RENDERING THE HELLSCAPE OF

Jean Geffroy Axel Gneiting Yixin Wang
Principal Engine Principal Engine Engine Programmer
Programmer Programmer

@ SIGGRAPH I

Advances in Redime Renderingourse SIGGRAPH 2020 2020 52020 SIGGRAPH.ORE HEY"NI]




Tandst  aWd,

e .
b ikF .‘hd.’ L“'

st et

17 L=

=
.
\
)
s
——
-
R =S
- — ——
T —
—

= —
e



IDTECH 7

AFully forward rendered

AStill few uber shaders variations everything
ALarger levels and more complex environments
AMore streaming

ALow level API on all platforms

AStill 60FPS on consoles at same resolutions
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HYBRID BINNING

AUsed Clustered Binning in Doom [Olson12]

AChallenges
ALarger scenes in Doom Eternal
ADistant small lights and decals end up in single big cluster
AEnemies have light rigs
Aln fights more dynamic volumes for projectiles and impact decals
A Artists wanted to place more lights and decals
AWanted to move to GPU culling to reduce CPU load

ANew hybrid of cluster and tile binning
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HYBRID BINNING

ALY & LA NBRRP@S RA L dzf t AyI F2NJ ¢Af SR
[Drobot2017]

AProblem: Thousands of lights or decals in some scenes

AHardware raster tile binning inefficient due to state changes
AVery tight budget (<500us)
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COMPUTE SHADER RASTERIZATION

AFor simplicity we only bin hexahedra

ALow resolution

ANeeds to be conservative

AMany edge cases 4
AArtists will find them all

AReverse float depth for precision
ABinned rasterization [Abrash2009]
1. Setup & Cull /\

2. Coarse raster /)
3. Fine raster
4. Resolve bitfields to lists
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SETUP AND CULL

ACulls hexahedra against near plane

AEmits packed vertices together with side
and edge indices

AClassifies front/back facing for edges ar
vertices

ANew side at near plane removed
AComputes screen space tile bounds
AProduces work for coarse raster
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WORK DISTRIBUTION

AWant to run rasterization thread
for each potentially covered tile
based on rectangular screen
space coverage

ARunnings,8,1] thread groups
for 64 tiles with each thread
looping over the binned
hexahedra for the tile is too slow

AResults in very bad utilization
AUp to 63 idle threads

Alnstead emit one thread for each
potentially covered tile
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COARSE RASTER

A256x256 pixels per coarse tile

AAlso bins into clusters
ASame depth distribution as in [Sousa2016]

AAlready tighter fit than CPU cluster setuy

AProduces work for fine raster
AOnly emits work for coarse tile that intersect
hexahedra
AOne thread for each potentially covered fine
tile
AEach coarse tile has its own work list and
screen space bounds are determined per til 2

@ SIGGRAPH I

Advances in Redime Renderingourse SIGGRAPH 2020 2020 $2020 SIGERAPH.ORE




FINE RASTER

A32x32 pixels per fine tile
ARejection based on conservative

min/max depth buffer downsample

ACS computes min/max depth value “
for hexahedra per tile

ARefinement step for point lights {‘}
culling tile frustum against sphere
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RESOLVE BITFIELDS TO LISTS

AResolve CS with one thread U catencon =0

for (int I =0; i < numilterations ;++ i){

grOUp per tlle/CIUSter const uint lightindex =©64* i)+ gI_IocalInvoc'ationID.x

const uint tileindex = gl_locallnvocationID.y

A64 bltS CheCked In one thread bool lightBitSet = fetchBitFromBitfield (tiIeInd;:x , lightindex );

uvec4 subgroupMask = subgroupBallot (lightBitSet );

g ro u p : O n e b |t per th r‘e ad uint lightCount = subgroupBallotBitCount  (subgroupMask);
if (lightBitSet ) {
A (m aXng hts+63)/64 Ite ratl ons /I Computes bitfield prefix sum for all threads < this thread idx
. uint listOffset = subgroupBallotExclusiveBitCount (' subgroupMask);
p er ti I e / Cl uster listOffset  += tilelndex ~ * LIGHTS_PER_TILE;

listBuffer [ listOffset + totalLightCount ]= lightindex ;

AUses subgroup ops for . g
. tota |gt ount += lig tCount ;
compaction }

if ( subgroupElect ()
countBuffer [tileindex ]= totalLightCount
}
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LIGHT LIST SELECTION
AFine tiles are bad if there are 1
large depth discontinuities |
AEach fragment invocation checks
bothits cluster and tile and 4 3@\
selects list with fewer entries (¢ ‘\\ LAy
ANever worse than clustered ot N (LR N\ e
| " \" 7/° '(’ 1 AT ?»,- i &
_A .
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LIGHT LIS

AFine tiles are bad if there are
large depth discontinuities

AEach fragment invocation checks
bothits cluster and tile and
selects list with fewer entries

ANever worse than clustered

SELECTION
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LIGHT LIS

AFine tiles are bad if there are
large depth discontinuities

AEach fragment invocation checks
bothits cluster and tile and
selects list with fewer entries

ANever worse than clustered
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HASH SCALARIZA

AWant to use scalar reads for light >

data [Sousa2016]

ION

AProblem: Binning now has much
finer granularity in screen space

AScalarization based on
cluster/tile index insufficient
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HASH SCALARIZATION

AWant to use scalar reads for light :?““: :
data [Sousa2016]

AProblem: Binning now has much £
finer granularity in screen space

AScalarization based on
cluster/tile index insufficient
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HASH SCALARIZATION

AResolve CS computes hash of
light indices for each list

AStore 24 bits of the hash + 8 bits
num lights per tile/cluster

ACheck for uniformity based on
hash value

AEven works if fragment thread
group uses cluster and tile lists

Same color = same hash
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USE FOR GAMEPLAY

ALong but few threads cause GPU usage to be quite low

Aldle time can be filled with async overlap

AAdding more hexahedra to process almost free

Aldea: Run thousands of gameplay visibility queries through same code

Al KIy3Sa RSLIWK 0Sad FNRBY 4aAyuSNaA
YR 2 LJ |j dzS e

AFine raster tags bit fields read by CPU next frame
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GEOMETRY DECALS

AArtists wanted small decals
defined by geometry

APart of authored mesh

AChallenges

A Almost no additional frame budget
AC2NB I NR NBY RSNBNY

top of GBuffer

A G-Buffer blending too slow even if
we switched to deferred
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GEOMETRY DECALS

AArtists wanted small decals
defined by geometry

APart of authored mesh o _— Y

AChallenges e P
A Almost no additional frame budget * = T~ UYL
AC2 NI I NR NBY RSNBNY
top of GBuffer

A G-Buffer blending too slow even if
we switched to deferred
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GEOMETRY DECALS

AProjection matrix from mesh UVs
AWorld space> texture space

As 24matrix per projection
A8 floats = 32 bytes
AOn disk we store objeet
texture space
AMultiplied with model matrix gives
world -> texture space matrix

AEach instance needs memory for
Its geo decals
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GEOMETRY DECALS

ARender indices into R8 buffer
APost depth pass
A Greater/equal depth compare
A Depth bias to avoid z fighting
ADecals need to be coplanar
A~50us for this pass

Alndex per sub mesh projection T -
list in fragment shader b A
AList bound to instance descriptor
set
AArbitrary blending because no
G-Buffer passthrough
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LIMITATIONS

AMax 254 projections per sub mesh

AOne decal might need multiple =
projections i A i
Al ' yQiG R2 OdzZNIISR
ANeed projection storage per instan // 203 \\
ACurrently 1M decals max per level v’ BV W

ABinned decals always on top i

AAnimated geometry projections
calculated every frame
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GEOMETRY CACHES

ABased on [Gneiting2014]
ACompiled from Alembic caches

Almproved compression
APredictive Frames
AHierarchical Brrames

AForward and backward motion
prediction

AOodle Kraken for bitstream
compression

Alnstances can share streamed
data blocks if same cache

AAnimated colors and UVs
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AUTOMATIC SKINNING

ALarge data rate reduction for
position stream [Kavan2010]

ABone matrices quantized and
compressed like other streams

AOnly works well with some
meshes
AWe still support vertex animation
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3 BYTE TANGENT FRAMES

ATangent frames are computed for each frame and streamed
AStoring twos 3 vectors for normal and tangent is expensive

Aldea: Store only normal + rotation for tangent
ABitangent reconstructed with cross product

A2 bytes for octahedron normal encoding [Meyer2010]
AGood enough for vertaxormals

Al byte for rotation
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DECODE

ANeed deterministic orthonormal vector to
rotate for tangent

ANajve cross product of normal with e.g.
(phrim) Ycauses singularities

: 60 JU dmsY QM |G )
5 b i, fUJs  ~eaio %
< W9 dz
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gives Tangent
AY YATIO (O "pOEI

ALast term cancels out because vectors are
orthonormal

v
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MATERIAL BLENDING

AFirst step to add detail to the world

APrecedes world decaling pass
APart of the progbuilding process (e.g. grime)
ACan also be environmenspecific (e.g. snow)

ABlending of multiple full material stacks
AMostly vertex painted

ATexture blend weight maps for organic assets and characters
ARequired granularity may not match tessellation level

A Blend weights modulated by materfedightmaps
AHigh frequency detail
AEmbrace physical features of underlying materials
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VERTEX PAINTING

ABuiltin painting tool
A4 materials per asset, 2 materials per triangle
ALODO geometry shared by all painted instances

ALower LODs uniquely generated based on paint job
ARequired to mitigate overly noticeable LOD transitions
AMemory overhead manageable thanks to limited paint permutations
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