Exact 2D Convex Hull for floating-point data
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Abstract
In this paper, we discuss how to develop an algorithm which outputs an exact convex hull
for a set of points on two-dimensional space. Assuming that all coordinates are expressed
by a floating-point number defined by IEEE 754. Generating the convex hull, a twodimensional orientation problem must be solved many times. Here is an explanation of this
problem: Suppose that there are an oriented line and a point on two-dimensional space. It
is required to know which the the point is left or right to the oriented line. This problem
can be boiled down to a sign of a 3-by-3 matrix determinant. If floating-point arithmetic
is used to solve this problem, then an incorrect sign may be obtained due to accumulation
of rounding errors. By using the incorrect information, the algorithm has prospects of outputting an inexact convex hull. For example, the result is not a convex, or some points are
not enclosed by the result (see Kettner et al. (2008)).
Our aim is to obtain the exact convex hull as fast as possible. If methods in Shewchuk
(1997); Ozaki et al. (2009) are used, then the correct sign of the matrix determinant can be
obtained. These are called ‘verification methods’ for two-dimensional orientation problem.
By using these methods, the algorithms for the convex hull can output the correct result. In
this paper, we specialize the verification method into the algorithm of the convex hull. Our
algorithm takes heed of problems of overflow and underflow in floating-point arithmetic so
that it always outputs the correct convex hull for any set of floating-point numbers.
Finally, we present numerical examples to illustrate the efficiency of the proposed method.
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