EUROGRAPHICS 2000/ A. de Sousa, J.C. Torres

Short Presentations

Selecting Effective Occludersfor Vishbility Culling

Vladlen Koltun and Daniel Cohen-Or

Department of Computer Science, Tel-Aviv University, Tel-Aviv, Israel

Abstract

This paper deals with the problem of identifying effective occluders for visibility culling. The solid-angle metric
is commonly used for measuring the potential significance of occluders from a single viewpoint. In this paper,
we show that it does not extend properly to from-region occlusion calculations. \We propose to measure the effec-
tiveness of an occluder by means of the size of its umbra. We first present an analytic object-space algorithm to
accurately compute this measure. e then define an approximation which reflects the effectiveness of an occluder,
and introduce a hardware-assisted algorithm to rapidly compute it.

1. Introduction

Recently from-region visibility culling algorithms have re-
ceived considerable attention 2 3.5.7.10.11, The advantage of
computing the visibility from a region rather than from a
point is that it allows to compute the visibility information
offline. This considerably speeds up the online rendering of
complex scenes. Most visihility techniques are based on se-
lecting a set of significant convex occluders, and finding ob-
jects that are occluded by this set 24.56.12, This alows to
avoid the cost of computing the occlusion due to insignifi-
cant complex objects, such as furniture in architectural mod-
els or lampposts in urban scenes. Taking such objects into
account usually does not increase the occlusion, while dras-
tically increasing the time spent on the culling process. In
other words, most of the occlusion is typically caused by a
relatively small group of significant (effective) occluders.

The selection of the effective occluders has to be based on
some automatic criterion that reflects their potential signifi-
cance. The correctness of this criterion is an important issue
when visibility culling is concerned. If the criterion givesin-
correct results, one may fail to classify significant objects as
occluders, thereby losing their contribution to the occlusion.
Moreover, it may spend unnecessary amounts of time cal cu-
lating occlusion due to small, insignificant objects that were
incorrectly classified as occluders.

In the case of from-point visibility, the common criterion
for measuring the significance of an occluder isthe solid an-
gle (or some approximation of it) subtended by the occluder
at the viewpoint 4 6.12, So far, no suitable criterion has been
proposed for measuring the significance of occluders from a
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Figure 1: The solid angle from a point in the viewcell is not
a correct metric of the effectiveness of occluders. The solid
angle of B from any point within the viewcell is larger than
that of A (shown in (b)), while A is a better occluder (shown
in(a)).

region. Currently, from-region visibility techniques estimate
the occlusion potential of an object from aregion by estimat-
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ing the solid angle it subtends at one of the points within the
region 257,

In the next section we show that such estimation gives
correct results only when the object is larger than the view-
ing region. In other cases, this estimation might incorrectly
classify significant occluders as insignificant and vice-versa.
Thisisillustrated in Figure 1 where object A occludes a big-
ger part of the scene than object B does (the shadowed parts
in (8)). Nevertheless, its solid angle from any point in the
viewing region is smaller than that of B (the solid angle of
an object from apoint is proportional to the size of itsumbra
from that point, shown in (b)). In such cases, selecting the
“good” occluders by the solid angle, erroneously treats B as
a more significant occluder than A, resulting in decreased
effectiveness of the culling.

The potential amount of occlusion caused by a given ob-
ject is proportional to the volume of the shadow cast by the
object (the umbra of the object), treating the viewcell as an
area light-source 3. The fact that the object’s umbra is big
means that a big part of the scene is occluded by the object
from all points within the viewcell, implying that the object
is a significant occluder. Thus, a suitable metric of the po-
tential significance of an occluder from aregion is the size
of its umbra. In section 3 we describe an efficient algorithm
for accurately computing this metric. It also functions cor-
rectly when dealing with degenerate viewing regions with
zero volume, making it applicable for from-point occlusion
culling aswell.

In section 4 we introduce acriterion that estimates the po-
tential from-region occlusion of a given object. We present a
fast hardware assisted algorithm to compute this estimation.
A fast and approximate estimation of the occlusion poten-
tial of an object is more effective for most applications. We
conclude in section 5.

2. The solid angle metric

The solid angle measures the size of an object, as seen from
apoint in space. Itsvalueis determined by the size dw of the
object’s projection on the unit sphere centered around the
view point (Figure 2). Informally, we can say that the solid
angle grows with the visible size of the object, and dimin-
ishes with the object’s distance.

All major occlusion culling techniques have used some
approximation of the solid angle metric to select significant
occluders. A popular approximation has been the area-angle
metric, introduced by Coorg and Teller 4. Let 6 be the angle
between the normal of the surface and the directional vector
from the surface to the view-point (Figure 2). Let r be the
distance to the view-point, and A the area of the surface. The
area-angle of the surface from the view-point is

A* coso
r2

Figure 2: The solid angle of the surface is proportional to
the size dw of its projection on the unit sphere.

We need a new technique to generate a value that reflects
the significance of occluders from a region, since the solid
angle of an object from some point within the region is not
necessarily correct to estimate this value. Note that while
the solid angle of an object diminishes with the distance, the
size of the object’s umbra might get larger with distance.
Consider, for instance, the case when the object is smaller
than the viewing region, as shown in Figure 1. The object’s
umbra s finite, in contrast to the infinite from-point umbra.
The solid angle metric and its approximations do not take
into account the size and shape of the region, and may cause
incorrect results in many practical situations.

3. Theaccurate method

In this section we propose an object-space algorithm that
correctly measures the potential occlusion contribution of
an object in both the from-region and from-point cases. The
ideaisto directly compute the volume of the shadow cast by
the object on the scene, treating the viewcell as a volumetric
light source. Objects casting a bigger shadow have more po-
tential to occlude a bigger portion of the scene and are thus
more effective occluders.

We start by discussing the method in 2D scenes. This
is practically important for various visibility techniques of
2.5D scenes 711, In 2D, the object’'s shadow (umbra) is
bounded on the sides by the two supporting lines of the ob-
ject and the viewcell (Figure 3). The umbrais also bounded
by the object itself (in the front), and either by the inter-
section point between the two supporting lines, or by the
bounding rectangle of the scene in the back. Figure 3 illus-
trates these two cases. The reason for bounding the umbra
by the bounding rectangle of the scene, is that we are only
interested in the size of the shadow within the scene, where
it can potentially occlude objects.

We compute the area of the polygonal representation of
the umbra. This is done by finding the vertices A and B on
which the supporting lines lie. If necessary, the lines are
intersected with the scene’'s bounding rectangle. Once the
polygon that represents the umbra is computed, its area is
computed by the simple and robust algorithm given in®.
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Figure 3: The umbrain 2D is always bounded by two sup-
porting lines. It is also bounded either by their intersection
point (in (a)), or by the scene’s boundary (in (b)).

The extension of the above to 3D is much more involved
since the from-region umbra of a non-convex polyhedron is
not necessarily connected. Moreover, the problem of find-
ing the exact umbra of a non-convex 3D object of arbitrary
topology is asymptotically as hard as computing the exact
visibility from aregion. In the following we assume a con-
vex viewcell and convex occluders. Most occlusion culling
algorithms in 3D operate only on convex occluders 2 3.4.6,
Thisisjustified, among others, by the fact that occluders can
be approximated by a set of simple convex objects?.

Similarly to the 2D case, we compute the polyhedral rep-
resentation of the occluder’'s umbra, and then compute its
volume. Explicitly computing the polyhedral representation
of the shadow of an object caused by adistributed (volumet-
ric) light sourceisin fact the same calculation as in shadow-
ing algorithms, for which an efficient algorithm is presented
in 8. After computing this shadow, its volume can be com-
puted by the robust algorithm from ¢, which is an extension
of the algorithm used to compute the area of a2D polygon.

4. A fast approximate metricin 3D

The algorithm presented in the previous section is an object-
space analytic method, which produces an accurate mea-
sure. Here, we present afast hardware assi sted algorithm that
computes an approximate measure.
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We place two projection planes behind the occluder: one
immediately behind it and the other parallel to and behind
the first one at a small constant distance & (Figure 4). To
obtain our measure, we project the occluder from the view-
cell onto both projection planes, and compute the area of the
two projections. Similarly to 5, we define the projection of
an object as the intersection of the object’s umbra with the
projection plane. A nice property of projection planesisthat
to compute the projection of an object one does not have
to compute the object’s umbra. Formally, the measure M is
defined as

M:H7

where Al is the area of the front(closer) projection, and A2
isthe area of the rear projection.

This ratio yields an estimation of the growth rate of the
umbra, which reflects the umbra’s size. It is larger than 1.0
for occluders whose umbra grows with distance. If we en-
large an occluder, this ratio becomes larger. If we take an
object that isbigger than the viewcell and move it away from
the viewcell, this ratio becomes smaller. Alternatively, if we
take an object smaller than the viewcell and move it away,
thisratio becomeslarger, as doesthe occluder’'s umbra. Also,
if we move any object away from the viewcell towards infin-
ity, thisratio converges to 1.0. In the degenerate case where
the volume of the viewcell is zero, this ratio is proportional
to the area-angle of the occluder.

Note that the distance 6 between the two projection planes
effectively screens out very small and ineffective occluders.
For such occluders, whose umbra is very small, the inter-
section of the umbra with the second projection plane is
null (Figure 4 (d)). An important property of the presented
method that distinguishes it from the area-angle metric is
that it gives an estimation of occlusion for an object, rather
than just a single polygon. Note that the effective occlusion
of an object from a region can not be expressed as the sum
of the occlusion of its parts.

The projection of a convex object onto a plane is a con-
vex polygon. It can be computed analytically by computing
the projections from each corner of the viewcell and then in-
tersecting them on a 2D plane 8. However, Durand et.al. °
showed that the projection can be computed approximately
in image-space by a hardware assisted method that utilizes
the stencil buffer. The idea is to maintain a bitmap on the
projection plane, and render the object onto this bitmap from
each corner of the viewcell. The stencil buffer is used to
identify which pixels were rendered upon from all corners
of the viewcell. These are the pixels that belong to the pro-
jection of the object from the viewcell. The number of these
pixels gives the approximate projection area.
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Figure4: A 2D illustration of the approximate metric. In (a), 0 < A2 < Al, thus0 < M < 1. In (b), the object is closer and its
umbra is smaller. Consequently, M issmaller thanin (a). In (c), A2 > Aland M > 1. In(d), A2 = 0 and thusM = 0.

5. Discussion and Conclusion

In 7 we have described the process of constructing virtual
occluders, which encapsulate the cumulative occlusion of a
group of objects. To construct virtual occluders, aset of seed
objects is selected. Then, a group of objects around each
seed is detected, such that the occlusion caused by the group
can be captured by a single convex virtual occluder. In con-
text of the construction of virtual occluders, it is important
to select the significant occluders as seed objects. Moreover,
ordering the occluders by their effectiveness speeds up the
occlusion calculation 7. Of course, the described measure is

applicable whenever one needs to select or order a subset of
available objects, based on their potential occlusion.

We have described a novel criterion that measures the ef-
fectiveness of agiven occluder, and an algorithm to compute
it. We have shown that current methods may produce incor-
rect results when the visibility is computed from a region.
The proposed criterion and algorithms are important, as they
help to quickly identify the significant occluders in a scene.
They can be used as a part of, and improve the effectiveness
of many various visibility culling techniques.
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