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BACKGROUND OF THE INVENTION 1. Field of the invention
The present invention relates to the field of hearing

aids and nore specifically to hearing aids and

nmet hods utilizing in-situ occlusion effect or in-situ

directly transmtted sound neasurenent. In addition,

the invention relates to a nethod for vent size

determ nation, a nethod for fitting a hearing aid

based on neasured in- situ occlusion effect, and a
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The occlusion effect is a well-known problem for hearing aid users. When someone
speaks, sound is likely to propagate through bone conduction to the inside of the
ear canal. The sound pressure level at the ear drum due to the person speaking is
likely to increase on occluding the ear canal relative to the un-occluded ear canal,

since the sound cannot escape the open ear anymore

The occlusion effect is therefore also described as the low frequency boost of own
voice that occurs when the ear is occluded. Users may thus perceive their own
voice as hollow or booming, which in particular is annoying if their hearing loss is

small in the low frequencies. Typically, the occlusion effect is alleviated by drilling a



pl ug. However, in particular for CIC and I TE hearing
aids, drilling a larger vent is not possible, and
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effects as well as for fitting a hearing aid. SUMVARY
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custom plug to decide on the vent size based on rules of thumb developed through
experience. The plug will then be manufactured by, for example, a rapid prototyping
method including a vent with a diameter as ordered. By the current practice it is

therefore not possible to predict the occlusion effect very well.

Another important acoustic property of an ear plug is the propagation of sound
from the outside and directly, i.e. not amplified by the hearing aid, into the inner part
of the ear canal which is called directly transmitted sound. Directly transmitted
sound may interfere with signals output by the hearing aid causing to decrease the

speech intelligibility and overall sound quality for the user.



provide a hearing aid and a respective nmethod which
allows to determne the occlusion effect or the
walzooso113ge t ransm tted sound. Accordi ng to the PET/EP2006/065125
aspect of the present inverdion, there is provided a
hearing aid for in-situ occlusion effect or directly
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directly transmitted sound value from the difference between the sound levels of the
second and the first input signals generated both at the same time and said

receiver is silent.

According to a second aspect of the present invention, there is provided a hearing
aid comprising a pair of a first hearing aid for one ear of a user and a second
hearing aid for the other ear of the user for occlusion effect or directly transmitted
sound measurement. The first hearing aid comprises at least one first microphone
generating a first input signal from sounds external to the user and at least one first
signal processing means and a first receiver. The second hearing aid comprises at

least one second microphone, at least one second signal processing means and a



of, for exanple, a probe tube, while the opposite
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than the hearing aids worn by the user anyway. This
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receiver to be silent, generating a second input signal by a second microphone from
sounds in the occluded ear of the user, and calculating at least one occlusion effect
or directly transmitted sound value from the difference between the sound levels
corresponding to the second and first input signals generated both at the same

time.

The provided hearing aids and methods enable to determine the amount of
occlusion effect or directly transmitted sound present for an individual user, by
performing a measurement without any other instruments than the hearing aids
worn by the user anyway. This further allows to quantify the occlusion effect or the

directly transmitted sound that the user actually experiences.



the directly transmtted sound through a vent in the

plug or a | eakage between the plug and the ear canal
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hi nsel f speaks or utters. Birectly transmtted sound

may occur only from sound sources external to the

user. It is therefore another object of the present
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wi th sonmeone else, it is still possi bIe to rreasure the
QBB T bl RO IR ST TG RRORR IR Bes o

metAB@S Whitieaie &dcHbié $o tdl%ﬂh%@l%ﬁ De®Wess solifids dﬁfrbhta@f the ear drum
out si de the ear canal erefore necessarily due to
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classify the input signals as valid for occlusion effect calculation. In the other case,
if in at least one frequency band the sound level at the front of the ear drum is
smaller than that outside the ear, the input signals are classified as valid for
calculating a value of the directly transmitted sound from the first and second input
signals. If however the sound level at the ear drum and/or the sound level externally
to the ear is below a certain limit, the input signals are disregarded and, e.g. added

to a noise buffer.

For occlusion effect measurement, the stimulus signal may be the sound of the
hearing aid user reading aloud or speaking. If the hearing aid user is in

conversation with someone else, it is still possible to measure the occlusion effect,



occl usion effect value for said user wearing the
hearing aid with an in-situ occlusion effect
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a second sound level within the occluded ear,
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measnidgwhedt. can be used to eval uat e possi bl e mechani cal
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there is provided a hearing aid . .
size determination for a hearing aid by means of in-situ occlusion effect
measurement. The method comprises provisionally providing an ear of a user with
a prospective hearing aid and occluding said ear, simultaneously measuring a first
sound level external to the ear of the user and a second sound level within the
occluded ear, calculating an occlusion effect for the user from the difference
between the second and the first sound levels, and determining the vent size for

said hearing aid based on the calculated occlusion effect.

Thus, it is suggested to fit a prospective hearing aid user provisionally with, for
example, a BTE hearing aid with a soft plug and not a customized plug and then
measure the occlusion effect. Based on information from this measurement, it is
possible at the stage of ordering a custom plug to make an informed decision about

the size of the vent.
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conprising a custom zed vented ear plug, wherein the

size of the vent of said ear 10 plug is determ ned by
wa0msgia2eet hod as descri bed herein. The i nvenPCOMP2006/065125

according to further aspects, provides a system of

in-situ occlusion effect neasurenent by use of a

hearing aid in a fitting situation as well as a

conputer program and a conplter program product as

recited in clainms 33 and 34. 15 Further specific

variations of the invention are defined by the further
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according to still another enbodi nent of the present
computer program and a computer program product as recited in claims 33 and 34.

Further specific variations of the invention are defined by the further dependent

claims.

Other aspects and advantages of the present invention will become more apparent
from the following detailed description taken in conjunction with the accompanying
drawings which illustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals

designate like structural elements, and in which:

Fig. 1 shows a block diagram of hearing aid according to a first embodiment of

the present invention;

RECTIFIED SHEET (RULE 91)
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i nvention; Figs. 6a-6c¢c show plots visualizing the
occlusion effect according to enbodi nents of the
w@e@sens2é nvention; Fig. 7 shows a flow chart pET/BP2006/065125
nmet hod according to an enbaodi mrent of the present
invention; Fig. 8 shows a flow chart of a nethod
according to an enbodi nent of the present invention;
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F'g'd’!epenalg%‘f’s\PegﬁlPWeFB%tOfaﬁd”?H@d 8eeard&igotp énf embodiment of the
accor gidwgnt mveAkgsli nents of the present invention;
~ Fig. 11 shows a flow chart of a method according to an
Fig.énbodseis @af hedaring midsactoriingetd i am; erabddifient a2 the present
shom.nﬁsﬁ{.oqk di agram of a system according to an

enbod| 9%t the present invention. DESCRI PTI ON OF
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i nvention according to enbodi nents thereof, ternms w
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present invention; and
Fig. 12 shows a block diagram of a system according to an embodiment of the

present invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

When describing the invention according to embodiments thereof, terms will be

used which are described as follows.

The occlusion effect (OE) is defined as the difference between the sound levels just
in front of the ear drum in the occluded versus the un-occluded ear while the user

speaks or vocalizes sound and when the hearing aid is not active.



un-occl uded ear. The occlusion effect therefore refers

to voi ced sounds generated by the user, and depends
woRookoi132¢ he ear pl ug di mensi ons and t he physi cBET/EP2006/065125

properties of the ear canal9 and eardrum Particularly,

t he occl usion effect depends on the physica

properties of the cartilagi nous part of the ear cana

as a sound source..  Therefore, hearing aid nust renmain

The jse4a; Wiered by iy User isugsnsatedeastied dglolisp@s haanonics of a
(SIVIpYe] S r
fundea MRLEAC Pl BRESE BN Q6L funEBn e wokal tract. The
sourghignnetaTe}) )spire;adsde‘sl miedoadutted shundensneall Iaedv\leme tdoaducted
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measienerdadsinbetteusaindesmfrce lﬁethheaelrthgwalv@lqﬂ t hout any
ot her instrunents than WO 2008/ 017326
PCT/ EP2006/ 065125 10 the hearing aid, and anal yzi ng

The a&éedﬂlywahsrﬁltfé@ EBiiSd BABUCaNENtdiky:t Ltﬁdi\sﬂflsﬁoﬁlgélhng)TG)) is
software. This quantifies the occlusion effect that
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D-converter (not shown) for sanpling and digitizing

the anal ogue el ectrical signal. The so processed first

i nput signal is

acti

A measurement at the outside of a hearing aid, i.e. by the normal microphone of the
hearing aid, can be assumed to represent accurately the sound level at the ear
drum, at least for sounds at frequencies up until 1 kHz. This is satisfactory, as there

are no significant occlusion problems at frequencies above that.

According to a first aspect of the present invention, an embodiment is based on
diagnosing the amount of occlusion effect present for an individual user, by
performing a measurement of the sound pressure levels at the inside, i.e. at hte

receiver side, and the outside of the hearing aid without any other instruments than



then feed into signal processing neans |like a
conpressor 20 generating an electrical output signa
wdyoosppidgé ng a conpressor gain in order to prOoRPCIT/EPBNG065125
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hear i hen produces the occlusion effect value
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to produce a band-split occlusion effect val ue, For

contenligapbye a fitiegsseftware 89 durptionady donnected vipfarratfagp or /0
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Accdrela@utcemnewtm;dlmaMe tim acelusimmedffattebgluadtand also other signal

values like the sound pressure levels (SPL) of the input signals are stored in

memory 70 of the hearing aid.

According to an embodiment, the hearing aid further comprises at least one band-
split filter (not shown) for converting the input signals into band-split input signals of
a plurality of frequency bands. The hearing aid then produces the occlusion effect
value or directly transmitted sound value in at least one of the frequency bands.
According to another embodiment, the hearing aid processes the band-split input
signals in each of said frequency bands independently to produce a band-split

occlusion effect value. For example, the signals are divided into 15 different



the mandatory tests and will now be described with

reference to Fig. 2 showing a flow chart 200. The
wheasiong2@i d i s switched in a nmeasurenent nodePCHERP06/065125

210) in which the hearing1aid is in a "listening

situation", where the first m crophone records the

sound outside the ear as first input signals and the
freqSgCaN m'dcrorg@oge recor.ds %he sounds as second i nput _
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| oggi ng,.system (dat al r 95 in Fig. 1 fernal to .
meap R [ AP R ol R RS mrSom do Sl R FEPfglR sient
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values are then transmtted to the fitting software 80

from @ tod, antalkinado the pedintadisieltys necewsasy diadite asers eyn voice is

ifect. | e : o
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calibrated ratio between the second i nput signa
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vi suali zat | neans or exanple a graphical user
calculatezr daerethertinae cgivipgteetime dependent occlusion effect during speech of

the user.

According to an embodiment, the hearing aid records the sound signals or the
occlusion effect values in storage means by using either an internal memory 70 or a
data logging system (datalogger 95 in Fig. 12) external to the hearing aid and part
of the system as described with reference to Fig. 12. The stored signal and other
values are then transmitted to the fitting software 80 to be analyzed. Alternatively,

the signals are fed directly sample by sample to the software.



connected the fitting software. The occl usion effect
depends on acoustic utterances of the user producing
wo b@shiTs¢ and second i nput signals. For exanpdBEP2006/065125
voi ced phonenes such as /aaa/ has alnbst no or even
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dep éﬁo%wseams.eﬁréffe%t ab s perRd by fhe fxearing aid
m crophone is approximately the sane as the sound at

the ear drum for frequenC|es bel ow approxi mately 1
hear.i.n

The {iffisyrod SoSRART A TRLE FafY e alu TG R L hEp g R0 oo
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aid can therefore be used as a neasurenent device for
resutthe Wednterpruaiyifiried ithe tasslusipn stfertuded assessing how much the

venti&n,g)% Q%é‘éﬁtz eﬁﬁ‘—r cﬁgghearggrg&e%sdw gnﬁdérﬂtepggﬁtreﬁrﬁg tﬁ%&%son effect,

whictuies tetel adetjaimndcddieblsdionnd (occl uded) input signal
W Il be described with reference to Figs. 3-5.

According to enbodinents, the sound pressure at the
MeaS&ifl] WR ikciuBfn effect ideally demands a simultaneous measurement of

the sound pressure at the ear drum in the occluded ear and in the un-occluded ear.
The difference in dB between these two spectra gives the frequency- and time-
dependent occlusion effect. The sound pressure at the non-occluded eardrum
during own speech is dominated by air borne sound. This means that the low
frequency part of the sound at the hearing aid microphone is approximately the
same as the sound at the ear drum for frequencies below approximately 1 kHz.
The sound registered by a hearing aid microphone which is usually used for
measuring the sound from the surroundings and which is amplified by the hearing
aid can therefore be used as a measurement device for the sound pressure in the

un-occluded ear.



occl uded ear is assessed either by use of the
receiver, by use of a built-in mcrophone at a
wo emsioyses si de of the hearing aid or by use of PEI/pP®OE065125
tube connected to the secamd hearing aid m crophone
of a directional hearing aid using two mcrophones.
Thus, according to embodinents, the second m crophone
not . an additional mcro hone but a sensing neans
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it is still applicable. By rerouting the receiver
connections in the hearing aid, the receiver is
Acc Wllb hedhd migRt r?lg sgurédrec%g%@r@\j(prls i J8eR0hEBhe second
ing ald node and und recor I n

microplene emergaringodel 300. tTrhus rtee owetid ngRconti rmcrbaketse 40 at the
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behi nd-t he-ear (BTE) hearing aid 400 uses a
meapu@h@emub@na%a Prebeprivbe maasuremant avhextergabneqwpment is

o8 AARRRRER e shRTGR LBE P S8 et meaning

that @By Mgh@iod- aBY miRSESHONRIWh &S cohpbetet Wizeohdt Thd Bensiavity may
for exanple feeding it between the ear plug 335 and

be naieasgrooganal @ FWRMNodidd MBPPHPBRaGHE dNe r%ﬂmdheressure in the
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conrRCTibEP20A6¢ 0GR ailid the receiver is switched between being a sound

generator in normal hearing aid mode and a sound recorder in the measurement

mode. In this rerouting, which takes place during fitting only, the receiver replaces

the second microphone sensing the SPL in the occluded ear at the ear drum 355.

According to the embodiment in Fig. 4, a behind-the-ear (BTE) hearing aid 400
uses a probe tube 415. The probe tube is attached to one of the microphones 410
of the hearing aid by use of an attachment device 425, which straps onto the BTE
hearing aid. By inserting the probe tube into the ear, for example feeding it between
the ear plug 335 and the ear canal 345, sound may propagate from the eardrum

355 through the probe tube to the microphone of the hearing aid. The probe tube



has preferably a dianeter between 0.2 and 1 nmand in
particul ar preferably of about 0.5 mm According to
wo b@sentsoddi rent in Fig. 5, a conpletely-in-thePCBEEPL006/065125
(A C or in-the-ear (ITE) thearing aid 500 uses as
second m crophone a built-in m crophone 510 at the
recei ver side of the hearing aid. In the foll ow ng
enbodi nent s, measuring the sound pressure | evel of the
hasfnfﬁge{a?Mpﬁjfilangﬂ?tahgret%%ert Re 8Rdot EMc Enpadieniar pieferably of
abot€0 €6s56r i bed. By using a directional hearing aid with
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ressur |l evel. in the case the qther m croph IS,
AocdTREL e qrtisdimglt iniEandof oMo ot GeBRHOICh 6L uthe-ear
(1TEgm@§§H@%iqu@@ WsB5BRsecBYd YRR RdNBEDNItGH PRBRIMhone 510 at the
nearing aid, the mcrophone in the hearing aid i s use
recederisidesof thede@pngmed.f or measuring the external sound
pressure, while, e.g., the receiver neasures the
i nternal sound pressure in the neasurenent node.
In thcatio@ingPe b odimd etk daminhg thE&olmt hedseaNEvd &8 tie first input
. Simul taneous bi|ateral neasurenent using a pair of
signAkbefrthaynaperdudag e3 mal wikbedesaithed- and t he ot her
open. In the neasurenent node, the sound pressure is
simul taneously nonitored by use of a first hearing
By asidgwat ldiractiornrad t heanrg id neith eaorieldsigtveoumdsoexdérersnathe one
. to,a wuser and a second hearing aid in the other ear
micrgphei I dssd 3 e ff{sg@m&wor}ﬁ *@rVBEﬂ%WS,th%.eéFeraa'p%%{ﬁ@ pressure
: ' n ' h tat r
e e S TR onkS, SO e Ly BRLpRIeMube for
interae! $@ast prekeuncgveaswenmantt he second hearing aid is
silent and the occlusion effect is calculated fromthe
di fference between the sound | evels recorded by the
By sRfPaGre0didréishdrid Béariny SidORORRSTophORE IrafiRONSAIhg &@I'is used
t he cal cul ati on, the recorded sound pressure |evel
as fifsl geegrorhenedpl srasyriag beeewemaleSaUne PEsFIiRy Whis ®@. the
s st t b1 f
recefler P b BRI S Baad boh MiERRL R Gprrige,
cal cul ated as WO 2008/ 017326 PCT/ EP2006/ 065125 15 the

rati o between the tinme-frequency spectra of tr]e Si gn%l,
Accqrdinghdo ot | eraeediggnt, the method Comprises a simultaneous bilateral

measurement using a pair of hearing aids, with one ear occluded and the other
open. In the measurement mode, the sound pressure is simultaneously monitored
by use of a first hearing aid with a first microphone recording sounds external to a
user and a second hearing aid in the other ear of the user with a second
microphone, e.g. a probe tube microphone recording the sounds at the ear drum
while the user e.g. reads aloud from a text passage. At least the receiver in the
second hearing aid is silent and the occlusion effect is calculated from the
difference between the sound levels recorded by the second and the first
microphones simultaneously. For the calculation, the recorded sound pressure level
values are collected at one of the two hearing aids or directly transmitted to the

fitting software for further processing. The objective occlusion effect is calculated as



relative to that outside the ear. To get in particular
representative results in a binaural fitting
wa@erdogatizon, the first and the second ni cr ophOPEFERBOE065125
in one ear of the user havasattached probe tubes
inserted at equal depth in each ear. One ear is
occl uded and the other one is open. Thus, both sound
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drunhtdigting torteleeripdBmeher ophone, a built-in inner
m crophone or a receiver mcrophone of the hearing
aid. The signals recorded fromthe m crophones are
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fitting softiware. This is obtained, for exanple,
microphranggdr 3 ceasaldravictayener eports in the hearing aid,

which are reqgularly used for many purposes in today's

heari ng aids, Then, the calibrated ratio between the

Accdrﬂﬁn?rtﬁaétlll aﬁib%érf‘@nﬁddlﬁfelﬂwarﬁﬁ geabu e aidvicediov @seddiging the
occlusion effect, which be rooted by the fitting
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micresitdnssoitheefcheint aﬁn‘ the directly transnitted sound is
WO 2008/ 017326 PCT/ EP2006/ 065125 16 cal cul ated. In

case the user reads a text passage, the occlusion
The &if 845 tootMEUtFhethe microphones are then processed as follows.

According to one embodiment, the simultaneously measured external and internal
raw signais are fed directly to the fitting software. According to another
embodiment, the simultaneously measured external and internal signal strengths in
each band is sampled and fed to the fitting software. This is obtained, for example,
through so-called level-reports in the hearing aid, which are regularly used for many
purposes in today’s hearing aids. Then, the calibrated ratio between the internal
and the external signal strengths gives the occlusion effect, which may be rooted by

the fitting software for periods of silence, powerful noise etc.

According to further embodiments, the measured sound pressure level values are

analyzed and then the occlusion effect or the directly transmitted sound is



as the ratio between the tine-frequency spectrum of
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rearrange data to give a better understanding and

Qver Vi ew, e distribution of the occlu5|on effe

calcidgted. n ga% U$es reafe altaxtdrpssegesthg Qesdusion effect s calculated
as tt@%tﬂijbegvégn e ﬁ%@'f@q@gnbmﬁgﬁtwd‘l%@m@t Qhﬂjltgﬁedm% recorded

nmber of tinme sequences, gi ves an occl usio
signalsf ettthef secondr naq:rnptzaﬂme(oacluded)eratmii tthef rféqurmcr;ophbﬁe (non-

e t he voc lizes, [iiil, the ul d
ocelifty refiedtiEl TRRANAT S s Sumicaleioi Rttt peglision effect
In ofde&dauenea®angd tddtd 0GivenkY bEfer QEEkksARINgT ARfloverview, the

nmeasured but also directly transmtted sound throug

distripuion of theneeaiusien sffeayaheachifsequancy nisvealeulaieslc i ttbsa@lves a

contoht Neh s SRR o e BB M Ao BLifENgyhoss, wnict

gived WRcddodsorexEett of & iceﬂahhﬁalﬂ@%lﬂmh fefquiehey OEe. g the user
except that the user not read froma text

only éogal'zeéddég@% rﬁ’W'tanlﬁlb@gﬁJ@aWWtd'%iHEW@’t af?é‘lngzﬁag 1 2@(@8 at low
freqLng%l Jdispenser. The fitting software runningly sanples
e frequency dependent sound pressure levels from
the internal and external m crophones The sound

S he external mc n S appr. oxi e
1t s ok Slfan G el iRt S RRle BEARHRS DAL AabCHEET Ha S Pakb sound
throdr%?) @% 4S&nt&d eérhﬁlug'a%ﬁﬁ%g\@ﬂl ndWP BB Riscribbg vxht'ﬂtr%fétéhce to Fig.
crophone senses very large sound pressure whe

11 shhweingse flospeskt of aehethpdeacordingmnotier aiseimest. Thls method
speaks ticular in th

ono B K L PRl 5 b SVRC R apendoes o

readSPomhgnekhendi %an%ﬂgaéé@ak% didheg i ingthnahotdet@rson like the
pressure is smaller than the external sound pressure,

dispensescihefifting seityaier runnmadusaeinies thecberdenmy depefidlent sound
pres§u qggggq o{m ‘rr‘i‘é ﬁttcgr'ng?gnd‘e%é‘?nefal%lcﬁéryﬁoqte%gTkg%ﬁbhm:pressure at

ement

the extemat Lm@c_opmﬁie hae a;t@edsXIms&&theas’ainé hﬁnplltuﬁetmldéiﬁ'dﬁdent of
when t he di spenser speaks as depicted in Fi

ig. 11. In
whetsee fegsrealer IS e User of {nq @lsee@%‘%rnﬁﬁé«@VﬁhéFﬁgmem?émlcrophone
t I y
sens(k:eg n%rv@g) dla$§e éo%nd g?énugler\/\é@%n tﬁ’é‘éfsie][ %?glagé ?rg%ftﬁg tgg\gggn the
dispdr’rmrﬁbleaksarmbmstlcaiae i It doW i feztj L Ccles| |Fd1rh‘h@rm®E the ear plug
ure ste 930 externa

th
atterygsn R SoHET P WarbitBE SeEeLTHe Spedhsy k" pigal sound
presé @& %Tc%rﬂgﬁeﬁurtf%ﬁ%e(ék@nal sound pressure, especially at higher

frequencies. According to an embodiment, this gives a cue for dividing the time
samples into two measurement groups, namely the in-situ OE when the user
speaks and the in-situ DTG when the dispenser speaks as depicted in Fig. 11. In
step 920 of Fig. 11, it is determined whether the internal SPL is larger in at least
one frequency band compared to the external SPL. And if this is the case, the SPL
samples are classified as valid for OE measurement (step 930). If the external SPL

is larger, then the SPL samples are classified as valid for DTG measurement (step
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gives the occlusion effect according to an embodiment. The spectra are extracted
from the hearing aid sound processing, e.g. by the level reports containing

information about the spectral energy contents of the signals.

If the user vocalizes a sound e.g. /iii/ or /uuu/ or any other, also the ratio of the long

term spectra gives the occlusion effect.

Regarding signal analysis, the simultaneous bilateral measurement offers a unique
opportunity to analyze the occlusion effect as a function of time. According to an
embodiment, systematic measurements of the variables of the objective occlusion
effect during running speech is carried out. The temporal aspect of the occlusion

effect is implemented in the analysis by use of a histogram approach. This
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As depicted in Fig. 6a-6¢, at least two different curve-views are possible. According
to the view as depicted in Figs. 6a and 6b, the OE is shown at certain bands as
function of time. Fig. 6a shows the OE during reading by the user as measured in
band 0. Fig. 6b shows the average of the OE over the three lowest bands during
reading by the user. Another view is depicted in Fig. 6c, showing the OE at a
certain time t = 2.8 s as function of frequency during reading of the user. The two
plots as depicted in Figs. 6a and 6b, are drawn as time goes, following the

development in OE at e.g. band 0 as function of time. The gray curve at hte right
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subjé@@%eélﬁz‘é‘%@n Jii§ s%%fi%@e‘doééﬁle%r der to match the output
signal of the hearing aid to 'the hearing | oss of the

user. Typlcally the hearing aid is fitted utilizing

an in;situ hreshol sur r c
Accogling o iff HHOWR | ﬁefﬁ ogeg} cnggr €, V%éﬁgﬁeﬁh%\e@eaggred in-situ
occlU¥d bffgctal disaacd urPeaeg of the deatisg iad firgreal sizchdeteanimation
generated fromthe fitting software or by the

whicllvélpepwdie gegcribgdt hr eshol d response. The in-situ
thresholds provide the initial gain settings for the
hearing aid. This procedure is al so designed to take

Durindadfittieg eessioh hesal-esi dusdsueament is performed in order to match the

output signal of the hearing aid to the hearing loss of the user. Typically, the
hearing aid is fitted utilizing an in-situ threshold measurement procedure, called
Sensogram. During this procedure, the user wears the hearing aid and responds to
acoustic signals that are generated from the fitting software or by the dispenser for
a threshold response. The in-situ thresholds provide the initial gain settings for the
hearing aid. This procedure is also designed to take into account the residual ear
canal volume of the user and the individual acoustic properties of the hearing aid
shell or ear mould. The direct method of threshold estimation is intended to
minimize individual variability and real-ear errors in threshold measurements to

yield more accurate real-ear thresholds. According to the present invention, the
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needs to have a diameter of e.g. 2.5 mm according to ,e.g., a pre-calculated table
providing different vent size values for different OE reductions. Thus, an appropriate
vent size for a customized hearing aid for the user based on the measured

occlusion effect is determined (step 740).

According to another embodiment, the hearing loss may also be included in the
vent diameter determination, since users with high low-frequency loss simply does
not hear the occlusion effect in the same degree as a user with normal low-

frequency hearing.
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ventefeffg&t. According to an embodiment, in-situ occlusion effect and directly

transmitted sound measurements are used for automatic vent size counselling

taking at least one transfer function of the hearing aid into account.

According to an embodiment, the information obtained by the occlusion effect
measurement is used as an input to a possible change in the dimensions of the
vent. By measuring the occlusion effect during use of the particular plug for the
particular user, it is possible for the dispenser to quantify the users problem which
might be that the plug gives rise to an occlusion effect which is too annoying for the
user. In the literature it is described that the occlusion becomes a subjective
problem when the objective occlusion effect exceeds some 6-10 dB at 250 Hz.

According to the method described with reference to Fig. 7, an estimate is obtained
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It is now described how the determination of a vent size producing an occlusion
effect which is tolerable is achieved by using the method as shown in the flow chart
800 of Fig. 8. In step 810, at least one transfer function of the hearing aid is
measured. The transfer function could be, for example, a measured feed back test
or measured DTG. An effective vent size for said hearing aid is then estimated by
determining that vent size as the effective vent size that provides the best fit
between a number of predetermined transfer function values and the measured

transfer function (step 820). The vent effect corresponding to the said effective vent
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wo nmseeses i n ri sk for feedback. It is now descr@bEP20h©V65125
the determ nation of a vent3size producing an
occlusion effect which is tolerable is achieved by
usi ng the met hod as shown in the fI ow chart 800 of
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t h . f
exarfile  BetF 41 Rt BEN S aBGRn oY BT up T, ARl by sai
calcdl@t'eH%n@@ﬂeéth@ uﬁ@@Wﬁ@@rmtﬁe@%é@éné gfiedtivervehstep, WARh. has a
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modifisateih & @btaih ramextiusioapef@ad, whible ipreheeniedt fedthet user (step

in occlusion effect in at |east one band, such that
870)sai d occlusion effect is below, for exanple, 8 dBin

that one band is determ ned. This information provided

by said calculated vent effect is used to determne a
Withsreéeadceftbeftigsve amht!Ositie, methiodhishagwadesgsihed dif mete detail.

rres nds to the_,sa refer ed r n.n .
Incluged! B! At AR oS S hE W T e ohih is the
duffeﬁé%gé lﬁ'tf?@hé§r|r’1’g$§@ S5urd FresQITBRNARE ieaR dhah WiesH the ear mould is
nodi fication to obtain an occlusion effect which is

ventedand et |tﬁsar1n{vneta@béme(m<é|@f Dsem%temvmﬁﬁ trasstardHeetians thus

Fi 9 and, 10 ri.b
con G b ) dach ReEL ROl B RBNoARRET LR By b tecive
vent [didiBbicd Tiss id@luveatedahfiee Fig. WblfohthrSetdnféeredt fémtraiaceters. It
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er Be 1.8

is assHEneshihatdiig dedbackdasteestimtenB qf{e cfive yROd
pool of predeterm ned transfer functions thus contain
‘frequency dependent vent effects corresponding to a
nunber of effective vent dianeters. This is

[ d .
An oéplg%{nreg‘ge%t nlﬂenasltugeerggémgg g{vi%raztx trqh t qfd‘(g‘:{jgg \g)?Nn requencies,

as skSWh TRESS 1008ikld stbie¥haveshodirat ah dcellpnleffect®Miess then
6 and in particular about 5 dB is tolerable, it is necessary to increase the vent size
of the ear mould, such that the sound pressure at the eardrum decreases with 10

dB.

From the predetermined vent effect chart in Fig. 9, it can be seen that an effective
vent diameter of 1.8 mm (not shown, but will be placed just above the 2 mm curve
in the figure to the left, with its end point at —20 dB) gives a 20 dB reduction in the
lowest band. However, since the occlusion effect is measured with the same plug
as the feed back test, and thereby the effective diameter, the 20 dB reduction was
not enough. A further reduction of 10 dB is required to make the measures

occlusion effect go from 15 dB to 5 dB. In the chart in Fig. 9, it can be seen that an



An occl usion effect neasurenent may give a result of
15 dB in the | ow frequencies, as shown in Fig. 10.
werse1Btadi es have shown that an occl usi on ef PE@EPDNG6/065125
less then 6 and in particakar about 5 dB is
tolerable, it is necessary to increase the vent size
of Ijhe egr moul d, such that the sound pressure at the
eardrum decreases with 10 dB., Fromthe predet
incregepof #19 ¥ept diRAater 10 &irgm Woulds gie ihe desessary ﬁgﬁdeguct'on
relatﬁéftfﬁge' ¥ mMent dianeter of 1.8 mm (not shown, but
W e pl aced just above the 2 mmcurve in the
figure to the left, with its end point at -20 dB)
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di aneter, the 20 dB reducti on was not enough. A
further reductlon of 10 dB is required to nmake the
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effec{?ﬂ%%/sgﬂe?ﬁé’rﬁ IR B6ANGPARSs &élsdrlbedememozf/omftw @enerina
di aneter to nm woul d gi ve the necessar
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the 1§58ReneD o6 Enpnbty 4ERHER L ATREIRY el Ddta sent o
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enbodi nment, the conputer programincludes t
embsdxmmr@es@atfamggertsmrﬁg vefeeshehhen§ FapRd B&m'ﬂf@ 1%s al
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Acodraﬁwgtf E@C@wo@%rﬁ@g\t{dﬂmbﬁt tthen'pys:]teafs fartiert @boggiees 9Gistalization
e signal data t t

e gl IeIey cOBAVIEr EVENET AU . AHTUEH &8 G Ueb BB DTG as

well ?E‘gﬂwnﬁata %@Eegsgérg:ftﬁg‘gf?ﬁg FHeMEiNGRdiH S Rfschibed BeréindThus,

as wel
the dispenser may directly see and analyze the measured values by the hearing aid

on the screen during a pre-fitting or fitting situation.

In summary, there are provided hearing aids and methods suitable to enable a
more accurate vent size determination taking the occlusion effect or directly
transmitted sound into account, thus giving as result a more convenient listening

feeling to the user.

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

same, such as, e.g., digital signal processors, analogue/digital signal processing



signals transmtted fromthe hearing aid for further
anal ysis and visualization. According to another
wepdediTsent , the system further conprises Vi SURET/ERI00@065125
means 90 |ike a conputer nmasitor which is adapted to
visualize to OE and DTG as well as all other data
necessary for fitting the hearing aid as described
rein. Thus, t he di spenser may dlrectl see

Systsm pgladingdield pearammiahie estegrave (HRGEM rféa’éﬂ’%fd RiﬁC‘P?rﬁ@fS or
appl@ﬁiﬁﬁgpsﬁé{fljcgglgﬁap[)F‘ocfes%r‘geg\ﬁafdrt ASR% ngéngt it i ?referred

are provi ring ai‘d
thatsihétvdhnle styete@ma?éblirepbmenm@ ira(acmmglseedrgeatt canpenent even though
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a nore convenl ent listening feeling to the user.

Accordi ng to enbodi nents of the present invention,
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systama TguaLgiitd taals, Shethals RIrecasdicey nvdy aR8HO1E3A6Ly, e.g., the
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Vi ously, referr
pro@ st e exeamhgnﬁeﬂheds@lacardmmgj emtblogmnmtsaimspntherem If a
even t hou [

. some, parts could be jnplenmented in ot
clerg e ol Y, S ST TF " heS Read Shventon
comgﬁn‘%e‘s’%sreﬁéft%t eraBSIm?Efé‘? FISBN | RS0 RES &F §’;bsﬂth Sccording to the

odi nent s the esent invention nmay
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product lik8% £empuest- re'&f@bb%d&o?é?g‘é)h%d’l@mt ort 8>%rﬁbléswﬂoppy disk, a
I nvention may al so be inplenented in a conp

menerygstihn ao(rﬁDaR@Nhga N2 dpple m@m@@fr mwaeth@ké@m'ﬁgstorage
t hod f
medjum, Ic'Jﬁ i’ﬁ?v’é&i rngté’n Hgnen | S L@ggg an en‘Eﬁﬁﬁlta e opresent

invehhénpresent invention conprises a renote server
conputer which enbodi es a system according to the
present invention and hosts the conputer program

Acci?&‘ﬁgtf od Q%Hﬁéﬁ&% 85%H: A %gprrograrﬁ h&JBrRsE e BMRNIN &fnemory
ng to anot er enbo a conputer program

of a digital hearing device or a computer memory and executed by the hearing aid
device itself or a processing unit like a CPU thereof or by any other suitable
processor or a computer executing a method according to the described

embodiments.

Having described and illustrated the principles of the present invention in
embodiments thereof, it should be apparent to those skilled in the art that the
present invention may be modified in arrangement and detail without departing from
such principles. Changes and modifications within the scope of the present
invention may be made without departing from the spirit thereof, and the present

invention includes all such changes and modifications.
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product |ike a conmputer readable storage nmedium for
exanple, a floppy disk, a nenory stick, a CO-ROM a

wO¥g/0a73ké ash menory, or any ot her suitabl e stPCEHER2006/065125

medium is provided for stasing the conmputer program
according to the present invention. According to a
further enbodi nent, the program code may be stored in
a menory of a digital hearing device or a conputer
menory and executed by the hearing aid device itself
or a processing unit Iike a CPU thereof or by any

ot her suitable processor or a conputer executing a
nmet hod according to the described enbodinments. Having
descri bed and iIIustragﬁ%wgge principles of the
present invention in i‘ments thereof, it should
be apparent to those skilled in the art that the
present i nvention may be nodified in arrangenent and

Whatig.claimediis:out departing from such principl es.

Changes and nodifications wthin the scope of the
present invention may be made wi thout departing from
the spirit thereof, and the present invention

1. A S 5ol BRI 1088 iRt Bansgiftpo, gound

medsaremeht] somgrisiny:hearing aid for in-situ occl usion
effect or directly transmtted, sound neasurenment, .

- c it Phg et icrabnon Bemoaranied B Senets Gy B Tk signa
agdat slinde cyfIRAIab @ el bf the HeBRAG afl gnal  from sounds
external to a user of the hearing aid; at |east one

- siajleast eReviaralinfecassinagnedns and a@ENER; a second
m

- SRCIERPRE RCroBhS: BERG AFpIcH 18 BRRYRLSs SestRARRul gt from
asdunds withe eccluded eannfdsringareand node sai d si gnal

[ OCeSS] nea [,S a d. 0 eas ne
W BT 8 e RlTed i Spiadfay s A58 bans R dasbil o
plodacs at telaetlons outldsivaleffectf vatwe dhat dast @iedicectlp atamsaritted
scguhn% \§a ll.IJg ?lrol"net %l dc'iffgrfengg %etsv(veé:e%n%eas%%nd levels of the second and
the first input signals generated both at the same time and said receiver is

silent.

2. The hearing aid according to claim 1, wherein in said measurement mode said

receiver is used as said second microphone generating said second input

signal.

. The hearing aid according to claim 1, wherein said hearing aid is a behind-the-

ear hearing aid and said second microphone is a built-in microphone of the
hearing aid, further comprising a probe tube having a first end being coupled to
said second microphone and a second end being inserted into the ear canal of
the user, and being adapted to propagate sounds in the occluded ear to the

second microphone.
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the first input signals generated both at the sane
time and said receiver is silent. 20 2. The hearing
war@sacses di ng to claiml1l, wherein in said meaBUr/BPRENG/065125
node said receiver is used7as said second m crophone
generating said second input signal. 25 3. The
hearing aid according to claim1l1, wherein said hearing
aid is a behind-the- ear hearing aid and said second
m crophone is a built-in mcrophone of the hearing
aid, further conprising a probe tube having a first
end being coupled to 30 said second m crophone and a
second end being inserted into the ear canal of the

and, bein a d,t f S i
. TS eapd AtAeolnd EOLEE L e R T hEr I Al fear or
codpledly-{rRtekca?a) hb%)lri@&&! aid 32 BEeddridPAII6pRETEl B5a Killt-in
4. The hearin ga rdln% clalml wherein said
migreRponfyata ECpiensids Of Fch,? hegring i
conpl etel y-i n-the-canal hearlng aid and said second
m crophone is a built-in 5 mcrophone at a receiver
side of the hearing aid 5. A hearing aid conprising a

5 A Igeaér@ggagdn gorhégsﬂl % ﬁr’s?lil]éé?fntgﬁégg fd?'acfne %arﬁq‘ést?srer ahd a
set@d bearingsaid rioreﬂwbemthe:oeardofrthetdsyr fot(bct:llamneffetoe@r siﬂactd/

neasur.emen wherein,s hearing aid co

S NE SO e St o TR, e oA o isEs. >
- ganfiast end fifst nfitropAenE b§in9réﬁiapté°df @r@mé% fivst fpoakighal
a user of the first heari ai d; | east one first

sfrgrusounds extesna 4o ﬁéﬁﬁéOfdhé flasthpﬁgmg fidcei ver; and
""‘é?fe%blrbrﬁeaf'lrgt §§|§fﬂ :[]B‘I%Jé‘ééhg '?ﬂeaﬁfs%n‘aoé"ﬁ%f r%%érvellfhnd at

| east one seco crophon l'east one second
wbergn’aﬂsaupsmdsheagmgaahsor’amsea second recei ver; and

] %?%EEQQ%SS%%%%WOSWQ: node sai d second mi crophone

at least one second signal processing means and a second receiver; and
wherein in a measurement mode said second microphone is adapted to
generate a second input signal from sounds in the occluded ear of the user and
one of said first or second signal processing means is adapted to produce at
least one occlusion effect value or at least one directly transmitted sound from
the difference between the sound levels of the second and the first input

signals generated both at the same time and said second receiver is silent.

6. The hearing aid according to anyone of the preceding claims, further comprising
a band-spilit filter for converting said input signals into band-split input signals of
a plurality of frequency bands and wherein said hearing aid is further adapted to
produce said occlusion effect value or directly transmitted sound value in at

least one of said frequency bands.

SUBSTITUTE SHEET (RULE 26)
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generate a second input signal fromsounds in the
occluded ear of the user and one of said first or

W@ e@s/w73g3é gnal processing neans i s adapted to PCDHEPE6/065125

at 20 | east one occlusion egfect value or at |east one

directly transmitted sound from the difference

bet ween the sound | evels of the second and the first

i nput signals generated both at the sanme tine and

sai d second receiver is silent. 25 6. The hearing aid
Thé gl 38 BCLIRRKGRE cRfim T SRR SaltonEartiaia 5 e to
pracepsit sad ghandssplitt mputinsignal$ i in ieaplut ofsisgithi feeqsencin bands

_plurality of frequency nds and rein said hearing
ndpfdiith o Bipsh b8 AR ST TR PP ool usi on
effect value or directly transmtted sound val ue in at
| east one of said frequency bands. 30 SUBSTI TUTE SHEET
(RULE 26) WD 2008/017326 PCT/ EP2006/ 065125 28 7. The
. i : . -
Thp B85iFf o 4y oBIA 0 Mg oF I Aree ing LRI R Somprising
a daqulatiosi mernssbéing edeptedto salcylate etjleastgneapelysion effect or

-inde - soli '
ar iy RARERRE Yot BB S od QiR forfeen e 0% el
copespordingdocdaid seconduaridhiinst mpupsigsals gvhemever said deaomg aid
_heans bein agzél_{%t ed to calculate at |east one
is ig dg Ugeﬁawegﬁn dSr directly transmtted sound val ue
fromthe difference between the sound |evels
corresponding to said second and first input signals
whenever said hearing aid 10 is in the neasurenent
ThERSSng ald LR (oehBng of HerkiBhaing LIy Mt coifising
stdragenmpeads peied ateptetdo stan¢ at Ieasttorwmalbueabmid)%rst ahd second

. first and secqond 15 input.sig 0 ' c '

e radtE org o e rg 5o it i BBeig ol eBuRRyE! Jpue

wheakvbridaas heddingidid issin ithie ineasureasut modet node. 10. The
hearing aid according to one of clains 6 to 9, further

conprising detection 20 neans being adapted to
determ ne whether in at |east one frequency band the

10. The hearing aid according to one of claims 6 to 9, further comprising detection

11.

means being adapted to determine whether in at least one frequency band the
sound level of the second input signal is larger than that of the first input signal
in the measurement mode and if this is the case to classify the input signals as

valid for occlusion effect calculation.

The hearing aid according to claim 10, wherein if in at least one frequency band
the sound level of the second input signal is smaller than that of the first input
signal, the detection means being adapted to classify the input signals as valid
for calculating a value of the directly transmitted sound from the first and second

input signals.
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sound | evel of the second input signal is larger than
that of the first input signal in the neasurenent

woes/osrsds i f this is the case to classify the PEPEP2006/065125

signals as valid for occlusgion effect calculation. 25
11. The hearing aid according to claim 10, wherein if
in at |east one frequency band the sound |evel of the
second input signal is smaller than that of the first
input signal, the detection nmeans being adapted to

12.ThE 'h@éﬁﬁ%?idt{é&o? i ectﬁy@ﬂéloﬂrﬁespré ﬁgoclfa Cféhw'&@qar@.sng

val ue transmitte ron1the
interfatesmeans] codtectatieito i fiftiag devistBSU| bRIMEagHIET to RaNEMIt

R E e S

so@dvdiBes fou further preepsing taspid fittihgdegice. means
connectable to a fitting device and being adapted to
transmt said input signals, said occlusion effect
val ues, and said directly transmtted sound values
for further processing to said fitting device. 5 13,
13. Th¢m@anrwaa1drg;:caw$@oamenﬁ@f the pragestieg @%imﬁéumﬁc@mmgmg

a ﬁ%he 0 ’mJeWaB'% i tﬁ Y ! c%hglg?f e SREF fd Mgaétﬁﬁ@%@%cﬁlusﬁm

r cana he user measur i occl usion
effedtlire aftfitting ﬂtuéiudrt.l ng situation. 10 14. A method for
in-situ occlusion effect or direct transm ssion sound
nmeasur enent by neans of a hearing aid having at | east
one first mcrophone for generating a first input
nal from sounds external to a user of the hearin

14.A mefogifer - sitymcelisionaffect poeipRat diapgmissionstaupd rpgasurement
by Pifddris i 2eh ing di§ALLNG a@ue%st sn@rm@ﬁﬁ%sm fdm@ﬁeratmg a

cau3|ng sal eceiverto be silent; generatln
firss doputdsignglufrosi spumidsbextarnaé do ral unecméﬁh@ﬁeea*lnlnaldoanmg

reéerl]ver comprcs?ng%ﬂsgte%grof()f the user; and

switching said hearing aid in a measurement mode causing said receiver to
be silent;

generating a second input signal by a second microphone from sounds in
the occluded ear of the user; and

calculating at least one occlusion effect or directly transmitted sound value
from the difference between the sound levels corresponding to said second

and first input signals generated both at the same time.

15. The method according to claim 14, wherein said receiver is used as said
second microphone generating said second input signal in said measurement

mode.

16. The method according to claim 14, wherein said method uses a pair of a first
hearing aid for one ear of a user and of a second hearing aid for the other ear of

the user for occlusion effect measurement, wherein said first and second input
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20 - calculating at | east one occlusion effect or
directly transmtted sound value fromthe difference
wWheasoers2¢ he sound | evel s correspondi ng to sai BCHERINE065125
and first input signals geserated both at the sane
time. 25 15. The nethod according to claim 14, wherein
said receiver is used as said second m crophone
generating said second input signal in said
nmeasur enent node. 30 16. The method according to
. | . . . | .
sighaf e e SR s pAG e Tt g by 840 Bt e i
setmarinpgt ssgraal by saidreecondhbearing aidf t he user for
occl usi on effect nmeasurenent, wherein said first and
second i nput SUBSTI TUTE SHEET (RULE 26) WO
2008/ 017326 PCT/ EP2006/ 065125 30 signals are

17.Th 7ined ASeording 18 ane of Seisnid 1B BPEFRTRY G S d
. SeEREHiIMY 3hidNE pat Qg?gls]iﬂtoTﬁ‘ﬁ\dl?dlib%lﬂ‘%a‘?é BY al PuANE o

f
of clains 14 tol6, "further conprising: converting said
i frsauendydieaids; anst o band-split input signals of a

- DBHSRlly s orel BRIt Y Oecs TESrRRHAF SBtd ol in o

i tezdt oné fragqieneydahdequency band. 10 18. The net hod
according to claim 17, wherein said band-split input
signals in each of said frequency bands are

i ndependently processed to produce a band-split
occlusion effect or directly transmtted sound val ue.

18. Thesnethod Recereing d@ claib oia vhgrain Saiddan-splibinpyt siangly imgach
: S T . . _
of pyl REuSRENERNE) 3% IjdsBbRlerh MBbfieth (O TABRTE bembihit
ocelusino effect araliracthyf trarsmittéd seundavaluesecond i nput signal s
whenever said hearing 20 aid is in said neasurenent
node. 20. The nethod according to one of clains 14 to
19, further conprising:

19. The method according to one of claims 14 to 18, further comprising:
storing said at least one value for said occlusion effect, directly transmitted
sound, or each of said first and second input signals whenever said hearing

aid is in said measurement mode.

20.The method according to one of claims 14 to 19, further comprising:
detecting whether the sound level in at least one frequency band of the
second input signal is larger than that of the first input signal in the
measurement mode; and
if this is the case, classifying the calculated value as occlusion effect value.

21. The method according to claim 20, for in-situ occlusion effect and directly

transmitted sound measurement, comprising:
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detecti ng whether the sound level in at |east one
frequency band of the 25 second input signal is

wo anoger73ehan that of the first input signal i nPCHEP2006/065125

measurenent node; and if tBis is the case, classifying

the cal cul ated val ue as occlusion effect value. 30

21. The nethod according to claim?20, for in-situ

occlusion effect and directly transmtted sound

measur enent, conpri sing: SUBSTI TUTE SHEET (RULE 26) WO
. ZQ%/sQWo%%@ctPth&pD @ét@@é&%ﬁat tﬁé secc?]rfd lhButsél%ﬁ’al in at least

detecting ste det ect ed e second I nput
siopadiequencyt barwlae:tsmaﬂee tharethat: atthetfitaldinput sigeall @|ﬁ3$lfym

IR ety vl s APy Bb e BT RALE Couna Ve ue.
5 22. The nethod according to claim20 or 21, further

conprising: disregarding tine sanples of first and
second input signals if in said detecting step it is

22.Th@?ﬁ@tﬁb@apéd?&h??c@bﬁlrﬁqgw 24 emahepéorﬁmsihAgsecond i nput
si gnal is b

. oellow a noise limt met hod f or i
- f disregagding héae i sameplpel afofigt @adr secapdpinpyt r$¢pnals if in said

n%@?e‘éﬁhggteﬁtlt i5 %@getct%apgéib 451, le@%lfc?%taldv cﬁﬁd irfHut Shdi

am:lmeldwragwctlsza lomié of cl ai s 14 to 22 by 15 occl uding
the ear during in-situ occlusion effect measurenent; -
fitting said hearing aid based on said at | east one
occl usi on effect value. 24.The nethod according to
23, wherein said step of fitting said hearing

23.A @P@Odé@r fé@?ﬁ)? headngaid|te adsen seMprisinge st eps:

i C%éa%b Og 39 |df€ o‘hbzc?ccﬁrsm ¥Rt \i&ﬁué‘fd?rus%ﬁd)mséne%ﬁhh’@ said

for saird hearing aid; or calculating a hearing aid
ghearin@ i@ syvith tha maethedraogerstings ity conge oE rataimat 14oriof 3¢ by

930D e AaTRBNT SRl obdlisbA e R HRbdSTHHe ! T oct

fitting said hearing aid based on said at least one occlusion effect value.

24.The method according to claim 23, wherein said step of fitting said hearing aid

comprises at least one of the steps:
calculating the size of a vent of a customized plug for said hearing aid; or

calculating a hearing aid gain.

25.A method for vent size determination for a hearing aid by means of in-situ

occlusion effect measurement, comprising:
providing an ear of a user with a prospective hearing aid and occluding said
ear of the user;
simultaneously measuring a first sound level external to the ear of the user
and a second sound level within the occluded ear of the user;
calculating an occlusion effect for the user from the difference between the

second and the first sound levels;
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wapomlotBaeousl y neasuring a first sound | evel

providing an ear of a user with a prospective hearing
aid and occluding said ear of the user;

to the ear of the user 303and a second sound | evel
wi thin the occluded ear of the user; calculating an
occlusion effect for the user fromthe difference
bet ween the second and the first sound | evel s;
SUBSTI TUTE SHEET (RULE 26) WO 2008/ 017326

PRI 0Py 6 R By SRR o Sl

ebtduosion Bffé&. The nmet hod according to one of clains 23

to 25, wherein the ear of the user is occluded by a

soft plug inserted into the ear canal of the user.

27. The nethod according to one of clains 23 to 26,

n determning or 10 cal culating said ve si ze,
R

eprdingde NErRY ClAiMS aste on¥vherelR dhe pat ohbe st is

or sa g al etermning that vent size as
said effective vent size that provides the best fit
between a nunber of predeterm ned transfer function
val ues and the neasured 15 transfer function;

27.Theamethoat acepriling toeohe efff elaimsc @Br tos A6 avheeih oddtérnisiagdor

effective vent, size and a nunmber of other vent sizes;

calgelaingrsaid Y§Nt $i&e pPBPEFIPSd reduction in occl usion
. eh{eRsliring afleadthelitratiRferP@itdion of U4 HeBfhg 8@, d occl usi on

effect is below 8 dB in at | east one band; 20 - usin

- t Betimating antefieatiye ventdsiee fyr said heasng @by deteimining that

e cl. det. er 1 a ; f i1 v [

e izt e S8 LB Ryl hf créiiled e 635t f Hétween 7

pnamber edf peslietarmined rransfer ukinotiore fviabsts; aaddthesimgpsured

sai d tselgﬁcl)ﬁn vent size as a recomendation for vent
aNFPEACEN 't 0 obtain an occlusion effect which is

. CeaNnBRLIRGthd ventléieclié®Tesponding to the said effective vent size and

a number of other vent sizes,

determining the preferred reduction in occlusion effect in at least one band,
such that said occlusion effect is below 8 dB in at least one band;

using the information provided by said calculated vent effect to determine a
second effective vent size, which has a vent effect which corresponds to the
said preferred reduction in occlusion effect; and

using said second vent size as a recommendation for vent modification to

obtain an occlusion effect which is convenient for the user.

28.The method according to claim 27, wherein said transfer function is a measured

feedback test or a measured directly transmitted sound.
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25 28. The nmethod according to claim 27, wherein said
transfer function is a nmeasured feedback test or a
wore@sLBds directly transmitted sound. 30 SUBSTPAUEE2006/065125
SHEET (RULE 26) WO 2008/ 013326 PCT/ EP2006/ 065125 33
29. A hearing aid conprising a vented custoni zed ear
pl ug, wherein the size of the vent of said ear plug
is determ ned by using a nethod according to one of
claims 24 to 28. 5 30. A systemof in-situ occlusion
{ 9
20.A fiddifigla %‘?%PFl&ﬁE%véWed@ﬁsvt\gﬂ]z@d%%gbL O whefein "f}fé@i&??gﬂwe
vest oliseidogar plugriprdeterminedh by atsing aomettwidnaceoyding e cnedof
nput er program whi ch when executed on said
Cbﬂﬁ?&“g‘? gg'essi ng system enables the systemto carry
out a nethod according to one of clains 14 to 28. 15
31. The system according to claim 30, further
conprising a datal ogger. 32. The system according to
30.A Syt §p|r95|tt?>bcclﬁh'|6h h&tfect ARPAdueMBntY by Udel &Rl REaring aid
ans. 3. A conput er fr ogram conpri si ng _execut abl e
aceerdijgate @oGeoﬂmlaams Witen!3 eyaseure@ opetain @rtingr s SItuatlon
co%ﬁ&ﬂ es a method according to one of clains 14 to
" 34. A conput er program product containing a
- cardatd processindgbystemedndim wi t h  execut abl e program code

{
. e sonnal RaSERb Yech. e fe%ddies 55 s Eipaiordrnd Spe
( Bh’htﬁes?‘ﬂie system to carry out a method according to one of claims 14 to
28.

31.The system according to claim 30, further comprising a datalogger.
32.The system according to claim 30 or 31, further comprising visualization means.

33.A computer program comprising executable program code which, when
executed on a computer, executes a method according to one of claims 14 to
28.

34.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 14 to 28.
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