Hi,

Thanks for the introduction.
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Notice for Offline Reading

* Hidden slides in this presentation
* Slide show mode won’t show them

* Don’t miss the speaker notes, most slides have them
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Practical Realtime Strategies for Accurate Indirect Occlusion
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More Details Online!

* Check out:
* Technical report
* Full slide deck online
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You will findall the details online in our technical report and the full slide deck,
so we definitely recommend to check them out.



Yet Another SSAO?

A Comparative Study of Screen-Space Ambient
Occlusion Methods
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Motivation

Lo(@o) = Le(wo) + j Fitwiie i)l
n
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In the past few yearghe adoption of physicallipased BRDFs
has been a crucial improvement to the consistency and realism cfireal
rendering.

Large efforts have been made to improve this term of the rendering equation,
marked in orange.
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Lo(@o) = Lo (ao) + j (- wp)do;
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* Use of HDR+PBR makes specular occlusion even more important
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And we have seen improvements in the accuracy of incoming radiance, in green,
with the adoption of environment look up tables for imagased lighting.

However, its implicit visibility term, in blue, has received less attention.
We think that both diffuse and specular occlusion are very important ingredients of
the rendering equation,

and in this talk we will explore them in more detalil.

Without them, no matter how accurate our BRDF and lighting models are,
we are missing that component that makes objects stick to the ground.

That makes them feel part of a connected world, rather than individually composited
objects.
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Lo(@o) = Le(wo) + j (- w0)dw;
n

* Use of HDR+PBR makes specular occlusion even more important

* Often hacked
* Previous gen consoles required so
* Can we use accurate solutions now?
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In reattime rendering, we often hack or heavily approximate the occlusion,
This is understandable given the constraints of the previous generation of consoles.
But the question that we asked ourselves is: do we still need to do so?

Can we use accurate approaches in reasonable budgets, under the constraints of 60
frames per second?
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Methodology

* Monte Carlo Ground Truth

* Implemented critical parts twice to ensure correctness

Horizon-based numerical integrator
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The core of our methodology for both the diffuse and specular occlusion has been to
constantly compare with Monte Carlo ground truth at each step we performed,
to ensure the correctness of our techniques.



Methodology

* Monte Carlo Ground Truth

* Implemented critical parts twice to ensure correctness

* Analytical problem
* Available data (engine)
* Performance targets
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Horizon-based numerical integrator

We derived analytical solutions where possible,
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Methodology

* Monte Carlo Ground Truth

* Implemented critical parts twice to ensure correctness

* Analytical problem
* Available data (engine)
* Performance targets

* Closed-form solution + Fitting residual
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Horizon-based numerical integrator
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Goals

* Achieve same performance as the fastest technique we had

* MiniEngine SSAOQ: outstanding techniquein terms of quality/performance
* Achieve high accuracy

* Make using accurate approaches a no brainer

* Used in production under 60 fps constraints
* 0.5ms on PS4@1080p
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The ultimategoal was taachieve better quality while staying in the same
performance budget agrevious techniques,
making this solution a simple drap replacement.

For ambient occlusion, our budget was 0.5ms on the PS4 at 1080p.
Note that | will not cover optimizations during the talk, but you will find them on the

online material.

MiniEngine SSAOQO:
https://github.com/Microsoft/DirectxGraphics
Samples/blob/master/MiniEngine/Core/Shaders/AoRenderCS.hlsli
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Overview

* Ambient Occlusion (GTAO): V,; in this presentation
* Uniform Weighting
* Cosine Weighting
* Multiple Bounces

* Specular Occlusion (GTSO): V; in this presentation
* Cone/Cone Intersection Method
* Cone/Lobe Intersection Method
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Ground Truth-based Ambient Occlusion
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The first part of thigalk will showcase a new screspace ambient occlusion
technique that we called GTAO.
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L QKR to start by showing some+engine renderings.

Here6 S OFy &SS +y AYF3AS gAGK2dzi Fye@ AYRANS

15



© 2015 Accivmhing_ Inc.

XI'yR KSNB 46AGK D¢! ho
Thisimage clearly shows the importance of having accurate occlusion.

A key observation is that with accurate occlusion, we can see subtle but important
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Here you can sethe ambient occlusion of this scene.
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