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Man from Wikimedia Commons, Author: Btoteva 3
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Turtle from Wikimedia Commons, Author: Lilyu
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Control Theory
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Decentralized Optimal Control
and the Motor System
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Optimal Feedback Control
in the Motor System

• 1990s: LQR gains for disturbance rejection

• Early 2000s: Optimal Trajectory Planning

• Early/Mid 2000s: Optimal Feedback Control

• Recent: Brain Regions for Controllers

• Recent: Sophisticated Cost Functions

• Recent: Hierarchical Control

• Not Well Studied: Distributed Processing 
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10Hand: MTchemik; Neuron: Notjim; Brain: Pendethan, Wikimedia Commons  
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Decentralized Optimal Control

• 1960s: Optimal Controller May Be Nonlinear

• 1970s: Sufficient Conditions for Linearity

• Early/Mid 2000s: Convex Parameterizations

• Recent: Convex Optimization

• Recent: Explicit Controller Structures 

12



13

Witsenhausen’s Counterexample (1968)
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Wikimedia Commons
Author: Kyle Flood

Babies Are Partially Nested
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Simple Decentralized Control Problem
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Steady State Dynamic Programming
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The Delay Controller
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The Decentralized Controller
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State Decomposition
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Control Structure Theorem
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Augmented State Dynamics
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Cost Decoupling
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Augmented Dynamic Programming
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Cost Comparisons
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Review of Method
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Relations to the 
Motor System?
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•Hierarchy of feedback loops

• Information used as soon as 
possible 
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What Next?

• Output Feedback

• Risk-Sensitive Control

• Biologically Motivated Cost Functions

• Strengthen Connection to Biology
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