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Abstract
The paper aims to simulate vibration of circular membrane on a computer screen
incorporated with X3D and browsers. X3D is a new generation virtual reality
programming language and it inherits VRML’s characteristics of virtual reality,
interaction and cross-platform. Because of the merits mentioned above, the paper uses
the Script node embedded ECMA Script language and PROTO node to simulate and construct

dynamic deformations of circular membranes on X3D.

Key Words: Virtual Reality, Circular membrane, VRML, X3D, ECMA Script

161



il

E+HS %8 (RE—o HfF)

F 03

I kod SNE AR A i o @ (B
FEAERLEZ AN RERARY FRD
T F SRR o RS I P
e

A E

(1?3’

5 i
(Motion blun)ens 7R 4 & T B ITE F
o B B %ﬁd LT g BHEITR
¥ = &% (1P): §H§4 (Imagination) -
- 14 (Interaction)fo g » 2 (Immersion) [1] - 2

LS A e 2R et @i 2D A

5o

FoAR AR f i h %02 3D R BT B
BRI NN3D BEEE CERY

AR 2 B ET L R R R Y

e IS hE

X3D ~ JAVA3D -~ OpenGL -~ Cult3D ¥ DirectX
#[2] -

d 3 AFE Y AT B R B 242 58 75 (Open

Source)sivf 4 FlptE & ® * X3D Fm T

B2 %5 03437 » - 183D Bl ik

P

TEHTORPE G RS SRR
N AR T EARN 1 > v £d Web3D #

4 e, Web3D shw £ 2 VRML 8% B2 » VRML

WP 4 1998 # it i Web3D WP - | £

162

Web3D # 1 X3D 24 2 1999 & 2 2 B 4

TR SlcEY 4 532003 £ =2 X3D
BB RN R FET ISO Fik o Bk

» X3D £_VRML 97 13 s » FJ b i
@t § 0 X3D k7 VRML thifd » % 3%
VRML e3¢ b % » 7 ¢ VRML ] 7 % 2
I EGHApE 0 ¥ b X3D it 24 R

pan

P

B ErZ T

& XML R0 2 e s = 243
gl T L[3] e

X3D eiEBp S in pdFgecd ? oo e A
* VRML i3 cdblg fre > @ 3 - B &
* X3D @3 4 % 0 Glde o Kim [4] &

A

F

* 9 X3D 2 XML 4tk 457 1 B R E
5 B 4 b feeh 3D 2 ARHCA
EED R

&0 JFd X3D kA e

» Tsai [5] #-

-

% £

X3D & B

L

3D § 4 &
ER I BV B

33

¢ ¥ 2 gAr eI B0 30 Liu [6]R14%

— B X3D s @ o B S

pd fr3D R E-

eV
ok TR R B A B
AP FAAMZATE & % > H R X3D

Popee bABR A H 0 FI AT E AR Y

X3D mEEFBRANETTAFATIE 7y

S AR Ao o R R ] At

R (E A D ARRY) 0 RS R RS A2



fnze

MERER F+HLE F—H F161-170H (RE-ORF)

Journal of Air Force Institute of Technology, Vol. 15, No. 1, pp. 161-170, 2016

2 X3D AR5 A8 0 Bfs i & H TR R R

RS T HRE o & oo

R FL 2 HE
AFE g ehp enE ) X3D k HER A E
b B OB s 5 F1AE 2 8 AR

et RS S ES T s

A E 8z Pl a 20 i

}’:ﬁ;(.n}{ :{ﬁv/’%‘ﬁ X3D 7 ﬂ\/}?ﬁ’“éﬂ% = FP A i_r}?]
ApE R EE 2 UG EMG A

it A8 2R AR R E A S AR

Nz fs o T BHIL IR X3D AT B

-\ ’I"‘

}PF’PE}

X2 o X3D A2 KT OLEE - A
* 3 T A M iR o e F] 5 X3D gt
“Lfﬁ-ﬁiﬂ

% Route > * x §_ XML .58 » 4

2z,
g

e

B z 542 % & o Node

i e

WALE B A 0wk X3D-Edit & iR

2,

AhiEx & X3D 2N 0 kfs > d BS

Contact i fr X3D #2.3% » fe e R-[F] 2 & 9k #+

R e

7 AR

/rl ﬁp ip Af?{_‘&f'g] 1 MT—T °

5~ A E RS S 250

WREILE A - B LY GLeh

LEXY

pead

K8

G RAT  PRS R 0 bl g %

163

-~
v

Sk RIL K - M R AR R AT b A

Fre R0 BE st i i Tl g e
Fb A FEHE 0 R 4o T = BRePIERR L

Bk 4R B 51
FEE)

b B E

2 BRI (T E ma e

i

02, R ENAF T A Xy Th

ER2Z%A T Yk 03 ¥k

I o)
CaPE TR

ﬁvl“' }\JI& U(th) %ﬁvfﬁ "Lbﬁj"i

,J~ o

-
73
&

F125 & moendm & > 4258 ok p 24835

E=E S AR E N TR IS L

ARk Sea (B F] > 4B E ARG S AR e

T
(@) o
u=0 ,i=3:F % (2)
u(x, y.0)= f(x,y), 3)
u(x,y.0)=g(x, y), (@)

# ’02=%’Té§f@_£}§:ﬁﬂ§,p;;§

WA o 2% > L7 (D)5 i kR R e

255 T3l A BETORE 00 0 v P e

j, ©)

e &ordes 5o

X By R (rdoT o

r=yx’+y*, 0= tanl(l

X
*LL ,X—)r’r»y"T

X=rcosd, y=rsing,

(6)



BESE StES -8 (RE—o 1fF)

#(B)58 1 A ()58 o A I L r fe O B (1) 7

J (7)

&R E S AR 0 F]

Fixfrys ¥ @

.

1o
r? 06?2

o°u

u_ o0
or?

ot?

Lo
r or

2

c

T
Yo
(7)5% #r it & hE [F]A) e
5 F BRI E LR L Ry 2 Ap MR

RE- =

W AR iR U oF B S e H A

z

(rotationally symmetric) pF > R (7) 5% ¢

o’u , v e a Lo
—2=O A E U BRI ET Y fe t 30 $ic
00
u(rt) > Tt o {19558 s 6 > 4258 2 4p BE coif
RiE T £ R RA
P2, 12)
t2 " \or? ror)
8
=L
Yo,
u(R,t)=0 I t>0, (9)
u(r,0)=f(r), (10)
u(r.0)=g(r), (12)

se

A2 E Y EAR M RE X3D o

RefA5ER B S AR 3 K2

/ﬂ

AP { o S e RT3 e

T

u(r,t)=> (A, cos(4,t)+ B, sin(4,t))x

(12)

164

(04 v =2 Y
He > 4 =c—™ > J, % 0FF Bessel Sudic > 5% 5

e
‘]O(X)_ [Z(:) 22m(m|)2 ! (13)

£ =05 pld (10)58 7 @
u(r,0) :iAnJO(—rj f(r), (14)

3P g Ay 5 6> Fourier-Bessel & #icz. %

ﬁ;:’ rﬂl}b t}_j\;‘é}‘ﬂgﬁ:m;ﬁ =2 ||_,. %7 ?T\’T’r"&f’
-
2 R
rf(r)d,| ==r (dr
R ( )jo ()"(R j (15)
m=1,2’...
gt o B - B Kreyszig[7]eh6|+ ¢ e

L Lo 1ft %A 5 2slug/ft® > T=8 Ib/ft » 4= 45

RS0 B i

f(r)=1-r* [ft], (16)
d FiReig it e F
C2:1:§:4 ’ AT]ZSL
P 2 am Jl(am)
ﬂa%”'&p"&fi =3 O’ HT'] B _O ’ ,.:“E‘] - /;l‘ )f’IJ

JL

u(r,t)=1.108J,(2.4048r)cos(4.8097t)—
0140J,(5.5201r )cos(11.0402t ) +
0.045J,,(8.6537r)cos(17.3075t ) —

(17)

r‘!’! ’Ff—iﬁy;,gm gt:

AN Ul )3 FE R 2 S AR

HY 2 SR T LRBO)NSED X PR YIS

-

% A E rcosd, rsingd > A u(rt)i: z > @



fnze

MERER F+HLE F—H F161-170H (RE-ORF)

Journal of Air Force Institute of Technology, Vol. 15, No. 1, pp. 161-170, 2016

R ot )]*u? MERIXyz = B B

W R AL > B e R ER S X3D
A2 A N AR 0 TV DA R

L LR

£ ~ 12 X3D fa F125 8 w0 i %A W

P75 R B 4 S B ) — & & R

> %

o AR ARSI X3D AR R

2

5vppm

Bt s % R3] 0 X3D A2 o

FE2E 40T i > F A1 Background & ghiE 4

BRIBETIHEI » £ F %IE Script &gk
Script & - ¥ 3 7 o~ N F T
ECMAScript > %gv} ECMAScript #2 ;%3 3 ¢

Faph s Wb - 2% 5 51 PROTO 25 > 12
Bedp A - B S (7)) F AR B

X3D - d 2t ST F R R T

Btk 18 N E R € s R N R
B B X3D hiE £ T > bk A iF L

NurbsSurface & 2% 3412 5 [f]12) /& %k &
# 45 %)

BAZ S FE S i Rlo B 2 9 o

A e 5a 3 2 Yk X3D AT
d ot e R X3D A7 2 E BT
,«,;g;ga,g;@ssq,,bgﬁ g

/ﬁﬁX3D ﬁi}\ ’ u__l_ffuﬁd]

_j\ﬁin

A

)i

BS Contact

R B B iy %2 Bl

o

165

GAENAT) R AR SRR E

A T T A

~3

PP St P EEO~ty 5 —

BELA SR T HEF T RER . kR t=1/8

t1~141, 38113 1/21 2 U(r,t)é‘ B4 B 3~

B 6“7 o

-~ X3DHF N

§ P B I G ET % X3D A2

7

YL AR P 2 RS adF X3D

gL oot Bl gy

SRR SN Sy
EH 0L TS Aot BT R A T H
CESEE S R =TS ST R

T OX3D mEF EASDHTEF BS

Contact ~ Flux Player ~ FreeWRL -~ instant
reality ~ Xj3D ~ Octaga f= Vcom3D % > & &

H

TR

FHIFLT LA BB AR

e

L

F1H R

g * e X3D E e % = BS Contact > 4 &

;=

AR 0 ]

Bitmanagement = @ B4 > P @ B ATe0

7.1 > BS Contact 82 jh 75 %1

o h A R



BESE StES -8 (RE—o 1fF)

Contact 5 X3D ] ff %

A
j\fgi'%%?}iw'? 2. X3D #23%3F %
B WL TR I oo d S AR B

T A RfRS S TR SRR fp M SR

TR :ESES TS TS EN-EF PEE

Wh BTl RE S S & B i e

R E 2N i o B fs -2 % 2 X3D £
Rk EFEIMF BRI $ehp eho

ARG EY R E RS S
X3D #& > B AFE RS %0 i
Mopt- S REP RERT BAESET XD T

B B 2 R

TR F 7 Pt o i X3D EIRE

R

VRML 4 5 > & H 4n
3 & A2 TR A D
Il 4 vﬂ[s 9, 10] -
B X3D e 2 fo " 7 2 Web3D 5%
Bt iR -

54 e

1. Sherman, W. R. and Craig, A. B,

166

10.

Understanding Virtual Reality: Interface,
Application, and Design, Elsevier Science,
USA, 2003.

McMenemy, K. and Ferguson, S., A
Hitchhikers Guide to Virtual Reality, A K
Peters, Ltd., MA, USA, 2007.

Brutzman, D. and Daly, L. X3D:
Extensible 3D Graphics for Web Author,
Elsevier Inc., USA, 2007.

Kim, T. and Fishwick, P. A., “A 3D
XML-Based Customized Framework for
Dynamic Models,” Proceedings of the
Seventh International Conference on 3D
Web Technology, 2002, pps.103-109.

Tsai, J. F, Kouh, J. S. and Chen, L.,
“Constructing the Simulation Examples for
the Courses of Dynamics and Fluid

Mechanics by X3D,” Ocean '04 -
MTS/IEEE Techno-Ocean '04: Bridges
AcCross the Oceans- Conference

Proceedings, 2004, pp. 573-577.

Li, Q. and Sourin, A., “Function-Based
Shape Modeling and Visualization in
X3D,” Proceedings of the Eleventh
International Conference on 3D Web
Technology, 2006, pp. 131-141.

Kreyszig, E. (2006),
Engineering Mathematics, 9" Ed.,
Wiley & Sons, USA.

Advanced
John

Geroikenko, V. and Chen, C., Visualizing
Information Using SVG and X3D,
Springer-Verlag, UK, 2005.

S & 3, 5k k4 o 5k &4F, X3D AR
TR DF DA ZIHERERKTEY,
T3 1 EARA, ¢ R, 2007 -

S &3, Sk k4 fo 5k A4F, X3D = #E#
R Ry L G N I K L -
PEE, RS ENRA, PR, 2008 -



MERERE® F+HE £—H H£161-1708 (RE-ORF)
Journal of Air Force Institute of Technology, Vol. 15, No. 1, pp. 161-170, 2016

el KigTEATE R
Jry HROFEATHR HIX 3D 2=

RN 44
BUZIEEES,
#1T X3DFEK

THERETR
iN: Lo

Bl 3 m

[SUGI e
X3D R

Background Script ] ECMAScript
CUESEL ECMAScript ERVAr AL

BREAR ERERATHEAE

NurbsSurface PROTO  ffi ECMAScript
EELEIE AR xRz STEARETS AR

AR & B R

=5
[ElfZ SRS
(DEEDaT s vl

PR EL

B2 X3D m#EF HALF T SR

167



MEREMBREHR F+HL F—H(KE-—Ho ZF

B3 285 u)d Bl- =181t

B4 F2EEe ur)REm- o =14

168




MEHMBRER E£+EE F—H F161-170EH (RE-OHF)
Journal of Air Force Institute of Technology, Vol. 15, No. 1, pp. 161-170, 2016

B 5 RAERS ur)E B = > t=1/4t

B6 [2EsEs urh)R Bl > =121




MEEMBEREHR F+HEE F-—H(KE—0 5F)

170



