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 opeheot Rehandsaly 32 AAbghleibhabE Ehe Qngéysygggfirable effect.

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.



2 7 MAY 2004 2 Moreover, there are lots of sites which need better
recogni tion of voice and/or better understandi ng because qé 04 ¥
background. Sone sites, additional to the above nentioned geﬁg?'gﬂ are
ai rplanes, helicopters, airports, trains, buses, train stations, bus
stops, construction sites, highways, sgtreets or the like. In [1] a
concept and basi c 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 main input containing a

cOT T upt eHcTGRA: Alhote LELNRATE JNRYLLORFALA BICROLSE Eorrel ated in

sone unknown Way Wt t he primar nol se are erence |nput S
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treatgent i np at .are deternmin or stochastic, stationary or
time var|a&ﬁ%OmﬁﬁéﬁEPﬁﬁﬁ%iléﬁ? aFérggﬁgﬁﬁpeh §6c88§8F?beaé§9ﬁﬁF8tlc 20
adapt i ve tperifer, mbvee sand reuitnp st aBNBnEQr batattopar, ycehsehastion sApeksS,

i ncl udi ng ;8Nghe ang g&et5gf§%§gce i nputs. These solutions show

that, when-the reference I nput ree of signal and certain other
condltlons are net, noise in the main input can be essentially elimnated

Wit hout gingral) 25 cdin'é:"e@rtt 291 blaiéltch'aﬁgﬁééééh EBe aaageh% Rghaues as a
l'ine time-invariant syst he adapt.ive ter converging on a

dynahi ¢ FgFﬁgﬁlﬁﬁ&ﬁnaa§Faﬁﬂge§ol&Fl&ﬁn RekPﬁﬁdoFoalébWFVétﬁ0|se cancel er
wi t h adapbickgrounss nicdlslke a3d flmbtrelve aaBibfalleubdnbhnseocrrt abt i(Shr$ . and

patents: sbbkestaleod 338 USALE [RpCTRIRLEIoL G eI  Chgaca ol
(see (21refsfreassg PmPUKopOhMﬁunengdaDasEsyorgslahe§5}na8dméfanbnbwn
conf i gur {yomfh Rne’ P39k nddaRrt bye uBekserraBCebetrbicdeyabapedsby
SplIttln%dag%lgelytkg%t%&%%Sand subtracted from the main input t
pu o
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-



2 1 MAY 2004 talk filter into a pre-filter section and an adaptive filter
section. Docunent [6] discloses a noise canceler utiIizin& zq@é %mﬁfaptlve
filters and a signal-to-noise power ratio estimator to d %

noi se cancel lation. Furthernore, adjustnment of the step sizes of the two
mai n adaptive cross-talk filters is pgovided to incorporate a better
tracking ability while the wanted voice signal does not exist. On the

ot her hand, a 10 snaller residual noise is achieved while the wanted voice
si gnal i $3gkeddditerFiigptd shewe-£iddiege seatdehernndsadi adhpsédei fiil6er Thi s
noi se caReelin includes a main input 1 (first mcrophone) to obtain 15 a
mai n signal x1(n), a reference input 2 (second m crophone) to obtain a
ref erence signal x2(n), a signal output 5  adaptive filters 3 and 6,

adders 4 muheéﬁel[&y caﬂsallots%sSa ald 5@, c&n&b%%@' %Qimahﬁgl pewer ratio
esti t or an e e out.put .circuit e signal -to-nol se power
ratlg?ZO S t&afbr i&eg? ée %P 2)a&Rr Q& SE| PP¥RE f?géﬂdef§lm388€rs 14
and 15, powdo wemsscitedl roibe, ch?zcelaaandnwFuanderﬁoredeaajaet&adt21
The mai no% gal ot ?‘E iz IRaYE Ryl ie sge Fagggwg%&ogsbx %§1§§"g' es

to turn-out a dela mal n S|gna I's appll
t he subt i&cP&evidedh tt%éwm@rona&ﬁda bﬁéteref‘-éﬁéhéégsﬁgmélltxzwh}lﬁs

del ayed kyet m@n@@dawoqlcrecwltgnalb)ao@s %%Dleﬁisko bHr BheUbtRedehanad a
refggfnce S|gnal t hat to. the whracter 7. The adaptive fllter
n

3 opel at E933G SFo TEST en81ﬁ8|§§ &chasre ddEdFRet NenrgAnveigRal xi (n)
whil e theiguat iiwe pirielsteait .6 operates to estimate a desired signal
included in the reference signal x2(n). To allowthe filter 3 to estinate
the noise signal yil(n), the desired signal y2(n) estimated by filter 6 is
subt r act &dgf.domhowe asnpeﬁ@r@ﬁ@@eéegnas d2ea)obgdt ks $6btr Ebierndisend t he

resul tinganBehae SneNalie@26Nhalis APUE 50 (Ehesti hi&tophohkkevbsgpehig

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



noi se signal yl(n) estimated by the filter 3 is subtracted 27 MAY 2004 4
fromthe main signal x1(n), and the resulting desired signaQ 7qyép

input to filter 6. For this purpose, the two filters 3 and™6 a ‘m”
cross-coupled, as illustrated. 5 Now, for the adaptive filter 3 to
estimate the noise signal yi(n) in thg main signal accurately, it is
necessary to increase the anmount of updating of the filter coefficient
when the desired signal of the main signal obstructing the estimation is
smal | er ttham the meiive ssiogadl xldnbe esti thtedeshdtCogvdeselkyd Ehgﬁalhe
desired ghqpdl i@f ith&MRIN £5198% 6. SFo r@ﬁRSrpBEQBSEhetﬁQ'g%?SkQQ ers
necessary to reduce the above anmount ecause t ructirng the
estimati ol P&d §r 8XCeCTOREN CONRLREI s@Ssitghuptratedn the ot her hand, for

t he adaptive filter 6 to estimate the desired signal of the reference

si gn ur atel nece ry to increase the anmount of updating of
the f It PWr c 58 @Ieﬁ?aﬁﬁéﬁet%éﬁﬁéFsg EPgﬁﬁFlEBE?aFﬁ@anﬁs?hél Bftér ence
si gnal obsﬂnucumnghehmaeatBaghadnabsusaaéng; ihabhst hecdesaredtd0 signal.
Qonver sebiycgher he @ﬁbﬁﬁtSb@nagdgt heotCthLepter o2l gnak 8y gheat er 1 han

t he de5|re§ it 1S necess ‘reduce ve anbun ecause
t he S|gnaheéb§ u@@ﬁﬁ&eﬁhélgééﬂlﬁﬁtﬁbﬁ maigreaganlt phatruetdegi thd signal .

25 The cegkfimgitadh figr seeqheed@atahvertél hbegecemghelceatbel LegihQregeet the
above re U|renen;X ntr II|n adaptive filters.
tl

't 150 a SPRNFFRE 6B 5581588, BLSRAT! BF, Rhe rotas tanaboipet ¢ hat
t he noisgreameelehaast&bownlse Eugn&lcomprnseﬁeaessgﬂyltbOréduee phager

rati o es or. |t|ona 3. .The
conputat%ggggo m%%g@%%?cgwg gg 94rE P gggggggﬁn%uéﬁ?oe?ﬁe ?Pté?s 12
and 13. 9W§ﬁe@veﬁhamheh&dapuseeSﬁehaérs 12 and 13 enbody fixed step 35
sizes affecting an inflexible voice and noi se estinmation.

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.



1 7 MAY 2004 5 SUMVARY OF THE I NVENTION It is an object of the present
invention to provide an acoustic noise canceler to be abl ﬂqoMﬂf@ﬂg e a
good noise 5 cancellation with reduced conputational effort. Furthe re
it is an object of the invention to provide a noise suppression system
and an acconpanying nethod. 10 More spgcifically, 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 adjustable step sizes
for updating the coeffici enfEMMARY hQF fTHE cINVENISIGN her obj ects, features
and advant ages according to the present invention will be presented in
the follow ng detailed description of the illustrated enbodi nents when
read in donEn@H GRIGCSth ofh&hec PEREeRYi AgVeREMPRgES PTOYhRESeanbj ect s of
tlhe_ pr esemt:_dl'tllﬂs\t_ eua:lt |n]gu1s?r @amréil@zelﬂtob]pet Eblﬁf egt HEﬁ‘ithE Ialhg_obadﬁ%@aé_ent
cl ai ns. i tiqnal, feat.ures res romthe pendent cl ai ns. noi se
cance eréogcf%ga%ﬁggbﬁ? PnJEHPFSﬁ F?mPBEB%%BBagfeggoﬁg'nain si gnal i nput,
a reference signal input, a signal output, a voice detection circuitry, a
step decigs, i itr d._.t . ptiev il . The,_main_i npQut _receives
a main s?gﬁgﬁﬁﬁﬁqaéfi§¥angf%%%gpggglBESSh%s%égéﬁtélangP)pESHﬁgﬁiﬁated by
noi se. TRELEEf SUPREESSAPR SYSEeryvasdaanchecenpanyigaamewhpdh i s a noi se
interm ngled by cross-talk voice signal (speech signal). The signa
outp ﬁgﬂds out .the i ce . si W {h suppressed, noi se, Further

Si

, nal ) '
proc I gREcHEL Yded tad SaARaGPaREEI £fvbPeei88ePELBENFPI on system
Al t er nat prelvjidet he ladampit ilvies cepes -talkhaoisectphealeof whhehneotprises

suppress vQl Si ly. 32 0 he Vol tecti Cprcuitr
det ect s %ﬁgt%g%%grc%®$1$gig§a¥§§§%agéﬁgegﬁegéﬁﬁ.a Jﬁgéggisnﬁk?prgéé?ﬁing
to the vépgeupdating the coefficients of the filters.

15 Other objects, features and advantages according to the
present invention will be presented in the following detailed
description of the illustrated embodiments 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.



signal is obtained based on a certain criterion (either power nean or
cross-correlation). The presence of voice can 5 be neasured as a
conparison of the value of that measurement with a prededifndhYt 2004shol d
val ue. Then the conparison results are used to determ ne the presence of
the voice signal. The nmechani sm about .t he neasurenent and conpari son

W Il be described in detail latter. 10 The Step Size Decision Crcuitry
deci des about the size of the steps that should be used for the next
updat e ofheh¥otiiwe Datigptiive CikteisryThetéctstwaeapet verfhot evoBcest i mat es

the noigeq ﬂ@icﬁs'érﬁ§@ﬁttOACBQQQLr%HSngoké af&?%@'@gdtﬁg $Bg.grin 15

signal. Thé second adaptive filter est |na voi ce S|gnal which is
used to r EfEPeli A8 PBtednefgharedonfarnearEaint peitertpenéeithgnal . It is

anot her egb@drﬁﬁ@hnobrtb@o@éeééﬂkelaﬂﬂaﬁ)OnTﬁ@aérégéncgoo§e§8{é@egaﬁySten1
is atrapsceiver.

§ et _an é gb fe g t he resent I nvention
to ptovide™SoREER da?oP ﬁ8%§8r§585r8 st 3l kLR bd"SASURSMeBE t he
above dewcthbedpsydeéwsedBRhEEsEEB&RV@IMéBJtHéﬁFEhéFEWMpﬁfhsﬁnSS Exanpl es

of the presemtgigyen gea N hepsrﬂgﬁ tﬂ%d%iré‘sgﬁé Jg% {fe W ENLOf the

foll ow ng ramnng 1 shows a ran1o e a noisé cancel er
(prior &ignal.f Qezmﬁphagﬁsatéboutsyb@eme¢@mram¢@© anpprespavhsonFi g. 3

i | Tustrafes1apki AebcenBeay iRagedayi cerdetection circuit; 17 MAY 2004 7

Fig.f%il | ustrates a second energy based voice detection
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;



circuit; Fig.5 illustrates a first cross-correlation based voice

detection circuit; Fig.6 illustrates a second cross-corrglat,i ased
voice detection circuit; Fig.7 illustrates a Step Size Fgeﬁiwozb)ﬂ‘l
Circuitry. DETAILED DESCRI PTION OF THE DRAWNGS 10 Fig.2 illustrates a

bl ock di agram of a system for noise syppression (hereafter referred to as
a noi se canceler) of the present invention. The noise canceler includes a
mai n inﬁyt 1 (first mcrophone), a reference input 2 (second

nmi cr ophofiéP, 4a siighHEtEatpesat assegangt prergy| based3vande 6detischiider s 4 and
7, a Voice Detectigau@crcuitry 24 and a Step Size Decision Crcuitry 29.

It has to_be noted ro- _.units" s e Voi ce Detection

h " h t \
Greuitry 28 or tﬁéagggﬁag%%zg Eire iFF?gggcggﬁﬁ?ﬂBfo?ob%%e@oYﬂéﬂeas

separate circuitsdetBathomacioeuntt is provided to logically separate

functd ongl: ,2@ Ci L ey t he S C | i Lgnal _xi(n) is
appli%d ?3gf%e a gngﬁfggﬁé,g Sgeéggeﬁggggféﬁ%*é¥§%£§ﬂ?%g%%%?Y§ﬁc?o(t%e
adder 7. 25 The deipetéenfcireriBi;is used to estimate a first noise

signal ykgg). 7i nchydedtirBttBeamBtBpsEgal p&i{8)ohél Bchiberyadaptive filter
6 is used to estimate a cross-talﬁed voi ce signal (=filtered voice

signal) y2(n) included in the reference signal x2(n). The adder 4
subtracts the first rOEBALIED DEFCRIBNION QF THR: DRAM{INGS: filter 3 from
the main signal xi(n) to get a noise suppressed voice signal el(n). The
adder 7_subtracts the out put signa[ y2(n) of the adaptive filter 6 from
the Yof eFdAcé 3ilghEFTREER) 3t BloBKarAagraBcBRd2nBYSEeR| §AkI nedsen) . 35 12
7 MAY 20@dpphesadapt i(verkbalfter ZefieeselineoSg8080nBEEEC58hO8BLr£268) as
s refe%ggcgre%g%tngh%%nigggte%ﬁgdng& QaLaSLngrainé Sdgérgrmain
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



signal and a signal ua(n) as its step size to update its coefficients. 5
Simlarly, the adaptive filter 6 uses the noise suppressed signal el (n)
as its reference, the second noise signal e2(n) as its ejgqrMAYQ2084 and a
signal ub(n) as its step size to wupdate its coefficients.” 10 The si gnal
ua(n) and the signal ub(n) are generatgd 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 Zhgnddeptomeecfgéterhd uadaptheesétdh@rndisansbghaloé® (hheairst

noi se Ssi VY ontakhed; | | [ [ ccurately and the
adaptivegPﬁlFé?égéggg'e%??nggébghénﬁnggg% gg c%fség%%f 2% §Efn¥r¥ﬂrthe
r ef er enceSiPRRAlI 2RI( A) SagBaLaval(}) A8 htestep sizecteigpddtel{ng is the
voi ce si gaakfdithesuppressed noi se and enbodi es the output of the noise
cancgger. 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 Eomidprigl | yhei adaptiheeessatyrforusédechdapbisve supptesSedo
<t easeclinag! 88 (5) BanhED LheerXaLES SONEL dorsnaole oKl sk ODVET Sel v

when the voice signal is Eres _ necessary filter
3 30 to RBAHEE PrEOLt EpIBRzeandnat Adgnahewb Ahdas t hies opeemt $ bpe f oo

adapti veupihter iBsi sok¥glciBgrgpposite. It needs to increase its step
si ze when the voice signal exists. Conversely, when the voice signal is

not:ﬁ%esent, It Is necessary to reduce its step size. To achieve this,
t he Voi cEh®eseghadnufi(hfuahdytBe 2dgnall abihe Stepysherat®gisyoph& rcuitry

29 [ he. ' L ). th { dat f th
Foo aunSEeboSs B BectHEgR HEEBT LA RS W LDl co i tneon 13 7 My
200k 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



9 Circuitry 24 conprises energy based voice detection circuits 25 and 26,
and cross-correl ation based voice detection circuits 27 and 28 as
described in detail below. 5 Fig.3 shows the energy baseéz VoMd¥ 2084ection
circuit 25 for the main signal conprising Power Cal culators 250 and 251,
Smoot hers 253 and 254, a Divider 255, g Threshold Calculator 256, a
Conparer 257, a Time Counter 258 and a Decision Circuit 259. 10 The Power
Cal cul ators 250 and 251 receive the main signal x1(n) and the first noise
si gnal yLimpcufitay e cadgptiises ehielggr basedespecei dekgctand ediputitihe

ower si gral l{( N (%)m__ t I [ nal s pal (n
gnd paZ(%F a%dg?giséﬁ¥ﬁ?%x$ﬁi nDOot Z?gﬁzg§ge& végg pgggpec gvely pto( :
out put sm5GEIRY SForer 2R ss feIsCA)bedd ispdetayl RGowDi vi der 255

receives the signals spal(n) and spa2(n), respectlvely, and divi des

spal () a2 obtain a uoti ent signal dva(n). This guotient

si gna ? d%ﬁ?ﬁ? &4&§ @ﬁp&?@&gM S§% NPeSRoPGLESELP nFﬂH@uTﬁrg§h§PH

Cal cul at ahe 2B6natsigne lCampprdsidh7 Povee camnanat0257zeaahnat251a

conpari s Gn . ( Ta i ygige | i.s not
present ; %%Sg%%%f%)%%B %ndpaggﬁ)%,§??+§%%i2%§ v0|ggr ﬁ%ﬁ &% PgPZat?ﬁe Ti me
Count er 258 .dét &oMmpaxeat RSr7 .t Be Tiseugopoter 2?80andtheDeowpapnson resul t
ca(n) isckept,i¢neanged consecutively over a certain period T of tine and
outputs a signal tha(n): 30 tha(n)=0 for ca(n) is changed during period T,
tha(Wy=I for ca(n) is kept unchanged during period T. The Decision Gircuit
259 useSThbeP&M@mataﬂh&ﬂﬁko&hoUBbhanalHBl 35c§@ﬁ6tehezﬁ§1ﬂn§1§ﬁ§1

COmPar =93 Gt BACTE LR IR CRTRALEL 250, B, SHeL KR! Sal LT
fllter 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



10 to the Step Size Decision Crcuitry 29. The values of this first

deci sion signal gl(n) are as follows: ql(n)=0 (i.e. voice 3 %g V i ot
present) 5 ql(n)=l (i.e. voice signal exists) The operati h MAYh 200
Decision Gircuit 259 is described in Equation (1), i.e., 10 gqi1(n-1), ql
(n) =1, O, if tha (n) =0; if tha (n) }Oand ca(n)=I; if tha (n) =1 and
ca(n)=0. (1) Simlarly, as showmn in Fig. 4, the energy based voice 15
detection circuit 26 for the reference signal x2(n) consists of Power

Cal cul at ¢os the0 Segp Boke BemdtsHens czaauandﬂﬁé @heDirsldes 365thas

Threshol ¢ ;Gal.ciyy 6 r joe_Counter 268 and a
Deci si on Cg%gu?t%%%dO% %l?ﬁ P§%35§ % tg? 9¥8° and 261 receive the

reference signal x2(n) and the flltered voi ce signal y2(n) fromthe

adaptive fil tqn () bespeet.i velite amgnayt Pt nbbeppouen: pi gnal s pbl (n) and
pb2(n), respei er The power signals pbl(nz and pb2(n) are sent to the
Smoothers 263 1dRd=3641-PesyBiLryELGNas5eXLSHBE put the snoot hed power

signal s spbl(n) and spb2(n). The D vider 265 receives the signals spbl(n)

and spb2 I a ivide sph2 to.obtain a
quotlent&g% ?%Q?EE)%% %Pg §§SgSéRP §ﬁ5§ éd%%?nis g gﬁ%ﬁBﬁ?eﬁ Bwith a
threshol@qmbtﬂp@nﬂﬂ e Theeshol d Cal cul ator 30 266 at the Conparer 267. The
Cowparer 267 eval uates a conparison result cb(n): cb(n)=0 for dvb(n)<Tb,
._ voi ce signal §xists; cn n%=1 for dvb(n)[err]:Th, i.e. voice signa
|s rﬂﬂ preseﬂg 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



17 MAY 2004 11 The Tinme Counter 268 detects whether the value (0 or 1) of
the conparison result cb(n) is kept unchanged consecutivqhy %ﬂy certain
period T of tinme and outputs a signal thb(n): 5 thb(n)=0 oz gﬁﬂ
changed during period T; thb(n)=1 for cb(n) is kept unchanged durlng
period T. The Decision Crcuit 269 usei the signal thb(n) fromthe Tine
Counter 268 and the conparison result 5(n) fromthe Conparer 10 267 to
eval uate the second decision signal g2(n) to be input to the Step Size
Deci si on Thier dliinter (CRMit Sk 68aldetzcafs wethesewadvde&bsi(@no&i anakrq2( r1)
are as f@hlo )= ignal resent)

(i.e. vo:%glee \g%én lg?lngt SUL \é%(% ats'Llso%% %ﬁg‘ﬂ ? ﬁnéelcggllt egé%) is
descrl bed AVI¢T BgEanteiny BerSHOdeT 0250 tgme( ang) Outpf.lt'shb gnpnal; tyB(n)=1, if
thb(n)=1 and cb(n)=0; (2) 0, if thb (n) =1 and cb (n) =1. Please note

t hat 2(n)-| %h R & g2(n)=0if cb (n) =1 25 under the condition
of th (n) =1. S (@) JPFT éﬁ@ PﬁoﬁPaEﬁﬁétﬂHﬁlPi)PeFFQdSTpIIustrates t he
cross-corr el ahidm) bas €drv eboe) dalekebenunehbayell ddrfing pbeismi #.si gnal

xi (n) conprising a Cross 30 Correlation Cal cul ator 270, a Normalization
Crcuit 271, a Threshold Calculator 272, a Conparer 273, a Tine Counter
274  and TReDBSICisGPNOICHaE t2 25 9 ﬁhesCthQSSCQnaélahb¢n)CﬁkomlaherTR%Q
recei ves done i Redl G thed e&%@n@%ﬁ EQEu%t BBR %' Egéln )Ilbé“):oﬁ]hg@e&he

adaptlve fllter 3, .and conputes thelr cross-c Pt i nal
r1(m® i 28n5& %V&lﬂééel\l&#ﬂ@aﬁefmdoﬁleelﬁéem szga}aﬂoqaénhoma pzanpos | |
MAY 2004 tb2 taed Shepc @ ikt Detidider Mhkicagdry gpal ThE(Hhiudhi seskghal cl(n)

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



is sent to the Conparer 273 to be conpared with a threshold Tc fromthe
Threshol d Cal cul ator 272. The Conparer 272 outputs a conparison result
cc(n): 5 cc(n)=0 for cl(n)<Tc, i.e. voice signal does not | MAY 2@m(n) =1
for cl(n)[err]Tc, i.e. voice signal is present. The Tine é%é%?gy é@&
detects whether the value (0 or 1) of ;10 the conparison result cc(n) is
kept unchanged consecutively over a certaln period T of tinme and outputs a
signal thc(n): thc(n)=0 for cc(n) is changed during period T; thc(n)=1
for cc(npndshemse witiadnged nduriadg zedr sognil &5 (The Thtbsbognélr ewith) 275

uses the ;g geale thekhe Ekﬁﬁb&@% EhgetoCBHnF ézgﬁawgﬁﬁhg gﬂgggﬁlign

resul t cc%@) fromthe npar er eva ecrsion signa
q3(n) to |ﬁ§ﬂlthFthFﬁéhSQQpCSﬂfélaéérs?Bﬁ Crheufemparer IMe val ues of
this 20 tbutgputecissicompaird@dn aeeuas telthpws: q3(n)=0 (i.e. voice signal

isn present); q3(n)=l (i.e. voice signal exists). 25 The operation of
t he cision Crcuit 273 is described in Equation (3), i.e., 30 g3 (n-1)
, if the (n)cedn)g® Eox =1,(n)kTthei(a) wdiaadstgnédb)deds nét ékigbe(n) =1
and cc(n)=0. cE%h)Sﬁ”EF 2" Y (nfb9-6 §h8msvgpgec59§§é§oiég%%ééggtbased voi ce
detection circuit 28 for the re?erence sI gnal n C rirsing a
Cross-Correl ation Cal cul ator 280, a 35 Normalization Crcuit 281, a

Threshol d‘h@ahﬁmbat:@hn%%% 284 GeWBAEEl wR88hed EhQEvQPH@t ep 4B41pndra

Deci tglrcwt 285. 1 Y 2094 13 Ee Cross-Correlation Ca culator 280
rece fe CPEPEFEROD res t 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) 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 the(n)=
g3 (n)=1, if thec(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.



signal x2(n) and the filtered voice signal y2(n) fromthe adaptive filter
6 and conputes their cross-correlation r2(n). The signal r2(n) is input
to the' Nornalization 5 Gircuit 281 to do normalization affi7ThMA¥e208bt ai n a
normal i zed signal c2(n). This signal c2(n) is sent to the Conparer 283

to be conpared with a threshold Td froggthe Threshold Calcul ator 282. The
Conparer 282 outputs a conparison result cd (n) : 10 cd(n)=0 for

c2(n)<Td . voi ce signal exists cd(n)=1 for c2(n)[err]Td, i.e. voice
si gnal ghﬁoprﬁﬁésgﬁFre%ﬁélPPngaé§uﬂ?§Pr28&0d@?@@@geﬁhéhhereﬁheemabue (0

or 1) Of81@ﬁaUhQZQQUp%hHBQherQSQEEréa(lebé bﬁghamn?EQng@rBB”EEQUt'Vely
over a certain outpu s.a Si (n): 20 thc(n)

riod
f or cd(n)ad§p§ﬁ§ &&ﬁ ﬁgapﬁg B@PFBSST eﬁﬁc?ﬁ?sﬁ FOFTedeE}ORs kept
unchangedradmongThhespgmaddrTxnThesDéﬁp&tOﬂoCthéUNbrﬂS51u53§ohhe si gnal

t hd f i n h o] LLS result_cd .frgmthe
CbnégéerEﬁghgﬁ%oggnggggé Eﬁ&m%gifaggeélgpgnﬁgﬁgna By 3%ﬂ) t8°5§ aﬁ for
t he Steps$ERelpsei(si)on Thisc gionpl2g2 (Mheigabans b thesCQGpanerh2630|S|on

si gnal g4onbeacemparkd W aQ‘ﬁ('fo)esﬁofLH o4 f?bﬁetﬁégfﬁ%eéﬂoﬂ t present);
g4(n)=1 voi ce SIgn%%ﬁ CEsts Q0 The operation o ci sion

Crcuit %§§ il ager. 2ged 883??6n2?3)°uFPBtS 35CHUPRRIZPN repulhe (n)
—0 q4 (nﬁ(nl if thd(n) =1 and cd(n) =0; (4) O, if the (n) =1 and cd (n)
7 NAY 2004 14 Please note that g4(n)=l .if cd (n) =0 and g4(n)=0if
cd (ﬁa under the condition of thd(n)=1. This is different from
cd(n)=0 for c2(n)<Td, 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.



Equation (4). 5 Fig.7 shows the Step Size Decision Crcuit 29 conprising a
Voi ce Energy Decision Crcuit 290, a Voice Cross-CbrreIatigpzuggﬁbﬁ'on
Circuit 291, a Voice Detection Circuit 292 and a Step-Size t rcuit
293. 10 The Voice Energy Decision Circuit 290 receives the first decision
signal qgl(n) and the second decision signal g2(n) to evaluate the voice
detection result based on energy and outputs a decision signal za(n)

whi ch has three possible values {0, 1, 2}. The decision of the Voice
Ener gy D&diesisen np$eCithadi 194220 Sls idesdr(inbed mndEqadh) en () cdi(ne=1 0, if
al (n) =Qraed ¢Ad Bordlit Nk r@kn)ich ARG R) 51 =kp2 i al (n)
=1 and qZ%%?:I” S%Q%§§Qfﬁ§§§f§%¥hgﬁg)Vgrcghégoég-8g?$gﬁgﬁ%o%rﬁgcision
Grcuit 2&HUAEdOZ 8d t he third decision signal g3(n) and the forth

deci sion signal g4(n) to evaluate the voice detection result based on
crossz cory.el ation and.outputs _a decisi,on signal 25 zb(n) which has three
possi%le%§§T3e§ (Ve %PGZ Ee?hgl&gc ECR1OBr CLhEUY| ¢ EPBREigbRFeRat i on
Deci si onVOiceuiEne2gy Decigdsor Cheduin EQUat oMol 6¢, Ckoes-COrréfiagdohn) =0
and g4 ( FQis A3t Gr) 5%, If NKoF . Q4 . =1; Lf .q3(n)=l and
q4(n):l.®€§}g%ﬁg %3?%31 ﬁgéfiSnv%?F%u%FE%SgE?gcgégégl%h%g%e%P i on signal s
za(n) an§CtER(R) 2o O&leltt Fa rEudsl 288¢i si on of voi ce exi stence 35 and

out puts a decision signal zo(n) which has six possible values {0, 1, 2,

3, 4 5)T Th% deci sjion of the Voice, Detection Circuit 292 is described in
Equéy?on P ,ong_,nfngAQe§6540§5C1rcu1t 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.,

0, 1if gl(n)=0 and g2(n)=0;
za(n)=1, if gl(n)=1 or g2(n)=1; (5)
2, if gl(n)=1 and g2(n)=1.
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)=1.

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.,



0, if za(n)=0 and zb(n)=0; 1, if za (n) =1 and zb (n) —0 or za (n) =0 and
zb (n) =1; 5 zo (n) =2, if za (n) =1 and zb (n) =1; 3, n) —2 and zb
(n) =0, or za (n) =0 and zb (n) =2; 4, if za (n) =2 and @év or za
(n) =l and zb (n) =2; 5, if za (n) =2 and zb (n) =2. (7) 10 The Step Size
Qutput Circuit 293 receives the signal go(n) and outputs the step sizes
ua(n+l) and ub(n+l) for the next updages of the two adaptive filters 3
and 6, respectively. There are six values for each step size, i.e., 15
uaO>ual >ua2>ua3>uad4>ua5 for ua(n+l) and ubO>ubl >ub2>ub3>ub4>ub5 for
ub(n+l). (8) (9) 2@ Th i ly .20 Nyt to a Time Counter 294 which
detects whether tg% ngﬁggg%)zé %%h' é%p?Hunchanged consecutively over
a certain period Tplof ﬂﬁn@adﬁd-ﬁeﬁ@é Bot(plES  aoxi gadn) =Phangdn) : 25
tho(n)=0 for a@ﬂmb=n§ changed during perlod Tp; tho(n)=1 for zo(n) is
kept nchanged ring &S |od p. A Trapsfer Circuit 295 receives the
signa? t ho( N> n@the n&ﬁ&n?@ﬁ §g4n fid7t he output signal zo(n) from
t he Voice 30 Eetecelonlﬁ M@umﬂ~293nﬂndenDBULSOEWﬂa$h¢BOSGﬁGSszﬁm*b) and
ub(n+l). The operat, on ;qf Trangfer cuit 295 i s escrib

hereafter. If the S|gna? f%g?ﬁ Qﬁ bghsng ‘matt 8 a( %ﬁgt Pﬁe égpﬁe 26
signal zo(n) is, tBe stidp zsil §2uapd+zp(ah62 ub(n+|) keep the previous
values, i.e. 35 za (n+l) =za (n) , if tho (n) =0; (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
ualO>ual>ua2s>ua3suas4>uas for ua(n+l) (8)
and
ub0O>ubl>ub2>ub3>ub4>ubs5 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



and 2 7 MAY 2004 16 zb (n+l) =zb (n) , if tho (n) =0; Oherwise, if the
signal tho(n) equals 1, the step sizes wua(n+l) and ub(n+|)%%7e elected
as shown in the following table: zo(n)ua(n+l)ub(n+l) Oua5uyO’' 1 Y
2ua3ub2 3ua2ub3 4ual ub4 5ualOub5 The output step sizes ua(n+l) and ub(n+l)
are used to update the adaptive filte EE 3 and 6, respectively, at the
next 10 sanple. 1 7 MAY 2004 17 BI BLI PHY [1] Wdrow et al.: "Adaptive
Noi se Cancelling: Principles and Applications”; Proc. of |EEE, Vol.®63,
No. 12, Dec. ®¥915+1ppzbd92-11E9thb (h20Zi nser et al.: "Sone Experinental
and Theoretical Results Using a neM/Adaptive Filter Structure for Noise
Cancel lation in the Presence of Crosstal k", Proc. of IEEE Intern.
Conf er enc OtHETAdSEst iids thepedemadnshsilghabqurlecassthg, steppaizBka. , 1985,

pp. 32. 6. 11 (n}Q)[ InhdVeN@daniaret sahecte aeEEOQHBWﬁ6191@ﬁ@CE8ii%% Sg of a
|

Har d retl | ementati on of the Cross-Tal k Resistant Adaptive

Cance Fdc. of I|EEE Intern. Converence on Acoustics, Speech and
Si gnal Processing, Tokyo, Japan, 1986, pp.93-96. 15

zo (n) ua (n+1) ub (n+1)

0 {uas ub0

1 ua4 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.



[4] US 4,649,505 Zinser, Jr. et al.: "Two-Input Crosstal k- Re5|stant
Adaptive Noi se Canceler". [5] US 5,740, 256 Da Costa et al. f@daMM’v@ﬂﬂl;
Noi se Cancel ling Arrangenent, 20 a Noi se Reduction Systen1and a
Transceiver". [6] US 5,978,824 |keda: "Noise Canceler”. 12 7 MAY 2004 18
Clains What is clainmed is: 5 1. A syst for noise suppression,

conprising: a) a main input (1) for reCeiving a main signal (xl(n)) which
is a voice signal contam nated by noise; b) a reference input (2) for

recei vi n@IBLIOGRAPEYe signal (x2(n)) which is a noise signal intermngled
with 10 voice by cross- talking, c) a signal output (5) for providing a

Nnoi se suppres al,1(el ) r ulatign.unit.(4) for
evaluatlngl'?hgﬁgglo?egla ao res%géﬁtlvg Fg L% é% 8?#%%?? Bﬁﬁ?ﬁ 8 fa
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signal (x2 (n) ) and a filtered voice si gnal (y2(n)) f) a first adaptive
filt ( eceivin es 0 _noi.se_si e2 and_adaptively
estiﬁ%ti g]a part- Sg ﬁgls;ﬁ WﬁlﬁxPﬁEIWﬁPEa |@ﬂ3IT éﬁ%%?}cfﬁ Ragreby

out put the stsngnalsewsagaat1&915m)yerg$taueeunedfaﬂam®1se filter (6),
receiving th p S elEn apt Iy est iLing a
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h) a Voice Detection Crcuitry (24), conprising: (1) a first energy based
voi ce detection circuit (25), receiving the output signal (yhéaﬁg of the
first 30 adaptive filter (3) and the main signal (xl(n)m_hHMA Wk ing a
first decision signal (gl(n)) that indicates whether or not voice is
detected; (2) a second energy based vo&ge detection circuit (26),
receiving the output signal (y2(n)) of 'The 35 second adaptive filter (6)
and the reference signal (x2(n)) and emtting a second decision :2 7 NAY
2004 19 signal (g2(n)) that indicaté&ladmsher or not voice is detected;
(3) a first cross-correl ati on based voice detection circuit (27),
receiving_the output signal (yi(n)) 5 of the first adaptive filter (3)
and the n¥fPAtsignglad YE:and emitting a third decision signal (g3(n))
that indicates whether or not voice is detected; (4) a second
cross-correlgﬁ%on bas%d voi ge detection, 10 circuit (28), receiving the

out put sitgnal* EYSERT) T8 NPhEes SUBRYCSHAGET vECTPFE81NE6) and the reference
Si gnal (XZ\S\E)a))handlae‘nri ihpng d1§ ofbk rdecising &igash £04448)) (kbhah))

i ndi cates et - .NO L i ected; 15 i Step. Si ze Deci sion
Circuitry (29),%%égéi&%né ?ﬁgggdgg gg%ngéPgﬁﬁfEat%??ﬂg,n 295, q3(n),
gq4(n)) from bhea sréegpnbasddpubi ¢2) déoecreomivinguatsef@bendé)sagual he
cross-correl ati QgahasedyuokgeideLesbi Gh it ; to; ther eby

out put step sizgséguzanI%F uégnélﬁ§&gg %%?ﬁﬁ%e§?§$%Tl%§g%?i€é£ ilter (3)
and the second VRdSFt PY¥eCFPFEarat6}nd2. Systemas defined in claim 1,

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



wherein said first calculation unit is an adder for 25 subtracting the
first noise signal (yi(n)) fromthe main signal (xi (n)) ? ﬁMA?y?mm as
defined in claim1 or claim2, wherein said second cal cul ali'on"un is an
adder for 30 subtracting the filtered voice signal (y2(n)) fromthe
reference signal (x2 (n)) . 4. System as defined in one of the above
clainms, wherein at |east one of said decision signals (qgl(n), 35 g2(n),
g3(n), g4(n)) indicates the gresence of voice, if the conparison result
showi ng so. ,2 7 MAEigpeid 4g28n) pysham dsdierterdvhether of nbe wbive
clainms, said first emsedgyebasgd voice detection circuit (25) conprising:
a) first Power Lculators (250, 251), receiving the 5 input signals
(x1(n), vyi(n)) 533§h8 tFEt 868?59"8%%%51“%%%%2%%@e‘é?lr%% eetearion2s) and
evaluating first outpwtusigrial$, (patényingafhe)dputdit féigha Bnopt ey p

253, 254) , i Vi L I | uat i . t hed
Second output st gnars thE FiESh fMaBElyeShPlEE EIF SIE UL INATY0 05,
recei ving the secon@igngputxlényhahsd(epaitinpg spetzind)dedisiading t hem

obtaining a third gubpul $59NA) ) (ENAENM A1 ddcés NihStndPDAT K5 (P07de
receiving the third, output “15 signal (dva(n)) in order to conpare It with

a first threshold v8 B8CE#589/ provided froma first Threshold Cal cul ator
(256) obtaining (a)f ar sbcontiporoskgbatrelse{on)bdded voikh€adeseybedher or

IO ALCe LS oo BrgErtloh | ESLelL IR BRI e el 1 e
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.



evaluate a fifth output signal (tha(n)), dependent upon MQ } é%o not
the forth output signal (ca(n)) changes within a predefinédt ﬂ@#lod
25 f) a first Decision Circuit (259), receiving the forth output signal
(ca(n)) fromthe first Conparer (257) and the fifth output signal

(tha(n)) fromthe first Tine Counter £g58) to evaluate the first decision
signal (ql(n)) for the Step Size Decision Crcuitry 30 (29). 6. Systemas
defined in one of the above clains, said second energy based voice

detecti of- C|ﬁEéF?m(Qé)deééﬁﬁdlsnngn836fayhse@bmweF@M@Imﬁhjculators (260,

261), receiviagdt BerstNBHEr§l9pakea(¥3£RY dé@é@éioﬂfcif&ﬂec%@ e”ergy 17

MAY 2004 21 based voi.ce detection circuit (2 eval uating sixt
out put si gnal S°TBBbLEATI pb2(n)); b) second Snoothers (263, 264), rece|V|ng
the sixth ouapuflssgnabweandaEualuabf@g($ﬂ®ptm9ﬁ)Seﬁéwéfwihgrmﬁe 5

bl b d 26 ng_t he
seventh output Lop3BapsOnLerbaf RECCDE () 4F e AF e tsErroma iR
ei ght h out put nghaﬁ @dVth}?n d}rGMSECbhﬁ)GMNiaswalqéﬁwng fEt@tVlng t he

ei ghth output dQesign yh( or conpare it wth a second
t hreshol d va% Firﬁ o ?%%ﬁg : ?%%%¥g)se€%%d$$%reshold Cal cul at or (266)
t

obt ai ning a E}P%h@ﬁ& (23B( N334} ha¥esemy g dshanel e drtpiet :
voice is presesigndbsesnd &eedUst Thbshotthéed $&6Hd S@ERLYi ghdes ninth

out p signal ( ronlt cond Conparer (267) to evaluate a tenth
outpﬁ% si gnal ?ﬁéf% d%B%%gﬁﬁf upon whet her or not the ninth output

signal (cb(n¥) a flrst 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



changes within a predefined tinme period; 20 f) a second Decision Circuit

(269), receiving the ninth output signal (cb(n)) fromthe ond. Conpar er
(267) and the tenth output signal (thb(n)) fromthe secondafiiﬁgydﬁﬂﬁter

(268) to evaluate the second decision signal (q2(n)) for the Step Size
Decision Grcuitry 25 (29). 7. System,gs defined in one of the above
clains, said first cross-correlati on basSed voice detection <circuit (27)
conprising: 30 a) a first Cross-Correlation Calculator (270), receiving
t he i nput signalkssedl Woicey Hetrertdabnt kértuist (26psandcerathating based

voi ce detection i [ Y% tL.hg s-correl ated el eventh
out put si gnal fﬁi%%#fﬁngé&%gig%F%%s?b&géﬁgriggg?%ﬁ?Circuit (271),

recei vi ng t he PlelS&Frouch SRosiersi Jral - (RE4N) ) raeehyiner vhei gaxtbn and

eval uating a twelduthutllsidnalisodald eehihtind2sfiod¥ed004vERtR) oatpltr d
Cbnpager (273), neceﬁqu }ﬂﬁ émelf&h oy put = signal (cl(n)) to do a
conpari son wi t h *2SHid %ﬁ SE31 d SPRE B STC) froma third Threshol d

Cal cul ator (272p clecand Bjvadelr rkesnt hreueputngi ghal sebefith( htptibat

I ndi cat es whet her: ar. 1not i S t; . a.1hi Ti Counter _(274),
receiving the t%ﬁ tgé%tﬁsﬁgﬁﬁgﬁf EP%%Zﬁ??cc?%%}g%%%nﬁgﬁE 4 F?ﬁntﬁﬁpﬁrer
(273) to eval ugi@hibf eytpsensignatpudvbilghal (thc(n)), 10 dependent upon

whet her or nef) Bheeddingt eeRareut REk7)Si Qeélei(riﬁén&ﬁecéégﬂ‘éﬁ YhtBhp a
predfélned tinme ,perlog;v ) third Decision Grcuit (275), recelving the
thirt@enth out p§tS&egndd %ﬂ@?ﬁ)}nfPSHFFhEOtﬁPWEare 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));



15 Conparer (273) and the fourteenth output signal (thc(n)) fromthe third
Time Counter (274) to evaluate the third decision signal ﬁ 3(3&) for the
Step Size Decision Circuitry (29). 20 8. System as def i nd q]rM neﬂ[p}f t he
above clainms, said first cross-correl ation based voice detection circuit
(28) conprising: a) a second CEoss-Cbr&glation Cal cul ator (280), receiving
the input signals (x2 (n) , y2 (n)) of tThe first cross- 25 correlation
based voice detection circuit (27) and evaluating a cross-correl ated
fifteenth outuie $igmal Cofpa@re)) ;(20B)a secemdlhbruHEizaenﬁathﬁcpht (281),
receiving the | nt Ut ~sizgnal o] n ation 30 and
eval uating a S|f€§§%?h(%&8%&? EP Hg Q& %@é%?kg°§ bggh ghg%bnéarer (283),
receiving the si 1gutvigdtae gT&ha rogpgnfhird @brasboigari son mnth a

forth threshol dcealcuea(tm) (brrem @bfca&hhnn haeehs?kée@akﬁuaak Lt 62 Wﬁ
obtalglng a sev 3 95 %gk put si naI B % hat |nd|cates %er or
not voice is pr §§ £ g 6P9Hc ChE 8 g ?ﬁSﬁ?t Yeteevifg the
seventeenth ouppetsesitgnal (cd(n)) fromthe forth Conparer (283) to L2 7

" MAY 2um 23 alu n h (o] d nt upon
whet her or n§¥ thghgéée%?g%nFﬁﬁgﬁgru#E92%ha#g?g%Yg§$ éﬁé 5E%r§n Eﬁ
predefined tinmeousetodignad) (gcfieyd hfpewi shentlirdufompassy, 2@3é|t0ng

the seventeent Qvallhﬁbite Y @Eﬁlrt(eﬁﬁ(:ﬂ) buE;E:QE“ gbenwgbhcg arer and the

eightienth outp Si hd(n)) .from unfer (284) to
eval tiate the f €|S|BHn REPeToarnRptt Bhet RB1SEepnLR z8uEBUbeci si on
Circuitry (29).51gna1 (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



9. System as defined in one of the above clains, said voice detection
circuit (28) conprising: a) a Voice Energy Decision Crcuit %290),
receiving the 15 first decision signal (gl (n)) and the se@ dM&€cligy on
signal (g2(n)) and evaluating a first voice decision signal (za(n)) based
on the energy of the voice; b) a Voice,gross-Correlation Decision Grcuit
(291), receiving the third decision signal (g3(n)) and the 20 forth
deci sion signal (g4(n)) and evaluating a cross correl ated second voi ce
deci si on si gnal gVAIUAbe lvas ed ghtreenths utputeksatnan; (ehddnyoi,ce Detection
Crcuit (292),|ag§g 1 t i iGe Ci§lo I | a(n nd the
second voi ce 25 decfﬁﬁéﬁ% g&gﬁéﬁ%ﬁ?ﬁfﬁ??&hg %akgéagFﬁkgggsngécgg%gﬁ%of
voi ce presence arfd S Ud (B 'a emeeseithdnt puprede§aned( tomen) ) ; d) a
Step Size Qutput geried;t (293), receiving the nineteenth output signa
zo(ny) of the Voice 30 Detection, Crcuit (292) and,oytputs the step sizes
gua(nél), ubfﬁ+ﬁ3fﬁ¥%$15%%lﬁéfp 559&5 é?gPﬁe FFF?%VlﬁgaEPFve filter (3)
and t he second adysnbteentin tertputblsignedpdctiing)yfrdm the BysthRm as
defined in clai j i ' ' C Li.sing: 2 7
NAY 2004 24 a) & o?‘fpfats“hgr%afcrietde%Entégﬁgf%g%ho?{égéﬁ| %ng‘%é PRI
out put signal (ZeEM ther fogdhvdiire Cevateirod28#) ctpt eyadapteotbeal uate a

twentieth out puttctitgndedildinklignadengadant weentwbespep 85z80t the
nlng%genth putp%%FiSiS|gﬁg&g&ﬁg&g))_|§.kept unchanged for a predefined
period of tine; 81 cdP) ¢295), receiving the twentieth
out put signal (tho(n)) of the fifth Tinme Counter (294)
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:



and the nineteenth output signal (zo(n)) of the Voice 10 Detection Circuit

(292) to evaluate said step sizes (ua(n+l), ub(n+l)) for t f \net
adaptive filter (3) and the second adaptive filter (6). 112f§y§@@nﬂ@§

defined in one of the above clains, 15 wherein said systemis a
transceiver. 12. Method for noise suppgpgssion of a main signal (x1(n))
which is a voice signal contam nated by noise to be executed on a system
as defined in one of the above 20 clains. 2 7 MAY 2004 25 NO SE CANCELER
SYSTEM W TH ADARTIEVE tBROSBeTAOKNtEKL TERS) 5 AbstiathgNoheenCaseekatnhSyst em
Wth Adaptive T Ea Lht n 0gs: L.al tive_.noise

cancel | ati on ag%gﬁgyﬁsgégggh $%§(§&Zp§?05 %i??é%g ﬁ%ggggbﬁpegéfﬁﬁthe
correl ated noi se \PR2) 180t B¥akpfespghnpntdAtbhoybpuhi atgnaht édhednte, and

unwant ed noi se, Bgpanteher epen whavakr wei ﬁBtCeﬂé?hﬂﬁet@&ﬁeﬁegu%hge and
ise canceler is provided in the

mantgg Voi ce via.crois-talklgg“ Agno .

present inventi 8ASPARGI J@PHG) dofs K8BFt FBRARNSREr £QT 3upRedefanedi ce

detection circuperyodndfatimep size 15 decision circuitry. The voice

detection cigguit ts, h e nted,voice exists. The step

si ze decisiong %i?%aﬁg?égdgéfgggEmﬁg?E?he¥§f%bv§F%e§ﬁ3r Wﬁ%gﬂngr the next

updat e of the t@btRYapeigaali (tbpdn) Pookighe fifth Time Counter (294)
and the nineteenth output signal (zo(n)) of the Voice

10 Detection Circuit (292) to 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.





