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We consider the linear, time-invariant system

.
,

DuCxy
BuAxx

+=
+=&

and we look for a state gain K such that

Kxu -=

In this case we have the closed-loop system

( )xBKABKxAxx -=-=&

We should note that we can modify the dynamics (eigenvalues) of the system 
by state feedback. If the system is controllable, it is always possible to find a 
state gain K to set the eigenvalues of the closed-loop system at arbitrary 
values.
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We consider the linear, time-invariant system

.
,

DuCxy
BuAxx

+=
+=&

We define the state transformation

)()()()( 1 tztxTtTztx =⇔= −

Then we can write

.

11

DuCTzy
BuTATzTzBuATzzT

+=
+=⇒+= −−&&

to obtain

uDzCy

uBzAz
~+~=

~+~=&
DDCTCBTBATTA ==== −− ~,~,~,~ 11

ME 343 – Control Systems – Fall 2009

State Feedback

442

)(
)(

)(
)(

)(
)()(

01
1

1

01
2

2
1

1

sU
sX

sX
sY

asasas
bsbsbsb

sU
sYsG n

n
n

n
n

n
n =

++++
++++

== −
−

−
−

−
−

L

L

Choosing
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where a(s) is the characteristic polynomial

[ ]BABAABBC n 12 −= L Controllability Matrix
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Bass-Gura Formula:

11 )()( −−−= CaTaK uα

where a(s) is the actual characteristic polynomial and α(s) is the desired 
characteristic equation.

[ ]BABAABBC n 12 −= L Controllability Matrix
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Ackerman Formula:

[ ] )(1000 1 ACK α−= L

where α(s) is the desired characteristic equation.

[ ]BABAABBC n 12 −= L Controllability Matrix
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Mayne-Murdoch Formula:

( )
( )jiij

jij
iibk

λλ
μλ
−

−∏
=

≠∏

where {λ1, … , λn} are the eigenvalues of A, and {μ1, … , μn} are the desired 
eigenvalues of A-BK.  


