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WD 2004/ 034077 PCT/ US2003/ 031684 SATELLI TE- BASED

POSI TI ONI NG SYSTEM | MPROVEMENT Thi s application clains
wo bw4psgoority filing date of U S. Provisional PCT/US2003/031684

Application Seri al No 60/ 416, 367 filed on Cctober 4,
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to E%Afggls'ﬁgén)bo VQ?QWQN&\ gp%zEm"@ng‘(E@E@ased

pﬁblstap@ﬂcat@rﬁMSMe( SRty ﬁm@dats dfie. SUBrdwEsishal Application

Po nj n tem the R an d obal
Serialiy A 16 A LI o QOXRRI e AO0EL GASS) and. ¢ he
European Galileo sypsibfdb fveRgionl i cally, the

i nvention relates t Vices and systens for
dEhisrimverition relates ta Merddsagmoﬁ mneuerswqrm@ledsn gatdllite-based

posit GG syHEmIRAI SuE Sntels MEeIS B asiching sustarn

GPS?Xhé‘Rdsbiéh@lo@ﬁﬂﬁbﬁbbﬁéh eafelftb Sy%?érﬁ'(G'LUNSASB) 8Ad the
ransmt to earth continuous direct sequence Spread

EuropspsGalilee spstemgniose specifisallyr thevinventionrrelades tomethoedse

deviegl phg S5 Bk blediAb HreERlel S83ar b4 Rent DG satetie

transriigsiong. spectrum carrier. This data provides the
precise tinme of transmi ssion at certain instants in
the signal along with orbital parameters (e.q.
preci se epheneri N O*ﬁﬁsl ffibse 2l manac dat a
in the case of t hensel ves. By
eSateltité baged besmaﬁmgisyetemﬁs bperge byiititizing cogstellatiorsnof
four satellites. to the receiver and c rrgutir}g
spectru

Sate"'?@?eWB'GE itFBANSMIbic eath centinucus diregk seqyence spge
S|gnal%I v%?é Mthéc% F*d dftnedes s |'té@ﬁ1?é’rcébm§sé’§|gnals

I'S poOsSsSI to eterm ne the preci se
whmhlaan:artdaia (n:avugatmn m@seagm )' rsocduiatedanto laspead spedtrirorcarrier.
t h t hi
This 3 B oA B reeEalinie gl eamer gt cogRpSEE n the signa
along %ﬂﬁﬁéﬂbﬁt&ﬁ@ar@ﬁ@té@e(e o OpieeisetpHehtstlst dl‘@(é%rkﬂ@ss Bféi‘ﬁéée

| ocation and cl ock error of the receiver.

almangsaiaia inthgecase @fcﬁBSb faf the satefiles themssives.i @mestlmﬁng the

time oi?l?qh% gmﬂ a%léﬁaltfporb %gheoﬁ?%llre a@'p‘{gg t$ tﬁ%gec?( S%rrbﬁdscpo‘?ﬁgutmg

the pcsytlo"rﬂbfqae sbﬁélmee at theetimat of trahsmivsibri berréspRidiey to théhe
is estimated as the difference betvvee

eSt'm@'ﬁé ttm%Ofoff'Q'E“r'hﬁsFPﬁ%%FP deteqping therracise deratio of the

recen)&%'agﬁéﬁr%n message and the tine of receipt as
etermned using a clock in the receiver. Since the

r lecae comverdionab8RSweteiven ¢he peduegs bywehieh dhis fiedene involves
estim ti{fgzsgqt ang%o{q}j?ggﬁﬁqie@ the Ig%&g)g%gqt}ng from these the
precisBIOEARAAR™ Ei3ER 8fror of the receiver. Each pseudorange is computed as
the time of flight from one satellite to the receiver multiplied by the speed of light and
is thus an estimate of the distance or ‘range’ between the satellite and the receiver.
The time of flight is estimated as the difference between the time of transmission
determined from the navigation message and the time of receipt as determined using
a clock in the receiver. Since the receiver's clock will inevitably have a different

present time when compared to the clock of the satellites, the four range
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conmputations wll have a conmon error. The common

error is the error in the receiver's clock nultiplied
wdyoolostogpeed of |ight., By using at |east 4 sap@i//p1065031684

it is possible to solve a set of equations to

comp{iEhEH{ WV  cbiffpdh RiTbt PTng £Ringt e Blfleiciforin the
recewéV@lcldtmrﬂultlplledsb)%thé speusefilight. to determne the
| ocatjon and clock error provided at Iea?t one of the

rBY Bpipg at ieast 4rentellitesdt issw&ﬂbéwﬁqmm of eaHations o
r i

deterringliFHh B (B AR e iR odith! qTaht Bprcr. if only 3
measwairedrits aasavmlabiesit isostilbpassible éo defegmirie thiei lobatien and clock

bi phase ul a b a.pseudo-random bi na rea
error RIHUeg Bt 1535 0B o) g TeeifE SeacHn RS 1> AFeRGY KTBaf Oftéh, tis
situation €4A 0¥ -#dprakichdteg D késlﬁhﬁlﬁgrfﬁé“é|tﬁ§d%ﬂopﬂﬁetéfﬂeﬁhé‘ary

navi gat i on nessage low data rate (e.g.

Thee signaisdromdhey ea@éuteacormslstsofteymruar sngnelewp|ch| n@hﬂphase

moculgfecy et AN drBibRY spadhaing Fal8at & Sitvb i Hinping

rate (68, 4.023 RHZ) @fditheén dipRizBanodiaRdedy, thietbingrysidvigatiopnt
to permit the signals to be detected, acquired and

messagea@kwvuéatagra& (entB0dia) Thmearipotoaeise salio stypigally very
low (4, §¥d¢ﬁ%lﬁ?$1 5§HQ 5?%@%"{’? s@ﬁgcef 1%5‘ t#&‘ée%@? Q/]gﬂwc?.:r;&%structed

cess o rack

line ofsgigittatb the satedm@mm ito matennBS H@ﬂeverelt is smfﬂoﬂemem pérenit the
e of a hardware code @a@ at or and si

s'gnalei%ﬁetc*%ecft@eamwee@m deltRg FANSIY Lpfmeg(%&ed loop
and d%‘nﬂaggoéﬂé%tlo% té&?ﬁ\ldlﬂé‘soé'ﬁd“ﬂ)rsthgﬁéiatott;@eﬂrﬁ(ﬂ% from the

contal ns no code nodul at on Hence t he
bEmel prateks of tnahlelng itheabde of aGignat in & essventibrial SPanreiseiver

involves i USé of & RETWreleadE deitaretcr 8 'l ey TSR ithe dasally
generété%jrbddé% exBEtIF AfidriPWRR tiatiaP the PRBRTIG §|ghét Qhé Butplit frdom

[ ower than the input sanpling rate (e. g at the
the mixer pontainsrmmeede medulatontat alit Henge; thpmaﬁdwmtb@f theysignal is

e S5 5 0681 0 RSB L i

usuall?%ﬁb\lﬁnglaﬂebﬁnﬂﬁirﬁﬁ’ iIt8rizedh yatl thé @brrémtéﬁmtpat Qérﬂpmfg rate is
he code generator to get the code phase and

much lowief thag t'ﬁ%@%éé”@bﬁ@ﬁiﬂe (®a-nikHza Weocptttpékcqrnearéétta

ting the bits within each word of the
13M'$ﬁ£a€t|t3'\§t|@m nmessage and by counting the words within

eAlsb, iithé rcase of GR3\ehegsescige timmedoftipansenissiantof tigs aighal

decodl ng the tines of transm ssion rrespondi
CorresPRB OGP ANEDI 6P BRI BA FOGENG G e SSlebmmeay piehing the
state YStRE cfo?% eqj@ﬁ%éraigﬁto \é%rodet[{h%gbta‘nﬁ co?PrﬁntEﬁﬁ@'c\Sﬁé%pochs
can su rom troubl esone | apses | osi fi on
withini ezehtbif ofthe idate and blye:qunhsgeﬂmebktﬁf \M}thla)keamo\Nord of the navigation
transni ssion,.si % }/\D 2004/ 034077
messagera ¥&SHPHAS, words within each sub rame of the message and by
extracting and decoding the times of transmission corresponding to the subframe
boundaries. A similar scheme can be used for any SPS.
However, traditional SPS receivers can suffer from troublesome lapses in

position identification in the presence of weakened transmission signals. When the
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direct Iine of sight between the antenna and the
satellites is obstructed, signals may be severely

wa@edognsred when they reach the antenna. ConvertT/0sm003/031684
t echni ques can not be used to detect, acquire and

avect 155 RSOSSN e 4O A Ramis, gl

be se\tdnélyca‘trerriueted Whaﬁltﬁ@/ rezichahe@intermaGPEGosiv@ntidnal tedhniques can
as low as or |lower than 24dBHz and as

not beg notdqtgct ﬁéﬁU'Eﬁ)§§¢ beek these.gigngls. Mrreayera Updehihese
circu r’r?'::'té’:‘ﬂ?lelsseve":r>1|r if ?‘L 8 éﬁald(,’b\ﬂld: 68 ke dlthe 'E@Lr%#-tf) %dﬂ@@szﬁ a

over cone shortcom ngs throu he use
GPS sagrnhln@r ierémphg tmaybe las lswas ardbwaemanaﬁztdBszaad assuchitis

t | d to the SPS
not P%é@g@z ’g?ﬁqﬁ#%aﬂ%r{']‘ghgg dia?y t?ansre}l ssion 10
PHErBdeAceahale attbAptad @ hfrﬁ'r'nhzeoér cb\féfr@érﬁétth&b sh?trtcomlngs

resulting fromthe attenuated signals. anples o
throughube usewaf@iding irformatign. inrsudhesghemes; @ddtfolomagnnﬁ:rnatlon is

externdy shppliestiodib 92 rodk 613 ubiin RBGE sitai@it repbffision

sourcewtohdlarcetid shorgall of infdrma@@ﬁlrbsmﬂl&%ﬁmﬂfr@ é@éﬂﬁfecﬁ@@nals
epheneri des); Krasner $US Pat ent

Examplgs @ guely devisas are aught st th@dpﬁse@hs torTaylsat al. dhhgf Patent No.
4,445 *ﬂé n{i%é b’g g(%ll?%toa?rﬂ% ZLgéunc é&%L F%[%@chké’ms 538) (aided

by d|ffété‘ﬁtllasaetllté\lp03|ﬁoﬁﬁg Nﬂ)ﬂ'hatjcm dad ebheiimurlbs)‘ Krasner (US Patent

No. 5,588 40) [aidea Dy amsalissiomptianbis" Baalensy & Esh&a%ner (Us
Paten?ﬁb"’% 78 Oﬁﬁg?aélgtﬁgéﬁ transwrt@slgﬁ‘b??o#gﬁr é%g%égfﬁaﬁgtg ); Krasner

by s satell1te ephe
(US Patemd HNoh 8187 4,914 aidesichydDopplge initializationarsl pssatdorangesdata)

crasnb 6% A o B OB e BB R et

(US ngngyo Bad i 44YaidedbhPsdidbd (sEtélme dphenfdrideias Binsaride)

. fromsatellite signal) However, aiding
ionosphere,imei pseudagangeeorsertionscsatellite indexiandiascode phase

atroufHlFRfasek 05,8t IB B 5. 52y Al BV b B Rfafr vs.

Patent Nané m16t1elr9&) idetd b\ Fetfmshissiohon eawmmr&telm% sigied)
it is a si i cant 25 advant age to reduce the guantum

droweveragi ing iormation regyipes addifignaltransmisgionsapabilities. For
examﬁ&cﬂdﬁ‘\gthdr%"[’ik égPHé SEnt toﬁﬂ{el i ?]@%e‘?ver"ﬂé?@ %H&tl&ﬁ’élce

comruni ca wor K
satel Imastwhmttemmnmlreless telephanedsysiemsf dvsnsudhoit,is arwgnlfvccam e

R P oA AU bl € B e
such sddftidnaffedpced! Porl er a@?ew én 'thé"\/élcé;b% JY ?f Svirfless

I nt erruptl ons to to urati ons reqguenci es.
commAhs:atlorm oetworkds being uded taiadimmunidatesthesaidiogrimfiormatien, the

ni ca will delay the. operation th
voice perBfipuatonwil b lptemsipre il the dRirE e add. o Fheaiting o
messdiRRIAMstherstbte/béad shbﬂra%fwsgubwm 8Rle?Yo itfithe $0i6€
004/ 034077 PCT/ US2003/ 031684
interruptions to tolerable durations and frequencies. Also, no matter how the aiding
data is communicated, its communication will delay the operation of the receiver. In

many applications the location data is needed promptly and therefore any delay must
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be m nimzed. Brief Description of the Invention The
present invention is an inprovenent on the invention
wale@absmed in 5 I nternational Patent Appli catPOnNUS2003/031684

PCT/ AU01/ 00519. Calibration of Local Gscillator \ In

. ssisted GPS applications rapid acquisition of
be mggy%?cf‘l te signals is a key requi Pemsnt.q Acqui sition

i s del ayed because of drift of the reference

oscillator in _the recejving umt The rel ative

vel ocity al ong | e receiver to

t I

r M bt Webéég i Ak fm?hﬁ g Wle“e"rt'b” Gitfasedin
InternaﬂmaIMemM;ﬁpﬂcahohmmmumnlomwhe veI ocity of the

recei ver antEnna[ but the presence of the Doppler
Calib ' frequency search that increases

\ |t @ergah%%sigfé’d @GP 'Iﬁ:'b%h&i ﬁﬁfcﬁﬁ&ﬂﬁﬁt@ﬁ%‘f Lhelipe sg{niafstis a

Jor contributor to acqui sit
key requirementi Acqaisiien is IdelaybdmelceUSe bf dqﬂleﬁthe sferecice toscitiator in

the regaivg 4t Hae Coleye uelpel abGuine fid al§ight B fiegppeiver to the
satellifMAUBeS alDPPler éﬁlff in tHEEfréqUEMRY P ReteilePERNEE Phé %9bler
oscillator and thus reduce the” effect of "drift. Thi

shift costairs vegiul infermatipncsuthe \fe@omfucﬁlth@mewqtantema:lm& the

presefiflé of (1R BRSME shRTHREEss e adieliterPY sBREM L hsigases the
time féhaeqUisigos.aRefsrahtd bseiliaee drift 5s dPhgontoseblutorite Iertgmbnmg
as a correction bi/ the GPS 20 receiver firmvare wh

acquigitien §me ayit gayeessthe ‘Honplerr Fradersy sqarehto be lre@'eased)to allow

for refsfercBrdscilet K. Py Hifano IFERRERE S airafing & AEa,

comrrnsﬁmmnsﬂmk haeiinventionasalibratéd a local wstillator @hddhos seduce the

eﬁectﬁ ﬁl S‘t ; onsaaqkz:%tgbq ysgpgigrc\ggat m,?[]g%a?%cg ogpgcggé and fractions
there ?'aaﬁér r@&%(?lxﬁﬁéﬁﬁlhebggﬁ gﬁﬁﬂnﬁeﬁo%l haers/Aim CFﬁt‘érvals

e stru Cross atlons etvveen odes
Once dhhe callttratmn offset |ardetemnp||m¢da|t iniserbas azogrestiby byate GPS
nth of .t he autpcorre tion, mal

be
rece"’Pﬁ@"EWPF“e rp%[?(”&ﬂg fREaton peIChEy of & r}b%s%q o borrect

the oddil@itSr fretlidnelall & forAmimRe the dfflses Wi th the locally
generated 30 replica of the weak signal being sought.
Reduci ng the | evel of cross-correlations caused by a
[ ' uce its jamm ng effect on weaker
Canc ol 'lrL he usabl e dynam c range is
| ARGIBRB ad éct deIﬁéfiﬁvehﬁdh issthgretigction dfecross| gorreldtiond bédveen
2004/ 034077 PCT/ US2003/ 031684 tracked and used in the
weak gnd $410pg signals P?Sﬁ@”%ﬂ?@g at gornelafat °l3tp§_£§t emhﬁﬁ%y%ﬁse_
correl?ﬁ&‘?searet iﬂhg@*j .‘ﬁnﬁtaﬁ@n% hf‘th%”@Pé Rl @b{l%ts?rﬁcﬁ‘fr& TREErSSS
0 nmake a i X. Furthernore, nore than
correlations between codes at certain code and Doppler offsets are only 20dB

between the peak of the autocorrelation main lobe. At the correlator output these
cross-correlations are indistinguishable from correlations with the locally generated
replica of the weak signal being sought. Reducing the level of cross-correlations
caused by a strong signal will reduce its jamming effect on weaker signals. In this
way the usable dynamic range is increased to permit weak signals to be acquired,
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the m ni mum nunber may be required to obtain a | ow
enough Dilution O Precision to permt an accurate

w0 2004084002 nade. Hence the ability to use norepOf/Us1083/031684
signals 5 present is an advantage I n urban canyons

. : be. di
racke ok ASHT I Brbencaabitiaie e, ) 6982 sl Bineageo to
makejep2D fixlaref 4 sawelliteearerequireto nidie »BDdRst Fyrtivdrivesrewnofe than
t he concept of canceling the straon ls is that
the minipug @waggr By heermqegeatt%ebwrﬂ A low ogea,%@ens@fd’rregtslon
to peﬁﬂ?ar‘) BE&E fafégfgﬁt%ﬁ% H%be ex?rché‘nnge é}ﬁmg So u§8¥no°’r%36f' thd sanals
preseﬁhlssamad\tamm emsunblae cangons thiy adf/antlage molh be mi]stln't':hm that
there G pipieB ORI LR anaR T st anc Bose AT it e
weak@r)/ori'é):: brie Egpﬁhl%‘rob%r‘ﬁ withahk R8ntep trBfQ:'énHQIirﬁiqft‘féas?tdegeslgnals

| 'er Locaft’ion Schene Another aspect of
is that mneemmajs] ateegpresentad mith yary o mecmaon |ah the inpaiktasa gouelator

o, 1205 AT 7 i B BASPAE RS R MG e T

threatens théviabhig) of the doncept. | hTma Rllent inVBAtidPPrdviddssallons the
di stance a satellite sig would travel in the tine

scalingde bgi Rarfasnesat anpeint wheee m@oﬁégr@qi&feprwteﬁ\bynm lbihsamples
and Seélﬁﬁqlg?ﬁu@] %}Q?% tﬁé conmputing the initial position
au ou

requiring prior know edge of the
Doppleldactcaﬂorbwtl ng it fromneasured satellite

CRBOar aabagtios i ruantan dRale i theqRrpBisga ined 158 woRK Signal
envirdithéritni id H&tados%f‘b?é l'[éo ébﬁveoééo%eﬁhés%cirg?[@‘ﬁﬁg %A‘Elﬁbﬁl kRSwing the

cal cul at1on nse e Aver agl ng
GPS rfageiviee’s initiglguasitioin chmthln\ﬂéﬁkmonTh&)hi@knslstthe distance a satellite

signat Sy iavaBE 5 Sfnfed By 58 Feffordcode endin. fag fhvention
prow% R Afetod ﬁir'cﬁﬁlﬁtﬁh?%e iritid1 PR HRA@UtEH SHhou STy SWtHIME requiring
gorithns are I'im in sensitivity because the

prior lfrmdedgemf b lecatigndencomputing éfropy maasarechgatetide Boppler

aifersifiess AT LSS tofsriol b baleubibne bt nat agve

deperidénge di thlctirrent kieat bsclllater effsatiis eerabesd frohmhiescalculation.
enpl oyed for i ntegration periods beyond 160ns (FFT

Ense c €avoi d excessive nenory usage for
fas |I‘F|§1’t r-'asﬁgcf"éfr tﬂ)éir(n/\é%rﬁ%n'(%Y\E?HSQH&HHW@P% onrbetngﬁtglty

causeuﬂgnhmmaltum mfpdrfmm'FngTFbumrsr trandfdnmss aTme traahfomnm |;asolf/es

aut oconyol uti ons , whe cauir 004/ 034077
accUTg iy aes HoBEUSTGLPIES: Brovels RIOAT IS AreaHtAR 1 seRtivity
becausathé reduddoh! df tietH & bgfsghéhr? fdé"sEEe‘Th?sSé’qﬁfsres‘qrowth

the I nvention reduces t omt e recelver
of the FFT (fast Fourier transform) size to impractical lengths. To overcome this

problem a spectral averaging algorithm is employed for integration periods beyond
160ms (FFT length of 128). To avoid excessive memory usage for storing FFT
arrays, the invention operates in the fashion of a moving average by filtering the
squared magnitudes of the FFT bins in the same fashion as for the autoconvolutions

when acquiring.
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the aiding source. In particular, an alternative is
provided to having the receiver acquire its own

wa@bosanam7dat a and requesti ng augnent ati on coefPdTUSIWNF031684
for a specific 5 Issue O Al nenac as aiding

i Afsmrl lfmrnerrasmcpobmadﬁ@bra@nhedadwme&rafﬁt frbﬁgtlﬂearrecerver to

intervals. Absolute Tinme Determ nation Another aspect
the aiging; suirce, brpargaula rrcaltamalive isiseyidad & having dbe .re@relver
acqur%ﬁr&%gwh?d(?)?nﬁélgg re}gfaa%ﬂj@récigé@ﬁhg }Qﬂgﬂ'rgh?é}fo% éo%ﬁ"f’cr@r‘?@rfor a specific
Issue@fgwmar@éﬁsrmdreg\mformatrbm nirmebd thecrodmtpirrdwslcbdes oshital

te t her than fransmt

coefigighfnls &P et e dking ifoRBaten IS RUReH asproadeasts
at regifirahteARlie froma partial code phase provided that a

reference time stanp for the observation is

Absolutei Tintd Determinatibnas an estinmate of the users

SO
RB8ieE 3sndel 538 InyRhfiaf kah i 156 Brobierhtf BdreusERatiirom

the GPStﬁgﬂraltvmem WeréliRca pbbﬁéuﬁhérstourm ramrbntorterStHee@mphh@rh weak
150 km (0.5 ns), while the reference tine stanp Is

signal GB& rfeéekyemsérrwiqdq@ ¢qd@phisesdeeepen saﬁewt%.ratee& ihaatatull
time- o?alragrérﬁr{ a[%ﬁe rﬁ%ﬁ)@v r -'f_hl?trmgoéjﬁraiﬂg‘?rﬁfrs o?bt%rHSBIe from a

r ansmt e
partraammlgphase prroe/aiddvtadt a lrerbrerfeet uraestamp farithe absbnaitionyis

soIv time-of-tran |stent 20 th
availap | 83 2 estigiate hRersarelacBlion, The asidiste gf fhe Users
Iocatr&‘?‘béh”b@td%eﬁnﬁ cta¥ ﬁ%er'iorﬁﬁ’r%'l fn'n%rbf flhd\qi%rf é5h s%t@ﬂr@‘provrded
Engi ne A sti urther aspect invention Is
that |taruocértardt)srede$mthang15€)ekm N(Brﬁenna) vmre the cefevence mhe@hamp is

uset SRR B e PR o e T REe e

code %Oé‘éé 131 tRBn ASEA$S refine adimeogtaREmRRBBRTHAS fito 4n #ABigAlty
l er frequencies. Such hardware are sonetines

resolweeftane@&tnaosmt Sldus amblgmty reselved igespitiansmit wilk be icogsistent

with 1% #5p 5B Bontbh ehe Hns s ST AiARRE srug yeg ppsiton.

Modrﬁy@se&a@ﬁﬂn@ B¢ chi ng by reduci ng the | ength of
I nt eﬂratl on period required. An ogjgect of the present
odi

| A fardher aspest o theiialeniionds almeaiis searehanaInG.oMaggr
I
s a8 GTRA A8 el 00 coBBA ) BN Bk o

acquisitiers errmm'sediyr copsurrenthe searchingozcross adroad earge oi ¢ddephases
t Biﬂs 6 WO 2004/ 034077 PCT/ US2003/ 031684 i nvgnt io
and/of,BoppisE £reqURRGER. SUGA I BraATS S SResefered o as search
t I
erginet 5 il RSSO0 Bttty ks RN con e
incorpogatedvintd aimaglified search engine to achieve even faster searching by

reducing the length of integration period required.

An object of the present invention is to provide a satellite-based positioning
system receiver for weak signal operation have each of the advantages just
described.

Consistent with these objectives, a device made in accordance with this
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i ndoor | ocation, and conputes |ocation solutions. The

schene nmakes novel use of attenuated satellite
wagaabs®7and m ni mal external | y-supplied ai di NnBCT/US2003/031684

information. 5 Brief Description of the Drawi ngs This

invenfyfy Gie8"s hiyclsidtih bRicesse, SRR B dhliARE  adifie 8l
tracking attbﬁubfé‘d@ﬂtelﬁt% ISl suthtassitioke that rhighit be rédéived at an
lndooagg:@l cability IG 1 is a se uence di agram

o 375 ¢HEPH iR PG AU RRSaethe Sehamalnakesayebuse of
atten@at&&'s%téll%%r r@&gaﬁ‘d Ftﬁﬁ‘lﬂf‘aqtex\éénhgl (}?En@r{?fegg@hg gnfgﬁﬁatlon.

coiver aced one
|nvent|on FIG 2 is a flowhart describing the

overal | al gori thmaccording to 0 enbodi ment of this
i nvention for m&&m&gﬁﬁ%ﬁﬂ% measuri ng
CPRR iRVERRM is llll:'étr‘a‘ﬁ{d byehe%ﬁ@@fmé‘gcé&ﬁéﬁnﬁﬁg"%kﬁ\ﬁﬁﬁgt S,

comput 1 ng pseudorange di fferences and nput 1 ng
Howenendbese figuresirepresent@xamples of ltfheJtrWedtl@tg aadndofnoi serve to limit
its a tpl?/%bclil SPS receiver according to this invention.;
P Yis a block di agram descri bi ng the signal

PFRSEF R H9eqlidted dabgaaw aésérmung?ﬂumeérubmw@éwe@ﬁem &ding
each of an earl a |ate armof each channel of the

sourcgpa (call fakar aa@&%anwt withoareintearatadeRE reeeivar according to one
embongﬁ}tdf%ﬁoﬁ\{??t ﬁ is a block diagram describing the
0 9

arrier 's algorithmused to reduce the error

i HIG heisca flowphars deseritsng mmerametgmmm@cbmmto one
odi nent of this invention; 25 FIG is a block

emboeua@?taeﬁta@gevqrmondmt Reaulning patetiite sigsals U‘Q?(ﬁﬁ'ﬁ[]g &oggphases,
carrief eﬁﬂo&mngiﬂ% &/ffle8Slrbtndrit Bdnisut @@?&&H@%ﬁ@ﬁeﬁéms fand

enc ferences —accor 0 one e I nent o
compuhmgshandmttlomtlonl;:l G 7 is a schematic diagramof a

[Pl e bk Yishin o Bl ATt acterdingllo s

invenfidriz 9 is a schematic representation of a 2 codephase
modi fi ed search engine. 7 WD 2004/ 034077
PEIG Ubis0d Blags thagramieeseribing thessignal precessing=aigotihim:used to

meas(j SHBIURLTE 2B ST h SaHMAHRSA Bl Bach ppnbr e
correlétcﬁ@c@éﬂﬂng o bh&en%@ﬁﬁﬁéntl\&f this,idwéhtibh3. Accordingly,

FIG f5o {seg %Ioc% dlagram describing the carrier smoothing algorithm used to
reduce the error in the code phase measurements according to one embodiment of
this invention;

FIG. 6 is a block diagram describing the algorithm used to compute the
location and velocity from the code phase and carrier frequency differences
according to one embodiment of this invention.

FIG. 7 is a schematic diagram of a canceler integrated into a correlator.

FIG. 8 illustrates a 2 bin search engine architecture.

FIG. 9 is a schematic representation of a 2 codephase modified search

engine.
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patent is hereby incorporated by reference. 5 Aiding
Sour ce/ Recei ver Interaction As previously described,

wo bw4as40irng data used in accordance with the preEBES1003/031684
i nvention may be linmted to information that includes

sahshhv/érﬂm rEtatés td fé‘fmbmﬁnlts)and extéeiwn@ tb%ﬁccﬂﬁﬁhonly owned
) rovi ded through_a request/response seguence.
mvenﬁ@'u §b

disclosed e LbibBatemt io- §459.415- aficerdinghyhe fpregomg u.s.

invention is depicted in
paten&%g%r%wﬁo%é%g%é]s&P%ange m ght i nvolve an SPS
Aldmaﬁwmmgelaermtérmlcﬁource 2 and a Call Taker 3.
8r |nsta PS Receiver 1 m ﬂht be, a

& roupuSIy destriRe the S, drlsERN dceRTdangs vBinbe present
mveng&% ﬁfg‘ﬁ?mftea’wﬁ{ fornfatbitthat Hiﬁidé‘s‘arﬁﬁpﬁ'réx@%{ﬁ@c of8Yr an

at a ca center or cell site or e ere
SPS nenelvlee and itie¢ pesntloneawd nvieleeitiels of leespeadific satdif sgteﬂlﬁea This
ansmt ed .vi a,wre ni.cati n 0o the
infornfaionos detdpningd o Brnioed e S AT 63t PRon iR ddtuehEs. A
modeféf bné eMRMiIrAENtA3fRich drp@@hbﬁgema@@@ﬁbh@e {viththé present
w reless network. The ultinmate user of the |ocation

inventien is denigteddn &lGhér the Call Taker 3 or the user

CASERA B BER TRGE b Sod RAAR A AEIG e 2 ond
a CallCTal@n@. tFer ikstance,lihseSPS Rurgiviee 1uhight bed GPSrwélver
departi ng fromthe obj ectives of the presen

embeddodin PhRO-located Yith & wirelese frlrgkong %otgpshaee%?tv dihejAiding
Sourc%ef‘ﬁiﬁayaoé: IJc?gecfbtdé EQIf E@QH%F cé §ift of S8eRhdid @ t ?Wu‘t;e‘?ess

IS wou ypl ca occur upon activation o
netwdsleSutle timat\the alcﬁﬁg tlatauis trmrjsrrmbenhmaaa wiretess comraaniaation link to

o35 M S 03 b e S bl e o
Iocatlbﬁ‘é@&és%rbleffrcin'??neSWﬁeleB?h%'th&*k Ineibhkié D5er of the location data

approxi mate location of the SPS Receiver 1 is accurate
may heoeithearttbe GatlaTakané% ordhe user acmiuaampng theo5PS Receiver t.eOther

si.gnal nuLtl ed b eed of 0
forms i3Rhsmie T h Beheeers e ES WEENS . A eE 2 Hhs gl
Takerdd ffayse Giied \Bi@ndm debartrg fromake obkctide®ofiheSiredesti ng
Report 6. Doppler Location Schene Alternative 8 WD

invenfi@m4/ 034077 PCT/ US2003/ 031684 | n a weak signal

enyi L t C

s SHBE pxchanb® 85 8 HeBMaod $erbly EfstABRciREest 4 o
the Aidtrfg Soorcet Vﬁhi‘shNdsuIdWc’ally/bccueUbonl abWatmmifuhe 3PS Receiver

tial position aut onom) wi t hout ég%gé rior

1 but k‘?ﬁ)ﬁ/\?‘é‘d’é@t QFhQrH@"Q’%%%WeHﬂ %néﬁnﬁg‘ﬁt | , sends a
First AR RESp GRS Which EHtBINS the approximate location of the SPS
Receiver 1. Preferably, the approximate location of the SPS Receiver 1 is accurate
to better than one half of a code epoch of a satellite signal multiplied by the speed of
light or about 150km in the case of GPS. The approximate location may also be sent
to the Call Taker 3 in a First Aiding Report 6.

Doppler Location Scheme Alternative
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5 differences. Using differences to performthe

cal cul ation ensures that any dependence on the
w@eonesn7t ocal oscillator offset is renoved frecm/usm®03/031684

calcul ation. A Doppler positioning algorithmthat

ol R SR S PR (e 1P bR e apite s50s PR,

amb@ﬂtyfwithmutknolw@f thet GPS reeeigeby irithe poSfiohaoavithan 180khy A
th&s ace vehic 10 cl ock corrections to both
methed, rscé’t"é‘PLI'“”Qethﬁl'Wﬁa'o‘?osﬂtlo\&(‘r)%‘ﬁPf‘%mPUWtW'“)o%ﬁ%qli'ﬁlég prior
| Lei l; E
knowfBigE df thé JochBR g EARBUBICH fif measdidtl 2RIl Doppler
differénéesyi Uginy differeheesctar pe]'tnredthes:aicajlatlcbreemures cbrﬁat any
depe rﬁ,@%ﬂsm ttrg;,rgtﬁrmtr\%cql 9@%@%@?2}&3%5@%&/?&3 calcﬁatlon A

I
OopHAoMShed B8R I MBH 008 ESINGHE L W AGHO i

would be executed byhnicreprogestes 28rofiRiguread: estimate for the

| | o
. {'E8E BRI Bosenales MR S P B eRer AR BEsRaLe Venicle
(SV) §|@cl( soipettionsRetbofh e Satehitd fime, &)trarémllst (€T AT FaridheUditellite -

he followng steps 5 to 10 until the residual error
DOppl%f@ﬂMﬁnﬁﬁéntly 20 smal|l (say |ess than 100 n). 5.

2. tfgf ge{;erf‘ ggﬁéﬁgé ?‘;%arlg.ﬁ%fe |It%f ciﬁ?qrﬁ)?? Xi W?%l) %QHe %Bﬂected

satellltangmmfarmsnﬁiFdTotNectors to the satelli te T. Note that
E eW|I charg(ggeg at Eachlteratl n as the estimte of
t @ el

Gate the average satelitsrRasitrsby takingsthey \rotojgoean g the
calcu%%cﬁsatfblﬁfté‘ gﬁ&'ﬂSné a@%ﬁv%‘%%é’?e%ta mezRl 64 @hievé &b anc; then

t vector e unit range-vector
scale byl thelradiesstdfi¢heeaite.c Thisrprovides arriaitigbestitnate/fec ther usertposition

X O 21T Ll 5l Koo A gyt e ntre

proce%gnél@(XtEBéteYulﬁb%ﬂ)dt {0s0lpgt € a range-rate prediction
vector' yh" as the vector of "differences between the

4. 1 iteeate $rnouphithe following stepe Sded! tuntil teersesidug) error is sufficiently

Sma"é%%gfﬁﬁéqbﬁﬁé(ﬁ?a?cuﬁl e a moasured range-rate vector

5. ' Usirgsthelgurddint eeti mat@af thetusee positien falnﬁalseﬁﬁémrt? Qzero)
satellite range-rate frequency scal

calcuBi e fange ‘e SpAsanae raATRRAyRErS & 1o Loy dicke that
theseF\ﬁT H§68 %?(1: érati%n és'sthggﬁsilpfaté Bt fld uée‘? Position Xu converges

tors ca a neasure
tothe tMle pbsmbnne of sight vector differences between the

6. | iRy ol S AR AR Tk o5 e
range? e&@@ggitaﬁkété EIZ% gﬁﬁé?@h'ﬁ%@h%@gﬁlg&é ecfP Ontd thedie & sight
vector (RRi . LOSI) thereby determining an estimate of the predicted satellite range-
rate. Finally calculate a range-rate prediction vector 'yh' as the vector of differences
between the first satellite range rate and all remaining range-rates.

7. Using the measured satellite observations, calculate a measured range-rate
vector'y' as the differences between the first measured satellite range-rate (Doppler

frequency scaled to same units as predictions above).
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5 9. Calculate the pseudo-inverse of the M
matrix' Mpi'. 10. Correct the current estimate of the
wais@r/oposi tion by cal culating dx = Mi *(y- yh)pranusi€n3/e31684
Xy + dx. Wen the magnitude of the correction "dx' is
I I A
8. B B sl 7 AN NectqRE cal g e siBort idtg r of
line oAbighit ueetoﬂ'dliferéi&tesrbatween dime fRest satetlite antitall rBowining satellites.
posi.tio rocess ect of the )
EachiTaydh th Aates cospsrandaito e esmdcs potasndne dreisgtelite, OS
8§ I tsdtsllitdeos! ity to extract
vecto\“’gﬁg tfdr;%%atoﬁgm&%ﬂés‘w ?d (éjdfeehtegst\)r%gmpgor signal to
9. nGiadeulatetthe pseﬁdd’-hnvzersaaaﬁmetManaunhéMput put of a weak

S t limtedt . "
10. 7 GMEet el asBmats aEine e mbsiion By eaigiging X Rpr (v-
yh) aﬁes@wd dy”meu&) WH@H@N@Inag?ntﬁéé Iofthér@or@écttdnaaﬁ%tes@ﬁtﬁa@%
obtai ned froma partial cod e(g ase provided that

suffi cmﬂluﬁmajbthfeak@l%(wﬂes%thanhw méémemtermnate trm/ aenaabne
procegg well as an estimate of the wusers location. 20 The
timate of the users location can be used to
calculate a nomnal time of flight for each satellite
provi ded that lts uncertainty is less than 150 km (0.5
Abs  Ti atigher ence tine stanp is used to

CRRIED I%“f% %%Iﬂ"??%ﬁéﬁlp?&éﬁ?'g (R loI BRI B %t ot the

inventised Qne ofghe timitatiens oﬁassmtfedt@ﬁﬁsmatweak SIQaaleenvmtoonmnt is the

inabif o lgedt daf ot theE: Serdl dLoda the peptsign (anae Falo.

This rtnéﬂﬁs HeTthe® Satgut %Fa%ﬂ"ﬁgﬁﬁ %PS reBEVESR bR IffitedPdSe

he true user position e above process to
phasw torieachzataliteabther thay aifdhtmesfdransoyit Iptseudorange) However
eces, ave an err.or

t h f ti
a full e Eansml Ban bieotgihgd TS aaMiahcoRPhAs gr Ve 4Tat a
referdite®ith® sBth &5 the BBBBE/ YN I8 ¢4l abY, RIWEI as Bniddemie of the
estimated tinme-of -recei pt can be cal cul at ed provi di ng

userstlpeationt. | east one additional satellite is available

f %Slé%ﬁmaw of h%l @ﬁr# I%?ﬁ e{@%eh {3) éza‘?ﬂﬁglgt h8mwaq time of

Ier pos I'on pro

flight fortgaghi sIa)teIrteSprbVleddtthatﬁtﬂﬁnddrwnﬁmlé fesetigarl 950\m (0.5 ms),
2004/ 034077 PCT/ US2003/ 031684 rTBI oyed. The_al, 39“ t hm
while the, refeeancg {ime gtamp ifusedigcanystt teg time- pi-eecsint

estlméfetoeﬁfelhf@tlﬁe on%dsﬁﬁf: erpdEodé aé’é is’ tﬁFﬁ é’%d %6 'I’é’f" nd fhe time-

ulvalent to I ntroducing an a I'tiona
of-trahsmﬁdmmmte ato addarnblgumy resdk\ren/mafui-ttmsmt aThls amblgmty
resol\?e%dgir%lapor}graAslmQte v%lrll t}/e cons&ent v%ur’grt\ the true user position and hence can
be used to calculate the true user position.

For the above process to provide acceptable positional accuracy it is
necessary that the reference time-stamp have an error of less than 10 ms. The
algorithm that is provided below provides a means by which any error in the
estimated time-of-receipt can be calculated providing that at least one additional
satellite is available for use. This algorithm is similar in concept to the Doppler

position process except that full or ambiguity resolved time-of-transmits are

10
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5 observation is required for this to be estimated. If
only 4 observations are available then there wl|
wonlog/ob®7a singl e position solution to the probdBDS2003/031684
regardl ess of the tinme-of-receipt and the
emplé -receipt error will always be cal cul ated as
%%, The algorithmis the followng: 1. For each raw

| Mhetalgdrithmvidiquires bhaddirinel ledundant satellies betditse attemptlng to
satell|jte tinme-of- 10 transmt Toti for space vehic

estimatathediraeofcecqintenrens eqpivatant t Htfpduging qan additional degree of
freedﬁft?'nI d&%rﬁ%&’ﬁi F iOal S bll\)ntﬁdoﬁéq oré}i‘(eﬁgt%ﬁél Itfeakiffinddpefidint

Ite ve OCI t
obsel(v}itlﬁlwis réquired ZoiCihiig toeu)e ett]?nakedr dﬁblezlgl 4T @beervé’dms arle available
|l ativistic corr tIQnS or .ea sat e Ite ca al s
then {5Bra il iy be SOl PEsTRa GUiG WS oplam fedrgieas of the
time- Spfercﬁﬁ)tt bﬂafmé%n{ Sf-Fe%rpﬁi%h%sinpémﬁay@rBé éeﬁ& }afé@ééfer%v
position vel oci'ty vectors. "4. Calculate a
sﬂ'hetalgrgltbm lstthémuou\meg user position Xu (Xu, Yu, Zu) by
kln n,sate 0SJ] t,1. on con rti
1. PPt By i dREhten ot SRS oot file adtdyite g or
transﬁfﬁ"ffdhfoEs phéevahielel (F\O itk dtprdcibhowi ng steps 6 to 19

unti | the residual position error is 20 sufficiently
2. sfar eamagtalléescahu te e satelitedpesiton vestauXi (Xi,Yi,Zi) and

satet BBl (G5B MOBE LB i 86l P S8 S
relatmbﬁcecm(tt@rnsffooeaaasabll|té €an alsodie embulbtw stahiﬁ étage
me-of - transmt Toti for space vehicle

3. C&PPB/d@?QSW§t'C,Q°§'@CHﬁ'b$ {p theicaraptad Tet's aad %“@c“Flﬂﬁ@ SV position

s (1) and (3)). 25 7. Using the corrected
and \XFHOC?[V Vé%or ‘each satellite, recalculate the satellite

4. pQaidulate astartagdpoeiet imcrthe/user[pnsmmnl(ur(XU Yaui,Zwsby tpkigethe
ecent user on Xu.recal cul.ate.the satellite,
mear} shgulsrgostinr. comyBlnodt & s EERs Ate Sedine LphStheundius of
the e§ARth rotation are also included within the range and
range-rate vectors. 30 9. An optional step at this _
5. plerate ‘trsrougmtbe f@loawm yteaecﬁ toi thuntildbe residuamositiont ereor is

sure e in 0
suffclERgy 45 GRY SR rpolrEond Sty RRE P ieseipt estimate
error #&lsd %Qﬂi@féﬂﬁl@@nalll(ba g@méhqmzy PCT/ US2003/ 031684

10. Using the corrected satellite observations @roduce

6. aF@ega@h raw |rmuttqb§@cV@1tiontfr.ogh§a,ﬁe! it brcoprest ther satglite time-of-
vans T 67 SfEeE PONER (S diesBh sl R

correEFtiIins lile. Stepa (1 tared @a)}.cul ated satellite range vectors

cal cul ate a vectar range
7. ?Js?ng the corrected Toti' s for eac% satellite, recalculate the satellite position Xi
and velocity XiDot vectors.

8. Using the most recent user position Xu recalculate the satellite range Ri and
range-rate RRi vectors. Corrections for earth rotation are also included within the
range and range-rate vectors.

9. An optional step at this point is to is to apply additional corrections to the
measured observations that take into account propagation delay effects caused by

the ionosphere and troposphere.

11
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5 difference predictions (in units of nmeters) ydh for
each satellite. The differences are taken between the

w0 2a03n3402nge predi ction and each subsequent r aPQBUS2003/031684
prediction. 12. Calculate a nmeasurenent (attitude)

10. Rl cot et et SRl BPes Dati A Toblbs A ectbri pf time-of-
transmnk(%ﬁ Pslamorbﬁéia)/@ﬂ‘éwnces Gehledltaluits bé mesersd CFhedifflesénces are
asurenent matrix M 10 13. Cal cul ate the

taker\:!aﬂtwsemt%ffss thﬁ@ngﬁchﬁé@ﬁeﬂwt%@tas dx =
MEJsuﬁfﬂeyéygulateiljéSat@ ite ter L&@PEJ‘? :falcé‘fagé)fa \%E@r of range

terati ons excee |ons en I'nc
differéndd pwdlcgload d{in unitsbf ateters) yﬂhtfor dach ddtelliiRecThe differences are

v S SR ko AR Pt
12. (CHQBRLEL e'agu%n%’nt](gitrtué% rﬂr@tnxll’ﬁ'\ﬁﬁet‘er@adfpfdi/@ﬁ\tﬁﬁ@ matrix is

satell1te observati ons uce a vect or vy sat
the dﬁewmwyeenébalﬁeaj LQS uactps and each subsequent LIGS vector

S& hat th :
CateJatfthf psbagivasee M BE i oepafemetmatfE ML s ange
13. diddi&@nseare colvetfon tde ddtir poshibA Nwpas ax = RIpit(yasydH).

estimate of the tinme-of-receipt which could contain

14, aff the nombernaf algaritiya itasatians exaeeds @ iterations thgnrinelude the
| cul
fo||ov6oi,$é %gé@éﬁ& gésehg thggor ange vectors cal cul ate a vector

ionS”  (in units of neters) yh for each

15. s®&eehloutate tﬁ'élsatellﬁe sangd RI ahd raigepratd RRi vectsrstusirtpthe new
t he_ vect or i.s a,vector of full §eudorange

estimgfe:for the per pQ%t'O'C&PdGP'&P@ od mrslepdAdur enent matrix ML
16 ¢ RB bl brioc b D55 Y dRons ploEe p ety M pelie
pseuddraogeas acaled ttb enitalof neterswikhig iscsimilat teestepd &d) exceptt giat the

Th
vectog 1§ AieEtasiol (WEPSSHsPr9Ss liganan pseldbianae S ences. Note
that tﬁﬁt@l&ﬂé}ﬁfn YRS an e¥ditdfle *o\“mes%éldfiréé‘elf)?\%%hr@u@d Eéntain

calculated as the projection of the satellite range-
an errartthatcar e solvedfohe | i ne-of -sight vector. 19.

it ek fibiat e lihanth yactom sriguiste Aysetorss rapas
predlbﬁoddXﬁnumtB 65inketars py R ffort dtht datetird. - T &8 similel tostep (14N
val ue of the tine-of- receipt used tg calculate

exceweaﬁo@@mmml%ueggéga@ﬂasgéd@@ngﬁmre@lctmﬁ s time
8. PRHAER Do e aERS S M odrRimg ar R Pand Nobee

colunitsT Mtz b33 3 Gl numbee eﬂsatelllteepbsaéredtlon's.lrﬂhmnS‘Aothmlg

Sour ce/ Recei ver Interactio t he a ro mat e
conta i VAB RAVBPIES &@pﬁp@@aﬁgﬁﬁ e ReLseed. e second

colurth BS%in‘éeéstl;nelﬂé Idk ¥ 8ate Iﬁe aﬁé irPinitS6 hBter8 per second,
acquire satellite signals manac

where the satellite range-rate is calculated as the projection of the satellite range-

rate vector onto the line-of-sight vector.

19. Calculate a dt vector as dt = pseudoinverse(M1)*(y-yh). The second element

of dt is then an estimate of the time-of-receipt error given the value of the time-of-

receipt used to calculate the pseudorange and pseudorange estimates. This time

can then be used to correct the time-of-receipt of the raw observation and the

12
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data and the approximate |ocation help to constrain
the initial search once at |east one satellite has
whemnoaogqui red. Upon acqui sition, the SPS ReceP@BUSHD03/031684
sends a Second Aiding Request 7 to the Aiding Source
proc p%e%q (?nd A ding Request 7 includes infornmation
[ ying the specific set of satellites used by
the SPS 10 Receiver 1 in determ ning pseudorange

differenges. In response, the Aiding Source 2

Furt n 198hs and vel ocities of the
| G tHe %réﬂna‘?& Io‘é&&@h'dﬁdeé'ev%bgg‘ s@@ﬂéﬁ@ﬂaﬁa@ Hath, ftRé SPS
the satellites. Th et erm ned itions and

Recewelr dqparfasmsdtsecortetatiorsegarch ¢o abQUIBPSalRﬁktﬁaSl@BalSl The almanac

data an @@}ngﬁig%'é@gq}ﬁﬁ%%? jle% ﬁcgc&gst éﬁ&ﬁ%ﬁtﬁgﬁgmhtén%% aitsleast
one satdlliteHatbeth adtfhiredceObbhAchlisitiont ife SPSIRSdeiVeér 1 sends a
ai ding can be determined it is possible for the aidi n?_l

Secoadwdﬂagﬁﬁqmt éitorthecAiding Braececs. The §ecpad AldingiReques

cudf e 9783 b R Bl 8B e g 8PS
Receiedi1rig deterntieing n@eodomgem*ﬁenemes shi @spohse, ﬂhélﬁldlﬂgSSource
and velocities, the Aiding Source 2 rather tha

2 deteymeings the pracise positionssand Ygoﬁ@eﬁﬁ’f the ideptified ﬁ‘i’tﬁ%f Satellltes
from éﬁﬁér‘thQ dht dé‘§%'l’eﬂ%sz AieOdktdthinel HREIHORS a?l@t\ﬁilk])dlflés are

S an mai ntain or acquire epheneri
then slaltao thé S@@/Eecelver tirdaiSeconddidingRedpanse [Be SsraIeeﬂhis ¢lapsed

time RdGiompcars 35556 1hak e a8t BEBvear uonertisniop ans resgption of
the réd?fes¥ fe a‘kﬁﬁ@‘éﬁh ®RIdQBrIREYWRES pb@ﬁbté"fbr tH@éﬁjlr@esd\&rEB it

few tens mlliseconds. This wll ensure
determlmﬁ thet tie aﬁnecerpéloe raf dhe satetlide sug@atsdnwtrm aszWeﬂenBtOé

miIIis%ﬁ?C ions to a few neters. To this end, in the
S red enbodi ment, the Second Ai di ng Request 7

OCI' PleFéfory, LABNONNSENEHNS Bihcei the AidingSdiece Rdvites phadise
he code phases of the satellite signals |atch. Since

satellttﬁ iPoskipap aad velaaitiass th%tsimg Saureess (athethendhe (3RS Receiver 1
needs # 68 c—%)f?)t H@(E ﬁk ool %Stlngéé tsgl%rfﬁlggﬁt%ﬁ HQtaQﬁ'orInnﬁ? sateliite

Fequést 1or al ne I'S pOSSi
signatsogand heeds tb mlrﬁ?emrdreacautre ebﬂedﬁrsrdnta.emdweo‘vémm order to

i e e

from B89 B0 A FRBhbFad R e SOrRIRLARIEpRRech tndio

must dblefvfndne adew, tehs of Bhlfisétmneisy eTrhlswilhmsure @dinbiéatican on the error in
Vel oci

the coppulecehtalia ogations foufew ity Techis Snd b e blidered
embddfth8hiTtHEEeesnd Amwgsﬁéqﬁ%ﬂ beéur% gt %%o%ﬁﬂé’l%p%d time from the
Recei ver Report 9 t© di ng Source 2 whi

instantpehenithe ¢ pt;asesoﬁélne satellggggmalshlem @nceél‘ng ilapsed time is

o3 b AR 1 LeBci) GOSeRAARBgb End tebBBfor e

request for aiding can be determined it is possible for the A|d|ng Source 2 to
determine the time of reception of the satellite signals to within a few tens of
milliseconds.

After receiving the satellite positions and velocities and using pseudorange
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Upon receipt of this later information, the Aiding

Source 2 may take further action. For exanple, the
wa\aungtoBour ce 2 may use the known satellite sSeCT/ARINN3/031684

ti mes of transm ssion, select differential

andr é’ngﬁ{a%{aﬁg# gg%s‘gs;%eggﬁ gztg%rﬁé?rﬂgﬁfesa%?bglﬂgh %nd

Velodit9 (PW§ sblution ¢6 detdranivie it$ predise bbatldstemfeteddhéwlﬁg odtc. After
solution, Wth this later &@mutatlon t he

such delerginalionstie SREReGANG 1 BnEsnde Rageiver Ragor to the
Aldlném PééJNrﬁ ﬁﬂ{e@{hé? %’énBﬁcﬁb ocatdﬁ'@thﬂb@htasatelhte

re curren cation reC|se
|dent|beatm1$tartd)thetm)hﬂajr1 miﬁeléeuse& by| it(i@. SBcam2D Mitthi mmuaermdmg)

nbodi Nelj i
Doearefepl b b Aleriobmate B aidinoishuics 2:may faksdurtber
actior. IPoF EREMPIANT: AldiSEAeaR hiytiie HeknBUnSUENE Sot o times

his even Sourcé 2 coul conpute a
of traesmmsloam selsct dlﬁferesnal R@@ledqrengq cagealipns (obtained by |akw

availgei ndFns) A Haehs SREBLIECA porrelorig lncaton shliffdngasstent
with thé r&soeited Ao desstabldtionl WAaN ithig I#tet empltatien, the Aldmg Source 2
synchroni zation data fromthe 20 satellite sig

may thge apply the canrestigntte theslogatior) erpastaskys et %BS&mlver to obtain
a mor%hél?r?e%t%ce{tlaﬂ fﬁfﬁg é&ﬁsfef LA ﬁ'ue?frﬂ?f(l g'é"%élnﬁgos ﬁ%?d:QW?HEer 3

measur enen erences 1n
in a SecandAidiagReparf 10.nhe satellite signals. This is

G S R e B Bt P
RecelVF Q%E{)rts Yrgble??dggﬂé%é Mlﬁé?é@fgttb e ﬁﬁﬁ@i @oh nYr?frﬁs event,

cod ase rences into pseudor erences
the AldmgaSbumeeZI cbtyid wonpute adPV Iseludipp rfonxiheﬁlés |R’EZG§BN&I)I1 dising a

tai ned f om the Aiding Source 2. Wen

methqq]ﬁk%lﬁﬁi §Eg %@%‘?'Y%'n is then conbined with
aﬂ\l@rd@SbﬂBé@ theBRhérRTeguirésthd SPB RéQSer(PiFedmA @tet Y

say 1 mnute) and current al manac data (| ess t

pseudgrenge witbauhihedianefihot having setual tlmresmmhmnqulpo\da!@;f,rom the

satelliE 3o e 8 ot B8 1o U8 ki oitelTbe b 6 gBBRAS ofthe

satellle sRjnaIsS@ takeh abtambighieus h@a@udm@ts@ﬁm@dmmnces in the
mul tiplied by the speed of ht which is the

tlmesaﬁﬁﬁa@ﬁmlworﬁﬁ et the Sa*@Ftetf'r\@"i‘léd hisrigascamplishedhby measyring
the c&&&f@h éaégaettsths us%a r@%ﬁgb?%(}g&%@?g@ﬁ@%%@ of F&dei

Mored\er/ w&zmatgmwsgolummnpe@m Bﬁcmubmwmsé differemces into
re erlfyed wi t hout . t he nee nchroni y4

th
pseudarands SiNareneRs: BEChiGEA BN BB HARIvEm AR lacAbeRRrdhe
recenﬁ%rb‘ﬂtéh@mfro\m i A@%gg{sw&@ Slajrmhen tﬂg'ﬁgb?&hﬁl%te Iocatl%n is then

ective SP eceiver 1 1s a to co
combmﬁdﬂvltlm appmxnmatet tlmb érome adeéldime e:lcmg (aoc;:mlatetm sayt hmisute)

and ciuH]Fe)g} ﬁfggq o or ga t!gqp gégtfﬁg rqqq s ol ‘?X tlgee caseof EPS which
provides range errors of less than about 30km), this permits approximate ranges of
the satellites to be determined to better than half of a code epoch multiplied by the
speed of light which is the ambiguity interval for the code phase differences. By

combining the set of approximate ranges and the set of code phases, unambiguous
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restricting a carrier frequency search during signal

acquisition or to predict changes in satellite range
wa@sooan3alt ernati ve to using the satellite ephePeT/US2003/031684

data. In one enbodinent, the SPS Receiver 1 estimates

and rpgge Bl duahi8 difdelie e aivel g Be nBrdReBinonronize
the rdsed@r @ befteetianraioes ohbenipatep! er frequenci es of the
satellites to an accuyracy of better than about 250Hz

f Surthermegie, gAnsigiamt withriae aiding dataominigizatis abjgdive thesSPS
Recef})%?‘;m? tSaBISéaﬁ (}ogflpﬁtléqj\/ @B%ﬂbné’%h%ﬂl‘%%ed‘f’& Bgﬁbegu?)plled with

ent accurac to achlieve a
Doppberquoenatumm e tnadlﬂedaltdmvicest secH indoroeation usfufsedtto absistia

restrlg@g,\é ?:gfrﬁargrs%ngé gcraqfo Mﬁgé‘g’gsqqi{ %%glp\/%{o@rori to preglmpcr%aonges
in sat@ﬁl?é‘fdr@p&g an tah@rﬁa%@ k& ﬂ%ﬁlgﬂﬁ@%ﬁéﬂﬁ& e?iwfeﬁ%ns dd% ta., In one

est1 mated each tine lution 1s ute t hus
embddimenty thee SPSalBReejver washmatas D@pplehlemf@rmamn usfineg stohed current
alm ref rence frequency varies with tenperature as well

a% @tlang and to the extent that a | arge change in

t SRRy Mige@réftaRRRal Yatn i SPSSRebéilvér 1 %@ﬂmbté@the Doppler
degradation in acquisition performance, the S

frequengies pEthersatghitesptocrnsaesusacy efdvetter than ab@@&%DH@fQﬁ&PS given
appr&dgg%téaggpﬁtg%ﬁ@ tﬁfo}hg ré%teﬁh@? Qﬁo@ﬂ qo %@ﬁgf g%ngét?oﬁfo | undrr%q:

ens resence curren

kilometra, Whishie lsUfftdientmeum‘cyao aAhmve@ rapitliacquidition bﬁox&b‘éﬁ that
Receiver_1 '

st be activat d of%1 h and for |ong
the freqeRnay Oﬁ%tgﬁﬂ’% RIERE. 0§l §K°F §1es§8§a‘?§cqw>erk @d‘f\q\i‘@ to
withir‘P'ﬁ"'ﬂé‘,'@bv‘I‘-I“kr rf8hchikle this Ift?e?ere wérﬂ e Se?ﬁgé gffset is

manac data nust be | ess
estimated eah tie a HVesqutIurﬂsg:ompmedjand GRS it che bﬁFt&cked

R 1 t h tely 27 t f
Morefyas, e e b e sierhes HeaiPasy vars Giherdpergtura.as wel
as adify aNEIRER é)&eM‘Pl‘I"lbfja‘lﬁ?é chah§é N¥tethigertite b%'t@@ét"n PVksqutlons

ach|S|t|on tine to her onhe set and it woul
will leadda mﬂ@adatmhlrgmmmwsemf@mwm the 8PS Becelw teasS

desciftoioy. yhies SMsTEREInGT bodd P e BiogdEhEE cpdpieiacet

degrddatianer age for about 30s then the stored al manac
woul d remain current. 15 WD 2004/034077 o
pEe/ NS0 Hiepresence oheeiientalpanae datawitheutdhaiuse of asriiding

Source?) e‘ngl-"\kEctmv%?qfrfnh ft%‘éc?t JattedeégéﬁgﬁBU I"?Eﬁﬁtfbrclﬁnb%nough

supply aiding i orna i on f ecery rnt
in thef presende of $trdrig Sighalsto ikeeprtioe data ¢urnentofin ttescsse Ghtke GPS

ossibjlit |s to have the receive uire.its own
syste 'ﬁ%_ﬁl!“ GGt mis lesathash &‘ﬁﬁg‘? Qﬁiﬂ& remgin current. To
meeﬁHQﬂo‘a?Gn@é’r &Sl ik §PS§§ rl Ofhust §5er gBﬁFJx'irﬁéﬁe'y 27 sets of

per the | ocation vel ocity cohpute rom-t

orbitaAcoeffisientinovertaperod of arecind@ monthisyi Oaavarage ihewpulistake
arourPJ s Sﬁ‘% s?a/natl g%q&%ﬂi%ﬁlrn'\es to gather one set and it would take around 60
such gatherings to acquire all of the sets. Hence, if the SPS Receiver 1 was
activated in the presence of strong signals approximately once per day on average

for about 30s then the stored almanac would remain current.
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coefficients. One disadvantage of this approach is

that the receiver has to indicate the Issue O
w@\kevanz71 0 t he ai ding source so that the corrsct/us2003/031684

ai ding data can be suppl ied. 10 An alternative to

etk cEafdibftent s for

] qqu @bntn@ém prddl’icé If@sﬁﬁﬂyraﬁ?dlﬂg Wbrmé'ti’m tocd GP8 recwiverdn the
t hen supplies ai dltng to the receiver far
its

a
form af &l Eperpers nd itsdimpe of ispue. Qﬂetm@wtﬁll'tv&f%@a%m receiver
f
acquﬂ'é |t§’?r>e5\{?1leél'rﬁ§1a'c%§§ bt ?ﬂﬁ@g‘i’\'tﬁ qe‘fﬁé?entgﬁoée %ﬁpgﬁ%djas aiding
mforrtuaﬂuire Bmedmccmefbmdms pHrmltttab Imnibhlmdev&lecuyncctm;auted from the
recei ver  Corrections. . to the orbital coefficie ,
Amagag Aala takf CPERRIPG & BIMIAr ACOHACY ASchTPUIGor ) b Ephemeris
coeffi%%’rftfCb‘nerbﬁséd?/ahfh%e%‘lttﬁlétaﬂfrbﬁéh isXhBetheecenbt héé to indicate
coefficients ecause of the conpact nature
the Imeﬁfoﬁnmmdoﬁbe aiding splreasoi thatitheecormct aiding Aataem‘cbe
l?e# is feasible to structure the aiding in the
supp m of broadcasts transmtted at regular intervals.

| tArv@itdreath totARCASTa4dh fs0b Ha@cddecerbitar GodfficieRBUeSA number
aiding since they would not need to supply the |Issue
of thegmosat ma@r\asaiem%% erbits inta@ |ﬁ@kul2§?hl%&‘s&\¢ é(m nseeiac dde
aiding 880rceThER STobut Ao 08 i huer B e BT GHBeer bR
satellitgs irethedfaliewingddfme in the direction toward the
networ k base center, call center or wireless web site.
Anot her advantage of the schene is that the receivers
ged to acquire Al manac data which neans that
they nee not be operated in the open at regul ar
i RRefereake tirne dd week (acre@alrednpaltanmteobf any orbl model)

LGk Pt i Sl Sl RRrrcader ST DRAI R R ) Bgireseiver
P@Urfté%%@ﬁ@fcpﬁﬂeﬁ&ﬂ)ltaﬁﬁf&f (ﬁé‘r@t@ Fheifor dRfitonat bidital céefficients

maj or contributor to acquisition tine as it causes the
and/orpopisictions fo theumiiyt afteriusing herbitalaoséfinientso al | ow

for reference oscillator drift. By wutilizing the

preci se signal fram ng of a digital comunications

lBﬁcausé of mep@ﬁ'ﬁpéxbtmdtme ofahisliatd eo Pbﬁédito futi EpHentiaris data
his can be ger ormed as follows: 5 = Frequency

or fuILAkg'@gna@SQata; i} isfeasible-to stpugberedbe aiding in thedorm of broadcafsts
transﬁntﬁmﬁd‘?ﬂ%% imeARN. WA Be Unndbldat) fGARBYBLGALASAB request

aiding since they would not need to supply the Issue Of Aimanac and this is another

reason why broadcast coefficients would be feasible. One advantage of using
broadcasts is that this would significantly reduce system data traffic in the direction
toward the network base center, call center or wireless web site. Another advantage
of the scheme is that the receivers do not need to acquire Almanac data which
means that they need not be operated in the open at regular intervals to do so.

Calibration of a Local Oscillator

In many Assisted GPS applications rapid acquisition is a key requirement.
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Tol LOC = Tol erance of Local Oscillator before
Calibration in PPM Tol SF = Tol erance of Signal
waoe@aios7of digital comuni cation |ink in PPMPC1/0S2003/031684
OfsetLO= Ofset (in Hz) required to calibrate the
I I t a9l e B i
Refefefe8 os Bldr dAHE p'alol oBhERy 10 Zobigsiicr g 88 iftaules the
“Dopplgec’l feeaquermytseba:mlom indreéasedrtd allowdor edferenae osCillatetdri®. By

utiizip 1 PrEaEE SIaranramBeo Aot Sotsmieatians Wiks i ogogsible to

cahbr‘é[éjﬁrloéél’ o§é‘u\|§l‘é|r af rﬁf Ehh Bt Mdr&eﬁ%é—@jo\gyl-o = Nunber of

Local Gscillator clock cycles count uring P (or
NSF Si gnal Framss) n=1nis the fraction of a Local

Osci | | bl ent d _at the signal
o 1 Eam nbrequeneha bRGaI Qb AR EEHE B cofletell oLt tng
fSF | ecal @psqudmydr S |$$amn$ 6mgita|%mrhbﬁb§ﬁ6n IuﬁWFNH.@

per| od reci sel et erm ne

nunber of si gnal
oot Fam ndoleraessa hoca’rQ_scﬂlﬁi&qshﬁf@r@e@ahhfa@@l in PBN.

ToISFr e o I NRidnd s S8RALERRTDb I PRSP SRR i R

fracti oca 0SscC

Offseggt=er mOffs@t (intHe) réguirec:toecutibrate th@Lobalr(UwM&toﬁﬁa t@lerahce
whose frequency is approximately n tines the |ocal
Tolopsci | 1 at or frequency fro . As an exanple, the | ocal

P ggc' N @’e?ibd’Hme’Fée%ﬁ 58contds) Wr @ﬂ;&h%%éahgsems koéyc?es

VHZ" cl ock an accuracy 0 ust
t hi s cawst bercobetadein ardet topealcalate @ﬁastwtmﬁmigocof the

| ocal C|Ilat etothe nerest n cle
Nt af the "ét?%{|°f(§f9'§ﬂwn—ﬁ@mﬁﬁam§r W 5%@5 ER cydles
must beR&INGSH M ordet & GdlcRb@Ofsét 28 T'Q transition 30 and

the total number of local oscillator cycles and ntns

No of a cj&unebe@f&@celrﬁsm@tor clack girtleg counisd duringoP LOC |
(or N r@% 04/ 034077 PCT/ US2003/ 031684 P = 106/(n x
$° he m ni mum nunber of signal fram ng

n l Bt ervayns i$ md)ﬁactmcbﬂaSL@cal@sdﬂhato&W&CaﬁleW@%@dﬁ@aédr‘é&
wher e the "Roundup” function provides the next

atth%'gﬂ@rff@mtﬁ‘lgéraﬂﬂt@@ér when (fsF x P) is a non integer
so that the correction neets or exceeds the accuracy
required. 10 The actual neasurenent period is NSF /

f $ﬁe\mhemer00|vgs besnt(rtg:loualamgciltadaorfldyclen‘ arad fractr cm)s taeaeof
or

over %Q@ppg ﬂ%cls%ly (rgrigrge?'pgr?qgg&? ta?mﬁpkr) signal ?ramqug mtervafs The

measurement resolution relative to the local oscnlator period is a 1/n fraction of the
local oscillator period and is easily determined with the presence of any hardware
clock whose frequency is approximately n times the local oscillator frequency f .

As an example, the local oscillator may be f o= 10 MHz and so the presence of a 50
MHz clock with an accuracy of 1/2n (just 10% in this case) or better will permit
measurement of the local oscillator phase to the nearest 1/n of a cycle at the signal
framing transition. The measurement is repeated at a later signal framing transition

ths

and the total number of local oscillator cycles and n™ of a cycle is determined.

Assuming Tolge << Tol o , then
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The nore accurate frequency is thus (fsF x NLO / NSF
15 The frequency offset of the oscillator is then
w@rooan3oy? O fset LO = fLo - (fSF x NLO / NSF 28CTs®03/031684
calibration offset can be used as a correction by the
recei vernefj r eny perform ng acquisition
Sgir ches or 1i0t/ti%@§(ut&ek?cgo correct the oscillator
frequency so as to mnimze the offset. Wak Signal
The rAnimusi humbélobsighaldramingrieteevate tobe dgedisigivehdyal s 25
One of the problens associated with the use of weak
SPS signhals is that any SPS systemhas a limted
dypam & ran e e of the C/ A Code signal of
t?wk{el‘F GPS sygsglﬁr]l'dl%% SFe){>:<a le, any signal that is
weaker by nore than about 20dB than another signal

wnerk 5k SR SRR ol o bERTEON OB RGBT ABen (e x P
is a ron'iffegerBbltRatdtht @BRELIGh Fikels BHbXceddiehsrkaracyiréqdted.
30 using a sufficiently low threshold, the receiver's

search sequence wll be interrupted by frequent false

o8- Gorrel ati ons between the
The %t%ﬁgegﬁg%gﬁ%t&Eﬁoi?ke%ﬁébzg“gener ated in the receiver
wher@i Nl kgclesi(@ccupateabave of Aeytle) asdobehtedSecond,
al t hough the receiver nmay be able to acquire and track

t he weaker signal, it 18 WO 2004/ 034077

The rhorte SE20AR! SHiRfror a‘@gﬁﬂ% ??Qba;f} U%&iﬂ’%w ﬁetif Nay ge xc]\lé-O)

measur ement’ errors c r0ss- Correl at¥ ohsi
The mokeacdurate fréquastcyisthers SfgmaN Hr/ddgi ng the tracking
algorithmaway fromthe true correlation nain |obe.

t is highl sirable to, ,avoid the first of these
The eapisheio atof Feidstlafont 1B 9eh 8Yavol o e | att or

problemas it can result in gross positioning errors

of up to several kiloneters. Thus, the SPS Receiver 1

s effdel oct t effipt —t dfsasMig)éNskrong signals before
attenpting to acquire weaker signals. In this regard,

F L | . I, .
r a0 GaPrbie s bro BT ol p (0Kl b inE P Spaeiver
firmwaiesl Whepthdrforaiing'acqdsifiomisghrchbs @ litddath beéfuséd vsborrectftioe
~acqui sition of any remaining 10 needed signals wl|
oscillaigs fregieney sojag toiinigaize the osel, 20dB bel ow t he
strongest signal acquired. Wile the FIG 2 contains
information pertinent to GPS system its general

Weale SixnaloA cquisition/@rdckirng in [Ares emnee o€ dahwing Signats her

SPS s em Referring.to,Fl 2, the deyi starts.

wQNE PhberrpbleTS.cRmobiatew Wb 168 Uss GhalRak ST Slanalsisthat any

be § | VRS 1 the YRBE OF tHERERA kR

SPS %?%trehﬁgﬁée %i"h?%éﬁf@a@gﬁf%e%. I ?‘et he exchange is Sighial of the
GPS systeas fouexamplet oy signabthiatrist weakerdyy moreathdinnapaidt2dBsthan
another signal that is also present may be jammed by the stronger signal. There are
2 main effects of this jamming. First, while attempting to acquire the weaker signal
using a sufficiently low threshold, the receiver’s search sequence will be interrupted
by frequent false alarms because the cross-correlations between the strong signal
and the code generated in the receiver will be often be above the threshold.

Second, although the receiver may be able to acquire and track the weaker signal, it
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received, the device sets its initial search
paraneters in step 11 with the goal of acquiring the
weaaengposi gnal s. The paraneters for the sear chp@r/eS2003/031684
initially set to a high threshold and with a short
will blsee'#uggé&ddlé’ﬂ?] é%gfeda%%%rééteerg&% oc%‘ﬁrgég ] kdrqg% egrrEI%ﬁ?n side
lobes fremdbe strohgeesignél draggingtthe Itnat:lsmgaaigbrﬂﬁm dmayefrorretrtehme

arch i gnrestrl cted. The reference frequency offset
°°"efa§'°5£a'ﬁ’§a be a prior value that was neasured when
t yesirykie t@'é%idqr!é'f% et%‘ftthé’& drobfems aﬁﬁ‘ﬁ"iésgéé‘ntial to

Su seq ent st ep Se par aneters,
avond:ténedattmpmblﬂmas at caruteisult irhgrose|pasiioning emsomffm:rim several

iomgRtEy ThES, B SPSReHher Fotil Bleof Einfalite Son siongs
befordlstienditi Qqufuir@t\@ébl@@@@n%%arlﬁfthw refadd, FQGaQréﬁltllrfe%fan

satel | te at 1 chip per integration period using 2
examplerprosedute i@l PR reseiver hat Bnpurgsdbahanywiiong sigkels are

acquﬂggﬁ(sg u§'|n§5:§ hi ttﬂ%s%' nAQﬁrresﬂglg fgl: a@ equgb %?%gWel%ammg

cases hIS wWou

neededgignats willtheh ibengetsindhalcase pf mtzo@bébweme Istrongest signal
sone |nst[gnceé}f t he assuned frequencg of fset of the
e Kl @ 0

acquirege While rOntaing yreImation, Pertipe Mo LSRR Sygtam, USﬁ general
apphéélfdi*ﬁ o@H[BénéqJepﬁrbpg)g??@F fo ah{ %W? @ggfe'i'n by the

ing rat or’s outpu anpl es. Thus,
i Reierrmg tob | G0 Q4 theRdeice stamts Wathoihe/ fistiregdeskmispbhse exchange

o o i PSSR 0 BB A v i
Sourt‘f@E' O the 3@hdRGE s sutceksm §IQd Waéﬁ%xﬁﬁéibqacat%ﬂ‘élh'ﬂﬁ%ta is

hout lowerinhg the threshold. I'n this

recemed dbe devigedeteits initin) se¢archyparemetersdn isiep zb1 &\ﬂh‘netbe gwal of
ear ver the,possible frequgn range. The,. .
acauip3itadsiofb sIHBIL o TRk Safamé R ibe SR ard Mitialicsattaa hioh
thresRbldQi With BstRrsipteratidreperidd édi@ceddté h@sdcquisiicn Bt e selected
threshold. If no satellite signals were acquired over

threshald. pbeks isine prierdinondgdgenpithetaede, phases of Hie satellites and
therek&@qﬁe 5B5ERNg! ﬂrwﬁ'&tgdb% ?ierEfe(rgr&geDfrggge%Qet?%gelﬁhr%%d to

onger ntegra erio

be a prior vaige thativeasy mbesemie;vlﬁeretﬂmecpwef metprwuuelyldbtibe (i.e.
set bgck to the %SVJ oysly assuned v

h
“old”) /1B syeRegUe Stem oWty these 9¥§W$réd?1?s§ﬁ§ R@vfer 1uses a
multlQﬁ\%ﬁH@Itcféwé@f otha EPﬁcmﬂ’férﬂ's'é%Fcr?f%"f‘ gl [sfr8n¢ Qs Gall

|'east one sate any strong sl
visiblasgtellites. and addl t| onal si gnal s are stl I 1 needed, then

t he . ne ed carrier nois rati he, st ron

BRSS! 5k oD e e e SeRlad 5 A
chanhélt;%irséfélmﬁ atd cﬂﬁﬁ 'p@ﬁ'lrit@grﬁﬁoﬂﬁéﬂoa A6y 2H%§%B?Bﬁannel with

search in step acqui sition’threshol
0.5 chip spacing would take 1023/4 256 integration periods or approxmately 1
second. In most cases this would be adequate to acquire any strong signals
present.

However, in some instances, the assumed frequency offset of the receiver's

reference oscillator may have changed by a larger amount than can be

accommodated for by the sampling rate of a correlator’s output samples. Thus, if no
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be applied during the search. For exanple, if a signal
of greater than 50dBHz was acquired then the

wo nioggs4ari on period for the subsequent search PEERUSI008/031684
be any nore than 32ms. This is because it is possible

satelltg sl s iR o e (RIAS 16 &St seference

frequbwoﬁ@tbmeﬁethe IffsePABlid by adilsteddhetep @o @Viﬂltﬁe tsbarch
ynam ¢ range probl ens previously describ

contlmadewémé |$W@qu0& e thseshold. lAbtm|s:|anefBet§€fS@§ wqwﬁ e changed
systeﬁdt@?%{r& of %ﬁ %r%rgiﬁ‘r{?g% at@‘ég{dtsgﬁ)gé)ﬁe{; E@nc?}g r%n?@c el*(?\éeéys%ematlc

ure

seard:ua/vmuld terdmingtecore theohcduisitiore gliome dr ricye ahtellites at tHeohigHest
opvi at Hﬁe need for further frequency searches. 25

possibierthge east one satellite has been acquired, a

r
S5 A0 83 AL IpicaDuePAaSAiSE Yl Mg then. i
step £3,reclowten ehreabpidouowidtbe sabde.gp BdBdO\delf)fae\dem orgeb integration

. all th al d
perioyoLfy be iSa15EL A e et ol dRe Felarniton Reddngy Gfat pouid
be se@Ba&m@ el SrevidRiSiyt 3Nt VA1Bé And théfreBscy Sedieh WiUM be

hen the code phase differences can be 30 ‘estimated to

restamad wisingABesepprametenvalugs. I n the GPS case this woul d

o5 ol tto GEIE 205 Y

acquibsd hed alddribadl sigasls sié ktik hesded; ahen the mabarédamrﬁer to noise
acquired to permt the 20 WO 2004/ 034077

ratio pice|stEngss LS anaAcaUTed WAy be Used de defermiasl o therjategration
perloggff)@)ﬁt%ﬁg'f& a §§B§5ﬁt{%t%@??ﬁpen%tt ¢ 4SR85E u%LtQ)nriﬂFeshold to

maxi mm acquire endu
be applied|during shewseartht Hor dxemples, if @asignakof grester thanSOdBHzrwas

acquied Siendhe dniEoraiin ket febthg FihseABnGs A eh hegt ot b ny more
than ﬁ?r"nst Rig %’B&d&'u@g |t91§§)?5§|bFeet% detbbtsigietis oPBOGBH%Jer‘I‘ﬁere with

However, typi cal uirsition would take | ess
an mtelgr&lo(nepgmdlofsBZmﬂend tme threshold wasld hagate belset BbﬁodﬁHZ or

nigher 4 3velF 106 i BpiriG Partde OBt Brel B EeirbhSl e 16

PITRR! referéned frbGersdydodet wdlukd élearbéS@stm@teWstng/ﬁey | ow
precision at the input to a correlator and,

appraxipatecigratien of thersP Pgef@!veé driogeiher wéthdhe raéﬁ@ngc data and the
meaﬁ‘ﬁ:i;éejéjg%lille{ ﬁrgquﬁﬁgf the. é%:rq% rgar fg% Ya'i'h%téh%n b\ﬁ?}]eaﬂhle%d for

perfo poi nt

furthéirlfgstfﬂenbyséaml"esen_t ed by a hi gher nurrber of bi t
es and scaling

f (;Sggqeoatéeagt Qﬂﬁasqtéil'%ﬂﬂﬁn@ en gcqyied @nr@éﬂ't(’t?iﬂf*%fivgsr egime can
o AR B P i g 1S5RS B (PSSR B 2 e
approxriyateecodd plyaise élﬂ‘erertoesd)etween all of the remaining visible satellite
signals and the first one can be estimated. If the accuracy of the approximate
position estimate is assumed to be +10km then the code phase differences can be
estimated to within £25, approximately. In the GPS case this would permit all of the
remaining satellites to be acquired within 50 * 0.128s or 6.4s. However, the search

could be terminated once sufficient satellites had been acquired to permit the
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correlator. Each channel or certain channels may be
reconfigured to provide a canceling service for
wordenst7Al ternativel y, these canceling el enreneGr/usanodes1684
dedi cated for the purpose. For each finger of each
or mhlch canceling is to 20 be perforned, a

‘°°at'8'aﬁ%§ﬁq’?é fmﬂﬁ T is required. The canceling finger

t gkt GPS exhplef 4¥uninRg tﬁmne@ea@ﬁ@ts@érchrmuhot failf te
pronpt finger of a channel tracking I@@J@@mﬂ ng S|%nal

maximum tre dakeretosacaire enopgh sateiiitestwau & fak e first
' i I
search 1B by S 1€ s K nEtleping Q8GR B YALEP sh@IRE pus 6.4
for thé isabsmmitls:egrm fog g‘fe mnm@mtameesﬁhmaedsﬁp t@lﬁl 14w
cross-correl atjon between t s ipvol ve
Howeygr.dtypigaliy, @¢asistiondveyld 5@%@15@#% ﬁﬁs (%8 ﬁﬁarfﬂ% h&@%@r 8.2s).
the janm ng signal which is obtained fromthe
correlation achieved in the channel tracking the

CanceHation. of‘[Bmssr@elrbtatlangn estimate of the val ue of the
ced.in the channel.

C A Rt VRl o} 18 BRkic S Brcandelfa StNB&ondIS Bals with the
probl&@lthalhié é?gnﬁb P Vep?@sér\tb& WA Vet 160 pregisibAat @k input to a

cross-correlation value fromthe correl ati on neasur ed.
correlptprsanshihencasany scalingiad theisignabean onlxtbe gxdresaelyiarddelnd

prtof e bt a5 53 7 B 8 g o i

wherd e SigAaI08 48presertEdUs2a BiHes hafvber bt sampies,sngt 1@ bit

bandw dt h of the signal nust have been reduced by a
sampjegcarst sealingds mere fQ@S'B\e is & fallewdng:nr ough a process of

gﬁg'@l%eﬁ |F1\/{)‘I§/89 hQde&f}e"’fﬁgwgB A IS EBr L3 fof' E%ﬁc,se"atlon

anne ave been downconve
Fig. 7i idenschemhatic dingrant bhowfngrrmw becanceler ma»yebemruegmh@ti nbole

corre{Biginrach SRl b BeHalD SHISPeIsGHA% bE serinTgiEed e, fiovide a
cancé|ﬁ\§9§ér€ee !f&rhothg é@%%iﬂbmﬁéw thbbe caqwingrenaﬁ@hfﬂg E4Hpef
pl Us or

m nus SI nul taneous hase
dedic@&demmmpumosef Rdnleaich fi egsaoéeaclrt ehaginghfdravhioh gsenceling is to

b GHEP ai din I nfe as .descr.i an SPS Receiver 1 of
ep émegoa Qggﬁ}g INARL A% restiiine qU| res the ability to

d%@fdﬂn@@nﬁgpﬁngadakémaﬁ@mpm froftHe dddR g@reératdrlm t to the
nals at the sane instant. In this regard,

promltef%wgﬂrsaf @rhannehtragiing rdarimieg snnabehéams the SQﬁ?@nSF"S)Ut from

e o€ kel G A 5nB8EEF Y SRR IS B o
correlding these M@Qghélsk&geﬂt’nér ghe m:anceimgoﬁ]w@enéfhtes tah estimate of
menory. The foll owi ng describes the funct| ons of each.

the crgsggm@lqﬂqr‘s,betwﬁgnftla%ﬁyo E4B-Godesunvolyedser ves as t he
| Fjd @'thiﬁjgf}é\bfﬂﬁ? ?chp%?ﬁérf fPthe frﬂé{;}ﬁﬁﬂﬁie ditRef tjérﬂ%g& 8fynal which

circult ters wn conver
is obtdlrgad fraraghé lcerrelatngn achfaverhinthexdhanmed trackingdheijamimer. The
result |s an estl?nz;tgrof Qﬁé) Sglﬁglo?%\é Qro%sfjciogrie'iﬁIoncé)){pre(?lje%tcga in §1e channel
for which cancellation is required. Cancellation is then achieved by simply
subtracting the estimated cross-correlation value from the correlation measured.
This embodiment has the advantage that the scaling and cancellation are

performed at a point where the signal is represented by approximately 10 bits. For
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and such that the signal to noise and signal to
interference ratios are mnimzed subject to economc

w@nab4ps@ct i cal realization requirenents. The fronUS®NH031684
out put 19 20 of the front-end circuit could be a

i BR3P SRR ST S 05 S 5.2 RAG or
arourfd z"rm'r256l' thees ahfplugh @ proaess vbdécimayiph Gimtdgration aadelb&ln-
samplagp! 15 RS il channes he sendiawngorxertediantiall and
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sighal i.s,.do ated h e and the AGC maintains a

the DQBa@fé(ﬁf'am g?e&l"é\?élm'é? 3h Zout put of the front-end.

Hardware correlators 18 each representing a processing

channel for a part| cuI ar satel l i tle Si naI _are used

s 550 o TR BB o

presentl ifvéntibh Fréquirest the ablliRy &) déermany the dddel phasek ffer mafliple
based on the estinmated Doppler offset of a particular

satell§g signals at t@eme mstanthdn BYs regarddF 13- depiels ongyguch SPS

ReceR/reY ﬁt 8('5 ﬁ’ér%ll tﬁé @P%Sfe?élggf?Ic%é%%%gagf(?&/)ﬁa@%o@%hly three

partsPleﬁ/eLd%ﬁtsbSh@s’Sé Gt&ﬂat-end girceix 1@pthnee onvwore edrrelajo 1822nd 2

micropEASsPh A0 SHNIBRORY o RBP PN Sesciisps Redundiions feagh.
P& dricral gaihegﬁ‘éﬁ#éhd SirdligP5en@B8%hs3R8 %ﬁéleﬂ%ﬁ gg‘oﬁfl’gt%ﬂ as

gener at e code generator 24, cont
foIIows, cThmfronbembcnr@ﬂt 1Hemplifies Jiltehs Qmerumrrv@nﬁcand:«ﬁgtﬁzes the

. j 23, at 5 t t t.h
signal{tBien ateCngaa BEp(s SHiabHs G Parersing fis QtAheRrEsiator 18
and stith $hat the stdridl & ﬁélse@‘nﬁssﬁ‘énal'f@mtéﬁé‘:%nﬁéﬁﬁf @ Qrfe %iﬂiz@a

generates a | ate pseudorandom code si hat is

subjechte economic apddiaeticah ratization r@lt@f@mer%s Eme fmnt-&nmoté@ut 19

o e A LGRSl b b ARt d 8 B e e

case dﬁ@PS’)Cbr@réaeBigﬂdl Gergerdd atZrodid 1 WHtTdrh H@rXGI'tﬂ\e sampling

vzéﬂna s 26 are then separ at el aéocesse
rate wid berierlly bessevesal Mbzand thg dig @i&%bwawdubeaaﬁ Iggst 2 bits per

sampié ! hetrhgalﬂgfe‘ijl%‘eperﬁmé%n? %ﬁt%dgbﬁ%gﬁ'kf%%@@féﬁkpoﬁ e digitized
sugnaisemﬂtamlg $|aCe tmeztra@ prdnmlsmteeégread kizr 2MiHzsin shepbse of GPS

rate may be derived fromthe rate su
and araieak SOTAP & SRl EReE NBISIgEl S ASINEe] By neiser A ie AGC
maintaffcd coﬂs’iaﬁpﬁ\ﬁ% level Et fhel SutpX ofthe frink @hd V\hen

searchl ng I N CO e, TOCGSSOT 20 elt er causes the

cblaed\gametnca*rejatorgzw teacbtre;prasaehma mnmsgir}g ghanret for a

partlcuﬁacll satcﬁﬂe S|gna tarea Lsctalj1 gegér%ﬁely ?o fuerﬁmer prgct:ees rt?\‘te fl%rl]'lt end output

19 under the control of the microprocessor 20. Within each correlator 18 a further
down conversion 21 (quadrature in this case) to nearly DC is performed based on
the estimated Doppler offset of a particular satellite signal and the estimated offset of
the crystal oscillator reference frequency driving the correlator. Then, the resulting
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period or changes the code frequency by a known anount
for a precise period of tine so as to effect a rapid

WG @p/03407t he code lag. This is the preferred erdDUSIMBI031684
20 although in an alternative schene the code

comei PR et BN B lELa2 M AR LR oot

pseu@cﬁrahbem codensigoal 23 ehgden thmtchrtbaﬂ@frzgpart@alae lshtdllite signal
gnal, in this enbodi nent. the processor_ 20

and gﬁb‘ﬁéﬁtﬁﬁtwﬁ cefle gererater 24 4Ehe sad%sepgr@ttord%"smnyeue@ By the
miecPipdo8E 2 AL BRRETABMRTanner Ot S Ba 8ot e

set togmamhatheresﬁmated signgl Doppleh efiset(given JHe estimated drgstahokcillator
(late) the code of the incomng signal. In other
ffsebmodi ments, the code generator 24 may generate a

t hhéqzo‘élb%eréﬁ QWFHIQO b@ﬁératéssa @@bséuﬂﬁ}‘aﬂaom %ode s%nal 25

synchronously wth code of i ncomng s
that is ttteesametasarseudneqndmn sede swlnahaid busagau fixed anwnh mespect to
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convérsd gbﬁbmz OTFhé Wes AN hidte2Signale 2624 theh @eplfately processed
processor 20 where they are further processed by

by degiraatars BBo@@ﬁnﬂ@rgﬂéd@wmﬁs aeti@lips diler and down &aﬁm@e e
mixed o ARORA FaBIH LraARE A3 Ofitne SR8 685! AR efluced

nmat'e eqlency an
sampliag rateris spgrtadlmateT}'!&KHzt me@saanng catbema'y(be aletiedd from the

because the sign s stron rthat t he
local 69&% eatg Sych thaie ﬁ@g\eaw“e'@.\'?l' @@&ﬁ?'”ﬁ Jeneactt eode epoch.

Howé%)egqgls |E'HOYE§ e@%@rat es on the raw sanples to extract
s for the extraction of this data will

bWhﬂmsmhlng in®odeethekprotessor Qmmmeacausgsme‘mmygﬂngrator
2 A AR S ATk ton
periof oY ehahg&sthe é&i@ﬁeéﬁérﬁﬁtby d RSoWR AFSunPReA El‘emﬁ‘ p&rfdd of

val ues are subsequentlg used to estimate the vel ocit
time g0 as teeffects rapid stepdntthe code lag | Ehisiis thie preferredrambediment

attondififEy Biamats SEeAing cU4E BaubhS BY e b BB gtset

whlletslear@ﬁﬁ% B@thatahs @bﬂé sles contfinublslysatative itd ehatigdtieé incoming
since the noise |level is maintained constant by the

signahGC of the front-end. Wien perfornming a satellite

S
¢ MR tra G Sihatblife o, niHESeRbEA A& {brbCedbor 20
constdatigat ngs ﬂhbhcddehag astjustrdescribed| 8o @istto keeprthe pdeudorandom
T t t t
code SIBRLAS A50A18 PRGN Coae SIGBRLES flomh e atik.oanarator 24
t

f“““‘”@eﬁe?{“%?ﬁ“g?’yei**?f”‘ﬂSe”'“tas‘%‘%ﬁé‘??géﬁﬁngh?ﬁ‘%ﬁﬁ%ﬁf@‘?‘@' In
othertemebaimeatsathe code geneston?emayPengoate a thirdssignal (prompt) that

is kept running synchronously with the code of the incoming signal or, indeed, there

may be several more signals spanning a lag interval of up to 1 chip (smallest code
elements) early and late of the incoming code.

The correlator output samples 29 are read into the processor 20 where they
are further processed by a signal processing algorithm described later in this

23



10

15

20

25

30

other. A simlar, but nore conplex algorithmcan be
applied if 3 or nore correlator output sanples 29 are

wpemsenn77 The nature of these control al gorit hpeT/us10b3/031684
be 20 obvious to one skilled in the art. At the end of

speciigfio henie e BRI HRaBRAR AREPinddiot ffo.5ffirsional
Then€gif @men“s 18 bevéithicted becduwedha stgrzd iy strarigpenoddiefor that, the
resulting signal represents the code phase neasure enent
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one skifledum trecatts 32 toget her W|th the carrier frequency
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e

equency estimates to |ct t anges I n code
offsetmaim arfer suhseqaently egedato esthmeu tbel VBIDCItIyI ©f tieex ceceMes (and the

ori.thmalso filt the carrier 30 frequency
Veh'cg‘s'ﬂ I%iprpgy Egd[?é'g??@el r randomerrors. The carrier
Sﬂ'ﬁ@téﬁhﬁlﬂu@é BPtHe &dRy arsd RS ebirBiatbr! Uittt danples 29 represent
docunent. After several seconds of snoothin (five

estimatasoefdbe icarmiardo moiseciatiof theisstellitesignebsiogs the noise level is

main @%guﬁgg%ﬁtﬁ)&]tggkﬁéﬁf?ﬁé %H{-%%d WI? é%ﬂf&{géﬁ ogzﬂglﬂte signal

seardh, &rwemputuee*s lar@compared s $wesholditb detareine ¢fnhe @ig\net has
estl mates the SPS Receiver's 1 |ocation and

been istasded iy If itrhas, Ahepan @caiistioaPrasedye ipcaginaenced. The steps of
an apﬁ%ﬁété%%g@%ﬁio% @Sr% vﬁﬁ%e%b%n&l%”&g%e’@:ﬁed ﬁhctﬂé'a?ﬁ

elve romt I ng source his calculationis
d&¥lwen tracking, tmar-déqirmsb i$ atjeistedhas Hissuskedieantier inTorder to
[ [ cat i

een Jof grorgoRiason b ot fE coreiaiitoupul Sy Pl Biuedd eaen
otherZQ\ sifrat fog %@t%aéd‘rﬁplgﬂ %‘Id!ﬁltﬁrﬂ c%ﬁ%é%pﬁl&i if Q%r\fﬁéﬁé ddrfeMtor

chiptoc Known type (Sol ution
output:samplmzaare; peaaealt sTmetnlatt.c_re of theger conent algmrﬂnm wvdlhbe
. these ch can _.be ganged to provide 240 fingers.
obwopﬁ??ﬁpg Sgﬁ'ﬁgé’dt%ag each finger has 8 DFT bins thereby

PA@MeleRd of BECIE ﬂﬂég@k:@ﬁxeﬁbd #926ode Paasé 30/fbr 686H €drrélgtor 18
for the one satellite not h

are sinvdtanepyslyatchad dyaelateh e,lgg}e@h 34 ryytl’m; the hahrdvyaee correlator.

The (83818 R toprd e 80t Bolid PABSe milsbirgn 42 Yk e
phasé hﬁeashtér’nemsctiﬂ armmenbuadevawﬂlacb!é 10 theeprbtessoealy Then.
her types incorporate lipmted search enﬁl ne

procqssgera%ﬁ) ien spptasca Smoinies Alsrfir @ e fods phase BeasHeements
32 toggﬁgﬂﬂlgﬁ&ﬁ% %srmrf%"eﬁcﬁ BBRRGIeS. CAIS LRYYrthRALS U584 @ educe

the random error in the code phase measurements 32 over time by making use of
the precision in the carrier frequency estimates to predict the changes in code phase
from one integration period to the next. The algorithm also filters the carrier
frequency estimates to reduce their random errors. The carrier smoothing algorithm
is described later in this document.

After several seconds of smoothing, (five seconds in the preferred
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variable integration period, foll owed by non-coherent
integration over a variable 20 period. Fig. 8

WO béoumBsoat es a preferred 2 bin search engi ne PCT/US2003/031684
architecture. The coherent interval determ nes the

embodiéhd e iansriadBed £8P FhASP e fRnBhE nd the ftezeg

carne@ffrehh@naoésmﬁél%@ﬁmb pasBée o e lobatidresoldenehidh estintdtes the
to-noise ratio prior_to squaring and therefore
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This cadeculdiicn |sTd§é@r|bed irnmore def2idptein this doculnent oTrnen signal
positionjng erraqr. Wth Ionger coher ent inte atio

proce3aice ATIERREARMING alid P et Rcenhng oo v Sl axeSded by the
proce¥¥bt bl e frequency bins are enployed. In a wireless

| 'ocation application a m ni num of around 200Hz

bandwi dth is 30 required to allow for up to 20km cell

Modi adils a 1 PPMresidual TCXO error after network

——@8%%&&%&9-@?° ! f enployed). Since the Solution 2
h&edrét englaes vagtfrori & (fpw@mp DOrRoKeEkRdwh typge (smut?cﬁn)

WO 2004/ 034077 PCT/ US2003/ 031684 necessary for al

involveisel Zehannels with 28rfingess genekannel apehiigfeschannels can be ganged

' | . c ]
to proisR e ERACHS, n Mis ofiged PASIEATF IR 1Rk & BFE, S frereby
provuﬁﬂg&l@e edbivalentibE$920 fing@g itirgganthifhy fsrithe onessateliifec SAnother
thus limts the coherent interval that may be

well KDIYEE (BBIUORE) yokeS S pAG0IATGMEIBID SBRIRGPAIS 16000
fmger%ﬂb%cﬁ can b fdd fosse dﬁ) I’?fd’i‘ r85‘§'a "IE@'Q dif 9H§6l¥sl§/ BRRbSS the
I NS can be produ e ent
full cade spacel deamtrbcmly meefaemxdant:p bitﬂsOthekmmes incarponateHienited
| cal. _of wea envi ronnents, this

adi ng t
searc\,\oetnqygq.lg%/ iy Jagethghy hr?@i"%éﬂefﬂ'ésnce Where correl ators
In all 858! SB4Reh eh uﬂéhiaraawéré mwo@tsr@ihe%ttiﬁt@@rétibﬁ 'Ll§95§|ly with
satellite signal's follow ng acquisition using t
variableantegratiogi pesiodTfolloweddw ders-caberent mbegratied oner a Vtahable

perioft cor B chiliatbnd AR e ZhA IR bauReeon kMGt e

coher@ny iMérvandsteimines the dirruititrabltit @lsd detérhrfihéd trRScofete
acqui red sequentl ally. Once the first satellite has

processig gaituiThesauaried é‘%ﬁér'ﬂﬁurf% gbthesgndyef thedran-eghatent,
mtegr%?gﬁ %&?ngérfbsr GPHRSsi gﬁglutbs@léé%tfo i r% ggpgnné ?Hg 'éﬁ@r@fore it

Sear ¢h 'engi ne CapaCI or_ an ure
is deshelblé toomakinhike tiee ooledreBtipitereansues te miniplizey/ thee quaringhess.

first satellite after which i ui cker to
Howavis, 15 geasay o Mtain SUdIRaNt baBHWIgth o ape V\efgsr@a'deﬁFTCXO

error %ﬂ@ pl?écﬁr;gal?t%ﬂe(%r%%l@ DGhaLPodifi |f‘oﬁaﬁ%%rr‘39°¥‘\ﬂﬁﬂbn§8r &%

restrlcte ntial code earch
integraltibn gleriots this mmnewnreétmjdentpseaﬂ':hmgswdew mudtjple frequency

bins are employed.

In a wireless location application a minimum of around 200Hz bandwidth is
required to allow for up to 20km cell radius and .1PPM residual TCXO error after
network compensation (if employed).

Since the Solution 2 hardware does not incorporate a correlator it is
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be repetitive to allow for fading. Several of the 20
fingers may be used in parallel to 20 speed the search
w@raaes®7al t hough the processing | oad may be PCT/US2003/031684

prohibitive if nore than 6 fingers are used. (The
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st 925 a1 Rl Ough 4 154 SHOARE b e

the searchraagemayhé festritted iracodw\spads towvedube acquisitioartine or the
to, a coherent |nte,ct;rat|on period of 128ns. Prior to

requirgg 3Rarel ENGINELHAPAGTY -an extra proceSS| ng block is

B B ST S0 RO g
the firsbhatellite after whiehdt lsgacqwakentp quberoemeiatorsmm acqmsntlon
frmuwg 635508 e aGoffinis RPios s B gpolmant fogfEim ih paraliel 2

restn@té@‘-"s%’i;ﬁéﬁﬂaltc%désde'ai’@f for GROF RS reriEBNgt $4611iRRd The search may
frequency for detection and handover to the

be repeitivel tatadiow fer fading. Several phthe2Q firgersanay bel used it parallel to

svoeq 1 BEnhSHALES 5 oh ot BSehinZiod AR BRIt more

than Gﬁﬁgéméu"ﬂedl NTREfingemdarel ugedrif pairsed niinimigde peeddseihg load
gnal using a conventional search engine is

of
and t@loptéml%d?tﬁch%lbp@rqum%fﬁechm ce of 19ms provides a | ong

¢ ReEritle yPUEEhaRhP BRrBictS A theicaufiftraRBifins of the
inventiohés asequential pedcess. Howeds, bé’ctausertbe uﬂltegratnnapdrmis
2dB but av i ds f1a5 an req rement for

reqUIgKHIGH SblenSaTS Ty SRsfer the BracRpegs schrva afdne
invenﬂglg th ogﬁgﬁ%tslé f QhéﬁboféAe‘FJ{d{a? %d'\g OEQ Gg\)ﬁ%ébo%rpl‘?n ine for
acqui\sfmoﬁ‘(dﬂlplemdsms thé:@@la'blelﬁemh&r(gmwp‘acj}yl\lchrNI‘iEmmEIa@lllte
the search engine is invariably quicker. For subsequent satellites it may be quicker
to use correlators.

A special search engine configuration may be employed to integrate with the
processing algorithms of the invention. This allows the search engine to take

advantage of the greatly reduced integration periods of the invention at the cost of
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LEVEL Dbw (dBHz) PERIOD (ns) Open skies, directly

above -150 54 1 20 Open skies, high elevation -155 49
wa200pem75ki es, md elevation -160 44 2 (Open BKRI/@S2003/031684

| ow el evation / -165 39 6 indoors, very strong signal

I
more (RESREY Bis) Clle tdérE e Rbed horbiBsad abde pfdyibs cansecutive
DFT Eﬁﬂs%all@w dovethel dede Gandwititialand Iquabncyl&ﬁcé’tﬂalﬁwlth the
I ndoors, . very weak S|gnal -185 19 5270 30 |n

narrowef P@N@qﬁl} %réﬁ@pomgmglt %qmengpm?t'ofhﬁeﬂ'%ﬁg" Q&@S Prior to
magnﬁhaa%uéﬁn#‘%r?@xt@b cﬁze@!%lhgrbk?]ék |§%j ltJthtﬁerB)@ﬁeﬁroEé?smg

squarin 0SS e rea
capamtyqaqumeld repregesntsi aonagiditioned owesrmadeofpzme mﬁ‘)%ad>ﬂ the coherent

[ wh
procek8iagiapachy Efduitennt ALt BON-A0NEra Ao SROhP el bin and
adjacBRITbiINS 28 3a8Sed Rfthe TRwarshor Zadifior PréGsily t%n:ﬂdtlﬁ%?e carrier

are needed. However, the integration periodrequired
magnitude and fraqueacy |f¢rgd@eetmmamd handover g ¢he comelator| &g 9

e R R I 2,

Takirg PmsoBRNES drite19mMs eehéhuAcHtRsreatinteyration periods, the
acqui Sltl on tinmes of 3 schenes for very weak to

non-ceherantintegration tite rrquiredfaedetection pba signab yisimg; :cenentional
eS| . fii
search G s 7S a8 BF Taer o Tedlhe Bf 29 00 HEC g o Ebfern

integrﬁ'tnoh pariod helows dbitand ersyres tiatrtkel bitgreriotb etide eentirfuously
i ne confjgurations .and fhe re ults jn all ses .
'{' 25% but avoids

tthU% celirrent t?ﬁra?%pﬁﬂw MEEesH tst'ﬁ@ 089 Ok
any ri&#lt h r?t%n‘ Hé‘l{é‘ é;%chfbrﬁiétfgwa‘a?ﬂ#‘?}ﬂn%%oth*é?erﬁ%t’é@Péﬁo‘ﬁrtﬁe ®on-

ormo har dwar anization as I'n |gure
coherent integration pedods nequiredsvouie bseaucih Idbggrne only with

TABLCE s SREREEL NG B R a N i VG ARERTONS ™™

CONDITRONAL 1 on periods |OoRFEGNAL LI 9F GN6 NEINTEGRATION
correlators for tracking. Only 2 steps arle 15 required
as_all renmining sat eLEMES(Dba) be(dBtiR)i rledPERIOD (ms)

Opehakits| direetfyt atvovene f 180 satel lif®4is 1

Open skies, high elevation -155 49 1

Open skies, mid elevation -160 44 2

Open skies, low elevation / -165 39 6

indoors, very strong signal

Open skies very low elevation | -170 34 19

/ indoors, strong signal

Indoors, moderately strong -175 29 88

signal

Indoors, weak signal -180 24 599

Indoors, very weak signal -185 19 5270

Indoors, extremely weak -190 14 51500

signal

The lower the signal to noise ratio prior to squaring the higher the squaring
loss and this is the reason that the required integration period rises exponentially.
This, in turn, is the reason why it is essential to acquire satellites in parallel and
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acquired. The full search engine is used to search for

2 satellites in parallel in the first step. The third
wa@edeneioses a DFT search engi ne and a har dwar BCT/US2003/031684

mechani zation of the algorithns of the invention for

nencg ff A iBle, et Bhbingl s BRI " o COhe "t mventi on for
t Hallgvieg-théli hﬁt@PraZi@nwmheqmumfmﬁe pestgssRY scheht of the
the first satellite and one for .the remai nder. TABLE 2

invention jgriesRieransermchioRgercohrEsNtintRamMtion Rands@srerployed

i Vol Sensitivity SCHEME 1 Search
there@@%mﬁg %rgs_éﬁj &Ngg‘[%&ggwe 3 (dBW Search Engi ne

AT ghle2 tompaled thgnateigoatldmmérfddsda_ndiugjumtudmntmwsadfiSoschemes

forve&%a&éhex QFTE?DQW%J Sea CUWAC guisition Per|

regnenleys |r‘;;tY¥'let§1 schemes
is a s%é‘r;éﬁ@% Qﬁgl‘ﬂuﬁh(186)3(§br()r il r@‘b’ﬂﬁ; %89215 » cé@%la?(gg_ ﬁg\"?ls just an
examp@ 2Sigtlat amalyses can blaaserEOImEdtfor oth@o sgarch engige canfigurations
2004/, 034077 P S2003/.0316 188 -.187

and 1€ sLj1S i 5] C380% (4y54 U sk 04 B QN of the Jverigh ithdr
runnid@ ( firwark King theédcdrélafbes ot inotefferm SPMapéward He@hamzatuon

EOSItI on uncertainty we require a search range of
as in Figslse 960 chips after acquisition of the first

Z%I‘eﬁ rqlrét %hem 3sé§eﬂ1§r§%§?§$ Fﬁpﬁ\ew %Itﬁ%{T}?s&?’{e?Qnt integration

e frngers require ring
periodsit Thé isteond belterne U489 tmeesedrgh sagirld $écﬂje‘noallyw.lithm\9n'&

and 3,600 for scheme 3 which means that, in
integratign peripg for apauisition and thecorestators fay teagkig. S6ly 2stgps are
SITb aﬁ‘épﬂﬁ?flr%hsatelllte is

requirdd a'%FQIWérﬁﬁmi SAeldsSan B8 adGuidViR et s

requires ongest acqui sition t|
acqwredg hEke fdhseargh eagineris wsed td searchdorf 2 |satellftes in parallel in the

rst skl T Hrd HNEGHR BPFs £ o ohenain AL TrONPRL at ch

mechﬁﬁ@bﬂon g8 tialberithies bithenhvettiondor §éd=\§éﬁti%9acéﬂﬂ§ﬁ&ﬁ long with
the energy required for subsequent fixes can

correlators and firmware based on the algorithms of the invention for tracking. Three
search steps are required, 2 for the first satellite and one for the remainder.

TABLE 2 — INTEGRATION PERIOD & ACQUISITION TIME FOR SEARCH ENGINE
Vs THE INVENTION
Sensitivity | SCHEME 1 Search SCHEME 2 | Worst Case | SCHEME 3
(dBW) Search Engine Acquisition Integration Modified
Engine Integration Time With Period (s) Search
Acquisition | Period With 19ms For The Engine
Time With 19ms Coherent IP Invention Acquisition
5ms Coherent IP (s) and Time (s)
Coherent IP (s) Tracking
(s)
-185to - 38.2 15.2 30.4 4.2 12.6
187
-186 to - 60.3 24.0 48 54 16.2
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greatly reduced in 2 ways. Firstly, the power hungry

search engi ne can be turned off. Secondly, the entire
WO eaaios®r7 can be duty cycled over quite | ong peCT/OE8803/031684

achi eve consi derabl e savings. A Tiner nust be used to

188t urmtiheTecetrver—backon—ff ter—=a pertpdprecr sey
—|+n-em—t—e—w—t—h4—n—el—f—ew—m—c—r—e— - +he—eoge126
'1879t8rTerators cat-b¢ shifted-8lose to 7H r acki ngg-\3 24.9

189 codephase pri or to a bri ef reacqw sitijon search Using

LIIT IIVCIItIU }ICIICIIL 1 IIIIIII IIIL,C 0) lilf
'1880t8r'rel ators 1a§47| sed th?oe%wgy re VEBPT enent |SJ|I$)1 39.3
19p substgntially | egs than would be the cljase for thg

T1TSt T1X. 25 satelfite Signal Processing Al gorithms
As previously noted, special processing of the weak
sabdllbim fer 20kmaif initial pasitidn mt:artairﬁyd\a reiquiréet eearchaange of at

cast B0 i, BB sHE SRE SRath L st o
searcHtéHglﬁ@ﬁng’é}s Eardd Sffert ébdmﬁ’@it'h% firagdtéltitedeThis i£48@ pey
phase of the satellltemselgﬁ The i nvention al so

satella@ mr sehemesd apaEh0f feg qghg whichgneaes thateindinta sases, four

e .S, carr stimates to
or mefg 3 M BB s SR e hed iR Matauet L T2 T 2
f psweé have sedm| Scetemé 9 reqniVﬁ thetlbrgesidrqpisition time and hence
di fferences into a precise position and vel ocit

the highest enaigy requttemenides henfirptfia iMpeaoves SH’G’S@GPﬂmy fixgs\iequire

equalﬁ&f’ ﬁ‘f&ﬁqgn )epé-é g%g&gﬂgé%ﬁ%éte bé %Le@ﬁ%(d féfg{de{t?atch again. Using

the inSegtion fohracking, Rewever khdeaenglycgqulgedafdnzsubmqmaent fixes can be

correl ator_18 V\nk_ﬁ raI aI s in _each. channel
greatlyTagiiceiin 3 Ways; FISLY. the POWSr 1LY Sarch enging G De furmed
off. ij't‘bhdﬂ/f thd'Ofte ré6 %raéarﬁbs dahscyded B\%rFHLﬁt%%ﬁﬁ pefio8§€
fn a conventional recerver ase | ocked | oop
achiege cansmecghtm sgvingsk Adl mwpnwstd)ewwp ta;tmrmtﬂeerecewep back on

the fre of the final r 21
atter § BRipflorb)Sel KBRS Yt aral sacfitech el TRBHEHG B0ue
genefdtéridadancss shiftedelde. tolthé tracking!codapRaseprietala bAef

permt lock-in without the use of some sort of aidi nﬂ]
reacmsﬂrﬁraaeagh.umraﬂpeamwnonnmplementgdgrmﬁrmwatﬁce§§1°ﬁg>nly e

rjLh

corre%u%g dré 3Bd l‘?ﬁe eﬁ?ﬁ@leﬁﬁ?%ehﬂ%gﬁ{b:sgd&h% [e%g?ﬁiﬁ%gxsl/c?gg the
casemﬁelfrstefnendently of any phase | ocked or

frequency-| ocked | oop for both acquisition and

tracking. Wth strong signals it is possible to detect
Satelfite ! | ProRBLsind Xiditthntor rel ator  output sanples 29
TCI wITrty to permt lock-in. In the
weak siAgraevioaslg noted)espeoiat ptoneesmglﬂf ;Hn& wealnsla@litﬁ%ignal is

.are so,noj sy .that the s i ndi st ui shabl e
reuifgel iprEcffode s e dorandeiisel S PhER s PLIBRRRA S alculating
a PV 58lioh SrotX tHeE MY thRVedE t8e irfehfionh Bfilizes an algorithm to measure
amplitude, frequency and phase of the satellite signal. The invention also applies a

smoothing procedure to the code phase measurements and the carrier frequency
estimates to reduce random errors occurring over time. Finally, a formula is applied
to convert the code phase differences into a precise position and velocity solution.
Each algorithm is addressed in turn.
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GPS). However, to avoid the Decimators 28 filtering
out the residual carrier at such a |low sanpling rate,

wo be4Deppt er frequency and the crystal oscill apOr/US2003/031684
of fset would have to be known to an inpractical high

(1) EBfRKRG Khoafiiog s Bteey And BRESE of Mdd Sa@line S
alpp9rSPd Rdceiviee drhpidying éﬂﬁalﬁsﬁarg%bﬂ'eldm t@pithtsederaisignals
the residual carrier signals in_the code phase

in eaghpghRannatistesuired teestimate s amplityde IOBWQ:%W'?f ffb??a%{hOf those
sever%h]gigﬁéfsnmtﬁez Sgasteﬁgﬁ%?w 8a@THh! a%&?ﬁzgn%&ﬁ@% &%T é‘{ﬁﬂase

romeach o

lockediloepiosa gmhenéplooaéd tidup and aaletdylocked bmpocmtmy theofrequency
odi nen this invention. e&grln to FI G

0
of thefnql HQW&WGUPEE1 NG the £odg genetaty tyelyr ,I@,the weak
S|gnaTE§§l§ﬁ &%tt@ﬁphﬁl@ dré t@o We Rif% g@Fmﬁ ﬂfBRLlﬁSleHdUﬂﬁf fse of

code se neasurenent s correlator 18
someeetcfréotaldmfg framh anadwdliary laigqrtthmo Thenigral processing algosthms of

the pfeggat RpElialEowHPeCuee 73 pduliny lgorfim o BiSiba o they
may b&188ed irilepeRASIHTtY 6f ar%%ﬁa”éé RekES or ﬁébu@fcytlb@kéd Bdp for both
domai n sanpl es contai'ned in the code phase 3

vaUIﬁ'é‘QQlﬂf@rﬁéaﬂk@QBZ it is detectable in the bi ns of the

n%&gﬁ %léﬁglgggw&asr é’a‘% gosdetgﬂf’ igg%%?frblﬁ‘l iﬂafv'c!fa?% rélator
outpui @“aﬁidleﬁ 29 withgufficidmsttretiatsility ¢y peahit whkane ﬂh tive wakrsighal case,
senm -random manner dependi ng on where

the copalcs M SPEVICEE06E SOTBRY thehiba sianals nsistinguishaple from
the “%?5 ?Jh'(laé%% thQ.cg 'bt&h&‘ut ot %%g{ét?ﬁi%%ﬁ?ﬁ@@ 160]e Ry 856z for

resi carr er at
GPSNehewever, ksayoitdive Dgcieatecs 28! fi ttdarmgmutkihblresudualscmmer af such

| | it t
a low SertiBosele e EppplesreatanBagiy ﬁﬁpwgta@?fsgﬁam ffhelivourd
have Bé k%wnEIota'hQan: Actirdl Hlﬁh ﬁ@cﬁﬁ‘m A &br@Rghh ne rﬁ@gét?eclzo;relator

val ue. More distant bins be di scarde np y.
outpurisamplisg gatuemqu@ toibet r@ltalngd epé @e&ultableaaigostrggvm i tegaired o

estimplib i, iEaftCfe 3t E0tesid 31 8327 sl nhe Rorbdnasesi gna

measdferhéntsed32. m nate the data transitions. The remai ni ng
wi_ndowed bins in the windowfiltered signal 37 may be

pFieet depictsa faw drarkior analgquhs usedotpdeeawee@ﬁplﬁuﬂe.
okl it B b 6 A R SRFRF e b G o G et 20

of theacuirdlater d8ragcotding & oné enbutliment dftthis thldmveRefernng to FIG.
transformed back to th me_donmain woul d

4, thg progedyse ipyolvesthe H%ﬁrﬁ #@ﬁhﬁwéew r?ﬂsgf’@rﬁ:? ?E@lﬁdl t? a b'°Ck
of sat PTG i B0 phepO Pl i lel3% GrROPROrEII0: 1P, The prect
of th|$ algorithm atetoa;ompxelssdhe oepdud SaprierAignalirdosefew binsfoftime FFT
outpu%yl. bﬁ'nuesf %F'eeads t%e sa?éc'lftre sl?gr?a ?sbgngetggt%bIehwhen its energy is
spread across all of the time domain samples contained in the code phase
measurements 32, it is detectable in the bins of the FFT output 34. However, its
amplitude is not readily estimated because the data modulation splits the satellite

signal between several adjacent bins in a semi-random manner depending on where
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domai n sanpl es may be squared to renove the data. The

anplitude of the resulting signal could then be
wesdoknored by transform ng back into the frequstiDys2003/031684

domain using a DFT to obtain a few bins centered on

the gt FflsTe el B5 POriDE i ARRIHol b PO G ot e
resididl @aHfsrat teht ins@ngsoi d 20 enbedded in noi se based on
the val ues of several FFT bins. It is inmportant to

nbleverthelgss.dhaving detectest thequiabablg nrﬁéemeg%a sajellite pignal it is
possibfg tgorﬁfgscﬁgﬁﬂﬁh ftﬁ@ﬁgfé‘éybypéepﬁl{ﬁﬁgs :\glngiﬁ e&gg@% ?é on the bins of

si-gna

the FAMicutputiB4oceritgred on thwpehht valude Mcge@ﬂstedt bihemay be discarded
determini ng the frequenc or of remainjng

complgtalyovidts 5 PG fB@”%ﬁlP o QBIE\/chF'Q'B%?@W\)@pr‘Z@Sttﬁ@ signal-
to-nofg@trﬁtlb Pn@F‘t@H&ﬁ’ﬁﬁé‘é(%H&ééghiﬁe%?% %doﬁ‘r if r‘eEI suqr}al 37 o

to squaring In onal n
ehmmahemtm dafa tbanmmsitions. W hejmmalningeﬂledowegrths tBt?theswmdqu Itered
the size o;

signal 3 By ive PlRadsHos b ote Of stvaral WaxS fieider to 6imate the

amphﬁRfEJthtﬁé'p‘Pé@Hdé $FRé hviseiny dAta dyfefn6ws; described in
option 2 above. The autoconvolved sanples 38 can then

bé. phediscardedbingnpay be izata filled andjthe complete set of bins can then

oo BB B N AR, AR B S F o
domawresampleshkith BignificaAtpimproved Sigrabes heise ratio wdidh me% éré%n be

that the frequency corres to each bin has

procegagsueh By to lelieLIOBk M 0b? Phash Iarkeddoon onsielay dacked loop.

CETARTEORRAT31y 9SS hEEHA By umo
doma‘irf eampmaybermmawd toﬁtenmﬂmwuerm}ta g‘ihetdmpllltnde of thmesultmg

s option stimation of the i tud
signaf SRyl e ba s aated by FenetpmieLosek i thechequastiydsyan using
t

2 DF | Ry ot aen 1% 5 PAy B e beyfous KT poal eng bl onv
estlmEtlom alganighrRisuitablei for estirogtirgthe, arﬁdﬂiude anddrequenicy of a cissoid

uenc hi ft, du o,the front ovvn .onver ion.
emberfSd s Aplbettsed ot e ot devata T BRY" J6Raporaf to note
that dh@réﬁéfc?bf’ éhﬁd“ﬂﬁe ﬁaﬂ'vm Bé to N@bblesthbhl%q@bﬁc W'ﬂ\%f residual
bet ween - 2 and for an N-point FF of the

carnq@§wnal auemthatitma e@ilasgd byi¢he sampleshi Thisambigeity will need to
aut oconvol ution); Np2 is
be fe?ﬂﬁé‘gﬁ‘&‘%ﬁlﬁﬁg@ﬁ@ Jqothgf&g‘g%ng}'n in the autoconvol ved
bBnFhe eepier of rerhBinivgwindowedtbies ety ¢ abiotoniolved seremove
extracted for estimating the_anplitude and o .
the data in an autoconvolution process 36. This is equivalent to squaring in the time
domain but, if the number of bins in window filtered signal 37 is small compared to
the size of the FFT 33, then the autoconvolution process 36 may be less
computationally costly than the process described in option 2 above. The
autoconvolved samples 38 can then be processed by any estimation algorithm 39
suitable for estimating the amplitude and frequency of a cissoid embedded in noise
based on the values of several FFT bins. Again it is important to realize that the

frequency corresponding to each bin has been doubled by the autoconvolution
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frequency); Nnomis the bin nunber of the nom nal peak

bin in the autoconvol ved bins conputed (i.e.
wa@orm®spondi ng to zero lag); N 4) is the frequrorys2003/031684

adjustnent (in bins and fractions of bins relative to

proce 36 apfe rEchih TEhARINDS e creRliyaly Y BlyRa BEHR G Tboses of
frequénhdy dtihatio. the original FFT; 4) Fxo is the crystal
oscillator offset fromits nom nal frequency;  Fnomis

t A8 ambedimenkef therinvention emalays ppiendHer estimation ghthe
amp (R 41t RRAPR Tl o). TRERL, 4 HORIURAE ocffates s
followseduce t he conputational |oad of the signal

Fea Sl dit+ 6o rrelNes NGAT * QU Y2 i ety Faemixo
eq\mé;?_t ed in the previous integration period. For
€,

exanp only those bins used in the previous
i At dgythet RErcaprer feejuened; be conputed. 30 Ensenbl e

' Th ah I [ is Llimted_j
CERL Ao R eg sfRaiectiimBiehi o el itg: "
f Famid R fréqusticyahifo Hud it WelddwRconvérsisrt inibe SakalatoY
| osses. A nore refined 32 WO 2004/ 034077

PP/ Lw;ﬁumtam:r;;mw (between NG arth N2 dsfopaaN-peint &6 T) of the
: T, ' f this.
peak e Ry R APy R0 RRRIRY oty B

autocoavelatitry); aver agi ng. Because the phase information is
| ost .in conputing the power spectrum the MaclLeod

e]glp?riam%hinaml@ab% ohinenpeak in inciheauiecasyolved bigs somputed
(eI e R 58 P O USSPl i

frequertygct i on and carrier tracking. However, the .
BBt e &t Buptay of e Morifiebieek BBHB s ghigFonvoivad bins
compBRstS(i Bl BorrBEYSHdiIMGtSaEo Mg shorter integration

periods are required, the MacLeod scheme shoul d be
r Bk Wi iscthe fiemuepcyadjustragalelds bins anshisactionsaf binsorelative to Np2)

ostim el LA s 58 BBPRELSHE oEL o BRBAGH fod b omput
aFBInAgithE binfWidth of I omginallFFT;Ng a filter on the
squared nmagni tude of the autoconvolution array for

ot ixe Fecifecary stabpsaliasor ffsat 10 1S NoTuRAldraquenty: shoul d
e e ot y
d FP glinc'gltﬁ%/ rﬁt%ﬁ "ﬁ)éeﬁ?ggg 5@%69%?{%8%@1?&%%6@ schene

i Fxb iathe Meminatitnystat vstillhtoo freqaercyror nal |y per f or ned

Oovgﬂentﬂgmggnaﬁ'i:s-rbgiglg l%r%sékgg (Ijt i.ts, r;1%3\sl\ll.bEadt%vyeduce the computational
load of the signal processing, if this is desirable, by utilizing the precise value of the
residual carrier frequency as estimated in the previous integration period. For

example, only those bins used in the previous integration period need be computed.

Ensemble Averaging Scheme
The coherent algorithm is limited in sensitivity owing to the fact that gains

resulting from the reduction of binwidth are offset by squaring losses. A more refined
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is centered on the peak value of the FFT during
acquisition. This is not the case when tracking as

wo be4oewter of the window is predeterm ned. HePCEU$1063/031684
scheme outlined above is very suitable for tracking

averaiifle REHTe FHREERh P ded o RIS LIRPR0RY 02 Lol Bote o

t n'belbamdcs?cgmbh ofthéd scrteme isetotaqt?elt b s@hal myl/enspdwtrum from
se Qr this emis t | sguar e
the nfiga Ry aeeioing. Begabit iR phass infarmation G smPatng the
C

powef SBeRHIACER Ml e BeiiSiorP SR fusPBe repi@tel By the less
efficigrd ((incats estimatiarhperfolenaresr sensed Jalneqjgorith mafor estisiating

S roa woul d t te at,,each FET
ampif A ST fredendl for uefeht bl & ratdng HEREReh e ne
consémrembegﬁa@raﬁbn 4 6§t|rﬁbﬁ@n berfbenaridd RGANEthEhiRefBf the

| at er processing coul be performed at each step as

imprayed gnsitivity possiblel |Ne_sfqr&@!@s whepshorer itegration jperipds are

. I ' I Il be present for
requn?r’%?ijr ez&%ﬁls‘%é gﬁ@%?%ﬁ?“%‘%%@@\ggveragl ng period, as
r Q‘otavbttﬂexc'@&erve mehorgQsége forlsterirzeF PE @nrdybethel @h@kne must
pear i nghland actual ly bei ng incorporat ed into the

OperaRa T, i 1AENIANI 05 A BOUNGLRY RGBS A 3 biack AUadingy Ths
iR iffer PSR ed RRRIGa Y I apiboolRENES apray for

each bbhemelS?dﬂ@WBW?%uéﬁ:ﬁ/fﬂlﬁﬁ@WldM@ siayified Kabihan

by adjusting the capture process as necessary.
style.rj nally, we need to consider the inpact of this new

sTheRstaiffictsy id B¢ Fdded |n‘i|%BIern‘i’éntﬁ‘ig%Udhté‘§&erﬁE‘i’s that the

approach proposed is to performpartial control
autocadyolstions ate narormllypasfarmeidton Wh@%&ﬁ@r%ﬁr ngluesransithe mgndow

s corfRAREAE I Ao O B 21 ¥ el T o 938

whentridkRlg 8&the cevitétidfthe WiRdeW iP prsdetévenedi PenéeitRe scheme
conducted to confirmthe increases in sensitivity

outlingd pboveds vety Suitabls foe trarking dubageds augmientingifeiorsasision as
the péfﬁ':kg gfrclﬂﬁgtlﬁftl‘?é fhdi QS?I‘?#'F% wﬁ‘l“r{oq BRTSRAME! a‘? ?he Wsr&ﬂbﬂevels to

mwasS use e the anp
be taigetéd.sti cs were accunul ated over 1, OOO runs 10 The

dard d d 99 | | f
{ RBe:sppiPr RiEposse hHiBSraar AR FIECRedaLA o) rAGHes of
the FPT%’?ﬁsnﬁw éahd fi8n n%?for%@bhfdé@ﬁvél@ﬁéﬂ#\b@/ﬁglngnapﬁ@gf One

ent percenti val ue equal tot
way tpefa«nhtate thss wasld bixteedwelhéat seyeral &1Fdt periodsTateeachasodersearch

St an ard.deviatio ofthea Iltude es e . .
step. AG gatsiptye prBiaedhateuld b en Ve SRlyAl Caph - Reiad. (e
for N%I@%‘%ﬁad@ Pﬁl&eﬁNﬂﬂof ke n&ﬁdﬂﬁé&rcﬁ'sfté&é&@t FHer agi ng

eri ods abl e”3 shows the results obtained formthe
autoqgnnqlugom and latenprgnesaingtastild be performed at each step as normal
with no ill effects. Since the steps will be very small, the signal spectra will be
present for many steps, consistent with the averaging period, as required. There will
be a lag between the signal appearing and actually being incorporated into the
autoconvolution average because the FFT average may not produce the correct

peaks initially. However, this should not pose a serious difficulty and can be taken
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sensitivity is consistently nearly 3dB better than

that predicted using a detailed spreadsheet anal ysis.
wabeog/os®7because the sinmulati on does not si nmul B¢ EUS1063/031684

| osses due to quantization and correl ation offset

0 and nore
accoftaf By &iithgghe kePilPe piaiss RHEERY account 1 he
s Fmaligt we meedadidongideh the mpzicyef thnsrvaéw schemePo® Mectiacking
that 1s evident is that the si nplitude estinates

contrgqulgqnthmst hehe appr@ach ,p(qamseg\,@gon ppgpml wartgl gentrol adjustments
consiGlERl WiH3RE ayPladilf pERAT ELLBMRl PUE aPORIalid oo is N FFTs

then thvea‘aedha;jdeataeqdh sholdd bé liagplliﬁlﬁwﬁh glggth of mbatormadagam
t t ' t b . \
Shoilatiors 6T blofR v graoiis Were bHAe IF e fhednereages in
sensnfnhg/ R nﬂn'F‘?ﬁ%lEe of 128 Wil B WP wilfo i bEF5 Eln%fbefore

I'ng such an adj ustnent based on the enpirica
and aftes autosonvduﬁow ﬂ'henkaln algbsthm wes| useddbiestimatetite aaplitude.

no ot her adve ristics. Therefore, it is
Stat'%'?%ﬁ’ﬁ%acf%mu[é%d QL. g@bﬁﬁ U¥bl e based on these

I FalImhé&ar, Stad i d RIGVRADA id SRR pérckhtild1algde oﬁ@héléhfmﬂdde

(Note that the adjustment for N=1_shoul d be O.

estimajesagers egupytedmith ossne) presepl Then mec@;;nal)artm}ltucie Kequired
to m%e&ﬁ%f?ntha%?geﬂlecﬁ%gmgl Igo\qrh%ﬁé ?'@allﬂb?/lﬁ %erMér}ktile_7 yﬁé N
deteriied bitérabiod. THe Meak aNdtstarsddid dﬁvmiohl d¥the ah@hﬂ)del\éstlmate

cODAd) Cr 00r~U U) 4- M DN - N 4)
were ggcorded égr this actual signaljpmplitydey T%ns N/h@leproq_iss V@s kppegted for
manf’diﬁer%n@aQet%gngoperiods.

Table 3 shows the results obtained form the simulations. The predicted
sensitivity is consistently nearly 3dB better than that predicted using a detailed
spreadsheet analysis. This is because the simulation does not simulate the losses
due to quantization and correlation offset which amount to 1.8dB before squaring
and more after squaring. After taking this into account the simulations confirm the
analysis well.

One problem that is evident is that the signal amplitude estimates drift further
and further away from the true amplitudes. At the same time the noise amplitude
standard deviation decreases more rapidly than the mean noise amplitude. This
suggests that the amplitude estimates could all be adjusted by subtracting a factor
that depends on the value of N, the averaging length. The table shows the effects of
applying such an adjustment based on the empirical results. This will not affect
delectability and has no other adverse characteristics. Therefore, it is proposed to
use a look up table based on these results for the purpose of applying the
adjustment. (Note that the adjustment for N=1 should be 0.0.)
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 They ﬁ{ﬁao ﬁ)(?ogltglr ﬁﬁ'}&bc@@ Wm ﬁ)%ﬂ%s THA méans that

there P@§/t6/B200 8tobed B84y fdmheadhderaanngl tonthiningthetfiltered value. One
aut oconvol uti on and the FFT val Thi s

may as,wel uggdhe same siructyeas foF AH&PCE(H}V LERt Ma}r‘l% élns are real
t f
rathef HEhLMAR; e d ShfHifiPy KeiHen S apfiadiPid Sattirépthe fiter
but stBprike @oavergehce Mbhethetrqu.mre:b@plrefmctdﬂseﬂa) lSlrepd:hléd ed
1 h t the filt
S 108 ot GokPRHE Sowid e fived s & sonnbffatioB rameter. i
corre?e?ndsstortﬁé?@@ﬂred@kﬂ\sr tﬁ/i’ty'lhﬁ%\@%éhtflﬁférﬁ{s dﬂiiér‘i’al%wer If it is

ived froma configuration paraneter.
set tmbtheemﬁltwlngusmededquu red sensitivity i nproverrent in

t ol g T RearBAfE. ot wpiniae =t 3 <8a pbRERE Bfecton

(also SIY%)oﬁthéQlo@ﬁ\aB@ﬁib s@épéﬁatﬁéuomlad jlst onef intgjratioh péiod.al so
of the normal chip step . rather than just one

Itis propasgedeiuse the reqtired senskivify dp 6B¥Y as dhe senfigitatiery parasgeter.
We cé&lﬂ%‘latvbvdr{é/fo} ﬂ’agﬁ}% dt ot bt gH&tﬂEl‘tBH. RALHNEY shows how

G (= 1/Gain) relates to the required sensitivity.

TABLE 4 - FILTER GAIN VERSUS SENSITIVITY

Required Sensitivity (dBW) Required Sensitivity (dBHz) G
-182 22 1
-185 19 5
-186 18 7
-187 17 14
-188 16 19

One wouldn't choose -188 for acquisition using a conventional correlator because of
how slow the acquisition would be. However, one could choose it for tracking based
on the theory that, if you need such sensitivity then you must be indoors and moving
at walking pace. Alternatively, a modified search engine, as discussed elsewhere in
this document, may be used for acquisition using this scheme.

Finally, G should be limited by the 20dB threshold limitation also. This should
override the configuration parameter.

The following pseudocode shows how the filter would be applied for the
autoconvolution.

if (Tracking)
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We coul d have one for tracking and another for
acquisition. The Table 4 shows how G (= 1/ Gain)

WO edoabe®7t 0 the required sensitivity. 15 TABLEPAT/US2003/031684
FILTER GAIN VERSUS SENSI TI VITY Required Sensitivity

(dBW ir nsitivity (dBHz) G -182 22 1 -185
19 5 E’ng_léﬂ?agaa-w? 17 14 -188 16 19 One

welgedn' t choose -188 for acquisition using a
conventjonal correl ator because of how slow the

acqui sAre@T GBed:d be. However, one coul d choose it for
t ] ased .25 on the theory that, if you need
sﬁgﬁj%ggsﬁtivi ty then you nmust be indoors and noving
at wal ki ng pace. Alternatively, a nodified search

engi ne,_,as olisc ssed el sewhere in this docunment, may
be uself (St WRGJi sition using this scheme. Finally, G
should be I gnmted by the 20dB threshold limtation
al so. This should override the configuration

par anet er . BitAtteCoov(ChanhBinsseAutaleeny.Binsws how t he
filter woul paoappl ied for the autoconvolution. if
( Tracki ng) 3 2004/ 034077 PCT/ US2003/ 031684 G eq
Gracking ebhse Geq = Gacq; if (Geq<1) 5{ if (
first tirre; Fi |l t Aut oConv(Chan). Bins =

Aut oCofeeBins G=1 10 } else { K = 1/(1+Q

{
K=1/(1+G) ‘
FiltAutoConv(Chan).Bins = FiltAutoConv(Chan).Bins +
K*(Magsquared(AutoConv.Bins) - FiltAutoConv)
if (Greq < G)
G = (1-K)*G

}
FiltAutoConv(Chan).Peak = FindPeak(FiltAutoConv(Chan));

FiltAutoConv(Chan).FFTPeak = FFTPeakA.Peak;

I* */
[* Perform Jain Signal Analysis.
Jain(&FiltAutoConv(Chan),pEstSignal);

}

else

The algorithmic enhancement to the signal processing scheme avoids the
need for impractical FFT lengths without unnecessarily limiting the sensitivity. The
technique involves averaging of the power spectrum at both the FFT and
autoconvolution stages. To keep memory requirements to practical levels, the

scheme can be implemented using a filtering approach.
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Fi | t Aut oConv(Chan). Bins = FiltAutoConv(Chan). Bins +
15 K*(Magsquared( AutoConv. Bins) - FiltAutoConv) if

W@ tH0eq3+07G) G = (1-K)*G } FiltAut oConv(Chan) . ReEkS2003/031684
Fi ndPeak(Fi | t Aut oConv(Chan)); 20

'b' diMiRoA L& RYS bR the difebhalésS61ke scheme in terms of
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hout unnecessari | the sensitivity. The 30
t é\nhmpdgmentauoh\sebemem@gbe@ pjbpohed podémplepeentedin prototype

b t.he FFT .and autgconvol.ution stages. To keep
form Yy SR et ERcyhed B sae hub Rl (re “Scheme
(2) sfzg}m Benddthingment ed using a filtering approach 37 WO

04/ 034077 PCT/ US2003/ 031684 A sinul ation study has

c¥hilerthesignal istraekad thermese piraserandsfeequancyrestisiates oray be

refnc{ 1y 8\ ibrispiop i tbieslar P £Bld BAdSETP oip 1iR4RE sotver.
FIG.§ Hep&wme fedve of yuieH dproctasa THeadigbrdinaliiustretédds a block

nplitude adjustnent cal culation to be devised
Compquﬁﬁ'é’In\ﬁRPé'eﬁ He ”ﬂ% gtoged SS"I“BBKQ@H rqra sexerat intggration periods

(arbltil'dm RFRHAOAN &A1 fBechﬁﬁu ?eaeéinalf (%?%?%@Jégl{ementts

emented in pro ot ype a signifrcan
represenqtimgvrefined measresients/ot ;ha msaj lintegratiofgeriddgnal

R e b oAb R B v
the eﬁl?ﬁé’lteﬁ'fftﬂn @h@cs%‘%éh@rérﬁf thb§e 'H%'rﬂ‘gll RS8®Ers fath&ethan processing

| ocati on sol ver. 5 depicts the flow of such a
the absaletessstinates &Dngﬂlivldhlﬁi satelmsf athairgasoa for thikis that in the

prefef ST RRRRaEPRhededibri Rl firEfefRb A gl Atoveom
estimatdstart)used ssvaRet eifferehddl Carcbé pPdcasead witisaibtife need to take
representing refined neasurenents for the final

aCCOUﬂitOé&?%\ffﬁgﬁew efingt of the refergpee osellatosmodi ment, t he
A Y A FReR S E S GiftSretch 'eRtifaTES 46 Bb1EEPonding to a particular

satellite signal are simply averaged in step 42. The average carrier frequency
difference 43 is then used to predict forward in prediction step 44. This prediction
step 44 is used for all but the latest code phase differences 41 for that satellite to the
latest measurement instant before averaging them in step 45. The prediction step
44 uses an estimated Doppler offset of the code 47 determined from step 46 which is
based upon the difference between the Doppler offsets of the carrier frequency (Fc1-
Fc2). With the estimated Doppler offset of the code 47, step 44 is used to predict
forward the code phase differences 41 by N integration periods using the following
formula:

Wp1- Wp2=Frac(¥Y m1-¥Y m2 + N*Tip/(Te* Fnom /( Fc1-Fc2))

where:

Y p1- ¥ p2 is the predicted code phase difference 48 expressed as a fraction
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15 the estimates fromone satellite and those from all
the others rather than processing the absolute
weasdoostoes for individual satellites. The reaspPor/ie1003/031684
this is that in the preferred enbodi nent of the
I [ sol ver, differences rather than absol ute
ofacoagaekgggs are used because di fferences can be

pthecEgrefdnefiérgigldstthe fraetidnalcongiehent of mmfeabérgdm@ent
fregﬁ cr}/] of fset of the reference osmllator 20 Al
Wingde i peasures; cadeaPhase: (441 kaba gredicted Jppraiding

! PisRAE oRihAntoBPA ddrbt | gnal are o nply averaged

in'ste erag carrier frequency difference
43eiis thmeodeuepdch penodds determinved ftomnthprtetking algosthep

4 hi ] d f Il but th
&y ey ot ot B preiGiligefneter ¢ satallite to
t irRe Pradietdd dRrRSpHAENIfelcnebaBte hﬁ;’rpé\ﬁarag@d fostap 45Mm
in step 45. The prediction step 25 44 uses an

produgetamaveragesogde ehasge diftareace 48e code 47 det erni ned

() PRERGh Y EBaSFlibR R8P BRnbEedt BhSte Diffsrmnges

( Bereviodly d¥dussédea PY sonatictisdepmdaed bF fthe 'SPE Rebsiver 1
code 47, step 44 is used to predict forward the code

after ¢prig Bhase d@ﬁm haveheen Pfﬁﬁ@@ﬁ%’t bywtheripresaantianaggsmoothing |

cloorif, 5. RAHEpIrEBEnT sootroged] yse fy o gRéigyreljBegfion

solvep?2 Tihe Ibbatigr solver, adhichocempites dhdilddationrand vifocitypushsg th
S a fractlon 38 WO 04/ 034077 PCT/ US2003/.031684 of
refined qvsiRgR FRLIST frequerediffe(rnaes s, Jhe pvrragrcodeRhassnal

i )
iter GRS e pho e sk PLAURILD i S pplaRlerigr
locatios 5dras foowsal i ntegration period; 5 Te is the code
epoch termn

Ki .
RS Bp 5t B BBk A B SIS B wpch rere ave
meastiffrhesd. arétonifred.C BREeaRE @ ardine oditiohs '@ Ssupplied B9Mhe

averaged in step 45 to produce an average code phaseé

Aiding SpuegecActbivstep sanplpdryalyemtherectern diferepceof the Gartesian
coordiBY e SRS BoREHS AR P SFIE il 5 wien e

also supplie¥ byithe Aiding Souede 2 oThepleets rMagitidesafshésw gedioen
processed by the aforenentioned snoothing algorithm

dlffer@'pqgs %e|ann§@>fln“eﬁt%gartgeé Pv sol ution process used by a
p T
O P (g SPouS PRI are RS0l 88 Sute BOLHRYS oA fifese
diﬁermsa@amacmmﬂarteﬁriammmmochrfgeed|ﬁeme4156 tAlbofather age
code, phase .
approximate ranges 51 are subtracted from the approximate range of a reference
satellite (as selected for computing the code phase differences) to give approximate
range differences. These are saved for later use as well as being used in resolving
the epoch ambiguities according to the following formula:
P1-P2 = int{(R1-R2)/c*Te-(Q 1- Q 2)+0.5] + (Q 1- Q 2)
Where:
C is the speed of light;

Te is the nominal epoch period;
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15 differences 49, the precise satellite positions 52
and the approximate receiver |ocation 54 as foll ows.

w0 m03080750, approxi mate ranges 51 to all of tPEr/US2003/031684
satellites for which there are neasurenents are

c?y:[ptht e are

suppl'i'e ZSI%pﬁe pg%ﬁﬁgﬁg&%oﬁér gfe%@“' ‘#mﬁng ézzp simply

i RolcxindEthahe tive approxithafeanage @stimatdwefoCtne samartwdlsatellites;
c&grdl nates of the satellite positions and

f oo S latiBe Cogahhane siteranse Rebiden Besanic b satelies.
LB@%‘.@P‘%S”Q?%S a?e diffeSe &St 57 arPeHit I8 réth tﬁ??ﬁf;ﬂpler

s are approxi mate ranges 51.
affectef aver@eeq:mubr f:r&hugmny differemces 48s oTheemr@Bdatmélffamwgéﬁ are

di ff S 49 are converted into
compHg%ﬁ@%qgalagt ﬂ??g?gﬁ’i%s 56. All of the 25 approxi mate
r A(RARDML -8 FeIr@9/rdni r om t he approxi mate range of
a reference satellite (as selected for conmputing the

cuderghase differences) to give approxi mate range

di f.ferences re saved for later use as well as
b&%g‘%%"ee&q%f'@igf‘ ing the epoch anbiguities

ag(rRl -kamit ior @ rfafd hmér@efsvr B&M@en%h‘télﬁteﬂ and satellite 2.

int[ (Rl- R2)/c* %2+05 & 1- Q2) 30
WHepee atternatlt/ﬁ@ngqs@@aeaw thgrventien; e geref dpGation estimate

e e
that fétla simgjlédpdate df laeKalpraronavigaton filteg én adtaditidras SRS receéver. In
fact,  ieciioiise B e ReYIOR IR Wisrsands Sun el prvaie! Bpdaie dp further
reflnesﬁe ddiifn t@tﬁ‘W éé} orfli éf—l%f/v%%leffn fis ase Bt SatemteHodition will

t Doppl er ected average carrier frequency

need do btempeiatmisfrdm thmmdmgrﬁ;mrcaQe) di fliherkKalo@n gain amatrix, K, is
. 0 ute ccording.to the formula: d(R1-R2)/dt =
glvenct%yn%pﬂe WikRGHAMhere: ¢ is the speed of Iight and
1R < PRE™( WMTd. 3113 range rate difference 57 between
satelllte satellite 2. In one alternative
eAabddi ment of the invention, the current |ocation

&p%te ﬁ@ urrent velocity estimte 61 are
N*.?d‘( st@ﬁEDQbyarrethod simlar to that for a
siwhere Yup tieé mezfsuperfehinasttoraandddtis the $olltieT siate aector
traditional SPS receiver. In fact, if tinme allows, a

containing thelpcation aRdvelackty estimates.r un for several updates
t sty thieEquation, the initial state vector, Xy, is set to the approximate

location from the aiding source with zero velocity. The first prediction vector, Ypgep,
is set to the approximate range differences derived from the approximate ranges 51
and zero for the range rate differences 57.

The state covariance matrix, P, is initialized to a diagonal matrix with the
entries representing the estimated variances of the approximate location and velocity
estimates. The location variance estimates may be obtained from the Aiding Source
2 or a fixed value could be used. The initial velocity estimate is zero and its variance
depends on the application. The measurement variances can be estimated as in a
conventional receiver except that the measurement variance matrix, R, is no longer
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15 refine the estimted PV solution. (However, in this
case the satellite positions will need to be updated
wo caanos4oe7 Ai di ng Source 2.) The Kal man gai n nap@1/K$2063/031684
is given by the well-known equation: K =
: RIS A o = - YPRE Y.
diagerieht PhSecttnat sifliengas i dieherane Spiblie Yiefk bl peans
that thecbmriamrtéahsibe%emmecmeﬂitm aﬁmawﬂfdhé :s/)alue of the variance
. estimgtes, Using this equatjon the initial state ]
estimples iGieriap 7erq as ike cpﬁvwwbw%ﬂbe aRpEaXimate location
¢ S . : . '
(54) %r’gdéﬂg}ecétéf?%l;ﬂe\%{gtﬁéo?@&r , 'Sgacé&[\)h b@zuéﬁiﬁgo ‘gg'tté?fd(;ﬁ%( HéJ BftedtidnSdosines
and the girestioracesinadifterendasdfoendbs rales of the measureneent matrix, M.
approxi mate ranges 51 and zero for the range rate
di fferences 57. The state covariance matrix, P, is
initialized to a diagonal matrix with the entries
representing the estimated variances of the
approximate | ocation and velocity estimtes. The
| ocati on variance estimtes may be obtained fromthe
Ai ding Source 30 2 or a fixed value could be used. The
initial velocity estimate is zero and its variance
depends on the application. The neasurenent variances
can be estimated as in a conventional receiver except
that the neasurenment variance matrix, R, is no |onger
40 WO 2004/ 034077 PCT/ US2003/ 031684 di agonal . The
fact that differences with a reference satellite were
conputed neans that the covariance terns between the
satellites are half of the value of the variance
estimates rather than zero as in a conventiona
recei ver. The approximate |ocation (54) and the
satellite positions (52) can be used to determ ne the
direction cosines 5 and the direction cosine
differences formthe rows of the nmeasurenment matri x,
M 41 WD 2004/ 034077 PCT/US2003/031684 W claim 1
An SPS system for identifying the |ocation of a
receiver in the presence of satellite signa
attenuation conprising: a plurality of orbital
satellites sending synchroni zed encoded signals on a
carrier frequency wherein said encoded signals have
repeat ed epochs containing synchroni zation data; a
receiver for detecting, acquiring, tracking a set of
t he encoded signal s
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and sinmul taneously determ ning the code phases of said
set wwth respect to said epochs; an aiding source to
WO e@amssdor7 | nformation to the SPS system and; P@EI/US2003/031684
processor executing an algorithmfor conputing an
V\it% approxi mate | ocation from neasured satellite
et differences. 2. The SPS systemfor identifying

1.t he AmSﬁ’lS systerh for ideatifyirey therlotdtion of 2 reedveer i the presence
sat ‘Ilte signal attenuation of claiml1 wherein the
°fr5@&§ iteianal attenuptRMLPOMRESINGat or and the al gorithm

exe%ﬁﬁﬁelgg af Bbitd) ?@gﬁ:&% seHin {a‘gy%&ﬁgﬁ Eg? SOQéId gignals on

current 0ScCl tor o
a t:ateier frequency wheteit saideenaoded sigreds have repedted ppestence
sat el&#‘t e.si %nSA attenuation of claim1 wherein an
ata, Doppl er positioning algorithm

corrnat te%'eﬂkbrtf&ed@tb@mg %fcqamagytrasm Cs%t‘bﬂhééﬁcc(o@\i)sngnals
clock corrections to both the sate l[ite tine

and simtitaneausly deterginiag the sode ppases of sajdsat with mesm fto

j. servation nade by the GPS receiver.
sa&@?ﬁéetﬁ%’i ng satellite positions at the corrected

sat edr aitihg sam@coto trapgtiiiforraation®s ihedSPESysReE arf;
| ocation, 1terating through the follow ng steps unti |

a1 G PHGRESY PRCUlIRG BAIYEM fos campyting @nueqtlal/v a
f th
agpr ?&ﬁaﬁ% fBX88n $fdn fr{é_a%urét?éﬁtb[f‘it L DAPpie? dftfdr ol the

e range-rate. correc e curren estlmate
of the user position. 4. An SPS system for |dent|fy| ng

2. R Bt ol BaRahe R TSR R o
preéeﬁéé)bt St ﬁg\oéltaﬁtf%n%ﬂéh BE cR¥A qhhﬁétetrffheeaége%g has a

I gnal s on 2004/ 034077 PCT/ US2003/ 031684
Iocatmscélatdrraetqluba@lgwemxecslmdjbyettmpt@cess@‘rtwsswmave

repeat ed epochs ont.ai ni,ng s roni zati on data; a
adrBERDES ofcs cultentdore FClRRRIRRD Lt acki ng a set of
t he encoded signals and sinultaneously determ ning

t he code iE:Qases of said set wth respect to said
3.epoc s methodifatiidentifyjog dle lasation 0f aireceineninthe ipsesense of

s a7 Do 4580 3ok Bh RSP W SRELIs
Despléer pogitisnihgailgorithm comprising the steps of

applying space vehicle (SV) clock corrections to both the satellite time
of transmit and the satellite Doppler frequency for each input observation
made by the GPS receiver.

calculating satellite positions at the corrected satellite time of transmit

~ estimating the receiver location,

iterating through the following steps until a residual error in receiver
location is below a predetermined criteria,

determining an estimate of the satellite range-rate.

correcting the current estimate of the user position.

4. An SPS system for identifying the location of a receiver in the presence
of satellite signal attenuation comprising:
a plurality of orbital satellites sending synchronized encoded signals on
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calibrating the local oscillator by counting | ocal
oscillator cycles and fractions thereof over a period
w@emaisely determ ned by a nunmber of signal fredi/ng003/031684
intervals. 5. The nethod of calibrating a Iocal
> e ] of
= 83fer 1R BPn Bl ABral BrGRoURE iR hurs Reheefed SpBER O

comtaining wuchnﬂnzatmm@by determ ned by a nunber of
si gnal f[amng i nterval cal cul.ating a_calibration

of f sbfecgier fQi ‘?fﬂef;'l'ﬂg @&ﬂPE\”Qt frapking asst of thesencoded S|gnals
arfdPSi h@Busngjefé“rﬁm%ﬁ th&e64 E@aé%é OVEdi& s\@f‘?ﬂg frespect to

performng acqui sitionh searc met ho
saichepbehs;i ng a | ocal oscillator of an SPS recei ver

conprising the s of ..c ocal CI|
cyor A solied M Randmitidhafthlo BRSPS GG sel v
det ef [HcAPEsdater iNUABescaersi gnal fram ng Interval s,
cal cul ati n% a calibration offset and using the

cal iasr algpgthny exeeuted byspiosesserie the sradivest said algorithm

ool BEETE dosp SRNEREBY LoBhyff ARt Bi<ifloPey Hefand ractinps
therdof lbvet & periodl fpsediselg detarthihed by aruhbéresf sigmal lfiamting
Infreciuency SO as to mnimze the offset. 8 An SPS

&mfor identifying the location of a receiver in
the presence of satellite signal attenuation
conprising: a plurality of orbital satellites sending

5. sync’fhe)meﬂmu efncatibeating @lm:laisosmllatar cfaan 58S lfeceq/teency

oS BB S B B SRR A or

o SPy USO Mrhe l l Rpeede

caitutalingaa ealitrationl effeetrand ngingltke caliralivraslfsetads 8 gotrestion
i, € spect t sai d ochs. an _ai ding.source.to

oyt b FE5iv e et T hereching sEhled Selfeider (or
reduci ng the anplitude of strong signals wherein the
canceler is integrated into a correlator. 9. The SPS

6.syst &methodi of eatibrajing @ lora! essdlators asy SBSreseiveer of

|
cofhd ne, 055 S RO ARG e o
ovmn@ petiodl preciselyi drgefmmgdrbytaahembenef signal frdming inteevals,
code ene at gr a pronpt finger_ of a channel

put
CQ"?‘H%WO%@ ca ?@Hﬂ'i‘ ﬁ S%'i usipg dhe galibration offselite qarwct the
rq:r\é‘tﬁ[ r input of the finger for which
os‘gg%;f%l atl 0%9
7. The method of calibrating a local oscillator of an SPS receiver of claim
6, wherein the calibration offset is used to correct the oscillator frequency so

as to minimize the offset.

8. An SPS system for identifying the location of a receiver in the presence
of satellite signal attenuation comprising:

a plurality of orbital satellites sending synchronized encoded signals on
a carrier frequency wherein said encoded signals have repeated epochs
containing synchronization data;

a receiver for detecting, acquiring, tracking a set of the encoded signals
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Is to be perfornmed. 10. The SPS system for identifying
the location of a receiver of claim8 wherein the

w@anaes4oat i on i s perforned at a poi nt where theCEU§083/031684
is represented by approximately 10 bits. 11. An SPS

ot} ShiReb8hust Sgieritlf o Solp bl Saif sbFifh tetoddtio

sgidepotisd;ng: a plurality of orbital satellites sending
synchroni zed encoded signals on a carrigr frequency

whera) aldig spusee &eransmiinfoemation ta tiseae $Yalemihs

cont ai o . : _ . .

ot coER R UM oA of SbATRIHETS Wibrsin the
caicglanlisintegrdtex] imtd aaoeeledry det ermi ni ng t he code

phases of said set wth respect to said epochs; an

aiding source to transmt information to the SPS

9.SYSITHB SPSP\RE&RTOF idéﬁm?fn@f thieMScatioR! Y rifelver 8K Efaftfls, @

si gnal power” spectrum fromthe noise by averaging,
whereired capeelingdingsr dspeovidad fos eaciFEmannelior whichsianaebng is

toJEeriattn St heintgMd indtdakis pie fhwt Hom MiSeots
getieratar inbut fo a\WrbAipt fiRGersofsd emarthet tragkihgra jaavaing! sidral and

periods at each code search step. 13. The SPS system,
a seeonddisput fromycode geaeraterdnpwofdhe dpger/or wirich cangallation

ol [ e systemapplies 1/Nth of the nornal
'Sstggre%r@ e%BSi ze for N-fold 44 WD 2004/ 034077

10°CT/ THe2 8PS 31 4or identiyiignhe ¢ocationFof somceiver of dlaird

SPS system for identifying the | ocation of a receiver

wherejn| e;ﬁaéscsﬁ%téon @fpg&rmeaiqt@ gq'gh\gf'er@t%mal& |

reg%gérn'téd égerdywé@y jypitf. orbital satellites sending
ynchronized encoded signals on a carrier frequency
wherein said encoded signals have repeated epochs

1ot oA BRE = ERlGT Pr P EbiaieTaCaidh b feashier sp nsuergsence
ofJ=sIfte Ssigridl @tteh (ElidrRB&PpRAsgdet er m ni ng the code

phases of said set with respect to said epochs; an
ai dianpglusalily oborbital satetites sending syn¢hsanized eheodpgsignals on

o BT a8l ShAh SHR AR g TR Bk,
cotaihing sydichronization data;

' a receiver for detecting, acquiring, tracking a set of the encoded signals
and simultaneously determining the code phases of said set with respect to
said epochs;

an aiding source to transmit information to the SPS system,

a processor controlling a program to extract a signal power spectrum
from the noise by averaging, wherein said program executes a FFT in which
squared magnitudes of the FFT bins are filtered.

12. The SPS system for identifying the location of a receiver of claim 11 in
which the system dwells for several FFT periods at each code search step.

13.  The SPS system for identifying the location of a receiver of claim 11 in
which the system applies 1/Nth of the normal search step size for N-fold
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15. The SPS system for identifying the | ocation of a
receiver of claiml1l4, wherein the systemruns a

wao pdot@s400n t he squared magni tude of an aut ocoPEDUSL0H0B1684
array for each channel. 16. An SPS system for

i dentifyi e lL.ocation of a receiver in the presence
a%gﬂigégg%ﬁﬁggﬁgpawﬁf attenuation conprising: a

plurality of orbital satellites sending synchronized

encoded S|gnal on a carrjier frequency wherein said

1enc 8PS gyfiem fRaidentiyigthedoetionmef a wseivar in Hip presence
of%\é%né%ﬁé} Hggﬁér?corﬁgﬁﬁﬁﬁf ver for detecting,
acqut ri , tracking a set o

t he encoded signals and
si md plarality of grhitat satellitesnseridirg sMrpMaeéenobdwsgnaﬂton

W th ect t sai d, epochs; and, hardcoded o
a Shreitr FERBSOSY WBerels RaIcogRd S A eV crRested epochs

co?@é ﬁjnblg cﬁf&?ilié‘tlohrba?al ookup table. 17. A nethod for
at| n manac data in an SPS receiver conprising

har ca:mmengardorbdetactlrtg;aﬁ:ﬂuncmgntreclﬂng asehofthe emﬁodeldesngnals
st conmmon s | ]i.t or bi e and
i} BBy BelarmitRe 1, Pade ehfish o 0oy el Mk FediFcstay
saky8p6end;or identifying the location of a receiver in
the presence 45 WO 2004/034077 PCT/ US2003/ 031684 of
sat dn aidingssqiiee tcatraesmmrif@ﬂnemm ieref’S syplem,and y

o Ui B £G5B A YL EFAF B8 8 o

the ingil sy basragirgpeat ed epochs  contai ni ng
synchroni zation data; a receiver for detecting,

acquiring, tracking a set of the encoded signals and

159' "WH@QP@L@sYerH %re‘ H%“E“A@%ﬁ’gg ‘i‘%é;z]agi%ﬁ dRPreREivel of Blafin 98t

respect’ to a processor runni ng
wlamem tyuersytstemfroms akﬁlter on tiee squidredimagnifuderafraami t from

a code hase reference tinme stanp and an
a\@ggqqygh@ogfar{% or seghi cgﬂ &t the receiver. 19. An SPS
system for identifying the | ocation of a receiver in

the presence of satellite signal attenuation
16z onphn SPSysysiemi far identifying therlecation ofa egdeivesén thenpriesgnce

of e ST A RO oG o0, o7 carrh o (reduency

contaplr4lly oF BfAfitapsateditdsoseridiid@synchronized encoded signals on
a carrier frequency wherein said encoded signals have repeated epochs
containing synchronization data;

a receiver for detecting, acquiring, tracking a set of the encoded signals
and simultaneously determining the code phases of said set with respect to
said epochs; and

hardcoded orbital coefficients for a number of the most common

satellite orbits in a lookup table.

17. A method for updating almanac data in an SPS receiver comprising
hardcoding orbital coefficients for a number of the most common satellite

orbits in a lookup table and broadcasting updates from an aiding source.

18.  An SPS system for identifying the location of a receiver in the presence
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a receiver for detecting, acquiring, tracking a set of
the encoded signals and sinultaneously determ ning

wo bw4ose7 phases of said set with respect to BaEI/US2003/031684
epochs; and a search engi ne having a search range of

ofgﬁtélﬁﬁéﬁi%r@ fgghﬂéﬁéﬁ E&hprigihg! i tion of the first

a plurality of orbital satellites sending synchronized encoded signals on
a carrier frequency wherein said encoded signals have repeated epochs
containing synchronization data;

a receiver for detecting, acquiring, tracking a set of the encoded signals
and simultaneously determining the code phases of said set with respect to
said epochs; and

a processor running an algorithm for obtaining full time-of-transmit from
a partial code phase, a reference time stamp and an estimate of the location

of the receiver.

19.  An SPS system for identifying the location of a receiver in the presence
of satellite signal attenuation comprising:

a plurality of orbital satellites sending synchronized encoded signals on
a carrier frequency wherein said encoded signals have repeated epochs
containing synchronization data;

a receiver for detecting, acquiring, tracking a set of the encoded signals
and simultaneously determining the code phases of said set with respect to
said epochs; and

a search engine having a search range of at least 60 chips after

acquisition of the first satellite.
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