ELEC 3500
Control Systems
Lecture 6: State Variable Analysis

Instructor: Dr. Bosen Lian
Electrical and Computer Engineering
Auburn University
Fall 2025



(] State Variable (SV) Analysis
* Frequency-Domain Solution of SV Systems
* Time-Domain Solution of SV Systems
] Relative Degree
(] Zeros of State-Space Systems
J Realization and Canonical Forms
* Find a SV or block diagram representation given a prescribed transfer function
* Reachable Canonical Form (RCF)
* Observable Canonical Form (OCF)
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* Frequency-Domain Solution of SV Systems
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Example 1: Electrical Circuit Db X
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] Relative Degree

H(s)=C®(s)B+D=C(s[-A)"'B+D
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The relative degree of H(s) is the degree of the denominator minus the relative
degree of the numerator.
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f SV Systems
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] Realization and Canonical Forms

* Reachable Canonical Form (RCF) 9 B ﬂ . ﬁ D
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, * Ensure that the transfer function is monic, that is, the highest order term in the denominator
has a coefficient of 1. If not, divide through by this coefficient to put the transfer function in
monic form.

Z * Ensure that transfer function must also have relative degree of 1 or more. If not, write H(s)
as a constant term plus a term whose relative degree is at least one.
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The rule used for RCF 1s

feedback to the left /

feedforward to the right ’J_\ _
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] Realization and Canonical Forms

* Find SV representation given a prescribed transfer function

A Sflsx (&> A= [

Each integrator output 1s labeled as a state. The rule for labeling states will be:

Label the states from right to left

Example 1

2
H(s) = s°+2s5s-1

s +2s +3s+4
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] Realization and Canonical Forms

* Observable Canonical Form (OCF)
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* Ensure that the transfer function is monic, that is, the highest order term in the denominator
has a coefficient of 1. If not, divide through by this coefficient to put the transfer function in

monic form.
* Ensure that transfer function must also have relative degree of 1 or more. If not, write H(s)

as a constant term plus a term whose relative degree is at least one.
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The rule used for OCEF 1s

feedback from the right
feedforward from the left
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] Realization and Canonical Forms

* Find SV representation given a prescribed transfer function

Each integrator output is labeled as a state. The rule for labeling states will be:

Label the states from bottom to top 7'5\ - —a, Xy X + by \,{{;f:)
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