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Watch the trailer here:
https://www.youtube.com/watch?v= LXo0WdlELJk

https://www.youtube.com/watch?v=LXo0WdlELJk
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ʦßq=! ßq=!ʧ
Á Exploratory mini-game & world
Á For our self- learning AI agents to 

play, not for humans J
Á ʦqƜŽǣĬǣŽƩƞ ¥ŘĬǏƞŽƞű ȃŽǣŸ =ƩƞŊǫǏǏŘƞǣ 
!ŊǣŽƩƞǗ Žƞ ɂD eĬƜŘǗʧ ʖlĬǏƜŘǏ Ɂȿɀɇʗ

Á þǗŘǗ êLLDʩǗ Halcyon R&D engine
Á Goals

Á Explore hybrid rendering with DXR
Á Clean and consistent visuals
Á Procedural worlds [Opara 2018]
Á No precomputation
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Agenda

Á Motivation

Á Reflections

Á Translucency and Transparency

Á Global Illumination

Á Shadows
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Why use raytracing?



Path tracing ~15 seconds accumulation



Path tracing (1 sample per pixel)



Real-time hybrid with raytracing



No raytracing
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Is this a fair comparison?
Á ʦ=ƓĬǗǗŽŊʧ űĬƜŘ ǗƩƓǫǣŽƩƞǗ ŘȈŽǗǣ

Á Local reflection volumes

Á Planar reflections

Á Lightmaps

Á ʦêƐȉ ȂŽǗŽŉŽƓŽǣȉʧ ƜĬǌǗ

Á ʇ



Zero artist overhead
1. Enable raytracing

2. ???

3. PROFIT!
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Hybrid Rendering Pipeline

Direct shadows 
(raytrace or raster)

Direct lighting (compute) Reflections
(raytrace or compute)

Deferred shading (raster)

Global Illumination (raytrace) Post processing (compute)Transparency & Translucency 
(raytrace)

Ambient occlusion 
(raytrace or compute)
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Materials
Á Multiple microfacet layers
Á Rapidly experiment with different looks

Á Bake down a number of layers for 
production

Á Energy conserving
Á Automatic Fresnel between layers

Á Inspired by Arbitrarily Layered Micro-
Facet Surfaces[Weidlich 2007]

Á Unified for all lighting & rendering 
modes
Á Raster, hybrid, path-traced reference

Objects with Multi-Layered Materials
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Raytraced Reflections
Á Launch rays from G-Buffer
Á Raytrace at half resolution

Á ɿ ray/pixel for reflection
Á ɿ ǏĬȉʑǌŽȈŘƓ ŰƩǏ ǏŘŰƓŘŊǣŘő ǗŸĬőƩȃ

Á Reconstruct at full resolution

Á Arbitrary normals
Á Spatially-varying roughness

Raytraced Reflections
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Reflection Pipeline

Importance 
sampling

Screen-space 
reflection Raytracing

Spatial 
reconstruction

Envmap gap fill

Bilateral cleanup
Temporal 

accumulation
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Reflection Sampling
Á Microfacet importance sampling

Á Normal distribution function (NDF) part of BRDF
Á Very few rays, so quality matters

Á Low-discrepancy Halton sequence
Á Cranley-Patterson rotation per pixel [PBRT]
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Layered Material Sampling
Á One ray for the whole stack

Á Stochastically select a layer
Á Based on layer visibility estimate

Á Bottom layers occluded by top layers
Á View-dependent due to Fresnel
Á Approximate with Schlick

Á Sample BRDF of selected layer

Á Multiple layers can generate same direction
Á Query each layer about generated direction
Á Add up probabilities Multi-Layered Materials [Weidlich 2007]
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Reflection Raygen
Á Read generated ray

Á TraceRay()
Á Same hit shaders as path-tracing reference

Á Output packed in 2x RGBA 16F

Color R Color G Color B G-buffer Depth

Dir X * Hit T Dir Y * Hit T Dir Z * Hit T Inverse PDF



Raw raytrace output
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Why Stochastic?
Á Gives right answer, but

Á Produces noise
Á Thrashes caches

Á Alternative: post-filter
Á Needs arbitrarily large kernel
Á Introduces bleeding
Á Sensitive to aliasing

Á Meet in the middle?
Á Bias samplers
Á Combine with spatial filtering
Á High variance -> increase bias
Á More research needed!

Image Space Gathering [Robison 2009]



Raw raytrace output



+Spatial reconstruction



+Spatial reconstruction

Á Based on Stochastic Screen-Space Reflections [Stachowiak 2015]
Á For every full-res pixel, use 16 half-res ray hits

Á Poisson-disk distribution around pixel
Á Scale by local BRDF
Á Divide by ray PDF

Á Ratio estimator [Heitz 2018]

result    = 0.0

weightSum = 0.0

for pixel in neighborhood:

weight = localBrdf(pixel.hit) / pixel.hitPdf

result += color(pixel.hit) * weight

weightSum += weight

result /= weightSum



Same ray hits used in 2x2 quads

Spatial upsampling



Disjoint sample sets in 2x2 quads

Spatial upsampling
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Spatial Sample Pattern
Á Four sample sets for pixels in 2x2 quad
Á Threshold blue noise into four classes
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Spatial Sample Pattern
Á Four sample sets for pixels in 2x2 quad
Á Threshold blue noise into four classes
Á Class determines sample set
Á Take 16 samples from each set in a disk

Á Disjoint high -quality samples



Spatial reconstruction



+Temporal accumulation



+Bilateral cleanup



+Bilateral cleanup

Á Secondary bilateral filter
Á Much dumber than reconstruction
Á Introduces blur
Á Only run where variance high

Á Variance from spatial reconstruction
Á Temporally smoothed with hysteresis = 0.5

Á Variable kernel width, sample count



+Bilateral cleanup

Á Secondary bilateral filter
Á Much dumber than reconstruction
Á Introduces blur
Á Only run where variance high
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Variance estimate



+Bilateral cleanup



+Temporal anti-aliasing


