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DESCRIPTION

BACKGROUND OF THE INVENTION

1. Technical Field:

[0001] The present disclosure relates generally to hearing aid devices, and more particularly, to modeling of inlets and outlets of
hearing aid vents within hearing aid devices.

2. Discussion of Related Art:

[0002] A hearing aid device (HAD) is an electro-acoustic device, which may be worn within the wearer's ear, and is designed to
amplify and modulate sound for the wearer. There is a growing requirement for miniaturization of HADs. However, it can be a
challenging task to manufacture such devices. Manufacturing technologies and computer aided drawing/manufacturing
(CAD/CAM) tools are used to aid in the miniaturization of HADs. A contemporary HAD design process starts by capturing three
dimensional (3D) information from an impression taken from a patient's ear. Then, the captured data is converted into a polygonal
surface, which is used as a basis for a personalized device design. When the design is completed, the HAD is manufactured
directly from the resulting polygonal model by layered manufacturing (LM).

[0003] The resulting HAD should fit precisely into a patient's ear. However, since the fit is so precise, the ear is hermetically
sealed, thereby causing pressure differences and an occlusion effect inside the ear canal. A vent may be created through the
entire shell of the hearing aid device creating an inlet on one surface of the shell and an outlet on a second surface of the shell.
The vent allows for air to pass from the ear canal through the inlet and the outlet to the outside to reduce occlusion.

[0004] Since, increasing the volume of the vent may allow for reductions in the occlusion, and the shape and size of inlet and
outlet openings contribute to vent volume, there is a need for improved methods for modeling inlets and outlets of hearing aid
shells to increase the volume of the vent.

SUMMARY OF THE INVENTION

[0005] According to an exemplary embodiment of the invention, a method of modeling an opening of a hearing aid vent includes
defining a trimming surface through a tip of the vent as one of a planar surface or a non-planar surface, and trimming the shell
along the trimming surface to the expose the interior of the shell to create the vent opening. The tip includes an endpoint of the
vent and the hearing aid shell fits inside an ear of a patient. The trimming is performed after modeling of the shell to generate an
inner wall of the shell and place components in the shell for providing acoustic signals to the ear.

[0006] According to an exemplary embodiment of the invention, a hearing aid includes a hearing aid shell. The hearing aid shell
includes a microphone to sense sound from air for conversion into electrical signals, a receiver to convert the signals into
acoustic signals, and a battery. The shell is configured to fit within an ear of a patient. The shell includes a ventilation tube
through the entire shell with an inlet on a tip plane of the shell configured to fit within an ear canal of the patent and an outlet on a
face plate plane of the shell. The inlet has one of a planar surface or a non-planar surface. The outlet has one of a planar
surface or a non-planar surface. The planar surface may include a first flat cut through an inner wall and outer wall of the shell on
one side of the shell and a second flat cut through the inner wall and outer wall on an opposing side of the shell. The first and
second flat cuts line up with one another. The non-planar surface may be a concave surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Exemplary embodiments of the invention can be understood in more detail from the following descriptions taken in
conjunction with the accompanying drawings in which:

FIG. 1 illustrates an example of a hearing aid with a vent optimized according to an exemplary embodiment of the invention.
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FIG. 2 illustrates a method of performing the optimization according to an exemplary embodiment of the invention.

FIG. 3 illustrates placement of a vent on a modeled hearing aid shell according to an exemplary embodiment of the invention.
FIG. 4 illustrates a method of optimizing the shape of a tube of the vent according to an exemplary embodiment of the invention.
FIG. 5illustrates an example of the location of a vent relative to features of the ear.

FIG. 6(a), 6(b), and 6(c) illustrate examples of different inlets of hearing aid shells.

FIG. 7 illustrates a method of modeling an opening of a vent according to an exemplary embodiment of the invention.

FIG. 8(a) and FIG. 8(b) illustrate the creation of an inlet of a vent of a hearing aid shell according to an exemplary embodiment of
the invention.

FIG. 9(a) and FIG. 9(b) illustrate the creation of an inlet of a vent according to another exemplary embodiment of the invention.
FIG. 10 illustrates an example of an outlet of a vent that may be created according an exemplary embodiment of the invention.

FIG. 11 illustrates an example of a computer system capable of implementing methods and systems according to embodiments of
the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0008] In general, exemplary embodiments of systems and methods for modeling an opening of a hearing aid vent is discussed
in further detail with reference to FIGs. 1-11. This invention may, however, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those skilled in the art.

[0009] It is to be understood that the systems and methods described herein may be implemented in various forms of hardware,
software, firmware, special purpose processors, or a combination thereof. In particular, at least a portion of the present invention
may be implemented as an application comprising program instructions that are tangibly embodied on one or more program
storage devices (e.g., hard disk, magnetic floppy disk, RAM, ROM, CD ROM, etfc.) and executable by any device or machine
comprising suitable architecture, such as a general purpose digital computer having a processor, memory, and input/output
interfaces. It is to be further understood that, because some of the constituent system components and process steps depicted in
the accompanying Figures may be implemented in software, the connections between system modules (or the logic flow of
method steps) may differ depending upon the manner in which the present invention is programmed. Given the teachings herein,
one of ordinary skill in the related art will be able to contemplate these and similar implementations of the present invention.

[0010] Embodiments of the invention attempt to generate a vent in a hearing aid shell of a hearing aid with the highest volume
possible given the layout of the electronic components within the shell. FIG. 1 illustrates an example of a hearing aid having a
shell 100, where the shell 100 fits within the inner ear, includes a vent, and includes components to provide acoustic signals. The
vent is comprised of a ventilation tube 101, an inlet 102, and an outlet 103.

[0011] The components may include faceplate electronics 106 including a microphone to pick up sound from the air for
conversion into electrical signals, a battery, and a receiver 105 (e.g., a speaker) to convert the electrical signals into the acoustic
signals heard by the user. The faceplate electronics may further include at least one of an amplifier to increase intensity of the
signals from the microphone, an antenna, and a small computer programmed to manipulate the signals to fit the hearing loss of
the individual user computer.

[0012] The shell 100 may include a receiver hole 104 adjacent the inlet 102 for the receiver 105. The shell 100 may have been
derived from three dimensional (3D) information of an impression taken from a patient's ear. The inlet 102 emanates from the tip
of the shell 100 that is configured to be inserted into the ear canal of a patient.

[0013] According to an exemplary embodiment of the invention, the shape of the ventilation tube 101 may have been created
using the method of FIG. 2. Referring to FIG. 2 the method includes marking a model of a shell of a hearing aid with a placeholder
vent (8201), placing components for providing acoustic signals into the model shell (S202), and optimizing a shape of the tube to
maximize volume of the vent and avoid collision with the components (S203). FIG. 3 illustrates an example of marking the shell
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100 with the placeholder vent as discussed above.

[0014] According to an exemplary embodiment of the invention, the optimizing of the shape of the tube 101 may be performed
using the method of FIG. 4. Referring to FIG. 4, the method includes defining boundary conditions for the tube (S401), generating
a trajectory curve based of the tube (S8402), modifying the trajectory curve required by the boundary conditions (S403), offset the
trajectory curve (S404), smooth the offset curve (8405), verify minimal shell wall thickness (S406), and determine whether
curvature bounds have been respected (S407). If the curvature bounds were not respected, then the method re-performs the
smoothing, verification, and curvature bound check of steps (S405-407). If the curvature bounds were respected or are now
respected, the method continues by determining whether the sweep self-intersects (S408). If the sweep does not self-intersect,
then the resulting vent can be merged into the shell (S410). However, if the sweep did self-intersect, a frame field relaxation is
applied (S409) as necessary until the self-intersect check (S408) determines that the sweep does not self-intersect.

[0015] The trajectory curve is defined over a surface of the shell 100, which is assumed to be a piecewise smooth two-manifold.
A user can define the starting and endpoint points of the curve. The curve is traced onto the surface. The ventilation tube 101
(e.g., a venting channel) can be located along the ridge of the ear canal to reduce space taken by the tube and increase contact
area between the shell surface and the tube. The vent may be located along the inter-tragal notch. FIG. 5 illustrates an example
of the outlet 103 emanating from a point on the shell 100 between the Tragus region 501 and the Anti-tragus region 502, which is
on an opposite side of the shell 100 from the inlet 102.

[0016] The inter-tragal notch is a geometric feature on the ear canal's surface. A curvature sensitive metric on the surface can
be used to guide feature tracing in a direction perpendicular to the maximal curvature. Based on that metric, the inter-tragal notch
can be found as a shortest path or the geodesic curve on a two-manifold equipped with a non-Euclidean metric. The geodesic
curve can be approximated by first employing the Dijkstra algorithm to compute the initial approximation of the discrete shortest
path and then smoothing the resulting curve with a Laplace operator, constraining the starting and ending points. However, this
may take the curve off the surface, which requires projection of the curve back to the surface. Then a cubic spline curve may be
fitted to the found polygonal curve, to allow a user interactive modification of the produced trajectory. The final trajectory may be
used to define an offset curve, which may not lay on the surface.

[0017] Since the ventilation tube 101 should be located inside the ear impression surface, the produced trajectory is projected
inside the surface. The ventilation channel should not exceed a maximal curvature bound predefined by acoustic and
maintenance requirements. The offset curve computation is initialized with the trajectory curve equally sampled and projected in
opposite to the normal direction. The projection depth is dictated by the layout of components inside the hearing aid device, since
the generated tube should not collide with any of the prepositioned components. The resulting points are smoothed, a cubic B-
spline curve is fitted, and then the trajectory curvature is computed. Next, the point of maximal curvature is identified, and if the
point of the curvature exceeds the upper bound, projected points in a certain neighborhood of the point are deleted and the
curve is refitted using the remaining points. The procedure may be iteratively repeated until the curvature upper bound is
respected everywhere on the trajectory curve.

[0018] To sweep a contour along the trajectory curve, a frame field is associated with the trajectory curve. Orientations of the
contour at both ends are predefined by a user to approximate the minimal rotation frame field. The frame field constructed may
minimize the torsion of the ventilation tube, while respecting user provided constraints. However, the produced tube may have
self-intersections in the high curvature regions of the trajectory curve. The frame field may be modified to avoid self-intersections
of the sweeping surface.

[0019] The above optimization of the ventilation tube may significantly increase the volume of the vent to help reduce acoustic
feedback. The inlet 102 and outlet 103 may also be shaped to further increase this volume. FIG. 6(a) illustrates a D-shaped inlet
102(a) on a tip of the shell 100, FIG. 6(b) illustrates a D-shaped inlet 102(b) on an IROS cut, and FIG. 6(c) illustrates inlet 102(c),
where the tip is cut at a 45 degree angle to create a collection vent. The IROS cut is a corner cut, which is defined by two
perpendicular planes.

[0020] However, in techniques that generate the vents shown in FIG. 6, the vent size is a defined a priori during the shell
detailing process, and if the vent size needs to be changed, the shell shape must be modified. For example, the IROS cut and the
45 degree cut for the collection vent are applied on the shell during the detailing but before generation of the inner wall of the
shell and placement of the components within the shell. However, the size of a vent as large as possible for maximizng vent
volume (VALAP) is unknown until of the components of the hearing aid are placed within the hearing aid shell. Therefore,
interdependency of the vent size and shell detailing makes the design process very cumbersome and time consuming.
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[0021] In at least embodiment of the present invention, shell shape modification and inlet generation are combined into one
single operation, which makes vent inlet modeling simpler and more robust. Further, operator time is saved since iterative shell
shape modification to create maximal vent inlets/outlets may be eliminated. The combined operation is applied by defining a
planar or non-planar trimming surface and trimming the shell with this surface to create the inlet 102 and/or the outlet 103, which
may generate a large vent (e.g., referred to as a VALAP). For the VALAP, the cut is performed after inner wall generation and
component placement, in the modeling of the hearing aid shell, which may eliminate the need to iteratively modify component
positioning after vent generation.

[0022] FIG. 7 illustrates a method of modeling an opening of a hearing aid vent according to an exemplary embodiment of the
invention. Referring to FIG. 7, the method includes defining a trimming surface through a tip of the vent to be one of a planar
surface or a non-planar surface (S701), and trimming the shell along the trimming surface to expose the interior of the shell to
create the vent opening (S702). The tip includes an endpoint of the vent and the hearing aid shell fits inside an ear of a patient.
The trimming is performed after modeling of an inner wall of the shell of the hearing aid and placement of components within the
shell for providing the acoustic signals to the ear.

[0023] As shown by FIG. 8, FIG. 9, and FIG. 10, the trimming may be used to create an inlet for a tube of the vent on the tip
when the tip is configured to be inserted into an ear canal of the ear or used to create an outlet for the tube of the vent when the
tip is located near the face plate of the hearing aid shell (e.g., when the tip is adjacent the faceplate opening).

[0024] Referring to FIG. 8(a) and FIG. 8(b), the planar surface 807 may have a rotational angle 805 that differs from a plane of
the tip 806 (i.e., the tip plane). The tip plane, which is perpendicular to a normal of the tip 806, may be rotated at the selected
angle 805 to form the planar surface 807. The trimming of the shell 800 using the planar surface 807 to generate the inlet 804
may include cutting the outer wall and inner wall of the shell 800 through to the interior 802 at the angle.

[0025] While FIG. 8(a) shows the angle 805 as 45 degrees, in other embodiments, the angle 805 ranges between about 30
degrees and about 60 degrees. As shown by FIG. 8(b), in at least one embodiment of the invention, the angle 805 is chosen such
that the trimming surface 807 intersects with or comes close to intersecting an edge of a receiver hole 803 of the shell 800. The
cut is close to the receiver hole 803 to maximize the area of the inlet 804. The angle of the planar trimming surface 807 is limited
by the location of the receiver hole 803. For example, had a larger angle been chosen for the planar trimming surface 807, the
cut may have interfered with the receiver hole 803 or affected the integrity of the shell 800 around the receiver hole 803.

[0026] The planar trimming surface 807 may be described as including a first flat cut through the inner wall and the outer wall of
the shell on one side of the shell 800 and a second flat cut through the inner wall and outer wall on an opposing side of the shell
800, where the first and second flat cuts line up with one another, and an edge of one of the cuts is adjacent an edge of the
receiver hole 803.

[0027] The inlet 804 may be D-shaped. The inlet 804, however, may not be suitable when the shell 800 has a small tip area for
insertion into a narrow ear canal.

[0028] As shown by FIG. 10, in at least one embodiment of the invention, the angle is chosen such that the trimming surface
intersects with or comes close to intersecting with an edge of a faceplate hole 925 of the shell 950 to form an output 951. The
faceplate hole 952 may be on a side of the shell 950 opposite the receiver hole 803. The components of the hearing aid are
placed into the shell 950 through the faceplate hole 952 and the faceplate may be placed over the faceplate hole to protect the
components from liquids.

[0029] In another embodiment of the invention, which may be more suitable for shells with small tip areas, the cut is applied
directly on both the outer shell wall and the inner shell wall using a non-planar trimming surface, as shown in FIG. 9(a) and FIG.
9(b). The non-planar cut may be performed with a ruled surface, which is perpendicular to a plane of the tip 806 (i.e., the shell tip
plane) on one end of the shell wall and the shell wall on the other. The inlet 904 generated with the non-planar cut may be more
efficient than inlet 804, since it has a bigger opening and occupies less space, and may be more desirable for patients with
narrow ear canals, for which space on the tip of the hearing aid shell is very limited.

[0030] As shown by FIG. 9(a) and FIG. 9(b), the non-planar surface may be a concave geodesic curve 907 relative to the tip
806. For example, a surface of the tip 806 may be convex and the non-planar surface 907 may be opposite in curvature. The
trimming using the non-planar surface to create the inlet 904 may be performed by cutting through an outer wall and an inner wall
of the shell 800 through to the interior 802 at an angle perpendicular to the tip plane at a first distance left of the tip 806, and
cutting through the outer wall and inner wall through to the interior 802 at an angle perpendicular to the tip plane at a second
distance right of the tip 806. The inlet 904 may have a curved D-shape.
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[0031] In at least one embodiment, the first distance and the second distance are substantially equal to one another. When the
inlet 904 is adjacent the receiver hole 803, at least one of the distances may be chosen to ensure that a thickness of the shell on
a right side of the receiver hole 803 is substantially the same as the thickness of the shell on a left side of the receiver hole 803.

[0032] When the outlet 951 is adjacent the face plate hole 952, at least one of the distances may be chosen to ensure that a
thickness of the shell 950 on a right side of the faceplate hole is substantially the same as the thickness of the shell on a left side
of the faceplate hole.

[0033] FIG. 11 shows an example of a computer system, which may implement a method and system of the present disclosure.
The system and methods of the present disclosure, or part of the system and methods, may be implemented in the form of a
software application running on a computer system, for example, a mainframe, personal computer (PC), handheld computer,
server, etc. For example, the method of FIG. 2, FIG. 4, and FIG.7 may be implemented as software application(s). These software
applications may be stored on a computer readable media (such as hard disk drive memory 1008) locally accessible by the
computer system and accessible via a hard wired or wireless connection to a network, for example, a local area network, or the
Internet.

[0034] The computer system referred to generally as system 1000 may include, for example, a central processing unit (CPU)
1001, a GPU (not shown), a random access memory (RAM) 1004, a printer interface 1010, a display unit 1011, a local area
network (LAN) data transmission controller 1005, a LAN interface 1006, a network controller 1003, an internal bus 1002, and one
or more input devices 1009, for example, a keyboard, mouse etc. As shown, the system 1000 may be connected to a data
storage device, for example, a hard disk, 1008 via a link 1007. CPU 1001 may be the computer processor that performs some or
all of the steps of the methods described above with reference to FIGS. 1-11.

[0035] Although the illustrative embodiments have been described herein with reference to the accompanying drawings, it is to
be understood that the present invention is not limited to those precise embodiments, and that various other changes and
modifications may be affected therein by one of ordinary skill in the related art without departing from the scope or spirit of the
invention. All such changes and modifications are intended to be included within the scope of the invention as defined by the
appendent claim.
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Patentkrav

1. Fremgangsmade til modellering af en dbning i en udluftningskanal i et hgre-
apparat, hvilken fremgangsmade omfatter:

at man fastleegger en beskeeringsflade ved hjeelp af en endedel i udluft-

ningskanalen, enten som en plan flade eller en ikke-plan flade; og

at man beskeerer en skal langs beskeeringsfladen, sa at det indre af
skallen eksponeres, og sa at der dannes en udluftningskanal-abning, og

hvor endedelen fastleegger et endepunkt i udluftningskanalen,

og hvor den naevnte harehjeelp-skal bringes til at passe indvendigt i et
gre pa en patient, og hvor fremgangsmaden udoves ved hjeelp af en
processor, og hvor beskeeringen udferes efter modelleringen af skallen,
sa at der dannes en indre veeg i skallen, og at der i skallen anbringes

komponenter til frembringelse af akustiske signaler til oret.

2. Fremgangsmade ifglge krav 1, hvor — nar beskaeringsfladen er defineret som
en plan flade — naevnte plane flade har en drejevinkel, som afviger fra et plan pa
naevnte endedel, og — nér beskeaeringsfladen er defineret som en ikke-plane fla-
de — neevnte ikke-plane flade fastleegger en konkav geodaetisk kurve ved ende-

delen.

3. Fremgangsmade ifolge krav 1, hvor der ved beskeeringen tilvejebringes en
indgangsabning til kanalen ved endedelen, nar denne endedel er sdledes ud-
formet, at den kan indfgres i en gregang i et gre, og at der ved beskeeringen til-
vejebringes en udgangsabning foran neevnte kanal, nar naevnte endedel befin-

der sig ved siden af et frontplade-hul i harehjeelp-skallen.

4. Fremgangsmade ifglge krav 2, hvor vinklen ligger mellem ca. 30 grader og

ca. 60 grader.
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5. Fremgangsmade ifolge krav 4, hvor vinklen er ca. 45 grader.

6. Fremgangsmade ifglge krav 2, hvor naevnte vinkel er saledes valgt, at be-
skeeringsfladen skaerer en kant af et modtager-hul i skallen, hvilket modtager-
hul er saledes udformet, at det kan rumme en modtager, idet modtageren er en

af komponenterne.

7. Fremgangsmade ifglge krav 2, hvor vinklen er sledes valgt, at beskeerings-
fladen skeerer en kant i frontplade-hullet i skallen, hvilket frontplade-hul er séle-

des udformet at det kan rumme frontpladen hgrende til horehjaelp-skallen.

8. Fremgangsmade ifglge krav 1, hvor det — nar beskaeringsfladen er defineret

som en ikke-plan flade — geelder, at beskaeringen omfatter:

at der skeeres gennem en ydre vaeg og en indre veeg i skallen under en
vinkel, som er vinkelret pa endedelens plan — og dette i en forste af-

stand til venstre for endedelen;

og at der skaeres gennem den ydre veeg og den indre vaeg med en vin-
kel, som er vinkelret pa endedelens plan — og dette i en anden afstand
til hgjre for endedelen.

9. Fremgangsmade ifglge krav 8, hvor naevnte fgrste afstand og naevnte anden

afstand er i hovedsagen lig med hinanden.

10. Fremgangsmade ifglge krav 9, hvor udluftningsdbningen befinder sig ved
siden af et modtager-hul i skallen, og at en af de neevnte afstande er saledes
valgt, at det sikres, at en tykkelse af skallen pa en hgjre side af modtager-hullet
er i hovedsagen den samme som tykkelsen af skallen pa en venstre side af

modtager-hullet, idet modtageren er en af komponenterne.

11. Fremgangsmade ifglge krav 9, hvor ventilationsdbningen befinder sig ved

siden af frontplade-hullet i skallen, og hvor en af de neevnte afstande er saledes
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valgt, at det sikres, at en tykkelse af skallen pa en hgjre side af frontplade-hullet
er i hovedsagen lig med tykkelsen af skallen pa en venstre side af frontplade-
hullet, og hvor frontplade-hullet er sdledes udformet, at det kan rumme en front-
plade hgrende til hgrehjaelp-skallen.

12. Lagermedium, som kan afleeses ved hjeelp af en computer, og som kan
rumme instruktioner, der kan udferes ved hjeelp af en processor til udovelse af
fremgangsmade-trin  til modellering af en &bning i en hoerehjeelp-

udluftningskanal, hvilke fremgangsmade-trin omfatter instruktioner til:

at bestemme en beskeeringsflade, der gar gennem en endedel i udluft-

ningskanalen, og som enten er en plan flade eller en ikke-plan flade;

og at beskeere skallen langs beskeeringsfladen med henblik pa at ek-
sponere det indre af skallen, sa at der dannes en udluftningsabning, og
hvor endedelen har et endepunkt i ventilationskanalen, og hvor hgre-
hjeelp-skallen passer til indersiden af gret pa en patient, og hvor beskae-
ringen udfgres efter en modellering af skallen, sa at der dannes en in-
dre vaeg i skallen, og der i skallen kan indsaettes komponenter til tilveje-

bringelse af akustiske signaler til gret.

13. Lagermedium, som kan afleeses ved hjeelp af en computer, ifglge krav 12,
hvor det — nar beskeeringsfladen er defineret som en plan flade — geelder, at
denne plane flade har en omdrejningsvinkel, som afviger fra et plan pa endefla-
den, medens det — nar beskaeringsfladen er defineret som en ikke-plan flade -
geelder, at denne ikke-plane flade er bestemt af en konkav geodeetisk kurve i

forhold til neevnte endedel.

14. Lagermedium, som kan afleeses ved hjeelp af en computer, ifglge krav 12,
hvor beskeeringen har tilvejebragt en indgangsabning i et udluftningsrer pa
neevnte endedel, idet denne endedel er saledes udformet, at den kan indfgres i

en gregang i et gre, og hvor beskaeringen har tilvejebragt en udgangsabning i
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udluftningsraret, nar endedelen befinder sig ved siden af et frontplade-hul i hg-
rehjeelp-skallen.

15. Lagermedium, som kan afleeses ved hjeelp af en computer, ifglge krav 13,

hvor naevnte vinkel ligger mellem ca. 30 grader og ca. 60 grader.
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