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WO 2007/042025 PCT/0K2005/000654 HEARING AID AND A METHOD
OF PROCESSING INPUT SIGNALS IN A HEARING AID The present
“i,.r(}vz%u}; (@ates to hearing aids. The invention further reIatesC tTc/)D n;gtg/og(% s
of signal processing within a hearing aid. The invention more partriicu?ary .
5 relates to hearing aids with multiple input transducers and to methods of

signal processing in hearing aids with multiple input transducers. The
invention, still more particularly, relates to hearing aids with multiple input

tranggusRissadaptias fonvareuiae arativstabiendirestivity Rat&RL 3. A

invention, yet more specifically, relates to an input processor for

EW@ 1o input transducer signals in a hearing aid, wherein input
signals areci)rocessed in a d'rectionaldc traller and \?/i}&rein |
feQGPAEKRE Wﬁg?ﬂ%%ﬁ?‘}ét%ﬁé% e Combired Wi Ons@fnasr Fetivel from
theeihpdyt Sigivals. oA VOHTBA Ishows ahie Tise iofamiad ustalpketicularly

d%é?a%i%%éyé&rgeiﬁef&ﬁhm% é%@ﬁ&%ia\&@figmm YRR Braggnges

inputs from two microphones according to 15 acoustical time delays to
apiviesseingdirbeaonapsisngithinplpatesppuTianpibearssbhernagaign still more

ion of . :
g?éﬁ&‘%ﬂ‘ﬁ?‘?rgﬂﬁe%wl%%ﬁ%@ﬁl& oW FREAHEO MO SIGRAKIIBRIEIIE to

rectional processing, an action sometimes referred to as equalizing or
| R S ATEHEY SRS EHEC DS QRERB! processing is typically used to
sipprees envionmentalngiesin sitjations where the heating aiduser
waht&'to %bpnpr%esénfﬁ S8R §a|n>{p|ng|ng from Eredtions other than that
towardsasdurerergatio nak paatimey ai € quielizingngens palls boostectiyee fowy a
fr@i%%%ﬁ%%'&ﬂ% VRRINRE G 18 S80S RN R SI0NBIS QLIS ARl Rk

noise, and therefore may cause problems on its own. WO-A-02/085066
sheysianglreteibisd sy wRicHENdladaptively controlled. The directional
controller may be implemented in a multi-channel version, i.e. with 25

A1 AILELTA S R Yedpe bt AR ARG BANGE RIS AFTNSD Sty
sysiemdonidlleviatingean gisitaancekn owim ascentisihahceedbatikg to
Acousticgll_tgreneed(g%k refers to tg%iincidenlce at the microgfhcine of an

atoustc signal geﬁlértgtéc g’)\/]ethe ou %%?atrg%nsf ' ﬁ%lg.p?ﬁeé éeﬁ%gﬁ%%ﬁsg()ﬁal is

likexdy ad:sotr@lpmw@mbymmioraﬁﬂowémngammiﬁedSb'yitherhefaring aid
PHRfcEsRh rﬁ&é?s%%fé%%ﬂ&%&’d%ﬁ%e@@f%@@&%@ d90RbagkIape

microphone. If the gain exceeds
frequency boosting. Directional processing is typically used to suppress

environmental noise in situations where the hearing aid user wants to suppress

sounds impinging from directions other than that towards a conversational partner.

Equalizing generally boosts the low frequency signals, whether they are regarded
el

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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the attenuation factors in the loop, an unstable situation will arise.
Feedback may WO 2007/042025 PCT/DK2005/000654 2 give rise to

“%S}%;;g&&tsthe signal, even at gain settings below the instalb' i

EP-1 191814-Al describes an adaptive feedback compensatig?%lgé}g’fmooﬁ54
system, wherein a feedback-compensating signal is subtracted from the
output of the microphone system in drder to produce a combination
signal, which is then fed to 5 the main signal processor. The feedback
c8hpH B ST Sig AROS iR titakey 7 4 FESIBEEREIGRI D HRRIIBEEOMHSY limit.
NMEMitoos she autpuy-signahfamdhe et sigitah RcessAEBE) thasignal
fed to the a{ou ut transducer of the aeariqg aid,({algd thﬁgingut sigénﬁl to the
mENTEIBA Feé SEESOTPBY LR 18R] RESE S AR HE R LENe
predicitfonanysek murag idpesdivateafitiieatéediiack! palticfrenhtaced to
processor .outg)u'%oand back to the processor input. The feedback path

a . .
thus Satimate eﬁeés'r%fy incorporates the output transducer, the acoustic

Pait back 10 R BIARDR RSN NG TUGLARRPRE, ARAARY sieAmRlifiess ulhe

feedback path is characterized by a transfer function. The feedback
siBREIPrEtR ARt ROl 58 8 EBaRTAERSSR it dasimeal ferkto the
compiisemaifilar dhakisadaptinemaanérolird aesarding e dhesgorelation
between sgid main signal processor o%tp%{ésigenalrﬁnd the combination
SIBREFS1He® b rVEINEE P iy H B Pt 7F s 6P GuE W' 2
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generates an estimat the fe ck a ro caneellation
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0-A-99/10169 shows a heann? aid with a controllable directional
cherdeaekisignabpradintar aci VARG RS BSRTRAC aHEG! edt@maer ~
ceeifpiiable filer indnseiaptive] atipasiienawebiniadnicineRe:65aBBEISen
for the purp_o,selof equalizing the 251mic§'0¢)hon output sign I%in gain and
pHAS T PR RIRCESSHRERP S FRSP A EAR(YS:o AAL BASSE 1 tidRfng of the
dipe@thmmabsyﬁ@msoﬂ\é@ekpggﬂeaﬁﬁeéhommléeedba@ﬁc@mﬁmkaﬁmﬂthe
SX%E%ME rsﬁ‘rnh?ag{%@c%g X"%‘s I'J\\/Aéo Ir%%?e@%?%%tiarggtéjgfet%%qggéback path
processmgf\/v?lé)reln each microphone signal Is

and produces a cancellation signal, which 1s then subtracted from the signal

outputted by the microphone system. The feedback compensation feature allows

the main signal processor to operate at a higher gain than otherwise possible.

WO-A-99/10169 shows a hearing aid with a controllable directional characteristic
and with adaptive matching of input transducers. A controllable filter is inserted in
at least one of two microphone channels for the purpose of equalizing the

microphone output signals in gain and phase characteristics, which i1s 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



independently feedback compensated before processing in a directional
controller. 30 Independently compensating each microphone signal before
directional processing requires extehsive processing and carries a risk
that an imperfect compensation of the feedback signals will result in a

residual feedback signal component. whi ay interfere with th :
TR TSk il aT i d P kSR B hich
estiniatescibevitadsfénfunationtie dirationfithentieddback loop extending
from the signal processor output to the signal processor input. This part of

tGerdeatihackdadipdbaistiyninctugtisnthes abitputirdnstucannthie apatisiicthe

th from output port to.input port, the input transducer and. cirguitr

e h R R T TP D ARt SN bt BF e B
papntmMeyis aeeoodithg toadisichpleomadah] béndedesded asmifreguencyt, the
dependent, attenuation and delay function, As the part of the feedback

O RIS BN R HIRLSPSR Sl GPES LB, iy
cistpuiakainsiticle, ithetinputderesducer and input circuitry, the complexity
of this part of the feedback path may be considerable, especially in case
oftedvemstd mearihthaidsdhncknpotie suphisticatiteniode iy bedel, be
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micfophone matching circuits, pream rs and noise processors, and
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Exampldefedstdickenth. may provide a corresponding method, for
processing of input transducer signals in a hearing aid, with improved

fEslBEEK DOIFIPe HEABHIPER At PR diRis6 ditticats ondg prenthiet gan only be
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least one feedback compensation signal may be combined with signals
dedrsdRo iR SEINAh o REOSATEPE p RS wipﬁ{fi sfopaldireFipnghergiollers,

adapiiveadIvsimant isikprieg Qe slirechianab coiralletoRXalP R ssible
embodiments may provide a method whereby signals, derived from two
even adaptive versions of these systems.

Example embodiments may provide a processor for a hearing aid that combines
directional processing capability with a feedback compensation capability.
Example embodiments may provide a corresponding method, for processing of

input transducer signals in a hearing aid, with improved feedback compensation.

Example embodiments may 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.

Example embodiments may provide a method whereby signals, derived from two

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



or more microphone output signals, are combined with at least one 4
feedback compensation signal and then adaptively combined to provide a
feedback compensated directional controller output signal. Example
embodiments may provide a proces‘éor for processing of input transducer

%&a@elad@mbsﬁgaa@m;énm%@tﬁeme&apﬂww@oﬁﬁ&m@@wd@ @feedback
directional controller and wherein feedhack compensation is performed

SARBER SRS USRHRE CARG AHET MRS N Fhe directional controller.
Exaﬂmleeﬁmhﬁdimem&mvm@u|ﬂ©@§seﬁfm@mebwhgreﬁirfpedmaucer
com ensati performed by a .relatively simple feedba nal
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conver sound into a first audio S|gnal -a second mICFOD one for

copnidetindesinsdaidtovheseinofredhasio SipnaPsaine SN AN RSERSEIRG by

meansiforsiepmbiningioe fisshandie sscondaudighsignaldodasm & stem
spatlal signal; -means for boosting low frequencies of the spatial signal,in

&P f’élﬁfodué’é’aé‘r‘fﬁ‘éﬁuﬁh"ze&‘%péﬂé’l@?@?ﬁ&h ioadndiorraintali a 1
faﬁdpa@[qmyh@md for generating a feedback compensatlon S|gnal -

for co Ziilnln the fe agk com ecpsatlon signal
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dqualizedrspatistsignatie Rednisig aidipregmssing: neeand foriprpdessingr
t@&t%%?g@&%a 8%3948&3%%&8% gd %B%Eﬁ%ﬁkﬁ bR (M2 heang

loss compensated signal; -an output tfransducer forc nverting the hearing

leem biningdhs Atgrasigie satershaadsusgaa® lepEradranah gepalie means

diseqtionaheontiolier foscentrelingthe dirgclional RROCRSSING MBRANRA0an
provide adaptatlon of the spatial signal. In example embodiments, in a

xRl didPtEredardek e&ﬁﬁeﬁgatm%aaﬁgnéd fesibaste PaRe ERBN ST
preeessing antkéavalieqeenpynleostinggldits, th&ﬁﬁedﬁ&CKoﬂ&ihnng the

SRS S e QUK (RSt e eI S o
koGstérablitcootthiesalzebantb aqeri Zhisparoids gntdrfe frenca b yitherfeedhagk
erﬁggﬁgtporr\%glégﬁrfg%%i?&dback compensated and equalized spatial signal to
form a hearing loss compensated signal; -an output transducer for converting
the hearing loss compensation signal into an acoustic output; and -an adaptive
directional controller for controlling the directional processing means to
provide adaptation of the spatial signal.

In example embodiments, in a hearing aid, the feedback compensation is applied
only after directional processing and low frequency boosting. Thus, the feedback
path estimated includes the output transducer, the acoustic path, the microphones,
the directional processing means, and the low-frequency booster but not the
beamformer. This avoids interference by the feedback estimator with the function
of the adaptive directional processing. Further it avoids amplifying by the low-
frequency booster any residual errors in the feedback estimate.

In a second aspect, there is provided 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



of the adaptive directional processing. Further it avoids amplifying by the
low- frequency booster any residua/_ltgrrors in the feedback estimate. In a
second aspect, there is provided a hearing aid comprising: -a first
microphone for converting sound into a first audio signal; -a second
nigrophenesfenaonyerting speisbinio faeesing apdiassignalortibsiing the
directional processing means for combining the first and the.second audio
AN 6 AL SRARLCI AR SSEUBhPCHBNE proR ST
means fiar bosstiiningpthefrfgatatidsthe skeoficitawpio digrighdd fororder to
second spatial signal; -first equalizer means for boosting low fre ies
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signals in order to form a first and a second equalized and feedbac
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seagrdaadalizethanifeedbatkeonpensafed spatialisigniadsfinsorder the

produce alfea former output signal: -hearing, aid processi eans for
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compenoated sigpat; signabutpatitranstinoeretsingomeensngtivechessirgthsss
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controller for co Ing the beam former in order to provide adaptation of
PR dtansiaerll [ exavspia B JrIBEILOTe SOBRILTBRMpEABALIBHIS

applisst ftesinitiah staosspeh ditecianal piesessndand aftsnignthe beam
frequency boosting- The outputs of two dire%t!:onal rocessors are

A0HNSHIE PBTH P PEYSnAJ BRI AtIEK SRS combination with
feedhaskicempetisatian, sigdalskangifadeisined dijdotidattriropartieges
R S TR TR R O T e e
thamstucdrpthesooustic pailgbiaefonibrophenesciheqdiestiomaiptdbes ding
n@@rﬁ@ﬁratﬁ{ﬁd \RQ&I '%&fﬁ%&%‘ %?Xp@f?ﬁﬁ%ssiwlgoﬁﬂaetgg AR €firectional
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.



Preferably, the means for estimating the feedback path are adapted to
generate compensation signals in respect of each of the equalized,
spatialized signals. J In a third aspect, there is provided a hearing aid

f
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SusanvarsirseddnEl Hiotassliogieraim RSEORSRIHIRIARRIAT SORIA RS

s6cnd;aydio sigpah tafare aditt sqﬁgalcﬁiga%nasqﬁ@mm ciendl for
processing means for comb|n| the flrst and thf: seco%( audio s I%%;na to

PR Bgctis Lt Lgrsee ot g PRk

hesrcdnd spaliprsigns m@iiiefbtfbmﬂdmmg ehbdam fadrmer seubpdtaudio
Si%%%lt ualizer m anstf rboolstln% low re ue?cies o{).the bt a grm r
5 t'S] G Soaﬁ)ro%%ce an eequa eant glrrﬁné?%ﬁ S|8rr]|al
-umemtﬁdr gsticlatipgpl feedbecto pathiaend Efdvegané@milng wfeetd@gnkl -

% a8 é%l? ﬁcg;%%{?) eB&zfﬁé %@Qmmhwséﬁﬁ%%%m@ﬁgﬂqﬁ
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S|gnal to form a hearing loss compensated signal; -an qutput transducer
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gRsatemSigRahisisHfficient. In a fourth aspect, there is provided a
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C ining the first and the s audio s nal.to for atlal signal;
g%%%ﬁ f?étd@%}% ég%‘f %Sa?%tfﬂsll %ug%eﬁ]\o produ 9{% the
aqhm&ph@&pahalchrgaabnaésﬁnwmggarf@edbabk pathrdounge raedathfg law-

f%equency booster. Here, a single feedback compensation signal is sufficient.

In a fourth aspect, there is provided 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; -
directional combining the first and the second audio signal to form a spatial signal;
-boosting low frequencies of the spatial signal in order to produce an equalized
spatial signal; -estimating a feedback path and generating a feedback
compensation signal, combining the feedback compensation signal with the
equalized spatial signal in order to form a feedback compensated and equalized
spatial signal; -processing the feedback compensated and equalized spatial signal
to form a hearing loss compensated signal; -converting the hearing loss
compensated signal into an acoustic output; and -adaptively controlling the

directional combining means to provide adaptation of the spatial signal.



compensation signal, combining the feedback compensation signal with
the equalized spatial signal in order to form a feedback compensated and
equalized spatial signal; -processing, the feedback compensated and
equalized spatial signal to form a hearing loss compensated signal;
-converting the hearing loss compensated signal into an acoustic output;
andsRelaptyelyeaioiing the 1 diresianal gembining meansdadarayidest,
adaptation of the spatial signal. 5a According to a mﬁagjod. In ex mg,le
HIBb diFeiRBRIRERRARS A e SHBREEIS 1 iSRG PaE RO A ?ﬂ%& R
secarBhcktodaefieqisency equalization, and, thirdly, to feedback
?8?85&%%“&?; fhneae fifth aSROFL there 43 provided 2 method of ArRcessing
signals fon & first and & secon microphone 1n fearing alg, comprising
ssopnémirgeahdnpit bignakfrsanfirdsindcrophena o afitssigoalidrom a
HieRahicORVEIRIng AN InRYt sianaLiEan. a speqadMiareRRANGJMP Rom a
second audio signal; -directional comblnln%ithe first and  the second audio
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seeapshaddiRiRignaldotfofne seasnshsidtiagsignalireboasingdovning the
frequencies of the first.spatial signal in order to produce a first equalized
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eedback compensation signal with the first and the second equalized
st sivireThBrbal tigrekneaimaingy fedwednnalyaatiZen sgrating
feedbagk capaentatad.santichsignaly wembitng thadistsaiod teseennd
egualized and feedback co nsated spatial signals in a beam_former in
&ﬂﬁe%]rt% 6?%0%83%\0%@;%‘11 Iir%’er %D&%Ip%tsp nraI%I ;H-lp%%:eés{éi r?ar{ﬁea Hghend &
ferened egtpliveignal foctrmkadeeminsplossiponips peatedaivnaing the first
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and -contro Ilnget%e bears former in order to provide adaptation of the
sfosmar dgREICTACCBFOMNESS RIAEHRRIF S RiEMboarreiag dhsnarem
AeEUPIREIRE dRnfirsh finitioh disgetionadPEoepssiagdSsieand o @wng the

f lizati d,.thirdly, to feedback tion. Furth
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former in order to provide adaptation of the spatial signal.
According to a method in example embodiments, signals are subjected to, first,
initial directional processing, secondly, to low frequency equalization, and, thirdly,

to feedback compensation.

Further embodiments and details will appear from the detailed description. The

description will refer to the appended figures, where:

Fig. 1  shows a feedback compensation system according to the prior art:
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;



description will refer to the appended figures, where: Fig. 1 shows a
feedback compensation system ac%%rding to the prior art: 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 @ diiechopal %Bgﬂﬁ%n@ﬂﬁa@@frﬁgﬁﬁﬁ%mm%% Shshewsdhg input

system of the hearing aid shown in Figure 4; Fig. 6 shows a directional
quptwllgracsanding @gﬁ'ﬁ@ dondmieTor aigeafishals@signgkedmbiner, for
use according to the invention; Sb Fig. 8 shows one embodiment of a
hearlng 15%68%8878 iy to the invention, Fig. 9 shows another signal
[ r r ows

D L R R
|nvent|oﬁ1m02007/042025 PCT/IDK2005/000654 6 Reference is first
made to Fig. 1, which shows an example of a feedback compensating
system, known from EP-A-1191814. In this system the feedback path
through receiver 5, acoustic feedback path (FB) and microphone 2 is
modelled by the feedback signal estimator 6, which outputs a feedback
compensating signal 5 7 based on an estimator input signal. This is
obtained by adaptively controlling the controllable filter in the feedback
signal estimator 6 such that the correlation between the estimator input
signal and the feedback compensated signal 16 is minimized - typically
by implementing a minimizing LMS method in the adaptive controller. The
generated feedback compensating signal 7 is then 10 combined in adder
23 with the microphone signal 9 to generate the feedback compensated
signal 16 which is used as the main signal processor input signal 11. The
main signal processor input signal is processed in the main signal
processor to form the main processor output signal 13 for the receiver 5.
The processor is adapted to achieve the required hearing loss
compensation signal, possibly 15 modified according to other processing
adapted to achieve noise reduction or
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speech enhancement, as will be evident to those skilled in the relevant art.
EP-A- 1191814 briefly mentions that the hearing aid may include a

“&1%@3%(49J2g1put transducers whereby direction sensitive ¢ %%%3&%90500654

e provided. Reference is now made to Fig. 2, which shows an
example of adaptive control of 20 the directional controller corresponding
to the description in WO-A-02/085066. In this example, a directional
controller 22 adapted for having the directional characteristic controlled
befestngte sfaramedertinpigt, lisvdoeitrelifes by ereraplaplivdeedraebl signal 34

' ireri er of thesnatiall ifl
e o W Ly
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thdtdBathie IBARTIVE RIS QubbubyriBiRIZING HseRianRL BRWAT-

Other embodiments may feature minimization according to other criteria,

alsBrRedeielt fSUmRehSMREuHsT B8 WD i AC M Xy cotfatimedre
profersaeblyfsi e iskilletbepbisoRigdh Reieseraesischovurdedtekign3,

hich sh nple of a directional .controll ested j
e s S T ) A e oo e o000 GAB025
P@ITi0i26051G9BB54 by opplomahiiss pioteisi dépotherts, énd just
SheW Jhe misiR! gggé%&d%&%k%@éﬁﬂggm JhfAHectional

controller input signals27a, 27b. Basically, a directional characteristic
nfRPBEShaneer 5y BrotEsigrarbapen! ffomeanersmibirdietishal
MisEaRNONES sehasTiowialayithectignaldamthedaaSmicraphanginthe.

array (the back-microphane) by an amount caorresponding to the acoustic
&P PRRSERA QTR b PSR E S B LTBFACE tHis BRIy KBS HEHTC
thferfromt mesropbosnecsignabitlsighis Mdyrahehacanter Gtithknoveasas: as

cardiond characteristic s obtained. The conraller shown in Fids
imp?gmentsct, IS Feaf:ureqkl)y using ai%npﬁ?iers B@a, 1 ﬁb’o @c, a delay 32

am@[ﬁb&acctgr_éi@m @pqwm@mmtﬁdim@pmmé migratsiughoncombine
L%‘%@ééﬁ’ & SRREALMRAIARS OUNRIE SRRl 281 1RA fhaReo e irgstixity

attern or the directional characteristic may be controlled by adjusting the
gdit? 5kt beshiy m@am|ihétr§12§aerzw@mbid§ﬁhé%ﬁa?r%w§ﬂ Jén@rthis

desi@ducers whereby direction sensitive characteristics might be provided.

Reference is now made to Fig. 2, which shows an example of adaptive control of
the directional controller corresponding to the description in WO-A-02/085066. In
this example, a directional controller 22 adapted for having the directional
characteristic controlled by a single parameter input, is controlled by the adaptive
control signal 34 according to a criterion that the power of the spatially modified
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



10

15

20

25

30

WO,2007/042025

is that a low-frequency boost may be implemented inside the directional
controller 15 itself, with very simple components, by a feedback

connection through a dedicated amplifier 29c¢. Further details and
advantages of this design are explained in WO- A-01/01731 REREAIGRA S
now made to Fig. 4, which shows a hearing aid 1 according to an
embodiment of the invention. It comptises a microphone array 2, an input

20 processor 3, a main signal processor 4, an output transducer 5, and a
fepdbagknpiy pad@stimatonfpdocge nergtisisbf wsfdedbackpbonepemsation
signal 7, The feedback compensation signal 7. ngi h is an-gstimated
fé’g allefc Sé%%%?,%cslo'?}?ncs? gg}godl ?fgﬁ%%t%e out utSB (ﬁt eaﬂ?e back signal

eRUMARY G I iRGCAMRERSAHAR MRYLL QN iBe %&@@9@8@9&%@@6

microphone array 2 comprises 25 two input transducers 8a, 8b, eac
trEABAN P BRI esmaL ildTRPbRBh UL HEEEssF tHRBaLH arEEIERtve
canaeption: R (narThe Hest RutputobR6ABELN Bh brRdOsESsSEsBdading to the
connec,teéilt?g e input 12 of the main ségnal rocessor.4, w ile thei lcmain
STTHP S SRR AT NG UG RRM T L PE TS RE AU SPRE G Tom
trenedetbreeniaphdriosiealn puthlSvofythe Herdivasksigoanestmtatdio&l The
fe%d%%%igtigqglogp .%ggmator 6 receives a feedback compensated signal
16 from the second output 18 of the input processor 3 at the control input

110 thedardhack signal estimaelen iithidralsashp sl eRoausioos,
feedback paths EBI, FB2 that exist between the WO 2007/042025

PEP/BREG8IBD BB 8 USRS AN dUCE P S RGeS U E iR AR Fipishes

BanBborhbigOttpytdransdigerindmiefierably sigrandipaTyidwpepbearitg aid
receiver, Suitable retﬁeigers are . c mmercitall¥nav ilabletfrﬂ[ngi Enogvle§ .
RO SPAR TR TIE RO YA e BRNS o 28 e S Brocaddst
camgrisesnezns for protéssiitfihzdmitophoneuinped veigrgsisodhd deeign

f i SR : RS
e&%?ﬁ%‘ﬁ&?.g}'@&ﬁ ?91%90%@:9 %ﬁﬁ%rﬁ%&g@g@@ ﬁj&%ﬁ@ggggal controller

compensated sigha Specifically the input processor comprises a
divedifiotish wastitrutielespsreanairiel Piaaissdorclogprnsqlien sy pudstifielisrre
outputignal af the.direstionrl santralies sysiRMes heafeedbathed in wo-

compensated input processor output 10 signal 11 is transferred to the
M léfblﬂéllprocessor 4. The main signal processor

Reference is now made to Fig. 4, which shows a hearing aid 1 according to an
embodiment of the invention. It comprises a microphone array 2, an input |
processor 3, a main signal processor 4, an output transducer 3, and a feedback
signal estimator 6 for generation of a feedback compensation signal 7. The
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
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takes this as input and performs suitable processing in order to achieve
the required hearing loss compensation and, possibly, other processing
noise reduction or speech enhancement. It will be understood b
“fﬁeg gs]q?ﬁ?é‘g%gerson, that the invention imposes no special re&&?@?ﬁ%mg%
the main signal processor. Rather, 15 any design of the main signal
processor known to a skilled person &n be used. In the preferred
embodiment, the input transducers 8a, 8b, are omm -directional
noigimphenedider 6thet eanthofdiaeritsgiwenss Be allb.of th eunpicr ophoiesr nisay
Ry Redlies tonal g phgRes whih Al 1aus Jaglyded in the
icrophone array. It is also weff known to the skilled person that
neePuptIeHE avarehys fforrhieaeiily aldecHy Eothprise hofdlh s tvnd
mygrgphones. However, considering the costs of using more than two
microphones in terms of the added complexity of the circuitry needed to
iNche depstiphoadsbticnanpitiaphessson thecadiay (Hh meroppshia@ptwith

ly t i h 8a,8bi tl f d. The heari id 1
L e e e A St e o
acdifglenfrecieigoyl dpebtronfidaty sevenaltands ordodividaah Fi_ma'sghig.
I SHeh& @@9@?%&%@&%&%@&%9}'} bt;@ms%mxecr%%?%m At

processor 3 according to the invention, whereby an imp ctionality
ofifsetiirattioEtlieystaismmBre becabralranpRRasisatvBY PaprRspitoutput
PEAGRSIAN SirAcgerding adheiinventignoseayshe @‘Hﬂzrﬁ&irﬁs%gﬁéli?%@e@ﬁﬂd

front end to the multji-band system. 30 Fig. 5 shows one example of an
irtBERS IOt AL MR8 aRg ASTETTS SH RELHRTGSERTMAT Fre ek R ried
inpatippdcessomniRtsigion eniNPsisas ynpuits Procoksiagde, agmisiepeongion

hi lifi 9h, 1 ith iated hi ler WO
OGO 3K S0L GO OB 98 e AT SEH it aT& 30 20b,
20vctitreripreaxsplifiersc 2] ss@io 21t @n ticevtiorrag oo pioies@2R ather,
5%@%@8&%&%? @pg.an adantive cantallenatdor seniel.Qbine disecional

controller 22. The microphone matching system 19b,19c, 25.serves to

- egvalizedhesainmodi S dhase isharaciaistics of ths, mHckaphonRsimarder

20

25

30

to achieve optimum performance in the directional system. For this
PN RGPS e BTG A SRASC1 8lb, A'ghe LY BETEH Fbted to all
buleneretiheddiecophionacospieciionshithemaiehinguded in the

microphone array. It is also well known to the skilled person that microphone
arrays for hearing aids may comprise more than two microphones. However,
considering the costs of using more than two microphones in terms of the added
complexity of the circuitry needed to include such additional microphones in the

array, the embodiment with only two microphones 8a, 8b is presently preferred.

The hearing aid I 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

654
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controller 25 controls the adjustment of the matching amplifiers. Several
ways of implementing such an adaptive matching system will be known to

V%ez(ﬁf%?g) 0 person, one example being disclosed in WO-,%f(g)l 1192]0%9000654
n alternative to the use of an adaptive matching system would be erhere:

the use of a manually adjustable system or the use of matched pairs of
microphones. However, in order to aéhieve long-term stability, it is

preferred to use an adaptive matching system. To modify the design of
F§. thfer A2 withetweo Bler@pholiks fiites prampphBens220c2105219c2 and

235.c0nResd Laths third, d&é&?&%&%@w% covosid he remayed angd

an appropriately configured directional controller 22;,,i.e. a two
nat P isereiopakgruieliis i 2vould be selected. In the example shown in

Fig. 5, analogue to digital (AID) converters 20a, 20b, 20c are arranged to
&%@é&%@ﬁ%%ﬁﬁaﬁ% Viitpid Wa | 8b, FSMSAREHERE 61 R ETB Usign

opirigs Shaitoedsichubtipizingiergralondise rafitethraprieampifiessnibac
21b, 21c could precede the equalizers or, alternatively, AID converters

TR A TREREEH U6 Br S E o U ADARS TR Ggpiters 100, 19
emigobkments;ttdao phearmptiéi efsmwrb@dimseqm Thhendirbotonal
Chsm%i%r 32 599%{9%&% %%I[l((%@&?@é’tﬁéﬁ'%cﬂfn@ erfiliastonal pr.cRRgoler

shown in WO-A-01/01731 (mentioned above). The directional controller
2ImplREeIHP G EEIGEI3 RPHY O IR FGETMID Rctheop e thartdircer
sighals Qe Sanficchganeiaies & singls. Gpatindy Medifieshautpihsigaal

28. Thus, by processing the derived input transducer signals 9 in the

dRERHSAAESIIRRINS SYSIRR LAty RASETEY BhRL DEH PSRl
chanaaiashic ot ibfaraudbad pignalfohidthphdirectined vaichoprienethaticve

ei<hibigs thetg)e;ﬁired direc}ion%l jpatern. J#? .directticclzlrilnacly controller may be

SIMIfAr 1o the LontrolleP Shown in lfsla a3, emé%glﬁtlve contioller 24 may

b?&%@i’?‘%ﬂé%é%ﬁ% HIPUS REOGESIA 3RV RIQGERSIRY ﬁig’t‘%{nlic?sn\é%@ 20c,
2007/042525 PCTIDK2005/000654 10 feedback compensated signal 11,

ot dprasréraisigonaiseieslip thesibrarasiprh R OREHL N WP HE SsEr T cfreie
outpisigatal theriiesdianat Gonrelsia%: the adaptivaiciprehof the

directional controller 22 may be similar to the one described in

v‘\?@lﬁé’émsd%é‘?d be selected.

In the example shown in Fig. 5, analogue to digital (A/D) converters 20a, 20b, 20c
are arranged to process the microphone outputs 9a, 9b, 9¢c. In variations of the
design of Fig. 5 aimed at maximizing the signal-noise ratio the preamplifiers 21a,
21b, 21c could precede the equalizers or, alternatively, A/D converters with
amplification could precede the equalizers. In still other embodiments, 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 controlier
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 controlier shown in Fig. 3. The adaptive

controller 24 may be implemented in the input processor 3 by processing either the
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5 Finally, the input processor 3 comprises a combining device 23, for
combining the feedback compensating signal 7 with the output from the

00

‘iﬁgggﬁwggcy booster 26, thereby generating the input processor ougr/)o% 654

, Which - in this configuration - is identical to the febdbA
compensated signal 16. The feedback compensation technique per se
may be as described in detail in EP-A01191814, 10 It will be obvious to the
skilled person that even though the directional controllers 24, 25 utilized
ifetribanjoabmrooessdsZiwve  been predndbyd-ashindeipensignt! obtitediiers

e lager pe ;
:g [BaY Re fmbssded - Bﬁ%ﬂfyﬁg@itﬁk?ﬁg‘a{r@é%ﬁﬁ@&? RROPERS. O

e hearing aid - in some kin ital signal processor (DSP) or other
khiaBtok fomsERetheiansorabcongtier huay pcthiedaniperane siefsrifed
camivRleys2hg8Ged > maybe totally integrated in the processor. As there
are multiple input transducer signals, multiple feedback signal estimators

apaalad de previgeotatdtpectanstipach contpangaiingsighdis- iamiespective

input, channels might provide a re accurate ¢ ensation. This would
o B BRREN LS o NG & DY AT Bre BHOFSE

reso tlm_eby g_mwe_ﬁeg, tBe iagsupgmgsﬂoabuwmigﬂpllé Feedlvhck-paths are
a I dga%ﬂc-‘l'nétnﬁé%c@l?téQﬁé‘?@é&%&%f?@e%%@é?ﬁgﬁ??@% feedback

compensating signals to all input transducer output signals, or, as shown
irFFERPEBSAHOASBITHASINBIE TeaHhfras dmpebrshifofe g nafdnfo 1491814,
combjination signal. Thus, although the embodiment shown in Fig. 5
e Be ARt e 5 IR RSN AME RSP IPOLE LI SR P E g lers
tige micicphones, idbuoplyp@singiafeedbaclecortpe nsatidspsigaal is

apalied Ay directional contioller that yses the spbtagtion punigle g,
generate a cﬁ?’ecﬁ%nal Cc aracterlst?c In ér‘ent Yy C&US%S a fow-?re ency

r@ﬁedfﬁ@fﬂgei@ufpimtsmgmjgﬁgl al fpal-fregessacydOsy ptheakinds of
frﬁﬁé’g@@@i 9‘?&1‘?@9@@‘ Agyelfi Ef‘ﬂﬂ?ﬂnf@)@%ﬂ&@[&?@&&%]%@&ﬁ%ﬁ%, 25

may alleviate this problem. The embodiment 30 shown in Fig. 5

i RfeiRtalnig ReatiAd thisuRIRAEIhclusion of a dedicated low-

frequency booster amplifier 26, However, inﬁﬁhe design shown in Fi% 3,

0% RSB BRI RSB B TR & oA et

catapadenphyyidsing: N 20QBH4 202 pdNCDKIO0EI OBQ65skctitednput

AmRifiel 2963 v ragtor 3RS e IR AVSIGHLQRHNT i
expensive solution, in terms of hardware and processing resources. However,
assuming that the multiple feedback paths are almost identical, it may be sufficient
to apply identical feedback compensating signals to all input transducer output
signals, or, as shown in Fig. 5, to apply a single feedback compensation signal onto
a combination signal. Thus, although the embodiment shown in Fig. 5 features
three input channels, suitable for processing inputs from e.g. three microphones,

only a single feedback compensation signal is apphied.

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
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incorporated as part of the directional controller 22. The feature of
applying low frequency boost may in itself cause a problem as it lifts also

\48%5%19@1@ noise. Directional processing inherently SUPREE: I(%\%ﬁo 654
frequencies and therefore progressively reduces signal-to-noise ratio.

Boosting may lift the signal, but it is preferred to cap the lift, i.e. to operate
less than 100 % compensation, so ads to avoid lifting the noise too much.
Furthermore, any residual error left by, or generated by, the feedback
canoehbfioniRobendmplifidcas Riall Irtlopdernéraryuanplicesion of this

reRIGHALELIPLN NG 1 RS aLeRaYARosier means, itis generally

preferred to apply feedback compensation only after low-frequency
epatizing: SUSFHAESNeWHy ibsc\aestt afay-if iGeit daue: Retopaersiondifts

that in the context of this disclosure, the concept of a directional controller
S0 1R IEGHSRE S R RITSEHRRA] PESHS L BRAPIRE AN RREESTE Hevice
whejiehyieiractiteadfpreo pertiessard yirydosacsign - tonobiaation Boosttipiey
ustic. input signals. Examples mprise a devi hos
RS e e e R R e R IR oA s oo
demingeosdinasyossgoavdalidangithedioesstiopahisit not currently adjustable
properties, or an ordinary directional microphone. It will be evident to the

SRIEPRYEL AN AL HYEh BFARISobdirdcEsa R Sro o fredbask sanseish e b
the disestional Gentrallerserte kovidfipguansyraializaterwilthemsaded
fgr that directional controller, Fir,. 6 shows an irg)ut%ar cessar 3kaccording
10 SEUBITEE RRSATBRETSr this SRR tioR EBISM Sty €8iRbonents 19a,
18mASGca 200 AP f ROty 2 TeegRdilsy2hoal 2 g ssexipkainkohin irethtiGrydot By .
5 jave been omitted from Fig. 6. Fig. 6 shows a 25 processor for two input
channels with two directional controllers Dirl, Dir2. Each of these

ditectiopal.OntRUarstReEIvES IRt SianRliddased Rftambashdhe input

channels. Processing of the inputs prior to the directional controllers v
irfGEI 2 SPRARY i RIS BRI HBTEFSHIRGAY ot SO Btz Ry &P thlen
matGbinghbiesy Mistaphangopatiiing sustena. dnackoaitineidnedtionable
controllers gjen,era(}es fixef 30 directional cgaracterﬁstic. After [ﬁr?cessing
irftREEE MREAEHA Sc@?%‘ﬁ’&‘l? TSR SRIRERE P16 BUBTSHLEFHS 1Al
freqgipentey agdtipromdjasuglifiers/iidEBs hot EB@yed-duther adiasily will, e
dgeszx%rclctz) %‘%'tﬁ’%!?é’é’n‘%tﬁ B%Eeﬁgp&%g%tﬁ,%dj]ugtable properties, or an ordinary
directional microphone. It will be evident to the skilled person, that if an omni-
directional microphone is used as one of the directional controllers, no low

frequency equalization will be needed for that directional controller.

Fig. 6 shows an input processor 3 according to a second embodiment of the
invention. For simplicity, components 19a, 19b, 19¢, 20a, 20b, 20c, 214, 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
chanmels. 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.



10

15

WO 2007/042025 PCT/DK2005/000654 12 The signals thus generated
are then combined in respective adders 23a, 23h with corresponding
VJ ei?%b% mpensatlng signals 7a, 7b. These signals may n ra} 2d <

back signal estimators similar to the feedback S|gna ator

described in connection with the description of Fig. 1. 5 The feedback

compensated signals 16a, 16b are nidde available for use as control

input(s) to the feedback signal estimator(s) and for processing in a signal

cOheliizpnl SBuA gapstiate ccontitaiterdRabindd prived pesontratksithis 3o bineit!s5,

SUsheh &0 Re SO M. SIONAL B! hike quibtsignal 33, Is

minimized. The preferred “design of the signal combiner35is s own in

derndricripy feedbathaiglirbesiRalEbFoIfele i Eethick denakigheates 6
aghigysthat GRARINAIANIR CcoRbingr 330 their respective output
signals will generate a directional characteristic according to the ratio in

merfddsmmcarecﬁmﬁmed sf@hﬁsmﬁ’iptlﬁe aeontict 24atlybrMmically adaptsothe
ion ratlo of eS| aI com so as to. roduce a

Com

e S S S R BB RIS combiner
réoemé@byaheﬂheﬂﬂn@ra@mmkymnelsymmnmreéeEébb,qca ﬁr@tmtof
tr}ﬁn&l%‘?@é%%&&@%'lﬁi@épg{;’ti@'@dﬁ)&m%? Rrogues A8, P Dreferred

-directional“characteristic while a second one produces a cardioid
chevigatefistcsizapbesficing: 33 Hayendit BritadierEte known as a
back-cardioid, i.e. cardioid characteristic with a n ointing in a direction
opBOSHEGCHE SRESRUER Sitnky 4o aredUEREDIR # Liﬂg Ve &hab gﬁ%?%%iﬂ%‘h mn
padstﬂﬁfntﬁ s&uﬁhedxmdshedwwaﬁdmh seg:ruon)wﬂlgemaztt\ielmtém(ma

rac erlsttlcsl ma bet'g)t se oloa fro rd|0|d and ne%Ckrhe {M%lotlldle
Ac ua al? B Kftlﬁé)c%a%actens ICS WIW be ava?'algf or the choice gthe
sknmpé%sbmmmwlé«mmoﬁmlﬂmmomr@ﬁm thieers tival alooginite| Er so
CUlRYty DANAIS GAHIAHRECUREEN hY R SIARRRIAT A AKGEUARRhal noise

microphone. 25 This arrangement avoids incorporating the complex and

tif§eeiiss Mot hsporerd BrEARIGRD EVERMCSREFBTRY qfiislioat Hitbetional
_ copalistintening parbaf the: feedinaekinatirdbatharssinhrastimated by

" the feedback signal estimator, and thereby eases the function
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rUATIRERES YE7Hie REBERLCRE SEARHARS 4 TR SR ORIFAEH: of FRgEigeally.
fixeddited ihnakcontioltesvare avatigedditst, indherdioid characteristic with

a null pointing in a direction opposite of the intended sound source (suitable if the

conversational partner is situated in the forward direction).

Alternatively, the characteristics may be those of a front-cardioid and a back-
cardioid. Actually, multiple characteristics will be available for the choice by the
skilled person — it is even possible that one of the directional controller output

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

This arrangement avoids incorporating the complex and time-varying component
of an adaptively controlied, 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 controliers 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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30 processing chain, then low-frequency boosters, and then adders for
feedback compensation, while the desired adaptive directional property is

in.a subsequent stage by a weighted mixing of th ts of
severa?%rdgssuch systems. WO 2007/042025 PCT/DK200510%§§§&§ /000654
Hereby the adaptive part of the directional controller is placed outside of
the part of the feedback path to be dstimated by the feedback estimator.
In a variation of this embodiment, more than two directional controllers
Ciltrebir Phanadgpbiee iz etithe ol g prlabesigrralecasbaced GGtudl betmpdifietl
(HERAINE RS ATERRGRY BYMBRLALIRULAlARLE. Accordingly, the

y

problem to be solve ptive controller 24 will be that of

ORtiMiziNg the vesienihatl cRAr kst tagignabceniing tamsueh that the

cost-function is minimized, contrary to the situation with two directional

cBI e ighHet a4t s SETAl SRMDEET RReYHO RS fBPdfRApeeraNg 2
avgitedpeniditheuphisyr aftinpadsaieatonsicadinpvethknovieto thbeldiskilpd
RGeS dlers® he é{*sﬁxé’tfo?‘gr& ihan wo direstional contollers -
requires generation or more %an two Peé’a%a -compensaahng signals, It Is
psesehtympredefieshtd Bppiyiqusthimdirectionalicordolensaty @ithe? a

signalisanRiner SR rRasaLAINg 4R Rarticylar embodi mggﬁ]%#q\ﬁethods for

invention, is shown. According to this embodiment, one feedbac
cHitpensadily 15i58lkdn1Bh A5 ARG S scnsitersihBral AT 96 and
thenicombisgdipwribiragier 34 withtheorierferd ackienrrenssire

signal 16a. The skilled person will be able to suggest other ways of
dBGEHRA G A ST ORI B eIR RSP MRERTAL 2 978 ii¥d%b“%§“y
apegediag ttoappl euhedinirtobthecineniion is shown. Notably, it is
shown that the feedback signal estimator 6 generates feedback 20

‘chmipensating Sigeralsiea 3 7esashng gnaltbginglacapbedifome ofitpensation

. OfRfERRCRR el ABREHONALGO BHOUA AR 0ot iR SRMN Iab RS ed

15

feedback signal estimator 6 receives the feedback compensated signals

16anablohé waridicthis reredigtoamritisyAartd msoetEsag! In -
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to the hearing aid 1 shown in Fig, 4. 25 In Fig. 9, a modified signal

bR S5 T SRS BT AR S S U Bt B B StioHE R RRRpiner-

difeglional, $ianal 183 45 asaumed 10N AN MR- SLIONAY is shown.
Notably, it is shown that the feedback signal estimator 6 generates feedback
compensating signals 7a, 7b, each signal being adapted for compensation of a
respective fixed directional controller. Also, it is shown that the feedback signal
estimator 6 receives the feedback compensated signals 16a, 16b as well as the
processor output signal 15 for processing. In other respects the hearing 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 1s opposed in phase to the front lobe signal. The
combination of these signals in a second subtractor 37b produces an input signal to
the controliable amplifier 36 that possesses the characteristics of a back-cardioid —

i.e. a cardioid with the null pointing in the forward direction. By subiracting an
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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
JObe, wherein the back lobe signal is opposed i t _

fro%t%c})ab%%éignal. The 30 combination of these signals in a s%(ggfnjé 06)5&8654

subtractor 37b produces an input signal to the controllable amplifier 36

that possesses the characteristics ofl4 back-cardioid - i.e. a cardioid with

the null pointing in the forward direction. By subtracting an WO
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controlled amplifier 36 - from the omni-directional signal 16a in the Tirst
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combiner is capable of effectively outputting a signal according to
dﬁfaehaﬁ‘ars§@?&h&ﬁﬂ9€6§ﬁ%¥ﬁmﬁawﬁsma9ﬁ? St HHTOUSh a
fremnteaidigisiand tangifiotise oheighirsiibreonelet adbalieetoisand to a
Further descriptign is given,in - A-02/085066. It will be abvious to
RS e e Bl i R e W I
emibddIBaené, is to be generated by subtracting the back-microphone
signal from the front-microphone signal. Reference is now made to Fi%..
18, witlieh drvirus @ehsirkBletheensplitiprbteddch B eionb BaTpdeitikised in
shavdhiBolithefs, Figo 30 ghewstheyrisraphenes 8aci8himaiabiatignal
amplifier ﬁl&?’b’ matching controller 25, and directional controllers Dirl, Dirt.

THEM S8 ERlSHSI TN ie%Each includes a.set of first adding circuit

3%% 39n%9£‘§8ﬁ n‘%'faezLé‘)(o SVICh 408 A Qs PGS RO AAdING means 413,
41Db. Thus, each of the directional controllers outputs a signal according
tohe raprsictigotfikedsenEigvityFisatte shorndhadaistaribenos Birdibtivigidsing

ORI ANGE SN AL HNISLERATN LY AP REARKIRLE oREPEESSHIR QTG $19P2IBhe
output by the directional controllers (re. Flgir%. 15 Claims 1 A hearing aid

COHTSHENY COUTRISTHTRTB BIOIRE tSrsebPVBRIG UBE S GHID A Tt anbise

Si&ﬂél}; device 40a, 40b, and second adding means 41a, 41b. Thus, each of the
directional controllers outputs a signal according to a respective fixed sensitivity
pattern, and adaptation of directivity is obtained further downstream by appropriate

processing of the signals output by the directional controllers (re. Fig. 6).



- a second microphone for converting sound into a second audio signal; -
directional processing means for combining the first and the second audio
signal to form a spatial signal; - means; for boosting low frequencies of the
spatial signal in order to produce an equalized spatial signal; means for
estimating a feedback path and for generating a feedback compensation

Claigsal; - means for combining the feedback compensation signal with the
equalized spatial signal in order to form a feedback compensated and
equalized spatial signal; - hearing aid processing means for processing

1 the fOHFAHRR BEMPAARHERPand equalized spatial signal to form a hearing
loss cafirpemgateth signédy canvedipy stiamsahiicer fictt eoniestorgthe hearing
loss ¢ ' i i i tput: - ' .
direét%na %r%ana{ﬂ%r'] g?’ﬁcﬁ%o?é?(ﬁ ingg&ﬁﬂe]lézéléeu gt?oﬁﬁ pﬁ%%%%@?n%@glﬁjsatlb
providdrgatpitatierPesIae S patRl SidAR LIRS da¢i g hrnacksrriphe audio

sigelain forepaypisiagsigeans for adaptive matching of the first and the

second audiq signals. with respect to.gain. and phase characteristics, of th
ot R R R e g A S s e
angheadedrapatiebsigrfal boosting low frequencies is combined with the

direc_tiqq@é,ﬁr %@Ségﬁgngi%“%- %e@tﬁ?&”ﬁgtﬁ‘id SﬁH‘!%ifSi Sherdtiii§ta feedback
microphone for converting sound into a first audio signal; - a second

Oy 8RS @ onverting sound into a second audio signal; 16 - first
directioreainsr émessmigimreatie férecibantyi roog phedattbransd tia weécdhd apdiized

sptfNa|dRalommLAlrsh 8RN AlgBRlox %SHRJ%%H{,&&t%&EQﬁz@é‘@E&{%?&BﬁaI;

for combining the first and the second audio signal to form a secon

spatial8R§iel 2lKiPspeansiIL S1aRRaiR BosBEENa dhe dprekRRkRaEwsheated and
edliegizegaliaisignghntofelen toHmthicr s bishpspedizadsigpatial signal; -
second quL{alig{ar means for boostiﬁ%low frequencies of the sec?.nd , .
spatia n-output tfansduceér for converting the hearing [0Ss compensation signal into
an acoustic output; and
- an adaptive directional controller for controliing the directional processing

means to provide adaptation of the spatial signal.

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;



signal in order to produce a second equalized spatial signal; - means for
estimating a feedback path and for generating a feedback compensation
signal, - means for combining the feedpack 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; - a beam
formefifetr doatiniag phecéisstranthehessetonebagualtizetharfds ferdbtiek second

aufRye aieg-sPakAlSigngks dRypader to produce a beam former output

signal; - hearing aid processing means for processing the beam former
outpUSERPTE HEPRSIPNA POSRRY 8 LB pehSArBa i He- st Ghptie second
autiiansgumien forrmanyetting thethesignglloss compensated signal into an
acousfic.o " - ' irecti oll trolling the. _, .
peam e e A e e o S [ T R e i
orgRsAAmcairaccitingueiensdpratialsierealh the first directional processing

meansdeainptraiigcpioddRe adirsbbxashspatinbquindles HahaceRIsHAGHtial
a first, ;(i;g?gosens'tivity patterg, and the seC9nd directional processing

Signqa‘ NS aﬁfg 16 Sr%%‘ff@e 5%%%‘%%8 ﬁ%éaisﬁ'gﬁ‘g ;output signal

eansisa
accordingptts afge@stich dfikgd adasilivigk patiernasd The beasirgrgda feedback
coRfsNEingQigIM 4, comprising means for adaptive matching of the first
and the second audiq signals for matching the first and 17 the second
audio DGAAT Wi MRIPIES: 15 e Y SARRS IR RIALRLYIE the firdiand the
seaod #p.sahdpmtief gidrane sin7ordehearfiognaadficsinapd singg @ fidséqualized and
fe&i&a(&?%ﬂﬁ%éﬁ&&%‘é ing égHng into a first audio signal; a second

microphone for converting sound into a second audio signal; first
directich&93McEysifg nmiearferRiB BN §rthedt thadserosd coprlgadiand

fesipaak tedenmarmbtsd spalial gmals - isecand dirastanat PsOBess NG IMBANSutput
Sig]]‘Réral(;:ombining the first and the second

- hearing aid processing means for processing the beam former output signal
to form a hearing loss compensated signal;

- an output transducer for converting the hearing loss compensated signal into
an acoustic output; and
- an adaptive directional controller for controlling the beam former in order to provide
adaptation of the spatial signal.

5. 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.

6. 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



audio signal to form a second spatial signal; - a beam former for
combining the first and the second spatial signals in order to produce a
beam former output signal; - equalizer jneans for boosting low frequencies
of the beam former output signal in order to produce an equalized beam
former output signal; - means for estimating a feedback path and for
thgyenevatiray didetgiizde wittowypens atignisignabhase ahartatamtidsningdhest and
thé%ﬂﬁmmﬁon signal with the beam former output signal in
order to form a feedback compensated and equalized spatial signal; -
hearing aid processing means for processing the feedback compensated
7.and awizalingchRpabalmigingl to form a hearing loss compensated signal; -
an outpyt ransducer for. converting the hearing lass coglaensaﬁed signal

. p ?ne for converti 8SOUH ! % irst audi Slﬁna
Into an acoustic output; and - an adaptive directional controner for

controflifgcans higiprforngefan ortiartiog pawidenkel et elutie Spashl
Signa'-f@stT&%Bﬁ@{m%ﬁige@Sﬁ@dﬂ%r‘%@ ClRIM: bR I8IRORAeaRE TPl second

daptive matching_ of the first and the second audio signals for matching
a %’8 ﬂ%'?aa{rtl%laftﬂ{g‘s%%@ﬁapé‘ﬂa%'gﬁﬁhals with respect to gain and phase
charactetiit slicfatentit siraceb sivey seeensl ioicrophininestt e #xshethotieotecond
aﬁgg@@%mg)sfgg;}@éssfé%g@sfgggﬁg%%econd microphone in a hearing aid,

comprising 18 - converting input Signals from the first and the second
microghBREE R85 ifSt comePiisedbRdist drRydfamancoateamiabsionals in order
to oasioicergidendifstramdoite s e@pil audio signal to form a spatial signal; -
boosting loyy frequencies of the spatial signal in order.ta praduce an
_equali}e%a“ sr'aatria%s%nal; 8stk|)m?§|ﬁn a%f"ée‘g%%%i”ﬁ?ﬁn gn%%§ﬁ§t%ti§én&er output
sigaabipARYOMPEssEas SigwlizeddraBmifaimse sedi &td0abmpensation
signal widaikererrlizesdispasiafesignali inaderdJadorn adeadRASKa feedback
compensated and equalized spatial signal;
compensation signal,
- means for combining the feedback compensation signal with the beam former
output signal in order to form a feedback compensated and equalized spatial signai;
- hearing aid processing means for processing the feedback compensated and
equalized spatial signal to form a hearing loss compensated signal;
- an output transducer for converting the hearing loss compensated signal into
an acoustic output; and
- an adaptive directional controller for controlling the beam former in order to

provide adaptation of the spatial signal.

8. The hearing aid according to claim 7, 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.

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



- processing the feedback compensated and equalized spatial signal to

form a hearing loss compensated signal; - converting the hearing loss
compensated signal into an acoustic oggput; and - adaptively controlling

the directional combining means to provide adaptation of the spatial

signal. 10. The method according to claim 9, comprising adaptively
matchaegusfrihe fivstt aigdatsefrose dmel fiisicho G ihrade fondmatotoiplopties fingt a first

ananddhe secrr audig-signals with respect to gain and phase
characteristics of the first and the second microphones. 11. A method of

proceSYRGISIAMARTYATE 8t HRua<dBBREFARG M &N ah & i afuspatial

sigg@mprising - converting an input signal from a first microphone into a first

dio si . ; f . :
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eaxalire SRPAPIGIBIAN a first spatial signal; - directional combining the first

and thessrEANRY avsiasionabla IRy arkesonsla $ealich StaRRhpeROARNGignal,
low frequencies %ft efigst Epatial signal in order t hptroduce first tial sianal
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signal, - combining the feedback compensation signal with the first and
hegfingda¥haaRERTEd S98R4I signals in order to form a first and a second
equalizedvartohdeted heckingdngsersaped sspadi algsighiatp-aroach it dbi dit stind

and thesesnon eghalied anddredback commansalad el iR Aon

beam former in order to uce a beam former dutput signal;
of fhs PiRlPWiAbeam former output signal to form a hearing loss
compensated signal;

10. The method according to claim 9, comprising adaptively 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.

11. A method of processing signals from a first and a second microphone in
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;

- directional combining the first and the second audio signal to form a first
spatial signal;

- directional 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;



- converting the hearing loss compensated signal into an acoustic output,

and - controlling the beam former in order to provide adaptation of the

spatial signal. 12. The method accordipg to claim 11, comprising

estimating a feedback path and generating a feedback compensation

signal in respect of each of the first and the second equalized spatial

signalsstigiatihg mdededtbamcoaimagnd dtaimebéraiin paisieepdpeoducingpenaation
sigﬂ@ﬂ directional processing means a first fixed spatial output signal

according to a first, fixed sensitivity pattern, and producin%in a second

directiGRAIPEC G FARAHS PRI aiosFhM bt ErsigRRg the second

ecaetpedinpatiabsgpeond, kg sefsitivityigatdetna 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;

- processing the beam former output signal to form a hearing loss
compensated signal;

- converting the hearing loss compensated signal intovan acoustic output, and

- controlling the beam former in order to provide adaptation of the spatial
signal.

12. The method according to claim 11, comprising estimating a feedback path and
generating a feedback compensation signal in respect of each of the first and the

second equalized spatial signals.

13. The method according to claim 11, comprising producing in a 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.



