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Global Illumination Algorithm Based on Voxel Cone Tracing
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Chengdw, Sichuan 611756, China

Abstract In this study, we propose a global illumination algorithm based on the voxel structure. In the proposed
algorithm, the voxel structure is used to store the illumination information of a simplified scene, and the indirect
illumination effects can be obtained by collecting the illumination information using the voxel cone tracing method.
Only the voxel structure of the dynamic scene is updated in each frame, which supports dynamic light sources and
avoids unnecessary calculations for updating the static scene. The voxel structure is a directional hierarchical
structure generated by anisotropic filtering, which can be compressed and stored in a mipmapped three-dimensional
texture, reducing the storage costs. It is possible to calculate the global illumination effects, such as ambient
occlusion and soft shadow, by collecting the outgoing radiance and occlusion values stored in the voxel structure
using the voxel cone tracing method. The experimental results demonstrate that this approach can obtain various

global illumination effects and exhibit a decent rendering efficiency. Furthermore, the single-frame time is less than

33.3 ms in case of complex scenes.
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Fig. 2 Voxelization. (a) Schematic; (b) before voxelization; (c) after voxelization
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Fig. 4 Ambient occlusion. (a) Schematic of ambient occlusion; (b) value of ambient occlusion;
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Fig. 5 Anisotropic filtering and sampling
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Fig. 6 Distributions of reflection and cones. (a) Diffuse reflection; (b) diffuse cones;

(c) specular reflection; (d) specular cone
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Fig. 7 Voxel cone tracing

Kche 5 70500 A 2R 45 4 v R R A 31 1 A
Y S (R, A — 2P 00 R R O (AR AR
(3 HEAT BB HEAR RRBE E R 5 . e, LR
[ 42 56 B A
R 2R HE GG B2 0 T LA OR 3 53 4K 82 5 B0 45 i
M. B R T 5 vk O R B L i i 1 Dt
U7 1) 38 B HE AR 4 RABLE(E A, RIAT A5 2 5]
W PRI AT LA T S S R L R AT
(1—90,-1)h,
0w =0, —I—W, 4
X0, NIBEEMAG A Ry HER AR R R
) A 358 28 e A P S O, A R EE A =800, X & R
HS TR R,

3 SLEETR 5

SCES IS R Intel Core 17-6700HQ @2.6 Hz,

GeForce GTX 965M,RAM 8 GB,Windows 10 Pro
64 MitRAERG., LBPIHN =%y HEKAT
McGuire #2HEH) =437 5t = HERIRIR A T 38
8 = AR F R . AE DUR SE G b A I A R
W, = 4e ) S pbn e N i S IR R e R b
LR B SR R L 355 T Bk ATERAS J5 mDOG IR, S92 86 h
T FH A AR 22 454 43 HE R AR R 256° voxel . 4 38 R K]
S0 AR BEER S 10°, I 2R T 2 B 1 03

K8 gl ik 7 5w Qe 1, 3 star R
1280 pixel X 720 pixel, S1 & HNE T #itric N
IS FE Y Dragon #EHY, J5 2 B A~ 3 5 40 o 0 5
BERY, S2 Sy s T AN 7 mDG IR . Sh AT R A
B ERRA R REHOCIR ARR 2RI
A SR AL B, R 1 AT LU L A 3
HEAT LATE AR RO I e e AT S S R R LT
FLAZ A R KT 30 frame/s,

0620001-5



K8 MikZ s . (a) Conell Box 5 ;(b) Sibenik Cathedral 35 ; (¢) Crytek Sponza &

Fig. 8 Test scenes. (a) Conell Box scene; (b) Sibenik Cathedral scene; (c¢) Crytek Sponza scene
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Table 1 Statistical data of test scenes

Name Scene Vertices Triangles Frame rate /(framess ') Time /ms Memory /MB
S1 Conell Box 87108 174338 53.9 18.6 446
S2 Sibenik Cathedral 40479 75283 35.4 28.3 464
S3 Crytek Sponza 153635 278163 38.2 26.2 930
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resolutions. (a) 64° voxel; (b) 128° voxel; (¢)

256° voxel; (d) 512° voxel

F 2 ANEEEDSPERT S2 350 iy B AF iR 50 H
Table 2 Memory, frame rate, and time of S2 scene

at different voxel resolutions

Voxel resolution /voxel 64° 128° 256° 512°

Memory/MB 145 274 598 1546
Frame rate /(framees ') 60 60 49.1 32.9
Time /ms 16.7 16.7 20.4 30.4
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Table 3 Time costs in each phase

Phase Time /ms Phase Time /ms

Voxelization 2.4 Voxel cone tracing  21.1

Other 3.9

Direct illumination 4.8

Anisotropicfiltering 1.4 Total 33.6
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(a) Direct illumination; (b) global illumination
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Fig. 12 Comparison of results from normal attenuation methods. (a) Original scene;

(b) averaged normal attenuation; (c) normal-weighted attenuation
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Fig. 13 Comparison of soft shadow effects. (a)-(c¢) Shadow mapping algorithm

21 with blur scales of 2, 5, 8, respectively;

(d)-(f) cone tracing shadow, with cone aperture values of 5°, 10°, 15°, respectively
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