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Abstract

In radiosity algorithms, much time is spent computing visibility between two surfaces. One
approach to approximating this visibility is to use ray casting methods. A new algorithm is
presented which takes advantage of object coherency when using ray casting for radiosity.
An efficient method is presented to form a volume between the emitter and receiver, and then
generate a candidate list of items partially or wholly within the volume. Using this list, ray
casting is performed to determine the amount of visibility between surfaces. Statistics are
presented showing the decrease in overall computation time compared to a traditional ray
casting technique.

Introduction

Within radiosity implementations the most time consuming procedure is determining the
visibility between surfaces. Determining the amount of light that one surface transfers to
another is made difficult by other objects which can obscure some of this light. An exact
solution of this problem is usually not attempted; rather, some point sampling of the two
surfaces is performed and the visibility approximated.

In [Wallace et al., 1989] the authors presented a procedure of ray casting to perform
progressive radiosity computations. Ray casting between surface vertices and samples on the
emitter was used to determine visibility. The number of sample points on the emitter could
vary (i.e. be anything between 1 and 25, typically 4), and the surfaces could be tessellated to
generate more samples. The amount of shadowing for each sample point on each surface was
computed using a ray caster with a hierarchical bounding volume efficiency scheme.

Ray tracing efficiency schemes have exploited a number of forms of coherence to
decrease the amount of time spent testing rays against the environment. One set of rays
which have a large degree of coherence are those starting at the eye; such rays have a
common origin and a predictable set of directions. This coherence has been used in a variety



of ways, such as the item buffer [Weghorst et al., 1984] and hybrid hidden-surface/ray-tracing
algorithms [Nakamae et al., 1989; Salesin & Stolfi, 1989]. However, not as much is known in
advance about all other rays, i.e. those for shadow testing, reflection, and refraction.

In shadow testing we know the rays will end at some light source. This fact has been
used in efficiency schemes such as the light buffer [Haines & Greenberg, 1986]. In the light
buffer algorithm, a preprocess computes lists of candidates for all directions from the light.
The appropriate list is retrieved for a given direction from the light and used for ray tracing.
The lists are much shorter to test than the full environment. However, because there is no
knowledge of where the shadow test rays originate, much effort is wasted in creating visibility
lists for volumes of space which are never accessed. Also, the light buffer has a problem of
creating candidate lists at a uniform resolution, that is, space is partitioned into volumes of
approximately the same size. In practice there are volumes with a large degree of complexity
that could use further subdivision, while other volumes contain few objects. The light buffer
suffers from not knowing in advance which directions rays will come towards each light
source.

Ray classification [Arvo & Kirk 1987] uses 5D volumes to exploit ray location and
direction coherency. However, when forming a 5D volume it is not known how many times
this volume will be accessed, so a caching scheme is used to save candidate sets. One
problem is that the cost of building the volume may not be offset by the savings from using it.
Caching schemes usually result in the candidate list for a particular volume being regenerated
a number of times.

In [Marks et al., 1990] are explorations of ray casting efficiency for radiosity visibility
computations. For environments made entirely of quadrilaterals, they create a decahedral
volume between the two test patches. If no objects are found to be inside this volume, the
patches must be fully visible; otherwise, the larger patch is subdivided via a quadtree and the
intervisibility between sub-patches is checked. At some level standard ray casting would
finally be performed as needed. They found that this technique provided acceleration for
scenes with much intervisibility coherence, but in others cost a little more time.

In this paper we present a method of ray casting that takes advantage of similar forms of
coherence. One source of coherence is that in radiosity algorithms a single object (e.g. a light
emitter, such as a fluorescent ceiling panel) is tested for visibility with a large number of other
objects. Note that this is true for both progressive radiosity [Cohen et al., 1988] and full
matrix solution radiosity [Cohen & Greenberg, 1985]. Another form of coherence is that rays
between two objects are limited to a particular volume of space. We also know in advance
approximately how many rays will be cast between these two objects. These properties of
radiosity algorithms provide considerable opportunities for increasing efficiency.

Algorithm

We define an object to be some single renderable primitive, e.g. a polygon, a torus, etc. An
item is defined as an object or a bounding volume containing one or more other items. Some
examples of items include: a spline surface, a bounding sphere containing three objects, and a
root bounding box of a bounding volume hierarchy.

At the start we are given a set of objects, and have built a bounding volume hierarchy by



some method [Goldsmith & Salmon, 1987; Kay & Kajiya, 1986]. We wish to find some set
of items which can potentially block the visibility between the emitter and the receiver (we
call these two items reference items). This set of items will be called the candidate list. Each
time we wish to determine the visibility of some sample point to some other sample point, we
use a ray caster to test all the items on the candidate list until an intersection is found or the
list is exhausted.

One trivial solution would be to form a candidate list of all objects in the scene. This is
equivalent to what a ray tracer without any efficiency scheme does - all the objects are tested
against the shadow ray. Another trivial solution would be to give the root node of the
bounding volume hierarchy as the only candidate on the list. Standard traversal of the
bounding volume hierarchy then ensues for shadow testing.

Imagine we define a volume in space which contains the two reference items and all
points between them. That is, any ray starting on one reference item and ending at the other
is fully contained inside this volume we have defined. We can form a better candidate list by
comparing this volume with the various items in the hierarchy; if an item is outside of the
volume, it cannot be hit by any rays between the two reference items and so cannot occlude
visibility between them. In fact, we could find that there are no objects at all between the
reference items, in which case we know that the two reference items are fully visible to one
another without any ray casting being necessary.

An important consideration is the amount of time spent creating this candidate list versus
the time saved by using it. In radiosity algorithms we typically will sample each emitter a
number of places on its surface, and each object receiving energy will typically have a set of
points (e.g. a mesh) on its surface from which we wish to determine the emitter’s visibility.
For example, if we sample our light source 4 times per test point, and have an object with a 5
x 5 grid of test points, there are potentially 4 x 5 x 5 rays we need to cast between the surface
and the light. The fact that we can know in advance about how many tests we will be doing
means that we can much better approximate how much time to put into forming a candidate
list.

This fact points toward a simple test to determine whether to create a candidate list. First,
if either or both items are polygons, culling tests can be performed: if the emitter faces away
from the receiver, or vice versa, then no energy is transferred. Else, find the approximate
number of potential rays between the two reference items. If it is greater than some preset
value, then form the candidate list and use this. If less, then don’t bother, as the time saved
per ray may not add up to be more than the time lost forming the candidate list. This value is
best determined empirically for the system used; we think 10 rays is a reasonable break-even
point. In fact, in most cases we test four points on the emitter against each object, so even an
untessellated triangular receiver will generate 4 x 3 potential rays. This means that in almost
all cases we will want to form a candidate list, so can dispense with this test altogether since
we will almost always pass it.

The candidate list algorithm itself consists of three parts: forming the testing volume,
creating the candidate list by using this volume, and accessing the candidate list for visibility
determination between samples.
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Forming the Testing Structure
The testing structure is formed by doing the following:

1. Obtain the bounding boxes for the reference items.
2. Compute the extent bounding box containing both reference items.
3. Create the plane set between the two reference items’ boxes.

The first step is to form a bounding box for each reference item. Since we are using a
bounding volume hierarchy, these boxes will be available or easily derivable. Each box is
axis aligned and so consists of a minimum and maximum corner. These will be referred to by
lo.x, lo.y, lo.z for the minimum corner, hi.x, hi.y, hi.z for the maximum.

In the second step an extent box is formed which contains both reference items. The
extent box is formed by comparing the low and high corners of the reference boxes and taking
the minimum and maximum, respectively. In this step we also wish to identify all edges of
this box which are not a part of either reference box; call these culled edges.

The third step is to form a set of planes which connect the two reference boxes. The idea
is to connect the edges of the reference boxes so that a minimal bounding volume is formed.
Another way of thinking of this process is that each plane added whittles away the space
between the reference boxes and one of the culled extent box edges identified in step two.
This volume will be referred to as a shaft. These three steps are shown in Figure 1.
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