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Transfer Function of a Discrete System

Let's draw the controller structure
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Structure of a Discrete Controller (Tra Fn)

3

Tra Fn to State Space Model in DT

Example

1. Introduce 

state variables

2. Write state 

equations

3. Put it in 

matrix form
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Tra Fn to State Space Model in DT
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Unit Pulse Response
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Unit Pulse Response – 2nd Order System
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Pole Radius and Decay rate
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Response magnitude = 2rk

Quiz: Determine the number 

of samples for the response 

to decay down to 1% of the 

initial magnitude

Pole Radius and Decay rate
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Response magnitude = 2rk

Fast 

decay

Slow 

decay
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Pole Angle and Oscillation

Slow 

decay

Effect of Sampling on Pole Locations
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Continuous to discrete 

pole mapping

s - plane

z - plane

Stable Or Unstable?

• CT system 
�

���
is stable ∀ �>0. Then, the 

sampled system has to be stable as well

• As per the corresponding DT system 
�

���	
�
, 

stability criterion is

��� ≤ 1 

ln(���) ≤ ln 1

−�� ≤ 0

which is true for any sampling interval T
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Second Order System
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