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1. Introduction Agatztel] digk AAA] F7t vlE
(2009)¢} Daietal. (2011) 52 4834
(finite element modeling, FEM) A]2~El(<]: LS-DYNA,

% S

ArarhaI ESE 22 SEEE ARSAREe] Livermore Software Technology Corporation, USA)S- ©]-8-5}]
Fral S0l =EHA FEF 7] Hal id AR Jee 3D scan®l QFAT} Wl daa 7Fe] WA @ OLE} ce
QM EA(dl: A A7, Fohell AjteiAl AAEE Aol simulation3}= BFHS AAEIAT 7% ATES FEM Al
S asirh QhHN- GAdol At wiaa AAIE $lsto] 7] EISS o] g3le] 3319 Al A obA T} wp AT E wEA]
E RITEE 3D S scandata oGS digital B E 71 g evwl weld g 53 e Wkt 3719 BES
= gy} s woksla Qo) XA AgA A simulationste] Ata A8 HES AL S1lT) SHHNE 7]
A 71 R 7k 1zl ANEA Rk Ak w3 A = apme Ad) whad 483 SARIES 3349 Aol
Alell #gF 7% A5-5(Gross et al., 1997; Han and Choi, 2003; obd datad} Ml E WA S 9= ‘ﬂo“%'é% R
Song and Yang, 2010)-2 Z} Aol A sjelgh g et = waldon] Wy} AvE BEow nhad A A4 7k
(representative face model) S ©]-&3}] wi~z19] S A 3 % maelul 2SN A Zahn).
3= v A AT sHA R )& PSS 3% obd B ol Q7bEslHel 58 (respirator) WA A7
BUE) 7ste] vhaAE AAISHE AWl A AAE o) g v1ee) ob B4 B4 2 55T A AT7ES
TAH 2= AT FEpglen, 7]E Ag-EolA] AlAl AES T 55 A9 A3y} g5 =g AT FASS

oA el |k vpa 7} vpas ARSI v A B A} gk,



2. Facial Anthropometry and Applications

2.1 Facial anthropometric Survey

tH A A7 & % AKRE SETS B
AAE HA o 9] vt 7]3tellA
B QA A ZAF AMGS A AAE v g
1950 T H-E] 778 57 2 B3 (o): helmet, oxygen
mask, gas filter mask ) 7i2Hol] 2-8-317] 9l w7 2 <k
2|4 dataZ AT P)E-H(US Air Force) < 1967 ~ 1968
W 24209 GAS g R A X(AA 18271 =4
B = ok 87I)E =3 (Churchill etal., 1977)
&t om o] datax A3 HAFET] ZFA) AlAmpAT9l
MBU-12/P A7 A] Zai(Alexander etal., 1979) % 1S ¥ o}
Yk 2000 o] 74| vl=o] Mg ST A R 37
of| &= 28 %] ¢l tHZhuang and Bradtmiller, 2005). ¥+, Gordon
etal. (1988)-> 1987 ~ 1988 w|<S-<(US Army) 899775 tlf
o el digh 1327 S8 E QM S8 1670
T84 01, 2010~2011 3ol = TS oF 13,0002
© 2 27} 24 ZAHANSUR IS S=a8ste] A4l 977) 54
(Qhd % g 147H)ell gk 578 data (X3 S A2k
3D scan data) S <=7 3134 th(Hotzman et al., 2011).
Aukel o] tiifE Qb X5 A T2 4§
TR BT NS S o® 2000 o5 w4
o FYPHATE Hxo] Urkel i o A =
P8 EE dulE SFT AAE BEHOoR SFA
Hughes and Lomagv (1972)°1] 2]3l =31 =] %121, 15~ 804
WA 538WE e R 87 5ol S xStk 20001
o]%. 1= National Institute for Occupational Safety and Health
(NIOSH)#] Zhuang and Bradtmiller (2005)+= ®|= RkQlo] =
t Agrek A8 35T NS S8l duiel 39977 (A
25439, 91X 1454)S oz 197 obd 4 55
& 389k £ Duetal. (2008) dwkel 222}
3,000 (FA 2,026™, 9] 9749)S tho = 197] obH
=4 FJEES T893, U9 Research Institute of
Human Engineering for Quality Life (HQL) (2008)> Q1A X]<4=
ZA} ARIS E3l 6,842 ('FA 35301, oAl 3,31218)0l T
k177l b S FEES RS S A 2
A X4 Z2AF AFL Q] Size Korea AMGS &3l 1979 o] %
gk AukRlo) Q1A X AR ES st vk 71 ']
o] A4 2AF AL 20101 3k AWkl 14,0167 (E X
75327, ©14) 6484%)el| disl FAENOH, 1 F 848‘33
(&3 438, ©1/d 41090 thgk 45749 ] B ki =
A FEE0] 3DE ST ATHKATS, 2010).
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2.2 Comparison of Facial Dimensions

ol 2 F=rl 5o ofr]olel(Mongoliod)e] Hwe
=2l 52 A Ql(Caucasian)oll H]E] Hit 5~10mm A=
Y3 4ol Hd 5~10mm J= F2 Aol ok Kimet
al. (2003)2 32l =4 data (Han etal., 1997; Kim et al., 2003;
KATS, 1998)%} w|=<1(Brazile et al., 1998; Churchill et al., 1977;
Gross and Horstman, 1990; Liau et al., 1982; Oestenstad and
Perkins, 1992) % & =21(Hughes and Lomaev, 1972) 7 data
£ Hlasto] gh=le] A Yurh A gRI(W=el B# 55
Mol vl Hyt 5~10mm FE S o ok T
9] Yangetal. (2007)= 43 =< QFA data (‘943 270,
oA 1919)= u|=rel 33 dataS(Gordon et al., 1988; Gross
and Horstman, 1990; Liau et al., 1982; Oestenstad and Perkins,
1992; Zhuang and Bradtmiller, 2005)2} ¥]w&le] F=<le] A
= Y= wl=elel] vlal] et 37~115mm B% HaL, d
= Zol= Ht 41~82mm AL HE oz Bl
9] Duetal. (2008) B=38h, Z43 T4<le] A= Yu|7}t
w91 1A data (Zhuang and Bradtmiller, 2005)l H]s}| <
40mm Y31, I ol 54mm F lo® Bl
3hA, Ball etal. (2010)2 Size China Al9S &3 549 S+
Ankl 27078 (A 1357, 140 1359)<] W] ¢ <k 3D
scan data (Ball, 2009; Ball and Molenbroek, 2008) - Civilian
American and European Surface Anthropometry Resource
(CAESAR®) data H]aa}e] F=912] w2] F7(head length)
7} m=elel] vls] Ht 1.0 mm -z, W] Y] (head
breadth):= 4.0mm < Aoz whEchad 1 3x).

Chinese
Head

Caucasian
Head

Figure 1. The demonstration of differences between Chinese
head and Caucasian head (Ball et al., 2010)



2.3 Facial Anthropometric survey and Analysis Based
on 3D Scanning Method

i AFES vE] % PHe] 3DscandataE ©]-8-3F
of A48 SAAY G4 A8k ek 2000 o]
Fo] QA A A= 71329 A =4 vby (traditional

direct measurement method)¥2 "+ o2} 3D scan =4 #H(3D
scan measurement method)S- 7] AL-8-8ko] 914 =4 dataZ

Z38kar gtk 3Dscan =4 WS =4 FxHE0] 77
% <1A|9] 3D scanningS £3 A4 3D B4 data 2L =

A A5 A Fx HHE o]&3ste] A AFES
Z43h= 3 o]t} CAESAR (Harrison and Robinette, 2002) 2}
Size Japan (HQL, 2008) 52 head scannerE ©]-8-3f ™z 2l
FHE W= scandlA] 9L 74l 3D scanner= 417 QFA
< 37 scandtiTh AAE scannerZ 2 ¥ QAR =
data®] detaile] S quality”} £X] 53}7] Wil o] =
AR AIFAR] 9P WG5S S5 X38llal 2070
olule] & < WS S 5 AUrh Size Korea
(KATS, 2010)%= 3D A4 =43 H7/|E head scannerS AHg-
slo] FHo] 2 vE] 9 A 3D datas} 45719 AlF-A <1
oA X458 3 3}%] 2™, Size China (Ball and Molenbroek,
2008)= headform A 2He- 213 Wzl & SHHYHS 3D scam3}
&It} ¥+, Zhuang et al. (2010)+= Zhuang and Bradtmiller
(2005)] Aol Al S m=r<l 1,013% <] 3D head scan
data ZollA HE A& A7)0 2HS AlES FE53 §
Polyworks (InnovMETRIC™, Canada)Z ©]-&3&}o] a3 3D
dataE 71l 9 2 A7 AA, smoothing, thE <t
W A7) FFEF A¢ 24, e 2 AE ISAHAAE
o 5t Aol wiA] F)Fro =M 578 thik & dH(headform)
5 AkarArh 2™ 2 =), Luximon etal. (2012)2 3D head
scan data= A1 3= 6,0007] HE2] F E(vertices)d} kA
=7 datas 7|HrO. 2 PCAS 35te] 4714]9] 3D 3t
w3 QM FAES Fetsllvth1d 3 =)

2208
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Figure 2. Five digital 3D headforms representing the five
face size categories for the US workforce (Zhuang et al.,
2010)
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Figure 3. lllustration of representative 3D head shapes of
male Chinese derived by PCA (Luximon et al., 2012)

3. Respirator Design Methods Based on
2D & 3D Facial Characteristics
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skl S50 AFE AAshks WSS Aljbstar vk
71 A5 (Brazile et al., 1998; Gross and Horstman, 1990; Hack
etal., 1973; Han and Choi, 2003; Liau et al., 1982; Oestenstad et al.,
1990; Oestenstad and Perkins, 1992; Zhuang et al., 2005)-2> $&
To] el JekS v b X E(o: face length,
face width, nose length, lip width 5)& #|otslsl oL} oA+t v
W} Aol ARES S50 Sl whet A2 oE A3t
E AXEL Jok 27] AFES B ST Al glo]
lip width7} Z-2.3btkar gl o) 19901 o] % AFEL lip
width® o= = ¥+ F-$](4l: nose width, nose protrusion, nasal
root breadth) 7} =83+ A2 A& 3, 2 AT
=(Godil, 2009; Kim, et al., 2003; Luximon et al., 2012; Song and
Yang, 2010; Yang and Shen, 2008; Zhuang et al., 2010; Zhuang, et
al., 2010)2 1xk91€] b X|gERto R 32k b A
et 55 A vele A7 s AAskaL
FTET- AA A 33k ¢bA scandataZS ]88k kS A
Al&karat sl

ITETY Y AA SN VIS ATES
FAE ARt EAgo] w2 TEY] NS A
A} kg =S V]2 o AAARD | A
& AAEA FE3AT) 1960 ~ 1980 A th7HA] AAE o
& FETE e F2 221Y AR 7]
whek gd A eolar Al ol ofa AAH Ao A
A1 B AA 71 ANEA ERSiT) olef sk 27]¢]
eX

Kl
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7 el sl AREARES 284 (fitness) Sl A A
aFetgon], 71E ATES ehiel 339 Y 54
Mo g 5ET P4 A FaEe AdEit
(Cobb, 1972; Lovesey, 1974; Piccus et al., 1993; Seeler, 1961;
Yatapanage and Post, 1992). )& ATE T Y%+ AW 3



2} EAE(4l): curvatures of facial surface, facial contours, 3D
facial measurements)S o3t S5 AA ol wkg st}
&Pl o}, 1960 ~ 19801 T G419 3akel 54 B4 B A8
71533k 1A 54 574 71, 324 data A 7]
<, 32k AA A 3 HJU e 5)9] AR AAF
SEFT 4 AA B AAEA Eakelck 1990 o]
- 3Dscan 7]=o] EFgtel] whe} 3D scans FI FHE 3
2}l A+ data (point-cloud data) 2 ©] &3 T & FAF A7
ol g yg 2844 371 Wb (virtual fit assessment method)
270 =] A tKButler, 2009; Dai et al., 2011; Gross et al., 1997;

Han et al., 2004; Piccus et al., 1993; Song and Yang, 2010;
VYatapanage and Post, 1992). 3}A|WF AA7FA| 2] AHEL 4
T A 7] H Y SRS ST Al wdstd
own], AA A e vl v & 7] §A4 F 33
B 5AEY] TAAQ S 7Ivte R g AAAR]
T S AA ES AAEHA Xeka Tk

32H M scandata® ©]&% 7] AT F shuE
Yatapanage and Post (1992)+ GP-8-3D 3D sonic digitizer
(Science Accessories Corp., USA)E ©]-8-3lo] @A 7275(21 ~
63Al) olH-S 3219 oz 3314 obd s A
3= 4007 A9 pointE-S roughdtAl Helsldthad 4
). Yatapanage and Post (1992)+= 725l o3k 3%1%] point
9 Hd}h #AkS E8ste] T4 e 33k A
PAE FEF3 olF EUR 579 FES AAst st
331t} Gross et al. (1997)-> US Air Force 9FH =74 data
(Churchilletal., 1977)2 7|Wto 2 %7] AAE T+ AT
ZZAF Abmkaa MBU-20PE 9 A7)7F vkt 1) 3
T ZFAF 60 (A 309, 14 307)<] 3D <M scan data
= g-g3slo] 7|83 Grossetal. (1997)-2 3D ¢HA scan
dataE Z5-E] 32} facial contour FRE FE3|H F, o=
oz ¢H-mpag WA FAE A Qg viaT X
=9 design landmark= #| A1 3}aL, design landmark 52 spline
curveZ GAsH= WP o R obHmpan WA HARS A
st ot A nlaa Fo AA Ee AXEHA] g
Atk <o) 79 Hanetal. (2004)$} Song and Yang (2010)&
ghle] A =] B el A3et SEFTE AR
th Hanetal. (2004)= 3=2¢) 509 <] obd SAXZ &-&-3)
o el Hit A AW, T, DE AT T olES
clay model 2 #|2F8t % clay model- 3D scand}ar obd-mps
A 42 S FE3 2718 SFH, =, &) AA
2-8-3}34 t}. Song and Yang (2010)-2 Size Korea (KATS, 2004)
£ 3l S4% 20~594 243 15367 2] A+t 17H A7]9]
SHAS clay model = A12Het & 3D scane F3l EE=-wfA
Uz JAe FE3o] SH5T A E8siln) A
Han et al. (2004)2} Song and Yang (2010)& ¢HH =17]$} A}
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Figure 4. Respirator design based on 3D scan data proposed
by Yatapanage and Post (1992)

Figure 5.Respirator design based on design landmarks (Gross
et al., 1997)

Figure 6. Respirator design based on clay models of
representative faces (Han et al., 2004)

4. Respirator Fit Test

A% kel 5 D24 HrN(fittest) = F7T U
of wel AAA Wy AEH WHor pLREW F2 9
B 3719 35T W AT o582 BAy] sl AREE
otk 9B S8 24 zci(filtering)SFA 371 A3}

(air-purifying) 3l == 7k~ wi=3, W w3, 38tEd
H vkiaa T2 el 22 AFE WA fel a5
obd Ao - Z Q5tHHan and Lee, 2005; NIOSH,
1987; Yang et al., 2009). w2}A] ©]=r2] American National
Standards Institute (ANSI), Occupational Safety and Health
Administration (OSHA), ~22] 3L National Institute for



Occupational Safety and Health (NIOSH) & 224 71 2
ol luksle] AFAQ] A8 5T it AT VeSS

AA13FAL ATHHan et al., 1997). Kolear et al. (1982), Han et al.

(1997), Z12]aL Coffeyetal. (2002) 5ol W=w 7|& A+E

—E—:[L U2 G7HE el thkst A &8 Aeks]
AAEL itk AAA Gy e FE QR ¥

a5 2

23
s
7] voﬂ EIES (<l isoamyl acetate, sodium ascharin,
irritant fume) = A AZFAAT} FHA 02 A=A of

& Hrkeith %A ks 558 AHE ARESte] e
=), 54 ool ZZE(aerosol)o] HIAHE & 3tolA A Al

T SFT U dolRE FEE S5l

o] 3= vlelali= HPHE(): flame photometric aerosol
measurement, condensation nuclei count, particle penetration) 3} %
ST U] 37|19 55 9 379 o4 SA- vnket ¥
719] A 2 AE A WHE(4): leak flow measurement,
leak and cartridge flow measurement)o] A A= $ic). HH, 7]&
o] A 7iwke] Wz HrF WHES SHT WF-E9] 9
5 37] AR 35T U 3719w giEiAnt 2
Hriskglom, A3 7)dke] s3te] ot R g4
P AE W AFAAA et digk AT vH] skt

< ATES STV bl WEEE B4 2

ke, 2, AR E TP e R rtketa dvk

o] 3 7Kvirtual fit assessment)= 321 Q1A F2 data

Al

o
o Fel wi AR F,

2\,1_10

-

7 A%

o B

2

o
o,
AF

o

7t
o} 32k Al B/ dataE
A} AE ko] WAE,
simulationd}= 7} % o]t Ashdown et al., 2004; Bye and
McKinney, 2010; Meunier et al., 2000). 7} ZFo] Wwlo F=2
AAel ZHg-E= AF(el: o &, A, @9, 557 F)
Agxdon, 7]E AF2 3DscandataE ©]835te] 2HelA
S B7VAY A 2E AlFEL] A GAlellA] =H(CAD)S
o]-g3te] A EHE FAs] A8 &&FH L vk HZ
o] E5T 7Hd 2] B AF-E5-2 finite element method
(FEM)E $-83le] ofulw= 7)slal 9lchButler, 2009; Dai
etal., 2011; Yang et al., 2009). FEM 7|8+ 1= 3x}9] ¢
data®} 33+ 5 dataS A= points 7+ interface
= EAS o] gsle] BT v ehle S Aekslela
21T}, Bitterman (1991)2} Piccione and Moyer Jr. (1997)°] 4=}
3 Z7]2] FEM 7|4} fit assessment S11-5-& 3D ¢kA 2w}
221 scan datas alignmentdh -, I 2wl o] Wy
(deformation) B == 11ei3dle] 3D ¢+A¥} 3D whAT 71e)
7¥A 2 2 (interference) AES wfoldlo 2 mpA e
AT = ol 5 Aakx] o 7 wfolsh iz} 3}%;}.(1%
webshA] 3rake] 3D scan data
o o &t )3

PASAE B, AFH Fg 5YS AN

]—]:ﬂ—t: = 7]_)\4 .COL_O_

Figure 7. IIIustratlon of early studies which conduct virtual
mask fit assessment based on finite element method
(Bitterman, 1991 and Piccione and Moyer Jr., 1997)

B
1.

o= 3Dscan 7|& 2 FEM 7|Rke] 4] A]xElo]
el wheh Bop @S o] pointER TdE A ulgk 3D
HH B 3 EFF datas o]-&3te] thdd EA o] ThesiR e
U ob& 7R FEM A Ayt 7|RksE AAAQ] wE&T A
Al S AR E A SEEkaL odek Butler (2009) <) Dai et al.
(2011)% 3-8 FEM simulation software S ©]-8-3}o] &
A Fie] S-S AFHoR aHd 2
(el ‘?ﬁliﬁ‘E, P, A A 71Y] 3 5) B
HE A AlS}SI T Butler (2009)= CFD-ACE+%} CFD-GEOM
(ESI Group, France)©| 2= FEM softwareE 7|HFO.& &5+
faceseal®] A& 547 <A F-9E I 7 &8 E4S 17
sto] 71 2ol Wrks st E 8 Fx). HUkE
B3l ot FopE ohur 9 dA Gt JFHo R AEy
o, I v 38 I4S simulationdr o =M T&
W39l 7] 3 E(interior flow field)o]L} F-7] 7 (outward
leak) ¥} 22 F-A1gshs B 42388 4= 9I21T) Yang et
al. (2009)} Dai etal. (2011) LS-DYNA (Livermore Software
Technology Corp., USA) softwareS AF-&-3to] thafal Z74(dl):

THET AE Y, 2Fel -2 stape] 91319 2k, v}
23 A g epEAE Sl dolxe] TFT] HAE
zfol S AR o7 qu;}oaq(la 9 % _/;4_) AU & A
7};(]94 o:]:rL‘— ] o]—u:] oﬂ 7]_2} ] zsl—@_ ohﬂl—/tﬂxl— 1—H0 = 7(
FHow 11]’\]5}4 }th ], ]% AA] A2 O
o= 3 F

& O Egﬁ pra =2
= = o=
4 sl ﬁz} £ Qo] 13 Aslshe W 3



Figure 8. Example of virtual fit assessment conducted by
Butler (2009)

LS-DYMA user input
Contoursof Promrs Fringe Levels
1855001
m.m]
1241001
1035e01
827901 _
622002
114402
207Te02 _
92860 05
2058802
44202

Figure 9. Example of virtual fit assessment conducted by Dai
et al. (2011)

5. Discussion

N
i

=4 Z:/‘} oA =35l 32} 9FA scan data
HA AL oS AE AA
s}l CAESAR® Size Korea, Size China 5-¢]
}‘ﬁ oA thitELe] 3x1¢) b scan datas
HWW ?P?i 28 AF(: ArdEhia,
d, Ak, &l F)ell theFst
W} I ol b, A, 2E]ar 9F
Fo] interface (face-product interface; FP1) 5 ol A
1 W7 PRI A4S B3 AlE A A
ololrjo] L& WY 5o FAEh] wie|t,
WS 1efste] 32k FH scan dataoll A F+5
7 profilettwt olje} AFe] AA &
, Zﬂﬁ /\}% 2 Ag 54, 28 AR A5 e 54
ol A aeE AAARL b 28 AF A HHel
AAE Hart 9l
QA F7]e} FAdo] vheket At AT U] 3
2H P dataES o]&-3F AlE A 7ol o] I g
st} dH 71E ATES 339 scandata=H-E] thiE obd
3 d(representative face models)S A4 s &, o5& AFE A
Aol &-g3}a12} 39 tiHan et al., 2004; Luximon et al., 2012;
Zhuang et al., 2010). &A%t thE b ZEvks Algaho] A
2k Aol AAl gl AT el AR @5 5 2l

ouvg 3k scand TSt obH A7) 2 P4} datas S
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How 54 Wrhe ¢ e AP o] BAstnw o
ui= g7t W e] whsde] s 23, Prescale pressure

indicating film (Fujifilm, Japan) 5©] = H7tol A8 4
Q)& Aolt} 9, H- FEM softwareE A-8-3F A5
(Butler, 2009; Dai et aI.,2011)°ﬂ*17'<1 2 7oz thekst 77)
o} &4ko] 3D obd data= Folshn] WA o
e, AAard s S|mulat|ono}: WS A8sh AlA

o FETE

% A4S Tt d7rs 7t

o A7 s ?7‘35}% Aol gold Zojrt. Hrhe Az}
T 25 3 A A R AHF Gl AA
goll wkedd = Slck

Acknowledgements

This work was supported by an Air Force Logistics
Command grant funded by the Republic of Korea Air Force.

References

Alexander, M., McConville, J. T., and Tebbetts, I. (1979). Anthropometric Sizing,
Fit-Testing, and Evaluation of the MBU-12/P Oral-Nasal Oxygen Mask.
Wright-Patterson Air Force Base, OH: Aerospace Medical Research Laboratory.

Ashdown, S. P,, Loker, S., Schoenfelder, K., and Lyman-Clarke, L. (2004). Using 3D
Scans for Fit Analysis. Journal of Textile and Apparel, Technology and
Management, 4(1), 1-12.

Ball, R. M. (2009). 3-D design tools from the SizeChina project. Ergonomics in
Design, 17(3), 8-13.

Ball, R. M., and Molenbroek, J. F. M. (2008). Measuring Chinese heads and faces. In
Proceeding of the 9th International Congress of Physiological Anthropology,
Human Diversity: Design for Life, Delft, The Netherlands.

Ball, R. M., Shy, C., Xi, P. C., Rioux, M., Luximon, Y., and Molenbroek, J. F. M.



(2010). A comparison between Chinese and Caucasian head shapes. Applied
Ergonomics, 41(6), 832-839.

Bitterman, B. H. (1991). Application of Finite Element Modeling and Analysis to the
Design of Positive Pressure Oxygen Masks. Wright-Patterson Air Force Base,
OH: The Aiir Force Institute of Technology.

Brazile, W. J., Buchan, R. M., Sandfort, D. R., Melvin, W., Johnson, J. A., and Charney,
M. (1998). Respirator fit and facial dimensions of two minority groups Applied
Occupational and Environmental Hygiene, 13(4), 233-237.

Butler, K. M. (2009). Using 3D head and respirator shapes to analyze respirator fit. In
Proceedings of the 13th International Conference on Human-Computer
Interaction (HCI1 2009), LNCS 5620, San Diego, CA.

Bye, E., and McKinney, E. (2010). Fit analysis using live and 3D scan models.
International Journal of Clothing Science and Technology, 22(2/3), 88-100.

Churchill, E., Kikta, P, and Churchill, T. (1977). The AMRL Anthropometric Data
Bank Library: Volumes I-V. Wright-Patterson Air Force Base, OH: Aerospace
Medical Research Laboratory.

Cobb, J. (1972). A Projected Grid Method for Recording the Shape of the Human Face.
Farnborough, UK: Procurement Executive, Ministry of Defence, UK.

Coffey, C. C., Lawrence, R. B., and Myers, W. R. (2002). Comparison of five methods
for fit testing N95 filtering-facepiece respirator. Applied Occupational and
Environmental Hygiene, 17(10), 723-730.

Dai, J. C., Yang, J. Z., and Zhuang, Z. Q. (2011). Sensitivity analysis of important
parameters affecting contact pressure between a respirator and a headform.
International Journal of Industrial Ergonomics, 41(3), 268-279.

Du, L. L., Zhuang, Z., Guan, H. Y., Xing, J. C., Tang, X. Z., Wang, L. M., ... Chen, W.
H. (2008). Head-and-Face Anthropometric Survey of Chinese Workers. Annals
of Occupational Hygiene, 52(8), 773-782.

Godil, A. (2009). Facial Shape Analysis and Sizing System. In Proceedings of the 13th
International Conference on Human-Computer Interaction (HCII 2009), LNCS
5620, San Diego, CA.

Gordon, C. C., Bradtmiller, B., Churchill, T., Clauser, C. E., McConville, J. T,
Tebbetts, I. O., and Walker, R. A. (1988). 1978-1988 Anthropometric Survey of
US Army Personnel: Methods and Summary Statistics. Natick, MA: US Army
Natick Research, Development and Engineering Center.

Gross, M. E., Taylor, S. E., Mountjoy, D. N., and Hoffmeister, J. (1997).
Antropometric research on the sizing of the MBU-20P. Wright-Patterson Air
Force Base, OH: Human Effectiveness Directorate, Crew System Interface
Division.

Gross, S. F,, and Horstman, S. W. (1990). Half-mask respirator selection for a mixed
worker group. Applied Occupational and Environmental Hygiene, 5(4),
229-235.

Hack, A. L., Hyatt, E. C., Held, B. J., Moore, T. O., Richards, C. P., and McConville, J.
T. (1973). Selection of Respirator Test Panels Representative of U.S. Adult
Facial Sizes. Los Alamos, NM: Los Alamos Scientific Lab.

Han, D., and Choi, K. (2003). Facial dimensions and predictors of fit for half-mask
respirators in Koreans. American Industrial Hygiene Association Journal, 64(6),
815-822.

Han, D., and Lee, J. (2005). Evaluation of particulate filtering respirators using inward
leakage (IL) or total inward leakage (TIL) Testing - Korean experience. Annals
of Occupational Hygiene, 49(7), 569-574.

Han, D., Rhi, J., and Lee, J. (2004). Development of prototypes of half-mask
facepieces for Koreans using the 3D digitizing design method: A pilot study.
Annals of Occupational Hygiene, 48(8), 707-714.

Han, D., Willeke, K., and Colton, C. E. (1997). Quantitative fit testing techniques and
regulations for tight-fitting respirators: Current methods measuring aerosol or air
leakage, and new developments. American Industrial Hygiene Association
Journal, 58, 219-228.

Harrison, C. R., and Robinette, K. M. (2002). CAESAR: Summary Statistics for the
Adult Population (Ages 18-65) of the United States of America.
Wright-Patterson Air Force Base, OH: Air Force Research Laboratory, Human
Effectiveness Directorate, Crew System Interface Division, Air Force Materiel
Command.

Hotzman, J., Gordon, C. C., Bradtmiller, B., Corner, B. D., Mucher, M., Kristensen, S.,
Paquette, S., and Blackwell, C. L. (2011). Measurer's Handbook: US Army and
Marine Corps Anthropometric Surveys, 2010-2011. Natick, MA: US Army
Natic Soldier Research, Development and Engineering Center.

Hughes, J. G, and Lomaev, O. (1972). An anthropometric survey of Australian male
facial sizes. American Industrial Hygiene Association Journal, 33(2), 71-78.

Kim, H., Han, D., Roh, Y., Kim, K., and Park, Y. (2003). Facial anthropometric
dimensions of Koreans and their associations with fit of quarter-mask respirators.
Industrial Health, 41(1), 8-18.

Kolear, E. S., Cosgrove, D. J., de la Barre, C. M., and Theis, C. F. (1982). Comparison
of respirator protection factors measured by two quantitative fit test methods.
Aviation, Space, and Environmental Medicine, 53(11), 1116-1122.

Korean Agency for Technology and Standards (KATS). (1998). The Report on the 4th
Size-Korea (Korean Body Measurement and Investigation). Seoul, Korea: Size
Korea, Ministry of Knowledge Economy.

Korean Agency for Technology and Standards (KATS). (2010). The Report on the 6th
Size-Korea (Korean Body Measurement and Investigation). Seoul, Korea: Size
Korea, Ministry of Knowledge Economy.

Liau, Y. H., Bhattacharya, A., Ayer, H., and Miller, C. (1982). Determinations of
critical anthropometric parameters for design of respirators. American Industrial
Hygiene Association Journal, 43, 897-899.

Lovesey, E. J. (1974). The development of a 3-dimensional anthropometric measuring
technique. Applied Ergonomics, 5(1), 36-41.

Luximon, Y., Ball, R. M., and Justice, L. (2012). The 3D Chinese head and face
modeling. Computer-Aided Design, 44(1), 40-47.

Meunier, P,, Tack, D., Ricci, A., Bossi, L., and Angel, H. (2000). Helmet
accommodation analysis using 3D laser scanning. Applied Ergonomics, 31(4),
361-369.

National Institute for Occupational Safety and Health (NIOSH). (1987). Guide to
Industrial Respiratory Protection. Washington, DC: Goverment Printing Office.

Oestenstad, R. K., Dillion, H. K., and Perkins, L. L. (1990). Distribution of faceseal
leak sites on a half-mask respirator and their association with facial dimensions.
American Industrial Hygiene Association Journal, 51(5), 285-290.

Oestenstad, R. K., and Perkins, L. L. (1992). An assessment of critical anthropometric
dimensions for predicting the fit of a half-mask respirator. American Industrial
Hygiene Association Journal, 53(10), 639-644.

Piccione, D., and Moyer Jr., E. T. (1997). Modeling the interface between a respirator
and the human face. Aberdeen Proving Ground, MD: US Army Research
Laboratory, Human Research and Engineering Directorate (HRED).

Piccus, M. E., Smith, G A, Standley, B. K., Volk, T. L., and Wildes, L. B. (1993).
Creation of Prototype Aircrew Protection Equipment Based on Face
Anthropometry. Wright-Patterson Air Force Base, OH: The Air Force Institute of
Technology.

Research Institute of Human Engineering for Quality Life (HQL). (2008). Japanese



Body Size Data Book 2004-2006. Osaka, Japan: Research Institute of Human
Engineering for Quality Life.

Seeler, H. W. (1961). Development of Oral-Nasal Masks, Oxygen, MC-1 and
MBU-5/P. Wright-Patterson Air Force Base, OH: Aeronautical Systems Division,
Air Force Systems Command.

Song, Y., and Yang, W. (2010). Half-mask interface prototype design using Korean
face anthropometric data. Journal of Korea Safety Management and Science,
12(4), 87-92.

Yang, J., Dai, J., and Zhuang, Z. (2009). Human head modeling and personal head
protective equipment: A literature review. In Proceedings of the 13th
International Conference on Human-Computer Interaction (HCI1 2009), LNCS
5620, San Diego, CA.

Yang, L., and Shen, H. G. (2008). A pilot study on facial anthropometric dimensions of
the Chinese population for half-mask respirator design and sizing. International
Journal of Industrial Ergonomics, 38(11-12), 921-926.

Yang, L., Shen, H. G, and Wu, G. (2007). Racial differences in respirator fit testing: A
pilot study of whether American fit panels are representative of Chinese faces.
Annals of Occupational Hygiene, 51(4), 415-421.

Yatapanage, K. G,, and Post, K. (1992). Measurement of 3-D facial contours for the
design of half-face respirators. American Industrial Hygiene Association Journal,
53(1), 19-26.

Zhuang, Z., Benson, S., and Viscusi, D. J. (2010). Digital 3-D headforms with facial
features representative of the current US workforce. Ergonomics, 53(5),
661-671.

Zhuang, Z., and Bradtmiller, B. (2005). Head-and-face anthropometric survey of US
respirator users. Journal of Occupational and Environmental Hygiene, 2(11),
567-576.

Zhuang, Z., Coffey, C. C., and Ann, R. B. (2005). The effects of subject characteristics
and respirator features on respirator fit. Journal of Occupational and
Environmental Hygiene, 2(12), 641-649.

Zhuang, Z., Slice, D. E., Benson, S., Lynch, S., and Viscusi, D. J. (2010). Shape
Analysis of 3D Head Scan Data for US Respirator Users. Eurasip Journal on
Advances in Signal Processing.

Author listings

Wonsup Lee: mcury@postech.ac.kr

Highest degree: BS, Industrial and Media Design, Handong University
Position title: PhD student, Department of Industrial & Management
Engineering, POSTECH

Areas of interest: Ergonomic product design, Product shape design based
on 3D scanning, 3D human modeling, Engineering design

Daehan Jung: daehanj@afa.ac.kr

Highest degree: PhD, Mechanical Engineering, State University of New
York at Buffalo

Position title: Associate Professor, Department of Aerospace and Mechanical
Engineering, Korea Air Force Academy

Avreas of interest: Fluid dynamics, Turbulence, Computer fluid dynamics

Seikwon Park: parksk@afa.ac.kr

Highest degree: PhD, Industrial Engineering, Pennsylvania State University
Position title: Professor, Department of Systems Engineering, Korea Air
Force Academy

Areas of interest: Human factors in aviation and aerospace, Fatigue/Stress
modeling & assessment, Human performance & workload assessment,
Bio-signal measurement and analysis techniques, Biofeedback training

Hee-Eun Kim: hekim@knu.ac.kr

Highest degree: PhD, Clothing physiology, Nara Women’s University, Japan
Position title: Professor, Department of Clothing & Science, Kyungpook
National University

Areas of interest: Clothing environment, Clothing pattern & construction,
Clothing comfort

Heecheon You: hcyou@postech.ac.kr

Highest degree: PhD, Industrial Engineering, Pennsylvania State University
Position title: Associate Professor, Department of Industrial & Management
Engineering, POSTECH

Areas of interest: Ergonomic product design & development, User
interface design & evaluation, Digital human modeling & simulation,
Human performance & workload assessment, Work-related
musculoskeletal disorders (WMSDs) prevention, Usability testing



