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Why adaptive control?

+ Systems to be controlled have parameter
uncertainty

+ System dynamics experience unpredictable
parameter variations as the control operation
goes on
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Why adaptive control?

Systems to be controlled have
parameter uncertainty NERVOUS SYSTEM
System dynamics experience
unpredictable parameter variations
as the control operation goes on
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What is adaptive control?

+ Definition
— A form of control in which the control parameters are
automatically adjusted as conditions change so as to
optimize performance [cited from Oxford English
Dictionary]

What is adaptive control?

Definition

« Difference between adaptive control and
ordinary feedback control

Reference
signal Controllerl—’l Plant |——> Output
Control

signal
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Approaches to adaptive control

» Gain scheduling
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Approaches to adaptive control

+ Gain scheduling
— Advantages of gain scheduling
» Parameters can be changed quickly in response to
changes in the plant dynamics. It is convenient
especially if the plant dynamics depend in a well-known
fashion on a relatively few easily measurable variables

Approaches to adaptive control

» Gain scheduling

— Advantages of gain scheduling

— Disadvantages of gain scheduling
« ltis an open-loop adaptation scheme, with no real
“learning” or intelligence
» The extent of design required for its implementation
can be enormous (example: flight control system of
CH-47 helicopter)
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+ Gain scheduling
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Approaches to adaptive control
Gain scheduling

+ Model reference adaptive control
— Series high-gain scheme
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Approaches to adaptive control

Gain scheduling
» Model reference adaptive control
— Series high-gain scheme
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Questions: What is the transfer function between y,,
and y,? Why use high gain k?

Approaches to adaptive control

Gain scheduling
» Model reference adaptive control
— Series high-gain scheme
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Using high-gain and a plant model to implement
an inverse model of the plant

Approaches to adaptive control

Gain scheduling
+ Model reference adaptive control
— Series high-gain scheme

» Advantages: intuitive and simple—only one parameter
is updated




Approaches to adaptive control

Gain scheduling

» Model reference adaptive control
— Series high-gain scheme

+ Advantages

« Disadvantages:

(1) Oscillations are constantly present in the system

(2) Noise in the frequency band of the limit cycle detector
causes the gain to decrease well below the critical value

(3) Reference inputs may cause saturation due to the high-gain

(4) Saturation may mask limit cycle oscillations, allowing the
gain to increase above the critical value, and leading to
instability

Approaches to adaptive control

Gain scheduling

» Model reference adaptive control
— Series high-gain scheme
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Approaches to adaptive control

Gain scheduling
» Model reference adaptive control
— Series high-gain scheme

— Parallel scheme
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Approaches to adaptive control

Gain scheduling
* Model reference adaptive
control pwoncs

— Series high-gain scheme

— Parallel scheme

» Two loops: (1) an inner or
regulator loop that is an ordinary
control loop consisting of the
plant and regulator, and (2) an
outer or adaptation loop that
adjusts the parameters of the
regulator in such a way as to
drive the error between the
model output and plant output to
zero

ouTER LoOP
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Approaches to adaptive control

Gain scheduling
» Model reference adaptive
control e
Series high-gain scheme ’

— Parallel scheme

« Too loops
« Adjustment mechanism: driving
the output error €= y,— y,, to
zero
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Approaches to adaptive control

Gain scheduling
Model reference adaptive control
+ Self tuning regulation
— Certainty equivalence principle
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Approaches to adaptive control

+ Gain scheduling
+ Model reference adaptive control

+ Self tuning regulation

— Certainty equivalence principle
— Two loops

« Inner loop consisting of a
conventional controller, —
but with varying Fuametns 8
parameters

Outer loop consisting of
an identifier and design
box which adjust these
controller parameters
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Approaches to adaptive control

+  Gain scheduling
* Model reference adaptive control

+ Self tuning regulation

Certainty equivalence principle
Two loops

— Direct and indirect adaptive control

Reference
Input

CONTROLLER
netaronce
inpu

Plant
PLANT Outpu
%

INNER LOOP

Error
Gontroller
Parameter &
dentilor
Parameter
™
Parameter
OUTER LOOP 26

Approaches to adaptive s

control ' =

+ Gain scheduling
* Model reference adaptive control
Self tuning regulation Refernce

» Reinforcement learning
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Approaches to adaptive
control

Gain scheduling
Model reference adaptive control Command signal T Output
Self tuning regulation

» Reinforcement learning
— What are critic and reinforcement signal?

« Critic generates evaluative learning feedback on the
basis of observing the control signals and their
consequences on behavior of the plant

« Critic produces reinforcement signal (“reward” or
“punishment”) that provides a measure of the

“goodness” of the behavior or simply an indication of
success or failure
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Approaches to adaptive

control —
Renforcement
signal
Gain scheduling
Model reference adaptive control Command signal [T Ovput

Self tuning regulation
» Reinforcement learning
What are critic and reinforcement signal?
— Differences between reinforcement learning and
other adaptive control approaches
« Critic does not directly tell the controller what it
should have done (critic is not a “teacher”)
« Learning from trial-and-error

« Reinforcement learning may create surprises and
real intelligence!
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Learning to walk up slope
http://www.nld.ds.mpg.de/~poramate/Runbot.html
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Approaches to adaptive
control

Gain scheduling

Model reference adaptive control
Self tuning regulation

Reinforcement learning

— What are critic and reinforcement signal?

Command signal

— Differences between reinforcement learning and other adaptive control approaches
— Credit assignment problems
« Spacial credit assignment problem

— How is credit assigned to the internal working of a complex
structure?

— Hypothesis: Dopamine mediates synaptic enhancement in

the corticostriatal pathway in the manner of a broadcast
reinforcement signal

- Output

Approaches to adaptive

— =
control Rentorcqrer
signal
Gain scheduling
* Model reference adaptive control

Command signal

Self tuning regulation

Reinforcement learning

— What are critic and reinforcement signal?

I Outpu
Control
signal

— Differences between reinforcement learning and other adaptive control approaches
— Credit assignment problems

« Spacial credit assignment problem
« Temporal credit assignment problem

— How can reinforcement learning work when the system
behavior is temporally extended and evaluations occur at
varying and unpreditable times?

— It is especially relevant in motor control because

movements extend over time and evaluative feedback may

become available, for example, only after the end of a
movement
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