2002'd sI=YE|olC|oj8s] FHSEU RS2

5, £95, 3
BEANENETY VRAE 278
bhj63184@etri.re.kr

i
s
-
el

Real Time Haptic Effect Display for
Haptic Fighting Game

Heejung Bae®, Wookhom son, Byungtae Jang
VR Center, Electronics & Telecommunications Research Institute

£ %

7HEEEE ol 87 thdd SR FEokelAE AP Y dHBE Adste Ao 27

Ha gtk Ao aHE B A YA FEE, PhanTomol A AME 7hs @

e GolnHdE AHSEAT, muEH M2 L= FA WE 2 AHE BAE

Ach B =Rolde 9d dAnde 2R LAY QA7 AGY TAS I2a]

A% WAy wztel % A PES ALV AL YA solmA= I B

Hoz Aol Agait At $AYL AY FH Y4L sAstel slaHoz

Ardgezs AFAI Ao oy ADE Hi3 & & doh € =89 232

o AEY AAE Aol TAHE AL AHE WA 44T & ALE Rolv,

AAHRA 28 T8 AFAE ALY F USE BAG
L NE = AEE gy @] 71 FRE 827 Wk

HNEE adgmas AAEA J]ee woe o B =EodMe MRS Tdde 7P Az"gg A

AEEY Bl LAAY BAEL AAG FApstA  FHT THE A ARE ADE ARE Al
B8 4 A "ok FZe= vE A7y 25 A AFEHT] AN, 4 A ARE PAEs
&S Holuk AR Al Azt ang A7 &a9E E °F Bk AAZoR AFS AEACA We vl A
@ A 22 Folati el diek Bale] mzgw ol AAE AUH $HYS AT 2 Aojsta, A
(1. B oo 4 R diE FEF FAF 5o g4

el BdE= SHHE Y] FSol= 3D Rdyoh}
290 1FES AHgste] 2hed] FHFE dE Al
PHo] 7hzdith E, olE9 F&A2 7 EAANA
WS = ALEAe] 43 AgeE AA FAlsHA
LA AEE 5 UnH2) B, RRIAG F
Aolx FoA Fod + e A7 Btols <lE3}
g2 2 2938 748 F it F, Y
Ejo] F22 AEAe] Aloje] tiSHEE E¥SHI,
Fpoa e Mt &3 el s AHEYE FE
He 4%s AAe FAskA AFsA 2 4 Atk
AYEHE At YANMT HAZLR o]FojA

il

fr

FEel s =g YAE e AP 718
2 42AF YA HAEE ol&sted FHEA WY
ol iwtste] R &, ¥EH 775 §39 7HY
o] L YT F, o] Aol oste] MHATL 3
ol ¥& A, ol LAHE AFY Fede
AHE ] FA%A T2l gste] o ads 4
gt o] AN YZ F ls EAE B FE
impulse dynamics ¥yo = 323t

2 =82 4z PC @3M e dadem )
e 9 AzHE AdsE vl 4L o ol 43
A ot vizde desid FF 2d2 AT

flo ox f

- 478 -



2002 SH=HED|C01gE] FAHSUE=EY

G
[
o o

2

o o
of
E
i
2
X
e
L
o
fu
Uy
2
[}
2
o

L

o o
e ) =
X
)
o
o
L e

or
ox
f

ot ofh

>

4 dlo
0

ok

>

oo ox o

pe o S

o de
[e]

M

oo
_?1_5
L o8

oox o 2 0
>
et

N
rle

e
iy ¥
i &

2 2 e

oy

o ok
K3
L

ot ok
oz
Uz
>
M F
GO
fo ¥
o

30
£

i)
Lo,
=
R

[> Ao
o
22
é
-
ox
rlo

rfr
X
)
o
lo
2
i)
=
o
Ut oX
2
a
= 2
2
i x
o
i3
2
£
:(I)lé
N,
Hy

Foll A AHEE 7Hd A Zdel
7} impulse dynamics solvere] tf
siA] Aot 5FelMe 7hd A AAl &5 A
& dASE Bola, vpATo R A= 2
£33 I JAE AAF

e
o
ol
o= o
ox -

I
0)1 EE i

w
2l

B =89 M A

A DirectX ztolBalalE o]jfsle] C++ ¢lojz 73
Sk 19 28 7Hd AF Al WA BEE
=3

A desolas YA FAE o] 2Ete Aol
AHHY HFo] ol 7 ARE HEd}= A=
olth, Atg-AelAl =HF Hol e 7] EdA &
2zxoz Frlh

He A Brro] =7H e AL

g -

23 T A A" AEE

Do

Auslol A BEL Z27) AYdeld REd ]
W E Az 7](event processor) ZEZ Lpo] ol
EHolAd 2EY AL 7 3Ms 2ok

23719 dudeld REE s #36 tid &
% 8H(kinematic), ¥ < BHdynamics)E | 23t | E
o} 7HY @7elAMe AAETe 43 FES ZAS
th 22 AEdolAe A d" FAE 5 A
24 98 Aroln, YL LEFIH AT 9

o

i £

ol =

ol

AEHY 7MEE 3 &5 S Aoy g
Ao #HA MY olWE FHH(event
information)& Z2 gt oWE HEE A& 4
o o3} LAsE AEA YE AR (user

information), 7Fd2 A e} FHE e Faatgel <
3 wAstE 43284 A H(interaction information),
a8y d4A s o oal wAE= Az A H(time

A z7¥
information)7} 3}

18

input

£ r\'

o

cRAME £

1
Ae= & %E‘oﬂ 4 3@k

o A %E} z‘ﬂEﬂi
=3

3. ¢ ddyd =29 (Haptic Rendering
Model)
dg H o] T EA
| 4] A2 A< F(realistic force)
2% 49 AiHe v

N o
2Pl
S ox
e o

N
‘_Eﬂ'—‘
m&ii

A8 BYY ZAAE FHC1AAT AHde
?}73 IAde E2A A #dsis 89

FHolwA EAo FHA Hoh oln EA9 2
A QAR B o= WA oj¢H RHI it
upabal Wake FE handle A9 ¥-& HAsIoof
o

31 38 A+
FEALE W$

£l

WA %z Helol B %
A AR 7Y dAstA] FF bouncingEE =
oA "ot A" gy e 3 e 98
7lwEte] @estd Rdg ARS g
s o A disix 2z AFA bounding
spher, OBBtreesE #&th UutdoI= X o
A ] wez $ad drbdA AEtEE %
Eo] YrpA Y, AW ozt 7t AAE o|FE k=
el AZFZEE 7HAZ Q7] W& o|AE ol &5
N AEFTLEE bounding sphere, OBBTrees&
T st T
LEES leafE T, left =20 U RE
Az F2=2 ¢Eo vrzte WHelth. OBB
wyog AFFEE P43 aHxn

] (o]
Eoie

7

ol

b o
M Ao fo

o 2

- 479 -



20024 st=mEln|C|ol &S] F=AI1%s

$EESY

==& ypdated = leaf == A EE root,7tA £
27t bottom-up‘%“é‘% o] &g},

dsez AAE ol dojueAE HEE
o), wE ALS Hﬁﬂ’ﬂ 017 14+ bounding volume
o dig wx  AAE  ®Td. £, Obbs-Obbs,

Obbs-Sphere, Sphere-Sphere el HANE B  FE

ol dojud og dAdA FE& AANE stz a¥A

¥ow FEol doluA WASS &R HAMNE F
5%

ZFEol AT A, 2 WEE doAot T WE
of oF AARS FHstn, 1¥A @& B & F
Aoz Folvt thE AAE U9 FE HAE o
Z 793 F85o AT Hy, 5¥3% T bounding

volumeo| dIs|A F4H4H ABE

B2 73 2 volumedl

A8 bounding volumeo| °|E3=E 3t AAE
! A

e WERS B2 FE NSy #adE AAHsA A
23},

32 v&ds nH3}A ¢ 2D(Friction-less
Model)
229 AAolF, e ddy ZEolr HHo ok

g 7l olFol WY WAFoZ Folop ¥ Y&
Aste goloh 7hgel BAS Beld Yy, 21y,
A%, dn 59 4¥ez mdye sbsoiu, Yud
02 o|Fd HAL olgstel Helwrh BAY A
7 E B9 AL BASHIANAE oY 59
o Fes WHo

Wi Hee v
Zz

ol5te] o] FolA Y, L3 Fz} 3L ojY 9 ol
T8 4 Slth

= (p.—p)*k—v-b
AZIM, HEHA LNEHe P £ v HEH p. &
ZFEol TAHE AXY p AHE Vel 1313’_,

ke 233 FAES Yehim, bk BA9 YusE
g dehich 2z FAE: A Bed &4
o we Pe) 2718 28L 5+ don, YUAEEE

A} EAe wuws A

o

=, 38 $& =7 sedel Asun 4%
Eol Wt B2 BAS /A st Aol Fe
E AL o Bof 2uF 2 Y2 o] Fojo} suz

Alzdo] EekAsAe d4¢ 44 a2 & Ao
olgid EAE Aty ML oA E AW
F e wez ride Rde g9 dampers

o MyE AHedd,
f=Kyudx+B-x forx <0
f = kyudx forx >0
EA7E 09 Ao S o 919 AH 2L gPe=
dgsty gl zﬂg vwA A A ??ﬂ“
F A Bol+]. au, o] B9 damper2 A3 A
Zo] AYAA AL =4 £ #o ge ¢HE 7
AA A,
33 vl&de 333 =24
A9 EAE 2§ 544 ntREE Jhzlg o)y
o] mE& A ¥& A

%, A9 9
@ Aol tistel
2 Ko 9]8]-

A A7l

AL tg ogrh

fo=fHxQ+ Ul p, dt— p+ AD*d

ft= Pe+ra ™ P

ol& sAs7 #lsted

2 ZANAAYG BEHE VEETT
of g 4 Pouh HALHEA G Ao WA
$AY  HRE AUE 9% R Azo] Frhshe
9ae A

4. 39 A3

2 Awodr 99 548 ANZeR [aZy
olg 4 9t WEE AMNFLY. 1Y 4= TS| W

& 4 gt FUSL AANGAG dAlg P4

o, WHHE FE 43
8 29 394 AAsHech
g9 FES vehE QuE:

712 84737 S FRse 238 4 dEd, &

FDV £ ooz
my

_480__



2002d st2UEj0|Ciojste] SASGEYEERE

SEA Y FTFHS Ao st o ArlE AATG
zZay) ) =]
10,000 | 1 — —
oo Fi RN i
...... S
, Sy
I
-10,000
10,000 -
i
0 bder
i
i
-10,000 ‘
ag 3 ¥ Ese o
dg 29 3l wEz iﬂr%. 7EHew st
g FFo JWEEZZ AL go|Pol| e FE A
Bl ojste] AT 5 e, OI%% A 131 =k o
% AAZP g 44 £ 9ok Yy FE A
o] we) afHoez T }7] oA, 11]/\51 e
23 gageols HANLE AlgAV AL E =
24 & EE df o A @4“ 719 2o
W49 PhanTomelA 7badtd tizy PHaas
YA PCEAAAE AHT £ de dd 2 9
47 ok

5. 28 % #§F 47344

B oERAE AN AR N2de GRdc E
@, AZ EF) Bew ¥ AUYL 2RS4
A F Qe PR AU BestE SG8
We 9% sojua= T Aoz HPYoM
dAHwA Akstsl B3 Aol AEHES 39
o

Agrshe HEe WA PC BAAE 1000Hz
o $ET AZEA] YHEEE dehyon, 9E
o AY BAAME 2 Hgo| H5FES B}

FFol= AW P A AN FFYom
g4stel, /& YU vy, ol oz A
BA A $98 a7t 9o

[ZtD 28]

(1] el &, "AD AT A4
Vol.17(12), pp. 39-42, 1999.
[2] o123, 2000d % FUALNE 5
#]4 AEY, 2000.

Bl BFAAFNATA, LA 3P AR
Dream3D AF&2F 2 == 2w A A, 2002,

[4] D.Baraff and A Witkin. “Phvsics based modeling"
SIGGRAPH 98, Vol.32, pp43-52, 1998.

[5] D.Bafaff, Dynamic simulation of non-penetrating rigid
body simulation, PhD thesis, Cornell University, 1992.

A A dT AR,

FEA,

_481_



