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Physics-based Animation
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Under actuated
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Walking
• Described temporally in terms of stride 

duration and its two components per leg, 
swing time and stance time
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Walking
• Described temporally in terms of stride 

duration and its two components per leg, 
swing time and stance time, and spatially in 
terms of foot placement locations
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Foot Placement Control
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Towards Increasingly Complex Motor Skills



Trot

Canter

RR

FR

FL

RL

RR

FR

FL

RL

Quadrupedal Gaits





T

df

h(t)

F

Controller Parameterization
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After Learning











Physics simulation and sampling
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https://mediatech.aalto.fi/publications/graphics/OnlineSMC/



Physics simulation and sampling
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https://mediatech.aalto.fi/publications/graphics/C-PBP/



Physics simulation and sampling
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https://github.com/deepmind/mujoco_mpc



Improving the biomechanical model
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Learning new skills
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Learning new skills
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Learning new skills

Yao, Heyuan, Zhenhua Song, Baoquan Chen, and Libin Liu. "ControlVAE: Model-Based Learning of 
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What is a VAE?

Yao, Heyuan, Zhenhua Song, Baoquan Chen, and Libin Liu. "ControlVAE: Model-Based Learning of 
Generative Controllers for Physics-Based Characters." ACM Transactions on Graphics (TOG) 41, no. 6 (2022): 
1-16.
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VAE without simulation

Ling, Hung Yu, Fabio Zinno, George Cheng, and Michiel Van De Panne. "Character controllers using motion 
vaes." ACM Transactions on Graphics (TOG) 39, no. 4 (2020): 40-1.



48

VAE without simulation

Ling, Hung Yu, Fabio Zinno, George Cheng, and Michiel Van De Panne. "Character controllers using motion 
vaes." ACM Transactions on Graphics (TOG) 39, no. 4 (2020): 40-1.
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Creating variation from limited motion

Li, Peizhuo, Kfir Aberman, Zihan Zhang, Rana Hanocka, and Olga Sorkine-Hornung. "Ganimator: 
Neural motion synthesis from a single sequence." ACM Transactions on Graphics (TOG) 41, no. 4 
(2022): 1-12.
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What about performance?

Curtis, Cassidy, Sigurdur Orn Adalgeirsson, Horia Stefan Ciurdar, Peter McDermott, J. D. Velásquez, W. 
Bradley Knox, Alonso Martinez et al. "Toward Believable Acting for Autonomous Animated Characters." In 
Proceedings of the 15th ACM SIGGRAPH Conference on Motion, Interaction and Games, pp. 1-15. 2022.


