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Human can throw different objects in various 
ways, adaptive to unstructured  environments. 
Can we design reliable and efficient algorithms 
for robots to do so?

Challenges

Real Throwing Experiments

System Architecture

Velocity Hedgehog – Dictionary of Diverse Throwing Configurations [2]

Tube Acceleration - Robust Release Motion 
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Offline: build throwing dictionary

• Keys: 100k pairs of (end-effector position, throwing 
direction)

• Value of each key: 

• maximum feasible Cartesian velocity 𝑣𝑚𝑎𝑥 

• the joint configuration enabling 𝑣𝑚𝑎𝑥
• Extracted from 1 million joint configurations (7 hours)

 
Online: search over 100k entries

• 20 ms running time

• Thousands of qualitatively different solutions

Idea: design robot motion to traverse the family of valid throwing configurations during gripper 
opening (100 ms)

Insight: object flying flowmap: initial state → landing position is quasi-linear (bounded Hessian)

• Constant joint acceleration – tube acceleration during release window can drive the robot stay 
in valid throwing configurations

• Tube acceleration can be found via convex optimization within 20 ms and with bounded error

Dexterous throwing - nonconvex feasible set
• Complex geometry of the 7-DoF robot
• Restrictive dynamic limits

Release uncertainty – intricate contact mechanics
• Objects differ in friction and deformation
• Same throwing motion could lead to different 

landing outcomes
• End-to-end learning is not scalable to diverse 

configurations

End-to-end learning for planar throwing [1] 
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Thrown objects

Population of landing positions

Statistics of landing errors

• Dexterous throwing configurations can be 
found quickly via Velocity Hedgehog

• Release uncertainty can be suppressed by 
robust throwing motion design

• Fast and reliable algorithms enable adaptive 
robot throwing 
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