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How did we get here?



GDC 2018 ʛDXR Unveiled
ʦâĬȉ ǣǏĬŊŽƞű ŽǗ ǣŸŘ ŰǫǣǫǏŘ Ĭƞő ŘȂŘǏ ȃŽƓƓ ŉŘʧ



[SEED 2018]

[Epic Games, NVIDIA, ILMxLAB][Electronic Arts, SEED]



Real-Time Ray Tracing
in Software and Hardware





Real-Time Hybrid Ray Tracing in Unreal Engine 4

[https://docs.unrealengine.com/en-US/Engine/Rendering/RayTracing/index.html]



[Courtesy of Epic Games, Goodbye Kansas, Deep Forest Films]
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[Tatarchuk 2019, Courtesy of Unity Technologies]



Left: real-world footage. Right rendered with Unity
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[Christophe Schied, NVIDIA Lightspeed StudiosÊ]
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!ƞő ƜĬƞȉ ƜƩǏŘʇ
Á Assetto Corsa
Á Atomic Heart
Á Call of Duty: Modern Warfare
Á Cyberpunk 2077
Á Enlisted
Á Justice

Just the beginning of real-time ray tracing making its way into game products

ĖŘʩǏŘ Žƞ ŰƩǏ Ĭ űǏŘĬǣ ǏŽőŘ, and the work is not done! This is super exciting! J

Á JX3
Á Mech Warrior V: Mercenaries
Á Project DH
Á Stay in the Light
Á Vampire: The Masquerade ʛBloodlines 2
Á Watch Dogs: Legion
Á Wolfenstein: Youngblood
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Future Consoles

ĄMicrosoft: E3 2019 Keynote, June 9th 2019, link
Ą SONY: ĖŸĬǣ ǣƩ LȈǌŘŊǣ dǏƩƜ ê¼±ĜʩǗ ±ŘȈǣ-Gen PlayStation, Wired Magazine, April 16th 2019, link

https://www.youtube.com/watch?v=zeYQ-kPF0iQ
https://www.wired.com/story/exclusive-sony-next-gen-console/


State of the Art
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Hybrid Rendering Pipeline

Direct shadows 
(ray trace or raster)

Lighting
(compute + ray trace)

Reflections
(ray trace or compute)

Deferred shading 
(raster)

Global Illumination 
(compute and ray trace)

Post processing 
(compute)

Transparency & Translucency 
(ray trace and compute)

Ambient occlusion 
(ray trace or compute)



Reflections



* P L A CE HO L DE R*

*  P L A Y  G A M E S C O M  T R A I L E R  O R  S I M I L A R  *

òIt Just Worksò: Ray-Traced Reflections in ôBattlefield Vô [Deligiannis 2019]



SIGGRAPH 2019 ʛAre We Done With Ray Tracing? ʛState-of-the-Art and Challenges in Game Ray Tracing

Reflections
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Å Trace at half resolution
Å Supports arbitrary normal & roughness
Å Extensive spacial & temporal reconstruction
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Reflection Pipeline

Importance 
sampling

Screen-space 
reflection Raytracing

Spatial 
reconstruction

Envmap gap fill

Bilateral cleanup
Temporal 

accumulation



Raw Ray Trace Output Ray Tracing
Importance 
sampling



Spatial Reconstruction Spatial 
reconstruction



+Temporal Accumulation Temporal 
accumulation



+Bilateral cleanup

Á Secondary bilateral filter
Á Only run where variance high

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

Á Much dumber than reconstruction
Á Introduces blur

Á Variable kernel width, sample count

Variance estimate



+Bilateral cleanup Bilateral cleanup



+Temporal Anti-Aliasing



Raw Ray-traced Output
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Alternatively, Hybrid RT + SSR

[Deligiannis 2019]


