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Generation of Parametric Human Body Segment Models Using
Korean Anthropometric Data

Bon-Yeol Koo*, Myeong-Hwan Choi*, Je-Wook Chae** and Jay-Jung Kim***

ABSTRACT

In this paper, we propose a methodology of generating a parametric segment model for human body
using the Korean anthropometric data. The model is defined as an articulated body model consisted
with 19 ellipsoid primitives. The primitives are joined at locations representing the physical joints of
human body. A lot of previous researches have suggested methodologies of generating body models
using the European or American anthropometric data, so that these models were inappropriate for engi-
neering analyses and simulations in case of the Koreans. We defined a set of 35 body dimensions repre-
senting our segment model based on the anthropometric data of Koreans. Also we defined four key
parameters of age, height, weight and waist circumference, and then we applied regression equations to
associate the parameters to the aforementioned dimensions. As the results, we obtained the parametric
human body segment models according to the various body types and the subject-specific models for a
specific individual. The models in the various industries can be used as the base models for static and

dynamic analysis considering the Koreans.
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Fig. 1. Procedures used in generating the proposed
human body model.
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Fig. 2. Constructions of articulated human body models.
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Table 1. Collected anthropometric data sets
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Table 2. Definition of 35 key body dimensions
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v
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Fig. 4. Procedure for obtaining 35 key body dimensions.
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Fig. 5. Example of scatter diagrams for shoulder height vs. height, weight and waist circumference.

Table 3. Example of regression equations
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Fig. 6. Standard error of values estimated from the regression equation (7~16 ages).
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Fig. 7. Standard error of values estimated from the regression equation (17~69 ages).
FRYUMK 0 thE SHA} FHx 2 y2
2000 100
1800 (—fw %0
1600 & 80
1400 \ = 70
\
: .
1200 , 60
E i -
4k 0 t'
B 1000 50
= T
ad 1 4]
o e00 ‘1 20
600 30
a
200 F.'\ > ‘\\-.. 20
AV AT b
200 b . J V* 10
OJ ---l-lllllllll-llll Bl lealn -.ll‘o
680838806806 a0 R8888888888888
— O E —— Sample UFY) —e— Sample 1'(FF) Sample 2(5%Y) ——— Sample 2(F )
---#--- Sample 3(&%) ---#--- Sample 3(FW) Sample 4{5H) Sample 4(373)

Fig. 8. Comparison between the measured values and the estimated values.

of utA A Aolth 7| A ] e (head), &
(neck), E5(torso)0ll 3F3= £43 ZAE A&
Uehl&= 442 GEBODE w2+ wbd, Al EA
7He B4 9 AR (limb)ol] Tg ZQ1E X &
oA Al e st olelsk A2 AAQ] 7 E
A& thE e EFIA A 2T FriE Q] 91l
A o 22 7E] 7S ZINe R AlLE Qi
A= E(footyS A2t 7 EFAAIL] XY A <}

p
R

3=CAD,/CAMT 3] =87 A16¥ A6z 20113 12¢

s

A

= ZRUEQ X FEE 0(zero)o 2, Y-Z 3
Hadol Aokl 7HdSkAT 18]al EXlE ZHk(pelvis)
# FE" 23 (hip joint)? F-5-(thorax)2} HHF
o7l ZJE(shoulder joint)E A|2Jgt ZE ZQIES]
Y F3E = 0(zero)2 2 7HF3IATE & AFolA = o]
o} 7+8- 2714] 7Hg3% Fig. 69l =A1E EEE 716k
o= v, &, 552 A A (limb) &E el s
e EFA Wk (ellipsoid semiaxes)Z} Z21E 9%

I



Al
o]

}\
b
olE 7
=

e e |
e w2

=le] 2l

WE 715

Z(scapular) 4 -& °]Zﬂ °] o &S

QA o7 Lol Zo] ulg

A el g

EES EBEEREL RN

=23 THTable 4, 5). Fig. 9= Q1A ¢] a)3-847]
] gizk/]s}ﬂo]tq

5 QlTh F, ool thek BhdAe] Y R (o)

UH](D,)2—E

GERRITE 23 AAle] Aol 8

S (Dy)e] WP+
L],E]_\/H 2= O]J_qua]_

x_Z-r]

(upper arm) £42] 7

2] QAR A3

k-2 1%?247101(&7)/2;

, X9} Y vk SBEY(D,)/2n)E YEr § 3

31>4

= 71A O%l~ E9, ¢4 Az ok ol9k 2] Fig. 99 EAIE P EE o] &3, of
S &b, ol= 2 Z(forearm), <=(hand), '\ 2| Tt}] (thigh), A (calf)
Aoz JE} 223 Hh(foot) & VA F-Ef tigh A HkS
A 4= Qiok. gk o] ZHE 7}  FIA 9] A4
=89 W) /2= A =1 ZRJAE M= Ak = 3l
ZEY 9 W= 0|5 o] &3l WF=R] I (elbow joint)ell Tt AL /i‘.
dFste A =E3 BW ogat o] R S Qlth 94, 912

Table 4. Joint locations relative to the segments ellipsoid

Joint Locations

Joint Relative to
X Y V4
| Pelvis 0 0 (D; — Ds — Dy + 0.1(D, — Dy))/2
Abdomen-pelvis
Abdomen 0 0 —(D, — Dy)/10
Abdomen 0 0 (D, = Dy)/10
Thorax-abdomen
Thorax 0 0 —9(D, — Dy)/20
Thorax 0 0 9(D, — Dy)/20
Neck-thorax
Neck 0 0 —(D, — Dg — — Do/(2m))/2
Neck 0 0 (D, — Dy — Dy/(2m))/2
Head-neck
Head 0 0 —(Dg + Dy/(2m))/2
. . Pelvis 0 —(Ds— Du/ )2 —(Dy—(D—Dy)/ 10 =D+ Ds—Dyy/ 1) /2
Right hip - -
Right thigh 0 0 (Dy — D5 — Do3 + Doy/m)2
Right thigh 0 0 —(D; — D5 — Dy; + Dyy/n)/2
Right knee | ——— = (D) — Ds — Dy + Dy/m)
Right calf 0 0 (D3 — Dy + Dag/(2m) — Dag/m)/2
Right calf 0 0 —(Dy; — Dy — Dyg/(2m))/2
Right ankle .g D 9 v/2m)
Right foot D»o/2 0 (Dyg — Dag/m)/2
Left hi Pelvis 0 (Dis— Dy/ )2 —(Dy— (D= Dy)/10 = D+ Ds— Dy /1) /2
eft hi
P Left thigh 0 0 (D — D5 — Dy; + Doy/m)/2
. Left thigh 0 0 —(D; — D5 — Dy; + Doy/n)/2
Left knee
Left calf 0 0 (Dy; — Dyy + Dyg/(27) — Dyg/m)/2
Left calf 0 0 —(Dy; — Dy — Dyg/(27m))/2
Left ankle crea (D. = 2/(21)
Left foot Dyo/2 0 (Dyy — Dag/m)/2
Thorax 0 -Dy¢/2 D, — D; — D\y/(2m
Right shoulder - - (0 w2m)
Right upper arm 0 0 (D17 — Diy/m)2
Right upper arm 0 0 —(Dy7 — Dyy/n)/2
Right elbow | —— P Dy — Day/m)
Right forearm 0 0 (Dig — Dy0/m)/2
. . Right forearm 0 0 —(Dyg — Dy/m)2
Right wrist -
Right hand 0 0 (D3; — Dy/(2m))/2
Th 0 D,o/2 D, — D3 — Dyo/(2
Left shoulder orax ! (D, 1/(2m))
Left upper arm 0 0 (Dy; — Dyo/m)/2
Left elbow Left upper arm 0 0 —(Dy7 — Dyy/m)2
Left forearm 0 0 (Dyg — Day/m)/2
. Left forearm 0 0 —(Dyg — Dy/m)2
Left wrist
Left hand 0 0 (D33 — Dy/(27))/2
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Table 5. Ellipsoid semiaxes

e, HE, A, A

Semiaxis
Segment
X Y Z
Head Dy/2 D,/2 (Dg + Do/(2m))/2
Neck Dy/(21) Dy/(21) (D; — Dg — D, + Dy/(2m))/2
Thorax Dy /2 D,/2 0.45(D, — Dy)
Abdomen Dy/2 Dy,/2 (D, — D,)/10 + Dy/n
Pelvis Dys/2 Dy¢/2 (D, + Ds — D, — 0.1(D;, — Dy))2
Right and Left Thigh (Day + Das)/(4m) (Dyy + Das)/(4m) (Dy—Ds—Dy;+ (Dyy+ Do) /1) /2
Right and Left Calf Dy,/(27) Dy/(27) (Dy; — Dy + Day/(27))/2
Right and Left Foot Dy1/2 Dsy/2 Dy /2
Right and Left Upper Arm | D,o/(27) Dyo/(2m) Dy, /2
Right and Left Forearm D,y/(27) D,y/(2m) Dyg/2
Right and Left Hand Dy./2 Dy,/2 + 10 D/ 2
Right and Left Scapular Dyo/(27) ?2)7;;)/ /22_ Do/ (2m) + Dis/ Dy /(27)
o Head Top
I Zy= hlrurm)
o Dw2 _— Segment T
shoder /T x _.fb.:_,_\._ | ‘V\\
Sphere | ) Ellipsoid Center /
a, OULDHI2 e Ou (b) Ellipsoid Z Semiaxes
Hip Sphere 1% A
| ~N b Dy o,
: - Shoulder sphere : Dys/2m)
Knee !:-‘P.h\t_w . Elbow sphere : Dyl(2m)
(| Wrist sphere : Dy(2m)
Dy Hip sphere : Dys(2m)
"")‘?}5{"’" Knee sphere : Dyli2m)
L] : 7 fos - Ankile sphere : Dysli2m)

(a) Joint Sphere Concept

Fig. 9. Concept used to determine joint locations and ellipsoid semiaxes.
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Fig. 10. Implemented a system to visualize human body segment models.
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Fig. 11. Results of human body segment models generated according to various body types.
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Fig. 13. Different body shape types.
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