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ABSTRACT

The paper considers the problem of polylines outline construction. The algorithm works in three steps. At first, so called
basic geometric buffers (BGB) are determined. Then, the intersection points between them are calculated. The
intersection points are checked for containment in existed BGB. Only those intersection points not covered by any other
BGB are used in the third part of the algorithm when the walk-about through the intersection points determines the final
polylines outline.

1. INTRODUCTION

The problem of generation of an outline can be found in different applications. O'Rourke studied it as the key to safe
robot arm movement [O'ROU93]. However, this problem is also of great importance in GIS applications. Let us
consider a high-way (by the way, the high-way is in general represented by two parallel polylines) and let us suppose,
we are interested in the area of propagation depending the terrain configuration. This information serves then to the road
planner to decide where the noise barriers are needed.

The solution to this problem is quite simple at the first sight. Let us suppose we have a disk with a variable radius and
we are moving the disk's centre point along the input polyline. The points of the moving disk arm the outline of the
polyline. Theoretically the solution is obtained simply by the Minkowski sum (see [O'ROU93]), but practical
implementation is not so simple. In this paper, the first prototype algorithmic solution to this problems is given.

2. THE ALGORITHM

The program input is a set of polylines (Figure 1a). Each polyline consist of several line segments, and two distances
(di,1 is on the left side and d i,2 on the right side) are associated with each line segment 1i (see Figure 1a). The
algorithm then calculates the outline as shown in Figure 1b.
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Figure 1a) Input Figure 1b) Output

The algorithm works in three steps:

1. The input polylines are separated into line segments and the outline ("we call it the basic geometric buffer - BGB")
is calculated for each of them.

2. The intersections between BGBs are determined.

3. The resulting outline is generated by performing a walk-about through the BGBs and the intersection points.

Each of these steps is divided into additional steps that will be considered in the continuation.
2.1. Determination of the basic geometric buffer

Each BGB has the same structure: it consists of two parallel line segments (li,1, 11,2) on the left and right side of the
input line segment li and two semicircles (ci,1, ci,2) which connect these two line segments (see Figure 2).

Figure 2 BGB



The BGB is determined in three steps:
e determination of the left and right line segments (li,1, 1 1,2),
e calculating the data for both semicircles,

e setting the bounding rectangle (o1, 02, 03, 04) around the BGB.
2.1.1. Determination of the left and right line segments

This problem can be solved in two ways:
1. The first solution uses geometric transformations (translation and rotation) and it is easy to implement by the
following steps:
e moving the line segment l; shown in Figure 3a in the center of the co-ordinate system
o the line segment is rotated onto positive x axis for angle o (Figure 3b and Equation 1)
e the point P"i+1 is calculated (see Equation 2)
e it is ecasy now to calculate all information needed to set up the BGB (see Figure 3¢)

e at the end, the BGB is returned to its original position.

if x'==0then a'=90°

' P'l + 1y
else a'= arctg] ——
P+

Equation la

Because function arctg returns only angles for positive x we added condition (see Equitation 1b):

if (xX'<0)or (x'==0and y'<0) then« =180°+ '

else a=a'
Equation 1b

Plisi= 0andP"1+1y=\jP'1+1x2 +P'1+1y2

Equation 2

pl"=(0,=d1), p2"=(P"1+1,—=dl), p3"=(P"i+1,d2), p4"=(0,d2)
Equation 3

pix = pi"x-’-ﬂpl"'xz +pi”y2 *cosa
piv=pi"'y+4 pi"'s” + pi"'y? *sina

ie(1,2,3,4)
Equation 4
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Figure 3a) Original position Figure 3b) Moved position Figure 3c¢) Rotated position



The following operations are needed for obtaining this solution:

e 3 trigonometric operations (arctg, cos and sin) (see Equations 1a and 4)

26 multiplications (see Equations 2 and 4)

e 9 square root operations (see Equations 2 and 4)

1 division (see Equation 1a)
18 additions (see Equations 1b, 2 and 4)

e 2 subtractions (see Equations 3)
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