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The plant for this assignment is given as 
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Fig.1: System in continuous time domain 

 

Step One: 

Determine the open-loop gain K to satisfy requirements on the steady state error. 
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Discretize the plant, we can get 
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Whatever the value K is, the steady state error will always be zero. This conclusion 

comes from the lecture notes section 2.3. 

 

Step Two: 

Find new open-loop crossover frequency from desired maxωω =n , the point the phase 

lead is added. 

According to the design specification, the settling time is 8 milliseconds, and the 

maximum overshoot is less than 25%. 

Read from the relationship diagram of Mp% vs. ?, we get 
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Read from the relationship diagram of ? vs. phase margin 
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Step Three: 

Evaluate the phase margin of the uncompensated system using the value of K 

obtained in Step One. K can be any value. 

 

Fig. 2: Bode plot for the uncompensated system with D.C gain K  

According to Fig. 2, the original phase margin is 0. 

 

Step Four: 
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Step Five: 
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Hence, the lead compensator in w-domain: 
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which can be converted back to z-domain using the inverse bilinear transformation. 
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When 015.0=K , 

Verification in w-domain 

 
Fig. 3: Bode plo t for the compensated system in s-domain 
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Verification in z-domain  

 
Fig. 4: Bode plo t for the compensated system in z-domain 

From the above two diagrams, we can see the phase margins in both s-domain and 

z-domain are the same 47o, which is less than the desired one. But the difference is 

not very significant. 

 

Verification in discrete -time-domain 

 

Fig. 5: Step response in the discrete-time-domain 
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Verification in continuous -time -domain 

 

Fig. 6: Step response in the continuous -time-domain 

 

From the above simulation with MatLab, 
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The lead compensator 
1  s 0.0002602

0.015  s 005-6.278e
+

+ can meet the design specifications. 
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Appendix A: M-File 
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