SYSTEM FOR DI RECT ACQUI SI TI ON OF RECEI VED SI GNALS

Field of the Invention [0001] The present invention

rel ates generally to signal processing, and nore

particularly to novel architectures for perform ng

di rect acquisition of spread spectrum signals using

| ong codes, including signals with binary offset

carrier nodul ation. The invention further relates to
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use of code matched filter banks and ot her hardware

sharing techni ques. TheFiehd ehthedmvbatiomppl i cability

to radi onavi gati on systens, conmuni cations, and radar
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spread .spectrumtechnaql o f.or radlo i gation or . .

c R G S0 RENP B T e A P og) spectram signals using
eNghg\&Rfel,NHc18lIng sighRlsSRth BRARE 6HY: CATRH Hodalati®n THe invention further
advantageous i n"comuni cation applications requiring
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puI se requency nmodul ated (or chirp) systens, and

Wﬁlﬁis O these, DSSS systens and frequency
hopplng systens are perhaps the nore w dely
i npl enented. One syst Rfin qachnol ogy is
the d obal Positionin GPS is a
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.6 MHz. [0003] Wen was originally designed,
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mlitary) users, and | oy reci sion/ encrypt
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[0003] When GPS was originally designed, it comprised two different downlink signals
for radionavigation, corresponding to two different services. The precise positioning
service (PPS), was intended for authorized (primarily US and Allied military) users, and
employs the precision/encrypted (P(Y)) code signal. The standard positioning service
(SPS) is available for use by any user worldwide, and employs the coarse acquisition
(C/A) code signal. While the C/A code signal is currently transmitted only on L1, the P(Y)
code signal is transmitted on both L1 and L2.



[0004] As part of GPS Modernization, the U S.
Governnent is adding new signals in addition to the
exi sting GPS signals. The C A-code signal (or a signal
with identical nodul ation but-different spreading
code and data nodulation) will be transmtted on L2.
I'n addltl_on a new Si naI for mlitary use (the M code
{r{eade i a5 GRS ap dadylationsot h LI and L2. The
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of these errors depend upon a
[0006] GPS satellites that transmit the M code signal will be launched as early as in

2003. New reccivers are being developed for reception and processing of the M-code
signal. An essential aspect of GPS signal receiver processing is signal acquisition,
where the receiver aligns its internal timing and frequency to the precise values of the

received signal. Before acquisition begins, the receiver's internal timing and frequency



nunber of factors, including operational conditions,

recei ver design, and signal design. [0007] Direct

acqui sition, where the receiver perforns acquisition

wi thout use of transmtted agquisition aids, involves

cross-correlating a locally generated reference

signal against tine and frequency-shifted versions of
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recel ver %lerforrrs mul ti pl y-accunul ate processing to
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one-half a chip period (i.e., the distance between the cross-ambiguity function's peak

and its first zero).
[0010] Unknown Doppler shifts and the drift of a receiver's oscillator are major sources
of frequency uncertainty 112 and can range from tens of hertz for stationary transmitters

and receivers to Kkilohertz for receivers and transmitters installed in high-speed



-4- platforns. The frequency-domain extent of a cel
114 is typically half the reciprocal of the coherent
integration tinme being used in direct acquisition
processing. [0011] The searchgover the tinme and
frequency uncertainty region 102 can be perfornmed as
a serial search or a parallel search. One difference

bl atéemss Ehe Atequensycdomain guigat efe celbal 4 s bipically half the reciprocal of
N e o
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Vedi sl tdte appebhisthe frmyveﬁéﬁilgtm is smmbledranm use Iﬂm‘ﬁe—lmpulse response-
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usi ng processing Wt
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fall of, the crass-a u or i
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COF§IEd @d. on functlon has a narrom1peak t hi s approach

woul d require high sanpling rates. And because the
[0013] at e ofExastinghdesiges dper tqcbrm:qwééumd pregess dhe egignal over its entire

S B QR pRgeroTnd, UG ForBh R T B o hat a

t Qee{sﬂﬁﬁb”séﬁlpfbﬁéfall)blﬁmgiéék d'fﬁhb@@@ssfeﬁﬂblgdufﬁ(‘dr "correlation") function.
acqui sition of lations. In fact, skilled

rSamq the ddepde signaks wlgmﬁmﬁmls hamanamey negky ﬁheﬁnapproach would

éltegﬁ Eﬁghhg @‘Iit]py nﬂh P/Igca%' L (a‘fet ra‘filé: gr' afiglﬁ%é)?{?:r (Selgc«‘:'rrfe{tgms needed for
C dirptteacquisitibn m@bmgtlatrmﬂglﬁy pm;iochml tdthepgaaiel afathe sampling rate,

f %leggg %pproaghes lead to computationally complex methods for direct acquisition of
BOC modulations. In fact, skilled practitioners in spread spectrum signal acquisition
have indicated that unaided direct acquisition using CMF architectures of the M code
signal is extremely complex, and implementations would not be practical for many

years.



-5- Summary of the Invention [00141 The present

i nvention provides nunerous hardware efficient

cross-correlation designs and signal processing

architectures (SPAs) incorporgting those designs that

achi eve a high degree of parallelismin the

acqui si tion phase of processing received signals,

such as DSSS signal s, I ities for

binary offset carrier (BOC) nodulations. The i
[0014)ar al | eThespaesent dpkensipadpipivtdes umereyse hardiwgre gHicient cross-correlation

hay g requi I e . the t | i .
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quickly align itself with the received, signal, in .

betgnals, sachaaiDE B8 dignalsy with meciah ceppdilgicsden binapy offset carrier (BOC)
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I eve search speeds
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One aspect of the jnvepntion's novelty.is in the t .
t ki g DT JBV BRI s 3189 iRl el s iGeligeh the reccived
MRt inOfsth (HHE An@ SrluBndy, €960 tn 'tlge %F@CIQDGSOM&QP@ interference. The

signal. Specifically, the upper an ower si debands
c pmedgpt imeatien insblew acidepesmiedht spesidg bdtsare seteral times faster than

i dent. cal .spreadin odes.. This enables the use of
I &mﬁmgiﬁggﬁs ?‘b‘l‘%‘%g’ @8 "% o conventional direct
[00153CqUI SiMhePRpRESHOMS -inVdRibA NSk & inP8REeSdy Rftakdiadvantage of upper
i nvention involves an achieved high degree of hardware
( eng. lowgr |sidepandsr of BEHE motwlptipasasudhi 4 arecpfeserdrin the GPS M code

ir %@%}IL eg??cgﬁy{@tg q@ﬁg{) %Aﬁlon %rbs?%zlgcés( %{E@ )(regt'gﬁlag%%% independent

adigalsagehuilettieal Gpreadapacadss. (Thac efsbleg tif usdophawer sample rates
(1) and guadrature (Q phases of the carrier signal,

uFBBIPRERO cEMETenAlBERTHACTUATEAOHERFIEIRd even sanpl i ng.
[001&*00.17.1 ARndr&LpEY e AEvinlibR SHvAIGLOH ?&ﬂi&yéd high degree of hardware
nimzation o on-cnip nenory 1 n app I catl on

stegi,finultipheg gadalee dindi dataiishift (régdbter)sieuse for ebdk matched filter banks

pr bl te arrays PGA: s). i npl nting the
e E B Pty Hipndst stahepRbS ity BELhe G pafantageous se of
' QBpHrk@ PRl FEH-Bh&e Ay Ghd Ruafrafirt -(€)) phaSBITBE ¥hd @hrrier signal,
partial coherent suns, and use off-chip nmenory only
f eppetvnddawpnsidelminds,tasdiadd andrevembampling. i nt egr at i on

81 In.a fir nbo t he

esul t [ 0O t | nent, . .present .. .

1001 170Ch O (PB0RgES <BeeabRl 1ol g B GRY, Ghrohip memory in

mwi&t@ﬁgé,gecmtej%aieacbim EASTER)Sorf GicldS prgliriifhablee gate arrays

recei ved DSSS sjgnal at a predeternined sanpl IS%? i

r AFRG Az dmiplesrentingrthe caess-copelediontmerys and %P“&r qeégd embodiments

f B j enc I [ 0

Sggﬁlfé%gno&@é%ﬁﬂselﬂ%geapﬁ—%ﬂtﬁh&sﬁfgpg)sfngﬁilo}l}? Fot &Qt?al Jonbdd6it sums, and use
off-chip memory only for the purpose of storing non-coherent integration results.

[0018] In a first embodiment, the present invention provides a SPA for acquiring a
received DSSS signal, The SPA includes a means for sampling the received DSSS
signal at a predetermined sampling rate, and means for cross-correlating, in a parallel
fashion, time and frequency shifted versions of the sampled DSSS signal with samples
of a locally generated replica of a psuedo random noise (PN) code sequence used to

spread the spectrum of the DSSS signal at a transmitter, thereby obtaining a set of



of a locally generated replica of a psuedo random

noi se (PN) code sequence used to spread the spectrum
of the DSSS signal at a transmitter, thereby obtaining
a set of -6- cross-correlatiogp-values. An optiona

code Doppl er conpensati on nmeans coupled to the

cross-correl ating neans pre-processes the )
creoes=copielatoa aesy Angpsions] cadadiopplsr coppsrifdignangags coupled to the
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i ating gro of th nsat ed . .
C&%ﬁg élﬁnﬁgl(gﬁ‘ﬁp _ tPafhge ?\‘%?pggr cqnapené%t.p%p]g?%s is a means for non-
CQbh&leatly Qﬁ‘teEi%ﬁhF e%szl grﬁaﬁkmﬂp&gﬁcﬁﬂfﬁbicﬁg‘(ggﬁieﬁ values in order to

whi ch are eval ua correl ation pea _
meerlowlate orrflata® metties, tho swm o the Ingagnindeseof whidhnare evaluated for a

preferred e di-nents, is conprised of a one or nore
be?r‘?f?gfagf’fl@ﬁ%&ro?‘a@&ﬂﬂﬁt)i ng parallel short-tine

[0019]0T I el afHeQiREsstRHefatioAfmddns, in/RERI¥E Embbidints; ¥TWRSrised of a one or
and replica code sequence sanples, and a neans for

c anergl banka pf CMFsc farsecrapiting erabel shartrimeuconglationy (STCs) of the
G ecretont, . e _
O R BTSRRH 5F KPRS YRS rh R b R cocutin

dithe esme-chaklation Ydhses Walidngdiseade tingd Bbetler addlwis ofinle computed
the cross-correl ation cal cul ati on nmeans_for reducing
world=SsiGiiss o more anteryeediaie | iiantizery siay; eptionally g disposgd between the
h . ; ; _ ' > _
ik U BABSHI O G0 454 A URRGRTIEILH g tr rducing
t veordBoaes | et then3T¢s ipsior do déoudep pinelysso Mfhen dat itlen benefit of reducing

SO EmapAbEE] e RS Bl Sbse S ing (e e
b6 My BAUDUAICR AL, fbrCédtBhmt GEERLGH, A0 comelation
n- phase (I)

by interleaving i and quadrature (
colefseemk s of the received DSSS signal sanples and

onput i STCs for the inter|l.eaved conpopents in a . )
0027781 e TATRY oiRy | 50 Sl Bl RS R Bartlaft in cross

opefralatiodbylintesiRa¥ing ih-PEeeV@Harkd rat ¢dipdn@h®, of the received
and each CMF is further conprised of twy data shift

r &t} slegalysamplgy apd rcomputige e tHCy faretbedlatesigaved components in a
c | - | . ed e i , A ) )
SRR B9 By ) i W psived i
r sarsphipg ratg dndccack ONOF ¢s Rirtheb asdprisedawthitovordateshiftde HISSES per tap for
siggpfl q%v,i n mul ti ple sidebands, as do binary offset
C ing theppiefleayed pomponedtsy| es of each sel ected and
0021] ©- Samh e AL RAMLITRYNIS! Thd HPY - REMLDI R FRYEAnBE for digitall
[ gr ocessed by the CWVFs |¥I}1 a pi péa}/i neg ]Fas ﬁ%. In thi Sor Y
entigctingmd, reesaniplBRwoasr sddd tidelreakls diona aslecdived DSSS signal having
' %%lﬁf)l%rs?de%gnds, as do binary offset carrier (BOC) signals. Samples of each selected
and re-sampled sideband may similarly be interleaved and processed by the CMFs in a
pipelined fashion. In this embodiment, each CMF has additional data shift registers as
needed for holding the interleaved sideband data, and each operates at a rate equal to
the product of twice the number of selected sidebands and the predetermined re-
sampling rate. If four sidebands are selected, for example, the CMFs will operate at four

times the received signal re-sampling rate, resulting in a hardware re-use factor of four



needed for holding the interleaved sideband data, and
each operates at a rate equal to the product of twce
t he nunber of sel ected sidebands and t he predeterm ned
re- sanpling rate. |If four sigebands are selected, for
exanple, the CMs will operate at four tines the
recei ved signal re-sanpling rate, resulting

hdfiial and & epapansatsgit egeh phihese four sidebapds are gmfgﬂ@gved and the code
f f '
TUBFREL YRS, fia eoh 0y, e o P i gRafrepe factor may be

adnaeskedgbd gighaél)er, then the hardware re-use factor

y be _increased to eight (8). [00221 The )
1002 3o~ B @Pgr%rﬁlmn@gwﬁfa i OBIRBISF Semgantelaf ge-sampling the
f QEcdiReaBER _bi%?altéﬂ% rafe@GRAIME Gn r%ﬂ%fﬁ a(fi{th@n&ﬁﬁﬁlt cehip rate of the

equal to an 1 nteger nultiple of the no chip ra
ofsptdadings podeg dintlg eadd €M Enbiaseac bor@spoinding asumming network including

cqrrespondi ng .sunm.ng network i ncludin har dwar .

(V48 iocang forr o PAFaRL SSFSLRaR 87 DU AITingafgh sogrelation sums
PaFdrh Grefiohs Atk HRIGURP combii® HeCbSSorfdlAfdh GHREESThis re-use of
to conpute the cross-correl ation values. This re-use

ofpartigd roottglatioo rsugisacswlts imuarsedugtion £ myltipliere demd pssacigted summing

b iR LR RRREM B THSTER gl AP PR vt
[00231ul ti pl'Ehe ¢fd23] codeeDopilE0ERhp&aRaitorDRRRhE further comprises circuitry for

conpensati on nmeans further conprises circuitry for )
apprhing dgkyayte input iigamst ¢fe thes cessscpeelation values corresponding to

. i on: val ' .
CUESSERSLATS] 058, S5 RIS M s i senc
arid tfthvesel eing appopeiatesizdasanc de applied based apes timugnber of non-coherent
RSBl S o 1 S EM e B SR st e e
engpodi, I AS ()f]tc hilt?fﬁe'r SnACEAIRIL P ﬁ@ﬂytllﬁl{ééuﬂalk‘ doBkeUsl fiRé adjustments,

a plurality o eger and fractional delay lines for .
coespsetivaly, 6f Moppdirufequancy , dependgnt cdalaysl \(odsf DDpplst exompensation

frequency dependent del ays. de Doppl er. conpensati on
it &1 Ml and JRdedisneng: RELdORA UpiG gumber of non-
f @bhéred@intafh@omiy rireferdy MRdugh Chengvt of At1@BIeAbf @Psfficients and an
preferably through the use of a table of coefficients

anefegition gpeemt i on counter. [0024] In yet another
nmbodi Ren [N ' i des. _a. r .
0027500 5, sl BB PSR 0S BSH o sciin
c eaqzivesladuliband imansighal, cerpaicdd oia Mebhd filrgelkcdrdandisple sidebands
fromthe received nmultiband i nput signal, a neans for .
c bR the Fcetva inpgftigands pput siggel, 2 meagschon rassqEKagng a replica of a

y . - Lo
LTI, SAUERL 081500 ML Bl 6 UYL BA it i
sdteguermy shifi@beersions o bachi selatabksdebmnd a¢b abtadm croab-geselation values,

a neans for no-cohrentl_.coB’oinin th]g. . .

o AJBEIS pY RET SOy RERPIPigEJDE Bi%5°-CaRT ligR ygiyes to obtain correlation
metrics, and means for detecting whether the magnitudes of the correlation metrics
exceed a detection threshold. The SPA of this embodiment may alse include a means
for down-sampling each selected sideband at a predetermined down-sampling rate to

obtain the versions of each selected sideband. It may also include independently

controllable quantizers for quantizing the versions of each selected sideband, and means



metrics, and neans for detecting whether the

magni tudes of the correlation netrics exceed a
detection threshold. The SPA of this enbodi mrent may
al so include a neans for dowg=sanpling each sel ected
si deband at a predeterm ned down-sanpling rate to
obtain the versions of each selected sideband, It may

aI fop coniralling a loating frstariafithe guantizsrs Tbe doagingntartoe eantrol mechanism
PIHA sel ect ed si deband,
qéaneaﬁg&ﬁgﬂg?égﬁcontig% ng%ﬁoaalng factor of the
[ﬂOZﬂ]uant | ZEHtes non-behdrestdintggritiat areaso obiitedls he elaiisentinting between the
ontrol ,or simlar circuit

t t
e@gq a#ng”%%a\'agrws ﬁléﬁéﬁ? recstved signabreatisnieg thntepliFa cedfosequence to
r efh@ﬁ:h?ebdd gh@gatbtﬁte‘@%ﬁ'pof Bseh APk uﬁ&?ﬁm‘fﬁ QU&RC&qRBEke segments

the received signal, realigning t replica code
sexyedapmEng an tintecbatWiegn pouns af grogs- cohelasmrvtﬂuei cesapénsate for invalid

2$%pkﬁﬁpﬁ,gt?$é] Pﬂrjéydﬁ ﬁﬁiﬁspgg%gggg,ﬁoesg peak éetectlon idle time resulting
C IR sROAtIsahi Vel é&&]&%’%ﬁﬁ% Qefebled a0 YIRd bkl of a correlation tile,
pp

sanples resulting from cod | er processing, post
peall-changes irothe dumben b samplel tavaigablé forrpedcesmng ep s result of code

Wg??pal%ﬁ%g:ﬁ{selrﬁé ngrq-gﬁgagﬁtl %be%ggt%ﬁtrﬁ%ag%hﬁcﬂ}gcg en:%ec%an%m for: loading

S &g Sdppinal & dRedutive HoRCRRGEIGIsAGodR seSdtick sefmemdento and out of
r{ng}/[ler effects. The non-coherent inte ratlon nmeans

Fodupl gegisien Ranksntor sHDPOFtoscamiess svitehingabgivegn grocessing multiple

o &g@tua%sf@f%@wg t?lgg&ﬁ}t@?ﬁ’@a&g%@gﬁﬁm ﬁ?&f@@trécewb‘doslgnal to the

Ssehip desndayt alohy gwhht theetocplr eeslBai D@dmbquepbe wltkat awitching time

bl ocks .of a corrﬁ‘g at.i on tl|? ontrollqu(e

ré]élp?lé%ﬂﬂié?ﬂ, cgrtrollipg ipitiafion f &; data plp forcehg]b/en time offset during

bQH@qlﬁ m?‘aﬁbﬂﬁﬂo&‘ﬁ eddu@ 1 r%tcglm |th€ﬁ3d1§tﬂ%%1§f’1‘é§1 W48 data (from the
when swtching time uncertainties; controlling

i motle aIt)oppienfpraceasmgband pilist Kdafaoat ahgi @min of i the inféggation process;

duri th |on roce ntr .a_Si gna

¢ abBiok: FistruAg.ot wiied GRTRES st FPomaint B figBtaoR process for o

Dopainefimp ﬁxﬁ@&%htﬁ}glncﬁé%r&ﬁhlahﬂ% ﬂﬁlﬁﬂﬁﬁmh%‘fﬂ%@ﬂ atidi€process for the

i ntegration process; controlling discarding of unused

sdﬁ%ﬁ@@ﬂamcﬂﬁ%mynd of the integration process for a

given time uncertainty; and coordinating the

initiation of the i %ﬁgfﬂ& ."tﬂil%ﬁﬁég}% EEE next
time uncertainty. BrT el aw ngs
[002({]2026] F’:%L?‘% "Cis ]anl 1ﬁu§Pat on o dtr rﬁ%: 'ﬁ%ﬂug{clj&a}m%knq%nw I%Efﬁ%nc%\(npnsed ofa

certa y reglion conp

| makimbetl uBindiedha camﬁarai g g@up comppisingiagiralledacath tle.
search tile. [0027] Figure 2 is a block diagram

[0027]) | ust FlewRg? spdiack drsam dissaingatrsts of @ grkpdiment of a signal
PRER3Sh A AR ARMEG LA ERAIER M Bnddif? PT esent

inventi o
[0028] Figure 3 is a block diagram illustrating additional aspects of an embodiment of a

signal processing architecture in accordance with the present invention.

[0029] Figure 4 is a block diagram illustrating aspects of the operation of a cross-
correlation means in accordance with the present invention.

[0030] Figure 5 is a block diagram illustrating aspects of a typical code matched filter

design existing in the prior art.



[0028] Figure 3 is a block diagramillustrating

addi tional aspects of an enbodi nent of a signal
processi ng architecture in accordance with the present
invention. [0029] Figure 4 isga block diagram
illustrating aspects of the operation of a cross-

correl ation neans in accordance with the present . )
[003]hvent i ligure] Go3h)a migsk aliagram allygtighRe gaspgetanpt a signal processing

i | | : Llter
acar Rl EppRARREA G Runcniaift BRou SEL M ARARARNI
[0032]s a blKghresl i7ﬂﬂ _r’?iﬂm'telljluei‘i dialgiang; lﬂaﬁ.@ﬂg% asbea?] off gnakde matched filter
pr ocessi n%é%‘? i tec urtg%(agﬁ oy ng ar dwar e s, arléleg ter shari
tiﬁ“&(ﬁ@ﬂng a5 phardg) geterenea spnd; (gr Fepdicy gode) gegister sharing,
[0033) & bl g5, dipgr 9%ck|dié§£rﬁﬁﬂ{1%iﬁitiﬁ§pd§ dcts Of a?ﬁ?%ﬁ’ﬁla compensation

mat ched Tilter enploying hardwar aring
r ghesngni ecoirdanat Withrthe ppdsewtdneadion. r egi ster shari ng.

0033] .Eiqure 8 is | ock diagram .l lustratin . .
10034)C 00 sﬁggrea_sc&ﬁj Dife oLt tRe oss ph @ signal processing

ackeitteRe embidYingd WRpfaBS8ddbahd pestesdig. [ 0034] Figure 9

is a block diagramillustrating aspects of a signal

[003Yr ocesdiiggre 4P cisi reblogk ediggianp iilusjratimgapspestss ol ebapighal processing

pr ' Sl Fhaure. 10 | l.ock di a . :
PRSP R LSSt Byl 50358 s v
[0036]r chi t eRigwree | €Nl ayblogk hdiaghwat allgdiadtingdadpgeceueln d segtl processing
Q si.deband data.interleaving. [0036] Figure 11 is a
bl3etRtegtusg Faplqying eferanseyignal fecrepligd cededirggister sharing and hardware
pr&c j J 4t i ference signal (or
rggmﬁﬁghggﬁggprgéﬁgﬁgpﬁgﬁ§¥+ﬁ%&§%§ﬁﬁ%rdmare shari ng
[003%] hr ouglFigurand @ sclcebdhdtrataigralativertiramg agl. stg@0SAprising a cycle of
Figure 12 #$7a chart illustrating relative timng and
stCPLOLYHL#45i ng a cycle of control unit 227.
Det ai | ed Description of Certain Preferred Enbodi nents

of t hepéianed DeStipthI0H erthifi Fel@ fe ERRMINBEAS 0P thd Hivention
inventton W11 now be described Wwth reference to (the

[003%000”p§‘%¥feﬂ€d SrdWiREsts bPMR vl WM B desfcri'ba? with reference to
or

escription that follows addresses GPS receivers
BU® a¢pompanyisd dgivgings.s, and specifically M code GPS

i gnal s | oyi n 10..5). l.ati on,, t he :
0033, 307, SyERERH IRt bdSngtion PR UM Rrdsiogrs gpecivers for BOC
eXSIAsY DEabSAR sP&ificalyd MYcdde GR8NSighERNEmpRYRE BOC (10,5)
lim¢ting. For example, it will be understood b
armeddation; ferdoseriptiongf specifie embedisents Jéhntpéé%%é gxemplary purposes
9 . . Use. | ) _ g
S5 pEERYAE nkal® ot BPRE Rl ol xR SRl Befunderstood by
bartiyane aleht the cr¢sgrorrelation architectures described are also suitable for use in

systems (e.g., radar) wherein the signals to be correlated will not be spread spectrum
signals.

[0040] Each of the cross-correlation and signal processing architectures disclosed herein
enable an increase in hardware efficiency when compared to existing technologies.
Each architecture employs a separate technique that may be found alone in a SPA or in
combination with the other described innovations.

[0041] Simplifications described below lend themselves to integrated circuit designs that

are feasible to implement while providing optimal performance.



signals. [0040] Each of the cross-correlation and
signal processing architectures disclosed herein
enabl e an increase in hardware efficiency when
conpared to existing technolggi-es. Each architecture
enploys a separate techni que that may be found al one
conbi nation with the other described

100441nnov atT%f?@llltP@c}mﬂFrsenéme, i desetiRiion ofcaicpqapisitigneP B mcorporatmg a
r I

 FRASESTRR RS el RS0k s lrd fbicd cecrption of

peatlo feare @f thelSPA[ AOcbplelef thadhldvatides Wﬂﬂhé deswribedygfor the purpose

a descripti,o sition SPA incorporat a .,
ST B dom BOm § %G%SWM dgeeribed chytsgtisans ol seidity understand
b ese f each feature of the
S}élg%%giftggﬁga%&e%ﬁe |nirr111(|(3:v ?‘g%{g wi || be descri bed,
for t he purpose of clarlty, in isolation fromthe

qruis o 4 Emplovi h CrasCo vélutiore Zging Followed By Doppler
urmm_nbn Ami/NM}ébberteemmeq arém coul d be

i ncor porated. Acquisition SPA Enpl oying Parall el
[0043]r oss @msm 200 for aequiring aHOEE S wipnalBin Dpgpllerfashion in accordance with

Conmp tlon Non- Coherent Integration [0043 S
2(5’(‘5‘31“36‘? Oétra%ﬁtm}ﬁbe ARSI Fion 1S A e afed g 20 SBARDD includes a
rbré“é&?cﬁﬂ@ﬁ\%@d@ 0B reQe LRI RN 20k, fdifudiy O%ﬁleé?&abl an analog-to-

invention i1s illustrated in Figure 2. SPA 2 |ncu
a digitad- comdirtei ofelPCP0203,hengape eE&fedfODswpln@w ainda94 re- Samphng at

i ncl fer bly n anal 0g-t o- converter

(et SaRbfeyaR5, B8 B rife iftspT vnSERHfter fuantizers 208,
atmdelﬁﬁﬁﬂ@él@étﬁﬁm%dﬁmm Nghd iﬁt@ﬁeav@f‘@Z@r ANBfo8s-0PHrél@fiéd means 212
i ntermedi ate quantizers 208, si deband sel ection

w@d@ﬁS@ozfthSahmeu e frequensy shifted yessionss of dhe @rrerppuglitioning means
1548 1?1{ gﬁﬁ%%%% Gl %’? 1fch ﬁN”%dé‘@Q Jeh@eqﬁfﬁ‘%pta%gegfﬁgﬂ a local PN
ver 1onNs O e re |on ng

WichBe gamgrhtes 204. Thérem bpdoraN cﬁd)éi Eo@pm:l eﬂfnpeﬂshﬁ)r 216 compensates for
obtaiped froma Iocal PN _code gener%t or 214. Then an

optanBhetmesinRifitefuc bnperlst apd 3 leafﬁﬂ&a@awgcqlwnt integrator
sihnggal ndi f e LS -
7 o oA 3 M bSE 2907 b BRBBAR, gRibIL Scompensated cross
rrmmrebatlbnlfvfahxes 220, repteatnting sgrdics ©f mai'tiouiﬁretlme and frequency offsets.

C ensat e s- correlation,val ues 217 e es
S R aEmGhig 5 el s upaa FobER aivapobREE REceratdy 218, which

Debeplioss MR Udifristizd Cﬁ@&ﬁcs} hﬁ)roﬂfsE’Wer)th?f ebrrbliBon peaks through

non- coherent integrator 218, which conprises test
stcamipgtisasto(apthrasheldi cs) for di scovery of correlation

k : . :
1004437 C o FOSABionS0 R bR i B Rt thiyed sigmal 204 in

I @eiay2ibnS f@dnabss2étrdlation. In various embodiments, sampling means 206 can

perform received signal sampling at a predetermined rate using ADC 205, and re-
sampling of in-phase (I) and quadrature (Q) phase components of the sampled signals.
One or more intermediate quantizers 208 are employed in some embodiments for
quantizing the sampled (or re-sampled) data. And certain embodiments, as will be
described below, include sideband selection module 210 for selecting one or more
sideband of multiple-sideband received signals. Those embodiments that employ
sideband selection and/or UQ re-sampling also include interleaver 224 for combining the

resulting multiple sample streams for input into the cross-correlation means 212.



preparation for cross-correlation. In various

enbodi nents, sanpling neans 206 can performreceived
signal sanpling at a predeterm ned rate usi ng ADC 205,
and re- sanpling of in-phaseil-) and quadrature (Q
phase conponents of the sanpled signals. One or nore
i nternmedi ate quanti zers 208 are enployed in so

(004311 0di nEt groF%gsorr%m mEWgZIch@'O%%f e:v( gy a parmflel fashion, time and

AL 6 SRR e sl

f aqgenemtatlctdpliga @fiea pseudo rranddm dMn(PN))f code sequence used to spread the

mul tipl e-si deband recei v Those e le ment s

th%’?"g'ﬂ’a Jy thecfrenmified 35 Nl SFOSEIEPTTE a&aslrpfﬂ?wa 212 can be
al jg1éh&d e %Sllngt a‘:‘cﬁlv@ %\S%Ia?(?rél (£Q" Py cBSmbiPfors) Perl]seswe correlators

resulting multi’ple sanple streans for “input into _
c rlegs Cdbirs) eoraltyboids eat reomir, both Betife0@ubjasTive means (e.g. a single CMF

R T A L O RN ——

Ofthé RRorS2¢R B6krél8EGsY.CR &icH I?:t'ﬁ{bdfﬁlhé’nts abmRéI8G01P hcroBe frequency can be
| ocal | y generated replica of a pseudo random noi se

Fm)necf b3 evqm@nb@clq@géddlﬁ@e@pFea@ert pealygpeleig: using anh&ast Fourier

AR SR R R T L g Yo, o

thalsplwarmmul ators) passive correlators (e.g.
or hybr| ds that caonbine both active and pass

[004§}E an S (Ig ag 1t@nspwgp@1m mtﬁggap(gr(mq,]b,’zg%W hedisgyl to extend the ability

[0047der f or honceplisrent dnieEatipn

CQfiRl ?éc'e%? t-:{1 Qéiu%%@ sign A hihh REQYTY In@fs@ raﬁd t119terfe:re:nce This is

accunu ter correlati ons)
ermomin]ﬂnﬂhbd byaxdimigedt prerdetemaes furdpu ef cyndanomblocks to form a single

achi eved ackend. d| crete Four nal ysi s

( S Gpenpy dile et SRR DG ot STt (GBFeFJeton GEiogy generated by
FQHE ICMFB! ?Hé EoEtidx flock V¥ ARSERIHNEAY 'idlé%{tch]r RNGE ¥nie-frequency tile.
or a Walsh Transform. [0046] In addition,
ndhum@memomm@matmmms) codes Dmpfcbeoml@ensam 216 can be used to
extend t ceiver to ac

o1 R efecigimet taficect o BEBET formerlF Pt LR et Puplsddo the cross-
| TorrRBgioARhemk el 2Mhdagtdipigcaasql @osleéRfdlatiRdvalueditpef by the cross-
correlatlon bl ocks to forma single tine-frequency

t jqoerelatigs rmesys 24 R dni Bepioowimpessate Jak migalighment ﬁﬂf‘?%ﬁ resulting from

V t e I C
/S5hPLORBRIRNE I b 06y Y oI A LA froups of e

Dlmnqgnim@cmmaemfﬂmrcﬂmmme&tte@baﬁn mlamdmeﬁmppl er

conpensator 216 _can be used t rove tection
it n‘%@r@gq%&f ‘Qﬂ‘gﬁP 222§ foyed to detect

t Qyiiifer Cih@S §orré15’t{dne i QN HERASa Z&e%e@féﬂ HMr&hBILCHEREY determining

cross-correlation val ues output by the cross-
c ovhetheatthe B SBSasignal 13s ibaero mtpureﬂoDctm’;menmatuée £22 includes noise floor
sultin tlrre co andi n

m sal i gnnent . effects r
oS TP 253, fyE g~ B g bt e 41FRgF OGO grSsiation values
ofwHeethe received signal and the replica 51gnal are not aligned, and dection logic 223.

Herein, this average value is referred to as the noise floor. A detection threshold is
calculated by multiplying the noise floor by a detection threshold offset that is

dependent on the desired number of false alarms per second.



conpensated cross-correl ati on values to obtain
correlation netrics. [0047] After non-coherent
integration, the detector nodule 222 is enployed to
detect whether the correl atijon netrics exceed a
detection threshold, thereby determ ning whether the
DSSS si gnal has been acquired. Detector nodule 222

i fellosubernemtion Ysingd CogeMatghed I ;AB“eLCEf’l‘déting t he
magni t ude of the averﬁgg of cross-correlation val ues

[0048)hen t Haf hecravomd wavg i commptingecrpssppareciationg da a parallel fashion, the

ggf’gef%hjeg oR9o %?&‘c%‘&a-'n?&isﬁed o Balﬁﬁr(%rﬁl%%ﬂé%l*‘BC). Simplified

rage value 1's referred to as the nolse
deteesidnsoof ahr¥Psatdhitesture dat ulseds EMBBC ok targdswiongldtioa, without the
noi se f| oor py a det e,%tg%gn threshol d offset that |

. S S.
d@ﬁ%ﬁqatewowomeca&é& Hb%e[f*- %?St:f%lf’ée Rapid ,ﬁg:qt}g}tlon Concept for
S A - c
Fﬁ@(?g? Aé:é%'éfegoqrir ei a%é&ﬁg%%dg?%%%ﬂ?'g‘é@g?% vva’ygﬁg?mber 1990, E.
c Glopnatirney ar, GBdrecBBeients Spread-Spectpan Khtatlel Aaglisition in Nonselective
t he referred methqod .is. to. use a de-mat ched filter .
A TBEFHeGr 1o LRI Fafing e VEEE GHE o iected dreas in
SRboramGhtcARSsUND1E DAt NeseS AMIBOIOrand G, R. Povey, ef al, "Simplified
cross-correl ation, wthout the resent i nnovations,

c anatphedr dilterl rperivgr desighssfor sreart speoRam omeeMniedtions rapplications,”

cept .for oi ce .Act i vat ed Co i i PNS, " .
| BT s OBl Bl st L R 9% P ontents of which
" [iré Rek iDRapGaGea bt RachceRe elaitehtiveyal | el Acqui sition
in Nonsel ective and Frequency-Selective R cian Fadin

(00493 annelFSgure EHiEstgey AalcxompRotEbaimeRl ¢ls GWFBC 226 used to perform
CO AP 5L i gl i 200 55, R0 onioning s
dedgrith ftoredsampha 230adtthe raptionnodd ZEX gemesated by code generator 214 in
applicatiops, ! . Electronic_and Conmmyni catiqn
ErfghHkePtAdel Bakina N 221%@3901%%86@0?# éﬁ%aé’ko‘?f Ypf&fiFs 232 that

a%gggo]%[eesﬁo%ﬁﬁ‘%ﬁ%ﬁﬂoﬁé’ 2L SrEHH 1ér|fgtﬁ NG follBWeld 'b§lah FFT structure

[ Figure 3 illustrates an exanple enbodi nent "of a
CNBBGh@2®harsetly tintegratdsahenS T€isckd- appess alieieoh Gegiench effsets, thereby

e 58 2 PR oL iR 7ok S, PRRER 7 Pp o e Bogmtizers 252
213000 Vel &G D% KRUSLURPENMIOPIR AAd IFFT @ricilre)236 will be described

paral l el fashion. CMFBC 226 is conprised of a bank of
NbeloWs 232 that conpute short-termcorrel ati ons 234

[00503 STCs) Aﬁsf dée‘ﬁ%?é/ tﬁl W%lré Ql lagc\fﬁﬁlgﬁys%is;g)lnﬁ%srea R or%i?igre data shift

hat coher I ntegr at €s™t acr 0SS

diréfistean?4d, code eqciegtidrs aus fot BRFiaR fepliangudeisagptes 230, an array of
series of test statistics 238, The purpose of ong or
wé’?‘étla]wgﬁ 213.in¢ DEPPOTtigstBingdichuek d4dc(eigarpn yideRjree represented

ggﬁ:g \?vgﬁﬁi&t@dplﬁ%gse%t JUGLHh e 2Vl dmdd?) $6S ShhB%tk partial correlation

products. Summing network 244 is actually comprised of

log, N7
2.2
i=0
adder elements.
[0051] Each CMF 232 performs a correlation of the stored replica code sequence
samples 230 with differently delayed versions of pre-conditioner output signal 228. The
different delays can be implemented with ¢ N7 tap delay line coupled to the output of



[0050] As depicted in Figure 4, each CWF 232 is
conprised of one or nore data shift registers 240,
code tap registers 248 for storing replica code
sanpl es 230, an array of muiBipliers 242, and a
supporting summ ng network 244 (e.g., an adder tree

represented _for. si i Gity, purposes_ as_a single_ adder )

o IREFRARCITIOnSE 20 hs WE T E%ﬁ?ﬁcabetf bt meredsteh belgiodsalected cmbodiments
Suypwi : ' O i Al
PRIER pd gl 284 by 9B AP P8S (§ compons
perfftbe mpper andrlowlentidebargis dfirecesvak signal @oKi Thiscepeesents four filtering

sequence s les. 230 with differently del ayed

» SERREs Rty FeabBiie Mt s B eubr Srelicansge seuence samples 230
didé k& bydQlc-RYSMEAD3 D ipTRInGAE e Hartwlall BpithiZa@iBn exists. Digitized
delay | iné coupled to thé output of - 13

prségishditaiioweittep Gaquentially inito B dpta oreinisay aj f hegpmes available. In each

d il,-bel.o in sel ected emqodi.nents . presconditioner

o222 gD RE B e R BRGUERERT sifhf 2P0 A LS samples 230
( @r 8 PRRNEsHeSoffRf i BéherfB® hll A bnk&VEichSdlelabansiSthefinput signal data
received signal 204. This represents four filterin

opeifhteaivier THkis meliinlied by thercersgsponding elemeont of éh%ta% in the code-tap

RS 26 T SRR RBURLE Sudiitio e SRt Ue Silpliers 242. The
Disgiriming detvairg 24# tiskat sarisshweriulisifer verue sighals 245 nt o
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sullfthe partiadrSJCs Fnacddgd fogr the itaekenddF BT atroetomr $36. 1t is the ability to
*L 288 {5 3L AL SRR Bl e ot i
Phh ¢248ns aauenassS sl @id 23 208) a fast solution and the only solution not
requiring intermediate memory to store partial correlation sums. Rather than employing
one large CMF, Nf CMFs 232 of length Ny are used to calculate STCs 234 on different
segments of the input signal 228 and replica code data. Nris selected based on
N, = (N *F;)/N,
where
Nyis the desired coherent integration time,
F’s is the rate of received signal sampling, and

Nr is the number of short time CMFs.



not updated at each clock cycle, but are treated as
filter taps and stored in the sem - permanent code-tap
regi sters 248. [0053] Referring again to Figure 3, the
bank of NNCMFs 232 sinultaneausly conputes all the
parti aI STCs 234 needed by the backend FFT structure

236. is the ability to ulate all the needed
WﬂS‘Har ti aI FO& A DEy iRt at@@#%ﬁapﬁf@scw423&cwtm Nrrlegeth STC 234.
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| RkHnator A8 akili2dd fore dsdh %ﬁ% bRAITA tRspefteon\for| faRBitnon-coherent
STC 234. The STC length i s designed such that Fs/
NProegsgipgat er than or equal to the extent of
frequency uncertainty to be searched in parallel. A

2’ Bl Sk S PPRRYGD 1 bt O\ Hifihn BDbbASLL O t Ne

STCs 234 Dy backefd FFT S crure 23b. Zero- paodl ng is
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c @heashigupdraties phag: ¢Q) Rotfpohents of aleveing! tsigﬁal@leﬁmsed; illustrated in
frequency _uncertainty with a proper f quenc%
r d38iiT6t PoWhergfn die ErandoRo CHBRPHALS ATeraRRIR (IPloying separate sefs of

e%h%?ahﬂ?hhfd&ﬁré 0 for each frequency band in

reparatron for er non-coherent processing. CM
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qUREHVArY i€ cRRASErél&ding G{H}@ﬁﬁéht Sodefse v\%%% ‘étﬁﬁ 1%b Qﬂ@lvﬁth I components
Th|S|S|IIustrated|n gureS erelnt and

caffomehtQ camposersanr2eénpf dle mye-sepditionad seqesvedf DSSS s?gnal 204. A

C%{x‘hﬁhﬁ‘é e?%‘ﬁng{l?%%f:ﬁ’g" rgc%% bg'[e\?lgfgﬁ]élaé gﬁ%(ggi ]%()ne% are obtained is

SRA fal8ys. FFHb @Y OfBVIRConieE ok -Ms filledng, Wibé received eignal 204 is digitally
m'clzlo;‘ifee‘lteide{)? }8[?8 flolgd aur&:’clfI r;g]r.nglgednaett ;A?);é(detze%%ined sampling rate by sampling
module 206 of preconditioner 202 to obtain the 1 and Q components 264, 266. The I and
Q components are then interleaved (by interleaver 224) for processing in a pipelined
fashion by one or more CMFs 232, In order to process twice the input data, the one or
more CMFs 232 of this embodiment operate at twice the sampling rate at which
received signal 204 was sampled. Additionally, each of the one or more CMFs 232 has
two data shift registers 240 per filter tap 268 for temporarily storing the interleaved 1
and Q components while other components are being correlated.
[0057] Illustrated in Figure 6 is a CMF 232 that performs a cross-correlation of the I
and Q phase components 264, 266 with a sample of the replica code 230. As a result, a

filter structure can be implemented that reuses a single one of the multipliers 260 for

two cross-correlations. Note that although the number of input signal data shift registers
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hardware in cross-correlating the replica code
sequence sanples 230 with I conponents 264 and Q
conmponents 266 of the pre-conditioned received DSSS
signal 204. A sinplified dedsdrd ption of the process
by which the | and Q conponents are obtained is

fol ]l ows. Foll ow ng _down-canversion and filteri t
r eJcJQ frdRpIRY gﬁ%ﬂtaréoa!uﬁ Ongiyzatian (esulis iy & fa@aorwp %ﬂe@%@twn in the
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atbﬁmpt@ilﬂhtﬁlbsaﬁqﬂt‘m@twat e at which received signal
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cOBGUIZRMENt Al gertan grabodimens) sumping e 20 ringludes means for re-
| gl 0
rrurEP’t ?gﬁgg?% r%ﬁfe? S%F\%g@‘ gtsgggllege QF sn rﬂgger I{%ultlple of the nominal
aldhio (gh'spleading riode™) abtei applitd so gmélthaa tishirfdsmitter. Each CMF 232
regi sters. 1 240 remai ns constant, thi timzation

r étployed in e?“a%‘%‘B‘i"ﬁH’fen{WSraeH@E‘{h% Sfimplgipiers rERATF regiired number
NURRE be Aividkd tHyPineShtegth thdf ?l rs%ie%fe%nﬁﬁ' aC%QﬁlcﬁPdQ'éM@f design. Each
248, and reducés an Aassocl a nber of required
swmnnmgg niettworkk 19 Gdaptdd etos stoSi m@ﬁlatlwémlaatmvasmns and to add partial

h f FPGA ;
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har dwar e by approxi nat e a factor of two.
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erpl oys an opti m zed sunm ng netmork with a reduced
har dwar e ugemmt In certain enbodi nents,

sanpl i ng nod%b 206 includes neans for re- sanpllng
the recexxed -+@O4 at a rate equal to an integer
mul tiple of theg non1na| chip (or»"spreadi ng code")
rate applled to the S|gn3__q@€@%e transmtter. Each
CVF 232 kemimd;yed' T pe e U 'ments has a plurality

byh%}:ﬁtlh% c}%sé %Bx%lw] c:e rbeqewﬁ \ith of Eﬁ'\[lafs n%: vi ded

teger ATt or particul ar CMF
desi gn. Each M
A=) B, Eq.1
m=q
M
i (11 + jM) Eq.2
i=0

where:
N7 is the length of the short-time correlations,

¢, is the i* filter tap,



summ ng network is adapted to store parti al
correlation suns and to add partial correlation suns
from previous clock cycles in conputing the
cross-correlation values. [Q0%2 Assum ng the received
signal 204 is sanpled at approxi natel y Mtines the
rate . of the replica code sequence (i.e., the
sp‘?(’é’a]élﬂi*f‘gm@‘éfcﬁé@%ﬁ@ﬁal c, and the integration NT is a
f M then the cross-correlation
uqyﬁ??%tnﬂgff% S|rrp ifies as fol lows: if Ni.-i y(n)= E
[OOﬁﬂjl X ( n+iYsing EQuatkcrck Hin)can. fattkerbelrelri@etva® Munctiohod p(n-1) ;
t he cro? rrelatlon can be rewitten as a sum of
odi(¥ aP0Ed Bem+mn) Eq.1 me0 Np-1 B ¢, MK(n+j M
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correl ations
t Mé/Mnpast with ginialinncvatioy, the)nuirdet bé rrm]ﬂhpitﬁrs anag mapporting adders in the

10060] . Usi ng Equati can,further pe rewitten
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[0064]0061] T & HeAPhiREstbdtPvith (R aid ¥F FRguir&S 1A AR 98, Wﬁidl‘l%hows a simple

only a code-match filter of length " NI/M So, Wi th

t KiMFj %ﬂdwmgaf@ur tapa %ﬁnﬁethebfhawmplwlnze fopraneltipliers 260 to multiply

igﬁé’% %‘Hﬁgg@ 5?(13 gllpuﬁ/ﬁ E%}Ozg&li rilyh rslégllenrgfetrence code samples

ungex %tqudnw &1’(& bbsanﬂngi 1@¢fnt15hlgplzirﬁ§1 prddacd c g@X(IWQWO hnd ¢(1)X(3) 272
shows CMF 232 havi n? four taps 2

t H‘é(r'Peefﬁ’f) ﬂtfﬁrﬁ@ EMErowputisignalsef©)2ed X@ omﬂoweﬁuvve Plﬁék cycles, CMF
SHB £ sﬁ% réélgt)r% l‘iztst'tﬂg lﬁtartﬁ'.l a6l O%Q)prgé/uctt Rfte first time it is

sane reference code
computed, then reuses it in computing the next sequential CMF output signal. Note that

at the transition at the correlation block boundary or at the start of a new time-frequency
tile, the partial sum of products register 274 must be cleared since the new correlation
block would be corrupted by partial products generated by the previous correlation
block’s reference code. Another option is to ignore the outputs from the CMF at the
transition until the pipeline is cleared.

[0063] This approach reduces the number of correlator taps 268 by an additional factor
of two. The number of input data shift registers 240 for the input signal does not
change, but overall the number of multipliers 260, replica code registers 248, and adder
tree elements 276 required in the summing network is thus decreased by a factor of two,
as shown in the lower circuit illustrated in Figure 7A and in the alternative

representation of Figure 7B. Note that the summing network now has

N,
log—£
gZ

2

i=0

adder elements 276.



c(0), c(1) twice and obtaining identical partia

products c(0)X(1) 270 and c(1)X(3) 272 twce for

di fferent CMF output signals Y(O and Y(I) on

consecutive clock cycles, CMH7-232 stores in data

shift register 274 the partial sumof the product the

first tinme it |s corrputed then reuses it in
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276 required in the summing network is thus decreased
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[ aweerssipaflessidugdo gaantivation s ljnited B 0.4 B lgppior a 2 %u quantizer and 1.7
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ofthé\lﬁlgﬁl\ﬂ%&nﬂﬁéﬁuandl ihaardiade sémplekity.eD288 .acqinission SPAs designed to
further uces. har dwar e npl exi t r educi ng
wSFEEI loaeSHIR Sltgﬁéss?@m&aﬁfwra oF i/m% TRRY} Pyl size.
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reduces the required sizé of all subséquent circu
(ifuectjonRiEThe SHOR-andHeading fachiredyeath quantiperridpatr dhe aredicted losses as

det ect i on I, dul e f
-l pnn B0 R oR s ROE o hish wlRBER yarigu frygpd in the coherent
O URdKsLBRfefatdh ﬁrb&sbxﬂg}lhasoﬁotagﬁﬁ%bﬁélg'Hé@n §E&§aﬁe@ cﬁa@ﬁdﬂ&?zed through
circuit conplexity are known Di gi t al
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t e applican |nsert gua “FelPd
| nlegigh®dhdfer mbageceild saahdiibé, Re whttihgs &RlitahRidiate quantizers 252 are

highly dependent on the specific SPA 200 design and design parameters. Appropriate

quantizer design parameters (step sizes, word sizes, and loading factors) may be
determined by the application of the formulas below derived by the applicants that
quantify the effects of quantization as a function of signal-to-noise ratio (SNR).

[0067] Specifically, by using Equation 3, a designer can determine the minimum word-

size in required to achieve a desired quantizer efficiency e:

W@ ] e

o Y- e)J

m= logzl



noi se at sufficiently | ow input
signal -to-noi se-plus-interference ratios (SN Rs),
processing | oss due to quantization is limted to 0.7
dB loss for a 2-bit quantizerigand 1.7 dB for a 1-bit
quanti zer. In nost cases, the processing loss is anply
conpensated for by the significant reducti [N
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t ptiapm laadingdhctof is 3B O wlEX). Odk optitemi lcadingyfactoe for a Gaussian

applicants th uantify the effec of. antl zat i.on
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determ ne the m ninumword- size in required to

adiffestrefar deBunddimiiehtGarssianf Rpredamn chrosess1 withq Apgjications to A/D
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I IEEE TR o KlonliRd0Shediolit Sghll Processing, Vol. 36,

ONQW, Jaly 1988hpstMrl 2316, Hefeigfddoeperitey be reference, a simplified formula

internmedi ate quantizers 252 is defined as the ratio of .

t 1san bgyasr for detesmining the lgading darterdios @ Gagsgipn signalgs a function of the

[ y . i n noise

B R

an efficiencypu,of -1 dB normally inplies that the

noi se poter- o t¥emstt put of the quantizer is 1 dB

hi gher t an_a he_i nput . [ 00688 4fhe | oading factor A

is the raeioBir*HE<fotal input signal -pl us-noi se

root - mean- squared (RMS) voltage to the quantizer's )
[0070{y) | sdmlnsastisie; &aletemsine theheequised)iowtput axerdrsizey afl thyguantizer, the

t %%glélgl%rn@gﬁld%ggvggéegggd ?ﬂﬁnt%? %fﬁ&er?‘c?wj, §Gted qﬁ%\(lztep ﬁ;ading factor

prevents ove
and predict the maximum expected post-CMF SINR expected by the SPA. For the

loading factor, the designer has the option of selecting a standard loading factor (e.g. A
=1/4) or by iteratively estimating the word-size (using Equation 3) and loading factor
(using Equation 4) to determine the optimal word-size and loading factor pair. An AGC-

like circuit can be employed to maintain these parameters at the desired levels.

Code Doppler Compensation

[0071] With reference again to Figure 2, there are numerous causes of mismatch

between the frequency of local replica code sequence oscillators 215 in SPA 200



clipping. The optinmum | oadi ng factor, normally
specified in dB as 20l 0gi OA, is a function of the
type of input signal and the nunber of bits. For an
i nput sinusoid, the optinmmigading factor is -3 dB
(A =1/ ). The optinmum | oading factor for a Gaussian
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frequency of l|ocal replica code sequence oscillators
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I ebaipenatdiiot tHis bkiePepléhe transmtter and the

receiver. Regardl ess of the physical cause, it is . .
[0074) 5 mon Tihs appheants Bavesreplizedshiabinglosh afsaherenge dee tps time companding
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AR RO Bl ea BE otk b YnE L Mt B ime comelatons

c dolpawed] by past-processinger(Sée dqMéenBsty, "Berforfmaecgieficle Deskewed Short-

T AR e i, Kl by . it
aloyerageciiai,@ly 1993, J. W. Betz, "Effects of Uncompensated Relative Time
Companding on a Broadband Cross Correlator,” IEEE Transactions on Acoustics,
Speech, and Signal Processing, Vol. ASSP-33, No. 3, June 1985, pp. 505-510, and J. W.
Betz, "Comparison of the Deskewed Short-Time Correlator and the Maximum
Likelihood Correlator, " IEEE Transactions on Acoustics, Speech, and Signal
Processing, Vol. ASSP-32, No. 2, April 1984, pp. 285-294, each of which is herein
incorporated by reference in their entirety.) Given appropriate selection of integration
times for short-time correlations performed by cross correlation means 212, time

companding introduces negligible loss of correlation, but does cause a non-trivial



searches over that unknown frequency offset. For a

narr owband signal nodel ed as a baseband signal

nodul ated onto a carrier, where the carrier frequency

is much greater than the barmw dth of the baseband

signal, the effect of frequency m smatch can often

still be nodeled tqg first order as_a frequency shift .
ofcortsiationt ineak sfogatien  fdelay 3ppem epachn shpgp pims ~ egsreigtion.  Algorithm

a . C e o
oS 61, 0S8l o AR5 EFRAL A st capot i
f iphehemexntar fombokelpassssigiald.onger  adequate. Tine

[ [ k di f th

007810 5K RSes B b s BRARS oiecded M 204 an o
| QeRldrite ASARN ALIRAVE &t SREBEK IS¢ INMOIMAAUTSSighRCK aQfthe replica code
correlation, referred to herein as "code Doppler."
Eqeiuenicesignal 2V 3) mayeDmpgdeled asirbdurcingmboibsa ficquensyradhift and time-

occupi ed. by, the_recei ved.si gnal 204 causes.a | oss of
o rupaftioR b sB RS 1 F0Ese 1 BRRSRfon PReinept SPA 200.
| THOgERE, e tHeqBencitdinh LRl RIRCANANEingC BRPBOHALASel Oby the same
this code Dopp?lqgr. [0074] The appli can_tgg have reali zc_ec?, ] )
t HEgqueney nigsmatell. A henevative @ppropeh deseaibed hgeenennlejis this relationship
t . i te . ..
S BRI PP Rre SR RAREDS B e ot i s s
( SeFigure WasBetlading @k fop hivre §ieqodncihizpbedane fracticiabdélay lines 278 and
Ti.me Corr el ?JE&E " in Coherence and Tine Delay _ .
EdRiegst Yaiablerdglaw dings, 280 teycpmpgnsgte tof tray comppnding dr dhe frequency
1993 .hJ. W Betz, "Effects of Unconpensated Relative
Time Conpandi ng on a Broadband Cross Correl ator, "

[0076]EEE TrEArsemtic Dopplen cAopesdatars?16 Spsien hasswanek iagraatonstant nominal

i | . - _ _ :
L6 GTRE FH4 prcsising clockoiiiedAbh TEHAC Ba KB REUIch between the PN

ShgtrdadibisBdepstt OF BlctecaEl §iBRal'Fadiafl Mhe ldcki®) bORPAed replica PN code
Correlator, " IEEE Transactions ,on Acoustics, Speech,

arateSvighedsult Pn ec dsidling], onVisireepi@SR{3he crass-cRrrelapion [peak and must be

1984 \ 5-294 .. ea of. Lhch 1s herei.n .

e tsBPusE PG eunE RERe i A BV dede mF (hop daripfhe non-coherent
afie@ftioAt Proeeiseehdtoava@hgdsnicegeRtib@NblotkdTEthel Ubcation of the actual
short-time correlations performed by cross correl ation .
neqrr§latiop pepk yhows g ridslightlyrdifigerme decatien |in dimg &om ¢ash correlation
of . o N

LR TBbleq e KRGLEAMAT R, 1BEI bk KhEheak 0l show wp tater and
c dateehpdn arcesdivgaront-duhiersnt tgxbgrhtiom (o RambpILtHeaeceived rate is faster,
devel oﬂgp(ed_ and analyzed in the cited references to

ety BFAK Wikl showusaonenprery ¢ich iGeaHeR (YisyRdi s. [ 0075]
he Do ; i
[0077]he | ﬁme%laﬁglﬁs}ggﬁ)egv%%ﬂgﬁ@ %@g?ﬁ%@%@%}fgﬁgw‘%ﬁ Bffts&eé_g;] and the code

recei ved signa shown 1|
t mate SppidriodfsetdBads ment of Figure 2 as the replica

code R
AR=
Y m
[0078] The drift in samples, from the first to the ¥" non-coherent integration (or sum) can

be predicted using the following formula:

An, = 2T (k—1)~AR),



sequence signal 213) may be nodel ed as produci ng both
a frequency-shift and tinme- conpandi ng, both of which
nmust be addressed in the acquisition processing of SPA
200. However, the frequency-9hift and tune-conpandi ng
are both caused by the sane frequency m smatch. An

i nnovatj ve_ approach, descri bed here exploits this o -
" GYIE Gniihg 0 grentnisfegrmiton tan%aaéeoseéwﬂ\e wﬁw@_f%%ﬁhe drift is that
21ty 36 ok AL thiivh DR b€ hohSohbretly iftbSited! Br summed) without

Figure 8 a5 i1 ncluding one or nore frequency-dependent
f reaoectoomefor thel dxift.| i nes 278 and integer variable del ay

10079 Seuertyec SB- 2 Prher FbbECREREBERP o tob b dipe poing o FFT

21EueRpd 986, ah8 WMt BRUrA i AN®haidn AONBMSlof tA& ABMbBYof integrations
and processing clock is utilized. As a result, an

mibeitratse the EF hbém nuhberPor 8 paeladf hg (AdBeandia 82 gt zetoepadded FFT, the

recei ved.signal. 204 and the | qcall e at ed | .
iR fopetirof fon-oBeint ey ag BEIG0GERE ARE dsBiows:
"creepi ng" of the cross;cogrelation peak and nust be
conpensat&ﬂ,:%@beiﬁﬂmfwk;&#z fhere is a PN code

m smat ch, then durt ng t¥er hen coher ent i ntegration
process that averages correl ation bl ocks, the | ocation

of the ¢8Il correlation peak shows up at a slightly

di fferent j ' I1HE; h correl ation

bl ock. 1 "kisﬁgéﬁié@g?ﬂv%dd%g%e&%bs dwer than the |ocal

code, tffeispbakodeiDdppddrahifyp | ater and [ater upon

successji ve, non-coherent integrations (or suns). If the
recei vetor it e?‘émll“ﬁg"?’é?fate’t he peak will show up sooner
upon eggh id fhe@@hahdl QhrrieP fre§itimky, 4nd077] The

rel ati onshi p between the carrier frequency Doppl er

of f set Nxrririle FREsizede rate Doppler offset AR s

[0078] The drift jn sagples, fromthe first to the kth
non- coher nﬂﬁtqtﬁfﬁnjl | (or sum) can be predicted

using the Yol owing foffula: dnk - 2T. (k-1)(-MR),

-21- where Ti is the coherent integration tine in

[00803€CONASf nd REmpERatieAti RIAdO Forl thE dPiH bt the TobBRkion PRAY a$ @ function of

many correlation bl ocks can be non-coherently ' _
i epdeyRappter (ofifset pndead) thei niober of opnechérent fntegratinms, increasing the

¢ Pulthsn of Q4 PERRpRE Sind € PraBh Ry OB hhfifitagpbenefit. A code
23oppldreonifeHsitiodfci@uit f(br lgoAthim it d fard @plmentaionk)i@ required to
nunber of integrations but also the FFT bin nunber.
Foredictibmrelasive1ocatinm of theroarelppiop pegte rommpargiagiop piocks taglock and to
ari : ; ‘ ; . .

C[_e} Efyalé‘% B?%{s%ﬁkﬁ?s R Tgllﬁ’{%u\%g Fl%rc%@}elét{bhe&%ﬂé LS Hligned.

I S™as

[0081] To maximize the effects of non-coherent integration processing, series of

correlation test statitistics 238 from different correlation blocks must be properly
delayed (or advanced) for proper block-block correlation peak alignment. As each
correlation block is processed, the one or more integer delay lines 280 and fractional
delay lines 278 are initialized and/or updated to counteract the correlation peak drift. The

same delays remain in effect during the calculation of an entire tile.

[0082] In the specific embodiment depicted, the fractional delay line 278 employs a 4-

tap Lagrangian interpolator that uses a table 284 to assist in proper delay coefficient



AnO= 2(k-111 T,AR+ 11, | N Tr f 11111 wherein Lbank
is the nunber of CMFs in the bank, AR is the code
Doppl er shift, Rnomis the nomnal chip rate, fnomis
the nomi nal carrier frequency22-and NFFT is the FFT
size, 4 4 [0080] If no conpensation is made for the

DB s o S eraciied @wle, prNsEIorosBrcESHar dfi iftent delays (0-1
'rHefaﬁr HisWmpld ﬁ% @nﬁe RERREE: Rbrel BLRAILINS
d point pr

cer és no additi onal benefit.
[008% code Tlfaoqhqdh)ebf dmmmﬁawanableldetam ling 280 & gdunctiomdfrboth the code

S oA TR BB B b P Gl etk o
c %%%ré‘%ﬂ@@arﬂrﬂ%ﬂb& oP Uﬁcrhmﬂﬁsq of &teﬁ@ﬁ’c‘)ﬁé thi¥ehaRe ‘B@@rﬁﬁér?ormed

del ays to make sure the correlation peaks remined
[0084) i gnecFor[e@ggml_[arﬂ'pums@snajé tapuglt@ger ggm@blgflelay line 280 is depicted. The
inte

CaPPEFE ot B BB PIGHB8 FequfE ifiPeLang fractionl delays (or
c %ﬂﬁ/&h@t&]) R{uked e dpplied Ber AR mqhmcydﬁlh ayed (or

advance for proper bl ock- bl ock correl ation peak

al i gnnment . corrgl agi oh bl ock | §gprocessed,
P h g e 91 + e v

the one orAhwt d fractional

delay lines 278 are’| n|t|F5’ "7ed and/or updated to

counteract the correlation peak drift. The sane

detlays Afesehe camicefffentnguDopplet bfsetadC hina0i (n this case, Af refers to

n retlle 082 specifjc enmbodi ment
eREe befiet PacTteh il the EREED th%n%@agwegfge%eaw)
[008§]ap La%(ﬁfégb%ﬁ lePt&Hi}Séln@éth 21 BaklHSE Fo 1&1?%& eno%%’oh%fbnt integration
assist in proper delay coefficient -22- selection.

a tjmese téquitingsinangreefficmtacdeisiipngdofdak sigmatss f or 16
different delays (0-1 delay, 1/16 sanple spacing) are

u reg (fap(\fe\é’gorﬂorce coul d be used. [0083] The del ay
?&dlgre—r—l%vgvr—‘v—éﬁ-%le delay line 280 is a function
f both.,th d t -
100861, oo aFie0 A e BrreMantitian Cof PP s el HbeBeio form a time-

2 GfeqpEyl 1ile Sequiirds édhddollen f@fcohti6lling The loading and selectlng of the code
i ntegrations that have been perfornmed. [0084]. For

eﬁéﬂ‘BP@rfW serplatien againgtghe apcoming gianal,and senrdingingfhe processing of
e tlﬁ %OC&IE% (lea(ri’l?r}lﬂlr?g&tq%éo Ee}gb. E@l ieq ege&ﬁél{%lt?r 32? [ g(re}al
[008F el ays mle and NCI control is imp}emented by control module 227, a programmable
state-machine that generates the required control signals based on external triggers and
the current program settings, e.g., data message rate, number of non-coherent additions,
etc. Figure 2 illustrates a number of the signal connections that control module 227 has
with other components of SPA 200, and Figure 12 illustrates the relative timing for a
cycle of the control process for a SPA embodiment utilizing 10ms coherent integration,
four non-coherent additions, and two time uncertainty regions. Control module 227
provides signals to the cross-correlating means 212 for loading the replica code segments
and for selecting the appropriate code bank. These signals are synchronized with the
code generator 214 and system control signals, Block Boundary and Start Detection. The

Block Boundary signal indicates the start of a correlation block, while the Start



advances) required to be applied for each frequency
bin: Ana= 2(k-1]T,AR+ 1J 2 +(1200+Af)1 \\ Frr f
where Af is the carrier frequency Doppler offset of
bin 0. (In this case, Al refe3s to difference between
the center of the band and the nom nal carrier

frequency.) [0085] Code .Doppl er conpensator 216 allo
f dPelEGinmesiElringichies b TRk Blgrk of GN-CORFRERt integanen ARS the start of

iy ienokddecdigt acquisition of weak signals. Code
angﬂ%élngonfréﬁgLogic [ 0086] The non-coherent addition

[00881f nul tFqpl thecpunpeseabi dhisblesckiptiony dssume acrbssaeprrelating means 212 is

frequency tile requires ontroller .for contrpllin
t HFOMTSRER 6 WAL NE) heksetore ?ﬁé%&é @ Sghdele gpnttol module 227
CoLaflsal {a@@te@gﬁi 10§ thd RSt IR NEL R §H@I clBenerator 214 and loads (at

coordi nating the processing of nultiple correlation
bl sterk E22109 thieofirst blosk ingb ent ohtheftweedn bynksiih gross 08 E]ating means 212,

e, SOk g P RSO 397 RSN S RS code man

I eXEliddt Rknal el @dstsS (48 3dpS 1 1Y @fld ABaddX {sep9 all250] 1 26®r the next block of
and the current program settings data nessa

" aode Froumpade gsmeraen 2l dhencbanserstiiBlack oundas el (4 APl 280).

il | u’st r-at e ' [ . tj :
00wt = PP BATAR Serh LR ORISRk ABion veior fom
2ossadvirekitpnrednd 31121 a1slt it &4 eseitbd ar fdgalar \etetviats 1P 1 approximately

a cycle of the contro] process for a SPA enbodi_ne
ut§VEDz i hgns ofe WeHEPending AR 4B detaonessaggpate. The first Block Boundary

nQA; | 1) il uURELr 4 /hNk Yinitiali

" BpERIRIALL, B bt ig R Hgh 1681 AR) WAz and
crthsis sewinge| Iat parjcuteribe Abetidrad ahddnieger ddlay setphge af Code Doppler
code segnents n or selectin h rqQpri-gte code
paRbenHEeR Srarts Bt ol VGl ol sanaes the sart of s
JERQS ﬁérpﬁol%;ént%ﬂ@%ﬁﬁ% @mls.%ﬁvs%ueﬁt BRRk BouBliASKignals adjust the code
Boundary and Start Detection. The Bl ock Boundar

siDepglen delay anvé§onhrels§hampn@bh@renbmt@reﬁqmnw@meﬁl,l parallel with the

while th 1 23- Lan.si anal .i ndi .
Fidafibe S RGPl Bauheibn il Pk MG ifged and o new

ofcodd Blcklis Bdyupsted esdioaded.[ 0088] For the purpose of
this description, assune cross-correlating neans 212 i
[0090]s  corpwiingtheotast Wockwt D apksohgentoiniearaionseygly. the Sfart Detection

S i CRRSED! 130 Ui G dnal HANGRE Shé HarP bERalid correlati
1%‘15%@%&6&&&% kl%g#ﬂco e %%%ar%w 1co%e gelr%ér Ator 214 correlation
angctooadsto( e datajonl@ddplet D22.f The tnepdtmmk of nho Stare [ddtection signal
the two code pa li]s A n cross-correlati n% means 212. .

indicates the end of the detection process for a particular time uncertainty region. The
Block Boundary signal following the negation of start detect reinitializes all the
processing module settings, e.g., CMF code bank select, the code Doppler settings, and
NCI buffer 220, for processing the next time uncertainty.

[0091] The finer details of the code and NCI control processing described above are
influenced by four factors: the CMF filter length, the effects of code Doppler, an artifact
of the code Doppler correction logic, and the implementation of the detection algorithm.

{0092] First, the CMF filter length is (N/* Np) taps for a 50 Hz data message (10 ms) and
(Nf * N7)/2 taps for a 200 Hz data message (5 ms). Since the filter length is shorter than

the ideal time uncertainty region of 10 ms or 5 ms, the correlation block length must be



When a search is initiated, control nodule 227 asserts
(at step 1230) a Code Bank Sel ect signal, requests
(at step 1240) and | oads (steps 1250, 1260) the next
bl ock of code from code genedat or 214, and asserts a
Bl ock Boundary signal (at step 1280). [0089] The bl ock

bound g |s aligned with a first. valid . .
Grited; B TPRHent oA SEBDIeD, FSPSHIVER Rartyes e entire time
aﬂﬁmbhmh Eﬁﬁ[ted at regul ar intervals 1291
appr oxi every 10 ms or 5 ns depending on the
[0093J]at a meEBEagondtfactotl e rdlated tto Blode KD @plerdelifets endreakurs if a peak is

L QoML pEe i e thoSRiEhf Babp, gary peals o appear in owo

padoh'sééﬁh&é tm‘Ieh.%cEﬁﬁﬁiy RiBAIns € tb BB@QBE) %@f affect® tHus R8@ucing optimal
of Code Doppl e conpensati on nodul e ]’.DL are

| rﬁNReﬂf ithe qoraﬁathmpeahcﬂ“hﬁ@am @@N@qu@ntrphm@uﬁ?éﬂsmﬂws that a full
%.E f1eW np Neast! o%r e&; ﬂ’llenttl %ﬁgﬁalﬁt n%upieﬂgﬁf:{a extending the

oundar 5 sitghal’s “adj us e co

a%r&ﬁﬁioh@l@cld 1B8gth YN Sngles foRtilgwalst Oikefode ERpplelr rand maximum
parallel with the assertion of the Bl ock Boundary
siyther of pen-goharedpiee@bgBs-bank i s sel ected and a new

[009{]0de bl "ﬂ-?ekthi fﬁ&gyﬁslhﬁﬁd@%g vyod ﬂcﬂ&&@%giag//%[ér Qgﬁtcﬂ%ode Doppler

ast bl ock a non-coherent “integration c
Stcmﬁpeﬂattacz 11 60 mpoﬁlrgcrmmg 2 BiseleBbenlddry nigatk ped206ificients are loaded

Thi nal te he rt of valid cprrelatio
v aEole 1°H?]od?r] Eflex 274, O Chatruihe pye0 'eﬂfé i a‘frfﬁswnobas four-taps.
t hﬁlesﬁ'ﬁftfongﬂeﬁﬁé}t 27%npr%ﬂg&§|fou1‘ ALERLESut T E MW eMHcidd Soading. Due to

det ecti on process for a partl cular tinme uncert ai nty
rdgc ancorfiice filRir aukp@&uﬂ@acgar@a@mafbldchl leogingnushéde extended by four
ect

%@%@gm f‘h%é%}r'tt eéli ﬂgﬁ@lslslc%i 3 béj\'ﬁurcg%rléplssaﬁeﬂatlve to the last block
S eio@ﬁaarytsb ¢hft ARkeddPoRinahodifé tgrmm thé Rftorrbld sabillﬂéser

220, for processing the next tine uncertaint £ 091]
[0095ihe i nkhe tieal fhcter Bfa resaltafdhe implementation tof gletector 222. Detector 222

ngﬁ@?e}!s@?%rgﬁ%nﬁﬁ% Eﬁ’é%‘{ﬁe ﬁ%tﬁcnc{xﬂéﬂ #ﬁ%‘ﬁ%‘éf&\é ﬁgsgg s declared valid.

tSO

Dofoya sgsultathe @oreladon blo@f( léﬂgeh sateenided ahahexcmme sdmples.
the i npl ene i on

l009é1|°3'of. tﬁmdabpm@z orqt%tg{ﬁ %t@'r?gpré%mtﬁ pchg RIS grsximgm of thirty-four for
( Spe m&g Resd Hd t@veﬁgf mgﬁl %ﬁgggﬁﬁaél?e (Tmsé@ur ‘?Mors are controlled by

taps for ata nmessage (5 nms). Since
t raeptbgtatmnahle pgtameiter NHdihe NCL dmatrol 1égic A2 aktendnthe interval between

TSRO 50080 g B SERLEARRP o s
SNEdk RGP thanSHe @N{F ‘ﬁ?tley 1 EtlFWFJr 1 chiBg EHY profrabiri&ble parameter N,

uncertainty region. e second factor rIs
r éb a@mnutp@umaéhmblpmmgeqwa@ons and occurs if a peak

oundary:. Pirer 417 s8afe Roure dhped -t vo
where
Nidear 18 the ideal CMF filter length of 51,150 and 25,575 for 10ms/5ms,
Novertap 18 the number of samples needed to account for code Doppler "drift",
Niiscara is the number of samples discarded prior to detection to account for the

code Doppler fractional delay filter, and



consecutive tine uncertainty regions due to code
Doppl er effects thus reducing optimal SNR of the
correl ation peak. The code and NCI control nodul e 227

ensures that a full peak is25n at | east one of the

time uncertainty regions by further extendi ng the

correlation block |ength b Iesfor t he rs .
case cdfié 15 5@@&5&%@& SIS GROBMER ook TESRER it the detection

i nt egr%%lg@% [0094] The third factor i's introduced by
the fractional delay filter 278 of Code Doppl er

{009'ﬂonpens}"at@mamj:& infiencase o€ a G0k @temaswgBmamdmdynaxlmum number of

naI E/(ﬁgeffl cients are |oaded into fractional

SWQF‘FTGP? BONS: \hich for the purpose of this

descrl ption has four-taps. The fractional filter 278

pr oduces Mxrlpl {38y §17i1a0bbe pdty =¥t er coeffi ci ent

| oading. Due to the incorrect filter outputs, the

[0098]0f r el av@artthas kndnefegt omUatendtgetheanaethtion Y&k length: consecutive
mpl es and the start detect signal is del ayed ({ four

sa:ﬁ‘ﬁP dlocks |far fheesams time ynesriaiphiate nasoenidighgussand the reference code

[ gﬁ%‘%?%@ﬁﬁe?ﬁ nch(gwac P’%T?B?éﬁgldr A l’J[;htg %gp-rct%ﬁégmoﬁé blocks are loaded

| riplocaiepiaé bmksocff tetcast-eorgdfing Dedaas L2 dBARg t]naegmicesesing of a time
seven idl e sanp after the detec

bé]pla?léalgtyﬁggpn, ge cg Sigpal, ggnegator igon Ol el tl?eecqqﬁ:esuch that the code
c Qfléc@és ad Fééhgﬁﬁ?ﬂﬁth eROLiBndiSt B n@ﬂpéﬁﬁrbléﬁé’ §Me extended signal

sanpl es. The above factors extend the
cdemgsh for amduted;actionsblmel( thyis rilmex effoeh off skeiwiing yhe oeferehos code with the

ST Rn S P R POy R Bl BB SRistethe next time
Pamas®iifty by ddIgyile!the WbER bouhdirG 1e><1th@nﬁssttdrwe block of time

i nterval "between consecutive Bl ock Boundary gnal s
anmccmn@or@l@vgdm @@l lagit cqsiﬁglﬂaﬁ:ks of @n@ngmeétatmmn% since the external

bl

Chclggs rator %% 1rnéls ICO& gl\l/'ﬁarat T {0 ?\%(apelpa%}ﬂOt{Xe {égrgbol boundary. The

usnﬂ&gachbﬁ off@}hd Mer@daqaabmfbl lb@ic 227 Neligia the- ex(tﬂhal*cd‘d'é)generator 214
+ Ndiscard + Nidle where Ndeal .is the

i @éwremﬁatfq peakr thap iy e ther edge, afsp tapry upeerigingy pggion will not be lost.

[account %%]Flyg geﬂ %pp erﬂb%gpmf‘rp&h tﬂkld?lgg%{ragﬁygggjﬁﬁgah@anexmmﬂ

npedxessarfwilldnpegsondibbe for degtcping duplicatedeaket i on t o
account for the code Doppler fractional delay filter,

a-25 Nld|el e alesfollovvlng
a 54 by e EEEN PP 23, [ 0097]

[009 And ﬁgm rﬁeff‘lt‘j&[‘]ﬂﬁ%rt% fiagﬁl(?e 8f B%)é du?eﬁ}o% n"%ﬁm%@ st aat square wave to

produce signals having an upper sideband 288 and a lower sideband 290 containing

exactly the same information, yielding a wider bandwidth than received signal 204. The
sidebands 288,290 are fully coherent with each other. The received signal's subcarrier
frequency and spreading code rate can be selected independently, offering considerable
flexibility in signal design. Optimal performance for radionavigation is obtained by
processing both sidebands 288,290 coherently in frequency, obtaining better signal-to-
noise ratio and ranging accuracy. However, substantial simplification can be obtained in
acquisition processing by treating upper sideband 288 and lower sideband 290 as two

independent signals with identical spreading codes. A SPA 200 in accordance with this




non- coherent additions: N1 [51, 150-(51, 136)] +9+4+7=34
[0098] Two artifacts manifest from extending the
correl ation block | ength: consecutive code blocks for
the same tinme uncertainty ar-@énon-conti guous and the
reference code noves with respect to the synbol
boundar

.., The non-conti guous.co bl ocks ar aded .y
BRI AR TR LGP FHEPeS SOt T PP 707 Faapperately digitally
211 BHhj Nehdt PEsRANGRS Shal stfebfnd | TBtheURE8iVedl BDC modulated signal,
regi on. Reference signal generator 214 provides the

cddbowed hy sérarate peocesrieg. bl ocks are realigned with the

i gnal .at .the beginning of each bl ogk. The extended .
0100; Srai R g BSPaat PRl e FoeRenas SREFRFRG spmetted with

of refelé@iot @@mezgmeﬁ% efe&peAdiag Wb tHe dpiRr silbdndl 288 and lower sideband

boundary. The reference code i s reali gned at the start

of290ntespestivelyi Ahe refaceaee sienaly 284,20¢ prpysqvgvalens te thag of a binary phase
b ' . The fi 1 .
CIFREY G0 b L 005 oL 0, B s o o th ecives

urigtal 20t Yhe tdsanplagy fdhe ieiipidatigl chosarde peneicetthe reciprocal of the

rew nds the code generator to sHap back to the syn‘go,l

boRAGRS Petwrsa the pereslatian BRtkomdithe neyes ZsftoNde coBiRtaHgn peak. For a
| } i , i 0 r . . .
OSSR s, 9L S OBk SAPRORORE 1038 Ui b iy i
urspegatimigndogde ratgi (eig.,vii.115 Miz)b8hbrvsime cddmbationr valtdsearesulting from the

ane ak na ear in bqgth t.i certainty reqipn .
> prealon me e 2 Y Bbessthedtt thy 1S hed A8 AR P el e Combined, then
dq{oﬁ%ﬂl@&nd&' Hhﬂc&n’s’a&&i BE&K fime SeR AofbrSst PLOBRARORH aqluﬁ%n processing
Upper And Lower ~Si debands [0099] Wth reference to

Fimyethedsowold@roesds bathi sidebandhelihe signah colprently. Wadesingg the resulting

pr.o e .signgls havi an_upper sjdeband.28 nd. a
P oreeses etiatomdtidioain Hhe RlEE IPIGHE befiiéen’the peak of the
| rdogreWeibh Giihctivh @hdltHethearedd £e5, Adandihighdt stnlii?ﬁng efeiveeld be required.
signal 204. The sidebands 288,290 are fully coherent

[0101}j t h edtsr aditsdrintegrgtion bims; gradhmstigeaPragoRy e 4pquitse to be executed at a

fr . j r C

| IR AR RIFA e SBREe R AR FErSE or a fixed coheren
siigregtatide sirge). sidiandapropssibgrustica mach rewérorasanysinigorate provides
i s.obtained b processi ng both sidebands 288, 290

c SHBHGR flmﬂﬁﬁ?a@aaeﬁw} tBiel fhengraserviay 0w rA pegormed on both
NQiGBandi! Ao %rdg%r}gdgﬂ&dqg‘a &Si¥ion HRWRYSHg for WOEtNhiegtation time is

simplification c obtained in “acquisition . _
prappexgnatglybyroporiamnaing thepersasiptiop aatd, 388idgbahd prveessing provides a

si deband, 290 as t I ndependent signals with. .
et i reBh EORE RGP 360 i ingliin b Gishman and J. W
Wi B iz, U"RheRlictif@ P effoRB&ice ¥ DiR®t KDY @EStibA Tor tHe MEode Signal, Proceedings
conprises filtering neans 292 for separately digital

s &lf @M HW0dYrdionel Teghpicnhifeering, leitiatp o Naptgatipn January 2%00, which is
r %%?419{ ?gco%%;atg& %%le r%%e?glcé,i &?saéeparate sideband processing approach allows the
re-sampling rate used in acquiring BOC(10,5) modulated signals to be reduced by
approximately a factor of seven, compared to conventional wideband processing for
acquisition. Separate sideband processing for acquisition thus reduces the required rate of
arithmetic operations by a factor of approximately 25, and the storage used by a factor of
approximately seven for a BOC(10,5) modulation. Employing the same rationale, for a

BOC(5,1) modulation, this acquisition processing method allows the re-sampling rate



foll owed by separate processing. [0100] In the
enbodi nent illustrated, each sideband is separately
correlated with reference signals 294, 296
corresponding to the upper si2deband 288 and | ower

si deband 290, respectively. The reference signals

o 7 B ek 5 B BOBEGH 50 compured 1
S ng.1C : ionS| e ing fi

RS OREA DA, (1N on? S B s G
r ecquisition thusfredives thepeqiireg rhtetofiesthmedtie operatiehsby @ factor of more than

D S REE1SSh o oy e E B ShFTaBETk L £

10.23 MHz) is typically twice the spreading code rate
( HdrdwaPe iR Phrous\Sibbdnld Tt Pipinadg on val ues

resulting from the correlation neans 212 pr_ocessi ng

[p10f the Wh&?%@ﬁ\ﬂﬁﬂ?tr&ﬂﬁﬂﬁn&%e %@,!tw il ebah® Pobde8dng deSiibed above,
non-coherently integrated over tinme. In contrast,
c dithert dnpotinie quistsi toi torisp rOIE dxirdware reven dgyondbthiegre-use enabled by

pr.ocess .bot h. si debhands ,of . t he~si anal ¢ r |y

CREES R b Bt RS T ATl e 3R i ieetvaf Hinal. Related o
Mikd cérlceptedestimted 4bdvh oF ¥eRRatélpPréssing thet Wiper and lower sidebands of a
correlation function and the nearest zero

a much
hingleibansia raseived vignab 30w i2ad bwith gferense. tof Bieyag 1Ropelgoted SPA 200
f 'e)ﬁﬁ)%dirgé GOFRNdee ¢ 01&1\/ﬁJr har e £6r @BS& s Yot fla@oands in a pipelined
réquired to be execlted at a  fate approxrmately
r ehsdi@r Thist harderar einglifichtéon eissaoplrestgctedt @  stgnald diaving BOC

a fixed, coherent . integrati time, sideband ., :
prigRdations, e aRpliss o Y| E\RE\“_&%@ gﬁ%ﬁ?ﬂ#@aﬁ%ﬁ@e"aﬂd& The following
PryviRs theShdivhieCHtimighdBak ivhdt GRbWORr sﬁ‘é{-ﬁ-&bat bRHSNhdB®are resources

processi ng nust be ‘perforned on both sidebands. Al so,
stintlag@ayequi red in acquisition processing for a fixed

ntegragi ' IS r oxi.Imat. el ropgrt.ional t he .
one 29 3 BT S BRBE T e PP et R compris o
SIfgféhBFQﬁéunsrmUFdrl ARty ﬁwtﬁgem@oml 181} Yid®ba| 288,290 from the
As anal'yzed in P. Fishman and J. W Betz, "Predictin
Pentltibansisecived shnal 300 meansdor dorn-panpling29) the gelected sidebands, and

Si gnal _.." Pr di. [ T '
o B 307 93 R AR O LI BEIALE Spands oneor
| Snorbeyagk RFIOMDBE PY2 dHeacomputeSTCe Heethe tiltefleseaidebend data 306 in a
si deband processing approach allows the re:

K _
r dukelingd dashiora dpshrodg mteedofifyr 250 hast &Y Sl%}%‘%fﬂ%s of data shift
beg: i . , S

DSSHAUCRR (R UG OUTNEL HRAASBIONSEAED o porarly soin

are cessing ror
acahglirsérldaved siSelpmdatata 306) @abdradctp€btie332 nperftes at a rate that is twice the

acquisitjion thus reduces t required rate af. .
ek of e gpba pEsrlecty Sdepapdiinache HpRt KRR igrRAngglown-sampler
andgt fRratdsQi. 89 et Sh-AinAinkdskpr of  approxinately
seven for a BOC(10,5) nodulation. Enploying the sane
[0104]at i ondllhés opdmizatioBBClBsible bavdudca$ TGH comhited by the CMFs 232 for the

rac ﬁler_sérgé ey sq&&)saﬁhsn%mﬁc}yhpd%ngcl:all %\é\ﬁictahceodréegealqgﬂ%lels %ples 230. The

approach simplifies each CMF's hardware by reducing the required number of multipliers

260, data shift registers 240, and summing network 262 adders by a further factor of two
(a total factor of four as compared to acquisition SPAs not employing either technique).

The CMF 232 of this specific example operates at four times the input signal down-



used in acquisition to be reduced by approxi mately a

factor of 50, conpared to conventional w deband

processing for acquisition. Separate sideband

processing for acquisition._tjdgus reduces the required

rate of arithmetic operations by a factor of nore than

1000, and the storage used by a factor of = Lo

appemplingaatel whih fsowelboatsn tﬁg capabilitigsref myyigating and communication

T d Data Pipelining [0102] Wen acquiring

Q&%%gg %ﬁgﬁﬁggseparate si deband processi ng descri bed

[01053bove, Fifgutetindluapsrd potiby ofxn Smsodlmeheﬂﬂs eroSivEorrelation means that

har dwar e even beyond the re-use enable

i Aerages aenl of e PRETArR iShefing tqcmqpesaﬁgpc@o% AbR¥se fiambining these
Ofteéﬂrﬂlf%t{eg GRLWE theS c%ﬂﬁ tlonF@fmh%‘ﬁ\Jaf’e Iﬁﬁ'lﬁgﬁ&ﬁ o)k summléuﬁ O{nc:twou'k 262

desc ove o separat e proce sin e upper
| (adéersslaﬂdbm]ﬂilsa ofode reméténsbﬁ#h&) teckd veducsiigbsl aiBOdverall factor of

and with referen 10, sel.ected SPA 200
BBHEHED PEOLGS: THis abRdeRst siicHiEy omuies o partal corelation
pﬁﬂ gél‘ @ t2|383\vv§’tﬁt@icﬂts23210ﬁer9ﬁ bt 18 tinfedShé Hput signal sampling

S hardware simplification Is not restricted to
sirgteal s havi ng BOC nodul ati ons, but applies to any
nodul ati on with separabl e si debands. The fol |l owi ng
deé ] hardware optim zations that allow for

s hardware resources in this way. [0103]
cor

10196} v ent. %%m e BT BB plated W I IPRRR R ko gppticaions in

dirgdibadi yatmal Reld POC MBddletiont0dd)the |GP®9M1&§ile?s$§1aﬁ ﬂDpartlcular many
fromthe nultiband received signal 300, neans

do¥intheateshniguesy disclosed dwreie (e @hele yARIES broadky aﬁﬂlcable All of the
ORI il B 57 R UE B R LR not merly

t ke BOM 058 nidthitationrentgleyddnioe the By eodes sigediaDdpetaligg on the specific
306 _in a pipelined fashl on Each code mat ched fl|&)
2332)%@@@% the feasibilityrang, begenigafdhessiippovapgpy way bg greater or less

| Pax{ {HOSE fR%he MR AReal ThEndREbbH the FesaIBR and beneﬁts improve for

ustrated) for temporarily storing the in | eaved
siRle@amstiuitatoas 80Oére the datimadisuliideri @3Requprayatbd eprmdmg cpdg wate is high.

hat is, tw the . duct of th b
1010 G5 1 ches Besidiscintly afipct SpAWBGIS S e dips In paricular,
29%1e8R%d Al@sitidn Rocesbing aﬁﬂ\lﬁ'@ aAPidoddlatish Bdving Qé;ﬁfdte sbldebands Use

This optimzation is feasible because STCs conput ed

t od aCiek af32de onateled filtgspend amdFTdyased ﬁ‘eqmvi @garélmn‘é)yon-coherent

apg{étgrggﬁn ap Eisltg |aa§§ %gogdg;a%%w’ezgscg%es cgg'k qiara—\ggre sharmg. Sideband-
t hidniaas bhdrg JTUaRBYare fapplidst tb pinyeﬁ(idulﬁﬁiﬁ haﬁirﬁigaseﬁl‘a)nafd sidebands, while
registers. 240, and _sunm ng network 262 adders

f ederdpmpiscsharing fof hagdwara applicsl torareally &y me@viaﬁ%n The intermediate

¢ SRR b and el O RSB0 FIR ARSIk MEehniques have broad

opphtabilitatto fmauy applivatiotisne i nput si gnal down
[0108] While the M code signal uses a long spreading codes (i.e., spreading code with
period of many seconds), the innovations described here also apply and are beneficial for
signals using short codes. In fact, there are opportunities to use even simpler variants of
the acquisition SPA if the signal is spread by a short code. If the initial time uncertainty is
greater than the code period, for example, the circuit need search only over one period to

find the phase of the code.



-28- sanpling rate, which is well within the
capabilities of navigation and communi cati on system
technol ogies. [0105] Figure 11 illustrates a portion
of an enbodi nent of a cross-.gerrel ati on neans that

| ever ages each of the hardware sharing techniques

descri bed above. Conbi ning these  techniques all ows L
0109 he accENeni vimpler Spmianir eacghisitionpPP A r eanolgp devglopadnfpr situations

n i i gll ll?T'ID | e | i

AR st B U o8 LRSS0 5 287 b ot o e
eirgitcoh8jent Thtegradiomodlinmmiting f the cstorage yanglo prctesing wequired for non-
partial correlation products per tap 268, wth CVF

2 ¥ohersat wieanion: Thgsystrategysworldndt preguce imyioh redugtion;ip ghe size of an
pl agelgil Int H‘e 1%5,0%1%t [ o’nyﬁgéo&(%ﬂgzﬁﬁgggr@z%t [ onsar? rl]mplements the
r deiEmawhightvaild ssil ibg rBfiiredo dnbtier vagamd vebulchbe GP8sdvshorter coherent

cade si.gnal i articular,. m of t echni ques
etth e Orv Il Tep BLaMIS b mAE Rugpyr of samples
Ofpei- RBort HREOVSHIABE WIS abhRERerBRr ﬁite{%ra;lﬁﬁ' &% hé&xded.brmadariant would

set of BOC nodul ations, and not ner t he BOC(10, 5) .
npdeduce | suhstantpil apduttipos in lee-dhirc bardwergynighile @epeeryicing the ability to

on the ecifi.C OC.paraneters, the feasibility and
béﬁ%???ég%T*?ﬂ%§%§FHE§@%%F8H§-nay be greater or |ess
[o1161han t homer E@bodiiRntY SOME ifvefioh willrbed@iparehk to dsh skilRd in the art
fea5|bllltg and benefits_ inprove for nmodul at i ons
&

B
wHEte acpesiferation of the aprefiqatien of pragieardythe invepticidissiesed herein. It is
<0G il A0 Eho o R SRR oxemplary oy,

S iviidbthie druaGonpesinklispirit pif deda séntign dpinigiindicited byvhe following claims.
nodul ati on havi ng separate sidebands. Use of a bank
of code matched filters and an FFT-based frequency
search and non-coherent integration applies to any
nodul ati on, as does carrier phase hardware sharing.

Si deband- domai n sharing of hardware applies to any
nmodul ati on havi ng separate sidebands, while
code-donai n sharing of hardware applies to virtually
any nodul ation. The internediate quantization and
requanti zati on and code Doppl er conpensati on

t echni ques have broad applicability to many
applications. [0108] Wiile the Mcode signal uses a

| ong spreadi ng codes (i.e., spreading code with
peri od of many seconds), the innovations described
here al so apply and are beneficial for signals using
short codes. In fact, there are opportunities to use
even sinpler variants of the acquisition SPAif the
signal is spread by a short code. If the initial tinme
uncertainty is




greater than the code period, for exanple, the circuit
need search only over one period to find the phase of
the code. -29- [0109] Even sinpler variants of the
acqui sition SPA can be devel.gped for situations where
fast acquisition in high jammng is not required. One
variant would be not to use non-coherent integration,
elimnating the storage and processing required for
noWHAbRet Mﬁ&@gratl on. This strategy woul d not
produce much reduction in the size of an acquisition .
chi-p i t&el signHowaipeessing nahiemvreot (YY) ofichppAuiring  a  received
mwould still be

dlrec {M;ﬁggpﬂeﬁ er vgsllgg%tﬂ Uf%ﬁ\@ﬁ ) use shorter

coheane fiér sam!ptmg tietDSSS signa at hpredgtermined sianphbing oee; of

a . smaller r of s | e er

S W&r‘f‘tef(flf\’g@r rle@rla%va?g lwliaﬁenﬁg angd gracdraire @ﬁ@&@&%ﬁ of the sampled

DSS@ﬁgﬁbqeded This variant would produce substanti al
ctions in on-chip hardware, while al so reduci ng

t e abiniare yodeomataleaiubiltars fcawbrralatlhg gha pipekines faghion time and frequency

i,nter.fere 11 O her enbodi ment.s
shite SR 6T i) inleglea e Smisnel it SERLIES PF arfoplics pla gppudo random
noisef RdE ABHUHBE BtddORd HreddnieSpe&hinh GRith® FecRiveR SIS 6#nal to obtain

of the invention disclosed herein. It is intended

cross'ccna’platzh@ oy {pEts, ﬁnrh@mm @archameem@tm%ﬁe@mrﬁemt twice the sampling rate

nd
and n%:? %859&&%&15? g sa%éi' t%pe ngolld\r’]ﬂcé %ﬁ}gﬂ%a%g? ﬁg’lﬁs&%n?sn
f th:a‘n‘i\/lfmgcald:lﬂatlﬁ:‘g cro@PQcort8Hdibn| alues AltiMzla gl cﬁscréte thns Fourddr analysis of
proceSS| ng architecture (SPA) for acquiring a received

the crgps-eastelatiom piRes;spr ead spect rum (DSSS) si gnal
C%ﬁpﬁft g fi ﬁﬂﬁ’ c%ﬁéreﬁgg?{téﬁguﬁ$nt 5 Pﬁs %bﬁ hm?tvaﬂles representing

pr edet m ne aver

correspmhémlgetane ragdlﬁ'eqpbm;szeoffde)s aihdme usagman ty rod thQ)'ecelved signal and replica
onentﬁ of t | ed SS signal; one or nore

COde GFdP @ @H"F‘W‘%&’r‘? ghctdhfel ating in a pipelined

f %Sﬁéte&oxt g d&8dins" RAMRRCY sul 'oi‘ttﬁéj ﬁh&’é@sopfhet El:ﬁrelatlon metrics
‘interl eaved corrponents with sanples of a replica of a

exceeds eddgctiemidossholdoi se (PN) code sequence used to spread
t he spectrum of the received DSSS signal to obtain
cross-correl ation outputs, wherein each code nmatched
filter operates at twice the sanpling rate and
includes two data shift %I sters per tap for hal ding
t He 4 ﬁ’tgéﬂll RGNS afﬁb&ﬁ@wws( P Ao fersachwiring 4 reeqivrd digpct sequence spread

e BTSSR BRSSOl L

means for sampling one or more of multiple sidebands at a predetermined sampling rate;

means for digitally selecting and resampling the one or more multiple sidebands;

an interleaver for interleaving data of the re-sampled sidebands;

one or more code matched filters for correlating in a pipelined fashion time and frequency
shifted versions of the interleaved sideband data with samples of a replica of a PN code sequence
used to spread the spectrum of the received DSSS signal to obtain cross-correlation outputs, the
code matched filters each having additional data shift registers for holding the interleaved
stdeband data and each operating at a rate equal to the product of the number of selected

sidebands and the predetermined sampling rate;



an integrator for non-coherently integrating the
cross-correl ation values representing corresponding
time and frequency offsets of tinme segnments of the
recei ved signal and replica-3gede sequence to obtain
correlation nmetrics; and a detector for detecting

whet her, a sum of the magnitudes of the carrelatio , )
rébeas ot SAEHRING SIOHCrUTIAoN YASHBRNE dicrafeding hpurier analysis of
th G553t [.tecture (SPA) for acquiring a received
ecrglgs‘raect %g%ue ce 'spread spectrum (DSSS) signal having .
maint inpégeatet dedbanakepherentiy inegrgtingrebe srdssicogelapbn nglups erepresenting

or re. of l.tiple sidebands at a pre er mned .
corre Hg{)nigﬁgnq: ggn(g ’freql%‘éxgﬁ gfgg)tp 0 itla}et SSEWB@&(%Z@? {Eﬁ&l‘fﬁ(ﬁ algnal and reference
PN cdRSRHRncO % sRSinQBRreRlioNMefridibdd P! € si debands; an
interleaver for interleaving data of the re-sanpled ) _
siadd¢estds forodetedingnwhethen d esumaof Hbel nfidgnitudes ¢lothe correlation metrics
orrelating i pi pel i ned fashion tinme and frequency
excee?ﬁ?]‘ll:}éaﬁu%%'sgﬂ "of the interleaved sideband data with
sanples of a replica of a PN code sequence wused to

spread the spectrum of the received DSSS signal to .
oBt ai n Ar osignalor preressingn avehijestare t PA)k ol nacdipaee a received

. ' r ' hEd t ' LSie S
dcel b3 RGP SRR e 2130, o S8 aorising
OpRdant fstGeRtting 4 sidebadudlthd recéibal PEBSWiphalpf t he nunber
of selected sidebands and the . predeterm ned sa ing ..
r dpegns fon doym mEmpfigg tb%uselaptafeli%gebe?_ @%-%B@ﬁ%trﬂ_a%l% sartipling rate to
obtaitY fbrsions B thklséleBigd didesdfat ©- 11 me Fourier analysis of
the cross-correlation oltputs; an integrator for
nan-intet eaven fdninieritagnatn-plgise (@ asd qeairaturer (€)) apinganents of the versions

val ues representing corresponding tinme and frequency
OftheosF#eé;@§“%f%a? ‘me segnents of the received signal and

I Sh&HS MsiroRBN osRAing AAHEMS ch&raRBtsampPledQEplRiadifiaReudo-random noise
metrics; and a deteCtor for detecting whether a sumof
(PN) tchée meqpencautissst tof sprersl therspertaum o thetredebed RREB simak with time and
detection threshold. 3. Si l, .pr ' . .
e GRYTARL o FRARI sefeod, SRy ' PR conplpion values, wherein
the crogattRREAIngRHOAE iSddedk Attt PRSSY i3+ gipl having at | east
two si debands, conprising: neans for selecting a .
si debarl dreanpdor eempimerack ssleged | sidehandhat p gate equal to an integer

gglsi\ngﬁﬁérmltﬁ%@%gl%gé&%.ed si deband at a predeterm ned

ng rate ain versions of the selected
si debani) abanknbfcddeamatchédfiltemtfer tanmiting shortptiras eorfrelption (STCs)

zggl'e@lgggéa}a%/rg é?fi%)ar?do c rr?;g]oenré}ltss in fa gi{)]eﬁin\ég "ras oor1]1? e:ac%f cotdréematched filter

having a plurality of data shift registers per tap for holding the interleaved sideband

components and operating at a rate equal to the product of twice the number of sampled
sidebands and the predetermined sampling rate;

(iii) a bank of code matched filters for computing short-time correlations (STCs)
entirely in parallel;

(iv) one or more code matched filters having a plurality of multipliers whose
required number is divided by the integer multiple, wherein each code matched filter's
associated summing network has a hardware means for storing partial sums and adding

partial sums from previous clock cycles in computing the cross-correlation values;



means for cross-correlating a locally generated

sanpl ed replica of a pseudo-random noise (PN) code
sequence used to spread the spectrum of the received
DSSS signal with tine and trgquency shifted versions
of the selected sideband to obtain cross-correl ation
val ues, wherein the cross-correl ating, neans inc| udes

at | eady) swangifor joplculatipg) the( crpsyreorralation, values dfilizingg discrete-time
e . | t a rate equal to an integer
w%??%ﬁzlen%g\%gﬁgﬁﬁ%?né%a achi p rate; (ii) a bank of code

mat chedvi)i loheres hore mearmetliategqedndizerst disposed besveehitha bank of code
(ST or the interl eaved sidehand conponents .in a .
pinb"’écé]%eﬁef{itq%\% B crasscpTElgten ST TPRR P FHagnE §rogd-sizes of the

plgqr@:%jﬁoyt@ﬁogfgrgnapﬁg.t registers per tap for holding
the | ' {

terl eaved sideband conponents and operating at )
a ar Boppleyudimpteosatdre conpelido e tmseecortdigtingumigans dor processing the

obtah?eatrgécl)ses?qorﬁ-séla igg gzg 2s ggrgtsgg %Exﬁgeﬁtgagé ?(}rrr{engPiga}%%nlt ects resulting from
time-EbHning0o S Ther decdil e DSSK! flnddl] ARerefrStHesDopysiBt téBpdhshtor includes at
parallel; (iv) one or nore code matched filters having
least enemfpded @y of nultipliers whose required nunber is
di vi ded_b he i ntegqer L1 [N.e
mat chodt Pt aF ot 8 FHed 1R el 15F i DREC R Gyucncy dependent
habehpatsatisgans for storing partial sums and addi ng
partial sums from previous, clock cycles_in_conputing
the cr &)sowrrrepr&tf?@ﬁovﬁldf&y; linezfjiters §or finslAerrles Erequency dependent
c }: the cross-correl ation values utilizing
d?égl?él?%t@%ne Fourier analysis of the STCs; and (vi)
one or (goaeablebEfitediceffeicuafurizeby thl Spooael deddywentilters in finely
t he bank_of cogde matghed filters agd t he
creONRg Praplst fregrepsy-deneadsny felwsfads or reduci ng

wor d- Si(&)eseﬁ@rrfahf confrofatlé | Rftine® HPWpbRinA M Upprdpridte integer and
Doppl er ‘conpensat or coupled to the cross-correlating
métangorfab delpyoloansh orgss-perrelativimavahiesd and oss- correl ati on

¢ Gulifrngor g wESEBRE Ryl OF R ERERDelThadEhRs exceods o

detecSorghddsholher ei n t he Doppl er conpensat or includes at
| east one of (a) - (d): (a) one or nore integer delay
line filters for coarse Doppler frequency dependent

CORCTRR} 0l BR5 FOLE 1R 00 i ot il
compeigiigensat i on;
means for selecting multiple sidebands from the received multiband input signal;
means for down-sampling each selected sideband at a predetermined sampling rate to
obtain versions of each selected sideband;
an interleaver for interleaving in-phase (I) and quadrature (Q) components of the versions
of each selected sideband;

means for cross-correlating a replica of a pseudo random noise (PN) code sequence used

to spread the spectrum of the received signal with time and frequency shifted versions of each
selected sideband to obtain cross-correlation values, wherein the cross-correlating means further
comprises a bank of code matched filters for computing short-time correlations (STCs) for the

interleaved sideband components in a pipelined fashion, each code matched filter having a



(c) atable of filter coefficients for use by the
fractional delay line filters in finely resolving
Doppl er frequency-dependent del ays; and (d) externally
controll able settings for appBying the appropriate
integer and fractional delays to each
cross-correlation value; and a detector for detectin

pluraljfpyentifiata shifé regsigjams parepder halding the sntexdsaved semBepcpiy andkoperating at a
e t I

rate G T pre L i RE ZBRef of SamPic HA8an REEXRL determined

samplimptate;si gnal  conpri sing: neans for sel ectl ng mnul t| pl e

si debands fromthe recelved Itiband ut s gna

meBnEEEEAOR AR - Rhphergtly  com 1@?"&:3‘2% 3 é’r?é‘ﬁii‘ 8P éalues to obtain
correlBfiSfIRleRidl ARd sanpling rate to obtain versions of

each selected sideband; an interleaver for

i rat detbctay fcrrgdﬂ:tn@tp’igawhet@m) theen chagnidutteat ofr the( @prelation metrics exceed a

conpon s of the versions of each sel ected sideband;
detec%gﬁgesﬁgfd. cross-correlating a replica of a pseudo

random noi se (PN) code sequence used to spread the

spectrum of the recejved signal with time and

f PediherfRA ehelained, fugheicomprisingeach sel ect ed si deband

t [ rr v A,

o o8 Ahghedh@iiad e flallipF 2l ElenaBiRL Bhdbitl the gersions of cach
selected sideaidched il ters for conputing short-tine

correlations (STCs) for the interleaved sideband

c@ﬁﬁ'@ﬁ&f@%cqmroa% qol@mhﬁé dacterafitemquanzme srdBs-mat ched

filter having a -33- plurality of data shift registers

per tap for holding the interl eaved conponents and

oeeThe BRY cdiclaim 5, atheraiqth@llodding faetop contudl teirofiitiyvis e AlHelike circuit.

nunber of sanpl ed si debands and the predeterm ned

sanpling rate; an integrator for non-coherently

CoMiRigP b\ Qaind 9SPhdr&ih ik ﬁ%bsoébr}@itlb?%néaﬁhs SR Romprises:

correlation netrics; and a detector for det ecting

wiadtank roftcode megetied Udtsss &fr cogutiog shbrdtinemcoredlaticns (STCs) entirely in
arallefj d a detection threshold. 5. The SPA of claim4,
ParatEy M her conprising: one or nore internediate

O hdah F&Tdaldubitink T BRBEI A1 MticHUvdHdsait i disotele i Sourier analysis

of each selected sideband; and circuitry for
of thechfEs ol | i ng a |l oading factor of the quantizing neans.

6. The SPA of claimb5, wherein the |oading factor

control circuitry is an AGC like circuit.

8. The SPA of claim 7, wherein the cross-correlating means further comprises:

one or more intermediate quantizers disposed between the bank of code matched filters
and the cross-correlation calculation means for reducing word-sizes of the STCs prior to Fourier

analysis.

9. The SPA of claim 4, wherein the cross-correlating means further comprises:

means for resampling each selected sideband at a rate equal to an integer multiple of the
nominal chip rate;

one or more code matched filters having a plurality of multipliers whose required number

is divided by the integer multiple; and wherein each code matched filter's associated summing



7. The SPA of claim4, wherein the cross-correlating

nmeans further conprises: a bank of code matched

filters for computing short-tine correlations (STCs)

entirely in parallel; and megns for calculating the

cross-correlation values utilizing discrete-tine

Fourier analysis of the STCs. 8. The SPA of claim7, .
netwqik diag jarhardware means for plering PAgiahsems and pg¢isg pagiab sp@edrom previous

58l Pt L GRS A 3, 0 2pesed betveen

cross-correlation cal cul ati on nmeans for reducing

wor d-si zes of the STCs prior to Fourier analysis. 9.
THE: Sk A ef dem 4, fuples comPrRE: PoBRICE eprpRAngatPhgPupled to the cross-
: L f .

coreelIEAEScall 1 R R Thra R Gee Rn e ARA TR G B0 compenste for
misalignimenpeffead reshldng from thak-comppndiag ef themeceoved RIS sigukd.

matched filters having a plurality of multipliers

whose required nunber is divided by the integer

mylyt 'Tﬁfe%PA@@fjclﬁmﬁtﬁ'\%lhe?é}ﬁ It L9861 ERdo}R At drl fuftherScomprises:

associ ated summ ng -34- networkK has a hardware neans

f amesboriong fetegirakeloyniineanfiltersidfomg cpase i Rédppdermndrefpeney dependent
gr egii ous clock cycles in conputing the
COmMPEPHEL Y correl ati on val ues. 10. The SPA of claim4 ,

f wnkeher meRPHasicl DARP! Bie dRfRe Al fiic AD6HIAd ftequédt dependent
cross- correlating neans for processing the obtained
compgpgdgnicorrel ati on values in order to conpensate for

0 sal i . Co . ¢ _

rHEASSETIRE GHEERER 5L LR ERATY s RAPATESTA by reotvin
DopphérdrequencyhizpBinjupt édlagoamensat or further conprises: one
or nore integer. delay line filters for coarse Dog%gr )

er actional delays

f reatrmenlycontiplshle settingo s dnBlyindothe apREOPHAteIBIeE

to ead r&g;si_&%laégﬁl eline filters for fine Doppler
requency dependent conpensation; a table of filter

coefficients for use by the fractional delay line

fil.t in finel | vi . I : i
5 s 5500 4 RARBAE e inegrto rther comprises
C Qe b o Bfirk RESe HiffingBReD &etrgﬁli@%ﬂ@ REduh€e and the received
i nteger and fractional delays to eac

signakr oss-correl ati on val ue. 12. The SPA of clains 1, 2,
or_4

iy Bl PR S SRRY GBSl A4 B o

b ehae Hort fiegreig @altiphs Corsatgitanslecias) dnd Rehefets b€ sequence segments
overlapping in time between groups of cross-correlation values compensate for invalid samples
resulting from Doppler compensation, post peak-detection idle time resulting from a peak being
detected at the end of a tile, and a change in the number of samples available for processing as a

result of code Doppler effects.

13. The SPA of claim 12, wherein the non-coherent integrator further comprises means
for:
loading and swapping of code matched filter registers containing consecutive non-

contiguous code sequence segments to support the seamless switching between processing



signal; neans for realigning the replica code sequence
at the start of a new tine uncertainty; neans for
integrating rmultiple correlation blocks; and wherein
code sequence segnments overI3dpping in tinme between
groups of cross-correlation values conpensate for

lid les. resultjn 0 ensat|j on,
mulﬂy&lﬁ nﬂ? 324 Foreopipling the SR URER R B BREAcsigRal to the symbol
boun % ?&aﬁlteférgﬁce%ge gfheﬂ s&ithlﬁn ﬁﬁfé hcERARES; | N

e nu er 0 | es avai | for proceSS|ng as a

r esntrolliof 1mnatmrmfmhesv bletk ﬁmmvaenm&“hﬁsﬁmnng thel MChprocess;

12, rein.the _non: coherent, i nt,e urt

+ ShpoERE g ot BisRRRG YR ﬁ@vaéwo‘%ﬁ e b Dgppter processing and
the vdATRE G4 the bA®sf the T (pRéRsE ARG al ni ng consecut i ve non-

conti guous code sequence segmsnts to supgé)rt t he

seantreldisg slwo@zdmgqtge povsed signel @ictlbi% snchgf the NCLarpeasging for a given time
wnceryifgiaBo Pholirblin® uont 8RR Rorsnife it A Y iRy

with the | ocal reference code mhen swtching tine
uncertainties; controllin |n|t|at|on of a new bl ock
f 3t AhgiSPdnot ¢laimsdr-3.castd, z:rgtﬁqlfgt ANslimplegeated:-in a single ASIC.
controlling a signal that dlstlngU|shes invalid data
fromthe code Doppl er processing and the valid data
ati st MtheSPA of cliihs INE orpl, edhesd ther$® Acntnphanianteg in a single FPGA.
di scardi ng the unused signal at the end of the NC
processing for a given tine uncertainty and
cqe@r dﬂ@ﬁPﬂ%ﬁéﬂﬁnﬁf@r&héPémtﬁﬁc meﬁﬁ%Q§ %bélﬂoﬁl? to tsfb?e non-coherent
next tine uncertalnty 14. PA of "clainms 1-3
integrdfiomivsnks.n the SPA i s |nplenented in a single ASIC.
15. The SPA of clainms 1-3, or 4, wherein the SPAis
inplenented in a single FPGA. 16. The SPA of claim 14,
wher eThe SPA- S Bn¥ENT, Yor 135 whedn @i DSBS 8l & be acquired is a binary
non- coher ent |ntegrat|on results. 17. The SPA of
offsetagigrgnadulated gignd, wherein the DSSS signal to be
acquired is a binary offset carrier nodul ated signal.
18. The SPA of clains 1, 2, or 3, wherein the DSSS
sii@nalhe SP A f alsimk 10, 4153,avkdréinvhe DEES ssgghad be 4Qquined is a GPS M-
cross-correl ation apparatus for cross-correlating a
co e§§Wﬁled reference signal with tinme and frequency
shifted sanples of a received signal that was sanpl ed
at a predetermned sanpling rate, conprising: an
i i%er Aaavsrcobmlationtapphratsi fog cross-pbraelatig 3 samgled reference signal with

time %uia %ec?ﬁe%? s&%edcga%%]seg g rggei‘}egesigsnaa?%a?dwas sampled at a predetermined
sampling rate, comprising;

an interleaver for interleaving in-phase (1) and quadrature (Q) components of the sampled
received signal;

a bank of code matched filters for computing short-time correlations (STCs) for the
interleaved components in a pipelined fashion, the code matched filters operating at twice the
predetermined sampling rate and each having two data shift registers per tap for holding the
interleaved components; and

means for calculating cross-correlation values utilizing discrete-time Fourier analysis of

the STCs.



recei ved signal; a bank of code matched filters for

conputing short-tinme correlations (STCs) for the

i nterl eaved conponents in a pipelined fashion, the

code matched filters operati-ag-at tw ce the

predeterm ned sanpling rate and each having two data

shift registers per tap for holding the interleaved

conmponents; and neans for cal cul ating

cr = CQr i L dol Z) ' At ; ith 1

FOC%)? i‘cbéfr;s%acfr(])ge)f}igllbg 'ﬂgl\tfzﬁ'lattdﬁ Z’orlé&rr%éss. &?ﬂ%gij:ﬂg%%ﬁlbfed reffence signal with time
and feequeseycshifted aamples apparcedival bignalchayvig owitipdé atdebanda one or more of

. sanpl ed reference sign wi th time and. frequenc
whicl fieFq eI ) PRSP S et A g 1 pl e
Si HeRR 1sSiPRA1yNeldtRAL at] resiplitl MR & RGERE AL rﬁﬁlftiglre sidebands;

predeterm ned “sanplihg rate,” conprising: neans )
diagi inte¥legves &rauteilpayingdatn esmppiantsgpiche oy onmers refsampled sidebands;

mul ti pl e.si debands; interl eaver for.i.nterl eavin
i B R Shin coatgre, filers dof spRRiBhe sBULIRS Ef i (STCH) for the
interléavd@Ralttand daa BRRpigline® €8hiv8! edtadollé hiatdhed ffider having additional data
onputing short-time correlations (STCs) for the

shift g@@msé@v dolding dhainferlraved isidlehanst gethi anddomeatfingodt, a satgrequal to the
: . MRk . .
prodfef P HIRLERELof el efla SARBRRE SN bR ALT il s and

anfleapdbatilagatidg erokht@radationl vdloest Wtiiziny diderete-tirhe Fbarier analysis of
nunber of sel ected sidebands and t he predeterm ned
the SEGAYRYY rate; and means for cal cul ating
cross-correlation values utilizing discrete-tine
Fourier analysis of the STC outputs. 21.
criis s coss-cetrelatian apgpratuatfos cfoss-camrelaSng ar sagipded pspudo random noise

sanpl e seudo random noi s PN) co ref erence . .
PN SROR AR oL SR BPEREnESISHFY SO 8f apreceived signal,
compkRipgl ved signal, conprising: neans for resanpling the

received signal at -a rate equal to an integer nultiple

ofmedns fonoesamaling itheracgived signghak a ghtecesel fmar hetgger multiple of the
nom.fi Ichlerrs ef, or conputing short-time correl ations (STCs)

?‘1[ ppgl; allel fashion of the re-sanpled received
Sigk cndds atnpdhed filefsefoe 6§1ﬂ¥)ﬁﬂixﬁgﬂﬁiort-@m6 Rofeld@oms(STIRYin a parallel

filter havi ng a plurality of multipliers_ whogse
fashigropi the ég-sggp;g Feqeglegis‘gn@b@ldogamg],@ Feferengsysi %ﬂ,tqaﬁh gode matched filter
v T B9 9GRS A b0 Ay motipes nd

s uvieereéin deagh ddodg  1patcheda filtersrassociatadp seminmgs network has a hardware for

.cycles to conpute, cross- correlation, values. 22. The
storingrparifl SWaY And FId|NecPUTIAl BHTS ?m, PRefeHsy clegk s SRIGpmpute cross-
correfaflo VAIEs, NON- coher ent

22. The SPA of claim 15, wherein off-chip memory is used only to store non-coherent

integration results.

23. A signal processing architecture (SPA) for acquiring a received
direct sequence spread spectrum (DSSS) signal, comprising:

means for sampling the received DSSS signal at a predetermined sampling rate;




integration results. 23. A signal processing
architecture (SPA) for acquiring a received direct
sequence spread spectrum (DSSS) signal, conprising:
means for sanpling the receiggd DSSS signal at a
predet erm ned sanpli ng rate' -37- neans for

Cross- correlatl in a |l el fashion, time and
f FTREARS A CTORS ?QrEf‘gath& 8 6rﬁ’§f Ff jon.fime ahd Hegrency shified versions of

| f of do rand
he b TS i Ll DRLSIPLERrEB b f s o e
(PN) kbde sgaetceursedfto spread dreaipeetdinid®thesiegeisitd DSSSrmral froorder to obtain

cross-correl ation val ues; a Doppl er
cmssccB}?ﬁié‘HQ‘éf’B]Pe%oupl ed to the cross-correl ati ng neans for

praoqﬁﬁh?le? Ocdriffens&BE 2b0FIEd CloO R €RJsE- %J)ﬁ&lh \iﬁédﬁgsfok Nprocessing the
orde o conpensate for msalignnent effects resulting

obtaiiedoerosst¢omeel astompahuis iy onfer theompansite dor DisEgwhe siffectamesulting from
int eqgrat or non rently integrating groups of
time- f%p%]gfﬂﬁe‘#st ?Ee&mé’%pggs ation val ues representing
C Ginrigfpaieh B8 nbh¥Bhasktly meskianpy grelipsef the Yonpehdatidedtbss-correlation
time segnents of the recejved signal and replica code
valueg sepressaling goespending tiskr andhfregeney affseln ofdiffgren; tirap gegments of the
t e t { S
recende:? f g?%%d; 9&1 éo%% s n@gmpé;@ J}g)é(rctgegfﬁ% Q%rélﬁ?on%&ﬁhé Yelg
t hf aabetbe ,for\l\ﬂetéﬁirfg tvhethBopphet of ahp endpmitodess of theecorrelation metrics
nprises: _delay nmeans for applying delays to input
exceeé‘? Pé‘ﬁﬁ’ﬁtl‘éﬁ theeshell correl ati on val ues correspondi ng to
SNGirtR golagj ei ved DSSS si gnal
g%r/ee% ]%Eale(g)ogl §E{stequen{zzre ri(rigér:mans for
sel ect idetpyapieaoy forah;mlyhaga;ela)tsotobmpap pireads lofswosstpooelation values

come N Sahen B ERET ed TS kB 555 HgaflL T2 repicn code
sequenblé;tap@r conprises: a bank of code matched fllters for
conputing short-tine correlations (STCs) enti reldy
par al | gheanarfar gelaeting appropriatedglays do thgeapplied based upon non-coherent
inte [oss co rr%atl on values utilizing discrete-tine
BHAger e %fgi s of the conputed STCs. 25. The SPA of
claim 24 wherein the cross-correlating neans further
conprises one or _nore internediate quantizers

diZdpdded el @aim 2havherein the cresermelatiog azeaps furkes coppprises:
t I?iebda?lgl ox odg?ﬁ%tﬁ{eeﬁtsﬁ_l?é}s ?&J ccolﬁll ofngrghgﬁ Hire E&‘Felﬁtﬁfm QS*T@S) entirely in

S prior ourier ana

parallel; and
means for calculating the cross-correlation values utilizing discrete-time Fourier analysis

of the computed STCs.
25. The SPA of claim 24, wherein the cross-correlating means further comprises one or
more intermediate quantizers disposed between the bank of code matched filters and the cross-

correlation calculation means for reducing word-sizes of the STCs prior to Fourier analysis.

26. The SPA of claim 24, wherein:



26. The SPA of claim 24, wherein: -38- the code

mat ched filters conpute the STCs for interl eaved

i n-phase (1) and quadrature (Q conponents of the
sanpl ed DSSS signal in a pipggi-ned fashion, the code
mat ched filters operating at twice the sanpling rate;
and each code pmatched filter has two data shift

r b¢ sedermaatglagd tiligss porppwe tha SECY fog interleaved inyplase (1) and quadrature (Q)
. T : el ai ek el n:
commSHEREIATAE sied IR Sl B ¥ Frheoh 810 d W8Pt S
operatingpt iveesthesamplifigrateliagit al | y sel ecting and resanpling

two or re of he mul ti gl e sjdebands; the . .

cr<6e8 etk pgiched .ﬁé,tehb%gw Hpi8 9BHE exgisters 6% g for holding the interleaved
compofilRs| €eaver for interleaving data of the re-sanpled

si debands; the code matched filters conpute the STCs

for the interl eaved sideband data in a pipelined

f 1-Qn;..ahd.each_ code matched filter has additiona
d?ﬁ’s;; ﬁ’ﬁi P%ﬁ?@{ %‘?@V " hol di ng the interl eaved
sitHePRRY stidaPhATHuIBPRsAicBanddt a rate equal to the
product of the nunmber of sel ected sidebands and the

prtbel 8P ér farthericarapnises mepans for. digigallyTsalectipg, asfl resamphing4wo or more of

e JIEHE PORELIET GRS FLAHIRE, PRSI, iR i hicteme o

interle@tigg €4t al tHe@e3mplell e@ebarily] ti pl e of the nom nal chip
rate; qne or, nore code matched filters having a

plth? o ymyehad, filtess) pepRutHbe STy dor the HipHsaved jsideband data in a

: Lyl b he integer multiple; and wherein each code
plpel%ii('f:%g%nf%ﬁr er's associ ated sunm ng network includes

hamdwapde fratched tfdter hgs pdditiondl datarshidincbgatiats fior paldingathe interleaved
... Su fro revi ous clock, cycles jn c ut i t he )
sidebgd,data a0, PepiEt plohrales Rk o the profyst e 8?1"5?%?%%@ sidebands and
the pili&ERhided BEnpRRAatelf OF appl yi ng

frequency- shi fted-dependent delays further conprises:
one or nore integer delay line filters; one or nore

L 20 B P b FRpisn b B o RREE ) PRl b gibrises:

deheins IfonRsdhplir the rédtivddr BSES oipahl sted AYe bduae td bh hﬁégeé multiple of

in determning an appropriate delay to be applied; an
the nominal chip rate;

one or more code matched filters having a plurality of multipliers whose required number
is divided by the integer multiple; and

wherein each code matched filter's associated summing network includes hardware for
storing partial sums and adding partial sums from previous clock cycles in computing the cross-

correlation values.

29. The SPA of claim 23, wherein the means for applying frequency-shifted-dependent
delays further comprises:

one or more integer delay line filters;

one or more fractional delay line filters;

a pre-computed lookup table of filter coefficients for use by the integer delay line filters

and fractional delay line filters in determining an appropriate delay to be applied; and



-39- neans for initializing and updating integer and

fractional delay line filter coefficients as a

function of externally specified frequency shifts and

t he non-coherent integrationj3gaunter values. 30. A

si gnal processi ng architecture (SPA) for acquiring a

receiv dj rect sequence pread spectr D

S TGP %)deWﬁ hizige gpd updating m*esers%#ﬁ?qcaanﬂﬁe jwafi}@a coefficients as a
ﬁmct%%?eﬂeﬂﬁﬂg ?é &g.%h@f §ﬂ1ﬁ§9nc§ﬁmﬂlbh %hﬁr@ﬁﬁnte BA counter values.

for cross re atl n par a fashi on I me and
frequency shifted verS| ons of the sarrpl ed DSSS si gnal

pa0uad PEPIORORGR e SrepigiodSt S) o ALBISea Teseiup] diffet sequence

sprea&@lt% 989) Qfgnhheohp&hyed DSSS signal in order to
ain cross correl ation val ues; a Doppl er

C OMGIBF ﬁatsemphmgx teadceaivedDESST sigaal-at @ prasletermingd sempking wmte;

R BT, B 8 ROV AE] i e o
the sefnli 8l DISISSEsi IR ai 16 oft d’ﬂ'bcﬁ]@jﬁ eénepstedrephics 08B Fscud®random noise

[ nt egr at or non- coherently int egratlgg grou ps of
PN) gerde #@ﬁmwﬂbtp areasthe speaituam o6 he Teedivieds DS B rsegnehin erger to obtain

cross%8ﬁ£1§ﬁ@r?9§ih§bg time and frequency offsets of different
segnments of the received signal and replica code

saqDeppkr | donfrefledtort @oailedith (her tRk&tolatiigd mheads fandpracessing the
det ect f det ect whet h f.th d
obtaingg qggﬁo{%fﬁl?;élpag’#gés HRORLD CEHRBES o PUSITGY cHedts resultng from

i -&J?ﬁ ftﬂ\‘f‘%& correlating nmeans further
e n%ﬁ S a aﬁk&g?g éfséhrargtched filters for
c anpnmcgmg)rsfbo non-tobaeertbyr medg&ttmgrgové}ﬁTﬂéﬂme compensated dross-correlation
rallel.; and nmeaps for c ulatln

valuol FipRseilit BTesPOE st AP SBRUS PE differpntlime segments of the

recenFeaté.nggr andereglioadode 9&1&% RS @bﬁ%ﬂ%ﬂﬂ&h@g RAnd
ppl er conpensator further conprises: delay neans

f @r dedgghory fmgdqj@tmgswh@hcrnpwngpf dghgrgnaghitudes of the correlation metrics

S corr n values corresponding to
exceeﬁ a @Tﬁ #‘?@d versions of the received DSSS signal

ama&@tﬁﬁ@bgsmn@mﬁ nfRAY ARGRT cafiptiggeans for
selectin approprlate del ays to be applied based upon
non- colde of icpde gratehedniibiers for comphtiag | Shomunfaforrqiﬁ@ons (STCs)
ent1re$P Qfarel- 3l 30, wherein the cross-correlating neans
RREY donprlses one or
means for calculating the cross-correlation values utilizing discrete-time Fourier

analysis of the computed STCs; and
wherein the Doppler compensator further comprises:
delay means for applying delays to input streams of cross-correlation values
corresponding to frequency-shifted versions of the received DSSS signal and the replica code
sequence; and
means for selecting appropriate delays to be applied based upon non-coherent

integration counter values.



nore internedi ate quantizers di sposed between the bank
of code matched filters and the cross- correlation

cal cul ation neans for reducing word-sizes of the STCs
prior to Fourier analysis. 329-The SPA of claim 30,
wherein: the code matched filters conpute the STCs for
i nterl eaved in-phase (I) and quadrature (Q

cortporismRA of claa 305 Msstossieomrelating meaps futhes cgmprises one or
e SRR G0 BRSPS S e s

correlation daltalatsdri fkansefgr sideciag perd-saps Hidthe 8T1CHipnigr tdBourier analysis.
i nterl eaved conponents. 33. The SPA of claim 30,
wherein: the DSSS signal has nmultiple sidebands; the
SHA fird §iI2K oFelRh 38SsndANS for digitally selecting

and resanpling two or nore of the nultiple sidebands;
t Hiee codegsatclmdrfdieat comgpute tresSTCx fonénterdeanpd inspliasa () and quadrature (Q)

complf i dee PHBIeh BB Rn @R 1T 1 PEPEELIOIoR: (o fenatched fiters

operafiftf af thGcd the QEhBRYELMAS h¢band data in a pipelined
fashi on; and each code matched filter has additi onal

d#eeh serdef maiched &lter bast tyvo dash ghidigregisters peetapday balding the interleaved
' and data and operates at a rate equal to the
compéh‘%‘ggct of the nunber of sel ected sidebands and the
predeterm ned sanpling rate. 34. The SPA of claim 30,
wherein the craoss-correlating neans further conprises:
meand he P A @fcclaig 3t gvherrin'r ecei ved DSSS signal at a
r ' |.tiple of the nomnal chip
rﬁ@ggﬁg%%&ﬁ%?%ﬂgglggﬁﬁg@ﬁéd filters having a
plther 8P At furthér camhprised inenss fdrakigitalbyorelectidg nudivesampliag two or more of
th di.vi ded. by the jnt e‘g%r mul t.i gl e, an erein each co.de1 i
© Tdtipite didPandsy 1Re LTSRN UFRTRHYy THERSo FRIPTRSS yak sinterleaver for
inter AV BREof BE re-S4rRpledGidBRnds;al sums and adding parti al
suns from previous clock cycles in conputing the .
cithys sode anatehiedt fiblersvedmmue thel STGS forTHe Bwleaved: sidehand data in a

. 1:30 erei n, the nmeans for applying
plpehfl?%asj Wqunglh! fted-dependent delays further conprises:
ORgcH bod®itchBd §URF hdlehaditibhdledatd khir Sgistc®$) €orOholdMigethe interleaved

.. fractional delay line filters; )
sideband data and operates at a rate equal to the product of the number of selected sidebands and

the predetermined sampling rate.

34. The SPA of claim 30, wherein the cross-correlating means further comprises:

means for resampling the received DSSS signal at a rate equal to an integer multiple of
the nominal chip rate;

one or more code matched filters having a plurality of multipliers whose required number
is divided by the integer multiple; and

wherein each code matched filter's associated summing network includes hardware for
stortng partial sums and adding partial sums from previous clock cycles in computing the cross-

correlation values.



a pre-conputed | ookup table of filter coefficients for
use by the integer delay line filters and fractional
delay line filters in deternmi ning an appropriate del ay
to be applied; and neans for.4nitializing and updating
integer and fractional delay line filter coefficients

a function of externally specified frequency
s h?# t $he,fBA: pfeclpiah 3@.owberews: the meags for applyieg fregpency-shifted-dependent

delayéFhHRst comprises:

one or more integer delay line filters;

one or more fractional delay line filters;

a pre-computed lookup table of filter coefficients for use by the integer delay line filters
and fractional delay line filters in determining an appropriate delay to be applied; and

means for initializing and updating integer and fractional delay line filter coefficients as a

function of externally specified frequency shifts and the non-coherent integration counter values.



