


Figure 1. Partitioning a volume data set into
43 bricks.

chitecture. The idea is to split the volume into smaller sub-
volumes, i.e., bricks [7]. These bricks can be oriented in dif-
ferent directions; thus the varying performance for different
viewing directions is averaged out within a single image.

2. Previous Work

Cabral et al. [4] were early to use general purpose graph-
ics hardware and its 3D texture support in order to imple-
ment interactive volume rendering with viewport-aligned
slicing. They could make use of the Reality Engine [2],
which supports 3D textures. An improved performance for
volume rendering was provided by the successor Infinite-
Reality [12]. These hardware architectures have the ad-
vantage of a 3D texture memory layout that provides good
cache coherence for any viewing direction. The original
rendering technique [4] supports only the model of a gas
that directly absorbs and emits light. More recent research
on texture-based volume rendering has led to advanced vol-
umetric illumination and shading techniques, e.g., see the
work by Van Gelder and Kim [16], Dachille et al. [5], West-
ermann and Ertl [18], Engel et al. [6], or Kniss et al. [8, 10].
Rezk-Salama et al. [14] describe a method for trilinear in-
terpolation on additional slices within a 2D texture-based
approach. Their technique relies on multi-texturing and re-
quires changes of the core rendering routine.

3. Multi-Oriented Bricking

To overcome the potential view dependency in texture-
based volume rendering, we propose to partition the volume
into smaller bricks. Figure 1 shows an example, where the
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Figure 2. For any viewing direction, two bricks
are oriented along the viewing direction and
the other two bricks are perpendicular.

volume data set (that is visualized as a sphere) is split into
43 sub-volumes. The borders of the bricks are marked by
yellow lines.

These bricks can be oriented in different directions; thus
the varying performance for different viewing directions is
averaged out within a single image. Figure 2 illustrates (in
the simplified analog of a 2D drawing) that the number of
bricks which are oriented along the viewing direction can
be kept constant. Therefore, the number of elements that
can be rendered at high speed is independent of the viewing
direction. Note that the “fast” bricks may change. For ex-
ample, in the left image of Figure 2, the bricks in light gray
lead to higher rendering speed, whereas the bricks in dark
gray are faster to render in the right image.

Of course, this idea works only as long as the whole vol-
ume is in the visible view frustum and roughly the same
number of fragments are associated with each brick. In
real applications, these two assumptions are only partly ful-
filled. In these cases, the uniformity of rendering speed is
the better the finer the granularity of the bricking is chosen,
i.e., the smaller the sub-volume sizes become. On the other
hand, finer granularity leads to a larger number of slicing
polygons to be computed and rendered because each slice
through the complete volume has to be partitioned into sub-
slices for the bricks. Moreover, a brick should have a one-
texel-wide overlap with neighboring bricks [7]. Therefore,
additional texture memory is needed, the consumption of
which increases when the number of bricks is increased.
Note, however, that the size of the additional bricks can be
chosen independently of the size of the other bricks and thus
only little memory is wasted by the restriction to power-of-
two textures.

In summary, the granularity should be optimized by tak-
ing into account the above aspects. The optimal number of
bricks is highly dependent on the application and the char-
acteristics of user navigation. An extensive discussion of
this issue would be beyond the scope of this short paper.



According to our experiments, bricking into 23 or 43 sub-
blocks leads to reasonable results, as long as the viewing pa-
rameters are not too extreme. Corresponding performance
measurements can be found in the following section.

4. Performance Comparison

In this section, we show a performance analysis for the
bricking approach and compare this method with the orig-
inal non-bricking rendering. We use two typical repre-
sentatives for the two types of memory layout: The ATI
Radeon 9800 Pro as an example for a GPU with slice-
oriented layout and the NVidia GeForce FX 5950 Ultra as
an example for a graphics board with an optimized mem-
ory structure for volume rendering. The size of our test
data set is 2563 and shows a spherically symmetric behav-
ior with a linear dependency on the distance from the cen-
ter point. Figure 1 depicts the volume visualization of this
data set. We use pre-classification with a two-component
3D texture that stores pre-computed luminance and alpha
values. The slicing distance is kept constant, i.e., the num-
ber of slices may change with the viewing direction. Just
the fixed-function vertex and fragment pipeline is used. In
this way, our test case is focused on the 3D texture access
speed. The viewport has a size of 8002 pixels in all perfor-
mance tests.

Figure 3 compares the rendering speed for the two archi-
tectures, based on a single brick (i.e., standard view-aligned
volume rendering). The rendering speeds are shown in fps
(frames per seconds) along the vertical axis. The horizontal
axis describes the viewing direction in degrees. The an-
gles denote a rotation of the volume about the y axis, which
forms a vertical line on the viewing plane. We assume that
the z axis is parallel to the stacking axis for building the
3D texture from slices. For an angle of zero, the viewer
looks along the z axis of the texture. Figure 3 shows that
the rendering performance of the slice-oriented architecture
heavily depends on the viewing angle. In this case, the min-
imum and maximum frame rates form a ratio of 1:4.8. In
contrast, the other hardware architecture maintains a much
more uniform frame rate; there is only a 12 percent differ-
ence between minimum and maximum frame rates.

Figure 4 demonstrates that multi-oriented bricking
achieves a much more even rendering performance than the
standard approach for the Radeon 9800 Pro. Here, a 43

bricking is applied. The directions of the bricks are alter-
nated between the x, y, and z axes, based on the index of the
bricks. The difference between minimum and maximum
frame rates is reduced to 1:1.2.

Figure 5 shows the same comparison between 43 brick-
ing and standard volume rendering for the FX 5950 Ul-
tra. The performance numbers indicate that the bricking
approach is a little bit slower, which is mainly caused by
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Figure 3. Single-brick volume rendering on FX
5950 Ultra and Radeon 9800 Pro.
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Figure 4. Comparing volume rendering with
single brick and 43 bricks on Radeon 9800
Pro.
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single brick and 43 bricks on FX 5950 Ultra.



the additional work for the increased number of slice poly-
gons. These measurements illustrate how much perfor-
mance penalty is associated with bricking: The overall ren-
dering speed is reduced by less than five percent.

5. Conclusion

We have proposed a simple and practical improvement for
3D texture-based volume rendering on an important class
of current GPUs that have a slice-oriented memory layout
for volumetric textures. The idea is to compensate the dif-
ferent rendering performance along different viewing direc-
tions by shuffling the orientations of sub-blocks of the vol-
ume according to an equal distribution of all possible three
orientations.

Bricking is frequently used in volume rendering already.
For example, large datasets that do not fit into texture mem-
ory at once can only be handled by bricking [9, 11, 17].
Moreover, bricking overcomes the waste of texture mem-
ory that occurs when data sets of arbitrary size have to be
extended by empty space to meet the restriction to power-
of-two textures. Therefore, bricking is already available in
many volume rendering applications (e.g., in OpenGL Vo-
lumizer [3] or the volume node of OpenSG [1]) and our
extension causes only minimal additional implementation
efforts. We think that multi-oriented bricking is a practical
and easy-to-handle solution that, in particular, improves the
usage of volume rendering in real-time sensitive applica-
tions such as virtual reality and visual simulations. Typical
implementations of virtual environments freeze the overall
frame rate to the lowest achievable frame rate, which would
be unacceptable if the ratio between maximum and mini-
mum rendering speeds is large. Therefore, our approach
leads to a significant performance increase in such environ-
ments.
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