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The notion of skeleton plays a major role in shape
analysis. Some usually desirable characteristics of a
skeleton are: sufficient for reconstruction, centered, ho-
motopic and thin. The Exact Euclidean Medial Axis
(MA) [1] is sufficient for reconstruction and, since it
is based on the Euclidean distance, it is also centered.
It can besides be combined with a homotopic thinning
to generate homotopic skeletons. In the discrete case,
its thinness characteristic, however, can be discussed.
We present the definition of the Exact Euclidean Me-
dial Axis on Higher Resolution (HMA) and the outline
of an efficient algorithm to compute it. Such axis has
the same properties as the MA but with a better thin-
ness characteristic, against the price of rising resolu-
tion. We provide and prove an algorithm to compute
it in reasonable time, based on a known algorithm for
the MA [2].

The MA is the set of centers of maximal balls included
in the shape. In a higher resolution we have a larger
number of centers. We consider a special transform to
a double resolution, called H. Only the points with all
even coordinates in H have a direct correspondence in
the original shape. Thus, in H, considering only these
points, we have a larger class of Euclidean balls, and
a thinner axis can be extracted. We called these balls
the En-balls. Figure 1 illustrates the En-balls in the
2D case. Only the points with two even coordinates
are represented.

Figure 1. En-balls in Z2.

The Exact Euclidean Medial Axis on Higher
Resolution - HMA is the set of centers of maximal
En-balls for the H transform of the shape. The algo-
rithm to compute the HMA is an adaptation of the al-
gorithm presented by Rémy and Thiel for the MA [2],

using an additional look-up table. We prove that its
complexity is the same as [2].

Figure 2 shows a didactic comparison between the MA
and the HMA. First row: the shape; second row: the
shape in higher resolution. The MA is represented by
squares in both resolutions. The HMA is represented
by circles. The points filled by black squares in the
higher resolution are the points considered by the re-
verse resolution transform.

Figure 2. HMA: didactic example

In Figure 3 we show a result in 2D. First row: the origi-
nal shape and the MA; second row: the shape in higher
resolution, the HMA and the MAscaled to a double res-
olution. The scaled MA is shown for comparison.

Figure 4 shows a result in 3D. Let X be the shape, the
figure shows (a) 2D projection of X; (b) and (c) two
different views of the shape (transparent) and MApXq
(opaque). (d) 2D projection of HpXq; (e) and (f) two
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Figure 3. 2D HMA example.

(a) (b) (c)

(d) (e) (f)

Figure 4. 3D HMA examples.

different views of HpXq (transparent) and HMApXq
(opaque). Images are scaled for comparison of thin-
ness.
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