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i J1) ¥ E () 55. 14 0 + 10.75 21 +9.14 83 + 9.4
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The design and application of histogram trees for

querying massive LiDAR point clouds
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Abstract: Other than vectors and rasters, high accurate point clouds, as the third spatial data type, are
now being more and more widely collected and utilized. However, its fast increasing volume causes
bottlenecks for data management. Researchers recently proposed a state-of-the-art data management
solution. That is using Space Filling Curve (SFC) to encode several organizing dimensions such as XYZ
of point clouds into a key, and then building a B+ tree on the keys to achieve logarithmic query efficiency.
A critical process during querying is to convert the query window from original multidimensional space
into one dimensional SFC ranges, so that later we could utilize B+ tree to efficiently retrieve points inside
the SFC ranges. However, conventional method is purely based on mathematics to equally split the space
to get the ranges without considering the distribution of points. Consequently, the SFC ranges generated
are excessive and some contain no data, which leads to long query process and rough result.

To address this problem, we propose to first build a histogram tree for the point cloud to record the
distribution of points in the space. Then we use the histogram tree for generating SFC ranges, which could
improve the query efficiency. In this paper, two algorithms to build the histogram tree were designed and
implemented. After tests, we found that the hybrid algorithm which took the shape of point clouds into
account cost less memory and time compared with the bottom-up algorithm. Point cloud querying
benchmark tests confirmed that the use of the histogram tree can effectively reduce SFC ranges generated
while the accuracy was satisfactory. Hence the total time cost was decreased. Optimization will be made
in the future to improve the query accuracy, specifically by searching deeper from the leaf nodes retrieved.
It could be expected that with more information involved in the point clouds, points will be more sparse
and unevenly distributed in an nD space. The histogram tree would then become more indispensable to
guarantee an efficient querying process.

Key words: massive point clouds, Histogram, LiDAR, query algorithm, space filling curve, Morton
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