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Hearing aid and nethod of conpensation for direct
sound in hearing aids BACKGROUND OF THE | NVENTI ON 1.
wWaR0et/aboaofe t he i nventi on The present inventi on REVER2067/051891
to the field of hearing aids. The invention nore
specifically relates to hearing aids utilizing
conpensation for direct sound. The invention, nore
particularly relates to hearing aids having neans for
adjusting the hearing aid gain based on a rational e

e i SRR Aol P e ARG i

parti cularly, respective systenms and nethods thereof.
scription of the related art Hearing aids are
BACK@&%@HND&FBHE\)NN%T@Nthe users eardrum a version
of the acoustic environnent that has been anplified
according to the users prescription. This is normally
achi eved by providing a device with a microphone, an
nplifier and a mniature | oudspeaker situated in an
1. F'%'Qr%ﬂé%éwﬁﬂﬁﬁ'éd in the users ear canal. It is well
known that there may be acoustic | eaks around the
earpi ece. There nay e.g. be a non-sealed fit or there
The pmgebtinaenton relaicsle the Geld cfreanggdids Tiheeneentjsinemere
for c Sld ans out. user confor t, . g. f.or
speciEpN (g iR eag a4 i Uziic e B sty B Hisegidorodohe
mveﬁﬂ?}nc %or@%‘f‘tlé&@lﬁﬁré%s Q@Héﬁnﬁg bREShdving RidafsIBLaGUSENg the
may al I'ow sound to bypass the hearing aid to

hearmeeajt’fh ga%ebmd o arratioraathatdakes PGTagppuntdae dgact sound

PCT/ EP2005/,Q55 t h a
Prop g3 4 SUhFQGs P ad aid S, fod naflRbry Ftiellany, reppgetive
systedifs Al Ah&tReds thdrewi.des a met hod for estimting

ot herwi se unknown functions such as the vent effect

and the direct transm ssion gain for an in-situ

2 D%%ﬁh{igrgo?ﬂ% elieqther eby given estimate of thedirect
) rransm

Ssion garn presents the anplification of sound
fromthe outsi de of the vent to the eardrum These

Heariu@gw?gitgé,%ggna\ge;r)t%dufg?grgv%ng at {heecaéenr ear&rum a vetrs,lon of the
acoustic environment that has been amplified according to the users prescription.
This is normally achieved by providing a device with a microphone, an amplifier and
a miniature loudspeaker situated in an earpiece placed in the users ear canal. It is
well known that there may be acoustic leaks around the earpiece. There may e.g.
be a non-sealed fit or there may be a vent deliberately arranged in the earpiece for
considerations about user comfort, e.g. for relieving the sound pressure created by
the users own voice. Such leaks may cause a loss in sound pressure and they may

allow sound to bypass the hearing aid to reach the ear drum.

Unpublished PCT application PCT/EP2005/055305 titled “Method and system for
fitting a hearing aid”, which is herewith incorporated by reference, provides a
method for estimating otherwise unknown functions such as the vent effect and the

direct transmission gain for an in-situ hearing aid. The thereby given estimate of the
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the hearing aid gain as well as the direct
transm ssion gain by the vent effect. It is a wdely
wkwowewIpreobl em i n hearing aid design that a heRT/ERROGH$1891
gain is often applied withdut taking the acoustic
effect of the ventilation canal and/or a | eakage path
dlrecpﬁéﬁ‘@rﬁ@smegeﬁﬁﬁo%é%té)fhé Aeplfaitiondfabdnamdn B 8a@kide of the

canal 1 nto account. In hearing aids with open fitti ndq
vent ter thezgagdrurent heset funatienemeaees, usaslifed Cﬁﬁ”?CWQ)E‘@glﬂt%tU audiogram,

e B4 TA G B0 1S U i Ao ae L L

by the hearing aid. In case these two sound S|gnals

are of simlar amplitude, the sumred signal nay
It is acwidet knawre glReMdR hs@rmafaidnd@%gs} thatea hewfnq ﬁlél gam is often

appllé{!: hﬁtﬁbvfetaﬂn@?tﬂgtbe&) efib& FRO AL Atilhfor 89nalFora leakage

ase ISTU as an unnatur al raspi ng sound

path bétﬂvee‘mtlheeeeatpllubenf tlsqabeanng atdeand thiebédr capalinfo autunt. as
a consequence. The degree to which this is a problem
depends on the individual hearing | oss and earplug. To

In hehffg Qﬁ)%twmgpééﬁﬁ&ﬁlg@fortlﬁg '\féﬁﬁféttlgh%ahﬁlss s@ﬁﬁ’@h@é}l h@dpagate

not~ been ad ssed ring ard fitting according to
aroundwthemearmgamd eaT;biecefngedlrfmﬂydbmughethee@n& tofber siwerimposed

oo YLkl B TB S VREHL By e AR BBy o

smﬂér"‘arﬁ@lﬂ@éle S‘thEE?sf'@:‘rr'lrﬁ@d @Igi‘\afl hridyi ét@e‘iﬁairﬁfré@u@r%nes'r bé$nf|rﬁtbﬁjr small
need for inproved heari ng@} ds as wel |
g

if the.rabtlwpbas@bammmer%gn%la@ﬂ Susd F Plﬁ%%glsrt&%t%ﬁ&nél has

o BT oL S SRR ABRGAL 9 By o

consédferivee Fastddgnyets wh m:htthlsps @vrdblene depagdsion $hearmi|wdual

net hods of I d. t aki
hearing Igs a7 6AIPILG. o eSS RBGW Eclgai o SHS ATYETIBYE (s ABLIERLhas

not bQ%n %G?ré%}[sb? in %'énh@taﬁl ﬁtﬁﬁ@%&or’d‘ind f the fRfrtEcul ar an

res I nvention to provide a hearing
a|d and a respective nethod providing a conpensati on

t hat tak f d b [
ThergfRee. asPhsiielods §f T Srnilaaiomi anl Rova ois IAvB08 Pafi
betwski ffd Ilmé/arlng aid and the ear canal are still challenges in today’s hearing aid

fitting strategies.

Thus, there is a need for improved hearing aids as well as improved techniques for

adapting the fitting rationale to take into account the direct sound propagation.
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.
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through the vent. According to a first aspect of the
present invention, there is provided a hearing aid
wawaped9siong at | east one m crophone, a signal PCI/EP2007/051891
processi ng neans and an out3put transducer, the signa
processing neans is adapted to receive an input signa
It is if PAMdultd 4R SBEBNGIRe PAEIRIiMydniBn o W.d@bqs‘e%?mgrwd and a
neans i s adapted to apply a hearing aid gain to
respethatmeﬁhgda:irowdlqgra)d@meeasxatmn ihat takegriato acsopet th@tapnount of

sounbbyBBeEnd  CRame AR i orafiP Sl R e Sl iR sty

througheh&®ant.ng ai d gai n to a value that differs by a
predeterm ned margin froma direct transm ssion gain
cal culated for the hearing aid. In other words, there

Accohc]ﬁgg g%égﬁgtdasz)elsafg{] fh}%%r@éé%t%@tlo%’ ferdlis bﬁﬁﬁ&eoo?%&taring aid

processi ng neans ant an ou
com;trrsmgsdueast oridmicroghae, o sxgaalspmgemaagl mehmmdadaputpm

to receive an input signal fromthe mcro
transgeRTofte SHBALGRRTSIRG SRANS I GORBIRICIol e R B AU HbSignal from
the nflbfd 8}‘|oﬁe hGREINY 1R Qgﬁé‘lﬁfo&é’séﬂ’@nﬁé&‘?\%ﬁs %HQF@d tb%pply a hearing

produce an out put sfgn be” out put he out put
aid gainaongbe ayut sigrel Mpragiunetamemﬁpghagn@Irtodnseutpgt by aaid output

furt her rises means for adjustin e hearing aid
wansglber. And SBTFIRE AP BRI aND A S ip e apans for
adjusttlhg"tﬁé"hé’éhﬁ@ a&ﬁ%é‘lﬂ@'a@kﬂl@é aehtidmers ity dpridet@niaihed rrTé‘rgm

hearing aid mean for adjusting the hearing aid

from gwlmecatfeosmmgart gaig cgiquaied ferathehessingrfidai n gi ves a
know edge about the amount of directly transnmitted
sound and provi des information about how nuch a

In otfe@n@de, thees iepryvideanal h&amn@eidabdbmpnemgchtbeéstr@et im&crophone,
di rect sound becomes doni nant over the amplifie

a sigaYAIACEIHOD MBH AR aﬂcﬁlﬁ@ﬂ tEansedcebrthe f}?r'é’é%?ﬁss'"g means
bemdcgéf%gtf\)eoﬂw rdcBf/eah §n %ﬁiagchcﬁn hﬁé”n'u@&)rﬁio%et Wﬂerélﬁ the signal
apa as

e of avoiding isruption In the out
processiiaimeanst skad@otedetodapwyta theanagi alde@aleobantlhel mtp(ut signal to
prod Lﬁ%ggﬁggltmtg&gﬁgll to Lgtolurtlgutt Qf tr?t—:(‘e %ru nlﬁ tzrj‘elmds %lep and wherein the
signal processing means further comprises means for adjusting the hearing aid gain
if the hearing aid gain would be below a direct transmission gain calculated for the

hearing aid.

The hearing aid with mean for adjusting the hearing aid gain according to a direct
transmission gain gives a knowledge about the amount of directly transmitted
sound and provides information about how much a certain frequency band may be

attenuated before the direct sound becomes dominant over the amplified sound.

According to another aspect of the present invention, there is provided a hearing aid
that is capable of avoiding phase disruption in the output signal by taking the direct

transmitted sound into account when calculating the hearing aid gain to produce the

output signal.



10

15

20

25

30

out put signal . According to another aspect of the
present invention, there is provided a nethod of
wamwapeasst i ng direct transmtted sound in a heRT/ERROGH$1891

whi ch conprises the steps df estimting an effective

vent paraneter for the hearing aid, calculating a

direct transm ssion gain based on the effective vent

paraneter, calculating a hearing aid gain suitable to
Accomlogmenot’r@maanemrqfdhe prepeat invendan, thgrelist provided a method of

comE RTS8 oo Sl S 9 i B8 icbiep

of estifatifg iahG:fidttive eant paradiate ofdr thelpediinglai) célﬁuldtlngta direct
differs fromthe direct transm ssion gain nore than

transgnigyien gabY baseskion Hm@ffethsde@t ﬁarqraetgr,fwwé?n%@ megfing aid

gain Q%Ilt%dg%t)d(;h?o;tﬁ&% it %@3{18{]‘1} % 8@!1’ d:‘ilte& ﬁ%zﬂi%ﬂ output

S|gna¢,l cbrmmm'ig tmmnfarm%ld tga:rsfcoetme d)lfeoeiertanemissnm gain, and further
fective vent t

aciusSa0dGr BEAHEO A BRI of daviuabl AR HoR.Bectitsst frgsmission

gain tﬁ%ﬁgﬁbél‘f% ‘égﬂéd&@hﬂmalué‘pm ying a hearing aid gain

oduce output signal froman input signal
wherein the direct transmi ssion gain is used as a
ai d

Aecoifi i i TufpcRnest of B PRERLGEREFT bR Bp¥RRE o fethod of

comrﬁarn%ﬁﬁﬁé d'l@&?ﬂbh@fﬁltteﬁhﬁf@d B ®hewtifgdid wiéhedmpkises the steps
determining direct transmtted sound in a hearing aid

of eshimatingc estive vaat paegmeter fastharhearngg aid, e«fsaléulﬁm@ a direct

cg t
vansief GIEEE4 1, 14 BRERIA Dk hardO8 CBANIR b e e
gain pleor predede drheoutptihagignglr drontlean eimplat e3|gnalalv¢héreln dhe direct
of the direct transm ssion gain \AY% ﬁt 5
transussiemgal i§ yHacas ﬁalyweeﬁ@ﬁ'rb@ﬂustéio‘ﬁa& ey th@th@ar' g aid gain is
not ségr ther nethods and systems according to the present

Irnvention for the dynamc correction of also other
hearing aid paraneters than gain. It my be seen as a

t [ . al |
Acco@ﬁ& gg‘gt"nf‘é‘ﬁ&ﬂgr gggéctto?ﬁweh;??ersleﬂg |n?/lcegﬁcbn,st¥g;eelrsmpr8\r}|9ed a
method of determining direct transmitted sound in a hearing aid which comprises
the steps of estimating an effective vent parameter for the hearing aid, and

calculating a direct transmission gain based on the effective vent parameter.

The methods provided enable a calculation of the direct transmission gain once
when fitting the hearing aid which may then be used according to further methods
and systems according to the present invention for the dynamic correction of also

other hearing aid parameters than gain.

It may be seen as a true advantage that the hearing aids, systems and methods
according to the present invention provide the ability to adjust the hearing aid gain
to compensate for the interaction of directly transmitted sound and the sound

amplified by the hearing aid gain in real time.
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according to the present invention provide the ability
to adjust the hearing aid gain to conpensate for the
wa wheemete on of directly transmtted sound andQIiEr2007/051891
sound anplified by the heasing aid gain in real
time. According to an enbodi nent of the present
invention the hearing aid is able to dynamcally

adj ust the hearing aid gain in each frequency band
Accopdisgdio an erhizodimenhnf thequresenfanventorethe heasingraie is alka to

dynapticaliarisiofe SopHG EaR AT Bae reuERRy Rely Basa Bhne
mstaﬁ(&@\e@u@@ﬁﬁﬂlﬁe@él program product as recited in clains
34, 35 and 36. Further specific variations of the

i nvention are defined by the further clains. O her

' [ I
The FRBSHAT AEPE A ATLEREF Bl B RURBSH slsRIENY 88,06 hoie i
a heai&g:andpa lcom;imérqmrogram@mjdtmccbmputemptrdsgrehEpmmmaamneg in
W _ngs which illustrate, by way of exanple, the

C'a'”\§r34né3l5paf& &f the invention. BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention will be readily understood by

the follow ng detail ed description in conjunction wth
Furthehspecifio npaatjonsgofthevnveggionwdre defined by éhe &dréharrataims.

nunmeral s designate |ike structural elenents, and in

whi ch: Figs. la depicts a schenmatic di agram regarding

OthePééﬁéﬂt@bh@%oQBn dg]@sdjf 'tl‘?@brésreﬁﬂﬁfvehh@ﬁ* WiIPHEEEMEingore dpparent
depicts a I agr am of hearing aid according to

from theefodjﬂwmwdetam desmptmnttaken D ) conjdegian with He pes@mpPaIying

oran Ao 33 BT SR s 3 o,

phase di sruption range as a function of the difference
between the anplitude of the two signals; Fig. 4
depicts a flow diagram of a nmethod according to an

BRIERHRSCHPTION OFSHE 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:

Figs. 1a depicts a schematic diagram regarding calculation of the direct

transmitted sound;

Fig. 1b  depicts a block diagram of a hearing aid according to the present

invention art.

Fig. 2 depicts the level of signal versus frequency that results by adding

contributions of two sound signals;
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present invention; Fig. 5 depicts a flow diagram of a
nmet hod accordi ng to anot her enbodi nent of the present
wa wEmilen; Fig. 6 depicts a flow di agram of @amEN2067/051891

according to a further enbedi nent of the present
invention. Fig. 7 shows in diagrans the hearing aid

Fig. Dai N qapftd tHe Ste8dl diSriptibRrhRde hE adnENcH B! Bedifféréfice
danpi ng of the aplc_)l ied hearing aid gain in the case
wher betweemther amplitide of hentwiesignels; smal | er than the
m nimal anplification limt according to an enbodi nment
of the present invention. Fig. 8 shows the danping

Fig. 4 uncdepltts arflod diagranbf & ongthed siceordig tooas eatboalirdengof the
to an enbodi ment of the present invention. Fig. 9
showPreser inMead§PBm t he hearing aid gain when it is
restricted downward by the DTG + k according to an
enbodi ment of the present invention. DESCRI PTI ON OF

Fig. EMBOREMCT S ok dibigranNoEAThéNoReaiceortinmgtd andthesemivadenent of
to Fi,g. la for an _explanation regarding cal cul ating
the BRPreprBt PWERLI?:ti on of the DTG is done by
perform ng a feedback test (FBT), as schematically
illustrated in Fig. la. Then, the in-situ vent effect

Fig. 6 s esepitis adloandiagiae D& methodlacapetingita a futhateneediment of
ef fegt . DocuPent FCT/ EP2005/ 055305 (nenti oned above)
descHHBESERL OVPAUYLt ai | . Reference i's now made to Fi g.
1b, which shows a hearing aid 200 according to the
first enbodi ment of the present invention. The heari ngan

Fig. 7ai d sbewsiis diagsams dpeihearan aisl@ain asd the dagtias &inction |
ol oo BRI B B ARG of 1§ BB B Ind TRl in e gase where

(not tisdhbaening aid gembecomes rthaliegithar thegniriraabampbiizeation limit
el ectrical signal. The gr ocessed %‘L{@Ct ri cal input
si gnarcergdingioran egrbiodiraery Jibe PR SR R eans 220,

whi ch i ncl udes

Fig. 8 shows the damping function for different compression factors according

to an embodiment of the present invention.

Fig. 9 shows in a diagram the hearing aid gain when it is restricted downward
by the DTG + k according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Reference is first made to Fig. 1a for an explanation regarding calculating the DTG.
The calculation of the DTG is done by performing a feedback test (FBT), as

schematically illustrated in Fig. 1a. Then, the in-situ vent effect is estimated and the
DTG is calculated from the vent effect. Document PCT/EP2005/055305 (mentioned

above) describes this in detail.
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an anplifier with a conpressor for generating an

el ectrical output signal 225 by applying a conpressor
wognoTodomieor der t o produce an out put signal suiRCIBER20070051891

conpensating a hearing | osg according to the users

requi renents. The conpressor gain characteristic is,

RefeR" 8B hadato FiiRa%, Whidh siis hiHeddhgtid PDO\Wcesrdimy ® the
gain at |ow I nput signal |evels and Iess gain at hig

first e;ngmmelnéwéthﬁ presensingestiorpat h further conprises an
out put transducer 230, i.e. a |oudspeaker or receiver,
for transformng the electrical output signal into an

The I@@QH@ Aifl c@bﬁ;m%sfarﬁﬁﬁht trdmiueenpr asGophonerademnsforming an
onpress the dynam c range of thelnput sn%r;‘als It is

acouag@mut signat Iﬁ&@ﬁ@mctwalm@&m@é ANh3g AYP-eRRYEREE (not
sho@i?&%ﬁﬁﬁm@s %ﬂjfgn I &p{h@seﬁ)alo@t% H@ctr?éal ?g\ﬁv?{ g@g: gtcessed

aring ‘al y ‘expansi on
electdcgnabut, sigral ds then fed istorgigresd processoghorans @2dewivthl iecludes

[ifyin ut | t ab h l
an arpist0R R es<s Torasnaraiig SBAISH T culsitinal 225y
applyjlﬁg‘atco ﬁe IS rt\Wbrde‘?‘t’@broﬁuc‘éaefrﬁo&bu?@i@ﬁﬁféLﬁf%'b% for

ressor a non-| i near aln
compﬂmaang arhiestring lassjacmdrdmg toghe upatﬂ r@qafreme@te di hegcores@ssor

osin Bl 8 Secb ) 8 bboBaf i AP el mpre s

at low h’ﬁ)tﬁ'sﬁj?@h |VeRCH5S Riss dfath af high sigiae 1dveds. tTheasignal path further
non-|inear-gain or conBreSS|ng hearing aids. The

compgisgaan wtgutets@ns@onéaa irqura I0EASRRAKS 05 seceiwefo oy transforming
j h
the efaticaF o B R Aok Bl BElRUE ML 0T 0T et des

based on the users hearing deficit and the prevailing
sound environnment. This adr% ustnment is int

nded . .
The gafpRressebepRIalas lofampress d %dma@wﬁaaewg?é%giw g,tghgige Itis
usefllFG' t'r&q n‘f'of re%bgﬁé’uféé H@é@bﬂ@yﬁd?ﬁlcer?ﬁge%é t@rhaméell -loss).

propag a rou vent, as w | expl al ned
Actuddbyl ommp%ssmrg hearhgaidseften agpdy Bxpansion a)rdogde\rehsggnals in

cal cul atedsui table to duce from the input signal a
ordercly SUPPFRR? TRISIPPRRIGRPISE NI ATRITKE RRUgTRIs st gRaye that
level FFﬁe Eb® ?é’é%%r fayc8w mmd@a%ofttlmeit@qw REIEMBaARST MAXIEM

hear I ng a| I's expressed
output level at safe or comfortable Ievels The compressor has a non-linear gain
characteristic and, thus, is capable of providing less gain at higher input levels and
more gain at lower input levels. Hearing aids embodying a compressor in the signal

processor are often referred to as non-linear-gain or compressing hearing aids.

The signal processing means further comprises memory 240 and adjusting means
250 for adjusting the hearing aid gain further over what the processor basically
decides based on the users hearing deficit and the prevailing sound environment.
This adjustment is intended to take into account certain effects of sounds bypassing
the hearing aid, e.g. by bypassing the earpiece or by propagating through the vent,
as will be explained below. By this adjustment, the hearing aid gain is calculated
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terms of direct transm ssion gain (DTG . The direct
transm ssion gain (DTG is defined as the sound
wQoroeseMis at the ear drumthat is generated byPCGIHEP2007/051891
acoustic source outside thé ear relative to a sound
pressure at the exterior vent opening generated by the

suitaBRNB p?@élhé‘e?fror‘r\sthbhﬁptﬂ' di @rﬁ?él décﬂ@éﬂ@cﬁﬁééﬁh bfitit ompensation
typically less than one, i. he | og val ue expressed

outputrsigi®l. will normally be a negatlve nunber. However, as
there is a natural Hel mhol z resonance by an earpiece
pl aced in an ear canal there will be frequencies where

For tﬁé‘@al@'@f tSmplhriensNBe doudd Hypassiag tN@|hear|h§ aftl BaBipréssRd in
umber. Information about the direct transnitted sound

term$ ﬁf difect dTangmissieR gan&y Gadte ditget B@néwﬁw gaingP 18)gs
cetnb55155 B3 BESLA i ed PR AR enerpion iy an ooyt

sourc%omtsfdertge fear Inelatnlfmg) 3|s?uga|pmesssueel abmeae)derlbnavemtlﬁpemmg

e DTG 245 cal cul at t h d

genefatad Burihs BEIHILRE. Anfte YEdd@nsstign dan & tarahy eSS than
one, ?éothefnog% Uﬁlu@eé(gré‘&e@ ifl-dBTRAI RoFnbly b8aMdmRle MUt

dj ust | to adjust the hearing aid gain in
Howeredeas there éxlacatural He|mhipiresqrtense hyi 3 eprdiece placed in an ear
avenen

id th i
canabfi8ie BTLFEHaRugRces Bperm IThe T Eohaitid SsolSl 'S CgALe s 2
pos.me ﬁdﬁ%@arnf&rmaﬂdrﬁéwddtltm direenirddieniegnlsolin@th s sivgle
ignal and the direct transmtted sound. Reference is

frequenw hends can Pegstimatedy €9 dbpiregtbodndeseriad i thgidpeament

PCT/E?’VZ?JS%/ 5?@%%%%}]0;1@5 d cﬁ?‘ %@g?é\lé}@&# gglnﬁ?mﬂ%ﬁe’éﬁ@dd gain

used foyesoertaiy uiependent Si gnal s with a relative phase
whi ch are added here, to clarify the principle of
addi ng two sound signals at the eardrum The bl ack

The [gf’é-tftgi éﬂ@@ﬁte@f r?ﬁ@h% hiddss Qgeﬁgﬂgﬁq&o@%@se@dem‘&ain

ott ['ine esents t
value5| |§1|stdred imlhmemaonye240nf the drearisg aic The Phéasie then uaed by the

adyus&uhg ugangslr fg(p Fouggjgrahtiﬁwe%mgl %&é’ra'” in orHeYtoarre%u%g n0|se avoid
phase disruption or provide any other useful optimization or improvement of the
signal quality in the combined acoustic signal on the ear drum resulting from the

amplified output signal and the direct transmitted sound.

Reference is now made to Fig. 2, which depicts the level of signal versus frequency
that results by adding contributions of two sound signals, and more specifically
shows two frequency dependent signals with a relative phase which are added
here, to clarify the principle of adding two sound signals at the eardrum. The black
dotted lines are the magnitude of the two signals. The gray dash-dotted line
represents the sum of these signals, when the two signals are in phase for all
frequencies (upper curve), and when they are out of phase for all frequencies (lower
curve), respectively. The full line shows what happens, if the phase difference

varies linearly with frequency.
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curve), respectively. The full I|ine shows what
happens, if the phase difference varies linearly with
wa neyuwny. The sound | evel at the eardrum of tHE/ERR007/051891

is a superposition of the ¢naided direct sound and the
sound anplified by the hearing aid. The interference
of the two sound sources nay | ead to phase
di sruptions, i.e. fluctuations in the sound input at

The gaunduevrliat sheveardsumhef thaaisees albupeposiion®f simel unaided direct

sound JR' s S50 4T Ry S8 ba%, e, NSHHERER gL G two
soun®BBOAIERALY Iead fol pHseadiediptions;ii®. fldctuaibhsth the sound input at
illustrates the addition of two signals with differing

frequaagias mitese dirl upaided dingct sourd aad the aswpliied oundt Fogthe

. I C .
near b BEETOE Sl B HEL LB TSprP g biner
phenbmendnARillastrited ih Fig.s2, evhibleilludtrafesathe addition dfitio signals with
.. sinple cal cul‘ilt hons, bot h constructive and destructive
differing:'epgRifda"¢ BR@%e nade cl ear, whereas the sum of two
signals with frequency dependent phase and anplitude
is nmore conplex to describe analytically. In this
At a caatadn freheenes the sug pitesdhatmonipsigoalsvian bejeptad asn
the anplitudes and phases of the signals. However,
since constructive and destructive interference

Alcogggfl;&i;g,ﬁ}l_;g;c%sg%gp?e)r and lower linit of the phase (1)

i | on’ ctively, we know, that a phase
di srupted signal |lies sonmewhere in between these

lines, as shown in Fig. 2 for the case 2 f. ,te,thart
In out examale; 4107 1t fle=dbant B2e &ripst iPEithET BoF PéQSpfng@ PgR%e
caloufdop GG Fostb sty HbLOGEeInfier idt farkBe riade clear.

wheré8s tresUIn @3 two signdls wWih freyeehoydepeiadant gbiase aingramplitude is
line shows that in case the two signals are

moregeatdenta ﬁew@%yti@gwngm Gasge ine tasy p@tpgruatsg?@ﬁ%ption
wil SESREE SR R he b ondunte
const@nctiveearat thestructive interference constitutes the upper and lower limit of the
phase disruption, respectively, we know, that a phase disrupted signal lies
somewhere in between these lines, as shown in Fig. 2 for the case ¢z « f. Note that
the ratio of the absolute amplitude corresponds to the difference of the amplitudes

in dB, since dB is calculated as 20log10(A). An amplitude of 0 thus corresponds to -

oo dB.

The lower dash-dotted gray line shows that in case the two signals are out of phase
with the exact same amplitude, the total signal cancels out and becomes infinitely
small. This is called destructive interference or phase cancellation. On the other
hand, if the two signals are in phase at all frequencies, the amplitudes simply add
up in a constructive interference, and gives 6 dB more sound pressure at the
frequency where the two signals have the same amplitude, which can be seen in

the upper dash-dotted gray line at 5 kHz. These two cases, however, are rarely met
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hand, if the two signals are in phase at all

frequencies, the anplitudes sinply add up in a
wawnzouet i ve interference, and gives 6 dB nDrRCTHERZOEN/051891

pressure at the frequency Where the two signals have

t he same anplitude, which can be seen in the upper

with %%%chjfbtthﬁqw&rnﬂﬁ dldi 88uRd aRd & dird &sRINEVEine@HR%h have a

however, are rafely netwith respect to t he heari ng aid
varylsglﬁnequandy tapendend phaseuhle bisickdisesbereforgvaxemplfiesihoy the

N e T T
frequehls@, Nbfe, tHig ot 8bald fréqudiaiss, dopstativeiineaelondenincreases the

freq uency Not e, that at sone frequencies,

magnjtisier ofibe itotal signak nheserselar etherfeauengiesndestrycing of

Lo
el S0 e ST e 10 S S RO o sucn
at frequBAciek h‘rmeieglﬁ@kélaﬂi\ﬁe plaseisraimlosbritandshe uelatied amplitude is not
frequencies where the rel ative phase is alnost p and
quitethéhis @ihenpotengys callei phasegisreffiore 1, this phenomenon
is called phase disruption. The above exanple is
general, and can be extrapolated to the situation in a

The als®lesexmnplevib geaetdcarantan be ecttrapulabbchtmdhelsétudtiomm a users
sound super pose. This rn,means that the

ear, WheimihRampleasaud and-Beidlidst Fagad e Boss: Hasmslun eans
that tﬁ%%ﬁgplﬁfeﬁss%‘dfn@ %c@@&@é&ﬁéﬁ@eﬂﬁeﬁﬁ@ﬁé e Py

rect soun respect to phase disruption.
pressvie it Hiereagrumeeheans ngpaiturbgdiby tae direst sou with respect to

de .t t d
phasf srualioh Mok SrogheDeating Al PRt Airinl medafliaty e
dlrecl’“séLrlhd W@uWﬁe‘s@W‘in bﬁ\fr%‘rba%t:l rié¥6 of phaiseisrgdionnwhidhus evdided
he difference in anplitude between the anplified

with @@mrqﬁm\m&lonnau ded direct sound nust be nunerically
hi gher than a certain amount (a safety margin) to
m nim ze phase di sruption. Thus, presum ng a hearing

As lstajbée&ﬁédﬁmfm?m@ 2 ttheniffidrencd Freamptmudesma'tweémlthegah‘rpjified sound
here is a

and tog ateides! GFRS! GoNBE MystibeuHuTTE TGRS thaf a cerain Smount (a
safetz %?Q@ﬁ\t)ﬁg Pgﬁlrr]ﬁl?g pﬁ%@é?lérﬂpﬂ: drE-Th‘hst Préstﬂlﬁlﬁ%r%m]ece}rfﬁ@eald gain
hlghmdbbmtﬂredsed:t ttamsmission gain, there is a lower threshold for the setting of
gain, equal to the directly transmitted gain + k, as suggested by the scale in Fig. 4
to the right. The safety margin is the factor k, which in principle could be set to
anything. If k is negative and numerically large, the threshold will rarely affect the
current gain, i.e. the interaction between direct and amplified sound is neglected
and nothing extraordinary is done to take the interaction into account. If kis large
and positive, measures are taken all the time, which is also not optimal. Choosing
the factor k is therefore a trade-off between minimizing the risk of phase disruption

and limiting the dynamic range of the hearing aid gain.

Fig. 3 shows the phase disruption range versus signal amplitude ratio. Fig. 3 more
specifically shows the difference in dB between the amplitude of the in-phase
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anything. If k is negative and nunerically |arge, the
threshold will rarely affect the current gain, i.e.

wa ve7/09% By acti on between direct and anplifi ed OUERROIZ051891
negl ected and nothing extr&ébrdinary is done to take
the interaction into account. If k is |arge and

sumried signe and 8RS BLES-FHsel alpmedldigidl@std filctivhof the @ifference
al so "not optimal. oosing the factor k is therefore a

betweenthe amplitudensé thertwe sigprisghome inifia. 2f Thimawe thus shows
e oS AR PG LB O R s s

disrupBérg €T heeéi?nél arnplitatie 2at intdBl&s thetdiferehtg beBvamn the hearing aid
specifically shows the difference in dB, between(the .

sound kpxRressrd i tefRg qfﬁam%@@sgbﬁﬁﬁech gAasMitied sqund (expressed in
- | n i f . . .

etk o3h1 HIESE PHIITYS, ABTORA b ARG db o A i
DTG sindviky, isHA Note2that e DTG/ is fidedorsledhe eainglugns aradsi, mhereas

e BRSSP S S LD R BRI b

thus {Hecorfly VaRESIBCEnEStHeRRht Has HerardHagenl d sound
expressed in terns of gain) and the directly

transmtted sound (expressed in terns of gain) in each

band, i,.e. HA - G (Hirect T e ne:Y '
For cHagPIeyt iy Bresah oM ITRA I HhER 0 U5 ldtoEfthen the
other! iheeshaC@isiuptionans) Woa wWorssise steangasatbe theeampligide of the
aid gain may change with the sound input. The hearing

sumraed sigahto Yayy tumite -briB taMthedpipaese sugieed sigay efftlugmiom
abouF E%ﬁdﬁ;b%aere'arg %&)gﬁéﬁ]@l @eﬁa@%é@@e?ﬁﬁdﬁ 5B ®f @oghsg, a

~one srg rger an the other, t
valuepdfaste ud i1 sdBIploiutthineay a ihig haristooSphasesdis supdinar Avatisuglek = 7 or k

the anplitude of the su d sign ta vary up to .-5 dB
- 8 oA Bhasa ISP TaGAmENBBY s Bt Tl Falohy shisiieeed
acce@%ﬂlégjward are applicable, preferably between 5 and 15

| course, a value of about 1 dB would incur a
hi gh risk of phase disruption. A value of k =7 or k =

simiok Shad B8 aiEh s BudPuE o B &6 nefo 3ndfy agape s
safetg}‘msagglgg@g't Rothat BagRit vduvee ahhaspelr limitAbGhe theariag S ghin.

Fig. 3 plots the general phase disruption range against the signal amplitude ratio in
dB from the example illustrated in Fig. 2 to the situation in the hearing aid 200. The
signal amplitude ration in dB is the difference between the hearing aid sound (gain)
and the directly transmitted sound (gain) , i.e. HA — DTG (Direct Transmitted Gain)
in dB, i.e. A, is DTG and A; is HA. In the preferred Fig. 3 applies to just one band
out of a number of frequency bands, which are generally processed in mutually
similar way. Note, that the DTG is fixed once the earplug is made, whereas the
hearing aid gain may change with the sound input. The hearing aid gain is thus the

only variable, once the vent has been chosen.
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safety margin, but in that case it would be an upper
limt to the hearing aid gain. Fig. 3 plots the

womagewitiephase di sruption range agai nst the siR{¥EP2007/051891
anplitude ratio in dB fronmlzhe exanple illustrated in
Fig. 2 to the situation in the hearing aid 200. The

If theﬁie@?aﬂg AdRdstHRd &, 1RE sb[]n&'?o'{wgg‘l} g#em SHYRSRA be -0

n the hearing 'ald soun the directly

(completely miléni,cosaaursdy (rmnn’)g thal tree DG woﬂ]ﬁ@ic(rﬁ]nam:totally This
Transmtted Gain) in Ag TG and
would goFrgePeiickicers e tm g axss 'ap%wr@s 1t"26h'F geve&m& éﬁ?\%ﬁ gigfuption

problgfns aBYWPGbuR e ){ l@ﬁ‘fﬁ’e Pﬁ?‘rﬂ%‘f"ﬂﬂeﬁﬁ i‘a%’él hd é‘_P 60 dB

ocessed I'n sim at t e
and the dinemeniamEtedlm)uadr-poiB itise duelet soun\drlea]egtlgiblmlear i ng

compargofanie ASIRTS oM hwg@iﬁ'sﬁﬁﬁnﬂsk%ﬁﬁgst%ewgﬁﬁ th&Sound
Ievelggﬁﬁadgl %Buha a{qheche%rahﬂ ?Wa@é&ﬁﬂagbfle (AJIEN that

rom-t eari ng al (conpl et el
the ssehgthtgf the lsumonesd yngnahnmlayg/ary]a;gntfhenm’es valitated omnanxre 3.
totally. This would correspond to - on the x-axis in
Figure 3 , which gives no phase disruption problens,

Thusaﬁ1 e cipieng uﬁ‘f’éﬁﬁéﬁ Opr@@ugﬁg; 5%5(;?1 rpsifGatioh Wittea Mearihg@id gain

gain is e. direct transmtted
hlghes'dhlardtheledB the frstel k,arhick inindicatechby pngixemple in Figure 3,

consRREA ISR 3E P Sl e eiREs ol MR e gpt oo
set dﬁﬁl ﬂwfﬁgtt.mitzagbggmmaude sothecrisit 6f & Rigenaidunt OABhase

ren of the summed signal nﬁy
disruptiesiAqcesding yo @@h%ﬂ@aﬁeaeﬁow thigliri a@“OﬂSrﬁ[?st il W'Hé

regarfig b EheL ThY e haT Tl 8PRE ol Rl Rpaibay 1 @
compimisation sor dyhaeaitaity riewluarmgetheri@aeng raidFpginmrie case the Imrﬁt is
constitutes a lower limt, below which the hearing aid

surpafgefl- shoul d nornal Iy not be set duri ng the
optim zation process, due to the risk of a large
anmount of phase disruption. According to enbodi nents,
In thdbedsepwhbresat thei géardatm thes diseet soakdns gimitarie gtieagthtte the sound

a5 e B o St b B T
aid uB&Ao! Highrahé sgﬁhd‘. THErBRYE, éd‘t@rdjlhglté anSmbodiment, the means for
adjusting the hearing aid gain, or a respective method step, simply turns off the
band that gives rise to phase disruption. In open fittings, this is in particular relevant
in the lowest bands, where most of the amplified sound is dampened due to the
open fitting. According to an embodiment, a hearing aid with an open earplug
adapted for preventing occlusion has the 3 lowest bands of 15 consequently turned
off, whereas the 4 next bands may or may not be disabled by the adjusting means

depending on the hearing aid gain in these bands.

According to the present invention, the compensation can either be static or
dynamic. In Fig. 4, a flow chart for a static compensation according to an

embodiment is shown. In the static case, the decision whether the particular bands
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surpassed. In the case where at the eardrumthe direct
sound is simlar in strength to the sound anplified by
wa ve7/mared ng ai d, the direct sound is actual | YPCIUERPOGH (51891
for the hearing aid user t® hear the sound. Therefore,
according to an enbodi nent, the neans for adjusting

shouhh@e fieAed B 18 idkeiiibe AUy FBRGARTECeoR n%teﬁmg of the
y turns of hat gl ves rise hase

heandg aid, ﬁtheoamphfreobmmd lintQth\dzﬁnd needs to be]rmvae ﬁhamkdB higher

v s B4 169534 B SRR Rl Bfogo n e

otherAitRORENg). Showekhodi kothithe galmeadid the ditett\wolind gibisqpsssible
ear pl ug adapted for preventing occlusion has the 3

to defesméng WhaHWS agfn Ao isairgepsatyr didtof f, wher eas
the 4 next bands nmay or may not be di sabl ed by the
adj usting neans depending on the hearing aid gain in
Howéeesthelgaitlin ndwdineati mepring aite dapeseslbnithwmmit sound hevel,
onpensa n.either be s o] namc.. In Fig.
whictlMEBgS AR EAINE ReRial Ggin Tucvaies ot fhsanedt Sarpia kel meads that
even Hfofh BRRRMN FBEa pSrnidHRNe strb@tu?é‘Qhétpﬁtabé cﬁé?ﬁ iort PRoblem may

eci'si on whether the particul ar bandsshoul d be turned
be presénticonditiosallpdepending oy thetauireg! sbarseenvironrheniggig present

at lougaani (B el e GEMB AR feto s TR R aPeH it Bouncs

(whe:‘é' theCdonwé@sbﬂ éét@tﬁ@gah%@morrﬂmhm&% hesddgptif e ampllfled
xpl ai ned rn the other docunents). Since

soung haywl |§0Q|QSQ tethgdewelafdhe ised seund fopinug squndsg but weII above

for S(ﬁtgiogjg@ ry edﬁéﬁé Wm@%\?&mm e&?dg%ndllé‘ru%ﬂéﬂgﬁﬂﬂré afw:ll require

that the bahdg afe disabluerakdoon tHBEIevelrgﬂln sorusuft $avels, buhthisis likely
nmeans  that the actual gain flu tua es Wt the |

to incyr gagnificinghandieiiad Mighk Gthgerse BuE PEERLISE aawlBication.
Basnr@%%ﬂ@ﬁeﬁﬁdﬁé%& dlﬁlﬁmgepen &4 BaHES bﬁm@ﬁ&hém HRYain will

resent conditiona |ng on the current
not saa:nfrmé szermanpnbaeds butmay lpaes sityatmns| wheredberedearn hephase

. the c res sets. .t he of t
disrulinsad Tbsr e palance teswgradEh Axsdtes s §eBundn) | Thi s
will be the case if the anplified
In Figs. 5 and 6, flow charts for a dynamic compensation according to embodiments

are shown.

Dynamic compensation takes the actual time dependent gain of the hearing aid into
account and compares this to the direct sound, which was estimated during fitting.
In the dynamic case, bands are not disabled at the fitting. Instead, when the hearing
aid gain is less than the limit (k dB), the gain is overlaid with a time dependent
progressive damping. The actual gain is the sum of the damping function and the
hearing aid gain as normally decided by the compressor. This could change the
actual gain otherwise decided by the compressor by a factor of e.g. down to -20 dB,
until the situation changes and the compressor acts to raise the hearing aid gain to

a level higher than the limit again. At this point the damping will gradually return to
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sound level is close to the level of the direct sound
for |oud sounds, but well above for soft sounds. In
wa ve7/609at6 ¢ case, preventing phase di srupti onsP@EHER20€1/051891
will require that the band¥ are di sabl ed based on the
| evel gain for soft sounds, but this is likely to

zero.! IHQHi"s \ﬁafy:rthé h@hﬂﬂg BRNEksn éﬁ@hdﬂc@{h& detdiming afechane ahffifled

usef ul tO anF ification. Basi ng e consi deration
sound hegomgisserbb am@atweqite'mgewse;mdsﬂmemlwm ackteyrd for tyis without

percdifif BobaclOha i Shurd8udlvoe Wnase di srupttons.  Thus,

a bal ance between two extrenes has to be found. In
gs. 5 and 6 , flow charts for a dgnamc conpensat i on

For e&aerml%n IRghe sasermberetha Reaiing Yrestield i5y/aunand the vent is large,
as is %ﬂ@ﬂ?ﬂé%&éé’%r‘@éﬁn tegnacggh : %{?@gegqns%spﬁ |é1?e'| 8 8bund

earrng ai onpar es

passitigrtacdughothiedientdd edrphas maytbenimtthe sdoe omglef asﬁhagoumah
m c case, nds are not, djsabl ed,

th
generate %ng}ﬁemgflaa@'d S\dieSiRER e boaiieg gid Spih Shippges with the
sounH hé\féltth‘éré gﬁxtbe( KofiBllistdrit®y Sifidtions vRE tRé Gty $dUrd signal at

me ‘dependent progressive danping. The actual gain T's
the eal*chrusunmmmttbé byaph@iseglisuptions whatdas letheaidistaning aitwations

may G 85 R 800 plafty Befben s T ERHGRHT 5 e (8ot Betow

the dFESIPSARMRIOF oP¥xAmbRE RS h@érn@%ﬂrd sfapetson-at@ cHBwdettdalfé will
the situation changes and the conpressor acts to raise

give a e gaiar dugytaathe cgamhre@@loa qféb@heﬁn@%@rd imihe lomebangs, the
w37 g PmblP. 00818 RO e SRR GBI e
equaPiet therhpet ImnThéelréUW trénadﬁ&nlwuinridanayra&opbe)blmme low

bandp diiedga BIge ?%%pﬁfﬁﬁ%e Fa. h PEGAR I BETIgVe Rojetored Sound
due tﬁgﬁ'gglegi ?rHEtlct)ﬁ? Tgn%s SJ’é?SJrh%agefﬁ?rjl QQ Juidigs "}Pb‘i')a'rlﬁ and listen

vent as | n the case for
to birds ghdfateepuseaple Itmmngrfg:rh afaed hetHeansglardjgawelthfasltuatlon will

sound passi rou ee
be lagiRhoars) i HES PRANSERm A0 SV i3 109 EHEUHB AP g haling aid
sounH'%V%\'Sﬁﬂnaté'tﬁé ¢othhSodiRPAT thE e@irérmltﬁw Aanaethivg the fidkeof phase
disruption and giving a better sound quality. In order to cope with this problem, there
is provided a dynamic compensation according to the present invention as

described in the following

With reference to Fig. 6, the Surveillance Gain is the gain calculated in the hearing
aid according to the current sound environment, the hearing threshold and the fitting
rationale. This gain, which without compensation for the direct sound would be the
applied hearing aid gain, is time sample by time sample compared to the minimal
amplification limit, which is the direct sound plus a safety margin, i.e. DTG + k. The
applied hearing aid gain (HA4pp) is the gain given through the loudspeaker of the
hearing aid. The applied hearing aid gain differs from the SG by the damping
function D, such that HA,p, = SG + D. If the surveillance gain is lower than DTG + k,
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sound | evel, there may be sone |istening situations
where the total sound signal at the eardrumis

waitesteisd by phase di sruptions, whereas ot herPCT/EP2007/051891
| istening situations may gilve a good sound quality
because the hearing aid gai nis well above or bel ow

h .

the e o B B B e e el e Py

ways, beecdwhiessiaybef the hearing aid. In the | ow bands,
the hearing aid gain may be 0 dB, i.e. the hearing aid
renders an output signal at a level equal to the input
evel . Theogitr< ctly transmtted sound nay al so be 0 dB
n the VJ %duetoalarge vent. In this case,
he person may perceive a distorted sound due to phase

D =4di sryphi ops¢, Ihe Ayapg person may then go outside in(2)
ark’ and”l'isten to birds and ot her peopl e tal king from
far. The hearing aid gain in the situation will be
argemp, afod: eyl t+hus be maybe 10 dB, which is high
enough for the hearing aid sound to dom nate the total

This ﬁmn:tidnabegihaingeatcﬂimﬁrto, desasibeisra giasluahigangiton betwasn two

B TR AT e
dam@ﬁ@%ﬁn‘%\l Q%”Wé‘ﬁﬁ\te'fﬁﬂ r%c ?wgq%)tc{&pgﬂ@tep %%Bbsmfg AT ve

I'On" as descr| erenc

small, @l?é:lanheﬁidhéMQﬁaud\I?alﬂ! ism@&ilﬁdamplesedhsao e Inearing aid sound is
cal cu in the heari ald t rept

rapidioiyeedali Fam FBRPING M@y MssifoR e eng &' <R
fitting rationale. This gai n V\,hl ch wi t hout
conpensation for the direct sound woul d be the a plied

Fig. hhas itwg pands ghieruppies one rsiowdnbh dimteyplot nbgaiariplaesituation of

ot BB kb Sed P s B BB SR TP sbend o gighd
as adTﬂ@ceaIw' th@%dbﬁ@éﬂd?goﬁhé EMhpIng FARENJandghé heveedie showing a
rough the | oudspeaker of the hearing aid

time Hl@rbbf e@eﬁmtbfrtbe ainrjag faader mé?f@Sﬁerﬁﬂ&fﬁé'OSé;rQi; zefeto -20 dB
anc GTARR AMTE LA 7R RS Thar 20, & 5 1 o e
function is activated. The danmpi ng funct i on may be
The %ﬁlfall ’RSESlItlgn r'rsalr;%n\évﬁgds as%ggn %fs t\ﬁglcrvterlon is ti?ulfllled whereby the
applied gain begins to fall from p; = 0 dB toward the maximum numerical value of
the damping P, which may be set at —20 dB as indicated in Fig. 7. The maximum
numerical value of the damping P must be chosen small enough for the applied gain
to generate a sound level at the eardrum, which is insignificant with regards to the
direct sound, such that the risk for phase disruption is inconsequential. When the
criterion is no longer met before the damping has reached equilibrium a new cycle
is commenced, where p; is now the actual value of the damping function at the
particular time the criterion state was changed, and p2 = 0 dB. As soon as the
criterion SG < DTG + k is not fulfilled anymore, the applied gain begins to rise again
toward the surveillance gain, SG. This means that every time the criterion is met,

the damping function dampens the applied hearing aid gain towards e.g. —20 dB
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D +t0 (2) This function, beginning at tine to,
descri bes a gradual transition between two val ues of
wa tve7/eemsi ng function, p and p2. The val ue DT RGI/EF2607/051891
total duration of the danpitg signal, i.e. the tine
for the danping to conplete. By choosing Dlvery small,
inkher
durin T BBy S e e b I i b RERAITR Séok to
rise tddgiBng may be based on the criterion SG < DTG + k .
Fig. 7 has two panes, the upper one showing a tine
plot of gain in a situation of fluctuating conpressor

In F@EE theSRirhping fﬁ‘ﬁ’@tldh% %hBWH%HéﬁfeFéht'c@ﬁ\»ﬁre§§§ﬁ‘i’aét@héek/vhen at
and as adjuSted by the application of the da

time { ads e, SGrgcomes| smglterdhan b”m)mlm@aéamnhﬁcaﬂ%tnﬁ)raﬁ and stays

betod 88 a8 R AR A briply R dhgef yatsifiohy' o

to zero. The initial transition is |launched as soon as
the criterion |s fulfilled, whereby the applied gain
An exaPIg<ftd) MAYIP& rom pi - 0 dB toward the maxi num
nuneri cal value of the danping P, which nay be set at
-20 dB as indicated in Fig. 7 . The nmaxi mum numeri caI

5}32 plofqrctta@c(elamr/mg Ppjugt be chosen small enough f 8)r
f(@) e a sound |l evel at the

ear&rum vvﬁlc I's“insignrficant with regards to the
direct sound, such that the risk for phase disruption
IS inconsequential, \When t S no

The GRERPIBERBNAASIRECaRBP R SDRUAIES taalton SOUld oVt a
high § %t@ggrdn%t%?\rq%?fgbru%? ?ﬁlﬁ'/i %Nﬁlé’r\é’a% BWe?ﬂdW'c nakeaR himost

npi ng ron’ a particul ar me the

lineactransiiorn bemistinep yé@rsd phN@gedhatathdrepis=a fimeRBielad\ssiaoerthas
the criterion SG < DIG + k is n t fy %sl ed anynore,

damping fesion seedaitinlyhae ae effpgle ig (ahews ga example of
the dir‘g’%r%ﬁﬁ:'aﬁ E&“ 8n9ﬁ d?? foﬁg’irgglhéo% tﬁ‘f"t' £YShY d+ 7B dhe

eri on unction danpens the
appl i ed hearl ng a| d gain tovvards e.g. -20 dBduring

DIs. E t
Accordin g BRotier PTRSSiTIe §11Ge Prasept B enton, 4 heaing 3 gai i

provided that is restricted by the minimal amplification as illustrated in Fig. 9.
According to this embodiment, it is provided to compensate for the DTG by never
letting the hearing aid gain get lower than HA = DTG + k. This means that the
original gain is modified with a damping function, which always generates an
applied gain that is DTG + k or above. This method may be used either on its own,
but also in conjunction with a static compensation, such that some bands may be
turned off, whereas other bands may be ruled by the dynamic compensation by
restricting the gain to a minimal value of DTG + k. When the damping function is

added to the gray part of the hearing aid gain, the flat line results as shown in Fig. 9.

According to embodiments of the present invention, systems and hearing aids
described herein may be implemented on signal processing devices suitable for the

same, such as, e.g., digital signal processors, analogue/digital signal processing
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In Fig. 8 the danping function is shown for different

conpression factors, when at tinet =to the SG
whmwovmesiesmal | er than the m nimal anplificati ACT/ER2007/051891

and stays bel ow for over 11Becond. This provides a

pronpt yet snooth transition. An exanple of f(t) may

systel?@s includi _H-fl@d prEgr%rn%QBfé(éate ar?r-E/yg)(F Pd?% sta'ﬁéla?d processors, or

Arct ancA he conpressi on factor control s how
apphaairamqucnﬂm%gnalamgce?pmﬁs SMSBPTRBIG). OWItowsy Hiigpreferred

that ey eee e @R B o8 aigth SarBieFRBERveh HEkn
somd Bartdeb@dideinpideeatddindthénRageLayll knoes thhige drilled Person.
function needs tine to have an effect. Fig. 7 further

shows an exanpl e of the dynam cal conpensatl on for

Hearﬁ r&§s Qfﬁ%gis tEm$ and Jtp%r 889cEs 3 ac o: eﬁ%ﬁ&%@n‘?&of

ndt 81 CeNbod AERt e presen | nv ntion,
the pi‘mhlt nweatldn g@awbe anplemenﬂedi it aay sultatrlesﬁgwad:sgdabprdcbesmg

l'ification as jlluystrated Fi
SystomsCHICheR e GelisALARVIces Ty gipopealadty. e, the
audn&@g@@ﬁﬂ%ﬁﬁtﬁn% QeséiBR. MBS élﬁ:\b%@ % tt!‘\é‘ﬁrés'%lﬁt Meahtioy may also

ain get |lower than hi s neans t hat
be mmlmnenﬁegl inal capaputer prcrgrdm‘ q:(HanrtgwemOﬂMbje mgognantcodm

exccy TR SRR B SRR el e | it

envir@htnent L%CUsJe@i aA/-NYSdient vf the ;ﬁre§émt|h¢erﬂwm&ﬂﬁ9ﬁ$é§1a remote
such that sone bands may be turned off, whereas ot her

serveusmamuﬁwthléemmodwswsyﬂ@ﬁd@@?@ﬁdl@%@ﬁ%ﬁ%ﬂbmwhon and

t f
B e B S
Accotdi ttﬁahd)tlhgr ahtbodihent, alwniputer piogeamgsotitiet like s bomputer
ig. 9. According to enbgdi nents of thglaﬁe%iec%ent

readatic eiTgn madjuie iRl Xamnia florRPiadigk agem ef &LrROM,
a DVDBY fE\%P ﬂ?ﬁ%&%%ﬁo%r%‘uﬁaﬁkas’ | 3%8%11?‘?%’ gftﬁ/z ded for storing

surta he sane, suc I dit I gnal

the cpmpatss guogrananatarging toi the paesanitgmaintipnocessi ngsyst ens
including field progranmabl e gate arrays (FPGA),
standard processors, or

According to a further embodiment, the program code may be stored in a memory
of a digital hearing device or a computer memory and executed by the hearing aid
device itself or a processing unit like a CPU thereof or by any other suitable
processor or a computer executing a method according to the described

embodiments.

Having described and illustrated the principles of the present invention in
embodiments thereof, it should be apparent to those skilled in the art that the
present invention may be modified in arrangement and detail without departing from
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.
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application specific signal processors (ASSP or ASIC).
Qoviously, it is preferred that the whole systemis

wa wpt/eaverst ed in a single digital conponent evaCTWERR0EHN51891

sonme parts could be inplenthted in other ways - al
known to the skilled person. Hearing aids, nethods,
systens and ot her devices accordi ng to enbodi nents of
the present invention may be inplenented in any
suitable digital signal flAMSsing system The hearing
ai ds, nethods and devices may al so be used by, e.g.,
the audiologist in a fitting session. Methods
according to the present invention may al so be

i npl enmented in a conmputer program containin

. Adescingail eopinsiginandtdeast %@@W?W%ﬁﬁﬂ@ﬂd&%@%@ﬁ%"\e@%

i t i i . .
o R R SRl S20, A Phoctesify means being adapied e
rgued&eat input sighiabfrocotie misesphonee mhieesis saidesignalgrotessing
t hat enmhodi es a system according.to the esent
MERTE I PRAPIRAIOMBBCE PRENCO AL O th 38l BRLIEER e Rgoduce an

i

A R L S o i L
pecessipg treeanseiudthier cosipoises maansi faradjusting saiiphearing aid gain

fl i sk. i ck, CD- .
toe HB1, e f et e Rt Sebhied e raib MR SFEE] thhsmion gain
cREMte@r e heh®hd BRy. t he conput er program according to

the present invention. According to a further

enbodi nent, the program code may be stored in a nenory
of a digital hearing device or a conmputer nenory and
executed by the hearing aid device itself or a

. The beafiag afd aoddrdingke alaitPUot RBewhefeinsakymaans édrratjusting said

suitabl e processor or_a conputer executing.,a nethod.
hegring aidigpin grevidesia safety sargindoan adapted s Rgiust said
é"&-’?@" i g i iRSvdRiid BEIHRIRS s8fd difet transmission
hpre %@%ﬁ@%ﬁ'aohgéﬁﬁiéﬁg%élmnts thereof,s It should be
gaippausessidtaafetyosargikkl | ed in the art that the present
invention may be nodified in arrangenent and detail

wi t hout departing from

. The hearing aid according to claim 2, wherein said safety margin k is a gain

value in the range of 1 to 15 dB, preferably of 5 to 15 dB.

. The hearing aid according to claim 2, wherein said safety margin k is a gain

value of 7 to 8 dB.

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

for adjusting said hearing aid gain is adapted to adjust said hearing aid gain by a

damping of said hearing aid gain.



10

16

20

25

30

such principles. Changes and nodifications within the
scope of the present invention nmay be nmade w t hout
walmpavieg fromthe spirit thereof, and the prRESZER2007/051891

i nvention includes all suck changes and
nodi fications. CLAIMS 1. A hearing aid conprising at
| east one m crophone, a signal processing neans and an
out put transducer, said signal processing nmeans being

6. Thadepring aicbaceardingdoamei ofgbe psecpeing clatns twikerein said hearlng

oGP0 uglits Pl A T o SE LR TBRG on e
caltglagdd fof sRIidOskEgRdld @kt ustrgawd td prdv&ieoanspuhd el
sai d out put transducer, and wherein said signal

dependent hﬁgrm@ahisgalnr andWheesip srisbmeans fir adwstatq $ald ihggring
alﬁadeagn Pser né}é}ig%%ﬁgpgl?'s@\ d Sodhd’ IVHPd% dett Eéﬁﬁﬁ% d galn to said

{5 oM A |rec ransn ssi
mpat sighal tecorbduce adelaeng iaidygaincamlifictheuthetsignal, whérem said

d I
h%ffé@'h%'é% SHIRYER P4 RgagHp ﬁ'ﬂﬁgﬁ'o.'%'sgugle agP\g{fig, han said

difett ¥ h,gp%in Hgmadapt ed to adjust said hearing aid

gal n | sal earing aid gain wuld be bel ow said

direct transm ssion gain plus said safety margin k. 3
The hearing aid according to claim2, wherein said

safety margin k is a gain value in the range of 1 to

7. Théﬁegﬁ’ng @Tc?é@éoﬁlbi'ng tefcldimt® wikerdB sald sigha® phaisking raédns

according to claim 2, wherein said safety margin k is
fugthgareMpESing 2Eompawter aapted to FHEPAERSIIAearAg gain with said

dlﬁ%cgglrsaﬂko éé((% gg‘fﬁ Alis Egﬁﬁ&gr fa a%ﬁﬁcﬁﬁfﬂs%% ghﬂg %gd Hain is

TN Rg° 83
sman@:othaﬁtsamadméd’ae@hsm@mrdggml plupgaial siaeieﬂyl magrgir kssmd means

hearing aid gain.6 .The hearln a|d accogf
foaﬁdtus@%.s@@elmfgigcalguw ! ¢ i lowerse ‘1%%”%9 aid gain by a
fagwrch d FP0RE 55850 Re RBRIMEA ;%%qin {PpRIHREE safl Amplified
transm ssi on gal n calcul d for said hearing
owtpdt sigoali ad Lié said readingaigh gain idecuasouladgerdhan said direct
transmission gain plus said safety margin k, said means for adjusting said
hearing aid gain is adapted to use said hearing aid gain to produce said

amplified output signal.

8. The hearing aid according to claim 6 or 7, wherein said sound level dependent
hearing aid gain comprises a set of frequency and input signal level dependent
gain values obtained from hearing threshold and fitting rationale.

9. The hearing aid according to claim 8, wherein said signal processing means is
further adapted to obtain an actual time sample of said input signal, and to
calculate a surveillance gain from said sound level hearing aid gain for said

actual time sample, said hearing aid further comprises a comparator adapted to
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dependent hearing aid gain, and wherein said neans for
adjusting said hearing aid gain is adapted to apply
woewntowoend | evel dependent hearing aid gai n tRCTEER2607/051891
i nput signal to produce a Pearing aid gain anplified
out put signal, wherein said hearing aid gainis
c&ﬁbéh%t $4ld 'sﬁw%ﬂla‘?mc@%%ﬁh Rethalait gRést traﬁusﬁwﬁbn@ra.ﬂ BN8'said
than said direct transm ssion gain. 7. hearing aid
safetyomargig ki and| lésamesurvm%rmerga;ansjsr@a@emﬂhaprm@dgeq:tg

AR R PABCLI53  y STR3aR e 8. sai

héérﬂ'{?ﬁﬁusg%n@fs S pled ko desiade 2ed/hyingEUOEOKtoward &, facfor F,
hearin gainis snaller than said direct

ang,dhsaif §yr\@#lag@iemqm issequal @r arget thanesald dirgct tsgpsmission gain
o5 HHE S o S 8 Reb gy
adssted 30 thdreaesy wid Irdampm\g; ftmuﬂlogaowatcbo ;dnBodmdesasmhrrmans_for
adloing 03 B it OB aspiEeLineads eledimoad) Bran il oain
IaH&mﬁ%”aﬁ’d §§1an r?s; Fr%%ﬁ‘td‘sald%%h%ll@ﬂ%sgaﬂﬁrarﬂijtdlééé 88id

al d heari ng gain is adapted to use said hearing
calculatpal mearmgpaid gadretosprioduaeshid amglifiad putputbignal.. 8
. The hearing aid according to claim6 or 7 , wherein
sai d sound I evel dependent hearing aid gain conprises
a set of frequency and input signal |evel dependent
gai n val ues obtai ned from hearing threshold and
10. T|ﬂ¢ hearing aig acoeadieg to claie Sheymrﬁ@ %19 sypediamicagiain comprises

[
o B bfes 5 ehSa, AR SLARESTIY TEr Sl
deperitient pehring gkdagaln&edatsald@lcuwlatr&e sarsplevei I | ance
gain fromsaid sound | evel hearing aid gain for said

actual time sanple, said hearing aid further conprises
a conpar at or adapted toconpare said surveillance gain
with said direct transm ssion gain plus said safety

11. Tirhgarind aid acwbrding ts @ind csfmlns/p'redeejlingeclghma Whereirasaid means

ofr,ga&sﬁﬁh%ad rﬁ%é:r}fg;%l ng?agnq ISsS%cj?aLpr%& Hat €0a§e§ sSa% Hearlng a?él gain to

a value below said direct transmission gain plus a safety margin k.

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

independently.

13.The hearing aid according to claim 12, wherein said means for adjusting said

hearing aid gain is adapted to apply said frequency dependent hearing aid gain
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hearing aid gain is adapted to decrease a danpi ng
function toward a factor F, and, if said surveillance
wogaonod9sieequal or larger than said direct trari/BERIOMS1891

gain plus said safety margth k , said neans for
adjusting said hearing aid gain is adapted to increase

oRlgiigl saﬁmré@édéz%dn_@@ wiiaas the Bther edusabybaRa@ard Rirned
adjusting said hearing aid gain is adapted then to

offal cul ate said hearing aid gain by adding said danping
function to said surveillance gain, and to use said
cal cul ated hearing aid gain to produce said anplified
out put signal. 10. The hearing aid according to claim

erein said surveillance gain conprises a set of

9 ., wWh
14.The bgaeng pidiasrardibgiio glaim (2Iwharebeaid meepns omadiisting said

3 A - | . " .
LR i SREACER) oRERE'uchile ¥ Apaiath ol Safi nearing
aidrgaimin tdréaipfrecgeenogbahds basedvbarsaichhsanin aelagesn irothese

adj ustin aid hearing aid gain is adapted not to set
fr%%"?fqafeb@fglcﬁ‘g aid gain to a val ue bel ow sai d direct
transm ssion gain plus a safety margin k . 12. The
hearing aid according to one of the preceding clains,
further conprising a band-split filter for converting

15. A e SouienPaing Al B R SohBYal aHedffoRd, i 7
cathgridiigf urt her adapted to process said band-split

i nput signals in each of said frequency bands

-i neetiseatinthan gffestiverventipaiameterdpeisaid hsadinggido cl ai m
12 -] ' £ Yo [ j rd id
aZeal543 FALT RGO A LTS, S OERT Do
hepaiiangetai;d gai nonly in sonme frequency bands whereas

the ot her frequency bands ar urned off. 14. The.
heaIeWghan @ N AL ake: o PToCHRE i 38 etk aignd) 2
fo | f{‘tgc bShRh B ol N is adapted to

eng f\ﬂidé?éﬁ |Isac§ﬁ% t%‘g@app F|)lg‘at' on' of said hearing aid

- gacomparing theaheanngeajdegaiy thaaiditeat tranemissiirdgisaantg

A HJ 3 deu%tiké‘%%% hearing aid gain up or down until it differs from said

direct transmission gain by more than a predetermined value.

16. A method of determining direct transmitted sound in a hearing aid, comprising:
estimating an effective vent parameter for said hearing aid; and
calculating a direct transmission gain based on said effective vent

parameter.

17.The method according to claim 15 or 16, wherein said step of estimating said
effective vent parameter comprises:

measuring a loop gain of an in-situ hearing aid; and
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frequency bands. 15. A nethod of conpensating direct
transmtted sound in a hearing aid, conprising: -
woempi/mmtiong an effective vent paranmeter for sSai@I/EP2007/051891
hearing aid; - calculating2a direct transm ssion gain
based on said effective vent parameter; - calculating
a B@ﬁr‘r\bﬂﬁ% b Sdive %hﬂﬁén%nﬁé}epfd?%‘?&héémat &a_ dy'determining
signal a hearing deficit conpensation output signal; -
cotEnvient patamétenas sgickefeajine venb paeanaeter that provides the best

tr nd ssion gain: and - furth adj ustin [
el PRy aRiees 8° Bfecrienitng o o418 ANd B8 rikspued por
di gamt transm ssion gain by nore than a predeterm ned
value. 16. A nethod of determining direct transmtted
sound in a hearing aid, conprising: - estimating an
effective vent paraneter for said hearing aid; and -
calculating a direct transm ssion gain based on said

18. Thé hesthod @ceenling®r auimh d6.or 17, wheeeinesalith stepaaf @attufegingosaid
claim15 or, 16, wherei.n said sii§5§osfete I mating said

digestdeanspuisyien gajhFamRtiaes edlrya 29UFRRHdSPERAsHT

i mSsibR oo vallg&ri ng ai d; and- estimating said
dg%tggaﬁsve vlentgépar aneter for said hearing aid by
determi ning that vent paranmeter as said effective vent
paraneter that provides the best fit between a nunber
of predeterm ned | oop gains and the neasured | oop

19. TH&Infethd&§ atbsrdiRy ftrdlame a ¢! @hetkih 8akl 1Bbpighth R'maddsured by a
wherein said step of cal culating said direct

feedhacktestiop gaigdiearse@nddi ses cal cul ating a set of

frequency dependent direct transm ssion gain val ues.

20. The method according to claim 19, wherein said feedback test is performed

during fitting of the hearing aid to the user.

21.The method according to one of claims 16 to 20, further comprising the step of
obtaining a sound level dependent hearing aid gain comprising a set of
frequency and input sound level dependent gain values from a hearing threshold

level and a fitting rationale.

22.A method of compensating direct sound in a hearing aid comprising at least one
microphone producing an input signal, a signal processing means producing an
output signal from said input signal, and an output transducer outputting said
output signal, wherein said method comprises:

storing a direct transmission gain calculated for said hearing aid and its user
in a memory of said hearing aid;

providing a sound level dependent hearing aid gain; and
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19. The nethod according to claim 17, wherein said | oop
gain is neasured by a feedback test of said hearing
woatod7/02016 The met hod according to claim19, WRITEER2007/051891
sai d feedback test is perfd¥med during fitting of the
hearing aid to the user. 2 1. The nethod according to

-ongpplyiry $HidBobRd 'léi/e?gepéh’dédi@{eaﬁﬁggﬁd ghindotdard MpePsighal to

obtal ning a sound | evel dependent aring aid gain

3 omndé@ie@haam a'L@ifgerim empdified ostutisignal, Where said hearing aid
B e S B T B b T S PRk 8l v

di fraaEmsRibidgaiR. @ hearing aid conprising at |east one
m cr ophone produci ng an input signal, a signa
processi ng neans produci ng an output signal fromsaid
i nput signal, and an output transducer outputting said
out put signal, wherein said nmethod conprises: -

23. Thé onaéthgd acdomdéeg td clains 22 swhereigaaid roathodl fattber ¢ampssesd
hearing gid and.its user in a nenory of said hearing

defining 2 safelyimag & sound | evel dependent hearing aid

gai n; and- applying said sound | evel dependent hearing
aid gain to said input signal to produce a hearing aid
gain anplified output signal, wherein said hearing aid

ain js adjusted if sai,d hearing aij in l.s. t:
24. T8 nighls SehaRh Shlocial 2g Whrmit e STapargin 159 Vel the
rdieNRIWER T shd 95 UB, GhaigreRkiablpbeneésh SaiBlanet BaB.
further conprises defining a safety margin k . 24. The
nmet hod according to claim23, wherein the safety

margin is a value in the range between 0 and 15 dB,
and preferably between 5 dB and 15 dB. 25. The net hod

25. ThE eestibd actordgioeaitn 28hwheriein theesafefyetpargmigavaiue ef 7 to 8
dgal ue of 7 to 8 dB.

26. The method according to one of claims 22 to 25, wherein said step of adjusting
said hearing aid gain comprises:

comparing said hearing gain with said direct transmission gain plus said
safety margin k;
if said hearing aid gain is smaller than said direct transmission gain plus
said safety margin k, lowering said hearing aid gain by a factor F and using
said lowered hearing aid gain to produce said amplified output signal;
if said hearing aid gain is equal or larger than said direct transmission gain
plus said safety margin k, using said hearing aid gain to produce said

amplified output signal.

27.The method according to one of claims 22 to 25, further comprising:

- obtaining an actual time sample of said input signal;



10

16

20

25

30

26. The nethod according to one of clains 22 to 25,
wherein said step of adjusting said hearing aid gain

wWamwapegIses: - conparing said hearing gain w tPCEERL007/051891
direct transm ssion gain pRus said safety margin k; if
said hearing aid gain is smaller than said direct

t E:amratmglémugéman@é Qélnsf?cbrﬁ soitf 860hdRVEI Medrind SRydimebr said
said hearing aid gain by a factor F and using said

| oretuaditimessanmejeai d gain to produce said anplified

7 apBitbafhd A8k hPhck ORI QUMAR, eI ot plus said

sakafefy marrghrk k, using said hearing aid gain to
produce said anplified output signal. 27. The npethaod
-acHsa ﬁg’vetﬂaa%gam ig |sa?8rU§r than %a@@“repw@w'sswn gan plus

Coggtﬁ' s%ffé\ﬂ marg%k,ﬁdé&%r@?? ﬁg aad:JrH@hgitfPﬂﬁlo?%Wa‘?d AftaSfdk ¢

i npu a surv 'ance gain from
-S alfda&bsmdeillaneé ghiedis iengabordagger ihamsaisladitbch tranaimigsioregain

1P s¥GH Serdf s it Sokd GSanBT Aol i .o
I csRLBtRY YR ﬁéWn@@% b$ adiifg id Haﬁfbnﬁ@h.ﬂwcﬂbh e§kaid

transm ssfon gain plus said safety margin k ,
desuwedlange gatampidng function toward a factor F; if

o 1D IRk R8yhd g o Bledu B RlR AdPYreTthout

i ngigAapi ng sai d danping function toward 0 dB; -
cal cul ating said hearing aid gain by adding said
danpi ng function to said surveillance gain; and using
said cal cul ated hearing aid gain to produce said
anplified output signal. 28. The nethod according to

28. Thhé sathed acedreirg) 1o daind28 wheidin aaidesugeeiltarmengain Sesn@ises a

set of frequency dependent gain values obtained from said sound level

dependent hearing aid gain set at said actual time sample.

29. The method according to one of claims 22 to 28, further comprising that said
hearing aid gain is not allowed to be set to a value below said direct

transmission gain plus a safety margin k.

30. The method according to one of claims 15 to 29, further comprising the step of
converting said input signal into band-split input signals of a plurality of
frequency bands and wherein said method is further carried out for each of said

frequency bands.

31.The method according to claim 30, wherein said method is applied only in some

frequency bands whereas the other frequency bands are turned off.
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set of frequency dependent gain val ues obtained from
sai d sound | evel dependent hearing aid gain set at
woszogometoual tine sanple. 29. The met hod accorRUTEP20¢7/051891

one of clainms 22 to 28, fuliher conprising that said
hearing aid gain is not allowed to be set to a val ue
bel ow said direct transm ssion gain plus a safety

margin k . 30. The method according to one of clains

15 to 29, further conprising the step of converting

- <4l .
32 TRE et O Yoot b B ARAE R s igh ety TLAREY Sarfibres
engblihgrdritisabliagrdfedidometio inagstaimfreqaencyf basebased on said
bands. 3 1. The nmethod according to claim 30, wherein
hea{ing #gtd?3¥ i s applied only in sone frequency bands
whereas the other frequency bands are turned off. 32.
The nmet hod according to claim30, wherein said nethod
further conprises enabling or disabling of said nethod

3. Thgamipihad acadrE mprobIm oL HPRG R LP R/AE6 19 oF PAPIng

stEPEBF 5&idHeMRA0h icBRaR fréd FtiRy i dsiRiRRdUn Sabdirget hod
I'nh certain frequency bands based on said direct

transmissiosggadm gai n. 34. A system for conpensating direct
sound in a hearing aid conprising nmeans for carrying
out a method according to one of clainms 15 to 33. 35. A
conmput er program conpri si ng execut abl e program code

whi ch, when executed on a conputer, executes a nethod
34. A sysiemifarompensating dirpsl sRuUNtsINtbhearingsgidcarppfiipe means for

r | Nj dabl e nmedi um
oA BTLETAHY oEOB I of S 55 16 33 et od on &
conmput er, executes a nethod according to one of clains
15 to 33.
35.A computer program comprising executable program code which, when

executed on a computer, executes a method according to one of claims 15 to

33.

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

method according to one of claims 15 to 33.



