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Abstract : Virtual human models are widely used to save time and expense in vehicle safety studies. A human model
is an essential tool to visualize and simulate a vehicle driver in virtual environments. This research is focused on
creation and application of a human model for virtual reality. The Korean anthropometric data published are selected to
determine basic human model dimensions. These data are applied to GEBOD, a human body data generation program,
which computes the body segment geometry, mass properties, joints locations and mechanical properties. The human
model was constituted using MADYMO based on data from GEBOD. Frontal crash and bump passing test were
simulated and the driver’s motion data calculated were transmitted into the virtual environment. The human model was
organized into scene graphs and its motion was visualized by virtual reality techniques including OpenGL Performer.
The human model can be controlled by an arm master to test driver’s behavior in the virtual environment,

Key words : Dummy(<] 3| 2. 2), Scene graph(Z# 1] ), Frontal crash( ™ %), Bump passing(H Z5-3}),
Virtual reality(7173 373 ), MADYMO(MAthematical Dynamic MOdel), GEBOD(GEnerator of BOdy Data)
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(e) 160 ms

Fig. 3 Dummy behavior simulation
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Fig. 7 Bump shape
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Fig. 10 Scene graph of human model

Fig. 11 Visualizatioﬁ gghuman model

43 HE| Y 7
Performerol| A] 3%} A A

el
7Ee2 BoFaRt sk W4l

sk g Aol olEakAY 3

206 sRAIsAIEstE=225 HM11A 55, 2003

r
b
o
e

Eye point

Fig. 12 Scene projection by view angle

Fig. 13 Multi channel system

o] ¥t ATA S HAFL nelstolol Bk A4
£ 3391 F7H| 9lo)o] L XA Performer
B EREBIEE

Performerol] 4| == HE] 2} d(multi channel)-2 o]-$§-
slo FAloll o2 7FA] Al A T F3de] &
A g #zst= zlo] 7hsslth ol & o] &3] vkt
Al -l A Q1A mele] AL Badd
ok A S AW, FH, 3, 1E]a g
ANz ) Zbzhe] Ad2 I
AFE 7EAH Alokzt Ul Eoi e
E ol Z(pipe)E B3l =l AL}
I RGP RE AR-dolA Ay e =
YH gl e A "ok Fig. 132 HE A9
B35t FEE A dAEde 53 AAwS

Ho]FEa 9ok



TIaEA TlgolM A2 2R ASO] JtAlE

4 X HEe| FHAlS)

MADYMO3| A A 3-8 7FA 3} 517] 9184 = <]
A9 7} FA o] Ah5EA B0 s alokat. o
yueld 71%%E 73] 98] 2o k= B
% DCS = =(dynamic coordinate system node) = -1
A5} o} Performerol] 1= SCS =T (static coordinate
system node) ¢} DCS :=X7} 91tk SCS 11257 ARE-
A7} A elahis waa o) el kel 45 4
215 ARStA, DCS == AFH 2ol o) 4

9] b el o] YA & AR
MADYMO®] 8|4 A& 1193z 992 shejv)
E}; DCS “=1=9)) x%ﬁ.o] 7} ]_:;_—,5_ EE]- ]?il:_

o £#(Bryant angle) 2 ¥ 3}5}93 L DCS s x &
& FA o2 sk HA(pitch) 3, yHE FHOE
Bl E(roll) 3] A, zH& T o2 = Q(yaw) &
Hog pAEY Zhzh veo]dE o] ¢, ¢2,
¢ 30l gt}

2713t H4& AH 1A Bl A Ld2 A
eze] 9)o) ASlEn). BeelalE e A4
b Eow ANgs 1 QA B

1 LI
2 3| A A7) A "t Fig 145 W £5 A] 23 &

"J'.\J OH

(¢) 160 ms

Fig. 14 Frontal crash visualization

() 4. sec

(e) 3.2 sec

Fig. 15 Bump passing visualization

A AEE B &

o], Fig. 15% 91T

Hl(time step)E 2 LEFH A
B3} Al Asolth

q

il

Nse Ao 7+A1‘ B
13

ok B Aol s A

b e -%%a o
AN A% B ATE S}

Q7o) # AL o/, B, £ FOE 74
e sl AR e TAREE b ek
webd 339 H £ES FEY 5 U SEA A

A7 A7) A B o 29 A
& 98D ol A0l A% westelof Bk

Fig. 160]31= & &%
7} vt giek

el 2o 2
G e A

B (device server) T’ﬂ 2

2 AA 71 et B HEA

—E & AA 7] A

= alu}ov H
S el st A g A
3oz dedHe] 1A

> 1A} 5715k He s gk 2

B (rendering server){] 71d-&h

85} oputebel ¢

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 5, 2003 207



Yun-seok Jeong - Kwon Son - Kyunghyun Choi

AIZE RIT ol AR Qlo] FHERE 31] 9
3 B2 ZZEFZE UDP(user datagram protocol)
B ZEEES o|gslgrth UDPE TCP(trans-
mission control protocol)2} o] © F G Ao} A&
A 715 YA HE S8 SHL AT QA7) 0
ol ejm 8749 T5 Hgelch. Fig. 17¢ T
S Asde] HAE FUE wolF o ok 27
A7t B LB ANNE HEAL BE S o)W
QA male] Bo] A FAYL FAE

Atk

Joint 5

Fig. 16 Arm master

58 E
B AT AP g wdoe s
FZbol] oA mEle PAEtT ek £dsle] &
Aze) AE L 78 eheih ol n B 9271 4
N71Z o] g5t T2¥ AA®S PHAEsAT)
sdTE Tl vE 22 2%E AU

208 sRAISALEEIS=27] HM11A M55, 2003

C

1) = T E et 7919 19979 Z71 B3 A
FAF BAAE Akl A Y Aol da
7% A5E ddEsigm, A AE WAYEE
1 GEBOD o] -8-3to] 14 = o] B35 )4
< 5H7] 918 223 dlole & AAd st

2) MADYMOE o] &3t 14 =& 743519
Az A FEI HE 53 Al Q1A AE
< sjAEtAnh QA Bde FA HF A 2h9
Hybrid l19}2] vl & & =4 B.94= Aok

3) OpenGL Performer 2lol 2 2j2} & o) &8t} )
3} QA mdlo] JPERAS 53R 1A
&8 78 STk 78 4o 1A e
2l AL E o] gate] AR SE U

TEH A28 MADYMOE o] 83te] 343
QA AE& 7M1 3} sk B Zhestal, & 57
AN 71E o]-§3te] A= AulE]o] Hrh 3R X
B 7179 RS EﬂﬁE—a‘}%tﬂ #-g-0] 7153
o} whehA ol & F
Ae g e &401 %é}ﬁ}.

o Heksojopd Al thg- ot %l
FEF AHZA ROA S A S4AEE
T, A o] AlFbel &8-3517] 9 T2 A3-E e}
Hl ol A o] AL o] Fol Aot utebA gk
N9 54E vk A =g A s A
= QA 2k opy el XA o] Ak AaE F4l
I 22 A EA gl g A7 F o] o) Fof A
oFgr Aotk el il E{17 S el B g4
o] oz} AAbel] THE A mdle] Ato] 2y
sojok gt wE S E PR o) 152 93
ANA| mEl¥Enl ol 7HdE A o) Aget 2 =
Ao} 7t o] Folxof & Fo g »elrk

‘\

)
LV CAEe )

J

References

1) K. Pimentel, K. Teixerira, Virtual Reality,
Mc-Graw Hill Co., 1993.

2) T. Dani, R. Gadh, “Virtual Reaility-A New
Technology for the Mechanical Engineer,” The
Mechanical Engineers Handbook, Chap. 14,
2nd Ed., Wiley, New York, 1998,

3) S. Jayaram, J. Vance, R. U. Jayaram, H.
Srinivasan, “Assessment of VR Technology



Motion Visualization of a Vehicle Driver Based on Virtual Reality

and Its Applications to Engineering Problems,”
Journal of Computing and Information Science
in Engineering, Vol.1, No.1, pp.72-83, 2000.

4) U. Jayaram, H. Tirumali, K. Lyons, S. Jayram,
“A Tool/Part/Human Interaction Model for
Assembly in Virtual Environment,” Proceeding
of the ASME Design Engineering Technical
Conferences, Paper No.DETC2000/CIE-14584,
2000.

5) L. B. Chyun, G. S. Choi, “Dynamic Stress
Analysis of Vehicle Using Virtual Proving
Ground Approach,” Transactions of KSAE,
Vol.7, No.4, pp.338-346, 1999.

6) R. Maruthayappan, A. Rao, V. Gupta, R.
Samaha, T. J. Trella, “Improved Finite Element
SID for In-Vehicle Simulation,” SAE 1999-
01-0716, 1999.

7) Korea Research Institute Standards and
Science, Korean Anthropometric Survey, 1997.

8) H. Cheng, A. Rizer, L. Obergefell, Generator of
Body Data Manual, Springfield, NTIS, 1994.

9) C. E. Clauser, J. T. McConville, J. W. Young,
Weight, Volume and Center of Mass of
Segments of the Human Body, AMRL-TR-
69-70, WPAFB OH, 1969.

10) R. F. Chandler, C. E. Clauser, J. T. McCon-
ville, H. M. Reynolds, J. W. Young, Investi-

gation of Inertial Properties of the Human
Body, AMRL-TR-74-137, WPAFB OH, 1975.

11) J. T. McConville, T. D. Churchill, I. Kaleps, C.
E. Clauser, J. Cuzzi, Anthropometric Relation-
ships of Body and Body Segment Moments of
Inertia, AMRL-TR-80-119 (AD A097238),
Aerospace Medical Research Laboratory,
WPAFB OH, 1980.

12) TNO Automotive, MADYMO User's Manual
3D Version 5.4, TNO Automotive, 1999. _

13) TNO Automotive, MADYMO Theory Manual
Version 6.0, TNO Automotive, 2001.

14) G. Eckel, K. Jones, Open GL Performer Get-
ting Started Guide, Mountain View, SGI, 2000.

15) G. Eckel, K. Jones, OpenGL Performer Prog-
rammers Guide, Mountain View, SGI, 2000.

16) O. Radek, Bounding Volume Hierarchy Ana-
lysis, FIMU-RS-2000-13, 2000.

17) L. Jesse, B. David, Linux C++ Programing,
Information Publishing, 2000.

18) E. N. Parviz, Computer-Aided Analysis of
Mechanical System, Prentice-Hall Inc., 1988.

19) D. K. Min, U. C. Jeong, J. B. Song, Y. I. Kim,
“Development of Arm Motion Generator and
Implementation of Active Impedance,” KSPE,
Vol.1, pp.68-71, 1999.

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 5, 2003 209



