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Abstract

Given a terrain T and a point p on it, we wish to compute the region that is visible from
p. We present a generic radar-like algorithm for computing an approximation of this region.
The algorithm eztrapolates the visible region between two consecutive rays (from p) whenever
the rays are close enough; that is, whenever the difference between the sets of visible segments
along the rays is below some threshold. Thus the density of the sampling by rays is sensitive
to the shape of the visible region. We suggest a specific way to measure the resemblance
(difference) and to extrapolate the visible region between two consecutive rays. We report on
preliminary experimental results.

1 Introduction

Let T be a triangulation representing a terrain (i.e., there is a height (z-coordinate) associated
with each triangle vertex). We are interested in the following well known problem. Given a
point p on (or above) T, compute the region R, of T that is visible from p. A point g on
T is visible from p if and only if the line segment pq lies above 7' (in the weak sense). Thus
R, consists of all points on T that are visible from p. The problem of computing the visible
region of a point arises as a subproblem in numerous applications (see, e.g., [7, 9, 11]), and,
as such, has been studied extensively [2, 3, 4, 5, 7]. For example, the coverage area of an
antenna for which line of sight is required may be determined by clipping the region that is
visible from the tip of the antenna with an appropriate disk centered at the antenna.

Since the combinatorial complexity of R, might be Q(n?) [3, 6], where n is the number of
triangles in T, it is desirable to also have fast approximation algorithms, i.e., algorithms that
compute an approximation of R,. Moreover, a good approximation of the visible region is
often sufficient, especially when the triangulation itself is only a rough approximation of the
underlying terrain. Note that in this paper we are assuming that the terrain representation
(i.e., the triangulation T') is fixed and cannot be modified. Simplifying the triangulation can
of course lead to faster running times of any algorithm for computing the visible region. This
approach was studied in a previous paper [1]. See, e.g., [8] for more information on terrain
simplification.

We present a generic radar-like algorithm for computing an approximation of R,. The
algorithm computes the visible segments along two rays p1, p2 emanating from p, where the
angle between the rays is not too big. It then has to decide whether the two sets of visible
segments (one per ray) are close enough so that it can extrapolate the visible region of p within
the wedge defined by p1 and p2, or whether an intermediate ray is needed. In the latter case
the algorithm will now consider the smaller wedge defined by p: and the intermediate ray.
Thus a nice property of the algorithm is that the density of the sample rays varies and depends
on the shape of R,.

*Research by Ben-Moshe and Katz is partially supported by grant no. 2000160 from the U.S.-Israel Binational
Science Foundation, and by the MAGNET program of the Israel Ministry of Industry and Trade (LSRT consortium).
Research by Carmi is partially supported by a Kreitman Foundation doctoral fellowship.

121



In order to use this generic algorithm one must provide (i) a measure of resemblance
for two sets of visible segments, where each set consists of the visible segments along some
ray from p, and (ii) an algorithm to extrapolate the visible region between two rays whose
corresponding sets were found similar enough. In Section 2 we describe in more detail the
generic algorithm and provide the missing ingredients.

In Section 3 we suggest a natural way to measure the error associated with an approxima-
tion of R,. Using this error measure, we compare between our algorithm and the correspond-
ing fixed-angle version with the same number of sample rays. According to these experiments
our algorithm is much better in situations of “under sampling,” where the number of sample
rays is small. We are currently comparing our algorithm (and several variants of it) with other
(known) algorithms for approximating the visible region. A report on these experiments will
be included in the full version of this paper.

2 The Algorithm

In this section we first present our radar-like generic algorithm. Next we describe the measure
of resemblance and the extrapolation algorithm that we devised, and that are needed in order
to transform the generic algorithm into an actual algorithm.

The generic algorithm is presented in the frame below. The basic operation that is used
is the cross-section operation, denoted cross-section(T, p,6), which computes the visible seg-
ments along the ray emanating from p and forming an angle 6§ with the positive z-axis.
Roughly speaking, the generic algorithm sweeps the terrain T’ counter clockwise with a ray
p emanating from p, performing the cross-section operation whenever the pattern of visible
segments on p is about to change significantly with respect to the pattern that was found by
the previous call to cross-section. The algorithm then extrapolates, for each pair of consecu-
tive patterns, the visible region of p within the wedge defined by the corresponding locations
of p.

Given a triangulation T representing a terrain (i.e., with heights associated with
the triangle vertices) and a view point p on or above T":
0+0.
a < some constant angle, say, w/45 .
S1 « cross-section(T, p, ) .
Sa < cross-section(T, p, 0 + «) .
while (8 < 360)
if (S1 is close enough to S3)
extrapolate(S1, S»);
0 < Sa.angle;
S1 SQ;
Sa « cross-section(T, p, min( + «, 360));
else
u < (Si.angle + Sz.angle)/2;
Sa « cross-section (T, p, p);

In order to obtain an actual algorithm we must provide precise definitions of close enough
and extrapolate.
Close enough: A threshold function that checks whether two patterns Si,S» are similar,
where each of the patterns corresponds to the set of visible segments on some ray from p.
There are of course many ways to define close enough. We chose the following definition.
In practice, the rotating ray is actually a rotating segment of an appropriate length. Let [
denote this length. We refer to | as the range of sight. Now rotate the ray containing So
clockwise until it coincides with the ray containing Si. See Figure 1 (a). Next compute the
length of the XOR of S; and S>, that is, the total length covered by only one of the sets
S1,S2. This length is then divided by I. Denote by v the value that was computed, and let ¢
be the angle between S; and S>. If § - v < C, where C' is some constant, then return TRUE
else return FALSE. The role of § in the above formula is to force close enough to return
TRUE when the angle between the rays is small, even if the patterns that are being compared
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differ significantly.

Ezxtrapolate: Given two patterns Si,S> which are close enough, we need to compute an
approximation of the portion of the visible region of p that is contained in the corresponding
wedge. We do this as follows. Consider Figure 1 (b). For each ‘event point’ (i.e., start or end
point of a visible segment) on one of the two horizontal rays, draw a vertical segment that
connects it with the corresponding point on the other ray. For each rectangle that is obtained
color it as follows, where grey means visible and black means invisible. If the horizontal
edges of a rectangle are either both visible from p or both invisible from p, then, if both are
visible, color it grey, else color it black. If, however, one of the horizontal edges is visible
and the other is invisible, divide the rectangle into four pieces by drawing the two diagonals.
The color of the upper and lower pieces is determined by the color of the upper and lower
edges, respectively, and the color of the left and right pieces is determined by the color of the
rectangles on the left and on the right, respectively.
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Figure 1: Grey marks visible and black marks invisible. (a) The close enough threshold function:
0 times the relative length of the XOR of S; and S». (b) Theextrapolate function.

3 Experimental Results

In our experiments we use the following natural error measure. Let R}, be an approximation
of R, obtained by some approximation algorithm, where R, is the region visible from p. Then
the error associated with R, is the area of the XOR of R, and R,, divided by the area of
the disk of radius [, where [ is the range of sight that is in use. See Figure 2.
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Figure 2: Left: the exact region R,; Middle: the approximate region Rzlo computed by our algo-
rithm; Right: XOR(R),, R,).

We compared between our radar-like algorithm and the corresponding fixed-angle version.
That is, we ran our algorithm, with several values of «, on a collection of terrains, view points,
and ranges of sight. For each application of our algorithm, we also ran the fixed-angle version
with angle 360/n, where n is the number of sample rays (i.e., cross-section operations) that
were used in this application. We then computed the errors for the two regions that were
obtained. Figure 3(a) shows some typical results. From these results it is clear that our
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algorithm is better is situations of “under sampling,” where the number of sample rays is
small. Both algorithms and the error computation were implemented in Java. (The error
computation is actually a grid-based approximation of the error measure defined above.)

We are currently comparing our algorithm (and several variants of it) with other (known)
algorithms for approximating the visible region, including the z-buffer algorithm [10] and an
algorithm (see Figure 3(b)), that is in some sense orthogonal to our algorithm, that uses
circles of increasing radii instead of cross-sections [5]. A report on these experiments will be
included in the full version of this paper.
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Figure 3: (a) Our algorithm is more accurate than the corresponding fixed-angle version. (b) Cir-

cles of increasing radii approach vs. Radar-like approach.
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