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Parallel Collision Detection Between Deformable Objects Using SIMD Instructions
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Abstract  Continuous collision detection among deformable objects in complex scenes is still hard
to fulfill the demand for interactive design. To speedup processing, a collision detection algorithm
which can fully exploit the parallel computing capability of modern CPU is proposed. The algo-
rithm is based on a two-level parallel processing: SIMD instruction based instruction-level parallel
processing and multi-thread based task-level parallel processing. A SIMD instruction friendly k-
DOP, SIMD-DOP, is designed. It has been analyzed, and compared with 16-DOP and 24-DOP in
running efficiency. By using SIMD-DOP and balancing computing loads among multi-cores, opti-
mized accelerations have achieved. The algorithm has been implemented on a workstation with 16

cores, and tested by using several complex benchmarks.
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MiZE A.  SIMD-DOP SZ# i C++ L5405,

class SIMD-DOP{

public:
struct {
__ml28 _max[2];
//packing all the 16 float data into 4 __m128
_ - ml28 _min[2];
s
public:

static void getDistances(vec3f&.p, float d[]) {
dlo]J=p[0]+p[1];
d[1]=pl0o]+plL2];
dlz]=p[1]+pl2];
dl3]=pl0]—p[1];
dl4]=plo]—p[2];
}

SIMD-DOP(Q) {empty();}

SIMD-DOP(vec3f &iv) {
float dl:5];
getDistances(iv, d);

v._min[0]=v._max[ 0]
=_mm_setr_ps(iv[0],iv[1].,iv[2],d[0]);
v._min[1]=v._max[1]
=_mm_set_ps(d[1],d[2],d[3],d[4]D;
}

SIMD-DOP(vec3f &.a, vec3f &.b) {
float ad[ 5], bd[57;
getDistances(a, ad) ;
getDistances(b, bd);

__ml28 s=_mm_setr_ps(a[0],a[1],a[2],ad[0]);
__ml128 t=_mm_setr_ps(b[ 0], b[1],b[2], bd[0]);
v._min[0]=_mm_min_ps(s, t);

v._max[ 0 ]=_mm_max_ps(s, t);

s=_mm_set_ps(ad[1],ad[2],ad[3],ad[4]);
t=_mm_set_ps(bd[ 1], bd[2], bd[3], bd[4]);
v._min[1]=_mm_min_ps(s, t);

v._max[ 1]=_mm_max_ps(s, );

TANG Min, born in 1974, associate
professor, Ph. D.. His research inter-

ests include geometry modeling, collision

detection and GPU-based algorithm ac-

celeration.

A'A

MANOCHA Dinesh, born in 1963, professor, Ph. D..

}

bool overlaps(SIMD-DOP&.b) {

if (_mm_movemask_ps(_mm_cmpgt_ps(v._min[0],
b.v._max[0]))) return false;

if (_mm_movemask_ps(_mm_cmplt_ps(v._max[0],
b.v._min[0]))) return false;

if (_mm_movemask_ps(_mm_cmpgt_ps(v._min[1],
b.v._max[1]))) return false;

if (_mm_movemask_ps(_mm_cmplt_ps(v._max[1],
b.v._min[1]))) return false;

return true;

}

SIMD-DOP &-operator+ = ( vec3f &.p) {
float d[97];
getDistances(p, d);

__ml28 t=_mm_setr_ps(p[ 0], p[1],p[2],d[0];
v._min[ 0]=_mm_min_ps(v._min[0], t);

v._max[ 0 ]=_mm_max_ps(v._max[ 0], t);

t=_mm_set_ps(d[1],d[2],d[3],d[4];
v._min[ 1 ]=_mm_min_ps(v._min[ 1], t);

v._max[ 1 ]=_mm_max_ps(v._max[ 1], t);

return * this;

}

SIMD-DOP &.operator+ = ( SIMD-DOP &.b) {
v._min[0]=_mm_min_ps(v._min[ 0], b.v._min[0]);
v._min[ 1]=_mm_min_ps(v._min[ 1], b.v._min[1]);
v._max[ 0 ]=_mm_max_ps(v._max[ 0], b.v._max[0]);

v._max[ 1 ]=_mm_max_ps(v._max[ 1], b.v._max[1]);

return *this;

}

void empty() {
v._max[ 0 ]=_mm_setl_ps(-FLT_MAX);
v._max[ 1]=_mm_setl_ps(-FLT_MAX);
v._min[ 0 ]=_mm_setl_ps(FLT_MAX);
v._min[ 1]=_mm_set]l_ps(FLT_MAX);
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