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GPS RECEI VER CROSS REFERENCES TO RELATED APPLI CATI ONS The application is a
conti nuat i of Provisional U'S. Patent Application Q

entitled " %Q&A@gﬁ sition, H gh Sensitivity GPS Receiver", f%’g{gg%‘ﬁ%@
1111997 by the sanme inventor, Norman F. Krasner, and assigned to the

assi gnee of the present invention. FIELD OF THE | NVENTI ON The pr esent

i nvention relates generally to the field of global posi t| II

nore particularly to receiving and tracking satellite si g WWM
integrated fast acquisition, high sensitivity receiver. BACKGRMD

| NVENTI ON Mbst conventional G obal Posit Toning System (GPS) recel vers
utilize serial correg] ato order[l_é track, and denodul ate
signals transnitted ﬁSa' $HION, &l-lagégSITg—ggﬁ Y GBS BECEI¥ERGPS signal is
a direct sequence spread spectrum signal . The signal available for

commer ci al

. ‘ gﬁ&gﬁﬁ%t I oni ng Service (SPS)
and utilizes & : 4 Simel ' nal with a 1.023 Mhiip
per second spread rmwppiiaanadxsmmmuaumnxm@m af PrbvisorhP U8 Patehipe

Pseudo- rando en | @ ponding to 1
nsec tinme per 88 w%&\é‘ d@é@?&#] ?ngﬁfgaﬁ%mgmggi ﬁi‘gpéﬁf‘s‘ﬁq&éﬁg (Gol d code)
whi ch al | ows Rbeeisenjniled oh@%é/L@BMNmmh\ﬁMGraNsnnan EdKfasnen, aeder al
satellites an ' by a receiver, with little ,.
I nterference %rsiﬁ%egﬁ%mae%% w%?l n a %ﬂfﬁgﬁﬂaata superi nposed on each
signal is 50 baud bi nary phase shift keyed (BPSK) data with bit boundaries
aligned with £ B frarre 20 PN franmes occur over 1 data

bit period (20 tnsec gfgﬂ?ﬂ of a GPS receiver is to determne the
tinme-of-arrival of Tthﬁé’“?sﬁﬁté’b"&ﬂg N FRPAMES s%erak%w freldof glopakpositioning (f or
each recei vedsystednglahd mdraﬁadldnﬂarqemé@ﬁ\eﬂg i traekine QRERit@Lighdls In dhe recei ved
signal and "sliding" .the calntf»gerencelntlma until it is tinme-aligned

with the recel™ed? fjé?f’éf’cqu*lsﬁbo SPHALYY 8 Lonpared with one another by

a multiplication and integration process known as a correlation process.

When the two él ,.“‘.;ﬁzjda lr‘harge out put results. Typical
serial correl *‘ ecei vers conpare the | ocal and

| ~~~~~NKN 1 5 J AL Giab eSS T (GES) reestetry neliz gral s one
time offset aloReidioVE drddi®o adghirs Usdik fardRRARIER i dralsdPA8mitted from

Navstar satellites. Each transmitted GPS signal is a direct sequence spread

spectrum signal. The signal available for commercial use is that associated with
Standard Positioning Service (SPS) and utilizes a direct sequence biphase
spreading signal with a 1.023 Mchip per second spread rate placed upon a carrier
at 1575.42 MHz. The Pseudo-random Noise (PN) sequence length is 1023
chips, corresponding to 1 msec time period. Each satellite transmits a different PN
code (Gold code) which allows the signals to be simultaneously transmitted from
several satellites and to be simultaneously received by a receiver, with little
interference from one another. In addition, data superimposed on each signal is 50
baud binary phase shift keyed (BPSK) data with bit boundaries aligned with the
beginning of a PN frame; 20 PN frames occur over 1 data bit period (20 msec).

A primary goal of a GPS receiver is to determine the time-of-arrival of the
PN codes. This is accomplished by comparing (for each received signal) a locally
generated PN reference against the received signal and “sliding” the local reference
in time until it is time-aligned with the received signal. The two signals are
compared with one another by a multiplication and integration process known as a
correlation process. When the two signals are time aligned a large output results.
Typical serial correlators used in standard GPS receivers compare the local and
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every half chip interval, there are 2046 conparisons (or tests) requbriad 7000
rconpl etely search over one PN epoch. Such a search nust be done for several
of the satellites in view. In addition, errors in received signal frequency
of ten requh&§(gﬂg&#iona! searches to be made for various hyp §m9ﬁ1
signal frequency. The tinme to performthis search may be very T1engthy,
especi ally under |ow input signalto-noise ratio situations. Conventional
GPS receivers utilize a multiplicity of such correlators operating in
parallel to speed up the acquisition process. Nevertheless, the search and
acqui sition process is very tinme consum ng, especially in |ow received
signal -to-noi se situations. It is therefore desirable to provide a hardware
architecture that inproves the acquisition speed and sensitivity of current
conventional GPS receiyvers., u%gpan architecture would allow the receiver
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to operate afecavedsignplsene HmsOMEehMa BIVER WHes I sugh 2 gomparispy 1§ denener
desi rabl e t oeldty @g@ifahip iatetredl herelane 204Gedthpgisencldr Gs@)Rytired @ | owi ng t he

acqui sition procedure, i.n which cOo al.ity of har re s used for both
the acquisit EBWPEH:EV SPEYRY OBF PRePOE 'eg“@%g?f%%gem%mww E
| NVENTI ON' Théhepsaeetiites ini vievenin additors efrossia receiveidisighabirequeneaofidiiteqgiios

acquiring ang.t.[. I | ief J QN4 emsignals with a.fast

acqui sition gg‘gggﬁﬁaﬁ%}%&gﬁﬁg%ﬁ%ﬁ ?’ :ﬂ\B/lJl \%&oﬂggf %osttﬁe‘ 1?)%59# ﬁﬁ%ue&cé’sgﬁ?

i nventi on, atifrerte perferuthss searaiomanbe verydengthy, nspecially endaypow anpuisignsl-
erfornmed on : : e I I bR J l.S+t O

Br ovi de a cu%%g%%’é 1ran§t8 tgﬁéﬁiﬁﬂ%l g&"%&?ﬁ?ﬁ@ﬁé@%&rﬁ%ﬁ ?raﬁ{uﬁ?elgﬁ[?ﬁ?ts ‘Zcrh resul t

i s then accufemrelators aperating ip pagilehiasperdup the pequisidenprocessoNeyepheless, sanpl e

of gl obal pogieldeieh AR BNGHHSHHEpidRedsSs Véry RInROLETSuRIhg 2GR iEdwat Ched
filter result. I n one enbodi nent .of the present invention,” a matched filter

and det ect i oFfcEived SiBPaloniseHUAURRSHi t h a pre-detection | oop integrator aad
a post -detection e herdforGesiribile tolprovide @thardvw £ arthitdchuré tHad WnploRes the

acqui sition and.tracki ng oi nmul & It?lﬁﬁ fraqre[es of .daglg.i&%gr.i Si ng tge recei ved
gl obal posi t PHHISIECLSREEE AN FESHIVILY P} CRITFRELQpYenton FINEES: SHCBAR ¢ api d
acqui si ti on pehiterturawomldaibw ihgiresavesitd opérate.at Efvérydowe iriputsignal-tfoetoise
et hoo s IFRRG] el 1 oAbRatied & pAARE foflllin iBh Yaisol ' Do
present invention W Il De apparen rom t he acconpanyin whgs and from
t he det ai | edfallosing peiagauigiion prcsinmgwn which agogupenaliy > Waydyeare 5osed - 3
PCTNS9810747 3 B3k e REghisitioftahd trabkifk of fdeeEAIPNGRnARe present invention is
illustrated by way of éxanple and not by way of Iimtation in the figures
of the acconpanying drawings in which references indicate simlar elenents
and in whi chSUN DE )Nigr am representation of a prior art

gl obal positioning,system.correlator circuit.. Figure 2 s a hl.ock diagram
representation of eéf"&ﬁ'&l‘“ﬁ%‘é’i"?%&?ﬁ%ﬁs gg)gkfg),%aggga?agfwtﬂgagg?lgagen ccordi ng
t o one enbodimekihg globalmmspioaiesysiem/egnalowith Eifgt mequisitidd speed ahé highavef or ns
for a signal . [ j f ot St i.rcuit of -
Fgure 20 Fi SqPmE; Y AGESAmE St iertlon, SRPRRHAG LI e

posi tioni ng syatching flteywipetatipn is R pd onpjaicyrrent ssmplsent igtabat positerkigig
functions, age&isidals %o Brovitle! £aitRht MatchEP AREMREIL. Ofhe iR R BEERALA filyent i on.

result is then accumulatéd with a prior matched filter result from a prior sample of
global positioning system signals to produce an accumulated matched filter result.

In one embodiment of the present invention, a matched filter and detection
circuit are combined with a pre-detection loop integrator and a post-detection loop
integrator. The loop integrators allow the acquisition and tracking of multiple
frames of data comprising the received global positioning system signal. This
results in a combination of rapid acquisition performance and high sensitivity.
Efficient means for implementing the matched filter are disclosed.

Other features of the present invention will be apparent from the
accompanying drawings and from the detailed description which follows.



Figure 5 illustrates wavefornms for a signal at various processing stages of
the acquisition circuit of Figure 4. Figure 6A is a block diagram 15 JAN 2003
representation of a matched filter utilized by acquisition circuit of
Figure 4, a to one enbodi rent of the present inventio ' 6B
is a block a%rgﬁgrepresentatlon of a matched filter utlllzegcgﬁbﬁﬂ&gﬂ
acquisition CIrCUIt of Figure 4, according to an alternative enbodi nent of
the present invention in which a subset of possible outputs per PN frane is
produced. -Figure 7 is an alternative representati on of the nost conpl ex
portion of the matched filter of Figure 6A, according to one embodi ment of
the present invention. '' Figure 8 is norg detail ed representation of
certain constituent elenents of the matched filter of Figure 7, according
to an alterna se jnvention. Figure 9 is a bl ock
diagran1reprebgﬁ§u§ﬂ¥§£ .é%éﬁﬁinA' ¥Ag system which inplenments the
acquisition and t ra?hkpregcmpweatwﬂmnamdtha}I@fmm i0rBhwaploft he

t i bal
bosi t1 oni ng. sy enaret it Ledss SR Beipaiiha e ot S TR BARE 1o an
al ternative esiboldr elementsfand mewhpicbsent i nventi on. 1 5 JAN Z003 V\D 00/ 10030

PCTNS98I1 07471 Fi guf:%uilell 'issa}lﬁoai 88?"@'&} %gg tﬁt?cﬂ ??1{ é‘h%?%)%j ,Poal

posi tioning system ui sition ci er° count,
according to gystene atepeircudf t he pr esent |nvent| on. Figure 12 is a bl ock

i agr am r epr esent aaf ols PyIBRL EBAn ebiedlonl drasloy pBGASk L o1 ol

of Figure 11, according to one e di ment |nve t1 on.
DETAI LED DESCP@CPIF“%@NIWH@F%@H&%0%&)?}8\?%&1%“% ntherlefé@int/mgntgmobal

posi tioning systerrFﬁgugmhlmstrbtwu&be@nhmr aReghid] &iviatiolls procellingQiigkd btvi Ty
receiver is des WI ng description, for pur poses of

expl anati on, ﬁ‘ﬁﬁ&?‘ﬂ%}&%ﬁﬁ%‘f"r?fé'tl ‘I's are set forth in order to provide a
t hor ough under st anBigage 4fs 4 bleclpdiegmn represemitionrof al globll bbsxb@uﬁgi;)d&m )

pract ced i ¢ RGP plol bEOHES berkifths R SEREPhS. AECHHR Y| “Known
structures andtanmnvcembadgnmhof/\lhelpmsbmankendomgr amformto facilitate
expl anati on. Figure 5 illustrates waveforms for a signal at various processing stages of
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the acquisition circuit of Figure 4.

Figure 6A is a block diagram representation of a matched filter utilized by
acquisition circuit of Figure 4, according to one embodiment of the present
invention.

Figure 6B is a block diagram representation of a matched filter utilized by
acquisition circuit of Figure 4, according to an alternative embodiment of the
present invention in which a subset of possible outputs per PN frame is produced.

Figure 7 is an alternative representation of the most complex portion of the
matched filter of Figure 6A, according to one embodiment of the present
invention. g

Figure 8 i1s more detailed representation of certain constituent elements of
the matched filter of Figure 7, according to an alternative embodiment of the
present invention.

Figure 9 is a block diagram representation of a global positioning system
which implements the acquisition and tracking operations according to one
embodiment of the present invention.

Figure 10 shows a block diagram of a remote global positioning system
which implements an acquisition circuit according to an alternative embodiment of
the present invention. .



d obal Positioning System (GPS) receivers receive GPS signals transmitd d&N 2009
fromorbiting GPS satellites and deternine the tinme-of arrival of
appropriate codes by conparing the tinme shift between the received signal
and an i nt eMWRP¥iP0kner at ed signal. The signal conparison is PETUSOHBHETI N a
correlation process which entails nultiplying and integrating the received
and generated signals. A typical prior art serial correlator circuit
utilized in comon GPS receivers is illustrated in Figure 1. The con; el ator
100 receives an input GPS signal 102 and conmbines) in nultiplier 104, the
received signal 102 with an internally generated PN code produced by a PN
generator 110. A magnitude squaring (or other detection) operation 106 is
then performed on an accunul ated set of sanples of the conbined signal. A

m cro-control | er 1¢ggueent ivd blockdiapedih opedserfiation 6N £16bA podabEASERERY PN
generator 110. Accordi.n .tfo t he sgs eg?]of. correlator 100, the L&fei ved
signal 102 i s2CHIPUOEIrEY 152 ERE 2 %‘i}'\ff EEISST COMtAncpding e ops Fubedimept at a

time, thus reqfitheipresent meentidnong period of time to search over all offsets

correspondi ng to oORe . 1Sk L ircuid An oved.acqui sition
circuit for use in%@rﬁeés%g?@?ggt%ﬁeh%gegn tlc?%oonfiea r@%ﬁkbegﬁlﬂgﬁ{’%&eﬁt e
present i nvena¢quisition ¢irduitesf Fogeredil , agsonlingto one dmbiolinmens of thg prelsent Wi t h

pr e- processi ng_b‘%gg%ost -processing functions to achieve rapid acquisition
of 1 ~ JAN 00/ 10030 PCTNS98/07471 -5 GPS signals and high
sensitivity. In particular, a post-matched filter |loop integrator (also

called a "co gﬁmgﬁ'PEgFBE@' the integration necessary to achieve very
hi gh sensitivity I ch_alTows e r?ceiver_ to operate in low

si gnal -t o- noi se r a¥s BedRdiapd 3Rpaas 1o5 rgcrving globpl paspigning systempignalsput

si gnal acqui stirb@h £fakCatiquisdith, BiNNehsitivigy redaérdt detibed. Sinlth@fblewigg!i t s for
mul tiple input, channels. A bl 08)? dll%ﬁram r epr esent a{f %mglf an a??@l"SI tion.
circuit for adSCHEPY.IRLRHBPSCSSE eEP %n@@%{?%f@c I P AfeLiet Iqrg in

i | lustrated aonier th prgvide acheroagh anderstandihgofthe peesent inventibh Ot willtbe i nput
baseband signag|.,202 | [ ral fi rs 204
within the ac%ﬂ\déﬁt lllé)‘ic‘{‘:a’?’g&??f Qgglgﬁkrfne%}ﬁ "ﬁ‘g%%"%ﬁngg‘%%%y S conposed
of separat e i pragtiesglevithout shage qmﬁcad@m&- (loptheo instanees, well-kmewnapuctufeseach of
the filters “’hﬁcﬁ‘h&'&@%&ﬁB@JHHﬁ'bI&fk?di@érﬁxﬁrf&?x@%otﬁci@i?? . egéoﬁ.epresent ations

of the sanme or different PN transmtted wavefonns 1] @IF)F in_tinme.

Nor mal |y, the i npuClekalBositioping Jystem (BP)irpgedvess raceive SRSsignale and hence
_thtere ar ettYPhﬁﬁnhjﬁ%dﬁlaﬁi\érﬁﬁﬁﬁg G’If’? Ezh;ﬂlif@lhﬁmm?ﬁrhhé afc,u'txﬂm@fc@ﬁﬁliog a srr?ll

i nteger, typica 2. e i nput signal .c ains a transm wavef onn
mt ohed to b GeRIRRR g eedrs N onitaine Riedta S PeSieen cRantcyen SenEamdA cpi ke
of wi dth appr imeértallyegeneemed signal. dihe aignalrcomParscrpis lperfudntdd inacotrelton each
frame period I OM] i AL Lhf ar i e PN frane
period. Si nces{hgsﬁs‘&\giﬁggﬁﬁég @@%@é%yﬁlgﬁ%@grﬁkf 89 %demsa%gm%ﬂl | actually
be a conpl ex signder A typisalmicarart spriplespaelatos cireuip htilizedan corhmod 4IR% baud -
boundari es i ”r&%ﬁ@fsqépﬁ%fr‘étehgn ?E@xé'i.a"méfb&{-é?ﬂ Fad@reetiveR i hﬁ't @pgli tion, the
phase -angle may be slow y advanci ng or retargl ng rn time 3 e to snmall
frequency di.f sigpan@@angsombines: iempliphien 08, b gersr vedaianaklOZ withaency and t he
local Iy gener gft&safly BHeEREY PN coddppstivicBEbybh PRedenkfatoraly. Wemkgnifidg. . due to
bl ockage by og(ji ects su(ﬁg ?% trees or buil di n&g, g&ch of these spi kss may be
obscured by n&iUaEing(er gtherdeteqtion)apergfiand0p is thea perfamedonanaecypulate; | 5|
measur ement . & dfwarhples Bf tHeeonibindysigfal.t Aenisf-dkefirollehF08dhivls ted t he

mat ched filter ma ..ot her .dete

b ted vi - | ti
operation 206?°quﬁX‘BP§8?ﬁﬁgc%é%%?ﬁtﬁgﬁg@&gﬂﬂg%\;ﬁ348' éﬁ@qrg@gjtﬂglel %ﬁﬂ oned.
The energy fr ofcersatBiN1(0,aherdcsived signaldd2ds tampdrad twd lohpsequerntd ol BN f r ane

t hrough del ay J|.ine | alLo ] . f P . i ke
from a previ ook PubERERERbC: aghRe, B il 2R oRE Bl o i o B Rence
thi s energy wokér alkéffsetsheormtspanding teo®IBN frapte. as t he spi ke from the next
frame is abouty 0 B cufiel @y line 211. The two spi kes are then added

t oget her by t _ 1 5 JAl 2003 WO 001 10030 PC TI US98/ 07471 -6
circuit 208 to prodvrienproved agayisitiepeircult fomuse in fSnteprivars, dgeordngioPse wi | |
be i ncoherent Lypagitied: GPm]?S{%]QMEi'nv%tldn, BRizeHGHEGSHe rﬁdl&heﬂeﬂll_%gs t‘&étlherom Y-

gxow as the square-root q e nunber of fzrar}es SO0 sunmed, ~DC | evel
associ at ed wi MthRfe-prfesEngand pestEees s Bactoroiogrhigye ok aghisgiosbcess at
the integrator output and subtracted fromthis final output. This eases the
determ nation of an appropriate detection threshold. As illustrated in
Figure 2, the feedback fromthe |loop integrator 210 is not unity, but is
instead 1-e, where a is a nunber small conpared to unity. The | oop
integrator 210 thus effectively acts as a "leaky" summng circuit, which in
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In yet anot her enbodi ment of acquisition circuit 200, |oop integrat oq 52J]A(Rl 2003
utilizes a feedback of unity and repetitively sunms Mfranes of data

gating out the feedback through gate 212 after every Mfranes. In th| s
fashi on, tH¥O080193® of the |oop integrator will have a val i dPETRISA%/074T1 ¢,
one representative of Mfranes of data) only on every Mh franme. In many

i nstances this update frequency is acceptable for acquisition. The del ay
line circuit 211 within |oop integrator 210 of acquisition circuit 200 may
be inplenmented using shift registers to delay the propagation of a signal
through the circuit. Alternatively, random access nenory (either single or
dual port) devices, instead of shift reglsters may be used. In this case,
the nenory will be | oaded and accessed in a manner which emul ates the

oper ati on of GRS fignaiegndhigh sensitivitye In parpichkat agbatxhaahd‘dtﬂ‘lf&rilm Fi gure 3

il trat i « i { t hi

ncqu o1 11 on diipagior By Bimi Aol BioP E e TP oMby "

i | lustration,vefyhjgh eelﬁitt\fdtb'wdﬁclaﬂwsahsrqmvmfuo@@em islgsigndeoinoiseonl y seven
hi PN f

he waet or i RirohBEhE" T e SURSAR, b CPSIRM RendFai bl g PY0E ©

four PN framssmposingsepapte acquasitian Gisnite farynuliige inpotehaneels.| Aplackat ed_and

only the sigry g?a.rg reseﬂtaﬁon of i a%@%ttMQcQ@ﬁn’t B3 gg%h%ﬁ? ﬁZfllF] '7_the

i n- phase chann l'ustrat ed. IS al so assu oop filter
210 uses uni GP Sf@é&’é&tﬂ@ cirphig ‘%‘HE%IWC?’N"‘SE 98¢ 29p3E %H\Péfféﬁeﬁh |lustrates a
representati \f,e,eh{,&,l nput signal 202 input to the acquisition circuit 200

(only I or Q sho e.ou hed f. lter vef o 12
illustrates the si Wg?(iﬁ aﬁé{)z%gﬂﬁr?}ﬁi)ﬁ’tseg‘? rfB‘?tc LS peen
processed by 2mmthmdttieldcqmsxnaﬂéucxﬁrmﬁ niaputtbaseband $ignal 202 is ¢dmeposed)ofl | s
ropagat ed t r e e out put .
gftgrgsquarl %Mg’t‘g@#g?}%gr odr%t&t"%e(tﬁ;é pﬁg%%h%g? r?g%c r(?:futf]%I 206, Iot he
signal is prdiarpawitineach ¢hannel gre mmggt@tmrsamp@dmr@hntpumw sae out put
after |0op iR e ®N BTN FormR oA o N gl PRe rphPOr al | or

wavef orm 316 ustrates tﬁelncreaseln with tinme
due to operatSﬂl@Hlediltetﬂh%"@éﬂPé? @f-thMWHéQt%é’EQ)henﬁﬁ@eﬁt?éfP wpicely pOEM &apsi on

Lhr eshol d | eyl eIl BG RS M il Bicte Qpicallyal IO gkt dghalc | of
wavef or m 316 ° ﬁ’é‘sgé{*’t‘-}g@}t@ﬁ ’g’gﬁcﬁadd} a\}glﬁ‘gt"éﬁﬂ"@@ﬁ‘?gﬁtrhgs? E%‘ngl d signal
| evel set by cbﬁtamsdnmdrfbwepsmabﬁwmm é}jpﬂoxxmatmqpnesalﬁp duratiin: ud spAOwilAl t hough
Fenoved: by agerdpreseh s ol AP0 biheidrival o SR RORTE oL °00 1 1
respect to ttPéTfr@malpeﬂoénﬁmpethe(stgnahhqumw eprehented, theppie will t he aver age
is small for iy taehms% n%h%?@'l?s qdlint?rﬂft‘étsﬁ ephaeﬁ%cftma bdfae | ocati ons

of the peaks pro -arr e recelved, GPS SI nal nodul o

one frame perbioéﬂldaﬂeﬁ i agsgrdanerwith theteansmiicd datastiearann adeiion: theePbaseal es for -

the Wavefor xﬁawﬁoal}aerdeamtg me@ﬁﬁﬁg in'ti:fné@&'t@gmhlmfr&%ﬁ&fc?nce to one
anot her . er nat ve e ment SI.N e chan ui sition
accordi ng to e gtﬁ‘{eep erﬁ?q’Yfrq Sf%“af A e&t“’éﬁy@ﬁ‘? fhe dorall “efﬁ

acqui si ti on dtegaemdy. 400 of Figure 4 is a si ngl e channel acqw sition simlar

to that of Fi gure h contai,ns additi ocessin | ement s.
These additi onal ‘(%gﬁ‘éﬁ{e Slﬂ?ﬁfs e ar 6? e “Fé%]ﬁg)a{&getb aoﬁxéch[glgﬁ i rcuit
404, conpensateesgr buitdimgs pachrof slrese sfikés may bnohscured by neise dndherak areesanpl er

406 whi ch cory Oopa{lﬁ,%_}sﬁ% I@Bﬂ%@f ﬁ‘?ﬂgl thEAs AR ”%) 151ﬁfd“1‘.1p%£ Eﬁérg%of‘{i’xg

predetection reference rocess of
signal trackispikesribe output efdhomalched ﬁi&raﬂmmtqddlm&qua@pmor@ﬂhqrhe
.present inve bid dRevaingy &u&:% ansl ation 404
circuit si nplrufk%?lt{\llb%‘%rﬁggn g‘?% @ftg 1.ut gl %‘ﬁaﬁnézﬂhb a %)g%%nentl al of the
form exp( - 2rip¢niipsyd. '&hemrmfrp@ ang &N BGABE pethen addeg 10 tjmnaf the prEvigs 001 10030

PCg/ US98 ?E47f1amgthr iy mnteg}atdreqoe%i/a aéltafstonew FrameDgs ltﬁ Fetlh od
and n is e runnin [ onpensat s require 0 a e
fesi dual si grisATALE ‘ue\»{@ﬁr@?wﬁb@em&l Viezasiyans P Hemenatdrhenee B o (|
kHzl) ij her:!“éﬁﬁr gyt il ﬁttfta@tiel@i hitermqqemy tlﬁa‘s‘pﬂetfrdf@uiedxeﬂefrdrﬁe fsadusaot Ihe .
anplitude of the er 40 t s a uantity equal to
T n( LT ATt ) (ST ey LS 210 T el Sk iten Sl hestlr By B Birchibge o7 ¢ ho
signal out of the matched filter would be zero. The Doppler sanple rate
correction signal 430 is input to the digital resanpler 406, which corrects
snall errors that result fromthe received I/Q input signal 402

"stretching” or "contracting” in tinme, as a result of Doppler shift. For
exarrple a Doppl er error of 2 u. sec/ sec (V\/mch |s_weII wi t hi n the observed

~NNSNS s -, o e . o o Y .



rate correction. For exanple, if the sanple rate provided to circuit 40P5JANZM3
were 2 -sanples per chip and the desired sanple rate were 2-d sanpl es per
chip, the new sanple interval would then be equal to T~/(2-d) and hence the
new sanpl es woul d be taken at position's after the corresponding tinmes of
the origi nawW@av®03€vent ual ly, the slippage woul d equal T~I2, PCHUSNT4T!
conplete sanple period. This is expeditiously handl ed by dropping one
sanple clock fromcircuit 400. Digital resanpling is done through a process
called digital fractional interpolation. In its sinplest form severa
sanpl es about the position of the new sanple tine of interest are supplied
to an appropriate interpolation algorithm such as a polynom al or spline
fit, for conmputing the signal value at tRhé-appropriate tinme. In an
alternative enbodi ment of circuit 400, the digital resanpler 406 is omtted

and repl aced ‘M&GltéO?"t&?l%aﬁceWt% emm@nmeymﬁé’drﬁng%?t &Aggf 39%@’ pbilter

with new coe~cients ncl ude eI ay over tinme.
Thus, '~ the digheentlyad P@Ck@ Wi\ Pejacreassdhardihence will aplyrgiovise the | t er
wei ght's of theg uara,r5otmmxema)ewefme@awmwsmwmemmmww filter
in a manner taq effect a | a ration on these filter weights. This

et hod r equi r 485 ROIRG B 26 8F FIPER TGO i BT IRHSPRORE SoHE PRk R B b
preci se i npl enmdtabtravted from thiefinal cutipls. Thispasesithy dewrminetiah ofci t . However)

novi ng coefficie t filter one position left or right is an
alternative t&P Brrggﬁ%d&%rﬁo%stﬂgﬁa sanple. The acquisition circuit 400

i ncl udes two | oop iAs Blystaated indrigenei2, the cthaeldﬁbucthedmp inegratort 2drisanhor
circuit 410 i

post det ecti on n(})%blg‘lhﬁ g‘éfrag g're %F%Jﬁtsqﬁg%ggﬁ?ﬂ QSE@é}eﬁ;P?g Qh@%lé’%’gcti on
operation 416.ingrater?d0 thussffectiiedyacts aya ¢ ﬂ%usummgslraldwﬂudgm effect he fact
that the dataareexrgeplﬁgmhﬁ n?é“aHu%B@?offi‘ﬁﬁ@?rov.%é?@y? aﬂogﬂ B 1{]_ eats many

times, before d prese@%mlnvertst e polarit us, if the
Doppl er cor r e EBRLVE CBRYMERt RS i Preseai MERton, aafeep f'%?ﬁé%tﬁ"e?lqjﬂftb Ranes

ei It her prior tf@ecfcb@gk of ity ﬂaﬂéwb@dbyﬁ@elabgnd@fa&hﬁ:‘dd gﬁf‘“ %ayﬁjéﬁfgédl mml sdearly
only a nmaxi mum o u ranes u a efore the data-polarity

i nversi on causd¥ '&82‘8&‘?’ HEDF ﬁ%‘%‘a&‘?‘ﬁBM&n?&“ glfﬂﬂ“ﬁ%‘ﬁérg?ﬁ cap iPg f"ﬁ?‘f provi des
i mproved sensiwhivh tiredtly dddetogether the dse M framepoThel stoeag necessdryptaegr at i on)

si nce coherent I signal -to-noise ratio at the

posi tion of tﬁgb%ﬁﬁ%d%%é\??ragg éfi%aety& Steg‘l&ﬁg the square-I|aw operation 416.
Figure S illustrat ek yst gnasher ambefisrant ohecquisitianueirgnitcid@sloppintegrrtor 2100 t hin a

circuit 400. k ulngumefr r
sinplified PN‘%E? %35‘}%%%?“*“ é&?&fc nﬁtg}ell gz per #Slrdaflrer%{a I n%ﬁegguof 1023

as in a normalth efery M\?éf@r% F‘?f“‘l”l’ tputkfi eng
for three dat Qh@ldo?; 15@§ratd§%m hwammodtpw(x E’Nxferxepﬁ&n&a@e@eM fraines 60T

channel ar e | iSRG brievery MR WHE, 188y drrtacat Uin ARG CIRBERY Bn 1 op
filter 410 andchcpestiable faccqusitibmop fi | ter 420 both use uni ty feedback The
predetection | oop fi frames
in a running sense. Hﬁf‘% glé%bdé%&ﬂgily ﬁoﬁiﬁ@% ft‘zo(r)tr.flpl ﬁi (m
represent at i ve200 rqay h@unplsrngned using sfnftp@glstw o rdelaezczhmpwpagaunn ofe gwnal 400.
e oout put af { o B AAGR ! WA BNS! BRI Weodst IiStag (Gihet BReRiRRB

waveform after t I nput  sI een ssed

n
filter 408. Frmﬁ)m@neanﬁqaﬂt@ﬁgdmglsmer@y Haarseq. slrvhepfageamsdnmpauyﬂl t he
predetection 1 \Qopaddd éﬁrac&l&@m'aqﬁmﬁEPM%ﬁmgceQ%M? raﬁBﬁ Bf sHftesaiest i on

| oop filter waveform S &92 nal is then input to the squaring circuit
416 whi ch pr odfdBeloopdntegration - squari ng operation waveform 516. 15
~aN zoo3 WD 00! 1003P1gﬁféjilrd§9ﬂé£)§1§ﬂal walefdrin@ it VAGoRHedebdifly dnhtstwf&hxﬂlafi the

signal is propagated ta.the etecti.an | oo ator 4 ch
plrgducels tlfcf)e gsd §RCHHBIEPN £ %’B@F%‘E‘F‘Hﬂnﬁﬁg‘é‘f%ﬁ\ rg)urﬂq.?gsg Iput af ter

| ooIo_ i nfj egr at |@1nsm1txgzt Bigoresd Blusﬂr&tusa sisdpdifiet! RN sugnal&asmglcfnlyssegambmpsgkr
anplitude wt ue. .t tion uar w_dete r an
MVorative propRyren it f 02 Ret Ruibmin SRt ad, JRY R GRS 2o
illustrates a weveformoin ngmm§fmdtdld fevd‘he&;dmelbumﬁﬁémﬂéumwuthéomﬂﬁut after

| oop integrati o t i.on. r ts the
t hreshol d si gnggm}égéﬁé erHtl ]E%rt“nr els? I%%%‘?r%lasrlg %Z%QO%Y)gJéhc?wéﬂl oﬁ
circuit 400. It should be noted that the peaks of the output after |oop

i ntegration waveform 518 do not increase linearly, as they do for the
single loop integration circuit 200, as illustrated in Figure 3. However,

the anplitude of every fourth peak) corresponding to the predetection
f|Iter ~menory, does |ncrease nearly I|nearly As W|th F| gure 3 it shoul d
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equation: (S~)ouc = L(S~)i2 x F x npostd x npred/ 1/(F npred) + 2 (S/ 1 g(
In the above equation, the variables have the follow ng values: L o’p%)j N 2003
Ldata Ldopp = si ncZ(freq offset x npred x 0.00l) Ldata = ( 1-0.3 15 x

npred/ 20)2 In the above equation, the variables have the follow ng

meani ngs: npr¥@00fPRher of pr edet ection frames sumred npostd: NQHE$I8ET471

i ndependent postdetection frames sumred=total nunber franmes/npred F. Nunber

of independent sanples per PN frame) taken to be 1023 Ldopp: Loss due to an
error in Doppler Lda~: Loss due to data transitions degradi ng coherent

i ntegration 1 5 JAN 2003 WO 00/ 10030 PCT/ US98/ 07471 -11 freq of fset:

Carrier frequency error between received signal and receiver's estinate
(including local oscillator and Doppler ert ors) In the above equation,

(S/'N)out is the peak output signal power divided by the nean-square

backgr ound noi sige ingpivese; chamsk] @ iNnstiateds It fealsy sssmaed hiagRalo r 200 viéeded by

t he average noi S%X/E?f neasured in a bandw dth equal to the chip rate

(approxi matel y ;%e te that (npred x npostd) equals the total nunber

of PN franmes integr dhedaseTtenddidvignadutwavefararilltdmates heepresatdtive 34 ect the

t i.0 Fi
P o out put TR 28R S 16 AR eluibol BUEAdH Gl RO Lo TR Y2 o
of about 30 fopu@@b@ftedmaéc&w(ﬁitepwewm By illngdateothe fighdevalefaot ifen that es) .
n sone cases Wephohi\eadappe) ﬁésﬁe&ﬁ??oc@?@éd%ﬁ]ﬁﬁé&ﬂf@t@Fz&f‘rFx%hp% héd P, O

tune the Doppler control I1nes {) m crocontr until a
detection occufilter g thesignabis REPPagatee ta panagnitpdeyigranng @ircss 206whishs

(rjetgl s]g er banrh/ﬂyi&{uﬁm s? dﬁttémtilé &elrlﬁn l\ﬁa\%ffrhf@wt tFrSinQRE fag itk ; idehq ﬁ%‘ﬂlt retce' ve
ata fromeither etection | o |neraor or redefection
| oop i ntegrat of'™" ﬁ‘ib&)%g?t &’élagtstﬂ 89?%&3&01&?‘0‘ R)B‘é“tgﬁeé?‘e&q‘%‘ck@ B%r at or
320 g olr respo ndsbﬁtpm iftee laopqniegidtionwavefiem DEr The oﬁlp?ﬂﬁterlldc@qmdggm@ﬂd

enmodul ation, the g r.equency ..an ase,
wel | as PN codév%ﬁ%g?’ﬁgﬁglség{%%lla‘fré&?&és‘%ﬁ “3 errgété "‘l%ﬁ?s can
all be done by opeatign ¢fithe squantla@ @mramdomamé ptdpegatmnallmdglﬁ tHetlewp at, and
in the vicini t¥nt€%rato} B, SW%.@# stﬂlfﬁluslu@ d%Q‘d%te%ﬁ&?mésp&flﬁé\%g%&%%p%edl oop

integrator 410 effectivel erent S apprOX| ma s of data

(i.e. one-half uapmthp@mp@éiyﬁ%rrlaowmmwwwmrﬂs 1 Thardeten@@mﬁyesm@ peak, to

the register badkl replradnts the tﬁregwa Sighalue¥Er k& byahréstold dRRpd+R@ab EFinPer
second. A mcro rocessar read these results and inplenment carrier,

code, and bit la GEREMNCTOY rn software and send control signals (e.g.,
from m crocontrol | erAl#38gh the baseline @i thepsi gy alsod grovksi with tlﬂihﬁtiiBGIi gn of such

tracki ng | oops | nar. t Not e
that it is p055| t(t)xsl%'ﬁ?‘f%eﬁ@ovw%%g%%g@ﬁ%e 0ru 4 rgmcﬁ w%?ﬁ%‘ﬁge
illustrated in lFsrgﬂDr\threspccsltmgieéoﬂabfmnt pemeg, Heffeors of this peakeont the: pur pose

of either acquigglblog smautfma&@aaqd G?S"‘é‘?ﬂﬁls hrghsma%egb{ea%mﬁh fop&iofs Ypul d

be no predet ection I ntegration during acquisition and no_ postdetection

i ntegration duthepgaky proridgghe thme-ofiapiva Pf)@"é%“@i"ed RResignal masylaensdremsr m
post detection igRfiedr REhdld Bel firtier h61@8 hal the amphitiie bONe2 i Ind QaRAbARQRF0 - 12

Figure 3 are not negessarily scaled in reference to one another.

An alternative embodiment of a single channel GPS acquisition according
to the present invention is illustrated in Figure 4. The acquisition circuit 400 of
Figure 4 is a single channel acquisition similar to that of Figure 2, but which
contains additional processing elements. These additional elements include digital
frequency translation circuit 404, compensating for Doppler and LO frequency
offsets, digital resampler 406 which compensates for Doppler and LO sampling
rate offsets, and predetection loop filter 410.

With reference to Figure 4, the process of signal tracking and data
demodulation according to one aspect of the present invention will be described.
The digital frequency translation 404 circuit simply multiplies the I/Q input signal
402 by an exponential of the form exp(-j2nnfyT;), where f; is the combined



Mit ched Filter PCT/ US98/ 07471 , Figure 6A presents a detailed 15 JAN 2003
representation of nmatched filter 408 in acquisition circuit 400, according
to one enbodi nent of the present invention. Matched filter 408 utilizes a
wei ght ed t apRerhof8 line structure. Filter 408 is divided in .
separate sections. %e section contains a chip matched filter gg}iﬁj\tgﬁsa{?u?]s
mat ched to the tinme waveform of an individual chip. Chip matched filter 604
is followed by a tapped filter 608 which is nmatched to the actual pattern

of the pseudorandom signal pattern. By breaking up the filter in this
manner, the tapped filter contains taps which assunme only values of 1 and,
furthermore, every other tap may be set tgg.zero. In the matched filter
exenplified in Figure 6A, it is assuned that a sanple rate provided to
tapped filter K08 . s as_gener at ed, by downsanmpl er 606.
Tapped filter BBBPIS Mﬂiﬁ%&cyadgﬁgtﬁh?&ge %af@gﬁﬁif’?‘f{lﬂdi ’b?é tg G UngPs UM, ¢ pe
system of Fi guindeSAThiadderpensaen Glrequirellisa that thyresialsigred frefichcapdderis to
conplete the s I Ifﬁa EXA el:HZh range from
g to g+10 bi ts‘lﬁmﬁﬁ‘%’%‘ﬂ%gﬁt npu{l gnt%}tgééﬁ'? h&(etetf@&cal 9399 gnctyo 4 bits

| and Q. The ®fésmmuh§bq:®np¢m ﬂnwamalntu eoffhe aatoped Edtor4B dayputsngnalzbmag a

set of high Sp@%n;ﬁewt@@gygtfmm Fere 1é"}fﬁ,§5i9h theh i @fbiRESOS T O

the multiplier one accurru out put s of
mul tipliers wthesignglige of theomatghed filterorid begtipd sum t he out put s from

nultipliers w17 toT8éD bIérsa'Hipl§rat§cbﬂrédﬂ1§hTsx§hﬁdl30ﬂs ﬂpﬂ%‘?ﬁe&x aad 8. A

strai ghtforward app an acc | at WO
nul ti pl exer, 6@&5?‘%5 g%‘fﬁe%‘?aggé‘lrf%s g’é&‘}"rs'gf g'?ﬂ’g‘B? E"g‘fF'é’F ?/Q igpyt
through G 16 (ﬁ@ﬁh’lﬂmﬁ‘sﬂtﬁhﬁhg’ &) cobﬁaaﬁigEGﬁ tifn®, atstarresdlh@f DoppketishifefFdrhese

Gare count i QAP atiorele paveel s AiRRTee® FRRRn s ool he Biksutadpled OF

16-tap filter/cfo@GBRSshiellites) réprésehs 2pmmvs sinfttohenmehxghbve?gt penidd ©f isedandn f or

i th
S e o AR £l Sl ik R B 8y, A0 LB BB e
further det ail singe tthndetepweml@é @umwm peripds wntheotgmemwmbmom aygardies

utilizes a serjpsg p@ﬁo&ylﬂn@h&ﬁgiro&:@ﬁﬂg gﬂﬂtvﬁll tavegoﬁt\ter aituatlt/ YeG8duetdia 802,
804 arranged in two | oostéc)wpﬂovl tQ e weight nmiltiplier and
accunul at or. SIFRUANGE ANGTeAsed IRAERILAN %?tﬁ'tﬂd\gﬁ@ﬂ 60“511430%9%‘%“6%*’804
contai ns mul t'lbb ﬁ@&wmmr@adaﬁrmmmg t@aredre $n fResura@litime Sf@Rival @rhave a
set 15 JA- Wi QQI 10030 PCT/ US98/ 07471 -13 of 16:1 nultiplexers to
sel ect the dat PSHAPRRBY A sone i npl ementations results in a very gate

i ntensive system DiDigitd resamplr Od€nidis utilizekdaty plogidetieo sdajuistmcmemicsﬂt d00i s
right shifted gng rlng
operation corres pgﬁﬁg&ﬁcoﬁpﬁfr\%@féﬁa §{]h§1t§ﬂla}1§%ﬁet\g§%, ?‘8 Ohgﬁ' 3 gagﬁ)l{ %d using a
cl ock at rate damplog mmemsapwrdem@c\klﬂl thhse pravided bggheﬁpemﬁed;smplqt sing
sub- bl ock 802 ?aeéic&laéwoactﬁoﬁ%nfp@é rl?ﬁllé%ﬂﬂpfe(?atte%?oﬁﬂé?ﬂo%ﬂgui‘?ng Repber ed data

sanpl es. The upper. hal f, . sub- are cessed during, one 2.046 MHz

cycle and the F?HIAE‘PS P%"tﬂsulb?‘@c‘kc Bﬁredeﬁa@l)ﬂfrrét?é’%@%a disamples Eﬂr‘iéhﬂ’eQ‘F 8046 Mz

tcKcI e. _Thlt s dugdmpleQfderval woalduhéh bokdfifal AOFADIRARd BéndeltRe ﬁ@wtsaxhpa@ wealdy hal f
e registers |n

i.ster .b08 are con ected t t he, ad
any one tine. Blabﬂgsbtl‘ontgﬁgc‘t cQFfF"i‘pton gHmeg o ﬂt?foqﬁ‘ 2ﬁ%f‘ttac ?1"?3800 is
as follows. Onirrsli ege ﬁ/oM:ﬂEqﬁﬂ TS Ddk., hmeuaata plgte sauiple perdodesTHIOB is in ' A
position and rrultl i ster

t
Mol i pl e by FAeRRTRR TRl Y frBhmipk aft Rimpke ek EBhreiSh Yol il - o
regi sters shi f'resmrg)ﬂmg 1illnna tiiroogh apg)csssarallﬁl digitalfrdotidnildnteggplaioer IrGtd  of

e et bl ock skl B X80 Uiyl 15 B 808 8 e P3abledngtd dte i
mul tiplied by tmgemghum:hsdm mamrgmalmtqp@wmalgcmmnulsmtms a812. On an
odd 2 Mz fo c oﬁﬁﬁrl%%%e ﬁfufdr'cetn‘lfyg %ﬁgglghﬂ Velle ﬁthe{)ﬁﬁir{sé

mul tipl exes 81 position; 16 1s tap
wei ght 814 and storééanﬁ]t%é@t‘fﬂﬁfﬁm%&@ cyewt 400, thqdlgn@ge@trmleg“@ i¥ t
right. Data fromRifi&@hsd RplakbdlRith & pfr&fisé thcﬁ%ﬁsttﬁﬁl Helba® th Rfudhed fildd ock
(not shown). Multiplexes 808 is t t B' position and daHﬁ in the
bottom set 804 Yith Rresyrastcigntsghat & FF% yalﬂ@lléwémlélaﬂc}cd&ﬁl#‘w@r tmg iEi ed
by tap wei ght s ldigitalndsaagiermobahasbd RpRecIHhathg HedilieF RRightostaps t hen
repeats. ~. The melght values for the taps are sh|¥ted in through shift
regi ster 814. As the weight values are shifted in, they are conbined) in
multiplier 816) with the output from multipl exes 81 0 prior to input to
accurnul ator 812. The wei ght values are +l- 1, so nultiplier 816 acts as a
sel ectabl e inverter. This shift reglster is 32 ~stages Iong It shlfts 16

e o o . — o o
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WO 00/ 10030 PCTNS98107471 -14 woul d be perfornmed by 64 such accunulatp?qﬂﬁgmg
each of size g+4 bits. For g=4, this corresponds to approximately 512

adders, which is equivalent in conplexity to two 16 x 16 nultipliers (not
|nclud|ng t Réo P@ﬁl§6ers that are part of the accunul ator). 1and_
one Q matched er channel would have a gate conplexity of ngrOX|naZely
four 16 x 16 nmultipliers plus a nunber of storage bits of size about 17500
(for 4 bit I and Q quanti zation). This nunber would then be nultiplied by

t he nunber of matched filter channels utilized. O course, if the

accunul ators are run at a higher rate, the nunber of gates required can be
further reduced. The outputs of the 64 agpunulators 702 in Figure 7 for the
above exanple are dunped at the rate of 046 MHz. These signals can be
placed in a set registers ain ani zed as four sets of 16
registers. Thé%aéaﬁﬂgﬁtﬁf Pfangeg t‘bgﬂ b ﬂ"g?ﬁg BRETRUAD ON tBesg dilter weighis, ddis he dunp
rate is 32. 73endd ret;xh&sdntepumefﬁaénteathzghmnhﬂf onkbiteagh ﬁi@f&m@an be

accurmul ated b strjcture to Fl e ap we ts set to
uni ty). Four i‘ﬂ&"r {@ﬁ aé‘fji\ﬁgcﬁi\%{?ﬁﬁorﬁgle i?tﬁ%ém‘i’—{oll'}od’(/ﬁvﬁb“ﬁwl“ég coul d be a
four tap accutrud:fﬁtmntswﬁnevm;tcllmdvﬁitdrdndaposmdmléfabrtlghthshzm aliermiadipe wccumnul at or s,
but using a cl qu g rth of those devices, and having shift
regi sters of FP%EW e dﬁylG Thus, it should be noted that the
hardwar e required ﬂ&he@empmeorecxrmtwrmdude@mwpéoqmmygramgucmsyoﬁgr eater than
that required Pédeﬁ@ﬂid%ﬁ? irfi€orhid &1'rc'ftﬁt £861s anédlﬁﬁbﬂ th %{e/ &eeu&%géer

oper ati ons. te that on @/; one chip |evel matc be used
to service al Fl&a8d the\pgs éqcu%l(l?ﬁé@egrﬁqof gircuit 429 I&WIIE’F@ alterdhe detectioBodi nent

of thet p\rM?senb pérali6iNd 1) MThel diAl 15ap Ghtedatbi ¢ifcRit talkes abean bk Fak thdd thed
ci rcui i ch

mpl e ourter tr or FF algorithm In this
case, the tapﬂé@ pgggggqlpa,lsh%& ?ﬁff{r@‘e%d'gnﬁ? t@c% éﬁ“@f TSREdy maty Hmgdo i | |
per form FFT opeﬁ‘oaé daaprebent ifivests thopolarity bf hesigndl. tThu&af&re@tippldrO Figure 6A,

whi ch b d d T h
0, 0D L b S BA0RH LBk B RabbE A e ROAB BTG ST
and on t he weiafjért peviormingsh® aratched &ltenaperation.t Glearlyonlyiaghaxdémumoef@Osech and t he

result 1s | nVaaR Yol BOAMATRAork I DRI E1Y B TSR R SRANALILT 0N 2 1S

wel | under st oo ose S hi's series o operati ons may

be per for ned peqforéwﬁe PRpghy Gobgreahadditinn praydes impgovedsensifiyity be lige efinul at ed

and det ect ed kyeofiére bﬁdéké&)onf)lilrﬁegrmﬂ 4Ré& coherkenbintekAborn BRisWE @/ 10030
PCT/ US98/ 07471, -15 I nst ead of rcul ar onv | ut Oﬁé?% alternati Ve %pproach

is to inpl eneiEnaloanqissTateas the pOSIfigRof faspg & Priop FBRg thersnuage

operations arep&madem4lé t hose skilled in the art, and avoid the circul ar

convol uti on at the (e He S GludUaPOTLERA 06053 AL HMEHEL it

al ternative approach®nay re rove
convol ution metrbwiti40G| Eer paxpases pﬁlllumaatmml’lgmM dlustratdse simplaied BNscussed i n

"Fast Fourier gn;{ unmer)
New Yor k, Sprl-r%rn er- eré@nl?@&e&%ﬁ ? a@g@g{skéﬁ@é%%slﬁgéppyu“gﬁ for
the filter imsiga rﬁ@t% Qffthe Hiaye ﬁvselﬁtﬁlg)‘ﬁe 4 extepd forthree Hata bitst¥fnat i ve
embodi ment of SDBGSGBV\QﬁEMur'PN/ﬁBIIkQBOZ éaenrrmoeb@@bufcn Y iy nofe8s Afusee@yi si tion

oo 10 Bot ke gk Slons AR O opi] o ok S Alh s iRE i o

operation are thd pste&rtuttionﬂocbpﬁﬁnﬂmotand postdeitdcign ﬂaupdtlleﬂmm bl dsd ﬁmtyS wel |

comosi to 1 undtr Bk LR mRRGEEGh TR Ak P Bt ARl B G,

| nt er changi ng ftamesen apenmng stmsemay result in reduced har dwar e dependi ng

upon the exact met h@{lp ega‘lﬂe ayé: ) ST RhLe? ﬁ&g?ﬁ@slgl%y’e éhtétﬁxe%QFFT

mat ched filter vs. I Né sum ne one further
enmbodi ment , t hepw qigaal lopertemecmqmeaoraﬁdcuztlenﬂ%e butphigtea madchsg fidter
squar e- root 0 r i t
g %{\éfdrﬂxﬂsﬁ ﬂlﬁbga fthe ﬁgﬁ‘% bab at egﬁ&e&}ew 9@5&%&41%255@

renoves the signa ase ans tted to this

circuit. Redudeen WSQ&PYWWéW@GT‘ﬁSI tl%spmlmatﬁlmi flisr debithsignadussi on) t he

mat ched fi t erpr a&@'ﬂﬁrbﬁ H)%'pYed%fBEﬁéHl%G ﬁﬁﬁmﬂ)‘wlﬁjbﬁ‘ x%@ﬁ&%'s%é’&h Sfter
correspondi ng to aII PN c

S 1023 Chl |caIIy 2046
sanpl e val ues PAgdesecligpinop Beétwac‘,’ﬁﬁ%ﬁjl S%f“t Ji-ﬁ"sS’SB@é éF‘emPHE‘\Ré%%/quaf‘Bgreduce
the matched fidifcait 4¢6 Wﬂxcﬂ%prb&u@@ thesdutgut afi@di sqiaring dpeeatideRRNVEfoBmME1 61 he
present invention. One nethod of reducing the conplexity of the matched
filter section is to utilize a matched filter that continuously provides an
out put, but whose length (i.e. inpulse response duration) is |less than the
entire PN sequence. According to one enbodiment, the matched filter 408 of
F| gure 6A | S structural I y 5| rrpl i f| ed For exarrpl e, Shift regqi ster 614 coul d

PR — o, o .y Y " NN A e



Figure 6B illustrates a reduced conplexity matched filter according to §

al ternative enbodi nent of the present invention. Matched filter system 4%“ 2003
produces a fraction of the possible outputs per PN frane, but has the

mat ched fil tyo ob/fogi h ef fectively the same as the PN frane | engifiysdsRhar
exanple, this would correspond to constructing a filter that produces an
out put for each of 64 consecutive clocks out of 2046 per PN franme. Each

out put woul d represent a potential pseudorange. Matched filter 620 has the
same sensitivity as normal matched filter 408, with length equal to the PN
frame | ength; however, since it only produces a fraction of the full nunber
of outputs per frame, its probability of jgroducing a peak per each frane is
the ratio of the nunber of outputs produced divided by the PN frane | ength.
Thus, to achl 0% r.obabi |.i f acguisition out put praduced woul d
have to be ? 3?%%"%“{% Fsggﬂlégpﬁqpag:iu%to ??8?‘@ %ﬁ?qngg%ndi ng to
one PN frane. uﬁegratexdﬁ@k»éucﬁpmduchememtmdt efteri lbeplintdpoaion whesfern®81fut put s
are provi ded~ t I t her.e are 2046/ 64
or 32 steps rglcl?%l r%ﬂﬁ%%&égg Fﬁd%?“falb%&ﬁrs gg ’%‘Fuﬁiﬁ%%{’%’ﬁﬁf Pﬂgf@r
according to pmksamplxtudmmth\tdmemademmmcﬁ tls‘.mqaanedawmt&smgnd iteriative t 0 t he

previ ously di r 5@@@. C hed
filter systemi gdfgéﬁg)r?t al n ﬁﬂlaeﬁgﬁm %tfxrefm%Zg&\%é:%h‘gggl})"gﬁgggq?tseg@érgt of
possi bl e out ptireshpldlepal sppegmposee upf the ©UIPHE after heop infegeationtwavedurmuct ur e

produces 32 oyt utise MREctiI thiesitrd Rivel @ﬁﬁ&&@&@%ueﬁm&hgwwvélQ@tbfyol | owi ng
di scussion it is pbsqsumed rate i s anpl e per “chip,

i.e., 1.023 MHRHP Wﬁ@bﬁ%f’ﬂc‘é‘ﬂﬂgg“ GEFHLAQG dhshould boaeted that i§ ser vi ce
GPS ). For fupkdiebf QieadUtpMaftEthp ﬁlt@@amdd ws\tsfaﬁxeslsad@hagh@rem:tlﬁia Jilter

620 that can prgc aaa, V\D 00 R /US 471 _-17 data
sanples at a f’f%ﬁ ?Iﬁ?rsth]elqnggcrlo%%w H%gg& e(ﬁig‘ﬂqggﬂr%ar ator 63Q
to construct Hokieve¢rethenrpiitgdeafteseryl fengh pealanohespomang t<£tlieé}fredlmeuoﬁ | engt h

the shift r egrLpuRiint, Hpectispahes PR ol 1M 3, R0 e Rkt °"
speci fic but Gﬁfédrﬁlaaﬂ&e araplitade mleaquéhq wemfamnadfrfsgumﬁ aré net céssarly t he

data sanpl es ithddng réfeptinet Bhéarfdther0 R32 are, respectively x(32), x(31),
L x( 1), where x( 1) rep resents a first input data sanple in tineg, x(2)

a second and so on: nA&naiYSE?)O tthFeinPYY YegTus SRIDYE $ignal-te AOISs Tali EBYatioNs resul t X (
1 )w 1023+x( Z%m(améﬁ?szﬂeiated to ther¥gieakion\f A0qisitidh SikduR400 18ddstib BRSfollGwinghr ough
t=31) the filter weights 624 remain the sanme, but the data is shifted one
position and &4 WHAR ar conput ati on occurs. The following data is then
output fromthe matched filter and stored in the loop integrator 630 for

the first 32 cloc cl es : i e t put data

sanpl e): Block 1 NetcREd Lgm? %owngu{ﬁg%gl{%% @éﬁmﬁﬁﬁ‘@g) +x{§\13§kj 1022) +
CHX(32)W(992) x(2)w1023) +x(3)wW(1022) + ... +x(33)W(992) x(32)wW

1023) +x(33) W( Iﬂ-ﬁ\g%i)(fve equatidt, Q@%ﬁg@s héVe ﬁ]@'f@lk;“'uﬂgvalﬂg er 32 sanpl es have

been processe t he vvefaéjts ari | aced hts with indices 32 | ess

then their orﬁi-gl naf val delopp % dam,( 991 ) .. .,w(960)) and the maxched

filter producegobfie resuhic3(ffer offiee x redBR Gatml es (tines t=32 to t=63):

Bl ock 2 Mat ched | t t 991) +x(34) W 990) + ... +x(64)wW 960
x(gZ)V\,(991) ix?‘ﬁ%‘)‘vﬂ 18r22§iir83é‘f5a (8 %é@);\(x(&)ﬁgg)lmg +x(%55)\/\,(99)(§§+ )W )
. +x(95) W( 960) 1,5 (JAM 2003

In the above equation, the variables have the following meanings:

npred: Number of predetection frames summed

npostd: Number of independent postdetection frames summed=total
number frames/npred

F: Number of independent samples per PN frame, taken to be 1023

Ldopp: Loss due to an error in Doppler

Ldata: Loss due to data transitions degrading coherent integration



WO 007 10030 PCT' / US98/ 07471 -18 The effect of the | oop integrator 633,5 2003
however, is to add together the corresponding rows of the above two ar ?lﬁws
thereby yielding) within its storage registers, the overall result for each
of the timeswoBAoaso t=63: Block 2 Loop Integrator Qutput Xx( IlpQ¥f)sesn7471 -
1023) +x(2) W 1022) + ... +x(64)W 960) x(2)w( 1023)+x(3)w 1022)+

. +X(65) W 960) x(32) W 1023) +x(33) W 1022) + ... +x(95)W 960) Each row of this
| atter array is identical to that produced for a length 64 matched filter,
corresponding to output tinme t=0) 1, ...,31. Hence, the loop filter
i npl ements the required functions to allow the matched filter to act as a
| onger length matched filter. Simlarly)-ldfter every additional 32 sanples
a new set of weights is introduced with indices of values 32 less than the

previous set. fihe fRQYecang ﬁ‘édu%n@;P&lrér%%twéﬂ%éeh@ed% Mpg,ahfeé? | oop

integrator afterevery additi ona 32 represerl er outputs
at times t=0 through t=33Stmaie(ngdding p@?@?‘ﬂ‘@”@@?!’?@rﬁg@rs)nﬁtched
filters. After 32 such periods, the set of data produced by the matched

filt 620 is: Bl Mat ched. F Co tati 993 31) +x{ 994 30) +
P04y w( 0) baBasRy s%qﬁwégéfm@;&e“p&%éé@ shaayer divided by " °
x(1024) W gl% +>thdﬁ1351)%4\3!t@é bz:crllcgrotm(l 1ofsb powey; ard (S/Nmtx@the&vadgeﬁgh? kw,g 0
revious data {a,c ete the o at.or is
Cpdat ed i -t hicipREBY glafefen pOSE plirahasRiih hbABkgbl S iy |

The next time (hpppximutayd MHe). dSeteitsat (ppted lgd)posmequalstmatotsltmm@ecaﬁ be set
{0,28r0) un! CoiN feitdd:fita. nd MARAAiCR SR IRFNE! ALy (Bl O dr anback

associ ated wi th net ove e hat ere 1's no wei ght of
si ze W(0) si nqaramesers npestd and ppred O anéulglmf@gtyeﬁ) Nerderdaachipye magimum 5 JAN

2003 WO 00! 10%@;3& xsﬂﬁaﬁnan%’%ha@mk@eeaaabsue 5 mrer%rﬁaaﬁéﬁabw the PN
l'ength). However, Q) 1s set.’'to pr oper I ter Ien\%@

i 024, is effedPr md)ﬂeﬁceame&?abw gnd\ﬁ%mfaﬁe ﬁeleamra&a)/ahtsag@ cgpest
periodicity ofthd P8 ﬁ&ét&rrﬁdybeﬂlasgeczme@mdslawgagkp 37 $@feithd Bepplet ¢bnitdop net hod
of the above xarrp hat t he ﬁst4 qv%‘?é“\?dé 32 begins with x( 1024).
It woul d bea Oé’S@'B u POEWRE first word of
Block 1 for the nexAcdﬂi&xMrawm;mts@OtdﬁﬁgWhé alsarenmats redistamanketd 8f i | t er
outputs are c . 3. The
probl em here % @45@8%@1&{1&% W?&gﬁwﬁcgﬁvgq%ﬁw‘%’ﬂ’%%eak

al i gnnent promoewpt,eahoxb@osmtv&ratowﬂbmémequn@cttlmlmmmam #l@er from
conputing the pRgfetechdh Bita E}bﬂpgos&%t&adnwé 1ﬁtGgﬂa§ort490|c9t9 gbﬁﬂﬁgrtﬁé or 630.

This effectively of. makes 2nd quanti wth erroneous, and
hence only 31 ¥Bnsiionmegds. %’ﬂ?ﬂééﬁ“@l q’%c&i“go%‘fi d\%‘ﬂp’élvtb% §§IYF‘EF‘qun mat ched
}‘l ! Ej e(r]I 620, wah@dtt@ckCartioPeq uggﬁ y dkiPhate, asweu*asm&?depmsﬂ dn@afmb&ugﬂe

oaded into ture cles e begi nni ng
of "Bl ock 32 1 dnfaD bRMbIA Hefipif ca?:ﬁlﬂ?ﬁé?% heusiEn e a0 d e

count er woul d dfehe mamheahﬁlttx‘rntmﬂdnnﬂmcmﬂy bf, thersighdl pealatinvkis caser;, get i on i s

t t f. |
hto 1023 SeVipdgicbRTodintahile 410 Byl ccleifl s PRI 4 CTEN Y
mat ched fil t erframeseftdatai. bwedialfmlgmrpdamd sgndghe rmhts:ate@drnela:wrthazo coul d
be i npl ement ed,Qy B'tﬁ&#@g}sté(ﬁgnl@fTﬁétgyra‘?yﬁcal‘ﬁ?tlﬁ@ rhtkiid ldﬁﬁ)ﬂdﬁ&'s efssebitdll €

mul tiplier/accumul ator. Furthernore er welig provi ded vi a
a shift registdrmICIopragsser would readthess rgaylison é‘é‘é}eﬂq“@)??én?re&%eﬁéﬁdb? t he

above met hod weatkehdleo a%bﬁw:ﬁad&sthsmavlgvl(gam\(egl B@nt Mecrv&@indtaller i n t he

sequenti al ord SO SSIb|e to
co(r:]mi ne two or m‘afqt%xé PF%EHH“&?@ of e gspiga, ﬁ&l"éh *faCH““ngOPS 1S viell

known to those of ordinary skill in the art. Note that it is possible to use only one

loop integrator, instead of the two illustrated in Figure 4. A single loop integrator
would serve the purpose of either acquisition or tracking. However, in this
situation there would be no predetection integration during acquisition and no
postdetection integration during tracking. The microprocessor, however, could
perform postdetection integration during tracking.



wi th 'the accunul ator of Figure 6B to construct a matched filter of ahﬁn#ﬂ\‘aww
lTength (e.g., 64 or 128). In fact) alnost any matched filter structure can
be used in place of the straightforward tapped delay |ine structure 622 of
mat ched fiwmoe00/1888. [t is) of course) possible to conpute a RCMASEIOIMFUOUS™
set of outputs of the matched filter by several neans. For exanple, the
shift register 620 of matched filter 620 could be shifted four tines per
each matched filter calculation to provide every fourth matched filter
output. GPS Receiver Figure 9 illustrates the inplenentation of acquisition
circuit 400 in a conventional _GPS receiver 900 according to one enbodi nent
of the present 1 5 JAN 2003 WO 00/ 10632 PCTNS981 07471 -20 invention. GPS
signals are received by GPS antenna 902 and i nput to GPS receiver 900

t hr ough i npufjatché€Piller 904. The PN codes within the received GPS signals are
acquired ang tracE,e% circuit 4(%gadtog§t her with an external processor
Setayrd tea

910 in accordance W‘f%gf‘t?écsﬁ’b‘éla PRIRERN ofearehedifiisr RS Hect to

giogur es 4-8 @bﬁimt@mtmmamluimg ﬂomeégtbfadmw of tﬁ@ regm iml lu_dﬂ.r a][lge dat a
corresp | t sk.gnal s r ve m,eac e te from
which a sig a“‘\r%gghﬁﬁ%@/'é%‘%ﬁﬁ&ﬁ’&%é@ﬁé{e%yéwcPmﬁi ﬁ]t‘gﬁﬂghseri s data
whi ch i s recdivided irtp twoseparate seations.90re serton eomains atiap mintchedriileet 60400b.

. i d. : d i
the Tocat i orthas BcRale iR RIRbiT o B BRAUAPLARTCE ThRcbey RS oS
i nput / out put 6Qdes ifelbowedby atapged filtery608 exhiicteis9dcha ite the gcmphpatter ¢f tbe

textually di | Mpit. T i I t he
Crout of FoRudandcls s|garid@, DBy PRACHE b e fiuerth BiABhh BBl {08
t oget her wi tfiltgscoptairsdapo whichpsyimeonty valupsef +hands furthermens) evasyodet on of

acqui si tion ghhedyiBe JelicPzeebSIn 186 Riavded fifteeREHBYEN m%%&em,qd jeroative
enbodi nent of thé_ present inventl Q{qu'de(f?:l)asmrgggﬁl ver 1000 is a conbined GPS -

and communi ca4BFd et &53mpleTaty PEQK! 16600811 B0 sRPlSH BY CAIREPS

recei ver st aﬁ%dnsﬁkddjby’ldo@ﬁg&ﬂ;ﬁértﬂ'%:’l circuit 400 gndhcomﬂrj]ni cation

transcei ver sectign 1 ign are receiyed, thro S.ant enna 1002
and input to acqu?@?ﬁq%ﬁltcé@gﬁﬁ? %@MF%{ tr§8§&€f P‘écgm’t‘h@ﬁgﬁ (Sgdé’% H'For t he
vari ous recesyseth sfiFightd 64 saddéhteeqGlirdquiras gpprdaimately 542 @ddersyo acqui siti on
circuit 400 0 1 | fransceiver
1020. Tr ansc‘gblr“\?/%lfg{e%‘g%ﬁﬁgﬁﬁ é?'ﬁ%qggt% ?grﬁgljr?i%l)z’ rsgzgé?é%gg%m&%%%ﬁg%?%%%gexer)
1008 whi ch r@tiQebitss sithumbeing theringit grantizatiey Sypiaally,2 R bitsol anddQ rid

communi cat | opsdithg BampkaRy cANBe 56 MaliceHMuilizRBGRENGthi I SpRLAT cat i on

signals are 1 nput_to conmuni cation tece|ver 1010 and pasSed toQ_pr.ocessor

1012 for pr oRSEUBIIAIOTS ) AT THECEET vhsety Sffhe suipytsfom the suHpLery 642 0F9%r ocessor
101218r1 g promﬁqﬂe,%riﬁ@cmﬁullaﬁir@:ﬁﬁm%ﬁl taaldutfpnscufem&plww_ Ql’thm:ilgﬂ.ﬁlllﬁ? Power
anp i ncreases the in of the si.gnha Q.,an a i at .eve or
transm ssi on? aff&%d&‘g@i%ﬂ‘ '&68%@“%{ g’@éﬂf?f%gg?@%g’g P¥ation system
of receiver ileMated sebigaraigmddatA sgyagefaad] fppreechusiag tanaecwnulater t 400 i s
transmtted 1 i Lj . i 0 e station
1006 then de?\éﬁfr’(rlle%neéﬁ??ei%rglgig{u:&%ﬁc%%ﬁé%g?\%%r{{fg’h%%sédﬁ%g%o?ﬁ% fpseudorange
data from t heegistareo Gl theeugh/@6 tshewe phEigurd 8), thasedect mguim/dd outmms ¢t s own GPS
receiver or it j el.be
transmtted gxggbﬁ{eggs%%ﬁ?g%g verp‘{%g%qgrsgﬁg coét%ﬁ’g%ﬂs(rﬁeﬁﬁg?%ﬁt &?Hg}égﬁﬁltelow WO
00/ 10030 PCTS®U8/ 07471 - 21 I ocations. The cpm‘runi cati on i nk bet ween

recei ver 1000 andrpase750anals tppes fileysosautilZ g endsast 1igap number of

vari ous enboijkg nts |pcl U%I 8%]61 direct |ipk or cellular phone |jnk. Method
for Reduci ngi ”Zacgtl@w 3 it O Jonpropide hopsieptingad suparption faprucsessive gps

acqui sition gioupsiof $6 &dps. iSifmll&semteeesMOGtang|7e2 peifeiiethe fadbitns of thepar al | el
with each re Uirirrb(%éﬁ se?ar%ttﬁe)ﬂgrift register to store the incom ng data
(e.g., acqui SPPPGIPERESE ST Figure 2). For these circuits, if a large
nunber of channel Figure 8iiliydteares fardekr detaid of dlel fiter/aéonmuixenplOe Hieglhtuit t hen t he
nunber of regpsters nes._l.a y m nate the qveral.l count
of "the syst ol PGS fURRERETsorRL PE Ao AR o Alnd (R MUE B s 305

associ at ed wB0hatrimgedlintyge lonpsieproyide datito ther weightmudtiplisrdnddi ment of t he
present invegii e b Sk 15 GUl oy I grput GPS si gnal
data utili Zegédgﬁg‘}lﬁt&)?es&?}#ﬁ%@?ls){'nt'eafrﬁ@gﬁl l{lﬁgkérétggtggtsggﬂ g%éemr eason why
mul ti pl e mat cortging muléplexseriie Thisarrpagamnesi avoigds theaehumeirenptochayhiafet
registers is that the requirenent to perform Doppler carrier correction and
Doppler time con ection (i.e., sanple clock variation) varies from one
channel to the next. Hence, if the Doppler carrier correction is perforned
on the incomng data, N new data streans corresponding to N different
Dopplers for N channels are produced. Simlarly) in order to track the

. » N . . - -,




~ 5 JAtJ 2003 WD 00/ 10030 PCT/ US98/ 07471 -22 shift register is typical hyA§2003
‘l'ength 1023 or 2046 dependi ng upon the nunber of sanples per chip The

out put of ister 1102 is fed in parallel to N matche

channel s, W’&ﬁ"@? up through 1 108. The circuits conpri 31({:,] 9%’87% rst-
mat ched filter channel 1104 is illustrated in detail; however, it is to be
understood that the N matched filter channels contain identical circuitry.
Each channel includes storage for carrier coe~cient values 1112, and
storage for PN coefficient values 1114. The carrier coefficients are input
into a carrier weighting circuit 1118. Likew se, the PN coefficients are
input into a PN weighting circuit 1120. The weighted carrier and PN
coefficients are then conbined in sunm ng network 1122. The data from shift
regi ster 1102fil§:limubipkxepde seledt thadaagrush ingoms dmplementationsstesdisis 2 each of
whi ch conbi n%ryﬂgatemzbmef@mehptmxrgeom M@Nﬁﬁ%&%ﬂe%@i}ﬁﬁ FofitdrSs The

purpose of thjs ran enent e PN frame of the I nput
si gnal were f1g8t hyft nqe)ang(qrcgygxﬁlﬁftgﬂﬁﬁuncgmp@tqbglﬁ)ltcpgg PRFEALION sequence
of l'ength 1023n€§p0ﬁh8mgftol18 régmeﬂsm:ﬁu@ﬂdaaoxppbaplefemﬂu@wmraie 6 a

I del f hi I
Fesponse | delfespipiudnclock, JBESRRFRElsR rihriig DhrhiSk R h T unct i on
can be spl it biotkBG4vanreapdnd, to treceveorand ©gd nuinbgred data lsempies.sEhpeppee P(t - d)
and the Ot Nef oL EERRREbAL BrdchEel AN FEnd EOREM AL H‘é‘?{d A

with t ranging from ul se es onse one
m | | i second) sulsibhenk §04aa% processed Wm&tbhamélmﬁMHhaMﬁel hJarddalaleQk vary

slowy wth KESPRA tak&s ddvimh é&ﬁﬁ@f&@?hﬁh&ﬁl&’ﬂaﬁmﬁ% Con dﬂ'}‘a%tre Ser §ROUl arly

updated. In nost cases an updati n%| Bnce per m rame) is nore
t han adequat @%?Wc@ﬂé‘?@clagdﬁiéﬁeﬁ 1 PEWQ!W&W@}'@ |n carrier frequency

(()t xéglscalhl y I)ess t hape r&n&#dftﬁéldvdéﬁhﬁrb lkkhﬂ)f%ﬁﬁkgéirddt’tmli)]?ﬁﬁﬂo(vke% than -
cnl ps In a on er.l eratl,on.o C rirer

et oot miPe) apven SN cloeR RORSIART hBfplAECS RS 1. BPatdn FRLL ) ot e i 1

great er det amhultiplekeg810eis ii?'A' “pbauonzrmgmedc}'lﬁ/ls moltiplied by tdptvesiglt@défandi ent s

used in Fi gurgq; #rb%{}%mﬁat& 129%’&’% ég a@st‘é}s shifl nél{ta e m{n‘% 1§tefa}%@0t at

baseband but ency rom
filter is nots fed tbasgisant ] ef theorext blagk, Mlﬂtlslgxmé%lw@en)l&llabﬂhmeﬁ fromthe

et ched fi1t GokPnding da aqn@?é ) B shi 09 deHE e 6250 efisFitkgedinfini be

coherently a g rrier. frequency g eX|t|ng t he
mat ched fi | t @pulfphed bﬁéta@ 814 @nd geeumiilated in %"H%B@tqu & Qﬂaf‘toéfjn one

fL ane to the fMﬂxtf0 cTﬁvmoamyf naaltiptexet 8091k Gy @Bdtlbxyaﬁmmugﬁgil&x\?\%i%{)%fs éégg at
the output o annel 1 of Fi 1

PCT/ US98107478 B PSHign; feé&??ér"gll%rlﬁé?‘}]ﬁlplﬂ"ﬁ‘ebﬂ ‘88&1”%’2&3,31‘ pog gfpre %i‘le f eedi ng

nul tiplier 1h2dumslasorfiRyareixgi('H Regfittdrs shifienightf Dam fréma réisipd Hi6 tsdedeo
cor et ed andebisle 1l G ANAabASESAS! SRaILRy sl calL I dotoonver ts

t he signal at =% uency and

i ntegrati on. ﬂésmmmdplatapoﬁmsb%ﬁont%ﬂﬁé%nfregﬁmﬂﬂ@ Hifaee mlaﬂiyon it is not
necessary tog bl B h&am d RRGHELRANh eIt Riodd: %619{@ circuit
1100, but |nstea one p a can used for an entire frane. T hase t hen

nust be i ncr OFEFRSEEheNIEPERRe ,next frarre by an ampunt of the accurrul ated
Doppl er phase per Th@W@xghﬂ@d]@és&fo?ﬂfe'Eaﬁsara\/ﬁlﬁft@diﬁthrdughfsl’ﬂ@trfag@t@%m"ﬁil on

(one mllisec Thi uces th eed f 0 n.of the
carrier phasé}?% iSighty ff%‘egll’f ‘g‘%ﬁfF&o‘Sg‘“ﬁ 1B Y H%lf"'pgﬁi?a’é‘gh‘thesanpl es
out put from tdmpmmadﬂtﬁplémrsmcpdom b@utﬂ@la‘scdmlﬁﬁ]mﬁw Tiggweight valuesi | 1, in

t hi h f ha th

(< case, hotg g1t OO 0h L SERm R B
satellites (tsyz}gesadmg; ]ItelxﬁstlﬁalmdBEp@t)fd-ledtQ@id t in this phase difference

b t t. f h
oynthesigor 1116 | WgegRs 1Rl f 1Pl E el A€ B i 4 BEGRER T f1RSC
acts as a varappboximatdlng.0d6 MHnhWath thisrinplsiratg, thhaccumplatiopirgasl  over a range
of 1/2 sanpl F@%Gifl/ﬂﬁzt IWhil 'R Wl the & n%?ﬁiht)bé‘f 18wlchtear

mterpolatored\r%c two adj acent sanples in proportion to the
time di fferermaegraipdsﬁ@na@@hnogzgy s thgmaixwwwaglomettap H@qumes of the
nearest two Sﬁﬁmxﬁastth@ﬁﬁ) Bl SHbldiks 780 e Fiirel 1 (lateleddeat tbﬂ‘ﬁﬁér&@étﬁﬂ"?n results
in-arolloff of the Signal spectrum however, this can be conpensated by
an equalizing filter placed prior to the mat ched filter, for exanple as
part of the chip matched filter 1202 of Figure 12. When a delay in excess
of 1/2 sanple is required, this is acconplished by sinply circularly
shifting the PN coefficients stored in the storage unit 1114 (forward or
backwards) VI a advance/ret ard corrmands " as shown |n F| gure 11, and then

o o, . Y b1 o I T




and carrier frequency may be performed by an enbodi nent of the presehts JANZ03
‘5 JA~d 2003 MD 001 10030 PCTNS98/ 07471 - , -24 invention. Matched filter
1200 utiI| ghted tapped delay Iine structure. |nphas ture
data i nput |s |hME§ into chip matched filter 1202 that is na?wﬁﬂﬁgpgﬁ?ﬂ
time waveform of an individual chip. The output fromchip matched filter
1202 is then down sanpled to two sanples per chip in downsanpler 1204. The
downsanpl ed signal is then fed into a tapped delay line filter which is
mat ched to the actual pattern of the pseudorandom signal pattern. The "w'
coefficients 1206 tapped filter are thng_corresponding to the PN
coefficients and the "c" coefficients 1208 are those corresponding to the
carrier frequenca/b The outputs fromthe weighted signals are then conbined
c
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especiallytﬁ#ﬁ&ase where it is desrred to have a nunber of successive
frequency weights be identical. A large frequency error of this sort that
is common to all channels (i.e. is commobn node) may be easily conpensated
by using a single digital frequency conversion circuit prior to the matched
filters of Figure 11 (e.g., before the data shift register or just after
it). This elimnates the need for the succeeding circuits to conpensate for
such large errors. The sanpling tine error is still relatively small so it
need not be separately conpensated |n a srnrlar manner . Al t hough the
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to application upon the United States G obal Positioning Satellite (G JAN 2003
system |t should be evident, however, that these nmethods are equally
applicable to simlar satellite positioning systens, such as the Russian

d onass sysWORVINPE term " GPS' used herein includes such al t ePEGBUBIBET4T1 -
satellite positioning systens, including the Russian G onass system The
term"GPS signal s" includes signals fromalternative satellite positioning
systens. In the foregoing, a system has been described for receiving GPS
signals through a fast acquisition, high sensitivity acquisition circuit.

Al t hough the present invention has been described with reference to
specific exenplary enbodi nents, it will-1de evident that various

nodi fications and changes nay be nade to these enbodi nents w t hout
departing fromt hendséaalasfeﬂircslai crdnbomﬁdn Smehermafive mm&qaw ﬁfpléﬁerﬁet forth
in the cIalnﬁ e specifi.cat n an drawi ngs are be

or.gj, ngl.
regarded in afiv§ aP&Q&? 8? i%‘}éﬂf‘%ﬁal‘fgr °P?{a%°‘}se YecRetAlong ownltoghquN 2003
-27 What i s ckiledvicthe art, dnd Avoitethe biechlérn doheaslumn atithe exyeimpe bsmag an i nput
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data shift é—ﬁéSter er el n_eac chann
separate mat a*msbq@qrnﬁcwa@%ﬁrwg@ﬁ%&w 1983 may so @Stlljl%al s and each

mat ched fil t§€ibsﬁﬁﬂﬁﬂ%rﬂhé@ﬂtbfjﬁﬁalén&ﬁ%naéf%%ﬁvﬁﬂﬁon and wherein each matched
filter channel further C&%I Ses, a hed &e‘&lter networ k operable to

provi de as matched? ¥¢4ang feqiptiye e EP&H‘%‘?" ?BECSE‘?t‘M“QHPéBeE’G@P?Cim ents
cor ][ fes pondi neiltk0408 ofaeg@emad@mm@b? mmicmgamnﬁ tﬁ@l’cbﬁé‘rerﬁf vei ghL eg
coefficients.correspondin j er .freque A mat ched -
filter circuffeqaiqe0 f%of??/%’e{® rﬁcﬁlhgmelnéﬂépﬂﬁﬁrrerg ?fa f"éfiztgﬁl ft register
corr esponds t:ohdrctmmtegnattmmpewal@nhm)hnqaatiaielimtaridnttﬁaltammﬁmctiomsmddtipl urality
of matched f fiil ' ' ' .m 1
wherei n the PeidrRPRFEA3Le artpcft Bbe ARG i ob Rlonfibl) Yipn B eleLoflpBLT

wei ght ed coeﬁncap@rwsxmmglsuﬂ’@mﬂancwm ngmegedl grecisien. busrchanging these ght ed
coef fi ci ents gperations may result in reduced hardware depending upon the exact method used

for implementing each operation (e.g. FFT matched filter vs. tapped delay line
sum network).

In yet one further embodiment, the squaring operation 206 and 214 may be
replaced by a square-root operation or another non-linear detection operation that
removes the signal phase from the accumulated signal transmitted to this circuit.
Reduced Complexity Matched Filter

In the foregoing discussion, the matched filter 408 continuously computed
each of the sample values corresponding to all PN chips of a GPS frame (1023
chips, typically 2046 sample values at 2 samples per chip). It is possible,
however, to reduce the matched filter complexity and still maintain the benefits of
the present invention.

One method of reducing the complexity of the matched filter section is to
utilize a matched filter that continuously provides an output, but whose length (i.e.
impulse response duration) is less than the entire PN sequence. According to one
embodiment, the matched filter 408 of Figure 6A is structurally simplified. For
example, Shift register 614 could utilize only 127 registers instead of the full 2045
registers, and weight structure 612 could utilize 64 weights instead of the full 1023
weights. This results in a reduction of complexity of matched filter 408 by a factor



4. Armatched filter circuit as in claim1 wherein each matched filtd4ry JAN 7003
‘channel of said plurality of matched filter channels further conprises:. a
first circuit operable to alter one or nore weighted coefficients of said
first seri ™ @F10020 ght ed coefficients over a period of tine; PATAIS8ETONd -
circuit operable to apply a tine correction to said sanple of GPS signals
subsequent to said matched filtering operation. 5. A matched filter circuit
as in claim4 wherein each matched filter channel of said plurality of

mat ched filter channels further conprises: 1 5 JAN 2003 -28 a third
circuit operable to alter one or nore weighted coefficients of said second
series of weighted coefficients over a-lferiod of tine; and a fourth circuit
operable to apply a carrier correction to said sanple of GPS signals
subsequent to@lsaihdtmﬁaémbedinfeh{ mradaﬁr @MM:E@Bob@redhcem&rh@t@hftﬁé ter circuit

as in claiml wherein C ter channel of said plurality of

mat l:hed f: I tr%ciucgﬁéﬁeepggxp P{}ﬁ’&glsg%ﬁﬂq MSIRD! STNGIES rc:n tpogeraial g to
alter one or nor eThsangbhatifilbaatfdrdingns ﬂnmdmddtraaomdorﬁpléx:qsmgllfhodel ght efi
coefficient ond circuit opera toa
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Figure 6B illustrates a reduced complexity matched filter according to an
alternative embodiment of the present invention. Matched filter system 640
produces a fraction of the possible outputs per PN frame, but has the matched
filter length effectively the same as the PN frame length. For example, this would
correspond to constructing a filter that produces an output for each of 64
consecutive clocks out of 2046 per PN frame. Each output would represent a
potential pseudorange.

Matched filter 620 has the same sensitivity as normal matched filter 408,
with length equal to the PN frame length; however, since it only produces a
fraction of the full number of outputs per frame, its probability of producing a
peak per each frame is the ratio of the number of outputs produced divided by the
PN frame length. Thus, to achieve 100% probability of acquisition, the output
produced would have to be “stepped” across the full range of time offsets
corresponding to one PN frame. For example, for the example cited above, where
64 outputs are provided.out of a total of 2046 clocks per PN frame, there are
2046/64 or 32 steps required to cover the full PN range. The matched filter
according to this alternative embodiment is superior in sensitivity to the previously
disclosed reduced complexity matched filter methods.

Matched filter system 640 contains matched filter 620 which produces a
subset of possible outputs per PN frame. In particular, the illustrated stnucture
produces 32 outputs per PN frame of length 1023. To clarify the following
discussion it is presumed that the sample rate is one sample per chip, i.e., 1.023
Msamples/sec (for C/A codes using standard positioning service GPS). For
further clarity, Figure 6B illustrates a single matched filter 620 that can process 32



systemsignals. 9. The circuit of claiml1l, wherein said data shift register
is amltiple bit shift -register, capable of shifting in parallel all biAk
associated with data words represented in a nmultiple bit arithmetic format.
, . 10. A meM¥W/@P30acquiri ng and tracking gl obal positioni ng BYBUSIA074T1 -
signals, said nmethod conprising: receiving a sanple of global positioning
system signals; providing said sanple of global positioning system (GPS)
signals to a plurality of matched filter channels through a plurality of

t apped del ay outputs of a shift register; providing as matched filter

wei ghts, in each matched filter channel of said plurality of matched filter
channels, a first series of weighted coéfficients corresponding to a 15
JA 2d03 -29 pseudorandom sequence and a second series of weighted

coef fici ent s darysanppenda imet Tha filer carcle dupetpnesdoyitis £1pdp Mxegraiol 630 téret hod as

i mam | engtREgicha Pl W Bt lendfh il eebucyilcle BF epgb o fat chea”
filters. 12. A netlhékt felowimgaligusidi réfarenbeis roadeptoiFgurg 5Bah wi¢intheone or
over & peri od 3y eplefb2DEm e 8 Reldnt Rhuchiit <23 oft sl AR 7o 01 “eps
si gnal s, subs¥e¢uplary Yauesal ypyHelpime Of umsi0lt=Anthe datafsaraples &1 aal s, in at
| east one ”mr@é]ﬁérsflﬂ fo@&?ﬂéﬂ@%ceﬁ@e@@ﬂ(ﬁ), x(31),...,x(1), where x(1) represents

a first input data sample in time, X(2) a second and so on. At t=0, the filter

structure 620 produces the result x(1)w1023+x(2)w(1022)+ ...+x(31)w(992).

Similarly at times t=1 through t=31, the filter weights 624 remain the same, but the

data is shifted one position and a similar computation occurs. The following data’

is then output from the matched filter and stored in the loop integrator 630 for the -

first 32 clock cycles (each line represents one successive output data sample):

lock 1 Matched Filter Computation

x(1)w(1023)+x(2)w(1022)+ ...+x(32)w(992)

x(2)w(1023)+x(3)w(1022)+ ... +x(33)w(992)

x(32)w(1023)+x(33)w(1022)+ ...+x(63)w(992)

At this time, after 32 samples have been processed, the weights are
replaced with weights with indices 32 less then their original value (i.e., w(991)
...,W(960)) and the magched filter produces the results for the next 32 samples
(times t=32 to t=63):

Block 2 Matched Filter Computation
x(33)w(991)+x(34)w(990)+ ...+x(64)w(960)
X(34)w(991)+x(35)w(1022)+ ...+x(65)w(960)

x(64)W(991)+x(65)w(990)+ ...+x(95)w(960)



plurality of matched filter channels. 13. A nethod as in claim 12 furlAedN 2003
conprising: altering one or nore wei ghted coefficients of said second
series of weighted coefficients over a period of time; and applying a

Gar ner cor WExR01830t 0 sai d sanpl e of GPS signals, subsequent PETAEP07471 -
provi ding of said sanple of GPS signals, in at |east one matched filter
channel of said plurality of matched filter channels. 14. A nethod as in
claim10 further conprising: altering one or nore wei ghted coefficients of
sai d second series of weighted coefficients over a period of tinme; and
applying a carrier correction to said sanple of GPS signals, subsequent to
sai d providing of said sanple of GPS stl§nals, in at |east one matched
filter channel of said plurality of matched filter channels. 15. A nethod

of acquiring an]g Theatfechof the wo?@hn@g?tdri&mi mgvewltsﬁgmaaa ther t&ai dt met hod
conprising: performng a pseudo- om_noi mat ch er eration on a
current set® Sggﬂ?)’lnggogﬁsogﬁﬁt?%f’ ‘g‘??ﬁr'@ﬁrﬁ'ﬁ Qyé'feé %@3‘5‘-“"5‘?5@ 1% to

provi de a casgigeas, thetlovhmil réédlttferemhtqﬂmlhe tirnecte3dto ©882; 1 5 JAN 2003 -30
i nearly conmbining wt §qu_08 ERard d filter output block of data a

first set of at |east ter output block of data to
produce a first |ineari(})edfB3Hed)ollPr)+bl.osl64ow(%68) a, wherein the

begi nni ng each bl ock Q(Zﬁﬁdl@ﬁ §3)“§@@)23gcug§g@zu %ma relative to said

current matched filter ‘output ’bl ock ‘equal |l e of a frane duration
of said gl obal positioning system si gnal S;

x(32)w(1023)+x(33)w(1022)+ ...+x(95)w(960)

Each row of this latter array is identical to that produced for a length 64
matched filter, corresponding to output time t=0, 1, ...,31. Hence, the loop filter
implements the required functions to allow the matched filter to act as a longer
length matched filter. Similarly, after every additional 32 samples a new set of
weights is introduced with indices of values 32 less than the previous set. The
above analysis applies, and the outputs of the loop integrator after every additional
32 samples represents the filter outputs at times t=0 through t=31 that would result
for ever longer matched filters. After 32 such periods, the set of data produced by
the matched filter 620 is:

Block 32 Matched Filter Computation
x(993)w(31)+x(994)w(30)+ ... +x(1024)w(0)
X(994)w(31)+x(995)w(30)+ ...+x(1025)w(0)

#

x(1024)w(31)+x(1025)w(30)+ ...+x(1055)w(0)

This data is added to the previous data to complete the operation. Each
time loop integrator 630 is updated in this final block, its contents can be sent to
another buffer. The next time loop integrator 630 is updated, its initial state can be
set to zero, unless one desires to integrate over several frames.

One drawback associated with method of the above example is that there is
no weight of size w(0) since there are only 1023 weights per PN frame (if the



performng a nonlinear operation on said |inearly conbined out put bilok kANGH003
‘data to provide a first detected bl ock of data; perform ng a pseudo-random
noi se matche%s‘p | ter operation on a set of sanples of gl obal positioning
system si gn¥i%0% ¥ quent to said current set of sanmples to p‘p TV RA8/03471 — -
subsequent matched filter output block of data; linearly combining with

sai d subsequent matched filter output block of data a second set of at

| east one prior matched filter output block of data to produce a second

| i nearly conbi ned out put bl ock of data, wherein the beginning of each bl ock
of said second set occurs at a tinme relative to said subsequent matched
filter output block equal to a nmultipl el8f the frame duration of said

gl obal positioning systemsignals; perform ng a nonlinear operation on said
second | i nearshynploraty is eommengurate byidcthe &N legth). t Hopever, ifev() seeond det ect ed

bl ock of dat g, b t ith
salog florstadet e??@gaatﬁré‘%ﬁm* g:lngg) ??'Ogﬁégggéﬁvggﬁgﬁﬁcgg g.ﬂ{g&g?;o&gﬁl gc\l,(\n; and
utilizing saitekesgavintags of dhecreriedicly of khethdN signadr i ne a ti ne- of ar rival

estimate of at le SRS on| ng
system signal s. 1?%%%?%& oElt g%gg?tclanwm%e @Fmﬁ&bﬁgﬂ\ﬂ?erm current
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from computing the last row of Block 32 and adding it to loop integrator 630.

This effectively of makes the 32nd quantity within the loop erroneous, and hence B

only 31 consecutive matched filter outputs would be valid. In matched filter 620,

weights w(1023), w(1022)+ ...+ w(992) would simply be loaded into weight

structure 624 at the 31st cycles following the beginning of Block 32 rather than at

cycle 32. Furthermore, the loop integrator counter would be reset at this time as

well. An alternative correction is to use a matched filter of length 31 or 33, either

of which divide evenly into 1023.

Several variations are possible with regard to the reduced matched filter
structure 640 of Figure 6B. First, matched filter 620 could be implemented by
circuit 800 of Figure 8, which utilizes only a single multiplier/accumulator.

Furthermore, the filter weights may be provided via a shift register. In this case, -
the order of operations required by the above method would be consistent with
simply providing the weights in the sequential order w(1023), w(1022), ....,w(1).

It is also possible to combine two or more filter/accumulators of Figure 7
with the accumulator of Figure 6B to construct a matched filter of a longer length
(e.g., 64 or 128). In fact, almost any matched filter structure can be used in place
of the straightforward tapped delay line structure 622 of matched filter 620. It is,
of course, possible to compute a non-contiguous set of outputs of the matched
filter by several means. For example, the shift register 620 of matched filter 620
could be shifted four times per each matched filter calculation to provide every
fourth matched filter output.
GPS Receiver

Figure 9 illustrates the implementation of acquisition circuit 400 in a
conventional GPS receiver 900 according to one embodiment of the present



matched filter output block of data with said first set of at |east OPQAAN 200
“prior matched filter output block of data conprises a |inear scaling an
sumat i on operation. 19. The nethod according to claim 16 wherein said

conbi ni ng WO #/Wé¥ond detected bl ock of data with said first F§SE¥BY bl ock
of data is a |linear scaling and sunmati on operation. 20. The net hod
according to claim 15 wherein said first detected block of data is shifted
intime with respect to said second detected bl ock of data by an anount

that is a nultiple of the frane duration of said global positioning system
signals. 21. The nmethod according to clai m215 wherein said nonlinear
operation is one of a magnitude-squar e'7(9peration or an envel ope operation.
22. The nmethod of claim 15 wherein said natched filter operation on said
current set iaternapIGES sifndlParesecmedddyf GPS brtennodPR akiapat pIGPR| ity of

mat ched filter f £arion med by a
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circuit of Figure 4 performs both the acquxsmon and tracking functions together

with processor 910.

Figure 10 illustrates the implementation of acquisition circuit in a GPS

receiver 1000 according to an alternative embodiment of the present invention.

GPS receiver 1000 is a combined GPS and communication receiver transmitter.

Receiver 1000 contains a GPS receiver stage including acquisition circuit 400 and

communication transceiver section 1020. GPS signals are received through GPS

antenna 1002 and input to acquisition circuit 400 which acquires the PN codes for

the various received satellites. The pseudorange data produced by acquisition

circuit 400 are processed by processor 1012 for transmittal by transceiver 1020.

Transceiver 1020 contains a transmit/receive switch (or duplexer) 1008 which

routes communication signals (typically RF) to and from communication antenna

1004 and receiver 1000, Received communication signals are input to

communication receiver 1010 and passed to processor 1012 for processing.

Communication signals to be transmitted from processor 1012 are propagated to

modulator 1014 and frequency converter 1016. Power amp 1018 increases the

gain of the signal to an appropriate level for transmission to base station 1006. In

the combined GPS/communication system of receiver 1000, pseudorange data

generated by acquisition circuit 400 is transmitted over a communication link to

base station 1006. Base station 1006 then determines the location of receiver 1000

based on the pseudorange data from the remote receiver and ephemeris data

received from its own GPS receiver or other sources of such data. The location

data can then be transmitted back to GPS receiver 1000 or to other remote



corresponding to a full frame length of said global positioning systehd JAN 2003
signals. 27. The nmethod of claim 15 wherein said natched filter operation
on said current set of sanples of GPS signals utilizes a matched filter
which is mawohk@those a portion of a full pseudorandom frame, aodshs/cta71
provi des as an output a nunber of words |ess than that corresponding to a
full frame | ength of said global positioning systemsignals. 28. Acircuit
for acquiring and tracking gl obal positioning systemsignals received in a
gl obal positioning systemreceiver, said acquisition circuit conprising:

an input signal port for receiving global positioning systemsignals; a
mat ched filter coupled to said input siZfaal port to produce a set of
filtered data; a first loop integrator coupled to said matched filter

out put, sai digbhdchk. *I‘Belaorhﬂﬁxﬁﬂﬁ@dxﬂinﬁ%é@x @&;@&tﬂmb an@®bi@UatiBE 7604 y
operator coupled to sai a\;&ﬁgfm of [Ozal d first loop integrator, said

nonl i neari t yMmapas Hpplemy y@rioug eg@@éﬁﬁeqtb’éﬁluﬁ%@gkfﬁﬁﬁ#nkc@upl ed to
t he out put o‘fe]ﬁm@hmlmmearl ty operator, wherein said first |oop

i ntegrator comi |rstbloc of filtered data fromsaid matched filter
with a sub BERT S data fromsaid matched filter and
-wherein the begl 'lfl'hd: p@vmixslgalestnbed sxanplexdf GPS dapﬁsxmxfdnﬂs Biegi nni ng of

Frame: dur ot pepetey golelfc et el o i RRGHGinaY o Roling WA C, 0 i 1
accor di ng t oreglstirno 2@re the irvemingdgsa (&sg. ng:qualtmrgntcmitmﬂetﬁﬁgmwm rFors| at i on
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coupl ed to sal uency translationcircuit; “a register bank
coupl ed to seNampie wgbt Fh%;éhei wmgr af reisigRybesames faseomnd aogominaledhat or . 30.

A circuit acgpirsi g@ehwﬁbﬂm@siaemh%ﬁhm Gherk nfayite ah'apresiable foRRst one of
the constituent signal SwnL tkﬁs agg rr?ucn?I ve?rc%l obal _po0si tion| ng s¥st em si gnal s.

15 ~aN zoo drain associate e 1sters. In one embodiment o
present invention, the GPS acquisition circuit to hold the input GPS signal data
utilizes a single shift register at the input stage.
The reason why multiple matched filter channels traditionally need muitiple

shift registers is that the requirement to perform Doppler carrier correction and

Doppler time correction (i.e., sample clock variation) varies from one channel to
the next. Hence, if the Doppler carrier correction is performed on the incoming
data, N new data streams corresponding to N different Dopplers for N channels
are produced. Similarly, in order to track the signal's changing chip rate, the clock
fed to the shift register holding the data is altered in accordance with that required
by the Doppler associated with the particularly channel. This again has
traditionally implied that separate shift registers be used to hold the data for each
channel.

One embodiment of the present invention compensates for a changing
carrier by altering the matched filter weights on a regular basis (for example, once
per PN frame, or once per millisecond), together with the application of carrier
correction after the matched filter. This embodiment, therefore, eliminates the
requirement of using separate shift registers. The method of changing the effective
sampling time is again to change the weights of the matched filter on a regular
basis together with providing a resampling of the data signal after the matched
filter operation.

Figure 11 is a block diagram illustration of a reduced register GPS
acquisition circuit according to one embodiment of the present invention. In circuit
1100, input data is fed to a single data shift register 1102. The size of the input



:33 31. Acircuit according to claim30 wherein at | east one of sai d i 448 2003
1o0p integrator and said second |loop integrator inplenment a feedback
circuit of unity gain. 32. Acircuit according to claim?29 wherein at |east
one of sai V@PY/2Q030 oop i ntegrator and said second | oop int egr BEHYSIHAIHENENt
a feedback circuit of less than unity gain. 33. The circuit of claim?29
wherein said register bank is inplenmented by a random access nenory. 34.
The circuit of claim?28 further conprising a third | oop integrator coupled
to said matched filter output and coupled to an input of said first |oop

i ntegrator. 35. A systemfor receiving global positioning systemsignals
conpri sing: neans for receiving a gl obal2positioning system signal; neans
for performng a matched filter operation on said received gl obal
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mul tiple of the frame_duratjon of said global positio system si gnal s.
36. A rratche‘tﬁ-l‘#qsl d¢. The egrmier eQsHIFieRls At INpY 1 li“ﬁ;ﬁﬁamﬁf‘%ﬁ ﬂ&ﬁiréhléd filter

circuit operghige uu@eme,ehwwc&mbﬁs @fe iR o PN ivieighing @ireNit 11 €20.S1 gnal s;

1 5 JAN 700 34 a [ ti avi a first input coupled to sald rratched
filter input %ﬂelgh{é‘d& 8 f’l\P ftn Clents are then co l{ned in sx?nun?ng network
1122.

The data from shift register 1102 is thus propagated through N matched
filter networks, each of which combines weighting for both the PN and frequency
coefficients. The purpose of this arrangement is that if a single PN frame of the
input signal were the form s(t)=P(t-d)exp(j2rnft), where P(t) is the PN sequence of
length 1023 chips, f is the residual Doppler frequency and d is a relative delay,
then a filter matched to this signal would have impulse response identical to s(t)
except flipped in time. This weighting function can be split into two parts, one
corresponding to the PN sequence P(t-d) and the other corresponding to the carrier
weighting function exp(j2xft), with t ranging from O to filter impulse response
length (typically one millisecond). Since f and d vary from channel to channel,
and also vary slowly with respect to time, these weighting functions must be -
regularly updated. In most cases an updating once per millisecond (PN frame) is
more than adequate since there is very little change in carrier frequency (typically
less than 1 Hz) and very little change in PN phase (less than 0.003 chips) in a one
millisecond period.

The operation of carrier weighting circuit 1118 and PN weighting circuit
1120 are illustrated in greater detail in Figure 12. The combined "w" and "c¢" filter
coefficients used in Figures 11 and 12 correspond to a filter transfer function not at
baseband but at frequency f. Hence, the data emanating from the matched filter is
not at baseband either. Thus, if successive PN frames from the matched filter
(e.g., the delay-line integrators of Figure 4) are to be coherently add together, the
carrier frequency of the signal exiting the matched filter must be compensated so
that the phases line up from one frame to the next. This compensation is
performed by-the multiplier 1124 at the output of channel 1 of Figure 11. In the



a shift register having an input directly connected to said nultipl e;qs%AN 2003
output; a nmultiplier-accunul ator conbination coupled to a | ast output s e
of said shift register; and a second input to said nultiplexes directly
connect ed t oWOHOIRX oyt put stage of said shift register. 37.PQY/URIBOTIY
filter circuit as in claim36 wherein said matched filter circuit perforns
a matched filtering operation on said sanple of global positioning system
signals. 38. The circuit of claim 36, wherein said shift register is a
mufti-bit shift register, capable of shifting in parallel all bits
associated with data words represented in a nultiple bit arithmetic format.
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equalizing filter placed prior to the matched filter, for example as part of the chip

matched filter 1202 of Figure 12. When a delay in excess of 1/2 sample is
required, this is accomplished by simply circularly shifting the PN coefficients
stored in the storage unit 1114 (forward or backwards) via "advance/retard
commands,” as shown in Figure 11, and then adjusting the fine interpolation of
the resampler circuit. Updating the PN coefficients in this manner is a relatively
infrequent operation, required less than three times per second, due to the relative
small time Doppler associated with GPS satellites (typically less than 2700
nsec/sec). The control of all the above operations may be performed in circuit
1100 by a conventional microcontroller or microprocessor 1110.

Figure 12 illustrates an example of how the separate weighting of the PN
and carrier frequency may be performed by an embodiment of the present
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downsampled signal is then fed into a tapped delay line filter which is matched to
the actual pattern of the pseudorandom signal pattern. The "w" coefficients 1206
tapped filter are those corresponding to the PN coefficients and the "c" coefficients
1208 are those corresponding to the carrier frequency. The outputs from the
weighted signals are then combined in adder tree 1210 produce the output from
matched filter 1200. The circuit of Figure 12 represents a modification of the
straightforward embodiment illustrated in Figure 6A. However, the weighting
approach of circuit 1200 may be similarly used in the various efficient matched
filter structures discussed herein, such as those in Figures 6B, 7, and 8.

As can be seen, it is possible to combine the weights of Figure 12, that is,
the w and ¢ weights may be combined to produce weights dl=w1 x c1,
d2=w2 x c¢2, and so on. Such a combination would avoid two multiplication
operations. However, the arrangement illustrated in circuit 1200 has some
benefits over this approach. First, in many cases the PN coefficients w are
entirely real, i.e., they do pot have a quadrature component. Thus, in Figure 12,
the w coefficients only require 1023 words of storage and 1023 multiplies per
output in-phase or quadrature point. The frequency coefficients ¢, being complex,
have both an in-phase and quadrature component. Thus, they may require as
many as 2046 words of storage and also require 4092 multiplies and 2048 adds
per output point in-phase or quadrature point. This large amount of frequency
coefficient storage can be dramatically reduced if a number of successive values of
the ¢ coefficients are taken to be identical, for example 16. This may be done in
many cases since the Doppler corrections are normally very small, on the order of
several kHz and the effective spacing between samples weighted by the successive
coefficients is around 1 MHz. Thus, successive frequency coefficients correspond
to a phase change on the order of 0.003 maximum, or about 1 degree in phase. If
16 frequency coefficients in a row were identical, then the maximum phase error
for this case would be about 8 degrees, which results in a loss in signal energy by
less than 0.09 dB.
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Doppler weights c need to be updated more often, perhaps on the order of 100
times per second since the Doppler can change on the order of 1 Hz per second.
The updating process can result in some loss of signal energy since the weights are
disturbed during this updating process (unless an expensive double buffer
approach is used). Since there are many fewer Doppler weights than PN weights
(assuming 16 Doppler weights in a row are identical), the duration of disturbance
(i.e., the loading of new data into carrier coefficient storage 1112) is minimized by
separating the weighting procedures as shown in Figure 12.
In some GPS receivers, there are very large frequency and sampling rate -
errors due to a poorly controlled reference local oscillator. For example, if a 10
parts per million (PPM) crystal oscillator were used, then a frequency error of
around 15750 Hz would be present for all the channels (ignoring the much smaller
Doppler frequency errors), and similarly a sampling time error of 10 microseconds
per second would result. While circuits 1100 and 1200 of Figures 11 and 12
respectively, may accommodate such large errors, it can be deduced from the
preceding discussion that such large frequency errors may have negative impact
upon system performance and/or complexity. This is especially the case where it
is desired to have a number of successive frequency weights be identical. A large
frequency error of this sort that is common to all channels (i.e. is common mode) -
may be easily compensated by using a single digital frequency conversion circuit
prior to the matched filters of Figure 11 (e.g., before the data shift register or just
after it). This eliminates the need for the succeeding circuits to compensate for
such large errors. The sampling time error is still relatively small so it need not be
separately compensated in a similar manner.
Although the methods and apparatus of the present invention have been
described with reference to GPS satellites, it will be appreciated that the teachings
are equally applicable to positioning systems which utilize pseudolites or a
combination of satellites and pseudolites. Pseudolites are ground based
transmitters which broadcast a PN code (similar to a GPS signal) modulated on an
L-band carrier signal, generally synchronized with GPS time. Each transmitter
may be assigned a unique PN code so as to permit identification by a remote
receiver. Pseudolites are useful in situations where GPS signals from an orbiting
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areas. The term "satellite”, as used herein, is intended to include pseudolites or
equivalents of pseudolites, and the term GPS signals, as used herein, is intended
to include GPS-like signals from pseudolites or equivalents of pseudolites.

In the preceding discussion the invention has been described with reference
to application upon the United States Global Positioning Satellite (GPS) system.
It should be evident, however, that these methods are equally applicable to similar
satellite positioning systems, such as the Russian Glonass system. The term
"GPS" used herein includes such alternative satellite positioning systems,
including the Russian Glonass system. The term "GPS signals” includes signals
from alternative satellite positioning systems.

In the foregoing, a system has been described for receiving GPS signals
through a fast acquisition, high sensitivity acquisition circuit. Although the
present invention has been described with reference to specific exemplary
embodiments, it will be evident that various modifications and changes may be
made to these embodiments without departing from the broader spirit and scope of
the invention as set forth in the claims. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than restrictive sense.
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What is claimed is:

1. A matched filter circuit comprising:

an input operable to receive a sample of GPS (global positioning system) signals;

a data shift register with a plurality of tapped delay outputs, said data shift register
coupled to said input; and

a plurality of matched filter channels, each coupled to said plurality of tapped
delay outputs of said data shift register, wherein each matched filter channel performs a
separate matched filtering operation on said sample of GPS signals and each matched filter
channel provides a separate output, and

wherein each matched filter channel further comprises a matched filter network
operable to provide as matched filter weights, a first series of weighted coefficients -
corresponding to a pseudorandom sequence and a second series of weighted coefficients

corresponding to a carrier frequency sequence.

2. A matched filter circuit as in claim 1 wherein the length of said data shift register
corresponds to the maximum length of parallel data inputs to said plurality of matched

filter channels.

3. A matched filter circuit as in claim 1 wherein the length of distinct coefficients of
said second series of weighted coefficients is less than that of said first series of weighted -

coefficients.

4. A matched filter circuit as in claim 1 wherein each matched filter channel of said
plurality of matched filter channels further comprises:

a first circuit operable to alter one or more weighted coefficients of said first series
of weighted coefficients over a period of time; and

a second circuit operable to apply a time correction to said sample of GPS signals

subsequent to said matched filtering operation.

5. A matched filter circuit as in claim 4 wherein each matched filter channel of said

plurality of matched filter channels further comprises:
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series of weighted coefficients over a period of time; and
a fourth circuit operable to apply a carrier correction to said sample of GPS signals

subsequent to said matched filtering operation.

6. A matched filter circuit as in claim 1 wherein each matched filter channel of said
plurality of matched filter channels further comprises:

a first circuit operable to alter one or more weighted coefficients of said second
series of weighted coefficients over a period of time; and

a second circuit operable to apply a carrier correction to said sample of GPS

signals subsequent to said matched filtering operation.

7. The circuit of claim 1 wherein at any instance of time said tapped delay outputs of
said data shift register hold data words separated in time by one chip interval of said

global positioning system signals.

8. The circuit of claim 7 further comprising a filter coupled to an input of said data
shift register that is matched to a waveform of an individual chip of said global positioning

system signals.

9. The circuit of claim 1, wherein said data shift register is a multiple bit shift -
register, capable of shifting in parallel all bits associated with data words represented in a
multiple bit arithmetic format.
-

10. A method of acquiring and tracking global positioning system signals, said method
comprising:

receiving a sample of global positioning system signals;

providing said sample of global positioning system (GPS) signals to a plurality of
matched filter channels through a plurality of tapped delay outputs of a shift register;

providing as matched filter weights, in each matched filter channel of said plurality

of matched filter channels, a first series of weighted coefficients corresponding to a
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pseudorandom sequence and a second series of weighted coefficients corresponding to a

carrier frequency sequence.

11. A method as in claim 10 wherein the length of said shift register corresponds to the

maximum length of parallel data inputs to said plurality of matched filters.

12. A method as in claim 10 further comprising:

altering one or more weighted coefficients of said first series of weighted
coefficients over a period of time; and

applying a time correction to said sample of GPS signals, subsequent to said
providing of said sample of GPS signals, in at least one matched filter channel of said

plurality of matched filter channels. -

13. A method as in claim 12 further comprising:

altering one or more weighted coefficients of said second series of weighted
coefficients over a period of time; and

applying a carrier correction to said sample of GPS signals, subsequent to said
providing of said sample of GPS signals, in at least one matched filter channel of said

plurality of matched filter channels.

14. A method as in claim 10 further comprising: ~
altering one or more weighted coefficients of said second series of weighted
coefficients over a period of time; and
applying a carrier correction to said sample of GPS signals, subsequent to said
providing of said sample of GPS signals, in at least one matched filter channel of said

plurality of matched filter channels.

15. A method of acquiring and tracking global positioning system signals, said method
comprising:

performing a pseudo-random noise matched filter operation on a current set of
samples of global positioning system (GPS) signals to provide a current matched filter

output block of data;
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of at least one prior matched filter output block of data to produce a first linearly
combined output block of data, wherein the beginning each block of said first set occurs at
a time relative to said current matched filter output block equal to a multiple of a frame
duration of said global positioning system signals;

performing a nonlinear operation on said linearly combined output block of data to
provide a first detected block of data;

performing a pseudo-random noise matched filter operation on a set of samples of
global positioning system signals subsequent to said current set of samples to provide a
subsequent matched filter output block of data;

linearly combining with said subsequent matched filter output block of data a
second set of at least one prior matched filter output block of data to produce a second -
linearly combined output block of data, wherein the beginning of each block of said
second set occurs at a time relative to said subsequent matched filter output block equal to
a multiple of the frame duration of said global positioning system signals;

performing a nonlinear operation on said second linearly combined output block of
data to provide a second detected block of data;

linearly combining said second detected block of data with said first detected block
of data to provide a combined detected block; and

utilizing said combined detected block to determine a time-of-arrival estimate of at

least one constituent signal of said global positioning system signals. -

16.  The method according to claim 15 wherein said current matched filter output block
of data comprises at least a set of data occurring over an interval of time equal to a fraction
of one frame period of said global positioning system signals, said fraction exceeding

1/256.

17.  The method according to claim 16 further comprising storing said first linearly

combined output block of data in a predetermined set of locations.
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operation.

20. The method according to claim 15 wherein said first detected block of data is
shifted in time with respect to said second detected block of data by an amount that is a

multiple of the frame duration of said global positioning system signals.

21.  The method according to claim 15 wherein said nonlinear operation is one of a

magnitude-square operation or an envelope operation.

22.  The method of claim 15 wherein said matched filter operation on said current set
of samples of GPS signals further comprises a plurality of matched filter sub-operations,
each of said sub-operations performed by a separate unit, and wherein the outputs of said

units are further combined to produce the current matched filter output block of data.

23.  The method of claim 22 wherein said sub-operations are performed on subsets of -
data and filter weights, and said sub-operations are identical except for the data and filter

weights upon which each of said plurality of matched filter sub-operations are performed.

24,  The method of claim 22 wherein each of said plurality of matched filter sub-

operations utilizes a single weighting and accumulation unit.

25.  The method of claim 15 wherein said matched filter operation on said current set
of samples of GPS signals utilizes a matched filter whose response is matched to a portion

of a full pseudorandom frame.
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of samples of S signals utilizes a matched filter which is matched to a full
pseudorandom frame, and which provides as an output a number of words less than that

corresponding to a full frame length of said global positioning system signals.

27.  The method of claim 15 wherein said matched filter operation on said current set
of samples of GPS signals utilizes a matched filter which is matched to a portion of a full
pseudorandom frame, and which provides as an output a number of words less than that

corresponding to a full frame length of said global positioning system signals.

28. A circuit for acquiring and tracking global positioning system signals received in a
global positioning system receiver, said acquisition circuit comprising: -

an input signal port for receiving global positioning system signals;

a matched filter coupled to said input signal port to produce a set of filtered data;

a first loop integrator coupled to said matched filter output, said first loop
integrator having an output;

a nonlinearity operator coupled to said output of said first loop integrator, said
nonlinearity operator having an output;

a second loop integrator coupled to the output of said nonlinearity operator,

wherein said first loop integrator combines a first block of filtered data from said
matched filter with a subsequent block of filtered data from said matched filter and -
wherein the beginning of said first block of data and the beginning of said subsequent
block of data occur at times separated by a multiple of the frame duration of said global

positioning system signals. *

29. A circuit according to claim 28 further comprising:
a digital frequency translation circuit coupled to said input signal port;
a digital resampler circuit coupled to said digital frequency translation circuit;

a register bank coupled to said first loop integrator and said second loop integrator.

30. A circuit according to claim 29 wherein said circuit tracks at least one of the

constituent signals of said received global positioning system signals.
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33.  The circuit of claim 29 wherein said register bank is implemented by a random

access memaory.

34.  The circuit of claim 28 further comprising a third loop integrator coupled to said

matched filter output and coupled to an input of said first loop integrator. -

35. A system for receiving global positioning system signals comprising:

means for receiving a global positioning system signal;

means for performing a matched filter operation on said received global
positioning system signal;

means for performing a first loop integration operation on an output of said
matched filter;

means for performing a nonlinear operation upon an output signal of said first loop
integration operation; ~

means for performing a second loop integration operation on the output of said
nonlinear operation,

wherein said first loop integrator combines a first block of filtered data with a
subsequent block of filtered data and wherein the beginning of said first block of data and
the beginning of said subsequent block of data occur at times separated by a multiple of

the frame duration of said global positioning system signals.

36. A matched filter circuit comprising:
an input of said matched filter circuit operable to receive a sample of global

positioning system signals;



10@B$10%& () - $$$WORUL} ~?bCFI " 10@10%4& () -!10%4&' ()-!1"10%H& ()- 15 JAN 2003
o109 () -

&3%40%&' () - YY" 10%H& () - U&e&&&' 4' y(dBbCFI " 10! 3+" 10%1H&' () - Y3+" 10%& () -Y) 10%
H& ()- (,210%4& ()-f&L0%H& () - $y10%1& () -y((( -
)))))") ~_@l "1010%& ()-' mO0Y%& ()- 10H 10H 10HBF

10948 ()-! 41 "109HH&' () -41"10% & ()-")a¥4) ) *) **dE~_@| "10F109%& () - &109%6& ()

-f109%& () -f10%& ()-9109%& () -, 109B& ()-**<++

, dE~_ @ " 10F19%@ditiblex8d 04Ei&: (3 ARAGIAHIELdupldii08BE: hitclied’ HRE &iph) 284 AABE () -

Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ngo®BYE" "Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

"Default Paragra i.h- 7A=L - SA . _ '
). 02468: <>@D8ﬁ@?‘ﬁﬁé$%5‘%n%§¥ h}%%ﬁ%&%&mﬂﬁ%ﬁd multiplexer output;
, } KWZY&g- 1MV : Rrditfiplibfodccamnilator-dshthisidhcoupled NX G Bst' Sltbut(stdge of sabd kligs New

RomanAri al Couri er New'h Root EntryWrdDocunent:
" #$9& (ljegqs,ter;_ 481 23456789: X

<=>? GABCDEFGH, JK NIRRT SN ip1dxer dRRGHRL AR 1SS TOVRR UsBbutpUIZLd I said

shift register.

37. A matched filter circuit as in claim 36 wherein said matched filter circuit performs

a matched filtering operation on said sample of global positioning system signals.

38. The circuit of claim 36, wherein said shift register is a multi-bit shift register, -
capable of shifting in parallel all bits associated with data words represented in a multiple

bit arithmetic format.



