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Abstract—Proper light-transport simulation adds both realism
and aesthetically pleasing effects to virtual 3D scenes. However,
the cost of computing complex light interactions is prohibitive for
real-time applications. Indirect diffuse lighting is a low frequency
component of global illumination that can greatly enhance the
quality of an image. Virtual point lights are commonly used to re-
produce diffuse bounces by tracing light paths through the scene
and creating proxy light sources at the intersections between a
path and geometry. In this work' we extend clusterization-based
methods for virtual point lights, allowing for the reproduction of
up to two bounces of light with a projection-aware sampling
method in real-time. We show that plausible images can be
obtained in real-time rates for low to mid-end commodity GPUs.

I. INTRODUCTION

The multitude of visual effects that arise from the interaction
between light and the environment in a synthetic scene is
popularly called global illumination. Their representation may
yield realistic and pleasing images, as well as visual cues of the
many materials that compose a scene. However, reproducing
these effects may come with a high computational cost. In the
movie industry, where render times are not usually a problem
and the development of the final product may take hundreds of
hours, the task of computing each frame may be forwarded for
clusters of computers in render farms. On the other hand, in
real-time media like video games, global illumination effects
often require optimization and ad-hoc methods to meet time
constraints.

Global illumination algorithms for real-time applications
must be able to reproduce lighting effects plausibly under
strict time and hardware budgets. For this reason, algorithms
may be specialized to compute only a smaller subset of visual
phenomena efficiently. One of these commonly reproduced
effects is the indirect diffuse lighting, which represents the
many scattered interreflections of light rays between surfaces
throughout the scene. This low-frequency component of global
illumination is multi-bounce by nature, this means that a light
ray will hit more than a single object, getting attenuated and
carrying color information from one surface to another.

The multiple bounces involved in this process usually
make it prohibitive to represent dynamically in real time, as
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the multiple ray-triangle intersection tests between geometry
stored non-contiguously will incur in performance hotspots
(e.g. pointer chasing). Techniques used to represent this phe-
nomenon may approach the problem in two ways, either in
world-space or in screen-space.

The world-space solution tries to compute the diffuse com-
ponent of light transport between the objects in world space.
Approaches like this include many-light methods [1] and Path
Tracing [2] for example. These techniques achieve accurate
results but at a higher computational cost that grows linearly
with the number of objects. On the other hand, screen-space
methods like the Deep G-Buffer [3] and Directional Occlu-
sion [4] focus only on data present in screen-space. These
approaches tend to be faster but highly viewer dependent and
prone to artifacts between frames.

An interesting approach to the problem of computing diffuse
lighting in real-time was proposed in Clustered Visibility
[5]. In that work the cost of computing indirect lighting in
world-space is mitigated by reducing the number of visibility
queries using clusterization techniques. However, this method
is limited to single bounce diffuse illumination, leaving further
bounces still an open problem.

In this work we propose Screen-Space Virtual Point Light
Propagation (SSVP), our global-illumination method that
merges screen-space algorithms with cluster-based world-
space approaches. SSVP uses a pseudo-random sampling
method for paraboloidal projections that approximates the pro-
jection of an elliptical paraboloid in a 2D texture. That pseudo-
random sampling strategy reduces the probability of samples
falling under empty or incoherent areas of the projected image,
consequently allowing for plausible real-time propagation of
up to two indirect diffuse bounces of light in the scene in fast,
real-time framerates. The contributions of our work are the
following:

o A fast way to reproduce up to two bounces of diffuse

indirect lighting for 3D scenes.

« An efficient method of sampling from paraboloid shadow

maps.

II. SCREEN-SPACE VPL PROPAGATION

The main pipeline of SSVP can be seen in Figure 1. The
idea behind it is to leverage the 2D projection representing






