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ABSTRACT

Objective: The aim of this study is to develop a distributed representative human model(DRHM) generation and analysis

system. Background: DRHMs are used for a product with multiple-size categories such as clothing and shoes. It is not easy

for a product designer to explore an optimal sizing system by applying various distributed methods because of their complexity

and time demand. Method: Studies related to DRHM generation were reviewed and the RHM generation interfaces of
three digital human model simulation systems(Jack”, RAMSIS®, and CATIA Human®) were reviewed. Results: DRHM
generation steps are implemented by providing sophisticated interfaces which offer various statistical techniques and

visualization methods with ease. Conclusion: The DRHM system can analyze the multivariate accommodation percentage

of a sizing system, provide body sizes of generated DRHMs, and visualize generated grids and DRHMs. Application: The

DRHM generation and analysis system can be of great use to determine an optimal sizing system for a multiple-size product

by comparing various sizing system candidates.
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1. Introduction

Digital human model(DHM) simulation system/(¢]:
Jack®, RAMSIS®) 2 7Pd#b3 el A th A 2 (repre—
sentative human model, RHM) & A433}e] 217138
AFTS AYe7e] AA 2 HUkE e a4 ETE
ARE-E DL gtk RHME Al AT 1A a7E
FAA0R A sk A AARARA, a8
Al A A 2 NS 3l Aotk (Jung and You,
2007). o5 59, Park et al.(2008) 7} Lee et al.(2010)
& 459 RHME 7|¥oz 3t=rd Agge 243
H

P B FAC AL AFEA 0 sk

B7}el7] 98ke] DHM simulation system< 83} th
(Figure 1).

DHM simulation system®] RHM A2 percentile %
W3 custom—built R sl oJal F3E = Q= 242
AT digk RHMS A4 584 S99 shAdS
AY . 9}, Percentile W o5 ¥4 02 A4-5
= 37k RHM (5", 50", 1831 95" percentiles) & A3
3k, T 7 ol de] QAR Oigh JAFENES Hu
SR AP HFES 300, 2004). T3 custom-
built W QUAAS= (el 2670, Jack®) ¥ E RHME] Q14
A7E AR AR dEske B ol AE ATt gl
oo, A4 FHl g AMAFES] 2718 A3t AR
A7 A3 et B ARre] 2o ¥t
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(a) Helicopter cockpit
(Park et al., 2008)

(b) Radioactive waste facility
control room(Lee et al., 2010)

Figure 1. Ergonomic product design using a digital human
model simulation system

RHM IAA7] A4 s RHM B4 WHE 5 4k
t E Q1A 2 9l (distributed representative human model,
DRHM) ¢ A2 ojF3} 22 vx 541 (multiple-
size product) 8] HFREFLS fgt XA A ANtel] &
L3531 o 18y, DRHMS A3 ¥4 (repre—
sentativeness) Aol S3td A|2~EE] sEe wget A
Joltt. webd, DRHM= /38t 24 sk Al~] 9] 7l
AE 2R Tk Al A Al vl§ A1k ARk

, 2ElaL HA AeAA Aol 711E 4= ik
A

v

e rlo

2 ATE dEAFAF 4AE 1% DRHM 44 3
4 A2 e ¥ AT FAZAE B

&l DRHM A4 x4 9 7|9& ZAleta, 7]& DHM
simulation system® DRHM A4 QlE{do]~9] EA 4l
stA-S sketskgith 123, DRHM A4 dxf 2 WS
A g3to] DRHM A4 9 4o 538 A" Jgst

St

2. Literature Review

DRHM-& X2 A7F Q= Al (ol 23 o] AA 2 3
7} Alell A/ ¥tk DRHM A% ATl kel %]
AE BE (] 95%) S FEIIES AXES WAT T
zZ} Aol 8 )W DRHMS A3t A Eth(Jung
et al.,, 2010). DRHM A4 Ax= 39A (T awlsy A4,
distributed method 27, Z18]3 DRHM IA=27] 27 =
T-25 =, Figure 29} o] zt Ao X = vhekst 5414
719 (o] regression analysis) ©] AHEEtF(Jung, 2009).

B A= A 7FA] thE A< DHM simulation systems
(Jack, RAMSIS, 28]12 CATIA Human)l thsle] 54
9 FAHE gotsldtH(Table 1). o5 £9], Jacke US
Army Q1AZ74 data(Gordon et al., 1988) 2 7|§lo.2 A

9 (female, male) 2 percentile (1%, 5%, 50%, 95" 99™)
S Agsto] RHMS A3k QEFHo)AE AlFsha 9le
, A A gekst AFdE 54 v £318t] RHMS
At 7S AwsHA S AR Tt

Step 1: Extraction of

Step 2: Determination Step 3: Determination of

key dimensions of distributed method body sizes of DRHMs
— AD, = f|(K,.K,)
AD, @i @i > One}DRHM AD;:f‘z(K‘pK:)
AD; Reducing = K g e | i
. o:e
variables K, e :
AD, =£(K.K;
AD, *! Toierance b=l )
3 % Kl
'i{;g;egsfo; ;n;l;si_s _____ I"G_ri:i method 1 Estimated case |

, Factor analysis
| Principal component analysis!

_______________

; Clustering method
| Optimization method | |

____________________

Note: AD = anthropometric dimension, K =key dimension

Figure 2. Distributed representative human model(DRHM)
generation process & used statistical techniques
(AD: anthropometric dimension, K: key dimension)

Table 1. Characteristics of distributed representative human
model generation interfaces of digital human model
simulation systems

Factors Jack RAMSIS CATIA Human
(SIMENS) | (Human Solutions) | (Dassault Systemes)
Database Us y Germany etc., Amenc?n etc.,
/Nation (1988) 17 nations 5 nations
(1984~2020) (*N.S.)
Gender Female, Male | Female, Male Female, Male
Fixed 4 groups
kK
Age groups N/A (e.., 30~49) N/A
Number of AD 26 24 N/A
Generation Percentile Percentile Percentile
Custom-built Custom-built
method

*N.S.: not specified
** N/A: not applicable

3. System Development

2 A9 Microsoft Visual Studio C# 20083}
MATLAB 2008a(ver. 7.6)& #-83ato] DRHM= 4743}
I AR AIARE AEekGith # AR Figure 3%
Zo] DRHM A A=} 59A7F 788 4 QI #Ho] A9t
A37d€ DRHMel st 4 A3 9 Azstd d34& A%
Elg=
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Distributed RHM Generation

APs for the different number of anthropometric variables

RHM Generation & Analysis System [SlE) =
r- . |
Input | ve Output |
Target Population enerated RHMs
Database: US Army (1958 Body Sizes of RHMs (Number of RHMs: 20,  Number of target anthropometric variables: 13) Mumber of target populations: 1767
Gender No. Cervic.., Chest. Biacro.. Buttoc... Chest.. Crotc... Inters.. Sleev.. Stature Waist & Female  Male Total
Female 1 13599 8998 366 %20 8§72 3ME 327 BT 15779 3598 Groupl T2 318 1060
Mals 2 14842 8414 3734 951 856 300 3435 5814 (7134 3897 Group2 495 212 07
o e 3 14552 8997 3732  ®K5 W22 3852  3HBL7 5692 I6BL5 3840 Groupd 0 ] 0
®iCampostiel () IRRREE 4 14434 9525 3155 9835 9447 391 321 5645 16684 326 |z | Goupd O 0 0
o 5 13161 968 361 W73 408 352 3BI 5093 15299 L0 Total 1237 530 1767
6 14217 1051 3800 10374 10267 4025 3999 G557 16443 380.)
Number of Age Groups: 2 7 13805 5709 7.8 991.5 9467 389.2 372.0 541.6 16108 3696 " )
& A ] 8 16264 990 4109 10137 10304 4117 4042 G443 18670 4308 Additional Information
s o o 9 14081 9037 3653 @69 8932 3819 3830 BT 16303 3920
pges X B O 10 15572 10433 4032 10399 10582 4128 4127 G147 17916 4147 [ Rt F
0s I @ 1 4132 8423  3BL1 930 8415 344 3363 5505 1662 375 |
“ B 12 16196 11118 4192 10759 11286 4%.0 4318 6422 18591 4326
13 15358 10028 3957 10140 10124 4052 3967 6050 17686 4018 i
Ratio (%) &0 a0 . i ; [ FA or PCA Loadings and Scores ‘
Target lysis of Multivariate A dation Per (MAPs) Location of RHMs with E (for key di i )
Anthropometric
Variables or key dimensions: 60,5 %

Average ~

S1. Extraction of Key Dimensions 1000 97.0

] [ User-defined

Analysis 90.0

© Regression Analysis (RA) 80.0
Factor Analysis (F&) 0.0

O Principal Component Analysis (PCA) £0,0

S2. Determination of Distributed Method
Grid (Robinette and Annis, [~

@ Clustering (Laing et al,, 139

*) Optimization {(McCulloch et al.. 1998)

50.0
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Figure 3. System overview

3.1 DRHM generation
3.1.1 Step 1: Target population selection

AANERIT= JAASH datazZHF-E AAHI} AYRE A
Bate] AT 2 AJARLE ofg] QIAISA database (US
Army, 1998; US Army Pilot, 1998; Korean Pilot, 2007)
9} AFHEF FHH e, e v 10958 40
7kA] ZF ARG vlEE XAkl AAWERITE IS

F Qlu® sl

3.1.2 Step 2: Target anthropometric variable selection

B AAEE A QARFES Ui, v‘i'— , ~1g]
I AP o R BFal] ALgA) folatA e 4= )
EE si8lth A& &9, Figure 48} 20| 7}%5531] (chest

circumference) & trunk (W&, chest(4%), circum—
ference (X578) o7 GAsto] HgHr)

3.1.3 Step 3: Extraction of key dimensions

FTQHATF FEM = UTHoF AMEEHE 3714 BAE
FA] v (regression analysis, factor analysis, principal
component analysis) = &48 = & 24219 QIE{Ho] A~

£ Algdi

3 Target Anthropometric Variabies

Human Body Major Class

Y e——

Sub Class Selected Anthropometic Variables
anthropometic Variable
) Chest Circurference

Measureme,
Circumfer,

Sub Class,
Chest

Major Class.
Trunk

(s
Chest
= _ Abdomen
Tunk Chzslcwcurmzlznc: Below Bust
= Scye Cicumierance-Ove Acromion Back
| B Srouie Cromens Pelvis
Combined

/ Height

\kj p _me Length

\ Width

| () r Depth

\ “g /,‘ Circumference

\ |/

1V

«{,(,Y\L\ [ Add Dsits Chacked Vaiabies | [ Save | [ Load oK

Figure 4. Interface of target anthropometric variable selection

o|E £9, regression analysis ¢IE] -‘Tﬂoli% Figure 5
9} o] Hd *ﬂ AANG JAARFEZ5EH T

(1~57D ofl w2 T HF Fu el vp ] ‘?ii‘rﬁﬂ B
3 AAF] A graph % table® A|F-3stt} T3k, Ab
LA} FQRTE APdel &1 9l& 9 'User—defined'

MES AHg3tel 4 438 & vk

O
=

&
k=1
=

3.1.4 Step 4: Determination of distributed method

DRHM A4 #H AddAlel A= 37F<] DRHM 84 %

W (grid, cluster, optimization method) & A83& 4 =



686 Baekhee Lee - Kihyo Jung - Heecheon You JESK

Aol lejsfol =g A

Fek g Sol,

= grid method ¢!
+ Figure 63} #o] A4=

Elsfo] 2~ FTLHT = e
1’\7‘4 EAIX (]: mean, percentile) = #|&3 ]-J__’(Kwon et
., 2009), A= gride] A EFAE QAW 5

U FE T e A - Slom, BEFEHEOIS 7}

™
ZA7te] HaQTFEH RS AT s FAE I

&l Regession Analysis (RA)

Trend of average adjusted A2
Candidate orkey dimension ~ Avage  Mnimum
1,000
ey oz 038 @
450 L h-Extended 0873 0742 0973
£ a0 Siting Heiht 08m 0z 093
i i e 03 0w 00
£ om i 0 02 s
£ Acr 081 072 0948
3 oao asss P eightSitin 0@ ome 0w |
£ oxo = Madimum || [ Acro head Reach Siting 0 07 817 =
@ ¢ i o%  om o
5 o 0 0 o3 - Minimum || £ ov 0m 0@ om
H Overhead B nded; Staure 0w oen o
3 a0 head 9: Saure oz e 0w
Heigh; Ovethead Reach Siting [T BT
2 am Heigh; Ovethead each o am am
cromion Height Ovethead Reach-Extended 0 o o
a1 e el Overead s g 07 om oo
ea d Reach Siting oms  om o
0o Acmmw Hs ghl SMVN 0693 0407 0.8%0
1 2 3 e werhead Reach: Ouerhead Aeach-Fadanded RN n243 R\~
Number of key dimensions >
Number of ey dimensions: (2~ Selection )

Figure 5. Interface of regression analysis

Descriptive statistics Cerv... Che...
Mean .6 10092
S.D, , 535
Minimum . 850.0
Maxirmurn L0 11940
Range (Max - Min) 2 344.0
Ist percentile . 8534
99th percentile . 1190,6
1-99 Den:entlle range 3342 3B

Fitting tolerance {unit: mm)

@ Single value:
Multiple values:

Accommodation rate (unit: %)
@ Target accommodation rate:
) Minimum population coverage rate:

Figure 6. Interface of grid method

3.1.5 Step 5: Determination of DRHM's body sizes

DRHM <1A=7] AARGAAME ToWs Sdo|
DRHM A4 #el o3l dAE AAES dxd 5 e
T 7 Q1Az7] A7 9 (estimated case X real case)
o] AlF¥th(Figure 7). Estimated case A~ W3- A4
B Axte] Fsta 54l (centroid) 14 DRHMS A4
Sl WHY, real case A W2 centroidol| 4] Euclidian
distance”} 71g 41 AA| caseE DRHMO.Z 743t}

o

3.2 DRHM analysis

B oAsEe A

¥ DRHMS] aA=Z7] AR, $88]&

A4 A¥, a3 B R A4skE Vles Alwsitt
(Figure 3). ¥ A2 é—f’: A€ DRHMS] A <1

H5H QA A7 E table® ATl # AR A
DRHMe| thsto] Foris o] ly=8nl&at dde

A= Aol W= 5714] (mean, SD, minimum, maximum,
median) SAFEHE 9 PHZFFEHE B4 V6 S
a3k B AAES A E DRAMO sty o
ol A E Ao} DRHMO] AlZHe AR S A3

o

rR )

e 2

-+ ml

rSL'

o,

1900 1900
1800 1800 :
:
e - . — . .
E, 1700 AERSRY E, 1700 vy s e
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Q 1600r ISR Q 1600r IS
[Feals [Fealis
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1400 1400
750 800 850 900 950 1000 750 800 850 900 950 1000
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(a) Estimated case (b) Real case

Figure 7. Determination of the body sizes of distributed
representative human models(illustrated)

4. Discussion

AT e dEAFAE AAE $1g DRHM A4
gl Aol S5l AlAglo] AEQITE # AIARLE 55
DRHM 374 Aa(C2A T A7, ZAE QS
A4, S FZ%, distributed method A4, 181
DRHM $14|=17] @Z*) = 14%6}0% AHEA7E DRHM 284

& DRHM Al AHgE= BA1A] 7S SAA0Z A%
sto] AREAPE dshs BEE AFAA AAVE Thset e
OlE| o] A2 AL h B A4S MAE DRHM 4
o] B3l A|AEIC ZX DRHME] IAZ7], QF581])&
A, E|a AZbEbE JRE ARk, AzkEed AE9
AFAA A Al 88 &8E Tk

2 AAER2 A TS ASAAE Solsta AlEsH
2R oz AAR Hlm BAL Eo HA XA
AA A Z8E 4 8l & M A ATES
DRHM 34 A1 AAZ Wz vl glo] A727} ¢
o7 e WS Agste] AEe] AFAAE A A
o stetEiek Whd, - AFtelA JiEE AARLS &8
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i

o}

A XAl AAAE DREM A8 Ax H& Xﬂlﬂ%
&5t T Es 285t AFAA dijbES Teteta of
=5 Al BA o R HA AFAAE AT vk

2 ATl e AARS FRE gEARE
(boundary representative human model, BRHM) 443
2 B A A~Eo] juks} dh7 DHM simulation system)

o

o
il

i)

custom—built RHM A4 <QlEjgo] A 9le] ddFo] F 3t}

BRHM=2 AFz2Fe} 22w+ X]<=#)|3% (one—size product)
9] A7tF A A Al AgE=d E A9 DRHM 34
W R A Al 7o Bzl A AE0 R sjutEe] A
4 ook w3 sl AAES B ¥ RHME©|
DHM simulation system®] custom—built RHM A4 7]%
7} AFEHo] AT FIH (A A, [t ST &

g 5 QL E Sk A|AEIZE AFS 28 (interoperability)

of thgk A7t Fashrt
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