6™ INTERNATIONAL SYMPOSIUM ON INDUSTRIAL
ENGINEERING

INDUSTRIAL ENGINEERING DEPARTMENT,
FACULTY OF MECHANICAL ENGINEERING,
UNIVERSITY OF BELGRADE, SERBIA
&
STEINBEIS ADVANCED RISK TECHNOLOGIES,
STUTTGART, GERMANY
&
INNOVATION CENTER OF THE FACULTY OF
MECHANICAL ENGINEERING,
UNIVERSITY OF BELGRADE

/7N
SIE20

Vesna Spasojevi¢-Brki¢
Mirjana Misita
Dragan D. Milanovié¢

Editors:

nQZ~OmmOO A

24"25™ September 2015
Belgrade, Serbia



Editors

Vesna Spasojevi¢-Brkic¢
Mirjana Misita

Dragan D. Milanovi¢

6th INTERNATIONAL SYMPOSIUM ON INDUSTRIAL ENGINEERING - SIE
2015, PROCEEDINGS

Publisher
Faculty of Mechanical Engineering, Belgrade

Printing firm
"Penda d.0.0." Beograd

Published 2015
ISBN 978-86-7083-864-2

CIP - Katanorusanuja y nyoJauKauuju -
Haponna 6ubimmorexa Cpouje, beorpaj

005.22(082)
658.5(082)
006.83:338.45(082)

INTERNATIONAL Symposium of Industrial Engineering
(6th ; 2015 ; Beograd)

Proceedings / 6th International Symposium of Industrial Engineering -
SIE 2015, 24th-25th September, 2015, Belgrade ; [organizers] Industrial
Engineering Department, Faculty of Mechanical Engineering, University of
Belgrade [and] Steinbeis Advanced Risk Technologies, Stuttgart, Germany
[and] Innovation Center of The Mechanical Engineering, University of
Belgrade ; editors Vesna Spasojevic¢-Brki¢, Mirjana Misita, Dragan D.
Milanovié. - Belgrade : Faculty of Mechanical Engineering, 2015 (Beograd :
Penda). - [9], 358 str. : ilustr. ; 30 cm

Tekst Stampan dvostubacno. - Tiraz 100. - Str. [4]: Preface / editors. -
Bibliografija uz svaki rad.

ISBN 978-86-7083-864-2

1. Spasojevié¢-Brkié, Vesna [ypenuuk] [ayrop nonarHor tekcral, 1971-

2. Faculty of Mechanical Engineering (Beograd). Industrial Engineering
Department

a) IIpousBonma - Opranu3zauuja - 36opuuiy b) MuaycTpujcky MEHaIMEHT -
36o0puunu ¢) Unnycrpuja - Cucrem kBanutera - 300pHULIN

COBISS.SR-ID 217321228

Sponzored by
Government of the Republic of Serbia
Ministry of Education, Science and Technological Development

:ﬂ Coremzerd oftbe Eepubl of Sertay
i 7& 1 Ministry of Efuration, Scieace and
Techzolopical Develupzenl



SIE2015

Organizers of SIE 2015:

INDUSTRIAL ENGINEERING DEPARTMENT, FACULTY OF MECHANICAL
ENGINEERING, UNIVERSITY OF BELGRADE, SERBIA & STEINBEIS
ADVANCED RISK TECHNOLOGIES, STUTTGART, GERMANY & INNOVATION
CENTER OF THE FACULTY OF MECHANICAL ENGINEERING, UNIVERSITY

OF BELGRADE

Program Advisory Committee

Chairperson: Milanovic D. Dragan, FME,

Belgrade, SERBIA; Jovanovic Aleksandar,

Stuttgart University, Stuttgart, GERMANY

Babi¢ Bojan, FME, BU (SRB)

Spasojevi¢-Brki¢ Vesna, FME, BU (SRB)

Buchmeister Borut, University of Maribor (SLO)

Bugari¢ Ugljesa, FME, BU (SRB)

Casadesus Marti, Universidad de Girona (ESP)

Csetverikov Dmitrij, Hungarian Academy of

Sciences, Institute for Computer Science and

Control (HUN)

e Cvijanovi¢ Janko, Economics Institute, Beograd,
(SRB)

e Dondur Nikola, FME, BU (SRB)

e Dzwiarek Marek, Central Institute for Labour
Protection — National Research Institute (POL)

e Engh Erik, HCR (NOR)

e Filipovi¢ Jovan, FOS, BU (SRB)

e Grozdanovi¢ Miroljub, Faculty of Occupational
Safety, Nis (SRB);

e Karapetrovic Stanislav,
(CAN)

e Kirin Snezana, IC, FME (SRB)

e Klarin Milivoj, TF "Mihajlo Pupin", UNS (SRB)

University of Alberta

Organizing Committee

e Kreiner Jesa, California State Universitiy, Fullerton
(USA)

Lali¢ Bojan, FTS, UNS (SRB)

Lisjak Dragutin, Polytechnic of Zagreb (HRV)
Lucanin Vojkan, FME, BU (SRB)

Majstorovi¢ Vidosav, FME, BU (SRB)
Milanovi¢ Lj. Dragan, FME, BU (SRB)

Milazzo Francesca Maria, UM (ITA)
Milovancevi¢ Milorad, FME, BU (SRB)
Minovski Robert, FME, Skoplje, (MKD)

Misic Dimic Katarina, Aalto University, (FIN)
Misita Mirjana, FME, BU (SRB)

Nunes Lopes Isabel, FCTUNL, Lisbon (PRT)
Petrovi¢ Dusan, FME, BU (SRB)

Pokrajac Slobodan, FME, BU (SRB)

Popovi¢ Predrag, Institute Vinca (SRB)

Putnik Goran, Universidade de Minho, (PRT)
Sajfert Zvonko, TF "Mihajlo Pupin", UNS (SRB)
Shuman Rutar Teodora, Seattle University (USA)
Uzunovic-Zaimovic Nermina, FME, Zenica (BIH)
Valis David, UD (CZE)

Vancza Jozsef, MTA SZTAKI (HUN)

Veljkovi¢ Zorica, FME, BU (SRB)

Zivkovié Zivan, TFB, Bor (SRB)

Zunji¢ Aleksandar, FME, BU (SRB)

. Vesna Spasojevic-Brkic, PhD, Associate Professor, FME, Belgrade, Serbia, Chairperson
. Mirjana Misita, PhD, Associate Professor, FME, Belgrade, Serbia

. Sonja Josipovié, MSc, FME, Belgrade, Assistant, Serbia

. Tamara Golubovi¢, MSc, FME, Belgrade, Assistant, Serbia



SIE2015

Since the first symposium in Belgrade, Serbia nearly two decades ago, in 1996, International Symposium
on Industrial Engineering - SIE has been held regularly every 3 years. It represents an opportunity for
researchers in the Industrial Engineering community to review and evaluate their scientific achievements over
the period since the previous SIE, share their most recent results and ideas, and discuss possibilities for new
directions in research, joint experiments and observing campaigns.

The aim of the 6th International Symposium on Industrial Engineering — SIE 2015 is to contribute to a
better comprehension of the role and importance of Industrial Engineering and to point out to the future trends in
the field of Industrial Engineering. The Symposium is also expected to foster networking, collaboration and joint
effort among the conference participants to advance the theory and practice as well as to identify major trends in
Industrial Engineering today. According to these goals the Symposium addresses itself to all experts in all fields
of Industrial Engineering to make their contribution to success and show capabilities achieved in the work that
has been done are very welcomed. SIE 2015 provides an international forum for the dissemination and exchange
of scientific information in industrial engineering fields through the large number of multidisciplinary topics.

The book brought together 80 papers and more than 220 authors from 19 countries, namely from Serbia,
Germany, Portugal, Spain, France, Iran, Finland, Switzerland, Israel, Hungary, Canada, Lybia, China, FR
Macedonia, Ttaly, United Kingdom, Taiwan, Russia and Bosnia and Herzegovina. The submitted full length
manuscripts were peer-reviewed, and selected for publication by experts in their respective fields. The authors
ranged from senior and renowned scientists to young researchers. Only unpublished papers were accepted and
the first author is responsible for the originality of the paper. All papers are classified into seven chapters:

e Plenary Lectures,

PREFACE

e Risk Management,

e  Human Factors,

e Production and Quality Management,
e Information Technologies,

e Engineering Management and

e  Other Technologies in Industrial Engineering.

We expect that papers and discussions will contribute to better comprehension the role and importance of
Industrial Engineering in this and other countries, both in domain of scientific work and everyday practice.

Our efforts in organizing would not succeed without the considerable help of the members of Scientific
Program and the financial help of Ministry of Education, Science and Technological Development was greatly
supportive for the success of the entire project.

At the end, the editors hope, and would like, that this book to be useful, meeting the expectation of the
authors and wider readership and to incentive further scientific development and creation of new papers in the
field of Industrial Engineering.

Welcome to the 6th International Symposium on Industrial Engineering — SIE 2015! We wish to all
participants a pleasant stay in Belgrade and are looking forward to seeing you all together at the 7th Symposium
on Industrial Engineering — SIE 2018.

Belgrade, September 2015

EDITORS
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