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1.a)
Consider the system


[image: image1.wmf]x

·

 = A (t) x (t) + B(t) ℧(t)


Y (t) = C(t) x(t) +D(t) ℧ (t)


Define  state controllability. Define minimum energy control.

   b)
Consider the system
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y(t) = [1     1] x(t)

Is this system observable at t=0; if yes find x(0), when y = et.

2.a)
State and explain Lyapunov’s stability theorem for LTIV autonomous system.

   b)
For the system
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investigate the asymptotic stability. Find the suitable Lyapunov function V(x).

3.a)
Define dead beat control and dead beat response.

   b)
Give the system described by
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y = [1
0]x

Design a state observer, so that the estimation error will decay in less than 4 seconds.

4.a)
Describe with a block diagram full order state observer and bring out the advantage of a reduced order observer for state feed back control.

   b)
What is the advantage of choosing the same state-space model of the plant for the observer. Explain.
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Set No.1

5.a)
Find the curve x*(t) that minimizes the functional
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t

X

t

t

x

t

x

x

J

x

)]

(

)

(

)

(

2

)

(

[

)

(

2

2

0

2

·

·

+

+

=

ò



given x(0) = 1 and x(2) = -1.

b)
What is transversability condition, and when it is to be satisfied by the optimal trajectory x*(t).

6.a)
Find the optimal control u*(t) for the system.
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which minimizes J(u) = 
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and transfers the system from x(0) = 5 to x(1) = 0.

b) State Ponti yagrin’s minimum principle.

7.a)
Given two matrices


A = 
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Using MATLAB compute


i) A+B

(ii) AB 


by writing the program script.

b) Give the description of the following MATLAB functions:

“bode”, “grid”, “impulse”, “margin” and “r locus”.

8.
Given the system with a transfer matrix T(s) of size pxm, describe the procedure to obtain a compensated system matrix Tm​(s), such that 


Tm(s) = T(s) Tc(s)


When Tc(s) is pre compensator transfer matrix.
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1.a)
Define state controllability and state observability. Show that a system which satisfies both the requirements is a minimal order system.

   b)
Describe the test for the controllability and observability of a system in Jordan Canonical form.

2.
A feed back system is represented by a signal flow graph shown in the figure.

[image: image12.png]




Determine whether the system is controllable and observable. Use diagonal form of the state model.

3.a)
A linear autonomous system is modeled by 
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Find the bounds on K. such that the system is stable assymptotically and origin in the large.

   b)
Show that the clased loop poles of a feed back system can be arbitrarily assigned through state feed back control. If that is the case what is the requirement for the system to be satisfied.
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4.a)
Consider a linear system described by the transfer function 



[image: image15.wmf])
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Design a feed back controller with state feed back to locate the Eigen values at 

-2, -1 ± j1.

b)
Explain with the help of a block diagram, the functioning of a full order state observer, which is designed to minimize estimation error asymptotically.

5.a)
Describe   (i) regulator problem
(ii)   tracking problem 



iii) minimum fuel problem and 
(iv) minimum time problem, with relevant performance measures.

b) Obtain the necessary condition to be satisfied when a functional
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extremized along x*(t), such that x(to) and x(tf) are on the optimal trajectory. 

6.a)
Show that the functional
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which satisfies the boundary condition x(0) = 0 and x(
[image: image18.wmf]p

/2)=1 has an extremum x*(t) = sin t.

b) Determine the optimal control law for the system 
[image: image19.wmf].

x

(t) = -x(t) +u(t) 

to be transferred to the origin from one orbitrary initial state. The performance measure is 
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Here consider u(t) is uM constrained.

7.a)
Develop a MATLAB script to plot the function
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where 
[image: image22.wmf]w

is a variable input and the command prompt. Label x-axis with “time(sec)”, and the y-axis with  “y(x) = (4/pi)*cos
[image: image23.wmf]w

 x+(4/9pi)* cos (3
[image: image24.wmf]w

x)”

Include a descriptive header in the script verify that “help” function will display the header. Choose 
[image: image25.wmf]w

=1,3,10 rad/sec.

b) Give description of the following function:

“ctrb”, “eig”, “margin”, “poly” and “pz map”.
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8.
Consider the system



[image: image26.wmf]x

·

= Ax + BU


y = CX+EU


Consider Linear state variable feed back to the system input vector U such that 


U = Gv + Fx


Where V is the system reference input

Describe an expression for the feed back gain matrix F assume (AB) is controllable.
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1.a)
Define state controllability and observability of a control system.

b)
Describe Kalman’s test for investigating controllability and observability of LTIV system.

   c)
Show that controllability and observability are dual criteria.

2.a)
Define asymptotic stability of an autonomous system in the sense of Lyapunov.

   b)
A continuous time plant is described by
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Investigate the stability of the origin of the state-space in the large using Lyapunov’s theorem on stability.

3.a)
Explain the principle of state feed back to regulate the time response of a feed back control system.

   b)
A SISO system is described by
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Design a state feedback controller, which will give the closed loop poles at

-1±j2, -6.

4.a)
With the help of block diagram, employing state feed back, explain the principle and working of a full order state observer.

   b)
Consider the system
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y = [2
-1]x

Design a state observer that makes estimation error to decay at least as fast as

e-10t.
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5.
Find the optimal control u*(t), for the system 
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which minimizes the performance index
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and given 
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6.a)
State and explain Pontriyagin’s minimum principle in obtaining optimal control u*(t), where u(t) is bounded.

   b)
Given the functional
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given x(0) = 0o; x((/4) is free.

7.a)
Consider the function y(x) = 10+5e-x cos ((x+0.5)


Develop a script to co-plot y(x) for three value of (=1,3,10 rad/sec, with 0≤x≤5


seconds. The final plot should have the following attributes.


Title  
        : 
y(x) = 10+5 exp (-x) * cos ((x+0.5) 

x-axis label  :   time (seconds)

y-axis label  :   y(x)

line type      :    ( =  1:  solid line



( =   3 : dotted line



( = 10 : double line

grid.

b)
Give descriptions for the following functions: “nichels”, “rlocfind”, “p2map”, “step”, and “obsr”

8.
Determine the controllable and  uncontrollable poles of the control system having.
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Determine transfer matrix T(s).


if    c = 
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   and D = [0]
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1.a)
Describe the phase variable Canonic form of state-space model and show that such a system is always controllable.

   b)
Give a LTIV system 
[image: image40.wmf]x

·

 = Ax + BU


Find a P matrix, which transforms A into controllable Canonic form. AB is controllable.

2.
The block diagram of 
LTIV system is given below:



[image: image41.png]



Check whether the system is completely observable.

3.a)
State and explain Lyapunov’s stability theorem applicable to continuous time autonomous system.

   b)
Given the system 
[image: image42.wmf]x
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investigate the stability about the equilibrium point at the origin of the state-space and find out the Lyapunov’s function.

4.a)
Explain the principle of pole placement through state feed back and explain Ackerman’s procedure to obtain the feed back gain matrix.

   b)
Given the system
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= AX + BU; Y = CX, with 
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design a state feed back control law so that the closed loop system has poles at 

-1, -2 and -3.
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5.a)
Show that for a functional J(x(t); if x=x* is the extremal, then the variation in J must vanish on x*.

   b)
Find the extremal for the functional J(x(t)) = 
[image: image46.wmf]dt
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given x(0) = 0 and x(1) = 1

6.
Determine the expression for the optimal control u*(t), which controls the linear state regulator


[image: image47.wmf]x
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 (t) = Ax (t) + B℧ (t)

and minimizes the performance index,
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and U(t) is not constrained.

7.a)
Generate a plot of 


y(x) = e-0.5x sin (x

where ( = 10 rad/sec and 0≤y≤10. Use the Colon notation to generate the vector x, in increments of 0.1. Write MATLAB script.

   
   b)
Define the following functions:

“text”, “tf2SS”, “Zems”,”margin” with the related argument and syntax.

8.
Consider the multivariable system modeled by



[image: image49.wmf]x

·

= Ax +BU


when 
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a) Check whether the system is controllable.
b) Convert the system into 
[image: image51.wmf]·

z

 = AcZ + BcU

When X=PZ and P transform A into Ac which is in the controllable canonic form.
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