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Q.1(a) Establish the superiority of Modern control theory over Classical control theory.  [5] 1 3 

Q.1(b) Consider the following transfer function: 
Y(s)

R(s)
=

s + 6

sଶ + 5s + 6
 

Obtain the state-space representation of this system in (i) controllable canonical form 
(CCF) (ii) Observable canonical form (OCF) and (iii) Diagonal canonical form (DCF). 

[5] 1 3 

Q.2(a) The state equation of a linear system is described by 
𝑑𝑥(𝑡)

𝑑𝑥
= 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) 

  

Where, 𝐴 = ൥
−2 1 0
0 −2 0

−1 −2 −3
൩ , 𝐵 = ൥

1
1
1

൩ , 𝐶 = [1 0 0] 

Find the transformation 𝑥(𝑡) = 𝑃𝑥̅(𝑡)  that transforms the state equations into 
controllable canonical form, if possible. 

[5] 1,2 4 

Q.2(b) Draw the state diagram for the system given below by using direct decomposition. 
Assign the state variables in ascending order from right to left. Write the state 
equations from state diagram.    

 G(s) =
ହ(ୱାଵ)

ୱ(ୱାଶ)(ୱାଵ଴)
 

[5] 1,2 2 

     
     

Q.3(a) Consider the system described by 
𝑥̇ = 𝐴𝑥 

where, 𝐴 = ቂ
0 1

−3 −2
ቃ, where the initial conditions are x(0)=[1  -1]T 

i. compute the state transition matrix 
ii. Evaluate x1(t) and x2(t) 

[5] 2,3 3,4 

Q.3(b) Explain Liapunov stability criteria. 
Consider the system described by  

൤
𝑥ଵ̇

𝑥ଶ̇
൨ = ቂ

0 1
−1 −2

ቃ ቂ
𝑥ଵ

𝑥ଶ
ቃ 

Determine the stability of the equilibrium state X=0 using Liapunov stability criteria. 

[5] 3 3 

     
     

Q.4(a) Compare and summarize the unique features of Kalman’s and Gilbert’s tests for 
controllability and observability. 

[5] 1,4 3,4 
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Q.4(b) Determine the controllability and observability of the following systems: 

(i) A = ൥
−1 −2 −2
0 −1 1
0 0 −1

൩ , B = ൥
2
0
1

൩ , C = [1 1 0] 

(ii) A = ൥
2 0 0
0 2 0
0 3 1

൩ , B = ൥
1
1
1

൩ , C = [1 1 1] 

[5] 1,4 4 

     
     

Q.5(a) Define a regulator system. Draw and explain the block diagram of a regulator system. 
Discuss one method to design the state feedback gain matrix.  

[5] 1,4,5 1,2,3 

Q.5(b) Consider a system given by 

ẋ = ൥
0 1 0
0 0 1

−6 −11 −6
൩ x + ൥

0
0
1

൩ u 

y = [1 0 0]x 
 Design a full order state observer to determine the gain matrix Ke. The desired 
eigenvalues of the observer are located at μ1=-2+j2√3, μ2=-2-j2√3, μ3=-5.  
Also draw the block diagram of the system. 

[5] 1,4,5 1,5,6 
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