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1.
Show that the transfer function for 

     a)
a zero-order hold is, 
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b) a first-order hold is,
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where T is the sampling period. Illustrate the signals clearly.


2.
Derive the state space model of discrete control system using direct programming 
method and draw its block diagram.                                                                                                           

3.
Show that the following system 

[image: image30.wmf])

(

)

(

8

1

)

(

8

1

)

1

(

)

(

)

(

4

1

)

1

(

2

1

2

1

1

k

u

k

x

k

x

k

x

k

u

k

x

k

x

+

+

=

+

+

=

+

[image: image31.wmf](

)

(

)

(

)

1

1

1

1

5

.

0

1

5

.

0

1

1

)

(

-

-

-

-

-

+

+

=

z

z

z

z

z

G

[image: image32.wmf])

(

)

(

8

1

)

(

8

1

)

1

(

)

(

)

(

4

1

)

1

(

2

1

2

1

1

k

u

k

x

k

x

k

x

k

u

k

x

k

x

+

+

=

+

+

=

+


      =



          +

u


      




y(k)=

        
is completely state controllable and observable.

4.
Explain in detail about the procedure for determining the stability range, given the state equation of the system. Also determine the stability range for the gain k of the system. The state equation of the system is


x1
         0   1   0
      x1

 0

x2
=
0  -2   1 
x2
+ 
 0     u

x3

-k  0  -1
x3

 k

contd…2.
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Set No.1
5. Show that the transfer function U(s) / E(s) of the PID controller shown below.


U(s)     =    Ko   T1 + T2
1 +     1         +  T1 T2 . s
 

E(s)

        T1                 (T1+T2)s     T1 +T2                 

Assume the gain k is very large compared with unity, or k >>1.
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6.a)
Enumerate the design steps for pole placement.



   

   b)
Prove Ackermann’s formula for the determination of the state feedback gain   

   
matrix  K.


7.
Consider the digital process with the state equations described by


X(k + 1) = AX (k) + Bu(k)


C(k) = D X(k)

Where

A = 
[image: image4.wmf][
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Design a full order observer which will observe the states x1(k) and x2(k) from the output c(k), having dead beat response. Write the dynamic equation for the observer.

8.
Consider the mixing tank system, x(k+1) = Fx(k) + Gu(k);   y(k) = Cx(k)


Where F =  0.9512       0
  ; G =     4.88      4.88
    ; C =     0.01   0



0      0.90480                -0.019   0.0095                   0     1

Find the optimal control law that minimizes the performance index 

                                              (
 

J =  (   [yt(k) Qy(F) + uT(k) Ru(k)], 
Where Q =   25     0
  ; R =    2     0


                  K=0





            0    0.1                  0   0.5
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1.a)  
Obtain the inverse Z-transform of the following
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  in the closed form.


   b)
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   c)
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2. 
A discrete time system has state and output equations given by

      




y(k) =

Find the output y(k) when u(k)=unit impulse and x(0) = 0.

3.
Investigate the controllability and observability of the following system



  



        




                                        =                                                  +                         u(k)





=
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Set No.2

4.
State and explain the conditions for stability, instability and critical stability in terms of weighting sequence g(kT) of a linear time invariant discrete time control system.
5. Consider the electronic PID controller shown in figure. Determine the values of R1, R2, R3, R4,, C1 & C2 of the controller such that the transfer function 


Gc(s) = 39.42    1 +     1         +  0.7692 s








           3.077s






          = 30.3215      (s + 0.65)2








    s
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6.a)
Draw the schematic diagram of a state feedback control system and explain how stability can be improved by state feedback.

   b)
State and explain the necessary and sufficient conditions for arbitrary pole placement.

7.a)
With a neat schematic diagram, explain the working of a reduced order observer.

   b)
The dynamic equations of a digital process are given as

X(k + 1) = AX(k) + Bu(k)

C(k) = DX(k)

Where A = 
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Design a first order observer for the system with the eigen value at 0.5. 

8.
Obtain the control law for the system


x(k+1) =  0.8   1    x(k) +    1       u(k)
 

                0   0.5
        0.5



to ensure that the closed lop poles lie within a circle of radius 1/(; (( = 5,) in addition to minimization of the performance index         
           (
     J = (   [x12 + u2]  for the system.

                                K=0
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  1.a)
Obtain the Z-transform of 

  
 i)
f1(t) = 
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  where ‘a’ is a constant

   
ii)
f2(t) = 
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   b)
Show that 
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2.
Consider the discrete control system represented by the transfer function

        
Obtain the state space representation in the diagonal form.

3.
Investigate the controllability and observability of the following system





    =



        +


u(k)

            
y(k)=

4.
Discuss Liapunov stability analysis in detail, explaining the terms Positive Definiteness, Negative Definiteness, Positive Semi definiteness, Negative Semi definiteness, Indefiniteness of scalar functions and Liaponov functions. 

Contd…2.
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Set No.3

5.
A feedback control system is represented by the block diagram shown below. The process transfer function is given by 
[image: image14.wmf])
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Use tuning method based on ultimate gain and period to design PID controller for         

the process. Draw the step response for the design. 
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6.

A regulator system has the plant
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Design a state feedback controller which will place the closed loop poles at 
      
-2+j3.464,-2-j3.464,  -5. Give a block diagram of the controller configuration.

7.a)
Give the block diagram representation of a full order observer. Hence write the state equations for the closed loop observer.

  b)     
Consider the digital process with the state equations described by


X(k + 1) = AX(k) + Bu(k)


C(k) = DX(k)

Where A = 
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Design a full order observer which will observe the states x1(k) and x2(k) from the output C(k), having dead beat response. 

8.
For the discrete time system shown




Find the optimal transfer function T*(z) so that the output c(t) follows r(t) minimizing 

Je =  
[image: image20.wmf]0
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 1.
The signal 
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where 
[image: image23.wmf]P

(x) is the unit pulse signal defined by
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is sampled at 25 samples per second. Determine the Z-transform of f(kT) for 
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2.  
Find the state variable models for the following system represented by the difference equation

       (i)   y(k+3)+5y(k+2)+7y(k+1)+3y(k)=0

       (ii)  y(k+2)+3y(k+1)+2y(k)=5r(k+1)+3r(k)

3.  
Consider the system defined by,





       =



          +
   u(k)





y(k)=

Determine the condition on a, b, c and d for complete state controllability and complete observability.

4.
Explain the Liapunov stability analysis of linear time invariant continuous time system and linear time invariant discrete time system.

Contd…2.
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Set No.4

5. The given system shows a unity feedback system with a forward path transfer function G(s)  =          10  
   




      



                     s(s+1)
[image: image26.png]




Determine phase margin & bandwidth of compressed and uncompressed schemes. In each, adjust KA to a value of which gives error constant Kv = ω

6.
A discrete time regulator system has the plant equation
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Design a state feedback control algorithm with u(k) = -Kx(k) which places the closed loop characteristic roots at +j1/2,  -j1/2.

7.a) 
Derive the relations of prediction-type Kalman filter.

b) 
Design the reduced order observer (first-order-observer), for the plant model given by
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we are measuring position, x1(k) and will estimate velocity, x2(k).

The closed-loop characteristic equation was chosen to be 


(e(z) = z2 – 1.776 z + 0.819 = 0.

8.
Write notes on linear regulator with a prescribed degree of stability that can be solved by using state regulator results.
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� EMBED Equation.3  ���
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� EMBED Equation.3  ���
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T = 1 sec





c(t)





r(t)


(unit step)





Gp(s) = 1/s 





Go(s) = 1-e-st / s
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