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Met hod and system of noise reduction in a hearing aid

BACKGROUND OF THE I NVENTION 1. Field of the invention
wOThve7/pesent i nvention relates to the field ofPQTZEI200M051890

aids and nore specificallylto hearing aids utilizing

noi se reduction techni ques. The invention further

relates to nmethods for adjusting the hearing aid gain

for noise reduction. In addition the invention rel ates

to a systemof reducing noise in a hearing aid. 2 .

methgEE 80U Y fi St atge ke defonh b ASHMIIT 17 "2 51 on
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

BACﬁ@ﬂGUNﬁO@”ﬂ—I%IM IO\ | oudspeaker situated in an
I'nt

ear pi ece pl ace e users ear canal. It is well
knomn that there may be acoustic | eaks around the
earpi ece. There nmay e.g. be a non-sealed fit or there
may be a vent deliberately arranged in the ear piece

1. FlélerofWﬁv@ﬁL@ﬁions about user confort, e.g. for
relieving the sound pressure created by the users own

voi ce. Such | eaks may cause a | oss in sound pressure

oo G834 S AR A A
hearuﬁgﬂlﬁz’@ﬁl%ﬁ&%@@%@uétloﬁdeclﬁ@bb@ﬁ Wlﬂ%ﬁﬂ@ﬂ’fdrﬂfer relates to

frtting a hearing aid", which is herewth incorporated
methipgls fertadjesting thsrftﬂﬁf@ésalfégﬁﬁt fob @ofsgrredyetiomdp ggdition the

mvengllggqﬂgéec’? toug |§9&t v agyﬁﬁhbﬁgﬁoa%?ﬁ ?ﬁeghﬁg B!t ef fect

di'r NsSm ssi or an“in-situ
hearing aid. The vent effect estimate is used for
correcting the in-situ audi ogram and the hearing aid
2. DQ?&T'H“W&E’@O’@@@@E@% provi des a dynanic speechg
enhancenment techni que, where speech intelligibility in
noi se i s inproved by optim zing a speech
Hearingt @it iage bdhpteg fongmvjding at the users eardrum a version 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 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Unpublished PCT application PCT/EP2005/055305 titled “Method and system for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 transmission 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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such as SII (see also Methods for Cal cul ation of the
Speech Intelligibility Index. ANSI S3. 5-1 997), A

wa ewoniso American National Standard Met hods HGVER20€7/051890
Cal cul ation of the Articul &ion Index. ANSI S3. 5-1
996). Noi se reduction techni ques, where speech
intelligibility in noise is inproved by optim zing a
speech intelligibility index, increase of decrease the

WO-4:2005/06 39wowid et redyrameiy speadk enhareergenhieshaigesuwhere

hur . it maski ) i t. 2ar,
specEl BB A0 SESK Fifoutd By BB bR el s,
such @Sl (BeRdalbe MétRobe fdri Cdicalatioy of theaSpa&dt Imeslligibity Index.

direct transmtted sound. As |long _as the anplified
ANSk$3:8d19857 Abtses alse AmaTsan Natigraistandard dlehors fef the

; _ . . ti ) . - ‘
Cale 5 SL RRUBIE 5| HuS PSSty RERS USRI ecppgues
wherstspeeclvinteigibdity irt woisa iminuEro$éd by opbieszdg @nspeech intelligibility
indexs IGHBRS PhacGarst di Gaa b eI késieron bailetaKing into
accolSthd fﬁlgiaggitgﬁqﬁésleﬁg.a | eakage path allows for the

i

soun rectly transmtted into the ear. Thus,
at a certain threshold the sound input to the hearing

id doni nated .hy th ir.ect ' e
The Sfhctinot B Pea BEAELEE § ddtioRaliFt by i 4fflirq
accortiig &f fhededring i@ \¢gath howell dsathkireds Ransrhitteldnsoudior @etlong as

transmtted sound is not taken into account the speech

the ampliied isgund domjnatas the direct teansaniied seyod i all frequency bands

. ; _ Lo . _

the ngi58 gl Rkt BERHEMES 1 BFRATS Bood RSURINOIE!ielcH Bboording

to thd Stateaf theadrito anlearsda Sl ichadddceogen dassutmpdiay'tsattbardamplug
aid fitting strategies. Thus, there is need for

providesadigbliliheetvesy tAE ¢arleg ABr the £3r £BPBN EPWEYER A gndiation
Lizi : . . . . . v
canal 2 Kk pRE R BRE 154 So L0 BRI oo SO Do
Thuspats eattainrthezshiotchtheosqunohvinplet todhe inegring cid aser may be
dominated by the direct transmitted sound, so that a decrease of the hearing aid
gain will not affect the sound input to the user. If the direct transmitted sound is not

taken into account the speech intelligibility may suffer 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

utilizing noise reduction in hearing aids.

SUMMARY OF THE INVENTION
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nmet hods of processing signals in a hearing aid taking
in particular the nentioned requirenents and drawbacks
woioot/bmitsri or art into account. It is in partiRUVER0@1051890
object of the present invesdtion to provide a hearing
aid and a respective nethod providing a noise
It is theféféiel ANobjeehof tissresait ihvditionte pgreviakinearingidy and
directly transmtted sound through the vent Into '
methgdg ofiprocassingssianalgin Adheasbpaid taling wepaitiedlanthe mentioned

requighfERly SRLORBEN SR B0 SR huPebeBler e cpeeen
intelligibility in noise is inproved. According to a
first aspect of the present invention, there

Itis ip PEUHcHERT ap PlIGFt wgthsipﬁmtmmvﬁmte@@\aﬂe|aebﬁqr'swsr@d and a
resp tﬁé‘?ﬁ@t‘l’l%’pra}qiglrrg‘%h?ﬁé%aﬁéﬁqmte@ﬁ AfdBedRSt BRe WL Ribtive

ransducer, e signal processing neans IS
amowtay dadcthptrapsmitiedl soundibatugh thealentt irdoatcheunt.
m crophone, wherein the signal processing neans is
adapted to apply a hearing aid gain to the input

It is 2Sfusthal ob}écpbP%ﬁﬁeé@nﬂH?é’Mer}?ﬂo%}@l/idb% ReaMy Aidtalkyat he
out put transducer, and wherein the signal processing

respentizasnéthod psevid ngpa SHaptimizationt wheedspaaahnigtalligibility in noise is
im rhe%ri ng aid gain according to a direct transm ssion
pca/g n calculated for the hearing aid. This hearing aid
with neans for adjusting the hearing aid gain

according to a direct transm ssion gain gives a ) )
Accordisatie adiestaspect phibedirsepnt iByentione thare is pEqidded adgaring aid

Vi . [
that xR 1G4 el SH U o Ao ARUCe b fkEhsn an output
transdhc@\éwneoeindh@sigmépradmstingnhemis ddaptednd rdded an input
. sound, According tq other aspects of the present
signal ORISR ICTomMeS IR STERGITANG ST PrROSssIegECaRS RLagarled to
. p £ di
sop% 9584 891 8 e Pk dahapl BRUTEAT 0 e bo oup
by thedoutput ttessdbgen, andwhareindbetsigial grocassingoneadgéurther
comprises means for adjusting the hearing aid gain according to a direct

transmission gain calculated for the hearing aid.

This hearing aid with means 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 other aspects of the present invention, the hearing aid and the method
are capable of incorporating knowledge of the amount of direct sound into the
applied noise reduction algorithm, 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 obtainable.
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of vent effect and | eakage into account. This provides

a nore accurate and effective noise reduction than
wonmat/eblnes ot her wi se obt ai nabl e. Accordi ng to arrtTiER2007/051890

aspect of the present invertion, there is provided a

hearing aid that is capable of avoi ding phase

Accdﬂdiﬁb%@%‘n@ﬂwér%sb@@t @Mhélﬁreé?érﬁnﬁ\}erﬁ%nt ﬂié'ré‘ik éﬁb@ld@d&?ﬁéarmg aid
transnitted sound into account when cal cul ating t

that isexapihle ef avaiding phese distupkon meth@lmmut g dy. takmg he direct

van SR8 LA o SR 5Bl B BF A YD B e

outptitreighsan tted sound in a hearing aid which conprises the
steps of estimating an effective vent paraneter for
the hearing aid, calculating a direct transm ssion

Accogcgihp t9236the? eaFE& & tﬁg‘btréé’&t\(ﬁfétntlaguﬁ@?é %pro@fb‘éd a method of

appFyr ng a I'ng ald'gain to produce an ‘out
com[sérg;aahgfdlrent wansmitted snugwldah awhemrmignaitl lnehich cemprlses the steps

of eSO RS TR VG hPATEGaR A [os T Deaind 24t calaiipdia drect
transpibsibn 9%9{ PSS PSRBT of eﬁcﬂv@e\/eﬁ‘ﬁ Bapdthe g"r‘Vﬁ{H hEply mbhs?h@armg aid

~1s provi a net hod determ ning direct transmtte
gain fmpradluce 2 ddpul signali febmkancmpubmgnalsmerehetret(ﬁwt of

s B8 g AP A RIS SRR ek B BB Gl
notsen the effective vent parameter. The provided nethods

enabl e a calculation of the direct transm ssion gain
once when fitting the hearing aid which nmay then be

Accoltift t@gﬁl%ﬁbt?l%ﬁ%g%ré{r&f gL PFE:stelﬁ?f?ﬁ/eﬂp St%‘-%Feegﬁorowded a

acc esent nventi on

methodrof eleterm’lnmg difegbtrahsraitteldestuindgn @i ke gringpaidtveitish thmprises
may be segen as a true advg{{tégge t hat

the S%@érqfr?@t'mad@g ajyefieqiiveaent Rataieeis” deagng @"{]t?é‘d
calo R MRS B QA Bt o By e W1k

gain and the resulting noise reduced hearing
The provided methods 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 dynamically adjust the
applicable 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 of the present invention the hearing aid is able to
adjust the hearing aid gain in each frequency band based on the instantaneous

gain level, the further Sll input parameters and the direct transmission gain in order
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aid gain for the direct transmssion gain in real tine
and, thus, the anpunt of gain that the hearing aid or
wosyst/emirsey apply at any given instance. AccorRUTHEP20e7/051890
an enbodi nent of the presedt invention the hearing aid
is able to adjust the hearing aid gain in each
impf GRS Qe iBifg. TAS G4 apidachexebrding to
to lmPLe fu?ﬁ/ﬁagﬁ inpﬁ%éngéélgl?nelrgﬁs&?rﬁ%at he glﬂ?#g?tc . J
which the direstdransmjasian igairoisdaken interpeoaunttim gherpeisgireduction

tecniBie,alvhg 'Fe oAl divelbtserttr Rl BB 00 N s

taken into account in the noise reduction technique,

giving the user a better speech intelligibility in o
The iyeRlon, BseOTdiNG ta fusther aseestai PIgVidssraisxsiem %Hﬁé'é?'@g noise in
: e C .
= hedffY 13 oL Bla AL BPEIS il BRRGGRS Pohea
claimsez? t28dandh28) ai ns 27, 28 and 29. Further specific
variations of the invention are defined by the further
clainms. Other aspects and advant ages of the present

. . . . . f . H
FuﬁHﬁ}éE?fsi‘QE@g%h&n@@ﬁﬂgﬁn tRneYefiRkd by QRe tflhi_‘t’néhr%tlér\]lgw. ng

escription taken in conjuncfion wt
acconpanyi ng drawi ngs which illustrate, by way of

exanpl.e, the principl of the.inventig F
Othep AR b AN BN e srrte Resserh i ERTRh RGN ere apparent
from HEREHIoWintdetant 8 adsbiptidtetakeh irPvbmanesnawvitie the accompanying
description in conjunction with the acconpanying
drawingswinigk jllustretesiby wakef exaraplenthe prinaiplas of thesinygatien.

i ke structural elements, and in which: Figs. la

depicts a schematic di agram regardi ng cal cul ati on of

the direct transmtted sound; Fig. 1b depicts a bl ock

ram of a hea%ril_ﬂ% aid according to the present

"
BR'E'%S%%%HT'@NQQ RRAWINES | evel of signal versus

frequency that results by adding

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.

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 amplitude of the two signals;
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contributions of two sound signals; Fig. 3 depicts the
phase di sruption range as a function of the difference
whmwhwewnst he anplitude of the two signals; Fi g.PCA/EIRO0EI51890

a graph of the directly tra&nsmtted sound versus
frequency; Fig. 5 shows diagrans illustrating the
principle of optimzing the SII (Speech

~Intelligibility Index) taking into account the

Fig. 4i r eshpwsta griephi aftteel dsecthutrangroitied sey ndo/ersies eaurnay;
invention; and Fig. 6 depicts a block diagram of part
of a hearing aid according to an enbodi nent of the

Fig. Pr es eRbwestiggrairenilludd=diog! the IpdNcipfe EMAGIPHIENgTBeCHl| THE
| NVENTI ON Reference is first nade to Fig. gja fi)r an |
expl Aseranintaligblitnipdey) iking niRaesrunbite dipetly transmitted
cal c I O £y W rmng a
feedéggﬁa’téebsc{anzlhg% %aesgpge?ﬁgﬁ@?le@g?rlﬂ)?rffl ustrated in
Fig. la. Then, the in-situ vent effect is estinmated

, nd the DTG is calculated fromthe ffect.

Fig. Gocu RIS H T BEASE 568" CharaRRd A B BGILR MDY bes
thi's elihdifithdht of tRBIRES81RenIentidAW made to Fig. 1b,
whi ch shows a hearing aid 200 according to the first

enbodi nent of the present invention. The hearing aid
conprises an input transducer or m crophone 2 10
transform ng an acoustic input signal into an

DESEREETION @F EMBODMBENTS QESTHRMNVENTAOR- converter (not
shown) for sanpling and digitizing the anal ogue
el ectrical signal. The processed el ectrical input

Refefindlat it} il ol ﬁaaﬁ%‘l‘f&r 3 Kb AT ARG ERatirghe DTG,

I ncl udes an Iflrer wt npressor fo
The @atdatidn obtherDEGds tohe dly prrfopning a deedbazRIesty(F&Ip 1asi ng

scheggfigalbt W Hteq giplsha: THEh by e eledlds B bl and the
DTG d'CalbsEtet frEfUhE R ERectTDBCGRIFRE PEIYEP2005/055305 (mentioned

above) describes this in detail.

Reference is now made to Fig. 1b, which shows a hearing aid 200 according to the

first embodiment of the present invention.

The hearing aid comprises an input transducer or microphone 210 transforming 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 signal 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 to 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

gain characteristic is, according to an enbodi nent,
non-linear to provide nore gain at |ow input signal
wa medeiend | ess gain at high signal |evels. THE/ER2QTAIS1890

pat h furtherconprises an output transducer 230, i.e. a
| oudspeaker or receiver, for transformng the

compﬁ|s%§tarn' &ﬁhuﬁr‘érﬁ’éﬂuc@k 999' id I@uﬁ@pé‘é&@#%r'récé?%rp%r transforming
si gnal e conpressor operates to conpress t

theelgutrmloutmeQrtaﬂ inte@niagoustic pyipalt signgt. i s useful for
treatnment of presbyscusis (loss of dynam c range due
to haircell-loss). Actually, conpressing hearing aids

The &drhr@sagPbperatddatosioriprees thedyh&vr) radigevdtise inpuit Qi'gdléfs It is
to suppress m crophone noise while anplifying inp

usefud f@dé@an]e@&pf afﬁmscfuﬁaﬁt (Ipgs/ef dynﬁf@lCd@ﬁ@? éggdsa h@ﬁyeari%)
Actuél@f lzb'rq\f)( eVsZrlﬁH ﬁ?érllrg Lids dff%n%pg)?)f g%‘?%’k%'g'l' ?qr']@%_llﬁwpsgnals in

e or Co eve
orderdormlppse?ssrmimsplmnmmelbé wdale ayaplifyioganputtsgnas just abdye that

level | ThR OMBIRSR0 B1AY Hlop BVaena 30T G Th A oyl Gaximum
outpdf"?é\?él B9 s 8ty (?d%?'t)éb@lfe@el%o‘rﬁé R3AreddbriiR £h8RAhear gain

ocessor are often referred to as non-Ilinear-gain or
charanmﬂmtesmdwgmasas cmgalﬂe of pidvidisg dessl gqin @t bighendnprdenels and

morerdin A5 QyE N Tie R ade g s A s GRS e sianal

procéégar BFOERSS %fehea it§ aknondpriatemirbasesmpredsiiey ke&irfy aid.
hearing deficit and the prevailing sound environnent.

This further adjustnent is intended to take into

The ﬁériéi $Rgc§s%ygah%aﬂgff§ﬁﬁér c%fm drﬁ %’f rég\dtéb‘i%sting means

e.g. by bypaSS|ng piI ece or

250 f@f adjastiig the héurngghidtdaen fetier oaer whhat t@pmpbmn‘:ﬂklcally
bel ow. For the sake of copputations, the soun

decidBgRssr g PRASsENPARIG PENHb ol HrBisuaiing SouRferyironment
This firfheF bafusiisAt |§§ﬁ@ﬂ%§%&6‘té@§a | ne%)%n%é & effecas of sounds

transmssion as t e soun
bypassieg she bearting hmi ed. bdrhymasbmg the egepiecavelly yopagating
h a‘%gustl C sourﬁg outzarl e E) @ ear relative to a sound
through dag ¥eRt 28 wilhbe 3 DGO openi ng generated by the
same source. As the direct transmssion gain is

typically less than
For the sake of computations, the sound bypassing the hearing aid is expressed in

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 typically less than
one, i.e. the log value expressed in dB, will normally be a negative number.
However, as there is a natural Helmholz 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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one, i.e. the log value expressed in dB, will normally

be a negative nunber. Howevgr, as there is a natura
WOHSDTIOI S r esonance by an eafpi ece placed in @CTAR2007/051890

canal there will be frequencies where the DTG is above

one, i.e. the log value is a positive nunber.

I nformati on about the direct transmtted sound in the

si ngl e frequency bands can be estinated by e.g. the
The b thddfs calsy tartaedaén the hepeng aislia® atsebafifreqeensy/ Mnt gain
valoefty SrRh T duing 4oL b PR M Ld 9nhe b Intfell k2 dne

adjustidg rhband280itd adpist treshéari®y aidfgdin @noeiee Yo eanrrdeite, avoid
gain values is stored in nepory 240 of the hearing

phasg;disruptien prerevide ey omwsswlménﬁ%ﬁtwqrd@nﬁ%\éﬁmem the
3|gnatrl] %iuggﬂyqﬁtthé ggn{t}ﬁfgd %]&SL%'HF) ts%ian 1ohth& 'ég?grl}rﬂ ré&ﬂﬁt‘fi;mm the

avol ase n or provide any
ampliﬁeelfadtpumlgmlzmd the direct transméteeindowoid. t he si gnal
quality in the conbined acoustic signal on the ear
drumresulting fromthe anplified output signal and

RefeFéh%e% rn%w mbaérié IFid.te erﬁéw aép.caeﬁq@nsm f Is@rﬁ@%&%gqréq@ency
2, h depicts t 'evel of signal “versus

that rTesekqsu by @yldtngmome!smﬂqm ctf;twacasnung sa,gnalss ianet inone specitioally
nopr.e

showd R TSRy tendBile ML GnER Wil 4 Ffutive, BEAYS whith.are added

here Vthlcﬂéhfwuee peAeigIST RidinPtvd §6Uiﬁd’ sighals4ti tAe icdr@rued. The black
ng two sound signals at the eardrum The bl ack

dotteddmﬁé@rqe theemagngude of thegha sigaalst Thagravdash-getied linghe

repregéﬂ% tﬂ@%rﬂm!f]g% t}%%glét@;!%lés’gfﬁ]ﬁfmg fivd Qﬁnélﬁ@r@ ? EHSSQ‘% or all

when al s are | ase
frequ%nees&uppascdru@pethMHe/rebheyaaﬂd ouhef phhwfmreﬂel fragueonties (lower

curvdinepapivaly e hiiseanavrpEdppans. filae pRaSsdiferende

varieShif &5 AR efeyl inearly with frequency. The sound
e?éveﬁgt t he éjarg¥um of the user is a superposition of

t he unai ded direct sound and the sound anplified by
The soundqg\?erliar%%g egrdrmweof tﬂte%rsfe(refsean %Spgrfposl?uon ofthe unaided direct
sound and the sound amplified by the hearing aid. The interference of the two
sound sources may lead to phase disruptions, i.e. fluctuations in the sound input at
frequencies where the unaided direct sound and the amplified 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
A, cos(27zft + @, )+ 4, cos(2ﬂft + gpz) (1)

In our example, A1 =1, o1 =0 and A2 « f. ¢, is either 0, n or « f. With simple

calculations, both constructive and destructive interference can be made clear,
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sound sources may | ead to phase disruptions, i.e.
fluctuations in the sound i nput at frequencies where

wa tve7/emvaisded direct sound and the anplified s@®ROTEF20e1M51890
the hearing aid has about the sanme magni tude but has
opposi te phase. This general phenomenon is illustrated

where8s fhé surh of th' sﬁéhél# Wit refuehcl @%péﬁ@éﬁt‘ Fﬂ{bs@far{d/\@mphtude is

signals wt eri ng maghi tude and phase.
morecmmaien t6 degardve gnalytiealyun ihis cage, e fﬁﬁﬂ"ﬂ"gspl’@ﬁ@ disgition

Wi tt coS f2
wil dBBe{t o' G AASpifeandBhbsds Of b slorit A5G bipbe £
constrEiciple &i6d dBstrictie iferferencd édhstitutes enecapsar @id lener I|m|t of the
both constructive and destructive interference can be

phasgutigruptienrregpestively, tweekrawn that @ whase girauetedisignal lies

somefRaR BEbYERE HeRB LR ol FTPld. R HBRME odBLG: goft i toe
noted &fdtlthé RRLIPERBE s biplitvdd d:orﬁ@?ﬁhds@@ tHiehdn‘ference of the
anmpl i tudes and phases of the signals. er

amplifedes indB, siacedB igealculated as 2|0iq9ér0(/é} é‘rﬁb@m@bwgﬁqf th fbgs

th er d lower limt of the phase disruption,
corre|58§5§§fq veﬁ@ we know, that a phase disrupted signal

|i es sonewhere in between these |ines, as shown in
Fig. 2 for the case 2 °c f . It is to be noted that
The Ipwer daﬁh@oaisdtgﬁay line shows thakinicaseéhe bye sigpalsarerqutiohghase

o < 58 8955 b e B ol g RO ecomes

mﬂm!é‘lr}f $IRaMOTHIS id Baltedl Gktrubiive ||rﬂéﬁérefﬂ1@§fbf(,iﬂfats9®agbéﬂ’aﬂdnn€)n the

that in case the two signals are out of phase by
otherphaiid, if thadwesignals arﬁamawhﬁsetaj@él frq%ﬂ@tﬁSthesa@ﬁhﬂudes simply
add t@%ﬁfegéré%}ﬂgcﬁgqnt%ﬂ‘gp etseé MBsfﬂ&le' souly ﬁre%§lt1re at the

ruct ive In el’ ce or cancell
frequency ivheos ties tWtaﬁlgnalsfha\Aeethtemnw amll’mdar @high q:ﬂmbe saén in

the ueeﬁeééﬁbag{;% S?avelﬁr?egafg%ng ﬁdes i nga%%%ow&?'@f 265 rarely met
with @%gégﬂ;@ghgthe%ﬁ%%r ggﬁim:cﬁncan Egé(gggtﬁwlﬁ §ing8®oth Ravea
varying frequency dependent phase. The black line therefore exemplifies how the
total sound pressure might look like, if the relative phase depends linearly on
frequency. Note, that at some frequencies, constructive interference increases the
magnitude of the total signal, whereas for other frequencies, destructive
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 amplified sound has to exceed a certain level before the total sound
pressure at the eardrum remains unperturbed by the direct sound with respect to

phase disruption. Maintaining the hearing aid gain at a similar magnitude to the
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t he upper dash-dotted gray line at 5 kHz. These two
cases, however, are rarely nmet with respect to the
wahmwar/Haegisai d sound and the direct sound, sincedIwER2007/051890
have a varying frequency dé&pendent phase. The bl ack
l'ine therefore exenplifies how the total sound
dlrecpﬁ&ﬁdiﬁv@ufﬂ r@@hlt irPak indrk&sed fisk bﬁ% RleadisMptiBAawAIch is avoided
depends |inearly on frequency. that at sone
with theegyuieand irsentiednst ruct i ve i nterference i ncreases the
magni tude of the total signal, whereas for other
frequenci es, destructive int erference di m ni shes the

As istabisalves lgﬂ%l@ 2 Shedkffdrbece Ingavabltude Ue@heemﬂrebmhﬁecﬁsound
such at frequenm es where the relative éjhasenlltiﬁ

and tpe aina@idaskdireat soH0e Migs ibethigher than g cejiain ampu
margmﬁg Qe é)ﬁagé"dlls‘?Gpﬁ)dgf"sl%u@'tﬁéﬁé%'aOIBweT g@ﬁ@lﬂq%r the gain

6" 1EC FERSF al can be extrapol ate
settirg, bqaal torthe mirectis kassmitted gdie rrek, tasesuggested kydtheosaade in Fig.

d
4 1o (ROt TP TR0 TR ARG fowBiRkaBPaCLY eBTR Hevito
anytl*?ﬁ%(ﬁ Rid H@gét%@n&%@n@él@ﬁé#ﬁeﬁ tted mﬁé‘r%cﬁ@rﬁ detwedredrédiand
erturbed by the direct 'sound with respect to phase

amplified rsopnd i newptﬂda&lrm nothingeexteanrtingnaisce vgaidenatto éake the

lntera}wgph@t‘oeadcscg -lft(sjfls I$ %%%U)g% LV%Q'HIQ%%M@%?% Ea%elﬁl A fh'% time,

whlclﬁ}éoélgé?ﬁov\bbhnbh@Hbeblsrrfgl’thelfamﬂklls)fheré&re a teduieeoff edtviaen
2, the difference in an‘glltude betvveen t he

ig.
mmlraamguthﬁé@kﬁmhasgﬁ@rm@mﬁm ding the!l-eBlimizatiost be

hi gher than a certain amount (a safety margin) to

m ni m ze phase disruption. Thus there is a | ower
Fig. 3 Sliesdh tHedphage dibrupgi@nrange versys sagnailanupjitmdleraiior &tg. [3ymore

B e
sumrﬁ@d s@‘ﬁ'a?gnd EhePbiif26H n@#a‘ée@ﬂhﬂe@%@% als@ RIMEEO BYthe diffsrence

ative and nu I cal he interaction
betwdmm Vmamplmudes ohthe mslgﬁabc‘af@mmd Fig. Zietheectwe thvglshows

the uPers B tpSeis SBaAine Kol SRR ABshB i dRonasn,
disrupBas UHSsigh& dragiR0dératid eIR igthe difference between the hearing aid
sound (expressed in terms of gain) and the directly transmitted sound (expressed in
terms of gain) in each band, i.e. HA — DTG (Direct Transmitted Gain) in dB, i.e. Aq is
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 variable, 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. Values from 1
and upward are applicable, preferably between 5 and 15 dB. Of course, a value of
about 1 dB would incur a high risk of phase disruption. Avalue of k=7 ork=38
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which is also not optimal. Choosing the factor k is
therefore a trade-off between mnimzing the risk of
wQtvazedissr uption and limting the Sl|-optin Z2/ER2007/051890
Fig. 3 shows the phase distuption range versus signal
anplitude ratio. Fig. 3 nore specifically shows the

givesth fpﬁﬁé@ Gi%@u;bﬁbrﬂl%n@@td‘ﬁ%@ui he3 aBpivhichdfapbetdosideradase

sumed signal and "t he out-of -phase sumed signhal as a
acceptaida.i on of the difference between the anplitudes of

the two signals shown in Fig. 2. The curve thus shows

the uncertainty or possible spread of the total sound

If thePHeRF gl fid YR tuehdthel &heissuHAfiopn thelhearm@aial wengbd usle
ratio in dBis the difference between the hearing aid

(compisiely sflentr efxdeusly maasingsthet theaPA s wasld demimate tatally. This
woult sAESpoRt 6 2° 8R oK Bt oo aiEh ek ndlBhies HRgiftch
problbrr% afiwd Sobiteutt. /@n kife bt%tré\'?t FHhé Héérlrﬁgaﬁld@&h i$e.g. 60 dB

fi1 xed once the earp % i's mad wher eas t hear i ng

and thedlirgat Hanwlttﬂdain'g@dvm PHB, Hee s*aaﬁkﬁqwmiuts negligibleelfr i ng

compﬁ(gﬁﬁoﬁ%&g gﬂsphgggsdéﬂﬁ,gﬁgsy rls\%g' ﬂ% Sh n gr%e?%‘ﬁm Ie@@?of the
direct 8&ind An@ e ReSMeY aw%ol@ud@elo@hwrablbqngme) tidtehe sh’eﬂgth of

phase disruption may in a worst case scenario cause
the sumenechpignalimey vary signigantiasingieatedan Vig-3-up to -5 dB

fromthe in-phase sumed signal. Values from1l and

upward are applicable, preferably between 5 and 15 dB.

ThusOn m@wmentmveahu& e fattonk, Whith |S\md|cbted<asraraekargple in Fig.
ri sk Pase disruption. A valu

3, coegtltut@ aloyrardienitibelayp whish W&H{f@f@ﬂ aa@@atn ghﬂy'@ Bot RRiseh
sure 34 AT RELG SFACEDfynd £ 1R AR8LANS AfédeBirpion

(conpletely silent), obviously neani ng that the DTG

woul d donj nat correspond to
Inforipghok ab@ieinedhiech hBnstied euntOBdhe STGlE ERAHFRH handsCan be
estinﬁ.ﬁ@@bg@sg thE M\ﬁh&@yhes&iﬁé%% thQ@IoEﬁﬁmeﬁPPUWEPZOOS/OBBQO5 to
earing aid gain is e.g.
calculate a direct transmission gain for the hearlng aid gain used by a certain user.
This knowledge will then be used to optimize SlI. If the direct sound e.g. dominates
the lowest band, it is possible to find a new optimum for Sl by changing 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 (SIl) by applying a respective noise reduction technique
taking the DTG into account to give the user a better speech intelligibility in noise,

as will now be described in detail.

The Figs. 4 and 5 show the principle in the combination of SlI (Speech Intelligibility

Index) — based noise reduction technique and the directly transmitted sound

through the vent.
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and the direct transmtted sound -10 dB, the direct

sound is negligible in conparison, and no phase
waliost/egatison is risked. It is only when the sSoRGI/ER20&1/051890

of the direct sound and th& hearing aid sound are

conparable (A2 "Ai), that the strength of the sumed

The Exﬁgﬂ%'hom}’thé%fﬁécﬂy eBh&mRESH $ourrBini dBli THA gdin f(lnEilcSh c,%iled the
in the current invention, the factor /c,

direct ransmissianegpinsrepressnisieesoundpigssare aidhetaardtuss r%iatlve to

the spBiFpre<sire gt PR GGl bR ToBF Pl S BB RRft o te

ear. The Hireg tearisafiigsionngaimagfbepdeteemiticsl duririgothe feedback test, as in
I nformatj on about the direct transmtted sound in the

the abpyrmentiongderie |/ BiANI9/Q30% estimated by e.g. the
met hods described in the docunent PCT/ EP2005/ 055305 to
calculate a direct transm ssion gain for the hearing
The aldeg i thislexample are catduatad deretd fréqusndynioavddipetwisien] 100 Hz
rect

t t d.e.g.
and b Rralha oW a0 Y BaRES, Mhelastis et TehEsent A gisch

transﬂﬁ§§|&PbbW'§hBQﬁe ﬁ?ht @br@&ﬁﬂg 'ar}ﬁlrﬁljﬂﬁl %bﬁﬂdaﬂloﬁOWﬁldP\fthe
bands where t fied sound dom nat es.

hearmgwi gaimgmust @fce@dﬁudemommée thy) totalisegndwditiee pardaum. The

mlmn'(ugﬁ mé@ cgﬁg ﬁn‘ﬁé{eﬁ%pggs %seﬁ%\%é%&\%l %H%@ﬁtb%%%%a'ﬂ??&avond the

risk of PRBSE distu bt ﬁl@)b‘lehﬁs Basédbp addimgtido scur@ prestesusfeame
a better speech intelligibility in noise, as wll now

magritidget .qpseglte Rhawe apych mﬁsqﬂdlg@ptl@na{ﬁaulés iarhad sound quality,
whlcrf’ﬁ‘le&ct} A %érﬁeld{}fs' ﬁl% g@&t lt;c\%gg%ft r%% grg&r e 8 in which phase

disrupterhoceure. and the directly transmtted sound through
the vent. The Fig. 4 shows the directly transmtted
sound in dB. This gain function, called the direct

The I{aﬁé\”ﬁ A $eke '?lé;Q?éé"refér%% SIRA HBQN?%?H e Bhﬁﬁiﬁéﬂ %o@hd is large

e earo_lrum el ative to the sound pressure at the
enoughto dnoénate thédotabsnurtslpressurenat the ma::@ruexmiaim tot thetdingct

soun@% |Sn%- ﬁ%ﬁih%tﬁ@%ﬂlgéé n?s rgngﬁ S ogtq%%jﬂaorrﬁ%}% |kr)1 (o] gv% g{a%g.eoq'\e, where
actions need to be taken to avoid phase disruption, and one where no action is
needed. If the amplified sound — k is less than the direct sound, there 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 two
frequency bands are marked on the graphs, containing the hearing aid gain
adjustment necessary to find the optimum gain setting with regards to speech
intelligibility. 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 SlI.
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t he above-nenti oned PCT/ EP2005/055305. The val ues in
this exanple are calculated for 15 frequency bands
W wewns100 Hz and 10 kHz. The figure has twPCT/EP2007/051890

y-scal es, where the left répresents the direct
transm ssion gain, and the right represents a m ni mal
anplification, which the hearing aid gain nust exceed
order to domi nate the total sound at the eardrum The

The giaphsultnsdrate hovdheiShvariesdas afunciion efshe hearieg eichgaiaifar two

freauih oGS SRR & B EN Mt B e RESGe I S flgtrates
as corgin ¢urdes biie SNR@SiEt ephesie0 abdch IpikagProkistatly infdnotonous
results in bad sound quality, which may be descri bed

thougf itifeasahaye: semerlaegymisima & Maxsnac R vas/ing thagain ipRASET
oY AU P i MU b o 8 RISy b

deternginge leatting o ao optimunaSdl fohthet logaaingsaidnd pressure at

the eardrumrelative to the direct sound k is alimt
that divides the action of the algorithminto two

The %i%giegﬁé irPPR: 5%%&%@@@ g5 \{Hﬁ&@rebgeﬁé/ bak&a, havaa%gdcgbmer

di srudption, and onhe ere no action is nee
frequency loé 58614, fandfosa fireduentky band &sbavingra ee¢ndedirequancy of 634
ound, there is,a nisk,ofophase di.sruption o
He. TRt et ShEWs e R FurtyB i vhe SePBibs the gain in
eachGfedueclbagtior. In the Fig. 4 the direct transm ssion
gain and the mninmum anplification is enphasized for

frequency band 4 and frequency band 5 for an estimated

The S B lphfecbp TAF s 481853 pEARSEHY it e
soundmplivihg tiaough & @rthks ven8ind@atcourithHotvwewef, tieg deractysdusaicksdds

are marked on_the graphs, containing the hearin i d
to thegaeﬁrl%wﬁ@sam@wfe%wgﬁ@?dﬂ% IiRRCtidrelt wﬁwqﬂﬁ @%Sﬂole to
btaifi & ddif Sowk thahGHE " i fohihe! difdt Bolihd Yrne' s f
© a'g%ta%%{gg%%%ivmﬁoﬁv tétggﬁldh '@?ﬁyaﬂg&ﬁgs&ilﬁtgai n i nteeﬂrgacfégceo
a largendent in the ear mould in combination with a relatively mild hearing loss may
thus imply that only the direct sound is heard, since it might overwhelm the

amplified sound.

A further explanation on how Sll is used for noise reduction in a hearing aid is found
in WO-A-2005/051039, which is herewith incorporated by reference.

The diagrams in Fig. 5 also illustrate and exemplify 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 optimization of the Sl 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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interferes with the hearing aid gain in the search for

the optimum gain setting with regards to the Sll. The
wapoapb1is | ustrate how the Sl varies as a furR@I/ERR0@H051890

the hearing aid gain for tWh frequency bands, with a

gi ven vent diameter and hearing loss. The SII is

the dn'nbi;b%‘é rmee&hagﬁanegm Pid! 5&HE YRSrefolE fimpel t¥ allisaitd atweress

i's approxi matel y nonotonous though it my
optmmamg tlae rﬁl Ihdwal seigatedands (Randsed apy 5.y engmpieeofg%ﬂlmear

optinfa S indPueld AR PR S R e Py
wher{thérgaﬂpbf frekfuepicy damd 3 Revatiearin Rgep @htn’élnaapiinaghamsfar that
illustrate the gain faor a frequency

settmgagas;]gegn detacied fthep J&ﬁ‘]ﬁ@/‘“dﬁ‘f friegeepgy bang 4f'§rvaaed &nd the
provhf 9 NEREe i SO oRBRhCLpRAS SUEREH Sincka it an

optinture setirg ofdfrexfuchiop bgati has beemdéteetpeency band. The
SI'l optimzation according to the prior art does not
presently take the di rect sound arriving through e.g.

The ({haﬁreﬁﬁé‘Lea : ng a| tan diEXlon ér’&@e&’ur‘éﬂﬁﬁer’é%@%pﬁﬁﬂﬁatlon is

npllfled sound and thus in
contipned untikit istnatipolssibde tdoebtpimsa bietter $4. Nawalh/ ethgapptimization

et SRR 28 BEY e TABE s PRl A
accoGﬁﬂmh@aédn%m%léﬁ‘srﬁ)vﬁﬂh@@hfﬂbéx &k ladfuheddn BOthleQsss oty galn in
thus inp % that only the direct sound is heard, sin

eachjhangi ghfet eeielipal qﬁttrmwna@pwherbm I%@wed\thairt%épund Bt the

coraJREDRER Ay DA Shholio U5 e 88T BISEAERE gtind T e

plot. Prl@lv\%wet hthé riretpeswiice@hixy kY, efhicreisaktustrBited dn algje awss by use of
Fig. 5 ‘al'so illustrate and exenpl i f

the SﬁmGeﬁ'%’I)O'éfaSt'ﬂéh%mmpl%é‘?f“l@ﬁ?% ok el *a)%tg H@tgpﬂwm s

tt ! Ul ll
a awﬁ%‘f@o?f\of 'B?tfix s%@% %tﬁtﬂ@c nmd;]atpgérl]\@(/a%a illustrates
the régianj whichosmds befdaainterpratiBictive to enter. The iterative optimization
process, which could be performed in many ways, is here illustrated as a sequential
adjustment of each band. A star indicates the result of the optimization method.

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 resulting
in the optimum SII when the minimum amplification is taken into consideration
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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HL and flat 80 dB HL). The optim zation of the SII in
the hearing aid is perfornmed in all bands, i.e. 15

walteemilsns in this exanple. However, ill ustr arATAEP2867/051890
opti m zation procedure in 1% di nmensions rather inpedes
than facilitates an easily understandabl e

would esiépiol & AiucAbedet pardihétee seltidg offiite damanan® varofs dreqbency
are therefore limted to illustrate a way of

bandgptinmi zing the SI1 in two sel ected bands (bands 4 and
5). An exanple of a linear optimzation nmethod where
the gain for frequency band 4 is kept constant and

There\}VO%_ mdit@aﬁ@é optrhizatieq patre shaydseddifferent fimnh edhat wosilceps
unti] an optinmum SI1 for that setti ngBhas bee

othenyuesbe sarriad i andethg ARAMBIM PAERTIEIE FEBRIMaY slsap igigrent
from FRGt W&%Iooélgé Lﬁ%“@ét?g”q@&@ %ﬁtﬂmm Qb LG t8thel embodiments.

requency ept nstant unti 1~ an optinmm
setting of frequency band 4 has been detected. The

di inFig 5ill : imizatian . . .
A mai §diaiteae fardhd proveny invemionds BierPBre i fhe, &0 i pptimized
undegté%ﬁgélerﬁ%ﬁiobhﬁa éé’cuﬁphﬁéi{jlh ébd%@ﬁ%%_rr@bhdinb‘@.t urally

er optim zation nethods can be inplenented, as |ong
as the nethod takes the direct sound i nto account. The

. coptour .plot sho t - S f I
tis SBER tiraPg FersTr Rt Ryt WL 1B Bt RERH8 sl R vary
greatly- flom aMeRNitefative pads Wkl dubas thdeptiaizatontméthed amddouhe
I's provided only by the hearing aid, is easily
fact thyat; eitineigation aecurs $1 alhBand$ t he plot. However, the
di rect sound (plus k), which is illustrated on the
axes by use of the sane synbols as in the top plot,
Referiente ienowsnadd toRigy 6\ivbidheshavwsad paptofrainearingaaitladGabl e

or not, but also . the path |eadi to.the optimum The
accoiging CxAnaihet SHBoRsREY o bee PEGEORMVRRNLH woul d be
counterproductive to enter. The iterative optim zation

process, which could be perforned in nmany ways, is
Sll optenieaiion bock H18csameans fyueptimiaingaispeaareintelkgibiitydndex

oo S A0 B R o BB eo,
wherd @# sig8al &5 is(StbtradatBromanbiangslifietitddbund signal 605 produced by
the signal processor or compressor by applying the hearing aid gain. The output 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 block 245, both also
supplied to the comparator. If the level of the noise reduced output signal plus the
safety margin k is at or below the DTG, the comparator produces an error signal
635 which is fed to the Sll optimizer 610 as a further input parameter which is taken
into account during optimization of the SlI 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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a small vent ( 1 m), no changes occur to the optinmm
paraneter setting resulting in the optinmum SII when

wa e7/ed9mismum anpl i fication is taken into consiREAVER200151890
conpared to the convention#& optinmum paraneter setting
where the gain can be varied in the entire area. In

In a rHeAffiedrambadih@he the/Kédridglailonfiifbed éTbéﬁ’dJéFﬁtrﬂlfé@ fdross
HTL=40 dB) may al | ow enough direct sound to enter

(
converinguba inpid signal inte biandrapdin wud sigeatsnofdopiunalite of frequency

panc Sl ARG AT b L EREF I bah R bl aBAgR/n eacn

of théfagaehsy Bandsindepéedaitly. when the m ni num
anplification is used to limt the gain settings of

t he frequency bands, than if the frequency bands are

ool 1 oo 3R bl IR ont BrBlihrhasges
desctibed barein nmayt e implemanted or gigat prdcesding déwvicest suitablénfor the

s o A i bt

systed MERIdig ﬁ@IHtﬂragra'WaBiesdJatQ%n%iyfsf(FP@)i), Eip@urBfocessors, or
woul d el se be determ ned "as optinmum according to other

applieatinods pasificssigralmipeesapia A aG§R drakSideOprisvshyt it is preferred

ot RS Bl bl IR b e R BB
someSpatd bodtEsimglémeateRMindaRér Ways t-hall Raoaanto ke kkigd iparson.
the art that the shown iterative path may vary greatly

froma real iterative path, both due to the

Hearfg\gtéial,ﬁéflh%ﬁﬁ,r%;aég%g_sa%% dtRef G&viEEE heddhin Eéorﬂ?&l&gHe%?s of

curs i n al eference I's now nade
the prdsenhirsieatisn angyele impleeemted imagnysitB0e digitabsidnabpiosessing
SyStepeiTA BOATTGHAEP JOR TP UECATEL P el G PP RSBy, §.0., the
suck 0] 4 QAL 8! U S BERIGHO B AR Il ey o
be impkEmeniedrie a drampitgn afogamscardaining exesoudablé peegrahecode
execm?tm)gl rinfeitr?oddssaoc%rc])gdirs\h % %lmb%%?mgﬁ%d&ecs%%bgéf herein. If a client-server-
environment is used, an embodiment of the present invention comprises a remote
server computer, which embodies a system according to the present invention and
hosts the computer program executing methods according to the present invention.
According to another embodiment, a computer program product like a computer
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 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.



t he signal processor or conpressor by applying the
hearing aid gain. The output of the conbiner nay be
wawnziddersed as the noi se reduced out put si gnalPCZEP20&H51890

to the output transducer ahtd also fed to the

conparator 630. The conparator 630 conpares the noise

reduced output signal 625 plus the safety margin k in

bl ock 640 with the direct transmtted sound according
Having deserienzanaillstialed2hs prinsiptespkibeqippentdaverdionta

C apor v e .S€.
emb R R0t 1 ITL Shadionh RirEe SRiER I TR R th he
preséMt@mvdritRnafBp deahedified asl uﬂaﬁ%@meﬂt and detginaithdid dephitingy from
is fed to the SII optimzer 610 as a further input
suchpsingipies Chanaes and mariisationsowibiedhatscaaeiohhe present
e o7 b0 ey bR i ERI RS e present
inveritiondsdlatids afl gooh ehanges ded madificatiotsphase
di sruption.In a nodified enbodi nent the hearing aid
conprises a band-split filter for converting the input
signal into band-split input signals of a plurality of
frequency bands and the hearing aid is adapted to
process the band-split input signals in each of the
frequency bands i ndependently. According to
enbodi ments of the present invention, systens and
heari ng ai ds descri bed herein may be inpl enented on
si gnal processing devices suitable for the sane, such
as, e.g., digital signal processors, anal ogue/digital
signal processing systens including field programmabl e
gate arrays (FPGA), standard processors, or
application specific signal processors (ASSP or ASIC).
Qoviously, it is preferred that the whole systemis
i mpl enmented in a single digital conmponent even though
sonme parts could be inplenented 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
suitabl e digital signal processing
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- Adheasingaid compaiging @ §?%tr°d'§‘emt%8P

system The hearing aids, nethods and devices may al so
be used by, e.g., the audiologist in a fitting
wewerIoms Met hods according to the present i nVRITVER2007/051890
may al so be inplenmented i nl& conputer program
cont ai ni ng execut abl e program code executing net hods
accordi ng to enbodi nents described herein. If a
client-serverenvironnent is used, an enbodi nent of the
present invention conpri $&4AIMS enpte server conputer,
whi ch enbodi es a system according to the present
i nvention and hosts the conputer program executi ng
nmet hods according to the present invention. According

to anot her enbodi msnt a conput er program product like
tgms)e f%?lge%é?fBP%SS"&g means

ahli %Wutﬂbﬁt‘anéﬂu%@mﬁ’eréﬁﬂ'b%id sfyn MSﬁSW%g@sféd’aﬁed to

or another suita storage nedi
remes dremmmsngnadnfrongthehmcmptmnteewtprejg rsafol aigoatpnongssiog
the present Ji.nvention. According.to a further
s aarbleck Rerpbg Neants ot bl theeRt bPbhSBhabto pupdpge an
oQipud singl foatbe Bﬁﬁb’u‘t By s@ﬁa"b@tﬁuﬂraﬁsdﬁﬁé@%rﬁ wHBFEN $arh¢lgnal
executed by the hearing aid device itself or a
praceseingi megansfurther kempricps meansdof adjusting said Rraig aid gain

Gt oSt FRBStnudloT ol TN R IR g e "

described and illustrated the principles of the
present invention in enbodinents thereof, it should be
apparent to those skilled in the art that t he present

epar rom such princrp
hemxding aidegaiocomprises meares foc applym‘g dyttarmcm& reduct|on
i nvention may be made without departing fromthe
teghnNiAUes: her eof, and the present invention includes all
such changes and nodi fications. CLAIMS 1. A heari ng aid
conprising at | east one m crophone, a signal
processi ng nmeans and an out put transducer, wherein

. Thavﬁat.pgg.&%?&gigr@@ cflélﬁtdﬂ\ﬂhé‘rre‘ir?@éi angegt said

: Tﬁgin%jetﬁi)g accor%rn CFO 515{919 Z%ﬁg?eitt %a%@%@%ﬁ? chroadjusting said hearing

aid gain are adapted to improve speech intelligibility in noise of said output

signal.

. The hearing aid according to claim 3, wherein said means for adjusting said

hearing aid gain further comprises means for optimizing a speech intelligibility

index.

. The hearing aid according to claim 4, wherein said means for adjusting said

hearing aid gain is adapted to optimize said speech intelligibility index to
produce a set of frequency dependent speech intelligibility index gain values for

each time sample of said input signal.
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receive an input signal fromthe m crophone, wherein
said signal processing neans is adapted to apply a

wahmardgegisai d gain to said i nput signal to proREIZERA07/051890

out put signal to be outputlby said output transducer,
and wherein said signal processing neans further
conprises neans for adjusting said hearing aid gain
according to direct transmi ssion gain calculated for
the hearing aid. 2. The hearing aid according to claim

. Tlé% hﬁ@@@ﬁaﬁ i@soqﬂ@gqg OJf t@% pV?éé%ﬁ%mqs t\ﬁﬁér’eﬂ‘gséﬁh%eans

forr edmuhgrsatoenémmgwﬂ ga’in is ddeptegtdadjuac savdmmmgcald gain to a
claim?2 , wherejn said neans for adjusting said

valganchBelanusgjdidiregt BaRYBISEON 98N nprove speech
intelligibility in noise of said output signal. 4 .
The hearing aid according to claim3, wherein said
maans for adjusting said hearing aid gain further

. ThAPRRIG A RSy nRdaERes! (s REE R R Mo VARIER) B gneans

fo? ‘éd sﬂh@“séld h¥dWHEAID efivh ?rdﬁ‘@ébsa afetpiatgin K‘Qné?é ﬁdapted to

Ing~aid gain’s adapted to optim ze Said speech
adjustesand gebring aid gaindg atv;alm oabb@low said diect trargraissipn gain

ent. speech intelligibility index galn val ues for
p'@ﬁéﬁ"f‘f’#ﬁtysrﬁﬁ{ﬁ'% of said input signal.6 . The hearing
aid according to one of the preceding clains, wherein
said neans for adjusting said hearing aid gain is
adapted to adjust said hearing aid gain to a value not

. Tﬁ’@hg%’\\h @'agi g&fo‘?&hgtté %@%rqf%?él% Y - wﬂerengﬁdriﬁ A fbr

acc recedi’ng clai ns, erein
c&l&uldtnﬁ@a@e‘éoh irgtd fligibility gndexi |sI aheatechtg -I«:Ul@m aspeech

ovi des a saf et Kk t t t
T A T R T

transm ssi on gain

. The hearing aid according to claim 8, wherein said input parameters comprises

at least one of a frequency dependent hearing threshold level, an estimated

noise level, and an estimated speech level.

10. The hearing aid according to claim 3 or 9, wherein said means for adjusting said

hearing aid gain is adapted to calculate a noise reducing hearing aid gain from
an initial hearing aid gain and said optimized speech intelligibility index gain, and
to adjust said noise reducing hearing aid gain to a value not below a threshold

level.

11. The hearing aid according to claim 10, wherein said threshold level is the level

of said direct transmission gain.
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plus said safety margin. 8. The hearing aid according
to one of clains 3 to 7, wherein said nmeans for
wa20v9ats ng a speech intelligibility index i PGUERRVENDS1890
to calculate a speech intekligibility index gain as a
function of a plurality of input paraneters. 9. The
hearing aid according to claim8 , wherein said input
paraneters conprises at | east one of a frequency
dependent hearing threshold |l evel, an estinated noise

12.ThB §toB AN ARdiaig i cita™ B GRe R P s BTRLL g teve
oﬁs?mdscﬁneegtrémrﬂus@ww phigla gafgly nsargmapt ed to
cal cul ate a noise reducing hearing aid gain froman

initial hearing aid gain and said optim zed speech
intelligibility index gain, and to adjust said noise
reduci ng hearing aid gain to a val ue not bel ow a

13. Thbtheaking aiid egedrdingltoTdne dfeciaimey1 Gital12cwbetimgaidaneamas for

akice géﬁ%%%%léﬁ%ﬁi{%%cﬁaﬁ St fr.anibst egeisor iR,
ré@cﬁ{gf& iy ai\ﬂ"q%'u‘?bgfo?@ é’%@ﬁf‘@hfﬁ it §éf@|ndls% fRicirRMfdaring

|rect ransm ssi n galn us a saf ety mar gi n.
amlagam avduddhbe hglaw da mictbmsjmirg level, dummﬁ saldaneise 1ed ucnng

wh id f d h
ng&ing A SRR SEe A RREaE a8 ALl Ry PG| gl rheans
fdr%@t&natmg@apéétgw mitelligiBility ingeer e adj ustment and, if
sai d noi se reducing hearing aid gain would be beI ow

said threshold level, to input said noise reducing
hearing aid gain bef or e adj ustment as a further input
paraneter to said neans for cal culating a speech

14. Thathehlihgiaid htctc}rdinlgdemneldf cldihes héan 8 nghaieth aaiclasadétygnargin
to one of clains 7 to _13, wherein sajd safet rmfre‘?in
isiasgaingealve Felhgdange oh8 tp A58 direteradly 18 tfa%rarfaeefﬁ ihi§ dB.
in the range of 5 to 15 dB.

15.The hearing aid according to one of claims 7 to 13, wherein said safety margin

is a gain value of 5 to 8 dB, preferably 7 to 8 dB.

16. The hearing aid according to one of the preceding claims, further 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

independently.

17.A method of reducing noise in a hearing aid comprising at least one microphone

producing an input signal, a signal processing means producing an output signal
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15. The hearing aid according to one of clainms 7 to 13,
wherein said safety margin is a gain value of 5 to 8
waBp7/poefserably 7 to 8 dB. 16. The heari ng ai cPCT/EP2007/051890
according to one of the préceding clains, further
conprising a band-split filter for converting said

frb ?hrﬂﬂ@ AdltshPan SuiRit 'trtanbﬂﬁéér sutgiahg safd é’utput signal,

ura ity o frequency bands and wherein said hearing
Wheobmsafdﬁmeﬂmd eeraptigeb.t o process said band-split

e AR s AR0oR ol el PERER Sy MR i g s user
heﬁfarmgerﬂbﬂ/ &fodai hehhffg ald; lagd@st one ni crophone
produci ng an input signal, a S|gnal processi ng nmeans

-pr eaplying;a Asating gist gainge spid bRHESIDAAl tapueduseypaid outpid

%@%F\ %f‘éeré%:%ﬁ(# ?\gg % élhqg aﬁ@]'tsijecpb% Qgﬁjdcﬁf'&??rgnsmlsswn

t r gags tHaoBagchenring aldlﬁﬁred; fatrses & d vaker belgwasaitl dinelct
its user in a nenory of said hearing aid; and -
apFPFEMIPSIPMEalNi ng aid gain to said input signal to
produce said output signal, wherein said hearing aid
gain is adjusted by said direct transm ssion gain so
that said hearing aid gain is not set to a val ue bel ow

18. Thg riatpfiprordifbiis A 37 (RBpiin SAICAIFRS PAGSURS 58I hddting
afdeﬁlh REnfIrided Ihd s dppha %H?nér‘hﬁpn&ée el dtioRGechniques.

dyham c noi se reduction techni ques. 19. The nethod
according to claim 18, wherein said step of adjusting
said hearing aid gain conprises inmproving speech
intelligibility in noise of said output signal. 20.

19. Tﬁ'élmétﬁbb@@camt%tb ¢lgint a8cwakreid Saidvdtep ef adp.atldg shigbhexdring
adj ustin aid hearing aid gain further co

a@tgzapn @prrwtsemlrﬂpr@mw §m%céhlntqﬁltqm>li'tygn Rorse 9/ Jaidioutols signal.
1. The method according to one of clainms 17 to 20,
wherein said step of adjusting

20. The method according to claim 19, wherein said step of adjusting said hearing

aid gain further comprises a step of optimizing a speech intelligibility index.

21.The method according to one of claims 17 to 20, wherein said step of adjusting
said hearing aid gain comprises calculating a speech intelligibility index gain
reducing the noise in said output signal and adjusting said hearing aid gain by

said speech intelligibility index gain.

22.The method according to one of claims 17 to 20, wherein said step of adjusting
said hearing aid gain comprises optimizing said speech intelligibility index to
produce a set of frequency dependent speech intelligibility index gain values for

each time sample of said input signal.
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said hearing aid gain conprises calculating a speech

intelligibility index gain reducing the noise in said
woupm9ls gnal and adj usting said hearing ai d REA/EP20§7/051890

said speech intelligibilit92index gain. 22. The nethod

according to one of clainms 17 to 20, wherein said step

of adjusting said hearing aid gain conprises

optim zing said speech intelligibility index to

produce a set of frequency dependent speech

intel ligibili | hdex LN v f i npl e
23. The viihed iy Iphare oBBani 20 46 22 *heflF Sek st Ane
infdlligibifity T deR ght BZaloulgtediwitrseaid dveeegansmission gain as a
intelligibility index gain is calculated with said ,
censteaint torensyrg éﬁt saidpgaiingsaid gaphistnalisst ta @ valyepelow said
t [ ri aid gain is not set to a val ue bel ow
d@%ﬁé“ﬁ%bﬂ%ggﬁggﬁgnission gain. 24. The nethod
according to one of clainms 17 to 23, wherein said
hearing aid gain is not set to a value bel ow said
direct transm ssion gain plus a safety margin k. 25.
- | . . , .
24. TR RGTRLABECTUR .51 oA B 1522, Hhereir sh ¥aring aid gain
isgiajrsal td atvaluedrelowsaid diregiutansimjssios gain pluplausafetytpacgsin k.
frequency bands and wherein said nethod is further
carried out for each of said frequency bands. 26. The
nmet hod according to one of clains 2 1 to 24, wherein
said speech intelligibility index gain conprises a set
25. The methad @cegrdingpionenaef gaints 2htedd, turihen camgrising the step of

oGSt b5 b ST TA kel i PR Slets of SRISIP G, O
freGEBHYysarte &l Whereimsaki ngthaidds dunthpesri cairned oatifus eboh of said
carrying out a nmethod according to one of clains 17 to

freguenay bRnd$nput er program conpri si ng execut abl e
program code whi ch, when

26.The method according to one of claims 21 to 24, wherein said speech
intelligibility index gain comprises a set of frequency dependent gain values
which are calculated simultaneously for an actual time sample of said frequency

dependent input signal.

27.A system of reducing noise in a hearing aid comprising means for carrying out a

method according to one of claims 17 to 26.

28.A computer program comprising executable program code which, when

executed on a computer, executes a method according to one of claims 17 to

26.



executed on a conputer, executes a nmethod according to

one of clains 17 to 26.29. A conputer program product
wawat/edmisng a conputer readabl e medi um wi th exXREIUERDO 7051890

program code whi ch, when ef®cuted on a conputer,

executes a nethod according to one of clains 17 to 26.

29.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 17 to 26.



