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(54) In-ear device

(57) A housing (1) inserted in to the ear of a user is
disclosed, said housing (1) comprising a lateral end (8)
defined by being a part of the housing (1) which is di-
rected towards surroundings if the housing (1) is insert-
ed into the ear, a medial end (6) defined by being a part
of the housing (1) which is directed towards the inner
ear of the user if the housing (1) is inserted into the ear,

said medial end (6) comprising at least a medial opening
(5, 9), wherein at least the lateral end (8) of the housing
(1) is covered by a cover element (2). The cover element
(2) is acoustically transparent and made of open porous
foam. The inventive in-ear device can be used as hear-
ing device to improve the hearing of a hearing impaired
person or as a communication device for natural and/or
for remote communication.
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Description

[0001] The present invention is related to a device ac-
cording to the pre-characterizing part of claim 1 as well
as to uses of the in-ear device.
[0002] Hearing devices as well as communication de-
vices that are inserted into a user's ear often pick up
wind noise, in particular due to objects in close proximity
and/or in the ear of the user. The natural shape of the
pinna though prevents a human being from being ex-
posed to too much wind noise if the maximum wind ve-
locity is below approximately 25 m/s. For higher wind
velocities, wind noise can even result from the pinna it-
self. It must be noted however that already wind veloc-
ities below the given value can result in wind noise from
the pinna because a strong dependency is given on the
angle of wind incidence. If artificial objects - as for ex-
ample an earphone, a hearing device or a communica-
tion device - is placed in the pinna, i.e. in the cavum-
concha, or even in the ear canal, wind noise resulting
from turbulences due to such an object occur and de-
grade the quality of hearing or communication because
of a lowering of signal-to-noise ratio (SNR).
[0003] For even higher wind velocities than the one
mentioned above, signal-to-noise ratio is further re-
duced by wind noise resulting from the pinna itself.
[0004] For communication devices, such as cellular
phones, headsets are used which are connected via a
cable to the communication device. A microphone is at-
tached to this cable in between the headset and the cel-
lular phone in order to provide bidirectional transmis-
sion. Having said this it becomes apparent that strong
winds lead to strong turbulences which in turn lead to
disturbing noise and reduced signal-to-noise ratio. The
so-called "walkman" headsets with or without incorpo-
rated microphones - the latter being used in connection
with MP3 players, for example - are not suitable for the
intended use.
[0005] Standard "walkman" headphones also used
for MP3 players like iPod or other portable communica-
tion devices like radio sets employ miniature dynamic
receivers (also called earphones) and usually come with
an acoustically transparent foam cover to protect the re-
ceiver from ear wax or other dirt. The disadvantages of
existing solutions are the wearing comfort (loose fit in
the ear and cable) and the communication quality.
[0006] Similar headsets claimed to be for sports and/
or outdoors are designed to be water resistant but are
not suitable for using in conditions with high velocity
wind streams. All presently known solutions comprise a
screen on the microphone in order to prevent the intru-
sion of dirt and ear wax into the ear.
[0007] In US-6 574 343 B1, a hearing aid is disclosed
having an acoustic input aperture and a cover element
covering the acoustic input aperture. The cover element
is received in the hearing aid housing and its surface is
flush with that of said housing. The cover element is
made of a porous material. It has been found that wind

noise due to turbulences particularly caused by strong
winds has a major impact on the performance of such a
known hearing aid in that the signal-to-noise ratio is
rather low.
[0008] Therefore, one object of the present invention
is to improve signal-to-noise ratio and to further reduce
wind noise influence on the performance of in-ear de-
vices, i.e. of hearing devices or communication devices.
[0009] This object is achieved by the features given
in the characterizing part of claim 1. Further embodi-
ments as well as uses of the device are given in further
claims.
[0010] The present invention is directed to a device
comprising a housing to be inserted into an ear of a user,
said housing comprising a lateral end defined by being
a part of the housing which is directed towards surround-
ings if the housing is inserted into the ear, a medial end
defined by being a part of the housing which is directed
towards the inner ear of the user if the housing is insert-
ed into the ear, said medial end comprising at least a
medial opening, wherein at least the lateral end of the
housing is covered by a cover element.
[0011] The term "in-ear device" as it is used through-
out this specification must be understood as any device
which is fully or partly inserted into the ear; in particular
such a device might be one of the following:

- Behind-the-ear (BTE) hearing device: The micro-
phone, electronics, and speaker are mounted in the
characteristic banana-shaped housing, and the
sound is conveyed acoustically via a tube to a cus-
tom earmold.

- In-the-ear (ITE) hearing device, which vary in size
from full concha styles that fill the entire concha as
well as about half the length of the ear canal.
Smaller sizes do exist which do not extend out-
wards from the ear canal sufficiently to fill the con-
cha.

- In-the-canal (ITC) hearing device.

- Completely-in-the-canal (CIC) hearing device fit en-
tirely within the ear canal.

[0012] Although the above-mentioned examples
have been cited in connection with hearing devices, they
can similarly be used for communication devices as it
will become apparent in connection with the detailed de-
scription of embodiments of the present invention.
[0013] It is one aspect of the present invention that
the acoustically transparent cover element made of
open porous foam covers at least the lateral end. Fur-
thermore, the characteristics of the material for the cov-
er element can best be described by one or several of
the following properties:

- thickness from 1 to 4mm, particular from 1.5mm to
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2.5mm, more particular approximately 2.2mm;

- pore size from 0.1 to 0.5mm, particular from 0.1 to
0.3mm, more particular of approximately 0.2mm;

- pore density from 50 to 120 pores per inch (ppi),
particular from 60 to 100 ppi, more particular ap-
proximately 80 ppi;

- tensile strength from 10 to 50 psi, particular form 20
to 40 psi, more particular approximately 30 psi;

- elongation above 200%, particular above 300%,
more particular approximately 350%;

- compression load deflection at 25% from 0.2 to 0.5
psi, particular from 0.3 to 0.4 psi;

- compression load deflection at 65% from 0.35 to
0.75 psi, particular from 0.45 to 0.65 psi;

- water-repellant (hydro phobic);

- olio phobic.

[0014] In a specific embodiment of the present inven-
tion, the material for the cover element is reticulated
foam which is a flexible polyurethane foam character-
ized by a three-dimensional skeletal structure with few
or no membranes between strands.
[0015] The product is thermally reticulated, a process
which removes the cell walls, leaving a material of skel-
etal structure having a void area of some 97%. In addi-
tion the thermal reaction considerably increases the
physical strength of the material. This is achieved by the
material removed in the process unblocking the cells be-
ing wrapped around the cell struts. This increases the
strut thickness and results in an increased tensile
strength and greater resistance to heat, abrasion and
chemical attack.
[0016] Thermal reticulation is a post-manufacturing
process that completely removes the membrane be-
tween foam cell strands, maximizing uniformity of the
cell structure.
[0017] The flexibility and extendibility of the material
for the cover element still allows operating a push bot-
tom or a switch positioned at the lateral end of the hous-
ing.
[0018] In a further specific embodiment of the present
invention, the visible part of the cover element is either
adapted to the skin color of the in-ear device user or has
a fashion color in order to serve to catch the eye of other
people.
[0019] A specific embodiment of the present invention
in which at least one lateral opening is operatively con-
nected to a corresponding medial opening via a canal
or tube allows natural communication without being in-
fluenced by the in-ear device. Furthermore, if the in-ear

device is equipped with a transmission unit, e.g. a FM-
transmitter, communication via the transmission unit as
well as natural communication with surroundings of the
in-ear device user is possible at the same time.
[0020] The present invention is particularly suitable
for using in sports, for example by cycling teams guided
by a team leader sitting, for example, in a service car,
the team leader being able to communicate with all the
team members. At the same time, natural communica-
tion between the team members is guaranteed. The
communication with the team leader can be unidirec-
tional or bidirectional, wherein at least in the latter case
a microphone must be provided in close proximity to a
corresponding rider.
[0021] The present invention thus comprises a com-
munication headset system being suitable to provide
communication in a unidirectional or in a bidirectional
way via a team radio while at the same time a direct, i.
e. natural and unprocessed, communication between
the team members is possible.
[0022] In a further embodiment of an application in
sports, as for example the cycling team communication
system mentioned above, it is feasible to support the
direct communication in that also the direct communi-
cation is processed in the in-ear device in order to im-
prove intelligibility.
[0023] In addition, the in-ear devices according to the
present invention may be individualized in that the
shape of the housing is fitted to the topology of the user's
ear. Thereby, the wearing comfort is maximized while
the holding of the device in the ear is optimized at the
same time.
[0024] The present invention will be further explained
in the following by referring to exemplified embodiments
shown in drawings. It is shown in:

Fig. 1, schematically, a first embodiment of an in-ear
device with a cover element according to the
present invention,

Fig. 2 the in-ear device of Fig. 1 without cover ele-
ment for demonstration of turbulences,

Fig. 3 the in-ear device of Fig. 1 inserted in an ear
of a user,

Fig. 4 a second embodiment of the present inven-
tion with a wired connection to an external de-
vice,

Fig. 5 a third embodiment of the present invention
with a microphone in order to be operative as
hearing device, and

Fig. 6 a fourth embodiment of the present invention
comprising a microphone and a transmission
unit.
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[0025] In Fig. 1 an in-ear device is depicted compris-
ing a housing 1 and a cover element 2 according to the
present invention. The housing 1 has a lateral end 8
which is defined by being a part of the housing 1 which
is directed towards surroundings if the housing 1 is in-
serted into the ear of a user. Furthermore, the housing
1 has a medial end 6 which is defined by being a part of
the housing 1 which is directed towards the inner ear of
the user if the housing 1 is inserted into the ear of the
user. In between the lateral end 8 and the medial end 6,
a housing section 16 is provided to complete the hous-
ing 1, the housing section 16 being individualized in that
its shape is adapted to the topology of the user's ear in
order to obtain an optimized user comfort and a maxi-
mized holding.
[0026] The housing 1 comprises components or ele-
ments which are schematically depicted in Fig. 1. First,
a converter 4 is provided in close proximity of the medial
end 6, an output port of the converter 4 being connected
via a tube to the medial opening 5. The converter 4 is,
for example, an electro-acoustical converter, such as a
speaker, that converts an electrical signal into an acous-
tical signal.
[0027] In a further embodiment of the present inven-
tion, the converter is realized in such a way that a direct
stimulation of the auditory nerve is possible. Such a re-
alization uses the technology of implantable devices.
[0028] The housing 1 further comprises a transmis-
sion unit 3 that can be implemented using different tech-
nology as it becomes apparent by the embodiment de-
scribed further on. In Fig. 1, the transmission unit 3 is a
receiver unit for receiving radio signals coming from a
walky-talky, for example. The radio signal is schemati-
cally represented by an arrow 14 which points into the
transmission unit 3.
[0029] Fig. 1 does not show a connection between the
transmission unit 3 and the converter 4. In fact, these
components are operatively connected either directly or
via a signal processing unit (not shown in Fig. 1) in order
to be able to transmit or exchange information which has
been received by the transmission unit 3.
[0030] The housing 1 further comprises a canal 10 or
tube-like connection between the medial opening 9 in
the medial end 6 and a lateral opening 7 in the lateral
end 8. The cross-section of the canal 10 is adapted to
fulfill requirements of acoustical transmission of sound
from surroundings to the inner ear in order to enable nat-
ural communication as defined above. Therewith, it is
possible for the user of the in-ear device to communicate
directly with a person in the vicinity while at the same
time information via the transmission unit 3 and the con-
verter 4 can be heard by the user. It has been shown
that - in order to obtain a sufficient cross-sectional area
of the canal 10 - more than one canal 10 leads to a better
transmission characteristic for sound to receive the in-
ner ear of the user of the in-ear device. In a specific em-
bodiment of the present invention, two canals 10 are
provided each of which connects a lateral opening 7 to

a medial opening 9. Accordingly, the number of open-
ings in the lateral end 8 and the medial end 6, respec-
tively, is increased accordingly.
[0031] According to the present invention, at least the
lateral end 8 of the housing 1 is covered by a cover el-
ement 2 acting as a wind screen which suppresses the
wind noise that degrades the communication quality.
Therewith, the quality of communication is improved for
natural communication with co-riders (in this case for cy-
clists in sports application) and the communication via
the team radio.
[0032] The cover element 2 can be described as an
open porous and mechanically soft material with a cer-
tain average pore size and a certain thickness which de-
pends on the required degree of wind noise suppres-
sion. The cover element 2 is spanned over the entire
lateral end 8 of the housing 1 that is visible from the out-
side.
[0033] The cover element 2 according to the present
invention in particular prevents wind noise in two differ-
ent ways. Due to the soft and open porous structure of
the cover element 2 and the fact that the cover element
2 is covering the entire housing surface exposed to po-
tential wind streams, it prevents the generation of addi-
tional wind noise caused by turbulent streams at the
housing 1 in two ways:

- Strong wind streams are diffracted on the mechan-
ically soft and light weight fine structure of the cover
element 2 without causing wind noise.

- Wind streams are reduced in velocity by the open
porosity of the cover element 2, which also leads to
reduced wind noise otherwise resulting from turbu-
lences at the outlines of the housing 1.

[0034] In particular, the generation of wind noise at
the lateral openings 7 of the canal 10 required to let nat-
ural sounds pass through the housing 1 to the ear drum
is reduced.
[0035] The design of the canal 10 can be in the form
of a tube, or can be designed with one or more openings
into a hollow housing 1 on the lateral side, i.e. in the
lateral end 8 of the housing 1, and one or more openings
on the medial side, i.e. in the medial end 6 of the housing
1.
[0036] The entire housing 1 comprises at least one
speaker 4 (also called earphone) and at least one trans-
mission unit 3 as signal input device which can be an
FM-(Frequency Modulated) radio receiver, a simple au-
dio signal wire or one or more microphones. The latter
two embodiments will be further described in connection
with Fig. 2 to 6.
[0037] To be able to concurrently communicate
acoustically in the "natural" way at least a canal 10 is
required to allow acoustic signals - except for wind noise
- to pass through the housing 1.
[0038] It has been shown that a material for a cover
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element 2 as in general terms described above has one
or more of the following properties:

- thickness from 1 to 4mm, particular from 1.5mm to
2.5mm, more particular approximately 2.2mm;

- pore size from 0.1 to 0.5mm, particular from 0.1 to
0.3mm, more particular of approximately 0.2mm;

- pore density from 50 to 120 pores per inch (ppi),
particular from 60 to 100 ppi, more particular ap-
proximately 80 ppi;

- tensile strength from 10 to 50 psi, particular form 20
to 40 psi, more particular approximately 30 psi;

- elongation above 200%, particular above 300%,
more particular approximately 350%;

- compression load deflection at 25% from 0.2 to 0.5
psi, particular from 0.3 to 0.4 psi;

- compression load deflection at 65% from 0.35 to
0.75 psi, particular from 0.45 to 0.65 psi;

- water-repellant (hydro phobic);

- olio phobic.

[0039] In a specific embodiment of the present inven-
tion, the material for the cover element 2 is reticulated
foam which is a flexible polyurethane foam character-
ized by a three-dimensional skeletal structure with few
or no membranes between strands.
[0040] The product is thermally reticulated, a process
which removes the cell walls, leaving a material of skel-
etal structure having a void area of some 97%. In addi-
tion the thermal reaction considerably increases the
physical strength of the material. This is achieved by the
material removed in the process unblocking the cells be-
ing wrapped around the cell struts. This increases the
strut thickness and results in an increased tensile
strength and greater resistance to heat, abrasion and
chemical attack.
[0041] Thermal reticulation is a post-manufacturing
process that completely removes the membrane be-
tween foam cell strands, maximizing uniformity of the
cell structure.
[0042] The effect of a cover element 2 made of a ma-
terial having at least one of the above-mentioned prop-
erties will be explained by referring to Figs. 1 and 2, in
which strong wind streams are indicated by the arrow
11. While the housing 1 of Fig. 1 is covered by a cover
element 2 on the lateral end 8, the housing 1 of Fig. 2
is not covered at all. In the absence of a cover element
2, wind turbulences develop not only at edges, as for
example at the lateral opening 7, but also at the housing
1 itself. These turbulences lead to wind noise propagat-

ing through the canal 10 into the ear of the user of the
in-ear device.
[0043] The cover element 2 reduces the strong wind
streams in that deformation of the cover element 2 oc-
curs having the effect of diffracting the wind stream, and,
for the wind stream entering the cover element 2, canal-
izing the wind stream therein. As a result, no or less wind
turbulences develop and the signal-to-noise ratio is in-
crease compared to a housing 1 having no cover ele-
ment 2.
[0044] In Fig. 3, the in-ear device of Fig. 1 is inserted
into an ear of the user. The cover element 2 not only
covers the part of the housing 1 facing the outside but
also a part of the housing section 16. This has the ad-
vantage that the in-ear device is hold by the cover ele-
ment 2 because the compression load deflection of the
material of the cover element 2 allows the build-up of
holding forces when reacting with the concha. Further-
more, depending on the used device type (ITE, ITC,
CIC, etc.), the concha or the ear canal, respectively, is
completely covered by the cover element 2 in that there
is no possibility that a gap is formed between the hous-
ing 1, i.e. the housing section 16, and the ear. Such a
gap could otherwise again give rise to turbulences lead-
ing to wind noise entering the canal 10.
[0045] A further embodiment of the present invention
having the same structure as the one shown in Fig. 3
consists in that the transmitter unit 3 does not directly
communicate with the equipment (e.g. a walky-talky) of
the team leader. Instead an intermediate transmission
unit (not shown in Fig. 3) is provided which is in proximity
to the inventive in-ear device. In such an embodiment,
a low power consuming wireless link (e.g. Bluetooth or
an inductive transmission link) having a rather short
transmission distance is used for transmitting data from
the in-ear device to the intermediate transmission unit,
while a rather high power wireless link (e.g. the men-
tioned FM-transmission) is used to transmit data further.
Therewith, the in-ear device can operate longer with the
same battery.
[0046] Fig. 4 shows a further embodiment of the
present invention in which a cable 21 is connected to
the transmission unit 3, the cable 21 being connected
to an intermediate transmission unit (not shown), for ex-
ample. In order to minimize turbulences due to the cable
21 itself, it is to some extend also covered by the same
material as the cover element 2.
[0047] A yet another embodiment of the present in-
vention is depicted in Fig. 5 showing a hearing device
to improve the hearing of a hearing impaired user. While
the converter 4 is in the simplest application a speaker,
the transmission unit 3 (Figs. 1 to 4) is a microphone
recording sound and transmitting it to a signal process-
ing unit (not shown in Fig. 5) in which the hearing im-
pairment of the user is corrected as completely as pos-
sible. The signal processing unit is operatively connect-
ed to the converter 4. Again, in a specific embodiment,
the converter 4 can be directly or indirectly be used to
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stimulate the acoustic nerve of the user by using im-
plantable device technology.
[0048] It has to be noted for this application that the
canal 10 is rather used as a so-called vent than for pro-
viding a sound inlet as it is the case for in-ear devices
as described in connection with the embodiment shown
in Figs. 1 to 4. The cross-sectional area of a vent is just
as large as it is necessary for pressure equalization be-
tween surroundings and the inner ear. A sound trans-
mission through the canal 10 is prevented to a high ex-
tend since such sound transmission would generally
confuse the hearing device user.
[0049] With reference to Fig. 6 a further embodiment
of the present invention is described. As has been al-
ready stated, the inventive in-ear device can be used as
a one or two way telecommunication system. A one way
communication system consists of a converter 4 (e.g. a
speaker) and one transmission unit 3 acting as a receiv-
er unit. A two way "team radio" communication requires
a transmission unit 3 being able to transmit data in a
bidirectional manner, a converter 4 to listen to the team
radio and a microphone 21 to pick up the voice of the
in-ear device user. The sound picked-up by the micro-
phone 21 can be transmitted to an external receiver unit
(e.g. a walky-talky) via the bidirectional transmission
unit 3. It is clear for the skilled artisan having knowledge
of the present invention how to design, interconnect and
operate the in-ear device in order to fulfill the required
operations.
[0050] Finally it is pointed out that it is not mandatory
for the cover element 2 to be positioned as close as pos-
sible over the housing 1 of the in-ear device. Therefore,
a further embodiment of the present invention compris-
es a cover element covering the entire ear (i.e. pinna)
of the user preventing therewith also any turbulences
resulting from the pinna. Such an application can be
used for even higher wind streams with wind velocities
well above 25 m/s. An even further embodiment being
exposable to similar or even higher wind velocities, the
cover element is a cap made of the same material as
disclosed above in connection with the cover element
attached to the housing. This type of cover element is
pulled over the upper part of the user's head or even
over the entire head with the result that no turbulences
at all must be dealt with.
[0051] Having thus shown and described embodi-
ments of the present invention, it should be noted that
the same has been made by way of illustration and not
limitation. Accordingly, all modifications, alterations and
changes coming within the spirit and scope of the
present invention are herein meant be included.

Claims

1. A device comprising

- a housing (1) to be inserted into an ear of a user,

said housing (1) comprising

- a lateral end (8) defined by being a part of the
housing (1) which is directed towards surround-
ings if the housing (1) is inserted into the ear,

- a medial end (6) defined by being a part of the
housing (1) which is directed towards the inner
ear of the user if the housing (1) is inserted into
the ear, said medial end (6) comprising at least
a medial opening (5, 9),

characterized in that at least the lateral end (8) of
the housing (1) is covered by a cover element (2).

2. The device of claim 1, characterized in that the
cover element (2) is made of reticulated foam.

3. The device of claim 1 or 2, characterized in that
the cover element (2) is made of polyurethane.

4. The device of one of the claims 1 to 3, character-
ized in that the cover element (2) has at least one
of the following properties:

- thickness from 1 to 4mm, particular from 1.5mm
to 2.5mm, more particular approximately
2.2mm;

- pore size from 0.1 to 0.5mm, particular from 0.1
to 0.3mm, more particular of approximately
0.2mm;

- pore density from 50 to 120 pores per inch (ppi),
particular from 60 to 100 ppi, more particular
approximately 80 ppi;

- tensile strength from 10 to 50 psi, particular
form 20 to 40 psi, more particular approximately
30 psi;

- elongation above 200%, particular above
300%, more particular approximately 350%;

- compression load deflection at 25% from 0.2 to
0.5 psi, particular from 0.3 to 0.4 psi;

- compression load deflection at 65% from 0.35
to 0.75 psi, particular from 0.45 to 0.65 psi;

- water-repellant (hydro phobic);

- olio phobic.

5. The device of one of the claims 1 to 4, character-
ized in that at least a visible part of the cover ele-
ment (2) is adapted either to skin color of the user
or has a fashion color in order to catch the eye of
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other people.

6. The device of one of the claims 1 to 5, character-
ized in that said lateral end (8) comprises at least
a lateral opening (7) which is connected to a medial
opening (5, 9) via a canal (10).

7. The device of one of the claims 1 to 6, character-
ized in that said lateral end (8) comprises two lat-
eral openings (7) of which each is connected to a
medial opening (5, 9) via a corresponding canal
(10).

8. The device of one of the claims 1 to 7, character-
ized in that said housing (1) further comprises a
converter unit (4) acting through the medial end (6).

9. The device of claim 8, characterized in that said
converter unit (4) is an electro-acoustical converter
having an acoustic output port which is operatively
connected to a further medial opening (9).

10. The device of claim 8 or 9, characterized in that
said housing (1) further comprises

- at least a microphone (3, 21) having an acoustic
input port which is operatively connected to a
further lateral opening, and

- a signal processing unit which is operatively
connected to the at least one microphone (3,
21) as well as to the converter unit (4).

11. The device of one of the claims 8 to 10, character-
ized in that said housing (1) further comprises a
transmission unit (3) which is operatively connected
to the converter unit (4).

12. The device of one of the claims 8 to 11, character-
ized in that said housing (1) further comprises a
transmission unit (3) which is operatively connected
to the converter unit (4).

13. The device of one of the claims 1 to 12, character-
ized in that the cover element (2) is a cap covering
the pinna.

14. The device of one of the claims 1 to 12, character-
ized in that the cover element (2) is a cap covering
the user's head.

15. A use of the device of one of the claims 1 to 14 to
compensate a hearing loss of a user.

16. A use of the device of one of the claims 1 to 14 for
natural communication as well as for remote com-
munication via a wired or a wireless transmission
link.
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