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DECADES OF RAYTRACING RESEARCH

TURNER WHITTED | 1979 
“An Improved Illumination 
Model for Shaded Display”

APPEL | 1968 
“Some Techniques for Shading 
Machine Renderings of Solids”

GORAL, TORRANCE & 
GREENBERG  | 1984 

“Modeling the Interaction of 
Light Between Diffuse 

Surfaces”

COOK, PORTER & 
CARPENTER | 1984 

“Distributed Ray Tracing”

KAJIYA | 1986 
“The Rendering Equation”

NVIDIA | 2008 
SIGGRAPH

NVIDIA | 2018 
SIGGRAPH + GAMESCOM



RASTERIZATION RAYTRACING



RASTERIZATION RAYTRACING



INFLUENCE OF RASTERIZATION-ONLY

Can I see the light?

PCF shadow maps, stencil shadows, perspective shadow maps, cascaded shadow maps, SDSMs, 
AVSMs, variance shadow maps, exponential shadow maps, exponential variance shadow maps, light 
probes, light maps, …

What’s around me?

Environment maps, reflection maps, depth peeling, screen-space visibility (SSAO, SSR, etc.), sparse 
voxel octrees, stochastic transparency, billboard clouds, …

A Bag of Tricks
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Epic Games | ILMxLAB | NVIDIA



THE RAYTRACING CHALLENGE
How to find the “needle” in the triangle data “haystack” ?



THE RAYTRACING CHALLENGE
How to find the “needle” in the triangle data “haystack” ?
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BVH ALGORITHM
Massive Improvement in Search Efficiency



RAY TRACING BEFORE TURING
Software Emulation for BVH Search

Launch Ray Probe

Fetch box

Decode box

Intersection test

Sub-box or tris?

Return hit

Many thousands

of instruction slots 

per rayRay/triangle 

intersection test

Shading

Pascal SM Shaders



TURING RAYTRACING WITH RT CORES
Hardware Acceleration Replaces Software Emulation

Return hit

Shading

Launch Ray Probe

RT CoreShaders

Ray/triangle 

intersection test

Fetch box

Decode box

Intersection test

Sub-box or tris?

Box 

Intersection 

Evaluators

Triangle

Intersection 

Evaluators

Turing SM



TURING RAYTRACING PERFORMANCE
10 Giga Rays
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GTX 1080 Ti RTX 2080 Ti

11.3 TFLOPS 68 RT Cores

1.1 Giga Rays 10+ Giga Rays

10 TFLOPS / Giga Ray ~10X faster than 1080 Ti
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GTX 1080 Ti RTX 2080 Ti



14

RAYTRACING APIS

Applications

NVIDIA Driver with RTX Technology

NVIDIA Turing GPURT Cores

RAYTRACING APIS



DXR API DESIGN

Tight integration with raster and compute

Following the existing low-level design of DX12

All resources shared seamlessly with raster/compute

HLSL as shading language, extended with raytracing operations

A First Class Member of the Real-Time Graphics Pipeline



THE RAY TRACING PIPELINE

New shader types:

Ray Generation: like CS, but can TraceRay()

Intersection: custom primitives

Any Hit: transparency

Closest Hit: typically material shading

Single-ray model with recursion support

VSPS to auto-generate RT shaders from raster

TraceRay()



struct Payload {
float4 color;

};

RaytracingAccelerationStructure scene : register(t5);

[shader("raygeneration")]
void RayGenMain()
{

uint2 launchIndex = DispatchRaysIndex();

RayDesc ray;
ray.Origin = SceneConstants.cameraPosition;

ray.Direction = computeRayDirection( launchIndex );
ray.TMin = 0;
ray.TMax = 100000;

Payload payload;
TraceRay( scene, 0 /*flags*/, 0xFF /*mask*/, 0, 1, 0, ray, payload );

outputTexture[launchIndex.xy] = payload.color;
}

[shader("closesthit")]
void ClosestHitMain( inout Payload payload, in Attributes attr )
{

payload.color = float4( attr.barys.x, attr.barys.y, 1 - attr.barys.x - attr.barys.y, 1 );
}



DIRECTX & VULKAN

DirectX Raytracing (DXR)

Final API out now!  http://forums.directxtech.com

OS support in Windows 10 RS5 (October Update)

Full Turing/RTX support with NVIDIA Driver 416.16

Vulkan Raytracing Extensions

Same abstraction level and functionality as DXR

NVX_raytracing: shipping

NV_raytracing: available shortly

Raytracing APIs for Real-Time Applications



RAYTRACING AT LOW SAMPLE COUNT

Even with Turing, we only have a budget of a few rays per pixel in real-time

Go hybrid: use rays where they matter most

Denoise!

AI or traditional

Many variants, lots of recent research

See Edward Liu’s talks

Hitting Realtime Realities
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1SPP RAY TRACED SHADOWS
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1SPP RAY TRACED SHADOWS + DENOISING
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RAY TRACED SHADOW GROUND TRUTH
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SHADOW MAPPING
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1SPP RAY TRACED REFLECTIONS
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1SPP RAY TRACED REFLECTIONS + DENOISING
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GROUND TRUTH
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STOCHASTIC SSR + REFLECTION CAPTURES
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EA SEED Project PICA PICA



SEED  //  PICA PICA & NVIDIA Turing

Hybrid Rendering Pipeline

Direct shadows 

(raytrace or raster)

Lighting

(compute + raytrace)

Reflections

(raytrace or compute)
Deferred shading 

(raster)

Global Illumination 

(compute and raytrace)

Post processing 

(compute)
Transparency & 

Translucency 

(raytrace and compute)

Ambient occlusion 

(raytrace or compute)



SEED  //  PICA PICA & NVIDIA Turing

Rough Refractions



Real-Time Lightmap Baking
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UPCOMING RTX RAYTRACING TITLES

Assetto Corsa Competizione from Kunos Simulazioni/505 Games

Atomic Heart from Mundfish

Battlefield V from EA/DICE

Control from Remedy Entertainment/505 Games

Enlisted from Gaijin Entertainment/Darkflow Software

Justice from NetEase

JX3 from Kingsoft

MechWarrior 5: Mercenaries from Piranha Games

Metro Exodus from 4A Games

ProjectDH from Nexon’s devCAT Studio

Shadow of the Tomb Raider from Square Enix/Eidos-Montréal/Crystal Dynamics/Nixxes

“DXR is one of the fastest adopted features that we’ve released in recent years.”  -Microsoft DirectX Team

http://www.kunos-simulazioni.com/main/
https://505games.com/
http://mundfish.com/
https://www.ea.com/
http://www.dice.se/
https://www.remedygames.com/
https://505games.com/
https://gaijinent.com/en
https://darkflowsoftware.com/
https://netease-na.com/
http://www.kingsoft.com/
http://piranhagames.com/
http://www.4a-games.com/
https://www.nexon.com/main/en
http://www.square-enix.com/
https://eidosmontreal.com/en
https://crystald.com/
http://www.nixxes.com/nixxes/
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THANK YOU!

NVIDIA RTX, Driver, Arch, Devtech, Demo, and Research teams
Microsoft DirectX team
SEED, EA, Nixxes
Slide Content: Colin Barré-Brisebois, Edward Liu, Jacopo Pantaleoni, Brandon Lloyd, Steve Parker, Morgan McGuire, Chris Wyman, Matt Pharr

SPECIAL THANKS
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BACKUP
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PICA PICA: https://www.youtube.com/watch?v=LXo0WdlELJk

https://www.youtube.com/watch?v=LXo0WdlELJk
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AIRAY TRACING RASTERIZATIONCOMPUTE

RTX: GRAPHICS REINVENTED
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ANISOTROPIC SPATIAL KERNEL



NVIDIA DENOISERS

GameWorks Ray Tracing consists of a library of denoising techniques essential to increasing the 

speed and quality of real-time raytracing of:

• Offscreen reflections

• Inter-object reflections

• Mirror to Glossy

Ray Traced Glossy Reflections Ray Traced Shadows

• Spherical, rectangular and 

directional cone lights

• Contact Hardening

• Soft Shadows

Ray Traced Ambient Occlusion

• High quality contact hardening

• Support for offscreen objects



NVIDIA RTX

AIRAY TRACING RASTERIZATIONCOMPUTE



DXR SCENE REPRESENTATION

Two level hierarchy with instancing

Instance = pointer to bottom-level 
BVH + pointer into shader table

BVHs are resources holding opaque data

Materials defined in shader table

Also just a memory resource, 
completely app-managed

Acceleration Structures



HIGH LEVEL PIPELINES

Ray 

Generation

Traversal & 

Intersection
Shading

Vertex 

Shading

Pixel 

Shading
ROP

Draw 

Call
Rasterization

Scheduling Scheduling

Scheduling

(IA)

Raster

Ray Tracing


