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Three-term Controller design by pole-assignment:

Three-term or PID controller combines proportional action, integral

action and derivative action and can put into the form:

(1)

The coefficients go, g1 and g2 are related to the proportional derivative 
and integral gain setting, (assuming backward shift approximation) 
with Ts=1 second):
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In order to synthesize exactly the PID controller coefficients, we can

assume the system to be controlled has the following structure:

(2)

and we can assume that a1, a2 and b1 can be estimated by RLS

method. The restriction on the system model form is to ensure that

only one set of PID controller coefficients arises from the design.

Combine equations (1) and (2), we get:
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(3)

We can now select the coefficients go, g1 and g2 to give a desired closed loop

performance. Suppose we have selected a desired closed loop the rise time and

damped natural frequency and hence arrived at the corresponding desired closed

loop T polynomial:

(4)

(5)

(6)
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Example:

Drive the adjustment mechanism using MIT rule for MRAC with open

loop Transfer Function of G(s) and reference model of Gm(s) = K0 G(s),

where K0 is unknown parameter.
Solution:
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The sensitivity derivative is:

apply MIT rule 
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Example:
Design a MRAC MIT rule using the following controller:

Where   

Given a system described by the model:

Where u is the control variable and y is the measured output.  Assume 

that it is desirable to obtain a closed loop system described by:

With an error equation:   
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Solution:
The transfer function of the system is:

The transfer function of the reference model is:

The closed loop transfer function of the system is :

The error equation is:
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The parameters of the controller are applying MIT rule , we get:

And

The formula of   con not be used because the process 

parameters a  and  b are not Known.  Approximation are therefore required in 

order to obtain realization parameters adjustment rule
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And

\
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Example:
Design Lyapunov based a MRAC using the following controller:

Where   

Given a system described by the model:

Where u is the control variable and y is the measured output.  Assume 

that it is desirable to obtain a closed loop system described by:

With an error equation:   
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Solution:
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The error goes to zero if the parameters are equal to the desired ones. 

To derive the parameters q0 and w0, assume the Lyapunov function as:

This function is zero when (e) is zero and the controller parameters are 

equal to the optimal values.  The derivative of V is:

Substitute 
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If parameters are updated as:

We get:
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Example: For a given plant dynamics design Linear Quadratic Optimal 
Control.
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