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Figure 1: As-Rigid-As-Possible Deformation Transfer.
Animation constraints in green channel and Rigidity constraints in red channel.

Abstract

We present a novel tool for transferring facial motion capture per-
formance between significantly different characters. This work
combines the shape deformation techniques of Deformation Trans-
fer (DT) and As-Rigid-As-Possible (ARAP) into a single formu-
lation by defining rigidity over triangle edge sets as opposed to
spokes. Further, it improves them by adding non-uniform rigid-
ity using paintable weights. We examine three important use cases
for the tool: adding physically plausible behavior where animation
is not available; fixing animation transfer artifacts; and providing
plausible deformation around manipulated vertices. By combining
Deformation Transfer and As-Rigid-As-Possible, this tool allows
users to control the balance between animation fidelity and physi-
cally plausible deformation.
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1 Overview

Deformation Transfer (DT) [Sumner and Popović 2004] is a tech-
nique that transfers deformation gradients between meshes and is
formulated as a least-square problem that can be pre-factored once
and solved quickly using forward substitution. It can be effectively
used for transferring facial animation between characters and for
retargeting motion capture data. But the technique has undefined
behavior for missing data, ie, triangles that don’t have correspon-
dences, and provides no way to tweak the transferred animation
based on physical properties of the target mesh, such as rigidity.
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As-Rigid-As-Possible (ARAP) [Sorkine and Alexa 2007] is a tech-
nique that tries to circumvent the loss of shape and volume that
happens in shape deformation based on Poisson linear systems by
iteratively allowing smooth rotations across the mesh and reduc-
ing the global stretch and bend deformations. Rotations are com-
puted at each vertex using the 1-ring edge set (or spokes). ARAP
was further improved and called SR-ARAP in [Levi and Gotsman
2015] for better volume conservation and independence of mesh
discretization. Despite having the concept of rigidity, this model
assumes the material is uniform. It’s very common for organic ob-
jects to deform in a non-uniform way, creating creases and folds on
pre-determined places.

In the following sections we describe how the ARAP formulation
was adapted to fit in the DT model and how non-uniform rigidity
was added to provide physically plausible behavior, followed by
how the tool is used in facial animation.

2 Implementation

2.1 Unifying DT and ARAP

In [Botsch et al. 2006] the DT was shown to be equivalent to a
Poisson problem and in [Chao et al. 2010] the energy minimized
by ARAP was formulated as the difference between the deforma-
tion gradient and the closest rotation matrix. We concluded that
the ARAP could be incorporated in DT if the rigidity is computed
on triangle edge sets as opposed to spokes. Specifically, we used
rotation matrices as constraints in the same way we would use de-
formation gradient constraints. This naturally joins both techniques
into a uniform description of constraints over triangles, not vertices.
In order for the rigidity constraints to not counteract the animation,
we applied Polar Decomposition on the animation deformation gra-
dients to obtain the initial rotation matrices.

Our implementation has similarities to SR-ARAP [Levi and Gots-
man 2015] where there are two interleaved steps in the solution: a
global step corresponding to the Poisson solve using fixed rotations
and a local step where the rotations are extracted from the defor-
mation gradients and then relaxed iteratively, allowing triangles to
influence each other and recover the surface shape. The main differ-
ence is that our implementation uses quaternions and a weighting
scheme based on the rigidity values as described next.

http://dx.doi.org/10.1145/2897839.2927411


2.2 Paintable Rigidity for Non-Uniform Materials

We added the ability to paint rigidity values on the vertices of the
mesh. The triangle rigidity is then used in both steps of the algo-
rithm: as the constraint weights in the global step and in the local
step for the weighted sum of rotations between each triangle and
its neighbors. We blend rotations using linear quaternion interpola-
tion. The weight for the triangle rotation extracted from the global
step is a ratio between its area and the rigidity area, which is defined
as the square of the painted rigidity. The neighbor weights sum to 1
with the triangle weight. And the relative weight for each neighbor
is proportional to its rigidity value. See figure 2 for the effect of
variable rigidity values on a simple subdivided cube with a twisted
constrained end.

Figure 2: Effect of non-uniform rigidity. The grey faces are con-
strained. The remaining top half of the cube has rigidity fixed to 1.0
and the bottom half has 0.2, 0.4, 0.7, 1.0 and 1.5 from left to right.
We used 50 global and 50 local iterations.

3 Tool in Action

3.1 Use Case 1: Adding physically plausible behavior

where animation is not available

Usually a captured facial performance is low resolution and has
holes around the mouth and eyes. It also usually doesn’t cover the
side of the face, part of the jaw, the neck and ears, but all these parts
tend to move along with the rest of the face. This tool can be used to
add plausible behavior to areas that are not captured and provide the
user the ability of tweaking which areas should keep their original
shape and which areas are more flexible and prone to stretching and
bending. Figure 3 shows how it was used to keep the volume of the
chin and to define how the skin bends when the jaw opens.

Figure 3: Using rigidity to deform areas without animation (under
the chin). From left to right, we show (1) the result without ARAP
(the chin is compressed), (2) the result with ARAP (better volume
conservation on the chin) and (3) the ARAP weights.

3.2 Use Case 2: Fixing Animation Transfer Artifacts

When the target shape has features that are scaled very differently
than the source shape, for example, a human nose mapped to a wolf,
then slight changes in the input mesh may cause large deformations
in the target mesh or vice versa that seem unrealistic. By applying
rigidity, one can paint specific parts of the mesh where it’s very
important to keep the shape while others may be free to stretch and
bend to accommodate for the animation (figure 4).

Figure 4: Using rigidity to fix subtle animation artifacts. To help vi-
sualize the results we highlight some mesh faces on the nose. From
left to right, we show (1) the rest pose face, (2) the nose deformed
without ARAP (notice how it bulges), (3) the result with ARAP (an-
imation transferred while keeping the nose close to the original
shape) and (4) the ARAP weights.

3.3 Use Case 3: Providing Plausible Deformation

Around Manipulated Vertices

Users can constrain vertices to fixed positions in space, and that
may create discontinuity in the mesh. This can be combated with
rigidity added to the faces around the fixed vertex (figure 5).

Figure 5: Using rigidity to fix artifacts from vertex constraints.
From left to right, we show (1) the result without ARAP, (2) the
result with ARAP and (3) the ARAP weights.
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A simple geometric model for elastic deformations. ACM Trans.
Graph. 29, 4 (July), 38:1–38:6.

LEVI, Z., AND GOTSMAN, C. 2015. Smooth rotation enhanced
as-rigid-as-possible mesh animation. IEEE Trans. Vis. Comput.
Graph. 21, 2, 264–277.

SORKINE, O., AND ALEXA, M. 2007. As-rigid-as-possible sur-
face modeling. In Proceedings of the Fifth Eurographics Sympo-
sium on Geometry Processing, Eurographics Association, Aire-
la-Ville, Switzerland, Switzerland, SGP ’07, 109–116.

SUMNER, R. W., AND POPOVIĆ, J. 2004. Deformation transfer
for triangle meshes. ACM Trans. Graph. 23, 3 (Aug.), 399–405.


