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Digital Human Model (DHM) Simulation System
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(Park et al., 2008) (Lee et al., 2010)
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Representative Human Model (RHM)

O A= 2A 04l (target population)2| PIH[A7|E SAH L= S L &#SH= A2
O1X| 2 = (Jung and You, 2005)

O RHM2 XNZF 24 H& =00 el 27tK| 2= HdE =+ AUSung, 2009)  Focus

Distributed RHM (DRHM) | Boundary RHM (BRHM) ‘:
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Application | « CH&S X|=X| Z (multiple-size product) 2 A 1 « T X|=X| = (one-size product) & A| :

area <O: 2=, & PeOl: H|H7| 2B, AEAH 2F4 i

RHM * Grid (Robinette and Annis, 1986) :: * Square (Bittner, 2000) :

eneration | ° Clustering (Laing et al., 1999) I * Rectangular (Kim and Whang et al., 1997) :

g « Optimization (McCulloch et al., 1998) I« Circular (Meindl et al., 1993) I
methods |

j *Boundary zone (Jung, 2009) I
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DRHM Generation and Analysis System
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LRHM Generation Procedural Interface ] %

Distributed Representative Human = RHM &8 X7t H 8| of
Model (DRHM) Generation RHM ‘d’d0| &0|gt QIEmjo|A XS
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and Analysis System (Lee, 2011)

Customized Sizing Categorization J

= =Y X+HA Ao e A=

ot s ks SEa-—)

L Specialized RHM Analysis

= MHE RHM £40| S3HE XA

fon EFUIigsta Ergonomic Design
t'ﬂ} A4 280} 5 Technology Lab




DRHM Generation and Analysis System

=l Mictribitad RHM Generation & Analysis System | = | [Bl] |
Input e Output
Target Population Generated RHMs
. (S]
Datahase: U Army (1 P Body Sizes of AHMs  (Mumnber of RHMs: 20, Mumber of target anthropormetric variables: 13 Mumber af target populations: 1767
Gender Mo, Cervic,,, Chest,,, Biacro,,, Buttoc,,, Chest,, Crotc,,, Inters,,, Sleew,, Stature  ‘Waist,,, = Female Male Total
) Female 1 1359.9 G99 4 366, 6 9520 g 36 7T [ 16779 396 Groupl 42 34 1060
# Mala 2 1484,2 g41.4 3734 925, 1 gea.5 3600 3435 5014 1713.4 389.7 Group2 495 212 w7
_ o e VR 3 1455, 2 a39 7 vz 9&R & 02,2 3862 T BE9, 2 16815 3840 Group3 1] 1] il
© Composite (%) F M= ' 4 14434 9525 3755 9835 9447 3811 321 G645 16684 3826 |=f) Groupd O 0 0
fae 5 1316, 1 936, 3 3RG, 1 997 3 940,38 3862 3689 B09,3 1529,9 3R1.0 Total 1237 530 1767
8 G 14217 10641 3800 10374 10267 4025 399.9 BER.7 1644, 3 3801
Murmber of Age Groups: 2 - 7 1390,5 97049 ¥6nE 991.5 046, 7 3092 320 541,68 1610,8 3696 y i
s B O B 16264 9960 4108 1037 10304 4117 4047 B44.3 18620 4308 Additional Information
g 14081 a03.7 3663 955, 893.2 361.9 3539 5487 1630.3 o
haes els O 10 1867,2 10483 4032 10399 10582 4129 4127 BI4T  1TALE 4147 L
s [ 11 14132 B4z 3 3611 8230 841.5 3744 336.3 Tror et S
0 B © 12 16196 11118 4192 10759 11286 4261 4378 Result 1: Result 4:
. 13 16364 1002, 8 3857 1014.0 10124 q05,2 396.7 RHM’s body sizes - FA o Additional Info.
Ratio (%) G0 40 ] T :
Target Analysis of Multivariate Accommodation Percentages (MAPs) Location of RHMs with Envelopes (for key dimensions)
Anthropometric .I Step 2 p
Variables For key dimensions: B0.5 % B Flot of Generated-RHMs & c|_£hﬂ
[ ; ] ] Average  « -
Distributed RHM Generation MaPs for the different number of anthropometric variables 1200
51, Ewtraction of key Dimensions joog 970
Analysis ] [ = Step 3 a0.0 : Result 2:

Accommodation rate

@ Regression Analysis (RA) a0.0
() Factor &nalysis (Fa) 0.0

) Principal Component &nalysis (PCA) % 600
52, Determination of Distributed Method E 50,0
() Grid (Robinette and &nnis, gl %: 40,0
@ Clustering (Laing et al,, 19 Step 4 30,0
() Optimization (McCulloch et al,. 1938} 20,0
53, Determination of Body Siz - 10,0
@ Estimated Case ) Re Step 5 o 700 : : y R.eSUIt. & .
' 5 : 5 8 1 12 1200 1300 1400 1500 1€ Visualization
I Generation N I Mumber of anthropometric variables KD1 (mm)

6 /23 Copyright & 2010EDT, &l rights reserved._




DRHM System Demonstration

Playing time: 2:20

File  View Help

Target Population Generated RHMs

Datahase: LS Army (1988) Body Sizes of RHMs  {Mumber of RHMs: 000, Mumber of target anthropometric variables: 000 Murmber af target populations: 0000
Gender Ma

Fernalg hale Taotal
@ Fernale Groupi

Male Group?
Group3
Groupd
Total

Composite (3)

Age

Murnber of Age Groups:

Additional Inforration
10s

Ages Ak Regression Equation
30s

a0s
Ratio (%)

Fé& or PC4 Loadings and Scores

Target ]
snthropometric Selection

Analysis of Multivariate Accommodation Percentages (MAPs) Location of RHMs with Envelopes (for key dimensions)

Variables Faor key dimensions: 000 %

i i i Average  « e Wi i ions i
Distributed RHM Generation MaPs for the different number of anthropometric variables Motice: Will be plotted when number of key dimensions is 2 or 3

51, Eutraction of Key Dimensions 100.0 990 %.0

Analysis | | User-defined 0.0

80,0
70,0
0.0
52 Determination of Distributed Method 500
Grid {Robinette and &nnis, 1986) 4n.0
Clustering (Laing et al,, 1999) 300
Optimization (McCulloch et al,, 1998) 20,0

MaPs (%)

=3 Determination of Body Sizes of RHMs 100

Estimated Case Feal Case 0.0

3 4 5 [ 7
Generation MNurnber of anthropometric variables

Copyright @ 2010 EDT. All rights reserved,




Results: Performance Comparison

HISE MA S 2/t DRHM 2 E H| 2 A (Lee, 2011)
- Target population: 485 males (US Army Pilot, 1988)

- Target anthropometric variables: 13 key variables for flight suit (Jeon et al., 2009)

Accommodation "Real key _ Non-key
DRHM generation rate Number of dimensions (2) dimensions (11)
No. generated . Coverage rate of ranges
methods for key RHMs Accommodation of dimensions (%) Number of
Op“ma' Sizing Systemdimensions (%) rate (%) A outlier RHMs
) verage SD
©= 1 | RA-Grid-Estimated 95.3 I 95.3 53.7'g 14.3 0
2 | RA-Grid-Real 87.4 87.4 55.2 14.8 0
3 | RA-Clustering-Estimated 95.3 39 95.3 59.3 17.3 0
4 | RA-Clustering-Real 90.9 90.9 61.1 17.8 0
5 | RA-Optimization-Estimated 95.1 33 95.1 56.9 16.4 0
6 | RA-Optimization-Real 92.8 92.8 58.3 16.8 0
7 | FA-Grid-Estimated 95.1 51.1 : - 4 L. o O \lL&
5 | FAGridReal 26 8 26 298 Non-key dimensions H| . Z1}: O] 2 FAFgt
9 | FA-Clustering-Estimated 95.3 24 34.4 42.3 17.3 1
10 | FA-Clustering-Real 92.8 34.2 43.2 18.1 1
11 | FA-Optimization-Estimated 95.3 26 35.9 44.4 14.8 1
12 | FA-Optimization-Real 92.8 36.1 41.5 16.0 1
13 | PCA-Grid-Estimated 95.3 26 57.3 81.0 10.6 2
14 | PCA-Grid-Real 92.4 73.4 67.3 6.6 0
15 | PCA-Clustering-Estimated 95.1 20 80.0 53.9 5.9 0
16 | PCA-Clustering-Real 93.4 80.0 55.6 5.0 0
17 | PCA-Optimization-Estimated 95.9 23 76.7 56.1 7.3 0
18 | PCA-Optimization-Real 92.6 78.8 53.8 6.7 0

*Real key dimensions: cervical height, chest circumference
= DRHM A|2B1S &9l S X2 2 XX X|H|A|(optimal sizing system) 1%
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Boundary RHM (BRHM)

==(key dimension)0i| CH3l X|’H =l H|=(designated accommodation percentage)2| 2 A|
Ol E L3St THE (houndary) A MM &= QK 2 E

- o WORKSTATION A-CADRE MANIKINS
SEHOl BRHM MM RELATED
VARIABLES |1 2 3 4 § 6 7 8§ 9 10 11 12 13 14 15 16 17
A
BRHM == | Stature 900 910 827 954 756 S20 244 383 617 756 480 90 173 46 244 10 500
AL o Hlial Chest Ht. 98.7 848 904 960 634 451 286 201 799 714 3549 152 9.6 4.0 366 1.3 500
-l +=8H|E 1 e
Sitting Height 056 897 315 O10 936 RS0 216 832 168 84 150 103 685 90 64 34 500
Eye-Height Sitting 963 927 296 898 923 813 180 857 143 820 187 73 704 102 1.7 3.5 500
Popliteal Height 981 675 918 973 644 500 377 106 894 623 410 325 82 2.7 356 1.9 500

Buttock-Knee Lth 986 926 957 Ble 618 163 435 331 669 565 837 74 43 184 382 14 500

=1 Shoulder-Elbow Lth [ 990 784 932 940 793 519 494 235 765 506 481 216 68 60 207 L0 SO0
L Forcarm-Hand Lth | 983 579 937 941 853 67.0 660 179 821 340 33.0 421 63 59 147 15 500
E 50 Bideltoid Breadth 936 874 896 189 936 I89 896 874 126 104 811 126 104 8l1.1 6.4 64 500
G Hip Breadth 969 96.1 89.6 344 864 123 692 841 159 308 877 39 104 656 136 31 500
L Foot Length 989 657 925 929 893 669 657 264 736 343 330 343 75 71 107 L1 500
E 45 Liand Length 980 459 906 925 929 B0 766 243 757 234 199 541 94 75 71 20 500
g Functional Reach | 988 711 953 930 800 519 594 190 809 406 481 289 47 70 200 12 500
= 40 Funct. Leg Throw | 99.0 824 933 94.6 723 455 411 215 785 589 545 176 67 54 277 10 500
H Acrom. HL Sit, 97.1 934 358 880 922 773 20 849 151 799 227 66 642 L1 78 29 500
- O_|—T-'- %ng 9599 Cervicale Height 99.0 900 849 954 752 510 264 353 647 736 490 100 151 46 248 140 3500
- . ’ . Tragon Height 989 910 8l4 954 756 529 236 393 607 764 471 90 186 46 244 11 500
30 35 40 45 Weight 560 955 809 341 874 132 715 838 162 285 8
B .. .. - of B N . N . A
Bincromial Breadth | 97.1 760 $83 456 978 300 904 794 206 96 O|__|.L_|_ ng 5%
SI.I_I.ING HE'GHT {in.) 1aCromial rea " R e K R A N . X 8
- E o | - E o |
Cockpit 24| & ¢let 6702] BRHM Workstation 2A| & et 17702| BRHM
(Zehner, 1996) (Bittner, 2000)
2 I—I o AH A1 St ol — IAE‘"_° = H
= BRHM= Mo =2 d/de = A= A|AHZ2 BX

o k] ;
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Research Objective

ro

Workspace 4 E ¢

THE 5 MR HBRHM) M X M4 A

O 7|& DRHM A|AEHIO| BRHM A 81 2M 7|5 HA| @t oot

v' DRHM vs. BRHM: 357 & X}0| ™ met

v' BRHM ‘d-d 9t A algorithm X interface 71 &
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Classification of BRHM Generation Methods

0 A-8E|= boundary E0| 2ot Ul 7HX| EL = =&/

Square method Rectangular method Circular method Boundary Zone method
(SM) (RM) (CM) (BZM)

g ( ) L ]
2, v, Centroid
. )

Ilustration

* Bittner et al. (1987)  Kim and Whang (1997) * Meindle et al. (1993) * Jung (2009)
* Bittner (2000) * Zehner (1996, 1999)

* Henry (1990) * Reed and Flannagan (2000)
Studies * Hsiao et al. (2005)

(year) * Hudson et al. (1998, 2003,
2006)
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Process of BRHM Generation: SM, RM, CM

Step 1: Extract factors Step 2: Determine factor Step 3: Convert the factor
(components) by factor analysis (component) scores of RHMs (component) scores to body
(principal component analysis) sizes of RHMs
o T T T T T T T T T TS
AD, 1 0
AD, 2 g . pe o
AD3 il ? -? ] B5 .ﬁ..f .:
AD, Re(_luce Fi(PC) F, P e AD, & @ ‘....
varnables F,(PCy)  (PCy | .... 1 . 5_____“_.!
oo— =z
3 50
AD, -
S T S T S B R R B R R e 0 2 eZ 2
- F,(PC,) AD,
Factor analysis (FA) 1FLy
Principal component SM.RM. CM Z=FLXFS
analysis (PCA) ’ ’ 1

where: Z = 10 x » matrix of standard normal scores (n = number of RHMs generated)
FL = 10 x 3 matrix of factor loading, and

F8 = 3 x n matrix of the factor scores defined in the space of the factors

% note: AD: anthropometric dimension, F: factor, n: number of anthropometric dimensions.

fwn Ee3idea L ic Desi
tﬁ:} ﬂ'ﬂﬁ g gﬂ:ﬂl' 12 T:gc::?l?;gf Lilbg"




Determination of Factor Scores of BRHM: SM

O Determined by Bittner constant (1.2208; Bittner, 2000)

Second factor
[y} e L] | g1 —_— L] —_— | ] L] = [ay]

s Centroid

% L: length

<
T

|
o b
2

10
First factor

13

First Second
factor factor
1 0 0
2 1.2208 1.2208
3 1.2208 -1.2208
4 -1.2208 -1.2208
5 -1.2208 1.2208
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d

Second factor

Determination of Factor Scores of BRHM: RM

Determined by finding a boundary that statistically accommodate a designated
percentage of the target population with weights of each factor (Kim and Whang, 1997)
5 ! !
! (Wi+wo))K —wiwak =T
) (0. 0) _
5| PrrmrAnsxmnnnnr @i ) where: W; (weight of factor i) = 1/,/2;
1 ‘ - A; = eigen value of factor i
" ® -
0r " e H = -
4l E Centroid . r=1-x
5| - . K = designed accommodation percentage
N ,Illllllll'llll)’——
3t | W |
47 T lObtain K'
% 4 3 2 4 0 1 2 3 4 5
H !
First factor Rectangular boundary +|d1 W;K |
corners for factor i S 2
W width, H: height where: @ = cumulative density function
fo EeTudtin 2 Ergonomic Design
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Determination of Factor Scores of BRHM: CM

 Determined by the points with a predefined angular interval (usually 45°) on a circular

boundary and the radius of the circle with the proportion of people within the circle

met the designated percentage (Meindl et al., 1993)

r

Second component
L N T R S S X S SR S &

Radius

2 4 0 1 2 3
First component

15

4

3
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Process of BRHM Generation: BZM

Step 1. Formation of a
boundary zone

Step 2. Clustering of

in the boundary zone

anthropometric cases

5 " : T 75
Boundary zone
— Tor = 70}
£ s i 3
£ 65 e DEGAL £ 65
@ Rt =)
) o NG g
B0+ - D=482
3 centroid 0~ £ g oop
e " ”“"’\ §
¥ L \ 91% boundary v
8 557 e p ‘:‘." 7 8 55k
£ : 89% boundary =
D gl @
50t
45 : ‘ s
15 20 25 30 35 45

15 20 25 30

Abdominal extension depth (cm) Abdominal extension depth (cm)

SHFT+EH|E0 &
HI22 7t (0ll: 90%+1%)
otol 28 F 7Hel 84

Moz ¥y

&2 M (K-mean
BRHM =& %X}
2
i 7 (1-0.91) = 4.82
D=(AD- ) S (AD - u) ~ 42 <

D = normalized squared distance

7:(1-0.89)=4.41
where:

AD = n x 1 anthropometric case matrix of n anthropometric dimensions
A =n x 1 average matrix of n anthropometric dimensions

¥ =n x n variance-covariance matrix of n anthropometric dimensions

e EEEOiee

39 demnza

16

clustering analysis)S S di

Buttock-knee length (cm)

Step 3. Selection of
representative
anthropometric cases

75

70t

65t

Tae

B0t

5 e

50t

15 QIU 25 SID 35
Abdominal extension depth (cm)
T SN ok T 2
BRHM= UE (=& 2
centroid or real case)

s Ergonomic Design
Technology Lab



BRHM vs. DRHM: Generation Process

S1. MAICHAIQIT M : égt:(;zfometnc database
(Target population selection) o Age group
A
S2. SACH4 QAN|H4 1
(Target anthropometric variable selection)
BRHM ‘44 DRHM 444
A A 4
S3. Factor/component 3% S3. 52+ FE
(Extraction of factors/components) (Extraction of key dimensions)
e Factor analysis (FA) e Regression analysis (RA)
¢ Principal component analysis (PCA) e Factor analysis (FA)
! ¢ Principal component analysis (PCA)
S4. Boundary method 2% S4. Distributed method 2%
(Determination of boundary method) (Determination of distributed method)

e Square method e Grid method
¢ Rectangular method e Clustering method
e Circular method ‘ e Optimization method
 Boundary Zone method S5. RHM 21X|37]| 2
(Determination of RHM'’s body sizes) * Estimated case (centroid)
o Real case (medoid)

— 7|Z= DRHM A|AH(Lee et al, 2011)0 boundary method& module$} t0{ F7}add-on)stH

FEXHSRINLE = UAS

s Ergonomic Design
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Development Protocol

S1. Input & output variable grasp
[ (square, rectangular, circular, boundary zone method) Complete
4 : N
S2. Algorithm development (Matlab) In progress (90%)
A
S3. User interface development (Visual C#) In progress (30%)

A

[84. Connection with DRHM generation and analysis system ]

s Ergonomic Design
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Summary: Boundary Methods

Square method

Rectangular method

Circular method

Boundary Zone method

(SM) (RM) (CM) (BZM)
Boundary zone
L 0 e (N N S IR v
........ 1_ 1 ".."."‘ o Rt oy
Hllustration iy Ny T e
- & ) el 9904 houndary
Data * Factor analysis * Factor analysis * Principal component
reduction analysis -
technique
* Length/2 » Width/2 * Angular interval (°) » Designated accommodation
Inout * Designated accommodation | ¢ Height/2 * Radius percentage (%)
P percentage (%) * Designated accommodation | ¢ Designated accommodation | « Tolerance (%)
percentage (%) percentage (%)
Process - - - * Number of clusters
* Body sizes of RHMs (unit: mm)
Output » Multivariate accommodation percentage (%)

* Outliers: magnitude / normalized magnitude (avg., SD, max)

oo o

%
/i

E3- 1 ]
y Lrelde St

19
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User Interface: SM

- _
ol Distributed RHM Generation & Analysis Systen'l
- R

i —
o Distributed RHM Generation & Analysis System
——_

File  View Help

File View Help

Target Population

Databaze: S Aerny (19383 -
Gender
|| ) Female ) Male

@ Composite (%) F:td= 70 30

Age

Murnber of Age Groups: 3 -
10z B ©

Ages s O O
s B O
a0s m Il &

Ratio (3} 30 30 a0

Target
AntherDmEtric
Variables

RHM Generation
51, Key Dimension Extraction

l Analysis l l User-defined l

() Regression Analysis (RA)

Distributed lysis (PCA)

52, RHM Generation Method

{Distributed | Buundary|

1 Grid (Robinette and &nnis, 19860

(0 Clustering (Laing et al,, 1999)

() Optirnization (McCulloch et al.. 1938)

53, RHM Body Sizes

() Estimated Case () Real Case

l Generation ]

Target Population

Database: S Aerny (1933) -
Gender
) Female ) Male

@ Composite (%) F:m= 7 : 30

Age

Murnber of Age Groups: 3 -
10s o B

Ages 2s O O
s B O
A0s (=] ] (&

Ratio (%) 30 30 a0

Target
AntherDmEtric
Variables

RHM Generation
51, Key Dimension Extraction

l Analysis l l User-defined l

() Regression Analysis (RA)

Boundary ..y eca

52, RHM Generation Method

Dis

) Square (Bitiner, 2000 |
) Rectangular {Kim and Whang, 1997)
O Circular (Meindl et al,, 1993
' Boundary zone (Jung. 20100

53, RHM Body Sizes

() Estimated Case ") Real Case

l Generation ]

|

Al (0, 0) ]
: 2t )
§ Al !I AEREEE |
5 0 UL
T « Centroid :
3-1 ‘II'I ERRAN
é
4
d
Y4 3 2 4 0 1 2 5 4 ¢
First companent
1 Length/2: 12208
If length/2 = 1,2208 (Bittner constant)
= Accommodation rate = 79%
i@ Target accommodation rate (%) 95

Ok,

,
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Results: Performance Comparison

Oll: workstation 24| & ¢/et BRHM W E ‘44 Aa}
- Target population: 3,982 (US Army, 1988)
- Target anthropometric variables: abdominal extension depth, buttock-knee length, elbow rest height, foot length, forearm-

to-forearm breadth, hip breadth, knee height, popliteal height, thigh clearance, buttock-popliteal length

| Outlier percentage Normallzed outlier magnltude
I [ |outlier - max or min| / mean ]
Boundar Number of factors/ | Percentage of Number of Multivariate [
methody Trial | principal components variance Representative accommodation Number of Number of Number of
extracted explained i humanoids (RHs) percentage outlier RHs vars. with cells with I
fitiel] e Outliers Outliers Average SD Max. I
I of RHs /total number | /total number
of vars. of cells I
Square 1 3 0% 0% 0% 0% 0% 0%
Method 1 4 0% 0% 0% 0% 0% 0%
(SM) 1 5 0% 0% 0% 0% 0% 0%
Rectangular |1 3 1% 20% 2% 5% 6% 9%
Method 1 4 35% 70% 8% 3% 3% 11%

(RM) 1 5 46% 90% 10% 4% 5% 20%
Circular 1 3 81% 0% 0% 0% 0% 0%
Method 1 4 12% 20% 1% 3% 4% 8%

(CM) 1 5 26% 40% 3% 2% 3% 9%

1 0% 0% 0% 0% 0% 0%

2 0% 0% 0% 0% 0% 0%

3 0% 0% 0% 0% 0% 0%

Hi K| AHS A3

4 7H = '—I Al —a= AI‘ o OI‘O:I 0% 0% 0% 0% 0% 0%

5 = - 91% 0% 0% 0% 0% 0% 0%

6 performance H| 11 & &3 %2 90% 0% 0% 0% 0% 0% 0%

Boundary Zone | 7 90% 0% 0% 0% 0% 0% 0%
M th d L x* h (] (] (] (] (<] ‘0 0

i 8 BRHM M7 7}s 91% 0% 0% 0% 0% 0% 0%

(BZM)

9 43 90% 0% 0% 0% 0% 0% 0%

10 46 91% 0% 0% 0% 0% 0% 0%

Avg. 443 91% 0% 0% 0% 0% 0% 0%

SD 2.3 1% 0% 0% 0% 0% 0% 0%

Min 41.0 90% 0% 0% 0% 0% 0% 0%

Max 47.0 91% 0% 0% 0% 0% 0% 0%

21
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Discussion

O FHR HEANZABRHM) 4d 7|1 U M4 EX oj<}
v A2H 7RSI8 ] 7HX] BRHM A B B (square, rectangular, circular, boundary zone
method) & input, process, output H == I2F
v BRHMI} DRHME| H| W &A= &3}0] 7| & DRHM A| 28 1te| &5 A ==

MR
a

O Workspace BAHIE ¢t BRHM 44 U 24 A| A 7|
v HE NEA7BRHM A HEE BO5HA HE8Y +=
v BRHM-d-d Ext 2 7|40 HEE|= 5

v E BRHML| g &4 7|5 (0l: multivariate accommodation rate &) XS

| = user-centered interface X| &

Ofm
a2
12
N
rE O
|_oﬂJ

HIE A2 AlZE

i

= U X|=H|F (one-size product)2| 21ZtSStH HA| Sl Il A| R 85HA & E2EH = US

- Ergonomic Design
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Q&A
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