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A Volume Rendering Algorithm
for Maximum Spatial Locality of Reference

MASANORI NUKATA,! MASAHITO KONISHI,# MASAHIRO (GOSHIMA,t
YASUHIKO NAKASHIMA' and SHINJI TOMITAf

The pixel-order ray-casting algorithm suffers from low cache hit ratio depending on the po-

sition of the viewpoint. In this paper we propose a cuboid-order algorithm, which divides the
volume space into cuboids and controls the access pattern to the volume data by rendering
each cuboid. The algorithm achieves the maximum cache hit ratio independent of the view-
point position. The evaluation result shows that the worst case of the pixel-order algorithm
takes six times as long as the best case, while our algorithm 1.15 times as the best case of the

pixel-order algorithm independent of the viewpoint position.
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struct Pixel { float r, g, b; }; // 00000
struct Voxel { float r, g, b, a; }; // 00000

struct Vector { float x,y,2; }; // 0000
unsigned char vim[N]|[N][N]; // 00000
Voxel map[UCHAR.MAX+1]; // 000000
Pixel pxI[N][N]; // 00000

for (int v=0; v < N; ++v)
for (int u = 0; u < N; ++u) {

float dx, dy, dz; // 000000
float x, y, z; // 0000000
float r, g, b; // 00000
// (1) OO0

init(u, v, &dx, &dy, &dz, &x, &y, &z);
r=g=>b = 0.0F;
// (5) 0OOO
while (ISZIN.VOLUME(x, y, z)) {
//(2) 00OOO0O (3FLOP)
Voxel vx]l = map[vlm[(int)x][(int)y][(int)z]];
//(3) 00000000 (10FLOP)
float t = vxl.t; // 000
float a = 1.0F — t; // 0000
r=tx*xr + ax vxlLr;
g=1tx*g+ ax*vxlg;
b=tx%b+4+ ax vxlb;
// (4) SPOOO (3FLOP)
x —=dx; y —=dy; z —= dz;
}
pxlfu][v].r =1; pxl[u][v].g = g; pxl[u][v].b = b;
}
01 000000oo0o0ooooooooooogo
Fig.1 Code for pixel-order ray casting algorithm.
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int x, y, z;
void loop_x(void) {
for (x = 0; x < cx; ++x)
loop_y();
for (x = X_-MAX; x > cx; ——X)
loop_y();
X = cX;
loop_y();
}
03 O00OO00O00oOooOobboooooooobooooooo
Fig.3 Code to decide order of cuboids.
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Fig.4 Order of cuboids by code in Fig. 4.
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Fig.5 Position of view point and order of cuboids.
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Fig.6 Projection of cuboid.
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