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Questien |

a) Derive the modal canonical form of the following system and show the block diagram (10)

Y(s)  100(s+10)
U(s)  s(s+3)s+12)

b) From observation of the modal form representation, is the system controllable? (3)
¢} Use the controllability matrix approach to confirm your observation (6)
d} Explain what is meant by the following terms for LTI systems.

i) Controllability (3)

i)  Observability (3)

Question 2

a) Determine if the following system is stable. (5)

x©=[ oJx©+ [[Ju®

y© = [0 1)x(®

b) Use the pole-placement method to design a controller that will place the closed-loop poles of
the systems on {a)at s = —5,—2.... (8)

¢) For the same system (a), design the controller k = R™1BY P for which the cost function
J = [, (x"Qx + uTRw) dt is minimized, subject to £ = Ax + Bu  (8)

=[0 0 _
0=ly 4 R=1
d) List one advantage and one disadvantage of using an optimization method instead of the pole
placement approach to design the full state feedback controller u = —Kx (4)

Question 3

a) Define the following terms:
) Lyapunov stability (2)
iy Local stability (2)
iii)  Global stability (2)

b) Use Lyapunov’s indirect method to determine the stability of the following system, for the
equilibrium point x = 0. (8)

X = =y g (xf + %3)

Xy = —xy — pxz(xf + x3)




i) Determine the equilibrivm point for the following system (2)

x1: ‘““’x1+4‘x2
Xy = — X1 — X3

i) Ifthe system’s Lyapunov function is V = x + 4x2 , state the condition for global
asymptotic stability (3)
ity Verify if the system meets this condition (6)

Question 4

a)
i) For the system of figure 1, find the sampled-data transfer function G(z) = :—Ei—))- ifthe
sampling time, T'= 1 second. (12)
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ti)  Determine if the closed-loop system is stable for K = 1. (6)

b) Determine the range of sampling time for which the closed-loop system below is stable. )
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APPENDIX
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