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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 (¢l:
Jack®, RAMSIS®) & 7Pd8bd 4ol A 14 5l (repre—
sentative human model, RHM) & AJ/d3to] Axta8h2el
AFET AQe7te] A L GUHE gk 2849 ETR
AHEE AL 9tk RHME Al A OJ?A QA5
TARCE A timshs AT JIARAEA, 58
ARl A A 9 s A3l A5 oltk(Jung and You,
2007). oAl& &9, Park et al.(2008) 3} Lee et al.(2010)
< &7 RHME 7|Hte® st=3 gy 2549
WA A7 EX B FA01 S A7 E A 0% A St

H7vel7] 9ke] DHM simulation system< &-8-3}3ich
(Figure 1).

DHM simulation system®] RHM A/d-> percentile %
U custom—built FH ol o 384 4 e 22t
AA PRI g RHME] A &84 599 sAdS
ZY 3L §lt}. Percentile "2 Ul 2402 AL
+ 374 RHM (5™, 50", Z28]a1 95" percentiles) & #1&
sh, 7 7R olde] QARG gk I EYlES BET
41)& R ASECHHFES 300, 2004). ¥E3l, custom-
built WHLE QAW (oA 2670, Jack® EE RHM2] 214
A715 AP A4 ek QIEHo)AE Alekar 8l

ul, B4 =7l Y= JAANMFES] 715 A5t AR

A7} A ekt Be Algho] e,

e
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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 Ax77] A4S 9% RHM A4 W= 5 Ak
o34 22 (distributed representative human model,
DRHM) 8] A& 83 22 thEX| A% (multiple-
size product) o] FLFAYAE 28t XA A 7] &
4% 3 9tk 18y, DRHMS AAd3kar thE/d (repre—
sentativeness) Aol S3kd A|~HE] JPEE wEet A
golth. weha|, DRHMS AAetal 248k AlaRle] 7t
& AT AR ThgAFAlE A Al vl A3k, AR o
5, 83 HA A5AA Aol 7199 5 Qi

B A7E vsAsAE 2AE 918 DRHM 44
T4 AAEE NS & AT s TERANE §
d] DRHM A4 dx 9 7|9& ZAbstil, 7]1& DHM
simulation system® DRHM A4 <lEj#jo]~2] E4 1l
SAEE vhelskgit)y 181, DRHM A4 dak 2 &
Agsto] DRHM A 9 E4o] S35td AlAES rhast

Stk

NaS

2. Literature Review

DRHM-2 XA A17F 9l AlE (ol b o] 4A 2 3
7} Alell A/ Fek. DRHM AlF A AT ke X
e HE (e 95%) & FEIEF ARES A E &
7} Ao A g /|4 DRHM< A74ste] A€t (Jung
et al., 2010). DRHM A4 dxb= 3dA (T s A4,
distributed method 27, Z18]3. DRHM Ix=27] 273) =
T-E5 =, Figure 294 o] Zt Aol A= theksh SA14]
719 (o] regression analysis) ©] AFHEETH(Jung, 2009).

2 A= Al 7FA] "giE4<] DHM simulation systeme
(Jack, RAMSIS, 18]a CATIA Human) ol tiste] E4
2 SAES getatdth(Table 1). o8 59, Jacke US
Army 9A1=4 data(Gordon et al., 1988) & 7§02 A

9 (female, male) 2 percentile (1%, 5%, 50", 95%, 99™)
S AElslo] RHMS A s e o] A2 Al gsta glo
U, A g gekst JdFE 54 vEE E38ke] RHMS
A E= 7ee ATEA B Ao vty

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, o @ » One DRHM AD;:fl(K“,Kz)
éDl Reducing . K, g, 2 : e .
. variables ~ K, : 5 = :

ol R AD, =£(K,.K;)

AD, “I' Tolerance ne
Ky
'i{;g;egsfo; ;n;l;si_s _____ “Gridmethod | 1 Estimated case \I

1
1 .
, Factor analysis :
| Principal component analysis!

_______________

; Clustering method | Real case 1
| 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., Amencz}n etc.,
/Nation (1988) 17 nations 5 nations
(1984~2020) (*N.S))
Gender Female, Male Female, Male Female, Male
Fixed 4 groups
®k
Age groups N/A (e.g., 30~49) N/A
Number of AD 26 24 N/A
G RHl\ﬁ Percentile Percentile P il
CNeraton | cystom-built | Custom-built ereentrie
method

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

3. System Development

E 9= Microsoft Visual Studio C# 20083
MATLAB 2008a(ver. 7.6)& &3} DRHMS A3k
I WAk AIAEE JEekGiT) 2 AIARRE Figure 33
Zo] DRHM A At 5947 7-dd 98 Aefslo] e}
Ad¥ DRHMel| tist 24 A 9 Azl Ao Ale
Sk},
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— RHM Generation & Analysis System l o8] %
M 1

Input | ren Output |
Target Population enerated RHMs

Database: US Army (1585 Body Sizes of AHMs (Number of RHMs: 20,  Mumber of target anthropometric variables: 13) Number of target populations: 1767

Gender Mo, Cervic... Chest.. Biacro.. Buttoc... Chest.. Crotc... Inters.. Sleev.. Stature Waist., * Female  Male Total

Female 1 13539 8998 366 %20 872 375 77 62R7 1578 3896 Groupl T2 318 1060
Male 2 4842 8414 334 951 8595 3800 3435  S8L4 17134 3T Group2 4% 212 07
it e 3 4552 8997 3|32 965 9022 362  3P/LT 5692 16815 340 Groupd O 0 0
SEEREY  FHis i 4 4434 9525 3BS85 W47 WL IR0 5645 16684 326 |=|| Growpd O 0 0
o 5 13161 9.8 /1 9973 M08 ME2 WY 593 15099 B0 Total 1237 530 1767
6 4217 10541 3800 10374 10067 4025 3999 SE57 16443 3801
Number of Age Groups: 2 7 1305 9.9 3678 9915 9467  3.\G2 IR0 546 16108 3636 . _
s B B 8 16264 990 4109 10137 10304 4117 4042 6443 18620 4308 Additional Information
= 8 B 9 14081 9037 353 953 8932 3819  3B3IY 57 16303 3720
res = B B 10 15572 10493 4032 10399 10882 4128 4127 6147 17916 4147 et Fmethn
30s I ® 11 14132 8423  36L1 30 845 34 3H/3I 605 162 IS5
o 0 0 12 16196 11118 4192 10759 11286 4261 4378 6422 18591 4326
! ! 13 16358 10028 3957 10140 10124 4052 3967 6050 17686 4078 - :

Ratio (%) 60 o . s " { F& or PCA Loadings and Scores ]
Target lysis of iate A dation Per (MAPs) Location of RHMs with E (for key di i )
Anthropometric
Variables or key dimensions: 60.5 %

APs for the different number of anthropometric variables Average v

Distributed RHM Generation

1200

S1, Extraction of Key Dimensions 1000 920
Analysis ] [ User-defined 90.0 1100
@ Fegression Analysis (RA) 80,0
Factor Analysis (FA) 70.0
Principal Component Analysis (PCA) £0.0 8
§2. Determination of Distributed Method 50.0 s
Grid (Robinette and Annis, [~ 40,0 0 ot
@ Clustering (Laing et al.. 194 30,0
) Optimization {McCulloch et al.. 1998) 20,0 16,9 800
S3, Determination of Body Sizpe—= 10,0 L7 53 38 27 30 |
@ Estimated Case 00 —o—s

700
12 1200 1300 1400 1500 1600 1700 1800
KD1 (mm) |

4 6 8 ]
Generation Number of anthrapometric variables

Copyright @ 2010 EDT, All rights reserved,

Figure 3. System overview

3.1 DRHM generation AT
3.1.1 Step 1: Target population selection S ) m— e
E::‘ Headeg p— - Chest
}\éﬁltﬁ/\o}ﬂ?]\:j ?_iﬂéxé datai—t,'—E{ /Ké HE:]F’]' ?i\%l ‘:Hfél /fj. ’/ §3°§‘§£Z:;“.§ii"$§f.‘,:'; ) g:jkomen
Ggfel ATk & Asge ofFl AASY databaseUS [ ) Ll T Eo
Army, 1998; US Army Pilot, 1998; Korean Pilot, 2007) \\S \ ;/ Height
- \ | Leasrom Length
o AFHES FEHe] glor], W ul&d) 104 E 40 \%r““ i
WA 7 AR ulES Agste] AAtEATE FYS \/ s
Z]: 9\}]\]):_% »8}.(})3\]‘;}_ [ Add | [ clar | [ oot Chectea varaties | [ save ][ Loas ][ ok ]

3.1.2 Step 2: Target anthropometric variable selection

2 AAHL AU QAT ES YT, AR, 18
ATRHPORE Este] AR GolatA aE 4= gl
5 33tk ol& £, Figure 48} Zo] 7}&E# (chest
circumference) + trunk (th&5), chest (A%F), circum—
ference (X578) 082 galsle] A}
3.1.3 Step 3: Extraction of key dimensions

o FEM= dFF o= AEEHE 7] 544
F21 B (regression analysis, factor analysis, principal
component analysis) = 483 = Sl Z42+e] QIEH o)A

2 Az,

Figure 4. Interface of target anthropometric variable selection

o|& £9], regression analysis ¢lE]#H|0]A~E Figure 5
9} o] AelwEl AAYY AAHFERRE FoWS
(1~57D) el & Ty TR} x| HETEe] Hd <
e AAGe] &S graph ¥ table® Al Fse) E3F AL
A7 FQRATE ARl &l & A9 'User—defined'

B8 AHgete] 2 AT 4 Qe

3.1.4 Step 4: Determination of distributed method

DRHM A WHH A dAof| A= 3714 DRHM A4+

(s}
H (grid, cluster, optimization method) & &8 &= 9=
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JAEJFH|O)| A A Fet A&
o]~ Figure 63 Zo] A4%

7144 1A (: mean, percentile) & A3-3}3L(Kwon et
al., 2009), /3= gride] AAHETAE ARSI} F
g3t F2 b ks AT 5 glom, Exggu)golu 7t

, grid method ¢!
*5»‘5’“%4 ohokst

Az}l HAO TR ES HaEr £ g2 TP}
= SR 2= ATE T om»maT il .
T o R
Trend of average adjusted RZ Adjusted RZ
Ao i Wi
1.000 oa 038 08% (3] 3
tmom am
0% LgE_ 135 0.8 0762 0973
H 0871 0724 0973
5 L 07 0843 0.741 (X
I b o :
£ 0831 072 0948
< oam 05 085 ™ 5
g = Msimm om  om  den
< @ e ing 0765 ™ 0816
$ um 08 0: g Sl Overhead Reach: Staure 07l 02l 0
] Ovethead Reach-Extended; Stature 0749 04 057
S 00 ] Ovethead Reach Siting; Stature 012 04 0w
8 Acromion Height: Overhead Reach Siting 0727 0421 093
2 o ‘Acromion Height: d Reach a7 031 0973
Ao ot OvfendFeach-Exoded o 0m o dam
0100 Overhead Reach: Overhead Reach Siting 0712 0391 091
] Overhead Reach-Extended: Overhead Reach Siting 0.708 0,33 0974
0,000 Acnmmm gm Stature. 0683 0,407 0,850
1 2 3 4 5 1 h: Querhead Reach-Fxtendad nRA 243 nem v
Nurbr ot oy dimonions ; )
o oftay dnensions: (&

Descriptive statistics Cerv.., Che...
Mean 1531.,6  1009.2
S.D, 60.0 595
Minimum 1353.0  850.0
Maxirnum 16940 1194.0
Range (Max - Min) 341.0 3440
1st percentile 13564 8534
9%h percentile 16906 1190,6
1 - 99 percentile range 3342 3371

Fitting tolerance (unit: mm)

@ Single value: 50
Multiple values: 0

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 <A|Z7] A A= Sa
DRHM A4 Wilel ofs 448 Ades thad -
F 74 AA727] A7% ¥H (estimated case E real case)

o] AlFAc}(Figure 7). Estimated case AHE- WHL A4
H Axpe] st F4) (centroid) °I4 DRHM= 2%

3t W4, real case A W2 centroidell A Euclidian
distance”} 71 #4l AA| caseE DRHMO.Z A7k},

3.2 DRHM analysis

2 AAEE A E DRHMY AA127] FR, F8H]&

A A, aea 3 PR
(Figure 3). ¥ A|A~"& AXE DRHMS 4
W QIAAY]E table® Ala-3tch 2 A 2>

DRHMe] Histe] Farls S =gl 474
ARG TNl 57]'7<] (mean, SD, minimum, maximum,

A7k 7] s

o
=

Aed <1
€l

=}

A
o

l> 1 OIF

oz *
o 2

rkﬂ

median) WAF8HE B thAEEEE B4 7)eE A
Ttk 2 A~ A4E DRHMO tiate] Fows =

oA AAE AAel DRHMS A28l JuE A53hch
1900 1900
1800 z 1800 3
— - - — . .
E 1700 SRR £ 1700 " e
~ . . & . .
e 16m [ . - - Q 1600 l . . -
[Fea]s [l
1500 1500
1400 1400
750 800 850 900 950 1000 750 800 850 900 950 1000
KD1(mm) KD1(mm)
(a) Estimated case (b) Real case

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

4. Discussion

w Arelde vAFAE AAE 218 DRHM A4

l Aol SslE AlAglo] JEE Q) E A|AEE 5T
DRHM ”‘3 AR AT A7, A AAESF
AR, FQW4 F% distributed method A%, 281

DRHM Ojﬂﬂﬂ A7) 5 A&sto] AREA7F DRHM A4
S Bolata AEeHAl & = AL F AT 2 AAE
< DRHM *g*éoﬂ AHEEE FA 151 RE FAX R AT
ato] AREAPL dehs WER AFAA AATE ThseteE
AE|Fo]~F AlFstaith ¥ Al2~H2 A4dE DRHM #4]
of E3lgl A|AE o2 DRHME] QA7) Q175848
A, a83 AZsE JRE Ao, A7kEetA AE
AFAA AL Al F-88HA 482 ek
B AL A TFsdt AFAAE §olsta

_‘?_/\—]B—Loi}yq zﬂyﬂﬂo] u] p=R j‘ =
A Al 89 4 otk 71 DRHM AA# A5
DRHM 473 A AAZ A ] vl glo] o o
o2 AR WE AEate] AF] AFAAE A A
o% detE Qe Wb, £
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[0
L
B

A1 AR DREM A4 24 ¥ A gde
ES Agete] AFAA TIES setetar o]
1m RAgoRs H ARAAT 9T F ek

TollA Tt AIARES FEE g EQAR g

&
[t

iy :OL

e o
o %

(boundary representative human model, BRHM) A4
ul B A A~elo] siuta} &7 DHM simulation system2)

custom—built RHM 2373 QIE]#|o]As}e] Aso] FQ3irt.

BRHM2 A9} 722w x|<=4|3& (one—size product)
ANZFF A A Al AgE=d 2 A7-9] DRHM 44
9 A AAR e St AlARIo R JiEo] A/

= vk msh g AAEE B3 Ad¥ RHMEO]
DHM simulation system®] custom—built RHM 234 7]
7 AFEo] AFEA FHE: B2, AFett )7

2 F= QL E = A|AEIZE AFS 28 (interoperability)

of thgk A7t & ashrt

°]
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