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Problem 1 (30 points)

a) (4 points)

A system is fully controllable and asymptotically stable. Can the system be destabilized by
control? State reasons.
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b) (8 points)
The dynamical behavior of a machine is described by the matrices

a=[ 2 3] was-]}]

The plant is controlled by a state feedbackcontroller with the matrix K = [ 0 Kk ] The
parameters are given by ¢ = -5 and k; = 2.

Due to maintenance the parameters are changed to a = 4 and k; = 3. Furthermore the
feedback is changed to positive feedback.

What can be stated about the stability of the closed-loop system (machine with controller)
in the two cases? State reasons.
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¢) (9 points)
Declare the principal strategy for the practical realization of model-based state control.
Define the processor-based observer realization using elements of A/D and D/A conversion,
the micro controller, and measuring devices by drawing a sketch and denoting the relating
devices.
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d) (5 points)
A dynamical system is described by

i’] -1 0 Iy 0
itz = 0 1 T + 1 U,
‘ i‘g 0 1 T3 1

y=1[0 1 o][z;}.

State the transfer function of the system and calculate the invariant zeros.
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e) (4 points)

The eigenvalues of a system are given by

Al 0,

A3 = £ 37,

Ms = 5 £ 27,

X = —7,

A7 = 0 + 0],

ds = 88 + 88j,

de = —88 — 88,
A = —1=x 1j,

)\12,13 = 108 + 10‘7,and
/\14,15 = 108 &+ 107j

What is wrong with the statements denoting the eigenvalues? State reasons.
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Problem 2 (25 points)
A system to be controlled is given in state space description by

2 3 a
A=10 -4 1
0 0 o

Cc

13
, B—[4 0], C=[10 0], and D=0.
0

a) (3 points)
Calculate the eigenvalues of the system. Is the system asymptotically stable? State reasons.
et
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For the next tasks, the parameters a and b are given as

a=0 and b= -—1.
b) (5 points)

Give the controllability matrix ()s and define the range of ¢ in which the system is fully
controllable.

& ] g [ ¢ ( 20 [212C
O ¢ o0 - @, C

TZ\Q @g mMadr' X L\a> a {u(( V cnic (9;,7,9 "7:,
C Zo

=> The ¢yctenm o Furl
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Use ¢ =1 for all following tasks.

c) (9 points)
The system should be controlled by full state feedback (negative feedback). The feedback
gain matrix is supposed as

[k 0 Ky
k=15 a o

Determine the parameters ki, k», and ks such that the closed-loop system has the eigenvalues
/\1,!2 = -2 and Ag = -1

The characteristic polynomial of the desired dynamics:

DI R 2 BT I

dee (A1 -(A-pyg)) =

2 . L
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= 8 -2l
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In order to realize the control task (without measurements of all states), an identity observer has
to be designed.

d) (3 points)
Give the observability matrix @g. Why is the system fully observable?

C:C[ (on
Ch=C 2207 — Q-] '°°

A e -
CA=[y 427 | Y -gé E:
Ronk C @g) = %
= 746 Syg tPun

rS ’)[u/b 06591,1/04[/(1
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e) (5 points)
The dynamics of the observer should have the eigenvalues

)‘l = —1, )\1 = —2, and /\3 =-3.

Define the related parameters Iy, I, and I3 of the observer gain matrix
b
L= |ls].
ls

The characteristic polynomial of the desired dynamics:
(1) C A2) (A2) = XH6NFUN+6 (%)

At CAT -(A’Lﬁ) )
= Pt G )X (3L=6+ELIN+ 36— f+ 36 4y (,
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Problem 3 (20 points)
A control plant is given with the state equations

T1(t) + az1 (t) = u(?),
a(t) = bu(?),
z3(t) + cz3(t) = z1(t) + xo(t), and
y = x3(t)

in time domain.

a) (2 points)
Develop the state space model with the state vector x = [z1(t) z2(t) z3(t)]” and give the
matrices A, B, C, and D.

T-x o O | I
0 X + [ b{ U

1 0

v~
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b) (1 point)
For a modified system the matrix A is given by
-3 0 0
A=10 0 O0}.
1 1 -2

Is the system asymptotically stable?

Jet (H-f)= | A3 00
0 A 0
S e

fro—
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For the following subtasks c) - g) an unstable system with the state space representation

-2 4 -1 0
) = l 0 1 5 } z(t) + {2] u(t)
0 0 -3 0

is given.
The system should be stablized with the help of a state feedback controller u = — Kz, where

K = [kl kz k)3] .

c¢) (4 points)
State the eigenvalues and the corresponding eigenvectors of the uncontrolled system.

det (A1-AY= | M2 k1 |
0 X1 -§ | =(AF)(A-D(A+3) = 0O

o O 3
@‘&D)Avalues; X1z -2, A1, d3=-3

Q)\%mwy AVE = U = (A= N D Vi =0

y 0 ~4% 1 o ~1
M2 / o -3 -§{W=|o = U":[ 0
© o 1 0 0
>\ S 3 -4 g 1 0 g -A[L
> / 0 Q __g UL: O ~> \/L- 3
0 © & D
i b
e o
_ - |l _c
Ps=73, o 4 -tV o P Vam T
o 1
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d) (1 point)
Why is the uncontrolled system unstable? State reasons.

The system is unstable because of Re()\)_)=1 >0.




UNIVERSITAT DUISBURG-ESSEN

Fakultét fir Ingenieurwissenschaften, Abt. Maschinenbau und Verfahrenstechnik
Lehrstuhl Steuerung, Regelung und Systemdynamik

Control Theory v August 20", 2010

Page 20
e) (4 points)
Is the given system fully controllable? If not, which eigenvalues are not controllable?

c/en-uouafa?(?‘f\/
codmen . Qs=[ & AB A’B
~To 8§ -%
{\ 2 2 2
o o 0
Ronk 85 =2 <3 = not fully controllable.

Houtane:
R Ronk [ MT1-A Bj
‘RW{Z . . ij =3 =)\ controlleble
© o 1 ©
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Determine the characteristic polynomial of the controlled system. Determine the gain matrix

K so that the poles are placed at s;5 = —44j and s3 = —3.

Choractor e Pol ?/nowu‘ ol

det (AT~ A +8KD =) (N} (3t DATFiHHn-2) |
= A+ 0kt i) /\lJr (TRt Tokar DA+ 3(Skatiph,-3

Polynomial of the desired dynamics:
(A3 (4450 (A+h -7 )
SO A+ A + 43D
cpe;ﬁff ceads Q«BMFM?V\S :
kKq=
foaz

2Kyt 1= ? } N

BRataky—2=14
Iy Con be  arbitrarily chosen,

——

=> k=% % < |
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g) (4 points) _
For cost reasons only one state of the system can be measured. In order to perform state
feedback control, which state should be measured? State reasons.

(Hint: Check the three possibilities C; =[1 0 0], Co=[0 1 0],and C3=[0 0 1]).
T L 2)" ]T
O[DQ&T'V@EHP‘EV RQe=[ ¢ (cA) (C,A)
Q
with Cii Ronk Qa= Rank [ 1 ° 1.
2 4 -1 173
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The linearized system equations yield the following set structurally

(1.12 = CLQZ and
0Ty = b (2 +Ty) + dic
If not stated differently use the equations above to complete the following tasks.

a) (1 point)
What is the physical difference of using either the state vector z; = [z z Tg]T or the state

vector zo = [£ Tg]T to describe the balloon system?

(Githout & jn the state Vectd, there s
o global (abslub) refrence .
no infermetion absut absolute atlitude

L]

=2

b) (4 points)
Give the state space representation of the vertical dynamics of the balloon system using the
state vector z, = [z Z Tg]T by stating the A, B,C, and D matrices with the rate of heat
g; as the input. The position z of the balloon and the temperature T, of the filling gas are

measured.
Additionally, define the type of the system (SISO, SIMO, MISO, or MIMO).

[o 1 0 E

= SIMD

v/
I
'S o
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At a certain ambient condition and several assumptions on the caloric equation, which can be
assumed for specific locations on. Titan, the state space representation can be approximated by

0 1 0 0
A=10 -2 0 |, B=10|, C=[00 1], and D=0.
c -1 —4 2

If not stated differently use the matrices above to complete the following tasks.
c¢) (1 point)

For which parameters of c¢'is the system completely controllable? State your reason refering
to the rank of the controllability matrix Qg.

——

O 0 0
Bs= 10 0 o
2 8 32

rank (@) = 1 < n = not completely controuable
faf all ¢
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d) (2 points) .
For which parameters of c is the system completely observable? State your reason refering
to the rank of the observability matrix Qg.

o o0 [
R A
~be ¢t -6

-

oet (Qg) = ¢ (c+2)
rank (QB) <n Mff =0 v =2

=> not mpkbtly  obserrasle for =0 vV Ce -2
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e) (2 points)

For which values of the parameter c is the system asymptotically stable?

e —

0
2, =0, 2, =2, A, =4

det (AT -A) = A (212) (2 +4)

Rci 253 < O not true for 4,

= System i not Q%ym/atoivmé(g, Sted/e
for alt c.
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The system is transferred to the reduced state space representation with the state vector z, as

-2 d 0
A:{_l _4], B=[2], C=[01], and D=0.

If not stated differently use the matrices above with the parameter d = 0 to complete the following
tasks.

f) (8 points)

Determine the transfer function matrix G(s) of the state space representation. Determine the

eigenvalues, the poles, the invariant zeros, the decoupling zeros, and the transmission zeros
of the system.

~ In case of decoupling zeros, state the type (input/output decoupling zero) additionally.

Figenyalues :
det (AL-A)= (A+2)(2r4) = 2472 ,2,=-4

Travsfer funchon  motrx :

R -
Gls) = ClsT-4) B+D = Sr

Transmission 2E0s 8 nene

Pecoypling JInvanant s
det-(P) = 25ty =0 > g/ =-2

'bnof, L rank ( [SQ/I -A -’BJ) =] <n
=2 input decouplng 2eo
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g) (5 points)
For the design of an optimal controller for an altitude control of the balloon, the matrices

_ 120 10 _ | P _
Q‘[lo 20]’ P‘[ps pJ’ and  R=4

are given. Calculate K* of a linear quadratic optimal controller (assume p; = ps = 1,
p1,pa > 0).

RICATT  eguetr@n
oy f\w;
ATP+PA ~ PBR B'P 1R =0

[ﬁ«% L -2p, &
4-2pq  2078py 'PL:L] )

= p1;— 7%/5 ) Plf: 2_

I

—

k*- &'e"p =[5 1]
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The following transfer function matrix G(s) of the closed loop of the balloon system is obtained
by using a slightly modified input and output matrix to

s+ 2
s2 4+ 4ds 4 4d?

G(s) =

s
s2 4+ 2ds+ 4s + 8d

h) (2 points)
Determine the values of the parameter d for which the closed loop is input/output stable.

5+ 2
(.Serd)z_

G(s) =

s
-; 7(5+Lf> (54 Za"}__.1

1/0- stoble, Hf Fe {500
= d> &




