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ABSTRACT

Coherence has been widely used to improved the performance of visibility
computation in traditional hidden line/surface algorithms. The appearance
of radiosity algorithms has increased the importance of computing efficiently
the visibility function given that it is performed a lot of times to obtain a
single static image. We develop, in this paper, a characterization of the
uses of coherence in radiosity algorithms and we give a brief and schematic
description of proposed algorithms using them.

INTRODUCTION

As well known, radiosity was introduced as a new powerful method to model
the behavior of light interacting between diffuse reflecting surfaces. This
new technique dealt with a problem of illumination models not studied in
depth up until that moment.

Derived from thermal engineering, its application to image synthesis
was proposed by Goral et al. [1] with the following conclusions:
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B;= radiosity in surface 1

E;= emisivity of surface i

pi= reflectivity of surface i

F;; = form-factor between surface 1 and j
N = number of surfaces in the environment

Equation 1 yields a set of N linear equations with N B; unknowns where
E; and p; are application data, and Fij must be derived from geometry of
the environment:

(2)
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The computation of the form factor is obtained by,

(3)
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Where A is the area, r is the distance between patches and ¢ is the
angle between r and the normal. Instead of solving this double area integral,
Goral et al. used Stoke’s theorem and solved a contour integral. In fact,
the resolution of the integral in equation (3) is the key to the different
implementation methods.

The computation of form factors and the solution of equation (2) for a
discretization N of the environment, gives the radiosities (B;) of the patche’s
centre points, which are view independent. Finally, the rendering procedure
computes the scene’s visible points by z-buffering. The intensities are cal-
culated by linear interpolation of B;’s in object space.

We have seen above that the form-factor is given by the geometric
relationship of two surface entities (patch to patch), and represents the
ratio of energy leaving one of these entities that lands on the other. In real
environment, light leaving a surface and arriving on another depends not
only on this relationship, but also on elements in the scene that intercept
light and produce shadows. Then the form-factors need only to be computed
between surfaces or pieces of surfaces that are visible to each another. So
a hidden surface removal process takes place for the computation of each
form-factor. Thus, equation (3) must be modified in the following way,
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where h takes the value one or zero depending on whether dA; is visible

from dA;.

In order to speed up the computation of the intervisibility (i.e. the
h function of equation 4) a number of papers have appeared which try to
reduce its computational cost by means of exploiting several types of co-
herence. We develop here a characterization of them, firstly pointed out in
[6]. This characterization focuses on radiosity algorithms for static environ-
ments with static observers. Finally, we describe schematically some of the
algorithms using the different types of coherence.

We do not consider in the present work those algorithms where speed
up is obtained by means of minimising the number of patches into which
the environment is divided. We deal with algorithms which reduce the cost
of computing the form factors of a »breviously fixed” number of patches.

COHERENCE IN RADIOSITY. CHARACTERIZATION

We develop, in this section, a characterization of the uses of coherence
made in radiosity algorithms in order to efficiently. compute form factors.
Coherence is often used in these algorithms when computing the h function.
So most of them are well known strategies widely used in hidden line/surface
removal algorithms. Many of the techniques we are going to explain have
already been introduced for form factor computation. Other strategies have
not yet been used so we just introduce them as ideas to be more deeply
studied and eventualy implemented. Whether each of the types of coherence
we are going to see is adequate or not depends on a number of parameters.
Specially on:

- the ”complexity” of the environment: number and location of the geomet-
rical elements of the scene.

- the type of implementation: sequential or parallel, software or hardware.

General concepts

Previous to the description of different types of coherence we consider in-
teresting to underline several concepts we are going to use widely below.

- Geometrical elements. When they evaluate the h function, classical
radiosity algorithms focus on the patches. The problem to solve is whether
patch i may or not see patch j. This is sometimes solved for elements




Object -

Surface

Patch

Walls \
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which result from the subdivision of patches. Algorithms using coherence to
compute form factors often accounts on higher level geometrical elements:
surfaces and objects. Finally, we find a special geometrical element, the
wall. Sometimes the walls are thought as "big” surfaces, other they are
considered as "thin” objects (figure 1).

- Attributes of the geometrical elements. Patches (surfaces,objects) are
seen from different scopes in radiosity algorithms; as ”observers” (visibility
is computed from them) or as "observed”. As a consequence of this, a same
type of coherence will be usually exploited in a different way depending on
the attribute "observer / observed”.

- Goals of coherence. In form factor computation the targets of the
use of coherence are two: to avoid computing form factors and to improve
the performance of the computation of form factors taking advantage of the
previously computed ones. Of course the former is the most interesting.

Characterization

Here we try to give a hierarchical view of the use of coherence based on the
geometrical hierarchy of the scene elements. An environment is composed
by a set of objects which are in turn composed by a set of surfaces (we
assume here that surfaces are flat polygons). Finally, surfaces are split up
into patches. We assume that lower level subdivision supply geometrical
clements with the same behavior as patches; so we do not consider it. On
the other hand, we consider that the scene may include a higher level of
organization. A certain type of structure can be built in order to organize
the elements (object and/or surfaces) of the environment. The success of
these techniques in accelerating ray tracing makes us to think that it is
reasonable to use them.

In an observer-surface the visibility function must be computed for
each of his patches. Given one of them, its visibility is presumably very
similar to the visibility of his neighbours. Let’s take a surface S of the
environment. Global clipping, view transformation and depth sort can be,
partially or fully, performed for all patches of S in a unique operation. In
fact, the plane of S clips the environment providing a candidate set of objects
and/or surfaces (figure 2). In this operation the number of form factors to
be computed for each patch of S is reduced to the candidate list and this
is done once for all the patches of S instead of repeating the operation
for each patch. The elements of the candidate list (obejects and/surfaces)
may be presorted, independently of the specific "observer” (patch) of S, in
order to store depth priority information valid for all the patches of the
surface. These procedures concerning all the patches of S may be helped
using a suitable organization of the environment. So structuring it using
well known tools like hierarchies of bounding boxes, octtrees, BSP trees.
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figure 3. Visibility computation at surface level
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If we focus on an observer-patch P of S, it happens something simi-
lar. Now we must solve visibility for several frustrums (five if we use the
hemicube technique). For each of them, visibility will probably be very
similar to the visibilty of his neighbours. So we may take advantatge of this
in order to reduce the computational cost. For exemple, to clip a surface
S may be done once for two consecutive frustrums. Visibility relationships
may also be transmited from a frustrum to its neighbours.

Once the list of observed-surfaces (or objects or patches) has been built,
the algorithm must compute the visibility from each patch P of S; or, more
accurately, from each frustrum F of P. We recall that the list may or not
contain depth information. Anyhow, the goal of this step is to determine
which observed-patches are seen in the current frustrum. Doing this without
account on the fact that patches are grouped on surfaces is a lost of efficiency.
Actually, a good strategy may first compute visibilty at surface level. This
could imply an important reduction of the number of patches to deal with, so
of the number of form factors to be computed. Two way may be envisaged:

- Compute visible surfaces. This means to obtain a set of fully visible
surfaces and a set of fully occluded surfaces. Then the surfaces of the visible
set must be divided into patches which are fully visible. This technique
has the drawback that the original surfaces are clipped by those which
are in front of them. So the resulting surfaces are not regular and their
discretization into patches will be more complex and must be performed for
each view point. A more feasible approach is to compute patches only once;
but, in this case, we must clip some patches in addition to the surfaces and
these patches will not be regular (figure 3.a).

- Filter non visible surfaces. Now the idea is to remove all those original
surfaces which are fully hidden. This means that surfaces partially hidden
will be kept in the candidate list. So this list is bigger and must be repro-
cessed in order to compute the visibility of partially occluded surfaces, at
patch level (figure 3.b).

Once the form factors have been computed for a given patch, the visibil-
ity computation from neighbouring patches may be accelerated accounting
on the fact that this visibility will probably be very similar for neighbours
belonging to the same surface (assumed flat here). In fact, this kind of
coherence is very similar to frame-to-frame coherence used in animation.
Actually, when the algorithm change from a patch to one of its neighbours,
its behaviour is the same as the one of an observer moving on the surface
with a linear uniform movement. Something similar happens when moving
from a given frustrum of a patch to a neighbour frustrum of the same patch;
but, now with a circular movement (figure 4).

As we have pointed out above, a way to help the use of coherence is
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to introduce a suitable data structure of the scene. In some cases, these
structures only contribute to quickly select candidate elements (objects,
surfaces) by means of grouping them into bounding boxes like clusters. In
other cases, the data structure also includes visibility information. It seems
clear that the rear should be more suitable given the target.

Finally, we want to underline the fact that walls, very frequent in ra-
diosity environments, may be very helpful to exploit coherence. Really,
walls often divide the environment in such a way that they occlude a very
big number of surfaces. So the visibility function would preprocess the en-
vironment (the candidate list) testing it againts the walls of the current
»subenvironment”. In this way, the list of candidates to be submitted to
the full process could be widely reduced. In figure 5, for exemple, objects
in the subenvironment A have a low probability to see objects in the suben-
vironment B.

PROPOSED ALGORITHMS

In this section we give some references of papers where radiosity is computed
using some kind of coherence and we match them with the characterization
introduced above.

Marks et al. [2] and Haines et al. [3] have used a similar idea in order
to account on the fact that patches of a same surface must have similar
visibilities. More specifically, they give a tool to analise whether there is or
not any occlusion between two surfaces. In this way, they select surfaces or
objects which occlude partially or fully one surface to the other. Afterwards,
this reduced list of occluding elements is used to determine patches visibility.
That selection is made by means of defining a box bounding both surfaces
and using the faces of the box as clipping planes (figure 6). Actually, this
idea was first exploited by Nishita and Nakamae in [4].

For a given observer-patch, visibility is computed at surface level in [3]
and [6]. The former compute visible surfaces and is based on a BSP structure
of the surfaces of each object. The rear discards the fully occluded surfaces
using a z-buffer. Only the surfaces present at the buffer and the end of the
process are taken into account for a second visibility process at patch level.

The technique exposed above, may be improved when the surfaces have
been depth sorted like in the first algorithm of the previous paragraph. In
this case, the candidate list may be processed in front to back order, so if
we use a z-buffer, when a surface has been assigned to each of its pixels the
process stops because all visible surfaces are already known. In additon to
Campbell et al. this has been used by Wang et al. (7).
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The acceleration of form factor computation of a patch based on the
previous computation of form factors of neighbouring patches have been
used by Tellier et al. [8] in a ray tracing based algorithm. In this paper, the
visible element for a patch in a given direction (so, the delta form factor)
is derived from the results of the neighbour patch in the same direction.
In [9] is proposed the use of coherence between neighbouring patches and
frustrums for clipping and view transformations.

In order to improve the efficiency of radiosity algorithms three types of
data structures have been proposed which help the implementation of some
coherence concepts.

- Wang et.al.[7] proposed the used of an octtree to organise the radiosity en-
vironments. As well know, this struture will give depth priority information
which is very helpful; but must clip surfaces.

- Haines et al. [3] use a hierarchy of bounding boxes which offers an efficient
pruning tool. Nevertheless, this structure do not include useful visibility
information.

- Vilaplana et al.[6] propose the use of a BSP tree structure of the scene.
The nodes of the structure are planes separating the objects of the scene
and the leaves are the objects. The advantages of this solution are that the
structure includes information of potential visibility (as well know for BSP
trees) and that surfaces are not clipped.

Instead of or in addition to structuring the environment, these algo-
rithms may use a suitable structure for the surfaces. of each object. Camp-
bell et al. [5] proposed to use a BSP tree of surfaces for each object.

In figure 7 we try to summarize the different types of coherence used
by the algorithms briefly described above. This scheme clearly suggest the
use of a top down analisis of the radiosity algorithm in order to optimize
the use of coherence.

CONCLUSIONS AND FUTURE WORK

We have developed a characterization of the uses of coherence to compute
visibility for form factor evaluation. This study shows that radiosity al-
gorithms offers a hierarchical use of coherence like in traditional visibility
algorithms; but adding some new types of coherence which are specific for
the determination of form factors. We have also presented several algorithms
which use coherence strategies that match with the previous characteriza-
tion.

From this work we may derive two main tasks to be developed. First
we could extent this work in order to introduce algorithms which works for
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dynamic environments and environments with moving observers. Secondly,
we have observed that published algorithms very rarely present comparisons
of the proposed methods with others. So it would be interesting to compare
the efficientcy of uses of coherence which belong to the same class.
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