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Abstract : In these days, a vehicle simulator is developed by using a VR(Virtual Reality) system. A VR system must
provide a vehicle simulator with a natural interaction, a sufficient immersion and realistic images. To achieve this, it is
important to provide a fast and uniform rendering performance regardless of the complexity of virtual worlds or the

level of simulation,

In this paper, modeling methods which offer an improved rendering performance for complex VR applications as 3D
road model have been implemented and verified. The key idea of the methods is to reduce a load of VR system by
means of LOD(Level of Detail), alpha blending texture mapping, texture mip-mapping and bilboard. Hence, in 3D road
model where a simulation is complex or a scene is very large, the methods can provide uniform and acceptable frame

rates. The VR system which is constructed with the methods has been experimented under the various application
environments. It is confirmed that the proposed methods are effective and adequate to the VR system which associates

with a vehicle simulator.
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(a) Mesh model for FEM

(b) Mesh model for VR
Fig. 1 Comparison between FEM model and VR model
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(a)LowLOD

(b) Mid LOD

(c) High LOD
Fig. 2 VR model for LOD effect
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(a) Entire mode

(b) Near view distance

(c) Middle view distance

(d) Faraway view distance
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(e) Diagram of view distance
Fig. 3 Rendered images about view distance
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Fig. 4 Components of 3D road model

A gl Aselyt BIE A 7IA & B

2R REE AT T Qe ol Yk

32 ERodzl

2493 74 A WA dAE 2Ed diidedl of
3 dlolEl 2 FRsHs SAlelth A Y T4
< §J3 diolg 32 AA 2do] Aot FEol
gk g o|u| X g FRSHE Fojth £ A7
Ae 38 ARE ' 2 3D AAE st

27 21 AABSATh 271 492 A(spline)
29 g Bood T4 TR Y 3
el AYsHE Ao FHH] v

flo ok

o U RGN O O
o &

| 3D Modeling |

!

[ Samppling of Map texture l

| Texture mapping l

Fig. 5 Flow of 3D modeling

166 SRARSABES=2T HRA M5S, 2004

« K

718 - AMN - M
st AAE Fostan. 9WidE 2l BE5S
Blelst & o] a3 BE theirs LEAF
I 722 AL BS ol83te] dax A AR E A
o}k 298 o] =4 Fig. 59 o] 7-A "t

321 R

IEEZE 7R Y 2 EY %‘3}3
FH A EES Hosle] AR E}% 2 4
olf] 3 & 53 AL oA 2 RE =2 H AlA

(a) Low LOD

(b) Middle LOD

(c) High LOD
Fig. 6 Images of road model using LOD



Fig. 7 Facilities
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(b) Rendered image of tollgate
Fig. 9 Rendered images of 3D road
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Table 1 Results and states for rendered images

TE Model A Model B
Face 9,820 9,729
Polygon 19,450 19,566
Vertices 39,090 39,024
Texture{RGB) 120(4855KB) 117(4279KB)
Texture(RGB alpha) 76(9725KB) 76(9725KB)
LOD 32 72
View Distance 4,000 2,000
Frame/sec (Average) 40 55




A Study on the Improving the Rendering Performance of the 3D Road Model for the Vehicle Simulator

F rardd gz dusy A3 Rd A=
40 frame/sec , =& B+ 55frame/sec & H {J T} AAL
A3k} deu) Aol 24 frame/sec, TH3} 317} 16~
24 frame/seco|™, Q17k¢] A&FF o2 Q14 d=
ZH A& 18 framefsec]-S 7etstd F 2do]
AP A5 ST RE AT e

gy 2d ] 7PE S g i e A
L& 15framefsece] =}o)r} itk 2d Bo L%
LODS} Ao Ag) e = Ad) u]a] zhzt 20 A

ol7t =S sigith. ol QA% gBabel Aol
U @Ak A Y A GAHES A 10%0] 4 7
2ATE ETE DS F U] Wi AR AIE
doldel A WAL #AY & Ak =7
we Al md B«] Zg2 2= 7Y B/ 2d A
B} 1667) o B} At o2 FETY S
ZH A& vlHBACIA T, AT E Bl
AY $40] Ajd A5 o 2
< ﬂ"?l% T Atk = 3D Eiiﬂ“ﬂ 2gH 713

F

90] °§}§— = P} _‘?_Eiualo]] 3 Ao

AzHE Ao £5= gdo] g2 AR
1= Ee e 39 o2 vHeR] &g

) = AsH 2D BelAle] ]
-,T:LEE]E—O oo]:% 71-}\,\]7]15 Hk3k 1y o}
F£ LOD 7|3
Aok A& ¢ -/,E;‘q-g—}_g;}ﬁ AN AAE T Ue

F

i3
Lo
a7
o,
e
o
£
_V}L

28] Fitel
7tee & 1015-4 73%01] 4~8 frame/sec 74 %=

- srolak 2= gtk o]7=1° ZHieol
&7 2
A At o2 %
dgol gojA

) _I
L

el Ggol B

£ @7l oy

up
FEeo 2d

T ol
_{

mn‘, _N, mlo
fr &

o & & w
0::
ol
¢

I

it
rir
I3
Ay
jshet
nﬁo
{l

2
o &%

i
L)
g3
L
N
N

o
T
Ky
2
o

_?L

© o i g
>
)

ne xR oox g

tlo o
4

=

[ b
kod
i e ol Br
>
b
o
o
=
K
&
0,

e o
=
o H2
o
@

e 2
fo &
g 7 It

e}

0,
o
L
o
fo
o
N
2
P
2
|6
o
o

W 488 Aol AT TeYe ool 4
T 78] ol# A HEg A% st=gol uA%
shol] thet A Wy o g = HAax gt uwhehA
wdo] tsiA LOD 71l HedAS AFast
@, B Feag HHsgtoan sl 4
ol g A Ay A5 S THE F YS A
o|th.
6. 24 E

shom, A7 AFE L 9]

= o EO
A 2dad RES ANIE AT BAS
AR,

T 1gPe revde] qge 2aY /)Y
2 AuY 7He AgEkn ASe] Askel A
9 Qg AP olF 98 2 vy 2
AT 7)o 4440 e T Aje) 3D ERE
We FAGAT o8 o] gl B yE 2 7
Holl e A A s AL Tatel AEAY
oh Aol e e EolE duhe WA o
Eglo} A% ¥ Rale] Hg8 FH7E w2
B27} 2l et 2 A 4 A o)

A o

lo
fr
¥ X
2
ofd

EEL 1839 3D 25 U3 gy
PAS AT @, e 3 28 mA)
2M AF AEHoly Mue s 15T
ﬂ] Hgch =3 73} F8) Ho) 21Rke AlF

}Bk«l 35 Frtel w2 u]§3 7|3k
& Aoz 7|g gk

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 5, 2004 169



Holel - & A - AT - ZUIS - B - MY

5 7
B e FFASAT 5 T RA IR A
M) AR AT AE S ATH) A L 5
=221 Al o) Aoz o]Fo] W RO 2A, oo
BAA el 27 A= Yk,

References

1) J. S. Freeman, G. Watson, Y. E. Papelis, T. C.
Lin, A. Tayyab, R. A. Romano, J. G. Kuhl,
“The Towa Driving Simulator : An Imple-
mentation and Application Overview,” SAE
950174, 1995.

2) W. Kading, F. Hoffmeyer, “The Advanced
Dimler-Benz Driving Simulator,” SAE 950
175, 1995.

3) D. H. Weir, S. M. Bourne, “An Overview of
the DRI Driving Simulator,” SAE 950173,
199s.

4) J. T. Seo, M. R. Jung, “Design and Imple-
mentation of Virtual Reality Input-Output
Interface for PC,” Proceedings of Korean
Science of Emotion and Sensibility, pp.
129-133, 1997.

5) D. C. Choi, J. H. Kim, S. C. Yoo, W. S. Lee,
“Development of Database and Real-Time
Graphics Engines for Virtual Driving Environ-
ment of Driving Simulators,” Conference Pro

170 siExi=AlZats|=2F] M124 M55, 2004

ceeding of the Korea Information Science
Society HCI2000, pp.498-503, 2000.

6) K. Son, K. H. Choi, S. S. Eom, S. J. Hong,
“Factors Related to Velocity Perception in a
Graphic Simulator,” Transactions of the KSAE,
Vol.9, No.2, pp.121-130, 2001.

7) M. W. Suh, K. Y. Cho, D. Y. Park, “Develop-
ment of the SVPG(Sungkyunkwan Univ. Vir-
tual Proving Ground) : II. Development of
Graphic System for the Virtual Reality,” 2001
KSAE Spring Conference Proceedings, pp.582-
588, 2001.

8) Multigen Creator User's Guide, Multigen
Paradigm, 2001. '

9) Vega Programmer’s Guide, Multigen Para-
digm, 2001.

10) K. Y. Wohn, J. H. Park, “Human Sensibility
Ergonomics and Virtual Reality Technologies,”
Journal of the Korean Society of Precision
Engineering, Vol.18, No.2, pp.40-45, 2001.

11) J. H. Park, “Human Performance of the Three-
dimensional Control Task in Virtual Environ-

-ment,” International Journal of Industrial Ergo-
nomics, Elsevier Science, Vol.18 No.2, pp.187-
191, 1996.

12) R. S. Wright, Jr. M. Sweet, Open GL Super-
Bible Second Edition, Infobook, 2001.

13) J. M. Ahn, 3D Studio Max 3, Digital Books,
1999,



