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typedef struct cuKinematicTree {

int leftChild;
int rightChild;

<

int parent;

int nHandles;

<]
T
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il

int handleldx[MAX_HANDLE_NUM J;

<

—

ol
0

&
=

s

int jointldx;

_ _NUMI;

MAX_HANDLE_N

_NUM][

MAX_HANDLE

matrix66 phil

P4

1;

MAX_HANDLE_NUM

vector6 bl

1
™
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typedef struct cuKinematicTreeHandle {
spatialTransform transformToObject; // A =29] &7+ W3l
spatialTransform transformToParent; // & =29 9 A== F7F Wl
spatialTransform transformToSecondary [MAX_HANDLE_NUM-11;
// bl A4 sz FIF Wk
spatialTransform transformToWorld; // A9 HZ A= &7 A

vector6 v; /] &%
vectorb a; /] THEE
vector6 f; /] <4
}
= 3-2

HE QusE Agsa BT wvith Qs olgd wA wdel Fwch

‘cuKinematicTreeRevoluteJoint’ 7+FA&= #H o %], Ao £ AHY 7l&En
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typedef struct cuKinematicTreeRevoluteJoint {

float q; /] HAe] 1A
float qd; /] HE Ex
float qdd; IR T
spatialTransform X; [/ #HHEel F7+ sk
vector6 Q; /] BHHe FEAQl 3F
}
sE 3-3

‘cuRigidBody’ x4 wlEd2 BHAE o|F& MEAQ] HAE digt ARE A%

vl A AgmEel 278 etk of FRA dxt A Zdze A%

typedef struct cuRigidBody {
float mass:; /] A%
vector3 centerOfMass; // A% T4
vector6 fk; /914
float handleOffset; /I AE Aol AE ¥

= 3-4
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if(2L < WARP_SIZE) {
dim3 grid(1, 1, 1);
dim3 block(2E, 1, 1); }
else {
dim3  grid(zt/WARP_SIZE, 1, 1);
dim3 block(WARP_SIZE, 1, 1);  }
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int start = 0;

int limit = nNodesOfEachLevelllevell;
intn = flevel

dim3 grid(n/WARP_SIZE, 1, 1);

dim3 block(WARP_SIZE, 1, 1);

for(int i=level; i>=0; ) {

Kernel<<< grid, block >>>( ab, start, limit, *-*);

start + = limit;
limit = nNodesOfEachLevel[--i];
n= 2i

if(n>WARP_SIZE) grid.x = n/WARP_SIZE;

else {
grid.x=1;
block.x=n;
}

= 3-6

T mroN RE wEpx o] AY g A3
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int start = nNodes—1;
int limit = nNodesOfEachLevel[0];

intn= 2°

dim3 grid(1, 1, 1);
dim3 block(n, 1, 1);

for(int i=0; i<level; i+ +) {

Kernel<<< grid, block >>>( ab, start, limit, --*);

limit = nNodesOfEachLevel [+ +1]

start —= limit;

n= 2

if(n>WARP_SIZE) {
grid.x=n/WARP_SIZE;
block.x=WARP_SIZE;

)

else block.x=n;

A= 3-7

FE wtoA 2o wE=71A9 AY ¢ Al

A7) A= Eele] ol el gald] e meolth tha wakW =gl kol w

9 &BE CPUA 93 Aol a1, vt} o] FoiAt B8 AFeol Aute
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A G5 oA o Folxict,

__global__ void Kernel(cuKinematicTree* ab, cuKinematicTreeHandle* h,
cuKinematicTreeRevoluteJoint* j, int start, int limit) {
int Bx = blockDim.x;
int By = blockDim.y;
int i =
threadldx.x+ (blockldx.x*Bx)+ (threadldx.y*2*Bx)+ (blockldx.y*2+*Bx*By);
int nodeldx = start+i;
if(nodeldx < limit) {
int childA = ab[nodeldx].leftChild;
int childB = ab[nodeldx].rightChild;
int PHIdxA = ab[childA].principalHandleldx;
int PHIdxB = ab[childB].principalHandleldx;
int PHGloballdxA = ab[childA].handleldx[PHIdxA];
int PHGloballdxB = ab[childB].handleldx[PHIdxB];

int jointldx = ab[nodeldx].jointldx;

h[PHGloballdxB1.f = W& f* — wekif+ ¢
h[PHGloballdxA].f = -j[jointldx].X * h_[PHGloballdxB].f;
jljointldx].qdd = (§Tvel-4{ - FV(eAer — ¢L 18 + g2
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dim3 threads(b_wid, b_hig );
dim3 grid( T1/b_wid, T2/b_hig );

kernel<<< grid, threads >>>(d_odata, d_v0, d_v1, d_v2, d_u0, d_ul, d_u2);
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int tril = b_hig * blockldx.y + threadldx.y;

int tri2 = b_wid * blockldx.x + threadldx.x;
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ABSTRACT

This dissertation addresses how articulated body dynamics and primitive—level
collision detection can be implemented in a massively parallel fashion using
NVIDIA’s CUDA. Physics—based simulation can realize the real-world phenomena
on a computer. The technology has been applied to many fields in computer
graphics including computer animations, games, virtual reality, movie special
effect, and so on. The two key components of physics—based simulation include
collision response based on dynamics simulation and collision detection between
virtual objects.

The dynamics simulation, especially forward dynamics simulation, computes the
positions, velocities, and accelerations of objects when external forces are
applied to them. Articulated bodies are a prevalent form in graphical and robot
dynamics simulation since they can represent human and animal characters,
industrial robots, molecule models, etc. An articulated body consists of several
rigid bodies linked by joints. However, it is quite complex and expensive to solve
the underlying motion equation for an articulated body. In order to tackle this
problem, parallel or simplification algorithms for articulated body dynamics have
been proposed.

On the other hand, collision detection between virtual objects can prevent
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objects from penetrating each other. Collision detection should also precede
collision response, and this way dynamics simulation can be made realistic.
Triangle—level intersection tests are a necessary step in any collision detection
methods and often become a computational bottleneck in a collision detection
problem.

We have implemented parallel articulated body dynamics simulation based on
Roy Featherstone’s Divide—and-Conquer algorithm [9, 10] using CUDA. This
algorithm is known to have an O(log(n)) time complexity when the number of
available parallel processors is n. We have empirically shown in the dissertation
that this is the case using CUDA. We also have implemented all pairwise triangle-
level intersection tests in a massively parallel fashion using CUDA and

significantly improve the run—time performance by more than a factor of 11.
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