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1 Summary

Physics based simulations are frequently used to model the behavior of deformable objects in 3D anima-
tions. Whether the goal is achieving physically realistic or artistically styled behavior, a number of pa-
rameters must be tuned for each model. Parameter determination can be unintuitive, especially in more
complicated models, so an automated procedure is desired.

2 Background

The general problem can be formulated as follows:

Given target data 2" and a parametric constitutive model, determine the set of material and
other environmental parameters A which best fit the simulated data z(\) to z*.

It can be applied to a wide range of applications from determining material properties of biological tissues
to creating realistic objects for interactive virtual environments, so many constitutive models, target data
types, and solution techniques have been explored depending on the focus of the application. Biomedical
models typically focus on local properties of tissue samples [5, 4, 2]. The constitutive models can be com-
plex, (non-linear, anisotropic, viscoelastic); however, they are only interested local behavior, so simplifying
assumptions such as axial symmetry and homogeneity are frequently invoked. On the other side, a num-
ber of computer graphics applications are interested in large heterogeneous objects [6, 3]. However, fast
computations are often desired, so the constitutive models are usually linear.

In many cases, the best fit parameters are computed via a gradient method (such as Gauss-Newton) [7, 5, 4];
however, due to the ill-posedness of many inverse problems, gradient methods are frequently unable to find
global minima without further reformulation and other special considerations. As such, other more global
methods such as particle filtering [1] and response surfaces [2] have been used.

3 Relevance to animation

In the animated film and visual effects industries, character deformation is typically accomplished using
procedural character “rigs.” These map a set of animation controls to a geometric surface deformation rep-
resenting a character. The strength of character rigs is their frame independence and procedural nature,
making them easy to evaluate and change (no simulation is required). Unfortunately, they have difficulty
deforming the character to adhere to environmental constraints (e.g. contact and collision with other ob-
jects) and lack inertial effects (jiggling or motion follow through). Finite element methods for driving de-
formation can capture the missing effects but are difficult to control and more computationally expensive,
preventing their widespread use in character work.

A robust parameter estimation framework will ease the difficulties with finite elements. In particular, it will
allow a user to create a character design (in the form of a rig) and find a parameterized constitutive model



that can match the rig while at the same time be able to work in much more general situations. Obviously,
such a constitutive model would have different and many more controls than most standard constitutive
models to be able to match an input rig. Nevertheless, this would not only remove the burden of choosing
parameters for the finite element model but also allow the more computationally expensive model to be
used only where it is needed, because the two models will match in simpler cases.

4 Project Objectives

We will be using PhysBAM, a physics-based simulation C++ library, for this project. Deformable object
simulation with a number of constitutive models is already supported, so our goal will be to develop an
algorithm which will fit this simulation output to target data. As the difficulty of the problem depends on
the complexity of the chosen constitutive model, a tiered approach where the problem is solved for models
of increasing complexity is suggested. A precendent for parameter estimation via Gauss-Newton and sim-
ilar minimization techniques exists in PhysBAM [7], so this would be the simplest method to implement
first.

4.1 Target data and Constitutive Model Selection

Our target data will be 3D animated objects. Although we would like to develop a system which will work
for a wide range of animated objects, an initial goal will be homogeneous quasistatic linear elastic materials.
The addition of non-linearity or heterogeneity would be a useful second step. Nearly incompressible mate-
rials (e.g. those with a high water content) are of interest, and special handling of stiff “volume-preserving”
terms may be needed. Additionally, nearly all inverse constitutive model problems assume a quasistatic
model (i.e. the inertial forces are negligible). While this simplifies the model, there are many jiggly objects
in animation which cannot be accurately handled with a quasistatic assumption.

4.2 Parameter Estimation

The Gauss-Newton method applied to this problem can be defined as follows. For a given constitutive
model, let A be a vector of the unknown material parameters and () be the spatial configuration of the
simulated body. Additionally, define 2 as the target spatial configuration. Then we can determine the set
of parameters which optimally approximate this configuration as the solution to the minimization prob-
lem

Aopt = argmin E()\), where E(\) = [|Jz()\) — 2|2
A quadratic approximation to £ would then be
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which suggests an iterative optimization scheme A;+1 = Ap + dA, where dA is the least squares solution to

the linear system
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Since the function z()\) is usually not known, further assumptions and work must be done to determine

a‘g&’\) . This approach applied to a similar problem can be found in [7].




5 Project Deliverables

1. Software (PhysBAM code)
2. Experimental results (videos)
3. A written report outlining methods used and results

4. A presentation
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