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Objective: This study developed a determination method of representative points in
the space of principal components to generate representative cases for anthropometric
design and digital human simulation.

Background: The advanced generation method using principal component analysis
can create a group of representative cases that statistically accommodate a designated
percentage of design target users. However, a specific determination method of
representative points to generate representative cases has not been proposed in
existing studies.

Method: This study proposed a determination method of representative points on
an n-dimensional ellipse formed in the space of principal components. The
proposed method determined representative points on each principal component
and on the combination of principal components using an optimization model.
The performance of proposed method was evaluated by generating representative
cases for anthropometric design and digital human simulation of airplane cockpit.

Results: The proposed method selected eight representative points on an ellipse
formed to accommodate 95% of design target users in the space of two principal
components. The selected points represented one overall small user, two small users
with different body proportion, two medium users with different body proportion,
two large users with different body proportion, and one overall large user.

Conclusion: The proposed method properly determined representative points on
an ellipse in principal components.

Application: The proposed method can be used to generate representative cases
using principal component analysis for anthropometric design and digital human
simulation.

Keywords: Representative case, Anthropometric design, Digital human simulation,
Principal component analysis
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1. Introduction
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Figure 1. lllustration of percentile cases for two body dimensions (UAP: univariate accommodation percentage, MAP: multivariate
accommodation percentage, small dots: design target users, large dots: percentile cases)
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Figure 2. lllustration of representative cases on the ellipse boundary in two principal components (PC: principal component,
small dots: design target users, large dots: representative cases)
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2. Proposed Determination Method of Representative Cases
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max abs(prod(c)) (1
s.t. (C—0)TA(C—-0)<1

where: ¢ = first row vector of matrix €

C = m-by-n matrix of corner points of a n-dimensional rectangle,

0 = n-by-1 matrix of the center of n-dimensional ellipsoid,

A = n-by-n matrix of n-dimensional ellipse equation in the center form,
m = number of corner points, and

n = number of principal components.

3. Performance Evaluation of the Proposed Method
3.1 Method and materials

3.1.1 Anthropometric database and body dimensions

£ g0 Mote CHEX M4 7|8l 482 US Army 21X 578 XtE(Gordon et al, 1988)8 AESHO BZHE|QALE US Army AIEE
2 RS HMIstn A Crdet HE X A|AEO QINZFEEA LA A JH4etdd Eoto| 88

QUM Ha 132700f Tk HCher K4 X
£ Aok 2 A= MetE Y|Eel 45

740l US Army2| HM Xt2(1,774H)E

A Ao Baigl 7|E

AT (Zehner et al, 1999; Meindl et al, 1993)

=X =)

2gdt

=
=
ALt

2 XIX3

510] Table 101 Lt

= Aol QI Her= 398 =35 s X0
Bl 6502 ZHEIUCE OIS S, &2 71 ZBAQ| H2le Z54 HieTicanopy) 20| CiRBZ 79t BRO| oD, = &
Ol ZZH U/QIF AAY R =F4 =0 @2k 2#0| ULk
Table 1. Anthropometric dimensions and summary statistics for cockpit design (unit: mm)
Percentile
Anthropometric dimension | Code | Mean SD Min Max
2.5t 5th 50t 95t 97.5t
Sitting height AD1 9139 | 356 | 8080 | 8429 | 8550 | 9140 | 9720 | 9812 | 10320
Eye height AD2 | 7920 | 342 | 6730 | 7230 | 7370 | 7920 | 8480 | 857.0 | 9030
Acromial height AD3 | 5978 | 296 | 501.0 | 537.0 | 5490 | 5980 | 6460 | 6550 | 6950
Thumbtip reach AD4 | 8008 | 392 | 6620 | 731.0 | 7400 | 8000 | 8650 | 8792 | 980.0
Button-to-knee length AD5 | 6164 | 299 | 5060 | 5600 | 5680 | 6150 | 6680 | 6780 | 7230
Knee height AD6 | 5588 | 27.9 | 4540 | 5060 | 5140 | 5570 | 6050 | 6140 | 6750
3.1.2 Selection of principal components
2 d7s MFE 2N H0| tiot FHE2 242 Sl Table 20| LIEFH Zdaf 20| MA| MF2| 909%E HEst= 2749 FHES
FESIACL R AN FEE2 ZE QN Wb Uo| HBAAE Ho|n U0 BE QN o 37|F 0| ZHS= 22 A
O MOE|ULE. F B FHES M StH| 2 QN Mo R37t HHtk|B2 MHQF SMe| 27|18 ME BZE ZES= o
=2 Aoz ZMEACt
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Table 2. Principal component analysis results

Anthropometric dimension Code PCT . PC2 .
(overall size) (contrast between upper and lower bodies)
Sitting height AD1 0430 -0.397
Eye height AD2 0427 -0.401
Acromial height AD3 0410 -0.381
Thumbtip reach AD4 0.385 0430
Button-to-knee length AD5 0.382 0.442
Knee height AD6 0413 0.396
Eigen value 3.844 1.610
% cumulative variance 64.1 90.9

3.1.3 Formation of an ellipse

2 A7E 71F A (ung, 2018 Jung et al, 2009)F & 15t0] MA BTl 95%E +=&3t= EFAE Figure 42 20| MMSIRUCE M
ME EtRe MHE 4 FHE JUOM 4A YT 95%S mHoHs X4 BIHo| EFUOR MolE|QiCt AT Etelo] HXe
29882 LIE(GtOO, Bt HEH BN FH2)2 HEEF tﬂ W FHE)9 HX|E2 4729 31022 Tetx|QACt
6 . . . . .
al Case 4 |
Case 2 (0.00,.3.10) Case 6
(-3.35,2.23) (3.35,2.23)
2 Loy L W0 e 8.2 P e TR g 4
Case ase 8
~ (-4:72./0.00) (4.72) 0.00)
O 0r 1
o
Db e agoe 00 TSANBe B S S0 J
Case 3 Case 7
(-3.35,-2.23) Case 5 (3.35,-2.23)
4 J
(0.00, -3.10)
_6 1 1 L 1 L
-6 -4 -2 0 2 4 6
PCA1

Figure 4. Representative points (red dots) on the ellipse defined in two principal components (PC: principal component, small
dots: design target users, large dots: representative cases)
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3.2 Evaluation results

2 g7o tEH 27 7|ME Figure 40 LIEHH Zi0t 20| g7iel CHETEES MYstict BN, 420t Bt BE2 Bt &
ZH(x J)1t HEy H)0| EFYDE HohE 4702 HM(Figure 42| cases 1, 4, 5, 8) 22 HO|E|QICE d2|1 FMHE Zgtat Efe ¥ Ef
Q0| LiAshE Ao BY MZY (A = 293)9] 2AZ| H(Figure 42| cases 2, 3, 6, 7)2 2 ZFERALY,

e QM| ROl M| 27| 7|E AP (Meindl et al, 1993)E &1st0] FEE S7H0A FolEl 874 tharEE X A7|= &
A0 Table 31+ 20| AME|QUCE HHE CfE Q1K ZE2 Figure 50i LtEFLH Zdap ZHo| MA| REEHo| Chyst QK 37| =82

ESt= A2 E LIELRICE Figure 58 0|2 EH, case 12 2 QN =9 37|17t &2 ALXHE CHESY, cases 22t 32 Q1A
37|17k ®X|EE Q1M H4=0| 37| H|E0| CiH| = AMEXE HESHCE Cases 42t 5& QM| 37|17t RO 7P7tLt QK B9 3
7| H|Z0| ChH|=l= ALEAIE THESICE Case 61t 72 Q1A 377t AX|TF QAN #5=0] 37| H|EO| ChH|Z|= ALEXIO|H, case 82
Z2E QN H=0] 27|7t 2 AHEAME LtEHHCE,

Table 3. Body sizes of representative cases (unit: mm)

Case
Anthropometric dimension Code
1 2 3 4 5 6 7 8
Sitting height AD1 8420 8332 895.3 871.0 956.9 9326 994.7 985.8
Eye height AD2 7233 7143 7747 750.2 8337 809.3 869.6 860.7
Acromial height AD3 540.7 5335 583.1 563.5 632.1 6124 662.0 654.9
Thumbtip reach AD4 7299 7889 714.8 8522 749.5 886.9 8128 871.8
Button-to-knee length AD5 562.8 6084 550.3 656.6 576.2 682.5 624.4 670.0
Knee height AD6 504.6 5457 497.0 5925 525.1 620.6 5719 613.0
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Figure 5. Body sizes of the representative cases (small dots: design target users, large dots: representative cases)
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