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Abstract: Uniform grid is one of the important spatial organization structures, which is widely used in many
applications such as ray tracing, collision detection, path planning and so on. Its simplicity to compute makes it very
suitable for processing dynamic scenes. Because its construction time, space requirement and application efficiency
are closely related with the grid resolution, optimizing grid construction has always been an important topic in the
world. Hense, a new optimization method for grid construction which ensures that both of the construction time and
the space requirement are in the complexity O(N), where N is the number of the primitives in the scene is proposed.
In the related applications, such as ray tracing, it can achieve high acceleration efficiency, comparable with the best
acceleration structures to date, such as the kd-tree, while reducing the construction time dramatically. These have
been approved by the experimental results.
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Fig.1 Performance of grids constructed by Eq.(1) and algorithm 2
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Fig.2 Performance of the algorithm™® and our method for constructing hierarchical grids
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Table 1 Performance comparisons of our optimized recursive grids and other structures

Fe 1 HARSCIT B A 9 A 5 48 K5 JFCAth T o 45 4 (¥ 1% BE X L

Ne[K] (re) No[K] (rp) Neap[K] (reap) Te[s] (sc) Ti[s] (sn) Tear[s] (Scer)
Static scenes (500x500)
Bunny kd-tree 663.8 (9.6) 408.4 (5.9) 1072.2 (3.8) 0.76 (15.2) 0.35(0.8) 1.11 (2.4)
(69,451) UG 663.8 (9.6) 245.1 (3.5) 908.9 (3.2) 0.26 (5.2) 0.38 (0.9) 0.64 (1.4)
RG 200.6 (2.9) 438.8 (6.3) 639.3 (2.3) 0.1(2.0) 0.33(0.8) 0.43 (0.9)
% RG-2 739.8 (10.7) 640.6 (9.2) 1380.4 (4.9) 0.1(2.0) 0.3(0.7) 0.4 (0.9)
ORG 85.0 (1.2) 198.1 (2.9) 283.3 (1.0) 0.05 (1.0) 0.42 (1.0) 0.47 (1.0)
Armadillo kd-tree  2891.1(8.4) 837.4 (2.4) 37285 (1.9) 3.73(9.3) 0.30 (0.9) 4.03 (5.4)
(345,944) UG 3447.8 (10.0) 833.5(2.4) 4281.3(2.2) 1.51(3.8) 0.47 (1.3) 1.98 (2.6)
‘,é., RG 1 006.8 (2.9) 1908.9 (5.5) 2915.7 (1.5) 0.5(1.3) 0.33(0.9) 0.83 (1.1)
N RG-2 3240.7 (9.4) 2229.7 (6.5) 5470.4 (2.8) 0.5(1.3) 0.26 (0.7) 0.76 (1.0)
ag ORG 628.7 (1.8) 1334.4(3.9) 1963.0 (1.0) 0.4 (1.0) 0.35 (1.0) 0.75 (1.0)
Dragon kd-tree 4 426.7 (5.2) 3827.2 (4.5) 8253.9 (1.6) 9.65 (9.9) 0.63 (0.9) 10.28 (6.1)
(844,037) UG 4260.3 (5.1) 3834.4 (4.5) 8094.7 (1.6) 3.50 (3.6) 0.94 (1.3) 4.44 (2.6)
¢ RG 2726.0 (3.2) 6071.8 (7.2) 8797.8 (1.7) 1.35 (1.4) 0.65 (0.9) 2(1.2)
RG-2 8237.4(9.8) 6185.2 (7.3) 14 422.6 (2.8) 1.23 (1.3) 0.52 (0.7) 1.75 (1.0)
ORG 1569.9 (1.9) 3639.5 (4.3) 5209.4 (1.0) 0.98 (1.0) 0.7 (1.0) 1.68 (1.0)
Happy buddha  kd-tree 2 675.6 (2.5) 8114.4(7.7) 10790.0 (1.7) 14.73(12.9) 0.72(2.1) 15.45 (10.5)
(1,051,739) UG 5306.6 (5.1) 10613.1 (10.1) 15919.7 (2.5) 5.79 (5.1) 0.79 (2.3) 6.58 (4.5)
A RG 2986.0 (2.8) 6 341.7 (6.0) 9327.8(1.5) 1.42 (1.3) 0.31(0.9) 1.73(1.2)
g RG-2 10 309.8 (9.8) 8108.6 (7.7) 18 418.4 (2.9) 1.59 (1.4) 0.32 (0.9) 1.9(1.3)
= ORG 1874.8 (1.8) 4397.3 (4.2) 6272.1(1.0) 1.14 (1.0) 0.34 (1.0) 1.47 (1.0)
Blade kd-tree 14 984.3 (8.5) 3388.4(1.9) 18 372.7 (2.0) 16.45 (9.1) 0.34 (0.6) 16.80 (7.1)
(1,765,388) UG 8862.8 (5.0) 5369.6 (3.0) 14 232.4 (1.6) 6.85 (3.8) 0.64 (1.1) 7.50 (3.2)
RG 5062.1 (2.8) 10 197.5 (5. 8) 15 259.6 (1.7) 3.56 (2.0) 0.51 (0.9) 4.07 (1.7)
! RG-2 16 778.8 (9.5) 12 527.3(7.1) 29 306.1 (3.2) 2.52 (1.4) 0.39 (0.7) 2.91(1.2)
3 ORG 2770.8 (1.6) 6 320.1 (3.6) 9091.0 (1.0) 1.81 (1.0) 0.57 (1.0) 2.38 (1.0)
Dynamic scenes (400x300)
kd-tree 506.3 (7.1) 356.3 (5.0) 862.6 (1.9) 0.75 (10.7) 0.24 (0.6) 0.99 (2.2)
Robots UG 358.9 (5.0) 229.4 (3.2) 588.3 (1.3) 0.73 (10.4)  5.30(13.6) 6.03 (13.1)
(71,580) RG 612.0 (8.6) 3372.8(47.1) 39 84.8 (8.6) 0.33 (4.7) 0.30 (0.8) 0.62 (1.4)
' RG-2 688.7 (9.6) 415.3 (5.8) 1104.0 (2.4) 0.10 (1.4) 0.37 (1.0) 0.47 (1.0)
ORG 125.4 (1.8) 336.3 (4.7) 461.7 (1.0) 0.07 (1.0 0.39 (1.0 0.46 (1.0)
kd-tree 313.6 (4.1) 1782.3(23.6) 2095.9(2.2) 2.57 (21.4) 0.16 (0.6) 2.74 (6.9)
Museum UG 378.0 (5.0) 271.6 (3.6) 649.6 (0.7) 0.79 (6.6) 0.20 (0.7) 0.99 (2.5)
(75,687) RG 195.0 (2.6) 4 606.4 (60.9) 4801.4 (4.9) 0.35 (2.9) 0.27 (1.0) 0.62 (1.6)
' RG-2 778.5 (10.3) 6417.4 (84.8) 7195.9 (7.4) 0.55 (4.6) 0.28 (1.0) 0.83(2.1)
ORG 125.8 (1.7) 850.2 (11.2) 976.0 (1.0) 0.12 (1.0) 0.28 (1.0) 0.40 (1.0)
kd-tree 335.6 (3.0) 353.7 (3.2) 689.3 (1.0) 1.03 (10.3) 0.22 (0.7) 1.25 (3.0)
Kitchen UG 555.1 (5.0) 233.7 (2.1) 788.8 (1.2) 0.79 (7.9) 1.36 (4.3) 2.15(5.1)
(110,540) RG 1707.2 (15.4) 37360.3(338.0) 39067.5(58.3) 2.95(29.5) 0.40 (1.3) 3.35(8.0)
' RG-2 1012.2(9.2) 639.1 (5.8) 1651.3 (2.5) 0.15 (1.5) 0.33 (1.0 0.47 (1.1)
ORG 209.6 (1.9) 461.0 (4.2) 670.6 (1.0) 0.1 (1.0) 0.32 (1.0) 0.42 (1.0)
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