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Absiracl This paper presents a novel method of real-time collision detection in virtual environments based on spherical harmonics and
distance fields. Fundamentals of spherical harmonics modeling virtual object are initially proposed for representing complex objects with
different degrees of spherical harmonics in the spherical coordinate system. Distances between virtual objects and space mesh are then
projected onto the spherical suiface to generate a distance map. Approximate collision detection is performed at the low scale, while
accurate detection is performed at the high scale. Expenmental results show that computational complexities and memory requirements
are reduced significantly compared with those encountered in, for example, SQ-map method and the adaptive distance field, due to the
fact that in this case the bounding sphere and the virtual object represented by spherical harmonics are in the same spherical reference
system.
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Fig. 1 SH and distance field based collision
detection-block diagram
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Fig. 3 Memory requirements for different
distance map calculations

LA B8 SR R A B0, 3 i Oy PR T AR RS
Yy if5 N AF 23 (6] AR 19, AELRE T SH T 2k Bl A 25 T i
JIN, BRI R SRAE 4 B (JL T8 BT, A o AT TH
FEEER P, R T SH O ARIK B PRI BE RS S SR — A
WAF T 5 BRI 7 %
32 HifiiE i 4T

Tl 38 A 00 1A 380 S SR AG: ) marker #4921 A7 B R AT 5
HEAUL PRI vh (9 3D AL ALK ARG ik, A K A il DU S e ) S e
B SERAEE HEAT i i S ., RGEAIN B marker 5 T AR
TR R fi O 6 FCARIE 8 0 8 )5, T AR Bl g 5 A5t B i i 7E AT
JUERSE R ) AT 0t S R i A o A T IR AR T 5 Ok
(R 3R 151 2 2 8 DT e

A TR () IEARE S 00 9 S IE PR o ) S 247 88 A s 1)
S Ak, V-85 il A IR IR] SR LEAR (AR ) LK e
SRR A 2/ B TFIE ALY R R 9P X, e T SH

0

Py, —100 72301 G
T V1007 <o

z/mm

2 O =720
,’)f)) —100 =7 U[]_nﬁ'“\\'\\
by

(c) 1= (e) I1=15

A (14 TS A A I o > A A A A A Sy Bk e (BRI
U SH 33K ), F 0l i 46 I Bk ] 35z /1N | Bl 0 44 A5 0T 1R
A2 2% BE (R TS S5 RIG JAG R i) 2 38

4 R ) RUEE SHASE BUAE AR ) VR 7 5% 21 Jm 1 3
TV B A AG I XS ER RGBT IR N Vigard 4.0 5
Dell Precision T7500 EIIE TAE

1 fE)/ms

0 5 10 15
I

B4 AERE SH # 2§ F HHE 6 U 6 iE
Fig. 4 Mean time of cdlision detection
represented with different scales of SH mode

HIEl 4 AT LLE 7R R SH R IABEALR | BERY [1] (197
ARG 48 G 00 I 1) 5 /0N | i G S LA % B A SN - 1 AR A
DMERF [ 23 A R84, (E A A DU ] 76 22 70 2 03 M a2
Mo I, BT SH Rk ROBE 2937 flf 43 A I 553 I — Fh s i
R AR ARG Bk

4 &g

$& ) — FHT B9k T SH R0K B0 Y ORIR 237 R faks: I 07
5, TR AL B IR 3 R RGN B A A 0 R
TR o SO0 R, T AT RORES 1R BE RS it SR Ok b N
R R T B AR i A 4 S DU S0 s T 25 45 T
7 AT S B S AR $8 0 O 9 S R AT A ket T L
AR A4 Q28 S8/ T fik 0 BRI AT 4T 5 B Vi ek IR
Sh S I B S AT fi v 52 EL B P RER,



J‘CMK

4@7

3 it XX (Papers)

B4 54 2013,31(34)

SCIACE & TEEHAULOGY AEYIIY

2 %37 1k ( References)

[ 1] 482 i, T Far, v W4, 45 Sad a0 55 0k 25034 (0], 7HEHLN
2008, 25(1): 213-215.

Zou Yisheng, Ding Guofu, Xu Mingheng, et al. Application Research of
Computers, 2008, 25(1): 213-215.

[2] Fang Y, Wu B. A novel haptic deformati on model ing method using spherical
harmonic representation and radial basis function neural network [J].
International Journal of Digital Content Technology and Its Applications,
2011, 5(10): 105-111.

[3] Moustakas K, Tzovaras D, Strintzis M G. SQ-map: Efficient layered collision
detection and haptic rendering [J]. IEEE Transactions on Visualization and
Computer Graphics, 2007, 13(1): 80-92.

[4] Vogiannou A, Strintzis M G, Moustakas K, et al. Distance maps for collision
detection of deformable models[C]//Computer Graphics and Visualization
2008 and Gaming 2008: Design for Engaging Experience and Social
Interaction 2008, MCCSIS“08-IADIS Multi Conference on Computer
Science and Information Systems, Amsterdam, Netherlands, July 27,
2008: 216-220.

[5] Shen L, Saykin A J, Chung M K, et al. Morphometric analysis of genetic
variation in hippocampal shape in mild cognitive impairment[C}/Role of an
IL-6promoter Polymorphism. CSB 2006: LSS Computational Systems
Bioinformatics Conference, Stanford University, August 14-18, 2006.

[6] Shen L, Farid H, McPeek M A. Modeling 3-dimensional momphological
structures using sphericalhammonics [J]. Evolution, 2009, 63 (4): 1003 -

D A ™ ™ ™ ™ ™ ™ ™ ™ ™ e ™ ™ ™ e ™ ]
NSNS NN NN NN AN NN NN

1016.
| 7] McPeek M A, Shen L, Farid H. The correlated evolution of 3—dimensional
reproductive structures between male and female damselflies [J]. Evolution
2009,63:73-83.
[8] Shen L, Makedon F S. Spherical mapping for processing of 3-D closed
surfaces|J]. Image and Vision Computing, 2006, 24(7): 743-761.
9] Fang Y, Wu B. A novel method of soft tissue haptic rendering based on
the spherical harmonic representation[C)/Proceedings of 2nd Intemational
Conference on Information Science and Engineering, Hangzhou: ICISE,
2010: 1847-1850.
[10] Jr#E2r, Sk, B 1E B JE T 3K 0 98 A0 ek 5500 22 1 14 ) fih 58 e A AT 5T
[ AL TR S I],2011, 32(9): 1091-1094.
Fang Yanhong, Wu Bin, Yang Zhengyi. Computer Engineering and
Design, 2011, 32(9): 1091-1094.

[11] Jr LD, S5, #IE . MU MRS A2 (i s AL e (], 3155
BLT R 5101, 2012, 33(7): 2730-2733.
Fang Yanhong, Wu Bin, Yang Zhengyi. Computer Engineering and
Design, 2012, 33(7): 2730-2733.

[12] Jr #2055k, 03 F 7, T P A R OETE A BORBF 52 ) 14 0L T 2 55
N F[J]. 2012, 48(14): 51-55.
Fang Yanhong, Wu Bin, Yang Zhengyi. Computer Engineering and
Application, 2012, 48(14): 51-55.

(H4EGH A2 2 35

¥RAKIA 204

IR RHBR S 82 JU1“ WMl sl A B A AR Vb SR AR A R

2013 9 A26—27 H, A EMMEDN FERFELSAMHE 2P FUAFTFRFA D L "EILTEBF, L 30 &

M BERFE ST,

FEIERRETRESRT, EERBHHUNMEMRETSEH . RAMERAFTETRANREER , HTHES
BAMERR - AREZNIASIRBES B ESWASTAFHERRAGP EMZ MW, FmEFHORBE &L, FRBHHEH

BXBARIE,

BEXEMHMZEEIEREERAFHEAMHENATHEMRN NEZRRE, AAMNABHMBATURES TEA

MR, FEBAMBAR RS %6, 7 BB ME BB

SHMHRETURBET ARG G HB 0B (KUETFA

AETEBMHESEENIEM BT EHETUIABMBEERAMBNT MG,
AZZTERAFRBELBARGFE BT U RAFHBEERE FEAFEEREZEEIRERABGKEXE FRAEH

HMRZETIRREEHREES NEZRARSE

ERESZBHHNEHEXHMEFARAS BV BT ERAPHXENZERADR BB ARAEA TSR SA AT R

AT EX B EE GBI RN FIT,

¥R ERHBM http://www.cast.org.cn/n35081/n35533/n38575/15133053. html,,

28



