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Reading-up-time

For reviewing purposes of the problem statements, there is a “reading-up-time” of 10 minutes
prior to the official examination time. During this period it is not allowed to start solving the
problems. This means explicitly that during the entire “reading-up-time” no writing utensils, c.g.
pen, pencil, etc. at all are allowed to be kept on the table. Furthermore the use of carried
documents, e.g. books, (electronic) translater, (electronic) dictionaries, etc. is strictly forbidden.
When the supervisor refers to the end of the “reading-up-time” and thus the beginning of the
official examination time, you are allowed to take your utensils and documents. Please then,

begin with filling in the complete information on the titlepage and on page 3.

Good Luck!
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Attention: Give your answers to ALL problems directly
below the questions in the exam question sheet.

You are NOT allowed to use a pencil and also NOT red
color (red color is used for corrections).

This exam is taken by me as a

O mandatory (Pflichtfach)

O elective (Wahlfach)

O prerequsite (Auflage)

subject (cross ONE option according to your own situation).

Maximum achievable points: 90 Points
Minimum points for the grade 1,0: 95%
Minimum points for the grade 4,0: 50%

General hints:

1) For the multiple-choice and multiple-choice-similar tasks the following rules arce cffective:

i) For correct answers of exam task parts the desired number of points will be given.

ii) For noncorrect answers of exam task parts the desired number of points will be counted
negative.

iii) No answering will neither lead to positive nor to negative points.

iv) The points of the task will be summarized. The whole number can not be smaller than
Z€ro.

S
~—

If in the exam tasks no information is given for the valid range of numbers for time constants
or masses etc. : take for time constants (in sec.), for masses (in kg) positive numbers.

3) If in the exam tasks no information is given for applying negative or positive feedback: use
the usual negative feedback.
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Problem 1 (28 Points)

la) (3 x 5 Points)
Which of the following statements is ‘True’ or ‘False’?

NO. | Task/Question/Judgement

Page 4

, True ] False |

State space description is a description

Al Sba S 1)
only for linear time invariant systems. O
A2 | The Rosenbrock matrix describes the system behavior in time domain. | (O R
A3 The transfer function matrix includes less information . O
than the Rosenbrock matrix. ;&
The solution of the state equation can be get
A4 | 159 o|®
v fr the mathematical series et = il
only from the mathematical series e i
il
i=0
A5 | The free motion does not depend on the input w(t). 0] O
NO. | Task/Question/Judgement | True | False |
B1 | Eigenvectors of a system are always linear independent. O )}
B9 Observability of a system can be checked directly with C' matrix, @ O
“ | if the system matrix is a diagonal matrix.
B3 | Decoupling zeros are equal to some eigenvalues. 024 O
B4 | An input decoupling zero is always observable. O Y
B5 | Poles can not be transmission zeros for the same system. o] O
NO. | Task/Question/Judgement | True [ False |
C1 Lyapunov stability criterion is suitable ‘ & O
for checking state stability of a system.
9 Hurwitz criterion is applied to O (&
" | check the Lyapunov stability of a system.
C3 | Optimal state feedback control is designed by given desired poles. | (O X
«, | Observer can be designed independently
C4 |, . \ X | O
from controller design of a system.
C5 | Output control is also a feedback technique. 03 O
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For the following tasks, a system description in controllable canonical form is given with

0 1 0 0 ,
A=lgie 1|, B=lok @=Y Y w1 p=|Y:
0 Cy C3 0
ay a9 ag 1

with a1 93 # 0 and ¢ 23 # 0.

1b) (1 Point)

State the Rosenbrock matrix of the system depending on the parameters aq,3 and ¢ 93.
s -l o 0]
) =

lc) (3 Points)
Calculate the decoupling zeros. Indicate if they are input or output decoupling zeros.

I Rk [SL-A -Bl<n = S input Jeavfl:aé P

-— — -

| {
Se _l © o

Rk [ 50 |
0 90 “l o

D

\
V)

L

N’
o'etl“"l co to v al whes o

]
G

= no «'ufv\t olewuf“"} ger0 .
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1d) (4 Points)
Calculate the characteristic polynomial of the system matrix A depending on the parameters

a123. Is the system asymptotically stable?
0( 5 % 1 -
et (AL-A) = -0 -0, -0

Huwwitd — Crvitevion :
O all  ceicints shonlol  have e 9’?«:

=2 W, ke, ;3 <O

® Huwitz oleteriminants :

H - "0\3 _'0\| o

| -0\, %
O "“3 .-al
(
H=-0; >0

H, - ,—m —o\.\ - 0o th, > o
| =0
|

H3=—0L,'H; ;O%A|<O
> T s s ASBWF'EO{-;OJ(J stable .

:{: M, 00, By <O Auo( a:.c\,f'o\l>0-
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le) (2 Point)
How many outputs has the system? Give the equation(s) for the output(s).

2 Owamts :

g|=’Cle
g;_ = CIX)_ +C3 XJ
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1f) (3 Points)
Is the system fully controllable? State reason.

‘(w. Becanse  there is  ho .‘uro\t O(uourlih} &
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Problem 2 (31 Points)

2a) (4 Points)
A system is described by A, B, and C. The dimension of the state vector 2 is 35. The
invertible modal matrix of A is V. What can be concluded from the given facts?

NO. l Task/Question/Judgement ] True l False [

1 | The observable eigenvalues can be calculated numerically by B = V~'B. O %Y

The transformed system matrix A = V1AV
has new and different eigenvalues as in A.

2

by 2(t) = VE(t).

4 | From C' = CV the observability of some eigenvalues can not be seen.

O
The modal matrix describes the structure of the solution SX
O

0
O
X

[]

2b) (4 Points)
From det(X\;/ — A) = 0 the left and right eigenvectors z and Z can be calculated by z; (A1 —
A) =0 and (M — A)z; = 0 for all \; of A. In the detailed case, 7y, Ty, Ty, 7, are

8 8 8 8 [—2]
B 5[ 5 5 3 1
calculated as 71 = |7|, Zo = |1|, T; = |6], and 7y = |3]| for a system with B = | 4 |,
2 1 2 1 P
18 1] 19 8 | 5 ]
C=[c 9 -3 5 -5].
What can be concluded from the given facts?
NO. | Task/Question/Judgement | True | False |

1 | The system has 5 eigenvalues.

For ¢ # 1 the second eigenvalue is controllable.

2
3 | The system is fully controllable, because there exists no zero in B.
4

O 00K
R B O

For ¢ =1 the first eigenvalue Ay is a pole.
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2¢) (4 Points)
Which of the following statements is ‘“True’ or ‘False’?

NO. [ Task /Question/Judgement [ True | False ‘
1 | An observer can be used for diagnostic purposes. X O
9 A residuum is defined by the difference between O X
output and reference value 7 =y — Ypes.
The eigenvalues of the controlled system should
3 | O | &

definitely lie left to the eigenvalues of the plant.

The sampling rate of the calculation for simulation of observer-based
4 | state feedback control should be larger than or equal to @
2Wmar (Wmae: the maximum frequency of the eigenvalues

of the closed-loop system and the observer).

2d) (7 Points)
For the system with

Mg =—5+2j
Asq=—1+3j
/\5:—2

Aoz =3+

Agg =0+ 3f

a controller design has to be realized. It has to be stated that the non-observable eigenvalues

are A\34 = —1+£37, as well as non-controllable eigenvalues with A34 = —14+37 and Ag7 = 3£7.
NO. | Task/Question/Judgement | True | False |
1 | Agq = —1=% 37 are both input and output decoupling zeros. X O
2 | The system has 5 transmission zeros. O ®
3 | The system is asymptotically stable. O X
4 | The poles are sp12 = —5 £ 27, sp3 = —2, and spu5 = 0 £ 37, X O
5 | Asq = —1+£ 35 are not eigenvalues. O ®
6 | The system can be stabilized using a state feedback controller. | (O R
7 | The system is detectable. K O
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2e) (12 Points)

A system is given by

=4 0 1 by
A=|0 -2 1|, B=1|0],
0 1 -2 bg

i) (3 Points)

and

C=1[0 ¢ 0],

The transfer function matrix G(s) is

2bac boc
O 5244543 @ 5244543

bie Ny
L ks (O None

ii) (2 Points)

Calculate the eigenvalues of A. The result is:

O M=~1 A3=0=%7

O Mz=1land A\3=3

™% Mp=-1and A\3=-3 (O None

iii) (2 Points)
Is the system fully controllable?

O Yes, for by #0 and by # 0.

&  Yes, for by # 0.

iv) (2 Points)

Is the system fully observable?
O Yes. % No.
(O  Yes, for c#0.

(O None

(O No.
(O None

Page 12
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v) (3 Points)
Calculate the feedback gains for state feedback control of the given system using pole place-

ment. The desired eigenvalues of the controlled system should be Ay = —1, Ay = —4 and
Az = —6.
lﬁ = /i?l = 1/b2
& kg:g/bg O /1,’-9:9/172
ks = 6/by ky = 6/by
kl = l/bg
O ky = b2 O None

11173 = b2/3

> O
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Problem 3 (31 Points)
A system description is given with

7 0 -8 10
A=]10 -2 -10|,B=]0 0
4 0 -5 0 b

The eigenvalues of the system matrix A are Ay = —1, Ay = —2, and A3 = 3.

¢c 00 0 0
’C“[O 0 1},dndD—{0 0} (b 0; c£0).

3a) (7 Points)
- Calculate the transfer function matrix for the system.
- State the poles. _ '
- Is the system BIBO-stable (state reason)?
- Is the system state-stable (state reason)? -

66)= C(L-A" B +D

T

— [(_ o o} o= O ¥ ] O
L ~lo st2 o el
..4_ 0 S¢S (@) L_‘
| Ces+2) (S+S) -~ ¥cb (5t2)
T (st (5-3) et b (e )
= [ C (st5) —&cb
(st) (5-3) (1) (s-3)
4 bis-7)
| GH)G3) (st1) (5-3 )

I{’ol% : Sr,= - S"; = 3
= net SI1R0O —*Sfoue (5[’; =3 >0)

= hot State — 9fALl€ (S.rz: /137—‘3 >0 )
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3b) (4 Points)

7
Give the modal matrix of the system A = { 10
4
&P 1; = —( .
re o -g] [ V]
lo "l —lo 5 \/Il
B e
b Ay= =2
',- q 0 -—g Vl'
Io (V] —lo i’ Vll
‘tvv /13 =3:
r 4 o) -¥% V3|
,o —S "lo N V‘;l
V;
L 4 o —¥ J3
> = | 0 2
O 1 2

0
=il
0

V,

-8
~-10 |.
-5

Vs ]
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3c) (4 Points)
Give the decoupling zeros for the system and classify the decoupling zeros.

Ly=-2 IS 6186MVAlue Lv\t hot o Fole.
= R.): -4 s 0 Oletovfl.'—\,} Bevo

¢

U.sz.»& Gilbet

’5=v"-6= el 2 | ©
=g i d ) e
o =l o b

Wl

-2 2b

o

ho 2Zev0 Frow % no eru't olewu')‘mg 2ev0 .
C o O Rt T
I e 1 e 12
l I

0o
c 0 2¢c
[T

L swo( wlumn is O co'wmo ZevoS

T =tV

]

2 A, =2 iS5 o outrut olECour[fwg 0.
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3d) (4 Points)
Is the system stabilizable (state reason)? Is it possible to realize full state feedback (state
reason)?

Yes. |
Ng ;nfu\{- opecomfling, &m > TL\Q S‘ﬁﬁ'w s ‘C'”“‘A/
comtrolletle .

NO J onob Foss[l,\e, .

1) usi»j, aLSevV?/H - no, ,Eecause 2w( mvofe s hot
ohsevvallp

) w;'u} o oberlBr :  hO, bommse +the Aull stute

s hot  meguveol COMPI&'B&%/
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3e) (4 Points)
A third measurement, which is y3 = 2z + cxy + 323, is realized. Determine the new output
matrix Cl,. Calculate the condition for full observability with respect to parameter ¢ (¢ # 0)
for the new system (A, Chew).

Cne,w=rC o o]
| : : |
A S
/5 ';Cmch: ¢c oo MR
hew . ' lo | 2
2 € 3 | o |
g B | o
o 5. 0l
T ¢ %t

dwe to c#o0

= no (;olumy) 24V " Cncu\)

=p ‘ﬁ,lk}! observodle |
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3f) (4 Points)
Determine the weighting matrices () and R with the cost function given by

J = / [T Qx + y" Ryldt
0

- /()‘”{mﬁ(t) + 21 () 2o (t) + 22(8) + y12(t) + 0.2551 ()ya () + 22 ()] dt.

Declare the calculation steps with the necessary equations and conditions to calculate the
matrix L for the linear quadratic optimal observer, assuming the system is fully observable.

|

l —

Q=Jt = R= [_'_ f
L &

2

Sfers to CDJ(‘U\\D\"'Q L:

® pis o sAmmeMc ot X .

e bk L

@ Calu»locfe f Wotri X (A.Sini} R: ceati e‘tMﬁon
Ap+pAT- pcTRYCPp +Q =0
® colonlate L uuw}

L = Pchﬂ
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3g) (4 Points)
The system matrix A of a linear dynamical system is defined as A = [g g} Calculate the
4 0
J) and

solution matrix P using Ljapunov approach (with the weighting matrix @ = [0 :

determine the Ljapunov stability of the system according to the solution matrix P.

1 dov N&LH’H&V} et X QR=RT>0,
the Lg'(mpunov e‘t/mtiuw AT”+PI4=-Q bt

N Umi(t/v\e solution P:FT>O ' the sao’rcm i$
Nghftotico\u} stadle .

. PP
peme P [Pz‘ Ps 1

rozypr et 10 1 [0 )

{,.1 PJ

= | = < é "l

” ’;1 e :;\ = P a [ \l l l
Ps = |

oLec‘n the FaS'.t(c/e ofe{}mifehes o'F P:

ti3t
Ml*[’|=0 S Au® iT_—

A <0 > P S hot Pos“t.'ve OIVF«'MH'Q,

> The sa;fem is hot ”thtotl'cmun stalle .
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