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Figure 1: Twisting and bending a bar using two anchor triangles:
(a), (c) uniform materials; (b), (d) non-uniform materials.

1 Introduction

Mesh deformation is a key task in modeling and animation of dig-
ital models. In this work we present a method for deformation of
meshes that incorporates material properties. While previous meth-
ods, such as [Yu et al. 2004], distribute the deformation evenly
within the region of interest, our method is the first to our knowl-
edge, to support a variation in stiffness across the mesh. Using ma-
terial properties to control stiffness, we provide users with a simple
and intuitive method of controlling the deformation propagation,
thus yielding more realistic results.

The traditional way to specify rigid and flexible segments of articu-
lated models is to use skeletons. However, skeletons are tedious to
construct, thus recent deformation methods try to avoid them. The
use of material properties provides an intuitive alternative to skele-
tons allowing even finer control when specifying desired behaviors.
While skeletons allow only two levels of stiffness, our method al-
lows multiple levels, which are essential for complex deformations
e.g., Figure 1(b). While allowing greater flexibility and control our
algorithm is extremely simple and efficient requiring only minimal
user interaction.

2 Method Overview

We base our method on the concept of transforming local triangle
coordinate frames, where each frame is defined by a mesh triangle
and a normal to it. The following four stages describe the general
flow of our algorithm:

1. The user specifies optional material information.

2. The user manually transforms one or moreanchortriangles.

3. Anchor triangle transformation are propagated to the rest of
the triangles. In this central stage of the algorithm we need
to find an appropriate transformation for each triangle, which
matches the user prescribed anchor transformations, is con-
tinuous i.e., adjacent triangles have close transformations and
finally, is as rigid as possible subject to the material proper-
ties.

4. Vertex positions are found such that adjacent triangles agree
on the position of their shared vertices.
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For the first two steps we created a simple to use set of tools for
mesh manipulation. Material properties are defined using a paint-
brush style tool. Regions of the mesh which have not been painted
are assigned default stiffness values. Triangles are rotated using a
simple click and drag interface. Other operations such as scaling
and translation are performed in a similar manner.

The third step is the center of our algorithm. In order to find an
appropriate set of transformations we define, per triangle, a trans-
formation matrix which is a weighted combination of the anchor
transformations [Alexa 2002]. As weights we use a vectorωi ∈Rk

for each triangle, wherek is the number of anchors. The weights
are chosen s.t. the resulting transformations blend the anchor trans-
formations in a smooth manner while capturing the material proper-
ties. The optimal weightsωi are found by minimzing the following
function:

min
ωi

∑
i, j∈Ẽ

µi µ j ‖ ωi −ω j ‖2
2,

whereẼ is the set of adjacent triangles s.t.(i, j) ∈ Ẽ if either tri-
angle i or triangle j (or both) are not anchors andµi ,µ j are the
stiffness coefficients of the triangles.

The resulting transformations for adjacent triangles are close but
not identical. Hence, the final step of the algorithm modifies the
transformations such that adjacent triangles agree on the positions
of their shared vertices. We use [Sumner and Popovic 2004] to find
optimal vertex positions such that each local frame is transformed
in an as similar as possible manner (in the least squares sense) to
the previously calculated transformation.

3 Results

Figures 1 and 2 show examples of material usage. In Figure 2 the
material properties are used to correct the deformation of the beak
on the eagle.
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Figure 2: Posing the eagle: (a) the original model; (b) deformed
model (highlighting the stiff region); (c) top - correct head; bottom
- incorrect head when using a uniform material.
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