State Space Control

Revision notes by Michael Prior-Jones, based on course by Jon Ensor

State-space representation:
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Definition of symbols:

x is the state vector.

u is the input vector.

A is the system matrix

B is the input matrix

C is the output matrix

D is the direct output matrix (rarely used)

Generating a state-space model

1. Write down the time domain system equations

2. Spot the differentials and inputs

3. Assign states

4. Arrange equations in matrix form

5. Establish outputs in standard form

State Assignments:

· there are as many states as there are energy storage mechanisms

· it must be possible to find the differential of each state

Time response of a state-space system
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Representing transfer functions in the state space

Direct programming method

Take the denominator polynomial, substitute powers of s for differentials of y and then assign states. 

Iterative programming method

Factorise the polynomial first and then assign states to the individual factors. This gives an upper diagonal system matrix.

Parallel programming method

Perform a partial fraction expansion, and then assign states to individual fractions. This gives a diagonal system matrix.

Representing state space as a transfer function
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Finding the inverse of a matrix:

The inverse of a matrix is the transpose of the cofactor matrix.

The cofactor matrix is the place sign multiplied by the minors.

The minors of a matrix are formed by blotting out the row and column of each element of interest and taking the determinant of what remains.

The State Transition Matrix

The STM is a matrix exponential, defined as:
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Calculating the STM:
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The Diagonal Form of the system matrix

This is a particularly useful form of the system matrix:

· the system poles lie on the diagonal, and are known as the eigenvalues of the matrix.

· the states are decoupled: each state exhibits a single natural mode.

It’s important to note that generally the most useful representation of the system (where the states are voltages and currents) is NOT diagonal. This means that each state’s response is a combination of the natural modes of the system. 

Useful things to know about Eigenvalues

· For any square matrix of dimension n, there are n eigenvalues.

· For a state matrix, the eigenvalues are the system poles and determine the natural modes.

· Any two matrices are similar if they have the same eigenvalues. Hence, all state-space representations of the same system are similar. There are an infinite number of representations of the same system: the natural modes are the same, but the meaning of the states is different.

The diagonalisation transform.
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The matrix V is the modal matrix: it consists of n eigenvectors, where each eigenvector is a column vector of length n.
State Feedback Control

The State Feedback Control Law
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Closed Loop System Matrix
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To apply control, assign Eigenvalues to the system and find the value of K.


[image: image9.wmf])

)(

(

)

det(

b

s

a

s

s

CL

+

+

=

-

A

I


where a and b are the desired Eigenvalues of the system.
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