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A METHOD OF DETERM NI NG AS TO WHETHER A RECEI VED

S| GNAL | NCLUDES AN | NFORVATI ON SI GNAL The present
wappisass on cl ainms the benefit of United StatBSI/SG2007/000382
- provisional application 60/864,644 (filed on 7

Novenber, 2006), the entire contents of which are

ANMETHODR QR DESERMINING AS: TENWHETHER A RECENYED. SIGNAL

relate Lo thdNaRESTAN REBRTATION siciakors " 5, ey
of exanple, enbodinents of the invention relate to a

nmet hod of determ ning as to whether a received signal
i ncludes an information signal as well as a

rr [ t 1 Nj ' . Lect '
TR ArES T ampliraeR o et £ ERuRH o RSatBlisonalg
applidatioBAOEEABMND(filed DHE7 NOVEMDEeENL00®), thel éntire edpterls of
the operation of a cognitive radio is that a cognitive
whighy @yejigceippeated heesis dyineterepee forall RPPFBRNENt Over a -
wi de frequency band and exploit this information to
provide wireless |links that best neet a user's
comuni cations requirenments. In this context, the

cognhitive radio d 0 i access rights to
t he frequency ban%?ékaoé':ﬁ'\{éfﬂ“,km{'es”s necessary that
‘the cognitive radio is able to dynamcally detect the

presence of the signals transmtted by the prinmary
Eobedimests afithe inventian relats tb thedieddriof winelpssi gpmamsinications.

the f h I by th ' :

B vy ceriies Sopdments e hveslion itk 4 BIEGosef ng
dSterMRiiRg b 1@ whBthdt £ARRAR doéi%ﬁélgﬁ@baeé BANAINMNEEEN Rignal as
the primary users. Unlike coherent detection, energy

wel as @& cureshosdingodetgaaining ynit andraregleetionie devices¢qnprising

thtggsﬁ‘ﬁgﬁhgﬁé‘ﬁgd&‘ﬁnﬁﬁwndgﬁLb?‘ﬁtgy detection is robust

adi ng.

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
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.

Energy detection is a commonly used method for sensing or detecting the
presence of signals transmitted by the primary users. Unlike coherent
detection, energy detection does not need any information on the signal to be
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However, energy detection is vulnerable to noise
uncertainty, because this nmethod requires accurate
whnmshemge of noi se power. In this regard, therer/sGE07/000382
many causes of noise uncertainty, for exanple,
non-linearity of conponents, thermal noise in
detagterhda sughueinergy detestionisi robust against weknawry mdtj-path
f%ﬁ'g? noi se due to signal transm ssions from ot her
's. Accordingly, it is virtually inpossible in
practice to obtain accurate knowl edge of noi se power.
SUMVARY OF THE | NVENTION I n one enbodi nent of the )
Howgver.i 51eray detagien ivvulperabieite naiseddnaestajpti: brgauge this

A A B AR\ IR v r

mam&iaésgssif moige trrmdérmm;z fan exafpleyatonslinedrigy of components,
rovi ded may i ncl ude term nin covariance natr.i x
RGPl BOIECR CPPAAGIR IS ROBTNGo R AGOLRGS Y80RPD)aABe
nfBk'due tbrgigrpé! tHr%ﬂ%QBH?ﬁPﬁPHﬁ\@r @Qé?ﬁﬁ 'At%rﬁgtfdi?%lgnﬁ [SViftually

the transtformation 1's configured suc
innpessilile impoacticedo iohtaip acaurate khnewtedgeefdicismpawenat r i x
in case the received signal includes the information
signal, and wherein the non-diagonal matrix includes
non-zero non-di agonal matri x el ements. The net hod
provi ded further includes determining a first function
usi ng at | east CHEMMARXYORJIHE INVENTIOMN agonal matri x
el ements of the transfornmed covariance matri X,
determ ning a second function using at |east one

Imavie erbeldémient ofahe til@nitioananesthied of detemdining astorwhether a
wherein the second functign is different fromthe

rqcefvad signaiineldesAn ileraARPMSInakis Rrovides B method of

dERARAINTY aS e WHeth %ﬂe@f‘si?ﬂ%ﬂﬁﬁ?;ﬁb@%n%hﬂ)'?ﬁllatiBﬁ%%al
on a conparison of a value o he t1rst function a a

proaided maytimcude detedmining ta covariBRC&mMmaEsERInPal rebeied Bidnal

A ThIh AR P SIAALRES i b S B S8 SH A0S matrx,
wherein the transformation is configured such that the transformed covariance
matrix is a non-diagonal matrix in case the received signal includes the
information signal, and wherein the non-diagonal matrix includes non-zero
non-diagonal matrix elements. The method provided further includes
determining a first function using at least one of the non-zero non-diagonal
matrix elements of the transformed covariance matrix, determining a second
function using at least one matrix element of the transformed covariance
matrix, wherein the second function is different from the first function, and
determining as to whether a received signal includes an information signal
based on a compérison of a value of the first function and a value of the

second function.

BRIEF DESCRIPTION OF THE DRAWINGS
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t hroughout the different views. The draw ngs are not
necessarily to scale, enphasis instead generally being
w@bk@smsrospon il lustrating the principles of thBCT/SG2007/000382

invention. In the follow ng description, various
enbodi nents of the invention are described with
I thiecdiramineg s, dike heferemdepotiargctersagenerally irefento te sangunasts

trgaidiot i GHRTSR g, Tog YEABbs Are aol N ferSaricR shate.
eﬁfbh‘a@i‘s%%"ad%n%‘rﬂ%elﬁﬁ ‘E)‘Iﬁdé'drlﬂ)drplll@ﬂ?atﬁ’@% pRHEiplEs of the

the i nvention may be used |gure shows™ an

inventien.rlatthe follswing seserinticem e@nms] gmqueb@ ofdbe im4ention

ate SesBRMNT TarRferis R KIBing BrAwiRthinavBeltos "o

flow diagramillustrating how a first nethod of
deternmining as to whether a received signal includes

Figre Arshoms 2 samemypieatiorasysiemge whishradnethod nf dletermiping as
one Wﬂgﬁgﬁ A e wbﬁ%w\f g{gsluecg%n dlll: hr&?{gﬁ;%fborfgﬁml Gedor@Wg

di agram i stra

det etoome ammlmenwfahbernva\tlbacmaybd wsednal i ncl udes
an information signal may be performed, according to
one enbodi nent of the invention. Figure 5 shows a flow

FiYufd D aRoWs éiﬂllb@frém Bﬁh‘b\ﬁ f&%rﬂ:%hlék 'r%ﬁ%i gnaP |9§ed by the

eternlnlng as a rece udes
an i eoromuicationssygteh simaynbe Figurect aecbrdmg:tormhmg to
the i.nvention. Figure 6 shows a

taglg o&%%’f%‘?fgﬁ?l’féveﬁﬂwﬁabl lity of false alarm

obt ai ned for different methods of sensing with the
digital television broadcast signal as the information

Figusmalishemsa Bow diagrasn #lusirating hewshiinsb method gf datermining
per fgé Wﬂ%tﬂe‘?%“#e‘c%iv%ﬁ gi&Wal includes an information signal may be

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 an information
signal may be performed, according to one embodiment of the

invention.

Figure 5 shows a flow diagram illustrating how a generalized method of
determining as to whether a received signal includes an information
signal may be performed, according to one embodiment of the

invention.

Figure 6 shows a table indicating the probability of false alarm obtained for
different methods of sensing with the digital television broadcast signal

as the information signal.
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enbodi nents of the invention against other nethods of

sensing. Figure 8 shows a second graph conparing the
w@eoBosteence results of two enbodi nents of thePCT/SG2007/000382

i nventi on agai nst other nethods of sensing. Figure 9

shows a third graph conparing the performance results
Figure s hewtsoal first graphoomparing the pedarmmgadce sxsulis of two

" veRPeRimE itk gl moainst e inelhoti of Sensino.

obt ai ni ng an accurate know edge of noi se power
compromi ses the reliability of the process of sensing
Figure| 8tshowsng seerndhgapbreamparning theaperfermanse neseliis gf/two

der corPBBntettR i RERfin 88 iS ol S HERE P epsiog.
i nvention, a nethod of determning as to whether a
received signal includes an information signal is

Figres, Pabigwis< Hirdgraphcosiraring theapertamanceiesults of tweo
aut Oéﬁm%aﬁhéﬂth%gtwéln%ﬁﬁ&ﬁ a ?ﬁgESﬂ@MVﬁgrggggBﬁlsenéiﬂ the

context of the present 1nve heses are
first nmade. In the first hypothesis, the received

signal contains only noise. In the second hypot hesi s,
the received signal contains an information signal as

wel | as n@EPAILED DESORIPTIONOF THEINVERTIOR!

covariance of the received signal, I n case when the
recei ved signal contains only noise (the first
Asypsritioeed Sarlierathebdiffeeuty it ebtadining@andadduraterkndwledge be

N e T
thel fredén@sofibhald trat@infited blehé priRTHly KBRS &4%ikd)out using the

Further, the statistical covariance of noise may be
enrro¥ detentionopethod. Ascerdinghtp oné esrbodimentiefithetineention, a

e B 3SR A0 B4 fmeton
sighalti§ipsovidéd bhséd onahe statistical covariance or the auto-correlation

values of the received signal.

In the context of the present invention, two hypotheses are first made. In the
first hypothesis, the received signal contains only noise. In the second
hypothesis, the received signal contains an information signal as well as

noise.

It is known that the statistical covariance of the received signal, in case when
the received signal contains only noise (the first hypothesis), can be expected
to be different from the statistical covariance of the received signal, in case
when the received signal contains an information signal as well as noise (the

second hypothesis).

Further, the statistical covariance of noise may be determined by the receiving

filter. As such, the structure of the statistical covariance matrix of noise is
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transformati on may be obtained. Next, an approxinmation

to the statistical covariance matrix of the received
wG@e@aak7osny be obtai ned (as a sanpl e covari ancBECT/SG2007/000382

matri x). Follow ng which, the sanple covariance matrix

is transfornmed (using the transformation obtained

keawhite the reteivesr. Based botihe inewlgdge afdhisrsteuoturepat ri x.

sed,.herein,  the.termcovariance matrix may refer
tr@estgﬁrgaggrﬁﬂ?%y %%\95%"3\?4% matrix. Simlarly, the term

transfornmed covariance matrix may refer to the
transformed sanple covariance matrix. Wen there is no
Next, @manpproximatipndo the statisticaleavagdanee gratrix o the rageived

SRRBF s HBCo w55 SrobR el eRBRGE TR RO Gct. the

s@mple'EVaraince nnaﬂngri@trahﬁfohhed asiag\thd teingfurmatisAbtaihed
t he non-di agonal el enments of the transforned

eagigarintene &rapgfarmed gample sayariange matiX.val ues. This
observation may then be used to determne as to
whet her a received signal includes an information
Asiuged|heréiac thedienp dovasianeerhatiixerdy efet focthersaengle on, a

met hod of determ n tovvhther a recei ved sj
P ATATGe A% SrBlalt T e rATSToEn el Sovaacemat ianAs
ré%ér@e[g@rtrg (Iswqaﬁsérﬂpmdaﬁénﬁewﬁsiﬁkved si gnal

I nc es an ormat [ on signal provided nmay include
deternlnlng a covari ance natrix froma recelved si gna

&\Pansform&g‘?tthe cov nce mateé L II?h

B ReeP EHQanation g t'P xe"?/&?éY ﬁ'gf‘ﬂ € non-
dfab@ﬁéféléméfnltéiaf ihe tesHsformEEcovaHahceabtrixollld Mavk derdd
covariance matrix is a non-diagonal matrix in case the

valges. Weweyerg wdien theraiisean infarmaiiosr sianaldn the gensivedssignal,

SYHE e BG4 AEREhS TR o AR A REL hatr

i agonal enent s pr ovi

wburd HiWe mmlzedfealdet ETHis obsgrvatibh msay themchhe asedito dgtednine

| east gne of the non-zerq non-di agonal
as to whether a received signal includes an information signal.

According to an embodiment of the invention, a method of determining as to
whether a received signal includes an information signal is provided. The
method of determining as to whether a received signal includes an information
signal provided may include determining a covariance matrix from a received
signal and transforming the covariance matrix into a transformed covariance
matrix, wherein the transformation is configured such that the transformed
covariance matrix is a non-diagonal matrix in case the received signal
includes the information signal, and wherein the non-diagonal matrix includes
non-zero non-diagonal matrix elements. The method provided further includes
determining a first function using at least one of the non-zero non-diagonal
matrix elements of the transformed covariance matrix, determining a second
function using at least one matrix element of the transformed covariance
matrix, wherein the second function is different from the first function, and

determining as to whether a received signal includes an information signal

5
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matri x elenments of the transforned covariance matri x,
determ ning a second function using at |east one

woraaogiox7083 enent of the transforned covari ance PGEE/B8G2007/000382

wherein the second function is different fromthe
first function, and determ ning as to whether a
basedonadcampardson oca vdlkee afithe fifstrfuadtioonarsd gnallmekttieon
a co ar{son of a value of the first function and a
SEANE'UNE e second function. In one enbodi ment of the
i nvention, the nmethod provided further includes
filtering the received signal. In one enbodi nent of
it oree embadiment ofithe imartiion, theomietheat! pravidest further intlisdes
ﬁiagpling,thﬁ aeceiYed signal. In another embodi nment of
§19 MedREENRI Y9N et hod provi ded further incl udes
filtering the sanpled received signal. In one
enbodi mrent of the invention, the method provided

Irr one aebodinenteithadnvantion; the methashprovisied further includes

SHPRE Y SERNRrbARL  Bho b SRR FE TR T loR e
metieotepiovided fuethe idludutchiterinigrths sagnpled escdivet signa an

auto-correl ation value of the sanpled received signal.
In one enbodi ment of the invention, each matrix

IneJ)r?éTEmboBfrpénteofctﬂé Z?t'i\}émiﬁﬁ, ff%t fnbfhdqep@'@ided f.urthgr includes

auto-correlation value of the sanpled received signha

determining ahjeaghope alitcaoorelktion vahed aftthersavaled receivdn:
sanpl ed received signal. In one enbodi nent of the

SiBAJ%nt i on, the second function is determned using at
| east one of the diagonal matrix el enents of the

transformed covariance matrix. In one enmbodi ment of
Incone embediment, ofithe inventionf each matrix elemedof the covariance

m%@’ﬁ?%fi@gﬁ%ﬁﬁﬁ%q éﬂ%uﬁ;ghﬁ%?a&pﬂ?v%&?g oiI tlﬂg é?a%%lég "Qceived

signal.

In one embodiment of the invention, each matrix element of the covariance
matrix is an auto-correlation value of the sampled received signal or the

conjugate of an auto-correlation value of the sampled received signal.

In one embodiment of the invention, the second function is determined using
at least one of the diagonal matrix elements of the transformed covariance

matrix.

In one embodiment of the invention, the first function includes the absolute
value of the at least one of the non-zero non-diagonal matrix elements of the
transformed covariance matrix and the second function includes the absolute
value of the at least one of the diagonal matrix elements of the transformed

covariance matrix.
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transfornmed covariance matri x and the second function
i ncl udes the absolute value of the at | east one of the
WQIRMWYOFAE3 mat ri x el enents of the transfornmed cBPUBBG20T000382
matri x. I n anot her enbodi nent of the invention, the
first function includes the Frobenius norm of the at
In aacthepemboidirhést ofdhe imventinanthd firgbfumictiomtindluded theent s

PRkt e lene e SRR B S slasousnal
efeiferitd of e #hRsBARED BBLAlanc RERX Sndthd S€cdrnPrRAtRsed

covariance matri x. I n one enbodi nent of the I nvention,
ineluses| the drrobenios nosmunf e ahleast one oh the diagobak metrix t he
val ue of ,the figst function and,the val ue of the
eleBiiia Of tieFrhtorhad SREAUSETRAIR  of t he +nventi on.
the determ ning as to whether a received signal

includes an information signal based on a conparison
Inopne;egdiodiment efifbeinyentionua scaling taetords wseddn dhe corparison

o3P AR Bline st AREuoT BnE68 valyh RS shPind firtinn

second function multiplied by the scaling factor, then
classifying that the received signal includes an

In oneprRCdBReRt efiibe invanionnthedeleimining:as & whethes & fecsived
siéHQﬁhgl‘&Peb%n! if tBIH &?qneagﬁgs&g bA 4 B@mpgléyaf% gf a E/Bf%ﬁq%f the

econ unction rmu he scal
first Asxtiopiang a kaluetdi¢he seeondflinetignafurttiee inchates, irctaskethe

i nf i Si [, | nbodi t, th )
viliie of 155 fish FeiR IS QEsatebiBnInG S alie P LB sCoRd fyungtion,

nﬁnﬁ?ﬂe& Iy theGRaHISE fadten ﬁ%erﬂ@l%siﬂﬁ?ﬁn%'tﬂéf el Peddifed signal
information signal. In another ‘'enbodi nent of the

inclwdestandnformationcsignal; and imcasef ihe alue pfithe firgt function is

58 BHelf or Sagi36 i€ fater e BEHE Ry nil BRI, hithe,soating
falctarsthemati@ssifyiigthat tne reveiVediigesl doesdaitandlude ap
covarjance matrix froma received signal, and a

inforEaioprsignadli t configured to

—+

In one embodiment, the transformed covariance matrix is a diagonal matrix in

case the received signal does not include the information signal.

In another embodiment of the invention, a determining unit for determining as
to whether a received signal includes an information signal is provided. The
determining unit includes a first determining unit configured to determine a
covariance matrix from a received signal, and a transform unit configured to
transform the covariance matrix into a transformed covariance matrix, wherein
the transformation is configured such that the transformed covariance matrix
is a non-diagonal matrix in case the received signal includes the information
signal, wherein the non-diagonal matrix includes non-zero non-diagonal
matrix elements. The determining unit further includes a second determining
unit configured to determine a first function using at least one of the non-zero

non-diagonal matrix elements of the transformed covariance matrix, a third

7
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transformthe covariance matrix into a transforned
covari ance nmatri x, wherein the transformation is

waeoenBiogwsed such that the transforned covari anPEr/8G2007/800382

is a non-diagonal matrix in case the received signal
i ncludes the information signal, wherein the
detemniniag onilconfiguried tordsteniine mosscomddunclioniusiggr@lleast one

trl determ ning unit further |nclud

Rtk ElSRP Y ARG IRE VBTGRP
flfrichéh id differerdfrane thdfigst flrfclivh, 8RE a%uﬁh%iéfé?hﬁﬁﬁb%mt
non- di agonal matrix el enents of the transforned

cenfigured e deteamineas o whiethesa mceivedreignaliinclydes Bgur ed

T Tar B A coMaRpdh ot Al b LR BFFrign and a

vatherofithe 8corgEfupatiofunction is different fromthe
first function, and a fourth determ ning unit

configured to determne as to whether a received

R0 oS 8 PSRl DR R s
flterlfuefnl(ﬁnrtdﬁbesecewddfsgnal.l on. In one enbodi nent of the
i nvention, the determining unit further includes a

filter for filtering the received signal. In one
In%ﬁl@@hf%ﬂimf?ﬁt dfftRe 'u‘i\)é?ﬁbhofhe dét@rrﬁr?ﬁr?g" Uhui‘fdi-ﬂwé#%éludes a
further includes a sanpling unit for sanpling t

sarepbng euit mrgmrnpllrlgwtharrecawed signadli Imamnothegr embodlment of the
P, B el uRbs e gs g Bl et ierieihe Sampled

reeefyeandigeiment of the invention, the second functl on

is determ ned using at | east one of the diagonal
rratrlx el enents of the transforned covari ance matri X.

Shef 8foB8lRE T dhe Riverfiln, HECReRE fubior sidhertifpl 1 &ho
aﬂeasizcmeooﬁthe -diagoytal mhatnir telémeriseofihé srapbfdrined covariance

transfornmed covariance matri x and the second function
maif™- udes the absol ute

In one embodiment of the invention, the first function includes the absolute
value of the at least one of the non-zero non-diagonal matrix elements of the
transformed covariance matrix and the second function includes the absolute
value of the at least one of the diagonal matrix elements of the transformed

covariance matrix.

In one embodiment of the invention, the first function includes the Frobenius
norm of the at least one of the non-zero non-diagonal matrix elements of the
transformed covariance matrix and the second function includes the
Frobenius norm of the at least one of the diagonal matrix elements of the

transformed covariance matrix.
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val ue of the at |east one of the diagonal matrix
el enents of the transforned covariance nmatri x. In one
wepdsdsent of the invention, the first functiPCI/SG2007/000382
i ncl udes the Frobenius normof the at | east one of the
non-zero non-di agonal matrix el enents of the
Int orzen e mivodiindestoafdhe amvantiont thedoantt ddternsietgeirduitrist i on

t he Froheniiug norm of the. at | east e of t
cdtiRgRo 156 A Seelifd rafeE Pfe tomnrishytstnatn 406 alusildhe
fr%ﬂfddcﬁoh%n@ﬁﬁe@)ﬁh@bﬂﬁﬁtse%naW@nétlb\hent' on, the fourth

determning circuit is configured to use a scaling

factor in the conparison between the val ue of the

i hrbBRihehufl tabsiBriy By 8iatd nbfRf i atbeholPatix
case theteagivad!sigridl dogsinot ifthedd the infstaiatied sigrgnal does
not include the information signal. In one enbodi nent

of the |nvent|on an el ectroni ¢ device which includes

3}% Qﬁﬁ)%g ' trlﬂ‘tﬁg' veqfﬁﬁﬁré}?%%c%%rnhd 8é itS \Aﬁﬁ&vfn‘égﬁes the

enno nvent i on ectronlc

deterralrﬁr@aningemcmbédeearhdem previded. anot her enmbodi ment of
the invention, the electronic device provided further
bei ng configured as an el ectronic device selected from

In%or @MBoBimEMEhE! rH\Fen‘ﬁSH' ﬁ\%selé&?&'nétde'i}%e% a‘a‘sensm

conmuni cati on term nal and a nEdIUW] a er evi C
witeletss gleviee. troapother am Uodanenmfdheemmlonl theoelectronic device

nbodi t t h ' h l.egtr.oni ¢, devi
PRV ROJUNPLPERE o (Les B ARKTCTT GpYSF sBlseias fom a
grdupttleledtorit8e GBS dbABIBENP bf 4 RBmMrAURIBAIIGM termikalaNd ar
program product is provided. The conputer program

medisii elayer gevigesonfigeredoe pigy ek least ede myediueenput er
makes the conputer performa nethod for determ ning as
to whet her a received signal includes an informtion

Insorgn@mbolineénti ofthel flaention, the electronic device provided further

includes a receiver to receive a signal.

In one embodiment of the invention, a computer program product is provided.
The computer program product provided, when being executed by a
computer, makes the computer perform a method for determining as to
whether a received signal includes an information signal which includes
determining a covariance matrix from a received signal, transforming the
covariance matrix into a transformed covariance matrix, wherein the
transformation is configured such that the transformed covariance matrix is a
non-diagonal matrix in case the received signal includes the information
signal, wherein the non-diagonal matrix includes non-zero non-diagonal
matrix elements, determining a first function using at least one of the non-zero
non-diagonal matrix elements of the transformed covariance matrix,
determining a second function using at least one matrix element of the
transformed covariance matrix, wherein the second function is different from

the first function, and determining as to whether a received signal includes an

9
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determining a covariance matrix froma received
signal, transformng the covariance matrix into a
wo e@s®fs3red covariance matrix, wherein the  PCT/SG2007/000382
transformation is configured such that the transforned
covariance matrix is a non-diagonal matrix in case the
inferveaticecsighairbasednan ademparisonrdf ar value ofiths fipshfunction and a
erei,n the n di.agonal matrix includes non-zero
V%@ﬁ Ogt'éﬁﬁﬁ%?ncﬁﬁ‘tqm Hel ements, deternining a first
function using at |east one of the non-zero
non- ditgﬂgnal matri x el enments of the transforned

The emhagimentsawhich argetescribed inythe eardexdefithe metbad 9éi ng

d%{? Jgﬁﬁrﬁ] ggri ttﬁé?(%\ﬁclé(feg?# ?lﬁhaflnglgﬁég%ﬁ; c owz'u%tlon signal

pfoviderty griet arialogouidhe valid fdr the Iﬁl@terﬁﬂnmgmmltdﬁte%élﬁbﬁbﬂlg d&vice
to whether a receilved si %1 i ncl udes ani nformati on

angd éﬁﬁaPO’BQEE% nsag@r@@feﬁrqeandwpeae(ﬁa ue of the first
function and a value of the second function. The
enbodi nents which are described in the context of the
Fige tihstibves ad:eh&nnhlniatlm apstem W@ irhwhich theosethed ofi gnal
i ncl udes an i rnatl on S|(gnal provi,ded

deRam e aF Jo WhEtheT S Foahie BN ALHES @A formagion signal
ABLIEAD BRI e FRBRIGA Y BTS8P 00Ut

vice versa hows a communi cati on system
100 in which the nethod of detern1n|ng as to mhether a
ecei ved .si nf or mat i on_.si

ThE EE TS nica B B, i it BB IriSRiBncRRley oy 101, in

wHiERth ba$e sERBHL{BIS) A10308 fﬁytsacﬁmnbﬂf&anaﬁ ldedre (€D1) 105, a
communi cati on systemcell 101 n whi ch a base

segand fisst cammunication devies (GBAH 917 aa@i iadhird digstceonmpnication
deice (08T 189 Brd Idched oMU cat | on dev) ce (CD2) 107 and
a g

rst conmunication device (CD3) 109 are
| ocat ed. The communi cation system 100 operates based

on the caoncept of cognitive radio., As such, the.d
ThE SATHPUEERIPTLSYSIRE oM RRRFALES Pw%%ﬂm%wptmogmtwe

radio. As such, the data transmission of the communication system cell 101
may use only frequency ranges not used by a television (TV) transmission

station (TS) 111, which is located near the communication cell 101.

As a side remark, it should be noted that the TV transmission station (TS) 111
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 to the communication system 100 has been
assigned for dedicated use by the TV transmission station (TS) 111. In this
case, the information signal discussed earlier refers to the TV transmission (or

broadcast) signal.

For example, the communication system 100 may represent the proposed
IEEE 802.22 wireless regional area network (WRAN). The proposed IEEE
802.22 WRAN operates in the very high frequency (VHF) and the ultra high
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may use only frequency ranges not used by a television

(TV) transm ssion station (TS) 111, which is | ocated
woe@s/051063 comruni cation cell 101 . As a side reomEs&2007/000382

shoul d be noted that the TV transm ssion station (TS)

111 is not part of the comuni cation system 100.
frequeereyd(U Hm)efrgquancartzaﬂds(ﬁebmeem 47 Mz @ng)9 101 Hn).ywbieh

AV g ER, bran glodited Trdngdieiof T B iRahrad Pagly 4 Wretess
mwg?ﬁ@hé.ggv,egg, been assigned for dedi cated use by the
ransm ssion station (TS) 111. In this case, the

i nformati on signal discussed earlier refers to the TV

nRRER SR SDalbRPMEG e T Penc¥t SRR o d Rl 74

déitds, URAN dulites Qﬁﬁ:hr@b@é@btaﬁbﬁﬁ(lﬂs; Eﬁtﬂ lcuéfdﬂf&i)preﬁf@
roposed | EEE 802.22 WRAN operates in the ver
{W:)) must be

equlew@ gﬁﬁﬁmyrwmeeqmﬂ%hceﬂqu@m X
2 305 LA RIS RS of FE A hdpMlen B bAfhary

uénrs,adbwes detunmuﬁag the’ dvailatdlity ©f the frequénmsyeratiges dre whidmthey
der to avoid caustl)efg mteré rence to TV broadcast

a@l %P’é”%rﬁﬁ pechp&m dRf\AESeININGRS 10

Ry 8L SRSB4 R AT R P e
pnesent ingentivrenay beausgd fartthis purposdl e det ecti on of the

signals transmtted by primary users, while
determning the availability of the frequency ranges

FiigD 2Y4Hows érhﬂmsﬁr{aﬁorﬁ>l@ﬁh@\tvlfﬂzgqueﬁ'i:y&iagﬁfi@?1 RIS G83Y By e

the nmethod of determ ning as to wh arecelved
cangaicatiansygtem aﬁousth\pwatﬁlgm gicgarding toone embpdimpat of
thBﬂR@&ﬂfon’ nventi on may be used for this purpose. Fig. 2

shows "an”illustration of how frequency ranges may be

used by the comrunication system 100 shown in Fig. 1

according to. one enbodi nent of . i
In this illustration, it is assumed that the entire frequency range 200 is of
interest to the said communication system. The communication system 100
may then assign a selected portion of the frequency range to a logical
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

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
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
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the invention. In this illustration, it is assuned
that the entire frequency range 200 is of interest to
WO b@s®sioss comruni cati on system The contmuni cat POISG2007/000382
system 100 may then assign a sel ected portion of the
frequency range to a | ogical frequency channel, for
ctwmqj Iada a tinhe, fromdhe rﬁogiftmjueﬁcye ghanegl (ERahn201 toRbelgighth

e se i.C fre enc channe
rréRerioy Hiprisy [ ®) g T, SOHERR e PRSSSs oS ssnSthg ey be
péftrnidd LisiagaRs efn'it%&iﬁ%ﬁis 6ﬂﬂ€ﬁﬁéth65%f4i)et@r9r? ini ?@% fol ihdther
| ogi cal frequency channel (FC 5) 209, the six
alre@wed signainehuisiesaminfematioo sagna provided dyshe oresent
|nv§ i’g frequency channel (FC 7) 213 and the eighth
ﬁ | frequency channel (FC 8) 2 15. As with any
cognitive radio, in order to determ ne vvhether there ,

are avail able (or unused) frequency channels,
Ag Griideineta. iasrshoyy nFign 2. Pﬁﬁycqfﬁwnﬂfe’ﬂﬁlpﬁcﬁY§Himﬂoﬁé4’qld¢ ind
ol Ss@%%ﬁﬁ%f%e @Fd&%'sg & QS@suﬂgfp%H@rr%Hgth‘MP@Rﬁh{e J38h Fogical
afe signal tranSmssion Imary users

chiaratet (FC\6) Zreand:theyselentin Eig‘l?cail nhhhﬂele(ﬁo 7213 aruemased,
i nte For exa

e of S t he conmnuni cati.on
o) BE B AR BT 175 O DM S0B.S St JORdP R one
t atinme, fromthe first
é‘ﬁgiq&u‘zér?élfyhc annex&?‘%@ﬁ%mgm to the eighth frequency
channel (FC 8) 215. In this context, the process of

F a0l L die BeRERNIP RS 1002 ?éttH%PﬁéequQ'QPCfté%q%‘?Wal
chdifelsigfe 8ccupiéd (draided) deieds @he mgﬁ@drénsrﬁugﬁoit% B8RV

i nvention. As a side note, as shown in Fig

Chanmelri 4(7) @ndshé Channeb2 (&19)d fariexamenle, by theatelevision

whorhREIRLREERT (Fo) E pRR U RPN el o
| ogi cal channel (FC 7) 213 are unused, and are thus

avai | abl e for the conmmuni cati on system 100 to us
Additionally, ?t can be seen that there is no S|gr¥al transmission on 'FV 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) was not
broadcast to the said area or the said time was 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 an information signal may be

performed, according to one embodiment of the invention.
Before discussing the first method of determining as to whether a received

signal includes an information signal, the terms and equations used by the

said first method are first described as follows.
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conmuni cation or data transm ssion. Further, it can
al so be seen fromFig. 2 that the other | ogical
wo e@guemsy channel s are occupied (or used) dueP€tDSGIIB7/000382
TV signal transm ssions on TV Channel 1 (21 7) and TV
Channel 2 (21 9) (for exanple, by the television
Let a(x3 repraisent atcantionoystinelreteived sighahnl henfreguency band of
_primary user 2223). Additionally, it can be seen that
interestisireprasenierhas atceniralireguencinf and achangwidte?(.221 )
at the point in tinme when the process of sensing was
perfornmed, even though that portion of frequency range

. ) e f ; 2 .
T8 Fe il SYngE S0 B o BRI BT, g8 2
. ar ai [
ASCERAAL it SabPang Heholl £3s BhebIS G- o BetiBlary
efbegirioy i sapbiRytacarte Tekdd A 21 ME, R emple, in
thei epsel ofithe linfdepation sighatl beingdhe digitahtelenision¢DTV) broadcast
performed, according to one enbodi nent of the
S'Bﬂelenti on. Before discussing the first nethod of
determining as to whether a received signal includes
an information signal, the terms and equations used by
Inviewsfitiee abpve, thetmosample ofithe sampled rengivesssignal x(n) is
follows.Let y{t) represent a continuous tine received
giyeq pYr(nFhe(#equency band of interest is represented
as a central f requency and a bandwi dth W The
recei ved signal y(t) \s sanpled at a sanpling rate/ |,
LS
IR gy §ipetheRss bre RIS ATIHG 19 ABUACSE Hoy the

rez@iVRU! dighdl RofitdIRY oRFy fi5€ahaHe 38card Rypbihesisd, , the received

exanpl e, in the case of the I nformation signal

sighal cbrgainslantiafoemationsigrialds vasibasineise. si gnal . I n view
of the above, the nth sanple of the sanpled received

signal JC(M is
The received signal samples under the two hypotheses are respectively given

by
H, : x(n) =n(n) (1)
H, : x(n) = s(n) +n(n) (2)

where s(n) is the sampled information signal transmitted through the wireless

communication channel, and n(n) is the sampled white noise.

As a side note, the sampled information signal s(n) may be considered to

include the signal degradation effects such as fading and multi-path. Further,

the sampled information signal s(n) may also be the superposition of more

~ than one information signal.
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gi ven byx(n) = y(nTs) . In this context, two
hypot heses are nade. In the first hypothesis HO , the

WO e@eioy®e si gnal contains only noise. In the sECD8GE2007/000382
hypot hesis//, , the received signal contains an
information signal as well as noise. The received

Nektizé sammied:reoeivbel sighal is pasbggtiirbaglkea anepass filter. The
respectively given by HO : x(n) =h(n) (1) . x{n)

bgsargel tign

ool et  neplasadrm
channel, and h ) is the sanpled white noise. As a side

Theneforet the suleptartelativrofiei fiter g(rgisigivenrly may be
considered to |nclude the signal degradation effects
such as fa a th urther, the sanpl ed
informatio ’Q QZQF(EXKbﬁﬁgﬁglsdibék?he super posi tion 3)
of nore than one information signal.Next, the sanpled
recei ved signal is passed through a bandpass filter.

FditkeerK alfandiimss( V) istdefined, whereisent ed by f{k), k =

0,1,..., K where?| /(& | ='1. A=O Therefore, the

auto correl kh 21 s given by g(n) =
@’Y F3Y|f>'£pé|r eéif(m ﬁé}‘% i s defined, (4)

vvhereln n(N) = - )|g(")| 2 (4) FoIIovving-the

process of filterlng the filtered sanpl ed received

F%Iic%ﬂﬁb tl&% ?')chés% dfifiteAngthe (fitered Sadmbldreéeived signal X(n) is
givén by .

x(n)= if(k)x(n -k),n=0,1,.. (5)

In a similar manner, based on equations (2) and (5), the filtered sampled

information signal and the filtered sampled noise may be respectively defined

as
5(n)= f f(k)s(n-k), n=0,1,... - (B)
7(n)=>Y f(k)n(n-k), n=0,1,... (7)
k=0

Following which, equations (2) and (3) may be respectively rewritten as
Hy:X(n)=7(n) (8)
H, : %(n) =5 (n) +7i(n) 9)

Next, a smoothing factor L is selected, and the received signal vector x(n)
is defined as

x(n)=[¥(n) ¥(n-1) .. ¥xr-L+D]),n=01,..,N, -1 (10)

Further, a L x (L + K) matrix is defined as follows
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In a simlar manner, based on equations (2) and (5),
the filtered sanpled information signal and the
wo pdoses@EB sanpl ed noi se may be respectivel y dePCTie6200%000382
Ks (n) = f(k)s(n-k), n=0,1,... , (6) t=0o h ) f {.
k) h(n-k), n=0,\,... (7) A=O Fol |l owi ng whi ch, equations
(2) and (3) QO)befmaspect iKY reWitten as HO : x{n)

h 8 H + 9 t hi
fégzog ! ﬁect @ n?"ihd%g) 5 )cf(%jed Si gnal ovelctngr (11)
x(n) is defl ed as x(n) =[x(n) 5c¢c(n -1) ... A(n - L

+)]T, n=0,],9. I Fur (L +K)
matrix is defined as foIIO\]iéz))Let}(g?be ajlt‘g{x) ixX is
defined asG = HH . Follow ng which, the matrix Gis

LIFEOBRATRABSE deia as e e NBofIBbIHGWRIch R thafrid-G s

rx not i ng hé s covaril ance

d%@irﬁbéfsélf as 0= QPCRherd tiid ARdix QXists R EHé(rﬁﬁﬂ%(rl'Pna}nx

Then, the statistical covariance matri x of the
rece| ved signal R may be represented by R= R WG (13)
ere R5 is . the statistical covalancegg{trlx of the

Dpﬂ@tdﬁng{e] Hatigtic) gpvarigncgmatrix of the received signal R
R, = E(x(m)x(m)") (12)

Then, the statistical covariance matrix of the received signal R may be

represented by

R, =R, +0,’G (13)

where R, is the statistical covariance matrix of the information signal and _0,72

is the noise variance.

Therefore, the transformed statistical covariance matrix of the received signal

R and the transformed statistical covariance matrix of the information signal

ﬁ: are respectively given by

R, =Q'R,Q" (14)
R, =Q'R,Q" (15)

Then, equation (13) may be rewritten as

R, =R +0,I (16)

From equation (13), it can be seen that if the received signal does not include

an information signal, then ﬁs =0. As such, the non-diagonal elements of the
transformed statistical covariance matrix of the received signal R, all have

zero values.

15



2 is the noise variance. Therefore, the transforned
statistical covariance matrix of the received signal R
WQRWSH5®S3 r ansf ormed statistical covari ance naRECT/SGW07/000382
the informati on signal Rsare respectively given by R =

QIRQ1 (14) RL = Q1R Q1 (15 Then, equation (13)
may be rewitten as Fromequation (13), it can be seen

S'it”Hh%t&y hﬁﬁﬁ%?ﬁéq?\gﬁ%aglggﬁﬁllgﬁmggs da%S?\for}&tglt IQB ggunda‘j htge transformed
st3R%cH 8904 rﬁgﬁrﬂéér tﬂé ibBFmAfiGNS f’g [ﬁj m@@a hﬁf !ﬁé gl

covari ance natr recerved ave
S Ve es
SRR B hort o 1 ST Ser s
5  tramsformed statistitali covafiahde matfioohthie receivied signaRRyonbald have
not be a diagonal matrix. Accordingly, sonme of the
norerex wjoes| el enents of the transforned statistical
covariance matri x of the received signal R woul d have
non-zero val ues. Next, let the elenents of the
Néxtatt e BRI S8 10f $he ﬁéhsﬁﬁ’ﬁé&'s@él%@icﬂpéd\}a’ﬁaﬁf:e thitrix of the
recei ved si i gnal R be denoted byrnm. The follow ng
reteivetisigrsal R ebé¢ Henoteefbyred Taee followingTfunttiens e then defined
2L2L, (17) n=\ me\

10 as
L L
T, = (17)
Ln=1m=l
1 L
T2=-L—Z . (18)

1&E 2
=;zz - (19

(20)

15
Applying the earlier observation from equation (13), if the received signal does

not include an information signal, thenT, =T,, andT, =T,. Likewise, if the

received signal includes an information signal, thenT, > T,, andT, > T, .

20 As a side remark, it should be noted that the statistical covariance matrix may
be approximated by a sample covariance matrix, based on a limited number
of signal samples. As such, when the statistical covariance matrix is used, if

the received signal does not include an information signal, thenT, =T, and
T, =T,. However, when the (approximated) sample covariance matrix is used

25 instead, if the received signal does not include an information signal, then

T, =T, andT, = T,; it should be noted that the expressionsT, =T, , and

T, = T,no longer apply in this case.
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T=7>J2 (2) Applying the earlier observation from
equation (13), if the received signal does not include
wa@eoosnsosaat i on signal, then Tl= T2 , and T3 =PdHSG2007/000382

Li kewi se, if the received signal includes an
information signal, then T1 > T2 , and T3 > T4 . As a
side remark, it should be noted that the statistical

IR 9TARE E0REr 73 SPOXEAUFIh h the At StpminiDeroRmeings et
dé@%ﬁrﬁﬁ ab% Wheﬁ"@ REciVi SibRA| .ﬁ&nueéé a?n%f?fnh%ﬂéﬁ signal is

matrix Ts used, if the receiVved signal does not

ta sarnplgeantchthient fgtardne oeceiveghsignalt(step 3QH. T2 , and T3 =
T4 . However, when the (approxi mated) sanple
covariance matrix is used instead, if the received

FllEMAA vﬂﬂ@ﬁ |H‘§te;b BQBUQ%nﬂﬁ)th.ﬁ{;%ﬁar 483 §élé!¢1éh Théerhd 1
T2 an it should be noted that the

tr@&%i‘i@@&'@@é)mmed'asmm T3 = T4no longer apply in

this case.In view of the above, as shown in Fig. 3,

the first step in the fifsgg nmethod of determ ning as 2D
to whether a recelt€d- Jpgl includes an information
signal ist® Hter the received

signal (step 30k(N,)Follow ng |which, in step 303, a

snoot hi ng fadt r—]%_r ge( eclhéd - Then, the threshol d g
is conputed as ‘M ol1 wher e 6,|sthe probability of
false alarmand a is a positive nunber, and where a is

10 wbeteected in a way such that the desi red probability of
fal se al arm PO y be obtained. Next, in step 305, the
auto-corrg aleué’sdpf the fil ter ed sanpl ed (22)

rece| ved SI gnaJ/_ )is conputed as follows 0,1, , L -
|5(tﬁ%)pr$B§b|ﬁt¥<§ff§%@félbﬁﬁ 'aﬁﬂ ¢/ a8 agsosiivel Miembét, t:znfﬁﬂﬁwlhere a

anpl ed recei'ved signal A(/) are
is selected in a way such that the desired probability of false alarm P, may be

obtained.

15 _
Next, in step 305, the auto-correlation values of the filtered sampled received
signal A() is computed as follows '

] N

,1(1)_N Zx(m)f‘(m D, 1=0,],.,L-1 (23)

Ky m=0

20 The auto-correlation values of the filtered sampled received signal A(/) are
then used to form the (sample) covariance matrix of the received signal

R(N,) as follows

A(0) A . AL-D
R(V) = ,1(:1) ,1(:0) Z(L:—Z) (24)
ML= AML-2) .. A0)

25
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then used to formthe (sanple) covariance matrix of

the received signal R(NJ as follows | (0) A(l) ... A(L
WO bgosdg1053 * A(O ... A(Z -2) R( = (24) A(Z -1)PeT/8GA07/000382
-2) * ... A(OIt should be noted that the (sanple)

covariance matrix of the received signal R( J is
Itlshloulct benotedithad te (Samplé)scamianoe awlateiz of thee reddmed signal
Ie covariance_matri x nmay he consi dered as
Ra(ﬁfa isdrigEnitign aé‘ﬂeT‘??é’"& A9 @PPH‘&'PGQ: gadier, éheéaﬁ%W? cRvagiance
Follo nste 307, ..t he
iagPLFIAN RS A F S 2 eBPraINation of Biecaaligtigs! povariance
n‘%‘t :i{c_)rrred in order to obtain the transforned
sanpl®e) covariance matrix of the received signal R(NJ
as follows RINJ =Q 1R(NJQ 1 (25) Next, in step 309,
the first function T1(NJ and the second function T2(NJ
Fallewinggyhichi insitgp S8hplinedsaaple)siavarienge matex phtte regeived

Bl RS bitrnstore by PR P, e arsidinied Bemeled

of the recejved signal ~AS a side remark, it can
covarancs mat ddhar QﬁﬂVe(fgé'P"?hBt(Nuh%s @ﬁwét ation of the

first function includes fhe absolute value of the at

| east oneR&N 17O RHYL.I0 | (25)

Next, in step 309, the first function T,(N,)and the second function T,(N,) are

respectively computed as follows

T,(N,) = (26)

n=1 m=1

L

TZ(NS)% (27)

n=1

where r,, (N,) are the elements of the transformed (sample) covariance

matrix of the received signal R(V,).

As a side remark, it can be seen from equation (26) that the computation of
the first function includes the absolute value of the at least one of the non-
zero non-diagonal matrix elements of the transformed (sample) covariance
matrix of the received signal. Similarly, it can be seen from equation (27) that
the computation of the second function includes the absolute value of the at
least one of the diagonal matrix elements of the transformed (sample)

covariance matrix of the received signal.

Following which, in step 311, whether the received signal includes an

information signal is determined as follows: If T,(N,) > y T, (¥, ), then the

received signal includes an information signal; otherwise, the received signal

does not include an information signal.
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non- di agonal matrix elenents of the transforned

(sanpl e) covariance matrix of the received signal.
W®R0UBl050063/, it can be seen from equation (27) PCESG2002000382

conmput ati on of the second function includes the

absol ute value of the at |east one of the diagonal
Figadrshoves 2 flow diagrann 4Q0tillugtrating hew a sespnémetbodof ance

aBlrplring'3s \CRAERET 4 fib=Megifonal By A niBidion fona
magiber pefaraied; iageatding talehe erbodimaent dfthe amgsntiohT1(NJ >

T2(NJ , then the received signal includes an
i nformati on signal; otherw se, the received signal

TP SR R 0dh DS B AP EocEi o it
artiztfermmatiomsigaal may \blecddseribad msdellovesl si gnal i ncl udes

an information signal may be performed, according to
one enbodi nent of the invention. The second net hod of

ASSPORTIRFIG, £ anbArERT 1R SeBRt fiBtRud Betoiihig s o
whéthen airacéivgd signal irelidessan ifeqationt signalds éomdampléradd then

.of det 1 nj n t i ved si | .
s ea FAnaT e AL Bieflebds fie' Samp S Trm 301 dp the
ﬁr%!'hl'nbﬁ"od SEdéteFRINTRas td %'etﬁé'taelfécé%d)si% H—é]oifiﬁclﬁaésp ahS

e same as step 1 inthe first nmetho

infpemationsignpl giscussesh eariar imrelatian toeligsBgnal i ncl udes

an information signal discussed earlier in relation to

Fig. 3. Following which, in step 403, a snoothing
Fdleaing whidts is etetr4@3l.a SMmeothitd fadtdr £sibeetbdted.SThen, the

conputed as foll ows where PO is the probability of
threghold 1 i eampyiry @s fallowsnegat i ve number, and where; . ?

is selected in a way such that the desired probabili ty28

of false plarm PO may be dot A ridd. Next. in step 405, (28)

the auto-‘correl ati D(quﬁes of the filter npl ed

recei ved NS+2+(7———‘——) Q0'(1-P,) /8N, +40+48/N,

N

where F, is the probability of false alarm, and g is a negative number, and
where £ is selected in a way such that the desired probability of false alarm

F, may be obtained.

Next, in step 405, the auto-correlation values of the filtered sampled received
signal A(/)is computed as follows

A(l) = NiNfi(m)?c‘(m -D,1=0,,.,L-1 (29)

s m=0

The auto-correlation values of the filtered sampled received signal A(/) are

then used to form the (sample) covariance matrix of the received signal

- R(W,) as follows
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signal A(Z) is conputed as follows The
auto-correl ation values of the filtered sanpl ed
wOo emeiosyma signal (/) are then used to form t her¢EsGmO2Y00382
covari ance matrix of the received signal R( as
foIIowsA(O) ACl) ... A(Z-1) A" AAO ... AZ-2) K
(30) A(Z -1) A((E) 2) (1) . A(Oi(Lt-13houl d be noted

that t he (sarrpl vari a mat ri f e received
signal R(N{ ({ tian 2?0@) Toepl ?{é—Z& || owi ng (30)
which, in step 07,: the (sanple): covari ahce matri x of

" the received si N t4@ansfor in order to
obtain the tran ?gr med ()5(2 %):) covarnrilg)a e matri x of
the received signal R(NJ as follows R(IN =Q 1R(NJQ 1
(31) Next, in step 409, the first function T3(N ) and

Ittshouirbbe nated ithet thsn(sample heevarianpe dnatvixs(of they reneivad signal

l{&%sfw%?%ﬁ ?éﬁpﬁéﬁhﬁ%%sgfl ;Egeelngnrepisogf t Lger ecei ved

signal R(NJ . As a side remark, it can be seen from
equation (32) that the conputation of the first

Fbliowingowhichcinuses 40 etHer @baiple)scovarianeé nidtex af tHeerseived
one of the non zero non-diagonal matrix el enents of

signal R(ah3 isdransiomethin erdes iy ablaimthe tensfosmed (saeple)
received signal. Simlarly, it can be seen from
cemrianwrmeﬁa)oftthatremeieectsigpat R(Nopasfolioiws second
function includes the Frobenius normof the at |east

one of thR(N )ag@élk(M;B)Qfx el ements of the transfornmed(31)
(sanpl e) covariance matrix of the received signal.

Next, in step 409, the first function T,(N,)and the second function. T,(N,) are

respectively computed as follows

T, (N, )_ (32)

n=1 m=1

rm V) (33)

W)=

n=l1

where r,_ (N,) are the elements of the transformed (sample) covariance

matrix of the received signal R(NV,).

As a side remark, it can be seen from equation (32) that the computation of
the first function includes the Frobenius norm of the at least one of the non-
zero non-diagonal matrix elements of the transformed (sample) covariance
matrix of the received signal. Similarly, it can be seen from equation (33) that
the computation of the second function includes the Frobenius norm of the at
least one of the diagonal matrix elements of the transformed (sample)

covariance matrix of the received signal.

Following which, in step 411, whether the received signal includes an

information signal is determined as follows: If T,(N,) > ¥ T,(N,), then the
20
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Fol  owi ng which, in step 4 11, whether the received
signal includes an information signal is determ ned as
wo adoBOs®S3 | f T3(NJ > T4(NJ , then thereceived sP@nsé2007/000382
i ncludes an information signal; otherw se, the
recei ved signal does not include an information
resieipeal sngﬂlgnclsdsa andnfermation gigngl, athemwise tthatreegjved signal
49808 re ‘zug% nl? f determ ning as to whether a
ST A |gi?ﬂ;1| l?&l‘e%g%ﬂ i nformati on signal may be
performed, according to one enbodi nent of the
i nvention. The generalized nethod of determ ni ng as to

Figh & shawsaa flevediageamillystiating bpwo geaaralized methpd @
ogeARRIng B %56 4 RS WS B eMofsng

may Beoperieriniied, stcoriing tedneé egnbddirment ofdke iavention.

information signal is to sanple and then filter the
recei ved signal (step 501 ) . Follow ng which, in step

Tl?%?;ggﬁlﬁigﬁa.trﬂétﬂg fcﬁﬁ%&!m*mhﬁ a%elb%tﬁﬂelhér?gc%e s re g

is se ecte I'n a“way suc
inpludestzr ihfqmta‘tiohadngrmlahaybemwcmmwbsmlm Next, in
step 505, the auto-correlation values of the filtered
sanpl ed received signal I(l) is conputed as follows |

As-gﬁo%'m ¥i§ s -thb)itstHep in the éeco%d(rﬁéﬁwo%ﬂdetéﬁnlﬁh@oas to

7, the first function 1( and the second function
whre(mr)a receivedssignaliinclidesaminforaation sighabigdo sarapte and then
) (35) 2(N = F2(A(O A(l),

ﬁl{%lr%é,%’{e'g?/éq ?Pn%{%té‘%ﬂgb F1 and F2 are positive

functions with the sel ected snoothing factor! .
Fol | owi ng which, in step 509, whether the received
Fellayviag wm@m UB&temA03. A éﬂ@@ih'@@l fagtgnal isiselerded, anchthendbe

thf’é)ér}o%‘z is 'SEH:Q%\&(]) ira I-%(s'ﬂ%h thatlttjﬂ@o %@}@\E’iﬁggbéﬂ?ﬁtg%fqgl% alam

S an r mat n Signa
mag &R didindagnal

Next, in step 505, the auto-correlation values of the filtered sampled received
signal A(/)is computed as follows

A = Nl st—lf(m)f*(m -D,1=0]1,.,L-1 (34)

s m=0

Next, in step 507, the first function T, (V,)and the second function I',(N,) are
respectively computed as follows
I (N,) =F (1(0), AQ), ..., A(L-1)) (35)
I,(N,) = F,(A4(0),A(1), ..., A(L-1)) (36)

where F, and F, are positive functions with the selected smoothing factorL .

Following which, in step 509, whether the received signal includes an

information signal is determined as follows: IfI;(N,) > yI,(N,), then the
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does not include an information signal. As a side

remark, an analysis of the conputational conplexity in
waisiosgstobe enbodi ments of the nmethod of deter nPei/eG20@%000382

to whether a received signal includes an information

signal discussed earlier is provided here. The process
regeived signalrigcludes apdeformatien gignial; (adhewiss; dbieireceived signal
drelat{onl%P stegs 301 , .401 and 501 ) requires ( . +

PSREL INGIUE AN DITMAHORN MR- + 1) N saddi ti on

operations. In the case where Kis |large, a Fast

Fourier Transform (FFT) operation may be used instead
As @ sideemaria @nciglysisof Hitacoroprigtionak gomplgxitn sy using éhe

oFEFBUA 2L et SRR 8 S e e
inclidles dneidforaratiobHgnalidispuisses ealier isiptovidddciaéreon and

LNsaddi ti on operations. Additionally, the process of
transform ng the covariance matrix requires 2

THR prodtsl f iGN e SRR sighal (BRELBra P Rireictihlo sfeps 301,
40rubhd (501§ a¢quiresy R+ D2addultiplivationanat (F0Rd) N Jadditdor e,

the entire conputation process of the nmethod of
oplerations.ln e aas¢ whene thisrlarge; adeist Eduseghednsforal (FIEE)

of b S Dot RER 5 SRS ot o
+ L2 addition operations. Fig. 6 shows a table 600

indicating the probability of false alarm obtained for
Funthere theneomputation afithe axtd-eerelation vakiegioftheifiltered sampled

reigBiyRd el 100 R iRlints B (D andlia M raEss 2 o
Fi.Q.: 6, [ . d t [

gl e A oo G el oc Tons. the DTV
broadcast signal is considered as the informtion

Additionally, the process of transforming the covariance matrix requires 2I°

multiplication and 21’ addition operations.

Finally, the other computations are expected to take at most I? multiplication

and I addition operations.

Therefore, the entire computation process of the method of determining as to

whether a received signal includes an information signal is expected to be

about (K + L+1)N, + 2L + [’ multiplication and (X + L+1)N, + 2L’ + I’

addition operations.
Fig. 6 shows a table 600 indicating the probability of false alarm obtained for

different methods of sensing with the digital television broadcast signal as the

information signal.
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signal transmtted fromprimry user. As such, DIV
signals are first captured and then fed into the
waeeshstoson nodel . Both the captured DTV si gnabGI/sGzh07/000382
white noise are fed into the raised cosine filter of

the simulation nodel. The raised cosine filter is
Thé simuglation resuitsyshowraindive dablealf Fig\éiareanbitainedbbased bn a
faqitor of Vz). AH( nurrbirl of taps may be used in the
SPERIEER SEBSMASHIAIBP M9PElan exenpl ary enbodi nent, 89
taps is used in the raised cosine filter. Further t he
noi se vari ance of the white noise is chan

Ingtbesimulagions; thedp T breadesst sianal Isccansidase a@ébenr@fdrrsm)n

sigtBzsr et Ry 1385 REBR, Uy SERE il dbtured

afdithidrefed ihfeethersmmubition medélor L is selected to be 16,
and the threshold g is then sel ected based on the

desired probability of false alarm (which, in this

B§®Srr@re K, t E e§ L?ﬁ%ggrs‘%l%ec? ergj ?’lesér]eofteﬁsinf?)attﬁeg'g{sed cosine
frltwufeh@eumnlatrd)m niduel t &8 mrﬁ&mm@ frffgrgrs o@rﬁrérﬂ?rz’hiﬁbf ya
ers t ener g hod wi t B o
it s Migz 509 = FaHiem ety OT/BRADY nstibertaps may be
uéélﬁrnetﬂgrrgbéee%%iﬂé @fér %ngé}hg r%eﬁr%%rrﬁénﬁ@bstst)s is used
uncertainty, ers to the ener gy det ec
|nrt’eehral6ednoolsrnefd®rof noi se uncertainty, "EG 0.5dB"

refers to the energy detection method with 0.5 dB of
noi se uncertainty and "EG OdB" refers to the energy

FGleh&rC thedRoiBB vaRiEn¥é bhtHOwRiRe RBisENS ehbAged YecorGigly in order
refers to the first method of determ ni ng as to

togtiainehe yarieusidgsited SiiRlevels| udes an i nfornation
signal, wherein the absolute value (AV) of theel enents
of the transformed covariance matrix i s cal cul at ed.

Addiﬁbhaltyeftm Auinbet bt samplascLiseet isAD00D0dedeesporidigg &518.60

whet her a received signal includes an
ms sampling period ?

Further, the smoothing factor L is selected to be 16, and the threshold y is

then selected based on the desired probability of false alarm (which, in this
case, has been selected to be 0.1). As a side remark, the threshold y selected

is not related to noise power.

In the table shown in Fig. 6, “EG-2dB” refers to the energy detection method
with 2 dB of noise uncertainty. Similarly, “EG-1.5dB” refers to the energy
detection method with 1.5 dB of noise uncertainty, “EG-1dB” refers to the
energy detection method with 1 dB of noise uncertainty, “EG-0.5dB" refers to
the energy detection method with 0.5 dB of noise uncertainty and “EG-0dB”
refers to the energy detection method with no noise uncertainty.

“CAV” refers to the first method of determining as to whether a received signal

includes an information signal, wherein the absolute value (AV) of the
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i nformati on signal, wherein the Frobenius norm (FN) of

the el enments of the transfornmed covariance matrix is
wa@2dsfmsed. As a side remark, the earlier di SBUBES€L07/000382

references used in Fig. 6 also apply to Figs. 7, 8 and

9 as well. Fromthe probability of false al arm shown
elemdritg of the fransfarmed coeanandeanatrixds catulatedf CFNheefersdo

trg S Beihof plidete (e o haier huefaed sighal Mciids an
infSrmdtdn AgnSANharsin éhd Plotetiushidhn G‘N% 6f @t%egléﬁletn@of the

desired probabl lity of false alarm (o
transforeed comMariargsumadrix isrcalawatedo enbodi ments of the
met hod of determning as to whether a received signal
i ncludes an information signal (0.103 for CAV and

AS aléide fr@rhaﬁFrthe earlier distossedpsferstcestusedlaFighé alstespply to
usi n energy detection with no noi se uncertal nty
a

Figs- Yo8yand 9asill d be noted that as nentioned earlier,

it is virtually inpossible in practice to obtain
accurate know edge of noise power. As such, the case
Frafm ttioe probsability offalse ahty;mi showrr ihu%iEl 8, it tralnfb@i é&ébam that the
achieve in practi Theyefore, the results obtain
r%%‘ﬂﬁgo hsﬁw@ ?%@m Rf 'nefh?&%féquwaynmaﬁgpwseﬁ\era
réc'éﬁ/éﬁeélgﬁél'mélh&é% Sn\ft‘i?ogrfiah&w E@%P@ f(ﬁ% 104 for

ose I't can al so be“see e resu
CFN) waeIMOéMdGSMpmhabnlﬁhef fmehalarmf(oﬂetk)r i m ng
as to whether a received signal includes an
i nformation signal (0.103 for CAV and 0.104 for CFN),

FaftiferS HREFdsOifts For thbatwoléhwd.ﬁmwf Rt AetHoofddtermiining as
dB noi se uncert ai nt¥ 0.487). Fig. 7 shows a first

togwa@mevacre@@rf?@ﬁlgﬁ\g tanﬁérarbmf@mtailqnessgmals(OoW&ﬂm C/?V
aﬁ%%ﬁ%ﬁﬁ?@ﬂf aié“glsg:bg)grgﬁéigglea(ﬁ%é‘ﬁmgh'éﬁr orérgncgwo

sensi ng. I'rs e per
detestidn wvithersnisied ubgettaimty (0.102). It should be noted that as

mentioned earlier, it is virtually impossible in practice to obtain accurate
knowledge of noise power. As such, the case of no noise uncertainty is
virtually impossible to achieve in practice. Therefore, the results obtained
using energy detection with no noise uncertainty is a theoretical figure which

is useful for comparison purposes only.

It can also be seen that the results for the two embodiments of the method of
determining as to whether a received signal includes an information signal
(0.103 for CAV and 0.104 for CFN), are superior to that using energy
detection with 0.5 dB noise uncertainty (0.487).

Fig. 7 shows a first graph 700 comparing the performance results of two
embodiments of the invention against other methods of sensing.

The first graph 700 shows the performance results measured by the

probability of detection (on the y-axis) versus the signal to noise ratio (SNR)
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probability of detection (on the y-axis) versus the
signal to noise ratio (SNR)(on the x-axis). In this
w@2®8/051082 i nformation signal is the captured PCvsame7/000382
Tel evi sion Systens Conmittee (ATSC) DTV signhal WAS-31
1/ 36/ 01 (see for exanple reference [1]).
(oinl thest—amis) \rethyis chse, thepnfobmbtion signaf isdbeaaptuedAdvanee

eSS B At pamaTten A TRC HT Pobdt Blas-nf apbudl e for
e%ﬂ}ﬁbﬂé%fé}eh%ﬁdyed signal includes an information

signal (CAV and CFN) provided by the invention has an
at | east 8 dB SNR performance i nprovenent over the

VGBI P3P e SO
Skl i P SIna ST dmen o o s b i

whether adereived @fgrtah inchidesaninieranatian gaa A and Gy
i
prYicéSt Pt 1 STRAERAPSH St Ract BUETSNROHofbrificd fdHo0ement
overfthe wtheranethiods aif Sanmg@EUlbd. the i nvention, can al so
be made fromFigs. 8 and 9 as well. Fig. 8 shows a
second graph 800 conparing the performance results of

It BHGuI@'Hé’:%t@Hriﬁit tggcéi(')rﬂgla'tufiﬁ?ﬁétg%o@%om isi @é%@%g@f&&%gﬁon

sensin rmance

witkesal rtossmumrtamtyt(ﬁﬁ-aéBbhambeen incladediint EigL 7a@as @on

e% ”fg axis) versus SNR (on the x-axis). In this case,
$f or mati on si gnal is the captured ATSC DTV signal

WAS- 003/ 27/ 01 (see for exanple reference [1]). Fig. 9

shows a third graph 900 conparing the performance

Furthan sigilar obgervatinns prdhe pedormaace ippievestenig arhieved by

ua‘?rﬁé tb% ﬁﬁer% of ﬂﬂ? tﬂ@hod@?dét%hhﬂ'n rggﬁ] a8 tﬂo %%tﬁé}og‘?ecelved

ornance resu nmeasur e
signal mcludes an information signal provided by the invention, can also be

made from Figs. 8 and 9 as well.

Fig. 8 shows a second graph 800 comparing the performance results of two

embodiments of the invention against other methods of sensing.

The second graph 800 shows the performance results measured by the
probability of detection (on the y-axis) versus SNR (on the x-axis). In this
case, the information signal is the captured ATSC DTV signal WAS-003/27/01

(see for example reference [1]).

Fig. 9 shows a third graph 900 comparing the performance results of two

embodiments of the invention against other methods of sensing.

The third graph 900 shows the performance results measured by the
probability of detection (on the y-axis) versus SNR (on the x-axis). In this

25



10

15

20

25

30

w0 soosls7osmpt ur ed ATSC DTV si gnal

probability of detection (on the y-axis) versus SNR
(on the x-axis). In thiscase, the information signal
WAS- 049/ 34/ 0 1P F862000000382
exanpl e reference [1]). Enbodinents of the invention
have the followi ng effect. As shown by the enbodi nents
case, tthe infareatiornsigdabisithe edptued iAISC O7e/ sighabW Af$-049/34/01

determining as to her a received signal includes
(sg¢ ffe’ﬁ%?’ﬁ’a?‘? @ﬁerﬁnﬁ\églﬁ)provi ded shows superi or

performance conpared to other existing sensing

nmet hods, in terns of the ability to reliably detect
Embedinestsfdheinvemtiopihaveltbe folinwieg gifect, t hose
transmtted by the primary users) in a received
signal . As such, enbodi ments of the nethod of

Adghewn by the Srabb@imédits bethedinvesidry 8dscrit@ticéarier itivsl Atethod
an information signal provided are suitabl e candidates

of deteuinIngas jo ektreraseivedrrionaliingliges gnirformastion signal
p{FAGE sidils Bl Herimiante Sofifired 0 Bind tailinG selitzf

miethadyj in tezths ofithé ability tgrelinblyadetect the presemoe of the signals
on has been particul ar|

(RSB Ble TaSSc AR A B themEay der iR suierpived Signal. As
s@éfp%mﬁ]%n}]é' &f hBGHE RS HetshBhRgh b Wﬁ@t‘hgr %K’bi:éi@ d

in'the art that various changes in formand detail may
sigpahindideh @ndnformiatibo sigrid provided) afe suitatile capdidatesafiod use
. scope_of the ipvention as. defined t he appended:.
incvatarS whrein s byt i EehliaRtpeHRE SrERe At SnG ignpls (for
eXymplee tHydeatalsmietbadibyRha intdry UsRFdAS r%le%dcéi’g?ﬁél is

w thin the neaning and range of equival ency of the
regluiteAs Sugheas regaitive eadiasynists.for exarapler aced. In this

docunent, the followi ng publication is cited: [1]

Shel | hanmer, Steve et al., "Spectrum sensing
Wileithatinvantiondals'been particularly shown and described with reference

http.//grouper.ieee.org/gro / 802/ 22/ Meet i ng docunent
toss;pg%(ij[g: %upggigner{ts, it sho&ﬂd %e LlJJrP erstood by thoselskﬁléd in ltJhe art

trat Ognags}zéﬁ%é&ﬂ%én%ﬁhrdaﬁiﬁﬁw B3l thatdin Witdede! - do
departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range

of equivalency of the claims are therefore intended to be embraced.
In this document, the following publication is cited:

[1] Shellhammer, Steve et al., “Spectrum sensing simulation model”,
http://grouper.ieee.org/groups/802/22/Meeting_documents/2006_July/2
2-06-0028-07-0000-Spectrum-Sensing-Simulation-Model.doc, July
2006.
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2006. CLAIM5 What is clainmed is: 1. A nethod of
determning as to whether a received signal includes

W@ poostfm®Fdrat i on signal, the nmethod conpri si ng: PCT/SG2007/000382
determining a covariance matrix froma received
signal; transform ng the covariance matrix into a

ormed covariance matri x, wherein the

transformation i s configured such that the transforned
covariance matrix is a non-diagonal matrix in case the

Wiestds ¢efimeddastal i ncl udes the information signal,
wherei n the non-di agonal matrix conprises non-zero

non-di agonal matrix elenents; determning a first

4f unciy ﬁ’lgtﬁqﬂ %éénﬁiﬁ naesg{bgwgéth'téﬁg r@ggwéﬁ s?qr&aé includes an

nondi agon rx e trans
wrfonrmtlmnsugnalathe m;eﬂttniemmbnslng a second function using
one matrix el ene t he transforned

t.
cova P IRG@rGovanapes gatrix 8"‘5@6%%!@ 8 n is
di ff %ﬁ%n’hfrﬁ‘ﬂh@%v&héﬁ&e E’}r‘rﬁ]ﬁi lrﬁ?‘ a dt?é}%fgﬁﬁ% EbVARHhcRS

to whether areceived sig I ncl udes an i1 nformation
mtgnwheresethedrar@fmrqtm is mnﬁgumdvsa.lqmdhef theHtearisfosned
function ﬁ’ val u$ C ec.on Rcti on. ﬁ? Thﬁ
Cirgiredne \Xa{Fﬁ‘m’!P" @SPHQ ma WP.“@?\SES e fPFEETT RP Phe
incRfRISAE |ﬁfo&ﬁ§hon §|gn’éthHE?ém¢\leonth§th51 mfatr‘fxtd‘tﬁﬁprlses
conpri sing: sanpling the received signal. 4.

neptZesel nen- ctta@mal gatrix elemeentsonpr i si ng: fi | terl ng t he
Saﬁ'phgfénrnﬁﬁﬁé \éefﬁstsfuﬂ%n using at least one of the non-zero non-

diagonal matrix elements of the transformed covariance matrix;

determining a second function using at least one matrix element of the
transformed covariance matrix, wherein the second function is different from
the first function; and

determining as to whether a received signal includes an information
signal based on a comparison of a value of the first function and a value of the

second function.

2. The method of claim 1, further comprisihg:

filtering the received signal.

3. The method of claim 1, further comprising:

sampling the received signal.

4. The method of claim 3, further comprising:

filtering the sampled received signal.

5. . The method of claim 4, further comprising:
determining at least one auto-correlation value of the sampled received

signal.
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5. The method of claim4, further conprising:

determ ning at | east one auto-correl ation value of the
W@ 20081081953 ecei ved signal . 6. The net hod of cl ai PEBSG2007/000382

wherein each matrix el ement of the covariance matri x

is generated using an auto-correlation value of the

sanpl ed received signal. 7. The nethod of claimb5,

wher i n h tei. | ement of the covariance matri x
6i_s aﬁhgdﬁ%%ggﬁg%ﬁ n val ue of the sanpled received
si gn@ahefsintdaehaaairingiémenf oftRedohvariaate Maakix Rgerfdrdfed
of the sanpled received signal. 8 The nethod of claim

using\@ieaudprearralatien valde of tha sampled reseivedisignrlusi ng at
| east one of the diagonal matrix elenments of the
transfornmed covariance matri x. 9. The nmethod of claim

76, wihheenhethbdoficlaimts,f uncti on conprises the absolute
val ue of the at |east one of the nagn-zero non-di agonal

mat r WReEgig @aghdnalf ixtﬁ'ﬂ"?’r"a‘?@h_@ﬁ%@”@%%maé%l@ TN
c@r?gltaﬁgﬁ éﬁ%%ﬁh& %%Hdk?&‘ {i%ﬂgél’dasg’igﬁalt&ﬁlhé%%}eq;ﬁe bfhHGuto-

e at |l east one o nal matri X enents o
cornelationvafuer ofdtle savgiéd receiveat sigral. 10. The net hod of
claim®6, wherein the first function conprises the
Frobeni us norm of the at | east one of the non-zero

ghon- ¢thagsetRbd 'Brkidim £! enents of the transforned
covariance matri x and the second function conprises

t he Whetfén thes seeand tnction iSadetegameddmin@fat teast cna@gﬁﬂm
AR RAK St EBentd of e RS d Sl RRAL AOGS, MRL T X.

9. The method of claim 6,

wherein the first function comprises the absolute value of the at least
one of the non-zero non-diagonal matrix elements of the transformed
covariance matrix and the second function comprises the absolute value of
the at least one of the diagonal matrix elements of the transformed covariance

matrix.

10.  The method of claim 6,

wherein the first function comprises the Frobenius norm of the at least
one of the non-zero non-diagonal matrix elements of the transformed
covariance matrix and the second function comprises the Frobenius norm of
the at least one of the diagonal matrix elements of the transformed covariance

matrix.

11.  The method of claim 1,
wherein a scaling factor is used in the comparison between the value

of the first function and the value of the second function.

12. The method of claim 1,
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11. The method of claim1l, wherein a scaling factor is

used in the conparison between the value of the first
wo s and t he val ue of the second functi onPCTRG2001e00382

nmet hod of claim 1, wherein the determning as to

whet her a received signal includes an information

si gnwhergip dle dptesmining asi teovhethera yegeived signgbinciydgs an

, ' . | f . '
iR BAA st ot Boplgifisd ot BF st HirghGh amd o
vglueaifehe sbaond functieh Ukirtbler compsieesond f uncti on

multiplied by the scaling factor, then classifyin

. g
that the Meeasatbg alygaf thefirst upstion is gresiterdhapthe value of
. : g | _ ) o i
5 UL 8580 ARG TCARRY e 31ty sty O e
reugivadosigeal ibgludes andaformagtibasignal; ariden cl assi fyi ng
that the received signal.does not.include an
i or mmt | BeaiEAIgESt tedauGHon s S8 or GRualdp e
vAlle df &ﬁ@§ééﬁﬁ@ﬂ1n{éﬁ&ﬁhﬁ@lﬂﬁlﬁad"@& fHe‘sdaling fAEBEARBh cBsifyihg
In case the received signal does not incl ude t he
thatthe recsived siggaladoesinot incldde @nrnfermationisigriabr
determining as to whether a received signal includes
an information signal, conprising: a first determ ning

18Ni t TR MeétBod ®f cl#imdet ermi ne a covariance matrix from
a received si ?nal ; atransformunit configured to
T

t r anwherain the rapsiermed covatanesmatipisa diagespbmabix in case
P AR o TR e el A e e RIRA N ance e ri x

is a non-diagonal matrix in case the received signal
i ncl ydes the, infaor nal , wherein the

tion si, . .
15 1ﬁon-_ i GRISTANINGNE gﬁ@@?&fm'g' g %-W@tgeﬁaﬁeﬁ?'&%ﬁ!ﬂnal
intRIdes"arEinfsFRTA®N signal, comprising:

a first determining unit configured to determine a covariance matrix

10

from a received signal;
a transform unit configured to transform the covariance matrix into a
20 transformed covariance matrix, wherein the transformation is configured such
that the transformed covariance matrix is a non-diagonal matrix in case the
received signal includes the information signal, wherein the non-diagonal
matrix comprises non-zero non-diagonal matrix elements;

a second determining unit configured to determine a first function using

25 at least one of the non-zero non-diagonal matrix elements of the transformed
covariance matrix;

a third determining unit configured to determine a second function
using at least one matrix element of the transformed covariance matrix,
wherein the second function is different from the first function; and

30 a fourth determining unit configured to determine as to whether a
received signal includes an information signal based on a comparison of a

value of the first function and a value of the second function.
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a second determning unit configured to determ ne a
first function using at |east one of the non-zero
wmonsdsmgonal matrix el ements of the transfor nBdr/SG2007/000382
covariance matrix; a third determ ning unit configured
to determ ne a second function using at |east one
16rat r iMhealetemminingf unitef claiamd4 ofurther comprisingce mat ri x,

wherein, the cond functiop is different fromthe
e 8'hel 15 BEARE nd 1SR waBial o mni g Ut
configured to determ ne as to whether a received

signal includes an information signal based on a
18onmpdhegiateminmownitef claim Ad, further comweisings and a

o chnmAllS GFRgambIfb A reived figfLr 7 "0

filtering the received signal. 16. The determ ning
unit_of claim14, further confpri sing: a sanpling unit
Tor Ibgslaterining yniteficlaim 16 givsther ¢omprigidgiet er mi ni ng
uni t i ; IS dQna@ filter for
{11 ¢ aieE et heghElod RERNGH Hoha™ ' The
determining unit of claim 14, wherein the second

unctjon, is determ.ned using at |east one of the
1%1’ agghﬁldeﬁ'm'l‘wgél'@r@rﬁl‘%mbﬂgt he transformed covari ance

Mat 1 {vherdif thd B8cSIfd RINEBH Yd&Rinhirid gﬁ? & ist BHe ot thik

the first function conprises the abs e val ue of the
dimgonsbmiatrpneleotentsof thertranaformech cavaripnesl matrix i x

el ements of the transfornmed covariance matrix and the
second function conprises the absolute val ue of the at

19 easThedeteimihing Hittefulaim m@tri x el ements of the
transfornmed covariance matrix. 20. The determ ning
uni t weerein dhedfingg function comprises the absolute value of the at least
one of the non-zero non-diagonal matrix elements of the transformed
covariance matrix and the second function comprises the absolute value of
the at least one of the diagonal matrix elements of the transformed covariance

matrix.

20. The determining unit of claim 18,

wherein the first function comprises the Frobenius norm of the at least
one of the non-zero non-diagonal matrix elements of the transformed
covariance matrix and the second function comprises the Frobenius norm of
the at least one of the diagonal matrix elements of the transformed covariance

matrix.

21.  The determining unit of claim 14,
wherein the fourth determining circuit is configured to use a scaling
factor in the comparison between the value of the first function and the value

of the second function.

22. The determining unit of claim 14,
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wherein the first function conprises the Frobenius

normof the at | east one of the non-zero non-di agonal
woreaosiox706d enent s of the transfornmed covari ancePCESG2007/000382

and the second function conprises the Frobenius norm

of the at |east one of the diagonal matrix el enments of

t he whersih therrdnsfonaed vovariamdée matriisla digenal matrix in case
determining unit of claim 14, wherein the fourth
t@é@éﬁwai%’é‘a\!i@@ﬁmt includmihegniosenation §ignal: scal i ng
factor in the conparison between the val ue of the
first function and the val ue of the second function.
222. Aheletttonicrdeviog comprisofg theadetedwinimgeunit of ae of the
tranﬁfﬁrrétéd covariance matrix is a diagonal matrix in
claim3 1¢4#@ 22ecei ved signal does not include the
information signal. 23. An el ectronic device
conprising the determning unit of any of the clains
24.4 tbheglectonicTtevies etclaimi2d, devi ce of cl ai m 23,

wherejin the electroni¢c device is.a sensing,w.rel ess
devi Fhereps e Bl RiC deyiRlis Eosriaiy SRS HSIE e e n
the electronic device is a sensing wrel ess
m crophone. 26. The el ectronic device of claim 25,

2%ei nfhe slectrgnicedeaee ahclaire@ds oni ¢ devi ce sel ected from

a gr\ﬁHQre% the(al 8I¥a¥:fr8ﬂiiccqe%é§ igeassé%%?rzé %rjeﬂ%g%icr hone.

comunicat ron term na medium pf ayer devic
configured to play at | east one nedium 27. The

el ecfronjc device of claim25, further conprising: a
2§-ece'i-% P'qCHOF@c‘i?‘(}%e 9$§|?§?| &P,

being configured as an electronic device selected from a group of
electronic devices consisting of:
a communication terminal;

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

27. The electronic device of claim 25, further comprising:

a receiver to receive a signal.

28. 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 covariance matrix from a received signal;

transforming the covariance matrix into a transformed covariance
matrix, wherein the transformation is configured such that the transformed
covariance matrix is a non-diagonal matrix in case the received signal
includes the information signal, wherein the non-diagonal matrix comprises
non-zero non-diagonal matrix elements;

determining a first function using at least one of the non-zero non-

diagonal matrix elements of the transformed covariance matrix;
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28. A conputer program product which, when being

executed by a conputer, nmakes the conputer performa
woredoRos7ofor determ ning as to whet her a recei vedr/sGyoah003s2

includes an information signal conprising: determning

a covariance matrix froma received signal;

tr anéﬁ@f@iﬂi@g arecend sunctiencusing et leashoge matriy elgraentef the

t

wEPIm A£G vaRide mal ePe e B850 HalHbhds ciferept frgm
thesnratmmaﬂ@hagmlal matrix in case the recei ved si gnal

i ncludes the infornmation signa wherein th

non- 4eteFHRING Aate whethafi T%‘?@éVQ%ﬂQE%'r'BdHQﬁS éﬂd@f@ﬁ@?tlon

sugﬁéf l%é‘se‘a &ﬁ‘?%ﬁ?é}%bﬁrdf‘ﬂéwe gf the ﬁlts deE%h Ahd'p {/Qlﬁef&f the

east one of t non-zero nondi ag ona matri x el enment

sexdonidfenctiemsf or med covari ance natrlx determning a
second function using at | east one matrix el ement of
the transformed covariance matri x, wherein the second
function is different fromthe first function; and
determning as to whether a received signal includes
an information signal based on a conparison of a val ue
of the first function and a value of the second
function.
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