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Hearing aid and nethod of estimating dynam c gain
limtation in a hearing aid BACKGROUND OF THE

wo DMENTI7CN 1. Field of the invention The presePtT/EP2006/061215
invention relates to the fillqed of hearing aids and
nore specifically to hearing aids utilizing
gain-limtation The invention, nore particularly
relates to hearing aids having neans for estimting
the acoustic loop gain and, still nore particularly,
relates to hearing aids further incorporating gain
[imtation in order to reduce disturbances due to

Heardng aidcand aithed of astimatisp alynaméc ggist lenitationl imetheadag aid
thereof. In addition the invention relates to a system
exploiting the increase in gain margin due to the
utilization of feedback cancell ation techni ques by

permtting |ar j t Nl heari ng ai d.
2 . Descripti ﬁ’%@%%@ﬂ@g}‘%&ﬁgﬂ@ﬁw@ﬁa wi dely
known problemin hearing aid design to adjust the
maxi mum possi bl e anount of gain with which an acoustic

i nput signal nmay be anplified to produce a hearing

1. IFR88§ ocEPEPeRSAbLhon signal w thout the appearance of
acousti c feedback or other acoustic disturbances.

WO A- 94/ 09604 di scloses a hearing aid with digital,
Tr@ E@%&H@Fn@er@tfaﬁﬂ%ﬁh‘%@é kPthe AEd %@%%hhg aﬁq%egmﬁ%rmlpeaﬂcauy to

nMprises a conpensation circult The circult nonit
hetanégl Jdp Wiiring aamnwh@@amcm ebhe vendan.i mgreaiparticularly relates to

nBReLAE RRR0 Aol A PRI Bub s LB e 1 more
artlimxlartyr lrellamsltorhekaahgm funpet ireochovaiingugain rioTatibe in order to

a used Lo, di measur e of
e Peplanedn 4 o eat S bR ek stk TR, svstems and
melebdy i thgre@fi M addntnphame e taot aflatetsl ws af spdterd@ exploiting the
f eedback .cancel |

[ t WO- A- 02/ 25996 di scl
InGTEES RG0al dTSI0i ™t e IR Pt JPediaik Sapir BaLS dechufaves
byasedtitih g 1k e dipek pathiRirridans hegrifd diier may be used as

an i ndependent measuring systemto estimte the
acoustic feedback signal w thout distortion of the

2. IRERSRADS 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-94/09604 discloses a hearing aid with digital, electronic compensation for
acoustic feedback which comprises a compensation circuit. The circuit monitors the
loop 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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acoustic input signal. Wth reference to Fig. 1 it is
explained in sone detail how an estimate of gain in

wo bw7acoosti c feedback path may be determ ned. pATEP2006/061215
m crophone 1 is subject to sqcoustic feedback
propagati ng through feedback path 2 fromthe receiver
3. In addition to the desired signal, this feedback

signal is transmtted to the signal processor 4 as
attemyaiionsi Hresdcobsif feedbgukaradts b dgriving gale afidgiase characteristics
sor output signal 6 is
froh ange%fsgék %ar{cgﬁ?tﬁmqﬁtgiel ver 3 for conversion to an
acoustic output signal An adaptive filter 7 operates

| at. b .
gk BB Cisklodes acbiBact o) HFEMS R hs Pifossion o
ac?LhEﬁlc&f@@dtﬁe%dkCT?@%dbﬂ?)e fﬁuegméyl Ry uaemlaysansmdép&rfdent measuring
ransfer function t
ol on el LS 1L s CPLTRLE 01 0
ac&‘)uétk%pd\;\ih%ﬂjrﬁ‘l aFith GfBlentdtd Bigt hat Bexpalidgdinasonty dstaynalv an

h is generated by subtracting th t t
esBmMptegHh aakein; thp acoustigiegdbagk Pﬁthaméma? Idﬁﬁ?t%é‘f”e%l is‘%lr‘%q‘?fegﬁone

1 i g %tﬂ) et a‘?:%é%e@eﬁbadkt pr‘oﬁaéé’tfﬁgh@]rro@ﬁpfe@tdﬂé?&( EQFW 2 HRSE the

may be used to determ he op gain and then set
re(:mvelnp'bdn adidition torihe Id@smqos'gadbms dradhathaionahlp HRNSTYERM to
t e
ing SR Bresth “ha P Afe BESETRY :“S‘ﬁ@%éfgg‘ét?’gdn%ﬁ?‘” *
thma;oceesbrcxaltmtf%tﬁb@uk tessinitieat foothe raewvrrdd fayl gpnversion to an
dback det egt Y 0 |
oSBT e T DO RO BB S cometato
beH@é@ve\but B@Iatnhecbutptﬁt 6, hese comegnentysgeliagleozesstioate & of the
situations Wt and. i ner.easin a toxcorre
ac%%tjafer?dgaﬁﬁ &I%‘@I gérﬂqafysgd ﬁ%ll{%n% ar iyoctigh, ol Lﬁuﬁe‘?ﬁﬂer an
esh%@%‘oﬁglmd PRSfecGbbk PRES barh 0@ opadimed. r'fhtafmlaathm&ltercnperates
feedback path with an adaptlv

e
to minipaze ensrealisd grear denal g QASWE'Cﬁd%eE%ﬁ?&?ﬁW S@WH%‘U% the
ma?é b FYhPhe nﬁ;ﬁﬁ@l%ﬁkwﬁh%l $ddalc@ng 11 s gai n-reduction
i ng feedback by gain reduction is in particular a
pr obI emin |linear hearing aids. Mst |inear hearing

In ?“eds% [of aft Wﬁ%nts it |9\E ﬂ"k?%x&@in@d'h%vﬁ fAesd gt  may be used to

nC|es earlng e|C|encP/tensto be
de@mn@tuobcgamdathﬂwﬂ@ntamaﬂelpper timé onytpe @aplic

used in each of multiple evaluated frequency bands.

able gain that may be

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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feedback path al so provides | ess attenuation at high
frequencies than at | ow frequencies Therefore, the
wo c@k/1of77audi bl e feedback is highest in the hiBtEEP2006/061215
frequency range. One commomz net hod to control feedback
is to lower the high frequency gain of the hearing aid
However, speech intelligibility may suffer as a
consequence Therefore, disturbances in the output
Theirgest! cashman Healmiag & all%bsata/eﬂeedtaayku esalllalipng tis gaingreduction.
e le. g [
age b e BN B ek R B s At 61 GRdSey A HRE hcgring
aidse doish n ezsir deadsg \wes| arasadlam}edo‘vegre‘a&:ﬂgaqu w\e@efmgh frequencies,

ut||2|n I|m atlnlnh i
gl g e s B s O shita, OBrorChRMAT e
fedabuelntpapm dlso mr@\xldiéif Iéssaﬁltmgjaabdsatah?hrkmeMmasf than at low
I ocessi nal s |n a ear akKl In, . .
freﬁa%qwﬁ*?ef?f? it ef F‘\é&’j ﬁ?%k A5 daheihc e biaher
fretqtﬂéhdﬁ}r teRgeaOnel mrﬁmaﬁqa@tnbd tbtcolnsro! ree@aatk Gkatovadt the high
ect (0] t he resent i nvention to EI‘ OVhlg%Aa heari

freaw@ncefn@ﬁ"a qfé@%é@@r% aife P VER cRES6H db e s Mgy YIEERS @
coﬁéé?ﬁ;%ﬂoé oop systemas the hearing aid is exposed to a
non-stationary environment It is a further object of
the present invention to provide a hearing aid and a

Th'é?eﬁ?r%chls Lﬁbgﬁée!%olq tﬁé Q)Ylipﬁ)t %an@f‘of QWe%ﬁﬁ&%lcP%S/\'/éW & instability

e signal” processor hearing aid
and/hlented rvaiteble baisede sbibghajangesi is tmr%imwgtwd design.
cancel l ation techniques.It is another object of the
present invention to provide a hearing aid and a
Thuestpead |'s\eemmi imodnmapedbhearm‘g @ds amatdllrey ienpdgmeairtiechnigues for
maxgai n of th " h%nal azrocessor It is shown that

Uiz Gﬂ‘ﬁt"lnﬁﬁ‘“% A8t%fuation in the acoustic

f eedback path may al so be derived fromthe conpressor
that is incorporated in hearing aids which operates
with non-linear anplification - known as hearing aids

W th dynam c SUMMARY OF THE INVENTION

it is therefore an object of the present invention to provide hearing aids and
methods of processing signals in a hearing aid taking in particular the mentioned

requirements and drawbacks of the prior art into account.

It is in particular an object of the present invention to 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.

It is a further object of the present invention to provide a hearing aid and a
respective method providing an increased possible amplification in the signal
processor of a hearing aid wherein the closed loop gain is decreased by

cancellation techniques.
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conpression. According to a first aspect of the
present invention, there is provided a hearing aid
WO bat/1eompri ses an input transducer for transfRCTEPDO@05121S
acoustic input signal into.gn electrical input signal,
a conpressor for generating an electrical output
signal fromthe electrical input signal, an output
transducer for transformng the electri cal out put
It &si gnather mbdﬁ%mfa&@uﬁtqsénbmvﬁnho%|t@rﬁPV'dana hearing aid and a
or [ al
e %%g\geor'f]g%hg{ji o es% [ ﬁ%gﬁn&%t%h% #g%ﬁdl 29 )é‘llg}]npud the ~signal
pradegeal , and an acoustic | oop gam estimator for
determining a dynam ¢ nmaxgain fromthe autocorrelation
estimate and an instantaneous gain |evel of the
It ilewmmsmer infdrheatiph @i tle chtteeaatiomginathd adotiktic fFeedagdusathcmay
00 ain st| tor uses t aut.ocorre t
alsgn 66 (ki &k care O SBMReab dfat i b Bl o el SR Swnicr
opetAEAlwithr A6EIRSEr bmpeRdatiomt-e Anclymars tearngaids aitt, dynamic
thus, enables it to utilize the conpressor gain
COW@SW as a neasure for the maxgain value in
situations with high and/or increasing autocorrelati on
of the input signal. The conpressor of the heari ng
Acaosiingiiong fits ashectpyf dee AteseRlBKENtoR there iHRigvidegsa ea””g aid
r
AR 0 G S0 o BRSO ol B oS g B 20
elmlsxfal afpua sfg@eti taammlor@ﬁ@or foheermﬁwgeé@, GlecipabratPrt aiong! from
ont r,0
e glegiriee! BHET i B! RS O Eaise b v BERRL Doutput

s@r@ﬂgwtdl) tanwicolListanbytpst sgndl mamtbeoweia@rae@mmio't f@é calculatlng an
stabl |1t ai.n |

auéqﬁﬂrr@éﬁt@\ﬁtesttlgwa}tﬁéafég%l%eﬁtrécali rgaug brﬁJIdilf?Cuatall o GBJIP]& loop gain
esthﬁw%tcﬂﬂ‘éiuﬂé’tbhﬁlrr\lr{gfh”:lﬂyri?dnhlc @rlié3©eln3fy@1\ ¢ime e otvpomeation aﬁtpﬂha}le and
unity gain. This ?turels utilized in the current

ary 'ﬁ&@ﬁfﬁ“&ﬁ%?a‘ﬂé‘?‘ﬁé W& SCAYYSHPaneous conpressor gain

| evel when estimating the dynami ¢ nmaxgain. In systens
wherein gain is distributed anmon ot her correD?
Theneprpyide nh%ﬁfé@uéi“ba‘iv'ﬁ‘ JhapAFRUsyC| B8 SN 1597 F%gses the

a&?@orféﬁ’eﬂ A8 afnPQH%tEIH\t‘aﬁ%uso@&ﬁbﬂéls&’orngmn Sév@l Ifr@ﬁ”atrye signal

s However or the purpose of neasurjng wh q
proosdsanttanesiinsatg ad royname ma(xggmnggd b@ugp@n@g@s i tpsut ize the

compressor gain setting as a measure for the maxgain value in situations with high

and/or increasing autocorrelation of the input signal.

The compressor of the hearing aid according to the present invention is capable of
providing less gain at higher input levels since 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
settling 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 in the current invention by using the instantaneous compressor gain level
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sufficient to study the conpressor gain |evel, given
that this calculation is perfornmed nuch nore often
WO bar/1a7er gai n adj ust nents. Besi des the contP@BP®06/061215
conpressor gain |levels the 4 nvention uses estinmates of
autocorrelation in the signal Autocorrelation is
caused by predictability in the signal Periodic
signals, like harnonic oscillations, have substanti al
whantestiovatiep athe odyrtamei¢ roaxgae ldesysi¢rpd Wwiyereet hois isk dstubuted
t sk rsan. ngl f
am%Rgch 8&%&&8%&%[1 gcl(r)\'ofé%?an? 9 E)n %}?yﬁﬁg?eglcr v&ﬂ?nneclude the
cortinbmuonalfrioyn Ithoge po¢siiaprmal- sttahmarye,steilerméres arhtbvtearlee fdrethe
i nst ant aneous cogﬁessor a| n nventi on

pupBRe B B UBED e S a e o8 R B at a3io Rk Sppiedt is

sufﬂaés@tatb rstwcyl tue Cbmp@élésdl‘ gaif el |giey tkaoiWsghldngtiopas Performed
ressor. and the fact that closed I oop

m“ﬁ%l"ﬁ”?@“ﬁ” ”ha”t‘ﬂﬁ rgaip gAUPHIEN St t enuation in the

Be&@@glﬁﬁ’&‘&oﬁﬁﬂd@;u@aébnﬁﬁe§§8rc?ﬂlr@tl%l§ kR ik eR¥ork Qx‘é@é Sés'ﬂﬁlates of
he sign of gain level in the dB-domain. | ower

autegeretaiadiniax §ENAl Auipcreglatien sagaysedhy @rﬁd@taplufytm e ggnal.
Peﬁtﬁdﬁi\p% AXst he P%Ho%t&@lngﬁ&‘éshé L a8l Qut§F$%I£M that can

ventlon can al so cope MA a potenti error 1 n
be getestedalpyo ethagls| knopndaitie ebltiedmensng ég@trélnsly afiegdbiagk tone

1Sk ana i ukQcqrr C,f -
IS B0l B ReR SRR AR, cH R Wkt prigion
estipoasi dnide takec toe ainshg\tamedusecqnnwesm gameietvelonhe tiovéritiont can

thq anmount 0 P

estiide Maibs i B8 it et poip IOwE TRk vhRiel fRnoure ity

Knbging hbs gainl Iéf/@ein elﬁ?@ughpie@sdir%ﬁw&letfbet theedb&akldopl’@lra&m in
smal | enouﬁg c)Qrevent ai n nodul at in

thal Ryl & Buthes fearet R ria Peacebupes SRy bY

rev@ﬂs‘tr\'%ﬂh@cb@{ bpﬂhelg%lrﬂéﬁléll lﬁ'ﬂ@é‘HB doRidin . arrd hbweﬁ@@tﬂﬁé’tleﬂgné@am
anot her aspect of the present inventign, if a decrease

mapihg b Ve tniUBLR G AIRCPPIPHRP SPAMAEthaSo s oop Gain.
WthQEgtCttt?éjlﬁv@ﬁtl(ﬁFeé‘ﬁtah‘é &o‘b@ﬁmgﬁb rbo?é{tl'aU@FrQF lnaéthépg&%sftlerloop

gra ual rel ease of gal n limtation until
gaig @spMmesse sy stgaisn \A@@rﬂlm @IQ@alSh\élﬂgéﬁF@\e setacoriglatier o‘ﬂ@l mysic for

msfaﬂc@nr(?ltagerfau%é RRGLe ggstgllﬁg tBrfS§,e§]F|Cé ﬂvig%dsg@ie,tg&[)ﬁiir%gsto the
provi de earing al

present invention, to limit the amount of gain restriction relative to the instantaneous
compressor gain level. This limit should be chosen large enough to remove the
feedback tone and small enough to prevent gain modulation in case of auto

correlated input signals. Normally a couple of dB gain reduction is sufficient.

Contrarily, according to another aspect of the present invention, if a 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.

According to another aspect of the present invention, there is provided a hearing aid

that comprises an input transducer for transforming an acoustic input signal into an
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that conprises an input transducer for transformng an
acoustic input signal into anelectpcal input signal, a

WG k@nal27pr ocessor conpri sing a conpressor for PCT/EP2006/061215
generating an electrical auwput signal froma feedback
conpensated i nput signal, an output transducer for
transformng the electrical output signal into an
acoustic output signal, an adaptive filter for

elegtichhiapihgjgadl, acuanral |p<§0Cfeé§@b%Rprr§i”§hal CoMRIA$IRdor generating

{

an eérl]gnﬁu{ﬁdsl G aLﬁ Ust@%tl {rstrjbn? %ﬁee?@%kggﬁgétgﬁg%mg?%@g@ﬁ alredutput

transﬂmrensftat Grelnssfnpumgstlhgnalbctbyalc@mtbuh|St§;gat o ea mtmu%;t@ output
acoustl c.feed th t t

sugg? Iy adgﬂtlvgu:?g% ?&?negwlgeg ér}cgotug.{rlc??%%é&aaék Egﬁé'l from the

eleautcelcmtpeﬂ agmajranelsthe Hiedddaok codmperhmeubmpkn sxgnpleas;amei:ojner for

d an acoustic | oo |net|rrat
e bR T P daf e et n SRR merih PR fg, fhated
ac&ﬁtlbﬁ@édba@la_Grlfc];aﬁlhwmﬂrﬁrﬁlmgcﬁaump@amgnhlem&Iautmfcotrlalenon estimator
conpr essor e hearing aid acco this a
forpgnAralig aR adapereatiqn eplpatenat %ﬁwg‘fﬁ"g’? P Sqrgpensa ted input
sighdPBh& 2 atcbﬁsﬂc‘ 1BBp YainYsh@hats dtsddtérniining adinaanidmakxgais from
I ncreases the possible anplification in the signal

thepaeeasdationfestimate pod adl INsEBRARRHUA GoY) *aé%'rOéH%%Ofoéﬂeé%@r
unity. So if the adaptive filter increases the
stability margin, the invention increases the maxg
Thadearing Aig acsowting tecthisaspeettproyidesan Eﬁ@@té/ﬁtf”ti%v@h?ﬂ@tﬁes it to

Su%%%%el it e O Sr#gg‘r%g&?ﬂﬁt @Eﬁﬁd&r Snéhfh”se ndrdR2stR8 possible

lon 'S -W nhdow so
angnaﬂdfmdpuattl’rem@maﬁ ;fras&seor ifhthn @ngit hvppogalmfis tdesreased below

ens. heari n o
unt§ 08 T ECRTET oL RBrosnthlle YREAETRLPS o B PlsBfses
thOmagglden changes in the environment and assure

uninterrupted stability Meanwhile the adaptive filter
has time to slowy adjust to the new environnent and

AoEJS‘n%H’n@OXo | AStRAS IaRPedther shabplebént epiioh, Comec wompnédspr time
the i'nvention i ncreases the maxg\@éq m Met hods . f or

cosgippicearsi plprtdiethannbeveanpriifioac M tarsdingow &Pt ihahgain-
adg%ﬁg%rgvg fgs{éretrhaﬁr&é%%‘t%' Bethe fféHdb@él@rﬂb'nﬁaenlthldND Thus, the

According to a further aspect of th
heprieg eidtacconding fodhe presenkinventipndiasdbe agili H@@CtJ?St on sudden

changes in the environment and assure uninterrupted stability. Meanwhile the
adaptive filter has time to slowly adjust to the new environment and thereby
increasing the stability margin. Concurrently the invention increases the maxgain.
Methods for suppressing the time varying acoustic feedback with an adaptive filter
are described, for example, in WO 02/25996 A1.

According to a further aspect of the present invention, there is provided a methad of
adjusting signal path gain in a hearing aid that comprises the steps of transforming
an acoustic input signal into an electrical input signal, generating an electrical output
signal by amplifying the electrical input signal with a compressor gain provided by a

compressor of the hearing aid depending on the level of the electrical input signal,
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adjusting signal path gain in a hearing aid that
conprises the steps of transform ng an acoustic input
wek@nal27rnt o an el ectrical input signal, generetT/BRB20861061215
el ectrical output signal hy anplifying the electrical
i nput signal with a conpressor gain provided by a
conpressor of the hearing aid depending on the | evel
of the electrical input signal,transform ng the
tragfewning dla¢ etegtrisat owtpghaignainnie am aa@w@t@%plﬁwmﬁl calculating
[ Jon n
an %lugﬁt%rrleléng?rk %gi rﬁ% &tﬁ@ e?el&r éprngt %_Eh& aﬁ&'éémgﬁngjgg otyhgmlc
mangaig iased amdde camltctdoerehammeehmeteaand)theelsstnanmneom dompeessor

nst apnt ane npr.essor a| n level for controlling
ga'{‘ﬁ%ve@g @@Er}g @S.%Wﬁf‘*?ﬁ? °B¢ seen as a true advant age

t hat the hearl ng aids, systems and methods according

to the present inventjon proyide the a
1t 9 60 5 BB VOHECR BT TeagE i sy S RS o Fratepcs
accﬁir@ﬁn@ftosﬂﬁétﬁ@sé?ﬂ)’ln@@rﬁiloﬁ prodideaimy ghimgnoi daiaanesly Hiusththe
nmeans that according to an enbodi nent of the present

ampHpetgadhthehBehearing §idA ¢y e MaBrK aPBlY ajal §0Y OiyEn Instance.
possi bl e maximumgain linmt fromthe instantaneous
gain level and in dependence of the currently

Whiell mepag that aceasdiog te pacimhediaentphthe mﬁa@ntu%ver@ﬁn the hearing

aldaigta%ré‘i%t é(‘fjﬁst"\fﬂ)é sg1b%eﬁ%k|§1wn9%aﬁnt iR SR m%xlgét'aﬂta\ﬁ@59§ gain

hear d1's abl'e to operate wthout
Ievelc@rm rnedm@ndéncteaeﬁtmcwrre@ﬁw rmalwl@tmtaphoo@ro@ewom estaniteh That
e |

is, gﬂ alte ?v% \N%Q orfgqcleﬁ]? éﬂ?tn\ké@%}g\iﬂe §|tna ﬁfﬁ %ﬁw@aru?%g\é |gea%le to

opeheaar Wtﬂgnmlthh oca:uaenwaefee@h)a]grramrmmde & pr@pps&damerpwﬁgr am
product as recited in clainms 20, 2 1 and 22. Further
specific variations of the invention are defined by

Thé hlﬂvérﬂfohh%fccdﬂlﬂ@(ﬂ@nﬂmﬁéralaﬁpe@ herovageat sysaard for providing
advant agDes of the present invention will becone

nCERBAN SWDITY G 1R NBIADb A FRMBUELPIOSEE A0S T SOTBH aregram

prdd%cﬁﬁ“de%lﬂé& inWaiddstad, bhenaegonpanyi ng draw ngs whi ch
lustrate, by way of exanple, the principles of the

I nventl on BRI EF DESCRI PTI ON OF THE DRAW NGS The
Fuxgigé/r:&?écﬁf& WrlahioR€ of eadidntnderstiepcb Py the fiahd ovdfhdent

description in
claims.

Other aspects and advantages of the present invention will become more apparent
from the following detailed description taken in conjunction with the accompanying

drawings which illustrate, 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

designate like structural elements, and in which:
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conjunction wth the acconpanyi ng draw ngs, wherein

i ke reference nunerals designate |ike structura
webk®memr’s; and in whichFig. 1 depicts a schenapdTEP100€661215

di agram of a hearing aid acgording to the prior art.

Fig. 2 depicts a schematic bl ock diagram of a hearing

aid according to a first enbodi nent of the present

invention. Fig. 3 depicts a schematic bl ock di agram of

a hearing aid according to a second enbodi ment of the

prese [

P hodoBieke? il HoodBaRE b Reon B cGe@M 5 e pricr
i nventarbn Fig. 5 depicts a flow diagram of a net hod
accordi ng to anot her enbodi nent of the present
i nvention DETAI LED DESCRI PTI ON OF THE | NVENTI ON When

Figd@scr idepivgs b reehematabloak cﬁagmrmddﬁmg heerirgrbiddaaoerntisg to a first
t her eof S ich are described as
fol | ov%ﬁmgx”trf’%@e Wﬁﬁ?ﬁd?ﬁe@ PR 1imt: the upper Iinit
on which gain it is possible to apply wi t hout the
occurrence of feedbac esgnance. safety margin

Fioga. g GEPCREP FEPTIR o HEK AFUAT Porh (e ThiA, PAERGNS to @
i m t SGoBRI E%508dinndBMhe remPRbMtidH i | 1 zed in nmodern
heari ng aids, which operate to conpress the dynamc
range of the input signals Useful for treatnent of

Flgpgesby ] fgol/\)oéﬂé r%t}vi gy RaRatRod 3BESTdMEE0tdh embodiment of the
halrce -1 oss) Actual conpressing hearing aids
of t en paggsHNy irygphi@isi on for | ow | evel signals, in order
to suppress m crophone noise Oten also used as a
soft-limter in order to limt maximum output |evel at

Figs&f e aieptmmia diotvabégrahresfesd metmdeaccmrqjm@tm@mothaserabodiment of

non- | Fear gaq%haﬁa%terlstlc and, thus, is capable of
prOV|d %BNF 43 63?@ at hi gher i nput Ievels and nore
gain at lower input |evels Hearing aids enploying a
conpressor in the signal processor are often referred
to as non-linear gain or conpressing hearing aid
DETAILED DESCRIPTION OF THE INVENTION

When describing the invention according 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 haircell-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 to limit maximum output

level at safe or comfortable levels. The compressor has a non-linear gain
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Cl osed | oop system conprises an input transducer or
m cr ophone, a signal processor anplifying the input
wGek@nal2z77an out put transducer or receiver and BOT/EP2006/061215
acoustic feedback path. In gtationary environments the
stabilization is obtained by limting the
anplification in the signal processor bel ow a maxgain
value. In a nonstationary environnent stabilization is
charbttaristéday thesd iscagpbiehel praxigiignesshgaineat diighealinput levels and
S Q
mopél?)%% a?t%wélf mé@q‘ﬁ\%lgﬁ%rhg e&%sggr'wwﬂ?'gﬁ]gﬁé\?eérgﬁ@%@gm the signal
prcxclaam;%e Gftm mﬁedrexbp» egmcm—lm@ac gaiceptcormosasinor aarisggid.
Control Systenms Theory. In a system conprising a
forward path wherein gain is A and a feedback path

Clodeer Riop gptémi ?cthprMé@reﬁi I’h[idﬁetrarmmuters|ogrmlcrc(dhbnes a 3|gnal
anplified in the forwa

prqggﬁ‘fﬂjtar@pgwgg t{"@))'”aﬂtds'ﬁﬂélr &nnoytﬁgt graaﬁ%qce( %)enrﬁgewer ang an

acéL?ﬁQQé&k‘ba‘%ﬁtd'étH SIn %@%ﬂaﬁyoeﬂ\)’@nhﬁmﬂ thei gasllizatieh ®§©dta|ned by
gain is Ol Al (1 +AB). In such a system

op
hmﬁlngdhecwﬁmlﬁcat@nrleft@@ stghat PECBHER he&dbadama)xsva'vﬁ 5‘  non-
staﬁgﬁ&gn@“\)l%nﬂeﬁplsFab%ﬁt &MLBBRINLROBy %ULﬁblh@ the Fnaxgain in the

'oop gain e inverse, in the |ogarithmc
sigdehpiiogessuf it the gjedadl oap tdeén @c@mpa@ﬂm@@a@adl@ Pt legp gain,

Wh?ﬁtﬁglgmﬁg%q@n%%eg) Si gnal processor The conponent

t~ conmpensat e hearing loss, in a general sense
Oten, the mai n anplifying elerrent will be a

o AR5 3Bt HASTG O LI B 1E0MEL 18 v

cobasiag si fB@vdTﬂ)pabﬁNlpeEremIgmdlslm ahtie feedirdchgpadti wherein gain is B,
front-end, such spa shoul, d b .consj der

SR SprPLLaos) (DRooPuEc iR PRTha L gasS B UAERE e

ouﬁfu@%@%%‘ ) drRif B BmethE Sighawinnaddeddbalck @achls addbddbl the input
shows a hearing aid 200 ac%xrdln to the

SigBfb GSREPOR BRI He it BLEHE AP tonestat s '%a‘ssucd’mm"” to
ref‘épfmﬁ%%ﬁén b GHWABL f@é‘ﬁ%@ﬁélly@taﬂb%?ﬁ@ﬁﬂd}ﬁnaé@p gain is —1.

trans m ng anh acoustic input signal into an
el ectrical input signal 215, an A/ D-converter (not

AcgthYXn oogapaﬁaﬁﬂle' ﬂ%}r@@dlr\d‘tﬂé 'idgza'nﬂﬂmt:h(?orﬁélﬁ' QgWe gain in the

ectri e SO processed el ectrical |nput

aceugmafbedbad(rpeth fBeiedhe axamplecdopelessor 220 generati ng
an el ectrical

Signal processor: The component that compensate the hearing loss, in a general
sense. Often, the main amplifying element will be a Compressor. May include
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 signal 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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out put signal 225 by applying a conpressor gain in

order to produce an output signal that is hearing |oss
weopensat ed to the user requirenents The conpPEFEPI006/061215

gain characteristic is non-gi.near to provide nore gam

at low input signal |levels and |ess gain at high

signal levels The signal path further conprises an

out put transducer 230 |like a | oudspeaker or receiver
Ther heesingraid ngmphigesedremput tearsdoagrpatmisiaphane 2P gragaforming an

S Ul S 190 [ i =f

Qb S g o Plep B8, 1O2L fthef 2o, 2 A copgrten et
shawmn )afot eannpiirgj ad digitieimgitmabeal@dbe efectrical sﬂ@a;aé.i Thedso processed

oG ERapLt PEALBINEh B W 0ae e S 220 4B pectrca

ou@a’é@ sighees rbyaa@bdyiagnat:ccbmm@asm &0 |hSordert &r mddede énr ontput
i nst ant anequs gai n | eve

SIORBH PRSI 230055 §b WRRRSAEHE YOS E MR BLER L ePmRressor

gaﬁSéHa"r'i’ét@rlsﬂ&Qs %Kiﬂﬁéeﬂ to pré NG nbse Gahyait BE iBOITIERS MvelsOand
limt the sign ath gamin order to secure qverall

lessi gaial ak highy |8|9m9\| @w@r hemsigngtiPattorfudheri AemPUFFSH@N output
traﬁé@&%?@@%l Al Qr\oh?ﬁsgéa%moﬂ RedefRr aFdnstddMiethe electrical output

advant ageousl esti mator known fromco-pending
SIgapblhtOCan amustlc olipt pignalhe sane appl icant WDEX A/S on

March 3 1 , 2006 with the title "Method for

controlling signal processing in a Hearing aid and a
Theldeairing 2 mrthqnloemﬁsémgn taicsometatiod estimetar @48ecalculating an

and  whi.c by i d.
oo B R o IS UGS BELAC B L o oo
auméaﬁsg@gtmew |Bﬁge@tdaMEpﬂtm b e dhackstieddton 20, iveherein a
o BB YRS b PR 5 SD3B oot
by dgfce ebe@rdisot R 0aUL Ogsehakbady @n test E@t&t@fe@% eéhmate The
acoustl c loop gamestimator 250 lipits r] %
maxgains st hep r@ev yut@eoqomm@S%ﬁﬁr“@%g]ve Fang! P M I Sider to

sebﬁ}%tcﬁ)%trﬁpﬁgh@ls)fatﬁﬁi?eSeY\%ﬂalfr’ﬁ@fﬁ‘oHQ%rC@éfﬂfeﬂ@ﬁQﬁ ad2dtbhelation is
acoustic op gain estimtor 250 are adapted to

kngeneén m%aaanwg@r pdmus@ame estimatopkneyek famneppending
apﬁﬁ%z@%ﬂ" ﬂé@%yﬁﬁl@sé}ﬁgléﬁblﬁc%n PABESE/B dVEARE3 102006 with the title
“Method for contro!llng signal processing in a Hearing aid and a Hearing aid
implementing this method”, could be applied and which is hereby incorporated by

reference.

The hearing aid according to the first embodiment is a compressing hearing aid
wherein feedback elimination 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 250 limits the maxgain at the
settling value of the compressor gain instantaneously received from the compressor
220.
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Instability is detected with the autocorrel ation
estimator 240. The acoustic |oop gain is estimted by
waledoenm7mi ng t he i nstantaneous conpressor gai nPd'BER1006/061215
and the fact that the open4koop gain is equal to - 1
in situations with instability The instantaneous
conpressor gain level 255 is read fromthe conpressor.
The maxgain is then adjusted according to the
The scbusiicddomgeinststinaterod Ogare redante df teeaenecate 1p@ upper processor
: e - [
oaifi B, 555802, WPBEter R EFRE ool idebThdin TR 2ake ot kdoitty
Ins@xiiéy &t datectedh evito ub@atitosoryelatioroéstinredop24ik ddearcoustic loop gain

o SSFOTEL BT B B PSR DD Rl S o
that the ¢pbed 1d&H gfalmdﬁbqlhw test in@h&ﬁbr&mla{]nnsgagﬂmga'ha ifdtheaneous
ain - in the

esti mat ed._acous
copisare GUBnGE 2551TDIRNHAGT 478 SPTRIRRSGE | hF AhaasBb siher
adjuBRdsReoMheiohndicdBmnbtealacaubiRAbbp Garl ﬁhcﬂt‘e@@ftdltfﬁkgcérﬂpressor
the present invention. A conpressing hearing aid

as WhepePiRCasRA IR e IME 4848 wn“etatﬁeeﬁ'wﬂ P %ar?@pé%fbt%m@ input
sigARRVASLY éd’éré’ﬁr@%eb@trﬁx‘tb@hé‘@fﬂwe Block&dice, feedback

resonance wherein Signal autocorrelation is
eval uated for the feedback conpensated signal, and,

t t '
AcERiEfgA %%Hb’éd%érﬁ”of%e gﬁve%*ﬂe €23t rh&r@i/naléu%é’(g?ﬁs?lﬁg by

ted, maxgain [imte e settling
sulttcagtive s arcogstant, g, peavBdEd frohethefdséiotatesf dfreeudbacikgain (the
cancel l ati on may be taken as an advantage enabling to
estimeied aseustisdoan aaini- inynedPgomadm- t he hearing aid The
signal path of the hearing aid conprises an input
transducer 2 10 or m crophone transform ng an acoustic
Figurp@tsheivg rablotntliageam ahalhegurg elde®dd oicthe seapud exiogaigient of

h%%nA{; %&%@X n%rto Hrﬁgt %erfn%n Sﬂ%rﬁﬁ?s@ﬂgﬁjge?mg aid 300

ana ectri cal
whdregn t@daptlede efetedb@cad cangaliatien gnaiaan:B%Ot ardeagpliet her order to

essedb t he tem This signhal 215 is co nsat .
eifisptes oE bt eI BBk reh Phefel sidhel AURRARERASH s
evéﬂl@@t@atfbﬁctjfﬁe?@éﬁtwakk &‘d%om’p@t;sﬁsé dDghaﬂs,IU@rﬁd,amdengutbﬁ@relation at or

esti mated acoust i eedback si gpa 3 rom.t he
ab@ieb et FTEd] VARBUE SrGRan. SPSORR Ankeal b PR glue of the
coldBRAEAL §aint if PRARALK The effect of feedback cancellation may be taken as

an advantage enabling to increase the stability margin of the hearing aid.

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 signal
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 329.



10

15

20

25

30

conpensated i nput signal 3 15 . The feedback

conpensated input signal 3 15 is feed into a signa
w@emcassor 320 generating an anplified el ectrieal/EP2006/061215

out put signal 325Accordi ngq1pa an enbodi nent of the

invention, the anplification characteristic of the

signal processor is non-linear, e g it shows

conpression characteristics providing nore gain at | ow

signal levels and | ess gain at high signal |evels, as

' | i t i : -
AckG; b B dibehl o B invEA o R metRotch thehteriye of the
sigoal precesspers tomdfiséarr rigndf shHoavsetaepresgian chatgstarisi¢ynedviding

325 into an t] t - sl.gnal . ' t. -
mol Bt Soffe Rk e VR dbistn R 2R T i€ el ko
thd &t.i npl enment ed as an adaptive feedback suppression

filter 330 which uses the output signal 325 and the

f eedback conpensated input signal 3 15 to estimte the

ThaGhet bathf ReHbassmpfigRadn 3apuilienauicer @80 ekata lOdspeaker or

estimator 240 derives |ts estimte on the basjs of %he
recediep FALEPERING be elesirigabputautiigres 3¢p |@tH@na%%%1§{|Q/8utpu signal.

AcEMBRGESS| AN drhbd@ehe MMe sidspivee fédd Bk beinRasatidmeneans is
out put signal 325 and the electrical input signal

2 5
implemﬁn@d@ﬁa@gg@ptb{ﬁ f.@ﬂqit}ach@p%r@.sggf tiltef 3 (?ﬂyhich uses the output
sigIﬁHF%oénﬁne!!h@tfbé’cgba%%tdo%%ﬁsgiﬁgﬁmLﬁgfrcﬁ;?alg?f‘f{ {ocadtiffate the acoustic

ntended according to an e _ he i nventi on,
feealbedk digngl 335. vithiectutednsredasion ststimatas At Ogdairivea disiaptimete on the

250 i ' : . i . ive
oo 2 s BT P LY TN OT e B BB X e
reradadsi tdrtefativar ggtveby themotpuhgignar B2% anddhe et akkea inhd signal

21 QU coB R o7 B8 B TR BB 0 BB ate. This i
paﬁE:QIféS inerdeal dticb Ain et aeenbodimenngithe svgntibn, 2actbraamyptto which
the si

gnal processor, o ut signal 325 and generate
the, ACRUSHF aeR Goin SR aio 2D rotrlldliciele” 8 GHaY 5360 R, When the
ad 8Py fdeBib 8k DBpres&bs fifter fIB0ChaHMPEaddretirdapbilMe margin by
filter 330, an estimate of the gain in the acoustic
remewpid aeke phirhbetwgep e ertay R IThie SRRt i ve filter 330
operates to mnimze the feedback conpensated i nput
signal 315 which is generated by a conbiner 3 10 ]
The wdaptinst feagdbadies upptdsgiendilier 33thepefatsg e Nunimigipraek correlation

peftcRalne3ipul 's)YRat B9 s ARHtn IsBAl processor output signal 325 and

generates an estimate of the acoustic feedback signal 335. By analysis of the
transfer function of the adaptive filter 330, an estimate of the gain in the acoustic
feedback path can be obtained. The adaptive filter 330 operates to 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 output 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 disclosure in WO-A-02/25996.
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2 15 The anount of acoustic feedback may be esti mated

by determ nation of a paraneter |like the ratio between
wo b@7iiggat and out put signal of the adaptive fPe1/EP2088051215

The way of inplenmenting suchzfilters will be known to

the person skilled in the art, e g fromthe disclosure

in WO A- 02/ 25996Accordi ng to an enbodi nent, the

esti mated acoustic feedback signal is provided to the
Agdagiing tproeatediméndr therastieaddchacauistic frmabacis gignald$ prdwded to

thg'e%@@z!acxﬁ&?e%%érsﬁr xffgrgag tﬁé CQ%H }(rlarépn f%% eéna?r%r%%eSSPr 320.

el cance an ¥ ncrea
Einpirichidy, ¢hel effeadfof Zébcﬂbacw\camediaw ig,art Imereraaggramesgéletryargm in

OREBIN 2t ARERIaDh B1F moreindastababiing on TREO setateg
t
—1S7a8§ (0N Bh BB Q'Eggoéllgtl de 5?5?{}1 %ﬁ%ﬁéﬁﬁgﬁ@tﬂgzsﬁgﬁymrgm

nHX|nun1ava gamis se
mehtmnwdxgafm first embzt)dtmenb)asedw ﬂmt trizginoach caulawtjl@gaw it lsetit 7 dB

h Ve pnvent i on furt
i R, KeoRa e B toEe B ERe R Wial g qoative
fillen a hearing aid as will be described in the foll ow ng
with reference to Fig 4 According to the enbodi nent
depicted in Fig 4 , an acoustic input signal is

THe @r@tséf?tnnmgbnmtr@m p&iv&@sh ga m@lhobzg%léd%%t@%ahe Blgnanpath gain in
i npu ransducer i n_method step t her pcessi ng

a Bpanngeaid ﬁﬁm‘#‘éﬁ gy nuthg faﬁﬁPW‘Q}WSBﬁ%{@F%r@F % % 6t
shown in Fig 4 In nethod step 420 an autocorrel ation
estimate R of the electrical Eut signal is

ARErdng atpeﬂ\eTﬁ@bégtmﬁ‘rfﬁt@FF@t?@ ‘ﬂh W vatuaaceustsy inrutgsignal is

traﬁ% Idnlgt fgesc(tr' R sl bz %Vn?ﬁh%ﬁiscﬁﬁeas h’PW\’étl‘wch step

ste eStI mat greater than the
4‘t(hrFelstherI mocemm@ftthemmﬁ algohely eg. 80 dpDAP0verIrienAt shpwvn in

1 ngt a ve The
T RN I e L
sigmed it hmaldutetbdnT be exstisatmiRn id ¢hazl evaluated Byl ¢.gwi mnparmg the

oS TI0E Sl AT ST T o AR £8Pl
gré5@rsmahhate titvese@t | mag eﬂﬂe{h@dp bgﬁichew ﬂol stm aha@r e&@&dn the
mqlstgmg?wéggg82%?{@%3?&@%628}1%&23%& r%gighal evr\llI eleétlmaqed based on
the autocorrelation estimate and the instantaneous gain level in the following steps.
Specifically, the maxgain is adjusted based on the determined instantaneous gain
level in method step 450 so that the estimated loop gain will be decreased. In
method step 460, the signal path gain will then be limited to the adjusted maxgain.
Thus, the electrical output signal is generated by amplifying the electrical input
signal with a compressor gain limited by the maxgain and depending on the level of
the electrical input signal. In order to produce an acoustic output signal, the

electrical output signal is transformed into an acoustic output signal.

If the estimate R is below the threshold, the method branches to step 470, wherein
the signal path gain limitation is released. In order to avoid “pumping” of the output

signal, the gain limit will be released gradually until there is no limitation any more.
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Thus, the electrical output signal is generated by
anplifying the electrical input signal with a
weopnessor gain limted by the maxgam and depPdEPDOO061215
the level of the electricakginput signal In order to
produce an acoustic output signal, the electrical
output signal is transforned into an acoustic out put
signal If the estimate Ris below the threshold the
met hod branches to step 470, wherein the si gnal path
| i I o
Theg?m%%ntl %;I‘gd ?R}VIG% af n%?f‘?c?od fdr |n8rreg§ﬁ19 ffle %9@% eas ation
withy ltIamIalddetye Lﬁasﬁdblack bmmes&omﬁitdrlamlltustratm tyrtfie lﬁoweﬁ'amaof Fig. 5.
invention al so provides a nethod for increasing the
maxgam i n cooperation wth the adaptive feedback
Thé fipReess bbRigf § latserillasratdsl st that edthoy atch@rdfrigd\nlczimaémb@dlment

Fig 5 The flowhart of Fig 5 alsqg ill ust es h t
of FRehiBacHrI PR O blocih 'EHesip SRRt o dPRER BF St v A The

redeﬂ)é@nédo%tld ﬁﬁg@b&lgnél% rt:%‘ﬁkdfb@mé‘@Wétdrﬁelfe@t@l%laﬁbutﬁlgr@al Xk by a
heari ng he recei ved acoustic input sig

lerpawaeomTﬁt@thqﬁI slearb1é) et ﬁ%ﬂeqpﬂ@wemogn%tﬁp >é20b§ fgedback-
caﬁ@e‘ﬁﬁﬁ’cﬂh%@ﬁal'@ pgﬂ% g §taﬁpad§ & IIIferhaStLIQ%?éiIuﬁlbttra%H' I‘Rﬂn the
cancel |on SI1 g 'S roduce g
eleatmcaUmput gigndli reselfing Ifafeeudbaw@aﬂowm Irwi éwnﬁIMSterpe5 0). In
I I
neft sq&g %gaéns@ Iqee(?j# tﬁ%%&;{t&?ﬁ%k&kﬁﬁ dZ’the feegg%sk cannclgg?(d input
sigadlepx EMO:adumleésd | h¢ deedl oheautngpoelatiorliatthen FyMpeHdred heith a

f eedback canc t Aate .
b 50 08 SRR e SRY e Oilngtelnidd ARG E T e
autobbﬁélbﬁcbrd Isvadlrger Ith?am‘rﬁ‘tehgdesttmbs% I/élue hthecanqnwtu:slonp gain

he rrel ation_ s
esiiirigae YrRae HE 1% BRPYAMEOHB G e 3e! AL BB gD 560
Subeémleaﬂmrfé%bfmbwm Sictisl ati @ hyaihe rmembasteprus
conpressor ievei in nethod step 560 Subsequently the
method will dictate a | ower maxgamin nethod step 570

I, bﬁ théJBthteIF%aﬁ& hee a'ﬁ?&%rr%'&ﬂoﬁ% efaliérethah it given $IW6L‘I|1@I6 value,
iven threshold val ue the |nvent|on check

tha/vlifellené@nl eeksswihpthes it FestdGtyibe sienah Redh wali titht III@ dictated
ma@é?ﬁwa&r%t Wgﬁ%%e 5’50 :Igt%ﬂ%éksgtlﬁ%éﬁs IR signal path

Come positi Ve, Ift gna gam i3
gainarsgwrgemamart Hiee dil@ia@tied\arxgalgaﬁmetlh%enUmethh lackegn Ithe gain

reg%rﬁcgc K @Qr%tag%g EB% ?Tfatfg%\ ﬁt |h %?tgé%&%gg%f : Ig ghé Bﬁtommatlve

e ou
the invention will start aII over again.

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

i

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 time constants in the control system.
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the invention will start all over again According to

an enbodi nent of the present invention, the slacken is
wo pp7ememt ed by a gradual rel ease of the gam | P@I/ERPL00©061215

until the conpressor againqgontrols the signal path

gam setting in order to reduce 'punping " of the

out put signal According to another enbodi ment, the

punpi ng may al so be avoi ded by proper sel ection of
Actadreiagctonan ambodimenthin ewsier tolredyast Hieasysdei lagd.c heamaxgain-

t I de ot

es TR ATER, sndefil [5F reh e BONER  MOL e Aqesfys o fE0 5 mS
mkavméull system speed, e g at 0,5 nS intervals

Naturally, nore than one system for estimation of

MaxGai n may be applied, e.g. the adaptive estimation
Nagysitye iforel itrse @ﬁ-ﬁﬁ/s'teﬁn fo egtlmam &F 102%@5i896ay be applied, e.g. the

addition to th e pres |
055185 SERR SO MR ATSIosHLET B G AP R See: peQgTidade the
oné Rf @féjﬁfesbﬁt Fﬁ@étﬂfdr‘ﬂ Nesidh §hyehi, dhee kidd tod deeisishi uriizedl be
possi b decide on utilization of @Fqcﬁvera ge

proygieldrr@t @rdeAééd%?rﬁ@”Q vhigh epptenente, be it ati YnLossibly,
deé’l’E@Bﬁ Jt.zatr%n%%%%@@geswa@t her measures known to the
skil'led person, that "the estimte of the acoustic |oop
gain may not be correct, the updating of the maxgain
Ac&?‘rhl rgmﬁcfsenc% thdfemalit eéitu]@f’érﬁsﬂw%trévﬁ'@! d@c@ﬁ’ﬁlh&ﬁ by other
etermnation of nmaxgal n may be plied.” An
meexamsl lnowin wutbR %Illsdtm&tqnomamm @stmatehef f«ﬂ@t@@vst@nloomam

_ mqynn tlo%hmﬁs%(%g ﬁggg%d o] tf'% mgx%dqﬁ ggéb %élmt%lua%: %ted

Altefrative staedsthelg sysiemmfnrajelwrdemattoheofpnwlmpt mem hchapplidte An
time-resoultion.i at a.differenc e

XSGR POARPR THHEe Pﬁd”?n"@}e&ﬂ%n'& L lgrohgpe baring
ald/\/@u hhi Mb@&te&atfoaadmknmcphdret $|thals nTigs @omldcbfeotbieommatlon
ath - could he detected, t ﬂqlndl cat e .t hat
WhBOdRe LT Rl d&r&e.réwea@reahmpgonmﬁ&h SN FRiSRPRItRN 1S Such that
a di'ff@én%%' AN astiedirdatiéh aPRhé ado AGGEpIKErRY sighaRn— Whlch would
nbodi ment, during power-up of the hearing aid,
md,xm’qgéeecﬁ:tac:{geosmllatlon in one microphone path — could be detected this
would indicate that, even though autocorrelation is high, no maxgain limitation

should be applied.

According to an embodiment, 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 control system
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maxgai n val ue could be maintained until the acoustic
| oop gain estimation systemis fully operative.
wa@bdoenmayri vel y, the threshold | evel for deci di pQI/EPBDG6/061215
autocorrel ation is above fegdback resonance | evel may
be kept at a relatively low level during this period.
Instability occurs often in a limted narrow frequency
range, so it is desirable to decrease the gain only in
and Heet autpedrradetidne sygtasn opeatmiescvRer dPodS, Tf@cﬁ%@leﬂl RRFSQroknows
n 0 t e t i
ho@atrht? qb n%@ ad:h ev?dv\ﬁﬂla %&gjﬁgé olcr?c%ng{a?n ? QR%B lﬁ’l eis\t/lgwated
se;ﬁarlatee/rln(thésealp)pé aoalﬂt&eampliﬂmetlm oriae s,gn@tp@ge$sorusr1eontrolled in

. X ntrol systenmand t rreI t ,
degBes drige | Fs ey SEYETRoemhilaRet REE HEAbHeRLBE ARk
freqidrivyi Spdr0 Genssfieatletpébeh anteligtoility | camp bganmairtsined almost
accordingly estimted separately in those bins and the
U”%\F%?“i’fl cation in the signal processor is controlled in
i dentical bins This way maxi num anplification can be
assured in a maxi mum frequency span Consequentl|

Acggieisghoiantuethpr ginbpeinept, e apedisiigi PR PRIBLSAMAYSR Y% omitted for
lov&@?ﬂeﬁ@é% BGRR 6hBY ab&usc i duRgk raelyasHciE M the id\@er frequency

acoustic loop gain estimation is omtted for |ower
bafdsquency bands, since acoustic feedback rarely occur

in the | ower frequency bands Al |l appropriate

conbi nations of features described above are to be
All cappsomtiatee dombinbtdngfi fegtures describad ebvovemre ¢ 6a CiOﬂSifiﬁl@;d as

oo BB R RTTLA | ELTRRAI R SR srscesg n ves

comBir@fibh.on, hearing aids described herein may be
i npl enment ed on signal processing devices suitable for
the sane, such as, e g, digital signal processors,

Acé@@hr%%eérﬁb&imwehtsScbfqnétlpre:ﬁeaceﬁvsnm $iestiegmidsnidsedbentyherein
fiel rogr anmabl e gate arraé%$FP@ stanﬁi“ard

madr@%é%%mgn@ﬂ bpONR AP eSS EgEGes LitgRIEIOpIG LG Syceh as,
%@?@ 2l YigrAPbfce S %|6@U6Vd!glt&$ sighef @Wo&@ﬁsnﬁ@ @)tstér’ﬂe including

systemis inplemented 1n a single dlglta
fie idlo ippegiammable roaté oareayss drieCHhr §t§ne%rlg| @rocessors, or application

specific signal processors (ASSP or ASIC). Obviously, it is preferred 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 embodiments 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
fitting session. Methods according to the present invention may also 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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be inplenmented in other ways - all known to the

skill ed person Hearing aids, nethods and devices
wa@emondi7my to enbodi nents of the present i nvent@DBPIUAY061215

be inplenmented in any suitable digital signa

processi ng system The hearing aids, nethods and

devi ces may al so be used by, e g, the audiologist in

a fitting session Methods according to the present
Accondéngt icoanathgr einbodibeent.nplcempntasPrograg etdvat 8k a computer

AT PSEL % PEHIA P D Fpie o

a lVDeraat fiser wema@ny br anyreniteri suitabledstosageemediinmeist profided for
resent i nvention cq es rver
staegph B ntet e acet SBu 2R Rat RINAMER, oot ne

present invention and hosts the corrputer program
execut i ng_ net hods ccord n
AR g ETST ARG Oe hriBEErS EL G BRY Pe SRl fepemor
of Brd?@fa@ﬁbé’rrrﬂjjé!@\hcé bkﬁ c@mfb@f&?lﬂﬁ@ﬁoﬂyeﬁﬂaéﬂe@u&ﬁwﬁ@\e hearmg aid
medi um_for exanp di sk, a_nenor
degioe RE®If & e\mocessrrrgaslﬁ't DR ;PP%rthsrr%?f&r agmtﬁ%ﬁ slitable
proc‘ée%&geornsd'chpu e? @f( kidgdaf AetifdPLrddeardime SOt @scribed
ogram accordi ng t e present invention. According
ermlmdanémisther enbodi ment the program code may be
stored in a nenory of a digital hearing device or a
conmput er nmenory and executed by the hearing aid device
Hévirge|desoribeal prmolc diustratpdutie drinkiples CPUtheharessmt oinvesgtion i

er sur roce
BB S BBl b 80P agserenhdd AATDHlREs F A dMha the
pré&sit iriveatbramdy ikl rosdifiet |edar|talrngemenhmcpdieiell ofthowtedeparting from
present invention in enb q eof , Lo &D%kg ééeﬂ

suabperrrérﬂ'e% oCPRRERS Ad meg! 'Cﬂ“qr\%e W&P{n that>the prese
rn\réh\l’rgﬁ‘tn'ré%nbér%{ad%ewi”fﬁgutfd@drtlrfg fesrmang epeittheradf, detiahe present
wi t hout ‘departing from such % | es. Changes and
inyasdipR |lftCéHCieér?é| S\Micgﬁhﬁ”g(ﬁea@dlﬂg@ Igto ﬁe present

i nvention may be nmade wi thout departing fromthe

spirit thereof, and the present invention includes al
such changes and nodifications. CLAIM5S What is cl ai ned

is:
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1. A hearing aid conprising: an input transducer for
transform ng an acoustic input signal into an
web@ctirazeal i nput signal, a conpressor for genBCEEPING6/061215
an el ectrical output si gnal fromsaid electrical input
signal, an out put transducer for transformng said
el ectrical output signal into an acoustic out put
signal; an autocorrelation estimtor for cal cul ating
an autocorrel ation estimte of said electrical input
signal, and an acoustic Ic(p_gwgal n estimator for
determ ning a dynam ¢ naXgai n from said
autocorrel ation estimate and an i nstantaneous gain

WI vel  of éai_d conpressor. 2 . The hearing aid
—@Zé%?—l@ﬂ‘r@—l!% claim1, further conprising: a combiner
for generating a feedback conpensated input signal by

combi ni ng an estimated acoustic feedback signal with
1. fah%ar@g@& FPRIISNGiput signal, an adaptive filter for

eshi bt ﬂgns%%'cgr ﬁﬁQ%‘éfoﬁnfn@Qﬂbé‘édﬁsﬁé gpak sigh@nnsabl electrical
electrical output signal and said feedback conpensated

|'W’Fb{§§'9§?bnal and wherein said feedback conpensated
| NPl nirgil fbrsggrﬁ%‘élfquqegnaéeét wtoﬁb&nébnélofrcﬁﬁ'éeld e_llehctncal

conpre sor and ocorre atl on estimator.
freaut isiggaki d according to claim2 , wherein sai d

R RSB o A L2 Dy SR 8o on
smpmte&mtmg sigmaliti me-varyi ng acoustic feedback 4 . A

t f%&gy%;:ﬁ%r%laﬁ@rﬂ%{%ﬁ%@? o((’ cehaﬁ t t ra%g oco f tlgﬁ estimate of said
Jleatidal malt sigpalf asd gnal , a si gnal pr ocessor for

generat i ng an el ectr.i ngr el éé)tut Si 8naagyf roma feed

coﬁ'f)éﬁ%lgtt qupng@lp esﬁtlaﬁ erminin namic maxgain Pom said

autocorrelation estimate and an instantaneous gain level of said compressor.

2. 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.

3. 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 time-varying acoustic feedback.

4. A hearing aid comprising:
an input transducer for transforming an acoustic input signal into an electrical

input signal;
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an out put transducer for transform ng said electrical
out put signal into an acoustic output signal; an

waeomptiare7 filter for estimting an acoustic ferdbBR1006/061215

signal fromsaid electricaljgoutput signal and said
f eedback conpensated input signal, a conbiner for
generating said feedback conpensated input signal by
conmbi ning said estimted acoustic feedback signal with
sahcigragptacessdr fonpeanersiinghah elentricalivoot sighat from a feedback
est i r .t ‘ating an autocorrel ation estimte
é%kggﬁg& gé Lggﬁggénpensated i nput signal; and an
aceanguteut! oansdgaem fastramsfdroting eriddeleetricenonpul styadnmto an
m.sai d autocorrel ati on estimate and an

maxgati n fr@
30PN ARG O 4i n | evel of said signal processor 5 .
Then haadpting ficd e cestimanggt anchaiustid fectbeskeisiynahifebm said

acoustic | oop gain estjmat is further adapted t
rlecdinal Aupabbaeans A RRLERRK FORIRESSBRE P DSl

espi mgiﬂeaqeﬂsdén@rétmgdQéﬁgkfe%idgaal PmpehBateBeapun Gsighl by
according to one of the cedln? cl ai ns erein said

re wh

FOOING ﬂa@bﬁs@jaﬁwdeg@q%g@ deeqback ywignadrwithy satde glecksical input
evalyate the value of said autocorrelation estimate;

and, if said autocorrelation estimate is detected at _
or aalaotosotelatior shivhatoy &irgenewding aaculeaoregtesesyaiake of said

' erm ne sai d i nstantaneous

3‘3%‘?16%%%3éi‘"?’eﬁ%£%§%§:“gS@ﬁge" g@%usti c loop gain estimate

W tih asaiicilosit gainsestiowaorsogdetermpinmges gpnrarngiai maxgarefrom said

to.adj ust. sai d. gain, .and to.lim i d,sign :
B gt SRR AR, S BErT A Diove
gnecexkot he preceding clains, wherein said acoustic

| oop gain estimator is adapted to further adjust said
maxgai n by subtracting a safety margin from said

. eRd R Ji@%eddrainghe digard, Nheaéifl sarcaddlisig ldop gue eefimator

t he preceding clains, wherein said acoustic .
is further adapted to determine said dynamic maxgain also based on said

estimated acoustic feedback signal.

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

loop gain estimator is further adapted to evaluate the value of said
autocorrelation estimate; and, if said autocorrelation estimate is detected at or
above a threshold value, said acoustic loop gain estimator operated to
determine said instantaneous gain level, to 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.

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

loop gain estimator is adapted to further adjust said maxgain by subtracting a

safety margin from said estimated maxgain.
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| oop gain estimator is further adapted, if said
autocorrelation estimate is detected bel ow said

wo ooeaobd val ue, to release the Iimtation of PGEEP2006/061215
signal path gain The hearipg aid according to claim$8
, Wherein said acoustic |oop gain estimator is further
adapted to check whether said signal path gain is
restricted by said maxgain and, if said signal path

8. gk hearingstid a@qOédimg tt@oe¢ atthesukeedizd Alaimsvivihgreinsaigyacoustic
[ e [ ari a
RS 30 ARl TR PR JOBRFCH, R LR Belihate s
etektep belowf $did drreshmid ealne etotrelegss dhalireitaonrifcald sigpaltpath
si.gnal into band-split electrical input signals of a

ality of frequency bands and wherein said hearing

aid is further adapted to process said band-split

ectrical .i nput SI nal s i ach of
9. BHRILcA TS ABGHERY TA A b By S G GRS S PR gematr
g&iflirthd? 1aBRAN ioNeherk AvieARBH $5d REgnbhBatht @ iOtestricted by said
transforn1n an acoustic |n ut S|gnal into an

dnaxaain aag, | ??Fb%ﬁlggiilgqﬁém gain @é@%ﬁl%{@qj g Skack Spiskgain dmitation by

qH@rggg,négg,@%a)@é,r@npl ifying said electrical input
signal Wth a conpressor gain provided by a conpressor

of said hearing aid depending on the |evel of said

1Oeh1%cﬁéérﬁ1@|ala %@H&rdﬁggtﬁadrve 5frtﬂ@?ré’é'é@| clatd rehRGtdohGising a

I nto~“an acoust| outp st gnal, - . ,
d};indbﬂpat mteg f@momuemcgrsaeil elettopaldaputisgnel oto bandtsplit electrical

e e T e

on's relatron
|fnshmmmm procgasesibbarghspiit le@cticaf mputsighalslin each of said
sai d co re sor am The met hod according to claim11,
vﬁ?é’r“gf‘ Tjee% NSE"Wsti mati ng sai d dynamic maxgain
further corrprl ses - eval uati ng t he val ue of said
autocorrel ation estimat

11. A method of adjusting signal patﬁ galn m a gléarﬁwg aclid 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 level of said electrical input signal;
transforming said electrical output signal into an acoustic output signal;
calculating an autocorrelation estimate of said electrical input signal; and
estimating a dynamic maxgain based on said autocorrelation estimate and
the instantaneous compressor gain level for controlling said compressor

gain.

12.The method according to claim 11, wherein said step of estimating said dynamic

maxgain further comprises:

- evaluating the value of said autocorrelation estimate; and, if said
autocorrelation estimate is detected at or above a threshold value, further

comprising:
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autocorrelation estimate is detected at or above a
threshol d val ue, further conprisingdeterm ning said

W0 n@vam’aneous conpressor gam | evel, - updati neCt/BB2006/061215
acoustic | oop gamwi th saig4i_nstantaneous conpressor
gam | evel, - adjusting said maxgain, - |limting said

signal path gain by said maxgain 13 The net hod
according to claim 12, wherein the step of adjusting
sai dietmxgang saidriqstargdeseaecoeasesayr gaindevaxgai n 14 The
met hg ccording to claiml12. or i n.t -
of ABCARE T Sar RSBy T el s s et r gai
subti¢vatti ng a safety margin fromsaid estinmated
maxgaji n 15 The net hod according to one of clains 11 to
13, IBY §29dN¥Lp of estimating said dynam c
mex gigdithd sHid BRhaCsEIR Ghinas, said marg#inaut ocorrel ati on
estimate is detected below said threshold val ue
releasing the limtation of said signal path gain 16

13 e MRIHAL REEAFtd18ak? 18! @h@ﬂei‘rf’them%@f%dﬁl@tigc_; said maxgain
rel easing step conprises checking whether said signal
penprigas defreapigspidonex®aby said maxgain, if said
signal path gain is restricted, slacking said gain
limtation by increasing said maxgain 17 The net hod

14 ddeomdithg becadiegdb adien 3 or113 ovhiaein ther staprof adjusting said
cQo I Si.ng. - At i - usti ¢ f hagk Sj :
PBRELS Bh EThb RS B BRERRA SERRCHimg 40 Rstimates
fre@xtfz@ck- conpensat ed i nput signal, and generating said
el ectrical output signal and said autocorrel ation
estimate from sai d feedback-conpensated i nput signal

15 Hhelhethatdtedraarerdheng claims1aitn127whateer eaia s&pi af estimating
acousti c feedback sit%nal [

'S . e o o
said dynamic maxgain further comprises, if said autocorreiation estimate is
detected below said threshold value:

- releasing the limitation of said signal 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 signal path gain is restricted, slacking said gain limitation by

increasing said maxgain.

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
generating said electrical output signal and said autocorrelation estimate

from said feedback-compensated input signal.

18. The method according to claim 17, wherein said acoustic feedback signal is

estimated by an adaptive filter using said feedback-compensated input signal.
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esti mated by an adaptive filter using said

f eedback- conpensat ed i nput signal 19 The net hod
wa@emondi7myg to one of clainms 11 to 18 , furt herPCI/EP2006/061215

conprising the step of conwerting said electrical

I nput signal into band-split electrical input signals

of a plurality of frequency bands and wherein said

method is further carried out in each of said
19fTrreqmemyi dzanoing todepaemfd@aitﬂsyﬁ 2018\ farteeregantiising the step of

provi i

Cé)r%?rq dn?ﬁlegtggg\tmédt%*? nglbrrpe(osggréc% Plﬁ I%ér?lgcaag r%:utagtnals of a

Sralite st fteqmenv;albynai@ andt ouetréic sheediptudd mridrthethemrietgut in

ald d vi ce ada ted tp.carry 0 a method according to

S@'Idgfer%'e by 0%”3 e%dﬁi\utb/on'puter pr ogr am
corrprl si ng execut abl e program code whi ch, when
executed on a conputer, executes a nethod accor

t
20gmesystene | fay rPéO‘i(i'”B ongiased £laliify ip e? 'b?%@rgaﬁidpp%‘ﬂafmg an
Cérﬂ(‘)égﬂbé‘ ba&pr@sgeﬂm Hér%dafp%d@bé@pr&@l thie %ﬁyrhgemut;@t&e@ back

ram code when executed on a conput
e@(ébat?‘@@”agl?éfﬂ wgulcaca@@ptﬁdn@ ¢ayopd dfmethag r?§0<1fﬂ"tgot°19ne of

claims 11 to 19.

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

22. A computer program product containing a computer readabie medium with
executable program code which, when executed on a computer, executes a

method according to one of claims 11 to 19.



