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ABSTRACT

Physically-based character animation frees artists from tedious keyframing work by producing biomechanically
accurate motion that fits constraints set by artists and programmers. In current realtime applications, physically-
based character animation is typically “passive” - the character itself has no goals and only responds to external
forces. Previous papers have succeeded in “active” approaches where the character satisfies constraints set by the
programmer. Most previous approaches, however, do not handle complex scenarios, such as a scene with two in-
teracting characters. The goal of this project is to implement Witkin and Kass’ paper on an optimization approach
to physically-based character animation, and then to extend it to support an interactive demo featuring a complex,
dynamic scene. Results will be evaluated based on the robustness of the demo, and possible comparison with video
footage and/or motion capture data of humans.

Project Blog: http://na-sr-design.blogspot.com/
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1. INTRODUCTION

For years, researchers have been able to animate characters
with a physics-based approach. Furthermore, giving such
characters high-level goals and constraints is considered a
solved problem. However, satisfying constraints more so-
phisticated than retaining balance is difficult. Doing this in
real-time while in a complex, dynamic environment (for
instance, a scene with two interacting characters) remains
an open problem.

Simulating multiple, interacting characters via a physics-
based approach is highly desirable in the graphics commu-
nity for two main reasons. First, if such an approach is
robust enough, it frees content creators from relying on
large amounts of motion-captured data and pre-scripted
actions, since biomechanically-accurate motion is produced
procedurally. Second, it enables a greater degree of interac-
tivity in applications like games — given a complex scene
and some user input, it may be possible in the future for
animations to appear different every time the user plays the
game.

This problem will be tackled by implementing “Spacetime
Constraints” [WK88] as a plugin to a game engine. Once
the implementation works in real time, a demo involving
either multiple characters and/or a complex scene will be
identified. This demo will then be implemented using a
trial-and-error process.

This project makes the following contributions to physical-
ly-based character animation:

e Exploration of what constraints are necessary for
multiple, interacting characters.

e  Exploration of how these constraints should be
changed dynamically.

e  Exploration of similar constraints if characters
are placed in other complex scenes, should this
direction be pursued in addition to / instead of
multiple interacting characters.

e Animplementation that will most likely work as
a plugin to the Unity game engine. Hence, there
will be a tool that game developers and research-
ers could easily integrate into their own projects.

1.1 Design Goals

The target audience for this project is the research com-
munity, as well as the games industry. Academics benefit
from research in a specific area that is yet to be widely
explored. Game developers would benefit from having a
tool that works with a popular game engine, since most
game engines do not animate characters with the approach
proposed in this project. Even without a novel research
component, this would be useful since physically-based
character animation in most games is limited to ragdolls.

Since this is a real-time project, its application to the an-
imation industry is less obvious. Nonetheless, there has
been interest in procedural techniques for crowd simulation
and for making content creation less labor-intensive, so this
project may have an application to movies.

1.2 Projects Proposed Features and Functionality

The project can be summarized with the following list of
features:

- Realtime implementation of an animation system
like the one on described in “Spacetime constraints”
[WK88]

- An interactive demo that will use the aforemen-
tioned realtime implementation

- Characters in the demo must have sophisticated
goals (more than just staying balanced or moving).

- There must be either two interacting characters in
the demo, or the demo must present a dynamic envi-
ronment that that facilitates sophisticated goals for
the character.

2. RELATED WORK

In the seminal paper “Spacetime Constraints” [WK88],
Witkin and Kass reproduce the “Luxo, Jr.” jJumping anima-
tion by modeling the lamp as a series of rigid bodies, set-
ting constraints such as start point, end point, and hurdles,
and running an optimization that minimizes power used.
Such a method provides a way to achieve physically-based
character animation with constraints that can be easily set
and understood [SHP04].

Performing a space-time optimization over the human
range of motion is an extremely difficult problem. Because
of this, physical models of humans that work in a lower
state space have been developed. Optimization in lower
state spaces has been shown to be tractable [MdLH10],
[SHPO4].

An alternative to optimization that is less computational-
ly intensive is a controller-based approach, such as the one
used by Raibert and Hodgins to animate hopping charac-
ters. Forces and torques at joints are adjusted instantane-
ously to keep a character balanced and moving in a particu-
lar direction [RH91]. This technique has been extended to
animate human walking in realtime [YLdPO7].

Physically-based animation can be combined with mo-
tion-capture data in order to allow the user to interact with
virtual objects [NWB10] or to allow a user to direct an
onscreen character via a device like the Kinect [LZ11].

Simulation of two interacting characters has been done
in the context of a fighting game — the characters can
switch from motion-captured animations to a physically-
based model in order to simulate a character struggling to
maintain balance [LCC*07].

Physically-based character animation has been used to
animate characters in interacting with a simple environ-
ment, such as with frictional forces exerted by rigid bodies,
with the help of some user input. For instance, Kim and
Pollard animate a starfish that lifts an obstacle out of the
way (given some simple user input) [KP11]. This is done
in real time. In contrast, Kwatra, Wojtan, et al. perform and
offline simulation of character physics within a very com-
plex environment — a fluid simulation [KWC*10].

© SIG Center for Computer Graphics 2010.



N. I. Badler & A.Normoyle - CIS 496/EAS499

There has been much research on making characters in-
teract with themselves (e.g. to walk and keep balance), or
research on applying physically-based methods to user
control of characters. Relatively little research has been
done on giving characters more sophisticated goals, such as
interacting with each other in a situation like a swordfight
or a stunt. The same applies for very complex, dynamic
environments. Doing this interactively and in realtime is
also a challenge that relatively few have attempted.

3. PROJECT PROPOSAL

3.1 Anticipated Approach

An implementation of “Spacetime Constraints” by An-
drew Witkin and Michael Kass, will be written. The im-
plementation will use the AMPL optimization solver (by
Alla Safonova).

Then, in order to simulate human motion, the optimiza-
tion may have to be reduced to a lower state space
[MLHO01], [SHPO4], or combined with motion-captured
data [NWB*10].

A demo scene conducive to experimentation with multi-
ple characters / a complex environment will be chosen.
This demo must be interactive, so it must at the very least
have parameters that can be adjusted. Ideas for such a
demo are a swordfight, two characters dribbling a ball, an
acrobatic stunt, and game characters that respond to being
shot and having limbs damaged.

Finally, characters will be given high-level constraints
with respect to each other that the optimization will fulfill.
These constraints must be adjusted dynamically with an
algorithm that must be designed and implemented. This
will be done within the context of one specific demo or test
case. Experimentation and comparison to motion capture or
video of humans will be required. The demo will probably
be iterated upon several times before a satisfactory result is
obtained.

3.2 Target Platforms

Unity will most likely be used as the game engine. The
AMPL optimization solver will be used. The system will
probably be written in C/C++, then bound to C# to work
with Unity. This project is intended to run on a modern x86
PC.

3.3 Evaluation Criteria

A robust interactive demo in itself would distinguish this
project from previous work.

The demo can be evaluated using two criteria. The first
is framerate, which is easy to measure. The second is ro-
bustness - to what extent can parameters be adjusted inter-
actively before the system breaks or becomes unstable?
How many edge cases are there, and what are they? How
much can the user “play” with the demo, and in what ways,
before something breaks?

In addition, simulated human motion can be compared
against video or motion capture data of real humans doing
a similar task. Motion capture may make for a particularly
direct comparison, since animation from either motion
capture or this project could be used to animate the same
skeleton.

4. RESEARCH TIMELINE

Short Term (Short term schedule suggested by Aline):

e Week 0 (9/18/2012): Read the “Spacetime Con-
straints” paper.

e  Week 1: A moving particle in 2D
e Week 2: A worm (2-link chain) in 2D
e  Week 3,4: Lamp in 2D
e Week5, 6: Lampin 3D
Project Milestone Report (Alpha Version)
o Animation of lamp jumping in 2D.

« Specifications written for the interactive demo, including
what the demo scene is, what the user can interact with,
and high-level software architecture of the demo (i.e.
how the optimization will be tweaked).

Project Milestone Report (Beta Version)

o Animation of a human. Should support locomotion and
reaching in some capacity. l.e. should be able to walk to
part of a room, reach for an object, and touch it.

December 1 thru Beginning of Spring Semester

e The character should try to balance or otherwise respond
to perturbations, i.e. like an external force applied on the
character. Some work on this will be conducted over
winter break.

Spring Semester

e The spring semester should be spent implementing the
demo. Since the demo is not clearly defined yet, the
schedule is more nebulous. A rough goal is 3 weeks for
the alpha version, a month for the beta, and another
month to finish up the final version. While working on
the beta, real-world data will be collected to compare to
the simulation. This data will be used as a reference all
the way until the end.

Project Final Deliverables

o Interactive demo complete. The user should be able to
tweak several parameters without breaking the system.
The system should run at a “playable” framerate.

o Documentation, especially on how someone else could
plug the animation system into their own Unity project.

e Report on how robust the demo is, what the parameters
are and how far they can be tweaked.

o Comparison of demo with video, motion capture, or
some sort of “ground truth” data.

© SIG Center for Computer Graphics 2012
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Project Future Tasks

o Refactor of the code in the demo and in the animation
system in order to make it a framework that has a clean
interface for use with other applications.

o Create two more demos in order to determine if the ap-
proach taken with this project is robust enough to serve
as a framework, rather than a simulation of one specific
scene. If not, determine why, setting the scene for a fu-
ture research project.

GANT Chart — see last page
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Figure 1: Gant Chart. Rough graph-
ical approximation of the project plan.
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