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WD 2007/ 099115 PCT/ EP2007/ 051890 1 Met hod and system
of noise reduction in a hearing aid 5 BACKGROUND OF
THE INVENTION 1. Field of the invention 10 The
“woprees@niisi nvention relates to the field of he@vERgo7/esi890
aids and nore specifically to hearing aids utilizing
noi se reduction techniques. The invention further
relates to nethods for adjusting the hearing aid
gain for noise reduction. In addition the invention
relates to a system of reducing noise in a hearing

et dand Syetent BF AP roflchion W8 MR . < Car trum o

version of the acoustic environment that has been
anplified according to the users prescription. 20
This is nornmally achi eved by providing a device with

BACRGRGUNDIORTHEINVENTION er and a niniature
| oudspeaker situated in an earpiece placed in the

users ear canal. It is well known that there may be
acoustic | eaks around the earpiece. There may e.g.
‘be a non-sealed fit or there may be a vent
1. Figid|of her igventionar r anged in the ear piece for
consi derati ons about user confort, e.g. for relieving
the sound pressure created by 25 the users own voi ce.
The Sesbnt iveantionaglatasitodha figidf hearing aivg andgpergrapesiigally to

t he .allo t A e ' '
nearpg 3i4s Wiiendno FRALE GofEREE HeinUg T tEhtRtelatbs o
methiBds fdrR2HpatinG M hdaring did dainMiat hoideaaductipat mnaddition the
o fitti ahearinrgé’?id",.v\hichisEerevvit.Q
inventipRJe GoSYSIeTP of Brduging nQise I} 388aM%Y % et hod f or

estimati ng ot herw se unknown functions such as the

vent effect and the direct transm ssion gain for an
2. Dgseriptiaruofibarelatpdari. The vent effect estimate is used
for correcting the in-situ audi ogram and the hearing
ai d gain.
Hearing aids are adapted for providing at the users eardrum a version of the

acoustic environment that has been amplified according fc 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. ltis
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 ear piece 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Unpublished PCT application PCT/EP2005/055305 titled “Method and system for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 fransmission gain for an in-situ hearing aid. The vent effect estimate is used

for correcting the in-situ audiogram and the hearing aid gain.
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provi des a dynam c speech enhancenent techni que,

where speech intelligibility in noise is inproved by

woRblashasNg a speech intelligibility index, pST/EPROGSEE51890

Sl (see al so Methods for 2Cal cul ati on of the Speech

Intelligibility Index. 5 ANSI S3.5-1997), Al (see

al so Anerican National Standard Methods for the

Cal cul ation of the Articulation Index. ANSI
WO-B2095/059639 piaidas a dmamicepeset ﬁﬁh@f"lj@énentmL?pé@@Fﬁ

s B ke B3 Y Do I

suchtdseSip@es alsp Wethedsddr Galeqiahun pf ﬁ@rﬁmedwdhtaﬂglhmw tndex.

Ans{ R8T AT eS8 houh s e, stanbiite MRS -UBDRY ©
CalcaiFBbi b A ArBGA&GH ek ARBESHEa1996). Mbide geduttias tewtniques,
as the direct transmtted soun

wherggpepeh Béelicloiity insRISeds #BPRoNEd 3V PAﬁmf%'?iﬂssRP??% pteliigibiiity
index, Zﬁﬁgaéé"of‘ﬁéc %af OHE Hath PaRibted FequHcyHanaE Wakinglinto

ues w provi de good results. "Noi se reduction
accoant:}mrdamgudx@rt maskingst ate of the art to enhance Sl
is based on an assunption that the earplug provides
a tight fit between the earplug and the ear canal.
The L-Wnputao Vienherng aid usenisa C@nbaati@alafatg\e sount aamlifes

cconifre e TR B 5 b AL SRR oo =
the driiAinBE: abaﬁtgd@mdxam@sethermnecb&ansmmu abadd layalt fneqlmng mnds
transmtted sound, so that a

%ﬂ% NG S %} cedrdin
the ngisg @guq&nﬁemmtqu%wmagrpgg@ gpﬂ re d Pﬁﬁ yefion ac g
to th8§fd’te of fheldifto r{h%?lbetgiﬁg%ﬁbéd Gﬂ aﬁ%é%ﬂn‘ipﬁoﬂ %at tiﬁe’ibﬁf@lug

0 account the speech intel gibili t%lg fer as
proviges mq&@aﬁween ﬂme@npbtgeanoh@@@:ﬂncan@k meb@ V?'htéaﬂon

canﬁ\f ﬁggﬁ a}%b% gaa?% WS ?H’%oécﬁinﬂl B HeCiieRef traﬁf»hﬁtedqﬁtb"iﬁé Bar.

e ear canal are” st
Thus; Ia&bloertgmsmashoiddag ssuhe inpuhtp thiecheapipg faid U$€n‘gnay be

B N

gain Wil hoZafRet el soRnbanibutitd e tserhi dig d!gpdﬁﬂﬂsmrtted sound is not
taken into account the speech intelligibility may sufier as a consequence.

Therefore, acoustic effects of the ventilation canal and possible leakage paths
between the hearing 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

utifizing noise reduction in hearing aids.

SUMMARY OF THE INVENTION



30 SUMVARY OF THE | NVENTI ON 3 Exanpl e enbodi nents

may provi de hearing aids and net hods of processing
signals in a hearing aid taking in particular the

menti oned requirenments and drawbacks of the prior

art into account. Exanple erbodi nents may provide a
hearing aid and a respective nethod providing a

noi se reduction technique that take the relative
amount of directly transmtted sound through the

Exaraple émbodinuardsimay esidsl kearinigozid snantsnathpdp ob prenesaing

sioggei Pheir o IR sPhE ARG Ry B FRfiofbg e qifingug'ang
drawipcry efithe péoragrtimg atoountf i r st aspect of the present

i nvention, there is provided a hearing aid
conprising at |east one m crophone, a signa

ExdthpRESHbOGINTERS $naprodtieos hediing bidasd HGespesiveméthod
sal d signal processing_ neans is adapted to receive an

provigiig a néligmegductigfrtediiigHengh itReneVRBATNE @raqly of directly
trarfdrifel SHuR ecﬁﬁ:idr'%‘;glttﬁg%ﬁt into adapigd to apply a

hearing aid gal 0 said Input signal to produce an
out put signal to be output by said output

S . r [ [
ExPEAHESHma ST paTid Fh88Rh0 BIPARS 2 BdodifEpethod
providims a1 Sboptimigation drere bpederainteligibility inmbiserisaimproved.

adjusting said hearing aid gain according to said

direct transm ssion gain, and neans for calcul ating
AcéoriPrReeh first abpedi dfithé byedond invendion, thiard Ryprevidet a hearing aid

redu_ciagg t he noise in said qutput signal, and erei n,(
corgRiYNe IRAs GnedB|CERRNANG: 2SIgRAl IEATSSHYItiNgaga aRc an output
trafSiRer SHRe fEAR BSidAAGHRA §Hodss sty hdaRs ifadAsedho receive an input

~intelli gl bilit i'ndex to produce a set of frequency

sighaljeeradhe naip NenWBETSiQiseid signal peesswiag meapsl ipagapted to

onlf 538 AP T chal 1B i ca)oufhf Bt bo
outputbyrisaidopliputiransdiiagnavhensirsaidsiignal psegassingdmgans further
coffh 888 reERTEY BG5S b BERTEPI Rk i and
mezing Ifopddjnstingbaiddicaringeaid gain according to said direct tfransmission
gain, and means for calculating a speech intelligibility index gain suitable for
reducing the noise in said output signal, and wherein said means for adjusting
said hearing aid gain comprises means adapted to optimize a speech intelligibility
index to produce a set of frequency dependent speech intelligibility index gain
values for each time sample of said input signal.

Also disclosed is a hearing aid that comprises at least one microphone, a signal
processing means and an output transducer, wherein the signal processing
means is adapted to receive an input signal from the microphone, wherein the
signal processing means is adapted to apply a hearing aid gain to the input signal
to produce an output signal to be output by the output transducer, and



signal processing neans is adapted to apply a hearing

aid gain to the input signal to produce an out put

signal to be output by the output transducer, and 3a

wherein the signal processig means further conprises

means for adjusting the hearing aid gain according

to a direct transm ssion gain calculated for the

hearing aid. According to a second aspect of the

t . L On.: i ' I
whHEFT R oY bbASting [fiiehs Brfio Htieds (RARE for Alusting the
hearing aid gairphccwrdingddecdinget trmsimipsion giagnediculatesi ipn dhe hearing
.dprocessing nmeans produci ng an output signal fromsaid
! input signal, and an output transducer outputting

said output signal, wherein said nethod conprises: -

cal culating a direc ansm ssi.on gai n for .said.
ACHREINGH B3SPONSIRPRACE OL 11 TesoRt BVeRirs 4hefe iS Provided a method
of rbﬂ@@iﬁp"rfq%eoi‘ﬁ HBLArihd afy é@ﬁ?sﬁéﬂn fat fetist ohe ahicRphdhe:producing

calculating a speech intelligibility index gain .
an input signal. frosigRaleraesing MasisdrrofHciag a owyptintignal from said
e L ) . . . . i _ )
oL S A 5B R SRR Bl dheri s
methamidicdreprises) - sattulpting a diraet] itanssuissiod @adh foy sedd Bearing aid

. tr i L 0.50 Lha . : o .
and §Sbe - <HHELER HRn9Rlctian gaph, SRleAIR sBf edfing sic
caltulatisgraspicesh gatehigiility &eizor ghin guitabledodresiueaghthe noise in said

intelligibility inde ain..According.to . a.third
outpdf,Sapab g sppitd AhealDars GAT e il i Ietproguce
sai st sigial, Wﬁé@ﬂ% Qaidﬂﬁgﬁiﬁ_gi did @ahﬁ'@récﬂl%tag éccording to %aid

~ . conprising neans r reduci ng nojise.in a hearin ai
dlr%ﬁr@wsm%oaeal%%%ﬁ\aéﬁ@%w CLEE, b%%i%%t%ﬁqﬁamﬁﬂ?elow
said !c%a} frafslsSIoN g UPBISHICOEINE 36 Sail rleehNStefiitikty Mdex

signal fromsaid input signal, and an out put
galfir ansducer outputting said output signal, said system
conprising: - neans for calculating a direct
transm ssion gain for said hearing aid and its user -
Acowrding tof athirsk aspect of thiecpresankinveaiiam tigerieris iprovided asyptem for

o GRChpEER R o ol RRED e 1 PG in  hearing
aidrethugrisigg Bhieasbbse niiorophidde poodipeibg ahgnplt, sigmal, a signal
progggﬁggfr{?%aﬁsp Bil'oxélurc]:%gaanhga{plurt] gig%la?frga% s?ai& C|)npsu‘:’(lIs?lgr!arl],loauntd an
output transducer outputting said oufput signal, said system comprising: - means
for calculating a direct transmission gain for said hearing aid and ifs user - means
for storing said transmission gain in a memory of said hearing aid; - means for
calculating a speech intelligibility index gain suitable for reducing the noise in said
output sighal; and - means for applying a hearing aid gain to said input signal to
produce said output signal, wherein said hearing aid gain is adjusted according to
said direct transmission gain so that said hearing aid gain is not set {o a value
below said direct transmission gain and according to said speech intelligibility
index gain.

According to a fourth aspect of the present invention, there is provided a
computer program product containing a computer readable medium with



produce said output signal, wherein said hearing aid
gain is adjusted according to said direct

transm ssion gain so that said hearing aid gain is
not set to a value below said direct transm ssion
gain and according to said ?geech intelligibility

i ndex gain. According to a urth aspect of the
present invention, there is provided a conputer
program product containing a conmputer readable medi um

exetdbid BrodiaRr 8L ich AHATBEARAE GRonilIRG: SAECHESS

executes a I'ng Noi se
methodaofhrednting neist incarheasmg gidatorhpésing ahkeast one phorephone

profidad A graheBiRh aewH] ppeSeHienant FRGRThE A PERR signal
frorﬁ%tcﬁiﬁp@t’éi@hﬁl tarn@ir@ﬂuumm fahediddr naitputting eaidpettput signal,

al - ti
Wl SamEEH BRI &P OGRS LiIEE NaRPTieal gk 3! said

heér ald %rnd'ltssﬁéér' r&oﬁﬁ’g Qa’ﬂﬁﬁiﬁ%‘iﬂl%ibﬁ@aﬁﬁinr}a M?enﬁ’omld
said hearing - cal culatin

heaerealdn gFdruipting ﬁﬁt@m@anie"mmtm ’ﬁ‘gﬁ\"“ rSé'&aelierf@r feshicing the
no@é’ J‘Fgalbl'?a t‘%l 1P S'agpgin‘% é‘ﬂ@anné‘@ﬁi %éIHQO %atbeﬁi)bf‘ﬁgnal to

ln ut e said
produga aBLd thpu’esignakaMdlelnelarsamb haarmggaidrgats isaaiijuﬂ%icb)b?ald

i.d d| [ r
argRifApafieh g EPE SR D 30 17 30 A I TENR below
saill direshirassmiss@ni gain pand acowrditigno daid speethsipkaligibility index

intelligibility index gain. In exanple enbodi nents,
gaig. hearing aid with means for adjusting the hearing

aid gain according to a direct transm ssion gain

gi ves a know edge about the anount f directl . ;
In xanrRiRiannlker B ReATHIGLRINIM M ek AHstnsthe hraring aid

gau@’léfc%oﬂ:llﬁﬁ kd g'd‘rec{ frgﬁé'rﬁge@orp@élﬂ @Rné\hte%l@kéaéb%ﬁt the amount

I rect soun econes dom nant over the
of dirguttlyfiransmitied §ound asdairpvides infeanatign aboutrhovhamchrycertain

oA IR PR 45 pomlestpan

overthe andifedddued. noi se reduction al gorithm which

thereby is optimzed taking the know edge of
in example embodiments, the hearing aid and the method (described below) are
capable of incorporating knowledge of the amount of direct sound into the applied
noise reduction aigorithm, which thereby is optimized taking the knowledge of
vent effect and leakage into account. This provides a more accurate and effective
noise reduction than would be otherwise obtainabie.



vent effect and | eakage into account. This provides a
nore accurate and effective noise reduction than
woul d be ot herw se obtainable. 4 Also disclosed is a -
hearing aid that is capable of avoi ding phase

di sruption in the output signal by taking the direct
transmitted sound i nto accont when calculating the
hearing aid gain to produce the output signal. Also

di sclosed is a method of conpensating direct

AIsB rd?éb?&@éo‘ 8% UMY 4iR tRal %Qfagﬁﬁle & HoMihg hﬁ@@’@"érﬁﬁﬁon in the

te S O estlnatlng an fective ven parane er
outt:uirs@h&l byhteamgrtgeam@ct transmittad saynd igla aegount when calculating

t.r ansm s fective vent
the&ﬁaé'ﬁ\gtaé gg@n%adzfgspgéﬁgeg le‘?&lrgllg‘ﬁna% aid gain to produce
an out put signal froman input signal wherein the

AlspidosasLE GumeRiech ok npeasath e AP e, SiURLp @ hearing

aidAsieh Bbaprises thd StepsBFiclamatihg %t @:fefﬁtiﬂe %nﬂpa@nﬁeter for the
transmtted sound in a hearing whi ch %

hearing @,stﬂe@@lc@anagﬁ ditact ignam T e RaseEn e efstie vent

parfaﬂ{etép%nd:"&;ﬁf o ggr&d CRItH Bodse %nCBJtSGtISIQnaI from an

ransm ss on"the effective vent
inpp’awgnalt\aherelmti@@rﬁﬂtéra@ﬁﬁm%ﬁlmsﬁgl istused @sod joayr gain limit

belgﬁgﬂsgﬁtﬁgﬂggﬁ a@é&lH“% ppof the direct

ssion |tt|ng the hearing aid
whi ch may then be used accordlng to further nmethods

f t I
Nl SRR gt B ERPRIing SIS arufioq SobBuh ddfegring
aldtWhiﬁh d%dlmﬁkég ¢he b’fﬁpsth%slnﬁmtllnggaraeﬁéctlgemhe paraangter for the
eRENIgaAnS SPICH IO A STERGrATMSS D A6 GpRtAn the Sh¥ctive vent
pall déﬂe,ll gibility index gain and the resulting noise
r

ced hearing aid gain for the direct transm ssion
gain in real time and, thus, the anount of gain that

in é%hgpplgeétﬁib cor gs %e?\‘ iG8Y Wg@@@bﬁalﬁéﬁ%‘%c@lbﬁSR of the direct

ance an enbodi nent earin
transmisision gain mjcaszvhemﬁttmgahe hgaeing aigawhichimay fuen be used

accl;qtg %fgftlotcfﬁgﬁgﬂéﬁﬁ%%%darqus&QSms%t A ARRAIE BALBHOF YIS0 other

hearing aid parameters than gain.

It may be seen as a true advantage that the hearing aids, systems and methods
in example embodiments provide the ability to dynamically adjust the applicabie
speech intelligibility index gain and the resulting noise reduced hearing aid gain
for the direct transmission gain in real time and, thus, the amount of gain that the
hearing aid or system may apply at any given instance,

According to an embodiment, the hearing aid is able to adjust the hearing aid gain
in each frequency band based on the instantaneous gain level, the further Sli
input parameters and the direct transmission gain in order



i nput paranmeters and the direct transm ssion gain in
order 5 to inprove the overall speech
intelligibility. This offers a new approach accordi ng
to which the direct transmssion gain is taken into
account in the noise reductison techni que, giving the
user a better speech intelligibility in noise. Oher
advant ages of the exanpl e enbodi nents will becone
nore apparent from the follow ng detail ed

to inhesove thici veralbkpeedcmindalhgibifitt. s oifeds & hew approach according

cconpanyi drawi.ngs which. illustrate,, by way. of .
to gl e HdranEaaes T Salb R Riske 410 gePpittRdee i aRduction
teckhi Eé!%i%@%é‘@%e?h%éﬂé\r%pbb@ﬁl tmel_li{;ibhmf reasiseéy

understood by the follow ng detailed description in
conjunction with the acconpanyi ng draw ngs, wherein

O 5 EBE 2 T ERE onBBBI AR b bt S arent rom
thedbbawiaghdedajieddiengriptibo taketn inncanjundilendiithethe accompanying

ool By o 3oL S8 Btk s

Fig. 2 depicts the level of signal versus frequency
that results by adding contributions of two sound
signals; Fig. 3 depicts the phase disruption range as

BR??If HesERIPTADN bfF THE BRAYINGEEt ween the anplitude
of the two signals; WO 2007/099115 PCT/ EP2007/ 051890

6 Fig. 4 shows a graph of the directly transnitted
The SWEhHBR wilSbd rré%ﬁﬁﬁﬁﬁerls‘c:dcgjf bg tﬁEqWﬁo\fJi'n@tgﬁggﬁs?cll dsescription in

‘II'Tustrating the principle optimzing”
corfjSpetiarh witht el agtdmpanying ndrexyngsakwvhereimiilse aefesgnee numerals

t. I ec ] according to the
de%Eri%t%rw(Sis&%ﬂir?@%@m{?&l&g%nﬁméﬂ @glﬁi cts a bl ock diagram
of part of a hearing aid according to an '
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.

Fig. 2 depicts the level of signal versus frequency that results by adding
contributions of two sound signals;

Fig. 3 depicts the phase disruption range as a function of the difference

between the ampilitude of the two signals;
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enbodi nent of the present invention. 10 DESCRI PTI ON
OF EMBODI MENTS OF THE | NVENTI ON Reference is first
made to Fig. 1 a for an expl anation regarding
woobguehbasi ng the DTG 15 The cal cul ati on of PCTEPBIB51890
is done by performng a fe&edback test (FBT) as
schematically illustrated in Fig. | a. Then, the
in-situ vent effect is estimted and the DTG is
calculated fromthe vent effect. Docune
Fig. £CT/ Msm&ﬂggﬁher@ﬁﬁ%wm@%@ey“% é%f@PF HEQUeRYs
in detail. 20 Reference is now nade to Fig. 1 b,
whi ch shows a hearing aid 200 according to the first
Fig. £mbodhows tiiagfarns dlupiratingrthe iprineipis omptmhgnadas PHg ai d

conpy $ ses ﬂgtemgﬁ:lo"l;tg irﬁ%?cf %‘i&ﬁﬁ;nﬁf asélggﬁéfﬁﬁlé‘?:{ﬁ%cﬂ% Hansmitted
el ecksinedlactopling ®i the pres2tbinvaniibramnd/ D- conver t er

(not 25 shown) for sanmpling and digitizing the
anal ogue el ectrical signal. The processed el ectrica

Fig. 6 npug V\Ei’cﬁs‘ wblock didipamict paftdl @ Hoaeing aidacedingnganeans
ich includes an arrpl ifier wwth a conpressor
for ' gmbodimentpf e BreseptinvaNtioBut put si gnal 225 by
applying a conpressor gain in order to produce an
out put signal suitable for conpensating a hearing
| oss according to the users requirenments. The

pesERIBHEALHF SRR B FhETRUENTIoN ST 20 1 0w
: npult Si gnal | evel s anﬂ Ifesshgal n at high signal
WO 200 .
Referaprein s Maseiaans. T4 oban Eretaaal 1soenled EagABina the DTC.

The gﬁeu!aher?of aelmGw@&keemy pErfaraieg ¥ fseddaek téstqr-iarpasn ng
e electrical output Sl naI into an %%?%SIIC 0

{
schestaginally rl!qsfﬁat@@wp%s%rﬂt%lem B yeRb e oxtreatel and the
DTGﬂg %Qf&hféte%oaﬁ% tRE vEREe e‘?:PLﬂoc‘ﬁhﬁ?ﬁb@TlEPZ@@SlO%:&@e(fménﬂoned

or ‘treatment of presbyscusis (loss of dynanm c range
abowet) desaribieaithic dh tietaﬁss) Actual Iy, conpressing hearing
aids often apply expansion for low |evel signals, in
order to suppress m crophone noi se while anpli fy| ng
Refdrépetis pognmahde faiBig. abowrich Bhows a hearing aid 200 according to the

first embodiment of the present invention.

The hearing aid comprises an input transducer or microphone 210 fransforming an
acoustic input signal into an electrical input signal 215, and an A/D-converter (not
shown) for sampling and digitizing the analogue electrical signal. The processed
electrical input signal is then fed into sighal processing means 220, which includes
an amplifier with a compressor for generating an electrical output signal 225 by
applying a compressor gain in order to produce an output signal suitable for
compensating a hearing loss according fo the users requirements. The compressor
gain characteristic is, according to an embodiment, non-linear to provide more gain
at low input signal levels and less gain at high signal levels. The signal path further



10

15

20

25

30

| evel : The conpressor may al so include a soft-limter
in order to limt maxi mnum output |evel at safe or
confortable | evels. The conpressor has a non-|inear
wambnosdnscharacteri stic and, thus, is capabl BCDEP2007/051890
providing | ess gain at hidgher input |levels and nore
gain at |lower input |levels. Hearing aids enbodying a

com Eﬁ%ﬁ%ut'tﬁn‘éﬂﬁceﬁ'mai e. Ploesssaker 8f RcefveeHor transforming
referred to as non-linear-gain or conpressing hearing

the elgctricairpietpyt gjaral iploreaeaustic AUNESIENAk her conpri ses
menory 240 and adj usting neans 15 250 for adjusting
the hearing aid gain further over what the processor

The mapteawmpedaies tesomprasd tha dyhamicsange betaeiimpptsignals. it is

I
oser g Ao e N s BB g e
Actu@lfyf eshpra%fsntnﬁwmiag dirjeparei aki)maty lampetrcswn fog fom I@yela@atlﬁyn
assi n e i ece ar. e
OVdEVérﬁ“PP%‘ JpiEfophan 001s5; Wil APIVInG 2 f? é"'Bffhat
level CPRPESRbIR8SH mhia %|s%%&dd@ﬁ%ﬁﬂinﬁi&rumard@ew lirfl rédixEin®
expressed in terms of direct transm ssion gain

OUtPthm‘@i at afe aficpavertabia ipyelss Jhs sogrressophes al'@“"‘lﬂ'@ﬁr gaig
char@defidit an ugﬂs 4bfe tﬁ rbViGin ?ésscqjt f fﬁi@ﬁel‘ |ﬁput fevels and

gener ate oust I SOou de“t he ear
morer @IHB’[ lowver mpa.lt taveisd maees aids embedyingx cempissoeitthe signal

ner
proogiReE el el ST by, don e oL RithF Bestd pkdfino aid,
i.e. the | og val ue expressedln dB, WI|| norrmlly be
wever,. as there

- al
The Sansisposssineumanes oL rormaiss s oamons2ad afd 33k Sfisk means

250 ﬁ?ﬁéﬂusﬁrﬁ‘ge{h% Wdﬂh?ﬁﬁﬁ Pémuw er WRR! Betprecdaber basically
above one, value is a pgsitive nunber.

deCldﬂﬁbﬁsﬁﬁﬂndhe ;’a‘§éi§t hea @gdﬁfé’éﬁng thenRigv ?'I!'E%I SQURMhENYirpNeat.
This ﬁ#]r{h@r Sgﬁ@’gﬁérﬁq@ ﬁﬁéﬁ/d%%%k& fito BEcarimt bEredis Ab¥ts Bf Jounds
the methods

escrib n the docunent
bypabBsing Hr2BOGIrRsAE05.gt by brvassing ibe gamiee o by BIOPATaINDON

T o i T e L
calculated for the hearing aid as a set of frequency
ror (ERERS T S S S S ol PRI bl i
terms of direct transmission gain {DTG). The direct transmission gain (DTG) is
defined as the sound pressure at the ear drum that is generated by an acoustic
source outside the ear relative to a sound pressure at the exterior vent opening
generated by the same source. As the direct transmission gain is fypically less than
one, i.e. the log value expressed in dB, will normally be a negative number.
However, as there is a natural Helmbolz resonance by an earpiece placed in an ear
canal there will be frequencies where the DTG is above one, i.e. the log value is a
positive number. Information about the direct transmitted sound in the single
frequency bands can be estimated by e.g. the methods described in the document
PCT/EP2005/055305 to calculate a direct transmission gain for the hearing aid gain

used by a certain user.
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adj usting neans 250 to adjust the hearing aid gain in

order to reduce noise, avoid 5 phase disruption or

provi de any other useful optim zation or inprovenent
wPdoode1ssi gnal quality in the conbined acourti/EP2007/051890

signal on the ear drumresulting fromthe anplified

output signal and the direct transmtted sound.

Ref erence is now nade to Fig. 2, which depicts the

| evel of signal versus frequency io that results b
The BTG 245 calntiatet dort thehesring wisl avaset of fipruescy dapendantgain

v SPELT3] sl 248, ST R el g o

adjustingrhéand 280 foradjastithe heénrzg:ldadr@m mrﬁemod'edugmad:lse aavoid
the eardrum

phaseAimBLRILOTOIToPHle A pibeigFard Shimifpn g fabiFameptef te

sngnél'c{‘u%htyﬁ@ﬂfeec&ﬁﬁﬁtﬁe& B@o%tm sidndl basee sbodahsiesvitieg ftonethe
rgnals are in phase for all 15 frequencies

ampbﬁﬁﬂpéﬂplﬂlﬂgf@j an@rﬂaﬁmﬁ‘é‘ﬂ taREpItedsE: of phase for all
frequencies (lower curve), respectively. The full
| ine shows what happens, if the phase difference
Refevendeds nbwrmaads o Tigt E whish denisjs therevel @ﬁwena'é&faé!w%ffequencv

h m. of f
et RSB PR EprGRRE L S RGNS iy sty
shovirdivdieduiengy aedendarr& s:gnuamrwm amelaties pmm wnph a@amd
sour.ces

di t
neres I e TR TRE S oBBa R ROY ket dhp ST Theplack
dottddhedré wmaghmle &0HE dwa@@;nhise Taeray d@sh-dotetlifer om
the hearing aid has a og}t the sane nma

reprmtmesughgfstgesqmggabse eg the %ﬁlgﬂgﬁ%e inp aseL#or al‘ial
freq%%rlcké\%;(ﬁg#u i r\Fb)FbS?] \ﬁ'ren‘&ﬁéfﬁré duts phaseror ol freadehdiedllower

svvlt 25 differing magni tude and
curvph asspeciveln H@rmﬂmne Bshows avh@) happanss i ihe phasgodifference

b itt 30 A 20
vaneﬁral %%qwﬂgtg'%%ggg +322)e(\f;| I(nenoﬁf exanpl g?s,(Al =1,

= 0 and A2 cc f. cp2 is either 0, 7c or x f. Wth

The ?eﬁ%’clé Bue(9 e RatdriEr s e Lie e AV pbfost o theypaided direct
sourdPArd $H3%blhd Bﬁﬁiﬁ@&@@'&ﬁ@ﬁé&%ﬁ; aidl. Tihe interferehes eittedivo

sou%q?{:%%%? gevgdt trc]) gi{a% ud?snrﬁztlo geg dfFuchd%ons in f"ﬁe sound input at

frequencies where the unaided direct sound and the ampilified sound from the
hearing aid has about the same magnitude but has opposite phase. This general
phenomenon is illustrated in Fig. 2, which illustrates the addition of two signals with

differing magnitude and phase.
At a certain frequency, the sum of two harmonic signals can be written as
4, cos(2zft + @)+ 4, cos(27ft +0,) (1)

in our example, A1 =1, g1 = 0 and A2 « f. gz is either 0, = or « f. With simpie

calculations, both constructive and destructive interference can be made clear, |
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nore conplex to describe analytically. In this case,
the resulting phase disruption wll depend on the
anpl i tudes and phases of the signals. However, since

wEasdkgt | ve and destructive interference Cﬁtf\ﬁtpﬁ@lﬁ(gﬁsgg
the upper and |lower l[imt ¢of the 5 phase disruption,

respectively, we know, that a phase disrupted signal

whenjf_e;%g _?hezglﬁg‘r%\fﬂﬁé gtggglg i Wﬁ@fﬁ@&)%a{é‘ﬁf Bh%?en%rtn:géﬂf)”ﬂde is

more demplak itundeécriblaenal;moaltyt n m:mtastwﬂe revlting pbastsdisniption

will o onythe,SeTulis ghapRREad! ti Srel By vl Bce” ' °

consiﬁﬁbﬁ\%SﬁWdéﬁtfq&?vwn@&feréﬁ?eTéﬁxténw théaﬁirbedandi Rivey rimrt of the
ine shows that in case WO Si s a

phasgiisyuption, respagfively (we kagwdhata ppa LF’&%FLS'Q??L"AEF’ ot al
som%l?és}@! in Bca géth@é’é lifRd 2D SROWR I Fi F ngﬁ'f&‘ the |c‘é.s§ Eﬁ?lx]f It is fo be

destructive inte rence or hase
noted dhad dihe eettiocnf theDabsdiule apnHitwdeneottksppnds tedhe iiffeserpeatidhe

s h B BRSO AP

corrcdbvRgs & 4Bdrpre sound pressure at the frequency
ere the two signals have the sanme anplitude, which

can be seen in the upper dash-dotted gray line at 5

The iﬁmér dggﬁ %Stté%graﬁfgﬁﬁssho@@"tﬁé( €ih-cadé the Modigndi®hre Mitld? phase

espect aring aid sound and the direct
by T smﬁ;rtﬂe esactcanzoampitade, the tofal sipma) canesjs oubgnciegrment

o 35 B e B VRGBSR B e

c:theu{r Iﬁh?ér?i izf;tﬁe BHES nd!@l@é&*ﬁphas&ﬂré[w@menélee fhe ran}phtd‘d&ts(s;mply
at at sone frequencies, nstryctive interference
add vm%s%%tnmﬁe * PRERIENGTONTRD Hétr%?feﬁaﬂgwe%&er adae

{ t
frqugﬂ ey g{h?ﬁéétﬁer tﬁi&%@@di@ﬁavéjﬁﬁe daid hivplitub8 1 WHiER E8A B8 seen in

s the total i& Since the signals do not
the uppscdastodettedsgraydine abb kHze dhess escanes: bowener apdafaliemet

with g&;ﬁggg goghg{hggﬁriﬁ%am%ﬁna Bad'iRe ﬁFré&%oﬁg@,pig%ég&th $aPoh

henonenon 1 s cal
varyidg Sreapenondepindenbpivasce Theplaskilipe drerefose exempiifinsrhavethe

total ARG RieBbRUn B 28 Rl Pies e et ek Theat °
frequEﬁb;B Nistet that apsmans frebbevicidd) eoasipldiive dederence mesedses the
magnltude g\l‘ tﬁe %oetglts?gl;nnal lv%):/eerleas ?Jr%rtﬁertfpe%ute%sgs dsesyructwe
interference diminishes the total signal. Since the signals do not cancel out as such
at frequencies where the relative phase is almost = and the relative amplitude is not

quite 1, this phenomenon is called phase disruption.

The above example is general, and can be extrapolated to the situation in a users
ear, where the amplified sound and the direct sound superpose. This in turn means
that the ampiified sound has to exceed a certain level before the total sound
pressure at the eardrum remains unperiurbed by the direct sound with respect to
phase disruption. Maintaining the hearing aid gain at a similar magnitude to the
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30 pressure at the eardrum renmains unperturbed by the

direct sound with respect to phase disruption.

Mai ntai ning the hearing aid gain at a simlar
wo'te@obygle to t he WO 2007/ 099115 PCT/ EP2007/BEIBR007/05 (90

direct sound would resulti® n an increased risk of

phase disruption, which is avoided wth the current

direct %ﬁt\fcﬂﬂd rdSultiis af sReaest fisk ¢fiphas@ disrinstiodi, ivhimhds avoided
I tude between the anplified sound 5 and the
w1thtbeamd‘etlt ioveriion. sound nust be hi gher than a certain

anount (a safety margin) to mnimze phase
di sruption. Thus there is a |ower threshold for%éhe
As ts@blsarvedem Fign@, theqliférence inamplitede pefvaandhe smnlifigd gaung

and tpg W%Seqifdir%ggsfoé{r@ rﬁ%rt;btéﬁ'n é’#ttﬁah ? acge'rtglrn er(rﬂottnﬂ ¢ 'éﬁfety
margﬁﬁ) itH Ghifinfze phdsd disruptidn t'Ehusathgtehs agower thkeahgldn@g gnq gain

st o Ay LS R S

4 to iﬁétr{?"f\f’ i sty | 'n%rg?ﬁ% ﬂf@f&@tdr(k tmm ity Ipenczplaetcmuai:be et to
intd account .

|
anything }f kisenegative epg wﬁ%wgﬂﬁﬁr % q"‘g 9‘3?@8“%‘? r@%&ﬁ ot and
amplﬁ%?os%gﬂg id Hﬁqlé@t% Qhd ‘i-vh iind Eﬂrﬁ@fﬂ%nﬁlsté\r@ﬁieoﬁé fo take the

e risk of phase dlsrtﬁgtlo[f td
interadtivintintogacchentSif k-ie ﬁargeraﬂdtppéwvea@eﬁtges 8res e time,

h di t |
B HACER MR £ BT ot
mmﬁ%ﬁr\@ﬁ@ risR&f phpse tilwrlmptioh mﬁénmnﬁmmﬂmﬁl—ogﬁmﬁgm@ gnal

d the out-of-phase sumred signal as a function of
the di fference between the anplitudes of the two

Fig. §'sﬂﬂﬁ'{sﬁh§?ﬁ’d§b dirubtisn r%geﬂ&s&m&gealtdm;ﬂ:t@eowﬂm Fige3 more
uncertain

b| d t
speqifically ahewsi d:ﬁer%;gé in &@%@r o !?‘lfe(%np Lfmhcge @fj tas ouqulase
sumﬁ%@ rélé{kjaq %n W 6’ut' F?‘I%Sé %uhﬁﬁe&sbﬁﬁfmmnb%mmetdiﬁerence

g a| soun ressed in terns of a| n)
betwises toé aemiituges o thentwot se@nad% ghewq ék%lﬂe%s&? F@ﬁ%ows
L?f{cggtgiﬁn ols eao%gﬁ%sgr%%g é)éltheetotmlgupa &és@hfee&ie to A%hase

I S
dlsnlﬂ‘honl\bhé saghhaamplhed@ﬁ’amou is df is e dﬁceertcaéoeém@ thg hearing aid

made, wherea th a |
SounG(ExpisFREC S o A8 aly Pgu Ly A B! SRAR, Mrdsced n
ternRTEfgaKH in abbtepance. Hhe- DEFR (Dimt Premsmittess@ain) in dB . e s A
DTG and A is HA. 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 sound is

thus the only variabie, once the vent has been chosen.

For example it may be read from the curve that if one signal is 10 dB larger than the
other, the phase disruption may in a worst case scenario cause the amplitude of the
summed signal to vary up to -5 dB from the in-phase summed signal. Vaiues from 1
and upward are appiicable, preferably between 5 and 15 dB. Of course, a value of
about 1 dB would incur a high risk of phase disruption. A value ofk=7ork=28
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For exanple it may be read fromthe curve that if one
signal is 10 dB larger than the other, the phase
di sruption may in a worst case scenari o cause the

wpdiisbude of the summed signal to vary up pOrER0sHAsIss
fromthe in-phase summed si gnal. Values from1 30 and

upward are applicable, preferably between 5 and 15

g’ive%iﬁgnge &EWg?iSn ﬁﬁg@éﬁcﬁf +- 38 Whhidh G Vﬁé‘&cgwéuﬂﬁéﬂ ak

rs ruption. Avau
acceptaBleND 2007/ 099115 PCT/ EP2007/ 051890 11 gives a
phase di sruption range of about +-3 dB, which may be
consi dered acceptable. If the hearing aid was turned

If the?féann fa;a:! iﬁay ﬂﬂ'Péd t@;’ﬂ ﬂwb%ohﬁdlﬁidﬁgttﬂé lbasing |t alib twe;ﬂdctm _5?
conpletely sjlen obvi ous ani _

(corrmﬁglg st yﬁ»&tf@u%mwﬂg that §1ey %w& 0@8 PPE@%\% aot?@)v %NS

woulg i%gfr"rggﬁcghd%'-% dngﬁhg'xgaxrérn P\’}@ §r\rvﬁb?{ ﬁreg%olfﬂ'%%@ d:sruption

I on xpect
probleats, eamwe, wodld epedte@niting camtdargalf tha mﬁlng alﬁgamBs egn@0 dB

he,.d t ot d
and fre gt e BeY AU 0.8 255 el #on i Bed el b o1 o
compdiisbhS&®ilno bhasesmmpﬁomrsudmatss unlgl whenghe abutd Evé[)of the
drec o) R TN AL SRR SomPar 06 s RCREISREg o
the sYlﬁ'H(eoséi Hélfdm%rk%ig?ﬁﬁdaﬂﬁir Qf‘tir?d?cétgd i Big, 8 Thus, in

ent 1’‘nvention actor Kk, |ch is
indicated as an exanple in Fig. 3, constitutes a

Thuslng'tmﬁ%ecugrgp Tgergii?%wlt,ﬁ’g‘fg#érg(gﬁhm% H?ﬁ’ca"i’édjazgah %xﬁﬁl&g il Fig.

I'mzati on proce

3, chlstithtvsta bivek limg, belbam@acmﬁmhﬁarmrg auhgaie sdmosidumt iberset
tlon about the,direct. transm tted, ,sou
during the B2l AFeBa AL Fotnd SO8RE A Sints Phess dishiffon.
rret hods described in the docurrent PCTlEP20051055305
cal cul ate a direct transnjssjon, En for

iNfOFﬁ‘@élW Abouithe gitpet transMitigd sowt ipdhe sngls frequeney, ggnds can be
estlnlgﬁ@ f@g £ Hetﬁcfb%gje@@nb@c?ﬂ the d%EEhGh?PCﬂEPZdO%/GﬂE@DS to

om nat es | owest band, it
caicylatess dhirast trensmﬁétoa gadwicphe h@?ﬁlﬁgaﬁlld QRin %%ﬁcb%ﬁ gerﬁ@;m user.

e ik L

the lawigst Bandgit geossibilestosfi rmsmnewfapmnnm forisdi b}gci"eangmg the gain in
some of the bands where the amplified sound dominates.

According to an embodiment, the adjusting means is a means for optimizing a
speech intelligibility index (SII) by applying a respective noise reduction technique
taking the DTG into account fo give the user a betier speech intelligibiiity in noise,

as will now be described in detail.

The Figs. 4 and 5 show the principle in the combination of SiI {(Speech Inteliigibility
index) — based noise reduction technigue and the directly transmitted sound

through the vent.



10

15

20

25

30

25 speech intelligibility index (SIl1) by applying a
respective noi se reduction technique taking the DTG
into account to give the user a better speech

wol2007Rbdihgi bility in noise, as will now be desmrmbesiso
in detail. The Figs. 4 ank 5 show the principle in
t he corrblnatlon of SII (Speech Intelligibility 3o

h
The r-ggr Eows {?Pez Ao ﬂhﬁfék&%duﬂa ih as! mhﬁtg%.@mcﬁa@ called the

sound through the vent.
durecﬂﬂamhﬁggan @amepﬁmﬂmm pressurp@t megeamrtm a@i@tlve to

t he, di rect I n tt
e s SR P AROR R 08RE s Be Sta o e
ear, “{k@dlﬁcﬁ ﬂ’aﬁsmmimoguhd rrmyetiesditerram:aﬂ liarieg ttt}zb Ea:dbecbiatfstg @s in
0 e .sou e entrance o e ven y
the aBO%Wf'eM§QQ§SM?%3 PSthe ear. The direct

transm ssion gain may be determined during the
feedback test, as in 5 the above-nenti

The vaiiRsHPA0is SXeEHIDEe cﬁ@iaﬁsﬂ fs13 ﬁewﬁrscviéaﬁ pgtwhen 100 Hz
and ﬁoakﬁ{tﬁte%etﬁt? 'ha&%ﬂé %‘&H%@C\Whgl@ﬂtﬁ 1&¥€ Feppesentd thel thirecpnd

gure astvvo -scal es, where the |eft
transnmmcms@nsammmemtgfécepreserstﬁgnﬂwnélrafgalrfﬁaﬂ%rhdV?t'CFhethe

voarb g 31 BBl 6 0 Ao, T
minirh@hamsificabrak detemersdiasithe Adeeingraitgainmecessary to avoid the
o o B a3 e B RS et
magrﬂfu@@'tﬁﬁ%pﬁ@éi&eﬂxéﬁé sdeh Bﬂaée/\@:sﬂmﬁad r@ﬁmSm bed solind quatity,

magni t ude but opposite phase. Such phase disru ‘%bl on

which eyl hesdessribad a§doeiallig @araw at theh TERUSREPSHB WIHSLPH3REy

ic or raspy at the frequencies in which
disru ﬁ%ﬁs.rgé%g'di sruption occurs. The letter kin these

figures refers to alimt in dB where the anplified

The %& g ﬁllrtiﬁelgél ?gﬁsgs%l% H) & ﬁmﬁ(?ﬂhﬁ%ﬁeré Iiﬁe taﬁ’fpﬁ‘#‘ eoSQdU?ﬂ is large

eardrumrelative to the di
Lfgﬁ g dominats tiee fatali sound @remm dicthetdasdraot :edﬂtwefto theedirect

orithm two, st ates: e. 20. ac S

court A b A A 1 BB o PR LA e Sher
actloﬂQ nééél ‘t@ Be tSkento A8/’ pHa‘setdm'uﬂtmt Ia‘nldmeaohmd no actibs is

[ ess than the direct sound % ﬁ]
needed. if the amplified sound — k is less than the dlrect sound ere is a risk of
phase disruption, and something must be done. See Fig. 3 for clarification on the k-
factor. In the Fig. 4 the direct transmission gain and the minimum ampilification is
emphasized for frequency band 4 and frequency band 5 for an estimated vent

diameter of 1 mm (dark color) respectively 3 mm (light color).

In the diagrams of Fig. 5, the minimum amplification for k = 8 dB for the fwo
frequency bands are marked on the graphs, containing the hearing aid gain
adjustment necessary to find the optimum gain setting with regards to speech
intefligibility. These graphs show how the direct transmission gain interacts and
interferes with the hearing aid gain in the search for the optimum gain setting with

regards to the Sll.



10

15

20

25

30

phase di sruption, and sonething nust be done. See
Fig. 3 for clarification on the k- factor. In the
Fig. 4 the direct transm ssion gain and the m ni num

wotatdoi@ation is enphasized for frequency bafgpshonedsen
frequency band 5 for an esjimated vent 25 dianeter of

1 mm (dark color) respectively 3 mm(light color). In
the diagrans of Fig. 5 the mininmumanplification for
k =8 dB for the two frequency bands are narked on

The gmhg n'lh.qstrate awthed 8li ngrieshas hdandtiog odithe bedring aid gain for two

ool R I 528 kot i AR TR H8e e

as c@'ftaﬁiujreémth@M Virtesthat@etn Oramisniisis iapprayérhately monotonous
nteracts and rferes with the hearing aid gain

thougf TRy e e lstoal REnga a ia: By S80id e Haim i oné or

mord ﬁ@ﬁ_ﬂéﬂfcytb%nﬂﬁ‘ an gphmu\‘}psé’i@ﬂa o0 H1ddm PCdddnRrduenep b8P is

[ustrate how the SIl varies as a
deterined deﬂdlrtsf tqafbomﬁvmr@! Wy dhgybearingdidt wo  frequency
bands, with a given vent dianeter and hearing | oss.
The S 1 | is illustrated as contour curves. The Sl
The diagiass ndtige® iliustratedhe gain for ¢ feggpieosy band4yhaving a center

not 5 |
el oL S0y b R Y a7 % REVE = XRer Rl o
Hz. Trancsntour cypvésnshiovs Rbwvithg Stifis afenalivhrof ithe settig of the gain in
q“eenc bgnd is determned |eading to an optimum
eachg‘rﬁq 6‘Fy¥ﬁ@ hearing aid. The diagrans in Fig. 5
illustrate the gain for a frequency band 4, having a

center 10 frequency of 500 , and for a frequency
The BHoptimizatiaoiasgording:iectbe pripeat éﬁ@? ngt presanﬂvﬂfke md'rect

sounﬁ%ﬂHg tlﬁ?ﬁgﬁé.gs tﬁ?é"’v&ﬁ"ihtb%c%rl\t Howavéy ﬂ@ ﬂ(jijéb%QBuﬁ&des
setting o he in1n each frequency he Sit
to the pearing aidi ampliiledcaommd @nddhushin wachne ltawﬂ! rmbbs pessible to

r r rrLyi

obtall €38 ter e i B rBltond oREltiie ol ThE eReince of
a larg@l dent ih the &ar rhealdiin gombaha:uplwm @ celativelydmiah beadingsiossm may

practice it ssb tain . a i n
thus Fhaghaany 1 aes Rowr 5TRae st Cmd oV @ te
ampRidgbundhe presence of a large vent in the ear nould

in conbination with a relatively mld hearing | oss

may
A further explanation on how Sl is used for neise reduction in a hearing aid is found

in WO-A-2005/051039, which is herewith incorporated by referance.

The diagrams in Fig. 5 also illustrate and exempiify the actual interval of the gain
when k has been chosen to 8 for each of the frequency bands 4 and 5, for two vent
diameters (1 mm® and 3 mm®) in combination with two hearing losses (flat 40 dB
HL and flat 80 dB HL).

The opfimization of the Sli in the hearing aid is performed in all bands, i.e. 15
dimensions in this example. However, illustrating an optimization procedure in 15
dimensions rather impedes than facilitates an easily understandable visualization of
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thus inply that only the direct sound is. heard,
since it mght overwhelmthe 20 anplified sound. A
further explanation on how SII is used for noise

wo ReHebign in a hearing aid is found in PCT/EP2007/051890
WO A- 2005/ 051039, which is herewith incorporated by

reference 25 The diagrans in Fig. 5 also illustrate
ter8foY@limptbd tMugits a wiest K
the Fﬁ‘ﬁg‘pﬁ% ﬁHEt@%ﬁ@f Pgirregac Oo "tn he frequency bands

optlrﬁlzmgdhé Sitﬁmtwct selectedtband$ ﬁrmtttrdearqdﬁ)qﬁnmnple,ﬁj lipear
onrSATAE b i Sl 7565 i ey o

whertehﬁe e dfiqakncy Bames foovaried in steys| urmhami optimuem Si B)r that
di mensions in thjs

setiiag heinposh SURCEHOLEAPE 0P Cfdroabipiionaris s Kb e A8

P 8p |ﬁl9r'n|d fRIAUSASY bafndlﬁekekaita:ndstbhteunm an
p'e"{?ﬁgﬁ;ﬁ%?ezatu on of VO 2 07/?9&9115 PCT/ EP2007/ 051890 14

optiroime settingaif Fleauenaycbandd rageemdpiegieds are therefore
limted to illustrate a way of optimzing the SIl in
two sel ected bands (bands 4 and 5). An exanpl e of

The blageans mﬂ?lgj Snliuatrabramthnmampr@ceMegm nﬁopttmizatlon is

conted S Ln 5T Bufub s 1 SBaif RRRUET S Bura i it

metﬁtﬁis' ﬁ#hmgsmglim%?te?ﬁs fong etsttig&; gndmiml taisem thiedisrst gund into
en

acoaui IR TP et 5% eadtd Mt B8 BRdy G

eaciPbard. th%ﬂ'ﬁﬁéélfﬂ?tlmﬂm l.e.2WheR itlié BRsuNsed thabthecsound at the
requency

eardrim s srav:deamsametrmqhegﬁgrﬁ?i Ht PR sedat as annBRecl idhe
plot. q‘@é"@%ﬁ% ath{e Qlﬂe Qu}lg éﬁ@i k? NWASiER kémlbétrdtéd bf thaxes by use of

a|n er SIl. Naturally other
the serhe Bymhblsms in tIEt topchiotc influsrcasnnt opbyveetheribat epiimym is

e 43304 A6 169 e o e

the @@&m ume;hgmmd be coantehpriodudtivethenigreBheitewdive @ptlmizatwn

pro@ggdyr@;ﬁq\ pgulsfb@\neaéss u dn{%‘pez\ﬁ@' Ié a%ﬁ'% glugﬁr%tgg Gs a sequential

ad;u%ﬁﬁérll%f @ﬁ&k@ﬁéﬁ&i @§ta@ihd|¢a$é§mé rebuit bhbe]a@t:pilmtlon method.
However, the direct sound (plus k), which is

il lustrated on the axes by use of
in the graph {upper right pane) for a severe hearing loss (HTL 80dB) combined with

a small vent (1 mm), no changes occur to the optimum parameter setting resuiting
in the optimum Sl when the minimum ampiification is taken into considerafion
compared to the conventional optimum parameter setting where the gain can be
varied in the entire area. In contrary, a large vent (3 mm) and a mild hearing loss
(HTL=40 dB) may allow enough direct sound to enter through the vent to influence
or even dominate the total sound pressure at the eardrum (lower left pane}, such
that the optimum gain setting of the frequency bands is quite different when the
minimum amplification is used to limit the gain settings of the frequency bands, than
if the frequency bands are varied without taken this into account. In such cases this
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the sane synbols as in the top plot, influences not
only whether that optinmumis attainable or not, but
also the path leading to the optimum The gray area
wo b MBb118t es  the region, which would be PCT/EP2007/051890
counterproductive to entets The iterative
optim zation process, which could be perforned in
Y f 8 uenc
would 28 $Ruct Bl riiintT SARHD! B GaiR RfINEaials Blayency
bandsaf the optinization nethod. In the graph (upper right
pane) for a severe hearing | oss (HTL 80dB) conbi ned
with a small vent (1 mm), no changes occur to the
Therefotd muﬂﬁemmmse‘nza&rehtpaﬂgmagéml differgnt fromtweat sysuichum

Al i f {
othernisiedrarcaTt ot 260 B s g e SL seflnd PG hird B eiisra
from ﬂﬁbﬂﬂ&&i@re!ﬁbe& degnwiRdast difingih Rccerdingdo otwdriettbddiments,
he entire area. in contrary, a large vent (3 mm and

a mld hearing | oss (HTL=40 dB) may al | ow enough
A mai’d 4&fEnt Ftﬂéps%eé&rm\té?ﬁueﬁ WiHeRSoMEMbt he SIP'%'d;bﬂﬁﬁ&d

even dom nate the total sound pressure at the
undeemrtaldﬁfatjﬂ)rbmfaﬁhela@fltai Fasit) aconslie SUBGAdIAgSe opt i num
gain setting of the frequency bands is quite
different when the 30 mninumanplification is used
It is eivilehnt forthé persgaiskilise int thegst thiat thesshomadissaiive tatih oy vary

oo o b A RS G b e
fact R UERA AR EGRDIn alibanasl d | ead to a much better

paraneter setting of the gain in the various
frequency bands. Therefore the iterative

Refen%%é'i@ RN InaHPR Mg "B YwHieh Shdes pak df adiBanhgaid'end d 5

therw se be carried out and the opti num par amet er
accomgior@qmr etnkedimentiofithe pegpent iveRidthat woul d el se
be determ ned as optimum accordi ng to other
enbodi ments. A nain advantage for the present
Sli optimieatioroblock sn aasemars fohoptimizingsl speesh dpelligibiiguindex

prodlgqn?ﬁl%eté%%glnSI d ﬁph ?sf é g@eﬁ{a&ﬁbmb ’Zé'}g'lé"}‘é‘ﬁﬁ”@& PZO

wheré fhd b@nam 5 h@ubtrhﬁed Ifmwntheta&'nplﬁ‘ iedsopnd b:gnayﬁﬂﬁaplytduced by
greatly froma real gratlve

the s&gﬂ pﬁoggﬁqmr ﬁgm{ﬁpsgh y ngngqge Iﬂeanng afd gam e ou?put of

the combiner may be considered as the noise reduced output signal 625 fed to the
output transducer and also fed to the comparator 630. The comparator 630
compares the noise reduced output signal 625 plus the safety margin k in block 640
with the direct transmitted sound according to the DTG in biock 245, both also
supplied to the comparator. If the level of the noise reduced output signal plus the
safety margin k is af or below the DTG, the comparator produces an efor signal
835 which is fed to the Sii optimizer 610 as a further input parameter which is taken
into account during optimization of the Sll so that the noise reduced output signal
will not be attenuated below the threshold anymore in order to avoid phase

disruption.
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fact that optim zation occurs in all bands. 15

Reference is now nade to Fig. 6, which shows a part

of a hearing aid 300 according to another enbodi nent

woPhoddd611Br esent invention. Sl optimn zation btTEkG131890
as nmeans for optimzing aiespeech intelligibility
i ndex produces the SII gain 615, which is fed to the
Bl é{{ﬂ{ﬁé %Q.s RISt Filgersbgnal

’na'@%ﬁé@g@gg’?r@cte Prom Sl&o |1§|gg souéﬁbd signal 605
converting dloe ihplol sighalantoi mrsmt m@ §'§ﬂ3|§r0f sc%rfreayency

appl ying the heari
pandEBRehERepp B8 Tt sHEpE o Htce=s "E%%ﬂ“% Bhit it sipPs in each
ofth@ﬁb&&%n@ltﬂhab iritipehdentho t he output transducer and
also fed to the conparator 630. The conparator 630
conpares the noise reduced output signal 625 plus the

rfs bNthB!Reser 4tvendbn viysterhdand hearg aids
Am&aﬁﬁg%eﬁggiﬁbou%d aCCFjO?I‘dI ng teo t he yETG | bl oc

describedh hareipmay @@pmp&mraeﬂ 08 SR RFOREEFNO VoS SHiLgHlR Yorthe
samé) fsutr:n %an' S%lé @Eg\ Vv&@é%:‘orsS '&i&%%el’d@tét BRynabplotbysing

he D conpar at or
systemmmm@mielda pragramnwéﬂ gate:asrammEHGﬁs) $tead@r€ RrRgesspes, or

eon BBl B b S ST AS Y gt 15t

~ that tHeakhdid eysteinsie impidtremtedintapsingisi digitd] cBmpanent exsn theugh

attenuat ed hel ow the threshol d an re | der.

somaparta cHHERE MAIRIPSRIEH dhoPRpNaYD 77 gl gngun to e Sinddperson.
PCTf EP2007/ 051890 16 In a nodified enbodi nent the
hearing aid conprises a band-split filter fo

Heanrame'dsxmﬁ@wdﬁeswsﬁﬁm agd gifier deices gaFRICL toehpslipents of
the b&élﬁ'u%,e% de;i'n‘nﬁl Qﬁteﬁﬁﬁ%?@.ﬁi{ab@%@%l ﬁ@ﬁa!tﬁiécesssng

eari ng a| te éNOCGSS and-sp it
systemp'lﬁhe segmg ands,rmeun@ﬁs abfl demiges mﬁ%Pebﬁ%?% eg., the

au BB b kel 0B R Bel RS BBy Phubfin may s
be trﬂﬁléﬁfdnwnfae&cﬂhmtﬁaprdgmm wphtaireng eme@.ﬁa@e gxmram code
exe@rhgg %%ﬁ y $ gq?c\gg @a éc? gﬁgaﬁ%{ﬁ rge&gﬁ:gidg%gg’p v ({ﬁeﬁtsserver-
envirdngRHt iPORGE gRighebodiment of the present invention compnses a remote
server computer, which embodies a system according to the present inveniion and
hosts the computer progrém executing methods according to the present invention.
According to another embodiment, a computer pregram product like a compuier
readable storage medium, for example, a floppy disk, a memory stick, a CD-ROM,
a DVD, a flash memory, or another suitable storage medium, is provided for storing

the computer program according to the present invention.

According to a further embodiment, the program code may be stored in a memory
of a digital hearing device or a compuier 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.



systens including field progranmabl e gate arrays
(FPGA), standard processors, or 1o application
speci fic signal processors (ASSP or ASIC). Oobviously,
wo doot/boopisef erred that the whole systemis i ppl/gpRGHRes00

In a single digital conpogent even though sone parts
could be inplenented in other ways - all known to the
skilled person. Hearing aids, methods, systens and
ot her devi ces according to enbodi ments of 15 the

Havipg eescribedrangritiusirated theygrincpéeothe pdesent hwgnﬁmn inabl e

emofifiik iR LRl B3 apodreck G ok abil e 1Pl %

pres@stdhedrish shay e mcfdxﬁerd i @rﬁmgém@ﬁt andiéai w&camebamgxg from
to the present |nvent|€ mented in

such:pringiRiRR: &hapaey ARAMRAICA tlﬁﬂ%&“@%éﬁ%ﬁm%gﬁw%ﬁﬁ%de
mve&m% Be {ﬁﬁ'ﬁ{\ﬁ%tﬁ%ﬁéﬁiﬂ@%&ﬂ? tHR tHBRLE AHBIRE bRAENt

ereln [1ent-server environment i s used, an
IHVGQMﬁUUGhd¢ﬁa%$“¢ﬂ@h§ﬂ9@§@ﬂﬁ'FWW@WﬁPBﬁ conprises a
renote server conputer, which enbodies a system
according to the present invention and hosts the
conmput er program executing net hods according to the
present invention. According to another enbodi nent,
a conputer program product |ike a conputer readable
storage nedium for exanple, a floppy disk, a nenory
stick, a CO-ROM 25 a DVD, a flash nenory, or another
suitabl e storage nedium is provided for storing the
conputer program according to the present invention.
According to a further enbodi ment, the program code
may be stored in a menory of a digital hearing
device or a conputer nenory and executed by the
hearing aid 30 device itself or a processing unit
like a CPU thereof or by any other suitable processor
or a conputer executing a nmethod according to the
descri bed enbodinments. WO 2007/ 099115
PCT/ EP2007/ 051890 17 Havi ng descri bed and
illustrated the principles of the present invention
in enbodinments thereof, it should be apparent to
those skilled in the art that the present invention
may be nodified in arrangenent and detail w thout
departing from
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5 such principles. Changes and nodifications within
the scope of the present invention may be nade

wi t hout departing fromthe spirit thereof, and the
present invention includes dBl such changes and

nodi fications. 18 CLAIM5S 1. A hearing aid conprising

‘at | east one m crophone, a signal processing neans
- .and an output transducer, wherein said signal

8sing nmeans is adapted to receive an input
signal fromthe m crophone wherei n said signal

B BhE S PR ok R IR S st BURRS <l prsestiegegms and
t oabGutpaLi-Aidtiudey, ﬁﬁr&n%ﬂ&ignal l@eéséﬁfg%em g&dw&em an

si gnal processi ng nmeans further conprises nea
c alPyt signal grom Hiepicrophprsm vherein said gignal mcessmg means is adapted

b e L e

meawtput iy saahbmphmaﬂsm:,mﬁe@ﬁ shifltspinlal ﬁiobédsingxnéaﬁﬁi Sirther
gain suitable reduC| naﬂlo the noise in said

ouP PRSP 5?*?3115 SglitnaRissioniegin fafhedenrieg aid and

i %"3;‘“*‘?:%* ot EHPE PRI ERORRAE, AUERYEY shimission gain.

s emmemdmmﬂam?m&h m;]trbmbihty nideili gaﬁlfshithblfj Yor reducing
ai.n_val ues_ f.or ach time, sanple of_ sai
o8 it & oy Bt bl A e i 4o Forcpdi g aidkhearing

E nﬁﬁﬁﬁﬁaﬁ uﬁ&ﬁﬂﬁh
d ain C(?Err%rfjses nmeanhs for appeag;ﬁé&g%%gn%(ﬁ:ﬂn |s&e§(t°
WS@@ eﬁ fmei;l@pmes dewndaiu@peaahmmlj@bﬁtyandm ghimgaities for

v\ﬁ d nmeans for . adjusting said
P to optim ze said speech
intelligibility |ndex to produce a set of frequency
dePhhienning sjieaebrding @l didigi Biviieksin said 9Xeatdifdt Mfls id hearing
for, each ting sanple of said input signal 20 4. ?1&
hedifligal comPrisecBeans{gr erplying dimamic potse reductine teshmigues.

said means for adjusting said hearing aid gainis

d ﬁ&rﬁ] val.ue.. .
3ﬁo?ﬁ)ébel oW sai g §f(:1| rée O%haﬁgg{n?s@#eg%ﬁgéﬁré t%ggf %gjumg said

h lemanng at\ﬁw ghim ccatapied do optimizy said apedchtifrellipitdigdhdi to producea -
& nPfrequeleltr:ye hgpe% enotl speecﬂ intelligibility index gain values for each time

sample of said input signal

4. The hearing aid according to claim 1, 2 or 3, wherein said means for adjusting said

hearing aid gain is adapted to adjust said hearmg aid gain to a value not below said
direct transmission gain.

5. The hearing aid accordmg to any one of the preceding claims, wherein said means
for adjusting said hearing aid gain prowdes a safety margin and is adapted to adjust
said hearing aid gain to a value not below said direct transmission gain plus said
safety margin.
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for adjusting said hearing aid gain provides a safety
margin and is adapted to adjust 25 said hearing aid
gain to a value not below said direct transm ssion
gain plus said safety margine 19 6. The hearing aid
according to any one of the preceding clains, wherein
said nmeans for calculating a speech intelligibility

?g%( P‘L’%ﬂaﬁdﬂ? bt m a%%lu‘#aet X Igs?ﬁ%ﬁg;ﬁa@s a!herem said means
p' foradalculatiap a'spéééh lﬂéﬂmlﬁ’rlﬁdeﬂs g&kﬁe&1%af5a'l&9at9%.gfpeech

accordlgj@g to claim6, wheréin sal put par ane
coHtelligiblity indsx |gatneas adiactisin of  plenlignafin

hearing threshold | evel, an estimated noise | ével,

n N ch. .l evel The hearin ald )
720 g.g? | ng tag@{i:‘f%al mg% J}ﬁm h?ﬁlp(fmﬁéﬁﬂg eters comprises at

adjeasttdne of a dteduéregidepehdent lieagiai; fhrkshoRIRREEH tQimated | noise Jevel
cal Ccf” ate a noi se redum ng hearing aid ga| n froma

i nfi Sﬁﬁe‘&’i lgv&dai n and said optinized speech
intelligibility index gain, and to adjust 10 said

§10TREhELH el ow
1OTRENSEHY Ml B S0l 04 ALY RO REL 1 earing
cl aidigad is whapted 1o C@hnuthtct Aneist oddticing hehringSaitl fy@inl ftR lan Bditial

sa t tra SSI on gain._ 10. The hearing_ aid

o ohirilk B teit BTSN 35Rrel St aalictiim wafes Hhin end fosadjus
t hexid BYigd re@ficing Ak £i€6hintth ANAMe

saf ety malrglcr:1mg ﬁu% %e ﬁfégn ngigfgag%?ot?ﬁig ilédatk%ml'

cl a| m 8,. wherein said neans for adjusting said

9h eahs h@ma il apapiingstosdaim: & whepeinl edid dlirestvid leswiak tinflevel of

EraEﬁ% hear| ng aid gain before
adj ustment "an gﬁblpgsal d noi se reducing hearing aid
gain woul d be below said threshold level, to input

1§aThb Iearisg aidextociding fo@bifins) vietkifaiid HRESHRIEIeve is the level of
%ﬁfi&lﬁff as a. furthgm i nput paraneter to said
DUSTIOR 23R PHISAEER Margial | i gi bility index.
20 12. The hearing aid according to claim 10, vvherei n

19 2Tk safias }ﬁd%f:&kﬁhg' 8 cid®, Wikl ?m? ﬁ]sea}tx!]fai g@]ﬁ%@u (Phea.nng

to 15 dB, preferably in thé range o

b

| Th‘fEd Beiaris pdpptaddo dc*@gfr thie irfgrei of sidioiselRdusihe hedrihgead gem before

e i.n the range of 5 to

d EEerLargg Isaéi;l EP Ire?lue egring-aid gain woulid be below sa1d

threshold' level, to input said noise reducing hearing aid gain before adjustment as a

 further input parameter to said means for calculating a speech intelligibility index.

12. The hearing aid according to claim 10, wherein said safety margin is 4 gain value in

the range of 0 to 15 dB, preferably in the range of 5 to 15 dB.

13. The hearing aid according to claim 10, wherein said safety margin is a gain value in
the range of 5 to 8 dB, and more preferably 7 to 8 dB.

14. The hearing aid according to any one of the preceding claims, comprising a band-
split 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 mdependently.
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14. The hearing aid according to any one of the
precedi ng clains, conprising a band- 25 split filter
for converting said input signal into band-split

i nput signals of a plurality 2f frequency bands and
wherein said hearing aid is further adapted to
process said band-split input signals in each of

34l }anem%@&%ﬁc ise I]ﬂ%%%ﬁ&%% Qitg! i 20 15 eﬁ§ oglgtn?lggphone

of reducing nols€ 1 n a heari

| ea;godwng am mputrsiml: asig@alfiodessaiy méh% r&ia@ o%fput signal
| gna

al processi means produci ng an output
g?ﬂ ﬁzggjuf # r@q&nom tgansésenortpatting sald cetput signal,
outvm&gmggdmwwse@ gnal, wherein said nethod :
a

ting a direct transm ssion gain
for said hearing aid and its user; - storing said

t r anseAladstng aglifest transmissomeain dér i KbatiB@ hidnhd 3isGiser:
cal culating a speech intelligibility index gain

sui_t G t he.noise in d out put

si gngﬁb %%sd&%%él %gg%“f%%ﬂeﬁﬁ’rﬁf’ﬁsaé‘%h‘?@g aid d

i nput signal to produce said output si gnal 10

wher etatcubaing afspecchrigiellighhitial hdes gaflskisiRor Efiofe noise in
to s |d direct transm ssion gain so that sa

heﬁ‘?‘ Rty %gﬁ;ﬂ‘i‘ dis not set to a val ue bel ow said

direct transm ssion gain and according to said

Sbcor PO heaing aid plin S R Beneh 0 oo i Gyt siemal
sai d mq:mﬁgdélﬁmngadrgmspdjmﬂ abdtRdiah €Psd dROR khBfission

dynanj_¢ no djguc‘tl on, techni ques. 15 17. The net hod

accordrhy gafips {gh 8ptdo A valyp @elweqaubcﬁuect

ad] uUstanBiissidh aemii B38ordfi

sai d speech i %t el ligi b|rl [ g%%%g%gg%%@%&ﬁﬁ%

set  of frequency dependent speech |nteII|g|b|I|ty

1|6n dagmgthod wr@@g e ; déhWhadnerm safbatq:;} efantjulsgag gﬁd MBating aid
od.accqrdin oc im erein

sa speéﬁ%esl nt'e w.%’*’f’?% gyﬁ“ﬁﬁ%% ogar “Fg‘m tgghniques.

cal cul ated with sai d direct transmssion gain as a

1doilbe method at@rding ts elatrhab of a6 dwhdisiashidtt of 4
not..set to a val ue bel ow said direct transm sjgilsgné%dhem‘g

gaf® #if saippomprise SRRy NG Sak peerh lﬂ'@u@@h@r@dﬁ gdit & produce a set
cl gf ﬁ@;ulﬁcyt Rpdiieny RES ﬂlteﬁﬂéﬂﬂn? Hded %am values for each time

sample of said input signal.

18. The method according to claim 15, wherein said speech intelligibility index gain is
calculated with said direct transmission gain as a constraint to ensure that said

hearing aid gain is not set to a value below said direct transmission gain.

19. The method according to any one of the claims 15 to 18, wherein said hearing aid
gain is not set to a value below said direct transmission gain plus a safety margin,

20. The method according claim 15, 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.
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gain is not set to a value bel ow said direct

transm ssion gain plus a safety margin. 20. The

met hod according claim15, conprising the step of
converting said input signal 225 into band-split input
signals of a plurality of frequency bands and wherein
said nethod is further carried out for each of said

21 IPUIB6NA BaRBing T on?dr s MR WACEE A Dol BFigibitity

~of clains 15 to

_ _ - erel n said’spee
i rinded gain bomprisesiamdtof fimjuencodeyendas gainSlue®which are calculated

fr nc ependen in val yes_whjch are cal cul at ed
o P IE S A ush B DI 968 B BSoRepSadegt input signal.

frequency dependent input signal. 22. A systemfor

22 eAlupiterg forQie8ecing ndish BPE hadRindi Al E&ﬂpﬁéﬁ% &g%dgl‘?gx{‘x%fié%% noise

reduci ng noise 5 in a hearing aid conpris
ori8 aricaliRg ¥e rempriswg et legstameimistophengpraiduciag ais irguadignal, a

i Jt put [ al, .f ) i d
P Bl S RS e Bt B0l 0 ot g, end an
s atpeducesi npting aiid oGt SERAOHRI bicheorprd GRS

for calculating a direct transm ssion ‘gain for said

hearin ld and i.ts yser - npans for storing said

t r'angi‘i"g%%l{’lf) ﬁﬂal@gﬁﬂﬂg # ng gusgion gaindfonsad heagingiait antlits user
- nmeans for calculating a speech intelligibility

| ndenea for Sivtih@RAiR thRimisGiBH Gh B | FSaid b5l s,

out put signal ; %nd nmeans S?o# app )t?!}ﬁ%ma ﬁzgarlfiﬁﬁm-éqgomd’
gain to said _input signal to produce said output

si-gnBteans fveeaieyiaiing aispeecl intejligibility sndexigainajteisie 6t reducing the

a ' [ i t transm ssion gain so that
S%ﬁ%@%ﬂégﬂﬁﬁiégmgﬁd%% #%lcs not set to a val ue bel ow

said 15 direct transm ssion gain and according to

sai dmsecforapplyiel ib@hibhg iit ald WeKidUap siendto poduce said outpu
conput er, ogram product containing a conputer

{ eadEAL WRETER R HRTIng Ridapim adiusted groeoring de saidh direct
whenegeaaist el 2s_a _nethod. of .
reduci ng noc?l‘sj‘gea@.l??]@gh%ﬁgéjpng g%?%%%n‘gsf ?‘%is tgmgtva}uﬁg@{aw said
one direst Gpkaoissign gainahd geawnding BpsHid Spe@fidintel Reibily Adex gain.
processi ng neans produci ng an output signal Tromsaid

24 Pt S8R POl R Bp S o B rsa bRt -

C ekedtiatle ProgRntlbSROVhibR, ANRH xSbR8d 92h SomBites 3k Sutes a method
hearing aid and its user.
of reducing noise in a hearing aid comprising at least one microphone producing an
input signal, 2 signal processing means producing an output signal from said input
signal, and an output transducer outputting said output signal, wherein said method

comprises:
- calculating a direct transmission gain for said hearing aid and its user
- storing said transmission gain in a memory of said hearing aid;

- calculating a speech intelligibility index gain suitable for reducing the noise in
said output signal; and



- storing said transm ssion gain in a nenory of said
hearing aid; - calculating a speech intelligibility

i ndex gain suitable for reducing the noise in 25
sai d output signal; and 22 applying a hearing aid
gain to said input signal to produce said out put
signal, wherein said hearing aid gain i s adjusted by

sai d t transnl Si.O n so.t i d hearing

! aﬁ#‘&fﬂ%a%&{m@a 40T 58 HoOubi i aPguts eLpupd: signal,

t r ansytiefii Siid Beirthg aid BEinas Q&jhﬁi:bél‘ By kAd afkst t&%@ﬁfs@m gain so that
|nteII| ibility index gain.

aid hearing aid gain is not setto a value below said direct transmission gain,

and according to said speech intelligibility index gain.



