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Studies on the Speedup of Volume Rendering with
Commodity GPUs

Yuki SHINOMOTO
Abstract
A slice-order texture-based algorithm for volume rendering with commmodity
GPUs loses spacial locality of reference and suffers from low cache hit ratio
at some viewpoints. This is because the access pattern of volume references
depends on the position of the viewpoint.

A cuboid-order ray-casting algorithm which maximizes spatial locality of
reference has been proposed. The cuboid-order algorithm divides the volume
into sub volumes named cuboid, and controls the access pattern by rendering
each cuboid. Maximization is achieved by detecting and sampling points in a
cuboid fetched into the cache memory, before the cache lines composing the
cuboid are replaced.

In this paper we propose a cuboid-order texture-based algorithm based on
the cuboid-order ray-casting algorithm. CPUs cannot control the access pattern
as easily as CPUs. Our algorithm controls the aceess pattern by dividing the
slice into smaller slices and arranges them in the cuboid-order when rendering
each cuboid. The number of slices increases in proportion to the number of
cuboids.

We evaluate our algorithm with Radeon X800 Pro. The result shows that
performance of the cuboid-order algorithm is lower than that of the slice-order
when the size of cuboids are smaller than that of texture-cache and 3.2 times
higer at some size of cuboids.

The performance of the cuboid-order algorithm suffers from the cost of pro-
cessing vertices of slices and changing cuboids which are processed. In this paper
we proposed the address transformation of the volume and blending with the
fragment prosessor of the GPU. The former reduces the cost of chaing cuboids

and the latter reduces the number of vertices.
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goboboooobobogo
oobboooboGpUOOODOOOODOOODODOOODOOODOODO
gobbbooooobobbuoooobbbooogbon
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O00O0O0b0o20000000D00DO0O0OOoD GPUODOODODO2000
gobbboooobboboooobobboooobboooobbobooon
gobobob200b00000oboboobobooooobobobbooobooan
gobobog20000000
gboogobuogooobbuoobobooobbooobobboooboood
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O0D0000cCpPUODOODOOODOAPIODOODOODOGPUODOOODOO
O00000o0ob0ooboooooboooooonoo
00O0000o0obOOobOoobOoooooboobooboboooooooog
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int x, y, z;
void loop_x(void){
for(x = 0; x < cx; ++x)
loop_yQO;
for(x = X_MAX; x > cx; —-X)
loop_yQO;
X = CX;
loop_yQO;
}
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4.1 0O0O0O0O

CPU O Intel Pentium 4 2.5GHZ 0 O GPU O ATI Radeon X800 Pro0 O OO
gooooogoogo

Linux 2.6.80 0 C, OpenGL 1.50 00 Cg (C for graphics) 0000000
0 0 Radeon X800 ProO0 OO OO 10000

O 1: Radeon X800 ProO OO

goooon 475 MHz
goodd 28.8 GB/sec.
oooogn 5.7 GPixels/sec.
gooooood 712.5 MTriangles
Memory 256 MB
Memory Interface (bit) 256
Memory Data Rate 900MHz
Pixels per Clock (peak) 12
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float2 address2D = float2( frac(normAddr2D.x), normAddr2D,y );
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