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Review: Continuous-Time System
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Review: Continuous-Time System

Example

0 1 0

2 3 1
x x u

   
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 2 2
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4 12 9
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Review: Continuous-Time System

 Poles and eigenvalues

0sI A 

    ( 0)Ax sx x 

  0sI A x 



Discrete State Equation: Transfer Function

 

 

 

 

1

1

1

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( ) ( )

( ) ( ) ( )

( )

zX z AX z BU z

Y z CX z DU z

zI A X z BU z

X z zI A BU z

Y z C zI A BU z DU z

G z C zI A B D







 

 

 

 

  

  



Discrete State Equation: Poles

  0zI A 



State Feedback Controller

 

 

( 1) ( ) ( )

( )

( 1) ( ) ( ) ( )

0

x k Ax k Bu k

u Kx k

x k Ax k BKx k A BK x k

zI A BK

  

 

    

  



Discrete-Time State Estimator

ˆ ˆ( 1) ( ) ( ) ( )e ex k A x k B u k Ly k   

ˆ( ) ( ),x k x k k 

ˆe x x  0,e k 

ˆ ˆ( 1) ( 1) ( ) ( ) ( ) ( ) ( )

ˆ( ) ( ) ( ) ( ) ( )

ˆ( ) ( ) ( ) ( ) ( )

e e

e e

e e

x k x k Ax k Bu k A x k B u k Ly k

Ax k Bu k A x k B u k LCx k

A LC x k A x k B B u k

       

    

    

eA A LC  eB B ( 1) ( ) ( )e k A LC e k  

ˆ ˆ( 1) ( ) ( ) ( ) ( )

ˆ ˆ( ) ( ) ( ( ) ( ))

x k A LC x k Bu k Ly k

Ax k Bu k L y k Cx k

    

   



Estimator-Based Controller

 ˆ ˆ ˆ ˆ( 1) ( ) ( ) ( ) ( )

ˆ( ) ( )

x k Ax k BKx k L y k Cx k

u k Kx k

    

 

   1

1

ˆ ˆ ˆ ˆ( 1) ( ) ( ) ( ) ( )

ˆ( ) ( )

x k Ax k B K ref Kx k L y k Cx k

u k K ref Kx k

     

 

 With a non-zero reference step 



Closed-Loop

 With a non-zero reference step 

 

   

1

1

1

ˆ( 1) ( ) ( ) ( ) ( )

ˆ ˆ ˆ ˆ( 1) ( ) ( ) ( ) ( )

( 1) ( )

ˆ ˆ( 1) ( )

x k Ax k Bu k Ax k B K ref Kx k

x k Ax k B K ref Kx k L y k Cx k

x k A BK x k B
K ref

x k LC A BK LC x k B
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         



MATLAB

Ts=1/100; % sampling period
Gc=ss([0 10;0 -10],[0;10],[1 0],0)
Gd=c2d(Gc,Ts,'zoh')
[A,B,C,D,Ts]=ssdata(Gd)
pc1=-10+12*j,pc2=-10-12*j
p=[exp(Ts*pc1) exp(Ts*pc2)]
pe=[exp(Ts*pc1*5) exp(Ts*pc2*5)]

K=acker(A,B,p)
G=acker(A',C',pe)'


