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Abstract

Photorealistic rendering of computer graphics is an important issue for long years. To-
day, we can see great results of researches in movies, video games, and etc. Rasterization
is an effective algorithm for rendering in interactive frame rates. However, it is an approx-
imate algorithm, so it has a lack of photorealism. On the other hand, rendering techniques
based on ray tracing are slower than rasterization, however, the quality of rendering is
highly improved.

It is said that ray tracing was relatively slower than other rendering techniques. How-
ever, recent progress of computer makes it possible to render computer graphics by means
of ray tracing in interactive frame rates. A lot of techniques to accelerate ray tracing are
existing. Among them, spatial and hierarchical scene subdivision to decrease computation
cost of ray-object intersection is most effective. The improvements of hardware are also
contributing to accelerate ray tracing. The use of single instruction multiple data (SIMD)
that enables parallel computation of multiple data is necessary for maximizing potential
of recent CPUs.

This thesis describes an acceleration technique of ray tracing by means of recent CPU
architectures. Bounding volume hierarchies (BVH) that are used to accelerate ray tracing
are improved to make them applicable to SIMD. We construct BVH as quad-tree that
is easy to apply SIMD while others mostly used binary-tree. Our techniques achieved
shallower tree construction and lesser use of memory than binary-tree. Furthermore,
traversal with parallel computation enabled fast ray tracing.
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Ray Tracing Given a ray and set of primitives, efficiently compute the subset
of primitives hit by the ray.

Rasterization Given a set of rays and a primitive, efficiently compute the
subset of rays hitting the primitive.
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... the term “ray tracing” actually covers a wide range of different meanings,
ranging from the basic concept of efficiently finding an intersection between a
ray and a set of primitives, over the classical recursive ray tracing rendering
algorithm (and its variants), down to more general ray tracing based algorithms
that use ray tracing in one or another form.
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struct Vertex {
float x, y, Zz;

} vertices[4];
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struct Node

{
__m128 aabbMin[3], aabbMax[3];
int index;
Node* children[4];

}s;
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__m128 tNear, tFar, cmp, t0O, ti;

t0 = _mm_setl_ps(ray.mint);
tl = _mm_setl_ps(ray.maxt);
// X0

tNear = _mm_mul_ps(_mm_sub_ps(aabbMin[0], ray.o4[0]),
ray.invRayDir [0]);
tFar = _mm_mul_ps(_mm_sub_ps(aabbMax [0], ray.o4[0]),
ray.invRayDir[0]);

t0 = _mm_max_ps(_mm_min_ps(tNear, tFar), t0);
tl = _mm_min_ps(_mm_max_ps(tNear, tFar), t1);
// YO

tNear = _mm_mul_ps(_mm_sub_ps(aabbMin[1], ray.o4[1]),
ray.invRayDir[1]);
tFar = _mm_mul_ps(_mm_sub_ps(aabbMax[1], ray.o4[1]),
ray.invRayDir[1]);

t0 = _mm_max_ps(_mm_min_ps(tNear, tFar), t0);
tl = _mm_min_ps(_mm_max_ps(tNear, tFar), t1);
// Z10

tNear = _mm_mul_ps(_mm_sub_ps(aabbMin[2], ray.o4[2]),
ray.invRayDir[2]);
tFar = _mm_mul_ps(_mm_sub_ps(aabbMax[2], ray.o4[2]),
ray.invRayDir[2]);
t0

tl = _mm_min_ps(_mm_max_ps(tNear, tFar), t1);

_mm_max_ps(_mm_min_ps(tNear, tFar), t0);

cmp = _mm_cmpgt_ps(t0, t1);

DOO0000000b000 mtrinsiecs0000000000O00OD0OO0OOO0OOOODOO
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const int allBits = _mm_movemask_ps(cmp);
if (allBits != Oxf)
{

if ((allBits & 1) == 0)
Traverse(node->children[0], ray);

if ((allBits & 2) == 0 && node->children[1] != node->children[0])
Traverse(node->children([1], ray);

if ((allBits & 4) == 0 && node->children[2] != node->children[0])
Traverse(node->children[2], ray);

if ((allBits & 8) == 0 && node->children[3] != node->children[0])

Traverse(node->children([3], ray);
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