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Abstract
This report follows from an implementation of a Maya deformer node which can simulate soft body dynamics. We
use a shape matching approach which do not require any connectivity information between vertices. The algorithm is
mostly suitable for interactive applications which require unconditionally stable solutions. However, Autodesk Maya
proposes several functionalities which makes the method suitable as a deformer plugin. The algorithm as well as the
Maya implementation is covered thoroughly in sections 3 and 4.
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Introduction

thus suitable for interactive applications [1]

In computer graphics today it is often desired to
simulate soft, deformable bodies. There are a number
of methods to do this and in this paper we will present
an approach called Shape matching and how it can
be implemented in Autodesks 3D animation and
modeling software Maya.
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Algorithm

The algorithm is based on simple physical simulation
of particles together with shape matching to achieve
deformations of the original mesh shapes.
The shape matching transformations can have different degrees of freedom. Basic rigid body shape
matching has 6 degrees of freedom since it finds the
best rotation and translation to match two shapes.

Background

Several different methods have been proposed in computer graphics in order to simulate deformable bodies,
with Mass Spring Damper (MSD) systems and the Finite Element Method (FEM) being among the most
popular ones. The former is faster but not as accurate
while the latter is suitable for offline simulations.
We base this report and our soft body solver on the
shape matching method, presented in 2005 by Müller
et al. [1]. The shape matching method differs from
many of the others since it requires no connection
information between the vertices of the deformable
mesh. Instead, the set of vertices that defines the
geometry of the mesh is simulated as a particle system. This simplifies the physically based part of
the simulation as well as the Maya implementation
considerably.
The lack of neighbor data is compensated by the
shape matching, which strives to restore the set of
vertices to their original positions, or a deformed version of the original shape. This allows the object to
recover its shape after deformations. The algorithm
implemented by Müller is unconditionally stable and

3.1

Particle Dynamics

The vertices that creates our deformable mesh are
simulated as individual particles. Each particles acceleration is derived from Newton’s second law as:
F
(1)
m
where F denotes the external forces acting on the
particle (e.g. gravity and collision impulses) and m
denotes the particles mass.
The collision (jc ) and frictional (jf ) impulses applied on a particle during impact with another object
are computed as:
a=

jc
jf

=
=

−( + 1) ( n (n · vdif f )) m
−f ( vdif f − n (vdif f · n)) m

(2)

where  is an elasticity constant in the range [0,1],
n is the collision normal, vdif f is the relative velocity
of the colliding objects, f is the frictional constant
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matrix Apq . We use the singular value decomposition
implemented in the linear algebra library LAPACK.
The singular value decomposition of the covariance
matrix Apq is defined so that Apq = U SV where S
is a diagonal matrix containing eigen values of Apq .
The optimal rotation R from the original points x0i
to the deformed points xi is given by R = V U T .

and m is the particles mass. The resulting force (Fj )
that is added to the force term during a physics step
is then computed as:
Fj = (jc + jf )/h

(3)

where h is the time step of the simulation.
When all components for the acceleration term
is computed, the velocity (v) and position (p) of a
particle at next time step can be computed according
to an Euler integration scheme:
v(t + h) = v(t) + a(t)h
p(t + h) = p(t) + v(t)h

3.2

3.3

Linear Deformations

The matrix A defines the optimal linear transform
from the initial points x0i to the deformed points
xi . Müller et al. [1] use a linear combination of the
rigid body rotation R and the linear transform A as
βA + (1 − β)R to achieve both linear deformations
and rotations.
We found that, since A does not contain any rotational part, the shape matching needs to be done in
two steps to achieve both deformation and rotation.
By first updating the goal points gi with a linear deformation and then with a rotation, using the newly
updated goal points as new initial positions for the
rotation transform, the shape can be both rotated
andpdeformed. To preserve the volume, A is divided
by 3 det(A) (unless the determinant is too small) to
avoid instability.

(4)

Rigid Body Shape Matching

Figure 1: Rigid body shape matching using the optimal rotation R and translation t in least squares
sense.
The basic rigid body algorithm finds the translation t and rotation R that best matches the deformed
shape, see figure 1.
The initial positions x0i are saved at the start of
the simulation and used as a template for the goal
positions gi . At each time step, the particles are
simulated individually and positions are achieved
with numerical integration.
The updated positions xi are then used together
with the initial positions to form covariance matrices
for the initial positions Aqq and the updated ones
Apq . See equation 6:

3.4

Quadratic Deformations

Quadratic deformations can not be achieved by
linear matrix transforms. To find the optimal
quadratic transform Ã = [AQM ] ∈ <3×9 . The
sub-matrices A, Q and M ∈ <3×3 are transformaT
T
tions for linear, [qx , qy , qz ] , quadratic [qx2 , qy2 , qz2 ]
T
and combined [qx qy , qy qz , qz qx ] terms respectively.
T
If q̃ = [qx , qy , qz , qx2 , qy2 , qz2 , qx qy , qy qz , qz qx ] , the optimal quadratic transform turns out to be
X
X
Ã = (
mi pi q̃iT )(
mi q̃i q̃iT )−1 = Ãpq Ãqq . (6)

X
X
A=(
mi pi qiT )(
mi qi qiT )−1 = Apq Aqq
i

i

(5)

i

i
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Here pi = xi − xcm and qi = x0i − x0cm . Müller et
al. [1] uses diagonalization by 5-10 Jacobi rotations
to find the polar decomposition of the covariance

Shape Matching Step

In order to attract the vertices of the deformed object
to the computed goal positions (g), i.e. apply the
2

shape matching, the velocities (v) and positions (p)
are updated according to the following scheme:
v(t + h)
p(t + h)

=
=

v(t) + αf αs (g(t)−p(t))
h
αs (g(t) − p(t))

•
•
•
•
•

(7)

where αf is a constant in the range [0,1] controlling
the ”flappyness” of the object, i.e. a large value would
allow a larger change in velocity and thus allow the
particle to overshoot and oscillate, while a lower value
would make the particle move slower towards the
goal position in a more stable manner. The constant
αs denotes the stiffness of the shape matching, in
the range [0,1]. Hence, velocities and positions are
updated twice during a simulation step. Once in the
physics step and once in the shape matching step.
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Stiffness αs
Flappyness αf
Deformation β
Elasticity 
Friction coefficient f

Some of the parameters can be connected to output from different variables in Maya. For example, if a gravity field is created, its direction and
magnitude can be set as input to the parameters
used in the deformation node. If a gravity field
gravityField1 as well as a shape match deformer
shapeMatchDeformer1 has been created, the gravity
can be connected by the mel commands:
// Connect g r a v i t y t o t h e d e f o r m e r
node
connectAttr −f gravityField1 .
direction shapeMatchDeformer1 .
GravityDirection ;
connectAttr −f gravityField1 .
magnitude shapeMatchDeformer1 .
GravityMagnitude ;

Maya Implementation

The plugin is implemented as a deformer node using Mayas C++ API. A deformer node gives the
developer the ability to set the positions of individual vertices of a mesh. A custom deformer node is
created by extending the class MPxDeformerNode.
MPxDeformerNode is a subclass of MPxNode and
can create all the connections needed to output new
positions of the vertices when applied to a mesh.
To create an instance of our deformer node
shapeMatchDeformer on a mesh, say pTorus1, the
following mel commands can be executed:

For the node to update when the timeline is
changed, the global time out is connected to the
node. The deformer node remembers the last time
step value so that the right amount of time steps can
be simulated when the time line is updated.
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Results

// Put a d e f o r m e r node on t h e t o r u s
select −r pTorus1 ;
deformer −type shapeMatchDeformer ;

Maya has its own particle systems which can be
influenced by adding forces to individual particles.
For more control, we use our own particle system simulation. The vertices positions are copied to particles
which are simulated individually.
The deformer node has several parameters which
control how the shape is deformed. The parameters
we use in the simulation are:

Figure 2: Our shape match deformer node applied
on a torus visualized in Mayas viewport. Notice the
quadratic deformations making the torus twist and
bend.

• Gravity magnitude
• Gravity direction

Our deformer node can simulate soft elastic bodies.
Figure 2 shows how a torus collidides with the ground

• Particle mass m
3
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plane and deforms accordingly. The parameters used
in this particular simulation are shown in figure 3.
These parameters can be changed in real time so that
the user can fine tune the properties of the deformed
bodies.
It is important to notice how the deformations are
quadratic and hence produces twisting and bending
of the mesh.
Figure 4 shows a rendering of a scene using our
deformer node applied to a gummy bear. We use
image based lighting and a semi transparent material
applied on the gummy bear. The scene is rendered
with Mental Ray.

Discussion and Future Work

The presented implementation of a Shape match deformer can be relevant for some specific situations
even though the algorithm is not physically motivated. It can effectively be used to simulate rigid
bodies and relatively soft bodies. However, even
though the algorithm as such is unconditionally stable, the implementation we present has difficulties to
simulate soft bodies of certain characteristics without
instability.
The properties of the deformable bodies such as
flappyness and deformation can cause instability if
they are set to too high. This happens when the
deformed points gets translated toward their goal
positions when the distance between them is too long.
Because of the long distance and the inaccuracies
in the two separated steps of the shape matching
(rotation and deformation), the high velocity causes
the matching to overshoot and thereby never make
it possible for particles to reach a steady state. This
is the reason we introduced the possibility to lower
the flappyness term.
The volume preservation done after the deformation step also causes instability if the mesh is deformed too much. This is due to the dividing of
the third root of the determinant of the linear deformation matrix (which is close to 0 if the mesh is
highly deformed). Volume preservation makes the
simulation more realistic but can in extreme cases
make the mesh explode.

Figure 3: The parameters affecting the physical properties of the deformed mesh can be edited from Mayas
user interface.

Another deficient property of our implementation
is that it does not handle object to object collision.
The only interaction the particles have with other
objects is the collision with the ground plane. The
contact between the deformable body and the plane
is crudely handled by checking if the particles y-value
is below the set y-value of the plane and then update
the forces accordingly.
Since Maya does not handle mesh-particle collisions, the interaction with other objects needs to be
handled on a mesh level. Maya’s MfnMesh wrapper
would make it possible to handle collisions between
meshes and then fetch the individual vertices that
intersect the other meshes.

Figure 4: Our shape match deformer node attached
to a teddy bear model, rendered as a gummy bear in
Maya.
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Conclusion

Our deformer is able to produce both rigid body and
soft body dynamics. By enabling the user to interactively handle parameters that affects the physics of
the deformed shape, the plugin is very intuitive to
use. The shape matching allows for quadratic deformations and rotations but is not physically grounded.
However, the animations produced conveys the illusion of realistic deformations or rigid body dynamics
depending on how the parameters are set.
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