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Fast Generation of Directional Occlusion Volumes
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Left: Original model, resulting directional occlusion field, evaluated AO term. Right: scene without and with AO term.

1 Introduction

Ambient occlusion is an important visual cue in video games. (In
fact it has been shown to be more important to 3D shape discrimi-
nation than direct lighting.) For static scenes, the standard practice
is to ’bake’ occlusion generated by an offline tool into per-vertex
attributes or textures. For scenes with moving or animated mod-
els, approaches range from the use of simple polygonal cards for
contact shadows to the more recent screen space ambient occlusion
(SSAO) algorithm, which runs as a post-process on depth and/or
normal buffers. Because pre-baked occlusion is coupled with tex-
ture or mesh resolution, storage can be significant, making it best
suited to static large-scale occlusion. SSAO on the other hand is
best suited to dynamic small-scale occlusion.

Ambient occlusion fields, proposed by Kontkanen and Laine
[2005], and extended to volumes by Malmer et al. [2005], pro-
vide an intermediate solution between pre-baked AO and SSAO.
Occlusion for a particular model is precomputed over a surround-
ing volume, and then evaluated at render time over any currently
contained surfaces. The volumes can be relatively low resolution,
are fast to evaluate, and retain SSAO’s independence from scene
and occluder complexity. Their use in games has previously been
described by Hill [2010] and Reed [2012].

Typically AO volumes are generated offline, by casting a signif-
icant number of rays for each cell against the model, to find an
average occlusion term. This provides high quality results, but is
slow, sometimes taking several minutes depending on the param-
eters chosen. This leads to friction in art iteration, and makes the
approach unfeasible when geometry is generated at runtime.

2 Fast AO Generation

Evaluating occlusion at a cell is expensive because it can depend on
any other cell in the volume. The related problem of calculating the
distance field over a volume has the same issue. A fast solution to
the 2D version of this problem was originally proposed by Daniels-
son [1980], and involves making four diagonal passes through the
image, each one traversing cells in order by x and then y, with the
direction dependent on the diagonal chosen. A key observation is
that for each new cell processed, the immediate neighbours in the
corresponding quadrant will already have been visited. Thus the
minimum distance to the nearest occupied voxel in that quadrant
can be propagated in such a pass, and the final distance field is then
the minimum of the four partial results. The algorithm is trivially
extended to 3D, with eight passes needed instead of four.

Our algorithm uses the same set of diagonal passes, but propagates
occlusion in the given direction instead of distance. The occlusion
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for each cell traversed is approximated as a function of its three
direct neighbours, using an approach similar to the probabilistic
composition of spherical caps. Although the intermediate results
can then be combined into a scalar occlusion term, we find it ad-
vantageous to store instead a directed solid angle. Using this helps
avoid self-occlusion of model surfaces, and allows occlusion to vary
properly according to the occluded surface normal. We use a fast
approximation to the full formula for clipping and projecting the
solid angle onto the local surface plane.
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Figure 1: Four diagonal sweeps combine to produce directional AO.

The algorithm does require that the model is first rasterised into
the volume, e.g., by half-plane scan conversion. Rather than binary
occlusion, we store fractional occlusion in each of the directions.

Our approach turns out to be similar to that described by Singh
et al. [2009], though their simpler occlusion function leads to over-
darkening along diagonals, and the evaluation approach is different.

3 Results

We find limiting volume resolutions to 323 cells (128K uncom-
pressed) provides satisfactory results, and that at these resolutions
AO volume generation takes 1ms or less, fast enough that it can be
applied as part of the load process for a given model, or once player
modification has been completed. If desirable, distance fields can
be generated as part of the same process (e.g., for collision pur-
poses), and the occlusion term can also be repurposed to provide an
initial bounce of the light incident on models.
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