
Hi,

Thanks for the introduction.

{ƻΣ LΩƭƭ ōŜ ǘŀƭƪƛƴƎ ŀōƻǳǘ
accurate indirect occlusion.
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CƛǊǎǘ ƻŦ ŀƭƭ LΩŘ ƭƛƪŜ ǘƻ ǎƘƻǿ ŀƭƭthe authors of this work,

Xianchun Wu, Angelo Pesce, Adrian Jarabo and me.
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5ǳŜ ǘƻ ǘƛƳŜ ŎƻƴǎǘǊŀƛƴǘǎΣ LΩƭƭ ǘǊȅ ǘƻ ƪŜŜǇ ǘƘŜ ǘŀƭƪ ƘƛƎƘ ƭŜǾŜƭΦ

You will findall the details online in our technical report and the full slide deck,
so we definitely recommend to check them out.
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In the past few years, the adoption of physically-based BRDFs
has been a crucial improvement to the consistency and realism of real-time 
rendering.

Large efforts have been made to improve this term of the rendering equation, 
marked in orange.
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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 image-based 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 detail.

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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In real-time 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?

.ŜŀǊ ǿƛǘƘ ƳŜΣ ŀƴŘ ǿŜ ǿƛƭƭ ŘƛǎŎƻǾŜǊ ǘƘƛǎ ƻǳǘΧ
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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.
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We derived analytical solutions where possible,
ŀƴŘ ŦǊƻƳ ǘƘŜǊŜΧ
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ΧǿŜ ŦƻǳƴŘ ŀǇǇǊƻȄƛƳŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǊŜǎƛŘǳŀƭ ŜǊǊƻǊ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘ ǘǊǳǘƘΦ

11



The ultimategoal was to achieve better quality while staying in the same 
performance budget asprevious techniques,
making this solution a simple drop-in replacement.

For ambient occlusion, our budget was 0.5ms on the PS4 at 1080p.

Note that I will not cover optimizations during the talk, but you will find them on the 
online material.

MiniEngine SSAO:
https://github.com/Microsoft/DirectX-Graphics-
Samples/blob/master/MiniEngine/Core/Shaders/AoRenderCS.hlsli
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The first part of thistalk will showcase a new screen-space ambient occlusion 
technique that we called GTAO.
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LΩŘlike to start by showing some in-engine renderings.

HereǿŜ Ŏŀƴ ǎŜŜ ŀƴ ƛƳŀƎŜ ǿƛǘƘƻǳǘ ŀƴȅ ƛƴŘƛǊŜŎǘ ƻŎŎƭǳǎƛƻƴ ŀǘ ŀƭƭΧ
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ΧŀƴŘ ƘŜǊŜ ǿƛǘƘ D¢!hΦ

This image clearly shows the importance of having accurate occlusion.

A key observation is that with accurate occlusion, we can see subtle but important 
ŎƘŀƴƎŜǎ ƛƴ ƭƛƎƘǘƛƴƎ ƛƴ ǎƻƳŜ ŀǊŜŀǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ƴŜŀǊ ǘƘŜ ǿŀƭƭ ŎƻǊƴŜǊǎΧ
Χōǳǘ ǊŜŀƭƭȅ ǎǘǊƻƴƎ ŎƘŀƴƎŜǎ ƛƴ ƻǘƘŜǊǎΣ ƭƛƪŜ ǘƘŜ ǘǳōŜǎ ƻƴ ǘƘŜ ŎŜƛƭƛƴƎΦ

[ŜǘΩǎ Ǝƻ ōŀŎƪ ŀƴŘ ŦƻǊǿŀǊŘ ŀ ŎƻǳǇƭŜ ƻŦ ǘƛƳŜǎ ǎƻ ǘƘŀǘ ȅƻǳ Ŏŀƴ ƻōǎŜǊǾŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ 
ŀƎŀƛƴΧ
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Here you can see the ambient occlusion of this scene.
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This is another shot,ǿƛǘƘƻǳǘ ŀƳōƛŜƴǘ ƻŎŎƭǳǎƛƻƴΧ
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