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DIGITAL CONTROL SYSTEMS
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Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -
1.a)
Obtain the Z-transform of 

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

   ii)
f2(t) = 
[image: image2.wmf](

)

0

3

2

2

9

1

³

+

-

-

k

k

k

k







   b)
Show that 
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2.
A discrete time system has the following transfer function 

Determine the state model of the system in  (a) phase variable form (b) Jordan canonical form.

3.  
Consider the system defined by,
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Determine the condition on a, b, c and d for complete state controllability and 
complete observability.

4.
Find the range of K for the system shown in figure to be stable using Jury’s test.
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5.a)
What are the properties of dead beat response system?

   b)
Explain in detail, how a digital controller for deadbeat performance can be obtained.

6.
For the state equation
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Find the initial condition vector X(0) which will excite only the mode 
corresponding to the eigen value with the most negative real part.
 

7.a)
Explain the effects of the observer on a closed – loop system performance.

   b) 
Consider the system 

X(k+1) = GX(k) + Hu(k)   Y(k) = CX(k)

where G = 
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Design a current observer for the system. It is desired that the response to the initial observer error be deadbeat. 

8.
Obtain the control law for the system 
[image: image11.wmf])
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to ensure that the closed lop poles lie within a circle of radius 1/(; (( = 5,) in addition to minimization of the performance index 
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Answer any FIVE questions

All questions carry equal marks
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1.
Obtain the inverse Z-transform of 

   a)
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   b)
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   c)

[image: image15.wmf](

)

(

)

(

)

2

1

1

1

1

3

8

.

0

1

5

.

0

1

5

.

0

)

(

-

-

-

-

-

-

-

=

z

z

z

z

z

F



in the closed form.
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2.
Using the partial fraction expansion programming method, obtain a state space representation of the following pulse transfer function                              

        
Hence, obtain its state transition matrix.

3.
Show that the following system 
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is completely state controllable and observable.
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4.
Investigate the stability of the following system and calculate the range of K, over which the system is stable. Select the sampling period T = 0.4 sec. 
                       [image: image18.png]



5.a)
Explain the digital implementation of analog controllers in detail.

   b)
Describe the three digital integration rules used for the digital implementation of
controllers and explain bilinear transformation in detail.

6.

Consider the digital control system x[(k+1)T] =Ax(kT)+Bu(kT)

       
where 
[image: image19.wmf]ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

-

-

=

1

0

1

1

1

0

B

A

 
[image: image20.wmf]

                                        



The state feedback control is described by u(kT) = -Kx(kT)  where K = [K1 K2]. 


Find the values K1 and K2  so that the roots of the characteristic equation of the 


closed loop system are at 0.5 and 0.7.

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.
Evaluate the minimum performance index and also find out the optimal control law to minimize the given performance index for the discrete time control system defined by 
x(k+1) = 0.3679 x(k) + 0.6321 u(k) ; x(0) = 1.

The performance index is  
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1.  
Obtain the inverse Z-transform of the following in the closed form.

   a)
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   b)
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   c)
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2.  
Obtain a state space representation of the following pulse transfer system, such that the state transition matrix in diagonal form.

        
Also obtain the initial state    X(0)  in terms of y(0),y(1), y(2) and u(0),u(1),u(2). 

3.
Investigate the controllability and observability of the following system
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4.
Determine the characteristic equation in the z-domain and ascertain its stability using the bilinear transformation
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5.a)
Explain the design of the digital PID controller and PI controller in the Z- plane

   b)
What are the advantages of digital PID controller over digital PI or PD controller? 
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6.
Consider the system defined by
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Determine the state feedback gain matrix K such that when the control signal is given by u(k) = -KX(k), the closed loop system will exhibit the dead beat response to any initial state x(0). Give the state variable model of the closed loop system.

7.a)
With suitable diagram explain the Current estimation-type Kalman filter.
     b) 
Consider the digital process described by the state equations


X(k+1) = A X(k) + Bu(k)  and 
y(k) =CX(k)

Where
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A digital observer is to be designed which will observer the states x1(k) and x2(k) from the output y(k).  Such that the observer so designed shall have deadbeat response.

8.
For the plant described by the equations

x1(k+1) = 0.8 x1(x) + x2(k) + u(k)

x2(k+1) = 0.5 x2(k) + 0.5 u(k)

Find the optimal control law that minimizes the performance index 
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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.
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2.  
Obtain a state space representation of the following transfer function 

using the partial fraction expansion method. Also, obtain the initial values of the state variables in terms of y(0),y(1) and y(2) and also draw the block diagram for the system.

3.
Investigate the controllability and observability of the following system
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4.
A feedback system is represented by a signal flow graph shown below:
a) Construct a state model of the system






b) Diagonalize the coefficient matrix A of the state model obtained in (a) above


c) Determine the stability of the system






d) Determine the transfer function C (s) / U (s)
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[image: image36.png]



5.a)
Give the advantage of using w transformation for the design of discrete data systems.

   b)
What can you say about root sensitivity of a system with dead  beat response?

6.

Consider the system

        
X(k+1) = FX(k) + Gu(k)

        
Y(k)     = CX(k)



where 
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Design a state feedback control algorithm which gives closed loop characteristic 


roots at 0.6+j0.4,  0.6-j0.4 

7.a)
Explain the steady state Kalman filters.

   b)
Design a first-order observer for the system


X(k+1) = AX(k)+Bu(k)  and Y(k) = CX(k)  

where
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C= [2    0].

Design observer for deadbeat response.

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

Where 
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Find the optimal control law that minimizes the performance index 
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