
WELCOME from the MMAR 2017 Organizing Committee

I would like to invite you to Międzyzdroje, Poland for the 22nd International Confer-
ence on Methods and Models in Automation and Robotics. Over 260 draft papers have
been submitted, from which the International Program Committee, chaired by Professor
Tadeusz Kaczorek, has selected 189 papers for presentation.

As before also this year Conference is organized under the auspices of the IEEE
Robotics & Automation Society and the IEEE Control Systems Society. And as usual it
is co-sponsored by the Committee of Automation and Robotics of the Polish Academy of
Sciences and the Polish Society for Measurement, Automatic Control and Robotics.

The Conference starts on Monday afternoon, 28 August 2017. All four days of the
conference begin with a plenary lecture delivered by a distinguished scientist, and further
6 papers are to be presented in the invited sessions organized by very active researchers
from various countries. All other papers will be presented in four parallel regular sessions.
Furthermore, several poster sessions will take place. Moreover, all the MMAR 2017 papers
will be submitted for publishing in the IEEE Xplore Digital Library.

I hope that our conference will give the participants an opportunity to present the
progress of their research work and to discuss related problems of current and mutual
interest. I also hope that the conference social program – including the conference banquet
and the touristic program – will guarantee you unforgettable time in Międzyzdroje.

I wish you a pleasant stay in Międzyzdroje and many fruitful meetings and discussions.

Prof. Zbigniew Emirsajłow
Chairman of the MMAR 2017 Organizing Committee
Faculty of Electrical Engineering
West Pomeranian University of Technology, Szczecin
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Organizer
Faculty of Electrical Engineering,
West Pomeranian University
of Technology,
Szczecin, Poland

Organizing Committee
Zbigniew Emirsajłow (PL) - Chairman
Roman Kaszyński (PL) - Co-Chairman
Paweł Dworak (PL)
Jacek Piskorowski (PL)
Tomasz Barciński (PL)
Adam Łukomski (PL)

Computer Typesetting
Adam Łukomski

Technical Support
Ewelina Chołodowicz
Sławomir Kocoń
Diana Olejnik
Piotr Okoniewski
Agnieszka Opałka

Sponsors

IEEE Control Systems Society

IEEE Robotics and Automation Society

Committee of Automation and Robotics,
Polish Academy of Sciences

Polish Society for Measurement, Auto-
matic Control and Robotics

Conference Secretariat
Justyna Jończyk
Ewa Głuszczak

During the Conference
Amber Baltic Hotel
Promenada Gwiazd 1
PL-72-500 Międzyzdroje, Poland
Phone: +4891 328 1000
Fax: +4891 328 1022

Contact information
West Pomeranian University
of Technology, Szczecin
Faculty of Electrical Engineering
ul. 26 Kwietnia 10
71-126 Szczecin, Poland
Phone: +4891 449 41 13
Fax: +4891 449 45 56
E-mail: mmar@mmar.edu.pl

WWW Site
The Final Program
of the MMAR 2017 Conference
can also be found on the Internet at:
http://www.mmar.edu.pl

Conference Proceedings
The Conference Proceedings will be sub-
mitted to the IEEE Xplore Digital Li-
brary at
http://ieeexplore.ieee.org

The Conference Proceedings are also at-
tached to this booklet on USB pendrive.
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Objectives

The objective of the Conference is
to bring together scientists and engie-
neers to present and discuss recent de-
velopments in automation and robotics,
to access the current status of research
and technology, and to focus on future
prospects and possible new directions in
this active area of science.

This Conference is the 22nd in a se-
ries which started in 1994.

Venue and dates

The Conference will be held at the
Amber Baltic Hotel in Miedzyzdroje,
from Monday, 28 August till Thursday,
31 August 2017. The Conference regis-
tration desk in Amber Baltic Hotel will
be opened on the Monday morning, 28
August and during each day of the Con-
ference. The Conference will start on
Monday, 28 August at 3:00 p.m.

Presentation facilities

Overhead and slide projectors, as
well as Personal Computers (with Mi-
crosoft Windows operating system) to-
gether with video projectors will be
available for all sessions. Time allotted
for presentation of papers is about 20
minutes (inclusive of discussion time).

The official language of the Confer-
ence is English.
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International Program Committee

We would like to thank the program committee members for contributing to the success
of MMAR 2017 and their efforts in coordinating the review process.

T. Kaczorek (PL) - Chairman
K. Kozłowski (PL) - Co-Chairman
A. Bartoszewicz (PL) - Co-Chairman
J. Sasiadek (CA) - Co-Chairman
P. Albertos (ES)
H. Aschemann (DE)
H. S. Chang (KR)
S. Domek (PL)
Z. Emirsajłow (PL)
G. Feng (HK)
B. Finkemeyer (DE)
P. Fiorini (IT)
K. Gałkowski (PL)
A. Giua (IT)
P. O. Gutman (IL)
W. Hunek (PL)
J. Kabziński (PL)
J. Kacprzyk (PL)
R. Kaszyński (PL)
J. Klamka (PL)
J. Korbicz (PL)
Z. Kowalczuk (PL)
A. Kowalewski (PL)
A. Krzyżak (CA)
V. Kučera (CZ)

B. Lampe (DE)
I. Lasiecka (US)
K. Latawiec (PL)
J. Levine (FR)
K. Malinowski (PL)
A. Mazur (PL)
G. Oriolo (IT)
D. H. Owens (GB)
B. Pasik-Duncan (US)
I.R. Petersen (AU)
J. Piskorowski (PL)
M. Polycarpou (CY)
A. Rauh (DE)
J. Reuter (DE)
E. Rogers (GB)
R. Scattolini (IT)
B. Siciliano (IT)
J. Sokołowski (FR)
R. Tadeusiewicz (PL)
P. Tatjewski (PL)
K. Tchoń (PL)
S. Townley (GB)
D. Weidemann (DE)
L. A. Zadeh (US)
C. Zieliński (PL)
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Program Trackchairs

In the name of all the authors we would like to thank the trackchairs for their dedicated
work during the review process of MMAR 2017:

Control and Systems Theory Andrzej Bartoszewicz
Andrzej Dzieliński
Wiesław Krajewski

Control Applications Harald Aschemann
Paweł Dworak

Intelligent Systems and Methods Józef Korbicz
Jacek Piskorowski

Robotics Ahmed Chemori
Krzysztof Kozłowski
Jacek Piskorowski
Cezary Zieliński

Modelling, Identification
and Simulation

Wojciech Hunek
Krzysztof Latawiec
Andreas Rauh
Jacek Piskorowski

Signal Processing
and Networked Control Systems

Roman Kaszyński
Krzysztof Okarma

Discrete Events and Hybrid Systems Jacek Piskorowski

Distributed Parameter Systems
Modelling, Control and Estimation

Harald Aschemann
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Reviewers
We would like to thank the following individuals for their efforts in the review process of
MMAR 2017:

Abderrahim Kamel
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Arent Krzysztof
Aschemann Harald
Ayodele Freida
Babiarz Artur
Balicki Jerzy
Baranowski Jerzy
Barbosa Ramiro
Barciński Tomasz
Barketau Maksim
Bartecki Krzysztof
Bartyś Michał
Bauer Waldemar
Belda Kvetoslav
Beniak Ryszard
Bialaszewski Tomasz
Biedrzycki Rafal
Blagojevic Bosko
Bohn Christian
Boushaki Mohamed
Bozejko Wojciech
Braun Tristan
Broel-Plater Bogdan
Brol Sebastian
Brouri Adil
Buchholz Bert
Buchholz Michael
Burlikowski Wojciech
Bursy Gerard
Butt Saif
Byrski Witold
Błachuta Marian
Campolo Domenico
Chakrabarty Sohom
Chen Lejun
Chevallereau Christine

Cholewiński Mateusz
Cichoń Andrzej
Ciężkowski Maciej
Cruz Daniel
Cysewska-Sobusiak Anna
Czeczot Jacek
Dawidowicz Antoni
Derbel Nabil
Derugo Piotr
Deutscher Joachim
Dobrowolski Bolesław
Domek Stefan
Drexler Dániel
Dulęba Ignacy
Dworak Pawel
Dzieliński Andrzej
Emirsajłow Zbigniew
Fabijańska Anna
Farsoni Saverio
Figwer Jarosław
Filatova Daria
Finkemeyer Bernd
Fracczak Lukasz
Galdeano David
Galkowski Krzysztof
Gao Liang
Gao Zhiqiang
Gardecki Arkadiusz
Gawron Tomasz
Gehring Nicole
Giaro Krzysztof
Giernacki Wojciech
Girejko Ewa
Gonzalez Avalos Gilberto
Gołębiowski L.
Gramacki Artur
Granosik Grzegorz
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Grega Wojciech
Grochowski Michał
Grudziński Marek
Grüning Tobias
Grzywacz Bogdan
Haus Benedikt
Hayashibe Mitsuhiro
Herman Przemysław
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Horla Dariusz
Horn Joachim
Hołub Marcin
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Iwanowski Marcin
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Jagieła Mariusz
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Jardzioch Andrzej
Jaroszewski Krzysztof
Jarzębowska Elżbieta
Jastrzębski Marcin
Jedwabny Tomasz
Jeinsch Torsten
Jing Xingjian
Jozefowska Joanna
Jung Seul
Kabziński Jacek
Kamat Shivaram
Kaminski Marcin
Karpinski Mikolaj
Kashiri Navvab
Kasprzak Włodzimierz
Kaszynski Roman
Kawala-Janik Aleksandra
Kek Sie Long
Kersten Julia
Khraief Nahla
Kielczewski Marcin

Kim Ho-Yeon
Klamka Jerzy
Kocoń Sławomir
Kopka Ryszard
Korbicz Józef
Kornatowski Eugeniusz
Kornev Nikolai
Korniak Jacek
Kornuta Tomasz
Kostin Georgy
Kotyczka Paul
Kowalczuk Zdzisław
Kowalczyk Wojciech
Krajewski Wiesław
Krawiecki Maciej
Królczyk Grzegorz
Krzyzak Adam
Kulczycki Piotr
Kumar Parmod
Kurek Jerzy
Kwiecien Joanna
Kwoka Monika
Ladaci Samir
Lamaury Johann
Laszczyk Piotr
Latawiec Krzysztof
Latosinski Pawel
Lech Piotr
Lisowski Józef
Liu Da-Yan
Liu Steven
Luzar Marcel
Ławryńczuk Maciej
Łukaniszyn Marian
Maidi Ahmed
Majchrzak Jaroslaw
Malesza Wiktor
Mandra Slawomir
Margielewicz Jerzy
Markowski Konrad
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Marusak Piotr
Marzat Julien
Maziarz Wojciech
Mazur Alicja
Mazurek Przemyslaw
Megherbi Ahmed
Mercorelli Paolo
Metzger Mieczyslaw
Meurer Thomas
Mezhuyev Vitaliy
Mianowski Krzysztof
Michalski Mateusz
Mickiewicz Witold
Mika Marek
Mitkowski Wojciech
Mohamed Zaharuddin
Mohan Tiwari Pyare
Monje Concepción
Morin Pascal
Mościński Jerzy
Mozyrska Dorota
Muxfeldt Arne
Mystkowski Arkadiusz
Mzyk Grzegorz
Nath Krishanu
Nawrocka Agata
Nenchev Vladislav
Neumann Tomasz
Niewiadomska-Szynkiewicz Ewa
Nikończuk Piotr
Nowak Wojciech
Okarma Krzysztof
Okoniewski Piotr
Oprzędkiewicz Krzysztof
Orłowski Przemysław
Ostalczyk Piotr
Oszust Mariusz
Palis Stefan
Panda S. P.
Parasuraman Ramviyas

Park Hyeongjun
Parus Arkadiusz
Paszke Wojciech
Patan Krzysztof
Pawlowski Eligiusz
Pawłuszewicz Ewa
Pazderski Dariusz
Pelc Mariusz
Petko Maciej
Petras Ivo
Petre Emil
Piątek Paweł
Pierri Francesco
Pietrusewicz Krzysztof
Pietrzykowski Z.
Pilat Zbigniew
Pilch Zbigniew
Piórkowski Adam
Piskorowski Jacek
Pitel Jan
Prabel Robert
Precup Radu-emil
Pröhl Lukas
Raisch Jörg
Rasvan Vladimir
Rauh Andreas
Razafinjaka Jean Nirinarison
Regalia Phillip
Reger Johann
Rekik Chokri
Rembe Christian
Reuter Johannes
Reyes-Báez Rodolfo
Rezoug Amar
Rogers Eric
Rogowski Krzysztof
Rozycki Rafal
Rudek Radoslaw
Rudolph Joachim
Rutkowski Leszek
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Rutkowski Tomasz
Rybczak Monika
Rydel Marek
Sąsiadek Jerzy
Saurin Vasily
Sawodny Oliver
Scherer Rafal
Schimmack Manuel
Schmidt Adam
Schulte Horst
Schumacher Walter
Seddik Chiraz
Şeker Murat
Selisteanu Dan
Senkel Luise
Sharma Nalin
Shayya Samah
Siemiątkowska Barbara
Sierociuk Dominik
Skaf Ahmad
Skupin Piotr
Śliwiński Przemysław
Smieja Jaroslaw
Smierzchalski Roman
Smołka Maciej
Smutnicki Czeslaw
Sroka Ryszard
Stanimirovic Predrag
Stanisławski Rafał
Stebel Krzysztof
Stefańczyk Maciej
Stefanski Tadeusz
Sulikowski Bartlomiej
Świątek Jerzy
Swiercz Miroslaw
Swierniak Andrzej
Szabat Krzysztof
Szczesniak Pawel
Szewczyk Roman
Szkodny Tadeusz

Szpytko Janusz
Szulczyński Paweł
Szynkarczyk Piotr
Szynkiewicz Wojciech
Szłapczyńska Joanna
Taparia Rajashree
Tar József
Tarin Cristina
Tatjewski Piotr
Tchon Krzysztof
Tibken Bernd
Todorov Yancho
Tomera Mirosław
Trojnacki Maciej
Tyagi Swati
Ucinski Dariusz
Vendittelli Marinela
Verde C.
Vorobel Roman
Wache Alexander
Walas Krzysztof
Waligora Grzegorz
Weidemann Dirk
Wenzl Hanna
Wielgus Agnieszka
Wills Adrian
Winiarski Tomasz
Winkler Alexander
Witczak Marcin
Witczak Piotr
Witkowska Anna
Woittennek Frank
Yang Fan
Yao Zhang
Yordanova Snejana
Zada Vaclav
Zajdel Roman
Żak Paweł
Zeyveli Metin
Zheng Dongfang
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Zheng Minghui
Ziadi Safa
Zielinski Cezary
Ziętkiewicz Joanna
Zimmer Dirk

Ziółko Mariusz
Zoppi Matteo
Zubrycki Igor
Zwierzewicz Zenon
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Session Schedule

Monday, Aug 28th, 2017

Casino Kalman Lehar Strauss
11.00 Registration opens

(Amber hotel main hall)
15.00-
15.10

Conference Opening (Casino)

15.10-
16.10

Plenary Lecture (Casino), Chair: Tadeusz Kaczorek , page 18
Control-Oriented Modelling and Observer-Based Control of

Distributed Parameter Systems
speaker: Harald Aschemann

16.10-
16.30

Coffee break
(in front of Kalman/Lehar)

16.30-
17.20

A2P-E, page 18
Poster Session I
Krzysztof Okarma

16.30-
17.50

A3L-A, page 23
Control and

Systems Theory
I

Jerzy Klamka

A3L-B, page 25
Navigation
Systems

Stefan Palis

A3L-C, page 27
Adaptive
Control

Joachim Horn

A3L-D, page 28
Robotics I

Krzysztof Tchon

19.00 Welcome Party (Amber, Chopin room)

Tuesday, Aug 29th, 2017

Casino Kalman Lehar Strauss
9.00-
10.00

Plenary Lecture (Casino), Chair: Krzysztof Kozłowski , page 32
Quo Vadis Model Predictive Control? from Stabilizing to Distributed

Economic MPC
speaker: Frank Allgower

10.00-
11.00

B2L-A, page 32
Theory of
Fractional

Order Systems
Tadeusz Kaczorek

B2L-B, page 33
Control

Applications I
Andres Peters

B2L-C, page 35
Distributed
Parameter
Systems -
Modelling,
Control and
Estimation I
(Invited Only)
Harald Aschemann

B2L-D, page 36
Robotics II

Navvab Kashiri

10.00-
12.00

B3P-E, page 38
Poster Session II
Przemyslaw Mazurek

11.00-
11.20

Coffee break
(in front of Kalman/Lehar)
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Session Schedule

Casino Kalman Lehar Strauss
11.20-
13.00

B4L-A, page 43
Control and

Systems Theory
II

Andrzej
Bartoszewicz

B4L-B, page 45
Control

Applications II
Jacek Kabzinski

B4L-C, page 47
Identification

Zygmunt
Hasiewicz

B4L-D, page 50
Modelling and
Simulation I
Bill Goodwine

13.00-
15.00

Lunch (Amber hotel)

15.00-
16.20

B5L-A, page 52
Robotic

Manipulators
Erhan Ilhan
Konukseven

B5L-B, page 54
Sliding Mode

Control
Andreas Rauh

B5L-C, page 56
Optimization

Krzysztof
Galkowski

B5L-D, page 58
Scheduling
Jozef Korbicz

15.00-
17.00

B6P-E, page 60
Poster Session III
Rafal Stanislawski

16.20-
16.40

Coffee break
(in front of Kalman/Lehar)

16.40-
18.00

B7L-A, page 65
Control and

Systems Theory
III

Wieslaw Krajewski

B7L-B, page 67
AI Methods I
Marcin Witczak

B7L-C, page 68
Distributed
Parameter
Systems -
Modelling,
Control and
Estimation II
(Invited Only)
Harald Aschemann

B7L-D, page 70
Speech

Processing &
Recognition
Georgy Kostin

19.00 Conference Banquet
(Międzyzdroje International House of Culture)
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Session Schedule

Wednesday, Aug 30th, 2017

Casino Kalman Lehar Strauss
9.00-
10.00

Plenary Lecture (Casino), Chair: Jozef Korbicz , page 74
Control of Complex Robotic Systems: Challenges, Design and

Experiments
speaker: Ahmed Chemori

10.00-
11.00

C2L-A, page 74
Biomedical
Signals

Ryszard Beniak

C2L-B, page 76
Applications of

Fractional
Order Systems
Piotr Ostalczyk

C2L-C, page 77
Robotics III

Bernd Finkemeyer

C2L-D, page 79
Predictive
Control

Frank Allgower

10.00-
12.00

C3P-E, page 80
Poster Session IV
Witold Mickiewicz

11.00-
11.20

Coffee break
(in front of Kalman/Lehar)

11.20-
13.00

C4L-A, page 86
Robust Control
Wojciech Hunek

C4L-B, page 88
Control

Applications III
Przemyslaw
Ignaciuk

C4L-C, page 90
Modelling and
Simulation II
Paolo Mercorelli

C4L-D, page 93
Image

Processing
Krzysztof Okarma

13.00-
15.00

Lunch

16.30 Touristic Programme
Grill Party at the Golf Course

(bus is leaving from the front of the Amber Hotel)
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Session Schedule

Thursday, Aug 31st, 2017

Casino Kalman Lehar Strauss
9.00-
10.00

Plenary Lecture (Casino), Chair: Andrzej Bartoszewicz , page 98
Towards Safe Human-Robot Collaboration

speaker: Bernd Finkemeyer
10.00-
11.00

D2L-A, page 98
Signal

Processing
Alexander Winkler

D2L-B, page 100
Robotics IV

Krzysztof
Kozłowski

D2L-C, page 101
Control and

Systems Theory
IV

Krzysztof Latawiec

D2L-D, page 102
AI Methods II
Janusz Szpytko

10.00-
12.00

D3P-E, page 103
Poster Session V

Pawel Dworak
11.00-
11.20

Coffee break
(in front of Kalman/Lehar)

11.20-
12.30

D4L-A, page 110
Signal

Processing &
Networked

Control Systems
Rafal Stanislawski

D4L-B, page 112
Modelling and
Simulation III
Jaroslaw Figwer

D4L-C, page 113
Control

Applications IV
Vaclav Zada

D4L-D, page ??

12.30-
13.00

Conference Program Committee Meeting
Young Author Prize

13.00-
13.15

Young Author Award Ceremony (in the Chopin room)

13.15 Farewell Lunch
(at the Amber hotel)
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TECHNICAL PROGRAM

Monday
August 28th, 2017



Monday 16:30 - 17:20

Plenary: H. Aschemann, A1L-A
Day: Monday, August 28, 2017
Time: 15:10 - 16:10
Room: Casino
Chair: Tadeusz Kaczorek

Paper: 6259 A1L-A

Control-Oriented Modelling and Observer-Based Control of
Distributed Parameter Systems

Harald Aschemann1

1Universität Rostock harald.aschemann@uni-rostock.de

Poster Session I, A2P-E
Day: Monday, August 28, 2017
Time: 16:30 - 17:20
Room: Poster Area
Chair: Krzysztof Okarma

Paper: 6007 A2P-E

Domain Specific Language for Structural Modeling of Logically
Controlled Discrete-Event Mechatronic Systems

Krzysztof Pietrusewicz1, Michael Scopchanov2

1West Pomeranian University of Technology, Szczecin krzysztof.pietrusewicz@zut.edu.pl
2none scopchanov@gmail.com

The transition from a model–driven to a requirements–driven approach in the software
development for programmable logic controllers will allow the developers to focus on the
proper definition of the problem which needs to be solved and let the computer find a
suitable solution for it automatically. This article presents a domain specific language
intended to support this transition. The main focus is on the creation of a structural
model of the controlled mechatronic system and the subsequent transformation of this
model into a partial model of the control software. The functional aspects however are
left for future work. All proposed concepts are applied for the Pick&Place station by
Festo and the obtained results are presented and discussed.

18



Monday 16:30 - 17:20

Paper: 6015 A2P-E

Dynamic Positioning with Voith Schneider Propeller:
Experimental System Validation with a Model-Scale Offshore

Supply Vessel
Philipp Koschorrek1, Charlotte Siebert2, Lasse Theilen3, Ole Detlefsen4,
Michael Palm5, Klaus-Peter Mach6, Marc Steinwand7, Torsten Jeinsch8,

Moustafa Abdel-Maksoud9

1Universität Rostock philipp.koschorrek@uni-rostock.de
2Universität Rostock charlotte.siebert@uni-rostock.de
3Technische Universität Hamburg lasse.theilen@tuhh.de
4Technische Universität Hamburg ole.detlefsen@tuhh.de
5Voith Turbo GmbH & Co. KG Michael.Palm@Voith.com

6Schiffbau-Versuchsanstalt Potsdam GmbH Mach@sva-potsdam.de
7Schiffbau-Versuchsanstalt Potsdam GmbH Steinwand@sva-potsdam.de

8Universität Rostock torsten.jeinsch@uni-rostock.de
9Technische Universität Hamburg m.abdel-maksoud@tu-harburg.de

Dynamic Positioning (DP) is an essential capability of marine vessels required for diverse
scenarios. The retention of position by solely usage of thrusters requires an efficient and
dynamic propulsion system. A Voith Schneider Propeller (VSP) features such qualities. In
this paper a DP system is shown that utilizes the properties of a VSP in an enhanced way,
especially in the thrust allocation. Parametrization of the DP system components was
conducted by usage of hydrodynamic simulations. Experiments with a model-scale version
of an offshore supply vessel were performed to validate the DP system, its components
and the design and parametrization techniques. The trials show that thrusters with
higher dynamic yield better DP quality. Furthermore, these were, to the knowledge of
the authors, the first DP trials performed with a VSP-optimized allocation.

Paper: 6026 A2P-E

Direct Algorithm for Optimizing Robust MPC of Drinking
Water Distribution Systems Hydraulics
Arkadiusz Ciminski1, Kazimierz Duzinkiewicz2

1Gdańsk University of Technology arkadiusz.ciminski@pg.gda.pl
2Gdańsk University of Technology kazimierz.duzinkiewicz@pg.gda.pl

Model-based predictive control is an effective method for control the large scale systems.
Method is based on on-lin solution of control task over the control horizon using current
and past measurements as well as the system model. Because model and measurement
uncertainty, predicted and plant outputs might be different and plant output may exceed
plant output constraints. Generated control is not then robustly outputs feasible. In
this paper robustly outputs feasible direct control algorithm, based on robust output
prediction and control vector are presented. Proposed robustly outputs feasible MPC
applied to drinking water distribution system (DWDS) of the Chojnice city is presented.
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Monday 16:30 - 17:20

Paper: 6072 A2P-E

Practical Verification of Active Disturbance Rejection
Controller for the Pneumatic Setup

Pawel Nowak1, Jacek Czeczot2

1Silesian University of Technology pawel.nowak@polsl.pl
2Silesian University of Technology jacek.czeczot@polsl.pl

In this paper, the practical verification of Active Disturbance Rejection Controller (ADRC)
implementation for pneumatic setup is investigated. Apart from experimental results, the
inverse half-rule is suggested to support ADRC tuning for the second order processes by
adjusting the value of the scaling factor. This rule is based only on the approximation of
the process step response by First Order plus Dead Time (FOPDT) model. The results
show the practical applicability of the suggested tuning method and the superiority of
ADRC control performance over the conventional PI controller.

Paper: 6111 A2P-E

Open-Loop Control System of Liquid Level in Double Tank
Cascade System
Krzysztof S. Kula1

1Gdynia Maritime University k.kula@we.am.gdynia.pl

This paper presents the control system of water level in double tank system with free
flow, which uses in its structure a nonlinear model of the plant taking into account the
dependence of the time constants on the value of the controlled variable. A model that
reflects the properties of an object and is a part of the controller allows significant to
shorten the settling time if the liquid is regulating in the upper regions of the tank

Paper: 6133 A2P-E

Isopropanol Concentration Control in the Ultrasonic
Nebulization Process

Dariusz Choinski1, Piotr Skupin2, Piotr Krauze3, Witold Ilewicz4, Zdzisław
Bielecki5

1Silesian University of Technology dariusz.choinski@polsl.pl
2Silesian University of Technology piotr.skupin@polsl.pl
3Silesian University of Technology piotr.krauze@polsl.pl

4Silesian University of Technology witold.ilewicz@polsl.pl
5KMB Catalyst sp. z o.o. zbielecki@post.pl

The paper presents the application of the linearizing control technique for stabilization
of the isopropanol concentration in the ultrasonic nebulization process. The isopropanol
concentration has to be kept constant to make the nebulization process more efficient.
This is achieved by manipulating the inlet flow rate of a fresh isopropanol-water mixture.
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Monday 16:30 - 17:20

Because the content of the vessel is not well-mixed, it was shown that by measuring only
the isopropanol concentration at the bottom of the vessel, the control system performance
could be improved by the optimal selection of controller parameters. Moreover, the sim-
ulation results have shown that the closed-loop system was stable and exhibited similar
behavior, even if the nebulization rate was not know precisely.

Paper: 6138 A2P-E

Crazyflie 2.0 Quadrotor as a Platform for Research and
Education in Robotics and Control Engineering

Wojciech Giernacki1, Mateusz Skwierczyński2, Wojciech Witwicki3, Paweł
Wroński4, Piotr Kozierski5

1Poznań University of Technology wojciech.giernacki@put.poznan.pl
2Poznań University of Technology ms94ms94@gmail.com

3Poznań University of Technology wojtekwitwi@interia.pl
4Poznań University of Technology wersun10@gmail.com

5Poznań University of Technology piotr.kozierski@gmail.com

In this paper a Crazyflie 2.0 nano quadrotor(quadcopter) as an open source experimental
platform for research and education has been presented. This low cost, easily expandable
and upgradeable unmanned aerial vehicle (UAV) is here characterized in terms of hardware
and software. Three aspects are discussed. The first one is an acquisition of measurement
data from test flights by the proposed, freely available “black-box” software. The second is
the use of a new, advanced 4FLY Simulator in order to utilize the MATLAB R©/Simulink
environment to easily implement a mathematical model of Crazyflie 2.0 dynamics, as well
as for a synthesis of various types of controllers with support of OpenGL cross-language in
the visualization of simulations results. The 4FLY Simulator allows to test autonomous
flights (and landings) with obstacles avoidance and to conduct learning and teaching
the basics of Crazyflie 2.0 piloting. In the third aspect the authors outlined promising,
preliminary results obtained in control of flying robot by pointing device (positioner) and
with the support of a vision system, which basis only on a single Kinect sensor.

Paper: 6173 A2P-E

Improving the Quality of the Classic Servo Drive by Modifying
the Motion Control Algorithm

Bogdan Broel-Plater1, Krzysztof Jaroszewski2
1West Pomeranian University of Technology, Szczecin bbp@zut.edu.pl

2West Pomeranian University of Technology, Szczecin kjaroszewski@zut.edu.pl

Frequently CNC machines use rotary servo drives and a kinematic chain in the form of
pulling screw with a nut. The disadvantage of that structure is: non-linear and falling
friction, the susceptibility of the pulling screw to the torsion deformation and the backlash.
In [3-5] outlines ways to modify the servo drive structure to minimize frictional effects
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and pulling screw elasticity in order to achieve better motion quality. The present paper
presents modified structure of the digital servo drive control system to eliminate the
oscillations of the servo drive position with backlash.

Paper: 6188 A2P-E

Cascade Control Algorithms of Position and Attitude for
Multirotor UAV

Przemysław Gąsior1, Adam Bondyra2, Stanisław Gardecki3, Andrzej
Kasiński4

1Poznań University of Technology przemyslaw.gasior@cie.put.poznan.pl
2Poznań University of Technology adam.bondyra@put.poznan.pl

3Poznań University of Technology stanislaw.gardecki@put.poznan.pl
4Poznań University of Technology andrzej.kasinski@put.poznan.pl

This paper presents the development process of different cascade controllers for multirotor
UAVs. Two main usage areas of this method are described - the control of position and
attitude. Based on the literature and experience from previous research, structures of men-
tioned algorithms are proposed. Adequate data-driven simulation models are formulated
and used in the tuning process. Additionally, a customised test bench was constructed
and utilised for experiments. Comparison between previous solutions and new control
structures is performed in both simulation and field experiments. Better performance, ro-
bustness and flexibility of cascade control algorithms are proven on the basis of gathered
results.

Paper: 6181 A2P-E

Study of the Efficiency of an Algorithm That Improves the
Accuracy of Slow-Motion Control of a Servo Drive

Bogdan Broel-Plater1, Krzysztof Jaroszewski2
1West Pomeranian University of Technology, Szczecin bbp@zut.edu.pl

2West Pomeranian University of Technology, Szczecin kjaroszewski@zut.edu.pl

The paper describes methods of improving motion quality of servo drive in case of set a
very small motion changes. Servo drive as well as control problems connected with static
friction are described. Solutions of such problems are offered. First one is integration
zeroing, second one based on a unique idea introduced by authors and finally feeding into
the system an insensibility. All that methods were verified on the base of simulation as
well as practical validation, what was described.
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Paper: 6087 A2P-E

Influence of Free Convection on Heat Transfer in Control
Problems for a Cylindrical Body

Dmitri Knyazkov1, Georgy Kostin2, Vasily Saurin3

1Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences knyaz@ipmnet.ru
2Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences kostin@ipmnet.ru
3Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences saurin@ipmnet.ru

The paper considers influence of free convection on controlled heating or cooling of cylin-
drical bodies. Horizontal and vertical alignments of the body are studied. Free convection
appears to be the main way of heat transfer for parameters of the considered experimen-
tal setup. An experiment of free cooling of a horizontal cylinder in ambient air has been
performed. Its results are consistent with numerical estimations. Simulation of cylinder
controlled heating shows that the non-uniformity of the heat transfer coefficient along
the cylinder’s surface can have considerable influence on the temperature at some critical
points for materials with relatively small conductance.

Control and Systems Theory I, A3L-A
Day: Monday, August 28, 2017
Time: 16:30 - 17:50
Room: Casino
Chair: Jerzy Klamka

Paper: 6027 A3L-A

Reduction of Wave Linear Repetitive Processes to Singular
Roesser Model Form

Krzysztof Galkowski1, Mohamed Boudellioua2, Eric Rogers3

1University of Zielona Góra k.galkowski@issi.uz.zgora.pl
2Sultan Qaboos University boudell@squ.edu.om

3University of Southampton etar@ecs.soton.ac.uk

Using the elementary operations algorithm (EOA), it is shown that a system matrix
describing a wave discrete linear repetitive process can be reduced to that for a 2D singular
Roesser model. The transformation linking the original polynomial system matrix with
its associated 2D singular Roesser form is inputoutput equivalence. The nature of the
resulting system matrix in singular form and the transformation involved are established.
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Paper: 6016 A3L-A

Extension of Cayley-Hamilton Theorem and a Procedure for
Computation of the Drazin Inverse Matrices

Tadeusz Kaczorek1

1Warsaw University of Technology kaczorek@isep.pw.edu.pl

The classical Cayley-Hamilton theorem is extended to Drazin inverse matrices. A new
procedure based on this extension for computation of the Drazin inverse matrices is pro-
posed.

Paper: 6201 A3L-A

The Analysis of Permissible Quality Indices of the System with
Affine Uncertainty of Characteristic Polynomial Coefficients

Sergey Gayvoronskiy1, Tatiana Ezangina2, Ivan Khozhaev3

1National Research Tomsk Polytechnic University saga@tpu.ru
2National Research Tomsk Polytechnic University eza-tanya@yandex.ru

3National Research Tomsk Polytechnic University ivh1@tpu.ru

The goal of this article is to analyze the assurance of permissible quality indices in an
interval system through the construction of the edge route and the use of D-partition
method. There were obtained conditions for construction of D-partition domains on one
and two edges of one face. On the basis of these conditions the technique for assurance
of the permissible degree of robust stability and oscillation was developed. The article
presents a numerical illustration.

Paper: 6206 A3L-A

Finding a Set of (A,B,C,D) Realizations for Single-Input
Multiple-Output Dynamic System: First Approach Using

Digraph-Based Method for Solutions with Intersection Vertex
Konrad Markowski1, Krzysztof Hryniów2

1Warsaw University of Technology Konrad.Markowski@ee.pw.edu.pl
2Warsaw University of Technology Krzysztof.Hryniow@ee.pw.edu.pl

This paper presents the first proposition of a method allowing the determination of a set of
(A,B,C,D) realisations of the one-dimensional single-input multi-output (SIMO) dynamic
system from created digraph. The algorithm presented is the extension of previously
published algorithm that finds a complete set of all possible realisations, instead of only
a few realisations, as was in case of canonical form methods. The advantages of the
proposed method are the possibilities of obtaining a set of state matrices directly from
digraph form of the system and using fast parallel computing method. The algorithm is
presented in pseudo-code and illustrated with example.
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Navigation Systems, A3L-B
Day: Monday, August 28, 2017
Time: 16:30 - 17:50
Room: Kalman
Chair: Stefan Palis

Paper: 6063 A3L-B

Triangulation Positioning System Based on a Static IR
Beacon-Receiver System

Maciej Ciezkowski1
1Bialystok University of Technology m.ciezkowski@pb.edu.pl

The primary goal of each of the navigation systems is to determine the object’s position in
a given reference frame. It can be achieved in many ways such as GPS, celestial navigation,
inertial navigation etc. In local positioning systems a very important role is played by
triangulation methods. This paper presents a new beacon-based triangulation system,
in which both the transmitter and receiver do not contain any mechanical moving parts.
Lack of mechanical moving parts makes the system less complex and more robust. The
work contains a description of all the necessary steps to determine the object’s position
in a given reference frame.

Paper: 6198 A3L-B

Data Fusion of GPS Sensors Using Particle Kalman Filter for
Ship Dynamic Positioning System

Krzysztof Jaroś1, Anna Witkowska2, Roman Śmierzchalski3
1Gdańsk University of Technology krzjaros@student.pg.gda.pl

2Gdańsk University of Technology anna.witkowska@pg.gda.pl
3Gdańsk University of Technology roman.smierzchalski@pg.gda.pl

Depending on the standards and class of dynamic positioning ships, some vessels have a
different number of redundant sensors to determine current ship position. In the paper
multisensor data fusion algorithm in the dynamic positioning systems were presented to
take a proper signal from a few sensors (GPS receivers). During research Particle Kalman
Filter with data fusion was used to estimate the position of the vessel. The presented
algorithms generate a virtual measurement using three measurements from independent
sensors. The performance of the Particle Kalman Filter algorithm was evaluated by
simulation tests in two instances, when the signal disappears of one of the sensors during
operation and regular work.
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Paper: 6145 A3L-B

Evaluating the Ellipsoidal Collision Avoidance Region for the
Future DAA Systems

Mateusz Spychała1, Rafał Osypiuk2

1West Pomeranian University of Technology, Szczecin mateusz-spychala@zut.edu.pl
2West Pomeranian University of Technology, Szczecin rafal.osypiuk@zut.edu.pl

The steeply increasing numbers of manned and unmanned aerial operations requires safe
methods of airspace sharing. This paper analyses ellipsoidal areas, which seem to be an
interesting alternative to often proposed, spherical areas. They allow i.e. alarm generation
areas to be smaller and the average time from an alarm to a collision to be extended. The
proposed methods may be used in DAA (Detect and Avoid) systems which are a subject
of standardisation work of various aviation institutions and organisations.

Paper: 6098 A3L-B

Design of Ship Course-Keeping System via Robust Adaptive
Approach

Zenon Zwierzewicz1

1Szczecin Maritime University z.zwierzewicz@am.szczecin.pl

The paper considers the problem of ship autopilot design based on Bech’s model of the
vessel. Since the ship model is highly nonlinear and the state vector is not completely
measurable, the control system synthesis is performed by means of output feedback lin-
earization method combined with a state observer. Due to considerable parameter varia-
tions and other substantial uncertainties a robust-adaptive version of the method has been
applied. The whole control system is able to ensure tracking performance on the Hinf
optimal attenuation level. This is the so-called Hinf tracking problem in an adaptive sys-
tem. Simulations of the ship course-changing process have confirmed a good performance
of the proposed controller.
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Adaptive Control, A3L-C
Day: Monday, August 28, 2017
Time: 16:30 - 17:50
Room: Lehar
Chair: Joachim Horn

Paper: 6088 A3L-C

Adaptive Optimal Control Algorithm for Vibrational Systems
Under Nonlinear Friction

Maciej Wasilewski1, Dominik Pisarski2
1Polish Academy of Sciences mwasil@ippt.pan.pl
2Polish Academy of Sciences dpisar@ippt.pan.pl

In this paper a novel control algorithm for vibration attenuation is presented. Proposed
scheme is developed to control linear systems with presence of external disturbance. The
goal of the control is to steer the system to prescribed reference trajectory by minimizing
associated quadratic performance index. The synthesis of the control law consists of two
steps. At the first step, past measures of disturbance are used to develop local linear ap-
proximation of dynamics of disturbance signal. Weights of the associated auto-regressive
model are calculated by the least-square algorithm. At the second step, calculated model
is used to obtain linear time-invariant approximation of the control system. The re-
ceding horizon control law is then calculated by using finite horizon Linear Quadratic
Regulator. The algorithm is verified numerically for torsional vibrating system under
nonlinear, timevarying friction. The results of simulation are compared to a standard
Linear Quadratic Gaussian control.

Paper: 6219 A3L-C

Adaptive and Robust Motion Control in Presence of
LuGre-Type Friction

Marcin Jastrzębski1, Jacek Kabziński2, Przemysław Mosiołek3

1Łódź University of Technology marcin.jastrzebski@p.lodz.pl
2Łódź University of Technology jacek.kabzinski@p.lodz.pl

3Łódź University of Technology przemyslaw.mosiolek@p.lodz.pl

The proposed approach to the adaptive motion control in the presence of LuGre-type
friction consists in the compensation of all components containing the internal model
variable by a robust control term, based on a special “bounding function”. To minimize
the chattering effect, this function is approximated by a linear-in-parameters model. The
model is tuned on-line by the adaptive control, together with the remaining unknown
parameters.
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Paper: 6247 A3L-C

Direct Fuzzy Adaptive Control and Nonparametric
Identification of Robot Manipulator with Elastic Joints

Jurek Z. Sąsiadek1, Steve Ulrich2, Adam Krzyżak3

1Concordia University jsas@connect.carleton.ca
2Carleton University steve.ulrich@carleton.ca
3Concordia University adam.krzyzak@gmail.com

In this paper an elastic joint two-link flexible link robot manipulator is considered. An
advanced control system has been presented. The controller uses adaptive fuzzy logic ap-
proach. Nonlinear friction in the joints is modeled by the Hammerstein system. It is iden-
tified by the algorithm based on nonparametric nearest neighbor regression estimation.
The asymptotically optimal choice of the parameters of the algorithm are investigated.

Robotics I, A3L-D
Day: Monday, August 28, 2017
Time: 16:30 - 17:50
Room: Strauss
Chair: Krzysztof Tchon

Paper: 6223 A3L-D

Mobile Agents and Their Use in a Group of Cooperating
Autonomous Robots

Zbyněk Obdržálek1

1Silesian University in Opava zbynek.obdrzalek@fpf.slu.cz

This paper describes the use of mobile agents in the group of cooperating UAV and UGV
autonomous robots. Multi-agent system simulation uses an environment that integrates
robot operating system (ROS), V-REP simulation environment and JADE multi-agent
system. Mobile agents ensure the continuation and completion of the mission even in case
of failure of a device from a group. Paper describes a particular scenario for application
of mobile agents.
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Paper: 6163 A3L-D

Implementation and Evaluation of a Bilateral Teleoperation
with Use of Wave Variables in the ReMeDi System for Remote

Medical Examination
Adam Kurnicki1, Mateusz Cholewiński2, Bartlomiej Stańczyk3, Krzysztof

Arent4

1Lublin University of Technology a.kurnicki@pollub.pl
2Wrocław University of Science and Technology mateusz.cholewinski@pwr.edu.pl

3ACCREA Engineering b.stanczyk@accrea.com
4Wrocław University of Science and Technology krzysztof.arent@pwr.edu.pl

The article presents a bilateral teleoperation architecture with wave variables that has
been applied in a new robotic system for remote medical examination. First we discuss
specificity of requirements of the ReMeDi medical system with respect to teleoperation
architecture and the process of its selection. Then we discuss implementation issues
concerning the architecture. Finally we present evaluation results.

Paper: 6257 A3L-D

Rapid Navigation Function Control for Omnidirectional Mobile
Platform

Wojciech Kowalczyk1, Mateusz Przybyła2, Krzysztof Kozłowski3
1Poznań University of Technology wojciech.kowalczyk@put.poznan.pl

2Poznań University of Technology mateusz.przybyla@put.poznan.pl
3Poznań University of Technology krzysztof.kozlowski@put.poznan.pl

This paper presents an extension of navigation function used to control an omnidirectional
robot. Navigation function is used to control position coordinates while the orientation
variable is controlled with simple proportional controller. The extension relies on a specific
normalization of navigation function gradient. Presented method results in much more
rapid convergence in comparison to classic approach based on negative gradient of the
navigation function. The most noticeable result of the extension is observed for high
values of K parameter, which must be increased if the distances between obstacles are
small. Experimental results are given to illustrate effectiveness of the proposed algorithm.
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Paper: 6100 A3L-D

Nonlinear Inverse Modeling with Signal Prediction in Bilateral
Teleoperation with Force-Feedback

Mateusz Saków1, Arkadiusz Parus2, Mirosław Pajor3, Karol Miądlicki4
1West Pomeranian University of Technology, Szczecin mateusz.sakow@zut.edu.pl

2West Pomeranian University of Technology, Szczecin arkadiusz.parus@zut.edu.pl
3West Pomeranian University of Technology, Szczecin miroslaw.pajor@zut.edu.pl

4West Pomeranian University of Technology, Szczecin karol.miadlicki@zut.edu.pl

In the paper a sensor-less control scheme for a bilateral teleoperation system with a force-
feedback based on a prediction of an input and an output of a non-linear inverse model
by prediction blocks was presented. The prediction method of an input and an output
of an inverse model was designed to minimize the effect of the transport delay and the
phase shift of sensors, actuators and mechanical objects. The solution is an alternative to
complex non-linear models like artificial neural networks, which requires complex stability
analysis and control systems with high computing power. The effectiveness of the method
has been verified on the hydraulic manipulator test stand.
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Plenary: F. Allgower, B1L-A
Day: Tuesday, August 29, 2017
Time: 09:00 - 10:00
Room: Casino
Chair: Krzysztof Kozłowski

Paper: 6262 B1L-A

Quo Vadis Model Predictive Control? from Stabilizing to
Distributed Economic MPC

Frank Allgower1

1Universität Stuttgart frank.allgower@ist.uni-stuttgart.de

Theory of Fractional Order Systems, B2L-A
Day: Tuesday, August 29, 2017
Time: 10:00 - 11:00
Room: Casino
Chair: Tadeusz Kaczorek

Paper: 6023 B2L-A

Existence and Continuous Dependence of Solutions on Controls
for Linear Control Systems with Different Fractional Orders

Rafał Kamocki1
1Łódź University of Technology rafkam@math.uni.lodz.pl

The paper concerns linear continuous control systems with different fractional orders
involving the Caputo derivatives. In the first part, an existence and uniqueness of a
solution to such systems is studied. Next, based on the existence result, a theorem on the
continuous dependence of solutions on controls is obtained.

Paper: 6192 B2L-A

Novelty Fractional-Order Backward Difference and its
Applications in a Control System Analysis

Piotr Ostalczyk1

1Łódź University of Technology postalcz@p.lodz.pl

In the paper a novelty fractional-order backward difference is proposed. On a basis of the
classical first-order backward difference and its generalization into the fractional-order case
we intorduce a constant parameter a which essentionally influences on the differentiation
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action. This novelty fractional-order backward difference will be further named as a-
difference. Its fundamental properties are established. A numerical exmple shows the
a-differentiation effects.

Paper: 6229 B2L-A

A Comparative Analysis of Two Methods for Model Predictive
Control of Fractional-Order Systems

Rafał Stanisławski1, Marek Rydel2, Krzysztof J. Latawiec3, Marian
Łukaniszyn4, Marcin Gałek5

1Opole University of Technology r.stanislawski@po.opole.pl
2Opole University of Technology m.rydel@po.opole.pl

3Opole University of Technology k.latawiec@po.opole.pl
4Opole University of Technology m.lukaniszyn@po.opole.pl

5Opole University of Technology galek.marcin@gmail.com

The paper presents a comparative analysis of extended horizon model predictive control
deployed for two various state prediction algorithms designed for discrete-time fractional-
order state space systems. The first one is a finite fractional difference state predictor
derived on the basis of a finite-length approximation of the fractional-order state space
system. The second one is a BTA-based integer-order state space approximation of the
fractional-order system. Simulation results show that second approach is more promising.

Control Applications I, B2L-B
Day: Tuesday, August 29, 2017
Time: 10:00 - 11:00
Room: Kalman
Chair: Andres Peters

Paper: 6174 B2L-B

Damping of Resonance Peaks Using Adaptive Notch Filters in
Gearless Servo Drives

Mario Aldag1, Joachim Horn2

1Helmut-Schmidt-Universität / University of the Federal Armed Forces Hamburg

mario.aldag@hsu-hh.de
2Helmut-Schmidt-Universität / University of the Federal Armed Forces Hamburg

joachim.horn@hsu-hh.de

For applications of an gearless servo system on a milling machine the parameters of the
mechanical resonances differ from workpiece to workpiece and thus cannot be calculated
a priori. In this paper an online mechanical resonance frequency identification algorithm
and online notch filter depth tuning algorithm are presented. The performance of these
algorithms is shown on a test axis and on a round table with a direct torque motor on
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a production milling machine. Multiple resonances present on the milling machine can
be damped subsequently and the controller gains can be increased to improve the overall
tracking performance.

Paper: 6176 B2L-B

Estimation Problems of Pneumatic Transport System for
Electromagnetic Grinding

Zbigniew Ogonowski1, Szymon Ogonowski2
1Silesian University of Technology zbigniew.ogonowski@polsl.pl

2Silesian University of Technology szymon.ogonowski@polsl.pl

The paper presents models and estimation algorithm of the air stream velocities in pneu-
matic material transport for supervisory and direct control layers of electromagnetic
milling system. The algorithm uses redundant measurement system and identifies pa-
rameters of the first principle model to increase reliability of the measurements and to
give rise of the fault detection system.

Paper: 6235 B2L-B

Development of Microprocessor, Time Optimized Stepper
Motor Driving Algorithm

Łukasz Przeniosło1, Marcin Hołub2

1West Pomeranian University of Technology, Szczecin lukasz.przenioslo@zut.edu.pl
2West Pomeranian University of Technology, Szczecin marcin.holub@zut.edu.pl

In the paper a stepper motor closed loop driver algorithm is presented, which emphasizes
the processor overhead minimization in which it is implemented, as well as rotor average
torque and set position acquisition. The program was tested as a simulation in MATLAB
environment and on a physical driver based on STM32 microcontroller connected with a
motor and an encoder. Exemplary results are introduced in the work.
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Distributed Parameter Systems - Modelling, Control
and Estimation I (Invited Only), B2L-C
Day: Tuesday, August 29, 2017
Time: 10:00 - 11:00
Room: Lehar
Chair: Harald Aschemann

Paper: 6060 B2L-C

Tracking Control for a Long Pneumatic Transmission Line
Richard Kern1, Nicole Gehring2

1Technische Universität München richard.kern@tum.de
2Technische Universität München n.gehring@tum.de

This paper presents a tracking controller for a long pneumatic transmission line modeled
by a bidirectionally coupled system of partial differential equations (PDEs) and ordi-
nary differential equations (ODEs). The feedforward part of the controller is designed
by applying a flatness-based approach for hyperbolic PDEs to a quasilinear model of the
pneumatic system. The stabilizing feedback is derived by application of a recently devel-
oped backstepping approach for coupled PDE-ODE systems to a different, more simple,
linear model of the line. In simulations, the tracking controller is used to asymptotically
stabilize a complex quasilinear third-order distributed parameter model of the pneumatic
transmission line along a desired trajectory. This complex model has previously been
shown to accurately reproduce the behavior of the pneumatic test bench.

Paper: 6074 B2L-C

Optimal Multivariable Flux Control of Heat Transfer in a
Metal Bar

Georgy Kostin1, Andreas Rauh2, Harald Aschemann3, Vasily Saurin4

1Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences kostin@ipmnet.ru
2Universität Rostock Andreas.Rauh@uni-rostock.de

3Universität Rostock Harald.Aschemann@uni-rostock.de
4Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences saurin@ipmnet.ru

An optimal control problem for heat conduction in a metal bar heated and cooled by
two Peltier elements attached to its bottom surface is investigated. The bar has the
shape of an elongated cuboid, the vertical sides of which are insulated, whereas the heat
exchange with the environment takes place on the upper surface. The problem is to find
the time history of the elements’ heating powers transferring the system from its initial
thermal state to a stationary terminal state and simultaneously minimizing a quadratic
cost function.

35



Tuesday 10:00 - 11:00

Paper: 6080 B2L-C

Boundary Control of Heat Transfer Processes in a Cylindrical
Body

Alexander Gavrikov1, Georgy Kostin2

1Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences

gavrikov@ipmnet.ru
2Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences kostin@ipmnet.ru

The problem of boundary control for heat transfer processes in a cylindrical body under
the minimum condition of a quadratic functional is considered. With the help of the
Fourier method an optimal feedback control law for the lowest two modes is designed.
The influence of the control on higher modes is analyzed.

Robotics II, B2L-D
Day: Tuesday, August 29, 2017
Time: 10:00 - 11:00
Room: Strauss
Chair: Navvab Kashiri

Paper: 6047 B2L-D

Object Identification by Tactile Sensors with Improved Sensor
Resolution

Christian Thormann1, Alexander Winkler2

1Hochschule Mittweida thormann@hs-mittweida.de
2Hochschule Mittweida alexander.winkler@hs-mittweida.de

In the case that tactile sensor matrices are placed at the fingers of a robotic gripper, it
is possible to identify objects during grasping. In this article we present an approach for
object identification using tactile information. For verification a test scenario is developed
where the robot should sort workpieces which are based on Lego bricks. In comparison
to images of camera systems commonly used in robotics, the resolution of force images
provided by tactile sensors is much lower. For that reason it may be in some case useful to
increase the resolution of tactile measurement to perform some tasks of object identifica-
tion successfully. This article additionally includes an algorithm to improve the resolution
of tactile sensors.
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Paper: 6049 B2L-D

Mobile Robot with Non-Slip Castor Wheel
Ryszard Beniak1, Tomasz Pyka2

1Opole University of Technology r.beniak@po.opole.pl
2Opole University of Technology t.pyka@po.opole.pl

In this paper we address a problem of a non-slip castor wheel’s impact on the control
system of a tri-wheel mobile robot, which moves on a flat surface. We derive relations be-
tween the castor wheel’s torsion angle and drive velocities and show results of controller’s
simulation, with and without the impact of the castor wheel

Paper: 6070 B2L-D

A Simulation Evaluation of gCBHD Formula for Driftless
Nonholonomic Systems

Ignacy Duleba1, Arkadiusz Mielczarek2

1Wrocław University of Science and Technology ignacy.duleba@pwr.edu.pl
2Wrocław University of Science and Technology arkadiusz.mielczarek@pwr.edu.pl

In this paper an accuracy of local motion planning based on the generalized Campbell-
Baker-Hausdorff-Dynkin formula was evaluated for a few nonholonomic robotic systems.
For a given set of controls, an exact trajectory is computable via an integration of equa-
tions of motion. This reference trajectory is compared with with a trajectory based on
shrinked versions of the gCBHD formula. An impact of controls (linear time and am-
plitude scaling, their rotations) on the accuracy of reaching the final goal (important
in motion planning) and retrieving a shape of the trajectory (important while avoiding
obstacles) will be discussed and illustrated with simulations.
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Poster Session II, B3P-E
Day: Tuesday, August 29, 2017
Time: 10:00 - 12:00
Room: Poster Area
Chair: Przemyslaw Mazurek

Paper: 6105 B3P-E

Criterions of ν-Similarity for the Two-Dimensional Birth-Death
Processes

Marzena Filipowicz-Chomko1, Ewa Girejko2, Anna Poskrobko3

1Bialystok University of Technology m.filipowicz@pb.edu.pl
2Bialystok University of Technology e.girejko@pb.edu.pl

3Bialystok University of Technology a.poskrobko@pb.edu.pl

We examine ν-similarity of birth-and-death processes in two-dimensional case that turn
out to improve capacity planning of modern telecommunication systems. A necessary
condition for two processes being similar by obtaining relations between their birth and
death rates is derived. We analyze situation for ν-similar birth-death processes, what is
a generalization of the previous results for similar birth-and-death processes. In our case
birth and death rates of two ν-similar processes are state-dependent ones. Special case as
possible genetic application is provided.

Paper: 6108 B3P-E

Research on Possibilities of Transporter Movement Using
Brain-Computer Interface Based on Steady-State Visually

Evoked Potential (SSVEP)
Arkadiusz Kubacki1, Arkadiusz Jakubowski2, Dominik Rybarczyk3

1Poznań University of Technology arkadiusz.j.kubacki@doctorate.put.poznan.pl
2Poznań University of Technology arkadiusz.z.jakubowski@doctorate.put.poznan.pl

3Poznań University of Technology dominik.rybarczyk@put.poznan.pl

This paper presents the research on the possibility of transporter movement with the
use of SSVEP based on a brain-computer interface (BCI). In the first paragraph, the
authors present general information about human-computer communication. The next
chapter concerns theoretical background about BCI based on EEG. The authors present
a method how to place electrodes during an EEG and a general classification of BCI.
The current state of knowledge about SSVEP (Steady-State Visually Evoked Potential)
is presented. In the next paragraph concerns used equipment and software, also a block
diagram of the program and a description of the test stand. In the last part, the authors
described the results of their research on the movement of the transporter in two directions
using SSVEP.

38



Tuesday 10:00 - 12:00

Paper: 6113 B3P-E

Running Pace Estimation Using Complementary Filter Based
Fusion of GPS and Pedometer Data

Krzysztof Skrzypczyk1

1Silesian University of Technology krzysztof.skrzypczyk@polsl.pl

This paper presents an application of a complementary filtration for estimating running
pace using GPS and pedometer data. In the approach presented the two information
sources are fused with dynamically adjusted importance factors. In the case of poor GPS
signal the pedometer data are included in the filter with higher weight, and otherwise.
The method proposed was verified using multiple simulations.

Paper: 6159 B3P-E

Adaptive Correction of the Quantisation Error in the
Frequency-to-Code Converter

Piotr Warda1

1Politechnika Lubelska p.warda@pollub.pl

This paper presents a method of the adaptive correction of the quantisation error in the
frequency-to-code converter (f/N). For the application of this method a f/N converter
using a “on-the-fly” counter has been selected. The principle of the method is discussed.
The results of the experiment verifying the operation of the method were presented.

Paper: 6161 B3P-E

Quaternion-Based Determination of 3D Objects Orientation
Witold Żorski1

1Military University of Technology wzorski.ita@gmail.com

The problem of 3D objects orientation recognition in a three-dimensional image space is
considered in this paper. The used method is a quaternion-based approach applied to
images acquired by CT-like devices. The concept of orientation recognition comes from
the well-known Ballard method of arbitrary shapes detection in two-dimensional images,
now commonly known as the generalized Hough transform. Aside from quaternions, used
as the main mathematical tool, the orientation recognition is based on determination of
an accumulator array for Euler angles. Values in the accumulator are received using so
called counting method, adopted here for voxels. Objects orientation is determined by
coordinates of an element in the accumulator array with a maximum number of votes
received. The elaborated method may be useful in the area of robotic surgery, especially
in cases of penetrating injuries caused by foreign bodies.
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Paper: 6175 B3P-E

Two Level Algorithm with Tabu Search Optimization for Task
Scheduling Problem in Computing Cluster Environment

Wojciech Bożejko1, Piotr Nadybski2, Mieczysław Wodecki3
1Wrocław University of Science and Technology wojciech.bozejko@pwr.edu.pl

2Witelon State University of Applied Sciences in Legnica nadybskip@pwsz.legnica.edu.pl
3University of Wrocław mieczyslaw.wodecki@uwr.edu.pl

This article presents a proposal of solution for the problem of optimal task allocation and
scheduling for computing cluster with multiple nodes.

Paper: 6203 B3P-E

Experimental Results of Stable Time-Varying Multi-Notch
Filter

Sławomir Kocon1, Piotr Okoniewski2, Jacek Piskorowski3
1West Pomeranian University of Technology, Szczecin slawomir.kocon@zut.edu.pl

2West Pomeranian University of Technology, Szczecin piotr.okoniewski@zut.edu.pl
3West Pomeranian University of Technology, Szczecin jacek.piskorowski@zut.edu.pl

This paper presents experimental results of a stable time-varying IIR narrow multi-band-
stop filter. The design and stability check procedures have been shown. The experimental
hardware used to conduct the measurement of the ECG was presented. The concept of
the time-varying coefficients was used in order to reduce the transient time of the filtering
structure. The advantages of the proposed methodology were confirmed with three test
cases focused on denoising the input signal.

Paper: 6208 B3P-E

Design of Stable LTV Multi-Notch IIR Filter with Lookup
Tables

Piotr Okoniewski1, Sławomir Kocon2, Jacek Piskorowski3
1West Pomeranian University of Technology, Szczecin piotr.okoniewski@zut.edu.pl

2West Pomeranian University of Technology, Szczecin slawomir.kocon@zut.edu.pl
3West Pomeranian University of Technology, Szczecin jacek.piskorowski@zut.edu.pl

The paper presents a concept of designing a stable time-varying IIR narrow multi-band-
stop filter. The proposed structure is based on an all-pass prototype. The stability analysis
of the time-varying design is presented. In order to reduce the transient time, the varying
rejection bandwidth in time is introduced. The paper also presents the idea of the LUT’s
(Lookup Table) to control the memory usage of the time-varying filtering structure. The
results of the methodology are presented and compared with the stationary counterpart.
The proposed stable time-varying filtering structure is applied to the noised test signal in
the simulation environment.
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Paper: 6228 B3P-E

Bayesian Estimator of a Faulty State: Logarithmic Odds
Approach

Piotr Bania1, Jerzy Baranowski2
1AGH University of Science and Technology pba@agh.edu.pl
2AGH University of Science and Technology jb@agh.edu.pl

Fault detection and isolation is crucial for efficient operation and safety of any industrial
process. Methods from all the areas of data analysis are being used for this task includ-
ing Bayesian reasoning and Kalman filtering. In this paper authors use the discrete Field
Kalman Filter for detecting and recognising faulty conditions of the system. Proposed ap-
proach, devised for stochastic linear systems allows analysis of faults that can be expressed
both as parameter and disturbance variations. It is formulated for the situations when
the fault catalogue is known, but because of that very efficient algorithm can be obtained.
For implementation logarithmic odds are considered to improve numerical properties. Its
operation is illustrated with numerical examples and both its merits and limitations are
critically discussed.

Paper: 6232 B3P-E

Particle Swarm Based Airfoil Optimization for sUAV’s
Operating in a Low Range of Reynold’s Number

Tom Kusznir1, Jarosław Smoczek2

1AGH University of Science and Technology tkusznir@agh.edu.pl
2AGH University of Science and Technology smoczek@agh.edu.pl

The paper focuses on Particle Swarm Optimizationof an airfoil model for small unmanned
aerial vehicles operating in low Reynolds number. The objective function to be maximized
is the lift-to-drag ratio subject to different penalty constraints. The airfoil parameteri-
zation is done using Class/Shape function Transformation. Blade Element Momentum
Theory is used to develop an optimum hovering propeller with the optimized airfoil and
the Clark Y airfoil. The results of the numerical simulation are discussed in the paper.
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Paper: 6240 B3P-E

Application of System on Chip (SoC) Devices for the Design of
a Smoke Detector Working with Megapixel Image Streams

Wiesław Pamuła1, Maciej Sajkowski2, Tomasz Stenzel3, Jarosław Michalak4,
Grzegorz Baron5, Bartłomiej Szady6

1Silesian University of Technology wieslaw.pamula@polsl.pl
2Silesian University of Technology maciej.sajkowski@polsl.pl

3Silesian University of Technology tomasz.stenzel@polsl.pl
4Silesian University of Technology jaroslaw.michalak@polsl.pl

5Silesian University of Technology grzegorz.baron@polsl.pl
6Silesian University of Technology Bartlomiej.Szady@polsl.pl

The paper discusses the application of System on Chip devices for processing Megapixel
video streams. The domain of image processing using high resolution images is very
demanding in the scope of calculating power and frequently exploits special processing
hardware. The design of a smoke detection system is used for evaluating the advantages
and drawbacks of using such SoC solutions. Identical image processing algorithms are
implemented in the case of FPGA and DSP. Both solutions meet the real time image
processing requirements. FPGA based solution is faster as it uses pipelining for improving
the utilisation of memory resources.

Paper: 6251 B3P-E

Learning Process for Nonstationary Filtering Network Using
Genetic Algorithms

Adrian Sztandera1, Katarzyna Wiechetek2

1West Pomeranian University of Technology, Szczecin adrian.sztandera@zut.edu.pl
2West Pomeranian University of Technology, Szczecin katarzyna.wiechetek@zut.edu.pl

In the paper a concept of nonstationary network consisted of 1st order elements is pre-
sented. Research in order to approximate the assumed frequency response using the
filtering network were conducted. Learning the network was achieved by minimizing the
assumed error function using genetic algorithms. Introducing time function in place of
time constant reduced the duration of the transition processes.
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Control and Systems Theory II, B4L-A
Day: Tuesday, August 29, 2017
Time: 11:20 - 13:00
Room: Casino
Chair: Andrzej Bartoszewicz

Paper: 6212 B4L-A

New Interesting Facts About Minimum-Energy Perfect Control
for LTI Nonsquare State-Space Systems

Wojciech Hunek1

1Opole University of Technology w.hunek@po.opole.pl

In this paper a breakthrough in the area of the minimum-energy perfect control for
discrete-time state-space systems with different number of input and output variables
is presented. Following the recently performed heuristic simulation studies corresponding
to mentioned control strategy, the analytical confirmation is presented through this paper.
Up to now, the statement that the so-called right (sigma)-inverse clearly outperforms the
minimum-norm (T-)inverse in terms of minimum-energy of the MV/perfect control inputs
design has been based on optimization tasks only. Therefore, the heuristic studies made
in Matlab environment could not be treated as the representative ones in some sense, so
far. Simple analytical illustrative example shows the big minimum-energy applicability
of (sigma)-inverse over usage of classical minimum-norm one. Note that full proof is not
given yet and still waiting for deep exploration.

Paper: 6002 B4L-A

A Method for the Order Reduction of Linear Switching
Systems

Franco Blanchini1, Daniele Casagrande2, Wieslaw Krajewski3, Umberto
Viaro4

1Università degli Studi di Udine franco.blanchini@uniud.it
2Università degli Studi di Udine daniele.casagrande@uniud.it

3Institute of Systemic Research of the Polish Academy of Sciences krajewsk@ibspan.waw.pl
4Università degli Studi di Udine umberto.viaro@uniud.it

The paper deals with the problem of reducing the order of an original high–order asymp-
totically stable linear switching system by independently approximating the (stable)
LTI systems corresponding to every fixed value of the switching signal. Precisely, each
reduced–order model is obtained by minimising the L2 norm of a weighted equation error
by means of an efficient algorithm that ensures model stability as well as the retention
of a number of first– and second–order information indices, such as the Markov param-
eters and the impulse–response energies. Then, the stability of the switching system is
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guaranteed, irrespective of the switching law, by realising the aforementioned reduced
models in such a way that they share a common Lyapunov function. To this purpose, a
simple state–coordinate transformation amenable to online implementation is applied to
the state models initially derived. To improve the approximation, the state after every
switching is reset, with due care for stability, according to a fast inclusion–projection
procedure. Two examples taken from the literature show that the suggested reduction
technique compares favourably with existing techniques.

Paper: 6009 B4L-A

Controllability of Delayed Systems
Jerzy Klamka1

1Silesian University of Technology jerzy.klamka@polsl.pl

The main purpose of this paper is to study the relative controllability of linear infinite
delay dynamical systems containing both multiple lumped time varying delays and dis-
tributed delays in the state variables and multiple lumped time varying delays in the in
admissible controls.

Paper: 6022 B4L-A

String Stability of a Leader Following Formation Control with
Dynamic Weights

Andrés Peters1

1Universidad Técnica Federico Santa María andres.peters@usm.cl

In this work, we study the string stability properties of a leader following formation
control architecture that uses non homogeneous weights for the leader and predecessor
vehicle states. The architecture was presented recently and it was shown to achieve
constant inter-vehicle spacings (with no transient) for almost every vehicle pair when
there are no disturbances at the followers. We expand the analysis of this interconnection
by obtaining a condition on the design parameters that ensures the string stability of
the interconnection to disturbances at any follower. Numerical simulations illustrate our
results.

Paper: 6140 B4L-A

Decentralized Fixed Mode Radius of LTI System with Multiple
Input and Output Delays

Pradosh Ranjan Sahoo1, Sandip Ghosh2, Pawel Dworak3

1National Institute of Technology, Rourkela sahoo.pradosh@gmail.com
2Indian Institute of Technology BHU Varanasi sghosh.eee@itbhu.ac.in

3West Pomeranian University of Technology, Szczecin pawel.dworak@zut.edu.pl

Decentralized Fixed Mode (DFM) radius is a robustness measure of decentralized control
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system reflecting how far a system is from having DFM. In this paper, real DFM radius is
defined for decentralized control systems with input and output delays, and a computing
formula is derived for the same using restricted real perturbation measures. Results of
this paper for computing DFM radius of time-delay system are studied with the help of
numerical

Control Applications II, B4L-B
Day: Tuesday, August 29, 2017
Time: 11:20 - 13:00
Room: Kalman
Chair: Jacek Kabzinski

Paper: 6115 B4L-B

Dynamical Aspects of Multi-Input Single-Output Control for
Heat Distribution Processes: Case Study
Michal Fratczak1, Pawel Nowak2, Piotr Laszczyk3

1Silesian University of Technology michal.fratczak@polsl.pl
2Silesian University of Technology pawel.nowak@polsl.pl

3Silesian University of Technology Piotr.Laszczyk@polsl.pl

In this paper, the possibility of Multi-Input Single-Output control of the heat distribution
processes is investigated. Based on the validated model of the example experimental
setup, the static and dynamical properties of the process are investigated and discussed
in terms of control performance and efficiency. Two potential manipulating variables are
considered and different control strategies are discussed, including control by only single
manipulating variable and by the proper and simultaneous adjustment of both of them.
The energy efficiency is also considered.

Paper: 6077 B4L-B

Oscillation Attenuation for Crane Payloads by Controlling the
Rope Length Using Extended Linearization Techniques

Andreas Rauh1, Robert Prabel2, Harald Aschemann3

1Universität Rostock andreas.rauh@uni-rostock.de
2Universität Rostock robert.prabel@uni-rostock.de

3Universität Rostock harald.aschemann@uni-rostock.de

Oscillation attenuation is an essential task for practically any crane application. Classi-
cally, such control strategies make use of the actuation of a crane trolley to counteract the
motion of a swinging payload. As an alternative to controlling trolley motions, variations
of the rope length can be considered. In contrast to scenarios where trolley motions are
used to attenuate oscillations, the control of the rope length is a more challenging task
due to non-negligible nonlinearities and due to the presence of points in the state-space
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for which controllability is not guaranteed. In this paper, a novel extended linearization
approach is presented for the oscillation attenuation in crane systems, where the feedback
gains are determined by using a robust optimization procedure which employs a formu-
lation of the control task in terms of linear matrix inequalities. Simulation results and
an experimental validation highlight the practical applicability of the proposed control
procedure.

Paper: 6132 B4L-B

Experimental Validation of a Sensitivity-Based Learning-Type
Controller for a Linear Time-Varying Model of a Flexible

High-Speed Rack Feeder
Andreas Rauh1, Noel Cont2, Harald Aschemann3

1Universität Rostock andreas.rauh@uni-rostock.de
2Universität Rostock noel.cont@uni-rostock.de

3Universität Rostock harald.aschemann@uni-rostock.de

In many control applications, it is desired to repeat the same control task numerous times
with identical reference trajectories. As long as only model inaccuracies and disturbances,
which are practically identical for each new execution, appear as external uncertainty, such
tasks are well suited for the implementation of learning-type strategies. The fundamental
idea of such controllers is not only to stabilize the dynamics during a single execution of
the control task but also to improve the tracking behavior successively from execution to
execution. This can be achieved by an adaptation of the control signal on the basis of
the time history of the tracking error from a previous execution. Well-known learning-
type approaches, summarized as ILC techniques (iterative learning control), make use
of linear dynamic system models which are assumed to be time-invariant in many cases.
If techniques for differential sensitivity analysis are employed for the purpose of control
design, also nonlinear and time-varying system models can easily be handled in the frame
of a learning-type control design.

Paper: 6136 B4L-B

A Discrete-Time Norm-Optimal Approach to Iterative
Learning Control of a Bridge Crane

Harald Aschemann1, Alexander Wache2, Ole Kraegenbring3

1Universität Rostock harald.aschemann@uni-rostock.de
2Universität Rostock alexander.wache@uni-rostock.de

3Universität Rostock ole.kraegenbring@uni-rostock.de

In this contribution, a norm-optimal iterative learning control (NOILC) for the two main
axes of a bridge crane is presented. For each axis, the NOILC operates in parallel to
a linear-quadratic (LQ) state feedback of the tracking error. Regarding the tracking of
repetitive trajectories, the ILC-part contributes to a significant reduction of the tracking
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error from iteration to iteration, up to an accuracy that is determined by the quality
of the measurement signals. In this paper, the ILC law is based on the minimization
of a cost functional and involves both feedforward and feedback control actions. The
control structure has been implemented at a bridge crane test rig with three axes, where
the lateral rope deflections are determined by means of a CMOS camera. Experimental
results show that a fast error convergence and a small remaining tracking error can be
achieved with the proposed control structure.

Paper: 6156 B4L-B

Friction Hysteresis Compensation Using Phase Correction of
Periodic Trajectories

Benedikt Haus1, Paolo Mercorelli2, Nils Werner3

1Leuphana Universität Lüneburg haus@leuphana.de
2Leuphana Universität Lüneburg mercorelli@leuphana.de

3Hochschule Flensburg nils.werner@hs-flensburg.de

This paper presents a heuristic, signal-based approach to compensate time delay-like
effects caused by friction hysteresis in a novel kind of valve actuator. It works by exploiting
a-priori knowledge about (and the periodicity of) the desired trajectory, under the premise
that an existing feedforward control already tracks the desired trajectory, apart from
the mentioned time delay effect. However, the emphasis of this contribution is put on
experimental results obtained with a test stand in order to substantiate the effectiveness
of the simplistic compensating technique that was already described in earlier works. The
hysteresis loop is modelled and simulated to match the measurements, though no model
is needed by the compensation algorithm.

Identification, B4L-C
Day: Tuesday, August 29, 2017
Time: 11:20 - 13:00
Room: Lehar
Chair: Zygmunt Hasiewicz

Paper: 6010 B4L-C

An Addendum to Continuous-Time Dynamic System
Identification with Multisine Random Excitations - from

Frequency Response to Transfer Function
Jarosław Figwer1

1Silesian University of Technology jaroslaw.figwer@polsl.pl

In this paper an approximation algorithm allowing to calculate parameters of rational
and fractional continuous-time transfer functions as well as transfer functions being their
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connections with delay from the identified frequency response is proposed. Parameters of
the mentioned transfer functions are obtained by an optimisation algorithm utilizing ideas
of randomized search. The presented discussion is illustrated by simulation experiments
devoted to calculating parameters of rational, rational with delay and fractional with delay
transfer function approximations. The corresponding frequency responses are identified
using an approach in which as an excitation realisations of continuous-time multisine
random processes are used.

Paper: 6076 B4L-C

Robust Identification of Quadrocopter Model for Control
Purposes

Krzysztof Arminski1, Tomasz Zubowicz2

1Gdańsk University of Technology krzysztof.armisnki@gmail.com
2Gdańsk University of Technology tomasz.zubowicz@gmail.com

The paper addresses a problem of quadrotor unmanned aerial vehicle (so-called X4-flyer
or quadrocopter) utility model identification for control design purposes. To that goal the
quadrotor model is assumed to be composed of two abstracted subsystems, namely a rigid
body (plant) and four motors equipped with blades (actuators). The model of the former
is acquired based on a well-established dynamic equations of motion while the latter is
to be identified as a static relationship from laboratory experiments data. Moreover, the
actuator model is to account for the on-flight battery power source voltage drop effects.
The actuator parameter identification algorithm is kept in a set-membership framework.
In addition a mechanism to reduce the conservativeness of the solution is proposed and
applied. Numerical illustration of the results is provided.

Paper: 6082 B4L-C

Multistage Identification of an N-L-N Hammerstein-Wiener
System

Grzegorz Mzyk1, Marcin Biegański2, Bartłomiej Kozdraś3

1Wrocław University of Science and Technology grzegorz.mzyk@pwr.edu.pl
2Wrocław University of Science and Technology 200523@student.pwr.edu.pl

3Wrocław University of Science and Technology bartlomiej.kozdras@pwr.edu.pl

In the paper we consider a problem of Hammerstein-Wiener (N-L-N) system identification
in the presence of random input and random noise. The proposed strategy combines both
parametric (e.g. least squares) and nonparametric (kernel) estimates. First, the impulse
response of the linear block, and the composition of two nonlinear characteristics are
identified independently. Next, the nonlinear function composition is splited into two
parts to obtain the models of all individual blocks of the system. The consistency of the
proposed estimates is analyzed and simple simulation example is presented.
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Paper: 6075 B4L-C

Accelerating the Rate of Convergence for LMS-Like on-Line
Identification and Adaptation Algorithms. Part 1: Basic Ideas

Jarosław Figwer1, Małgorzata Michalczyk2, Teresa Główka3

1Silesian University of Technology jaroslaw.figwer@polsl.pl
2Silesian University of Technology malgorzata.michalczyk@polsl.pl

3Silesian University of Technology teresa.glowka@polsl.pl

In the paper a modification enabling acceleration of the rate of convergence for LMS-like
on-line identification and adaptation algorithms is proposed. This is based on the artificial
decaying of initial conditions in recursive identification as well as adaptation algorithms.
The decaying is done using a set of the most recent measurements. Properties of the
proposed modification are illustrated by simulation examples, in which accelerated and
non-accelerated identification and adaptation algorithms are compared.

Paper: 6205 B4L-C

Smart Beam System: Identification and Minimal Realization
Using Digraphs Theory

Konrad Markowski1, Cristina Muresan2

1Warsaw University of Technology Konrad.Markowski@ee.pw.edu.pl
2Technical University of Cluj-Napoca Cristina.Muresan@aut.utcluj.ro

For modelling the dynamics and study of the active vibration suppression possibilities
in aircraft wings, the smart beam is widely used. The advantages obtained through
this approach are numerous. One of them are: aircraft stability and manoeuvrability,
turbulence immunity, passenger safety and reduced fatigue damage. In this paper, the
identification process has been presented, in the first step. As a result the transfer function
of the continuous-time linear system was given. Then, for the obtained function the forms
of minimal realisations were determined. The realisation was obtained using the method
based on one-dimensional digraph theory.
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Modelling and Simulation I, B4L-D
Day: Tuesday, August 29, 2017
Time: 11:20 - 13:00
Room: Strauss
Chair: Bill Goodwine

Paper: 6062 B4L-D

An Approach to Automated Tacit-Knowledge Acquisition and
Transformation in Manufacturing Companies

Justyna Patalas-Maliszewska1, Irene Krebs2, Adam Dudek3

1University of Zielona Góra j.patalas@iizp.uz.zgora.pl
2Brandenburgische Technische Universität Cottbus–Senftenberg krebs@b-tu.de

3University of Applied Science in Nysa adam.dudek@pwsz.nysa.pl

This paper presents an approach to the real-time acquiring of tacit knowledge from em-
ployees, and to transform this knowledge using the example of service departments in
manufacturing companies, based on the results of research at German and Polish Manu-
facturing Enterprises. The discussed approach was prepared using the speech-recognition
method, Web Ontology Language, and also the Euclidean-distance method, in order to
validate the following of standard procedures in service departments in a manufacturing
company. The prepared system is believed to be very useful for the companies.

Paper: 6078 B4L-D

Position Estimation at Zero Speed for PMSM Using the
Principal Component Analysis

Konrad Urbanski1, Krzysztof Nowopolski2
1Poznań University of Technology konrad.urbanski@put.poznan.pl

2Poznań University of Technology krzysztof.nowopolski@put.poznan.pl

The article proposes a method for estimating the shaft position of a synchronous motor
with permanent magnets for the zero and very low speed range. Presented method involves
a comparison of obtained shape of current hodograph to the reference pattern using the
principal component analysis. Although this method imply the recognition of a currents
hodograph, in a case of using this method, it is no necessity to calculating the ellipse
position. The method can achieve satisfactory accuracy in the case of small values of the
inductance asymmetry ratio, also in the case of a presence of a measurement noise.
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Paper: 6096 B4L-D

Dynamical Behavior of the Hybrid Exothermic Chemical
Reactor with Imperfect Mixing

Piotr Skupin1, Mieczyslaw Metzger2, Piotr Laszczyk3, Malgorzata
Niedzwiedz4

1Silesian University of Technology piotr.skupin@polsl.pl
2Silesian University of Technology mieczyslaw.metzger@polsl.pl

3Silesian University of Technology piotr.laszczyk@polsl.pl
4Silesian University of Technology malgorzata.niedzwiedz@polsl.pl

The main goal is to design a hybrid exothermic chemical reactor that exhibits hysteresis
or oscillatory behavior. Then, the hybrid system can be used as a benchmark plant for
testing new control algorithms. In the hybrid reactor, the reactor vessel and jacket are
real, but the reaction heat is simulated by means of the electric heater and a mathematical
model of the process. Because in the real hybrid reactor the heating power is limited by
its maximum value and the reactor content is not well-mixed, the paper discusses the
influence of these factors on the dynamical behavior of the hybrid system. It is shown
that the hysteresis or oscillatory behavior can be intensified, when the reactor content is
poorly mixed. Furthermore, modification of the reaction parameters may also intensify
the hysteresis behavior in the presence of heating power saturation.

Paper: 6101 B4L-D

Parametrization of Robotic Deburring Process with Motor
Skills from Motion Primitives of Human Skill Model

Payam Parvizi1, Musab Cagri Ugurlu2, Kemal Acikgoz3, Erhan Ilhan
Konukseven4

1Middle East Technical University parvizi.payam@metu.edu.tr
2Middle East Technical University musab@metu.edu.tr

3Middle East Technical University akemala@metu.edu.tr
4Middle East Technical University konuk@metu.edu.tr

In this work, a new method to extract human skills from a model and use them for
robot learning in a deburring process is presented. To accomplish this goal, a modified
version of the classic Dynamic Movement Primitives (DMP) methodology is proposed,
resulting in an specific DMP (sDMP). Particle Swarm Optimization is used to determine
the parameters of the aDMP model.
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Paper: 6137 B4L-D

Model of ADRC Speed Control System for Complex
Mechanical Object with Backlash

Bartlomiej Wicher1, Krzysztof Nowopolski2
1Poznań University of Technology bartlomiej.wicher@put.poznan.pl

2Poznań University of Technology krzysztof.nowopolski@put.poznan.pl

The article presents simulation research concerning speed control of two mass system with
elastic joint and backlash utilizing the ADRC method. The model of the plant and the
structure of the ADRC speed controller is presented. Finally the simulation results with
comparison to 2DOF – PID speed controller, which acts as a reference, are carried out.
Conclusions and future plans are stated.

Robotic Manipulators, B5L-A
Day: Tuesday, August 29, 2017
Time: 15:00 - 16:20
Room: Casino
Chair: Erhan Ilhan Konukseven

Paper: 6094 B5L-A

Emergency Control of a Space 3R Manipulator in Case of One
Joint Failure

Wojciech Domski1, Alicja Mazur2

1Wrocław University of Science and Technology wojciech.domski@pwr.edu.pl
2Wrocław University of Science and Technology alicja.mazur@pwr.edu.pl

The paper presents a concept of factitious force method used for controlling a 3R space
manipulator. It was shown that the method works for a rigid manipulator where one of
the joints is damaged and can not be controlled. It is important for space applications to
have some means of control while the system is compromised. Three scenarios, for each
joint, were presented. Each scenario compares error outputs when proposed controller has
no information that the joint is broken and while this piece of information is incorporated
into control algorithm in form of factitious force.
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Paper: 6021 B5L-A

Application of Hamiltonian Mechanics to Control Design for
Industrial Robotic Manipulators

Václav Záda1, Květoslav Belda2

1Technical University of Liberec vaclav.zada@tul.cz
2Czech Academy of Sciences belda@utia.cas.cz

The paper deals with a tracking control for robotic manipulators, where the robot dynam-
ics is described by means of Hamiltonian mechanics. This way leads to different physical
descriptive quantities used in control design. In the paper, the model-oriented Lyapunov-
based control is considered. It is introduced in the novel formulation using Hamiltonian
mechanics and compared with the conventional formulation based on Lagrangian mechan-
ics. The theoretical results, generally applicable to usual articulated industrial robotic
manipulators, are demonstrated on one specific robot arm with three degrees of freedom.

Paper: 6055 B5L-A

Granular Jamming Manipulator Filled with New Organic
Materials

Seyed Mohammad Zeyb Sayyadan1, Faezeh Gharib2, Alireza Garakan3

1Islamic Azad University mo.sayyadan@gmail.com
2Islamic Azad University faezeh.gharib@gmail.com

3Islamic Azad University alirezagarakan@gmail.com

Variations of both strength and stiffness, lightweight, and high energy efficiency are the
main considerable factors of Granular Jamming Flexible Manipulators (GJFM)s. These
properties have distinguished the GJFMs from traditional manipulators. These factors
can be provided by the most important element of their bulk which is granular media as
filler. Hence, granular materials should have lightweight, and provide efficient strength
and stiffness in each unique vacuum pressure. Moreover, the necessity of applying Organic
Granular Materials (OGM)s was felt owing to their main properties including biodegrad-
able ability, low cost, and availability. Therefore, in this research was striven to find a new
filler which was a mix of black Pepper and Datura seeds by performing an experimental
test. It was applied in a GJFM as filler, then the robot’s performance was investigated
experimentally as the reported results in this paper.
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Paper: 6024 B5L-A

Regularization of the Differential Inverse Orientation Problem
of Generic Serial Revolute Joint Manipulators

Dániel András Drexler1

1Óbuda University drexler.daniel@nik.uni-obuda.hu

Orienting manipulators in robotics are used to achieve the desired orientation of the end
effector of the manipulator. These manipulators are composed of rotational joints, and
thus inherently burdened with singularities. In singular configurations, the differential
inverse orientation problem can not be applied since the Jacobian becomes singular. A
regularization method is discussed that regularizes the Jacobian in singular configurations,
by first transforming the angle-axis representation of angular velocities to infinitezimal
rotation about an axis and infinitezimal translation perpendicular to that axis, then reg-
ularizing the infinitezimal translational motion in the new representation. It is shown
that the Jacobian of generic manipulators composed of three rotational joints is always
regularizable, so methods based on the Jacobian can be applied even in singular configu-
rations. The method is generalized to redundant orienting manipulators as well, and its
application is demonstrated on two examples: a 3R Euler wrist and a 4R Hamilton wrist.

Sliding Mode Control, B5L-B
Day: Tuesday, August 29, 2017
Time: 15:00 - 16:20
Room: Kalman
Chair: Andreas Rauh

Paper: 6129 B5L-B

Backstepping-Based Sliding Mode Control of an
Electro-Pneumatic Clutch Actuator

Robert Prabel1, Harald Aschemann2

1Universität Rostock robert.prabel@uni-rostock.de
2Universität Rostock harald.aschemann@uni-rostock.de

In this paper, a nonlinear control approach is presented for an electro-pneumatic clutch
actuator for heavy trucks. A clutch is required at start-up or during gear shifts to dis-
connect the combustion engine from the gear box. This automated actuator provides the
necessary actuation force according to the large torque transmitted through the power
train. Based on a control-oriented system representation, a cascaded control structure
is designed. The outer loop is related to the mechanical subsystem and guarantees an
accurate tracking of desired trajectories for the clutch position using a backsteppingbased
sliding mode control. Furthermore, hysteresis effects of the nonlinear clutch force are
addressed properly by a Bouc-Wen hysteresis model. The inner loop controls the internal

54



Tuesday 15:00 - 16:20

pressure of the clutch actuator. A new nonlinear reduced-order observer is designed that
estimates both the effective internal pressure and a mass flow offset. The benefits of the
proposed control structure are demonstrated by experimental results from a dedicated
test rig.

Paper: 6153 B5L-B

Reaching Law Based Discrete Time Switching Quasi-Sliding
Mode Controller
Paweł Latosiński1

1Łódź University of Technology pawellatosinski@gmail.com

In this paper, a new reaching law for discrete time systems is proposed and applied to
obtain a sliding mode control strategy. The new strategy ensures a finite time convergence
of the system representative point to the sliding surface and confines the state to a vicinity
of this surface. The proposed strategy ensures switching in each time instant in the sliding
phase, which means it is in line with the classic switching type definition of discrete time
sliding motion. Simulations comparing the new result to a previously known strategy
have been conducted and advantages of the new approach have been demonstrated.

Paper: 6147 B5L-B

Simulation of Hybrid Systems with Sliding Modes
Damian Suski1, Radosław Pytlak2

1Warsaw University of Technology d.suski@mchtr.pw.edu.pl
2Warsaw University of Technology r.pytlak@mini.pw.edu.pl

The paper concerns the problem of the numerical simulation of hybrid systems with sliding
modes. We give an overview of the numerical simulation procedures which have been
described in the literature and next we present our proposition of the simulation code.
What differs our solution from others is the utilization of differential-algebraic equations
(DAEs) during the simulation of a sliding motion phase. We discuss our solution in detail
and present the numerical results for simulation of the exemplary nonlinear system.

Paper: 6154 B5L-B

Inventory Management Strategies with Higher Relative Degree
Sliding Variables

Paweł Latosiński1, Andrzej Bartoszewicz2

1Łódź University of Technology pawellatosinski@gmail.com
2Łódź University of Technology andrzej.bartoszewicz@p.lodz.pl

In this paper, sliding mode control of inventory management systems is considered. A new
method of sliding hyperplane selection for these systems is proposed. The method utilizes
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the state matrix in the so called Frobenius form in order to simplify the selection process
of the sliding variable. In contrast to most conventional approaches, the sliding variables
considered in this work can have any relative degree. It is demonstrated that the proposed
method ensures the desirable properties of the considered inventory management system.
Furthermore, the new method is shown to guarantee a finite time response of the system
even though it does not require explicit eigenvalue placement.

Optimization, B5L-C
Day: Tuesday, August 29, 2017
Time: 15:00 - 16:20
Room: Lehar
Chair: Krzysztof Galkowski

Paper: 6059 B5L-C

Accelerating PSO Based Feedrate Optimization for NURBS
Toolpaths Using Parallel Computation with OpenMP

Rafal Szczepanski1, Krystian Erwinski2, Marcin Paprocki3
1Nicolaus Copernicus University rafal.szczepanski00@gmail.com

2Nicolaus Copernicus University erwin@fizyka.umk.pl
3Nicolaus Copernicus University zwirek@fizyka.umk.pl

Over the last few years generation of a time-optimal feedrate profile for CNC machines
has recieved significant attention. This is a difficult optimization problem usually re-
quiring long computation time. In the proposed solution, optimization is performed by
parallel Particle Swarm Optimization with Augmented Lagrangian constraint handling
technique. In order to decrease computation time the authors previously developed al-
gorithm was reimplemented using Open Multi-processing. OpenMP utilizes the ability
of modern CPUS to run multiple threads and reduce the algorithm’s runtime by using
parallel processing. The performance gain (speed-up) of the algorithm parallelized on a
multi-core system has been tested. The experimental results of a time-optimal feedrate
profile generated using an example toolpath are presented to illustrate the capabilities of
parallel computation to improve the algorithm’s performance.

Paper: 6061 B5L-C

A Nonparametric Estimation Method for Stochastic
Differential Equation with Sub-Fractional Brownian Motion

Dorota Bochnacka1, Darya Filatova2

1Kielce University of Technology dbochnacka@tu.kielce.pl
2Kielce University of Technology dfilatova@tu.kielce.pl

A parametric identification problem for stochastic differential equation (SDE) with sub-
fractional Brownian motion (sfBm) is considered in this paper. The task of parametric
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estimation is formulated as the constrained optimization problem, which is solved by
means of random search algorithm. This mathematical technique, used for the non-
convex, non-differentiable, and possibly discontinuous objective function on continuous,
discrete or mixed search domain, allows to estimate both drift and diffusion parameters of
SDE with sfBm involved in the model multiplicatively or additively. Simulations confirm
the effectiveness of developed methodology.

Paper: 6193 B5L-C

Concept of Iterative Optimization of Minimally Invasive
Surgery

Alexander Benkmann1, Eike Smolinski2, Torsten Jeinsch3, Peter
Westerhoff4, Hans-Joachim Cappius5, Thomas Wustrack6, Hagen Hommel7

1Universität Rostock Alexander.Benkmann@uni-rostock.de
2Universität Rostock eike.smolinski@uni-rostock.de

3Universität Rostock torsten.jeinsch@uni-rostock.de
4W.O.M. World of Medicine GmbH peter.westerhoff@womcorp.com

5W.O.M. World of Medicine GmbH Hans-Joachim.Cappius@wom.group
6Krankenhaus Maerkisch-Oderland GmbH T.Wustrack@khmol.de

7Medizinische Hochschule Brandenburg Theodor Fontane H.Hommel@khmol.de

The interconnection of therapy devices and the associated intelligent usage of available
information is a key element for future improvements of medical therapies. The basic
idea can be summarized by an increased usage of available data during an intervention.
These information can be used to build an assistance system for the clinical staff, which
supports with automatic device configuration, reference value settings, monitoring and
safety features. A second innovation of the concept results from a postoperative correla-
tion analysis between the course of the intervention and the clinical result. Knowledge
can be derived from this statistical data and improve following interventions.

Paper: 6134 B5L-C

Extremal Problems for Distributed Parabolic Systems with
Boundary Conditions Involving Time-Varying Lags

Adam Kowalewski1
1AGH University of Science and Technology ako@agh.edu.pl

Extremal problems for parabolic systems with time-varying lags are presented. An optimal
boundary control problem for distributed parabolic systems with boundary conditions
involving time-varying lags is solved. The time horizon is fixed. Making use of Dubovicki-
Milutin scheme, necessary and sufficient conditions of optimality for the Neumann problem
with the quadratic performance functionals and constrained control are derived.
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Scheduling, B5L-D
Day: Tuesday, August 29, 2017
Time: 15:00 - 16:20
Room: Strauss
Chair: Jozef Korbicz

Paper: 6231 B5L-D

Energy-Aware Scheduling of Jobs Performed Sequentially
Rafał Różycki1, Grzegorz Waligóra2

1Poznań University of Technology Rafal.Rozycki@cs.put.poznan.pl
2Poznań University of Technology Grzegorz.Waligora@cs.put.poznan.pl

We consider a problem of energy allocation to computational jobs performed on one
machine, where jobs may be performed with different speeds. An energy amount is
related to a particular speed of a job, and this relation is nonlinear. The objective is to
find a minimum energy allocation which guarantees that the last job in the sequence is
finished before a deadline. A model of job processing, a general approach, and a heuristic
algorithm are proposed in the paper.

Paper: 6254 B5L-D

Big Valley in Scheduling Problems Landscape – Metaheuristics
with Reduced Searching Area

Wojciech Bożejko1, Czesław Smutnicki2, Mariusz Uchroński3, Mieczysław
Wodecki4

1Wrocław University of Science and Technology wojciech.bozejko@pwr.edu.pl
2Wrocław University of Science and Technology czeslaw.smutnicki@pwr.edu.pl
3Wrocław University of Science and Technology mariusz.uchronski@pwr.edu.pl

4University of Wrocław mieczyslaw.wodecki@uwr.edu.pl

Created in the 1990s of the past century methods of constructing algorithms (metaheuris-
tics), inspired by the no free lunch theorem, using specific properties of problems, do
not meet present expectations of practitioners. Commonly used artificial intelligence al-
gorithms in recent years have also proved to be ineffective in solving a large group of
extremely difficult instances of various problems. In the work we present some empirical
methods of exploration of solution space in optimization problems whose solutions are
represented by permutations. While sampling the set of permissible solutions we des-
ignate the histogram of the frequency of occurrence of local minima and on this basis
we verify the statistical hypothesis concerning the (normal) distribution of occurrence of
these minima. Due to this process we can flexibly change the ”radius” of the searched
area. Computational experiments performed on examples of the job shop problem are
promising and inspire to conduct further research in this direction.
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Paper: 6255 B5L-D

Minimizing Cycle Time in Manufacturing Systems with
Additional Technological Constraints

Czesław Smutnicki1
1Wrocław University of Science and Technology czeslaw.smutnicki@pwr.edu.pl

This paper reports successive results of the research dealing with so called cyclic produc-
tion system, which provides constantly on the output a fixed mixture of various goods
produced in a short series. Starting from our previous results developed already for clas-
sical systems occurring in OR field, as well as formulated for basic manufacturing systems
with cycle time criterion, we extend the approach on cases with some constraints generated
by practice, namely: set-ups, changeover times, no-wait, limited waiting time, buffering,
no store, transport, pallets, etc. Analyses are carried out for quite general structure of
manufacturing system, namely the job-shop scheduling problem. We focus chiefly on the
modelling aspect by using combinatorial representation of a solution with the support of
unique class of graphs. We propose the method of finding the minimal cycle time for
fixed (given) job processing order in each considered case on the base of graph and other
special features of the problem.

Paper: 6120 B5L-D

Metaheuristics for Some Discrete-Continuous Project
Scheduling Problems to Maximize the Net Present Value

Grzegorz Waligóra1

1Poznań University of Technology grzegorz.waligora@cs.put.poznan.pl

A discrete-continuous project scheduling problem with discounted cash flows is consid-
ered. Each activity of the project requires for its processing discrete resources and an
amount of a continuous, renewable resource. Processing rate of an activity is an increas-
ing function of the amount of the continuous resource allotted to this activity at a time.
A positive cash flow is associated with the completion of each activity. The objective
is the maximization of the net present value. A heuristic procedure for allocating the
continuous resource is presented. Three local search metaheuristics: simulated annealing,
tabu search, and genetic algorithm are proposed for the defined problem, and compared
a basis of a computational experiment.
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Poster Session III, B6P-E
Day: Tuesday, August 29, 2017
Time: 15:00 - 17:00
Room: Poster Area
Chair: Rafal Stanislawski

Paper: 6006 B6P-E

The Cauchy Problem for Linear Nonstationary Fractional
Systems

Zbigniew Zaczkiewicz1

1Bialystok University of Technology z.zaczkiewicz@pb.edu.pl

The paper is concerned with the existence and uniqueness of a solution to time variant
linear fractional systems. We present representation of the solution in the form of series
fractional integrals of the coefficients of the system. We prove uniform converges of this
series. The considerations are illustrated by example.

Paper: 6017 B6P-E

Decentralized Stabilization of Descriptor Fractional Positive
Continuous-Time Linear Systems with Delays

Łukasz Sajewski1
1Bialystok University of Technology l.sajewski@pb.edu.pl

Decentralized state-feedback method for stabilization of descriptor fractional positive
continuous-time linear systems with delays in state-space vector is proposed. Necessary
and sufficient conditions for the decentralized stabilization of the descriptor fractional
positive continuous-time linear systems with delays in state-space vector are established.
Method is based on decomposition of the descriptor system to standard and algebraic
subsystems. Numerical example is given.

Paper: 6040 B6P-E

Multiple Model Adaptive Control Applied to Fractional Order
Systems

Jakub Bernat1

1Poznań University of Technology jakub.bernat@put.poznan.pl

A new structure to design an adaptive controller for a fractional order system is presented
in this paper. The system has two layers, in which the first one consists of multiple models,
while the second one interconnects them to provide weighted state estimates. The key
challenge is to analyze the stability of multilayer fractional order adaptive processes. The
primary objective is to determine the feedback for the computation of the second layer
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weights. The multiple models from the first layer are used to define the adaptive law.
The proposed multilayer structure significantly improves the transient characteristics of
the fractional order adaptation process, which results in a more effective control system.

Paper: 6050 B6P-E

Modelling of a Batch-Fired Straw Boiler for Control of the
Combustion Chamber Temperature

Wojciech Kreft1

1AGH University of Science and Technology wkreft@agh.edu.pl

The paper proposes a batch-fired straw boiler model, which is used to control the tem-
perature of the combustion chamber. Based on the presented model, one proposed a
closed-loop system to control the temperature of the combustion chamber. The closed-
loop system consists of the classical PID controller and some linear part of the boiler
model. For the rest (nonlinear) of the boiler model, there is calculated an inverse transfer
function. In this way, there is calculated a control variable, which results a reference value
of the combustion chamber temperature. The paper presents results of simulation of this
closed-loop system in MATLAB/Simulink.

Paper: 6083 B6P-E

On the Application of Laplace Transform to Fractional
Differential-Algebraic Systems with Delays

Zbigniew Zaczkiewicz1

1Bialystok University of Technology z.zaczkiewicz@pb.edu.pl

The paper present new results of application the Laplace transform to fractional differential-
algebraic systems with delays (DAD). Exponential evaluation of solutions to DAD systems
with one delay is shown.

Paper: 6090 B6P-E

Optimal Stopping Areas for Discrete Time Linear Quadratic
Control Problem
Edward Kozłowski1

1Lublin University of Technology e.kozlovski@pollub.pl

The problem of determining of optimal stopping areas for discrete time linear stochastic
controlled system is investigated in this paper. Sometimes we have no information how
long the system will be controlled. In this case we have a complex problem: the system
should be controlled and stopped at the appropriate moment. To solve this problem the
dynamic programming and optimal stopping rules for stochastic processes was employed.
The paper presents the method of determining the optimal stopping areas - sets of states
where the system should be stopped.
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Paper: 6110 B6P-E

Decomposition and Application of Jordan Form to
Controllability Test of Positive Fractional Discrete-Time

Systems with Delay in State Vector
Rafał Kociszewski1

1Bialystok University of Technology r.kociszewski@pb.edu.pl

In the paper the linear discrete-time fractional systems with one delay in state vector is
considered. For this class of systems the problems of decomposition of uncontrollable sys-
tem into controllable subsystem and controllability test using Jordan form are presented
and discussed. The considerations are illustrated by numerical examples.

Paper: 6118 B6P-E

Exponential Stability of Systems Under Periodic Sampling of
the Second Order

Justyna Janczak1, Ewa Pawluszewicz2

1Bialystok University of Technology j.janczak@doktoranci.pb.edu.pl
2Bialystok University of Technology e.pawluszewicz@pb.edu.pl

The problem of exponential stability of linear time-invariant systems under periodic sam-
pling of the second order is considerate. The sufficient conditions basing on eigenvalues
of the state matrix of the considered system are given. Obtained results are illustrated
on the example.

Paper: 6155 B6P-E

Sliding Mode Control Based on the Reaching Law Approach -
a Brief Survey
Paweł Latosiński1

1Łódź University of Technology pawellatosinski@gmail.com

This paper presents a concise survey on reaching law based sliding mode control. The
goal is to highlight the most important developments related to reaching laws for both
continuous time systems and discrete time ones. First, origins of reaching law methodology
for continuous time systems are brought up and essential properties of these control
methods are discussed. Advances in continuous time reaching laws are subsequently
surveyed and several examples of such strategies are given. Then, discrete time reaching
laws are reviewed. Furthermore, the division between switching type and non-switching
type discrete reaching laws is elaborated upon and examples from both categories are
provided.
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Paper: 6183 B6P-E

Comparison of FOC and DTC Methods for a Matrix
Converter-Fed Permanent Magnet Synchronous Motor

Dariusz Majchrzak1, Przemysław Siwek2

1Poznań University of Technology dariusz.zb.majchrzak@doctorate.put.poznan.pl
2Poznań University of Technology przemyslaw.siwek@put.poznan.pl

This paper presents a comparison between Field Oriented Control and Direct Torque
Control methods of a Matrix Converter-fed (MC) Permanent Magnet Synchronous Motor
(PMSM). MC is becoming widely used because of the unity power factor and the lack
of energy storage element. FOC method calculates the duty of MC states with use of
geometric relations between voltage and current vectors. DTC method, on the other hand,
is based on controlling the length and angle of a stator flux linkage vector with MC states
chosen from a Switching Table. Simulation research of control algorithms was performed in
MATLAB/Simulink 2013b. Authors compared the quality of moment regulation in both
methods, including the electromagnetic torque rise time and torque variance. Moreover,
influence of a control algorithm on the power grid current was researched in frequency
domain by FFT and THD. DTC method for MC proved to be faster in torque control.
FOC method, however, has visibly lower torque ripples and lower THD. Both methods
performed well in a torque regulation of a MC fed motor.

Paper: 6204 B6P-E

Application of Higher Relative Degree Sliding Variables for
Congestion Control in Communication Networks

Marek Jaskuła1, Mateusz Pietrala2, Piotr Leśniewski3, Andrzej
Bartoszewicz4

1Łódź University of Technology 800903@edu.p.lodz.pl
2Łódź University of Technology 800904@edu.p.lodz.pl

3Łódź University of Technology piotr.lesniewski@p.lodz.pl
4Łódź University of Technology andrzej.bartoszewicz@p.lodz.pl

In this paper we introduce a new design method of the sliding mode controller for con-
nection oriented communication networks. To determine the controller we transform the
state matrix describing the network dynamics into the Frobenius form and select the
sliding variable with relative degree less than or equal to the order of the system. Data
losses and transmission delays are taken into consideration. The design method proposed
in this paper results in finite time queue length convergence to its demand value. This
desirable property is obtained without the need of explicit selection of the closed-loop
system state matrix eigenvalues. Then, a time-varying sliding hyperplane is introduced
in order to constrain the data flow rate at the beginning of the control process.
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Paper: 6214 B6P-E

Model Matching Level Control for a Coupled Tanks System
Using Time-Scale Separation Technique

Valery Yurkevich1, Marian Blachuta2, Rafal Grygiel3, Robert Bieda4

1Novosibirsk State Technical University yurkev@mail.ru
2Silesian University of Technology marian.blachuta@polsl.pl

3Silesian University of Technology rafal.grygiel@polsl.pl
4Silesian University of Technology robert.bieda@polsl.pl

The problem of a level control system design for a specific connection of two tanks is dis-
cussed. We compare two algorithms for the first tank: a nonlinear feedback linearization
algorthm and one based on a time-scale separation. The second technique leads to a PI
controller for the level control in the first tank and either a single loop PID or a cascade of
P/PI controllers for the level control in the second tank. A design methodology based on
the time-scale separation technique is proposed in which controller parameters are selected
such that fast and slow modes are induced in the closed-loop system. Hence, the singular
perturbations method is used to analyze the closed-loop system properties. A particular
feature of the considered two tanks connection is that its high frequency gain tends to
infinity when the system attains equilibrium. Therefore, the fast-motion transients are
analyzed based on Popov absolute stability criterion in presence of a sector-like condition
in control. Numerical simulations confirm robustness with regard to plant parameters
and external disturbances.

Paper: 6237 B6P-E

Robust Stability Conditions of Fractional Order Discrete-Time
Linear Systems
Andrzej Ruszewski1

1Bialystok University of Technology a.ruszewski@pb.edu.pl

The paper considers the robust stability problem of uncertain discrete-time fractional
order linear state-space systems. The state matrix is the interval matrix whose entries
are convex combinations of the entries of two known constant matrices. The necessary
and sufficient condition for robust stability is proposed. This condition is stated with
respect to eigenvalue-loci placement in the complex plane. The sufficient condition for
robust stability based on matrix measures is also given. In this case the rectangle covering
all the eigenvalues of the interval state matrix is determined.
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Paper: 6207 B6P-E

Relating Phase-Field and Perimeter Based Structural
Optimization of Variational Inequalities

Andrzej Myśliński1, Konrad Koniarski2
1Institute of Systemic Research of the Polish Academy of Sciences myslinsk@ibspan.waw.pl

2Institute of Systemic Research of the Polish Academy of Sciences konrad.koniarski@gmail.com

The paper is concerned with the analytical aspects of structural optimization problems for
bodies in unilateral contact governed by variational inequalities. The original optimization
problem is regularized in terms of material density function as well as of phase field model
rather than domain perimeter functional. As the interface width parameter tends to
zero the convergence of the first order necessary optimality conditions for the phase field
regularized optimization problem to the first order optimality conditions for the perimeter
regularized optimization problem obtained in the framework of shape calculus is shown.

Control and Systems Theory III, B7L-A
Day: Tuesday, August 29, 2017
Time: 16:40 - 18:00
Room: Casino
Chair: Wieslaw Krajewski

Paper: 6184 B7L-A

Inverse-Based Methods to Minimum-Energy MV Control for
Nonsquare State-Space Systems

Wojciech Hunek1, Jacek Korniak2

1Opole University of Technology w.hunek@po.opole.pl
2Opole University of Technology j.korniak@po.opole.pl

The paper presents an approach to the synthesis of MV control systems with respect to
minimum-energy of the control inputs. Due to the reason, a recently introduced poly-
nomial matrix sigma-inverse is applied to LTI nonsquare systems described by discrete-
time state-space framework. It is shown that classical minimum-norm right inverse is
not sufficient to obtain the minimum-energy of control runs. Thus, the sigma-inverse
with parameter/polynomial, so-called degrees of freedom, gives better results than typi-
cal Moore-Penrose inverse in terms of said lower energy. The effectiveness of the presented
method is confirmed by simulation examples in Matlab environment.
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Paper: 6211 B7L-A

Extended LMI Characterization of Some Control Problems for
Linear Repetitive Processes

Wojciech Paszke1, Marcin Boski2, Eric Rogers3

1University of Zielona Góra w.paszke@issi.uz.zgora.pl
2University of Zielona Góra m.boski@issi.uz.zgora.pl

3University of Southampton etar@ecs.soton.ac.uk

In this paper the projection lemma is used as a basis to develop extended linear matrix
inequality characterizations of the stability and control problems for both differential
and discrete linear repetitive processes. The new results cover the existing results but
also provide novel conditions for output feedback control. The new approach enables
differential and discrete to be analysed in unified manner. A numerical example is given
to illustrate the new results.

Paper: 6043 B7L-A

Stability of Positive Nonlinear Systems
Tadeusz Kaczorek1, Kamil Borawski2

1Warsaw University of Technology kaczorek@ee.pw.edu.pl
2Bialystok University of Technology kam.borawski@gmail.com

The stability of time-invariant positive nonlinear systems is addressed. Necessary condi-
tions for the stability of positive time-invariant continuous-time and discrete-time nonlin-
ear systems are established. It is shown that the positive nonlinear systems are asymptot-
ically stable only if the corresponding positive linear systems are asymptotically stable.
Considerations are illustrated by numerical examples and simulations are performed in
Matlab-Simulink environment.
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AI Methods I, B7L-B
Day: Tuesday, August 29, 2017
Time: 16:40 - 18:00
Room: Kalman
Chair: Marcin Witczak

Paper: 6256 B7L-B

Theoretical and Experimental Background for Artificial Neural
Network Modeling of Alpha Type Stirling Engine
Adrian Chmielewski1, Jakub Możaryn2, Maciej Krzemiński3

1Warsaw University of Technology a.chmielewski@mechatronika.net.pl
2Warsaw University of Technology j.mozaryn@mchtr.pw.edu.pl

3Warsaw University of Technology mkrzeminski@onet.eu

This article presents a theoretical background for an artificial neural network (ANN)
model of the alpha type Stirling engine where thermodynamic dependencies, connected
with equations of motion for the piston-crankshaft system with three degrees of freedom
were taken into account. Because of the highly nonlinear description of Stirling engine
dynamics, the ANN was employed, that modelled output power of Stirling engine as a
function of the input power, molar mass, load current, pressure obtained by gas combus-
tion and working parameters of the engine. The ANN model was tested on experimental
data, gathered at the laboratory stand, in different working conditions. The proposed
ANN model provides good results for both training and testing data-sets.

Paper: 6124 B7L-B

Recursive Neural Network as Speed Controller for Two-Sided
Electrical Drive with Complex Mechanical Structure

Krzysztof Nowopolski1, Bartlomiej Wicher2, Dominik Łuczak3, Przemysław
Siwek4

1Poznań University of Technology krzysztof.nowopolski@put.poznan.p
2Poznań University of Technology bartlomiej.wicher@put.poznan.pl

3Poznań University of Technology dominik.luczak@put.poznan.pl
4Poznań University of Technology przemyslaw.siwek@put.poznan.pl

In the paper, an adaptive structure for two-sided electrical drive is presented. The control
object has a MIMO structure, since two input signals (motor torques) are available for
the controller. The assumed model of the plant is non-linear (presence of backlash)
and reveals resonant nature (elasticity in the mechanical structure). The controller is
a two-layer recursive neural network, which outputs are reference torques of motors of
the electromechanical plant. The conducted research investigation included variety of
structures of the neural controller, with different numbers of recursive feedbacks, different
horizon of former measurements. Operation of this control structure with and without
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external anti-resonant filtration was compared as well.

Paper: 6013 B7L-B

Fuzzy Arithmetical Controller Design for Active Road Vehicle
Suspension in the Presence of Uncertainties

Andreas Hofmann1, Michael Hanss2

1Universität Stuttgart andreas.hofmann@itm.uni-stuttgart.de
2Universität Stuttgart michael.hanss@itm.uni-stuttgart.de

This paper presents a method for designing a robust controller for an active road vehicle
suspension. Unlike conventional robust control techniques, a fuzzy arithmetical approach
is used to configure a so-called skyhook damper. The presented method is based on the
covariance analysis of a quarter car model which is subject to random roadway excita-
tion. The resulting controller improves the driving comfort and safety, and it increases
robustness against uncertainty due to modeling errors or variations in the operational
conditions. The fuzzy arithmetical approach allows to incorporate additional information
about the shape of the inherent uncertainty into the resulting controller design. Further-
more, a possibilistic sensitivity analysis is employed to assess the individual influence of
the uncertain parameters on the controller quality, providing useful information for the
design process.

Distributed Parameter Systems - Modelling, Control
and Estimation II (Invited Only), B7L-C
Day: Tuesday, August 29, 2017
Time: 16:40 - 18:00
Room: Lehar
Chair: Harald Aschemann

Paper: 6135 B7L-C

An Iterative Solution Approach to Eigenvalue Problems for
Linear Hamiltonian Systems and its Application to a Hybrid

System Control Problem
Alexander Gavrikov1

1Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences

gavrikov@ipmnet.ru

The eigenvalue problem for self-adjoint linear Hamiltonian systems with nonlinear de-
pendence on the spectral parameter and parameter dependent boundary conditions is
considered. A Newton-type iterative solution method is presented. With the help of this
technique the boundary control problem for a non-uniform string is studied. The linear-
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quadratic regulator problem is considered, and an optimal feedback control law for the
first mode of the hybrid system is designed.

Paper: 6195 B7L-C

Online Parameter Identification for Continuous Fluidized Bed
Spray Granulation with External Sieve-Mill Cycle

Stefan Palis1, Achim Kienle2

1Otto-von-Guericke-Universität Magdeburg stefan.palis@ovgu.de
2Otto-von-Guericke-Universität Magdeburg achim.kienle@ovgu.de

Parametrization of process models is an important task and often the first step in pro-
cess control and monitoring. For continuous fluidized bed spray granulation, being often
described by population balance models parameter estimation is particularly challenging
due to the infinite-dimensional state space. In this contribution a Lyapunov-based ap-
proach is used to derive the appropriate online parameter estimation laws for a fluidized
bed spray granulation with external sieve-mill cycle.

Paper: 6199 B7L-C

Control-Based Damping of Elastic Gantry Crane Vibrations
Ievgen Golovin1, Stefan Palis2

1Otto-von-Guericke-Universität Magdeburg ievgen.golovin@ovgu.de
2Otto-von-Guericke-Universität Magdeburg stefan.palis@ovgu.de

This article is concerned with a control-based reduction of gantry crane elastic swinging
in the trolley travel direction. As acceleration forces of the trolley are often the reason of
these vibrations, they can be used in an appropriate damping strategy. For an elastic crane
a dynamic model is derived applying the finite element method (FEM). This approach
results in a high order state-space model, which should be reduced for the controller design
procedure. In order to design a controller, which can be applied for simultaneous damping
of elastic vibrations of crane construction and payload sway with varying rope length a
robust control approach has been applied.
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Speech Processing & Recognition, B7L-D
Day: Tuesday, August 29, 2017
Time: 16:40 - 18:00
Room: Strauss
Chair: Georgy Kostin

Paper: 6089 B7L-D

Comparison of Different Filter Approaches for the Online
Frequency Analysis of Speech Signals

Andreas Rauh1, Susann Tiede2, Cornelia Klenke3

1Universität Rostock andreas.rauh@uni-rostock.de
2KörperSprache s.tiede.speechtherapy@gmail.com
3KörperSprache klenke.koerper-sprache@email.de

The fundamental building block of spoken languages is a list of phonemes from which
syllables and, hence, also words are formed. A systematic distinction between these
phonemes becomes possible by the characteristic frequency components that are included
in each sound. On the one hand, voiced phonemes are characterized by several sharp
frequency components. On the other hand, wide, typically blurred frequency spectra
are common for unvoiced sounds. Software-based assistance systems for the automatic
classification of phonemes, therefore, have to estimate the variation of frequencies and
their associated bandwidths that are included in a speech signal. This paper gives a
comparison of different stochastic filtering approaches for the online estimation of the
formant frequencies of phonemes from both a methodological and an application-oriented
point of view. This approach for online frequency estimation is an integral component for
the development of the assistance system SUSE which aims at supporting the detection
and classification of linguistic disorders in the everyday work of speech therapists.

Paper: 6164 B7L-D

Polish Whispery Speech Recognition – Minimum Sampling
Frequency

Piotr Kozierski1, Talar Sadalla2, Szymon Drgas3, Adam Dąbrowski4,
Wojciech Giernacki5

1Poznań University of Technology piotr.kozierski@gmail.com
2Poznań University of Technology talar.h.sadalla@doctorate.put.poznan.pl

3Poznań University of Technology szymon.drgas@put.poznan.pl
4Poznań University of Technology adam.dabrowski@put.poznan.pl

5Poznań University of Technology wojciech.giernacki@put.poznan.pl

The article presents studies on the automatic whispery speech recognition. In the per-
formed research a new corpus with whispery speech has been used. It has been checked
how is the speech recognition quality changing at variables sampling frequency and sig-
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nal frame length. It has been found that the optimal sampling frequency of whispery
speech is about 32-48 kHz, while the optimal signal frame length is about 32-43 ms.
The comparison of spectrograms between the normal and whispery speech has been also
presented.

Paper: 6246 B7L-D

The Impact of Vocabulary Size and Language Model Order on
the Polish Whispery Speech Recognition

Piotr Kozierski1, Talar Sadalla2, Szymon Drgas3, Adam Dąbrowski4, Joanna
Zietkiewicz5

1Poznań University of Technology piotr.kozierski@gmail.com
2Poznań University of Technology talar.h.sadalla@doctorate.put.poznan.pl

3Poznań University of Technology szymon.drgas@put.poznan.pl
4Poznań University of Technology adam.dabrowski@put.poznan.pl

5Poznań University of Technology joanna.zietkiewicz@put.poznan.pl

The article presents studies on the automatic whispery speech recognition. In the per-
formed research a new corpus with whispery speech has been used. The aim of studies
presented in this paper was to checking, how the vocabulary size and the language model
order influence on the speech recognition quality. It has been concluded that even using
recordings with only 5,000 different words it is possible to prepare large vocabulary con-
tinuous speech recognition (LVCSR) model. It has been also found that the third order of
language model is the best choice. The difference between normal and whispery speech is
negligible and is manifested only in higher word error rate index (about 1.5 times higher
for whispery speech).
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Plenary: A. Chemori, C1L-A
Day: Wednesday, August 30, 2017
Time: 09:00 - 10:00
Room: Casino
Chair: Jozef Korbicz

Paper: 6260 C1L-A

Control of Complex Robotic Systems: Challenges, Design and
Experiments
Ahmed Chemori1

1Laboratoire d’Informatique, de Robotique et de Microélectronique de Montpellier

ahmed.chemori@lirmm.fr

Biomedical Signals, C2L-A
Day: Wednesday, August 30, 2017
Time: 10:00 - 11:00
Room: Casino
Chair: Ryszard Beniak

Paper: 6227 C2L-A

Electrochemical Impedance Spectroscopy Applied for
Assessment of Electrodes Used in EEG Examination

Przemysław Makiewicz1, Joanna Górecka2

1West Pomeranian University of Technology, Szczecin p.makiewicz@gmail.com
2West Pomeranian University of Technology, Szczecin gorecka@zut.edu.pl

The aim of this paper was to assess commercially available electrodes used in EEG ex-
amination. Electrochemical Impedance Spectroscopy was used to investigate properties
of four types of electrodes in different temperatures. Special attention was paid to the
usability of electrodes used for registration of slow EEG potentials. Obtained results al-
lowed to compare examined electrodes and to form recommendation on choose of the type
of electrode.
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Paper: 6151 C2L-A

An Expert System for Pre-Diagnostics Screening Using
Neurofeedback Signals

Magda Zołubak1, Mariusz Pelc2, Aleksandra Kawala-Janik3, Rafał
Stanisławski4

1Opole University of Technology m.zolubak@doktoranci.po.opole.pl
2Opole University of Technology m.pelc@po.opole.pl

3University of Kentucky / Opole University of Technology a.kawala-janik@po.opole.pl
4Opole University of Technology r.stanislawski@po.opole.pl

Policy-based computing is one of the software and knowledge engineering methods (along
with Artificial Neural Networks, Fuzzy Logic, etc.) that allows incorporating a specified
expert knowledge into various kind of decision making processes. In this paper a prelimi-
nary study is undertaken in order to determine applicability of this technology supported
by selected trend analysis methods for the problem of pre-diagnostics patients screening
based on bio-feedback signal(s). For this purpose an architecture for an automated pre-
diagnostics screening system is presented together with methodology that would allow
early detection of functional brain impairments, for example issues related to learning
processes. Selected preliminary test results are included in order to provide assessment of
the proposed methodology and its functional place in the whole system.

Paper: 6142 C2L-A

Trial Measurement of Movement-Related Cortical Dynamics
Using Electroencephalography and Diffuse Correlation

Spectroscopy
Chase Haddix1, Ahmed A Bahrani2, Aleksandra Kawala-Janik3, Walter

Besio4, Guoqiang Yu5, Sridhar Sunderam6

1University of Kentucky chase.haddix@uky.edu
2University of Kentucky ahmed.bahrani@uky.edu

3University of Kentucky / Opole University of Technology kawala84@gmail.com
4University of Rhode Island besio@uri.edu

5University of Kentucky guoqiang.yu@uky.edu
6University of Kentucky sridhar.sunderam@uky.edu

To better characterize movement-related neurophysiological change, the authors propose
to measure not only neural activity through the electroencephalogram (EEG) but also
cerebral blood flow (CBF) using a new technology, near-infrared diffuse correlation spec-
troscopy (DCS). A preliminary trial is described, in which EEG, DCS, and exerted force
were simultaneously recorded during a cue-triggered hand grip task. Eight channels of
EEG were acquired from frontal, central, and occipital regions, and DCS signals were
collected from locations over frontal and motor cortex. Event-related desynchronization
(ERD) was observed at the onset of hand movement and lasted until movement ceased.
EEG from the motor area showed a significant ERD in the 8-13 Hz mu band (p<0.001).
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Mean CBF increased during the task by 6.8

Applications of Fractional Order Systems, C2L-B
Day: Wednesday, August 30, 2017
Time: 10:00 - 11:00
Room: Kalman
Chair: Piotr Ostalczyk

Paper: 6196 C2L-B

Tracking Performance of Angular Velocity in a Servo System
with Fractional-Order PI Controller and Anti-Windup

Compensation
Talar Sadalla1, Dariusz Horla2, Wojciech Giernacki3, Piotr Kozierski4

1Poznań University of Technology talar.h.sadalla@doctorate.put.poznan.pl
2Poznań University of Technology dariusz.horla@put.poznan.pl

3Poznań University of Technology wojciech.giernacki@put.poznan.pl
4Poznań University of Technology piotr.kozierski@gmail.com

The main aim of this paper is to present the analysis of tracking performance obtained
by means of experiments from laboratory stand comprising a small DC-motor-driven
servo drive, continuous-time fractional-order PI controller and simple anti-windup com-
pensation systems. It is an extension to authors’ previous work where the stability of a
first-order plant model with time delay and fractional-order PI controller was analyzed
basedn simulation results. The tuning method of the non-integer ordercontroller is based
on Hermite-Biehler and Pontryagin Theorems, and the tracking performance is based on
quality indices, the Integral of Absolute Error and Integral of a Squared Error.

Paper: 6222 C2L-B

Analogue Electronic Active Filter Implementation of an
Approximate State Space Realisation of a Fractional-Order

System
Andrzej Tutaj1, Jerzy Baranowski2

1AGH University of Science and Technology tutaj@agh.edu.pl
2AGH University of Science and Technology jb@agh.edu.pl

The paper presents a procedure of approximate implementation of a given fractional-order
system as an electronic analogue active filter. Employment of LIRA method of impulse
response approximation allows the filter to be only composed of standard RC components
and operational amplifiers. A proposed state variable transformation helps to simplify
filter structure and reduce component count while improving its noise properties and
accuracy of integer-order prototype frequency response reproduction. The paper provides
and compares results of realistic LTspice IV simulations for both implementations based on
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the LIRA realisation and its transfromed variant respectively. They confirm effectiveness
of the presented approach involving LIRA approximation and state transformation steps.

Paper: 6035 C2L-B

Robust Fractional Order Controller for a Linear Active
Magnetic Bearing System

Tomasz Nartowicz1, Ewa Pawluszewicz2, Arkadiusz Mystkowski3
1Bialystok University of Technology tomek.nartowicz@gmail.com
2Bialystok University of Technology e.pawluszewicz@pb.edu.pl

3Bialystok University of Technology a.mystkowski@pb.edu.pl

In the paper the fractional order PID feedback control loop is designed in order to stabilize
the unstable linear current-controller active magnetic bearing (AMB) system. The review
for stability analysis of fractional continuous-time linear systems described by the transfer
functions is given. The specified fractional order controllers, obtained for desired different
phase margins, are verified by means of numerical simulations. The robust stability of
fractional order PID feedback-loop is shown due to AMB parametric uncertainty.

Robotics III, C2L-C
Day: Wednesday, August 30, 2017
Time: 10:00 - 11:00
Room: Lehar
Chair: Bernd Finkemeyer

Paper: 6004 C2L-C

Stiffness Variations in Granular Jamming Robots, an
Experimental Method

Seyed Mohammad Zeyb Sayyadan1, M. Mehdi Moniri2, Faezeh Gharib3

1Islamic Azad University mo.sayyadan@gmail.com
2Islamic Azad University m.mehdi.moniri@gmail.com
3Islamic Azad University faezeh.gharib@gmail.com

In this paper was introduced a both simple and beneficial formulation of relation between
elastic module and vacuum pressure. It aids to predict the amounts of stiffness based on
variations of vacuum pressure. The proposed procedure was examined by performing an
experimental test as well. On the other hand, a usable mix of black Pepper seeds and
Datura grains was introduced as usable media. This blend had a lightweight construction
with high ratio of strength under external forces, therefore, it can be applied when a both
high-strength and lightweight jammable structure in soft robotics is required.
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Paper: 6044 C2L-C

Localization and Efficient Grasping of Objects by a
Manipulator Using RFID Technique
Christian Thormann1, Alexander Winkler2

1Hochschule Mittweida thormann@hs-mittweida.de
2Hochschule Mittweida alexander.winkler@hs-mittweida.de

The paper investigates applications of RFID technique (radio-frequency identification) in
combination with industrial robots. For this purpose an Industry 4.0 scenario is developed
which makes workpieces intelligent by supplying the objects with RFID transponders. The
RFID tags are able to store information decentral which can be later used to optimize
the task of the robot. In our example first the workpiece width is identified by the robot
gripper and saved in the object. Afterwards this value can be read out and used for
further fast and sensitive catching of the object. In this context it is investigated how
parameters like grasping force and velocity of the fingers influence the force overshoot
during catching an object. In the paper further proposals are given concerning to the
kind of information which can be useful stored within the workpieces handle by robots.
Furthermore, a simple approach is presented for localization of workpieces in the robot
workspace by the robot which is equipped with a RFID antenna. All algorithms proposed
in this paper are verified by practical experiments successfully.

Paper: 6052 C2L-C

Exploiting the Natural Dynamics of Compliant Joint Robots
for Cyclic Motions

Navvab Kashiri1, Emmanouil Spyrakos-Papastavridis2, Darwin Caldwell3,
Nikos Tsagarakis4

1Istituto Italiano di Tecnologia navvab.kashiri@iit.it
2Istituto Italiano di Tecnologia emmanouilspyrakos@iit.it

3Istituto Italiano di Tecnologia darwincaldwell@iit.it
4Istituto Italiano di Tecnologia nikostsagarakis@iit.ti

This work presents a novel scheme employing the natural dynamics of compliant joint
robots in order to perform cyclic motions. The use of the system’s natural dynamics can
therefore result in the execution of robot movements that consume a slight amount of
energy as compared to the energy they generate, provided that the motion trajectory is
on the limit cycle manifold. The energy efficiency advantages during such cyclic motions,
which have rarely been studied in the literature, are also discussed. The proposed scheme,
which is based on modal decoupling of the system’s natural dynamics, is finally evaluated
in simulation in order to investigate the energy-efficiency of different modal motions, as
well as the effect of various joint stiffness levels.
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Predictive Control, C2L-D
Day: Wednesday, August 30, 2017
Time: 10:00 - 11:00
Room: Strauss
Chair: Frank Allgower

Paper: 6217 C2L-D

The Distributed Model Predictive Controller for the Nuclear
Power Plant Turbo-Generator Set

Paweł Sokólski1, Tomasz Adam Rutkowski2, Kazimierz Duzinkiewicz3

1Gdańsk University of Technology sokolski.p@gmail.com
2Gdańsk University of Technology tomasz.adam.rutkowski@pg.gda.pl

3Gdańsk University of Technology kazimierz.duzinkiewicz@pg.gda.pl

There are typically two main control loops with PI controllers operating at each turbo-
generator set. In this paper a distributed model predictive controller DMPC, with local
QDMC controllers for the turbine generator, is proposed - instead of a typical PI con-
trollers. The local QDMC controllers utilize stepresponse models for the controlled system
components. These model parameters are determined, based on the proposed blackbox
models of the turbine and synchronous generator, which parameters are identified on-line
with RLS algorithm. It has been found that the proposed DMPC controller realize the
reference trajectories of the effective power and the angular velocity, and damp generator
voltage oscillations with satisfactory quality in comparison to the typical control structure
with PID controllers.

Paper: 6018 C2L-D

Predictive Control for Offset-Free Motion of Industrial
Articulated Robots

Květoslav Belda1, Václav Záda2

1Czech Academy of Sciences belda@utia.cas.cz
2Technical University of Liberec vaclav.zada@tul.cz

This paper deals with the design of model predictive control for the precise motion of
industrial articulated robots. The solution is based on specific incremental formulations
of equations of predictions. The proposed formulations enable the design to compensate
and suppress undesirable positional offsets. The corresponding incremental predictive
algorithms incorporating discrete integrators are introduced. The theoretical results are
demonstrated by the set of simulation examples with the six-axis multipurpose ABB robot
IRB 140 that belongs to the large class of industrial articulated robots.
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Paper: 6048 C2L-D

Online Tuned Model Predictive Control for Robotic Systems
with Bounded Noise

Květoslav Belda1, Lenka Pavelková2

1Czech Academy of Sciences belda@utia.cas.cz
2Czech Academy of Sciences pavelkov@utia.cas.cz

This paper deals with predictive control design for motion control of robotic systems. The
design considers time-varying state-space model. Used states are estimated from mea-
sured robot outputs. These outputs represent controlled quantities including a bounded
noise. The paper introduces a novel solution to the state and noise parameter estimations
based on linear programming incorporated in the control design. Estimated states are
utilised for updating state-dependent elements in the robot model and for control design
itself. Estimated noise parameters are employed in advanced tuning of control parame-
ters, namely penalisation matrices. The proposed theoretical outcomes are demonstrated
on one multi-input multi-output robot-manipulator.

Poster Session IV, C3P-E
Day: Wednesday, August 30, 2017
Time: 10:00 - 12:00
Room: Poster Area
Chair: Witold Mickiewicz

Paper: 6005 C3P-E

Inquiry on Braking and Accelerating Maneuvers Optimization
for Wheeled Robots

Boguslaw Schreyer1

1Nipissing University bjs@nipissingu.ca

In some types of wheeled robots it is important to secure starting acceleration and decel-
eration maxima while at the same time maintaining transversal stability. In this paper
torque distribution between the front and rear wheels as well as the timing of torque ap-
plication have been calculated. Both secure an optimum traction coefficient. This paper
also identifies required input signals to a control unit, which controls the torque values and
timing. Using a three dimensional, two mass model of a robot developed by the author a
computer simulation was performed confirming the calculations presented in this paper.
These calculations were also implemented and confirmed during military robot testing
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Paper: 6045 C3P-E

The Diagnostic Gastroenterology Needs in Relation to
Exisiting Tools, Research and Design Work on a New Tool in

Endoscopy Field
Lukasz Fracczak1, Agnieszka Kobierska2, Katarzyna Koter3, Paweł Żak4,
Elżbieta Czkwianiac5, Michał Kolejwa6, Andrzej Nowak7, Anna Socha –

Banasiak8, Joanna Ślęzak9

1Łódź University of Technology lukasz.fracczak@p.lodz.pl
2Łódź University of Technology agnieszka.kobierska@p.lodz.pl

3Łódź University of Technology katarzyna.koter@p.lodz.pl
4Łódź University of Technology pawel.zak@p.lodz.pl

5Polish Mothers Memorial Hospital - Research Institute elcia@friend.pl
6Polish Mothers Memorial Hospital - Research Institute kolejwam@gmail.com

7Polish Mothers Memorial Hospital - Research Institute andrzejn1984@gmail.com
8Polish Mothers Memorial Hospital - Research Institute sochabanasiak@gmail.com

9Polish Mothers Memorial Hospital - Research Institute joanna_slezak@wp.pl

Diagnostics of the digestive system carried out properly is becoming more and more im-
portant where patients’ health status and lives are concerned. Current diagnostic methods
include but are not limited to the following: radiodiagnostics, endoscopy, enteroscopy and
capsule endoscopy. This article contains a brief presentation of these methods and it de-
scribes their main advantages and disadvantages. One of the main conclusions summariz-
ing the description of diagnostic methods is to indicate any "blank spots" in the diagnosis
and treatment of the digestive system. This article also presents studies of new devices
that will eventually fill in the blank spots in the diagnosis of the digestive system. In the
conclusions this article characterizes the most important parameter requirements that a
device should possess to meet the expectations of physicians and allow for comprehensive
diagnostic assessment of the intestines and taking of samples for further tests.

Paper: 6158 C3P-E

Static and Dynamic Properties Investigation of New
Generation of Transversal Artificial Muscle

Katarzyna Koter1, Lukasz Fracczak2, Anna Wojtczak3, Barbara
Bryl-Nagorska4, Artur Mizejewski5, Adam Sawicki6

1Łódź University of Technology katarzyna.koter@p.lodz.pl
2Łódź University of Technology lukasz.fracczak@p.lodz.pl

3Łódź University of Technology 182299@edu.p.lodz.pl
4Łódź University of Technology 182239@edu.p.lodz.pl
5Łódź University of Technology 182276@edu.p.lodz.pl
6Łódź University of Technology 182291@edu.p.lodz.pl

Pneumatic Artificial Muscles are under investigation for many years. One of their advan-
tages, low emittance of heat of working medium, makes them useful in medical robotics.
Transversal Pneumatic Artificial Muscles were developed at Lodz University of Technol-
ogy to solve a problem of combination of advantages of this drive and preferable for
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medical use size. Thanks to the innovative structure, designed muscles characterize much
smaller dimensions and high strength relative to the total volume change. The article
presents the results of static and dynamic tests of Transversal Pneumatic Muscles.

Paper: 6187 C3P-E

Ground Plane Estimation from Sparse LiDAR Data for Loader
Crane Sensor Fusion System

Karol Miądlicki1, Mirosław Pajor2, Mateusz Saków3

1West Pomeranian University of Technology, Szczecin karol.miadlicki@zut.edu.pl
2West Pomeranian University of Technology, Szczecin miroslaw.pajor@zut.edu.pl
3West Pomeranian University of Technology, Szczecin mateusz.sakow@zut.edu.pl

Research on the development of control systems for loader cranes, despite their importance
in the industry, is conducted by only a few scientific centers. West Pomeranian Univer-
sity of Technology, Szczecin in collaboration with loader cranes manufacturer - Cargotec
company, started research on the multisensory monitoring system for cranes. proposed
system also allows you to track the position of the operator. This paper presents the
subsystem for ground plane estimation and ground points filtration. The developed algo-
rithm uses data from the Velodyne LIDAR VLP-16 scanner. The subsystem is designed
for real time operation. It is based on the RANSAC algorithm and vector dot product.
The effectiveness of the algorithm was compared with other algorithms described in this
publication. Tests were carried out on a loader crane test bench at various positions of
the LIDAR sensor. Experiments confirms that ground plane estimation results of the
proposed algorithm are better than other presented methods.

Paper: 6189 C3P-E

Minimum Effort Position Control of Legged Robots Equipped
with Serial Manipulators in Stance Phase

Mohammad Reza Lavaei1, Mohammad Mahjoob2, Amir Behjat3

1University of Tehran lavaei.mr@ut.ac.ir
2University of Tehran mmahjoob@ut.ac.ir

3Sharif University of Technology amir.behjat.1367@gmail.com

A legged robot equipped with a serial manipulator can perform different tasks such as
position control of the end-effector using active joints of both manipulator and the legs.
We consider the robot in its stance phase and synthesize a controller which in addition to
tracking the desired position/orientation of the end-effector keeps all the legs in contact
with the ground and prevent them from slipping. The kinematic/dynamic model of the
general legged robots with a serial manipulator is derived. The contact forces are then
obtained in terms of the state and actuation vectors. The optimal controller based on
inverse dynamics of the robot (subjected to requirements of contact forces) minimizes the
actuation effort. The proposed method is then implemented on a simplified model of a
quadruped robot to control the position of the end-effector.
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Paper: 6242 C3P-E

Adaptive Head Movements Tracking Algorithms for AR
Interface Controlled Telepresence Robot

Aleksei Shchekoldin1, Alexander Shevyakov2, Nikolay Dema3, Sergey
Kolyubin4

1ITMO University AShchekoldin@corp.ifmo.com
2ITMO University ashevyakov@corp.ifmo.ru

3ITMO University Nicko_Dema@protonmail.com
4ITMO University s.kolyubin@corp.ifmo.ru

The paper is devoted to the design of the telepresence robot controlled via the head-
mounted display equipped with an inertial measurement unit (IMU). To be able to control
the robot and the camera gimbal motion independently with only 3 DOF reference, we
developed algorithms based on nonlinear filtering and fuzzy-logic techniques to process
IMU measurements and capture head motion patterns. We implement this solution for
shared autonomy remotely controlled robots with an augmented reality (AR) interface,
which are in a rising demand for technical drills, monitoring and maintenance applications
as well as for in door guided tours.

Paper: 6248 C3P-E

Autonomous Drone Control System for Object Tracking:
Flexible System Design with Implementation Example

Paweł Smyczyński1, Łukasz Starzec2, Grzegorz Granosik3

1Łódź University of Technology pawelsmyczynski@tlen.pl
2Łódź University of Technology starcu93@gmail.com
3Łódź University of Technology granosik@p.lodz.pl

Paper contains presentation of the flexible control system for an autonomous drone. Pre-
sented system is utilizable on various hardware platforms and capable of realizing different
missions with minimal adjustments.

Paper: 6250 C3P-E

Design, Modeling and Fabrication of a 3-DOF Wrist
Rehabilitation Robot

Negin Nikafrooz1, Mohammad Mahjoob2, Mohammad Reza Lavaei3
1University of Tehran Negin.nikafrooz@ut.ac.ir

2University of Tehran mmahjoob@ut.ac.ir
3University of Tehran lavaei.mr@ut.ac.ir

Human wrist is an intricate and effective body joint which plays a vital role in per-
forming essential activities of daily living (ADL). Wrist impairment is a common cause of
full/partial functional loss in the elderly. It also occurs after stroke, sport injuries or spinal
cord injuries. To increase the muscle tone, rehab exercises are suggested after surgery or
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impairment. Extensive researches have been carried out on rehabilitation devices to fa-
cilitate the treatment course. In this paper, a wrist rehabilitation robot is presented.
The mechanical structure is developed based on the design requirements. The dynamic
model of the robot is derived following anthropometric data. The final prototype (made
at reasonable cost) offers three wrist degrees of freedom (DOF) and major wrist ranges
of motion (ROM) needed in usual rehab treatment.

Paper: 6053 C3P-E

Software-Based Method of Increasing the Effective Resolution
of a Measurement Chain for a Transducer with a Pulse

Frequency Output
Eligiusz Pawłowski1

1Lublin University of Technology e.pawlowski@pollub.pl

The article covers the problems of digital signal processing in a measurement chain that
uses a measuring transducer with a pulse frequency output. Such a measurement chain
arrangement presents numerous advantages, particularly due to the high accuracy of fre-
quency conversion to digital form, and the high immunity of a frequency signal to interfer-
ence. However, the assessment of the metrological characteristics of such a measurement
chain, especially in dynamic states, presents a challenge. This problem stems from the
fact that digital frequency measurement is always a mean value measurement, which intro-
duces a greater dynamic error for longer averaging times. At the same time, a quantization
error occurs, which also depends on the averaging time and measurement method. The
work presents the possibility of increasing the effective resolution of a measurement chain
with a frequency signal by using software methods of reciprocal counting. An algorithm
developed for this purpose and the results of conducted simulation studies are presented.

Paper: 6185 C3P-E

Analysis of a Mechanical Resonance in the Flapping Wing
Actuation

Diana Olejnik1, Adam Wojciech Łukomski2
1Technische Universiteit Delft / West Pomeranian University of Technology, Szczecin

diana.olejnik@gmail.com
2West Pomeranian University of Technology, Szczecin adam.lukomski@zut.edu.pl

The goal of this paper is to analyse the mechanical resonance that appears during the
oscillatory motion in the flapping wing robots. The prototype of the actuation mechanism
has been proposed that involves a DC motor directly driving a set of bioinspired wings.
The resulting motion has been analysed using a high speed camera.
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Paper: 6216 C3P-E

Constrained Generalized Predictive Control with Particle
Swarm Optimizer for an Overhead Crane

Jarosław Smoczek1, Janusz Szpytko2

1AGH University of Science and Technology smoczek@agh.edu.pl
2AGH University of Science and Technology szpytko@agh.edu.pl

The paper focuses on multivariable generalized predictive control (GPC) of an under-
actuated overhead crane with constraints on manipulated variable and sway angle of a
payload. The adaptive control scheme is developed based on the discrete-time linear pa-
rameter varying model of a crane dynamic identified using the recursive least square (RLS)
algorithm with parameter projection. Particle swarm optimization (PSO) is applied to
solve the optimization control problem subject to hard constraint on control signal and
the soft constraint payload deflection in the transient state. The feasibility and applica-
bility of the proposed control approach is confirmed using a laboratory scaled overhead
crane for different constraint and operating conditions.

Paper: 6230 C3P-E

Behaviour of the Fractional Cucker-Smale Type Model for a
Couple of Agents

Ewa Girejko1, Dorota Mozyrska2, Malgorzata Wyrwas3

1Bialystok University of Technology e.girejko@pb.edu.pl
2Bialystok University of Technology d.mozyrska@pb.edu.pl

3Bialystok University of Technology m.wyrwas@pb.edu.pl

The behaviour of fractional-order systems with two agents is considered. In the paper,
interactions between agents are defined like in Cucker-Smale models, where equations
related to the position are the ordinary differentia equations and velocities of agents are
described by fractional differential equations. It allows us to take into account the memory
that is included by taking the fractional-order, what seems to significantly improve the
classical model. The conditions for achieving the consensus for the considered models are
formulated based on the stability analysis of the appropriate linear systems. Finally, the
behaviours of systems are illustrated by examples.
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Paper: 6236 C3P-E

On-Line Spectrophotometric Measurements of Isopropanol
Concentration in Process of Nebulization

Dariusz Choiński1, Witold Ilewicz2, Piotr Krauze3, Piotr Skupin4, Zdzisław
Bielecki5

1Silesian University of Technology dariusz.choinski@polsl.pl
2Silesian University of Technology witold.ilewicz@polsl.pl

3Silesian University of Technology piotr.krauze@polsl.pl
4Silesian University of Technology piotr.skupin@polsl.pl

5KMB Catalyst sp. z o.o. zbielecki@post.pl

In the paper there are presented tests of the method for on-line measurement of iso-
propanol concentration in the ultrasonic nebulization process using BW-Tek compact
UV/Vis spectrophotometer. Experimental setup with nebulization vessel was constructed
with probe for on-line measurement. Tests were performed using standard mixture of iso-
propanol and water with volume concentration of isopropanol in range 19% to 83%. Re-
sults of online spectrophotometric method were verified using stationary spectrophotome-
ter and additionally a gas chromatography method was tested as a potentially reference
measurement method in the future. Linear calibration for obtained data was performed
and measurement uncertainties for tested method were evaluated as confidence intervals.

Robust Control, C4L-A
Day: Wednesday, August 30, 2017
Time: 11:20 - 13:00
Room: Casino
Chair: Wojciech Hunek

Paper: 6003 C4L-A

An Indirect Backstepping Robust Control for Flyback Type
DC to DC Converter

Havva Ozkaya1, Erkan Zergeroglu2, Murat Seker3

1Gebze Technical University havva.ozkaya6@gmail.com
2Gebze Technical University ezerger@gtu.edu.tr

3Gebze Technical University seker@gtu.edu.tr

In this work, an indirect backstepping approach is introduced for the robust regulation
of the output voltage of DC/DC flyback converters. Specifically, a high gain type robust
controller with comparatively smoother controller action is presented which regulates the
corresponding current required to set the output voltage to its desired value. Simulation
results are presented to illustrate the efficiency and feasibility of the proposed method.
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Paper: 6031 C4L-A

Semi-Symbolic Operational Computation for Robust Control
System Design

Leandro Gil1, Martin Radetzki2
1Universität Stuttgart leandro.gil@informatik.uni-stuttgart.de

2Universität Stuttgart martin.radetzki@informatik.uni-stuttgart.de

We propose an affine arithmetic based operational computation method which is faster
than step integration methods and allows the direct evaluation of system robustness to
parameter variations. In order to improve the simulation performance during design
optimization, we derive a novel operational method to compute the multiplication of
signal expansions. Thus, common nonlinear cost functions can be directly computed,
using only signal coefficients. We validate the capability of our design methodology for
the improvement of system performance and robustness by optimizing a DC motor control.
The obtained results show a compelling effectiveness of affine arithmetic computations for
robust control system design optimizations.

Paper: 6150 C4L-A

Robust Backstepping Stabilization of Nonlinear Systems with
Time-Varying Parameters

Jacek Kabziński1, Przemysław Mosiołek2

1Łódź University of Technology jacek.kabzinski@p.lodz.pl
2Łódź University of Technology przemyslaw.mosiolek@p.lodz.pl

Backstepping-based, robust stabilization procedure for nonlinear systems with time-varying
parameters is presented. The general approach for nonlinear parameter dependence is de-
veloped, next the special case of a linear-in-parameters system is considered. Available
simplifications of the design and benefits due to this system structure are discussed and
illustrated by examples.

Paper: 6197 C4L-A

Interval Methods for the Implementation and Verification of
Robust Gain Scheduling Controllers

Julia Kersten1, Andreas Rauh2, Harald Aschemann3

1Universität Rostock julia.kersten@uni-rostock.de
2Universität Rostock andreas.rauh@uni-rostock.de

3Universität Rostock harald.aschemann@uni-rostock.de

This paper presents a novel approach for an interval-based gain scheduling control design
aiming at a guaranteed stabilization of the system dynamics over a predefined time hori-
zon. Due to the goal of asymptotic stability, the design aims at the temporal reduction of
the widths of intervals representing worst-case bounds of the system states at a specific
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point of time. The main idea of the control approach is the computation of feedback gains
for an initial state interval with a subsequent verification step. Controller gains can be
calculated off-line so that predefined performance criteria on the closed-loop structure are
satisfied.

Control Applications III, C4L-B
Day: Wednesday, August 30, 2017
Time: 11:20 - 13:00
Room: Kalman
Chair: Przemyslaw Ignaciuk

Paper: 6066 C4L-B

The Active Vibration Control of the Plate Structure by Using
LQG Controller and Piezo-Stripes

Andrzej Koszewnik1

1Bialystok University of Technology a.koszewnik@pb.edu.pl

The active vibration control of SFSF (Simply Supported-Free-Simply Supported-Free)
smart plate by using linear quadratic Gaussian (LQG) controller is described in the pa-
per. In order to design proper optimal control law two pairs of PZT actuators and sensors
oriented in two perpendicular directions X and Y are glued to the plate. The aforemen-
tioned locations and orientations of PZT elements allow to decouple the TITO system
onto two SISO subsystem for separately control odd and even modes. The process of
design LQG controller is performed in two stages. In the first stage with using Matlab
software the parameters of controllers are determined based on the simulations results in
time and frequency domains. On the other hand, in the second step the designed con-
trollers are verified on the lab stand by implemented control laws to real time processor
(Dspace).

Paper: 6213 C4L-B

High Performance PID Control of a Cascade Tanks System as
an Example for Control Teaching

Robert Bieda1, Marian Blachuta2, Rafal Grygiel3
1Silesian University of Technology robert.bieda@polsl.pl

2Silesian University of Technology marian.blachuta@polsl.pl
3Silesian University of Technology rafal.grygiel@polsl.pl

A detailed analysis of PID level control in the second tank of the cascade of two tanks is
performed with respect to both, load disturbance attenuation and set-point change. Ap-
proximate formulas for extrema of time responses and for certain performance indices are
derived, giving guidelines for controller settings. A simple method of choosing controller
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parameters is proposed that bases on time scale separation. For a reasonable transfer
from one operating point to another, under control signal limitations, command signal
generators with a feed-forward from the reference are proposed and the effect of anti-
windup controller augmentation is examined. Moreover, partial invariance of the control
systems properties with respect to the changes of working point is highlighted.

Paper: 6011 C4L-B

Velocity Estimation for Slow Motion Devices Equipped with
Encoder

Krzysztof Kołek1, Maciej Rosół2

1AGH University of Science and Technology kko@agh.edu.pl
2AGH University of Science and Technology mr@agh.edu.pl

This paper addresses the problem of velocity estimation for slow motion elements equipped
with encoders. The slow movement causes rare pulses generated from the encoder, rarer
than the sampling frequency. In such conditions, the velocity calculation by numeric
derivative or Luenbergera observer fails. For that, it is proposed a new velocity estimation
algorithm that uses information specific for encoder operating mode. Simulation and real-
time experiments have shown a significant reduction in velocity error estimation of the
proposed algorithm in comparison to conventional algorithms.

Paper: 6117 C4L-B

Application of a Modified Error Governor to Electronic
Throttle Control

Alexander Schöley1, Wolfgang Drewelow2, Torsten Jeinsch3, Nick Weinhold4

1Universität Rostock alexander.schoeley@uni-rostock.de
2Universität Rostock wolfgang.drewelow@uni-rostock.de

3Universität Rostock torsten.jeinsch@uni-rostock.de
4IAV GmbH nick.weinhold@iav.de

The control of an electronic throttle in an automotive vehicle is considered in this pa-
per. Due to a saturation non-linearity in the control loop, a nominal controller produces
undesired windup effects. Because of mechanical restrictions, especially windup-induced
overshoots of the throttle plate angle should be prevented. Well-known anti-windup meth-
ods, like back-calculation, can only be effectively used with PID controllers. Since the
nominal controller is not of PID-type, an Error Governor (EG) is used to prevent windup.
Additionally the original EG is modified to meet special characteristics of the throttle
control. One modification is to handle a non-linear feedforward part, that is used to com-
pensate for friction of the throttle plate. And a second adjustment concerns time-variant
saturation limits that occur due to voltage fluctuations of the car’s battery. The suggested
method is tested on a throttle test bench.
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Paper: 6114 C4L-B

Improvement of Accuracy of the Membrane Shape Mapping of
the Artificial Ventricle by Eliminating Optical Distortion

Wojciech Sulej1, Krzysztof Murawski2, Tadeusz Pustelny3

1Military University of Technology wojciech.sulej@wat.edu.pl
2Military University of Technology krzysztof.murawski@wat.edu.pl

3Silesian University of Technology tadeusz.pustelny@polsl.pl

The paper presents new technique for correcting the desired shape of the flaccid membrane
used in the artificial heart chamber. The original shape of membrane was obtained using
specially developed type of method - Depth from Defocus. Accurately determining the
shape of the diaphragm is very important. The shape of the membrane affects the final
accuracy of determining the stroke volume of extracorporeal pneumatic heart assist pump.
Three rigid membranes were used in the study. Each of them was developed on the basis
of the original shape of the flaccid membrane and was examined.

Modelling and Simulation II, C4L-C
Day: Wednesday, August 30, 2017
Time: 11:20 - 13:00
Room: Lehar
Chair: Paolo Mercorelli

Paper: 6012 C4L-C

Exponentially Weighted Aggregation of Models for
Wiener-Hammerstein System Modelling

Paweł Wachel1, Zygmunt Hasiewicz2

1Wrocław University of Science and Technology pawel.wachel@pwr.edu.pl
2Wrocław University of Science and Technology zygmunt.hasiewicz@pwr.edu.pl

In the paper the problem of Wiener-Hammerstein system (LNL) modelling by exponen-
tially weighted aggregation of models is discussed. The class of systems under consider-
ation admits almost any LNL objects even with infinite memory and virtually arbitrary
nonlinear characteristic. Given the set of various possible models of the true system (be-
ing e.g. the result of prior identification attempts), the proposed approach yields mixed
model that efficiently mimics input-output relationship of the genuine LNL system. De-
tailed analysis of the approach demonstrates good theoretical properties of the resulting
(aggregated) model, whereas numerical simulations illustrate practical aspects of the con-
sidered method.
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Paper: 6194 C4L-C

Implementation of Hierarchical Control of Drinking Water
Supply System: Didactic Project – Computer Controled System

Jaroslaw Tarnawski1, Tomasz Adam Rutkowski2, Arkadiusz Ciminski3
1Gdańsk University of Technology jaroslaw.tarnawski@pg.gda.pl

2Gdańsk University of Technology tomasz.adam.rutkowski@pg.gda.pl
3Gdańsk University of Technology arkadiusz.ciminski@pg.gda.pl

The paper presents the outline of the didactical project of a complex computer controlled
system. The synthesis, implementation and analysis of a multilayer hierarchical con-
trol system for drinking water supply system (DWSS) are main topics of that project.
The scope of the project covers many aspects of automation: mathematical modeling,
dynamic object identification, real-time simulation, acquisition and scaling of signals,
estimation, PID control, definition of optimization criteria, predictive control technol-
ogy, control synthesis, SCADA and HMI application development, OPC communication,
hardware-in-the-loop technology, and many others tools and methods needed to obtain
a functional control system structure. The undoubted advantage of presented project is
the integration into one coherent, functional system many separately recognized methods
and tools.

Paper: 6178 C4L-C

Application of the Waveform Relaxation Technique to the
Co-Simulation of Power Converter Controller and Electrical

Circuit Models
Michal Maciejewski1, Idoia Cortes Garcia2, Sebastian Schöps3, Bernhard

Auchmann4, Lorenzo Bortot5, Marco Prioli6, Arjan Verweij7
1European Centre for Nuclear Research / Łódź University of Technology michal.maciejewski@cern.ch

2Technische Universität Darmstadt cortes@temf.tu-darmstadt.de
3Technische Universität Darmstadt schoeps@temf.tu-darmstadt.de

4Paul Scherrer Institute bernhard.auchmann@psi.ch
5European Centre for Nuclear Research lorenzo.bortot@cern.ch

6European Centre for Nuclear Research marco.prioli@cern.ch
7European Centre for Nuclear Research arjan.verweij@cern.ch

In this paper we present the co-simulation of a PID class power converter controller and
an electrical circuit by means of the waveform relaxation technique. In order to maintain
the time-stepping characteristic of both models, we treat them separately by means of
input/output relations and propose an application of a waveform relaxation algorithm.
Furthermore, the maximum and minimum number of iterations of the proposed algorithm
are mathematically analyzed. The concept of controller/circuit coupling is illustrated by
an example of the co-simulation of a PI power converter controller and a model of the
main dipole circuit of the Large Hadron Collider.
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Paper: 6258 C4L-C

Modelling Dynamics of Strongly Coupled Air Paths in
Pneumatic Transport System for Milling Product

Oliwia Krauze1, Marek Pawelczyk2

1Silesian University of Technology oliwia.krauze@polsl.pl
2Silesian University of Technology marek.pawelczyk@polsl.pl

In the milling circuit with an electromagnetic mill, a pneumatic system is used to transport
the material and to maintain several parameters of the process. The pneumatic system
contains three air inlets with controllable flaps and each inlet stream serves a different
purpose, however, they are strongly physically coupled through the rest of the installation.
Thus, position of each control flap strongly and nonlinearly affects the operating point
of each inlet stream. Dynamics of air velocity within the main inlet pipe with respect to
the setpoint of the main flap’s position has been identified for multiple operating points
of the installation, and the estimated models were checked and assessed. The resultant
models may then be used to tune controller parameters for subsequent operating points.
Identification and verification of the derived models was performed on data measured at
an experimental milling installation.

Paper: 6245 C4L-C

Preliminary Studies on Modelling the Drying Process in
Product Classification and Separation Path in an

Electromagnetic Mill Installation
Jan Wegehaupt1, Dariusz Buchczik2, Oliwia Krauze3

1Silesian University of Technology jan.wegehaupt@polsl.pl
2Silesian University of Technology dariusz.buchczik@polsl.pl

3Silesian University of Technology oliwia.krauze@polsl.pl

The process of loose materials grinding is directly dependent on the type of feed and its
physical parameters resulting from presence of water in the material. The grinding process
in the electromagnetic mill installation is carried out on dry material, using pneumatic
transport and classification system with recycle. Preliminary analyses have shown the
possibility to significantly improve the product quality and efficiency of the milling process
by appropriate control of the moisture content of the milled material. The main objective
of the research is to develop a model describing the changes of moisture content of bulk
material in the installation of the electromagnetic mill. This paper presents the results of
preliminary studies on the accurate models describing the drying process in the path of
material classification and its separation from the transport air.
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Image Processing, C4L-D
Day: Wednesday, August 30, 2017
Time: 11:20 - 13:00
Room: Strauss
Chair: Krzysztof Okarma

Paper: 6020 C4L-D

On the Efficiency of a Fast Technique of Impulsive Noise
Removal in Color Digital Images

Łukasz Malinski1, Bogdan Smolka2, Danuta Jama3

1Silesian University of Technology lukasz.malinski@polsl.pl
2Silesian University of Technology bogdan.smolka@polsl.pl

3Katowice School of Technology danuta.jama@gmail.com

In the paper the detection efficiency of a fast algorithm of impulsive noise reduction in
color images is investigated. The analyzed algorithm is based on the sum of dissimilarity
measures between the processed pixel and its neighbors and various metrics, which express
the difference between pixels, are evaluated. The detection part of the algorithm is mainly
analyzed using binary classification, in contrast to other works, which focus on overall
impulsive noise detection and suppression efficiency. The most efficient measures of a
distance between pixels are examined and tuning parameters of the analyzed algorithm,
adjusted to the impulsive noise intensity, are recommended, so that they can be used in
various real-time image enhancement applications.

Paper: 6160 C4L-D

Novel Method for Joining Missing Line Fragments for Medical
Image Analysis

Patryk Najgebauer1, Leszek Rutkowski2, Rafał Scherer3

1Czestochowa University of Technology patryk.najgebauer@iisi.pcz.pl
2Czestochowa University of Technology leszek.rutkowski@iisi.pcz.pl

3Czestochowa University of Technology rafal.scherer@iisi.pcz.pl

We present a method of predictive reconstructing connections between parts of object
outlines in images. The method was developed mainly to analyze microscopic medical
images but is applicable to other types of images. Examined objects in such images are
highly transparent, moreover close objects can overlap each other. Thus, segmentation
and separation of such objects can be difficult. Another frequently occurring problem is
partial blur due to high image magnification. The method is based on edge detection to
extract object contours and represent them in a vector form and uses the Gestalt Laws
describing human perception.

93



Wednesday 11:20 - 13:00

Paper: 6162 C4L-D

A 2D, Stochastic Model of a Phase-Detection Autofocus
Adrian Gałęziowski1

1Wrocław University of Science and Technology adrian.galeziowski@pwr.edu.pl

A 2D stochastic model of a phase-detection autofocus is proposed. A comprehensive
analysis of its formal properties is conducted and its validity for a wide class of stochastic
processes is proved. Moreover, formal properties of the phase-detection autofocus are
analysed, together with assumptions necessary for its unimodality. Lastly, practical ex-
periments, incorporating thermographic camera, which confirm theoretical findings, are
described.

Paper: 6130 C4L-D

Estimation of DC Motor Parameters Using a Simple CMOS
Camera

Zdzisław Kowalczuk1, Tomasz Merta2

1Gdańsk University of Technology kova@pg.gda.pl
2Gdańsk University of Technology tommerta@gmail.com

We consider a mobile robot and its dynamic model. DC motor parameters are identified
using suitable measurements. A method of estimating the DC motor parameters of the
mobile robot using a simple CMOS camera is proposed. A marker indicates the position
of the robot. Step excitation is applied, and estimation of robot’s movement parameters
is performed by image processing. The response of the identified model is adjusted to the
measured step response. The available maximum camera framerate appeared to be too
low. This obstacle is overcome by using the tuning utility of CMOS cameras.

Paper: 6218 C4L-D

A Smooth Local Polynomial Model of Vignetting
Andrzej Kordecki1, Artur Bal2, Henryk Palus3

1Silesian University of Technology andrzej.kordecki@polsl.pl
2Silesian University of Technology artur.bal@polsl.pl

3Silesian University of Technology henryk.palus@polsl.pl

The vignetting is one of image distortions, which refers to the fall-off of pixel intensity due
to optical properties of the camera and lens system. The effect of vignetting on image is
unwanted in image processing and analysis. The vignetting correction need to obtain the
real vignetting of the camera-lens system, which can be determined using the vignetting
model. The local vignetting polynomial model allows to fit the vignetting data with more
flexibility, but at the cost of increased of vignetting function distortions. This paper
introduces a new smooth local polynomial vignetting model, which is a modification of
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local vignetting polynomial model. The conducted experiments on broad range of lens
settings shows that filtering allows to improve the vignetting function smoothness.
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Plenary: B. Finkemeyer, D1L-A
Day: Thursday, August 31, 2017
Time: 09:00 - 10:00
Room: Casino
Chair: Andrzej Bartoszewicz

Paper: 6261 D1L-A

Towards Safe Human-Robot Collaboration
Bernd Finkemeyer1

1Fachhochschule Kiel bernd.finkemeyer@fh-kiel.de

Signal Processing, D2L-A
Day: Thursday, August 31, 2017
Time: 10:00 - 11:00
Room: Casino
Chair: Alexander Winkler

Paper: 6019 D2L-A

Multi-Frequency Conditioning System of the Inductive Loop
Sensor - Simulation Investigations

Zbigniew Marszalek1, Ryszard Sroka2, Tadeusz Zeglen3

1AGH University of Science and Technology antic@agh.edu.pl
2AGH University of Science and Technology ryszard.sroka@agh.edu.pl

3AGH University of Science and Technology tezet@agh.edu.pl

The concept of the multi-frequency conditioning system of the individual inductive loop
sensor signal, with the separation of impedance components was presented in the hereby
paper. Simulation investigations concerning dynamic states in the system excited by a
step change of the sensor impedance parameters, were performed. The system behaviour
in the presence of disturbances - induced in the sensor circuit - was also studied. The
analysis of electromagnetic interferences generated by engines of vehicles was preliminarily
performed. The simulation investigations confirm that the operation of the conditioning
system - simultaneously - at two frequencies allows to obtain magnetic pairs of resistance
and reactance profiles. This ensures that at least one pair of undisturbed signals will
be obtained. This can ensure improvements of the operation reliability of the axles loop
detection systems as well as the systems of measuring vehicle parameters in traffic.
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Paper: 6200 D2L-A

Mechatronic Sound Intensity 2D Probe
Witold Mickiewicz1, Michał Raczyński2

1West Pomeranian University of Technology, Szczecin witold.mickiewicz@zut.edu.pl
2West Pomeranian University of Technology, Szczecin rm23892@zut.edu.pl

The paper addresses a problem of sound intensity measurement in acoustic field using
mechatronic one-microphone probe. The new probe is not able to substitute the tradi-
tional p-p sound intensity probe in any case, but in many cases poses a cost-effective
solution with acceptable metrological quality. The way of working of proposed probe
bases on pressure-pressure probe principle, where parallel data acquisition by precisely
matched microphones are substituted by a series of acquisitions by the same microphone
channel with precise replacement of the sensor. If the sound intensity vector measurement
is made in one, two or three dimensions, one or two stepper motors are used to position
the microphone in the space around the measurement point. In the paper the idea of
construction and preliminary test results of the new probe used as a direct sound and
first reflection directivity sensor are presented. The experiments show, that presented
kind of probe can be a cost-effective tool for electroacoustic systems designers and room
acoustics consultants. Obtaining better metrological properties needs some improvements
in microphone directional phase characteristic.

Paper: 6226 D2L-A

Estimation of Micro-Doppler Signals Using Viterbi
Track-Before-Detect Algorithm

Przemyslaw Mazurek1

1West Pomeranian University of Technology, Szczecin przemyslaw.mazurek@zut.edu.pl

The application of Viterbi based system for the processing of low SNR micro-Doppler
signal is considered. Main signal is suppressed in spectrogram using averaging. Rayleigh
noise is assumed in tests. Monte Carlo tests are provided for analysis of algorithm for
selected cases. The results show possibilities of micro-Doppler signal tracking using Track-
Before-Detect algorithm. This is useful approach especially for small deviations and
amplitudes.
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Robotics IV, D2L-B
Day: Thursday, August 31, 2017
Time: 10:00 - 11:00
Room: Kalman
Chair: Krzysztof Kozłowski

Paper: 6152 D2L-B

Using a Nonlinear Mechanical Control Coupling Metric for
Biped Robot Control and Design

Tan Chen1, Xiangyu Ni2, James Schmiedeler3, Bill Goodwine4

1University of Notre Dame tchen8@nd.edu
2University of Notre Dame xni@nd.edu

3University of Notre Dame schmiedeler.4@nd.edu
4University of Notre Dame bill@controls.ame.nd.edu

This paper uses results from geometric mechanics and control to determine the degree of
coupling between actuated and unactuated degrees of freedom in a two-link biped robot.
By comparing the degree of coupling when ankle actuation is used and when hip actuation
is used, it is clear that ankle actuation affords stronger dynamic coupling and hence, may
provide a superior means for control design for robust gait and posture control. This is
true both in the case where the robot is configured as a bipedal walker and the case where
it is configured to model posture control. In the case of posture control, these results are
consistent with some literature on the means by which humans maintain posture.

Paper: 6099 D2L-B

General Lagrangian Jacobian Motion Planning Algorithm for
Affine Robotic Systems with Application to a Space

Manipulator
Krzysztof Tchoń1, Joanna Ratajczak2

1Wrocław University of Science and Technology krzysztof.tchon@pwr.edu.pl
2Wrocław University of Science and Technology joanna.ratajczak@pwr.edu.pl

In this paper we extend the concept of the General Lagrangian Jacobian Inverse from
driftless to control affine robotic systems, and establish a corresponding Jacobian motion
planning algorithm in the parametric form. A specific choice of the Lagrangian is recom-
mended. The motion planning algorithm is applied to the motion planning problem of
a free-floating space manipulator with non-zero momentum. A conjecture is formulated
that for this specific choice of the Lagrangian the motion planning algorithm outperforms
the other Jacobian algorithms in terms of the length of the resulting robot trajectory.

100



Thursday 10:00 - 11:00

Paper: 6084 D2L-B

Singularity Avoidance in a Robotized Ultrasound Scan
Aicha Fonte1, Pierre Vieyres2, Gerard Poisson3, Cyril Novales4

1Université d’Orléans aicha.fonte@univ-orleans.fr
2Université d’Orléans pierre.vieyres@univ-orleans.fr
3Université d’Orléans gerard.poisson@univ-orleans.fr
4Université d’Orléans Cyril.novales@univ-orleans.fr

In a robotized ultrasound scanning system and more generally in any system which in-
teracts with a human, the used control laws have to satisfy a safety of operating and
functioning. Moreover these control laws have to guarantee a high precision in the medi-
cal gesture tracking, and especially within the framework of the ultrasound scanning, they
assure the ultrasound plane preservation. The mechanical architecture of the designed
robot takes into account the medical specifications of the remote ultrasound scan appli-
cation. This robot is compact and lightweight but presents singular configurations on
its workspace. These configurations perturb the follow-up of the medical remote gesture
and lead to a loss of precision which induce errors in the path following as well as in the
ultrasonic plan. To solve this problem we set up specific control that takes into account
these singular configurations and allows to reproduce the movements generated by the
medical expert with a great accuracy.

Control and Systems Theory IV, D2L-C
Day: Thursday, August 31, 2017
Time: 10:00 - 11:00
Room: Lehar
Chair: Krzysztof Latawiec

Paper: 6028 D2L-C

Characteristic Equations for Descriptor Linear Electrical
Circuits

Kamil Borawski1
1Bialystok University of Technology kam.borawski@gmail.com

The characteristic equations of descriptor linear electrical systems are investigated. The
comparison of the characteristic equations obtained from three different methods is per-
formed. The methods are based on: the analysis of the pair (E,A) (to be called here the
“standard method”), the Weierstrass-Kronecker decomposition and the shuffle algorithm.
It is shown that: 1) the characteristic equations obtained from the standard method and
Weierstrass-Kronecker decomposition method are the same; 2) the characteristic equation
obtained from the shuffle algorithm method has h additional zero roots, where h is the
number of shuffles. The considerations are illustrated by numerical examples.
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Paper: 6056 D2L-C

Non-Invasive Control of the Hegselmann-Krause Type Model
Ewa Girejko1, Agnieszka Malinowska2

1Bialystok University of Technology e.girejko@pb.edu.pl
2Bialystok University of Technology a.malinowska@pb.edu.pl

In this paper, the Hegselmann-Krause type model with leadership is considered. We look
for optimal control strategies for the system to attain a consensus in such a way that the
control mechanism is included in the leader dynamics. Necessary optimality conditions
are obtained by the use of the weak maximum principle for control problems on time
scales. The validity of the proposed control strategy is illustrated by examples.

AI Methods II, D2L-D
Day: Thursday, August 31, 2017
Time: 10:00 - 11:00
Room: Strauss
Chair: Janusz Szpytko

Paper: 6014 D2L-D

Combined Estimation of Actuator and Sensor Faults for
Non-Linear Dynamic Systems

Marcin Pazera1, Marcin Witczak2, Józef Korbicz3

1University of Zielona Góra M.Pazera@issi.uz.zgora.pl
2University of Zielona Góra M.Witczak@issi.uz.zgora.pl
3University of Zielona Góra J.Korbicz@issi.uz.zgora.pl

The paper deals with the problem of simultaneous estimation of the state as well as
actuator and sensor faults for non-linear dynamic systems. The actuator and sensor faults
can appear simultaneously, at the same time. The proposed strategy is based on quadratic
boundedness approach allowing the convergence analysis of the proposed estimator. The
final part of the paper shows an illustrative example based on a real multi-tank system,
which clearly exhibits the performance of the proposed approach.

Paper: 6093 D2L-D

Simultaneous Estimation of Multiple Actuator and Sensor
Faults for Takagi-Sugeno Fuzzy Systems

Marcin Pazera1, Marcin Witczak2, Mariusz Buciakowski3, Marcin
Mrugalski4

1University of Zielona Góra M.Pazera@issi.uz.zgora.pl
2University of Zielona Góra M.Witczak@issi.uz.zgora.pl

3University of Zielona Góra M.Buciakowski@issi.uz.zgora.pl
4University of Zielona Góra M.Mrugalski@issi.uz.zgora.pl
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The paper is devoted to the problem of a Takagi-Sugeno(TS)-based robust simultaneous
actuator and sensor faults estimator design for the purpose of the Fault Diagnosis (FD)
of non-linear systems. The proposed methodology of designing a TS-based H∞ fault
estimator is developed in this paper. The main novelty of the approach is associated with
possibly of simultaneous sensor and actuator faults estimation. The developed approach
guaranties a predefined disturbance attenuation level and convergence of the designed
estimator. The illustrative part of the paper shows an example of the application of the
developed approach in the task of the fault diagnosis of the multi-tank system.

Paper: 6131 D2L-D

Reduction Strategies for the Cardinality Constrained Knapsack
Problem

Krzysztof Pieńkosz1

1Warsaw University of Technology K.Pienkosz@ia.pw.edu.pl

In the paper the Cardinality Constrained Knapsack Problem is considered. It is a vari-
ant of the Continuous Knapsack Problem in which no more than a specified number of
variables are allowed to have positive values. This problem arises when a limited resource
is allocated among competing activities, and an upper bound is imposed on the number
of activities that can be selected in a solution. The Cardinality Constrained Knapsack
Problem is NP-hard. We analyze the structural properties of its optimal solutions and
propose procedure allowing to reduce the size of the original problem.

Poster Session V, D3P-E
Day: Thursday, August 31, 2017
Time: 10:00 - 12:00
Room: Poster Area
Chair: Pawel Dworak

Paper: 6030 D3P-E

Speed as an Element of Optimal Vessel Traffic Scheduling
Waldemar Uchacz1

1Maritime University of Szczecin w.uchacz@am.szczecin.pl

The article presents two different models used for vessel traffic scheduling for fairway
transits, as a factor increasing traffic safety: a model with fixed speeds of vessels on the
fairway, and a model in which ship speed can be controlled within specific limits (vmin,
vmax). Both models were compared to each other making use of the the actual traffic
problem in the Szczecin - Świnoujście fairway. It has been found that both methods for
the examined dimension of the problem are effective.
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Paper: 6033 D3P-E

Analysis of 3D Model of Reluctance Stepper Motor with a
Novel Construction

Jakub Kołota1, Slawomir Stępień2

1Poznań University of Technology Jakub.Kolota@put.poznan.pl
2Poznań University of Technology Slawomir.Stepien@put.poznan.pl

A method of modeling and numerical simulation of the reluctance stepper motor using
time stepping finite element method (FEM) is presented. In proposed model, the nonlinear
electromagnetic field equations and the circuit equations are strongly coupled and solved
together with motion equation at each time step. The subject of this paper is a novel form
of construction of reluctance steppe motor bases purely on variable-reluctance principle.
In this paper a modeling method and a numerical simulation of the two-phased variable
reluctance stepper motor is presented. This approach demonstrates that the dynamics of
classic reluctance stepper motor construction can be improved by 3D nonlinear distributed
parameters models. The optimization of the motor geometry has been solved numerically
and the proposed model may contribute to the improvement of the drives dynamics in
the future prototypes.

Paper: 6036 D3P-E

Parametric Identification of Mathematical Model of Inverter
Drive Hydraulic Pump with Induction Motor

Tadeusz Stefański1, Łukasz Zawarczyński2
1Kielce University of Technology t.stefanski@tu.kielce.pl

2Kielce University of Technology l.zawarczynski@tu.kielce.pl

Problem of mathematical modelling and parameter identification of inverter drive hy-
draulic pump with induction motor was analysed. The numerical Box’s method of static
optimisation was applied in parametric identification of the drive system parameters. In
identification studies excitation signal of synchronous frequency, slip frequency and ampli-
tude of the stator voltage were used. The influence of the excitation signal on the values
of identified parameters was shown in laboratory tests. It was concluded that the results
of the identification were determined by the plan of the experiment and the applied drive
signal. The changes of identified parameters were caused not only by changes in the real
value of the drive parameters, but also by the identification errors. The experimental
verification was carried out for the inverter-fed AC motor drive.
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Paper: 6064 D3P-E

Modelling of a Contact Pressure Distribution Caused by
Assembly Errors in a Spur Gear Transmission

Piotr Jabłoński1, Rafał Talar2, Katarzyna Peta3, Karol Grochalski4, Marcin
Suszyński5

1Poznań University of Technology piotr.le.jablonski@doctorate.put.poznan.pl
2Poznań University of Technology rafal.talar@put.poznan.pl

3Poznań University of Technology katarzyna.peta@put.poznan.pl
4Poznań University of Technology karol.grochalski@wp.p

5Poznań University of Technology marcin.suszynski@put.poznan.pl

Following paper presents development and results of FE (finite element) model for esti-
mation of gear teeth load irregularities caused by assembly errors. Possible sources of
geared train transmission components misalignment were presented. Method for pinon
shaft misalignment were proposed. Simulation preparation including boundary condi-
tions, geometry discretization and load modelling were described. Obtained results were
presented and discussed.

Paper: 6067 D3P-E

Replacement Strategies of Genetic Algorithm in Parametric
Identification of Induction Motor

Katarzyna Rutczyńska-Wdowiak1

1Kielce University of Technology K.Rutczynska@tu.kielce.pl

The paper presents the parametric identification of induction motor mathematical model
with the use of genetic algorithm. The influence of population replacement strategy on
the identification results is analyzed. The identified parameters of the model were deter-
mined as a result of minimization of performance index defined as the mean-square error
of stator current and angular velocity. The experimental investigations were performed
for induction motor powered from voltage inverter. The work deals with the problem
of identification, genetic operators and replacement strategies. The algorithm was ana-
lyzed with regard to convergence and accuracy of identification process and the time of
numerical calculations.
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Paper: 6069 D3P-E

Hybrid Batch Reactor Modeling and Experimental Evaluation
of Heat Transfer Process

Malgorzata Niedzwiedz1, Piotr Laszczyk2, Piotr Skupin3, Mieczyslaw
Metzger4

1Silesian University of Technology malgorzata.niedzwiedz@polsl.pl
2Silesian University of Technology piotr.laszczyk@polsl.pl

3Silesian University of Technology piotr.skupin@polsl.pl
4Silesian University of Technology mieczyslaw.metzger@polsl.pl

In this paper a hybrid chemical reactor, known also as the partially simulated reactor,
is presented. Such reactor consists of a jacketed vessel and LabVIEW based real-time
simulator of a chemical reaction. This reactor can be used for testing advanced control
strategies. Experimenting with the hybrid reactor exclude risk of a thermal runaway be-
cause the simulated chemical reaction can be stopped at any time. To make the hybrid
reactor a highly nonlinear benchmark plant, the reaction parameters must be properly
selected, taking into account all the constraints of the designed system. For this reason,
preliminary tests using a numerical simulator were performed to avoid time consuming
experiments with the hybrid reactor. In our research, we consider three different models
of the batch hybrid reactor. Results show that an overall heat transfer coefficient cannot
be assumed constant to obtain a good agreement between the simulation and the mea-
surement data. Moreover, the overall heat transfer coefficient varies with flow through
the jacket and a dispersion of its values is different for each model.

Paper: 6107 D3P-E

On Some Properties of ν-Similar One-Dimensional Birth-Death
Processes

Marzena Filipowicz-Chomko1, Ewa Girejko2, Anna Poskrobko3

1Bialystok University of Technology m.filipowicz@pb.edu.pl
2Bialystok University of Technology e.girejko@pb.edu.pl

3Bialystok University of Technology a.poskrobko@pb.edu.pl

The aim of this note is to exploit v-similarity of birth-and-death processes in one– dimen-
sional case. In particular, a sufficient condition for two processes being similar is derived.
We also give formulas for birth-and-death rates of similar processes. Example to illustrate
the results is provided.
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Paper: 6122 D3P-E

Developing a New Low and High Frequency Model to Three
Phase Transformer by FRA Measurement

Moustafa Sahnoune Chaouche1, Samir Moulahoum2, Hamza Houassine3

1University of Médéa moustafa-chaouche@hotmail.fr
2University of Médéa samir.moulahoum@gmail.com
3University of Médéa hamza_houassine@yahoo.fr

The behaviors analysis of the transformer is usually done using the FRA response, which
is obtained by the application of a very low AC voltage in over a wide frequency range.
However, this paper presents a high frequency modeling approach of a three-phase trans-
former, in addition, the developed model consists of a cascade of parallel RLC cells, whose
parameters are identified using the FRA data measurements obtained on each transformer
phase. Thus, the proposed model can simulate the frequency behavior of the transformer
windings without resorting to the geometries of the coils which makes it easily usable in
the failure diagnosis field. Experimental results on a 1kVA laboratory transformer validate
the proposed model.

Paper: 6139 D3P-E

Rotational Speed Control of Multirotor UAV’s Propulsion Unit
Based on Fractional-Order PI Controller

Wojciech Giernacki1, Talar Sadalla2, Jarosław Gośliński3, Piotr Kozierski4,
João Paulo Coelho5, Saša Sladić6

1Poznań University of Technology wojciech.giernacki@put.poznan.pl
2Poznań University of Technology talarsadalla@yahoo.com

3Poznań University of Technology jaroslaw.a.goslinski@doctorate.put.poznan.pl
4Poznań University of Technology piotr.kozierski@gmail.com

5Instituto Politécnico de Bragança jpcoelho@ipb.pt
6University of Rijeka sladics@riteh.hr

In this paper the synthesis of a rotational speed closed-loop control system based on a
fractional-order proportional-integral (FOPI) controller is presented. In particular, it is
proposed the use of the SCoMR-FOPI procedure as the controller tuning method for
an unmanned aerial vehicle’s propulsion unit. In this framework, both the Hermite-
Biehler and Pontryagin theorems are used to predefine a stability region for the controller.
Several simulations were conducted in order to try to answer the questions – is the FOPI
controller good enough to be an alternative to more complex FOPID controllers? In
what circumstances can it be advantageous over the ubiquitous PID? How robust this
fractional-order controller is regarding the parametric uncertainty of considered propulsion
unit model?
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Paper: 6157 D3P-E

Toward Cache Based Decision Making Embedded Control
Systems

Dominika Swierczynska1, Tomasz Stach2, Mariusz Pelc3

1Opole University of Technology d.swierczynska@doktoranci.po.opole.pl
2Opole University of Technology t.stach@doktoranci.po.opole.pl

3Opole University of Technology mariusz.pelc@gmail.com

Typically, the deployment platform that is responsible for processing the information
about a controlled system and provide control decisions are various kinds of embedded
systems. These systems are known of increasing processing power yet the resource con-
straints are still a problem, especially when it comes to processing huge amounts of envi-
ronmental information in real time. Implementing self-learning capability apart from an
up-datable knowledge base will also a decision(s) cache that would allow to provide some
ŕememberedd́ecisions rather than evaluate them from the very beginning. The aim of this
paper is to analyse impact of a database system on the performance of the embedded
control system through running sets of benchmarks involving various database systems.

Paper: 6165 D3P-E

Real-Time Monitoring System for Potentially Dangerous
Activities Detection
Aleksandra Postawka1

1Wrocław University of Science and Technology aleksandra.postawka@pwr.edu.pl

Cognitive impairments are an unavoidable community problem. People suffering from
such diseases need all day long attention with varying care difficulty depending on the
type of disorder. What makes care harder in the case of autism is the frequent occurrence
of self aggressive behaviors. The monitoring system is supposed to detect such situations
and differentiate them from similar normal activities. In this paper the Averaged Hidden
Markov Models are used for potentially dangerous activities detection in the real time
monitoring system. The acceleration measure has been used in order to discriminate dan-
gerous and normal situations. Additionally algorithms for real time activity recognition
have been presented. The experiments have been conducted for a set of data containing
hitting and touching sequences obtained from the depth sensor.
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Paper: 6170 D3P-E

Model of an Electric Vehicle Powered by a PV Cell – a Case
Study

Adrian Chmielewski1, Przemysław Szulim2, Mariusz Gregorczyk3, Robert
Gumiński4, Tomasz Mydłowski5, Jędrzej Mączak6

1Warsaw University of Technology a.chmielewski@mechatronika.net.pl
2Warsaw University of Technology p.szulim@mechatronika.net.pl

3Warsaw University of Technology mgregorczyk94@gmail.com
4Warsaw University of Technology rgumin@simr.pw.edu.pl

5Warsaw University of Technology t.mydlowski@mechatronika.net.pl
6Warsaw University of Technology jma@mechatronika.net.pl

The paper presents a model of an electric vehicle with a thin flexible photovoltaic cell
installed on the roof. The vehicle’s model consists of the following sub-models: a set
of batteries (LiFePO4), an electric machine, converters, resistance to motion and the
gearbox model. Based on the analysis of an equivalent schematic for a photovoltaic cell,
equations have been derived which account for the losses that occur in a real-life object.
A simulation model has been developed in the Matlab&Simulink program while using
the results of the analysis conducted for the physical models of the above-mentioned
components of the electric vehicle – photovoltaic cell system. The driving cycle has been
adopted on the basis of the road conditions while accounting for the changes in irradiance
during the drive from Jelenia Góra to Olsztyn.

Paper: 6171 D3P-E

Model of a Stirling Engine with a Rhombic Drive: Case Study
Adrian Chmielewski1, Robert Gumiński2, Jędrzej Mączak3, Tomasz

Mydłowski4
1Warsaw University of Technology a.chmielewski@mechatronika.net.pl

2Warsaw University of Technology rgumin@simr.pw.edu.pl
3Warsaw University of Technology jma@mechatronika.net.pl

4Warsaw University of Technology t.mydlowski@mechatronika.net.pl

This work presents a dynamic model of the Stirling engine with a rhombic working mech-
anism which was combined with the thermodynamic model taking into consideration
isothermal heat exchange in the compression and expansion spaces. On the basis of the
conducted thermodynamic analysis for the working space in the Stirling engine and for
the physical model of the rhombic drive system, a simulation model was developed using
the Matlab&Simulink software. The model was prepared to analyse the influence of the
selected thermodynamic and mechanical parameters including among other things: in-
fluence of the thermodynamic parameters, among others: temperature of the upper heat
source on theoretical work increase and theoretical power. As a result of the performed
simulations, the flow of the working gas mass at the control boundaries, as well as the
heat flux waveforms were also shown, among other things.
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Paper: 6215 D3P-E

Case Study of Switched Reluctance Motor for Use in the
Electric Torque Tool

Jerzy Baranowski1, Tomasz Drabek2, Tomasz Lerch3, Paweł Piątek4

1AGH University of Science and Technology jb@agh.edu.pl
2AGH University of Science and Technology drabek@agh.edu.pl
3AGH University of Science and Technology lerch@agh.edu.pl

4AGH University of Science and Technology ppi@agh.edu.pl

The paper presents a prototype of a high-speed Switched Reluctance Motor designed for
power tools and results of simulations of the control system of this motor. The basic
aims of the simulation was to determine the efficient control of the motor phases and
to determine the electromagnetic torque ripple. Simulations have shown the necessity of
modifying the drive control algorithm to reduce the amount of alternating components of
the electromagnetic torque of the motor.

Signal Processing & Networked Control Systems, D4L-A
Day: Thursday, August 31, 2017
Time: 11:20 - 13:00
Room: Casino
Chair: Rafal Stanislawski

Paper: 6081 D4L-A

Base-Stock Distributed Inventory Management in
Continuous-Review Logistic Systems – Control System

Perspective
Przemyslaw Ignaciuk1

1Łódź University of Technology przemyslaw.ignaciuk@p.lodz.pl

In the paper, the dynamics of goods distribution systems managed according to the
continuous-review base-stock inventory policy are investigated. As opposed to the pre-
vious studies, which limit the scope to the fundamental serial and tree-like settings, a
multi-echelon mesh topology of interconnected actors (suppliers, distribution center, re-
tailers) is considered. The exogenous, uncertain demand may be imposed on any node in
the controlled system, not just conveniently selected end points. The stock replenishment
orders are realized with nonnegligible delay. A state-space model to study the properties
of base-stock policy is proposed. The choice of control system parameters for obtaining
a high service level with reduced holding costs is discussed. The analytical findings are
supported by numerical tests.
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Paper: 6168 D4L-A

Determining Orientation of the Aerodynamically Adhesive
Wall Climbing Robot

Vladislav Chashchukhin1, Dmitri Knyazkov2, Maxim Knyazkov3, Armen
Nunuparov4

1Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences ketlk@mail.ru
2Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences knyaz@ipmnet.ru

3Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences

ipm_labrobotics@mail.ru
4Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences anunuparov@me.com

The paper considers determining the orientation of a vertically moving robot with an
aerodynamic fixation. A design of the created robot is described. The problem of finding
orientation of the robot from a data collected from an accelerometer sensor is considered.
An accuracy and noise in the data are studied. The moving average filter for on-board
real-time data processing is proposed and is implemented in the robot controller. The
filter significantly decreases the noise level and makes the orientation data suitable for
the robot operation.

Paper: 6243 D4L-A

Indirect Measurements of Milling Product Quality in the
Classification System of Electromagnetic Mill
Dariusz Buchczik1, Jan Wegehaupt2, Oliwia Krauze3

1Silesian University of Technology dariusz.buchczik@polsl.pl
2Silesian University of Technology jan.wegehaupt@polsl.pl
3Silesian University of Technology oliwia.krauze@polsl.pl

The article presents results of research on evaluation of the quality of material obtained
in the milling and classification installation with the electromagnetic mill. The meth-
ods discussed in the paper are moisture content measurements of the milled material
using impedance and IR absorption methods as well as vibration-based measurements of
granularity and flow rate of the material. Indirect methods of moisture measurements
provide satisfactory results, whereas vibration-based method fails in this case. The grains
of copper ore examined in the experiments are too small and lightweight and the recorded
acceleration signal is too noisy to be used.
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Modelling and Simulation III, D4L-B
Day: Thursday, August 31, 2017
Time: 11:20 - 13:00
Room: Kalman
Chair: Jaroslaw Figwer

Paper: 6253 D4L-B

Multivariate Generalized Gaussian Function Mixture for
Volume Modeling of Parathyroid Glands

Maria H. Listewnik1, Hanna Piwowarska–Bilska1, Krzysztof Safranow1,
Jacek Iwanowski1, Maria Laszczyńska1, Maria Chosia1, Marek Ostrowski1,

Bozena Birkenfeld1, Przemyslaw Mazurek9

1Pomeranian Medical University in Szczecin
9West Pomeranian University of Technology, Szczecin przemyslaw.mazurek@zut.edu.pl

The main contribution of this paper is the proposal of volume modeling of parathyroid
gland. Multivariate generalized Gaussian distribution (Multivariate GGD) mixture is
assumed. Random walk optimization algorithm is applied for the estimation of parame-
ters. There are 800 synthetic test cases applied for the evaluation of algorithm properties.
Example result for real SPECT data are also shown. The essential is the computation
time, so GPGPU implementation is proposed for reduction of processing time. Obtained
parameters of mixture are required for further analysis of relation to patient data.

Paper: 6106 D4L-B

Takagi-Sugeno Fuzzy Model of Dissolved Oxygen
Concentration Dynamics in a Bioreactor at WWTP
Tomasz Zubowicz1, Kazimierz Duzinkiewicz2, Robert Piotrowski3

1Gdańsk University of Technology tomasz.zubowicz@gmail.com
2Gdańsk University of Technology kazimierz.duzinkiewicz@pg.gda.pl

3Gdańsk University of Technology robert.piotrowski@pg.gda.pl

The importance of dissolved oxygen (DO) concentration control in aeration tanks of a
bioreactor at flow-through wastewater treatment plant (WWTP) can easily be justified
by technological requirements as well as simple economics. Firstly, appropriate levels
of DO concentration are essential for the vitality of microorganisms that comprise the
bioreactor. Secondly, the costs of DO concentration control related to the blower station
operation constitute up to 75
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Paper: 6058 D4L-C

Desiginig of Active Vibration Control System for Smart
Structure 2-D with Non-Collocated Piezo-Elements

Andrzej Koszewnik1

1Bialystok University of Technology a.koszewnik@pb.edu.pl

To design vibration control system for flexible structures their mathematical model should
be reduced. In the paper we consider the influence of the model reduction on the dynamics
of the real closed-loop system. A SFSF smart plate as a TITO system is an object of
consideration since we are able to formulate the exact analytical model of such structure.
As a result of reduction the model with low frequency resonances is usually separated
from the high frequency dynamics because high frequency part of the model is naturally
strong damped. In order to estimate dynamical system for control purposes in the paper
we applied a few orthogonal methods such as: modal and Schur decompositions. As it
is shown all methods well calculate resonances frequencies but generate different anti-
resonances frequencies. From control strategy in point of view of the flexible structures
these anti-resonances have significantly influence on the stability and dynamics of the
closed-loop systems.

Paper: 6104 D4L-C

Reconfiguration of Fixed-Wing UAV Control System in
Autonomous Flight

Marcin Żugaj1
1Warsaw University of Technology zugaj@meil.pw.edu.pl

A reconfiguration method using model-based control allocation scheme is proposed in this
paper. A reconfigurable closed-loop control system is established for control of a UAV
fixed wing aircraft in autonomous flight in case of single and multiple control surfaces
failures. The control allocation is determined by using of a nonlinear dynamic model of a
UAV aircraft. The model is also used to demonstrate the proposed method. Simulation
results show that the damaged aircraft control via proposed reconfiguration method can
be carried out and satisfactory controllability performance may be achieved.
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Paper: 6127 D4L-C

Deep Neural Networks Approach to Skin Lesions Classification
– a Comparative Analysis

Arkadiusz Kwasigroch1, Agnieszka Mikołajczyk2, Michał Grochowski3
1Gdańsk University of Technology a.kwasigroch@gmail.com

2Gdańsk University of Technology mikolajczyk.agniesz@gmail.com
3Gdańsk University of Technology michal.grochowski@pg.gda.pl

The paper presents the results of research on the use of Deep Neural Networks (DNN) for
automatic classification of the skin lesions. The authors have focused on the most effective
kind of DNNs for image processing, namely Convolutional Neural Networks (CNN). In
particular, three kinds of CNN were analyzed: VGG19, Residual Networks (ResNet) and
the hybrid of VGG19 CNN with the Support Vector Machine (SVM). The research was
carried out with the use of database of over 10 000 images representing skin lesions: benign
and malignant. Because of an uneven number of images representing different classes of
lesions, the up-sampling of underrepresented class was applied. The comparison of the
CNN structures with respect to the accuracy, sensitivity and specificity was performed
using k-fold validation method.
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What to see at Międzyzdroje?

Międzyzdroje is a popular charming seaside holiday resort located on the Wolin Island in
the north-western corner of Poland (ca. 100 km north of Szczecin, ca. 250 km northeast
of Berlin and ca. 600 km north-west of Warsaw) between the Wolin National Park Forest
and sandy beach with a steep cliff shoreline. The beauty of Międzyzdroje lies in its
fine architecture and natural environment. Together with the adjoining Wolin National
Park, which houses one of the very few bison reserves in the world, and offers a series of
awe-inspiring hiking trails, it is a place of unique scenic, cultural and tourist value.

Places particularly worth visiting:

Kawcza Góra, a hill in the eastern part of the town. A nice walking path leads to the
top, where two rocks commemorate two congresses of foresters; stairs go down to the sea.

The Międzyzdroje cliff, the highest sea shore in Poland, rising up to 95 meters above
sea level, is damaged by marine erosion - up to one meter of land is cut by waves every
year.

The Parish Church of St. Peter the Apostle, built in 1862, was designed by
the famous architect Stüler and co-designed by King of Prussia Frederic William IV,
who covered most of the construction costs. The International Choir Song Festival and
concerts of organ music are held in the church.

The Stella Matutina (Morning Star) Chapel built in 1902, houses a hospice run by
the Borromean Nuns.

The fishing harbour in the eastern part of the town.

The bison reserve, established in 1976, it is also inhabited by other animal species, e.g.
the wild boar and the roe-deer.

The marked path in the National Park: the red trail along the sea coast, the green
trail to Lake Czajcze near Warnowo, and the blue trail to Zielonka hill at Lubin pass by
many vantage points and nature reserves.

Zielonka hill at Lubin, the most beautiful panoramic view of the Old Swina river marshes
and the Szczecin Lagoon.

Lake Czajcze near Warnowo, a picturesque postglacial water reservoir shaped like a
horseshoe. The peninsula in the middle was a site of a 14th-c. settlement.

Lake Turkusowe at Wapnica hides a flooded chalk mine. Its turquoise water and pic-
turesque steep shores are an attraction of this landscape reserve.

Wolin, the legendary 9th/11th-c. port town of Vineta. It has an archaeological museum
and other ancient sites, including the 9th-c. burial ground with barrows.
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