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[Abstract]

In this paper, we propose a fast collision detection method for interacting with objects in virtual space. First, in the mesh grouping step, the
entire space is divided into small spaces of a predetermined size, and the positions and sizes of the smallest basic stereoscopic shapes (cube or
sphere) including all of the meshes belonging to each small space are determined. In the collision detection step, it is checked whether a
haptic interface point (HIP) is included in a three-dimensional figure representing a group. When a collision with a specific
three-dimensional figure is confirmed, searching is performed only for the meshes in the group to find a mesh on which a possible real
collision with HIP occurred. The effectiveness of the proposed algorithm is verified by measuring and comparing the computation time of the

proposed method with and without the proposed method.
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Fig. 2. Mesh grouping process using a hexahedron

vl A2 Aol F715 w4 152 ]88l ¥ sk #4e]
S A Al A A 15 7 5 Aol A Akt
HEHe At AAaTom aFS BT s As WIygd
o} 19 29 (42} (5)= ol2Isk BAol ik 1o =X 1,28
Alo] M dHlE HolF=a1 Qi) o] g/ BE WIS A
A pA e 291 17 29 (6)3 2> FEj7L frh o)A Wy
g A Yol s o] WlIRt EAlsh HIPE &8 5=
A& A= ZgelA wl=] il @A) HIPE E3teh= A
WA g & ghlE Al o] EA5HE wA TS o] 8-3)]
Sy

pal

ofy o

=0
==

o

o

2-2 3 E 0|2&t o+ =St
£ o] &3 v I1E s SHAE o] 83 w4 18t 7

45 AF-gate] Adstd Aty 11 5= 2 2ol vigk
el

19 39 (1) SHAE o] &3] 153ket A vlolE| 2 A}
o 59S gk ek Ak wiw 17 29] ()7 £ 3] 5
3ttt o] Hlo|Ee & o]&3) o] AL Qld20] AR o]
|2 weich Wy e Ao FAHS Ak o] T4
o= o] gatal dl'F 159 HiHlE B ek stu g S
oA 7+ e A (vertex) AHE FALE F A Alo]=
WA F o2 sh= 5 AAdste] ok 19 39 ()9 (3) L
Aol tigk 1o r2 flollA] st nix|Folr). o]t
G BE Ao AP o R e At o FdstH 1
& 39] (4)9}F o] v FAET} H|Zek PE) 7} Eh

[SAR=%
AT

201

©)

“4)

a8 3. 75 o|38¢ M4 I8t =Y
Fig. 3. Mesh grouping process using a sphere
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Fig. 4. Original Standford bunny model

Number

of groups

379

a8 5. SHHE o8

(<)

Fig. 5. Mesh groups by using hexahedron (left) and
meshes in an active group (right)

oF M+ IE(Zha 2

0%
(number

of groups)

2115

a8 6. 75 ol8¢ M+ JIF(FH M3E OF W H(P)
Fig. 6. Mesh groups by using sphere (left) and meshes in
an active group (right)

3-2 M8 Zi}

1% 59 9% 92 379709 SHAIE o] &ato] 1E3HEH
bunny 225 AJZFBRE Bgolw @ 8% - HIPE Sl B
8 20 W 5 ) e 243t stol A 7kakel B
ot} HIPFS] Z18H49] 1S AIS)8k BE w413 AZbae.
2R R FE Aol ol §5)4) etk

% 6€ 21157e] T8 o] 83 1Eske Wl tjet 19
ok AL 153 1 THS) W nolFu) 0 8%e 13
53 nER7 A R B4 2308 v O U] wlHE 243
7 A28k mzolu,
http://dx.doi.org/10.9728/dcs.2018.19.1.199

202

3@ W Aoz 4
2710 w7l
H49] ool

B el 5
7} ARk 4 @
HolAe 15 A5

tﬂ—/\i

T{Sphere)

Caculation Time (ms)
-

FHAH (Cube)

Number of Groups

a3 7. O8
Fig. 7. Calculation time for collision detection according to
number of groups

ol e = 4F AL AlZk

Y EE A B, e SHA| BF C1E-0] A5t 8
el Ao = vv—§]-o]—X] oro % oF Ims 9] AAAIZES: 714
=l Bkl 1ge] TG Sl whet AP 0 2 ALhAIRE
of Zof ek e17le] 15 oldel HW /108 % 5 AghE
7k 18] Z1gol] oF 78370 l*oﬁ S7FsHAA Bl
Q3] ArkAlte]l 254 Eolds & & stk oBle 1F
o] WA s SR 252 7HT7]' wolA] :LE B AZTe]

Z74607) wiE-olt), IE 7] wjio] MAg] A7kS e dicha
A3 ol ARR-3F A3 bunny 22 0] A9-2147) Ae] SHA R

2FE S v 7 AR @ 1Esh) ol oAtk 8 5 9l
o} B3 TE o8] 7o FAT MAES o 87 Tl &
RAE 7 x, y, 250 W91 3 o188 B e vl
o= T FHAle] B97E AR Aokahizr]
3T}, 918 BAGE A5} 75 o83 Tale] A 7o
33 HIPAJol o] Arlg Axkele HAo] Aol el
HIP7} £3+5=%] AA}sH= 3P R} B213817] w)Eo|dt). 1
W A Wl oh SR B g e e 290
B 282 k7t shidl 34 o imsel AR 71

| vbel T
o] Zo] ¢k 617H-4 s 0])\]'0] =i 1/10741: “;_]"—'Tlﬂ AR
7V 2123 sl ok 7837 o) do® ZkshAA HE
93] AXATFo] Z2FAR oS o 4= Q) o] RHe

el vl= SR 250 Tt ol I wAAREo)
F7HI7) wielth. 21y wjiel A Alke me @ty

L

i ]



A& o]| AR5 B bunny = dlo

FekE NS W) 7 M aa :@M o)l ek

ok E3 g olg3) ol FAla WA

AT 7= x, y, 2552 W9 whe 01%8&
]}\1h A

23t} 9ol

o 1
a"“}\jl

A
F} HIPAol9) AelE Aeke

e
HIP7| 285 =] AAs= AR 21

st 72 o83

v.d 2

A A 2 s Ay gl F ol
98] BAkela AA 3409 wlelo] Jhs sl o] & o) &
& 7pERlot = Al E o BollA] AlZH o wrt &
TR A2 A o) o] FolHa nfEh e ALY EH B
o} A1 AR Wk S ARg Aol A e & WeAde] AR ol
31 3y {t%%loﬂﬂ EQEE tzo| a1 ARAZS FFA7) 7] 9
A sheslold A o uhe AiAzke] ST

wApo] A gsjrt

/(\31—

53} ar

241wl wste] WA ARE A3 I RE 5
2 Fal AURA DeFae B Abg ek e A7l
weizhe] o7} glo] Eeigte] WolAlek. et male] WS
F7hH 02 Zshor & u) o]el e aheolA) ek m
eh wl1e] W glo] AJ7h At e AP e Aol 7}
s SR 4] 1SS B9 W e A oA
Fel@ 5 ek Aol 0] FE Aol M ol g5 A
RIS F 1102 B3 AR o] L) 4902 o] g8 1
o oAl AEeol st el A5 THANN e F
2 2 91 e,

Skt

[1] Kenneth Salisbury, Francois Conti, and Federico Barbagli,
“Haptic Rendering: Introductory Concepts,” IEEE Computer
Graphics and Applications, Vol. 24, Issue 2, pp. 24-32, Mar.
2004.

[2] Laehyun Kim,“Haptic Rendering Technology,” Journal of
the KSME, Vol. 47, No. 2, pp. 36-43, Feb. 2007 (in Korean).

[3] C. A. Mendoza and C. Laugier, “Realistic Haptic Rendering
for Highly Deformable Virtual Objects,” in Proc. of IEEE
Conf. on Virtual Reality, pp. 264-269, Yokohama, Japan,
Mar. 2001.

[4] Yongmin Zhong et al. “Haptic deformation modelling
through cellular neural network,” . J. of SIMULATION, Vol.
7, No. 8, pp. 3-20, 2006.

[5] Carlos Garre and Miguel A. Otaduy, “Haptic rendering of

203

objects with rigid and deformable parts,” Computers &
Graphics, Vol. 34, Issue 6, pp. 689-697, Dec. 2010.

[6] James T. Klosowski, et al. “Efficient collision detection
using bounding volume hierarchies of k-DOPs,” IEEE
Trans. on Visualization and Computer Graphics, Vol. 4,
Issue. 1, pp. 21-36, Jan-Mar 1998.

[7] Christer Ericson, Real-Time Collision Detection, Morgan
Kaufmann Pub., 2005.

[8] Dirk Bartz, James T. Klosowski, and Dirk Staneker, “K-dops

tighter bounding volumes for better
performance,” ACM SIGGRAPH Visual Proc., p. 213, 2001.

[9] Konig, Henry, Thomas Strothotte, and O. von Guericke.

as occlusion

“Fast Collision Detection for Haptic Displays Using
Polygonal Models,” Proc. of the Conf. on Simulation and
Visualization, pp. 289-300, Ghent, Belgium, 2002.

[10] In-kyeong Jo and Hwa-jin Park, “Study on collision
processing among objects by 3D information of real objects
extracted from a stereo type method in AR,” Journal of
Digital Contents Society, Vol. 11, No. 2, pp. 243-251, June
2010.

[11] Sarah F. Gibson, “Beyond volume rendering: visualization,
haptic exploration, and physical modeling of voxel-based

objects,” Visualization in Scientific Computing, Springer

Vienna, pp. 10-24, Jan 1995.

http://www.dcs.or.kr



CIX|" 2" = s+5|=&FX|(J. DCS) Vol. 19, No. 1, pp. 199-204, Jan. 2018

HEEM(Jong-Seop Park)

20109 : Fuista A7 AAFEE AAEN TN
20134 : AW et AN TS (FEAA

¥

201341 ~ A: g deldgoln A
AR 1 FE A (Haptics), 758 Lo = 2 (Computer Graphics) 5

ZE}E (Tae-Jeong Jang)

19869 © Al g aka AlojASF e (FahAp)
ot 1983 © A gTieha tistel Aol A ZE e (F8AAD
1994 : A& istnl ek Ao Al ZF ke ( u

o

20001 ~2001d: Boston University, USA, Research Assistant Professor

Fepuba}- Ao} A

2010 ~2011'd: Massachusets Institute of Technology, USA, Visiting Researcher

1959 ~& A Zdetn A7) a4Es ms

4l Fof ¢ 3ME 2~ (Haptics), 7H3d 4 (Virtual Reality), 7578 232 22 (Computer Graphics)

http://dx.doi.org/10.9728/dcs.2018.19.1.199 204





