METHOD FOR CONTROL OF ADAPTATION OF FEEDBACK SUPPRESSION IN A HEARING AID,
AND A HEARING AID FIELD OF THE INVENTION Embodiments of the present invention relate to
hearing aids. Embodiments of the 5 invention more particularly relate to hearing aids that rely on
adaptive feedback suppression in order to reduce thel problems caused by acoustic and mechanical
feedback. More specifically, embodiments of the invention relate to methods for control of the
adaptation of feedback suppression systems in hearing aids. BACKGROUND OF THE INVENTION
10Acoustic and mechanical feedback from a receiver to one or more microphones will limit the

maximum amMﬁEﬁ@P ﬁ%&%@%%@& QWMEW@BE@@%% M@gﬁ%%ﬁ%aﬂon in

the hearing aid ¢EPATEIDGE PEENNENCES, MNICRIB@pethe spectrum of the output of the hearing aid in

undesired ways and even worse, it can cause the hearing aid to become unstable, resulting in

whistling or h%éiﬂg. 5p%ﬁ§1§\%ﬂggl§i%ﬁsually employs compression to compensate hearing loss; that

is, the amplification gain is reduced with increasing sound pressures. Moreover, an automatic gain

control is commonly used on the output to limit the output level, thereby avoidingﬁc&pping of the signal.
r

In case of instabiptigse dohshessrinrateniass knhsanpsde Hrbsdirmtrrirgipally stable, thus
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hearing aids to compensate the acoustic and mechanical feedback. The acoustic feedback path can
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BACKGROUND OF THE INVENTION

10 Acoustic and mechanical feedback from a receiver to one or more microphones will
limit the maximum amplification that can be applied in a hearing aid. Due to the
feedback, the amplification in the hearing aid can cause resonances, which shape the
spectrum of the output of the hearing aid in undesired ways and even worse, it can
cause the hearing aid to become unstable, resulting in whistling or howling. The

15 hearing aid usually employs compression to compensate hearing loss; that is, the
amplification gain 1s reduced with increasing sound pressures. Moreover, an automatic
gain control is commonly used on the output to limit the output level, thereby avoiding
clipping of the signal. In case of instability, these compression effects will eventually
make the system marginally stable, thus producing a howl or whistle of nearly constant

20  sound level.

Feedback suppression 1s often used in hearing aids to compensate the acoustic and
mechanical feedback. The acoustic feedback path can change dramatically over time as
a consequence of, for example, amount of earwax, the user wearing a hat or holding a
telephone to the ear or the user is chewing or yawning. For this reason it is customary
25 to apply an adaptation mechanism on the feedback suppression to account for the time-

variations.

An adaptive feedback suppression filter can be implemented in a hearing aid in several
different ways. For example, it can be IIR, FIR or a combination of the two. It can be

composed of a combination of a fixed filter and an adaptive filter. The adaptation



An adaptive feedback suppression filter can be implemented in a hearing aid in several different ways.
For example, it can be IIR, FIR or a combination of the two. It can be composed of a combination of a
fixed filter andcamad@ptis® filter. The adaptation 2 mechanism can be implermentacincseweral different
ways, for example algorithms based on Least Mean Squares (EMS), Normalized Least Mean Squares
(NLMS) or Recursive Least Squares (RLS). WO-AI -2007113282 discloses an anti-feedback system
where the adaptation of the 5coefficients of the adaptfve feedback cancellation filter is halted if it is
detected that an external tone is played. The publication also discloses methods and hearing aids

adapted to detect if a sudden i crease in §cfund" ressure occurs ;rndato tergg,ggra[itly suspend the
adaptation of the TE&YBAK CAnEERHBA e A WA ds WO AT 260 711" i5closes that loud
sounds (not necessadiyn duddéiyodhradse dadse MamdinkiriéantyéhamiSninren@ibMnbre components of

the hearing aid. 'M&@gggq@jﬁsfleﬁg,lg@g?&agh as it is seen from the cancelling filter's perspective
embraces microphone(s), receiver and input- and output converters. Saturation or overload in one of
ng a linear filter is

these units thus esp {.,275 q n-linearity in_t,he; ta,cg(usti feedback path. Assumi
used for feedbaccl\‘(%{:%fl?c?e?l% |o]ﬁ1” s‘uic]:%qéksogﬁ Ieinﬂlté%sl,)f (fe ?g |I[t}5e_\ryl}suih%%e%ﬁ%€eu grorinic])%jeling the highly
nonlinear sat@irationtfurrton! thusieasidectdsirorsw therddastatiohedrhdrefdrec gédording to an
embodiment, a defector forregognitionofthese;circumstancesisincugrchinthe agaptation
mechanism and . : : _ :

adapted to detect if a sudden increase in sound pressure occurs and (o temporarily

suspend the adaptation of the feedback cancellation filter afterwards.

WO-AT1-2007113282 discloses that loud sounds (not necessarily sudden) can also cause

10 anonlinear behavior in one or more compenents of the hearing aid, The acoustic
feedback path as it is seen from the cancelling filter’s perspective embraces
microphone(s), receiver and input- and outpul converters, Saturation or overload in one
of these units thus corresponds to a non-finearity in the acoustic feedback path.
Assuming a linear filter is used for feedback cancelfation (such as an FIR lilter), the

15 [ilter is inadequate for modeling the highly nonlinear saturation function, thus leading
to errors in (he adaptation, Therefore, according to an embodiment, a detector for
recognition of these circumstances is included in the adaptation mechanisim and
adaptation of the cancellation {ilter is temporarily suspended when the non-linearity
occurs. The adaptation may, according to a particular embodiment, be suspended for a

20 short while after one circumstance of that kind has been detected,

CGenerally WO-A1-2007113282 discloses that in order to maintain a specific
uncertainty on the filter coeflicients, the adaptation speed shouid be reduced when the

gain of the hearing aid is reduced,

US-B1-6434247 discloses a feedbuck cancellation system for a hearing aid that adapts
25 afirst filter in the {eedback path that models the quickly varying portion of the hearing
aid feedback path, and adapts a second fiiter in the feedback path that is used either as a
reference {ilter for constrained adaptation or to model more slowly varying portions of
the feedback path. The second [ilter is updated only when the hearing aid signals
indicate that an accurate estimate of the feedback path can be obtained. Changes in the

30 second filter are then monitored to detect changes in the hearing aid feedback path, The



adaptation of the cancellation filter is temporarily suspended when the non-linearity occurs. The
adaptation may, according to a particular embodiment, be suspended for a 20short while after one
circumstance of that kind has been detected. Generally WO-A1-2007113282 discloses that in order to
maintain a specific uncertainty on the filter coefficient3, the adaptation speed should be reduced when
the gain of the hearing aid is reduced. US-131-6434247 discloses a feedback cancellation system for
a hearing aid that adapts 25a first filter in the feedback path that models the quickly varying portion of

the hearing aig{eeghack paf andadapis A racopd ditekindhe derdback path thaldsusedeither as a

reference filter for constrained adaptation or to model more slowly varying portions of the feedback
path. The secthdfltEaitsesivaate fomysivbfeedbask sanepaier JiifHrdre thaatan eteurate estimate

of the feedback pathsanPeLREINei ChaneesHe heRispaordhiltesareien moniigra to detect

changes in the hearing aid feedback path. The 3 first filter is adaptively updated at least when the

condition of tHESIgWST thaiswisthsiead koelthehesimte sipHysiireadbakctvastibe made. It
may be updatrd QA LORIRILAUS LI us N asitd bisirbeLaiscosedinal i sheampression hearing

aid, the lower the ambient signal level the higher the gain, resulting in a more favorable 5level of the
feedback relafiéns PREETOFIRECEIAITE O shyrislaptittel e ophe moBmreisatctepdirglort&r convergence

of the adaptivg,filter andsayoese accurpiedessbackpatbmadebfilsibespie pladaptation.n a
compression hearing aid can be increased at low input signal levels or equivalently for high
compression wﬁtmégl_eveis or equivalently for high compression gain values.

One problem with the prior art systems is that the anti-feedback system during

10 unfavorable conditions will attempt to adapt to an input signal that is primarily noise.

Another problem is that the anti-feedback system during unfavorable conditions may

* adapt so fast that the hearing aid becomes unstable,

Embodiments of the present invention seek to overcome at least these drawbacks and
provide more efficient and stable methods for adaptation of anti-feedback systems in
15 hearing aids while maintaining the sound fidelity of the acoustical sounds. Hereby user

comfort for the hearing impaired can be improved.

Embodiments of the present invention seek to provide a hearing aid comprising an anti-

feedback system with improved user comfort and sound fidelity.
SUMMARY OF THE INVENTION

20 According to a first aspect, there is provided a method of controlling adaptation of a
feedback suppression filter in a hearing aid, comprising the steps of: converting an
input sound into a microphone output signal, deriving an input signal from the
microphone output signal; subtracting a feedback suppression signal from the input
signal hereby providing a hearing aid processor input signal, adapting filter coefficients

25 of a feedback suppression filter using the hearing aid processor input signal as control

-signal, forming a hearing aid processor



One problem with the prior art systems is that the anti-feedback system during 10unfavorable
conditions will attempt to adapt to an input signal that is primarily noise. Another problem is that the
anti-feedback system during unfavorable conditions may adapt so fast that the hearing aid becomes
unstable. Embodiments of the present invention seeR2o overcome at least these drawbacks and
provide more efficient and stable methods for adaptation of anti-feedback systems in 15hearing aids
while maintaining the sound fidelity of the acoustical sounds. Hereby user comfort for the hearing

impaired can Qe ]l;rr% imen t jnvention s [ a hearing aid
comprising anggﬁ?e%g%ﬁgc sys gégn% %itér?i?ﬁﬁé?gviz{?i%gré(?é%m?ég%nggsﬁgﬁggﬁg %/ Egﬁ?l{/l ﬁﬁ%ﬁY OF
THE INVENT RON220MREEaRd] ﬁ@t&mﬁ@kﬁmﬁsméi@p}m@a heathadaéd pomteshimgraiaptation of
a feedback suppressioR fillh inya- IRAHAG A8, LOMmRISIG: &Eg%% %}I:tEQF}*éS&HQ&cai?]xﬁ%ﬁ?%ts%%“.”d Into &
microphone output signal, deriving an input signal from the microphone output signal; Subtracting a

feedback suppréssiBisrigauidmadnpirin sighal fredbpgiproniusg enhidemyteinl robessof input
signal, adapting filier caefficients Jankad %%%Q@%?éﬂ%éﬁﬁﬁﬁgg fillegqising the hearing aid processor

input signal as control signal,formingahearingaidprocessor

This provides a method of controlling adaptation of a feedback suppression system in a
hearing aid that efficiently suppresses feedback and provides an improved user comfort

and sound fidelity.

According to a second aspect, there is provided a method of controlling adaptation of a
10 feedback suppression filter in a hearing aid, comprising the steps of: converting, in a
first microphone and a second microphone, input sound into a first microphone output
signal and a second microphone output signal, respectively, adding the first microphone
output signal and the second microphone output signal hereby forming a first input
signal, subtracting the first microphone output signal from the second microphone
15 output signal hereby forming a second input signal, subtracting a first feedback
suppression signal and a second feedback suppression signal, from the first input signal
and the second input signal, respectively, hereby providing a first hearing aid processor
input signal and a second hearing aid processor input signal, respectively, adapting
filter coefficients of a first feedback suppression filter and a second feedback
20 suppression filter, respectively, using as control signals the first hearing aid processor
input signal and the second hearing aid processor input signal, respectively, forming a
hearing aid processor output signal based on signal processing of the first hearing aid
processor input signal and the second hearing aid processor input signal, deriving the
first feedback suppression signal and the second feedback suppression signal,
25  respectively, from the hearing aid processor output signal by filtering the hearing aid
processor output signal in the first feedback suppression filter and the second feedback
suppression filter, respectively, suspending the adaptation of the first feedback

suppression filter when the level of a



output signal by applying an amplification gain to the hearing aid processor input signal, deriving the
feedback suppression signal from the hearing aid processor output signal by filtering the hearing aid
processor output signal in the feedback suppression filter, suspending the adaptation of the feedback
suppression filter when the level of a 5hearing aid reférence signal is below a predetermined
threshold. This provides a method of controlling adaptation of a feedback suppression system in a
hearing aid that efficiently suppresses feedback and provides an improved user comfort and sound

fidelity. Accorging ‘&ﬁiﬁ%%ﬂ @é@%&h@fg@ provided.a methed,pf coniralling adapigiiongha 10

feedback suppression filter in a hearing aid, comprisin%the steps of: converting, in a first microphone

and a secondsHiReBETETBC iR EiRmerite wead Avedbpromwpiaisinsigiel whendselayist ahicrophone
output signal, fespaaiively. addiegibe.frsbmicophions, QuiBYL SigRl apddlieRRAE microphone
output signal hereby founing a first input signal, subtracting the first microphone output signal from the
second microphone 15 output signal hereby forming a second input signal, subtracting a first
feedback suppression signal and a second feedback suppression signal, from the first input signal and
the second input signal, respectively, hereby providing a first hearing aid processor input signal and a
second hearing aid processor input signal, respectively, adapting filter coefficients of a first feedback
suppression filter and a second feedback 20suppression filter, respectively, using as control signals
the first hearing aid processor input signal and the second hearing aid processor input signal,
respectively, fol ming a hearing aid processor output signal based on signal processing of the first
hearing aid processor input signal and the second hearing aid processor input signal, deriving the first
feedback suppression signal and the second feedback suppression signal, 25 respectively, from the
hearing aid processor output signal by filtering the hearing aid processor output signal in the first
feedback suppression filter and the second feedback suppression filter, respectively, suspending the
adaptation of the first feedback suppression filter when the level of a 3b first hearing aid reference
signal is below a first predetermined threshold, and suspending the adaptation of the second feedback
suppression filter when the level of a second hearing aid reference signal is below a second
predetermined threshold. 4



This provides a method of controlling adaptation of a feedback suppression system, in an advanced
hearing aid comprising two microphones, which efficiently suppresses feedback and provides an
improved user comfort and sound fidelity. According to a third aspect, there is provided a hearing aid
comprising a microphone 5 for converting sound intdta microphone output signal, means for deriving
an input signal from the microphone output signal, estimating means for estimating a feedback path
and for generating a feedback suppression signal, means for combining the feedback suppression

signal with therfpoiRRRIh{RMTs PeaRmA RIBGERSAIFRYIana! g@%&ﬁ%ﬁ%&eﬁgmg means

for processing the hearing aid processor input "10 signal to form a hearin procéssor output signal,

an output trariguybentse heavaging grenbaamsg aoipsepBeoeowhishsifieirinty amweresssstic output,
means for adaptation %&*ﬁ&ﬁﬁ@%@%@@éu&?@%@&%ﬁ&egé;mgﬁﬁ&eﬁ el of a hearing aid reference

signal, means for comparing the level of the hearing aid reference signal with a predetermined
threshold level, and means for suspending the adaptation of the estimating means when 15the hearing

aid reference AfFAEIRS &P 18 Burdviiperhribgsdirmmuiiadrashrbne e THRPpRVHIaSHFRINAG aid with
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microphone opiputsignal resrestively fitsissaatiakifprsialinationmeansdor addipgthefisthe
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threshold level, and means for suspending the adaptation of the estimating means when

15 the hearing aid reference signal level is below the predetermined threshold level.

This provides a hearing aid with at least one microphone, which efficiently suppresses

feedback and provides an improved user comfort and sound fidelity.

According to a fourth aspect, there is provided a hearing aid comprising a first
microphone and a second microphone for converting sound into a first and a second
20 microphone output signal, respectively first spatial transformation means for adding the
first microphone output signal and the second microphone output signal hereby forming
a first input signal, second spatial transformation means for subtracting the first
microphone output signal from the second microphone output signal hereby forming a
second input signal, means for combining a first feedback suppression signal and a
25 second feedback suppression signal, with the first input signal and the second input
signal, respectively, hereby providing a first hearing aid processor input signal and a

second hearing aid processor input signal, respectively, means for adaptation of the



5 processor input signal and the second hearing aid processor input signal, an output transducer for
converting the hearing aid processor output signal into an acoustic output, means for deriving the first
feedback suppression signal and the second feedback suppression signal, respectively, from the
hearing aid processor output signal by filtering the h%%lring aid processor output signal in the first
feedback suppression 10 filter and the second feedback suppression filter, respectively, means for
detecting the level of a hearing aid reference signal, means for comparing the level of the hearing aid

reference sigpalawith arprrdeiernined:threghaidpvelRremaansifar suapandingdineragantation of the

first feedback suppression filter when the level of a first hearing aid reference signal is below a first
predeter mine¥RPFESHIId ! Eiar rBeHE fbY. s pe RaiHY tstisagag sk sreine i8geEbrHgTRissack
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predetermined threshold. This provides an advanced hearing aid with two microphones and spatial
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skilled in the art from the following description wherein the invention will be explained in greater detail.

BRIEF DESCRImHRON &I PR DRIQIR GSB)avaK Jragariille thtte SeapoiiPaitl 4edtived a

preferred embogiment of this2SinyRationnAsnmll be-asalieedibr-ioventinnis Garable atasher different
embodiments, and its several details are capable of modification in various, obvious aspects all without

departing frorfPEHBAFH SmITS AV SHambIy PR Bralingea e desshgiRP B Ty e Eelilustrative
in nature and RS HRstIClivRHI NG draNIRES: HRibid- stllustiateshighrschamatissieaibgaring aid
with a feedback suppression system comprising an adaptive feedback suppression filter;
10 filter and the second feedback suppression filter, respectively, means for detecting the

level of a hearing aid reference signal, means for comparing the level of the hearing aid

reference signal with, a predetermined threshold level, and means for suspending the

adaptation of the first feedback suppression filter when the level of a first hearing aid

reference signal is below a first predetermined threshold, and means for suspending the

15 adaptation of the second feedback suppression filter when the level of a second hearing

aid reference signal is below a second predetermined threshold.

This provides an advanced hearing aid with two microphones and spatial transforming
means, which efficiently suppresses feedback and provides an improved user comfort

and sound fidelity.

- 20 Still other embodiments of the present invention will become apparent to those skilled
in the art from the following description wherein the invention will be explained in

greater detail.
BRIEF DESCRIPTION OF THE DRAWINGS

By way of example, there is shown and described a preferred embodiment of this

25 invention. As will be realized, the invention is capable of other different embodiments,
and its several details are capable of modification in various, obvious aspects all
without departing from the invention. Accordingly, the drawings and descriptions will

be regarded as illustrative in nature and not as restrictive. In the drawings:



Fig. 2 shows a flow diagram illustrating a method of controlling adaptation of an anti-feedback system
in a hearing aid according to a method embodiment of 5the invention; and 5 Fig. 3 illustrates highly
schematically a hearing aid with an anti-feedback system comprising two adaptive feedback
suppression filters according to an apparatus embodfthent of' the invention. DETAILED
DESCRIPTION 50ne problem with the known prior art systems is that the adaptation speed of the
anti- feedback systems typically increases with decreasing microphone input signal level. This is :
disadvantageqys in e SHLAHRRS ALFRHEE SO VHOMAYGIRNANS 0PI SI0ablexE] Jfauires that the
microphone input signal level due to acoustical and mechanical feedback is likewise very low and the
anti-feedback system s¥flciReieiE st pptdentioadegsbasiapppessinBitdiat may primarily be low
signal level noise, such as e.g. microphone noise. Another problem with the known prior art systems is

that very low migrophenesputsionalievelsiaaniead focinstabiyinginthesdaptationspeed of the
anti-feedback system bejgg tgo high. This may e.g. be the case for adaptation algorithms based on the
ot

15 MATS algorithm. IAHJ8eTRacE Mg Rttt A 6T e sreiBadisripHEnetnder special
circumstances. The hgaringaidomigrphone may be turned off when sound is provided to the hearing
aid through direct audio input, when the hearing aid is used in a special telecoil program, when the
user listens to a sound message from the hearing aid or 20when a user simply wishes to mute his
hearing aid. Obviously the microphone input ' - -



signal levels will fall to very low values under these circumstances, Reference is first made to Fig. 1,
which illustrates highly schematically a hearing aid 100 with an adaptive feedback suppression filter.
The hearingaiid Brasieatisgscomprises microphone 101, hearing aid processec @2 segcaivers 103 and
adaptive feedback 95suppression filter 104. In Fig. 1, the level of the input signal 105 is compensated
by subtraction of the level of the feedback suppression signal 106, The resulting signal 107 is used as
input signal for the hearing aid processor 102 and control signal for the adaptive feedback suppression
filter 104. The output signal 108 from the hearing aid WO 2011/042055PCT/EP2009/063076 li
processor 102 is 1gs.eﬁl aslin ut sjgnﬂ fQ[Ithe rgpﬁi\(e{ 103 )an%]in ut si([}ln_?!\ _]‘(?r,tq(e) a‘(ﬁl_ggtive feedback
suppression filter 194, R‘Ee%uesrlean%"e I§ow made” oyl'—"}gl.e IIRIE NS (igi?ﬁﬁ’/ S F’lé’fnatically a flow
diagram of a method of comrotingtadaprationofthfdedbackssupplessiorrsiggad wa hearing aid
according to a first methqg,embodiment:of trenlhyeBrian;, In a first step 201, sound i.s converted into
an input signal by a hearing aid input transducer. In a second step 202 the level of a feedback
suppression Sig”ﬁ'ﬁ%ﬁ&fi«‘fﬁﬁé}%@%ﬂ%@g level of the input signal, hereby forming a hearing aid
processor input: signal. In a'third step 203 the hearing aid processor calculates and applies a gain to
the hearing to aid processor inPut: signal, hﬁergb‘}/ forming a hearing aid. processor output signal. In a
fourth step 204 tHE"SAEHRE YEEIBA R SUpIEsEion Hies RARP LT ATAREF b et UuiHg the hearing
aid processor inputdigrial agoentpdtdiginakehca fifth Gtepa20p therdganngaidsprodéssdr output signal
is converted into ppUL; SONRA RYANGAING Jid.QuiPutaRsduGer R disixihsier,206 the feedback

suppression signal is derived. from Is the hearing aid processor output signal by filtering the hearing
aid processor outfitit' StgHEFIRPHE feBtiBaeKUBBreSSish itk iR 14 dsvatith! 48 50 fd'adaptation of
the feedback supperassitnsfilienisesuspendediwheanitie-ldvek ofthe hearing: aid prosgssor output signal
is below a f'r@t prgtgz{aﬁrmlned (ghres ﬂ!lgm_ In.anot ye[;eﬁmvbso[gﬁgﬁnt }he.adggggggn of the feedback

. O an inNput signna Hay gﬂ.mlan eve HOISF, C(% .
suppression filter Is suspende when the level of'the input'signal is below a second predetermined
threshold. microphone noise.

Another problem with the known prior art systems is that very low microphone input
signal levels may lead to instability due to the adaptation speed of the anti-feedback
system being too high. This may e.g. be the case for adaptation algorithms based on the

15 NLMS algorithm.

In modern hearing aids it is also known to turn off the microphene under special
circumsiances. The hearing aid microphone may be turned off when sound is provided
to the hearing aid through direct awdio input, when the hearing aid is used in a special
telecoil program, when the user Hstens to a sound message from the hearing aid or

20 when a user simply wishes to mute his hearing aid. Obviously the microphone input

signal levels will [all 10 very low values ander these circuiustances,

Reference is first made to Fig. 1, which illustrates highly schematically a hearing aid
100 with an adaptive feedback suppression filter, 'The hearing aid basically comprises
microphone 101, hearing aid processor 102, receiver 103 and adaptive leedback

25 suppression filter 104, In Fig. 1, the fevel of the input signal 105 is compensated by
subtraction of the level of the feedback suppression signal 106, The resulting signal 107
is used ag input signal for the hearing aid processor 102 and control signal for the

adaptive feedback suppression filter 104, The outpat signal 108 from the hearing aid



In yet another embodiment the adaptation of the feedback suppression filter is suspended when a
level of a whitened hearing aid processor output signal is below a third predetermined threshold.
Whitening fox optimizingsthe adaptive feedback suppression in hearing aidsds/kpsanopgrise. This is
further described in e.g. WO-AI - 252005096670. The hearing aid input, signal, the hearing aid
processor output signal and the whitened hearing aid processor output signal may all be denoted
reference signal as a general term. 7 Reference is n6w made to Fig, 3, which highly schematically
illustrates a hearing aid 300 with an anti-feedback system comprising two adaptive feedback
suppression filters. The hearing aid basically comprises a pair of microphaones 301-a and 301-b, a
hearing aid procd¥88r 382 rdedie s ARt bsH B gja(élﬁﬁ(/gij’ezgﬁltﬂ%% §'l§"6i51r§) 8n sfilters 304-a
and 304-b. In Figa@paviirtéipulsignal305-alis fdkHned by using a first microphone 301-a for converting
input sound into a first microphone output signal 309- a, using a second microphone 302-b for
converting input. seurddntoa-secondJnigrophane putputsiginal\308:handipdding; dmspatial

transformation means 3 O-a‘saig_of{' St rmcr?ﬁhon?aogt tsﬁqnal 309-a and,said second.(fnicrophone

. Of & meti) of con 11) Apldtion Q COHC LDPICSSEOEE 5161 Pli ma hedarng al
output signal 309 b"tohiereby forming said input signa -a. (p,]’omblnlngéﬁe mlcropjhéne output

signals by summirgepioducedissigiaithabedinpe dehotégeaicomni-directional input signal or a first
spatial signal. A second input signal 305-b is formed by using a second microphone 3014) for
converting input soufigsintepe&ecomnd microphadencutp utsigriah309-bhasimgalfinptmicrophone 302-a

for converting inAyfSOURM [Rt0.3 AFSLeRFYGEARORNG: 9["Eﬂﬂ&ﬁi&@?Ju%?%@@i@rpgﬁﬂpg%ﬂ%lé@ spatial

transformation means 310-b, first microphone output signal 309-a from second microphone output
signal 309-b herdBy Tatfiiglindhe SEHags-breurBinityher it AP RORE SEBaTsTgRats by
subtraction produgesia:sigaabthat canibe denstedsahi-diraetional ipputs signalora sesord spatial
signal. The levels %f the ingui signals F’ 5-a and 305-b are co,mpe,nsated 2C bu\( subtf ction of the
10 “aid processir m%\g g %m ) 'eé%é %)mllﬁné a hearrﬁg ard processor outpul signal. 15 a
feedback suppression signals -aan -b. resulting
fourth step 204 the adaptive feedback suppression filter adapts its filter coeflicients
using the hearing aid processor input signal as control signal. In a fifth step 205 the
hearing aid processor output signal is converted into output sound by a hearing aid
output transducer, In a sixth step 206 the feedback suppression signal is derived from
15 the hearing aid processor output signal by {iltering the hearing aid processor output
signal in the feedback suppression filter. In a seventh step 207 the adaptation of the
feedback suppression filter is saspended when the level of the hearing aid processor

output signal is below a first predetermined threshold,

In another embodiment the adaptation of the feedback suppression filter is suspended

20 when the level of the input signal is below a second predetermined threshold.

In yet another embodiment the adaptation of the feedback suppression filter is
suspended when a level of a whitened hearing aid processor output signal is below a
third predetermined threshold, Whitening for optimizing the adaptive feedback
suppression in hearing aids is known per se. This is further described ine.g. WQO-Al-

25 2005096670.

The hearing aid input signal, the hearing aid processor output signal and the whitened
hearing aid processor output signal may all be denoted reference signal as a general

texi.



signals 307-a and 307-b are used as input signals for the hearing aid processor 302 and as control
signals for the adaptive feedback suppression filters 304-a and 304-b, respectively. The output signal
308 from theshearingaigdprocessor 302 is used as input signal for the receivari3Q8amebinput signal for
the adaptive feedback suppression filters 95304-a and 304-b. Hearing aids comprising both
omm-directional and hi-directional input signals for beamforming are well known in the art. In one such
system a first feedback suppression 'filter provides thé feedback suppression signal for the
omni-directional input signal, and a second feedback suppression filter provides the feedback

suppression signal for 30the hi-directional input.signal. Further information concerning such systems
iy ho found i WOTE200T043055, & AGCORG A SSBBANLE SeAISB

&'Gedisivi'to suspend the
adaptation of a fe¥tibeick suppréssionifiierris takeniindividualiytior Eadhfilterpieseby it becomes

possible to only suspend,adaptation ofihe sesand-faedhack suappgssionditenyuhile the, first feedback
suppression filter adapts normally. This is especially advantageous in the case Swhere the input sound

is primarily impingitseff et ir-iE thsaite dBhAsttRYTREAB I CrEIHEREPHERE hearing aid,
because the bi-difg@etional inputisighaln mithis, ease wilhbegapproximatehnailpindegentiently of the
volume of the inpyt, 3ound.angd ine. sfing: of he Nearneald vy QINSEImAdiiGRTRSA9gpvariations of
the structures an prolceciures win be evident to tothose skilled in the art.. 9 °
a, using a second microphone 302-b for converting input sound into a second .
microphone output signal 309-b and adding, in spatial transformation means 31(-a, said
first microphone output signal 309-a and said sccond microphone output signal 309-b
10 hereby forming said input signal 305-a. Combining (he microphone output signals by
summing produces a signal that can be denoted an omni-directional input signal or a
first spatial signal, A second input signal 305-b is formed by using a second
microphone 301-b for converting input sound into a second microphone output signal
309-h, using a first microphone 302-a for converting input sound into a first
15 microphone output signal 309-a and subtracting, in spatial transformation means 310-b,
first microphone output signal 309-a rom second microphone oulput signal 309-b
hereby forming input signal 305-b, Combining the microphone output signals by
subtraction produces a signal that can be denoted a bi-directional input signal or a
second spatial signal. The levels of the input signals 305-a and 305-b are compensated
20 by subtraction of the feedback suppression signals 306-a and 306-b. The resulting
signals 307-a and 307-b are used as input signals for the hearing aid processor 302 and
as control signals for the adaptive feedback suppression filters 304-a and 304-b,
respectively. The output signal 308 from the hearing aid processor 302 is used as input
signal for the receiver 303 and input signal for the adaptive feedback suppression [ilters

25 304-a and 304-b.

Hearing aids comprising both ompi-directional and bi-directional input signals for

beamforming are well known in the art, In one such system a first feedback suppression

[ilter provides the feedback suppression signal for the omni-directional input signal,

and a second feedback suppression filter provides the feedback suppression signal for
30  the bi-directional input signal. Further information concerning such systems may be

found in WQO-A1-2007042025.



CLAIMS . A method of controlling adaptation of a feedback suppression filter in a hearing aid,
comprising the steps of: converting an input sound into a microphone output 5 deriving an input signal
from the micrapbone-output signal; subtracting a feedback suppression signalifrormwiieinput signal
hereby providing a hearing aid processor input signal, adapting filter coefficients of a feedback
suppression filter using the hearing aid processor input signal as control signal, 10 forming a hearing
aid processor output signal by applying an aniplificatiBn gain to the hearing aid processor input signal,
deriving the feedback suppression signal from the hearing aid processor output signal by filtering the
hearing aid processor output signal in the feedback suppressign filter, I5 sus _nql'n the adaptation of
the feedback supPFE¥SiBR itk SRS T EWei PSR §%?8dr8}%ﬁé-ﬂ%%“é’@ﬂh¥f§%éf a predetermined
threshold. 2. Thesmethoibacderdingkta claimdslyheremhtfidan pisrshgnaids seleptedbdsithe hea aid
reference Slgna'-(}nly%ulia,ﬁcm@mg@qg%g'&g(ﬁw%tmabkvy erein;the:hganing ikd pracessor output

signal is 20selected as the hearing aid reference signal. 4. The method according to claim 1, wherein a
whitened hearing & BrbSESEETBIPUFSIGHAT R EBidddia s e tEA g arserdreAdR  sitiial.

5 where the input sound is primarily impinging perpendicular to the line connecting the

two microphones in the hearing aid, because the bi-directional input signal in this case
will be approximately nil, independently of the volume of the input sound and the

setting of the hearing aid,

Other modifications and variations of the structures and procedures will be evident to

10 those skilled in the art.



10 converting, in a first microphone and a second microphone, input sound into a first microphone
output signal and a second microphone output signal, respectively, adding the first microphone output
signal and thegeaandosicrophone output signal hereby forming a first inpwicsigmadsaubitracting the
first microphone output signal from the second microphone output signal hereby forming a second
input signal, subtracting a first feedback suppression signal and a second feedback suppression
signal, from the first input signal and the second input'signal, 10respectively, hereby providing a first
hearing aid processor input signal and a second hearing aid processor input signal, respectively,
adapting filter coefficients of a first feedback suppression filter and a second feedback suppression
filter, respectivelf;ltfém/bgas control signals the first hearing aid processor input signal and the second
hearing aid processor input 15signal, respectively, forming a hearing aid processor output signal
based on signal prodessihg ot e firditsekipiglisti P rokedekinpur syl idpd tdsseenthearing aid
processor input signal,yglefiving:the fitgt feedback suppression signal and the second feedback
20suppression signal, respectively, from the hearing aid processor output signal by filtering the hearing

aid processor output, sigg \I}Jl M eagillrgt J?%%Qﬁ?h gg;ggggsﬁg&ﬂ)ltgqlqu ntflqe second feedback
suppression filter, respectively,” suspending the a aptation of the firet feedback suppression filter

when the level of a first hearing aid reference si%nal is below a first predetermined threshold, 25and
3 e derivingan input signal fromthe microphone output signal;
¢ subtracting a feedback suppression signal from the input signal hereby

providing a hearing aid processor input signal,

= adapting filier coefficients of a feedback suppression filter using the hearing aid

processor input signal as control signal,

10 o forming a hearing aid processor output signal by applying an amplification gain

1o the hearing aid processor input signal,

¢ deriving the feedback suppression signal from the hearing aid processor output
signal by filtering the hearing aid processor cutpuat signal in the feedback

suppression filter,

15 e suspending the adaptation ol the feedback suppression filter when the level of a

hearing aid reference signal is helow a predetermined threshold.

2. The method according to claim 1, wherein the input signal is selected as the hearing

aid reference signal,

3. The method according to claim 1, wherein the hearing aid processor output signal is

20 selected as the hearing aid reference signal,

4, The method according to claim 1, whercin a whitened hearing aid processor ouiput

signal is selected as the hearing aid reference signal.

5. A method of controlling adaptation of a feedback suppression filter in a hearing aid,

comprising the steps of:



11 suspending the adaptation of the second feedback suppression filter when the level of a second
bearing aid reference signal is below a second predetermined threshold. 6 The method according to
claim 5, whegaynrilgdfisstdnput signal is selected as the 5first hearing aid refetaneswsigaalband the
second input signal is selected as the second hearing aid reference signal. 7. A hearing aid comprising
a microphone for -onverting sound into a microphone output signal, means for deriving an nput signal
from the microphone output signal, estimating mean¥'for estimating a feedback path and for
generating a feedback suppression signal, means for combining the feedback suppression signal with
the input signal to form a hearing aid processor input signal, hearing aid processing means for
processing the hearthg ‘éWEa"r‘&ﬂé‘eé%ér‘Wﬁb‘ﬂ‘t“‘éi@ﬁ%ﬁ&%ﬁﬁ%%é&ﬂﬁ@’%’iﬂ“ﬁrtﬁ@éé%’rﬂ Ut signal, an
output. transducer for canveaiiingibechegringais proasssariouiptpisignakipiosamacoustic output.,
means for adaptation 01;_ ctgh%(:%%gf?ating means, means for detecting the level of a hearing aid
reference signal, ) ’

» adding the first microphone output signal and the second microphone output

5 signal bereby forming a first input signal,

e subtracting the first microphone output signal from the second microphone

output signal hereby forming a second input signal,

& subtracting a first feedback suppression signal and a second feedback
suppression signal, from the first input signal and the second inpuat signal,
10 respectively, hereby providing a first hearing aid processor input signal and a

second hearing aid processor input signal, respectively,

e adapting filter coefficients of a first feedback suppression filter and a second
feedback suppression filter, respectively, using as control signals the first
hearing aid processor input signal and the second hearing aid processor input

15 signal, respectively,

e forming a hearing aid processor output signal based on signal processing of the
first hearing aid processor input signal and the second hearing aid processor

input signal,

e deriving the first feedback suppression signal and the second feedback
20 suppression signal, respectively, from the hearing aid processor output signal by
filtering the hearing aid processor output signal in the first feedback suppression

filter and the second leedback suppression lilter, respectively,

e suspending the adaptation of the first feedback suppression filter when the level
of a first hearing aid reference signal is below a first predetermined threshold,

25 and



20 means for comparing the level of the hearing aid reference signal with a predetermined threshold
level, and means ler suspending the adaptation of the estimating means when the hearing aid
reference sigpghlgyelisdzelow the predetermined threshold level. 8. A heaging@idseamapsising WO
2011/042055PCT/EP2009/063076 12 a first microphone and a second microphone for converting
sound into a first and a second microphone output signal, respectively first spatial transformation
means for adding the first microphone output signal dhd the second microphone output signal hereby
forming a first input signal, 5 second spatial transformation means for subtracting the first microphone
output signal from the second microphone output signal hereby forming a second input signal, means
for combining a first feetiSeiekisaphradsighi Sighahatiga SEeah fereamstkesdpisfedsidfsignal, with the
first input signal and thassecenddapalt Bighad, daresgectivebn.heneinywpieviding adesthpatng aid

processor input signal a}&%sﬁom

6. The method according to claim 5, wherein the first input signal is selected as the
5 first hearing aid reference signal and the second input signal is selected as the

second hearing aid reference signal.

7. A hearing aid comprising

L]

a microphone for converting sound into a microphone output signal,
¢ means for deriving an input signal [rom the microphone outpul signal,

10 ¢ estimating means for estimating a feedback path and for generating a feedback

suppression signal,

= means for combining the feedback suppression signal with the input signal to

form a hearing aid processor input signal,

¢ hearing aid processing means for processing the hearing aid processor input

15 signal to form a hearing aid processor output signal,

e an output transducer for converting the hearing aid processor output signal inlo

an acoustic outpul,
o means for adaptation of the estimating means,
» means {or detecting the level of a hearing aid reference signal,

20 e means for comparing the level of the hearing aid reference signal with a

predetermined threshold level, and

e means [or suspending the adaptation of the estimating means when the hearing

aid reference signal fevel is below the predetermined threshold level.

8. A hearing aid comprising



second hearing aid processor input signal, respectively, means for adaptation of the filter coefficients
of a first feedback suppression filter and a second feedback suppression filter, respectively, based on

the first hearng aighpmeassor input signal and the second hearing aid progessapinpuisi®signal,
respectively, means for forming a hearing aid processor output signal based on signal processing of
the first hearing aid processor input signal and the second hearing ai.d processor input signal, an
output transducer for converting the hearing aid procéssor output signal into 20an acoustic output,
means for deriving the First feedback suppression signal and the second feedback suppression signal,
respectively, from the hearing aid processor output signal by filtering the hearing aid processor output
signal in the first feedbackSupisreR¥ien Mier ssHPthHa SOBBRE feBEINERISE PRTRSEIBHAREL, respectively,
25 means for detecting ihe develofaihegiing aidhreferencepigaakiymeans for comparing the level of
the bearing aid reference signal with a predetermined threshold level, and |1 3 means for suspending

the adaptation of the,firsf feedback suBpression e nhenihglevel ot/ fiisthaapng;gid reference

signal is below a first predetermined threshold, and means for suspending the adaptation of the
second feedback suppr&¥sIBhAREISWHERRS RVBT O Y6 HEBF Mg dif rerdteiigtisignal is below a
second predetermined threshold,

5 « second spatial transformation means for subtracting the first microphone output

signal from the second microphone output signal hereby forming a second input

signal,

e ueans for combining a first feedback suppression signal and a second feedback
suppression signal, with the lirst input signal and the second input signal,
10 respectively, hereby providing a first hearing aid processor input signal and a

second hearing aid processor input signal, respectively,

e means for adaptation of the filter coefficients of a first feedback suppression
filter and a second feedback suppression filter, respectively, based on the first
hearing aid processor input signal and the second hearing aid processor input

15 signal, respectively,

e means for forming a hearing aid processor output signal based on signal
processing of the first hearing aid processor input signal and the second hearing

aid processor input signal,

e an output ransducer for converting the hearing aid processor output signal Into

20 an acoustic outpul,

s means for deriving the first feedback suppression signal and-the second
feedback suppression signal, respectively, from the hearing aid processor output
signal by filtering the hearing aid processor cutput signal in the first feedback

suppression filter and the second feedback suppression filter, respectively,
25 e means for detecting the level of a hearing aid reference signal,

e means for comparing the level of the hearing aid reference signal with a

predetermined threshold tevel, and
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o eans for suspending the adaptation of the First feedback suppression (ilter
when the level of a first hearing aid reference signal is below a first

predetermined threshold, and

e means for suspending the adaptation of the second feedback suppression {ilter
5 when the level of a second hearing aid reference signal is below a second

predetermined threshold,



