
Registration no:    

 

Total Number of Pages: 2 B.TECH  
 PEEI5402 

 
8TH  Semester Regular Examination – 2016-17 

OPTIMAL CONTROL 
BRANCH: AEIE, EIE, IEE 

Time: 3 Hours 
Max marks: 70 
Q.CODE: Z221 

Answer Question No.1 which is compulsory and any five from the rest. 
The figures in the right hand margin indicate marks. 

  
Q1  Answer the following questions: (2 x 10) 

 a) Write down the expression for performance index for a system, where the 
control aim is to keep the state ‘small’, the control ‘not too large’, and the final 
state as near to zero as possible.       

 

 b) Find the variation of the functional  

푣 =  (푥(푡) + 1) 푑푡 

 

 c) Write down the ARE using the Hamiltonian matrix  

 d) Define Bellman’s principle of Optimality.  
 e) Write down the Hamilton-Bellman-Jacobi equation, explaining the meaning of 

each term 
 

 f) What do you understand by the state vector and the co-state vector? Write 
down the state and the co-state equations 

 

 g) What is a Kalman Filter? Write down the state and output equations for it  
 h) Draw the block diagram of an LQG controller  

 i) Determine the 퐻   norm of the transfer function퐺(푠) =  .  

 j) How do you write down the transfer function 퐺(푠) = 퐶(푠퐼 − 퐴) 퐵 + 퐷 in 
packed Matrix notation? 

 

    
Q2 a) Name  the  four  cases  for  the  basic  variational  problems.  Show  appropriate 

figures for each. 
(4) 

 b) Using  variational  calculus,  determine  the  equation  of  the  trajectory  giving 
minimum distance between two points : 푥(0) = 1 and 푥(2) = 5. [Take the arc 
length  as (푑푠) = (푑푥) + (푑푡) ,  where  t  represents  the  independent 
variable.] 
 

(6) 

Q3 a) Derive the Euler-Lagrange’s equation for fixed end-point problems (5) 
 b) Find the extremal for the functiona 

푣 = (푥̇ + 12푥푡)푑푡 

 Where 푥(0) = 0  and 푥(1) = 1. 
 

(5) 
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Q4 a) 

 
b) 

Given 푥̇ = −푥 + 푢;          푥(0) = 1, 푥(2) = 2 , Find 푢∗  that  minimises 
           퐽 = ∫ (푥 + 푢 )푑푡 
Find the extremal for the functional            

푣 = (푥̇ − 푥 )푑푡
/

 

where, 푥(0) = 0, 푎푛푑 푥 = 1 

(5) 
 
 

(5) 

    
Q5  Derive the discrete algebraic Ricatti equation and show that the choice of the 

optimal  control  law 푢∗  indeed  satisfies  the  sufficient  condition  for  a  relative 
minima 

(10) 

    
Q6 a) Suppose that the system 

푥̇ = 푥 (푡), 푥̇ = 푢(푡) 
Is to be controlled to minimise the performance measure 

퐽(푥, 푢) =
1
2 푢  푑푡 

Find  a  set  of  necessary  conditions  for  optimal  control  using  the 
Hamiltonian method. The boundary conditions are  

푥 (0) = 푥 (0) = 1;푥 (2) = 푥 (2) = 0 
 

(6) 

 b) Derive the transfer function of an LQG system. (4) 
    

Q7  Consider a scalar discrete-time dynamical system modelled by  
       ( 

푥(푘 + 1) = 2푥(푘)− 3푢(푘),푥(0) = 4, 
and the performance index  

퐽 = 퐽 = (푥(2)− 10) +
1
2 (푥 (푘) + 푢 (푘)) 

Use the Principle of Optimality to find optimal  u(0)and  u(1).  There are  no 
constraints on u(k). 

 

(10) 

    
Q8  Write short notes on any two.  (2x5) 

 a) Pontryagin’s Minimum Principle  
 b) 퐻 Control  
 c) Loop Transfer Recovery  
 d) Sub-Optimal Linear Regulator  
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