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WO 2007/ 112777PCT/ EP2006/ 061215 1 - Hearing aid and
- method of estimating dynamc gain limtation in a
WO Paniatgr ai d 5 BACKGROUND OF THE | NVENTI ON 1. pEiebshogbs1215
the invention 10 The present_invention relates to the
filed of hearing aids and nore specifically to
hearing aids utilizing gain-limtation. The
invention, nore particularly relates to hearing aids
havi ng neans for estimating the acoustic |oop gain
and, still nore particularly, relates to hearing aids
further incorporating gain limtation in order to 15
HearinfLiaid aticsmetlizghobestitnating dyoamid gainf izeilitierkin &hdaring aid
respective systens and nethods thereof. In addition
the invention relates to a systemexploiting the
increase in gain margin due to the utilization of

Conar “pat n oA GRBUERE. THERRNPET ‘oo, | ot P
of the related art It is a widely known problemin

hearing aid design to adjust the maximum possibl e
anmount of gain with which an acoustic input signal

1. FieRyofaBe MBhiidd €d to produce a hearing | oss
conpensation signal w thout the appearance of

acoustic feedback or 25other acoustic disturbances.
e SR RANCANDE 05868 Aol SEENBF Rk n Sl o
hearggmaidss etilizingc gaindingitatioon Tdier awebticFhemoier paiticularipi retatss to
heaﬁrn_;eaids having means for estimating the acoustic loop gain and, still more
particularly, relates to hearing aids further incorporating gain limitation in order to
reduce disturbances due fo acoustic feedback, and respective systems and
methods thereof. In addition the invention relates to a system exploiting the
increase in gain margin due to the utilization of feedback c_ancéliation techniques

by permitting larger signal path gain in the hearing aid.
2. Description of the related art

It is a widely known problem in hearing aid design to adjust the maximum possible
amount of gain with which an acoustic input signal may be amplified to produce a
hearing loss compensation signal without the appearance of acoustic feedback or

other acoustic disturbances.

WO-A-04/09604 discioses a hearing aid with digital, electronic compensation for
acoustic feedback which comprises a compensation circuit. The circuit monitors the
foop gain and regulates the hearing aid amplification so that the loop gain is less
than a constant K. An adaptive filter operates to minimize the correlation between

input and output from the hearing aid and may be used to give a measure of the
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| oop gain and regul ates the hearing aid anplification

so that the loop gain is less 30than a constant K An
wo fapidrye filter operates to mnimze the coryel/ptinddosi21s

between input and output fyomthe hearing aid and may

be used to give a neasure of the WO

2007/ 112777PCT/ EP2006/ 061215 - 2 - attenuation in the

acoustic feedback path by deriving gain and phase
atternjativadt thei ®busik feedimck fatke b dekiviompaielandtphase Chénasteristics

A-02/.25996, di scl.oses a hearing aid with an
from}él%ﬁﬁfjg%g( chqc?{ésglopg M5 uppr essi on of 5 acoustic
feedback. The adaptive filter nay be used as an
i ndependent neasur,i sy to e ti,mat e acoustic
WO-AdEIBES4E Sisglaags AihgR08 2 S 8 afafvetfﬁt&f E?fow&%%f'f’" of

acolRGOYSddack PR a8AEtRA! fite¥\idy BelLSELBE %ntlﬁdsﬁi@deﬂt mteas@nng
expl ained in sonme detail how an esti nate of
%@rocessed

systgmdo gebmats herasedsfiscciRephadk signal M@tha%tt%$tﬁ{twacf>

f a t lak detail h
sco i SARANRST M SRS 1f Pontatagofmchtghie g now

estlmaieelf\garn i8.the acm@ﬁcf&e@hacbpaﬂaen@nebe ﬂ@@"@m@ﬁ al he pyigrephone
I I
1io SPEERCES PEARIE oA ORGAER BIERCIeBUEIR pett 2 from the
recelvbe 3sirgadbitipn de ¢es desivedt signglr thie fmobadusignal isitgmemitged to
i.s transmtted to the r I
the S5 PSSt s "0 Hamel A PR LS ShnglpfSear 4
the proceBddir BuER:It QIgh&SBG@Itréﬁkrattﬁedrtottbe weesiveir rip o déavemntn to an
out put 6, ,and conse enerate an. estimate
acouile oo sTia 41 PoBaBRCIISE o RAF =048, ST EpCEbfe-Fyfiiaton
betheéﬁ"lﬁf)&VSaf WAE tduBiut &, etnial Sorfsehl@ftlyageresate nat estoﬁatge& of the
in the feedback path can be_ogbtai ne

acoustit tfepdiogsily aieg!. By @ralvsSze’ ik *?@S%&ff’%'oé‘r phinid Siter an
estanégtg Irb"? ngtagrpg(tﬁ% éé‘ngatb%Ek bét&@éﬁ%é‘bﬁ%n@d FHE tatastiventel b@erates

he input signal 5a in a subtracto
to mirimizeothersoc¢adled gpior ignal 10 docuniehis genqrated ‘?Yu?litﬁ'@tc'fmg the

estirﬁ%tg:galjr&ﬁqh@% u{ ﬂgﬁﬁ 538h 8 JIRYrabor lﬁ;ed to determ ne

gai n an n set an upper limt on the
appl i cabl e gain that may be used in each of nultiple

uat ed frequency.b f
in tnEFE PR’ 58 BESTTRCK iR crpiahle hBulEt Gita B used to
detefre@ehask g2ihaari theatsepam uppenimit ngltlys a;ﬁm}edbiacgem that may be
det ector.s that rell%‘ Hﬁr autoco$re ati on neasurements
usechip\#@C é@ﬁ“'&@"g@‘é@% P CEHE B Y8 %ar t . However,
- neither of these docunents discloses how in
situations with high,

and
It is further known that a large autocorrelation measurement may indicate feedback
oscillation. Accordingly, feedback detectors that rely on autocorrelation

measurements have been suggested in the prior art.

However, neither of these documents discloses how in situations with high, and
increasing, autocorrelation maxgain could be identified in situations where the
known solutions, e.g. measuring gain in the acoustic feedback path with an adaptive

feedback cancellation filter cannot be relied upon.
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I ncreasi ng, autocorrelation maxgain coul d be
identified in situations where the 30 known
solutions, e.g. nmeasuring gain in.the acoustic
feedback path with an adaptive feedback cancell ation
filter cannot be relied upond- - 3 - The nobst .common
technique to alleviate feedback oscillations is
gai n-reducti on. Managi ng feedback by gain reduction
The sash gearmpo ukanniguertobhltaviate feedback loseaillationsiis gain-reduction.

Most I near hearing aids. are adapted for greater gain .
Maniog, doRftek P ganesadctiof s, B PAuSHanA pption b Bikay hearing
aidd. MES lifeabBeBBhE diPhRUAdaptdalfer hrAbeYin ihhﬁetm@% #@huencies,

5 feedback path al so provides | ess attenuation a

whetie dhe heaging islisienclidends 19 be Meeypeieind. Uniesiusatshe the typical
ri . audi f b ' i ghest. i.n the higher

reodB bl Yo b s "BSTBRA B i Bl at 1o
freqerdback Hesefore,| dverriskhef hawhibler esudbaeyk BRihgHYst tiRethe higher

heari ng aid, However, speech intelli g‘iebi ity may ]
freqygney range.aOpB N IwRCB1ether 1o gostiel deedhankiispiontoyeer the high
roabBt) o bpth SRy A AGUEREL bl AR ey suter as o
consdrgldneeges in today's hearing aid design. Thus,

there is a need for inproved hearing aids as well as

i mproved techniques for 15utilizing gain-limtation

Tl o A T MBI, BT i

and firdtedsaiaflgblei gpimlase sl challemgasiimtpdeyts hedvimmpaidrdesign.
particul ar the nmentioned requirenments and drawbacks
of the prior art into account. Exanpl e enbodi nent s

Thu§ heks RVA Aged f@ﬁﬁﬁﬁrﬁ_@e@ihéaﬂﬁg dd 85 RRAAS B pBLES %echniques for
incorporating a stabilized closed |oop systemas the

utilizirggandinaitalionsindygeeivgdid® a 25non-stati onary
envi ronment. Exanpl e enbodi nents can provide a
hearing aid and a respective nethod providing an

i ncreased possi BleMMERYTOE FHPINVENITGNsI gnal
processor of a hearing aid wherein the closed | oop
gain is decreased by cancellation techniques.

Example embodiments can provide hearing aids and methods of processing signals

in a hearing aid taking in particular the mentioned requirements and drawbacks of

the priok art into account.

Example embodiments can provide a hearing aid and a respective method
incorporating a stabilized closed loop system as the hearing aid is exposed to a

non-stationary environment.

. Example embodiments can provide a hearing aid and a. respective method

providing an increaséd possible ampliﬁcatior{ in the '-signal broceséof of éwhearing?

aid wherein the closed loop gain is decreased by cancellation techniques.
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- 4 - Exanpl e enbodi nents can provide a hearing aid
and a respective nethod capable of estimating a
dynam ¢ maxgai n of the signal processor. It is shown
that information on the attenuation in the acoustic
feedback path may 5 al so be_gerived fromthe
conpressor that is incorporated in hearing aids which
operates with non-linear anplification - known as

Exaﬁweleﬁ@b@iid‘@mﬁ can gymaee @ heampgesdiaod. a respective gdatbod capable
t of th t th
of el ShndF Sinsti gt ot B g epheRsosn | nput

transducer for transformng an acoustic input signal

into an electrical input signal; a conpressor for
It isgRtryrathaigniarmationton & aganpationsinthe awtmpsfaedback path may
Cc | n,out.put transducer
aocf bECEARA R0 e e Bbon oy 8 e bARRY T Pl e whic

opem:te@amth: rocH- m&arsagﬁ:ﬂlﬁcat&m aut REe& Qi@the@ﬁngshidgaﬁ/ﬂh dynamic
for calculating a |level of autocorrelation of said
COMPI@$UPR- el ectrical input si gnal ; and an 15 acoustic
| oop gain estimator for determining a dynam c nexgain
fromsaid currently cal cul ated | evel of

Accamhn@tu adirat aspecind tho plreémmmhm&ronstme s beededt hearing aid
onpre I.n ex nbodi nents, the provided

comRRSOn GBI eSO HEST RS 10T 0 uopietanal into an
elecHi®? ifdlR BEHACY doPh LSS £ eﬁ@hﬁmﬁn?n oSt MFMUSsignal from

conpressor gain | evel fromthe si processor |
saideslectriziab iBpudly signbk aresogdput mmlsducleusfor errmlsfmmimg stam electrical

e conpressor settjng as a nea
outelf B Iote 58 RSTRE bl Sbali Hn R GroaR@lor eStmator for
calcllaGhgas 6| 3 LatsIorRlIadre8f Shidt &Lﬁrérﬂ%!éctﬁbglnlﬁkg%lt @nal; and an

The conpressor of the hearing aid is capabl

acoysitisJpap 9gin estimatar foradetermining ﬁr@lﬂﬂMl@M)&gam from $Elﬂd currently
o PSR O BBt Dbt s

comptdsgortically sets in to control the level of the

signal. Generally, however, the conpressor will not
renove the feedback tone. | will only stabilize the

t 0 ' i N .

In e{( Elé‘%ﬂlrﬂlﬁhhg etgglé/ :if?’eﬁr(]a? {uggrrr -52(2 oVﬁuﬁ} ihd '?%8%%{!0 loop gain

estma&tphtfsesaﬁeoautam:derelatbe astimatet bod |h§tahte&1éou@td§tﬁhpressor gain
level etgnco ?nents aEE)¥ unity aaln This feature iIs
eve %&'qr{r% REFGEFSPhIe Peidvaleta E%@E‘%Bﬁﬁ@@@ﬁﬂd sy enables it
to uh!%elthe “caPn re!‘;“&ﬁn g8t sBRhgNgs them élﬂg‘ %r%’égﬁia&gafn value in
systens V\,hereln galn Is distri ute anmong oth
situagionp eitbrigh anbériimseasingretecsorgzatiorsofthiel inpyt sh@v@l
will include the contribution fromthose, possibly
non-stationary, elenents. However, for the purpose of

The H@tﬂ?%és@ﬁ offthe RebAgy alt ANGNLEDISBF Brd\ﬁd’ Ry 184¥GaiRBY Higher input

ied it is
levels smce the gain is adjusted in dependency of the input level. In case of a

feedback tone, the compressor automatically sets in to control the level of the

. signal. Generally, however, the compressor will not remove the feedback tone. It

will only stabilize the tone around the stability border. The setiling gain level is then
equivalent to the acoustic loop amplification under the assumption that all other
system components apply unity gain. This feature is utilized by using the

instantaneous compressor gain level
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5 sufficient to study the conpressor gain |evel,

given that this calculation is perforned much nore

often than other gain adjustnments. Besides the

conti nuous conpressor gain |evels exanple enbodi nents

use estimates of autocorreldtion in the signal.

Aut ocorrel ation is caused by predictability in the

signal. Periodic signals, |ike harnonic oscillations,
wherhaetimatibgt thet dgharbic awdxaainr & aystems haterean dain is distributed

detect ed by netho known to the skilled person. .
amo%g&uq{i ﬁ%rpépn%ntﬁegé%deﬁtapg:}{@%q galﬁa§1@%pllay Egvel will include the

i8R0 bhes. i j ibd.cal | r

con OBy vey Sl G SRS LR okBHES for the
purpasenpf ¢asasuriggi whichy gistantensple gaibdevetethiaé may be applied it is

st Ry ARe 5P 8o BB GG perormec

much B8R oftén tith 6P HaFSAHusMkkAt8e 15 fact that closed
loop gain is 1 inthat ‘'situation, attenuation in the

Besidese dbaic Roplinupusarcampressesul gaie d lavielep | sxamplee wmizidigents  use

et 1 3o ubBiofTh ot 4Py bt BUST el Beprosicaviny
in theustigrealf ePentRiibekiwald)e likst haphesicaweumhtiond, 0¢RvEAishbstantial
Wth that, exanple enbodi ments can also cope with a
autoc}ggp@“oinathaérq;q;} hen dgterded _akably_g@i]h@ds dg_pvgaitﬂ the skilled person.
[ n . r ,
Accoffi s BRgENa e I SERLTIh NGNGB 85 qetectng =
criticalllydargesybeoselation &istimaté and take tie PR&RitYheoud compréssor gain

level, iSGiNG SRR EDH, RS SHTElR AT ARRUBHC fomrs Spimimnd apply a lower
- t
maxgalfoHide 3@ eh ﬁl%e&abfhgﬁ %rgﬂgl;ig B Iﬁa[}rﬁl@%ﬁn O‘fﬁ? Joﬂ%ﬁglgér:]& and the

tone and small enou vent’ gal n nodulat’
fact thatsdossfd lwop@ainis élintteat sifyation s atembationNarthalfegdizack path can

be cafgiifted Sinpy by PeverafioetiecSin R fe it bt in s gBcsiormain. The
iower Céstirh&tall H@x@ﬁirﬁ%ﬁ%ﬂed&t\%&@%ﬁﬁﬁl i8Cfup i ?e\k?iﬁi’hbglow the

. gain estimator arranges for a gradual release o
estimaigdragaustie adrpgainntVith thaé @emplessobodinsings camalsol cope with a

. ' i.ng. ..-.5a -_.According to,another aspect .
potenlieerd i, 386k pPretis 0B, o0 P91l B Eerma Mt with
large autbconeRition] igs mausid 1P Wsthhéd SHEE @Aus® thddeadiBtahStd thil, since
. . an acoustic_input signal into an electrical i nput
it is posgivlg,: toaligitfhal ampebk ot @air sestyetien selative 4@ the instantaneous

rj.cal t ' nsat ed

compfRsSEl il e Thie, BRI 4 1 Bnbi 5, SRERET I §hove the
feedbaslaitdnel and rsmall endugit teigeaent Qhin doddatisi 16 case of auto

out put signal; an adaptive filter for estimating an
COffelat%quP%S!%@@!abﬂewglhgﬁ Soupleoph AR gainclegeciion i sylieipot

signal and said feedback conpensated input signal; a

conmbi ner for generating said feedback
Contrarily, if 2 decrease of autocorrelation below a critical value has been detected

the acoustic loop gain estimator arranges for a gradual release of the gain limitation

until the compressor again controls the gain setting.
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conpensat ed i nput signal by conbining said estimated
acoustic feedback signal with said electrical input

signal; an autocorrelation estimator for generating a

| evel of 10autocorrelation of said current feedback
conpensat ed i nput signal; afd-an acoustic |oop gain
estimator for determ ning a dynam c maxgain fromsaid
currently cal cul ated | evel of autocorrelation and an

Acconginaie amebasagpeah of éwprasﬁantmwenmrg rtbderqalsq:trewded a hearing aid

h nb
conrgdb g SRR Coh e FARR B 0 2B B b o an
electrid®inpat Kighal; acaidahl ;@rof;@@gﬂ@a@k?@fr&amﬁ@uﬁ eléé’[ﬁéﬁ%‘-iﬁéut signal

the possible amplification in the signal processor |
from & éeqdbask gompansgiadchinpyt sigoak asstpe tean aaﬁnceyforia@nnsformmg
saldtéT&tﬂ?zﬂQ)td n%l?[ dJ %élqﬁto: énhg %(gcg@sg%t S)c%ilil EISII’t] |\% fiter for

estimatiny as seoutticiecdbask aiinal oM méteﬁtrldah @ﬂtgith%!gna[ and said
ancel | ation systens tinme- w ndow so that

| feedéaplﬁ Gaﬁ]pﬁgﬁﬁf@ﬁtm Pyt ¥igezlen cORYHNRIdapoareiatingfsaithipedback

com S8R S RBARA ) Oy d BRRERH A o oo

with tsaidr @ecirichbispubsigaakl dleramdamr@atud)m%maam\fdm gawarating a level of

and sure uninterr bility. anmhlle t he
autoBRARRR of SPLUTRIY ToodRACk S AMRANSPI oA et Sigpab ibdranyacoustic
I
0P LR DK e e“ﬁ?ﬁf”ﬁ‘é%nﬁﬁéﬁ@iﬁﬂ‘%g%ﬁf{@%%ﬂ chfently o
calcyiategdiene! dvsutoes rdlatiors apg eedsstagtanieeus igain leaelofspid signal

acoustic feedback with an adaptive filter are
mﬁ08§§¥r|bed for exanple, in WD 15 02/ 25996 Al.

According to a further aspect of the present

invention, there is provided a nethod of adjusting

signal path gain in a hearing aid, conprising the

steps of: - transform ng an acoustic input signa

into an electrical input signal; - generating an

el ectrical 20output signal by anplifying said

el ectrical input signal with a conpressor gain
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provi ded by a conpressor of said hearing aid

dependi ng on the |level of said electrical input

signal; transform ng said electrical output signal

into an acoustic output signal; calculating a |evel

of autocorrel ation of said <irrent electrical input

signal; and estimating a dynam c nmaxgai n based on

said currently calcul ated | evel 25 of autocorrel ation
Thegepringeaidnistexansvle cusbediments pmvidgsi an bdaptivé Glter that enables it

ntrolling sai d conpressor in, -.7.- 1t my be .

to SRR B bR Ra BT ERbk ARy s’ dpefEdses the possible
amifishBsr i NAe B§REdsrocBsSoraimhe @oRiIdHN IR 19 Yebfoased below

_the ability to dynam cally adjust the amdbunt of gain
unity hae it the ﬂ%@.}ﬂVﬁ iftgr dngeasgs tharsiailibappirgin, examply embodiments
: ] ' e. 5 Wiich neans that according to an
mcr%%%%g'}én@%%ﬁ%ﬁ the present invention the hearing aid

is able to adjust the possible maxinumgain |imt

fromthe instantaneous gain | evel and in dependence )
Theggompeessgr (1M (cpnetants e edhosier Jban ribpatansaeliation mystems time-
: t kS n LR j y [ i £yl : [
Wmdrga@gg?n%%l gglﬁaﬁ ngrnh%r‘g i]@ dfal%geraglﬁéeﬁ t%éfé pgpg@ eg‘f‘ t%lé feedback
compenbatinin.t Tieusctber hesrtrey afd beeoidirek to es@nassenti mvention has the

..proposed_herewith. 10 In accgrdance w th anot her .
abiBLBRRBeEST B SHHBeRTandgB At Mo e TS aektite yriterrupted
stabfRP WinwiRIERin MeSHiflgr SRCHRARPHS &b %B;&ngo Jhe new

whi ch, when executed on a conputer, executes a netho
envigyyoedi agdt theréley nmereedingf theh stathility enasgiec tCorichir@ntigrexample

advant ages_of the exanpl.e diments will become . i
et BN DR eser Tt AiBaicr MR a6k SHPBEPSIIGE thpilias varying
acodgtice feadbaRRNVtACEhORdMbHVE (filBr a4E0ARSMNHAY) fravkdlddle, in WO

which illustrate, by way of exanple, the principles
02/2§P961el.i nventi on. BRI EF DESCRI PTI ON OF THE DRAW NGS

20 The invention wll be readily understood by the

follow ng detail ed description in conjunction with

Accdriihcpiocofipthizy iaBpect ¢ithe ghesaman@intioh] #ré &f BIRRRR| a method of

. nuneral s designate |ike structural elenents, and in
adjugpng pignalpsth@in M2 reapeg Ak ae0sI it steps of: - transforming

an acoustic input signal into an electrical input signal; - generating an electrical
output signal by amplifying said electrical input signal with a compressor gain
provided by a compressor of said hearing aid depending on the level of said
electrical inpu't signal; transforming said electrical output signal into an acoustic
output signal; caiculating a level of autocorrelation of said current electrical input
signal; and estimating a dynamic maxgain based on said currently calculated level
of autocorrelation and the instantaneous compressor gain level for controlling said

compressor gain.
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- 8 - Fig. ldepicts a schematic bl ock diagramof a
hearing aid according to the prior art. 5Fig.
2depicts a schematic bl ock diagramof a hearing aid
according to a first enbodi nent of the present
invention. Fig. 3depicts a gchenatic bl ock di agram of
a hearing aid according to a"second enbodi nent of the
present invention. 10 Fig. 4depicts a flow di agram of

It mag beesderdasecond iatgah@gerthemredheamity aldst bgstemeseit methods in
invention. Fig. 5depicts a flow diagram of a nethod )
example sMPgMeBtsapraviss thendlityderdynamigaliyadjpstthenamount of gain

' y . Tl ; . | ON 20
that th A Gaid pEefStbirtnaly 3ol Shady ol ingliid

enmbodi nents thereof, terns will be used which are

. descri bed, as foll ows: Xgai n. oy maxi mum _gai n. )

Wh‘cﬁi'ﬂ?él"?s aGpyeing o ea%a Rt gfthg Rresent 'ﬂb%@m te hearing
i 4 808 A B oL BRI iR i SR psgtgnoous gai
level anbt insdapsihdienoen afibe calrranitiy teadculatedt autocorrelation estimate. That
is, an alternative way of identifying at which maxgain value a hearing aid is able to

operate without the occurrence of feedback resonance is proposed herewith.

In accordance with another aspect of the present invention, there is provided a
computer program comprising executable program code which, when executed on

a computer, executes a method according to the method of the above aspect.
Other advantages of the example embodiments will become more apparent from
the following detailed description taken in conjunction with the accompanying
drawings which iliustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following detailed description in

conjunction with the accompanying drawings, wherein like reference numerals

4designat_e like structural elements, and in which:
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Conpressor: a device commonly utilized in nodern

hearing aids, which operate to conpress the dynamc
woeange27ef the i nput signals. Useful for treatpenerabeos121s

presbyscusis (loss of dynagic range due to

haircell-l1oss). Actually, conpressing 30 hearing aids

of ten apply expansion for |low |l evel signals, in order

to suppress m crophone noise. Oten al so used as a

soft-limter in order to Iimt maxi mum output | evel

T B e

- characteristic and, thus, is capable of providing
| ess gain at higher input | evel s and nore gai n at
| ower input |levels. Hearing aids enploying a

Fig. 2onprdepity ?ls&hédnetuslb@naldagrame@‘s@ lhea:f‘rﬁj aidt @ﬁ;ofcﬁrgg? ltds adirst
to as on [ gai n _or. conpressing hearing ai
d os&4 'gﬁg rE%Wﬁ?W%&E Man input transducer or
nicrophone a signal processor anplifying the input

_ gnal , an out put transducer or receiver and an

Fig. %cou&"Pl?t?f 8edpIatSabiRCk |dagrRRY PbRahgardly Ao AREMERG to a
the sbabid &RBbdiRRnt &tﬁ@b?éé&ﬁ@'m%nﬁdnm ting the
anplification in the signal processor bel ow a maxgain
value. In a non-stationary environnent stabilization

Fig. 4S OQE kﬁﬁg %(ﬂ&%ﬁ %ﬂﬁh&?égahameOER %ﬁh&@ﬂ of the
proces the ['oop garn s approac
unitpﬁmenémvaﬂmB Ioop gai n, when the enV|ronnent
changes. C osed | oop gain: A concept known frome.g.
Control Systems Theory. In a system conprising a

Fig. 5 or vvaleplictsad ﬂom@am da metrodAmoding foetieaienpsddiment of
wher % 15 wherein the input signal (1) is
anpl "9 '?%%MP%rmard path in order to generate
the out put signal (0) and wherein the signal in the
f eedback path is added to the input signal, closed
loop gainis QI Al (1+AB). In such a system it is
al so com@ETAmEr[ﬁbEfscmpﬂ@m SFETHEQQPERF|ONAB. In a
marginal 'y stable system open |oop gain is-1.
20Acoustic | oop gain: The inverse, in the logarithmc

Whef YBRERING fthd RRvePBER doBoldiiy to embodiments thereof, terms will be

used which are described as follows:

Maxgain or maximum gain limit: the upper limit on which gain it is possible to apply
without the occurrence of feedback resonance. Some safety margin {e.g. 12 dB)

may be subtracted from the calculated limit.

Compressor. a device commonly utilized in modern hearing aids, which operate to
compress the dynamic range of the input signals. Useful for treatment of
presbyscusis (loss of dynamic range due to hairceli-loss). Actually, compressing
hearing aids often apply expansion for low level signals, in order to suppress
microphone noise. Often also used as a soft-limiter in order fo limit maximum output

level at safe or comfortable levels. The compressor has a non-linear gain
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acoustic feedback path (B in the exanpl e above).
Si gnal processor: The conponent that conpensate the
WO bwaniargy | oss, in a general sense. Oten, thepdBEP2006/061215
anplifying element will beya Conpressor. My include
25 systens for noise reduction and/ or speech
enhancenent. Even though Directional processing may
be provided in the hearing aid front-end, such
charaptatis’stirl arfd, lthues; isncarsihEubidoroeidognisssigaie dit aggheoimput fwdls and

th rocessi.n t he si.gnal rocessor
mOfeRé?*graEr@ger ‘Ep‘ﬁdﬁﬁﬁag*eeﬁf '5'9@]"35 esp %ﬂgc%c?ﬂ%és%{ in the signal
procBssyT iang ofié rflre?éHk Ao R ribnnigheiad ghineor 30fprssingfizadhgant.
of the present invention. WD 2007/112777PC
T/ EP2006/ 061215 - 10 - The hearing aid conprises an

Closkd IO!%Ft SRS HUEBMpAtedTH @ Narstilcdr BRShiRfdPhbBae 2R signal
acoustic _input signal into an electrical input signal

procegspr %mplrfm@dh%éﬁ@lérs'@ﬁﬁit a@h@%ﬁ)’t iréf‘s%ﬁ‘bloir rf@c%ﬁ%r and an
acodg'hg'fééd%'agﬂ rt.—){he Iﬁ‘@fgtigg v‘rar%l“nbﬁ |th§'s%tﬁ‘l‘zatla_ﬁ"?s 8Btained by
rocesse ectr I cal put sign I's then Into a
llm!tlo@rﬂpﬁ! enwpdiicatizo I@Ms@nalriyoammr @@tqw @zmamatmﬁiu@ fn a non-
S {
statigetf Hnyenngi GBI B GRBHRCEPeffilh 1 HhAGa! B the
mgn&iqrrpem:-sat e‘dhemldsled Iuspegameam;rmnmiﬁrsg ufhye i.eofpi dagr gain,
h in charact{s ristic is non-linear to prowde nor e
w e’g S erHOPIGM SIS gnal | evel s and | ess gain at high
signal levels. The S|gnal path further conprises an
out put trapsducer 230 |i aker recei ver
Closeq IR e Mo ep: B ronse So bopor S8 hs Shed B & §stem

com&%@& férwakt path wHeddiAlgainB Bedkifegbatk piaerHi‘tﬁém gain is B,
n‘@rl ses an aut ocorrel ation esti mat OB
whergy Gl iBRytrinah (ih ist ERiFRE| e fPrwatd pRip &0 2&%}* & 9ppgrate the

ouipﬁ@&%ﬁ%?@é%h@%ﬁe‘r&ﬁ”thé Q?Hél iﬁ'tﬁé‘?éed%éék pdfA8s added to the input

correlation estimafe is feed to an acoustic |OOp
signajatinsed idopegait is280,= M{EtABh la sush @ysysiaAne. ihibx@jae gopEN to

refer't3 t e&pgérg?oeﬁ ﬁam AQ%%%&@@g%ﬁbﬁ@gé%%ﬂi@Eh R gAP R 1.,

appli € COMpresso ncy of t he
autocorrelatlon estlnate The maxgain is then used by

_Acm{slgc Iégﬁfgréﬁiv mverse 1};1 ﬁ'\gel §bﬁtﬂﬁ'|rc Hjcllrg th' nﬁglgdﬁ:lr the

AIMves gnal. Sta evera

acoubtt feegibborpath B of theuh@eqrs ebatd)on is known in the
art. However, advantageously, the estimator known

from co- pend| ng
Signal processor: The component that compensate the heanng [oss in a general

sense. Often, the main amplifying element will be a Compressor. May inciude
systems for noise reduction and/or speech enhancement. Even though Directional
processing may be provided in the hearing aid front-end, such spatial filtering

should be considered as comprised by the processing in the signa! processor.

Reference is now made to Fig. 2, which shows a hearing aid 200 according to the

first embodiment of the present invention.
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20 application, filed by the sane applicant WDEX A/ S
on March 31, 2006 with the title "Method for

wo gwmti1xrlt i ng signal processing in a Hearing apcrmpmoéosi2is
Hearing aid inplenenting_tyRis nethod", could be
appl i ed and which is hereby incorporated by
reference. 25The hearing aid according to the first
enbodi ment is a conpressing hearing aid wherein

Thef resadting e ed:rinm'ismt aronputstrarsducetent rbi;zroerhahel a00 nrgnsﬁogn'mlg an
autocorrel atio and, once. au Qeort t| on

300%%8\/'8'3‘5 sfiel By oapieited H’&PL&%‘E 8 8 AD-cShverter (ot

shovautfor:@amﬁlir@t arnfndrgmtlhgwie)anﬂé@;e tleetriagiagigndl CTHeORPp@RESsed

i mat or I a| n at e se n .
clec{ipl BRF SIBa 8 ChH EEdU oo o Sk P2 sty P plgtical
outplit @@‘nbh%&%gpé &f a38ArfressdMyain in order to produce an output

200 112777 P2006/ 061215 -11 - The acoustic | oop
signgjdhat ied1senag &ssmaﬁn@at&aé@ﬁ% UBQY TGBHIEITRRRS ahN])pRyBPTESSOr
gain thg%?ér%ﬁlfz%héh dihdlrtio %FoJ@é(Hﬁ'ré‘ B é{%\ﬁrzr‘%tﬁ's%ai R&els and

acoustic ain in case of |nsta
less | grin o highysmsmd@vgtst eldhewisignat m@tfalfur@wr ﬁ@naltlse@n an output
transgﬂi:bp%%@rhk% E?IOLHé Upt Fe%elv@PQraQQfoﬂnl fat éigﬁfn‘é‘g B¥tput
termnin [ taneous conpr esso gain
signﬂntutotdmeacfwstlc Olﬂpumgna!he open loop gain is equal to
-1 in situations with instability. The instantaneous
conpressor gain level 255 is read fromthe
The beatmig akbiurthdheomprigai an bstotbealatich esihreaitoa@@ﬁruéidmg:tihg an

t he estlrm ed, a st and feed to.t
autof e s GRigat, 238y of s, deEeifed  tieals fou §iongl 315 (The
autotdiee|sficastingatt hs gaidtoddPhtARtt JoddgaihaitinatdrgIsl, wheedin a
generating_the output signal of the r-ocess?r. 1% ,
dvnamemeaﬁgﬁ@ 269 BrGHBIRA R 91 IR PRYRR 9 levg! ¢a¢ apylied

by tH@WzBrﬁpHe%s@rStZQ@' 'n?‘h:%%eﬁd’erﬁ:?bbf Qﬁé'&ﬂoﬁrre@atfbﬂnéét@ﬂéte The
B, fromthe esfti mted dynam c maxgain

maxgalhes él@fm Ha@cééyetb@@@mpce%@bﬁp djraﬁltn'lhe S«ismat* ipath gain in order fo
secuﬂ@og&%ﬁ'srgngl %%8@))? l@{eﬁte%l m}’l\@dsafcf?legﬁﬁsa%ﬁgﬁ Qmoggrrélatlon is

earin e second I ment i hear | ng
knovad ith iaecm dioveeveo advaniagesesly, theastitiagor, kmmdn@hé@sn&rg!mg

appllggﬁon ?‘%G‘%y th%os%mv@e?@a%t%ﬁfg)k F\?Se 8ﬁ Q\ﬁig}%ﬁ §1 " 2(3%6 with the title

ancel l ati’on neans are app in or
“Metebd rfonabetrolomg rsa;had:ep,rocfeserﬁbamkar Heanmaneél aadda wHeareign aid

. _.Signal utoc rrel ati i S d.for the feedback
impIih i B8 e R Raed el B RendiBBoiasts by
refer@fceabove a critical value is detected, naxgain

limted at the settling value of the conpressor gain
is provided. The effect of feedback cancell ati on may

The h@aﬁr@gi‘%ﬁi AScAHIngdY ahé 308 ANBRiRE: Is0al dbedRassing Rearing aid
st abi margi n of the hearing aid.

wherein feedback elzmmatlon is provided by evaluating signal autocorrelation, and,

once autocorrelation at or above a critical value is detected by the autocorrelation

estimator 240, the acoustic loop gain estimator 25C limits the maxgain at the

settling value of the compressor gain instantaneously received from the compressor
220.



10

15

20

25

30

The signal path of the hearing aid conprises an input
transducer 210 or nicrophone 25 transform ng an

wO a@omst7re | nput signal into an anal ogue el ectpéERbroos/061215
i nput signal, an ND- converter (not shown) for
sanpling and digitizing the anal ogue el ectri cal
signal into a digital, electrical input signal 215 to
be further processed by the system This signal 215

The iasousticpers ghiac:stioratdrt &S 0adre usfaptedk l!eeg,ﬁmme \u'nt Llipmm processor

coustic, feedback, si gnal

mat e of. t.he .
gain it P Sy e BErT Ptocte FEoteEs IOP gD AR ass ghinstabilty.
lnsta’b@ltﬁ@@@‘té@éﬂ ivte tied egtoEbredbtidngatimaab0Pel. TAdSdolsi® loop gain
310 to enerate a feedback conpensated i nput
s eir% by fistermyung sy pataRIANGRYR FORPERFSPR gat Isverand Begact

that ih% cfp%ﬂdo CF“éé]n?i"s. é‘dqu!iﬁ!% - P QR B&HRMNs vﬁﬂpmgﬁﬁﬁ'fyat’[‘hE%s@éhtaneous
el ectrical output signal

Gom@reéwrlg@vﬂemzﬁmwcbé‘pmﬁﬁe cmmpreSA@f:oTi@ﬁ MpAxgginais then
adjuﬁﬁg%bcffﬁ Mg 18fthd Qgtlrhﬁt‘éﬁ %bﬁﬁ[c 159;‘? ggss FPAA 584 compressor

racterrstic o I'S non-
as uppgy. processhogsinclonip 268 o djmltdharsmnaépam gais appled tsh ﬂn@ mput
- [ ss gain at high
sgn%%&%ngr gt}‘?é!"oﬁﬂpg{‘% %%kﬁ'léev\%'%?(gsggf ‘he art. The
Si gnal path further conprises an output transducer
i ke a cel ver transform n
Aocofil 1 £, SrbRHTRRT &f Sie MuebBSt  Seoidy Hat) Peodatiifee by
subtrat@irabs. a Sedanti Ny, 1 ©gas dgntr@ﬁhl tAB Rstimb iRl dhaRrtic MRxgain (the
f eedback cancellation neans is 10 i npl emrented as an
estimatixpacoustit Eegpgeik —su herdsdomainti | t er 330 whi ch uses
t he out put signal 325 and the feedback conpensated
i nput signal 315 to estimate the acoustic feedback
Figurei 3 siadws38 Bolockhttagretrosfor hedamtg Al 3Vtaf e @éc&ﬁﬂerdsdsdimeﬁt of
its estlmat(? che basg he conpensated in )
a he@”'bgnﬁp aqeprdiag, 1o dhe |peesenl BIVEROL p SPERESHYG ed G aid 300
wheré @ MaMestive0 fdtrick OBarRNRAN ridhs0 BRPU ke | ppabd 3RS orRd to
the electrical input signal 15 215, this correlation
elimifgtey op sedyse. 6%?qba§i‘ TERRAIGE 0 8BF rehelrinoHoBa! AvigeeTelation is

: evaiu-gféos fdrsthbnfegéﬁédkc%rﬁbeﬁéﬁe?d“g@ﬂaﬁ%ﬂr Q'Jn@g é&o@?relattlﬁn at or

mbodi nent of the 1 nvention, "accord whi ¢
abovaoan%itupai YadieR ig)aleteaied. i maxesin zimte\doat a Isedling yelgeaof the

comﬂglé’%’%re PE@Q%%BVM@@ nTﬁJ‘Sff%ﬁ?ﬁtféé’ : gfgﬁ %gﬁétﬁiétﬁﬁl FNf}:{yet?eS tfkBn as

an/adventa@iamjiabm;l %I Ilagn(e:eregg E;twte@mytmmgmfﬁm haaﬂuhg «fmput
si gnal s.

The signal path of the hearing aid comprises an input transducer 210 or microphone
transforming an acoustic input signal into an analogue electrical input signal, an
A/D-converter (not shown) for sampling and digitizing the analogue electrical signa!
into a digital, electrical input signal 215 to be further processed by the system. This
signal 215 is compensated for the acoustic feedback with an estimate of the
acoustic feedback signal 335 by subtracting the estimated acoustic feedback signal
335 from the electrical input signal 215 in a combiner 310 to generate a feedback
compensated input signal 315. The feedback compensated input signal 315 is feed

into a signal processor 320 generating an amplified electrical output signal 325.
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20 The adapti ve feedback suppression filter 330
operates to mnimze cross-correl ation between the
wo toopui27ei gnal 215 and the signal processor oup@HEP2006/061215

signal 325 and generates_gp estimate of the acoustic
feedback signal 335. By analysis of the transfer
function of the adaptive filter 330, an estinmate of
the gain in the acoustic 25 feedback path can be
obtained The adaptive filter 330 operates to

put Si na 3

recdfia B8 S RERSTe ANERIRR ThY Satdietiph il e e
sig nﬂa:trommser af nd)rhenmp LS | iitCsrfoasdrkthesslgm gha@iterkticnptdvigiing

15. The, anpunt acou |c f eedbac
mord, @A e GRPI 05Vl £ PR BENGH N SSTAL IS 86 1 PRLKERY i
the gt i 0 between the i nput and out put signal of the
adaptive filter 30330. The way of inplenmenting such
filters will be known to the person skilled in the

4
T Sk SR ATRE 0 O A 2158yt o

receWabibafisieming theeelestricaenudeutadanad 822 Irfte@amusecr gutapt signal.
Accogcg%'ﬁ*;e%nt %nﬁﬁb% é&gﬁheplﬁﬂ%ﬁﬁé%é‘d‘% r%@ﬁétrbgl ns is

mar gi n of t e rocessor npi ri cal
implerhented e @n arfaptive dadblack anpwkebsion Gler &30awh ichciseade omtput

signd) 195 SRRk Do e LR ol <80 015 ASRbAlIB¥acoustic

maxgal n”’s
feedbdck didha}-336. @B antaoaelatibn @stitatoc QMD aterriges its &stiBat@non the

. t of th f et d the fi
pasi§ G B b heed MEh LA Bumoal 4T a6palig, FiprebSay fiter
remoVés @BrrBiafibe betireeh tHieotPKYBighaleS1s aRd Itl@aﬂ elb@tirﬁﬁl oput Bgnal

cal cul ation w_t hout thea t|vef|I 10The
215, ﬁP'és%?{fe'?tfRPeM’ﬂ’l BRT P8 PHEC B%vﬁ“&%%ﬂr%? Wh@b‘“"ﬁ%@ This is in

parta@ﬁ&ruﬁﬂehaed b%raingnalanwﬁbomﬂem dfrﬂhélmbemwdrn @cdbrdind%o which
descri b | owi n wth ref erence to ‘

the ﬁ‘qOQSt'fZHOORc%F’dﬁ’%’&@%’f@r 2@ rehivalliCHEHE &PV B@xgFHN prien the
adapﬂ\re Efé‘ecﬁ%%lﬂ%dﬁ%rééb%ﬁ lei ,g@gd) Hel, Hc%%%é@rtﬂ@dsthm&} ﬁﬁrgm by

ectrica ut si an i nput transducer
remonwgirodektiop b:emela_rothemntnuiendmm&e@@ahg of the |nput
signal by e.g. an A/D-converter is not shown in Fig.
4. In nmethod step 420, an autocorrelation estimate R
The afaptihe feeldbath sugbressipufiiesiljiaperaes i minimtzedrostheprrelation

sorn| WIS 4elE LA S0 oifor STRIEIGR, 18 o
genen@é}s ahf edtleatessfi thet acdistis feeﬁ&tcﬁrs@ﬂimrﬁiﬂﬁew nalykiel ¢, the
trans}er unctltoﬂoc t é%@%gﬁ\?e El?erSSIS%p aﬁ4e%ta\r,1\1g e o!f ﬂwe gain in the acoustic
feedback path can be obtained. The adaptive filter 330 operates fo minimize the
feedback compensated input signal 315 which is generated by a combiner 310
subtracting the estimate of the acoustic feedback signal 335 from the input signal
215. The amount of acoustic feedback may be estimated by determination of a
parameter like the ratio between the input and ouiput signal of the adaptive filter
330. The way of implementing such filters will be known to the person skilled in the

art, e.g. from the disciosure in WO-A-02/25996.
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20 instantaneous gain level is determ ned. The
maxgain is then estimated based on the
WO aezaezyrT el ati on estinmate and the i nstant aneoBST/@RE006/061215
l evel in the follow ng stepg. Specifically, the
maxgai n i s adjusted based on the determ ned
i nst ant aneous gain level in nethod step 450 so that
the estinated | oop gain will be decreased. In nethod

Acaprdipg 45en emthedimeriaihepestimaged aconistid feteldéac!bsghafns tredlided to
| ectri

t 25 Thus
B s R R e O A
Emfl_riegilyr |th‘ﬁgéffeoiﬁpﬂfeesibgnlabam%dﬂgu@ sgarmmemeé rl]:\gléttehgatln rn'?trgrn in
imt \ e ain an ependi ng on the level o
the ORI SR s LEro BN IS GRAGAI RSB TSION o ar oTiBk 6 SR 2t €.0.
| | I rical out
7768 3010 B R oot PBRTY OB e L e
mentomedst rthaaiiret &nbsdrbﬁn@v\smﬁetmhmiﬂmm avﬁ:%im@hlhoﬁ set 17 dB

oA AN EA T e F el e Boe Ao B SpEPR bp A agfotive
fitet.he out put signal, the gain limt will be rel eased

gradual l'y unti | there is no limtation any nore. WO
2007/ 112777PCT/ E1' 2006/ 061215 - 14 - The invention

The&irégerﬂrrﬂ)éhmmﬂhgﬁﬁm%eﬁ%rmb%ﬁ e&%mwhb%é@zfgaaﬂ dhth Bain in

cooperation with the adaptive dback Suppression
a hggringaid as will e dascabed '%Ehetf%‘@\"f"l‘%wﬂ*h g}f@re@fze k3 §ig- 4. 5
The flowchart of Fig. 5 also illustrates how the

met hod according to an enbodi nent of the present
Accpriihtie ahei embbdigent deemh% lacioigs t4 carf @edbstisk iftﬁu_t asignal is
trangﬁ%éggntg' e@?ﬁmﬁ?fﬁ E;nQFB S&ﬁw' if Pt’?éﬁsd?:f:g B—feﬁwod step
ranstornmed In r|ca |np Signa y a
410nFmrtimﬂpmmssmgrtﬂtﬂhmd1pﬂt sign&iliey. e. gnaraAﬁm-bemﬁJ’mnns nett toekn in

.S 2 ck- ca cel l t|on ed. .
Fig. o, B Patheh 168 S0 ey At nedirBg s ok B8 el inpur
signahés ticelatnl rTrtealestlrhmet RSIsgtI‘@ln eedudibd Ny, ig)g., comparmg the

csinge RS SRS s i b Ao L0 3P ahrges v

gred¥ér tthan ftﬁéd@ﬁ@éﬁdkﬁnﬂﬁ;' Iresthbd PBfanshanab ¥ikp |a4o wherem the
cal cul ated. The |evel of aut ocorrelation |s th

instaiaRRausIak faveh i Helesniped. Vhe tBa¥aRinis then @tt!g@tg.géased on
the é&to&&\’?ei%?p@é'tl'mgé?@ aﬁ@sﬂ"i’é ‘ns'ta?ﬂﬁ%u%'g\éﬁ? eldah ti'legfdﬂﬁwfrﬁesteps

autocorrelation s |arger the given thresh
Speqifitally, thenmayginds |aéjﬂstﬁ§pb@%dn0'1§"ee§¢tﬁﬁ’ﬁﬂﬂ@d |l%8t@piaa¢w gain

| [ LSt e - r t
leve\é"ir‘fe %e@@kgd E%@bgig% E%gn{hlﬁi trﬁzg@{n‘ﬁﬁ ‘31 lo V\ﬁ giechra vs@ltl '5% EQ&eased In
methasivetep %ﬁgﬁiﬁersigmai petth galinswié pjheﬂw?@e fitnfted &m thdq@d;gstné rmaxgain.

Thog ARl AcpBESY SRR 1 BrtdaR b A R A oot inpur
signalegitt & @bmptéseosg@naimlmtﬂy malmaéxggtrhartdweembrﬁm;t edth20evel of

xgal n.or nat in net Is t out cone,
the BBEHERD ot rnals 1 Fobrle (S IGRAHCR AP RO aRH b Ggpal. the
electiBanoihe sthrel rtteshs@@al ifo dmMgcduBNEBltborsighdll sl acken
the gain restriction by increasing the naxgain in
met hod step 590. Is the outcone negative the

If the BYfiRAleOD .%élbw%é&meémxd OB mABaH BrartBed\&s 8fedi 40, tderein
an enmbodi ment of the present Invention, the slacken

the S'Qnﬁilﬁﬁﬂb%ﬂthwaB?“ & wieased in @ideripeaysid {HENRAg nof the output
signdll {Fet qaaq W\I bd rél@&‘se@%ﬁ@éﬁ@qnh%@féq s‘?]%ﬂHiPcJu%n bRE more.
Si gna pat gain setting in order to reduce "punping
" of the output signal. According to another
enbodi ment, the punping nmay al so be avoi ded by proper
sel ection of tine constants in the control system
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WO 2007/ 112777PC T/ EP2006/ 061215 - 15 - According to
an enbodi nent, in order to reduce the system | oad,:
WO tdaeimexgai nestimate will be updated | ess freguentiovsosi2is
than at full systemspeedqse.g. at 0,5 nS intervals.
5 Naturally, nore than one systemfor estimation of
MaxGai n may be applied, e.g. the adaptive estimtion
systens disclosed in, e.g., WO A-02/25996 - in
addition to the one of the present invention. In such
SONeE. sion unit, w rovi ded.
The FyRERHE Rees PRUEES i Aae G BEERRAY dh¥ ehargape R Boseraton
with td ddaptide fec@ibacOgHirédsion filRe iadallenatedibyitaatibwehznt offig. 5.
average estimate. 10 According to an enbodinment, in
situations where it is determ ned, by other neasures

The KOR¥Rart 6F mges §i§bhih%€+afé%rh%9\ﬂthetlhéﬂwoﬁ %@c&ahgrfataﬂ &hbddi®ent
acoustic | oop gain may not be correct,

of thgfprggﬁgltﬁ@g@@gpm] lseglglpﬁgtr@@uq@om@sgg feppéjbpglg of a h%%r;ng a?d The
recefdbd %rceﬁéﬂcvlﬁb%t’ s@%ﬁ@ﬁén%%@ﬁnﬁte%n E@cﬁ?@lgﬁgdﬁ%gbrgl Xk by a

maxgal n ma exanple o
mICT@]IilftCur'@t ||ndmew@d|sje;bé51ﬂhg1 a@eswdrenoent inathad step 520 a feedback-

canclg}rl:ét&%\%&(aq @Bﬁﬁgge:oaﬁ* A, a@bgtl {[iteh 'tr%i? @H%ﬂ%‘&h{r%t@& 't the

mcro nal’s
electsib&ldapmtmgrvdieesdliirsg mnﬁeagbacrk a:a:metted lapd’emgnaieyk (step 530). In

next Bl 2D hh 834138 R RS pMSREPEROYR Elhel S delRR I imput
signali gni&l sakculalde NTiveo ud ! IMdamrgrr%IaMébaﬁ: Kh@gcnokﬂpmred)nmth a
cou e detecte

threShQE e TS Sl 510, IS SOMaten EURERISVA, gt s € the

autotBredlatidhOisTRX¥GR thahi ikt @vé®RheRpsiidvie:, app! acﬁﬂlstlc Ioop gain
According to an_enbodi nent, during power:up
estimpia i Hpdated With B6BEAYENEOES ﬁﬁ%@éﬁ%ﬁ%@ﬁ@%ﬁ%ﬁh&d tﬁéep 560.

SubdSRLEHH) tﬂ@‘i‘né&ﬁ%& Mtd?aa@c& Wér@néx@grﬁ if Fhdih&Ltepaizoon

systemis 'y operative. Alternatively, the
threshol d | evel for deci ding that autocorrelation is
Y/ Verf d valt
n o BRGSOy PEDSPRER Rk Ble o aue

the lov:enim ofﬁetcﬁa wtmetheﬂ ltmesiﬂsttmmer @wntaf eathegalp wiindoe dotated
maxqaln?nof' g%t lﬁ Ir%egﬁ%cﬁg eS 5%8 %etﬁ %%tc‘c%{% osgtﬁ)e ] lSylf fh{'% stlé_g'?atl path

range. TRere F'e,” accordin
gain esblatjereman ﬂwbedi@tméda raamum e titeu firevengomivall Isyaa:ken the gain

rest-ngﬁgj{bby \yﬁ?qq;r?gg’[,hsé? px%lbliq Eb?ghcé% step@rosfsngou?come negative

the ireABes S stait BE ol@Xgim control system

-According to an embodiment of the present invention, the slacken is implemented

by a gradual release of the gain limitation until the compressor again controls the

it

signal path gain setting in order to reduce "pumping “ of the output signal.

According to another embodiment, the pumping may also be avoided by proper

selection of ime constants in the control system.
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WD 2007/ 112777PCT/ EP2006/ 061215 - 16 - and the
autocorrel ati on system operate in several bands. The
WO storhizedr per son knows how this is to be achi emerdrEribogosizis
acoustic loop gain is acceedingly estinated
separately in those bins and the anplification in the
signal processor is controlled in identical bins.
This way maxi mum anplification can be assured in a
Accamgding rfomarbembgdiensnyy, spamder @mme@tpﬁeﬂtel yy%wedoad, the maxgain-

intelliqgibility can be [ La
estinfle Syt bl fhepte 58 PraedRuBaf AR50 ian el 08 FEgg ms
intergg@é.N estimation is omtted for Iompr frequency bands,
since acoustic feedback rarely occur in the |ower
frequency tobands. All appropriate conbinations of

Natu?aﬂ@t WHORS tHARSSHel Syetbn@idp eetirBator 6F max@ﬂﬁ%ﬂﬁlﬁ@éppﬁ&d e.g. the
bel ongﬁag to the invention, even if they have
pie

adapiive ASURBTOTE PAIgME dBEIOPBR i Fif ¢ HE-A-QAAIERAL 16 00K N fo the
one éFfFl%rﬂbQQntt iAvEaTRAd | BMSa Qfstehe sBFr%SI@ﬁ@ o\‘ Q¥&sibh QJhlt will be

hearing ai ds descri bed herein may i mpl ement ed on
provigegdnal orgﬁbct@sigtaﬁ@frdaewh@ésewnatamsetOf'@ﬁ ufifizeds g’ pasHRly.

dec;c?eson Epi%at;o:‘?'bﬂérﬁ Qberé%&@é’tﬁm%ocessors anal ogue/ di gi tal

rocessi ng systens 1ncluding field
progrannable gate arrays (FPGA), standard processors,

e o S L e W R

meagye$ &nowa tormé emﬁm edrsion, thas ity betmdatgl dfahe @acopsdicelnbp gain

may <08 etk B R PR SEIS Ity opil SOHTalaSg b Ty dled

Aiterﬁ@tt\}éqﬂSarm%rd@@te:ﬁ%a@@wrmﬁwoh oOfeme@hmenays bef applizd. An

present 25 invention nma Ierrent ed in a

ekan@q]e; ©hsHeh @ giuaten yoykabe %?908%@' STy 'g)ﬁswmm'?ﬁg%”e hearing
aid, ﬁﬁ"ﬁéﬁ RAtRHSIatiTR M 886 RRFoHE CEgnIRYTHM §@ulb%e%§%1tuatlon

g., the audiologist in a fitting sessio
whenkaieriag tagusicdnget hetmiesymrtgeniat thedimg- Eﬁ@owasm & gyph that
a dl#@ehg@llﬁrﬁﬁéﬁﬁrélﬁloﬂ FOTRMUGGS RIPSHHRRLCAREAL LNGhich would
execut abl e program code executi ng net hods accordi ng
indicate @@ﬁbdq:kmaclﬁatw@smr onre ehitropbPme peth a— could be detected, this
wout8 '"?‘ﬁ eerPYﬁél%{Hng&Bcgrpelbﬁoﬁ‘§§q11 oe'm%hmeﬁhtatlon
esen I nventi on. co 14ed 3" enbt e
shou(rbiﬁmap;ﬁredmhl ch enbodi es a system according to the
present invention and hosts the conputer program
executing nethods according to the present invention.
According to an embaodiment, during power-up of the hearing aid, a conservative

maxgain value could be maintained until the acoustic loop gain estimation system is

“fully operative. Alternatively, the threshold level for deciding that autocorrelation is

above feedback resonance level may be kept at a relatively low level during this

period.

Instability occurs often in a limited narrow frequency range, so it is desirable to
decrease the gain only in that limited frequency range. Therefore, according to an
embodiment, the whole architecture is wholly or partially band-split, i.e. one or more

of the adaptive filter (if applicable), the signal processor, the maxgain controt system
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WO 2007/ 112777PCT/ EP2006/ 061215 - 17 - According to
anot her enbodi nent, a conputer program product |ike a
wo oompietrer readabl e st orage nedi um for exanpl ggT/BP2006/061215
floppy disk, a mermory stigk, a CD-ROM a DVD, a flash

menory, or any other suitable storage nedium is
provi ded for storing the conputer program according
to the present invention 5 According to a further
and M@mwﬁatioﬁ@s@mgp%&hmvm bbrds tTtveeskilied paarson knows
not a hearing,devi ce or
now fBRDIS 1k ARk b T e digoh & ol Esfipates
sepa@aite@ |pnme&ﬁmmgnwmet alhp)lkieata)rﬁﬁlthé Bighabprooesday isatontrolied in

. oth SU|tabIe ocessor conput er execyting a .
iden{iat . oMt v 1R R DR BEA o doT obeeABRMIF e S Maxmum
freqdéaﬁzsy r\@a@e@éﬁd@adeaﬂuﬂ shbbdtstintatigdiibheapr bBChIrksingéd almost
he present invention in enbodi ments thereof, it

Umﬂ@ﬁﬁhld be apparent to those skilled in the art that

the present invention may be nodified in arrangenent

and detail without departing from 15 such principles.
Accaninadee famerrmdlbwlwm drsaepushic foaphgais @sp@atien fshemitted for

t [ f,

Iowefﬁ‘gél?erhcyl %K?ﬁeér"g g@ %@gg?ﬁﬁ%?%ﬁgﬁ‘ﬂqf‘% }]cﬂﬂer fteency
bandsncludes all such changes and nodi fi cations. - 18 -

CLAIMS 1. A hearing aid conprising:

All appropriate combinations of features described above are fo be considered as

.beionging to the invention, even if they have not been explicitly described in their

combination.

Accordin_g to embodiments of the present invention, hearing aids described herein
may be implemented on signa! processing devices suitable for the same, such as,
e.g., digital signal processors, analogue/digital signal processing systems including
field programmable gate arrays (FPGA), standard processors, or application
specific signa! processors (ASSP or ASIC). Obviously, it is preferrad that the whole
system is implemented in a single digital component even though some'parts_ could

be implemented in other ways — all known to the skilled person.

Hearing aids, methods and devices according to embodimenis of the present
invention may be implemented in any suitable digital signal processing system. The
hearing aids, methods and devices may also be used by, e.g., the audiologist in a
fittihng session. Methods according fo the present invention may alsc be
implemented in a computer program containing executable program code executing
methods according to embodiments described herein. If a client-server-environment
is used, an embodiment of the present invention comprises a remote server
computer which embodies a system according to the present invention and hosts

the computer program executing methods according to the present invention.
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5an input transducer for transform ng an acoustic
i nput signal into an electrical input signal; a
wo smnpressor for generating an el ectrical out pptT/EPSI&h61215
fromsaid electrical i nle_t17s_i gnal ; an
out put transducer for transform ng said electrical
out put - signal into an l1l0acoustic output signal; an
autocorrel ation estimator for calculating a | evel of
Acceardingcior dredtiedr embodirssit,da compater pebgratr poaluct fifgue computer

Lanal ; and . an _acoustjc |l o al n_estimator
readhBostivagh iedivay for e g auisory Rtk Saamgn; SR Ripo-Hom,
a DYB| auliahetheh@irg!l opbnpuwtiasroguiabrt stomganehedium, is provided for

i nst ant aneous gain | eve|l of 15said conpressor. 2. The

storing 19 sRMRYET RICBRMRRECTEHILP fiswresetimEEP conpri si ng:
a conbi ner for generating a feedback conpensated

i nput signal by conbining an estimated acoustic
Accordmapaafugthghambadimeniaihe reparany $Qdg May patsteieg i@, mogory

- of a?@é@ﬁ@ﬁrin?%%\%et ﬁ afcefnglﬁ%tr in@ﬁér?%n%%@c%@@ﬂhﬁnhaelaring aid

om s el ectrical output “si )
deviemdtsethiat @ gedtaasingc onipdieaa &PV ripereokiogri enurdher suitable

wherein said f b n [ -S] gpak.d :
proc S Gbof b ARl rHEReTE BB, B R7ind Hesqrioed
embadinaged.r el ati on estimator. 25 3. The hearing aid

according to claim 2, wherein said conpressor has a

gai n-adjustnment rate which is shorter than the

Havagaaba&rib@ﬂ kAl ellktraed ditrd gpncpest iof t e puEpnesissentign in

RN Y

presbhBRASRIORTRSY BE riveitallih GrriaRgétheftl gididdetainivith@nt departing from
el ectrical i'nput signal; = | . :

such principles. Changes and modifications within the scope of the present

invention may be made without departing from the spirit thereof, and the present

invention includes all such changes and modifications.



5a signal processor for generating an electrica
- output signal froma feedback conpensated i nput

si gnal ; an out put transducer for transform ng said

el ectrical output signal into an acoustic out put

signal; an adaptive filter for estimating an acoustic
f eedback signal from said 108Fectrical output signa

and sai d feedback conpensated input signal; _a

conmbi ner for generating said feedback conpensated

I nput signal by conbining jdgesti mated acoustic

f eedback signal wth saidggagg§rical i nput si gnal

an autocorrel ation estimtor for generating a | evel

of autocorrelation of said 15current feedback

conpensat ed i nput signal; and an acoustic | oop
A8k ﬁﬁibkﬁ@é@bﬁéﬁ?:deternining a dynam c maxgain from

said currently calfcul ated | evel of autocorrelation
aad iaputi insnsthicen darutsargsoming el acdusdiai idpsi sigaal into an electrical
.aﬁqpess r. 205. The hearing aid according to claim4,
L9 sai d acoustic |oop gain estimtor is further
adagirfifrds@oH ¢be hBhaRtIRG! sh IEANES @mﬁgﬁlsrqrﬁn gRomashd electrical
on said estimated acoustic feedback signal. 6. The
ineetrsignalai d according to one of the preceding clains,

15, APt e e A EORE ol S b gt o an
dRbusdlic egput elgaki;on; and, if said level of ' :
autocorrelation is detected at or above a threshol d

van @itoerelatien estimateniey episuating anlavelr obpelogpeelation of said
ine. said i taneous gain |evel, to update S

c?:ﬁrgﬁg%]gggrﬁ%g'irﬂ)é}é%ﬂa%ﬂn estimte with said

i astzepushicmop gaigrestimutoc s stegainingl £\dghanmio ntigast from said

sai d _nmaxgai n, e\nd to limt 30said sjignal path gain by

cggieattmg%la]ted evelpf. autocorrelation and an instantanedus gain level of

said compressor.

. The hearing aid according to claim 1, further comprising:

a combiner for generating a feedback compensated input signal by combining
an estimated acoustic feedback signal with said electrical input signal;

an adaptive filter for estimating said acoustic feedback signal from said

electrical output signal and said feedback compensated input signal, and

wherein said feedback compensated input signal is provided as input signal to

said compressor and said autocorrelation estimator.

. The hearing aid according to claim 2, wherein said compressor has a gain-

) adjustment rate which is shorter than the adaptation rate of said adaptive filter

suppressing the tim e?Varyiﬁ{;“éfédﬁétié"fééaﬁéék.
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7. The hearing aid according to one of the preceding
clains, wherein said acoustic |oop gain estimtor is
adapted to further adjust said maxgain by subtracting
a safety margin fromsaid estimted maxgain. 5 8. The
hearing aid according to one of the preceding clains,
wherein said acoustic | oop-d&-n estimator is further
adapted, if said level of autocorrelation is detected
bel ow said threshold value, to release the limtation
of said signal path gain. 9. The hearing aid
according to claim@8, wherein said acoustic |oop gain

. R$lcanny @id ¢Ompssingt t her adapted to check whether said

si gnal Path ain is restricted by said maxgai n and, _
i ANsgPHt Eapsdicep demtraasiarmiagras agpustiednpybsignakinte gn glectrical
iﬁ@hpsi Lgitation by incr easi ng sai d naxgain. 10. The

aring aid according to one of the preceding clains,
f ar sipeal pocpssai fog gentiativgnan Sdtticdl idutput gignal from a feedback
converting. said electrical input signal into

AR INQUEsign@bal i nput signals of a plurality of

TeRaveny Pardacandoisheidfnif dalPldditd duibdt signal into an

urther adapted to process said split ctri

aqupistic sugmdisignall each of said frequency bands
i ndependent | y. 2011, / t hod of adj.usting sjgnal )
A0 30APRVE (ter ok PRYMTRE Lhnislinglaeback cpangk from said

élé&ﬂéﬁl%ﬂl‘)ﬁ&iéﬁ‘almi&i feddHiek cOhtEMsatdd @ Ipt'?lf‘sig_nal;

el ectrical input signal; - generating an electrical
oat gambinemaor lgenenindg saith featlbach exmpendateédchpioput signal by

[ i1 ' i ded by, . , .
BHIFootho PobFC 8IS el IR YR son wepial iout
gifnagai d el ectrical input signal; 25- transform ng
said electrical output signal into-an acoustic output
spprtocorrelption ssfimgter fos\aanesatinguadevelr ef aviosarretation of said

: : o . I q _
céaeﬁﬁa%%oﬁ)%%g bﬁ%&?%%gfﬁb@égﬁaon 22& d currently

cah adbattd Idopvghinadstindtoc fur rddteininimgaan dyhAmic maxgain from said
ain level for controlling

i nst ant aneqQus .conpressor -
oggggﬁu ;@g;%tgggg\%)lgg‘i @,L_ltocgrrglgtion andrar ingtapisgeous gain level of
AP OGHANSoL8s&dral m 11, wherein said step of .
estimating sald dynam c maxgain further conprises:
eval uating the value of said |evel of
| eve

- Th SRl 4 SR8050 cired Wno@iT aflacousti loangpip estimator

iy FuMBer babphey t@%mé&nsiheg'saiadafr%mcnmgﬁm @lso based on said
I NSt ant aneous conpressor galn evel ;
estimated acoustic feedback signal.

. The hearing aid according fo one of the preceding claims, wherein said acoustic

‘ loop gain estimator is further adapted to evaluate the value of said level of

autocorrelation; and, if said level of autocorrelation is detected at or above a

" threshold value, said acoustic Toop gain estimator operaied 0 determine said

instantaneous gain level, o update the acoustic loop gain estimate with said
instantaneous signal processor gain level, to adjust said maxgain, and to limit

said signal path gain by said maxgain.
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updating the acoustic |oop gain with said

I nst ant aneous conpressor gain |evel; adjusting said
maxgain; limting said signal path gain by said
~maxgain. 10 13. The nethod according to claim 12,
wherein the step of adjusting sai d maxgai n conpri ses
decreasing said naxgain. 140Fhe nethod according to
claim12 or 13, wherein the step of adjusting said
15maxgai n further conprises subtracting a safety

¢ . g . Lo In . . _
7. T Aelind 88 S8 afip o B BBt ng Epuime AgFoi Y8id acoustic
lsbpmaii estitniatmt isngdsded tdyforhecadiaxpeaid faxgher by subtracting a
C rises, if said |l.evel of autocorrelation is
tBRIHY AR SRID SHMAPH BVNER- val ue: - rel easing
the limtation of said signal path gain. 16. The

- method according to claim15, wherein said rel easing
8. Hieehearnpaidsaxordihgdaiong alttbe peecetingl cigsalvhpedih said acoustic

| cgrif Eaiﬁiﬁe%ﬁﬁ étroir ists fqdrm?% @?@%ipgchgﬁgﬁi% r[‘(—*‘s\ﬁ% g;lf fé!él? aio?re?ét%r}lails detected
HelW sald PRedhold DEILRAR Rdess ﬁeﬁﬁ%‘%ﬂioﬂ-of%@ﬁdl?@nﬁ?ﬁélﬁ‘bain,

according to one of clainms 11 to 16, fur
conprising: estimating an acoustic feedback signal

r o 1 d el ectrical, oytput signal; 30generating a. .
9. TR e SeiBuo tiuft b bR safyd&05E 68 dBin estimator
is further adapted to check whether said signal path gain is restricted by said
maxgain and, if said signal path gain is restricted, to slack said gain limitation by

increasing said maxgain.

10.The hearing aid according to one of the preceding claims, further comprising a
band-split filter for converting said electrical input signal into band-split electrical
input signals of a plurality of frequency bands and wherein said hearing aid is
further adapted fo process said band-split electrical input signals in each of said

-

frequency bands independently.

11. A method of adjusting signal path gain in a hearing aid, comprising the steps of:
- transforming an acoustic input signal into an electrical input signal;
- generating an electrical output signal by amplifying said electrical input signal
with a compressor gain provided by a compressor of said hearing aid
depending on the I‘eve! of said electrical input signal;
transforming said electrical output signal into an acoustic output signal;

- calculating a level of autocorrelation of said current electrical input signal;

and
estimating a dynamic maxgain based on said currently calculated level of
autocorrelation and the instantaneous compressor gain level for controlling

said compressor gain.
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generating said electrical output signal and said

| evel of autocorrelation fromsaid

f eedback- conpensat ed i nput signal. 18. The net hod
according to claim 17, wherein said acoustic feedback
signal is 5estinmated by an adaptive filter using said
f eedback- conpensat ed i nput -&ifgnal . 19. The net hod
according to one of clainms 11 to 18, further
conprising the step of converting said electrica

. : . band: sol | _ S . _
12._1(;!?@ z\ﬁetﬁb(g eror‘dgfq‘jtf)atﬁlﬁit‘firﬁ ET \INP?E%IE ééi{gﬁ'ysct ) r?(lg %@gﬁgﬁhg N3iP dynamic
waggainfutbédcompiisrt:i s further carried out in 10each

of said frequency bands, jndependently. 20.A conpyter

pr ogYaH? g éfﬁﬁ@ ek saist layel Ogr%ﬁ?%‘%reé%@;m%m said level of

me@ut?é@ﬁé‘ltaﬁgn Wdétet S aboREeErEShdld VBIRCfirther comprising:

according to one of clainms 11 to 19. 15 ,

- determining said instantaneous compressor gain level;

- updating the acoustic loop gain with said instantaneous compressor gain
level;

- adjusting said mékgain;

- limiting said signal path gain by said maxgain.

13.The method according to claim 12, wherein the step of adjusting said maxgéin

comprises decreasing said maxgain.

14.The method according to claim 12 or 13, wherein the step of adjusting said
maxgain further comprises subtracting a safety margin from said estimated

maxgain.

15. The method according to one of claims 11 to 14, wherein said step of estimating
said dynamic maxgain further comprises, if said level of autocorrelation is
detected below said threshold value:

- releasing the limitation of said sighal path gain.

16. The method according to claim 15, wherein said releasing step comprises:
checking whether said signal path gain is restricted by said maxgain;
if said éignal path gain is restricted, slacking said-gain limitation by
increasing said manain. N
17.The method according to one of claims 11 to 16, further comprising:
estimating an acoustic feedback signal from said electrical output signal;

- generating a feedback-compensated input signal; and



~22-

generating said electrical output signai and said level of autocorrelation from
said feedback-compensated input signal.

18.Thé method according fo claim 17, wh‘ereih said acoustic feedback signal is
5 . estimated by an adaptive filter using said feedback-compensated input signal.

19. The method according to one of claims 11 to 18, further comprising the step of
converting said electrical input signal into band-split electrical input signals of a
piurality of frequency bands and wherein said method is further carried out in

10 each of said frequency bands independently.

20. A computer program  comprising executable program code which, when
executed on a computer, executes a method according to one of claims 11 to -
19.

15 |
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