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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, e.g.
pen, pencil, etc. at all are allowed to be kept on the table. Furthermore the use of carried
documents, e.g. books. (clectronic) 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 writing utensils. Please then, begin with
filling in the complete information on the titlepage and on page 3.

Good Luck!
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Ich versichere hiermit, dass ich sdmtliche fir die Durchfithrung der Klausur vorgesehenen Unterla-
gen erhalten, und dass ich meine Arbeit ohne fremde Hilfe und ohne Verwendung unerlaubter Hilf-
smittel und sonstiger unlauterer Mittel angefertigt habe. Ich wei}, dass ein Bekanntwerden solcher
Umstande auch nachtraglich zum Ausschluss von der Priifung fithrt. Ich versichere weiter, dass
ich samtliche mir iiberlassenen Arbeitsunterlagen sowie meine Losung vollstandig zuriick gegeben
habe. Die Abgabe meiner Arbeit wurde in der Teilnchmerliste von Aufsichtsfithrenden schriftlich
Ve vkt ’ o ‘

D: . dic ivilnahme versichere ich, dass ich priifingsfialin: bin. "Bei Krankheit werde
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THE ABOVE REQUIRED STATEMENTS AS WELL AS THE SIGNATURE
AR MANDATORY AT THE BEGINNING OF THE EXAM.
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(Date) (Student’s signature)
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Aufgabe 1

Aufgabe 2

Aufgabe 3

Die Bewertung gem. PO in Ziffern ist der xls-Tabelle
bzw. dem Papierausdruck zu entnehmen.

(Datum und Unterschrift 1. Prifer, Univ.-Prof. Dr.-Ing. Dirk Soffker)
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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 prerequisite (Auflage)

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

Maximum achievable points: 51
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 are effective:

1. 1) For tasks with an individual evaluation of sulitasks, the following applies:
:: Only correct answers are evaluated with the inter,déd number of points.
Jii) The points achieved in a subtask will be b:ummed‘f-up.
iil) Unless explicitly stated otherwise, on.v one nf the given solution options is correct.
iv) If subtasks contain more than two answer options and only one solution exists: The
marking of multiple answer options is interpreted as a non-response due to the not clear
declaration of intention. As a result, no points can be given in this case.

2) 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 (13 Points)

1a) (3 x 5 x 1 Point)(deleted = 0 Points)
This task is deleted due to Covid-19-related shortening of the examination time of written
exams.
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1b) (13 Points) .
Mark the correct solution in the following statements.

A1) (2 Points)
A typical application of the discrete-time Kalman filter is
(O control of discrete systems.
control of continuous systems.
time-continuous estimation of the state vector.
information fusion of the sensors.
the so-called sensor fusion, i.e. the increase in quality of

measurement information when other measurement information
is omitted/deteriorated.

= O O O
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A2) (11 Points)

The following tasks are based on the scheme below (Fig. 1.1) and the corresponding

designations.

Process (4, B, H)

yk

Assumptions about

stochastic properties

Initial estimations

Measurement update
I =1~ + K (!}l - ]f:lvl;:_)
K, =P~HY(HP~H" + R)™

State vector

Xep Pry

Y

Time update

B = Adp_y+Buy
P = AP A"+ Q

A

Figure 1.1: Kalman Filter for state reconstruction and process monitoring

A2-1) (2 Points)

The Kalman Filter

(O determines the state vector trajectory ornc
in two steps (predictor, corrector).

X? determines the state vector continuousiv (time discrete)
in two steps (predictor, corrector) .

(O determines once the assumptions about the stochastic propertics.

(O continuously determines the assumptions for the stochastic propertics.

Page 6
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A2-2) (2 Points)

The Kalman matrix/gain matrix of the Kalman filter is determined as

= e
K P HT (HAH8)

A2-3) (2 Points)
The matrices Q and R are

@\ assumed/guessed or continuously determined.
(O not really needed, one could just assume them as I.
(O needed. If one does not know anything, they are set to 0.

(O determined in advance with the help of further formulas.

A2-4) (2 Points)
The state vector z(k) is algorithmically determined

in one slep.
in two steps.

iterative by step size control.

O O B O

manipulative by human intervention.

[958
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A2-5) (1 Point)
Kalman filters (in comparison to observers) are numerically /computationally

ﬁg easier
(O more difficult

(O equivalent

to implement in the concrete rgzalization/ application.

A2-6) (2 Points)
In a project, the demand is to minimize the number of sensors by using the Kalman
filter, concretely not measuring the output of the system anymore. What does this
mean concretely for the state estimation? How does it accordingly behave by the
application of Luenberger observers?

Estmakion of te state  without mu,%
measuvement s ot POSKIBE -

Nora ©of e approathes com  be used
in o s @se
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Problem 2 (20 Points)
The dynamics of the positioning system shown in Fig. 2.1 should be examined.

; Fo “11 “f '—ﬂ i
i Actuator
‘—| |
WA -
¢
=
d O O

Figure 2.1: Positioning system

The mechanical part is described by

'mil + d(.’f‘l = 1’52) +cr; = 0

After rearranging the description into relative coordinates, it results in

. d c
= ——Ir — —21 .
m m

Considering a novel actuator, whose inputs are voltages, the system can be (approximatively)
specified by

215 LR ]l

The output is given by
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2a) (2 Points)
Calculate the eigenvalues of the system (by using the parameters ¢, d, and
m > 0).

: d
)\491 = i ém i
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2b) (1 Point)
Is the system asymptotically stable (assuming m, d, and ¢ > 0)?
Justify your answer.

U.Slhg ,S'/Odola -
FOr‘ e g/ueou afsampﬁ'om | [/)’)7 A, e ) O/
fhe  system s always  asgrpR nally  Swiase.
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2c) (6 Points)
The parameters are m = 2 kg, ¢ = 8 kg/s?, d = 8 kg/s.
For the following tasks use the Hautus criterion:

2¢)i) (3 Points)
State the condition for b; and by for the full controllability.

For  bye 2bt %0 Or bato (bi+o or batp)
fle %{S?‘é’/} /Zf /u//ﬂ‘,/ Ccmrfrof(aé-/@
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2¢)ii) (3 Points)
State the condition for ¢; and c, for the tull observability.

For C{# 06 or 1 -c2 £o0 (C’ 0 0r (a#9)
the  System 5 fudly obsenabiC
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2d) (3 Points)

Considering the parameters given in 2c) use Uy = by = 1. Calculate the state feedback

1 1
so that the eigenvalues of the closed loop system are A\; = —4, Ay = —7.
det ( VT - (A&-8ki) Y desved  characenstic
eiuaflbw
e
-~ K-
13
ke =
a
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2¢) (3 Points)
Use ¢; = ¢; = 1. Determine the observer gain

oo
L_[l. 12]’

so that the observer eigenvalues A\; = —3, Ay = —4 are obtained.

der (M- (p-Le)) y oesired  chamterstic
eﬂawfvw
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2f) (5 Points) _
Derive the error equation for the observer dynamics in general and for this special system
(with the observer calculated in part 2e).

Is this observer able to compensate the differences in the initial conditions between the state

== ) = (1) and the observer state error e(t = 0) = ( (1) ) for t = co? (Calculate the
eigenvalues of the observer dynamics for this purpose).
- 4,3 2{3

6 - e
_7_9«3 _{%

X{ = -3
A= -4
Yes, #e observer  1s abe  fo b mpensare

fle ehmabon. — emor  for {—o ;5 becctuse
Hee observer s asymprofca Uy  stable.
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Problem 3 (18 Points)
The system shown in the Figure 3.1 is given.

’U,(t) iL‘l(t) xg(t)

_:Q—» if » [

\

Y
|
i

v y(t)
Y

§
i ] as(t) :
() > —1

Figure 3.1: Block diagram

Y

3a) (3 Points)
Set up the corresponding state space model from the block diagram

with state vector [z; zo x3]7. 8
A "=
: R Ay o )
)( B 4 O 0 1
6 6 2
fal

_4 -1] X

Q<
1
~
o
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3b) (3 Points)

Determine the transfer function G(s).

_ s 4sec
S(s2e1)

G = (st —‘MJB*-D =
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For the following tasks 3c) nad 3d), a system description is given by

0 -1 1
A=11 0 , B=|0] ,and C={0 -2 -2].
0 2 ~1

3c) (2 Points)
Determine the eigenvalues of the system. Is the system asymptotically stable? State reasons.

o O C

dt(AI-A) =0 — Mo
A2,3 = tJ
No, The Systen K not asympTo freadly

crble  becamse  Ha  red  port of all
&genuodme.s are nor  Less Yhan  2ero-
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3d) (1 Point)

Is it possible to conclude from the stability that the system is controllable? State reasons.

NO , the Sfalofﬁ‘y ot sgstem  us - /lof
plated to  The Contiallch bt of

systrem aud e . versa -
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The state space model

s0=| 5 5 a0+ 5] utn v =0 1 a0,

is given.

3e) (4 Points)

Under which conditions is the system fully controllable? Under which conditions is the sys-
tem fully observable? State reasons.

o [42 _4:]

det(Qg) £ o s Fully Condrellable

o 4]

Qgs g ©
servablé

T {M[oy observi
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3f) (1 Point)
A state observer should be designed. Draw the block diagram.

uit) o 4 X(t) o Jty
—H&F—tﬁﬂ : P
| A
==,

A
A2




UNIVERSITAT DUISBURG-ESSEN
Fakultat fiir Ingenieurwissenschaften, Abt. Maschinenbau und Verfahrenstechnik

Lehrstuhl Steuerung, Regelung und Systemdynamik

Control Theory April 30, 2021
Page 26
3g) (3 Points)
Determine the feedback matrix L of the observer so thal the eigenvalues Ay = —1 and
Ay = —2 are considered.

3 desined  Chewacterisfic

det (AT - (R - e)) equation
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3h) (1 Point)
Give the concrete equation (with numerical values) for the error dynamics. How large is the
observation error for ¢ = oo, with the eigenvalues given in task 3g)?

Bosed on  fle o evvialists He obsevyo,
s agpmprofraady  SEEIC add — Hevetore
Om ettl =0

4 —p 0




