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A Study on the Acoustic Analysis Method of the External Ear Canal
Using DICOM Images
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Abstract This study simulated external ear canal modeling with different external ear canal lengths, vertical flexion
angles, and inner/outer diameter ratios using digital imaging and communications in medicine(DICOM) of the head
temporal region and measured the acoustic sensitivity. The experiment was performed by increasing the audible
frequency for humans by 200 Hz and expressing the frequency constantly transmitted at 1 Pa as the eardrum acoustic
volume and presented the measurements by linear and quadratic curve regression analysis. The results showed that
the longer the external ear canal length and the higher the ratio of the outer/inner diameter, the faster the acoustic
response at lower frequencies. The acoustic sensitivity correlation of the meta-model using regression analysis
showed a 77% influence by the external ear canal length and 5% by the external/internal diameter ratio, while the
vertical flexion angle did not show a significant relationship. This showed that auditory acoustic sensitivity of
humans is a factor that reacts faster at a low frequency when the external ear canal length is longer and when the
difference between the outer and inner diameter is higher.
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The head temporal region[14](A), DICOM 0.5 mm volume data(B,C) and the surface and inside of the extracted external ear canal(D,E)
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Fig. 1. The external ear canal extraction process using DICOM volume data of the head temporal region
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Table 1. Measurements of the shape characteristics including external ear canal length, angle, and the
circumference of the inner/outer diameters

Fam Angle(®) Length Perimeter(mm)
Upper Low |Difference| Ratio(%) (mm) Out Inner |Difference| Ratio(%)
Length I-low-1 5 145 91.6 534 36.8 14.6 31.3 17.6 137 438
e |-mid-4 55 146 130 16 110 382 36 29.2 6.8 189
|-sup-6 19 140 113 27 19.3 491 49.7 27.3 224 451
P a-low-1 27 118 127 =3 -7.6 448 30.2 21.7 8.5 281
- a-mid-3 40 139 116 23 16.5 415 334 19.5 139 416
© a-sup-5 14 140 8.3 617 441 435 434 233 201 46.3
p-low-1 55 146 130 16 11.0 38.2
p-mid-4 22 139 126 13 94 386
p-sup-6 21 154 153 1 0.6 464
715742 ANSYS Mechanical(ANSYS Inc, USA)XZ 2 3. A3}

Bololdl SFUAE HA S OPTISLANG(Dynardo,  o-1 €101 535743k
Germany) 219 AF851910, =4 2Ry 27te] eowa el e 17h 7}
9 WolE AAFT A0 kg Z71AA
= uo ks 24, 7 Fsue 249 AREe
e | g v | 1 Gl A2 85to] BRIt Table 21 AR R 02 A Fujs
= — . QoA o S84 540 31 Fasro A ue
e | || [y S Exjo] ZAHAAT B Frrol A B
__- o o8 gro] REHT) Fig. 4

asps | | M‘ l-sup-6

Table 2. Acoustic sound measured at the eardrum

1

o L-cut-27 L-cut-34 L-cut-49
P 1 FREQ REAL FREQ REAL FREQ REAL
pit iw b '“ 200 149.499 200 | 145.381 200 | 142.656
— ) 400 137.504 400 | 133418 400 | 130735
= T 600 130537 600 | 126.505 600 | 123.893
permerer | E Length.cut : 800 125648 800 | 121.693 800 | 119.182
il iw bansd | 1 1000 | 121912 1000 | 118.057 1000 | 11568
— b s 1200 | 118918 1200 | 115188 1200 | 11298
- m— 1400 | 116447 1400 | 112.869 1400 | 110869
' 1600 11437 1600 | 110972 1600 | 109.225
Lo o IK 1800 | 112.604 1800 | 109.417 1800 | 107.976

2000 111.092 2000 108.152 2000 107.08

2200 109.796 2200 107.143 2200 106.519

Fig. 2. Experimental modeling reflecting the shape 2400 108.69 2400 | 106.368 2400 | 106.294

2600 107.753 2600 105.817 2600 106.429

characteristics  of  external ear canal 5200 106971 || 2800 | 105428 || 2200 | 106981

(length, angle, inner and outer diameters) 3000 106.337 3000 | 105.388 3000 | 108.063

3200 105.846 3200 105.539 3200 109.909

3400 105497 3400 105.973 3400 113.0901

3600 105.294 3600 106.763 3600 119.731

3800 105.245 3800 108.019 3800 129.742

4000 105.367 4000 109.977 4000 114.824

[ o R 4200 105.682 4200 113.197 4200 109412

4400 106.23 4400 119.705 4400 106.068

4600 107.071 4600 131107 4600 103.724

43800 108.315 4800 115.226 4800 102.014

5000 110163 5000 109.615 5000 100.773

5200 113.077 5200 106.07 5200 | 99.9241

5400 118.534 5400 | 103479 5400 | 994371

5600 174.995 5600 | 101455 5600 | 99.3154

5800 117.483 5800 | 99.8211 5800 | 99.5998

M, Lot 65000 111.008 65000 98.4786 65000 100.386
6200 107.063 6200 | 97.3693 6200 | 101.879

Fig. 3. The simulation process by increasing the

frequency by 200Hz at a pressure of 1 Pa * FREQ: Frequency(Hz)

« REAL: Realsound(dB)
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The 1! peak response frequency according to the extermnal ear canal length(Graph A). The 1% peak response frequency according to the external
ear canal angle(Graph B). The 1% peak response frequency according to the inner and outer diameters of the external ear canal(Graph C). The
1% peak response frequency according to the external ear canal length for the entire experimental modeling(Graph D)

Fig. 5. The 1% peak response frequency graph classified by length, angle, and inner/outer diameter of the

external ear canal



DICOM 9735 o83t 9ol S&sf4 Wiel wgk A7 77

Linear Correlation

INPUT : Length vs. OUTPUT : First_peak_frequency, (linear) r =-0.946
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The figure above shows the linear regression analysis, and the figure below shows the quadratic curve regression analysis graph.

Fig. 6. The regression cover graph for linear correlation and quadratic correlation

Lineas Regression_approximation of First, pesk_frequency
e emcient of Prognonis = 78 %~ =

& Coefficient of Prognosis

Coefficients of ngnus\s (using MOP)
full model: CoP 8 %

ter
3

INPUT : Angle_ratic
0%

INPUT : Perimeter_Ratio
5%

Asusnbauyyead Isig
INPUT Eamme

INPUT : Length
77 %

20 40 60 80 100

CoP [%] of OUTPUT : First_peak_frequency

The figure on the left is a 3D graph showing the effect of length, angle, and inner/outer diameters of the external ear canal on acoustic sensitivity
through meta-model. The figure on the right is a graph showing the frequency sensitivity for each shape condition.

Fig. 7. The simulation result graph through meta—model
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