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Hardware accelerated Voxelization using a Stencil Buffer
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Abstract

We propose a hardware accelerated voxelization method for various 3D object
models such as surface models, solid models, and volumetric CSG models. The
algorithm utifizes the stencil buffer that 1s one of modern OpenGL graphics hardware
features. The stencil buffer is originally used to restrict drawing to certain portions
of the screen. The volumetric representations of given 3D objects are constructed
slice-by—-slice. For each slice, the algorithm restricts the drawing areas with the
inner region of 3D objects using the stencil buffer, and generates slices of the
volumetric representation for target objects. As a result, we can provide volume
graphics support for various engineering applications such as multi-axis machining

simulation, collision detection and finite element analysis.
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2.1. Stencil Buffer

OpenGL9¥ buffer= color buffer, depth

buffer, stencil buffer, accumulation buffer =

o]FolZt}, o|F stencil bufferes SHH ¢
B Ao distel 2do] a2AESF AT
e B3og olgHr & Eo 19 1%
ol 7'2} UMz Hol& w3 & 4‘5}"“7] Sk
AMeE 4 sy uRsE 2" F fyo
sigete ¥-& stencil bufferdl #7&gct.

Z3] HolE=
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¥ 2. CSG Rendering
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¥ 3. Viewing volume and target volume
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glDepthFunc (GL_LEQUAL) ;
disable writing to color buffer
for each slice
set clear depth to target slice
clear depth buffer and stencil buffer

disable writing to depth buffer
enable depth test and stencil test

glsStencilFunc(GL_ALWAYS, 0, 0);
glStencilOp (GL_KEEP, GL_KEEP,GL_INCR) ;
draw object

glStencilFunc(GL_EQUAL, 1, 1);

glStencilOp (GL_ZERO, GL_REPLACE,
GL_REPLACE) ;

draw slice plane

dump stencil index to main memory

enable writing to depth buffer
disable depth test and stencil test
end for
enable writing to color buffer

% 5. algorithm for voxelization
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% 8. Teapot
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a9H 9. Voxel Teapot

4
Kaufman, A., “Efficient algorithms for
3D scan—conversion of parametric

curves, surfaces, and volumes,” ACM
SIGGRAPH, pp. 302-310, 1987

Cohen, D. and Kaufman, A., “Scan-
conversion algorithms for linear and
guadratic objects,” In Kaufman, editor,
pp. 280-301,
IEEE Computer Society Press, 1991

Kaufman, A.

Volume Visualization,

and Shimony, E., “3D



10.

(]
o
N
i
(62}
10
W
=
A
e

scan—-conversion algorithms for voxel-
based graphics,” Proceedings of ACM
Workshop on Interactive 3D Graphics,
1986

Kaufman, A., “Efficient algorithms for
scan-converting 3D polygons,”
Computer & Graphics, Vol. 12, No. 2,
pp. 213-219, 1988

Cohen, D. and Kaufman, A.,
“Fundamentals of surface
voxelization,” Graphical Models and
Image Processing, Vol. 57, No. 6, pp.
453-461, 1995

Juang, J., Yagel, R. Filippov, V. and
Kurzion, Y., “An accurate method for
voxelizing polygon meshes,” IEEE
Symposium on Volume Visualization,
pp. 119-126, 1998

Lee, T. and Requicha, A., “Algorithms
for computing the volume and other
integral properties of solids,”
Communication of the ACM, Vol. 25,
No. 9, pp. 635-650, 1982

Breen, D., “Constructive cube CSG
evaluation for display using discrete
3D scalar data sets,” Proceedings of
the Eurographics’91l, pp. 127-142,
1991

Wang, S. and Kaufman, A., “Volume-

sampled 3D modeling,” [EEE Computer

Graphics and Applications,” Vol. 14, No.

1, pp. 281-292, 1995

Breen, D., Mauch, S., and Whitaker, T.,
“3D scan conversion of CSG models
into distance volumes,” Proceedings of
the 1998 IEEE/ACM Symposium on
Volume Visualization, pp. 7-14, 1998

271

11.

Fang, S. and Chen, H., “Hardware

accelerated voxelization,” Computers

& Graphics,
2000

Vol.

24, pp. 433-442,



