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Abstract: Concerning the requirements of real-time and accurate collision detection in interactive system, a
shared memory parallel collision detection algorithm is proposed. Firstly, the algorithm incorporates the merits of
both AABB bounding box and bounding spheres to construct a hybrid bounding representation of arbitrary
non-convex polyhedra (S-AABB) for attaining speed, and then uses OpenMP parallel programming model to
traversal the built hybrid bounding volume hierarchy, so further accelerates the collision detection. At last, The
experimental results have shown that the algorithm is advantageous over other current typical collision detection
algorithms such as I-COLLIDE regarding efficiency and accuracy, so can meets the real-time and accurate
requirements in complex interactive virtual environment. At the same time, comparing with some parallel collision
detection algorithms which include MPI using multi-process, Pipelining using multi-thread and multi-process, this
paper has shown that our parallel algorithm based OpenMP is superior in terms of time efficiency, resource
consumption and stability.

Key words: collision detection; hybrid bounding volume hierarchy; balance tree; parallel technology; OpenMP
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dist = X2 +Y72 +2Z2 — (R, +H)ep (3)

w AABB U [ & 5 @ Bk b0 S e S Z ARAREN S A R 0 A

Y, >0 H X, >0 0, 0=9;

MY,>0 H X, <0 I, 0=n—9;

MY, <0 H X, >0 i}, 0=-¢;

MY, <0 H X, <0, 0=n+¢;

PRIk AN 75 EL 2 edlist I | Z,| BT v 45 38 19 60 [ 6 PR AR AS 175 100 47 Oedlist <|Z,| ) AABB /A [ & 71 60, [H BR AR AL ;
T MAAHAL.
14 FERMBEARS S a%mRI
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T ORI 5 BRAT TR — AR R O s A 1 2 B SR T R AN SO T S AR
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log5n , JHL HF R Ay 4 2 P48 1)
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FEATFE 7 e vt v 3 2 A 1) — B AR B2 43 v SR WS 23 V6 SRS TR A K — AN Il 23 Oy 5 0k (R 300K ) it
AR 2 T i) 38,3 — 20 43 Dy B8 /N I v 00 i T R VA U, L BN TR BT 0 i A 1 T 56 B L1
B AR S IR S5 R G IF AR5 4% BRI AT 45 4 2 5 0, L B 3R A5 05 J5 1R 45 A BRI 43 17 A2 P 80 2 e U1 4
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RCEAT R 55— FE) 3 MR AL AABB G G B ERANY 5 b BT AT 2 1 IR AR ER.
AL e A A HE AR 0 2 WA BOR BSOS, GRUETR & 6 B & A P4, SR T — AT R A
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min{ f (p)|p, L x_axis, P, €[ Xy X ]}
min min{ f (p)[p, L y_axis, b, €[ Yo, Yons ®)
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Fig.1 Representation of the hybrid bounding volume hierarchy
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Fig.2 Simple work-tree
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B B8 KA T MRS 5 — 7 T, W ST T AR S AR R AR R, I AWk A R B E R R AERERE, R 1
—AMEL S R(TRUE RAEREEE FALSE A K AR E) n] DUR I Jr 4 71T 25 Wik 45 SR AR @ R slis 5.
I AT 25 %8 VL 4 /6L R A J2 U I T s g e R 09 B9
WA P AB
Ty RPN (B 45 B /ITRUE: A4S, FALSE: ANHHAS
bool WFS-Traversal (RA,RB){
AT AB AR A &M RARB; /T4 (RARB)E TS
LIVESET<-{T475 5 (RARB) /1AL 455 BB BAF)
fori=1to LIVESET.size
L IEIRIRAT BAF IR A 15 A
while (LIVESET!=NULL){ //BAFIAS 45
(al,bl)<- LIVESET; /M BAFIH B H —{T45715 5
SplitNode=true; // 433448 iy B R 7R T 4RSI 4 171 AL
if ((al,bL)7 A5 (19 A FEIER A A AD)
SplitNide=FALSE;  //ILAT- 45715 B ASAHAS, 73 2478 B v R 8
else /43 I ERAHAZ
Flagl= (Sphere2Box VolumeRatio (al)>= RatioThreshold(al) ); // al 3474 Bl & AHAS A B4
Flag2= (Sphere2Box VolumeRatio (b1)>= RatioThreshold(b1) ); // bl 34T 6L & AHAS ) 1 i
if (Flagl) // #47 al A & AHRE
if (Flag2) // 3T bl Gl &AHAL
if ((al,bl) 145717 £ AABB G GAAHAY)
SplitNode=FALSE; /I AF 2515 SUNARAS, 73 3R 1 i A
endif
else if ((al,bl) F457 fK al () AABB I & &A1 bl 0 ERAHIZ)
SplitNode=FALSE; /AT s AAIAL, 73 3448 B B0 1
endif
endif
else
if (Flag2) //3E4T bl %5 55 AABB W & I AHAS K
if (b1,a1) E5571 A1 bl () AABB £ [H & & A al 4 FIER R %)
SplitNode=FALSE; // AT 4537 s SRS, 40 248 T 1 A I
endif
endif // flag2
endif // flagl
endif // (al,bl) 157 SHT bl ALEERFD al fo FIERAATAS
if (SplitNode=FALSE) //ANAHAZ ANl 43 1345 25
else /| FHAE, k8115 mMRI 2
if (@l &y ) Ml JEnty A
if (b1 205 ) /bl S iy R
CollisionDetectionFundamental Algorithm(al,b1); /7 i I J= A<l 435 45 0] 6 %5
if (a1 F1 bl %)
return TRUE; // A,B & /ERf
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endif
else //b1 AN 7715 g0, 726 b1 I PIAS 17759 5
LIVESET<- (al,b1-> left); al,b1-> left 3F A FA %
LIVESET<- (al,b1-> right); al,b1-> right # A A%
endif
else // al ARJEMF5 8
if (b1 2MT755))
11 al AN 737 5, U7 A al IS 1757 58
LIVESET<- (al-> left,bl);
LIVESET<- (al-> right,bl);
else //bl,al #AEMF5 8, W™=4: bl,al B9 4 NF15 AL
LIVESET<- (al-> left,b1-> left);
LIVESET<- (al-> left,bl-> right);
LIVESET<- (al-> right,b1-> left);
LIVESET<- (al-> right,b1-> right);
endif
endif
endif
}end-while
}end- for
return FALSE; // A 1 B Ak A= fif i
} /IWFA-Traversal i }/7 45 #
FErh AT 451K 795 sUR FH MBI (LIVESET) A7 B 3 RatioThreshold()ik [Bl—AN BIME, >k e e it Z AT AABB
A0, & (R AH A Al

3 EEH) OpenMP #1714k

3.1 OpenMP#E & &0iR[1112

OpenMP & 5L T LR FR 1 IAT g AR Y, 2L F O e R R L gm AR Y & — MMM AR B RE 05 1
AR o8 v b o W

OpenMP ‘& 1% ] Fork-Join FEATHUAT RS B4 (1) OpenMP 25 JF 44 T — AN B ) 32 4k 72 (master thread), T
WEPAT I, BT S — H B AT HAT, B 218 2258 — AN AT A TR G AT HAT PATREFE W R 1. Fork: 246 F2 6

AT S 4 (R0 I e Jm A R R AR AE AT
32 BAEEANHITHR
AR SCHEA HRAT B A F R T s AT DU AT AT, KRR 48 T I TR, B A 3 v T S0 RK . OpenMP - Jf:
ITWEARBATEIEWN T
WY1k A B (RARB)
i REHEAS I 55 5 /ITRUE: #H7Z, FALSE: ANHHAZ
bool Parallel-Traversal (RA,RB){
LIVESET<-{F-45 15 55 (RA,RB) /FEHAT 55 M AN BA A
while (LIVESET!=NULL)
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{LHAFNAS g =
(al,bl)<- LIVESET; /M AT55BA%I
#pragma omp parallel for
if CHHTAT 5571 s A A AR AT)
O AT 55
else if CUTTAESETH MM TI )
CollisionDetectionFundamental Algorithm(); //£E 24 14T 4% Ak 38 FH 3 A Rl e K6 30 25 45
if (4R 4 TRUE)
BOH M T AT AT 0 e AR 45
return TRUE; // R BLTE3E
endif
else // MHTAE55 40 5 b () 45
ATRIAE 18 7 0ORs 24 WA 55 1O P AT 5759 RO BAF LIVESET,
endif
endif //
TG HAMIFAT AR 45 58 He
# pragma omp critical
StorelntersectingTaskNodes();  /AFREFIAZ AT 457 A5 B
} end-while
return FALSE;
}

4 KBWERRIERED

AKEVERH C++HE S 15 SGIONYX2 TAEN: (7 4 1 R10000 4bFH 2%) F S, 37 OpenMP 2 R st = S 3
AT 53 IHAT K 2 SRR L [R) — A7 filg Mk S SR, b Ak 21 28 [R] — BEFE H B8 [RI I AT I R FR Ut 22 0 64,000
32.

SR E T M RIS 5 S DA 31 AN IR BBENLEE) AU e Rm EAE A )2 T
80 000 .20 T T AR STk I ALk FRAT VI T W T 4 >S5

SR8 1. WA B A b

S TR AU S e R MURRIEAT T I R R A (n BRI = A TE AN ED . W& AT 1000 2P
IS TR U, S B 5 R w1k 1 K 8] 3(a) s,

H it BCDA(base collision detection algorithm) >h 2 T = /i & 55 = 1 JB A1 2 I 2= A il it ko 0
:;1-COLLIDE #yEP 4RI T AABB (U £ 115535, SPHERE 24K 1 T 10 B Bk i 529%;SCDA serial collision
detection algorithm) >y % I ¥ & 60 [H &0 1 £ AT Wl 43 Az 00 7925, PCD A (parallel collision detection algorithm) 2k 2% 32
FIEE TR A R 1) OpenMP 4T Al 8 Ao B3,

Table 1 Analysis of time complexity

R 1 WNEERNED B

APt S ) 53 WIS (frames/s) 1247 1 000 IR (s)
BCDA o(n?) 3.19 5109
I-COLLIDE O(nlogn) 4.05 4231
SPHERE O(nlogn) 4.05 3265
SCDA O(nlogn) 7.05 185
PCDA O(nlogn) 17.70 74
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MG JRT U TR 0 [ A B30k B B SR — 6 LA P S0 A B A 00 Py I 1) 00 AT T AR KR 4
e K ST PCDA 53, U] IA 17.70/s, 52 JLABSIE WU 3~6 11,1247 1 000 25 T T A9 I T 03 oAt 28 55095 14
1/100~1/3.

588 2. HPIHTH T

IR SIS 45 R 2 S8 3(b) R
Table 2 The analysis of parallelism
x2 SEIHTHA T

LR AT TR 24T 1000 I H] (sec.)
N T S
T e
I T T
S

MGG R LU R H] OpenMP g B i O FAT AL 5105 AR 45 08 1 LIS AT 3R BEF 0 — P T3k 118 47 I 1) #48
Pl T 2~3 4 FLAR A SCHR Y R TR A 00 & R AT S0 PCDA EE L sR AT SRR 2.5 £ 3k — 2D bR 17 w1
U

K48 3. PR AR

X AT S IR T S PN o LU R IR AT R4, AT LAtk X (7) A0 20 (8) 56 B

Chtn ™)

Herh, Sy 2 I LUt Z o A 1] F AL B 23 R GE AT SR RIS 0], t) 2R R AT p AN AR HLEE 1 22 AL BRATLAAT BT
i BRI 1]
E:%Ep:qu% ®)

o E RRFHATHE, p R BLE A B FRAT R W] e SO s 5 CPUAN 2 1] 1) L AE

16 FOR S0 4% SRR R AT T A5 AN R B 2 (9 AL B 1 FRAT S92 0 3kt LU AN AT 2036 S 36 45 oA
SR A IFAT SR IR L S)=2.697, I 4T 2% E =0.674. 5L 50 45 R &l 4(a). K 4(b) i

MBS FUETEZ AL EAR T AT R AT IE 4 60%, I L AT ik 5.5.4H bl S50 45 SR AT 401, AT 20 26 F 03k LU AR
HE 75 33X Fofr EARU(E, 3 T2 S DRI T S 50 B 05,y SR S 50 B 5 ] o AR U 1 T AT 55 AN LA A B3Rt 2 T
Fr AR TR K 2, V) L S 0 gt 7 3801 68 [ o Ak 348t 49 AN 38 78 40 R D A 2 o R S 6 A 5 40 20 ) A T
H 0. R A — 5 I S0 PR BT B A A B A% AN B3 00 386 I, S5V 00 n T LY A Ve A FE R R B A R AT AR R
T T B X T-AS R 500 52 2% K R LR B R ) 2 Ab P35 2~4 Al 298 T

FEAT A A BT 558 25 B o 7 AR A ) A I T T, BE 2 AT L R IR ST L RS A Ik 1 sk

SI& 4. OpenMP 5 Al JFAT 5Lk Lh K.

SEIG AT AR BVE TSR 0 AT 550923 DB T 258 3 R0 8 U5 T FE PR AN 7 TTEAT T b s 06 &5 S 3
F I 5(a). K 5(b)FTR

oA MPL SR SCRR[7]H MPL [ JFAT I3 A 0 57925, 0penMP g R SCHEF OpenMP (1) J 47 il 3 4 il 47
%;Pipelining >y 5% HI SCHR[8] HH i K Ze F1 43 ¥E BEA I FEAT M RS I B35 (H P 445 p HU 6)

© PEFPEGERIHITON  http:y www. jos. org. cn



198

Journal of Software 3k 4% Vol.19, Supplement, December 2008

Table 3 the comparison of parallel algorithms
* 3 JHMTHEMHER

R 72K I 17 52 W (s) 3247 1000 LI (5)
SCDA O(nlogn) 7.05 185
MPI O(nlogn) 12.6 106
OpenMP O(nlogn) 17.70 74
Pipelining O(n/plogn) 51.6 49

S0 48 ] DU AR 45 52 10 R a8 AT BRBE TR AR Ti) 0% 7 T SR, AR SCHET- OpenMP (1) 147 il F 45 U
VLI ) 0% 5 T MPLLEAR T Pipelining, 524 MPI SR I 22 33 72, 33 2 () 75 B2 46 9138 15 15 18], 11 Pipelining A~ X
ERRERE R T 2 4R, IR I #EAMT 38 R A T 2 3ERE (52 Pipelining (T 45 HEREE p X AL M REG 1R K
i), X LA 21 g AR A, DR v A e PRI

NI 5T KE 7 THI SR 13, A SCIE T OpenMP K1 34T Rl 15 A6 45095 SR I 22 2R 2, LG LA SR ) 22 JE R IR 00 By
B WAFAE LA OpenMP HLAT ol Bl 4k, ] B, ol 4 e ok G S RF 2 26, LA U1 IOV AR R D SR

6000
5000

4000

)

3000

Total Time(sec

N
o
o
o

1000

0

N : - —a—NP(BCDA) = P(BCDA)
—4&— BCDA —&— [-COLLIDE SPHERE NP{I-COLLIDE) P(I-COLLIDE)
SCDA —X¥—PCDA —a— NP(SPHERE) —e— P(SPHERE)
NP(SCDA) ——P(SCDA)/PCDA
6000
5000 '
4
///:/ 4000 |-
o
k)
(<3
€ 3000
[
E
(s}
= 2000
1000 [
4 ¥ & 0% ¥ ——k—— 0 192 —— X X—
0 10000 20000 30000 40000 50000 60000 70000 80000 0 10000 20000 30000 40000 50000 60000 70000 80000
Complexity of Models (The Number of Triangles) Complexity of Models (The Number of Triangles)
() (b)

Fig.3 (a) Compare about experiment data of five algorithms such as BCDA, 1-COLLIDE, SPHERE,
SCDA and PCDA run 1000 steps; (b) Compare about experiment data of the four algorithms such as BCDA,

I-COLLIDE, SPHERE, SCDA and their parallel algorithms run 1 000 steps.

K 3 (a) BCDA, I-COLLIDE, SPHERE, SCDA 5 PCDA iz47 1 000 45 [f) S 6 $uis 1 Eh 5,
(b) BCDA, I-COLLIDE, SPHERE, SCDA J% I AT 524247 1 000 5 11 S 50 B4 1 L
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Fig.4 (a) The relationship between speedup and the number of processors, (b) The relationship
between parallel efficiency and the number of processors
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Fig.5 (a) Compare about experiment data of the parallel algorithms such as MPI, OpenMP and Pipelining
run 1 000 steps. (b) Compare about experiment data of the parallel algorithms such as MPI,
OpenMP and Pipelining with 1,2 and 4 CPU
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