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device for real ear neasurenents The present invention
woeb@iss160 hearing. aids, The invention nor ePCT/DK2004/000182

specifically relates to an adapter 5 for coupling a

probe tube for real ear measurenments to a m crophone

of a hearing aid, a device conprising such an adapter

and a nethod for real ear measure- nments. Real ear

nmeasurenents are of great advantage 10 when fitting

hearing aids to the individual user. Though the
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19ebialencyn WO 2006/ 8890165 PGTLLK2Q0¢/ 880483n i ficant in-
dividual variations in the ear canals. This is in
particular the case with children, but also with peo-
ple who have a damaged or deformed ear canal, e.g.
due to surgery.

20 Also, when fitting a hearing aid for children,
the real ear measurement of the actual sound pressure
level in the ear is of interest. This is because the
replies from children as to comfort and sound percep-
tion are less reliable than those from adults. Thus,

25 a difference between the actual characteristics of
the hearing aid, when placed in the ear, and those
measured with a coupler might go undetected. This
again could lead to incorrect fitting, e.g. a fitting
with too much gain, 1likely to cause uncomfortably

30 loud sound levels, or too 1little gain, 1likely to
cause too soft levels of sounds that do not compen-

sate the users hearing deficiency.



2 For perform ng such neasurenents, it has been
suggested to use the hearing aid itself. US-A-

WG 2548946 suggests connecting a sound conductP@DK2004/000182
tube, referred to as a probe tube, fromthe cavity 5
bet ween the earplug and the tynpani c nenbrane to one
or nore of the external input mcrophones of the
hearing aid. It is stated that the probe tube nay be
connected to the external m & ophone via an adapter.
However, the adapter is only illustrated schenag% 1%)
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15 present invention to provide an adapter for -coupling
a probe tube to a microphone of a hearing aid.

It is a further object of the present invention
to provide a device for real ear measurements incor-
porating such an adapter.

20 It is still a further object to provide a
method for performing real ear measurements.

According to a first aspect of the invention,
this first object is achieved by an adapter according
to the opening paragraph, which comprises a sleeve

25 adapted to be arranged around the housing of a hear-
ing aid, said sleeve comprising a sound opening al-
lowing sound to pass from the probe tube to the mi-
crophone.

Such a sleeve not only allows precise alignment

30 between the microphone of the hearing aid and the
probe tube, but also prevents the probe tube from be-
coming detached from the hearing aid during the meas-

urements.
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According to a first enbodi nent, the sleeve conprises
wWQ a00s0km@r menber arranged in connection w tPCERKA004/000182
sound openi ng and adapted for engaging the inner wal
of said probe tube. Using such a tube is 5
advant ageous as the tube nmay easily be secured to the
sl eeve by enbedding it in the nould, when manufactur-
ing the sleeve. Mreover the3use of a tube allows for
easy fitting and renoval of the probe tube. It is
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t he sound ggening in the sleeve. According to specific
enBbaPTehtPSt he sl eeve is made of silicone rubber.

The use Afcc%lﬂdil(ﬁ@neté ubbetheirs Hgheadt aggoushe | indeln®vi®on,
2l L ihe above, preferred 30 emodirents 19, be, reglised
15 sleeve of a re8111ent material -allows the use of one
and the same adapter according to the .invention to-
gether with different hearing aid constructions, e.g.

with different housings.

According to a particularly preferred embodi-

20 ment, the sleeve is at least partially made of trans-
parent material. Using a transparent material for at
least a part of the sleeve facilitates the position-
ing of the adapter on the hearing aid housing, be-
cause it allows visual inspection of the match be-

25 tween the microphone opening in the hearing aid hous-
ing and the sound opening in the sleeve.

According to specific embodiment, the sleeve is
made of silicone rubber. The use of silicone rubber
is advantageous. It allows all the above, preferred

30 embodiments to be realised in one single adapter ac-
cording to the invention.

According to a further embodiment, the adapter

comprises a positioning means for the sleeve. The use



cording to the invention. According to a further

enbodi nent, the adapter conprises a positioning neans
w0 2005088161 eeve. The use WO 2005/ 089016 PCT/DK2004/000182

PCT/ DK2004/ 000182 4 of a positioning neans allows for

even better posi- tioning of the adapter with respect

to the m crophone opening, than sinple. visual-

i nspection through a transparent sleeve. 5 According

to a specific enbodinent, the sleeve conprises a

vi sual positioning neans. The use of a visual
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tube to the m - crophone. 25 According to a preferre
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15 spondiné engagement means such as protrusions or the
like or as a visuél.positioning'line if the hearing
aid does not have such engagement means.

According to the further aspect of the inven-
tion, the object is achieved by a device according to

20 the opening paragraph, in which the adapter comprises
a sleeve adapted to be placed around the housing of a
hearing aid, said sleeve comprising a sound opening
allowing sound to pass from the probe tube to the mi-
crophone.

25 According to a preferred embodiment, the sleeve
and the probe tube constitute an integral unit. This
may from a manufacturing view be advantageous.

According to another preferred embodiment, the
probe tube comprises positioning means for correct

30 positioning in the ear. Such a positioning means is
advantageous in that it aids in ensuring the correct
positioning of the free end of the probe tube in the

cavity between the ear plug of the hearing aid and



probe tube conprises positioning neans for correct 30
positioning in the ear. Such a positioning neans is
wa@ewans®myeous in that it aids in ensuring the POI/DERI04/000182

positioning of the free end of the probe tube in the
cavity between the ear plug of the hearing aid and WO
2005/ 089016 PCT/ DK2004/ 000182 5 the tynpanic

menbrane, e.g. in order to ensure that it does not
touch the latter and thereby5cause dis- confort to the
user. Preferably, the positioning nmeans conprises a 5
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- sound pr ep?cf’éjorr%:fr[;nggOgggstk?{roguggpdegg 'of. the invention,
there is provided a method for performing real ear
measurements using a built-in microphone of a hearing
aid, characterized in the steps of providing a device
20 as outlined above, fitting said device around the
housing of the hearing aid so that the sound opening
is placed over the built-in microphone of the hearing
aid, placing the probe tube in the ear in such a way
that a free end thereof presents an opening in the
25 cavity between the earplug and the tympanic membrane,
detecting the sound pressure from sounds produced by
said hearing aid in said cavity using said micro-
phone.
Thereby precise real ear measurements may be
30 performed with a well-defined coupling between the
microphone of the hearing aid and the cavity in the
ear via the probe tube, without the risk of the probe

tube becoming detached from the hearing aid.



said hearing aid in said cavity using said mcro-

phone. Thereby precise real ear neasurenents nay be
wa@opesdoos med with a wel |l -defined coupli ng bet MBEDKRVE/000182

m crophone of the hearing aid and the cavity in the

ear via the probe tube, wthout the risk of the probe

t ube becom ng detached fromthe hearing aid. WD
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preferred enbodi nent, the stép of detecting the sound

pressure is preceded by a calibration step, in which
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the adapter_of fig. 1, fig. 3 is a top plan view of
1¢ hBaydapt aFh 6ﬁveﬁlg 1, 20 fig. 4 is a cross sectiona

vi ew of @Q&‘anﬂéﬁferOﬁn&egst&nﬂﬂhgno&|@Wktiﬁhénﬁmbn, a
IV-IVinfig fig. 51is a_perspective view of the
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accompanying schematic drawings, on which
15 fig. 1 is a perspective view of an adapter ac-
cording to the invention,
fig. 2 is a side view of the adapter of fig. 1,
fig. 3 is a top plan view of the adapter of
fig. 1,
20 fig. 4 is a cross sectional view of the adapter
of fig. 1 taken along the line IV-IV in fig. 3,
fig. 5 is a perspective view of the adapter of
fig. 1 mounted on a first hearing aid,
fig. 6 is a side view corresponding to that of.
25 fig. 5 with the adapter mounted on the first hearing
aid,
fig. 7 is a perspective view of the adapter of
fig. 1 mounted on a second hearing aid different from
the first hearing aid of fig. 5,
30 fig. 8 is a partially cut away side view corre-
sponding to that of fig. 7 with the adapter mounted

on the second hearing aid,



25 fig. 5 wth the adapter nounted on the first

hearing aid, fig. 7 is a perspective view of the
wadapvgriof fig. 1 nmounted on a second heari NnBCEDE2004/000182

different from the first hearing aid of fig. 5, 30

fig. 8 is a partially cut away side view corre-

sponding to that of fig. 7 with the adapter nounted

on the second hearing aid, WO 2005/089016

PCT/ DK2004/ 000182 7 fig. 9 i® a detail of the

partially cut away side viewof fig 8, fig. 10 is a

cross seciimnaP viswaofdegagdsicft thei repnebnblyn cute away
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figs. 1 amib2.a0 ars eabadiomentsedtibeahdapesr oftla posi-
addi.ti gnal " posi ti oni nea for.the sleeve., Reference
U PSP RS, T oy TBRRe Qlipho Rt Fpe T BEE Efon-
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adapter 1_according to tg? invention. T

h
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conpri sest 5 assembBRhf 1ehr 86Spa¥t§¥syi CZ?rﬁegP%%@éng to
2, fa@si.nS:Er b.ng.ari 3f and @nb@g@ﬂx&@igtora;ﬂoatme4aﬁialptw-with
nectj.ng .the _adapter, to a probe tube G, seen on in 15
'+ godidie o PR A Bl S iovareete de.
fines a cesntépdnapeisurerada madwhiceh fradhear. ridy di i Shows
to be %Iéaced .as best seen in figs. 5- 8. H%C?c?r
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omtted, depending on_the choice of materials. Also,
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tube nay hedBnubact ugedhat gorahhvckiem Re-t M &8 Ofon-
nmetal , by appropriate nmachining, e. gc by '
necting the adapter to a probe tube 6, seen only in

15 figs. 5-9. The sleeve 2 is preferably oval. and de-
fines a central aperture 2a in which a-hearing aid is
to be placed, as best seen in figs. 5-8.

Other embodiments with fewer or more parts may
of cause be realised, in particular the insert part 3

20 may be omitted, depending on the choice of materials.
Also, according to one embodiment, the insert and the
metal tube may be manufactured integrally from one
piece of metal, by appropriate machining, e.g. by
.turning on a lathe.

25 In the preferred three part embodiment, how-
ever, the oval sleeve 2 is made of an elastic, resgil-
ient material such as silicone rubber, the insert 3
is made of a rigid plastic material, and the tube 4
is a metal tube, e.g. of surgical steel of the kind

30 used for syringes. The metal tube 4 1is generally ar-
ranged perpendicularly to the aperture 2a in the
sleeve 2, as it is best seen in fig 4. It should be

noted that depending on the elastic properties of the



.turning on a lathe. 25 In the preferred three part

enbodi nent, how ever, the oval sleeve 2 is nmade of an
web@snswie resil - ient material such as sili coneCT/DERER/000182

the insert 3 is nade of a rigid plastic nmaterial, and

the tube 4 is a netal tube, e.g. of surgical steel of

the kind 30 used for syringes. The netal tube 4 is

generally ar- ranged perpendicularly to the aperture

2a in the sleeve 2, as it is8best seen in fig 4. It

shoul d be_ noted that depending on the elastic
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Then, on THwe atihptehandy rﬁmlﬂim@f&bma&dsb&c s eve Rand
Wt h r rlaecawt e f of .a throu

el Q3P B | BLERE R i 1ol Phft d R oeround
f oered,mdal t thpenaul £ Nngnien ONE EHet¥OF Pi 2eLS/i0G MR free

20_chi ning as descri bed above,  the |nsert 3 is
m%@i“@@b FhtBeERL FHP@ug]h H’F&P?éec%\ih%ge FPmnBBheoe”F%F%t 3,

150kaky Maving a free passage through the metal tube 4.
Then, on the other hand moulding the elastic sleeve 2
with an appropriate cavity in the form of a through
hole 5 for the insert. After the two parts have been
formed, be it by moulding in one or two pieces or ma-

20 chining as described above, the insert 3 is inserted
into the through hole, where it may be held solely by
the friction and elastic forces between the elastic
sleeve 1 and the insert 3. If desired, it may of
course be additionally secured by means of glue or

25 the like. :

As best seen in fig. 9, the through hole 5 fur-
thermore serves as a communication passage for the
sound from the probe tube 6 to the microphone 8a. In
fig. 9 the microphone 8a is placed under a dome-

30 shaped protrusion 7 having a microphone port 7a, but
the microphone 8a might just as well lie in close
connection with a microphone port in the form of a

hole (not shown) in the housing 8 of a hearing aid.



the friction and elastic forces between the elastic

sleeve 1 and the insert 3. If desired, it may of
weowsegobe additionally secured by neans of gl BPET/DK2002500182

the like. As best seen in fig. 9, the through hole 5

fur- thernore serves as a conmuni cati on passage for

the sound fromthe probe tube 6 to the m crophone 8a.

In fig. 9 the microphone 8a is placed under a donme 30

shaped protrusion 7 having a ®i crophone port 7a, but
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15 .. PFurther position indicating means may be envis-
aged. As illustrated in fig. 11 and 12, the transpar-
ent sleeve 2 could be provided with a marker 10, e.g.
in the form of a coloured line running along the in-
ner circumference of the sleeve. Also, the marker

20 could be provided in the form of an inner circumfer-
ential groove. Both such a groove and such a coloured
line 10 would be readily wvisible £from the outside
through the transparent sleeve 2 so as to provide a
positioning indicator.

25 The use of a groove provides the further advan-
tage over a line that it may cooperate with appropri-
ate protrusions (not shown) on the hearing aid hous-
ing 8. Such protrusions would, if present on a given
hearing aid housing 8, engage the groove and aid in

30 the correct positioning of the adapter. If the hear-
ing aid is of a construction, which does not have
such protrusions, the groove will simply serve as a

positioning line.



20 could be provided in the formof an inner

circunfer- ential groove. Both such a groove and such
w@2oshgmred |ine 10 woul d be readily visibl e PCDDKRIVE/000182

outside through the transparent sleeve 2 so as to

provide a positioning indicator. 25 The use of a

groove provides the further advan- tage over a |line

that it nay cooperate with appropri- ate protrusions

(not shown) on the hearing ait hous- ing 8. Such

protrusions would, if present on a given hearing aid
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" Such dimensions of the probe tube 6 allow it to
withstand the pressure between the ear canal and the
earplug so that the internal lumen of the probe tube
6 is not blocked or throttled, when, during the real

20 ear measurement, the probe tube 6 is placed along the
earplug, e.g. as illustrated in US-A-4827525. This
document however does not relate to the measurements
using the microphone 8a of the hearing aid itself,
and is not considered relevant for the device of the

25 present invention in general.

Evidently, the invention is not restricted to
the use of the probe tube 6 in this manner, it is in
principle immaterial for the adapter whether the
probe tube 6 lies alongside the earplug or passes

30 through it during the real ear measurements, as it is
e.g. known from US-A-5645074.

Due to the elastic properties of the sleeve 2,

the adapter is capable of adapting to a wide range of



earplug so that the internal |unmen of the probe tube

6 is not blocked or throttled, when, during the rea
wQ@QRo0sms9omeasur ement, the probe tube 6 is pl acePCEDE2@4/000182

the earplug, e.g. as illustrated in US A-4827525.

This docunent however does not relate to the

measurenents using the m crophone 8a of the hearing

aiditself, and is not considered relevant for the

device of the 25 present inviehtion in general.

Evidently, the invention is not restricted to the use

of dihécprabe hepeingi aidhi-s Thifhets fdlugtnpted in figs.
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1825 Thenthaebeke0of1d heTpentdidlndt¥® of the central bore
12 is adapted to the'probevtube 6 with which it is to
be used, i.e. to the outer diameter thereof. The cen-
tral bore 12 may be generally cylindrical or it may
as illustrated comprise two frusto-conical parts, al-

20 lowing the bore to taper slightly towards the middle
section of the positioning device 9. The overall
length is approximately 3 mm, allowing the position-
ing member to be digitally gripped and slid along the
probe tube 6. It thereby allows better positioning

25 than known positioning means, such as the rubber
rings illustrated in US-A-4827525, which during the
positioning operation will be invisible under the
fingers. During the positioning operation, the posi-
tioning member 9 is slid along the probe tube 6 to a

30 selected place, where it is held in place by fric-
tion. The fitter will select the place, measuring the
length of fitting tube protruding from the collar 9
to the end 6a of the tube. When inserting the earplug



12 is adapted to the probe tube 6 wth:which it is to

be used, i.e. to the outer dianeter thereof. The cen-
wao e@b/okore 12 may be generally cylindrical or PCT/DER004/000182
as illustrated conprise two frusto-conical parts, al

20 lowing the bore to taper slightly towards the

m ddl e section of the positioning device 9. The

overall Ilength is approximately 3 mm allow ng the
position- ing menber to be dig®tally gripped and slid
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of the probe tube 6 is simply inserted into the sound
output port 11 of the hearing aid.
The hearing aid may now be calibrated based on
reference input signals to the hearing aid, or by
20 reference signals generated by the hearing aid it-
self. Because of the direct coupling between the ref-
erence signals and the sound pressures measured, the
hearing aid may then be calibrated to determine the
transfer function though a signal path including the
25 receilver, the probe tube and the microphone, i.e. the
aggregate of the transfer functions of the respective
component items. The sound pressure developed by the
hearing aid when placed in a standard coupler is de-
termined by a standard calibration procedure known in
30 the art.
For the real ear measurements themselves, the
hearing may be placed in its proper place behind the

ear. The probe tube 6 is placed between the ear canal



an integral device, for real ear nmeasurenents it may
15 be calibrated. For this calibration, the free
wenws0890160f the probe tube 6 is-sinply inserteRPCT/DKR004/000182

the sound output port 11 of the hearing aid. The

hearing aid may now be calibrated based on reference

i nput signals to the hearing aid, or by 20 reference
signals generated by the hearing aid it self. Because

of the direct coupling betwed® the ref- erence signals
and the sound pressures neasured, the hearing?aid may
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®Faditionally designated the Real Ear to
1%Coupl er Difference, abbreviated REDC. How



to perform and eval uate such neasurenents is known by
the skilled person and will not be descri bed any fur-
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TENTCLAI MS 1. An adapter for coupling a probe
tube for real ear neasurenents to a m crophone of a
hearing aid, char act er i z edin that it
conprises 5 a sleeve adapted to be arranged around the
housi ng of a hearing aid, sal#l sl eeve conprising a
sound opening allow ng sound to pass fromthe probe

tube to the m- Erépforde.N2T AnCaflapt ér Mactording to

claiml, ¢ h@r adalted Cebre dodpiigy dal oidsd . e for
sl eeve conprises a “tubular menber .arranged in ‘
corfiRt i 681w TPASAFEMSBEAd tDpenitHERaRRAgapPEd o okearing
engagi ng-t he,i pngr wal'l, of 3 sakdgprohe t B Amprises
adapter according toclaim2, char - 15act et

% e dsleevhandaphedt foulksr awmmenged eazpuntbtidie thdesing of

An c di ; ; - | hg ;

A A R
i s aveldewibig aseendl tenpasst didcal .tHR) ok tadeptier the mi-
according to any one of the pre- ceding clains, ¢ h a

r ac

eri zedinthat the sleeve is at |east
parti al | y2nader okdapteansparordintg ned ecilalim 6., Ao h a ¥ -
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I S hewlel af mehbepnertrubed ih Amrsdapicer vacdorshhd sound

anyo;?enr?ir?c_g; tarlll% pggépted for engaging the inner wall of
salid probe tube.

3. An adapter according to claim 2, c¢c har -

15 acterized in that, -the tubular member is a
metal tube. -

4. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve is made of a resilient material.

20 5. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve is at least partially made of a transpar-
ent material.

6. An adapter according to any one of the pre-

25 ceding claims, characterized in that
the sleeve is made of silicone rubber.

7. An adapter according to any one of the pre-
ceding claims, characterized in that
the sleeve comprises a positioning means.

30 8. An adapter according to any one of the pre-
ceding claims, characterized in that

the sleeve comprises a visual positioning means.

9. An adapter according to claims 7 or 8,



ceding claims, char acteri zedinthat the

sl eeve conprises a positioning neans. 30 8. An adapter
wa@ewsnghiong t o any one of the pre- cedi ng cl ai nBCT/DKR004/000182

racteri zedinthat the sleeve conprises a

vi sual positioning neans. 9. An adapter according to

clains 7 or 8, WD 2005/089016 PCT/ DK2004/000182 15 c

har acteri zedinthat the positioning neans

conpri ses a groove. 10. A devilde: for real ear

.measurenments, com prising a probe tube and an =

addptierafbracenhelt knd z5¢t He pr dBe Ehde tehe positioning

M GROPRONEomSrAsBsl a@grdove.r | z e d in that said
adapter conprises a sieeve adapted to be pl aced

. around théOhouBi Wewifcar hesr ivepl aiedr saedsvremepts, com-
conpri Si s opeML g saly oy ng 5. pq:gﬁ.
fro@nft%iel[l%r %begtyg & tof ea%dcr%%h%ﬁigiﬁ%dlsisrA evrlleccetlng
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correct posr- Tioning
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perd ot nt ng real zear dneasiit ech&entheUsdIngeve bahblt the probe

m'crol?hone o%.g Eearing_;L %id, characteri ze

d i Y ReCPRps CBE Sp PRV FRRG A ldE i ide for real ear

measur enenbs, A CHSPLESI a@c@rﬂﬁﬁge tddibgn@nénan ofdaiz8ims 10
e

for_connecting 25 the grobe tube tq a nicrophone
wher® ddid @daeF @ ct er iz ed in that the probe

15 tube comprises . positioning means for correct posi-
tioning in the ear.

13. A device according to claim 12, c h a r -
acterized in that the positioning means
comprises a sleeve slidable along the probe tube.

20 14. A method for performing real ear measure-
ments using a built-in microphone of a hearing aid,
characterized in the steps of

providing a device for real ear measurements,
comprising a probe tube and an adapter for connecting

25 the probe tube to a microphone, where said adapter
comprises a sleeve adapted to be placed around the
housing of a hearing aid, said sleeve comprising a
sound opening allowing sound to pass from the probe
tube to the microphone,

30 fitting said device around the housing of the
hearing aid so that the sound opening is placed over
the built-in microphone of the hearing aid,

placing the probe tube in the ear in such a way



conprises a sl eeve adapted to be placed around the

housi ng of a hearing aid, said sleeve conprising a
w@ouatiswpeni ng al | owi ng sound to pass from t heP@T/DE2004/000182

tube to the mcrophone, 30 fitting said device around

t he housing of the hearing aid so that the sound

opening is placed over the built-in m crophone of the

hearing aid, placing the probe tube in the ear in such

a way WD 2005/ 089016 PCT/ DK2004/000182 16 that a free

end thereof presents an opening in the cavity between

t h&hedr ppufeasl ehd thinpeent peebeats, aneppening tire the
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Bhenifoesplence of the probe tube is 10 placed in close

con) ct] O i HIE CUBM LIS VSR e o e -
measur ed dased snekaown i gridlas fsaﬁnit hecefeari ngeakdting
15the sound pressure, 1is preceded by a calibration
step, in which the free end of the probe tube is

10 placed in close conjunction with the output trans-
ducer of the hearing aid, and in which the sound
pressure is measured based on known signals from the

hearing aid.
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