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Development of a Distributed Representative Human Model (DRHM)
Generation and Analysis System for Multiple-Size Product Design
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Sizing System of Multiple-Size Product

J  Multiple-size product: n sizes to fit n groups of people within a designated percentage (e.g.,

90%) of the population (winks, 1997; Ashdown, 2003; Jung et al., 2010)

Clothing Gloves Sizing system of a multiple-size product

= Sizing system of multiple-size product: Need to be properly designed to accommodate the

anthropometric characteristics of a target population
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Distributed Representative Human Model (DRHM)

O DRHMs: Human models chosen over a set of grids which accommodate a designated
percentage (e.g., 90%) of the population in the distribution of anthropometric dimensions

(Robinette and Annis, 1986; Kwon et al., 2009; Jung et al., 2010)
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DRHM generation method: Grid method
(accommodation percentage = 90%)

— Body sizes of DRHMs: Applied for the design and evaluation of a sizing system
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DRHM Generation Methods & Limitations

0 DRHM generation method: Form a set of grids to accommodate a designated percentage

(e.g., 90%) of the target population (Jung et al., 2010)
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(Robinette and Annis, 1986) (Laing et al., 1999) (McCulloch et al., 1998)

O Limitations: (1) unavailability of computerized systems, (2) time demand, (3) complexity

— Not easy to choose an optimal sizing system out of a variety of sizing system alternatives

without computerized systems
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Objectives of the Study

4 )
Development of a Distributed Representative Human Model (DRHM)

Generation and Analysis System for Multiple-Size Product Design

Step 12 ¢ f Step 2: Determination Step 3: Determination of
key dimensions of distributed method body sizes of RHMs
1. Analyze the DRHM generation process and v ol D
AD, Reducing - K, . | S imie e ) -
. w_riib—lﬁ Ko . : i i
mEth OdS AD, : Tolerance SOAD, - fIKLK)

2. Develop a computerized system for DRHM

generation and analysis

3. Examine the effectiveness of the DRHM

computerized system by applying to flight suit

design
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DRHM Generation: Process & Methods

O Jung et al. (2010): established the DRHM generation process and methods based on a

comprehensive literature review

S1: Determination of key S2: Application of DRHM S3: Determination of body
dimensions/factors generation method sizes of DRHMs
70 sssssssasass - AD = fl(K17 KZ)
AD; '@ @i DRHM AD, = f,(K,,K,)
AD, _ o gty 1 .
Process _ Reglucmg K, Ky w . gttt
variables K,

e IR T ]

o ST | : AD, =T (K,K,)

AD, Tolerance S
K, “

(note) AD = anthropometric dimension, K = key dimension/factor

[ = Regression analysis (RA) l I’ = Grid method \I [ = Estimated case |

Methods I = Factor analysis (FA) I ; ® Clustering method ;! = Real case I
I'= Principal component ' | = Optimization method 1| : I

. analysis (PCA) /' l Iy '
____________ N e e e e e e e = 7 _——e e e = = 7
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DRHM Generation: Methods

Method Grid Clustering Optimization
S
5 g2 =
b z ' =
© % - é‘_ﬁ
lllustration g 7] g
o :g:l-
321012 .-D-:- -2.-3‘4]_5 )
Thigh clearance (cm) . Feplteal heioht fcm) Second companant - T 2 l;rstcornponent Thgh dloaranes (o) ) R
* Robinette and Annis (1986) * Laing et al. (1999) * McCulloch et al. (1998)
* Rosenblad-Wallin (1987)
Studies » Moon (2002)
* Kwon et al. (2004)
* Zheng et al. (2007)
Formation » Generate grids which » Generate clusters using K- » Generate grids applying the
method of accommodate a designate means cluster analysis Nelder-Mead optimization

grids/clusters

percentage of the target
population

algorithm

Parameters

* Design fitting tolerance
« Accommodation percentage

* Number of clusters (K)
referring to within- and
between-cluster average
distances

Loss score
« Accommodation percentage
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System Features

=2 Digtributed RHM Ganeation & Asalyss System Lo @l B
| Fle  view Help
|| Target Population Genarated AHMs.
[P [Es Aoty (1) = || Body Sizes of AHMs (Number of FHMs: 20 Number of target sndropometic vartabées: 13 Humber of target populatens: 1767
i Garsder Ho, Cerdc.., Chest.. Bacro.. Buioc.. Chest. Crotc.. Wes.. Shev.. Swalue  Waist., -+ Femals Male Total
| Famale 1 19 EEe b s0 g2 ms |y e 1579 3566 Geowpl T2 £ 060
Mals 2 WM2 B4 W4 WSI B95 30 335 14 MR 387 | G2 4% e 7
o (% FiM B X ) WERZ a7 m2 955 e 2 1T e 1G8LE 340 Gagupd 1] [ [
& Composite (%) M= e 4 W4 ¥w5 IRS WIS T WL 1 S5 R 6 g | Gewpd D o a .
5 BIE] 68 ¥Al W13 S8 352  ¥A9  SB3 1S9 LD Tk 121 S W@
2 PR R B O O R F1. Procedural interface of DRHM
Nurmber of Age Grius: z - 7 S 909 KB WS MET M2 IR0 SUE 1608 36 0
10 8 B4 WED 49 IDAT M4 40T AWz BM3 1BST0 408 Adeifonal knkcemation
o b ] 1 a7 ¥y k%) me =m.s s L Lk mo r . -
¥ 10 L2 MG MB2 W0 1082 4129 42T BT IWLE 4T A jon Edusion t 0
| S " 1 Wiz B3 LI w0 M5 M4 3®3 S5 wE S e eneration
- L3 BILE  NILE 42 I0TRS NS 4% 08 BEZ WS X6 i >
13 568 2B BT 100 (L4 452 FT D IEBE 4008 :
R (%) [ ] W = . Fi 01 PCA Loadings and Scores
Target I 1 Analysis of MAPs) Location of RHMs with Envelopes (lor key dimensions)
if Anthropomeatric Fie-selection |
| Variables ||| Forbay dimensions: 6A5 %
i vari Avarage
Distibuted RHM Ganeration MAPs for the dfarent numbses of avhropometric varsbies !
Il 51, Exeacton o Key Cimensions T [
: [ analysis | [ Userdefined | @0
@ Regression Analysis (RAY 0o
I Factor Anatysis (FA) mo
Principal Companent Analysis (PCA) P L
|52 Detwemination o Dissituted Moshod g 00
Grid (Roticeme and Aeis, 1996} = 400
& Clustering (Laieg et sl 19959 0o
i Optimization (McCullech ot al,, 19980 ) . . .
53, Determination of Body Sizes of fHM: 1o F 2 S h t t d t d t t
sl 10 . O0pnisticated Input ana outpu

1400 1500 1600 1700 1800

KD (mm)

| —] - interfaces in one panel
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Procedural Interface for DRHM Generation

=l Mictribitad RHM Generation & Analysis System (==
InpUt Help
Target Population Generated BHMWs
Database: LS Army (1988 -
v (1968) DR generation process & method
Gender
Femiele S1: Determination of key S52: Application of DRHM $3: Determination of body
Male dimensions/factors genaration mathod sizes of DRHMs
@ Composgite (%) F:m= 70 : 30 =
. AD, = f(K K
S1. Selection of 0, F5ieis DRHM. { AD /(KA
Age . AD"RBG' K g eigie:e: Tl i
target population Process L Reend ) K Ko EGEGHS
Murnber of Age Groups: 2 - YEL pof L e
10s AD, “| Tolerance Sopth
W @ L
AQES {note) AD = anthropometric di K =key
30s | o WU R L —
. fa Regression analysis (RA) * Grid method W = Estimated case
4le 82. Se|eCtI0n Of Methods :' Factor analysis (FA) : * Clustering method : * Real case
. . . I = Principal component | = Optimization method
REdlD () 5 || anthropometric variable | anayss PCA) ) )
Target )
32:?gglpensmetnc Re-selection Regression

Distributed RHM Generation
51, Ewtraction of ey Dimensions

Analysis | ‘ Uzer-defined |

@ Regression Analysis (RA)
Factar &nalysis (FA)
Principal Component &nalysis (PCa)

S3.

Determination of
key dimensions/factors

|

{ User-defined
Analysis-based

52, Determination of Distributed Method
Grid {Robinette and Annis, 1938)

@ Clustering (Laing et al., 1999)
Optimization {McCulloch et al,, 1998)

53, Determination of Body Sizes of RHMs

@ Estimated Case Real Caze

[ Generation

S4.

Selection of
DRHM generation method

analysis (RA)

Factor
analysis (FA)

Principal component
analysis (PCA)

Grid

\
J

A

S5.

Determination of
DRHMs’ body sizes

Clustering

Optimization

Estimated case

e/

Real case




S1. Selection of Target Population

L Select an anthropometric database and form a target population

Target Population

Target Population

Database: US Arrmy {1988) -l
5 Databasze: US Armny (19353 -
ender
) Fernale Gender
) Male
@ Composite (%) FiM= 0 : 30 o Female
Age O Male
Murnber of &ge Groups: 2 -
@ ite (% ‘M= T 30
" 3 Composite (3) F:m
20
Ages
30s Age
4l MNurnber of Age Groups: 2 -
Ratio (%) ] 40
1,2, 3,4)
10z = O] (1,23,
Target
Anthropometric Re-selection
Variables |: #QES EDE D
Distributed RHM Generation s I:l
31, Extraction of Key Dimensions "-1r|:|5 I:l |:|
Analysis ] l User-defined ] . —
Ratio (3] G0 40

@ Regression Analysis (R&)
") Factor &nalysis (FA)
~ Principal Companent &nalysis (PCA)

32, Determination of Distributed Method
) Grid (Robinette and Annis, 1986)

@ Clustering {Laing et al,, 1933)

) Optimization (McCulloch et al.. 1998)

53, Determination of Body Sizes of RHMs

@ Estimated Case ) Real Case

[ Generation

Anthropometric US Army Korean
databases IS Aty Pilot Pilot
Year disseminated 1988 1988 2007
Female 2,208 334 -
ss|azr:F()rI1§ Male 1,774 487 1,237
Total 3,982 821 1,237
Range of age 10s ~ 40s 20s ~ 40s 20s ~ 40s
70% 30%
Fernale Male Total
‘ Groupl FEYS ala 1060 60%
(3roups 495 o 707 40%
Group3 I I I
Eroupd I I I
Total 1237 Ral 1767
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S2. Selection of Anthropometric Variable

1 Provide a hierarchical interface for systematic and efficient search of anthropometric
variables (You et al., 2004)

Target Population

Database: US Arrny {1988) -
Gender Anthropometric US Army US Army Korean
() Fermnale . .
Ml databases Pilot Pilot
@ Composite (%) F:m= T0: 30
N _ ) Number of AVs 132 132 16
Ngeb o ) e.g., selection of chest circumference
umnber of Age Groups: -
i oSl Target Anthropometric Variabm EE
= | |
20 =
Ages C IS | Hurnan Body Major Class Sub Class Selected Anthropometric Yariables
5 T B Ovarall Chest - - Anthropometric Yariable Measureme,,.  Sub Class Majar Class
Ratio (%) ] 40 e v l Chest Circurnference Circumfere, ., Chest Trunk
iCircumference -
Target
Anthropometric £ CheSt
Variables C
AR AW i L me Abdomen
Distributed RHM Generation [] Chest Circumference-Below Bust B k
51, Ewtraction of Key Dimensions [] Scye Circurnference-Over Acramion ac
' [] Shoulder Circumference Pelvis
Analysis ] l User-defined ] A
@ Regression Analysis (RaA) Comblned
() Factor dnalysis (FA)
) Principal Component &nalysis (PCA) -
Height
32, Determination of Distributed Method Leng th
() Grid (Robinette and &nnis, 1986) A g
@ Clustering (Laing et al,, 1999) Width
() Optimization (McCulloch et al,, 1998} Depth
53, Determination of Body Sizes of RHMs Circumference
@ Estimated Case ) Real Case
Generation
[ l l l Clear All l l Delete Checked ‘ariables ] l Save I l Load l l

: S Eg3ndta
oy Al HE SEnt
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S3. Selection of Key Dimension: User-Defined

[ Determine key dimensions directly by a user’s preliminary knowledge

Target Population

Database: US Arrny {1988) -
Gender
) Femnale
) Male
@ Composite (%) F:m= T0: 30
Age e.g., # anthropometric variables = 9
: '
= | |
bges 20s ] Target Anthropometric Yariables User-defined Key Dimensions {(Select 2 ~ 5 variables)
3s O Anthropornetric Variable Measurement T, Sub Class Major Class Anthropormetric Variable Measurement T,,. Sub Class Major Class
403 ] E &nkle Circurnference Circumference Foot/énkle Leg/Foot [ Ankle Circumference Circumference Foot/&nkle Leg/Foot
Ratio (%) 60 a0 Buttock Circumnference Circumference Upper Leg/Hip Leg/Foot [ Buttock Circumnference Circurnference Upper LegHip Leg/Font
E Buttock Height Length Combined_L,,, Leg/Foot
Buttock-nee Length Length Combined_L... Leg/Foot 8 3
lﬁtrl?r?::pumetric Pro—zellerdlan [ Calf Circurnference Circurnference Lower Leg/k. . Leg/Font DIreCt SeIeCtlon
Variables [] Knee Circurnference Circumference  Lower Leg/K.. Leg/Faat
[7] Thigh Circumference-Distal Circumference Upper Leg/Hip Leg/Foot
Distributed BHM Generation ] Wa?st Clircumference—NaturaI Circurnference Abdomen . Trunk
S1, Extraction of Key Dimensions [ Waist Hip Length Length Upper Leg/Hip Leg/Font
Analysis ] l User-defined ]
@ Regression &nalysis (Ra)
() Factor Analysis (FA)
) Principal Component &nalysis (FCA)
ination of Disti |
2 ISIEIINEL ) e S X] e l Add l [ Clear &l ] l Delete Checked Variables ] l Save ] l Load ] l 0K
() Grid (Robinette and &nnis, 1986) I
@ Clustering (Laing et al,, 1933 — =
() Optimization (McCulloch et al,, 1998}
53, Determination of Body Sizes of RHMs
@ Estimated Case ) Real Case
[ Generation l
: waq i K
ﬁf‘ f ;ﬂﬂ; Ergonomic Design
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S3. Selection of Key Dimension: Regression Analysis

O Determine key dimensions by referring to increase in average adjusted R? by # key

dimensions
Target Population
Database: US Arrny {1988) -
Gender
©) Female e.g., # anthropometric variables = 7
) Male F
- i i = =l
=]
© Composte () FiM= 0 W | & Reoresion Anabe B i BN T o
. Possible pairs of key dimensions 1 1 2
boe average adj. R? —— highest average adj. R* —
Murnbar of ."—".QE! GI‘DUDS: 2 - andidate for key dimension murr
1. 01,949 Acromion Height-Sitting: Overhead Reach 0,876 0,74 0,973
= 0 O ey I [] Overhead Reach; itiing Height 057 0,724 0,973
U B 0.500 : : [ Acromion Height-Sitting: Overhead Reach-Extended 0,873 0,742 0,973
9 305 & o 0,600 / [ Overhead Reach-Extended: Siting Height 0,870 0724 0,973
a0 27 0 y [ &cromion Height-Sitting: Stature 0,843 0.7 0,930
s O O |2 g - [ Sitiing Height; Stature 0839 0722 0.93%
Ratio (%) G0 40 E [7] Acromion Height: Sitting Height 0,831 0,732 0,943
. 0,600 [1,55R [ &cromion Height: Acromion Height-Sitting 0,825 0,708 0,926 1
Target £ -8~ Maximum | J[7] Acromion Height-Sitting: Overhead Reach Sitting 0,70 0,723 081y =
Anthropometric £ 0500 i Mini [] Overhead Reach Siting; Siting Height 0. 765 0.704 0.816
variables = gap 039 03w g4 &= MinimUm ) Overhead Reach; Stature 0,751 0,421 0,973
I o . [C] Cwerhead Reach-Extended; Stature 0,743 0,420 0,975
Distributed FAHM Generation = [ [] Overhead Reach Sitting: Stature 0,732 0,402 0,927
51, Extraction of Key Dimensions I B [T Acromion Height; Overhead Reach Sitting 0,727 0,427 0,934
| = 0200 [C] &cromion Height: Overhead Reach 07 0,373 0,973
Analysis ] [ User-defined ] < [] Acromian Height; Overhead Reach-Extended 0.716 0,378 0,97
®F ion Analysis (RA) | 0,100 [7] Cwerhead Reach: Overhead Reach Sitting 0.7z 0,391 0,974
R e | [] Overhead Reach-Extended; Overhead Reach Siting 0,709 0,334 0,97
) Factar Analysis (FA) 0,000 [0 &cromion Height: Stature 0,693 0,407 0,890
@ Principal Componert Analysis (PCA) i 1 Numbzer o kei dimeﬁsions 5 || Quathead Reach: Overhear Rieach-Fxtended i ol i 743 0 2
52, Determination of Distributed Method '
© Grid (Robinette and Annis, 1986) I INumber of key dimensions: |2 vI l Selection ]
@ Clustering {Laing et al., 1939) —
© Optimization (McCulloch et al.. 1998} Select # key dimensions referring to Provide adj. R? between key dimension candidates and other
53, Determination of Body Sizes of RHMs increase in average adj. R? dimensions in descending order for quick search of key dimensions
@ Estimated Case ) Real Case W|th hlgh performance
[ Generation l
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S3. Selection of Key Factor: Factor Analysis

 Determine key factors by referring to eigenvalue and cumulative percent variability

Target Population
Database: US Arrny {1988) -
Gender

) Femnale

) Male

@ Composite (%) F:m= T0: 30

Age
Murnber of &ge Groups: 2 -
10s 0 =
Ages 20 O
30s =
40s 0 0
Ratio (%) G0 40
Target
Anthropometric
Variables

Distributed RHM Generation
51, Extraction of Key Dimensions
] l User-defined ]
@ Regression &nalysis (Ra)
() Factor Analysis (FA)
) Principal Component &nalysis (FCA)

Analysis

32, Determination of Distributed Method
() Grid (Robinette and &nnis, 1986)

@ Clustering ¢Laing et al,, 1933}

() Optimization (McCulloch et al,, 1998}
53, Determination of Body Sizes of RHMs

@ Estimated Case ) Real Case

[ Generation l

% EUZaete
oy M AE3En

v . =
|

Method of extraction: principal components
Plot of eigenvalue

Plot of cumulative % variability

e.g., # key factors = 4
method of factor rotation] Varimax

1 2 3
Factor rotatiiory o=

60| 563 Eigenvalue| # R
. 50,00 5.0 . HEH
500 $ mw variability
o 4.00 T 6000
= = g [[] % explained
Z 300 2,85 N
E ™ 40,00 -~ Cumnulative % explained
o200 § 30,00
1,28 F 2000
0,93 T
0,00 - 0.00 |
4 5 1 2 3 4 5

Murnber of Tactars

= Percent

Method of factor rotation

) Mone (O Equimax @ Varimax () Quartimax ) Promas

Mumber of key dimensions ¢factors):

e.g., key dimensions (factors) = 2

—=
o Factor Loadings and Scor

Factor loadings Factor scores

Eigenvalue > 1
(Latin, 2003)

I Factor loading &

=
S

Fi F2 F3 F4 F& || Mo, Fi F2
0,330 0,027 =021 0,654
0,930 0,202 -1.179 -0,078
0,074 0,846 = 2240 -0,305
0118 .
oy loadings|.
0,669
0,444 0,485
0,346 0,680 0,813
T 0632  -1.21

1.472
0,086 0.557
0,354

0,145

-0.418
-0.088

AL D 0D - O U R 0 R —

E=agtor scores

F3

Re-selection

or cumulative percent variability > 80%
'u Plot of Factor loading _ E

File

Deds @ad® E 0H

Factor 2

Factor 1




S3. Selection of Key Factor: Principal Component Analysis

[ Refer to eigenvalue and cumulative percent variability

e.g., # key dimensions = 3

Target Population _“3 Principal Component Analysis (PCA] E@g
Database: U3 Army (1983) h Plot of eigenvalue Plot of cumulative % variability
Gender
© Female AL 90,00 g gl Percent
©) Male S - E|genva|ue - 80,00 /.’_’,/'
@ Composite (%) FiM= 3 ' 370,00 . HH
hge w 400 B s000 variabil |ty
, = % 50,00 [ % explained
Murnber of Age Groups: 2 - £ 30 % . .
0 - 5 g 3 40,00 -8~ Curnulative % explained
205 . - D5 § 30,00
i =
Ages - 100 1.04 0ad E 20,00
s O - : ) 10,00 8.02 JEas 473
e HOH - [ | 0,00 | [
Ratio (%) G0 40 2 3 4 1 2 3 4 5
Mumber of T AT COMponents Mumber of principal components
lﬁtrl?r?::pumetric Murnber of key dimensions (principal components): [ Principal component loading and scare l l Selection
Variables | |
31, Extraction of Key Dimensions Eigenvalue > 1 or cumulative percent variability > 80% e
Analysis ] l User-defined ] (Latin’ 2003) Dede |fafe € 08

@ Regression &nalysis (Ra)
() Factor Analysis (FA)

(& princal comp oo 5
1 Principal Component &nalysis (PCA) oMl R T A S

52 Determination of Distributed Methad Principal cormnponent loadings Principal component scores
- ™
© Grid (Robinette and Annis, 1986) Mo, PC1 pC2 PC3 PC4 PCE = | | Mo, PC1 pC2 PC3 £
i . ) 1 -0,150 -0,182 0580 1 -0128 2053 -1.690 <
© Clustering (Laing et al., 1339 2 -03%6 -0267 -0.257 2 1699 1B01  -0.247 s
(@) Optimization {McCulloch et al., 1998 E -0.259 0380 0193 3 4729 2217 0eee E
4 -§.232 _ 025 4 -2,510 3 2
53, Determination of Body Sizes of RHMs 5 = Xo, 4 a bngs 5 -0, 7872033 OreS E
@ Estimated Case ©) Real Case [ -0,281 -0280 -0.179 —|| 6 -0,923 -2718  -0,756 =
T -0.227 0237 04068 T 0037 -1.087 0.0
- g -0,259 0126 -0325 g -0,984 0422 0429
[ Generation l E] -0,297 0343 0128 E] -0.420 1,955 -1,503
4

I

0432 -1.720 -0.053

Y Eﬂm‘rﬂ Re-selection l l Principal component 2

Y stz




S4. Selection of DRHM Generation Method: Grid

[ Set fitting tolerance (size of a grid) and accommodation percentage

Target Population
Database: S Army (1958)

Gender

) Femnale

) Male

@ Composite (%) F:m= T0: 30

Age

Murnber of &ge Groups: 2 -
10= 0 =

Ages o0 O
305 =
405 0 0

Ratio (%) G0 L]

Target i
Anthropometric Re-selection
Variables

Distributed RHM Generation
31, Extraction of Key Dimensions

Analysis ] l User-defined ]

@ Regression &nalysis (Ra)
() Factor dnalysis (FA)
) Principal Component &nalysis (PCA)

e.g., # key dimensions = 2

Key dimensions
/\

32, Determination of Distributed Method
() Grid (Robinette and Annis, 1986)

@ Clustering (Laing et al,, 1933

() Optimization (McCulloch et al,, 1998}

53, Determination of Body Sizes of RHMs

@ Estimated Case ) Real Case

[ Generation

'“._ ol g
v AHEESET

- R .

o Grid Method

Descriptive statistics Cerv,, Che,,

Mean 15316 1009.2

5.0, 0.0 5.5

Minirmum 13530 8500 descriptive statistics
Faximum 1684.0 11940 : ;

Range (Max - Min} a0 wsg Of key dimensions
15t percentile 1356,4  8R3.4

9%h percentile 16906 11906

1 - 99 percentile range 3342 3371

Fitting tolerance {unit: mm)

@ Single value: 50
) Multiple values: 1] 1] 1] 1] 1]

Accommoadation rate (unith =)

@ Target accommodation rate: 95

) Minimurn population coverage rate: 2 0K

1) Target accommodation rate

: accommodation rate of all grids > 95%
2) Minimum presence rate

: accommodation rate of each grid > 2%

2600

2500

2400

2300

KD2 (mm

2200

2100

2000

1900

- »
- - -
* - -
» - -
- -

Fitting tolerance

500 550 600 650 700
KD1 (mm)
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S4. Selection of DRHM Generation Method: Clustering

 Determine the number of DRHMSs referring to within- & between-cluster distance plots

Target Population

Database:
Gender
) Femnale
) Male

@ Composite (%)

US Arrny (1938) -

Fird= 70 30

Age
Murnber of &ge Groups: 2 -
10s 0 =
Ages 20 O
30s =
40s 0 0
Ratio (%) G0 40
Target
Anthropometric
Variables

Distributed RHM Generation
31, Extraction of Key Dimensions

Analysis ] l User-defined ]

@ Regression &nalysis (Ra)
() Factor dnalysis (FA)
) Principal Component &nalysis (PCA)

32, Determination of Distributed Method
() Grid (Robinette and Annis, 1986)
Clustering ¢Laing et al,, 1933)

() Optimization (McCulloch et al,, 1998}

53, Determination of Body Sizes of RHMs

@ Estimated Case ) Real Case

[ Generation

W rn |
v AHEESET

Within-cluster
homogeneity 1

1850

1800 ¢
1750 ¢
1700 ¢
1650 ¢

o Cluster Method : =N B =)
I MNumber of clusters: [1 - Ig
B Pict of Within-cluster average Euclidian d\sr',Eance (===
x10° :
o 16 T T O
g i :
é 14 l
£ 2f | : 1
£ :
5 10 H .
2 : 15 clusters:
= 8 H R
= H
il : recommended
8 \ :
R ]
£ 2 b : 1
i . \‘H?—*M-ﬁiu ™ rssafe®®
0 g 10 = 20 25

Mumber §f clusters
H

B pict of Between-cluster average Euclidian distance (===

w107 :

g 2 :

£ ' W« M

£15 Vs \f 4

E rT

2 A

x S

: WA

% 0s /Y \‘ '/' >

Al :

: ‘/’"'I ) . ) [ N ]
0 5 10 t 20 2 \/

MNumber s:f clusters

1600 |

KO2 (rmirm)

1950 F
1800 |

1450 ¢

1400
700

gas0 200 950
KO1 (mm)

750 800 1000

Between-clusters
heterogeneity 1

-, Ergonomic Design
Technology Lab




S4. Selection of DRHM Generation Method: Optimization

O Set the number of DRHMs with the target accommodation percentage

Target Population 1900
Database: US Arrny {1988) -
Gender R 1800 F I:l
() Fernale i B :
- o min » I p )k +i(c 1-£%,
= o2 Optimization Methed [0 -] 2k, + e, XA= k)
@ Composite (%) F:mM= 70 30 'g 1700 -
Age Mumber of RHMs: 15 1 i l(p,)<ie,) where I(p,) = -
= fan] [ — |
MNurnber of &ge Groups: 2 - ! 0 o'w = 1600 I ‘| |P
s B B Mazimum nurmber of iterations: 100 L
205 B . X 1500 |
S - Target accommaodation rate (%): 95 d(x.,y,)= Z:[atl(xg,ysj)]2
0 O] [ J=1
I 1400 - . - .
Ratio () B0 40 [ e —x, ifx < 7800 8O0 GBS0 800 950 1000
ySJ G [ ySJ
d(x;v,_;iDys_j) — KD (mm)
Target L — Y. I .
Anthropometric x!_)’ ysy 'f xy = ys_;
Variables
Distributed RHM Generation where:  # = number of the target population,
31, Extraction of Key Dimensions f(pl) =loss gcore of person 7,

Analysis ] l User-defined ] . .
{(c,) =1loss cutoff to determine whether a person is accommodated or not,

@ Regression &nalysis (Ra)

() Factar Analysis (FA) . R . .
o A anehen , d(Xx,,y )= distance between person 7 and its nearest grid,
) Principal Component &nalysis (PCA)

52, Determination of Distributed Method k= number of key dimensions,

© Grid (Fobinette and Annis, 1386 . } . .

- (fobinett and frnis, 19689 x,, = body size of key dimension j of person 7, and

@ Clustering {Laing et al,, 1999} i

() Optimization (McCulloch et al,, 19983 ¥, = centroid of the nearest g[‘ld sin key dimensionj.
53, Determination of Body Sizes of RHMs

@ Estimated Case ) Real Case

E—T— (p(y) < I(c,) < Hp(x,)).
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S5. Determination of Body Sizes of DRHMs

L Select a body sized determination method

Target Population

Database: US Arrny {1988) -
Gend H
e Estimated case e Real case e
- Male EEUU L T T T T T i 25':":' L T T T T T I_
@ Composite (3) Fird= 70 30
Age 2500k J 2400 -
Murnber of &ge Groups: 2 -
1= B B 2300 .
ages 2 B 2400 ° e . LY S
s [ 2200+ 7
e®
H ()405 S g 2300t ° ° ° I
atio (% [= = L [} e« 0 4
3 v K . £ 2100 ( 3 ) X
lﬁtrl?r?::pumetric § 2200 b § 5000 - [ I . J [ ] |
Variables ( ] @ [ 3 P
o6
Distributed RHM Generation 00k E 1900 - 4
31, Extraction of Key Dimensions L4 L [ ] .
Analysis ] l User-defined ] 2000k ] 1800 E 4
@ Regression Analysis (R&)
1 Factor &nalysis (F&) 1700 - 7
~ Principal Companent &nalysis (PCA) 1900 F '
32, Determination of Distributed Method | | | | | 1600 | | | | | s
* Grid {Robinette and Annis, 1986) 500 550 600 650 700 450 a00 850 GO0 B50 F00
@ Clustering (Laing et al,. 1933 kD1 (mm} KD I:I‘T'II‘TI:l
) Optimization (McCulloch et al.. 1998) . .
53, Determination of Body Sizes of RHMs Centl’OId F|nd|ng an ObjeCt | Med0|d Fll‘ldll‘lg an ObjeC'[ |
et Lhss ol Cee located geometric center in a grid whose average distance is the closest in a grid
[ Generation l
Ergonomic Design
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Specialized DRHM Analysis

=il Mistributtad RHM Generation & Analysis System =l = |
Input e Output
Target Population Generated RHMs
Datahase: LS Army (1388) - Body Sizes of AHMs  (Mumnber of RHMs: 20, Mumber of target anthropormetric variables: 13 Mumber af target populations: 1767
Gender Mo, Cervic,,, Chest,,, Biacro,,, Buttoc,,, Chest,, Crotc,,, Inters,,, Sleew,, Stature  ‘Waist,,, = Female Male Total
O Femnale 1 1359,9 899 8 36, 6 9520 ave JFh 77 BT 16779 3R9 6 Group1 4z 318 1060
Mala 2 1484,2 ad1.4 3734 9251 gra.5 3800 435 5814 17134 3097 Group2 495 212 107
] o a e 3 14k5,2 8997 w32 956 & 9022 386,2 37T BRY, 2 1681.5 3840 Group3 i} i} 0
© Composite (%) F M= ' 4 14434 9525 , : 45 16684 3826 = »
- 5 13161 9868 R1: DRHMs’ body sizes 093 15299 10 R4: Additional Info.
& b 1421.7 1064, 1 el e Foca— o i 567 16443 3801
Murmber of Age Groups: 2 - 7 13905 9709 3678 9915 946, 7 89,2 720 5416 16108 3696 o .
s B O B 16264 9960 4108 1037 10304 4117 4047 B44.3 18620 4308 Additianal Information
g 14081 a03,7 3653 9559 8932 3819 3639 5487 1630,3 320
haes els O 10 1867,2 10483 4032 10399 10582 4129 4127 BI4T  1TALE 4147 L
s [l Al 1413.2 B4z 3 3611 9230 a415 374 4 3363 B50.5 1636.2 R
40 12 16196 111.8 4192 10759 11286 4761 4378 B42,2 1889,1 432 6
g O O 13 163A5.8 1002.8 3967 1014.0 1012.4 a6 2 396.7 05,0 1768.6 407 8 - F4 or PCA Loadings and Scores
Ratio (%) B 40 7 m R J
Target Analysis of Multivariate Accommodation Percentages (MAPS) Location of RHMs with Envelopes (for key dimensions)
Anthropometric -
Variables For key dimensions: B0.5 % B Flot of Generated-RHMs & CIM
; ] ] Average  « -
Distributed RHM Generation MaPs for the different number of anthropometric variables 1200
51, Ewtraction of key Dimensions + . o *
100,070 o e N
Analysis l l User-defined l 0.0 ", 4“#;“.0 .
g 1100 | ” m’,’.\o $
@ Regression Analysis (RA) a0.0 . 1 & M
) Factor Analysis (Fa) 0.0 1000 MRS T L -A“ﬁ* A
Ao 0 a o a = r * 4
- Principal Companent analysis (FTA] & & R2: Multivariate accommodation E by R3: DRHM Plot .
52, Determination of Distributed Methad ) percentage (MAP) . PO
) Grid (Robinette and Annis, 1936) %: an.u -
@ Clustering (Laing et al,, 1999 ann
) Optimization (McCulloch et al,, 1998) 20,0
53, Determination of Body Sizes of RHMs 100
@ Estimated Casge ) Real Caze o 700 . : . . .
' 9 4 B 5 n 12 1200 1300 1400 1500 1600 1700 1800
I Generation Mumber of anthropometric variables KD1 {mm)

Copyright @ 2010 EDT, All rights reserved,




R1. Body Sizes of DRHMs

O Provide generated DRHMs’ body sizes by anthropometric variable

e.g., # DRHMs = 20, # anthropometric variables = 13

Generated RHMs
Body Sizes of RHMs  (Mumber of RHMs: 20, Mumber of target anthropornetric variables: 130

Mo, Cervic,,, Chest.. Biacro,,, Buttoc,,, Chest., Crotc... Inters... Sleev... Stature  Waist,, =

1 1353,9 a99,8 3RE, B 9520 g8ie 3715 3477 B27.7 1677.9 3R9,6

P 1484, 2 ad1.4 373.4 9251 859.5 3800 343.5 531.4 1713.4 389,7

3 1455, 2 B899,y 373.2 9555 902, 2 3852 3&7.7 FE9. 2 1681.5 384.0

4 1443.4 9525 3755 983.5 944, 7 A 3T FE4.5 1668.4 3826 =

5 13161 956, 8 3561 997.3 940.9 3852 368.9 509.3 1529.9 351.0

G 1421.7 10541 380.0 1037.4 1026.7 402.5 393.9 EER.T 16443 3801
Generated 7 13590.5 970,59 J67.8 991.5 946.7 3392 3720 E41.6 1610.8 369 6
DRHMs a 16264 9960 410.9 1013.7 1030.4 417 4042 Bd4.3 1867.0 430,83 e

q 14081 903, 7 365, 3 955,59 893.2 381.9 353.9 5487 1630,3 372.0

10 1557,2 1049, 3 403, 2 1033.9 1058, 2 4129 an2.7 B14,7 1791,6 44,7

11 1413.2 Bdz2.3 3611 923.0 841.5 3744 336.3 ER0.5 1636.2 371.5

12 1619.6 1111.8 419.2 1075.9 1128.6 4261 437.8 B4 2 18591 4326

13 1535.8 1002, 3 3957 1014.0 1012.4 405, 2 3967 05,0 17686 407.8 -

1 | (11} F

DRHMs’ body size
by anthropometric
variable

B g1l | 2 Ergonomic Design
b ﬂg:gﬁ 'Etlﬂ} Technology Lab




R2. Multivariate Accommodation Percentage

a

maximum) by the number of anthropometric variables

e.g., # anthropometric variables = 13

Analysis of Multivariate Accommodation Percentages {MAPs)

IFDr key dimensions: 95,2 %I

MEPs for the different number of anthropometric variables

Average -

1000 8.3
90,0 \5{4
80,0
0.0
50,0
50,0
40,0
30.0
200
10,0

0.0

MA&Ps (3]

Average
(Default)

4 G a 10
Murber of anthropometric variables

12

/

Average of accommodation percentages of 78 cases (;5C,)

iy S Eg3ndta
v Aelzg3En)

M&Ps for the different number of anthropametric variables 301

Provide multivariate accommodation percentages (average, SD, median, minimum, and

MAPs for the different number of anthropometric variables Median] ~

1.0 137
120
0.0

80

MAPs (%)

B0

40

20 ¢

0.0

1 2 3 4 & 6 7 B
Mumber of anthropometric variables

I VI R I A

100,0 el

90,0
80.0
0.0
60.0
50.0
400
0.0
20,0
10,0 182 72 5139 3p
00

Median

MaPs (%)

2 8 10 12

4 B
Number of anthropometric varlables

M&Ps for the different number of anthropometric variables

Minimurm]

MAPs for the different number of anthropometric variables Magimum| ~

100,0 28
an.0
80,0
0.0
60.0
50,0
0.0
0o
20,0
0.0

oo

Minimum

MAPs (%)

D57 45 36 33 30 a0 ap

2

4 B ] 10 12
Mumber of anthrapometric variables

0o el 98 4.9
90.0
80.0
0.0
60,0
50.0
40.0
300
20.0
oo

00

M&Ps (5)

2 4 3 3 10 12
Mumber of anthropometric variables
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R3. DRHM Plot

O Provide plot of DRHMs on the grid in the distribution of key dimensions/factors by the
DRHM generation method

Grid method

B Plot of Generated-RHM: & Grids = o
1900 ¢ ' Clustering method
1800 | 1 u Plot of Generated-RHMs & Clusters EI@
o .
T 1700 - * - 1 1850 T
= » * M . . -
1300
S 16 wl Optimization method
17al
. \| * _
| ; > p— ¢ B Plot of Generated-RHM: & Grids [ro |2 ]
E 1650+ ] e | 1500 . . .
1400} ] £ 7,
0 800 &80 490 950 1000 1550 L - i ] 1800 ¢ I:l
kD1 (mim)
L < j
1500 s &0’? : - —
1450 1 c
+ - L.

Generated grid DRHM M0 7m0 e w0 w0 10w

KD1 () 2 mas
*

Automatic color coding for different 150017y
clusters - | | | |
780 800 850 a00 950 1000
KD {mim)
s Ergonomic Design
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R4. Additional Information

O Provide population information, regression equations for RA, and factor/principal component

loadings and scores for FA/PCA

Murnber of target populations: 1767

Fernale Male Tatal
Groupl a2 318 1060
Group? 455 212 7
Group3 1] 0 1]
Groupd 1] 0 1]
Total 1237 530 1767

Additional Information

n Regression Equation

o= Regression Equations E@
Regression equations using key dimensions
Anthropometric Yariable g0 Bl Be g3 gd gh Adjusted Rz
| d Heach 10,548 -[1.5° 1773 04912 ]
Overhead Reach Sitting 43,493 0,038 [0, 765
Overhead Reach-Extended 30,468 -0,877 0,907

0,765
1,781

e.g., Overhead Reach = 10.848 — 0.889 x Sitting Height + 1.723 x Stature
= Overhead reach estimation equation by key dimensions

Independent variahles (Key dirmensions)

Wariable Key dimension

|‘ F& or PCA Loadings and Scores

T EabEajgsie
v AHEESET

=1 =itting Height
e Stature oK
o Factor Loadings and Scores [ =]
Factor loadings Factor scores of generated RHMs
Mo, F1 Fz F3 F4 F& Mo, F1 F2 F3 F4 F& o
1 0820 0527 1 -2 093 -1,329
z 0,306 0,950 2 0709 -2.e08 =
3 0827 0431 3 0264 -2182
4 0954 0297 4 1,966 1,171
5 0,959 0,262 5 1,957 -1,387
g -1,744  -0,535
T 1.664 0,473
g 1,866  -0.430
9 -1,71M 05622
10 -087 -1,29% =
0K ]

Ergonomic Design
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 Establish an optimal men’s sizing system for flight suit design

Design Application Context

d Target population & anthropometric variables
v US Army male pilots (n = 485; Gordon et al., 1998)

v' 13 anthropometric variables for flight suit design (Jeon et al., 2009)

Descriptive statistics (unit: mm)

Major class Sub class Measurement type | Anthropometric variable (AV) Code
Mean SD Range

Trunk Chest Width Biacromial breadth AVl 400.6 17.5 105.0
Leg/Foot | Upper Leg/Hip Circumference Buttock circumference AV2 991.5 55.0 351.0
Head/Neck Neck Height Cervical height AV3 1531.8 60.0 341.0
Trunk Chest Circumference | Chest circumference AV4 1009.2 59.6 344.0
Trunk Chest Circumference Chest circumference — at scye AV5 1035.8 55.3 309.0
Trunk Combined Length Crotch length AV6 772.0 47.3 339.0
Trunk Back Length Interscye distance AV7 408.7 28.2 164.0
Arm/Hand Combined Length Sleeve outseam AV8 601.4 29.9 154.0
Overall - Height Stature AV9 1771.0 64.8 362.0
Trunk Back Length Waist back length AV10 421.6 21.2 130.0
Trunk Abdomen Circumference | Waist circumference AV11 856.4 65.7 375.0
Trunk Abdomen Height Waist height AV12 1131.4 48.1 274.0
Leg/Foot | Upper Leg/Hip Length Waist hip length AV13 184.0 19.6 118.0

y Ergonomic Design
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Decision Tree: 18 Sizing System Alternatives

S3. Determination of key S4. Application of DRHM S5. Determination of Coded
dimensions/factors generation method body sizes Sizing System

Grid » Estimated case R-G-E

Real case < R-G-R

RA » Clustering » Estimated case R-C-E

Real case < R-C-R

Optimization » Estimated case R-O-E

Real case < R-O-R

Grid » Estimated case F-G-E

S;Lz;rzit population Real case ) FG-R
& anthropometric FA Clustering » Estimated case F-C-E
variables Real case < F-C-R
Optimization » Estimated case F-O-E

Real case < F-O-R

Grid » Estimated case P-G-E

Real case < P-G-R

PCA Clustering » Estimated case P-C-E

Real case < P-C-R

Optimization » Estimated case P-O-E

Real case < = P-O-R




Analysis Method: Measure

e.g., R-G-E
O Number of generated DRHMs EZE
[ Key dimensions: accommodation percentage (AP; %) 150 el
. . Ch t 1100 L L] L] * *
d  Non-key dimensions NES 1050 |
circumference 000l S S S Uk
v Cover ratio (%) o (R K % o R
- - * »
v" Number of outlier DRHMs 900 - KNVIE

> Number of generated DRHMs = 26
X AP = (462/485) x 100 = 95.3% T 1700

Cervical height

e.g., P-G-E
Original Generate DRHM’s Generated DRHM’s Outlier
No Anthropometric variable dimensions dimensions dimensions dimensions
) Min Max Range Min Max Covered DRHM DRHM DRHM | DRHM

Range 16 23 16 23
1 Biacromial breadth 347.0 452.0 105.0 367.2 435.7 68.5 378.0 367.2 X x
2 Buttock circumference 849.0 1200.0 351.0 879.9 1132.5 252.6 999.1 895.1 x x
3 Chest circumference — at syce 894.0 1203.0 309.0 937.0 1183.0 246.0 1077.6 954.6 X X
4 Crotch length 314.0 467.0 153.0 321.8 461.1 139.3 380.1 347.2 x X
5 Interscye distance 388.0 502.0 164.0 354.5 485.0 130.5 428.7 378.1 X x
6 Sleeve outseam 530.0 684.0 154.0 528.3 676.1 146.1 528.5 528.3 6] (6]
7 Stature 1596.0 2056.0 460.0 1586.2 1955.6 359.6 1586.9 1586.2 0 0
8 | Waist back length 363.0 493.0 130.0 378.6 464.4 85.8 378.7 378.6 X X
9 Waist circumference 689.0 1064.0 375.0 709.6 1017.7 308.1 927.1 781.3 x x
10 | Waist height 993.0 1267.0 274.0 999.8 1262.9 263.1 1009.7 999.8 x x
11 | Waist hip length 122.0 240.0 118.0 127.1 229.4 102.3 155.2 157.4 X X
Total - - 2593.0 - - 2101.9 - - 2 2

 Cover ratio = (2101.9/2593.0) x 100 = 81.0% e.g., DRHM 16 and 23

; X Number of outlier DRHMs = 2 SRS e

@ ME-S3=S"Hy Technology Lab



Comparison of Sizing Systems

(d Total calculation time of generating 18 sizing systems = 2 hrs

Non-key
) dimensions
No. Sizing System Accommod_atlon percentage for Number of
key dimensions (%) generated DRHMs Cover ratio (%) Number of
outlier DRHMs

1 R-G-E 95.3 26 62.2 -
2 R-G-R 83.3 26 63.0 -
3 R-C-E 95.3 34 65.9 -
4 R-C-R 92.4 34 65.0 -
5 R-O-E 95.1 35 61.9 -
6 R-O-R 91.8 35 62.8 -
7 F-G-E 95.1 29 56.2 2
8 F-G-R 91.1 29 41.8 -
9 F-C-E 95.5 25 41.5 1
10 F-C-R 91.1 25 41.6 1
11 F-O-E 96.1 26 38.8 -
12 F-O-R 91.8 26 39.9 -
13 P-G-E 95.3 29 78.7 3
14 P-G-R 91.1 29 63.4 -
15 P-C-E 95.1 22 59.4 -
16 P-C-R 91.5 22 57.3 -
17 P-O-E 95.1 25 68.7 -
18 P-O-R 92.4 25 66.1 -

: controlled value

g Ergonomic Design
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Optimal Sizing System

90 Candidates for
g0 | optimal sizing systemt
1) #sizes |
70 2) cover ratio 1 e P-O-E
G

60 - Egg: o ® sizing system w/o outliers

_ 50 ® sizing system with outliers
Cover ratio (%)

40 8 °

30

20

10

0
0 10 20 30 40

Number of sizes

= Candidates: P-C-E (22 sizes; 59%) vs. P-O-E (25 sizes; 69%)

= Economical sizing system: P-C-E (less than # sizes of P-O-E)

E—r T ] . Ergonomic Design
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Discussion (1/2)

 Developed a computerized system for DRHM generation and analysis by incorporating the

DRHM generation process and methods

=3 Peanein et B0 Genpration & Analysis Syten oy E| B =3 Peabein east Bid Generation & Anshysis Syten = =
Input - Qutput Input = ‘Output
Targat Populstion Trrget Populstion Generated RHMs
LRl U5 Amy (1580 - £1. Target population selsction Dl U5 ey L1EE) = || gody Sizes ol RHMs (Number of FeiMs: 0. Humbes of targst anthensomeric vadables: 13 ueniber of tege! populatiens: 1767
Gander Gander Mo, Corde.., Chest Biser Chest. Crok. loders. . Mis  Towdl
Female Farnale 1 19 pan L e s L7 Groupl  TAZ E0 1060
Male l Male S WM LA BA5  ®0 M5 Groap? €5 22 1
. s 3 2 7 amr @ BT Grespd O 0 0
& Composite (%) F:M= W: X . ® Composhe (¥) F:Ms W: X 1 e 525 a7 W ml Grewpd O t o
82. Target anth wariable eal 5 [EIAR - sa08 - E- 1 Tetal bl =1 1957
£ {ecd 8 e ek [ T T
Murrbar of Age Groups: 2 - — — — — — * B £ Murrbaer of Age Groups: 2 - 7 1305 909 67 E mo
w Analysis: resress.lur.lanalysls. 7 H e WA AT W adiional hioematien
s g factor analysis. principal s [ [ w7 2 .9 »10
R g component analysis y B ® 19 [T 0eRz 4128 4127 Fiegression Equation
1 ) (=] £3. Extraction of key dimensions S_— A 0 @ 1 [TTE T ¥ ] BM1E A 3
" TN ARG  AB1 4308 o
s E_ User-dsfined s I rexa e e s s S Resuit 4:
L LA c l ) Fata 15} LA Result 1: DRHM's body sizes Additional Info.
(=]
Target - ) o Target Analysis of i i (MAPs) lopes (lor key dimensions)
Antheopomatric Fe-seiection el S4. Determination of distributed method Grid, Clustenng, Optimization Antheopomatic Fie-seiaction )
Varlables Hd Varlables For ey chmemlons: 615 %
o P ' = = scratric vaciabi marige =
Distributed AHM Generation c T Distributest BHM Generation RUEE It e AN Aibe B AL aaine 4 2o
51, Extacton of Key Dirseraions & S1. Exracton ol Kay Dimersions 1oy S0 4
Jnsbrals o datom = 55. Determination of DRHM's body sizes Estimated case, Real case ] Jostyals Yamrdetion w00 108
 Pagrassion Analysis (RA) T & Fagrassion Anslysia (RA) 0o
Factor Analysis (FA) o Factor Analysis (FA) ne 00
Principal Companent Analysis (PCAY =} S3. Dutnamination of 54. Detarmination of 55. Entimation of the bady Principal Companent dnalysis (PCAY @ e g o
sizen of RHMs = - *
52 Deteemination of Distibuted Me®od n 52 Determination of Distibuted Me®od § e 8
Geid (Rabinete and Aanis, 1965) . Grid (Rabieaa and Aanis, 1965} = Lt
@ Clstering (Laing e al., 1999} @ Oustering (Laing & al. 1999} i
Opimizatian (MeCulloch ot al., 1938 o . Opimizatian (McCulloch et al., 1998 e 500 |
33, DeTSTINANCR 0f OOy Sizet of FHME ol 53 Dietarminaticn o Body Sizes of FHMs e
@ Estmaed Case Feal Case @ Estmaind Caso Poal Caso LL T e T
Generation Result 2: Accommodation percentrage Result 3: DRHM Visualization

EghB it
{eldg SEnt

Copyright @ 2000 EDT, Al rights roserved,
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 Developed sophisticated interfaces incorporating complex and various algorithms for DRHM

generation

Discussion (2/2)

HNumber of FHMs! 5
Masimum number of forasons:

Target accommadation rate (%)

‘‘‘‘‘

3. Extraction of key
dimensions

Coasr || Dot b b . Loy 3 |

$4. Determination of S5.

distributed method

Determination of
body sizes

Estimated case

Real case

Clustering

Estimated case

Real case

Optimization

Estimated case :l

Real case

Estimated case

Real case

Clustering

Estimated case :l

Real case

Optimization

Estimated case

Real case

Estimated case

Real case

Clustering

Estimated case

Real case

Optimization

Estimated case

Real case

Coded

Sizing System

R-G-E
R-G-R
R-C-E
R-C-R
R-0-E
R-0O-R
F-G-E
F-G-R
F-C-E
F-C-R
F-0-E
F-0-R
P-G-E
P-G-R
P-C-E
P-C-R
P-0-E
P-0-R

= Helpful for identifying an optimal sizing system out of sizing system alternatives easily and

efficiently
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Demonstration: RA — Grid — Estimated Case

File View Help

Target Population Generated RHMs

Database: U Army (1383) Body Sizes of AHMs (Number of AHMs: 000, Number of target anthropometric variables: 000 Mumnber of target populations: 0000
Gender Mo
@ Female Group1

Ma'e GFUU[JE
Group3
Groupd
Total

Fernale Iale Tatal

Composite (%)

Age

MNumber of Age Groups!
10s |
20s i ‘
s |
40=

Ratio (%)

Additional Information

Ages Regression Equation

‘ Fé& or PCA Loadings and Scores

Target .
Anthropometric ‘ Selection ‘

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

Variables For key dimensions: 00,0 %

el ated RN Genaraion MAPs for the different number of anthropometric variables Average  « Maotice: Will be plotted when number of key dimensions is 2 or 3

51, Extraction of Key Dimensions

100.0
Analysis | { User-defined a0
a0.0
70,0
60,0
52, Determination of Distributed Method 50,0
Grid (Robinette and Annis, 1966) 40,0
Clustering {Laing et al,, 1999) 30,0
Optimization (McCulloch et al,, 1998) 20.0

MAPs (%)

53 Determination of Body Sizes of RHMs 10,0

Estimated Case Aeal Case 0.0

3 4 B B 7
Generation Mumber of anthropometric variables
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Generation Method

S3. Extraction of key S4. Determination of Clusterin
dimensions distributed method Random initial solution 2
. o Optimization
Accommodation Grid Fitting tolerance = 50 mm 10 trials
rate = 95% l
RA » Clustering Find
the minimum
T ) , number of
Optimization | Number of iterations = 1,000 DRHMs

Factor scores

Grid Fitting tolerance = 2.35* m—_—_ ——) Mo, Fi F2 F3 F4

0519 0279 0728 1184
1115 -0639 -1.155 -0.8%4
: 0533 1975 1278 0164
FA Clustering 0257 -0331 -1.414 0664
Method of factor 0022 1740 0463 -0.405

1

b

3

4

5

. . B -1,661 -0,320 2617 -0,906

rotation: Varimax <
a

q

1

. . . _ 0840 -0.071 -0.827 -1.313
Optimization Number of iterations = 1,000 0368 -0520 0663 0.857

-0.697 1,718 -0028 0,908

0 0827  -0165 -1.026 2028

Grid Fitting tolerance = 3.32* Descriptive statistics F1 Fe F3 Fd

Mean 0.0 0.0 0.0 0.0

5.0, 1.0 1.0 1.0 1.1

- Minimum -2.7 -2.h -3.5 -3.7

PCA Clustering Maimurm 25 32 24 37
Range (Max - Min) g2 59 E.4 1.4

15t percentile -2 -2.6 -35 -36

... . . 9%th percentile 2h 3. 28 3T

Optimization | Number of iterations = 1,000 | | - g3 percentile range 5 1 X £.3 73

% EHhBajidle Ergonomic Design
Y LPHLSEDY *equivalent to 50 mm of R-G's fitting tolerance Technology Lab




Key Dimensions for Flight Suit Design

 Chest circumference and Stature considering both performance (average adjusted R2 with

other dimensions = 0.574; current key dimensions) and usability

o= Regression Analysis (RA) E@Iﬂ
!| Trend of average adjusted R2 Possible pairs of key dimensions Adjusted R2

Candidate for key dimension Avarage Minirnum Maximumr
0.500 7] Cervicale Height: Chest Circurnference 0,577 0,140 0.971

0.733 | Chest Circumference; Stature 0504 | 0158 0,972 |_

0,700 0682 | Cervicale Height: Chest Circurnference-at scye 1, 565 0,140 09w |
i 0.62 [] Chest Circumference-4t Scye; Stature 0,563 0,158 0,91
-2 0,600 0577 [7] Cervicale Height; Waist Circumference-hatural 0,549 0,158 0,972
S [7] Stature; Waist Circumference-Matural 0, 548 0170 0973
E 0500 [7] Chest Circumference. Waist Height-MNatural 0538 0,081 0,907
P [7] Chest Circumference-4t Scye; Waist Height-MNatural 0529 0,081 1,905
= -o- Maximum | | [] Buttock Circumference; Cervicale Height 1.515 0,140 0.97
- 0400 . [[] Buttock Circumference: Statura 0512 0,153 0,971
= 0.3 ~&- Minimum || =) yaict Circumference-Matural; Waist Height-Natural 0,507 0,095 0,904
&4 0,300 [] Chest Circumference; Sleeve-Outsear Length 0,480 0,052 0,907
= 0204 [] Cervicale Height: Interscye Distance 0,479 0,148 0,970
% 0,200 R 0.159 [ Buttock Circurnference; Waist Height-MNatural 0.476 0. 0e1 0.904
= ' 0,146 [[] Chest Circumference-at Scye; Sleeve-Outseam Length 0,471 0,052 0,905
- 010 [7] Interscye Distance; Stature 0471 0,165 0,970
) 0.08 [7] Sleeve-Dutseam Length: Waist Circumference-Natural 0,450 0,059 0724
[7] Interscye Distance: Waist Height-Matural 0, 447 0,093 0,904
0.000 [7] Buttock Circumference; Sleeve-Dutsearn Length 0,435 0,065 0,689

! ¢ 3 4 5 | Carvinale Height: Croteh | enath-Posterinr-hatiral 1 475 1 0AR negm <
Murnber of key dimensions < | 1 [ »

Murnber of key dimensions: Selection

e Za2agita 1 e ic Desi
1Y sieizzet () Ersenomic pesian




Comparison of Sizing Systems: Average of MAPs

Sizin Generated Number of anthropometric variables
No. 9 number of
System | HohiMs 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 48.3 375 29.2 23.0 18.4 15.1 12.6 10.7 9.3
2 R-G-R 29 98.9 91.3 77.6 62.3 48.5 37.2 28.6 22.1 17.4 13.9 11.4 9.5 8.0
3 R-C-E 99.1 92.4 80.4 66.7 53.8 42.8 33.9 26.9 21.4 17.3 14.0 115 9.5
4 R-C-R 34 98.9 92.1 80.2 66.7 54.0 431 34.2 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 14.0 114 9.3
6 R-O-R 3 98.7 91.9 80.0 66.5 53.8 431 34.3 27.3 21.8 17.5 14.0 11.3 9.1
7 F-G-E 93.0 78.0 59.9 43.9 31.6 22.8 16.6 12.4 9.5 7.4 5.9 4.7 3.9
8 F-G-R 29 88.5 71.5 54.7 40.7 29.9 21.9 16.1 11.8 8.8 6.5 4.9 3.6 2.7
9 F-C-E 87.3 69.2 52.5 39.1 29.1 21.8 16.7 13.1 10.5 8.6 7.2 6.2 54
10 F-C-R 25 87.1 68.3 51.6 38.4 28.7 21.6 16.5 12.9 10.2 8.3 6.8 5.7 4.7
11 F-O-E 87.1 69.8 53.4 40.1 30.0 22.6 17.2 13.3 104 8.3 6.7 55 4.5
12 F-O-R 20 86.7 69.5 53.5 404 30.3 22.8 17.3 13.1 10.0 7.5 5.7 4.2 3.1
13 P-G-E 99.6 924 70.5 454 27.3 16.5 10.4 6.9 4.9 3.6 2.8 2.3 1.9
14 P-G-R 29 98.3 91.7 78.3 61.2 45.1 324 23.3 17.1 12.8 9.8 7.7 6.1 4.9
15 P-C-E 98.2 90.4 76.8 61.2 47.0 35.6 27.1 20.9 16.3 13.0 10.5 8.7 7.2
16 P-C-R 22 98.4 89.7 75.3 59.4 45.3 34.0 25.6 19.4 14.8 11.4 8.7 6.7 4.9
17 P-O-E 98.6 91.5 77.9 61.9 47.2 35.3 26.5 20.1 15.5 12.2 9.7 7.9 6.4
18 P-O-R 25 99.1 91.6 77.1 60.3 45.3 335 24.8 18.7 14.3 11.0 8.6 6.7 5.2
L eun
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Follow-Up Studies

 Development of (1) a boundary representative human model (BRHM) generation and

analysis system for one-size product design and (2) a linkage with the custom-built interface

of digital human model simulation systems

By s s Hiodey nlmeeneticdnnio
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| Boundary RHM

-+ Statistics | Dependent Measurements.

Control Measurements

61

il Body size

1z
]

RAMSIS®

Add tobfeny | Create Mew

Basic Scaling | Body Part Scaling ‘

I-Maasulemenl Name Walue [mm] i TR
1710 1
sitting-height 932, rSlalure. Eenderl
waist-circumfersnce 865 fhdominal Dep.: ¥ Female
r | © Male
Anlkle Hot:
-
ependent Measurements ADI’EmiDn Helght
M eazurement MName Walug [mm] Mi Arm Length:
head-height 238 "_ X )
headwidih 7575 B‘?m'““a' Br
Jrecdderth 185/ Bidelioid Br.:
4. -
5 Stﬂtu rg: B Butiock-Knee:
Automatic e !
Inputtlng 170 1 6. Elbow Fest Hgtt Hip Breacdth:
I_ N 33.5 — ‘ r
7.5 Elbow-Fingertip:  Interpupil Dist
Tbulluck-knee-lenglh 745 o r |
knee-height-sitting 5055 Foot Breacdth: Shoulder-Elbow.
Foot-height 827 r r
Foat-length 254 H Foot Length: Siting Acromial
Foot-width 005 r r
upperarm-circumference 3025 Hand Bread: Siting Eye:
Forearm-circumference 266, r r
thigh-circumference: BE3. Hand’iLenglh: Siting Hgt
calf-circumference 405.59 r r
Head Breadth: Sit Knee Hat! I:.. .
r r
Modify Selected Measurement... Head Height: Thigh Clearance:
o r
Head Length: Thurnistip Reach!
i r
Save as. Edit Existing.
Nare i | |

Usage | Clear | Dismizs ‘

Jack®

Comfort
Visibility
Clearance

One-size product
(e.g., cockpit, seat)
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