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Abstract
This paper presents a real-time GPU isosurface
raycaser that improves the performance by 4-7 folds
of our previous method, while keeping the superior
visual quality. Such an improvement can be achieved
by incorporating an efficient empty-space skipping
scheme and an analytic gradient computation. The
empty-space skipping scheme is done by building a
min/max octree computed from the BB(BernsteinBézier)-forms of spline pieces and the analytic
gradient formula based on directional derivative boxspline kernels provides not only an accurate visual
quality but also an improved performance.

1. Introduction
Real-time volume rendering is one of the most
actively investigated research area where the
modern graphics hardware plays a very important
role due to their powerful parallel processing feature.
On the other hand, it has been known for a while that
the most widely used and hardware-friendly
Cartesian lattice is not an efficient sampling lattice
compared to other regular lattices such as BCC
(Body-Centered Cubic) and FCC (Face-Centered
Cubic) lattices. Specifically, it is shown that the BCC
lattice is the optimal 3-dimensional sampling lattice
and several reconstruction filters for BCC datasets
have been proposed, one of which is the 7-direction
quartic box-spline filter [1].
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This paper extends our previous work [2] to improve
the performance of GPU isosurface raycasting kernel
by applying the analytic gradient computation
anefficient empty space skipping method [3].

2. Efficient GPU isosurface raycasting of BCC
volume datasets
2.1. Previous work
Kim and Lee [2] implemented a real-time GPU
isosurface raycasting kernel by leveraging (1)
transformations by encoding instead of lookup tables
(2) faster data fetch by converting matrix-vector
multiplication to a vector addition, and (3) an efficient
evaluation scheme based on partially factored
formula.
2.2. Analytic gradient computation
For isosurface rendering, we need to compute the
gradient of the spline for correct shading. Usually the
it is approximated by the finite difference method.
But this requires six more evaluation of the spline
and the delta value needs to be determined carefully
to avoid both bad approximation and round-off error.
Let MΞ be the box-spline defined by the direction
matrix Ξ. One of the properties of box-splines is that
the directional derivative along the direction ξ∈Ξ is
the same as the backward difference of the boxspline defined by Ξ \{ ξ }. Based on this property, we
can compute the gradient of a spline analytically from
three “directional derivative kernels” [4].
Analytic gradient computation not only results in a
superior rendering result, but also improves the
performance by 55-80%, since we do not need
additional data fetch operations but can re-use those
data already fetched for spline evaluation. Table 1
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shows the the performance improvement.
Table 1. Performance comparison (FPS) between two
gradient computation methods.
Dataset
#1
#2
#3
#4

Finite difference
22.3
27.5
21.7
15.7

Analytic
39.4
47.6
35.0
24.4

Speed-up
1.77
1.73
1.61
1.55

2.3. Empty space skipping
Compared to the direct volume rendering method,
isosurface rendering does not require evaluating the
volume field along the whole ray, but only finding the
nearest intersection. Therefore we can improve the
performance by discarding those voxels that are
guaranteed not to include the isosurface, and this can
be done in our scheme by leveraging the BB-form of
the polynomial pieces. In other words, in the
preprocessing step, we first build a hierarchical
min/max octree based on the min/max values of all
BB-coefficients. At each rendering step, those boxes
that do not contain the isolevel are discarded in the
vertex shader hence the lengths of rays are
shortended significantly. Figure 1 visualizes the
performance improvement due to our empty space
skipping technique.

Figure 1. Visualization (top) without and (bottom) with the
empty-space skipping method. (Left) entry and (middle) exit
points for rays are normalized and color-coded. (Right) the
number of evaluations for each ray before intersection
color-coded in grayscale.

3. Results and discussion
Table 2 shows the performance comparison between
difference GPU raycasting methods of BCC datasets.
The overall rendering performance is improved by 45 folds compared to our previous work. When
compared to other isosurface raycasting methods,

our new method still outperforms them. But note that,
while it requires some work, our optimization
techniques can also be applied to other methods, too.
Table 2. Performance comparison for (a) previous method,
(b) our new method, (c) bcc8 [5], and (d) bcc12 [6].
Dataset
#1
#2
#3
#4

(a)
8.3
7.6
6.5
3.2

(b)
39.4
47.6
35.0
24.4

(c)
11.3
10.3
8.1
4.6

(d)
34.1
34.0
22.8
13.0

(b)/(a)
4.75
6.26
5.38
7.63

(b)/(c)
3.49
4.62
4.32
5.30

(b)/(d)
1.16
1.40
1.53
1.88

4. Conclusion and future work
By incorporating two optimization techniques, we can
improve the overall performance significantly while
keeping the superior visual quality of our previous
method. This enables our GPU isosurface raycasting
practical for modern graphics hardware. While our
optimization techniques are limited to isosurface
rendering, we plan to investigate an efficient direct
volume raycasting kernel of BCC volume datasets.
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