HCI2009

el
>
ul
Joi

5 Han Az

HE AlZ2OIME

SERNEE

Hybrid Elastic Model for Volumetric Deformation and Real—time Haptic Simulation
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Abstract

As various haptic algorithms and haptic equipments have developed,
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the computer

simulation includes the haptic simulation, Basically, the haptic simulation requires very fast refresh
rate approximately 1000 Hz, The traditional haptic simulations have satisfied that requirement by
simplifying the target model, In soft body simulation, simplifying the deformation is not good
because the visual feedback is important, Separating haptic model from deformable model can be
solution of that problem, However, the user may feel a subtle distiction because the relationship

between two models are not clear,

In this paper, we propose the hybrid model to manipulate

haptic rendering and deformation and define the relationship between two models,

gHol: EF 2Y, 7}¥F 2Y, F-2ZFY 2Y S-Chain 2Y, F¥

o] =Eo 2008U% FR(LLTB7]%
AR AR EAG S g
PPEAR SR REAT S Bk

R FLE AR} S R EA Sk

1. M2

A% Agol el et
ool AFE  AlFe o] Ho]
Agdlol o] BaE ABdold & el Foel e
uel  AgETh o EReld Aok AEdel4
gmelze] 2o BEL A4HoR FAY Ub BE

Mg e 2E 57 WEug A0 tei Aol

4& tgF= AlEolAdA E&(Volume)
W (Surface) dloJE ol H]3) EﬂolHJ o]
AL EZ=E st oE A3
NEHol e AAYeL}  TxE
o]-gsto] AL B &Z
9t} Stephane Cotin & Ad 324 (Finite
Element Model)& o]&3dlo] 7]& {Hitaaye =
E4=E £ [1-2]. Yan Chen2 EF ©lo|H9
Al (Voxel)& 7tdst Asf-Axe wda @St

G2k FhshEA R
AbgEla Qitk #HAEH

7haiy
glolE=
goumg
AFtsolAE
ZrastEAY GPUZ

B o

ru

Fol1

9] Ao AT A2 ot 2 A7 No
CGQV A7tAl ALY e—mail: zerodin85@icu. ac. kr
CGV AFAl AARHA e—mail: gs0137@hotmail, com

TR 0GV A4l 14 e—mail: jinah@icu, ac kr

68

. R01-2008-000-11678-0)

[3]. Fabrice Jailet e Z (Particle)S
EF Hlol"HE W shlcH4l,
7HE AN Qttel EAE
gewo Azt gEwurE 2 Q3% @ 4otk &
o] S—Chain (Shape retaining Chain) &< 0]510]'01
2§ Y wUe 37 =ue ANGeR ANE
HHs AR o] At Azt AE g Azt
AlEdoldolA 80 Hz A& 2z 4E L 5tARt
AN &7 ddge 1000 Hr Al
gz 4 & 7%t S-Chaind A4 EF=7}
Hdol7] wife] FZF AP & gz
27 =N 5= o AT, EF WIS
gaeElFol AHFAo]7]

e
=

AR

24
e
27
A

s wgo] WH wmopol
dgom Ushpn ofe AZHom AR
Gdofth o ERAE E74 wmule Axzew
Adste  FAS wdge] AzAHoR  AuAom
AL soluels mYe Aokt



2ot ge
A geo] st
6-71. %

od AT %
oz Fo
mge

271¢]

oA §AA|(Soft Body)E
wdg Aidel Yt

5 waz Aol ot
Shib= &F S-Chain HE& o]&sto] g EwS
AXNte R ALY 02  stdes AT
Aeg-Any ndg o] gste] HFPY kS aryor
ShA| L, dudois A2 OE
Ay WA gelEel 9A e Az
dolgE ®g A sl
Sadd 22 mEEg AN
}\]71—7(4 HaLe 7;“/\(_}-6‘]-‘— E_Eﬂ Z_]—g]

uo=
Fo wde WAE 3% shug

=

ol

1:—1131}.
A Belstol

N

Arstz] fig e we
| el Aol A=

L

2 Z8)4)(1,000Hz 145)5
3t S—Chain 2Eo] nfQ-

=)

2.1. S—Chain ZH!

S—Chain X&) 7|E8 4= AQlojn] A7|9 oled

ol WSz Ao Hrk ol 4 ol Wele 1% 13 2
o] oo A9 HAX, Hrlx, iy, Hjyz el
2 59 8 4 Uk 47 0% T 4 ol Wl A
AS Fe A, ofF T 4 G W W A e A
2lof Th-<lek
H X
HAX
HAY
FHY
J% 1 2N 222 HIo OISH 4 U BB e
ct,

Aole] 7] BEdoleY B4 2718 ug & 4 9
o) male] sEs AT Aelo) 2717k B A
des AR A AL A4 WL A gy 8
o EESIE g AL 44 wavt Au yeee g
A EHT (19 2),

e
HlsbA ek skt

1

37 2 U HASI0l B2 HAORH)EC B B & o

= 0|7t ZH o|H2 Hrt BERR % '% LIEFHCY,
melo] Mg 1Y sofeh Zo] Aaargol dojit
Al (234 H2A] A2l QA AAE] $AY 4
ol WSl =S eIt 17 3] WPe] Aol
W AQIES AFE AQl Fo AFel s A
A QIS #EAISHA T, S—Chaind HE Alof] 14 HQIqtk A
Aol ZPEEE BAAAE ROl it e g
Zoll Wa) AGEAES 29 4 ook SAT S-Chaing

gieZo] ohloE WY A mopol A%

=

S—Chain ¥12|E2 0|23t H
ABXZ0] Yojfn 2= oIS L
THE RIS LIEFACE

T Eoldt A9 ot Ao A
A @) oA de Al LA AZE K
g ekl P @ gouos

. ofl

oAt & {—E#ow—t« s—ChamQJ Uy AHE 7S

69

El

/\H



E=—kd’
3.1. Adaptive ZZ-Azal ool

71&9] dichee] def-any] AlEH ol W HYo]
7] wigol diid mEe] SdEt mobHE nEejof sk ojAL& Algdold Al oUAZE MY Faghe] kA
o] 2= A 5o WA &t AR 29 mEe AANE Ao Hagpe] ST 4 QA gt sHANE T g
A wHY HEGE 7R3 Q7] o] EA WiRe] g4 3 AUAE YR wol FAIR Aol AL HAS

2

%
o
22
28 T 4 71 gle o] ot BEF EEE AlEYolAS S Qlrh oA AAAY FAUS HHGHA] Kol A
S A He9] sidert soldol weh AlEg o] Al g £ op1E 4 QAR AAHom F WFPo] oW oA
Sfofsh= At Az At Vg R Folu] A7 FA etk (A9 5), E3h HE Aol & oy
ool AAZE AlEElol el et 27191 30Hz FE9| 2L AE ZHA 2 7% adaptive¥ILe]Eo 2 A= ofFo] ARet
415 5T 5 gick AA e,

T =2
-AZy mdg gAste] AUERES Fola AR
AlEFoldo] 7hsdt dare]ES Attt WA, 3iE
Q1S Eeixdo 7]daal A

g 43} 7+o] S—Chain 49| A
HAAHEES wgor Axgs st Ao A

7

=
FE 4 Axgol P v AlFEL) S—Chain YTAZOZ HIAQ|
adaptive $112|F0| AL HIH0| Ho| LojLi= B2
o

2 =RofAe EEEYS adaptivestA] AAZTOR A
ANIL 7
h

Q]

[>
RN o2 Kool

olgaiol Fualrt, of Tl HolE AL RAE 9le

HEE dovle BdEe W AlEdeld FEuig 3 o]A Ao MWE £ ndSo| ule] sjAtEs}l =tk B
A @)l w Ak, grelol s A Wyl Yri vjHd wdlo] uredsol
HlFY mEe BE HolE ) ofdelw Beli B W

qeEe v Faoi wE A

K
ChA] ARt ] ol AlEw o4l

N
oK!
]
gy
b
Kl

=
FRE AR Wekk ARl A HlEL slskie Bl AT BEAAY 2US BEHOR G S U=
o 27kl B1 AlBEo]Ao] AXTEOR o]Ee] A 2 ot Wgh #Ee E5 w4l oflel & o dvhE
oA Ect  AoFet adaptive LT ZOAL AAEES o] ol &3l wlofl A AR 4= Sl Aol Sl w A&
7] o8l WA WO} o} Fo kS Tl & 2 9k ol erguitt Wi mHo] PH2 F°] Hdo A
B 7S, Wg-angel 49 e 4@ | Tl elel s

T2 oA o R FAES, WS d7F e 27 ol

AL ZopA7] wef o A= (FARRD olste] odAl= 5 == om

W A T A ol AlEeol4d Bhdviet argsfof = s

she it Axgo] A4S Y 4 AT AAZE AEdoldE SfeiAe BAE Afole] SE& o

70



Collision Model . .
sohere-tree interpolated active Haptic Device
center(x, v, - omii
Dis |a radius (r) verices masses
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Device Behavior Model
monitor mean value mass-spring (volume) converter
interpolation mass (X, ¥, 2} s-chain to mass-spring
spring (mass1, mass2)
[ T -
Visual Model } } ] Haptic Model
surface information about active z-chain (volume)
vertex(x, v, z) deformation chains chain(x,y, z)
o connection
image triangle (n1.v2, v3) l— L stiffness
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