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Facial Anthropometric Surveys

— &d| 8l B3 J| S Qo CH 2 QA X Z=ALZL A|ZHE (QFH K|~ S
1967 ZALEl 0|2+ 9tH =% datas MBU-12/P2F MBU-20/P 4HAOIA3
A0 MEE|om, 2000 ELCH XX AMAUE sS /U0 SHEEIAUS

2000ECH o] Zt=ro| &Hlol CHAF QI EE= OFH X|= T AL ALY 23St 5l
3D scan SdH Al

. ) Sample Measurement Number of dimensions
No. Survey period Population . - - - -
size method Face dimension  Body dimension
1 1950 US Air Force male 4,063 DM 40 132
2 1967 ~ 1968 US Air Force male 2,420 DM 48 182
3 1987 ~ 1988 US Army 8,997 DM 16 132
4 2000 US civilians (CAESAR) 2,380 DM & SM 9 99
5 2003 US civilians (NIOSH) 3,997 DM 19 -
6 2006 Chinese civilians 3,000 DM 19 -
7 2004 ~ 2006  Japanese civilians 6,842 DM & SM 17 217
14,016 DM 8 139
8 2010 Korean civilians
848 SM 45 156
9 2010 ~ 2011 US Army 13,000 DM & SM 14 97
DM: direct measurement S
SM: 3D scan measurement 3 Technology Lab



Head & Facial Dimensions

. QME 2 W OtAS M7 T J|E AT 15HOM 1077 & ZF = ppot
. R o) WHY opAD M| BH 227 53 2 Gt

(length: 9, depth: 2, width: 7, circumference and arc: 4)

Face dimension
head height 7
head breadth
head length
head circumference -
face length -
lower face length
sellion-bottom lip length
bottom lip-menton length
nasal bridge-menton length
10 nasal bridge-chin length
11 chin-menton length
12 nose length -

OCoO~NOoO U~ WN P

14 face width -
15 chin width

16 nasal root breadth

17 maximum nasal bridge breadth
18 nose width

19 lip width -
20 bitragion-menton arc -
21 bitragion-subnasal arc

22 bizygomatic-menton arc -
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head dimensions (4)

length (8)

13 nose protrusion — depth (1)

width (6)

Arc (3)

facial
dimensions (18)
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Facial Landmarks Used for 3D Measurement

|= OFH X% G0N ALSF B B HZH(landmark) Tkt
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0ll) 187l face dimension2| 3D S = ¢loll 217l &7 & M7
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. sellion
rhinion

sellion /
dacryon\,
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rhinion b‘(.

- zygion . alare
zygio{ _—nasalala
tragion ¥—— pronasale
alare - T subnasale
= _ "
¥ L. ™ cheilion
supramentale ~_ e g - .4
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i promentale ——e gonion
gonion Y

o promentale

\ menton

non-italic; surface landmarks
italic: cranial landmarks
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3D Face Scanning

3D scanning 0l
v" Rexcan 560 (Solutionix, South Korea)=
v 9MH Jandmark0]| stickerE& 5%t £ 3D scan = Landmark?| 3X}& ZtH# 7}
AJEoz XZE

v 57 ZE=O0f|A B 60° left, 30° left, 0°, 30° right, 60° right)

0|8 o 57
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Post Processing & Automatic Facial Measurement

« Post processing: ezScan (Solutionix Inc., South Korea) 3! RapidForm 2006
(Inus Technology, South Korea) 0| &

« MATLABL2Z 7Y E system= 0| 85}0 ¢tH k|4 XI5 £H

'3D scanned images image alignment

processing time: 60 min

measurement extraction Iandmarkihé refinement dataéditing merging
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Another Scanning Techniques

Head & 3D scanner Artec hand-held scanner
(Size ChinaO|l M &8&, 2011)
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Comparison of Facial Dimensions

- Ry o 2 SYA: st=l, =) E=0] MYQU(C: 0j=Ql, =FQl)ECLt
YaHoz I HE
- A7 & 215t (target population)dil 2} H= A4 Sl 37| §440| Ho|stE=
OpA3 AFE Q1419 QHH E80 7|gtet A3 47 2R
Mongoloid Caucasian Chinese
Race (Korean and (American and Hf?d

Chinese) Australian)
* De at al. (2008) « Brazile et al. (1998)
* Han et al. (1997) e Churchill et al. (1977)
* Kim et al. (2003) » CAESAR (2000)
References * Size China (2010) » Gross & Horstman (1997)
* Size Korea (2004) * Hughes & Lomaev (1972)
* Yang et al. (2007) » Oestenstad & Perkins (1992)
* Zhuang & Bradtmiller (1995)
head length 1770 ~ 188.0 < 197.3 ~ 200.1
head breadth 154.0 ~ 158.0 > 153.0 ~ 154.5
face width 1341 ~ 1475 > 142.7 ~ 143.5
face length 1095 ~ 117.8 < 121.3 ~ 126.0 - :
idth 332 ~ 396 > 27.0 ~ 375 e
nose Wi ' ' ' ' Difference of facial shape
7| QtH =3 5l ot H|w HS0| HA|SH between Chinese and Caucasian head
ZM™MK| "WAZISo| He (Ball et al., 2010)




Application of Facial Anthropometry: Respirator Fit Testing Panel

#

ro

= MYUATBAAIR(NIOSH, 1973, 2007)0flM LAHE S EIt
ES At (25%)E HAl

37t &o
o SHA: HIHQ 2ZF A guideline (Cfl: 7|, P4, XM A2 HAISHK| b=

133.5
2M | 2Mm =
2
123.5 8 _
a g— 40 long-narrow (3)
£ 1F M1 3m S
= 1F = (3)
& 1135 = 30 1 (4) medium (3)
= 1M = (3)
2 3F 1™ s |
8 3F 2 « short-wide (3)
103.5 ]
&
2F 2F 10 T T T T T T T T
- 240 250 260 270 280 290 300 310 320
' 345 435 595 615 first principal component
lip width (mm)
Early NIOSH fit testing panels New NIOSH fit testing panels based on PCA
(Hack et al., 1973) (Zhuang et al., 2007)
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Application of Facial Anthropometry: Representative Face Models

« 3D QMM scan data2| principal component analysisE Sl 24| CHAF Q19|

9

i QtH 37| S A4 (representative face model, RFM) 44
« RFMs= 7|82 S 545 ZA4 e 7= O|d[5tH #H=HQl 24 2ol

HAMEIX] ZoIAS

(Zhuang et al., 2010)

, 3 '
NN Y
Landmark?2| T L 3 R e

3XHA #I%] 7%t
CHE &4 ojet

Short/Wide

| .. Medium Large Long/Narrow
/ variation of A
. /-!’__',/ face shape ul% oE“l:I_I-?_IQ-I ?_I-E ayl 5:' ooig% EH.‘H'.OI':
front view side view NlOSHQ-I RFMs (Zhuang et al., 2010)

_ variation of face shape

3D point datag
0|83 CHE HA
mrot A of

(Luximon et al., 2012)
PCAZ|ttCiE o M Ad A2 0|83 headform HIZ 0f
X MM principal component 0i]) (Size China, 2008)
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Respirator Design Approach Based on Facial Dimensions

- X AAES2S AEH SE SF 7| 23T Y 24
. SET M0 ABE T oY 5F FSE0| HAIE
No. Previous study Facial dimensions related respirator fit
1  Hack et al. (1973) face length, face width, lip width
2 Liau et al. (1982) face width, lip width
3  Gross and Horstman (1990) face length, nose length, lip width
4  Oestenstad et al. (1990) lower-face length, biocular breadth, nasal root breadth
5 Oestenstad and Perkins (1992)  face length, lower-face length, biocular breadth, nasal root breadth
6 Brazile et al. (1998) nose width, nose protrusion
7 Han and Choi (2003) face width, nose protrusion, bitragion-menton arc
8 Zhuang et al. (2005) face length, face width, bigonial breadth, nose protrusion

. 7= AR BHA
v OOHH BT S J|5ho| ST WA MO B HAKQ MA wHo| HAEZ 2
v/ 2Kt X|$TOE 3K O HAO| M SZT WAS A0l A A

(Cobb, 1972 ; Godil, 2009; Kim et aI 2003; Lovesey, 1974; Luximon et al., 2012; Piccus et al., 1993; Seeler, 1961;
Song & Yang, 2010; Yang & Shen, 2008; Yatapanage and Post, 1992 Zhuang et al., 2010a, b)

« 3D 2'H data 7|22 M22 =2+ 24 Y™ i 71538 R AtES0] 270 E
(Godil, 2009; Han et al., 2004; Kim et al. 2003; Luximon et al., 2012; Song and Yang, 2010; Yang and Shen, 2008;
Yatapanage and Post, 1992; Zhuang, et al., 2010a, 2010b)
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Respirator Design Based on Average 3D Facial Shape

« 3D QtH datal| B S 0|8 2 F+ 24| (Yatapanage and Post, 1992)
v" Low-quality 3D scan data (2tH @4 4 point = = 2f 4007H)
v QrH 1 pointE2| a2 G E42 0|8%t 25T A4 24
- 7|FE A3 THA
v Ciefeh QrH 40| ol Ea WS A8 = CheFot ohHof| Hehotx| Eoie x| Xt
v 2T E4 548 12{olX| £t tH EF(EH, ELheEN s 5+ A4
= ST o] Hge[Hoz HAE (0: 0f23 = = 5.4 cm)
v AHIE ME A A8 WIHE St 24 WHel Etgdd H50| He

sellion /
pronasale
- 65 E
149
subnasale lip R
E L - 15 E 121 57
’/,’. B4 77 B3 86 = 17 16| 81 g7 &7 80 90 80 52 31 35 41 50 123 &7 4
/,/Af;/' 87 A7 S8 71 35 20 |19 58 103 45 62 80 %@ 52 30| 40 50 77T 84 100 126 2
’/; B 83 5 58 55 20 |45 .18 1 B2 1.09 113 35 |20 48 52 88 82 110 185
ﬂ;ﬁ{t:""’. 8 103 76 56 99 a9 | 20 45 a2 40 B0 40 23 (32| 45 &3 101 M 111 S0
///”‘".(.\. 97 106 90 48 84 21 | 2 2 2 23 22 s |ar 74 100 120 120 118 85
W~ SN
A ,/ “’ JTOBS S 62 8 2 (24|51 3B 2 34 35 44 55 |60 | 86 86 142 141 170 166
7 ~ B5 66 103 B8 38 25 |27 |28 20 27 32 45 B85 @83 k] 109 1 146 118 1563
84 78 101 B4 44 33 |31 2 22 23 36 46 BE | B4 141 1 B9 148 54 -’\130 «
g7 121 70 92 54 48 | 32| 35 32 31 38 38 54 85 )BE [1.12 157 1 54 42
romentale I DI e . —
70 £ H A 1 F 1 n - - -
P o @ e o nae 107 1 plan view side view
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Oxygen Mask Design Based on Mask Contour Analysis

Gross et al., 1997)
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Respirator Design Based on Representative Models

|8 370 x|~ group MH(CH, &, 2&)
ot 2, 5 28 40| £ =8 clay =%

3
lay model= 3D scan £, 3D @4 profile 7|8 2 S+ & 44

o CHECIHDH 7|gto] MU sS4 A H4 (Han et al., 2004)
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Oxygen Mask Design Based on Virtual Fit Assessment Method

AMHF =
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Respirator Fit Assessment

HE™ @I atH. oA 3 Q|50 H|AHEl aerosol (U: banana oil)2| OfA3 X E

$E FHNoR 7B

YU WI B E A0 2T L5 U 950 acrosol SEE 5

Quantitative fit testing system  Combined Aircrew Systems Tester
(PORTACOUNT PRO+, TSI Inc., USA) (Gentex Corp,, USA)
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FEM 7|2t Virtual Fit Testing Method

*

« 3D 9tH scan datall S S CADE & 8610] 7[Mo 2 %2 T}

=

7
 Finite element method (FEM) 7|8t 2 LUXtx QtHlL:  ZHM(interference),
3719 2 &, 44 +4 S simulation

LS-DYNA user input

Cn |||||||||| f P ||||| " Fringe Lavels

ma
I 0 OI 2565 I # 15183 165501 _
man=0, 1654 I 12854

1448001
1241001
1035001 _
279007 _
5212002 |
| audenz
201Ted2 _
92860 05
2058002
1126002

Evaluation of fitness Evaluation of air flow and leakage Evaluation of pressure

for full-face gas filtering mask based on CFD-ACE+ and CFD-GEOM Based on LS-DYNA, FEM software
(Piccione and Moyer Jr., 1997) FEM software (Butler, 2009) (Yang et al., 2009; Dai et al., 2011)
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Discussion (1/3)

Ol

= et A

274 SHE

¥

o 3XIH QMH scan data 7|8t2] OtH A& HE HA H
NEO| ER
v Ctol QM| 7 A AFHO|A] 3XFE ME|/2HH scan data (0]: CAESAR®,
Size Korea, Size China §) %

v ot %2 X|Z(0f: AAOIAT, ZEOIAT, WHES HSorA 0}y,

I

ol )°1| CIASHA 2EE|X| 26t A S
v Ot HEZ, 2|1 HH-H|ZE 7t interface?| S¢HA 0|sljof 7|dtst H|AH = Ql

HE 24 32 HE 28

* Discomfort
* Oxygen leaking

“7’#*“ - User + Mic-lip clearance
== ,ﬁ_] Preferences
i == __L'
= Interface
v.awx &;:i:s

Facial Anthropometrlc Mask
Characteristics OM Wearing ‘ Design Dimensions
Characteristics

. 3%tgl ol 37| U WA EA
HE 47 £
AE AL U AE 54
AR MSE BN

* Wear position
» Wear angle

* Clearance

« Fitness

Face-Product Interface Model ()
19




Discussion (2/3)

37|t A9  Virtual mask fit assessment
OttH 3D scan data
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Discussion (3/3)

v J|E HPE LT SE10 YA
=EH U ABH SH0M| AS 25

v" Virtual fit assessment
- Cre 3719t WAol 3D Y datalll MBS KolBin UK E, YuE
== simulation
- xﬂ% prototype H|% ™ 2gZF2| A HgtdS CrYSHA "ot
A 22X o5 A F = 80|
A H

o o
x'"E prototype H|&F 9 %-&8/d H|u H7}
- FEN "L EHEH 2HE, 7|5 A8 80|d S
- MEH =7 Ok M2 54, 2R 37 HE, gUlk

‘“ INDUSTRIAL AND MANAGEMENT

8. Ergonomic Design
% ENGINEERING, POSTECH 21

Technology Lab




Q&A

Thank you for your attention!

edt.postech.ac.kr
mcury@postech.edu
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