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Introduction: In planetary science, we frequently
encounter geomorphic features that are polygons in
planform: channels, valleys, ripples, yardangs, etc. We
often quantify these features with “lengths” and
“widths”, yet neither of these measurements is straight-
forward for any but the simplest polygons.

a b Fig. 1:
a) Outline of
California.
b) Same as
(a), with
schematic
“centerline”
drawn by
eye.

As an illustrative example, consider the outline of
the state of California [Fig. 1a]. The human eye can
easily recognize that this shape is elongate in approxi-
mately the NNW direction, but several questions im-
mediately arise:

e Which is a better measurement of length: the
simpler and shorter eastern border? the effec-
tively fractal western coastline? neither?

¢ How can one measure the width of California,
whether overall or at any point along its
length?

e How can any measurement of length or width
(or sinuosity, etc.) be reproducible if these
measurements are fundamentally in the eye of
the beholder?
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Figt 2: automated classification [2] of RSL
growth and fading regions relative to earlier
HiRISE [3] image (not shown)

In the current era of abundant remotely sensed
data and automated classification, yet another question
arises:

e How can these and related measurements be
made efficiently, preferably with a quantifia-
ble error?

For example, the outlines of thousands of rivers on
Earth [1] or recurring slope lineae (RSL) on Mars [2;
Fig. 2] can be automatically mapped across images
spanning years of changes, but this effectively leaves
the scientist with only a measurement for area when a
host of other measurements [4] would be useful:

o length and width

o the topology of these networks

e sinuosity

e changes over time and space for each of the
above quantities

¢ the longitudinal topographic profile

Fortunately, the answer to each of the aforemen-
tioned questions is the same: an objective, automatical-
ly derived “centerline”—a curvilinear axis that is eve-
rywhere parallel to the length of the polygon [Fig. 1b].
Here, we describe our implementation of an algorithm
to derive such a centerline for any polygon.
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Methods: [5] describe a very fast algorithm for con-
verting a polygon to a linear representation. Called the
medial axis transform (MAT), it involves dense sam-
pling of a polygon’s boundaries followed by Voronoi
(Thiessen) analysis of these points and spatial filtering
to isolate those facets of Voronoi cells that are wholly
enclosed by the polygon [Fig. 3]. Unlike its predeces-
sors, MAT’s Voronoi analysis is point-based rather
than line-segment-based, making it very efficient, yet it
can be rigorously shown to converge on the true math-

ematical “skeleton” (a topological concept closely re-
lated to the centerline) [5].
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Fig. 4: Medial axes of (a) a smooth polygon and
(b) the same polygon with short wavelength
noise. [6]

Nonetheless, MAT has two key weaknesses.

e MAT is very unstable to noise [6]. For exam-
ple, short wavelength undulation in a polygon
boundary results in a very “hairy” skeleton
[Fig. 4].

e MAT cannot reproduce the  skele-
ton/centerline at the ends of an elongate poly-
gon [3].

The latter issue is especially problematic if only a
short portion of a elongate polygon, such as a valley, is
in the field of view, or if length changes are a major
focus of the study, such as for RSL [2,4].

We overcome the “hairy” skeleton problem by
adapting the pruning method described by [6] and ex-
tending their pruning criteria. Similar pruning is also
used to remove the edge effects of the MAT. We then
use a novel bisection algorithm to reconstruct the cen-
terline in these terminal regions.

When complete, our algorithm will have broad
functionality, including:

e able to handle polygons with and without
holes

e support for tuning how rounded the turns in
the centerline are

o multiple options for isolating the “backbone”
of a skeleton (for example, the main trunk in a
map of tributaries)

Results: The algorithm is still in development, but
nearing completion. Example output from the current
code demonstrates the generality of the algorithm and
the success of its novel pruning and centerline recon-
struction components [Fig. 5]. The algorithm is also
highly optimized:

o uses the Qhull library for VVoronoi analysis

o leverages spatial indexing rather than geomet-
ric calculations wherever possible

e uses a custom geometric library specifically
designed for performance
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Fig. 5: (a) Centerlines (one black, the other red
and beneath) for a test polygon, demonstrating
how user-specified parameters affect the re-
sults. (b) A complex RSL polygon, as mapped by
[4], and its calculated centerline.



