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wo o@30)s2The field of the present invention rel BAEES2004/023578
generally to determ ning the ljocation of a device.
More particularly, the invention relates to nethods
and apparatus for providing an inproved (i.e., nore

accurate) estingtg. PEEME’%RE NS PER ce based
on processing ’ tting
sour ces, partige @gﬁgt E’lk ;}%Ef und O
The I nvention [0002] The desire to determn ne
accurately the | ' i I ' i's being
driven in part b%%QWQﬁ@EMﬁ@@ 1996, the
Federal Communi cations Commi ssion (FCC) mandat ed
hggg)rtrf r enhanced 911 (E-911) service with planned
%u i ihﬁBP%ﬂ?ati ons by the first decade of the 21st
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Bhepﬁeésﬁagst(;ﬁéﬁdoe kAR Oflués qmtﬁds_aﬁﬂuﬁ? Sur@d, particularly GPS
satellites (plus other spare satellites) circling the
gatellitesevery 12 hours at an altitude of 20,200 km Each

GPS satellite transmts a uni que nessage which

i%gﬁ%ﬂbﬁﬁ@éfim%l@ggﬁ& on at a particular tine. In
_ , i tellite transmts unique binary
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each satellife and the receiver. Miltiple GPS signals

&tomamigsign (FCEY nzandatednsupnant fosenkangsd Oé1 dESHA » sprylogtwith planned
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@D ec ebmblonwhéthod oft Istadhg @ deaitetit it@dgi¢tmine thé Smount of time it
QOSItI on anywhere on the earth. The device's |ocation

itakeg Aprotignaleansini teshRy KRy savecesitareeach din feeei veiop! thedevice to be
Catex, g%le Sk rs+1{r@é/ ?k tlfaﬁé}fﬁ‘ttgg %i%%)l% S AHBWh! dCHhe! Glob Cpositioning
evice. Typically, four pseudo Tange nmeasurenents from

SatellitePSPS asystdn teshosmeindig fi. cTenGPS aydemerhiesnan 4 benstellation of

lﬁ%gttehggs (%Eustotgt?er gga\éé cs:z(lz"céllites) 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
dependi ng on the GPS receiver'stinme alignnent
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partial position information hor cal culating the
device | ocation. [0004] One conventional nethod
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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.



provi ding device position determnation with inproved
outlier renoval. Additionally, it would be desirable
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nonitoring even in the event when the GPS neasurenents

do not give an over-determ ned solution of position
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herein satisfy these needs. SUVWARY OFTHE | NVENTI ON
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EﬁPﬁs%ecélé{éﬁl pluralijy of |nseuslo; Tape® Mosswements /e a transmitting source;
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RepUstofof @ageof the &t gridingbise lvaitin ahddpsehdvrtbeVinteas® dnd select a
on the maxi mal nunber of pseudo range neasurenents
Westhyvindawsbased og the enpzémplamiyeberi afdpsandCeinga mecashegments within a
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h of I | i do ran measurenents for
EesieCo mhaR ot iq e TRriS BB cRoBra THRT PR adjus
@hcHPsfe glurANY Of PRATY FAIFE McasirBmeAld €6r ithe 86MdctiBA fand then arrange
value to | argest value to forma pseudo range interval
wR¢thot the phrality ©F psapdp m@gaﬁaeasmmeatsgegrdev @If smalest value to largest

%EEF '}{, %sXﬁ&)era]i’r}gee rggrﬁgﬁ\?\gﬁ%?l%qg %I%ta ue a?ci] g}e %rgest value as

ﬁﬁd[nilﬁts Bhvlgen tlee péeudo ngngesitatoalr MRYa mmﬁwomﬁdaem&ﬁs having a
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count 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



wi ndow and repeat for each of the other grid points

within the pseudo range interval. Select a plurality
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criterion and determne a plurglity of average pseudo

range val ues such that each of the average pseudo
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rgseedos emgatistecah fwithuthe dsnhadlestc eyt ahdh éheplangest ivhiyie as endpoints; ii)
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HCPESEMIET! ON OF THE DRAWNGS [0012] Fig. 1
ilTustrates a systemfor position determnation using
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[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



[0017] Fig. 6 is an error distribution using five

poi nt position averaging. [0018] Fig. 7 is an error
wale@soid2os | on using ten point position averagi PQI/US2004/023578
[0019] Fig. 8 is an error disgribution using five

poi nt pseudo range averaging. [0020] Fig. 9 is an
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receiver 112 and the processor 116 will be known to
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sompeation uchasad of aGRGpRAimtE uber, location dvinihwcaet the sitallite orbital

periods. [0023] The received GP i gnal frequency i .
i1 Copei P BRI e R e acgees Rt B the'GPS receiver
j % Eﬂ%&fe i ¥oY BleOGiditte @fgnhN €After th h
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orbital data. The predicted Doppler may be conveyed
fio ey or Phelehe fellawing easehie GPS recei ver

e Doppler measurement error

e 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



in order to help the receiver speed up searching for

the satellite signal. After the search for a satellite
wak@sahs2rs conpl ete, the recei ver determnm nes aPOPHSMNEM3STS

satellite Doppler. The receivegy also determ nes the

Doppl er offset, Dfd, which is the difference between

t he neasThegbcaivert Relopite dlgivetoDRO Bhe! stmIny &5 thefease of a CDMA
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base station, I1n the case o recei ver, when
10025] du sieped15f ifegfandy gremtelr dlcdoeToopyn, tliee poasie rahgd ineasurement is

frequency., Whi in.turn is.|locked GRS frequenc

5 Sytrinfe 205 betofsh BREEREF0 Sep 289, 18 Al s Hol greate than
TDAMRecal khstep pp@det er m ned Doppl er error threshold
00 pier)- The threshold, T oppier, should be chosen

0Q26d dp sigh 226, ¢achtof theeremaunimgpserdel ranee geaswbmenis’ associated SNR
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(B bsd VL BOALA RS e n SRR e
rsatelite SNRSIY le38eh TsRy fhdt pedudd ranple rhénsarlefRnfid Gilleeddui® in step 226
proceeding to step 220. If Dfd is not gr eater than T

Spfare prosesdisg dotsiens 22y B ahe megsurgd spiglide SHNB jg) nok dgsh than Tswg,

frge £t i '_ng pseudo range neasurenents' associ ated
%I\?R ?s ({:sg %ébed with a predeterm ned SNR t hreshol d

(0R2IR)n stelp 230e the2@bnber fof tremmaimrspreadd saige Ichdaserefsidftsi ase counted
| ess than TSNR, at _pseydo.range neasurement i .

A arRArRg T O AV S 1356 The ot SoOBLaaY Ll s ing threshold
2dfch kchn tHeecHBRAS Uﬂ'o?daxﬁfﬁggzl, |té[> te PR /BS ﬂpﬁtegﬁ, Eiﬂgﬂa number of

TSNR, proceed to step 2 [ 0027] In step , th
mempigmgafsendaeainge mgapremess talesrethae 2&iive therfransmitéing source (e.g.,

d d,with N*T N TN j "
15 P e PO BRIGFO AN R e 29 o SYBPLAES fificgy pocurs, the
heerafOpdo taize FARBRNIR be r€pod@d,TdNd thé Sverdde fBE@Id ranfe vdlhie will be

t he. nunber of renai ni ng pseudo range neasurenments is
measked pg guRgtioNable e suspes nint stem3dourbis lattery mayt b acipgved, for

t%g%n’sﬁ{)fg!o %}S%?t?rz%ﬁggléﬁr{?a gt]\ﬂg 'V§l'up k& a bS58 tha gver\c@eem, and/or by
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.



aver age pseudo range value will be reported, and the
aver age pseudo range value wll be marked as
wQ@r@shi2mabl e or suspect in step 237. This | at PEF/UREIY4/023578
be achi eved, for exanple, by sgetting the reported SNR
value to a fraction of the average SNR, and/or by
46028]11f thdeuntheordfettniaiihg rPseurios Ginge emedsu@inehBVEERt least N+Ty,
mul tjpl e of the average RVBE. In a

timate to . .
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ul d b Lvely..de-weighted fromthe posjt.ion . .
Sttt RrE bl o nd St LR il T Ohyin Gy dppcouracies
lietthe @oppas afedibrs dibRisstavésRerdivillinehd a6 tReMMo fage propagation
receive signals froma particular transmtting source
&HsnhBY erdeh & guRinies greydaraneepiioRIggien eretse e ermmepnreference
fal ' o | . ' :
el o R Refhee P R IRA 0 PRI RR s
de@293 B preprocisiihg nay aldoenvaeecawentioral methotde pbappegngtny or all
al.l.. [ 828 If the nunmber of remaining pseudo range
L fPURRIELOPEctign IeFBE T N+ T N, preprocessing will be
appl i gd foﬂoﬁﬁ%ﬂcﬁ@lﬁ?ic&iré&ioﬁseu‘jo range neasurement in
step 240. The preprodcessing incorporates adjusting
each pselinposphete daapsomren@ent i n order to propagate

that neasurenent to a common reference tine (i.e.
cal cul®at FreNRelayfersetieir ement woul d have been if

t aken ,at C .erence tine). This measurenent
pr opaéatls%%ﬁltescq%%r{gagaﬁe addition of a correction
term ewhDGPSicompétporti onal to the product of the
predi cted Doppler and the difference between the

U0 An pas embediment, the RraProgersing mdgoritnds performed diyengonventional
' amgg i.0 i na [ ' I .
E)!ngl ctl %lr? , ll)ésé(%%ds}s ce&gbgebg‘fl :&ir%&%&tﬁ% Il:}é)iglg (?doa p H&udd Seudof range
meageepenppgatli capable cfs determimine rpositioni of nihg e dewedld Additional
range prapagatijion errors, the common reference tine
SRB R ebHEBE R bR wPbiseSie: AlEodDR aue by Sheved with an ASIC,
idieieyd [HeR) ciftRds H B MHackihdBS a sbRW2R]apphiGatdh Q}f‘lﬂﬂﬁ GRcthBOnetwork
may al so i nvol ve conventional net hodg of appl yling any
devieg.| Thef preprecéssdr way g lestadewithiorthe devise or ey deper ofcthe base
gt%luifi‘n)(. correction Tropospheric delay correction

[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 iy to largest value e 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

I'min and ending at the largest pseudo range value rmay. If the total length of the pseudo



Goup delay correction Satellite clock correction
DGPS correction [0030] In one enbodi nent, the

w@e@pne2essi ng algorithmis performed by a conr€nusmngd23578
programabl e processor capablg of accepting raw data
(i.e., pseudo range neasurements) and capabl e of
Aapeifveng posin inspeofmultipledsvihe éncrawieitt ihemathe endpoints of the

i npl enentati on_of the prepro sing_al ith b
ey Y PRGBS CRVRNRaE BR BT i rcuit, e

| r.1:C: i I’VI i H .
USR589, 8"y Ruioh s caglohivio b uaana et W i
sligmedenitice god poiy (be., pler firsbrid ipeinbabenigt dr iagnefefrgd gmpbodiment,

t eps 245 and O.are ill rated ih Fl.O. 3..: ¢
Deredh R NaTh T gosshan ) ot IReBaPgne LA R an would
a5 tat Behed WEGEWARUS Ard@RSIbIeN TnhéneOp@firedfembodiment, the
S est value riin to largest value rmax which define

ma
sliving pshude mangeofindene of sEdiboWria seietef b fhpagrid ngipk 1.e., the window

i nterval is divided. ' . ; i
Bt By MR SO LASHT R Bl B e R e
Bf ?gwds i Qe daliuic wainthe Rlididgnpugds edrgereihdewboliepe 260 repeats
with the recognition that other values may al so be

piees 23umideSSdReeacheridmotitis are set at 5 nmeters,

i(ﬂﬁ?ﬂ pﬂ stgé 'Z%F PR Vi pdeU&d Yange WRh&w MREKal 8bhihinddthe maximal
ro e snallest ps o range value r and endi ng at

(ie, laggegd sumbseofipseudo gangeahemsuredents| i seleeted @ dhe ‘best window’.

K B hecing B ok GRERENEEE RS EHEC SR GBI B B st window

BLARYRY iKT8p 285! PUNSEYs R hintl Ae@Bér civrbldbtmges tehtained i
poil nt s. [10035] In stgg S250, a sliding rp‘?g?do ranggir amec

Wy bewh_efilﬂlirm ewde[] ?ﬁle@dVi%ﬁWh \ini step|379n calcwlais 2 appropriate
ri. oi.n , e fi i i
Bt el e b i, B . Pt B g g s o

At IRORIEERESN @lidbe by hhosnen ok B lahé thel widtthef thetslidimg| deudo range
recogni ze that other width Wyvalues are po s'ibl . In :

oYiody Ehamite of GRSGHTRRNAD SRS SRR BycaId Hethigestep 270 to Ny
BRI Ao L5 SR PO ) SEEAE) Sapingfocko sl
ed 6tep @76 dnpeiensmbddimenite whb His conditiont breursd tiveavepfge pseudo range

do. | ithin th i di
P IRBoNill EaFPoRt FRbAlE Vetadh sDsatP AARES SHLR P AL, marked as
?}gﬂegioﬂ%lgtor f{ugﬁ%@]in IsfepSYER A6 1ddee nlyl B BehipwRldor example, by

nge w ndow 1 hterval "containing the maximal (i.e., .
|settige $hd reportbd SNE valse tala fragieeofidasyemge SR, jagd/or by setting the

%%o%t%tdergotgr%ezttnhsequapeegrtror\’\ésﬂ%%% (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 Tw, 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



Let No be the nunmber of pseudo range neasurements
contained in the best w ndow determned in step 265,
WO 2@5/00838 i s t he maxi mal nunber of pseudo rangBGT/US2004/023578

contained in any of the slidi®mg pseudo range w ndows.

In step 270, cal culate an appropriate incidence

glmkeggguui§3d ;]V'Mh ﬁlerm%amﬂieﬁts doncamedom thet betso wiselomhe The average
arger of the values of N*TN and 4 tines N divided b

R}ﬂ@%swaﬁd@e%ae%% wi dth of the sliding pseudo ran)ée

wi ndow (jp units of GPS chips). In step 275, conpare T

RPISE EhE RS S/l oyt ERRIRDEN L GIRESER .
invisibi& in step 276. In one embodi ment, when this

- condi {198 TOUSE $5 tHeROAURERASSUARS BHEP estange fuatheei“Wpdeldo range
be reported, -and the average pseudo range val ue w ||

measuranket as quets]_ti ongbl;e or suspect in step 277. This
na achi ev 3 I j
BB Ao MG 3R 20s o3P 00s i epc

" BREé 96r SiehSetthe ' fehivnditgipgrsbeded. oGt stepalpls qhmarasukting oyl average
estimate (RVBE) to a nultiple of the ave

. RVBE o
aTeFd@fremgeeaaIE% 6ek-neRe 2VergeR ISR ragRe e"dﬁ‘%\glgmlg Fag h?nsnnttmg
r [ .
O R A e e
bee Skifedix itmbrtpdasd preferRuSEbaliment, Meetrgrsmjttingygogrges are GPS

and/.or very high. RVSE [ ndi.cate that the

Rl eaerh comsSpticgr] GPS Pavng fr Pyl B e heRee

ﬁgﬁ‘»ﬁ] fe5:0 ShtdAMiRI iR dithéht 2RE pb&ido e AlRciveRRIng algorithm may output
asurenents for transmtting sources that have been )

decé thae oné avéraghpssudly range valsewios apy af theddiirangpistingepusges. This

all. [0034] 1f Nb is e | _or. t han '

S oD o ot ol o dop R S Ehoc R, e cuse
WABEChERAS HRABS bSurvdst St fertdsgiabbade stativtoyordeceuseiafghie existence
in step 265. In one enbodi nent, equally wei ! d . :
av enl%\t@aﬂg signaltrrepaza oo TR ProReasng: SHHich & \?Q -Eg%r_l in the art, is

imla : ' - .

N b e S b A S S
lafid kﬂﬁhgﬁfélér&f_agwﬂp@dmdraﬂgwmm@@dﬁﬂsﬁ areapelfer, de aléernitinedy, which
gilemgq _p_seU-dB( %%@E}g&%spgn%/ go( %}{eRg/aSr 1lest23atﬂ- agr}({ngls\{s Eﬁ% possiblg

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 Nj is the product of all N for all M transmitting sources, €.g.,

denoted by the following equation:



where RVBEI is the root-nean-square error estimte for
the 1th pseudo range neasurenent. [0035] In step 285,
w0 b@sposacedur e outlined in steps 205-280 of Fi BCT/BS2084/023578
then repeated Mtinmes for eacl) of the Mtransmtting
sources. In step 290, the resulting M average pseudo
range values (i.e., one average pseudo range val ue
fromeach transpjtting source) can then be input to a
conventional poSttion determ nation algorithmknown to
one skillgd in fjheg acin, XN, aNgxef errgg enbodi nent, the
transmtting sources are @S satellites, and a
conventional GPS=position determination algorithmis
used. [0036] In an alternative enbodi nent, the pseudo
range averaging al gorithm may output nore than one
THE RGiIE oR St fhifiATdE Calalithes i @kectitdd @r dlheNMcombinations of best
transmtti nq sources. This may be advant ageous_ because
windows femsalb M tiapsmitiéing souseess; GhaPOsiEpR Aeissselgstadyrom all Ny
e L@ansmt tjon u - r: r :
GRS ot B0l B e 7 38 kA Sipk W, optimal
peifdriraatd (e, nallegrenpeged éreor) ofbsthher processi ng,
ich is well-kno& in the %{jt, IS then used.to
et &3¢

\m .
HsE T mhe SNRHS Ve g BOOY udQqEnge, s§imation alepsith of the
gﬂzs@nt Rassitivh 3hd10Mk: 308LM It ¥ REROETRSE@Y ‘390\5/1@% FJ(I: @l4U®) due to

orresponds to a repeater, or alternatively, .
tposgkoplieudmoranieprontddilusionrof prrsistn H)Heore inor¢ased average

at h .anongst the possible.nultipath average e )
Pargu R aiee WEpBRT it e Coipliih 1728 Bl gnygana more
BNEREI RYacth@Rditt BBy MbSrReNbi conPiringpielpse (Ljp’s@udo range
range values (i.e., both detected base station an
mepauements frgmahe sarpe transjitingisg@seof detected nul tipath

' f.or ' | i
PAPSTST 0L T oS SR Sy e i
Blockagel @ndaiin (thoadmements atalssdl rcidech hmbtestopnconcrete building). As

predeterm ned criteria known tg qne skil|ed in the .
shWn.witehneaBE BB ACCHTRESH 1K a@ﬁwa BT 3b51 B gimesured in dB.
?ﬁgﬁgﬁy, &%éh&re}gn%’@gghﬁ%ts dMRsIdaY tol SN RE1uSYBE REs than 11 dB

assocl at val ues of the pseudo range .
aeanuiteddnns thel gositiontdateukationi (e petegrab (cuanwived digtripution of the

For . each transm tting. sour i,,d t.e Ni t.h
G Of e LB b B eRoare Buane SOR hyepbg bt
{00203 M dst Bfggaré%ﬁfrﬁﬁa‘im% pi&t of Attasl fekeddiOb@fuire@ Fiind At GRS terminal.

of best” wi ndows Nh where Nh is the product of all Y‘I\iIJe
Fig. Jid anverrpmdistribution isingue single poigt posidem tregsygmenferesult.  As

fsl%&r%%u%e? ar 35&91%&:\45% tzﬁliM ag?aiﬂ\git tﬁg\goré%%a%(pésiﬁ‘m 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.



I =1 The position determ nation algorithmis executed
for all Nh conbinations of best windows fromall M

WO e@®0s2r8 | ng sources. The position fix is sel BCT/@82004/023578
fromall Nh conbinations of passible positions based
on the maxi mal input weight, optimal performance
[0042]. Fig s 8uis| &6 terrex piatibetionr nong five- Itmtthpse[l@@381]geTh'eeragmg As
advant ages of the inproved ps

hrenifoe ol e L evet, et neSy SR i e
ﬁgﬁﬁférdegﬁ%etgfsr Ofhd AtesAPWisthiPutfdnd®f the Shudb® bP occurrences is

inproved outlier renoval; i1nproved dilution of
upertinposed ¢rDORhe fermm distcbwnsegraply. eh)ag@nparmgsﬁigt t8| wigh Fig. 6, a
soyrce visibility due to 0

HEHEEATE (SRTse Ih U géqaeéctpflr{/ggprg %?ré gng e were

é@%)&fﬂﬁieﬁg ZIJMeﬁaﬁ‘eﬂaédtHé}s Rt FiPé-Poids pasifion aﬂgl%gmg compared to 8
surenents fromthe sane transmtting source. [0039]

fesigualputlErawBMRfive-point bieuide rnge aEmagias tvas 1pyde

R AR P S s
Bidrdggh @k if\dleddoymilier lemoRalninehe Oémpmed! lpbﬂnomslommn As shown,
talll ed agal nst the SNR neasur

b5, DR ok di

etum@er ahgecurEmses Bniglied agapste ﬁéwal?ﬂlgalt Sém grypgasured in
efers. C5h Eﬁl@é‘rat}éls Buftbf oP tbe Bp&chﬁ'@n&@% §upeAmposed onto the

ca culaf: I nteg ra atlve di stribution of

ther disaibarionfgrepgic uAs mxpmted ﬁrosu peing rmlomdswd quariisy Sjpposition

hi st ogr am pl ot 004 Sy

eblsat rdbstons erraragaits By g SEp R iy Bteiehyer single
SinPAhdHivepoift ﬁis[tid%%éé%ﬁreﬁﬁshﬁg a single point position
asurenent resul As shown, nunber of occurrences is

{0044] Fig. Qgnamsitron ﬁetnﬂmuorz@sinalenm@mttpﬁ@méﬁ%ﬁavﬁ%&& &g shown,

I{}Eeclanﬁlgeﬁioé §T‘;F‘§T%ﬁ% %r %%lb ta{ns Hlte' }gvglzg;rnrafo Pgﬁql?(gx?gﬁ& Bfasured in

et THeQRe &lal Ebre of théSnlﬂﬁbdi:rdf @bcuiteﬁtdssl i lstlpamnpusem gnto the error
five-point position averaging. The positign av g}h i
distsibution arapbe In womperng ExpvhvithFigh & iEpiitcan g § outlhiers
r outliers
T AN e
Faihaes-poifib positidregveaiging corapanéd toHeresidubleoutiadrs when ten—pomt pseudo
occurrences is superinposed onto the error histogram
@?%HVerﬁémék’f?éé‘ts%‘g fromusing an increased quantity of

?6’@15 § PR M hofeset iRRAHGS MAs HeeR! deRéribe@SH t&mBY ol $he) Preferred

I Ve~ poi nt position measurenents over single point
pabotinemtsyeten wmm;mns Wiy witthip thg spepeqof the inyention as defined in

g}ges él&lrn%%llll e a%%iarrg: t to tﬁose%%lféd i ﬁl%%gp range averaging.



shown, the nunber of occurrences is tallied against

the horizontal position error neasured in neters. The

WO pa0sgos2ls di st ri buti on of the nunmber of occurrPOTES2008023578
superi nposed onto the error digstribution graph. In
conparing Fig. 8 with Fig. 6, a significant decrease

in outliers greater than 1000 neters is indicated.

WIRAE INET ATNVEID 6&i nat el y 21 residual outliers with
five-point position averagi ng conpared to 8 residua

out | i gr & nérBod fdr\detepiniie PNt dfandeiceyenagishg: was

used. [0043] Fig. 7 is an error distribution using

t en- pRLAVINRASHLBY VYRR Iﬁﬂ%e MBSupdsintd fedm aenagittige source;
al so involved outlier renmoval in the conputed position

domai n. As shown, the nunber of occurrences is tallied .

agai nadiusting eaeh piztba PHIraliy of Prao aRIEsMGASIETER( fpmtime correction
rs. N r [ : :

08 BeR cnBarebEH R, ol BB Bl A BARRGmGLs in order of

shhaltest baltié enlaggeaphaludso forpes psaidd ranpelintengl avith the smallest value

i ncreased quantity. of £osi tion points, a reduction of

a1 e largest valye By endPOHE:t en- poi nt posi ti on nmeasur enent s

over single point and five-point position

nMeasURRIERE She (RO 1dnie- inRrva3 iatd &rplofalith oF rih&¥iedB having a

usi ng ten-point pseudo range averagi ng. As shown, the

plurddiey obgridpeinist ences is tallied against the

hori zontal position error neasured in nmeters. The ‘

I ntegral .cury f . a8, |

supor FIpBELa TRk sRSCHARE viftlon REHEE SE, bibr the pseudo range

GREPArdt adirt f thOplatdlity &1 grid poin@a aad gourftingaing nwlelered peeudo range

in outliers greater. than 1000 neterg is inﬁicate{ﬂ.Of h of

TIRRTUECHENE VAt Bei shiding) RPeuda 2oge yAPdy AN 4pe {gppthing for each o

{h%fhhﬁlﬁh of RORY JoliRE wAKE! tﬁQ?%d(%?mg@riﬁtgrvtaE 0 residual

outlier en ‘ten-pol nt pSeudo range averagi ng was

used. [0045] Wile the present invention has been

descr sdleatinign at bestswofdowhdagadefonr pethasivtad dpwrebars of qisgago range

variations which are withi,n the s . of IV |

e BppRy T He SRR B Ba g Srpd e B Bkl number
$kin! dnSidcidBndetBredlidld Vi hérSo4stAblyihe ¢dmpatisor) derdrbrng e average
determ ning a position of a device, conprising:

pestdpvangg valyst ural ity of pseudo range neasurements

froma transmtting source; adjusting each of the

plurabity f Aeh 1'?@1%1%%5%(?1%’ inkOthe tstdPBof determining an
corre?tionqgﬁgﬁgﬂgﬁoarranglng each of the pIJ?EIity of £
psaugtS NRgeresppadingaothet aveiage psabdp rafgesiahlel est val ue

to largest value to forma pseudo range interval with

the Sg?l | eslthevrgétﬂgd %? dcla!irtr]er lf\?rrtlge%scton‘}/p?%sﬁl Tt s‘teerf)dgp h&grch;xining an

average RMSE corresponding to the average pseudo range value.
4, The method of claim 1 wherein the transmitting source is a GPS satellite.

5. The method of claim 1 wherein the transmitting source is a terrestrial

base station.

6. The method of claim 1 wherein the sliding pseudo range window width

is 300 meters.



di vidi ng the pseudo range interval into a plurality of
increments having a plurality of grid points; aligning

w@2@kbioos2mgy pseudo range wi ndow havi ng a w dt h POPUS1004023578

pseudo range interval at a fingt of the plurality of
grid points and counting the nunber of pseudo range

measurgnen tﬁue‘“in&:ﬁﬂoﬂ hQah lld{V?&FﬁZfHé d\PaIJeaBﬂ gaéﬂ‘f Bg &:g’dplurality of

and then repeating for each o plurality o
peeamenigiis hingterhe pseudo range interval ; selecting a
best w ndow based on a maxi mal nunber of pseudo range

comart ng (1 Hedlbla P B Rl aEn e Plaraly of pseudo
trimgesinedsdrensnts dguelind NG afd MheleiPthe Gfdddnce Mteshold is the larger of: a
ﬂrgt erm ni ng.an average pseudo range value. 2. The

{oHo8 _t@f’Sb(’:"Il%ﬁWP&Nfa QF ¢ fiaes AN fyided) ghe piem of 8pndfthe sliding pseudo
g8 \Wnﬁbv()gvigﬂlj RAE[88EG gllghl% rr esponding to the

aver age pseudo range val ue. *3. The nmethod of claim2
further conprising the step of determ ning an average

RVBE &or r eSihomtitherd oftclaied svhereagihe palee dd thedllgeinyg dhrdshold is 1/3.
4. The method of claim 1l wherein the transmtting

sourcegqi s S satellite. 5. The method of claim 1

wher eielrcl) "t hgqh?:lgﬁtﬁﬂfﬁ tqfi%ﬂmséu‘?d&eéelpstgg maximalspymbgr i5sss than the
sticidléned thréshold) andreeliVerapf pSdudb Mirke WK ifd i
pseudo r ang((e) W rr11dow W %Iat%hpi S 300r;gr?et er s# %Eﬁgg@n%t?hgglumhty of

Peydogpngemegsuieaientst he val ue of each of the plurality
of increnents is 5 neters. 8. The nethod of claim4

wher ey, t hepg lﬁ?&ﬁ& ot Qlklmtx gﬁ dxplllvé}]léiﬂltilé X\{e%égelo S fﬁggﬁl@r@? eof pseudo

nmeasur enent s equal 1 ng erein nci
ringeghaabereinsnts heeduatlg eveigified.a filtering threshol d
times N, or 4 times N divided by the sumof 3 and the

slidi pseydo range.w nd idth in units of GPS .
chi psagg. #‘8 “ﬂ%ﬁ%gaf g@“@fﬂ. CIFRITRSSE He siep ok defprmining an
bh@agd SNRIcoRBsgohBRENO HE dverabt Bseullf rantR&afiRE hod Of

claim8 wherein the maxi mal nunber is |less than the

i nci dence threshold, and the average pseudo range

val ue [Ps adhavestherd obrclaimel 3 whersin the aferageeSB is anygléiplied by a
pBasyy ements. 11. The nmethod of claim 10 wherein the
average of the plurality of pseudo

14. The method of claim 13 wherein the fraction is one-tenth.

15. The method of claim 10 further comprising the step of determining an

average RMSE corresponding to the average pseudo range value.

16.  The method of claim 15 wherein the average RMSE is multiplied by a

multiple value.

17.  The method of claim 8 wherein the maximal number is equal or greater
than the incidence threshold, and the average pseudo range value is an average of the

pseudo range measurements within the best window.

18.  The method of claim 17 wherein the average of the pseudo range

measurements within the best window is equally weighted.



range neasurenments is equally weighted. 12. The net hod
of claim 1l further conprising the step of determ ning

wa@pooawes2agie SNR corresponding to the average pBELIUS2004/023578

range val ue. 13. The nethod ofi4cl aim 12 wherein the

average SNRis multiplied by a fraction. 14. The

met hodioof el Aeihdd WrelSin11 Aok 26MbARN! b ini

15. The_ nethod of claim 10 furtﬁer C mPFEPé;g@?tﬁgﬁé{élé%nnlng an
Jfveraae SNR ¢rirvegpending/torthg eveRMBscwtorresgovediaag t o t he

aver age pseudo range value. 16. The nethod of claim 15

wher eiqy t h E | tiplied b ltiple . .
Vol uo 27, ReBPR o B s+ SimaPering e Theef Rgrmining an
ravatage RMSIE qoradspoiidifg 8athe bvérigdpseligo tangt dapse

threshol d, and the average pseudo range value is an

avera%ﬁ of .t he Q%%ido range nmeasurenents within the
best wi'ndow "C1BetheR OF (Glaipol vdiereip siaph of thenplusdlity f@seudo range

ok 00RO ARITS BRI Ry s e s o

best w ndow is equally weig
cpriparingthe assoestedddopplersiffsgt Wik a Hoppled threliok!, mi ni ng an
average SNR corresponding to the average pseudo range

val ue.,20. e nethod of claim 17 further conprising

t he stzgio ofl:i;gel%1 %ﬁﬂ? r‘i’?ﬁ ‘Qn{ mfeé‘éé’a%k/gga@oplf‘ REiPRRYrdo range
- toeabinemante hagie g PSRRI At @D SRR VaAdUarther leomPrRin¥athd 8p ¥F comparing
claim1 wherein each of the plurality of pséudo rgnge
Aeassedated SN R%ih A §NEhthaesheldi at ed Doppl er of fset and
further conprising the step of conparing the

assochat ed TReRRl dcﬁff élﬁiﬁg 1 %&ﬁbﬁ?ﬁg{g@% ﬁ%fs‘t{iﬁgo?réi’a'ir%'l M-1 (e,

22. The nethod o alm er ei
M wpinty oxe) dimgssfondact af genaitiag M enk russohigitigh@uedes to determine a

ia SNR and further conprising the step of
%ﬁﬁ gtypﬁgfj?‘f%aggﬁ% OJPBEF 'S“?I\IF?SVH\;ipt h a %NR t hr esﬁol d. 23.

The nmethod of claim 1 further repeating the steps of

cl ai m4. M Thé Mdthcd of afth RYFuARE)colipiBief RE sféﬁ.lcd? d%fermjning the
remal nin transmtting sources to deter ne a
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priitien ok the devisg based anshapjumality ofdvigecnmgt psesdo Prhge Thlaes.
nmet hod of claim 23 further conprising the step of
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Y
plurality of M average PANgE VAT (LS, 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 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



25. A nmethod for determning a position of a device,

conprising: receiving a plurality of pseudo range
worr@swoenents froma transmtting source; adj uBCT/I§2004/023578

each of the plurality of pseudg range neasurenents for

time correction and then arrangi ng each of the

PthéHstelieitsOfitha S Qlidi SR bk BlqeL, Qi

snal | est \?al 1ue to é\rlgggtgedégla}glggeto gﬁlfnhlgh glgelf e%‘%%&%f each of

i the plugadity of gitd péietssrittih ést pseadarangnihidriv; | ar gest val ue

as endpoints; dividing the pseudo range interval into

a plurality of Jncrenents havin lurality of grid i

poi nt Ss;%ieg{n%(% Ai ng‘,jlraglt% Irzf‘%dﬁt"??b Vﬂggﬁ‘g%%ﬁ 8 gt nlS%ﬁ_Fv 4y Prggetermined

aritéritinhand\defertofign s siedlity BNSRrAgd REYR rafte Bthds'wier@h each of the

the plurality of grid points and counting the nunber

et U A Veriss drasiouregrevalsesgartesponding ol dadh of thesglucity of best

rfing&yw ndow, and then repeating for each of the

plurali'ty of grid points within the pseudo range

interval; selecting a plurality of best w ndows based

on at 26eastTheneethoé dtotsim 2% duthidrt@hipeitingn@e step of determining a

deternmining a ral.ity of average pseudo range val ues
BT ine SNHA Srnsrein oy e Dlvding ghmysseas R peisponding

(@ bARSOFGRY H18mBeNGH t lurality of best

W ndows. . T%&ndgtgﬂ dpg(?ﬂglrg[ifl%%‘%g]egurt her conpri sing

the step of determining a plurality of average SNRs
wher eiZd- eadiedgnethed opiclpiml 23 Jurtifer apepaigog SNRStep of determining a

i f the pl i f
SALEEPO el R EAS SklE BEHT By Y 5% e R
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of average RVBEs wherein each of the plurality of

aver a RVBES correspondi ng to each of the plurality _
of avggage & g %}ém‘%/gg deher zgmpripiag fepegting dfe steps of claim
b it 0 2Re.f M HIEE 0RO ;g thpe -
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remainingM- | transmtting sources. 29. The nethod of

cl ai m228 f Uhe meathasbefelaisn 2§ futtkerstoeprisingdbe atepi ofi degermining the
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determ ni ng position, conprising: a receiver for
recei 80ng A devicedbt deterafinipg @usi€ion deHrisR@sur ement s
froma transmtting source; a processor coupled to the

recei ver and {:onfi ured tqQ accept the plurality of
a recerver 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;



pseudo range neasurenents for processing by: i)

adj usting each of the plurality of pseudo range
worr@swoenents for tine correction and then arrBOhUSZY04/023578

each of the plurality of pseu@&o range neasurenents in

order of small est value to largest value to forma

pseud [

PR e e e L e

plardiey ofgrét paihtsi nto a plurallty of increnments having a

plurality of grid points iii) aligning a sliding

pseudQ..range w ndow havi gavvldt rthe
r ange“ﬁ) na?l@g’\?ﬁl a ﬁ Bgfﬁs? oliine ﬁ‘émg(l’ V\E)atgl ?\8& the pseudo
g@ {RerdMCht ‘ﬁcﬂfﬁttdf Qﬁe %llﬂ Bpﬁid ﬁcﬁm@faﬁﬂ @Quﬂtﬂiggﬁe number of pseudo

surements with di ng pseudo range wi ndow,
sange umﬁaaummp@tatwﬁgn fthe sh«éma p@¢ucloh@ng¢ WRAQYY, yanéf thep rfedleatmg for

0 Wi, h ; sel ecting

B3t Pty SPGB RRERE ap e nb e infeal2l 0
range neasurenents within the slldlng pseudo range
Wi ndow)adetbctngabedtgwindewndxdededn launfammalvi mjmtm:n of pseudo range
i nci dence threshol d; .and then based on arl sg 1
FERBEPPHIH JVilHn é%ﬁ%‘ég PSeHiPorangs d@ﬂ@% the ‘maxima

gﬁ%b&ewf‘t}?? n SRIGNE HrGoR; Qﬁé tﬁeh%sem&c%h@%scﬁ determining an
recerver for receiving a plurality of pseud0 range
aedsge eoedd snge valua transmitting source; a processor
coupled to the receiver and configured to accept the

plura 0 .range. meas processi ng

by: i%* ‘ad] %sqqohcﬁ%g%‘éﬂe%@nwﬁeap @gﬁ&@& ?ngseudo range
nmeasurenents for time correction and then arrangi ng

each afretéieerpfair flckitvingot plamlido of arxgedoreamper meesurendmts from a

order of smallest value to |argest value to forma
HEBUBIHINZGRPYEei nterval with the smallest value and the

| argest val ue as endpoints; ii) dividing the pseudo
range, '[%}Bé‘ers%’(ﬁ' cd giéa R %%@éwéryalﬂf AR RIERL ScBRVihd Pldality of
pl urali grid points; iii) aligning a sliding

msmddman@ng@sudemwmapnon@smg\hydt h over the pseudo
range interval at a first of the plurality of grid

poi nts, and counti.ng.t [ u el

me asus) ﬁalﬁlfténgm flﬁ;h g)f fﬁg @Pr']ég?y o? s@&f ‘i{ a% H}%gsur%ments for time
%Bﬂeétﬁﬁrhrfdeiﬁ@@tahﬁﬂgﬁ@ lea€t@oh tief plhhﬁt)o be p@éudbyramge gehdirements in
points within the pseudo_range interval;

order of smallest value to largest value to Torm a pseudo range interval with the smallest

value and the largest value as endpoints;

i) 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 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



iv) selecting a plurality of best w ndows based on at
| east one predetermned criterion and determning a

w@basabs2ry of average pseudo range val ues wher BETIUSRO41023578

of theplurality of average psgudo range val ues
corresponding to each of the plurality of best

té‘liouthl%f agé%a%.?@)sg@d’ | %§g£ 951@?5&%528%{18% gfédchi #he Elurzgi(')cy of best

npri si ng: ans recei vi ng Ity of pSeu
wangwsneasurements froma transnmitting source; neans
for adjusting each of the plurality of pseudo range
measugenments, f or tic{fr;}g3 correcti.on and t.hen arrangi ng

each ot t he d5VigP &9 Gelprynipg BORIBOD- SABR ¥BRsur enent s i n

order of smallest value to |argest value to forma
pseudmes@nger irbdedfiN@l a Wplbfhlity €ofS PBedeS kan¢a! HRadRéméMe from a
| ar gest val ue as endpoints; nmeans for dividing the
PISIYBIE4AYES nterval into a plurality of increments

having a plurality of grid points; nmeans for aligning

a slidgdi o ' AV ' :
ps el o2 R AARE R HIG R o Hate M Blorleh for ime
corradtipwiand sheanatranging éavh) dfhvhe mplundbBty off psesdu dmge angpsurements in

nmeasur e ts within the slidin seudo range w.ndow,
SR o TRl o tetsl SalRe kS B DR rhEl Fersal i fne smallest
Pﬁh@&rﬁit\l’{éﬂﬁg&tbﬁﬁe %%@irﬁ@,nge interval; means for

sel ecting a best wi ndow based on a maxi mal nunber of

pseudo rang‘% measurenments within the sliding pseudo

r angeMERFI BN EMiding Hsapsango traesarinieyall intefoBluraljty 1pf dpcrements
| NG] : ..and then based on the conpari son,
Eﬁlﬁﬁpﬁ‘?ﬁyéﬁg‘g@é&%ﬁe pseudo range value. 33. A

nmet hod for determ ning a position of a device,

conpr msansgfor d@nmgf o slidingepseidy rangel windbwt lyavirig psweiddto over the
range neasurenents. fraoma transnjitting source; eaps
P%S’Pg%@}“@%t“?tﬁﬂa’ea&éﬁl%@ftt "e%ﬁﬁ%&g B IHE%G&BUIFHW&BC number of

PRAGY EATE MeasdrOherdts WBhGPME 8588 Ps@le hilRRvidlis N Ben repeating
each of "the plurality of pseudo range neasurenents in

for dach offthe phukaliey of grid peintsovikhin gespseudd aegd intdrealm a
pseudo range interval with the smallest value and the

| ar gest. v ._endpoi nt s, ns.for dividing.th
pecuabenbigt SRiuf OR8] RgRPaRe) bR a i il preudo ranee

hayduiemeéntd mathad kiey siafing pehdooiaREs ;wifidemn indl Woniplatige it maximal
a s]iding pseudo range wi ndow having a w dth over the .
number with an incidence threshold; and then based on the comparison, determining an

average pseudo range value.
33. A method for determining a position of a device, 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;



pseudo range interval at a first of the plurality of
grid points and counting the nunber of pseudo range

woreasoenents within the sliding pseudo range BETUS204/023578

and then repeating for each ofg the plurality of grid

points within the pseudo range interval; neans for

sel ect pk: j ' d :

oast mEng oty i Heulfandt MGE A0S pltiuiRY of norements
pawingd pluyalny obgrd pojatspseudo range val ues wherein each

of the plurality of average pseudo range val ues
corresponding.to. each_.qf the plurality .of Dbest .

W ndoTESSlpr s & St ke By 2 widh over the
PEcREb 3L intbRal 4t WOsORShE$REMRBE BridPointsCAARULMIng the number of
programto performa nmethod for determ ning a position )
pfeudo thmge oreasurprments idin the shding ippeydorargsi windgw aand then repeating
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of pseudo range neasurenents for tinme correction and

then aehmndomgeleaidy of pluialityl uf ekt ywinflowrs ehagal roange least one

nmeasurenents in order of smallest value to |ar egt

predpierniged spipnenp s decrangie 3 mlupl) olwpYefrgenseudo range values
val . i P

SR En e B B sl aige plghithe IARAnRL RIS g coh of

theqrlenabtyted bhstwiindows.pl ural ity of grid points; aligning

a sliding pseudo range wi ndow having a width over the

pseudg range interval at a.first of the plurality .of

grid 3‘& nt COmRHICE aeTIR g@weermﬂ%&g aol?m&sggh nﬁ&?’?&sns
BERAMBRTB Y oot Roghifh t8/pbrbRE 2 RREMACTOF BREIM I PMsition of
and then repél\g%in ?or eagﬁ of ?he pl uroality of grig110 o
devied, sheanethodcemprisisgudo range interval ; selecting a

best w ndow based on a maxi mal nunber of pseudo range

e R D of BB b PSRt A MR souree;

t hreshol d; and then based on the conpari son,
det er adjosting cath av tead@alisfgeeudongegevinbasarenits for time correction
rrlrt)uter readabl e nedi a enbodyi ng a program of

Co 00yl ng .
AR thecaragsesasButiatiecP BAlIEY ObRpTderapEo gieamrprgents in order of
LiQE Wuid @Fiﬁg:%t § e qg?&&ﬂ'hg’kaﬁo%?%é intdr@®f With fhe smallest value
evi ce, tﬁe nmethod conprising: receiving a plurality
afd {hedardest valng es emdpwintgnent s froma transmtting
source; adjusting each of the plurality of pseudo

range ik nﬁéJ S prg;gl?dof %ngtel MEerval’ in oCtaI Bf?]rality 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 best window based on a maximal number of pseudo range

measurements within the sliding pseudo range window; comparing the maximal number



and then arrangi ng each of the plurality of pseudo
range neasurenents in order of smallest value to
wo arngeed278/al ue to forma pseudo range interval PI/URDNE23578
smal | est val ue and the | argestg val ue as endpoi nts;
di vidi ng the pseudo range interval into a plurality of

ner . L. . RN PR
SR R U S s EH S
psaddengangeei nterval at a first of the plurality of

grid points and counting the nunber of pseudo range
nmeasurenents within the sliding pseudo range w ndqw,

and tA2n rcpEatienipaddie mrdin eErbadingR RIPERMY §f IBYrgHERS
BRI L1 R AR RSN oAbk i o
peacke tiermethedicanpristiig:on and determining a plurality of

aver age pseudo range val ues wherein each of the

luralit f [
? 0 e aﬁeliqe' %n%tqéx%ﬁigggq ;Fs?e ogq%néeg 0 %Hi\rlmal 5 i%sfrgnqrartlea%gr?quhg gource;
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

psendo 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.



