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Physically Based Character 
Animation

Alla Safonova

alla@cis.upenn.edu
www.cis.upenn.edu/~alla/courses/fall2007/
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• Ph.D. from Carnegie Mellon University (September 2006)
• Postdoc at CMU for one year
• Joined UPenn recently

Creating automatic and semi-automatic techniques 
for animation of human characters, cartoon characters and animals

Completely Completely automatic tools for naive users
Sketch of the path Synthesized motion

sketch of the path

constraint

Simulation / Controller based approach (with Adam and Jessica from CMU)

Safonova and Hodgins, Siggraph 07

Make character animation accessible to naive users
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Make character animation accessible to naive users

Allow children to tell stories
http://www.magickeys.com/books/ Firefighters training environment, ETC, CMU

Create effective training scenarios

Allow game players to create 
rich set of motions

Designing semi-automatic tools 
for professional animators

Toy Story The Incredibles

Interpolated Motion Graphs based approach

Non-human characters

Jessica, Mo, Laurel (CMU)
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Administrative Stuff

Seminar style course 
Read and discuss papers: fundamental and recent

Automatic synthesis of motion for human characters 

Paper presentation/discussion
Class project

• project proposal (due in approximately 3.5 weeks)
schedule a meeting with me to discuss potential projects

• mid-semester short report / presentations
• final report / presentation
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Rough Schedule

First 3 classes:
• Intro to continuous constrained optimization approaches
• Intro to simulation approaches
• Intro to data driven approaches

Read papers from these areas

Sketch of the path Synthesized motion

User provides the sketch
We synthesize a physically valid motion to match the sketch

What is the problem we want to solve?

sketch of the path

constraint

Offline: full motion specification is known 
Continuous constrained optimization
Discrete optimization (data driven) 
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Input from the joystick
We synthesize a motion to match this input

What is the problem we want to solve?

Online: full motion specification is NOT known 
Simulation / Controllers
Data driven approaches 

• Continuous constrained optimization approaches
• Simulation approaches
• Data driven approaches

Luxo Lamp (Spacetime Constraints, Witkin and Kass, SIGGRAPH 88)

Continuous constrained optimizationContinuous constrained optimization
((SpacetimeSpacetime optimization or Trajectory Optimization)optimization or Trajectory Optimization)

Luxo Lamp (Spacetime Constraints, Witkin and Kass, SIGGRAPH 88)

Continuous constrained optimizationContinuous constrained optimization
((SpacetimeSpacetime optimization or Trajectory Optimization)optimization or Trajectory Optimization)

(Px, Py) root position

Q0

Q1

Q2

Q3

6n   unknowns6n   unknowns

unknowns:unknowns:
Px at time t1 … tn
Py at time t1 … tn
Q0 at time t1 … tn
Q1 at time t1 … tn
Q2 at time t1 … tn
Q3 at time t1 … tn
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Unknowns: poses of the character over time

time

Minimize: ???
Constraints: ???

Search space is very large

50 degrees of freedom

50 x n unknowns

Continuous constrained optimizationContinuous constrained optimization Continuous constrained optimizationContinuous constrained optimization

Works well:
for simple characters
when physics is simplified 
when good initial guess is provided
for short single behavior motions

Liu and Popovi, , 02 Fang and Pollard, 03 Anderson and Pandy, 99 Gleicher, 97

Popovi, and Witkin, 99 Sulejmanpasic and Popovi, 04 Lee and Shin, 99 Safonova, Pollard, Hodgins, 04

Continuous constrained optimizationContinuous constrained optimization

Start / End poses + Flight / Stance phases Synthesized motion

Safonova, Pollard, Hodgins, Siggraph 04

Continuous constrained optimizationContinuous constrained optimization

Sulejmanpasic and Popovi, 04

Movie
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• Intro
Spacetime constraints, Andrew Witkin and Michael Kass, SIG 1988

• Optimization Methods
Practical intro to optimization

• Articulated body dynamics (forward and inverse dynamics)
Robot Dynamics: Equations and Algorithms, Featherstone and Orin

• Trajectory Optimization in Biomechanics
Optimization of jumps and walks (Pandy and Anderson work)

• Making Spacetime Optimization Tractable for high DOF characters
Simplifying physics or no physics
Using good initial guess
Using motion capture data

• Physics based character animation in games

Continuous constrained optimizationContinuous constrained optimization Simulation / ControllersSimulation / Controllers

Animation of dynamic legged 
locomotion., SIGGRAPH `91
Raibert, M. H., Hodgins, J.

Animating human athletes
SIGGRAPH'95
Hodgins, J. et. al.

Simulation / ControllersSimulation / Controllers

Animation of dynamic legged locomotion SIGGRAPH `91
Raibert, M. H., Hodgins, J.

Simulation / ControllersSimulation / Controllers

Animation of dynamic legged locomotion SIGGRAPH `91
Raibert, M. H., Hodgins, J.
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Simulation / ControllersSimulation / Controllers

Animating human athletes
Hodgins, J. et. al.

Simulation / ControllersSimulation / Controllers
http://www.cs.ubc.ca/~scoros/JSimbicon/Simbicon.html

Movie

Movie

Movie

Movie

Multiobjective Control with Frictional Contacts
Yeuhi Abe, Marco da Silva, Jovan Popovi,
SCA 2007

SIMBICON: Simple Biped Locomotion Control
Kangkang Yin, Kevin Loken, Michiel van de Panne
Siggraph 2007

Simulating Biped Behaviors From Human Motion Data
Kwang Won Sok, Manmyung Kim, Jehee Lee
Siggraph 2007

Dynamic Response for Motion Capture Animation
Zordan, V. B., Majkowska, A., Chiu, B., Fast, M.
Siggraph 2005

Simulation / ControllersSimulation / Controllers

• Hand designed controllers for hopping, running and other 
athletic behaviors

• Combining motion capture and simulation

• Recent papers on controllers and simulation from SIGGRAPH / SCA

motion capture interpolated motion

Analyzing the Physical Correctness of Interpolated Human Motion Analyzing the Physical Correctness of Interpolated Human Motion 
SafonovaSafonova & & HodginsHodgins, Symposium on Computer Animation 2005, Symposium on Computer Animation 2005

Resulting motion is natural

Sequences must be aligned and of a single behavior

Proved: close to physically correct in many cases

Data Driven Approaches: InterpolationData Driven Approaches: Interpolation
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Jehee Lee  et al. SIGGRAPH 2002

A1 A2 A3 A4 A5 A6 A7A0

B1 B2 B3 B5 B6 B7B0 B4

WALK 1

WALK 2

Create long, multi-behavior motions 

Captures natural transitions

Cannot synthesize variations

Data Driven Approaches: Motion GraphsData Driven Approaches: Motion Graphs

Novel motions

Long, multi-behavior motions

…

…

…

…

Data Driven Approaches: Interpolated Motion GraphsData Driven Approaches: Interpolated Motion Graphs
Safonova and Hodgins, Siggraph 07

Unknowns: poses of the character over time

time

Minimize: ???
Constraints: ???

50 degrees of freedom

Discrete optimizationDiscrete optimization

Sketch of the path Synthesized motion

sketch of the path

constraint

Examples of motions Examples of motions –– obstacle courseobstacle course
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Examples of motions Examples of motions –– jumping across stonesjumping across stones Examples of motions Examples of motions –– recent papersrecent papers

Movie

Near-optimal Character Animation with Continuous Control
Treuille, Lee, Popovi´c
Siggraph 2007

Movie

Motion Synthesis from Annotations
Okan Arikan, David A. Forsyth, James O'Brien 

Data Driven ApproachesData Driven Approaches

• Interpolation based approaches and their analysis

• Motion graph based approaches

• Combining motion graph and interpolation 

• Discrete optimization approaches

• Recent papers from SIGGRAPH / SCA

Outline

• Introduce myself 
• Administrative stuff
• Course overview
• Introductions


