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IV B.Tech  I-Semester Regular Examinations. November, 2004

DIGITAL CONTROL SYSTEMS

(Common to Electronics and Instrumentation Engineering, Electronics and Control Engineering and Bio-Medical Engineering)

Time:3 hours






Max.Marks:80

Answer any FIVE questions

All questions carry equal marks.

- - -

1.
Obtain the output expression between sampling instants for the following system configuration.





                     T = 1Sec.
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Given G(s) = 
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2.
Explain the procedure for discretization of continuous time state space equations.

3.
Investigate the controllability and observability of the following system
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4.a)
Show that the following quadratic form is positive definite.

 
     V(x) = 10 x12 + 4x22 + x32 + 2x1x2 –2x2x3 – 4x1x3
     b)
State and explain Liapunov’s main stability theorem.

     c)
Consider the system described by 
[image: image5.wmf]·

1

x

 = x2 – x1(x12+x22);  
[image: image6.wmf]·

2

x

 = - x1 – x2(x12+x22). 

Determine the stability. Also show that X = 0 is the only equilibrium state.

5.a)
What are  the two basic transformations used to convert an analog system transfer function to a digital system transfer function? Explain each procedure.

b) Explain the design of digital controllers through bilinear transformation.
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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)
Discuss the necessity of an observer in control systems.

  b)
Draw the block diagram of a reduced – order observer and explain the advantages over full-order observer.

8.
Explain the steps involved in the analytical approach of parameter optimization. Also explain how the actual output can be maintained as close as the desired output in servomechanism using parameter optimization.

@^@^@
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   Max.Marks:80

Answer any FIVE questions

All questions carry equal marks.

- - -

1.
The input and output of a sampled data system is described by the difference    

            equation.




c(n+2) + 3c(n+1) +4c(n) = r (n+1) – r(n)


Determine the Z-transfer function. Also obtain the weighting sequence (discrete 


impulse response) of the system.

2.
A regulator system has a plant, described by
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Obtain the discrete-time state variable model.

3.
For the system defined by
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assume that the following outputs are observed as y(0)=1 and y(1)=2 and the control signals given are u(0)=2,u(1)=-1, determine the initial state  X(0) and also  X(1)    and   X(2)            .

4.
Determine the stability of the following characteristic equations by using suitable tests.

a) 
5z2 – 2z + 2  = 0





b) 
z3 – 0.2 z2 – 0.25z + 0.05 = 0



c) 
z4 – 1.7z3 + 1.04z2 – 0.268 z + 0.024 = 0 


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.
A discrete-time system defined by


[image: image11.wmf])

(

1

0

)

(

0

6

.

20

0

0

)

1

(

k

u

k

X

k

X

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

=

+



[image: image12.wmf][

]

)

(

0

1

)

(

k

X

k

y

=


Design a control law u = -Kx so that the closed loop system has eigenvalues at 1.8+j2.4,  -1.8-j2.4

7.a)
Discuss briefly Kalman Filtering algorithm and explain the various recursive relations.

   b)
With neat block diagram explain the full order observer.

8.
Derive the solution for optimal control problem using transfer function approach.
@^@^@
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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.
Consider the discrete time system defined by 
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Obtain the state space representation of the system by direct programming method and nested programming method.

3.
Define controllability and observability of discrete time systems.                        For the following system,

          
Determine whether the system is observable and controllable.

4a)  
Discuss the Liapunov stability analysis for Linear Time Invariant (LTI) discrete time system.                                                                   

   b)
 Determine the stability of the origin of the system given by             
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5.
What are the different techniques used to design digital controllers? Explain the merits and demerits of the techniques. Explain any two techniques in detail.
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6.
Consider the system defined by

 .

X = Ax + Bu
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by using the state feedback control u = -kx, it is desired to have the closed loop poles at s = -2 ± j 4  and s= -10. Determine the state feedback gain matrix k. 

7.
Describe the prediction type of Kalman-filter with a neat sketch. Derive the relevant equations to be solved.

8.
Explain the optimal control problem and the solution for the same using Lyapunov function approach.
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1.a)
Obtain the Z-transform of 

   i)
f1(t) = 
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   ii)
f2(t) = 
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   b)
Show that 
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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 state equation
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Where,   
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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.

5.
Write notes on the following:

     a)
Digital controller design using Bilinear transformation.

     b)
Difference equation solution using Z-transform method.

     c)
Dead beat response.
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6.
Control a system, defined by 



.

X = Ax + Bu       Y = Cx



Where,   
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It is desired to have eigenvalues at -3.0 and -5.0 by using a state feedback control            u = - kX. Determine the necessary feedback gain matrix k and the control signal u.  

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: image25.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.
Derive an expression for state regulator design through the Lyapunov function.

@^@^@

Set No.              


    1





Set No.              


    2





Set No.              


    3





Set No.              


    4





� EMBED Equation.3  ���








_1128898723.unknown

_1128949687.unknown

_1133043765.unknown

_1133043781.unknown

_1159522315.unknown

_1133043772.unknown

_1128949719.unknown

_1133043672.unknown

_1128942253.unknown

_1128949110.unknown

_1128898793.unknown

_1128899731.unknown

_1122206094.unknown

_1122282454.unknown

_1128897620.unknown

_1122206291.unknown

_1122206362.unknown

_1122191468.unknown

_1122197132.unknown

_1122197138.unknown

_1122191940.unknown

_1122118301.unknown

_1122120770.unknown

_1013598539.unknown

_1122112649.unknown

