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Gold Standards:
MSAA — CSAA - EQAA

No AA 2x MSAA 4x MSAA 8x MSAA

-‘ = Pixel Boundary
@ = Color Sample
= Coverage Sample

2fax EQAA 4f8x EQAA 8f16x EQAA

4 coverage samples 8 coverage samples 16 coverage samples




Edge Detection and Blur

Information from [Leadbetter2009a] s 2007]
ousa2007

[Shishkovtsov2004]
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Morphological Antialiasing (2009)

[Reshetov2009]

Mo rphological
Antialiasing

Alexander Reshetov
Intel Labs
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Explosion of Post-AA Techniques

[Jimenez2011a]

Filtering Approaches for
Real-Time Anti-Aliasing

Impac



Morphological versus Edge Detect and
Blur

* Morphological
e Edge detect + Search + Blur
* Non local information available (patterns)

e Edge Detect and Blur

* Edge detect + Blur
e Only local information available (neighborhood)



Saboteur (2009)

Information from [Leadbetter2009b]
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Sony’s Edge MLAA (2009)

[Perthuis2011]

Relative Thresholding
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Sony’s Edge MLAA (2009)

[Perthuis2011]
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Double Fine’s Costume Quest (2010)

# [Demoreuille2011]
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Double Fine’s Costume Quest (2010)

# [Demoreuille2011]

’,’
(‘74 SIGGRAPH2011

e Hybrid MLAA: Overview

ﬁ GPU edge detection

Variety of color/depth/id data used

ﬁ CPU blend weight computation

Fast transpose using tiling and VMX 128

ﬁ GPU blending



Star Wars: The Force Unleashed Il -
DLAA (2010)

Game Developers Conference’ 2011

February 28 - March 4, 2011 | www.GDConf.com [AndreevZOll]
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Star Wars: The Force Unleashed -
DLAA (2010) :

pmtcm | [ANdreev2011]

Observation

super sampled blurred vertically
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FXAA Console (2010)

’!‘
W 2 SIGGRAPH2011

e FXAA 3.11 Console Taps

. All pixels which do not exit get this 2 tap filter

_ Direction perpendicular to local luma gradient

. Use the four 2x2 box filtered luma values
_ dir.x = -((NW+NE)-(SW+SE))
— dir.y = (( NW+SW)-(NE+SE))
— dir.xy = normalize(dir.xy) * scale

. Optional extra 2 taps
_ Scale dir.xy by 1/minDir

. minDir = min(|dir.x|, |dir.y|) * sharpness

_ Then limit filter width to 8 pixels

(| B
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FXAA Quality (2010)

[Lottes2011]
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Image from modified NVIDIA Stochastic Transparency Demo
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Jimenez’s MLAA (2010)

e
J sﬁﬁgﬁ% ‘ [Jimenez2011b]
Workflow

o [FERE

Original Image Edges texture Blending weights Antialiased
texture Image

(| A
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Jimenez’s MLAA (2010)

Q,’) SIG 2011 ]
& {/Aﬁm%; [Jimenez2011b]

Key Features

High Quality
* 16x gradients (or more!)
* Noise proof — Temporally Stable
% Sharpness preservation
Fast
* 0.28ms@720p (GeForce GTX 470)
% Beats MSAA by abouta 1180% (GeForce 9800 GTX+)

Low Memory Footprint
* 2Xthe backbuffer size

Portable
Customizable Edge Detection n Z’:’Jﬁf;!ﬂﬁlﬂ:?!3%2‘2332??!222‘,33“
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SMAA (2011)

’!“ IGGRAPH2011 ]
g SV(/;‘\%(OUVE#;M : SMAA' [Jimenez2011b]
Subpixel Morphological Antialiasing

%

Temporal AA MLAA MSAA
Great

Great Great
subpixel gradrients! subpixel
features!

features!

(| A
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SMAA (2011)

3, < carapoon [Jimenez2011b]
& Lot SMAA:
Subpixel Morphological Antialiasing

« Improves pattern handling

% Diagonals

SSAA 16X

17 - Rese



FXAA / SMAA Features

FXAA Console FXAA Quality SMAA T2x

* Focus on ultimate performance e Target medium * Focus on ultimate quality

« Very easy to integrate quality/performance tradeoff e Sharpness

e Better gradients than MSAA e Extended pattern recognition

* Optional TAA/MSAA combos
for subpixel features

e Blurrier texture details

* Decreased temporal stability J e Sy o e

. W boixel feat * Blurrier texture details _
Grse SElefpEl teelibiE: « Better gradients than MSAA
* Decreased temporal stability
* More complex integration
* Worse subpixel features

Not dealing with MSAA
Compatible with deferred

For Both FXAA/SMAA
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DEAA & GBAA (2011)

[Malan2011]

{P’ SIGGRAPH
> AN(oUVER

Distance to edge

’!“
% 7 SIGGRAPH2011

GBAA

. Geometry shader passes down geometry info

_ Stores distance to edge d,=d/ (nx| > [ny]? nx:ny)
in the major direction

-3 [Persson2011]

_ Use interpolator instead

of line equation math
Using noperspective keyword

. Pixel shader selects closest edge




Low Level Optimizations for GCN
[Drobot2014]

PS LDS access : Distance to Edge

[Drobot2014a]

«  Example: Distance To Edge AA
—  Qutput distance to closest edge
—  Directly from PS bypassing G5
—  Used in multiple analytical AA methods

+ GBAA
- DEAA
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Killzone AA Transition

. [Valient2007]
MSAA Lighting Details

» Run light shader at pixel resolution
» Read G-Buffer for both pixel samples
» Compute lighting for both samples
» Average results and add to frame buffer

» Optimization in shadow map filtering
» Max 12 shadow taps per pixel
» Alternate taps between both samples
» Half quality on edges, full quality elsewhere
» Pperformance equal to non-MSAA case

DACl Netr( apective: Ml A/



Uncharted 4 (2016)
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Temporal AA
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Accelerating Real-Time Shading with Reverse
Reprojection Caching [Nehab2007]

Figure 4: Left: Shading calculations and pixel depths in
frame t — 1 are stored in screen-space buffers. Right: In the
next frame, each vertex is also transformed by the model,
camera and projection matrices (along with any anima-
tion parameters) at time t — 1. These values become per-
vertex attributes that undergo perspective-correct interpo-
lation, giving each pixel access to its position in the cache.
To detect cache misses, we compare the reprojected depth of
a pixel p to the depth stored at its position in the cache at q.

[Nehab2007]



Gran Turismo PSP (2009)

Information from [Greer2009]

o — : ’/-)- =
| ‘_—__A -~
v,
Continue Continue
Slow Motion Full Speed, as observed on a PSP
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Halo Reach (2010)

Information from [Leadbetter2010]

HAL™SD

R E A C H
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Crysis 2 [2011]

[Sousa2011]

= egyr “ 9

?t]ra‘;;]-ped reproje—ﬁi'bn + Velocity wgigh
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SMAA (2011)

[Jimenez2012]

SMAA : Enhanced Subpixel Morphological Antialiasing

- - 1
orge ‘ne > | 1
Jorge Jimenez' Jose L. Echevarria' Tiago Sousa® Diego Gutierrez'

!Universidad de Zaragoza, Spain

SMAA T2x

SMAA 4x
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Crysis 3 - SMAA (2013)




Assassins Creed 4 and Ryse - SMAA
(2013)
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The Last Guardian (2016)
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Lottes’ TSSAA & TXAA (2011)
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Teaser for FXAA TSSAA
Low Motion
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TXAA 3.0 core algorithm

TXAA 3.0 = [MSAA] + Temporal AA + MFAA

Setup/Restore PSL Patterns

e
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[Ca02016]



Evolution

[Sousa2013]

=¥ 3 cayex
SMAAITX\ANOREROBUST TPORALA

Concept Dnly track signal changes, don't rely on geometry information
+ For higher temporal stability. accumulate multiple frames in an accumulation buffer, alike TXAA (Lottesi2]

+ Re-project accumulation buffer
« Weighting: Map acc. buffer colors into the range of curr, frame neighborhood color &

for hi/low frequency regions (for sharpness preservation).

stents (Malan2012]: different weight

Current Frame (D) Accumulation Buffer (1)
L

e e e core S 289

[Salvi2016]

variance clipping

. Compute 15! and 2nd color moments
. AABB from mean /i and variance o? !'!
' ‘l ‘L’:'U ‘ B ks ‘l!
signa = sqre(m2 / N - * )i
minc = W - gama * Signa; !im
maxc = mu + gINMI * signd;

+ Scale down & for reduced ghosting
.y =1 works well

. Can clip new AABB against old AABB

GoC

@nvon
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[Karis2014]
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High Quality Tempaoral Supersampling
anKaris) a @

Brien Karis  (@Bri

[limenez2016]
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Filmic SMAA
Sharp Morphologic-al and Temporal Antialiasing
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[Drobot2014b]




Temporal Upsampling
and 4k Reconstruction



SRAA (2011)

- [McGuire2011]

The Key Idea ¢ sicammpreon

Shaded
sample

Edge

Geometric
sample




Infamous Second Son (2014, patched
for 4k)

b inF Al\llnllﬂ' e

SE ccx\n
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Dust Experimental Temporal
Upsampling (2012)

o . [Malan2012]
s Upscaling CARBZN
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Killzone Shadow Fall (2014)

[Valient2014]

TEMPORAL 1080P

. Keep two previous half-frames
Use double reprojecion
. Check similarity of N and N-2
. Color neighborhood similarity
. Motion continuity
. Accept pixel N-1 for similar

frames
_Otherwise just interpolate from N

Frame N - 1920x1080




Battlefield 1 (2016) and Mass Effect
Andromeda (2017)

[Wihlidal2016]

Exploration

. Settled on “packed checkerboard” technigue
. Started with PS4™Pro reference implementation

. Customized + optimized further, and incorporated our own TAA

@ O® elO @ o000
o @ O O o 000
+ ‘
O o e » o 0,00
O O o o o 000
Frame N Frame N+1 Resolved
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Dynamic Antialiasing

* [Jimenez2017] Dynamic Antialiasing in Call of Duty: Infinite Warfare
 Combines dynamic resolution with temporal upsampling
e Always outputs 1080p frames, with varying degrees of AA depending on load

* Advances in Real-Time Rendering in Games: Part |
* Monday 11:40 am



Summary

 MLAA questioned the status quo.
 MLAA went against the trend.

* MLAA possibly slowed down MSAA and hardware antialiasing
advances.

* Unreal Engine added support for MSAA.

* Interesting tradeoffs to be found on hybrid solutions.



Summary

 MLAA questioned the status quo.
 MLAA went against the trend.

* MLAA possibly slowed down MSAA and hardware antialiasing
advances.

* Unreal Engine added support for MSAA.

* Interesting tradeoffs to be found on hybrid solutions.
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