
Digitization & Digital Control
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Laplace Transforms

 Laplace Transform
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z-Transform

 z-Transform
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z-Transform
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z-transform example
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Inverse z-tranform
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System Response: continuous-time
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System Response: continuous-time

1 1/ 1/
( )

( )

1 1
( ) , 0

To be stable: 0

at

a a
Y s

s a s s a s

y t e t
a a

a

  
 

   





System Response

1

1

( ) ( 1) ( )

( ) ( ) ( )

( ) 1
( )

( ) 1

( )
1

( ) ( ) ( )
1

y k ay k u k

Y z az Y z U z

Y z z
G z

U z az z a

z
U z

z

z z
Y z G z U z

z a z





  

 

  
 




 
 



System Response
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Continuous-Time System
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2nd order System



2nd order System



Relationship Between s and z
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Relationship Between s and z
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Relationship Between s and z



Relationship Between s and z



Relationship Between s and z



Mapping s-plane into z-plane
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Continuous-Time System





Final Value Theorem
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Final Value Theorem
Example: DC gain
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Digital Controller Design

 Design by Emulation-Approximation

 Euler’s Method

 Tustin’s Method

 Discrete Design (Direct Digital Design)

 Root Locus

 Bode Plot



Design by Emulation



Design by Emulation
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Backward Rectangular Rule 
(Euler’s Method)
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Backward Rectangular 
Rule(Euler’s Method)
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Forward Rectangular Rule 
(Euler’s Method)
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Forward Rectangular Rule
(Euler’s Method)
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Tustin’s Method (Trapezoidal Rule, 
Bilinear Transform)
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1st Order Digital Filter
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1st Order Digital Filter
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2nd Order Digital Filter
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