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Authors

• The paper is from MIT, specifically,
• Leslie P Kaelbling: 
• focuses on research about data-driven method for planning. 
• Founded Journal of Machine learning Research

• Joshua B Tenenbaum: 
• focuses on filling in the gap between human cognition and AI



Uncertainties?

• Difference between simulators predictions and real-world 
observations



Goal 

• Fill in this gap between physical simulation and real world 
observations.



Related Work

• Models for planar pushing:
• Ellipsoidal Limit Surfaces [Lynch et al.]



Related Work

• Learning Contact Dynamics
• Neural network for one-step prediction [Kloss et al.]

• Flaws: only sufficient for the planar pushing case. 
• One-step estimation doesn’t work well for long trajectories

• Uncertainty modeling
• Model using mixture of Gaussians, giving multi-modality, make it possible to 

capture it. [Bauza and Rodriguez]



Problems of previous work

• Physical model: 
• work in nominal cases, yet cannot deal with contact well.

• Existing Data-driven method: 
• not very efficient and very domain-specific



Contribution

• Combine the physical model and data-driven method:
• Propose Data-Augmented Residual Models
• use physical simulation and then use a Learns the difference between  

simulation and real world data



Techniques

• Physics Engine: Ellipsoidal limit surface
• Compute motion cone 
• Inside: sticking
• Outside: sliding



Techniques

• Recurrent data-augmented residual model
• Based on previous model called VRNN.(it cannot condition on additional 

inputs eg. Pushforces)
• Make it conditional, namely Conditional VRNNs.



Formulations





Experiments



Results – bouncing ball



Results- bouncing ball



Experiment with different materials



Results – planar pushing 



Discussions

• Is the model general enough?
• How can it be adapted to scenarios that is not planar pushing?


