Project systems theory
21/01/2016, Thursday, 14:00 — 17:00

You are NOT allowed to use any type of calculators

1 (4416 =20 pts) Linearization

Consider the nonlinear model of a bioieactor described by the equations
p =g - %p
q=—pap+ ?
y=q-+kq’

where p > 0, ¢ > 0 aie the states, y 18 the output, k 1s a constant, and

q
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(a) For a nonlinear system of the form z(t) = f(z(¢)), a (constant) vector Z 1s called an equilb-
riuwm pownt if f(Z) =0 Determine the equilibrium points of the above bioreactor system.

(b) For all equilibrium pomnts, determine the linearized model.

2 (20 pts) Kharitonov criterion

Suppose that a 1s a positive number Determine all values of a such that the interval polynomials
p(s) = s + [a,2a]s% + [2a, 3a)s + [3a, 4]

are all stable

3 (5+20 =25 pts) Feedback stabilization

Consider the system & = Az + bu where
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(a) Is 1t controllable?

(b) Find a state feedback of the form u = kT2 such that the closed loop system has poles at —1
(Hint. You may want to use the following:
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110 1 1 1 -2 1
1011 _1}1 -2 1 1
01 1 1| —3|-2 1 1 1
1110 T 1 1 -2



4 (14+24+2+4+4+646=25pts) Stabilizability and detectability

Consider the linear system

m:ﬁ _03}34-{—{(1)}’& y=[0 1]z

Explam your answers to the following questions:
(a) Is 1t stable?
(b) Is 1t controllable?
(c) Is 1t observable?
(d) TIs 1t stabilizable?
(e) Is 1t detectable?
(f) Does there exist an observer of the form & = P&+ Qu + Ry?

(8) Does there exist a stabilizng dynamic compensator (from y to u)?

10 pts free




