System for Direct Acquisition of Received Signals
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correlation neans in accordance with the present
invention. 30 Figure 5 is a block diagramillustrating
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25 suitable for use in sysiems (e.g., radar) wherein the signals to be correlated will not be
spread spectrum signals.
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

30  alone in a SPA or in combination with the other described innovations.
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30 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
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30 estimator 254 for estimating the magnitude of the average of cross-correlation values
when the received signal and the replica signal are not aligned, and dection logic 223.
Herein, this average value is referred to as the noise floor. A detection threshold is
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30 estimator 254 for estimating the magni tude of the
average of cross-correlation values when the received
signal and the replica signal are not aligned, and
dection logic 223. Herein, this average value is
referred to as the noise floor. A detection threshold
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loge NT 30 Z 2Z i=0 12 adder elenents. Each CVF 232
perforns a correlation of the stored replica code
sequence sanples 230 with differently del ayed

versi ons of pre-conditioner output signal 228. The
di fferent delays can be inplenmented with a NT tap
delay line coupled to the 5 output of preconditioner
202. As W |adddrelestester i bed in nore detail bel ow,

sel ect ed re-conditi naI

228 may be | n%éﬁg?e} P%T’?“ﬁﬁ? %‘5@?8&5‘? %me{ %’ﬁ‘i’? CHETEE
of t hesamplo®230avidh difterwtly dalnied)amims(of pre-eaeditiofer dipghddnal 228.
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correl at Or%ﬂalﬂﬂﬁnﬂﬁﬁj}h@uﬁﬁﬁﬂeYﬁ“A@&?&é‘ﬁm needed for the coherent

cross-correl ati on neans, whi reuse arit

r esou PR Fre ZRRimRARIer haﬁ@a&aﬂwéweﬁﬁo nepd fegm@ml%ﬂwt%wage to
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needed by the bac tfucture
aBPl | ‘EW’WW@%M@W@HW needed parti al

Cr 0SS~ COT IRfefttrlpQBeiY B e 33 Bk b1 CAANR33 LilRitancousty
computes all the partial STCs 234 needed by the backend FFT structure 236. It is the
ability to calculate all the needed partial cross-correlation values 234 at the same time
that assists in making the CMFBC 226 (and SPA 200) a fast solution and the only

30 solution not requiring intermediate memory to store partial correlation sums. Rather

than employing one large CMF, Ny CMFs 232 of length Ny are used to calculate
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that assists in making the CVFBC 226 (and SPA 200) a
fast solution and the only 30 solution not requiring
internedi ate nmenory to store partial correlation suns.
Rat her than enpl oying one |large CMF, Nf CMFs 232 of
 ength NT are used to calculate 13 STCs 234 on
different segnents of the input signal 228 and replica
code gats34 W ditfrenSRbRGHEH tRasAkiGA! Mnﬁd\lvepcha)c:AMdatasers
where N is the desired coherent integration tinme, Fs
i s t hiletsd Basgd o ecei ved signal sanpling, and Nfis the
nunber of short tinme CMFs. 10 For each new i nput

si gnal 232 conputes one Nrlength STC
234. The %‘F’C(ﬁ’cﬂa%l\ﬂ' i s designed such that Fs/ NT is
greater than or equal to the extent of frequency
uncertai nty Lo be searched in parallel. A 2*Nrpoint
FFT (zero padded) is then applied to the STCs 234 hy
backend FRFissherdgsitedceheRBbintegetiontimmeddi ng is a
conveni entg ' [ hetyween frequency bins
e rQ{e oi(; %}ﬁ%&%{gﬁl 813?:%_119; o

and redu0|ﬁg sca _ hi's provides
coherent pideswmher ofghort tinisiGNFsr esol vi ng the desired

figquency polAGeRdwaihfil ¥ighd 538, Sach CRRSI32 chrﬁ;ﬂHé%'Bﬁé/Ng-lengﬂl STC
resol ution. After T processing, a nagnitude

est i nixtoFheiSTClenzfh Nedg d%rledesawwdq\trmtwﬁe of ggual to the
pr epadxaht &Tfreﬁl%c}f M&&r&ﬁﬂy 0®B sRAET i PhralldD. f&Q%ﬁoﬁﬂ FFEYEro

CompoReiRIL = m s bt S 2R Petecnd i5F sl paropadciog

dedi ciah eshvhasiway 6f ﬁﬂpoﬁﬁ%ﬂﬁﬁ&bﬂﬁe@u&my pﬁa&m réduking E\ﬁllopmg

t d
R By RRRRS bt SRRt B A B
conp ameertamt)awﬂl shropun frequehayyresalytiee Peftea FET mrotessind, a magnitude
ok
ot er anidids WALRIBE G Reoupiey bl BRMAED o Hihelibotry
25 enpdwssingne or nore CMFs 232 that re-use nultipliers
260 and summ ng network 262 hardware in

cr OS SCHP Hafinakd 18rikdBr PRBAHEFT m@@ma@n@aﬁﬁml es

0O wth ents 264 and Q. ne 66 of the
Oe Condi GBI Paas FERCHEESE deegted x processing In-

s i NPl ihhdeql) attbf@drhpid phmseQQ) doh@omfa QE&SGNEb)i sighalgz ITHis i@ illustrated
and %%Pnpe Wﬂgrem eeIan$§ 0! noed tlfs o mpF 14 e gts of
Fol | ow r% own- con er’8f of O aRderT e & |WF11§ ORE FPERIFE
Si gnadorrelating hardware 50, 52.

In contrast, and with reference to Figure 6, selected embodiments of SPA 200

25  employ one or more CMFs 232 that re-use multipliers 260 and summing network 262
hardware in cross-correlating the replica code sequence samples 230 with I
components 264 and Q components 266 of the pre-conditioned received DSSS signal
204, A simplified description of the process by which the I and Q components are
obtained is as follows. Following down-conversion and filtering, the received signal

30 204 is digitally converted by ADC 205 and sampled at a predetermined sampling rate
by sampling module 206 of preconditioner 202 to obtain the [ and Q components
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30 204 is digitally converted by ADC 205 and sanpl ed
at a predeterm ned sanpling rate by sanpling nodul e
206 of preconditioner 202 to obtain the I and Q
conponents 14 264,266. The | and Q conponents are then
interleaved (by interleaver 224) for processing in a
pi pel i ned fashion by one or nore CMFs 232. In order to
pr ocez6t,266 Wil ahdQ cbmpcufentsiﬂe then inbEleaVBE (b9 lintbafer CMY Sor

232 of thi.s .embo t erate at I|n
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t oo R docfof Wh 3h Ryl SRn 804 ke shlied, SRieRBRb o of
whé | eﬂlaoﬂrm nmm@dﬁ&azﬂﬂélasawe datb ghify gpgxs@rsrzéo aetré'ﬂtcr tap 268 for
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cr osor BBty Wl @Y ERHRkEr g ONbppcient WAlte BEE LBl o
264, wEgogirelted sanple of the replica code 230. As a
result, h%séatéd 1hth‘g'ur§$ sz@WBz%ﬂpéﬁﬁnid%&g%Q&&ﬁoL Bfhe 1

reuses singl e one of ipliers 260 f

cros s@é&l?hé?%ﬂ’%%m Résh éﬁﬁt‘ﬁﬁ’ta samPln stignreplica ca@m%a‘wefmcﬁresult

| P Ut 2 Sited RAIctuePdaR b Milpldmente® BhtThilésh btk nb H%@ﬁmluphexs 260 for
constant, this q tlmzatlon results_in a factor

r eductP GiPsy-frrrelatiens, Ngtsithabethn mugiper o I‘”E’P?ﬂ‘%dé 2@‘5
and regigee M{Eremdecdhetgm,&he blamaﬁa&on RAdks EROMaaSf tdreduction in

t ed t k,262
cader bGP o] e e il g e
any Aﬁla@ocxated:ﬁiﬁiber mbmmmmgngﬂeman Y2auders. BineiCMB hardware

ypel
ooy of lilsiliat o) ANC A LA aleRE T i L,
f act aripedifing the I aﬂ\ﬂsm@ww@mldw dverell Faduetion &i dhip
SamplGehWRRIW" aﬁﬂ&‘ﬂn@é&g@%@ﬁog—m preferred neans f or

i mpl errentlng a CVF 232 In accordance with the 20

enbodl rrenlI‘Ee prsﬁimi merags frrﬂﬁhpﬂemeaﬁ}@ alGMlF rmﬁﬁ aﬁeﬂaﬁ;eﬁmh the

r the received nal .204, at, a.

8 o R oS B B o B i eSO
" spr eeglirgent.obe’tkain ervledonzpls) senipﬁng ntddele S @mcludenmetrsdor re-

tran néﬁn? rE&fJEa 2at a ﬁ %epﬁﬁi\%ﬁlg é)g the nominal

enbo asapuraltyofrrutlp
r equi qh@do T sprergling2sdaThmtelspplidl (o thiresignplat the draismitegeFach CMF 232

mul t 'empﬁ) &ﬁh%&@gngo@ﬁneﬁts Hﬂratp'llﬁéﬂt)%f n%]jgﬁ %Jhg.& recﬁﬁ&hnumber

summ ng netvvor I's adapted to store parti

et r é?aé(tbie dividse g the fideesrgnultide sslerted fora Ptreffqlﬂé |CMH drigR.Fash

f r om @itz Qsvofd i Sdapel &l s@ e pa&a@mmhémma Bt to add partial
Cross- lg:r%rrel at i val ues ng the receive

si gn&PToHensEn %%Pf@&“’%ﬁ" 05'6&“??? My FQPEYERee rarEsoretion

values.
Assuming the received signal 204 is sampled at approximately M times the

30  rate of the replica code sequence (i.e., the spreading code) signal ¢, and the integration
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30 rate of the replica code sequence (i.e., the
spreadi ng code) signal ¢, and the integration 15 NT
is ainteger multiple of M then the cross-correlation
function y(n) sinplifies as follows: if NI-1 y(n)=E
=x(n+i) T=0 ck =ck+1 =...=ck+M1 k=0,M2M ... 5 then
the cross-correlation can be rewitten as a sum of

" part i &t is s imeger mblkigle AN}, thendlle crésg-cortelativn QunbHonly(7) sithplifies as
CIMK(Rdd Egq. 2 i1=0 where: 10 NT is the length of
the short-tinme correlations, <ci is the 1h filter tap,
x(n) is the input signal, and vy(n) is the output
signal. Using ]E%prupti on 1, y(n) can further be
rewitten as a unction of y(n-1): 15 y(n) = y(n -1)
+B" - B,, HWF T SAi®hdi es thaty(n) can be estimated
using only a code-match filter of lehgth NI/M So,

with thisg gqgv tion. the npobeyo@f multipliers and
suppor ti ng®adfiérs in ¥ -Isunmat’i on network in a OWF
cah be reduced by a factor M This is best understood

with the aid.,of Fiaqur 7A and 7 whi ch sho a 20
o il o oes 45 opot CHtefifion doh Bt 288 ot PR

enpl oyi ng ciur”‘ Itipliers 260 to nultiply the sane
sanpl es X¢¥Y = %3y=of input signal X(n) B-lhe sane

reference codg’"“ sanples ¢c(0), c(1) tw ce and obtaining
i denti cal par-gal products c(0)X(1) 270 and c(1)X(3)’

272 twice g ar Mif f CMF out put signals Y(O and
Y(1) on cg’lse tr.-{%xgﬁﬁi[)h/j) Esqg(

where:
10 N, is the length of the shori-time correlations,
¢ is the i* filter tap,

x(n) is the input signal, and
¥(n) is the output signal,
Using Equation 1, y(n) can further be rewritten as a function of y(n-1):
15 Kmy=yn-1)+B, =B, s
This implies that y(n) can be estimated using only a code-match filter of length
N¢M. So, with this irmovation, the number of multipliers and supporting adders in the
summation network in a CMF can be reduced by a factor M,
This is best understood with the aid of Figures 7A and 7B, which shows a
20  simple CMF 232 having four taps 268. Rather than employing four multipliers 260 to
multiply the same samples X{7), X(3) of input signal X{n) by the same reference code
samples ¢(0), ¢(1) twice and obtaining identical partial products ¢(0)X(1) 270 and
e(1)X(3) 272 twice for different CMF output signals ¥{0} and ¥(I) on consecutive
clock cycles, CMF 232 stores in data shift register 274 the partial sum of the product
25  the first time it is computed, then reuses it in computing the next sequential CMF
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clock cycles, COWF 232 stores in data shift register
274 the partial sum of the product 25 the first tine
it is conmputed, then reuses it in conputing the next
sequential CMF 16 output signal. Note that at the
transition at the correlation bl ock boundary or at the
start of a new tine-frequency tile, the partial sum of
produmnmnmg@msﬁﬁHmQZAmmMﬁhnhﬁnﬂﬁk&ﬂﬂﬁﬁnﬁbﬂﬁ&mhﬁ@yﬁﬁMﬂw
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netvvork i s thus decreased by a 10 factor of
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et lvsfff'é’ﬁeé?ﬂq‘?"% %ﬁ?ﬁﬁhz%{?? Sy setwork dow has
InternedleteﬂProceSS|ng Stage Referring again to
Figure 3, ®¥&ptai n enbodi nents of SPA 200 enpl oy one or
nore interredigte quantizers 252 di sposed between the
bank of Nf CVMFs™ 232 and the FFT structure 236. This
further retftiRes hardware conplexity by reducing
wor d-si zes of the STCs 234 prior to the Fourier
analysis. Insertion of the one or nore quantizers 20
252 reduc@%h#%@mmﬁaﬂfred size of all subsequent
circuits (i.e., FFTs, non- coherent i ntegration
hisr o v@uetiza o141 bt Peiline Prdcagi ule) and of f-chip

menory reguirenments ethe ant a o)

quantl)/zer f %ﬁgémitﬁ&ﬂ“o* L?F@P#W%%ié{og B’gg@eem

c i r cmore inBrydid qugntizere zmmapnse(l Baereeh theSgink kﬁw,cmsgsz add the
I

J erse Tg%@@@“bﬁ" tﬁgiéler“?é\é dh%eggc RIR: ﬁpgeﬁ“ }y tedﬁcm&/\%mil gizes

25 théma§EC$%ﬁmﬂgﬂpHaﬁmmnsswhmqu&nﬂmzeﬁﬂwameannmemmmumm

f?t e Eﬁ{ig%ﬁtthé I-aﬁ?:?ed sizyo@a@iqmsbaﬁemveﬂah& (GPHFEL, Ah-ORbR G

si gnéfitegradion b?fé’@afpl aa%dqtqqtl@rlfsm wpdude) apd ¢ffship rempIRgyquirements.

processi nmi1@t§§adi;uﬁage90ﬁuﬁgaﬁaﬁ£eks%mb %:pha Jﬁa&q%ﬁﬁoﬁ sﬁAZto
dB loss for .a 2-bit quantizer and for a 1-b

quan f‘id%’rcm‘flhc"m?%ef“%aé% bown((¥ee 1, p?P&E%SQ‘B 'f‘fﬂ q"@?’g’”%‘w&hﬁ’l y

Sateilite, Prentice Hall, New Jersey, 1977), there are no acquisition SPAs known to

25 the applicants that insert quantizers at an intermediate stage. In additive white
Gaussian noise at sufficiently low input signal-to-noise-plus-interference ratios
(SNIRs), processing loss due to quantization is limited to 0.7 dB loss for a 2-bit
quantizer and 1.7 dB for a 1-bit quantizer. In most cases, the processing loss is amply

compensated for by the significant reduction in hardware complexity. DSSS

17



conpensated for by the significant reduction in

hardware conplexity. DSSS 17 acqui sition SPAS desi gnhed

to receive low SNIR signals conmonly assune a | or 2

bit input word size. The maxi mum processing | oss

i ntroduced by one or nore quantizers 252 is a

function of the SNIR and | oadi ng factor at each

quant i aquisitieySRAs dddighe focrebietie G $1TRS@Mals Sor@Bordy b 1 or 2 bit
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as the ratio g tput sig t 0- noi se
(SNR) to the unlg 2@@5 J_nﬁ.L.QtPtes t he 3I 20
qgaabse)I

i ncrease in n0|s |nthodu he one or nore
quanti zers. For exanple, an effitiency of-1 dB
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her than at the i nput.

t he dB hi

| oadi gﬁﬁ‘%@ﬁg’% %e eéic’teﬂg erﬂgfl}t@mB‘?‘at? friantizsrs 252 islsfined as the ratio

s IE gnabfthe gentivei @eput gk (s;mz)&d Bk FSBWRT%Q Mdﬂﬁgs {he total

t@q& e ale voltage e I Ng

fact or _%%m{ (Izlsgt“{]tr(’d'fce?%fth?ﬁ ft "%tﬁﬁz%%g]:eoxﬁ’f & to

sel eceffigipncF Sf/-k ¢Ballonpalbmsplles tlov the hédimpoorr £ the ppipmgf thEhe

opt i %@pﬂlﬂ&gﬁ@g}tﬂ&ﬂ&g ly specified in dB as

20l 0ogioA., 1s a unction of the type of input signal

and the ndbloediog fagpx Ais theaatioar thie gtal inpst sigraloplk-noiss @oot-mean-
squared (RMS) voltage to the quantizer’s full scale voltage (FSV). The loading factor

25 and the total input RMS voltage are used to select an FSV that prevents overflow or

clipping. The optimum loading factor, normally specified in dB as 20logpd, is a
function of the type of input signal and the number of bits. For an input sinusoid, the
optimum loading factor is -3 dB (A =1/+2 ). The optimum loading factor for a

Gaussian signal varies as a function of the number of bits. Historically, —12 dB,
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optimum | oading factor is -3 dB (2, =1/. ). The

opti mum | oading factor for a Gaussian signal varies
as a function of the nunber of bits. Historically, -12
dB, 18 =1/4) has been used as the default value. Based
on results obtained by Morgan, D., Finite Limting
Effects for a Band-Limted Gaussi an Random Process

W th oARP4h RAbENSed R tRlABRHOMNR! Bds8ion rkdafobtained by Morgan,
Transacti ons on Acoustics, Speech, and Si

nal
Pr oc eRsiffdte Ligiting Efgcts foya Band-LJmjted Gomggan Iﬁwg%iifpﬂ%&’éff .
her ei BpdRERHPR! LD Ednldibion, IEBE Tk REMBons dn BostBlids! $726kh, and Signal
formula can be used far. determ ning the |opading factor
for afropsstiasVah 3&iNpnkIulyd 288, PRneréi'ilgW’Wﬁ’émﬁﬂﬁ%\’y of
bi §'S, reffidnog) alinplifédfe@ildin bé Re&for dRsHRMIM thelohdMSfactdrtBh a
nf?8 (g . ;1% g}ﬁ%:%% nb8 Ln P@_actlce, to determ ne
the r a’c‘fi‘l BerBLits B ftnetist < thepomog f bifsusig AYe Piseewise {ipgar
desi gapproxindiibak: Sel ect a desired quantizer efficiency,
sel ect a quantizer |oading factor 10 and predict the
maxi mum expect ed post- GM-_ S| R gxpect ed by the SPA
For the |oading factor, ®?he\gdesv¥gner has the o&%iﬁn of
sel ecting a standard | ogding,{agptpeg(e.g. X = I74) or
by iteratively estimting the word-size (using
Equati on I ' ' I i afhze
det er mi .ne%%%e o%ttti%)rfcgé@%gp%- _si zedcg\l#gtf}%gg%ﬁgf géci}{ or, b e
pai r . desigper Agomid|splpd a @¢sired quentizareificiensnselen) a guantizenlopding faptor
t @S Canld PrANEHE FtixiAhmleRRc @ Posi-EMFISINR @¥Rb18d by8sISPA. For the
Doppl er ., Conpensat i on th reference again_to Fil?g%éce

( , 2,
t her elo&Hing Atireltp desigper haviee eptiopPRTrigeting 2 siiadarble tor (8.
f r equERQf)Qf by iEdilvely Edtira iy BORGASRE HORE Eq@tieh|3) #ldQsdling
215 ip SPA 200 20 enbodi nents and the c_orrefpo_ndi ng .
f r equigfeniugine Rapatipndide detemane dhepptimel pvordriigs a9l lqafing factor pair.
caus esn AGE-108 GirduitakObe fiiplofyéd 1 AtinAPMAEe paradétbh artheddsived
rggativ noti on between the transmtter and the
r&tei Y™ Regardl ess of the physical cause, it is
comon to refer to any frequency m smatch as caused
by un P j)n(;r.salt:.or a truly narrowband transmtted
Si gna‘%@vﬁr&% is infinitesimal 25 conpared
to its caMithgefefeneegeemtFiguratythdre wemenmrgus sivsesatf olismatch
prod i .
Fr equinay ot HEAUEY SHon Aplle G ool ABIRER 2 in 52 200
adtl quratheflipnents and thperrespording frearenanedion vaceived sjgesh 244, Two of
Of f S @hese Eibesrd AL AMIBRAnSDEIRE IR SR 16 189 Rotion between the

transmitter and the receiver. Regardless of the physical cause, it is common to refer to

any frequency mismatch as caused by unknown Doppler.
For a truly narrowband transmitted signal (whose bandwidth is infinitesimal
25  compared to its carrier frequency), any frequency mismatch produces a frequency
shift of only the center frequency, and the FFT processing described above adequately
searches over that unknown frequency offset. For a narrowband signal modeled asa

baseband signal modulated onto a camier, where the carrier frequency is much greater
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baseband signal nodul ated onto a carrier, where the
carrier frequency is nmuch greater 19 than the

bandw dt h of the baseband signal, the effect of

frequency m smatch can often still be nodeled to

first order as a frequency shift of the entire signal.
When the Doppler shift and the tine of interest are
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t
T STt Broesine. Vo RSSE 2, Blog AGHL 43P rpieh e
COT I Eefin GGOIIORAADY reldrénce b HHEr &fﬁfﬂ%aﬁ Gives) afphdpkined U8 &kon of

e B G5 S oSS

shor t213,itire oompmﬂhglntmducesﬂﬂegbgﬂalb Ives afzorsdl4tioh, tut dak ta0ESa non-

rof orBRRatte) BRE SRR 0Tk B s 15y St ptzogem
sA5gn &mhﬁﬂ%@nmpﬁrﬁm developegrayd dmabygedsin thy citdsatatendey to exploit

bet weg ot NéndnEs B 16 a§§ 204 and a reference
signal (shown in th ic enbodi ment of Figure 2
as the re&eumpledeu@ymwsm@ﬁébm@mye Teesjved @ignal 204
nodelagdls RferddbOGA1 (E)lﬂmjﬂ% e @pe@i‘ﬁ@ S e ?B‘I} lﬁﬁm‘@&qg %Q rel;;])hca

time npandi ng th of which nust dr esse
t he geqcfgptglﬂqe 51|gnaf5 PhD @ bppodgled as producmg both a frequency-shift and

30 time- companding, both of which must be addressed in the acquisition processing of

SPA 200. However, the frequency-shift and time-companding are both caused by the

same frequency mismatch. An innovative approach described here exploits this
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SPA 200. However, the frequency-shift and

ti me- conpandi ng are both caused by the sane frequency
m smat ch. An innovative approach described here
exploits this 20 relationship to inplenent a code o
Doppl er conpensator 216, an exploded view of which is
illustrated in Figure 8 as including one or nore

f r equedlationsifpimiglahent & wremopmd cofifdnsator 216,08 eﬁﬂ&ie&ﬂﬁw of

t 8 t
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PN codgiehts W1 et it NeRirtHar bi¥erebfife" 1o the %s&&)lﬁ%faﬁm peak and
|ntegrat|0n process t hat aver ages correl ation | ock S,

t he | gEsfbe serRsnsafede Sregiiicatly, it thspeigt B cosls rwsaascfsm@masfhe

atioa abn-gmalem méritﬁh@f&:esh 06 Bivbidfes bﬁrdldhﬂﬁ’blﬁ:@d’s ﬁ@fé&hon ofthe
correl |on galoc ..code is sI

the re
Che. | B! Stheon P o BF 4 SPEbog HOTbior4pb 1t e At
upon smmdma:sbluﬂc. rfmlm-re@hed et isi sh:tweglhﬂi thelosal code, thelpaak wﬂl
If th i faster, ak W1l show
soon e?h wr ﬁﬁér gggla{eﬁl onr Uoossive 1(1061—00 ?ﬁt @fﬁﬂfg) se(lor sum%. IP tge
rel at re@ﬂsfhll rte easivn,cie nehbwﬂlaiww ep sconez qpavvash ideppticr(or sum).

Zf EZ fet Af ﬂg%&ggsh?p%%%leeﬂ & camer e«lql*ee%%}(g]js {%r ?ff" /.#fsafld the code

t he OraedbopplhefifsetiR isnt egrat| on (or sum 20 can be
predi cted using the follow ng for a. Ank s
2T(k-1)(-AR), where Tt is theARehgr#it integration
time in seconds. The inplication of=the drift is that
only so many correl ation bl ocks can be non- coherently

ldPlt E?rat eﬁ@é%gMZS nge%@&gt?ﬁ?#or&ggél on for, t °5i“m)

t Be smzbepredtetedlssmwhafoﬂﬁif‘mgﬂimuazture 236, the anount
of drift is a function not only of the nunber of
integrations but also the FFT bin nunber. For a bank
of 16 CI\/FslﬂaﬁdTﬁ%Blz)(a-pR),zero padded FFT, the drift as
go];grgtl Z& Tl;ig% &P eae%\:aﬁm%egrgg ea1}1 Ise%gﬁc’ds aﬂw 1m19].1cat10n of the

drift is that only so many cotrelation blocks can be non-coherently integrated (or

25 summed) without correction for the drift.
Since SPA 200 processes multiple frequencies at the same time using a FFT
structure 236, the amount of drift is a function not only of the number of integrations
but also the FFT bin number. For a bank of 16 CMFs and a 32-pt zero-padded FF T;

the drift as a function of non-coherent inte grations and code Doppler AR is as follows:
30
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21 Ana=-2(k-1] TAR+-L& L 1J, | Nom fnomJJ wherein
Lys is the nunber of CMFs in the bank, 5 AR is the
code Doppler shift, Rnomis the nomnal chip rate, f.
is the nomnal carrier frequency, and NFFR is the FFT
size, 4 4 10 If no conpensation is nmade for the drift
of the correlation peak as a function of code Doppler
of fset and as t?e nunber rof mon- coherent integrations,

i ncr easi ngMute2(hubbed 2o, \éJr:ati ons beyond a

certain point provides no™ad#ft'i onal benefit. A code
Doppl er conpensation circuit (or algorithmin software

i mpl ementations) is required 15 to predict the

relative I"B8%M on of the correlation peak from

correl at i dg.{d the kurhieer bf €@dKs in te®akkp apply the necessary
deLays to ke su t he rrel ati on peaks renai ned
allljgned. %cr@sﬁgli?f}?f{e?@p{ﬁﬁrésﬁ@ffects of non-coher ent

i nt egr at i Gy tbemssihalghip &td, i es of correlation test
statitistics; ifferent correlation blocks

must be prf'% lgr%]%smfnéjgm(g%elé{/r%’b‘e ramgdvanced) for proper
bl ock- bl oderrdothe EFBsizeon peak al i gnnent. As each

correl ation b%&ck ISy procgssed, the one or nore

i nt eger déIE%y n ,-e@@&%}d fractional delay lines

278 are initiallized dhd/ updated to counteract the
cobrelation peak drift. The sanme delays remain in
effect during the calculatipon qf.ap . entire tile. In |
Lhe speci i1 CoRBBATRBcmati ¥ B St of theccrelalion msnk e afBredgn
|'i ne oE@&ledipblewyaifset an@ &s the fuatbed cd gomcrdherinn integretions ikteasing the
t hat . si st .in_proper,.del

coef f#gl?grno? &%g#g%st%l%g%nfd%lcn a pﬁt}nég’ioiv@‘né Oélgglﬁ%qa@m%% {p code
del ayDepplstf fompeesation ciroyit (balghrithnein goftwadeinpjancaBiidns) is required
ded a _ , . .
e A S L
| i ne 28ty apBly shomgpresaryglslaps to makhsurdfhe enpglationyeplsiremained

of f sefligggad t he nunber of integrations perfornmed. A
correlatign block coynter 30 286 provides an )

i ndi cat i on® B teehEws of gpn-roberenliniesraog Prosessingrdes of
been cpeelitivh i thtatifigtics 238 from different correlation blocks must be properly

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

In the specific embodiment depicted, the fractional delay line 278 employs a

25  4-tap Lagrangian interpolator that uses a table 284 to assist in proper delay coefficient
selection. In a practical example, only delay coefficients for 16 different delays (0-1
delay, 1/16 sample spacing) are required, however more could be used.

The delay of the integer variable delay line 280 is a function of both the code
Doppler offset and the number of integrations performed. A correlation block counter

30 286 provides an indication of the number of integrations that have been performed,
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For exenpl ary purposes, a 18-tap integer variable
delay line 280 is depicted. The following fornula can
be used to determ ne the required integer and
fractional delays (or advances) required to be
applied for each frequency bin: Ana = -2(k-1~TMR+ . 1J
+(1200+Af) 16 NFFr f,,,,,, 2400 5 where O is the
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nunber of _t he signal onne tions th t.rol
a0 6 20 Fhiesphnrnt AT oL GHIGBR eoLRtoh DREHA SoBEm 8 A
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neans 212 e Segrant
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214 and systemcontro ghal s | ock Boundary
St ar t2dEEpEscts- @mnr%éluﬂa@féknmhm aﬁhgfmsqabmecn?m.ﬂ@a@@gol

the shéhule 207 had ARl @nipeRbntsRe SEA 200"@:&& ﬁg;hh. Qz fHufates the

Det ection signal indicates the fi nal

non- CEReAINE fora glesf fhe rongnkpreqsss fot %?PtA %’P“-“’g’é‘%@@%‘ﬁg 10ms
pr oC esherd intdgtion, fier RoH-RB&Ent Alidifidhs, Snd & hdink@Rinty regions.

A 350 Lo B i i SRR LT B ol we
C 0 nt rreplicaraalo bapn@Rty andX8r selecting the appropriate code bank. These signals are
25  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 Detection signal indicates the final black of non-coherent

integration and the start of detection processing.
For the purpose of this description, assume cross-correlating means 212 is
30  comprised of two CMF banks. Before the start of a search cycle, control module 227
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7 requests (at step 1210) the first block of code
fromcode generator 214 and | oads (at step 1220) the
first block into one of the two code banks in
cross-correlating nmeans 212. Wen a search is
initiated, control nodule 227 asserts (at step 1230) a
Code Bank Sel ect signal, requests (at step 1240) and
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7
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24 The, second factor is related to code Doppl er
effects and occurs if a peak is located at the edge
of a tinme uncertainty boundary. Partial peaks could
appear in two consecutive tinme uncertainty regions
due to code Doppler effects thus reducing optimal SNR
of the correlation peak. The code and NCI contro
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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

subcatrier frequency and spreading code rate can be selected independently, offering
30 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
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BOC(10,5) modulated signals to be reduced by approximately a factor of seven ,

compared to conventional wideband processing for acquisition. Separate sideband
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processing for acquisition thus reduces the required
rate of arithnetic operations by a factor of

approxi mately 25, and the storage used by a factor of
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upper and | ower sidebands enploy identical replica
code sequence sanples 230. The approach sinplifies
each CMF' s hardware by reducing the required nunber of
mul tipliers 260, data shift registers 240, and sunm ng
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Use of a bank of code matched filters and an FFT-based frequency search and non-
coherent integration applies to any modulation, as does carrier phase hardware
30 sharing. Sideband-domain sharing of hardware applies to any modulation having

separate sidebands, while code-domain sharing of hardware applies to virtually any
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conpensati on techni ques have broad applicability to
many applications. Wile the M code signal uses a | ong
spreadi ng codes (i.e., spreading code with period of
many seconds), the innovations described here al so
apply and are beneficial 5 for signals using short
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shifted versions of the sanpled DSSS signal wth
sanples of a locally generated replica of a pseudo
random noi se (PN) code sequence used to spread the
spectrum of the received DS SS signal in order to
CLA@%%gin cross-correlation values; a Doppler
ensator coupled to the cross-correlating neans for
processi ng the obtained cross-correlation values in
order to conpensate for misalignnment effects
re ' f
1 el Rl b R (SO RPANK b ek o R B Spctum
(DSSYypignths of the conpensated cross-correlation val ues
mmmmﬁ@fesentlng correspondi ng tine and frequency offsets

of ?ﬂegnfs ?orr gagx}glmgs IECBE’% sugnal attah?edgtg cel <¥ ed si gnal and
repiirca Co equence rde a| n correlation

sampliget r i cs; and a detector for detecti ng whet her a sum of
rate; t he magnitudes of the correlation netrics exceeds a
detection threshold, wherein the cross-correlating
nmeans further conprises: a bank code matched filters
f or neowfontiosgosdiing, intd prelid Esliel, thé oA seBFCs) entirely
shifted \grsgﬁ{cﬁlﬂle%npleﬁ@ﬁss H&Qnﬁthfs%pl&%k QIUJ:aﬁ;l ing the

cross-correlation values utilizing discrete-tine
generged sepfiaof apsgydy gndomypoise (FIN) cedg ﬁiﬂa@tnéfdm@rwreaé The SPA of
the sp@lrerh 0 tHe redslvet BS $6 didne i€ 6r0s & cbamrcakadotrelgtioreans f urt her
values’ conprises one or nore internedi ate quanti zers

di sposed between the bank of code matched filters and

the cross-correl ation cal cul ati on neans for reducing

VVO r dl-)op‘@l'eicﬁﬁlpéhﬁatdr hﬁlp@gﬁﬁheﬁfdsﬁorrﬁlﬁhngﬂidiﬂs ex anal ysis. 31

|n11 r.ein: the code matched
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mlsallmn@ﬁmﬁ@wn@@(}}me eonpdne ﬁﬁfhe refeivedi@SSSanpl ed DSSS
signalSi gnal in a pipelined fashion, the code matched
filters operating at twice the sanpling rate; and
each code matched filter has two data shift registers
p e ran ingggrafopfor doicoherpgtly inthgrating tmewgs eé&hwmp@w@n ents. 4.
Cross- Mat@ﬁéﬁl&g re%!c?chm orré@itbﬁ&%gﬂne and H&;u&%ss si g nal has

pl e si debands further conprises nmeans
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sequence in order to obtain correlation metrics; and

a detector for detecting whether a sum of the magnitudes of the

correlation metrics exceeds a detection threshold,

wherein the cross-correlating means further comprises:
a bank code matched filters for computing short-time correlations (STCs) entirely in parallel; and

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

computed STCs,

2. The SPA of claim 1, 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 ST'Cs prior to Fourier analysis.
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two or nore of the nultiple sidebands; the
cross-correlating neans further conprises an
interleaver 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
fashi on; and each code matched filter has additiona

3. datlwm S8hpfdaimégiletear s for holding the interleaved
si deband data and operates at a rate equal to the
product of the nunber of selected sidebands and the
predeterm ned sanpling rate. 5. The SPA of claim1,
whebeiofe peidedilisssopmitethq HCs fy infrgleaved ipphestBrand ifiptrs 62

compoll@BIE thé inple® DASNidnAIGn 4 piplinAGhUR the OIS Mathdd Fidtbrs Gleraling at twice

me%éégem%qggl to an integer multiple of the nomnal chip
rate. bne or nore code matched filters havi ng a
plurality of multipliers whose required nunber is

di VdaglRdadnardhbirilieF e OR dati bt leBibets pea g foMBQERI N each code

: tched filter's associated sunm ng networ i ncl udes
the 1nt%§?va Q

PBY8F storing partial suns and adding partia
sums from previous clock cycles in conputing the

4. CHASSPAR el Alkh@laval ues. 6. The SPA of claim1,
ejn the ﬁoegler conpensator further conprises: 32

wher he Do
the DSG pigap! e BREPIE §ib209%) yvi ng del ays to input streanms of
cross-correlation values corresponding to

fr if L I Qp: j DS SS
sigﬂ%ﬁpgﬁg§?ﬁ%h§gg¥§%gﬁ%g%§9%%%ﬂ§ﬁ%§%ﬁgﬁggneans for
two or gmefeof thy pylielp pitdpidiat e del ays to be applied based upon

non- coherent integration counter values. 7. The SPA
f claim®é rein the ns_f.or appl yi ng

th -cortel. .

e crocotB i Bine NARL Ehl bl HRADRer 6 SPP LY har compri ses:

interlegying dejp ofitesrrersqmpled gidgbandsl ay |ine filters; one or nore
fractional delay line filters; a pre-conputed | ookup

table . of filter coefficients for use by the integer
corbroF maties FEFsp@R Y (e s e E Heobine 111 vor s
in determ ning an appropriate delay to be applied; and
data inppipaléed fshidnpdntli al | zi ng and updating integer and
fractional delay |line filter coefficients as a
function of externally specified frequency shifts and

t he
cach code matched filter has additional data shift registers for holding

the interleaved sideband data and operates at a rate equal to the product of the

number of selected sidebands and the predetermined sampling rate.
5. The SPA of claim 1, wherein the cross-correlating means further comprises:
means for resamptling the received DSSS signal at a rate equal to an

integer multiple of the nominal chip rate;

one or more ¢ode 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.

6. The SPA of claim 1, wherein the Doppler compensator further comprises:
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non- coherent integration counter values. 8. A signa
processing architecture (SPA) for acquiring a received
di rect sequence spread spectrum DSSS signal,
conprising means for sanpling the DSSS signal at a

r ter an nterleaver for
seay s Bf Elfm g Etrateehet P i P ur o (O
valuesgomppméing g freqiencl Wefislamposdf DE8Sed HRaP; one or nore
S@mﬂgm#%ggmggﬁgm&khke&§ for correlating in a pipelined
fashion tinme and frequency shifted versions of the
i nterl eaved conponents with sanples of a replica of a
ps exiho for selechnaprddpsiete (4B obe eiplisidgeenma naused t o spread

herdnBeSRES Lo Rf,.L he received DSSS signal to obtain
coercrog% corfﬁ¥gtﬁgn out puts, wherein each code nmatched
filter operates at twice the sanpling rate and
i ncludes two data shift registers per tap for hol ding

7.t hﬁe'@h%ﬁélﬁﬁ%%eremﬁ ﬂ)l uéé:@f -shiF@bcul ating
I zing discrete-tinme

correl ation val ues uti
‘kmm%ﬂﬁgﬁgyhgﬁrT@¥T%Sof the cross-correlation outputs; 33
an onervr moe drttsger délay linmbitergoherent |y i ntegrating the
CI O%r MO shiddal Qhy iMA4IMRS T epresenting corresponding
time and frequency offsets of tine segnents of the
recei ved signal and replica code sequence to obtain
correlation netrics; and a detector for detecting
whet zhﬁé-c@‘xpﬁﬂddﬂoﬁlfup tabR oN@@Ndctiiiciass of ust biahe iaw\ger €l ati on
delay lql% ﬂ torS SSI n)éc(imna‘ijﬁel 3 1191 e}ll%cstnlz %%Rgulﬂ%ggn a%](): {ﬂm?l ng ZI ?gilel ved
‘khyﬁbﬁﬁwﬁﬂ%%ﬂuence spread spectrum (DSSS) si gnal having
mul ti pl e si debands, conprising means for sanpling one
or nore I deband det er m ned
o e i R RpERRRT AR Bie (BPERT | ng "and
filter cogBagmps|ai miyndtineofgrienyly sproified fmahdneypdhidts aglitebebands; an

non-cdh&%xﬁﬁdte%ﬁl{&{co&@éivélﬁbger| eaving data of the re- san‘pl ed
si debands;

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

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

an interleaver for interleaving in-phase (I) and quadrature (Q) components
of the sampled DSSS signal,

one or more code matched filters for correlating in a pipelined fashion
time and frequency shifted versions of the interleaved components with
samples of a replica of a pseudo random noise (PN) code sequence used to
spread the spectrum of the received DSSS signal to obtain cross-correlation
outputs, wherein each code matched filter operates at twice the sampling rate
and includes two data shift registers per tap for holding the interleaved

components;

means for calculating cross-correlation values utilizing discrete-time

Fourier analysis of the cross-correlation outputs;
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one or nore code matched filters for correlating in a

pi pelined fashion tinme and frequency shifted versions

of the interl eaved sideband data with sanples of a

repl ica of a pseudo random noi se (PN) code sequence

1o sp read the spectru t he ecei ved DSSS

o QR TaT T ACF B ST EaEBut &t he code
values maptesdntnt; chirdspaarisg wacdnd Feemgoffsdidpitingnal data shi ft
segmeﬁt?&'tl&tr&(ﬂ%edfs%al% rgﬂlf@zgcohps%qdeﬁge%clbﬁﬂlved si deband dat a

and each operating at a rate equal to the product of
correlafippmetiogiond - of sel ected sidebands and the

predeterm ned sanpling rate; neans for cal cul ating

cr OSd%te89Jf5r%let@&ﬁ1§Qhe¥la%l AJ% S ol hnb Qs GgRcrete-time

Fourier ana cross-correl ati on outputs; an
correlatipf QYo EXFECIP ﬁi‘et%@ﬂii‘-ﬂﬁ%f‘h‘é?ent ly integrating the

Cross- correlatlon val ues representing correspondlng
9. Jﬁlegxgsll %mt:gsse i:tx: %?@trfz rn gc]émt;‘gﬁlg%ge \é&ggléeag sg?]uence Fpreas spectrum
(DSSShtigral n correl atl on metrics; and a detector for

havingdRfiRfelsidAn @ hP@ing2 sum of the magni t udes of the
correlatlon metrics “f? a]{ gtectlonthreshold 34
07K e P LB P AR BReL ¢ (SPA) for
predetaogied ring a received direct sequence spread spectrum
sampliigdeo) Signal having at |east two sidebands,
conprising: neans for selecting a sideband of t he
recei ved DSSS signal; nmeans for down-sanpling the
seheenstfeaﬂlﬁhldrelﬁamlg @t reaaumi@imcmenﬂmdmﬂml ing rate to
mdebeug}gt ain versions of the selected sideband; an
I nterleaver for interleaving in-phase (1) and
quadrature (Q conponents of the versions of the
S eh @fdriefeFordeRnaig 9B afnse kImplddeRsraly el ating a
| ocal |y generated sanpled replica of a pseudo-random
noi se (PN) code sequence used to spread the spectrum
ofong ¢ianorecedeanaeiell RS Hrsprsinting ing pipclinedfpshiand f r equency

time affifelile® sMBESIeRDE Bihe tmeas@i arbaddsd wigband to obtain
SS-Ccor.rel a ere

sopl R 1ol R BT AR e ot B R a1

receive\ASHS sigral p obraimergss foorrelation wipmsl thevgdeaattheds el ect ed

filters @abmbl ifidﬁBnaﬁdaﬁaasBﬁ r@gmé?sl forthQIdﬁE thle Hﬁeﬁga%d mul : I ﬁl g of the
rat e e mat cne

sidebagd 411‘6' a‘f*‘d’P“E‘&ﬁﬁﬁj‘f?‘ﬁ@‘*“@ ﬁ"o‘ﬁ? E’?“F‘Ffé’?%? ati on (STCs)

of sele§t@lsidelnedsiand e predxieeuined sanghdihgmaiel; rmaamfoment sin a

calculagﬁé@(gsk gﬁx@la&ﬁ%'u&%ﬂhz%@%cr&@ qgle ﬁ&hgmysfs lbfter having a

plurality of data sh regi sters
the cross-correlation dutputs;

an integrator for non-coherently integrating the cross-correlation
values representing corresponding time and frequency offsets of time
segments of the received signal and reference PN code sequence to obtain

correlation metrics; and

a detector for detecting whether a sum of the magnitudes of the

correlation metrics exceeds a detection threshold.
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per tap for holding the interleaved sideband
conponents and operating at a rate equal to the
product of twi ce the nunber of sanpled sidebands and
the predeterm ned sanpling rate; (iii) a bank of code
mat ched filters for conputing short-tinme correl ations
(STCs) entirely in parallel; (iv) one or nore code
10. e efretbrécedsing urshiteavt ($§ARfopdoguinrigiatraceipdd divert teijyphdeapread spectrum
ams%@?ﬁ@ requi red nunber is divided by the integer
| e, wherein each code matched filter's
ha"m%é‘éii‘&tl“éi‘i wigd W FARES et wor k has a hardware neans for
S treasITer sfléckihd Ddidebandreef taireteiretddasg sige;t | al suns from
previ ous clock cycles in conputing the

e A A R
the seeeidrsiderandinal ysi s of the STCs; and (vi) one or nore
i nternedi ate quanti zers di sposed between the bank of
eFi@zfvglj}ﬁqntgrieL\hﬁ itpplfabl atdﬂﬁlugcﬁ"tglﬁ'é g)) Q&Eﬂogén@tof' # versmns of the
t1on means for reducih st zes of t
Sﬂ“*ﬂﬁﬁ@?“?() Fouri er anaIyS|s a Doppler conpensator
coupled to the cross-correlating nmeans for processing
t he obtained cross- correlation values in order to
c BYe s sres-cpinlating Klgfalyernaried seppleterics fdul ting from
pseudb-FaARCRIP@NY tddgseqiendehieed td Pegd tueﬁecaﬁ‘xSSfmé gnal, wherein
mceiv%@%s%.gﬁ’ Sl t?me"a?&ﬁ? AL smfl?ag lveli'lsq en§ 8ﬁ1ﬁe se e?altn eO][‘ |e| f‘; . ga% or
sidebapdigobtain gsﬁ;yp@qlatw @me wégrelm tp @ﬂﬁ@mela@ewp@ﬁ%lmmdewt least one of (1) — (vi):
(b)one or nore fractional delay line filters for fine
D?prﬁéa% fmf 1 %ﬁﬁ%cﬂ@l%&&qg%w m%nz&n?ai fogﬁlmte &%@1 13 @pthgnominal
filter coefficients for use by the frac§|onaF del ay
°hmr??ne filters in finely resol ving Doppl er
frequency- dependent del ays; and (d) externally
C@INE Hagik &f@k&e@na&@etdtmt&g for Edatbutai ShoytHiR@ chif@atiag(STOY) Fdr &k @nterleaved
[0ss-. Gorr

s1debanc??orr%onents 1 %%gpéh%@ }a%hlon efaéil coéf:er{xa%c%%clhlte 1§% ?]peuralftﬁot%gta M registers

per tamfaglwidmgd@ idgrieavqdsideband somnopqnis jant qp@mtms al aratg cqugldedbelprodpct of twice the

numbdl 61 @EblbdOitebdn il 188 MOprelicteddined AurSlliGgak; Pr ocessi ng
architecture (SPA) for acquiring a received nultiband
I nput si gnal rising. means for selecting nmultiple
SR r e P&tﬁ*}e{fﬁléefsrf@r&&n%lag TROTmp TG 9 ﬁJ&@P‘gﬁ&Fﬁpmﬂeh
means for down-sanpling each sel ected sideband at a
Qﬁfﬂdne biahidit mdmaaﬁmﬁl'te&g:aﬁ@t @l&rﬂlt}&ﬂhﬁinﬂheVﬁﬂﬁi:cGEtﬁi:edGﬁmber is divided

by the. m%ig r?u?tgver W] erem eagl'ﬁzo € mazclhfjc{] fil I’Js assom teél iummmg (na)work has a hardware means
for Stoeméﬂbﬁwsanéﬁddm@mw G Rei o peﬁﬂoeﬁéqwk cysleh B eoraiting thedsespreprrelation

values;

(v) means for calculating the cross-correlation values utilizing discrete-time Fourier analysis of the STCs;

and

(vi) 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;

a Doppler compensator coupled to the cross-correlating means for processing the obtained cross-
correlation values in order to compensate for misalignment effects resulting from time-companding of the

received DSSS signal, wherein the Doppler compensator includes at least one of (a) — (d):
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means for cross-correlating a replica of a pseudo

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

spectrum of the received signal with tinme and

frequency shifted versions of each sel ected sideband

to obtain cross-correlation values, wherein the

cross-correlating nmeans further conprises a bank of

code matched filters for conputing short-tine

GOohedr atoteGiezel BIRCHEYe e fdr bearse Doyiplr freasnetideénd@ibangensation

conmponents in a pipelined fashion, each code matched

L S e R St R L R

operating at a rate equal to the product of tw ce the

rombee offflteraeitients foivskalyairdisctang d¢ldydinp filethct Buely reselting Doppler
ﬁemmﬁﬂﬂﬁ&£ﬁﬂnkﬁ%§&man integrator for non-coherently

conbi ning the cross-correlation values to obtain

correlation nmetrics; and a detector for detecting

{h extevestly eatsoligble pritingsfarapplying theanpropriat iptedepipctiopplidelpysdo each cross-
correl @€ @A@; mddet ection threshold. 36 12. The SPA of claim

11, further conprising: one or nore internediate

uanti zers for independently quantizing the versions.
gfielg%cg ﬁor ggfcgje& ‘g‘ﬁthgﬁ tﬁ"éﬁ'ﬁﬂ?ff‘e (g'ﬁl'g cwsrceﬁ?lettg9vaﬂ%§ exceeds a detection
threshgddntrol 1 i ng a | oadi ng factor of the quantizing neans.
13. The SPA of claim 12, wherein the | oading factor
control circuitry is an AGC like circuit. 14. The SPA
of claim 11, wherein the cross-correl ati ng neans
11 f fk tignekprocesginpirt hitecture BP B hfakacefiring @ ekseirrdtmtlibendf i | ters for
input SRRk RBgshort-time correlations (STCs) entirely in
paral | el ; and ns for, cal cul ati he
et S AP PPORC P s B Bt TR P et . 11 e
input Fouri er anal ysis of the STCs. 15. The SPA of clai m 14,
signatWherein the cross-correl ating nmeans further conprises:
one or nore internedi ate quantizers di sposed between
the bank of code matched filters and the

c r'pes ferglopapampling raghseleqnd sidrhand 4t rpdetergiped serpnking 1l5 Wbtadp versions
of eaclhsearsd sifebdnlte STCs prior to Fourier analysis. 16. The

SPA of claim 11, wherein the cross-correlating means

fu 5112 ililqgr eave? %mgelrlga%%:g in-phase (I) and quadrature () 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 plurality of data shift
registers per tap for holding the interleaved components and operating at a rate equal to the product of twice the

number of sampled sidebands and the predetermined sampling rate;

an integrator for non-coherently combining the cross-correlation values

to obtain correlation metrics; and

a detector for detecting whether the magnitudes of the correlation

metrics exceed a detection threshold.
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means for resanpling each selected sideband at a rate
equal to an integer nultiple of the nom nal chip
rate; one or nore code matched filters having a
plurality of nmultipliers whose required nunber is
di vided by the integer nultiple; and wherein each code
mat ched filter's associ ated sunm ng network has a
12.  hafiwBAef demns ffrther copyisingg partial sunms and addi ng
Pagut bithorSiidBneHin e GlaRiRN it Hlegehdeftly (BGEIRSHd N CoMput i ng.
‘th? CfOfS-Cq% el atjon val ues. 7 17. The SPA of claim
versionspf eachy jefeppg st Bﬂﬁ?? i ng: Doppl er conpensator coupled to
the cross-correlating neans for processing the
OB i e ShHp & %5&@4 BidrQPenY HahtB B bidar@r der to
conpensate for msalignment effects resulting from
ti me- conpandi ng of the received DSSS signal. 18. The
13.  SHAe BFA 6flchini 2] Wwheradd ¢ Badingtfiter Eapd k@duittagaeNtstat or
1mgdf%Fther conprises: one or nore integer delay |ine
TiTters for coarse Doppl er frequency dependent
conpensation; one or nore fractional delay |ine
filters for fine Doppler frequency dependent
14, Cmm@{dami 1, @h&&b&)@cr&g-céﬁelatiﬂméa&%rtﬂeﬁ| en_t s for use
by the fractional delay line filters in finely
coml’r}%"'solving Doppl er frequency-dependent del ays; and
exd tenlndkddy reointl fipdrs fabdoerpsat shortgmekareladppl yi ng t he
(STCSRRRERRE p-2418. i@t €ger and fractional delays to each
cross-correlation value. 19. The SPA of clains 1,
8-10, or 11, wherein the non-coherent integrator
f uiichrdd &r cal@ififid (BeSoss-tE@ARAGonMValles@Oingalstetag rel ati ve
. tinmng between the replica code sequence and the
‘received signal; neans for realigning the replica code
Fouriegggynfdhe#Ct he start of a new tinme uncertainty;
nmeans for integrating nultiple correlation blocks; and
15, TRAPASE iS00G 2SR NES SEQIRIL S ONSHd apRLAg T time
- TSP NSER gr oupS of “Cr oSS COf F'et"at T on values conpensate
one orfmyre iitergdidteiquantizgrh disposed Setiveeh Hig bink o

code

matched filters and the cross-correlation calculation means for reducing word-

sizes of the STCs prior to Fourier analysis.

16. The SPA of claim 11, 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 network has a

hardware means for storing partial sums and adding partial sums from

previous clock cycles in computing the cross-correlation values.
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Doppl er conpensation, post peak-detection idle tine
resulting froma peak being detected at the end of a
tile, and a change in the nunber of sanples available
for processing as a result of code Doppler effects.

20. The SPA of claim 19, wherein the non-coherent
integrator further conprises neans for: 38 | oading
and swappi ng of code matched filter registers

17.  Camt g NbMBim RORSKES Wrkp¥iSind10N- CONt i guous code sequence
chi ng bet ween

segnents to support the seam ess swit
pr'goe@grscpﬁgmfﬁﬂf PR B GRS BY A EE PEFE RS g 1 o
procesgiggthe @italinied grods n@relatieatalugninedér todompénsatg fecei ved signal to
misalién!ﬂ%nt%ﬁ' Qésu]h@é{%?ﬂﬂe—c%hg&gin%fttﬁ A&J_éf%ed_ ]§’§S§| refere n ce
~code en swtching time uncertainties; controlling
signalj nj tjation of a new bl ock for a given tine offset
during the NCI process; controlling a signal that
di.st | i shes, I nval fr . Doppl er
te. orBELRNCBIEE, W b pluRl Ao M S 0Bt PP "o
prave ergeore ignger debayhing @iersifergosie DoppletifRgrerie unused si gnal
dependtht chiigen@ish; of the NCI processing for a given tine
uncertainty and coordinating the start of the NCI
processing for the next time uncertainty. 21. The SPA
of ong prapanesfraptiongl-de @y ling filtdr for fkedioppler fiegnenc®PA i s
dependeiRbBpBALigd in a single ASIC. 22. The SPA of clains
1, 8-10, or 11, wherein the SPAis inplenented in a
singl e FPGA. 23. The SPA of claim 21, wherein off-chip
mendrieof ifiBer ygditkienn foy uiedy g Enationahdptey dichidient | nt egr ati on
- L. 1, 8-10, or 11, wherein
1nmm?ﬁ§M%% gq§#5%§$§¥§ﬁﬁgaggg%§§ggi is a binary offset
carrier nodul ated signal. 25. The SPA of clains 1,
8- ekfrnaltyr codtiblabidvettings for iyl SBSpebgiaalintdger ok acqui r ed
fractiohal déy%%a%c%?sqc%nahtgn @ahue. 26. A cross-correlation
apparatus for cross-correlating a sanpled reference
signal wth tinme and frequency shifted sanples of a
19. I amesnest chingnaB-10,bal 1, Wadeis defdnadhetdnt iategritadet er m ned
mmﬁﬁgﬁ@%hpg rate, conprising: an interleaver for
interreavi ng i n-phase (1) and quadrature (Q

means for controlling relative timing between the replica code
sequence

and the received signal;

means for realigning the replica code sequence at the start of a new

{ime uncertainty;
means for integrating multiple correlation blocks; and

wherein code 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.

20. The SPA of claim 19, wherein the non-coherent integrator further comprises

means for:
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conponents of the sanpl ed received signal; a bank of
code matched filters for conputing short-tine
correlations (STCs) for the interl eaved conponents in
a pi pel i ned fashion, the code 39 matched filters

eratl at .t detern1ned sanpling rate and

o i Rick el e e R ST RPERLE T 1 o o
consecwode dimgpntigueusicodeerdnaas/eeinmi npurmeritte seamégsd neans f or
smtchﬁ.gb&weabﬂosws,@rmaxe%mmk @&15 A fMQBﬂﬁ%ﬁméJ&b l'i zi ng

realigngie R G ot 7ol ST U SO AP SPoEY BN 6B 1 of atf ng. . a

rdhmsampéeﬁmsemﬂmgmmemsﬂgmmﬂ& with time and frequency
shifted sanples of a received signal having nmultiple
si debands one or nore of which were sanpled at a
p Fayeling ipiistion ofa e Plofgor giep ime offfptdranedls:  neans for
NCIpdiegi; t al | y sel ecting and resanpling one or nore of the
mul ti pl e sidebands; an interleaver for interleaving

data conponents of the one or nore re- sanpl ed
storEpiing @ signahthpaipstinggiches ipalid dete Eoredie pddet ers for

Dopplé: @ropdadingigd S QUi ditd A1 ehe 6R of Bk AL SB&ss; £ndTCs) for the
i nterl eaved sideband data in a pipelined fashion, each
code matched filter having additional data shift
r egirdling discafding theaingiedignpinethe endof heliVled si deband dat a

proces@ibto e@tﬂh@ﬂmé’t&m@ ah&doBrafiaiuR khe @ bige MFroduct of the
. sel ected sidebands and the predetermn ned

Pmces‘?%%lqgcrfﬁ"tf‘ﬁ’f*énméﬂfﬁy nmeans for cal cul ating
cross-correl ation values utilizing discrete-tine
21, Faut sf@rof@ﬂﬂsxss ), 11 Lierein ife SPULAMbEmented in £
cross-correl ation apparatus for cross-correlating a
single 4316l ed pseudo random noise (PN) code reference
signal with time and frequency shifted sanples of a
22 T %eeéﬁlAegcl%ﬁngrllaf% 20 &‘i'ierrheI%fn% spA”s%g@mén% fJ£sampling the
recei ved sign rate equal an I nteger
single FlRHA-i pl e of the non1na| chlp rate; a bank of code
mat ched fllters for conputing short-tinme correl ations

2. (FISHA M g{zl?elrekngdﬂ thlla?;nlbelmgry iOfsed D8 1§ §5,82mp! ed

recerved sig
non-coherent integration results

24, The SPA of claims 1, 8-10, or 11, wherein the DSSS signal to be acquired

is a binary offset carrier modulated signal.

25. The SPA of claims 1, 8-10, or 11, wherein the DSSS signal to be acquired
is a GPS M-code signal.

26. A cross-correlation apparatus for cross-correlating a sampled reference signal
with time and frequency shified samples of a received signal that was sampled
at a predetermined sampling rate, comprising:

an interleaver for interleaving in-phase (I) and quadrature (Q)

components of the sampled received signal;

a bank of code matched filters for computing shori-time correlations

{STC:s) for the interleaved components in a pipelined fashion, the code
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reference signal, each code matched filter having a

plurality of nultipliers whose required nunber is

di vided by the integer nultiple; and 40 wherein each

code matched filter's associated summ ng network has a

hardware for stoyin artial suns and addi ng parti al
matchg! e Pegyingy st Pl B dyeiaadse g ewhput o

cross-correl ati on values. 29. The SPA of claim 22,

wherein off-chip nenory is used only to store

, = CO ] ' si gnal

ha"‘"gg?g g%s%%‘gﬁsqaef Ac‘ﬁ ttglg%? iiiﬁrl %é(%gﬁwe%%ﬁ °%”3’gﬁﬁ“‘r€‘1 ng a received
and dj rect sequence spread spectrum (DSSS) signal

conprising: Means for sanpling the received DSSS

cr B B PR eoT g PAPLITEre R Bk, 1 me and
Fourief gnalytieefthy S3A8-f t ed versi ons of the sanpled DSSS signa

with sanples of a locally generated replica of a

pseudo random noi se  (PN) code sequence_used t spread
27t e “eHEeT AR %PPa’?tPFef°’r°é‘%?l\%?‘\?§‘a“‘1§s’§%‘“%‘ng’ﬁ%1°nﬁ° 88 der to
with timb brgli frqengyshiftaizamplésaf » Breived bigrabhavidg Ddfigt er conpensat or
sidebafc@ Wi & thofeQf {itleh wrORRHIEPH b fle@ldnlibed BAMRe f OF Processing

t he obtained cross- correlation values in order to
rate, cepBHisat e for ni salignment effects resulting from

t | heansCforialt selgctiaf ank Reamplieg @ik vedorOIA® Si gnal ; An
multip'1entegrator for non-coherently integrating groups of
~_the conpensated cross-correlation values representing
sidebapdsy r espondi ng time and frequency offsets of different

time segnents of the received signal and replica code

sequenss. . aLder. 4 8,00t al D, CPRL Blat hon, et ri cs: and A

detector "for de eéilng ether "a sum of the magni tudes
samplegfsidetigedscorrel ati on metrics exceeds a detection

t hreshol d, Wherein the Doppl er conpensator further

conpr.i ses; De neans for lyin el ays to input
S B 2 S5 s S B St g o0 BB b poncl gt o
(STCs} foethe itexdkgurd nidsbagddafatiedpinadingifohign, efch tdde r ecei ved DSSS

match¥ FABAyiRMdiliHa1 JafRhif FRisERAS haGBPRDRRAcayaNd Means for
se| ectjng appropriate ela¥§ to be ap | i ed based upon

sidebapf fj4te @R RRFATHE ot Afpt gal to B proqygtof e RUIler o) 5 1y 30, wherei n
selectet] bidebendo seltipgradatainehgmpbgnse bar t her conpri ses: A bank
of codenmatched filters for conputing short-tine
correlations (STCs) entirely in parallel; and Means
f greapsdpreirudating goss st luestiienediscwy 8| ues utili zi ng
Fouriefkinsl@disaif ehe STOButpudIr i er anal ysis of the conputed STCs.
32. The SPA of claim 31, wherein the cross-correlating
means further conprises one or nore internediate

28, quemst-saselationiapnsetis bt pretsweEtiatingbsampiakpserdo sadim npise CRB gpde reference

signal it i a%d Betfledel chiffet Qmpies Ofar&kREd siaiCal cul ation for
redusing 41
comprising:
means for resampling the received signal at a rate equal to an integer

multiple of the nominat chip rate;

a bank of code matched filters for computing short-time correlations
(STCs) in a parallel fashion of the re-sampled received signal and sampled
reference signal, each code matched filter having a plurality of multipliers

whose required number is divided by the integer muitiple; and
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wor d-si zes of the STCs prior to Fourier analysis. 33.
The SPA of claim 31, wherein: The code matched filters
conmpute the STCs for interleaved in-phase (I) and
quadrature (Q conponents of the sanpled DSSS si gna
in a I ned f ion, the code ed filters
opFs %5 codp mf"(ﬁ T RE™S éﬁﬁﬁ‘r‘fi”ﬂ‘@g PR oék Ad Each code
ImmWwaﬁmhedmﬁmtﬂsmwhabmwmumxmu%mmﬁwmpmnegnbﬂers per tap
cycles kHomPRL GbR8ort-RBod vAtu&Y | €aVved conponents. 34. The SPA
of claim31, wherein: The DSSS signal has nultiple
si debands; The SPA further conprises neans for
29. diTge $FA dfylaﬁdZe@ne'reng)fmhiia nie@®B1TPlsed gyt tvvdore nonAokieBenOibtegrist@n results.
nultiple si debands the cross- correlating nmeans

I
30. 1& %1¥]n prroec_esng%rsh?%ctgrg SIPA% ;aagequneﬁﬁr é'ecglg%l é’g}"rﬁg %egﬁe%c\:éf snnngdds ecgum

(DS$%€ﬁ?UP@mmh§;STCS for the interl eaved sideband data in
a pipelined fashion; and Each code matched filter has
aqw:ahé OBy rS DI S5 STkt £ aeierermnal ssirlmg Lpe
interl eaved Sideband data and operates at rate
u to the product of the nunber of selected
o BRSO oA eaele LR dm upHabIey o Yicgse he sampled

DSSS diftal ARAaaflesGE flobaltd éen%t@c[ @blféa Bﬂb@s&ﬂ@ﬁﬁo&@nﬁi&@(@ﬁj ¢oﬂ@sequence used to
spread% s%ecvfeg I‘ ﬁ%e [ etC%IHg’SF s:g%al in 0 tg obetaml1J %r'r s%—t%%rr aart:]lonI \%{ugsg er
nultrple of the nonrnal chrp rate; One or nore code
Nnei Dbwptér foniptreste chalell mgherrgsb-tiralaiingymeads forptobésiind thy ebtained cross-
correla%ﬁ:esr ift grldérrt(?g) H‘Epyefor thigali %ﬁr}{éng&gcts Qyult]:n ﬁ'mh HIn@ gcﬁﬂpandmg of the
tiple; erern each code nmatche [ter's
m“”%@§% P&FEd sunnrng net wor k i ncl udes hardmare f or
storing partial sunms and adding partial suns from
PIAR Vit Hhor €or Q&lkcoﬁey&{lﬁﬁte.grﬁlnﬁ @ﬂ?ﬂ;bétoif {h8 cdntpensated cross—correlanon values
represe\% megrcor:rgslc))f{nﬁmg %arhts 3 E fr]equFncg Bffﬁe&/ 5 of dli:l:c*trri;'léumébéegmen'[% oPt!he recenfed signal and
mpmmﬁpéﬁqmﬁwymahkrmeumﬂepehwwmmﬂﬁshays further conprises:
One or nore integer delay line filters; One or nore
f A Q&Ec‘to? f@lﬂct&lﬁljlg%eh'rérragurﬁ 511 tﬁe%a%nmfebs‘% fhe M%%dc?%&@s a detection
e of [ter coefficients fTor use by the integer
ﬂ%lay Irne filters and fractional delay line filters
in determ ning an appropriate delay to be applied; and
Nersn thbopblt doinpdnbatdr Rgha@snp#Rdat i ng i nt eger and
fractional delay line filter coefficients as a
gptron of ext%rnall t$e0|f|ed fr uen shift anc{h
Y 51 ©5 FREPEg IS (O BUATt T o 6’8?%“%‘?’3 S {REEs cogpponging o the
frequem:wgmaéd vpsiooses e regeiad ODRFS eghlinéthé SplAR cddoseqaancpsiand ng a
recei ved direct sequence spread spectrum ( DSSS)

thresh

Means for selecting appropriate delays to be applied based upon non-coherent values.

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

A bank of codematched filters for computing shott-time correlations (STCs) entirely in parallel; and

Means for calculating the cross-correlating values utilizing discrete-time Fourier analysis of the

computed STCs.

32.  The SPA of claim 31, wherein the cross-correlating means further comprises one or more intermediate

quantizers disposed between the bank of code matched filters and the ¢ross-correlation calculation for redusing
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signal, conprising: Means for sanpling the received
DSSS signal at a predeterm ned sanpling rate; 42
Means for cross-correlating, in a parallel fashion,
tine and frequency shifted versions of the sanpled
word-31zes %the SQ‘E noW{otFlclun {XSES of a locally generated

ica of Py pseu tdom noi se (PN) code sequence
used to spread the spectrum of the recei ved DSSS
signal in order to obtain cross-correlation values; a

33. Don@berogmﬁpenea&gﬁ coupled to the cross- correlating

ns for cessing the o ed. cross- at on
st bl e, S HE ATE 1, SN AR e cipdtre (@
compcrnemf the rsgnp‘lqdd)ﬁsﬁ gl oo fghiod, the hele b fiterd oBP8ESE at twice the
samplifig GR&ng AN integrator for non-coherently integrating
groups. of the conpensated cross-correl ation val ue
r Epfeedsraichyl fﬂ*srrfiawﬁ&ﬁa FhiftyreRisterapes 1 for P%rerethwe%ﬂiﬂre&éwoms

of different time segnments of the received signal and

34, r%ﬂéé%f@%ﬁﬁ;ﬁ@@%ﬂ“:e in order to obtain correl ation

metrics; etector for detecting whether a sum of
t T ReRSriientl deduuliplesidebandsi r el ati on netrics exceeds
dahesrA aanhertcisﬂ&;eﬁéaoiiedns M‘tﬁglenmsetehag GHdSSmplaiz ted aihddgof the multiple

mdeba.?% %l%e i:rossl“-I rc{r)rlrgle%ng r e S?]Omrp]t‘lsef %{%‘???c?g T r[i? gn Re ((jdét? 68 5]‘1@ re-sampled
Sﬁdmehtirely in paraIIeI and Means for calculating the

C ITQS 86 Bt Hithed eombaie WIRSS Tk ifdeitifel iEriched Gii€bhRr datalTR a pipelined fashion;
Fourier analysis of the conputed STCs; and Werein

t he Doppl er conpensator further conprises: Delay neans

f @pchaqg@ﬂ 1y¢t¢hgd Hledr agsgdﬂidomkpp@tshigttrFMfooholding the interleaved sideband data
and opfefaf@® s 2 ¢4 é‘qﬁhéﬂ ﬂh@ﬂo&ﬁ@ll HER ninkek SISRRRAIsREbahd and the redetermmed sampling
frequency-shifted versions of the received DS§% si gnal

and the replica code sequence; and Means for sel ecting
appropriate delays to be applied based upon

35. NOfe QPR @r“cﬁﬂﬁ 3f v@ﬁe?eglrtgé drc%gl C&QHM %eaﬂé%@r%omprﬁgs Th e SPA

of claim 37, wherein cross-correlating ne
f IRl E?Ei’FPﬁi“igs‘E"sfe%S’iYéd QFSSn%%“él 3t A fats gl i‘oa‘t“é“‘eéﬁﬁ'&i‘i't‘i"% gfrthe nominal
<mmra&sposed bet ween the bank of code matched filters and
t ' o
g o A58 SR AR RSP RN LRl R i s
bYﬂm?ﬁ@“SPNPEﬂmélain137 mherein The code natched filters

C WHatdin@adhtBdeHdedhed Mfer't NERIalE aiﬁﬁldnﬂ Iﬁr\%hﬁlﬁﬁud(e:i ardadd for storing partial
sums aig% %&g%%éﬁ? fu(’ng)goan ggﬁmtrl]secﬁc cles in 8omput1t%g e caos*—corr?%mn Vegues

and

rate.

operating at twi ce the sanpling rate; and Each code

36.  Methe BBAl of didih 80, WHBSintiNOnda B HPbihd hE @JuSlREISRRREPABR delays further
for holding the interleaved conponents. 40. The SPA

COMPT8T clai m 37, wherein; The DSSS signal has mul tiple
s Odedramdsinteger 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.
37. 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;
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The SPA further conprises nmeans for further digitally

sel ecting and resanpling two or nore of the nultiple

si debands; the cross-correlating nmeans further

conpri ses an interl eaver for interleavi ng data of the

re-. sa bands

MRt B piee S oy el e o pGieant G Seops e sampied
DSSS gigmil pish samelds $fadévaibyrgencaate repligecdt 2 perdde mmiow meisk (PN} tode seheegce used to
spreadA&tAb O 8 thdedeRe SM Sk i éﬁaqs B ol Sbthif Erod QbrbhiaR6h Fahs;

interl eaved si deband data and operates at a rate

edu%‘l’pp{eb CQUPERSHPOTIRIEC of the Fféss‘r‘f&'FPbaé‘Pg Bipang dqrrqegeging the obtained cross-
correlagionl @d)een dis o@ercho teh@pepsaediot isaignech sgieplresalling &bie.time4dmpanding of the
receivad 155s95Ana8f €l ai m 37 wherein the cross-correlating

means furt her conprises: 43 Means for resanpling the

r eteinrgEepdmogcefiEPtvatrtegratingt Eovey ghhet mawsaisdt EgpgForrelation values

represéftthg d:ol&E@mﬁ]fngttiﬁﬁ ah® ﬂ‘bdﬂéﬂcy Gfﬂde@ of Bifteent tRGe@ieniBF e GEIGed signal and
lflr{‘ca|l y of multipliers

rephca V&%BE sequenca lll Ol'&IdtO rC])E{ n%]a?ondnev a a by t h e | nt e g er

md! depepfprefor @mtme\w@rtbfirn s ehompaitdes of s gorqldtiprmetges exceeds detection
threshﬁgsoc:l ated sunm ng network includes a hardware for
r| n&ggartl al . suns and addi. n? partial sums fro
GFEB 178 CorSeRe iR Rels MAPSE B ng t he
cﬁ@s@:-oti oxde mitehed Blersior cu@@tmmon-ﬁhecmim (SE&Ce ientir@yin parallel; and

Jnglf&' &aﬁbﬁlaﬁﬂ?aﬁﬁ cfo@s‘icoﬁvamoxlxgﬂes utilizing discrete-time Fourier analysis of the
ency-shi ft ed- dependent del ays further conprises:

comp“@ﬂg&‘g re integer delay line filters; One or nore
f Waetin 6n Bbprike banpedshiprfunthicl dompdses: A pre- conput ed | ookup

tBQLﬁ erIns Teb! Lp%fymr%ga‘%faw &SP suEeE&{s oS osF—Xg/rIe for 0%1&? %Brrespondmg to

d fractional I ne
ﬂeq“e’PCﬁf Sb‘éfde‘ieﬁ"f‘ﬁ e sreigg Pdprsnatand terealica code pravepipinded; an d
Meladas fof Sefectind iaprirapkihtg Hdlgs @Ibel apppaidbhied Gpoh Rbre@Rdrenfindpration counter values.
fractional delay line filter coefficients as a
function of externally specified frequency shifts and
38, t Rbe Hdref clatet’e herqimthe e ersintiptonerneirtien pompgses gop 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,

39, The SPA of claim 37, wherein:

The code matched filters compute the STCs for interleaved in-phase (I) and quadrature () components
of the sampled DSSS signal in a pipelined fashion, the code matched filters operating at twice the sampling rate;
and ’

Each code matched filter has two data shift registers per tap for holding the interleaved components.

40. The SPA of claim 37, wherein;

The DSSS signal has multiple sidebands;

The SPA further comprises means for further digitally selecting and resampling two or more of the
multiple sidebands; the cross-correlating means further comprises an interleaver for interleaving data of the re-
sampled sidebands;

The code matched filters compute the STCs for the interleaved sideband data in a pipelined fashion; and

Each code matched filter has additional data shift registers for holding the interleaved sideband data and

operates at a rate equal to the product of the number of selected sidebands and the predetermined sampling rate.

41. The SPA of claim 37 wherein the cross-correlating means further comprises:
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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 a hardware for stering partial

sums and adding partial sums fro previous clock cycles in computing the cross-correlation values.

42, The SPA of claim 37, 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

Means for initializing and updating integer and fractional delay line filter coefficients as a function of

externally specified frequency shifis and the non-coherent integration counter values,
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