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to systens which utilize received signals fromsatellite positioning
systens (SPS) to determ ne navigational information (e.g., position, tine,
di stance, velocity, etc.). Background of the I fe@dti on SPS re¢ér[}£ér2&025uch
as GPS (d obal Positioning Satellite) systemreceivers normally determ ne
their position by conputing relative ti rreswmm of signals
transmtted simultaneously froma multipli m mm I lites such as GPS
(or NAVSTAR) satelli tes These satel | tes transmt as part of ther r
satellite data ] I ata on
clock timng, & . HETE & A i me- of
week (TOW infor matr on that aI I omsmenmsvmw det er m ne unanbi guously
| ocal time. Each received GPS signal (in C/ A node) is constructed froma
high rate ( 1.023 MHz) repetitive pseudorandom (PN) pattern of 1023

synbols, commonly called " chiagxkGROUNDEE T dNpi s "spreadi ng
sequence" pattern i.s lowrafe data at a or bau rate. This data is
t he source of Q \ i oned TONVinformation. Typically, an SPS

recei ver conputes onﬁs@mzermmeelau%m@%a@gﬂucma&arrarmﬁatgna@%npf whi ch
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measur enent neppsition| tirde, dstaree, vhlecitypewwne or nore factors; including, for
exanple, the error between tinme as indicated by the cl ock of the SPS
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t he nore accurBackgreundpfthe lnyeRrtierf the satellites. Thus, the SPS receiver
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conmput ati on ofridnk@ited\iBdtanesisly ﬁaﬁamﬁprmy &Hﬁblh@e% sb&teasrtglss tdron of the
SPS recei ver, é&ggsﬁﬁ%rec j ve shouht enera a.Pt g\csl_éqs 5} 30 baud dat a.
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as time, position, 2F “énvi r ONNENt S Wher ei N noi se
and/ or ot her fsatalliteyehiale (8Vhi Fhesthrms {‘psetdorange’ inygameratiymsedtocpoint out that

the range measurement may include error due to one or more factors,.including,

for example, the error between time as indicated by the clock of the SPS receiver
and a reference time, such as the reference time associated with the more accurate
atomic clock of the satellites. Thus, the SPS receiver typically uses the
pseudoranges, along with timing and ephemeris data provided in the satellite signal
to determine a more accurate set of navigational data, such as position, time,
and/or range.

To complete computation of the navigational information, such as the
position of the SPS receiver, the SPS receivers should generally process the 50
baud data. To process the 50 baud data, the satellite signal level received by the
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SUMVARY OF THE | NVENTI ON A net hod and apparatus for processing satellite
positioning system (SPS) signals is provided. In one enbodi nent, a SPS
recei ver raomdwersiat | east two signal sanples representing, pEThR3Gsoss"
part, comon information, wherein the two signal sanples are associ ated
with one or nore satellite nmessages. By conbining the two signﬁ% ks anpt es,
navi gational infornation contained in the sanples (e.g., tine osition,
velocity, etc.) may be determ ned based on the conbination of the two
signal sanples. According _to another enbodinment, the two signal sanples gre
differentially denodul ated and sumed t oget her to formthe combination.

BRI EF DESCRI PTI O\I OF THE DRAWNGS Figure 1 is a flow diagramillustrating a
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strength, SNR etc.

SUMMARY OF THE INVENTION

A method and apparatus for processing satellite positioning system (SPS)
signals is provided. In one embodiment, a SPS receiver receives at least two
signal samples representing, at least in part, common information, wherein the two
signal samples are associated with one or more satellite messages. By combining
the two signal samples, navigational information contained in the samples (e.g.,
time, position, velocity, etc.) may be determined based on the combination of the
two signal samples. According to another embodiment, the two signal samples are
differentially demodulated and summed together to form the combination.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow diagram illustrating a method for processing of satellite
positioning information according to one embodiment of the invention;

Figure 2A depicts the structure of a (standard positioning service) GPS
system satellite message;

Figure 2B illustrates the GPS coding equations generally used to code
source data (e.g., ephemeris) for transmission by satellites;

Figure 3 is a data flow diagram illustrating the XOR operation associated
with differentially demodulating a satellite message (or portion(s) thereof)
according to one embodiment of the invention;



Figure 8 illustrates a system according to one enbodi nent of the invention,
whi ch includes an SPS receiver, a cellular tel ephone site, a basestation,
the I nternaygogReksya client conputer system DETAILED DESCR|PEb9Ns¥ﬁ&%ﬁPS
met hods and apparatuses for processing satellite nmessages for use wt
satellite positioning systens are described bel ow. Sonme of the gi ?%mﬁion
of the invention frocuses upon the United States d obal Posi ti oh ﬁ@
Satellite (GPS) system However, it should be evident that these nethods
are equally applicable to_simlar satellite positioning systens, such ass.
t he Russian G onass system Mreover) it Btll be appreciated that the
teachi ngs of the present invention are equally applicable to positioning
systens which utilize pseudoljtes or a_conbjnation of satellites and
pseudol i tes. Moreov ﬂgurﬁr%lS@éiq%@égmmﬁ%tnaraégwm fo5 pseosssing persioand

nobi | e SPS r ecef ¥gesst emsardlite thelipe) Acartimeb o Efsbdientidf kiéShveatiby:e

pur poses rather than.to construed as, limtations, of the present
i nvention. Thus, it hﬂ{ﬁ‘}%ﬁ‘s Bgﬂgp‘%@@fr&i@ﬁ”ﬁ‘l‘?&? ’Pﬁ&%&’é?%s "}gvséFﬁln]i“Sn coul d
find use in a mposiheningfkigaals bhdetiion cpasndn informgticry siressavo an thotdSV Biznals,

i npl emented in fodif vice and/or algorithmc

archi tectures. a%?%%ﬁ%fﬁ?ﬁg{%?ﬁﬁn-%ﬂ’mcordi ng to one aspect of the
i nvention, a net hod Eigure#pi abdacksliagrammf eniSBE dedeiver toyprovidersatetline

sensi tivity of ,3eaafifk bishfl PROREALIICBEIISY B'0REof rior erhBdin¥t of dhgcOr ding to
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sensitivity byR6A¥?™hi ng comon information within a satellite vehicle (S V

)A Si ggal (Perei na1;1 t el?igqlef‘ﬁi_ﬁﬁ%@t;ckQ#i@g&afhiqﬂfaﬁm;&rﬁédSPSﬁadei\Qngﬁﬁ%hﬁﬁﬁor t
ccordaln 0O ano er ,e | n 0 Jnventl on onmon a e en WO
e L o oo e T T o Rh P s P ding FOMPE oisiiBend GF e,

si gnal processimgntiod;anget anot her enbodi ment, a conbination of infra-SV

and inter SV si gnaIFig'i;l%tcsgi ﬁ%tghq%si a%y@ﬁeﬁ ?%gﬁlﬂnire%tsga%ég e%ﬁl%g%nit Qf&gmati on nmay

be data that is trans ar ne or nore satellite
vehi cl es (SVs) ievegtion, vireh meludes an ShSiregeiver, aseliular telephdne se,grizabesyation,
associated wt telild (EoRH S It wll be understood that
"conmon" i nfor Qn%%?;krﬁﬁ?’sﬁ{dydp%hggl 'y "I nf (()S?Qr%%rtnl on that is identical in both
parts of the nessage fromone or nore SVs. It should be appreciated that
several types of SPS receivers mDERAIEN/DESERIFEOBNt i nvention. For
exanpl e, in one enbqdi nent tge SPS re eivgr rr‘?% be a bile lénif. I n

anot her enbodi nent) aﬁg)ugggtl}o 2 AFAP B TPy E)Sﬂ%ﬁse@& {FSEASRRfor use
circuitry, suclwidssagellitepositioniag systemsare sigsiribeg belowc Somerof ¢hat disomssion of her

entities, such.gs; ' [ 3 - tion may
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met hods descr i is¥sieme dtaweves &|sheyld &p pvidanidhathese megheds ateraqualivarplicablot her
SPS receiver, W9iiilldrRelbite %&Rldn?ngs RnfsOiEH 3t GRIR RSN SHGRYS§RMBm. | N one
enbodi ment, may configure 0 provi &éanal og@gnd/ 05 di ?I tal cellular
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invention may hkqually dpphicsblé o positiofing s@sins Ghithutitize pdeadslRessdrtal Vi ty gain

that may be provided b he .j.nvention especj.al |y usef.ul in bile
and/ or ot her en@@b%ﬁ?gsﬁﬂ fPR A %ﬁﬁﬁdﬁg& a§°fe8§°‘r %v?%?usaar%tﬁ%%ﬁets?%nal SPS
recei ver to prdaseciatiadesndmebipr SResseiversaescsibed héreinars prpnialed forOVERVI EW OF
ONE EMBODI MENT ; F%%&r i Wal¥=Tols i rating a
met hod for perfféﬁrsrtéﬁge#ﬁ%rg%}-@ﬁ oP##P*ésf“@ﬁlx%s?ﬁ{#g‘f’fﬁ%r°g?§sﬂé+#ﬁf accor di ng
to one enbodi meAvensiont fbus, ifsbauld ba apmeeiatedithas theggresenginventioneaylddimehuse e
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signal-to-noise ratio (SNR) is relat|Vve )

Figure 1, flow % 'W&nt£°V1f62n‘§ﬂEﬁ%9¥H§m&m§@?Pmms- 104) an entity, which in
one enbodi nent conprises a nobile SPS receiver, receives a set of one or
nore signals associated with a s jte pasitioni system wherein each
of the set of one or nore signal @ﬁ%ﬁ?&%ﬁ@w@‘& a portion of a

PGTI US99/ 08084 1 5 OA€:ofdiaf@rone aspect 99 fie-isvedtion agatthdd artdeappamhisasd €' s
transmtted nes - - . -' ' A At
106, the set of%gge%?&ﬁrglp g&%@gf %?ggmgt?;o%gﬁgééﬁ%%éggﬁbdrggsgg%gg§?sfn one
embodi nent wher BcdPS. dcgording tapre gmbadimertdtheypreshat inyantipy pravides such
pre-processing i nvolves renoval of the pseudorandom noise (PN) fromthe
received signals) (i.e., "despreading"” the received set of one or nore
signals) to obtain a relatively narrowband data signal. This narrowband
data signal is then denodul ated for each of the set of one or nore received
signals. In one enbodi nent, the narrowband data for each of the set of
signals is differentially denodul ated as part of the preprocessing.
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At 108, common information for at |east two portions of one SV signal (or
portion thereof) and/or at |east two portions between two or nore SV
signals is WOR9ISMYY. For exanple, in one enbodi nent, where orggraswiogosal
associated with one SV is considered, i.e., infra-SV signal processing is
perforned , disjoint portions of the denodul ated signal may bd x®ibilfed
(e.g., through summation) with one another, as described in further detail
bel ow. For exanple) such conmon portions rmay be franes (or portions
thereof) included in a satellite nessage, such as the nessage 212 shown i-n
Figure 2A. |f such portions represent comfon data (e.g., due to signal
periodicity), then the conbination of the common data may provide,
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associated withat [east a portion of an SV data nessage. In an alternative
enbodi nent, only inter-SV processing is performed by conbi ni ng conmon

portions between two or GRERVIEW OF ORRIEMBCIINRNROFAHEINCENHON at |east a

portion of an S V data nessage. I.n yet, another enhodinent) a.conbi i on of
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t he subfranme 216, spans 115 of 30 seconds or six seconds, and is conprised
of ten words. Finally) each of the ten words, such as the word 218, spans
1/ 10 of. 6 seconds or 0.6 seconds and 30 bits.




Most of the information in the first three subfranes of the 30 second frane
are associated with position information of the individual transmtting
satellite (waoysrsize satellite vehicle that is transmtting tgeerie5m86@s) -
The latter two subfranmes of the 30 second frane include, anong ot her

i nformation, so-called A nanac data which provi des coarse sat e# 'CtTe?
position i nformatlon for the full constellation of GPS satelli We dat a
inthe first three subfranes typically repeats over consecutive franes
(i.e., every 30 seconds)..On the other hand) since it typically takes 12:+5
mnutes to transmt the entire Al manac, t+fe data in the |ast two subframes
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subfranme (bits &%n@&ﬂh@%lew@f &gt @1&&@%&1 td@rnéﬂ’l.ﬁguorfoi% Cﬁ#‘%ﬁd @Rl t'S

have no effect suhsequent wo as, they would 1 f they were sonetines
nonzero. Accor WF?O %\‘ ? gn%eé"lgﬂreé& subfrane is decoupled fromthe

| ast word of theI lor eAll mgsc@rﬂmﬁmdaoﬁ%ﬁat?&stdvdm@tsaﬁohbsv@ a@lc:bil ng

equat i ons genera ed.t o rce I n. Figure

28 e dara b Rgtoh B0 R/ AaRP MG Butitt hered o A SV Yipaltio,, © " Do)
. D30 r epr esentonttmedt fan smmple,dn foe embddadﬁenb whsreadnlya slgnalens!;oc(md Ntthl) wor d

as transm tted b AP nsificd ey sylighd gmc@eﬁgdmgeﬁwﬁ%@%t y bits.

The synbol "*" prec
transnitted by Bayeors\of thedemgadulated signal giay be epmbined ée E’@&KHP U@Hmmtni)on or

excl usi ve- OR opg{iRbh@shotiie?! astdeScribRd in Rifher détmbaoaum} bkdrigle saBgat (i .
remai n unchanged) fromane franme_t o anot her. vveve{r!.%l‘“ileéi own In Fi gure

2B, since the CFHRAQR PAHERS Mak0s BARELOF pertioRnbereeD)i ipg sgiellitte
correspondi ng dmessagﬁ istiétess t\httrxﬁESEdge ﬂla%hoﬁ/ﬁaﬁli‘l%l re@A. p&rsut:h'p&ltfbns)f t he

d, th tit In f th
Pact pariy. bl tiopsdy Comon e B e o siEbR Rtdicl e dedrminin ofams 1o

-frame, since a {evemmbddaatiapanpievidpoatcaddingab ohéaspeett af the invereion| it rarre due
Lo S QePenden o Binldht i sicHiRo-nbiOE b ISR O AHIDAREE R Collrion |

. D24 of a give nera rom one’ rarre
next, but may b@at%mméudersatnﬂlmwﬂemnvedatedﬂadmrtmlwé]}’trepqatvd everytthipr i t y

bit PCTI US99108Q88ndk in 2 &P %@% In MEAB{émbiments, other common portions of

a satellite signal may be determined and combined.




(D30*) of the previous word. There are) however) instances wherein this
data does repeat, such as the first word of a subframe which contains fixed
synchroni zag a and in which D30* is zero. OVERVI EW OF OF
THE INVENT?%R?&%I ERENTI AL DEMODULATI ON As nenti oned above,QQﬁ€é§Bﬁﬁg4
transmtted data sequence D,, D2, ...D24 of a given word does1?gtxqm2
general repeat fromone frane to the next. However, according to one aspect
of the invention) the sensitivity of an entity, such as a nobile or

non- nobi l e GPS receiver, Ls inproved by finding repetition within (at | east
a portion of) the GPS satellite nessage. -gn one enbodi nent of the

i nvention, sanpled data froma satellite signal associated with a satellite
nmessage (or portion thereof) is summed fromone frane to the next follow ng
differential denodufdditionallyrgecordingtp anothsnembediaent of thelinvertiam twabr

denodul ation, Rog é(ﬁﬂngﬁf)@m%ﬁm vd &:ﬁ&ktswlg&gs Hﬁgﬁe RbEBIreH i, éﬂ%ersarm' e

to rem)vethe ef fects of " s] owl ﬁhvar ing sign a resul
underlying i nf DY HEALRFOSRSEREh QWQHW?%WMI%WMP%W 6‘“@ he

gxcl gs: ve- OR (%(?R)mt@@%t@tdphﬁt;cdlirmﬁmb@fﬁ&eaﬁﬁéﬁﬁhﬁkfﬁs%bﬁi s6bhf daed @ ial
enodul ati on summat i on of co erfor upon sa

data that is qUafiPen oA T Bog%fgﬁtﬁ% %écﬂ?%f@ﬁomﬁ‘é‘“ggt ention
of such accur athy comyndnedathersay sdpkesemtnlmfeveekﬂGWé)eMGnm arporothdrhe si gnal
fidelity, sinc V. r di.st.ortions
in addition togol §Ir1§la I ouog %@ﬁ%%asf Lt %ﬁgéfn %Qﬁgg%f a?%"éh% ht""P%veI
quantized pr oc@mru@n dath.acrass mmbsmﬁsawae sigoals. the plesent anenbiemdquent

(which may be Mer@ﬁaod%exﬁrmpﬁa&plfaﬁovaagnagso Bisk bﬁlovak&@até@wahlmé ogi cal

"1" or "0"} of an information bit eci sion data, such a

subsequent det €¥RPAREREN FPLeXaEIRis, summation af e daig anSIagted Ry rs‘él"e&ééﬁcgﬂ%ﬁn

data. ' Figurecchid roathais@nglhouy hia@faphtd B UgdBr at i ng the I ogl cal operations
that result from d| erentlg tﬁm)du atln% a si.gnal éoma ith a
Bogiyagnty n ga

satellite nessage ( BF &PHP %‘B“%ﬂ sWERD nt of the
i nvention. As mlfm'vmunn afpwided3n GPStsa&namrietsﬁgesiaAaswht sinde POW BVi ous or

$22.0 10 parti coruidpd 28RS RACYR ot AR G SR g Sosaf i F B 1" et
parity bit of FiguréRA), ipohe embddirmt pHthe dnventient thy TONW XdRe iprepedtedyy wi t h
(e 1115t oSt g sl W oy BET USRI G808 5 0 C T

2002 to produce D3 cording to the codi uations of Figure 2B,
DI0* O WO 99%iiteyehicls asdescoberkaboyeis adjagent i%zatumﬁlﬂaa@ 4 TOW sane as

D30* d, D30*datd\ss ther €lfedkéd foir cht%@ crnﬁrlﬁaés@ﬁbemqmﬁamefahsoew withhat is

D30* d, LISt the second transmtted bits
(D, and D2, reg&r@ﬁq}gﬂ%m&?ﬂ%é e?ﬁé‘?’&‘"ﬁ?g conbi ned to
generate a second rémlllﬂ) basmim&nedffect&offfheoaﬂmu dmnmonlpemopsoﬁems |s

continued to g 4.
shoul d be apprgglEé a‘é(ﬂ& f l&pé(ﬁngns beg‘é%"?‘e%mqg?”%é’ Slgr&lg@eﬂg%'dz B
d~,... d23 dzdctem:a@ mmuonaﬂ ultfme;tmeThgna\naatmnsi mfmmatlordmes ingbidecont ai n
the parity bit [Bg £ chRoxﬁﬁFo?i’}?ftt{rﬁbCﬁaoéx éfOcHE Eftity Nelod q péfo egsatel%lgt 3

.d24, which is depicte 11/g reconstru f source
sequence 324, f%e&?jfhcséﬁﬁn%‘hr%ﬂ QEOWTWF@“&BBR’/e descri bed sequence d,, d,

d2, d2 d3,... d23 Dsﬁadldév’e% zémlathmr@swmmesswm&m adsi on, as al so
shown in Figu For. exa I,r st

t ace t sanples-- and d,
-y b SontiRELes oy R, ot perdsraed sEpariii Th AEPloafY #ﬁ@ucheintﬂnf 62 in
turn, may be cembodiegntiohly ihtve-Sesigna groressitg m@aﬁbnnezﬂfbytdmtamqgemmmod,, d,

d2 dz D d3, Sidns %‘a in QAR S‘V&?ﬁag%ssocﬁte(agé@{ #&gébae gétggggf an §V gla o0 this

manner) the " soRYEEnY sequence d al ned.
provi ded bel owmiessage it freaiternative ethbodimant.,ionly inferei'Y pracessingdb pdémmutdlbezt i on,

catel 11e"si onafionEAETbofon, Hituedt (o S HRRRy Syl ibcci o e

with at least a portion of an SV ata message. In yet another embodiment, a

combination of intra-SV and inter-SV processing is performed. In still another
embodiment, a selection is made based on some condition (e.g., the number of
satellites in view, SNR, etc.) whether to use intra-SV or inter-SV signal



s(n) = D(n) x exp(j8~)) for n =0) 1, 2) ..., wherein 8 is an unknown) but
is arelatively slowy varying phase angle (and the sanple rate nay be

equal to thgodafsssssate) and D(n) are the satellite data nmessage¥siess

with anmplitudes of +A or -A (wherein Ais a constant depending on signal
strength), and wherein the polarity indicates logical 0 or 1, r5emtqemzi vely.
(According to one -enbodi nent, relatively precise data synchroAi zation and
frequency tracking of the carrier are assunmed, along with relatively poor
phase WO 99/ 57573 PGT/US99/08084 1 5 0 L T 2002 - -11 tracking.) To the
gquantity s(n) is typically added random n®i se and interference) but
description of such is not necessary for understanding of the invention. As
ment i oned above, differential denodul ati on may be thought of as conbining
(e.g., by nul t Pocessing)angd/og i desive agesulf obtainsddEom igtiakS h and istardésigeal del ayed)
data sanpl es) pRkessaigp! ex conjugate thereof), such that: r(n) - s(n)s(n-1)*
= D(n)D(n-1) x exp(j(8~ - 9~.,)) - D(n)D(n-1) x cos(j(6n - 9,~,)) +
jD(n)d(n-1) x cos(j(6~ - 9~_,)) D(n)D(n-1) wherein only the cosine (or
"inphase") termis rcONERVIEW aRd TYPCAPGPS SATELLITR Sgevell BbRmAbol ds for 6~ -

6p_,. Typically, if i e I r trnacked ., to an
accuracy greater tthﬁ Qﬁ%ﬁ%@g&%@g@g ({q.ﬁ%e 1%‘%%"523‘\3%%‘??&% ﬁgﬁ%flgtr\of\g%frtg? he
differential démmduota typicahGPS shissem satetlite message iscprapided belawe Figheet2A he f ul |
nunerical accupae L0 : :QNs) is
general ly ret a?ﬂéégs \%\lj?estrt\ll&g%&df ﬁ*a(?ﬁ%&a\?gpa%ﬁ%%ng %erﬁl@@o?fségsl}%%g%h 0 231 gi ven
, ar ng

frame with thamesfageusbewsiin Kigure2Acis apatetlite massaggddr whigh spansal 2%
frg rrete ldrrfz Ir gf _e(f:rgfxﬂest zihdgébn'gﬁﬁgsi zﬁg&h@é. cquﬁbhwmhzej ﬂaﬁﬁesit, Sudhas ]gﬁboﬁrmﬁﬁ% 14ee ][1

pp gi val_u an on such summation_o nunber, of .
franes, the si &?“Sﬂ%tfgslizré Piaes ‘i‘épﬁF?"a‘%F'&“gi‘ﬁ‘éﬂWqﬁ?@° iy S‘g?f“t‘ﬁ'é' ilh- phase
termis soneti mes, dach of thedivegubisariidsasuthtB chs subfitamedd 16espand\s/5ra 1301 oned
above, conbi ni -wWhi i i - 0 0 sunmmat i on,
nmay inprove _thg&gﬂ& %?SI%%C% %sm%ﬂl ufslél'to g‘&’?’%%f%ﬁ% &,‘ﬁ%ﬁ%ﬁ‘?“‘é@cﬁi‘:@g}@% tgn'com*rnn
(e.g., identicaords, sugheastthel word 218 apansilil(ef ¢ yecondmerf(.aneconds andadfkbitd. n an
al ternative enbodi S| e

Wst of‘@aé%f&gﬁdn | rt}%h?t?%eef{r% @%&E@Jf i s%?%hﬁ) sEédhhlf%’eﬁﬁéJ

prior to sunmation e.,. roundin _ar - . As a resu
however, t her e 2ifepsasiated Wish positiondafesmation efythg,individu spateipg yatellitsr
approxi mat el y % ¢dBhe $dtelRiteveRizhaHAt TR Fansmiifting e BBYSag). Thelwei@id ite data
nmessage i s not opstant,hfg%.bt has, fl uct ugltl on to a.hde ee abovegﬁl[ed

predet er mi ned FYNTARASAE sehonskirasneyincludg, AmeneAihet infogRatiaR.sasealied geci si on
data is utili zedmandeataed which promizleg bodrsegsatedlite positien infarpation fondie fuld t he
squar e-r oot of

and if franes 8@&3@:&{%&@3%@?5%%}3@%& g}ég?ﬁ[ Ig?n tﬂe{f\ﬁgtg@ Fg%degwicgﬁ constant)
repeats over consecutive frames (i.e., every 30 seconds). On the other hand, since
it typically takes 12.5 minutes to transmit the entire Almanac, the data in the last
two subframes change between frames. An exception is the TOW word, which is
incremented by one count every subframe (i.e., every six seconds).
In general, a GPS signal may be regarded as a data signal at 50 baud with
data transmitted by binary phase shift keying (BPSK), wherein each data baud is

multiplied by 20 repetitive frames of a second high speed binary “spreading”

sequence. Each frame of the spreading sequence has a length of 1023 binary
(e.g., +1 or -1) symbols with a symbol (or “chip”) rate of 1.023 Million symbols
per second (Msps).

In general, a GPS receiver synchronizes to the high speed spreading
sequence and removes it from the received satellite signal. The removal of the
spreading sequence collépses the satellite signal to a relatively narrower 50 baud
data sequence, which in turn should be demodulated. In the following
description, it may be assumed that the spreading sequence has been removed.



PCT/ US99/ 08084 150CT1001 - 12 entity such that a first frame is stronger
than a second by 6 dB) the first frame sanples could be sumed with two
times the SWOAWE'SF¥ ane sanpl es. The sign of the wei ghted sumpPoaaissessisie
hard decision data Such an approach may decrease, and even mnimze, the
probability of error associated with processing the satellite sigopef o) It
shoul d be appreciated that there are several techniques for determ ning

noi se |evel. For exanple, in one embodinent, noise level is estimated by
observing the fitter in the (received) si gnal anplitude. In alternative
enbodi nents, other known techni ques for I se detection/neasurenent may be
utilized. It shoul d be noted that differential denodul ation, as descri bed

b b | 1
cbove, Tay be_especkabblieys il 4 ST IERLIE SRISINLY, Bl Sl 11
accurate trackphysasllitetreessagerianoftommsomtoythe snurmemfm'e‘@tlbn .o epheacriscal .
Hovever) when Lhg. o? ' e°tc 5 \??ééht‘{t% F%Iﬂieq{t?ssgégh Hattle? GRO! h‘?h‘ﬁ'&ltt&% gl as

coherent summati on, e relative tter resu r exanple, if
t he val ue of tﬁﬂuﬁ%ﬁﬁlft’!}f@fﬁ“@ Fepged Yergioneo éisetspﬁaﬁéat ipfosmations(hgeginaliermy be

used t;) r ever s el duti/bis”éfeishs udaioded ertibR of mlsl“@a#r&gdawlbttfarred Asa
resul t coherepnt s on nay e r.T Or, n the resulti g ata wt
ot bshondi o SR B R alelpe ot e Stle yehien ol e dE i -

satel lite posi partpicheckirg)e Twehis ehd, cacle of die krhssmaired 30 bitevardsibfathe @PSAvhi ch

woul d gener al | b ELEEL: ROl QS AL KB O SRR RN AR o2 Vel |

as anot her tec I'S genera

wel | -suited f othrq:eebxmcir\leﬂsyo be detecndr Ehe endiriganethod, owewere advaallynaffects all
dependi ng on tBFthv?'}{'in?rﬁuﬁH'EREtﬁ% ele lra?teira'hﬁﬁﬁt'eﬁﬁfv(ié hﬁ:ﬁfot%@S bsze signal .

proce55|ng technlque IS sel ect rocess t e Si
Al ternatively, prewceﬁéNelr)wowrﬁéﬁ@xcheﬁwer@MWarth«?d?érmﬁﬂmaﬂpehltsa%la ‘éttffqnéast

one ot her technguarare both perforned and based on a predeterm ned

criteria or set of r|ter| N re etc.), the result
of one of the techn‘lf Bld I"\%&detg %&mﬁé{%\ﬁeﬁ@\e{&s AL

| NVENTI ON: ERR@R)S%IWthWﬁm ﬁFﬁRﬁhﬁduﬁ&aﬁEWmﬂ%w argescri bed
above, the sou 4 d e

differenti al ﬁ%&gﬁ&l[am%%ltoar%l Sfucgﬁebesgﬁbrﬁ*sra chﬁo. @Y eﬁltsog% th‘g {aéa% ts
are determ nedtheuytwomq1fbhe>d\§stiewambembnmr09rAnCpedmgly e dickt iwagd pbadet ect
errors. For ex cheskd f by form ng

| i near 8‘?@7@3 PCTN 9/ 0%884 &Md%?&lcgf'e\f?@&s %g%ﬁlﬁatl ons of the
sour ce data bits andiguneBhillystrape ﬁ%?cme%%mmmaw used (CeRdfoNI y

gqual t It 0 Eer 0. Ststt%eutetaa etghfephteﬁsbnguatlnmusé 2th|a:1esmu Bits datdg btdﬁtshca;not
Irectly pe supstitu 1 n e ns _ 0 | C e

conbi nati on of r‘fH{%SCHH%ﬁéB'r‘FFC Qa‘aa‘t’ﬁ@?] té»\/e DhefeRre m‘it%g?ﬂmag ‘gg%rcﬁofiﬁcgq
above) thus "déatbby cmgentt(heNttasxtord ax trppenhittyd By am SVorBit( D,.e...D,2prdsbmtough

shouis.t hat Q?LS é&wf o4 RIS IR, She SHABRGE: el RIS 8 PlecBlipplof " © 25
equations (i. bR PAngitted by tHE BT AHe)syBOY ' fprasentd theomvaild-2 Thus,
differenti al derm ul ati on, wherein adj acent)’succesa ve sanples are

conbi ned, genersaﬂm;atmnbrcxodv.tsnprQquperaaogal n via subsequent frame sunmati on

of the parity equati Hah nd D26,
produces a term whi Cffr%])‘??t}]e 158%83 ,[St?]m B}&ggnﬁtﬁb% %&Q 5 Buﬂ&vﬂ@% %sﬁstat ed
above, gener al [ope e toanade!.yHpwevsroaeshomaia Ftlamteh?@‘ rfénee therby guantifes
frame-by-frane simmba %nﬂhett@usqv@otzl dtthd2brREsbridRf & QitnthiiBd WK @R ST guous

results. According to one enbodi ment of the invention, error detection is

" performed usi ngraPRItEAPATIYARIt fdhoprgvions Bierd thed @yaniities may nohiepeal; o
nonadj acent/ norbe&#&@t%ese If | face the Rgopangy Bit (D, eM1§ vatiés faemivastdspace

t her ebet ween). For, e reference t t e e uatlo f FEigure 2B,
t he XOR conbi na‘f?’gﬁng?"%ﬁﬁ&aﬁ %%‘@e’vﬁ"tcle ap%’% §8 ?fé%igﬁ’ﬁ da%BOfed4 ~
db d., O+ d" &hdﬂtﬂ:fratkieSdueddiks dedendentiSon 0,19 Thiis;tthesramsmttmdtdatm::;uawd D26
cont ai n t he parpt ,

cont ai ni ng D24 ﬂ)‘D 8’ e b I%Ql %v%ggﬁ(?g?lgésuégﬂéral ;Egé%? fro%?m?% ﬁ'aﬁi]gtr%éelrtl'la‘:t e
unanbi g uous r esngkt, dut may bel @(mlc\ahaé ranglomly imverted accengingyp thmbStsRmﬁ)Cblt dat a
terms (i.e., d terns) of D24 m D26 may be detected. In a simlar fashion)
di fferential denodul ati on produci ng non-successi ve pair-w se (XOR)

conmbi nati ons of several sets of the remaining last Dterns (e.g.) D25 and
D30 may be used to produce error control equations that do not depend on
somewhat randonmly varyi ng val ues, such as D29* or D30*. According to one
enbodi ment of the invention, to detect a single error, in general,

d| fferential dermdul at| on u5| ng appr opr| ate sarrpl e spaC| ng i S perfor rred to

oy a T ] I

-
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acconpl i shed by performng differential denodul ation to produce the

noN- successy i nati ons) producing (D24 D26)) (D25 ~ D2 8),
and (D27 ~?Wg:€3b3’.%?¥2 alternative enbodi ments, other conbinati %‘g %?%PPZ
terns, or nested conbinations, may be utilized to generate al lAlsF’O@j

source data bits (i.e., dl, d2, d3,... d24) to detect error. %SCI’I bed
above, differential denodulation is followed, in one enbodinment, by franme
sumat i on of common signal. sanples. In an alternative enbodi nent, anot het
met hod for error detection is perforned. .¢n particular, in this alternative
enbodi ment, sanpled data containing one of the parity bits D29* and D30* is
mul tiplied by sanple data containing an appropriate one of the set of bits
Du and D30. FofDgXaftheeprevioyawprd There aerhawever dtstinsenwherepl thisciatay a sanpl e
cont ai ni ng D254, geamltﬂéﬁezm d 3 4o ARUPCopBlifiligant @ ns DSO™ 15

conbi ned with one coptalnin contalns ese two cases,
the mul tipli cab¥nshrogizatiprd %‘éﬁ’&f E‘swmégl?hof"és 7850t he XOR of the correspondi ng
ternms, thereby renoving D29* and D30* fromthe respective equations. To

performsuch error detectj | tion of the begi nning and/or end of
each word in the satelli IQ%%QFﬁﬁﬁFFFBHWWOthOW d be

determ ned. In one enbodi nent, DIFFERBNTEATEDEMODOLATION each subfrane whi ch
contains a fixed da WA (f

boundary synchr oni z%?flge?iﬁlbﬁédqa 0?@&%%&%%&1&1%%&% %%th?x?c ﬁh@%o % det ect
error in the pgwenwox dﬁes@atmgenmal repgrs fitom ¢®rfrm¢atq:the)lettr dhoweavane to
frame, is provhéi:%ﬁﬁmcpﬁ)%@%ﬁ&t b0t EHvEntf@'lt m@enﬁt@ﬁ gr &l i, st

differential dermpdulation and_summation for parate seéts o frarres of

data are conpaF@H‘?Br%@PW%@PWWSF’ I%WOW@YJ&WCP?WWMHH&WH
enbodi nent, t hizagrag®eisieofp therGPSitdtalbe yndibpe. MbﬁHetﬁB&cﬁmbﬁt sfeheivempA, by
estimating, by acci %’é ﬁto one.or. a COfTblp 1{'1 e _met hods descri bed
herein, the ei §HtP %{/ HHBM ﬁsﬁf’@éﬁs{?f”@ |“f1 ﬁ’éet 5 Re55285 OF PREU gi nni ng
of each subf r atherdof) isleiremed fremvdretfiaee to e neat follooding differentialt s equal the
prior known ei bl patdt : 4 0 2002
OVERVI EW OF m%ﬁ@gﬂ%ﬁfg@mﬁﬁ% 0%%%‘%%?&6%% %fﬁ%%%%d\é’?’ﬁﬁ TI ON
ASSOCI ATED W TramplsiaTaultiplivd yEs-previsusiapedmytic taregose ihe edfetisofisiohdgr am

1 lustrating ayigidgQtkaPbhdit OAES 54508, HOLLYmeThicAhaliGiAgils KOReAS! | 1 1e

nessage) accord 8 to one _enbodi ention provi de” an
under st andi ng &¢m lned%@pmg%bewer%ﬁ(@&r)@matm is assumed that PN

tracking, f dath a tfaclkt:sh@uldl&_é aﬁprleah[edlﬂm ﬂxlfﬁfelﬁhﬁlgieﬁfoﬁ}l]ﬁfﬁérf mmﬁul radtidnedst Sf 3r a
portion of the it i.ana essin fo east. one

signal, which |§‘%§§23%}§m§'0b% éerf LIRS, smﬂﬂfeglqataéﬁ%bsaqwﬁ%ed ﬂcﬁ%rd ﬂod 400
descri bed wit h sgvefa bissekacrura€y. glheeretention pissuti acomcack anaydweodesisatile i some si gnal

Zgit g?nl 2 Sst r glfsmges tb Bréggr%' tife s‘/ilgnaf h@éﬁtﬁ%ﬂc@ ﬁxe%ﬁgn%?&et@?@lnggﬁdétnoﬁgo' At

and other distortions in addition to information that is of interest.

Hereinafter, multilevel quantized processed data is termed “soft decisions.”
When a subsequent (which may be final) determination is made as to the value
(e.g., logical “1” or “0”") of an information bit of the soft decision data, such a
subsequent determination is hereinafter referred to as “hard decision” data.

Figure 3 is a data flow diagram illustrating the logical operations that
result from differentially demodulating a signal associated with a satellite message
(or portion(s) thereof) according to one embodiment of the invention. As shown
in Figure 3, a transmitted data bit of a previous or (N-1)th word 320 is combined
with transmitted data of a current or Nth word 322. In particular, according to the
method depicted by Figure 3, the last parity bit of the (N-1)th word 320 is
combined by an XOR operation with the first transmitted bit of the Nth word 322,

to produce D,* @ D,; according to the coding equations of Figure 2B, D, * &



portian of a satellite signal is acquired by an entity. The entity may be a
nobile or stationary satellite positioning receiver. In one enbodinent, the
entity is a¥QoBFTB3GPS receiver. In one enbodi nent, the enti tBCTH§ 08 her
provi de ot her features, such as cellular or other types of com*rug)i&galh'on or
data processing features. At 406, the acquired signals) is despp L0y
renmovi ng the PN, and the data and frequency of the received signal are
tracked. One or nore well-known techni ques for data and frequency tracking
may be enpl oyed. At 408, the signal is di_fOf_er entially denodul ated and sokt
deci sions associated with the differenti all denodul ati on are stored. As
descri bed above, differential denodulation (with delay equal to one sanple

i od) of thexsatellit ti h i | ; I tiplyi
B N sampl o RIEHG BICH nd o € a4 B PERESKOR RERR R R meaans t ot
th | t , t t . S lLar ]t L..e , h deci sj
tored at e h sERBTRPoR AL AR Rt PB DA il e g ARBPOTEON one

ebodi ment, wWekRii&nIR! B afld B)3ksJeBREPUTR N Wb 3l dd BEGR) L he ot

deci sions retain y the i'n-phdse ‘conporients o at a. 410) franes
of soft deci si comiiadchto(gehemte 4 secombresuibadinrabnd, ®al,r esponds to vol tages) are
conbined (e.g., summed in one enbodinent). In the case where the satellite
nessage is in the GE® aRovgulesyibed prosess incontinued &g geneeate thespepenee dal, t he

sunmmat i on i nvokves ing,t t her .vol t.ages that.correspond to words that
are spaced by %5‘50‘123@%%9% %@4'( _sg_o?ldst& Bﬁeﬁfﬁ%d %‘é“ r@ﬁ%ser‘iﬂ??‘ieiﬂ i ed by 50
baud). Thus, if it i,s med for illustrative purposes that_ the signal
processing i nt BRElY didﬁ%%sﬁedm,@t dd@fél‘—diﬂg' ES‘?PFgﬂ?ﬁ“P%%ﬂ%%t,o fraas sigetich

spaced vol tage 1 ceach qf i i ondi ng
6 one frams. oops ot ARG HECERERY J5FednBic th sl SREHBRAGRN TS
hard deci si onsd#$ ord;Feurh iptepsded nlbigned Sy arrecernstaeteid sodrch dgceqrenche
polarity of the voltages of the c i ned franes, of soft, decision _data. At
2 symcht ont S s e epLherbpli 6 P aBS e e SFanerce et Sh R fh St | on
is perforned a he subfrane Jevel (refe o Fiqure 2 ased on an ei ght
bit synchroni zéﬂé @o&w BLg oL RING kY & B 'ylﬁkgk%ﬂeé%ﬁ"r gs %?a&%%ﬁgf%i cally
occurs in the fipst word of each suhframe. The synchyragnpization pattern, in
general , occurg' E\’F %%ﬁﬁhﬁ%‘) a‘g?ﬁf“f ?ﬂﬁ%ﬂ-{esr'cﬂ\ af‘qié{léx]éﬁﬁp%y‘b“rovi ded
above, will occur five tinmes qver the 1500 bit franme period. Such

synchr oni zat i ofPmbinesd ieefbtaR drl) dp® diehtich equats dond heesuly e tng maytbeeach
subframe, and in particular, the data (e.g., frame) boundaries. By

det er m ni ng t heorinediwithaBe nexiadiagens|sample eftheseasesetyd, ApP hed P dad’ in

416. However) the satellite data follow ng the above-described summation
operation (e.gd; @adAnonelyal &di-ttp obtain 4yl @ df 5id;.ekmihid manger, thhe f or mat

d,, d, d2, d2 d3,... d23 d2§. As not ed gbot\?/e. vvlath reference to Figure 3,
successi ve pai FOUSIAASANEBS D0 Mo xokos BRLPH AR ey be performed to
decoupl e the dat a t Alsolpravided bedow dea mathdaladcad degeeiption of diffdiential3, . .. d24. In

anot her enbodi o) l.tiple S , as
descri bed bel og\/é,EIH (?%gl/&t{&g f %;qut\{elﬁ? mﬂfn%}%&;%%g{a F(E)&lé %{éﬁq‘tugphgf’%is %E? ?ﬁ%t e tinme
(e.g., tine of ramittedwitellitesignak (or pértiomtherenf) may herdapyesented b:8, error
detection is perforned) as described previously. In one alternative

enbodi nent, if relatively high SNRis detected, an alternative nethod for
processing the sat eld(m)=2 DXnyRadxp¢i@hi edr maY, be2.enpl oyed in lieu of or in
conjunction with differential denodul ation and/or tinme data sunmmation
across a set of SV s--may be enpl oyed. For exanple, in one enbodi nent, the
fact that the first 24 bits of an Nth rd of a GPS satellite nes e

(i e., bits DLRFSLEF PAPksPve Hidtd wlatyely Saklyo g o g laid Mance
with the |ast i ' [ do- Bira midck oeD30*  Of
. Figure 3) all o%ﬁ ﬁl%gag?gfaz‘r?])feg?liﬂ%é(?@ﬁ%%xgﬁ%h%?ﬁr%#& t\%n)E#ﬂ%dse Oggplg%gls%%nt of

t he inventi on, SYIeolpWitbamplitades op A aryAgtherein Ads p ramsant daprndingeonest i nat i on
is utilized tospaMWenstAE aRHATRreiMhRIpdl L1ty indfcafdddbgicdl MForP) dBe@ivelyne
incomng signal is é:_oherentl tracke g,e.g., wﬁ;{; a Costas | oop), "and thus)
the sign of t héAFRFFIRG t,pne srabodimentstelptively pegcisedats Sypehrppization ads yni ng t hat
s30%, s,, sZ, . freq@hcfirackingofthesarier af dshahed; alohgiwithi reRitidtelly pobBptiase d,
d."...d24) then, by determning or estimating this phase) a statistic, such
as WO 99/ 57573 PCT/US99 15 0 C~~. -17sign(s3a*) x [s,...s24] or s30* X
[s,...s24], may be used to renove the sign




i nversion and all ow summati on of succeeding franmes of data with one

anot her . gmgﬁghgﬁégF ONE EMBODI MENT OF THE | NVENTI ON:  COVBI NI NG COMVON

| NFORNAT] MULTI PLE SV SI GNALS As mentioned above, aRE&Tfi5?9/08084

t echpi que--nanely, summation of signals (or portions thereof) 500ni0fdul tiple
SVs and having common information associated therewth (e.g., information
associated with the sane instance of tine--e.g. by specifying the sane

i nstance of tine)--may be enpl oyed separately or in conjunction with the
above-described frame sumration techniquep to inprove the sensitivity- of~an
entity, such as a satellite positioning receiver, when processing satellite
positioning signals. Figure 5is a flowdiagramillustrating a nmethod for
processi ng sat eutkih®) TSthé qeaitings(8) g fiicallyadesi RAdeD MOBE ahdin@rfERdrniceN acr oss
two or nore SV,_signals) agcordjng to one fﬂb@&#nﬁﬁf of . the invention. The
met hod 500 of H’HQC%IS%H fon O St i ngLnecessay IR UNgersianding of fae IMYERNGRs et f or med
by several types of Asateition¢datpys,differantiay delauddeatton mache thouglt afids al one SPS
receivers, int P LR ' inde .C ications

and/ or ot her dggég%?%cééigﬁgﬁﬁhﬁﬁf%ﬁ%&%@sﬁpﬁ#ﬂﬁg %@Fﬂg’?g 0 shown in
Fi gure 5, fl owdplaygd)datatsample(sifer compiexaonpigate thateafp suehathat: 504, 506) and 508
of Figure 5 are anal ogous to 404, 406, and 408, respectively, of Figure 4.
However) in the nmethod 500, at |least two satellite signals are acquired at
504, whereas at 404r@) tke rsbt)smd]XCGODEDBEH-1badExpj(d) -Beer ence to Figure 4,
one (or nore) SV signals may be acquired. At 510) subfrane synchronization
i s perforned/ obtained. As deB@Daet) abes(E6, { 6&))suD(d(r- 13 )b @)i- Baf)) on
data nay be obtained using the synchronization sequence of the telenetry
word and/ or other techni gueD(mfdn5MH2, for each subfrane, conmon data is .
selected fromeach of a set of satellite nessages (or portions thereof)
received fromtwo or nore satellites (SVs). In one enbodi nent, signal
sanpl es cont ai Qinaek: i i, S J i . cted from
each successi vg’hg%lg} ?lg?[rejd.?e%Sﬁ%{%?%ﬂg&cg%%ﬂ%ﬂl%gﬁ@?gﬂﬁggpgﬁ gr two or
nmore recei ved gefiezhlly haldsfagbakd f.oTysiealy, sfuhé carier ficqencyisddowaget her . For
example, if signals fromfive satellites are processed, a gain in SNR of up
to 5 (or approXapkaddesg. 1o BICCHEAFY igecater Yandhy dargrate), thg abovs appyoxjzpgion
obt ai ned. It shauhsdBRretbrl ®ehubdoh Rt halgy nunber of "in view' SV signals
may be used in such_a su tion., At 516, e Cco n data f.qr each subfrane
is estimated by har &i%f&wﬁl’ﬁglpme@@!ef‘ @%%%ﬁﬂﬁ"‘?ﬁ@ﬁ?ﬁ“&ﬁcﬁ'ﬁgﬁfrfﬁ?ﬁ’éo umred
bits. For exanp{mof ihe aboe: ayuaneh(sEm genshalyaetalned sdienaddidgtie vahelofdes ti ne
data consisting of T inf or ion ich i.Ss. 17 hit nt ikQoped above,
the result of hacsRarnE it £ BB EaR e Spckpdbd By SRLRICE *7he
sumred dat a fr ecusary” slatafis sometimeasd¢forredtoasr sefbdedision” slatasinegtidhdsinpbystessage)
is conpared to COI i Smhft )

consi st ent vaI5%&@%3ﬂ&gQgﬁgﬁggw?%c%%%yggfg ?E&L%?ﬁg useagﬁggéggég?ﬁged wth
reference to oftamasbesigeef therintnhase tag Hip@Hedq dhe pign Of HiedBphasgttern Sovy

val ues are err Qbmkfifs refdtfid t6 4S CIRES H¥@sidiVRL O WsAndhitioie dlabove cofbimng ount
of one. Thus, in one, enbo inent%ﬁg nunber _of estinmated TOM deternined over
o Thterval - of G o s Cas P RPTS b T SUA  mYREOYehe SN ToW
based on consi sif gecdentiulateindatdign)whérsueh daMiyedrmmen (L¥.f identevally répeaelol ds
coul d be predet ] 0, or percentage of consistent data
(e.g., TON vaﬁﬁ&%&qﬁgﬁkgéghgﬁgg%$$%%596is the threshold in one enbodi nent,
then if five SV TONnanaltprmative embasdimensdhard dedisions are peréamed ootk 1e)
consistent wt ; Li&n i ol R 1t C ondi ng
TOW wor ds) . Onh{t ecﬂg%dﬁgé]%%% n&% g..cégﬁ?rgc\ﬂi%ﬁéh?g ﬁlf%é?'yngﬁfé%gi H(tsadr}f‘%? rate,
the threshol d rtBgremeayeta logs ingensytiviyaf thendlS eeegives oftapbrogimyely2«dB.sv si gnal s
shoul d be consi st entiwink Brdagimedt, iEthe ¥NRof tBE PRSlitelRtd Messigeds assed dat a,
such as TOW PCTN899/082§4 At 520, theg%co si sten vaI%e def ermned at 520
i s output or stRant fydayfpcluatignlogdegree gooveadyedFlarAuRSA{Rr AU YIS cr i bed

with reference theeshold eaweighies Bamvdi eiecioft-deibldndaed iwatiliged, wheekii e ned and,

as such) may be_used or._exanpl et er m ne otheri.gfo ti.on, such as
t he position ofwflﬁgu%{alcw ‘S(Pégg‘?fﬁbﬁlg? /S§P%f?ir8?lta9f§h@gﬁ§'eig‘i?§7g?r) that is
processi ng t he sxatpld, iftthe poisé leivelrs copstingaad {fframddaRDNARE EudRA twvthghe
invention, in its various enbodinments, may find use in a nunber of devices
used to process satellite positioning systens, especially nobile receivers
whi ch may experience relatively | ow SNRs when processing satellite

posi tioning signals.




WO 991 57573 PCTNS99/08084 1 5 "~!'T ?~~2 -19Figure 6 is a bl ock di agram of
an SPS receiver to provide satellite positioning signal processing

accordi ng t dvOA¥SHI3 nore enbodi nents of the invention. The reegrd9e6§8s
shown in Figure 6 includes an antenna 602 to receive SPS signals. The ﬁPS
signals are provided fromthe antenna 602 to an amplifier 604, Wi &H 10
anplifies the SPS signals. The anplifier 604 provides the anplified signals
to a mxer 606, which is fed by a | ocal oscillator 608. The m xer 606
produces down-convened SPS signals which are processed by a internediate..
frequency 1ZF stage 610 and provided to al@errel ator system 612. The
correlator system 612 is coupled to a SPS navigation conputer 614, which

typically contrg]: raation of the cqrrel ator, sy 612 and, possibly
the | ocal osci I%élt%o%d&gé%? gsfﬁéthr? Fp SEpREeL élsgc%dé’yaééﬁ'ir&%é’%ﬁ'&mr acked,
and i nf or mat i onamplasteonld becaugimed; witletwretimes the dedond ifsamteesathpleso Mhe RIS
signals. Such i 40 Bk of d_to determ ne various
navi gational i ntptg)grr?a[%ﬁfég%,ﬁ I ncfﬁggﬁgq‘?ﬁ@&g@ﬁﬁ%@& %%ppf%%ﬁir{}aeyr 600, a
reference time qesregse, aupeyen; mjmize;ithe probabititycefiever a60¢iated witheprosaseing n
fo or More. port o e 2at ol L1 te messages (o determine oo
navi gat i onal IOi nf or ngll‘?llﬂ‘ﬂ? C%Hpéen%éqq&xgtr{g?re%wvgg] leghdquep deyi defesmyning c.  As
such, the navi gatisedevet.oRpridxample] th orRyerhbvaiteR, Roisesid is Qlinfatddicdy onal units
exanpl e, 1 n onc B el 1B VG EE e, EoRtuie Thakatny: sReedimens,
de{mfjlu! ?t i on urrlithertkoovfgmhuiqaceiof BOISE deteﬁti‘oh&n@smrb_anleht%tna)cwgﬂﬁl&tll Y, elt c.)
satellite signal sa 1 to .sum such sanples. .
The navi gation corrpﬂrt? el%%%dlgéneg%d n @fﬁfﬁgwgﬁdﬂféﬁ%’?’sﬁ Fﬁ%ﬁ%&‘gaﬁﬁﬁe Yn, ma
be excl usi vel y Begsprciallysgefyl fasinareasiag sensetimityraftaisatallies pasiticaing reeeiveri r cui t ry
and machi ne- i npkesHaRé SRRSs 'tél&i\reg%'w?afch(tﬁatgc&ﬁmlf;%ﬁ%@@uacﬁa’rgﬂﬂﬁe Lighguage,

at a

etc.). In one enbodi nent, oneﬁ&?t nor e sych_si gna rocessi ng
functional uni tRO2FFPRYROL heRassiBls oz aragiical. Hosteves Sthep theSNR 4s wlatiwels! pur pose

digital signal hgigoewstealniqnéss uchtag dolidrérm Shininatidh GhayPpridk e 98186 vely "oE't%érur n,
or

may be connected to a nenory. .which may. store data,and/ or rout]nes

perform ng sat ef?‘f‘itl‘f-eﬁgﬁBWE}PY%H%%QP?@@&@B%mgﬁzo"acelhdée eShnARd, gien the gure 7
I's ?_ bl gck di agrimmdy kerusedtepverse the fiofirity oﬁihvdm’adm;hglfal:l@ﬁmgrsu?ﬂﬂ%eﬁay be
utilized to pro ing._to on odi nent. of the .

i nvention. The '{Eﬁ?%&rﬁgﬁ' 8 rgn%%#’ﬁ%“@é@%&c%ﬁ\?ﬁ“ﬁ?@%ﬁﬂ&h? EeéP]iuBﬁ dgg?s‘?"gfn 700
shown i n Fi gur eomespopdingrdaty imsubssguant tamgs. f orm of digital signal

processing on st or edryFESn$nd LalbSditiens 4% be Aird BOREIi ibdQuiissei ver has
very hi gh sensi{j.Vi t%/a)éﬂgg 99115%573 I%%{' 93%%& el{’%%(t)l%?&zooz .~ - -20

WO ; .
described in U mpgulatongsghicl weuld generglly be beties seitedfar wiasvedowr 2,

1997, and is erNR kieuhtiofiRSs Retlals westhandciviqiro@. & @ohfteMaR6&i AbrPrmt & gnal s”,
and this patent '

[ i t ed, .h by ..ref . . Thi i
operati on descraeneally HEfsultOERy BN gk ST BiioRy i 35¢ Eipoedimraben a -
plurality of i rdeperdiny ort tae SR ed compmutesd tyythe cedelver,ulse appropriite Sgnali er

t f ti A i i [ Wt | i th
i ol tar merory Becnishiladé BiERebd okl MBI SeR AR Catediiet o
navi gati onal i rfmgermbedisent, differential démedidationaing atleakd pagtapr teChmiqiecareror e, t he

system 700 may mg&fgdﬂ&a,%rbaegmg@ae&mnea cffdfia bEGRBE BlfER HERCT | DO
i

above for conbi i ommon portions one or nore satellrte signals to

det erm ne navi O 414 BT Ha £iConthe resulipiione efthettechnigues srseleg®di ncl udes
circuitry for providing conmunication between the system 700 and anot her
entity. As shown in Figure.J/ tem 700 includes two antennae: a SPS
antenna 702 and a conmmuni g%ﬁ%%ggnﬁ%ﬁﬁﬁmﬁfﬁq?ﬁﬁg ENH@Nna 702 provi des
one or nore SPS si gnaERRARDETECTION BATEE ONDIFEERENTIALDEMODULATRON he recei ved
SPS signals and provj L -1 0- basehand, conyerter_ 705 which
frequency transl| at eégﬁ%&;%&ﬂ%&%ﬁg s\?‘éﬁcfﬁlag\??l{éoql’ (glegw"ld;)méég?i er
frequency. The dRermatsddysdiffictential demodulatitttandrfranicszmnidions iQpea khet ufve

anal og-to-digit Al r . rfer . 706 oyi des
digital repres e%’lt[aatélléoa?édé(i) t %&’ ?&%edgl@é%q%ﬁ%%%?%ﬁéz hﬁ&%ﬁé@%%ﬁ’“?os. The
processor 708 rfiPrhelaresampiensush patityschgeking aayhemedormest oygfoamingblieeadi gi t al
signal processing (DSP) integrated circuit (1C), a general purpose
processor or mcrocontroller, or dedicated data processing circuitry.
Typically, the processor 708 operates in conjunction with a nmenory 710 to
process SPS signals according to one or nore of the above-described

t echni ques. For exanple, portions of one or nore signals may be
differentially denodul ated and then conbi ned by the processor 708 to

N T - - Y - - o - [ R



WO 99/ 57573 PCT/ US99/ 08084 15 OCT 2002 -22 enbodi nents descri bed.
Therefore, it should be understood that the nethod and apparatus of the
i nventi on owD9wEISEY acticed with nodification and alteration petiusomdshe
spirit and scope of the appended cl ainms. The description is tw%q? nl?e
regarded as illustrative instead of limting on the invention! QL 50¢C
T 2002 -23 CLAIMS What is clained is: 1 1. A nethod for satellite
positioning system (SPS) signal processing, said 2 nethod conprising: 3
receiving at a SPS receiver a first conponent part and a second conponeni 4
part of SPS signals, each of which are addociated with one or nore 5
satellite nessages, wherein said first and second' conponent parts 6

i nclude comon_information: 7. reqovi. sgudonoi se dul ations. of said
first corrponen‘ionlr)!’éﬂuoﬁmﬁggf%r? i%%fb‘ﬂ%m@éﬁﬁ&mmg oy eréflakﬁ%n PEHRSs to
provi de a fastarpoominonlyeqguil ta z&rod dkweser tHsRSmbimriahs afithe sowexdmnabjpor ti on of
a despread SP | : I, 0l ' I.r rtl . | econd
portion to detst ea?l %‘9‘@"83@" %ﬁgg{u?élﬁ ?%’B@ég%‘% txgﬁ% Ve lglil *én)%;l\%é{]ﬁ @%2?0 R

i nf or mati on ergsathiration of higadisrens gneptpns havedeemebtaiard asdessndegabaveons, 13
wherei n sai d fihigtdzRpRAReIHE 1RREHX AR StlaHoRqF.eN b, CArRRATHL) dafigufd SPS 14
signal s eachn% pseudorandomy nodul’'ated with a A code dnd 15 said
pseudonoi se latioins is that associated with said ¢ A code, 16 and

wher ei n sai d comonFurtfearnoR! examinstionofttheeduationodf Figure2Bishowe that thk7 a

or oadcast of utpebt Bt Sy by briRhin hE TSR AR RonR PR OHERRE

satellites. x genetlly®a® fforB®@@Rd to w@rdi Thus, differential demodulation, wherein
adjacent/sucéessive samples are combined, generally will not provide a gain via
subsequent frame summation of the parity equations. For instance, the XOR
combination of D,, and D,, produces a term which includes the factors D, * and
D,,*, which as stated above, generally vary randomly from one frame to the next.
Thus, the frame-by-frame summation of the quantity D, and D,, could produce
ambiguous results.

According to one embodiment of the invention, error detection is
performed using differential demodulation of data samples that are non-
adjacent/non-successive (i.e., having at least one bit period space therebetween).
For example, with reference to the equations of Figure 2B, the XOR

combination of D,, and D,, will produce the sequence d,®d, ®d, © 4,9 d, @
d,®d,94,,94,,®d,;®d,;®d, D dq,, since both D,, and D, contain the

parity bit D, *, which cancels out. Thus, sample data containing D,, © D,, may
be averaged for successive frames to generate unambiguous results. As such, a
single error in any of the source data terms (i.e., d terms) of D,, @ D, may be

detected.

In a similar fashion, differential demodulation producing non-successive
pair-wise (XOR) combinations of several sets of the remaining last D terms (e.g.,
D, and D,;) may be used to produce error control equations that do not depend on
somewhat randomly varying values, such as D,;* or D,j*. According to one
embodiment of the invention, to detect a single error, in general, differential
demodulation using appropriate sample spacing is performed to generate terms
containing all of the 24 source data bits (i.e., d, d,, d,,... d,;). In one



.~ 1 2. The method of claim1l1l, wherein said conbining of said first portion
with 2 said second portion to determ ne said navigational information
follows a 3wdishsmrentially denodul ating of said first and seq:@ﬁ%gempent
parts. 1 3. The nethod of claim2, wherein said conbining of ﬁg& {st
portion with 2 said second portlon to determ ne said navi gat|

I nformation includes 3 summ ng said first and second portions foll ow ng
differentially d. denodul ating said first and second conmponent parts. 1 4.
The met hod of claim3, wherein said summ ng conprises including a 2 *
wei ghting factor, said weighting factor bki-ng a function of a

signal -to-noise 3 ratio (SNR) of at |east one of laic! first and second

Gembaur at i o coBTIiBEns Rk pecogiplGhegfiy pettyrpnect Bemn iﬁhgw%%%ﬁ{aﬁgi%t a
component par t 5ol 5. e 389K B lnbAors, BRbdERR BN 319t 19! e

multiple of th t perio al ne onent

ts. 1 6. Th I , t I f ti
Pompri ses 2 soid B o el B B HRAGF e SRle AR go?ﬁhe!ggcgﬁlbm%ﬁ%”a
i nformat i on 3 SRR thiH®S of ﬁe@&ulc@aibmaﬂf)@g iuerhuihaeds@i %@n&‘afesill ¢tk 24 d second
portlons E?Ee nmet hod g? ,q wherein said

navi gat i onal i ?ﬂ%?e%r? g’r’is i‘(fmﬂ'n ‘iﬁegs’z dae) 10 AeEE FTERTY AIgSAT ¥§n. 1 8. The
met hod of cl ai differenvibieteeidtiulazionl istaliowed,iiv0a¢ emnbbdiment, by frafREPmngion f 2
position of saédmrng? ﬁglEI 1 9. The nethod of claim1l1, wherein said
navi gat i onal i AT 07 At ton coﬁprl ses a 2 position of an entlty 1 10. The

met hod of claim 1, Wharaiematiase emBpdiment anatber methpd for egonddttativalis 2

Posi ti oni ng Sﬁ%ﬁh}ﬁ%&ﬁﬁa{lﬁcﬁ' HUR: aitema&vé%mbéﬁ?ﬁmﬁ@&iﬁ%ﬂe&ﬁat& Caiets

wherein said ecel ver conmuni cat’t on CI rcul V | 12.
The met hod of @meacpfrthpmwmértépm*@ad@sd*usmmmwd%@mlewqqmmagensepar at ed

2 in tinme by aa,%baa at@an@mﬁé sét@fenmal t4nRITS, Oﬁor%x%?léea@ﬁﬁ ble@oftairiy SPS 3
message. 1 13. The ne aim 1, “wherefn said fitst_portion is

associ at ed wi t 3 1§ WPL‘{P%Q g&@é?“P‘Pl"éW@Fﬂ‘B& DovdichgontaingPghiwhileed: ond
portion is assgghplé adioh dohtainsIBFOREoMmbHRIdaVith bie doakdisihg DI Wha@Fcontaihs

D,,*. In these two cases, the multiplication of the samples resuits in the XOR of
the corresponding terms, thereby removing D, * and D, * from the respective
equations. To perform such error detection, the location of the beginning and/or
end of each word in the satellite message (or portion thereof) should be
determined. In one embodiment, the telemetry word of each subframe, which
contains a fixed data pattern, may be utilized to perform such data boundary
synchronization.

In yet another embodiment, a method to detect error in the portions of data
that repeat, for example, from frame to frame, is provided. According to this
method, the result of the differential demodulation and summation for two separate
sets of frames of data are compared to determine whether they are common.

In yet another embodiment, the presence of relatively high error rate is
determined by estimating, by according to one or a combination of the methods
described herein, the eight synchronization preamble bits that occur at the
beginning of each subframe to determine whether the value of these bits equal the
prior known eight bit pattern.



15 OCT Z002 -26 1 14. The nethod of claim1l, wherein said first and second
portions are associated 2 with exactly one satellite vehicle nessage. i 15.
A net hod f owWOPe4sTE3si ng a signal associated with a satellitepgoaishyesosng 2
system said nethod conprising: 3 receiving at an SPS receiver a first
conponent part of a satellite nmessage 4 associated with a satqlg gl

vehicle; . 5 receiving at said SPS receiver a second conponent part of said
satellite b nessage, wherein said first and second conponent parts at |east
7 partially represent common information; 8 renoving pseudonoi se -

nmodul ati ons of said first conponent part-land said 9 second component part
of BPS signals to provide a first set of signal 10 sanples of a despread

SPS signal and a second ' ead SPS signal;

12 conbining said fi rstOiﬁgv%g%étgggé@%@hgﬁ#élﬁémgﬁo determ ne data

bits 13 representati ve COMBININGZOMEONI INFORMATION ASSOSHATERIWITH n one of said

14 first and said second sets; AgA’fﬂ%ﬁiVEﬁgﬂLﬂS&%ﬁ% conponent part and
pseudor ando

sai d second conponent part each are 1¢ . modul ated with a C/ A
code and sai d pseudBigyred is ¥ flowiagram ilbisirating e methogsion pragessingpartionsai d ¢/ A

code, 18 and Wheitedast Sl sdtcﬂﬁéﬁ‘ikﬁa%é}faé&o%hé R orleSenhbbditiént lof i@ if¥enfibn.| €ast one
of 19 a repetition of a posti

on.of said satellite nessages,, or 15 0 G (
2002 o~ 750" Ip R RS EoReE SRiRE RSt eliod A00shOR 17 RLEATE daft i+assumeR da 2
fr ﬁg} mul ti p:c e thht E}?_&asla‘hg,ldatztmking ahé freqiencyrehtiong mﬁpeffam&dlzﬁleagd%f gin said
conmobi ni ng of sal | : 1o t.ermne
sai d navi gati oﬁ%‘%oP 8#@‘%&%‘? ﬁlé%ﬁ%ﬁﬁ?ﬁ!g\?\gsg%ggmg%v@ gﬁggﬁieﬁszl%ﬁgggso%@ahﬂ% of said
first and secomshssomsidndatM framess. In obg eniblodinmamt.ltbelmethod|4@0desBibedvithei n sai d
conbi ni ng of sai Laf S T : Q‘@W i1 er m ne.
sai d navigati O?léaf c{lér?ftg}FrlTQ{}?cﬁ?Pnc u gg&Séggﬁélélgéqgg?%%ﬁkgb%ﬁa gg’cond sets
of signal sanples f& Figirad. Sew begingat4Q2randiends arbdfh oyt 424, 8hleast 218, The

met hod of cl ai BydiGn o SAtElliR sSbialis G8{Hed by dn @htit§ 2 THe Bhtit§ tmaAHé SB6MIRDrSEL S
stationary satellite positioning receiver. In one embodiment, the entity is a mobile
GPS receiver. In one embodiment, the entity may further provide other features,
such as cellular or other types of communication or data processing features.

At 406, the acquired signal(s) is despread, by removing the PN, and the
data and frequency of the received signal are tracked. One or more well-known
techniques for data and frequency tracking may be employed.

At 408, the signal is differentially demodulated and soft decisions
associated with the differential demodulation are stored. As described above,
differential demodulation (with delay equal to one sample period) of the satellite
message (or portion thereof) involves multiplying an Nth sample with a previous
or (N-1)th sample. Soft decisions means that the voltages, rather than signal
polarity (i.e., hard decisions), are stored at this point in the satellite signal
processing method. In one embodiment, wherein complex signal representation is
utilized, the soft decisions retain only the in-phase components of thé data.

At 410, frames of soft decision data (which in one embodiment
corresponds to voltages) are combined (e.g., summed in one embodiment). In the
case where the satellite message is in the GPS format described with reference to
Figure 2A, the summation involves adding together voltages that correspond to
words that are spaced by 1500 bit periods (i.e., 30 seconds per frame multiplied
by 50 baud). Thus, if it is assumed for illustrative purposes that the signal

processing interval for the method of Figure 5 is M frames, then M such spaced
voltages are summed for each of the 1500 bit periods corresponding to one frame.



2 of signal sanples to determ ne said navigational information includes a 3
wei ghted summation of said first and second sets of signal sanples, wherein
4 wei ght i ngW&%6&8ted with sai d wei ghted summmati on depends OPCEHUSIYPAE4- t 05
noi se ratio (SNR) of at |east one of said first and second sets of siﬂ&al 6
sanples. 1 19. The nethod of claim 16, wherein said di fferentiallh0Cl
denodul ati on conbines 2 pairs of said conponent parts separated in tine
fromone another by a 3 multiple of the bit period of the data contained

Wi thin said conponent parts. 4 15 OCT 202 -28 1 20. The method of- cl & m
15, wherein said navigational information cOnprises 2 satellite epheneris

i nformation. 1 21. The nethod of claim 15, wherein said navigational

i nformati on conprise r : | ' . d of
claiml S, wherein s%tﬁ}%h%#%gﬁ%ﬁgﬁqof ﬁ?dirl @éﬁeﬁ}‘i@gﬂ%}‘%g@?&%ﬁg@. :aon of
sai d SPS recei ven the polarity pithe meltagastof ghe combined frames of wpfs desision dnta.

na;/ihggt i ]gma: i nf ig mmmw@mrbgag%% i peffSiniddOn She eﬁbsaﬁﬂe&év,-mell 2421- The
met hod of cl aim erel N sai recejver co i ses o)
Posi ti oni ng Sat &YIChFIZager)s perfrmpeg at the sggf_\;an]:ﬁgevgg{rﬁéatqﬁggrggg‘p@ge%er ein
sai ﬂ (rjmb} I eI GDSoﬁQﬁei;g‘/(Y]lebit syithronador partsiiindicatdibyra wlefrettytword, wHick6. The
nmet hod of cl aim15 erein said first .and second ts of sigpal _s les 2
e Separared | eRsal SEE s AR el word bt Bk SHEFRDE R Pkt Al et e o o
satel | i t e nessagegeneral So@uiS eve3 iR secofids, agd thug, for hezxgmplel@otided abave, 14 15
16 17 18 will occur five times over the 1500 bit frame period. Such synchronization

information may be used to define the “location” of each subframe, and in

particular, the data (e.g., frame) boundaries.

By determining the boundaries, the satellite data message may be “read” in
416. However, the satellite data following the above-described summation

operation (e.g., at 410) may still be coupled, for example, in the formatd,, d, @

d,, d, @ d,,... d,; ® d,,. As noted above with reference to Figure 3, successive

pair-wise modulo-2 or XOR combination may be performed to decouple the data
to obtain the source data sequence d,, d,, d,,... d,,.

In another embodiment, the TOW summation between multiple SV
messages, as described below, may utilize the synchronization pattern to estimate
time (e.g., time of day) and/or other information.

Finally, at 418, error detection is performed, as described previously.

In one alternative embodiment, if relatively high SNR is detected, an
alternative method for processing the satellite signal--which may be employed in
lieu of or in conjunction with differential demodulation and/or time data summation
across a set of SVs--may be employed. For example, in one embodiment, the fact
that the first 24 bits of an Nth word of a GPS satellite message (i.., bits D,
through D,, of Figure 3) are phase inverted in accordance with the last parity bit
of the preceding (N-1)th word (i.e., bit D,* of Figure 3) allows “decision
directed” demodulation. In this embodiment of the invention, the phase of the
parity bit is estimated, and the estimation is utilized to remove the phase inversion.
As such, the phase of the incoming signal is coherently tracked (e.g., with a
Costas loop), and thué, the sign of the parity bit may be used to estimate its phase.
Assuming that s,)*, s,, S,,...5,, are signal samples that contain the data D,*, d,,
d,,...d,,, then, by determining or estimating this phase, a statistic, such as



19 20 21 22 -29 A nethod for satellite positioning system signal

processing, said nethod conprising: receiving at an SPS receiver a first
conponent pRplog@isyat first satellite nessage, said first satelpld ge
associated with a first satellite vehicle;, receiving at said NE er a
second conmponent part of a second satellite nmessage, said second satellite
nmessage associated with a second satellite vehicle) wherein said first and
second component parts at |east partially represent conmon information;
removi ng pseudonoi se nodulations of said first conponent part and said
second conponent part of SPS signals to prigvide a first, set of signal
sanpl es of a despread SPS signal and a second set of signal sanples of a
despread SPS signal; conbining said first and second sets of signal sanples
to determ ne dadign(j,tsx [§PiseEeNE,HM ks..8f,], A% Bahsd@ remblOtHERdigPN; Wherein
said first conponent part and sald second conponent part each are

pseudor andom y inbersionad allpw summatian elowiecesdingSramess datdovith one amothet.at i ons
is that associated with said C/ A code, and wherein said conmon information
is in the formof at |east one of a repetition of a portion of said

satellite messages, or sPVYERYVENESUONE ENSOFFHEINYENTION: | dent i cal

25 The met hod of ol hy s GO BIFORMATION ACROSS MULTIRLE S SIS 5 Second
. The nmethod of claim 27 rein sai onbi ning of said first and secon

sets 2 of signal sa f&ﬂ%ﬂ%ﬁemaﬂ@ﬁ%fé?&%ra ply nsmmation ofsignals (9lo] | ows

a 3 differenti apordemsnbertaf) fiom mbitipk SV{ andtavimgdogmamidfmationadbciged t s. 1

29. The net hod .ai.m 2 i ' |.N.RY . said .first and second

sets 2 of si gna@gggﬁtgl(gg"ﬁ %foﬁﬂ%g)?lﬁgsno%%é% %Rﬁ@vﬁryge ilg%%chiogflg}eﬁﬁlgr §¥1

I ncl udes 3 sunmipaeifyag thefspms instange tirorid maytbs eptpleyedseparatelyor & f ol | owi ng

said 4 differenidniinclsisih it dvdVe-ddscAbed FiiRe %ﬁ%%g@@segﬁﬁngw@% In

said conbining of "sald first and second sets 2 SINe] to

det er mi ne sai d YASHIYEY PlangntithSBehast Biellita Ppsitiering reseiyer, grheB @rosgssing i on of

said fi {sg ai ?hgmmg@oggb,g{,ggiggmgnalt _ sarr;d)l es, dwher ein 4 vve: g?t isng _ .

associ ated wi sai d_wei ed_summat i on depends o signal -to5 ngjse ratio

(SNR) of at | east on@‘lgﬂfggéﬁ ﬂﬂPWE%’%{H@@ S ggﬂ-éo pr |°§?Fé1ngfsf‘te§§?rpl es. 1

31. The nethod pdsitinkigsigithls bdsed on corainod infofrhaionnictaat twieoDeute8 V signalonbi nes

mul e pi e of "t heXBORans g boRAaR R @edyerboh MR e 8 ATk &, *
arts. well as those described above, may be performed by several types of satellite

p yp

positioning devices, such as stand-alone SPS receivers, integrated SPS receivers,
which may provide communications and/or other data processing functionality,
etc. In the method 500 shown in Figure §, flow begins at 502 and ends at 522.
In general, 504, 506, and 508 of Figure 5 are analogous to 404, 406, and 408,
respectively, of Figure 4. However, in the method 500, at least two satellite
signals are acquired at 504, whereas at 404 of the method 400 described with
reference to Figure 4, one (or more) SV signals may be acquired.

At 510, subframe synchronization is performed/obtained. As described
above, the subframe synchronization data may be obtained using thé
synchronization sequence of the telemetry word and/or other techniques.

At 512, for each subframe, common data is selected from each of a set of
satellite messages (or portions thereof) received from two or more satellites (SVs).
In one embodiment, signal samples containing the 17 bits comprising TOW
information are selected from each successive subframe.

At 514, the common soft decision data for two or more received satellite
signals for each subframe are summed together. For example, if signals from five
satellites are processed, a gain in SNR of up to 5 (or approximately 7 dB) may be



1 32. The nmethod of claim 27, wherein said navigational information
conprises 2 satellite tinme-of week (TON~ information. v 150CT 2002
- -31 1 33.wdbgss¥ed hod of claim 27, wherein said navigati OnalPFirﬂ.fs%/@%E on
conprises 2 satellite Almanac information. 1 34. The nmethod of claim?27,
wherein said navigational information conprises a 2 position of sSEldIBPS
receiver. 1 35. The nethod of claim 27, wherein said navigational

i nformati on conprises a 2 position of an entity, 1 36, The nmethod of claim
27, wherein said SPS receiLver conprises a nobile 2 d obal Positioning -
Satellite (GPS) receiver. 1 37. The nethagdgof claim 36, wherein said nobile
GPS receiver conprises 2 conmunication circuitry. 1 3%. The nethod of claim
27, further including: 2 receiving at said SPS receiver a third set of

si gnal sanpl es obtameds dhshionly ke Ppreoratdddhatahy sainberf of‘at vieat’ SV sigmalsmagage; 4

recei ving at sqjeqlséf’iﬁgu@ﬁg:csg%agoﬁourth set of signal sanples

representing,a 5 portion of sald second satellite nessage, wherein said
third and fourth 6 JtiXl6ethespgman datafpr eashsubirasmesis eptimated by pardéipriting:nt
common 7 i nfor npé.i Reiniafthe poldrit) of) the JumBER bits3 For@x&RPR| M 61 embodiment
representations .of é}gld third and fourth, sets of, mg,i@lwsa%rrpl es; 9 .
conparing a fi riers GPlefé‘rfg‘FadP des,ting dassEqnsIsHRE 9 irfeimation. whichnd 10
si gnal sanpl es isvi7T biteasaemivtied sisovie] thg essalt af e@d Harddimitedi edtitniisriwanid bkl 7f ourt h
si gnal sanpl esvl\ﬁtg determ ne said navigational information. 1 39. The net hod
r

of claim3 8, ein said first and second results conprise tine2 of week
(TON information. AtS518,the summed data from one subframe (and/or other portion of a

satellite message) is compared to that corresponding to other subframes to
determine a consistent value. For example, if TOW data is being used, as
described with reference to one embodiment of the invention, and if the estimated
TOW values are error free, then successive TOWs should only differ by a count of
one. Thus, in one embodiment, a number of estimated TOWSs determined over an
interval of time are processed to determine a final value for the TOW based on
consistency between the various TOW values. Different thresholds could be
predetermined for the number or percentage of consistent data (e.g., TOW) values.
For example, if 60% is the threshold in one embodiment, then if five SV TOWs
are being processed, at least three should be consistent with each other (i.e.,
indicate the same time for corresponding TOW words). On the other hand, to
achieve a relatively smaller error rate, the threshold may be set to 100%, such that
all of the processed SV signals should be consistent with each other with respect to
the processed data, such as TOW.

At 520, the (consistent) value determined at 520 is output or stored. The
value may be associated with time, as described with reference to an embodiment
wherein TOW information is determined and, as such, may be used, for example,
to determine other information, such as the position of the entity (e.g.,
mobile/stationary GPS receiver) that is processing the satellite positioning

signal(s).

HARDWARE OVERVIEW
The invention, in its various embodiments, may find use in a number of
devices used to process satellite positioning systems, especially mobile receivers
which may experience relatively low SNRs when processing satellite positioning
signals.



1 40, The method of claim 39, wherein conparing said first and second
results 2 conprises determning a difference between TOW as i ndi cated by
said first woagehssecond results, and conparing said differengeriQoshsygdl Ue
representing a 4 tine dlfference between said first and second results. ' 1
41. An apparatus to provide satellite positioning system (SPS) sAGhHN]
processing, 2 said apparatus conprising: 3 an antenna to receive a first
conponent part and a second conponent part of 4 SPS signals each of which
are associated with one ot nore satellite S nmessages, wherein said fi-at and
second conponent parts include 6 common klf-ormation; 7 a first circuit
coupled to said antenna, said first circuit renmoving pseudonoi se 8

nodul ati on correspo;ﬁj é g)CI code f said first component part 9 and
sai d second conpone g‘b‘% isadl ?ﬁk@?ﬁiémé’ £ PEP rersiver ghprovidg sallfespr ead SPS
signal and a S@@QﬂdmﬁgSignﬂ@r&fesﬁn@&fe@fdﬁﬁgdo%ﬁ@oﬁh@?@émbodlmeﬂ{s of le~~ U02 -33
11 a second CIFCUI#

C t circuit conbi said first
portion 12 wit AREARE™ 35‘%&%“58?@&?@8 "agf%‘r%‘;r}gdﬁg‘?sfannt‘? F%@?é‘éent ative
of 13 navi gat i oerivei SHSosigmals. cFheciRSesighath dre provédedfframite dnitemat 6621¢h &ni d 14

d portiongg, n s t 15
component  part “TPREL G W iR e STRAERL, P anffie? B4 oR0RRVR"2
sai d pseudonoi @@M@mv%t&a mixer ROQ, Vdé@b‘éfﬁ@da lgcalpssidliatpr 603 The mixts, 18

and wherei n saigde pesaRRSs ddﬁrpédfﬁéﬂtémsmisx?ﬁhli BRichQrdratesddd ﬂ?eﬁgftﬁuﬁﬁtﬁggi oﬁg a

repetition of orti at el e messa

brgadcast of a ’?85%‘19@'%“?%%&10@8 Pr%%e&éaéca%{?la%wmrml%l phecorelaspis

satel | ites. 1 4gst?:;§reezapmp&ﬁus asPsmhagamd}ﬂcommwresm whicH tipwzﬁry c@hfr@lgl It

conpri ses: i fferenti 0 ul ate

sl Firet ana o Qs ot The BRDI e S1 B oSl et Tor AL ashiibs S

sunm ng unit, (sodpﬂhadSES)sxgnalsja:dlaécjmnedrand thclad naib forinationy sixeh astsatediten sai d 6

first and SeCOQgDegﬂ{rss'&%reaafﬂoﬁ PRSI ARRA SN Sl iy iRl er ef i sai d
sal unm

differenti al on unit an n? unit are uded in a'
processor. and/or be used to determine various navigational information, including the

position of the receiver 600, a reference time (e.g., GPS time), etc. The receiver

600 may be used in accordance with the present invention to combine common
information between two or more portions of one or more satellite messages to
determine navigational information in the portions, such as time, position, etc. As
such, the navigation computer 614 may include a number of functional units to
perform one or more of the above-described processing techniques. For example,
in one embodiment, the navigation computer 614 may include a demodulation unit
to demodulate (e.g., differentially, coherently, etc.) satellite signal samples, as
well as a summing unit to sum such samples. The navigation computer 614, and
the functional units included therein, may be exclusively hard-wired or utilize a
combination of hard-wired circuitry and machine-implementable instructions (e.g.,
microcode, machine language, etc.). In one embodiment, one or more such
signal/data processing functional units may be implemented by a processor (e.g., a
general purpose digital signal processing integrated circuit). Such a processor, in
turn, may be connected to a memory, which may store data and/or routines for
performing satellite signal processing according to the invention.

Figure 7 is a block diagram of an integrated SPS receiver/communicator
that may be utilized to process SPS signals, according to one embodiment of the
invention. The integrated mobile SPS receiver and communication system 700
shown in Figure 7 may perform a particular form of digital signal processing on
stored GPS signals in such a manner that the receiver has very high sensitivity, as



~50¢c¢cr zoo2 - -34 .~ 1 44. The apparatus of claim4l, wherein said
second circuit is operative to add in 2 a summ ng operation said first
portion w tWO8%$§§73second portion to determ ne 3 said navi gat iPETAIS99/08084
information following a differentially denodul ati ng 4 operation, and
wher'ei n sai d sunmi ng operation conprises including a 5 weight!h@CTatfor,
said weighting factor being a function of a signal-to-noise 6 ratio (SNR).
1 45. The apparatus of claim41l, wherein said navigational information
conprises 2 satellite epheneris informatign. 1 46. The apparatus of claim
41, wherein said navigational informati orrzgorrpri ses 2 error correction

i nformation. 1 47. The apparat us of cI aim4l, wherein said navigational

[ nfor mat i on CORLRES 1218 RS D sXe3aShRI SR 8led oh Hllrerdi Ha0Par at us

of claim4l, wherein formatlon conp ifre- of week
(TCE i nf or mat i dR97,andgs entitted §r&chyeoand:lvwmd4fm quessmgrﬁEauscgrabpar at us

conpri ses a mo%h auzp&%ﬁtfahcrlé‘aﬂnkb BsH lﬁl rEﬁreQ)&DSi‘hJs FRESH
1gtuso erensalugem)blle GPS

U~ ~cult - _ par

recei ver furt h@Pe@tlﬁ%ﬁﬁﬁCFlgé‘i‘%@MﬁqeetaNpoﬁ @3 7%,tym§al yicomputestePIaRbEf at us
of claim4l, \A/rwmameamsﬂcddvbmhoﬁm@ ﬁ;anpnﬁng%st Fouitfer &afsfSrrAivns ﬂtle ntime
byaduratlon %ggﬁtﬁtoarmlt eriod of said 3 satellite

nessage. |, Ees dhess fnterme 5’(1?e ‘Eﬂ“é{f)lr'ﬁuﬁpm & gl 'E%ff‘ﬂryf"}“rdsf}t’endﬁﬁ ionis
associ at ed vv| t hheze iritersiediate camblmtibng @ prehde havigaimabiaformatios . gl, & ¢eond

portion is ass%%l g}gei‘ﬁomagg, epu%&gﬁo& ?ﬁﬁé&gb@ﬂag{}lgﬁoﬁnnﬁﬁ ge. 1 53. The

apparat us of i ortlon are 2
associ ated w t Woelbmtlbly obthe technignes de@cmw abowe fm@gmgenngm@mnorrpm:appaf at us

of clai m50, V"‘b‘ﬁE %f ﬁ‘lo?e sra?ém’cE QiR kd YetkIniRE ﬁ@ﬁ%&tmneinﬁ)‘mﬂ’i’drp 1A aHHilﬁPh anl m 54,

receiver via said I cation circuitry aratus 0
wher ein said rét‘rﬁfﬁfé 799%‘?‘%1 eéﬁﬁfi-?"f"&é%r P&°‘2¢B’§§@§Fﬁ‘ﬂ“€ﬂ‘}°“ “@6‘” St&Ppar at us
of cl ai m 55, V\/r’v@ogh@aﬁah&elgagestat ion conprises a 2 communication link to a

data processing netvp slilown in Figure 7, the system 700 includes two antennae: a SPS
antenna 702 and a communication antenna 714. The SPS antenna 702 provides
one or more SPS signals to a filter 704, which in turn filters the received SPS
signals and provides it to an RF-to-baseband converter 705 which frequency
translates the signal to a very low (or zero IF) carrier frequency. The RF-to-
baseband converter 705 provides the signal to an analog-to-digital (A/D) converter
706. The A/D converter 706 provides digital representations of the received SPS
signals to a processor 708. The processor 708 may be implemented by a general
purpose programmable digital signal processing (DSP) integrated circuit (IC), a
general purpose processor or microcontroller, or dedicated data processing
circuitry. Typically, the processor 708 operates in conjunction with a memory 710
to process SPS signals according to one or more of the above-described
techniques. For example, portions of one or more signals may be differentially
demodulated and then combined by the processor 708 to determine navigational
information. Such navigational information could be stored in the memory 710,
provided to an input/output (I/O) unit 712, and/or be transmitted to another entity
via a communication subsystem 716 and the communication antenna 714, which
may provide digital and/or analog communication (e.g., via a cellular and/or
satellite communication network). In one embodiment, the system 700 is 2 mobile
unit that processes GPS signals according one or a combination of the above-
described methods.
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ALTERNATIVE EMBODIMENTS
The above described techniques for combining portions of satellite

message(s) may also be used with other types of SPS receiver architecture. For
example, these techniques may be used with SPS receivers having architectures
such as those described in co-pending U.S. Patent Application Serial No. .
60/037,904, filed February 11, 1997 and co-pending U.S. Patent Application
Serial No. 60/050,647, filed June 24, 1997 and co-pending U.S. Patent
Application Serial No. 09/021,854, filed February 11, 1998.

While the invention has been described in terms of several embodiments,
those skilled in the art will recognize that the invention is not limited to the
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embodiments described. Therefore, it should be understood that the method and
apparatus of the invention can be practiced with modification and alteration within

the spirit and scope of the appended claims. The description is thus to be regarded
as illustrative instead of limiting on the invention.
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What is claimed is:

1 1 A method for satellite positioning system (SPS) signal processing, said

2 method comprising:

3 receiving at a SPS receiver a first component part and a second component

4 part of SPS signals, each of'which are associated with one or more

S ;atellite messages, wherein said first and second" component parts

6 include common informatiqn;

7 removing pseudonoise modulations of said first component part and said

8 second component part of SPS signals to provide a first portion of a

9 despread SPS signal and a second portion of a despread ' SPS signél;
10 combining said first portion with said second portion to determine data bits
11 representative of navigational information embedded in one of said
12 first or said second portions,
13 wherein said first component part and said second component part of SPS
14 signals each are psendorandomly modulated with a C/A code and
15 said pseudonoise modulations is that associated with said C/A code,
16 and wherein said common information is in the form of at least one of
17 a repetition of a portion of said satellite messages, or
18 simultaneous broadcast of a subset of identical message data from multiple

19 SPS satellites.
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1 2 The method of claim [, wherein said combining of said first portion with
2 said second portion to determine said navigational information follows a
3 differentially demodulating of said first and second component parts.
1 3. The method of claim 2, wherein said combining of said first portion with

2 said second portion to determine said navigational information inclddes
3 summing said first and second portions following differentially
4

demodulating said first and second component parts.

1 4. The method of claim 3, wherein said summing comprises including a

2 weighting factor, said weighting factor being a function of a signal-to-noise
3 ratio (SNR) of at least one of said first and second component i:arts.

1 5 The method of claim 2 wherein said differential demodulation combines

2 pairs of signal samples contained with said component parts which a!re

3 separated in time from one another by a multiple of the bit period of the data
4 contained within said component parts.

1 6. The method of claim 1, wherein said navigational information comprises
2 satellite ephemeris information and wherein said common information

3 comprises identical information in said first and said second portions.
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1 7 The method of claim 1, wherein said navigational information comprises
2 error correction information.
1 8 The method of claim 1, wherein said navigational information comprises a
2 position of said SPS receiver.
1 9 The method of claim 1, wherein said navigational information comprises-a
2 position of an entity.

1 10. The method of claim 1, wherein said SPS regeiver comprises a Global

2 Positioning Satellite (GPS) receiver.

1 11, The method of claim 10, wherein said mobile GPS receiver comprises

2 communication circuitry.

1 12,  The method of claim 1, wherein said first and second portions are separated

2 in time by a duration equal to a multiple of a frame period of an SPS

3 message.

1 13, The method of claim 1, wherein said first portion is associated with a first

2 satellite vehicle message, and said second portion is associated with a second

3 satellite vehicle message.
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with exactly one satellite vehicle message.

1 15. A method for processing a signal associated with a satellite positioning

2 system, said method comprising:

3 receiving at an SPS receiver a first component part of a satellite message

4 " associated with a satellite vehicle;

5 receiving at said SPS receiver a se¢ond component paft of said satellite

6 message, wherein said first and second component parts at least

7 partially represent common information;

8 removing pseudonoise modulations of said first component part and said

9 second component part of $PS signals to provide a first set of signal
10 samples of a despread SPS signal and a second set of signal samples
11 of a despread SPS signal;
12 combining said first and second sets of signal samples to determine data bits
13 representative of navigational information embedded in one of said
14 first and said second sets;
15 wherein said first component part and said second component part each are
16 pseudorandomly modulated with a C/A code and said psendonoise
17 modulations is that associated with said C/A code,
18 and wherein said common information is in the form of at least one of

19 a repetition of a portion of said satellite messages, or
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20 simultaneous broadcast of a subset of identical message data from multiple
21 SPS satellites.

1 16. The method of claim 15, wherein said combining of said first and second sets
2 of signal samples to determine said navigational information follows a

3 differential demodulation of said first and second component parts.

1 17. The method of claim 16, wherein said combining of sai_& first and second sets
of signal samples to determine said navigational information includes

summing said first and second sets of signal samples following said

LS B ]

differential demodulation,

1 18.  The method of claim 16, wherein said combining of said first and second sets
of signal samples to determine said navigational information includes a
weighted summation of said first and second sets of signal samples, wherein
weighting associated with said weighted summation depends on a signal-to-

noise ratio (SNR) of at least one of said first and second sets of signal

(= Y " I N

samples.

1 19, The method of claim 16, wherein said differential demodulation combines
2 pairs of said component parts separated in time from one another by a

3 multiple of the bit period of the data contained within said component parts.
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The method of claim 15, wherein said navigational information comprises

satellite ephemeris information.

The method of claim 15, wherein said navigational information cornprises

error correction information.

The method of claim 15, wherein said navigational information comprises a

position of said SPS receiver.

The method of claim 15, wherein said navigational information comprises a

position of an entity.

The method of claim 15, wherein said SPS receiver comprises a Global

Positioning Satellite (GPS) receiver.

The method of claim 24, wherein said mobile GPS receiver comprises

communication circuitry.

The method of claim 15, wherein said first and second sets of signal samples

are separated in time by a multiple of the duration of the frames of said

satellite message.
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-29.

A method for satellite positioning system signal processing, said method

comprising:

receiving at an SPS receiver a first component part of a first satellite
message, said first satellite message associated with a first satellite
vehicle;

receiving at said SPS receiver a second component part of a second satellite

B message, said second satellite message associated with a second

satellite vehicle, wherein said first and second t‘:omponent parts at
least partially represent common information,

removing pseudonoise modulations of said first component part and said
second component part of SPS signals to provide a first set of signal
samples of a despread SPS signal and a second set of signal samples
of a despread SPS signal;

combining said first and second sets of signal samples to determine data bits
representative of navigational information;

wherein said first component part and said second component part each are
pseudorandomly modulated with a C/A code and said ps;audonoise
modulations is that associated with said C/A code,

and wherein said common information is in the form of at least one of

a repetition of a portion of said satellite messages, or

simultaneous broadcast of a subset of identical message data from multiple

SPS satellites.
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1 28.  The method of claim 27, wherein said combining of said first and second sets
2 of signal samples to determine said navigational information follows a

3 differential demodulation of said first and second component parts.

1 29 The method of claim 28, wherein said combining of said first and second sets
of signal samples to determine said navigational inforrnation includes

summing said first and second sets of signal samples following said

W (&}

differential demodulation,

1 30 The method of claim 28, wherein said combining of said first and second sets
of signal samples to determine said navigational information includes a
weighted summation of said first and second sets of signal samples, wherein
weighting associated with said weighted summation depends on a signal-to-

noise ratio (SNR) of at least one of said first and second sets of signal

O U h LN

samples.

1 31. The method of claim 28, wherein said differential demodulation combines
2 pairs of said component parts separated in time from one another by a

3 multiple of the bit period of the data contained within said component parts.

1 32, The method of claim 27, wherein said navigational information comprises

2 satellite time-of-week (TOW) information.
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1 33.  The method of claim 27, wherein said navigational information comprises

2 satellite Almanac information.

1 34. The method of claim 27, wherein said navigational information comprises a

2 position of said SPS receiver.

1 35 The method of claim 27, wherein said navigational information comprises a

2 position of an entity.

1 36. The method of claim 27, wherein said SPS receiver comprises a mobile

2 Global Positioning Satellite (GPS) receiver.

1 37. Themethod of claim 36, wherein said mobile GPS receiver comprises

2 communication circuitry.

1 38. Themethod of claim 27, further including:

receiving at said SPS receiver a third set of signal samples representing a
portion of said first satellite message;

receiving at said SPS receiver a foyrth set of signal samples representing;a
portion of said second satellite message, wherein said third and fourth

sets of signal samples at least partially represent common

N s WM

mmformation; and
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8 combining representations of said third and fourth sets of signal samples;
9 comparing a first result generated from combining said first and second
10 signal samples with a second result generated from said third and
11 fourth signal samples to determine said navigational information.

1 39. The method of claim 38, wherein said first and second results comprise time-

2 of-week (TOW) information,

1  40. The method of claim 39, wherein comparing said first and second results
comprises determining a difference between TOW as indicated by said first

and second results, and comparing said difference to a value representing a

D W N

time difference between said first and second results.

Yt

41.  An apparatus to provide satellite positioning system (SPS) signal processing,
said apparatus comprising:
an antenna to receive a first component part and a second component part of
SPS signals each of which are associated with one or more satellite
messages, wherein said first and second component parts include
common information;
a first circuit coupled to said antenna, said first circuit removing psendonoise

modulation corresponding to a C/A code of said first component part

L~ - B N = Y O P A )

and said second component part to provide a first portion of a

despread SPS signal and a second portion of a despread SPS signal;

—
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12 with said second portion to determine data bits representative of
13 navigational information embedded in one of said first and said
14 second portions, wherein said first component part and said second
15 component part each are pseudorandomly modulated with a C/A code
16 and said pseudonoise modulations is that associated with said C/A
17 code,
18 and whérein said common information is in the form of at leask one of
19 a repetition of a portion of said satellite messages, or l
20 simultaneous broadcast of a subset of identical message data from multiple
21 SPS satellites.

1 42.  The apparatus of claim 41, wherein said first circuit comprises: '
a differential demodulation unit to differentially demodulate said first and
second portions; and

said second unit comprises

a summing unit, coupled to said differential demodulation unit, to sum said
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first and second portions.

1  43.  The apparatus of claim 42, wherein said differential demodulation unit and

2 said summing unit are included in a processor.
|
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1 44,  The apparatus of claim 41, wherein said second circuit is operative to add in

2 a summing operation said first portion with said second portion to determine
3 said navigational information following a differentially demodulating

4 operation, and wherein said summing operation comprises including a

5 weighting factor, said weighting factor being a function of a signal-to-noise
6 ratio (SNR).

1 45 The apparatus of claim 41, wherein said navigational information comprises
2 satellite ephemeris information. ‘

1 46.  The apparatus of claim 41, wherein said navigational information comprises

2 error correction information.

1 47.  The apparatus of claim 41, wherein said navigational information comprises

2 a position of an SPS receiver.

1 48.  The apparatus of claim 41, wherein said navigational information comprises

2 time-of-week (TOW) information.

1 49,  The apparatus of claim 41, wherein said apparatus comprises a mobile

2 Global Positioning Satellite (GPS) receiver.
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1 50. The apparatus of claim 49, wherein said mobile GPS receiver further

2 comprises communication circuitry.

1 51.  The apparatus of claim 41, wherein said first and second portions are

2 separated in time by a duration equal to a multiple of a frame period of said

3 satellite message.

1 52.  The apparatus of claim 41, wherein said first portion is associated with a first

2. satellite vehicle message, and said second portion is associated with a second

3 satellite vehicle message.

1 53, The apparatus of claim 41, wherein said first and second portions are

2 associated with exactly one satellite vehicle message.

1 54,  The apparatus of claim 50, wherein a remote entity is accessible by said

2 mobile GPS receiver via said communication circuitry.

1 55.  The apparatus of claim 54, wherein said remote entity comprises a

2 basestation.

1 56.  The apparatus of claim 55, wherein said basestation comprises a

2 communication link to a data processing network.



