9 7 MAY 2004 NO SE CANCELER SYSTEM W TH ADAPTI VE CROSS- TALK FI LTERS
BACKGROUND AND PRIOR ART 5 This invention relates to a sysifefnMAY 2084 se
suppression, particularly a noise cancel er capable of cancelling
background noise in a voice signal that is intermngled with noise, an
acconpanyi ng nethod and a transceiver. ;10 I n nmany cases, noise corrupts a
voi ce (speech) signal and hence the quality of recognition of the voice
signal significantly. An exanple for such noise i s background noi se

i nt erm ngl ed t | u red a_m crophone hand-free
phone, a hanggéﬁ‘@%r%e#f‘% %gh”%&m P TIYE eéB@rﬂ&eT%l%e in a
noi sy environnent, e.g. a construcmummnERSe, a sport club, a Karaoke

room a hands-free communication systemin a vehicle, especially a car,
a helicopter, a tank or the like. Furthernore, noise 20 suppression is

useful in a live reporting BACKSROUNDPRANDI PrRIO®AARESI Ng system or the

| i ke. The recognition of voice can be done by an automatic voice
recognition systemor by at |east one human |istener. 25 The undesirable
backg? oud@1foilswesdi dre refl adiefsf dent systiemesor Hoisexauppeesshbnng

.t3|eph0n§aﬁ%ﬁbﬁlg&ﬁy0% %dQ%be%&c%ﬁ%r EQ?ab@E'é gaﬂgéifanSpec'ally the
noi se of thiﬁg@ e, i, a dynam call I nd of noise that results

in poor FFHﬁeoﬂntﬁeVPéF6e51E§ﬁ EbpAr Ly iRtermanasedrweth
speaki ng nenier, 0B Bic cOmplalhg i ay mefhadadﬁaeaseeaﬁgeawéﬂt.l y hears a
contam nat ed acoustic signal, in which the voice of the driver is

I ncl uded but difficult to understand. As a consequence, the driver has to
speak0 up Ior maalye celseshamdsiese 8oraiptkeat ebéphonsperbhrhsbgnds hha

attenti oRehot REhPNES8ky of recognition of the voice signal

significantly. An example for such noise is background noise
intermingled with the voice signal acquired by a microphone,
a hand-free phone, a handset or‘the like.

15
It is important to recognize voice in a noisy environment,
e.g. a construction site, a sport club, a Karaoke room, a
hands-free communication system in a vehicle, especially a
car, a helicopter, a tank or the like. Furthermore, noise

20 suppression is useful in a live reporting system, a public
addressing system or the like.

The recognition of voice can be done by an automatic voice
recognition system or by at least one human listener.

25
The undesirable background noise can be of different sources.
For example, making telephone calls out of a driving car, the
driving noise, especially the noise of the engine, is a
dynamically varying kind of noise that results in poor

30 recognition of the voice, partic¢ularly in a hands-free
speaking environment of the car. The addressee permanently
hears a contaminated acoustic signal, in which the voice of
the driver is included but difficult to understand. As a
consequence, the driver has to speak up or take the handset

35 of the telephone, which binds his attention to the handset
and not the traffic - a very undesirable effect.



and not the traffic - a very undesirable effect. 2 7 MAY 2004 2 Moreover,
there are lots of sites which need better recognition of Z9ig@x%&ﬂ4or
better understandi ng because of a noisy background. Sone

additional to the above nentioned scenarios, are: airplanes, helicopters,
airports, trains, buses, train statiops, bus stops, construction sites,
hi ghways, streets or the like. In [1l] a concept and basic approach for
adaptive noise 10 cancellation are given. It can be used to elimnate
background noi se and inprove a signal-to-noise-ratio (SNR). Therefore, a

Tl D | DMoxGRAIY bR G kel oF 4Nl cAUflidn LELAT BBEEANPUC contalni ng

noi se correlated in sone unknown norse are used.
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uts
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stati onagy gPWRAGRAS It Ge B WS 1 ngl% ing single and nultiple reference
I nput s. These S§€|Utlgﬁg show t . %hen the reference input is.free of

signal and certain other condltlons are net, noise in the min input can

be essentrinalfly el icHn daﬂﬁthﬁ%ﬁcsbﬂbﬁbagﬁ @b%tgaﬁbeﬂvelﬂoﬁgés case, the
cance¢er behaves as a [inear, timne- |nvgr|ant system, with the adaptive

filth? cSRPERJIRGION 3Fea@dFic rTat FBF PRaHS§dskat FLiBaPAERON. A kind of
adapt i vebaamoumceﬂoarsemm ad@mbweacmgaanatb ndf@séikheis ¢aNrbe found
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way with the primary noise are used. This reference input is

15 adaptively filtered and subtracted from the main input to
obtain the signal estimate. Adaptive filtering before
subtraction allows the treatment of inputs that are
deterministic or stochastic, stationary or time variable.
Wiener solutions are developed to describe asymptotic

20 adaptive performance and output SNR for stationary stochastic
inputs, including single and multiple reference inputs. These
solutions show that, when the reference input is free of
signal and certain other conditions are met, noise in the
main input can be essentially eliminated without signal

25 distortion. In this case, the canceler behaves as a linear,
time-invariant system, with the adaptive filter converging on
a dynamic rather than a static solution.

A kind of adaptive noise canceler with adaptive cross-talk
30 filters can be found in some articles and patents. [1l] is

used as a basis for improvement to eliminate cross-talk

between voice and noise signals from a main input and a

reference input (see [2], [3] and [4] for further details).

35 1In [5] a different configuration of a cross-talk adaptive
noise canceler is developed by splitting the adaptive cross-



35 1In [5] a different configuration of a cross-tal k adaptive noise
canceler is devel oped by splitting the adaptive cross 2 1 Y, éﬁgﬁﬂialk
filter into a pre-filter section and an adaptive filter M cument
[ 6] discloses a noise canceler utilizing four 5 adaptive filters and a

si gnal -to-noi se power ratio estimator sto do cross-talk noise

cancel lation. Furthernore, adjustment of the step sizes of the two main
adaptive cross-talk filters is provided to incorporate a better tracking
abi | ity wWilke fitlifememted a pinse fdilgeal seoesonotndxist ad@pttike dtiheerhand,
a 10 smaldeRit ifgsi dual noise is achieved while the wanted voice signal is
present. Fig.1l shows a noi se canceler as disclosed in [6]. This noise
cancel er includes a main input 1 (first mcrophone) to obtain 15 a nain

si?nal x1®@bum@nmeﬂmnemm%duayéﬁ 2 h%&%@n@aﬁb%neBPQBQI%z%? 0@5@&“ g
ref ergnc n).. a_signal .ou adaptive fiiters 3. an
adder% 4%g%§g% deﬁ&fegir@ﬂpgé §1903 % -RodpgnRPYES- RBF8 EﬁﬁéWaFaflo

est i mat otol@oagdosssttef k sicdseowapoeldatdont Fhrthbemsirgnahdtasnmeae pomer

ratio 20o%skh%a%%%plg1&%s”%ée§%%1$holgaﬁh'¥§Sktkb§r§E§§s3991%§61%9§er3

and 15, power nmean circuits 1

The mai niSi FRViEECch)d $rgorRpEatey at hetderayrarkéngt aBibytp whsleanpl es
to turn eue @a%@b@y@@lﬁw BigndnakoeEhnstdekaued Gﬁ'Ehé'QEﬁEr'ﬁaﬁlebed to
t he @btraaaﬁ aﬁ ot her hand, .the reference signal x2(n

del a@ d 5 &rdéﬁea?vdé’] cHOLS§ B BChésr*FﬁFie&'hfLéet bha UaﬁtaddEPay‘@d

r ef er enceigngialist lpatesient . applled to the subtracter 7. The adaptive filter
3 operates 30 to estimate a noise signal includedin the main signal xi(n)

whil e the adaptive filter 6 operates to estimate a desired signal
i ncl uded Fiig -flh&hoatse Be mod s¢i gaalceleinps Rosglberdt he [FiltEhis noiesti mate

the noi seasic@nelr Yhcidesh® #@83h 88put 1 (first microphone) to obtain

15 a main signal x1(n), a reference input 2 (second microphone)
to obtain a reference signal x2(n), a signal output 5,
adaptive filters 3 and 6, adders 4 and 7, delay circuits 8
and 9, a signal-to-noise power ratio estimator 10 and a step
size output circuit 11. The signal-to-noise power ratio

20 estimator 10 is made up of adaptive filters 12 and 13, adders
14 and 15, power mean circuits 16, 17, 18 and 19, and
Dividers 20 and 21.

The main signal x1(n) is delayed by the delay circuit 8 by D

25 samples to turn out a delayed main signal. This delayed main
signal is applied to the subtracter 4. On the other hand, the
reference signal x2(n) is delayed by the delay circuit 9 by D
samples to turn out a delayed reference signal that is
applied to the subtracter 7. The adaptive filter 3 operates

30 to estimate a noise signal included in the main signal x1(n)
while the adaptive filter 6 operates to estimate a desired
signal included in the reference signal x2(n). To allow the
filter 3 to estimate the noise signal yl(n), the desired
signal y2(n) estimated by filter 6 is subtracted from the

35 reference signal x2(n) by the subtracter 7, and the resulting
noise signal e2(n) is input to the filter 3. Likewise, the
noise signal yl(n) estimated by the filter 3 is subtracted



signal y2(n) estimated by filter 6 is subtracted fromthe 35 reference

signal x2(n) by the subtracter 7, and the resulting noise ?I gﬁr]?)g ﬁ@ S
input to the filter 3. Likew se, the noise signal yl(n) es d‘ t he

filter 3 is subtracted 27 MAY 2004 4 fromthe main signal x1(n), and the
resulting desired signal el(n) is inpyt to filter 6. For this purpose,
the two filters 3 and 6 are cross-coupled, as illustrated. 5 Now, for the
adaptive filter 3 to estinate the noise signal vyi(n) in the main signa
accur at elfyoni thies mdeessgmalt 1 (ndcr eadethkerasniliningf dapdatidngighathe

filter ceaffhchentnpthend e1des! kedrsiopal o0 gu%{assgﬁ' Bn8 g08! cGRELEWC!I N

the estimation is Snmaller than the noi se sSi be est I nat e
Conver sel ¥, 2ifef BFE FESSPeGosPRedlr 8f ﬁﬁéu ratsfgnal is greater than
the noise signal, it is necessary to reduce the above anobunt because the
sign ting,the es greater .t han tge noi, se S|gnal 15 On

tru l,matiQn is
t he g%he?FWén ory 5he, pea %&BFi&éEFFFté L8 £EtiveFfathet RR1SRe8}PBALsi gna
of the ryﬂénénaa shgnalaiaceugatél pecutraktelynpetessar yetessaeyease the

amount OEnHE@%%%th%fa%BﬁnE' Eehgﬁgegké SEGEBem?ﬁTt&PeCQQ ?c? gpal

contained in the reference ructin ron~rs smal |l er
t han theW@§§|F@G Qﬁséﬁﬁﬁaﬁlgeé vetsehg, mﬁhénstﬁéahopbétgughangothehe

referenc%st&hﬁ@&bn‘isg%&ﬁqﬁérthﬁanthﬁedﬁéhééds§§98§|to'Ee'ésB?ﬁQﬁééry to
reduce the above annu %6 EF31§G si gnal ?tructln the estimation is

great®r Fﬁ&ﬁefﬁglaés §dTH gEBéf? cFBRtMpoR 8i28R2AdABt i ve
filter camrebeeconhanl lthé h@lSﬁEStLghhe abavesrﬁqueésmt tbyre@uteotheng the

fil d d
The’syst ahoues Nl Bhetsly £hE RaghenoSlrEbobinbchlp SuPEREERORTey 1

conprlse§r§a§egn§bamoth@|Qelp@msngnaﬂlo estimator 10 with two additional

15 On the other hand, for the adaptive filter 6 to estimate the
desired signal of the reference signal accurately, it is
necessary to increase the amount of updating of the filter
coefficient when the noise signal contained in the reference
signal obstructing the estimation is smaller than the desired

20 signal. Conversely, when the noise signal of the reference
signal is greater than the desired signal, it is necessary to
reduce the above amount because the signal obstructing the
estimation is greater than the desired signal.

25 The coefficient for each adaptive filter can be controlled to
meet the above requirement by controlling the step size of
the adaptive filters.

It is a significant disadvantage of the system disclosed in
30 [6] that the noise canceler as shown in Fig.l comprises a
signal-to-noise power ratio estimator 10 with two additional
adaptive filters 12 and 13. The computations of the noise
canceler are increased due to these filters 12 and 13.
Moreover, the adaptive filters 12 and 13 embody fixed step

35 sgizes affecting an inflexible voice and noise estimation.



adaptive filters 12 and 13. The conputations of the noise canceler are

i ncreased due to these filters 12 and 13. Mdreover, the a lgkters
12 and 13 enbody fixed step 35 sizes affecting an i nfl exi bl e v0|ce

noi se estimation. 1 7 MAY 2004 5 SUMVARY OF THE INVENTION It is an object
of the present invention to provide ang acoustic noise canceler to be able
to achi eve a good noise 5 cancellation with reduced conputational effort.
Furthernore, it is an object of the invention to provide a noise
suppressi on system and an aSUCMMARYIVOR JTHIEt INVENTIXOMDbre specifically, it is
an object of the invention to provide an adaptive cross-tal k noi se
cancel er which conprises two cross-coupled adaptive filters with

adj ust abl & tstiép a8y pbJectofybist PRgSeRs ésupRLéPENES Brovhdef pnters. 15

Cther obj a@bm,stflaawlegﬁ ﬁ&dllcéq\é&ﬂﬁzég% ascer dnachoctiea ghgachbikavent i on
Wi s n t 0 g det Liption of
|IIus$rate C%@boglnghy ﬁhgﬁdngg CﬁmPESHJaRBPﬁo f&BFﬁ “t he acconpanylng

drawi ngs. 20 These objects of the present invention are achieved by the

foa o> PG geP RIS o BfRec i EhANGLyLRRIUECRo, pESYLECTLOM LTe

dependent clains. A./noi se canc resen i nven n |%dgoﬁposed of
a 25 maPRisiegsaPrngsstions systerennd §ngﬁ§pomppny1ng weghatl-out put, a
voi ce detectlon circuitry, a step deC|S|on C|rCU|try and two adaptive
filt The nmai n,inp receives a ¢h is a voice signal 30

(spe h - MegRaPPeCdits ﬁh&g%e&tb§sn8P58 J?HE ngEPEn&EV?ﬁEﬁPanEelves a
ref er encersivjdal anhiadaptive kaose-taler AbdgeedahyelerowRithl koMpregesi gna

h T I t h i | _with
Suppr eos S enarbss Eo SN aBlRYE, (EHTE 0Ny ch RaTRaERR T YRR R b Ree: ¢
Voi ce for updating the coefflclents of the fllters

15 Other objects, features and advantages according to the
present invention will be presented in the following detailed
description of the illustrated émbodiments when read in
conjunction with the accompanying drawings.

20 These objects of the present invention are achieved by the
features of the independent claims. Additional features

result from the dependent claims.

A noise canceler of the present invention is composed of a

25 main signal input, a reference signal input, a signal output,
a voice detection circuitry, a step decision circuitry and
two adaptive filters.

The main input receives a main signal which is a voice signal

30 (speech signal) contaminated by noise. The reference input
receives a reference signal which is a noise intermingled by
cross-talk voice signal (speech signal). The signal output
sends out the voice signal with suppressed noise. Further
processing might be provided as an automatic voice

35 recognition system. Alternatively, the human listener is the
recipient of the noise suppressed voice signal.



35 recognition system Alternatively, the human listener is the recipient
of the noi se suppressed voice signal. 2 7 MAY 2004 The Voice Detection
Circuitry detects whether or not voice signal is present? JAMEagiyenent
regarding to the voice signal is obtained based on a certain criterion
(either power nmean or cross-correlatign). The presence of voice can 5 be
nmeasured as a conparison of the value of that neasurenent wth a
predefined threshold value. Then the conparison results are used to

det er mi n€heh¥opresPrtectfionh€ivoiterysdghatts Thiketkehani snoabosicéhe
measur engg d;go ]y | ri j et ai 10 The
Step Siggaggggsﬁgng%?%gégfremgééfgggggﬁgu%ggggag? eﬁgféh%ﬁgég %ps t hat
shoul d beStgBalf dF PRE2ABRE bpEaEcOBf at AETEADN e¥iperienf{¢ieher The first

adaptive polter m3adSbrnaegst BErr8DheeoMhi Chhe SpHSEEnt® §RNGEL L NEaR0I S
cont%gneg in the in 15 signal. The second aga tive filter 6 estimates
the Voi ce° gﬁaﬁgrgahﬁghaiSO@EEHI?BanﬁDBQetﬁ% k' i%g ShahaPeRBUFERFRE in
the ref ewéhbeaspygrdefihedi shanshbed eaboei NEhénofhé heoppasiadéni nvention
t hat theregggggsﬁEbbﬁgeayﬁbeHbtérﬁiﬁ%g@ﬁ%? %@%engé é%h%@ey$$iggpther

enbodi ment of _the_ present | nvention rdée"a ne for " noi se
suppr essFdEnad - bdhexmeghagism ahgut othe heeapavemers candecomyarenen BRI EF

DESCRI PT{;OlN1 OFe THE s DRAMENGSn 38e85: Expgptes. of the present invention will
be described in detail in viewof the followi ng drawings. Fig.1l shows a

bloéﬁ)diagran1of the a noise canceler (prior art) ;
The Step Size Decision Circuitry decides about the size of

the steps that should be used for the next update of the two
adaptive filters. The first adaptive filter 3 estimates the
noise which is used to cancel the noise contained in the main
15 signal. The second adaptive filter 6 estimates the voice
signal which is used to remove the voice signal contained in

the reference signal.

It is another embodiment of the present invention that the
20 described system is a transceiver.

It is yet another embodiment of the present invention to
provide a method for noise suppression to be executed on any
of the above described systems.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Examples of the present invention will be described in detail
in view of the following drawings.
30

Fig.1 shows a block diagram of the a noise canceler (prior
art) ;

Fig.2 illustrates a system for noise suppression;

Fig.3 illustrates a first energy based voice detection

35 circuit;



Fig.2 illustrates a systemfor noise suppression; Fig.3 illustrates a
first energy based voice detection circuit; 17 MAY 2004,7, Fi 3
illustrates a second energy based voi ce detection circdﬂtz g 804
illustrates a first cross-correlation based voice detection circuit;
Fig.6 illustrates a second cross-correkati on based voice detection
circuit; Fig.7 illustrates a Step Size Decision G rcuitry. DETAILED
DESCRI PTIL.ON OF THE_DRAWNGS 10 Fig.2 illustrates a bl ock diagramof a
syst em f §#9ndi seildyspirasscon erepudf erpre¥fbared voiee dehertionancel er)
of the present cAventikgn. The noise canceler includes a main input 1

(first mcrophone),.a reference_input 2 (second _m ¢crophone), a,signal
out put 5,%&§é tivéigPﬁgﬁfgeg ﬁnglggg1§r8éﬁé?8rﬁe£ﬂ519? Baggfc¥cbetect i on
Circuitry 24 and deSeepioSi zérBadtsion Crcuitry 29. It has to be noted

t hat ¢ magrp- unitsy h L.Ge cLJ ] It 2 r.the Step
Size bireatt Py 20 ey EAsRs, " BedPhaTCHBRECLLBR Ll it BpEE SELLET
macro-unit is préeraediprn régruatly separate functional 20 circuits for

the purpesg.ef chanik¥rafedBhngebfnal Xib8eibsoRPRLieditp,the adder 4, and
a reference signal x2(n) is applied to the adder 7. 25 e adaptive
filter 3 is used to estimate a first noise signal yl(n) included in the
mai n signal xi(n) whiPETAIGED RESTRIRIION (GF TE PRMENGD estinmate a
cross-tal ked voice signal (=filtered voice signal) y2(n) included in the
reference_signal xz&n). The adder 4 subtracts the first noise 30 signal
y1(mO of FiAe2adaptPi& aest 8r P3orkofieAEaRaPh 8i graFemxFPr)nedsget a noi se
suppr essedppeceeishgnakrebfilr TB€e2#d@lto as a noise canceler) of

the present invention. The noise canceler includes a main

input 1 (first microphone), a reference input 2 (second

microphone), a signal output 5, adaptive filters 3 and 6,

15 adders 4 and 7, a Voice Detection Circuitry 24 and a Step

Size Decision Circuitry 29. It has to be noted that "macro-

units" such as the Voice Detection Circuitry 24 or the Step

Size circuitry 29 need not to be formed as separate circuits.

Each macro-unit is provided to logically separate functional

20 circuits for the purpose of clarity.

A main signal x1(n) is applied to the adder 4, and a
reference signal x2(n) is applied to the adder 7.

25 The adaptive filter 3 is used to estimate a first noise
signal yl(n) included in the main signal x1(n) while the
adaptive filter 6 is used to estimate a cross-talked voice
signal (=filtered voice signal) y2(n) included in the
reference signal x2(n). The adder 4 subtracts the first noise

30 signal yl(n) of the adaptive filter 3 from the main signal
x1(n) to get a noise suppressed voice signal el(n). The adder
7 subtracts the output signal y2(n) of the adaptive filter 6
from the reference signal x2(n) to obtain a second noise
signal e2(n).

35



7 subtracts the output signal y2(n) of the adaptive filter 6 fromthe
reference signal x2(n) to obtain a second noise signal e2 (n) . 35 12 7
MAY 2004 The adaptive filter 3 uses the second noise signi 7eMAV)2088 its
reference, the noise suppressed signal el(n) as its error signal and a
signal ua(n) as its step size to updatg its coefficients. 5 Simlarly,
the adaptive filter 6 uses the noise suppressed signal el(n) as its

ref erence, the second noise signal e2(n) as its error signal and a signal
ub(n) asThesadeppivezéillberupdatesi thecosetbndivoise 4d0gdhe &2 gpl aga(n)
and the sign ar epet aLe S | z Ision Circuitry 29
t hat mﬁl?t%eégnggﬁ%Sd ?Pgr?ﬁé?gbePgéfé€§e4h%f§%éﬁa%%%?fv%szF?e?Er%rand 6
are crossfegipleandad shenal Pa(F) gas. ingtstep helzelaptiveddtétets 3 and 6
conver ge, cbbBefriadaptsve filter 3 can estimate the first noise signal yi(n)
contqgned in the main signal xi(n) accurately and the adaptive filter 6
can estimate the filtered voice signal 20 y2(n) in the reference signa
x2(n) acBimalekyy, Asha adaptive fhetsigealses (theisoide yopseest@mal W th

suppress hsS d [ tp o] he.noise canceler.. |f, there
IS no co%??é?iogléﬁg a%gg?g gég%gngéé %% n%e%%ﬁd %%l%%(%ﬁgn?ﬁée%k?gtence
of voi ce@8 ghél eRFPr aigral and pesionahnee(nf aseitysseep THreepdual |y,

it is negpaseeyitarcotheiadaptive filter 3 to increase its step size when
t he _ voice signal does not exist. Conversely, when the voice signal is

pre§éht, It is necessary for the adaptive filter 3 30 to reduce its step
size. OnThkesthghel hard) &he ohergignalfeb (n) are generated by the

Step Size Decision Circuitry 29 that will be explained
further below.

15 The two adaptive filters 3 and 6 are cross-coupled, as shown
in Fig.2. After the adaptive filters 3 and 6 converge, the
adaptive filter 3 can estimate the first noise signal y1(n)
contained in the main signal x1(n) accurately and the
adaptive filter 6 can estimate the filtered voice signal

20 y2(n) in the reference signal x2(n) accurately. As a result,
the signal el(n) is the voice signal with suppressed noise
and embodies the output of the noise canceler.

If there is no control of the update step sizes ua(n) and

25 ub(n), the existence of voice signal will affect the
performance of the system. Conceptually, it is necessary for
the adaptive filter 3 to increase its step size when the
voice signal does not exist. Conversely, when the voice
signal is present, it is necessary for the adaptive filter 3

30 to reduce its step size. On the other hand, the operation for
adaptive filter 6 is just the opposite. It needs to increase
its step size when the voice signal exists. Conversely, when
the voice signal is not present, it is necessary to reduce
its step size. To achieve this, the Voice Detection Circuitry

35 24 and a the Step Size Decision Circuitry 29 provide the step
sizes ua(n+l) and ub(n+l) for the next updates of the two
adaptive filters 3 and 6, respectively. The Voice Detection



adaptive filter 6 is just the opposite. It needs to increase its step

si ze when the voice signal exists. Conversely, when the voice signal is
not present, it is necessary to reduce its step size. Téz Fo MAEV2B04 hi s,
the Voice Detection Crcuitry 35 24 and a the Step Size Decision Circuitry
29 provide the step sizes ua(n+l) andgub(n+l) for the next updates of the
two adaptive filters 3 and 6, respectively. The Voice Detection 12 7 MAY
200k 9 Circuitry 24 conprises energy based voice detection circuits 25
and 26, &ddcuridsy Cdr rreimptrii@e shanedgyobaeedetredtieodecktetibhs c27cands28 as
descri beggl tad | ] ner b oice detection
circuit (2555 ;&(13196 2t%lﬁeal?rr1§ %Wﬁ%nsﬁgg%%??%néggggmﬁogﬁc§f§‘§g’8¥§°550 and 251,
Snmoot her s 2SS 294 an8l BBy iegefepsribgdTRredRERALCREEOWat Or 256, a
Conparer 257, a Tine Counter 258 and a Decision Circuit 259. 10 The Power
Cal cul at Qr.s 250.and 1 receive the main signal x1(n) and the first noise
sign;% y%%ﬁ} fF%ﬁWFhé d EPERPE bP?F@eVoéFerg§58€FF9élV}rSHatanpﬁPrthe
pO\C/j\BI’ si( ghal sajal Eignadndom2{is)ing eopect Cutbyvlatbesposer andgpahs pal (n)
and pa2 I t S .her.s. 2 an 4 espective to

out put sn@Dngt%)%g%I%o%g’r% é"it“%nta"‘?‘?'s%@%&?d%rr\désgéaz?‘n%gr‘?ﬁfed%i é?gg}’&éggr

recei ves2tlfe & §RaPRr§Faletr) andisgaZpunterr @5pesnvel Pecamdodi vi des

spal (n) by epa2( BBt 0 obtain a quotient signal dva(n). This quotient
signal dva(n) is 20 conpared with a threshold Ta fromthe Threshol d
Calct?ator 256 at the Conmparer 257. The Conparer 257 eval uates a

conpar i sTher @duwetr Ca(lrlil ataf’) 260f ahddegainyedaive. €hevRken gigAal i s not

Preset sadRacBR Tl Biali AL phEReg' 8 ) CpEnL AL aBBLElE T TV
filter 3, respectively, and output the power signals pal (n)
and pa2(n), respectively. The power signals pal(n) and pa2(n)

15 are sent to the Smoothers 253 and 254, respectively, to
output smoothed power signals spal(n) and spa2(n). The
Divider 255 receives the signals spal(n) and spa2(n),
respectively, and divides spal(n) by spa2(n) to obtain a
quotient signal dva(n). This quotient signal dva(n) is

20 compared with a threshold Ta from the Threshold Calculator
256 at the Comparer 257. The Comparer 257 evaluates a
comparison result ca(n):

ca(n)=0 for dva(n)<Ta, i.e. voice signal is not present;
25 ca(n)=1 for dva(n)2Ta, i.e. voice signal exists.

The Time Counter 258 detects whether the value (0 or 1) of
the comparison result ca(n) is kept unchanged consecutively
over a certain period T of time and outputs a signal tha(n):
30
tha(n)=0 for ca(n) is changed during period T;
tha(n)=1 for ca(n) is kept unchanged during period T.

The Decision Circuit 259 uses the signal tha(n) from the Time
35 Counter 258 and the comparison result ca(n) from the Comparer
257 to evaluate the first decision signal gl(n) to be input



the conparison result ca(n) is kept unchanged consecutively over a
certain period T of tinme and outputs a signal tha(n): 30 tg (nha& for
ca(n) is changed during period T; tha(n)=l for ca(n) is k ﬁf? h&ﬂ&@d
during period T. The Decision Crcuit 259 uses the signal tha(n) fromthe
Time 35 Counter 258 and the conparisoT result ca(n) fromthe Conparer 257
to evaluate the first decision signal R(n) to be input it 7 MAY 2004 10
to the Step Size Decision GCrcuitry 29. The values of this first decision
si gnal qL@nﬁh@rét@$ SdMemmeciqhén)GQrChleryvabCETﬁégﬁalués et tpigsent) 5
ql (n)=I @ | g [ The operation of the Decision Circuit
259 is dgég%Fbgg q%g n%i %&§%) Q%e 8% 2 &? , 9l (n) =1, 0O, if tha
(n) =0; if tha (n) —1 and ca(n)—l |f t ha (n) =1 and ca(n)=0. (1)
Simlarly, asqgshewaol niFig. QOlbgesggﬁggylgaﬁgg % pL&endp detection circuit
26 for the refﬁggn e signal x2(n) consists ower Cal cul ators 260 and
261, Snoot hefid (3831add -Ba4voicepeigne ?ESSt%)Threshold Cal cul ator 266, a
Conparer 267, a Tinme Counter 268 and a Decision G rCU|t 269. 20 The Power

Cal cul at 6 h X2 d.th
Cal oul aats. 280,20420bst o6l KELIeheEerance 2b0nal gl dadithe
out put t Beupgwen éﬂgnanse pbl (n) and pb2(n), respectively. The power

signals pbl (n) and pb2(n) are sent to the Snoothers 263 and 264,
respectlvely,

gl(n-1), if tha(n)=0;
gl (n)=1, if tha(n)=1 and ca(n)=1; (1)
0, if tha(n)=1 and ca(n)=

Similarly, as shown in Fig.4, the energy based voice

15 detection circuit 26 for the reference signal x2(n) consists
of Power Calculators 260 and 261, Smoothers 263 and 264, a
Divider 265, a Threshold Calculator 266, a Comparer 267, a
Time Counter 268 and a Decision Circuit 269.

20 The Power Calculators 260 and 261 receive the reference
signal x2(n) and the filtered voice signal y2(n) from the
adaptive filter 6, respectively, and output the power sgignals
pbl(n) and pb2(n), respectively. The power signals pbl(n) and
pb2 (n) are sent to the Smoothers 263 and 264, respectively,

25 to output the smoothed power signals spbl(n) and spb2(n). The
Divider 265 receives the signals spbl(n) and spb2(n),
respectively, and divides spbl(n) by spb2(n) to obtain a
quotient signal dvb(n). This quotient signal dvb(n) is
compared with a threshold Tb from the Threshold Calculator

30 266 at the Comparer 267. The Comparer 267 evaluates a
comparison result cb(n):

cb(n)=0 for dvb(n)<Tb, i.e. voice signal exists;
cn(n)=1 for dvb(n)2Tb, i.e. voice signal is not present.
35



25 to output the snoothed power signals spbl(n) and spb2(n). The D vider
265 receives the signals spbl(n) and spb2(n), respectiv$hy éﬁflﬁiVldes
spbl (n) by spb2(n) to obtain a quotient signal dvb(n). L g

signal dvb(n) is conpared with a threshold Tb fromthe Threshol d
Cal cul ator 30 266 at the Conparer 267 ghe Conparer 267 evaluates a
conparison result cb(n): cb(n)=0 for d& (n)<Tb, i.e. voice signal exists;
cn(n)=1 for dvb(n)[err]:Th, i.e. voice signal is not present. 35 17 MAY
2004 11 Tihe Time Countter 268 detecits \»mttheur the vaflue ((@ or 1) eff the

conpari s i pt h g ecutiv over certain
peri od TQ%¥J nég §£ﬂ%fﬁﬁ?§ﬁhc§ﬁgﬁa s %% %ggéﬁgfﬁ)£8nFSFu§6(ﬁ}ﬂ s
changed d@WeﬁgapéﬁﬂS@IP peﬁﬁﬁ@hﬂLpff@nn@b@nﬁ petpeps anshgngéd ttibr(nng
period T. The Decision Circuit 269 uses the signal thb(n) fromthe Tine
Count er 268 agg t he conparlson result cb(n). fromthe Conparer 10 267 to
eval Ut e t he BRI FadOrsicHHi i ¢/achapery Byrbagi ppuicdt&:the Step Size
Deci si on Gi r ¢hibt(ny =29 fothebval)ugs abpthuschaageadadechsi parsbanal. q2(n)

are as follows: g2(n)=0 (i.e. voice signal is not present) 15 g2(n)=
(i.e. voice signal exists) The operation of the Decision Crcuit 269 is
descri bedhien DeRggdono figiti 269, uS@quhensignallthbhh)(ﬁromothq2¢ﬁhel if
thb(n) =1 contheeh( ke ank? n n i

t hat q2(n)-| i f (ﬁ =khe d n —8& %esal? gbq? 3kom BEE ? égggﬁgltlon
of thH(npLt. t*?meé’% éladher fté‘teeﬁ’P eEé;ﬁétPPoﬁleH}?1 AR¢NS £P| bst iapEs the

Cross- COtbeh&blGme@aSQQeMQE@Qsd@hﬁ@hk@ﬂitry 29. The values of this

second decision signal g2 (n) are as follows:

g2(n)=0 (i.e. voice signal is not present)
15 g2(n)=1 (i.e. voice signal exists)

The operation of the Decision Circuit 269 is described in
Equation (2), i.e.,

20 g2 (n-1), if thb(n)=
g2 (n)=1, if thb(n)=1 and cb(n)=0; (2)
0, if thb(n)=1 and cb(n)=

Please note that g2(n)=1 if cb(n)=0 and g2(n)=0 if cb(n)=1
25 under the condition of thb(n)=1. This is different from
Equation (1).

Fig.5 illustrates the cross-correlation based voice detection
circuit 27 for the main signal x1(n) comprising a Cross-

30 Correlation Calculator 270, a Normalization Circuit 271, a
Threshold Calculator 272, a Comparer 273, a Time Counter 274

and a Decision Circuit 275.

The Cross-Correlation Calculator 270 receives the main signal
35 x1(n) and the output signal yl(n) from the adaptive filter 3,

and computes their cross-correlation rl(n). The signal rl(n)

is input to the Normalization Circuit 271 to do normalization



circuit 27 for the main signal xi(n) conprising a Cross 30 Correl ation
Cal cul ator 270, a Normalization Grcuit 271, a Threshold Cal cul ator 272,
a Conparer 273, a Time Counter 274 and a Decision Grcui Q27 MAYTAs4
Cross-Correl ation Cal cul ator 270 receives the main signal 35 x1(n) and

the output signal yi(n) fromthe adaptiye filter 3, and conputes their
cross-correlation rl1(n). The signal rl%n) is input to the Nornmalization
Circuit 271 to do normalization Il MAY 2004 12 and hence obtain a

nor nal i zé&ds hgmale ebtRin Phinorviadnakdc #ighali s1eht ThisheignapacernP73 to
be conpared gaiih ’ §Qﬁb he . T ula The
Conpar er 27§Wh§uf§the§ con%§§?é%ggrgguﬁf E%?ﬁ??ég g?%ﬁ)EOEQ%?ggg%%)<Tc,

i .e. voi caSsitgiel tGedhrsEheitsCalcpdahpz12far EhenFPEPATEE, 272e. Voi ce
signal isoptesent a Tdmphiriectowekalt2é4 (detects whether the value (0 or 1)
of ;9 the conparison result cc(n) is kept unchanged consecutively over a

certain period T of time and outputs a signal thc(n): thc(n)=0 for cc(n)

i s changed deri(ng=pefioadcT;(n)klc(n)i~&.fooice(alghal képesuncbaagedt duri ng
period T. 15.The)Dgcisgion, G fshit 27 he. si tE n)_fromthe Tine
Counter 274 gng ghe co%p%%??&ﬁgééséfg'g%?%féf$5§$%£gi gé?%?t'ZYS to
evaluate the third decision signal q3(n) to be input for the Step Size

EefiSfOﬂTﬁ%EQﬂh%rfp&&te?hé7!aHE€§cQE_%HEE?@Q Eﬂér?aﬂﬁéi %0§rfignék are as
ol | ows: n)=0 (i..e. voice signal iis pot present);  qg3(n)=l (i.e. voice
sigﬁ5¥se§ﬁgt§%mpfglfﬁg 56§P§Fiﬁgqﬁ$ PﬁeEEEEiEPSha@%?éu??n§9€uFéVﬁE¥cribed
in Equabver @3keritadn, pdfiod T of time and outputs a signal thc(n):

thc(n)=0 for cc(n) is changed during period T;
thc(n)=1 for cc(n) is kept unchanged during period T.
15
The Decision Circuit 275 uses the signal thc(n) from the Time
Counter 274 and the comparison result cc(n) from the Comparer
273 to evaluate the third decision signal g3(n) to be input
for the Step Size Decision Circuitry 29. The values of this
20 third decision signal are as follows:

g3(n)=0 (i.e. voice signal is not present) ;
g3(n)=1 (i.e. voice signal exists).

25 The operation of the Decision Circuit 273 is described in
Equation (3), i.e.,

g3 (n-1), if thec(n)=0;
g3 (n) =1, if thc(n)=1 and cc(n)=1; (3)
30 0, if the(n)=1 and cc{(n)=0.

Similarly, Fig.6 shows the cross-correlation based voice
detection circuit 28 for the reference signal x2 (n)
comprising a Cross-Correlation Calculator 280, a

35 Normalization Circuit 281, a Threshold Calculator 282, a
Comparer 283, a Time Counter 284 and a Decision Circuit 285.



g3 (n-1) , if the (n) =0; g3 (n) =1, if the (n) =1 and cc (n) =1; O, if
the(n)=1 and cc(n)=0. (3) Simlarly, Fig.6 shows the cross- correlatlon
based voice detection circuit 28 for the reference si gnaf2 X2MAY 2004
conprising a Cross-Correlation Calculator 280, a 35 Normalization Crcuit
281, a Threshold Cal cul ator 282, a Cofparer 283, a Time Counter 284 and a
Decision Circuit 285. 1 7 MAY 2004 13 The Cross-Correl ati on Cal cul ator 280
receives the reference S|gnal x2(n) and the filtered voice signal y2(n)
fr om t he T&&a P -orredl a6 19md CedrpdeEsTt R8Pr reresvesothel aeifemenca(n) .

The si gnaligha@nk2i(n)i apdt the Eh&te@@ﬁ”&bhéétb@@nélcbﬁgﬂbtfggﬁlgﬂsﬁgna

nor nal i zat.i,on _and % q tain a normaliz

c2(n) is SERPEEYS %ﬁﬁb r & g2§§mpP5eﬁethﬁﬁaF€BSﬁrFﬁréeiﬂFéQHOId Td from
the Threskal(a) .Caheulsignal282.(nThe sCanpateto28ReONbPHMAS1idatOBRAr | SON
resulg r@%%{n)%q %Qﬂgb Qoﬁﬂklﬁggglégdanﬁ ﬁéngglggta% Eglngﬁég;ﬁﬁgd

cd(n)=1 for Vol ce not “pre
Count er §8$néét€@ﬁ§)wh§ﬁh§rSﬂﬁ@a&apaénéolsrsiptoto EEetﬁempanparBSBn

resul t c@bnbel@o&@a&ean@h@ngadtﬁ@@%ﬁewa'vslfremeﬁhé ?ﬁ§é§h81 eriod T of
time and oy hc(n)=0 for cd I'S changed during

t he perlga BﬁaFﬁE(ﬁf 1 F@F S&Fg?rF§ EéBtOHHEHEﬁgédcﬂﬂpﬁﬁgs?ﬁerﬁéﬂl§d T.
The Deci sddmn)CGircuit 285 uses the signal thd(n) fromthe Tine Counter 284
and {he conparison result cd(n) fromthe Conparer 283 to eval uate the
forth decision signal q4(n) to be input for the Step Size Decision

o] rCU|try 29cdthe¢=0afgescaf(in) kTd, i.e. voice signal exists;

cd(n)=1 for c2(n)2Td, i.e. voice signal is not present.

The Time Counter 284 detects whether the value (0 or 1) of
15 the comparison result cd(n) is kept unchanged consecutively
over a certain period T of time and outputs a signal thd(n):

thc(n)=0 for cd(n) is changed during the period T;
the(n)=1 for cd(n) is kept unchanged during the period T.
20
The Decision Circuit 285 uses the signal thd(n) from the Time
Counter 284 and the comparison result cd(n) from the Comparer
283 to evaluate the forth decision signal g4 (n) to be input
for the Step Size Decision Circuitry 29. The values of this
25 forth decision signal g4 (n) are as follows: ‘

g4 (n)=0 (i.e. voice signal is not present);
g4(n)=1 (i.e. voice signal exists).

30 The operation of the Decision Circuit 283 is described in
Equation (4), i.e.,

g4 (n-1), if thd(n)=
g4 (n) =1, if thd(n):l‘and cd(n)=0; (4)
35 o, if thd(n)=1 and cd(n)=1.



25 forth decision signal q4(n) are as follows: q4(n)=0 (i.e. voice signal
is not present); q9g4(n)=1 (i.e. voice signal exists). 30 T@F?oggfahbon of
the Decision Circuit 283 is described in Equation (4), Qn 1)
, If the (n) =0; g4 (n) =1, if thd(n) =1 and cd(n) =0; (4) 0, if the (n)
=1 and cd (n) =1. 9.7 NAY 2004 14 Pl eas g note that g4(n)=l if cd (n) =0
and g4(n)=0if cd (n) =l under the condition of thd(n)=1. This is
different from Equation (4). 5 Fig.7 shows the Step Size DeC|S|on Crcuit
29 conpnﬂﬁaﬁ§ean0@ﬂ<ﬁ@aEn@Hdm)Becu§|ad(@)e0uahdZQ@(na =Poii€ecd (n) =

Cr 0ss- Cop@eat | dRdis r t29 [ L UIt 292 and
a Step- SIZSéEJ?%Lt #?&%@ gg3%% <n$hé Vngg %e?%%ﬁﬁééﬁglgL rcuit 290

receives 0%k {4deci si on signal gl(n) and the second decision signa
g2(n) to evaluate t he voice detection result based on energy and outputs
a deci si an, ich_has three, i.ble, values {0, 1, 2}. The
deC|s$on9g Fhe 0|cg%% g?&? Bé&es PSA1ts EI%EEFP15959 SOWRE & FiBEd2i n
Equat i onVE3)re Energy0Deicfisdgbn( QireQiand9q?2 &nyoxbe czasé9¢oeie1aﬁlah (n)
=1 or q2pRkilsi ofr dﬂ}dm t(Bhq=1 a@gl é(BEEEctggn(é% hFE 2546, Voi ce

Cr oss- Correl ation Deci sion C'rcui recei ves deC|5|on si gnal
q3(n) an§t@ﬁesﬂ6ﬁtQUt@@@|§F6ﬁuéﬁgﬁéﬁ -q4(n) to evaluate the voi ce detection
result based on cross-correlation and outputs a decision signal

10 The Voice Energy Decision Circuit 290 receives the first
decision signal gl (n) and the second decision signal qz(n) to
evaluate the voice detection result based on energy and
outputs a decision signal za(n) which has three possible
values {0, 1, 2}. The decision of the Voice Energy Decision

15 Circuit 290 is described in Equation (5), i.e.,

, 1f gl(n)=0 and g2(n)=0;
if gl(n)=1 or qg2(n)=1; (5)
, 1if gl(n)=1 and g2(n)=

za (n)

i
N = O

20
Likewise, the Voice Cross-Correlation Decision Circuit 291
receives the third decision signal g3 (n) and the forth
decision signal g4 (n) to evaluate the voice detection result
based on cross-correlation and outputs a decision signal

25 zb(n) which has three possible values {0, 1, 2}. The decision
of the Voice Cross-Correlation Decision Circuit 291 is
described in Equation (6), i.e.,

0, if g3(n)=0 and g4 (n)=0;
30 zb(n)=1, if g3(n)=1 or g4 (n)=1; (6)
2, 1if g3(n)=1 and g4(n)=

The Voice Detection Circuit 292 receives the decision signals
za(n) and zb(n) to make the final decision of voice existence

35 and outputs a decision signal zo(n) which has six possible
values {0, 1, 2, 3, 4, 5}. The decision of the Voice

Detection Circuit 292 is described in Equation (7), i.e.,



25 zb(n) which has three possible values {0, 1, 2}. The decision of the
Voi ce Cross-Correlation Decision Grcuit 291 is describ j Equati on
(6), i.e., 0, if g3 (n) =0 and g4 (n) =0; 30 zb (n) =1, %{/ Y(nqul or
g4 (n) =1; 2, if g3(n)=l and q4(n)=I. (6) The Voice Detection Circuit 292
receives the decision signals za(n) agg zb(n) to meke the final decision
of voice existence 35 and outputs a deCision signal zo(n) which has six
possi ble values {0, 1, 2, 3, 4, 5). The decision of the Voice Detection
Circuit 292 is described in Equation (7), i.e., 27 MAY 2004 15 0, if
za(n)=0 and zb(n)=Q; 1, df = b,(n) =0, or za (n) =0 and zb
(n) =1; 5 zo (n) :%f iffafaéﬁfggiagﬁdaggn?ﬁf’:1; 3, if za (n) =2 and zb
(n) =0, or za (n) =6-andfzEa(@y =22and4zbi(n) 8, (Ay =22 (BhdOzbn@n) =1, or za
(n) =l and zbZAgh)=4;; 5, if za (n) =2 and zb (n) =2. (7) 10 The Step Size
Qutput Circuit 293 receives the _signal zo(n and outputs the step sizes
ua(n+$) and G2 f ort &t 72 (e a%gdépégsﬁ ithe two adaptive filters 3
and 6, respectivel B, THerza (a)e2siaxdvabyes=b0roeagh (8)ep ahdezbi(ng=2;15

Lpooup PuaZuaS U AT f Yo (L8 ha 3B4aYR97UBLHRTRYRI YR YBRA) 25
5, if za(n)=2 and zb(n)=2.

(7)
10
The Step Size Output Circuit 293 receives the signal zo(n)
and outputs the step sizes ua(n+l) and ub(n+l) for the next
updates of the two adaptive filters 3 and 6, respectively.
There are six values for each step size, i.e.,
15
ual>ual>ua2s>ua3d>ua4>uas for ua(n+l) (8)
and
ub0O>ubl>ub2>ub3>ub4>ubS for ub(n+l). (9)

20 The signal zo(n) is input to a Time Counter 294 which detects
whether the value of zo(n) is kept unchanged consecutively
over a certain period Tp of time and hence outputs a signal
tho(n) :

25 tho(n)=0 for zo(n) is changed during period Tp;
tho(n)=1 for zo(n) is kept unchanged during period Tp.

A Transfer Circuit 295 receives the signal tho(n) from the
Time Counter 294 and the output signal zo(n) from the Voice
30 Detection Circuit 292 and outputs two step sizes ua(n+l) and
ub(n+1) . The operation of the Transfer Circuit 295 is
described hereafter. If the signal tho(n) equals 0, no matter
what the value of signal zo{(n) is, the step sizes ua(n+l) and
ub(n+1l) keep the previous values, i.e.
35
za(n+l)=za(n), if tho(n)=0;
and



20 The signal zo(n) is input to a Tinme Counter 294 which detects whether
the value of zo(n) is kept unchanged consecutively over a takh period
Tp of tinme and hence outputs a signal tho (n) : 25 tho(n):@F7oﬁk€dﬁ%ﬂ is
changed during period Tp; tho(n)=1 for zo(n) is kept unchanged during
period Tp. A Transfer Circuit 295 rece'ges the signal tho(n) fromthe

Ti me Counter 294 and the output signal “zo(n) fromthe Voice 30 Detection
Circuit 292 and outputs two step sizes ua(n+l) and ub(n+l). The operation
of the Transfér(nGil)ewmbt(n295 iifs thodagkbbked hereafter. If the signal tho(n)
equals 0, no matter what the value of signal zo(n) is, the step sizes
ua(n+l) and ub(n+l) keep the previous values, i.e. 35 za (n+l) =za (n) ,
if tho (nPtierwiged 4f7 thsysigoaliéhedn)nelpazebl(nyhe stepheigap =0;

Qt her wi seuai (h+ihe a9l (ii9( Bree@uakstdd LBEsBLEA $hZERe Eai@g;m gnd
ub(n+l) %rﬁ sel ected as shown in the followng table: zo(n)ua N+l ub(n+l)
OuasubO I& &Sbl 2ua3ub2 3ua2ub3 4ual ub4 5ualub5 The output step sizes
ua(n+l) and ub(n+l) are used to update the adaptive filters 3 and 6,

respectively ) n}ne next 19 Sgﬂﬁﬂf? ™7 dﬁ?ﬁil)
0 {uas ub0
1 uasd ubl
2 ua3l ub2
3 uaz2 ub3
4 ual ub4
5 ual ub5

The output step sizes ua(n+l) and ub(n+l) are used to update
the adaptive filters 3 and 6, respectively, at the next
10 sample.
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10 voice by cross-talking; c) a signal output (5) for providing a noise
suppressed signal (el (n)) ; d) a first calculation unit (4) for

eval uating the noise suppressed signal (el(n)) fron1themhﬁiMNkﬂﬂmhl
(xI(n)) 15 and a first noise signal (yl (n)) ; a second calculation unit
(7) for evaluating a second noise sigggl (e2 (n)) fromthe reference
signal (x2 (n) ) and a filtered voice Signal (y2(n)); f) a first adaptive
filter (3), receiving the second 20 noise signal (e2(n)) and adaptively
estimating a part of noise within Qlaimsn signal (x1(n)) to thereby
output the first noise signal (yl(n)); g) a second adaptive filter (6),
receiving_the noise suppressed signal (el(n)) and adaptively estimating a
25 part ofbadi d@ Fledmed He:r ef er ence signal (x2(n)) to thereby out put
the filtered voice signal (y2(n)); h) a Voice Detection Crcuitry (24),
conprlsing: é;) a first ener based voi ce detection circuit (25),

recei ing'th SYEHEE PﬁnEPlgéiFH?PrSFS%ﬂE'fF?EPrlgﬁn%daptive filter (3)
and the nmmi nagi gnakiftxiaphr dnd éntttéﬁgiaiﬁgraémQEﬁi§i@ﬁa5iggakn(ﬂ|(n))
that indicates_whether qr VQl, is_defected: a_second energy
based voi ce det&c ?énﬁgigcﬁggge(gé%ga;eggPé?ﬂbn?E%é§%¥pﬁ?l§?Qnal (y2(n))

of the 35 sbi¢ondradapence finbuer (25) fandrebeivingrancefsrgnee $ik@fa)) and

enitting a secondadashSivaRch2id MAY52004s1gnst 008 thatyi ndi cates
whet her or not voLge§bis dgteéte X ?3) as%g?st cr%%éﬁﬁéﬁ%% a??%% based

voic%pdetectionVO&F?cBVtcF???ft?gkéPQan t he output signal (yi(n))

c) a signal output (5) for providing a noise suppressed
signal (el(n));

d) a first calculation unit (4) for evaluating the noise
suppressed signal (el(n)) from the main signal (x1(n))

15 and a first noise signal (yl(n));

e) a second calculation unit (7) for evaluating a second
noise signal (e2(n)) from the reference signal (x2(n))
and a filtered voice signal (y2(n));

f) a first adaptive filter (3), receiving the second

20 noise signal (e2(n)) and adaptively estimating a part
of noise within the main signal (x1(n)) to thereby
output the first noise signal (yl(n));

g) a second adaptive filter (6), receiving the noise
suppressed signal (el(n)) and adaptively estimating a

25 part of voice within the reference signal (x2(n)) to
thereby output the filtered voice signal (y2(n));

h) a Voice Detection Circuitry (24), comprising:

(1) a first energy based voice detection circuit (25),
receiving the output signal (yl(n)) of the first
30 adaptive filter (3) and the main signal (xl(n))
and emitting a first decision signal (gl(n)) that
indicates whether or not voice is detected;
(2) a second energy based voice detection circuit
(26) , receiving the output signal (y2(n)) of the
35 second adaptive filter (6) and the reference
signal (x2(n)) and emitting a second decision



5 of the first adaptive filter (3) and the main signal (x1(n)) and

emtting a third decision signal (q3(n)) that indicates w not
voice 1is detected; (4) a second cross-correlation based Sgﬁt!ﬂgé?gﬁiion

10 circuit (28), receiving the output signal (y2(n)) of the second
adaptive filter (6) and the reference gpgnal (x2(n)) and emtting a forth
deci sion signal (qg4(n)) that indicates whether or not voice is detected,
15 i) a Step Size Decision Crcuitry (29), receiving the decision signals
(gl (n), g2(n), q3(nF}9&&@nXﬂ2ﬁth1F%ét enei gyt easelde Vot x eorenett vohce
circuits (25, 26) and Hbeeeceegss-correl ation based voice detection
circuits (27, Zgé)to her eby out put stig sizes (ua(n+l), ub(n+l)) 20 for
the first adaptive’fP éFSE3¥raﬁ8'FﬁEr§ bho" Basgti Veife | detegriony
System as defined i ncékaiuitl,(2®her eboesaingf thet owapat| 84dal ugyt (Ap) an
adderg for 25 subtragti t Lr L i | i (n fromthe main
signa? (xi (n)) . 3$%S§g?egggétdééﬁﬁg%§§nfégggﬁ1gy%ra%%afﬂ$2wahﬁerein sai d
second cal cul ati on @AaPRals (#A (RldeandoemiBoingbe releirdgdetisiont ered voice

signal (y2(n)) fronsiBaalr @GN ansecfhondha{X2éd)dhetHer YSLEM a5odedi ned
in one of the above.c alns, erein at | east one of said decision signals

(gl (n), 35 g2(n), g3Enfet§2ERSY indi cates the presence of voice, if the
conpari son resul(#)showengndocrodscdite PAONoR lodseBydd £re agettledt 16d i N one

of tfp above claims,;gaidefing}, eReLay, PAS ey OLSE et SELLOD ey | (25)
of the second adaptive filter (6) and the
reference signal (x2(n)) and emitting a forth
decision signal (g4 (n)) that indicates whether or
not voice is detected;

15 i) a Step Size Decision Circuitry (29), receiving the
decision signals (gl(n), g2(n), g3(n), g4(n)) from the
energy based voice detection circuits (25, 26) and the
cross-correlation based voice detection circuits (27,
28) to thereby output step sizes (ua(n+l), ub(n+1))

20 for the first adaptive filter (3) and the second
adaptive filter (6).

2. System as defined in claim 1,
wherein said first calculation unit is an adder for
25 subtracting the first noise signal (y1(n)) from the main
signal (x1(n)).

3. System as defined in claim 1 or claim 2,
wherein said second calculation unit is an adder for
30 subtracting the filtered voice signal (y2(n)) from the

reference signal (x2(n)).

4. ©System as defined in one of the above claims,
wherein at least one of said decision signals (gl (n),
35 g2(n), g3(n), g4(n)) indicates the presence of voice, if
the comparison result showing so.



conprising: a) first Power Cal culators (250, 251), receiviagéthe 5 1 nput
signals (x1(n), yi(n)) of the first energy based voice deke tMAﬁ}ﬂWW(ﬂﬂI
(25) and evaluating first output signals (pal(n), pa2(n)); b) first

Snoot hers (253, 254), receiving the first output signals and eval uating
snoot hed second output signals 10 (spgh (n) , spa2(n)); c) a first

Di vider (255), receiving the second output signals (spal(n), spa2(n)),

di viding themobtaining a third output signal (dva(n)); d) a first
Conparer5(25$¥?t?@cé$vgﬁélﬂﬁé ihi pdeoof pthe abowé gnbaitielva(n)) in order to

compare it wshhqarfirgst enkbBsoSh V. ( i f irst
Threshol d  Cal cul at or 826)égbtg%ﬁ?ngég&feo%?%e%ﬁ%%tgggaﬁgfw%%;(n)) that

i ndi cat es whePREPTSPIAEE voice is present; 20 e) a first Time Counter
(258), receivahgfihstfbowbroaapatilasogsal2tca £5)), freveihenditisé Conparer

(257)cto evalu k u ian haf n ependent _upon et her
or not the fort%Bgﬂ?p%%éégé%aﬁggggfh) fk%ﬁ%n ése%ﬁtﬁh b P iRt me
period; 25 f) aveifrstdeeertion Circuit (2%0)andecealiatgindiefiost h out put

signal (ca(n)) &ne hg; &i r and the fifth output signa
(tha(n)) frog§the i?s?lé%%%% %%?%f'éé%%?aﬁk'evaluate the first decision

signal (gl (nP) FoFSthemepPEResrzE2FRcidPdh FeesiYig9 S (Doyst goutgyet em as
defined in one Qighhﬂasabﬁdeeﬁéahﬂﬁing’aéﬂoéﬂ@@dlds@é&ﬁ&%\hﬁl&w YRYEEl 5

det ion circuit co isinhg: 35 a econd Power Cal cul ators (260,
261?3}:eceibin;k?ﬂégﬁ%hpu?ggégﬁgpg (x2(ng,sy2(n)) of the segond eneﬁgy

c) a first Divider (255), receiving the second output
signals (spal(n), spa2(n)), dividing them obtaining a
third output signal (dva(n));

d) a first Comparer (257), receiving the third output

15 signal (dva(n)) in order to compare it with a first
threshold value (Ta), provided from a first Threshold
Calculator (256) obtaining a forth output signal
(ca(n)) that indicates whether or not voice is
present;

20 e) a first Time Counter (258), receiving the forth output
signal (ca(n)) from the first Comparer (257) to
evaluate a fifth output signal (tha(n)), dependent
upon whether or not the forth output signal (ca(n))
changes within a predefined time period;

25 f) a first Decision Circuit (259), receiving the forth
output signal (ca(n)) from the first Comparer (257)
and the fifth output signal (tha(n)) from the first
Time Counter (258) to evaluate the first decision
signal (gl(n)) for the Step Size Decision Circuitry

30 (29).

6. System as defined in one of the above claimsg,
said second energy based voice detection circuit (26)
comprising:
35 a) second Power Calculators (260, 261), receiving the
input signals (x2(n), y2(n)) of the second energy



1 7 MAY 2004 21 based voice detection circuit (26) and evaluating sixth
out put signals (pbl(n), pb2(n)); b) second Snoothers (263, ﬁfz z{eceiving
the sixth output signals and eval uati ng snoot hed seventh o MA gt
signals (spbl(n), spb2(n)); c) a second Divider (265), receiving the
seventh output signals (spbl(n), spb2gR)), dividing themobtaining a

ei ght h out put signal (dvb(n)); d) a second Conparer (267), receiving the
ei ghth output 10 signal (dvb(n)) in order to conpare it with a second

t hreshol d val ue baHsd yodveddetiecoioa sécondtTheeshahd eCallaatahgr (266)

obtaining a nlngﬁxgyﬁQﬁkp%kg%ﬁg %gg(négéog at Fggé§g§es whet her or not

voice is present sec { receiving the ninth

out put S|gnalk{cﬁ@ﬁﬁpdfﬁﬁﬁpﬁﬁ€r§ed8ﬁé C8fApar erecebyingt bhevalizvbhe a tenth

out put signal (tlhtput sdependeahd epamu&heh?eémeétﬂea EQGthHtBuQHEQUt
5|gna§ (cb(n)) _chan es mn%gln a pr gef i me period; 20 f) a second
Decision G rCU|F (FR Pﬁ out put S|gnal (cb(n)) from

t he second Cmﬁparsec©®@7plvad&rtHessentheoeﬁpmhgstgeabeﬁéhbhnémtﬁﬁen1the

d Ti Co 2 I e on na
for the Stop S Saogales Rkratnd i epBotgh it BF60HTdCEh e Rae B ARG L1200
of the above cI§98§theﬁwﬁppﬁr§ﬂ9@ﬁés§dEbKneDat|on based voi ce detectlon
circuit (27) Q9ompiieiong: C%Q\pﬁ):’e% fb%S‘) C&eéél@ﬁ%eéﬁéléﬂg@h%hé{)eﬁ (270),

recejving the input si yi first cross-
corr£¥at|on bas &d 9L égﬁgt 5 % 8Fﬁ86|F°(§?Tp3ﬁﬂ it with a second
threshold value (Tb) provided from a second Threshold

Calculator (266) obtaining a ninth output signal
(cb(n)) that indicates whether or not voice is
present;

15 e) a second Time Counter (268), receiving the ninth
output signal (cb(n)) from the second Comparer (267)
to evaluate a tenth output signal (thb(n)), dependent
upon whether or not the ninth output signal (cb(n))
changes within a predefined time period;

20 f) a second Decision Circuit (269), receiving the ninth
output signal (cb(n)) from the second Comparer (267)
and the tenth output signal (thb(n)) from the second
Time Counter (268) to evaluate the second decision
signal (g2(n)) for the Step Size Decision Circuitry

25 (29) .

7. System as defined in one of the above claims,
said first cross-correlation based voice detection
circuit (27) comprising:

30 a) a first Cross-Correlation Calculator (270), receiving
the input signals (x1(n), yl(n)) of the first cross-
correlation based voice detection circuit (27) and
evaluating an cross-correlated eleventh output signal
(r1(n));

35 b) a first Normalization Circuit (271), receiving the
eleventh output signal (rl(n)) doing normalization and

evaluating a twelfth output signal (cl(n));



eval uating an cross-correl ated el eventh output signal (r1(n)); 35 b) a
first Normalization Crcuit (271), receiving the eIeventh out put si gnal
(r1(n)) doing normalization and evaluating a twelfth out dﬂﬁhQMQ
(cl(n)); 12 7 MAY 2004 22 c) a third Conparer (273), rece|V|ng the twelfth
output signal (cl(n)) to do a conparisgn with a third threshold val ue
(Tc) froma third Threshold Calculator " (272) obtaining a thirteenth
output signal 5 (cc(n)) that indicates whether or not voice is present;
d) athird TKﬁEaC¢@mm@’Q@mparerrdQQBVLngebbevthgrthenthelﬁuhpuhtﬁhgna
(cc(n)) fromthe;thisnd re ( t urjeenth output

si gnal (thc(n))%l%%'leéen ng Egbﬁzh% E% §¥§E8ﬁ %%Eh gh ?egnth out put
signal (cc(n)) chixgss Wﬁﬁu& Fédeﬁ?ﬁ@datFhérdpﬁhreahoéﬁ athird

Deci si on G rCUItc@ZE@natb&CQQWQUgobhaln&hgfEGEHEPtQHEQHtoﬁtBHé'sﬁﬁﬁéﬂ))

f he third 273) dt t t t put

({gg}%)s frgaltﬁg ﬁcqu% ﬁ?ggs(Ygﬁnggrnggﬁétgglgge1§L|rd deci si on
signal (q3(n)) boesent; Step Size Decision Crcuitry (29). 20 8. System as
defined in opg gf ¢ m%da%}ag %'o%h'E‘ér %%%f,' ga&e&‘{,?ﬁﬁ JERLT ELaLL o0 pRsed

voice detection circuit a Seco tion
Cal cul at or (280PUtPé@eﬁ99ﬁgl ﬁﬁé(nhbuﬁrQWQh gsthked(@pmpayer( (2y3df tohe
first cross- 25eg@anpgkat 'ao'ﬂoQ%§%€n‘éH' e@tgaﬁegagﬁalckﬁﬁe' 55 (27) and
evalf@tlng a crgss- cg{re ated f h t eent h out put ”si
ependent upon whether or not the hlrteenth output
signal (cc(n)) changes within a predefined time
period;
e) a third Decision Circuit (275), receiving the
thirteenth output signal (cc(n)) from the third
15 Comparer (273) and the fourteenth output signal
(thc(n)) from the third Time Counter (274) to evaluate
the third decision signal (g3 (n)) for the Step Size

Decision Circuitry (29).

20 8. ©System as defined in one of the above claims,

said first cross-correlation based voice detection

circuit (28) comprising:

a) a second Cross-Correlation Calculator (280), receiving
the input signals (x2(n), y2(n)) of the first cross-

25 correlation based voice detection circuit (27) and
evaluating a cross-correlated fifteenth output signal
(r2(n));

b) a second Normalization Circuit (281), receiving the

fifteenth output signal (r2(n)) doing normalization
30 and evaluating a sixteenth output signal (c2(n));

c) a forth Comparer (283), receiving the sixteenth output
signal (c2(n)) to do a comparison with a forth
threshold value (Td) from a forth Threshold Calculator
(282) obtaining a seventeenth output signal (cd(n))

35 that indicates whether or not voice is present;

d) a forth Time Counter (284), receiving the seventeenth

output signal (cd(n)) from the forth Comparer (283) to



b) a second Normalization Crcuit (281), receiving the fifteenth output
signal (r2(n)) doing normalization 30 and evaluating a sixteenth out put
signal (c2(n)); c) a forth Conparer (283), receiving the si&feMAY gyt put
signal (c2(n)) to do a conparison with a forth threshold value (Td) from
a forth Threshold Cal culator (282) obtaining a seventeenth output signal
(cd(n)) 35 that indicates whether or not voice is present; d) a forth Tine
Counter (284), receiving the seventeenth output signal (cd(n)) fromthe
forth Conparer E©8@uate lanh ridtveiin 28 tpual sdgeain (ehdhiheent h out put

signal (thd(n)), Ij@{g@}gpn n t nt h,. out put
signal gcd(n)) éﬁhnges mﬁf%Fﬁp§m§¥Q%%??%éghfiEée %gyggggeégg)ggtFB th
Deci sion G rcuit B (@i shanges wdtbaneanpiedetpoedstgmel (cd(n))
fromthe forth geyiasdgr and the eighteenth output signal (thd(n)) from
the fprth Ti ter 84) .to evaluate the forth, decision signal

(q4( n?) for t e%g'%‘g)ﬁ% %cf@lﬁélcﬁéirSHl 'r(%ﬁgl)ryrﬁﬁgﬂ'ylgg &€t em as defi ned
in one of the aleventlesintd, outpud wigonelddtddh) pnfeomcthe faﬁthcoméri si ng:
a) a Voice Ener “B% IS ik cui L r LViEng. i r eci si on
signal (ql(n)) gjrél)d tgﬁs%%ggéh e(?itlg%%g}lglhgngﬁbklgzgﬁé g%nééfé%flﬁim ng a
first voice decif&iosh the deaith Zime) Fobvased dA8thetenevgjuatet hbevoi ce; b)

a Voi ce Cross- Caoreliideen sem Sighadl 1(edich) { 294). thbegebyi 89 Lhe third
deci sijon signal % 3%%%) %pd the 20 forth decision signal (g4(n)) and
eval ﬁgtl ng a cr&: g:l Fel d‘tré’éil%gé’or{aggm ce decision signal (zb(n)) based
on cross-correl ation;
9. ©System as defined in one of the above claims,
said voice detection circuit (28) comprising:
a) a Voice Energy Decision Circuit (290), receiving the
15 first decision signal (gl (n)) and the second decision
signal (g2(n)) and evaluating a first voice decision
signal (za(n)) based on the energy of the voice;
b) a Voice Cross-Correlation Decision Circuit (291),
receiving the third decision signal (g3 (n)) and the
20 forth decision signal (g4 (n)) and evaluating a cross-
correlated second voice decision signal (zb(n)) based
on cross-correlation;
c) a Voice Detection Circuit (292), receiving the first
voice decision signal (za(n)) and the second voice
25 decision signal (zb(n)) to make a further decision of
voice presence and evaluating a nineteenth output
signal (zo(n));
d) a Step Size Output Circuit (293), receiving the
nineteenth output signal (zo(n)) of the Voice
30 Detection Circuit (292) and outputs the step sizes
(uva(n+l), ub(n+l)) for the next updates of the first
adaptive filter (3) and the second adaptive filter
(6), respectively.

35 10. System as defined in claim 9,
said Step Size Output Circuit (293) comprising:



c) a Voice Detection Circuit (292), receiving the first voice decision

signal (za(n)) and the second voice 25 deci sion signal (zb(g&b N@%ngmg a
t'h t

further decision of voice presence and evaluating a ninete

signal (zo (n) ) ; d) a Step Size Qutput Grcuit (293), receiving the

ni net eent h out put signal (zo(n)) of th§4Vbice 30 Detection Grcuit (292)
and outputs the step sizes (ua(n+l), ub(n+l)) for the next updates of the
first adaptive filter (3) and the second adaptive filter (6),

respectivel ya)3s fadftByJtewm Goudekirnddoih, ckacai9ingatHe ShepeSeéatr RUt put
Crcuit (293) c K alc 7 04.2 )a: LLfih, Ti Count er .(294),
receiving the n?gg ggn?%gnéatégngﬁgnéf ?9§(X§}L%fb?ﬁ%cgg?geatﬁFB& i on
Gircuit (292) to 'ev8lusPecyalighiei at hwentpathspyhant (shonal) (thdépehdent

upon whet her or depehBenti npbaephbtaEtPEL StH8ah; i
unchqgged for a prgg fiﬁe Do b nop tﬂgT#é%é?é?h%Pr§3?§8%295),

2 g EI’,IO% of tlﬂ'ﬁ; b) .a .
receiving the tRedrdt 20 B?gufss §RLI UPERBPETY EPrtAcP¥RRERiTRAe Count er
(294) and the pemebdentthtameput signal (zo(n)) of the Voice 10 Detection

Circuit (292),t L e Lzes ua( n+l ub( n+l for the
firs?ladgptiéé ?i?%gbg?%? %gkgu?EeQ%géihdr%é%ﬁ§%§%)?P?téye?%%?tﬁl. System
as defined in oﬁétﬁﬂttﬁégaaévéﬁbpéhht,Oflshahéiéth Tane Cysneeri $204) -
transceiver. 12apNethadnfiaecBehss éHQE$€S§iQHa?L(g%ﬂ§}P skOAL $3360))

mhng is a voice signal contam nated noi se xecute n a system
as delined in oRECEFCLRE GHEGELIt2(28R 4| B, evaluate said step sizes
(ua(n+1), ub(n+l)) for the first adaptive filter (3)

and the second adaptive filter (6).

11. System as defined in one of the above claims,

15 wherein said system is a transceiver.

12. Method for noise suppression of a main signal (x1(n))
which is a voice signal contaminated by noise
to be executed on a system as defined in one of the above
20 claims.



2 7 MAY 2004 25 NO SE CANCELER SYSTEM W TH ADAPTI VE CRCSS- TALK FILTERS 5
Abstract Noi se Cancel er System Wth Adaptive Cross-Tal k F| tFrﬁA Q@Pmn
cross-tal k adaptive noi se cancell ati on apparatus uses two adapt

filters for suppressing the correlated noise in 10 the main signal, which
contains wanted voi ce and unwanted noi g, by a reference signal, which
contai ns unmanted noi se and wanted voice via cross-tal king. A noise

cancel er d the present invention including sonme additiona
parts, such Q@ﬁgb %ﬁ@@&.%ﬁsg‘mwwﬁ APARTINGD CROSISTAIK si on
circuitry. The voice detection circprpmeretects whether the wanted voice

exists. The step size decision circuitry decides what the step sizes are
used for the next wupdate of the two adaptive filters. 20 Fig.2

5 Abstract

Noise Canceler System With Adaptive Cross-Talk Filters

A known cross-talk adaptive noise cancellation apparatus uses
two adaptive filters for suppressing the correlated noise in

10 the main signal, which contains wanted voice and unwanted
noise, by a reference signal, which contains unwanted noise
and wanted voice via cross-talking. A noise canceler is
provided in the present invention including some additional
parts, such as a voice detection circuitry and a step size

15 decision circuitry. The voice detection circuitry detects
whether the wanted voice exists. The step size decision
circuitry decides what the step sizes are used for the next
update of the two adaptive filters.

20 Fig.2





