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Abstract

Real-time applications require simple techniques thablenpre-
dictable high performance rendering, but illumination nogls for
GPUs tend either to be complex and fragile on the one handrgr ve
limited and offering poor visual quality on the other. Thedad
tion of a plausible global look to an application’s lightimgpacts
users’ perceptions of its realism, and on the spectrum stiegiap-
proaches, screen space ambient occlusion (SSAO) lies atrthe

this buffer in the region of a shade point, using a binaryuntest
on the implicit surface or the distance to intersection iith place
of a scene ray intersection. This division into separatéuragpnd
lookup stages plays to the forward rendering strengths a3t
it is presently limited by the use of a single-valued heigipnas
scene proxy, with the result that both false positives atwtfaeg-
atives are reported for occlusions. We will present a methatl
shares this separation but which captures a richer volic@toxy
for the scene and thus allows a closer approximation to tfleetsf

plest and most predictable end. We have extended screea spacthat the ray-traced progenitors provide.

ambient occlusion by replacing its depth buffer comparssaith
a sampling of a volumetric discretization of the scene, evkiill
evaluating it in an image-space post-process and thusiregaits
predictable performance. We show improvements in qualisr o
depth buffer based alternatives at a reasonable additasal
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1 Introduction

Ambient Occlusion (AO) is an approximation to global illumai
tion which is not physically-based but gives a look to remugs
which is anecdotally well-liked at a far lower cost than atglobal
illumination solution.

While not a true global method, AO does require informatibawt
a local region of the scene around each shading point. Thiatsna
it a challenge to map to the independent, triangle-at-&tand
fragment-at-a-time model that GPUs are built to accelerdte
its classic presentation AO relies on the primitive of tracrays
through a full geometric representation of the scene. Modari-
ants that run on GPUs have captured a per-frame impliciasarf
as a heightmap by rendering it from the current point of view a
writing nearest-z to a buffer. They then perform textureklgus in
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Our main contributions include the following. Firstly, weopide a
method for employing a volumetric discretization in dynaram-
bient occlusion that is both faster and higher-quality tpaevi-
ous attempts. Secondly, we show both that the additionak-inf
mation in our volumetric representation allows us to dig@tiects
that SSAO cannot and that we can avoid its characterisifactd.
Thirdly, we demonstrate that that information can be cautat a
lower cost than previous methods based on depth peelingndere
ing from multiple viewpoints. Finally, we show that a stramgent
contribution to the theoretical basis of volumetric AO canumi-
fied with a practical data structure that is a truer volunagtrioxy
for a scene.

2 Ambient Occlusion from a Discrete Volu-
metric Proxy

We wuse a discrete volumetric data structure known
as a dicemap that was originated by Eisemann and
Décoret [[Eisemann and Décoret 2006], and which stores a
single bit per voxel. Its chief strength is that it can be tbinla
single geometry pass simply by rasterizing on the GPU. Wd@amp
a solid Slicemap as a proxy for scene geometry in an AO pass, th
allowing the substitution of complex ray/geometry traadsswith
simple texture fetches to evaluate point in/out with respeca
model. For watertight models we generate a solid Slicemagrevh
object interiors are filled. A solid voxelization has the éfhof
avoiding the gaps between voxels that afflict rasterizaltiased
surface voxelizations.

Sampling directly from the Slicemap has bandwidth implimad
since with 128 bit texels, each texel load will bring in laggaounts

of data that is irrelevant to the shading of a particular poRun-
ning at 60Hz in 4024 window would require between 48 GiB and
96 GiB (50 GiB expected) per second of bandwidth just to evalu
ate AO. We considered a number of options for reducing thé$ co
and went with the simplest: we generate a linear format witlit 8
texels. The shader to achieve this simply loads a texel, snask
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bytes from it, and then routes them to eight render targets.

We adopt a dense sampling strategy in our AO pass, loading all
voxels within R*"of a shading point’s tangent sphere center. To
make this viable, for each scene we choose a Slicemap rigsolut
that results inR***equaling four Slicemap units. That gives us 280
voxels, which is enough to allow smooth gradients and reguir
either 52 or 104 texture loads per sample point. This conspare
favorably to Reinbothe et al. [2009] who must do up to 256utext
loads for their preferred parameter set of 8 ray steps inf@2tions.
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