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Introduction 
+ The design of a digital control system begins with an accurate model of the process to be controlled.
+ Then a control algorithm is developed that will give the required system response.
+ The loop is closed by using a digital computer as the controller.
+ The computer implements the control algorithm in order to achieve the required response.
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+Several methods can be used for the design of a digital controller:

+ A system transfer function is modelled and obtained in the s-plane. The transfer function is then transformed
into the z-plane and the controller is designed in the z-plane.

+ System transfer function is modelled as a digital system and the controller is directly designed in the z-plane.

+ The continuous system transfer function is transformed into the w-plane. A suitable controller is then designed
in the w-plane using the well-established time response (e.g. root locus) or frequency response (e.g. Bode
diagram) techniques.

+ The final design is transformed into the z-plane and the algorithm is implemented on the digital computer.



Introduction 
+ We are mainly interested in the design of a digital controller using the first method, i.e. the controller is 

designed directly in the z-plane.

+ The procedure for designing the controller in the z-plane can be outlined as follows:

1. Derive the transfer function of the system either by using a mathematical approach or by performing a 
frequency or a time response analysis.

2. Transform the system transfer function into the z-plane.

3. Design a suitable digital controller in the z-plane. 
4. Implement the controller algorithm on a digital computer.
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R(z) is the reference input, E (z) is the error signal, U (z) is the output of the controller, and Y (z) is the output 
of the system. HG(z) represents the digitized plant transfer function together with the zero-order hold.



Introduction 

Equation (9.3) states that the required controller D(z) can be designed if we know the model of the process. The
controller D(z) must be chosen so that it is stable and can be realized. One of the restrictions affecting realizability is
that D(z) must not have a numerator whose order
exceeds that of the denominator.



Dead-Beat Controller
The dead-beat controller is one in which a step input is followed by the system but delayed by one or more 
sampling periods, i.e. the system response is required to be equal to unity at every sampling instant after the 
application of a unit step input.
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Dead-Beat Controller

The output response is unity after 3 s (third sample) and 
stays at this value



Dead-Beat Controller

The dead-beat controller is very sensitive to plant characteristics and a small 
change in the plant may lead to ringing or oscillatory response.

It is important to realize that the response is correct  only at the sampling 
instants and the response can have an oscillatory behaviour between the 
sampling instants.

The control signal applied to the plant is shown in Figure 9.6. Although 
the dead-beat controller has provided an excellent response, the 
magnitude of the control signal may not be acceptable, and it may even 
saturate in practice.



Dahlin controller
+ The Dahlin controller is a modification of the dead-beat controller and produces an exponential response 

which is smoother than that of the dead-beat controller.
+ The required response of the system in the s-plane can be shown to be



Dahlin controller
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Dahlin controller: example

Although the system response is
Slower than dead-beat 
controller, the controller signal 
is more acceptable.



Pole-Placement Control – Analytical
+ The response of a system is determined by the positions of its closed-loop poles. Thus, by placing the poles at 

the required points we should be able to control the response of a system.

Given the pole positions of a system, (9.3) gives the required transfer function of the controller
as

T(z) is the required transfer function, which is normally in the form of a polynomial.
The denominator of T (z) is constructed from the positions of the required roots.
The numerator polynomial can then be selected to satisfy certain criteria in the system.
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