
 

 

                      

Fig: A unity feedback discrete time system 

 



 

                     

                     

 



 

 

                   



 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 



 



 

 

 

 



 

 

 

 

 



 

 

 



 

Introduction to compensation 

In building a control system, we know that proper modification of the 

plant dynamics may be a simple way to meet the performance 

specifications. This, however, may not be possible in many practical 

situations because the plant may be fixed and not modifiable. Then 

we must adjust parameters other than those in the fixed plant. In order 

to achieve the desired system response, it is possible to adjust the 

system parameters but it is often not enough. It is then required to 

reconsider the structure of the system and redesign the system. 

The design problems, therefore, become those of improving system 

performance by insertion of a compensator. 



Compensator: A compensator is an additional component or circuit 

that is inserted into a control system to equalize or compensate for a 

deficient performance.  

Necessities of compensation 

A system may be unsatisfactory in：1.Stability. 2. Speed of response. 

3. Steady-state error.  

Thus the design of a system is concerned with the alteration of the 

frequency response or the root locus of the system in order to obtain a 

suitable system performance. 

Flow Chart of the design approach  

 



Compensator Configurations 

Compensation schemes commonly used for feedback control systems 

are 

1. Series Compensation 

 

2. Series-Parallel Compensation 

 

3. Parallel Compensation 

 

 



• Among the many kinds of compensators, widely employed 

compensators are the 

1. lead compensators will improves the transient response                      

2. lag compensators will improves the steady-state performance                                    

3. lag–lead compensators will improves the both   

               

 

lag compensators 

If the steady-state output has a phase lag, then the network is called a lag 

network.  



       

                      

lag–lead compensators 

In a lag–lead network, both phase lag and phase lead occur in the output 

but in different frequency regions. 

Phase lag occurs in the low-frequency region and phase lead occurs in 

the high-frequency region.  

                        

Procedure for designing Lead Compensators in the w-plane 

Phase Lead Compensation is commonly used for improving stability 

margins and also increases the system bandwidth. Thus, the system 

has a faster speed to respond. 

Following steps to design lead compensators: 



 Step1: First obtain the pulse transfer function G(z) from the given 

system. 

 

 

 

 



 

Example for controller design in w-plane 

 

 



First, we obtain the pulse transfer function G(z) of the plant that is 

preceded by the zero-order hold: 

                 

 

 



 

     

 

 



 

Bode Diagram for the system designed in given example 

 

 



 

 

 

 

 



 

                       

 

 



• From the closed-loop transfer function involves two zeros located 

at z= -0.9357 and z= 0.8145. the zero at z= 0.8145 almost cancels 

with the closed-loop pole at z= 0.8126. 

• The effect of another zero at z= -0.9357 on transient and frequency 

response is very small. Since it located on the negative real axis of 

the z-plane between 0 and -1 and is close to point z=-1. 

• The pair if complex conjugate poles acts as dominant closed-loop 

poles.  

 

 


