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Abstract

Hidden surface removal can be achieved using the Priority Face Determination (PFD) tree to create a
priority ordering of n polygons in log, ;5 n time. In this paper, we describe the Hidden Face Determa-
nation (HFD) tree which is based upon the PFD tree. The HFD tree is constructed in a similar way
as the PFD tree, but an addition means that polygons completely hidden by others in the scene can be
determined at each node. Thus, not only does the HFD tree calculate the priority order of polygons in
log4/3 n time, but determines which polygons are invisible from a given location.

Keywords: area-to-area visibility, binary-space
partitioning, hidden-surface removal, scene clustering

1. Introduction

The BSP tree developed by Fuchs, Kedem and Naylor
I finds the visual priority order of a set of polygons.
However, due to BSP splitting, the number of poly-
gons in the scene (each of which requires testing at
run-time) is increased. The number of tests can be re-
duced using the Priority Face Determination (PFD)
tree algorithm 2 which is built using its associated
BSP tree. The PFD tree reduces the number of tests
to log, /s n. Two observations make this possible, the
first is the use of a height plane to reduce the free-
dom of the observer to movements at a set height;
this restriction occurs naturally in applications such
as walk-throughs. The second observation is the exis-
tence of polygon dependencies in the scene; if we know
our location relative to the front or back of a polygon,
then in the expected worst-case scene, our position
relative to one-quarter of the remaining polygons can
be determined.

The PFD tree comprises a two-element node struc-
ture: a test-line (analogous to the sole element in a
two-dimensional BSP tree’s node) and a priority list
of polygons. Priority ordering is achieved by a single
root to leaf traversal of the tree. Each node is tested
to see on which side the observer is located: for a front
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(back) result, the front (back) side of the tree is tra-
versed. The polygons in each priority list are displayed
in order when encountered.

2. Hidden Face Determination

Although priority ordering of polygons can be
achieved in log, /5 n time, the ordering of polygons is
not a significant bottleneck of the rendering pipeline
thus no visual speed-up is apparent. A visual speed-up
can be gained if the number of polygons drawn to the
screen is minimized by determining which polygons
are not visible from the observer’s current position.
Not only does this reduce the need to draw hidden
polygons, but also their underlying shading, contained
shadows and texture mapping etc.

The front-to-back display of BSP trees 2 is one way
in which to draw only those polygons that are visible.
However, such a method requires image space analy-
sis thus increases the amount of run-time processing.
Other work in this field such as portal sequences and
portal textures have been successful 4 5. 6.7 but the
Hidden Face Determination (HFD) tree, presented in
the next section, combines priority ordering and hid-
den polygon rejection into a simple binary tree requir-
ing only a logarithmic number of tests to determine
the order of visible polygons needed to produce the
final image.
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3. The HFD Tree Algorithm

Based on the algorithm for PFD tree building 2, the
HFD tree adds a visibility ‘plug-in’ which shifts most
of hidden surface removal to the pre-processing stage.
HED tree visibility is introduced at the priority list
promotion stage of the algorithm. In the PFD tree, a
polygon was promoted to the priority list when pro-
cessing on all higher priority polygons had been com-
pleted. In the HFD tree, this promotion step is inter-
vened by an area-to-area visibility test. The visibility
test is necessary from the current view area (corre-
sponding to our position in the tree) to a polygon un-
der consideration for addition to the tree, using the
list of unprocessed polygons as shields. Any polygon
not visible from the current view area can be rejected
and removed from further consideration.

Given a scene comprising even a modest number of
polygons, the amount of time spent on visibility calcu-
lations is dramatic when compared to the PFD tree’s
insertion. Fortunately, we only need to know whether
a polygon is visible or invisible from a given area and
not its proportion of visibility. We find acceptable vi-
sual results can be gained with point sampling using
just a few points per polygon.

4. Example

Figure 1 shows a simple nine-facet scene, labels are
placed upon the front side of each facet but no back
face culling is used in this example. The underlying
grey-scale intensities illustrate the fraction of polygons

drawn in each tree, namely ggg . Figure 2 shows the

BSP tree for the scene. Figure 3 shows the front side
of the HFD tree and bracketed letters are used to in-
dicate hidden polygons.

Figure 1: Nine facet scene, underlying grey-scales il-
lustrates run-teime efficiency
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Figure 3: Front side of the HFD tree
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