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(54) Method of manufacturing and individually shaped hearing device or hearing aid

(57) The present invention provides a method of
providing input parameters for the fitting process of in-
dividually shaped or customized hearing devices by
storing geometry data during the manufacturing process
into data storage and selectively reading out data from

this data storage during the manufacturing and/or fitting
process of the hearing device. To improve the quality
and to reduce the time required for the fitting process,
all the data available from the manufacturing process,
e.g. the geometry data, may be used during the final fit-
ting process at the dispenser's office.
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Description

[0001] This invention relates to a method of providing
input parameters for the fitting process of individually
shaped or customized hearing devices.
[0002] For a rapid manufacturing and final fitting of
hearing devices, such as individually customized behind
the ear or in-the-ear hearing aids, the process usually
starts with taking an impression of the shape of the ear.
The shape of this impression will than have to be digi-
tized for instance by means of a scanning device. The
first step must actually be performed with the user of the
hearing device present at the location of the dispenser,
whilst the following steps may be done either at the lo-
cation of the dispenser or at the hearing device manu-
facturing center. With the digitized data of the outer
shape of the hearing device, the shell of this hearing
device may be typically manufactured by means of ded-
icated shell modeling software at the hearing device
manufacturing center. This software produces a digital
representation of the shell shape and the shell of the
hearing device is then produced using a direct manu-
facturing process such as selective-laser sintering, ster-
eo lithography or digital light processing. After assem-
bling of the shell and the electronic and/or mechanical
components of the hearing device, the hearing device
is shipped to the dispenser for the final fitting according
to the individual needs of the user of this device.
[0003] Although such a manufacturing process saves
a reasonable amount of time for manufacturing individ-
ually shaped or customized hearing devices, the final
process of fitting this device to the individual needs of
the user is still time consuming and mostly based on em-
pirically defined starting points or parameters and often
leads to a lengthy series of trial and error steps until
reaching the final result.
[0004] In absence of the exact geometric data, the in-
put parameters for the fitting process dependent on the
geometry of the shell and/or the ear will initially be set
based on standard values or standardized estimates.
During the fitting process, the parameters will then have
to be adjusted by the mentioned trial and error principle
to reach the desired result.
[0005] It is thus an object of the present invention to
provide a method for estimating or defining more appro-
priate input parameters for starting the fitting process
for a hearing device. It is a further object of the present
invention to improve the manufacturing process of hear-
ing devices by shortening the fitting process by provid-
ing individually adapted starting parameters of a good
quality.
[0006] This object will be inventively solved by the
present invention providing a method according to claim
1. Preferred embodiments of this invention are set forth
in the dependent claims 2 to 8.
[0007] The present invention provides a method of
providing input parameters for the fitting process of in-
dividually shaped or customized hearing devices by

storing geometry data during the manufacturing process
into data storage and selectively reading out data from
this data storage during the manufacturing and/or fitting
process of the hearing device.
[0008] To improve the quality and to reduce the time
required for the fitting process, all the data available
from the manufacturing process, e.g. the geometry data,
should be used during the final fitting process at the dis-
penser's office. To have all such data available during
the fitting process, the dispenser will advantageously
have access to those data as they are stored in the data
storage.
[0009] In one preferred embodiment the data storage
is a shared data storage, located at one or more loca-
tions, accessible via online connections from any other
location. By providing a centralized data storage the
storage capacity of this device may dynamically grow
with the number of hearing devices and the amount of
data to be stored. It is clear, that the centralized data
storage may itself be a storage cluster with distributed
shared storage devices, located at one location or at
several different locations. As the data storage is acces-
sible anytime from any location, all data generated in
connection with the ordering and shell modeling may al-
ready be entered into the data storage and is thus in-
stantly available for any following manufacturing proc-
ess at any location.
[0010] In another preferred embodiment, the connec-
tion will be established via the Internet. The accessibility
of the data in the data storage via an Internet connection
allows a quick and simple transfer of those data without
the need of specialized connection means only for the
purpose of manufacturing the hearing device. By using
secure services and/or encryption the privacy of the da-
ta may be ensured.
[0011] In a further preferred embodiment, the data
storage is located directly in the hearing device memory.
It is possible to store the geometry and parameter data
directly in the memory of the hearing device. Thus the
data is always directly available together with the hear-
ing device itself and the hearing device therefore be-
comes a virtual extension of the data storage for all pa-
rameters and geometries generated during the manu-
facturing process. Instead of using the built-in memory
of the hearing device, it is for instance as well possible
to use memory of a remote control of the hearing device.
As such data storage only has to storage the data of the
particular hearing device, it is sufficient to provide only
low storage capacity.
[0012] In a further preferred embodiment, the method
further comprises the step of storing the parameter data
used during the manufacturing process. For the optimi-
zation of the following processes, it may be of advantage
not only to store geometric data of the shape of the ear
or ear canal and the hearing device, but also to store
other parameter data of a certain importance in connec-
tion with the fitting process of the hearing device.
[0013] In a further preferred embodiment, the availa-
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ble geometry and/or parameter data of the order and/or
ear impression and/or shell modeling process will be
stored as well into the data storage. The fitting software
can thus simply read-out the required information from
the data storage during the fitting process and use this
information for pre-calculation and simulation of the
acoustic behavior of the hearing device.
[0014] In a further preferred embodiment, at least one
of the following geometry data is stored:

- cross section area, shape of cross section and
length of vent geometry,

- vent microphone distances, microphone positions,
depth of hearing device in concha, height of concha,
width of concha;

- length of hearing device, averaged ear canal cross
section.

[0015] With such data available to the dispenser per-
forming the fitting process, it is possible to obtain a sim-
plified model to achieve a good approximation of the
acoustic properties of the customized hearing device
and to start the fitting process with nearly optimal pa-
rameters which only need minor modification during the
final fitting process.
[0016] In a further preferred embodiment at least one
of the following quantities will be estimated by reading
out the appropriate data from the data storage:

- vent loss, reduction of occlusion effect, real ear oc-
cluded gain, real ear to coupler difference for low
frequency range;

- microphone location effect, beamforming correction
for higher frequencies, feedback threshold estima-
tion;

- estimation of residual volume and distance to ear
drum;

- real ear to coupler difference for high frequency
range;

- open ear gain.

[0017] By using the data stored in the data storage as
input parameters, it is possible to estimate the above
mentioned quantities for entering into the final fitting
process.
[0018] It is pointed out that the present invention not
only applies to hearing devices such as behind the ear
or in the ear canal hearing aids for the compensation or
correction of a hearing impairment. The present inven-
tion may be applied as well for any hearing device used
to improve communication.
[0019] For the purpose of facilitating and understand-

ing of the invention, there is illustrated in the accompa-
nying drawing a preferred embodiment thereof to be
considered in connection with the following description.
Thus the invention may be readily understood and ap-
preciated by the only figure showing schematically a
process view of one embodiment of the inventive meth-
od.
[0020] Referring to the only figure, the process of
manufacturing an individually shaped or customized
hearing device in form of a miniaturized in-the-ear hear-
ing aid starts at the moment of ordering such a device
and ends with the final fitting process. In the upper part
of the figure, the individual stages of ordering and man-
ufacturing are shown while in the middle part the actual
shape or stage of the hearing device shell is exemplary
shown in small pictures.
[0021] The data storage is schematically shown as a
bar in the lower part of the figure in order to manifest its
accessibility during the whole process at each process
step. The accessibility is independent of the location of
the ordering and manufacturing process. At each proc-
ess step, new data such as geometry data will be stored
into the data storage and eventually read out of the data
storage for input into one or more of the following proc-
ess steps.
[0022] In one embodiment of the invention, this data
storage is a centralized shared data storage, located i.
e. at the hearing device manufacturing location. This da-
ta storage is advantageously online accessible from all
different locations where the manufacturing process
takes place. This access may for instance be provided
via direct Internet access to this data storage. One of
the great advantages of such a data storage is in fact
its practically unlimited storage capacity. As the central-
ized data storage does not have to be moved together
with the hearing devices, it is not limited by weight or
shape and may be designed to dynamically grow with
the needs of storage capacity. It is thus possible to store
the complete digitized shape geometry of the whole ear
and not only of the hearing device shell for each individ-
ual user, for an exact simulation of the acoustic proper-
ties and behavior of such a hearing device.
[0023] In another embodiment of the invention, this
data storage is located directly in the storage area of the
hearing device itself, e.g. in the memory of the hearing
aid electronic components to be assembled into the
hearing device itself or in the memory of a remote control
for the hearing device. Such memory will then be trans-
ferred together with the model of the shell or later with
the shell itself for the whole manufacturing process and
the data will be transferred by means of direct link or
remote link into the memory. For an economical use of
the limited storage capacity of such memory, the data
may be erased after the final fitting process and the free
space used for other data or parameters used for the
operation of the hearing device.
[0024] For the final fitting process, all of those stored
data may preliminary be used for a complete simulation
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of the acoustical performance of the hearing device un-
der operational conditions, i.e. when inserted into the
user's ear canal and thus an intelligent pre-calculation
of optimal hearing device settings may be performed pri-
or to the final fitting process. For instance, vent shape
such as cross section, length and curvature, vent micro-
phone distances, shell thickness, estimated residual
volume between the hearing device and the tympanic
membrane are such geometry information that can be
used for the fitting process. Also other parameters de-
termined during the manufacturing process and stored
in the data storage may used if of relevant influence with
respect to the optimal acoustic performance of the hear-
ing device.
[0025] A method for recording of information in a hear-
ing aid is published in EP 1 414 271. This method may
be used for the technical process of storing the informa-
tion described above either in the hearing aid memory
or in a centralized or shared storage.
[0026] Thus, the present invention provides a method
to improve the quality of the fitting in a time saving man-
ner, as both known and/or estimated geometry data col-
lected through the whole process of manufacturing of a
hearing device are used preliminary and/or during the
fitting of the hearing device at the dispenser's office. The
usage of the entire shape data of the ear impression and
the shell of the hearing device allows a complete simu-
lation of acoustical performance of the hearing aid under
operational conditions, i.e. when inserted into the user's
ear canal, by considering aspects such as the shape of
the concha bowl or reflection of sound waves from the
vent at the tragus or the dampening effect of the shell
structure. As it is currently not possible to store such
data completely within the memory of the hearing de-
vice, the use of a centralized or shared data storage de-
vice is of great advantage.

Claims

1. Method of providing input parameters for the fitting
process of individually shaped or customized hear-
ing devices, characterized in by storing geometry
data during the manufacturing process into data
storage and selectively reading out data from this
data storage during the manufacturing and/or fitting
process of the hearing device.

2. The method of claim 1, characterized in that the
data storage is a shared data storage, located at
one or more locations, accessible via online con-
nections from any other location.

3. The method of claim 2, characterized in that the
connection will be established via the Internet.

4. The method according to any of claims 1 to 3, char-
acterized in that the data storage is located directly

in the hearing device memory.

5. The method according to any of claims 1 to 4, char-
acterized in by further comprising the step of stor-
ing the parameter data used during the manufactur-
ing process.

6. The method according to any of claims 1 to 5, char-
acterized in that the available geometry and/or pa-
rameter data of the order and/or ear impression
and/or shell modeling process will be stored as well
into the data storage.

7. The method according to any of claims 1 to 6, char-
acterized in that at least one of the following ge-
ometry data is stored:

- cross section area, shape of cross section and
length of vent geometry,

- vent microphone distances, microphone posi-
tions, depth of hearing device in concha, height
of concha, width of concha;

- length of hearing device, averaged ear canal
cross section.

8. The method according to one of claims 1 to 7, char-
acterized in that at least one of the following quan-
tities will be estimated by reading out the appropri-
ate data from the data storage:

- vent loss, reduction of occlusion effect, real ear
occluded gain, real ear to coupler difference for
low frequency range;

- microphone location effect, beamforming cor-
rection for higher frequencies, feedback thresh-
old estimation;

- estimation of residual volume and distance to
ear drum;

- real ear to coupler difference for high frequency
range;

- open ear gain.
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