Integrerend project systeemtheorie
16/04/2013, Tuesday, 9:00-12:00

1 (3+12=15) Linearization

Consider the state-space system

.%.'1 = —J]? — X9

i2:x1+u
2
Y1 = Ty

Y2 = 21.
(a) Show that z1(t) = —1, 25(t) = —1 and u(t) = 1 is a solution of the system.

(b) Determine the linearized system around this solution.

2 (20) Kharitonov’s theorem

Consider the interval polynomial p(s, a,b, ) = s + s? + [a, b]s + [ua, ub] where a, b, p
are real numbers with a < b and 0 < p. For which values of a, b, and p, does p(s,a,b, )
have all its roots in the open left half-plane?

3 B+4+4+4+44+10+6=35) Controllability and observability

Consider the linear system

01 -1 0
=110 1|lz+|ljlu y=[1 0 1]z
10 0 1

Explain your answers to the following questions:

a) Is it stable?

(
(b) Is it controllable?

(
(d) Is it stabilizable?

)
)
c) Is it observable?
)
(e) Is it detectable?



(f) Does there exist a stabilizing state feedback u = Fa? If yes, determine such a feed-
back.

(g) Does there exist an observer of the form & = P% + Qu+ Ry? If yes, determine such
a compensator.

4 (3+17=20) Companion form

Consider the linear system
(t) = Az(t) + bu(t)

where z € R" is the state, u € R is the input, A € R™" and b € R™. Suppose that
(A,b) is controllable and det(A — A) = A" + p, (A" 1 + -+ + p A+ po. Let the vectors
q1,Q2, - .., qn be defined as

qn = b
Gn—1 = Ab _'_pnflb = AQn + DPn-1Gn
Gn—2 = AQb + pn—lAb + pn—Qb = Aqn—l + Pn—2qn
= A"+ pu gAMb+ 4 prAb+ pib = Ags + pign.

(a) Show that the vectors qi, qa, . . ., g, are linearly independent.

(b) Let T'= [ql o - qn]. Show that
o
0
T7'=T"¢,= |:
0
1
and _ -
0 1 0 0
0 0 1 0
T7'AT = :
0 0 0 1
| ~Po —P1 —P2 ~Pn—1

(HINT: First find out AT.)

10 pts gratis.



