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Abstract  In the field of ray-tracing based photo-realistic rendering, kd-tree is used as an impor-
tant acceleration structure. This paper focuses on the effective construction of kd-tree, and pro-
poses a novel and fast construction method which is based on the binning algorithm. The method
is composed of two main steps. Firstly, by analyzing the SAH cost function, the method deter-
mines the most-likely sub-span which holds the splitting plane. Secondly, sub-sampling is used
on the resulted span to get much better approximation to the optimal splitting plane. Moreover,
the paper discusses the exiting schemes on binning termination condition, points out their prob-
lems, and proposes a more reasonable termination condition. The experimental results show that
the novel approach is effective. Compared with the previous works, it decreases the construction
overhead, improves the quality of generated kd-tree, and the construction procedure is more ro-

bust as well.
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Background

As one of the most important acceleration structure, kd-
tree is used widely by most of the ray-tracing based photo-re-
alistic rendering applications. There are two problems in re-
lation to the use of kd-tree. One is how to traverse it as rap-
idly as possible. Much effort has been done to solve it, such
as MLRTA. Another one is how to build high quality kd-tree
in as less time as possible. The problem has been investiga-
ted just in recent years. This paper focuses on the latter.

The building procedure of kd-tree is a calculation inten-
sive and tactical task. With the increase of complexity of the
scene, the overhead paid for kd-tree construction has grown
tremendously. So it is significant to present a fast kd-tree
building method.

One of the problems of existing approaches on quick kd-
tree construction is that they use fixed and uniform binning
style, which incurs the dilemma that the used binning scheme
can’t accommodate to the random distribution of the nature
scene. Another problem is that the fixed and uniform binning
style needs the unnecessary iteration on the whole span. To

address the problems, the authors propose a novel, adaptive

with streaming construction of SAH kd-trees//Proceedings
of the IEEE Symposium on Interactive Ray Tracing 2006.
Salt Lake City, USA, 2006. 89-94
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binning method by digging out the heuristic information from
the SAH cost function. On the first step, the method tries to
find the most-likely sub-span, which holds the splitting plane
of current node. Doing as that can avoid the unnecessary iter-
ation and speedup the building procedure. On the second
step, the sub-sampling is used on the found sub-span to get
the much better approximating splitting plane. After both of
that, the more reasonable termination condition is used,
which is helpful to improve the quality of resulted kd-tree and
stability of construction procedure. The proposed method can
be parallelized in multi-thread style easily as well. The ex-
perimental results show the effectiveness of the novel, fast
kd-tree construction method.
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