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Reg. No.          
 

I SEMESTER M.TECH (ESM / PED) 

END SEMESTER EXAMINATIONS, NOVEMBER 2018 

SUBJECT: CONTROL SYSTEM DESIGN [ELE 5101]  
𝑅𝐸𝑉𝐼𝑆𝐸𝐷 𝐶𝑅𝐸𝐷𝐼𝑇 𝑆𝑌𝑆𝑇𝐸𝑀 

𝑻𝒊𝒎𝒆: 𝟑 𝑯𝒐𝒖𝒓𝒔 𝟐𝟎 𝑵𝒐𝒗𝒆𝒎𝒃𝒆𝒓 𝟐𝟎𝟏𝟖 𝑴𝒂𝒙. 𝑴𝒂𝒓𝒌𝒔: 𝟓𝟎 

𝑰𝒏𝒔𝒕𝒓𝒖𝒄𝒕𝒊𝒐𝒏𝒔 𝒕𝒐 𝑪𝒂𝒏𝒅𝒊𝒅𝒂𝒕𝒆𝒔: 

 𝐴𝑛𝑠𝑤𝑒𝑟 𝑨𝑳𝑳 𝑡ℎ𝑒 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠. 

 𝑀𝑖𝑠𝑠𝑖𝑛𝑔 𝑑𝑎𝑡𝑎 𝑚𝑎𝑦 𝑏𝑒 𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑦 𝑎𝑠𝑠𝑢𝑚𝑒𝑑. 

 Use of MATLAB is permitted 
 
 

 

1A. Design lag –lead compensation using Root locus method for the antenna azimuth 

position control system with feed forward transfer function,
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to satisfy the following specifications.  
 16% Overshoot 
 2sec settling time 
 20VK  

Tabulate the important points of each stage of design. (08) 

1B. Explain with neat figures the condition of i) boundedness ii) asymptotically with 
respect to Lyapunov stability.  (02) 

   
2A. A boost converter is represented by the following state model 
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 𝑖𝐿be the current through the inductor, 𝐸𝑆 be the dc input voltage and 𝑢𝑐  the capacitor 

voltage which is the converter output i) design a state feedback controller to obtain 

20% overshoot and a settling time of 0.5second ii) design an observer that should 

have time constant 10 times smaller than the system with controller iii) design an 

integrator and state feedback   controller combination iv) plot the estimated states 𝑖𝐿   

and 𝑢𝑐 .   
(08) 

2B. What is meant by state controllability and observability? (02) 
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3A. The Nikon camera uses CCD automatic focusing system represented by a negative 

unity feedback system with feed forward transfer function 
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i) design a Lead compensator using frequency domain methods to satisfy the 
following specifications of 20% OS , 40VK with a peak time of 0.1 seconds   

ii) obtain passive circuit realization for the compensator  

iii) compare the uncompensated and compensated system  time domain & 
frequency domain specifications. (06) 

3B. Derive the mapping of constant ζ lines from s plane to z plane.  (02) 

3C. Explain model reference predictive control with a neat block diagram and relevant 
equations. (02) 

   4A. The digital controlled process of a unity feedback control system is described by the 

transfer function 𝐺𝐻(𝑧) =
𝑘(𝑧+0.5)

(𝑧−1)(𝑧−0.5)
. Design a Cascade Phase– Lag Controller with the 

transfer function 𝐺𝑐(𝑧) =
𝑘𝑐(𝑧−𝑧1)

(𝑧−𝑝1)
 , so that the following design specifications are 

satisfied. Ramp error constant is 6, z-domain dominant poles Z = 0.71± j0.19, Max over 
shoot < 15%. (06) 

4B. Investigate the stability of the following system using Lyapunov stability analysis. 
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(02) 

4C. Describe Kalman filter with relevant equations block diagram. (02) 

   5A. For the system given in Fig.Q5A, predict the possibility of a limit cycle. If it exists 
determine the amplitude and frequency. Also investigate the stability of the limit cycle.
      

The describing function for the non-linear element is 𝐺𝑁 =
𝐾[𝜋−2𝛽−𝑠𝑖𝑛2𝛽]

𝜋
  for M ≥ 1 
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Fig.Q5A (06) 

5B. For the negative unity feedback system with plant transfer function 
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parameters  such that the closed loop system have  overshoot between 15% and 10% 
and the resulting settling time will be less than 3 sec.   (04) 

 


