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S Anthropometric analysis of 3D ear scans of Koreans and Caucasians for ear
' B39 AN S 24 CAESAR product design
& Wansup Lee® @, Xiaopeng Yang® @, Heyoung Jung® @, llgeun Bok', Chulwoo Kim @,
» Size Korea / 3-D Anthropomeric Database s

6At TH=Ql QUK K| ZAL Civilian America and European Korean (n = 230), Caucasian (n
(2010 ~ 20144; 3%} &7, Surface Anthropometry (20003, = 96) L}0O]: 20-59
7 ~ 85N, n = 4,419) 18 ~ 65A, n = 2,500 O|=2l)

unication Technolagy, Handong Global University, Pol
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S1. 7|E NHIE A Xt HE

Q F4 5| EMZ (1) earcup5(earpad, earcup, cover, speaker unit) (2) housing, (3)
headband*(headband, head cushion, slide), (4) joint5(joint, joint arm) = =}

2A AKX Fe

Earcup5

JointF ! :
T / Housing 5
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Housing—+
(=] )
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Housing= % I Earcup=+
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View Part 7= FH View Part 7= 3
a,a | Earcup® ZHSH, X2 Y i, i Earcup® S (M ET/A[25F
" 1y — Ll =i T T O
a’a” | Earpad U= HUSE, {25 g’.h"_| Earcup® T AR ST/ EH
b,b’ | Earcup® 5H/=5H Earcups i Earpad® W% X XSH/ERSHE
Earcup£ a,b | Earcup® MZH HASH/E S5 H Earcup= A|CHZ 0| X| & CHHA
b,d Earcup%:'— 7127| | Earcup—'T'— ZCjHH| X" EHEAM
o AB_| Earoup® &% 8% AN . K__| Barpad 7 U5 2018 SAC
s D | Earcups 7|27] A& A 58 ik | Housing'® &= M55/ SH
K Earpad® W% Z0/'4S ZA M — LI_| Housing 215 HHZ ST 5
; . - Housing+ m, m Speaker uint M5 XM EZH /X2 5H
b, b Housing® ZMEH, 2|25 H Housings Z|CHZ 0| 3
Housing> c,¢ | Housing® &ET/Z5H [ L H] x| EHEHM
c”,b” | Housing® Zt%/2% A0 EEF gh Headband 2} £2/0|E HAZF Z|CH L{H]
E Housing®27| 27| Z&kM Headband % n,n’ | Headband® %A= HHIE LHH|
Headband e, e | HeadbandZ QIZ/WHZ Z=EH J Hgadbandﬁf Zato|g HZAS CHEH
o F,f Headband® XA /A 2EH 9,0 Joint® W& =2 /MK ZO|
C | Headband® &% Z7AH ) Joints: 9.g" | Joint? IS ET 20|
Joints G Joints Z|Cf 7|27 A& h,h” | Joint? = <[zt Z0|
E JointSEf Headband _r?_j_;‘} 7|%7| %‘b;kﬁ J Headbandﬁf %E}‘Ol %)l gjed—?— EI_"EIA_




- JointF(Jiont) | A
- HousingZt Earcup? =228 7|&F AMK|

Joint§(Jiont, joint arm) -
YA

7I-7<"'|I:k| M |O |- | E"'H *ka| |O I- =
QO 45 =M 2A QK [ S5l =S EA UL =5
71ENE
HNEY
AirPods Max-&! Hf 2 L| WH-1000XM4 BOSEEFFLGEE
T
Joint§
[ alariv
o| 0| | o ¥ A [ Aot
JointF ¢ \ AP =
\ \\ 4 ’
\\ \ ‘\ ,-\Il ,' \ \\
A \\ \ / /\ \
3 N 4 \\' /" / . \'“‘“J
Housing+Earcup+ Hous?hg’—‘i— Earcupt N ’Housing+Earcup$
- Earcup(earpad, earcup, cover, speaker
[=] .
- EarcupSi+ HousingS* E?;:)up—r(earpad, earcup, cover, speaker _ :l(r;ilingl?_
, ker ui
A A QIX} Sarg;d, Za;u;p, ((:j(z)ver(,jsEeader ullr'wt) lid Housing & - Headband5 (headband, headcushion, slide)
£0|H - Headband T (headband, headcushion, slide) Headband5 (headband, headcushion, slide) HE A

JointF(Jiont) | YA 2 E EarcupF Y
2olet gt

Housingdt EarcupF =228 7|

-
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Q F4 5| =M earcupF, housmgT, headband £, jointF2| 24 QX M A1t &
3070 A QUXIE =I5t K H HE 77
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S1. 24 M &AE X|+578

Q HE 3XX| 2748 A CAD softwareE 0| 8510 HA| HHAH X+ F7
3D scan: Sony WH-1000XM4 3D scan: BOSE 700 UC

Front
view

3D scan: Apple AirPods Max
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S1. 24 H|& X|==d: Earcup N pad (GIA))

Q PHYEE 2EH ZQ HA MY (n=30) X|$S5H A1t

2 H= CH2| Image Apple Bose Sony
Earcup =0| mm 98.3 98.0 100.0
Earcup L4 H| mm 83.8 79.0 79.0
Earcup 74|
mm 28.0 19.9 22.6
(L& Z0J)
Pad 74| mm 20.0 14.3 13.7
Earcup 2|&H 2 AZ| 2 & mm 10.6 5.3 14.3
Pad Lj & Z7t &=0| mm 57.2 60.0 63.5
Pad L& &7t L4H]| mm 38.2 40.0 40.0
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S2. 21| S <= S H Landmark 4’8 (Summary)

Q FM G EACIXel AAHF7[dto = QIN|H(ZO|, HH|, 5, 2=, 5E5)
267H, landmark 527l (4870 S8, 470 H#x=F) M E

Landmark

14 , SEREERN . —



= ro' | S| IS A 7|d oyl [ A EH O] A Mo
A FUEMN AT |HC 2 S| T QH|[H +=&landmark M & S AA| 4 HO|
_ 7
=] §| A Image QUK &= Landmark Image A A
H =40 MY fIHE, ofef _ .
E1 | Earcup 0l 7| 2ol B2, 710f2HH -EOrEI2%2
- A AH, FE
A_u_:”_ H )
E2 | Earcup Lit| HIEBHE L smiemeE 2ba = E7+E1272
T 4] =5y
- Pinna attach anterior
=) =) J-Hnl_:' A . . . ’
E3 %iﬁ?%%f;l ™ _'l}jlq(;_’l El;)" 1 otobasion inferius, =1 FH + 47 ZO|
™= o otobasion posterius
Earcug
Pad & S7F 210 2IHFAIQI ™ 2ol & Ol/7 20| +
E6 _;':::O| :Ill = | A I’?lTlD, :Ill |' Hl:l E|o| (_<I3_|/E|_EH)
Pad L§ £ 37t 4 H HR f[#EEE, A |/ HH] +
E7 | T+ 4] SFs zH2)
Band =& Lj
E10 H| He| =2 gt DL, FHEH = H2| =7 gskar
earcup =M tilt 7 gk 2t (A14) NHRE, HoreH diek 24e
Zte
=0 2| 0tE - HH 9
Head- | g, Headband 47 JENTEAS | oanzy, st FESERCERY
band Zo| TeE =220l ol
=5 E

(.7 Technology Lab




2/2)

0O A "‘||:k| MM | A ||:| o "‘HE|'0 I A AME Ol M IL' Mo |
A FUEHN DABHFT|HC = ST QM| H+=&landmark 82 X HA[4 Ho
— 7
=] §| A H Image QUK &= Landmark Image A A
H2| ¥, otobasion
%] Z|4H e . =IIELE gl 2= 2!
HB2 Headtljz? I DE iLjLw'fo| superious, otobasion ELQH | Bl #3820l
Te= inferius ==
. AP SHE-HTE o APSHE-HTLHE)
HB4 | Headband S| §($)§é0| = HTEd, He[orEH §?g'§| e 2
Hez|H-H
Hge | Headband LiZ oz o2 H2|0t2H, Vertex and soe|gy-melnEd
HIE A Mo euyon 378 A4 Mol =&
D2 /0o|C
—|E(Tl |_|')
= 2I0rR Y, HH 9 =
2| @ &ict =2 e[0T, TIT S, gl ol ict o=
Head- | | o | Headband slide I:I?-|1&||DFEO7L ﬂ_‘rélfg-?"l Vertex and euyon S 77, g—}EIDTEOX" ?TH}E-?’»|°|X-I
T aTt A T Ot A TIo
band = 20| o/ wxI210| curvature chaygge’é‘.‘, ozl g £X 200 &E
Vertex and euyon 37”‘*
HBS I-'Ieagba_?da M2l € stet =8 curvature change, 0 2| < 02| & ottt =&
slide® =3 & oA
I
Headband i =ks
Hptq | = 2L E- AANTENTE | muE @lasE o o) PR
ZAA =
Ear/(il;(p|7|ol H =20 %"%H/Z%E) F=3dol+do |
Heltes = (2| 0HE H -2 &
21 a|OIE A A
Ha12 | Headband =0 TR T | B2 @RsE o 2o 2%\ 200] -1/2* E1-B3 +
- Tos a2 $H) of-RZ0l)He

FFETI
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S2. QIAN| H

: Summary (1/2)

- Sl = A A 2 124 O A 271 = ZF a1 = M A
Q FMHEAM SAHS 2EH QN |Hp(Z0|, HH|,Z2, 4=, 55) 2670 478
No. Code T= RIN| H== SE/A L BT
1 D1 He|oRE - 32 =X 20| He 02 H(P3) - FHEE|FH P FHZO| (YEHSH
2 D2 Helop2d - A7 ed A0 02|02 (P3) - FTSH(P7/P8) =X HO| (v=Te)
3 D3 Me|otRY - 2|7 & FotehE == Z0| H2|0FEE((P3) - M2|7|& FOot2f & (P37/P38) =2 20| (YHHE
4 D4 HeZ|OtEE - HE[7|E HIE 30| He2|OFEE(P3) - H2|7|F 2™ (P35/P36) =X ZO| (YSzh
5 D5 o 2| He|otR ™ - M| FH™ =2 Z0| He| 02 & ((P3) - 2| A (P5/P6) T2 Z0| (YRS
6 D6 7= o2l HH| AZ 02| FH(P5/P6) ALO|O| =HAZ|(XFEHE
7 D7 BN HTEEAO|HH]| A2 HASHP7/P8) ALO|S| =HHE|(XFHE
8 D8 25 | HHHSISE[F AO[LH] A% HR Q% a|H (P9/P10) ALO|O| =H 2| (XZFHSh
9 D9 40| WHEFOF2f 52| E AHO| L H A= FHF Ot 2| ™ (P11/P12) AHO|Q] =HAHE|(xZ=4Eh
10 D10 2ot B2 E 2™ AL H| A 2HR o SHEE T (P29/P30) AHO|Q| =HH2|(XFEE
11 D11 Dj2|7|Z= 3ot ™ = Zo)) el 7|EH9l1E (P35/P36) — HE|Z7|Z 70t (P37/P38) =X H0| (Y5E )
= He2|7|&E H 7FS Y (2)0|Lt MU A O (P33/P34) HIW) H2| 7| & F|H (P47/P48)
=
12 D12 T =gt S|z
13 D13 M AHel | HE9 HAE P15/P16)Tt HOt2HE (P17/P18) 1M A E|
14 D14 gtak Azl | HAH ZHFR Q22| ™ (P9/P10) — HEIF (P19/20)0| HZO| Hgko| N2 st A2
- T HEH7|ZEHEP41/P42)2t H7|EEH (AL FAE R FOfefE (P21/P22),
=gy 4 [H AKX 7- o
15 D15 ﬁyfrjﬁltﬂ 7 (B £ 72) 2 HE7 22 % e] H(P11/P12), RHHR FI5e| M (P13/P14) $E 72|
16 D16 = 75 5 Az P49/50
17 C1 =& HEEHR)-HPEHE)=ZO| HTEEEER)P7) - H2|Ot2F((P3) - HEEH (ZH(P8)
18 C2 =8 H2|EE (P)- He2[g9H Eh= 20| He|FE(P5) - He2|ot2FP3) - HE[HT(P6)
19 C3 =9 AEH S 2 E AT (R/Zh=Z0| 2HHR o SHEEl @{F(P29) - E|OrF F(P3) — S SHEEl 2T (P30)
- o ZHOIA H B2 g (HEHR fl e E -HEE ~ He| sEYe
20 Al 7 2 2B 3H ZE (side view) xoﬂj %;IF 9HSE (A BER 22| (P9/P10)-H FI & (P19/P20)) ~ 2| +HE
(Z_-'1_)7|_|'—| ==
21 A2 2 | 7 A 2 A& (side view) FHOM 7 2 LT A™(P15/P16)-F{ Ot (P17/P18)) ~ HE|+H Y (YF) 24| 4=
22 A3 Ze A 3™ ZE (front view) HHOAM | L RIE(P15/P16)-T O E (P17/P18)) ~ TE|=2Eek (vF) 24| 2=
O|HO||A] ZFS HFSE MEEEEETRS| AEHA ~ D2 =Eursk (7E)7f0
23 A4 7—!‘5 _—|_|_| EEH%’E EHHI §IE 7_||.E (tOp VieW) ;‘1£O1| -I BH = o o (?" |'$'|T|T |I:I(P9/P10) :Il'|T| (P19/P20)) EH | e o (Z:'T)
2|
= , ITHOIA 02| E (7 HH 2 22| & (P9/P10)-H F - (P19/P20))~ THE| B HY S (FUEEH
I Tl [ s
24 AS HE | i ORIl 218 = (top view) 9| Hotah (P21/P22), RBHR{OFR 2| H(P11/P12), RISl 2| F (P13/P14)7tel 2te
=S [e:P.Shreuzln] HFOHO| Mol =& (2|t 2|02 ~ e[| 02 A
25 R1 —I:—% D_lal ‘?‘lﬂ%% D'|E| |'TDJ-|'I}|E| JIEI%I_J-I-EHEL-H-—I_— J'I-X-III_—-l —|E(T||_)(I}| | |'T|:l I}l | I'T

- HE|EE S (2/F)

H2|oredat He| EEEHa g He| uM el S5(HT) (He0tRY - HelEd

26 R2 =& |Mel 9T =8 =7bE (/A ~ D2 9H (2/7h)
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S2. Landmark: Summary (1/2)

—
QA QK|Hs ZSEHZ 2125271 landmark (587 48, & 25 4) M ™
No. e 71=H g9
1 EE LS Sellion TO| @ SE0|M O IHE ZA %01.7_* =2
2 QtE X Promentale Otz Eltl 22 HEM oM 7t o
oel | He|orEH Vertex Ho|+dHE RAg 0 M| 22| §5N oM 7t 9%

4 =4 Glabella = ¢ FEHTI W AtO|2] O[Ot F7HoIM 7t dZ o2 E&ESH X

5/6 He|2H (2/2h Euryon (R/L) H 9 FRAEAH 20N 7MY IHRo R EEE X

7/8 HTEEHE (|/Fh Tragion/Bitragion (R/L) Ho| & Helel HARZNAN I /IF

9/10 HHF 2 (R/FD Otobasion superius (R/L) 9% HHH# 7F B H2|o 2t D=

11/12 FdtF{ ot ™ (/% Otobasion inferius Of2iZ 3|7t ELt K| 22t BtLi= F

13/14 HR F e (R/Eh Otobasion posterius HHpR#e el FF JHE HEE

15/16 #9E (*/Zh Superior auricle (R/L) ZHER 74E 71 SO0 M 7HE &2 (The highest point of the ear pinna on its long axis)
17/18 Hotej® (2/Zh Inferior auricle (R/L) The lowest point of the ear pinna on its long axis.

19/20 HEHE (/EDH Posterior auricle (R/L) The farthest point from the head on the lateral location of the ear pinna.
21/22 HAREER| ot ™ (f/E Pinna attach anterior upper (R/L) H 22 AZ HHt 7L 2220 K2|o 2ot Pt JHE 2
23/24 PUTATEIE- AETE ST | Pinna attach midiotobasion superious | 3y 3o} nfa|z| o] GZXIHOIA HSHTILRIT T HATIT F2
25/26 ™ et F 2 EH (2/2h Pinna attach posterior valley (R/L) FIZ FHHF7F 2 2210 M2 o 2o Pt AA S0 2
27/28 2ot Jmn eEs | Pinna attach mid2(otobasion posterius. | Syufsiet ofe|m|eo] AZRIHOA HHASY - AHAS HBEH B2l FUH
29/30 2 st2 el QU (2/Eh Pinna attach superior valley (R/L) AZ R 2 U7t EF L0 o2[m et o PE @A E02t =
31/32 FEA Y s=E of2i ™ (R/Zh Pinna attach inferior valley (R/L) AZ O 22 FHF7F ER2/0| M2 o2t BrLt= HA S0i7t 2
33/34 HuLaE o) (2/%h Pinna attach anterior lower (R/L) 7l ot R & §F HHHF7F ELF HE|T R ef Btit= 7HY o F
35/36 Hzl7 =A™ (/zh Head based ear superius Hel7|Ze2 (R El SEEHE AW F) HE0AM 7t /FE
37/38 oel7|=F ot E (?/Zh Head based ear inferius Hel7|Ze2 (R El EEHE =2We ) HEL0AM 7t ofeiH
39/40 He|7|&=HE (2/zh Head based ear farthest Hel7|Zo2 (R E EEE =AU F) AFE0AM Kl 7t HE
41/42 HEHI|ZHHE (2/3h Ear based farthest from head ﬂg%ﬂ—ﬁf i'HH*IOPEH—'— I, BRI, AL R AP Fotd) HoA Halet
43/44 . ;)EIDF?—E - Del9E ST (%/ Vertex and euyon mid He|OtRE - Mg Z/<) BHa He|Z2H uXiMe| S7HH
45/46 Held =& Hald (f/zh Vertex and euyon curvature change iﬁiuiﬁa‘jlf He|Oted - He| @8 (&/2) BB 2| 2H UMM 3EY|E S8
47/48 #H He| 7|21 EE (2/Zh Head based ear posterius e|7|Ee 2 (R%e|Fa AEHEX =2z g§3) HoM 5H 7HE HHE
49/50 H | NHRE =2 Pinna attach posterior valley 2 (R/L) ZHHR S| ehEE o R FIE - R F EE2E S Aol THE HA S0t B
51/52 + | =x2™ (/3D Outer canthus (R/L) 0| 9IZ 1t Of2fZ =/HE0| BLIM HEE £2| 7HF AMM(RE/




S2. Landmark: Summary (2/2)
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Design Principles

1
2

ok

Design for Extreme Individual

Ol &5 Ho| Z|AZk(e.g., 51%ile) EE= Z|CHZh(e.g., 951 %ile)S HA| B0 X

Design for Adjustable Range

Ol =H H-0| H2|(e.g., 51 %ile ~ 951 %ile)S HA Ho| ZH HL0O| HE

Design for the Average

QM 58 HEo it (50th%ile)S 24 B0 HE

% EEEisia

oY) neizeszay

ML 0f: pad LHESZH A

A A Design for Extreme Individual

'FF

Pad L 37t A H|> L4 H|(95th %ile) + O 7
C1E UH X5 A2 EXM)

A Ergonomic Design
21 Technology Lab




S3.3D H|O|E{ =%

Kio

ol = 40)

160, N g Qf

ol
—

(n=200, O-d: &8 =1:1,20 ~ 30CH, ng=

T o o o
[ O
ol — < m
Y o|lo |l o] o] 8
4 o o Y ~ =
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00
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3D Cl|OE| 270 5 2| ZXt

(1h~1.5h)

3dMD1} Artec Scanner O| 2350

C AF O A A D
SI.L3D T A 1 27U IDATH 23

(10~20 min)

\ 4

*  Trimming, re-meshing, and
S2.3DATH =X | smoothing

. SN A Y
(30~40 min)
\ 4
» Landmark (n = 52) Geomagic X
S3. Landmark 2 & N
= S/WE 0| 8310 Y&
(20~30 min)

-y Ergonomic Design
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H

—

%05 - HE|DIEE-HEEE =HU0|
L_templ = norm{LM{3,2) - LM({5,2});
L_temp2 = norm{LM{3,2) - LM(6,2});
Measurement{i,5) = (L_templ + L_temp2)}/2;

% pe - HE| HH| (HEEE +=BAHE) = horizontal (
Measurement(i,6) = norm{LM{6,1) - LM{5,1});

% D7 - HTESAM0|HH| (Bitragion breadth) = horizo
Measurement(i,7) = morm{LM{7,1) - LM(8,1));

% 08 - HHIHAAME|E A0] 14K
Measurement{i,8) = norm{LM{3,1) - LM{18,1));

% Do - FE-FOEEE[E Ar0] HE un e
Measurement{i,?) = norm{LM{11,1} - LM{12,1});

% ple - FHFY TEE HTMO|LH
Measurement{i,18) = norm(LM(29,1) - LM({38,1});
%011 - {H =HZ0|

L_templ = norm{LM{35,2} - LM{37,2));

L_temp2 = norm{LM{36,2} - LM{38,2));
Measurement{i,11) = {L_templ + L_temp2)/2;

% 012 - { =BU4H

L_templ = norm{LM{21,3} - LM{47,3));
L_temp2 = norm{LM{22,3} - LM{48,3));
Al = (L_templ + L_temp2)/2;

L_temp3 = norm{LM{33,3) - LM(47,3));
L_temp4 = norm{LM{34,3) - LM{48,3));
Bl = (L_temp3 + L_temp4)/2;

AN = max([A1;B1]);

Measurement{i,12) = AN;

w3 EUZata
) Ateizicdi2ain} 24 ) e s




X|+==%d A1} Summary (Gl A)

D1 D2 D3 D4 D5

(EF2l: 20| mm, Z = deg.)

Code Variable Min | 5" %ile |10t %ile |25t %ile |50t %ile |75t %ile 90t %ile 95t %ile| Max Mean SD cv
D9 [HH}FofeHseE|™ AtO|L{H|| 203.2 | 389.4 395.2 409.4 4241 439.6 453 458.9 479.3 420.8 39.1 0.1

AL o B2
21 = Ato| L H|
SRS
D11 (HzZ|7|=H{H - 194.3 373.8 380.2 394 408.4 424 1 436.9 4451 460.1 404.7 37.9 0.1
02| 7| Z 7 okeH 45 20|

D10 126.3 | 249.9 258.9 2711 289.2 303.5 316.2 321.9 345.4 285.3 30.7 0.1

D12 [ +=EU4H| 16.4 23 274 35.7 441 53.2 57.6 59.6 74.8 43.6 11.4 0.3
D13 HZO| 0.3 6.2 7.9 10.7 14.6 18.4 233 255 30.3 15 6 0.4
D14 [HUH]| 21 8.5 10.2 13 16.1 20 226 242 208 16.4 4.9 0.3
D15 :7IL'IE-T-)”" (BHM 5 1.3 4.3 6.2 10.3 17 254 31.8 34.2 40.1 18 9.5 0.5
D16 [ &l 54 A&l 2 9.6 11.5 15.6 21.2 27.3 33.8 37.7 445 22 8.6 0.4
et L e reermeTogy e




538 +8E: Pad HF S Y| vs. 7 HH]| )

width

Q (EA A Pad | FS 7 L H| =95t %ile | L{H|(38.4 mm) + (| /St
Q Sony (58 mm) > > Apple (45 mm) >> 95th %jle 7 L H|
S HHE QI EM S pad ESZHHH L =H 2 of &

Probability plot of 7 L H| (normal) Distribution plot of 7 L H]
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0.08
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0.07
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>
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a2 _
S 005
Q

15 20 25 30 35 40 45

T 0.04-

0.03

T H| (n =200)
Mean + SD: 30.4 + 4.9

0.02

0.01

Normality test: p = 0.420

0.00 T T T . x
38.4 mmo
:|'|‘||—1H| 20 25 336]4 EL 45
450 4771 38

oy Apple % Bose oy Sony
TS




A8 +88: Pad L3 =0]| vs. #ZO]

Q (AA A Pad LHE S ZH =0| = 95t %ile F Z20/(69.7 mm) + K&+

O Sony (81.5 mm) > 95t %ile 1 &HO| > > Apple (64 mm)
Earpad inner
:> x-lx-l qo-l_7|- EA_-ll _I_pad LH—I—O7|- _LI__Ol Txx‘l 'I'I'IR QILI- IFength
Probability plot of 7 Z O] (normal) Distribution plot of T/ Z 0|
” ) . 63%
o5 0.09 T
o [\
§ % 0.08- | :
25 | o
20 0.07 I
o] I \
*l > 008 I v 87%
' G I
o 50 - 55 50 55 70 7 a0 g 0.057 {l” :
|
T Z0| 004 :
1
TIZ0] (n=200) / :
i |
Mean * SD: 62.5 + 4.4 o I
| / -
Normality test: p = 0.543 o P :
0.00 T i T T 1 T
-_|-|-| ?EI Ol L L& &0 625 (=5

640 674 o 81.5
O Teanae Sony
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A8 £ 2E: Pad LHEZZ FH vs. HEH

QO (AA A Pad LHESZE F7H =951 %ile # F7H(27.2 mm) +  F&5 7t

Q Apple (28.0 mm) > 95t %ile | 5™Hl > Sony (22.6 mm) > P

= HH O RBY MY T pud LYRBZ T 1R Ea o4 Eist
Probability plot of T 5| (normal) Distribution plot of 7 5H| ‘
o101 4% AT\

5 o

>
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01 T O Fi
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Mean + SD: 20.8 = 3.9 0.02-
Normality test: p = 0.06 P /
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Discussion (1/2)

FH Y EMANZC =2 A XLl F2t Q1N| HZ mappingotH & &

landmark (n = 52) G| O|E{ (n =200) 7= 5} H
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=
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B2
Headband width
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Discussion (2/2)

AN B

Code Variable Min | 5% %ile |10t %ile | 25" %ile | 50" %ile | 75 %ile | 90™" %ile 95% %ile| Max Mean SD cv

7 ot 2 22|
Kpol i
S pte s
I Ao L]

D9 203.2 | 389.4 | 395.2 | 4094 | 4241 439.6 453 458.9 | 479.3 | 420.8 30.1 0.1

D10 126.3 | 249.9 | 2589 | 271.1 | 289.2 | 303.5 | 316.2 | 321.9 | 3454 | 2853 30.7 0.1

EW ] =™ _|
D11 ;aiﬂ;TOTL;LTHTl =7 1943 | 373.8 380.2 394 408.4 4241 436.9 4451 460.1 404.7 37.9 01
L= (=]

43 2o))

D12 | $£=ZuH| 16.4 23 274 35.7 441 53.2 57.6 59.6 748 43.6 11.4 0.3

D13 |HZo] 0.3 6.2 7.9 10.7 14.6 18.4 233 255 30.3 15 6 0.4

D14 [FuiH| 2.1 8.5 10.2 13 16.1 20 226 24.2 29.8 16.4 49 0.3

D15 ;ll-la-i-)”" (BEAM 5 1.3 43 6.2 10.3 17 254 31.8 34.2 401 18 9.5 0.5

D16 | £l +4 Az 2 9.6 1.5 15.8 212 27.3 33.8 37.7 445 22 8.6 0.4

Design Principles Ck:

Design for Extreme Individual | 28| 58 #4-2| Z|&3k(e.g., 5"%ile) £ Z|CHZ(e.g., 95" %ile)= 2 A H0| HE
Design for Adjustable Range N =X 0| H2(e.g., 51%ile ~ 951 %ile)S HA H4o =X HRO| HE
Design for the Average oI 57 W20 e (50th%ile)S A H=0| HE
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Application
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Limitation & Future Work
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