WO 2007/045271 PCTIEP2005/055305 Method and system for fitting a

hearing aid BACKGROUND OF THE INVENTION 1. Field of the

inventi enerally, the present invention relates to the field of hearing. . .

“}agc@oé@é% zzac? fnethod and system for estimating otherwise unl%]rgc;r\f\%:r? PRISER
functions for an individual hearing aid. Moreover, the present invention
relates to a method and system for adjusting or fitting of a hearing aid
using an estimated vent parameter and more particularly to a computer
implemented method and a computer system for fitting a hearing aid gain
by estimating the best fit acoustic model of the hearing aid by modelling a
performed measurement with transmission line theory. 2. Description of
the related diaibathgnilis ysitchafomidiiteg o begtasgdsitor on the
ear are known in the art. In WO 03/034784 Al a digital hearing aid system
is described where a part of the system is intended for delivering sound
into an ear canal of a hearing aid user and this part provides the ear
canal with a vent or gg}w@ﬁggwgg qggfc__arl W@ﬂ?@%he occurrence of
the known occlusion effect which is often experienced uncomfortable by
the hearing aid user. The geometry of individual ear canals of a hearing
aid user interacts with the dimensions of the ventilation canal in
determining the acoustic properties and hence the actual gain of the
1. R NS dNRYD07/045271 PCT/EP2005/055305 Even if a hearing aid

with a sealed plug is used because of the individual ear canal geometry a
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aid.af\qo"rvé%\/@rﬂ%éblﬁees%rnt mvention relates to a method and system for adjusting or
fitting of a hearing aid using an estimated vent parameter and more particuiarly to a
computer implemented method and a computer system for fitting a hearing aid gain by
estimating the best fit acoustic model of the hearing aid by modelling a performed

measurement with transmission line theory.
2. Description of the related art
Hearing aids which are intended o be placed in or on the ear are known in the art.

in WQ 03/034784 A1 a digital hearing aid system is described where a part of the
system is intended for delivering sound into an ear canal of a hearing aid user and this
part provides the ear canal with a vent or ventiiation canal in order to reduce the
occurrence of the known occlusion effect which is often experienced uncomfortable by

the hearing aid user.

The geomeiry of individual ear canals of a hearing aid user interacts with the
dimensions of the ventilation canal in determining the acoustic properiies and hence

the actual gain of the hearing aid.



plug, for example made by silicon, which normally adapts to the individual
ear canal geometry of the user. The fitting of a hearing aid is normally
d&gﬂ?)_gélqsazrjilaqdlologlst in a fitting session in WhICh.the hearlpn HE]II;%?GI’%%QSSGS
evels'incertain frequency bands of the future hearing aid user’is
measured to determine the appropriate hearing aid gain over a frequency
range. The frequency dependent measurement of the hearing loss or the
so-called hearing threshold level (HTL) may be done by recording an
audiogram. An audiogram is the graphical representation of a hearing
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the eardrum at the hearing threshold. The necessary gainto be provi
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when using the actual hearing aid influencing the sound pressure or other
geom Q\%t?iﬁ%l’é%eé}ties in the ear and thus the actual gain of the hearing aid
are not taken into account in the calculation of the hearing aid gain.
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fitting a hearing aid taking the acoustic properties of the hearing aid in the
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is the graphical representation of a hearing test. It shows for each ear the minimum
sound leve!l required for the future hearing aid user to be able o hear sound per
different frequency. The provided sound in the test may be produced by loudspeakers
or & hearing aid like device which then als¢ measures the sound pressure at the

eardrum at the hearing threshold.

The necessary gain to be provided by the hearing aid is then calcuiated based on the
audiogram and further fitting rules. However, a leakage or even a ventilation canal
(vent) present when using the actual hearing aid infiuencing the sound pressure or
other acoustical properties in the ear and thus the actual gain of the hearing aid are
not taken into account in the calculation of the hearing aid gain. Hence, it may be a
problem in the state of the art of hearing aid fitting routines not to calculate the hearing
aid gain based on the acoustic properties of the individual sar canal of the user with

the actual hearing aid placed in the ear.

Thus, there is a need for improved technigues for fitting a hearing aid taking the
acoustic properties of the hearing aid in the individual ear canal of the hearing

impaired person into account.



all individuals irrespective of their individual anatomical differences and
hearing aid plugs, This idealised condition is obtained by assuming that
any individual ear with any individual plugs behaves like a standard ear
plug mounted on a coupler, simulating the average ear. However, there is

no such thing as an @@mﬁ?\%yggnﬂ_@m Ia)wtlng today gives a

fair estimate on the prescri gain, several discrepancies persist in the
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gain in the hearing aid using the corrected hearing threshold taking
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an in-situ hearing aid; estimating an effective vent parameter for the
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based on said effective vent parameter; correcting said hearing aid gain

Exg%ﬂéeg%%%% FOUSS t{': rg@t”%he measured hearing threshold, when & so-
cailed in-situ audiogram is recorded.

Exampie embodiments can calculate the needed gain in the hearing aid using
the corrected hearing thresholid taking account of the acoustic environment.

In a first aspect of the invention, there is provided a method for fitting a hearing
aid gain, comprising the following steps for at least one frequency band:
measuring a loop gain of an in-situ hearing aid; estimating an effective vent
parameter for the hearing aid by determining that vent parameter as said
effective vent parameter that provides the best fif between a number of
predetermined loop gains and the measured loop gain, caiculating a correction
gain based on said effective vent parameter; correcting said hearing aid gain by
means of said correction gain.

Also disclosed is a method for fitting a hearing aid which comprises the steps of
measuring an acoustic property of an in-situ hearing aid, estimating an equivalent
hearing aid configuration, wherein the



Also disclosed is a method for fitting a hearing aid which comprises the
steps of measuring an acoustic property of an in-situ hearing aid,
estimating an equivalent hearing aid configuration, wherein the 3
estimation is generated by the best fit between a number of
predetermined acoustic properties and the measured acoustic property,
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hearing aid feature. In example embodiments, the measured _
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which replicates the measured in-situtrans nction, vent effect and
direct transmission gain. For example, the different hearing aid
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vent effect and direct transmission gain. For example, the different hearing aid
configurations are represented according to this aspect by different vent
parameiers.

The predetermined loop gain may be based on modelied data, experimental
data, estimates or any combinations thereof. The predetermined loop gains and
the corresponding vent effects and direct transmission gains may be entered into
tables for faster computation.



4 in a second aspect of the invention, there is provided a computer
program containing executable program code which, when executed on a
computer, executes a method according to the first aspect. In a third
aspect of the invention, there is provided a computer program product, -
containing executable program code which, when executed on a
In QSR axeeHhed difetRvaricsortiftrtdSheraMeed e ceampUiGrprogram
coagpeayobitzingertignothere isw@v\idad;;]@ sya@mgsaé&m@% ahearesmpider,
ich i jgur rryin t a method according to the first aspect.
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carrying out a method according to the first aspect. In a sixth aspect of the
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for the hearing aid by determining that vent parameter as effective vent
, rameter that provides the best fit between a number of predetermined
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portion for correcting said hearing aid gain by means of said correction
gain. In example embodiments, the computer system is normally applied
In & §fRuagrertaiohe WiieHione Keanng Arddss fdieryingerigdaanpied to
cagqinganal ohibeh dieatagraikbusaenaniidsaysegonnected to the computer
system which comprises executable program code for carrying out a
fitting routine. 5 This fitting routine is carried out at least for one relevant
In feecisticyasaagt of the invention, there is provided a computer system

connectable to a hearing aid for fitling a hearing aid gain, comprising executable
program code including: a program portion for measuring a ioop gain of an in-situ
hearing aid; a program portion for estimating an effective vent parameter for the
hearing aid by determining that vent parameter as effective vent parameter that
provides the best fit between a number of predetermined loop gains and the
measured loop gain; a program portion for calculating a correction gain based on
said effective vent parameter; a program portion for correcting said hearing aid
gain by means of said correction gain.

In example embodiments, the computer system is normally applied in a fitting
situation in which the hearing aid to be fitted is inserted in the ear canal of the
hearing aid user and is also connected to the computer system which comprises
executable program code for carrying out a fitting routine.



With a method and a computer system according to example
embodiments it is possible to provide a fitting routine which takes the
acoustic properties of the estimated effective vent parameter in a
frequency band into account which means that the determined hearing
aidg&iﬁ?s ﬁ/ be corrected by means of a vent effect that would be
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performed measurement with fransmission line theory, in which one or more
parameter is varied to give the best fit between measurement and simulation, the
entire best fit acoustic system is known,
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loop gain of the hearing aid in the ear canal of a hearing aid user,
estimating an effective vent parameter for the hearing aid by determining
a vent parameter that generates the best fit between a modelled and the
measured loop gain, determining a vent effect based on the estimated

effective ve r, and providing a carrected hearing aid gain b
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modifications, be represented by vent length, vent inductance, vent
volume or other mathematical combinations of the vent geometry or leak.
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hebnttependeot fHitithe Preseebeddfitiidggaie, Whichciibetegcipaietn is normally
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ear canal of the hearing impaired person and is also connected o the computer
system which comprises exscutable program code for carrying out a fitting
routine. The program code executed on the computer system includes program
portions for measuring loop gain of the hearing aid in the ear canal of the hearing
aid user, for estimating an effective vent parameter for the hearing aid by
determining a vent parameter that generates the best fit between a modelied and
the measured loop gain, for determining a vent effect value based on the
estimated effective vent parameter, and for providing a corrected hearing aid
gain by means of the determined vent effect. This fitling routine is also carried
out at least for one relevant frequency band.

Also disclosed is the vent parameter is sufficiently defined by the vent diameter,
but could, according to further modifications, be represented by vent iength, vent
inductance, vent volume or other mathematical combinations of the vent
geomelry or leak.



It is a further advantage that example embodiments are applicable for all
known types of hearing aids, including BTE, ITE, CIC with any type of
earplug or earshell ranging from the tightest full concha plug to a sound
tube inserted in the ear. A further advantage is that the vent effect and
.the direct transmission gain can be  assessed and.estimated without an
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demand four measurements of the sound pressure with two different
- sound sources and two different ear plugs (open and closed vent). It is an
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because variations in e:g. the ear canal geometry is reflected in the
®@measured transfer function, such as the feedback test, and thus in the
effective vent parameter. The uncontrolled leakage between plug and
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It is an even further advantage, that the method according to example
embodiments provides & more accurate estimated vent effect, than would be
obtained if modeliing the vent by using ifs physical vent size. This is because
variations in e.g. the ear canal geomelry is refiected in the measured transfer
function, such as the feedback test, and thus in the effective vent parameter.

The uncontrolied leakage between plug and canal is very difficult to determine in
the clinic. Ancther advantage is that in optimising the simulated vent parameter,
any leakage, which acoustically behaves much the same way as a vent, will be
contained in the effective parameter. For example, in the presence of a ieakage,
the effective vent wouid be shorter or wider. This means that example
embodiments take the uncontrolled ieakage intc account when fitting the hearing
aid 1o the user,

Considering the vent effect and the direct sound transmission, parameters such
as the vent diameter, the vent length, the insertion depth in the ear canal and the
ear canal



volume has similar influence, i.e. these parameters move the cut-off
frequency of the vent effect. Therefore, any of these parameters could in
principle be used as vent parameter. However, since the vent diameter
has the most significant influence, and is most intuitively used, it is,
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simulated ear IS due to the fact that the best fit between measured
and simulated loop gain is equivalent to the best fit between measured
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Vaﬂ?ﬁ&ﬁdﬁ%ﬁ@éﬁﬁiﬁ@the in-situ hearing aid as an acoustic system
comprising a plurality of acoustic elements. According to a particular -
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vast majority of the ordered earplugs or shells comprise a vent (also called
venting), example embodiments allow for a more accurate fitting for most of the
hearing aid users and, therefore, may elegantly contribute {c a better hearing of a
wide range of hearing impaired persons.

In example embodiments, the methed further comprises the step of calculating
the modeiled transfer function by defining the in-situ hearing aid as an acoustic
system comprising a plurality of acoustic elements.

| According to a parficular embodiment, the method comprises the step of
simulating the modelied loop gain by modelling an acoustic system defining the
hearing aid in an ear canal by describing elements of the acoustic system by
frequency dependent transmission matnices, multiplying the transmission
matrices to a single iransmission matrix defining the acoustic system, and
calculating at least



hearing aid in an ear canal by describing elements of the acoustic system
by frequency dependent transmission matrices, multiplying the
transmission matrices to a single transmission matrix defining the
acoustic system, and calculating at least 8 one transfer function for the
a oust'P s¥stem by usiph%the single transmission .mattrix. The acpustic _—
one_fransier tunction’ for FEOUSHC sgs}em usip h? smﬁlef ransmission
System may comprise amplitiide correction filter, @tal 0 analogue™
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_example embodiments, methods and systems can comprise the step o
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usd-suditingmibedresibhiiting mayibavedn adwioiagearas HIE keasingifddent
¢ is fit under reali?tic acousti Corp(git:i} qqse%gg thFresforrengir\ée %og_]gi%gg%n

re8HROR TR RAr Fmeéqﬁ%'%ll%r%%a ?y functi’oﬁ;inoaaily dse."However, since g
thragiwid daretst@mudispthhimisss rast wike thitd aecognaithénvibst esiyc ear, the

auBRRRaANLdstheanlieclive.vant BARRISH SUehRsittheent tiRMEISKY fiting
also the in-situ audiogram needs to be corrected for the vent effect. Thus,
MaKelRYEs A LBEATS 8 Mo A oAty The IRUST. "aalRUG AFOUSte

cobdi%ieatﬂx@an}jekﬁfemw paravaeperibyemeaswritig @meaidum&.tmnmﬂbly
fui%?o"ﬁ(fﬁy%%l ¥IEM-BEuGing dhe leakaoe pah. Aeteiung & Restdit ot take

. ective vent parameter by simulating the transfer function for different
intgeatCRBPA SN CEIERIFARRG I LR ECtBR GHRCHHR YeBRR@ERERUCh a8
thpgeameatemead also the in-situ audiogram needs to be corrected for the vent

effect. Thus, methods and systems are provided for correcting the in-situ
audiogram based on the effeclive vent parameter by measuring a transfer
function of the acoustic system including the leakage path, determining a best fit
effective vent paramester by simulating the transfer funciion for different vent
parameiers, caiculating the correction gain with the effective vent parameter, and
correcting the in-situ audiogram with the correction gain.

The corrected hearing aid gain for a user's hearing aid can be calculated by
deriving a hearing aid gain from the measured hearing threshold level of the user
and then correcting the hearing aid gain by adding the vent effect value which wiil
then give a gain when the hearing aid is placed in the ear which takes the vent
effect according to the estimated effective vent diameter into account. Normaliy
the vent effect value is a negative gain amount since the vent dampens the
sound signal transmitted from the outiet of the receiver back to the inlet of the
microphone.



correcting the in-situ audiogram with the correction gain. The corrected

hearing aid gain for a user's hearing aid can be calculated by deriving a

hearing aid gain from the measured hearing threshold level of the user

and then correcting the hearing aid gain by adding the vent effect value

which will then give a gain when the hegring aid is placed in the ear which
ACHERED D B B AR o Tt SE e B S VLI e neRipor e
theintetacooaio N of radigq tea wedepifodeniidiecst s negdtivengairssimobased on
the%é‘fﬁr@f?eé(%ﬁé&?j@é’%@ﬁ%%r%%}@ %aaaéh%aam%ﬂ foprm tagrauiet H&iaring

_ the receiver back to the inlet of the microphone. 9 According to example
24 GRBLRNTRARESREIREREIRIN SIS ELROH A ERES TR the
determination of a frequency dependent direct sound transmission based
n,. ) | ] rovi . o
A e btz model
of tthRsrifission. M3EsAibelYs BRI afid BSERMFEr SBEARHRE AN with
traheshiditissousdiciaedel ipfdhrinsie beaiine aid bynarededingrrepedosmece
bedl 1 HeRuEan with, transmission line. theory, 15 which one ofmolSe e pest fit
e%a ' S‘é’re’l%nvg?%%sflo give he " Deal it Detwee meaﬁjremen ané '
acgiistidaaicrieByiibiryvso ke eitvérsetigicaiesiadion sfasmiigneieniineie in
the?¥{ewing the calculation of any transfer function in the hearing aid. Other
advantages of the example embodiments will become more apparent from
the following detailed description taken in conjunction with the
Otescamhpariyires dfdnéngsawbicheithistchitbeeiy wall mfeamenplerarmpparent from
N . iod i bodi _ E
N o il e 1aaTy i ond By Gy pering
dr?&l%ﬂﬁnb"ﬂéfhi!@ésgég%riBMOW?H of example, the principles embodied in the

example embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be readily understood by the following detailed description in

conjunction with the accompanying drawings, wherein like reference numerals
designate like structural elements, and in which:

10



conjunction with the accompanying drawings, wherein like reference
numerals designate like structural elements, and in which: 10 WO

“%997/794,'32?71 PCT/EP2005/055305 Fig. 1 is a flow diagram %f 3 method
0071045571 ) , . PCT/EP005/055305
according to a first embodiment of the present invention. Fig.'21Sa

schematic block diagram of a system according to another embodiment of
the present invention. Fig. 3 is a flow diagram of a method for modelling a

Fig. {ra0s{eidWneLgrRaccardingda a8 M@‘?Q@E‘Q?WHQW%?& 8resen’c
Figs. 4a, 4b, and 4c illustrate transfer functions that have been measure _
arlgveai@Mated in connection with embodiments of the present invention.

Figs, 5a, 5b and 5c and 6a, 6b and 6¢ show flow diagrams of methods

. ccording to further empodiments of the present invention. Figures 5a, 5b
Fig. §118 8RR AP bIGRFTOR B ITER: AURR A PEgTnSTRRdeent of
vethegifestiffiguessiotn, 6b and 6¢ explain step by step how the hearing
aid gain is corrected for the vent effect and the direct sound. Figs. 7a and
7b show a flow diagram of a method according to an embodiment of the
Fig. presefvinviegiam DET At DO CRIRTIQNCRTHE INNVENT I@Nording fo an

FUdhefRIEs gﬁﬁ%i&gg Reclionith the explanation of the present

invention will now be defined: The leakage path is defined as the
complete acoustic path from the plane of the sound canal exit to the

Figs.QHisige ghiheeal@rdireyasie)-ilhaiaakans pallk cersisieatared and
controlled leak (e.g. the vent) and an_uncontrolled leak between the ear
c&flgulated in coniection with embodiments of the present invention.

Figs. ba, bb and S¢ and 8a, B8b and 8¢ show flow diagrams of methods according to
further embodiments of the present inventfion. Figures 5a, 5b and 5c expiain
step by step how the in-situ audiogram is correcied for the vent effect. Figures
8a, 8k and 6¢ explain step by step how the hearing aid gain is corrected for the
vent effect and the direct sound.

Figs. 7a and 7b show a flow diagram of a method according to an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

Further ferms used in connection with the explanation of the present invention will now
be defined: |

The leakage path is defined as the complete acoustic path from the plane of the sound
canal exit to the outside of the ear {(or in reverse}. The leakage path consisis of a

controlled ieak (e.g. the vent) and an uncontrolied leak between the ear canal and the
plug. '

i1
SUBSTITUTE SHEET (RULE 26)



11 SUBSTITUTE SHEET (RULE 26) WO 2007/045271

PC'T/EP200S/055305 The acoustic system is defined as the series of
%gh;gsglﬁments along which the sound can propagate a%wgiaﬁﬂeis%sssﬂs

typically initiated by a sound generator and concluded by a sound or '

vibration sensor. An acoustic element is defined as block-wise elements

within which the acoustic properties are the same. It includes sound

generators, such as the receiver, sound mediators such as tubes, the

Thevartilatiorsgsieat ¢ thefiead candicl wmed ohpedasioe & lswentasdiegnidien the

r and radiation impedance etg. ement is, descyib

o A A R RS S g, generator and
conaiugesnmisSicaunte ahebratiom saaseematical way of describing an entire

acoustic system by acoustic elements, i.e. a cylindrical tube or the

receiver. With transmission_ line theory, the transfer function from one .
AN RROAHTINA 18! eRGTHelsiEaIEHaRSd B MBI AR IRE EafERs SIGiF fafifcgg oustic
profRIORg ﬁmaaws;tmr@a' aith ﬁﬁfﬁﬂd@@ ?@uff@egglﬁ@mtéegsgﬁcw&@gh@o@ekﬁgr, sound

rancnes jnto accoun er ting total transmission matrix, whicn Is
me Rl 7 (1 Pt AR T B O, T St o B bappedances
sucldrasntoe arfediatioarirape danceiothenpdescrise s theemtiresdooastics described
~hhetr tion | ' rati en the

matﬁ%ﬁﬁﬁ%@ SB e%%%%fg%&{%%ﬁ%lgp%ﬁ%%ﬂ%%ﬁﬁ%%ﬁg%%% e%nk%?rj\)él the measured

output signal at a given place in the acoustic system. The input and

TrarRHRESONRIS SREcRItNer heelarticalcaresianiales feovstsal ek acoustic

transfer function is calculated from the total transmission matrix and the
SYSIREH AR i BEAPREST heré PP HécahtupfniitdBen RABKPOA e fEdISMission
line tiagsigr fHBCtiansie af AeRUstRsySEB. Thefifedivevenidaramelienisted by
r.eIor_esented%}/an arameter that may be used for g@s%ribin ant%)r
MEPGIELE A RSP RRISA TR F8aKRGE. Thé SHELHR ICn T BaY dRfefiurce to the

sensor, taking possible branches into account. The resulting total transmission matrix,

mul

which is terminated by the tast impedance in the acoustic system {(e.g. the ear drum or

a radiation impedance), then describes the entire acoustic system.

The transfer function is defined as the ratio between the freguency spectrum of the
input to the acoustic system and the measured output signal at a given place in the
acoustic system. The input ancd output sighals can either be electrical, mechanical or
acoustical. The transfer function is calculated from the total transmission matrix and
the terminating impedance. There may be an uniimited number of different transfer

functions in an gcoustic system.

The effective vent parameter is represented by any parameter that may be used for
describing any controlled and/cr uncentrolied leakage. The effective vent parameter
may thus be defined by one dimension of a vent of arbitrary geometry, e.g. the vent
diameter for a cylindrical vent, vent height or width for a rectangular vent, vent length
or combinations of the dimensions such as vent volume or vent inductance, eic. This

parameter is determined so that it provides approximately the same acoustic

12



may thus be defined by one dimension of a vent of arbitrary geometry,

e.g. the vent diameter for a cylindrical vent, vent height or width for a
v&g%qug%vent, vent length or combinations of the dimensl';(ajtﬁﬁ,g;&g/%30R

vent volume or vent inductance, etc. This parameter is determined so that

it provides approximately the same acoustic 12 WO 2007/045271

PCT/PP2005/055305 properties as the joined forces of the actual

ventilation canal of the hearing aid and the leakage between the ear
PropanigsRsIdairinee ©asprig dharcHihNARptRiion kaan fivhnthgeroousd and the
lealtBg/Bafliameieeas sap e RaAMBICbAINER bhas e sigik effect on

the vent effect and the direct sound as the vent length, the insertion depth

and the residual ear canal volume and is most intuitively used. The vent
It ieeHeckdsdhaydabineskahthesoutidpsassasetat theregrdagnetthatsiice it has the
sim %!‘Sﬁ%t&‘?'ﬁq%g‘%ehﬁaé%Pe%?édn&%%'%%F%E‘%S‘u%%aé%dtﬁg&%%’t‘ L HELAUVE 1O sertion

e éar with the reéspective éar plug with a given vent diametér and

deptngd. tid copaiad ifectomas/ belushaalzddsl ressilimtyitivedygisectable of gain

values for certain possible vent diameters. The vent effect may be

expressed as a gain value for each frequency, and may further be

Thecursliiatiea'fsrian) Aafmser 3T ReRReRe)HarRIg FoRliE8 RPTHEHBARRY BRENerated

by PHECHSPMAd JrANSRISRONINAYLe Ladneskasdhe-saundipsessurak fiewith the
ear drum that is generated by an acoustic source outside the ear relative

resREHR R pESHE & BECEXIERbARRE GG GaErald BiF e damanay be
simsdateeerebhtivgliie ordhe vablesdhtie vaites! sourshransmistienvsraldameters.

calleﬁj irect transmission gain. Also the direct transmission gain may be
T e T e s S S AR o RSO0 RO NS rurner

be diestatiethEmssionugainisilied.it nefebandstiertraasfetfahetoimovizii which
the hearing aid gain is corrected. The loop gain represents an in-situ
~ measurement of sound transmitted through an acoustic system
DiregiripHathaneisiag ensathe TrinssPg it riay seniRssstivedf Byeaar drum that
is generated by an acoustic source outside the ear relative to a sound pressure at the
exierior vent opening generated by the same source. The valde or the values of the
direct sound transmission is alsc called direct transmission gain. Also the direct
transmission gain may be simulated by modelling the acoustic system. in the following,
if the term direct transmission gain is used if refers to the transfer function with which

the hearing aid gain is corrected.

The loop gain represents an in-situ measurement of sound transmitted through an
acoustic system comprising the leakage path. The loop gain may be measured by a
so-called feedback test, which is normatly routinely performed during the fitting routine
for estimating the maximum hearing aid gain. The methed according to the present
invention will therefore advantageously not reguire any additional manosuvres or
measurements and thus allow o slegantly estimating an effective vent parameter for
use in the fitting routine provided by methods and systems according to the present

invention.
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so-called feedback test, which is normally routinely performed during the
fitting routine for estimating the maximum hearing aid gain. The method
ccording. to the present invention will therefore advantageously not =~
Wzr%e)qzl(??r-le(}‘é%;ladditional manoeuvres or measurements and thug é‘ W Yg 20
elegantly estimating an effective vent parameter for use in the fitting
routine provided by methods and systems according to the present
invention. 13 WO 2007/045271 PCT/EP2005/055305 Hearing aid
Hepangrastgrsranepmraane teesatedisirgdaiyifennne btheshefatingaiciag the as the

ned15R) 100 YAk WB??rg(ﬁrgfgﬁég?géﬁrﬁﬁgﬁ‘@@%@gﬁ&%@ﬁ%j&@, etc. The

filter, etc.” The features may co ancelling, noise
featapsciisy, cunmpssiteabatk cpnsalitng Hsssmsedidcionfigomnlensdefines.

dimensions of the acoustic coupling to the ear, including receiver type,

tubing,%éear canal, ear drum, vent etc. as well as electronic configuration of

PhYRCHGRTE idi fe SRS I AR nag HETGBRICES R hErachitels sruPipe to the

eartarus@ogustieipsopaidy Ribirnsier fanetiomkae aso/uredito sefinel as etectronic
roperties of an individu [ jch are otherwise unknown

f i d and
corFIRAU 1008 PR DTRUCES OHToP A g W ERAgIO Anj st
other hearing aid feature. Examples for the acoustic property or transfer

' . in, or. t : . to
T bt A e B e e Sl e
an fhdipasafihessingeai amismBee oftheoustciproperiicandndhiled @ispeetiveor fitting

purBRRSER QYR DIBRE Litind B1O8K) APRELLINRPERSIBAINE oA mplcs for

will now be described referrin specific embodiments and relates to a
thenfeieditn RIPRGROhE M%ﬁé%ﬁ’éﬁf‘%ﬁ bt dRPRR NvEinaAYsiRier feedback

meBeariigeaitrissperformed and compared to a pool of predetermined trials
of hearing aid transfer functions. The predetermined pool contains a
number of sets
The equivalent hearing aid configuration is the configuration which gives the best fit

between a number of acoustic properties and the respective measured acoustic

properties.

A broad aspect of the present invention will now be described referring to specific
embodiments and relates to a method in which the measurement of an arbitrary user
worn in-situ hearing aid is performed and compared to a poo! of predetermined trials
of hearing aid transfer functions. The predetermined pool contains a number of sets
of predetermined transfer functions for several materialisations of possible physical
hearing aid configurations. One of these various predetermined transfer functions is
similar to the measured in-situ hearing aid transfer function. An error between the
measured in-situ hearing aid fransfer function and each of the corresponding
predetermined transfer functions is calculated, and the least error defines the best fit.
This best fit represents a certain physical hearing aid configuration, for which any
other transfer function may be determined. In doing s, any transfer function in the in-

situ hearing aid may be estimated from measurement of only one transfer function.
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of predetermined transfer functions for several materialisations of possible
physical hearing aid configurations. One of these various predetermined

“%@Q&f%‘&ﬁ{:tions is similar to the measured in-situ hearingf#yﬁ%#'(%%%sssos

unction.”An error between the measured in-situ hearing aid transfer
function and each of the corresponding predetermined transfer functions
is calculated, and the least error defines the best fit. This best fit
represents a certain physical hearing aid configuration, for which any

ThetRegaparares Thettitie Mayibe ersienifetttinrdorigddamyernpified by any

prdbaciiansit theiruaity hearigaid sm@aebﬁsséma&%@érpmm%a%e&?\hgf or
only one transfer function. 14 WO 2007/045271 PCTIEP2005/05530

alopgdNRddanie iTeRe ARG P BhErR Mithiic Bsurriss ezerislifdday The

progy s;pmﬁ Wwiwwmdh? §?]uml siggidhe @@ﬁ GRINRY, ias@iftaﬁmeﬁ the

earplug,or along.the tubing, I e hearing aid or,In the vicinity of t oute
e A A S o T b 8 R BN O I IRR Bp WHHna) be
theanescogldhider paeivef the ddanay sid ot aqwagmahdgmcm Thingemaraigraid
usdP AN TGRS %9&8%‘%%@%%&%%&5&%@@!%&% Vg, an external

sound source or the voice of the hearing aid user. An example could be
the feedback test of the hearing aid. The pool of predetermined trials of

ThBepHno aid frapsteriinsionsmayibassstrplished HiradghineasHEe meSpe
estimates or simulations. The important thing is that a set of transfer

SRR SisHs 1Y B MfRsY RV 8ath PHERER AR REC N figE RN PiHne
is Cﬂﬁer@r@bﬁaeﬁ(tl‘hﬁﬁﬁsfﬂiﬁ@ﬁtﬁi@rﬂsisdfﬁiﬁfmﬂ:i@@dfé@ré:aﬁﬁt ShypRYsieakring aid
aring aid configyrations, One of these transfer functions must replicate
oM Gt e S P o A OB B DBtb Wlap ot of
- phisacsfeeduingtod nwﬁ@m@@ih@@eﬁdﬂek@e&ﬁﬁﬁefimm tIr_xest repiicate
the”k%%%%[ﬁgrﬁ@ms ‘?rtﬁgnﬁlﬁﬁ‘u tl?gn‘é%‘# %F%?bﬁh%%éﬁ%@@!ﬁ”%ﬁé‘%gwnsfer

the occlusion eftect etc. According to a particular ermbodiment, if the
- furpitcdeterainedydalda elestiigikhérst, for fitling with the measured transfer

function, the vent effect, the direct transmission gain, the occlusion effect etc.

According to a particuiar embodiment, if the predetermined trials are established
through measurements, this could be accomplished, £.g. by taking a person with
an ‘average’ ear, insert a number of piugs with different properties and making
measurements that replicates the in-situ measurement for each plug.

Simultaneously, other relevant transfer functions are measured for each plug.

According to another embodiment, if the predetermined trials are established
through estimates, this could be accomplished by using tables from the literature,

using empirical experience or other for guessing on the relevant transfer functions.

According to still another embodiment, if the predetermined trials are established
through simutations, this could be accomplished by using e.g. transmission line
theory to madel avery part of the acoustic system as closely as possibie, and
vary a certain representative parameter, such as the vent diameter. In this way,

any transfer function can in principle be calculated.

[y
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through measurements, this could be accomplished, e.g. by taking a
person with an ‘average' ear, insert a number of plugs with different

%%ﬁ“g@ﬁnd making measurements that replicates the i mE%
tr

tHEP 005/055305
measurement for each plug. Simultaneously, other relevant transfer

functions are measured for each plug. According to another embodiment,
if the predetermined trials are established through estimates, this could
be accomplished by using tables from the literature, using empirical
experience or other for guessing on the relevant transfer functions.
The pbgsikdingesradl aitbtbmf'mmtsﬁmwtdﬁtmmm@éjémrhﬂﬁ”ecﬁmmmes of the

acouSRiRly gﬁﬁg %qugmswmo tFB%éi%' dp?&aqsemg“%%?dc%s'@gr%m

transmission line theo mo | every f'the acoustic system as

vent @iscid £ 5656 Can va@dé‘rﬁaﬁ F@@fé’%rﬁﬁtlfi@abﬁ%&@ﬁ@{]@rﬁwa“

delidReventdamelay dig this way, any transfer function can in principle be
' calculated. 15 WO 2007/045271 PCT/EP2005/055305 The physical

hearing aid configuration is determined by both dimensions of the
Withaefdistiosavpling thethe e at incledibgdecentesityipe pt@bfmg iaaecanalvianow
um, ventetc. d elec nic_c nflg ration of th aring aid fea
00 dRETIRRG o oI ol for e haIg e WA PeFiean a5 g on o
acousid mamambo:wm@ﬁt Elothegsresgurivaigehtiea g mcmf@e@emmn step

810 5iPScd AP DR AyLRa SRl %\ﬁj%Hﬁﬁ‘@fﬁﬁfm%@feécﬁqé%oustm

property Is derived from an equivalent hearingaid configuration. In ste

tranmofuncé@augnéofraﬁgmptﬁmﬁaﬁ%‘vﬁmrﬁegﬁi%@iﬁﬁﬁ ard i sHaipd ingiagram
815. s aeeHSONIERRSiBRfUREHRY I§15%@%@mﬁl@@r@r§@@§t§§%@@@w@fe§a§&er a

as illustrated in diagram 815. For each of N different hearin
respEGHTR. Rl Lith SEWE GBI HAIHGNER ApUae ot FOiaR bY wey of
exarBififiiptecoisustep GRH. Qﬂﬂgiﬁ%&%&bmﬂﬁéxycwa"ylefheaang)mcﬂmaré@lwliatmn

of thoef g%ﬁ%‘ astla “%at‘%%gtegrbo%‘% S‘ERS Eestiﬁa\‘(} 31'% %Qggugﬁi?%nsfar function
defines the equivalent hearing aid configuration. In diagram 825, as equivaient
hearing aid configuration the equivaient vent diameter is 1.8 mm?. In step 830, from
the equivalent hearing aid configuration the estimated transfer function is then
determined. in ihe present example, the determined transfer function is the vent
effect as illustrated in diagram 835. As further illustrated in diagram 845, it is
possible by the present invention fo derive any further estimated transfer function
such as the direct sound transmission from the equivalent hearing aid configuration
and, therefore, to determine any transfer function or acoustic property of the hearing

aid which would otherwise be unknown {step 840}.

The aspect of the present invention relating to improved approaches to the fitting of 2
hearing aid gain by use of an estimated vent parameter will now be described referiing
to specific embodiments.

There is provided a method and system for assessing unmeasured otherwise

unknown acoustic transfer functions in the hearing aid, e.g. yielding information about

the eardrum sound pressure and the acoustic consequences of a vent, the amount ot

16
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of the simulated test that provides the best fit with the measured transfer
function defines the equivalent hearing aid configuration. In diagram 825,
w2 l}i\éal%nt hearing aid configuration the equivalent vent di%%eterj%%.%,

mh2 H :'sztep 830, from the equivalent hearing aid configurgﬁ:on fHQ0S/055303

estimated transfer function is then determined. In the present example,

the determined transfer function is the vent effect as illustrated in diagram

835. As further illustrated in diagram 845, it is possible by the present
diredtiyentionritietb sveranihfudiie thestieTdtent trensfer fifetidbagiuchnesmtisghods and
systidligchsound fansmisainndierm s UK HRARIAE AL FONAIARON: with a

and, theretore, to determine any transfer function or acoustic property of
custtine $riaHhganat wisich ALt otaeAlERCHEIIMIPOWHTS BT g oFaT RECPerties.

aspect of the present invention relating to improved approaches to the

fitting of a hearing aid gain by use of an estimated vent parameter will

InfornpRtioR Heid b eRTSIHIRE M6 Up SR S HE R EnRE RS B35 prBlifE LR Ened

throlRethed Andesusian for AspersHgiunpieasUTegrotheiwite syskaowncluding the
acoustic transfer funpctions.in the hearirég

ieakag&ﬂam.e é%?’d‘l}&m 4&8 QYR ﬁ?éds &'ga%ﬁlgtiggti%f%%raﬁ?nn ions.

acoustic consequences of a
vent, the amount of 16 SUBSTITUTE SHEET (RULE 26) WO

07/045271 PCT/EP2005/Q5 irectly t i d gh.th
n ()\%/)gﬁ%?fggtﬁgfrgﬂ%{éfge ézcgk%T%%Qr%gt vﬁd%n%@@%ﬁﬁgygr%%%agﬁn& ih.e
leakpgrtiquatir dppliesdlefaiontiny AnepsyrerRIAANG diPwWid aMelRtRTYBaRpOoUste

profak ofqRk %ﬁ@rp%@&&ﬁﬁﬂéﬂ?(tmlé‘ﬁmg HigdiecarNEepertiese paris are
Information about a specific geomefric parameter of the Ieakag%[iath can

simipaeBtiine dnasliagharrsin AR oYREIRTERR RATCIBNTE ATaEdlistestem s
des§M§E%ﬂb}W§HCBBGLI§‘ﬁ: \sakage paib. higsi4e, Minasd 4ashowsiexdanplescoustic
a

of calculated transfer functions. In obtaining informatipn about a
SySlgEhaRREH 1% KhrQQPRTUITY GEOMLy PR "= o Pait, and so that the

simulated transfer function corresponds fo the measured transfer function. At least one
parameter {e.g. vent diameter) is free and used as optimisation parameter {o yield the
best fit between simulated and measured data. With the optimally fitted simulated
acoustic system, any fransfer function within the simulated acoustic system may be

calculated and implemented in the fiiting routine or other.

Fig. 1 shows a flow diagram 100 of a fitting routine for fitting the gain of a hearing aid
for a hearing aid user according to a first embodiment of the invention. The fitting
routine is preferably a computer implemented methed carried out, for example, under
contral or supervision of an audiologist during a fitting session when fitting and
adjusting the hearing aid to the degree of hearing loss and further requirements of the

user.

in a first step 110, a transfer function of an in-situ hearing aid including & ieakage path
is measured tc determine the hearing aid inciuding its leakage path by its acoustic
properties as an acoustic system. According to another embodiment, this is
implemented by measuring the maximum possible loop gain for the concreie hearing

aid placed in the ear canal of the user. The measurement of the loop gain may be
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Ieakagg path lies assumptions or measurements of the parameter and/or
acoustic properties of the various parts comprising the entire acoustic

stem. These parts are simulated in a modelled acoustic
Wiy BiE s { ; .
each part’in the acoustic system is described by an acoust??:{cse]tengﬁl .!%r:%%

The model is built so that the simulated acoustic system describes the

measured acoustic system part for part, and so that the simulated

transfer function corresponds to the measured transfer function. At least
domgnby parsyingterilesgs veat ethmesst) rrdffeetiratiudedt 4s optatiniatidhe maximum

gaiRHPTRIERER IR Beiva R AR iRlgdaRY. measured data

V\/_ith_ the optimally fitted simulated acoustic system, any transfer function
within the simulated acoustic system may be calculated and implemented

TndR the fitiRereutisaios ptiest&idol showsaaflgwidiagresnrRefia Brg120 by

tine for fitting th in of a heari id [ [ [
ce RS oM Cer 1 WA RANE TR g SING 1 BIogRBy A 1o

proc@iepulies implerfientesvarethedradiddouintbriexampts et cracsferofanction.
supervision of an audiologist during a fitti [ itting.a -
Ao B P S o DBoras Nt Tk Bt s Hectve ven
dianeegfeirevhiatésof stimatsen yrdatfrsusiep 2 10,4 dansrear imdtigneraiRs the best
fit %@ﬁ)@éﬁ%@é&%@éﬂ&'ﬁﬂa&'@ﬂ&mmﬁﬁ‘ IR Eeasuracktndetaning hgain is
earing aid including its leakage path by its acoustic properties as an

detgeningt Ry SIEHISABERINRTIR Ghbt EceHAbGRAT Mt i fRipRImYale for an

asMBGARHINgdRR BT M RessieleoR Daindentie songsie inadagie then

aid placed in the ear canal of the user. The measurement of the loop gain ..
B R e e b R i
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The so estimated effective vent diameter thus takes not only the possible ventitation
canal in the hearing aid but alsc any other {eakage or further acoustic properties
resulting from the actual situation in the ear canal of the user with inserted hearing

aid into account.

Based on the effective vent parameter a correction gain is calculated in step 130.
According to the embodiment using the estimated effective vent diameter, a vent
effect is calculated as the correction gain. The vent effect is a {negative) gain amount
defining the damping from the outlet of the receiver of the hearing aid back to the

iniet of the microphone based on the estimated effective vent diameter or geometry.

in a next step 140, the hearing aid is corrected with the correction gain. The so
corrected hearing aid gain may then be used fo fit the hearing aid taking the acoustic
properties of both the hearing aid and the geometry of the individual ear canal of the
hearing aid user inte account. According to the embodiment determining the vent
effect, the hearing aid gain is corrected by means of the determined vent effect to

provide a corrected hearing aid gain for a certain frequency of frequency range.
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determining that value of the vent parameter as effective vent parameter
that provides the best fit between a modelled and the measured transfer

“{H%:El%n. According to another embodiment, the effective vei)nt 1parameter

iS 3N etfective vent diameter which is estimated by determinﬁ;]'g(]%lp%/aeol"?fo:’5303

diameter that generates the best fit between a predetermined and the

measured loop gain. The modelled loop gain is determined by simulating

a model of the acoustic system with different values for an assumed vent
Thalizsaetey ald garetieter mimedtied o delbeddoaptgain vatbes:arethelrived from a
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diameter thus takes not only the possible ventilation canal inthe hearing
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an Hobtaractiahsifratiominde/ epaeRna)RfibR: UrRinwihdeserted hearing
aid into account. Based on the effective vent parameter a correction gain

is calculated in step 130. According to the embodiment using the
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correction gain. The so corrected hearing aid gain may then be used to fit
hagrreRieafviP aRl ki Pireesshgsiite PROPREARISBPEISHRINEERA JUENSNRY Ogram
2438hggeametsypbthadnevidbgl ean canal ditheadiearingfaiduserdnt®g. . modelled
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provide a corrected hearing aid gain for a certain frequency or frequency
Théa?\%gﬁrlxg aid 300 comprises an input transducer 310 fike a microphone for
converting input sound signals in electrical signals, an amplifier 305 constituting the
electronics of the hearing aid and consisting of various circuit elements for processing
the electrical signal from microphone 310 according o the fitling rules and the
applicable gain of the hearing aid to produce an electrical output signal, and an output
transducer 320 for converting the eiectrical output signal o an output sound signal
which is then transmitted through the ear canal 350 to the ear drum 355 of the user.
The hearing aid 300 further comprises an ear plug 330 with a ventitation canal 340. it
may be apparent to those skilled in the art that the hearing aid and in particular the
hearing aid piug and the anatomy of the user are illustrated in schematic form only. In
Fig. 2 it is also shown that besides the actual ventilation canal there is a further
lcakage 345 between the wall of the ear canal 350 and the ear plug 330 which

contributes to the overali effective vent diameter.
According to an embodiment, system 200, when equipped as a computer, may
preferably further comprise a display screen and at least one input device for

displaying, e.g. the audiogram, inputting parameters and instructions to control the
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WO 2007/045271 PCT/EP2005/055305 The hearing aid gain to be

corrected is, according to an embodiment, derived from a hearing test like

an audiosgram as the necessary gain to compensate for the hearin% loss.
7 P g{]

WE 2007704 . . . P PN/ AS305
ccor(?lng to an embodiment, the audiogram is also recorded dUrAgG the

fitting session. According to another embodiment, the initial hearing aid
gain to compensate for the hearing loss has already been derived in
another session, e.g. when measuring an audiogram for the first time to
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constituting the electronics of the hearing aid isti f vari
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converting the electrical output Signal to an output sound si%nal. Whicﬁ is
corgrdfdrapainBeiciRngRthesedi Ta $9UR6 Fie Rea e A B556f tREeS for the
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ventilation canal 340. It may be apparent to those skillegpin éﬂg %rt that
n
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wititheasgsare iflostiatedsomehpmatistiorihenlyia deage2iddsgalsoslioan may be
that hesides the a . ventilation canal there is a further Jeakage 3
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hearing loss followed by possible further fine tuning of the hearing aid accerding to

further fitting rules and the personal hearing impression of the user.

With reference to Figs. 4a to 4c, the estimation of the best fit acoustic mode! of the in-
situ hearing aid by modelling a performed measurement with transmission line theory

will be described.

Fig. 4a Hllustrates in principie an equivaient circuit of the transfer function for modelling
of the vent effect. The vent effect is calculated as the dB difference between an
garplug 455 with a vent 415 and an acoustically seaied earplug, and accounts for the
changes in the sound pressure at the ear drum 445 when a ventilation canal is drilled
through the ear piug 458 in the ear canai 440. The sealed condition is a theoretic
condition, which is not measured, so leakage is not relevant here. The changes in
sound pressure of sound provided through tube 450 (see arrow) are calculated at the
middie of the ear drum 445 illustrated by microphone 425, The respactive transfer

function may be represented by an equivalent circuit diagram 410,
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contributes to the overall effective vent diameter. According to an
embodiment, system 200, when equipped as a computer, may preferably

further comprise a display screen and at least one input device for .
WO 2007/04327 ) . : it UEP2005/055305
Isplaying, e.g. the audiogram, inputting parameters and instructionsto

control the 19 WO 2007/045271 PCT/EP2005/055305 fitting routine by

the audiologist. When the fitting routine program 245 is run by the system
200 the fitting routine program first carries out the measured feedback test
by introducing an electrical input to the receiver or amplifier to generate a

FigSUYdhRLRSRW S Vig AUIRUL %%“éﬂH%ﬁe?ﬁocﬁegnth&“tﬂée%%H%@&tﬂﬁué%ﬁ‘%r the

pressure at a certain distance from the exterior opening of the vent 340.
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modelled Ioo? Q?f?in values stored in tables 215. The _estimated effective
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pensate forthe hearing loss are then Torrectéd by means of the ven
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corrected hearing aid gain values for the respective frequency ranges are

then upload to the hearing aid 300 via transmission means 270 which is,
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used by the amplifier 305 to produceé%mplified output signals to
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. iImpression of the user. With, reference to.Figs. 4a to 4c, the estimation of, .
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A further method according fo an embodiment will now be described. At first, the
hearing threshold level (HTL) is measured in respective frequencies which may then
be recorded by an audiogram which, for example, shows a hearing ioss of 40 dB at
1.000 Hz. Next, the loop gain is measured by applying a measured feedback test
which is routinely performed during fitting for determining the maximum possible

hearing aid gain without feedback.

The modelied lcop gain may be calculated by use of transmission ling theory in a
simuiation process beforehand. During the modeiled feedback test, the acoustic
system is simulated in, for example, 15 frequency bands by modeiling the entire
acoustic system. The modelling of the acoustic system is done by input or assumption
about the parameters of the acoustic systems. Parameters to be used in the modelling
are, for example, receiver type, dimensions of the sound canal, ear canal size and
geometry, insertion depth of the hearing aid, middie ear properties, length of the
ventilation canal and distance between vent opening and the hearing aid microphone.

These parameters are sither known, such as the receiver type, or taken as an average
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will be described. Fig. 4a illustrates in principle an equivalent circuit of the
transfer function for modelling of the vent effect. The vent effect is

“’:55‘%%?% as the dB difference between an earplug 455 Wit}bc% &;9&0%?% 305
and an acoustically sealed earplug, and accounts for the changes’inthe ™

sound pressure at the ear drum 445 when a ventilation canal is drilled
through the ear plug 455 in the ear canal 440. The sealed condition is a
theoretic condition, which is not measured, so leakage is not relevant

ValHgrOvVeh@ ARMERIH (8sLingPldgsuresh sBUNPHIRVId&d thivveaytuthe 48ention

prdsideay pwstRgale ditedabiNarBitde Althearal ABENsA4R HuIsHatqddVng the

mi none 425. The respective transfer function may be represented by
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PCT/EP2005/055305 Fig. 4b illustrates in principle the equivalent circuit

transfer function for the, modelling, of the direct transmission gain of
A e e L R E AP RS for the
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amplification of sound arising from nsmission from the surroundings
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diagram 420. Fig. 4c illustrates in principle an equivalent circuit of the
qu?érg%i%‘?*férﬁfﬁﬁﬁ?&ﬂ?@ HETSITRG BANE RRAGOBRIDIRAS Bhin

from the electrical input of the receiver (not shown) to the sound pressure

at a distance of e.g. 2 from the exterior vent _opening measured
TR SHADRONG abT e BN ERFLLr YT o) T Tabi T e f
vend tacegaeidruima4sdn tobihd50nisdian oy . fBhee respedtivestransteied loop gain

vai(k’é%ctfjc‘i’r"a!‘?&h‘r%%ff %P(%Sr&é'éegf Wee%‘ﬂ}‘fadﬁ%ﬁ%?é%"tiQiégéﬂﬂéﬁ%rﬁ%%. A table

method according to an embodiment will now be described. At first, the
ook up is then carmied out to identify that value of the vent parameter that generates

the best fit betwaan the modelled and the measured feedback test by comparing the
modelied and measured loop gain values. The identified best fitling value of the vent

parameter is then defined as the effective vent parameter.

Based on the identified effective vent parameter, the vent effect is caiculated by use of
the same parameters as applied in the modelled feedback test and the effective vent
parameter. According to an embodiment, also for the calculation of the vent effect
values in each frequency band, standard parameters for the various hearing aid types
are used since this allows for usage of pre-calculated tables thereby again reducing
the caiculation time or necessary computation power. Of course, according o another
embodiment, the vent effect may be calculated directiy by application of individually

adapted parameters.

Since an audiogram is often recorded by using loudspeakers instead of hearing aids 1o
produce the tones for the hearing test, the audiogram does not need o be corrected
according o the vent effect. However, if an in-situ audiogram is used for the hearing

test the in-situ audiogram needs to be corrected, since the in-situ fitting system usually
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hearing threshold level (HTL) is measured in respective frequencies which
may then be recorded by an audiogram which, for example, shows a

vﬂ??tfb%i%sﬁ of 40 dB at 1.000 Hz. Next, the loop gain is mWWGREOGsssos
apply rme

ing a measured feedback test which is routinely perfo uring
fitting for determining the maximum possible hearing aid gain without
feedback. The modelled loop gain may be calculated by use of

issign lineg.t ' imulati hef . During the, . .
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gain @ateRINY ztengdpeaneftingsardon depth of the hearing aid, middle
ear properties, length of the ventilation canal and distance between vent
opening and the hearing aid microphone. These parameters are either

In a keotvstesydhaab¢herg ey eriype, critakendaarvaviatage 24 Welsured hearing

: RCT value gver a population (e.g., .
e e e SRV R R ERERRRE S T
to correct for various hearing aid types, such as STE (behind the ear),

in addEdiNdNgheRnCARLcoBRISRY U8 FaRahiSlo SN INEdR@Bted by use of

embodiment of the present invention, standard parameters for the various

the SRmFiIRGATBE Ay SRRIRA iRt s fecdiRachicsh frmdheatbRalive vent
parafnéisisagsaeh WEtea Rulaieddpblasdh exely el cingoig salcdalinmisRotc use
necessary computation power. According to, gnother embodiment, the
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Since according to the vent effect in particular the Jow frequency sound pressure is
reduced due to the vent, the hearing gain is correcied with the vent effect in order to
provide enough gain to compensate for the hearing loss. The hearing aid gain is
further correcied according to the determined direct sound transmission by a
carresponding direct fransmission gain. In particular, if a person has a limited hearing
toss in the low frequencies, the direct transmitted sound through the vent will mix with
the hearing aid sound and generate interference. The hearing aid gain therefore needs
to be corrected not only with the vent effect but also with respect o the direct
fransmission gain. According to an embodiment the correction of the hearing aid gain
is done by carefully considering the effects of the vent effect and the directly
transmitted sound, how the two sources may interfere, and how fo avoid mixing of the
sources or sounds.

Figs. Sa fo 5¢ and 6a to 6¢ now ilustrate fiow diagrams of methods according to further

embodiments of the present invention. Figs. 5a to 5¢ explain step by step how the in-situ
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vent parameter. The result of the simulation is a table comprising
modelled loop gain values for a number of values of the vent parameter in

eguency band. A table look up is then carried out to | [ i}
s A

vent parameter that generates the best fit betwe
modelled and the measured feedback test by comparing the modelled
and measured loop gain values. The identified best fitting value of the vent

audi%&t% =0s0 f’o‘?ﬁtﬂ%%@ﬁttg?feeé{eﬁ‘i%’sgn% dJ é‘&aél}gfg{z | a%tgegaeb )}(?*j—;se;BgPow the

ied effective vent parameter, the ctisc
hearipe ajggaip s saieestehipapmivanhafethonditbe thegbaokndst and the
effective vent parameter. According to an embodiment, also for the
calculation of the vent effect values in each frequency band, standard

In theafahAuiaes FRRRIStsuS ReaHIS diBagpRsk drstide PR ag dnewaeasured
transfer yeageoaf psatariziyates @Q&%@@@ﬁh? a@aiméadl@@fégnm@rcglméaéiqae vent
.__time ar,necessary, c utgtion power. Of course, according.jo another .
TG b e LI e BHELT ) BB AR BT By Seaith b direct
transimieidunaBinadapted parameters. Since an audiogram is often recorded by

using loudspeakers instead of hearing aids to produce the tones for the
hearing test, the audiogram does not need to be corrected according to

The tingivihiadiaethaowdors, ifen ilushatsddiogieiiers wied fepnpetiveadiagrams of

meadestiienin st ALY TREREISA0RR C%/Eq@\‘ﬂ’ glacadhe |R-$Hy liRfams are
system usually 22 WO 2007/045271 PCT/EP2005/055305 assumes that
frequpRCLSERENERBHARE WithexQBRIELESH PG PrABSHEBE P Fiagram in the

folloaindiegrrenipsta /eAteRk eas Mutsshenisl sherfere be corrected for the vent
effect as e.g., described with reference to Figs. 5a to 5¢. The correction

then gives the hearing loss for the closed ear plug, which may then be
in ausest farcatcutatingetize Hid@ritg &Lk gdire abeaniingg tostheappkeablefittengd the

mearﬁ&@é&%agzﬁrﬁ%&&hﬂ‘%i%ﬁ‘!d&f@&.‘%ﬁaé?éi&a%%?‘%%Or;ﬂ‘-'%%oabh&ogram is
meastred to get the hearing threshold level of the hearing impaired person. According
to the example, using the In-situ audiogram, the hearing loss is measured to
HTLmaasured = 30dB HL at 250Hz in diagram 515. in next step 520, the feedback test
is measured and the loop gain in each frequency band is illusirated in diagram 525.
The feedback fest is also simuiaied for N different vent diameters in step 530. The
hest fit befween the measured and the one of the simulated feedback tests defines the
effective vent diameter with the best equivalent of the actual ventitation canal and the
leakage in the ear canal. In the example, the eguivalent vent diameter is 1.9 mm
(diagram 535). The vent effect is then calcuiated in siep 540 based on the equivalent
vent diameter. The simulated frequency dependent vent effect is shown in diagram
545. With the vent effect, the in-situ audiogram is now correctad in step 550 and the
carrected in-situ audiogram is shown in diagram 555.

Using the method defined in steps 510 to 550, the vent effect at 250 Hz is estimated to
Vent Effect = ~16dB (in diagram 545 at 250 Hz). This means that the hearing aid
produces a tone in the ear, that is 10dB lower than expected, so the actual sound
pressure at the eardrum when measuring the hearing threshold is:
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threshold level and the applicable fitting rules to compensate for the
hearing loss. In addition to the vent effect, also the direct transmission
“%?iznoisﬂ%gl%lated by use of the same parameters as applied in the
SaeHER*eedback test and the effective vent parameter in 'Sl REGP Ras330S
frequency bands. Also here, it would be advantageous to use standard
parameters for the various hearing aid types allowing the usage of pre-
calculated values but, according to an embodiment, the calculation can
also been done directly by applying individually adapted parameters.
Sinreqraiding W thewasteffectispamicslar oe:lowdreapeansy gound
pressure is reduced due to the vent, the hearing gain is corrected with the
vent effect in order to provide enough gain to compensate for the hearing
Thiess iftethearingaid gaisrisg furtaerotgrrected according to the
determined direct sound transmission by a corresponding direct
transmission gain. In particular, if a person has a limited hearing loss in
In thetonanegiosnciessites dta d¥mittednsauied thaough the veatingll aiixis then
i ri ' - inter . e ri id, ..
o e e b e e JF LeB 30 B gaoram
SSwithipeapet theneaiitdst Asanshilssied daintheckendinfastah evatsbainienanother

enfhemoEsctipnealdhehearneaid gain ingeng by Larefully sonsideringtiemsthod

effects of the vent effect and the directly transmitted sound, how the two
stagls, SR, HEMRSRY ARARoN 20 M S IRIAg SAFS S B EE AP SStiARTs.

Figs. 5a to 5¢c and 6a to 6¢ now illustrate flow diagrams of methods

n AP AR O IS D, S S e
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corrected for the vent effect and the direct sound.
be any other fitting rule, prescribes a 50% compensation of the hearing loss, with g

nearing ioss at 250Hz of 20dB as illustrated in diagram 565, the reatl gain Greal should
be:

Greal = HTLcorrected * 50% =20 * 0.5 = 10dB

As the in-situ hearing aid is going to be used in the same acoustic environment as set
up when measuring the hearing loss and estimating the vent effect, it is also known
that the hearing aid underestimates its produced output sound level by Vent Effect = -
10dB. To compensate for that, and thus to obtain the needed real life gain of 10dB, the
hearing aid gain Gha is further corrected by the vent effect in step 570, so:

Gha = HTLcorrected " 50% - Vent Effect = 20 7 0.5 - (-10) =20 dB

In the same way, it can be shown that if the vent effect is not taken into account it will
resuft in an erroneous hearing threshold of 30dB HL, which leads to a required gain of
15dB. With this gain setling applied fo the hearing aid, the resulling gain, due to the
vant effect, will be 5dB, i.e. less than required.
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In the following example the measured feedback test is applied as the
measured transfer function containing the leakage path. The vent
arameter is here the vent diameter. The calculated transfer functions )

‘)‘i‘;]c%m&m‘fﬁ% vent effect and the direct transmission gain. The& Sndidddass30s

method steps are illustrated together with respective diagrams of

measurement or simulation results in this step. All the data in the

diagrams are frequency dependent and the example used when

describing the flow diagram in the following concentrates on the
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diameters i |ns 530. The bestf betweent eme sured and the on
betméi%ﬁ*mtﬁayef&t BBLER YRS R ARdEa B asteEs barsHicirAsReidAl tigo on the

vehesfreguivalent of the actual ventilation canal and the leakage in the ear
canal. In the example, the equivalent vent diameter is 1.9 mm (diagram
535). The vent effect is then calculated in step 540 based on the

A eoplivade rcaentdiameter fiithe siomitaieihiagusheydepessianivent:effied now

the yent effect, th it ' i
o BRI S A (et S M SROI B
caiﬁt%ﬁégﬁam%s@daémgtmeaﬁ@eﬁnmdt@emrﬁmn?stepstﬁlﬂamssm 7196 weatseiected
as §HES! @itrOniz s eatimated tor Ment, Es Heari g;dﬁc('i% %'Q%%ﬁéﬁe he in-situ

250 Hz). This means that the hearing a| produces a tone In the ear,

herrigridotdh eRaA ket a§o%§%ﬁ1&¥§tﬁmdhﬁ@m@t§t #héhess acoustic
elpsdruNYReR Regsuring theheasnginresheldi®s are multiplied to a single

transmission matrix defining the acoustic system in step 720. in step 730, the single
tfransmission matrix is then simulated resulting in the predetermined loop gain 740,
During simulation, a single parameter as the vent parameter is changed in the
acousfic elements to receive a transfer function for e.g. N different values of the vent
parameter. The such modelied transfer functions may then be used in the step of

determining the best fitting transfer function.

According to an alternative embodiment of the present invention, a method for fitting
a hearing aid gain is provided which comprises steps carried ouf for at least one
frequency band of measuring a transfer function of an in-situ hearing aid including a
leakage path, estimating an effective vent parameter for the hearing aid by
determining that value of said vent parameter as effective vent parameter that
proviges the best fit between a modelled and the measured transfer functio

calcuiating a correction gain based on said effective vent parameter, correcting said

hearing aid gain by means of said correction gain.
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24 SUBSTITUTE SHEET (RULE 26) WO 2007/045271
PCT/EP2005/055305 HTLcorrected = HTLmeasured + Vent Effect = 30 +

w%lz(()} 7792;%(115 HL This is thus the corrected hearing threshol%. ITn/ a %(%%%QQSOS
group o‘*‘sgeps 560 to 590, the needed gain jr. the hearing ald idthen =3

calculated using the corrected hearing threshold as provided in step 550
and diagram 555. Moreover, the gain is also corrected for the vent effect.
According tg another embodiment, when an audiogram is used, instead

A IRYIRSRE ST RIRG f1d s hemRd withde g b dsadidRenrtuation in
whintattrgHiuesh aldirecoedidsayishesudio ghaime lpestean00f basedamthaid user
rrected in-sity audiqgram, a 50% fitting rule.is used to calculat
A e e S R e et g program
codridograntyimthe s Gasifittipgauliecwhich isagsachada exanupe lnerdhancomputer
d; ly, ifting r rescripe % nsgtion . = _.
S e B Rt C R S, i

hegfitgraid SB4IARE radrgkne s radh shyusiTatngean efieativerrssicaaraupger for
themrariflySat 1O BesriigiHy i healiB Rigkis ARIRY farae ueedin thctive vent

- same acoustic environment as set up when measuring the hearing loss

PSR aL RS hEehRR M R WISs K foWRIRISCiRE hdimFarired transfer
furigrider éstinaatesitisgosastieedionipalh soisad leveldy MentikifeshrpaltBiBter, and
forTO con;rglenggitéa [%r atltl]at, an thl%s éo obé%irqgthO nee edr?%ag.ili}‘]e ain Olth‘ it
ﬁ)ocf&ct & hearing ala%aln SRE S TURIRE Goe8REY 839 s entétfect in® M™Ne
rowgtep H20,Be0 GhaatrldT lcdneciedrbedvet VemdEftgdtang® * 0.5 - (-10) =
20 dB In the same way, it can be shown that if the vent effect is not taken

into account it will result in an erroneous hearing threshold of 30dB HL,
Allvarereisils ©ra rieriies gfi i St Bkt 8 PR satnty dpp I fidered as

helBShRpNgrRIdathe fesultingDainpsuatREhBot been explicity described in their

combination.

Methods and systems according to embodiments of the present invention may be
implemented in any suitable data processing systemn like a personal computer or
workstation used by, e.g., the audiologist when fitting a hearing aid. Methods
according to the prasent invention may also be implemented in a computer program
containing executable program code executing methods according to embodiments
described herein. If a client-server-environment is used, an embodiment of the present
invention comprises a remote sefver computer which embodies a system according o
the present invention and hosts the computer program execuiing methods according
to the present invention. According fo another embodiment, a computer program
product like a computer readable storage medium, for example, a floppy disk, &
memory stick, a CD-ROM, a DVD, a flash memory, or any other suitable storage
medium, is provided for storing the computer program according to the present

invention.

According to a further embodiment, the program cede may be stored in & memory of a

digital hearing device or a computer memory and executed by the hearing aid device
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vent effect, will be 5dB, i.e. less than required. 25 WO 2007/045271

PCT/EP2005/055305 Furthermore, the direct sound transmission gain in

the hearing aid is calculated in step 580 and illustrated in dia@{ m.585 To
WO 2007/0452?1 : . . , daEPZOGS 55305

compeénsate for the direct sound transmission, the direct sound'is

compared to the sound through the hearing aid, measures are being

taken if they are comparable. As a result, a hearing aid gain is corrected

_ for the vent effect and the direct sound transmission, and is ready to be
itse i spIR PIR-ARS RBaHHY sfda T, RRIBRIY AorsyeRifRy SRR Bpessor or a
coranaerdingctamhichatheadramidrnay ihedadbridualbiitisgimebenly based
on the measured hearing threshold but also on the vent effect. A method
according to a further embodiment of the present invention is now
Hawexplaired:ivil refetentiedodidg. 3hwhiphreioes adfloindiagrase@0Oiofention in
method for, calculating t odelled tr ' ir '
e SN TSl TatllE R I e 20850 presen
invardmringiajd te eodifedllsd aTaegdarsiat iFesridgtait et demasinasiemm such

prin%%ﬂ%ﬁ%ﬁéfﬁé%@ Hhat SRIRSBhINGSRIAGAUSHS, SRIEMERLS R ASIFRARER may

e acoustiC elements are multiplied to a single transmission matrix
be aemisinghsadenatitngysasmh thestepiyIE aektepe e iRy wvention includes
all JIRASAARSICR Artrbdigitiaencsianulated resulting in the predetermined loop

gain 740. During simulation, a single parameter as the vent parameter is
changed in the acoustic elements to receive a transfer function for e.g. N
different values of the vent parameter. The such modelled transfer
functions may then be used in the step of determining the best fitting
transfer function. According to an alternative embodiment of the present
invention, a method for fitting a hearing aid gain is provided which
comprises steps carried out for at least one frequency band of measuring
a transfer function of an in-situ hearing aid including a
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leakage path, estimating an effective vent parameter for the hearing aid by
determining that value of said vent parameter as effective vent parameter
that provides the best fit between a modelled and the measured transfer
function, calculating a correction gain based on said effective vent
parameter, correcting said hearigg aigy@ain by means of said correction
gain. 26 WO 2007/045271 PCT/EP2005/055305 A computer system
carrying out this method is normally applied in a fitting situation in which
the hearing aid to be fitted is inserted in the ear canal of the hearing aid
user and is also connected to the computer system which comprises
<HERMRC d8igram code for carrying out a fitting routine. The program
code executed on the computer system includes program portions for
measuring a transfer function of an in-situ hearing aid including a leakage
pAtedhed fipn Aot Reridng el BehrePRRRSISIBR the RN ariens for at
deigemiBgfalaalyg,9hgaid vent parameter as effective vent parameter
that provides the best fit between a modelled and the measured transfer
function16PBHIHEAIIRPR SGLElieh il ARA G $464 effective vent

paramef@én#%ﬁ@%%&%%ﬂtwéﬂ%@& gimpyasans afssid

is fitting routine may also be carried out for a number

correction gain
of froquERieTBRES. P aUBRe PRERIMIAR AR ST R MR b SEiAmSIer that
above afpdoifesaprsitared astRelangingiedbednyeaiioreyRBdf Y gains and

have not been explicitly described in their combination. Methods an
systemstBR EBRARY RS RABOBRTBNtSs of the present invention may be

implemegdgrg, Pé‘t@@yaséﬁﬁékﬁigﬁtééif%%éﬁ‘6§ﬁ@%ﬂ5@tﬁ:@%ﬁ’ﬂ}%rameﬁer

computer or workstation used by, the audiologist when fitting a
hearing &R’ f%&ﬂ%%%‘da%éfaﬂﬁgaté %%%Wﬂ%&itﬁﬁwrﬁ%@ﬁe@am
implemented in a computer program containing executable program code
executing methods according to embodiments

The method according to claim 1, wherein the predetermined loop gain is
obtained by modelling an in-situ measurement of a transfer function of said

hearing aid.

The method according to one of claims 1 or 2, wherein the loop gain is

provided by a feedback test.

The method according to any one of the preceding claims, wherein in the step
of calculating said correction gain a vent effect is caiculated with the effective

vent parameter which is then used as said correction gain.
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10.

described herein. If a client-server-environment is used, an embodiment of

the present invention comprises a remote server computer which

embodies a system according to the present invention and hosts the

computer program executing methods according to the present invention.
AGERIIRGHOAROLBRY RTRPI &iHe B FIBASHSE IO MBiRLOICL IR  the step
computer readable storage medium, for example, a floppy disk, a
nehselyWatkgseiD ROREIRDYBNBisechEansRisH ampaindg salensed with
SUYEQFrSURAIUENISBIANRSE IRhRATIBAHER GRBPYICL DGR ARGPLH MY

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 27 WO 2007/045271
PCT/EP2005/055305 itself or a processing unit like a CPU thereof or by
any'etstRodAsepriea e ne shihadresediinth glaimetMate erisortioed is

to-theslestlibed %%Wq@qﬂgxwmibed and illustrated the

principles of the present invention in ‘'embodiments thereof, it should be
apparent to those skilled in the art that the present invention may be
modified in arrangement and detail without departing from such

principles. Changes and modifications within the scope of the present

inVied fionthesl apeorkng iRithdiat depararytihs tetberifurbiotosmrigrs the
peesgRyrinvention includes all such changes and modifications. 28

CLAIMS What is claimed is: 1 A method for fitting a hearing aid gain,

comprisifISHEIRIH AR SRR RN Hensiat brcheyuaepiEng: thratering
a loop gain of %ﬁhﬂ%‘tﬁ%ﬂﬂ@téiﬁéaring aid as an acoustic system comprising

a plurality of acoustic elements

The method according to claim 7, wherein said acoustic system comprises a
plurality of acoustic elements and each of said acoustic elements defines an
element such as receiver, sound canal, ear canal, ear drum, ventilation canal,

or distance between ventilation canal exit to the hearing aid microphone.

The method according to any one of the preceding claims, further comprising
the step of measuring at least one hearing threshold level of a hearing aid

user.

The method according to claim 9, further comprising: calculating said hearing

aid gain based on the hearing threshold level; and wherein said corrected
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11.

12.

13.

14,

15.

16.

estimating an effective vent parameter for the hearing aid by determining
that vent parameter as said effective vent parameter that provides the
best fit between a number of predetermined loop gains and the measured
loop gain; calculating a correction gain based on said effective vent

PREMNRI i HROUKhRAIGRRAHNE Jir9AY QH;H‘@QEEEQI&?W@%?ME%Q’bam

gain. 2. The method according to claim 1, Wherein the predetermined loop
gandisaibemeromesilling an in-situ measurement of a transfer
function of said hearing aid. 3. The method according to one of claims 1
or 2, wherein the loop gain is provided by a feedback test. 4. The method
according to any one of the preceding claims, wherein in the step of

CiRHIRING SRS LRGRHOR IR & eaheliecdis salpiaies witlhy W@a@fﬁ‘ﬁcuve

vent parameter which IS then used as said correction gain. 29 5. The
ﬁbfﬁéb%l@déi@h@ {HFRHEE R BivipretediHg erinms, Areaiimaibeddyrther
OF GGk jgi;#,g said correction gain a direct transmission gain is calculated

with the effective vent parameter which is then used as said correction

gain. 6. TRESRABRSORPLEFARERIY e Hinpibna ot o predydirpRaimSald
whsrelngietiad is carried out in a plurality of frequency bands 7. The
method according to claim 2, wherein the method further comprises the

step of: calculating said modelled transfer function, comprising the step of:
defining the in-situ hearing aid as an acoustic system comprising a

plurality of acoustic elements 8. The method according to claim 7, wherein
s ERIERE RRIEFH IBgrp Al 1. wherein said hearing aid gain is calcuiated

based on the corrected in-situ audiogram.

The method according to any one of the preceding claims, wherein the

predetermined loop gain is simulated for a number of vent parameters.

The method according o any one of the preceding claims, wherein said
effective vent parameter resulis from one or a combination of the vent
diameter, the vent length, the insertion depth in the ear canal, or the ear canal

volume.

The method according to any one of the preceding claims, wherein standard
parameters for the predetermined icop gain, vent effect and/or direct
transmission gain are used that are selectable from pre-calculated tables

depending on the hearing aid type and/or predefined vent parameters.

The method according to any one of the preceding claims, wherein individually

adapted parameters for the predetermined loop gain, vent effect
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17.

18.

19.

20.

21.

plurality of acoustic elements and each of said acoustic elements defines
an element such as receiver, sound canal, ear canal, ear drum,
ventilation canal, or distance between ventilation canal exit to the hearing
aid microphone. 9. The method according to any one of the preceding

claigyer iyrtharconantisingn t&siﬁ%%@&@ﬁmia&a&ﬁiﬁ&%mﬁ{%%

threshold level of a hearingaid user. 10. The method according to
lepending AipMeRsUCaitURNRpsAMa e Eriagddhegiss b Asedinn dik type.
hearing threshold level; and wherein said corrected 30 hearing aid gain is
calculated by summing said calculated hearing aid gain and said
correction gain. 11. The method according to one of claims 9 or 10,

wWhereLRHd RerdRocdreRhRl dvelis PIe B R RN aYgigram,

and said method further comprising: correcting said measured In-situ
2BYRSHHER Dy Medms diesaRreBHietfom glIRd 2CTpid ing deceraiceordrigleims 1
claimkl 1, wherein said hearing aid gain is calculated based on the

corrected in-situ audiogram. 13. The method according to any one of the
preceding claims, wherein the predetermined loop gain is simulated for a
number of vent parameters. 14. The method according to any one of the

preceding claims, wherein said effective vent parameter results from one
o8BSI RIRET BMURECrLA! dRRtRIRNGRX9eHIabIR I ogiamsatRvahwhen

insthe 6RICERE rpeiRRr abakivo Y MRt e dRePhasP iR caims 1

any one of the preceding claims, wherein standard parameters for the
pF@d@termined loop gain, vent effect and/or direct

A system for fitling a hearing aid which is configured to carrying out a method

according to one of Claims 1 to 16.

A hearing aid adapted to carrying out a method according to one of claims 1 to
18.

A computer system connectable to a hearing aid for fitting a2 hearing aid gain,
comprising executable program code including:
a program portion for measuring a loop gain of an in-situ hearing aid;
a program portion for estimating an effective vent parameter for the
hearing aid by determining that vent parameter as effective vent
parameter that provides the best fit between a number of predetermined
loop gains and the measured loop gain;
a program portion for calculating a correction gain based on said

gffective vent parameter;
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22.

23.

24.

26.

transmission gain are used that are selectable from pre-calculated tables
depending on the hearing aid type and/or predefined vent parameters. 16.

The method according to any one of the preceding claims, wherein

individually adapted parameters for the predetermined loop gain, vent

effect 3% HRlpaATBSHIERNISSIRGIANE YRE MPLA B4R B)HRns of said
individually depending on measured vent parameters and the use

hearing @rgFi®©MIaiBomputer program containing executable program

code which, when executed on a computer, executes a method according

to any one of Claims 1 to 16. 18. Computer program product, containing
executable program code which, when executed on a computer, executes

aTREtRefhBGRY dingdm AREORGH G'RITIH L 10 he Adn Ay S RILRL AN Ioop

a hearing aid which is configured to carrying out a method according to
ofdipfiehiifaedPY® hotheheERdig s dAdasdartt edaling dutasisthod

AReLAdINSALANSOL EHalBRt Athdforldr Saf@MPAHESYR{EM connectable to

a hearing aid for fitting a hearing aid gain, comprising executable program
code including: a program portion for measuring a loop gain of an in-situ
hearing aid; a program portion for estimating an effective vent parameter

for the hearing aid by determining that vent parameter as effective vent
paArAPnEREIRHER PYYSIaEs IRE VARGt eRfeRniPHIMBA B PreistBRN AREAP ISING

logip EsHpS-AM S TMEABKIRSHINNAR S AHBIIOIEE BRHIGRAGrRRICHIANNGS said
a correction gain based on said effective vent parameter,
feedback test as the loop gain.

The computer system according to any one of claims 21 to 23, wherein said
program portion for calcuiating said correction gain further comprising
program code for caiculating a veni effect based on said effective vent

parameter which is then further used by the system as said correction gain.

The compuier system according to any one of claims 21 fo 24, wherein said
program portion for calculating said correction gain further comprising
program code for caiculating a direct transmission gain based on said
effective vent parameter which is then further used by the system as said

correction gain.

The computer system according to any one of claims 21 to 25, wherein said

program portions are carried out for a plurality of frequency bands.
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32 a program portion for correcting said hearing aid gain by means of said
correction gain. 22. The computer system according to claim 21, wherein
the predetermined loop gain is obtained by a further program portion for
modelling an in-situ measurement of a transfer function of said hearing

aith@3 o R RABPMEHSYSIR RRE RS dRgHiooNG pfilrisas 2 ligng2, further

comprising a program portion for performing a feedback test and using
the resuft BIOSHRIMFESTHRAR KR SEI AL S8 igamogaliath & apsipiutenction,

system e&g&gqg}g 0 any one of claims 21 to 23, wherein said program
portion for calculating said correction gain further comprising program
code for calcul&iREPAFASHRSTERPHaE 88 BHNhib @ fesilehRaing dehasten

which is then ngH&rs%%eg,Qeém%éﬁ%@@éﬂﬂ%ﬁ&ﬁ%&%ﬂc ZPerhBfits;

computer system according to any one of claims 21 to 24, wherein said

program portioﬁifB?Q%l%mQﬁi@%@%ﬁwgﬁwm@éﬁﬁf@ﬁﬁéﬁ%ﬁiﬁﬂw oa
program code fgi,ehlciiating BGHe chHRRSIBIASIAY SrinkRaaeH 8 sRith: and

effective vent parameter which is then further used by the s%stem assaid
correction gain 3% CHRRBRARIABRTY SiE BHBEraR/E Bnalsy bRRsSRISRIphsatrix

2110 25, Whe@@s’iﬁi%?f@%ﬁ@rﬁ@ﬁ@@é geregeredrriblor a plurality of

frequency bands. 33 27. The computer system according to claim 22,
further comprising: a program portion for calculating said modelled
transfer function, comprising: a program portion for defining the in-situ

hearing aid as an acoustic system comprising a plurality of acoustic ,
elERSeFREIPUter system according to claim 27, wherein éach of said acoustic

elements defines an element such as receiver, sound canal, ear canal, ear
drum, ventilation canal, or distance between ventilation canal exit to the

hearing aid microphone.

The computer system according to any one of claims 21 to 28, further
comprising a program portion for measuring at least one hearing threshold

level of a2 hearing aid user.

The computer system according to claim 29, further comprising: a program
poriion for calculating said hearing aid gain based on the hearing threshold
ievel; and a program portion for calculating said corrected hearing aid gain by

summing said calcuiated hearing aid gain and said correction gain.
The computer system according to one of claims 28 or 30, further comprising

means adapted {0 measure said hearing threshoid level by an in-situ

audiogram, and said system further comprising:
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32.

33.

34.

35.

36.

a program portion for multiplying the acoustic elements to a single
transmission matrix defining the acoustic system; and a program portion

for simulating said single transmission matrix resulting in said modelled
transfer function. 28. The computer system according to claim 27, wherein
each of it acansteRIeMsNEARMIRY 8916 BREELRUSNASHESRINRIaram by
sound canal, ear canal, ear drum, ventilation canal, or distance between
ventilatifeeRsaP eSaidochisetidanisgisid microphone. 29. The computer
system according to any one of claims 21 to 28, further comprising a
program portion for measuring at least one hearing threshold level of a
hearing aid user. 30. The computer system according to claim 29, further

COPRRY g G QY588 BRI FIguiating W@ﬂ%@ﬁr@&?ﬁxﬁ _

on the hearing threshold level; and a program portion for calculating sai _
CHAHRIING SHIG REGGAHAY SRIMASIRIPERIOCRIQUEREY $RARIFY arRiGHEAIINg said
a%éﬁlﬁ’g%ﬂ%l%ﬁ@&b 8 1hBSSAMBHILI-SKRIELARSHISIRY to one of

claims 29 or 30, further comprising means adapted to measure said

hearing threshold level by an in-situ audiogram, and said system further
comprising: 34 a program portion for correcting said measured in-situ
audiogram by means of said correction gain. 32. The computer system

actORIRYSRSTLRERP NG MR AW S4Y8 PFGLHERS poriier ol CRRILFSIAR sy 8
hqatRe:AIc-BRIRd S8R D BRI sedE PR ALY IRtRORAItIeaHNehBid of

gain based on the corrected in-situ audiogram. 33. The system according
toGih BAEABI®IRAfNS 21 to 32 further comprising a program portion for

simulating the predetermined loop gain for a number of

on for
d

The system according to any one of claims 21 to 33 wherein said effective
vent parameter results from one or a combination of the vent diameter, the

vent length, the insertion depth in the ear canal, or the ear canal volume.

The system according to any one of claims 21 to 34 wherein said sysiem
further implements standard parameters for the predetermined loop gain, vent
effect and/or direct transmission gain are used that are selectable from pre-
calculated tables stored by the system and which depend on the hearing aid

type and/or predefined vent parameters.

The system according to any one of the claims 21 to 35, further comprising:

a program poriion for reading in the used hearing aid type;

a program portion for measuring a vent parameter; and

a program portion for calculating individually adapted parameters for the
predetermined loop gain, vent effect and/or direct transmission gain based on

said measured vent parameter and the used hearing aid type.
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37.

vent parameters. 34. The system according to any one of claims 21 to 33
wherein said effective vent parameter results from one or a combination
of the vent diameter, the vent length, the insertion depth in the ear canal,
or the ear canal volume. 35. The system according to any one of claims
21 to 34 wherein said system further implements standard parameters for
the predetermined loop gain, vent effect and/or direct transmission gain

al OB SEMPICAISY SRS RO TR Raarfafd dhasieddtotd dyehavherein
sygigesandiiybiehasnand @ubasheariag aid dypmanadiesRyedeiingd Eﬁ‘éﬂﬁich

parameters. 36. The system according to any one of the claims 21 to 35,
fRREESHING RShiS: IITarBHIaMIDIG iR &5 caph @B desdahaiineeaiand the
YR8tk rswm@w@angbm?é&@agt@wwﬁ@meteﬂ and a program
portion for calculating individually adapted parameters for the
predetermined loop gain, vent effect and/or direct transmission gain based
on said measured vent parameter and the used hearing aid type. 35 37.
The computer system according to any one of the claims 21 to 36,
wherein said executable program code is carried out during a fitting
session in which the hearing aid is introduced into the ear canal of the
hearing aid user and the hearing aid is electrically connected to the
system. 36
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