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Abstract

Ambient occlusion is a popular rendering technique that creates a greater sense of depth and realism,
by darkening places in the scene that are less exposed to ambient light (e.g., corners and creases).
Ambient occlusion measures how geometrically occluded each point in the scene is and modulates
the ambient light accordingly. In real-time applications, screen-space ambient occlusion approxi-
mations are used, due to their great performance and visual quality. However, these screen-space
approximations only take the geometry currently visible on screen into account. This results in un-
derestimated or missing ambient occlusion when geometry is hidden from view (e.g., hidden behind
other geometry). Our proposal, stochastic-depth ambient occlusion, improves upon traditional
screen-space ambient occlusion techniques by including information about geometry at multiple
depth layers, using a stochastic transparency based approach. This allows us to ef ciently gather
the missing information in order to improve upon the accuracy and spatial stability of conventional
screen-space approximations, while still maintaining the real-time performance. Our approach
integrates well into existing rendering pipelines and we show how it can be generalized to work with
different screen-space ambient occlusion techniques and extensions (such as bent normals and
cones). We also demonstrate how multi-view stochastic-depth ambient occlusion can greatly im-
prove upon the robustness of traditional multi-view ambient occlusion techniques. Furthermore, we
provide an extensive analysis of the visual quality, robustness and performance of stochastic-depth
ambient occlusion compared to conventional screen-space approaches.

Keywords — Computer Graphics, Real-time Rendering, Screen-Space Ambient Occlusion, Stochastic
Transparency
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Introduction

Light is a rather complex phenomenon. In 3D graphics, light is often modeled as rays, moving from
a light source to the scene and eventually reaching the camera. When a light ray hits a surface, it
re ects or scatters into new directions. As light bounces around in the scene, it illuminates objects
not immediately visible from the light source. Simulating these light bounces is computationally
very expensive, and is therefore often approximated via ambient light. Ambient light is an omni-
directional light source with a xed color and intensity, affecting all objects in the scene equally. It
is light that is assumed to hit each point on a surface from all directions equally. In the real world
however, light coming from certain directions may be blocked, due to occlusion from the surrounding
geometry. In order to make this ambient lighting approximation more realistic, ambient occlusion
(AO) is used. Ambient occlusion is a rendering technique used to determine how exposed each point
in the scene is to ambient light. Ambient occlusion determines how geometrically occluded a point
in the scene is and modulates the ambient lighting accordingly (typically darkening creases, holes,
intersections etc.). This adds a greater sense of depth and realism to the image (Figure 1.1).

Ambient occlusion can be computed using ray-tracing, but this is often not feasible in real-time
applications, due to the high runtime. Instead, very fast screen-space approximations are used,
such as screen-space ambient occlusion (SSAQ) or horizon-based ambient occlusion (HBAO). These
screen-space techniques approximate the ambient occlusion using only the geometry shown on
screen (i.e., the depth information stored in the depth buffer). These techniques are very popular,
as they can deliver similar visual quality as their ray-traced counterpart at only a fraction of the
rendering cost. While this screen-space approach greatly improves performance, these techniques
lack information regarding geometry hidden from view, resulting in underestimated or missing
ambient occlusion (Figure 1.2). The results of these screen-space techniques are also view-dependent,
which can lead to spatial instability and ickering when moving the camera around.

Stochastic-depth ambient occlusion (SDAO) aims to improves upon these screen-space tech-
niques by gathering and using information about the geometry hidden from view. It combines
traditional screen-space ambient occlusion with transparency techniques, with the intuition that
transparency techniques allow us to "see through" any obstructing geometry. Transparency tech-
niques often build a representation of geometry at multiple depth layers that all contribute to a pixel's
color. We use a stochastic transparency based approach to gather the depth information ef ciently,
using multi-sample anti-aliasing (MSAA). In this approach, we render the opaque scene as if it is
transparent and store the depth information in a multi-sampled depth buffer.

We modify the traditional screen-space ambient occlusion algorithms to operate on this multi-
sampled depth buffer, in order to more accurately compute the ambient occlusion. Stochastic-depth
ambient occlusion improves the visual quality and spatial stability of conventional screen-space
ambient occlusion techniques, while maintaining their real-time performance. Stochastic-depth
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