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Dynamical Models

Continuous

- ODE/PDE

Deterministic

Linear/Polynomial
- DAE

Time-Invariant
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Discrete
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Nonlinear

Non-autonomous
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Dynamical Models

Continuous v Discrete
- ODE/PDE
Deterministic v Stochastic

Linear/Polynomial v Nonlinear

- DAE

Time-Invariant v Non-autonomous

Automatic Feedback Control
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DYNAMIC SYSTEM
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Objectives

Choose K to:
» assign eigenvalues / stabilize

» assign eigenvectors - decouple
inputs/outputs

* ensure robustness
(insensitivity to disturbances)

Universi:cy of
Reading Department of Mathematics



Applications

Aircraft Guidance and Control
Power Systems

Mechanical Industrial Plants
Acoustic Noise Control
Reservoir Flow Control
Chemical Reactors

Observers for State Estimation
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2.

Inverse Eigenvalue
Problem for LTI
Systems

Universi:cy of
Reading Department of Mathematics



STATE FEEcODACE

A nxn
S.gast:_v:\ X. - Ax * ‘Bl&e B nxwm
Feedback u=Kx + v =

¥ :(A‘!‘BK):: + By

YPrearew Find 2ed K st
A+RE |laas ajven dsuwa\ucs
$=1a ) ne€, Nk a el

r g i£a-m& el (AT
is conte\lalo\e e

\(8 uu\(t ‘,BJ A-NL X"’ A\
o yreC

University of
Reading Department of Mathematics



TUGoREM

Givewn A‘ X U\N\-u‘aadhr

1k Sob3 bming (A+BKYX = XA
&4 U (AX-XNA) =0,

where B= [U.,U\] ‘E] .

Then
K= 277 (XAx7 - A)

Co»ro\\ew\
X; € J, : J({UT(A—*:,T)E

University of
Reading Department of Mathematics



Proof:

(A+ BK)X = XA
implies
BKk=XAX"'—-A
Using decomposition of B gives
2K =TYXXX " A)}
0=UI(XAX "' —A)

which establishes the theorem
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Proof:

(A+ BK)X = XA
implies
. BK=XAX"'—4
Using decomposition of B gives
2K =TYXXX " A)}
0=UI(XAX "' —A)

which establishes the theorem

Solution is NOT UNIQUE if m > 1
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Extensions

Structured Perturbations

Differential-Algebraic /
Singular Descriptor Systems

Partial Eigenvalue Assignment
Output Feedback
Observer / State Estimation

Quadratic Systems
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3.

Inverse Eigenvalue
Problems for
Quadratic Matrix
Polynomial Systems
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