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Introduction S

We present a simple technique for easing the computation of spheri-
cal parameterizations by a simple modification of traditional planar
parameterization methods: our spherical energies differ from the
usual planar quadratic energies only by multiplication by a simple

factor based on the inverse distance of each triangle from the sphere 7 | U
center, such as the following: = ¢ ta o
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[ —d=2.(col(c) - (Xm — X=~)2 4+ cO (Xa — X)2 triangles) meshes using the combined energymBineq With weightings
Dirichlet = Gin (COY@) - (X8 —xc) + COLB) - (Xa —XC) (1,1). No conditions were enforced during the solve, nevertheless the pa-
+cot(y) - (xa —X8)?) rameterizations are fold-free.

Earea= Orin- Ared - InputArea ! because the error increases disproportionately with triangle size.
Used in a minimization process this is a recipe for disaster: the
minimizer can find a way to decrease the energy by increasing
the size of the triangle with the largest error, creating slippage.
One way to avoid this situation is to design spherical _/
energies that are accurate for small triangles but othg
wise always overestimatthe continuous energy. We
show that this can be achieved by using the centra
projection (or gnomonic map) which projects each flat triangle out-
Analysis wards until it is essentially tangenttabs done by the division with
dmin- A further consequence of this construction is the creation of
In practice the factod, 2 is close to 1. Why is then such a minor  infinite energy barriers for hemispherical triangles.
correction necessary? Let us examine what happens if we solve th
classic flat energies

The main motivation for scaling the planar energy di}yﬁ] is

to obtain anupper boundof the spherical integrals. Intuitively
this can be done by measuring the energy of each triaaités
transforming it into the tangent space of the sphere. As we show
next,this extra term removes the usual need for repeated spherical
reprojections or for unnatural point constraints

Eﬁ\/lany planar energies, like MIPS and stretch, try to trade off angle
and area distortion. They can be written as combinations of Dirich-

2 2 2 let and area energies. For simplicity we have experimented with
Espring = Wag - (Xa —XB)" +Wac - (X8 —Xc)” +Wac - (Xa —Xc) weighted averages of these energ®smpined= - Epirichlet + b-

as discussed inFloater and Hormann 20p®n the sphere. A Earea gnd examples are showh F)elow.

sequence of minimization steps typically looks like this:
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As the iterations proceed in the solver a triangle starts growing.

Finally it slips over the “equator”, eventually shrinking the entire Results
mesh to a point. During this process, the energgdkiced in each . . )
iteration step finally reaching its minimum at zero. This failure ~We have implemented the modified energies presented here. There
can be consistently observed. Our conclusion is that the sphericalis N0 need to write custom solvers; we use TABefison et al},
spring energy has no minimum at the expected configuration. Which provides implementations of standard Newton and trust-
Instead the minimizer moves down a continuous slope leading to aegion methods. There is no need to define constraints or repro-
collapsed configuration. We cannot fully explain this witfobius jection during the minimization. The energies are defined in Maple
transformations, which are invariants of the continuous setting, and are automatically differentiated and translated to C++. Run
but do not leave the discretized energy constant. One common fixtimes are within a few minutes for a 70k triangle mesh like igea.
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