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In the previous lecture
Mechanical systems modelling
 Electrical systems modelling
 Electromechanical systems modelling



Outline
 Sampling
 Quantization
 Z-transform



Sampling
1. Sampled data system operates on discrete-time rather than continuous-time signals. 
2. A digital computer is used as the controller in such a system. 
3. A D/A converter is usually connected to the output of the computer to drive the plant. 
4. We will assume that all the signals enter and leave the computer at the same fixed times, 

known as the sampling times.
5. The digital computer performs the controller or the compensation function within the 

system. 
6. The A/D converter converts the error signal, which is a continuous signal, into digital 

form so that it can be processed by the computer. 
7. At the computer output the D/A converter converts the digital output of the computer into 

a form which can be used to drive the plant.



Sampling



THE SAMPLING PROCESS
A sampler is basically a switch that closes every T seconds.

When a continuous signal r (t) is sampled at regular 
intervals T , the resulting discrete-time signal
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Zero-order hold (ZOH)



Zero-order hold (ZOH)



Zero-order hold (ZOH)
• A sampler and zero-order hold can accurately follow the input signal if the sampling time T is

small compared to the transient changes in the signal.

• The response of a sampler and a zero-order hold to a ramp input is shown in Figure 6.9 for
two different values of sampling period.



Example
Figure 6.10 shows an ideal sampler followed by a zero-order hold. 
Assuming the input signal r (t) is as shown in the figure, show the waveforms after 
the sampler and also after the zero-order hold.



Example



Quantization
 Quantization is the process of representing an analogue or continuous signal in 
discrete-states.
Any A/D conversion involves quantization error which is due to the fact that 
analogue numbers should be rounded off to the nearest digital level.
 The analogue quantity is approximated by a finite digital number (digital word).
Quantization Level depend on the Full-scale range  (FSR) and the number of bits in 
the quantizer (n). 
Quantization level (Q)= FSR /(2n)
Quantization error ranges between [–Q/2 --- Q/2] = r(t)-y(t)



Example Quantization 
Find the Quantization error of the given 
signal at t = 0, 1, 2, 3, 4 and 5.

t r(t) y(t) e(t)

0 0 0.3 -0.3
1 1 0.9 0.1
2 2 2.1 -0.1
3 3 2.8 0.2
4 4 3.9 0.1
5 5 5.1 -0.1
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THE Z-TRANSFORM
The z-transformation is used in sampled data systems just as the Laplace transformation is used in 
continuous-time systems. 

The z-transform is defined so that: Z  = esT



THE Z-TRANSFORM
 The response of a sampled data system can be determined easily by 
finding the z-transform of the output and then calculating the inverse z-
transform.
 Just like the Laplace transform techniques used in continuous-time 
systems.



THE Z-TRANSFORM
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Tables of Z-Transforms



THE Z-TRANSFORM



THE Z-TRANSFORM: Example
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Properties of Z-Transforms
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Properties of Z-Transforms



Properties of Z-Transforms: Examples
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End
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