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Description

�[0001] The present invention is directed to a method
for manufacturing a body-�worn device, especially such
electronic device which is adapted to suit the shape of
an individual’s body area.
�[0002] Although the present invention departs from ob-
jectives as encountered in the art of hearing device man-
ufacturing and especially hearing aid device manufactur-
ing, as will become apparent to the skilled artisan, it may
be used for more generalized manufacturing of body-
worn devices, especially electronic devices, whereat the
outer shape of such device shall fit to specific body’s
areas of an individual.
�[0003] Therefore and without an intended limitation of
the present invention to the art of hearing device manu-
facturing, the basic considerations which led to the
present invention will be discussed with respect to hear-
ing device manufacturing.
�[0004] The process of manufacturing hearing devices,
as especially hearing aid devices, thereby in-�the-�ear
hearing aid devices, starts customarily by taking a cast
or impression of the ear, thereby especially of the ear
canal including parts of the outer ear. Traditionally by so-
called "detailing process" the cast is roughly cut with re-
spect to the type of device to be manufactured and the
size and type of electronic components that will have to
be placed in the device by assembling. In subsequent
steps the cast is detailed by surface-�machining and local
or overall waxing allows for smoothening the surface,
increasing the shape of the cast and fixing cast inaccu-
racies. The resulting detailed cast is used for making a
negative to be used as a mold, wherein a shell of the
device is produced using e.g. UV-�curable material. After
manufacturing of the shell, additional components as e.g.
a vent is machined into the shell, holes are drilled for the
receiver etc. and the resulting shell is finalized e.g. by
grinding.
�[0005] The device is lastly terminated by assembling
electronic components into the shell.
�[0006] Currently digital techniques become more and
more involved in such manufacturing technique. With an
eye on shell manufacturing attention is drawn to the US
5 487 012 as well as e.g. to the WO 01/05207, WO
02/03756, US application Nr. 09/670 207 and US appln.
Nr. 10/373 906,
WO 02/24128 acc. to US appln. Nr. 09/668 968
WO 02/25993 acc. to US appln. Nr. 09/669 042
WO 02/24129 acc. to US appln. Nr. 09/669 167
WO 02/25994 acc. to US- �A-�6 484 842
WO 02/25995 acc. to US appln. Nr. 09/669 169
WO 02/24127 acc. to US- �A-�6 401 859.
�[0007] The accuracy and adequateness of the ad-
dressed manual detailing of casts is mainly a question
of experience and individual preference of the skilled ar-
tisan performing such detailing for an individual’s body
area. While high experience allows for more efficient and
reliable detailing the process is still prone to errors and

to very little reproducibility. In test series several shell
makers have been given identical casts and orders for
the device to be manufactured and have been asked to
produce the corresponding shell. The results have been
vastly different both in size and shape, a clear indication
of missing reproducibility and personal disagreement on
optical shape represented by the cast. Overall such dif-
ferences in the detailing process contribute to an average
industry return rate, in the field of hearing aid devices, of
16 to 21%.
�[0008] WO 02/071794 shows a method of producing
a shell of a hearing aid, whereby detailing of the shell is
performed the way it had been done at a model which
was selected as the most similar model amongst a plu-
rality of models.
�[0009] It is an object of the present invention to deal
with drawbacks of the addressed manufacturing tech-
nique. This is achieved by manufacturing a body-�worn
device, especially electronic device, which is adapted to
the shape of an individuals’ body area and which com-
prises the steps of

• preparing a digitized, three-�dimensional representa-
tion of said area;

• detailing said digitized representation at selected ar-
eas;

• producing a shell in dependency of said detailed dig-
itized representation; characterised by

• automatically localizing at least one characteristic
feature of said representation, representing a char-
acteristic shape feature at said area of said individual
and

• performing said detailing at selected areas oriented
at said characteristic feature automatically localized.

�[0010] By automatically determining the at least one
characteristic feature of the digitized representation, in-
formation is provided of such characteristic feature as a
basis for producing a shell. Because such determining
is automatically performed reproducibility is improved.
Finding of such characteristic features at the represen-
tation is not anymore subject to operator’s expertise and
personal preferences. The determined characteristic fea-
ture is an accurate basis for deciding how and where the
digitized representation is to be detailed, so that again
reproducibility of the detailed digitized representation
and thus of the resulting shell is significantly improved.
�[0011] In a further preferred embodiment detailing
comprises at least one of cutting, surface treating, off-
setting, fixing, relaxing and increasing at least a part of
the digitized representation, whereby such actions are
performed digitally.
�[0012] In a further preferred embodiment the step of
automatically determining the at least one characteristic
feature comprises performing such determining by auto-
matically investigating the digitized representation under
the constraint of predetermined geometrical rules. There-
by, e.g rules with respect to curvature, surface areas of
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cross-�sections, etc., of the digitized representation are
investigated under predetermined criteria so as to find at
the digitized representation the location of the respective
characteristic feature.
�[0013] In a further preferred embodiment the determin-
ing step comprises comparing the digitized representa-
tion with a digital representation of a standard of the body
area. Thereby, both approaches, namely that of perform-
ing determining with automatic investigation under the
constraint of predetermined geometrical rules and by per-
forming a comparison are combined. For instance it is
by performing such comparison that it is easily estab-
lished whether a digitized representation as provided is
accurate enough or not. If e.g. a difference found by such
comparing exceeds a predetermined level, there is at
least a high degree of likelihood that the digitized repre-
sentation does not represent individual’s body area with
an accuracy high enough. Further, if the actually treated
digitized representation is close enough to the standard,
characteristic features of the standard may be exploited
as the respective characteristic features of the digitized
representation actually treated and may thus be taken at
least as a first approximation of such characteristic fea-
tures to be automatically determined at the digitized rep-
resentation.
�[0014] In a further embodiment according to the
present invention the step of preparing the digitized rep-
resentation is performed by scanning a cast of the body
area. In a further preferred embodiment the step of pre-
paring the digitized representation is performed by three-
dimensional scanning of the body area directly.
�[0015] As a further embodiment of preparing the digi-
tized representation that step comprises providing such
representation of the body area as one which has already
been applied for manufacturing a body-�worn device and
which shall e.g. be improved, taking into account needs
of the individual which have changed since the body-
worn device had been manufactured. Such changing
needs may be based e.g. on individual’s growth, aging,
etc.
�[0016] In a further preferred embodiment of the man-
ufacturing method according to the present invention the
step of preparing the digitized representation is per-
formed by scanning a cast of the body area, whereby
detailing comprises mechanically detailing the cast in de-
pendency of the detailed digitized representation, there-
by producing the shell from said mechanically detailed
cast. In this case the detailed digitized representation
provides for information how to mechanically detail the
cast.
�[0017] In a further preferred embodiment mechanical
detailing of the cast is performed by digitally controlled
treatment or machining.
�[0018] If e.g. due to a material selected for manufac-
turing the shell mould production of the shell is preferred
and in a further embodiment it is the mould which is pro-
duced in dependency of the detailed digitized represen-
tation. In spite of the fact that such mould producing may

still be performed manually and based on the information
from the detailed digitized representation, in a preferred
mode such mould production is performed by a digitally
controlled process, which is digitally controlled depend-
ent from the detailed digitized representation.
�[0019] Nevertheless, in a most preferred embodiment
production of the shell is performed directly by means of
a digitally controlled process, whereby such process con-
trol comprises controlling by the detailed digitized repre-
sentation.
�[0020] As has been discussed above, in a preferred
embodiment the method according to the present inven-
tion comprises detailing the digitized representation in
dependency of the at least one characteristic feature as
determined. Departing therefrom and in a most preferred
embodiment the method according to the present inven-
tion comprises the step of providing automatically at least
one of detailing and of at least one suggestion for per-
forming said detailing. By automatically performing de-
tailing and/or by automatically providing a suggestion
how to perform detailing at the digitized representation,
reproducibility is again significantly increased and such
detailing action becomes significantly less dependent on
personal expertise and personal preferences of an op-
erator.
�[0021] In a most preferred further embodiment the step
of automatically providing at least one of detailing and of
at least one suggestion for such detailing is performed
on the basis of an expert system and of at least one pre-
determined target to be achieved. As one and the same
digitized representation may be used for construing dif-
ferent devices, it is important at least for some detailing
steps to specify, which device shall be manufactured.
Let’s take a digitized representation of the outer ear and
ear canal, such digitized representation may be used for
manufacturing an outside-�the-�ear device OTE, an in-�the-
ear device ITE or a completely in-�the-�canal CIC device,
which devices obviously necessitate different detailing
at the one digitized representation.
�[0022] In a preferred further embodiment such expert
system is based on pre-�established geometric rules
and/or on recorded knowledge.
�[0023] In context with established or recorded expert
knowledge a preferred generic embodiment of the meth-
od according to the present invention is to check accuracy
of the prepared digitized representation and/or of the au-
tomatic determination of at least one characteristic fea-
ture by comparing the digitized representation and/or the
at least one characteristic feature as determined respec-
tively with a standard digitized representation and/or a
standard characteristic feature.
�[0024] In a further most preferred embodiment provid-
ing automatically at least one of detailing and of at least
one suggestion comprises comparing the digitized rep-
resentation with more than one digitized representations
as approved to be accurate so as to find that approved
digitized representation which best matches with the dig-
itized representation as actually treated. There is gener-
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ated the detailing step and/or said suggestion in depend-
ency of the detailed digitized representation of the best
matching digitized representation.
�[0025] In a further preferred embodiment the expert
system is continuously updated in dependency of the de-
tailed digitized representation actually treated, if latter
reveals to be approved after producing the shell. There-
by, such approved detailed digitized representation is
added to the further approved digitized representations
for finding the best match so as to update comparison
basis for such finding.
�[0026] If the device to be manufactured is a hearing
device and the individual’s body area comprises the ear
canal, the characteristic feature is preferably one of

- end of ear canal

- entrance of the ear canal

- medial axis of the ear canal

- first canal bend

- second canal bend

- left ear canal

- right ear canal

- horizontal line.

�[0027] If individual’s body area comprises the outer ear
area adjacent to the ear canal the characteristic feature
is preferably one of

- tragus

- anti-�tragus

- inter-�tragal notch

- concha

- crus

- helix

- left ear

- right ear

- horizontal line

�[0028] In a most preferred embodiment the device
manufactured is a hearing device, thereby, further pre-
ferred, an in- �the-�ear hearing device. Nevertheless, such
a device may also be an outside-�the-�ear hearing device.
�[0029] In a still further embodiment the addressed de-

vices are hearing aid devices.
�[0030] In a still further preferred embodiment of the
method according to the present invention, the detailed
digitized representation data is stored in the device as
manufactured.
�[0031] Preferred embodiments of the invention shall
now be further described to the skilled artisan making
reference to figures.
�[0032] These figures show:�

Fig. 1 in a perspective representation and as an ex-
ample of an individual’s body area, a digitized
representation of the outer ear and canal area
to define characteristic features;

Fig. 2 in a flowchart and functional block/�signal-�flow
diagrammatic representation, a preferred em-
bodiment of a system according to the present
invention operated to perform the manufactur-
ing method according to the present invention;

Fig. 3a visualized and as an example a digitized rep-
resentation of outer ear and of a part of the
ear canal;

Fig. 3b departing from the visualized digitized repre-
sentation as of fig. 3a, a visualized digitized
representation after applying an enveloping
surface;

Fig. 4 a visualized digitized representation with au-
tomatically determined characteristic fea-
tures;

Fig. 5 in a representation in analogy to that of fig. 4,
additional characteristic features as deter-
mined automatically according to the present
invention;

Fig. 6 still in analogy with the representations of the
figs. 4 and 5, location of a still further charac-
teristic feature automatically determined;

Fig. 7 departing from a digitized representation as
shown in the figs. 4 to 6, visualization of an
automatically or operator- �interactively de-
tailed target-�specific digital representation
with the target of manufacturing a CIC, and

Fig. 8 schematically and by means of a signal- �flow/
functional block flowchart diagram, a pre-
ferred embodiment of applying a knowledge-
based expert system for automatically gener-
ating detailing and/or suggestions how to de-
tail a digitized representation of individual’s
body area of interest.

�[0033] In fig. 1 there is shown in a perspective sche-
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matic view a digitized representation 1 from the outer ear
and ear canal of an individual as a most preferred exam-
ple of an individual’s body area, whereat a device to be
manufactured shall be applied. Characteristic features
of such representation are e.g.:�

A: canal

B: second bend

C: first bend

D: end of canal

E: entrance of canal

F: center line representing medial axis of the ear ca-
nal

G: tragus

H: anti-�tragus

I: inter- �tragal notch

J: concha

K: crus

L: helix

M: horizontal line, when the cast 10 resides in indi-
vidual’s ear

�[0034] In fig. 2 there is shown by means of a simplified
flowchart or signal-�flow/�functional block representation a
preferred embodiment of the method and system for
manufacturing according to the present invention.
�[0035] There is prepared a digitized three-�dimensional
representation 1 of the area of interest of individual’s
body. This representation 1, e.g. stored in a storing unit
1U, is in one embodiment prepared by performing a
three- �dimensional scan 3 by a scanner unit 3U of the
area 5, e.g. of the outer ear and ear canal area 5. Alter-
natively there is made a cast 7 of individual’s area of
interest, which is then scanned - 9 - by a scanner unit 9U
to result in the three-�dimensional representation 1. Still
alternatively the three-�dimensional representation 1 may
be provided from an earlier digitized three- �dimensional
representation of that area, which earlier representation
shall be changed, e.g. updated. With an eye on ear canal
representation this may become necessary with increas-
ing age of the respective individual.
�[0036] Visualized (V) on a computer display 13 as of
fig. 2, the digitized representation 1 of the outer ear and
part of the ear canal is shown as an example in fig. 3a
resulting by computerized applying an envelope surface,
in a representation according to fig. 3b. The digitized rep-

resentation 1 is the basis for automatically determining
at least one characteristic feature thereat. Such charac-
teristic features are found by applying predetermined ge-
ometric rules 15 to the digitized representation 1, thereby
investigating the digitized representation data 1 with the
constraint of such rules. For instance and with an eye on
the digitized and visualized representation 1V according
to the figs. 3a and 3b and as shown in fig. 3b, an outermost
in-�plane contour line N is detected in the digitized repre-
sentation 1 e.g. as the contour, along which the outer
surface of the digitized representation 1 starts bending
inwardly, as an example of a very simplified rule to find
contour N. With respect to addressed example of an in-
dividual’s body area of interest, namely of a digitized rep-
resentation 1 of outer ear and ear canal, a further char-
acteristic feature of importance is the centre line or medial
axis of the ear canal and part of the outer ear. This line
is e.g. established by calculating the centre point PCN,
i.e. the centre of weight of the plane-�surface WN defined
by the in-�plane contour N. Parallel equidistant slices to
WN are computed from the digitized representation 1 and
the respective centre points PCX define concomitantly
the centre line F up to reaching the end D of the ear canal
representation. This is schematically shown in the visu-
alized digitized representation 1V in fig. 4 by centre line
F linking centre points PCm, PCn ... of slices n, m ....
�[0037] Whereas in a first run to find a first approxima-
tion of centre-�line F the slices, whereat the centre points
PCX are calculated, are e.g. established parallel to the
plane of surface WN. In a second run the slices are an-
gularly adjusted to be in planes perpendicularly to the
first approximation of the centre line F yet found. This
results in slightly shifted centre points, which thus define
for a second approximation of the centre line F. By such
approach and iterative looping a high degree of accuracy
for the course of the centre line F in the digitized repre-
sentation 1 is achieved.
�[0038] As a further characteristic feature e.g. first and
second bends of the ear canal at the example addressed
may or will be automatically determined. To do so, e.g.
an analysis of curvature of the centre line F as of fig. 4
is performed in combination with an analysis of the outer
surface of the digitized representation 1 and thereby es-
pecially its curvature, especially in direction of the centre
line. A simplified rule for determining the first and second
ear canal bends is the change of signum of curvature of
the centre line F as schematically shown in fig. 5 with
respectively directed curvature radii r+ and r-.
�[0039] As a further feature of interest the aperture
plane, whereat the ear canal starts departing from the
outer ear is or may be computed by analyzing the se-
quence of slices perpendicularly and along the centre
line F and following the rule that the surface area of such
slices in direction from the ear canal towards the outer
ear significantly increases there, where the aperture
plane E is to be located. As shown in fig. 6 such an anal-
ysis following such a rule results in the finding of the en-
trance of canal plane E.
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�[0040] Whereas as described up to now the charac-
teristic features are automatically determined by investi-
gating the digitized representation 1 according to prede-
termined geometric rules 15, a further possibility to find
such characteristic features is to compare the digitized
representation 1 with digitized representation 17 accord-
ing to fig. 2 of same area of individual’s body, which has
been approved and established as a standard of a digi-
tized representation of individual’s body area. By com-
paring the prevailing digitized representation 1 with the
established standard representation 17 at least a first
approximation of localizing the characteristic features as
mentioned above at the digitized representation 1 under
investigation is achieved. In a preferred embodiment both
possibilities, namely of determining the characteristic
features based on rules 15 as well as based on a com-
parison with a standard 17 are performed. Thereby latter
may especially lead to a conclusion, whether the char-
acteristic features as determined based on rules 15 have
a good likelihood to be correct or not and thereby may
reveal e.g. an inaccurate establishment of the digitized
representation 1, e.g. due to inaccurate scanning 3, 9,
or inaccurate casting 7.
�[0041] From the step 20 according to fig. 2 of deter-
mining automatically the characteristic features, or at
least one thereof, at the digitized representation 1 there
results such a digitized representation 1 with the recog-
nized or determined characteristic features thereat. This
is schematically shown in fig. 2 by the outcome of deter-
mining step 20 as a digitized representation 1’ incorpo-
rating determined characteristic features. This "featur-
ized" digitized representation 1’ is e.g. visualized as
shown in fig. 2 at display 13, leading e.g. to visualized
representations according to figs. 3b to 6. Further char-
acteristic features as location of end of canal, tragus,
anti- �tragus, inter- �tragal notch, concha, crus, helix and
horizontal line are determined in analogy to the features
exemplified above, based on applying geometric rules
and/or based on comparison with a standard digitized
representation, whereby such geometric rules are based
e.g. on surface curvature analysis, centre line analysis,
etc.
�[0042] As was mentioned above the digitized repre-
sentation 1’ does not differ from the digitized represen-
tation 1, but incorporates the localized characteristic fea-
tures, i.e. additional, automatically found information.
�[0043] With this digitized representation 1’ as an input
there is most preferably performed a detailing step 22.
By such detailing the digitized representation 1 is princi-
pally changed. Such change is performed based on the
additional information as provided by the determined
characteristic features. Some of the detailing actions will
be unspecific to predetermined targets 24. As an exam-
ple one customarily performed detailing action will be to
perform a cut at the digitized representation 1’ along the
contour N according to the figs. 3b to 4.
�[0044] By predetermining target or targets 24 it is es-
tablished e.g. what type of device is to be manufactured.

�[0045] Detailing the digitized representation 1’ may
thereby preferably comprise at least one of digitally cut-
ting, surface treating the digitized representation 1’, off-
setting locally parts thereof, fixing parts thereof having
been detected as inaccurate, e.g. by comparing with
standard 17 as explained above, relaxing the digitized
representation.
�[0046] The detailing step 22 is preferably performed
automatically and/or in dependency of automatically pro-
vided detailing suggestions to the operator.
�[0047] Such suggestions - which are automatically fol-
lowed, if automatic detailing is performed - on how to
change the representation 1’ are automatically generat-
ed on the basis of an expert system 26, 28. The expert
system preferably comprises on one hand geometric al-
gorithms and rules 26 applied to the digitized represen-
tation 1’ in view of a given target and/or on the other hand
established knowledge 28. Based on such suggestions,
preferably visualized as shown in fig. 2 at the display 13,
the detailing action is nevertheless preferably operator-
controlled, OP. The operator may select to fully follow
the automatically provided suggestion or may, as an ex-
pert, more or less depart from such suggestion. E.g. if
the target 24 established in the specific example dis-
cussed, namely of manufacturing an ear- �applicable de-
vice, thereby especially a hearing device, is to manufac-
ture a complete in-�the-�canal hearing device CIC, one tar-
get-�related rule 26 is e.g. based on the fact that such a
CIC device is to be placed deeply into the ear canal,
reaching clearly beyond the first and up to nearly the
second bend C, B, according to the definitions given in
context with fig. 1.
�[0048] Thus, an automatically provided suggestion or
an automatically performed action could be to cut the
digitized representation 1’ just upstream the first bend
and just upstream the second bend. Additionally, the
characteristic feature "aperture plane" as of E of fig. 6
gives a further basis for the outermost cutting of the dig-
itized representation 1’ e.g. as a function of a further tar-
get 24, namely of what kind of a face- �plate module is to
be provided at the device to be manufactured.
�[0049] By operator’s action OP modules to be incor-
porated in the device to be manufactured are digitally
localized at or within the digitized representation 1’ and
there is performed an automatic evaluation, where such
modules are best located within the digital representation
1’, taking e.g. further targets into account, as e.g. prede-
termined thickness of a shell module for the device. There
is performed automatic moving of the modules in and
along the digitized representation 1’ to automatically pro-
vide detailing actions and/or a suggestion or suggestions
for geometrically arranging such modules, tailoring the
shell module, so that there occurs no module-�collision.
�[0050] Additional targets are preferably considered,
e.g. least visibility of the CIC from outside, taking different
viewing angles into consideration.
�[0051] The detailing actions are performed at the dig-
itized representation 1’, whereby preferably the operator
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OP may interact with such detailing by possibly perform-
ing such detailing, as was outlined above, more or less
differently than automatically suggested.
�[0052] Thus, following the above example of CIC man-
ufacturing as a target 24, there will be a cut of the digitized
representation according e.g. to the preferred face-�plate
location, adjacent to the ear canal opening plane E and
a cut adjacent the second bend B according to fig. 1.
Further preferably digital "machining" of an interior space
of the digitized representation 1’ is automatically per-
formed or suggested for optimally applying modules as
necessitated by the target device.
�[0053] The expert system 28 basing on expert knowl-
edge is in a most preferred embodiment construed and
operated as explained with the help of fig. 8. In the expert
system 28 multiple digitized representations are provid-
ed, which after detailing have formerly resulted in satis-
fying shell and device manufacturing as approved by the
involved individual and by the expert and with respect to
devices applicable to the same body area as currently
involved.
�[0054] These formerly approved digitized representa-
tions 1da, 1db etc. are compared in a comparing step 30
with the actually treated digitized representation 1 or 1’
and there is established by such comparison, which of
the approved digitized representations 1d best matches
with the actually treated digitized representation 1 or 1’.
Once and as a result of this comparison 30 the best
matching approved digitized representation is found, this
best matching representation is addressed by an output
of the comparing step 30 and the detailing data of detail-
ing the respective approved digitized representation is
output from the expert system 28 as suggestions for how
the actually treated digitized representation 1’ of fig. 2
should or could be detailed in detailing 22. If detailing is
performed automatically, then such suggestion directly
controls the detailing action. Thereby, and as shown in
fig. 8 the target information from target 24 is additionally
input to expert system 28, as detailing may be completely
different dependent whether e.g. a CIC is to be manu-
factured or an outside-�the- �ear hearing device OTE de-
parting from the same digitized representation of outer
ear and ear canal.
�[0055] Looking back on fig. 2, once detailing at step
22 has been performed and, as will further be addressed,
dependent on the resulting detailed digitized represen-
tation 1d a shell and a device has been manufactured,
which satisfy the respective individual as well as the ex-
pert, the respective digitized representation 1 or 1’ with
the detailing information according to 1d and preferably
the target 24 information is input to the expert system 28
to update and improve its database.
�[0056] Preferably both approaches, namely the ap-
proach of detailing based on rules, as outlined above, as
well as detailing on the basis of "best match" are com-
bined, whereby detailing suggestions based on the "best
match" approach are preferably taken as first approxi-
mation for detailing, which approximation is then im-

proved by considering the rules 26.
�[0057] The expert system based on rules and knowl-
edge 26, 28 is preferably continuously updated and im-
proved by data of detailed digitized representations,
which have resulted in devices, which optimally satisfy
individual’s needs. Obviously, devices and especially
shells of devices, which turn out to be unsatisfying to the
individual and which are e.g. returned by the individual
due to bad detailing, are removed or are not entered with
their respective digitized detailed representations to the
expert systems 26, 28.
�[0058] According to fig. 2 the detailing step 22 results
in a detailed digitized representation 1d. Thereat provi-
sion of modules for the device to be manufactured, name-
ly the shell, possibly a face- �plate, electronic modules,
etc. has been considered. In fig. 7 there is shown an
example of a visualized detailed digitized representation
1dV combined with the target-�specifically added modules
as a face- �plate 30, a shell 31, an electronic module 32.
�[0059] As further shown in fig. 2 in a most preferred
embodiment the detailed digitized representation 1d is
directly applied to a digitally controlled process for per-
forming the shell- �manufacturing step 36. Nevertheless,
the detailed digitized representation 1d may also be ap-
plied for digitally controlling, in an overworking step 38,
cast machining if there has been performed scanning 9
of a cast 7 to retrieve the digitized representation 1 and
thus a cast 7 has already been used. After mechanically
detailing a cast in step 38, in a mould-�forming step 40 a
mould is formed and therefrom, in shell-�forming step 36,
the shell. In a still further embodiment the detailed digi-
tized representation 1d is applied for controlling digitally-
controlled processing of a mould 40, if e.g. a material is
to be used for manufacturing the shell in step 36, which
is rather suited for a moulding technique than for a dig-
itally controlled shaping technique.
�[0060] Still another possibility is to manually overwork,
in step 38, the cast or even, in step 40, the mould de-
pendent from the information as gained from the detailed
digitized representation 1d, e.g. via its visualization at
monitor 13.
�[0061] After performing shell-�manufacturing according
to one aspect of the present invention, under the further
aspect in an assembling step 38 the device is assembled
with the already produced shell-�module from step 36.
�[0062] Especially the step 20 of determining the char-
acteristic features on the basis of pre-�established rules
15 and/or a standard 17, the step 22 of automatic and
preferably interactive detailing 22 in dependency of pre-
determined targets 24 and on the basis of a rule- and/or
knowledge-�based expert system 26, 28 are performed
within a system according to the present invention, which
comprises at least one storing unit for a data set repre-
senting a three-�dimensional image and a processing unit,
the input thereof being operationally connected to an out-
put of the storing unit. The processing unit automatically
generates a changed data set as performed by the au-
tomatic detailing action as was described.

11 12 



EP 1 345 470 B1

8

5

10

15

20

25

30

35

40

45

50

55

�[0063] The detailed digitized representation 1d is fur-
ther preferably stored in a respective storing unit (not
shown) at the device as assembled. This leads to the
possibility that the individual carries all the information
for manufacturing especially his device’s shell with him.
This information may be easily retrieved and irrespective,
where the individual resides and may be transmitted e.g.
via internet to a facility with shell-�manufacturing installa-
tions so as to easily order a replacement shell.
�[0064] Even if the individual is not completely satisfied
by the momentarily worn device, he may, additionally to
the above mentioned information, transmit his respective
needs to the shell-�manufacturing facility whereat, ac-
cording to the option 11 of fig. 2, the actually prevailing
digitized representation may be subjected to additional
checks and possibly redetailing according to the present
invention.

Claims

1. A method for manufacturing a body- �worn device,
adapted to the shape of an individual’s body area
comprising: �

• preparing (1) a digitized, three-�dimensional
representation of said area;
• detailing (22) said digitized representation at
selected areas;
• producing a shell in dependency of said de-
tailed digitized representation;

characterised by

• automatically localizing (20) at least one char-
acteristic feature of said representation (1), rep-
resenting a characteristic shape feature at said
area of said individual and
• performing said detailing (22) at selected areas
oriented at said characteristic feature automat-
ically localized (20) .

2. The method of claim 1, wherein said detailing com-
prises at least one of digitally cutting, surface treat-
ing, offsetting, fixing and relaxing a part of said dig-
itized representation.

3. The method of claim 1, further comprising performing
said localizing by automatically investigating said
digitized representation under the constraint of pre-
determined geometrical rules.

4. The method of claim 1, further comprising performing
said localizing by comparing said digitized represen-
tation with a digital representation of a standard of
said body area.

5. The method of claim 1, further comprising the step

of preparing said digitized representation by scan-
ning a cast of said body area.

6. The method of claim 1, further comprising the step
of preparing said digitized representation by scan-
ning said body area.

7. The method of claim 1, wherein preparing said dig-
itized representation comprises providing a digitized
representation of said area which has already been
applied for manufacturing a body-�worn device.

8. The method of claim 1, further comprising the step
of preparing said digitized representation by scan-
ning a cast of said body area, and mechanically de-
tailing said cast in dependency of said detailed dig-
itized representation, thereby producing said shell
from said detailed cast.

9. The method of claim 8, further comprising performing
detailing of said cast by a digitally controlled treat-
ment.

10. The method of claim 1, producing said shell com-
prising producing said shell by a mould and produc-
ing said mould in dependency of said detailed digi-
tized representation.

11. The method of claim 10, further comprising produc-
ing said mould by a digitally controlled process.

12. The method of claim 1, further comprising producing
said shell by means of a digitally controlled process,
controlling said process comprising controlling said
process by said detailed digitized representation.

13. The method of claim 1, further comprising performing
automatically at least one of detailing and of provid-
ing at least one suggestion for said detailing.

14. The method of claim 13, wherein said step of pro-
viding automatically at least one of detailing and of
at least one suggestion is performed on the basis of
an expert system and at least one predetermined
target to be achieved.

15. The method of claim 14, wherein said expert system
is based on pre-�established geometric rules and/or
on recorded knowledge.

16. The method of claim 1, further comprising checking
accuracy of said prepared digitized representation
and/or of said automatic determining by comparison
of said digitized representation and/or at lest one
characteristic feature respectively with a standard
digitized representation and/or standard character-
istic feature.
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17. The method of claim 13, wherein providing automat-
ically at least one of detailing and of at least one
suggestion comprises comparing said digitized rep-
resentation with more than one digitized represen-
tation approved to be accurate, to find that approved
digitized representation which best matches said
digitized representation and generating said detail-
ing and/or suggestion in dependency of said best
matching digitized representation.

18. The method of claim 14 comprising updating said
expert system in dependency of said detailed digi-
tized representation, if latter is approved after pro-
ducing said shell at the earliest.

19. The method of claim 18, further comprising adding
said digitized representation to said approved rep-
resentations, if it is approved after producing said
shell at the earliest.

20. The method of claim 1, said device being a hearing
device, said individual’s body area comprising an ear
canal, said at least one characteristic feature being
one of: �

- end of ear canal;
- entrance of the ear canal;
- medial axis of the ear canal;
- first canal bend;
- second canal bend;
- left ear canal;
- right ear canal;
- horizontal line.

21. The method of claim 1, said individual’s body area
comprising individual’s outer ear adjacent the ear
canal, said at least one characteristic feature being
one of: �

- tragus;
- anti-�tragus;
- inter-�tragal notch;
- concha;
- crus;
- helix;
- left ear;
- right ear;
- horizontal line.

22. The method of claim 1, wherein said device is a hear-
ing device.

23. The method of claim 1, wherein said device is an in-
the-�ear hearing device.

24. The method of claim 1, wherein said device is an
outside-�the-�ear hearing device.

25. The method of claim 1, wherein said device is a hear-
ing aid device.

26. The method of claim 1, further comprising storing
data for said producing said shell at said device.

Patentansprüche

1. Verfahren zum Herstellen eines am Körper getrage-
nen Geräts, welches an die Form eines Körperbe-
reichs einer Person angepasst ist, wobei im Zuge
des Verfahrens:�

eine digitale dreidimensionale Darstellung des
Bereichs erstellt wird (1);
die digitale Darstellung in ausgewählten Berei-
chen detailliert wird (22);
eine Schale in Abhängigkeit von der detaillierten
digitalen Darstellung hergestellt wird;

dadurch gekennzeichnet, dass
mindestens ein charakteristisches Merkmal der Dar-
stellung (1) automatisch lokalisiert wird (20), wobei
das charakteristische Merkmal ein charakteristi-
sches Formmerkmal in dem Bereich der Person dar-
stellt, und
das Detaillieren (22) in ausgewählten Bereichen
durchgeführt wird, die an dem automatisch lokali-
sierten (20) charakteristischen Merkmal orientiert
sind.

2. Verfahren gemäß Anspruch 1, wobei das Detaillie-
ren mindestens eine der folgenden Massnahmen
aufweist: digitales Beschneiden, Oberflächenbe-
handlung, Versetzen, Fixieren und Relaxieren eines
Teils der digitalen Darstellung.

3. Verfahren gemäß Anspruch 1, wobei ferner das Lo-
kalisieren mittels automatischer Untersuchung der
digitalen Darstellung unter der Beschränkung vor-
bestimmter geometrischer Regeln erfolgt.

4. Verfahren gemäß Anspruch 1, wobei ferner das Lo-
kalisieren mittels Vergleichen der digitalen Darstel-
lung mit einer digitalen Darstellung eines Standards
des Körperbereichs erfolgt.

5. Verfahren gemäß Anspruch 1, wobei die digitale
Darstellung mittels Abrastern eines Abdrucks des
Körperbereichs erstellt wird.

6. Verfahren gemäß Anspruch 1, wobei die digitale
Darstellung mittels Abrastern des Körperbereichs
erstellt wird.

7. Verfahren gemäß Anspruch 1, wobei das Erstellen
der digitalen Darstellung das Bereitstellen einer di-
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gitalen Darstellung des Bereichs umfasst, welche
bereits beim Herstellen eines am Körper getragenen
Geräts verwendet wurde.

8. Verfahren gemäß Anspruch 1, wobei die digitale
Darstellung erstellt wird, indem ein Abdruck des Kör-
perbereichs abgerastert wird und der Abdruck in Ab-
hängigkeit von der detaillierten digitalen Darstellung
mechanisch detailliert wird, wodurch die Schale aus
dem detaillierten Abdruck erzeugt wird.

9. Verfahren gemäß Anspruch 8, wobei das Detaillie-
ren des Abdrucks mittels einer digital gesteuerten
Behandlung erfolgt.

10. Verfahren gemäß Anspruch 1, wobei das Herstellen
der Schale mittels einer Form erfolgt und das Erzeu-
gen der Form in Abhängigkeit von der detaillierten
digitalen Darstellung erfolgt.

11. Verfahren gemäß Anspruch 10, wobei die Form mit-
tels eines digital gesteuerten Prozesses erzeugt
wird.

12. Verfahren gemäß Anspruch 1, wobei die Schale mit-
tels eines digital gesteuerten Prozesses hergestellt
wird und wobei das Steuern des Prozesses das
Steuern des Prozesses mittels der detaillierten digi-
talen Darstellung umfasst.

13. Verfahren gemäß Anspruch 1, wobei das Detaillie-
ren automatisch erfolgt und/ �oder mindestens ein
Vorschlag für das Detaillieren automatisch erfolgt.

14. Verfahren gemäß Anspruch 13, wobei das automa-
tische Detaillieren und/�oder das automatische Be-
reitstellen mindestens eines Vorschlags auf der Ba-
sis eines Expertensystems und mindestens eines
vorbestimmten, zu erreichenden Zieles erfolgt.

15. Verfahren gemäß Anspruch 14, wobei das Exper-
tensystem auf vorbestimmten geometrischen Re-
geln und/�oder auf aufgezeichnetem Wissen basiert.

16. Verfahren gemäß Anspruch 1, wobei ferner die Ge-
nauigkeit der erzeugten digitalen Darstellung und/
oder der automatischen Bestimmung mittels Ver-
gleich der digitalen Darstellung und/ �oder minde-
stens eines charakteristischen Merkmals mit einer
digitalen Standarddarstellung und/�oder einem cha-
rakteristischen Standardmerkmal überprüft wird.

17. Verfahren gemäß Anspruch 13, wobei das automa-
tische Bereitstellen des Detaillierens und/�oder des
mindestens einen Vorschlags das Vergleichen der
digitalen Darstellung mit mehr als einer digitalen, für
genau befundenen Darstellung umfaßss, um dieje-
nige akzeptierte digitale Darstellung zu finden, wel-

che am besten zu der digitalen Darstellung passt,
und wobei das Erzeugen des Detaillierens und/�oder
des Vorschlags in Abhängigkeit von der am besten
passenden digitalen Darstellung erfolgt.

18. Verfahren gemäß Anspruch 14, wobei das Exper-
tensystem in Abhängigkeit von der detaillierten digi-
talen Darstellung aktualisiert wird, falls letztere am
frühesten nach dem Erzeugen der Schale akzeptiert
wird.

19. Verfahren gemäß Anspruch 18, wobei ferner die di-
gitale Darstellung zu den akzeptierten Darstellungen
hinzugefügt wird, falls sie am frühesten nach dem
Produzieren der Schale akzeptiert wird.

20. Verfahren gemäß Anspruch 1, wobei es sich bei dem
Gerät um ein Gerät für das Gehör handelt, wobei der
Körperbereich der Person einen Gehörgang umfasst
und wobei es sich bei dem mindestens einen cha-
rakteristischen Merkmal um eines der folgenden
Merkmale handelt: �

Ende des Gehörgangs;
Eingang des Gehörgangs
Mittelachse des Gehörgangs;
erste Gehörgangsbiegung;
zweite Gehörgangsbiegung;
linker Gehörgang;
rechter Gehörgang;
horizontale Linie.

21. Verfahren gemäß Anspruch 1, wobei der Körperbe-
reich der Person das zu dem Gehörgang benach-
barte Außenohr der Person umfaßt, und wobei es
sich bei dem mindestens einen Merkmal um eines
der folgenden Merkmale handelt: �

Tragus;
Antitragus;
Incisura intertragica;
Concha;
Crus;
Helix;
linkes Ohr;
rechtes Ohr;
horizontale Linie.

22. Verfahren gemäß Anspruch 1, wobei es sich bei dem
Gerät um ein Hörgerät handelt.

23. Verfahren gemäß Anspruch 1, wobei es sich bei dem
Gerät um ein in- �dem-�Ohr-�Hörgerät handelt.

24. Verfahren gemäß Anspruch 1, wobei es sich bei dem
Gerät um ein außerhalb-�des-�Ohrs-�Hörgerät handelt.

25. Verfahren gemäß Anspruch 1, wobei es sich bei dem
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Gerät um eine Hörhilfe handelt.

26. Verfahren gemäß Anspruch 1, wobei ferner Daten
für das Herstellen der Schale in dem Gerät gespei-
chert werden.

Revendications

1. Procédé de fabrication d’un dispositif à porter sur le
corps, adapté à la forme d’une partie du corps d’un
individu, comprenant: �

- la préparation (1) d’une représentation digita-
lisée à trois dimensions de ladite partie;
- la préparation de details (22) de ladite repré-
sentation digitalisée pour des parties choisies;
- la production d’une carcasse sur la base de
ladite représentation digitalisée détaillée; ca-
ractérisé par
- la localisation automatique (20)�d’au moins une
caractéristique de ladite représentation (1), re-
présentant un élément de forme caractéristique
de ladite partie de l’individu et
- la mise en oeuvre de ladite préparation de dé-
tails (22) sur des parties choisies orientées et
localisées automatiquement à ladite caractéris-
tique de forme.

2. Procédé selon la revendication 1, caractérisé en
ce que  ladite préparation de détails comprend au
moins l’une des opérations suivantes: découpage
digital,�
traitement de surface, impression offset, fixation et
relâchement d’une partie de ladite représentation di-
gitalisée.

3. Procédé selon la revendication 1, comprenant en
outre ladite localisation par balayage automatique
de ladite représentation digitalisée sous la contrainte
de règles géométriques prédéterminées.

4. Procédé selon la revendication 1, comprenant en
outre ladite localisation par comparaison de ladite
représentation digitalisée avec une représentation
digitalisée standard de ladite partie du corps.

5. Procédé selon la revendication 1, comprenant en
outre le pas de préparer ladite représentation digi-
talisée en balayant une empreinte de ladite partie du
corps.

6. Procédé selon la revendication 1, comprenant en
outre le pas de préparer ladite représentation digi-
talisée en balayant ladite partie du corps.

7. Procédé selon la revendication 1, caractérisé en
ce que  la préparation de la représentation digitalisée

comprend la production d’une représentation digita-
lisée de ladite partie qui a déjà été appliquée pour
la fabrication dudit dispositif à porter sur le corps.

8. Procédé selon la revendication 1, comprenant en
outre le pas de préparation de la représentation di-
gitalisée par balayage d’une empreinte de ladite par-
tie du corps et en détaillant mécaniquement l’em-
preinte en dépendance de la représentation digita-
lisée détaillée, pour ainsi produire à partir de l’em-
preinte détaillée ladite carcasse.

9. Procédé selon la revendication 8, caractérisé en
ce que  l’empreinte est détaillée par un traitement
digitalisée contrôlé.

10. Procédé selon la revendication 1, caractérisé en
ce que  la carcasse est fabriquée à l’aide d’une em-
preinte qui à son tour est fabriquée en dépendance
de ladite représentation digitalisée détaillée.

11. Procédé selon la revendication 10, caractéerisé en
ce que l’empreinte est produite par un procédé digi-
talisé contrôlé.

12. Procédé selon la revendication 1, caractérisé en
ce que  la carcasse est produite par un procédé di-
gitalisé contrôlé, ce contrôle se faisant en contrôlant
le procédé au moyen de ladite représentation digi-
talisée détaillée.

13. Procédé selon la revendication 1, caractérisé en
ce qu’ au moins un détaillage se fait automatique-
ment, en livrant au moins une proposition pour le
détaillage.

14. Procédé selon la revendication 13, caractérisé en
ce que  ledit au moins un détaillage automatique et
l’établissement d’au moins une proposition se fait
sur la base d’un système expert et d’au moins un
but prédéterminé à atteindre.

15. Procédé selon la revendication 14, caractérisé en
ce que  le système expert est basé sur des règles
géométriques préétablies et/ou sur des connaissan-
ces mémorisées.

16. Procédé selon la revendication 1, caractérisé par
le checking de la précision de ladite représentation
digitalisée préparée et/ou de ladite détermination
automatique par comparaison de la représentation
digitalisée et/ou d’au moins une caractéristique avec
une représentation digitalisée standard et/ou une ca-
ractéristique standard.

17. Procédé selon la revendication 13, caractérisé en
ce que  l’établissement automatique d’au moins un
détaillage et d’au moins une proposition comprend
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la comparaison de ladite représentation digitalisée
avec plus d’une représentation digitalisée confir-
mées d’être précises pour trouver la représentation
digitalisée confirmée qui correspond le mieux à ladite
représentation digitalisée et en produisant le dé-
taillage et/ou la proposition en dépendance de ladite
représentation digitalisée avec la meilleure corres-
pondance.

18. Procédé selon la revendication 14, caractérisé par
la mise à jour du système expert en dépendance de
ladite représentation digitalisée au cas où cette der-
nière est confirmée après la production de ladite em-
preinte.

19. Procédé selon la revendication 18, caractérisé en
ce que  l’on ajoute ladite représentation digitalisée
aux représentations confirmées pour le cas où elle
est confirmée après la production de ladite emprein-
te.

20. Procédé selon la revendication 1, ledit dispositif
étant un appareil auditif, et ladite partie du corps d’un
individu comprenant un canal auditif et ladit au moins
une caractéristique étant soit:�

- le bout du canal auditif;
- l’entrée du canal auditif;
- l’axe médiane du canal auditif;
- la première courbure du canal;
- la seconde courbure du canal;
- le canal auditif gauche;
- le canal auditif droite;
- une ligne horizontale.

21. Procédé selon la revendication 1, ladite partie du
corps d’un individu comprenant la partie extérieure
de l’oreille voisine du canal auditif et ladite au moins
une caractéristique étant soit:�

- le tragus;
- l’anti- �tragus;
- le noeud inter-�tragal;
- la concha;
- le crus;
- l’hélice;
- l’oreille gauche;
- l’oreille droite;
- une ligne horizontale.

22. Procédé selon la revendication 1, caractérisé en
ce que  ledit dispositif est un appareil auditif.

23. Procédé selon la revendication 1, caractérisé en
ce que  ledit dispositif est un appareil auditif dans
l’oreille.

24. Procédé selon la revendication 1, caractérisé en

ce que  ledit dispositif est un appareil auditif extérieur
de l’oreille.

25. Procédé selon la revendication 1, caractérisé en
ce que  ledit dispositif est un appareil auditif de cor-
rection.

26. Procédé selon la revendication 1, caractérisé en
ce que  des données sont mémorisées pour la pro-
duction de la carcasse du dispositif.
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