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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 multiplying the
signal by a complex 1-42, 1-44 signal generated by a voltage-controlled oscil-
tator 1-40 in a multiplier 1-45.

30 In the receiver of a spread spectrum 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
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matched thereto. A matched filter can be lmplemented to operate either con-
tinuously or discretely. A matched filter calculates the correlation between a
25 known reference signal and the signhal 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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signal. In this case
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-
nal 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
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movement of a trans tlﬁ?ﬁe gtrl]ucturesec!f\é%{'\e}lgllgr rI]<nown matched filters, the timing of a

reference signal and an incoming signal is fixed at the planning stage, and
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 frequency 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

11t
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mlng up of many values is difficult in a digital filter. In a matched filter, stored

signal samples, multiplied 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 humbers 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 device for correlating an incoming
signal and a signal generated in a receiver, even if the signal-fo-noise ratio of
the received signal is low.

The object of the invention is achieved with a device for detecting a
demodulated signal received by a spread spectrum receiver and converted

35 into digital samples, the device being characterized by comprising:
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In an embodiment of the invention, a coherent integrator is ar-
ranged after the matched filter, the integrator integrating the correlation sam-
ples generated as outputs of the matched filter over an integration period that
is longer than the length in time of the matched filter. This allows long integra-

25 tion times for signals having a low signal-to-noise ratio, for example.

An embodiment of the invention, in which complex correlation sam-
ples constitute the outputs of the matched filter, allows a coherent integrator to
be implemented with a very simple structure such that it comprises an accu-
mulator for summing up two or more correlation samples corresponding to the

30 same phase difference of the input signal, whereby the sum corresponds to
the correlation result calculated with one phase difference, the result having an
integration time of Ny-Lc samples, wherein N, is the length of the matched
filter in number of samples, and L. is the number of correlation samples
summed up by the accumulator.

35 In an embodiment of the invention, the device further comprises a
calculator for calculating the absolute values or estimates of the absolute val-



An enbodi nent of the invention, in which conplex correlation sam ples
constitut eWoHa28iaé put s of the matched filter, allows a cokeEwmwdoeosnt egrat or
to be inplemented with a very sinple structure such that it conprises an
accu- mulator for summ ng up two or nore correlation sanples correspondi ng
to the 30 sane phase difference of the i f)ut signal, whereby the sum
corresponds to the correlation result calculated with one phase.
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signals to be better detected. In other words, the sensitivity of the acquisition
25 system improves. The controller may be, for example, a software or hardware-
based state machine.

The invention is preferably suited to digital implementations.

BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described in greater detail by means of
30 preferred embodiments with reference to the attached drawings, in which
Figure 1 illustrates a direct sequence-based spread spectrum sys-
tem;
Figure 2 shows a prior art implementation of a matched filter;

Figure 3 shows a low-pass type of acquisition system using a
35 matched filter;



signals to be better detected. In other words, the sensitivity of the

acqui si ti onwR1281%¢ em i nproves. The controller may be,. f OPCEFINPIKRY a
software or hardware- based state nachine. The invention is preferably
suited to digital inplenentations. BRI EF DESCRI PTION OF THE FI GURES The
invention will now be described in greater,detail by nmeans of 30 preferred
enbodi nents with reference to the attacheosdravm' ngs, in which Figure 1
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st at e machi ne aacerobetimgnt of theijnventiatli nent of the invention. DETAI LED

DESCRI PTION OF THE | NVENTION In the present docunent, a conpl ex signal
refers to a SiDERAILEDDEPORIRTION ORTHE (NMENTI@NpOnent s obt ai ned by

mul tiplying a received signal by a 10 carrier replicg and its 9
phase-shifted versi onll t?'ﬁ%ﬁ?ﬁ‘é'& dagvenent.ig C?"ﬂ@'e?‘é&&\ailé%erss‘iog?@g"la???mi s of
the form r(t)posed pfiwo signal componemds)obtaiéd py muiltiplying are@ied Signdlcayea n w, t

and 9. reppes : i~8 il [ ; t ; ase
termat tige %?“fg;gﬁ';gﬁéﬁ 8P Moo shRANMTSIG 1 B L0 e rBibnal 50
t

is expressed R g %" 5. z(t) = A(r) e f(" = A(t) cos(q(t))+ ] -
A(t) sin(~(t)) = 1(t) + ) Qt) 20 Hence: r(t) = Re(z(t) ei(wn)-eo0)) =
Re(A(t) ejAl) , ei (¥ =JdBcos(P.r3F, he(acipfogi+d,pn system according to the
primary enbodi mrent of the invention conprises four basic blocks: a data
path block, a control block, a state nmachine and an I/O bl ock. The data
pat h bl ocH5anavhereinev mhahd g represent carrier frequency, time and an unknown con-

stant phase term at time 0. () and Q%) constitute the above complex signal,

which is expressed mathematically as:

2(z) = A1) - e”*? = A(t) - cos(g(e))+ j - A@r) - sin{g(t)) = I() + j- O(r)

20
Hence:

) = Re(z(t) . ei(ﬂ’.-.fl)*oo)) = Re(A(t) L U e.i(ﬂ';(l)*-ﬂo))

25 The acquisition system according to the primary embodiment of the
invention comprises four basic blocks: a data path block, a control block, a
state machine and an 1/O block. The data path block and state machine are
described in more detail below.

Data path block
30 - The data path block of a matched filter constitutes the core of an

acquisition system and comprises, not only the data path of the implementa-
tion of the matched filter, but also blocks for processing an incoming signal.
Figure 4 illustrates an implementation of a data path block. The filter employed
is of the low-pass type and its arithmetic is time-multiplexed to process both
35 components of an incoming complex signal, hereinafter referred to as | (real

HAI



described in nore detail below Data path block 30 The data path bl ock of a
mat ched fi Wom2gienstitutes the core of an acqui sition. S YEGBFE6e79
conprises, not only the data path of the inplenmenta- tion of the matched

filter, but also blocks for processing an incomng signal. Figure 4 _
|Ilustrates an inplenentation of a data path bl ock. The filter enployed is
of the lowpass type and its arithnetic i § time- mul tipl exed to process both
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. register 4-20 only when the acquisition system is initialized or the employed
reference signal is to be changed.
The oscillator 4-8 serves to adjust the sampling frequency of the in-
put of the matched filter such that the timing of the samples of the incoming
25 signal corresponds to the timing of the reference signal.
The reference signal of a matched filter can also be generated in
other ways, for example by replacing the shift register 4-20 with ROM memory,
in which the reference signals used are stored. There may be more than one
reference signal in use at the same time, whereby the system can be used for
30 simultaneously searching for several signals. In this case, the calculation of
the matched filter is carried out time-multiplexed by changing the reference
signal for each incoming sample.
The bandwidth of a matched filter is inversely proportional to the
length of the filter. A usable signal band is approximately the inverse of the
35 length of the filter, the length being given in seconds and the bandwidth in
hertz. In order for the acquisition system to be able to search for signals
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25 out(d) = Nf;n(i —n)-ref(n)

n=0

As results of the calculation, outputs 4-26 and 4-28 of the matched
filter are obtained. At its simplest, the reference signal and the data signal are
one-bit signals. In this case, the real signal obtains the values %1, for which
corresponding values 0 and 1 are used in the calculation. This way the multi-

30 plication can be carried out easily using the XNOR gate, whose output is 1 if
its inputs are identical, as was stated above. In this case, the output value N,
corresponds to a complete correlation, and the value 0 to completely opposite
signals. Hence, the formula for calculating out(i) becomes:



N-t 25 out(i) =1 in(i - n) ref(n) "=o0 As results of the cal cul ation,
out puts 4- MO HAYMIE- 28 of the matched filter are obtai ned. Pét/Fiot/sosss npl est
the reference signal and the data signal are one-bit signals. In this
case, the real signal obtains the values 1, for which correspondi ng val ues
O and | are used in the calculation. This ﬁ/ay the multi 30 plication can be
carried out easily using the XNOR gate se output is 1 if its inputs

are identical, as was state ‘g? In this cas t he out put val ue NWF
cor responds to a corrp‘l"lé(’b—g ii{ii-un, XNMAR refe))jaiNe 0 to conpl etel y

opposite signals. Hence, the™formula for cal culating out(i) becones: ;iii
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filter, the outputs of different channels corresponding to the same phase dif-
ference are in succession.

20 If the outputs 4-26 and 4-28 are studied at intervals of N, samples,
they can be interpreted as N, separate signals, corresponding to each signal
that is correlated with a different phase difference with the reference signal
and whose sampling frequency is decimated to the Ncth part of the sampling
frequency of the matched filter. Hence, the matched filter implements N, par-

25 allel complex correlators and decimators, whose outputs are time-multiplexed
as signals 4-26 and 4-28 and whose integration times are N,,- samples.

The signal-to-noise ratio of the output of a correlator depends on
the signal-to-noise ratio and integration time of an incoming signal. The longer
the integration time, the better is the signal-to-naise ratio achieved at the out-

30  put of the correlator. The length of a matched filter is limited for example by
the fact that one output has to be calculated for each incoming sample, for
which purpose a number of multiplications and additions corresponding to the
executable length has to be carried out.

The integration time of a signal correlated in the data path block of

35  the signal acquisition system of the spread spectrum receiver of the invention
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25 Prior to coherent integration, the accuracy of the carrier estimate
can be corrected again using the multiplier 4-30, which implements complex
multiplication by a complex carrier replica generated by a numerically con-
trolled carrier frequency oscillator 4-32. Correcting the carrier frequency in two
steps is advantageous, since, owing to the lower sampling frequency, the lat-

30 ter oscillator requires a considerably smaller number of bits as regards fre-
quency accuracy. Another reason is that after a matched filter, several parallel
integration blocks can be implemented, each operating at different carrier fre-
quencies using a common matched filter to form correlations. Post-integration
is easy to implement, compared with an actual matched filter, which makes

35 this an advantageous manner of shortening the necessary total search time.

In the second step, blocks 4-40 and 4-42 carry out the integration
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- mplex value corresponding to said correlation phase of the
matched filter, to which value the result of the muitiplier 4-30 is summed up,
25 and the sum is stored in the same memory location. Once the desired number
of samples is summed up, the sum is applied further from the integration
block, and the sum in the memory is zeroed. Alternatively, zeroing may also
take place when the first value is read from the memory for the summing.
A norming block 4-38 calculates the absolute value (of the complex
30  number) from the coherently integrated samples obtained from block 4-36 or
directly from the output samples of the matched filter 4-16. The absolute value
of complex number z is calculated in accordance with formula

|| = yRe(z)? + Im(z)

35 wherein Re(z) is the real part of complex number z and Im(z) its imaginary
part. Since the calculation of a square root function is a heavy operation, its



of the result being NVFLc sanples. Since the sunmng up is perforned on the
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i.e. signal phase affects the obtained result. Coherent integration thus
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nunbers, and ibe implemented for example as a state machine or as software. To increase
the probability of 'f_he right decision and to decrease the probability of wrong
decisions, optional exceeding of the threshold values is still verified by com-
25 paring several comparison results corresponding to the same phase differ-
ence. '
If sufficiently many comparisons exceed the threshold value, the
probability that the signal was found is high. The use of a verification aigorithm
allows the three_ﬁhold value to be lowered so as to find even weak signals. In
30 this respect, a verification algorithm can even completely replace non-coherent
integration in some cases. Furthermore, if the incoming signal-to-noise ratio is
sufficiently high, and the length of the matched filter sufficient, coherent inte-
gration and the preceding multiplication by the carrier replica can be omitted,
and the signal can be applied from the matched filter directly to the absolute
35 value calculation block 4-38.
Since in a general case the frequency uncertainty of a receiver ex-
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into account in ursrtions S ) @%“‘@fﬁ?ﬁred integration timne
(T,) is long. If theGPReraby spesking & dile@ynixed spread spectrum signal is peri-

odic, as far as the code is concemned, the length of the period being equai to
the length of the code. The signal is sampled in a receiver (before the matched
filter) at a sampling frequency F,. Consequently, in a received signal, the pe-
25 riodicity appears at an interval of N, samples. When the length of the matched
filter is assumed to be less than or equal to the length of the spreading code,

and is expressed as samples by Ny, the following equation is valid: Ng = Ny
It is advantageous to have N, = Ny in an acquisition system, since
in that case all code phases can be acquired at a time. Forgetting the effects
30 of the noise in a receiver and the inaccuracies in carrier and clock oscillators, it
may be said that, after the matched filter, the signal is still periodic at an inter-
val of N. samples. Particularly, if No = Ny, i.e. the length of the filter equals
the length of the entire code, its output shows a clear maximum in the absolute
value of the signal at intervals of N. samples. If, in this case, outputs are
35 summed up such that output values at intervals of N. samples are summed
up, the maximum signal can be further amplified. Consequently, Ny, sums are



the Doppler shift in the frequency exceeds 1/T,, then the timng of the
code chang®O##BH6t han one chip during the integration. Haomsereesm®he
acquisition systemof the invention and its preferred enbodi nents are
capabl e of operat- ing also under these circunstances by adjusting the
frequency of the oscillator 20 4-8 generatjng the sanpling frequency of
the matched filter. Generally speaking, a rect-m xed spread spectrum

signal is peribbtgﬁ'wieﬁias%ﬁeFﬁult%&iﬁ%y%?@?orhﬁd%%ﬁmd’ the length of the
period being equal to the length of the code. The signal is sanpled in a

recei ver (before the matched filter) at a sanpling frequency F.
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. r £ e : as foll ows:
N3 S(n) = ZoutTﬁ%gﬁﬁgkgél@sqﬁoé\@thﬁ%é’bﬂﬁ}&gs#It:%oafIEE\% gll"(r'\‘&r' 5 1S _the nunber
of summed-up mul ti pl edhesumming pan b cagied-out foraxample Racsardanes Withther  at
the sanpl i18) nem@whgialgofiftth:NsuM i s the nunber of different suns.
Al t oget her NsNc sanples are used in the summ ng, to each of which Ns
out put values of the matched filter are picked. If the length of the fil-
ter is less than the Fength of the code, sonme of its outputs have to be
ignored. 10 The abovewholLewd & al.g®. sloows t hat the sunmm ng requires an

accunul ator for each QEEE£69=§&HH(iA5\1tf)9r natively, the outputs of the filter
nory to_wd

have to be stored in a , wal t for the summng. As a mninmum the
if (indéx < Nsum) then

operation %qui res Nsuff
acculindex] := acculindex] + MF_output (i)
endif
i=1i+ 1

enddo

25

wherein mod (I, n) gives the remainder of i/n.

If the output of the matched filter is a complex signal, the accu and
summing functions also have to be complex. After the execution of the algo-
rithm, accu [n] equals S(n).

30 if we assume, for the sake of simplicity, that the sampling frequency
of the matched filter is equal to the chip frequency of the code, then the multi-
pliers of a low-pass type of filter are of the form: c(i) = PRN(N. - mod(l, N¢)),
wherein PRN(j) is the jth chip of the code. Accordingly, if the fength of the filter
is a muitiple of the length of the code (Ny = Ng-N¢), we notice that its multipli-

35 ersc(k-N.) are equal. In this case the output of the matched filter is:

TR



menory | ocations for storing the provisional results of the sunm ng. The
summ ng cawolsengias ri ed out for exanple in accordance w t hpdgagoeo0bref Ol | oW ng
algorithm i O whilei < NS*Nc do index :=nod (i , Nd 20 if (index <
Nsum then accu[index] := accu [index] + Mroutput (i ) endif i =i + 1
enddo 25 wherein nod (1, n) gives the renmainder of i/n. If the output of
the matched filter is a conplex signal, thé accu and sunming functions

al so have to be conplex. After the execution of the algo- rithm accu [n]
equals S(n). 30 If we assune, for the sake of sinplicity, that the sanpling
frequency of the maighrgd zillt(,er,,)i.§(n§zqual to the chip frequency of the
code, then the multi- plie of a |low pass type of filter are of the form

i) = PRN(Nc I ' L..lS the jth chip of the code.
Accor dingly, | Mot RbiNe, s con MBELE pridelieg' 2 TP 1 TG

Accordi ngly, e iSTa nultiple of the | ength of
the code (NVF = Ns-Nj, we notice that its nmultipli- 35 ers c(kNc) are

equal . In this case th?, gﬁp .c-lglfij%}% mat.ch glfi lter is: WD 01/ 2§116
PCT/ FI 00/ 00879 17 RuH (20 5k c-f}f(ff ]l c(n) MO If NMF = NsNc,
this can al so be expressed™as’N_,-1 Ne-1 5 olt(i)= Ein(i-kNc - j)-c(j)
k-0 j=0 The above f oifhealabope ésrenia prasenisncantisudus edegratiam fromotimetdudputut put
of an th I gngbgrmm RAgTrhatbREd f?l‘l’eg“rov:éhgé %ﬂ@?hrﬁbf‘e?\flsr&ﬁeﬁpﬁﬁ% -cgﬁ*ylsaot Eé“ﬁr@' so be
P e, ol Bl i, ey eI ol RS 67 e e
filter is obtsanples, ani@itput corresponding to an Ng-N¢ long matched filter is obtained:

10

Np=1 (Ng=1
out(i) = Z (Zin(z’-—k-Nc —j)]-c(j)
=0 \ k=D
If Nye < Ng, post-integration can be used to obtain the same benefit,
but the attenuating effect on the noise of the filter is less than could be de-
duced from an Ng-N, long integration time, since part of the incoming informa-

15 tion cannot be utilized.

State machine block

In the primary embodiment of the invention, the above acquisition
system using a matched filter can be controlled by a state machine, which at-
tends to the implementation of the verification algorithm and the sweeping of

20 the carrier frequencies for searching for several frequency offsets. An example
of a functional flow diagram of a state machine and an acquisition system is
shown in Figure 5. Herein, the length of the filter is N,,- samples.

In step 5-2, one sample at a time is loaded from an incoming signal
into a data register. Since the length of the matched filter is N,,- samples, N, -

25 1 samples are loaded into the register. In step 5-3, still another new sample is
loaded into the register, i.e. the last sample of the incoming signal, i.e. sample
Nye. In step 5-4, the data in the shift register is compared with a code replica,
or reference, signal. If the correlation does not exceed a set threshold value, in
step 5-3 the next sample is loaded into the register from the incoming signal.

30 Inthe simplest case, exceeding the threshold value means that the signal cor-
responding to said reference signal is detected and its spreading code is in
phase with the stored reference signal. This information is used to initiate ac-
tual signal tracking and reception. However, if the strength of the received sig-
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gthe allowed number of times the threshold value has to be exceeded before
the signal can be declared found. If the number of comparison results ex-
ceeding the threshold value does not exceed a limit value set, the process re-

turns to step 5-6.

25 The process continues as above until the number of samples ex-
ceeding or below the threshold value exceeds a preset, at least one num-
ber/threshold value. Then, in step 5-20, the signal can be declared found, or,
alternatively, the search is continued from the next data sample in step 5-3.

After verification of all code phases, the frequency of the carrier

30 replica oscillator is changed and the search process is repeated starting from
the loading of N, -1 samples into the shift register (step 5-2). Once the search
process has been repeated at all frequencies to be searched, the frequency is
set at its initial value, and the search is repeated.

If generators tied down to one frequency reference generate the

35 carrier frequency of a receiver and the clock frequency of a spreading code in
a direct sequence system, then the offset of the carrier frequency can also be



10 in step 5-6, the systemfirst waits for NVF sanples, and then repeats
the com p&oiose8116 n step 5-8. |If the value is | ess than teegmadwossmol d

val ue, the value of register FAIL is increnented by one unit in step 5-10,
t he next step being 5-12. Here, the value of the register FAIL is conpared
with a set maxi num val ue, which 15 indicates the allowed nunber of tines
bel ow the threshold value. |f the nunmber 1%f conparison results bel ow the

t hr eshol d val L imityal . tep
5.5 Ot her v A58a i SERURNE e Bdurtd Alfusiibn defe st HESRvIRL itk d38 G0
the val ue of maighed BirerpPtharyisenthesasmplingdeeappnenefl amatchad fitespasiahe t he
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wth a set ] e ' L ndi . the..al |l owed .nunber. of tines the
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found. |f 5t he nunberAstate srgshinespracessasithe outputseleal maicheadditenrfagiegich val ue
does not excepdnfelldrénkedéd:ue set, the process re- turns to step 5-6. 25

The process conti nue i . nunber . of ,sanpl es ex- ceedi ng or
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30 repli & oscill ator” %‘s%imszvn%@%aﬁa%?ﬁ’i&s@éﬂgqﬁ PERIEE o bkl o
starting frorhag@avhighig gigerops MG.FOU.EU"S}EWEI%"& istfoundhe shift register (step
5-2). hogcet L heé sear cp van_ébl@eiﬁglublag ihfem rf aﬁcﬂ?@ﬂ&lﬂs claireuatl éarﬁéfrﬁu@me ac?c%gt iosbe
sear ched, o )

repeated. | fqgeéﬁﬂgﬁgﬁé %ﬁ%%&d‘%’m"ﬂ% ?J(I) %r{lléglc rée@fé%@ﬁ%e@@%&%ce&é%ner ate the
35 carrier frequencyFigiresd seews the statridingeant pbe istate sepehing casttrollinggheadi ng

code : n 12 diseafsh ﬁma@meeca%mgem thbhﬂli‘mﬁd?eembi)@i?’fen@foftthﬁ iPaIntioAr Tﬁéequegcy
can al so e . uirre
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needed: 20 a Seekstate.dpithisistatenthecaitPwirfithe thrgsheld (valieagdetector is checked
: for each sample; and if the threshold value is exceeded, the next state, verify
wait, is entered, the DET counter is set to one and the FAIL counter to zero. If
no exceeding of the threshold value occurred for any code offset (N, sam-
ples), the state machine sets a DONE flag for the current channel. Once all
25 state machine channels are verified for each possible code phase offset, i.e.
when all DONE flags are set, and all carrier frequencies to be searched have
been gone through, the fwait state is re-entered.
In the verify wait state the state machine waits till completely new
data is clocked inside the data shift register to improve the statistical quality of
30 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
(Nue samples) in the verify wait state, the verify state is entered. In this state,
the value of the threshold value detector is checked, and if detection is indi-
35 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



2. a counter for inplenenting a NVF | ong delay at the beginning and during
verificati ewoamfzstiBe found signal; and 10 3. a status varikti/Eodeediocat i ng,
anong ot her things, the current code phase, which is given as the out put
if the signal is found. A variable including information on the current
carrier frequency of the signal to be fog&d is common for the channels in
this inplenmentation. Figure 6 shows the ate diagramof a state machi ne
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reference signal.

25 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.



fwait state is entered. Gtherwi se, the seek state is entered, and the
search i s WwsoHesneed as usual. A state machi ne sweeps bet peproddeerd ow and
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have a nethodqofjgetting the acquisition into its initial state. Wen a
mul ti-channel matched filter is used, the state ma 15 chine sees to it that
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LETEETTTTTED If tidlmiatohet itter Wld6)&nd S * ¢ CLAIMS 1. A device for detecting
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conpri ses: 5 rerfeplicaggneratectlocally hefpre the sempling xircuiy (4-n8) extheesadier.da
between as i nemevathidcatiantadm tHe dampledigrind at | east one reference signal
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sampling frequency generated by said oscillator (4-8) is adjustable such that
the timing of a sample signal going from the sampling circuit to the matched
filter (4-16) corresponds to the timing of samples of the reference signals of
20 the matched filter (4-16).
3. A device as claimed inclaim1or2,characterized in that
the device comprises one or more coherent integrators (4-35) for integrating
correlation samples (4-26, 4-28) generated as outputs by the matched filter (4-
16) over an integration period that is longer than the length in time of the
25 matched filter (4-16). '
4. A device as claimed inclaim 3, characterized in that the
outputs of the matched filter (4-16) are complex correlation samples (4-26, 4-
28), and that the coherent integrator (4-35) comprises an accumulator (4-34)
for summing up two or more correlation samples (4-26, 4-28) corresponding to
30 the same phase difference of the incoming signal, the sum corresponding to a
correlation result calculated with one phase difference and whose integration
time is Nye-L samples, wherein N is the length of the matched filter (4-16) in
number of samples, and L. is the number of correlation samples summed up
by the accumulator (4-34).
35 5. Adevice as claimed inclaim1,2,30r4,characterized in
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that the outB s of the matched filter (4-16) are conplex correlation
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t he nunber of correlation by the accunul gtor, (4-34). 35
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number of correlation samples summed up by the accumulator (4-40).

9. A device as claimed in any one of the preceding claims,char-
acterized in that the device comprises a comparator (4-45), which com-
pares the output values of the matched filter (4-16), the coherent integrator (4-

25 35), the absolute value calculator (4-38) or the non-coherent integrator (4-41)
with a predetermined threshold value, and gives a reference result that indi-
cates if the output value exceeds or not said threshold value,

10. Adevice as claimed inclaim9,characterized inthat the
device comprises a controller for gathering several comparison results corre-

30 sponding to the same phase difference and reference signal, and which, in
response to a preset portion of the gathered reference resuits indicating that
the output value exceeds said threshold value, assumes that a signal is found.

11. A device as claimed in any one of the preceding claims,
characterized in that the device comprises a controller for adjusting

35 said oscillator to generate a sampling frequency for searching for a correlation
at different phase differences of a received signal.



| ute value or an esti of the absolute val ue of a conplex correl ation
sam ple. WOOMSiawi ceUMIﬁ”WMﬂ’mmr‘Mal m5 or 6, charactmrimewbeg® t hat 10
t he device conprises oherent integrators (4-41) for inte-
grating said absol ute val ues of e&tifmtes of the absolute val ues of the
correla- tion sanples over an |ntegrat|o$ perlod that is |onger than the
length in tine of the matched filter - 8. A device as clained in
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cor r espondi ngividedihie peaslte! fondse odnfdre resebedadigndi® | ncom i ng signal, the
sum corresponding to a correlation result cal culated with one phase

di fference and whose integration time is NMFLN sanmples, wherein NVF is 20
the length of the matched filter (4-16) in nunber of sanples, and LN is the
nunmber of correlation sanples summed up by the accunul ator (4-40). 9. A
device as clained in any one of the preceding claimts, c har - acter
z edin that the device conprises a conparator (4-45), which com pares

t he output values of the matched filter (4-16), the coherent integrator (4
25 35), the absolute value calculator (4-38) or the non-coherent integrator
(4-41) with a predeterm ned threshold value, and gives a reference result
that indi- cates if the output value exceeds or not said threshold val ue,
10. A device as clained in claim9, characterized in that the device
conprises a controller for gathering several conparison results corre- 30
sponding to the sanme phase difference and reference signal, and which, in
response to a preset portion of the gathered reference results indicating
that the output value exceeds said threshold value, assunes that a signal
is found. 11. A device as clained in any one of the preceding clains,
characterized in that the device conprises a controller for adjusting 35
said oscillator to generate a sanpling frequency for searching for a
correlation at different phase differences of a received signal. W
0O1R8116 | "1 l~~1 10t et reeer 1 et PCT/FIO0/00879 MS a 23 12.
A device as clainmed in any one..; of the preceding clainms, characterized
in that the device is multi-channel and searches tine- dividedly in
parallel for two or nore received signals.



