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ABSTRACT

Multivariate generation methods of representative human models (RHMs) that
accommodate a designated percentage of the target population have been used for
ergonomic product design. Distributed method, which is one of multivariate generation
methods, has been used for multiple-size product design and mass customization such as
clothes. However, it is not easy for product designer to apply distributed method to
product design because of characteristics of these method which has complex and various
statistical techniques and algorithms. Also, we found there are no systems for application
and analysis of distributed method.

The present study is intended to develop a distributed RHM generation and
analysis system for multiple-size product design. First, literatures related to distributed
method and RHM generation interfaces of digital human model (DHM) simulation
system were surveyed. Distributed RHM generation method consists of (1) extraction of
key dimensions using techniques which are regression analysis, factor analsysis, and

principal component analysis, (2) determination of distributed method using manners



which are grid method, clustering method, and optimization method, (3) determination of
RHMs’ body sizes using estimated case or real case. And, characteristics and limitations
of RHM generation interfaces of three DHM simulation systems (Jack, RAMSIS, and
CATIA Human) were grasped. In DHM simulation systems, user could not select various
target population (e.g., composite gender) and target anthropometric variables.

Second, the distributed RHM generation and analysis system was developed. In
this system, each specialized interfaces being applicable to five distributed RHM
generation steps were provided based upon a comprehensive literature surveys and
characteristics of RHM generation interfaces of DHM simulation systems. And, analysis
results of generated RHM such as multivariate accommodation percentage, body sizes
were provided in this system.

Lastly, an optimal sizing system for men’s flight suit design was recommended.
Using the US Army Pilot male anthropometric data and 13 anthropometric variables, 18
sizing systems (3 methods of extrcation of key dimensions, 3 methods of determination
of distributed methods, and 2 methods of use of RHMs’ body sizes) for 95% of
accommodation rate were developed and analyzed among them. In this study, R-G-E
(regression analysis — grid method — estimated case) generating 29 RHMs was selected.

In summary, the developed system can be used for multiple-size product design
practically and efficiently. And, product designer can obtain optimal solutions through

comparisons of various sizing systems using this system.
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. Introduction

1.1. Research background

Digital human model (DHM) simulation system (|: Jack®, RAMSIS®) 7}
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1% 1-1. Ergonomic design and evaluation using DHM simulation system

o} o] 3] 2](2010)= DHM simulation system®| percentile RHM (5%, 50", and 95™
percentiles) A4S Foto] 747t sty dAEFH 2TAHAYL WA HUIE A

94 FAolAe AnFgAoR Hohskn A ANl WAzl AF AW
+ -2 DHM simulations o83 E&4< AlF HAE 93] Fasth
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st 7 Zl(boundary)ol A1 RHM= A5t WHO

=2
A% A Al (one-size product design)oll &-&F Tt} E 3 boundary RHM
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1986), rectangular method (Kim and Whang, 1997), circular method (MeindI et al., 1993),



¥t} Distributed RHM A3 43

ME

Z12] 31 boundary zone method (Jung et al., 2010)=
WHE e v&o] AA g JAFE 283t v AR (grid)ES ST
W ARk w3 7} Axpwitk RHMS ¢ 84 sk o R, o5
2ol AFAA7F A= AF A Al(multiple-size product design)ol] &-&H T} FETH
distributed RHM A7 W2 AA g A+E 8 o= 4A4E 2A4st= %
Hol o} grid method (Robinette and Annis, 1986), clustering method (Laing et al.,

1999), “12] 3l optimization method (McCulloch et al., 1998)% -7 ¥ T},

it 1-1. Taxonomy of RHM generation method (Jung, 2009)

Boundary method Distributed method
5 75
i b o ; o5
[lustration fo iy e
§ B @rusnnnus & g -
2 EE
@ 50
% 0 5 s 20 25 30 35
First component Abdominal extension depth {cm)
L - One-size product design - Multiple-size product design
Application
- e,g., car interior, fighter cockpit - e,g., clothing, glove
- Square method - Grid method
(Bittner, 2000) (Robinette and Annis, 1986)
- Circular method - Clustering method
(Meindl et al., 1993) (Laing et al., 1999)
Methods
- Rectangular method - Optimization method
(Kim and Whang et al., 1997) (McCulloch et al., 1998)
- Boundary zone method
(Jung, 2009)
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g4 PGk 2 AN H85 3 lo](Jimmerson, 2001; Nelson, 2001; Thompson,
2001; You et al., 1997), A3 ¥ RHMo] AA N EATF AA =279 dFdS A3

SHAl W ek#] ESh= $HAI7F 2l th(Dassault Systems, 2005; SIMENS, 2006; Jung et
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r
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r
arm Length:
r
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r
Bidleltold Br.:
r
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r m
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Head Breadth: Sit Knee Hat!
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Head Height: Thigh Clearance:
r r
Head Length! Thumbtip Reach:
r r
Sawe at.. Edit Existing.
Narme | Human ﬂ
Add toMeru | Create New
Basic Scaling | Body Part Sealing Usage | Clear | Dismiss

719 1-2. Custom-built RHM generation interface (Jack, SIMENS Co., Germany)
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1.2. Research objectives
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Il. Literature Review
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21. Representative human model (RHM)
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oW AREE] fdoke FAe] e v dAAdY 8

Y il 91tk WA, percentile RHM-2 Tl -t AAZ EAsHA] =0} d& &
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Body heights

Corpulence Body proportions
' ; ;g - ' |
. Grand-ma Maria 4
» Aunt Shao
Grand-pa Sam Onele Massai
(a) Mercedes-Benz 9 Family (b) Volkswagen 11 Family

1% 2-1. RHM generation for vehicle design

W, 719 2-2= CAESAR (Civilian American and European Surface Anthropometry
Resource Project, 2002) ¢1#|57 database W F+ 7H<] 1AM >(hip breadth and
stature)ol] thato] zhzbe] QMo e 95%%iled WSS AA|TAV|E= E

AR, F ] QAW s Aol ostile S HEF = AA AT =

95%ile female  95%ile male

600 : ] +
+ " o
* °
550 .
A-‘i-{:- T+ * L 1 o
*
: ++1;‘. ‘ © ¥l o
£500 — 1 95%ile female
£
~— o ©
% o
3450 w © ]
% I —  95%ile male
o
T 400 .
+*
3504 %
+
o
300 T * T T ™ T

1400 1500 1600 1700 1800 1900 2000
Stature (mm)

Z1% 2-2. Hip breadth vs. stature in CAESAR (n = 2,391)
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RHM A4 Al sAldl F&5= A9 H&2 Hxg &Rt fdasgit
(Meunier, 1998; HFES 300, 2004). ol& £, 219 2-37} 2] Jung (2009) US

Army A4 databaseS 7|WFO. 2 7](184 cm)9} o7 UH]|(52 cm)= 2479

o

95"%ilec] dF3= RHM<S AAskdrh o] o, © 84| & (univariate
accommodation percentage, UAP)> &3 -&H] &2l 95% 5 "ol 0k, thH ek
=-8-H] & (multivariate accommodation percentage, MAP)<> 91.8% = %3 F&H]&
]l 95% R} st

o] 2] gt percentile RHM A4 7]'Ho] stAIHS H&sl7] fste] &A%
7S &8s F 74 £82 RHM A4 7]H(boundary method®} distributed

method)©] 7W&E Tl HA, boundary RHM A4 71HS 19 2-4.a9 o] A

A vEe] AA g JAFE Esel= W H-(boundary)ol A1 RHM S A4

ol

= WH o]t Boundary methodi= A A9} A HE QA S sk QQl#AS

210
200
190 th o7
95t %ile of stature - RHM
S P P 7% é:
E 180
®
g 170
2 H
180 Accommodation % =91.8 2 95t gpile of
= shoulder breadth
150 : 1
1195 20 25 50 55 60

Shoulder breadth (cm)

1% 2-3. An example of MAP of a percentile RHM (Jung, 2009)
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Abdominal extension depth {crm;)
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First component

(b) Distributed method

(a) Boundary method

1% 2-4. An example of RHM generation methods

N

53!

A, distributed RHM A4 7]

B 9

3

oA RHMS A4

= B
THE

w=

]

o

o

=D

18 A

Z

&, 7 AR FdelA RHMS A

g AT

A

sk W ot Distributed RHM A4l 7] W&

o
=

regression analysis)

A

g

A

=

AWM 9=(key dimensions)”}

ol

o F9

A

3}

AR

£ ¥A3sle] RHM=

77}

Distributed RHM generation methods

2.2.

Distributed RHM-& x| A A7}
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l‘BL

2 7} Alell ARS-E T} Jung (2009)2 distributed RHM A4 7|9 2 28 &3}
S ZAFSE E 2-13 o] A stk odE , Robinette and Annis (1986),

Rosenblad-Wallin (1987), 2] 32 Kwon et al. (2004)> 3|7 £4S Z& T2 9l

ARFE FEotL BHE AdTEX AR ARE B st el A+
AAE A stk HE3H Laing et al. (1999)2 291 4] (factor analysis)= & 3|
T8 AAWTE FEot APE AFEEE et HaE A5 A
Z 4715921, McMulloch et al. (1998) 7] &3 ZALE %38 449 T4

AE A
Distributed RHM A& 18 2-50] YeElA A 2L A b4 Az
A AP A dA= g8Fo2 XAE v&o AA g AFE

F&ots d9e A5k fal JAErE 3 A AR £4S §5

3E 2-1. Existing distributed RHM generation methods (Jung, 2009)

o Determination )
Application Accommodation )
method of key Studies (year)
area ) ] envelope
dimensions
Robinette and Annis (1986),
Grid by grading Rosenblad-Wallin (1987),
Regression system Moon (2002), Kwon et al.
Multiple—size Analysis (2004)’ Zheng et al. (2007)
product design | (or correlation Grid by optimization
analysis) technique McCulloch et al. (1998)
Cluster Laing et al. (1999)

14



Step 1: Determination of Step 2: Determination of Step 3: Estimation of a representative

key dimensions accommodation zone human model per zone
75
70 Frequency.analysis Key dimension : Other dimension estimated by
AD;, AD, =K, regression
65
282 P AD, =K, AD hn AD; bl LAD; XKI +b2,AD; XKZ
5 . =K,
AD4 Reducing K1 K o A_D4 bl).AD,, +b1.Am X Kl +bz.AnJ X Kz
AD, | variables Ky 2 .
. —_— AD, :bu.ADn +bl,AD‘, xK, +bm.AD‘, xK,
’ 50
AD,

1% 2-5. Distributed RHM generation process (AD: anthropometric dimension,
K: key dimension, RHM: representative human model) (Jung, 2009)

29 1~ 5719 AR TE T A S (key dimensions) 2 A1 7% $HTh(Resonblad-
Wallin, 1987; Hidson, 1991; Gordon and Freill, 1994). <& &', Kwon et al. (2004)
o e A% AA AAE A FBIA RS ol T A Faws

QWFE gato 7 A A S -&-F 2 (fitting

e

=
tolerance; °: + 2.5 cm)E ARE3| QIG-EE Hubol] A xH ARE P F
AE FEAE(: 95%)s WSS wrhA] G FERETE A oR e
AR o2 o) 3% A A (representative grid)E A AT} o]E EW, Kwon et al.
(2004)> 7t FaWge] it 0.5inche] A A &F2kE Agate] dA g 4
A5 At mpAY dAlE A8E EAA N RHMS sty A a)

=, T Fge rgae] 4 Y X (centroid)® A A E 1L, YA 2l
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50

Third component

Buttock-popliteal length {crm)

0 -
30 Popliteal height (cm) 34 5 FREREL
Second component First companent

Thigh clearance (cmj

(a) Grid approach (b) Clustering approach

[l
o

50

Buttock-papliteal length {cm)

30
Thigh clearance (crm) Poplteal height (crm)

(c) Optimization approach

1% 2-6. Distributed RHM generation methods (Jung, 2009)
A, grid methodi= 1% 2-6.a9} o] TQWF SHoA AA LTS 183
A7 ARR AR (grid)E AA AT AAAY] BEE ¥ ER o] )
A7 &, Az WFol EekE Q1T Bl&o] o] AgH F&HE(el: 95%)°]
He A4Ee Austel, duE Axe] $4 A2 REME AYEhE P
olty. & EW, Jung (200902 10719 SQAAWMFE  thF 3] A4 (multiple

regression analysis)S &3to] 3719 FQWMTE FE3ITH R 228 T8HT



3t 2-2. Illustration of average adjusted R? analysis for a single key dimension (Jung,
2009)

Candidate for key . . . ) Average
dimension Other dimensions Adjusted R adjusted R?

BD2 0.20
BD3 0.03

BD1 ’ ’ 0.19
BD10 0.13
BDI1 0.20
BD3 0.01
BD4 0.54
BD5 0.28

BD2 BD6 0.09 0.41
BD7 0.74
BDS 0.58
BD9 0.30
BDI10 0.93
BD1 0.13
BD2 0.93

BD10 ’ ’ 0.35
BD9 0.18

SH el gk FHit FAIAAGT 29 A2 FaWSe SR gE
AAWGote] A ARAS Sl B TAHAIAATE F=53 AL YEd
o} Jung (20092 13 2-77 o] FQoWFo JFE FaW

=

AV

g F 4 3] 7 Al 9 (maximum average adjusted RHE YERY
il

i

A 7 FAZE el A = 3= A A sk
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13 2-89] e

Number of key dimensions

[e)

R

-

1.0
04 @
0.2
0.0

0.8
W, Kwon et al. (2009)

R square

Mean adjusted () ¢
=z =
=

1% 2-7. Maximum adjusted R? for different number of key dimensions (Jung, 2009)

o

3

BH

8 WG (hand length®} hand circumference)®] -

g ¥ =

ol

M
Y
file)
TloH
A

],

S
=

23k
5')4

Adjgrat 2

EREEE

B

i

F3r A5

S
| .

(Roebuck, 1995), Kwon et al. (2009)

}I T} Kwon et al.

[<]

49

w744

)

ol

o

]

o

AO

!

Fo] 2% ©]

Mg 7

3}S

ey

o

N

A 7wt}

"0

Agz\

o[/

(2009)
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HL (cm) | 15.0~163 | 163~17.5 | 17.5~18.8 | 188~20.1 | 20.1~213 | 21.3~22.6 | 22.6 ~23.9
Total (%)
HC (cm) (extra small) (small) (medium low) | (mediur)  [(medium high) (large) (extra large)
17.0~183
1(<0.1) 1 (<0.1)
(extra small)
183~196
2(0.1) 9(0.5) 24 (1.49) 7 (0.4) 42 (2.4)
(small)
19.6 ~20.8
19(1.1) 201 (11.3) | 231 (13.0) 30 (1.7) 481 (27.1)
(medium low)
20.8~22.1
6 (0.3) 156 (8.8) 478 (26.9) 164 (9.2) 11 (0.6) 815 (45.9)
(mediurm)
22.1~234
39(2.2) | 182(103) | 150 (8.5) 18 (1.0) 4(0.2) 393 (22.2)
(medium high)
23.4~24.6
6 (0.3) 24 (1.4) 8(0.5) 2(0.1) 40 (2.3)
(large)
24.6~259
1(<0.1) 1(<0.1) 2(0.1)
(extra large)
Total (%) 2(0.1) 34 (1.9) 421 (23.7) | 904 (51.0) | 369 (20.8) 38(2.1) 6 (0.3) 1774 (100)

1% 2-8. Cross tabulation for key dimensions (HL: hand length, HC: hand

circumference) (Kwon et al., 2009)

=7, clustering methodi= 13 2-6.b9} o] FF ol tigh 34

= T3 THe A

rob
ot

,AAE e T4 YIAE REMS s W
Ho] t}. dE 59, Jung (2009)% Laing et al. (1999)9] A5 Fadle] 5 Q
olof] 3t K-mean & AL E3 15719 #7S AA 3 & AAAH 47

o T4 AAE dHEIARD B AAE Z2As3 T Jung (2009) A7

By

g AR 8 27 293 2ol T AFQ ~ 507 E ASAA 7
2
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00t % Selected point 1

average of the within-cluster sums of point-to-centroid distances

0 | '-?HM@AAA PR WY T W W Y
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number of clusters

1% 2-9. Trend of within-cluster average of point-to-centroid distances according to the

number of clusters by K-means cluster analysis (Jung, 2009)

F= Bolvprb ] JHTE 157K o o] HwA Ry 3t

=

b
o

ol e A=

1

ZAow vepwt mebs, AA ] e 2l AA B AR 3
27 iR AL, 2 em A2 FEEHA HE 15712 2 A 5 At Jung, 2009).

A A, optimization method™= 1% 2-6.c$} o] A3} 7|HE Fdto] A

A8 FEUEe UEHE 44T AT F ANE A% FH 9N=
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ao HAdstetus FFELde HAxsehe 1T AAE AT 5 AdE &

LA

Ao T4 X2 RHM A A& Z A3 TF McCulloch et al. (1998)2 A7
H Mg AAE o] &sle] QAFEu &S FHUseliuA sTEHALS HA4s)
2

S A 210 ek An 22 HA s daess A8ste] d4st

)

= 70 o] tH(McCulloch et al., 1998).

min > 1 p ok, + e )1~ k) 2 o

i=1

. 1 #Hp,)<Iic,) where I[(p )=min{d(x ,y )}
o 0 ow

d(x.y,) =2 ld(x;. )]

Yo = Xy ‘.ifxi' = Yei
d(xg’ysj):{ o i . Lf J
xzj _ysja ‘?fxij = ysj

where:  »=number of the target population,
I(p.)=1oss score of person i,
{(e,) =loss cutoff to determine whether a person is accommeodated or not,

d(x,,y_)= distance between person  and its nearest grid,
k= mmber of key dimensions,
x,; = body size of key dimension j of person i, and

v, = centroid of the nearest grid s in key dimension ;.
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Distributed RHM®] Q1A Z7]= F8WF SHAAA Hoj®l RHM A4

AA AHE ol&ste] FAHHET Jung (2009) grid method®} optimization

method®l] st RHMS] S 8WF 7|9 29 A4dd RHM B4 A ARE
H

T A7l= & 2-3% o] T/WFE ol

3t 2-3. Regression equations to estimate the sizes of anthropometric dimensions using

three key dimensions (Jung, 2009)

Anthrop ometric Code Regression equation Adj. R?
dimension
. BD3 = 18.87 — 0.59 x BD1 + 0.60 x BD2
Hip breadth BD3 + 085 % BD5 0.42
. BD4 =25.88 - 0.19 x BD1 + 0.43 x BD2
Elbow rest height BD4 +0.59 % BD5 0.11
Buttock-knee BD6 =2.52 + 0.10 x BD1 + 0.95 x BD2 +
length BD6 0.43 x BD5 0.96
Abdominal BD7 = -3.53 - 0.15 x BD1 + 0.24 x BD2
extension depth BD7 +1.27 x BD5 043
Forearm-to- BDS BD8 =-3.86 + 0.76 x BD1 - 0.36 x BD2 055
forearm breadth +2.48 x BD5 ’
Foot length BD9 | BD9 =3.40+0.41 x BD1 + 0.32 x BD5 0.81
. BD10 =3.11 + 0.83 x BD1 + 0.19 x BD2
Knee height BD10 + 0.44 X BDS 0.96

* Key dimensions: popliteal height (BD1), buttock-popliteal length (BD2), thigh
clearance (BDS)
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2l 22F QREAS Fslo] FEE 39 ToHESE T 10719 AAWHS

Z =FL x FS 21 2-2.
where: Z = 10 X n matrix of standard normal scores (n = number of RHMs generated)
FL = 10 X 3 matrix of factor loading, and

FS =3 X n matrix of the factor scores defined in the space of the factors

2.3. RHM generation in digital human model simulation systems

of that <l

ulfs

DHM simulation system-< U] A& 27 “Jol| A 7]ik5<l A|

DHM simulation system< 7 3FH “gell 71dF<Q AF2 dAd AAEDS 34}
A Alzstete] tket JIAAIE THA = AREAl diEl AlES AREEE A

A A, w7 By, TP g, TElw AF T S 24T £ 9
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47 o] ot EAA R S", 50, 95",

%2
e

ofdel s HAAHEATE

(a) 95™ percentile (b) 99" percentile

1% 2-10. An analysis of clearance using DHM simulation system (©] ¥ 3] £], 2010)

and 99" percentiles)S AJAdeto]l F=AA W AAl S Ao diste] A7HEEA
7V At 19 2-102 FASJA U AAIL A F consoled] Hidte] T
2 oAFEte A7) A4S dA]g

2 Aol A= Al 7FA] 324 <l DHM simulation system (Jack, RAMSIS,

32

%

“1¥]3l CATIA Human)®] RHM 74 QlIEjH|o]xe) 54 51 A S vofs)

<y

o Al AAE Y3k AN (target population)= =17k, AW, A=

i}

I 2 QlrshA g4kl ofs) AEE 4 Stk 2 AT E 249 o] <

TEA 249 RHM A4 A EE QA4 @ wel tiate] 2ApEgle

19
o,

]
ATt 7d™M(gender)> 37FA] Al 2~E R

i)

T A A8 7R R, /3 (composite) 170l gk ARgro] a1y

o

facs

2 e Aoz velgth A# dl(age group)t= RAMSISOI AT Al F5] ar

£

Had 2-11b #3), AT Qe Tad Aelde] Q7E A 4
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custom-built RHM A4 WHES A F3=
simulation system® A 2} boundary method} distributed method®} 15 %A &&=

Ao et

3t 2-4. Characteristics of RHM generation in DHM simulation systems

Factors Jack RAMSIS CATIA Human
SIMENS, Human Solutions, Dassault Systemes,
Developer
Germany Germany France
Version 5.1 3.8.30 5R18
Database / US Army (1988) Germany etc., American,

Nation
(Reference year)

17 nations
(1984 - 2020)

canadian, French,
Japanese, Korean
(*N.S.)

Gender Female, Male,

Female, Male,

Female, Male

(Child) (Child)
4 groups (18-70,
Age groups *EN/A 18-29, 30-49, 50- N/A
70)
Number of
anthropometrlc 26 o N/A
variables

(in custom-built)

Percentile method
Custom-built
method

RHM-generation
method

Percentile methods
Custom-built
method

Percentile methods

* N.S.: not specified
*% N/A: not applicable
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it o =

Type Height ‘wigight

(* Femalz & Custom HE ™ Custom ™t

" Male

99 99
" Child

5 5

Systern Lnit
ngsg:::n|k;| | | & Percentie 50 {* Percertile 50

Height: {cm 05 05

0 0

Save az.. Scale Existing...

Name | Hurnan ﬂ

Add to Mernu | Create New ‘ Scale Existing
Advanced Scaling | Body Part Scaling Dismisz

(a) Jack (Siemens Co.)

ERAMSIS Typology [_ D]
~Gender I ation

i+ Male ¢ Femals " Child
~Length [Key Dimension : Body Height]

i Wery Short " Shart *  Medium " Tall " YemTall | ReferenceYear—————
~Corpulence [Key Dimension : W aist Circumference] I 1984 vl

i Slim W aist £+ tedium W aist = Large Waist
-Proportion [Key Dimension : Sitting Height] ge Group

i Short Tarso *  Medium Tarsa = Long Tarso I 18- 70 vl
~Hand tMaodel Foot Model

i Mitter-like i+ B-Finger Hand = MNaked f* GIND = DIN / SAE

oK LCancel |

(b) RAMSIS (Human Solutions Co.)

New Manikin New Manikin

Manikin | Optional | Manikin | Optional |

@Fatherproduct: 4 i
'i' Manikin name: fanikini
Gender: Man - Referential: |H-Paoint -

Percentile: 1] =3

[] Set Referential to Compass Location

@ =2 | e =z | @ =2 | e = |
. [

(c) CATIA Human (Dassault systemes Co.)

1% 2-11. Percentile RHM generation interfaces
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Build Human...

Stature:
I
Abdominal Dep.:
-
Ankle Hat!
I
Acromion Height:
-
Arm Length.
r
Biacromial Br.:
-
Bideltoid Br.:
r
Buttock-Knee:
-
Elbiow Rest Hgt
i
Elbhow-Fingertip:
e
Foot Breadth!
i
Foot Length:
r

Gender:

* Female

™ Male

Hip Breadth:
[
Interpupil Dist:
o
Shoulder-Elbow:
e
Sitting &cromial
r

Hand Breadth: Sitting Eye:
- [
Hand Length: Sitting Hat L\
o i p
Head Breadth: Sit Knee Hgt ’ r—B
- I =
Head Height: Thigh Clearance: \ (
. : / \ ]
Head Lenath: Thumbtip Reach: L
r r S
Save az... Edit Existing. ..
Name | Hurnan ﬂ
Add to Menu | Create New
Basic Scaling | Body Part Scaling Uzage | Clear | Dismiss

(a) Jack (Siemens Co.)
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& T¥pology | Dependent Measurements M=1 B3 || g Modify Measurement

(b) RAMSIS (Human Solutions Co.)

1% 2-12. Custom-built RHM generation interfaces
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lll. Development of a Distributed RHM Generation and
Analysis System

3.1. System overview

H A 2~EL distributed RHMS A3t A E distributed RHMol|

@ w4 g AT Astel 1d 313 g Al weh AuEc

Aol weh AgAt 4GS A9 WS ge 4dT YES TAFA.
A" AFE Y EAHo gt JASAASE AYsta, AA
FQ1 - (target population)2} A At/ Q1A ¥ 4(target anthropometric variable)E 1

g3k 5, distributed RHM A7 WS AAst=s FAHIA iAoz, &

N
o

Al 2~E'l e A E distributed RHME] -84 & &4 9 A|Z}s) A9 E A Fshr)

(19 32 ).

3.2. RHM generation process

A28l REM AR 29 333 22 597 daz 1lgdr. A
WA A= AANER]TE AAsta, 7 HA DA = AANE
AMTE AASE A HA dAdAE FART F=F DAIZAN analysis W
Ho g regression analsysis (RA), factor analysis (FA), principal component analsysis

(PCA)YE A A3 AL user-defined H-S Aesich vl WA dAdAE Ax3

29



Input Processing QOutput
W
Anthropometric DB
selection
Accommodation
evaluation and analysis
Target population Target anthropometric Distributed RHM 9@
decision variables decision generation

Distributed RHM
generation method
determination

)
J

1% 3-1. System activity diagram
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il Distributed RHM Generation & Analysis System

[=][E] = ]

File View Help

Target Population

Generated RHMs

Body Sizes of RHMs  (Murmber of RHMs: 20, Number of target anthropornetric variables:  13) Murnber of target populations: 1767
Ma. Cervic... Chest.. Biacro... Buttoc... Chest.. Crotc.. Inters.. Sleev.. Stature  ‘Waist... = Fernale Male Tatal
1 13599 8998 566 52,0 a2 A M7 B277 157729 3506 Group! 742 318 1060
2 14842 8414 3734 9261 8505 380,0 3435 B34 17134 3897 Group2 495 212 o7
3 1455,2 8997 EIEN oG55 anz,2 385,2 *17 RO2 16815 3840 Group3d 0 0 0
] 14434 9525 35,5 983.5 944,7 3911 Efr BE4,5 1665, 4 3826 =|| | Groupd 0 1] 1}

5 13161 986.8 356, 1 997.3 940.8 3862 3689 5093 1829.9 3510 Total 1237 530 1767

& 14217 10654.1 380.0 1037.4 10267 4025 /9.9 BER 7 1644, 3 3801

7 1390.5 970.9 367.8 991.5 946.7 3892 7o 5416 1610.8 369.6 o .

8 6264 990 4109 I3 10304 4117 4042 6443 18670 4308 || Addiional Information

9 14081 q03.7 365.3 959 893.2 361.9 B39 5487 1630.3 3720

10 1557.2 10493 4032 1039.9 10582 4124 127 6147 17916 4147 l Fegression Equation l
1 14132 8423 361.1 923.0 8415 3744 336.3 5505 16362  371.5

12 1619.6 e 4182 1075,9 1286 4261 4378 6422 18591 4326

13 1535.8 1oz 3957 1014,0 o124 4052 396,7 17666 4078 -

Database: US Arrny (1988) -
Gender
) Female
© Male
@ Composite (%) F:wni= 70 : 30
Age
Mumber of Age Groups: e -
s B O
Ages AL o
s [
N B |
Fatio (32 &0 40
Target
Anthropometric
Variables

Distributed HHM Generation
51, Extraction of Key Dimensions

] ’ User-defined ]

Analysis

@ Regression Analysis (A&}
() Factor Analysis (FA)
() Principal Component Analysis (PC&)

52, Determination of Distributed Method
) Grid {Robinette and &nnis, 1986)

@ Clustering (Laing et al.. 1993)

() Optimization (McCulloch et al,. 1938}
53, Deterrnination of Body Sizes of RHMs

@ Estimated Case ) Real Case

Generation

4|

I

05,0

l Fé& or PCA Loadings and Scores l

Analysis of Multivariate Accommodation Percentages (MAPs)

Far key dimensions:

BO5 %

MAPs for the different number of anthropometric variables

Average  w

oo 910
0.0
&0
mo
60.0
0.0
400
00
00
10,0

0o

MAEPs (%)

4 [ 8 10
Mumber of anthropometric variables

Location of RHMs with Envelopes (for key dimensions)

B} Plot of Generated-RHMs & Clusters E=nr=y

1200

700
1200

1300

1400

1500
KD1 (mm)

1600 1700 1800

1% 3-2. System overview
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s “
e 1 T e - B DI
Step 1. Target population
selection
. J
]
4 )
Step 2. Target anthropometric
variable selection
S
\
(. .. Y > Analysis method: RA.FA, PCA
Step 3. Key dimension '
determination
\ y User-defined method
\
" )
Step 4. Distributed grid N o L
* i i - > Grd, Clustering, Optimzation method
ormation
L _F
{ N
Step 5. RHM’s sizes .
P det nati —){ Estimated case, Real case
etermination

1% 3-3. RHM generation process

=

A4 WH O 2 grid method, clustering method, optimization method & 3+ 7| & A

i)

ko), vhx) ek @A o] A = estimated case B real caseS A B3] RHMY <14

2718 #4

rot

o,

3.2.1. Step 1: Target population selection
AR = oA Z=A dataREE AEI dFgS Helsie] MA
HArh(1d 34 Fx). 2 Al=de] AAISA datav 3E 3-13 o] Al ZFA(US

Army, Gordon et al., 1988; US Army Pilot, Gordon et al., 1988; Korean Pilot, Jung et al.,

32




Target Population

Database: IS Arrny (1933)
Gender
Female
Male
@ Composite (%) Firmi= 70
Age
Mumber of Age Groups: p
10=
hges 20s 7
30s 7
4ls
Fatio (%) B0 40

(a) Input interface

30

Murnber of target populations: 1767
Fernale Male Tatal
Groupl a2 318 1060
Group? 495 212 o7
Group3 0 1] 1]
Groupd 0 1] 1]
Total 1237 530 1767
(b) Result

3t 3-1. Characteristics of three anthropometric databases

1% 3-4. Interface of target population decision

US Army US Army Pilot .
Korean Pilot
Factors (Gordon et al., (Gordon et al., (Jung et al., 2008)
1988) 1988) getal
Female 2,208 334 -
Sample |y pre 1,774 487 1,237
size (n)
Total 3,982 821 1,237
Range of ages 10s ~ 40s 20s ~ 40s 20s ~ 40s
Number of
anthropometric 132 132 16
variables
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0085 AHESITh AFEAE AW HE A wy

(composite)= A8 & glon T4 HE Al HAY A HER) S 99

et

S gtk we, AU A8 A 109 400 F Ashs AYUE AEt
9 w

olr

shvl, Aed 7 A d @S 9ET F Aok

il

US Army dataZ 3-8 47} @A) ¥]&-S 70:30 (1,237:530%) 0.2 sfar, <A

fr

A= F 0 25 o<} 30t HES 60:40 (1,060:70778) 2 F=3lo] AA|

N

BgATE Aesh dEdol i@ HE AnmE ek B AU

AgATE AU AASH daaZFE PER AT 2ze] W& nEHae

B~
S
B
<30
Il

Extraction number of i(gender) aged j's
Number of i(gender) aged j's in database
R, = Ratio in k_cell

i = F, M, j= 10, 20, 30, 40, k= F, M, 10, 20, 30, 40

=
Il

Maximize Z= )Y x;; 2] 3-1.
i

subject to

r; =y for al i,

Rg: Ry = Z:er : Zl‘Mj
j ;

Ry i Ry ¢ Fyg : Ryg = 21'510 B ZIQO ‘ Zl’e'so ’ 233540
4 2 4 13

r; >0 for all i,j
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3.2.2. Step 2: Target anthropometric variable selection

AANE AR e 2, 225, 29 Aerde Ei7l=el

ASHoZ AAEo] ALEA7} golsiA AYS & 4 A=F JREEA
You et al. (2004) <lA|WHFEEo] QA BEFS s, AAdsts <4

% 35 (Webb Associates, 1978)= 7|Wto 2 # 329 & 57 27 &5 15
N ARF FHoE F4E JAFAAAE A& dE &W, wE
(trunk)®] AFF+ 7F&5(chest), S(back), “l(abdomen), 28] 3L F 7§ o]Ate] A
oA AE-AY 239 Z2TE-H(combined)Z TREET LS JASAWUTE

o Aol golde Brkar] S8l Asadel whel ¥ 333 ol ARAe

it
-

25 %] 2 th(Rebuck et al., 1975; Annis & McConville, 1996). o E 5o, AF&A}

7} 7}5E @ (chest circumference)S A E1E A9 ¥ 3-39] YERH A3 o]

1
e AAWY QARE A Aol ~E AFsHG Telw, B A2
o AgATE AATY AAAFES A4 F o4 el FHE Agst 2

de 5 3

=
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3t 3-2. Body part system (You et al., 2004)

o W o Eal

A1k (Overall) - 12/ 7 (Upper Arm/Shoulder)
™ 2] (Head) EIVES o} 2} Z/2H X] (Forearm/Elbow)

w2/ o (Arm/Hand) - ‘

(Head/Neck) =(Neck) /<= (Hand/Wrist)

%35 9] (Combined) Z 35 9] (Combined)

7} (Chest) L oh2]/9 9 o] (Upper Leg/Hip)
mE = (Back) a] o} ] /55 (Lower Leg/Knee)
(Trunk) #ll (Abdomen) (Leg/Foot) 174} 2 (Foot/Ankle)

Z3H5-2](Combined) Z3H5-2](Combine)

3E 3-3. An example of body part classification - trunk (You et al., 2004)

AASHHF PA
o] AT A
gl Eia=y
o] Axilla height AEHE0
Biacromial breadth o} 7 H]
Ul H] Bideltoid breadth sy
7V
Chest breadth A7HEUH]
7 Chest breadth 7+&EF 7
ne =9 Chest circumference 7hE =l
Waist height GRS
=0
Waist height, sitting ko3 ol
| 9 H] Waist breadth 32 9 H]|
7 Waist depth EER
=49 Waist circumference 38 =
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Target
Anthropometric Selection
Variables \l/

| Target Anthropometric Varia

Hurnan Body Major Class Sub Clags Selected Anthropornetric Variables

Chest Anthro i i j
pomettic Variable Measuremne,,,  Sub Class Major Class
/—Overall

[7] Chest Circumnference Circurnfere, ., Chest Trunk

Measuremnent Type
Circurnference

Head/MNeck
aAnthropometric Yariable

est Circurnference-At Scye
[] Chest Circumnference-Below Bust
[] Seve Circumference-Ower Acromion
[] Shoulder Circumference

Arm/Hand

] l Clear Al H T T H e H Luad H 0K

1% 3-5. Interface of target anthropometric variables decision
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3.2.3. Step 3: Key dimension determination
oA E ARdE AAYY dANTE T F8WT(key

dimension)& FE3l= T 7FA] "W (analysis method®} user-defined method) 2 =

ok

FE3t. FAA 7] (analysis)oll &= 3] 74 (regression  analysis), 2.Q13-4]
(factor analysis), —12] 3L F=/J3-34](principal component analysis)oll t]&}o] &4

7s& AlEsks <l

=

Jo] =7} AAEATHH 3-6 Fx).

Regression analysis (RA) SIE|Fo|~(29 3-7 ZF2)= HAY FaWT

M A4S A& 4 Tl A ~ 57l e Ao "Ha =43 AAs
(maximum average of adjusted R2)E A|A| gt} Wk AAA JAAMTE T A
ge FoWT JgE 7 EE AANMTEY 283 YA AARETET
B, H&, 22 JAd FASAAT7E Agdnh AFEAE T il
uet Hd FHt FAINFAATY S Fo] Haste He Falste] Faws

B
2
BN
)
4
ol
toty
it
)
-y
lo
o|\
N
)
i
-
N
)
2,
>,
o
°
N,
rlr
o
o

ol
o
E
y
)
i
B
0,
rlr
td
rln
i
py
fu)
0¥
ro,
=

PN

T
3t o FAIANAT0.8957F 7HE Z g F NS T2 (acromion
height-sitting @} overhead reach-extended)’} A EB1E 4 At} 2 A|A®l2 A&}

7} FRAAAFE B2l FasTn 4Z4EE AANFE HET F Q=

!

% AEdol~E AASI,
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Distributed BHM Generation

51, Extraction of Key Dimensions

Analysis l | User-defined

") Regression Analysis (RA)
i) Factar Analysis (FA)
1 Principal Component Analysis (PCA)

N

Step 1: Selection of
key dimensions

AD, 851
AD, . _
Reducing K, K By
ﬁ variables K, e
ADn 50

o, Determnination of Distributed Method
(") Grid {Robinette and &nnis. 19586

(") Clustering (Laing et al,, 1999)

() Optimization (McCulloch et al,, 1998)

LI

Step 2: Formation of
representative grids

Frequency analysis

s = -
AERTRARNERBERARA NS
. . H

@: ®i»RHM,

.}ll'l.’ll!lil!l',lf-l'
. "

\_‘,_!
Tolerance

_:| = 3n

K

=3, Determination of Body Sizes of RHMs
(") Estimated Case

Y4

Step 3: Generation of
representative human models

) Real Case

AD, = f(K,.K,)

L GREEE 3 f\ll:_l,{:(“(:'x.‘}

AD, = £.(K,.K,)

1% 3-6. Interface of distributed RHM generation
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B Regression Analysis (] C—

i Trend of average adjusted R2 Possible pairs of key dimensions Adjusted R2
Candidate for key dimension Average rAinirnum Maximur =

Cervicale Height: Chest Circurnference

[] Chest Circumference: Stature

7] Cervicale Height; Chest Circumference-4t Scve

[] Chest Circumferance-&t Scye: Stature

[ Cervicale Height; Waist Circurnference-Matural

[ Stature: Waist Circumference-Matural

[] Chest Circumferance: Waist Height-Matural

[] Chest Circumnference-»At Scye: Waist Height-Matural
~®- Maximum || [] Buttock Circumference: Cervicale Height

[] Buttack Circurnference: Stature

[ Waist Circumference-Matural; Waist Height-Matural

7] Chest Circumferance: Sleeve-Outseam Length

[] Cervicale Height: Interscye Distance

[ Buttock Circumference; Waist Height-Matural

[7] Chest Circumferance-4t Scye: Sleeve-Outseam Length
[ Interscye Distance: Stature

[ Sleeve-Outzeam Lenath: Waist Circumnference-Matural
[] Interscye Distance: Waist Height-Matural

[ Buttock Circurnference; Sleeve-Outseam Length

e 3 . 4 . 5 [ Carvicala Height: Crateh | enath-Pastarine-Ratoreal
Mumber of key dimensions « | i

Mumber of key dimensions: Selection

&~ Minirmum

Adjusted B2 with other dimensions

Z1%3-7. Interface of regression analysis (RA)
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oy
8
g
o
=
o
<
(e
Z
ro,
a
A,
o,
Ji
I
o
W
oo
?1_1‘
W
rlr
fo
ro
=
-
Y,
2
o
Ho
=2

eigenvalue®} cumulative percent variabilitys A|-&gtc}h, 2 A]2~EHS gl

=
MO 2 principal components "H S A|-&3}L, factor rotation o] 7§ 7]

© 7 Bittner (2000)°] ¢]3] HWAE = Varimax WHS E335Fo] thAl 7FA] (None

Factor Analysis (FA;

Method of extraction: principal components
Plot of eigenvalue Plot of cumulative % variability
BE4 9925
T 100.00 g 1p B4
90,00
6,00
80,00 - (8279
5.00 g 70,00
T mm
) = 3
= 400 m [ % explained
z < 5000
A o ~#- Cumulative % explained
i 300 g wm
i
200 £ 30,00
20,00
1.00 0. 12,37
10,00
0,21 2 68
0.00 — 0,06 0,05 0,00 e 080 D62
1 z 3 4 5 1 2 g 4 5
MNumnber of factors Murnber of factars
Method of factor rotation
) Mone ) Equimax @ Varimax ) Quartima= ) Promag
Mumber of key dimensions (factors): | Factor loading and score ] [ Selection

(a) Plot of eigenvalue & cumulative percent variability

Plot of Factor loadin

Eile

Faclor loadings Faclor scores EErEIEES ]
No Fi F2 F3 Fa 5o || Mo Fi F2 Fa Fa 5o~
1 0%l 0As  02W 1 L2 098 0482
0663 0GM 034 0130 030 08l
3 0I5 0g% 07 3 1425 010 2715
4 055 0518 0SB 4 080 078 -01%
5 074 04 05 5 1850 05 0391
5 0Te 03 050 5 1240 076 1290
7 0S8 018 0% 7 0760 06M  -2100
8 098 018 02% 8 0952 0 018 Z
3 T - R K 5 :
10 1067 0283 062 -
1 064 068 0731
12 08I 0243 028
13 082 1LENW -158%
1 DI85 113 0007
15 1227 081 -0%1 -
A m ]
[ Re-selection [ oK Factor2 AT

Factor 1

(b) Factor loadings & scores (c) Plot of (b)

1% 3-8. Interface of factor analysis (number of key dimensions = 3)
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ek

2=
T UES

Fol Tt

of

Equimax, Varimax, Quartimax, Z12]3l Promax) HES AE
ALEAE QRN G A B 7] F(eigenvalue > 1 H+= percent variance explained >
80%; Lattin, 2003)= #-&3to] 2219 & A8 = o, Jd8d ey
= 2 factor rotation Wl wWE factor loadings & scores <} plot% Zrasle] @9l
Nrs 28 + vk

u}x] 4}k O 2 | principal component analysis (PCA) Q1] o]~ (1¥ 3-9 3
)T FA QIHHo]x~ef o] gl ZAAES $13] eigenvalue®t cumulative

percent variabilityS A3} ARE-R= Q174 A B 7] (Lattin, 2003)S A&

ek

3} 3L, principal component loadings & scores} plots Filste] QRI7GE 2A
T A
HAAFHE AR FRRTE 4 de A AANY dAEs

5 T ToWUFE A MY (user-defined) & F YEZ FFi= QEHHO|AE A

of
o

th(1d 3-10 &%), d = 5, Kwon et al. (2009)+= &7l X=A14 A A

g 98 BAH B4 wEe AXNA & 7

(N
M
ot

ZAES Ve 2 Al )

1o
i\

2 W< (hand length, hand circumference, —L2] 3. hand breadth)E 1%}t
% 3-8 AFEXZE AAUE JAMTE AR 4 e AANEFE T F

(buttock circumference®} buttock height) & & W2 43 oA E LERATE
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Plot of eigenvalue Plot of cumulative % variability

B0 777 100.00 gy W4z OReE B
. o /4———’—_'
80,00 86,37
6,00 =
5 70,00
o 50 T @mm
E] £
= = 7] % explained
Z 4.00 S 50,00
= 2 -&- Cumulative % explained
“oam é 40,00
g 3000
2o =
2n.oo
£ 07 10,00 8,20
0.17 1.84
000 B o o oo oo bl O 3 1 om
1 2 3 4 5 1 2 3 4 5
Mumber of principal compaonents MNurmber of principal components
Murnber of key dimensions (principal cormponents): | Principal component loading and score ] Selection

(a) Plot of eigenvalue & cumulative percent variability

Principal component loadings Principal component scores
No. PCl  Pc2  Pc3  Pcd PG5 |[No PCI | PC2  PC3  PCE  PCE ~
1 03 0 i 350 025
2 035 -0 2 2661 -1.297
3 036 016 3 6657 1030
4 038 0109 i 1635 0197
5 03 0108 5 06l 0830
5 036 o § s LIS
i 03 -6l 7 7810 06l
8 02 08m 8 5810 1410
a 03 03 9 1689 1193
10 n9la 150
I P 3
12 28 1%
13 07l 0%
1 17 -02e
15 362 0050 -
i i ]
[ Re-selection ] l oK

B Piot of pC loading & scor =
File

DEeE& KRQAN@[E | 0E

Principal component 2

Principal cormpanent 1

(b) Principal component loadings & scores

(c) Plot of (b)

719 3-9. Interface of principal component analysis (number of key dimensions = 2)
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Distributed BHM Generation

51, Extraction of Kay Dimensions

Analysis “ Uger-defined I

Regression Snalysis (RA)
Factor Snalysis (Fa)
Principal Component &nalysisPCa)

ol User-Defined Extraction of Key Dimznsions

Target Anthropometric VYariables

User-defined Key Dimension (Recomrmmandation: 2~5)

Anthropometric Yariables Measurement T,., Sub Class Major Class

Buttock Circumference Circumference Upper Leg/Hip Leg/Foot
Buttock Height Height Upper Leg/Hip Leg/Foot
[ Buttack-Knee Length Length Combined_L... Leg/Foot
[ Gluteal Furrow Height Height Upper Leg/Hip Leg/Foot
[ Lateral-Malleaus height Height Foot/&nkle Leg/Foot
[] Sitting Height Height - Cverall

[ Stature Height - Overall

[ Thigh Circurference-Distal Circumference Upper Leg/Hip Leg/Foot
[ Trachanterion Height Height Upper Leg/Hip Leg/Foot
[ Weight Weight - Cverall

Snthropometric Yariable Measurement T,., Sub Class Major Class

[7] Buttock Circumference Circumference Upper Leg/Hip Leg/Foaot
[ Buttock Height Height Upper Leg/Hip Leg/Foot

] l Clear All H Delete Checked Wariables H Save H Load H

1% 3-10. Interface of user-defined extraction of key dimensions
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3.2.4. Step 4: Distributed grid formation

B A" V) E B 2ALE 53] uerst A 71A] distributed RHM

Zyo] Qg Ho] A5 AFSH(LH 3-6 7). WA, grid W H (Robinette and Annis,
1986)] e A ol2~x(28 3-11 Fx)= A A5 &-FZ(fitting tolerance)2} 17+~
2-4] £ (accommodation rate)= AT F JLEF JLFHAY. B A A" F=
H Fodgd gigk AFEE AAE A7) 218 Kwon et al. (2009)3 0]
8714 71% % & *](mean, standard deviation, minimum, maximum, range between

minimum and maximum, 1% percentile, g9t percentile, 18] al range between 1% and

99™ percentile) S A& 3FATH LY 3-11 =), AASETaE TLHAFEY] 7]

a2 Grid Methed =N R
Descriptive statistics Acro,,, Ower,,,
Mean BBE.5 22071
5.0, 4.0 1281
Minirnum 4640  1820.0
Maximurn B350  2591.0
Range (Max - Min) 21,0 W
15t petcentile 4663 18277
9%th percentile B927 25833
1 - 99 percentile range 2064 T5RE

Fitting talerance (unit: mm?
@ Single value: RO
Multiple values: 1] 1] 1] 1] 0

Accormrodation rate (unit: %)
@ Target accomrodation rate: 95

Minimum population coverage rate: 2 0K

1% 3-11. Interface of grid method
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Z A & AF¥ S (standard deviation, range between minimum and maximum,

i

Z12] 3L range between 1* and 99" percentile)2] EA] 3} $HA AASHE A%l o
3 AxPGAEe]l T2 AFEStE AFE AR & A HKwon et al.,
2009). = A|2EHE FoWgEe dis] AASETAE sUsAl A (single
value)st71tt S oW Zhzbol] tia] S92 o7 A A (multiple values) & & 9l
L5 dHHol2E T dE 5o, 19 3-112> AAETAE A A

=z

8 W< (acromion height-sitting)?} + WA % 8 (overhead reach-extended)

2
i\

Zkzkel i3l S0 mmsh 80 mm= MR F AE vehdch w3 B A zge

S &S 58] S (target accommodation rate)?} & FHA ATFEHHE
(minimum population coverage rate)S AT 7 JLEF ST HRTEHES

BHE LE AAEY FEuIEe) Fo| HAH uE of¥e] HEZ AAE 4
gt ol M Jungetal, 2010), H A ATE=AAH S 2} AApol] £3HE T

F7h AQE N ool Wi AREW FEet whol

°

(Kwon et al., 2009).
, clustering %% (Laing et al., 1999)9] QIE o]~ (17 3-12 %+

=
2= AL TH BY A adze gxstel 1 5% A4 2

o
ek
x

o w9 within-cluster % between-cluster average Euclidian distances®] L[|~ E&
Asskt), AFgA= 7 7FA] ZLE] X 2] Euclidian distances +24] A3}E 33135}9]
T3 W clusters 7] A7 ZF3l(high within-cluster homogeneity), T3 7+
78] 7} (high between-clusters heterogeneity) & 42l % 7/|FE A8ad 4 <)

o s 5o, 2¥ 3-12004 AREAE 7 He AW EE st o FE
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a5 Cluster Method = =<
Murnber of clusters: [l -
B plct of Within-cluster average Euclidian distance (== ]=]
" 1o
2
5 14t B
3 |
& 12r ! i
=
g op |
m
2 gl | ]
il
R
= Bl i
LA
L) F -
3 b
£ 2t ey .
2 0 . MH“HH—J ----- —— e
0 5 10 15 20 25 30
Murnber of clusters
B Plct of Between-cluster average Euclidian distance [=e®@ =]
5
R A — . . . .
g % 4
s x| /]
=
Z 15} r \,’ .
E ro
m W
2 A
= 1r ."( 1
a
AN !
i)
ERE s s 1
(&)
: Fos
i)
2 «*
E q «* 1 1 1 1 1
0 5 10 15 20 25 30
Murnber of clusters

1% 3-12. Interface of clustering method

15702 A

el
=

P
T

o]
A

up2] 2O 2 | optimization *H (McCulloch et al., 1998)2] 1EjH o] ~(1H

3-13 #Fx)= ARV A E RHM 7, W 7, 180 358088 A4
g & == NEE AT} Optimization WS McCulloch et al. (1998)0] LoFat
HA3 g EA] 2.1 FF)S 7jwtoz A3 RHM 55 A Aste] QAF
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I

o Optimization Method El@

Murmnber of RHMs: 15

Maximum number of iterations: 100

Target accommodation rate (%): 95
0K

1% 3-13. Interface of optimization method

TEHES HAg ) 2 A AEE AFEAEe] HYAJS 93l loss cutoff (Co)
7% loss scoresd] FHU, HAgke] St gtom AAHES AA Y. oA,
AF-8-2F= grid methodY} clustering method®] RHM A4 A3 E 333l RHM

WY w24 goh AgAE AR REME ARV 9% daelE

&

(maximum number of iterations)E AT ¢ gom, Y= QT+ &4
S 99 F Atk dE 5o, 1% 3-132 AT RHM = 157, Hd

HHE == 1003], 18] SR8 S-S 95%=2 A4 H AS Yehdt

3.2.5. Step 5: RHM’s sizes determination

B Al 2~"L distributed methodE &3 WA E ZAlol| 4] RHMS A A5}

rlr
T
i)

o7 F 71A AA = 7] A el HF (estimated case Fi= real case)S A& 3F

th(1¥ 3-6 #%). Estimated case WHS AAE AAE T 4 A= RHM

p

& ARSE PR 314a FHORM, A9 G o Tl 5t

;

A A (centroid)®] RHM= zti= Wi o|t). u}2}A], estimated case

o
of
o
4
=
an
<
o
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1900 + j ' ' j j g 1900 +
1800 1 1800
*
#* - E
= 1700 + . ' 5 = 1700 - . .
E E
g * * S * *»
O 1600} 7 I S 1600+ wir
- - - »
1500 1 1500
1400 + 1 1400 ¢
70 BOO 850 900 950 100C 750 800 850 900 950 1000
KD {mm) kDT (mimj)
(a) Estimated case RHMs (b) Real case RHMs
1% 3-14. Two methods of RHM body size determination
BASE A EARAE BAW A4E AR 5 9= A AAA=

F7dol ®th Real case W2 AAE AAE Wi 5 = 24 RHMS A

2}A, real case WHS E3lo] RHMS AASHH A AA AT FolAq A

i} =tt.

ol
M

A AtEe] AATAVNE FE

3.3.  RHM analysis

HoAl2~HEHe AAE RHMO| tiste] QA|=7], =808 4 23} 1
2]3l RHM A4 1A AlZtst AH & AFstth. A4 ¥ RHMO| Q1A A7)

(¥ 3-15.2= saWs SHAM 44dE RHME| AR A7]|8 vg e
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o
i
o

= . 8 W= RAY user-defined ®HH S AFE3S AFol= AAE <
=7

AWFE FolA] AR, o] W U QAU

o
oft
:c!)g
>
o
o,
i,
o
2
Ll
il
g
|

Al Z4zke] Q1AW G=2ke] regression equation
H 3-15.b° A4l overhead reach®] Q1A A 7]= 2719 S8 W 9(X1: sitting height, X2:
height)y & =HWMT2 3131, 3719] regression coefficients (B0 = 10.848, p1 = -0.889,
B2 =1.723)2 T ¥ regression equation (adjusted R? = 0.912)S & 3Fo] FA €},
$tH, FAY PCA WS A8 499l factor loading i principal
component loading®l 2]3l Ay ¥ factors B+ principal components”} & Q=2
AR odE 59, 2% 3-15coA A" AAZ7|= factor scores of
generated RHM (21 x 2 matrix; number of generated RHMs = 21, number of key

dimensions = 2)°l| factor loading (5 x 2 matrix)= %]-&3}o] FAHETHA] 22 Fx).

Generated RHMs
Body Sizes of RHMs (Mumber of RHMs: 13, Number of target anthropometric variables: 5

M, Sitting.,,  Stature  Owerh,.,  Owerh,..  OCwerh,.,
1 a0z & 1780,5 2¢7h.8 232 14442
2 a0z 6 1480.5 168479 1933.7 1211.0
3 ge2.b 1730,5 22341 2330.0 1404, 1
4 i 1630.5 18896 19779 1261.2
5 a02.5 1630,5 20174 21101 13295
i a0z 5 1630,5 21063 21978 13267
7 8025 1630,5 1834.0 20217 12493
8 a0z & 1730,5 21897 2286,2 1406,0
g 8025 1580,5 20202 2109.8 12875
10 a0z & 1680,5 21035 2198.2 13678
1 fihe b 1680.5 21480 2242.0 136A.8
12 i 1680,5 1975, 7 2065, 9 12894
13 i 1630.5 2061.8 2164.0 13276

(a) Body sizes of RHMs
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o Regression Equations = =

Regression equations using key dimensions

anthropometric Yariahla @l Bl B g3 g4 5=} Adjusted Rz
Ovethead Reach 10,848 -0,883 1,723 0912
Overthead Reach Siting 48,499 0034 0,765 0, 765
Owethead Reach-Extended 30,468 -0.877 1,761 0,907

Independent variables (Key dimensions)

Variable Key dimension
1 Sitting Height
w2 Stature oK
(b) Regression equations using key dimensions
ol Factor Loadings and Scores = R ==
Factor loadings Factor scores of generated RHMs
Ma, F1 Fz2 F3 Fd F& M, Fi F2 F3 Fd F& o
1 naxn 0527 1 -2093  -1.329
2 0306 0950 2 07 -2.208 =
3 0827 0431 3 0264 -2182
4 094 027 4 1,986 1171
5 0959 0262 b 1,857 -13R7
G -1.744 053
7 1,664 0478
8 1,866 -0,490
9 -7 06522
10 -08v%  -1.298 -

0K

(c) Factor loadings and scores using target anthropometric variables

1% 3-15. Results of generated RHMs
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2 Alage A E RHMO diste] Fawael d4dd AAWNS 75
o W H TdFEH) %(univariate accommodation percentage, UAP) 2 ChHEk

~-8-Y] & (multivariate accommodation percentage, MAP) #2] 7|5 A&t} 2

A AFo M= ARSAE Tews S SRa8HlE S A4 (grid method 2}

optimization method)d}7 =3l F&H]& +4 A5 AFs ooh T 2 A

¢

2B QARG IS w2 OA 7FA](average, SD, minimum, maximum, “LZ]

Rl

median) A JEZ A4 RHMo] 7zt A4 E= AAWIATE

]_

ofo
ol

aly

&S Alee Foh G2 59, 19 3162 Taus

Ay

Lo

Ho] S=g-u]
£2 956%% AL VeI, F UAP QIAHSE 5 = DE 97.8%, H 1t

MAPE Q1AW A7 Z7 e wat 22 77.6%0 X 39.4% 2 748 7

Analysis of Multivariate Accommodation Percentages (MAPs)

For key dimensions: 95,6 %

Ma&Ps for the different number of anthropametric variables fuerage

100,0 I8
90,0
80,0
70.0
600
50,0
40,0
30.0
20,0
10.0
0.0

MaPs (3

1 i 3 4 5
Mumber of anthropometric variables

1% 3-16. Analysis of multivariate accommodation percentages of generated RHMs
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S HoFET 7AM 77.6%= QAW S S/S 22 AAEE BE Z2EGC
1078 F=88E Ho kS 9usich. agar, B A A"S 50709 oA
7HA] MAP7} ALbE 25 JfekE AT}

w AlaEES A" RHMel tiste] T Swola e Axbet

|32k 2719 AAE A st gk, clustering method (1% 3-17.b FX)E &
stol RHM= A48T 45+ AAE «F HE g& A4S AH&ste] AREA

7F A7 RHMS &olstA &led & J=s A
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B Flot of Generated-RHMs & Grids =N === B Flct of Generated-RHMs & Clusters =N EeR |
1850
1900 1800
1800 1780
sl 1700
T 1700 [REEEE =
1650
£ . | . £
™ [}
2 1600 * * g 160
[ = % * 1550
* *
1500 | -
1400 1450 :
1400
750 8O0 B0 900 950 1000 700 780 8OO BED W00 950 1000
KD (mrr) KD1 (mrn)
(a) Grid method (b) Clustering method
B plot of Generated-RHMs & Grids =N =R
1900
ER
= 1700
£
=
< 1600
1500
1400 . : - .
780 BOO 850 ®O0  ©s0 1000
KD1 (rrim)

(c) Optimization method

1% 3-17. Location of RHMs with envelopes (number of key dimensions = 2)

54




IV. Application to Sizing Charts for Flight Suit

B A AR A2EE Agetel AA bsw uABR A5
52 wstn, 1 F A 9 DS AFAAS AdB B A sgS

ALg3te] AA 71ssh 18714 distributed RHM AA WH(T LT F= W
370 x distributed RHM A4 ®H 37] x A ® RHME] Q1A =7 4 W 2
hHe AE&ste] P vigds AAlE 913 RHM= AAdsta, A4¥ RHM=
. BAste] 7 Aol £ g8408 AAYE RHMY A= 7S H|

B 4E g8 AN Ak,

4.1. Methods

AT vdllE AFAA S 913 JAASPAEE US Army
Pilot (Gordon et al., 1988) data®l 4] 20 ~ 40t HA] 4859 0] A& ¥ AT HE3H A
& X AA NS Y3 53 QAWM= Jeon et al. (2009)2] AF+E Fars)
of 3 4-13 22 13709 AT A=A

B oAFE e Al

n&l

= AHgstol HldE dAES HF 187HA A

FAA AR PR

»
oo

5

o
Id
falt)
+
o
N

N

g€ AAWEJAT = AAH
A AWl diste] 3714 QWG FF W (regression  analysis, factor
analysis, ~12] 3L principal component analysis), 37}4] distributed method 27 "W
(grid method, clustering method, “12] 3! optimization method), 12| 3L 27}A] QA A A

7] A7 " (estimated case B+= real case) .2 A A 7Fe 3 187HA A AE
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3t 4-1. Anthropometric dimensions selected for design of flight suit

Descriptive statistics (unit: mm)

Sub Measurement
Major class Anthropometric variables (AV) | Code Female Male
class type
Mean SD  Range | Mean SD  Range
Trunk Chest Width Biacromial breadth AV1 369.3 15.0 87.0 | 400.6 17.5  105.0
Leg/Foot Upper Leg/Hip | Circumference | Buttock circumference AV2 989.0 61.8 3160 | 9915 55.0 3510
Head/Neck Neck Height Cervicale height AV3 | 14533 42.0  288.0 | 1531.8 60.0 3410
Trunk Chest Circumference | Chest circumference AV4 924.8 68.5  424.0 | 1009.2 59.6 3440
Trunk Chest Circumference | Chest circumference — at syce AV5 900.7 56.7  366.0 | 1035.8 553 309.0
Trunk Combined Length Crotch length AV6 775.0 56.6 3120 | 772.0 473 339.0
Trunk Back Length Interscye distance AV7 357.8 272 168.0 | 408.7 282 1640
Arm/Hand Combined Length Sleeve outseam AVS 560.9 19.4 126.0 | 601.4 29.9 154.0
Overall - Height Stature AV9 | 1680.2 453  308.0 | 1771.0 648  362.0
Trunk Back Length Waist back length AV10 | 382.1 23.0 158.0 | 421.6 21.2 130.0
Trunk Abdomen Circumference | Waist circumference AV11 741.5 712 4140 | 856.4 65.7 3750
Trunk Abdomen Height Waist height AV12 | 1087.5 383 2450 | 11314 48.1  274.0
Leg/Foot Upper Leg/Hip Length Waist hip length AV13 160.5 202  111.0 | 184.0 19.6  118.0
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S$1. Extraction of key S2. Determination of S$3. Determination of Coded

dimensions distributed method body sizes Sizing System
M Estimated case R-G-E
/ g Real case +— R-G-R
l RA I%bl Cluster |—> Estimated case I— R-C-E
/’f ™ Real case i R-C-R
W Estimated case |— R-O-E
Real case < R-O-R
! Grid — Estimated case ] F-G-E
Target population Real case “ F-G-R
& anthropometric Estimated case F-C-E
variables Real case R F-C-R
Estimated case }— F-O-E
Real case — F-O-R
Estimated case P-G-E
Real case R P-G-R
Estimated case P-C-E
Real case — P-C-R
Estimated case P-O-E
Real case [ P-O-R

1% 4-1. 18 sizing systems for same target population & anthropometric variables
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Uetdt 45 &9, R-GE= T8

E
o
il
=
it
o
il
@
(V)]
19
15
2
@]
=
o
=
=R
S
7
I
A

ot

A FA WH O R grid methodS, 183l AAA7] FH WHO R estimated case
g A4 AFAAE ek aeln, RGE AAAY] 4 goew
estimated case®} real caseS AF83%F XA A(R-G-E¢} R-G-R) 2FE YEFAT

A AA AZM, TAWMFE 3784 WRI(RA, FA, 1813l PCA) EF

H ATk WA, RAY

A= 378 Al A AdgA49 S7H3e] 005124 7Hg fastA &
= 202 AAFHAT webA, T2EFE 2/00la YA WMot HA A
T Al“™(average adjusted R? = 0.577; minimum adjusted R? = 0.140, maximum adjusted
R2=0.971)7} 7} ¥ cervicale height®} chest circumference”’} A2 4= At}
a8y, A ARSI Qe W8S X FAIAe] TLHSQ stature?} chest
circumference®] 33 5=7 3] 7] Al 9= (average adjusted R? = 0.574; minimum adjusted R?
= 0.158, maximum adjusted R? = 0.972)¢}¢] =}o|7} 0.003%) A o= e} 2 ¢
TolAE AREEeldH HaFAIAAT F 7FA7F EE stature®t chest

2 AR THR-G R-C, R-0). 18] 3L, FA?} PCAY] =

il
ofy
o
E
i

circumference

QWG Il e 220709 A B 7] (eigenvalue > 1 5= percent variance explained

\Y

g
X
filo
rlj
I
_O|L
rr
=
>
it
i

4 5 A th(Lattin, 2003). &4 A3}, 1Y 433 %

o] QRAMNF7F 37W7FA]  eignevalue”t 1H.H 2 A& & 4 9O, percent
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F';_nj.,ﬂ Regression Analysis ( =

Trend of average adjusted R2 Possible pairs of key dimensions Adjusted B2

Candidate for key dimension Average Finirnurn Maximurr

0,800 Cervicale Heightt Chest Circurnference
[] Chest Circurnference; Stature
0,700 ] [7] Cervicale Height; Chest Circumference-at Scye
[] Chest Circumference-&t Scye; Stature
0,600 [ Cervicale Height: Waist Circumference-Matural
[ Stature: Waist Circurnference-Matural
[] Chest Circumference: Waist Height-Matural
[] Chest Circumference-2At Scye: Waist Height-Matural
~@- Maximum | | [C] Buttock Circumnference: Cervicale Height
0.400 . [] Buttack Circumference: Stature
=8~ Minimum [ Waist Circurnference-Matural: Waist Height-Matural
0,300 [] Chest Circurnferance; Sleeve-Outseam Length
0204 [] Cervicale Height: Interscye Distance
0200 ; [T Buttock Circurnference: Waist Height-Natural
[] Chest Circumference-at Scye; Sleeve-Outseam Length
[ Interscye Distance: Stature
[ Sleeve-Outseamn Length: Waist Circumference-Matural
[] Interscye Distance: Waist Height-Matural
0,000 [ Buttack Circumference: Sleeve-Outseam Length
1 2 |_||f".nruin:a|n Haight: Crotrh | pnoth-Pnstarinr-Matiral
4 L}

0,500

Adjusted R2 with other dimensions

0100 o8

Mumber of key dimensions

Mumber of key dimensions: Selection

1% 4-2. Trend of average adjusted R? of RA
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a5 Factor Analysis (FA)

Method of extraction: principal components

Plot of eigenvalue Plot of cumulative 2% variability

87,73

B, 05
: 2L 83,00
a0.00 76,52
70,00 el
60,00
&0.00 [T % explained
282
40,00 8= Cumulative % explained
30,00
1.04 0,54 20,00
T | e
N 0.0
1 ¢ 3 5

4 3 4
Mumber of factors Mumber of factars

Eigenvalue

r-a
[
[

Yariance explained (3%

Method of factor rotation

) Mone () Eguimax @ Varimax () Quadimax ) Promas

Mumber of key dimensions (factors): Factor loading and score Selection

219 4-3. Eigenvalue and cumulative percent variability of FA
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variance explained”} 76.52%= SR/ A7+ 80%H T W AS &
ATh wEbA, B A= FASY F QW2 percent variance explained”} 83.00%7}
= 4719 2918 A3 2213 A HH (method of factor rotation) . % Bittner
(2000)7} A3 Varimax HHS AFE3Fe] 13719 QAHFEE QRS 5 e

4719 A 2% WS (factor loading: 3% 4-2 )& A5t A8 THE-G, F-C,

F-0). T3l B A A~EHL2 FAS &

principal components HH-S A}-8-5}7]

ol PCAS] eigenvalue

A (method of factor extraction) S =

percent

variance explained:= 22 kS 7HAAIE T webA, Aol A= PCAS T8

WHE2 PCAE AMEslo] AAdE M2 47012 W< (principal component loading:

3t 4-2. Factor loadings of F-G, F-C, and F-O (method of factor rotation: Varimax)

No. Anthropometric variable F1 F2 F3 F4
1 Biacromial breadth 0.280 0.067 0.368 -0.149
2 Buttock circumference 0.967 0.150 0.092 0.173
3 Cervicale height 0.050 0.750 -0.028 0.596
4 Chest circumference 0.339 0.071 0.841 0.174
5 Chest circumference — at syce 0.894 0.106 0.396 0.095
6 Crotch length 0.791 0.130 0.167 0.061
7 Interscye distance 0.073 0.707 0.128 -0.021
8 Sleeve outseam 0.337 0.366 0.015 0.449
9 Stature 0.162 0.980 0.073 0.047
10 Waist back length 0.115 0.938 0.037 0.232
11 Waist circumference 0.900 0.120 0.382 0.157
12 Waist height 0.257 0.639 0.114 0.443
13 Waist hip length 0.403 0.333 0.315 -0.077
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3t 4-3. Principal component loadings of P-G, P-C, and P-O

No. Anthropometric variable PC1 PC2 PC3 PC4
1 Biacromial breadth -0.150 -0.182 0.580 -0.596
2 Buttock circumference -0.326 -0.267 -0.257 0.072
3 Cervicale height -0.259 0.380 -0.193 -0.016
4 Chest circumference -0.233 -0.232 0.264 -0.030
5 Chest circumference — at syce -0.328 -0.325 -0.075 0.029
6 Crotch length -0.281 -0.280 -0.179 0.299
7 Interscye distance -0.227 0.287 0.406 0.213
8 Sleeve outseam -0.259 0.126 -0.325 -0.557
9 Stature -0.297 0.343 0.128 0.171
10 Waist back length -0.288 0.374 0.024 0.134
11 Waist circumference -0.336 -0.312 -0.107 0.036
12 Waist height -0.310 0.234 -0.156 -0.280
13 Waist hip length -0.255 -0.078 0.361 0.256

# 43 Fx)E A AHESHATHP-G P-C, P-O).

oA GARA, 2 ATs 187HA AFAAIES A RlaE {5t
W SHA 95%9] HRETFTEHES U= distributed method S
A-gsltt. HA, grid methodE 483l R-GE 95%9] HxETEH| &, o&
AA JAEel F= AFESHE 50 mme] A AIS]-&2 AFJung et al,, 2010)E 4] -&-3}

A 7F A E A 18] 3L, grid methodE 483} F-G9 P-G= Z2F R-G

& RH

o 9

M F7F BAEE 2359 3329 MAASEFATE AL ARt
AT, 2 A =89 clustering method®} optimization method= ¢ €] (random)

o] %7)8l(initial solution)Z%-E RHMS AAE7] o] HUd FAdA
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RHMS AAd= AAAvtE th2 RHMS A AIZIYE wEbA,  clustering
methodE 483} R-C,F-C, 12|31 P-C®} optimization methodE 2483} R-O,
F-O0, 7183 P-O= 4T RHM F(EE oF 9HE F2A7IH 1034 9]

simulationS &3l EHXFEH]E 95%7F WHEE 1 Ao RHM F7F AAE

npz| g G A Z 4, RHMS] AT 7]+= F 7FA] " (estimated case®}real
case)o AFE-3to] AA AT WA, estimated caseS AlE5t= X FAAE EX
TEHE0] 95%5 Vol s AAE AR @ dHOEZRY YA FAl
=3t == RHMS AASITE. 183, real caseE AMESHE XA A=
estimated RHMO| Al Euclidan A 2]7} 7} 717k AA QA A7 =2 A4 Ao}

webA], real cases AR&dh= AFAAS] FEH] &S estimated caseE AHE-ShE

AgAAL JAFEEY] SARIT T, AAW 2R S)ol SFS ol 24 Y
At dE E9], 1% 4-4= R-G-E9 R-GRZ AAHE Ao} RHMO| A&
HolFm, 2472t oW S FE8HES 953%%) 833%% AAE AS v
ERi T,
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19 4-4. Generated grids and RHMs of R-G (KD1: chest circumference, KD2: stature)

4.2. Comparison of sizing systems

rie

Arolr= AFE 187k AsAIAL A Hlusr] fste] %

-

4-4, 4-59F e EXS EAS Y. WA, estimated case®} real caseE Al-E-S
RHM=> &d3 Az (s d)lelA AP H7] wiel & 71 Aol ¥
= Ao® Yyt oF £, R-GE9 R-GRS BT 29719 RHMe| A
ATHFE 44 Fx). & Aol vds AAE A 13719 A0 AA
HEE dA4stal, RAE S5t 2719 AAl T8 ¥ (real key dimensions)$]
stature} chest circumferences A3 TH AFEA7E AAIE A FAAE ALE-S)
of EloA Age v PES AEstr] fAsie 13709 F3 ARG A

TE BT A @ Aow gHdn AAR, I v dgEL Y]

d
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3t 4-4. Characteristics of generated 18 sizing systems

Real key Real non-key
Sizing Accommodation | Number of | dimensions (2) dimensions (11)
No. rate for key generated . Cover ratio of Number
system . . Accommodation

dimensions (%) RHMs ranges of of

rate (%) . . .

dimensions (%) outliers

1 R-G-E 95.3 29 95.3 62.2 0
2 R-G-R 87.4 83.3 63.0 0
3 | R-C-E 95.3 2 95.3 65.9 0
4 R-C-R 90.9 92.4 65.0 0
5 R-O-E 95.1 35 95.1 61.9 0
6 R-O-R 92.8 91.8 62.8 0
7 F-G-E 95.1 2% 50.3 54.8 1
8 F-G-R 86.8 38.2 42.7 0
9 F-C-E 95.3 4 35.5 42.1 1
10 | F-C-R 92.8 33.5 42.4 1
11 F-O-E 95.3 %6 37.2 43.5 1
12 | F-O-R 92.8 343 40.5 1
13 | P-G-E 95.3 %6 50.7 84.0 4
14 | P-G-R 92.4 70.6 70.0 0
15 | P-C-E 95.1 20 78.9 57.1 0
16 | P-C-R 93.4 79.3 58.3 0
17 | P-O-E 95.9 3 74.1 58.9 0
18 | P-O-R 92.6 75.4 57.0 0

* Shade section: controlled sizing systems for accommodation rate of 95%
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3E 4-5. Average MAPs for the different number of anthropometric variables of generated 18 sizing systems

No. | Sizing Number of anthropometric variables
system 1 2 3 4 5 6 7 8 9 10 11 12 13
1 | R-G-E 98.7 90.7 76.8 61.7 48.3 37.5 29.2 23.0 18.4 15.1 12.6 10.7 9.3
2 | R-GR 98.9 91.3 71.6 62.3 48.5 37.2 28.6 22.1 17.4 13.9 11.4 9.5 8.0
3 | RCE 99.1 92.4 80.4 66.7 53.8 42.8 33.9 26.9 21.4 17.3 14.0 11.5 9.5
4 | R-CR 98.9 92.1 80.2 66.7 54.0 43.1 342 27.2 21.7 17.5 14.2 11.6 9.5
5 | R-O-E 98.8 92.3 80.3 66.6 53.7 42.8 34.0 27.0 21.6 17.3 14.0 11.4 9.3
6 | R-OR 98.7 91.9 80.0 66.5 53.8 43.1 34.3 27.3 21.8 17.5 14.0 11.3 9.1
7 | F-G-E 92.5 75.0 54.8 379 25.6 17.3 11.9 8.3 6.0 4.4 33 2.5 1.9
8 | F-G-R 87.9 69.4 51.9 379 27.5 19.9 14.5 10.6 7.9 5.9 4.4 33 2.5
9 | F-CE 87.9 70.0 533 39.9 29.9 22.7 17.5 13.8 11.0 9.0 7.4 6.2 52
10 | F-CR 88.5 69.7 522 38.5 28.5 21.3 16.1 12.4 9.6 7.5 6.0 4.8 3.9
11 | F-O-E 86.9 68.9 522 38.8 28.8 21.5 16.1 12.2 9.4 7.2 5.5 42 3.1
12 | F-O-R 87.0 68.2 51.3 38.1 28.2 21.0 15.8 12.1 9.4 7.5 6.1 5.1 4.3
13 | P-G-E 99.5 89.6 64.7 39.8 23.1 13.5 8.1 5.1 33 23 1.6 1.3 1.0
14 | P-G-R 99.2 91.8 75.6 56.7 40.5 28.7 20.7 15.3 11.6 9.1 7.2 5.8 4.7
15 | P-C-E 98.5 91.6 79.0 64.1 50.1 38.6 29.8 232 18.3 14.6 11.7 9.4 7.6
16 | P-C-R 98.5 90.7 71.3 61.9 47.9 36.5 27.9 21.6 16.9 13.3 10.6 8.4 6.6
17 | P-O-E 98.2 91.2 78.5 63.3 49.1 374 284 21.7 16.8 13.1 10.3 8.2 6.6
18 | P-O-R 97.9 90.0 76.7 61.5 47.5 36.1 274 20.9 16.0 124 9.6 7.4 5.6
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(stature)2} 7} = dl(chest circumference)E AFE-3F 18702 XA AE AME-35FaL

= Aoz Yl tiJeon et al., 2009). wEbA, - Ao M= HAEAI a &

4SS agsty] et AA SaWFESHe AFFEH &S B el
o2 5, F-G-EX= FAZ AAE ZoWS4 ZHAE 95.1%9 12 443
Ank, AAl FQWT SHAAE 509%9] AFRES T8 A o®E YEyT

(3 44 F=x). aga, B Ao s AA TAHTE AREsle AAHsE X4
AAE A& 4929 YA AAH(non-key dimensions)e] 27} AdFo] &
ARk A HAE UwA| AAHFES] XHLY 3 dib] AdE X9

#1217} coverdsti= H|ES YEMN = coverage rate (%)°]3L, T WA= AAHE
WA QAR FEES] XFH7E AANARITY AFHAE HouA A8H
RHMO] Fro|t}, o & , F-G-E&= 56.2%9°] coverage rate (sum of ranges of

original dimensions = 2474.0, sum of ranges of generated dimensions = 1389.6; 3% 4-6

mN'

Z)¢} 2709] outlier RHM (RHM 223} RHM 23; X 4-7 F2)S 7HAE Aoz
EAEAY rpA e R, B AT AWM Jigel] wE it MAPs7h
A EST dE 5o, dAWT AFTE 20d We]l R-G-EC Wit MAPE
90.7% =M 1371 F 2712] AWMz BE 2330, = 787N S 2 o] FojA =

TEHEY HAS ush(E 45 Fx).
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3t 4-6. An example for covered ranges of non-key dimensions of F-G-E (unit: mm)

Original Generated Covered
No. Anthropometric variable dimensions dimensions Range
Min Max Range Min Max
1 | Biacromial breadth 347.0 452.0 105.0 379.1 422.2 43.1
2 | Buttock circumference 849.0 | 1200.0 351.0 905.0 | 1074.1 169.1
3 | Chest circumference 850.0 | 1194.0 344.0 | 1477.6 | 1564.8 87.2
4 | Chest circumference — at syce 894.0 | 1203.0 309.0 9154 | 1127.9 212.5
5 | Crotch length 314.0 467.0 153.0 346.9 425.2 78.3
6 | Interscye distance 388.0 502.0 164.0 363.9 450.4 86.5
7 | Sleeve outseam 530.0 684.0 154.0 566.9 639.0 72.1
8 | Waist back length 363.0 493.0 130.0 357.7 485.4 122.4
9 | Waist circumference 689.0 | 1064.0 375.0 695.1 998.7 303.6
10 | Waist height 993.0 | 1267.0 274.0 | 1040.0 | 1206.6 166.6
11 | Waist hip length 122.0 240.0 118.0 162.3 210.5 48.2
Total - - 2474.0 - - 1389.6
3t 4-7. An example for outlier RHM of F-G-E (unit: mm)
Original Generated . . .
dimensions .RHM’S Outlier dimension
No. Anthropometric variable dimensions
Min Max RHM RHM RHM RHM
22 23 22 23
1 Biacromial breadth 347.0 452.0 419.6 415.0 X X
2 | Buttock circumference 849.0 | 1200.0 905.0 908.7 X X
3 | Chest circumference 850.0 | 1194.0 | 1542.5 | 1509.2 X X
4 | Chest circumference — at syce 894.0 | 1203.0 | 1122.5 | 1123.2 X X
5 | Crotch length 314.0 467.0 347.6 346.9 X X
6 | Interscye distance 388.0 502.0 440.9 441.6 X X
7 Sleeve outseam 530.0 684.0 639.0 623.1 X X
8 | Waist back length 363.0 493.0 359.9 357.7 (0] 0
9 | Waist circumference 689.0 | 1064.0 695.1 713.6 X X
10 | Waist height 993.0 | 1267.0 | 11904 | 1160.7 X X
11 | Waist hip length 122.0 240.0 195.9 191.5 X X
Total - - - - 1 1

ATl e g W ES 9% HHe AAA= R-GEZF AA

HA AEe] AFAAE Ao vt Ha, AA e A48
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Fo] & 5 A&Hola g&Holt). AAE RHM FH A4 )+ P-C

7} 2270, F-C9} P-O7} 25702 718 Ao, AA FoWTe F8H&2

7 Zabs Aoz BAHATL E 440 Lhehl A3k o], A4 FR e
Ggulgel g Ee AN TEAOR RAZ Ags] A4 Faws

g 7= AFAAER-GE, R-CE, 7123 R-0-E)}l o2 YR o=
H

F7b B4 QAERel okl 137)

‘O,
ﬁ
g
oy
td
—n
=
lo,
%
1
of.
)
rlr
rE
offl
filo
rlI
o2
ol
~N
R=)
B!

o

It webA, R-G-E, R-

C-E, 718l R-O-E7} A8 AFAA Fx7F 4 5 d=dl, o5 &F Y

A RJIARFEe] AFHLA7E AANEATY A5 vl AY 28k

2 AoE YEFRL O, coverage rate E QAA NG H HL
=

A F 5% WNHGE 4-49} 45 Fx)9 Ao

-

AgAAe 47 A% AA ARE RGE ARG AFAAZ A4

4-88 MAE R-G-E2 137} AAHSGo] 3t 297] X=27]|= ERY

58 oy
b

, 1% 4-5% chest circumference®} stature® Y™ A 117] QAAWHE FH A
AL8-% regression equationse YERHTE dE EW, 1% 4-5°04 biacromial

breadth®] Q1A T 7]= 2709 T LW S~(X1: chest circumference, X2: stature) S = 9

W42 3haL, 3719 regression coefficients (B0 = 108.431, B1 = 0.065, B2 = 0.128)=
Td ¥ regression equation (adjusted R? =0.320)S &3l F4 ).
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3t 4-8. Optimal sizing system for men’s flight suit (unit: mm)

R[I;(I)M AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AVl AV12 AV13
1 399.0 976.0  1530.7 984.2 1014.1 3819 400.8 600.6 17709 421.2 8326 1129.7 1842
2 402.3  1006.8 1532.6 10342 1057.6 390.1 4164 602.0 17709 421.8 879.7 1133.0 183.6
3 392.6 965.7 1485.5 9842 10114 376.0 400.0 5827 17209 4108 8342 10958 178.1
4 408.6 1017.1 1577.8 10342 10603 396.0 4172 6199 18209 4323 878.1 11669 189.7
5 395.9 996.4 14874 10342 10549 3842 415.6 584.1 17209 4114 8812 1099.1 1775
6 405.4 986.4 1575.9 984.2 1016.8 3879 401.6 6185 18209 431.6 831.1 1163.6 190.3
7 389.3 935.0 14835 934.2 967.8 367.8 3845 5813 17209 4102 7872 10925 178.6
8 395.7 9453  1528.7 934.2 970.5 373.8 3852 5992 17709 4206 7856 11264 184.8
9 405.5 1037.5 15345 1084.2 1101.1 3983 432.0 6034 17709 4225 9267 11363 183.0
10 402.1 955.7 1574.0 934.2 9732 379.7 386.0 617.1 18209 431.0 784.1 1160.3 1909
11 386.2 955.4  1440.2 9842 1008.7 370.1 399.2 5648 16709 4004 8357 10619 1719
12 4119 10479 15798 10842 1103.8 4042 4327 6214 18209 4329 9251 11702 189.1
13 415.0 1027.5 1623.0 10342 1063.0 402.0 418.0 6379 18709 44277 876.6 1200.7 1959
14 411.8 996.7 1621.1 984.2 10194 393.8 4024 636.5 18709 4420 829.6 11974 196.5
15 399.1 1027.2 1489.3 1084.2 10984 3924 4312 5855 17209 412.1 9282 11024 1769
16 4183 10582 1625.0 1084.2 1106.5 410.1 4335 6393 18709 4433 923.6 1204.1 1953
17 408.8 10682 1536.5 11342 114477 406.5 4475 6049 17709 423.1 9737 1139.6 1824
18 382.9 924.6 14383 934.2 965.2 3619 383.7 5634 16709 399.7 788.7 1058.6 1725
19 389.5 986.1 14422 10342 1052.2 3783 4148 566.2 16709 401.0 882.8 10652 171.3
20 379.8 945.0 1395.0 984.2 1006.0 364.2 3984 5469 16209 390.0 8373 1028.0 165.8
21 3925 914.6  1526.8 884.2 927.0 365.6 369.7 597.8 17709 4199 738.6 1123.1 1854
22 42477 1068.5 16702 10842 11092 416.1 4343 6572 19209 453.7 9220 12379 2014
23 421.6 10889 16269 11342 1150.0 4183 449.1 640.7 18709 4439 970.6 12074 1947
24 386.1 904.2 1481.6 884.2 9243 359.7 3689 5799 17209 4095 7402 1089.2 179.2
25 408.5 966.0 1619.2 934.2 9759 385.6 386.8 6350 18709 4414 7825 11941 197.1
26 376.6 9143 1393.1 934.2 962.5 356.0 3829 5454 16209 3893 7903 10247 166.4
27 4182 1007.1  1666.3 9842 1022.1 399.7 4032 6544 19209 4525 828.0 12313 202.6
28 383.1 975.8 1397.0 1034.2 1049.5 3723 4140 5483 16209 390.6 8843 1031.3 165.2
29 3927 1016.8 1444.1 1084.2 1095.8 3864 4304 567.6 16709 401.6 929.8 1068.5 170.7
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a5 Regression Equatio

&

Regression equations using key dimensions

Anthropometric Yariable 1]

Biacromial Breadth 108,431
Buttock Circurnference 4,801

Cervicale Height -108,874
Chest Circurmnference-& Scye 61,984
Crotch Length-Posterior-Mat,,, 11,118
Imterscye Distance 6,393
Sleeve-Outseam Length -A1,939
Waist Back Length-Matural 39,740
Waist Circurnference-Matural  -38.070
Waist Height-Matural -135.419
Waist Hip Length -21,473

=

0,085
0,615
0,039
0,871

0,163
0,311

0,02a
0,03
0,940
0, 066
-0.me

Bh

Sdjusted Rz

0,320
0,576
0972
0,909
0,311
0,439
0,627
0415
0.7
0,873
0,157

Independent variables (Key dimensions)

Yariable  Key dimension

=1 Chest Circumnference
xZ Stature

1% 4-5. Regression equations using key dimensions for optimzal sizaing system



V. Discussion

5.1. Distributed RHM generation and analysis system

© d7olM= RHM e 53t AaF Jids fs) daxsdl

=

DHM simulation system®] RHM A4 JA¥ I o] 25 ZAFSHGIY. A A3, 7

il

< DHM simulation system-> TFFgh A A ] %<1 7 (target population) R A1 At &
1 A ¥4 < (target anthropometric variable)E A8 < S+ RHM A4 QIEH o]~
& AlEstA B Ao YeEt oF& =%, A 37§¢] DHM simulation
system (Jack, RAMSIS, 12|31 CATIA Human) AF8-A}7F A4 = RHME A

8 A gy EE ogue AT & gt Asdelawe AFHm: Ak

Ammy data 7] FHd 47l dis) 7o) vlES AT e AAYE

O

T AA QE o] AE, thst AA WS (US Army data®} US Army Pilot data 7]
= HU 1327HE AT = = AU dAEST AA Ao A5 AlF
atieh. whebA,  Alz=glol] vhddt A5 data (ol SizeKorea Q1A

data Sk FHECGE YR F7bel hRd AANLATE 4D BEAQ

RHM Aol 7h538ke] 1zt

f
ofl

o
2
2
o
=
i3
>

&8 282+ de A

o=z 7y

2 AFo| A= distributed RHM 234 ®H(grid method, clustering method,
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Z12]3L optimization method) % A4 AXF(F QWS F=, distributed RHM A4
HoA2d, agla A" REMO JAA7] F4)9F ddE T8-S ZAE &
gkl distributed RHM 473 31 &4]e 53td A|=8S sl A A3,

distributed RHM A Axe] ZF dAE=E v B73E 3 thekslt 7

)

71
& (l: factor analysis, optimization method 5)°] &85+ Z1 o2 UElRTH 2 A
28 A&7 AE AAZS 913 RHM KA Al 7]¥ distributed RHM A A
AL vke FAA Vel diste] A Az 9 folido] aEH
Zrzre] e Estd QYo AE AFEh B A FAldE )&
distributed RHM A4 ¥# <55 (Robinette and Annis, 19865 734, 3% 2-1 3x)
< AAAQD AR mlaglo] Ag-AprE 1o WHE ARESte] AlFY] A
FAAE NEetdvr. wEbA, 2 A|2'E ARRA7E theFeE RHM A4 B

7o) AAH Wi B 5@ RAM A4S Fate] HHe) A5A)

i
i

&to] 7]Eol H8H A wFkd distributed
RHM A4 BHS ATt & E°], McCulloch et al. (1998)<> Ashdown
and Pall (1988)°] regression analysis (RA)E T3l FE3+ 5719 5 Q¥ (chest
circumference, neck circumference, shoulder circumference, sleeve outseam, ~12]3l

FaL

ol

neck to buttock length)E A}-&3}9] optimization methodZ ZAAE FA
estimated caseES 443l RHMS AASA=Y, o= E AF9 R-O-E
(regression analysis — optimization method — estimated case)®} 2 A AAprt

o 2 Ao A28 AF8-3HH F-O-E (factor analsysis — optimization method —
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real case)®] Y} P-O-E (principal component analysis — optimization method — estimated
case) BT ol AEE WS 484 & Yok wpEhA, B ATE AR}

7]

i

EES REM A4 A 23S Fle] U RS

sk

A=
T UAEF

A

H

& s ATshenh,

rie
S~

]2~81¢]  distributed method A% " F clustering method<}
optimization methodv &A% S ZE RHMS A= ¥ = RHMo| ¢

A= AoZ YElYTh 7|24 92 clustering method$} optimization method+

Z}7} K-mean clustering method©} McCulloch et al. (1998)°] <J3l 1Qt¥ % 43}
gl ES AR T el 35S % 7] 3l (initial solution)ZH-E] Z}Zt ]

W Agatel HHel ke R Aotk B AsGe T oA Wy mE

Yol (random)®] 7|5 AFHFOZN RHM A4 Al U3 23 22

case RHMS A st = gle Aoz ottt B A F oA = real case W

2 ALgE AFAA

—

R 5% estimated case WS AFES X FAA R AT
Hl&o] Adty= 2o 2 YETE Real case S estimated caseS A4 &
AZ 2] RHM $ K 9} estimated case RHM (centroid)2}2] Euclidian 2] 7} # 4

(medoid)”} ¥+ RHMS z+= W o|t) whalA, real case®] RHM A A+

r l

estimated case®] £<:% o] quial s 4 b 2P R, AFEA = T QWS

v

Ho| A H X80 &S THESh= estimated case RHMS A 4= A AW, real
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case RHM< A

sk
N
z9Q
o
ke
ro
£

o

P
an
<
o
o
=31
N
ofo
=
ftfo
rlo
ofy
Fo
g
N

=ZHo] AA A Bxof JS =t oE 59, XY estimated RHM
=

Wol A% guge] Aol7h wold & glvh aejmE, AAdAelTl W

HE AFREY TSR S8 F&HE2 Zolrt E 5
5.2. Application of men’s flight suit

EoASo = v dgPE AAE 93t FTRQAAHITZ stature (7])2} chest
circumference (ZFEd)7F AAEHAGY. 2 A

A7AE 93l US Army Pilot (Gordon et al., 1988) data®l| 4] X174 % 137]2] AA| ¥4
9] regression analysis 23}, cervicale height®} chest circumference”} U2 1171 <]
QLA G=o} o] 3+ 4=A 3] 7] Al 9~(average adjusted R? = 0.577)7} 7} =& Ho=2
el oy, AF8Ad o] =2 stature@} chest circumference (average adjusted R? =
05742 FTWHFE AASAY. 5 Bdow TdA US Army (n = 1,774;
Gordon et al., 1988) data®l| Al 137]2] F QM 2] regression analysis 2 ¥}, cervicale
height®} chest circumference’t THE 11718 JAWFoFe] H A 3|7 A 5
(average adjusted R?2 = 0.590)7} 7}¢ =2 Ao = YEWAL, stature$} chest
circumference®] HT A3 A AST7F 05852 YEY 0.0055HF ZFol7F v =
Aoz yebwth wabd, A AL&E 3 1 statures cervicale height9} 7o

e QlAsle] Aol

M

i, AREA 0 BEETE o maR XA

B
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AstE] = Ao FpolE Tt - A4 grid methodE AFE-8F 79~ estimated
case RHM2 real case RHMHE.T} T Q¥4 SHO =81 89| R-G 12.0% (4853

£
= 58%), F-G 10.2% (49™3), 18] 3l P-G 12.8% (62)W& =& A o= Epytth

s
-

o] & grid methodE A}-83}4] estimated RHMO| A real RHMS A3 H¢- <

ol
2

7 ugse] e QTR FYRI A4S Aol FgakA Fahi

o] At FgHlEo] Asty= Aom FAHHET

=
Aoz BEXAEQL B AFodE= FAS HE39 6714 X 5A A(F-G-E, F-G-
R, F-C-E, F-C-R, F-O-E, Z1&] 3 F-O-R)7} PCAS A &3 ¥ 67}# 42 A (P-G-
E, P-G-R, P-C-E, P-C-R, P-O-E, 123 P-O-R)Et} AA| FQWF Uux]
W X 219] coverage rate?} oulier XA Al 97, 18|31 H MAPs S

A EF AsEE Aoz BAFEAY. ol PCAY H$ WFE It

1o,
o
r
0_9.‘:",

T A 2y H8A 4 373 H(adjusted correlation matrix)©] AR5 7] wf

o
2

Aow FAAEY. Zadde] e ga do warh 2] g ¥

flo
v
o
o
r
2
i

& i-Ak(shared variance)©] 10| Xk, 774 A Ho] gizd

g Wl el v

9
rr
Jm

N

] (squared multiple correlation, SMC)Z 2| ¥ t}. SM

ol
o

A WFES A BAstel T Rl WY FERAS 1 WFe] SMC

oF ZAY 1 ool Ak Dwyer, 1939), G2 FE AN SMCHUY & A
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thar & A 9l th(Jackson and Tweed, 1980). LB B2 FAR FEH 29& F&
¥ oacld] o8 dHEEe TSR die] HY| wie] FiHor W

S9o] »E HHF(all variance of the variables)oll 2|3 A" T+ PCASLe] #4424

_\3

7F Zpol7h W Ao ®m FAH G

2 A Fo A= clustering method®} optimization methodE 4 -8-3}o] X]<=
AA B Al 10312 9] simulations E3 HETFEH E95%)= A=
RHM®| HA /s A8 2 A7 A2"S AHEE 45, F 3E =
T =TS FoAR AElA HA e e Ftelurr] i
simulationv} o} th& #S =&l 7 WS AFE-3E simulation 23, oW
A E A whebA,

Al @A AR 103]

W F&HlEol A 52%7HA Aol7t AL

e
e
ML

o

A+ clustering method$} optimization methodE 2

o] 49] simulatione A|ESHOH F QWS SW QIFFEHES FAFSHA T
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VI. Conclusion

2 AF = oA 5A F(multiple-size product) A AIE 9% distributed
RHMS XA sl A E distributed RHM S| 91+5=-8-H] £ (accommodation rate)<-

BAY 5 Qe A2Re Awsta, AmE AsRe Agstel Al vy

AE AR A, B Aol Al=" JES 98]

)
a,

distributed RHM 234 7| 2! DHM simulation system®] 54Jo] F}elE Qi) F
10 €] distributed RHM A4 ¥ 3ol 7ksto] 597 distributed RHM A
] A %}(S1: target population selection, S2: target anthropometric variable selection, S3:
key dimension determination, S4: distributed grid formation, S5: RHM’s size
determination) % 234 "W (grid method, clustering method, 2]l optimization
method) S A A8} s}t 3k, 32421 37F%] DHM simulation system (Jack,
RAMSIS, 12]3. CATIA Human)®] RHM 234 <1¥ 3| o] 2~ (percentile RHM}
custom-built RHM)®] 578 B AIZ sfet § o] & whfsto] Alxglo] 7ty
Atk o] 59| FAY HeAZom, AAWLRJ]T AL 37k Q1AISA data
(US Army, Gordon et al., 1988; US Army Pilot, Gordon et al., 1988; Korean Pilot, Jung et
al., 2008)=*-E], =4 (composite)?} THFE A LF(H N 47H) ZHzel dhisf ]
& AdAol 7hestal, AT EFAA(You et al, 20045 483 AAHY <
A IE A o] 27} A& ¥ T

A4, ¥ AFolA & distributed RHM A4 2 Ao Sgle A 2~Fl o]

H

W= AT}, Distributed RHM A4 3 WA dAlolA = S8
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regression analysis (RA), factor anlaysis (FA), “L2] 3l principal component analysis
PCAYE A48 5 Q& 27t Ao~ ATHAt F WA BAelA
+ distributed method -8 A] grid method, clustering method, “12] 3L optimization
methodE 21§ = = Z7be] o=t AlTE AT vhA e ThA o A
i+ RHM S1A=7] 2 2

olx7F AlFHEH AT 2elar, & AlAES AdE RHMOl et vkt Jrrt

A= AT 2 Al 2=vS AGE RAMO| diste] AA O] g 1

ol wE Q7 o AAE 7 RHMER AAU AW digh A4
b AFSG R, FLME SUe] ATEGHEN 57 chls
%(average, SD, minimum, maximum, —L%] 3 median)S 4] AH} T QWS S
wel AdE Axtsl RAMS] 91A9] A7teE A Fel o).

WA, B AL ARE AL Fgstel A ME Y =

A vl E AFAAE AAFEAT E AF= US Amy Pilot 1A S84 E
(Gordon et al., 1988)5 €83t 13709] /3 <AAH4Jeon et al., 20095 A&

ato] i 7153k 187N(F 2 35 WY 371 x distributed RHM A4 W 3

A x AFE REME] IA=L7] =4 By 27)he) AsAAE sl T2
M S99 95% gl Es v RS A" 18719 AAlAl v
A Ay, AA F QW (stature@} chest circumference) S| Q1GF-8H] &

(95.3%)°] s£aL, A" AAAL 2o7h7F o, AAgdd e A
A€ "oy AFAAZE §15 R-G-E (regression analysis - grid method -

estimated case)”} A4 & At}
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© A7 5 72 FHFUEIA LD (boundary RHM) A4 2
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=
=
wn

<
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o
=]
=)
o
2
offl
-0,
N
X
olr
=
>,
[»
jatit}

o

o] Jjuto] HQ3}ltl Boundary RHM-S Abs2ke} 32 o %] 4=#]| 3 (one-size
product)®] QIZFEeA AA Al F&aiA E&E F JoenzE E AT )
¥l distributed RHM A4 B 4] AJ2=813 o] ohekst AAgEely 2 A

|l QAR tfs] oheFdt boundary methodE 83 4 A= Al~H9]

i

el Agapry gk NEE A2RS Sa A distributed RHM B
boundary RHM2] <137 7]+= DHM simulation system®] custom-built RHM AJ~d
Nejslolze] Q=] AR AFH AE AL AT ANFHH 3
A} AEE: BRA, FEL 52 A8 Ao 287 4 AR A28

Aol B asie.
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Appendices

Appendix A. Body sizes of generated RHMs

A.1.R-G-E
er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AVl AV12 AV13
1 399.0 976.0  1530.7 9842 1014.1 3819 4008 600.6 17709 421.2 8326 1129.7 184.2
2 4023 1006.8 1532.6 10342 1057.6 390.1 4164 602.0 17709 421.8 879.7 1133.0 183.6
3 392.6 965.7 1485.5 984.2 10114 376.0 400.0 582.7 17209 410.8 8342 1095.8 178.1
4 408.6 1017.1 1577.8 10342 10603 396.0 4172 6199 18209 4323 878.1 11669 189.7
5 395.9 996.4 1487.4 10342 10549 3842 4156 584.1 17209 4114 8812 1099.1 1775
6 405.4 986.4 15759 9842 1016.8 3879 401.6 6185 18209 431.6 831.1 1163.6 190.3
7 389.3 935.0 1483.5 934.2 967.8 367.8 3845 581.3 17209 4102 7872 10925 178.6
8 395.7 9453  1528.7 934.2 970.5 373.8 3852 5992 17709 4206 7856 11264 184.8
9 405.5 1037.5 15345 1084.2 1101.1 3983 432.0 6034 17709 4225 926.7 11363 183.0
10 402.1 9557 1574.0 934.2 9732 3797 386.0 617.1 18209 431.0 784.1 11603 190.9
11 386.2 9554  1440.2 9842 1008.7 370.1 399.2 5648 16709 4004 8357 10619 1719
12 4119 10479 1579.8 1084.2 1103.8 4042 4327 6214 18209 4329 9251 11702 189.1
13 415.0 10275 1623.0 10342 1063.0 402.0 418.0 6379 18709 4427 876.6 1200.7 1959
14 411.8 996.7 1621.1 9842 10194 393.8 4024 636.5 18709 4420 829.6 11974 196.5
15 399.1 1027.2 14893 10842 1098.4 3924 4312 5855 17209 412.1 9282 11024 176.9
16 4183 10582 1625.0 1084.2 1106.5 410.1 4335 6393 18709 4433 923.6 1204.1 1953
17 408.8 1068.2 1536.5 11342 11447 406.5 4475 6049 17709 423.1 973.7 1139.6 1824
18 382.9 924.6  1438.3 934.2 965.2 3619 383.7 5634 16709 399.7 788.7 1058.6 1725
19 389.5 986.1 14422 1034.2 1052.2 3783 4148 566.2 16709 401.0 882.8 10652 171.3
20 379.8 945.0 1395.0 9842 1006.0 3642 3984 5469 16209 390.0 8373 1028.0 165.8
21 392.5 914.6  1526.8 884.2 927.0 365.6 369.7 597.8 17709 4199 738.6 1123.1 1854
22 4247 10685 1670.2 1084.2 1109.2 416.1 4343 6572 19209 4537 922.0 12379 2014
23 421.6 1088.9 16269 11342 1150.0 4183 449.1 640.7 18709 4439 970.6 12074 1947
24 386.1 904.2 1481.6 884.2 9243 359.7 3689 5799 17209 4095 7402 1089.2 179.2
25 408.5 966.0 1619.2 934.2 9759 3856 3868 6350 18709 4414 7825 11941 197.1
26 376.6 9143  1393.1 934.2 962.5 356.0 3829 5454 16209 3893 7903 10247 166.4
27 4182 1007.1 1666.3 984.2 1022.1 399.7 4032 6544 19209 4525 828.0 1231.3 202.6
28 383.1 975.8 1397.0 1034.2 1049.5 3723 4140 5483 16209 390.6 8843 1031.3 1652
29 3927 1016.8 1444.1 1084.2 1095.8 3864 4304 567.6 16709 401.6 929.8 1068.5 170.7
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A2.R-G-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 398.5 975.8 1527.2 985.0 10146 381.6 401.0 5992 1767.0 4204 833.6 1127.1 183.7
2 402.6  1006.7 15354 1033.0 1056.8 3903 416.1 603.1 1774.0 4225 8785 11350 184.0
3 392.7 964.8 1487.3 982.0 1009.6 3759 3994 5834 17230 411.2 832.1 1097.1 1783
4 409.5 1022.0 15809 1041.0 1066.4 397.5 4193 6213 1824.0 433.0 8844 11694 190.0
5 3963 1001.1 14869 1042.0 1061.7 3854 4180 5840 17200 4113 888.6 1099.0 177.3
6 405.8 985.9 1579.5 982.0 1015.1 388.0 401.0 6199 18250 4325 8289 11662 190.9
7 389.2 932.6 1484.4 930.0 964.3 367.3 3832 581.6 17220 4103 7832 1093.0 178.8
8 395.2 9444  1525.2 934.0 970.2 3733 385.1 597.8 1767.0 4198 7856 11237 1843
9 406.2 10374 1540.0 1082.0 1099.6 398.7 4314 605.6 1777.0 4237 9245 11403 1838
10 402.8 958.7 1576.9 938.0 976.7 380.7 3873 6183 1824.0 431.7 787.6 1162.6 1913
11 385.5 959.8  1430.8 995.0 10175 370.6 4024 5612 1660.0 3982 8463 10552 170.4
12 411.1 10449 15752 1081.0 1100.8 403.1 431.7 6195 1816.0 431.8 9223 1166.6 188.6
13 4145 10235 1622.0 1028.0 1057.6 4009 416.0 6374 1870.0 4424 870.8 1199.7 1958
14 411.6 997.5 1619.5 986.0 10209 3939 4029 6358 1869.0 441.7 8313 11963 196.2
15 401.1 10333 1500.5 1090.0 11042 3947 4332 590.0 1733.0 4147 9333 1111.0 1783
16 419.6 1061.8 1633.3 1087.0 1109.5 411.7 4346 642.6 1880.0 4452 926.0 12104 1964
17 4094 1067.2 15427 1130.0 1141.4 406.6 4463 6073 1778.0 4245 969.6 1144.1 1833
18 382.6 922.5 14374 931.0 9624 361.3 3827 5629 16700 399.5 7858 1057.8 1724
19 390.1 987.5 14459 10350 10532 3789 4151 567.7 16750 4019 8834 1068.0 171.8
20 379.6 940.4  1396.6 976.0 999.0 363.1 3959 5474 1623.0 3903 8295 10289 166.1
21 393.0 9149 15314 883.0 9263 366.0 3694 599.6 1776.0 421.0 7374 11265 186.0
22 4262 1078.1 16753 1098.0 1121.5 4189 4387 6594 1926.0 4550 9349 12423 2019
23 421.7 10829 16329 1122.0 1139.8 4172 4454 6429 1878.0 4453 9589 12114 1957
24 383.6 893.5 14694 871.0 9122 3560 3646 5749 1708.0 406.7 7282 1079.6 1778
25 408.8 9704 1617.8 942.0 982.6 386.7 3892 6346 1869.0 441.1 790.0 11934 196.7
26 378.4 920.8 1403.4 941.0 969.0 3584 3852 549.6 16320 391.7 7963 10327 167.7
27 417.7 10109 1659.5 993.0 10294 400.2 405.8 651.8 1913.0 4509 836.6 12266 201.5
28 382.6 9714 1396.8 1027.0 10433 371.2 411.8 548.1 1621.0 3905 877.6 10309 1653
29 3934 1020.8 14462 1090.0 11009 387.6 4322 5685 1673.0 4022 9352 10703 170.9
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A3.R-C-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AV11 AV12 AVI13
1 409.1 1002.8 1593.2 1004.8 1035.7 393.4 4083 6257 1839.2 4357 8499 11773 1923
2 377.9 915.0 1403.9 931.3 960.6 3569 3822 549.7 1633.0 391.8 7872  1032.7 1679
3 419.6 1073.8 1622.8 1110.8 11295 414.1 441.8 638.8 18674 4429 948.7 12034 1945
4 390.8 930.4  1500.1 920.5 956.9 367.8 380.5 587.7 1739.8 4139 773.7 11044 181.1
5 426.1 1069.5 16815 1081.5 1107.6 417.1 433.7 661.6 1933.5 4563 919.1 12463 203.0
6 425.1 11005 16473 11455 1161.1 4228 453.0 6489 1893.0 4487 980.6 1223.1 1973
7 4153 1039.7 1615.1 10573 1082.6 404.6 4250 6350 1861.2 4409 898.6 11957 1944
8 382.5 9504 14135 986.0 1008.7 3669 3993 5542 16413 3942 838.4 10420 168.3
9 408.2 972.6 16113 948.0 987.5 386.8 391.0 632.1 1861.6 439.7 795.8 1188.8 195.7
10 4125 10922 15482 11693 11759 413.6 4587 6100 17823 4259 10064 1149.7 1834
11 386.4 935.0 1459.0 943.5 974.5 366.1 3869 571.7 1693.4 404.5 796.8 10745 1752
12 395.0 917.2  1546.2 881.1 925.5 367.7 369.1 6054 17924 4244 735.1 1137.5 188.1
13 410.1 10604 15542 1114.6 11287 4057 441.7 611.6 17913 427.1 954.6 1152.1 185.1
14 4115 10435 1580.1 10769 1097.5 403.1 4305 6214 18215 4329 918.3 1170.1 189.3
15 399.5 1000.0 1515.1 1029.5 10525 387.1 4146 5950 1751.7 41738 8759 1119.7 1813
16 399.9 978.2  1536.5 985.5 10155 3829 4013 6029 17773 4226 833.7 1134.1 185.0
17 398.6 1009.6 1499.3 10514 1070.6 388.5 421.1 589.1 17334 4142 897.0 1108.7 178.8
18 4148 10244 16235 1029.0 10585 401.2 4164 638.0 1871.6 4428 871.7 12009 196.0
19 403.6 1041.0 1515.1 1097.2 11113 397.8 4357 5959 17489 418.1 939.6 11222 180.1
20 3942 10094 14627 10649 1080.1 3858 4247 5747 16923 4059 911.0 1081.8 173.6
21 4029 1003.1 15414 1024.8 1050.0 389.8 413.6 6054 1781.0 423.8 870.6 11392 184.9
22 385.2 986.7 14059 1048.8 1062.8 375.8 418.7 552.0 1630.2 3927 897.8 1038.6 166.1
23 420.5 1058.1 16439 1076.8 1101.2 411.5 431.6 646.7 1892.1 447.6 916.0 1217.9 198.0
24 403.3 972.7  1569.7 964.0 998.8 3839 3952 6158 18149 430.1 8123 11581 189.8
25 382.4 899.8 14543 887.1 9253 356.6 3693 569.1 1690.6 403.2 7439 1068.8 175.5
26 410.5 10245 15873 10427 1068.2 398.6 420.0 623.8 1831.1 4345 885.8 11743 190.9
27 406.5 10293 15494 1065.0 10853 3972 4262 609.1 1788.2 4258 908.1 1146.7 1853
28 396.6 980.0 1507.5 999.4 10259 3813 405.1 591.6 1744.6 4159 847.8 11129 180.8
29 404.5 997.7 1559.0 1009.2 1037.5 389.6 409.1 6122 18012 4278 8552 11519 187.6
30 397.8 946.9  1544.7 930.8 968.6 3753 3845 6055 1788.7 4242 7819 11382 187.0
31 416.0 1011.2 1644.7 999.2  1033.9 3993 4075 646.0 18964 447.6 8429 12157 1994
32 389.7 979.6 14493 1020.8 1041.0 377.1 410.8 568.8 1679.3 402.6 869.9 10700 1725
33 390.4 963.4  1469.3 986.4 10124 3742 4004 5763 17029 407.1 8369 1083.7 175.8
34 395.0 959.1 1511.1 963.6 995.0 376.1 394.1 5926 1750.1 416.6 8139 11143 1819
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A4.R-C-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AV11 AV12 AVI13
1 407.9 998.0 1587.4 999.0 1030.3 391.7 4064 6233 1833.0 4343 8447 117277 191.6
2 379.1 920.8  1408.7 939.0 967.6 358.8 384.7 551.7 1638.0 3929 7943  1036.6 168.4
3 419.8 10763 1622.6 11150 1133.1 4147 443.1 638.8 1867.0 4429 952.7 12034 1944
4 391.7 933.1 1504.9 923.0 9594 3689 3814 589.6 17450 415.0 7759 1108.1 181.7
5 426.0 10609 1687.6 1065.0 1093.6 4153 4287 663.9 1941.0 457.7 903.4 1250.3 204.1
6 42377 10958 1639.0 1141.0 1156.7 421.0 4514 6456 1884.0 446.8 976.6 1216.7 196.2
7 415.0 10349 16165 1049.0 1075.5 403.5 4225 6355 1863.0 4412 890.8 1196.4 194.7
8 382.4 950.1 14124 986.0 1008.6 366.7 399.3 553.8 1640.0 394.0 838.4 1041.1 168.1
9 407.2 966.9 1607.7 940.0 980.3 385.0 3884 630.6 1858.0 438.8 7884 1185.8 1954
10 4124 10934 15462 1172.0 1178.1 41377 4594 609.2 1780.0 4255 1009.0 11482 183.1
11 386.7 9342 1462.2 941.0 972.5 366.1 3862 5729 1697.0 405.3 7943  1076.7 1756
12 394.6 920.5 1539.7 889.0 932.0 368.1 3714 603.0 17850 4229 7427 1133.0 187.0
13 4104 1059.0 15574 1111.0 11258 405.5 440.7 612.8 1795.0 4278 9512 11544 1856
14 412.0 10449 1583.2 1078.0 1098.7 403.7 4309 622.7 1825.0 4337 919.2 11725 189.7
15 399.6 999.9 15162 1029.0 1052.1 387.1 4145 5955 1753.0 418.0 8754 11205 1815
16 400.1 977.2  1538.9 983.0 1013.5 382.8 400.6 603.8 1780.0 423.1 831.3 11358 185.3
17 398.8 1008.7 1501.6 1049.0 1068.6 388.4 420.5 5899 17360 414.8 894.7 11103 179.1
18 4145 10235 1622.0 1028.0 1057.6 4009 416.0 6374 1870.0 4424 870.8 1199.7 195.8
19 4029 10409 15099 1099.0 1112.5 397.4 436.1 5939 1743.0 4169 941.5 11184 1794
20 3925 1005.1 14515 1062.0 10769 3839 4236 5702 1680.0 403.3 908.6 10732 172.1
21 403.2 1004.7 15424 1027.0 1052.0 3903 4143 605.8 1782.0 424.1 872.6 11400 185.0
22 386.0 984.5 14145 1042.0 10574 3759 416.8 5553 1640.0 394.7 891.1 10448 1674
23 4199 1053.0 1642.6 1069.0 1094.4 410.0 429.1 646.1 1891.0 4473 908.7 1216.7 1979
24 403.0 9703  1569.6 960.0 995.4 3832 3940 6157 18150 430.1 808.6 1158.0 189.9
25 382.8 904.5 1454.1 895.0 932.1 357.8 371.8 569.1 1690.0 403.2 751.3  1069.0 1753
26 410.7 10244 1589.1 1042.0 1067.8 398.8 419.8 6245 1833.0 4349 885.1 11756 191.1
27 407.0 1030.1 15529 1065.0 1085.6 397.7 4263 6105 1792.0 426.6 908.0 11493 1858
28 396.3 978.8  1506.0 998.0 1024.6 380.9 404.7 591.0 1743.0 4156 846.5 1111.7 180.6
29 404.2 995.1 15587 1005.0 1033.8 3889 407.8 612.0 1801.0 427.7 8513 11515 187.6
30 398.3 948.3  1547.7 932.0 969.8 3759 3849 606.7 1792.0 4249 7829 1140.5 1874
31 415.6  1009.0 1643.4 996.0 1031.0 398.6 4065 6454 1895.0 4472 8399 12146 1993
32 390.7 982.4 14554 1023.0 1043.3 3782 411.6 5713 1686.0 404.0 871.8 10747 173.3
33 390.6 962.3  1471.1 984.0 10104 3741 399.7 577.0 1705.0 4075 8345 10850 176.1
34 395.4 958.9 1514.5 962.0 9939 3763 393.6 5939 17540 4174 8123 11168 1824
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AS5.R-O-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AV11 AV12 AVI13
1 386.1 962.2 1433.6 998.0 10203 3714 4034 5623 1663.0 398.9 849.0 10575 170.8
2 3925 1005.1 1451.5 1062.0 10769 3839 4236 5702 1680.0 403.3 908.6 10732 172.1
3 401.2 977.0 1548.6 979.0 1010.6 3835 399.5 607.7 1791.0 4253 8272 1143.0 186.7
4 4124 10934 15462 1172.0 1178.1 413.7 4594 609.2 1780.0 4255 1009.0 1148.2 183.1
5 382.8 904.5 1454.1 895.0 932.1 357.8 371.8 569.1 1690.0 403.2 7513  1069.0 1753
6 403.0 9703  1569.6 960.0 9954 3832 3940 6157 18150 430.1 808.6 1158.0 189.9
7 390.6 962.3  1471.1 984.0 10104 3741 399.7 577.0 1705.0 4075 8345 10850 176.1
8 395.2 9444  1525.2 934.0 970.2 3733 385.1 597.8 1767.0 419.8 785.6 1123.7 1843
9 402.0 1029.2 1511.8 1079.0 10953 3945 4299 5944 1746.0 4172 922.6 1119.1 180.0
10 4054 1002.7 15627 1016.0 1043.6 3912 4113 613.7 18050 428.7 861.5 11549 188.0
11 400.6 1007.1 1518.5 1040.0 1061.8 389.2 4179 596.5 17550 418.6 885.6 11226 181.6
12 398.8 946.7 1553.9 927.0 965.8 3759 3835 609.1 1799.0 426.3 778.0 11449 1883
13 411.3  1000.5 1614.3 993.0 1026.7 3943 405.0 6339 1863.0 4405 838.1 11927 1954
14 378.4 920.8 1403.4 941.0 969.0 3584 3852 549.6 16320 3917 796.3  1032.7 167.7
15 397.4 1007.0 1491.7 1050.0 10689 3873 420.6 586.0 17250 4125 896.0 11029 177.8
16 411.6 10269 1594.6 10440 1069.8 399.8 420.5 626.7 1839.0 436.2 886.8 1179.8 191.8
17 395.3 983.7 14929 1011.0 1035.1 381.2 4085 586.0 1728.0 412.6 859.2 11024 178.6
18 404.6 1048.7 15175 1109.0 1121.7 400.0 4394 597.0 1751.0 418.6 950.6 11244 180.3
19 4145 10235 1622.0 1028.0 1057.6 4009 416.0 6374 1870.0 4424 870.8 1199.7 1958
20 4184 1020.1 1657.4 1009.0 10432 4025 4107 6512 1910.0 450.5 851.7 1225.6 201.0
21 386.7 9342  1462.2 941.0 9725 366.1 386.2 5729 1697.0 405.3 7943  1076.7 1756
22 420.6 1063.9 1639.7 1088.0 1110.7 412.7 4350 6452 1887.0 446.7 926.7 12152 1972
23 407.0 1030.1 15529 1065.0 1085.6 397.7 4263 6105 1792.0 426.6 908.0 11493 1858
24 4217 10829 16329 1122.0 1139.8 4172 4454 6429 1878.0 4453 9589 12114 195.7
25 4224 1058.6 1659.0 1072.0 1098.0 4127 4303 652.6 1909.0 451.1 911.0  1229.1  200.1
26 4104 1059.0 15574 1111.0 11258 405.5 440.7 6128 1795.0 427.8 9512 11544 185.6
27 395.4 958.9 1514.5 962.0 993.9 3763 393.6 5939 17540 4174 812.3 1116.8 1824
28 407.2 966.9 1607.7 940.0 980.3 385.0 3884 630.6 1858.0 438.8 7884 1185.8 1954
29 390.2 931.6 14932 925.0 960.5 367.7 381.8 5850 1732.0 4124 7782 1099.4  180.1
30 397.6 977.8 1517.5 992.0 1020.1 381.5 403.0 5955 1756.0 4182 840.5 1120.1 1823
31 420.6 1063.9 1639.7 1088.0 1110.7 412.7 4350 6452 1887.0 446.7 926.7 12152 1972
32 401.8 997.3 1536.6 1017.0 10429 3879 411.1 6034 1776.0 4227 863.4 11353 184.4
33 412.0 10449 1583.2 1078.0 1098.7 403.7 4309 622.7 1825.0 4337 919.2 11725 189.7
34 386.0 984.5 14145 1042.0 1057.4 3759 4168 5553 1640.0 394.7 891.1 10448 1674
35 394.6 920.5 1539.7 889.0 932.0 368.1 3714 603.0 17850 4229 7427 1133.0 187.0
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A.6. R-O-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AV11 AV12 AVI13
1 386.6 964.7 14358 1001.2 10232 3722 4044 5632 16653 399.4 851.9 1059.2 171.0
2 3924 1008.3 1448.5 10684 10823 3845 4256 569.1 16764 402.6 914.8 1071.2 171.6
3 401.1 975.8 1548.6 977.0 10089 3832 3989 607.6 1791.0 4253 8253 11429 186.7
4 412.8 1093.2 15494 11705 1177.0 4139 459.0 6105 1783.7 4262 10074 1150.6 1835
5 382.3 902.5 14509 892.9 930.1 357.0 371.1 567.8 1686.6 402.5 749.5 1066.5 1749
6 404.1 972.8 1576.6 961.5 997.1 3844 3946 6185 1822.6 431.7 809.8 11633 190.8
7 390.3 961.4 1469.3 983.2 1009.6 373.7 3994 5763 1703.1 407.1 833.8 1083.7 1759
8 395.8 9453 15295 933.9 9703 373.8 3852 5995 1771.8 420.8 7853  1127.0 1849
9 402.0 10303 1510.7 1081.3 1097.2 3947 430.7 594.0 17447 4170 9248 11183 179.8
10 4059 10019 1567.4 1013.1 10413 3913 4104 6156 18103 429.8 858.6 11583 188.7
11 399.9 1005.6 1513.8 10393 1061.0 3885 417.7 5947 17499 4175 8852 1119.1 181.0
12 398.8 9474  1552.6 928.7 967.2 376.0 3840 608.6 1797.5 426.0 779.6 11440 188.1
13 411.0 997.3 1614.3 987.7 1022.1 3935 4034 633.8 1863.2 4405 833.1 11924 1955
14 378.5 9274  1398.2 953.9 979.9 359.8 389.1 547.7 1625.7 390.6 808.7 10293 166.7
15 396.8 10057 1487.8 1049.2 1068.0 386.6 4203 5845 1720.7 411.6 8954 1100.0 177.3
16 411.6  1027.3 1594.5 1044.7 10704 399.9 420.7 626.7 1838.9 436.1 887.5 1179.8 191.8
17 395.2 9824 14932 1008.8 1033.3 3809 407.8 586.1 17285 4127 8572 11025 178.7
18 4054 1053.6 15202 11162 1128.1 401.5 441.7 5982 1753.7 4193 957.3 1126.7 180.5
19 4147 10274 1620.1 1035.1 1063.6 401.7 4182 636.7 1867.6 4420 877.6 1198.6 1954
20 417.2 10140 1652.6 1000.8 10358 400.6 408.1 649.2 1905.1 4494 8442 1221.7 2005
21 386.3 934.2  1458.7 942.2 9734 3659 386.5 571.6 1693.1 404.5 795.6 10742 175.1
22 420.5 10655 1637.5 10915 1113.6 4129 436.0 6444 18845 4462 930.1 1213.7 1969
23 406.5 1028.8 15504 1063.8 1084.4 397.1 4259 6094 1789.3 426.0 907.0 11474 1855
24 4227 10884 16365 1129.6 1146.7 4189 4479 6445 1881.7 446.1 966.0 12144 196.1
25 42277 1060.0 1660.4 1073.7 1099.5 413.1 4309 6532 19105 4514 912.5 1230.2 200.3
26 4103 10595 1556.2 11124 11269 405.6 441.1 6124 1793.6 427.6 952.5 11535 1855
27 395.0 959.7 1510.7 964.8 996.1 3763 3945 5924 1749.6 416.5 815.1 11140 181.8
28 407.0 960.3 1611.3 927.17 969.9 383.6 3847 6319 18625 439.6 776.8 1188.0 196.1
29 390.2 929.2 14959 920.0 9563 3672 3803 586.0 17352 413.0 773.4  1101.3  180.6
30 397.7 978.7 1518.0 993.3 1021.2 381.7 4034 5957 17565 4183 841.7 11205 1823
31 420.5 10655 1637.5 10915 1113.6 4129 436.0 6444 18845 4462 930.1 1213.7 196.9
32 401.9 997.5 1537.8 10169 10429 388.1 411.1 603.9 17774 4230 8632 11362 184.6
33 411.8 1041.6 1584.0 1072.2 1093.7 4029 429.1 6229 1826.1 433.8 913.7 11729 1899
34 385.0 985.8 14049 10477 1061.8 3755 4184 551.6 1629.1 3925 896.8 1037.8 166.0
35 394.1 915.7 1539.4 881.3 9253 366.8 369.0 602.7 17849 42238 735.5 11324 187.1
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A.7.F-G-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 402.1 978.0 1552.3 987.2 1018.6 383.6 4020 610.8 17944 423.0 828.1 1149.0 186.7
2 397.5 981.7 1518.9 994.1 10193 3829 4028 5950 1757.1 4208 846.6 1119.3 1823
3 399.2  1004.8 1511.0 1031.1 1053.0 388.5 4152 591.8 17474 4200 8842 1113.6 181.1
4 403.8 1001.1 15443 10243 10523 389.1 4144 607.6 1784.7 4222 865.7 11434 1855
5 380.8 1055.7 1523.6 1005.4 978.2 422.6 380.0 587.7 17440 4263 9846 11297 1623
6 401.2 955.8  1555.1 998.7 1047.7 381.7 40577 6349 18004 366.1 7956 12066 177.2
7 404.7 10233 1541.6 10129 10233 391.0 4107 583.6 1778.8 479.1 8982 10859 195.0
8 4222 950.3 1531.8 10499 1127.2 355.0 449.6 611.7 1788.0 4160 7652 1127.3 204.3
9 415.8 930.9 15064 1019.7 10942 348.8 4379 599.1 1760.5 4146 7462 1103.1 201.0
10 398.3 982.7 1513.8 10425 1082.1 386.6 4189 6159 17533 363.1 851.6 1171.1 171.6
11 3854 10519 1556.9 998.6 9775 4233 3793 603.6 1781.3 4284 966.1 11595 166.8
12 398.3  1003.9 1516.1 982.6 990.3 384.8 399.0 571.0 17512 477.8 879.2 1061.8 191.8
13 396.6 959.6  1521.7 1005.5 10484 381.1 406.5 619.0 1763.0 3639 814.1 1176.8 172.7
14 379.1 10325 15315 968.4 9445 417.1 367.6 5909 17537 427.1 947.1 11354 163.5
15 417.6 954.0 1498.4 1056.7 11279 3543 4504 5959 1750.7 413.8 7837 10975 199.9
16 420.5 927.2  1539.7 10129 1093.5 3494 4372 6149 1797.8 4168 7277 11329 205.5
17 403.0 1000.2  1549.5 975.8 989.6 3855 3983 586.8 1788.5 4799 860.7 1091.5 196.2
18 402.9 979.0 1547.1 1035.7 10814 387.2 4182 631.7 1790.6 3653 833.1 12009 176.0
19 400.0 1027.0 1508.2 1019.7 1024.0 3904 4115 567.8 17414 4770 916.7 1056.1 190.6
20 383.7 1028.8 1564.8 961.6 9438 4177 366.8 606.7 1791.1 4292 928.6 11652 1679
21 418.4 976.2 1495.6 10453 1098.8 356.2 446.6 5719 17448 470.7 8163 1040.0 209.4
22 419.6 905.0 15425 10243 11225 347.6 4409 639.0 1803.7 3599 695.1 11904 1959
23 415.0 908.7 1509.2 1031.1 1123.2 3469 441.6 623.1 17664 357.7 713.6 1160.7 191.5
24 416.7 953.1 1503.6 1008.3 1065.1 350.7 4342 5750 17545 4715 778.8 10456 210.5
25 379.9 1054.7 1528.7 957.0 9154 419.0 3639 5669 1747.8 484.0 979.6 10779 173.0
26 386.3 1074.1 1554.1 987.2 9484 4252 3756 5795 17754 4854 9987 11020 176.3
27 392.8 9854 1485.6 1000.9 1020.1 3823 403.5 579.2 1719.8 4187 865.1 1089.5 177.8
28 3945 1008.6 1477.6 1037.9 1053.8 387.8 4159 576.0 1710.1 4179 902.7 1083.8 176.7
29 400.4 9549  1560.2 950.2 9849 378.1 389.6 6140 1804.1 4238 790.6 11547 1879
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A.8.F-G-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 398.2 997.0 1544.1 993.6 1011.8 391.5 3989 603.0 1781.6 429.1 8649 1137.6 1828
2 395.8 993.5 1521.0 998.7 1017.2 388.7 400.9 5947 17569 421.7 8672 11220 1799
3 401.9 989.2 1516.8 10274 10604 382.6 417.7 5994 1756.8 410.8 8549 11265 183.1
4 400.8 10054 1536.1 1023.6 10463 391.7 4115 603.6 1774.1 4203 8779 11382 1823
5 386.1 1038.3 15240 1005.0 991.7 4122 3875 589.4 17494 428.1 9502 11253 168.7
6 397.7 978.8 1547.3 998.5 1030.1 389.3 400.8 620.7 1787.4 3888 8373 11792 176.4
7 407.1 1003.0 15353 1018.0 1043.7 3825 417.6 590.0 17763 4589 865.0 1097.1 1952
8 413.8 9704 1539.2 1032.2 10873 369.5 431.8 609.7 1788.5 421.4 805.6 11335 196.6
9 409.5 9574 1519.0 10159 1070.0 365.2 4255 601.2 1766.8 4169 793.7 1117.7 193.6
10 402.3 968.7 1521.4 1030.0 1077.6 378.8 420.0 6164 17647 3745 822.0 1165.1 178.4
11 388.8  1038.7 1546.7 1000.6 989.4 4139 3863 599.2 17742 4313 9428 11443 1714
12 405.7 9814 15204 9983 1029.6 373.6 413.6 584.1 1762.7 4569 8345 1082.7 1959
13 393.6 980.4 1527.7 1002.5 1030.1 390.5 399.6 614.1 17649 379.6 8493 11699 1713
14 388.2 1011.0 15314 991.9 993.9 403.7 3872 6012 1761.6 410.0 902.7 1147.7 169.7
15 418.0 943.0 1502.0 1049.8 1126.6 3513 4492 6009 17560 4062 7648 1107.6 199.9
16 412.8 960.5 15393 1015.6 10714 366.6 4264 608.7 1789.1 42377 7903 1130.7 1972
17 400.7 989.4  1542.0 980.2 1000.2 384.6 398.7 5943 17813 451.1 849.0 11123 1899
18 406.1 971.0 15303 1038.8 1090.6 377.8 4258 6199 17758 379.0 8193 1168.8 182.1
19 396.5 10284 1512.8 10193 1021.1 396.1 4064 5765 17444 4573 923.1 10814 183.8
20 3879 1027.7 1563.6 974.2 963.1 4135 3759 6060 17922 4333 9222 1158.6 172.2
21 409.8 987.7 1506.2 10343 10734 370.7 430.7 581.8 1749.8 449.7 84377 10749 1972
22 415.2 929.9 1527.6 1033.2 11143 356.1 4384 624.6 1782.8 3739 743.1 11649 192.6
23 413.9 9254 15122 10249 11041 3519 4369 6133 1766.5 384.1 7399 1139.2 194.1
24 410.5 972.6 1510.6 1010.1 10523 3647 4249 5802 17563 4603 8168 10673 201.3
25 388.7 10394 1531.6 976.7 956.1 407.8 381.0 5742 1757.6 477.1 9446 10839 180.2
26 392.0 10439 1547.0 990.8 9748 410.0 386.7 5850 17750 4699 9454 11059 1809
27 389.9 1005.6 1499.0 1007.2 10152 3943 398.6 5853 1729.8 4150 898.6 1109.2 1727
28 393.7 999.2 14942 10324 1053.8 390.1 411.8 593.0 1728.1 393.6 8862 11239 1722
29 392.2 983.3  1552.1 960.1 974.4 3937 381.8 609.8 1788.1 416.8 8482 11583 177.0

92



A9.F-C-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 407.4 968.7 15114 10144 1058.8 3683 4227 591.1 17563 4313 8154 10974 193.6
2 410.8 9539 1521.2 1025.1 10852 3644 429.8 607.8 1770.5 4039 786.7 1132.1 1925
3 399.5 973.9 15473 996.0 10309 385.6 402.6 619.0 17889 3948 8269 11724 179.6
4 396.2  1001.7 15109 10243 1044.6 390.6 4099 5952 17462 409.1 8829 11249 177.0
5 407.1 1003.0 15353 1018.0 1043.7 3825 417.6 590.0 17763 4589 865.0 1097.1 1952
6 400.1 1009.5 1551.4 1027.1 10493 397.6 4093 6159 17892 4057 8829 1168.6 178.4
7 399.2 989.7 15532 972.6 990.5 388.3 3932 6012 17919 4452 849.0 1129.8 1875
8 383.8 10424 15419 978.2 9545 417.1 3740 589.6 1765.7 4457 9545 11269 1699
9 400.6 988.7 1553.9 993.6 10194 389.0 401.1 611.6 1794.1 421.1 847.1 11540 184.0
10 416.9 946.8 1522.1 1039.8 1112.4 3572 4419 6103 1775.6 4043 768.1 11303 198.2
11 397.1 1018.1  1521.1 1027.0 1039.0 3959 409.1 5925 1755.0 427.4 9055 11182 1795
12 402.3 968.7 15214 1030.0 1077.6 378.8 420.0 6164 1764.7 3745 8220 1165.1 178.4
13 410.0 986.2 1523.6 1042.8 10874 3753 4313 600.5 1768.6 422.8 838.7 11189 1922
14 393.1 994.7 15442 1001.0 10203 398.1 3953 617.6 1779.8 3883 869.1 11793 171.1
15 395.9 982.8 15409 976.3 996.7 3883 3925 604.1 17787 4215 8454 11413 181.0
16 393.1 988.7 1529.8 990.8 10094 392.1 3946 6049 17654 4042 861.5 11485 1748
17 389.0 10409 15335 1011.3 1000.8 4122 3914 5932 1760.5 431.5 9489 11309 1714
18 406.4 975.2 15285 10349 1082.7 3775 4248 6132 17733 3938 8255 11526 184.8
19 401.8 990.5 1534.0 1004.8 1031.6 3844 4085 599.1 17739 430.7 8523 11242 186.7
20 407.8 9752 15255 1000.8 1038.4 371.1 4167 5895 17699 4513 8213 10922 197.1
21 408.5 961.7 15347 1002.0 1050.1 369.5 417.7 604.6 1781.8 4252 7980 11260 1939
22 415.5 9224 15482 10352 1124.0 359.1 437.2 6455 1805.6 3454 7277 12132 188.0
23 3915 1017.2 15172 996.6 996.4 398.2 3939 5832 1747.6 4415 9104 11019 1778
24 414.7 958.1 1549.0 1022.8 10844 3669 429.7 6182 1800.7 412.6 782.8 1150.7 196.8
25 3945 10345 15424 1002.6 9973 405.1 3945 589.6 1773.0 4557 929.1 11138 181.1
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A.10. F-C-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 404.7 9714 1508.8 1011.2 1051.3 371.2 418.7 5904 1751.8 427.6 8235 10994 190.5
2 408.1 954.1 1520.1 1018.0 10742 366.7 424.6 607.7 1767.9 400.7 790.5 11350 189.7
3 401.5 967.2 15483 995.1 10352 381.8 405.1 620.0 1791.8 3956 8136 11714 182.0
4 3935 10044 15103 1017.6 1032.6 393.6 404.6 5940 17437 4089 890.6 11255 1745
5 408.2 999.3 1540.8 10185 10479 381.7 418.6 5950 1783.1 453.8 8568 1107.1 195.4
6 401.8 10039 15529 1028.0 10552 3947 411.8 618.0 17924 4039 8716 11709 180.1
7 397.1 997.4  1553.3 970.1 981.1 3924 3893 598.7 1789.9 4494 863.7 11270 185.8
8 382.6 1046.1 1548.8 973.2 945.7 4205 3699 5919 1771.7 4464 9604 1133.8 168.6
9 399.0 997.9  1553.8 9943 1013.6 393.0 398.8 608.8 17920 4264 863.6 11499 1828
10 418.5 939.8 15144 10413 11189 3519 4458 606.7 1769.4 4062 756.5 1119.5 200.6
11 3989 10142 15225 1026.0 1041.4 393.0 411.1 5923 17578 4312 896.6 11149 182.1
12 400.8 973.8 1518.0 1034.0 10785 3814 4195 6154 17599 371.7 8329 11654 176.2
13 411.1 988.1 15164 1043.8 1087.3 3727 433.8 5923 17614 4360 8414 10984 1955
14 392.1 10022 15454 1000.2 1014.0 401.2 393.1 6152 17795 3943 881.8 11755 170.6
15 395.7 986.6  1535.7 979.8 998.2 3885 3938 5999 177277 4259 85277 1132.0 1813
16 393.6 985.5 15264 9943 10159 3904 3969 6054 17625 399.7 856.8 11492 174.6
17 3869 1040.6 1535.8 1008.2 9959 4150 387.6 5973 17619 4223 9509 1143.0 168.0
18 405.5 975.7 1523.6 10339 1080.2 3774 424.1 610.1 1767.7 3952 8283 11466 1843
19 400.9 993.6 1530.4 1008.4 1033.5 3858 408.7 5982 1769.5 4283 859.2 1123.6 185.2
20 409.8 9743 15237 10019 1041.4 368.1 419.7 5857 1769.1 460.5 817.5 1080.5 200.6
21 406.0 967.5 1536.4 9954 1036.6 3735 412.1 6029 17814 4288 809.7 11254 192.1
22 412.9 9314 15405 10309 11104 362.1 433.1 6364 17950 357.0 7463 11956 1873
23 391.7 10183 15163 992.4 990.3 3975 3929 5792 17465 4508 911.6 1091.8 179.7
24 412.4 965.5 1543.0 1022.7 1077.7 370.0 427.1 613.0 17923 4164 798.6 11423 195.0
25 3942 1031.1  1539.0 998.3 9933 4034 393.6 5872 1769.7 457.8 9245 1108.1 181.7
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A.11. F-O-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 397.1 1018.1  1521.1 1027.0 1039.0 3959 409.1 5925 1755.0 427.4 9055 11182 1795
2 408.5 1005.1 15183 10425 1073.5 380.1 4287 5869 1759.7 4487 871.0 1090.0 194.1
3 414.7 958.1 1549.0 1022.8 10844 3669 429.7 618.2 1800.7 412.6 782.8 1150.7 196.8
4 405.2 971.5 15333 1002.0 1041.8 3755 4132 603.1 1777.3 4239 818.1 1127.6 190.0
5 399.2 989.7 15532 972.6 990.5 3883 3932 601.2 17919 4452 849.0 11298 1875
6 3934 10352 15304 1032.1 1033.8 407.2 403.7 5982 1760.7 4195 936.0 11379 1732
7 401.8 990.5 1534.0 1004.8 1031.6 3844 4085 599.1 17739 430.7 8523 11242 186.7
8 410.9 944.0 1502.3 10199 10829 357.0 431.6 596.7 1752.1 4112 7742 11050 195.0
9 393.1 987.8  1530.0 979.2 994.8 390.6 391.1 599.2 17653 4187 8592 11343 1777
10 403.0 984.0 15082 10223 1056.8 377.4 419.1 5912 17489 4228 8463 11052 186.8
11 383.8 10424 15419 978.2 9545 417.1 3740 589.6 176577 4457 9545 11269 169.9
12 395.7 9914 15103 10169 1041.2 3879 408.0 598.0 17465 4015 8674 1131.1 176.1
13 399.5 973.9 15473 996.0 10309 385.6 402.6 619.0 17889 3948 8269 11724 179.6
14 3937 1009.7 1556.7 1002.5 1014.2 404.0 3935 617.6 1791.1 402.1 889.5 11793 172.6
15 405.8 1002.5 1547.0 1037.5 1070.0 389.1 4204 6124 17885 4148 8656 11529 185.6
16 411.8 9434 1537.1 10283 10983 365.0 430.5 626.7 1789.1 3759 766.8 11747 188.8
17 407.1 1003.0 15353 1018.0 1043.7 3825 417.6 590.0 17763 4589 865.0 1097.1 1952
18 394.4 986.2 1535.8 1003.3 1028.7 3929 399.3 6157 17729 3851 8558 1173.0 1723
19 410.1 960.3 1521.6 1022.8 1077.8 366.5 427.7 604.0 1769.6 4130 7974 11243 193.1
20 384.4 10424 15374 998.7 981.3 4177 3815 5965 17619 423.6 956.1 1144.1 166.1
21 402.0 985.3  1560.9 994.0 1023.6 3882 4023 616.6 1802.6 417.8 838.6 1163.6 1849
22 409.4 976.5 1523.0 1009.0 1049.0 369.7 4213 5884 1768.0 4525 822.1 1088.1 198.5
23 401.6 955.0 1507.3 1026.1 1079.6 372.8 4209 6135 1751.6 366.0 8039 11584 177.7
24 3915 10172 15172 996.6 996.4 3982 3939 5832 1747.6 4415 9104 11019 1778
25 418.0 943.0 1502.0 1049.8 1126.6 3513 4492 6009 1756.0 4062 7648 1107.6 199.9
26 403.8 9743 1521.0 1031.5 1076.7 3783 4219 610.6 17643 3895 828.8 11499 182.0
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A.12. F-O-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 3989 1015.1 15229 1026.7 1041.8 393.5 411.1 5925 1758.1 431.0 898.1 11157 1819
2 412.6 988.6 1519.0 1044.6 1089.2 371.7 4354 591.8 1764.6 441.4 8399 10952 1977
3 413.3 968.7 15484 1022.2 10759 370.8 427.1 6132 1797.8 42277 801.3 11415 196.5
4 405.8 967.6 1533.3 1001.8 1044.5 373.8 414.1 6044 17782 4212 811.2 1129.7 190.4
5 398.6 991.4 15493 972.8 989.0 3885 3929 5983 1787.4 4475 8532 11240 1873
6 3919 10427 1531.0 1037.5 10352 411.5 4029 599.5 1759.7 4152 950.1 11439 1704
7 400.2 996.4 1534.0 1006.5 1029.2 3879 406.6 599.2 17725 4289 863.8 1127.0 1845
8 406.8 951.0 15104 10084 1062.0 364.1 421.7 5993 17573 4099 7885 11162 190.8
9 3942 9874 1529.7 984.3 10024 389.6 394.1 600.0 1765.8 417.4 8573 11349 1784
10 403.8 983.0 15125 1020.7 1056.1 377.0 419.0 5928 17539 4244 8429 1107.6 1879
11 388.2 1038.3  1543.5 986.3 970.3 4120 381.8 590.0 17702 4504 9423 11222 1748
12 392.8 1002.6 1511.4 1015.7 1031.0 394.1 403.1 5963 17447 4039 8884 1131.6 173.1
13 399.1 972.3  1549.7 990.0 1024.1 385.6 400.1 619.2 17912 396.7 824.1 1172.8 179.8
14 393.6 10103 1561.1 1007.5 1020.7 405.8 3944 6234 17957 3926 890.1 11933 170.7
15 405.1 998.0 1547.8 1031.8 10652 388.5 418.0 6141 1789.6 4112 859.0 11572 184.7
16 411.9 936.7 1536.1 1025.6 1099.0 362.8 430.6 6284 1789.0 371.0 7562 11779 188.7
17 403.3 1014.6 15394 10122 1027.1 390.1 4099 5894 1777.1 4613 887.0 1101.0 1914
18 393.6 993.0 1537.9 1001.7 1022.0 395.7 397.0 6135 1773.7 3920 8669 1169.0 172.3
19 412.7 955.5 15265 10242 10845 363.6 4309 607.0 1776.6 413.6 7857 11275 1957
20 3873 10350 15351 1004.9 995.4 4126 3877 597.6 1762.1 4212 9414 114277 168.7
21 400.9 992.1  1557.9 995.5 10203 3905 4013 612.8 1798.0 4226 8512 1156.7 184.2
22 410.3 973.6  1523.0 1003.0 1043.5 367.3 420.8 5854 1768.7 461.0 8159 1079.2 201.2
23 401.4 964.7 1504.2 1037.5 10879 375.8 423.8 611.7 1747.1 3663 820.7 1155.8 176.5
24 391.8 10179 1516.3 992.5 990.7 3973 393.1 5793 1746.6 450.6 9109 10919 179.8
25 420.6 937.4 1507.0 10522 11351 3483 4528 6049 17633 4043 752.0 11132 202.1
26 404.8 9745 15233 1035.8 1083.0 3782 4240 613.0 1767.3 3872 827.7 11543 1823
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A.13. P-G-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 410.3 998.4 1596.1 1000.7 1031.6 391.4 4058 629.1 18412 4379 843.0 11787 194.6
2 391.0 984.4 1467.1 1017.7 1040.0 380.6 4114 5735 1700.6 4052 869.3 1084.0 173.1
3 395.5 941.8 1529.2 943.8 9772 3703 3845 6012 1770.6 4215 786.6 11266 1849
4 405.8 1041.1 1534.0 1074.6 1094.5 401.7 4327 6014 17712 421.6 9257 1136.0 1828
5 376.2 927.8  1400.2 960.7 985.6 3595 3902 5456 1630.0 388.8 8129 10319 163.4
6 425.1 1055.0 1663.0 1057.6 1086.1 4125 427.0 657.0 1911.8 4543 899.4 1230.8 204.3
7 420.5 1097.7 16009 1131.5 1149.0 4228 4540 6293 1841.8 4379 982.1 1188.1 1925
8 380.7 8852 14623 886.8 9227 349.2 3632 5734 17000 405.1 7302 10745 1752
9 3909 10923 1526.8 1048.0 1063.2 447.1 4127 571.8 1765.1 42377 9293 11245 2214
10 384.8 1069.5 15553 1069.8 1071.0 428.1 3946 619.1 17873 403.0 967.8 11772 1453
11 4267 1012.6 15127 1079.4 1118.0 3753 470.8 583.7 1755.1 440.1 883.6 10949 2203
12 400.0 899.1 15914 869.9 9143 360.1 3575 629.0 18405 4378 7039 11693 196.7
13 416.4 913.3  1508.0 948.6  1000.7 3439 422.6 583.5 17545 440.1 7445 10855 2224
14 425.1 947.2 16034 1027.2 10629 346.1 4258 658.8 18473 4358 8394 11903 156.1
15 410.3 890.6  1536.5 970.3 1008.5 325.0 4045 6309 17767 4194 783.1 11382 146.4
16 414.8 955.7 1658.3 926.8 968.7 381.2 378.8 6569 1911.1 4542 7603 12214 206.4
17 431.2 969.9 15749 1005.5 1055.2 365.0 4439 6114 1825.1 4565 800.9 1137.6 232.1
18 376.1 1035.6  1459.9 991.1 1008.7 426.0 3914 5439 16945 4073 8729 10724 211.7
19 386.5 1027.1 1405.0 1091.6 11029 3909 4384 5458 1630.7 3889 952.0 10413 1613
20 4415 10692 1579.6 11363 11725 3964 492.1 611.6 18257 4565 940.0 1147.0 230.1
21 389.3 10269 1617.4 995.9 1008.1 4179 367.6 6469 1857.3 4193 885.1 1219.8 157.1
22 374.5 970.2  1550.5 939.0 953.6 396.8 3464 619.0 1786.7 4029 828.7 1167.8 147.4
23 370.0 10129 14884 10129 10165 407.0 3733 5912 1716.7 386.6 9114 11251 135.6
24 4399 1003.8 1670.3 10842 1117.4 3672 4470 686.6 19179 452.1 8958 12424 1658
25 404.1 10835 16843 1052.8 1062.5 439.0 3889 6747 19279 4357 9415 12719 166.8
26 420.6 989.8 1541.3 1101.1 1125.8 3564 4527 631.0 17774 4194 922.1 11476 1443
27 389.4 919.0 1557.8 965.5 9849 3514 3664 648.6 1792.8 400.8 825.1 1179.3 108.9
28 405.8 933.2 14744 10442 10714 3353 4314 603.1 1706.8 403.1 865.8 10955 134.6
29 391.0 876.6  1407.5 987.3 10169 3142 410.1 5753 16362 386.7 809.4 10435 1249
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A.14. P-G-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 409.4 1009.6 1574.1 1017.0 1046.5 3948 4146 6162 18175 4350 8595 1160.0 198.4
2 395.0 983.0 1481.5 10145 1039.7 379.6 4133 5789 1717.0 4109 861.1 1092.3 179.1
3 395.9 955.6  1522.6 954.4 987.3 376.8 3904 593.8 1763.8 4225 798.1 1119.1 192.7
4 406.3 10379 15419 1064.0 1085.7 4023 4294 603.2 17804 4246 9142 11403 1878
5 383.2 933.1 14349 9789 1003.1 3572 3953 5683 1666.0 393.6 827.7 1062.7 153.7
6 4240 10495 16383 10562 1086.2 409.0 4315 6432 18862 452.1 8939 1208.0 209.6
7 4213 10775 16144 1097.8 1120.6 417.7 443.8 6333 18582 4437 943.6 11943 201.0
8 382.1 9253  1461.7 930.3 9604 365.0 3774 5700 1697.7 4044 780.7 1076.1 177.1
9 3954  1036.0 1534.6 1010.8 1034.2 417.3 405.0 585.8 17750 4258 8742 11292 2104
10 3949 1053.1 1549.0 1068.6 1079.0 4145 4109 6132 17838 4122 9442 1161.0 162.1
11 4145 1013.6 15049 1061.8 10939 3835 4503 581.5 174477 4299 8854 1097.1 207.7
12 401.7 920.3 1576.3 911.4 951.3 363.1 373.7 6246 18227 4332 7463 1160.6 189.4
13 401.0 948.3  1506.1 949.9 989.6 3714 402.1 5793 1749.1 42877 779.1 10954 2128
14 418.7 976.6 1607.3 1021.6 1053.7 369.3 4169 649.7 1851.6 4367 8499 11926 170.7
15 411.1 918.9  1570.9 9622 1000.6 346.6 3984 6354 18148 4299 7834 1161.0 1678
16 412.9 995.3  1646.8 953.0 990.9 401.6 388.0 641.8 1898.6 4543 7956 12103 220.5
17 420.6 966.0 1545.9 986.1 10329 369.7 431.0 5949 1793.8 44777 7929 1116.8 231.3
18 379.3 999.0 14924 969.7 989.5 406.2 3794 5729 17283 408.0 8453 11042 1889
19 391.7 988.2 1417.0 10639 1082.6 370.4 4344 557.0 16451 393.6 909.2 10475 1585
20 4228 10589 15754 10852 11150 4073 4532 6089 1819.6 4449 9163 1153.0 218.6
21 396.0 10269 1620.0 9824 1003.1 419.6 376.0 636.1 1864.0 432.0 8582 1208.1 188.3
22 385.4 983.2 15423 974.2 992.8 3935 373.8 6120 17793 4099 8473 11533 1609
23 389.5 10022 15355 1008.1 1025.1 396.6 390.1 608.6 1771.5 410.1 878.1 11474 161.8
24 432.8 988.6 1678.3 1023.2 1061.1 3745 421.8 6795 19293 457.1 8415 12425 186.2
25 394.1 10879 1624.1 1056.8 10629 442.6 390.7 6423 1863.1 423.1 9528 12245 168.7
26 418.3 966.9 1521.3 1063.0 1094.5 350.8 446.0 6143 1759.1 422.1 877.1 1123.0 1623
27 389.3 9452 15154 985.6 10064 3634 3849 6147 17495 4019 8420 11356 136.4
28 399.9 903.3  1468.9 9775 10123 3334 4094 590.7 1704.7 407.7 798.1 10824 156.1
29 381.5 883.4 14479 943.8 970.0 333.1 377.0 589.2 16789 388.7 7885 1080.2 126.9
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A.15.P-C-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 3772 967.4  1466.7 962.4 983.0 386.8 378.0 570.6 17002 3993 831.8 1087.6 171.0
2 400.6 9433  1568.4 921.7 9604 3763 378.7 612.6 18147 4349 7609 11509 203.4
3 410.1 989.5 1563.3 1011.7 1043.1 382.1 4154 6163 1806.1 4323 847.6 1152.1 190.7
4 398.6 936.6  1495.2 978.2 1010.6 356.6 404.0 593.0 1733.0 4142 811.1 1101.6 1719
5 403.5 10245 16044 10285 1048.0 4040 399.6 640.1 18456 4275 8915 11993 169.9
6 3958 10149 15382 1002.0 10262 4052 4006 5950 17782 4234 861.7 11353 1973
7 426.8 1071.6 16503 1093.5 11182 414.0 441.1 6540 1896.6 4502 9353 1223.7 197.0
8 392.2 968.8  1518.9 981.3 10064 379.8 391.2 5999 17564 4132 8355 11264 171.0
9 3884 1005.0 1465.0 1036.5 1053.8 3904 4132 5722 1696.8 401.6 8972 1086.3 1689
10 4217 1005.6 16445 997.3 10347 3950 4113 6463 18953 4552 8289 12089 213.7
11 395.0 941.6 15158 937.4 973.0 371.7 386.6 589.7 1757.6 4228 77777 11112 196.3
12 387.6 897.5 14533 943.8 975.6  341.1 3874 579.7 1687.7 4003 780.0 1073.1 155.8
13 392.5 959.5 1459.8 987.8 10173 370.8 4084 566.6 16955 409.7 828.7 1070.6 185.6
14 399.5 1048.5 15249 1069.5 1086.1 409.6 425.1 5949 1760.8 4169 931.0 11314 1819
15 379.6 960.5 1402.4 10183 10357 366.2 408.1 5525 1629.1 384.6 874.8 1040.8 1484
16 404.0 1003.9 1508.1 1042.1 10679 3849 4275 590.1 17455 4195 883.0 1111.0 1854
17 412.0 10185 15429 10662 1091.5 387.0 4364 609.6 17819 4262 903.7 1140.0 1819
18 420.6 10255 1600.3 1052.8 1083.2 3939 433.1 631.3 18452 4428 885.6 1179.7 198.1
19 394.0 939.0 15755 921.9 9537 3752 3650 6263 1819.0 4250 7745 11689 176.2
20 380.7 898.6 14433 913.5 946.4 3512 3744 565.1 1678.6 400.8 757.4 10609 172.0
21 418.6 1082.6 1567.3 11194 11403 415.6 4567 6104 18074 4354 9634 11563 200.6
22 399.3  1005.5 1611.8 978.6  1003.0 405.1 380.6 636.8 1855.8 432.0 8433 11999 1843
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A.16. P-C-R

RII:(I)I.VI AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9 AVIO AVl AV12 AV13
1 379.9 976.6  1477.2 965.3 987.0 391.8 3812 571.6 1712.1 4043 8333 1092.8 180.0
2 399.7 9574 1566.4 938.7 974.0 381.7 3822 6124 1811.5 4323 7828 11523 199.2
3 410.4 983.5 1554.8 1004.7 10385 379.6 416.6 610.0 1798.0 4334 836.7 11420 1969
4 400.5 9354 1499.0 976.6 1010.5 355.8 405.7 593.6 1737.6 4168 8063 11025 1758
5 4053 10284 1595.6 1036.4 1057.0 4040 4069 6339 1836.7 4285 8956 11895 1755
6 397.8  1017.7 1537.8 10129 1036.8 4038 4060 5962 1777.6 4235 8703 11353 1953
7 4235 1090.0 1641.6 1110.7 1130.7 422.8 443.1 649.2 18859 4457 961.0 12203 1935
8 391.8 975.8 1530.2 986.2 1009.0 383.6 388.8 606.7 1767.6 412.8 845.1 11385 166.1
9 389.7 996.4 1458.7 10425 1060.1 382.6 417.1 573.8 1689.6 399.3 898.8 1082.7 161.4
10 4162  1006.6 1641.0 996.5 1029.5 3973 403.1 6482 1889.7 4485 837.8 12124 201.4
11 394.8 934.0 1516.7 929.4 966.0 368.8 3837 590.8 1758.8 423.0 7685 1111.7 195.6
12 382.0 907.9 1434.1 949.4 9775 3479 3859 568.8 16663 3943 7939 1060.1 154.5
13 393.4 971.2  1459.6 999.6 1028.1 3755 4133 564.8 16952 4104 8415 1070.0 188.5
14 393.8 1053.3 15265 1067.2 1079.1 4150 4154 5979 1760.8 411.5 9400 1138.8 171.8
15 376.4 957.9  1408.9 999.7 1017.3 370.1 397.8 553.1 1636.5 3852 8612 10459 151.6
16 403.7 992.3 1502.6 1035.8 1062.7 378.6 4262 589.8 1739.8 418.0 8739 1106.8 182.0
17 4129 1032.1  1551.1 1073.5 1098.0 3943 4384 6105 1790.6 428.7 9135 11457 187.0
18 423.7 10279 16102 10589 1090.0 3933 436.7 636.6 18559 4455 888.8 1187.0 198.6
19 402.2 928.8 1579.0 936.7 972.0 3624 378.6 6329 18232 4284 7750 11695 173.1
20 380.9 908.8 1451.4 907.7 941.7 3597 3729 5626 16883 4054 753.6 1063.7 184.5
21 417.1 1079.8 15473 1119.8 1141.1 413.8 459.6 599.6 1786.5 4328 962.2 11389 203.1
22 397.0 1011.2  1600.7 973.0 997.8 410.8 379.8 625.8 1844.8 4322 8399 1188.0 1944
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A.17.P-O-E

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AV11 AV12 AVI13
1 378.5 10472 1506.5 1023.8 1032.6 4256 3883 5825 1739.5 403.1 9159 1125.7 1745
2 395.0 984.0 15184 1001.3 1025.5 3843 4009 598.0 1755.8 414.7 854.4 11250 174.6
3 407.5 1030.1 1599.5 1031.6 1054.8 4059 409.0 631.3 18422 4333 887.1 1188.0 186.5
4 392.3 923.6 15423 901.3 9384 369.9 366.7 603.7 1786.1 4252 746.1 1134.1 1929
5 420.6 10255 16003 1052.8 1083.2 3939 433.1 631.3 18452 4428 885.6 1179.7 198.1
6 409.0 968.9  1584.9 969.3 10052 379.6 3983 6240 18309 438.0 804.6 1166.1 197.8
7 411.1 9764 15489 1023.6 10543 369.7 4213 617.6 1789.5 426.7 8542 11441 176.0
8 405.7 10955 1561.8 1066.2 1087.5 4413 4304 588.2 1804.2 438.0 929.3 11453 231.7
9 437.6 1083.7 16413 11427 11685 406.6 470.7 653.2 1886.8 452.8 969.1 1213.8 196.3
10 4045 10059 1550.0 10112 1039.8 394.6 4120 603.6 1791.8 429.6 856.8 11412 1984
11 388.4 1005.0 1465.0 1036.5 1053.8 3904 4132 5722 1696.8 401.6 8972 1086.3 168.9
12 404.0 1003.9 1508.1 1042.1 1067.9 3849 4275 590.1 17455 4195 883.0 1111.0 1854
13 4282 1068.7 1549.5 11393 11659 3983 4789 6052 1789.8 4384 962.0 1136.1 2034
14 410.2 928.6  1534.7 985.0 1022.0 347.1 4119 6164 17759 4248 804.1 1130.7 170.5
15 403.6 9337 1511.8 946.7 988.2 361.7 4024 587.0 17552 429.2 769.9 1100.8  205.9
16 4164 1031.1 1652.0 10159 1045.1 409.1 4064 651.5 19004 4493 864.2 12233 202.0
17 381.2 900.4 1415.7 939.6 970.5 3452 3874 5564 1648.1 394.4 779.8 1041.0 1634
18 3949 1053.1 1549.0 1068.6 1079.0 4145 4109 6132 1783.8 4122 9442 1161.0 162.1
19 392.6 10044 1601.1 946.5 9724 4141 3675 6220 18462 4326 818.1 11869 200.8
20 397.1 947.7 1480.2 982.1 10143 3634 4079 5799 17176 414.1 816.5 10864 1825
21 412.0 10354 1536.5 1078.0 11024 3954 4422 601.7 17753 427.1 917.7 1132.8 190.4
22 416.7 1138.8 1637.3 11447 11543 449.0 4445 6424 18785 4394 1016.7 12235 191.7
23 417.8 1078.1 16289 1098.7 1116.6 419.1 433.8 646.8 18714 4388 9544 12144 1832
24 382.1 9253 1461.7 930.3 9604 365.0 3774 5700 1697.7 404.4 780.7 1076.1 177.1
25 379.6 960.5 1402.4 10183 10357 366.2 408.1 5525 1629.1 384.6 874.8 1040.8 148.4
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A.18. P-O-R

er:(l)l.\/[ AV1 AV2 AV3 AV4 AV5  AV6  AV7  AV8 AV9  AVIO AV11 AV12 AVI13
1 383.4 10369 1502.0 1024.7 1037.7 417.0 396.6 580.4 17359 406.6 905.3 1117.4 179.7
2 392.6 983.2 15245 993.1 10162 386.6 393.8 601.2 17619 413.8 8509 1131.8 172.1
3 4052 1038.8 1596.8 1040.9 1060.8 410.0 4084 631.3 1838.2 429.8 902.2 1189.4 1809
4 392.9 927.3 15495 908.4 944.0 370.6 367.1 609.5 1793.1 424.7 754.8 11423  187.6
5 425.0 10263 16115 1060.1 10919 391.6 4385 637.7 18574 4464 887.8 11874 198.8
6 406.8 968.1  1585.0 962.5 997.8 381.3 3935 6235 1830.8 4369 801.1 1167.0 197.3
7 412.7 9727 15547 1015.6 1048.6 3689 420.6 6184 1796.7 4302 843.0 1146.0 181.9
8 4054 1090.8 1557.2 1076.0 10954 435.6 432.1 5923 17979 4334 939.2 1146.1 218.6
9 4355 1088.5 1648.0 11265 11533 4147 4635 650.0 1895.0 456.1 957.1 1216.2 207.7
10 403.5 1008.3 1547.0 1011.4 1039.5 3964 411.5 601.3 1788.4 4289 858.6 1138.8 199.2
11 387.9 996.6 1454.6 10375 10549 3844 4144 5704 16853 398.5 896.1 1079.2 163.1
12 403.1 1005.6 1495.8 1048.1 1073.2 3845 430.7 5842 1732.1 417.1 888.9 1101.2 184.9
13 421.0 1067.5 1540.6 1125.0 11489 4029 4672 600.1 1779.7 433.1 957.7 11322 200.1
14 399.7 926.9 15375 961.0 993.1 3549 389.8 6185 17773 4178 797.6 11399 161.0
15 400.7 9455 1514.0 952.5 990.5 369.1 3993 587.7 1756.4  426.7 7839 11057 202.6
16 416.0 1011.3 1646.0 999.9 1031.7 399.7 4025 651.0 1894.7 4485 843.4 12177 199.8
17 380.7 908.1  1424.0 952.1 979.5 3475 387.0 5642 16553 3919 797.3  1052.6 153.2
18 3979 1061.7 15402 1082.0 1093.6 416.0 4215 605.8 1775.1 414.4 952.7 1150.1 1704
19 3947 10109 1600.6 966.1 9903 4129 3750 6250 18447 4312 836.5 1188.7 1943
20 396.0 9552 14738 9933 10233 3657 4106 577.6 17100 411.4 830.5 10833 179.0
21 4133  1033.1 1553.5 10733 1098.0 395.0 4385 611.2 17933 4295 9132 1147.3 188.0
22 415.1 1133.0 16049 1166.0 11727 439.5 4535 6342 18422 429.7 10359 12022 1763
23 419.5 10854 1641.7 1096.2 11153 4245 433.6 649.0 1885.8 443.6 9520 1222.0 191.6
24 381.7 9274 14614 925.5 956.4 367.7 3765 5669 1698.0 406.0 7762 10739 183.0
25 375.7 961.1 14104 1001.1 1017.8 372.1 396.8 553.8 16379 384.7 864.8 1048.1 150.7
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Appendix B. Body part classification system

B.1. Anthropometric variable code and name

B.1.1. US Army and US Army Pilot (Gordon et al., 1988)

No. VARIABLE NAME No. VARIABLE NAME No. VARIABLE NAME
0 | SUBJECT NUMBER 44 | EARLNTH 88 | SCYE CIRC-OVER ACROMION
| | ABDOMINAL-EXT-DEPTH-SIT 45 | EARLNTH-ABOVETRAGION | 89 | SCYE DEPTH
2 | ACROMION HT 46 | EAR PROTRUSION 90 | SHOULDER CIRC
3 | ACROMION HT - SITTING 47 | ELBOW CIRC-EXTENDED 91 | SHOULDER-ELBOW LNTH
4 | ACROMION-RADIALE LNTH 48 | ELBOW RESTHT 92 | SHOULDER LNTH
5 | ANKLE CIRC 49 | EYE HTSITTING 93 | SITTING HT
6 | AXILLAHT 50 | FOOT BRTH 94 | SPINETO ELBOW LNTH (SL)

7 | ARM CIRC-AXILLARY 51 | FOOTLNTH 95 | SPINETO SCYE LNTH (SL)
8 | FOOTCIRC 52 | FOREARM CIRC-FLEXED 96 | SPINETO WRIST LNTH (SL)
9 | INSTEPLNTH 53 | GoREARMTOFOREARM 97 | SLEEVE-OUTSEAM LNTH
10 | BIACROMIAL BRTH 54 | FOREARM-HAND LENTH 98 | SPAN

Il | ARM CIRC-BICEPS FLEXED 55 | FUNCTIONAL LEG LNTH 99 | STATURE

12 | BIDELTOID BRTH 56 | GLUTEAL FURROW HT 100 | STRAPLNTH

13 | BIMALLEOLAR BRTH ST | AT 101 | SUPRASTERNALE HT

14 | BISPINOUS BRTH S 102 | TENTHRIB

|5 | BITRAGION-MENTON ARC 59 | HAND LNTH 103 | THIGH CIRC-PROXIMAL
16 | BITRAGION-CORONAL ARC 60 | HEAD BRTH 104 | THIGH CLEARANCE

17 | BITRAGION-CRINION ARC 61 | HEAD CIRC 105 | THUMB BRTH

18 ?;TORI\?‘%SE%INIMUM 62 | HEAD LNTH 106 | THUMB-TIP REACH

19 | BRRAGION-SUBMANDIBULAR | 63 | HEEL ANKLE CIRC 107 | TROCHANTERION HT

20 | BITRAGION-SUBNASALEARC | 64 | HEELBRTH 109 | VERTICAL TRUNK CIRC
21 | BIZYGOMATIC BRTH 65 | HIPBRTH 110 | WAIST BACK LNTH-NATURAL
2 | pUSTPOINTTOBUSTROINT 66 | HIPBRTH-SITTING | e e T
23 | BUTTOCK CIRC 67 | ILIOCRISTALE HT 112 | WAIST BRTH-OMPHALION
24 | BUTTOCK DEPTH 68 | INTERPUPILLARY DIST 113 | WAIST CIRC - NATURAL
25 | BUTTOCK HT 69 | INTERSCYE DIST 114 | WAIST CIRC-OMPHALION
26 | BUTTOCK-KNEE LNTH 70 | INTERSCYE DIST-MID 115 | WAIST DEPTH-OMPHALION
27 | BUTTOCK-POPLITEAL LNTH 71 | KNEECIRC 116 | WAIST FRONT LNTH-NATURAL
28 | CALFCIRC 72 | PATELLA-MID HT 17 | ST ERONTLNTH:

29 | CALFHT 73 | KNEE HT - SITTING 118 | WAIST HT-NATURAL
30 | CERVICALE HT 74 | LATERAL FEMORAL 119 | WAIST HT.OMPHALION
31 | CERVICALE HT-SITTING 75 | LATERAL-MALLEOUS HT 120 | WAIST HT-NATURAL-SITTING
32 | CHESTBRTH 76 | THIGH CIRC-DISTAL 121 | ST HTUMBILICUS-
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MENTON TO NASAL ROOT

33 | CHESTCIRC 77| 122 | WAIST HIP LNTH
WAIST NATURAL TO WAIST
34 | CHEST CIRC-AT SCYE 78 | MIDSHOULDER HTSITTING | 123 | \ust BATS
35 | CHEST CIRC-BELOW BUST 79 | NECKTO BUSTPOINTLNTH | 124 | WEIGHT
36 | CHEST DEPTH 80 | NECK CIRC-OVER LARYNX 125 i”l\lleEIT TO CENTER OF GRIP
37 | CHESTHT 81 | NECK CIRC-BASE 126 | WRIST CIRC-STYLION
38 | CROTCHHT 82 | NECK HT-LATERAL 127 | WRISTHT
39 | CROTCH LNTH-UMBILICUS 83 | OVERHEAD REACH 128 | WRIST HT-SITTING
20| CROTCH LNTH (NATURAL o1 | OVERHEAD REACH- 129 | WRISTTO INDEX FINGER
WAIST) EXTENDED LNTH
41 gi%gfg‘NTH'POSTERIOR‘ 85 | OVERHEAD REACH SITTING | 130 | WRIST TO THUMBTIP LNTH
CROTCH LNTH-POSTERIOR-
a | 86 | POPLITEAL HT-SITTING 131 | WRISTTO WALL LNTH
WRIST TO WALL LNTH-
43 | EARBRTH 87 | RADIALE-STYLION LNTH 132 | MRISTIOS

* HT: Height, LNTH: Length, CIRC: Circumference, BRTH: Breadth,
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B.1.2. Korean Pilot (Jung et al., 2008)

No. VARIABLE NAME No. VARIABLE NAME No. VARIABLE NAME
1 7 7 FEelEd 13 | wAgFE

2 7tEEd 8 271 % 14 | wAgE =

3 | §4° 9 | FEx 15 | F4de]

4 o] A 1] 10 | 5= 16 BERE]

5| el | s

6 e 12 | &njzde)
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B.2. Classified anthropometric variables

B.2.1. US Army and US Army Pilot (Gordon et al., 1988)

Major class Sub class Measurement type Anthropometric Variable (Var. No.)
Height 99, 93, 83, 84, 85
Overall ] Weight 124
Height 49
Length 15,16, 17, 18, 19, 20, 44, 45, 46, 77
Head Width 21,43, 60, 68
Head/Neck Depth 62
Circumference 61
Height 30, 31, 82
Neck Circumference 80, 81
Height 6,37,78,101
Length 79,92, 100, 116, 117
Chest Width 10, 12,22, 32
Depth 36
Circumference 33, 34, 35, 88, 90
Height 102, 118, 119, 120, 121
Length 123
Trunk Abdomen Width 112
Depth 1,115
Circumference 113,114
Back Length 69, 70, 89,95, 110, 111
Height 38, 67
Pelvis/Perineum Length 39, 40
Width 14
. Length 41,42
Combined Circumference 109
Height 2,3
Upper Length 4,91, 94
Arm/Shoulder Circumference 7,11
Height 48
Forearm/Elbow Length 87
Circumference 47,52
Arm/Hand Height 127, 128
. Length 59, 125, 129, 130
Hand/Wrist Width 57,105
Circumference 58, 126
. Length 54,96, 97,98, 106, 131, 132
Combined Width 53
Height 25,56, 107
Length 122
Upper Leg/Hip Width 65, 66
Depth 24,104
Circumference 23,76, 103
Height 29,72,73, 86
Leg/Foot Lower Leg/Knee Circumforence 28.71
Height 74,75
Length 9,51
Foot/Ankle Width 13,50, 64
Circumference 5,8, 63
Combined Length 26, 27,55
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B.2.2. Korean Pilot (Jung et al., 2008)

Major class Sub class Measurement type Anthropometric Variable (Var. No.)
Overall - Height 1
Head Circumference 6
Head/Neck Height 15
Neck Circumference 10
Chest . Width 4
Trunk Circumference 2
Abdomen Circumference 16
Back Length 3
Arm/Hand Combined Length 12
Upper Leg/Hip Circumference 7,13, 14
Lower Leg/Knee Height 9
Leg/Foot Foot/Ankle Length 5
Combined Length 8, 11
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