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Development and Application of an Anthropometric Design Method
Considering Physical Human Variabilities
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The present study developed an anthropometric design method accommodating physical human variabilities
for user-centered product development. The proposed design method is based on the boundary zone
method, a technique to generate a group of humanoids properly representing the body size diversity of the
design target population. In addition, the anthropometric design method considers the variability of postures
in the design process by incorporating the simulation of posture. The effectiveness of the proposed design
method was evaluated in terms of multivariate accommodation percentage (MAP) by applying it to
designing a computer workstation with 90% of accommodation percentage. The performance evaluation
showed that the MAP (89%) of the computer workstation design produced by the proposed method was
quite close to the designated accommodation percentage. The proposed design method can be of use to
develop an effective anthropometric design for user-centered product development.

Keyword: anthropometric design, physical human variability, boundary zone method, user-centered design,
computer workstation
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ARG AA A7 & A&l AFY AA AFE AAIH
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Ehdl v ©A A3z AT AAA, AF A A B AA 54
< 1ed oA 7HA FHANARY A7 54, 5x 8
Hg, AA W, oA b, 2 A A4 43)9
A7 712 At (design requesty& A O k. AHEALS] Q181
EAE 122 20~40thT BT 48 14 : 95%) A7
i AEe AR 54 s 2, AA dad

Az wohe AF AA AFES AAHOZ EA st gho}
¥ CHHEES 300, 2004). Q14 ¥14e] : 9h& .3 o)) shotgl
AA M A AR GEFE e A HEEE HAH

(g 7)1 E 9} 384, 2007), A7HE3H A A DA (4 : design for
Eﬁ] Bd k]ﬁ E./H.Q_ E;]-(;H /(-“ 7].;(] Oj
2 (design for extreme individuals, design for the average, 12| 11 design
for adjustable range) 5o 4] A1 ¥ thSanders and McCormick,
1992).

adjustable range)2

Step 1 : Define design request

|

Step 2 : Generate RHMs

v
Step 3 : Develop design

equations
Posture- no |Step 4-1: Design by
related? deterministic
' method
yes
Step 4-2 : Design by
simulation method
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o] A A7)} x* EEE W2 0] E(Johnson and Wichern,
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= (AD— )" Y (AD—p) < X*(1—p) (1)
where : D = normalized squared distance
AD = n-by-1 body size matrix
1 = n-by-1 average body size mattix

Y} = covariance matrix

X%(1—p) = X? value with » degree of freedom and
probability p
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W} deterministic W B £ simulation BHH-& A &3 A A X5
£ AAFHF 7] E &, 2010). Deterministic B2 A A H 9]
A A A AA EAJol ¥ H A = 7fol AEHH, A
A A dAZA o EIARZD Y AA 2715 Y3t
AxkE gk 01]*1 g Ao A4 dAs 13 24
Aot A& S9, A7 Yulo] 3 A A= AA T
Fgol vHl + 2.5em)o] tEAA DY AA A7](of : 348,
35.3,41.2cm)yE ) sho] thEAA ZDE A4k AA A (]
:37.3,37.8, 43.7cm) Fol| A YA Yn] & AL A design for
extreme individualsE 2 &3] 713 Z 7k : 43.7cm) .2 A A
Ho.

S, simulation ¥ —“'} AAMTFY A A A A B4
o] 1HH= A% l 4351, <329 4> Yepd A B
(simulation 8 2. A4, simulation &4}, A A W7 = £4)9] 2}A|
simulation &4 -& &3 o] FZThH 71 & 9], 2010). AA T
© AA simulation £4& 3] BAd F /A V)2 AR
(linkage human model, A &4 &) & Aol 3t} 4] A=
AAM S A5 wshel M2 g ZAAED ) AAE Aod
linkage human model& ] &3} 3743}, 4 H kAol o 3 2}
Al &4 AFE BE A &4 Frloss function)E 0] 83
sttt npA e 9= sotd g AAA S g
AA| 4 Aol Z7bete] A W7 (design sensitivity) S £
A, 24 S A7 g H E5 QAR TS 2T
CHA W8-&3.14 2 =),

Step 1: Define simulation information

¥

Step 2: Set7=1 indicating No. of
RHMs

¥

Set j = minimum value of design
simulationrange

v

Search feasible postures of humanoidi |,
for the given design value;

[} !
Select optimal posture among the
identified feasible postures

Step 3: Analyze design sensitivity

38 4. AA simulationS- 53 A A X A7 AR}
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3147 ¥H

EERETE
dazeold AA AFE B 7HA SHAHA
| 54, 8 78 0 &, A W, U4 W, 18
AA Yo 2 HoE ). /\47:]] o)A OI—?Q}E
20188 0T 9092 AAHAT AAEAAE
UsS Army(Gordon et al., 1988)7} AL EE R om A ;Q%(de&gn
population; 2,982%8)3} ¥ 7} F ThHevaluation population; 1,0007)
22 FRHYG. A7 BEE <E 153 2ol 5]
TG, 58], 2ol v 33k, 12al A4h e 1474 |
TE AN, AAMF= A AAMTY A4+ 2F
of & Fe 1 My AAHUT. vpA o=, A7E
ghA dA dF L = FH Y328l A A

(ANSI/ HFES, 2007)& 1383} <% 1>3} 2ol 2AH )
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¥E 7

B 1LAFH Y32l A 712 AR

Design dimension Cod Relevant body dimensions | Design
(DD) oce (BD) principle”
Width | DD1 | Hip breadth(BD7) EXT
Depth | DD2 Buttock-popliteal length EXT
Seatpan (BDS)
. BD8 and popliteal height
Height | DD AD
cight | D3 1 5py10) J
Width | DD4 | Bideltoid breadth(BD3) EXT
Seatback
Length | DD5 | Acromial height(BD2) EXT
Width | DD6 | Forearm breadth(BD4) AVE
Length | DD7 | Span(BD6) EXT
Armrest | Height | DD8 | BD2 and BD6 ADJ
Forearm-to-forearm
Cl DD EXT
carance| DD 1| - adeh(BDS)
Width |DD10| BD7 EXT
Thigh cl BD
Heighe [Dp11| [high clearanceBD9) EXT
and BDI10
Legroom
Abdominal extension
Depth |DD12| depth(8D1), BDS, BD10,| EXT
and foot length(BD11)
Width |DD13| BD3 EXT
Table
Height |DD14| BD2, BD6, BDS, BD10 AD]J
) "EXT : design for extreme individuals.

: design for adjustable range, AVE : design for the average.
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Ad BA 9 W 2E AHEAR = 66, DA S AHEA
A9 22%) ek K-Mean T3 &4 & 2 &t 3484 A

=

AR S 11%)0] HA = AT

3.13 8 54 A
AA FAL AAHF A A EA 7Y
A7 E 9, 2007)2} ANSI/HFES(2007)<
2ol /At o &

%

=49, A vu 24

¥ 2. 758 Az oA A 54

(unit : cm)

Allowance
25
1
25

Code
DD1
DD2
DD3
DD4
DD5
DD6
DD7

Design equation*
BD7+2.5
BDS8-1
(LD7+LD9)xsin(AD5)+2.5
BD3
BD2
BD4
BD6

LD4xcos(AD1)-LD3x
cos(AD2)xcos(AD3)

BD5
BD7+2.5
(LD7+LD9)xsin(AD5)+
LD8+5
LD11+LD6+(@LD7+LD9)x
cos(AD5)+LD8+2.5-BD1
BD3+2.5
DD3+LD4xcos(AD1)-
LD2xcos(AD2)xcos(AD3)-
LD3xcos(AD4)
Z) "l MZ code(el] : BDI), link code(] : LD1), 1|1 AHA W&
code(] : ADD)E <F 1>, <¥F 3>, 181 <F 4> 9.

Design dimension
Width
Depth
Height
Width

Seatpan

Seatback
Length

Width

Length

Armrest

Height | DD8

DD9
DD10

Clearance

Width

Height |DD11

Legroom

Depth |DD12 25

Width |DD13 2.5

Table

Height [DD14

o] LHle] B3t B4 o] o 5 TEdhe]
of LH] + 25em"2 Atk w3, 97} Qo] HA
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3.1.4. A4 A simulationg E3F A A X
A simulation& $-3F A 2|4 AA & ‘\:_} | "4 2K(simulation

AR A9 simulation ¥4, A A 7 BEHE F3) o] F
AHTH AR BA = UEUA E‘*a]«] ZW simulationS ¢l 7
7}A] simulation 7] & % X (linkage human model, ZHA] <4 3F<F)
£ A 989t} Linkage human model-& <718 5>9} 7+o] A 9|
5]04 [e) u:] link-O/I 3_7].‘:_ /ng/ﬂg EHIro];q] Dtﬂg] 0];21] 3_7] Oﬂ
712 AT(SAE, 1991; Human Scale, 1980)9] W3t A+2 F3) 2
APt <& 3>& dZ S, shoulder pivot widthLD1)E=
bideltoid breadth(BD3)°]| 4= 0.77-& 3t A4 = ¢ 12, humeral

A4

1]

E
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link(LD2)%= span(BD4)o 44 0.16& Fate] AAH T 18
T A £4 3F4Edloss function)® A FE Y I 2H o)A AL 7]
BaA ok s AA B E o] &3] <2 6> 2] BAHEHA
ok 7| BN 9 A4S AA W= AFE YTzHold A
o HAd 7]i TES st <F 4>¢) o] HofH gl
th &4 G4 A7 71F AA A Bloj g2 E4 A S (loss
score)7} A1 Xi 2 37EE AR H AT 71 & 9, 2010).

LD1

LD2

LD3

LDo &
AFE Yazd oA AAS
(link code= <3 3>7} T)

aYs5.7 $13} linkage human model

¥ 3.Link 37] 34 F2)(SAE, 1991; Human Scale, 1980)

Linkage dimension(LD) Code Conversion equation
Shoulder pivot width LD1 BD3 x 0.77
Humeral link LD2 BD6 x 0.16
Forearm link 1D3 BD6 x 0.16
Trunk link LD4 BD2 x 091
Hip pivot widch LD5 BD7 x 0.49
Femoral link 1LD6 BD8 x 0.89
Shank link LD7 BD10x 0.90
Ankle-to-toe LD8 BD11x 0.75
Ankle pivot to floor LD9 BD10x 0.20
HP-to-SRP vertical LD10 BD9 x 0.50
HP-to-SRP horizontal LD11 BD8 x 0.28

Z) AWM code= <E 1> Y.

High
Postural Loss score = joint angle - 90
loss score
Lower limit Design Upper limit
of CROM reference of CROM
(70°) (90%) (135%)

Elbow flexion motion
a9 6. T A Uist AA &4 g4
(CROM : comfortable range of motion)
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ol
2

.o
£

¥4 PFEH YAzE O ALE 71 BAAN 2 AT 2R H e

Comfortable
. . Reference
Classification Code o range of
posture(®) s
motion(”)
Trunk Flexion(+) AD1 90 {90, 120}
Flexion(+
exiontH | iy 0 [0, 251
extension(-)
Shoulder Abduction(+)/
uction
AD 0 0, 2
adduction(-) 5 10, 231
Elbow Flexion(+) AD4 90 {70, 135}
Knee Flexion(+) ADS 90 {70, 110}
Z) "2 . Chaffin and Andersson(1984), Cushman(1984), Grandjean

o al.(1983), Hedge er 4/(1995), Karlqvist et a/.(1996),
Miller and Suther(1981), Rempel and Horie(1994), Weber
et al(1984), Weiss et al.(1995).

A GAE AAMETY A5 Htel] nhE thEUA 2D 9
ALA| S A 2] = linkage human model & A A F2]-& o] &3] +4
ST EJAA LD AA = A A | AA Aol hEJAA
2do] 2 gl £d 4 9= BE A o b 2] simulation
22 5 LY T, ob A 1S FAA A £4
A7t a7t He A E AAH A7 9, 2010). o] &
=20, 917 o7k d0em W EAARDE] A1 hebe
B 2= :70°~1100F thfFotAl HSHA A 7FA A o]
Hol| FomA A8 £ 9= 2N ZA (Y : 80°~959) 0.2
AHH, 3T AA = gotE AA S Tl M AA ELo] H o
H= AAE 9002 AAATY. B A2 AA simulation ¥
o <:La 7>°ﬂ Ve A 3} 720] Visual Basic 6.0& ©]-&3] 7}
Z2 93 o] &ata] o] Fol At

c

e 1 Lo X Hw

i

W Visual simulation

Simulation parameters
Posture precision [ T ]

Design precision ‘I]
Hit precision

Simulation result
Table height [ ]
Seat height ]
Armrest height D
Armrest clearance l:l
0

Loss score

View Viewing angle
: ::speclive 9 ﬂ J j
e vl 1]
0|
: 23 [ Ef

9 7. AHA simulation Z.E 13

SA T A 2R A A R A HA 25
B4, 0EQARD 5T A7 4A A5 AT F) 4A
SO MA A58 ARG B4, HEAAN LS 47 3
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simulation

= oo
&4 345 pRo 25l £4 37 A2h
A4 <19 8> 2

RA &4 M%7 A 29 d2emsh

F 4 A5 stere e AR 44 47

<19 8> Leha A3} 2o Y w214
A

242 59 st}

g AA W AE e AA 925 A &sh]

qd& 4,

47 o)A ol dote YEAA LY

ScmZ 247 AR H T

Al Ao 37.1,42.0, 52.5em)ol| 37 W] Q17HEsHA A A

A2 9] design for adjustable rangeS A &3 37.1~52.

A 2AEHEE QA ET

Table height (cm)

39 8 tEIA R 150l the A NAE £

cm A}O]

80
751
701
y 60
65 /
60[ / | E— Design value with
/ minimum loss
55F
5030~ 35 20 25 50 55 30

Seat height (cm)

A

ol

CLERERTE LS ET 425

324 31}

B ATs N AASAH A TS
Hlo] A AA o A &8l <Es5>9 2L A AFE
o & €9, A vrle Yy o] Y7L 2 A
7Vt =R 46.7cmE AR E ] OH, oA} Zoj& Yoo A
LF7HA 9] 7 2] (buttock-popliteal length)7} A& A &2 & o] 2}
3] A (edge)o] Lol FA FEF 41.9m= A A H U

AAE AFE YAz o)A Y B F A FFE ¥l E(multi-
variate accommodation percentage)S 3 H|8(90%)] = g
89%E HAFHUT B AT g F AFTE& &S BT
AHEAE RS = 1,000) Tl A A Z2717F BE AA W9
2ol e}t AREALY] Bl &2 A4S A TH(Jung ¢ al., 2009).
B A}, Hrhe A8ALe] 89%E BE AA H4147)9) A
F7FAA A7) ol A A O E ESET

B AT AFH dIzHolH A 2F AA AJGE,
ANSI, EU, CEN, DIS, 18] 32 SS) & AJ 3 A Z(2%; model A and
model B)9] X529} F-AFG A 3 ol & A0 2 YEPFTH<E
5> #2). 28y Y7 AAMsE AA AR 9 o] Aol
gto] zfo] & Kol 208 EAHYT & €9, & 479
o] A of(seatback length)= AHEAHS] & HA & AA D 9
EE 66.5cmE A A5 9 2.1, ANSI/HFES(2007)E 45cm ©]4F©.
EAA A& AL glor, 71E AFL 45cms} 60cmE
AREEEAL Qlo] & Abol 7t e A2 EAH A

=]
Anj
__&
fu
[~

[ ofo Ly ot
|

5. AFH Yo H AA A4

. . Present Standard” Product’
Dimensions Code
study ANSI BS CEN DIN SS A B
Width DD1 46.7 46 <™ 41 40 < 40~45 42 < 46 48.5
Depth DD2 41.9 < 43 36~47 38~47 38~42 38~43 41 45
Seat-pan Min 37.1 38 43 39 42 43 43 42
Height Max DD3 52.5 56 51 54 54 50 50 48
Range 15.4 18 8 15 12 7 7 6
Width DD4 45.1 36 < 30~36 36~40 36~40 36~40 41.5 46.5
Seat-back
Length DD5 66.5 45 < - - - - 45 60
Width DD6 5.0 - 4 4 < - 4 < 5 4.8
Length DD7 33.0 - 22 20 < 20~28 20 < 37 34
Min 18.4 17 16 21 21 19
Arm-rest 19 21
Height Max DD8 29.7 27 23 25 25 25
Range 11.3 10 7 4 4 - - -
Clearance DD9 45.2 46 < 47~56 46~50 48~50 46 50 50
Width DDI10 51.7 52 - - - - 60 120
Leg-room Depth DDI11 66.8 60 - - - - 46 70.5
Height DD12 69.8 50~72 - 62 < 62 < 61 < 60 70
Width DD13 68.5 70 < - - - - 60 120
Min 52.8 50 - 60 60 62
Table . 62 73
Height Max DD14 69.8 72 - 68 68 67
Range 17.1 22 - 8 8 - - -

*

ANSI : American National Standards Institute, BS : British Standard, CEN : European Standard, DIN : German Standard, SS : Swedish Standard.
" Product information : A(OH2320B, Livart, Korea), B(OH3250BU, Neoce, Korea).
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2 APE SR FH A ALE Aa F A ZRQAA 2
79k AA)e] A tEd e e F ANSASH 27§
WS AT ALY HA PR HA 9 He A g
shol A7) O ALgAS] Tk A 27 B BAHL
2 OESE AARDL A6 Aeath 47 4o e

7129 txAArd A 7] EBittner ¢f 4., 1978; Kim and
Whang, 1997; Meindl et /., 1993)E.t} =3 H] &9 AF&A} Q1)
218 wg Ads) ESE AARAE AHT 5 9t
207 dHA L Yth(ung ef 4l., 2009). T3, 2 A9 HA
& A simulation 4 & 3 AHEAHE S| ThFT Al F A
& AN E AA ) F T AUt

4 W47} Gopt Uza MeEAE 2A Y
(Rahman, 2009; Chinneck, 2007; Breierova and Choudhari, 2001). T}
A A DR E B4 S Bl shobe thoFdt A Aol i
A e HA AA A AR F&stA 282 it
E 9 simulation 42 linkage human model& A}-8-3} 1
Ao A4 W stel w2 w3 WA e e FH E4o] 1L
HolA F2 A - o] At A7HL 7 ¥ 3skin deformation)
o} 22 54 EAo] 24} linkage human model ¥} 22 rigid
body= o] 2|3 EAS WhYslA X3tt whebA Hoh Ak
A simulation B4 & 9 A= B3] Mo} 2 52 EA
1871 g 83t
B A3 e AFH JazHo A AAE 2F AX
g 71E AFH vwstg oy, Ay AA e8s
A ZF A Aok B AT AA AFE 2 A
A 71EAE 25 ARG AL Ut ou, IR A
(o : TRl Y|} Ao))= ol AR E Hols Z 0%

ian module Anthropomotric database Help

TR 9. JASH A A A AJ2H

A% - o3 - 533

HE\9leh o2 @ A7 249 gol A AE A T
A7), B 54 ug, AN AT B4 Aola]

F

PO

2ol o2 AUk 12 8, B AFE 4 therEg
A5g BEAY 971 AFH AR A o2 vlwste] 4o
$44¢ VU 5 YA

2 Aol A A B AR 444 F4E A8 A
2937} Bt AE A PEe A4 71 3 A
ol B4 21 9o} 3T Eool tfF A A4 o]
BE50e A gl otk whebA AkE AA PEE AF A
A 2¢H 02 488 5 IS <37 9> Yehdh A3
2ol Algke AA W& A2dsele $4 A7/ Bas.
]
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