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From time to time the problem arises of finding "barycentric"
coordinates for points relative to an n -gon. When n>3, there is
no unique set of barycentric coordinates - the problem is under-
determined.  However, a set of weights used in discrete
harmonic mapping theory turns out to be useful.
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For a point p  and a planar n -gon whose vertices are
),...,( 1 nvv , we claim that
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To prove this we will consider the planar triangle ),,( 1+ii vvp :
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Let 1+∠= iivpvα  and pvv ii 1+∠=β , and let ρ  be a clockwise
rotation by 90 degrees.

Lemma: )())((cot))((cot 11 iiii vvpvpv −=−+− ++ ρβα .

The proof can be found in Figure 2 of [PP].

The main result follows from this, because (all subscripts are
modulo n )
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from which (1) follows.
An equivalent expression of these weights, in terms of areas and
edge-lengths, can be found in [Eck+, Eqn 1].
 These weights may be used as a way of mapping the interior
points between two n -gons. They were originally used to
calculate discrete harmonic mappings on meshes, and have also
been used for mesh smoothing and calculating "discrete
normals"[DMSB].  Indeed, for p  not in the plane of

),...,( 1 nvv , the above formula can be thought of as the
projection of p  onto ),...,( 1 nvv .
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