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Enhancing Query Efficiency for Huge 3D Point Clouds Based on
Isometric Spatial Partitioning and Independent Octree Generation
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Abstract

This study aims at enhancing the performance of file-referring octree, suggested by Han(2014), for efficiently
querying huge 3D point clouds, acquired by the 3D terrestrial laser scanning. Han’s method(2014) has revealed
a problem of heavy declining in query speed, when if it was applied on a very long tunnel, which is the lengthy
and narrow shaped anisometric structure. Hereupon, the shape of octree has been analyzed of its influence on
the query efficiency with the testing method of generating an independent octree in each isometric subdivision
of 3D object boundary. This method tested query speed and main memory usage against the conventional single
octree method by capturing about 300 million points in a very long tunnel. Finally, the testing method resulted
in which twice faster query speed is taking similar size of memory. It is also approved that the conclusive factor
influencing the query speed is the destination level, but the query speed can still increase with more proximity
to isometric bounding shape of octree. While an excessive unbalance of octree shape along each axis can heavily
degrade the query speed, the improvement of octree shape can be more effectively enhancing the query speed
than increasement of destination level.
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Fig. 1. Octree in destination level 2
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Table 1. Specifications of point cloud

Terrestrial laser

scanner C10, Leica Geosystems

A train tunnel of 1.5km length

Scanned object | _ 560 161 19 = 1449.58m, 12 = 19.05m

Number of points 300525406
File size 6879 MB
X, Y, Z

File structure (3 doubles in binary format)

Table 2. Specifications of system

CPU AMD FX 8150 (8 cores at 3.6GHz)
RAM 8 GB
(O Windows server 2008 (64bit)
Compiler C++ 64bit release, Visual Studio 2010
SSD 120 GB

a
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23 Eeto|uE AHgtoL £ 4
A5 H71E 9181e] SSD(Solid State Drive) S AF-&31%ch
T SE2 WA 0] A9 B 5 312l 3 THA|(Han,
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Table 49] case 104 t}4= SEg] 49 H3 GA1E 10,

Table 3. Time and main memory taken by octree generation

Method L(env)el t, Uem) | IMem) | 1cm) B“(;de‘)“g S?S?c';g Rezstgcr)‘“g “’[(‘1’\'4“]‘3’; y
9 n/a 117 223.16 372| 152446 1373 3207 2663
10 n/a 55.58) 11158 186| 159374|  2537| 3020 2849
A single 11 n/a 2779 5579 093] 177548 2674 3.52 3174
12 n/a 1390]  27.89 047| 191086 3173 43.57 4083
13 n/a 6.95 13.95 023| 200752 50.14 67.94 6416
8 3 03| 23 744  133618] 2660 2874 2948
8 2 14.82 14.88 744 176400| 2566 35.02 3056
8 1 741 744 744 178379] 2682 3479 3379
Multiple 9 3 1112 11.16 372 177801 26.80 37.08 3311
octrees 9 2 741 744 372| 181970 2835 38.16 3585
9 1 371 372 372 185663 3399|5449 4434
10 3 5.56 5.58 186| 187956 33.21 45.19 462
10 2 371 372 186| 190465 3822 55.96 5111
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Table 4. Comparisons of main memory usage and query time

Case| Method | Level i M(ele\r/[nl(;))r y (%:eecl;y
1 Multiple 10 2 5111 366.99
2 | Multiple 10 3 4362 383.47
3 | Multiple 9 1 4484 416.10
4 Single 13 n/a 6416 582.60
5 | Multiple 9 2 3585 582.77
6 | Multiple 8 1 3379 601.01
7 | Multiple 9 3 3311 878.05
8 Single 12 n/a 4083 1071.13
9 | Multiple 8 2 3056 1173.55
10 | Multiple 8 3 2948 1261.58
11 Single 11 n/a 3174 1856.79
12 Single 10 n/a 2849 3537.23
13 Single 9 n/a 2663 8389.89
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Fig. 4. Generation of multiple isometric octrees
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