SR aEeE A 21

Journal of the Korean Society of Precision Engineering, Vol. 21,

A E (20043 1Y)

No. 11, November 2004.

@57 @ Intelligent HCIE {8t TSI 7|&

7hate

doflMe Se5n 78

Sound Rendering Techniques for Virtual reality

Jong Min Lee* and Yoha Hwang*

Key Words : Virtual reality (714 % A1), Sound rendering (&3 & 2}), Dental simulator (X3} A] & 2] o] &)

1. M8

SEFaAE Y AAE 783 A
2524E hsEtA dted oM dS Fae
8424 A7k-FFE 435 2E(human-computer
interaction) A|2¥lofA] %FAQ AHRET opg
EAZ, A7, AR 5& ALIE ofF W
98-8 3. Z8 &3 (Foley sound)o]H EE=
SZEHdE fudold, 3}, AY AN WA
AMEE I Qlon, dutH o FFEHRE e o
< =% AgHoln Azke] o HYe HAelY]
of &9 §3 HEZEA s 15T AEY
2 A Ao oste wEAAL vt 1YY FHAF
g AzdoM s oM E(event)o] Wt o]m| X
A9 AgE YNT|E Aol of A £3
dolut whgof wet 2|7t UEF st AAAZES
woAFE Ao Jbedof It wEbA JAHF
B9 F3zgol w2t dAztez AFEL I
EE vHEo U Ropd dig d7E e
A &eo) e Fashn], 2000 I ZEHEEH o]
L A gu Y AFHE0] EEH Yt

22E AA A AFolv AH FWHe A
ol &719 ¢d& HSAAM TAEA drh

* AT T Y EgfolB2AATAY
Tel. 02-958-5669, Fax. 02-958-5659

Email  }jm2293@kist.re.kr
AF 2% A9 B4,
ATHEL 1 r.

gz 59 Eokl #e F2

25

Adutg oz JARA AAHgN Y SFEAE =
A7 RAKE AE(FEL), F AA HHo A
Z3 Ao A FaAY nnyAE A EHEL),
ZE7)(actuato)! AA7 AEE W 2%
2 Tt 84 AEE&e 2w’ A4 AF
714 28E 5&3d oHE WA Al A

Fol ReH, F4EY Aol w2 A7t
X]-EEE]C% T A Alolg H4E RdE AN
F 7“ﬂu W34 we ol F AAHA 28

A
N

Ae d7AA A7t APHAS. =S vbE
AA FHe "HXAH(texture)ol] Wk HE
| AF3ted @A 7|2 gl
%-‘*} v Ee o 7|&e A7 AIAE
d tEa g F AA Aol HFo]
FANYAL Z AAZ ALEHo] EH
of71gitt. ol2ld ¥ FoF, 271, 7
o= A= z+ AR Fejot QAo mA
"t L oolEd 39 AFe] 49 I 4F
8F L 71etA = A2 AE o9 2
“Z 2 &(contact sound)™E & Ak(listener)ol] Al
A Feu A7), 88 AFEWN oh} HE
A, A&, A2 5FH 2 ¥e HARE FA
"ot Q7 o]Fd AYE o] &3t AX Alo]d
TG ARE AA, AEE F e GHE AR
& 58& AV gk ¥, ole} o] AMHo N
T A7 AzAgded 27t F83 9,
B3AHQYA g ol A EH oA (simulation)Oﬂ A
SZEH7L AFHA AEolgde AL Wi
77 SFETRE TFAIE HYHL B

& o tlo rlo
M Oy o _ln

Nlo a) PI

rlr ol

2]

me B o oox 14 do
_?1_1‘

Z

oL

rlo



olFyl - gasd}:

SRR ARG
Sy 911'

sl A A Ans

49 BdERY 4AdE AHE .
43 AE9A7L FolAhd A u s 2
28 A4 Adetd 44E 48 J

v g}, °l74° 71 &% *ala LJl A YA
U HAEEHolu FEHA e wEbA &Al?l
Hite o & wWyoltt 2dd 71x% W
2 AHAF 2y Z29@profile)E ALEEOE
A ol F5AL(F7], FRA7, 727 F)ol
deMe 288 LAANED ¢

Z3%°) AYR Y& H8F FRE Fig. 1 3
Zol 24, 45 FE, ¥ § AV MFE UsE
F g’ EFe oA 549, 4%, 7, uF
?Zi Uds, 43242 g € F48, 9

& 4, 37, 3AFL Foz FEAL o¢
%8 ARE FE&S UFE %9— A gRofe

&30 A9 itk g £9, 4423 A=
el #8d ﬂE‘i‘,‘(feedback)ol g, A8 A
2do] A4S F7HARH

Material

— /N

Restoring Density Damping Internal
Force Structure

Interaction Configuration

Type  Force Shape Size Resonating

Cavities

Fig. 1 Attributes of contact sounds®
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Fig. 2 Structure of convolution synthesizer for modal

resonance model of contact sound®
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Fig. 3 Structure of filter bank synthesizer for modal
resonance model of contact sound'
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Fig. 5 Spectrogram of synthesized sound''
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Fig. 8 Haptic rendering system for dental simulation

oj$} & ZAFAE Fig. 8 ¥ 22 FE A



o] H] .

393} .

g guatsa 21 A A&

(haptic rendering) A=W A4S LFaHEs
Hojgozi ALt A AotE 7FFIL e
7E 84 gAAIe ARE I

3.EE

SFETGE HEEY A2"AAM FRY A,
EAze P, A, AR Hden 2L d¢
F23% 98¢ gk JMEEANA A HFH
A524e A% 2% 2 3A A48, v
tE, AES2E FEHY, o] E2 Y =2
22 gF@SHojor gl B =RdMe A% B
489& 93 €Y A 7les AW lF
oA 7HF AF7h mAd AES 2dE WHe
AR 29& 71Fo2 AW, ol I A&
ol 7] H&& A Xof 71F S AT 4
vhrle] F3 A A L2 E ARGIO)EEE I
ata, 2 Ade AEF WA A7 AFHA
289 A71& 2-3d HL8 29, FHFA Y
3.9} = W (force-feedback)® 3lH el WS
date Ao R MHE AMESE 79 & 7

e e [uN' lo

% 7|

e S|
Tangible Space Initiative 7]& 71'&”

ArZdE WY,

9 ApRFATA
A7}

FLEH

1. van den Doel, Kees and Pai, D. K., "The Sound of
Physical Shapes," Presence, Vol. 7, pp. 382 - 395,
1998.

2. Gaver, W. W. "Synthesizing Auditory Icons,"
Proceedings of the ACM INTERCHI ‘93, pp. 228 -
235, 1993.

3. Klatzky, R., Pai, D. K. and Krotkov, E., "Perception
of Material from Contact Sound," Presence, Vol. 9,
pp. 399 - 410, 2000.

4. van den Doel, K., Sound Synthesis for Virtual
Reality and Computer Games, Ph.D. thesis,
University of British Columbia, 1999.

5. Gaver, W. W., Everyday Listening and Auditory
Icons, Ph.D. thesis, University of California in San

30

11

12.

14.

Diego, 1998.

Chaigne, A. and Doutaut, V.,
Simulations of Xylophones," Journal of Acoustical
Society of America, Vol. 101, pp. 539 - 557.

Cook, P. R. and Trueman, D., "A Database of
Measured Musical Instrument Body Radiation
Impulse Responses, and Computer Applications for
the Measured Filter
Functions," International Symposium of Musical
Acoustics, Acoustical Society of America, Woodbury,
1998.

Pai, D. K., van den Doel, K., James, D. L., Lloyd, J.
E. Lichmond, J. L. and Yau, S. H., "Scanning
Physical Interaction Behavior of 3D Objects,”
SIGGRAPH 2001, Computer Graphics Proceedings,
Los Angeles, 2001.

Richmond, J. L. D. K., "Active
Measurement of Contact Sound," Proceedings of the
2000 IEEE International Conference on Robotics &
Automation, San Francisco, pp. 2146 - 2152, 2000.

"Numerical

Exploring and Utilizing

and Pai,

. van den Doel, K., Kry, P. G. and Pai, D. K., "Foley

Automatic: Physically-based Sound Effects for
Interactive Simulation and Animation,” SIGGRAPH
2001, Computer Graphics Proceedings, Los Angeles,
2001.

Munteanu, A. D., Guggiana, V., Schauer, H.,,
Motavalli, M. and Rauterberg, M., "Automatic
Impact Sound Generation for Using in Non-visual
Interfaces, " The First Annual ACM Conference on
Assistive Technologies-ASSETS’94, New York, pp.
100 - 106, 1994.

Houben, M. M. J., Hermes, D. J. and Kohlraush, A,
"Auditory Perception of the Size and Velocity of
Rolling Balls,"” IPO Annual Progress Report, Vol. 34,
1999.

. Hermes, D. ., "Synthesis of the Sounds Produced by

Rolling Balls," Internal IPO report, No. 1226, IPO,
Center for User-System Interaction, Eindhoven, The
Netherlands, 2000.

Cho, J. H., Lee, J. M. and Hwang, Y, "A Study on the
Reproduction of Acoustic Characteristics of a Car’s
Exhaust Noise Using Digital Filtering Technique,”
Transaction of the Korean Society of Automotive
Engineers, Vol. 1, No. 3, pp. 55 - 62, 1993.



