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In hearing aids, acoustical signal-to-noise ratio can be significantly improved by e.g.

using of dedicated directional microphones or equivalently by a pair of omni-
directional microphones followed by a delay and subtracting procedure to employ a
directional sound receiving characteristic. Hearing aids with more than two
microphones have also been developed in the pursuit of highly selective

directionality.

Hearing aids having a directional sound receiving characteristic are useful to
improve speech perception in noisy environments, where human speech may be
received simultaneously from different directions, as is the case e.g. in the noise

environment frequently referred to as the so-called cocktail party noise.
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where the delayed signal of the back microphone is subtracted from the output
signal of the front microphone. The hearing aid may exercise a smooth change-over
between an omni-directional characteristic and a directional characteristic,
substantially without changing the phase relationship or time delay and the

amplitude characteristic of the signal.

Both the fixed and the adaptive directional functions however suffer from a reduced
signal-to-microphone noise ratio because of lack of low frequency sensitivity for

acoustical signals, since one consequence of adding a signal (from the front
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signal-to-noise ratio is improved by changing the sound receiving characteristic
from an omni-directional mode to a full directional mode since the improvement in
signal-to-noise ratio (SNR) is correlated to the directivity index (DI) of a directional

microphone.

Present adaptive systems like the directional controller disclosed in WO 02/085066-
A1 adjusts the directional characteristic by minimizing the output signal of the
system. Since signals coming from the frontal direction are not affected by changing
the directional characteristic of the system, a minimization of the output signal

results in damping of undesired noise and an improvement of the signal-to-noise-
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Another problem is that adaptive systems generally should adapt the output signal
relatively soon after the input signals have changed. If not, the system would adjust
the characteristic only after a certain delay in which the system is not correctly
adapted.

Furthermore, adaptive systems generally should receive the response to a
parameter change relatively soon after the parameter has changed. If not, the
system would change the parameter further in a certain direction, before getting the

response that the parameter change in this direction was in fact erroneously. As a
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and the adaptive directional function then adjusts
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directional function. 5
SUMMARY OF THE INVENTION

The present invention overcomes the foregoing and other problems by providing an
adaptive directional function which minimizes only undesired signals, e.g. undesired
noise. Signals that comprise wanted signals like speech signals are herein after
referred to as desired signals.

Methods, apparatuses, systems and articles of manufacture consistent with the
present invention use a detecting mechanism to detect that only undesired signals
are submitted as input signals to the adaptive directional function, and the adaptive
directional function then adjusts the directionality of a sound receiving characteristic

in order to minimize the output signal of the adaptive directional function.
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applying any other suitable decision rule.

The adaptive directional function is to be understood as a directional controller
receiving at least first and second microphone signals supplied by a first (front)
microphone and a second (back) microphone as input signals and which outputs an

output signal, wherein the output signal is generated by combining the first and
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micropkone lsrgnals are undesired signals, and the directional controller minimizes

the output signal by adjusting the directional characteristic only if the desired signal

detector has detected undesired signals.

As long as a speaker emitting desired speech signals is at the front of the user, the
signal processing apparatus according to the present invention and a conventional
system behave nearly similar, but when the speaker moves e.g. to one side of the
user, the apparatus according to the invention will avoid attempts at trying to adjust
the directional characteristic in order to minimize the output signal with the risk of
suppressing the speaker.
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The invention also provides a software tool for implementing a directional controller
on a signal processing apparatus and a computer program product comprising
computer program code which, when executed on a computer or a signal
processing system, enables the computer or signal processing system to carry out

a method according to the present invention.

The methods, systems and articles of manufacture consistent with the present
invention are preferably used in all kinds of hearing aids having a directional
characteristic (e.g., behind the ear (BTE), in-the-ear (ITE), in-the-channel (ITC)) for

all degrees of hearing loss to improve the ability of a user to understand desired



conmput er program code whi ch, when executed on a
conputer or a signal processing system enables the
W@ oiose®i4 or signal processing systemto carr yPOIYEP2083/010485
nmet hod according to the present invention. The
met hods, systens and articles of manufacture
_ . . _ . L on op.ef.e
SO B, A e PR R oo U ey oLt i TV or
otherhQaidodasinesitsigngle noay, cdrehbifiodn bhy derectiqrBdREhe usert he- ear
(ITE), in-the-channel (ITC)) for all degrees of
hearing loss to inprove the ability of a user to
The WhdReShaRtostRE bh@ StifeMORPES/ Bé%%ﬂﬂﬁaﬁﬁﬂgg&ggéé @t 94% fhvention
. signals Iike voice or speech signals or sound signals
will heicomed appasentafiven dhe Tigllewingodrtailedsdescripgionr e the preferred

RS T BRSSPyt

advant ages of the invention wll becone apparent from

the foll ow ngT detaj | ed description of the preferred .
Othempyiesnt BeBiodsn fephurentansh adyarieses i the timention will be or
booiae ARRIUN G ANIAS in Hortit uDH cBERina B the follguing figures
and lestailesl dpgeniption. dbisocinéersled! thatl all rsucheadditionglaystems, methods,

exam nation of the .followng.fjgures .and detajl.e
feat 3 AtpiiiAnSpes BE infeRduifin ki BERoudh. baomniaae scope of
the iBYSHEEH andBehftEfocted BRI SScoish Blgffies be included

within this gggcriptign, be vvithrﬁﬁ@lhe scope of the

i nvention and be protected by the acconpanying cl ai ns.

BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng

draw ngs, which are incorporated in and constitute a
BRIBEDESCRIPTON Qe THE DRAWINGS! | ustrate an

i npl ementation of the invention and, together with the

description, serve to explain the advantages and
Tho BBBENS GRS bkl s AR pht ot i
spedcifiqadioat ultudstate anh@aplengentatich of the dvemtibn Qi%ﬁcattbgether with the

di rectional, characteristic,according to a first, .
descliplion; semve @r@fm%mpf?'s ”F%@WCLHEE“@P&S of tﬁednw@% In the
dravlhgsk di agram which illustrates a hearing aid having a

si gnal

Fig. 1 depicts a block diagram of a signal processing apparatus for a hearing
aid with a controllable directional characteristic according to a first

embodiment of the present invention;

Fig. 2 depicts a block diagram which illustrates a hearing aid having a signal
processing apparatus according another embodiment of the present
invention;

Fig. 3 depicts a block diagram of a prior art directional controller used in a
signal processing apparatus according an embodiment of the present
invention;



processi ng appar atus accordi ng anot her enbodi nent of
the present invention; Fig. 3 depicts a bl ock diagram

wo@toog/opmonor art directional controller used i NPEI/EP2003/010485

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

si gnal processing apparatus accordi ng an enbodi nent of

the present invention; 9 WD 2005/ 029914

PCT/ EP2003/ 010485 Fig. 4 depicts a block diagramof a
desired signal detector according to an enbodi nent of

#he pdegsietst aibloantiagnamFofa Gesiegl sighah detestodiaggorading to an
illustratin thod according to an enbodi nent of

t he p‘?@ggﬂﬁ?rﬁ@gﬁﬁ Brr?,seﬁf'@.ve%t' picts a flow di agram
illustrating another method according to an

enbodi ment of the present invention; Fig. 7 depicts a
8i gnadlepictesgr Bow diagram illusisatingt 2 snethed gieadrdingy tsl apembediment

11 % [ (1.6 Jpmator result of a speech signal

of a %ﬁﬁ&ﬁ’igé%@i@%ﬁp ’ connection with the desired

signal detector as shown in Fig. 4; Fig. 8 depicts a
signal diagramillustrating the directional paraneter
Behaviepiclst a Hewadiagtaneillisiraling anmthery methed according to an
?‘Ccor&PnBSdﬁﬁ’er%fﬂ{g’;g@sgﬁ{‘ﬁw?ﬂtééme present Invention

in conparison to a prior ar I 'ectional paraneter
behavior; Fig. 9 depicts a block diagram of a desired

i gnal, det ect or acgordi ng,t ot her enbodj nent of o
The  piels: & iand diasrentagich Jlatigfes 8 9BR0ERveIPaR AR 11%
of a glagbhfid StiRabr FEEQ@E R a @B%@bhaéigﬁéldbf‘% gles Spbhker in
anot her enbodi nent of the present i1nveéntion.
DESCREg7TIe0tiomwithiife PREFERRIEDaENBEOIVEISTShoRre inprigsént

invention will now be described with reference to the
acconpanyi ng draw ngs. 10
8 depicts a signal diagram illustrating the directional parameter behavior of

an adaptive directional function according to an embodiment of the
present invention in comparison to a prior art directional parameter
behavior;

9 depicts a block diagram of a desired signal detector according to another
embodiment of the present invention;

10  depicts a block diagram of a desired signal detector (DSD) according to

still another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described with reference to the accompanying

drawings.

10



WD 2005/ 029914 PCT/ EP2003/ 010485 Fig. 1 depicts a

bl ock di agram of a signal processing apparatus 100
waiosatoes for a hearing aid with a control | abPE&I/EP2003/010485

di rectional characteristic and for practicing methods

and i npl ementing a system consistent with an

Fig. BM8G1EEA bidk &iagrd?ﬁ %T?Séigg%%?l‘%‘&%ﬁﬂg g;ﬁpgra?hg ”@P suitable for a

processi ng appar at us ises a ection
headrg aicowitbra cdittraitabieh directionat sharacierisiiodnskefooputacticing methods

) , i

o SRFRER S o O A st B gorsens

inveBtoR Theé Sigridl Précedsing apPaRRUSTO0 @Mbriseses Aéchs controller
m crophone Bmc directly or via preprocessing

10 whisk reegives figst andr seqand migrophome sitmnelsod®pd® asidgewiputsooutput

: be-.lse ' (gnal. for S| cessor
sior B4R S 3ol P AREbiagh . B ROt B5°8 e fon
micrephbhé F-Roaride seeohdWack mirbpladite Bl direttiy or i) pedpgiocessing
out put from sai d, signal processor to an out put ) .
functippneguadiiter dunction. 1hgapukapnak4} may ke used g binpyt signal
for & SRTRLPIXPRT” DE MR hBaMd aic Lo At ik e ampiiying the
outpdit sipial andlsubmittingaignad oogsddram saidpsignalsiosgssor tbhen output

first and second m crophone,signals 20 0. As.a . _.
tranp i, St A RSReABPI e TVRSIAH Ghaaune s inalavaein Fig. 1)
conmbi ned out put signal 40 is provided. The
directional characteristic of the adaptive directiona
Thefdirestipaal gmtiodeadp uscegable off applyingam adapdive dimetional function

50 PREREL & b o o BP0 oo BB e Mally 20 o0. s
resUiPBRIRS Welaplife fdifdctienalc furietibh €50, atheSt@fBinednalitpue signal 40 is
also referred to as a desired signal detector (DSD)

provided.r ecei vi ng first and second m crophone signals 20,

30 and outputting second control paraneter 80. In

anot her enbodi ment, not illustrated in Fig. 1, the
Thed#ssctiedalscharacteridiit of thoy ad@ptiteey directinak fynctibnddte isohdjusted by

first 3o 390 COERI RATGIC SISy b B0+ BHFt GRuTish Per GRIpiag; 50 the fed
back RBthRadiGHE 40 0T a%i@ieﬁ kdcedy ﬁ’% g?gél%_tué heof furthbr IcofiPrises a

i
~ mcrophone Fnmc an he 'second m cr ophone Bm ¢
signghaenalyrerdlso rafeered| tocas iacdéesirdyaighsl deteetait (BX8D) 70 heeceiving

. wo . nicrophones t hen be ep-ocessed ( a sanpl

st 4 "SR AT S o260 7S Sitpitfind  REBNE contro
parghiéted 80¢1liatiotidr embodiment, not illustrated in Fig. 1, the desired signal
detector 70 may receive just one of the first or second microphone signals as input

signal.

In operation, sounds from the environment of the hearing aid are picked up by both
the first front microphone Fnic and the second back microphone Bp,c (not shown).
The electrical signals generated by the two microphones may then be preprocessed
by a sample unit on a sampling rate of e.g. 32 kHz and further analogue-digital
converted by e.g. a 24 bit analogue-to-digital-converter. The resulting digital signals

11



converted by e.g. a 24 bit
anal ogue-to-digital -converter. The resulting digital
wWGek@sat®141 WO 2005/ 029914 PCT/ EP2003/ 010485 PCT/EP2003/010485
corresponding to the sounds picked up by the
m crophones are then submtted as first and second
co R 1P U SO, SR, i RGOS, plcuch Snited as
first ahd Isecord arienopbone signpls 30y30.ch shows a net hod
according to the present invention. The directiona
controller 10 processes the first and second

The %ﬁétmme%%ﬁtﬂaco@@ssmgg@ pp&ais O il Aolhse @@béﬁﬁ&ﬂalso with

di rectional teristic of the adaptive directional
referemeetto bvig-Sowhieh v ageethad secedinglostbe pibeenilisvangion.

the output signal 40. The adaptive directional

function is adjusted by internal delay and attenuation

The piireati@ia rconfronée1 0 progrsaswicefist ahd séebay miBebphone signals 20,
attenuate the first and second m crophone signals

30 gGestdiag darth enaqt;pgtedlgweotpgabg%ﬁqctﬁglsaprcg‘cmeoﬁ ptlve directional
funcg ﬁlg Q‘:‘fde %ﬂgg«%(mﬁﬂegsﬁw%g{e gﬁa{:égggﬁ nétanIQr t%nﬁtee Buﬁ#ﬁ Nighat40. The

out put isTmnimz
adapteptdirectional rfahctidn t ise adiustedaby patenmmat edslayn anlde attenuation
tive, di rlectl onal m

parafiithis (inal RaSRaieb S ARy Aie RLENBRE e idihnch second

mlcrbBﬁoﬁétm nés AnoPYshd ¥ 'F’iq a1ﬁofti@|dd%§t|¢¢é/%|@c§6hélt fURction 50
in the adapt ive directional function. anpl e

adjugtﬁctheaa@pmal\mremﬂtearwuq}m that the fem@kgnﬂpmtmgnalrﬁoae minimized.

The{a%@gge %oﬁﬁgl glu% ﬁ%hégaarlaﬁ'f tg{; H e %}%8%8 rqcitional function

by miRirAingefrer eipes sithanesd cavietr &t 15y eid=RutérABAls known in the art,
controller. At the sane tine, the desired si

e.g. dt éepbing@ getcalied FMSwigerthmyin ghe adaatwerglrwt@nal function.
Exalfnlpfecst o@:ﬂ% ; e R/e"&c?HtRJ‘P pﬁtﬂ%rﬁtﬂ@aalﬁoﬁﬁtm?saﬂtbesf&f%l in.e.g. US-

signal's € nea resent
A-5,259 6381 arrl) S 51408496, dmmmvgnathe(mtapttvs esntral s/ystems provided in

undesi red | noi nd ng. desired nal s i ke speech
thesTGIRIPACES 40 PRECORIS ADITSFRPEL CATHEB10 | det eot s
desired signals, then adaptation of the interna

paraneter is blocked or frozen so that the adaptive
At thii seoei tima) thieudesirash signakdefectondjOudetectseini m@natiam 510 whether

tho 8L 2B B PR bR A HRL SRS o BSFET il 1
the iBanMgtdTithe Prawtt imvertipA! 8h UABeSIALY signalt drhelsd<Péni} undesired
nOISgearrEdalng desired signals like speech signals. If the DSD 70 in operation 510
detects desired signals, then adaptation of the internal parameter is blocked or
frozen so that the adaptive directional function does not adjust the internal
parameters by adapting them according to the current fed back output signal.
Hence, the minimization of the output signal in operation 520 is stalled for a certain
amount of time since the output signal is generated in operation 540 without
adaptation of the internal parameters. The stall time depends on the input signals
and the actual implementation of the DSD. For example, the stall time may have a

value in the range of 3t0 30 ms .
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anmount of tinme since the output signal is generated in
operation 540 wi thout adaptation of the internal
w@aroaietes s. The stall tinme depends on the i npRCT/EP2003/010485
signals and the actual inplenentation of the DSD. For
exanple, the stall tinme may have a value in the range
of 3 to 30 ns . 12 WD 2005/029914 PCT/ EP2003/ 010485
If it is detected in operation 510 that the input
If it isi detectedaineoparatiers 5 6dhat theainplt sigmals arkafuratesoad signals”, the

adaiglion "SRR, 808 baiMErAnCRBITEErS 3 SRLKIR] dn adept the
dlred;trbn%'l %"arécﬁeﬁ@tﬂﬂ i é?eﬁa%n%@@% FHEN® ml('nﬁﬁi%%boéhtgut signal
20). As a result, the directional characteristic

(Opecﬁaﬂlqn 8d@pted i f the DSD detects undesired si gnal s as
i nput signals. Fig. 2 shows a block diagramof a
hearing aid 220 according to an enbodi nent of the

As areseitf theveirddtional thersdtargtic paidnpfaddped apithe 8D detects
220 conprises first and second input transducers or

Und@ﬁ'@%ﬁﬁ@ﬁ@@ﬁﬁ?@ $9Rel8ni ¢ transforning acoustic i nput
signals into first and second el ectrical m crophone
signals 20, 30, a signal processing apparatus 200

Fig. & showes edsioclodiagipdre afia bearingald 2RQeacoring to en embodlment of

the a[Gﬂns%L "ﬂ‘f%wg EE{%G%IE%IC@B Ol#atPlUt S %@aﬂlgrg%(? compnses first and
secdnﬁp‘ﬁm{ﬂrtraﬁéifucbfsaﬁ?’frﬁchﬁmﬁ)nteﬁeFl‘?ﬁc?‘éhH' Balic CtFﬁrf%?Brrqlng acoustic

signal into an acoustic output signa he si
lnpubﬁdgf@é%llmig trspandtsesopdoeleciipal moahdnee&tgmajs]éao 30, a signal

N L R ——

an eldricall @uplt ﬁPﬁéIeAF@ lang @Ppatpat 4angddlcdrupthes.gcanmidspRaker or
detector 70 and paraneter ‘control | er

desired si
recei(r, Mrtéﬁffﬁﬁl? mipgg e elackicad outpyt signal infoeamaroustic output signal.

The %?ﬁf%ﬁ «%s%) rﬂg%la;?nérg’é d%(m*: @pﬂéé{‘étdlfg?ﬂ‘ik)ng%&ﬁ o‘ﬂgb?Q with first
and \sieicohd imicrapghanet sigipels 0 t36r a@mpumshgnms %0d d\ﬂp@t signal 40. The
sionSCBisiesebm oeralBra hithss soraises,demisd: 8413l daiastor 70 and
para%ﬁ‘ét%%@ﬁtr@lib&?ﬁ (F)arl;]é#?r%g%%g)r@bg%&% Qg}u%?é ﬁ’fter?lgl {)%ﬁ‘le‘@ﬁs) 95 of
adap;ti\@mirectmal funatine r5Cc imprdes éo rannimlzedherfed baa;hchHput signal 60
WhIleI'IpIS lnpufc' %o‘r’llplara(?neg’cg}J cgntrgller 90. As a control signal, parameter controller
90 receives second control signal 80 supplied by desired signal detector 70. The
desired signal detector 70 receives first and second microphone signals 20, 30 as
input signals and further comprises a detector 71 and a update/stall-circuit 72.
Detector 71 detects whether first and second microphone signals are undesired
signals or not. If the detector 71 detects that the input signals are undesired signals,
the update/stall-circuit 72 provides a second control signal 80 which enables the
parameter controller 90 to adjust the internal parameter(s) 95 in order to minimize
the output signal 40. Otherwise, if the detector 71 detects that the input signals are
desired signals, the update/stall-circuit 72 provides a second control signal 80 that

indicates the parameter controller 90 to disable or stall the adaptation process and

13



Detector 71 detects whether first and second
m cr ophone signals are undesired signals or not. If

wo b@sgeect or 71 detects that the input signal BCHER2003/010485
undesired signals, the update/stall-circuit 72
provi des a second control signal 80 which enables the

not R8" Aikihfize C@Bt éﬁtdu?rsigﬁalt rﬁ%ruﬁﬁtlltﬂtee c%t&ft&alﬂ detects again
paraneter(s) 95 In order t

undssigethbignals. Ot herwi se, i f the detector 71 detects t hat
the input signals are desired signals, the
update/stall-circuit 72 provides a second contro

Fig. 33 gﬁé\tvs 8epdtréé\t‘ioneil %@hﬁéﬁeﬂsaé&ﬁdiﬂ@rténtﬁk?bmﬂ%ﬁg& gtfhv%p may be

di sabl e or stal adaptation process an
Imp@mﬂe@@gldtrewwnamuwlem@aa a sighalt pronessing apparstus 100, 200

t he ete or, 71 detects
acofithit o ficEBRenh et tne HRoRBRBRESrelfer &5 Sttty m Fia. 3
controll‘etbt@dt’@rnuaﬁmraitohghé@ %Ia@lb@éﬁaﬁbné' arehasdlica®o Bignals Xsont,
i npl enented as directional controller 10 in a signa

al
Roaclo (IEEB SEQMHgRRMD PACKT MHCrARBONER) B mic b PticngPITesrangling to first and
sec%cgmﬁﬁ&foﬁhgﬁgrg@%s obn bhq“ di rregﬁfnbg%aq%’ ard %%‘? Eﬂrﬁ)med to an

, cohtrol abIe a I on_ an
outut&lsagnatpmrms'pondm@rm apiplut sibriad 49. g dlréﬁtrotml conblesrkcarries

out (A5 RRENG ACPET rClio SEECATPRIGS G gFialcirout 12
conREcted WithThHe tfr@ﬁttﬁﬁd baciShittsbRoRéLF L N8R @ng?ﬁhzg ffr%i Stbtraction

out put signal corresponding to output si
circgit Adchavingla DOﬂtW@IImm—l’t aoanneictes Wﬁbttharfrcnlapta’o)rmone Fm.C and a

veodhi i 3SR AT ARG B Erh SR e iy

deviges 1A eS afecen@ele®ith thedirat Jubtsktien Bhd %‘diﬂq;cwcwt 13 and
circuit 13 having a positive input connected

12, raspeetively.r Dyh saeonchpdding girauit A8gaconrested withcibefisstt sstbtraction

ool 3 886 by KRR e B B SR DS rovn 17
hasststndstm/tal mpuhﬂ:tﬂ'lmm&thdtwlth ithe firgt atidirgnelrcult212 and its negative input
cond RISV ond RSSO, A1) e bl aentor
actst&?tl‘fe' él?hapﬁél%ethgge%§96‘%\qﬂaga dife ™Mb Fbrsa?l‘"eﬂﬂgtlon of this signal by

tracting circuit is positive |
a factmnr(éot emnw £ B andea fseceond axdnitrtmﬁalalerattﬁrtuam ’Eﬁhdtctst sn the signal

at n connect e i sec ase. del
fromfih tecohd SBtaqHR S RnitsRirtan abitis Sidpal B afagior (1 +
omti PB2SWﬂ§ﬁéas‘ 5aRvd BadrRCcarslitRfidBofmddied WithbtheOfirst and second
attenuation of this signal by
attenuators 18 and 19 for addition of the signals therefrom to provide the overall
combining signal to be supplied to the signal processor. The properties of this
directional controller are such that it may advantageously be utilized in connection
systems and methods according to the present invention. The combined output

signals from adding circuit 21 is

Y = Xgiont* (1 - omni * &%) + Xpaei * (omni - 7°7)
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a factor (1 - omi) / 2 and a second controll abl e
attenuator 19 acts on the signal fromthe second
wa@dpszetd on circuit 17 for attenuati on of thi BCHEBWA010485
by a factor (1 + omi) / 2, whereas a third adding
circuit 21 is connected with the first and second
_ o of o
whefl SFRITS AT g itoicel paEFhHeP a5k cohtBBb A Ertptqrg 16 and
19 arel Isanipg iirethe onplementationl of (BWQCe$£d731-Areapaiee i ihesradfe from
this directional controller are such that it may
Otoa?dvant ageously be utilized in connection systens and
nmet hods according to the present invention. The
conmbi ned output signals fromadding circuit 21 is Y =
If thxfaceustical delay batween the gtk mickipione*B goand the &rontvimicrophone

Fooe 000888 RrlBfnal parameter 95, control ling

attenuators 18 and 19 and having in the

i mpl enent ation _joj\ WD 01/01731-Al a value in the range
f r oRfbad® Vet §F it he acoustical del ay between the back
m crophone Bmic and the front mcrophone Fmc is
designated A, then jwA Xback = Xfront * e If an

If andagdptve direeidrigdnahctiomed ichBses WHIPSEMnIVEL 0, QABI oatplli signal
the output signal becones Y = Xfront * (1 - e

becomgsA+T) ) where T is a further adjustable internal
parameter 95, controlling delay devices 14 and 15. If
the delay T is selected equal to the delay A directly
fr o £Rghack- et € Yphone to the front mcrophone in
the directional node of operation (ommi = 0) then the
part of the sound signal X comng directly fromthe

. i . e i e .
nefaeis® e Sl PURESSIEAG L8 CTRUIMAT L) Shices 14
and ctiar Hcther delby cT vis t delectad | dquail e cthieodelan AhﬁréldBIQdfrom the back

. direction is achieved. By adjusting T < A sound, .
mle@BﬁPﬂ% tﬁa@?% fryn? MiFFoPAQNR e 'r%qx@%akmodresof&.ﬂ%eilcpreéemm =0)
therf iR part of the sound signal X coming directly from the back of the user is
suppressed to the maximum extent and a directional characteristic know as a

cardoid characteristic with a null-direction in the 180° direction is achieved.

By adjusting T < A, sound coming partly from the side of the user is cancelled, the

direction of the canceling effect being controlled by the ratio of T/ A.

However, according to the invention, the internal parameter omni may assume
values outside the range of 0 to 1. When omni is reduced below 0, there will appear
two null-directions, symmetrically about the 180° direction. Increasingly negative
values of omni will move the null-directions further away from the 180° direction,

e.d., at omni = -1.5 the null-directions will be at 80 and 280 degrees.

Conclusively, by adjusting the internal parameters 95 (omni and T), it will be
possible to move the null-directions of the directional controller. This can, according
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direction of the canceling effect being controlled by

the ratio of T/ A However, according to the
WO poosfeg9en, the internal parameter omi nay asBCIYEP2003/010485

val ues outside the range of 0 to 1. Wien omi is

reduced below O, there will appear two

[ b dibect rjpea u e :

to 1 knEnbER 0EnieBEUR " bETLioRER s alfBive, copirgl of the
direatioreal tdoatroliér indtheesighah prdoessimgr appanatdsr acedriingl®0the present
. di,rection, e.g., at ommi = -1.5 the null-directions
INVERIPN. he at 80 and 280 degrees. Concl usively, by

adjusting the internal paraneters 95 (omi and T), it

will be possible to nove the null-directions of the
Fig. it rehowsomal exbadimeenteof aThesiredirsigral cdetdctog 706 avcording to an

et R e et T S5 o o SRR (§ V% bR isee gy siana
proddssingdapsaratuen#d0,c200 el déxcribadtiigh &ém@icaow@isg aag 2. The

. apparatus according to the present invention. .4
Clrcwﬁ@twcwﬁe aiibelidesied ovigral deipeton csingprigesdan edding gigcuit 73 for
C i j : [NV i T i r
addBECAISF 9, S ofHBHOE Narkls 207 S il IE iRt o the
addimgpeircait 3. The, olRPk @fﬂhd%&idiﬁg)eidcwiii Isfcr?mfgete‘drtoa% signki Ienvelope
. 1 and 2. The, <circuit structure t esired signha .
ciroyjh (BN BEIFSS 41 SINALRAYRIORS PEINQ addetk iBpUL sighpiRg 1he signal
e . . o ’ P
onvelbhe. a8 EHPAC R ang, SRl Aol dguk 114 10, UERUAIE both o
compadiatoy 7¢iandua percentienesitnator civcuit E6ghbé percantitepestimator circuit

76 daieitle o e iR FUMARE Feslf 50 B0 Foiel L2 el gpsutt of
the blifhas ieBd@lopenitel Opsll khowHi tb d SkildSpérEbA Rl t® phefille Buch an
arator 77 and a percentile estimator circuit 76.

co
percemdlepestinaatior reswt withearopersentlgi estimatog knewatie dhe art. Examples

I r L i, 3,40, % %
of <8 ERA e B3RP rd MU guin g bk 4 90 g o
or VW0Qo9B/2738%, hwkled theses perduntild estimavdrdearsuedt @drt of a desired
rcentile estimator result with an percentile

S'Q”QEE*?WQQE'( known in the art. Exanples of such

percentile estimators are known frome.g.

US- A- 4, 204, 260, WD 95/15668, or WD 98/ 27787, however,
Gengehallye the pementilecesdisnatontresult autpuhby tipapercehtile ektimnated 76 may

be asniyggér’lrlcerqﬁteeecst(i%ator result in the range 0 - 100 %. 0 % percentile estimator
result means that all signals input to the percentile estimator are detected to be
above the percentile estimator result and will thus be considered as speech. This
means the DSD detects desired signals all the time and the DSD causes the
adaptation to not run at all. The other extreme, if the percentile estimator result is
100 %, all signals input to the percentile estimator are detected to be below the
percentile estimator result. This means the DSD considers the input signals as
undesired signals so that the DSD will not stall the adaptation at all, and the
directional adaptation will run as if the DSD was not present. However, although the
percentile estimator result is not necessarily limited, for most applications a number
between 5 - 90 % is selected.
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Generally, the percentile estimator result output by

the percentile estimator 76 may be any percentile
wegdosoeoos result in the range 0 - 100 % 0O % PCT/EP2003/010485

percentile estimator result nmeans that all signals

input to the percentile estimator are detected to be

above the percentile estimator result and will thus be

consi dered as speech. This neans the DSD detects
Accdetinglydthei perakstaglel uséa fari the RBD is ot Niftitediates asspdeific number,

but f“’\df?g tﬁi‘é bgﬂ’ﬁbg%&g@?{%i; ; 'ﬂ!@ﬁ%ﬁgﬁ 5@85'9 Bg%ttbgrse@@fmm noise
situatiit TR peR&NBRY estitiaté R3bit EioRld géﬁ?%gm}gggnﬁ 8 fod_ border

bel ow the percentile estimator re _ 'S neans
levebdptweer inpise andesperalnt (wdpsited ansd desided isignhls), goatteat levels

) 0 | h ti t. all .
ool HersFYCER ek BTG b e L 8l s
signafs andtieyale shidle danB¥etonskidré®wghcdrisrising 'deaitel fignals. If the
estimator result is not necessarily limted, for nbDst

Percghinge it selieohiglinseme pit pbte speeayosignakisdeslew: tbe. percentile
estir%étd@e%gﬂ%&?2@&%«?&%@5@%%%%@ idr%fﬁ@%glt g%'gyadé&‘étion will

percent age us I's no _
thersfoeei otchbenstdiknd, in buéryt hecessare deossivr) andniteneathid eidlectional

adagiafighwlrO SHTBS ot fraet L TG AESRCN BSurRl 8hdup doise. On the
othederpbalilibe PEREAMgLIsIR %O R _%mcj% R EhAs F’ﬁ% M&ie8 vﬂgbé%bove the
h" (und S), so that

and speech (undesired and desired signa
perqestils estirpataswestlé apdr witlnthierafores incareotly besedrsiderad s speech.

' aitiall desire si gnal s and .
They QEHEREE b0 UBRo all 68 s ATF R le ot this, the
adaptationlis thdréford elowasthgn nas8sdafy Ivtt WilPstilnb eI re&6'®h R8sk,
of the speech signal is below the percentifle

estimator result and will incorrectly be considered as

A e Bie e Bl 15K BEs"% 20365 bl e ot

ssary occasi on,
flooraqaipe atdllpbuimid fihal cloiee dly bkeayseloeta mattehof rRecsfaiDecause

. well as the noise.. On the  other hand, if the )
d'ﬁeﬁ%?tcw%snvlgorge%nt(so@awdaslds%ﬁ@reaa.optlmal MaluasoiHQweyen with a
" b - 1
DSOS B RIS SRRl Ao 5 Uiy dr bl potucon 1
- 20diorgand resalts adajst be iashidvedt heprosessing dirstoand seeandamicrophone
t he

. bec, of this, adaptation js therefore slower
SionBfica0. b SAREYDT SpEEoSIanabs o114 SHeleysnarker o ciataEom.
The percentile estimator result as output of the percentile estimator 76 is supplied
as second input signal to comparator 77. Comparator 77 compares the two input
signals, the signal envelope submitted by signal envelope circuit 74 and the

percentile estimator result. The result of the comparison is submitted to an
update/stall-circuit 72 which produces the second control parameter 80.

The function of the analyzer, also referred to as the desired signal detector (DSD)

70, is now described with reference to Fig. 6 showing a flow diagram of a method
according to the present invention.
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A | ow percentage percentile estimator, e.g. in the
range 5 - 20 % will find the noise floor quite well,
whedosoewi4i nal choice will always be a nmatter BPET/EP2003/010485
trade-offs, because different sound environnents nay
yield different optimal values. However, with a DSD
70 having a percentile estimator with a percentile
estimator result between 10 - 20 % good results could
In operativini 6¢@d they sjpnat enselogef isrgéneratbds fonnadaid dmpupigreals. The

. [ s 20, 30 [ Vi ) s, of a single
o G087y, 22, PP S 00T, il s 20, 30
accorafid { elﬁ@. QUiPHEclakdtetPSRGRBE éhﬁo@ﬁﬁéﬂ?@%‘i shBwh$ the desired

. suppl i as second input signal to _conp tor /7.
signabfiptaciendoes naingaimprise mddingocireuiu73 andjrthesinpuheignal to the

S | bni i I [ it
sion3l, $07o RN E I P aberel b B B FREoPBEts siagel. The
addhb&:iﬁ;@ifnﬁé}/WI_eﬁSOLﬁ HeBbidiefltd thedPresumption that at least one of the
update/stall-circuit 72 which produces the second

first fiont PusrophPARderordoe sepeNd baek misrophone Brarialeymisrophone with

on GAROSUETES Ent it i B PUERTh OB, Sl 0 RRyopone
signal fcooesgoadingntafthe svehtosignalsc rgathirg that nticopberetfrom any
dire T Ui o) ianeh & GIRRa I i, I5ES DS BeETRAEng fgnyser may

be diRicfateARSMTrH8he midiPhoh8 %na‘? i BRdS tme%eth%g&/erall circuitry

added first and second m crophone signals 2
morgsuopléi ng to Fig. 4. In accordance to anot her

enbodi ment (not shown), the desired signal detector

does not conprise adding circuit 73 and the i nput

Frorfi eakighal tdheeloped apereaiifb ORRinGatHE Lr‘ééul?,”re.igg_ £110e4 percentile
the first or the second m crophone signal. The adding

estirpatas UpsUlively determained diaopgeatinndb2@ Tlee sianabdealsnef beth signals,

Y fi i h .
e §oRe 8115080y 985 Sl AL Q00008 Ebbare
opemstibh 6300 Inrparticulae conparbtoe I7ar deteetsi when the ihdtahtanhbbas signal

m ¢rophone submts a m crophone,  signal correspondi ng
of thesig %@Jﬂpesg%ﬂ%o\feefi'@ %ﬁ@emtﬂatesﬁwwm%% anfl@sapen the

sEASHD SrEh o b g R TG SbeR bl 46 8GR ostmator
resutin(opecatiomB40p piNber isisgietbctied thatléhe instartapebbe signal is above
the %\é%ear{tfle Césftf?rlféttoF yreSlTlEr%eSidgg’rgd signal detector concludes “desired
signals” in the input signals and the control parameter adjustment is stalled in
operation 650. In order to stall the adaptation, update/stall-circuit 72 submits
second control parameter 80 indicating to the parameter controller 90, or directly to
the directional controller 10, to disable adaptation of the directional characteristic by

the adaptive directional function 50.

If in operation 640 it is detected that the instantaneous signal is below the percentile
estimator result, the desired signal detector concludes “undesired signal” as input
signal and allows to update the control parameter adjustment in operation 660 by

setting an enable-signal as second control parameter 80 to adapt the directional
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From t he signal envel ope a percentile estimtor

result, e.g. a 10 % percentile estimator result, is
waledsoponed i n operati on 620. The signal | evel BCOEP1DO3/b10485

signals, the percentile estimator result and the

si gnal envel ope, are then conpared in operation 630.

chal‘d%tél?srtk'lﬁﬂéﬂﬁstufgofﬁé%@rﬁél %%tr%?g rﬁet\éP thQ%dagtuve directional

I nstant a s signal e si enve ope g

funciioovie opeeatiper@&ht i | e estimator result and al so when
the instantaneous signal of the signal envel ope goes
bel ow the percentile estimator result (operation

Acc@fb@ag toNRBthet ehfbddfrhest etthkhbsémantaRicAthanSR&WN), the desired

ignal is above the percentile estimator result,

SIgr@éﬁeit@&orspgmnsaetfétef @ircyigiycwhinhs is' dagabledo @stmulsh between

i, 415 SARHbu S 7 b SERaRCIOL 8. 4RGP o oot

thatsithié linpbe sighdgls at:ompnsepslghalestnﬁl b- ekrtan tfreﬁ&eﬁd?mérﬁge e.g.
second control paraneter 80 indicating to th .,
COITBEPAFHRG fO ¥aigeSiINals, tbe digital gianak detecias conﬁledes ‘desired signal

and?%ﬁg@gééié’% h BEFHtiBh' 650. @thé&né&bﬁﬁ*ﬂheﬁ deﬁeg)%raﬂ Ofbt8ts that the

Irection characteristi
inpudi sigicals carel ofitside iaoiceBin frfequenqp_eraage o’_the64![g|11at signal detector

etected, t hat, the jnstantaneous,signal, i el ow t he
confHEs e TogSigal: O10 PEaRas WittoguaionBed; gna
det ect or concl udes "undesired signal” as input signal

and allows to update the control paranmeter adjustnent
Accprilirg & anpther e@stbasiimestket thegpreseohimvbation, gledéctas 71 detects the

lovel B 305 1508 S0 P b Eon SRR b fbeSadair buBiiEisygecides
whewbrttﬁ"ellé@ltdi&he Mgt Ridnat @ aboVve pRbBIRN 8lcettain %ﬁe%et level, and if
tive directional function in operation 6

the m@@glﬁyleh@ kejowrtbehriesehizyal e DP coneluges swntlesired signal” and
prodéé\ﬁ%'%lﬂf)@pél’i‘éﬁ%n%@@% V{:é‘@ev%ns' red signal detector

roses er circul ifch is capable to
dlstlngU|sh between high and | ow frequencies -in the

t I the det 7 h det ects
Fig. Jhows e emadideglel a desies s6BeLieRiiol 17h Beceringiaan
emtfdo?rﬁéﬁf‘&ﬁ‘thé%\%tloﬁ i whi@PEU&ES A Igl%téc‘ﬁo?‘f%ﬁ'ﬁp h gnacﬁo

the digital signal detector conc deS|re
distingdisprustween desiréd epd uadesined signat®. Adewirsuit striictuine of the DSD

1703Eb i BS54 7% ST Dert RV 3R o g e DO
170@ehesises a level generator 110 which replaces the percentile estimator 76 of
DSD 70. The level generator 110 does not necessarily need any input, e.g. the
envelope signal output by signal envelope circuit 74, but provides a fixed signal
level to the comparator 77 which compares the two input signals, the signal
envelope submitted by signal envelope 74 and the level submitted by the level
generator 110. The result of the comparison is submitted to the update/stall-circuit
72 which again produces the second control parameter 80. The function of the DSD
170 is also similar to the function of the DSD 70, except for the fact, that the level
generator 110 outputs a fixed signal level which does not depend on the signal
envelope of the input signals 20, 30. Therefore, in operation 640, it is decided
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concl udes "undesired signal"” and proceeds wth

operation 660. According to another enbodi nent of the
w@e@sormo14 nventi on, detector 71 detects the |RPUPEPD3/010485

the input signal and in an operation simlar to

operation 640 it is decided whet her the | evel of the

el R O e s S VB T5 AoBLE o el e signal
level hetheSbvelgarianstes. undeS| red signal" and proceeds

wi th operation 660 and vice versa. Fig. 9 shows an

enbodi nent of a desired signal detector 170 according
Depkfdiy orf fHROGESTRIY péforhicedf & DD 1 70 WRt%he %FIBL&eaof the

| evel” detection |s inpl enented to distinguis et ween
headeg picdesigaer thryaluedf iheyaighs! levellegmafah@dtb)sﬂhedevelrgenerator

110§l BB 5 30 e bl o iy ROt

accordinyly.SRg. thd dasinganigheivant %d\fﬁi@bagﬁéimht?%@lédiﬂ‘e adaptation
belog\grcentl e estimator 76 of DSD 70. The | evel

adregeiermingddewsr Hueshald éxemdarity SHBI@"@SQWdBHDQtIn
enviforimehiSSun S HRE W1 Aa OO itttk BRElopfiShE e, Another
examplepanighitdre the ude oftthiscrgpabiity tomhsahwe adaptatlosni 1@1&&)6!&&17 A

h J I I tted by sign envel ope
el PSSR )0 kb 50k 74 Pt
domTﬂi‘ﬁed Qﬁ/%hdcﬁcméé‘ér ﬁ\oéﬁ)@ﬁ\'nﬁﬂﬁ‘nérﬁ wWhiBithd € ntaPn’ilé‘ﬁ’t be distorted

tefstall-circuit 72 which again produces
dueé@@damelmedlngﬁbeMam gmgeTifdhée heatingmicbf t he DSD
170 is also simlar to the function of the DSD 70,

except for the fact, that the I evel generator 110
Acc@tdﬁrmJtcSa@efnb&iﬂnéhg@HDSDel\’ﬁj v updatenrsll- Bl@éwﬂ?@%ﬂtjpmg an

t he si gnal envel ope of the input signals 20, 30
enaligsyighaibthe; goraparatar ohindicetes; tha @%@ﬁnd@mve@nms equal to or

belo ﬁ’\%/ Hiecshbfa Rl &t éggsé pljs%és H‘Q%ﬂ%r otnsyg o‘prgédlgé\;ces that

i nstant dneous enve IS a !
the $lgaalsergmkbpe iseat&jvedhetthresherde Hog@lver dh anothee penisbdighet of

f ft DSD 170 d th hoi ce
D5t} 7055 ks AU atAT ddsria fevid asuol B devapeting dhanal
updateysthil-eRaGt 20 %‘E'Jtﬁl)’[s tarlﬁsélﬂé‘-%'i r%‘F i é‘EBFn éétgr r?‘?qndlcates that

serving as a threshold and e up ate
the gighakenveloneyisaguadfaiet belowatbe(blnlwshgldy and. ogliputbean enable-signal

if thggéb‘%gﬁ@ﬂ]r@ cat ﬂ%attﬂ?e %Fg%afé‘ﬁ\?e&? %be'lgdvte the?hres H-e

According to another embodiment of the present invention, detector 71 of DSD the
calculates a correlation coefficient of the input signals and the DSD concludes
“desired signal” if the correlation coefficient reaches a certain value and the second

control parameter 80 is adjusted accordingly.

Fig. 10 shows an embodiment of a desired signal detector 270 according to still
another embodiment of the present invention. Also the DSD 270 may be
implemented in a signal processing apparatus 100, 200 as described with reference
to Figures 1 and 2. The circuit structure of the DSD 270 comprises a correlation
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bel ow a predeterm ned | ower threshold in order to
suppress updating in environnents where the signal is

walorosnzgoed by intrinsic mcrophone noi se. Anot PEF/EP2003/010485
exanpl e m ght be the use of this capability to disable
adapt ati on above a predeterm ned high threshold in

caldﬂﬂaﬁ%F .2l W %ég:uléﬁggté G richtdh EBé,(fflEi%ﬂfmti%ttw%n the, two input
ere the

dom nat ed noi se or in an environnment
sigrsilg)ri20), aﬂgand tseibdiitst this ecbrrelationt coefficier! tecoaadiralgpr 77. The

corlsiiafif noh 950 “E8VE50% SR plER Al T (Bl geperetor 210,

confpHrest theas tv%‘a?hh@t %l@lﬁ‘éﬂb hhd t BEoHASTET ébﬁllbaﬁgon result to the
indicates that the si gna envel ope Is equal to or

updgta/sialltairsuit Hizewhich @rocdumesdbe sacend cdntsalparasietera80. i f
the conparator indicates that the signal envelope is
above the threshold. However, in another enbodi nent of

Witlo®he Léfreldtion wmat@r@ﬁl@ Biakbterfiiies whetifaH thedfpUesibnals (first
be reversed, i.e. gdat e/stall-circuit 72 outputs

and segoadynicraphang Slglﬂalﬁ RO, sBrmsagenerated frataitbesame sriind source
or nUE‘q:&r‘ %{E&ﬁplg E\gﬁéﬁlﬂ‘?e heafify'ald %Q)é)%rratkéﬂl |ﬁ"¥ épe t environment, each

out puts am ena
of ttermmcmpjwonendlgmmtsemmltmhstbmys nglsel geneedtogeby sthebmwpectlve

. th h hol Accor qj to th nbodi t of t
micighbobi TRATent1i5n, MadhBorasey 1h6f TR SKEA dre,lenegted by
indebefRiehe! Qﬁd thu§0?16f1|-é‘dr%l&teﬁf s@fal' Qﬁﬁﬁce? %él{ya'?ﬁet iMividual

D concludes "desired signal e Cco
mlC@P@DﬁB@I knthisr kb olber gases the eorvdatm aoefficient nelicatels whether at

e 046 4, AERERO, SR K6 b § Sssafon. For

exafmple tengidptatn by bansthed bgmleEhiing Pfespletivd 88&Hd control

invention. Also the DSD 270 may be inplenented in a

paramgieg|80,wher 3k least appaf Htm@pmb@gnalso?(bs%d@mma@dm poise or
dlSt(gl?IfOfIF] gBBEBt é%ﬁér%%ﬁ?? Hetlds "Falllrﬁg{ :ﬂj(])én ‘é%‘%@%ﬁﬁ Woetcfent under

rrses a corr

the 2pBil (D@%g%@@féﬂb&d@%b@@ﬁ@étorcmG:LIleuetbrgeaékhchQw is at least
. cal cul at sacorrel t|on efflc:lenqa] het ween t he two
simiar,fet level genecatop 11 SRNpEted iong)y euplafheas serves as a

threSRSIf inC{IﬁJ‘EOhPaFaQHP??%‘éS/ dido q-éhgdju%f%’ﬂ) ?Eﬁﬂm o rf‘ltl'?é’ desired
receives a certain level “signal fromlevel gen

perfeiroance @nﬂmhemetm‘dbe hleaung pdidesiggealln \Nﬁ)dOZ/Gbmﬁ(D ,Sa eorrelation

det&ct0P 3! FRtL4ER u(')ft non- correlated first and second input signals and for

generation of a control signal is provided by way of example. Depending on the

desired performance of the DSD 270 and the choice of the DSD designer, the

update and stall criteria may be adjusted based on the value of the correlation

coefficient.

According to an embodiment of DSD 270, the update/stall-circuit 72 outputs an
enable-signal if the comparator 77 indicates that the correlation coefficient is equal
to or below the threshold, and outputs a disable-signal if the comparator indicates
that the correlation coefficient is above the threshold. However, in another
embodiment of DSD 270, the update and stall criteria could as well be reversed, i.e.
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update/stall-circuit 72 which produces the second

control paraneter 80. Wth the correlation cal cul ator
WQ2@s5/i029916 det er mi ned whet her the input signal BCT/EP2083/010485

and second m crophone signal) 20, 30 are generated

fromthe same sound source or not. For exanple, when

the &B@at@%’i‘éll ewcmt o bﬁt;ﬂﬁ@ 5%.%@&.@& |f'tﬁé1&oﬁ@\é|rétepwmdicates

each of the m crop one Si gna S contal ns niy noi se
thatdle eoaekaalobwoeﬁmlemS@equawb orrbietove theotheeshald) 4nd Fitpsits an

o 5 b B o SRR s vove e

threBaemg!l y the individual mcrophones. In this and other
cases the correlation coefficient indicates whether at
| east one of the m crophone signals is dom nated by

ool 9T SR o VRS RS B B tptwoon

desiped sigelats aBd undesired nbisasis impenwntedién vanods #iagsalsing different

detectits i oherIShot G SeBeraIND: iy hertyPR & disinabl Hae Salecton may be
bas&€@etld. Gre tié“ﬂl@ﬁf sm%ﬂl@ isSif enbg 158’ap9@;f&?t%§§?rp3bflc‘?éfﬂm non-

generat or el “gehera
hneawﬂaa aroﬂmHSeveI generator 110, and the generated
signal level that serves as a threshold in the
conmparator 77 may al so be adjusted depending on the

Fig. ¢e§hd\,@§|a ﬁ@ﬁél%‘é%ﬁﬁ?lll@@ﬁaﬁrﬁ@b%rﬁl ehbeiobeaHdan z1'10% percentlle

desi gner. 0150 a correlation det ect or or
eStl@é‘fQé’dﬂS@ﬁ abfa ﬁ@slazapqz@kthrfa time mrwds@f:aaosawpds The signal

envélog dﬁi dﬁ'{)édﬁ i%ﬁﬁrq\a% I'gﬁlgﬁ) ﬁé(/(g r?et%ﬁ'gg&{ﬂ%\é‘?dr 8& using a

dlgltlaEi‘rﬁplematm‘f wﬁth%\ BSD(I-IZ@amming Hequenty anaf a PAeBIPPDC and a
desi gner, the wupdate and stall criteria ma

desigeqd Hanal’ datestorofl) it §t9"@i annelopsr elspuit )96nand a percentile
estnﬁ%ﬁfrf’f’@'a%ﬁ rduﬁ?‘i@rtﬂé eEQ [ﬁ?&ﬁj RO spRbk %%Sgta%sos%?akmg at

updat e/ st I-C|r ts an "ena
tima £ 1tiﬁeecmmammtdoom7ammdt tmee% 5t§mtthe lspeaker stilla&pezkmg moves

efficient is egyﬂ] to or below the threshol d, and
fronb ferd tg apesife QT H1& W86 i f t he conparator indicates

that the correlation coefficient is above the
_ threshol d. However, in another enbodi ment of DSD 270,
Fig. tthehawsel theebalnavier af thednieraali direstional pesameter droni (full line) in the

adaﬁﬁyeerd?r%%tlohal fun%}lox\oagco(?‘é n%z?c? ]tﬁ'e pre/sgrﬁ? (Pov?é/n |1048§h the DSD
included (parameter value of omni = 1 means omni-directional, 0.5 means cardioid
and 0 means bi-directional characteristic). In comparison to that, Fig. 8 also shows
the behavior of the internal directional parameter omni of a prior art directional
controller without a DSD (dotted line). When comparing the directional parameter
behavior with and without DSD, the improved behavior of parameter omni when
applying a signal processing apparatus according to the present invention may
simply be recognized for a skilled person. According to the full line, the parameter
omni is adjusted between 1 and 0.97 over the entire time frame of 20 seconds.
Even if the speaker moves to one side of the user after 5 seconds, the value of
omni stays in that range which means that the adaptive directional function still
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the update/stall-circuit 72 outputs a disabl e-signal

if the conparator 77 indicates that the correlation
w@o®shewient is equal to or bel ow the threshol PICT/EPIH03/010485

out puts an enable-signal if the conparator indicates

that the correlation coefficient is above the

emélB&@%hﬁéQ‘lr%/véﬁ?ﬁ E%rta‘? Sc@‘ﬁlfé&@ﬁstﬁ:“%?éﬁegﬁﬂé}éﬁakbpﬁoves out of

present ection b
the frogtaildﬁea’mh u@wesremdtj tie desireds speghesignaled riob dmmpedumrlng the

wn Tl e e B tsRhERg harasistit Barebs Raiogdy omni

dlrebﬁér%i node. PIHsdraidre! itCahn anl Svins frohf GHEC@FYctional parameter
shap mgl1 detection of certain non- linearities, or

behgviesvgth PSP, thad Masvadaptivey disectinnay famstian tr@_tsrt@t tupaundesired
N e e

pausesmdsieerjmlalrgilaalthe eutyet sighak4agl t he 11 % percentile

estimator result have been achieved by using a
digital |nplenentat|on wth a 32 kHz sanpling

Cor@t’a‘?ﬁ W:t?ﬂ?éf,?% iof aftdifictioANC I8 wﬂﬁéutr Le)gDSé%QQ‘igntge directional

etector th an signal envelope Circuit
pargreetsgrdmhiein tbetsarm srtué‘tﬁ)raas shdwngbyt the detted éaent Fig. 8. In the
The,.s

A e R RN
speékéﬂ Hassﬁﬁﬁbtl e dﬁ@\éﬁt?e of ’th@"(]s*eﬁq echfar;ﬁ%? PCH %&oﬁbﬂ@orﬂfoller tries to

he user. |g sowstebeaworo I nt er na
furthﬁrr ginimizal theaeutpet signaintly efjusting i the) paranoéter omni to a more

B3R 0L T 17 Ll R ) ARG o e

acummieswed seach iyl afdr£eighfizaht mdduldtRansf m@rmid?bﬂmne noise
and 0 neans bi-directional characteristic).

whiehy isadisastyantagaeus, asi glesgribgd; oins Hbas ba@K@robléﬁa\SﬁéﬁOfbef the

figj.ernal directional paraneter omi of a prior art
Spe@h?%t‘:ﬁ onal controller wthout a DSD (dotted |ine).
When conpar i ng the d| rectional paraneter behavior

d t e i nproyed hehayi or of
ACCB@%%@‘? &"WS @W o ﬁ\ﬁ efqggnsl@fegﬁan ﬁ}eotr@g@,@m@/ spectrum of
t C
the A %‘%@&@5“2‘.’@2%”@3'?”5'85‘?w*‘ﬂé{ﬁf@ﬁ‘f"’i’&@%‘&ﬂf’ splt fitters
(nott shawie), fraspedtiviedy, Inilmeapambmt erg. twee, 08 chdpmslsedlth respective

i oy AgRer Eoft S i PaRTiee PRI & tiPn,Feholed by
corre§eondihg esignat eprRRdssing Napyalateds 0100, 200, whereby each signal
processing apparatus operates in a band-limited channel. This system allows the
directional characteristics to be different among these channels, such that the
analysis by which signals are classified as desired and undesired signals and the
directional characteristics is adjusted is done independently in respective frequency
bands.

Finally, it may be pointed out that it is clear for a person skilled in the art that

embodiments described with respect to the Figures of the present invention may
possibly be simplified in order to better describe the key features of the invention.
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omi stays in that range which neans that the adaptive
directional function still 22 WO 2005/ 029914
wEIDsSAPROO3/ 010485 enpl oys a nearly ommi - di r eBCT/BPZN03/010485
characteristic even if the speaker noves out of the
frontal direction. As a result, the desired speech
signal is not danped during the whole tine frane
since the directional characteristic remains in nearly
According tdi fugber embodimeats Biithédnventan, iémbbedimeats eerfeatures of

ermidfifebfi ot 85Gvs BEHTBR omaiRee Bravi pebbrgtgpetul in 2
diretticiesl isysém fmirﬁmi,ﬁwr@%?{gé_i ng the internal paraneter

omi bel ow t he val ue = I n speech pauses in order to
mnimze the output signal 40. Contrary to that, a

L rf..dj ' lle Lt hout, DSD adj ust. . .
Furiet g db (s 4h S ohE B ong RReSl i theri B isrlre Hetiibien in tis
speaificatianvor lry thé elaloist et foliay,i évdr & ndt- eXplictiPedederibel, may be
.Si x .seconds, .the directional controller stays in

clairggfiin @ny sisefibgaMbiRAION. Aft er the speaker has noved to
one side of the user, the prior art directiona
controller tries to further mnimze the output
signal by adjusting the parameter ommi to a nore
di rectional node, down to a value = 0.8 resulting in
an undesired danping of the actual desired speech
signal and a significant nodul ati on of the m crophone
noi se which is disadvantageous as described in the
background section of the specification. According to
an enbodi nent of the present invention, the frequency
spectrumof the first and second mi crophone signals
20, 30 may be divided by band-split filters (not
shown), respectively, into a nunber, e.g. three, of
channels with respective limted frequency ranges.
Each of the band-limted channels is then handled by a
correspondi ng signal processing apparatus 100, 200,
wher eby each signal processing apparatus operates in
a band-limted channel. This systemallows the
directional characteristics to be different anong
t hese channel s, such that the analysis by which
signals are classified as desired and undesired
signals and the directional characteristics is
adj usted is done independently in respective frequency
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bands. Finally, it may be pointed out that it is clear
for a person skilled in the art that enbodi nents
wale@sndyed with respect to the Figures of the PCEERIW3/010485
invention may possibly be sinplified in order to
better describe the key features of the invention. 23
CLAYMs2005/ 029914 PCT/ EP2003/ 010485 According to further
— enbodi nents of the invention, enbodinents or features
of enbodi nents described above may be conbi ned in any
conbi nation useful in a directional systemfor
m nimzing noise. Furthernore, it is apparent to one
1. Rkidnagfrddesting spdaratidl( 10@8200)@& Qﬁéﬁi‘h#’ﬁﬂi With tafvso%trouable
speC|f|cat|on or in the cl al nms ow, even If
ditsctienpl characterigiic epmpesing raa@resélonal cantesdler (1 Q)rfor receiving

Rt s Fhu8Rong Aol Som et 3p) ang outayging an

appat signs Y 4, aRO@) sifvdl ar’mal”ﬁ@f (70) fer detektify Whether at Ieast
controllable directional characteristic conprising a

Qe @lctaid HEgt apdritacenddniclonipne signale are/updesirgd signalggwherein
S 808 S80S RALEs Ho o Ry B3 TEneifbctonal
chazhotedstiq gy ifftbe signa enalygenhas Hetectdd liedediredosignalt.
said first and second m crophone signals are undesired
signals, wherein said directional controller
mnimzes the output signal by adapting the
directional characteristic only if the signal

2. Hieasignakpreasseieg éppethtunaestrding toickmial $. whereimthessignal

a%ﬁ?(gﬁ%cﬁﬁgﬁ% %gi)e?éccg??[;@ i Zpesce§/ ﬁétat: @@éf, o%@% gé% ft rQF and

§st;©ﬂd\mlﬁgamionb®?malgm20 Qfog%ﬁhddarf upddte Rsll-citQGO(TR) receiving the
m cr ophone si

QB 86 Sefedipr G whinsin baid epdptejsteftsirouib (7R oWputran
3 el U AR QCRRA ORI ol 2515 iphde)ana
amumladldablle@lghal lhsaldrdemctsn dptatis,desirdd sigrglsibs imput signals.
di sabl e-signal if said detector detects desired

signals as input signals.

o3 |

3. The signal processing apparatus according to claim 1 or 2, wherein the
directional controller (10) adapts the directional characteristic by adjusting an
internal control parameter (95) of an adaptive directional function (50) only while
enabled by means of a second control parameter (80) submitted by the signal

analyzer (70).
4. The signal processing apparatus according to claim 3, wherein the adaptive
directional function is defined by the formula:

Y = Xiont* (1 - omni * @°T) + Xpaoc * (omni - 7°7)
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3. The signal processing apparatus according to claim
1 or 2, wherein the directional controller (10)

wa@adapnzdthe directional characteristic by adj uBCT/RB20831010485
internal control paranmeter (95) of an adaptive
directional function (50) only while enabled by neans

b1t

o P Sl gfito P ot ok) BHOT s ffredbadrined

aeqysdicatalay.accordi ng to claim 3, wherein the adaptive
directional function is defined by the formula: Y =
Xfr.nt * (I - omi * e -Jo)T ) + Xback * (omi - e J
ct) T ) 25 WD 2005/029914 PCT/ EP2003/ 010485 where
omi is the internal control parameter (95) and T is a
5. Pregignal prasessing@pperatys @stergingsto ame of thgnarieceding claims,

RFREF S RAaRRE Al SR EMIEP 40, RbFue 16y BRRE A0 iona

(Mhnd@@éwnmgccmtlfodiﬂa@ﬁ&e@é&(})ﬁncﬁmﬂba{tmg(ﬁﬁ indé&®@aPcontrol

second control parangter and outputting said
paresietar (Sgnwherein ﬁ@ﬂ@?é@@ete{r@yptrouﬁ@a@uﬁtsg g dnternal control
I t
BRI ooy LIS 31d 88 S Bl G 16 b appivig

autipimizaiigralgo(ito iftihie appoiyd ogntral parameter (80) indicates an
m | m zation-algorithmif the second control paraneter

Sifidlates an enabl e- signal. 6. The signa
proceSS|ng apparatus according to one of clains 2 to
5, wherein said detector (71) of said signal analyzer
(70) conprises: - a signal envelope circuit (74)

6. {5558 Bt Soh b bra o BT SE BRI 3, MPin el
datetep PNeof iidsighal analwmvgﬁﬁémbﬁs%tl mator (76)
generating a percentile estimator result of said

si gR&lgnaheavelpee chirdit (74 reewiageaaid first Apdismespndgicrophone
Sg?%‘igh?ise(‘gﬁgg é{ﬁ@!raﬁ?%gﬁg%!si&%%n‘?/@%p%n& S Fhicrophone
signals;

- a percentile estimator (76) generating a percentile estimator result of said
signal envelope; and
- acomparator (77) comparing signal levels of said signal envelope and said
percentile estimator result;
wherein said update/stall-circuit (72) outputs an enable-signal if the comparator
indicates that the signal envelope is equal to or below the percentile estimator
result, and outputs a disable-signal if the comparator indicates that the signal

envelope is above the percentile estimator result.

7. The signal processing apparatus according to one of claims 2 to 5, wherein said
detector (71) of said signal analyzer (170) comprises:
- asignal envelope circuit (74) receiving said first and/or second microphone

signals (20, 30) and generating a signal envelope of said microphone
signals;
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wherei n said update/stall-circuit (72) outputs an
enabl e-signal if the conparator indicates that the
W@ k@saksenvel ope is equal to or bel ow t he per cROL/EPH03/010485
estimator result, and outputs a disable-signal if the
conparator indicates that the signal envelope is
abo [ n
o o e R A 10] ORI Y bzt of o HiBe0i8
5, alconyanatosi( d7) dideetingwhethe) said sgnal esvglope iambbye @r below

s: - a signal envelope circuit (74)
rec%"%%ﬁﬁg%@sf@@ first and/or second m crophone signals
( 20whafdin 28R Wé@talngrcﬁz;ﬁgggé\htgﬁfyéikmearpén%ﬁor a disable-

m crophone signals;

pPCTsighalpdspendingn the|corepargtoneesulbr (110) gener ati ng
a signal level as a threshold; and a comparator (77)
det ecti ng whether said signal envel ope is above or

bel ow said threshold; wherein said

date/stall-circuit (72) outputs either an enable- or

8. Begipigasl Bt00§§§fﬁa|appaé’1\ieﬁ@|0ﬁ@r toeneehglaing 3ito bewtierein said
cﬁitea_t%? (731 W@gl@&ﬁ@?@?@ﬂ z@ﬂ?@&@%l%&s ‘f\%%ﬁ rc‘i%]sfré% I%ga Mdesired
$g|gaialbyan§thg/ stahs(c?é))anahlsa;tfmqbenmemmmg lor &6t datetting of certain

Sir .Si_ghal s usi ng statistical analysis,
@-' &‘?Séﬂéglcﬁ@'%}g%@n%ﬁ@%{si ng of certain
non linearities in said mcrophone signals. 9. The

signal processing apparatus according to one of clains
2 to 5 wherein said detector (71) of said signa

o, TR b8l LRGSR s B Hh & deme 21 pperein sai

dertectuem df it signbiediealizerdi7 d) cmﬁpﬁ§é§ﬁlﬁér|mrcﬁltﬂﬁdlﬁérentlatlng

2) .outputs an enabl e- S|%nal sai d detector only
S@éq BHerOPSPRA MANalHiNGRIEIN freguenaqbands, Wherein, saitypdate/stall-
f
GRS BuuE0dh Soab bl S AUEIGEN) oI Lnale
Wwidpsikd frespessy bgnda,rmrchoulspum:a drsdabmgsrgnabm gaidfdetbetondetects
ei.n al d detbgct or (71) of said signal

ai.'?%[s&g?@}s '(‘f!ﬁs'r@g FEAUENEY PaNdSr r el ati on coefficient of

10. The signal processing apparatus according to one of claims 2 to 5, wherein said
detector (71) of said signal analyzer (70) calculates a correlation coefficient of
said microphone signals, wherein said update/stall-circuit (72) outputs either an

enable-or a disable-signal depending on the value of the correlation coefficient.

11.A signal processing system having a number of signal processing apparatuses
according to one of the preceding claims and further comprising band-split filters
dividing the frequency spectrum of the first and second microphone signals (20,
30) in said number of channels with respective limited frequency ranges,
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said m crophone signals, wherein said
update/stall-circuit (72) outputs either an enable-or

w@2ass2a9e- si gnal dependi ng on the val ue of thECT/EP2003/010485

12.

13.

14.

correlation coefficient. 11.A signal processing system
havi ng a nunber of signal processing apparatuses

di t - Qfai [ ' r {:her:
ARERI B BBl pRIS S AN 90 oo
sheractaristiotbyt depafatelytpracessiieg cegpentivs frehoerc\siamigek ©f said
|(f]20 30% I n said nunber of channels wth respective

GtPPRAN rsl&i\?i‘%wcy ranges, 27 WD 2005/ 029914
PCT/ EP2003/ 010485 wherei n each respective signal

processi ng apparatus enploys a directiona
characteristic by separately processing respective

id. m h [ ls..12. A .
ARG BB TBeRhe g oot FRBERGHE A E g aff neving
Sbacedgdrt figst aind Seavhd ticroPRBAEs,aPairéctidrnab EoRinelley 6881¢ing
m crophones, a directional controller receiving first

tstiand sepandiniciophone siangiasupnlied iy aid fiystamddaseoongdt

_ : it : ¥
AISBAGTR sospadthefnand ol TR i Sulpu hd At o outou
ggnakia:]gﬁmw_edcbymmmmngaé% first ahd?@doﬁdmoﬂ)pholne signals
m cr one, si gnal.s according to the directjona .
S HAr e, o e et Shaivinr Star egme RErfUEhecamerising the
stepRofof : - detecting (510) whether at |east one of
sald first and second m crophone signals contain

unddstacsng b awvkether alepsi one 063y firsteardi senondoniarophone
characteristic in aorder.to . nmnimse the output signal
onl §%I%?FSU %Qinrweglrﬁﬁgf@aﬁve been detected. 13. The
et hadpies @30) e tRedtoraltAZractdrie in ofdrdo Phhtise the output
ignal s generated by apﬁlylng an adaptive
e

s
di r slgnrebarly it uitasired sighalmhaye heen dgtactethe of said
first and second m crophone signals are del ayed or
attenuated according to an internal control paraneter
and then conbined to said output signal, and in which
con ter is, adjusted in order

166 Pl ool i Jait 3o gRaPaImFgId GUtPukRIdanlis gencrated by
SHEIRGSar a8 SpRRrigbR& I B Hction in which at least one of said first and
second microphone signals are delayed or attenuated according to an internal
control parameter and then combined to said output signal, and in which the
internal control parameter is adjusted in order to minimise the output signal only

if undesired signals have been detected.

The method according to claim 12 or 13, further comprising:
- generating (610) a signal envelope of an input signal corresponding to one
of said first and second microphone signals or a sum of said first and
second microphone signals;

- calculating (620) a percentile estimator result of said envelope;
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14. The method according to claim12 or 13, further
conprising: generating (610) a signal envel ope of an

wo pan2®ignal corresponding to one of said fiPCI/ERI0d3/010485
second m crophone signals or a sumof said first and
second m crophone signals; calculating (620) a

Doos aauTa PO RIS 48R3 Bt SREiehRRBLRRA e Wilgentic
| evestimaior segult; si gnal envel ope and said percentile

' I L. dat i 660) i I I
oo Bl DYt SPH S8 P 1 2B S
congpardasn cbAtIuLBS trataRalsidiay Bh@Rpé fs S&I@'t? lb? belo 6%

bel ow the percentile estimator result; stalling
i ntRergantileastimatopeasaitet er adj ustnent if said

i ' I i I .
cnvarin Ao O LB e BB Pl Piet d8ushiRat s R mparing
15. dpdration egneludes #atithagignal ehviope iasb\actershroantie
one of clainms 12 to 14. 16. A hearing (220) aid with a

con®SiMatQhresW r ecti onal characteristic, conprising a
signal processing apparatus or system according to one
of clainms | to 11, spaced apart first and second
i nput transducers (Fmc, Bmc) supplying first and

d m h | I 0, 30), d t put
15. % RERQ R0 A 0 BI0Y SLEIrE Betad Biociha 48 et FaIrS 1210 14.
response to said output signal. 17.A conputer program

product conprising conputer program code which when
executed on a conputer or a digital signal processing

| i . or,. di_gital si I -
16, EX3HAR P29 5008 £ col A e LylaPhilesBBTE) somesing =
Sgveal pirocd swing apiRaratusldr sylslerf apebidied f b6 bf BIRIMS 1N,
sof tware code portions for inplenenting on a conputer
RASPYAPATIELYIS PREPREhITRMAIraBSASEE (fimg Bre) sHePIyINg first and
$eeBh8niérdghohe sigials (20, 30), and an output transducer (210) for

emission of sound signals in response to said output signal.

17.A computer program product comprising computer program code which when
executed on a computer or a digital signal processing system enables said

computer or digital signal processing system to carry out a method according to
one of claims 12 to 14.

18.A software tool comprising software code portions for implementing on a

computer a signal processing apparatus according to one of claims 1 to 11.
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