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HEARI NG Al D AND A METHOD OF PROCESSI NG | NPUT SI GNALS
IN A HEARI NG Al D The present invention relates to

wheersiomm2si ds. The invention further rel ates tpCcCVBKhad®00654

of signal processing within a hearing aid. The
invention nore particularly relates to hearing aids
wWth multiple input transducers and to net hods of
signal processing in hearing aids with nultiple input

i e R

HEARMGEaMm adapted to provide an adj ustabl e
directivity pattern. The invention, yet nore

TRE phebdrft BVeNiion RIALED Helrimaille) AkE iVedEEs filtthel Blates to
processi ng of input transducer signals in a hearing

miethodevhBsignal prmmngwghlalasheaﬂ@g pidlo & e Wwentiqn rgore particularly
? Iézgtgsgttgg%&%rlb%% g erl el{lg rgp \M}%s%fugers r@[%d to rgethoct'lsrlof signal

ensa S are co
stogeRing ifl @earvethidy Ql’th fnhﬁ?tlplél piput shigpdatess. THDikvedlibn, G- Inore

shows the use of an adjustabl e direction mc one
syseWaly.dgelates iR bearng & adswltwltwswem ﬁlﬁg&%@apﬁg
érfo‘%{ﬁe aWOades %Dél%ﬁ%dyaﬁé‘t%{j' ng to acoustical tine

elays to ac I eve a ectional sensitivity pattern.

H}g rB'reth?cg‘ns ﬁ/&r mgi%ysR@i% ﬁgal of@?aq&stgtaﬁ J(‘jllnﬁ gi(%’&@?sro? Fo?'p?&egsfmg of

requenc herent I'ona
Dfpﬁcemdﬁ@,r snaladh b hé)arﬁtgrmcl |whesem @fpen sigdalt eregsocessed in a
equal i zing or low freq u gé@ oostin Di rectiona

BF%fé’é’%ll qqgtrp%ertayamahgrw FOMYEPAtEE s 2BA iaForirbiped

Q%th SEomiald cﬁh@é@frh&rﬁ%e gf §gidie hearing aid user wants
to suppress sounds | |ng|ng fromdirections other

WEh b:f'/%ﬁﬂ% rvxgstktl use P fqﬁﬁtst'agfé%reg%r*af‘ 1cro@ﬁdﬁ@l ggtér'ﬂgor i

generally boosts | ow frequency si
h heatirar #d.régaysiech pascessey mghuss odmi twbemesjphomesraowrdl,n gamd

t herefore caus rob ens o
OEBUA 70 G185 5S LIRSS A FEERT AL s g Paterm R propessor

gxg F%ﬁso\é% ch QR t'h@lsﬁﬁgessﬂl%f G %‘éﬁbéﬂ&?'m g‘ﬁ@ﬁﬁﬁ&lrérﬁ ko :Tﬁy

|np e nted 1n a multi-channel version, 1.e
debcag,onplrmo@ssogsmu aotipe scpwtmasefeferr@q m@ns:cyquahnds or Elw A-1

91814 for al a sturb nce

ot s bORDacp S lriss e AP udot SN
E&Vifintnehtal hbRe iMGivdeateyiaire tH&EheEﬁhﬂ)g fpesew aits @suppress
acoustic signal generated t he out put transducer.
Tounds dupipaeg feing aaﬁctw@s Pihb‘%’é%ﬁn that Eféwmiw%waﬁawaﬂ patner.
m cr ophone and anplified by the hearing aid processor
Fquajizing generally boosts the low frequency signals, whether they are regarded

as signals of interest or noise, and therefore may cause problems on its own.

WO-A-02/085066 shows a directional system, which is adaptively controlled. The
directional controller may be implemented in a multi-channel version, i.e. with

delay processors in respective frequency bands.

EP-A-1191814 shows a system for alleviating a disturbance known as acoustical
feedback. Acoustical feedback refers to the incidence at the microphone of an
acoustic signal generated by the output transducer. The feedback signal is likely to
be picked up by the microphone and amplified by the hearing aid processor to give
rise to an output that will again loop back to the microphone. If the gain exceeds

the attenuation factors in the loop, an unstable situation will arise. Feedback may
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wo awron®25 n t he | oop,

rise to an output that will again |oop back to the
m crophone. If the gain exceeds the attenuation

Feedback maygive rise to distortion of the signal,

even at gain settings belowjhe instability limt.
EP-1191814- A1 descri bes an aptive feedback
conpensati on (FBC) system wherein a
gedisatkdisonpensfahe signali eyealat gain setbngslbdled the ipstabitiey limit.

t he m.crophone system in order. t duce a
BB ARl o Erinie 3R apghine J P FopBisn o FEBGERH
SIhERM a RIBBRKSmpehiRink SRMARRIS KunAIFRATERE HROUEh I dathe S
generated in a feedback signal predictor that nonitors
nHerophans sty steingn ardefr to prodhee hedmbisatppaignahodaetsisithen fed to

he si |, fed to the output transducer of the hearing
QFH?“E%Q%PH%DFﬁEﬂ% signal to the nain signal

ocessor. By correlati t hese, si gpal t he feedbac
BheGeabne comipefioriono A BT THATEY BPORick el E Tt fha
RfnhtofstREbEPE: HERE BSHOhe idiPHEnAPELRAGK ileOtheRRrnal fed to the
processor input. The feedback path thus estimted

geiput warisguden obthsdicativgaid anddle prpit §1g0a §Qitheanain gigaal

oust i t ' . '
TGS, SRR b R LR, R R e
eftanae bethie Fesdibhyk path fransthe prdcassot batput ahldebatle edtha pkocessor
signal predictor - oftenr ferr%F to as a feedback
Engh alihededbaglt pith -thl@&ﬁtmfgig?raer? Y IPETPRIIgS thsoutput
gﬁﬁ&ﬁlhé&?mae&mi_& QhihascRESAE HibGphdhe [ hREIpBbAL iRl any

etween said main signal processor output signal an
preempbifibisngbé teadisiclpath. is Tharaperaed|byracteansfer ingkion. The
orrelation is.pres dto due.t @ acoustic..
bt it T Bt R e e BRSS! Smaters
WBMpHLR QIface thatls KRB pIivVER oriolibd ecdopdiflf &Cthe RatrBlagdtibetween -
produces a cancel |l ation S|qnal, which is then
a

suBmaae sigoRl fpreesianeutiugsianal ond fstccabinpiiopiignak dhephone -
S}{esvtal%me"(-)rff}ﬁglg 8&9&9&&1 i§ ?F@ggfﬁgc"fl{d By eetgtag&ﬁﬁéllféeﬂwckt, ?xﬁd the -
i A sighal “processor to operate at a higher gain an
GdedbsoM stghap predididrein tMOwAy 88etdH6sh sshiavise of the &redbagrkagiath
with a controll abl e direc%jonal characterjstic an

d
#nd Arogaessd spRcsHatien siggalowhich then pabiEirddram t signal
%ﬁ@pgg#ﬁme%ﬁifcw hShe {yStehf1 3% f&dbhdk @Ampefdtion _qgeﬁu@fallEW@

one channel s f'or the purpose of equalizing the
thecmaipisignel potgeeor teiogeratesatiahighar gaiathnpithegrwise possible.
characteristics, which is inportant for the proper
WO cA 9010060 sowshehairing aid wittah cantstlabie. dind@idhad M LE4&Bstic

shows a feedback conpensation systemfo aring ai
G K g GG AEET GRE BTG Ao P YRS ST RgS ecRed i
WhRL& ole BRI MiGHARINE RRarheBT8Y th Purpose of equalizing the
microphone output signals in gain and phase characteristics, which is important for

the proper functioning of the directional systems.

WO-A-99/26453 shows a feedback compensation system for a hearing aid with
two microphones and directional processing, wherein each microphone signal is
independently feedback compensated before processing in a directional controller.
Independently compensating each microphone signal before directional processing

requires extensive processing and carries a risk that an imperfect compensation of

an unstabl e situati on w PCT/BKR®S/000654
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w@oompes®at i ng each mi crophone signa

i ndependent|y feedback conpensated before processing
in a directional controller. |Independently

processi ng requires extensive processing and carries a
risk that an inperfect conpensation ofthe feedback
signals will result in a residual feedback signa
conmponent, which may interfere with the function of
thedfectibaelc tipoaiaivilt matlt o 4 wsiduddnedtatk yignal chugdhentkwhich
estimator estimates the transfer function in a part of
M “Ft%‘éﬁrﬁa‘(ﬁa' tllhgg‘bncé‘% Qﬁgﬁeﬁ%@?tﬂ%ﬁ\l FHLOLEL hal pr ocessor
out put to the si%nal praocessor input. This part of the
Geadrmlisla Teihgckastimaor GHEmats e st {UIoR MhaBeh ebie

. . Py
RS AR LaRE DR UR AR Btodeiiel chipul (HE SIER lpoceSr
inpoutThis pensalithe feedFdek laapomsini ycinplades b ovtpat fransdbeerkthe
pat h ma according to.a sinple mod e regarded, as
Pt Nk s R R e
ASiotib@dRAMH th@ingubgaks@adback |oop to be estimated
actually includes on top of the acoustic path the

i | t 81 sffleinfgiel, b
THE Bithoh PAEPLAE ocdb ik IPishy | {cPORMEAE SRRl TRl b ok
phideday alfiequonyiddpemsibhte ptteawpeei aid deldynfupetyam. 6 the part of

dvance eari ai ds, ., and .nor ophi stieat ed el
A B ch BoBe PleditSe SRGATRA IR 3 bR FEalBE Buh e
Badphe trAdaRdck MRe fipst RiMRdade bk BipRt eifcudty, iR cdngledty of this
devi ces, or devices that can only be regarded as

b ehtheifeedbpely path may besgnadarablespediallyda cagerfiadyanced

G, R AR R PR PAGRS Bcly

I'RC , Jrectional ers,
rainehihe Gecdlbackupatls,- preanplifiers and noi se processors,
and possi bl e. even adapti.ve verssions of :t hese systens.
Ildapi$veadyseRis@ed ex@inpldi fino Sintarid vices, o duviekss that can only be
processor for 'a -hearing ai'd that conbines-directiona
prEotdsd 95 hgear apamrt iy segrenta Nodddsat de \aesmpeitsaitn 8n
nability 1 Ls - " iect, of: the. (it
SADERM bty BB bLrRD BBl i g
pticophaiengatoliing ojpeuitst preanplifiers asd goisd processarshaalrposgjble
aid, with inproved feedback conpensation. Thus, it is
grengasiaRbYe WrSoReOli these Y5 18RSt o provi de a processor, and
a hearing aid incorporating such a processor, wherein
3tis pe aBiecridhe gm0 @m&%aﬁopﬁﬁﬁorsﬁog AdFarigAifEat
?ngxgpf(r)lgﬁ girr]e\é@titgﬂ?laid?&@élﬁg O bR with AFed dMAck O5mPRshtion
capability. It is a further object of the present invention to provide a corresponding

method, for processing of input transducer signals in a hearing aid, with improved

feedback compensation.

Thus, it is an object of the invention to provide a processor, and a hearing aid
incorporating such a processor, wherein at least one feedback compensation signal
may be combined with signals derived from two, or more, microphone output

signals, and wherein adaptive adjustment is applied to the directional controller.

It is a further object of the invention to provide a method whereby signals, derived

. from two or more microphone output signals, are combined with at least one

bef or e di PeDKoEI000654



10

15

20

25

30

signals, and wherein adaptive adjustnment is applied to
the directional controller. It is a further object of

W0 b@7iomoent i on to provide a net hod whereby si gpet/®K2005/000654

derived fromtwo or nore m crophone output signals,

are conbined wwth at | east onefeedback conpensati on
signal and then adaptively conbined to provide a

f eedback conpensated directional controller output
feledbmk cotripenstion sighaland thearadepli ety cammbinedto proeide i deedback

rovi de rocessor  f rocessing of input transducer
P%S%te‘?ﬂg%a’lﬁ’gﬁl qubrog?rdﬁt%i &8t nput signal's are
Erocessed in a directional controller and erein

deethanethes PBisALRt the M VERITHPPEP LG 2 RIQSRTSOT ToL resesstng of
ﬁ-r fu?ﬁ{lds Seek B nglgﬂ?ﬁ h%n%faxci Rehetdih Bffuk & ﬁelils 3};5&:|sie%rm a

P IS a SO a of “the 1 nvention o pr o a
l:leemuong} c@ntiol\lm@ndlwhefeexe ﬁﬂadback@onxpemm ovpenfoympe without

gi %btn%?ecn}{%ﬂ'&rf\ﬁﬂ%{oé cff ﬁli é:’ 5%”@@%@{“@ eggf‘%i %%aeltryobject of

gahwatied t& Igmc@% IR afh ©5iESHkeih bk @at Aﬁn&?@l@ﬁtma'y Hes
conparat|ve low. This need is satisfie accordi ng

perfarmedibyaanlativelyisimple feedbackasignak estingjoror #d iharg the total

C n 0,C [ ai d,
PR S0 S ERB B ko Bolistor 1o blbe ARRLL 0
domhpahidialowor ocessi ng and | ow frequency boosting.
Thus, the feedback path estimted includes the output
ThR G}‘éé’dl{é%ﬁblsﬂeﬁeac%@ﬁkﬁg toQh®RfvBatidri@ afire! SPpERBSprotidéng a
di recti onal processing neans, and the | ow frequency
hessingaid angerding tordh@mbbant or mer . Thi's avoi ds
interference by the feedback estinmator with the
fruthestHearing fidt the fe@@mk GENRENSA N i n@nllegroobeaﬁmr digectional
Further it . av

BSST I8 agﬂ)}ovg redlieric n%gﬁt}/nl gﬂugsy {rher}e? O‘é‘%g&ﬁ%&e\)ﬁ&t}éd jncludes .

. i@ utiY @AkddaBer, ihe a801%6E PG, BepsiciophPiicdyihdefeatidnanr i ng

aid as recited in claim4. Feedback congensatlon is
asEIseg magansrandrihe Jox-frequegey, begstedibuppet tan Bganypgeds thisg

g\'ﬂo% ie‘f«fer4n%¥vbg LROMENGYI @agﬁ&tbﬂ? %Tl{éef%lﬁéﬂci%;%fﬁl?&ﬁda 0.

I ona cessors are avail requency
6ﬂ¢@iohil@ir0@@s1agthMenlt fioside amplifyartg wnthedl dw-ffeqechogdlooster
conpensatlon si gnal nd.the desired directiona
B@bﬁ%¥@?é§“§§%”g%&§awg By™&6ntrol I ing the conbination
of the feedback conpensated signals. Thus, the

Tae HysRKON &t fseend ?r%ﬁeé'izi Prayédes &gﬁalf”l*ﬁ'ealé @ frgited in claim 4.

EEARSACSpent HondS 9 ﬁfe'd%ftgxaitnnlal rs%ﬁ @M?grocéégﬁlg and

directional processing neans ow f requency
bfverdberfssquency boosting. The outputs of two dlrectlonal processors are

available for low frequency equalization and then for combination with feedback
compensation signals, and the desired directional properties are obtained by
controlling the combination of the feedback compensated signals. Thus, the
feedback path estimated includes the output transducer, the acoustic path, the
microphones, the directional processing means, and the low-frequency boosters,

but not the beamformer.

Preferably, the means for estimating the feedback path are adapted to generate

compensation signals in respect of each of the equalized, spatialized signals.
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but not the beanformer. Preferably, the neans for
estimating the feedback path are adapted to generate

w@oopem®ai i on signals in respect of each of thBCT/DK2005/000654

equal i zed, spatialized signals.The invention, in a

third aspect, provides a hearing aid as recited in

claim8. In this hearing ai d feedback conpensation is

applied to a conbined signal resulting from

The mutntomain prioclespédnpravideseheaking iaitps rd¢ited, in thagm 8. In this

f eedback ggkh esti mat ed |ncuﬁpgs t he ut ut o f

Praging dife &rodbpdecompsnsation iHam® f(h@C?HI ‘gﬂanfélsfesueth‘@ rom

ﬁllr&,% Bélgﬂ@éesﬂﬁ v JAQZl af¥s, the $edABAK DAL nRIEH fnbRides
uency boost re, a single feedback

thermpgus ahnwlocei @nabou$C$Mf iheingiatophaties, thedirectioval in a

fourth aspect ovi des a accord t o,Cl aj
RGeesBe P ghs BETHOTTTEPHORE 00 RdieaeapRRtiopiEis, biele
teRdbdck cdinpehdatibh Slgnslii§ Qaticienal processing, secondly,
to | ow frequency equalization, and, thirdly, to
TREHRBSOr mﬁdmtas Be, 'Fli‘ﬁdésfﬁ/ﬁaeﬂqb@ B@cdréﬁn@té uainm 10.
aspect, provides a accordlng to claim
Accmdmlgrtg thipmeethiod, sngmaﬂmte sabjgeied to, drs, igitiaj étl:@(él@ntllo

first, initi tiona S|n n
pistFeineqtishi Yo B Tirabrhy LA S HRE0O el
sadn. on. Enbodi ments of the |nvent|on appear from
t he dependent clainms. Further enbodi ments and details
@he IVendidh &4 ﬁﬁﬂ helct, pRPREATa théBba horerdifs & d1gieh 12.
descri pti on. escription will refer to the
appadiagdo thig meé@d sigeadare Bhlgjected th by, initfabdiggraioral

di
L

thepdshtgn. art; Fig. 3 shows a.directional controller

~ “"according to the prior art; Fig. 4 shows a hearing aid"

15
-5 shows the input systemof the hearing aid shown in

- Ehﬁﬁgrgm%odﬂl&t SRR R il ih §Gtiof I%\é}ll aﬁ&ﬁﬁ Rl @k detalled

20

25

mﬁbhdﬁlnéihsr &Ghé Qﬂehu&parﬁp&ﬁlflr&ﬁ tRpaRichBdagyst em Fig. o o 4

according to the i nvention; .Fig. shows a si gnal

" desrbiptier. Thfs(olesqwaoamkbmfemg thmanphedad'ﬁvgms, omereFi g. 8

shows one enbodi nrent of a hearing aid according to the
Flav ent skows Hegdbafk sbimpansanat fystensaggnalingorthe peor fror  a
heari ng aid according to the invention, and

Fig. 2 shows an adaptive directional controller according to the prior art;
Fig.3 shows a directional controller according to the prior art;

Fig. 4 shows a hearing aid with a directional controller and an FBC system;
Fig. 5 shows the input system of the hearing aid shown in Figure 4,

Fig. 6 shows a directional controller according to the invention,

Fig. 7 shows a signal combiner, for use according to the invention;

Fig. 8 shows one embodiment of a hearing aid according to the invention,

Fig. 9 shows another signal combiner for a hearing aid according to the

invention, and

Fig. 10 shows a part of the input processor according to an embodiment of the

invention.
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Fig. 10 shows a part of the input processor according
to an enbodi nent of the invention.Reference is first

woree/otm25i g. 1, which shows an exanple of a fePeDb&eds/000654

conpensati ng system known from EP-A-1 191814. In this
system the feedback path through receiver 5, acoustic
f eedback path (FB) and m'crcﬁphone 2 is nodelled by the
f eedback signal estimator 6, which outputs a feedback
Refepains i filmgmaddgiddiig. 71, hschoshows an eeahplewt arfeddbpek

|. Th b d_by | i
o mDSH AR, m?@?r? fiam B A SRR R Saicrmdha feadhRe
é&ﬁ'?hx%l?%{ {fm@e sﬁE ééﬁb?&t {Fﬂg%d%ﬁéﬂoﬁ%r@' 2 {sHRstelled

|gnal the ee conpensa signal 16 is
hy terfeadbedck s@y@estahhtpr 6,ywlhmp butpetsta fngdtaclnwmmmamgg digml

d in the adaptive er,at ed
B qmin shmaie arehyeasi kb Rt ined BF aBRERIf sfiftrolting the
@&ﬁﬁfllagﬁ filet fh dhB %e@b%k%?é]ﬁ[‘@stﬁhﬂ&aé s ltioat RN @l fRiohhe
f eedback conpensated signhal 16 which is used as the

hetimers thgr\ratllmptioo owssggnal apd thedeefibark qqmpem@ew;gnalsh%ﬁ al
|
EEERTOE BRI it PREemb Y LEEaR e DvisifeRBA fh 802

h@iptiv& EortRLRH Vithe gonerdiee deBEGMpdnsatﬁgapgnam isathen
achi eve the reqU|red heari ng | oss conpens

perakingd {n addar 23 with dhccwicarnigne &'sBtleie %P?fé@éé B4R
@tgrﬁgén(@gte& S tgﬁ&lWWﬁcF R REd LEMUGhAiR BighEl CPE&%@&J? mput 51gnal 11.

ncemen be evident tothose skil
The nraél @geah praessor Epuitsi gzl & Bddesked lefthg/mnmrﬂlgrmh ertChm)r to

B8 e rogpseramgePfeatt T for iRy The pRtRefsor s
G AERiSYd thé rﬁq@@a hBginr 18y d@henReforrpmer pb§sﬂﬂ?W

made ta Fig. . ich shows an exanple of adaptive
owdified| ac@ﬁrdtnlgéo dtheeprocessulg adapied &) fciicve HOrse SHIGHPMET t o

%}%%gfg?n %héé m%ngn SiWI l\égre’\/'/\&igg{ §§§$s%§kjfllleﬂ ere%elgz;e?ﬁEheEP%

di9satibeieal n(éﬂﬂbﬁﬁthafthé hégingaind mal iredudeya pim&ilf)g(bfenput

par amet er | ng is controlled by, the adaEt i ve caqntrol

yppgdarers whege bﬁﬂHFﬁg)“tSS“Satltfr?WF%tlF%@tghf RPIBHE: of

the spatially nodified output signal 28, which is used

Refeagncadapw wade gmkigol. | verch phnes a3 qrample3y adppiive control of
n T

T R R

s e)emg)le ydirec ol zomgallbhez adagieeal fop bmng thadhectional

enbodi ments may feature mnim zation accord

SRS PRl ecLhyoP Pl BRRBIES JUREG: 1 GEHEGH BF tsrdaptiye
gtrlathl g%nglaﬁﬂ dck8idirfgdo AR rRATRA! tHEBoWESI e LRy mbified

output signal 28, which is used as an adaptive controller input signal 33, is
minimized. This is obtained by implementing an iterative minimizing method in
the adaptive controller 24, e.g. by minimizing the signal power. Other
embodiments may feature minimization according to other criteria, also referred to
as cost-functions, as will be familiar to, and sometimes preferred by, the skilled

person.

Reference is now made to Fig. 3, which shows an example of a directional

controller as suggested in WO-A-01/01731. For simplicity, this figure omits some
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w00 1731. For sinmplicity,

person. Reference is now made to Fig. 3, which shows
an exanple of a directional controller as suggested in

sonmeopti onal input processing conponents, and just
shows the m crophone output signals as identical to
the directional controller ihput signals 27a, 27b.
Basically, a directional characteristic my be
opidHanBguidropdsein g $6mPandnis and!justghewisitionmissephone output
omi -di rectional m crophones so as to del ay the si gna
sigeals anidenticy tothe ﬁlaﬁﬁm@l GORtreRer iBPYtBnals rﬁ
back- m cr ophone) by an anmpunt corresponding to the
Begicallyi 8 damtwpab@tammsm enambé OISy PIPRFSHBE PRIt
hi s del ave fro
oo T s T it aP e Bo b e R SR s e
ﬁh&b@lﬁdne lih Sel aﬁ'ralyf(ttﬁbiaalt-ﬂﬁcfopﬂ'dm) bpah ambhmrcoﬁ’espmdmg to the
ig. 3 inplenents this feature by usin I|f|ers
z@alstlcz%ay begweenthg apiggpphones sgd é%mhtfée&tg@ gd signg] fram
I a
e iy %f%%‘“gﬂ%%%vgi?gﬁzla&%%&“q“ﬁ*g“@h%%?%‘%&?he
dunanMHmnhympame@rn or the directional characteristic
may be controlled by adjusting the gain settings in

The canpllef st id Fag. Ligkpleries iy fiehtmed By usa?xmg/anpla@ﬁs 29,
thls design is tha a Iom#grfqﬁﬁncg boost na¥
W 128 e ¢ %%ndo%l HRORH; H BT HRAroEsHF SHife h?fteswfals
I . on
Wr %{%ﬁﬁgt@&eﬂﬁacaa edﬂgﬁﬂﬂplsei&méd ok%@s@ﬁa@ dRapie &Q?é;@f?ﬂqb

fier Further details and
didlecaivita geserofor thei diredeenaj nharagemstigl radyntesdcantrolpby adjusting

1/01731. Ref enc is no to Fig. 4, ich,.shows

L AP g2
isMant lb@nfredutsn@ﬂmst S8 baifiplemepiae ieidks th@&hré’ctloﬂfﬂl doAguller
processor 3, a main signal processor 4, an outp

ttsedh sdihcery smpém@prapm@é@d@c«f@fi@%glcog@qcp%ﬂwu@ #éﬁrdlcated S

%%g?{)gr %(9% nFl?ITLhe? dI: ?ﬁg Qrﬁf iﬁvﬁ?ﬁ%@%rb% v\#}lk (aﬁm g S%%Ix @meﬁhﬁwo_

conpensation signa an Bstl mat ed
fAe@OBTH . signal , is transferred fromthe output 38 of
t he feedback signal estimator 6 to the conpensation

RBRHnce & W hrfaBe tdPigt 4, PYIGEIR SiFWs dheafifg aldl CaRPRINELO an
array 2 conprises two input transducers 8a, 8b, each

emhpdisneabe! theinygnéon Neontisena THEOPHPGERITEY et Hppt
B AR eSS R e
sllgm]tesﬂ.ﬂamf 6tfhlegemiatanoﬁ iofya Sdedpackaeagensadion wignhle/ . tThe
feedback compensation signal 7, which is an estimated feedback signal, is
transferred from the output 38 of the feedback signal estimator 6 to the
compensation input 10 on the input processor 3. The microphone array 2 comprises
two input transducers 8a, 8b, each transducer being connected to the input
processor through a respective connection 9a, 9b. The first output 11 of the input
processor 3 is connected to the input 12 of the main signal processor 4, while the
main signal processor 4 output signal 14 is fed to the input of the output transducer
5 and to the input 15 of the feedback signal estimator 6. The feedback signal
estimator 6 receives a feedback compensated signal 16 from the second output 18

of the input processor 3 at the control input 17 of the feedback signal estimator.

Fig. 4 also shows the acoustic feedback paths FB1, FB2 that exist between the

this figure onMPCEDK2005/000654
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mai n signal processor 4 output signal 14 is fed to the
i nput of the output transducer 5 and to the input 15

wobkoovheoteedback signal estimator 6. The feedbBCRDK2005/000654

signal estimator 6 receives a feedback conpensated
signal 16 fromthe second output 18 of the input
processor 3 at the control i%put 17 of the feedback
signal estimator. Fig. 4 also shows the acoustic
bapaheamkdpat hand&ich of B mhvadphexesda, Bbt Thessutplreausduaer is
transducer 5 and each of the m crophpones 8a, 8b. The
BigtepeRly ep ariieasy bypeihsaringpid F%P&F‘g?f-aﬁﬁ th TG NFTS Pie

AT-=T I Q. r ;

LRI ol e Bl ot e REEN e ISy and
othessca I 1. of the USA and others. The input processor
3 conprises neans for processing the m crophone input
Th@inplspracdsérBecdngritba i anoliop prigedsingghs migraphdne inpuder
to aenerate a feedback cpnpensgted signal 16.

gt mciie fSpdpprk-gamRANs B SERSbIn AdFHIP gugalg a feedback
?drﬁ 5400 &lonH9BL SRc allEYﬁeti Pllt%"rgcd@ﬁ%mfp%esl Pd¥rectional
reguency boosting of the output signal of the
chintediet ys@im auimeas ferlogyfsiquancyThmosfiegofithe kutput signal of the

PR AP Bl PR B R MR SRl iy borkSonampe

Skl iPirAEES R to tiR)@Bintsiinal FDcéRIBY. THE th€ EilghAlFFocessor
suitabl e processing in order to achieve the required

taksey thiscps|inmy and rgénartsiidebla REPCeTETnIoNder Lo aghdgve the required

BB PR B R ERER R i s
pespeedh, enhbiadentehe Ti willktt uralerstovpldsete sidllsppasal, that the
requirenments on the main signal processor. Rather, an
BRI IO P SFRHEMG Do e PR gD reresseeiRithei

{S’rﬁ{) %ét%fktn(iﬁrﬂh aihSfhal prdcti6r Mﬁ%%@u%ﬂ’%@%ﬁ%gﬁ be h!é%

ransducers” 8a; 8b, are ommni -directional:

1 &L ggeﬁgﬁle%seml&&irgfz{}?{he ?M qja\s&{l;%é‘ré 2%, al¥lo il—d_irfcgﬁoﬁakﬂ e

m cr ones may al ternativel I'rectiona
micophthends pothehembodinentshume] orcdlL detheinnictopiomisanpphone
array, It is also well known to the skil]ed person
tlfeapatieby bpHesTEOoRAl FAGOPRIES NRBICh Aty tav%@ci_ﬁﬁ?d @b rise
na%sgﬂd?.g@nfa Ot {0 AR PRESwn fINE Y TIed 5QEH MBI hRSofHRRe
costs of using nore than two m crophones in terns of

ainay sddleirio g apls exdytopmgise hwre thag g e myciopkeied However,

i ncl ude such addi t.ional picrophones,in the array, the
St T SRR S P T P B SRERA s i gl GFihe ol
Boeplexity ¥f thé efrflifr deedbl o RAIdeRYcRAdlidonaBiidIeplWnet hethe
multi-band type, 1.e. it is adapted for dividing the

: . . . )
amay, thaembsdimenteyithepndy e BH¢TeRheCH B &bdy areaenthypiateedy
i ndi vi dual processing. In
The hearing aid 1 may be of the multi-band type, i.e. it is adapted for dividing the
full audible frequency spectrum into several bands for individual processing. In
such a hearing aid, several, possibly all, bands may comprise an input processor 3
according to the invention, whereby an improved functionality of the directional
system may be obtained. Alternatively, an input processor 3, according to the

invention, may be utilized as a single band front end to the multi-band system.

Fig. 5 shows one example of an input processor 3 adapted for a hearing aid with
three microphones. The input processor in Fig. 5 comprises inputs 9a, 9b and 9c,

microphone matching amplifiers 19b, 19¢ with an associated matching controller
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such a hearing aid, several, possibly all, bands may
conprise an input processor 3 according to the

WO pooentioen, whereby an inproved functionality PET/DRe005/000654

di rectional system may be obtained. Alternatively, an
I nput processor 3, according to the invention, may be
utilized as a single band front end to the nulti-band
system Fig. 5 shows one exanple of an input processor
25,an@piAgD coavererdBG, RO 28t Cthidetpheantplfersd laf 2 Qnes
The lnput grocessor in Fi 26 5 conpri.ses |n uts

disigrtiopal cREPlRIRnESHRitAERr Aé) 3BH R A4APEYE CargEy) 1e1%?%cpﬂtrol
8haaRes! Oﬂgﬁ&n%%{;izr]gocont roller25, three AID
Cc

converters 20a three preanplifiers 21a,

hm 3 paE FUUFELHRRR P By PG

phdse chiranadistic® bt the |r1|116fop88nesT1|ne)rmr(16 agti e\meopmmﬁh Ipa@ormance
system 19b, 19c, 25 serves to eq u I|ze gai n. and

pHhs diregiionalsysiems FPedisgurpose. ?ﬁ"&fP m& afmralrf@é%l%bol%
| r (0]

f o SRt T T B SR/ JFRAC e o .°ﬁ‘3fe§ﬁ%‘*ﬁ 7 nakaLRT

d&arottay 2 Heontwintbe tdjustenadf thh matcrb‘mg ajﬁpltﬂfes rﬁeacmbﬁ@yseof

connections., The matchin cont oII contr
ODEGER 5h ot RUAPRE Sttt vl e Railionfe el
E&%r? BROELIMpIS B@ihfg ANcRASPIn We)- K&INNMQ A¥ alteiihivid o tb@use
nown to the skilled person, one exanple bein

df svidspeee innthmgAymmmé@ be pithea|thesysof mmanﬂl@l?y pdugiale

of . an ap I |

SRR PSR A LPIIL e et
grtSmoétamlqr aphpnearedwowm adaptivendehidgsystehi. eve

|l ong-termstability, it is preferred to use an

7 alﬁidlﬁyaha&éseggi STFi8YStoe ie Wah W ifiyrophhed ahé 6ompdnelis@0c,
5 for use with two m crophones, the conponents 20c,

Tor andRic conmeetonhitalbe dird Bidrerhonp PRPUAPCVERHPEECBATgsAnd

: gn apepC ?llglgatgﬁ c{)%\f%ﬁ?ﬁ&%ggﬂ C%RRB]‘P&QZB‘{ & laXWSQHI Io%ﬂfn‘?éj
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ona crop

-Carifidugitiont would bagelectebe sel ect ed I n the exanpl e 'shown

In Fig. 5, analogue to digital (A/D) converters 20a,

BPipe cRBGpRIsRovaA IrARGes! dndloRi®fLdisitdINA/I) &n0Pa@B0a, 20b, 20c
outputs 9a, 9b, 9c. In variations of the design of

miegirrapges] touioess e migiophers QuiRLts PPkl 95dn §él‘l%t’é’t"I5 of thee
BETATPL L by A SEA) ol RGRsRepiapprs21
anpl21t iccatippsredothe déqpalzesde, dltvenagiyokyl Aﬂ@csnvelruarsswth I

th [
gmgﬁé?éig)g %\%ﬂge rr]et:c%de Ehréequfrxhez%r? ![1% gtilFotﬁer emubodlments the
preamplifiers could be dispensed with.

The directional controller 22 may be a generalized version of the directional
controller shown in WO-A-01/01731 (mentioned above). The directional controller
22 takes input signals 27a, 27b, 27c derived from the input transducer signals 9a,
9b, 9c and generates a single, spatially modified, output signal 28. Thus, by
processing the derived input transducer signals 9 in the directional controller 22,
the spatially modified output signal 28 has the characteristic of the output signal of
a directional microphone that exhibits the desired directional pattern. The
directional controller may be similar to the controller shown in Fig. 3. The adaptive

controller 24 may be implemented in the input processor 3 by processing either the
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woeA0@br01731 (nmentioned above).

The directional controller 22 may be a generali zed
version of the directional controller shown in

control l er 22 takes input signals 27a, 27b, 27c
derived fromthe input transducer signals 9a, 9b, 9c
and generates a single, spalfally nodified, output
signal 28. Thus, by processing the derived input

fec Al tompesagdal haPl i, or thrafemblyt-—ahabutpordigedl béthe2@w-

the spatially nodified output _signal 28 has the

ragueacy Begstari28, orthe patPBLYFIA! 0§§§rﬁ’2’|¢°tb‘?“aéc‘mt¥0é‘éf Foride
5@1@&9@9&&%%@@% 8B Rlaf SorltReHESIna G Yo dinkifk té MRBne described
pattern. e directional controller may be simlar to
W G-ar02/083066. shown in Fig. 3. The adaptive

controller 24 may be inplenented in the input

Pinall $3hOnpdt PpcdBEOCERSShpHbes h thmbininpederdi?3¢ For combining the

conpensated signal 11, or- preferably - e out pyt
fcedhack comPERRBtNG e Uit therybay Gomythe l%‘?’!}feﬁéewti’ﬁﬂft“

2kl ST 170, i
sonfigueation o—tihalentiel thethe fedoback comiengat@byig@d 66The feedback

Finally, the input processor 3 conpri a nbj

eI pansdtion (Cqhgale e R PAY BF Ao 4 SR RBLBICEED i EESAr] R
signal 7 with the t f t he | que,
BTk b b S B o bl SIS cqpoiers
MU 19k @Nthe Inbut Plok&Ror 3 hil RS d6RRbEGN AbbRAdent] S
Identical to the feedback conpensated signal 16. The

t@edblackhcompebs embediet eetposgoly, with other peogedser eanponents of
I n.det ai I

i. bed o - A 814, N .
GRS iR o LA Aoty g

- Hideatd eRalitsCOBt ASIdseTBus2 th thd Bombletd dRkni, thetcdptrdlipsIRg, 25 .

processor 3 have been described as independent
ook e ddthldy mtagnaid ipethe peocestBedded - ‘possibly, with

ot her processor conponents of the hearing aid- in sone

Ris thbro freding liplalinit ¢ransduperodgnsdso muj e feedbackisignal fatinghsors

R O e e st s AP B EOHS fry Pk WPsinpy

ERnREIk atigkt provild e nti@ 6QSISRE corPersitdre Thseveuld be plvery
i nput transducer signals, nultiple feedback signa

exiensie s9lytion apteans PohgeoicHadPIracrpr&res R aEatiowever,
IR Paa TG Bo bk fhERERCASE, LORG FOE: Sutpign
teapplyieleyticaX fredisick eospentatiog sighals teealhpof trivsduwaoetpand

r oc ces. Ho . ' that the .
G415 rcHBBHB b F1t a1 REPRRG el L dpibompansatiof sigggl onto
Q%OﬁH{nfaﬁsﬁ 9@%111%@99&%@@ el dnadiheR ARGGK it PIEPS Rsdlrb N

signals to all input transducer out put _
three input channels, suitable for processing inputs from e.g. three microphones,

only a single feedback compensation signal is applied.

Any directional controller that uses the subtraction principle to generate a
directional characteristic inherently causes a low-frequency roll-off of the output
signal. Applying a low-frequency boost, i.e. a frequency dependent amplification
for enhancing the low frequencies, may alleviate this problem. The embodiment
shown in Fig. 5 implements this feature through the inclusion of a dedicated low-
frequency booster amplifier 26. However, in the design shown in Fig. 3, low

frequency boosting is implemented by introducing a feedback component by using

The directi oPel/DK2005/000654
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signals, or, as shown in Fig. 5 to apply a single
f eedback conpensation signal onto a conbi nation

waec@niak2025hus, al t hough t he enbodi ment shown i PCTFDE2005/000654

features three input channels, suitable for processing
inputs frome.g. three m crophones, only a single

f eedback conpensation signallis applied. Any

directional controller that uses the subtraction

B Amplifdreot ang e setitakcer 3 1di Inekis magddw dlegnaclydobsingds
inherently causes a | owfrequency _roll-off of the
vgeparated aspart of AdigacHgnal CP&F\QIFW éauency boost, i.e. a
frequency dependent anplification for enhancing the
Thevfeatuaeofeanpl bag lovafregieney bease mapins itgpligausga probéem as it lifts

nbodi pent . shown i Fi.q. ' - '
T DuseRsaty Refe s gl prée B SERAL R T bRk EREIR
heqseheies anpihefef@re pedpressiveBveduces sighlietodesiegatic Boastingimay
Fig. 3, |Low frequency boosting S inplenenteg bY
iR theodgral iyt & if pietasesdio eemiberidhi-c g9 opeRifgast Bl 9% Per
Efipdiaflidh, SR 6AGLRMNifHh Sl ine!idideioS miy. | OV TT equency

oosting Is Incorporated as part of the directiona

ontroller 22 ..The f ' :
BB ks ool RS oF e RRRLAbDdnt PRI HERREr win
boumpli B eneal]. ivbsier toDivoatirhglifidatipn of thésiesigual eher bytHey
suppresses | ow frequenci es and ther forewgro%$eﬁgively
foattireucney BpraterteLafdilsis SPRRTRILY PISESEE A gPRREY IR t he

| 3psati b bftdrSoRT, i h&iead dhblvn ih tR ladut of
R e e P R SR e i R
Fig 6i ng the noi se too nmuch. Furthernore, any residua
error left by, or generated by, the feedback canceller
Wii$ lo Breuraleptdolli tdt iaghevedrtext lofi this disclogue aboeahcept of a
anplification of this residual error by the | .
ﬂl&%ﬂpp@ld@aﬁ%ﬂr%@stteetﬁk%aﬁsg_,en?r@ie 18 dfiePLPMmprist epekipagt
P&i@@@hé&el@f&%ﬁ%ﬁal%@?ﬁ\%@ré KRB ¥n @lbRbination of multiple

ow-frequency equal’i zi ng, such as shown in the |ayout
adouRtiginpBt sigials. Examplee maydemprisoal devibrmwhose difgetionnt ext

of this disclosure e concept . of. i,rectianal
Bisertss iy B o7 BBed BftaRRRe Aoy fufe LBl 48N Ahguse 4
8O WHE dABMtiokhIsht @bt d8MenE§ alfasaBleYréter@s] dodnadrdinary
properties are inposed on a conbination of multiple
disenionplomicrgplienes ilgwil ke cvigkeai &s skidlpd perigphiteal ibanpiice
U0 Rn hREIhBAAs BEPREN & 3nd BtecliEnd cBaflidls B do Ut
wWhrch s not a justed during ordinary use, a devlce
Wedlendy eqedizatioal witibe meetedfior rrantirgctiadplushablle.
properties, or an ordinary directional mcrophone. It
Pid. b shewemi moit procestdtes sd¢oidimgtiopesesait erialimedt odithe

omi di recti onal v
invention. For simplicity, components 19a, 19b, 19¢c, 20a, 20b, 20c, 21a, 21b, 21c,
25 as explained in relation to Fig. 5 have been omitted from Fig. 6. Fig. 6 shows a
processor for two input channels with two directional controllers Dirl, Dir2. Each
of these directional controllers receives input signals 27a, 27b from both the input
channels. Processing of the inputs prior to the directional controllers includes
deriving signals from two microphone outputs, digitizing and then matching by a
microphone matching system. Each of the directional controllers generates a fixed
directional characteristic. After processing in these directional controllers the

signals may be subjected to low frequency boost in two amplifiers (LFB1, LFB2).

Further details will be described below with reference to Fig. 10.
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m crophone is used as one of the directional
controllers, no | ow frequency equalization wll be

woewdeaobor that directional controller. Fig. BCEDhES/000654

an i nput processor 3 according to a second enbodi nent
of the invention. For S|an|C|ty, conmponents 19a, 19b,
19c, 20a, 20b, 20c, 21a, 21B2 21c, 25 as explained in
relation to Fig. 5 have been om tt ed fromFig. 6. Fig.
The kignals ehup eene 580 aref thén Eombinepint resieanveehdiievs 13, 23towith
directional controllers Dirl, Dir2. Each of these
evFespPIding feedbask compensating Signye 4a, o & CSSiStnalssmayrhy

gérl%rit&mg( R:%Hﬁ‘acﬁ(r%?% g,%na?&e 5% to e PERBILNY gﬁ%ﬁ egtnﬁator 6
uts prior tot Irectronal controllers

dmcnbedwgn ehnewailos wWithathre dessripiior ofpfignk out put s,

digitizing and then matching by a m crophone matching
THé Ferdbadkavhpehsatdiesighalseida) D6tedre oot nokil adlesfog amﬂtsaioe&o]

a fixed directional characterlstlc After proces
inpui(pedheiepdhack sigan! csBmers(s) apdt om@cg%sgfrgaqnsa atbiner

? %ﬁﬁlﬁ%@%ﬁﬂl%ﬂ?{ E%&M@Ql ¥o 8§Eh1f Porh¥ReldPls géH tﬁﬁtsa cost-

det ai be descri bed bel ow
furiction,ef @ tiengd gnal poﬂngof th@oﬂtpet ssgph38.9s nhnisnigesh dhepeeferred

e Bn N PERBAR LARPSHAERd ERofal & 7a, 7Tb.

These signals nmay be ge r at f eedback S|gnal ..
&8¢ firegtional copprplicrs Dig @?fb%%ﬁ QPGHERIC %?&%bd'?a“@" n

g&ﬁ@ﬁbpﬁjof tHeif %g@&itvb Wt Elgnél b @/11@j E%Fétml 'dﬂ@ctﬁfnaf:'

e feedback conpensatedsignals a, 16b are nade
elvaadteridtie atording o te rem]trr‘@hwh ﬂmta(fs9ornb1nc¢1 eT headafiiek

si gnal ti mat d fo roce in a
CoBi A e TR airt PRy a5 ob e fobfer 35 so
691! Jrodifeetaotbemiibh RfpuBSgn A Wied IﬁlhﬂﬁlZ@ 608k Vitiehdn@i noise
e.g. the signal power of the output nal 33, is

rcRivadl by che MepEng pidfraicrapioBR8Ystpm. cﬁreff:wé )S?éﬁﬁloné Sffiener -
§§e tl%n c%moiﬂ)l&s ﬁltlabll 1Qa<!l:z{p%edst él%% gﬁ E)ﬁ‘ﬁl 'dﬂQ& Of]11glt

are leve t

emhumadtﬂcomlem oo drerprduces a t;krejoﬁd clesgeaistice—aptgifitally,
gnals will generate a % rectlo(ﬁ characteristic
&y

acegicis ﬁ@ar@%erfsw@ kngyp gs pbagirafiofhd§- cardiol r%&ersuerwgh
Q‘Flﬁﬁg)b}éx?x g(i)rpg Bkt ?i 0?}38 o & Qillé 1¥nte"ﬂg@cp§o%nﬁ REure O (i tARE i ORe

rati he si gna I ner So as to produce a
canvsisatidnad pausr pusitusiegialthet ﬂqat/armdmem(zés t he
envi ronnent al noi se received by the hearing aid
mltermaphelgeths yhirasrerideice hrewydleltyose af ifrost-cad®idfind dback-

i onal con llers Dirl t
St AR eersses il Boren 8RR G chGogby the
SERCDHereRe DIt QURR Dossi BB itk 8hdotha iReétRInaBbEdntrotler output

specitically,
signals could be substituted by a signal from a directional microphone.

This arrangement avoids incorporating the complex and time-varying component
of an adaptively controlled, equalized directional controller into the part of the
feedback path that needs to be estimated by the feedback signal estimator, and
thereby eases the function requirements to the feedback estimator. In the
embodiment of Fig. 6, fixed directional controllers are arranged first in the
processing chain, then low-frequency boosters, and then adders for feedback
compensation, while the desired adaptive directional property is achieved in a

subsequent stage by a weighted mixing of the outputs of several of such systems.
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a cardioid characteristic known as a back-cardi oi d,
i.e. cardioid characteristic with a null pointing in a

waleooeotioen opposite of the intended sound sourBET/DK2005/000654

(suitable if the conversational partner is situated in
the forward direction). Alternatlvely, t he
characteristics may be thosé3of a front-cardioid and a
backcardi oid. Actually, multiple characteristics wl|l
Hereby ahd @fapevd Hﬂfrt éthBe ahedtioaalyyntrbikersk plat&bopsits ofithe pait of
IS even possible that one of the directiona
therfeedbrekepatly tn baestigagskhysthe fsdhadkesimBiri t ut ed by a
signal froma directional mcrophone. This arrangenent
Evovatiation ©6 tfpmxawdignenm momathpn %o disertionplecopgpliern Sm Dir2

n.agaptlv t
GRTREDA Dl ol i R s pSEhi S
patdipbithig MEABLS of enpve sighils.ndcertiigly | the pfabieiy m:ke ﬁjl@mlaﬂy
estimator, and thereby eases the function reqU|renents

the adpptivesonpalist Zéswlﬂlrla&ttb%t of pRMKENgE YEFIREHAL emte]sghe

gﬁnél'&s&%ﬂ%\r 559&& QRa th&&%& m}chsms AlifmPlel Ao rf lolfd 1N
€ processi ng c aln en frequency ost’ers, and

tthnoadd@nwofmcmmubmniollemnwbmattscdar 1smmmim1zt<ﬂ1é\/lethods for

8h%|re g E ectlonal ropert. ? ﬁhleve [,N
st dehy Criale ByhShyergheabiRRRhdersd Bl dhaiE S g °
%ll&?if&géﬂ HofweS &S Binsy Sk @B ofHBbRANMar o didtiibhi@oR@slterof
the directional controller is placed outside of the
mntremenpm onh eéozsacthap & b facdbdsk-costrcheatiad sigpalshig is presently
Prrt? err oap[?ltll?gi\g(g d{ré&w% con?ﬁér n of this enbodi nent,

ronar Iers Dirl, Dr2 nay
?Ilzed F

35
b Segl cobindrasadostiid g T g et g,

o RIVeRRdS is MHeGar ﬂbdftﬁhl)’lg td s cﬁﬁ&mn@iﬁhtt EndRedcK @8mpy¥nshated
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adaptlve controller 24 will be that of optim zing the
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| rec ion: COI’]t ers

. sembanble $o sigatsvioned waykbhagdpnimy suth laS:oﬂﬂr@lerdS@ial ombiner.

available in the prior art, and are consi dered mell

KNPIBNS tohdaRBg i 42 RPoMdBISOAN el®OBIRINL of thaGventien SsBowh.
nore than two directional controllers requires

derrdhailisphaytn they e ferdhackberabediverinr @ Besenedesdhyck
§+rggea’{s§tl r‘éaﬁg gﬂa?s H 9??&% ¥1gﬁ5]q{gﬁf§r %gptteg f@lpc%ln?/p tonto‘fVQ

controllers a signa I ner
ahpeadive Gixdd ﬂgedtmnal goatrbil@uABo, ® idxhadwmehat thé feehlmck signal
i nvent i

Al d d
IR e oD e it Tl Ere Abate VT & e
BRIELBE bAaPhi&i SHIPL S fdrProcdBsiRd) dn bikePrSHeE MeHeirhg aid 42

according to this embodiment is similar to the hearing aid 1 shown in Fig. 4.

In Fig. 9, a modified signal combiner 35 is shown. In this, preferred, mode of
operation, the first directional signal 16a is assumed to exhibit an omni-directional
characteristic, while the second directional signal 16b is assumed to exhibit a bi-
directional characteristic, i.e. a figure-of-eight with a front lobe and a back lobe,
wherein the back lobe signal is opposed in phase to the front lobe signal. The
combination of these signals in a second subtractor 37b produces an input signal to
the controllable amplifier 36 that possesses the characteristics of a back-cardioid —

i.e. a cardioid with the null pointing in the forward direction. By subtracting an
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subtractor 37 with the other feedback conpensated
signal 16a. The skilled person will be able to suggest

conbiner. In Fig. 8 a hearing aid 42 according to an
enbodi nent of the invention is shown. Notably, it is
shown that the feedback sigh4l estimator 6 generates
f eedback conpensating signals 7a, 7b, each signa
hddprigelgaapiuackdl PFnal onperceatfram tlm:fouaput sipmeaLéfl the sdcond d
directional controller. Also hown t hat the

PUbUABIRE R /1 Inghie Fortsql jedmmpfifigr Meefoshe AE SuagigeRl signa
SEIRERS Al Q'utﬁfaggﬁlp% 183 daBRIASIBIIEd AfenlBgorPbOFERROT

out put si gnal or processi'ng. In other respects the
pesitioned oamisite4Be desiied darrpg of dlrcd'uosts ent bdiobtntedi Thusi, thel ar

to the hearing aid 1 shown | . 4. In.Fig. .9 .a
FRTBDIAFY Sl < selsrbr e poipytifg as*%s\%accr’fﬁ%ﬁ) directional
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tipene enf tegght sithacontpil¢denul hdirersionh dfugtheredes¢ripiion is gyaain WO-

éﬁgyg§$§ suned to exhibit a bi directiona
istic, i.e. a figure-of-eight with a front
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mg&hﬂn@m Rfto B gekersied B?|s§otfa6t1ﬁ%ﬂﬁ%6ﬂnﬁ%bh@{éts®gnal
37btgroduces an input signal to the controllable

¢ fropt-wErophame sigvslesses the characteristics of a
back cardioid - i.e. a cardioid with the null pointing
Referdnee fsorovamddelfa Bigt 1 Grwhiddyshowlstdetads pﬁ@eamau@mqess@rﬁ of

?ﬁ R SOTF e 9% DA DR e RieRa Aty Sh G Eine

1ifiér01b! MatcRINR codirb@G1250nal difdcgo@l cdMeoliens Dhye, Dir2 Sthe
Btractor 37a, an adaptlvely controlled attenuation

dfrecgiogaﬂaqogtrpldﬁgs @ac@ne@uwtassea@f fineaddling ¢ieaitiagddhpphase
[ G [
OisF BhCT el ot seh BBy mENE L 48 AR, BB ol e
Hﬁedﬂioh@l&iohﬁrﬁl&&rs seupaista s‘lgrtaj/ a@atdueg sa regpegiing fikedsansitivity
omi -directional,_ throu a fro t cardioid and to a
PgER-engRdenteHIn %C{"i‘?c%?}t IFé?PTaé’E’} Aeither giovagsagh ey appmp"‘a‘e
0 t
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-directional characteristic used in this enbodlnent,
|s to be generated by subtracting the back-m crophone
signal fromthe front-m crophone signal. Reference is
now made to Fig. 10, which shows details of the input
processor 3 of the enbodi nent shown in Fig. 6. Fig. 10
shows the m crophones 8a, 8b, matching

control | ed si gprel/DK2005/000654
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anplifier 19b, matching controller 25, and directiona
controllers Dirl, Dir2. The directional controllers

weami/okmes udes a set of first adding circuit 38er/DRWS/000654

phase del ay device 40a, 40b, and second addi ng neans
4l1a, 41b. Thus, each of the directional controllers
out puts a signal according 49 a respective fixed
sensitivity pattern, and adaptation of directivity is
oidims ned further downstream by appropriate processing
of the signals output by the directional controllers
Qrgheﬂ,@m@);gﬁbaglﬂg 1. A hearing aid conprising: a
first mcrophone for converting sound into a first
adigst anigioghente foacemiening sered Byhd st padiosEobr ting sound

3 pRERBAT A L BB I EE 8RS udib A6ARR: 1O

and t e second “audi o
dirghdhalt prodessiiy teapafor abmbingizathe fineand tHeoecdmlasiliawignal to
| ow frequencies of the spatial signal in order to
ﬁﬁﬁﬁhﬁénghsﬁﬁ%allzed spatial signal; neans for

frﬁ‘éfa{:ﬁ} b@&“tl A 1GF FRAGNCRALR tt@%ﬁatﬁa@ Isi gﬂﬁﬂﬁ [oAddrid pRdduce - an

ensatlon signal ; neans for conbining t
E@Eﬁbatkmudmmgm$atlon S|gnal with the equalized

' I
AL R e b ol R R RS R BB
s@ans for processing the f eedback conpensat ed and
equallzed spati al nal to forma hearln%FIos

sapeios aembining the gqedgzg:,l; C@mpsmatlpp sigadwigh theghualized spatial
g%ﬂﬁ’ﬁﬁ toh{ég td H)%gjhﬁ%@dﬂ%gk L(gﬁﬁegg&@ aﬂ?ec?é[ﬁﬂgll si éxm 0

acousti c ou and tirve directional
ﬁémtﬁg@hd procésweinganerns 6 pro@silhgthél fe@:miaclocmhpqmmeesmd ng

means rOV|d %ﬁﬁ %ﬁlon t he spati al. gnal . 2.
Foalig ?Ha i %glﬁi HosPd TS o6t %l?rﬂ?efsatbcﬁ‘n%%‘?aél ng neans
e Bu@g@@(}ds&@cemr%hﬂgﬂ% thelh@arfind Bs %lgpéngﬁlcﬁles?@ﬁﬂmto an -

audi 0 signals wth respect to gain phase
etrastcbwputstmds of the first and the. second
' m 1

m cropho C ,
AR DS et SRl e B DRl Pad PhEeon
ﬁpﬁ’@wm@ddapt&ttbﬁéfah@lgﬂaﬁﬁtslgﬂml processi ng neans. 4. A
hearing aid conprising:

2. The hearing aid according to claim 1, comprising means for adaptive matching

of the first and the second audio signals with respect to gain and phase

characteristics of the first and the second microphones.

3. The hearing aid according to claim 1, wherein the means for boosting low

frequencies is combined with the directional processing means.

4. A hearing aid comprising:

a first microphone for converting sound into a first audio signal;

a second microphone for converting sound into a second audio signal;

first directional processing means for combining the first and the second audio
signal to form a first spatial signal;

second directional processing means for combining the first and the second audio

signal to form a second spatial signal,
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WO ndog/oaosecond audi o signal;

a first mcrophone for converting sound into a first
audi o signal; a second m crophone for converting sound

processi ng neans for conbining the first and the

second audio signal to forma first spatial signal;
second directional processih@ means for conbining the
first and the second audio signal to forma second
fipatdualiza rgeuk f6i bovbtigglea framencieaslshé first bpatt siggelliworder
frequencies of the first spatial signal in order to
ES’erGQI‘tC@ afirgt squplizedisaptial signdlhat i al signal ; second

GQAUAY & le s kg bokag’t‘i')@t ToRrdRBhdiE SHURD ScBRd Qﬁatltahﬁgnal in

secon pat S|gna order  to produce a second
emlaatoimedheepahccaid esjuglivald sparedpigndlor estinmating a

ARt PG AgReoac SR and Ik SEBHAI T i ofhis scompgaERon

sighmensation signal with the first and the second
equal i zed spatial signals in order to forma first and
meswscfon dorebfumgl the teedparkfcompbrtalion sigpdsith big fygand she

eggiaquag acF Ian%[o ;%%%Esflfegg%e?? égll n%fgrﬁg%fd ei éc{cg{l? th.ﬁh%heand

fdegmk?cohipeﬁﬁacéelrsph@amrg@duce a beam fornmer out put
signal ; hearing aid processi ng means forﬁ%{;l ce554 glg
@h@arbé%rmer qur?@fnbb‘u{% fptand the sseprt sAuRlipehanddgedbs

9 e ﬁf’& é n (ﬁﬁ E)Rﬂfhcé h BBSH Y& er baS, r%)ut 51gnal

n ertln arlng conpensation signal Into
hctarmgcauspnocessimgpnﬁans &nd)rmsan@mib@erndbnmdumuablgnal to form
ESﬁntrol ler for controlling the beamformer in order to

g FOPPSRSAAn s he “spati al signal. 5. The

Be Blith Br Hs GuRE FRIcBh NGtih ©the Ik Hoss\ErhRinRatidngsigiRBMEo an
for estimating a feedback path and for generating a

ﬁ(é@lé‘hfa@wp@towpbnsatl on signal is adapted for estimating
a%d glgg 1recQ% Ql c%nprofl forgc%n%roﬁ}n&qge ge{ln? ﬁg’g%ﬁ ?rder to

nsa 1on Si

Eﬂﬂ;demaaﬁteﬁ@n@lf tﬂél@p’dtiallﬁgna‘lpatl al signals. 6. The
earing aid according to claim4, wherein the first
di recti onal processing nmeans i s adapted to produce a

oI TR hefa]f 18 Hig2RE A QWY ShORA! 8 HRARE s Radhg o
senSI ivity pattern, and the second

ﬂaedbmjkl pattednddfoogaesiting arfeatback eorapkaqsatlm‘l fignal is adapted for

estimating a feedback path and for generating a feedback compensation signal in

respect of each of the first and the second equalized spatial signals.

6. The hearing aid according to claim 4, wherein the first directional processing
means is adapted to produce a first fixed spatial output signal according to a first,
fixed sensitivity pattern, and the second directional processing means is adapted to
produce a second fixed spatial output signal according to a second, fixed sensitivity

pattern.

7. The hearing aid according to claim 4, comprising means for adaptive matching
of the first and the second audio signals for matching the first and the second audio
signals with respect to gain and phase characteristics of the first and the second

microphones.

first directional PCT/DK2005/000654
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produce a second fixed spatial output signal according
to a second, fixed sensitivity pattern. 7. The hearing

wa@ea7acwes di ng to claim4, conprising nmeans f oPCT/DK2005/000654

adaptive matching of the first and the second audio
signals for matching the first and the second audio
signals with respect to gaiﬁ7and phase characteristics
of the first and the second m crophones. 8. A hearing
aid conprising: a first mcrophone for converting
sound into,a first audio signal; a second m crophone

hedjied CHYPEHNd i nto a second audi o signal; first
Qlﬁ"rﬁ%xb gﬁ&ne%%&%h s%ﬁﬁc[‘fnté QFirgan@bRighas; t he first
and econd audio Signal to forma first spatia
8 |sgm>_ati _;mlsr@pbmd: for caoeitogabupt ntes sicond pedin sighal;

omi ning the first and_t
O Airee O Belptiocshiag mains fop RSB T g T o Bl Bind o
g@ﬁ@u@mﬁglghﬁugwﬁﬁtmgmg the second spati al S|gnals in
order to produce a béam former output signa

serondl diregtionplprecessing msess fon §oMbiNiFE 1BE fisH @né egecqgeaudio

in order to produce an

Qgﬁﬁltg O SB%HB(?%[S&U% ggﬁ{l ‘but signal ; means for
@ bbaresinteg fér doaririiag kheffattandnik ie@bn@ gpaeinbdigmads i@ order to
f eedback conpensation signal, neans for conbining the

%@&%%RC%FH%W§8WPBW‘§1 mal with the beam forner

Qﬁ}cjﬁ%r M8 Rbr Bd%s@x{gjl%(w ftr&]utaﬁ’&@é & the sERAfdnPIRBRSAE R in

equa I zed spatial sighal; hearing aid proceSS|ng
oERN® ﬁroduqcranccqsshmg bedre [érewd oaipt gigmdensat ed and

uaI orma heari.ng, | 9ss :
et atiron e gefiaR R P i SPaRlREA LR Dmpensaton
g@nmertlng the hearing | oss conpensation signal into
an acoustic output, and an adaptive directional

ARy foF Fembingre @fﬁequku cRgPepatine signploy i iheibgam faerert o

ai d accor rls
aétﬁmlgl av@pﬂméﬂhigngezmﬁ fdirhﬁodesﬁﬁg t}_&rfdecttiaek sanpeméatadj aincd
gnal s for matching the flr?t and the.second audio

saghardsriehs gl fbfmadcgn ogn EOTBRESEI AR or i st i cs
9% olilphit frdrdsShiceR St doRGerfiff MR %caring loss compensation signal into an

acoustic output, and

: ut% ggna?ﬂ?gxtdglt fo f%e!?i%acﬁ(p ]%lnsa%cg%e ughzeylgatlal fsgpal, :

an adaptive directional controller for controlling the beam former in order to

provide adaptation of the spatial signal.

9. The hearing aid according to claim 8, comprising means for adaptive matching
of the first and the second audio signals for matching the first and the second audio
signals with respect to gain and phase characteristics of the first and the second

microphones.

10. A method of processing signals from a first and a second microphone in a
hearing aid, comprising

converting input signals from the first and the second microphones into a first and a
second audio signal;

combining the first and the second audio signal to form a spatial signal;
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m crophones. 10. A nmethod of processing signals froma
first and a second m crophone in a hearing aid,

W@ oompni®eng converting input signals fromthe PCT/AK2@8000654

the second m crophones into a first and a second audi o
signal; conbining the first and the second audio
signal to forma spatial si éﬁlal ; boosting | ow
frequencies of the spatial signal in order to produce
Bovsefg fdw frequenpiat 'bﬂthe%'?gnﬂi kignaldh iordetr toprodudecarkymakzed
path and generating a feedback conpensati on signal,
HHBY 819G t he feedback conpensation signal with the
Lo . . , ; . ok
S nE S SRaL, B Shpalerl Ba ool RO A R
tdmbihmgdbatdedomkpenpatsadomsigna quidl thz equaljzad spdtiabsigmedlin

to f ' | t]. [ | : ti
e WA Adeqdback campsanded miteilised Pl dl acoust i ¢
gﬂggﬁéﬂfn’g tROfecABRR oML YsafeAihnt @hhd1R8d EhRialliiERA td RIHH a hearing

ini'ng neans to provide adaptation of the spati al
bisgjperhpengdtionThgnaleet hod accordi ng to claim 10,

CaNBRISREr AR ER R ek BinflgrbiaE bidb R 8

s@panEly aufitrallifg Geadi®cibriah csrRBIRRR méans gaprovidechdppragen of the
characteristics of the first and the second

Pﬁaélﬁb%ﬁ%ﬁli-es. 12. A nmethod of processing signals froma
first and a second m crophone in hearing aid,

conprising converting an input signal froma first

il .cPhephethed accbolisg fo ddam Hydompssiggadaptivelyweatthing ofithe first

i nput signal from econﬂ.nicr hone.into a secaond
aftinG s andiocimalSPrgachier i SBt anftine necaod g Simals,
Hitf R8dpet Qo lg@inMnd phhdethamPRbib@ds of itlifdst akPRBkdYoRg t he
first "and the second audio signal to forma second
gpapplnesi gnal ; boosting | ow frequencies of the first
spatial signal in order to produce a first equalized
spatial signal; boosting |ow frequencies of the second
$PaA inkhodl Ipadcebdin@sigedls fromr dYUAR! Bsesondmitreghoatk iz ed
spatial signal;

hearing aid, comprising

converting an input signal from a first microphone into a first audio signal;
converting an input signal from a second microphone into a second audio signal;
combining the first and the second audio signal to form a first spatial signal;
combining the first and the second audio signal to form a second spatial signal,
boosting low frequencies of the first spatial signal in order to produce a first
equalized spatial signal;

boosting low frequencies of the second spatial signal in order to produce a second
equalized spatial signal;

estimating a feedback path and for generating a feedback compensation signal,
combining the feedback compensation signal with the first and the second
equalized spatial signals in order to form a first and a second equalized and
feedback compensated spatial signal;

combining the first and the second equalized and feedback compensated spatial

signals in a beam former in order to produce a beam former output signal,



estimating a feedback path and for generating a
f eedback conpensation signal, conbining the feedback
w@ompes®at i on signal with the first and the sePONOK2005/000654
equal i zed spatial signals in order to forma first and
a second equalized and feedback conpensated spatia
signal ; conbining the first!®nd the second equal i zed
and feedback conpensated spatial signhals in a beam
procesmingithe beatteforiner putpatutgnahtodfeamafhenmeg lossitgopensation
si gnal ; processing the beam forner output signal to
#1813k a hearing | oss conpensation signal: converting
E&ﬁeﬁﬁ@ﬁhé‘ﬂea‘ﬁ%ﬁ%s@%ﬂﬂﬁ%ﬁb@ﬁgﬁél%‘t@'an'aeét_%ti@%u PRl C
out put,” and controlling the beamforner in order to
poronol lthe thel hgana forarer af ortlitoppenti fiahdapiagion lof theFpati gignal.
nmet hod according to claim 12, conprising estinmating a
f eedback path and generating a feedback conpensati on
$3 gMRImétRod &2BREAg @fc1AACIY, 8bmpAGNE béftﬁ'ﬁatﬁlgdi febdbaslep@hdnd
equal i zed spatial signals. 14. The nmethod according to
géngrating2, fe Pemprpspiasdigniah i ieppest of gash ofithedrst g ahe

&kgﬁggibgg?gﬁégéfﬁg%krst fi xed spatial output signha

accordtn fixed sensitivity pattern, and
producing in a second directional processing neans a

second fjxed spatial qutput signal accqrdLng_to a .
éﬁé(;gﬁd?etmq(wogdélp&q%qlg}m 52, ﬁ%qlprgq,lﬂg producing in & first directional

processing means a first fixed spatial output signal according to a first, fixed
sensitivity pattern, and producing in a second directional processing means a

second fixed spatial output signal according to a second, fixed sensitivity pattern.



