R S

@3 INDUSTRIAL AND MANAGEMENT cj Sigoiiaiic Deslgn
W.2Y ENGINEERING, POSTECH Technology Lab

Measurement and Application of 3D Ear Scans

for Earphone Design
| <%
by 3

T

Wonsup Lee,! Hayoung Jung,? llguen Bok,? Chulwoo Kim,? Ochae Kwon,?
Teukgyu Choi,* and Heecheon You?

L Faculty of Industrial Design Engineering, Delft University of Technology, Delft, The Netherlands

2 Department of Industrial & Management Engineering, Pohang University of Science &
Technology (POSTECH), Pohang, South Korea

3 Design Team, Mobile Communication Division, Samsung Electronics, Seoul, South Korea
4Humanopia, Co., Pohang, South Korea

Global Contributor o Eco-Techno-Humanopia



Contents

= Introduction

* Background
* Objectives of the Study

= Collection of 3D Ear Scans
= Anthropometric Analysis of 3D Ear Scans
= Application of 3D Ear Scans to Earphone Design

= Discussion

) INDUSTRIAL AND MANAGEMENT 5
% ENGINEERING, POSTECH



Usefulness of 3D Body Scans in Product Design

O Provide detailed measurements of complex dimensions (e.g., curvature,
area, and volume) of the human body applicable to various product

designs
Application of 3D scan images to product design
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Needs of 3D Ear Anthropometry

O Diversity & complexity of earphone types and designs
= Require detailed measurements of the ear for earphone design

Q Little information of 3D ear shapes is available

= Need to identify detailed ear dimensions which is significantly related to
earphone design
= Need to collect 3D ear scans including the pinna and earhole
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Objectives of the Study

Measurement and Application of 3D Ear Scans
for Earphone Design
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. Identification of ear dimensions and landmarks
related to earphone

. Collection of 3D ear scans and measurements:
scanning, editing, landmarking, and measurement

. Analysis of the size, shape, volume of the ear

. Application of 3D ear scans to design of earphone
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|dentification of Ear Dimensions

O Selected 9 ear dimensions out of 22 dimensions found from 22 papers
O Defined 14 new dimensions which are highly relevant to earphone design

Category No Ear dimensions

ear length

2 otobasion superius to otobasion
posterius horizontal length

3 otobasion superius to otobasion

Length posterius vertical length
4 Ccenter of concha to otobasion
Ear posterius Iength

dimensions 5 center of concha 1o otobasion
superius length
Width 6 ear breadlh.
7 car prolrusion
Are 8  upper otobasion are
Angle 9 carangle

10 pinna flare angle
Il ¢avum concha Tength
13 center of concha to anterior cymba
concha length
|3 cemer of concha to superior cymba
concha length
length 14 superior cavum concha to anterior
¢ymba concha length
15 posterior concha to antcrior cymba
concha length
|6 center of concha to incisura
intertragica length
Width 17 cavum concha width
Depth 18 cavum concha depth
Length 19 eur cunal length
Far canal Width 20 ear canal width
Depth 21 ear canal depth

dimensions Angle -22¢ar canal szimuth angle () Ergonomic Design
23 car canal clevation angle =" it e

posterior

Concha
dimensions
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Determination of Ear Landmarks

O Identified 18 landmarks for measurement of the 23 ear dimensions selected
in the study for ear phone design

M—

superior auricle

i

superior cymba concha
{ ( anterior cymba concha /

/)
posterior auricle ]
tragion

/superior cavum concha
posterior concha "
o © o

me\dlal concha otobasion posterius

otobasion superius

otobasion superius

\

\ tragion
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incisura intertragica

inferior auricle




3D Scanning of the Outside Ear (Pinna)

0 Scanned the outside of the ear (pinna) using an Artec Eva 3D scanner
for 296 participants in 20s to 50s

— 200 Koreans: 100 males and 100 females

— 96 Caucasians: 50 males and 46 females
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Scanning of the Concha & Earhole

Applied casting materials to obtain the shape of the concha and ear hole
Scanned the cast using the Artec Eva 3D scanner
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Merging Outside and Inside Ear Scans

O Acquired an complete 3D ear scan by merging outside and inside ear
scans
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3D Ear Scans (1/2)

-

-
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3D Ear Scans (2/2)

O Acquired 3D ear scans including the ear-hole part
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Measurements:

Koreans (illustrated)

Category | No. Dimensions n | mean | SD min 1% 5% 25% 50% 75% 95% 99% max
1 | ear length 200 63.7 | 42 52.8 54.5 57.0 60.8 63.8 66.6 70.7 72.6 76.7
2 | ear breadth 200 31.2 29 22.7 24.8 26.7 29.3 31.0 334 357 37.1 394
3 | ear angle 200 4.9 1.6 1.0 1.0 19 4.4 4.9 5.7 7.6 8.3 8.7
4 | ear protrusion 200 16.5 2.8 10.6 11.2 123 143 16.5 18.2 215 23.8 24.9
otobasion superius to
5 | otobasion posterius horizontal 200 233 2.2 16.7 185 19.9 218 234 25.0 26.7 28.2 320
: dist.
Pinna - -
dimensions otobasion superius to
6 | otobasion posterius vertical 200 23.2 2.2 16.8 183 19.6 218 234 246 26.6 28.2 294
dist.
7 | upper otobasion arc 200 45.0 3.6 36.7 37.6 39.6 42.6 448 47.1 50.6 55.5 57.2
g | center of earphone to 200| 305 25| 234| 255| 265| 290 | 304 | 321| 347| 367| 388
otobasion superius dist.
g | center of earphone to 200 279| 16| 238| 248| 254| 269| 278 289 308| 320| 323
otobasion posterius dist.
1 | concha length 200 17.2 13 12.9 13.9 15.0 16.4 17.3 18.1 19.1 19.6 21.2
2 | earhole length 200 147 13 10.1 11.2 12.7 13.9 147 15.6 16.7 17.1 18.3
3 | concha width 200 16.8 1.8 11.6 12.9 14.0 15.6 16.9 17.9 19.8 20.7 215
4 |centerofearphone toanterior | a9 | 43| 04| 32| 33 35 41| 43 45 50| 52| 53
cymba conchae dist.
Concha & center of earphone to superior
earhole 5 b hae di 200 16.6 15 12.2 12.7 14.0 15.7 16.6 174 18.8 20.1 226
Dimensions cymba conchae dist.
6 | earhole major axis length 193 129 2.0 7.0 7.7 9.7 114 13.0 144 157 16.3 17.1
7 | earhole minor axis length 193 9.2 24 4.7 57 6.5 7.7 8.4 10.2 134 18.5 20.0
8 | earhole depth 200 8.3 1.2 5.1 5.8 6.4 74 8.2 9.1 104 11.0 113
9 | earhole azimuth angle 200 24.8 8.8 4.6 6.0 9.3 18.5 24.8 311 38.7 45.7 53.2
10 | earhole elevation angle 200 -7.7 | 239| -705| -644 | -456 | -234 -8.7 11.2 29.7 43.3 49.0
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Comparison of Ear Measurements: Koreans vs. Caucasians

O Koreans = Caucasians: mean difference
dimensions (70% ~ 75%)

2 mm in most of ear

' p < 0.05 E |[mean diff| < 2.0 mm unit: mm
Male Female Composite: Gender
Category | No. Dimensions Korean | Caucasian . Korean Caucasian . Korean | Caucasian )
(n = 100) (n = 50) Mean diff. (n = 100) (n = 46) Mean diff (n = 200) (n = 96) Mean diff.
1 |[ear length 655 + 39| 617 + 3.9 8" (6%)| 62.0 + 38| 593 3.9 7' 4%)| 637 + 42| 605+ 41 2" (5%)
2 |ear breadth 329+ 22| 339+23 0 3%)| 294 + 24| 314 +25] 20 7%)| 31.2+29] 327+27 5" (5%)
3 |ear angle 47 + 17| 40+ 20 (16%) 50+15 42+23] 08 (18%)| 49+16 41+22 (18%)
4 |ear protrusion 17.8 + 25| 16.6 + 3.5 12 (7%)| 152 + 24| 157 +26| 05 3%)| 165 + 2.8| 162 + 3.1 3 2%)
otobasion superius to
5 |otobasion posterius horizontal 244 +21| 236+ 18| 08 (3%)| 223+ 18| 228 +18| 0502%)| 233 +22| 232+18| 01 (0%)
Pinna dist.
dimensions otobasion superius to + +
6 | otobasion posterius vertical dist, | 236 21| 22029 16 (7%)| 229 £22| 222+26| 07 (3%)| 23222 22128 11 (5%)
7 |upper otobasion arc 463 + 33| 438 +33| 25 (6%)| 437 +34| 433 +36| 04 (1%)| 450+ 36| 436+ 35 4" (3%)
g |center of ear to otobasion 311+ 25| 285+27| 26 (9%)| 299 + 24| 283 +24| 16 (6%)| 305+ 25| 284 +25| 21 (7%)
superius dist.
g |center of ear to otobasion 283+ 17| 280+ 15| 03@1%)| 276 + 14| 276+ 14 00 (0%)| 279 + 16| 278 +15| 0.1 (0%)
posterius dist.
1 |[concha length 175+ 13| 148 + 1.3| 27" (17%)| 168 + 1.2| 148 + 13| 20" (13%)| 172 + 1.3| 148 + 13| 24' (15%)
2 |earhole length 149 + 1.3| 123 + 14| 26 (19%)| 144 + 12| 122+ 12| 22'17%)| 147 + 13| 123 + 1.3 24" (18%)
3 [concha width 172+17) 169+19| 0302%)| 165+ 17| 165+16| 000%)| 168 + 1.8 167 + 1.8] 02 (1%)
4 |center of ear to anterior cymba 43 +£04| 45105 02'G%)| 43:+04| 45+06| 02'(5%)| 43+04 45106 0.2 (5%)
conchae dist.
Concha & .
earhole | 5 Egrr‘]tciragf dei:tr to superior cymba 167 + 15| 154 +17| 13 (8%)| 164 + 14| 162 +20| 02(1%)| 166 + 1.5/ 158 + 1.9| 08" (5%)
dimensions -
6 |earhole major axis length 12.8 + 1.8] 130+ 21 202%)| 130 +21] 126 +20| 04 3%)| 129 +20] 128 +21] 01@1%)
7 |earhole minor axis length 90+22| 85+23 56%)| 93+26/ 81+18| 12 (14%)| 92+24| 83 +21 08 (10%)
8 |earhole depth 90 + 11| 86+ 1.0 4 5%| 76+09 80+11 04 5%)| 83+12 83+ 0.0 (0%)
NOBISTREVLAND SANAREMEN e 249 + 83| 305+ 79| 5 q "(20%)| 24.6 + 94| 334 +107| 88 (31%)| 24.8 + 83 3Erem-gm DZs525%)
FERBET6HHon angle 9.3 £ 231| -56 + 23.7 7 (5%)| 61 + 247 59 +211] 12.0' 13%)| -7.7 + 23'9-—”on°'@‘§"’1‘“ P8 (13%)




Comparison of Ear Measurements: Male vs. Female

0 Overall size: Male > Female (mean difference: 3.5 mm for Koreans, 2.5 mm for Caucasians)

O Detailed size: Male = Female (mean difference <

2 mm: 80% for Koreans, 100% for Caucasians)

" p < 0.05 E |mean diff| < 2.0 mm unit: mm
Korean Caucasian Composite: Race
Cat No. Di i
ategory © Imenstons (n,\fai%O) (/Se=mf(|)e0) Mean diff. (analgo) (I;ezmzlg) Mean diff. (n,\faieSO) (lse=mfl1%) Mean diff.
1 |ear length . 65.5 + 39| 62.0 +3.8| 3.5 (5%)| 61.7 +39| 593 + 39| 24" @4%)| 642+ 43| 611 +40| 3.1 (5%
n nva" C o
v‘\"cl aln DHZC + + +
2 |ear breadth 329 + 22| 294 +24| 35 (11%)| 339+ 23] 314+25 25 8%)| 333 +23| 301+26| 32 (10%
3 |ear angle 47 +17| 50+15| 036%)| 40+20] 42+23] 01G%| 45+18 48+18| 03 (6%)
4 |ear protrusion 178 + 25| 152 + 24| 26 (16%)| 166 + 35| 157 + 26| 08 (6%)| 174 + 29| 154 + 25| 2.0' (12%)
otobasion superius to
5 |otobasion posterius horizontal 244 + 21| 223 +18 1" (9%)| 236 +1.8| 228 +18 07" (3%)| 241 +20| 225+138 7" (7%)
Pinna dist.
dimensions ; ;
g |Otobasion superiusto 236 +21| 229 +22| 07 3%)| 220 +29| 222+26| 02a%)| 231+25 227 +23 04 02%)
otobasion posterius vertical dist.
7 |upper otobasion arc 463 + 33| 437 +34| 25 (6%)| 438 +33| 433+36| 05(1%)| 455+35 436 +35 19 (4%)
8 gﬁgzenru‘;f deijtr to otobasion 311+ 25| 299+ 24| 12 @4%)| 285+ 27| 283 +24| 02@1%)| 302 +28| 294+ 25 8' 3%)
9 ;222;3: e otobasion 283+ 17| 276+ 14| 07 B%)| 280+15 276+14| 04(1%)| 282+17 276+14 06 2%
1 |concha length 175+ 13| 168+ 12| 06 (4%)| 148 + 13| 148+ 13| 00 (0%)| 166+ 18 162+ 16 4" (2%)
2 |earhole length 149 + 13| 144 + 12| 05 3%)| 123 +14| 122+12| 02@1%)| 141+ 18| 137 +16 4" (3%)
3 |concha width 172 + 17| 165+ 17| 08 (4%)| 169+ 19| 165+16 04 (2%)| 171 + 1.8| 165+ 1.7 6' (4%)
4 E(ce)rr:tcirazf deiztr to anterior cymba 43 +04| 43+04 00(0%)| 45+05 45+06| 01(0%)| 44+05 43+05 01Q2%)
Concha & : X
earhole | 5 Egrr‘]tcira‘;f dﬁfstr to superior cymba 167 + 15| 164 + 14| 03 (2%)| 154 +17| 162 +20| 08 (5%)| 163 + 17| 163 +16| 00 (0%)
g : .
IMENSIONS =™ earhole major axis length 128 +18| 130+21] 02@2%)| 13.0+21] 126 +20 04 @3%)| 129+ 19 129+21] 00 (0%)
7 |earhole minor axis length 90+22| 93+26| 023%)| 85+23] 81=+18 04 (5%)| 89+22 89+24 1 (0%)
8 |earhole depth 90+ 11| 76+09| 14 (16%)| 86+10 80+11 5'7%)| 89«11 +10 (15%)
L enihRls WLLPaRg'e 249 + 83| 246 +94| 03 (1%)| 305+ 79| 334+ 107 29 ©O%)| 268 + 86| 274 + 106 0.6 (2%)
NONEearho) eadagation angle 93 +231|-61+247 332 @4%)|-56+237 59+211| 114 (13%)|-8.0 + 23 Yechadlagy Lab./ (7%)
:!"i‘r . g o T o . . . B (] .0 x . J X . (<} U T B L Iy (]




Representative Ears

O Determined 5 representative ears (2.5, 25, 50, 75, and 97.5%iles) by
considering all the ear dimensions

Smallest Small Medium Large Largest
(2.5%ile) (25%ile) (50%ile) (75%ile) (97.5%ile)
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Analysis of Preferred Earbud Size

O Fabricated earbud prototypes with different diameters (15 to 19 mm; 0.5
mm interval)

O Ask participants (7 = 296) to select the most preferred sizes of earbud

Preferred
ratio (%) 254
ot L% %
185 I
5% 16%
13% 19% Ethnicity Gender Preferred size Concha width
0% M 169+ 09 172+ 1.7
&% 8% Korean F 163 £ 0.8 16.5 £ 1.7
- Composite 16.6 + 09 16.8 + 1.8
3% 2% M 165 +11 169 +19
o% Caucasian F 165 £ 1.1 165 £ 1.6
15 155 18 18.5 17 175 18 185 19 Composite 165+11 167 +£18
Earphone diameter (mm) Range 16.3 ~ 16.9 mm | 16.5 ~ 17.2 mm
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Design of Ear-Band by Ear Root Shape Analysis

0 Extracted the contour of the ear root
O Designed ear-band based on the size and shape variation of the ear root

Extraction of Variation of ear root shape design of shape & ardjustment
ear root contour range of ear-band (illustrated)

30
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Analysis of Earphone Wearing Characteristics

O Scanned ears while an earphone was used to identify the use
characteristics of the earphone by users

O Applied the use characteristics of earphone for virtual fit analysis of an
earphone design

Virtual fit analysis of an earphone

3D scan of the ear with a 3D ear scan

with an earphone
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Virtual Fit Analysis

Q Virtual fit simulation to find an optimal shape and size of earphone

Q Placed an earphone based on the relationship between ear landmarks and
earphone landmarks identified from the use characteristics analysis of




Analysis of Contour and Volume of Concha

O Extraction of the contour and volume of ear concha for earphone shape
and size design
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Discussion (1/3)

Q Collected 3D ear scans (pinna and earhole) through a process of scanning,
casting, editing, and merging

= Applicable to design of ear wearable products (earphones, hearing-aids,
headsets, glasses, goggles, and ear protector)




Discussion (2/3)

O Compared ear measurements between Koreans and Caucasians and those
between females and males
v' Koreans = Caucasians: mean difference < 2 mm in most of ear
dimensions (70% ~ 75%)
v' Overall size: Male > Female (mean difference: 3.5 mm for Koreans, 2.5 mm for Caucasians)
Detailed size: Male = Female (mean difference < 2 mm: 80% for Koreans, 100% for Caucasians)

O Established 5 representative ears (2.5, 25, 50, 75, and 97.5%iles) in terms of
overall ear dimensions

Smallest Small Medium Large Largest
(2.5%ile) (25%ile) (50%ile) (75%ile) (97.5%ile)
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Discussion (3/3)

O Applied the ear scans to develop an ergonomic earphone design by:

1. Analysis of preferred size of earbud by ear size (e.g., diameter of
earbud)

2. Analysis of shape variation of ear root for ear-band design
3. Analysis of fit (e.g., shape and size of earphone, length of eartip)

30 -
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Research on 3D/4D Scanning & Digital Human Modelling
for Ergonomics Product Design
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Representative Ears

BOL | E04 | E05 | E06 | Eo7 | Ewol | ol | EAOL | eA® GO J Clos | clos | C06 | cuor [ CUB | CWOT | WOZ | ECOOL | ECWOL | ECOOT | EGAOL | ECA |
earlength | otobasion | otobasion | centerof | centerof | Earbreadth upper pinna pinna flare  |£avum concha | centerof | centerof | superior | posterior NI centerof [cavum conchafcavum concha| earcanal  [ear canal width ear canal depth| ear canal ear canal
superius to | superiusto | conchato | conchato otobasion [ rotation angle length conchato | conchato cavum conchato fi| conchato width depth length azimuth angle | elevation angle|
otobasion | otobasion [ otobasion | otobasion curvature angle anterior  [superior cymbaf conchato [anterior cymbfl|  incisura
posterius posterius  [superius length| posterius cymba | conchalength | anterior | concha lengtlf  intertragica
horizontal [ vertical length length concha ymba length
length length concha
length
3 3 = 3 3 3 3 & i i 3 5 & 3 g 4 g i 4 2 A i
real-case (ID = 264) 56.2 19. 239 306 295 242 L% 3 21 126 64 16. 75 13) 95 143 59 6.7 I 97 85 20
% 5SS 7 2H =%
Small real - 25% 26 -0, 72 55 26 -17] 4 : 47 01 09 2)) 4\ 1.| 12 0.7 08 02 W A LY &) L] o
%(real - 2.5%)M s ofe] e e ] s Ase] sl wemall ozl woe|  wm] eeed \ 7ol med]  am] oW W] ufwl  eod] s3] asw
real-case (I = 156) 82 Jus w0 35 34 w0 [0 49 7| 168l 74 164 58 \ 1) 109 112 67 15 /& 88 13 4
Medium real - M s /1 11 10 0 s/ 3 o o3 o o o \ o 0 ol 0] BN Y SN0 10.20] 7HEA £H
%%(real - M)/M 8.7%) 4.2% 4.7% 34%) 0.6%) 97%) 7.7% 02%|  -126% L7%0  -33% -26%|  -90% -1,1‘1| 22%) 0.8% -9.7% 15.2% 29%|  -134% e
real-case (ID = 75) 697 252 281 346 372 39 53 37 220 197 97 212 84 20I 137 220 108 123 101 15. 131 0.
Large real - 975% a2 o A e = AR TS 0 08 ol 01 13 o o\ w7 L s i
(el - 975%)M 260 \osw| 4w 00w osw| oo \ 10w amm]  wsel \ol 0w s wa] Sl aw] s om] 3w \sa| 4w gl om0y
| | L
25 % real B 19 6l x5 w8 x4 o]  wall s s o 3_3|'/ A | 8 136 51 69 ) i IARE 03
M real 623 235 229 304 312 319 455 49 282 / 166 1] 168 6.3 16.|| 107 17]] T4 100 80 10]] ‘ 13. 10.
975 %ile real 714 274 29]] 373 363 37 54n 93] 44._5I’ 201 112 203 9] 20I| 134 207, 10]] 127 107] 14 364 7],
L

Min (2.5%ile) Small (25%ile)  Medium (50%ile) Large (75%ile) Max (97.5%ile)
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Example: Earphone Wearing Types
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Example: Contact of Earphone Tip at the Earhole
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