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Hybrid Spatial Acceleration Structure Based on Density Estimation and Clustering

GUO Yunhui, HE Xiaoxi, HU Liang, REN He, CHEN Jinwei
(College of Software Engineering, Chengdu University of Information Technology , Chengdu 610225, China)

Abstract: To solve the problem of long construction time and poor quality of spatially accelerated structures constructed in complex voxel sce-
narios with uneven density distribution, a hybrid spatially accelerated structure based on density estimation and clustering is proposed. Based
on the traditional bounding volume hierarchy, a continuous density environment is constructed for discrete voxel data through an improved ker-
nel density estimation method. The high—density regions in the voxel space are determined based on the first— and second—order partial deriva-
tive equations of the kernel density estimation function and the clustering results. An adaptive jump flooding algorithm is proposed in this paper
to construct the corresponding signed distance fields in these regions as leaf nodes of the accelerated structured tree. All computational process-
es are handed over to GPUs for implementation, thus meeting the demand for massively parallel computation in complex scenarios. The results
show that the construction time of the spatially accelerated structure tree supported by this algorithm is significantly shortened and the search
efficiency is improved in complex scenes with uneven voxel density distribution, which implies that this method can effectively improve the
rendering speed of ray tracing.
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Fig.1 An example of BVH in a 2D scene
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Fig.2 Visualization of the results of KDE calculations
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Fig. 3 Two methods for selecting the propagation step size of informa-
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Fig. 4 Different search scenarios
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Fig.5 Convergence results of JFA and AJFA algorithms
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Fig.7 Overall construction process of hybrid space accelerated structural tree
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Table 1 Time for constructing acceleration structures using 5 meth-

ods in 4 scenarios with different voxel point counts

R1 FERBEFRFNANHEH ST EEENEEHAEE
(ms)

38 7 1 17K R % 24K A% 30K A% 35Kk %
AC 207 219 352 383
PLOC 159 231 314 335
DPC 138 202 252 345
K-means 126 164 215 225
ours 125 161 217 220

Table 2 Construction time of 5 clustering methods in 4 scenarios with

different voxel densities

R2 GKRERBRETAMINMGIHSHEBRTEMENE  (ms)

LEBCWIR?S 0.2258D 0.367SD 0.571SD 0.640SD
AC 87 81 104 113
PLOC 105 114 111 116
DPC 92 103 90 104
K-means 68 71 79 88
ours 61 70 74 80

Table 3 Four methods for testing the intersection time of light rays in
scenes with different voxel point densities

K3 AMFTEEGRR ST ETRRG S PR E&E MK E FE

(ms)
[EBEWIRrS 0.2258D 0.367SD 0.571SD 0.640SD
AC 112 184 223 268
PLOC 127 148 202 272
DPC 105 161 187 249
K-means 93 135 158 220
ours 92 126 164 206
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