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BACKGROUND OF THE INVENTION
20 Field of the Invention
This invention generally relates to spread spectrum
communications systems and, more paricularly, to a low-power
signal processing architecture and method for spread spectrum
receivers.

Background Description
Spread  spectrum commumcation is advantageous in
communication applications requmng high reliability in a noisy
environment. Often the dominant nolso is man-made interference,
30 either intentional or accidental. In’ a specific application the
communication environment may mcluda many potential reflectors,
giving rise to severe multi-path mteﬂerence Such muiti-path
interference typically i insinuates daep-nuns in the form of frequency
selective fading. Sptead .spectrum eommnleations is an excellient
35 countermeasure to these difficulties.

30



-2 - There are several types of spread spectrum systens
i ncl udi ng direct sequence spread spectrum systens, frequency

hoppi ng systens, time hopping. Systens pul se frequency nodul at ed

(or chirp) systens, and various hybrids. O these, the direct 5
sequence spWQEBMEMCt rum (DSSS) systens and frequency hoppPREUSII3M
systens are perhaps the nore w dely inplenented. The fol l ow ng

di scussion is focused on binary DSSS systens. I n bi nary
DSSS communi cation, a wide band carrier signal-is nodul at ed by
a narrow band nmessage signal. The w de-band carrier 10 is typically

generated by bi-phase m)du-h-ﬁé n uenc carrier

usi ng a binary pseudo- random'Jrelof%sr %F %%Q @flﬁ’ﬁ%ﬂé’ spectrum  systemg o p/ N
code i s often gener at BGluding Hiteet sequapse: spread ﬁﬂ@ﬁtwmhsystems. frequency

relgl stersI e'?‘ﬁh havi nbyoppingspstenss, fi ﬁgodhbppin gayeRINGl lst‘t uahe \Ufdted

pol ynom a e gener i

15 bal anced nodul at o@r nuﬁ’gréh erﬁﬁ V\i)'ﬁ)&s\leﬁglgﬁgrﬁY 3%% ihec irect
narrow band carri e¥ @quency happing

a wi de-band signal of sy:sremsfa’rér_ aps tm mard\ﬂvﬁdel? lewdrfté&rThJ %uowmg

comruni cat e dat a, thedi S‘é‘a@é’ag?%% Frr‘tédﬂlszj;ﬂjy -

a binary nmessage data
nuch | ower than the P/I\I-col!l‘ebiﬁw mmnqnatnoatsm&anu@amaramgnal is

%ggsc?dehchl p eslges amodufited bVaﬂmedZmdssaE%Ssll 1 Tﬁdwm‘e-ﬁirﬁi carrier

echni que to,supgr r Qpor n

the ratio of the égdeﬁc Mlgt@heg&?ﬂc&dm %ﬁ%{ft MWE L@? @QPP?ﬁYs

there are thousand of c%'ﬂﬁé usingoa binary pseudorransiom noise (P/N) oxle sequenceDSSS

E i gngl gag be Ir ece: vemhby’lﬂlm is bitén gonerated u&mﬂglahe or more high spe@8¥hiff O
aseband by nultip y|

the original narrow b car'r_l_ g" ﬂ?&lﬂé%@!@%feﬁggf%ﬁggrﬁﬁgéﬁ a primitive

oscillator).If the frPef Ehrigenaiated high-sheect BN cade isdhen appliad tora

sane as that of the rmnmsl mwmml(mmmaw whode Cather Sriputt Sighall [Rethe

30 multiplier out put ogirgly po|a 8T B, el bFH Wa Ak modliLGPTY 1 12t

i's the product of the A
- sequences. The P/ N coBevpe-hang; fg!emtmman'gn%band carrier”. To
wi de- band data st reanwmtrimn&:dt;_)dald Yhe edde-bamdi camiet is-bi-ptiaselwmodiibted by
code that is time alignghai msd Eﬁﬁ%ﬁ&‘é‘?ﬂ%ﬁ%@&gé@hﬁa@?cﬁgﬁﬁ%%

WO 98/ 02759
- 3- ddt a"ﬁ'@hs’ﬁ\"@%lmﬁ‘l‘g’hﬂr%yé%%"‘a%"%'eqrdgh‘PhéatBr Agd 188 datassage
dat a st r eand a:nda#uhipmﬂge;;lare usuallyp synchronized. The ability of thel n t he
data de-spreading prom r@?ﬁ umis
refocused into the origin ﬁp%qe sgq %gggﬁaﬁggmgﬁh is directly pr ° raj gﬁlg t he
. data power level wellt '%0@3} ﬁ?ﬁ'?ﬂl!ﬂ'& tndhe galafae, Jn many appllcatlons.
- bandwi dth. The anount tttdnam Mumoﬂwdelchips penimessage bithe so
' 25 A:DSSS signal can be received by first shifting the signal

down to baseband by multiplying it with a locally generated replica

of the ongmal narrow-band carrier (e. g;_;__a properly tuned local

oscillatdr i the frequency (and phase) j the carrier replica is the

is the product of the bapolar P/N de and message-data
soquences The P/N code is then re ved- by multiplying the
wide-band data stream wnth a locally=generated replica of the P/N
code that is time alugnad with the recen P/N code. This is the




call ed processing gain and is directly proportional to the ratio of the
code rate to the data rate. Furthernore, any received narrow band
Interference is spread by the code-replica nodulation, and this 10
greatly reduces the interference power |evel in the data bapgruseinsies =~
An often di f YRIWB™Pask associated with DSSS signal reception

Is that of generating the carrier replica with both proper carrier
frequency and phase and generating the P/ N co replica at the

proper rate and with proper tine alignment (offset). In many DSSS 15
communi cati on systenms, the necessary carrier frequency, carrier

phase, and P/ N code ofda:atdexspreadmgkpmssaapdlm s tthe riginal onessage data
and these paraneters ngifd rbﬁt%trﬁulﬁbim' trying different val ues

| | I DUpU
nown as. ¢ he- search o'rsagqf}néﬁee%a? i-$BrmaBintplgb s, R B ped i power
said to be acquired \M'spadlhmﬁwecuﬂedemnarm originat cmarrawer datk: bandwidth,

of fset have been d er ns,
The” Dase ot gnal | oot Sfﬁﬁgﬂ&‘thq?ata power level well a mm%cie&f‘é%namatsquage

be nd
and/ or interference | e'%ﬂ aﬁd The.amgunt that the “power (‘:‘?e@t ﬁ?@ the so
properly de-spread andedited-precassing gainand iswirectiynproportional to2be ratiecefi thed

Very narrow t o achi IeSe 0 %o 1Y Hatahite. FUiHenho ), oy sbceifyd narmow-band
detection and acquisi ti g@% M%’omef P?f%Feqi)' J“a@ﬂ‘%ml o this
integration periodgot hgraaﬂydduwéthﬂhteﬁﬂmmﬂave&nﬂhadﬂtﬂ&ﬂ&ode
sanpl es by the correspondi ngy oﬂﬁﬂ?fﬁ&ﬂd&%ﬂ@% Q\SDGBSts@&l reception 30
accunul ated before theiénﬁ{ ect.l'on deci sLon c%&r ga ¢ E@e

mul tiplication and accinthaliqfcgenesating the capiar Taplica Hyith, e piprer, sarer
received and replica Firequandy anpbass:and ganeratingsibguBitt sedensgplica at the
have to be long for | OWPrﬁb% with proper time alli nment (offseth: An GharyBSESSS

nmet hod enabl es nmultiple us n t ane
wi de- band channel &%i n§°'f‘mé'“'°a"°" sys\mé 2;%:53 " Ediar ¥rean3ﬁ& difet
PCT/ US97/ 13198 phase, and P/N code-offset are not known a priori at4he receiver
code-division nmultipleg r&ﬁﬂ%ﬂbﬂ%tar?ﬁ‘ﬁda Byirfing ditferent vaiues

t echni que, each transm

the cross correlation ¥

¥ el‘#e'a $BBALf obaied s B edidifer ‘@E o s 18
recei ver selects and dsnawe asahpapambmraacqwsimmmas.gmp signalis o

- choosing the approggi a&ﬁd %éeui?éuiwhehftaérprmrtdféqmyupmaseorand code
search. In sone cases 1.S unknggn e?ﬂ'li transmtter nmay be
transmtting and the aeﬁfﬁ‘éﬁ‘?(W 8‘ I ncl ude._exam nati on of

different P/N codes from a lmmany DS8S WMWWQS@ signak-\eyels are well
code offsets and carri gajow fh %nﬂ%s&ﬁn%ﬁiﬁt@ﬁé’rsﬂ&d Iévels aidRare not 10

Below _can
is low, the acquisiti OQP as NG S D ’P%{‘ééﬁa@%’\fﬂs’re%gﬁﬁg%n the

An i nportant aspect of ;
time and energy comsuneecdived signaldsmaiseratio (ENFY isi vans dow hecfiter must

very narrow to achieve the processing gain needed for s:gnal

datectiori ind acquisutuon Because a narrow filter requires a long

integration period, the fesult of multiplying many received P/N code

samples: by the correspondmg replica P/N code samples must be

30 accumulated before tha detectnon decision can be made. This

multnplicaﬁon and aecumulahon is a cross correlation between the

recelvad and replica P/N- coda sequences, and the sequences may
have to be long for Iow"'"_:NR signals.

Use of the. -DSSS" method enables multiple users to

35 simultaneously share fhe same wide-band channel using the




- transm ssion tine,

A description of direct sequence and ot her types of spread

spect rum conmuni cati ons systenms may be found, for exanple, In 15
Spread Spectrum Systens 3[err] Ed. by Robert C Dixon, John Wley

& Sons (1994), and Spread Spectrum Comruni cations, Vol. |1

M K. Sinon WO Conputer Sci ence Press (1985). A descn"ﬁ"&ﬁ”’&?’s
CDMVA techni ques may be found, for exanple, in CDVA Principles

of Spread Spectrum Conmuni cation, by Andrew J. Viterbi, Addison- 20
Vesl ey (1995). The popul ar- 4md ubi qui t ous
d oal - Posi tioning System signal s are an i rrportant application
af bDS|SSP<:omtTunI cati gne‘odd-dwsmn multiple 46088t (T a@d With  this
obal - Posi ti oni ng een aunc e
into mediumal titude %%ﬁﬁh&ga%hsa%ﬁ%'h&@wﬁe@a? dtﬂerent P&w% hatach
ti pped 55 with respec\het%"ﬁsr@f Hlorent codes is substanﬂallyﬂ?&A
satellite constellati mgmmalm gnaerabmq d,t eansit signal by

h es ow-a
Qi PN Rhie 844 ‘ﬁnbbéwao Toe Yggisiton
posi tion. Each satel I$Q3!°'Drl§h§ﬂﬂ95¢ﬂ§9§aﬁt saunknown whichptransmitter may be 30
know edge of the sat efrandmitting<drid e »sﬂidn%ﬁréﬂ?ﬂﬁs{ ﬁﬂiﬂb dxamiddtion of
di stance fromthat s user cel ver.
Wth this informati Oﬂ&ﬁ#@f}ﬁ%{:ﬁp‘%&g '@@S%gns’!fi F\F'PPFégan?tW erant. codas,
conpute its own posit¢ese carriatirequancigsomustibiecexamitecbangthe SNR
known triangul ati g tisdow] meemqisition. taémeamadlbaﬁnuﬁe ahe édlerdy/ do . 39
%plgg%lz¥593even but Ag 1%%@5%&&%9 prélent idvertion Eseth%btosﬂt\:/tf%f)\ o 3\%
PCT/ US97/ 13198 time and energy consumed in the DSSS signal acquisition-precess.
a user anywhere on or nearA descrigtiohofSdiféct fsa@Gende afd ottfd'ty erP hré8d
has an unobstructed v or|zo
Each satellite transrr#éa&@% %@ﬁh’&ﬁ%}' éﬁ%rf@%’%g’%a{%ﬁﬂ Qg qxamp Pe. in
(1575. 42 Miz) andi2 $Rread qu' smné . S| Robast ShBixon: JahneWiley
5 frequencies using &mmsm@c SpheadaSpectaas Oomfrachietions £Vol. Il, by

i gh- ool ut o eSS 0 Ky ST bt &ty Bompi>Sisbice Eress (14855 A desgripion of
pl us anot her | ower - reébm Fqsﬁniag 3@% él found, fer-exasmle, I!'lCD Principles
| ow-resol uti on DSSS sofyBpread SpectremsCaminihicatior byi Addrew . YRarbiAldison- 10

- chi pping rate and,a gmtltlon period, and a nessage data
sequence (the NAV dat“% WT(

a rate of 50 hits per second The
hi gh-resol uti on DSSS si gna ‘\LhQJ L@"Plﬂdcdt'}gq MQZ"HQ System
chipping rate and a rsgealstaremm&npmthdtmmﬁcaﬂdlﬁof asss:bomﬁhmcam In

NAV data streamis us I

15 The NAV nessage fﬁ@mﬁpé’ﬂ ve%dﬂf‘@e con '@“@&%W@’@’ éé lites

e mediumraltitude sarth orbits in &'* °fb'*a'

al manac data (a resiucp‘dnes.maippiﬂww)eémw thecéqudter. The complete

satellites in the congpg |saigufe: coribleifatibh "eompifdes  NeshtyoRE sdletlites and

: several spares. Signals | transmmed from these sateliites allow a
receiver near the ground to accurately ‘determine time and its own -

position. Each satellite  transmits data that provides precise

30 knowledge of the sateulte_-posmon and allows measurement of the

distance from that satellit 0 the antenna of the user's recsiver.

With this information from at least four GPS satelfites, the user can

compute its own posmon. velocity and time parameters through

known triangulation techniques (i.e., the navigation solution).

35 Typically, seven, but a minimum of four, satelites are observable by

eve ver near the o ool B8 dpe




connection with the transition fromlowresolution to high-resolution

20 code tracking. The | ow and high-resol ution codes are known as the
course/acquisition (C/A) and precise (P) codes, respectively.

After acquisition the offset of each code, together w th tRerusemizies

si gnal -t ransnW@SMTS% i e from the NAV data, enables a receiver to
deternine the range between the corresponding satellite and the 25
user. By including both the P code and the repeating C A code in

the transmtted signal, a nore-rapid hierarchi-gal acquisition of the P
code is made possible and a two tiered | evel of global navigation

. b i | . D '

S O L

accuraci es on the order . A ' Y, QW 1@ ¥eRYARaEr ine zon.

tser;/ihce | is ;Jnresi)ri ct edEadh kateflites trangimits csignalé bﬁ'ltwi)el v fréqeencidgs kRGwn icdétﬁﬁ
othe mlitar encr 11O h 0

t he hi gh-resol ﬁt [ gn P/ I\?@Zﬁ‘ggmz) éﬁlﬂ&"(fﬁﬁ:&'ﬁuﬂ, Fhagll%%gg%ﬁﬂq ‘PQ??

recei ver, the C/ A cole frequengies usiagithe SDMA DSSS techaiquesdescribed earier.over

word is read fromthe NAV dagrestpartidlaniy\c each sateWhd O%/dhéd8 a single
PCT/ US97/ 13198 h - -

hand over word specifi es'g?'ﬁeespé%i[?rn OQ?ﬁt%g%qlfoge{r%qe%w%%H@ garhe signal
relative to GPS tine (cRius AU tewer-rasolutiontDHBS wignal)on fraquency LkeThe

Wi | |t gr amat i CﬁJ gydr epluc:ewtrb;?mmasss‘sighé!{c@m%gam_@?ééeﬁtﬁfat P.ﬁta MHZ
mus e searched du nq'ﬁﬂﬁ q§ P . wAcaui.siktion o e

5 C A code is subsgdant le éﬁ;g%bﬁ k%gfm %?@q't?%ﬂaﬁeﬁgeﬂ%de
~ because the T A code rejaauence tbeyNAV(data) with a natecof-3Q bits per second. The
thereLOre, on:cy 1033_ di::ﬁg«wugmadalsw:iighaz Usess aaPM codeivith &hic:23 IMEBe
search is perfornmed in ' = Chie

Recei ved GPS signals ar @\ vsﬂé@% a@ﬁi{%&fﬂ%ﬁt&'@ﬁ? !?Heelrlrtfr(rérﬁ ::?:;:::%Eﬁ;;? he
nom nal L1 and L2 carri | 31§ fgra .
saL elli t_esI rmD\c/)e : n o lﬁ!ThaNMBﬁnsﬁg*?rbmthe‘n saoliirecomdins \the | GIPS Gignal
substanti a ppl er shi e e : ugl.b v

a priori and the Doppl e‘?éns%";nr??%@a%a r iebﬁeﬁgﬁu@hgili‘ggf a‘fdégt ﬁergﬁ)r%&g‘w
predictable if the GPS 38@8aGFatao(Mireduced accutacy ephemensiafar ait ehdhe
15 receiver |ocation isatétieskimowhe acgristsliation2afd ahhand-bveroiord used in

_SI_EbSt anti al cdﬁﬁ%@iior?f:ﬁﬁ 1hé'tr2hsifion %WWSWJ! Egﬁﬁ&’??éh -fe@&ﬁ&gﬁ rs.
e resul ting uncertapnty rnorecerved carrier frequency (J.e.,
in needed replica 20 code tracking. Thelowand high-yesolutionfodes acg snewn as ée

gjé),andtlhi sfrequency course/aoquisitiﬁra(QIA)WpMs? (Ppcddess respettivélydur i ng thﬁ
si gnal -acqui sition 2 S EQURNELY.L O, rec
is us ugl ly doﬁe by Aﬁ&%@ﬁ@%ﬁ %ﬁg%%-éhgerto‘gs%r %eétt?@ng‘ &!tﬂgﬁé

recei ved sanpl e and | oc$ignal-transmission tim@Jrorp AneNAV; datde 9RaRIes & regeives e nt
| ocal oscillator (car ri@e_iteﬂﬁﬂb_imd)ran?e between the' cowesponding. salbilites pad ithe
between frequency sLeps,degy BBYfey both the P code arid '(Hé%Rpbatirty B/Al Bl Sh "I
the signal when |ong: croes ansmitiad signal, a more-rapid hierarchical acquisition of the P
code isrnade possibie and a two tiered level of global navigation
service can be provided. The P code can provide positions that are
~accurate“to approximately 3 meters, while the C/A code yields
30  accuracies on the order-of 30 meters. Typically, the low-resolution
service is unrestricted while the high-resolution service is restricted
to the military by encrypting or atherwise controlling knowledge of
the high-resolution P/N code.
In a typical military receiver, the C/A code is acquired first.
35 Then the hand-over word is read from the NAV data stream. The



25 integration tines (narrow filter bandw dths) are used. Long
integration tinmes inprove detection of low SNR signhals. Wth typical
civilian GPS applications. 1.0 mllisecond cross-correlation
Integrations are used (a-single C/ A code cycle), yielding an _
equi val ent DYPBRTSX | | t er bandwi dth of approxi mately 500 HEPCTAISY7/13198

30 kHz frequency range can be searched with thirty 500 Hz steps. The
GPS acquisition then entails a search _over satellite code, code
of fset, and Doppl er frequency. .6- A master control station
(MOXS) and a nunber of nonitor stations conprise the control
portion of the GPS sy T . Jonitor statigns passively track
all GPS satellites i nﬁ%@bvvgﬂg‘iof%cﬁpfﬁg'%g thg appr%nggg 8% of the P dode
PCT/ US97/ 13198 relative to GPS time (as transmitted in the. time stamp), and its use

irﬁpg |r Rgt idg; ai 2nda: 223#&" Hranwitically dedvcd 'glfﬁfhﬁgltﬁbll' l%ﬂoﬁgérb#tﬁ od eioﬁsets that
epheneris and cloock d'rnli"ﬁ 6%?8 - 8%"3‘8 th%pfj&?é% a%ﬁé%?-i cqyigition of the
cl ock data are uplbadCi cedeissubstantinlly sasienthan girectanquisitioroot the Pecode

5 satellite's NAV nesecduse the C/A code repeats evBnyPPEd 31?150&1? athE%’eOia‘?é" GPS
' ach of at [east tour

receiver perforns thegf Wi W ; | U |
satellite signals: ‘"‘PA'J"%' oy Myﬁ“'&ﬁ%f&!?%%‘ Pﬁ%‘%@s@%@ﬁ%@ this if the
2) synchroni zes with SeRICiNS\pesiormedin thavsuad halt-ghip steps). 10
satellite time-stanp, cl o%ms&sﬁmamh&ﬁm%&i%ﬂﬁb&%%Féage cy fro
epheneris data, — U at. the satellite po |{||on ?‘rom
t he epheneris dat é\o the '_'omma' @ £ﬁ'c¢%}&§ﬁ% Ereﬁ'c}\?fﬁ%%@% s |tRe kGPS
deternine the recei vesatellitas move in orbit at several kilometers pee second, yigiding a
reception of the tinesybistantiabDopPler 8RIR. The satelil® trajechries rb ﬂ?ﬁﬁﬁ' DH?J?MSi gnal
f ' value

aSeoci al ed roter ver  (FiAON S 1hé Bophi Bhied carier requancies, ars eretese oo by

the speed of |ight tcPragictable ithe GPS receiver lecatiniis knowmdnfottunataly, the
satellite. |If theiGPSeceiver iccatibmis sotdaowntd)piori, and-there is oftiéaSsuBeiahal | Y

synchroni zed with theloﬁépﬁﬁall%rtaﬁolsw '{'ﬁ%éi% .H?E%ivers. The?g% {nrgor was

|
known), only three such range estrnmates wo R dto
precisely locate the ¥ .'"Tﬂ?ﬁ?@eﬂsﬁfﬂmw?ﬂ@_“.(1-9.. in needed repligak- bi as
(sl owly changing err ocammenfrequencypcan badargene.d.cSE5EWH, and this frequency

i poed”wi th at ont ¢ (e 08y Bae 1d bBCHeweHie Wiy id" GRS fnatuien,
T

equi pped with atom c cl Ocks. _
25 elininated byZredR@eesly ThR frequency: or,Ropplernsaareh ds, wsually isne by
Zahgi : Lﬁisvﬂ‘ﬂ ;J?)Lpg tepeatingrtiess crasse sorrelation: of e aeteived @ample and local
ggner al infor mati on (?ibg“%w %G-‘afrigg%%{r f‘?i’s""‘a‘r‘eer]a @?irz’gé’?ga lﬁ‘é} E%?Sﬂelj;&phca)
Tom Logsdon entitl ed 8NG PS¢ h‘GRﬂ?&TQ.Pﬁ%YWdfﬁwﬂgyﬁm isppade small 30
Van Nostrand Rei nhol deridgh2§o avoid missing the signal when long cross-correlation
2s integration times (narrow filter band\n@;hs) are used. Long
integration times improve detection of low SNR signals. With typical
civiian GPS  applications, 1.0 millisecond cross-correfation
integrations are used (a single C/A code cycle), yielding an
equivalent Doppler filter banidwidth of approximately 500 Hz. A 7.5
30 kHz frequency range can be searched with thirty 500 Hz steps. The
GPS acquisition then ‘entails a search over satellite code, code
offset, and Doppler frequency.
A master control station (MCS) and a number of monitor
stations comprise the cgnij_l_'_j_o_l portion o_'t__; the GPS system. The
35 monitor stations passively track all GPS satellites in view, collscting




A preferred application of the present invention is the |ocating
and tracking of assets such as rail cars, shipping or cargo
containers, trucks, truck trailers, and the like, using the GPS. In this

appl i cation, ‘&{%Q% Sr eceivers are usually battery powered $i-3fRef{3198

35 i ndepende of power is generally not available. It Is WO
98/ 02759 - PCT/ US97/ 13198
. -8 - advant ageous to increase the operating life of the )
. batteries by reduci ng energy consuhtd by the GPS receiver.

- In a typical spread spectrumreceiver, the receiver front end
* (i.e., RF and I|F el ect ranging Jdate randrsatefite otloek atatairfromfeaoheateiting.! FThist

(5 ds-turned on. This jéieioni 8 BabecPir s MCS \IRé/eCthd isaldifies’ Hfite

- acquisition and synchraonj zat i on taée a_lon tlgﬁ, 215 1l O art e

. receivers do not have ?Pb?\'ﬁ?"%@ﬂpa gk ﬁgﬁ[ﬁ%)pf \¢ted, p‘%‘%@?@”ﬁ"ﬁ@s and

* recejved signals in reelockidata arBupidadedtoaach sateliite dorcriettrans missirrincgichal
search or search a gmaglieiitd@RAVHhe | it e/ code-of f set/ Doppl er 10

: (SCD) bins sinultaneously to achieve $ignal ui sition. Such .

. receivers nust continually haE@r%@"aﬁdYﬁF%&§§9¥&Wfﬁnewsm@fgﬂmao for

o until its SCD bin is i dachofatdeastfourisatelitesignaisty NAV data is decoded.

- Wth a sequential search ' \ jon i s high because

- substantial tine is el ap%‘)tem -oégyﬁﬁg’_W'n associated with each

15 GPS signal is identi®}e¥nc wWithetRe NAY 9. sieam pand, reads ihe

- searched in parllehoto redusatellitectimbegtarap, tiockecoiredtion|) dorosphieric-delay and

- consunption is still high b@@ﬂh?ﬁistﬁéeXi sting processing nethods are

- not very | ow power nethogds. Furthernore, the degree of parallelismis

very limted with existiwg FRieHaesthnsapliiapestiondram thegphemers datdunt

20 of circuitry invol ved) reads its own receiver clock todeteyminenthefratéiver time

invention, a central facilijacobfat ﬁ&@-reception ofthoﬁﬁusétaﬁéaﬁgcw i ple
A ft'."rg?g&/gg' ct C es 'a GPS

assets (e.g., railcars)._Eac - ca )
recei ver that procddses Pat st 5#‘3@’9&'”35 by subtracting 'F'%'m%ﬁtém@s

satellites; however, an acM@éEﬁjmmhéwa_wawmtim 25 is not
made at the receiver. *rﬂéttﬁgﬁldiﬂy?ﬁﬂceoﬂérﬁahﬁbﬁéiegﬁ%k%d 6::&53'51?? obtain an
at the receiver and internediate results are tran ed fromthe

asset to the central SPQW}%P#'&S@F@B& f@é?ﬁfﬁ?@vﬂd‘%?d““ha

requi re decodi ng of nawagferiecdy synchrotized with 2hé rotocksof tiursatsiiges (o the
This system thus abhowgrrbhwdd”RnbRARI By M6 SdudhatarjeC aSimltest Would be 30
be powered only | ong epou tg a lre fhe satellite signals
(det ernine the SCD bi n§2:. t'ﬁ._?ﬁs%jg@? tﬁﬁe’%ﬁ‘ﬁakﬁer@nﬁ Jipwever, a
Consurer i the acau 5o .ﬁﬂ”“’@ﬁwﬁ;@'“““ﬁﬁféfﬁf&?
9 : 38 iexp eas t tel re
acquisition time and e%kﬁhéﬁ%&&iﬁé%‘éﬁ aﬁﬁg:leamedanditseﬂect
25 eliminated by measuring the range (travel time) from four GPS
satellites and using these measurements in a system of four
equations ‘with four unkriowns (receiver x, y, and 2, and time). For
general information on GPS, the reader is referred o the book by
Tom Logsdon entitied The Navstar Global Positioning System, by
30  Van Nostrand Reinhoid (1992).

A preferred application of the present invention is the locating
and tracking of assets such as il cars, shipping or cargo
containers, trucks, truck trailers, and the like, using the GPS. in this
application, the GPS recsivers are usually battery powered since an

35 independent source of power is generally not available. &t is
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U.S. Patent No. 5,420,593 to Niles uses a menory to store an
interval of the received signal containing multiple GPS satellite
signals. TheWP&¥®8%d signal is sanpled and witten into t RETHSAHISS

at one rate and then read fromthe nenory at another, faster rate.

s Upon reading, the signal is digitally processed to acquire and
synchroni ze with the received GPS satellite s8gnals. This allows a
shorter elapsed tinme for the acquisition of the GPS si gnal s

However, the receiver na
storage, and | ow pomerawaﬂag?&day(’:%hé}g %%%ddr%{ﬁuéeg{ %%PBS by
10 substantially redl!ﬁ‘iﬂgﬁﬁﬂe@y @Psmcmm eved

U. St P?tenfj No. t5 t225 842 InoaBypical mdl ranﬁ%%ep,gg;ame rec ‘Velé!; at end
centralized asset tra cost _of

receivers on each trag' g?ﬁé?p@y@hmé g@?’é léfqm‘f'mt dower while it
navi gati on sol utiof afS ‘Hﬁeﬁ@é‘et IS £Rsult§Sichigh anargy cangmeptionc ifi thersignal
15 that processes {hacquigiioh shdcsynetronization takd'a Ibihg tikles MASP prigh-ah! G

and relays the proces ation
accurate asset navi ga f%n‘; E%Pht [ on?"g%‘e&%z%@%%? i'ﬂ"'?m) énsﬁ‘t‘@rﬁ"’cess the
does not substanti al | {eGeieGSionaleinsigal imecturthermors theyhuseBither a sequential

recei ver at the asset seardhdoesseardh | [smigin nuiibey &Xkﬁﬁﬁitﬁééﬁ-ompﬁler

20 life or reducggti n ep batt

Furthernore, |ow qomﬁef qﬁﬁg s@gfr"rﬁgﬁg‘fgllgn{o Acﬁ am"'s‘t'on Such
SUMMARY OF THE | N\/ENTF ivers must continually receive ans pmcess eabk sateilite rgignal
invention is to provi datildtsdSCO®IN is |denhﬁe'65m$d3ﬂi%s NKV 820k 'debdddd>SO)

si gnal processing arCW{lfﬁt%Kcﬁuennal search thg%?@x%? 'ﬂﬁ the F%ﬁebver to be

turned of f during nost
thereby permitting th8ubstantaldme: is;efapsed before the SEDsbioi &sodamd:mmaachr ont

end to be 'signifiaant GPS signatds. identified. . Alternatively, ﬁnmbl&sc@u%é ch bge
i nvention is to provi Qé‘aréh&‘l gﬁabarallel to 138y eo?ﬁéasﬁ#ﬂgaﬁﬁﬂ' t!fq? epﬁﬁé‘r'gggf

pernits | ow power cons sunptl on ur si
DSSS si gnal recepti onConsumption is still high becA“ﬁ%?ﬂ%@#'m precessing methadsarei on

is to provide a | ow pookvery low power methodsaFurthermors thﬂbgtberﬁ’ftdd?dldhbﬂtusl s
readi |y manufactured %v?himited with oxasﬁngaﬁfachegéﬁ’ methéelt! & eDéégbrlﬁé -gmount

processes and uti Izbzes oW, ener acquire

In one system of the invention, a central facility or station
must track multiple assets (e.g., railcars). Each tracked object
carries a GPS receiver that processes data from several of the
visible GPS satellites; however, an accurate position determination

25 is not made at the receiver. Instead, only partial processing is done
at the receiver and intermediate resuits.are transmitted from the
asset to th .central station. These intermediate results do not
require decoding of nawgaﬂonal or other data from the GPS signals.
This system thus allows the GPS raceivor and signal processor to

30 be powered only long enough to aequire the satellite signals
(determine the SCD bins). With this systgm. the dominant energy
consumer is the acquisition process, and the GPS receiver energy
used at each tracked asset will be dramaticany reduced if the signal
acquisition time and energy are dramaneally reduced.
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Anot her object of the invention is to provide a GPS signal

processi ng arvgg é@g ure which permts P/ N code and Doppl er permseisies
searches (ass P wi th the acquisition process) to be perforned

with a standard sequential processor (i.e., relatively slowy and with

5 a smal|l processing resource) without requiring the receiver front end
to be turned on during the search process. -9- Yet anot her
object of the invention is to provide a GPS signal processi ng

3;?2; ?ﬁteugst hat requires ),8! PafntNv. @4%@3?3 g&h\m@a t:(;a]?éi@hmemo ry to storeI < to
provi de a signal arilmtarval %’ @%eég?ﬁgaaﬁlml Pgbﬁﬁ'gg W\é‘fp‘iﬁg’}y % ﬁﬂﬁal |y
exchange coher ent signals. The une-vedrsnm@rmpieaaagrvamaomtmthemeamrys
Regflﬂjl f ?Lr ?hgfr E)Lfg'cfét one rate ans th?n gﬁg&ﬁﬂlhéltﬁéﬁbrf & diotet, !ﬁiérq'a(aSNR)
Fecei ver out pat sarbl 1YePn dpacingy’ B sidhe Je- Sl Bahssidltg sequire anc
signal acquisition ti nswnghromze with the TGCGWGU GP8-satalita monalsbj'fbst allowsoa t he

i nvention i's to provi dghoneFRat ag;:d time for the %&ucsiﬁbﬁCSﬁ%hégGPSC*ﬁdr@l‘é ure

S0 TP oy rer bl e, Tgbiver.is pet e it TomelsRsly Rk gne!

20 Still another B Y&y |
si gnal acquisition rretstougphand low-power sighal agquisition isrmet yped.i urthermore,

acqui si tion even wggen édwaﬁiav@aawﬂne@y%oaéumﬂwmsw Aéhidveer |

Sopect of the invention aUSuPRGRLNG, 5325842 to Bw%d%gﬁéﬁ p5hedpd

. correlator is used dum@t@w §$SjﬁaﬁcbmmY§tqmmﬁtt@dUC°St @ cost Of the@R8e t he
| acqui sition energy congggineisoBn mxenraeke@wewy avoiding calcul&oTs oMmtheon i s
the on condition t s r cpridhiol WiihHy 1he Bsba Batlasset camios a GPS RiGugdC | "
correl ator. 15 3¢that processasathei signal dram several akhecvisible GRS ﬁWbﬁﬁl on,

a time interval and relay8T thee processed Uidault faltthe | CertAiitatibr whereor ed
in 3 memory and then  aecpiaty, sssgt naviaionebdiiiors® ahd ARSI - THRCsisdF

interval is |long enou
recei ved COVA DSSS si (iiRsssnelosubstantially reduce the 909"97 epnsumeash Eﬂ tFQc@P $er

out put data. The st orefbchiveLatMAb aemﬁd dbﬁsﬂ'ldt%ubstantially e’i@andasat battehyf r om

menory as many ti qu

PCT/ Us7) 13108 20 e’ of qg"“% &e"g‘g?."}ieé?"}é? Wéu gnal angres cep
processi ng ener gy Furthermore, M@QH@FP@W'PUW"%’ ehMsedpar al | el
(partial anal og) correl ator

SUMMARY OF THE INVENTION
One -object of the present invention is to provide a direct
25 sequence spread spectrum (DSSS) signal processing architecture
which permits the recawer to be turned off during most ot the
acquisition’ phase of receplion. thereby permitting the on time of the
associated raeeiver from nd to be significantly reduced.

Another object' of: ‘invention is to provide a signal

30 processing- arehitecmre which permits low power consumption
during the aequisiﬁcn;;_ as 3 'qt__‘Dsss signal reception.

A further object of the invention is 1o provide a low-power
paraliel correlation ‘method that is readily manufactured with
available integrated - processes and utilizes fow energy to

35  acquire DSSS slgnals R




may be used in the acquisition process. This approach uses nuch

|l ess energy than existing digital cross-correlators. 5 The
centralized GPS tracking system according to the i nvention
allows the tracked assets to consume very |ow power and use a

recei ver wit WOIRM-xpensive |ocal osciliator. The use of aPCT/US713198
parall el correlator allows the |ocal oscillator to be inaccurate

because many frequencies are readily searched during the 10 -
acqui sition process using | ow power. FurthermW, use of the )
parallel correlator allows reception and denodul ati on of the GPS

NAV dat a t_(IJ_hbe iavoi ded, furAhether Qﬂ]dd%th@&ﬂ%bﬂgg t@'bréﬁnﬂ@ é’bP@"Slgnal
recei ver. e al manac n s

satellite search tine Z%dggs hﬂ ERINW%@& ﬁg&& sorﬁg |€W yooppler
15 search over all saf 4 %E?stﬂﬁéh? ﬁ@qwamogmmss)smm perforimadnot
needed at the tracki ngvathlataanmdqwnﬁacbrmsgldﬁ%moﬁg?my\éﬁ&){mh

| ow power is neededg t qat ene

cent Pal station, > g%@}?r SR %%g%t@@q% EﬂQAf\ﬂFRfGS’ front eng
The features of the i niRbe fumeden duting the,seasch prasessr ¢ set

forth in the appended cl ai n¥et Eﬂmmmlmmg RYRTGH is 16 ﬂﬁrid?f) §Qigna!

rof erence Lo the fol | bk eﬂeécr i fofire ttﬁﬁ'y'ﬁaﬁﬁsﬁﬁﬁ'p““der oo s

25 acconpanyi ng dr awi Hﬁ' he GRS ch: Fi gure 1 |s a

bl ock di agram of aenote tsmbhnaﬂle?yéﬁjéw dfnthe mvenuon cs
55&5\9 é‘@{e

the present invention; r m of a
tracking unit on an Obg;ctas?mg architecture thatb%'} '&1 96t h

t he invention; non-coherent; igtegsatipn §ﬂ'&5b$%ﬁ< ngedegt fon afparticular
conventional sequenti ateceived signal-to-noise Gatics(SNIR)) ar chitecture;

Figure 4 is a bloc k diagragmgfy § e?e%?&%@g:c;eﬂ{ﬁhpn s Jo employ a low

processing archi tect ure a ?
i nventi on: @gygytp sampling rate in obtaining accurate sub-chip DSSS
PCT/ US97/ 13198 sagnal acquisition timing. 12 -

Figure 5 is a bl ock di agranygf

arghl tecture according ?o g%t%@é}ﬁeﬁgbguﬁ P?'"?é]?'h"%?ﬁ‘nﬁ gﬂowda a GPS
" Figure 6 is an illust r?ﬂpﬂ'npmfﬂﬁg RIFbitactyre exhikiting rapid geauisition Of GPS
- between the stored-dat satelite sighalsng replica wavef orns.

~ Figure 7 is a bl ockydi agr angy BAYRP objedtivé' oF he aﬁv%u?_n is 1o provide g %?ﬁck

O e 2P 288 AaAstion ethod that alows rapid G4 Krenesy a0 o
menory, replica regi staequisitieh puemwhan the GPS receiver uses 'anchekpunsivedbcals es
- the reprlica generati ogsciffihdifatialfbe'ihdecrate.

According to one aspect of the invention, a low-power high-

25 speed parallel correlator is used during DSSS signal-acquisition to
reduce the acquisition energy consumption. Receiver energy
consumption is further reduced because the time that the receiver
must be in the on condition is reduced due to the speed of the
parallel correlator.

30 * According to another aspect of the invention, a time interval
of receiver output data is sampled and stored in a memory and then
the receiver is turned off. The time interval is long enough to ailow
acquisition of any of the received COMA DSSS signals contained in
the stored receiver output data. The stored receiver output data is

35 re-played from memory as many times as may be required to



10 Figure 9 is a bl ock diagram showi ng one enbodi nent of one
stage of the two-sequence parallel correlator of Figure 8;

Figure 10 is a block diagram showi ng a nmethod for generati ng

separ ate code anpglm[),gﬁpl er replica sequences; peT/Usofidsy € 11

s a bl ock di&'&r ow ng an enbodi nent of the 15 data nenory,

code-replica register. Doppler-replica register, and paral | el

correlator that uses the replica generation nmethod of Figure

10; Figure 12 is a block dﬂhgram show ng one enbodi nent

of one stage of the three-sequence parallel correlator of

tFihgure, 11; | f 20 acquire Emtwesiiajﬁ iGDMASQbﬁaTﬁFﬂoPIt(ﬁpa??@d@sbilnbUéﬁdrﬂi ng
e principles o . i -t O- Q

converter and sunmati oncoe{‘cst'i"@tpg??ldg‘s' ‘; Towwﬂ Sg?gb'g{?@?‘&ﬂpgﬁqg@ ator

i nventi on; may be usegd; i jhe acquisition pipeass. ThisvARRjoactUsRS MUCR S S

and noi sy less!bnergy thn edisting digitat truse-domelatorghort section of

the 1.0 ms C A-code g J@Emﬁ‘rﬂiz}%ﬂo@ﬁ%ga’%@ﬁg tD%teT " A&oRdihg "oP SR

Figure 15 is a bl ockK diagra OW n
paral | el -correl ator basi@ventiofaliows;the tracked assats o cansume ong low powenand

::n whi Cf116t he RF{): F ieg_tdnsmagﬁwﬁéi Mitht 2P ifdipe ?QWW'&&H‘ afor, ‘é‘l(\)e use of a

I gure IS a oC | e o . uarl ng
Al D converter, pataiiel 8I""'g'aﬁifi gﬁ&g‘“&@gi ?%é! &sﬁ'gﬁmﬁi ?gpgm"g?%cﬁratg
conmbi ned data-nenory. because many frequpneies gare:rreadibh sensehed cJuringr the at or
or gani éa; :Dgn lthat r%ymm&mn process using low power.0Futhéendregiusecof Iheft s
per code/ Doppl er conbi : . . tic
di agram of a three-seq ,Jgga correlator a.ggws &ﬁﬁ‘?"&f‘i aef‘ g?‘é‘?i’é‘?“?’?ﬁﬁiﬂcg‘@
converter cell: NAY data teobe; gvoided, further reducing the average on time of the
E-CT / US9I€9 13198 - _receiver. The a:cmanalg_ is no longer needed to suppdrda reduced

I gure IS a scnenatl . - .

or gani zat i on; St 581, e (belfubg Vo orlndlUifelarar can, qyicity
paral l el correl at or 14 t$parch over all satejiite-goges: inge thecnavipatiop) salutiands: not

S Figure 21 is a hésusd atithatraching units, only limifédprocessiny constmintpiery
Doppl er pre-nul tiplicat lbW%qs Wk s needed, t[hg_navigation wﬂ@“rﬁﬁpgﬁe%%% ?lgé

diagramof a full 1-Q proc Wt

pre-nul tiplication. central station. Figure 23 is a block diagramof the
| ow- energy register 10 witing nethod using a scanner shift

regi ster. RED EMBODI MENTS OF
THE | NVENTI ON = BRIEFDESCAIPHON OF fhie onsvies

|% lTustrates apluralité of GPS
satellites 12, an object The features ofthe)inyenticy beligved 4o be,pevelara $et; |
car carrying a tracki ngfomniih the appended claims. The invention, however, together with

further objects and advantages thereof, may best be understood by
reference to the following description taken in conjunction with the
25 accompanying drawing(s) in which:
Figure 1 is.a block diagram of a remote tracking system in
accordance with the present invention;
Figure 2 is a block diagram of a tracking unit on an object to
be tracked in accordance with the invention;
30 Figure 3 is a block diagram of a conventional sequential
acquisition architecture;
Figure 4 is a block diagram of the sequential signal
processing architecture according 10 one embodiment of the
invention;



and a central station 16. As described earlier, each satellite 12
transmits a signal that a GPS receiver in tracking unit 14 uses to
nmeasure the propagation delay (and delay rate, if asset velocity is
desired) fromthat satellite to the receiver antenna. The satellite
20 signal s P8#27¥9c| ude the periodically repeating NAV daP&TUR%Y13198
needed to determ ne a navigation solution fromthe neasured tine

del ays. Because of the lowrate. (50 bits per second) of the NAV
data in the GPS signal, a receiver nust be acti2ve for a substanti al
period of tinme (fromone to several mnutes) if the NAV data is to be

25 collected. Furthernore, ts han

over tinme and the GPS uPéiB 'b%'gékg %Aééﬁgfed%%ygfﬂ%a rogessmg
nearly hourly updates ﬁ@“ﬁ%m'ﬁgﬂaﬂﬂgﬁ?@“ﬁ@@matdthe invention;

navi gati on sol utions, any CPigut§cig amillugtratiomofsthat garaléldortetdtion process
NAV data that is no no m[} [ f t easset
positions are to be m)ril,?t or ﬁo%é?%qu%ﬁ#%éﬁﬁﬁ/g? PRF hours,

t hen new NAV data wPl | have Byre 7 cisi 12 chleek aﬁiagfémsts*@mg/ a ostructure for
hours. NAV data mai nt egeneratingithe replicad sejuente:appr oxi mat e

artails & signi ??Qaﬁfcg”ds 85’3#‘*@387?%?&'ﬁ?ﬁ%ﬁ%ﬁpﬁ“%ﬂi&%ﬂfa an
asset . WD 98/ 029 ment of the data memory, replica register, and parallel
KCT/ Ugg 7/ 1 ?198 ;:on?lator that uses the replica generation method of Figuté' 7;
ccording to one asgect o

navi gati on sol uti Oﬁel s caI CHIQE{QO% ? % wx’éﬁ%&%@ﬁ&%‘ﬁ §mRadimant 4f oge
the asset. None of theSi@ &.IWossequence paralietrorelatenat Figure 8: .

Only data relating to the G’l@uta greal isprao[ihgek idiagrdm Boliitigae "3"“@" for 5
each satellite and thegqgsérati this
data is then sent to tﬁe ce t#lsf&' %‘Wo%ﬂg@{% ?ghe %
deternined at central stati R“ﬁ% Fﬂthﬁ"zﬂﬁﬂg’ﬂ&' shewing an demt otthe
there, or by conmuns cadatagmemdry,acodesreplicairadister, Dopplerdeplicanféisler, and
GPS recei ver. |1 desi 1 garaiibf\Gor¥iifof et usgé :q&m&ags%g@ AR 8f¥gure

10 can be conmuni cat e(éloto the trac asse Vi a
communication |ink that“requires | ess energy to receive at the asset.
Wth no NAV data decodi ng nﬁeummﬁsabbchGWam@ﬁ‘&vB\gg:mIambodlmem of one

acqui sition becones thgtaﬁalontmﬁrgy. a};ﬂﬁiﬁo&}eﬁﬁ

and the feasibilit entrg zeg ra sh
enhanced by the | of energy B8 f’@'f'ﬂﬁl@gﬂ'ﬁh st ﬁmncmles of

As shown in Figure 2 atheamﬂeteanaltdienahto@mhgcmener mmwmmaﬂon according
of a receiver 2 respong ¢ £ceived at an antenna 5
fromthe (GPS satellites, roc@s@gr “%ﬁd a transmtter 4.

recei ved signals are pr oce H‘pf%c%sﬂ!ﬁ?" Jshowing; 109 ; agiselass and noisy>
utilize propagation timmmﬁmmmwmomm@momwm C/Accnde

the GPS satelliteszasBypm sbguidned nelafthe'bdrf the need for
know edge of the GPS signal F.ause %am)s aﬁ?@d{;\sse’;‘ sﬁow*nlgeval afoel(-jbower
paraliel-correlator based acquisition system with full ¥Q processing
in which the RF/IF section generates two quadrature outputs;
Figure 16 is a. block diagram of one embodiment of a
30  squaring A/D converter;
Figure 17 is a block. diagram of a combined data-memory,
replica-generation, parallol-correlator organization that reduces the
8 r code/Doppler combination.
Figure 18 is a _schematic diagram of a three-sequence
s  multiplier digital-to-analog converter cell;

30

35

15



and data stream decoding is therefore unnecessary at the asset.

Wth no need for GPS data stream decodi ng, the receiver process 25
reduces to acquisition of the GPS signals and cal cul ating the

rel evant tine di ff; ences (and Doppl er frequency differenceperisornsios
asset vel oci (Y@L Jg to be determ ned) fromthe acquisition results.

The calculated tine differences, and data identifying the satellites .
associated with the differences, are transmtted by transmtter 4 30
froman antenna 6 to the central station. A dd3eription of the

centralized tracking systemin which GPS signal acquisitionis a

maj or part of the assets e %:g&fﬁnd : | ARGy
application Serial No. 08%&8@2@@& rrl sgﬁ,é'%ﬁegﬁ?cﬁ?gg}%y&m memory
and H adi k, ref er encedo®gBigation; WO 98/ 02759

PCT/ US97/ 13198 Figure 20 is a schematic diagram of a parallet cdrpelator with

Figure 3 shows a conveaé*%,&ﬁl;é.ghum&% l.tion architecture

that uses a serial corre . convenii'onal  GPS recei ver signal
acquisition is fol ldwed by figuie &\ isaRlopk diagram of 3l -G -procassen with data-
NAV dat a denpdul ati on, Dopplenpréemotiplicationham processes are not S

shown in Figure 3. The sig 1S4 fi | ' .
RF/IF (radio frequency/int Qﬁh%%%l‘essé @@Bg@%ﬁ?@%ﬁ@gﬁaﬁﬂﬁ%ﬁﬁg%tﬁ&a@
an antenna 211, an RF Bnaplefmplgmfe-am%m@eanome, and 1 ocal
oscillator 214. and a | ow [Figarel 28t iy a’blockidiagram.iop! the Slow-érergy Viegister
and down-converted @i g@ﬂ{i%édﬁem% Q's%@ietr%iﬁ(r%i@er.conve”er 22.

r

10 A/ D converter é typl y sanpl®es and converts at an integer
multiple of the replica C A code chip rate and supplies a digital
sequence to a serial dDETAHIED DESCRIRTIOM OFCBREFERRED EMBODIMENYS OF

conputes the inner proqu tmqgﬂ'gh‘gi tized receiver-output sub-
sequence from A/D converter_Z22 and a C/ A rePI ica ¢

b-. 15
sequence originated from a TgU bijystrates @ piurality P&&%%gé#?ﬁ“'@ﬁsoﬂ-ﬂ‘. object
The inner product its passet)bethgsteacked, sudtyas arrail cancanryihgy arttacking dnit $4,
terms of the two sub-SgRdieherai"s@uaN! 6. PAd Bpsciibbaaaris, Gachdsilifie 12
resul-t in a coherent accunul ator t he tl, 'y,l [1}?4 e seﬁu
terms of the two sub-sHaIRMALS@ 3het ﬁégkﬁléj??e'g? foli] g un usesto
~coherent accunul at or 2f@aserecthe Propagation gelayli(and delay atboif rasset velocity is
real time, as S“b'seq“aaﬁf‘e&%ﬁ %lﬂ%'tﬁ@'rﬁcéﬁ%ﬁé%& The satellite

converter 22. As is conventrona e Sub-sequences usua an. a .
_single period of tRe r&gpals; algodn udg tbe peracicaly 'PHH%?"%W&%‘ME“ s
been conput ed, the cohneeded tocdetsrmineca navigatiomsolutiomfrpmcthefmeasured time 25
cross correlation of ! BelayECReRiAaSoIBCRNCIARE (40 bits P sebdnd)o6Cthe NAV
cycle of the replica m&% agor %e &gtlcul ar "G/ A %O e.. cﬁe-ofggt%tm.al
and Doppl er frequency SEWRINNEBRY signal, a feqeiver Tyst be, agtivefor.a substant
i nner product oper at i opeiicd ot¢ma (feom.dnettosevenak midutes)dtihedNAV data is to be
Sequences fromA D Ol oct. “FutHerfols & idrodWellie NOW Gata changes 30
code sub-sequence. The  Sriime and the GPS MES Moibrs hase cRafges MRS Brovides
nearly hourly updates to the NAV data. To insure accurate
navigation solutions, any GPS based navigation system must use
NAV data that is no more than about four hours oid. If the asset
30 positions are to be mﬂitpred more frequently than every four hours,
then new NAV data will have to be collected at least every four
hours. NAV data maintenance then requires an approximate
average of fifteen seeonds of receiver operation per hour, and this
entails a significant energy requirement if done at each tracked
35 asset.



squared by a squarer 29 and sunmmed in a non-coherent

accunul ator 30, yielding non-coherent integration of the coherent
processing results. The output signal of non-coherent accumnul ator

30 is exam ned by a threshold detector 31 and a "signal acquired”

35 command i§"ﬁ¥%ﬁﬁgted if the signal |evel in non-coher entPCT/USY3NP

98/ 02759 PCT/ US97/ 13198

- 16- accurrul ator 30 is sufficiently high. Wen a signal is
- acquired, a control 27 nonitors-.tise associated C/ A code i ndex

(satellite index), code of fset, and Doppl er frequency, and

. commands code/ Doppl er : at 4 to.either change to a
~different C/A code (for g d?ﬁoécrme'ﬂ,t%?rﬁe a%ﬁaé °E3§°saf%ﬁ°m t'8Yenion. bgi n
~anot her search, or to BRYgAtan sqjution jsealculated at the centrai-station insteadgtadts
~ have b?aen gcqui red. |fthe assphoNons ofdhe NAVW datdishdedfed at the tracked adsBE
rocessed. then cont ropnyde HAEIS e £ps 3KRal Bibaoation selay,between
change to a differecht €ach satellite andithe Assetneedhe measured at thecasset; and this
10 As each satellite datgnisl then semtuio tith cempdl thticr, :
- associ ated code indexﬂ&@ﬁ‘ﬁiﬁ%&fﬁ%ﬂ@%@gﬂw mgeﬁgg:;%@ Qet:an'be
si gnal synchroni zation_an dat a p.rs ( ssi.sﬁﬂcy‘f}mz g ar Feceiver
~ Provision for searchi n{jeE Offy,communicating withsan spproptiatelyclosated standard
~ and Doppl er frequenci cGPSLrateier. (T dudirkerithe AV ddha, F 1A6 navigatiod Solutions, 15
 Satel lito- code gentd at it H; oaffmuriiatel'lo ‘AE TR dachtp, via a higner rate
generator 244 provi desCanmupicationlinls that reqyires lessgaetgydogdcaivaiat the asset.
- replica fromsatel it eWithdaogNAVr datar dédatiing aleatied cat! the' ASsét! IGFS '$gral
TGOS P AR St i 8 W R o g,
. of Doppler shift and |3ihitb@deasibility,of (the crntialjzad trackingssystambis greatly
conEI r o![ 2f7. t'rll'_he rep i oq:jfﬁa'rg&dbyitbe lpwrenaryy dchuisiiomethddsi ot thedifitertidnt he
- product o is sinusoid a iﬁﬁi#‘é repld NSUIE .
. detection of the GPS Zéfganzé%;!e% /|'é%;%afﬂ%‘ﬁ%;;ﬁé%ggé@ﬁiﬁgﬁ@omm53: 25
: both an in-phase (1) reafQRPOT _ V@G 8t anapienna
-~ in Figure 3), and the from thegBRSssataliitesh@ processos F] dnd astrafisaiitter 4. The
- acqui sition. Further nygggjy aftdls t _ ﬁﬁ/ Emgygot} tai%hgin and
e b e R e o e o
- The conventional appr dhehGi% eatellitesFiByuutilizing ctime rditerehces, the need for
~ receiver output data f : Fol 1
"as it is avail able, anﬁwgdedsg’i tﬁﬁ‘éllgggi s%?%%ﬂ%ﬁé%@ésﬁgga’%'
the received signal. ﬁf@pgl?ﬁ F'éﬁ'ﬂr eding.ls ﬂﬁ?%ew\@eam i3 the asset.
- signal acquisition prd¥ithsno need tordGRS data streamsjecodingf thehmceiver procesd
~invention is shownag N dgieés t¢- ackjifisifiorn Ut el &PS 'siyndls™ahd’ cdiGuibdly R
relevant time differences (and Doppler frequency differences, if
asset velocities are to be determined) from the acquisition resuits.
The calculated time differences, and data identitying the satellites
associated with the differences, are transmitted by transmitter 4
30 from an antenna 6 to _gat_pp?__c:_emral station. A description of the
centralized tracking. system Jn which GPS signal acquisition is a
major part of the assetsGPS -energy budget is found in co-pending
application Serial No. ,0@(456,{229 of Marrison, Pradeep, Brooksby
and Hiadik, referenced -abo_vg. :
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17- Figure 3 except that a signal-storage nenory 33 is added
and power to RF/IF section 21 is now controlled by control 35.
The GPS signal supplied by RF/IF section 21 is to
di gi tal for me{VOt§§02759 A/ D converter 22, but now thé’E H%S-;s’{as‘frr%l i ng
rate may be set at a | ow 5 non-integer nultiple of the C A code
rate. Menory 33 stores a | ength of input signal sufficient for
signal acquisition and allows the -15RF/ | F section to be turned
off after storage. The acquisition process t hen proceeds by

readi ng and possibly re-readgi h t r ' . ry.
Energy consunption is ther eglid?"g? ?ﬁ%ﬁ?ﬁ%‘gﬁ‘ﬁ@’ﬁg&"a’ acqwsm%a.mggé%ﬁée t he
RF/ I F section 21 consuhhat useg serial corrplelary In a conventional GPS recaives: signa,
acqui si tion processi ng deguidRionds dsllowed st criieveshd P/N Béde synchronization angode

rate of the received si I | i T -

i nteger input A/D sanpl%\g #ﬁgeﬁﬁ#@@géﬁh@ha@éﬂﬁg {qrotﬁgﬁlggoggg%?s ff)e not

. deternine accurate GPSshowndn Figusp3gdhe signeal acquisition:achitegture comprisessan
I(needed folr_ deter{ﬂ' ni leﬁltw(rhaieaﬁéqmnewimﬁrhﬁahw\/ﬂh@am) Béctidn21Cihcluding

: lower sanpling rate. SO, en Lop . 0Q. or,

* when accuracy requi r emétit ?"%@anéﬁ]ﬁt 88 ﬁFgﬁmﬁ' 3 ?&v ﬁoﬁ!’#ﬁ%&etand lfx:al
 sanpling rate all ows t losciliater 294 pod anlowspass fiter 235cwhich suppliesha received
suffihcie_nt ?_ccuracy th%dmeW%ﬁal?erdﬁWg£ﬁ itdi Ay dsonverter 22. 20
synchroni zati on progess n Y, ' X
phase-1 ocked | oop f’(c9r c@ﬁr F@&v% c%ﬁ@%ﬁdgyﬁgmg_a%- ﬁ?@d@fa@ mt.eger

| ocked 1 oop for code t rmudiipiagst tanraplicaG/Adeade chip rate and supplies a digital
advant age of storing thpquescs &t Sedaladighaloosmslaion 23, Correlator 23 senaity v

and re-reading the nmenpry_ a i t amaivar. SCD
bins is that the corre|m9€§§€3825ﬁgﬁg@§§§ gaéciéﬁé@;rregelvler outputzgub
period of time without SeGuUENcs '&@rﬂﬂﬁ%}tﬂ‘@!tﬁ%ﬁ"ﬁc@&’&c%ﬂ!‘&é ¢ode sub-
local oscillator inptakidqubbicebriginawedLirom a.code/Ddpplerdoereplita) generator 2d.

signal is also used to | ' j f :
navi gation solution, t hﬂﬁe‘q\‘@r hg&ﬁ@}(f]? Wﬁﬁt%ﬁggxu@%& @U[{ﬁp%nﬁgthe first
30 between the acqui sitermas ofithe twa:sub-seauenses in amuiinlier 234 And.sioneg the
appl i cati ons where thegBgly ipal cohoremaocimaiators232)there enlitiplying the second

bower &PS L ecel ver Tiﬁ%ﬁgﬁsﬁﬁhﬁgﬁgﬁ §' 9 acunkf it Poduct 1o
| ntegration process2f orcahgrentansurulator 232, ate.aThe ‘WﬁcP’%q‘-fir's periermed jn
' 35 in conbination withreal ltime,pascsutisequente teans retome. available drom A/D
\IQQT? 3/883/7?2 198 converter 22. As is iqoliv_entional,,the subsequenc?s usually span a
single period of the repeating C/A code. After an inner product has

been computed, the coherent accumulator contains a sample of the

25 cross correlation ofthe received sub-sequence with one C/A code

cycle of the replica signal, for the particular C/A code, code-offset

and Doppler frequency generated by the replica generator. The

inner product operation Is repeated with several following sub-

sequences from A/D:converter 22 while using the same replica C/A

30 code sub-sequence. The subsequent inner product results are then

"squarer ‘29 and summed in a non-coherent
accumulator 30, yielding a non-coherent integration of the coherent
processing results. The otttput signal of non-coherent accumulator

30 is examined by a threshold detector 31 and a "signal acquired”

1s command is generated if the signal level in non-coherent




- 18- power | arge-scale integration processes are being

devel oped in the I ndustry (e.g., 1.5 v, 0.35 mcron
conpl enment ary net al - oxi de- sem conductor or CMOS process).
Wth the GPS system as in nost DSSS systens, the SNR is 5 very

| ow bef ore sW@M4BP278% ocessi ng, and a substantial period of tR¢E/USIT/III08
recei ved signal nust be processed to yield the high SNR correl ation

peak needed for reliable signal detection by threshold detector 31. -
For normal civilian GPS applications, approxinately 20ns of signal
fromthe RF/IF section 21 nust be stored and pFocessed. To keep 10
the nmenory size small, the signal from RF/IF section 21 is sanpled

at a lowrate and is c@eemulater39 isrsufficientiywhighy sVhen Bosignalvisl acquired, a

FT (T ochtl on) aceur acy gl Sg. moiors WA gsdoitsd CiK c06 ek Galfifs naen,
can be calcul ated f romxgﬁégﬂﬁ?etggég gﬁé“i%:a g cemmangs WPHOPP‘GY
1s an error of less tamramasémehheﬁcrungammummcmam dooa alfterarite
offset is measured by GRS sareliité) aRPbeghr ahothar . %rf ®E5top if sutficient
associated wth the cr eak. In o J {p%t ufficien
the invention, a seque%@gﬁﬁéﬁh@él’\gge BPBWHBWHA:Z#%ﬁ “ﬁk‘&ﬂ?&ﬁﬁﬂ‘éjﬁd after
30 are generated in orthe severahaubseguencesptioon. AYDdeonvértert 22hhave been
- 20 holding the code ip ﬂﬁésﬁiﬂtm%'n%lﬂé&ﬁﬁi&ﬁﬂsmﬁg b @ratq?rzq o
» correlation result is t ol at1 orrtnm

. to the sequence of res%t?i a‘ﬁoapﬁ{é (ﬁA Fﬂ%%g?'apé@m% ftaqyencv
- correlation peak i esAsnsaachd. sateliite d sigoal det acquitedacgontrbl @ - Mpﬁ&s ahe
a code chip is achi evegssuidied e6de irides, ém gﬂwagn@bg%g; gggu%? % GPS
25 twice the C A-code | onal

don't achi eve the desi rlégél%xéaﬁrgﬂrfﬁ?oﬁﬁ - R progessing uats, shown)

. acqui sition; instead, some Rfevisiondor isparchingealt fersihleG/Axtddes, byde offsets
. sanpling the signal ataad\mﬁ lah@reﬁbénd@ﬂﬁmﬁhbl ﬁrahaaandoﬁw'zwsésbas th
" sanplin hase as rt ar a d 8
- Al '[rgr na'?l \F/)el y, ot hg’? c % t %S&&i %‘{fey%" gghﬁ?' r?@"l’@ﬁﬂ‘ﬁ to a
. chip tinmng accuracy W‘Q@Wpﬂqﬁg generatory 248 andt offseti peperater 244 Offset
- code chip rate and notgeprajee 24adprovidector ammmmmm ganerated code

saml (ng rate.requt r esoPRek 1R BREMEEGEIE s fhdor B3 e, 6 b sveamy,
98/ 02759 converter 22. A Doppler 1/Q generator 242 genmetasia 198
- 19- 2 digrtﬂlhwpﬁ!ﬁnﬁtrohfm the Birusbid Alprbsunting the ComBinaione! |

D oot or uses O DoBpiet ‘st ahiely SRfaR Fodlioney iy dfslihet'B) 1 "°
representation |evels. %%ZZ-amA teplica 5'9"31 is Qeﬂefﬁﬁﬂ By adouitipliar @44 1as thecoded
in sign-magni tude for nproducti of thisl smusord and the C/A code replica. To insure

detection of the GPS srgnal the RF/IF section 21 must generate
2s bothan m-phase () and: ‘a quadrature (Q) output signal (not shown
in Figure 3) and the _two__srgnals must ‘be processed for signal
acquisition. Furthermore, each of the | and Q RFAF output signais
must be processed with: both the | and Q Doppler sinusoidal
components, as is knownfby those skilled. in the GPS arn.
yproach shown in Figure 3 requires the
receiver output data from RF/IF section 21 1o be processed as soon
as it is available, and-processing is constrained by the code rate in
the received signal. Th rchrtecturo for an improved sequential
DI r according to one aspect of the
35 invention is shown in Figure 4. The architecture is similar to that of




5 two data bits. To insure signal detection, both I and Q RF/IF out put
signal s nust be generated, stored, and processed (only one RF/IF
channel is shown in Figures 3 and 4). The use of three or nore
representatioqn le s can provi de substantial resistance topcTrse7/13198
mterference%? ﬂ%ﬁ %GPS si gnals, as is known by those skilled in the
10 GPS art. However, a smaller data nmenory is required if only two
representation | evel s (one bit) are used for the I and the Q signals,
and this has a cost advantage in sone applicatiléns. In one

enbodi mrent of the invention, the | and Q RF/IF output signals are

157 Suffichont Srﬁﬁr S e ey nard e tongg Ry bl added and
acqui sition (e.g., é&“’%ﬁf’%ﬁ'&f‘?qg @ﬂ &PYrFPMfPs‘a?ﬁ&

and both | and 0 RF/IF singalaupplied hy Hﬂlﬁﬁ@uoatztapppoxemqupgnammat by
sanpl es per code chip V\Nﬂ‘cémnbrﬁz tilﬁrnoﬁﬂﬁﬁ'ﬁm sﬁﬁiﬁhﬁ ?YBtn‘iH e set at a low
170,000 bits of storage are re uir i gha

20 For conveni ence,’ t hROR-MeQe E‘PQ 821#'53@\) efg "'éivoaéostpws a
separate | and Q rrermrlbsgth\/llienpmrmgnai@uﬁicmnwmgmﬂsachmmon and allows the

sanpl ed, converted, andRFI'IP 's@étiori i@d fFfRed 61 aftéf'stBragde’ 'Tﬂf hikitiBA Brocess

t he recorded data can b rocesse sequent.l al
met hod of this |nvent|o Jeading ang possibly 'e"efg'"grlé?)f’ oreddn )
once during the correl amsmonpr&oaegy foonsgmption is thereby significantiyaréducedf

code, code offset, r 114 &*q-}, syt ure
4, the sequence of stor d 6 :ﬁl QIF 3 eszgrgai?sgjngs s'?rq;fmn:dioﬁig
menory 33, one at a ti %eﬁ?ﬂf‘@ S$ing 18 N9.lopgey,gonstrained by the

menory 33 is nmultipli edcm;e rate Qfdhaebpeindd rngnab.nps awotgd ithprior art. The -
sequence I rom ; qum?gi intdYer Hipul 0BT finfpling4ratealBils iHd & ur&wn pARdssor to
. sequence or data segrren&gpf'ﬁﬂgt ﬁgwg&ela%ggn%ﬁna& fb ' time  differences
generator is craftedsfotnesded fon @etpmnmw@e bca&rbsnlytm) while oeipgla:much
frequency under test. Tiower 3afph ?’fraiahe\léEfWﬁéh BRAUPIE SNP is not too low3or
%032/58335'95 the cohereptg 'ntcc@rra Irg(?uul'eme%s ard nat loo E%R i3 oW r?g'n-m%'ger
- PCT/ US97/ 13198 sampling rate allows the time ditferences to be determined with
| gs oneI full cycl e of themﬁé.énpae&naw:ﬁat ithe lodhvEhtidria? CRPNIS abdEP/N code
oLt 0, 27 o b ey IV T v cosas
- After each 1.0ns segrrenp hase-lockash deanyfon ngmpan rasd {he early-late deiay-
cone n accuril i of ZcRckepiapt e Yacktg oo iohn bt vcen
:[sqﬁar ed by sguar er 29 and ad%gcwpew ggﬁi‘?’ﬁﬁ "?;ﬂ:%?ﬂ"’ﬁ %fgdgg segment in
Before the first 1.0ns Swemosyand seseadiag theimemory aginegrded &g pracgss different
si gnal , non- coher ensacg@p biisOis tHat ithe '@iRlation Frocess ¢ah take iphdce’ bved a
10" accumil ated result [ERLEPD WhfobPldll SOLpRAEARINIRACBEray W6 1o
local oseillator instabllity or maccuracy Furthermore, if the stored
signal is also used 1o derive the time delays needed for the
navigation solution, there-is no need to maintain accurate timing
| jisition and tracking phasos of GPS reception. For
appucatlons where the navigation solution is not needed
immediately after méasurement (e.g-, asset tracking), a very low
" power GPS recsiver e constricted by using a very low-power
integration proeossi?fqr . sequential ¢ eorrerator (and other circuits)
35 in combination with a. low-power data .storage memory. Very low




particul ar code, code offset, and Doppl er frequency specified by the
replica signal. Simlarly, the coherent accunulator is reset before

each 1.0ns segnent is processed. Threshold detector 31 nonitors

the correlation score and produces a "signal acquired signal if the ,
15 score i SWPSRRES9 t han a specified threshold. Upon recei RCTBIUIS; gnal
. acquired' signal, control 35 perforns a sinple peak-search and

- interpolation algorithn1(described subsequently) to find the best -
. estimate of the code offset associated with thg.given code index and

. Doppl er frequency under exam nation. Control 35 then selects 20

. anot her code, code-off uenc conbi nati on and

- commands replica generg‘s‘&e ?@% %&'ﬁﬁ%ﬁaﬁgﬂpfﬁ 7% bQing peyelered inthe

. change. The signal ac IEustY of®-gr ot-8¥s 9.35 ajicranc cofmplenmaritary p Insetal-oxide-

. replica signals corresggmiGonducter orfiCMOSisrocesspde of fsets, and

 deslred nunber of ePS si gnavah| ?#"ﬁﬂi‘*@ié!ﬁﬁ@sﬁ%%vgém the SNR'Is

" desired nunber o S|gn

acquired. Control 3% tYRMW %W @ssignalprogessing, aridyasubstanstial pbriod of the

ind ces,. est g:a;ﬁgl of fmwaaammwmﬁ ﬁ&ldﬁlﬁiﬁ‘f)drhaélgﬁ clirblbtion
processed sequential | ypeak needed fop regéal SIg g'rﬂ?;‘@%"'gw ﬂfeﬂﬁ‘%detm Process
all 0 data) using one E@rgiermal civilian GPS applications| approxibtately 20isvef s:ghdFl gure

4 A:Eernatl;/el y, the fromithe &F/IF section 21 mu@?BGt rd&ta?ad Brf8%§§

- simul taneously usipg e r Ors

~ event, to insure SI gna f‘ gﬁ%’hﬁ I%lf%ﬁmafl (:F'Qﬂ rom REfIF °°€ bissample

~ processing nust be per®oRreW @8 @ndhis auantized tor gniyica dew levels ForBEivmamd t he

Q nenory data Thus t heagplieatoris; contemtiohalria 759
PCT/ US97/ 13198 caop PBréciVers ipically achieVe 8 GPS

| they can be processed seﬁﬁ%ﬁﬁ“"éﬁ"ﬁ"mr?’a‘”s{“ﬁ&'% GPS fxes with ¢ ?aﬁ"&ﬁ"acy
- or sinultaneously witHanPeicalculated from signal cade offsets thatane imgasured with

met Eod t he corrFI # i oan emoribf leBotharhond terith ﬁﬁmm&%ac ?N'ﬂrﬁi §nal code
Wi t aglvenreplca%ff;% er._freguenc

5 is calculated as fo Eﬁaa#ﬁg?hg ﬁtir}gea%g 38& ﬁ%e%&ﬂ gffset
accumul ators are r eseta’{sBc iatac, with1be GrR8s-porelatinn, peak.oini ene embodiment of
processed with the | Dbpphentionpaisequencd ¢fTesulty s FiondhaRmY abctrutator

: | at ed th
S processed with 1 ﬁggﬁ ey h Hrder O e dBRIY YoriBh Totplsnt whie
10 further accunuf®t @ codn dndex and Dapplesifraquenei: conatant. If a large
coher ent - accunul ati on corealtion esult és cbsemveddam interpokition dlforithm is applied

- added to non-cherent Ctgwegloxﬂﬁce"’g gws%ﬁ %g@jﬁ"f{éﬁ?{aﬁég%{am with the

is then reset. Next the 'S process

Doppl er replica and ¢ rRoTERiAtian %qudﬁ estimated. Acodarafiset-accurrayiaf one-tenth of | s

- coherent accunul ator, abode chip i$ achieved whilscsamplingthe Sl ai approkimatel

2T u her B o, Y MG 5. S Mk,
achieve the desurod one-tenth chip accuracy dunng signal
acquisition; mstead ‘some do so during code synchronization by
sampling.the signal-at twice: the C/A-code chip rate and tuning the
sampling phase as’ part of the early-late delay-locked loop.

30 Alternatively, other co e ntional GPS receivers achieve one-tenth
chip timing: aecuracy_by_ ampling the signal at ten times the C/A-
code chip rate and noting the code offset, in one-tenth chip
increments,  that yiel he largest correlation peak. A reduced
sampling rate raquires less mem

memory and lower processing rates.



coherent-accunul ation result is then squared by squarer 29 and
added to non-coherent accunul ator 30. This process is repeated for
20 each 1.0nms nenory data segnent, wthout resetting the

non- coher ent ? Hlﬁ’k@t or between segnents, and requires two pcttfuserisies
read cycl es .ol bo the I and Q nmenory data. Acquisition tine and

- energy can be reduced by using separate | and Q Doppl er

. generators 242, multipliers 241, and digital correlators 23 to process

25 all four 1-Q conbinations sinultaneously. -19- I n one
conveni ent rendition, code/ Doppler generator 24 is conpri sed

. of Doppler 1/Q generator 242mhggiNel af the lﬁﬂﬂ%?@lﬂ%ﬂ&éﬁer 22 1s well below zéfb3:
- of fst generator 244, and ng{“t | 241, ')é\ﬂp %E pN

Doppl er 1/Q generator 99 99%@&99?"5“8 iRyFY 'egéﬁ'ﬂ@ @ A/D convertss uses
~ representation of a sinjusbthre®appeopniately abosancrepeasentation levalericach sample
relative to tmhieysﬁ/e”pnl) reyeas Bo GitVefidftly feaéodwmn mnitide a%gqging only
. frequency and phase 1l . R%\‘L ;fé’ F%S%QQF G{Qﬁcﬁg 3&"@@?@9 FAF output
~ control of the order msrgﬂalshpﬁ&td)esgmm'_atedx stosed, cand procgssed (anly oreaBF/IF
\?;\15) 9§3/ebg'7159by address degarel i®3heWA IRFIGHE W bRE O The Usd! 6 thrd¥ or more
. PCT/ US97/ 13198 representation levels can provide substantial _rgsistance to
. address, respectively).intarferencsd by nan-GRS\sigoald, asisdnaworby thoss skilled in the
. known to those skilligd gpg bR, Aovevér'a Eﬁﬁll@aﬁtgn%ﬁeﬁeﬁ reQuitéd it only two

known state nmchi ne can be u

| bi't
- the proper order. The ﬁ"?éh"r?ﬁgg?elaei%ﬁgﬁﬂ 'ﬁ?@ '6'21 8 Irgfg\eosngnals, 5
mul tiplied by multipli eam:Mttna &asi 8| dosthadvantage: dnssamel apmwta on poe

; s;earcgl ngdall fFaSI b:ce emﬁa?mﬁn??rw fvBRtoH, dﬁfl%daotaw Q%E?Esgﬁﬁlstdié

. stored code replica fromsa | e a u e

- generator 244. Wth theg]@lzﬁﬁ %ﬁﬁ%ﬁ’ds'"\gﬁ%f%&t gﬁég'}lf éé%gmg ?yfength s

- satellite-code genenét osutfigciant 30 pholdi thel antireodataosequence snegdedc ta: achipve
the Correl ati on process o Tinrne: 502““5’?,3?“‘: 1 G0P LI U chips pef i Sécon]
code offsets, can be st#8P 5’% 199855&93' 9&5&9*’%[388 Sty b

bi nary address counter.samples per code chip with| twap bits tpe¢ csample. approximatelyn
search is conveni ently 170,000'67e of storage até requirdd foalthéebﬁets@mlaegnﬂm and

of fobts.  Then tho. baBpl BPF ?ﬁ%ﬁ? o 1 and Q data can %{é&%’g" s o o

different code offsets Separatecé R:memories. When ﬂl& a@n[‘las been
accumul ator 30 can be i gg l&nb@ﬁbe?&daané%f@dd%e recelvercanbemmoﬂlaauors

one for each candidate de Q a. sequence, of 20 adj acent
- offsets. This accunul at&f‘ 5{??2%8 WB?P&&Q# scores for
~ adj acent offsets to be simil l'hmmﬂﬁﬂlammwcéﬂﬂi Invention, the stored data is
. interpolation al gorighmrggiaydee W)lGﬁhd(liufrmﬂdtﬁd"%omhﬂehlﬁmeéésefbr each

val ue associated with t%ﬁm%ﬁlta\i% of E&de; cB88 ‘Stisét| afla DEGHEBPEAIR! In the system of
Figure 4, tha sequence -of stored digital data samples are read from
memory 33, one at a time. Each sample of the sequence from
memory 33 is muniplied by the coresponding sample of the

30 sequence from the eode/Doppler generator 24 in muitiplier 231, and
the result is aecumu!ated in coherent accumulator 232. The
sequence or data segmem from the code/Doppler or replica
generator is crafted fo"fa'pamcular code, code offset, and Doppler
frequency under tast. The length of the memory sequence so

35 processed is the coherent integration length, and is typically chosen



interpol ation algorithmis used, the peak offset value can be 25
I nterpol ated while using only a single accunul ator el enent.

The total acquisition time can be reduced by processing

multiple offsets sinultaneously. For exanmple, nultiple di %I t al

correl at or s W@ETShe used. each driven with a different|y *GUSTEFLIo8
version of the replica signal. The different del ays can be 30

i npl emented with a tapped delay line coupled to the output of

code/ Doppl er generator 24. The different taps2@an then each drive a
separate serial digital correlator 23, and the results from each

correlator can be se r ted

associ ated el enents o aellli]%lr']')“(: eéle"zsheelccunu at %icﬁ 'r% g,bnmllllsecondsv@us)

98/ 02759 Several (e.g., twenty) adjacent 1.0ms memory data sEgmenso ard 3198
- 238 - processedvin ahisemanher withdit crangingetheveplitd 38§uerte! hat

provi des for p nel f sjtiaon,
according to anot her After Qﬁ’ér{" 46% Q%eﬁk gﬁfﬁéﬁ%ﬁ%ﬁ‘t ﬂ%ﬂ%ﬂé #{BW? M
Figure 5. The acquiSsi tGobarent accumulator 232,7@Rrasents the crassxavalationthetween  of
[F)Iogulr e 4, gxg/eﬁt tgat thée1.6msireplica and data Segftienis edquailic:seﬂ ) 2T Rfe, vellié 's.@'
ppl er an code serta rea ry are

now replaced with a p%&gﬁf%%gw%?g?&mg@ddw 1o noni-Co "% %,n}a pl er
and P/ N code gener at orBefere, thenfirsy Lams| segment s P"OCGSSGC' for a giwenoreplics,
respectively. One aspesignadfndnicolieremccomuiatorsB0 e réés to zero so that the final

aesi vel y paral| el (AR ol hibrbléeR G o) PuiEA Rl for e 10

The anal og sunnatlon N, Co Nass
organi zation of the miRsicuiancade;, cedeefisateanst Doppler trmmtsapmhed oy the

el enents, provides forrepkca sigaariSimilafyethe nsbherdt Becumidiator i%nfasbﬂbefore

Lhe gorrelation proceLhey ol im8 2Bafont Y Bch b, Fheshol g SREF o1 Poritors ¢
squarer 29, as descri 3B® comBlatign&eore, and produges Bl ‘signal aequitedt sigaal if the
al so takes advant age cécowitvlaryarm alsweeiﬂedﬂhresmml Bmﬁ'ﬁfe!pt of a “signal

nmet al oxi de sem condug&@ g}ﬁ %Eg]%gg*aéﬂ:h and
_ achi eve | owenergy use u | rcul ts

" by the charging and dﬂ@'&ﬁ@%ﬁfﬁ*’"&h scriRed E‘é‘ﬁ?&l‘?&'ﬁde’@ fipd ithe Dbest
20 energy is used at mmmweld{fsgmmciatenmh the(giverhcods index and

whose capacitance is |%F r'esl o V%h@ﬁhﬂbhe %Eni-gkhejs é}ﬁ&r Ridbets

. code replica generators ar al
correl ator are org#hi Anet Qf‘?ﬂ" f*#é ﬂ%@”w eRmbination and

© being charged. and di smmi@]gahuamnoanatﬁeﬂepﬁml to reflect thi®5
wavelorms for the izsé "Q %hek'séﬁt?%'ﬁs'gﬁﬁ W Hpbalft o, mutiple
no Doppl er shift. Digif® IWT@ ﬂ/rptl%& %P&%I %t 89 he
ila}:)acgﬁ\r/rg;%/e?szizt becmmﬁi?ﬂ::g&g? Mamz;fdmftop:;daﬂn the 20
erént have been
paral | el output so thatm n&onggpggqﬁenﬁggtcgs |ass gﬁ/aolu‘p:??s? na‘ tt he
indices, estimated offsets, and Doppier frequencies associated with
the acquired signals. '
The | and Q- memory data can bo processed sequentially,
30 (e.g., process all I data, then process all Q data) using one digital
correlator 23 as shown in Figure 4. Alternatively, the | and Q
memory data can ba processed simultaneously using separate
digital correlators. in any svent, 1o instre: signal acquisition, | and Q
Doppler processing must be performed on both the | memory data,
33 andthe Q mamory data. Thus there are four I-Q combinations and



out put simultaneously. Also, a shift register 1004 is |oaded with the
chosen replica signal and is organi zed for a nmassively parall el

output with the sanme length as that fromthe data nenory.” A sanple

of the cross- corr on (i.e., the inner product) between theraskoaine
35 data sequ¥R8 57% paral l el replica sequence for a given Doppl er

WD 98/ 02759
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: frequency, code index and code offset is genergged all at once by

. parallel correlator 1000. In paraIIeI correlator 1000, each el enent of
- the nenory data sequen I|ed r

- elenent of the replica S Fﬁﬁ%f%ﬁﬂ"&&%@nﬁ% ﬁﬂ#l?g%gqaércopﬁlamr
' 5 an array of nulti plaresmultaneouslvt withi switiple pearrelatgrsal In ane  sequential
thecorrelatol output. t"‘?{%‘%?"é?ﬁ%"’%@&z%”ﬁé O e e, uerce
. code offset is generat ¥t PP&F&DW@’ Wgﬁfg“@g %PE;@QF‘ @9&??24 é?ﬂ“ency
whi | e hol di ng the msnoiy chitulatedaasofoliows: Aistr thet icobergnt tand meptdabarent
10 signal can be held Y ardli fegef 16 Eaavrvhﬁattﬁe ﬁfﬁé’thé&e@lata is
In one attractive enbodi nent a irpg? MY nt1.on Egrt at it
output data and repl i cP'QERFFAA M the, 1 Uoppler tan jj ﬁarP"é’““" result is
- single cycle of the C//aocnmulatethh'l ﬂmmmummumoge‘ﬁmammmdata then
- the RF/1F output signal; 'av wi\atﬁ&dbepbﬁmpuéaaaewwﬁélaﬁwm::.s
- 15 sanples per CIAcoe p and g énm@‘gtoth eve' ﬂ}egru&/
 converter using a tH gq‘F-"Hﬂ&‘l?ﬁt s 2CCHMY 'RE] al
and nunber of | evels- a\mhéum“umngtioamsdlt is then aqumd BnRquarer 29 and
~ degradation if the A/'D ddyel S:B%&uw&ﬁ: aéc%nﬁ.ﬂéi@?Qbym@@éﬁ&enﬁﬁdcummator

_ ylelds sequence | engt hs r .o

~ sign-magni tude for mat dFItBRB rgsgtr g ‘F?ﬂ é d%§%és l%%?fsﬁﬂdt‘ﬂg?%
nultiplier array descr i Depplemn seplicanandr the tM@!ﬂWé ‘tReult accumulated in the
lrepr eﬁe“t ations, bI vl '%e@%@cum&tmﬂiﬂdmhmwdamuemocassed with the
arro o e Pogsie ar repima BReooidln ey venefimb s by
Eg(r)gl | el -C;)Zt pu;[]I -1) and luehOﬂ mmmlam é@gza the mggﬁmm”w by ter. Thente &%ﬁt o{j

, a code coherent-d¢elimuftition ig ahe oaret code

sequence and a di qi t he
digitized sinusoid added to '% '@(Zﬂ?g?@é%‘@h&fﬁgadem reaé%%asgg%%%o pl er
frequency. A 20 30eachul 1.0p1s eMemBUR  siatac RegERNty M!h?\“plﬁeégml"ﬁe B8 de
and si nusoid non-cSIfStERT @csunitilator Betveen sagdnhﬁalanueeqmmmhﬂ

1008 to generate tead cycles °qeb°tﬁw'%ggﬂﬁﬂg®ng Wgﬁdl S

shifted into a paralle re&wa
register 1004. energy can bemquammxs@sqlﬁemétq é Happler

represented in three |e yﬁerators 242, mfiipliérs 241 barid digitalcorretaters 23<ofprocess, or
- atwo-Tevel (one-bit) s l?f&ur?-ﬁ%mbinanons simultaneously.
In one convenient rendition, codeIDoppler generator 24 is
compﬂsed of Doppler va generator 242, satellite code generator
243, offset generator 244, .and mumplner ‘241, as shown in Figure 4.
Doppler UQ generator 242 goneratas a digital sequence
30 representation of a sine or cosine wave at the desired frequency
relative-10 the sample: rate, and can, for example, be implemented
with a Read Only Memoty (ROM) dﬂven by an address counter. The
control of the order in which the stored slnusoidal samples are read
35 (e.g., by address decimation and by ‘selection of the starting
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as these formats reduce the conplexity and power consunption of

the parallel correlator with respect to a format that uses LiS. -
Wth only twaesa3rssf ewer | evels, the Doppler conponent in Fﬁ@h&ﬁik{ﬁ
replica sequence wll have high harnonic content and these 5
har moni cs can falsely correlate with an input signal. This problem
can be avoi ded by choosing the RF/IF |ocal oszczl |l ator frequency so
that the RF/IF output signal is substantially“offset from zero
frequency. By choosing the offset |arge enough, the harnonics of all
resul ting necessary D@ggrass. fﬁﬂ%ﬁW?eﬂ@@h@%‘ winusoigegenaratosy @re also
10 the highest Doppl QhoWQRblthasérsRMGrtm(heEheFOﬁlmlePSImfmbzhdu@slﬁwen

known by those skille

| f desi ?/ed t he Dloppl rep 8%@&%%’(‘:§Fevép%gmg%§ g%é&?bﬂs n
using nore bits in théhWrWQRB Tas R QB%@HB@H%‘?@Q@%&#‘W are
and nore bits per samugtiplied the muttiplies 241 egiyidicthe teplicy signal. /Provisioh!for

acaqui 5141 on | mpt ehont ASERING o 16dRicHd Sofé GAteid e atpiad B S B

segnent of an enbodi msteredicodecreplica from satellite gode: grneNSlar 248 using|afisat shi f t
register.1004. and pa gnhfé!oﬂoﬂﬂ aWith the state-machind OQRpldméntatiss bhe

replica generation met Qéimgwgiq r‘&ﬁﬁ?ﬂ#&h icular code off lsd&}e&ﬂ%

replica sequences use
representation, and® smfﬁ%eﬂ'm‘hﬂ) iagdathe pesasiated statebaiarg staning

33h shift rlegl ste][ 1gQHecaﬂd|aqonrpeb¢§ssrTﬂamcarsm¢§ .iconespondiny wodiflerant
ot her in columar fashi t i

correspondi ng sanpl es %mé'% ?éq g%gg@gga%ﬂgeaﬂ/%n&{ea %a simple
conveniently fed, in dUBayasaass coudtal. corresponding nultiplier

1200. Wth sign-magnitude ijmpractice] umsaafwmmswmtd eonvenigntly peifprried
or 1 fromthe two {npyj ﬁ@ﬂ%@ 3%9

either -1, 0, or 1{5as n ou &fqﬁg E@# a@Jse#p igt?greé angﬁéﬁzﬁi?::én
converter 1300 conver ttBraughh lﬂ’éﬁmammﬁsp? %t‘%t QRRiaE, freqyency is
30 analog form All E&h’hngedvmﬁdertwtdlﬂbreatgm ofisets urared resexhmineg.

furni shed to a commn gyl Rifeds éﬁ‘ﬁ ie?ﬁbn%& 8! hitdy of
result. The anal og sunmation | s convenl e LISI n _
charge summation, but afcugiuaters,ongder eger‘g@/ﬁ#?% dP@ g?q}@”“ of

possi bl e. This sunzmt i adjacent foisetss ‘Bpataceﬂmqlamrfarmmzata,omalm the scorgs
35 1ow power, does nofr'g&fiddnt GHEGts 18! 66 siMURINGouSY Jelaiiked Ysd t- an
interpolation algorithm can t_:p_ applied to find the sub-chip offset
value associated with the actual score peak. it a sequential
interpolation algorithm is used. the peak offset value can be

25 interpolated while using only asingle accumuiator element.

The total acqunsmon' me can be reduced by processing
multiple code offsets simultanaously. For example, multiple digital
correlators 23 can be used-'_ ach driven with a differently deiayed
version of: the rephea 8 nal The differant delays can be

30 amplomented with a tap Jelay line coupled to the output of
eodolDoppler generator 24 The ditferent taps can then each drive a
separate serial digital eorrelator 23, and the resuits from each
correlator can be separately squared and accumulated in
associated elements of a non-coherent accumulator array.
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Anot her advantage of this parallel correlator architecture is that the
code and Doppl er se%ences are programmabl e, allow ng a si ”?E%ms'gmsms :

correl ator td™P search over nmultiple code indices, offsets, and
. Doppl er frequencies in the acquisition process. 5 Figure 9
. shows one enbodi nent of one stage of the t wo- sequence paral l el
. correlator of Figure 8. Miltiplier 1200 -23- generates sign and
magni tude output bits that control sw tches 1400 and 1500 in a

SRt on capaci Lo 1100.1 oy LOENRS BP® ecer Schitecture that proddstion? |

 rail or a negative ref &'oé,&]g%ﬁ-rpgl r and {%%* §h‘§h?&‘f’s‘§%’eﬁmm to°ancther

. voltage rail (e.g., gr@spest ofiibe saventiongihshewadinbirigure v $hepacquisition

. procedure. First the chasqifech®ess simiar to tisatiof Piﬁur&h?%xﬁﬁbtathﬁh%ﬂ%eﬁal

: reset switch 1600 and fs@r. kn&&sfv'\ntch 1.43800| L&ag II&I correl ator

| stage to connect the a ARG, 3910 ?Q??'h@"%ﬂ?fﬁﬁtw Rregnargrs, and g

- rail (ground in Figure seyalyread meaonuargaovateplacegsii @ paralidheorrelator 36,

- charge reset line is S%@!&WOWWWPNWQERGQQWFB?,@ﬂdlﬁ%rﬁﬁﬂmad

- allow ng the data and rrggnlgca;#al ues | n--e§ch ar IﬁI#e c'oier’ﬁ{ at.or st?‘%ed
to control the associat BYoPe TR EPertiyRly: o e ipvepiion g a me

1400, respectively. Thifor massivelyppgratiel analdgrsummatiomin the pacaliel correlatar0

charge does not accjgle Py hhﬁog hsdshiiRation TIREOABinGAGR Withthe rRudively paralle!

time. It is advantageous . L hi : correl [ be

' inplenmented in | ow costo"g%GS%% n pr o@@és é%?' u;sﬁpﬁﬁa,a'iig'a?’%@aﬂde,“f""a‘?'

met al - netal " cross- overelemantsc pravidesaion the dramatic) ime aodi enesgy redustions in

Fi nal ljy g It is advi'mt aletﬁe!e%rrbm’bntﬁgscﬁsarrae aﬁgm@sdrﬂaaﬁaws@u,is converféd

sunmat on |1 nes. | 16 dighai-fofn By k) ZHiehes o wen oW b4, chEigoH Gt

| generating the replixa squarer 29, as desgfibed sulysenuentlys The peraliel pechiteetureind

Doppl er replica sequencgigo takes advantag®'c? &drReftibrial I6W: ecomplementary

paral | el - out put registers, . ' [ . .

code/ Doppl er generat or 'ﬁé‘fb%@ﬁgﬁgﬁéﬁpﬁi@?ﬁgp@&'@ﬁ? ‘_'3'8}?']‘?%""'8%3’

sequence and this sequeaghieveslowranergyiuse:Bnergy-usain CMOS gircuits is dominated

register 1005. Sim|arlpy the chaigingZnd discharging of eirlifhode tapdtirances; little

coce ool e ener 2 bl g o AR SR prenin) r .
sequence i s shifted i ntwhesecapasiiance is small With dys inventiamthe Doppler and N
98/ 02759 code replica generators and registers, data memory;TaniEparRl o8
"2l correlator are organized to minimize the number of CMOS nodes
being charged and discharged during the correlation process.
2 Figure 6 illustrates the paraliel correlation concept and shows
waveforms for the eajs_af%ﬁ.whare the received and replica signals have
no Doppler shift. Digitized signal data is written sequentially into the
data memory as it becomes avaitable from the RF/IF section 21 and
A/D conventer 22. Data memory 33 is organized for a massively
30 parallel output so that @ long sequence of data is available at the
output simultaneously. Also, a shift register 1004 is loaded with the
chosen replica signal and is organized for @ massively parallel
output with the same length as that fram the data memory. A sample
of the cross-correlation. (i.e., the inner product) between the parallel
35 data sequence and parallel replica sequence for a given Doppler



Figure 11 shows an enbodi nent of the data nenory 33,

code-replica register 1005, Doppler-replica register 1006, and

paral l el correlator 1000 that uses the replica generation nethod of
Figure 10. A separate code register 1005 and Doppl er regi ster 1006

5 are used, wo&ldy90 separate nenory-data, code, and Doppl R¢T/US9I7/13198

. sequences. Sign (S) and magnitude (M bits of correspondi-ng

- sanples fromthe three sequences are fed to correspondi ng

- multipliers 1201. Wth sign-nagnitude input values of, for exanple,

-1, 0, or 1 fromthe data and Doppl er sequencé4- and -1 or 1 from

. 10 the code sequence, each nultiplier 1201 generates either a -1, 0, or

1 as an output signal . trigaenty, codeMdexLarid bbdebisetiis ensidledaR at'dhca!ty

BT BT T, SR T 0t e e

- Figure 12 shows one enihsiimemeryodata,sequenps is muitiplied by thelsorresponding

; E(r)aﬁ Isgqglenmcleapa{glItﬁlaléiﬁémeimﬁé)feﬁuéaqu%&ehés;nq'h%ﬁgé 'd agfhu&fpiwﬁm

- Figure 9 except t ha? t%&' ré"% ?tlt \Qﬁ‘"ﬁﬁ h iQ? M@‘ ®lis %’ip%r bqﬂags

1205 to allow the separsan'dta;mesvégme,d tpffarm the apherent: processing sesuithat

ol ti Iol It cati o]p Ir: esul t. the correlato? Butput. The ldtherei® p?dﬁis&uhﬁ@&s&ﬁﬁﬁb‘ﬁﬁ%jd&éﬁﬂ' : el

~ correlators of Figures ur a

' sequence parallel corr@gg?o‘?@“ Is genera?ﬂdb}% ?i%g%g 8gfsﬁg %'\%J%

- sequence correlator, tMhilerhalding dkp aemory data stationary. Atemnativaiynrthaeplicad one

| oftthetcross Co”tehﬁt'%lbn"a?éﬂf—‘ﬁ@_l?_ﬁld(s\émnarywhﬂethe memdryidatd Rshito"Posed

. into two separate sedquen i on,can

. applied to both the data anﬁ‘??g 4&%‘“’9 embods nt Egg”&)@g@oq :}h agﬂ' to

- provide a plural sequetipy qmand replica sequences: /¢ &.0msrloeg andhspam@duct

m’slch: lnel at single cyci®iol try €/A todé. Thed1a spgUerRie vﬁfgelnﬁrétb@from
parallel correlator ma

- other advantages. Fi gu?!'ee Egnpompms'%%?gﬁsmwr%gﬂh%\%% @Cﬁdé ’F?‘é*‘yi“%é

summat i on confi gur a8 ofampies-paf{C/A code:chip and digitizing torthreedeyais withan A/

correlator, two DA coreavémdrusinga twai-vitisigrmmagnitude format. Thisr sdmpiingtma he
same si gn and nagni t “deanﬁuhawbg?'d?”ﬁbélsf b yﬁiasmg ;avoids subSanfs' Siver

nmul tpiler. One converter is |;
capaci tor connects to &egFRdatiopdt MI‘BFP pidclexpis %’HeP'GPH@Y chosen, and 35

converter is |abel ed ayigldgasequenes dengths capathet orderoohd100 samples. The
WD 98/ 02759

sign-magnitude format allows a simple multiplier to bg gé&ﬁﬁ?ﬁeml%
28- ne atl\/% ngfd “ﬁ1 V\P ?1
converter are ° P'rﬂfl eﬁgﬁYeoni? Mct?‘?ﬂ’@c s@!"PEh ragy s"at

wel | -known in the art. ripmsentations. samptlng) tams(elndrparaﬂer-anput csaquencs | y

except that the sign s'endihs brPPossible, as will begb&etésb?a@ﬁ HefReeRilieaiA He | =

connected in the reverse ense e sign swtch
of the positive convert®k. Wth the dlfferentlal nmet hod, the
~difference between ositive Wsﬂajmme method for generating the parallal-output

replica sequence. in a' code/Dopplor generator 1008, a C/A code

generator 1001 generates the desired C/A code sequence and a

digitized sinusoid genorator 1002 generates the digitized sinusoid

sequence with the des;red phase and Doppler frequency. A

30 multiptier 1003 sequentially multiplies the code and sinusoid

sequences provided b code/Doppler generator 1008 to generate

the replica sequence, and this sequence is shifted into a parallel-
output code/Doppler (replica) register 1004.

The replica sequence is preferably represented in three level

35 (iwo-bit) sign-magnitude format, or a two-level (ane-bit) sign format,




. On the other hand, the t

sunmmation results nust be taken to determne the final coherent
correlation result. This can be perforned by, for exanple, using a

hi gh-speed |inear or switched capacitor difference anplifier, as is

10 known by tho killed in the art. Alternatively, the pq&%&ﬁﬁﬁnﬁﬂp'
negative sunn§¥1%ﬁnﬁ%sults can be separately A/D converted an

then their difference conputed digitally prior to squaring and

© non-coherent accunul ati on. The three-sequence parall el
. correlation nmethod of Figure 11 15 usesz4 £ss power than the
. two-sequence nethod of Figure 8 because only the 1-bit deep

" code register needs to be shifted en .devel opi ng correl ation
. results for subsequent c%@‘eé?;'%@ag]rqw the complexity andpewesecansuemption of
separat e Doppl er regi st eheqanallsb coréldtdri withirespect to a format Bitiuises Inére bits.

. register that is two bi tyyiie&ily IRFERYUGF Te P?éﬁlé&%@é&ggﬁ%& confponehtir tnd '€

- power as shifting a register that I s on | eep.

_register shiftingis a J&Rﬁ PR "t‘ﬁn BYRer 'Qﬁtpﬁm%mﬂélaﬂd these
. correl ation approach,s t Hharmonies-casdatselyccorealatacwitls andnputt sigasll This problem
. register elenments (bi ts)@niﬁmwgwﬁgfi“g?ﬁ@ﬁé@M‘%‘" frequan%so
multipliers and theref ortB8h aﬁ\g)ifal Pput r?}/ﬂ'ﬁ?re’ﬁt subgiantialiycofiset from zero
inplenentation size dif ffeaquensy.dyrcdhoosingthe offsdtdangerdneugh/ theinarmenics of all

oD erter e 1500,  Shover | aslifg neéessafy BRpBRr-replica raquancies will be W shove
' ’ tGe hjdast BRPRISY. replica, frAAkency, The harmonig problem is

. switches to control ¥har _
. capacitors. An altenati vnownthydthaseskilled in the design of seperhetdradyneagceivers.
. converter (D/A) is showy i a5 | i

" An advantage of this enbggigﬁ{eérﬂ?q?%ﬁt g'{emﬁal og?c‘apﬁﬁc |o§°sjr§d"med_by
~directly drive the char ¢$"4,mae bitsinthe .o @E& lica, gequence representation
"~ connection of switches dns mote bitscpercsamfliiin theireplicai registerAHowever, t18S will

. conbination is readi{sy B85 ihoer 2ohbaERdand BorBlexity[Se) of the skl

i 98/ 02759

L -29- procesaf.qu‘e-ﬁ. ﬁé’P["BF?"Hi?f- and 1102 are of substantially
- the sane val ue affigure® $cshows @& shartisegmentiof RncembadimenDbf\the

"~ conversion, e.g., -1, i 1 | Sarl
~driving both pgpaci tors :I'ata memory 38, rﬁ'ﬂa@hff tﬁaqm.%?)g%%,ndt %ﬁ%‘%ﬁ?ﬁé&lwﬁ' S
~invoked by driving both 9%&9%%% the repi @"‘Fﬁ"{ﬂ% Tﬂ{;ﬁ%’tcﬁl 'PY8)7- %m%e 0
~level is invoked by riatay end replica sequencaspouse oa Mworibitwisigremagnitidey
- the other low In a multrapiestafiéi)land since the rows 8K lefiiantein\bdRnIGH Meheny
o torm thesi gn- mmgni ¢ i DHCaler"1004, and correlptor 1P, 416 iR, it 930 °°
then converts the two- biathsriedealumnar fashios the sign (Sp ang magnitide (M)abitsiof ve
the two capacitors in Eidoh%pérh?fanﬁlesdi frb® SR  two aaquance@“ cQAt igS.
by the’ bi nary code va ucongameal s, i Bach 'sdfurth. 9B’ g oqmgsponding mullpie?! °
groundi ng the capaci t or s1208. Withsignsmagnitudg-input-values ol foriexampis; gither -1, 0,
or 1 from the two input sequences, each multiplier 1200 generates
either -1, 0, or 1 as an output signal. A separate digital-to-analog
converter 1300 converts each digital multipher output signal to
30 analog form. All D/A-converter output signals are summed by being
furnished to a common output that represents the analog correlation
result. The analog summiation is conveniently implemented using
~ charge summation, but altemative analog summation forms are also
possible. This summation method is spatially efficient, requires very
35 low power, does not require any analog memory, and is very fast.



phase. 15 For a given length of stored GPS signal, a tradeoff

exi sts bet ween the | ength of coherent and non-coherent
processi ng. As the coherent correlation length is increased,
the SNR of each coherent processing result is increased but the
number of coWEr98Ha7s9 ' processing results avail abl PRSI | ng
and non-coherent 20 accurul ation (integration) decreases. It is

. known by those skilled in the art that the SNR i nproves by 16

. dB per decade of coherent process26g | ength increase, but

‘increases by only about 5 dB per decade of non-coherent
processing | ength. Thyshothdr length, the

- pro-detection SNR is |tm Za%aﬁia\éﬁrbf this gllei mr%%’?ﬂg@w&&%Mrent

- correl ati on. However, r%ﬁ i pgﬁersequences are méﬂ'mab&r[ﬁ"bmgoa singtn|

~oscillator jitter wil |oorrelamr totrapidiy:search dvengiultiplé code indices, offset§ C4akd €Nt

processing. Al so, as twmaﬁc'sé) ﬁﬁbﬁaﬂmbﬁ:}%(?éd and this

i ncreased, the bangwi dth o !Qtuhﬁu SIS b o

- yields nore Doppler bins t rRrmbodimen hefh&cstagesof the

- 30 of Figures 4 and 3wosaguencs Inarallglnamrelatoradf nBlnge @ h afumipiier N 200
non- coher ent processi alés q@q I

gener at or, regettl ng %nb C%Hh%at g n%r?B %ﬂf"'ﬁ%ﬁ%ﬁ‘m
~and bypassing of the 3&9&%9 fﬁ(&mem”m Th° swltches connect onesendatil | y
. true that the Pre-det @cchargesuﬂmmmchpaﬂtor 1100 to eRther é?dsﬂhb&efe%r%‘e“on

:3 SCT } a\ggr? / tlgfig; he @NRvBREGE rail BF adtdgalith Feterence rait’Sr 15 u%ptgdeference

correlation peak | ocal’Paqe &l (9-9. groundl The sumuis) generated: bie a two step
acquisition time and @neaegure; rs&éhmdmrgezmubuneﬂn Set loiclosing a charge

. coherent correlationsy cg% 108"
' that are as wide as t H%:;‘g?g‘ar?gﬂ@%?l abl it goﬁs ri%?ﬁ@?bﬁafl? é&?rel)exgr
5 until a correlatio GX capaciiarda the Rutpus Jefargneene
 data with | onger déhef@h{ground in Figuse 9)siThis dischargés alitcapacitbrs. Then the
Doppl er shifts near tigRa mlrggg ek sat gjgﬁeg )ﬂﬁg?ﬁ&ﬁghg&l ﬁ?‘ﬁ:ﬂtwoboand

i ncrease the SNR and Eﬁé} @gﬁiaﬁﬁ#@mﬁay@ fE ’%Mﬂgfwé&gprsmge 10.

The architectures of

process. to controlthg associated sige mctmagnnudmewnmsnaseelams
- auto-correl ation 1400, respﬁ%!lﬁélyr nm;grmg.s}e 6651:&“1%&?& WRUEdOr M
va

TP TIR SN Togn ,goe s Al sl B e el b - -
Tt O b mon 2 1 e et
: subpchl p correlation- %5@?%%{ gag;tgzgﬁmsl procesdeﬁ Whh'ﬂg ot wﬂl@t hout
~ using sanpling rates & frs AR binary electromc s"ﬂ?& t W ce
~the C/A chip rate by Finally. # ﬁarﬂﬁﬂﬂﬂ@gﬁws; thatathe charge summation can be
- non-integer nultipse ekehled Grdss multipiatiftegidtéd citdLits By siMply ¥xding\he
summation lines.
Figure 10 shows another method for generating the replica
signal. With this method the code and-Doppler replica sequences
are stored in separate parellel-output regcsters C/A code generator
3 1001 of code/Doppler generator 1010 generetes the desired C/A
code sequence and this ‘sequence is shifted into a code replica
register 1005. Similarly, a digitized sinusoid generator 1002 of
code/Doppler generator 1010 generates the digitized sinusoid
sequence with the desired. phase and Doppler frequency, and this
35 sequence is shifted into the Doppler replica register 1006.




20 of sanples per C A code chip, the discrete-tine auto-correlation

sanpl e value remains substantially constant over an input-signal

time offset variation of 1/N of a C A code chip period when the

receiver bandwidth is substantially w der than the GPS signgl-rusornstes
bandwi dt h. THYQ9%R7%® f orm of quantization and yields substantia 25
. quantization error if Nis not |large. For exanple, an offset

: nmeasurenment accuracy of one-tenth of a ¢ A code chip would

c require a sanpling rate of N=10 tinmes the C/ A-Zpde chip rate. Wth

- a nore-limted receiver bandw dth, the auto-correlation sanple

gl varies Wb LU =1 Ol 1 Sl Sy fg&%"ﬁ% Mhost ) i hetrof 35, ¥

" then t he seaderreplioasragisierpi00s Dopplarseplican regmpc r 1008; | snd

: ggsi tion as a arauaeﬁrrem moostralmahaaub Ga GanritibA riaRed ofl-

: 'S pr ecessi on

.~ to change substantiall yFlgure waA%r&P%ﬁga 'wgﬁwﬂ°ﬁb§ﬁi’g’i’ﬁﬁ%ﬂ%&@. ft,
- and with nuch smal | & tafgeused, yielding separates memenysials code,aB0dcDoppler

© di scussion has focused sygushées2uSign (S) and Atidy bits of correspondin
PCT/ US97/ 13198 &Y USign (S) Méy ?W ponding

" correlation of the bi naW"A ’E‘Hﬂe"“t ﬁ%"é’aﬁﬁﬂ'é"bﬁ‘écé&’s.%ﬂ }?et%%ras?%"dmg
~ applicable to nmultipl e-mullipliers; 1@%4 Withrsiga-magnitude input values of, for examplgi h a

replica code index and Doopbeu ffon® theedsta anthDoppler sequences, mmhemtfm of

t

Galoulate hoi sy Sam es8 0k s8udine” BaEH rblnofiet §42h&arstep ogpor a 1.8, b
" By choosing the si gnal L asan ouipyt-signal oThe giffarent muRiglierputputsignals are all
number of sanples (e.g.simbk@fgously simmved UsihgC adalogesumation as praviously

correlation results fro 10ms

- data nmenory sequences (ﬁ*ﬁ%%ﬁg@ ?%ggp%@@%# dﬁi? 10
yield twenty noisy sanples dhgurRel3aphowmiane MWB“@'A%MG 51393 of the

aut o-correl’ati on wayef omree-Edguence paciiel coreslaios of Figure 1 heTheagorietator stage

Doppl er 1requency and e&?oﬁn fsaélﬁlﬁr Whﬁ? d1Rb %#ﬁﬁeﬁéﬁéﬁaﬂﬂ‘@&ﬁ%ﬁmr of

so that squaring of the_conerent correlation resu
guar ant ee a p03| tive cofFigurediexeeptthat dhe mjtn'@rmsears@mmmwsmaqm
15 squared 1.0ms cohermswmdtw»pammm (g 10bil to)impatithé signcbfithe

several code offsets ne ﬂgﬁa éln‘e recei ved si gnal and with code
i ndex and Doppl er frequ@kmb an

ase that mat ch th Hof the i PHI
- signal. By averagin®the squmﬂ) PPQHH'\FHEP cegglators of Figures 8
of fset, a | ower-noise eand thtcandje gbmmbzcdatqopluthlrayquem parnaliell carretators.

20 value is generated e
al so shown in the figure. %@gﬁr&ﬁ?ﬁ% | e so- éﬁtFPghiqmﬂe Seqlefice
~ non-coherent accunul at i €9frelaNE hasa o?"& tha \gTP8s-goirelation. seaueaces (the

to the triangle functlorapndqpeadeompuggue jtors awof sdparatec csequences. This
- waveformrelative tg.th h&the
B ?#Wr?'e n cafl’ au?gpﬂd)% both the datda and rep

wavef orm of Fi gure correl

is a parameter of inter8eQuenges inhigengely1q  pravide GSLP&F'F&/ seguense paralpe(i
correlator or inner-product machine.

‘Diﬂorenﬂat' analog_ summation in the paralle! correlator may

have lower noise susceptibility and other advantages. Figure 13

30 shows one convenient fferential summation configuration. In each
stage of the parailel correlator two D/A converters are driven in
parallel by the same sign and magnitude output signals from the
associated multipllar One converter is labeled as positive and its
capacilor connects 10° gi_____p_osihve summation line and the other

3$  converter is labeled as nagative and its capacitor connects to the




the sanpling grid. However, using the averaged auto-correlation

val ues surrounding the peak tinme, the peak tinme can be estinated

by interpolation. Various interpolation nethods are known to those

30 skilled in the art but one method invol ves ordering the averagFg .
aut o- corr el NQBM2BANpl es according to increasing code of f SBET/UF/319

then searching for the two, |argest adjacent entries. The left entry
(the earlier one) and its left neighbor (points B and A respectively In -
the figure) together define a line while the28ight entry and its right

35 neighbor (points C and respectively in the figure) together define

WD 98/ 02759 n ivi . .
PCT/ US97/ 13193 egative summation line. The switches shown in each coguerter are

another |ine. These tiMPlIeMeRted aseloctmnic sWichascasispraibinawn indhe agt. The
ori gi Eal egd Eoi nts (tvoacahvBriers operafe igentigaliytexceptthatsiNg $ign lSwitbh 1500
enough, and the tinme j e .

estimated correl ati onﬁs@gﬁﬁﬁaﬁge %Pghﬁveﬁhga‘&gf? ‘r,ﬁefsms‘a%lﬁHloﬁe%?e with
5 two sinmultaneous eBIREFI the Sign switt o "E‘?l RAsitiye, copvertas, \With ghe
paral l el correl ator ndiffaredtial method;ithel difference bietwedny positive @nd3Regative

shown in Figure 4 or §i , | EnbkDp. SO
| ow- power parallel- co% eI a§ orrﬁr%sgggé;}l st be taken to dg{(felaﬁm’ls‘i %’%o%ﬁﬁy@@ﬁq% th
full 1/Q processing i$PRANGN fasultEhiscan:be ipgrormed by, for @xampla. using,a)
gener a;/es[,) two quadr at bigh-speeg Winear gnswlacm ehpalm_im difference amplifitaagead t o
i nput converters : a - to
the RF/IF secti on‘ﬁfand'grfut‘)’mlq §53ﬁ oié:,gmc‘:léﬁv'gr gr g’%ég&rgﬁg'y&%fmﬁ?ﬁmva and
converter 56 gener at cReQ8tiNG supmation cesyfts canbe separately AR iconuerted and
menory, while A/ D corthent their2 ditfpremcen tcomputech rgigitally Opront 30 Wequadtings and
15 stored in the datged:sRerehtaccumulation. I n one enbodi nent of

the system the input A/Dgonyerters o _ le th nd I nput
. signals periodically at appl® seqyense pagallel correiatich metmfp* 6%“5%1 | es

. per second, vyieldifg csesdesspeierthae thedwe-sagqience method of Figureyd-becausd

. approximately 2.1 sanghioSthgen-gif A %g&@'n istérs needs to be0 shitddP Whsnar €

/ i

o esentat fon, a5 deQeyAIaRAR Safieiaion ﬁf&n?@ﬂﬁé%”saﬁwnsm@@sets: the
menories are each | argpguencegn the separate HRoppler ragisiat xanchacheld fixed.
00 e o SR Bl R0 b i 4 ki o

25 Dbeen storéd, %‘gv\e&"%nﬁ\’em

: approiniately

F ko ling-Yreyo

i nput A/ D converters, regittorastjiingi isi 8rdqminant ppwer iconsumermwitiyie | parailsl

Sl o5 i th 2183 | coTUSIF BpprBcts 2hb W) sontlificd methbd 1s divaftageous.

' separate three- sequen@g %‘gr 9&"&"‘&8’?3@? aé‘@r _§°%H’é'°ﬂs@§9,hbf‘aﬁ§ﬂse&°ﬂ, shifh

- 30 Q, and QQ Toget registemaiementsp(bits) andofawesx epclusive-or gaescimtthe

- 70. The parallel g¢orrauliphes 2nah therefsreUnasca lsaiallieh Smplemdriiation. The

, sanples. The | data npineftalids Size Gitbrendl Gitninishat a3 b Huinbe?!lt'vits of
| Doppler repiica representation is increased.

D/A converters 1300, shown in Figures 9 and 12, utilize

series switches to com@l-;_gharging of the charge summation

30  capacitors. An alternative embodiment for the multiplier and analog

converter (D/A) is shown:Tor-the three-sequsnce case in Figure 18.

An advantage of this embodiment is that digital logic functions

directly drive the charge-summatior capacitors and a series

connection of switches is not needed. This multiplier-D/A

35 combination is readily implemented in a standard digitat CMOS




i results are summed to

the Q data nenory drives the Q and QQ correlators. Also, the |
Doppl er register drives the and Q correlators while the Q Doppler

35 register drives the 1Q and QQ correlators. The order of data WO
98/ 02759 PedtAISd13198198
- 33 - WO 98/02759 processing is set so that all desired replica code
- offsets are exam ned for a given replica code i ndex and .
. Doppl er frequency before the code i ndex or Doppler frequency
" i s changed. Furthernore, all desipged code offsets are
processed for a given row s of stored | and Q data before the row

- 1s changed. This wll nost likely, I nimze the conbi ned nenory
readi ng and code-r egi sPW’%iéﬁ%@mrs 1101 and 11°r£‘eﬁ'@r2f§/s'{5’§@"“ Ydhe same
nenor y-row, code-i ndexvalaedanddipgdther providedory three-level D/A conversiors&ghnet,
orders are also possi bhcandld, T8 A" %I EfhvBRed’ BY iflingCboth capacitors low
. mnim ze energy consurr?t,l_on. The Ib'an Qo'e\{oﬁ éggr pessbn . 10
_ s are cigital orandg)pihe &1 18Rl jis invoked ng Beth capacitors
~ sunmation lines, ans thighQdigital Yad); oérd c¢the Orlevelsis imvoked uby sdriving one
summed by connecting tRgi | mm@t' | 0
| -Q processing, eit hereﬁ#gt %ﬂ mg g _6'e trerbéhésl? % :ﬁ_né ﬁ‘gig%raﬁgmf
~this can be acconplish 'bi}gg R@?!ﬂnjg . 4"3\/%»' i gae ied ! é@ﬁ%@'\'éwmbﬂ
15 sign switches | n adataaandoDoppler cvalues tof forine theh sigmmagnitudec [product.

correlator. Inthis e | ' hi Wt h
GPS signals, the SNR %ﬁﬁam g?%“ ﬁ'ﬁgﬁver:taslth.leéwoblt productto'Aa\%
typically 0 to 4 d#0 T als %ﬂ@ é?éf”é?q? 0 githerdhe, same grajfferent -
only a few | evel s (e. gdirectionsOFind)ly,coxtiusive NOR./gates d 218 mliliply ahe Aocand By
20 A/D converters 700 HQIsWhe%%Pé%W %ﬁél‘l(?ﬁl 2e84 294 provide for
squarers 702 and 703. ?ﬁe sguared signals are.s by gl L tal

adder 46 and stored i n9%Ruading e }om&%%ﬂ@&eﬁrﬂeﬁa@m%unng the reset

separate storage positpbaseassociated wi th each candidate code :
of fset, and correl gkion respgd § didén h Gtdgored’ GPE Sighdl, @ {radscthexists

posi tron |- oot ® 20 Batwaeh the; G obcaRerett AR rBROhpRn brate kgl As g
flash A/D theoicoherent comefatioontangtls is Hacreased: nthes SR iafgeach
functions. Here two  egherant proceSing fétiitas Indtdastidchit 4né! ALMDEF BEcoRerbhte

Values acsoci ated i ¢ hPmEastige Tesus” avaiablo, 1Bt SEbrng A AgH-Eqietg |
A logic unit 63 then mapsurlation (integration) decreases. it iskoown byrthosasiliad i at e
to the aplplrgg[] i gg ﬁvZ??S‘?‘a?ﬁﬁ*'“ﬁ SNR impmlv_es e? Yo dB:per Heciniv aedonérahsan
tsﬂlrjgreI pgpr esentation | Qms"s‘ﬂﬁqgﬁ%'ﬁrfﬁgﬁﬁﬁ@ % areaset gy only ab&ﬂ gg{aeg%ﬂ
t hreshol d vol t ages decade of non-coherent processing length. Thus, for a given
memory data length, the pre-detection SNR is maximized by
25 performing one long coherent correlation. However, unpredicted
receiver motion or local oscillator jitter will limit the feasible length of
coherent processing. Also as the coherent correlation length is
increased, the bandwidth of the Doppler bins is reduced and this
yields more Doppler bins that must be searched. The architectures
%0 of Figures 4 and 5 readily allow dynamic trading ot coherent and
non-coherent processing length through control of the replica
generator, resetting of the coherent and non-coherent accumulators,
and bypassing of the squaring functions. |
It is usually true that the pre-detection SNR needed for
35 rellable detection is Tower than the SNR needed for accurate
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The sanpling rates, stored sequence |engths, and si mul t aneous
nMenory out puts Iengt hs can be chosen to best fit the GP

appl i cati on. wp@s023&smnpl e, by storing the entire data segne®CTUSIIN3IM
needed for signal acquisition, the RF/IF section can be turned off

5 after the shortest p055|ble time (conmensurate with receiving the -
needed data segnent). The stored data set cal othen be used for the
processing of all SCD bins in the acquisition search. Alternatively, a
shorter nenory can be used at the expense of having to keep the

RF/ I F section on for gofrelalien tpaak g@ﬁ“’é&'&ﬁpl(@?.amamlatmirafhus/ethe

1|0| etrrb0?| gent gses a acqu I'GIORWO éé%rfwmlb@ammmww%smg shon r
illustrated in Figure orage

and 194, respecti vel yéﬁ?ﬁgﬁeﬁﬂﬁ s hgsd%%ﬁ'ﬁﬂjag% '3%%9@&%'"5

as two parall el - out puthat arenas m&a&f §.detection @&Wl‘@s@%‘fsm wilballow)

as before). In botls t et a@oﬁe@ndntdatmmnrisloasemc &l thehFéprozessin the 15

accessed in parallel I he ow
I's being wi ltot en wt hdéf% %a\h}\ﬁé{ ﬁéﬁ ﬁh% PEQBREPQ 9@%‘?5 J
The entire | and Q damm@fmnﬁ%g\mwﬂldﬁ%t yielded>thesdetdction avent, to
ms segments. The enti hferé@seMhel SNR Tnid péridriesy rl@?%‘é&&cbffsﬁf irterpolation.

single SCD bin in app | S LT a
sequence was not store %ﬁ%"ﬁ% gggfﬁgﬁéu 5'?6% e &@%Qgglth jjrvo step
produce anot her eni r@%ﬁence if another SCD bin is to be tested.

On the average, this incr eﬂgwetmesﬁoweatéwxoﬁ betrﬁcbbaEeﬁthauwicéﬁaéﬁon

be kept energized duri

In nenory size can bev%g' rﬁ‘f?"ﬁ naggénelélép Lk g‘?’e g; epgnv‘
25 receivers under s@Wtg-gosralatio M&Wawmnggrzm gl p&maar»;ude
|l ow and the data sequgnedtet thept dnenchigasdihcandrisdiriaingiecionciyn (o theoftset)

long that 'storage gf UhFofdths St SN4Ad +? dhicﬁziv@ﬁﬁ ‘ft?‘hnoH@P'SEpé&’%Pthe

ci rcunstances, thé Pifg-pOng acguisitio
advant ageous. ntion,” accyrate §u |QP&W43W§'9WV\}'1“P petimaliegnishgeous
to further reduce achneved withidot usingesamipling qatéstthatsarer substamtially higher Wt h

- the two-segnent (PinNgynan twice the C/A %ﬁi}:ﬂaﬁ%f@iaﬁr&’%&hﬁﬁ#}qgte that 38'%

conti nuous stream of receiver-

rocess . At
the expense of a | ongdioncintager multipie of the CIAdﬂqup gﬂmﬁ“im \Kgmlb@ Ment
and Q data menori e 13! samplé®per C/A codﬂamd,ﬁhgmim)ﬁmamu@mmm to

E'C?/g b‘ggif%gﬁgg MeNDr i ganitie vaiue retbind¥ubstanflally constant over an input-signal
time offset variation of 1/N of a C/A code chip period when the
recaiver bandwidth is substantially wider than the GPS signal
bandwidth. This is a form of quantization and yieids substantial

25 quantization error if N is not large. For example, an offset
measurement accuracy of one-tenth of a C/A code chip would
require a sampling rate of N=10 times the C/A code chip rate. With
a more-limited receiver: bandwidth, the auto-correlation sample
value varies with input-signal time offset, but not necessarily linearly

30 with input offset. f a non-integer multiple sampling rate is used, then
the sample instants precess or roll in: chlp-relatwe position as a
sequence of signal C/A.code chips is sampled. This precession
allows the calculated auto-correlatlon value to change substantially
linearly with input- signal lime shift, and with much smaller time

35  shifts. Although the above discussion has focused on the auto-



- 35- elimnating one of the 1.0 ns sections fromeach nmenory.

Wth this reduction, tinme-adjacent 1.0 ns receiver-output
segnents are not processed. Instead, only every other 1.0 ns
segnent is captur menory and processed, angbqidy :
| engt hens thea'lq ﬁ’§273+apsed for 5 processing a given nur?gle?‘rmof
. received signal segnents. To further reduce the nmenory
* size and the conplexity of the paral lel correlator, the length
- of the parallel correlator and the -3tassoci ated regi sters and
. menory segnents can all be nade snmall er than the desired

- coherent processing le ng

- length.can be achi evedr?maﬁqgaeosfgﬁé biria ti &nhhe ?amp!e pr&&ssﬂ'h%&ﬁégﬁkg
. segnents and coherent | y® %38&9%? “ﬂﬁéﬂ "?' sin geperaby anpl e,

' a 1.0 ne coherent processi nngthengt teplican MGamdeaveddbDoppIangrehuancy that
. single 0.5 nms | ong par i ]

i segnents and addi ng thgr?teh%é: 3 ?ﬂﬁ?ﬁt@%@ ﬁﬁ%{gﬁe@ﬂﬁ%ﬁrﬂmr
. 15 Various conbi nats or¥ @W&‘?@Wﬁ@@%?% the shown-autoworelation function.
. length, nunbers of nemBy chegsingthe signdl sampling fratots@mothew @&t Bn integer

i of a standard

. are possi bl e. td .C e di ation
f a1 A U S syt
sufficiently low it mgprretation results igm, | 3?@96“'!%16911"13%
necessary | and Q dat a data memory saqmacpsemsmg the samé renliuargodet uifsetpfum t he
RF/ I F receiver sect N, yi tdkS gfﬁg%y
wi th the Ping-Pong %)dr) mﬂald“e”emy noisy samle§eoef ‘ﬁg arcﬁl tem ures to
exam ne all desired SC[?"&&'HQ"QWE" waveform. ’9"93&9’\3& ﬁcqﬂﬁﬂWQ dbe Jeplica
sequences are read fro@apﬂaﬂrﬁnmﬂw pbaseerarely match #at of the sigrdl eX@&iybi n
tested and this readl N iNapegaandy sg pfeo&?ﬁi’ﬁ\t correlation result 7' fbS8ssahPifV e -
byei

because the RF/IF section tur e s use
%;@% correls éqtgt@rlpigure 14 also shovyget,ygipgy

will be reduced if the
sufficiently | ow relsat isquares I.Bms mhetmmmﬁou samplecpoints (x) calculated for

section. Qther stored wumeaaém&@%mmblm&m%&n and with cotlé

out put

; | engt hs, and sanpi.n SO attr
In the two-sequence or q’ﬁ’é@"@b&ﬂ@ﬁ&i”ﬂ%@"ﬂla@ﬂ p}@ﬁpé\lg{tmtch that of the input
enbodi nents of Fi gur es signakd Bylaveragingrthdusquardd samplesafroh thet same code

This allows difleront s m”"“'“‘“*"‘?s?ﬁ‘é‘““?"s T e
35 having to coll e D%@c%ﬁ?&é“hagbﬁ % '§ 3#?8??;&?%

WD 98/ 02759 also shown in the ﬁgura This averaging is the so-cal!ed

PCT/ US97/ 13198 non-coherent awumulation The phase of the sampl@ Grid relatsve

enbodi ment of one st ag 3‘ Yﬁ Wcorre ator arlg13 ass m at ed ived
paral l el memory where tfeéMfa DofeRends, od the p ‘8 & jece
together by multiplier viaaiorm telativedo theinpuicsd/Drsanipling aloek. eI menory

25 in the wavaform_'ojf;l'_-_"mure 14, the time of the auto-correlation

peak is a parameter of interest, and this peak time is usually not on

the sampling grid. However, using the averaged auto-corrsiation

vaiues surrounding the peak time, the peak time can be estimated

by interpolation. Various:interpolation methods are known to those

30 skilled in the an, bﬁt- @ method involves ordering the averaged

auto-correiation samp according to increasing code offset and

then searching for the. largest adjacent entries. The left entry

(the earlier one) neighbor {points B and A respectively in

the figure) together define a fine, while the right entry and its right

35 neighbor (points C and D respectively in the figure) together define




2002. This is advantageous because the nmultipliers in the parallel

s correlator are thus sinplified. Each correlator nultiplier now
multiplies its associated stored sanple by just a single associated
code bit. The conbined nultiplier and DA converter for this :
correl at or WORBORTBNt is simlar to that shown in Figure 1%0.“5%’&?}?“
that the data-Doppler multiplier and A-8 signal converter, conprised
10 of exclusive NOR gates 1210 and 1212 and AND gate 1211, is

noved out of the correlator and ahead of the 2ata menory. The

di sconnected inputs to exclusive NOR gates 1'5 3 are coupled to the
data nenory outputs. Wth this enbodi nent, new data nust be

stored if a differentanethpr ine.oThese dwodinge intetsectisamewharg bietwearothe tvot t hi s

égnb: f\egolto afald: Zﬁd\égp?aggalo ané%ﬁ\tﬁerfdﬁbi iaﬂﬁ?yﬁgqr%) when the SNR is mlljﬁe
Fi gure 20 can be advaﬂi@g@ﬁ@ﬁeﬁ%oﬁéﬁ%;%l_Wﬁ dntersgetion ig, the

[ GPS i s@ ! onnpearctimal i his @med requinesrs nnet
i gr”E s s S A o i e
menory), as well as tB%@Pﬁ%@B{oZIWB%W@d !’8@5”%?'&8@‘83& fontrat 35

Q enbodi nent that useshowr insFiguted otBigued &t or and nenory

organi zation of Figure 20 Frufdloys sHovd &' ?w?ﬁow{u“ ﬁmﬁfwrﬂam
he f l1el d - Dapal . h d1, | R
26° dat - Doppl or  pr odAEISHEN KT Wit &AL Prasessing.in Wik e (HIIF Raciog

can be organi zed a8 a(MtnMggmemleﬁgw Sugdratgrenouiput signals which are
ggi ﬁ r :ogregl FZ[' Irrgrbr Thﬁé@sdgstd]ﬁ?m @d@eﬂ?gtsaz%add .nggbﬁfr%lsé'?ﬁ?ﬂﬂsrpower
~ and each parall el cgr ﬁp& ng%ﬁ%%ﬁégﬁéﬁé@ %’PZ@JIQBFQ g‘i‘; gﬂﬁ?ﬁ‘céé%
30 register. The redgoavenaiSs ganesalesisampiast ldale whiohis stosed irothe data |
~ correlator sections akeiéry! White AD toAveitep 22 sunenites shmpicde datd whithsis

~a sinmpler (l.e., 1§nals*o%dﬁptﬂo&a?asafﬁ§l§éy)l i ntegrated-circuit

I mpl enent ati on.

20

e canpl exity of the enbodi nent of
Figure 21 can be still in one ambodiment: ﬁhed%l(ﬁém-bﬂ?lﬁp@l’ﬂbﬁ/ﬁ’r@ﬂt’mfil+oo

addition and the Q -1 gample the | aNa Q3hBA dighals periodically at approximately 2.183
PCT/ US97/ 13198 P Bt 'sighals periodically at app y

. subtraction before da{%“'gf‘o?aé'ﬁ?‘ IBPr 3?"?'6"@%‘8’?“&&&'?%3“%‘8% ?%’Zcé‘r\cf ode
~ subtraction output si Gvelesandnapprodmataly  3hna_@Ples Per (/A eedq Fhigy The

bits with little DR daspletrhreoquantized. tocd® Ievels\and niski worbit Sign-magnitude -

5" daray . tan paral | oroaraseiaion b 'desdhbed daridr” “THS 1°nd 0 Bitalsibrage
" Each dat a- Doppl er menSPemengs ate 8aci:large#nguoh ipisinre ine enire data segment
;Sihgg:og; Zle?g:anéoﬁnrag});%/madodem% neqlJism%n Ebhmnmua%gmiz'aﬁou. ttiis is
R : (2 x‘éﬁaﬁw i and Q data have
multiplications A a&%ﬁ%&. pg:grﬁ I?r%ém\é%gd fr%ﬁ'lotlf\i' RF/IF section and from the
input A/D converters, and acquisition processing is begun. The I and

Q data memories are each:organized as twenty rows of 2183 two-bit

samples, with 2183 sl eous ‘outputs (one full row). Four

separate three-sequence paraliel correlators are used, labeled Ii, 1Q,

3 Ql, and QQ. Together these comprise a complex parallel correlator

' ach use sequence lengths of 2183
drives the Il and 1Q correlators, while
_ e QI and QQ correlators. Also, the |
~ Doppler register drives the Il and QI comelators while the Q Doppler
35 register drives the iQ ‘and. QQ correlators. The order of data




10 Fi gure 17 shows a conbi ned dat a- mrenory,
replica-generation, parallel-correlator organization (for just the |
correlation process) that reduces the nunber of code register shifts

- to 2183 shifts per code/ Doppl er conbination and eli m nates

*any non- coher¥AP8nul ati on RAM The trade-off is that thgeﬁﬂjgﬁ?{n”
¢ 15 nmenory nust now be segnented to allow all stored data to be

. sinmul taneously accessed. These data are applied, in 1.0 ns bl ocks,

to separate parallel correlators. These parall33.correlators are al
driven by the sane code and Doppl er replicas, and they

3010 me corr el ati on MBGAsHR s (36, 50, PEN HE Reled fehiEh oAl BERE are

~ time sequentially. Sepa@xaminedferr angjven epica, sede indaxandr Doppier fraquency

Forms the acountl at ed cogrey 18 todl Shdbe! Bl SDepplen” (ahey 1R ildnged.

~ RAM can be conpl etely ?MQ%@E’{?V g‘Be‘f‘?ﬁ?ﬁﬁ’ﬁS‘ ;Bﬂgageéjé %ﬁ%ﬁga{%ﬁa given row 25

' Interpolation process ofstoredaand datadeiorathe rew ischanggdcThis wilkmpst likely

. is being generated. |n minidizé'the t@mBinéd nemtory Qdadingdaned RBdé-Fegister shifti

I registers now drive twent Izogg[s?%?rg {g g Xgﬁr?%oo-ﬂ\%\x/ Qﬁé’be %g‘i?:r shiming

i which may negate sone A" u ;de oal 4 :‘ble d.teh’ » op b r:ﬁ“%‘?fgt he

"~ parallel correlator is prOQesSg £R are:A180 pegsiblieaand the oraegcan be ghasen 19 f or

. the t;"’o' se?uenfﬁ c?rs]e, tﬂfniﬂzbfbdi?éf\coﬁﬁmt%tbh; ThBdl and QQ coherent G6eessing

i registers for e three-seguence case ¥\ S, .

~mnimze the energy“hser(?sv IaB%l?f"ﬂ@?ﬂé\n'it‘%@)‘ﬁ?ﬁﬁa%’%@'%dpgt%ﬁsgﬁ'ated

' I'n anot her aspect of thsumpmatiomingspaodithe Q! an ohessntiprocaessingogsults are

- registers is made a | ovgfwRed by @BAREGINGthEYY aiSddidled sufivwdiidh imasf For proper

35" register to determ g YRl 4 \inal WYPFbr o Yo FR PGRGY FoRbd %

PCT/ US97/ 13198 this can be accomplished by, for example, reversing the sense of all

Care t? be3\8/£1i tten ﬁ%s' eagigni s\witches .- id:iﬂ}r'a_ilafb% jmbqvm_e;ssoﬁr&lerfmeht paralle!

regi ster i n combi na . =W S ) ppl er

regi ster 301, and code %%w%swgﬁaﬁgﬁ'gﬁfggfsgégﬁeednce case._In .

one nethod of operati on, san\ﬂi!bﬁpcﬁSﬂﬂél%waiﬁlﬁ?hﬂ'd‘maﬂwéﬁltwa‘ s

tshedis glrr;, al Aga: ﬁé Egﬁgl gfypicaufioqededa%mgggf%ggmﬂatmdwzy remf;’tadavith

are written into corresé@&&r'ﬁgqégﬂézﬁ‘gf'a'l ’Pb&?@éﬁ?ﬁ]ﬂeﬁgﬁﬁo form by

respective register2 |ADQANeRENSs 700 and (103, And then, sepaAtely squared by

single logical I is shisqusten mmmqobi-_Nmmaamrﬁgnalggmtsemmmwﬂi:ﬁgi

0 e witing o e v Ly P

| ocations of the respec% ?@W%ﬁ%@%@@%@%@ﬂﬁgﬁrg 5@

| ow energy because onl ySep@satedsioragn M%M‘ d cwith i GRRdidate” code

cha_ngte their st of ted vahuns;a.t a?ﬂcﬁbrﬁé_'mfdn resulis fon@ath cdde no«s!tewﬂh\dﬁereml

registers is shifti _ R aTe N a assoiated sto e

t he discl osed i nven??on%ﬂgﬁp%%gk% %?%’%%dngl‘ the rige

Figure 16 shows one embodiment of a squaring fiash A/D

converter that combines the A/D and squaring functions. Here two
comparators 61 and 62 determine 'if-the analog value is above,

30  below, or between the two threshold values associated with analog
representation levels -1, 0, +1. A logic unit 63 then maps the
comparators’ joint output state to the ‘appropriate squared digital
value. If desired, this squaring flash converter is readily generalized
to more than three ra ntatlon levels by adding more comparators

35 and threshold voltages.




acquisition, it can also be used to dramatically reduce both the tine
and energy required to directly acquire the P(Y) mlitary GPS

signals without first acquiring the C A signals. By altering the
satelite-code generator conponent of the codeDoppl er generator _
in Figures 4wOmsBRT8D generate the P(Y) code instead of the RETASEHHA
the nmethods and architectures disclosed herein becone applicable

to the P(Y) case. While only certain preferred features
of the invention have been illustrated and descri bed, many
nodi fications and changes w || 25 odur to those skilled in the
art. It is, therefore, to be understood that t he appended

claims are intended to covéheal sampliiy norales; CaiorédS sequence lengths, 2ihd
changes as fall wthi rbit’nhﬁaﬁédﬁ@ fob o&k]ufsh\ Q:ta %e q/

1. In a direct seque S readﬁgpeb{ru reggwgr‘h aﬁ'?‘)@eﬂfmr EUi ?hﬁg a
plurality of signals fqgég] ?&'ﬁ@&@\fé’t?mi by storingpibarenting datarsegroent:
a tuner for receiving reededdst signal atquisitions i) RFAFasuttion @dr Cod Wurréd off

i nternmedi ate frequenc ' I ' ' hacl adi ter for
sanpling said i n? efsnrre)cgal'i;dtrgﬂ ﬁé‘gﬁ@ﬁg pbgséﬂﬁlﬁa*t;ﬂg (wh‘%"guéﬁ]ﬁﬁaﬁ&eﬁmge@&nd
menory for alternati vé!Wcﬂ%ﬁ‘%éWeﬂ‘%@@M@aéﬂt ean thenhecsseddoathe

D oo o s aa LegreriroosmerPOrab SCL bins % e Sapialn s6@ER. Ahradiley, o
alternate storage and Iﬁ)gagl te"ﬁﬁt%%?%@ggéiag(ﬁ*%”éms& @Q&Ygﬂﬂ .9“9 8'9
2. The receiver of RFAF segtionaa el a:loagerdtime. cEen exarepiemancther attrastive
receiver and said to ansmbodiment amsus! i CPIAISPoNg™ MBrerg" Srgamizatief Bid is

conpri ses a correl at orlustitddh FIGGRl Y6éte, h alio gltghiale s RN
recei ver capabl e of e 9% Jespatiyply) pra,eash anly 20 ;% boagnand A% organized
' E ir?rgs ;n'et Erg:] f o? g}[at chhschvmpafa]lclslgoqtbm ﬁOens-rqﬁs (e.9., 2183 .Eﬁtgrpl'e_iiri]ﬂgaéh %W._S';re
segnent gof sai d si ?nalaé% 8928;9,'”{“ ‘g-'ﬁg%‘?haaﬁ:g??‘%|°ﬂag‘?§% i oh &tg?t')g'r |Hng
sai d nul tipl e-sampfe AGEEH \"dﬁfg'?fr r parAlle), corzelationywhile he, gthier gataromt put
signal conprising sai dsrbging mritten awith digitizpdt ddtafarriving from the RF/IF section.
The entire | and Q data sequence lengths are each processed in 1.0
ms segments. The entire 20 ms data set is then processed for a
single SCD bin in approximately 20 ms. Because the entire data
20 sequence was not stored, the RF/IF section must be energized and
produce ancther entire sequence if another SCD bin is to be tested.
On the average, this increases the time that the RF/IF section must
be kept energized during signal acquisition. However, the raduction
in memory size can be dramatic. In some applications {e.g., military
25 receivers under severe jamming conditions), the GPS SNR is very
low and the data seguence length needed for acquisition may be so
long that storage of the: etire sequence is impractical. Under such
cicumstances, the Ping-Pong acquisition architecture s
advantageous.
30 in some applications it will be advantageous to further reduce
the size of the data-storage memories. With the two-segment (Ping-
Pong) memory organization, a long continuous stream of receiver-
output data can be: processed. At the expense of a longer time to
acquisition, the two-segment | and Q data memories 192 and 194
35 (Figure 19) can be reduced to single-segment memories by




applying said nultiple-sanple digital form sinultaneously fromsaid nenory
Into a processor; and processing said nultiple-sanple digital form
wherein tinme segnents of said signals arriving at said receiver subsequent

to said first time segnment are skipped during said processi r}g:,l.% -
REPLACENENT SMOE#02759 ~ 11111 SFBE‘llll [

- 3E 19199

i results exceed a thr

- REPLACEMENT SET _ )
2 -f 199 -35- -40 - 5. The
- method of claim4, wherein: said receiver conprises a GPS receiver and said

transmtters conprise Cﬁﬁmhéﬁ'@saﬁé bEfhie £.07hs SectRnsIAInF bhER ﬁfemo th thisb-
The net hod of claim 4, V\/ﬁgrel n.,. sai &lcg®5| ng_conpri ses

correlating the first t% aFEﬂ a"S Ry "?%FHHBHPWBP@@ %deBm

. sequences. 7. procassodr Instead: only everyiother 1.Qumsr seagment s daptucedbins or

o hg(rjagf)ﬁgrteﬁtp;ggﬂre a'f"raﬁﬁf’igf‘g rocutded; Wb infs (’eg."r%"“ﬂ"ﬁ‘g"‘P’()mf"r"?gg'q o for
?ﬂ@?g Fﬁ’&'“&%ﬂ?ﬂ"ﬁé‘&f‘f’oﬁfgﬂ?""&%l d signal .

. 8. The receiver of cI ai mTp further ceducecthe Mmemeopysizesand the cpmpleity ot thee of
~one mllisecond of sai dpéranaraa@bcm iﬁ@quﬁgtﬁyomw rauen correlal 8r and me

segnent of sai d | nt er moRfSarted GIRAS\ATE GO pelTeLS fag ppia?a«ne&%“ i e

. said second nenory st or\é\ﬂnammve@@ghem! processiog ilength.nEhe desiréd coharanty

| gggga' rgggfsnszfl ?Stgda : roc?ssm : erigth cahibe 'aBRiBved by roéés%iv{iz ultiphe sRbAer

intermediate fr equencs é&@ﬁgpgﬁﬁfﬁ 5&%1%@“@?&@3@'%@& 8%FBr examle,

a 1.0 ms coherent processing length can be achieved by using a

single 0.5 ms long parallet correlator on two adjacent 0.5 ms data
segments and adding their results digitally, after A/D conversion.

1S Various combinations of correlator length, coherent processing
length, numbers of memory segments, and code-offset search width
are possible.

When the cost, size, and power dissipation of a standard
serial-input serial-output (SISO) memory are sufficiently low, it may

20 be advantageous to store the entire necessary | and Q data
sequences in such memory, tumn off the RF/IF receiver section, and
use this memory in combination with the Ping-Pong or single-
segment memory architectures to examine all desired SCD bins. The
entire | and Q data sequences are read from the SISO memory once

2s for each SCD bin tested, and this reading process will consume
energy. However, because the RF/IF section is turned off, the system
energy use will be reduced it the power dissipation of a SISO
memory is sufficiently low relative to that of the RF/IF recsiver
section. Other stored sequence lengths, simultaneous memory

30  output lengths, and sampling rates are aiso attractive.

In the two-sequence or three-sequence parallel corelator
embodiments of Figures 8 and 11, the product of associated data
and replica samples is performed in-parallel within the correlator.
This allows different. Doppler bins to be tested for acquisition without

35 having to collect new received data. Figure 20 shows an alternative



11. The receiver of claim1l, wherein: each of said first and second
nmenories i s adapted to provide digital data sanples of internediate
frequency signal segnents stored therein, in parallel. 12. The
receiver of claiml 1, wherein: lengths of said first nennay sai d second
nenory, and Wapslo3svcessor are equal . [err] Cr/us9 13198

-41- 13. The receiver of claiml1, further conprising: a third
menory, a fourth menory, and a second processor, wherein: said third
menory, said fourth menory and said second prgcessor substantially
duplicate said first nenory, said second nenory and said second processor

2dapted To recei ve.i nonpRalent At GnRIRGR Bl 7 GCAle) raiaion ndJo8,Repaatesng
sai ? t h: \r/d marrg;yi ufgwammmw &hwlfdmai ahdsBoppler samples ave r?tmtplhdapt ed
L e o s Aot et o
Si gnal _gzegrrentz colpr icoimalator e athus: , simplifigchr Each peyirelgtosaimbilfipiiest hrmrmry
n | n r H ] : n
further conprising: acogplataraemnbadimentisnsimiianto that shown iinliFigure o 8 aixdept ’
processor a replica siKgtahe Bata-Depptef ﬁﬂﬂltidﬁat §RA A-8'3Yrdi E&%r%@,f?ﬁ&?rised
16. The receiver of Q?I al {t? .}’5, gﬁ_r eH]sé é{@jdaé‘ﬂr ?ﬁzsor ré@Da apted to
~ conpare said repl 10 &F fglusivg NOR, 98 T 14i0and. énd sP8Rai2tbgiSent s
to produce a coherent maxed out of the correlator arichaheat 0é the iatp enarmoryp Mhad
© spectrumreceiver capyiicanféctédfiputd {extiusive NOR gates 1213 are coupled to the
data memory outputs.’ With this embodiment, new data must be
stored if a different Doppler bin is to be tested for acquisition, but this
1s is not a disadvantage in some applications.
The combined parallel correlator and parailel memory shown
in Figure 20 can be advantageously used to form a simplified full I-Q
processing GPS acquisition engine. in the full 1-Q acquisition engine
shown in Figure 19, tﬁbn are four separate parallel correlators
20 coupled to data | and Q and Doppler | and Q registers (paraliel
memory), as well as to the parallel code ragister. An alternative full 1-
Q embodiment that uses the simpler correlator and memory
organization of Figure 20 is shown in Figure 21. In this embodiment,
the four parallel data-Doppler memories hoid the II, QQ, IQ and QI
2s  data-Doppler product sequences, respectively. Each parallel memory
can be organized as .a Ping-Pong or single-segment memory, as
described earfier. There is no separate data and Doppler storage.
Each parallel memory connects to an associsted parallel correlator,
and each paraliel correlator also connects to the single paraliel code
, 30 register. The reduced interconnection between memory sections and
correlator sections aliows this full 1-Q processor embodiment to have
a simpler (le., smalier and less costly) integrated-circuit
implementation.
The complexity of the embodiment of Figure 21 can be still
35 further reduced by performing the I1+QQ addition and the QI-IQ




plurality of signals fromrespective transmtters, apparatus conprising:
a tuner for receiving at | east one of said signals and produci ng an
i ntermedi ate frequency signal, said tuner including a converter for

sanpling said internediate frequency signal to provide segngpbsibhfsisof:
a nmenory for WPIPHE? every ot her segment of said intermediate frsequency

- signal; a processor for reading and processing the internedi ate

- frequency signal segnents; and [err]

. REPLACEMENT SHEET -37. _

. L2 1DEC 1999| -42 - a controller

. for controlling the storage and the processing of said internmediate
 frequency signal segner?"‘s&.ac""" béfore d;a.ﬁa storagR. Priordp,siprage, theyaddition and
~wherein: said receiver subtracticnesutputCsignalscaainveften beitourdied driteutitatdd &Y two
S comprise GPS transmi tt 4yt viH INGCSNIt dedirSdation® Then, as shown I Figyré /%2, only
. receiver of claim17, Wnerdeaﬁ' sa]|ed r c'gqssc@qgll corrﬁma araqt" el

correl at or. o(wo daia;Doppleg mamongs (ong; far 4l acthg: otber for Q-IQ
"~ processor is adapted t data)otime paraited vorrelatorse anttoreapade eegisteb aira nevdedj ned
- with other coherent re?gc},s gqja?m' Ny A r Wﬁ‘ ' e, ]l
- coherent results exceed.a t?}értesh I d r?g? |n'd£§§t3;rgg gz#t&r?c%ﬁgﬁ Fg’?‘gs%ﬁ d
" one of said signals. Single-segment mamory, as;dascribgd earier, Other opeapizationsat 1
- of said segments is rephespataliel veomélator; eparalitli \rmemory, mahdi the orsdqpenide on
. of said internediate fr, ' ; ceiver of claim
| risHitidaNors dgaadl.'aa possible and advanT?Igeﬁ{uQ.

17, wherein: said processorgl S a pbe (?1 erpﬁcess SS&B lal segnments until
 a data sequence is ¥rocessefigure 23.SNOWphe fecefymbingd | datarmemory,
. wherein: said processoreplicasgensration, cparaiel-correjmorabrganization @erojushithei #h
. said menory. 24 correiEiiBn rp?&?s‘éﬂhéi’.fre&d&is%ﬁmufbw Bf‘@éd&ﬂiﬂ?été?%l’ﬂﬂé a
Lront-ena Temory Tor 1 G531 Shin por bodarDappler chmbiRaion and Sliinatss heed or
i supplying said OPREE
C any non-coherent accumulation RAM. The trade-off is that the input
15 memory must now be.segmented to allow all stored data to be
simultaneously accessed. These data are applied, in 1.0 ms blocks,
to separate parallel correlators. These paraliel correlators are all
driven by the same code and Doppler replicas, and they
simultaneously (in one full QOde cycle) generate the twenty separate
20 1.0 ms comelation sequences that were previously accumulated
time sequentially. Separate squaring A/D converters convert the
analog correlation sequences to digital form where an adder tree 80
forms the accumulated correlation sequence. The accumulation
RAM can be completely avoided by performing the peak search and
25  interpolation process on the accumulated correlation sequencs as it
is being generated. In this arrangement, the code and Doppler
registers now drive twenty loads where they previously drove one,
which may negate some of the enargy reduction.
When the paraliel correlator is used with data and replica
30 registers for the two-sequence case, or with data, Doppler, and
code registers for the three-sequence cass, it is advantageous to
minimize the enorg)g;.-gjé'eﬂd- in loading (writing) the various registers.
In another aspect of sent invention, loading of the various
registers is made-a low energy operation by using a scanner shift
35 register to determine which data, Doppler, and code register stages




menory with a portion of said data segnent, wherein power to said tuner is
I nhibited after said data segnent is stored in said front-end nenory.

[err] [err] - 43 -

[ 25. The receiver of claim17, further conprising a replica

si gnal genemngdgsozfsor providing to said processor a replicaPSTYBHIN3MBYiIing a
replica code and an of fset code. 26. The receiver of claim 25,
wherein: said processor is adapted to conpare said replica signal to said
i ntermedi ate signal segnents to produce a cohgrent result. 27.

In a direct sequence spread spectrumrecei ver®capabl e of receiving a
plurality of signals fromrespective transmtters, a nethod conprising the
st eps of: (a) are da bewrittern at egok instarit. Bigure) 23 Ishows a scar(ri®r shift
converting the recei vegai S8 i fcohitinhtidnd _ ' S
digital segnent; dg C8)|'3 st"gcr’ bagﬁsg% gﬁ“ tglﬁi{igﬁgy&a‘%@’d%ﬁ@ﬁ
segnent in a nenory; 'eg P4, and cpda Leqister §2 i1Be Yiae-saavengecassnin o
digital segment from osednethodof operation, samples arrive spquentialip far each of the( €)
processing the tragsf ¢fidi ie 5?33 h&H UIRithe
(f) repeati ng st epsﬁé%ﬁtdg'ggﬂéhntr%@t at%ﬁggh%e%]?&ds@?f I Cl een{ﬁgoraresi gnal
acquisition i s procesdi@Same. Asthe sampples fafi pach(BsRAGUYR Sequance Briveytheri n
. segnents of said signaire amrittenndntat correspording vsequentiale doeationso in aitiskir
" received segnent are 'm ; i Ty y . 9.
- The method of claim 2‘;& I, N Iaﬁ |glw%&gg%pﬁrg&g e%g¢%s€%m", S?H\gles. 32
. additional step of: single &%ﬂ' 3§§- JARnghe SCanner @gtgfnte&?b@f&gment
" in said menory, whiereithe wrting ehithb amivingdamples into: cortesponding sequentihe
digital segnents are RatdFR n | OrHEEWRE i f ed
fromsaid nenory for gééc?gfgsgidn\% bh%ﬁd rb&isfe?é dl'HEWﬁﬁrYg W‘Bﬁqé VEH
oW energy because only two adjacent scanner register locations
change their stored value at each shift, and none of the respective
registors is shifting during the writing operation.

‘18 While the disclosed invention is applicable to GPS C/A signal
acquisition, it can also be used to dram'a‘_ti_éauy reduce both the time
and energy required to directly acquire the P(Y) miiitary GPS
signals without first acquiring the C/A signals. By altering the
satellite-code generator component of ‘the code/Doppler generator

20  in Figures 4 or 5 to generate the P(Y) code instead of the C/A code,
the methods and architectures disclosed herain become applicable
to the P(Y) case. |

While only certain preferred 1eat_u,r_gs of the invention have
been illustrated and described, many moa“cﬁeanons and changes will

25 occurto.those skilled in the art. Itis, therefore, to be understood that
the appended claims-are. intended to. cover all such modifications
and changes as fail within the true spirit of the invention.



30. The nethod of claim2Z,.-wherein:—said receiver conprises a GPS

receiver, and said transmtters co"ﬁm Tﬁ“FPS transmtters carried by
US| || L LI1L .
WO 98/0275 x ¢ L M S ¥ _ 1US97/13198 :
The method of YO’ 7, wherein: the step of processing conprises parallel
correlation of multiple-sanple digital segnents transferred fromsaid ~
. menory. 32. The met hod of claim 27,5 wher diy td fr Eéh[) step
. produces a coherent result, said nethod incl ua?ﬁg tHe fur eB ;
(F:)onbi ning said coherent result with coherent resultd- ronft CE@peat efi
- processing steps; and Whatis claimegtisf yi ng sai d signal when the conbi ned
. coherent results exceed a p‘r.edetleardiﬂeotjsedueeeélsbmadspectruC;'n recéfer The .
met hod of claim27, wh MK Tt sanples in said menory are rea
in parallel in the pro‘gée%sl?l&n%’tégz'g%bda‘_"&@oqgig."a!s fﬁ%’é_’?ﬁ@@ﬁ'@@ of claim 27,
further conprising thetransemitiefs, agparatustdonprigingepl i ca si gnal having a
replica code and a code offsgt; of processing the

, .N_the step .
transferred one multiple- szﬂﬁb‘l"@"W%&%ﬁ"%ﬁéﬂéﬁ@@rﬂiﬁé@é&%‘%si ng of the
replica signal. s prodging lanTﬁtlénﬁ&!iEEqr gﬁéf‘éﬁﬁhé"l“sai e?g&ﬂ)% ér eplica

- signal is conpared to said nultiple-sanple digita ségnmen e a
coherent result. convengr for sampling said intermpdiate drequencydignat:ct r um

recei ver capabl e of receivi Pard 4sBhd ' fromrespective
transnitters, a nethod corrpepglﬂ'gl ng %ﬁgbgﬁyeﬁgkgﬂBpgh;ma{efyaﬁto'?'ﬁﬁ'él ng at

| east one of said si gniategmediate signaltsﬂmplha(elrtl ng sial d signal todfa Ca

mul tipl e-sanple digital si : i tiple-sapple _ ) Ji gita

si gnal conprising a data sg‘g‘?@ﬁ?s,%%r%r%e"@gﬁwﬁﬂﬁ@%_@f?’_ﬁe’?ﬂﬂﬁﬁﬂ e-sanpl e
digital signal in a0 frsamplesd nmenory; (d) inhibiting power to said
t uner;

a controlier for controlling said alternate stor age and said
alternate processing of said samples.

2. The receiver of claim 1, wherein:

said receiver comprises a GPS receiver and said transmitters
comprise GPS transmitters carried by satsllites.

3. The recaiver of claim 1, wherein:

said processing means comprises a correlator.

4, In a direct sequence spread spectrum receiver
capable of receiving a plurality of signals from respective
transmitters, a method comprising the steps of:

receiving a first time segment of at least one of said signals;

s converting said time segment of said signal to a muttiple-
sample digital form;

storing said multiple-sample digital form in a memory, said
memory having an output comprising said muitiple-sample digital
form;

10 receiving said multiple-sample digital form from said memory
output into a processor; and
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- 1" re/rel thia bl e -45 - (e)
transferrlng a portion of said nuTTTpTe—saane digital signal to a segnent
menory havi ng. a par al I M ppoyi hg said portion fromsaid
paral l el output to a pr mu’” @Fces& ng said porti og B orfii gul ating
the inner prwolssmzrsef sai'd porti on asn CAreplicac %géuence and

(h) repeating steps (e) to (g) until said data seg
RPLACEMENT SHEET -40-
2 1 2DFC. 199
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processing said multiple-sample-digital form; wherein

. time segments of said signals arriving at said receiver
subsequent to said first time segment are skipped during said
1S processing step.

5. The receiver of claim 4, wherein:

said receiver comprises a GPS receiver and said transmitters
comprise GPS transmitters caried by satellites.

6.  The receiver of claim 4, wherein:

said processing step comprises the step of correlating the
first time segment with local pseudo random noise code sequances.

ThlS Sheet Has Been Re

Hllllll llllll ml lll ill



