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Figure 1: (a) Horizon occlusion contribution (b) Normal occlusion contribution (c) Final occlusion.
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Introduction

Ambient occlusion is a technique that computes the amount of light
reaching a point on a diffuse surface based on its directly visible
occluders. It gives perceptual clues of depth, curvature, and spatial
proximity and thus is important for realistic rendering. The ambient
occlusion illumination at a surface point P with surface normal ~n
can be defined as
1
A=
π

Z

~ )dω
(1 −V (~
ω ))(~n · ω

(1)

Ω

where V is the light visibility function over the normal-oriented unit
hemisphere Ω, which returns 1 if a ray starting from P in direction
~ intersects an occluder and 0 otherwise.
ω
Like [Mittring 2007] and [Shanmugam and Arikan 2007], we compute the ambient occlusion as a postprocessing pass based on a
depth buffer from the eye’s point of view. This approach requires
no scene-dependent precomputations.
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Horizon-Split Ambient Occlusion

Similarly to horizon mapping [Max 1986; Sloan and Cohen 2000],
our approach splits the unit hemisphere into two parts by a horizon
line defined by the angle h(θ ) (see Figure 2). Rays that would
normally be traced below the horizon are known to intersect an occluder so the intersection test for these rays can be skipped.

Figure 2: (a) The red rays are below the horizon so they are known
to be occluded. The gray rays may or may not be occluded and
need to be traced. (b) Finding the horizon angle h(θ ) seen from P
within a certain radius of influence R around P.
and we incrementally extend the length of this ray Ns times. At each
step, the end point Q of the ray h is projected in screen space and its
depth is compared with the depth of the corresponding point in the
depth buffer. If the later is closer (Q is below the surface seen from
the eye), ||P − Q|| < R, and point Q does not cross over the normal,
then h is deflected towards the intersection point I and its direction
is normalized and rescaled. (See Figure 2). Then, the horizon occlusion T (θ ) is computed and additional normal rays are optionally
traced in image space in the part of the hemisphere above h(θ ) to
complete the sampling of the hemisphere. The algorithm is applied
to every surface point P visible on the screen. Figure 3 shows a
comparison of our algorithm with object-space ray tracing.

The ambient occlusion illumination A can be expressed in terms of
the occlusion as:
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where T (θ ) = sin(h(θ ))2 is the horizon occlusion in direction θ .
Thus for a given θ , the horizon occlusion term does not require any
sampling of the hemisphere. This enables focusing the sampling to
a subset of the hemisphere, while still capturing the occlusion contribution of the non-sampled part. Figure 1 shows the contribution
of the horizon and normal components.
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Our Image-Space Algorithm

Our algorithm takes as input per-pixel linear depths and eye-space
normals. For each pixel, we compute an eye-space position of its
corresponding surface point P and we integrate the ambient occlusion terms from Equation 2. We pick Nd random directions θ distributed around the normal ~n at point P. For each angle θ , the horizon angle h(θ ) is computed by sampling the depth buffer. We start
with a ray h = (P,~t) where ~t is the tangent at P in the direction θ ,
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Figure 3: (a) Our algorithm with Nd = 10 directions, Ns = 6 steps
per direction, Nn = 2 normals rays, (b) Nd = 13, Ns = 8, Nn = 4, (c)
ray tracing (Mental Ray).
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