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ABSTRACT

Objective: The present study developed an estimation method of boundary zone representative humanoids(hereafter, EBZ
method) using descriptive statistics on the design target population. Background: The boundary zone method(hereafter, BZ
method) generates representative humanoids at a boundary zone that statistically accommodates a designated percent of the
design target population; however, the BZ method has a practical limitation because it requires a large scale anthropometric
database on the design target population. Method: The EBZ method developed in the present study consisted of 3 steps. In
the first step, the boundary zone of accommodating a designated percent(e.g., 90%) is formed under the assumption of
normal distributions for anthropometric sizes. In the second step, cases that fall within the boundary zone are estimated using
descriptive statistics(mean, standard deviation, and covariance) on the design target population. In the last step, K-mean
cluster analysis is conducted for the cases, and representative humanoids are selected from each of clusters. Results:
Evaluation results showed that mean accommodation percent of the EBZ method was 90.9%(range: 90.8~91.1%) which is
similar to the target percent(90%). In addition, standard deviation of accommodation percent for 100 repetitions was 0.1%.
Lastly, the number of representative humanoids generated by the EBZ method(n = 20) was similar to the BZ method(n =
16). Conclusion: The EBZ method can generate representative humanoids which accommodate a designated percent of the
design target population using descriptive statistics. Application: The EBZ method can be utilized in the generation of
humanoids for ergonomic design and evaluation of products when the large scale anthropometric database on the design
target population is not existed.

Keywords: Representative humanoid, Digital human simulation, Estimated boundary zone method, Multivariate
accommodation
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Figure 1. Comparison of representative humanoid generation
methods(large dot: representative humanoids, small dot: design
target users, source of raw data: Gordon et al.(1988))
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Figure 2. Generation process of boundary representative humanoids using Factor Analysis(AD: anthropometric dimension, F: factor,
n: number of anthropometric dimensions; small dot: design target population, large dot: representative humanoids)
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Figure 3. Generation process of estimated boundary zone representative humanoids(dotted line: boundary line,
small dot: design target users, large dot: estimated users, star: representative humanoids)
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2. Estimation Method of Boundary Zone
Representative Humanoids
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where: D = normalized squared distance
AD = n-by-1 body size matrix
n = number of anthropometric dimensions
u = n-by-1 average body size matrix
I = n-by-n covariance matrix

Z.(1— p) = Chi-squared value for n degree
of freedom and p probability

p = target accommodation percent
2.2 Estimation of cases within the Boundary Zone

el EEE AR e 30 AxE
; = A7) o ARgAel Tl 7]
g ol gstel AHgAe] QA7)

2 a9z R B4 WA 298 AR A
Qe el TP A o1 VEBAAR(IT, T2

F=AT A 85 Wl 21 AlFo] 170cme} 61kg?d
ARgARE BESE AlFAE I 240824 FA P99 WY
(4.41~4.82) 5 Hojdt}, w243 25o] 180cme}
63kgQ] AFEAR= EF3HE Al A7t 4.5824 AA 4
oyl 2EHETh v WA= A 49 el
H AEAE A" 2o 1,0007) o] T2 w74
How At

R
_l_‘l-E oo

2.3 Selection of representative humanoids by cluster
analysis
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Figure 4. Illustration of an optimal number of clusters

3. Performance Evaluation

3.1 Evaluation methods
3.1.1 Anthropometric data and variables

A= EBZ 719 d5E WUk SEl AARR
gxH7} golst US Army UASHA5E (Gordon et al.,
1988) & AFEslth. US Army AF&i= 1988\l vl
3,9827 (e 1,7749, ©f: 2,2087) & ti’Fe= 13870
QAT XF5 AAZoR S5 Au=2A, =
871 Wdlsta 54 2184do] &vh(Jung et al., 2009a).
a3, US Army Az QEYe] 370 1] (http://
mreed.umtri.umich.edu/mreed/downloads.html) {157
AANAEE GA FHE 5 Q= Aol vk # AT+
EBZ 71%& A48 dxAAz Ao US Army AEE
FH ALE 7T AAEE ol8stglon, e dEIA
wdo] A5 37k US Army 9AIAIEE &8319H.

EBZ 719¢] 4% H7He Hst AAHGTE @8 DHS Al
2EE] 284S adste] 2709 JAAMF g 5EAD 7
AHEEIQITE 3% DHS Al2EQl JACKO®S 719k B



Vol. 32, No. 3. 2013. 6.30

An Estimation Method of Representative Humanoids for Digital Human Simulation 241

= o ol 7P 3Ak AR RS AASITHUGS,
2006). & A= EBZ 7[H& ol&3to] A€ tlndAR
92 JACK" el AFAA AHEE F U Es 719 F7AE
AAASFE A7 sk3let

3.1.2 Performance measures
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Figure S. Illustration of a minimum volume ellipse
encompassing representative humanoids(small dot: target
users, dotted line: accommodation boundary line,
star: representative humanoids)
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where: A = n-by-n matrix of ellipse equation in the center form
p =d-by-n matrix of body sizes of ebzZRH
¢ =n-by-1 matrix of the center of the ellipse

3.1.3 Evaluation procedure and program
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Step 1: Formation of a boundary zone
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Figure 6. Generation and evaluation system of estimated
boundary zone representative humanoids(small dot: target
users, dotted line: accommodation boundary line,
star: representative humanoids)

3.2 Evaluation Results
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Table 1. Performance comparison between two generation
methods of representative humanoids(RH)

Method
Measure "
EBZ BZ

Accommodation Mean 90.9 91.0
percent(%) SD 0.1 0.6
Outlier proportion(%) 0.0 0.0
Mean 20.0 16.0

Number of RH
SD 1.5 2.7

*Source of data: Jung et al.(2009a)
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4. Discussion
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