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System Time Response Characteristics: 
 

3.1 Introduction 

 

After the discrete system was introduced, the time response of it will be investigated. Next, 

regions in the s-plane are mapped into regions in the z-plane. Then by using the correlation 

between regions in the two planes, the effect of the closed-loop z-plane poles on the system 

transient response is discussed. Next, the effects of the system transfer characteristics on the 

steady state system error are considered.  

 

Now, the time response of discrete-time systems is introduced via the following examples. 

 

Example 3.1: 

 

Find the unit-step response for the first order system shown in Fig.3.1 below with sampling 

time T=0.1 sec. Since the system of a temperature control system is often modeled as a first 

order system, then this example might be considered as a model of temperature control 

system. 

 
Now, using simple analysis; 
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Where G(z) is ; 

 

 
By taking   kT   from 0.1 to 0.8 we may draw the system discrete time response using below 

table (response shown in Fig.1.b). From the table and the figure as well it is seen that the 

discrete response reaches a steady state of value 0.667. 
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Now; to show the effect of sampling on the system response, we will remove the sampler and 

zero-order hold, and solve for the unit step response of the resulting analog system.  

 

 
Therefore, the closed loop transfer function of the continuous system is; 

 

 
 

 
The response is also shown at Fig.1.b. 

 

Example 3.2: 

Find the discrete time and continuous time response for the system shown in Fig. 3.2 for 

sampling time T=1 sec, and compare between the two. 

 
By analysis; 
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The step response for this system is plotted in Fig.3. The response between sampling instants 

was obtained from a simulation of the system. Moreover, the continuous response of the 

system (without sampler and ZOH) was also plotted in Fig. 3.3 for comparison. 
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3.2 Review of Time Response 

 

The Laplace transform of the unit impulse is R(s) = 1, and therefore the output for an impulse 

is 

 

 

 

  

which is the derivative of the response to a step input. The impulse response of the second-

order system is shown in Figure 3.4 for several values of the damping ratio ξ. The designer is 

able to select several alternative performance measures from the transient response of the 

system for either a step or impulse input. 

 

Figure 3.4: Response of a 2
nd

 order system to an impulse input. 
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Standard performance measures are usually defined in terms of the step response of a system 

as shown in Figure 3.5. The swiftness of the response is measured by the rise time Tr and 

the peak time Tp. For under-damped systems with an overshoot, the 0-100% rise time is a 

useful index. If the system is over-damped, then the peak time is not defined, and the 10-90% 

rise time Tr, is normally used. The similarity with which the actual response matches the step 

input is measured by the percent overshoot and settling time Ts. The percent overshoot is 

defined as 

 

                     
                        

           
       

 

 

 

Figure 3.5: Step Response of a control system. 
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The settling time, Ts, is defined as the time required for the system to settle within a certain 

percentage δ of the input amplitude. This band of ± δ is shown in Figure 5. For the second-

order system with closed-loop damping constant ζωn and a response described by  

  

we seek to determine the time Ts for which the response remains within 2% of the final 

value. This occurs approximately when 

 
Also; the peak time is 

 
And the percentage over shoot is l 

 
 

Also it might be written in the opposite way; 

  √
         

            
 

 

And poles are located at 

                        √    
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Example 3.3: The open loop gain of a closed loop system with unity feedback is; 

               
      

      
 

 

(a) Determine the closed loop transfer function T(S)=Y(S)/R(S). 

(b) Calculate the settling, and peak time values. 

(c) Calculate the percentage of maximum over-shoot. 

 

Solution: 

(a) 

     
         

           
 

      
      

  
      
      

 
      

             
 

      

       
 

 

From the characteristic equation         it can be deduced that ωn=2.828 rad/sec and 

then ζ=0.17677. 

(b)  

   
 

             
       

 

and 

 

      
 

  
 

 

  √    
                                              

 

(c) 

 

           

 
   

√   
 ⁄

 

 

Then P.O.=56.8% 
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3.3 Mapping the S-Plane into the Z-Plane 

 

 

 
 

         
Considering only the left hand side (Stable region); 

                                                          
                                               
 

                                                                      

 

Also     

 
 

 
 

                                                                the switching 

frequency    

                
 

 
 

Therefore;  
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Figure 3.7 shows some cases of the effect of changing the real and imaginary parts in the s-

plane on the z-plane plot. 
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Example 3.4: 

 

Find the s-plane poles for the system shown below 

 
The closed loop transfer function is found as ; 

 

 
Therefore; to determine the first pole (and the only one); 

 

 
 

-------------------------------------------------------------------------------------------  End of example 

 

 

In figure 3.10 we may see and compare the stable versus the unstable regions in z-plane 

(inside and outside the unity circle) depending on examples of time response signals. 
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Example 3.5: 

 

For the closed loop system transfer function below; 

 

 

 

 
Therefore; 

 
 

 

 
 

-------------------------------------------------------------------------------------------  End of example 
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3.4 Steady - State Accuracy 

 

 
Consider the system shown in Figure 3.11. 
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And since          
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Example 3.6: 

 

Find the steady state error for the system shown below: 
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-------------------------------------------------------------------------------------------  End of example 

 

Example 3.7: 
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