A METHOD OF DETERM NI NG AS TO WHETHER A RECEI VED SI GNAL | NCLUDES A
DATA SI GNAL 5The present application clains the benefit of United
States provisional application 60/917,770 (filed on 14 May, 2007),
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of example, embodiments of the invention relate to a method of determining
as to whether a received signal includes a data signal as well as a
15  corresponding determining unit, an electronic device comprising the said
corresponding determining unit and a corresponding computer program

product.

20 BACKGROUND OF THE INVENTION

The uniqueness in the operation of a cognitive radio is that a cognitive radio is
able to sense the spectral environment over a wide frequency band and
exploit this information to provide wireless links that best meet a user's

25 communications requirements. In this context, the cognitive radio does not
have primary access rights to the frequency band used. As such, it is
necessary that the cognitive radio is able to dynamically detect the presence
of the signals transmitted by the primary users, so that it can avoid
transmitting signals in the frequency channels used by the primary users.

30 Inthis regard, the primary user may be considered as devices or services
which have been given the primary access rights to the said frequency
band(s).



transmtted by the primary users is the cyclo-stationary based
detection nethods. In this context, the termcyclo-stationary refers
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sign e met hod provided includes determining a first
val ue based on a cyclic auto-correlation of the received signal and

determ ning a second val ue based on the cyclic auto-
Further, the conventional cyclo-stationary based detection methods rely on an

accurate knowledge of noise power in order to set their respective threshold
values. However, in practice, it may be difficult to obtain accurate knowledge

20  of noise power due to noise uncertainty. There are several sources of noise
uncertainty, namely: (1) non-linearity properties of the components used; (2)
thermal noise in the components used (which may be non-uniform and time-
varying, for example); (3) noise due to transmissions by other users (for
example, unintentional users who may be nearby or intentional users who

25 may be far away). As such, the conventional cyclo-stationary based detection
methods may also be vulnerable to noise uncertainty.

SUMMARY OF THE INVENTION
30
In one embodiment of the invention, a method of determining as to whether a
received signal includes a data signal is provided. The method provided

includes determining a first value based on a cyclic auto-correlation of the
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correlation of the received signal. The nethod provided further

i ncludes determning as to whether a received signal includes a data

signal based on a conparison of the first value and the second val ue.
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15  Figure 1 shows a communication system in which a method of determining as

to whether a received signal includes a data signal according to one

embodiment of the invention may be used.

Figure 2 shows an illustration of how frequency ranges may be used by the
20 communication system shown in Figure 1 according fo one

embodiment of the invention.

Figure 3 shows a flow diagram illustrating how a first method of determining
as to whether a received signal includes a data signal may be

25 performed according to one embodiment of the invention.

Figure 4 shows a flow diagram illustrating how a second method of
determining as to whether a received signal includes a data signal may
be performed according to one embodiment of the invention.

30

Figure & shows a flow diagram illustrating how a third method of determining

as to whether a received signal includes a data signal may be

performed according to one embodiment of the invention.
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5 Figure 7 shows the frequency domai n representation of the data
signal used in the sinmulations carried out according to one

enbodi nent of the invention. 10 Figure 8 shows a first graph
conparing the performance results of one enbodi nent of the invention
agai nst a conventional cyclo-stationary based detecti on nethod.
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15 embodiment of the invention against a conventional cyclo-stationary

based detection method.

DETAILED DESCRIPTION OF THE INVENTION
20

As mentioned earlier, the disadvantages of the cyclo-stationary based
detection method include the requirement of an infinite amount of samples of
the received signal and the reliance on an accurate knowledge of noise power
in order to set its threshold. These disadvantages compromises the reliability

25 of the process of sensing or detecting the presence of signals transmitted by
the primary users carried out using the cyclo-stationary based detection
method.

The above mentioned disadvantages may be overcome, for example, as

30 follows. According to embodiments of the invention, the cyclic auto-correlation
property of the received signal may be incorporated into the cyclo-stationary
based detection method. Using the cyclic auto-correlation property, two test
statistics may be first calculated.



whet her a received signal includes a data signal is provided. The
met hod provided includes determning a first value based on a cyclic
auto-correlation of the received signal and determ ning a second
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second value.

According to one embodiment of the invention, an electronic device is
25 provided. The electronic device provided includes the system described

earlier.

According to one embodiment of the invention, a computer program product is
provided. The computer program product provided, makes, when being

30 executed by a computer, the computer perform a method for determining as
to whether a received signal includes an information signal, which includes
determining a first value based on a cyclic auto-correlation of the received

signal, determining a second value based on the cyclic auto-correlation of the
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15predeterm ned probability of false alarm In yet another
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than the first value nult redeterm ned f ctor in the
oo 1 hat MRk Sidle AN s TRIHBE Sa o TR, SR SIOBPLIEIIAES & he
pr obabi | i §yt=0d; ﬁalb%%ealcﬁfgbo?rtbaheoﬁ%ﬂm@vaeatan&me é%bhecta ther

i ncl udes fllterlng the received signal. anot her enbodi nent
met hod further includes sanpling the recelved S|gnal In yet another
enbodi nen

t he h further includes fi]t r|n sarrpled
Fece ved EMiAmETty gind Hhissipretterdeiiom e ebdamtifthes « ne
cyclicsauto-correl ation val ue corresponding to the cycl i ¢ frequency
of zero. In another enbodinment, the first value is the cyclic

aut o- cor r ¥1 @6 embeginents s dstesminetythad theneeceivsd Iignaldacludes astataer o.

!’ilr.:t gngospggﬂ%ﬁgﬂ{evsa% uegs\%ﬁgéj% 'é@eﬁqﬁé’q%élﬂgg él:ﬂlglrﬁj@'ph‘%d tgc?et erm ned
cyclic frpadetsrntsed Factand hasthereathomment, ﬁth@d&&ﬂ'ﬁﬂﬁled/ﬂtat@hes gi ven
by the sumof the cyclic auto- correlation values corresponding to

the cycl i Eoeieguianaldoesinat jrclyie pdata pigse! fileiseeond walbe ds emalier
f I
r eqQUANCI §3in dr'k va‘f%ﬁt‘ﬁﬁ engﬂggqé%}rﬁrtﬁ%ﬁé B terfied ‘ré&{; va “ea

and/ or the secon mning an average val ue of
cyclic auto-correl ation of the recei ved signal. In another

enbodi nen t he det.erm njng he fi val e, and/ o the second
val ue mc\tntﬁfées @PQW%% %feﬂﬁ iR CEF@'[% EHE"Q%F&P?%Q ona

aut o- cor r gledtdthiféd hbﬁmre%%mg % Ak reé&vé@sgﬁ\el SRR the
determ ning of the first val ue /or the secon al'ue 1nc udes

det er ni ni a@badmwﬁrﬁ‘@pmdetﬁnmechfmdsrd@teroume@basedmn@ensu ty of the
recelv t he det [mng e first
val ue andﬁ'{#g%{@‘@g% ¥.8Ffjaﬁ%ﬁfa %y%ﬁqﬁqtﬁe‘rgerg n{]’\‘?al ue of
the Spectp@decérrrr@é@fam ld@mmym@cﬂ bbbed bﬁQﬁewe@bmsém:ln ofithel N one
enbodi ment, the determ ni ng unit provided further includes a filter

for filt eprqbgbtlthéofrfél@eﬁasc@a Yaleabeing greater Han Bediat value multiglied
determ n| r I
O L bR GO S RoSEEBLAH bdho
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In one embodiment, the method further includes filtering the received signal.
In another embodiment, the method further includes sampling the received
signal. In yet another embodiment, the method further includes filtering the

sampled received signal.

25
In one embodiment, the first value includes the cyclic auto-correlation value
corresponding to the cyclic frequency of zero. In another embodiment, the first
value is the cyclic auto-correlation value corresponding to the cyclic frequency
of zero.

30

in one embodiment, the second value includes the cyclic auto-correlation
values corresponding to a plurality of predetermined cyclic frequencies. In

another embodiment, the second value is given by the sum of the cyclic auto-
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In one enbodi nent, the electronic device is a sensing wreless
device. In another enbodi nent, the electronic device is a sensing

W rel ess m crophone. 25l n one enbodinent, the electronic device is
configured as a co ni cati on device selected froma group of,
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vice versa. 5 Fig. 1 shows a cofmmunication’ system 100 in which the
met hod of regeivedngignalglmgnetbenaetiodimant; theedatetmininghel therdfabiudidee a dat a

i I i nbodi t .of the i t.i b d.. 10
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101, in vwhitehcarrdiatien &f thicl reBeivBS)sigidd, a first comuni cation device
(CD1) 105, a second first conmunication device (CD2) 107 and a third

first conmunication device (CD3) 109 are | ocated. 15 The
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comuni cation system 100. Instead, the TVIransm ssion station (TS)

111 may bspenirad cdaekationgdensjly ofrirg/rareitred sigmale a portion of the
frequ&ncy range of interest to the conmunication system 100 has been
25 assigned for dedicated use by the TV transm ssion station (TS)

111. In t!ﬂi@jééﬁ\%odlrﬁ@w@ﬂieadébﬂﬁﬁngjhﬁiﬁEﬁﬁ/ﬁiboeﬁfrﬂhieﬂndm}ééﬂiﬁérbe the
TV transm ssion (or broadcast) signal. For exanple, the communi cation

syst em 10ltering thepeesivad signal.Jn@yedher embodiment, the determining unit
provided further includes a sampling unit for sampling the received signal. In
yet another embodiment, the determining unit provided further includes a filter

20  forfiltering the sampled received signal.

In one embodiment, the electronic device is a sensing wireless device. In

another embodiment, the electronic device is a sensing wireless microphone.

25 In one embodiment, the electronic device is configured as a communication
device selected from a group of communication devices consisting of a
communication terminal, and a medium player device configured to play at

least one medium.

30 Inone embodiment, the electronic device further includes a receiver to receive

a signal.



30 I EEE 802.22 wirel ess regional area network (WRAN). The proposed
| EEE 802. 22 WRAN operates in the very high frequency (VHF) and the
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As a side remark, it should be noted that the TV transmission station (TS) 111

Q

is not part of the communication system 100. Instead, the TV transmission
station (TS) 111 may be considered as a primary user, since a portion of the
frequency range of interest {o the communication system 100 has been

25 assigned for dedicated use by the TV transmission station (TS) 111. In this
case, the data signal discussed earlier may refer to the TV transmission (or

broadcast) signal.

For example, the communication system 100 may represent the proposed
30 |EEE 802.22 wireless regional area network (WRAN). The proposed IEEE

802.22 WRAN operates in the very high frequency (VHF) and the ultra high

frequency (UHF) frequency band (between 47 MHz and 910 MHz), which



frequency channel (FC 8) 215. In this context, the process of sensing
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(219) (for exanple, by the television transm ssion station
and an ungadpments fﬁﬂ?é) (feeexample), COE108dCDRHE aryd CO3 @), bayseen

boint 1 BeE AR RS AR RGP R BaRee ke Wl ¢ nougn
t hat portﬂ@l@rmfnifﬁl%wsmwbnwﬁtﬁmcgjdn&gdyn@@ﬁm whicRapégdrd or TV
Channel 3(221). is may be because TV Channel 3 (221) is not

br oadcast Operating: e sysh.cerabedimsnts petheamgthadef defempining anfmwhather

oper a4 ng : : I | L.agr
300 1 10 uop FEHiRa® bishaL HRRRE e doterSiorlal e R TRE Préselt it BGAR, .,
a recei vebe sisgddbr thiwcpurpesea data signal nmay be perforned 25according
to one enbodi nent of the invention. Before discussing the first

nmet hod of determ ning as to whether a received signal includes a data

signal, t ' \ | t he
sad 11 ¢ of e R AN AUSRAoNBY R TR S0 S )R IRIBY 1 oo
t he cont i caromsunid¢atienrsysteny d@0sshgmal in Fign1taccerdimgtesne embmdimpot dfeses

may bfsn e.. In tt he first hypothesisHo , the received signal may
contain o NI |nh the second hypot hesi sH, , the received signal
may contain a data signal as well as noise. 5 The received signal

sanpl es under the two hypotheses nmay be respectively given by
In this illustration, it'is assumed that the entire frequency range 200 may be of

interest to the said communication system. The communication system 100
may then assign a selected portion of the frequency range to a logical

20 frequency channel, for example, the first logical frequency channel (FC 1)
201, the second logical frequency channel (FC 2) 203, the third logical
frequency channel (FC 3) 205, the fourth logical frequency channel (FC 4)
207, the fifth logical frequency channel (FC 5) 209, the sixth logical frequency
channel (FC 6) 211, the seventh logical frequency channel (FC 7) 213 and the

25  eighth logical frequency channel (FC 8) 215.

As with any cognitive radio, in order to determine whether there are available
(or unused) frequency channels, the communication system 100 may then
periodically perform the process of sensing (or determining whether there are
30  signal transmissions by primary users) in the respective frequency channels in
the entire frequency range of interest. For example, the communication
system 100 may perform the process of sensing on one logical frequency

channel at a time, from the first frequency channel (FC 1) 201 to the eighth

9



H: y(t)=wt) : y(t) = x(t)+ w(t) , 10where x(t) is a possible data
si gnal component (including fading, nultipath effect and filtering
effects), and wW(t) is the noise (including filtering effects). The
respective cyclic auto- rel ation of the received signal, the
transmi t t BBOUSRFYFhanmg! ﬁ%@iﬁéyl%@'qut%tntf@spmpﬁ% sgmsing may bej s
known (cf naff@mEXas 6@? R it -akda

and Rw( [:r)e a)m: Ogmg%tﬁé%}abz %nﬁ’%fg? ??‘i‘?m?ﬁé’tf 9gtse6§ﬁ?llﬁge (?:t?gf}?ecthé')
aut o- cor r alre¢éived signabinchwesapdatacsigmal pubvided éytthepredantt snvetdionuch,
the respective average values of the cyclic auto-correlation at the
cyclic frequency a may be expressed as CY (a) = flRyer,coldr C x (a)

= 1R (3 ., Atlad8ide note, as shown in Fig. 2, the communication system 100 may
discover, as a result of the process of sensing performed, that only the sixth
logical channel (FC 6) 211 and the seventh logical channel (FC 7) 213 may be
unused*, and may thus be available for the communication system 100 to use

in communication or data transmission.

10
Further, it can also be seen from Fig. 2 that the other logical frequency
channels may be occupied (or used) due to the TV signal transmissions on
TV Channel 1 (217) and TV Channel 2 (219) (for example, by the television
transmission station (TS) 111), and an unknown primary user (223).

15

Additionally, it can be seen that there is no signal transmission on TV Channel
3 (221) at the point in time when the process of sensing was performed, even
though that portion of frequency range had already been allocated for TV
Channel 3 (221). This may be because TV Channel 3 (221) is not broadcast

20  to the said area or the said time is not within the operating hours of TV
Channel 3 (221).

Fig. 3 shows a flow diagram 300 illustrating how a first method of determining
as to whether a received signal includes a data signal may be performed

25 according to one embodiment of the invention.

Before discussing the first method of determining as to whether a received
signal includes a data signal, terms and equations which may be used in the
context of the said first method may be described as follows.

30

Let y(#) represent the continuous time received signal.

10



Accordi ngly, Equations (6) and (7) may be rewitten as follows. 5If
the received signal includes a data signal, there exists sone a 0
such that C(a)=C(a)=0,(11) and if the received signal does not
include a data signal, C(a)-C(a)=0,a=0(12) 10Let O represent the set
of cycli clif higeemexle Svohypakhesesmay ke Mada. hie thaiiiteg hypethegisiF e the
frequency 0). A first value T, and a second value T2 may be defi ned

as 1. = Cpcebyecisignalangy septaimpplvaois. 16 fee peeend bypathesial, dis not
i ncl ude a_data si.gnal, th = 0. a0 As such, T2 = TI(f
Equat oncreCeeERiiha sy SSMaT b e sighaleS meltasiiitel ved o1 gnal toes

not include a data signal, the ratio T2 /T, 20 Simlarly, it can be
seen that if the received signal includes a data signal, then T2 /T,
>1. A suthe re¢rivedsignalrsamplesrungel éheibrael hypotheses mayderespectivaly her
a recei vegivgh%n | includes a data signal. 25 For the case where only
a |limted¥nunber of sanples may be obtained for the received signal,
we may define a predeterm ned Hzggg,g;))g,w(tymi ch may be related to t(h
nunber of sanples but not related to noise power. For exanple, the
predeterm ned factor yi may bepdefimedguch(yhat P(T2 > y17i) = Pq2)
where Po is the desired probabifity of false alarm (or false
detection) when the received signal does not include a data signal,

and Pl(d( ) \INF‘Ie;['eh?c( "8 %aéjolslsllt;[lg dg{a éigﬁalee/oen%or%(en ?%Furgir[l]gqfading, multipath

effect and filtering effects), and w(¢) is the noise (including filtering effects).

The respective cyclic auto-correlation of the received signal, the transmitted

signal and noise may be written as follows

15
. T2 » —j2net
R, (7,a) =jlﬂ1_r>1;10j_m yiE+T/2)y (t—7/2)e dt (3)
Ti2 . .
R (r,a) = lim I—m x(t+7/2x (t—7/2)e ™ dy (4)
. 712 . )
R,(7,@) = lim j_m Wt +7/ 2w (F—1/2)e ™ dt (5)

20  ltis known (cf. for example [1]) that
R,(r,@)=R.(r,a)+ R, (7,a) (6)
and
R (r,a)=0,x#0. (7)

25 In practice, the respective cyclic auto-correlation may be averaged over
multiple time slots. As such, the respective average values of the cyclic auto-

correlation at the cyclic frequency @ may be expressed as

C, (@)= j R, (z, a)|dr (8)

C.(a)=|

R, (z,a)|dr (9)

11



According to a preferred inplenmentati on of one enbodi nent of the
invention, 5 the first nethod of determining as to whether a received
signal includes a data signal, which nmay be based on a tinme domain
averaged cycl o-stationary _detection (TDACD) al gorithm may be

i mpl enented as show@, (i F |@w(z:3a)|t1ﬁ step 301, the received signal(10hy
be sampled and filtered. 10 Next, in step 303, the averaged cyclic
auto-correl ation Cy(a) a eQ may be calculated fromthe sanpled

recei ved signal . | o ng which, in step 305, the first val ueT,
and the sBEeR@INgY. tfélumioﬁﬁﬁﬁb@nqud’ﬂ@mb&tféwrlﬂﬁﬂrﬂstfﬁ@o\wer aged cyclic
auto-correlation Cy (a), a E Q, for exanple, as defined in Equations
(13) and (14) respectively. Fi naIIy, in step 307, the ratio of T2 /

T, mays belftiseedaivatbsignal ineludes badath sidred, thereeexbisasbrse gnab suwt thdes
a data signal. Further, in step 307, if it is 20 determ ned that the
ratio of T2 /T, > ,Ciledr Ctlad&P, be concl uded that the received dilghal
i ncludes a data si gnal otherwi se, it may be concluded that the

recei ved 8ngffdhe ﬁ%@éVed)ﬁlgﬂﬁbquﬁ%n%t inelde & daigisiond, menti oned earlier,

yi may be a pred tor,selected to be the probabili of
fal se alarm (or faI Aet le)of\kg \ﬁ%n t he received signal does n(g%)
i nclude a data si gnal for 25 exanple. Fig. 4 shows a flow di agram
400 illustrating how a second net hod of determ ning as to whether a

recei Med ketghatepresdntdis sat diadyrlis ifigaaknoy dfehesighar Rﬁﬁ (ROt fe t o
one enbodi nent of the invention. 30 When conpare the first

met hod of cyidic éraguennyOas t o whet her a received si gnal i ncl udes a data
signal discussed earlier in relation to Fig. 3, it can be 13

Afirst value T, and a second value T, may be defined as

T, =C,(0) (13)

15 T,=>.C, () (14)

If the received signal does not include a data signal, thenC (a) =0, @ #0. As

such, T, =T, (from Equations {13) and (14)). In other words, if the received
signal does not include a data signal, the ratioT, /T, =1.

20
Similarly, it can be seen that if the received signal includes a data signal,

thenT, /T, >1. As such, the ratio T, /T, may be used to determine as to

whether a received signal includes a data signal.

25  For the case where only a limited number of samples may be obtained for the

received signal, we may define a predetermined factory,, which may be

related to the number of samples but not related to noise power. For example,

the predetermined factor y, may be defined such that P(7, > y,7,) = £, , where

F, is the desired probability of false alarm (or false detection) when the

12



seen that the second nethod of determining as to whether a received
signal includes a data signal, nmay be based on a tinme domain maxi num
cyclostationary detection (TDMCD) algorithm instead of on the tine

dormai n averaged cycl o-statignary detectjion (TDACD) algorithm (used in
the said faGesiedssignalsipes netring eg%iasdﬁjqu@htamPs(éi@m%&qbaalh& of

det erm ni o] her a received signal includes a data signal,
terns and{}%q%\zeﬂtto"hggﬁh?@ﬂgmy be used in the context of the said

second nmet hod nay be described as follows. 10 In this context, |et
t he maxi num cyclic auto-correlation of the received signal at the

cyclic frAgeaing i@ aerefeired énplemantatiorabangpembodimentf ths ineationa

first yal yeT JeT. fl S.J13 = 0) (,1

T4 < iy o Bl oo PRt e KW pahe B/ P B sl TR0 (o8 o
(17) that sighak hhicteseiytrdba8s] gnaltirle denizat avecigedayslodstadosagnal |
then T4 / T3 = 1 . Further, it can also be seen that if the received
si gnal i né¢tegtian ATRALER)algerthm, manbgimplemsnied as ghowindn Fignd. rati o
T4 /| T3 nmay be used to determine as to whether a received signal

i ncludes a data signal. 25 According to a preferred inplenentation of
one enbodimstep 30f, theerdceivexlt sigmal rhane be sampledrehddittensd. det er m ni ng as
to whether a received signal includes a data signal, which nay be
basedbn the tine domain maxi num cycl ostationary detection (TDMCD)

al gori t ey, BRp' 36, B BLEDRY SRMEuidcdirdatiéh Cf’@z), a Q2 may be

calculated from the sampled received signal.

Following which, in step 305, the first value T, and the second value T, may be
15 calculated from the averaged cyclic auto-correlation C(a), aeQ,for

example, as defined in Equations (13) and (14) respectively.

Finally, in step 307, the ratio of T, /T, may be used to determine as to whether
a received signal includes a data signal. Further, in step 307, if it is

20  determined that the ratio of T, /T, > y,, then it may be concluded that the

received signal includes a data signal; otherwise, it may be concluded that the

received signal does not include a data signal. As mentioned earlier, y, may

be a predetermined factor selected to be the probability of false alarm (or
false detection) when the received signal does not include a data signal, for

25 example.

Fig. 4 shows a flow diagram 400 illustrating how a second method of
determining as to whether a received signal includes a data signal may be
performed according to one embodiment of the invention.

30
When compared with the first method of determining as to whether a received

signal includes a data signal discussed earlier in relation to Fig. 3, it can be

13



In step 401, the received signal my be sanpled and filtered. This
step is the sane as step 301 in the first method of determning as to
whet her a received signal includes a data signal discussed earlier in
relation to Fig in step 403, the maxi mum cycl

aut o- cor r 8¢t mﬂﬁ tfr_rs Sef%%r)d methodef dﬁ?rrﬁelrwaaem &‘h@ﬂ"eﬂ'rad'ﬁcﬁt\@ds%@ﬁﬁ'ed

d 8 | T3 and
e seconticiaes:a §ate uhdimeifbase 5} 8 Borleif b drabmitie. 5 AN
aut o- cor retlaabmmy datetion (Td'_)I‘EC[B aldarith) incdegd of onmejemiert!iﬂmhm

E t | 407, th t
o?u'?'4l / n-sre &vaié gt' %@ﬂ@&éﬁvtﬁay(amﬁgiﬂﬁ%m Bjthe ga @rrﬁi 0

includes M. signal. Further, in step 407, if |t is determ ned
that the ratio’of Ti / T3 > 12, then it may be concluded that the
15recei ved signal includes a data signal; otherwise, it my be

concl uded,t hat the rec ved nal, does not 1nclud a si

mont | onedBer? lsElssbe 93880%‘9 Biktnie BF apfRimiide A5 o Sl ardten

the probaﬁgha[twscleﬁeéel SRad dmtéﬂhs%ﬁb%%w%ﬁgwm %&&ﬁj epel Ved

signal does not include a data sig for exanple Fig. 5 shows a
flow di ageemesodf thesait seﬁqnﬁigmﬁmndamamheoﬂea@nh@d a@ffokhmer mning as to
whet a received signal includes a data signal nmay be perforned

according to one enbodi nent of the invention. 25 Wen conpared with

the firstimldodntekt, det #reninakingurdcyclic \duﬁ:t—b@rfrelatlbﬁmltl’v!@deéelﬁétﬁblgnal
i ncludes a data SI%HGJ di scussed_earlier in relation to Fig. 3,
can be sednheryelic feavaneysanbe Netitesrasiet er mi ni ng as to whet her a

received signal inc s a dat gnhal may be based on a freque
domai n averaged sp I‘E’Sfi%efaf‘b’on density (FDASCD) al gorithm r}%)
instead of on the tlrre

15 Next, afirst value T,and a second valueT, may be defined as
T, =D, (0) (16)

T,=>.D,(a) (17)

Likewise, it can be seen from Equations (16) and (17) that if the received

20  signal does not include a data signal, thenT, /T, =1. Further, it can also be
seen that if the received signal includes a data signal, thenT, /T, > 1. As such,
the ratio T, /T, may be used to determine as to whether a received signal

includes a data signal.

25  According to a preferred implementation of one embodiment of the invention,
the second method of determining as to whether a received signal includes a
data signal, which may be based on the time domain maximum cyclo-
stationary detection (TDMCD) algorithm, may be implemented as shown in
Fig. 4.

30

14



30 dommi n averaged cycl o-stationary detection (TDACD) al gorithm (used
in the said first nethod). Bef ore di scussing the third method of
determ ning as to whether a received signal includes a data signal,

ternms and, equatj ons which be use in the context of_the said
LhiTe oo e T el aons May Peviameled enafderad Jats siep 1s the

spectral §théedsaétbgr30q%% %r&?@bo&‘b‘?ﬂb{é}ﬁﬁm% g%*}?fv&r’?é;ﬁgt‘l’&g@él%@"

the transmtted signal an e witten as

(r, a) e-j 2signdlintBidesodBaxyigrial digcus8ed e2dier jmyadtion toFigS3,. (f. a) =R(r

,a)e- j27 ft dr(20) 10 Simlar to Equations (6) and (7), it is known
(cf. for exanple [1]) that Sy( f ,a)= S x(f ,a)+ S"( f , a)(21) S(f

)= 05 anéxDin 6P 43P th%*ﬂr?a»&r%ﬁﬁ dh\é%u@é’%ﬁ%%t%ﬁ'ﬁ‘gé%% e@‘?n%PS&”a'

correl ation density at t cl'ic frequency xpressed as EY

(a) = flsybibahtef ﬁ‘gﬁthgga?ﬁﬁlea rkeAdRd signal.

Following which, in étep 405, the first value T,and the second value T, may be
calculated from the maximum cyclic auto-correlation D, (@), a € Q, for

10 example, as defined in Equations (16) and (17) respectively.

Finally, in step 407, the ratio of T, / T, may be used to determine as to whether

a received signal includes a data signal. Further, in step 407, if it is

~determined that the ratio of T, /T, > y,, then it may be concluded that the

15  received signal includes a data signal; otherwise, it may be concluded that the
received signal does not include a data signal. As mentioned earlier, y, may

be a predetermined factor selected to be the probability of false alarm (or
false detection) when the received signal does not include a data signal, for
example.

20
Fig. 5 shows a flow diagram 500 illustrating how a third method of
determining as to whether a received signal includes a data signal may be

performed according to one embodiment of the invention.

25  When compared with the first method of determining as to whether a received
signal includes a data signal discussed earlier in relation to Fig. 3, it can be
seen that the third method of determining as to whether a received signal
includes a data signal may be based on a frequency domain averaged
spectral correlation density (FDASCD) algorithm, instead of on the time

30 domain averaged cyclo-stationary detection (TDACD) algorithm (used in the
said first method).

15



20E ,v(a)= ,115" . (f,a)df (25) Accordingly, Equations (21) and (22) may
al so be rewitten as foll ows. If the received signal includes a
data signal, there exists some a # 0 such that 25Ey(a)= E, (a)# 0, (26)

and if th ecel ved s 0 cl ude .a data na

E( a) =E( a) 96"9(02‘?53'“&35? thlaé) jethid 9£3%f@rm'rsn%ﬁa %@@3@{@ (RoeiKedTs
may be de&gﬂﬁﬁnéﬁldeg% d‘até@gﬁ'é@ rrﬁg)and(é!%ua‘%f)ﬁg wHikEW héed:['H‘tth
seen from Equations (16) and ( IT the receive si gnal does
not i ncl ud@ﬂtaxmfttheaa@&urd mbﬁflderﬁESFf&e:dkascﬁbed lmsrfollows.can al so be
seen that if the received signal includes a data signal, then T6 / T3
> 1 . As such, the ratio T6 / Ts may be used to determne as to

whet hey aLéﬁﬁelréeﬁeﬁlv@rwectrapémétm Qéﬁﬁt;ﬁcs}lt@jnfun%ﬂoﬁ@ 6PIHE radehBd
preferred inplenmentation of one enbodi nent e i nvention, the

third net$igfabbtheirassmititdgjonal ans neise herwriftereaei ved si gnal i ncI udes
a data signal, which may be_ bpased on the frequency domain averaged
spectr al correl ati of (d’ea$|=t_[y R}Ealtaé]?)}’rfhdzgorl thm may be inplenentséy
as shown in Fig. 5. 15 In st’ep 501, the received signal may be
sanpled and filtere SA e sane as step 301 in the fjifrst
net hod of deterni nl‘g»dfag T _wv(ﬁgf ﬁ”é‘?_tj ﬂf’%cei ved signal includes a(1égta
signal discussed earlier inrelation to Fig. 3. 20 Next, in step 503,

t he spectral correlgt@_ﬂ)a)d,ei'nsmt(y@/)e(»faf)f d@A e Q may be caI cul at ed (Qopm
the sanpl ed received' si gnal’-=

10
Similar to Equations (6) and (7), it is known {cf. for example [1]) that
S, (fra)=8,(f,a)+S,(f,a) (21)
and
S.(f,a)=0,a=0. (22)
15
The respective average values of the spectral correlation density at the cyclic
frequency @ may be expressed as
E (@)= {[s,(f,2)|ds (23)
E (@)= [|s.(f,0)df (24)
20 E (a)= j|sw( fradf (25)
Accordingly, Equations (21) and (22) may also be rewritten as follows.
If the received signal includes a data signal, there exists some « =0 such that
25 E(a)=E (a)=0, (26)

and if the received signal does not include a data signal,
E(a}=E (a)=0,a=0. (27)

Next, a first value T, and a second value T, may be defined as

16



Fol | owi ng which, in step 505, the first valueTs and the second val ue

T6 may be calcul ated fromthe averaged spectral correl ation
densityEy (a), a E, for 25exanple, as defined in Equations (28) and
(29) respectively. Fi nal | , in step 507, the ratio of T6 / T3 may be

used to determ ne a%s F& et her a received signal includes a dat@8)
signal. Further, in st 507, if it is determned that the ratio of
T6 /| T3 >y, t hen itﬂm%ﬁlﬂg(@bncl uded that the 30received signal (29)

i ncl udes a data signal ==0t herwi se, it nmay be concluded that the

recei ved signal does not include a data signal. As nentioned earlier,
y3 may be a predeterm ned factor selected to be the probability of
fal se al aLikeMse, itadavebelsten froanEqubitons (16) aed€i Vethas ifghe rectiesd not
include a data signal, for exanple. 5 Fi % 6 shows a fl ow di agram 600
i |1 ustYat islaaairm@%n%ueme @e@a{a@mald@@é oi hi Y- Barthey, tisenriso he

recei ved signal includes a data signal may be perfornmed accordi ng to
one enbodfeEhthas4f thﬁéefp@im'éigﬁﬁ ingfidggehdalgrpena dthanih/ The 1t ABsych,

nmet hod of  deternini n% o whet her a received signal includes a data
si gnal di theuabiadledds N %sfbeﬁsm%ﬁﬁtﬁmrée ks do whethqr a-taeepedsignalt hat
the fourth gﬁehod of de rmning as to whether a received signal

i ncl udes &HC 3%? tﬁ’a‘? y be based on a frequency domai n nmaxi num
spectral correlation density (FDVBCD) algorithm instead of on the
frequency 15 domai n averaged spectral correlation density (FDASCD)

al gori@ hnri\cegyding o a peefered lmnfémerrtetlmcﬁ one enBeidimenidpfdbe svemngionhe

2 dat o o oS eRidhufial® GRS @ TRASoR Miags™ oo
cont ext ofatahggrsdl] ﬂvhfoﬂtrhtaiﬂ betided dfﬁbheh‘ﬁecﬂmyldbﬁﬁ@blﬁ%véfédew\%edtﬂél

this context, let the maxi num spectral correlation densit

the recei G&#e §t'%§?n§'iy tHRALG D) iplgarithmy By ba i nplemented as gbown |n
Fy(a) = 111?_& 5Y( f(30) 25

15
In step 501, the received signal may be sampled and filtered. This step is the
same as step 301 in the first method of determining as to whether a received

signal includes a data signal discussed earlier in relation to Fig. 3.

20 Next, in step 503, the spectral correlation density £ (), a e @ may be

calculated from the sampled received signal.

Following which, in step 505, the first value T;and the second value T, may be
calculated from the averaged spectral correlation density E (o), a € Q, for

25 example, as defined in Equations (28) and (29) respectively.

Finally, in step 507, the ratio of T, / T, may be used to determine as to whether

a received signal includes a data signal. Further, in step 507, if it is

determined that the ratio of T, / T, > y,, then it may be concluded that the

30 received signal includes a data signal; otherwise, it may be concluded that the

17



Next, a first value and a second value may be defined as T7 = Fy
(0)(31) 1.8 = EFy (a)(32) &En 30Li kewi se, it can be seen from
Equations (31) and (32) that I f the received signal does not include

a data signal, then T8 / =1. Further, it can also be seen that if
the recei Wedgﬂsma.qﬂﬁsmén%%eai%a@wl Aen@wntlgqu eatllier,Ag, N§axh,

Signal | nep daredstEnE T oTes B Pt Piap By gt e glarm (or ' *°
i pl ement gdeofeRbtiGNEVEER B FRiIved sigha ddé\é%t'lr%lu é Beydidis av%hod
{

of determning as to whether a received signal includes a

si gnal , wexahpleay be based on the frequency domai n maxi num spectral
correlation density (FDVSCD) al gorithm may be inplenented as shown
in Fi 6. 10 In step 601, the received signal may be sanpl ed and

filtered, FithiessidvaPa rﬂwmggmoesn@mng%wafém frietséd Bet hod of
determ ni ng as to whether a received signal includes a data signal

di scusseddeigrmining aa to whethesa faseiveg signalinclases aidata signabo@y hee
be cal cul at ed
e BT SRR o SRR Pl BBafn™™ o B0 Fhe

first valueT, and the second vaI ue T8 may be cal cul at ed fromthe
maxi mum spectral correlation densityFy for 20exanple, as

def i Mt i YWNEqERMERE(WiE) t%fa"réz“gﬁhpes%g@@%erwwyg 3s tgavhsther & st ep
607, the fabivedignd indddd®Y d2ta YRFSI HRcOSRS BAMEr RSreldtiohEFI§! 5, it
can be seen that the fourth method of determining as to whether a received
signal includes a data signal may be based on a frequency domain maximum
spectral correlation density (FDMSCD) algorithm, instead of on the frequency
15 domain averaged spectral correlation density (FDASCD) algorithm (used in
the said third method).

Before discussing the fourth method of determining as to whether a received
signal includes a data signal, terms and equations which may be used in the

20  context of the said fourth method may be described as follows.

In this context, let the maximum spectiral correlation density (SCD) of the

received signal at the cyclic frequency « be written as

F,(a) = max($, (/. ) (30)
25
Next, a first value and a second value may be defined as
T, = F,(0) (31)
T, =) F,(a) (32)

ael)

30 Likewise, it can be seen from Equations (31) and (32) that if the received

signal does not include a data signal, thenT, /T, =1. Further, it can also be
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a received signal includes a data signal. Further, in step 607, if it
Is determned that the ratio of T8 /T7 > y4, then it may be concl uded
that the 25received signal includes a data signal; otherwise, it nmay
be concl uded that the received signal does not include a data signal.
As ment i of@eN &atiif e revaivad gignal lchiaesa data sigials tends / Ser dcAESUCE. be
t he probag_Lelit_y of false alarm (or false detection) when the received
si gnal doB¥ &P Tefdi JORY Bediged tQ dgkming ap te ydyather a msefyeg signalhows

t he frequen? donaip representation of the data signal used in the

si mul at i off¥ rd 88188187 Accor di ng to one enbodi ment of the invention.
In the sinulations carried out, the data signal is an anplitude

nodul ated signal wth a carrier frequency of 6MHz and a bandw dth

whi ch spaAsceiding . & prefered gnpiaraentatiors hbone embridimest ofzh@timvention,

simul atiop. r I re.aver d over 10Q, random.Mont e- Car |

ent | vat | TR EBR R AR oR b ovelnP A RS SipeT nelicesia

cont ext, gahsifamdamdimag teasdsed @riHezpéd Whoydonddihireakifiiim Ypédteala
random anpl i t ude nodul at ed signal. Further, the sanpling rate used is
24 MHz anecrueletiondensibyfiPMs (Y )algeartom, mayba implimented @&.shown in
Additiona#hgﬁ It should be noted that the nunber of Monte-Carlo
real i zati onS required may be increased by an order of nagnitude, when
t he preedeterm ned factor is determning for each simnulation scenario,
for exanple. 15 Further, since the respective nethods inplenented in

the time UoHEPHUnENG tpcehec sigualdnry basrmmedApddiltaraca T hissiep is He
si mul ati ogadesid &iapfaen ihfise ARE AR awbgfé@@ﬁﬁﬂg' 3 th Rehdth &% RS ved
Fn nore detail, Elg. shows tah

donmi n are shown. e similation results
for the t#igndl inslubded aodatd etignalidiscngsed eadienretdiatiorato Fig. 3.

15  Next, in step 603, the maximum spectral correlation density F, (@), o ) may

be calculated from the sampled received signal.

Following which, in step 605, the first value T, and the second value T, may be
calculated from the maximum spectral correlation density F, (@), a € Q, for

20 example, as defined in Equations (28) and (29) respectively.

Finally, in step 607, the ratio of T, / T, may be used to determine as to whether

a received signal includes a data signal. Further, in step 607, if it is

determined that the ratio of T; /T, > y,, then it may be concluded that the

25 received signal includes a data signal; otherwise, it may be concluded that the

received signal does not include a data signal. As mentioned earlier, y, may

be a predetermined factor selected to be the probability of false alarm (or
false detection) when the received signal does not include a data signal, for
example.

30
Fig. 7 shows the frequency domain representation of the data signal used in

the simulations carried out according to one embodiment of the invention.
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20r ecei ved signal includes a data signal (discussed in relation to
Fig. 5 and Fig. 9 shows the sinulation results for the fourth nethod
of determining as to whether a received signal includes a data signa
(discussed in relation to Fig. 6). 25Additionally, it should be noted
that the probability of false alarm (Pfa) for the sinulation

scenar i os| g Heehtiak dafridh é':uﬁ, the & t%bsi@'@rgg‘g@.aﬁ’nﬁlitﬂéé ¢ fUteg00

conparing the performance results o n iment o e 1 nvention
agai nst asigoawwith borsitieciyedwsretyalfitdidz wnt askand@ddtewbichi spansdtdid.

The first h,8 ows the perfornmance results neasured by the
pr obabi | i ?%@ﬁzﬁ%g%@g S(%'?PW‘EH" E'—%gs) versus the signal to noise
ratio {SNR) (on the x-axis). In this case, the data signal shown in

Fig. 7 ma}l{ be used in the sinmulations to generate the perfornance
resul ts. Thesinelatien sesultstare ayerrgrcheyar K0 tandombente-Garlosed to

Chi rd et oI F AR e B SERal e B Vel vEBECoBRR: Prbi Caes
a data si gimdlom MoredQanlol realistidhl is Hanhelt &Ry airan@sMesmpiuaehi eve a
probability of detection of 0.8, the performance of the third nethod

of det er niNRdKtpted sigpalyiatriner. thersaenlingdats ased is 2t Miireand 4681080si gnal
shomsldmrgaﬁ]E%g %%Ejsslggqlég%gﬁggénz%oﬁver t hat of the conventi onal

cycl o-statiohary ectron nethod. Fig. 9 shows a second graph
900 conparing the performance results of another enbodi ment of the

i nvention ai ns on tional cyclo-statio based detection
met hod. 1%3&%&2@8%3 %Oﬁﬁ Barna the H%mgsﬁeﬂ%l#%r rigggalizalionshows
t he perfo : i i [Walo n
Lhe DSt (SRAIGE P Bp iforBBaS b anibiubl6r AieBRfG e ihefERGtarfhad
The dat a fctprds detesmining ¢ each7simujatidrescanarios tadt axantphe si nul at i ons

to generate the performance results. In 20 nore detail, the
enbodi-ment of the invention used to obtain the performance results

shown in Fhghscerie tHe 2pspBle inethbEs irApiehiertBd it theOimé fofidlh BhAdn as
to whether a received signal includes a data signal. As shown in the

second gr@eHrEpENcY flograieare sinaitati enly the pirawation resulistfor the methods
implemented in the frequency domain are shown. In more detail, Fig. 8 shows
the simulation resuits for the third method of determining as to whether a
20  received signal includes a data signal {discussed in relation to Fig. 5) and Fig.
9 shows the simulation results for the fourth method of determining as to
whether a received signal includes a data signal (discussed in relation to Fig.
6).

25 Additionally, it should be noted that the probability of false alarm (Pfa) for the

simulation scenarios has been set to 0.1.

Fig. 8 shows a first graph 800 comparing the performance results of one
embodiment of the invention against a conventional cyclo-stationary based

30 detection methed.

The first graph 800 shows the performance results measured by the

probability of detection (on the y-axis) versus the signal to noise ratio (SNR)

20



25 detection of 0.8, the perfornmance of the fourth nethod of
determning as to whether a received signal includes a data signal is
about the sane as that of the conventional cyclo-stationary based

det ecti on, net hod. | er, in order. to achjeve a_praobability of.

det ect i on(@t &‘@.’Q?x‘lﬁg‘ggﬁé@'ﬁﬁaﬁﬁaﬁ@e‘fﬁﬁ Sﬂ%@?ﬁbwmn ﬁg@-hﬁmadfbedé§%ﬁ$ W ni ng
as 1o wheihesinfuiaiRfRi ¥efbneratdahe ipdebHAScE kIR, /] MBRe d8ijiStans nore
than | dB i nprovenent over that of the conventional cyclostationary
based det embodimeritafdte invendioniused|to pptdie dhel psrfotmeane fesultasbewn in

I mprovenept s.. whi ch v he, obt ai ned a I,scussed earlier in relatiaon
Lo Fros. Bear giaborith SR TR Ml pfugRiR b e Atis nEbuid & faeaied
advantagesigRal insludeBeyd4sla digiaineed to estimate noi se power. This

advantage may result in a lower conplexity in terns of
5i mpl enentation as well. Further, as shown in Figs. 8 and 9,

enbodi nen | hv.ent j I for detection of a
data si gng\? s@bv@ﬂ\ﬁ/éi’g%‘ﬁ%{\g@%ﬁg?ﬁ, %oﬁﬁgﬁb@eé&igfeog(péﬁ%% '@‘M&??’Sh%%‘ﬁ{’, 10
Enbodi mendf0.6f tehperfarvearideast theyhibemetiest bhdeRehinkei By i esietiwr a
systens, including detectors, receivers or sensing devices or

cust omer [fGEiMesksighalinpEAes adaty signsbehewsgarg thely R0B;iverevament e. g. |
| EEE g2. : | i

oy caf {rnas Bl CAFvERfcriar c7E-Qaortirk Factl dtteofiiRetade nt i on
may al so be used for sensing (or detecting a data signal) in an

pover - EnblsUISIRAS BReERRT SRR DO RomhReNg e PETTPGTRNGP BRSO 20
Wen conpgs&fiel @nﬁb@%irﬁ@ﬁt"cﬁﬂhb‘ﬁ%nti_ﬁwﬁg%irﬁt%té&ﬂégﬁ?rg@%oﬁﬁ%ﬁﬁﬁér?n

nmet hods, enbodi nents of the invention™provide th

advant agebasethdetegtiong imetbdb@y do not require the know edge of the

noi se, power in order to set the respective threshold values, and (ii)
t hey do not face the problem of 25n0i se uncertainty.

Like the first graph 800, the second graph 900 also shows the performance

results measured by the probability of detection (on the y-axis) versus the
signal to noise ratio (SNR) (on the x-axis). The data signal shown in Fig. 7
may also be used in the simulations to generate the performance results. In
20  more detail, the embodiment of the invention used to obtain the performance
results shown in the second graph 900 is the fourth method of determining as

to whether a received signal includes a data signal.

As shown in the second graph 900, in order to achieve a probability of

25  detection of 0.8, the performance of the fourth method of determining as to
whether a received signal includes a data signal is about the same as that of
the conventional cyclo-stationary based detection method. However, in order
to achieve a probability of detection of 0.2, the performance of the fourth
method of determining as to whether a received signal includes a data signal

30 shows more than 1dB improvement over that of the conventional cyclo-
stationary based detection method.
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The first above di scussed advantage all ows the respective
I mpl enent ations of the enbodi ments of the invention to be further
sinplified. Additionall y ~the second above discussed advantage makes

i al Ly hangi
oot C omeanfaftephlly HeNE ha AR ABES i R RTHS iy P AR a T
vari ous saga@cueeé@@hmmraméﬁcﬁﬁd Pigs, s\mﬁm érhsodﬁﬁ@fﬁ@g%eqﬁvéﬁtﬁm

channel and/or noise power is not available. Wile the invention has
been par t &lsglhaveanstbemnadueitagss sy thettheyi dohneteieadsiocestimate peise i ¢

vartous. chamgbTnaRTRGR PAEISMA e ner BRI Sl dthcur |

depar t3 nginfiplemenkdtiotpas welland scope of the invention as defined by
the 5 appended clains. The scope of the invention is thus indicated
by the appended clains and all changes which cone within the nmeaning

and rangepﬁﬁh(?ﬁ!éls‘é% QICK Iﬂ&s,{ ﬁgnﬁlﬁﬁieﬁb@cﬁﬁeh&%ﬁk érﬁgyﬁr}ﬂﬁgg 3 I%

enbr aced I'S docunent oW ng pu |ca i"oN

W A Gar dsed for'tha petedtiahicfia ddta iy bob vieeyl lowlsigagl iomoise ratio (SNR)
cycl ostationary si gnal s," | EEE Signal Processing Mag., vol. 8, pp.
14-36, ApfMV! ent’c AIMS What is claimed is 51.A nethod of
deterygning as to whether a received signal includes a data signal,
t he net hod conpri sing determning a first value based on a
cycl i ¢ auEohodimentstafdie dfventien meayebe eded iigmadst communication systems,
ond, val ue based on the cyclic auto-correlation of

determ ni ng
the 10rec¥ l}@ &%}Ff& Ors Jxgevers or %‘%ﬂsé'?grpﬁ%ﬁﬁs Q5 CLBOMRLTEMISE 1 ecei ved
signal i nswgﬁﬁm@(@pm @peﬁtamg Prssshitie AP, ISER 2.3\ esbhdait
val ue and the second val
networks, and any wured or wireless communication system, for example.
15  Embodiments of the invention may also be used for sensing (or detecting a
data signal) in an environment where there is no knowledge of the channel

and/or noise power.

Embodiments of the invention have the following effect.
20
When compared to the conventional cyclo-stationary based detection
methods, embodiments of the invention provide the following advantages,
namely: (i) they do not require the knowledge of the noise power in order to
set the respective threshold values, and (ii) they do not face the problem of
25 noise uncertainty.

The first above discussed advantage allows the respective implementations of
the embodiments of the invention to be further simplified. Additionally, the
second above discussed advantage makes embodiments of the invention

30 robust, especially in a changing environment. Further, embodiments of the
invention may be used for various signal detection applications, where the

knowledge of the channel and/or noise power is not available.
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2. The nethod of claim1l1, 15wherein it is determ ned that the
received signal includes a data signal if the second value is |arger
than the flrst val ue mul tiplied mnth a predetermned factor. 3. The

t hod of 2, 2 t det d that th d
Cronal doltiBReivarine Hescher as JadbryShong At Qe Bed it reimaceer
than or eghgledifc éﬁ%ofilnﬁéﬁﬂsW@bH@ulﬂlﬁé uﬂiﬂlér@%oﬁ‘ By¥hbEe stII%Q‘?ﬁ Hdhped

factor. 4. The nethod of claim1, further conprising 25filtering the
recei ved Hiagvatiouschamgesmistfood a0k dgtail may, be ovadiedheadmpritheiihg

sanplin he r. S| net hod of ¢l ai further
conpr | ¢ ng Rt e the bBE ang Sore LBV ERGrbrs oMl Biidog of

cl ai Mm%, appended VERILI The Sbp Gk akvErHtRA Mﬁisomdic@taﬁbwﬁa ned based
on a predeterm ned nunber of sanples of the received signhal. 8. The

net hod of 2epefidadclamyhand @l Qhﬁ699$ wdigheeomaavithimtheomessingstrd rangsd
based on & @éﬁ%&ﬁé%fﬁ% c%ﬂ%agll t'hte}(efBF {n?éﬁo%aaﬂo%%mbraced.

In this document, the following publication is cited:
10

[1] W. A. Gardner, “Exploitation of spectral redundancy in cyclostationary
signals,” IEEE Signal Processing Mag., vol. 8, pp. 14-36, Apr. 1991.
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9. The nethod of claim8, wherein the predeterm ned factor is

determ ned based on the 10determ nation of the probability of the
second val ue being greater than the first value nultiplied with the
predeternhﬂgﬂy actor in the case that the received signal does not

i ncl ude a signal as the probability of false alarm 10. The

met hod of claim11, 15wherein the first value conprises the cyclic
auto-correl ati on value corresponding to the cyclic frequency of zero.

11. The n¥haids ofairediisn 10, wherein the first value is the
cyclic auto-correlation value 20 corresponding to the cyclic
frequency of zero. 12. The nmethod of claiml, wherein the

seconds vak ue cameiheesofidi@emhifilngtas?iet WheBEF 8lrakéioad $Rnde mcludes a
corresponding to a plurality of predeterm ned cyclic frequencies. 13.

The met hodalgrsignali thermethod Comppdsiegn t he second val ue is given by the

sum of the cycll] NoP | At I i o.the cyclic
frequenci es ofh%%éﬂw'ﬁg %ﬁ[r%t}e/v%@é %?%%Zbﬁ%ﬁ?ﬁcﬁé a@@‘@??&e%%&ém es. 14.
The met horboelved sigmall, wherein the determining of the first
val ue and the second val ue conprises determ ning an aver aPe val ue of

a cyclic auto- €8lerBining 8rsespnd yaluehaseaseen thegypvdlic astecorelatieniad thef

claimgl, received signal, and
determining as to whether a received signal includes a data signal

based on a comparison of the first value and the second value.

2. The method of claim 1,
15 wherein it is determined that the received signal includes a data signal
if the second value is larger than the first value multiplied with a

predetermined factor.

3. The method of claim 2,
20 wherein it is determined that the received signal does not include a
data signal if the second value is smaller than or equal to the first value

multiplied with the predetermined factor.

4, The method of claim 1, further comprising
25 filtering the received signal.
5. The method of claim 1, further comprising

sampling the received signal.

30 6. The method of claim 5, further comprising

filtering the sampled received signal.

7. The method of claim 2,

24



wherein the determ ning of the first value and the second val ue
conprises determ ning a nmaxi mum val ue of the cyclic auto-correlation
of the received signal. 1016. The nethod of claim1, wherein the
determning of the first value .and.the secqnd val,ye cqnprises

det erni ning an* 5‘?'56'%9955?%5@5‘?'”38'&&85 frsacfeq@@mf‘@ﬁi’taﬁ@a ehsity of the
received piciiRdérmindd Aulibr e sBRMHIC ofthairBtdived signalWherein the
determ ning of the first value and the second val ue conpri ses

determ ning a maxi nrum val ue of the spectral correlation density of

t he recei éed S%H;gﬁh?tnﬁgioggé@@temfor determ ning as to whether a

recei ved signal signal, conprising a first

det er ng ni ng univhepsanthe preriétéenided eadtbne detéiniinbd bakeg opaged on a
cyclic auto-correlation of the received signal, a second

det er mi ni REgAgigrMines PreRabdlily obfales alafimne a second val ue 25based on
the cyclic auto-correlation of the received signal, and athird
determning unit configured to determ ne as to whether a received

si gnal i n8l udeSha ntthad of gladrh ased on a conparison of the first

val ue and the second val ue, 3019. ?e spl,stem of . claim 18, further
conprising a fVheEnihe pf%de@%rmlﬁaJ #rdor isdstgmings baged opghehe system

of clggm ner, S q%a,ggg i r |y
recei 1\3jed élétgﬁﬁgwéng%qltﬁe {/dsbt%gﬁlnﬁ%]p PE: al md?gl?“ #qu}é‘? Fﬁ@g gcr%gnfpgr?iﬂg%tgﬁé;ﬁﬁ
filter fovaltieinmatipliey whi tlapradedenntdoed $actosinghalcase that the received

signal does not include a data signal as the probability of false alarm.

10. The method of claim 1,
15 wherein the first value comprises the cyclic auto-correlation value

corresponding to the cyclic frequency of zero.

11.  The method of claim 10,
wherein the first value is the cyclic auto-correlation value

20  corresponding to the cyclic frequency of zero.

12.  The method of claim 1,
wherein the second value comprises the cyclic auto-correlation values

corresponding to a plurality of predetermined cyclic frequencies.

25
13.  The method of claim 12,
wherein the second value is given by the sum of the cyclic auto-
correlation values corresponding to the cyclic frequencies of the plurality of
predetermined cyclic frequencies.
30

14. The method of claim 1,

25



5 22. An electronic device conprising the systemof any of the
clainms 18 to 21. 23. The electronic device of claim?22, 10wherein
the electronic device is a sensi ng vm' reI ess device. 24. The

el ectroni c devi ce qf ? he el ectronic deV|fe is a
Sorat o r or CuBerh 1 AsTRsiBe BT e Nt ek PO GRACOBIGEIE oy m 22,
bei ng conggrigds aéténﬁmna%'%ra vgrawd:r% \??:'Il@%hﬁ?céfr@@tl@n%%@ of
comuni cati on devi ces conS|st|ng a commundi cation term nal

medi um pl egoeivatesigoal. conf i gur ed to play at |east one nedium 20 26.
The el ectronic device of claim22, further conprising a receiver to
receive a signal. 27. A conputer program product which, when being

executed by a Zhe ¢eaRYHST cldikes the conputer performa nethod for
determ ning as to whether a received S|S?nal i ncl udes an information

signal , conpri %hatein the detasmdning of the firsf valse ans the 9ego8d valuen cycl ic

oo o B s B R e gt sl AP

signal , argteived sigagt ernmining as to whether a received signal
|ncludes a data signal based on a conparison of the first val ue and
t he second val ue.

10 16. The method of claim 1,
wherein the determining of the first value and the second value
comprises determining an average value of a spectral correlation density of

the received signal.

15 17. The method of claim 1,
wherein the determining of the first value and the second value
comprises determining a maximum value of the spectral correlation density of

the received signal.

20 18. A system for determining as to whether a received signal includes a
data signal, comprising
a first determining unit configured to determine a first value based on a
cyclic auto-correlation of the received signal,
a second determining unit configured to determine a second value
25 based on the cyclic auto-correlation of the received signal, and
a third determining unit configured to determine as to whether a
received signal includes a data signal based on a comparison of the first value

and the second value.

30 19. The system of claim 18, further comprising

a filter for filtering the received signal.

20. The system of claim 18, further comprising
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30

21.

22.

21.

23.

24,

25.

a sampling unit for sampling the received signal.

The system of claim 20, further comprising

a filter for filtering the sampled received signal.

An electronic device comprising the system of any of the claims 18 to

The electronic device of claim 22,

wherein the electronic device is a sensing wireless device.

The electronic device of claim 22,

wherein the electronic device is a sensing wireless microphone.

The electronic device of claim 22,

being configured as a communication device selected from a group of

communication devices consisting of

286.

27.

a communication terminal;

a medium player device configured to play at least one medium.

The electronic device of claim 22, further comprising

a receiver to receive a signal.

A computer program product which, when being executed by a

computer, makes the computer perform a method for determining as to

whether a received signal includes an information signal, comprising

determining a first value based on a cyclic auto-correlation of the

received signal,

determining a second value based on the cyclic auto-correlation of the

received signal, and

determining as to whether a received signal includes a data signal

based on a comparison of the first value and the second value.
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