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Abstract In order to overcome the problems of large amounts of calculation and low operating efficiency of ray
tracing algorithm, a ray tracing acceleration structure based on the octree adaptive volume merging (OAVM) is
proposed. Through gathering blank nodes of an octree model as a bounding volume adaptively, this structure can
reduce the intersection number between ray and blank nodes as much as possible. Based on the characteristic that
OAVM is a multi-level octree structure, an algorithm with the Morton code to encode all the nodes at different
levels is proposed. The storage method and neighborhood search algorithm used in this structure can reduce the
amount of pointers and avoid the recursive search effectively. In the meanwhile, the algorithm deals with the
problem of partial update a in large scale dynamic scene effectively. Based on the idea of Liang-Barsky algorithm,
the calculation speed of intersection test for rays is improved. The experiment results indicate that, compared with
traditional algorithms, the proposed algorithm can reduce the total number of pointers by 54.45% averagely. The
time of ray intersection test is reduced by 52.37% averagely. The ray intersection test time is decreased and the
scene rendering efficiency is improved.
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Fig. 1 Two-dimensional diagram of multilayer octree structure and Morton encoding of each layer
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Fig. 2 Pointer adjustment strategy for octree leaf node merging. (a) Before merging; (b) after merging
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Table 1 Statistical data of test scenes

Scene Bunny Buddha Dragon Kitchen Robot Museum 3
Number of faces 69451 1087716 871414 110561 71708 10143
Number of objects 1 1 1 393 1848 208
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Fig. 6 OAVM established in (a) Bunny scene and (b) Buddha scene
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Table 2 Creation performance of test scenes

Scene Index Grids KD-tree Octree OAVM
Creation time /ms 821 1652 989 1014
Bunny Total number of nodes 1.33X10° 2.25X10° 1.76 X 10° 1.76 X 10°
Total number of pointers 3.90X10° 7.90X10° 7.10X10° 3.30X10°
Creation time /ms 5747 16581 6083 6427
Buddha Total number of nodes 2.62 X107 3.33 X107 3.36 X107 3.36 X107
Total number of pointers 5.85X10° 7.59X10° 8.29X10° 3.79X10°
Creation time /ms 7355 12806 8817 9765
Dragon Total number of nodes 2.40 X107 2.75X107 3.12X 107 3.12X107
Total number of pointers 4.98X10° 6.58 X 10° 6.90 X 10° 3.12X10°
Creation time /ms 1574 2274 1715 1941
Kitchen Total number of nodes 3.45X10° 6.61<X10° 5.48 X 10° 5.48 X 10°
Total number of pointers 9.80X10° 1.39X10° 1.75X10° 8.10X10°
Creation time /ms 958 2351 1059 1175
Robot Total number of nodes 2.09X10° 3.50 X 10° 2.72X10° 2.72X10°
Total number of pointers 5.10X10° 1.03Xx10° 1.25X10° 5.70X10°
Creation time /ms 330 532 412 441
Museum 3 Total number of nodes 9.20X10° 1.67X10° 1.19X10° 1.19X10°
Total number of pointers 1.80X10° 2.20X10° 2.50X10° 1.10X10°
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Table 3 Rendering performance of test scenes

Frame rate /(frame/s)

Scene

1 2 3
Kitchen 3.1 4.6 11.8
Robot 3.9 5.3 16.6
Museum 3 5.6 6.8 20.6
Rain 1.5 2.3 5.8
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