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ON OPTIMAL POLYLINE SIMPLIFICATION USING THE HAUSDORFF
AND FRECHET DISTANCE*

Mare van Kreveld,! Maarten Liffler,fand Lionov Wiratma'®

ABSTRACT. We revisit the classical polygonal line simplification problem and study it using
the Hausdorff distance and Fréchet distance. Interestingly, no previous authors studied line
simplification under these measures in its pure form, namely: for a given £ > 0, choose a
minimum size subsequence of the vertices of the input such that the Hausdorff or Fréchet
distance between the input and output polylines is at most €.

Table 1: Algorithmic results.
Douglas-Peucker | Imai-Iri Optimal
Hausdorff distance | O(nlogn) [19] | O(n?) [10] | NP-hard (this paper)
Fréchet distance O(n?) (easy) O(n?®) [17] | O(kn®) (this paper)
n: vertices in the input polyline; k: output complexity of the simplified polyline
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Corollary: Polyline simplification under the local Fréchet distance

can be done in O(n*logn) time in the L, norm where p € [1, ]
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Proof Idea for L..: show statement (+ both line segments
are axis-parallel) inductively

(IB) The first wave front are < 2 sides of an axis- k

parallel square with side length 2¢ (unit square). v;

(IS) To obtain the new wave front, we compute the

intersection of two axis-parallel line segments with a unit square. o
l

Hence, the resulting wave front has again < 2 axis-parallel line segments.

Theorem: Polyline simplification under the local Fréchet distance
can be done in O(n?) time in the L; and L norm.
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B Using techniques from the algorithm by Melkman and O’Rourke, we have
shown how to find an optimal simplification of a polyline under the local
Fréchet distance in O(n?logn) (instead of O(n%)) time in the L, norm.

Our result generalizes to other L, norms (p € |1, o).
In L; and L, the runtime improves to O(n?).

B The log-factor arises when the wave front has linear size.
However, this requires a special arrangment of the vertices of the polyline.

B Test experimentally that in a practical setting such arrangments don’t occur.

B Investigate conditions that guarantee O(n?) runtime (e.g. density in each
e-ball, smoothed analysis).

B Adjust the algorithm to handle such arrangements faster.
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