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Overview 

• First Things First! 

• Signals and Sampling 

• Z-Transforms 

• Systems and Sampling 

• Digital Controller Design  

 (Classical Methods, Numerical Methods, 
Analytical Design, Optimum Response Digital 
Design) 

• Tutorial Exercises & Homework 

 

 



First Things First! 

• Thursday 22 September 2012 public 
holiday – no tut session. 

 

 



Signals and Sampling 

• Signal Sampling 
 

T2 T3 T4 T5 T6T0 t

)(tf )(* tfT



Signals and Sampling 

• Signal Sampling cont’d 
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Signals and Sampling 

• Signal Sampling cont’d 
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Signals and Sampling 

• Signal Sampling cont’d 
 

Sampled signal as a convolution sum 

 

 

Taking the Laplace transform yields 

 

 

Z-Transform: 
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Z-Transform 

• Some Important Z-Transforms 
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Z-Transform 

• Some Important Z-Transforms 
 

1. 

 

2. 

 

3. 

 

4. 

   
az

z
zaa

z
a

k

k

z
a

k

kkn





 











1

1

00

Z

     
2)(

)(
az

az
aaaana n

da
dn

da
dn


 ZZZ

   
211 )1( 






  z

z
anann a

n

a

n ZZZ

   





 jea
n

ea

nnj

ez

z
aae j

j








 

ZZZ



Z-Transform 

• Some Important Z-Transforms 
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Z-Transform 

• Some Important Z-Transforms 
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Z-Transform 

• Some Important Z-Transforms cont’d 
 

5. 

 

6. 

 

7. 

 

Conclusion: Many transforms follow from that of the 
standard exponential function in 1.) above. 
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Z-Transform 

• Some Important Z-Transforms cont’d 
 

5. 

 

6. 

 

7. 

 

Conclusion: Many transforms follow from that of the 
standard exponential function in 1.) above. 
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Z-Transform 

• Some Important Z-Transforms cont’d 
 

5. 

 

6. 

 

7. 

 

Conclusion: Many transforms follow from that of the   
             exponential function in 1.) above. 
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Systems and Sampling 

• Block Diagram Algebra – Example 1 
 

 

 
 

For the above system we have 
 

                                           (Signals & Systems) 
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Systems and Sampling 

• Block Diagram Algebra – Example 1 cont’d 

 

 
Taking the Laplace transform yields 
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Systems and Sampling 

• Block Diagram Algebra – Example 1 cont’d 

 

 
 

 

 

 

Letting              yields                        . 
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Systems and Sampling 

• Block Diagram Algebra cont’d 
 

From the above we obtain the following 
algebraic rules: 
 

 1. 
  

 2.                              i.e.   
  

 3. 
 

 4. Generally 
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• Block Diagram Algebra – Example 2 

 

 

 

From the above system we have 
 

 

 
 

Applying the star-operator yields 

Systems and Sampling 
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• Block Diagram Algebra – Example 2 cont’d 
 

For ease of reference we define 

 

hence 
 

 

 

 

Letting              yields                             . 

Systems and Sampling 
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Systems and Sampling 

• Block Diagram Algebra – Example 3 
 

 

 
 

 

 

 

 

 

For the above system we have 
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Systems and Sampling 

• Block Diagram Algebra – Example 3 cont’d 
 

Furthermore 

 

 

 

Applying the star-operator yields 
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Systems and Sampling 

• Block Diagram Algebra – Example 3 cont’d 
 

Solving for           gives 
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Substituting (2) into (1) yields 
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Systems and Sampling 

• Block Diagram Algebra – Example 3 cont’d 
 

Letting              yields 
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Tutorial Exercises & Homework  

• Tutorial Exercises 
 

– Prove that                                     in general. 

 
 

• Homework 
 

– None 
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Conclusion 

• Z-transforms 

• Signals & Sampling 

• Tutorial Exercises & Homework 



• Discrete-Time Systems Properties  
(Burns, Chapter 7) 

 ... 



  

Thank you           
for your interest! 


