9§§%%@]aﬁer%a €

transm tti nglocstinnr o theadevioaobwded 0f dirbd@BSng F%@S]ra@%ﬂésnﬂoﬁ%ﬂ@ﬁlitﬁﬁ ect of
the invention, the nethqod includes the following steps: receive a plurality
of pseudo rafYECHBLNMBRGRHSN rom a transnitting source; adjust each of the
plurality of (BsUAREAROR BRATHEATENHS iRhuld, e FRITGAGHARARY iftifln, a1 range
each of the plurality of pseu range measurenents 1 n order of Sma Mest

val ue to | astggstreogtvie Leplumlifyooirpsups eange mangemems déowab twintthittinyescmnel | est

val ue and the,l argest.  val ue as. endpoints; divide the. pseudo .range. interval
into a plur af“ﬁmﬁ%l eg(f% ?frf_h? M{ysows? A1 Ih?aéFﬁeWmB or rﬁﬁc?}mcﬂ?%?‘%atlh%n a
sl'iding pseuggardealgh thHH%QWaM\ﬂ%'FoE' pdeuds el oPRleMMuredtiltsGR BRfer of HLAIRMTARE 1Of
pseudo range neasurenents w thin that _sf°| di ng pseudo range wi ndow. Repeat
for each of lagesoydes toglorm apepdasranpe Hitervalhwitly deusmnallesinvpdue andeth drgeshd
select a be Wgla el I r .

reasur ement 5 B AoRnE 08 e pO AT BTG Rl BRI 1
nunper wi t h plralincofdergeints; kligshdidihg Basiodange window emthar griiqrint ded esunt ne an
average pseudo range val ue. 1n a referred enpbodinent, assign an average
SNR and an a&’grrﬁlﬁg’%hﬂfé@?&%wpmﬁg”w gltglpgg?t)slhgegfi B .Eagget K&dg¥er age
pseudo rangeRry¥pdat!for eh088khe lotheR BAE PBItsAFIER tthedpselidl® ranBY @itédvANandtsBRctEt hod
includes the followi ng steps: receive a plurality of pseudo range

measur ement sbest SHRdevt PasAd 9P tthe mgxiseal ngmberaef) prsudo Eaeh mspsurereenst withinia y of
pseudo ram%]ﬁ%%&&ﬂ&%ﬁg“ WindoWIEC G & Gihd: Ofat QthnH]%B AN GE inc%’e?x@e of the
plurality of pséudo range  neasurenents in order o shall &st value to | ar gest

val ue to for threshplde dhved emge dontperisonl detertriing fre avenagdel etdovahgevaued nhe

largest val ugre?e?‘red embodiment, assign an average SNR and an average RMSE (root-mean-

square error) estimate to the average pseudo range value.

[0009] In another aspect of the invention, the method includes the following steps:
receive a plurality of pseudo range measurements from a transmitting source; adjust
each of the plurality of psendo range measurements for time correction and then arrange
each of the plurality of pseudo range measurements in order of smallest value to largest
value to form a pseudo range interval with the smallest value and the largest value as
endpoints. Divide the pseudo range interval into a plurality of increments having a
plurality of grid points; align a sliding pseudo range window with the first grid point,
coﬁnt the number of pseudo range measurements within the sliding pseudo range
window and repeat for each of the other grid points within the pseudo range interval.
Select a plurality of best windows based on at least one predetermined criterion and
determine a plurality of average pseudo range values such that each of the average
pseudo range values corresponds to a best window.

[0010] In another aspect of the invention, the device for determining position includes a
receiver for receiving a plurality of pseudo range measurements from a transmitting

source, and a processor coupled to the receiver and configured to accept the plurality of



endpoints. Divide the pseudo range interval into a plurality of increnents
having a plurality of grid points; align a sliding pseudo range w ndow with
the first grid point, count the nunber of pseudo range neasurenents within
the sliding pseudo range w ndow and repeat for each of the, ot&érj,@qig@&

poi nts w tWoneeSHes2pseudo range interval. Select a plurality of best W %dows
based on at | east one predetermned critgerion and determne a plurality of
aver age pseudo range val ues such that each of the average pseudo range

val ues corr eppodasango medsesments ooprocdstiog By: inadndingeraclaspaiet plofalithef
invention, the device for determnin osition.includes a .k receiver. for

recel ving a BRHTSITEGTEHUSCRIRIOT ARG ST Hat PITibRR Erinedicaeh o Rt
source, and af PcBESHRE HMREAEtE ¢ bier bEGRANST vahsl & fdsoviiedd pracsept the
plurality of WD 2005/ 508278 2 2 JAN 2007 4 pseudo range neasurenents for
processi ngt byseulg rangp daterval wehdhe smaliesievepyped fheylaggest yadusursoendaeigls; i) ;
measur enent s . r F £ ralit

of pseudo. afding LRk AT SIS IAHAARE Nl LOBAYYR 7 o
for mg psteugﬂc_i _p@inggi_ii) _ratigrin@lta ;Mih@pdel;@mn@waﬁbwmkm?ae?ofdhdgtﬁi#(aﬁtgiaﬁd va:c ue
as endpoints; ii. i vidi ng the pseudo range interval into a rality o

i ncrenents h&?ﬂnﬂég éhepﬁ"ﬂ?dtéﬂr ypsggydo EelE e o] P‘&?tsi"l’lf})‘“ & 8#1‘%1’32“%1 P&l‘%‘hé
pseudo range wWhdddonaticR ORais for R8s Hle RHePERA PBts wRKAhOSeh e rRYaber of
pseudo range nmeasurements within the sliding pseudo range w ndow, and then
rePeat i lng~ f ornt@aflhw?fselsﬁmgga hest vgnday poedon th mhakina mempeeefdpsendmipase .
interval; iv t 1 e | - N r seudo
range neas u%neergrsl(g\lrrl‘??}gen\lgvlgq gﬁﬁlﬁl tﬁgéll%g g)l(g%%l %Srélg%dg%rdgﬁg%n%sméor?] n%%lvn%#?bglg)ﬁ%%‘% Png t he
maxi mal nunbanmbértwitkedn incidérte nieeshiol; estibbe basad dn theesonpatien, osterirtiting an (
conparison, determ ning an J) average pseudo range value. [0011] O her
and further QWrRsedscURdangdvaNEages of the present invention will be further
under st ood apsh1aPOiRE hitf REhENOLIRRHR 2Vantagek éfrméB%%saﬁ InvEMioh&FiR e Feehek O t he
followng specitication, clains and draw ngs. | EF DESCRI PTI ON OF THE
DRAW NGS [ 00nqerstpeyl and ppprepiatedabye shoge skiledin therarp by irefersncediet e fiplewingn usi ng

transmtted %ie%{}%%t?onh{%ﬁ@%%xm glites. [0013] Fig. 2 is a flow diagram
illustrating B a gori i 1°or I'npr oved pseudo range

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 illustrates a system for position determination using transmitted signals
from GPS satellites.

[0013] Fig. 2 is a flow diagram illustrating an algorithm for improved pseudo range
estimation.

[0014] Fig. 3 is an illustration of steps 245 and 250 of the flow diagram of Fig. 2.

[0015] Fig. 4 is a typical SNR distribution of the satellite measurements.

[0016] Fig. 5 is an ervor distribution using a single point position measurement result.
[0017] Fig. 6 is an error distribution using five point position averaging.

[0018] Fig. 7 is an error distribution using ten point position averaging.

[0019] Fig. 8 is an error distribution using five point pseudo range averaging.

[0020] Fig. 9 is an error distribution using ten point pseudo range averaging.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Fig. 1 illustrates a system for position determination using transmitted signals
from GPS satellites. A device 110, whose position is to be determined, receives a
plurality of transmitted signals from a plurality of GPS satellites 120a-120m. The device

110 includes a receiver 112 (not shown) and a processor 116 (not shown). The



- processor 116

estimation. [0014] Fig. 3 is an illustration of steps 245 and 250 of the
flow diagramof Fig. 2. t | [0015] Fig. 4 is a typical SNR distribution of
the satellite nmeasurenents. [0016] Fig. 5 is an error distribution using a
si ngl e poi sl tlon neasurenent result. [0017] Fig. 6 is el fQr
distributigﬁzggyﬁ%&ﬁive poi nt position averaging. [0015] Figapg #@@émﬂérror
distribution using ten point position averaging. [0019] Fig. 8 is an error

di stribution_using five. point. pseudo . .range aver.agi 0020] Fig. is an
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DESCRI PTI ON ifftheTHE THYVESNIe AY0[i0 ARy lie Vit caphble! df Uktdn@in®se fhe Sy Mnf@lofPOSi ti on
determ nation using transmtted S|%nals fromGPS satellites. A device 110,

whose posi t iTensivied sigpalp with gespeqtitnhe elerpnse dimge Fopcxapiplg: diei deyicofl 1@ manbaet t ed
signals fro ap! It |1 - m T Vi 110
i ncl udes a rrﬂé(g)él?v\g:f&%sﬁZtXIfﬁ%%nggﬁg\%%bq%ﬁ&g}@ﬁ%r}%%g?ég8’%136Q’?rr?%gs gﬁg%ﬁl)% The WO

2005/ 00827 8.stadd-2lohANGPRO @¥min5l, ionahe pwint &ihmal cdfpablief reediiveindl pdcasidgt he
be known to one ?evice 110 is

il skille in the art. The
any devi ce CHBASITEPT FefeREpes: WA ﬁtéf“é?’vrnid\?&‘?“of’?’nsé‘%h 3 ChPetatslitey hgnal s

Wi th respectradighadighBbfdl §088ck (OB, GTONSR TR0, RS o_el%i«fj( Sfhed Hul@YaRE @

mobi | e wirel ess telephone, a poftable conputer termnal wth a wreless
nodem a stigpsmidesn cgpsmbedimeriathe tignsnzipg souress GRS natkllites pagiowngf

receiving ang pyo ing. sianals_f reference transmiter Known
| ocati ons, gﬁl ut El agﬁgyfr‘s%]t %}e??a?ig o é? lrgFﬁS’rtégitr%rﬁs v?t{jﬁtslog}r?ﬁ? céuéﬁtgfﬁn?f es
(e.g., G.ONAfsind®Gasdd @amsméitegs, Jor @ coaibinatibhef GRDunellifeasater tatdasvigdiiors. I n
one enbodi nent, the trans 'tting sources are GPS satellites as shown in
Fig) 1. Howestigllitesiapd/ar gropnspased TasByifrrent s, the transmitting sources coul d

be~any  gr oypepERLD i rANSW dideBAr® illBiratheCATREHRNINOR: dhplved pRLEb kidees, ot her
radi onavigation satellites and/or ground-based transmtters. [002Z] Fig. 2
is a flow dicajnaiiani | Thist dzarithiy may b¢ goplemanted on # eprPRtiony peegtanmablge

_ ‘ e y
06t TRLATSNLRdn0N, Re RSO LLONE) (RpAr ATTaD! €

estimation. p}_&le so@I glgé{eb%”@/di
processor. n’'s ep , iscre seu e nea renent’s are recei ved

froma singingldtransitiig Jonge ssud axes GBYIsdellits, avefNIlissadtietiine periodover N di screte
time peri ods[0023}' The received GPS signal frequency is typically different from the nominal GPS
carrier frequency, mostly due to the high velocity of the satellites. This difference
(satellite Doppler) can be as high as +/- SkHz. The expected satellite Doppler can be
computed even before any measurements are made. This Doppler prediction
computation is based on an approximate user location estimate and the satellite orbital
data. The predicted Doppler may be conveyed from a base station to the GPS receiver
in order to help the receiver speed up searching for the satellite signal. After the search
) for a satellite signal is complete, the receiver determines a measured satellite Doppler.
The receiver also determines the Doppler offset, Afs, which is the difference between
the measured and the predicted Doppler values. A non-zero Doppler offset may be due
to any or all of the following causes:
e Doppler measurement error
o The actual receiver location is not the same as the location assumed when
calculating the Doppler prediction
e The receiver’s non-zero velocity in the direction of the satellite

e The receiver’s frequency offset, in the case of a receiver employing a free

running oscillator



[ 0023] The received GPS signal frequency is typically different fromthe
nom nal GPS carrier frequency, nostly due to the high velocity of the
satellites. This difference (satellite Doppler) can be as high as +/- 5kHz.
The expected satellite Doppler can be conputed even bef or?azn jreasur ement s
are made. WRi280500835% er prediction conputation is based on 4%\102@% mat e
user location estimate and the satellite orbital data. The predicted
Doppl er may be conveyed from a base station to the GPS receiver in order to
hel p the receiver® speetceipersevalaity nejativer totthe basatseitiont ia the gasalof aATADMA t he
search 9 for a satelli.te sjgnal, is conplete, the recejver determnes a
measured satellite @%%%er‘&}%%khg ?eé:(c:lé’?;\ig'eq'éefn% lae[%]?‘?ﬁ f8s th(ehbasﬁoffﬁtl“é’r
of fset, pfd, which freqichey, dihiches eneR IbktdeeGPStfhguaRasur ed and the predicted
Doppl er val Uﬁ@ A non-zsro Doppl er_offset may be due to any or _all of the
fol | owi ng calY9ed:In sisgF3Pthe Roppler effsshiMe iy epmpargtowish ¢ pasdetemriapd Boppletat i on
s not the s . ocaf i when at Lng-
prediction - The TEaCTEChRgal T BRSHIR TERE shoft BELA:T e dRug ALl
satel lite Tiheacmowlalaketfect ofdlipuactons lisfefl sedve would e ex@séitof a recei ver
enpl oying a . runnj.ng..osGi |l ator i 2005/008278 - 2 2 JAN 2007 6 The
recei ver's V@F)g@ilf‘ﬁ%legt iy folstgrﬁféat%éga\é‘\og‘?"a’f"iv gt P‘?eﬁg? FREE, ZRSasugFmeEnt g
receiver, WhBReréd16utl i@Cip/2r6 beferdyRateyding 1o Sk edo.ons t g, basso:StakdrQRan
frequency, which in turn is_| ocked on S frequency [0?)24] In step 210, the
Doppl er of f'sEpopptePraceef 0 Eetd¥k ed wi th a predeterni ned Doppl er error
threshold (T, Ier. . - o G ' nough
So that t heltURa IR Llep 220 b DERE R inid e BN Fana? B ot IR SR O e
it. [0025] |is cotpmed v5th 4 predéftaimired NRathersholdaWsnRDoppstey 223, tthe peeastdal r ange@
f

nmeasur enent | Jiltered qut .Jn step 216 before proceedjing,to . ste 0.
Afd is not g?azeélftgph?ﬂé 758 %&3&1"‘9&? I%F’%ﬁ%’é%‘l?e%eaé'frg’ﬁe’ﬁé .lftf[rg‘b%]m ?tﬁg)%fép 220,
each of the pgomipibdegding @ d@prZB00E e andikaE. Rl SNRCisaidR deseNRur $zOMPar ed

with a predeterm ned SNR threshold (TsNR). In step 225, if the neasured ('9
proceed to step 230.

[0027] In step 230, the number of remaining pseudo range measurements are counted
and compared with N*Ty, where Ty is an appropriately selected filtering threshold,
which can be chosen, for example, to be Ty=1/3. In step 235, if the number of
remaining pseudo range measurements is less than N*Ty, the transmitting source (e.g.,
the GPS satellite) is declared invisible in step 236. When this condition occurs, the
average pseudo range value will be reported, and the average pseudo range value will be
marked as questionable or suspect in step 237. This latter may be achieved, for
example, by setting the reported SNR value to a fraction of the average SNR, and/or by (D
setting the reported root-mean-square error (RMSE) estimate to a multiple of the
average RMSE. In a preferred embodiment, equally weighted averaging of all pseudo
range measurements is used and, the SNR is set to 1/10 of the average SNR and/or the
RMSE is set to the maximal possible RMSE value. The very low SNR and/or very high
RMSE indicate that the pseudo range measurement is from a transmitting source that is
considered invisible. The position determination algorithm uses the SNR and/or the
inverse of the RMSE as weighting factors, so that transmitting source would be
effectively de-weighted from the position determination. This choice permits the
discrimination between cases where the device did not attempt to receive signals from a
particular transmitting source and where the device did attempt signal reception, but
failed to acquire good data. In another embodiment, measurements for transmitting

sources that have been declared invisible by the receiver are not reported at all.



satellite SNRis |less than TSNR, that pseudo range neasurenent is filtered
out in step 226 before proceeding to step 230. If the neasured satellite SNR
is not | ess than TSNR, proceed to step 230. [0027] In step 289, JAg{peW@ rrber
r emai m@g ﬁos% %%range measurenents are counted and conpared w't

where TN i ¥94 g opriately selected filtering threshold, which can be
chosen, for exanple, to be TN=i/3. In st7ep 235, if the nunber of remaini ng
pseudo range rrent is.less t the transmtti sour.ce (e.g.,
Phe  GPs carclPreic) "FESmBr Pe a5 phe Brble! Rvas dablsBRa, ah f FoelC KT (o
occurs, the pemetagag PsEbe spplidd greach tdnfinihd psebo fa8 oMt AdrenAdintshp 2a0er age
pseudo range value wll be nmarked as questionable or suspect in step 237.

This |atter HefyPIROSESHNEVRPIPHYPS adiyshipp cach WU%fapgengmemeeme@pm PElgr BNR val ue
t fracti h b
0 atractl Oﬁrapxgega{gr rﬁxg?‘ﬁﬁg%%%émao Q‘r&g{nﬂfon 13éfer thf% (i}){' " c%ﬂl?e{ Tvﬁlqt the

r oot - mean- sq estimate to a nu average RVSE.
I n a preferrmadaserdomdi venid haxzpjaalebly 1f/\/&ﬁl@htadtmvemmgomgeiafena¢ ltijpgeudithis r ange

measurenents i s used and, the SN 1/ 10. of the.average ,SNR. and/ or
the RMVBE i sMEEHTENE HEOP%%HOHB‘IS @6’5 S'?yb 08l §eCOmRREON, & VUISAR and/ or

very high Rpabortibehl Gatie bﬂ&a&ﬂ&%@%@aﬁ&&mmr%@&hg gifRRdncé DedwetiMiee
" transmtting source that Is considered invisible. The position

det er mi nat i ofPmgbFefarenee iseesandibe EdRidualmersurcent (g Obuiogsly drrsCRREES as
wei ghting fa t%%%?@?erzﬂ?@c{mt dn? ?s@?lsrs&i Of I&O%ﬁ%. S%Lﬁseﬁgo ol Eﬁqﬁ%@a\é&%ﬁ

de- wei ght ed romt Ion’ etermnalbn ol ce
di scrim nati m’orbeﬁm/eﬁhr taswismide grsendohengdenbgaatiordernat, thd t:@mnbn trefereacei ve

S|gnalsfroma |clar ransmttin ce an vvherethe device did
Tt 51 gniie ERRE DRSETISRSE 1 P PP ST JEqUH BV SRA IS ST anot her
Od' nMent, [URASLTIRIPRErScebdhig ﬁaﬁﬁlﬁll&mntvbl'vé\Gonvéﬁﬁtfnﬁﬁﬁeth&ﬁtof B?dﬁ g%ﬁ?oﬂaﬁﬂ ar ed

|nV| sible by the receiver are not reported at all.

20051008278 ¢f th¢ frdledjng IOPI‘f?ﬁ@Hrﬁ‘m‘mer of r emai ni ng pseudo range neasurenents
is at least N*TN,, Er e%) Oﬁeﬁ“é ectlo be applied to each remaini ng pseudo
range neasur ement® i K7 p«?ﬁ Y € preprocessing incorporates adjusting

each pseudo ranges m@@ug@@ﬁ@ﬁem}nc@fedﬁn to propagate that neasurenent to a
common reference tine (i.e. calculate what the
e Group delay correction

o Satellite clock correction

» DGPS correction
[0030] In one embodiment, the preprocessing algorithm is performed by a conventional
programmable processor capable of accepting raw data (i.e., pseudo range
measurements) and capable of determining position of the device. Ad'ditional
implementation of the preprocessing algorithm may be achieved with an ASIC, a

> discrete logic circuit, a state machine or a software application within another network

device. The preprocessor may be located within the device or may be part of the base
station.
[0031] Steps 245 and 250 are illustrated in Fig. 3. In step 245, the pseudo range
measurements from a single transmitting source are arranged in the order of smallest
value i to largest value I Which define the endpoints of the pseudo range interval.
This interval is divided into increments of a predetermined size and forms grid points at
the edges of each predetermined increment Ar. In a preferred embodiment, with the
recognition that other values may also be preferable, the increments are set at 5 meters,
forming grid points at every 5 meter mark, starting from the smallest pseudo range value

Imio and ending at the largest pseudo range value I,y If the total length of the pseudo



measur enent woul d have been if taken at the comon reference tine). This
nmeasur enment propagation is done by the addition of a correction term which
is proportional to the product of the predicted Doppler and the difference
between the comon reference tine and the individual maasureggn? ii nme.

Obvi ousl y iwaewsomeises in the Doppler prediction, discussed @Ar¥Ard0ii |1

| ead to pseudo range propagation errorsg In order to mninize pseudo range
propagation errors, the common reference tinme should be chosen close to the
average of thggd Mrvildyiabt B afece MRIMiplé N RSe incRERR] tHRSLPARFRRE DFNY MBY

al so i nvol ve conventional nethods of applying any or all of the follow ng
correction t@ickE may §p supaet todhegdessst a(‘,‘@&b dgeints. Tr opospheri c del ay
correction I 0 ' | ) rect.i o \;P%DS
correction [%’%@imlsg&)o%éeb’ an{%@gfgtn%%? (?0 t%%gﬁlg%ﬁgtgg}%%?%ngn%?i?ﬁ% s’

per f or med byalanedbwitkntgronsiint (pgo theafinsagriepgntot es90Mn agpebhrel ehbaiwepf i ng raw
data (i.e., pseudo ran ) urenen and cgpabl e of determ ning position
of the devi cB® PESGF %@W‘J{E%P%ﬁém %\(ﬁ’aﬁt%faafﬁ’&gpr%f-'p%l%]&%’s@ithbmaﬂ*@B t hm may
be achi eved whddhiBMthANker vAdhIHEGAGsul POisMIST TEMC prefirsh BhfolRiEh M OF a -
sof tware application within another network device. The preprocessor nmay be
| ocat ed wi t hlifingnsewioiregs windempf Bidth AY is eshteradent Bsgrid poinit i-onthe WdBBY] St eps
245 and 250 are | i 17ep o - otk pseuda range
reasur ement s P 2V o e &t B i eded B PRIt "B sl Sl G et ey o
smal | est  vabfugsendn onpo vhlaegwithinviat sBdingpxeudbiradzedeihiow. tdepserddpepaitss of the
pseudo range intzgéva(i] fThi S inher.val Is divided into increnments of a

pr edet er m neticSiZ8 20 X9 AP gPABOBbi nts at  the edges of each predet erni ned
i ncrenent Ar E””“’ 18 skipeie3! iR 1M QAR YangeWinBow IftervhE SR SMihe @ hbakaot her -
val ues may al so be preferable, fhe increments are set at 5 meters, forni né)
grid points @Ge. darges)) mumbet ef psendk range measummdnioinselneted anthecbest prdonio. r ange

Latar of therdSit Mcfhuist PooR o Wondg SuRRibR8 it if B hitdowl P

determined in step 265, i.e., Ny is the maximal number of pseudo ranges contained in

any of the sliding pseudo range windows. In step 270, calculate an appropriate
incidence threshold, Tw. For example, Tw can be set to be the larger of the values of
N*Ty and 4 times N divided by the sum of 3 and the width of the sliding pseudo range
window (in units of GPS chips). In step 275, compare Tw calculated in step 270 to Ny,
determined in step 265. If N, is less than Ty, declare the transmitting source invisible
in step 276. In one embodiment, when this condition occurs, the average pseudo range
value will be reported, and the average pseudo range value will be marked as
questionable or suspect in step 277. This latter may be achieved, for example, by .
setting the reported SNR value to a fraction of the average SNR, and/or by setting the («)
reported root-mean-square error estimate (RMSE) to a multiple of the average RMSE.

In a preferred embodiment, equally weighted averaging of all pseudo range
measurements is used and, the SNR is set to 1/10 of the average SNR and/or the RMSE

is set to the maximal possible RMSE value. The very low SNR and/or very high RMSE

indicate that the pseudo range measurement is from a transmitting source that is

considered invisible. In another embodiment, measurements for transmitting -sources

that have been declared invisible by the receiver are not reported at all.

[0034] If N, is equal or greater than Ty, then in step 280, compute and report the

average of the pseudo range measurements within the best window determined in step

265. In one embodiment, equally weighted averaging of the pseudo range

measurements is used. Similarly, the average SNR value is determined as the average



range interval is not an integer multiple of the increment, then the
endpoints of the interval maybe rounded to the cl osest available grid
points. [0032] In step 250, a sliding pseudo range wi ndow of a predeterm ned
width Wis ligned with a grid point (e.g., the first grid point at r,,,;
0). In a prgjiezlp%éogszé%odi ment, the predetermined width Wis ge? Ay éﬁ@
meters, although one skilled in the art Swuld recognize that "ot her th
val ues are pgssible. In one preferred enbodi ment, the sliding pseudo range
wi ndow of wi g%ﬁ% aipqciatedo iR g mepsurarRenty GaatapsArp the best windaw.wITRel@Yerags pl aced
over an inteRw@E Qfy Wdidh@Baggach grid point. In step 255, count the nunber
of pseudo range values within the sliding pseudo range w ndow. Steps. 260
repeats steps 250 aMd 255 for each grid point. [0033] In step 265, the
sliding pseuddIBnYEs RIMRIGW + M@RMBELDA{RNISEY) the wamMsE,))Y) (i.e.,

| argest) nunber of psaudo range neasurenents is selected as the " best

wi ndow . Let Nb be the nunber of pseudo range neasurenents contained in the
best wi ndow det eVRArHEYPF; ig tthgyroppmean-square qppricstimpie famtlienial Psprfspangf
pseudo rangeg.capkahpned in any of the sliding pseudo range w ndows. In step
270, calculate an appropriate incidence threshold, Tw. For exanple, Tw can

" be set to beltds] hategeBSahe poeeduad owBnedfin stsT205a280 of Fid. Rdsthbh chipgatedNI by t he

sum of 3 and_.the_wi dt.h t slidi.n seuda rang i ndow .(in_units of GPS
chips). In st&® %5?30}3:8%’%@6 Wsﬁjétlnaglsg'{r%‘?ﬁ‘ :)IH %?Peg%%ﬁ feamﬂég T\@éf' EPE ned in
step 265. |f piadd serlgeswildehane. [ohe d0&h@S Bscibl® ridgdNvdNiel frbMTeaR UFmEmitiyd Si bl e
in step 276. In one enbodi ment, when this condition occurs, the average

pseudo rangeSOWE) 68 RWen pe Bput poranaentioncpositien determiguiopstandiim sngfen tal ue
w ) De markett Ssied W] bRNAR £pRferli YBGlinc: ShERarkhnfrind biteds el Ypgay e
I'e, by P e SREVAI e *P0°A

achi eved, for exanple, setttng the repor raction of
t he average ShRlitegrod acorygntsmhl GRS poditéon detpombtich slgaithmésausedquare error

estimte (R to a |tiple. of.the average RVBE. |n referred

enbodi nent , N@%QI lgfn\ﬁg?@ﬁ?‘%oenét(‘}’g’r‘%e@f’ﬁ s i rlan%?saé'ﬁﬁ’é“nﬁé‘?ﬁ?gmnh@ﬁ}é QFeHents is
used and, thgoNrar @esaﬁérat’@gélebd@raﬁée Vahes e G theNR ranhifing sb@c&3Matis | s set
to the maxi nal EOSSI bl e RVBE val ue. The very | ow SNR and/ or very hi gh RMSE

i ndi cat e t hatay he afwatigers hsepserehtgmopstie ckistengeoeh signal wReatsrs in Hy cgéfur ce
that is congide rtl?edtrz{n@%ﬁﬁgftlé) hcﬁ_trcels 'lr@n!%ﬁ%%g@ é;g%bdé?ﬂio%&”&r be%ge;b'{ tﬁg%%%néé)f

transmtting sources ave been Invi'st bl'e e recelver are
not report edofamulipsth s{g@lPtdpaghtiddh Fstherpratessing, grivet BrwellHawwhin tHeht)id n st ep
280, comput ©uen glserdeig %t%rngigg which average pseudo range value corresponds to a base station
and which average pseudo range value corresponds to a repeater, or alternatively, which
average pseudo range value corresponds to the earliest path amongst the possible
multipath average pseudo range values. Note that the input to the pseudo range
) averaging algorithm may also contain multiple pseudo range values (i.e., both detected
base station and repeater signals, or a multitude of detected multipath signals) for any
single measurement time.
[0037] In yet another embodiment, for each transmitting source, multiple best windows
are selected based on predetermined criteria known to one skilled in the art, with each
best window having an associated weight. In one embodiment, the weight is the sum of
the associated SNR values of the pseudo range measurements within the sliding pseudo
range window. For each transmitting source i, denote N; as the number of selected best
windows. For all M transmitting sources, determine the total combination of best

windows N where Ny is the product of all N; for all M transmitting sources, e.g.,

denoted by the following equation:



average of the pseudo range nmeasurenments within the best w ndow determ ned
in step 265. In one enbodi nent, equally wei ghted averaging of the pseudo
range neasurenments is used. Simlarly, the average SNR val ue is determ ned
as the average WD 2005/008278 9 z 2 JA IN 2007 SNR associ ated with 2 UAN 2907
measur enen?0 W8108278ed in the best wi ndow. The average RMSE may be
determned as M RVSE = 1/ (E RVMSEI-2) =16((1/RVSE, z) + (1/RVBE22) + ... +
(1/ RVMSEM2)) i=1 where RMSE; is the root-nmean-square error estimte for the
i “h pseudo range neasurenent. [00351 In step 285, the procedure outlined in
steps 205-280 of Fig. 2 isyfhen repeated M times for each of the M
transmtting sources. In step 290, the resulting M average pseudo range
values (i.e., one avé¥sage pR¥udoN; amge Nait ue. f Ngm each transmtting source)
can then be input to a conyventional position determ nation al gorithm known
to one skilled in the art'=Fn a preferred enbodi nent, the transmtting
sources are GPS satellites, and a conventional GPS position determ nation
algorithmis used. [0036] In an alternative enbodi ment, the pseudo range
aver agi ng al Hsr pesifinnngsieroungbign algmithmt issaxeoned duerlhdl pewhicgwionangdestal ues
for any of t SJURYL sour ces. Thi may. be._advant ageous ause of
t he possi bl e‘plz)g%{ z%@emo?ﬁ ériglgsr%ﬁmlgesﬁégte Sérlﬁ1 f’r?of‘lﬁgn El S8 SQ\%HS& mt“héﬁ%“
transmitti ngeoninatioss af epoksble egdsitiont Hassle os t @k i MGMaOinPRE GRS, @ptitkie

exi stence of | ti path signal propagation. Further processing, which is

vel | - known i PEiOHRange {€.8.; sallegi gxpegled #7100 °98P®r ni ne whi ch aver age pseudo range
val ue corres 0, t @bl i : PS a val ue
Cor T esponds Ho e b R R S RO e e

val ue cor r esprosedisinyventioh andudel iresitedopieisusement strot (ae siwoas inbFigs. 4r0) tuep@t h ,\)

aver aging. o Borr EASSHEDRT DR b T o e R FRRDRSTER TR . botn
detected bassmsmitahd sonre@ndsibiipedieas tisd @d@ising of se¥e@Uinkidutitentf aptenest ed

mul ti path si gfnal,s) for any single nmeasurenent tinme. [0037] In yet another
enbodi ment, FEFUEaGFAFERAS PleSHY S¥BHES By E9praEng gupltipien geando range

measurements from the same transmitting source.

[0039] Fig. 4 is a SNR distribution of GPS satellite measurements under severe signal
blockage condition (measurements taken inside a multi-story concrete building). As
shown, the number of occurrences is tallied against the SNR measured in dB.
Typically, pseudo range measurements corresponding to SNR values of less than 11 dB
are omitted from the position calculation. The integral (cumulative) distribution of the
number of occurrences is superimposed onto the SNR histogram plot.

[0040] Figs. 5-9 are summary plots of actual test data acquired from a GPS terminal.
Fig. 5 is an error distribution using a single point position measurement result. As {“-J)
shown, number of occurrences is tallied against the horizontal position error measured

in meters. The integral distribution of the number of occurrences is superimposed onto

the error histogram graph.

[0041] Fig. 6 is an error distribution using five-point position averaging. The position

averaging also involved outlier removal in the computed position domain. As shown,

the number of occurrences is tallied against the horizontal position error measured in

meters. The integral curve of the number of occurrences is superimposed onto the error

histogram graph. As expected from using an increased quantity of position points, a

reduction of error results by using five point position measurements over single point

position measurements.



are sel ected based on predetermned criteria known to one skilled in the
art, with each best w ndow having an associated weight. In one enbodi nent,
the weight is the sumof the associated SNR val ues of the pseudo range
neasur ementwouhdshbgzrg he sliding pseudo range wi ndow. For eadhl t.}ﬁa%é’ﬁ'ﬁ?(ti ng
source i, denote N, as the nunber of selected best windows. For all M
transmtting sources, determne the total conbination of best w ndows Nh
where Nb is Lohm]m'iﬁ.d‘&'_% A erddr! dibibliRh didg Wvé-HaiRs Fhduldb N SOMWeERthe. AY-
denoted by the fol Towi n equation: WO 2055/ 008278 2 2 JAN 2007 fO'M Nh =
TI' M =N1xN2x Nshewn, they npmbgr=af ppragensk tif Splliek aarinsinthe | kmizantglopesitiom Eoexecut ed
for all Nh c i,.hat | o t. ] . nsm i sour ces.
The positi on&g%% i(lglﬂslnsgr?e éeg{'ezﬁf rlgtﬁ‘lg’\d g{‘ﬁ%}%ﬁmﬁ%@%ﬁ?%ﬂ& %)lrrl?é&o lFnﬁ)(g(téum S Epjs[)si tions
based on t hesupestinpaskd ionputheveiog istrlmpion rpdph. fercbopamnpcBig( 8. With Fegred, l£st
expected errar) _or both. [0038] The advant s of the inproved pseudo range
estimation af’é‘é{ﬁ?atnhﬁl?‘ﬁf’asf’ HB O%ﬂ‘eé%éWPtef ﬁ}\‘ﬁé‘nﬁ%’gnmfe‘i"régl o@dictedty e s uUr ement

error (as Sh%ﬁxﬁatgliygﬁlbrae%i‘dg%l SHEert Yithl fIRL Yﬁdpdgfﬁrohia%&a%ﬁm\‘)ﬁlkérebqPrSOVGd

di lution of precision ( Y fromincreased average traRsfittrng source

. visibility dusidea onfiersodwehifivemginppsesdomengd avergsgrveestds; and nore effective

measur oot < PP EE st didhele SROE Rt PlybbBeferRif “nd B

di stri buti onawtagfd?Sisanhedlléd eutigasmovBnte ddngated povitibe dshgnalas shbeakage
condition (nmeasurenments taken inside a multi-story concrete building). As
shown, the ntigpERbes olRcEtmensat isstallisd pgainst ghe hegzrpat Pesiiongger measiedkHl | n dB.

Typical ly, pﬁlgfggs)Tf\@fﬁ&gra'fifﬁ%}UuﬁHi?thtﬁe &9%&%?8&&}1@9%%% s%&}{%éﬁ{?ds énte}‘:hé ess

thap 11 dB are omtte romthe position calculation. nt egr a
(cumul at i ve) emdirsdistiibuticnograptf. A expasigdiferm ofsingcau imcenswsls quagtityugle positps ed ont o

t he SNR hi st ogr.am pl ot.. ?04(%] Fi.gs. 5-9 are. sunmar lots of actual test
data acquir ea‘%?tﬁ’parﬁ_ggucéﬁ%[) 21 'rﬁséfitgﬁﬁlségg tgn"lpglngﬁosét??%fngaa\]rg???tﬁﬁ‘ﬁrSW" sing a
singl e poi nt p@Msintl fi98-poRASILItRNBMasUrasets.. As t., shown, nunber of
occurrences 1s tallied against the horizontal position error neasured
[0044] Fig. 9 is an error distribution using ten-point pseudo range averaging. As shown,
the number of occurrences is tallied against the horizontal position error measured in
meters. The integral curve of the number of occurrences is superimposed onto the error
distribution graph. In comparing Fig. 9 with Fig. 7, a significant decrease in outliers
greater than 1000 meters is indicated. There were approximately 4 residual outliers
with ten-point position averaging compared to 0 residual outliers when ten-point pseudo
range averaging was used. '
[0045] While the present invention has been described in terms of the preferred

) embodiments, other variations which are within the scope of the invention as defined in

the claims will be apparent to those skilled in the art.



in meters. The integral distribution of the nunber of occurrences is
superinposed onto the error histogramgraph. [0041] Fig. 6 is an error
distribution using five-point position averaging. The position averaging

al so involved outlier renoval in the conputed position domain. As shown,

t he nunber of occurrences is tallied against the horizontal pdsZtJAﬂ12@@ﬁor
nmeasured in neters. The integral curvg2of the nunber of occurrences is
superinposed onto the error histogram graph. As expected from using an

i ncreased quantity of position points, a reduction of error results by

usi ng fiveWheiipelaipedisti on measurenments over single point position
nmeasurenents. WO 2005/009279 2 2 JAN 2007 11 [0042] Fig. 8 is an error

di stribution using five-point pseudo range averaging. As shown, the nunber
of occurrehces ﬁ@wﬂﬁﬁﬁFéﬁﬂﬁgﬁpm%E%ﬁ@@OﬁU§W@%ﬁ@ﬂﬂwﬁﬁs|t|on error nmeasured in
meters. The integral distribution of the nunber of occurrences is

superi nposed on I 1g. 8 with
Fig. 6, a S|gn%$f%§§%ﬁg%@ gg%%&#ﬁ E?ﬁ?ﬁ%@ggggg#gﬁ%%ﬁﬂﬁﬁéggégneters is

i ndi cated. There were approximately 21 residual outliers with five-point
posi tion aver aga’tdilgtingmpiawfemb thoal8y off peeidd rabe wersirereergs fahtme ¢drmeetiopanditherpseudo
range aver Ql'gc{n?lgg YRR oPBRESurali ggﬁ%ucﬁ) rgnsg‘e znelas%re%@ntg ff o%er gf ?r?a'il!estl.) %hlleqn 1a'1‘IS Istng
t en- poi nt pos on averagi n aver out | i
renoval i nvalreo fompusado pogd infeonl witrthd mallgy vasmm the 1¢rgﬁet \nhxerbemdmmts
occurrences is tallied against the horizontal position error neasured in D
meters. The int dlstrlbutlon he  n ur.r ences |s
superi nposed o n?gld{nﬁ e péerufl orEi S P VT)m{O kK uraldlty gfrmcr%gengs% ject & urrah%' SI ng an
increased peistst ity of position points, a reductlon of error results by
usi ng ten-point position neasurenents over single point and five-point

position neasur nent 0044 9.s . a tion .us

t en- poi nt pseud 1gplg%§éhcg de’ ﬁaélge %‘gld%%g%ngawlﬁté Oﬁeﬁ%é)?eug? 5% lﬂtiﬁ?vgga es is
tall i ed agafirsséf theydurhicy bﬁgamtpaintsmod;cdunmﬁg tmnumbexrrépswd@ﬂngenneamﬁmns The

i ntegral curye of occurrences is a,the error

e r
di stributi 6h mlﬁg’ﬁlném% %Seuc{ﬁ% Flwhndoﬁ agd ﬁ@m reqe?'utmﬁ 15 er] Ofm% |uéaﬂ1|t (,gzrint decr ease

in outI|erpmmgmﬁmhﬁwrsmammhgﬂﬁWnaters is |nd|cated There wer e approxi mately
4 residual outliers mﬁth ten-poi nt position averagi ng conpared to O
resi dual outlier? t en- poi nt pseudo.
ectlng a best window based'on a maximal number of pseudo range measurements
within the sliding pseudo range window; comparing the maximal number with an incidence

threshold; and then based on the comparison, determining an average pseudo range value;

wherein the sliding pseudo range window width is 300 meters.

2. A method for determining a position of a device, comprising:
receiving a plurality of pseudo range measurements from a transmitting source;

adjusting each of the plurality of pseudo range measurements for time correction and then
arranging each of the plurality of pseudo range measurement in order of smallest value to largest

value to form a pseudo range interval with the smallest value and the largest value as endpoints;

dividing the pseudo range interval into a plurality of increments having a plurality of grid

points;

aligning a sliding pseudo range window having a width over the pseudo range interval at

a first the plurality of grid points and counting the number of pseudo range measurements within



range averagi ng was used. [0045] Wiile the present invention has been
described in terns of the preferred 9 enbodi nents, other variations which
are. within the scope of the invention as defined in the clains will be
apparent to those skilled in the art. 12 2 2 JAN 2007 What is clained is:

1. Anethod for determning a position of a device, conprising: receiving a
plurality of pseudo range neasurenents froma transmtting so@r@qm¢9®'@fting
each of the plurality of pseudo range n8asurements for tine correctléﬁ and
then arranging each of the plurality of pseudo range neasurenents in order

of smallest value to |largest valye to forma pseudq ran ipterval with the
smal | est v ﬁIZJI%ﬁPde‘fdﬂéanﬁg}”ﬁlg%‘f’ aﬁ%ﬁlﬁ%reﬁiat‘%rg]bﬁfﬁfége i‘r@&&%ﬁﬂ“{]ﬂ‘?@“&‘gﬂho range
Wi ndow i nt theaseplianandeiittyrvalf | ncrements having a plurality of grid points;
aligning a sliding pseudo range wi ndow having a width over the pseudo range
interval at a fir

st of the plurality of gri oi nts and counting the nunber
of pseudo range®§ té&glfrqt’@ﬁé”ﬂ?dé’e’ WQ?HPﬁ“iaﬁ‘@ag‘?“i"g‘?g‘ﬁpifé‘z‘h‘&figer‘%%ﬂ@e%n dow, and
t hem r epeatithig tHeGlidigggsBuddfradgh & indbwy @ipirihg e Hxinh] nAben ivith W inbiiéhcé he pseudo
range intervaﬁg_se Eééinglatﬁest wi nd v based on a maximal nunber of pseudo
range measiFERtfeR bashon; ee°°E‘P?rtff’?|§e FOLY R Y FG% RRPHTA GRRES ¥¥par i ng t he
maxi mal nunber with an incidence threshold; and then based on the
conparison, det @hditinthdGaladlofRHE PR pRESIAT ifcPn@ats Ve M&ers. Wherei n the sliding
pseudo range wi ndow width is 300 nmeters. 2. A nmethod for determning a
position of a device, conprising: receiving a plurality of pseudo range
measur enengs fr Amethot fadswintihihPpBioh 6€4 dedid¢, Usthprizthgeach of the plurality of
pseudo range neasurenents for time correction and then arrangi ng each of
the plurality of pseudo range nmeasurement in order of smallest value to
largest val ue T6°YIBF HRIBA[N QURRGUIOAFREE MFRHEFGRP T A ARHUSSORePYESt val ue and
the | argest val ue as endpoints; dividing the pseudo range interval into a

plurality of ingf@aeidash faNd fgtaiRy BF BERD ire;n%e RbasBHeiéhts RPHME Sorrelon@Rd éh @
sliding pseudo_range wi ndow having a wi dth over the pseudo range interval at
a first thamewescheltheplughitye! purdnransameaeiments Herieiel smampdraletiofeeesdo range
measur ement,gudio frdin Behidd ANgeZieterval with the smallest value and the largest value as endpoints;

dividing the pseudo range interval into a plurality of increments having a plurality of grid

points;

aligning a sliding pseudo range window having a width over the pseudo mage interval at
a first of the plurality of grid points and counting the number of pseudo range measurements
within the sliding pseudo range window, and then repeating for each of the plurality of grid points

within the pseudo range interval;

selecting a best window based on a maximal number of pseudo range measurements

within the sliding pseudo range window;

comprising the maximal number with an incidence threshold; and then based on the

comparison, determining an average pseudo range value;

wherein the quantity of the plurality of pseudo range measurements equaling N, and
wherein the incidence threshold is the larger of: a filtering threshold times N, or 4 times N

divided by the sum of 3 and the sliding pseudo range window width in units of GPS chips.

4. The method of claim 3 wherein the value of the filtering threshold is Y4.



13 the sliding pseudo range wi ndow, and then repeating for each of the
plurality of grid points within the pseudo range interval; selecting a best
wi ndow based on a maxi mal nunber of pseudo range neasurenments wthin the
sliding pseudo range w ndow, conparing the maxinmal nunmber with an incidence
threshol d; and then based on the conparison, deternining an aver gg2 We@g@?
range value; wherein the value of eachHd4of the plurality of increnments iS5
neters. 3. A nethod for determining a position of a device, conprising:
receiving a plurality of pseudo range neasurenents froma transm ssion,
source; adjusting each of the plurality of pseudo range neasurenents for

time corresti oNTiRAEEiAN claidd T RRGER the @RAGIhaPfuntbBs REsUha thé Mci@dncPARuIHY,  ange
measur enent s }In order of snmallest value to Iarqest value to form a pseudo
t:1

range int efrhe etepe RSpdo L3Rt Pl s fugvEraesf dhernips 1t5é?fg’é%‘{d°\9“é‘fé‘b@eaé§re‘€ﬁﬂsp0| nts;

di viding the pseudo range int er val into a plurality of increments having a
plurality f gr n n| ng a sliding pseudo range w ndow having a
wi dt h over t he Jﬁléeefﬁeg dr?%@léml ?ﬁ" Srejafhe gyeragg of thy plprally of pseudqTees) | ty of grid

poi nt s andmeguRinemgishalnweipred of pseudo range nmeasurenents within the
sliding pseudo range wi ndow, and then repeating for each of the plurality of
grid points wthin the pseudo range interval; selecting a best w ndow based
on a maxi ngl nuniatetiodd o;ﬁslemd@cdn@ngegfmeasmfeimemlﬁmgwetvlata@e $tee sliding pseudo
range w ndow, nunber wi th an incidence threshold; and

t hen basedcch;%squ‘ng é’??ﬁ)ag?m%edﬁe 8&“5?%1‘??[ ng an average pseudo range val ue;

wherein the quantity of the plurality of pseudo range measur enents equal i ng
N, and vvhrelnthe enc hre hol d i a filtering

e |
threshol d times 1% al% efeﬁ.'\lfaa%rage ﬁgu&{qﬁ? ya\’sﬁaé W the sliding

pseudo range w ndow Wi dth inunits of GPS chi ps 4. The method of claim3

wherein the val of t,h f1| n /3. 14 2 2 JAN 2007 5. The
met hod of gl aim Jrl% hOdO?’c W ere“gt Pra&lorﬁf)sone esthl ess than the incidence

t hreshol d, and the average pseudo range value is an average of the plurality

of pseudo h @ngequer?eﬁﬁlod%?gl&%S furtﬁér C(-)rlgl?lnggé Qe n(f Zzter%llr? q%qn' alvg\fg t he average

of the pluralit ed.
correspondlng to the average pseudo range Value

11. The method of claim 10 wherein the average RMSE is multiplied by a multiple value.

12. The method of claim 3 wherein the maximal number is equal or greater than incidence
threshold, and the average pseudo range value is an average of the pseudo range measurements

within the best window.

13. The method of claim 12 wherein the average of the pseudo range measurements within

the best window is equally weighted.

14. The method of claim 12 further comprising the step of determining an average SNR co

ding to the average pseudo range value.

15. The method of claim 12 further comprising the step of determining an average RMSE

corresponding to the average pseudo range value.

16. A method for determining a position of a device, comprising:



7. The nethod of claim6 conprising the step of determ ning an average SNR
corresponding to the average pseudo range value. 8. The nethod of claim?7,
wherein the average SNRis nmultiplied by a fraction. 9. The nethod of claim
8 wherein the fraction is one-tenth. 10. The nethod of claim5 further

conbi ne the step of determ ning an average RMSE correspondijg Q'&Nt 7

aver age pseudo range value. 11. The netlbod of claim 10 wher he aver age
RVBE is multiplied by a nultiple value. 12. The nethod of claim 3 wherein

t he maxi mal nunber (is equal or greater than incidence threshold, and the
average pseudo TSRS ARIMREY PEPsgfloaangs mguuigmenthiEon a Harsmitiaghgerceeasur enent s
within the best window 13. The nethod of claim 12 wherein the average of
the pseudo ranggyREASUEEIRR Rt H Reudb BB DRSKuhBHAW ot dS: SIMAsiv MBI ONt ed.
14. The met hod oil. claim 12 further conprising the step of determ ning an
aver age SNRegyrangipggpch of tb%@urawpégséuqﬁgwaaleqrsawgléntmoa@.r ofjsmalleshgalyede hod of
claim 12 f irdefQAEBTRH Shshtliokdige iRl Rith @6 {BA1183 RhINYardheAN 8L fuAYBE
correspondi ng to the average pseudo range value. 16. A nmethod for

det er m ni nP9BOIYSsi ti on . of a device, comprising: 15 2 2 JAN 2007 receiving a
plurality of pseudo range nmeasurements froma transmtting source;

adj usting each &Hridin@ﬁleBlsédH@}ahge\ﬁm‘é&fvalﬁ&ﬁH?fﬁraﬁi@"tﬁﬁm%ﬁféﬁt@ RN phurhifly OF HRr  of

smal | est value then arrangi ng each of the plurality of pseudo range

measur emenPdMpn order of smallest value to largest value to forma pseudo
range interval with the smallest value and the | argest value as endpoints;
di vi di ng the psgudg, (RAGSsLb Ri¥@inkdl e RWHERbId he Yleulid Gh&/TRBNE PRV Ng a
plurality of gri poi nt’s; aligning sliding pseudeo range w ndow having a

wi dt h over fitsshe thesphiglthy pfzgnig @oinistapd coaintingtthespumpgerod psegdo rapge npsasyrementsywithm gri d
poi nt's andg kMg Jhidb RROWIBGY, a0 thPS RPN B G FRASHESITG Bf ?id\’idotn@ Wthid he
sliding pseudo range w ndow, and then repeating for each of the plurality of
grid poi nt §iewrpeudh iangetievilseudo range interval ; sel ecting a best wi ndow based
on a maxi mal nunber of pseudo range neasurenents w thin the sliding pseudo
range w ndow,

selecting a best window based on a maximal number of pseudo range measurements

within the sliding pseudo range window;

comparing the maximal number with an incidence threshold; and then based on the

comparison, determining an average pseudo range value;

wherein each of the plurality of pseudo range measurements having an associated
Doppler offset and further comprising the step of comparing the associated Doppler offset with a
Doppler threshold.

17. A method for determining a position of a device, comprising:
receiving a plurality of pseudo range measurements form a transmitting source;

adjusting each of the plurality of pseudo range measurements for time correction and then
arranging each of the plurality of pseudo range measurements in order of smallest value to largest

value to form a pseudo range interval with the smallest value and the largest value as endpoints;

dividing the pseudo range interval into a plurality of increments having a plurality of grid

points;



conparing the maxi mal nunber with an incidence threshold; and then based on
the conparison, determ ning an average pseudo range val ue; wherein each of
the plurality of pseudo range neasurenents having an associ ated Doppl er

of fset and further conprising the step of conparing the associ,ated Doppl er
offset with a Doppler threshold. 17. A nethod for deterninind & J36i}gpn of
a device, conprising: receiving a plurdbity of pseudo range neasurenents
forma transmtting source; adjusting each of the plurality of pseudo range
nmeasurenents for tinme correction and then arranging each of the plurality
of pseudo range®i#Rias o rlidingpeedp Frngs WisdovohavinggWidh pyey gle@éfu%rapaerlg‘é%“ﬁl atyalue to
form a psewdg:t srangBurhiRg 61 ¢dlpoitistald Eagirz IR dulStr of Blet @R ddfirdrh@est val ue
as endpoints; dividing the pseudo rangF interval into a pluralit

of
i ncr ement s WHED ths §lidngytseidg ranes widowrand thenygspesting fopeash giake plorghity ofi@rlcﬁnorr@w ng a
sli di ng pseusletHeph@ato whadasvhiavi ng a wi dth over the pseudo range interval at
a first of the plurality of grid points and counting the nunber of pseudo
range nmeasurenents. within the sliding pseudo range w ndow, and then
repeating for eeRtingf besavigdoprbated oy a grxigal ymbe of preudq fangsimeasignesSeudo r ange

interval; §8hifeelshBnPpsBRB randk KW RATBA NG hedndtdl ABhbPWIR S in@fier@Seudo range
measurenments wthin the sliding pseudo range w ndow, conparing the maxi nal

nunber wi t thresplds ded henbeged onfhecemparison. deierminigpnsNeass pssrde FRBSCASar i son,
determ ni ng an average pseudo range val ue; repeating the steps of claim1l

M1 (i.e., MM RUSHANGRY stifs TESaifOr MEAEY, M imifiR TRd) Wida@ folbakh of feRRRINL M-t NY
sources to determne a plurality of M average pseudo range val ues. 18. The

met hod of EpgmiimEEoyregsihdqtermip PlusilingelMhevemgepserdo range &2lHeSni ng t he position
of the device based on the plurality of M average pseudo range val ues. 19.
A method for determ ning a position of a devic conprising: receiving a

e
plurality oF psbifdeethosio]elaimekfunhenesmpsising bestap edsieaniping fhegottinmotthe adj ust i ng

each of thgm@k%&@agﬁme?ﬁmggmepm@ﬁgg@mngaﬁggaﬂagxs for time correction and
then arranging each of the pluralrty of pseudo range neasurenents in order

of smallest value to largest value to forma pseudo range interval with the

smal | est va.ue Amgttodorlidk@BSihg ¥ fdsitidn a5 RMAQGbMArRingdi Vi di ng the pseudo range
interval into a plurality of increnments having a plurality of grid

receiving a plurality of pseudo range measurements from a transmitting source;

adjusting each of the plurality of pseudo range measurements for time correction and then
arranging each of the plurality of pseudo range measurements in order of smallest value to largest

value to form a pseudo range interval with the smallest value and the largest value as endpoints;

dividing the pseudo range interval into a plurality of increments having a plurality of grid

points;

aligning a sliding pseudo range window having a width over the pseudo range interval at
a first of the plurality of grid points and counting the number of pseudo range measurements
within the sliding pseudo range window, and then repeating for each of the plurality of grid points

within the pseudo range interval;

selecting a plurality of best windows based on at least one predetermined criteria and
determining a plurality of average pseudo range values wherein each or the plurality of average

pseudo range values corresponding to each of the plurality of best windows.

20. The method of claim 19 further comprising the step of determining a plurality of average



points; aligning a sliding pseudo range w ndow having a wi dth over the
pseudo range interval at a first of the plurality of grid points and
counting the nunber of pseudo range neasurenents wthin the sliding pseudo
range wi ndow, and then repeating for each of the plurality of grid points

wi thin the pseudo range interval; selecting a plurality of begs} M@thg@

based on at | east one predeterm ned criteria and determning a plurality of
aver age pseudo range val ues wherein each or the plurality of average pseudo
range val ues corresponding to each of the plurality of best wi ndows. 20. The

met hod of ghmi-wiibBe fatibd (SBIRs COHERYiN SLIEF the WurditiPBf REradlodr@tBoRbbhdtheRb Ur al i ty of
average ...... 1007 17 signal -to-nois€ ratios

e e e e e e 2 JA
(SNRs) whePSh i s RVl o perase B?eél%‘? Wgedmugﬁyer age SNRs corresponding to each
of Phe plurality of average pseudo range values. 21. The nethod of claim 19
further comprisin h tep of. determ.ning a plurality of average RVSEs
wher ei n eagﬁ o?hF%%hBﬁﬁfﬁﬁﬁﬂgf CLRPEPHY RS of dg'Prieing n Bl YI6 26EER of t he
plural ity RMSEswireneachstitieipiutabiygeaverbeRBISELrespofdinEh RAM 0®the §luaiifp ok9
further cofm in&brqpeatigg the steps of claim25 M1 (i.e., M mnus one)

S
times for ea%ﬁa%¥ ré%&?ﬁ?%g'N@l transmtting sources. 23. The net hod of
claim22 further conprising the step of determ ning the position of the

devi ce bas o] i . of, the pl.urali f best wi .. 24. A device
f or detern?%ingn%S%ﬁEFSﬂa&ggﬁﬁyﬁgf%8@3395%%%‘%%$k$3?°£%@8$83%§(5%ﬁﬂurality
of pseudo mangeentbas doreaunf senfairdmg M- lttraasmsiting tdungs. sour ce; a processor
coupled to the receiver and configured to accept the plurality of pseudo
range neasurenments for processing by: i) adjusting each of the plurality of

pseudo ranye nelsurctwednt dain@? furtheecogprisierthe oep eldeterntifiegithapssitiogionge each of
the pl ural id. O SEHIRANAS TRIRMIRITRBLE ydogy der of ‘smal lest value to

| argest value to torma pseu nge “interval wth the small est val ue and
the |l argest value as endpoints; ii) dividing the pseudo range interval into

a plurality of iBGESTEM:RmNAYE PkitAn RbMpiild Y of

a receiver for receiving a plurality of pseudo range measurements from a transmitting

source;

a processor coupled to the receiver and configured to accept the plurality of pseudo range

measurements for processing by:

i) adjusting each of the plurality of pseudo range measurements for time correction and
then arranging each of the plurality of pseudo range measurements in order of smallest value to
largest value to form a pseudo range interval with the smallest value and the largest value as

endpoints;

ii) dividing the pseudo range interval into a plurality of increments having a plurality of

grid points;

iii) aligning a sliding pseudo range window having a width ova the pseudo range interval
at a first of the plurality of grid points and counting the number of pseudo range measurements
within the sliding pseudo range window, and then repeating for each of the plurality of grid points

within the pseudo range interval;

iv) selecting a best window based on a maximal number of pseudo range measurements

within the sliding pseudo range window and comparing the maximal number with an incidence



grid points; iii) aligning a sliding pseudo range w ndow having a width ova

the pseudo range interval at a first of the plurality of grid points and
counting the nunber of pseudo range neasurenents wthin the sliding pseudo
range wi ndow, and then repeating for each of the plurality of grid points

wi thin the pseudo range interval; iv) selecting a best w ndow g? g@ma
maxi mal nunber of pseudo range neasuremgnts wthin the slidi p@éij range

wi ndow and conparing the maxi mal nunber with an incidence 18 2 2 JAN 2007

t hreshol d; and then based on the conparison, determ ning an average pseudo
range val ubreshopisandshaiéased en fhe comigariemprilatirmiping ap @wirdge psendeangerviabieng: a
receiver for receiving a plurality of pseudo range neasurenents froma
transmtting source; a processor coupled to the receiver and configured to
accept the2pl ur/*aﬁthonysfdetp@emd@apcawge comprisingt enment s for processing by: i)
adj usting each of the plurality of pseudo range nmeasurenents for tine

correction and argcl%?;ri%{{e&r\gnﬁéq?p tggf seudrc}?an l %Eaas!lrle{n nts froxgs?rlélrgso ithis19€

measurenents in ue to ue'to 'tA a pseudo
range intewovia$; with the smallest value and the Iar gest value as endpoints;
ii) dividing the pseudo range interval into a pI urality of increnments having
a plurality of o i di do.range w ndow
having a w dth ﬁoecreSS couﬁsdztatoer?%lr‘{gre i n(fn?g'ffaqto ac“temgg?ﬁwgqfty(gfpsf‘h "HBebiral ity
of grid paoheugersants forquieressing byhe nunber of pseudo range nmeasurenents wthin
t he sliding pseudo range w ndow and then repeating for each of the

plurality of gr, 0i nt th eudo range |nt rval sel ecting a

plurality of béi?dj‘&ll?ﬁfé‘ Of\é\% Q%Ofg“fsgul%igé?élge Be erP%IEF eV ‘f?érac%’f“ ri on and

det er m ni rtgermnphgﬂ@dam of i plaMiy afjReyds edngkoméaner@eniscih URisr ofkMaidistvar@aeh of the
luralit seu range val.ye ondi to eahof t he

Dl ural ity Gt o Bt h A eyt PPl S i A s B GaS

conpri si ngendpaas)s for receiving a plurality of pseudo range neasurenents
froma transmtting source; neans for adjusting each of the plurality of

pseudo range neasurenents for time correction and then arrangi ach of
the plurality ds dﬁédgrtﬁg W&W@éa"ﬁ%ﬁ‘é"ﬁ‘@g Piurfﬂﬁy 6’? a%?m%lfsqlawng & pidrality of

grid points;

iii) aligning a sliding pseudo range window having a width over the pseudo range interval
at a first of the plurality of grid points and counting the number of pseudo range measurements
within the sliding pseudo range window, and then repeating for each of the plurality of grid points

within the pseudo range interval;

iv) selecting a plurality of best windows based on at least one predetermined criterion and
determining a plurality of average pseudo range values wherein each of the plurality of average

pseudo range values corresponding to each of the plurality of best windows.

26. A device for determining position, comprising:
means for receiving a plurality of pseudo range measurements from a transmitting source;

means for adjusting each of the plurality of pseudo range measurements for time
correction and then arranging each of the plurality of pseudo range measurements in order of
smallest value to largest value to form a pseudo range interval with the smallest value and the

largest value as endpoints;



smal l est value to largest value to forma pseudo range interval with the
smal | est value and the |argest value as endpoints; 22 JANe6lii 19 neans
for dividing the pseudo range interval into a plurality of increments having
a plurality of grid points; nmeans for aligning a sliding pseudo range

wi ndow having a width over the pseudo range interval at a first ?f Hhe
plurality of grid points and counting the nunber of pseudo rangg JAN 2007
measurenents within the sliding pseudolPange wi ndow, and then repeating for
each of the plurality of grid points within the pseudo range interval;
means for selecting_a best w ndow based on a nmaxi mal nunber of pseudo range
measur ement s wi PR Of Aixidingithr nigpdp &dgeiigtervalige amfuribne faprieeeaisparingdy t he

maxi mal  nuphRnity\WF g podids; | Nci dence t hreshol d; and then based on the

conpari son, determ ning an average pseudo range value. 27. A nmethod for
determning a position of a device, conprising: neans for receiving a
plurality of psBedF dliggnessiding splaranse isde s havingfovifthioverghensende eange neans
for adj ust infgabaemr®br hdgutality oakrhd Poiref anf SEMER: theNBerEBsts B s for time
correction and then arranging each of the plurality of pseudo_ range

measur emenPEAsPRMEHywithipthe sliding nsendp rapgs Wiadewy apdhepeispeating fgecaelofitty m a pseudo
range i nt epiv@lity\of gl golifs it he pleudorhth@ im&thit he | argest val ue as endpoints;
means for dividing the pseudo range interval into a plurality of increnments
having a plurality of grid points; nmeans for aligning a sliding pseudo
range wi ndow hav¢aatyfoasalfictngr Revteyindombaprdon d aximeypumbier@fgppapde ragge a first of

the pl ural jnbabu@he@ WithiPBk Mdingaehds eBE Widow B BMPREE tHRimRHEHBnBARGS
measurenents within the sliding pseudo range wi ndow, and then repeating for

each of t h#" ingifgaeethieshpldypndghsndagsdionths compansgl. detemining raaveraas pecuinteasey al ;

means for gg@leecting a plurality of best wi ndows based on at | east one
predetermned criterion and determning a plurality of average pseudo range
val ues wherein each of the plurality of average pseudo range val ues

corresponding t A nR&GH R Hetbrhinifd Ai5cdkibh ¥f aQfevibe Sdmphisgows. 28. Conput er
readabl e nedi a enbodyi ng a program of instructions executable by a conputer

programto performa nethod for determning a position of a device, the
net hod conpri siHgps for receiving a plurality of pseudo range measurements from a transmitting source;

means for adjusting each of the plurality of pseudo range measurements for time
correction and then arranging each of the plurality of pseudo range measurements in order of
smallest value to largest value to form a pseudo range interval with the smallest value and the

largest value as endpoints;

means for dividing the pseudo range interval into a plurality of increments having a

plurality of grid points;

means for aligning a sliding pseudo range window having a width over the pseudo range
interval at a first of the plurality of grid points and counting the number of pseudo range
measurements within the sliding pseudo range window, and then repeating for each of the

plurality of grid points within the pseudo range interval;

means for selecting a plurality of best windows based on at least one predetermined
criterion and determining a plurality of average pseudo range values wherein each of the plurality

of average pseudo range values corresponding to each of the plurality of best windows.

28. Computer readable media embodying a program of instructions executable by a computer

program to perform a method for determining a position of a device, the method comprising:



2 2 JAN 20017 20 receiving a plurality of pseudo range neasurenents from a
transmtting source; adjusting each of the plurality of pseudo range
measurenents for time correction and then arranging each of the plurality
of pseudo range neasurenments in order of smallest value to largest value to
forma pseudo range interval with the smallest value and the §ar JANt 25031 ue
as endpoints; dividing the pseudo rang@0interval into a plurality of
increnents having a plurality of grid points; aligning a sliding pseudo
range wi ndow having a width over the pseudo range interval at a first of
the plurality oFceyfiner Rigpliy of Répdlo cgRMPAECMPIES FRIPDEASBILtiPEOWES r ange
nmeasur ement s Wd§ufidg ehétor el piliril By mﬁaﬂ@rahﬁe{m&smrﬂawor @cotB&idn bRRe&t | ng for
in

each of the pluraljty of grid points wt t he pseudo range interval;
sel ecti ng 4r458i0¢ Ak PGB Of Bieviadanse BasagmeNs Wordes glsmaliest vahiede Bigsttni ned

criterion aung to hehapEsudd AgzeAntivilvathi thesnflesBVRIAGSh TRLHO a8 BORANRHES
wherein each of the plurality of average pseudo range val ues correspondi ng

to each of the gLuyaIity of best w ndows.
ividing the pSeudo range interval into a plurality of increments having a plurality of grid

points;

aligning a sliding pseudo range window having a width over the pseudo range interval at
a first of the plurality of grid points and counting the number of pseudo range measurements
within the sliding pseudo range window, and then repeating for each of the plurality of grid points

within the pseudo range interval;

selecting a plurality of best windows based on at least one predetermined criterion and
determining a plurality of average pseudo range values wherein each of the plurality of average

pseudo range values corresponding to each of the plurality of best windows.



