1 METHOD FOR CONTROL OF ADAPTATI ON OF FEEDBACK SUPPRESSI ON | N A HEARI NG

Al D, AND A HEARI NG AI D FI ELD OF THE | NVENTI ON The present invention rel ates
t o heari rgoantg4208he i nventi on nore particul arly rel at e®CTEP20000630761g ai ds
that rely on adaptive feedback suppression in order to reduce the probl ens
caused by acoustic and nechani cal feedback. Mre specifically, the
invention relates to nmethods for controll of the adaptati on of feedback
suppression systens in hearing aids. BACKGROUND COF THE | NVENTI ON Acoustic
and nechani cal feedback froma receiver to one or nore m crophones w ||

limt the maximum anplification that can he applied in hearing aid. Due

Lo the feeab st RaCE KAk b ABAFIAaOR AP PiSia R S5 B Wonances,
whi ch shape tAhBEAREGE UM ARDEAGIFAWINUIA®Sf the hearing aid in undesired ways
and even worse, it can cause the hearing aid to becone unstable, resulting

in whistling or how ing. Th ring aid usually enploys conpression to
conpensat e h@g‘?lr%g)F|T&§§¥NYE}§TI$§, the 15 anplification gain is reduced with
i ncreasi ng sound pressures. Mreover, an automatic gain control is conmonly
used on the aut ptetent vendvh trelhtbetodairfigtaidseVied invdnkies by avubhilp gelakd pi ng of

the signal. |n case of instabjlity, these conpression effects wl|

event a1y riReiERgs S e N SRR R R SRS RS or

whi stle of nearstybransdrnhd SR chigv@iback’ Moregdaacdlystp pivesifin@tlakestoof t en
used in hearing aids to conpensate the acoustic and nmechani cal feedback.
The acoustic nfeg‘é’élbﬁ% ROI}%’ﬂ an@‘é?ﬂaéﬁaﬂ‘g%f farDast JUERICTSIP G EF MY inasaring ads.
consequence of, for exanple, anount of earwax, the user wearing a hat or
hol di ng a t elpayaiKMROUNT OE THRINWENTIENuUSer is chewi ng or yawning. For this
reason it is customary to apply an adaptati on mechani smon the feedback
suppression to account for. the tinme- 25var.iations. An adaptive f.eedback
cubpr cest on PP REF Sebhesahicthl b ina T e Rt Tey it AAReUE 44T 1 or ent
ways. Forioexam tee matimGananRificdtn tidt BarOte appl@iihiamairingniddDut kethe wo. 1t can

be conposed aqf onbination of a fixed filter and an adaptive filter. The
adapt g{)i on ?eedgacﬁ,t eamgﬁfgcation in the hear)%ng aid can cause resonances, W?IPCEI 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
hearing aid usually employs compression to compensate hearing loss; that is, the

15  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 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

sound level.

20  Feedback suppression is 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
to apply an adaptation mechanism on the feedback suppression to account for the time-

25  variations.

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

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



2 mechani sm can be inplenmented in several different ways, for exanple

al gorithns based on Least Mean Squares (LMS), Nornalized Least Mean Squares
(NLMS) orwPBeeuwsRosé Least Squares (RLS). WO Al- 2007113282THiP3@o063936 an
anti - f eedback system where the adaptation of the 5coefficients of the
adaptive feedback cancellation filter is halted if it is detected that an
external tone is played. The publicatiort al so di scl oses nethods and hearing
ai ds adapted to detect if a sudden increase in sound pressure occurs and to
tenporarily suspend the adaptation of the feedback cancellation filter

afterwards. VQuivhis2DQA b 32SIRmEH S R8RSl iNakerk gk, RRURHSIE NObriResessarily

sudden) can al so cause 10 a nonlinear behavior 1n one or nore conponents of

the hearing &r¢d orTheasaMsasPquares seMpadiorpalized deast MepSquagy (NEYY Phe

cancel ling f@b&gﬁ;éngg%ﬁg&ghm§benbraces m crophone(s), receiver and input-
and output converters. Saturation or overload in one of these units thus

corresponds to a non-linearity in the acoustic feedback path. Assum ng a

linear filteMWPAIgdWdlkEp2 #J‘é@éﬂ@éélk atiglsedariapys o iaie e adapitiorpRhe | ter)

the 15filter .bghliBRdeaHAlEpHRY eI daRE bR Mied N na1aLR kNG Rt HEAL | ON
function, thus leading to errors in the adaptation. Therefore, according to

an enbodi menexte@adereis plyyed. dhe pedisgiintalonlissiosestedeods prdhpsspamides is
i ncluded in theRdaRLaLEONOBRSNA a%mrlasjaan?ﬂ@sQFl%to'caﬂs afa tBtflﬁnL}};ogd?ﬁﬁLleat' on

filter is tenporarily suspende en the non-linearity occ
adapt at i on naysperctboadiipragon of the padiiack cingellagnbbliériipwardse suspended for a
20short while after one circunstance of that kind has been detected.
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uncertainty on the filter coefficients, the adaptation speed should be

reduced when ambelingai hehafiortipenherandrp gorapaneits of el hersiag aldsTIBlaceusia247

di scl oses a ~ i [ . I: | hat adapts 2ba
first fiIter%%ﬁggﬁ@QP%Eg%ﬁ%b?%ggwﬁiﬁg%%ﬁgggﬁggpﬂgﬁégggﬁﬁtgﬁgrying portion
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feedback path.that is used eit reference filt zﬁpnstrained

S er. as g. r.far
adaptat i on ot Bl ERShd e ARl P Rt Pl iback pat .
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to errors in the adaptation. Therefore, according to an embodiment, a detector for
recognition of these circumstances is included in the adaptation mechanism and
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

20  short 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 coefficients, the adaptation speed should be reduced when the

gain of the hearing aid is reduced.

US-B1-6434247 discloses a feedback cancellation system for a hearing aid that adapts
25  afirst filter in the feedback path that models the quickly varying portion of the hearing
aid feedback path, and adapts a second filter in the feedback path that is used either as a
reference filter for constrained adaptation or to model more slowly varying portions of
the feedback path. The second filter 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



30second filter are then nonitored to detect changes in the hearing aid
feedback path. The 3 first filter is adaptively updated at |east when the
condi t i orwof20tig2es5gnal i ndi cates that an accurate esti RETEPRIOIO53036 cal

f eedback cannot be nade. It nay be updated on a continuous or frequent
basis. It is further disclosed that in a conpression hearing aid, the |ower
the anbi ent signal |evel the higher the3gain, resulting in a nore favorable
5l evel of the feedback relative to that of the anbient signal at the

m crophone and hence giving better convergence of the adaptive filter and a

nore accur at rd ﬁﬁ&h@ﬁd&pﬁ@él%u%ﬂﬁf&@'at leddtWhed e cb i nQt tRAARLAhIELed (Hatd
conpression hearing aid can i ncreased at | ow input signal |evels or

equi val ent | y 2P 8fCURffcistizaigef Blygicafegsbnek cranqide mady dt Byl weRis ©hat he pri or

art systens igydnals drieq @t basfseR Ahatker S¥SHED e i @&Iﬂ&éﬁ%foﬁ‘ﬁ%rﬁiglaﬁl
conditions wll attenpt to adapt to an |ng;t signal that 1s primrily

noi se. Anot hérr lpvothesmbient sigaal levebthe higherfleegiia ctoulipg iremdisriayigahlnf avor abl e
condi ti ong P&%Petfe«fsé%a{]lé‘x%fauwétthét BFthQ%i% eﬂ&l@apat%cfﬂ%%h&{%%é%&e It is

therefore a feature o resent invention overcone at | east these
dr awbacks an@wprgjmttctworrmrgeneeﬁ 61 thé¢ ehptiwrdtes brabd leowatmus feedrackadaht at i on of

anti-f eedbacﬁ%&%ﬁu@% éaal. e%fgge%Eaéllag %&%%)‘{3@ off h&%n ’Ah pgmtc{éﬁseﬁ%f&d

fidelity of e acous i cal user e heari ng
i mpai red canunmtmgmmhwddormmnmbnyeﬁmh@bmhmpnﬂmnmgumw&mmihe pr esent
invention to provide a hearing aid conprising an anti-feedback systemwth

I mproved us €long %be?e'iﬁ whtf! gle%%&nfgt J)}stgﬁlls 1S tXat 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.

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

user comfort for the hearing impaired can be improved.

It is yet another feature of the present invention to provide a hearing aid comprising an

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

20 The invention, in a first aspect, provides a method of controlling adaptation of feedback

suppression in a hearing aid according to claim 1.

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.

25  The invention, in a second aspect, provides a method of controlling adaptation of

feedback suppression in a hearing aid according to claim 5.



SUMVARY OF THE | NVENTI ON 20The invention, in a first aspect, provides a

nmet hod of controlling adaptation of feedback suppression in a hearing aid
accor di ngvoeot@Ress1l. This provides a nmethod of control PCRgEPa@QEs3ré on of a
f eedback suppression systemin a hearing aid that efficiently suppresses

f eedback and provides an inproved user confort and sound fidelity. 25The
invention, in a second aspect, provides4a nethod of controlling adaptation
of feedback suppression in a hearing aid according to claim5. 4 This
provi des a nmethod of controlling adaptation of a feedback suppression

system in amhRGYaR&8d nR@Rkion Boriofling AORidtDh Y a FM@HI¥k SEPRRABE Systew) i h
efficiently supgresses f eedback and provides an inproved user confort and
sound fidel i &y advppeedihgyringdibepmprising W midopopese vhich edigieady SWPHRe®RF i ng ai d

accor ding to f&:h@eicﬁ‘aZd pI%_-\[ffa.Essanmr@chvg@ SsefcdiRBFtiald s@ind fi\ﬂ/éﬁtp. at | east one
m crophone, which efficiently suppresses feedback and provi des an inproved

user confort and sound fidelity. The invention, in a fourth aspect,
provi des a hd&e iygntsngingdbist #ppy noviges aigirge aid apgprdingle gleided an advanced
hearing aid with two m crophones and spatial transform ng neans, which

efficientky JURRi®RS&SS htapdharkilandedl G indesp@he] WREHOMEEchSupseEtort t oand

sound fidelity. Further advantageous features appear fromthe dependent
cl ai ns. féedback and provides an improved user comfort and sound fidelity.

The invention, in a fourth aspect, provides a hearing aid according to claim 8.

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

10 and sound fidelity.
Further advantageous features appear from the dependent claims.

Still other features 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.
15  BRIEF DESCRIPTION OF THE DRAWINGS

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

20  beregarded as illustrative in nature and not as restrictive. In the drawings:

Fig. 1  illustrates highly schematically a hearing aid with a feedback suppression

system comprising an adaptive feedback suppression filter;

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

25 the invention; and



Still other features of the present invention will becone apparent to those
skilled in the art fromthe foll ow ng description wherein the invention
will be ewpl2aiviaebssn greater detail. 15 BRI EF DESCRI PTI GNTEP2000M6I0RAW NGS
By way of exanple, there is shown and described a preferred enbodi nent of
this invention. As will be realized, the invention is capable of other
different enbodinents, and its several details are capable of nodification
in various, obvious aspects all wi thout departing fromthe invention.
Accordingly, the drawi ngs and descriptions will 20be regarded as

i Il ustrative Fd3nafiuéiRuidnebhoch@Saic @Bt 4 he@tihy Sd whii ah"dﬁti-@ée@%cﬁgis'tenﬁ g. 1
illustrates highly schematically a hearing aid with a feedback suppression
system conpri si ng EWPAEAE VY adepbedlisethreksiuppiessd fgisrsracrerding tey. 2 shows a

flow di agram il | usiy,atiBgmBodBERQA tRfinkRfidéd ol | i ng adaptation of an
anti-feedback systemin a hearing aid according to a nmethod enbodi nent of

25the invention; and 5 FHE' 3 illustrates highly schematically a hearing
aid with an AMTALERIAYACRIEVENmM conpri sing two adaptive feedback
suppression filters according to an apparatus enbodi nent of the invention.

DETAI LED BESCRE Blib{ahh wdh e RhOWh o shstéiSis KiOWR aRipi@ion8pded Sy Sk @n® i s t hat
t he adaptation speed of the anti- feedback systens ically increases with

e an ! ems t ypi
decr easi ng mitHbisk ShemyipRicallyigrsasey wilnflecrepping MiORMOBGIDYHEREEFE i n sone

situations bERRYSEsAIvYRILAWsHhEERRAGR®elRUL vesy BRAhictPUSLe ihRAWIghAS t hat
t he m crophone input signal |evel due to acoustical and nmechani cal feedback

is |ikew se Japlrequis dibthe macraphone mpadieneklcss) deetn agpustical ped epdreicgt t enpt to
10adapt 10 afeiRRNs HeARRNely18Y afBhe Bhé-TREBK sREenh QM SLARA adefipflo NOI S,

such as e.g. m crophone noi se.
10 adapt to an input signal that 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 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 microphone under special
circumstances. The hearing aid microphone 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

20 when 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 Fiig. 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 feedback

25  suppression 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



Anot her problemw th the known prior art systens is that very | ow

m crophone i nput signal levels my lead to instability due to the
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be the case for adaptation algorithnms based on the 15 NLMS algorithm 1In
nodern hearing aids it is also known to turn off the m crophone under
speci al circunstances. The hearing aid mcrophone 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
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fall to very flapive Brdhask sHpgessiehisléss 184.r cunst ances. Reference is first made
to Fig. 1, which illustrates highly schematically a hearing aid 100 with an
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m crophone 101, hearing aid processor 102, receiver 103 and adaptive

f eedback 25s@ppredsd gheonfrpligg adapiption pf egdbagk suppressien sgnabm aisaringdidit si gnal

105 i s cogpensai@sh BY: rubbdiastd@danfont hend @V&kiorf 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
suppr essi on 1 { tiest stap20 L, savad dopyaited e AT inpeSignaldm aivaripeaid iRyt ai d WO

2011/ 042055P¢]4 k20094 A63Qd Gep 20 BE RSSIVT a FQdbdck sHSREsBR sighRW sudirgidl  for
the receiver 103 and input signal for the adaptive feedback suppression

filter 104. Tropdhelessloé thednpiemBderaby feming pheajipg #if pracpsietipaitt egndi ghl y

schemat i cal | y, 2filiQW, 3 S eH: 3A: o o1 PBLRQH cﬁéul&gﬁér{d%?f;ﬁe@q AHaPIRLAMhOf @
f eedback suppression signal in"a hearing aid 5Saccordingto a first nmethod

ermbodi mentt ohidieccisevane sganal, herely formisg adrapme26iprogsindutpet seaalkra ed into
an | nput si 9?@déﬂgg}céﬁ%mﬁl%rahgﬁlivé‘ke%dwﬁglﬁpp}ésﬁ@é H&eaﬁaptifi‘sﬁté%&ﬁ?ﬁﬂfrﬁé ep 202 the

| evel of a fee suppressi on sign I's subtracted fromthe Ievel of the
i nput si gnal psihgthelhyarfogrard prgceason empi gnabasdcoprdoesglom 4 fffusters?ribé . 1 n a

third step 203 0Gid188IL 0, ahe RRREaTRlnGRhE PR RIS, BRBLRER 0ain to
output transducer. In a sixth step 206 the feedback suppression signal is derived from
15  the hearing aid processor output signal by filtering the hearing aid processor output
signal in the feedback suppression filter. In a seventh step 207 the adaptation of the
feedback suppression filter is suspended 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 in e.g. WO-A1-

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

term.



10 aid processor input signal, hereby formng a hearing aid processor
output signal. In a fourth step 204 the adaptive feedback suppression
filter adwipt2811Va4g0s5i |ter coefficients using the heari ngPaIIEPRIOOENIOr | nput
signal as control signal. In a fifth step 205 the hearing aid processor

out put 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 filtering the hearing
ai d processor output signal in the feedback suppression filter. In a

sevent h st ep RRRfenkdR daRi@ld PR, Diwidienifiee dnaski aHPRuSSRdsAehiidd 80 1S
suspended when the | evel of the hearing ald processor output signal is
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general term. 7 .Reference is made t.0 Fi 3 i ch high

Schemat i cal | J PIGERPAY B Feas g i s 8asot pitreplonsieet S8l A0k Psy st em
conpri si ng t werebwRpihing Qaifl @gabdglal SUPAr@asithg the hii@oshond b@pheamaegy ai d
basically conprises a pair of_ mcrophones 301-a, and 30]1-b, a hearing aid
processor 303UMpPEERANFesHFRgH atafa’bg? &e%ﬁdéﬂ SB‘P}'&éecfl BREC & pYrdessi on
Sfilters 304figstopudialBdrab A deBorkiiigbut Signa 303-b$d fohfaBy Bingnakceod@s-a is formed
by using a first mcrophone 301-a for converting input sound into a first

m cr ophone o@PﬁH@“@Fé%@Pﬁg@@mﬁgwgdgﬂﬁale§E%6ﬁ%”ﬁ4EW%%ﬁﬁﬁ%méﬁéﬁﬁn@or
converting i npsh, andirkiHhieroBhSRIONY 16 CHARRANEPAULMLin®daghal 309-b and
adding, in spatial transformati on neans 310-a, said first m crophone out put
si gnal 309- a HefEPROAP quipecidl 10 B ReEcH R puPasd] fasforspoerhmeans RE-Bpy

form ng sai d G RHE oS08 pR QRm& 309TRIND Lda8nd R rIPhEEARINNNEANERNE Signal s by
summ ng produces a signal that can be denoted an ommi-diréctional input
signal or a hpeky fospagiingut ypeph 305-b A aeliwing the mperoplying aulpud@als bys f or med by
using a seco . € - [eTe ! i a second

m cr aphone. ot kb ETBARREEE Pk BORAEI A ARy SEARSEhTERS o
converting i ngotd guuaddignal dhaleféls st thd Bipvicranph 6622 eud Piftb sicegmaper38&d a and
subtracting, .in tial transformation neans 0-b ir m._cr.ophone out put
ional 308 ot PRkt PR DR RS p R The FaEH®% or i ng

i nput si gnal sigdds BO7-CardAiinge tided asrinputoinel dorabit fuating hid padessstiy302 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 filters

25 304-a and 304-b.

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

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

filter 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 WO-A1-2007042025.



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- bwanreliggagpénsat ed 20by subtraction of the feedb&CK/EP2@E063936 On
signals 306-a and 306-b. The resulting signals 307-a and 307-b are used as
i nput signals for the hearing aid processor 302 and as control signals for
the adaptive feedback suppression filterss 304-a and 304-b, respectively.
The out put signal 308 fromthe hearing aid processor 302 is used as input
signal for the receiver 303 and input signal for the adaptive feedback
suppr essi on D&%&ﬁﬁ@t@éﬁ@ﬂxﬁuﬁﬂ@&é@én@onkﬁaﬁkﬂﬂm@héﬁnﬁﬁﬁﬁfhﬁkmﬁwPOth

omi -directional and bi-directional input signals for beanformng are well
known i n t he S@pressiph fi¢ids @hemindiylpalhy tqr chlaélﬂtelf Hewbu i beesppescon il ter
provi des t he f£eAQRLK.AHRREEHTHOR S AB&IbadiQl [%f@%lo‘ﬁrfﬂﬂer dhiiegt kRpal i nput
signal, and a second f eedback suppression le er provides the feedback
suppr essi on $dedbagk strpresgon Abersdapts pasmally A&is ib pypetially agmaritagepypyin Hasrcase

i nformatiQn - 25. 8
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f eedback suppWQsmHQMMHﬁhnémtm@h@akbhaMHQMhéUthhyH@bmmaa@mMﬁnﬂn%mmeFbreby
it becones pos S d t dback
suppressi on flﬁkgéﬁ“%u?' %ﬂ %F&?gﬁgﬁégﬁ&gﬁﬁgig%sﬁgﬁ“???éiﬁgdapts
normal | y. Thmenngoﬁm@meagh@ advantageous in the case 5S5where the input
sound is primarily inpinging perpendicular to the |ine connecting the two
m cr ophones | o ignal in
this case w P beeaiErP daf AR Sl Ectiadh b BT oo R & T

i nput sound dnﬂeﬂhmﬂseﬂmmng of the hearing aid. O her nodifications and
variations of the structures and procedures will be evident to 10t hose
skilled in the art.



9 CLAIMS 1. A nethod of controlling adaptation of a feedback suppression
filter in a hearing aid, conprising the steps of: converting an input
sound i ntwoaony@e@phone out put signal, 5 deriving an i npaT/EPR@ab3ofé om t he
m crophone out put signal; subtracting a feedback suppression signal from
the input 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, to formng a hearing
ai d processor output signal by applying an anplification gain to the
hearing aid pnoegessor input signal, deriving the feedback suppression
signal fromthe hearing aid processor output signal by filtering the
hearing aid processor output signal in_the feedback suppressjon filter, 15
suspendi ng tﬁe %%B‘PQPF%%B%HEH PF%HBB%’E*G%?”@B??%‘PP &?qfﬂlb? fl‘%‘r’i}ﬁ‘Bq%f“tdhe | evel
of a hearing aid@nipgtias eReRpsb@nal is below a predeterm ned threshold. 2.
The met hod according to claim1, wherein the input signal is selected as
the hearing aid reference signal. 3. The methaod according to claim1,

wherei n the hedti fRJVETAS pt BEBSEBR igiprduicroaphefisauinussigidel ect ed as t he
hearing aid reference signal. 4. The nethod according to claim1l, wherein a

whi tened Bearing adrfifd GRS Aend WoRlthe Bii@HRond Sursiglpatied as the hearing aid
ref erence si gnal

e subtracting a feedback suppression signal from the input signal hereby

providing a hearing aid processor input signal,

o adapting filter 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

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,

15 ¢ suspending the adaptation of the feedback suppression filter when the level of a

hearing aid reference signal is below 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, wherein a whitened hearing aid processor output

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:



10 converting, in a first mcrophone and a second m crophone, input sound
into a first m crophone output signal and a second m crophone out put

si gnal , reepetiisesty, addi ng the first m crophoreTaP@IHTGNal and
t he second m crophone output 5signal hereby formng a first input signal,
subtracting the first m crophone output signal fromthe second m crophone
out put signal hereby form ng a second inaput signal, subtracting a first

f eedback suppression signal and a second feedback suppression signal, from
the first input signal and the second input signal, torespectively, hereby

providing a first Heakihfdn fkicht REQGERAOnd JRESnaThigRBhoRNEp@ sS&RIQRAE aheari ng
aid processor input signal, respectively, adapting filter coefficients of

a first feedback Supprehpenodtpytsignalandia secgrbdisdopherdbsivik sistgdpr essi on
filter, respectivgkﬁxiu§§ng as control signals the first hearing aid
processor i nput S|g%af and the second hearing aid processor input 15signal,
respectively, formng a hearing aid processor output signal based on

si gnal pr ocessimngadsling thefifsf mgrophers qutpt sigohl ppdhe serond npgsethosd gt and t he
second hearing ai i ' deriving the first feedback
suppressign signa?g%%ﬁ&?ﬁigég%gﬁgﬁ¥§g§E§%ELzo suppressi on signal,
respectively, fromthe hearing aid processor output signal by filtering the
hearing ai d procesdhorctpgtipirstghigraghorerputpaesigiat fpmfteestbendkniswphrmessi on

filter and the se f k ression fil. , respectively,
suspendi ng t he ad%%ﬁgfggﬁqgggyﬁ%%%%fgga%@éﬁ%%%%&gUppression filter when the
| evel of a first hearing aid reference signal is below a first

predet er mi ned tehr edhredtohg aZBariecbdbdck suppression signal and a second feedback
suppression signal, from the first 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,

o 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,

¢ 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,

o 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 feedback suppression filter, respectively,

o 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



suspendi ng the adaptation of the second feedback suppression filter when
the Il evel of a second hearing aid reference signal is below a second

pr edet er voedittideeshol d. 6. The net hod according to cl RCEER2000063026 N t he
first input signal is selected as the 5first hearing aid reference signal
and the second input signal is selected as the second hearing aid reference
signal. 7. A hearing aid conprising alhcrophone for converting sound
into a m crophone output signal, neans for deriving an input signal from
the m crophone output signal, to estimating neans for estimating a feedback

path and for genegapidathednd ﬁﬁ&?@&%fﬁﬁ%@é&rﬁ%&é&ﬂa&k%ﬁémon'F’@c@rn\%hén%e conbi ni ng
t he feedback suppression S|3nal with the input signal to forma hearing aid

processor input sleydall a second hearing aidréfagneri seenpl io belswiarsgeond aredetemringk ocessi ng
the hearing aid ppoggggor input 15signal to forma hearing aid processor
out put signal, an output transducer for converting the hearing aid
processor output signal into an acoustic out nmeans for adaptation of

the estimati g theamhod aqeaipiae foplaiget, edeicighe g@t inpvtesignafis gelgptedras s ai d
ref erence ssi gnay 1R ABADR idiHce SOAR AR Y sLddfd | gt{t"s]lgn‘af 1s%$1€ct§ﬁé”tl‘1é‘9 aid

reference 5| gnal wth™a predeterm ned threshold | evel
second hearing aid reference signal.

7. A hearing aid comprising
¢ amicrophone for converting sound into a microphone output signal,
¢ means for deriving an input signal from the microphone output 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,

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

15 signal to form a hearing aid processor output signal,

¢ an output transducer for converting the hearing aid processor output signal into

an acoustic output,
¢ means for adaptation of the estimating means,
¢ means for detecting the level of a hearing aid reference signal,

20 ¢ 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 the hearing

aid reference signal level is below the predetermined threshold level.

8. A hearing aid comprising



means for suspending the adaptation of the estimating nmeans when the
hearing aid reference signal level is below the predeterm ned threshold

| evel . 8.wo2hHzMR05§ ai d conprising WO 2011/ 042055PCT/ EPROOPL@OB6E3066 12 a
first m crophone and a second m crophone for converting sound into a first
and a second m crophone output signal, respectively first spatial
transformati on neans for adding the fir$t m crophone output signal and the
second m crophone out put signal hereby formng a first input signal, 5
second spatial transformation nmeans for subtracting the first m crophone

out put signal fg Omﬁshﬁn&@;%ﬂ@'aﬂﬁi a%'é&ﬁﬁ%@roﬁl&gng W ShaRde sBEfERY £ @M ng a
second input signal, neans for conbining a first feeé%ack suppressi on

signal and a secofil #sseeiidaeiRrophgnsouy| Bgnakirggpedtiveli t h the first input
signal and the second input signal, torespectively, hereby providing a

first hearing & dsR{ 9GEAIQAstbMRMDN Hledbr AL HeIRCUNL PRI RPupdighapr OCESSOT
i nput signal, respectively, neans for adaptation of the filter

coefficients of aarfdthgsecomsdisepkonpiumuesigiadherthy foeningadiry inppcogtl.f eedback
suppression filter, respectively, based on the first hearing aid processor

ir ggugcf: \9/3?' and L6 SHERN Faf\BGHilaBGh Abshs PEQAGESROhe OB 2SR utput
P v signal from the second microphone output signal hereby forming a second input

signal,

¢ means for combining a first feedback suppression signal and a second feedback
suppression signal, with the first 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,

¢ 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,

¢ an output transducer for converting the hearing aid processor output signal into

20 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 hearing aid processor output signal in the first feedback

suppression filter and the second feedback suppression filter, respectively,
25 o 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 formng a hearing aid processor output signal based on signal
processing of the first hearing aid processor input signal and the second
heari ng awo 2prig@esssor i nput signal, an out put t PamERC@E063006
converting the hearing aid processor output signal into 20an acoustic
output, neans for deriving the first feedback suppression signal and the
second feedback suppression signal, respectively, fromthe hearing aid
processor output signal by filtering the hearing aid processor output

signal in the first feedback suppression filter and the second feedback
suppressi on f'|Jeﬁmmﬁ?&ﬂﬁﬁ%h&ﬁéﬁmaaénﬂ%ﬁ%ﬁﬂé@ﬁa@&h&ﬁk%ﬂﬁm&gﬁnhﬁ&ﬁ' of a
hearing aid reference signa means for conparing the lTevel of the hearing
aid reference si gthmWlehele@fﬁrﬁéﬂé@%mmaﬁe@fet@iﬁe% t beleved fisand 13 neans
for suspendi ng thEre ﬂﬂﬁﬁ%&ﬁgﬂﬁ the first feedback suppression filter when
the level of a first hearing a| ‘reference signal is below a first
predeterm ned threshol d, and means for suspendi ng the adaptation of the
second feedbacke s@pgﬁé@éﬁﬁﬁn@hgﬂ@@dSWh@nOfﬁ@SW@v@ﬁwéﬂwhﬁgéﬁﬁﬁﬁlﬁb@ring aid

referencessignal | fe NGl 06§ SRR ndGE GGl TA& LMl £$PBL Y second

predetermined threshold.



