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Why Baseball?

● Classic (& Favorite) Sport

● Interesting Manipulation Tasks
○ Pitching
○ Batting

● Limited literature on nonprehensile manipulation for dynamic aerial objects
○ Nonprehensile = when an object is not in grasp for entirely of the task



Simulation Setup
● Models from Drake 

and TurboSquid



System Design

Grasp Pitch HIT!



Pitching

Picking Throwing

https://docs.google.com/file/d/1VGv-ZyjjKHDjUBgKdk8-6I8UYucoXLnz/preview
https://docs.google.com/file/d/1EI01wovsregOoaxt948Hpgi-PJQLtBjA/preview


Batting

Hitting

Example of a 
bunt

https://docs.google.com/file/d/11GDk25agi7bXTvDAmmq8x7eRPg2ch3jV/preview


Trajectory Optimization
Inverse Kinematics:

Kinematic Trajectory Optimization:

Position 
Constraints

Velocity 
Constraints



Results

*As of this morning, Hit/Strike rate (up to 4m) is now 100% 



Limitations
● Use of privileged information

○ Awareness of pitch trajectory

○ Implement perception algorithm

● Physics Modeling



Future Work 
● Visual pose estimation

● Explore dynamics of friction

● Test trajectory optimization framework for other tasks



Thank You!


