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Abstract

This study proposes a real-time rendering algorithm for lighting when each of more than 100,000 moving particles exists as a light
source. Two 3D textures are used to dynamically determine the range of influence of each light, and the first 3D texture has light
color and the second 3D texture has light direction information. Each frame goes through two steps. The first step is to update the
particle information required for 3D texture initialization and rendering based on the Compute shader. Convert the particle position
to the sampling coordinates of the 3D texture, and based on this coordinate, update the colour sum of the particle lights affecting the
corresponding voxels for the first 3D texture and the sum of the directional vectors from the corresponding voxels to the particle
lights for the second 3D texture. The second stage operates on a general rendering pipeline. Based on the polygon world position to
be rendered first, the exact sampling coordinates of the 3D texture updated in the first step are calculated. Since the sample
coordinates correspond 1:1 to the size of the 3D texture and the size of the game world, use the world coordinates of the pixel as the
sampling coordinates. Lighting process is carried out based on the color of the sampled pixel and the direction vector of the light.
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The 3D texture corresponds 1:1 to the actual game world and assumes a minimum unit of 1m, but in areas smaller than 1m,

problems such as stairs caused by resolution restrictions occur. Interpolation and super sampling are performed during texture

sampling to improve these problems. Measurements of the time taken to render a frame showed that 146 ms was spent on the
forward lighting pipeline, 46 ms on the defered lighting pipeline when the number of particles was 262144, and 214 ms on the

forward lighting pipeline and 104 ms on the deferred lighting pipeline when the number of particle lights was 1,024766.
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.1 3D Light Texture

Light Color
Texture
Y e i Light Red Color }
—/

Light Green Color
Light Blue Color
Light Intensity

AN
BEXE

Light Direction
Texture

voxel )
/ = Light World X Direction
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G Light World Y Direction
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@ =
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Light World Z Direction J)
Figure 1: Structure of 3D Light Color Texture and direction Texture
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3.2 Particle Structure

List of particles
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G Particle Y Position
B Particle Z Position
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R Particle Light Red Color
G || Particle Light Green Color
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Figure 2: Structure of each Particle information for Lighting
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4. Update Particle Light Texture
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Figure 3: Access Light Texture Voxel by each particle’s position data
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Figure 4: Access Range for 3D Light Texture
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loop particle in scene.particle
ivec3 texcoord = ivec3(particle.position)
int dist = int( particle. AttenRange.w)+1
loop i in -dist <=1<=dist
loop j in -dist <=j <= dist
loop j in -dist <=k <= dist
ivec3 pixel_coordinate = texcoord + ivec3(i,},k)
float distanceValue
= distance(particle.position, pixel_coordinate)
float attenuation
=1.0/ particle.AttenRange.x + particle. AttenRange.y * distance Value +

particle.AttenRange.z * distance Value/'2
vecd result_color = attenuation * vecd( particle. LightColor)
vecd result_direction

= normalize(particle.position - pixel_coordinate) * result_color.a
vecd stored_color = imageLoad(LightColorTexture)
vecd stored_direction

=imageLoad(Light direction Texture)

imageStore(LightColorTexture,pixel_coordinate, stored_color + result_color)
ImageStore(Light direction Texture,pixel_coordinate, stored_direction +

result_direction )
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5. Lighting method
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6. 3D Texture Filtering

6.1 3D texture interpolation method
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Figure 5: Rendering Pipeline
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Figure 6: (a) Lighting Result bilinear interpolation (b) Lighting result

trilinear interpolation
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Figure 7: Rendering Result with Difference interpolation Method and

Compare result of Oversampling
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Figure 8: Diffuse and Specular Lighting Result with Difference

interpolation Method and Compare result of Oversampling
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Figure 11: Comparing Performance on Difference of Number of

Particles and Rendering Pass
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Table 1: Compare Performance Between Scene 3D Texture size and

Number of Particles
Numberof | gopag 262144 524288 1048576 4194304
Particle
128mA3 79ms 89ms 111ms 164ms 449ms
256mAN3 545ms 653ms 662ms 670ms 846ms
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