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Abstract

Most of the ear shells of hearing aids are manufactured manually, and it is one of the reasons that the cost of the custom-made hearing aids
can be increased. Thus it is required to manufacture the ready-made ear shell for the purpose of easy manufacturing and decrease in cost. In
this study, we extract parameters in order to manufacture the ready-made ear shell for CIC type hearing aids and simulate to reconstruct the
ear shell using the extracted parameters. To parameter extraction, we set up the eleven parameters for the ready-made ear shell based on
anatomical characteristics of the ear canal, and we found values of the parameters from twenty-one impressions in their 20s and twelve -
impressions in their 60s using aperture detection and feature detection algorithms. Classifying the parameters by size, we also determine the
parameters of ready-made ear shell into three types for people in their 20s and two types for people in their 60s. Each ready-made ear shell
was simulated to reconstruct using figured parameters, and evaluated the rate of agreement with unused impressions for setting parameters.
To evaluate the ready-made ear shell, we calculate the volume ratio and intersection between of the each impression and ready-made ear
shell, and the intersection ratio using the intersection volume and ready-made ear shell volume. As a result, the volume ratio was about 70%,
and volume match ratio was also up to 70%. It means that the ready-made ear shell we simulated is the significantly matched to impression.

Key words : ready-made ear shell, aperture detection, feature detection, CIC hearing aids, 3-D modeling
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Fig. 1. Major anatomical features of the outer ear and ear canal.
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Table 1. Parameters for ready-made ear shell
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Fig. 3, Overall block diagram for hearing aid manufacturing, from the ear

impression to the final product.
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Fig. 4. The proposed method for ready-made modelling
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Table 2. Parameter value for ready-made ear shell

b(mm) 5.0 43 3.0 5.0 40
ap(mm) 5.0 43 3.6 5.4 4.0
bp(mm) 43 37 2.8 4.2 3.3
ag(mm) 4.8 3.9 3.3 37 35
bs(mm) 4.0 3.4 25 3.3 3.0
d 4 (mm) 35 25 2.0 43 3.5
dp(mm) 5.5 45 35 5.5 5.0

q(®) 147 136 151 142 140
q ) 1 20 2 21 21
q (°) 20 15 24 41 25
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29, HE olojd AlZaold A2t (a), (b), ()= 2220 O, B, 2, (d), ()= 21260 2 o, 28 LiEKN ], B FE| AEH, FH, 202 LIE]
Fig. 9. Result of ready-made ear shell simulation; (a), (b}, (c) is large, medium and small size for the in their 20s, and (d), (e} is large and small size for the their 60s
respectively, and it is the uppe-side, the front and the side from left,

H3, U2 HE olojg o] MAH| U HHelx|y|
Table 3, Volume ratio and volume match ratio between the ear impression and ready-macde shell.

Y01 M 74.0 70.0
Y02 M 60.4 96.4
Y03 S 67.9 77.8
Y04 L 92.6 71.9
20CH Y05 M 80.2 69.6
Y06 S 78.3 69.1
Y07 M 88.1 80.0
Y08 S 77.8 ' 90.5
YO9 L 96.9 64.0
B2 + EEELN 79.6 £ 11.6 76.6 £ 10.8
001 L 77.1 66.1
002 L 83.9 84.1
003 L 75.9 73.3
OtH 004 L 96.4 67.3
Q05 L 95.4 87.0
Qo6 L 75.2 71.8
007 M 85.1 96.6
008 M 78.5 85.0
B2 + HEMK} 834 + 85 78.9 + 10.8
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