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Abstract

Abstract

The computation power of the Graphics Processing Unit (GPU) in current commodity
graphics hardware is increasing at a much faster rate than that of the Central Processing
Unit (CPU) in computer systems. The projected time to double in efficiency for the GPU is
quoted to be roughly 12 months by the leading graphics card manufacturers. A recent major
breakthrough in graphics hardware technology has been the introduction of
programmability; this allows the user to replace portions of the fixed graphics pipeline with
customized shader programs exposing the ability of GPU to function more like a general
processing unit. In spite of all the rendering power, it is not possible or meaningful to use
algorithms designed with CPU in mind on graphics hardware. The essential difference is
that GPU provides a highly parallel Single Instruction Multiple Data Set (SIMD)
architecture. The key to harnessing this resource is reengineering the computationally
expensive algorithms to take advantage of this architecture as well as making use of
rendering optimizations built into the programmable graphics pipeline. This thesis presents
several novel graphics approaches which utilize programmable graphics hardware to obtain
both real-time frame rate performance and high quality result.

Our research works in this thesis mainly focus on the following aspects:

1. Real-time Voxelization for Complex Models

We present an efficient voxelization algorithm for complex polygonal models by
exploiting newest programmable graphics hardware. We first convert the model into three
discrete voxel spaces according to its surface orientation. The resultant voxels are encoded
as 2D textures and stored in three intermediate sheet buffers called directional sheet buffers.
These buffers are finally synthesized into one worksheet, which records the volumetric
representation of the target. The whole algorithm traverses the geometric model only once
and is accomplished entirely in GPU, achieving real-time frame rate for models with up to
2 million triangles. The algorithm is simple to implement and can be integrated easily into
diverse applications such as volume based modeling, transparent rendering and collision
detection.



Abstract

2. High Quality Real-time Rendering of Large Scale Point Model

Here we introduce an adaptive rendering algorithm for large scale point models. The
algorithm first subdivide the target model into multiple patches in preprocess. A
hierarchical structure is built for each patch and then converted into a linear binary tree.
During rendering, the model is processed patch by patch. Fast visibility decision is made to
cull invisible patches. Visible patches are displayed in GPU by choosing appropriate
rendering mode, i.e, a distance-dependent strategy. Our algorithm takes full advantage of
GPU and effectively balances the workload between CPU and GPU. We also propose a fast
compression/decompression technique which achieves 8 times compression ratio. The
results demonstrate high performance and image quality rendering for large scale point
models in consumer PC.

3. Real-time shadow mapping

Shadow mapping is an image-based shadowing technique. It is particularly amenable to
hardware implementation because it makes use of hardware functionality— texturing and
depth buffering existed. Here we present the implementation process of two real-time
shadow mapping methods in detail: common GPU-based shadow mapping and hardware
shadow mapping.

Finally, I summarize my own research experience of programmable graphics pipeline
and propose some potential research topics in the future.

Key words: GPU; Programmable Graphics Hardware; Voxelization; Real-time rendering;
Point-based rendering; Shadow mapping
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3.1

QSplat

Rusinkiewicz

2003

2000

Stamminger

Qsplat

2

Pfister

Qsplat

Streaming Qsplat

GPU

GL_POINT

1985 3 2000

(Surfel)

SIGGRAPH

2001

(water-tight)
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3.2

3.21

Surface Splatting

7

2003

EWA
Kobbelt

EWA

9

2001 Zwicker
EWA
2002  Ren 8
150

EWA

QSplat  Sequential Point Tree
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R e P e .
fov
C, = \/2'tan2 [%j-i-l Sp=m-1; S Sy

EWA (13)

ChooseRenderMode

if Sproj IS, >C, then H, = Jka'JkT

elseif C S /S, <c,, then H, =V,

else EWA

Cmin , Cmax Cmin =0.3’ Cmax = 30
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3.3

3.3.1

3.3.1.1

3.3.1.2

3.3.1.3

3.3.2

EWA
EWA

Ren

EWA
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3 EWA 60
1 600M GPU
GPU CPU
256M
GPU
8:1 3.1
3.1
(bit) (bit) (bit)
96 32 32
96 16 16
96x 2 2x2 8
64 2
32 8 8
480 = 60 Bytes 60 64=8 Bytes
3.3.2.1
256 x 256 x 256
3
8x8x4 1
3 X 3 Y 2
7 2048 x2048x1024
3.3.2.2
6 o 6 o

256
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0 ¢ 0-255

3.3.23

(O’_nz’ny) (nz'o'_nx) (_ny’nxlo)

3.3.24

0,0 0,1 1,1

3.3.2.5

256

1/8
3.5 Lucy

0,1

65536

(n,,n,,n,)

60
GPU
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3.5
¢ Lucy 10.07M

a buddha 1.06M 13.06FPS
10.25FPS b dragon 1.28M 11.77FPS

3.4
Visual C++ DIRECTX 9.0b SDK Intel P4 2.4GHz ATI
9800Pro 1G
34.1
3.2 ( 512x512)
(FPS)
Lucy 35 Point Sprite 10.073M 3.071M 10.25
Dragon 3.5 EWA 1.28M 0.42M 10.75
Buddha 35 EWA 1.06M 0.31M 15.12
Hip 3.9 EWA 0.53M 0.15M 38.12
Hand 3.8 EWA 0.33M 0.11M 55.23
Lion 3.10 EWA 0.18M 0.07M 80.5
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3.2 EWA 4.5M

Ren® 3
18M 2 Lucy
PointSprite
3.4.2
3.6 buddha
3.7

HiEmZE  QSplat’dl

3.6 QSplat

QSplat

44






K]3. 8 Hand
0.33M Points, b5b.23 FPS K|3.9 Hip &]3. 10 Lion
0. 53M Points, 38.12 0. 18M Points, 80.5 FPS
FPS

ISEON

K|3.11 Dragon
1. 28M Points, 10.75 FPS

K|3. 14 Male
0.3M Points, b56.36 FPS

K]3. 13 Female KJ3.12 Lucy
0. 3M Points, 57.12FPS 10. 073M Points,
10. 25 FPS
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4.1

map)
(z-buffer

Lance Williams®

(shadow mapping)

1978

(depth map

(z-test)

(Pass):

shadow

(z-write)

pixel shader
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depth map

0= depth map Z=A

v
Z=B >
41° A<B
depth map
N
AP~ depth map Z=A
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4.2
4.2
42.1
(texture)
(1)
GPU 16 32
32
D3DFMT_32F
(2)
Q) (render target)
vertex shader
vertex shader
pixel shader
zZ W
pixel shader z/lw
1
©)

@)

2
2
4.1
(depth buffer)
Shader
AR
[0,1] 0
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vertex shader

M
M = M world 'M LightView.'\/I LightProj
M world M LightView
IVILightProj
pixel shader
(per-pixel lighting)
pixel shader Xy
tex
tex.x=0.5-x/w+0.5
tex.y=0.5-0.5-y/w
w [-1)1] [011]
tex
z/w z/w

4.2.2

1)
per-pixel lighting

Final Effect = (Ambient +Diffuse) * texture + Specular
Ambient, Diffuse, Specular
texture

Shadow Term
Shadow Term =0 Shadow Term =1 Final Effect
= Final Effect * Shadow Term
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Final Effect = (Ambient +Diffuse * Shadow Term) * texture + Specular * Shadow Term

(2)

¥ Shadowiap

76.80 fps (640x480), XBR§

HAL (pure hw vp): ALL

Press F1 for help

4.3
2

©)
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(pixel) (texel)

mip-map

pixel shader
4

Shader

adaptive
shadow map(ASM)*®  perspective shadow map(PSM)*

ASM shadow PSM
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4.3

4.2 Shader
if (z/w> depthmap )
ShadowTerm =0.0;
else
ShadowTerm=1.0
Shader 2.0
Shader
Shader Shader
Shader 4 4
Nvidia GeForce3 GPU
56 OpenGL  Direct3D OpenGL
SGIX shadow  SGIX_depth_texture Direct3D
Direct3D
Nvidia 21.81
24-bit  D3DFMT_D24S8 16-bit D3DFMT_D16
1) D3DFMT _
D24S8 (depth-stencil surface)

HRESULT hr = pD3D->CheckDeviceFormat(

D3DADAPTER_DEFAULT, //

D3DDEVTYPE_HAL, //
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D3DFMT_X8R8G8BS, //
D3DUSAGE_DEPTHSTENCIL, //
D3DRTYPE_TEXTURE, //
D3DFMT_D24S8 /7/

)

hr S_OK

pD3DDev->CreateTexture(texWidth, texHeight, 1,
D3DUSAGE_DEPTHSTENCIL, D3DFMT_D24S8,
D3DPOOL_DEFAULT, &pTex);

D3DUSAGE_DEPTHSTENCIL

D3DUSAGE_RenderTarget (render target)

)

1
render target (Frame buffer)
D3DRS_

COLORWRITEENABLE false

Shader Nvidia
GPU vertex shader oPos pixel shader

null

®3)

Shader
Shader

Shader tex2DProj(HLSL)
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ret = tex2DProj(s, t)

S t tex2DProj t 4
tx/tw ty/tw
ret Nvidia
( D3DFMT_D24S8) tex2DProj tx/tw ty/
t.w tz/tw
tz / tw ret.xyz 0.0 ret.xyz
1.0 ShadowTerm=

tex2DProj(s, t).r

vertex shader

M = M world .M LightView.IvI LightProj

T(X,Y,2)
T.X=T.x0.5+T.we0.5+T.weTexBias _ x
T.y=T.we0.5-T.y«0.5+T.weTexBias _y
T.z=T.z-T.weshadow _epsilon
TexBias_x TexBias vy X,y
Direct3D
® shadow_epsilon
pixel shader  tex2DProj
4
pixel shader ShadowTerm= tex2DProj(s, t).r

ShadowTerm

D3DFILTER_LINEAR
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4.4

Visual C++ DIRECTX 9.0b SDK

Intel P4 2.8GHz

Nvidia GeForce 5950 1G
4.1
(FPS) (FPS)
1 1 160 220
2 1 125 176
30%-40%
4.2
(FPS) (FPS)
1 1 110 217
2 1 85 173
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4.3

D3DFMT _32F D3DFMT_D24S8
(depth-stencil surface)
Shader
COLORWRITEENABLE
false
1 1
Shader Shader tex2DProj

OpenGL

Nvidia
Direct3D
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5.1

1)

GeForce 6800
Shader

(2)
GPU

IEEE

512M

Brook Sh
GPU
GPU

Nvidia
GPU 8
8
GPU
GPU
CPU
IEEE
AGP8x
IEEE
PCI-Express
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(3) API OpenGL  Direct3D GPU

OpenGL
2000 Direct3D
OpenGL Direct3D
OpenGL GPU
COM GPU
OpenGL 1.5
OpenGL shading language Direct3D
Shader OpenGL
2.0
(4)
GPU GPU
GPU
5.2
(1) High dynamic range(HDR)
GPU HDR
GPU
HDR
(2) (soft shadow)

(hard shadow)
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(3)

(ray tracing)
GPU

(photon mapping)
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GPU
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