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Problem 1. Consider the state equations (in Jordan Canonical Form) as follows:

3 0 0 0 0 0 07 1 0 a

0 3 00 0 0 O 0 1 2

0 0 31 00 90 0 0 0 1. 0 » 01 2 0
x=10 0 0 3 0 0 O|x+|3 0 1fju,y=|0 1 1 0 0 0 1f|x

0 00 0 2 1 0 1 3 2 2 01 0110

0 00 0 0 2 1 1 1 0

0 0 0 0 0 0 2 L3 3 0

~ {(a) Determine the value of a so that the system is not controllable. (5 points)
(b) Determine the value of 4 so that the system is not observable. (5 points)

Problem 2. The transfer function of a system is given by
L(f_)_ = G(s) = 3
U(s) (s=2)(s—H(s—=7)

where U and Y are the Laplace transforms of input « and output y, respectively.

(a) Find the state-space model if x; = vy, x, = ¥; and x5 = X,. (2 points)

(b) Design a state feedback u = —Kx + v with K = [K;, K, Kj] so that the

characteristic equation of the closed-loop system is s? + 552 + 85 + 6 = 0. (4 points)

(¢) When use the Luenberger type observer: £ = A% + Bu + L(y — C®) to estimate the

real state x, design the observe gain L = [L; L, L3]7 so that the roots of characteristic

polynomial of the error system are located at s = —3 & j and s = —2. (4 points)

(d) Use the dynamic output feedback u = —K & + v to compensate the system where K is

chosen as in problem (b), and £ is a solution of £ = A% + Bu + L(y — C%) with L as in

problem (c). Find the transfer function of the new closed loop system (from v to y). (5

points)

Problem 3. Consider the control system shown below:

R(s) 1 C'(s)
'—f¢<:::>“* Ge(®) s(s + 1)(s + 10) >

- A

(a) Draw the root-locus for the closed-loop with G.(s) being K. (5 points)

(b) When G.(s) is a PD compensator, design the compensator for the following time-
domain specifications (using approximation and the dominant poles): (10 points)

i) Damping ratio {=v2/2.

ii) Time constant 7 (defined as 1/{w,,) = 1 /2.
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Problem 4. A polynomial can be factored as (s* + as? + b)(s® + ¢s* + ds? + e) where
a, b, c,d and e are constants with >0 and 5>0. Find the condition on ¢ and b so that s* +
as® + b has just two roots on left half-plane. (5 points) In this case, if we know that s® +
cs* + ds? + e has two roots on imaginary axis, find the pair (L, I, R) where L, I, and R are

the numbers of its roots located on left half-plane, imaginary axis, and right half-plane,

respectively. (5 points)

Problem 5. A unit feedback system has the forward-path transfer function G(s) =
s e When K=1, find GM. (5 points) Find K>0 such that GM=0. (5 points)

$3+352425+6

Problem 6. A unit feedback system has the forward-path transfer function G(s) =
—————— Find the values of K and « to satisfy the following frequency domain
s24(a+1)s+a

specifications: M, = 1.05 and w, = 12 rad/sec . (5 points) Calculate the peak petrcent
overshoot of the step response and the bandwidth of the closed-loop system. (5 points)

Problem 7. For a transfer function with the following bode diagram, find PM. (5 points)
When the input is cos?(0.5¢)-cos(5¢) sin(5#), find the steady state output y,,. (5 points)

Bode Diagram
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Problem 8. Consider the following circuit where the block represents a device with the

current-voltage characteristic function f. With x; = v, x, = i, write down the state space

model. (3 points) When v(t) = 1 is constant, determine the equilibrium point in case of

Ax)=x" — x3 + 1. (2 points) Find the linearized system at this equilibrium point. (5
points).

i(t) = f(ve)

Problem 9. Consider the dynamic equations %%—Q = Ax(t) + Bu(t), y(t) = Cx(t)

where

31 0 1
A=10 3 0],B=O,C=[l 0 al.

1 2 -1 1

Can the system be transferred into controllability canonical form (CCF)? (2 points) Find
the all possible values of a so that the system is not observable. (3 points) Find the
transformation P so that x(f) = Px(t) could transform the state equation into the
observability canonical form (OCF) when a=1. (5 points)
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