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spreadi ng codgatigPhifetateti§ by BhiGRASqURRY dsaiABE 110teisT BER IniGSlilated in a
multiplier 1-18 by said data and code modulated signal, and an imaginary part
1-22 is removed from the signal to be transmitted. The transmitted signa!
propagates from an antenna 1-24 in the transmitter over a transmission path
25 1-26 to an antenna 1-32 in a receiver 1-30. In the receiver 1-30, a front end
filter 1-34 separates an information signal from the entire frequency spectrum.
A complex 1-35, 1-36 signal is mixed to a lower frequency by muitiplying the
signal by a complex 1-42, 1-44 signal generated by a voitage-controlled oscil-
lator 1-40 in a multiplier 1-45.
30 In the receiver of a spread specirum system, a reference signal, a
code replica, which is an identical copy of said spreading code, is used in a
despread modulator (spreading code demodulator) 1-48 to narrow the spec-
trum of an incoming signal. In Figure 1, a code generator 1-46 generates said
spreading code replica, which is correlated in a multiplier 1-50 with a received
35 signal by said spreading code replica. If the code replica and the received
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and matche the A matche lter e 1mp ement to operate either con-

tinuously or discretely. A matched filter calculates the correlation between a
25 known reference signal and the signal to be measured, and gives a maximum

output when the reference signal best corresponds to the incoming signal. For

this reason, a matched filter is usable in signal acquisition in spread spectrum

systems for searching for the right phase of the reference signal generated by

a receiver. A matched filter may be shown to be the optimal way to identify
30 signals from AWGN (Additive White Gaussian Noise) type of noise.

Figure 2 shows a signal flow diagram of a feasible implementation
of a matched filter. It consists of a delay line having intermediate outputs and
of a passive filter matched to the waveform of a PRN (Pseudo Random Noise)
chip. The output of the filter is matched to the basic pulse form of PRN

35 spreading bits. In Figure 2, in(n) represents a signal incoming to a filter and
in(n-1), in(n-2) ... in(n-Ny-+1) represent an incoming signal delayed by 1,2 to
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acqui sition systemchanges the phase 0 e locally generated reference
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signal. In this case the filter yields a maxi mum output. The tracking

al'gorit hm of E’ﬂlge?'ecei ved sig- nal is then initiated. Since in the
acqui sition system SHaithmeapureds thgrecarhpariedmdth a set threshold value in order

to decide if the two signals are in sync. In the simplest case, exceeding the
threshold value means that the signal corresponding to the reference signal
25 has been identified and that the spreading code of the identified signal is in
phase with the reference signal. This information serves to initiate actual sig-
nat tracking and reception. If no identification occurs (the threshold value is not
exceeded), the acquisition system changes the phase of the locally generated
reference code or changes reference signals, whereupon the correlation is
30 repeated. This continues until identification and synchronization are achieved,
i.e. the reference signal corresponds best to the incoming signal. In this case
the filter yields a maximum output. The tracking algorithm of the received sig-

nal is then initiated.
Since in the acquisition system, a band-pass type of signal is
35 searched, the matched filter has to be implemented either as a band-pass or
an equivalent low-pass filter version. A low-pass type of acquisition system



35 searche tched filter has to be inplenented either as a band- pass
or an equiq’\?a‘fl}gﬁtlg?ow pass filter version. A |ow pass -typ&TEI0040888Li sition
system WO 01/ 28118 PCT/ F100/00881 4 using a nmatched filter is shown in
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' cannot thus be adjusted accurately for different timings. This causes problems
25 for tracking signals having a low signal-to-noise ratio, since the integration time
required by them is long. This, in turn, requires accurate timing in the sampling
of a matched filter, since the operation of a matched filter is subject to its ref-
erence signal being of the same length as a received signal in the time do-
main. In systems, in which the movement of a transmitter and receiver with
30 . respect to one another is fast, a Doppler shift, whose magnitude depends on
the frequency of said signal component, is created in the carrier and the
spreading code. Since the frequency of the spreading code depends on the
Doppler shift, the frequehcy is not always exactly the same. This should also
be accounted for in the acquisition system if the required integration time (T)) is
35 long. If the inaccuracy of the frequency exceeds 1/T,, the timing of the code
changes more than one chip during integration, which prevents the acquisition
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ming up of many values is difficult in a digital filter. in a matched filter, stored

signal samples, muitiplied by the reference signal along the length of the filter

25 have to be calculated to generate one outcoming sample. Conventionally, this
has been accomplished by summing up a small number of numbers at a time
and by repeating the process during several clock cycles. This avoids the im-
plementation of a multiple-input adder.

BRIEF DESCRIPTION OF THE INVENTION

30 The object of the invention is a novel matched filter.
This object is achieved with a matched filter for implementing the
correlation of an input signal and a reference signal, the filter comprising:
N paraliel M-sample long shift registers for receiving an equal num-
ber of input signals at the sampling frequency of the input signal, wherein N>2;
35 first means for storing K M-sample long reference signals, wherein



N paral | el MsanPI e long shift registers for receiving an equal num ber of
i nput si gndBN2E118 he sanpling frequency of the input SigrROT/FINNESsei n N22;
35 first means for storing K Msanple |ong reference signals, wherein WO
01/28118 PCT/FIOCO 00881 6 K>_1; nultiplexing neans for applying one input
signal and one reference signal at a tipge fromsaid shift registers and
said storage neans to correlation cal cufation neans by appl yi ng
~alternately pi4.l east one conbination of the input 5 signals and the
reference signdls; calculation neans for calculating the correl ati on
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spectrum recei ver a~device for detecting a denopdul ated
signal , received by fifsieneans foestpapg & W-sunrle lorgirefarescaisignals. Whergiles, the
device cteprKs2;ng a matched filter for calculating the correlation between
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20 calculation means for calculating the correlation time-dividedly for
each combination of an input andfreference signal so that correlation results
calculated from different signals appear at the output of the calculation means
as a sequence.
Still another aspect of the invention is a spread spectrum receiver
25 comprising a device for detecting a demodulated signal, received by the re-
ceiver and converted- into digital samples, the device comprising a matched
filter for calculating the correlation between the input signal and at least one
.reference signal, and a controller for comparing the correlation results gener-
ated by the matched filter with a predetermined threshold value to determine if
30 asignal is found, said matched filter comprising:
N parallel M-sample long shift registers for receiving an equal num-
ber of input signals at the sampling frequency of the input signal, wherein N>2;
first means for storing K M-sample long reference signals, wherein
K>1; '
35 multiplexing means for applying one input signal and one reference
signal at a time from said shift registers and said storage means to correlation



first neans égrl ng K Msanple long reference signals, wherein K?1; 35
mul ti pl exi na‘;(?régﬁ for ~appl yi ng one input signal and one PETENSM81 si gnal

at atime fromsaid shift registers and said storage nmeans to correl ation
.fi W01129118 PCT/ FTOO' 00881 7 cal cul ati on nmeans by applying alternately
at | east one conbination of the input ?gnal s and the reference signals;
cal cul ation neans for calculating the correlation tinme-dividedly for each
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calculated fromd %{en appear at the out e ca cuI ation
neans as a ¥ Eﬁléﬁ&% e ﬂ%‘? I$ispect of the |nvent|on is a spread
spectrum recei ver «:almplatism mpmsd‘emcaleulbtmg tied eotrélatipratisendiduédly dor si gnal ,
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conpari ng thasacseqmmal on results gener- ated by the matched filter vmdth a
determ ned thres Sai
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i nput si gnal CYBPH aI’?"E’&rfﬁT QeﬁeP@lﬂlérﬁ%m lated signplitreegivachby the ret neans
for stori ng b’eivérsa‘fmbm\deﬁa@ intef digitah Ganpled) thes devibe cBprisikg rﬁHﬂél'fe!dIO' ?X' ng
nmeans fo [ en a i me
rom sai 1P shieY i%edliatrig e ctntlifon BAEHP oh Infi R apd 184t &

cal cul ati on fﬁé%{ﬁgceo?ga pﬁ ﬁgcoatfpklﬁnfa'f @q’fpp%r{ngl féagorrémondmiﬁsagan@n of the

i nput  si gnadtedibgt thermatabied fitacwitls & gpnedeterniisdd thirédhofl vaIBa RS déterminalifcul at i ng

the correlat} 9‘9{‘5"'%“@“%5‘% ﬁe@rﬂte?@&n%ﬁ%??' nation of an input and

reference sign so That CofrelatiOn Fa cal culated fromdifferent
combi nati ons appear 23tM-eaBPleUPRg Shill registerdar tageivingoan inpst sighakatathea

sequenceld Theample fretuentyiof tHecinput signal;i me- nul tiplexing in a mat chgd fil tgr
code
or. altor- nativoly et fEEhS ortid RSBt 0od e el SRS SR o
correl ate wif¥at “|east one | nput signal, allow ng the sanme cal cul ation
capacity to be usedmuftipleXthganssisfor apgymb%necﬁput%igdapﬁﬁd oRBrérefshcki I ters
ar.e mat ched dighHBea $fd Am Shiashitt registers and said storage means to correlation
20  calculation means by applying alternately at least one combination of the input
signal and the reference signals;
calculation means for calculating the correlation time-dividedly for
each combination of an input and reference signal so that correlation results
calculated from different combinations appear at the output of the calculation
25 means as a sequence.
The invention is based on time-multiplexing in a matched filter at
least two input signals to correlate with at least one spreading code or, alter-
natively, time-multiplexing at least two spreading codes to correlate with at
least one input signal, allowing the same calculation capacity to be used for
30  several signals. Conventional matched filters are matched to one signat at a
time, and therefore more than one filter has had to be used to simultaneously
search for more than one signal to be received.
In a primary embodiment of the invention, an arithmetic unit com-
prises M multipliers, which multiply each sample in the shift register by a sam-
35 ple of a corresponding reference signal, and yield M results, and an adder
means for summing up said M results to generate a correlation result at the



time, and 4RQisdiy e more than one filter has had to be used

si mul t aneously  search for nore than one signal to be® reé’EFW&'“oth a

pri mary enbodi nent of the invention, an arithnmetic unit com prises M
multipliers, which nultiply each sarrple in the shift register by a sam 35
pie of a corresponding reference signalg, and yield Mresults, and an adder
means for sunmng up said Mresults to generate a correlation result at the
WO 01/ 28118:uf|?ﬁt’tht@(ﬂlﬁﬂ,8ﬁ1erem Mus fhet leogthtdfdhé filkere Suchvaaregithmédid snit he | engt h

of the Tl 113k 1o BUGHIEAB vy u PFocB blaf) @%uh%epﬁfg%s?ltsow\‘@l:éfo(eﬁp' dl'y

process a lar er o ere . f1cul npl enent .
It is advand &g@y tidorigplemgnt; éﬁii‘!ﬂ'? EPOHP qr %\?@P'&F“eqt\%fﬂ?h'@&e‘f’?r?{ers are
abl e to shamatcheu filters atehabi¢ tasharetthis arifhinesticuniint i on is suitable for digital

| mpl emegtat ons. TG IW¥ARAY RsuitaBid R ycﬁfél ﬁﬁﬁle@HfaltnBPé TS Inviifor N_SPTead

spectrum syst ens, codes. BRI EF
DESCRI PTI O\ eprtieyigriy seitrbie; fatusq m/éwﬁ%ﬁpﬁf;tmm [fySiems, d\@w rs aN@- gr eat er
detail by rmslyusefsevdidl sprehdingeddestbodi ments with reference to the attached
drawings, in which Figure 1 illustrates a direct sequence-based spread

- spectrum SBQQIEF%ESERWIGNQOPW@F@UREQV art inplenentation of a matched
filter; Figure 3 shows a | ow pass type of. acquisition systemusing a 15

mat ched filter: Fi B évantion wit nowde dessrigesdn areatercuptaib byuneans obin
acqui siqipi Orpréféﬁ'b@ﬁmb@ﬁlrﬁé‘rﬁs RN Pefdrenizecs HeatiAned dedwings an Whikh to a prinmary

Gata patn pre- proctauen isfdiss s Bt shobindb-Bod e stk ad B AL ront of

the inventit¥; Figure 6 is a block diagramillustrating a matched fi I ter of
a data path accorf MZ%dvl?@aphbfmvn aineaialibn bf 8imdtéieed fiepnt i on; Figure 7

bl ook 4 Sgﬁimd.ef o i R %tg%a%% ol b achlefipfi bR 500015 5

to the 19ri maatoheshiteli nent of the invention; Figure 9 is a functional flow
di agram of an acqurlgurte@musvaésmeagenerﬂraicm@ctmebhanmrcqmenwsn%v&@m ment of

LD o oot i 048 Soelois sl SE KPR AR b6 bddlhon f et e
vention;
Figure 5 is a block diagram 'illust_rating_ data path pre-processing
20 blocks according to the primary embodiment of the invention;
Figure 6 is a block diagram illustrating a matched filter of a data
path according to the primary embodiment of the invention;
Figure 7 shows a more detailed embodiment of the filter of Figure 6;
Figure 8 is a block diagram illustrating a data path search arithmetic
25 part according to the primary embodiment of the invention;
Figure 9 is a functional flow diagram of an acquisition system ac-
cording to the primary embodiment of the invention;
Figure 10 is a state diagram illustrating a state machine according
to the primary embodiment of the invention;
30 Figure 11 is a more detailed implementation of the pre-processing
block of Figure 5;
Figure 12 is a block diagram of an integrate/dump filter;
Figure 13 is a block diagram of a numerically controlied oscillator;
and |
35 Figure 14 is a block diagram of an address generator.



30 Figure 11 is a nore detailed inplenentation of the pre-processing block
of Figure 5WOHZ8HE 12-is a bl ock di agram of an integr at elrduamohisst er ;
Figure 13 is a block diagramof a nunerically controlled oscillator; and
35 Figure 14 is a block diagram of an address generator. WO 01/28118
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docurent, a conplex signal refers to a sfgnal com posed of two signal

Al t - tively, the t
component s, BTEflEdBEse BTN DR HENNERTIY 2 (Tonal (in'5 phase and
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operator for ase’ can e ca matically
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from the rel Aet g} Ay & ki by Qé*ug%ﬂ@gﬁsm%ﬁ%@ el §5¢*r e tency
required by Yalde eReaierdior icompiex nynbers. Fhasefgn bebealtulatad as »mather
i nvention, thiaficdllgldafihedaigaméit offa BEhplBR Aumbbt.er processes the |In- phase

1 d dr at 15 the
hunber of- pot ont 1 ol "NACOUERERERnPaccRfty A ey ARREARERELERRTT. 7, |
channel s19's v@@ntlmlﬁmafés Koragalleh chaanels kmemdivigienallyy dhelilimitationgstheo be
sear ched forpumbér sfohanmels ariginges fioth e reREsE Beﬂhefrﬁémajt&kql‘baueﬁ@ to

d |1 f rence
anal s cor e Bt fieiBhel BRORHL Bfle Ratchdd ald” FLMGCPrpd e Ccart e
in a read- onmyantzgf ﬂi’en*amwdws re\ationt lﬁe'l Kefdnatabed Sitemprosesaes the In-
tinme-nultipl pe@ @yaridQuadmtire (QNBothpPendilsl bE8ScH ERENNET, vﬂfcrﬁéécﬁ‘eﬁa!{l The

orincipl 108 Mﬁ?{ 21 BB3rgf ShandeR iF olfhoRh Rrfind rioearies PRGHAL 7,
used are chaﬁb’@@ lsyisclegagihap thei total aguraberaflted sef, sprieadingi eodes thobe when al |
possi bl e fre@baemederar hﬁygp@aam @B86s #hbd Qéa?m foﬁaﬁe mpe& pefodicgyr ed by

wnich ts al o8 B8 pimdST eRBRoirkat BaHF driEreoR. TR feMipE® FiPeE Gt ani ¢
basi ¢ additi smndlrlgotnstheheprgé@ng teogesdeshe setfisddaneglocatedt inea gead-ohlysi t uat i on
to be opzd M memon(RIOME fhdXhe\isfetdiRe GRjiRIGAredintdliiuftiplexed B inkrBfeftqui sition
system ing the address counter of said ROM. The counter counts from a basic ad-
dress up to number K on the modulo-K;.; principle, i.e. address 0 follows ad-
dress Kyor-1. The reference signals used are changed by changing this basic
address, and this is done when all possible frequencies have been gone
25 through in a manner configured by the user. The basic address is changed as
a configurable address addition, which is also calculable on the modulo-K;o;
principle. This adjustable basic addition allows the search process according
to the search situation to be optimized.
Figure 4 shows the general architecture of the acquisition system
30 according to a primary embodiment of the invention. The acquisition system
comprises four basic blocks: a data path block 4-1, containing the actual
matched filter implementation; a control block 4-2 for generating the necessary
control signals for the other blocks; a state machine 4-3 for controlling the
search algorithm; and an 1/O block 4-4 for connecting the matched filter to an
35 outer bus of the acquisition system. In the following, some of the blocks will be
described in greater detail.



30 accordi pri mary enbodi nent of the invention. T Lsi tion
system C()vrq‘f;‘rnltdsgég four basic blocks: a data path bl oék 4?%,?1@@%@i ning the

actual matched filter inplenmentation; a control block 4-2 for generating

t he necessary control signals for the other blocks; a state machine 4-3
for controlling the search algorithm afgl an 1/0O bl ock 4-4 for connecting
the matched filter to an 35 outer bus of the acquisition system In the '
foll owi ng, sone of Datapathdidocki || be described in greater detail. WO
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anot hor - Tanerrichetfes i adiyeted b7 steae ot e fiklosp o % S8 MechE Ry o
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wherein c , gn@élg?,!fal_ represent carrier frequency, sanple nunber and sanple

f , . 25 Thys_th | Lipligati . tatir
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mul ti pl i cati compiey cogieatrequetsy repfitagentraied ycanateernumerigglly ggntraliedul d t he.

frequencyg of oidiRatbr B4, THeOEHier gy tdpics &gfithegorin: equency of the mat ched
filter. Figure 6 shows the core block of a data path block, constituting an

e™niF = cos(2mmnl F,)+ j-sin2zmn/ F,)
wherein o, n and Fs represent carrier frequency, sample number and sample
frequency, respectively.

25 Thus the multiplication corresponds to rotating the phase of the in-
put signal by the (estimated) carrier frequency. This multiplication may be also
be implementéd- before re-sampling, should the frequency of the input signal
exceed the sampling frequency of the matched filter.

Figure 6 shows the core block of a data path block, constituting an

30 actual matched filter 6-10. The samples generated from the input signal (for
example in the pre-processing stages of Figure 5) are applied fo said matched
filter, which calculates their correlation with one or more reference signals. The
filter comprises a number of parallel shift registers 6-22, one for each | and Q
component of the signél. In the primary embodiment of the invention compris-

35 ing K separate channels, i.e. 2K | and Q components, 2-K shift registers 6-22
are needed. Each incoming | or Q data stream 6-21 is applied to the corre-




30 actual nmatched filter 6-10. The sanples generated fromthe input signal
(for exanp™O@ A8 Ee pre-processing stages of Figure 5) aPEI/EOpMOSsd to sai d
matched filter, which calculates their correlation with one or nore
reference si gnal s. The filter conprises a nunber of parallel shift
registers 6-22, one for each | and Q co gnent of the signal. In the
primary enbodi rrent of the invention conpris 35 ing K separate channel s,
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dat hi ft | h
oherin & miNYed geﬁfsﬁé%ﬁﬁ”% deferdtoriltyes HediRrdnd dodl idleifieedy Pav
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R e
6-22, and the 1 and Q signals are muitiplied by each other in a multiplier block
6-31. If both signals are composed of 1-bit samples, the muitiplication may be
25  carried out for example with an XNOR gate whose output is 1 if its two inputs
are equal. After this multiplication, there are Ny data values 6-28.

Next, block 6-29 sums up all products of the multiplications for each
sample to generate the final outputs of the matched filter. In the primary em-
bediment of the invention, this is implemented with an adder block, which cal-

30 culates the sum of all products during one clock cycle. In this connection, other
summing methods may also be used.

An output 6-30 in the matched filter is composed of camplex signals
that correspond to the correlation of the input as a function of time. If the signal
to be correlated is periodic and the length of period is N, samples, periods of

35 N, samples may be separated for each signal at the output 6-30, the periods
corresponding to cross correlations having different phase differences. In the



sanple to generate the final outputs of the matched filter. In the primry
em bodi ne¥W@08IBhe j nvention, this is inplenented with BET/E@NWS8IH| ock,

whi ch cal 30 culates the sumof all products during one clock cycle. In
this connection, other sunm ng nethods may al so be used. An output 6-30 in
the matched filter is conposed of conpl exzsi gnals that correspond to the
correlation of the input as a function of2time. If the signal to be
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Fi gure 7 showdh dhepame fdavice;
mat ched 51 t forredf efbodiments alfow eaky, apic and affeativa sumniing eipbotisenanal | s.
shown usi ng ?8“& 6-sanpl e long shift registers, four 6-sanple reference sig
20 nal s and Tour mul t,i'ﬁ_l i_ers. However,, tlh«ﬁ lfi%t gr _can easiIP/ be.extended to
be suit- able for afyOYEfoRIOWSa BlogR dptaied, plork diagratp of aRErREMENRIPE 7 shows
four 6-sanpl ef the fmatahedifiteeof Figure & dror rthe sake of clasity, the rgrabodimgntaiss 6- 21,

each of the Eﬁ‘&hﬁh@fng 160 BIsaipld Icig? 8RR régidiefs, -fobir 8-3Bnple Pefercms sig-age per -
sanple). _The u

I ot AT G e e
sel ection shbledor ny2urmisdraf signalscandonegistasdengtine shift regi ster stages
6-22A. .. 6-22F that Figure 7 shows four 6-sample shift registers 6-22 for receiving four
input signals 6-21, each of the registers comprising stages 6-22A...6-22F (i.e.
one stage per sample). The upper row in stages 6-22A...6-22F constitutes the
25 first shift register, the second row the second shift register, etc. The selection
signal 6-23 selects the row among the shift register stages 6-22A...6-22F that
is applied as an output to the multiplier block 6-31 at each particular time.
Code replicas (reference signals) are stored in a coefficient memory 6-26
composed of six four-location memory elements 6-26A...6-26F. The first row
30 in the memory elements stores a first code replica, the second row a second
code replica, etc. The selection signal 6-25 selects the row among the memory
elements 6-26A...6-26F that is applied as an output to the multiplier block 6-31
at each particular time. The multiplier element 6-31 comprises 6 parallel multi-
pliers 6-31A...6-31F. The first multiplier 8-31A of the multiplier element 6-31
35 multiplies the first sample (row in the register element 6-22A) of each input
signal alternately by the first sample (row in the memory element 6-26A) of



s applied tput to the multiplier block 6-31 at each particul ar
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25  When the matched filter calculates the components (1 and Q) of each complex
sample in succession, the squares of the absolute values can be easily calcu-
lated by summing up the results of two successive squarings.
Finally, the sums are compared in a comparator 6-46 with a thresh-
old value stored in a register 6-47, and the comparison result is applied via the
30 register 6-47 to the state machine 4-3 in Figure 4. To increase the probability
of the right decision and to decrease the probability of wrong decisions, any
exceeding of the threshold value levels must be secured by waiting for several
comparison results corresponding to the same phase difference and reference
signal. If sufficiently many comparisons exceed the threshold vaiue level, the
35 signal can be declared found at good certainty. The state machine 4-3 imple-
ments a verification algotithm by means of which the threshold value level can
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of the v%QifPE%%/qson al gorithmfor phase differ- ences that exceeded the
t hreshol d val ue conparthe primagnémbodintent ofidhg inygntion, an acquisition system

using the above matched filter can be controlled by the state machine 4-3 that
attends to the implementation of the verification algorithm for phase differ-
ences that exceeded the threshold value comparisons and to the sweeping of

25 carrier frequencies for the search for several frequency offsets. Figure 9 shows
an example of the functional flow diagram of a state machine and an acquisi-
tion system. [n this example, the length of the filter is Ny- samples, and the
acquisition system of the matched filter comprises K parallel time-dividedly
separated channels.

30 In step 9-2, one sample at a time of an input signal is loaded to a
data register. Since the length of the matched filter is Ny samples, N1
samples are loaded to the shift register. In step 8-3, still another new sample is
loaded to the shift register, i.e. the last sample Ny of the input signal. In step
9-4, the data in the shift register is compared with a code replica, i.e. a refer-

35 ence signal, which is a PRN type of signal. If the correlation does not exceed
the set threshold value, the next sample of the input signal is loaded to the
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cremented by one unit in step 9-14, the next step being 9-16. Here, the value
of the register DET is compared with a set maximum value, which indicates
25 the allowed number of times the threshold value has to be exceeded hefore
the signal can be declared found. If the number of comparison resuits ex-
ceeding the threshold value does not exceed a limit value set, the process re-
turns to step 9-6.
The process continues as above until the number of samples ex-
30 ceeding or below the threshold value exceeds a preset, at least one num-
berfthreshold value. Then, in step 9-20, the signal can be declared found, or,
alternatively, the search is continued from the next data sample in step 9-3.
Said signal search routine is executed independently for each ref-
erence signal. After all data samples of all parallel channels have been
35 checked, the frequency of the carrier replica oscillator is changed and the
search process is repeated starting from step 9-2. When the search process is
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In the verify wait state the state machine waits till completely new
25 data is clocked inside the data shift register to improve the statistical quality of
. the detection, and a new comparison is carried out using the same code off-
set. To ensure signal detection, the threshold value comparisons are repeated
several times in the same code offset state. After a wait of the length of a code
(Nw= samples) in the verify wait state, the verify state is entered. In this state,
30 the value of the threshold value detector is checked, and if detection is indi-
cated, the DET counter is incremented by one. Otherwise, the FAIL counter is
incremented by one. If the numbers of hits (DET) and failures (FAIL) are still
below their maximum values, the verify wait state is re-entered. Otherwise, if
the number of hits (DET) exceeds the maximum value, the signal is declared
35 found and the current PRN code, frequency and code offset are given as the

output of the acquisition system. After the last verification, there are two out-
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register hoﬁinng regE'ster 1% 6. Adder ?2-3 sums up Ny« samples incoming via the mul-
tiplexer 12-5 into a register 12-4 acting as an accumulator. The first sample of
25 the summing iteration is loaded directly to the accumulator 12-4 by adding 0
thereto (obtained from a second input of the multiplexer 12-5). In other itera-
tions, the output of the multiplexer 12-5 is the output of the accumulator regis-
ter 12-4.
Referring again to Figure 11, the outputs of integrate/dump filters
30 11-1 and 11-2 are applied to the multiplexer 11-3, which, according to its se-
lection signal (din_sel) selects alternately one of the inputs as output, which is
applied to the multiplier 11-4. To a second input of the multiplier is applied an
output from the multiplexer 11-5, which, according to its selection signal
{sin_cos_sel), selects from a sine/cosine table 11-6 a cosine output or a sine
35 output to be applied to the multiplier 11-4. Table 11-6 is controlted by a locally
generated carrier replica phase signal ph_in. The adder 11-7 can alternatively
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Table 11-6 rhgpeeidiyol I €d by a locally generated carrier replica phase
signal ph_in.” The adder ttJf1-7 can .aIFLerna|ti.veI 01/ 28118 PCT/ E100/ 00881
18 sum up the out plR€ BFUGHE ﬁtPﬁ}”f’jz' Inj:,%‘frearzdst% d 59, PRUiem FOMREX YR pI exer
11- 8 o0 s pliestian with sargige [ﬁR"C%f(e't S hacesdrafEF drein@aoadFin 86- t he
mul ti pl exer, i ed by a signal ena_sub. The output of
t he adder fgrdgﬁ?g%gtgt gzoélbw{ﬁg&ﬂthwl ator register 11-9, whose output is
further applied to' i'ng &'Pé@‘?sz]téﬁ 11-10 and 11-11 and to the
mul tipl exer 11-8. ZeA@CEFOACCe qpmt sivlLQ)o—ai_oskcond i nput of the multipl exer
11-8 and it is.congr ed b . ion signal ena add. The registers
11-10 and 11-11 g?%/'embta g'ut%ggﬁ(ac? t and q out, respectively. The
struct dPe shown | n4-P‘|\§§r=e'°‘§ ’i'—é“ij%‘éa-(ﬁo"b&? rm conplex multi- 10 plication -
with carrier replica (e j2-.n IF, = cos(2srw/F,)+ | sin(2irwn/F,)) in ac-

cordance wi th the {ghlepehilgd c8h@8Iiéd BStilthtoriNE@) | _in  cos(LO 2. ACC = ACC
+q_in . sin(LO -4 I Ohjé‘ o 3 {ACC :qugn |n" cos%@d 15 4. A(E%‘e: égc - Lin -
sin(LO -* g out, Fifweeds disirates  musmeriealy, sont oPsqiliaeey TBegNEL 13
1311:1:3?}:1 r a'; gf:ompliaeeaimwwyaocumulamﬂ thet as@immlateerfreqﬁlea?yxlmut c/ahnpnsife\ez1 aI ghase
The ac?gwlfi%g%ri@f&grﬁé ;ﬁ?ﬁﬁﬁ&g&ﬂ%ﬁﬁg&%tﬁ lf ééﬁ%l&ge?r‘lgo }lf satn é% ?égqg}e's ™
-2. The oufput of the register 13-2 generates a signal ph_out. _
Address generator unit
Figure 14 shows the block diagram of an address generator unit of
a code replica memory. The circuit comprises a basic register base 14-1, from
25  which an address is first loaded via multiplexers 14-2 and 14-3 to an address
counter 14-4. The multiplexer 14-3 is controlled by a signal ena_conf. The
value of the address counter 14-4 is incremented in a loop comprising an ad-
- der 14-5 and the multiplexers 14-2 and 14-3, until a signal zero_cnt, which
controls the multiplexer 14-2, forces the value of the basic register 14-1 to be
30 loaded again to the address counter (count) 14-4. On the other hand, a loop
- comprising an adder 14-6 and a multiplexer 14-7 periodically increases the
value of the basic register 14-1 when a control signal ena_base is set to one.
The state machine 4-3 attends to this when all code replicas in the present
group have been checked. The signal ena_base is applied to the basic regis-
35 ter 14-1 via an OR gate 14-8, whose second input is the signal ena_conf. The
value for increasing the basic register 14-1 can be set by loading it to a regis-



13-2. The owqodﬁg E the register 13-2 generates a signal ph_out. Address
generator u Flg re 14 shows the bl ock diagram of an ad@8€CEEWHBRer at or
unit of a code replica nmenory. The circuit conprises a basic register base
14-1, from 25 which an address is first |oaded via. nmultiplexers 14-2 and
14-3 to an address counter 14-4. The nultlglexer 14-3 is controlled by a
signal ena_conf. The value of the addresg counter 14-4 is increnented in a
| oop conpri si kg ddfraddq=-8.der 14-5 and the nultiplexers 14-2 and 14-3, until a
signal ze%nt, which con%lrlﬁ the multiplexer 14-2, forces the val ue of

t he basic register 140‘1 tf' 0 | oaded again to the address counter
(count) 14-4. On the Ahetolisigndl far thedpta pathpi-1 sind dhestaiel deaching- £3amd a

Til & I \% g>r<]er 1@eﬂer@ﬁid mcunrgllwkl d6ntrBEBIBAE 8D E)P‘Secdé?rlguﬁ‘af@és 1he %ﬁihcaré‘%lﬁlr-] Zt o
attends to thl@ %ﬁt’ﬂ @%ﬁe%ggﬁﬁ %é'“?sn%r?'ﬂé’aﬁlree%&\’a “5%@6 ﬁ%

checked. The éEdera@saTtuagwld&a apmplegdts, @quaiéolﬁaa;mmdgdsdt%edéwytﬁd 1 via
an OR gate 14v§tuew8gn§@w@aw pat 4J1sprgé€ssawge r@ﬁk%-ﬁgﬁ'éls al ffe saffie ue for
i ncreasing th lC,T can set oading It_taq e|s T.
WO 01/28118 Pg‘ne&(ﬁﬁ’}!bg%%@" '9‘%“ PeS e do pATH RPEAORS. Jehial %@%Pﬁg r ol
signal for théotdledelayaf theiata patti ftdme thet iapet ofethéishig régi3tardo thyestataatnad i n an

M controlygb t%ﬁi'ﬁe‘is dig ﬁ@é&@@é@@ggga é@?aoﬂpgoc%ss ':(ﬁjpdafaep@% operdtBhafg 1rom a
i | lustrates. Yﬁ?i Isc':i'§h§h§2ﬁ’r%‘f E‘a‘?@ce%sq F'"E‘(P end%ﬁcﬂﬂi Y563 ded by
the val ue 2Kth€npu’&sdnleesadﬂeatatmih 4 1 processes K reference signals at the
same  time, it only he suRafditbafied 87 ud da baNPEHT eéfamééfd fﬁﬁc?{rf?%é ons.

Cnai ned, the total el f i %

reg: gte er toet H@ e @{Bﬂ“rme §ﬁ§’?'§9§t'e%ﬁltd\%ﬁa'€9|@?eé’sthq gkanaslgex
processi nQSaneuitIa mepambnaspeﬂ durirgnther second tpart| and\eeided do Ithé restulttdidlye bot h
process data 'cﬁarﬂﬁii a#lh%lybtr;g‘ﬁesqgtlsac&ﬁggrekiscﬁﬁlngttné Iés'?@‘éﬁsAﬂ’lﬁe Bpkis- | ater.

Tor ope ne £l Bons (i bS nteledvag Waﬁﬁ%&Jsmpémﬁsreeia'e&%m%gtat%ma b Breahacl -
re- 15 sult i somtrrdrslgnatscfesﬁweouaﬂm patheere lgensmtearhals p aohtirarmisaticach excephe
resul t of t hefdr 14B2864: stfrt—ﬂﬁ"ahéf %mﬁr&wﬁoni mge&ee&s& g?gg&ger%ﬂﬁ | ast

eaved nmeans | ne

part. hes oper t J o nt er
regi st er s ﬁ 32'ax%bm tirge QHH?%OOPQI“Qt"HethGé?@ B'ﬂ?W‘ear e
gener at ed as deiap of themnmoabnhm@d@aad block.

As was described above, in the system and method of the invention

and its preferred embodiments, the implementation of a multi-channel
matched filter has been solved efficiently and in a manner that saves complex
25 components.

It is obvious to a person skilled in the art that as technology ad-
vances, the basic idea of the invention can be implemented in a variety of
ways. The invention and its embodiments are thus not limited to the above
examples, but may vary within the claims.



for two cgﬁgg gart-up and re-synchronization. |n thesep&agfsonsdine
generation 0 the control signals is delayed by a tine corresponding to
the total pipeline delay of the conponents preceding said bl ock. As was

- descri bed above, in the systemand nethod of the invention and its
preferred enbodi nents, the inplenentatio20of a nulti-channel natched )
filter has been solved efficiently and in a nmanner that saves conplex 25
conponents. It is obvious to a person skilled in the art that as technol ogy
ad- vances, Ohé&M8sic idea of the invention can be i npl emented in a variety

of ways. The inventj @(‘n?a%édtﬂté?'(é%? W@ﬂh@leﬁ\ﬁ@at %ﬁe%ﬁelatlﬁht&@ntlﬁ-the
above exanpl es,, but 1)3 %[ y F 01/,281.18 FCB@ pO/ 00881
50 CLAI NG 1 Puhsignaleatan %r’efée S'%?'( mﬁ%‘rﬁfﬂ& 2D B Wt on of
an in- put sitignalatohéd Zikgr BatD)xomgirisesnce signal (6-27), char act er i

z e din ghat the 'W’Etcrhggng d—ﬁ?f fof Gtokify M%HHpIe%Q%keﬁfrBhf Nlref&vdtbsigh- 22)
for storing Msanples ta nN’)2

and in whi ch NeEniSred: ¥ FGTPHEN?%p?R E‘.“g'ﬁg'l‘ \égwg%%fﬂgﬁ g‘npué '(QPE% @#ﬁlsanpl e at
a tinme at thastoradphe samelguatrciimefat theesamyle frequiemey of tee input sigeald® I¥eans
(6-26) for storing K ﬁ&%ﬁs'(@% 16 RERYR M—'sﬂﬁ@lélon(;@e%é?énce%a@sn K>_1;

10 nmul tipl exin neans app yi ng one input signal (6-21) and one
ref erence S|d "a time fromsaid first . (6-22) and second (6-26)
stor- aggoneans to cmultxpleatrngomeaa*sdult applyingnern énpus -signal H§-24p @ingi ere

al ternat el'y alierd £23ig Rte-09THH 88icfoscid ot (8109) SidBBonti628) s&ﬂd the

reference si gna

ul ation Q at I ng
the correl at 39 MEARS if "Eéa%] 9a|f:®?{:%f' Elﬁ?&ﬁ#g‘;ﬁ%éﬁ’yoﬁ'”iw?‘sﬂ ﬁﬁé’fﬂ%@%%
(6-21) and a least onercombinatival of hedaput signal {E1213 @ndethatretatencessigna (6-
calculated fr. éjr{df ferent signals appear at the output of the calculation

6- 50 t it - I
T Sk o % realegfin Fieghs Bistl ik bl fis, PhrRnsh Aficd &%”s& o
conpri ses. a omigpfora combinatiarook ap inpuh giopat (-2 Hranidea sefergnce signal ( :
(6-21) with téb%ﬁ?édrfé?é%@ﬂ%é\ﬂtmlae@ffmrﬁ aiﬂefeaf SigAMe Ppegmlthé 6ufpil and

0

ives M1-bit ri.so neans r sunmng up said M
% bi t corrparl%f nE%E‘U?tE@ @ﬁﬁ"ﬁ@gp)aﬁﬂae% * relation result a? tﬁe

out put of the filter2. A matched filter (6-10) as clalmed in claim 1, character-

20 ized in that said calculation means (6-50) comprises a comparator for com-
paring each sample of the input signal (6-21) with the corresponding sample of
the reference signal (6-27) and gives M 1-bit comparison results, and an adder
means for summing up said M 1-bit comparison results and generating a cor-
relation result at the output of the filter. '

25 3. A matched filter (6-10) as claimed in claim 1 or 2, charac-
terized in that said comparator is one of the foilbWing: a multiplier, an XOR
circuit or an XNOR circuit.

4. A matched filter (6-10) for |mpIement|ng the correlation of an in-
put signal (6-21) and a reference signal (6-27), characterized in that
© 30 the matched filter (6-10) comprises:
first means (6-22) for storing M samples taken from received signals
(6-21) and for storing samples of the input signals (6-21) one sample at a time
at the sample frequency of the input signal (6-21); :
second means (6-26) for storing K M-sample long reference signals

35 (6-27), wherein K22;

W g




25 3. A matched filter (6-10) as clained in claiml or 2, char ac-1t e
rii z e d iWOOHMI& i d conparator is one of the fol | owi nGECTFINMESIpI i er

an XOR circuit or an XNOR circuit. 4. A matched filter (6-10) for

i npl ementing the correlation of an in- put signal (6-21) and a reference
signal (6-27), characterized in that 3Q,the matched filter (6-10)
conprises: first neans (6-22) for stori M sanpl es taken fromreceived

:;%B?Iesat (g i?}zreang nutipl Sty m&anwrm A thbhﬁpmryigﬁai %6—9*0 i 6s &P one
second means*(%5¢381P nf"t&e%ﬁ@rtn% ¥rﬂﬁ'§°‘«ﬂﬁ‘§r@? 60%% ?'}EP% @égg%éﬁgﬂrgge 35
(6-27), wher geanKio gorrelatian u:qlqmatbmmeamsﬂﬁmm by aprlyingaiermeéy at least

PCT/ 12100/ 0088 cor%ﬂnnﬂii'éﬁ bPih%N‘h;SL& aa% g@@ﬁ&ﬁd MRPe¥drated SignalgRE27tanal

ggdZ;)ecgzg og’%@f%gﬁgée ?(ég"ﬁg at a time fromsSaid first (6-22)

correl ation cal cul ati on nmeans (6-31) by
appl yi ng al t er nat el gatiatieasteansn@-&1) rfor naicmlatmg)tha berrélation tisieglidd- ( 6- 21)

and the ref epg q&ééoﬂwrﬁbma%%?afatnq%gg il GOLEbAY LABEARSigRa3a)  and

cal cul ation é or c g orre $on t1me- - edly
for each co }88 thghesr 'aaif?“ rﬁﬁ pd fremAd r&ﬁﬁc%{" ’B?‘é‘?’?n%pé’eéfﬁhal (6-
27) so that theroubutof e cabsildtios mednsyBd4i0¢ ds Brsequende, er ent conbi nati ons
appear ajg the out p‘ét Ofna'téﬁ%dcfﬂingé%) Qg d@ﬁ@& nﬁ@:?]a'%%)4aéhaars§9%’i‘qe 10 5.

Amatchedfllter - i zed

N hat - sai ol £&F. b At gaid calsH@lios msss (S Rb] parbafaes & EIBPRET OB
paring each panng @aobfsamp& ofithatingsit gigakl (66212 wjthuhe hotréspondingesappielofy sanpl e
of the ref efh%%ﬁereﬁ%c@ ﬁ‘?))a & Meﬁba%ém&érisoﬁ%&ﬁfs' éﬁﬁ&‘taﬁ%%%f and

an adder neans r su bit npari son res
Generat i ng. amegns 5‘“%’“5\9 B 7eic 0 1-oh cpmprusci Bk 370 sRBsig acos, A
mat ched 151 t miatiphrad)it @shebatpued thafitdraim4 or 5, char ac-ter lze
d.in that sald compal @l Machsd der G108 LalmeyI e 4 5| e'h'aﬁr gdn XR
circuit or ap XNOR c|r U|t mrecelv ri,sLng
device for d ?Eb’ff’ﬁ‘g‘”& “H%‘NBB?IF&’ %ﬁg Olipwing: @ %@E{el ver and
converted i ntimuitiogah MNQRcircyi. es, the device conpri si ng a mat ched filter
(6&10) }‘or cal cul at? a4 &Qﬁé&r’uﬂ% récle%r B&hPESHy L GeviddPidr deldiing a( 6-21)
and at féa St dgrptgdurtgte rsrgnaF rec vecl b)$ ?he rgcelver and converted into digital sam-
ples, the device comprising a matched filter (6-10) for calculating the correla-
tion between the input signal (6-21) and at least one reference signal (6-27),
and a controller for comparing the correlation results generated by the
matched filter {(6-10) with a predetermined threshold value to determine if a
25 signal is found, characterized in that the matched filter (6-10) com-
prises:
first means (6-22) for storing M samples taken from N received sig-
nals (68-21), wherein N22, and in which samples of the input signals (6-21) are
stored one sample at a time at the sample frequency of the input signal (6-21);
30 second means (6-26) for storing K M-sample long reference signals
(6-27), wherein K>1;
multiplexing means for applying one input signal (6-21) and one
reference signal (6-27) at a time from said first (6-22) and second (6-26) stor-
age means to correlation calculation means (6-50) by applying altemately at
35 least one combination of the input signal (6-21) and the reference signal (6-27)
to the calculation means (6-50); and
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and a controller for conparing the correlation results generated by the

mat ched fl‘ﬁ))gyz E'é 10) with a predeterm ned threshol d val BET/FWo/88er m ne i f
a 25 signal is found, c har act er i zedinthat the matched filter
(6-10) com prises: first means (6-22) for storing Msanples taken fromN
received sig- nals (6-21), wherein N-2, and I n which sanples of the input
signals (6-21) are stored one sanple a time at the sanple frequency of -

the input signal (&I&ﬂétuoﬁ&eé%?@-@ﬂ??&n @i tﬁéDEoﬁélgﬁém%FAéré{b,aanple | ong

f ng neans | yi ng one
irﬁpﬁ[ egfgn Fg'n@ %gﬂ'&atz???e&hq"epg%ﬁ'gaél reélceaﬁ'gﬂ%ﬁ‘fzggm sai d
first (6-23p tlmtd:oyela@nu r¢s3ite Gplcutated fralgeiliﬁm'an’ss@nalsappe&nrta)atltl@@oumhc?I aL i on

t 35 | t e conbi nation of the
imralaﬂi'S 26 ﬁg?t%cwtwggﬁ?ﬁ*eéﬁﬂgtﬁﬁéchfy na "6 2(7);] to the cal cul ation
rregns EQSO) and ﬁlsfqudl? Yy BRepiveT %é‘l‘?’?’&ﬁﬁ' poridm 7o haragi-at i on
means (6 50e rige d:andhataﬁald\galchlatiomnm@rmt(Geﬁo)thmmrdeslajeomﬂémtdrdbr a
conbi nat i Olofi bafiiy ééél%arﬁbl@%?'thé ﬁgﬁ?— |?ﬁ£'lctg %fi’ﬁﬁ@%ﬁrréé%mp%@arﬁj) S0

t hat correl ults ca erent si ar at the
output  of P @%re?éfeapﬁ&wna@@n?)ggdasmw § comparisoh sl ANSLRT {1 urn
recei ver a@ddérangans for surmnlngllp saich Ma1sbitacarnparisor resultszarel generatiigat sai d.

cal cul aouoadasaemﬁ@esﬁm)atqm BEGH the FREPRLAHO! for conparing each sanpl e
of the input S|gn t he qorres %ﬁg_gglalm pl e of the reference

signal (6-27) and |V§Bre f’pﬁ 'chﬁﬁ%{Y?rs% Hhd AP eadr neans for
summi ng upas &ir s @ doint theb sgid rdopwparates isl dre afitiedoliving:i anenultilieg amor r el ati on

result at bdﬂﬂ?@ih&d&l&ra%fxmbﬁd‘kbfter (6 10) 9. A spread spectrum recei ver as
claimed in claim?7 or in that said

conparator is one o At%e?%ﬂ’?ﬁfxﬁuﬁbrecﬁ"’ﬁﬁﬁ P{?F"P%‘% In %ﬂi’o'}@f im0 or an
XNOR cil®cuPt ¢ ayr as tepr isxel ds frethat dhe roetprity of ths rodtehede fltem(6aty) aree of

clainms 7 t@oméféxgcorfélﬁfoﬁ%é?ﬁblé@dahd‘ tﬁaﬁaéal& vf&%tcﬂiﬂﬁﬁasgg cﬁe REufREGhed Tilter

(6-10) are correlatio VI Ce conprises a
count er fo?quasr%apro)ﬁﬁﬁo'mf"ﬂ 05 g‘ﬁ (???f ?" t&ﬂﬁﬂ@aeéﬂ FrymsyRiesanpl e and
sums up t hequargdigemposeMponents. 11. A spread spectrum receiver as cl ai ned

inclaim10, ¢ h a1 Asspread é’&edtruﬁh Fecéivér 8s Glaifed HPélaih!'f0 COH RS cSUMS Up the
correl 36' OPeW%'cF iy et &R countetgsums up the correlation sample corresponding
to the same phase difference of two or more input signals (6-21), the sum cor-
responding to a correlation result that is calculated with one phase difference
and whose integration time is M-L samples, wherein M is the length of the
matched filter (6-10) in number of samples and L is the number of correlation
25 samples summed up by an accumulator.

12. A spread spectrum receiver as claimed in any one of claims 7 to
11,characterized in that said controller processes several comparison
results corresponding to the same phase difference and reference signal (6-
27), and, in response o a predetermined proportion of the gathered compari-

30  son results indicating that the output value exceeded said threshold value, de-
clares the signal found.

13. A sprea'd' spectrum receiver comprising a device for detecting a
demodulated signal, received by the receiver and converted into digital sam-
ples, the device comprising a matched filter (6-10) for calculating the correla-

35 tion between an input signal (6-21) and at least one reference signal (6-27),
and a controller for comparing the correlation results generated by the

—
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to the same_phase difference of two or nore input signals (6-21), the sum
cor- respondi émflbsa correlation result that is cal cul at eBCTFI0M00881e phase
difference and whose integration tine is ML sanples, wherein Mis the

|l ength of the matched filter (6-10) in nunber of sanples and L is the
nunber of correlation 25 sanples surme% up by an accumul ator. 12. A spread
spectrumreceiver as clained in any one gf clains 7to 11, char act e

r i z e d inmalohéd SRérdvittoA praldtemiMsERESRN FANE taleRARPRN I § ¥fgnal BRSUl t'S

correspondi { Dh; i,fference. an ef arence signal (6- 27),
and, in resgrgﬁé(g ctlggarls“ggrgedg?géﬁi ﬂethaﬁ)sraécgmaf%?ﬂ ﬁhf’r hﬁd}é’ﬁf’}?@' ®H conpari 30
son resul ts indi cat filsgmenns (6-B2) fousinning M samplesdelkatetiondl dedeivedsdigpl d val ue,
de- clares thgs @-aNalvhbREMN1 Tohd iﬁvﬁﬂ&ﬁ%ﬁl@@%imgﬁgﬁbﬂﬁé (E-9TP4reSi N9 2
device f detecting a .denodul ated signal, recei by“the'recel ver and
converted i n%%'eeﬁi%‘ﬁ%&r"péeaﬂ&a ﬁ%?&%@"ﬂ%%@@’%ﬂ#ﬁﬁ IRgUtsigRal Z@Tgﬁ)?fi | ter
(6-10) for cal cul at séspndinesansr(B<16) f@StoringrK b savaple lamy referehcs signals ( 6- 21)
and at | east(garg, wiedreiheaee signal (6-27), and a controller for conparing
the correlation resuyl @%eg(ener ated. b 111111111 J, S 111 WO

t he .c 1'11
01/ 28118 PCT/ Bl 0Oy oBMNBIERRg Tegnsioh Bppyiig the npit éﬂgbé]e@e%ﬁﬁ'ﬂr%'& ehr eshol d
val ue to deterendensighd (6-2%) ghakimedronh saiddirsto(6i22) and secotd (6-26) stomge d i n

that saifh Maheiictol ddriefiitioh @altOlatieR W 'n%e(aga_%ib

SpplR Y SidrRatR) atli@4stSt Ori ng M
Sammlee or < iahe Sohhimetor CEe npit Sgndilezgn t]fgé ééjeige%,i gggégﬁ%éaa%gi i whi ch

t he sanpl e fthegalewatoromeane(6-duandi gnal (6-21); second neans (6-26) for
storing K M sampl e {aatichl MEERS f6-8DPRR! chicuidiing h tloh iiedivia:

mul ti pl exin d'freﬁns for agﬁlﬁqlng t he |gg_ut S@ nal (,6- and one ref- erence
si gnal (6- 2% Yo10r Zach fempingtionsdf 2n fput siopal. %1 & iiefence slopal (6st or age
10 neanslSt o Z)se dhaiicoueiation rasulis calnulatedrfeon; diffstgnt cymbhpitivhe gppedraatnat el y at
| east one c ! " id f I 5 d the reference signals
(6-27) to ?ﬁ%b?glmcﬂ?g??%lﬁmﬁté%mn@%?g%?@ aée'(nags%ﬁegg?'ation means (6-50) for
calculating the correlation tinme-divid- edly for each conbi nation of an

i nput signal (6-21) and a reference signal (6- 15 27) so that correl ation
results calculated fromdifferent conbinati ons appear at the output of the
cal cul ati on neans (6-50) as a sequence. "I"li!1"tllull#.




