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How Do Humans Manipulate Complex Objects?
• Dynamically complex objects: non-rigid, underactuated, 

nonlinear, chaotic dynamics
• Long delays imply heavy reliance on predictive (feedforward) 

control based on an internal model
• But complex internal models seem unlikely

Overall Hypothesis: 
Humans simplify control of physical interactions by using dynamic 
primitives: submovements, oscillations, mechanical impedance [1].

Experiment 1

Conceptual Model

Visual Interface

Mechanical Model

Display

Instructions: Move the cup 
from the start box to the 
target box with no residual 
oscillations of the ball. Do not 
lose the ball. Avoid moving 
very slowly. 
Protocol: 4 blocks with 50 
trials each.
Feedback: Ball angle upon 
entering the target.

Control via Input Shaping
An impulse-based control strategy that eliminates residual vibrations 
in the system [2]. 

Hypothesis: 
Humans use 
submovements using 
Input Shaping 
strategy to complete 
the task.

Alternative Models
Optimization-based models:
• Minimum crackle of the object [3]
• Dynamically-constrained minimum jerk of the hand [4]
Predictions:

Minimum-crackle Minimum-jerk Input Shaping
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Model Predictions and Experimental Results
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Submovements
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Experiment 2
Instructions: As Experiment 1 but additional time constraint 
provided by a metronome. 
Protocol: 4 blocks, 50 trials each. In the first 2 blocks subjects 
trained the time constraint and residual angles separately. 
Feedback: Maximum ball angle after reaching target and 
success/failure in meeting the time constraint.   
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Experimental Results
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Asymmetric velocity peaks 
⇒ human control  model 
may include coupled hand 
impedance.
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Summary and Conclusions
• Input Shaping with submovements is as good as 

optimization strategies, with less computational cost.
• Humans exploit hand impedance to negotiate interactive 

dynamics.
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