Real-Time Rendering with Lighting Grid Hierarchy

Figure 1: An example frame rendered using our real-time global illumination solution with one million virtual point lights, computed by our
method, using @ = and 4 X 4 interleaved sampling. The render time is 24 ms on an NVIDIA RTX 2080 GPU at1 X ' resolution.
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2.2 Lighting Grid Hierarchy
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0 n n Ty T
Figure 2: The blending functions B , B1, B , and B of lighting grid

hierarchy with{s = , forming a partition of unity for any distance
d from the point where lighting is computed.
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3 RENDERING WITH MANY LIGHTS
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3.1 Lighting Grid Hierarchy Construction
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3.2 Lighting Computation
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(a) Sample shadows from S,
Render time: 32.5 ms

(b) Sample shadows from S
Render time: 28.5 ms
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(c) Difference x

Figure 3: Comparison of shadow sampling with and without using the lowest (finest) level of the hierarchy S1, using 100K VPLs, 4 shadow

samples, and a = 1.
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4.2 Lighting Grid Hierarchy Construction
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Table 1: Breakdown of lighting grid hierarchy construction time.
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The timings are generated by averaging 256 frames using 100K VPLs
with the scene in Figure 5.
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Figure 4: Lighting grid hierarchy construction methods using (a) scat-
ter operations on the input VPLs and (b) our gather operations using
the first level S1 of the hierarchy, producing similar results.
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1K VPLs 10K VPLs 100K VPLs 1M VPLs Brute-force 1M VPLs
Render time: 15.5 ms Render time: 22.4 ms Render time: 28.5 ms Render time: 37.0 ms Render time: 15 minutes

5
Avg. Overdraw

logy0(# Grid Lights)
2 3 4 5

1K grid lights 5K grid lights 28K grid lights 144K grid lights Number of Grid Lights vs.
Average Overdraw: 135 Average Overdraw: 190 Average Overdraw: 222 Average Overdraw: 254 Average Overdraw

Figure 5: Heatmaps showing the number of overdraw per pixel during the lighting computation for lighting grid hierarchies generated from
different numbers of VPLs and a log plot of number of grid lights used in lighting computation vs. average overdraw per pixel, showing the
logarithmic growth in average overdraw as compared to the increasing number of lights. The first row shows the corresponding render results
using our method with 4 shadow samples per pixel and the brute-force reference generated by computing shadows of each VPL.
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(a) No interleaved sampling (b) X interleaved sampling (c) 4 X 4 interleaved sampling
Render time: 30.2 ms Render time: 15.2 ms Render time: 10.1 ms
Figure 6: Comparison of our method with and without interleaved sampling using 100K VPLs, 4 shadow samples, and o = 1.
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Figure 7: Shadowed indirect illumination without shadow filter- Figure 8: Shadowed indirect illumination with shadow filtering, gen-
ing, generated with and without importance sampling using 1 and 4 erated with and without importance sampling using 1 and 4 shadow
shadow samples per pixel. samples per pixel.
Table 3: Computation time of rendering operations.
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(a) VXGI
Render time: 21 ms

(b) 4 X 4 interleaved sampling
Render time: 15 ms

(c) No interleaved sampling
Render time: 93 ms

(d) Path Tracing Reference
Render time: 2 hours
Figure 10: Comparison of global illumination computation using (a) voxel cone tracing generated with the highest quality settings in NVIDIA
VXGI 2.0, (b) our method with 4 X 4 interleaved sampling and a = 1. , (c) our method with no interleaved sampling and « = , and (d) path
tracing reference. The given render times for VXGI and our method do not include construction time. 100K VPLs are used for generating our results.
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Direct Illumination No Indirect Shadows

Render time: 1.2 ms Render time: 11.2 ms

Render time: 9.6 ms

Render time: 2.5 ms

Render time: 10.9 ms

Render time: 3.5 ms

Render time: 16.1 ms Render time: 28.0 ms
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1 Shadow Sample 4 Shadow Samples

Render time: 18.4 ms Render time: 28.5 ms

Render time: 27.4 ms

Render time: 15.9 ms

Render time: 31.6 ms

Render time: 19.0 ms

Render time: 36.8 ms Render time: 45.6 ms

Figure 11: Comparison of rendering time using different scenes and different settings. All scenes are rendered using lighting grid hierarchy
generated from 100k VPLs, with no interleaved sampling and a = 1. The reported render times do not include VPL generation and lighting grid
hierarchy construction. Models downloaded from Morgan McGuire’s Computer Graphics Archive [McGuire 2017].
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