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TODAY we
present
Raytracing

A Project background
A GPURaytracing Pipeline
A Engine integration of DXR

A GPUPerformance



Battlefield V.
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A FPS setin WWII
A ReleasedNov 2018
A Raytracing work beganDec 2017

A First DXR game released!
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Project

Background
A ~10 monthsdev time A Engineering
A Use DXR in Battlefield V A Yasin Uludag (EA DICE)
A AO A Johannes Deligiannis (EA DICE)
A GI A Jiho Choi (NVIDIA)
A Shadows A Pawel Kozlowski (NVIDIA)
A Reflections And a bunch of other people!lJ




Main
Challanges

A Not aTech Demo

A Content is set
A Game in full production
A Scope of Engine changes

A Performance

A Denoising vs Ray Count

A No RTX cards

A Early adopter tax
A API not final
A Driver hang/bugs
A BSoD

A No capture tool (Nsight, Pix)

A But we shipped it]






(simple) raytracing pipeline

Intersect/Material
Data




Generate Rays

G Buffer
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Raytracing

MAGIC



Light Rays

float4 light( MaterialData surfacelnfo , float3 rayDir ) {

foreach (light :
radiance +=

foreach (light :
radiance +=

foreach (light :
radiance +=

pointLights )
calcPoint (surfacelnfo , rayDir , light);

spotLights )
calcSpot (surfacelnfo , rayDir , light);

reflectionVolumes )
calcReflVol (surfacelnfo , rayDir , light);




Light Combine

Lit Raster result






Improving raytracing pipeline

Intersect/Material
Data




Variable Rate Tracing
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Max Ratio Classify
0 5 5 0 0 1 1 0
511115 1 221
0 5 5 0 Normalize 0 1 1 0



Variable Rate Tracing

256 rays
EEEEEEEE

128 rays

64 rays

32 rays



Variable Rate Tracing

Success!
- More Rays on Water

- More Rays on grazing

angles




Problem
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Improving raytracing pipeline

Intersect/Material
Data




Ray Binning

Screen Offset > 3 O 1 2 Bin Index

Angle



Ray Binning




Ray Binning

Local Offsets

Ray 1000
Ray 1001
Ray 1002

Bin 3011 Bin 3012 Bin 3013
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Ray Binning
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Rays Lookup

Ray Binning

Bin 3011 Bin 3012 Bin 3013
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Problem




Improving raytracing pipeline

. Intersect/Material
Data




SS-Hvbridization

Miss
Intersect/Material
Data

Material Data

Material Data

Radiance



SS-Hybridization
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SS-Hybridization




Problem

Miss Miss

Raytrace
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Idle .. Idle
Idle .. Idle
Idle Idle ..

Light Shader Wavefront



Improving raytracing pipeline

.

Intersect/Material
Data

_>._>




Defrag

Exclusive Parallel Sum *
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Problem

Light Shader

2.0ms



Improving raytracing pipeline

.

Intersect/Material
Data
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Per Cell Light Lists
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Improving raytracing pipeline
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Intersect/Material
Data
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Denoisin




BRDF Denoise Filter
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BRDF Denoise Filter




BRDF Denoise Filter
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BRDF Denoise Filter

Frame N-1

Frame N
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BRDF Denoise Filter
Actual: 6 -. .. |

- Actual: up to 13

Actual: 16 -

Actual: 6




BRDF Denoise Filter
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Temporal Denoise Filter
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temporal Denoise Filter
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Image Denoise Filter
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Image Denoise Filter
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Image Denoise Filter
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Image Denoise Filter
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New Pipeline

1.98ms

. . . e Intersect/
Material Data




New Pipeline

Intersect/
Material Data

1.98ms
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Intersection Shading



DXR basics
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A Skinning, Destruction TLAS
A Compute shader
A Update each frame
W A
A Blas can update incrementally 5 A — S — > &
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ACCELERATION STRUCTURE

A Which objects?

A Frustum Culling

A Occlusion Culling a

A Easy... no culling!




Acceleration structure I FIRST PASS

A Rotterdam
A 20200 TLAS instances...
A 5000 BLAS rebuilds...

A GPU rebuildc4 ms (1)




What to do?

A ldea: Reduce instance count
A Use a culling heuristic

A Accept (some) minor artifacts



Culling HEURISTIC

A Assumtion:
A Far away objects not important
A Except for large objects

A Bridge, building etc

A Need some kind of measurement...



A Project bounding sphere

If <9< "Y'QiI Qi

W eCu

Culling
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culling




Culled Objects




CULLING - RESULTS

A 4 deg culling
-> 400 BLAS rebuilds each frame
-> 2800 TLAS instances
A TLAS + BLAS build (GPU}: ->14.5 ms

A Pros

A Faster

A Cons
A Occasional popping
A Missing objects



Blas update
optimizations

A Still expensive! More ideas:

1. Staggerfull and incremental BLAS rebuild

A N frames incremental before full rebuild
2. D3D12 RAYTRACING ACCELERATION_STRUCTURE_BUILD FLAG_PREFER_FAST BUILD
3. Avoidredundant rebuilds

A Check CS input (bone matrix)

A 400 ->50

A OverlapBLAS update with GFX

A Gbuffer, shadowmaps



results

A TLAS + BLAS build (GPU)#4.5 ms->1.15 ms
A RayGen (GPU).71 ms->0.81 ms (staggered refit + flags)

A Much betterJ



SHADING (OPAQUE)

RT ON SHADING OFF RT ON | SHADING ON



Raytracing

Requirements Raster Raytrace
A Shader output must match!
A ClosestHit Shader 4

A/’/q
A AnyHit Shader T
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Same?




Shaders In
FROSTBITE

A
A

VS @Handwritten

PS- Shader Graphs
A Graph-> .hlsl

Manual conversion... no

A 1000s of shaders

Auto VS + PS to HitGroup

¥ texturez [+] ¥ mumiptyz @
Texture: T CityTree Branches 01 CA nput! Cut
Coord St D Input2
¥ selectComponent ¥ instance2
Input Out 7 Muttioly2 Shades: 15 NormalCooling 02
Inpur Our AlphaOut
Input2
£ E L]
Vertexinput [ oo
Inputhlame: texCoard —
O Defau Out [t g e
Texture: T CityTree Branches 01 NTS Shader: 15 Mormalmaplnpack
Coard Out Texturshlormalin
¥ vertexinput? (@
[ — [ S —— ¥ uttiptye P muriptys £ nputl  Out
O Default Out nput Out nput2

T 5 Input!  Cut
Input’ Out .
» Inpur2

Input2

¥ instance3 a
Shader: IS Vegetation Autumn_01

Normal




Hit shader template

z A PN

------------- AT EVERES DI Verex bufer
——————— C meciwaniaez U hem

VS @VertexFragment
World Space Normal C I I p >
‘#deflne Sample(s u, = = = , Texture MIP?

#define ddx(x) x ddx/ddy?

#define ddy(x) x _

o \L(e) [




ALPHA TESTing

A AnyHit Shader:

A If (AlphaTest(alphaValue))
IgnoreHit();



