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Problem 1
(22 points)

a) (4 points)
Give the block diagram of a MIMO-System with state control and denote all
matrices and variables.

b) (4 points)
Discuss the asymptotic stability of the system given by

() = Ax(t)

in relation to the position of the eigenvalues.
For which parameters 0 is the system given with

]

asymptotic stable?

¢) (5 points)
The modeling of a system gives the nonlinear MIMO description

j/’l o T + 0
To | | —kzy — e} — duo(1 + 22) 1]

Give the linearized MIMO-description for the equilibrium zi, = 0, x5, = 0 in terms
of the system matrix A and the input matrix B.

d) (5 points)
The asymptotic stability of the system @(t) = Ax(t) has to be shown using the
Ljapunov Matrix equation. State the related equation. Show additionally the
asymptotic stability of a system @(t) = Ax(t) given with

=25
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e) (4 points) Page 2
Consider the system given by

10 0 2
gt =] 0 00|z + |1 |u@)
0 0 1 0

Is it possible to define the complete dynamics of the system by state control (is
pole-assignment possible for all eigenvalues of the system)?
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Problem 2
(18 points)

a) (4 points)
Declare the terms asymptotic stability, stability and 'boundary’ stable considering
the system matrix A.
Is the system given by

-1 0 -1
) = | 0 1 0 |z
-1 0 -1

unstable, stable, asymptotic stable or 'boundary’ stable?

b) (4 points)
A mechanical system is described by

Z1 0 0 10 21 0
S o 0 01 0
Al T | am oA T
% o _ate o (|| 5 0
1 0 0 O . )
[ z: ] — [ 0100 ] (21 22 % ,22]T )

For which ¢y, mq, co, mo is the system asymptotic stable?

c) (4 points)
Under which condition is the system fully observable?

d) (6 points)
The system given in b) should be controlled by u(t) =1[0 0 ki ko]x(t).
Calculate the gains kj, ko for an asymptotic stable closed-loop system (assume
c1, my, ¢, mg > 0). (Hint: One way is to use Hurwitz criteria).
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Problem 3

(60 points)
The transfer function of a mechanical system with the parameter a is given by
Y (s) 5

B =0 " 7 o6Ta)

This plant should be controlled using a PID-element

t
ult) =~k §(0) ~ kay() ~ s [ (e
0
as controller.

a) (9 points)
Derive the matrices A, B and C of a state space representation

(t) = Ax(t) + Bu(t) and y(t) = Cx(t)
of the plant with the state space vector

x(t) = [11(t) x2(t)]" and the measurement y(t) = x1(t) .

b) (6 points)
What are the eigenvalues of the uncontrolled system?

c¢) (6 points)
Is the uncontrolled system stable (state reason)?

d) (6 points)
Is the system fully controllable (state reason)?

e) (6 points)
Is the system fully observable (state reason)?

f) (12 points)
Due to the I-part of the controller the state space representation has to be enhanced
by a third component:

wﬂ%ﬂﬂﬂm@xwﬁ,mwzéymw.

What is the system matrix A, of the closed-loop system @.(t) = Acxe(t)?

g) (7.5 points)
Which condition have to be fulfilled by the gains k;, ks, k3 of the controller
described above to make the system asymptotically stable?
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h) (7.5 points) Page 5
Design the values of the gains ki, ks, k3 so that the closed-loop system has the
eigenvalues Aj g3 = —1.

Maximum achievable points: 100

Minimum points for the grade 1,0: 95
Minimum points for the grade 4,0: 50




