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ABSTRACT

APSE )3 A 22 (distributed representative human model, DRHM) & 2] &3} 78 t}Z X4 (multiple —size
product) % ti=FutEAAF(mass customization) 2 913 XFAA o] gx 1 vt theks DRHM A4 WHHE
o] BAIA 7IHE& A&t /M ¢loy, DRHM A4 W Ee] £oliA AF A d84d = s s Alx

g g2 v EE Aot 2 Ay JASAARE AHES DRHM= skl dss $AIZ 0% Friehes AlA
S (DRHM 237 9l 24 A28 S Jidsigivh. DRHM A4 81 24 AA8E £d A S8 stehd Al 74 8y

=)
(grid, cluster, and optimization method) = &3] DRHM= A = =5 7t
o] Qg o] AE Al @AY gEJIARED AN AaH(Fawls A4, dxFdx 34, 283 daEdA]
of wet ofe S AHSEE AN, 4/9¥ DRHMS 3ad Alzbske) Q1 8 743
F TR AETh npxato 2 sjdkEl DRHM A 9 4] A AL v|siE )54
Aol AgFo] efdido] Hrkd oot E 9] DRHM A4 AlAElS AA o <l
A5 Uik XGAA e {23 &8E 5 QS Aol
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1. A &2

Digital human model (DHM) simulation system (:
Jack®, RAMSIS®) & 7MIshAAteld  tlEAm
(representative human model, RHM) -2 *43slo] <17t
Al A 2Ageite] A 9 JrkE dst a8
ARl EFE AMEHI itk dF &9, e 9
(2008) 9} o8] 9](2010)%= percentile RHM (5",
50", and 95" percentiles) & 7Ntz dHre du]TE]
2EAT WA EA GG FACAE 27 sy (@ REFH 25 GE ) WA FAlold 9
Row Hrlsta A AAe] wkedsly] ¢)ste] DHM (BHgE 91, 2008) (o]®™ 3 9], 2010)

simulation systems &-&3FtH1d 1 F=). 18 1. DHM simulation systeme S8 QI7+SsHs HIt 4 M7




AukA © 2 DHM simulation system® RHM A2
percentile WY} custom—built HHOE FEIL} 7}
Z} A gl (target population) @ tf$ RHMS] t
¥4 (representativeness) ¥ A4 &84 (generation
efficiency) 549 3AAS AUz JtJung et al,
2010). DHM simulation system< thF& tjzdo=
AHEEE 3709] percentile RHM (5", 50", and 95"
percentiles) 7t A &3t3 ¢ty T3 custom—built W
S QARG (ol 2671, Jacks 2170, RAMSIS) = A
d=A e vz RHMSE A& ARHAPE A3 o9
st QJIFFO|AE AlFsta Qi) o] A%, AT E

o] olAlz7] A9 (oll: boundary W, distributed

W) & A gste] JYshs Alte] Wol ~e¥Th
53|, custom—built RHMS] AA=7] AHS $gt
RHM A4 Wi T AREgiEdA =9 (distributed

representative human model, DRHM) 2] A2 2]&
3 728 oA GA¥E (multiple—size product) 2 ok
gkE 282k (mass customization) 2 913+ X414 (sizing
system) 7WEel] 851 Qlvk webx, XA
of S3te AlA®Ee] s A g A7 "9 ARE o
3 3 iR AFAALY &4 EASHAA &
gatA &84 Ao= 7hert
2 ATE UEASTAE AAE s A EA R
g g 9 A AA"EE Esich WA, DRHM
< DHM simulation system?] =
, DRHM A3 #ak 2 WS

>~ [}
T())J\’é‘

2.1 MICHHEOIN 2 E(DRHM)

DRHM: AFAAZF 9= A5
2 H7} Ao ALt DRHM A3A
of wixlE AAREe] el &

d HlEo] HES A4S Y

e 27

A

b o

514 A

J& QT
she 174 ]
3t & 7} AR FotollA
RHME AAd8k= Welth (24 2 #x). Jung (2009)
S = 13 o] DRHM 84 7% (grid, cluster, and
optimization) ¥ A& A%S Akt g, DRHM
A dAE a9 29 S 3PA(F s A4, Tk
Ax B, 283 gqB3JARYE X FH)E Fotst
Att(Jung et al., 2010).
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E 1. DRHM 44 718 & H& & (Jung, 2009)

Determination
method of key
dimensions

Generation
method

Application

area Studies (year)

Robinette and Annis (1986),

Regression Grid Rosenblad-Wallin (1987),

Multiple-

- IAnalysis Moon (2002), Kwon et al.
leq product o - rrelation (2004), Zheng et al. (2007)
esign nalysis) OptimizationMcCulloch et al. (1998)
r Cluster Laing et al. (1999)

Step 3: Generation of
representative human medels

Step 1: Selection of
key dimensions

Step 2: Formation of
representative grids

Frequency analysis

AD, = £(K,. )
AD, O 8L TRAM | AD =K E)
: vanables 7 K oie AD, = £.(K, K
ADn ‘' Tolerance

7 % ] 7

Ky

!

Correlation analysis
Factor analysis

Frequency analysis Regression analysis

O3 2. DRHM ‘49 EX}
(AD: anthropometry dimensions, K: key dimension)

2.2 DHM simulation systemQ| RHM 444 HiH

2 AFeM e 71E
S veslr] 93te] A 714 thEZA <l DHM simulation
system (Jack, RAMSIS, and CATIA Human) & E4&
gletsleitt. o|E 549, Jack (SIEMENS Co., Germany)
< US Army (1988) AAZ4 database® 7|Hto.Z 4
bﬂ(female male, child) % percentiles (1%, 51 50
95" and 99™& A¥Ete] percentile RHMS A4 5HA
v 719 A S 2670 QAAVIE AR dEsEke]
custom—built RHME 443 & F JEF QU ~E
AlF3kar ek

zolx el gAl A|AElo] EA

3. A|IZH

B A|AEE Microsoft Visual Studio C# 20083}
MATLAB (ver. 7.6)& &&3ste] /IEHOoH, MS
Windows XP (32 bit)o]/dollA] x| & Alg-o] 7153k
th B A aEle 7jEAog DRHM AL 93 9y
QAElFo)| 27t 17 3% o] P glom, AAFA
data® FE A% QAT AU EJAANTE
AH&stol DRHM A/d3kal, &H|& (accommodation
rate) 52 22 B4 9 33k A1AEE Alett)



Target Population Distributed RHM-Generation
Database: US Army (1399) - [1] Extraction of Key Dimensions

Eomalar Analysis ] l User-defined

) Fernale

1 Male () Factor &nalysis (FA)

g Composite (%) F:m= 70: 30 (© Principal Compaonent Analysis (PCA)

- ) Regression Analysis (R&)

Number of Age Groups: 2 - [2] Determination of Distributed Method
s @ @ () Grid (Robinette and Annis, 1936

OB 0 ) Clustering (Laing st al,, 1993}
a8 © Optimization (McCullach et al,, 1958)
ns [

Fatio ¢%) 0] 50 [3] Determination of Body Sizes of AHMs

) Real Case () Estimation
Target Anthropometric Variables

[ erssborn ] || Gonoration

O3 3. DRHM 44 QIE{H 0| A
3.1 Target population M7

AARAATE AAZSA data® HEH AJEY A7
& Aeste] dAQsie. AAFA dataxs 3714 (US
Army, 1998; US Army Pilot, 1998; Korean Pilot,
2007)7F F-EEe] lom, A4S dHAd o4de &
’J (composite) ¥&E A8 4 9lx, AFd =
10958 40di7k4] ZF A A v & (ratio) S A ¥
g 5 UEF FAE Utk B AAHS MEy <l
A7 data® FE 27HA 2A(3HE, d5d) S ©=F
st Hule] QFTE FE2T F UEF HAFHA

3.2 Target anthropometric variables A7

AAUEJNAASTE dEf, A5, 2832 X5F
g o7 H32(You and Ryu., 2005) 5 o] A}gA}7F £-0]
st Adels g 4 gtk o E B, 7l5Ed (chest
circumference) & A®styr A4S A trunk (N
), chest (2E%F), circumference (X5 F8) &2
2 AFse (29 4 73, 2wiF AANF F 27
ol AT Aol W 'combined (o
forearm—hand length) @ #F¥ o}t =3 AlgEE=
AAHTF] JFE US Army (1988) ¢ US Army
Pilot (1988)<2 1327l, Korean Pilot (2007) 1671
o|t}.

ada G ad | [ ko Coucind viriation. | | San [re o

O 4. AAERIAHES ME HE 0]~

128! 5. Regression analysis QIE{H 0] A

3.3 DRHM generation A4

DRHM<> 3%HA| (Extraction of key dimensions,
determination of distributed method, and
determination of body sizes of RHMs) Zx}o] wjz}
WA AEEE TAA TIHES AFSste]l A ET

3.3.1 key dimensions F=

Z QW (key dimension) FEUAE EHOR
AMEEE 37ER] BAA AP (factor  analysis,

principal component analysis, regression analysis)
Aee 7 e 47 AFH o) AE AlFsict. o
£9], regression analysis QIE]#Ho]|AE Aelg A
QRJAARTFEZRE T MFA~570) o
2 H#53 3] A A5 (possible key dimensions and
the others) ] 43S graph ¥ table® AlF-gchH( 1
d 5 Fx). B AR SeWTE 41 e A
% 'User—defined' HE(1¥ 3 I2)S AFE3te] 2

S A~
A A" @ 5 ek

X o

3.3.2 Distributed method A7

DRHM A4 %3 A4 dAelA+= 37F< DRHM
823 v (grid, cluster, optimization method) & #-&
g Qe 4] "o A AlFdith dE =
grid method QEHo|AE AFd SQRFE] 87}
A 71%4 ZAA(]: mean, percentile)E ¥
(Kwon et al.,, 2009) 381, /32 gride] AL
Z}(fitting ~ tolerance) &+ 4=8H]$& (accommodation
rate) & AEE F UEF FAHUHIH 6 Fx).

3.3.3 RHM body sizes A%
A7) FAGA A= DRHM A4 el 9

AdE AARES OB & e dAZ7] 499 27t
A] B (real case or estimation) ©] A|&-# T}
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i
o Grid Method I
i

Descriptive statistics Acro,.,  Qver..
Mean B9BE6 22347
5.0, 28,6 96,4
Minimum 801.0 1947.0
i | Mazimum 6950 25080
Range {Max - Min) 1940 5880
Ist percentile G029 19526
9th percentile 6931 24394
1 - ¥ percentile range 190,1 R46.8

Fitting talerance (unit: mm)

| ) Single value: 1
@ Multiple values: A0 L 0 [i] [i]

| Accorrnodation rate (unit: %)

@ Target accommodation rate: 9%
:

8 6. Grid method QIE{H 0| A

) Minimum population coverage rate:

34 DRHM A Ziot

B oAAEle gAE DRHMe| tistel 3714 A3}
AA=Z7], F81&, A4shE AlFsich 2 AA8
2 AANRJAEFES AA AV E table®, 44
(e FERE, AANIRITS ) E report® AlF
Aot w3 A" DRHMel thdt A2 Wy 24
A7} 9 32k A EFo] AFHH (R 7 Fx).
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4. E9|

w Aelds geAFAlE 2AE fsh A

AAEE B gl Ao S53be Al AFo] FtE e

2 ARG AFAATE e Al s, A3hH s
oz AT W AAHS A golsh <l
Helo]A 7ida DRHM A W W dxje] ARE-H
= BAA 7S FARCE ATy £ 2 A
&S 24¥ DRHMS] =8H]& 4 32k AR
Azttt ek, 2 A7E S5l JidE AAE
DRHME &8 A|FAA A Al f-83H4 &8
T AS Fo 7 I
 ATelAE 7IERdS AR taEAQl DHM
simulation system?] 57
Hodok ey e AlARE Fste] iR A
AA A Z2HeE Qb8 AE Fr 9 AL Ay
= v FE Aol webA, E AFtelA JEE Al
2 7)E AGAA N AFee] v e W AR
7hell o3k 5ol B ezttt

2 AFeA idE AAES FEbdgudA R
(boundary representative human model, BRHM)
A wl B AaEle] Jiee $ DHM simulation
system#e] AFo] FQstrtk BRHMS AHsxke) &
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Family of RHMs Selected one RHM

O3 7. DRHM 44 &t of

2 dAX|=A)E (one—size product) 2] QA7+F8HA A
A Al 88 82 4 Jler® DRHM A4 49
A AR e A AE o] sttt B3 A
uhel AR Fa AYdE DRHM 9 BRHMS] Q14
37]= DHM simulation system® custom—built
RHM A4 IEj#o] 28] IAA7] 18t AFy]
d 37 7l B2, AR S 3
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