Prevousgenerationc World War Z

_ Render resolution Target FPS

Xbox One / P& 960x1080; 1920x1080 30
Xbox One X 2880x2160; 3840x2160 30
PS4 Pro 192(x1080¢ 3200x1800 30

WORLE WART

We used fixeeheight dynamic resolution on consoles
TAA as an antialiasing solution without upscaling on consoles
FXAA for lowpreset settings on PC

To o o

A Much later we integrated FSR2 in the end of the frame, and it was a starting point o
our AA/upscale journey on newer generation
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Platforms

We use much more temporal techniques on different platforms now:

FSR2| FSR3 FSR4 XESS* DLSS MFSR | TAA + FSR
_--_-_--

AMD RDNA4 NVIDIA 2000+ serie
XBOX SERIES X/S

PS5
PS5 PRO

Steam Deck

TAA + FSR1 is intended as a cheap fallback solution. In practice, TAA Is mostly used as :

auxiliary temporal pass for several resources like circle of confusion, bloom mask, etc.
*XeSS is only IRoadCraftor now
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- %
N
|
|
i

|| #ps 34 (38 Ms)
J| -cpu usage 22%
! GPU Memory Engine 4.9 / 18.8 / 11.6 GBs
J| -cPu Menory other 8.8 / 11.6 GBs
I GPU Memory Demoted 8.8 MBs
I Physics Execution time 8.58 ms / 16 rb
l Texture streaming 775.71/360.55/2008.00 MB (8.86 drop, @ req)
E Tpl geom streaming 488.89/118.62/550.880 MB
l Anim streaming 14.98/7.82/15.08 MB

Counters
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P 178 errors, 17 warnings found! Press [F18] to see log, RMB/to copy X
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Resolutlon presets
Consoles —

Xbox Series X / PSQualitymode  1080p¢ 1440p 2160p

Xbox Series X / PSBerf  mode 720p¢ 1440p 2160p 60
Xbox Series S 720pc 1080p 1440p 30
PS5 Pro Quality mode 1080 ¢ 2160p 2160p 30
PS5 Pro Perf mode  1080p¢ 1440p 2160p 60

PC Resolution Scale Xessm Resolution Scale
AA 1

Native 1
Quiality 1.5 Ultra quality 1.5
Balanced 1.7 Quiality 1.7
Performance 2 Balanced 2
Ultra performance 3 Ultra performance 3
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Temporal AA/Upscale in rendering pipeline

We tried to place it after posproc like in WWZ, but rejected it

{ Scene H PostProcessingH TAA/Upscale H Ul ]

Pros:
A We win some performance in peptocessing depending on resolution scale

cons:
A Postprocessing effects such awotion blur, depth of field, bloom, barrel distortion
change or distort color buffer, so we get ghosting due to mismatch between color ar

corresponding depth/velocity values.
A Some color details are lost + potential artifacts due to nonlinear LDR input
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1 2 A -
P 169 errors, 17 warnings found! Press [F1B] to see log, RMB“to copy. <
_— .

FPS: 44.79 (44.79) 3 =

§=
FG FPS: 44.74 F-
Frame: 7069
GPU Usage: 21%
APT: Dx12
Adapter: NVIDIA GeForce RTX 5878
OQutput: Display 3
Shaders: RELEASE
Cfg: SM:high, Tx:ultra
Antialiasing method: fsr3 e -t wE
Frame generation: off = == —
Render resolution: quality
VSync:  OfF |
Rend Res: 1288x728 !‘.
UT Res: 1928x1888 ;15
BB Res: 1928x1080 i L
Polys: 4816639
Splits: 1463

~—
. S
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» 178 errors, 27 warnings found! Press [F18]

USED LOCAL DATA FROM:
\..\local\shaders

TR ee— ~— -\local\shader_cache
FPS: 44.43 (44.43) » Dump to file
FG FPS: 44.51 i 2
Frame: 662 ‘.‘
GPU Usage: 27% \
APT: bx12

Adapter: NVIDIA GeForce RTX 5878
Output: Display 3
Shaders: RELEASE

dEs
Cfg: SM:high, Tx:ultra - =
Antialiasing method: fsr3
Frame generation: off
Render resolution: quality
VSync:  OFF
Rend Res: 1288x728
UT Res: 192@x10888
BB Res: 1928x1880
Polys: 4B853875
Splits: 1478 -

~
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FSR after pogtrocessing

T

J‘i -
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FSR before pogirocessing
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FSR after poqmrocessmg
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FSR before posirocessing

: -
Frame: 7363
. d
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Temporal AA/Upscale in r

Standard practice placing before posprocess

Scene TAA/Upscale PostProcessing Ul

But in this case we need to perform pgmibcessing in upscaled resolution:

ms 13,9 ms 14,0 ms 14,1 ms 14,2 ms 14,3 ms 14,4 ms 14,5 ms 14,6 ms 14,7 ms 14,8 ms 14,9 ms
| | | | 1,9668 ms / 17,4631 ms (1,1218 ms selected) | |

MOTION_BLUR Downsample cc¢ HDR::PostProcess Downs: DOF SCREEN_EFFECT_POST_ | COMBINE_EFFECTS
Calc Tile Velocity Bu- DrawInstz ExecuftelIndirect DrawInstance Measu HDR::MakeBloom::Downscl+Treshold Tonemap Dra DOF Eff mode=13 f=1.80 DrawInstanced

1 122 VS 2 152 mS Dispatch [Draw] [ExeclteIndirect Sim [Draw] Measu HDR::MakeBloom:: Ga DrawInstanced [Dr DrawInstanced [Draw]

- - [Dispatch] DrawInstanced [Draw] [Draw]
[Draw]

Xbox Smua“ty mode 16,5 ms 17,0 ms 17,5 ms 18,0 ms 18,5 ms

( ) | , , , 3,747 ms / 19,023 ms (2,152 ms selected) | , , , , , , , , ,
MOTION_BLUR Downsample col HDR::PostProcess Downs: SCREEN_EFFECT_POST_TOI COMBINE_EFFECTS
Calc Tile V Mea HDR::MakeBloom::Downscl+Tresho Tonemap Eff mode=13 f=1.00

Mea HDR::MakeBloom: :App
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Temporal AA/Upscale in rendering pipeline

Combined upscale: temporal + spatial in the end

N
{ Scene H TAA/Upscale H PostProcessing —L FSR1 upscale}
J

|
Intended to alleviate high pogirocessing cost { Ul ]

Rejected due to:

A FSR1 makes sense only with small resolution scale like <= 1.1
otherwise there is a quality degradation compared to the
classic temporal upscaling scheme

A With small FSR1 scale there is no performance win
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Temporal problems
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Main tools to deal with problems

Algorithm WERS

N(

FSR Transparency & | Narrows color clamping window, relaxes locks contribution and lumina
composition mask Instability factor
Reactive mask
KESS || INEEEensiE Mes, Directly affects current frame weight when blending with history
MFSR Reactive mask
TAA Reactive mask
DLSS No masks

Mask values are integrated into material systerartists are able to control then
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Transparency

+C-a UKFG R2YyQd 6NARGS

Here we rely on color clamping that clips Current frameneighborhood AABB aridstory clamping

history color If its significantly different o ®
from 3x3 neighborhood colors ‘ ®
A TAAc color clamping is enough to deal with it T e
A FSR; need VFXs to be written to transparency & composition o
mask ? o
A XeSS% we write VFXs into responsive mask. Lower values on 0

lower render resolution presets
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Without transparency mask

Show All Notifications

P 281 errors, 36 warnings found! Press [F18] to see log, RMB to copy X " )
X 3 CUiL oyudu
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With transparency mask

» 281 errors, 36 warnings found! Press [F18] to see log, RMB to copy X 1 1
Show All Notifications

Cuit ayudu

Proceed to the Launch Bay
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Particles

Clau LI NUAOt Sa uKIuU R2y(
A Need to increase current frame weight to avoid ghosting and diminishing in size
A Color clamping still helps on noisy background

We locally increase current frame weight using reactive mask

A TAAC particles write to reactive mask only

A FSR; particles write to reactive mask and transparency & composition to narrow color
clamping AABB and relax locks for noisy background

A MFSR; same as FSR, plus we combine previous frame reactive mask with the curren

A XeSSg particles write to responsive mask
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Without

srame Countper GPU Captu Lires taL(en 2, Eranie Time 29 ms

» 181 errors, 27 warnings found! Press [F18] to see log, RMB to copy

FPS: 33.87 (33.87)
FG FPS: 33.88
Frame: 71532

GPU Usage: 23%

API: bx12

Adapter: NVIDIA GeForce RTX 5876
Output: Display 3

Shaders: RELEASE

Ccfg: SM:high, Tx:ultra

Antialiasing method: fsr3
Frame generation: off
Render resolution: native
VSync:  OFF

Rend Res: 192@x1088

UT Res: 192@x1888

BB Res: 192@x16888
Polys: 3829733

Splits: 1785

.

=AW W i Hl
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With masks

srame Gount per GEU Gaptu uires taken 2, Fram'e Time 29 ms

» 181 errors, 27 warnings found! Press [F18] to see log, RMB to copy X

FPS: 34.45 (34.45)
FG FPS: 34.54
Frame: 708267

GPU Usage: 21%

APT: Dx12

Adapter: MNVIDIA GeForce RTX 5878
Output: Display 3
Shaders: RELEASE

Cfg: SM:high, Tx:ultra
Antialiasing method: fsr3
Frame generation: off
Render resolution: native
VSync:  OFF

Rend Res: 192@x1888

UT Res: 192@x1888

BB Res: 1928x16888
Polys: 39378684

Splits: 1918

e Y s F -4 \

2 Graphics Programming Conference, November 18-20, Breda {+ )



Reactive mask

FPS: 33.12 (33.12)
FG FPS: 33.15
Frame: 83696

GPU Usage: 25%

APT: Dx12

Adapter: NVIDIA GeForce RTX 5878
Output: Display 3
Shaders: RELEASE

Cfg: SM:high, Tx:ultra
Antialiasing method: fsr3
Frame generation: off
Render resolution: native
VSync:  OFF

Rend Res: 192@8x1888

UT Res: 192@x10888

BB Res: 1928x1880
Polys: 38068147

Splits: 1681

Frame Count per GPU Capture 1, GPU Captures taken 2, Frame Time 30 ms

P 181 errors, 27 warnings found! Press [F18] to see log, RMB to copy X
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Tralls

Since such objects are tiny and not written to depth and velocity

A Need to adaptively broaden trails to make ther2 pixel to avoid excessive blend with
background

A Need to conservatively apply reactive mask just a little in case of moving trail to avoic
ghosting
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L asers before fixes
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