9th International Conference on
Industrial Engineering and
Operations Management

March 5-7, 2019, Bangkok, Thailand
Venue: JW Marriot Bangkok

IEOM

IEOM Society

Ninth International Conference on

Industrial Engineering and Operations Management
Bangkok, Thailand, March 5-7, 2019, Venue: JW Marriot Bangkok Hotel

www.ieomsociety.org/Zieom2019/

IEOM Society International, a 501(c)(3) nonprofit organization, is organizing the 9™ International Conference on Industrial
Engineering and Operations Management in Bangkok, Thailand, March 5-7, 2019. The conference aims to provide a forum for
academics, researchers and practitioners to exchange ideas and recent developments in the field of Industrial Engineering and
Operations Management. The conference is expected to foster networking, collaboration and joint effort among the conference
participants to advance the theory and practice and to identify major trends in Industrial Engineering and Operations Management.

Authors can submit full paper(s) or abstract(s) only. IEOM Society encourages to submit full paper(s). All full papers will be
subjected to double peer review. Accepted papers will be published in Proceedings and indexed by Scopus.

Tracks: Topics covering industrial issues/applications and academic research include, but are not limited to:

Artificial Intelligence

Automation and Control
Business Management

Case Studies

Computers and Computing
Construction Management

Data Analytics and Big Data
Decision Sciences

Defense Management Science
Design and Analysis

E-Business and E-Commerce
Energy

Engineering Economy
Engineering Education
Engineering Management
Entrepreneurship and Innovation
Facilities Planning and Management
Financial Engineering
Healthcare Systems

Human Factors and Ergonomics
IE / OM in Africa, Asia & Europe
Industrial Management
Information Technology/Information Systems
Inventory Management

Lean and Six Sigma

Logistics Management

Material Flow Cost Accounting (MFCA)
Modeling and Simulation

Occupational Safety and Health (OSH)
Operations Management

Operations Research

Product Design and Development

Product Lifecycle Management

Production Planning and Management
Project Management / Program Management
Quality Control and Management
Reliability and Maintenance

Sensors and Sensing Systems

Service Systems and Service Management
Software Testing and Quality Assurance
Statistical Process Control

Statistics and Empirical Research

Supply Chain Management

Sustainability and Green Systems
Sustainable Manufacturing

Sustainable Production and Quality Management
Systems Dynamics

Systems Engineering

Technology Management

Total Quality Management
Transportation and Traffic

Work Design, Measurement and 1ISO

Special Tracks

Global Engineering Education (GEE)

Industry 4.0 for SMEs

Industry Solutions

Women in Industry & Academia (WIIA)

Panel Sessions on GEE, Industry 4.0 and WIIA

Competitions

Undergraduate Student Paper Competition
Graduate Student Paper Competition
Doctoral Dissertation Competition

Master Thesis Competition

Undergraduate STEM Research Competition
Senior Capstone Design Project Competition
High School & Middle School STEM Competition
Poster Competition

Simulation Competition

Lean Six Sigma Competition

Logistic Supply Chain Competition

Fellows and Awards Recognition
Exhibitions
Sponsorship Opportunities

IEOM Student Chapters Activities Presentations and Gold, Silver & Bronze Awards

Sightseeing Tours

Career and High Studies Opportunities - Networking

Conference Chairs

Dr. Wichai Chattinnawat, Chiang Mai University, Thailand

Dr. Ahad Ali, Lawrence Technological University, Michigan, USA

Sponsors and Partners

Chiang Mai University
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Bangkok, Thailand, March 5-7, 2019
Venue: JW Marriott Hotel Bangkok

Call for Papers - Flyer

Submission Link: https://www.xcdsystem.com/IEOM/abstract/index.cfm?ID=ulLrg3Gl

IEOM Society International is organizing 9th International Conference on Industrial Engineering and
Operations Management in Bangkok, Thailand during March 5-7, 2019. The conference aims to
provide a forum for academics, researchers and practitioners to exchange ideas and recent
developments in the field of Industrial Engineering and Operations Management. The conference 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 and Operations Management.

IEOM Paper Template (*.docx) IEOM Abstract Template (*.docx)

Authors can submit full paper(s) or abstract(s) only. plate to
prepare papers or abstracts. IEOM Society encourages to submit full paper(s). All full papers will be
subjected to double peer review. Accepted papers will be published in the Proceedings and indexed
in SCOPUS. Any submission implies that an author will attend the 2019 IEOM Bangkok Conference
and present the paper or abstract.
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Bangkok, Thailand, March 5-7, 2019
Venue: JW Marriott Hotel Bangkok

Call for Papers - Flyer

Submission Link: https://www.xcdsystem.com/IEOM/abstract/index.cfm?ID=uLrg3Cl

IEOM Society International is organizing 9th International Conference on Industrial Engineering and
Operations Management in Bangkok, Thailand during March 5-7, 2019. The conference aims to
provide a forum for academics, researchers and practitioners to exchange ideas and recent
developments in the field of Industrial Engineering and Operations Management. The conference 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 and Operations Management.

IEOM Paper Template (*.docx) IEOM Abstract Template (*.docx)

Authors can submit full paper(s) or abstract(s) only. Authors MUST use the conference template to
prepare papers or abstracts. IEOM Society encourages to submit full paper(s). All full papers will be
subjected to double peer review. Accepted papers will be published in the Proceedings and indexed
in SCOPUS. Any submission implies that an author will attend the 2019 IEOM Bangkok Conference
and present the paper or abstract.
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presented at the conference in Bangkok and winners will be selected after the oral or poster
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presentation. Winners will be announced and recognized at the conference award dinner on March
6, 2019 at the JW Marriott Hotel in Bangkok, Thailand.

Undergraduate Student Paper Competition Sponsored by SIEMENS
Graduate Student Paper Competition Sponsored by EATON Corporation
Master Thesis Competition

Doctoral Dissertation Competition

Final Year Project (FYP)/Senior Capstone Design Project Poster Competition
Undergraduate STEM Research Competition

High School and Middle School STEM Competition

Simulation Competition

Lean Six Sigma Competition

Logistics Supply Chain Competition

Poster Competition

Important Dates
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Paper submission deadline: October 31, 2018
Notification of acceptance: November 10, 2018
Camera-ready submission deadline: November 20, 2018
Early Bird Registration deadline: December 15, 2018
Conference: March 5-7, 2019

. Chiang Mai University, Thailand

. Prince of Songkla University, Thailand

. Khon Kaen University, Thailand

. KMUTNB: King Mongkut’s University of Technology North Bangkok

. King Mongkut’s Institute of Technology Ladkrabang (KMITL), Thailand

. Universite De Lorraine, Nancy cedex - France

. Binghamton University, The State University of New York (SUNY), USA

. Industrial Engineering Department, Universitas Sebelas Maret, Surakarta, Indonesia
. Lawrence Technological University, Michigan, USA

. Narotama University, Surabaya, Indonesia

. Prince Sultan University, Riyadh, Saudi Arabia

. University of New Brunswick at Fredericton, Canada

. Center for Advanced Systems Research and Education (CASRE), Tickle College of Engineering,

The University of Tennessee, Knoxville, USA

Universitas Tarumanagara, Jakarta, Indonesia

Universiti Tun Hussein Onn Malaysia (UTHM)

UTM Razak Faculty of Technology and Informatics, Kuala Lumpur, Malaysia
Wayne State University, Detroit, Michigan, USA

University of the District of Columbia, Washington, DC, USA

. Artha Solutions, Singapore

. Eaton Corporation

. Emirates - Official Airline Partner
. SIEMENS

. EFR Certification

. African Engineering Education Association (AEES)
. BKSTI: Agency for Cooperation of Higher Education of Industrial Engineering, Indonesia

ieomsociety.org/ieom2019/

IFEES, November 13-
16, 2017
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= IEOM 2018
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= IEOM 2018
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« Awards
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Photos
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2/3



30/7/2020 IEOM Society Bangkok 2019 | Just another WordPress site

3. Indian Institution of Industrial Engineering (llIE)

4. International Federation of Engineering Education Societies (IFEES)
5. Pakistan Society of Industrial Engineers (PSIE)

6. Society of Cost and Quality Engineers (SCQE)

1. Advent2 Labs Consultation Pte Ltd, Singapore

Attendance Certificates will be provided for conference participants. Continuous Education Unit
(CEU) is available. IEOM Society International will provide some awards and recognition at the 2019
IEOM Bangkok event.

Contact: info@ieomsociety.org

= Program - IEOM 2018 Paris

= Program - [EOM 2018 Bandung, Indonesia
=« Program - |[EOM 2017 Bogota

= Program - IEOM 2017 UK (Bristol)

= Program - IEOM 2017 Rabat, Morocco
= Program - IEOM 2016 Detroit

= Program - [EOM 2016 Kuala Lumpur

» Program - IEOM 2015 Orlando

=« Program - I[EOM 2015 Dubai

= Program - [EOM 2014 Bali

« Program - [EOM 2012 Istanbul

« Program - [EOM 2011 Malaysia

=« Program - [EOM 2010 Dhaka

IEOM Publication Ethics and Malpractice Statement

IEOM Society International is a 501(c)(3) nonprofit organization, registered with the State of
Michigan and tax exemption status approved by IRS.

ieomsociety.org/ieom2019/

IEOM Detroit 2016
ISBN: 978-0-
9855497-5-6

IEOM 2016 KL
ISBN: 978-0-
9855497-4-9

IEOM Orlando 2015

ISBN: 978-0-
9855497-3-2

IEOM 2015 Dubai

ISBN: 978-0-
9855497-2-5

IEOM 2014 Bali

ISBN: 978-0-
9855497-1-8

IEOM 2012 Istanbul
ISBN: 978-0-
9855497-0-1

IEOM 2011 KL
ISBN: 978-0-
9808251-0-7

IEOM 2010 Dhaka
ISBN: 978-984-33-
0988-4
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Home Authors Program Registration Committee Competitions Keynote Global Engineering Education  Industry Solutions Sponsors  Travels

Conference Chairs

Dr. Wichai Chattinnawat, Chiang Mai University, Thailand
Dr. Ahad Ali, Lawrence Technological University, Southfield, Michigan, USA

Honorary Chair
Dr. Abdur Rahim, University of New Brunswick at Fredericton, Canada

Global Engineering Education Chairs
Dr. Abu Masud, Boeing Global Engineering Professor, Industrial and Manufacturing Engineering Department, Wichita State University,
Kansas, USA
Dr. Hamid Parsaei, Professor of Industrial and Systems Engineering, Texas A&M University (College Station) and Director of Academic
Outreach - Texas A&M University, Qatar

Industry Solutions Chairs

Edly Ramly, Lean Six Sigma Master Black Belt, EFR Certification, Malaysia
Masaru Tezuka, Hitachi Solutions East Japan, Ltd., Japan

Special Track on Industry 4.0 for SMEs Chair
Assoc. Prof. Apichat Sopadang, Department of Industrial Engineering, Chiang Mai University, Thailand
Women in Industry and Academia Chairs

Resh Plaha, Crystal Quality, UK
Dr. Ilham Kissani, Al Akhawayn University, Morocco

Program Chairs

Dr. Mohammed Khadem, Sultan Qaboos University, Oman

Dr. Abdul Talib Bon, UTHM, Malaysia

Dr. Norsyuhada Ab Shukor, Centre for Information and Communication Technology, National Defence University of Malaysia, Kuala Lumpur
Publication Chair

Dr. Mohammed Rahman, Central Connecticut State University, USA

Sponsors and Exhibitors Chair
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Professor Don Reimer, Lawrence Technological University, Southfield, Michigan, USA

Dr. Wichai Chattinnawat, Chiang Mai University, Thailand (Co-Chair)

Professor Rene D. Estember, Mapua University, Manila, Philippines

Dr. Abdul Talib Bon, Professor of Technology Management, UTHM, Malaysia

Dr. Rosemary Seva, Dean of Gokongwei College of Engineering, De La Salle University - Manila, Philippines

Dr.Wahyudi Sutopo, Professor and Chair of Industrial Engineering, Sebelas Maret University, Surakarta, Indonesia

Dr. Mohammed Igbal, Professor of Industrial Engineering, Shahjalal University of Science and Technology (SUST), Sylhet, Bangladesh
Professor Dr. Parames Chutima, Director - Regional Centre for Manufacturing Systems Engineering, Faculty of Engineering, Chulalongkorn
University, Bangkok, Thailand

Dr. Paveena Chaovalitwongse, Head of IE Department, Faculty of Engineering, Chulalongkorn University,Phayathai Road, Bangkok, Thailand
Pimprabha Sirito

Tuangyot Supeekit, Industrial Engineering Department, Mahidol University, Bangkok, Thailand

Dr. Ganda Boonsothonsatit, Technopreneurship Program, Institute of Fleld roBOtics, King Mongkut’s University of Technology Thonburi,
Thailand

Pr. Moulay Larbi Abidi, Director, Ecole Mohammadia d’ingénieurs (EMI), Rabat, Morocco

Dr. Hesham Kamal Al-Fares, King Fahd University of Petroleum and Minerals, Saudi Arabia

Dr. Hamidi Bashir, Chairperson, Department of Industrial and Engineering Management, University of Sharjah, UAE

Dr. Mohamed Essaaidi, Professor and Director (Dean), ENSIAS College of Engineering - Mohamed V University in Rabat, Morocco
Dr. Devashis Mitra, Dean - Faculty of Business Administration, University of New Brunswick, Fredericton, Canada

Prof. Dr. Mohd Razali Muhamad, Deputy Vice Chancellor (Academic and Internationalization), Universiti Teknikal Malaysia Melaka
Professor Dr. Norazman Mohamad Nor, Deputy Vice Chancellor (Research and Innovation), National Defence University of Malaysia in Kuala
Lumpur

Dr. Hamid R. Parsaei, Associate Dean for Academic Affairs, Texas A&M University at Qatar and Professor of Industrial and Systems
Engineering, Texas A&M University

Dr. Ismail Tag, SVP & Provost, The Petroleum Institute, Abu Dhabi, United Arab Emirates

Dr. Noordin Mohd. Yusof, Dean, Faculty of Mechanical Engineering, Universiti Teknologi Malaysia

Pr. Moulay Larbi Abidi, Director, Ecole Mohammadia d’ingénieurs (EMI), Rabat, Morocco
Dr. Muhammad Abid, Ghulam Ishaq Khan Institute of Engineering Sciences & Technology, Pakistan
Dr. Olufemi Adetunji, University of Pretoria, South Africa

Dr. Umar AL-Turki, King Fahd University of Petroleum and Minerals, Saudi Arabia

Dr. Ronald G. Askin, Arizona State University, USA

Dr. Shekar Babu, Founding Head, AMRITA School of Business, Bangalore, India

Dr. Mohammed Ben-Daya, King Fahd University of Petroleum and Minerals, Saudi Arabia
Dr. Abdul Talib Bon, Universiti Tun Hussein Onn Malaysia

Dr. Raj Das, University of Auckland, New Zealand

Dr. Kudret Demirli, Khalifa University, Abu Dhabi, UAE

Dr. Jose Arturo Garza-Reyes, University of Derby, UK

Dr. Alireza Ghasemi, Dalhousie University, Halifax, NS, Canada

Dr. Moncer Abdelhamid Hariga, American University of Sharjah, United Arab Emirates (UAE)
Dr. Mohammad D. Al-Tahat, The University of Jordan, Amman, Jordan

Dr. Arun Kumar, Royal Melbourne Institute of Technology (RMIT) University, Australia
Dr. Jay Lee, University of Cincinnati, USA

Masaru Tezuka, Hitachi Solutions East Japan, Ltd., Sendai, Japan

Dr. Abu Masud, Wichita State University, Kansas, USA

Dr. Charles Mbohwa, University of Johannesburg, South Africa

Dr. Samar Mukhopadhyay, GSB-Sung Kyun Kwan University, Seoul, Korea

Dr. Mustapha Nourelfath, Université Laval, Quebec, Canada



Dr. Nor Hasni Osman, Universiti Utara Malaysia

Dr. Leonard Perry, University of San Diego, USA

Dr. Ho Thanh Phong, International University - VNUHCM, Vietnam

Dr. Yassine Quazene, University of Technology of Troyes, France

Dr. Abdur Rahim, University of New Brunswick, Canada

Dr. Jafri Mohd Rohani, Universiti Teknologi Malaysia

Dr. Mehmet Savsar, Kuwait University, Safat, Kuwait

Dr. Rapinder Sawhney, University of Tennessee - Knoxville, USA

Dr. Rosemary Seva, De La Salle University - Manila, Philippines

Dr. Devdas Shetty, University of Hartford, Connecticut, USA

Dr. Hamid Seifoddini, University of Wisconsin-Milwaukee, USA

Dr. Alfredo Soeiro, University of Porto, Portugal

Dr. Robert de Souza, The Logistics Institute - Asia Pacific, Singapore

Dr. Masine Md. Tap, Universiti Teknologi Malaysia

Dr. Zulkifli Mohamed Udin, Universiti Utara Malaysia

Dr. Alok Verma, Old Dominion University, Norfolk, Virginia, USA

Dr. Venkata Seshachala Sarma Yadavalli, University of Pretoria, South Africa
Dr. Hari Agung Yuniarto, Universitas Gadjah Mada, Indonesia

Dr. Li Zheng, Tsinghua University, China

Dr. Henk Zijm, Dutch Institute for Advanced Logistics, University of Twente, Netherlands
Prof. K Mpofu, Gibela Research Chair in Manufacturing and Skills Development, Faculty of Engineering and the Built Environment, Tshwane
University of Technology, Pretoria, South Africa

Dr. Abu Masud, Wichita State University, Kansas, USA (Chair)

Dr. Hamid Parsaei, Texas A&M University (College Station) and Texas A&M University, Qatar (Co-Chair)
Dr. Jafri Mohd Rohani, Universiti Teknologi Malaysia

Dr. Grace Kanakana of Tshwane University of Technology, Pretoria, South Africa

Dr. M. Khadem, Sultan Qaboos University, Muscat, Oman (Co-Chair)

Dr. Abdul Talib Bon, Universiti Tun Hussein Onn Malaysia(Co-Chair)

Dr. Rushan Ziatdinov, Department of Industrial & Management Engineering, Keimyung University, Daegu, South Korea

Dr. Lina Aboueljinane, Industrial Engineering Program, Ecole Nationale Supérieure des Mines de Rabat (ENSMR), Morocco

Dr. Bouloiz Hafida, Industrial Engineering Department, National School of Applied Sciences (ENSA), Ibn Zohr University, Agadir, Morocco
Dr. Jaouad Boukachour, Université Le Havre, France

Dr. Tan Chan Sin, School of Manufacturing Engineering, Universiti Malaysia Perlis (UniMAP), Malaysia

Dr. Lina Gozali, Universitas Tarumanagara, Indonesia

Dr. Zeki Ayag, Kadir Has University, Turkey

Amine Belhadi, Industrial Engineering Research Team, Higher School of Technology, Safi, Cadi Ayyad University, Marrakech, Morocco
Navpreet Singh Chandok ,02i Technologies, India

Dr. Rahul Chougule, Caterpillar India Pvt Ltd, Bangalore, India

Sameh Moh. Nour EI-Din A-Razek, Al Ezz Dekheila Steel Co., Alexandria, Egypt
Abdullah Y Dhafer, Aramco, Saudi Arabia

Natasha Dzulkarnain, Construction Research Institute of Malaysia (CREAM)

Dr. Kenichi Funaki, Hitachi, Yokohama, Japan

Dr. Adel Hejaaji, Engineering Services Management (ESM) Limited, Essex, UK
Dr. Anwar Hossain, Daikin Applied, Minneapolis, Minnesota, USA

Ihfasuziella Ibrahim, Construction Research Institute of Malaysia (CREAM)
Hwa Kooi Kok, Intel Malaysia

Ali Massaeli, National Iranian Gas Company, Iran

Bob Mathur, Sr. Project Manager, Phillips 66 Refinery (Exxon), Linden, NJ, USA



German Moya, President at IEEE Costa Rica Section, Costa Rica
Paul Moore, International Mining, England, UK

Dr. Gerard O’Connor, Adelaide and Meath Hospital, Dublin, Ireland
Dr. Banu Ozkeser, Istanbul, Turkey

Dr. Sushil K. Shetty, Wilsonart LLC, Temple, Texas, USA

Masaru Tezuka, Hitachi Solutions East Japan, Ltd., Japan

Resh Plaha, Crystal Quality, UK

Dr. Chan Chee-Ming, Associate Professor and Deputy Dean (Academic and Research), Universiti Tun Hussein Onn Malaysia
Dr. Mey Goh, Assoc Professor in Product Design, Loughborough University, UK

Dr. Ilham Kissani, Faulty of Engineering & Management Science, Al Akhawayn University, Ifrane, Morocco

Dr. Stefanie Pillai, Dean and Associate Professor, Faculty of Languages & Linguistics, University of Malaya, Kuala Lumpur, Malaysia
Dr. Funda Sivrikaya Serifoglu, Bilgi University, Istanbul, Turkey

Dr. Adibah Shuib, Faculty of Computer and Mathematical Sciences, Universiti Teknologi MARA, Malaysia

Dr. Vanajah Siva, Chalmers University, Sweden

Vanessa Victoire, University of Mauritius

Prof. Soumaya Yacout, Ecole Polytechnique de Montréal, Canada

Dr. Docki Saraswati, Universitas Trisakti, Jakarta, Indonesia

Dr. Ho Hwi Chie, Bina Nusantara University (Binus), Indonesia

Artificial Intelligence (Al)
Dr. Tagwa Ahmed Musa, Sudan University of Science and Technology, Khartoum, Sudan
Automation and Agility
Dr. Tawanda Mushiri, University of Zimbabwe, Harare, Zimbabwe
Business Management
Dr. Shekar Babu, AMRITA School of Business, Bangalore, India
Case Studies
Dr. Javad Feizabadi, MIT Global SCALE Network in Asia- Malaysia Institute for Supply Chain Innovation
Computers and Computing
Prof. Dr. Anand Kumar, M.S. Engineering College, Bangalore Karnataka, India
Construction Management
Hossam Hassaan, University of Alexandria, Alexandria, Egypt
Cybersecurity
Dr. Qutubuddin S.M., Industrial & Production Engineering Department, P.D.A. College of Engineering, Gulbarga, Karnataka, India
Data Analytics and Big Data
Dr. Ammar Aamer, Sampoerna University, Jakarta, Selatan, Indonesia

Decision Sciences



Dr. Azizur Rahman, Department of Industrial Engineering and Management, Khulna University of Engineering & Technology (KUET), Khulna
-9203, Bangladesh

Defense and Aviation

= Mejar Wong Wai Loong, National Defence University of Malaysia
= Lt Kol Zamri bin Ismail, National Defence University of Malaysia

Design and Analysis

= Dr. Ahsanul Karim, Ford Motor Company, USA
= Prof. Ir. Dr. Mohd Khairol Anuar Mohd Ariffin, University Putra Malaysia (UPM), Selangor, Malaysia

e-Business/e-Service/e-Commerce

Dr. Christoph Wunck, Jade University, Wilhelmshaven, Germany

Energy

« Dr. Ali Mostafaeipour, Yazd University, Yazd, Iran
= Dr. Md. Mizanur Rahman, University Technology Malaysia (UTM), Johor Bahru, Malaysia

Engineering Economy

Prof. Jerekias Gandure, University of Botswana, Gaborone, Botswana

Engineering Education

= Dr. Chee-Ming Chan, Universiti Tun Hussein Onn Malaysia, Batu Pahat, Johor, Malaysia
= Dr. Peter Toth, Trefort Agoston Centre for Engineering Education. Obuda University, Hungary

Engineering Management

Dr. Mehran Doulat. University of Wollongong, Wollongong, NSW, Australia

Entrepreneurship and Innovation

Dr. Indra Gunawan, The University of Adelaide, Australia

Environmental Engineering and Management

Dr.

Facilities Planning and Layout

Dr. Zeki Ayag, Kadir Has University, Turkey

Financial Engineering

Dr. Vassilis C. Gerogiannis, Department of Business Administration, Technological Education Institute (TEIl), Thessaly, Larissa, Greece

Healthcare Systems

= Dr. Farzad Firouzi, Department of Industrial Engineering .University of Sistan and Baluchestan, Zahedan, Iran
= Dr. Vahab VahdatZad, Northwestern University, USA

Human Factors and Ergonomics

Yoshiki B. Kurata, Industrial Engineering Department, Technological Institute of the Philippines Quezon City, Philippines



IE / OM in Asia
Dr. Ho Hwi Chie, Binus University, Indonesia
Industrial Management

Dr. Pravin Tambe, Associate Professor, Department of Industrial Engineering, Shri Ramdeobaba College of Engineering and Management,
Nagpur, India

Industry Best Practices

« Edly Ramly, Lean Six Sigma Master Black Belt, EFR Certification, Malaysia
= Masaru Tezuka, Hitachi Solutions East Japan, Ltd., Japan

Information Technology and Information Systems
Prof. Sukhjeet Singh, Guru Nanak Dev Engineering College, Ludhiana, Punjab, India
Inventory Control and Management
Dr. Salvatore Miranda, University of Salerno, Italy
Lean and Six Sigma
= Dr. Bernardo Villarreal, Universidad de Monterrey, Mexico
= Edly Ramly, Lean Six Sigma Master Black Belt, EFR Certification, Malaysia
= Abdullah Y Dhafer, Aramco, Saudi Arabia
Logistics Management
Dr. Wahyudi Sutopo, Universitas Sebelas Maret, Surakarta, Indonesia

Manufacturing and Production

= Dr. Noha Mostafa, Industrial Engineering Department, Zagazig University, Egypt
= Dr. Wisnu Aribowo, ITB, Indonesia

Material Flow Cost Accounting (MFCA)
Dr. Wichai Chattinnawat, Chiang Mai University, Thailand
Modeling and Simulation

= Dr. Ali EIKamel, University of Waterloo, Canada
= Dr. Magdy Helal, American University of the Middle East (AUM), Kuwait

Occupational Safety and Health (OSH)
Dr. Jafri Mohd Rohani, Universiti Teknologi Malaysia
Operations Management

= Dr. Youssef Boulaksil, United Arab Emirates University, Al Ain, UAE
= Dr. Fernando Gonzalez Aleu, Departamento de Ingenieria, Universidad de Monterrey, Mexico

Operations Research

= Prof. Rene Estember, Mapua University, Philippines
= Dr. Michael Mutingi, National University of Science & Technology, Windhoek, Namibia



Optimization and Mathematical Sciences
= Dr. Md. Haider Ali Biswas, Khulna University, Bangladesh
=« Dr. Bhavin J. Shah, Indian Institute of Management Indore, Madhya Pradesh, India
= Dr. Kuldeep Chaudhary, Department of Mathematics, Amity Institute of Applied Sciences, Amity University, Noida
Product Design and Development
Dr. Abdalla Alrashdan, Alfaisal University, Riyadh, Saudi Arabia
Product Lifecycle Management (PLM)
Dr. Ali Allahverdi, Kuwait University, Kuwait
Production Planning and Control
Dr. Gede Agus Widyadana, Petra Christian University, Indonesia
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ABSTRACT

In this article will be discussed about the implementation of control chart in cooking oil industry. Cooking oil has
some parameters of quality i.e. Free Fatty Acid (FFA), Peroxide Value (PV), lodine Value (IV), color (Red and
Yellow), Moisture Content, Cloud Point (CP), Cloud Stability (CS) and Freezing Point. The observed data of
cooking oil quality parameters shows that the data is autocorrelated. Therefore, residual mapping based on
forecasting results from the time series model is used to construct autocorrelated multivariate control chart. In the
multivariate T?> Hotelling control chart of the residual VAR model (2) for chemical factor has a upper control limit
(UCL) value of 22.18 and a median of 3.60. The T? Hotelling control chart of the residual VAR model (2) for
physical factors has a control upper control limit (UCL) of 21.59 and a median value of 3.63.

Keywords

quality control, multivariate control chart, autocorrelated.

1. Introduction

Quality becomes the main factor of consumer decisions to get a product, consumers tend to buy a product
from a company which is considered more qualified than its competitors. There are several ways to improve product
quality, one of them is to apply statistical process control (SPC). Shewhart (1931) developed statistical process
control (SPC) techniques for the improvement and assurance of product and service quality. Statistical process
control (SPC) is a methodology used for monitoring and reducing the variation in manufacturing processes and the
main tools of SPC are control charts. Normally, SPC works under the assumption that observed data is independent.
However, the advanced measurement technology, shortened sampling interval and the nature of processes,
especially in continuous processes, e.g., chemical processes, the independence of each observation has been violated
in many scenarios. The lack of independence among each sample usually comes in the form of serial autocorrelation
(Kandananond, 2014). There are many situations in which the simultaneous monitoring or control of two or more
related quality characteristics is necessary. Lu and Reynolds (1999) and Jarrett and Pan, (2007) studied quality
control chart for monitoring multivariate autocorrelated control chart. Monitoring two or more quality characteristics
independently can be very misleading. Process-monitoring problems in which several related variables are of
interest are sometimes called multivariate quality-control (or process-monitoring) problems. The original work in
multivariate quality control was done by Hotelling (1947) (Montgomery, 2009).

Cooking oil has some parameters of quality i.e. Free Fatty Acid (FFA), Peroxide Value (PV), lodine
Value (IV), color (Red and Yellow), Moisture Content, Cloud Point (CP), Cloud Stability (CS) and Freezing Pointt.
Free Fatty Acid (FFA) is a parameter to determine free fatty acid content in a sample. In FFA analysis,
Phenolphthalein (PP) indicator is used. FFA value in pure CPO is below 3%. Peroxide Value (PV) is a parameter to
know the oxidation rate of oil. PV is calculated as millilitre of Sodium Tiosulfate which is used to bind free Iodine
in every gram of oil. The greater the PV, the more oxidation occurs in the oil. The size of the PV will affect the
quality of oil. Iodine Value (IV) is a parameter for measuring clarity in cooking oil. Cooking oil clarity is indicated
by the number of double bonds contained. Color is a visual analysis used to measure the color of fats and oils using
the Lovibond Tintometer. Cloud Point (CP) is a parameter used to find out the temperature when the oil is cloudy or
obfuscated.
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2. T? Hotelling Control Chart

In 1947, Harold Hotelling introduced a control chart that could map a multivariate observation known as the T?
Hotelling control chart. The calculation of T2 Hotelling's control chart for data with individual observations can be
done using equation 2.1.

T?= (x—%)S™Y(x — %) 2.1

Where S is the inverse of the covariant variant matrix and x is the average vector. Calculation of variance and
covariance matrix can be done by using equation 2.2.

s=11"Y (2.2)

2 (m-1)
Where m is the amount of data and ¥ can be calculated using equation 2.3.
Vi=xjp1—x; i=12,..,.m—1 2.3)

Calculations for upper control limits (UCL) can be performed using equation 2.4 and lower control limits
(LCL) using equation 2.5.

—1\2
UeL = g b mepmn) (2:4)
’2’ 2
LCL=0 2.5)

3.  Model Vector Autoregressive

The VAR model is a quantitative forecasting approach that is usually applied to multivariate time series data.
This model explains the interrelationships between observations on particular variables at a time with observations
on the variables themselves at previous times and also their association with observations on other variables at
earlier times (Wei, 2006). The general form of VAR is : (Hamilton, 1994)

Ve =C+01YViq +DoYep + -+ Q)py,t—p te
ye=c+ 0By +e (2.6)

Where
Ye = W16 Yo,t0 -»Yme)' 18 a variable vector of y sized (mx1)
¢ = (cq,Cy, ..., Cp) " 1s a constant vector of size (mx1)
er = (e, €24 -, €my)' 1s @ error vector of size (mx1)
@ = coefficient of var model, matrix (mxm)
t=12,..,n
B = backshift operator
m = number of variables
p = order VAR
assumed e,~ IIDN (0, 2)dan E (e e,)=£2.

The VAR model in equation (2.9) if translated to four variables and autoregressive order p becomes
Vit C1 D111 P11z Dias ‘2)1.14‘ I}’1,t1 D211 D212 D213 %.14‘ I}’Ltz

Yar| _ |G| 4 D121 D122 D123 D24 [V2r—a n D221 Paz2z P22z Poza||Y2t-2 4o

Ve €3 D131 D13z Drzz Draa||Y3e-1 Dr31 a3z Do3z Dpaza||Y3t-2
Yar Ca Brar DBraz Braz Draad Va1 Bra1 DBoaz Braz Dpaal Var—2
Ppa1 Ppaz Ppaz Poas] y,p] rewe
+ Q)p.u (Dp,zz Q)p.23 ®p.24 Ya,t-p €t
|Ppa1 Bpzz Ppazz Dpaa| [Y3t-P €3t
Vat—p €4t

Dpar Ppaz Draz Dpaa
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4. Identification Model VAR

In principle, the identification of the time series multivariate model is almost identical to the univariate model
of time series. The identification of the VAR model is based on the pattern or structure of the sample correlation
matrix (MACF) matrix and the partial sample correlation function matrix (MPACF) after a precise transformation
has been performed to stabilize the variant, or differencing to stabilize the mean. There is another way to determine
the corresponding VAR order, in addition to looking at the MPACF pattern also consider the value of Akakike
Information Criterion (AIC). A model is said to be better if its AICp value is the minimum. The equation to
calculate AICp or AIC value on VAR (p) is

2

AIC, = In{ |Q,| |+ 2=

v — 2.7)

With ﬁp is the residual covariance matrix VAR order p.

5. Diagnostic test of VAR model

The diagnostic test can be divided into two parts, namely the parameter significance test and the model

conformity test (consisting of multivariate white noise assumption assay and the normal multivariate distribution of
the residual).

a. Significance test
A good VAR model is a model whose parameters are significant, or the parameter values are different from zero.
In general,if (bi,]-k is a parameter of VAR, i=1,2,...,p dan j=1,2,...,m and /FI,Z,...,m.@i,jk is the estimated value of
the parameter , and SE (@i_ jk) is the standard error of the estimated value 61’, jk» the parameter significance test
can be done as follows
Ho: @; jx = 0 or VAR model parameter equal to zero
Hi: @, jx # 0 or VAR model parameter are not equal to zero

Ho is rejected if the value of | thitl > t%‘ df=n—m with M = number of parameters or by using p (p-value), is
reject Ho if p-value < a, with « is the level of significance error.
b. Test the suitability of model
The model conformity test includes model adequacy and assumption of the normal multivariate distribution of
residuals.
1. Multivariate test White noise from residual.
Multivariate tests White noise is to ensure the residuals of the model are not correlated with each
other. The test used is Portmanteau test.
2. Test of Residual Assumption of Multivariate Distribution
Assumptions to be met in VAR modeling are residuals that have a normal multivariate distribution. An
examination of a normal multivariate distribution can be done by generating q-q plots of values :

d2=((e,—é) 0, —-8&))t=1,..,n (2.8)
with
t = t- observation
é; = residual of each observation in the column vector
é, = residual average vector of each column
1) = residual covariance matrix
n = number of variables
The hypothesis used is

Ho: normal multivariate distributed residuals
Hi: residuals are not normally multivariate distributed
Ho fails to be rejected, if the value of dZ < x4, 5 has a percentage over 50% of the amount data.

6. Methodology
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Problem identification is done by observing the production process and visit several departments to collect
information, mainly in the Quality Assurance department. After the problem information, hereinafter called problem
formulation in this research is how to determine autocorrelated multivariate control chart on quality parameter of
cooking oil. Furthermore, data is done in the Quality Assurance department to then performed data processing and
data analysis. The data collected include data parameter of cooking oil. Test parameters of cooking oil in data
processing are FFA, PV, IV, CP, and Color data (consist of Red and Yellow Color). After the data is collected, an
autocorrelation test is performed and discarded on the data, followed by factor analysis to reduce the existing
variables to less. After forming several factors, the formation of time series model where the residual result from
time series model which then made multivariate map and will be analyzed.

7. Result and Discussion
7.1. Autocorrelation test

Autocorrelation test is used to know whether there is a correlation of each variable with time changes. The
autocorrelation test of each variable can be seen visually through the graph plot ACF (Autocorrelation Function). If
there is a lag line (the blue vertical line) that exceeds the significant limit (the red horizontal line) then it can be
concluded that the data is autocorrelated. Graph of autocorrelation of test parameters of cooking oil can be seen in
figure 1.
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Figure 1. Plot ACF of six research variables
From the test results show that all parameters are autocorrelated. Thereby, the convention control chart is
suitable to analyze the data. The data must be processed using VAR model.

7.2.Factor Analysis

Factor analysis test is conducted to see the number of factors formed from the overall parameter data. Factor
analysis is a process an approach to find the relationship between a number of variables that are mutually
independent one another so the number of initial variables can be grouped into several factors. The value of
correlation between each variable with the factors formed can be seen in the component matrix table (Table 1) and
rotated component matrix (Table 2).
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Table 1. Component Matrix

Parameter Component
1 2
FFA ,554 ,509
v -,728 517
PV ,239 -,456
Red ,790 ,368
Yellow ,667 ,409
CP , 757 -,475
Table 2. Rotated Component Matrix
Parameter Component
1 2
FFA ,751 -,038
v -,231 -,863
PV -,107 ,503
Red ,843 ,221
Yellow 775 ,110
CP ,280 ,849

The matrix component from the rotation process shows a clearer distribution of variables. Grouping parameters
to the factors is based on value of component in Table 2. The FFA parameter is grouped in factor 1 because the
value component 1 (0,751) is larger than component 2 (0.038). Parameter IV is grouped in factor 2 because the
value component 2 (0,863) is larger than component 1 (0.231). The FFA, IV, PV, Color Red, Color Yellow, and CP
parameters have been grouped to 2 factors. Therefore the parameters are grouped into :

1. Physical factors consisting of parameters FFA, Color Red and Color Yellow.

2. Chemical factors consisting of parameters IV, PV and CP.

7.3. VAR Model for Chemical Factor

Model identification is performed to determine the appropriate VAR order. To determine the corresponding
VAR order, it can be seen from the value of Akakike Information Criterion (AIC). The smaller the AIC value the
more appropriate the model. From the AIC value of chemical factor it is known that the smallest AIC value refers to
the VAR model (2) so as to select the VAR model (2) for the formation of the VAR model on the chemical factor. In
Table 3 we can see the VAR model parameters (2) chemical factors that have significant.
From the parameter of the VAR model significant, it can be formed into the equation of VAR model (2) as follows.

Xop 49,79605 0 241716 —0,35637]|X2¢t-1 0,22071 0 01[X2,t-2
Xa z[ 0 +lo 0 0 X3e-1|+] 000179 0,41874 0] |X3¢—2
X 10,46470 0 0 0 Xei-1 —0,06075 0 0l | Xg,—2

The equations are further translated for each series

X2,:=49,79605 + 2,41716 X311 +-0,35637 Xe .1 + 0,22071 X312
X3,= 0,00179 Xo2 + 0,41874 X302
Xe=10,46470 + -0,06075 X312

The model above shows that the model is a time series multivariate model. Where to forecast variable X (IV)
influenced by variable X3 (PV) and variable X¢ (CP). Where to forecast variable X6 (CP) also influenced by variable
X2 (IV). Furthermore, the model suitability test consisted of multivariate white noise test of residual and residual
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assay test of normal multivariate distribution. From the model conformity test, it is known that the residual model

VAR (2) chemical factor is not correlated with each other and residual also has multivariate normal distribution.

Tabel 3 Estimation of VAR Model Parameter (2) Chemical Factor

Equation | Parameter | Estimate | Standard | t Value | Pr > |t|
Error
x2 CONST1 |49.79605| 5.06176 9.84 | 0.0001
AR1_1_1 0.00000 |  0.00000
AR1_1_2 241716 | 1.10701 2.18 | 0.0307
AR1_1_3 | -0.35637| 0.17770| -2.01| 0.0468
AR2_1_1 0.22071 | 0.07849 2.81| 0.0056
AR2 1 2 0.00000 | 0.00000
AR2 13 0.00000 |  0.00000
x3 CONST2 0.00000 | 0.00000
AR1 2 1 0.00000 |  0.00000
AR1 2 2 0.00000 | 0.00000
AR1_2 3 0.00000 |  0.00000
AR2 2 1 0.00179 | 0.00023 7.81 | 0.0001
AR2 2 2 0.41874 | 0.07298 5.74 | 0.0001
AR2 2 3 0.00000 | 0.00000
X6 CONST3 | 10.46470 | 1.45727 7.18 | 0.0001
AR1_3 1 0.00000 |  0.00000
AR1 3 2 0.00000 | 0.00000
AR1_3 3 0.00000 |  0.00000
AR2 31 | -0.06075| 0.02373 -2.56| 0.0115
AR2 3 2 0.00000 |  0.00000
AR2 3 3 0.00000 | 0.00000

7.4. VAR Model for Physical Factor.

VAR model identification for physical factor has the same step as VAR model for chemical factor. To determine
the corresponding VAR order, it can be seen from the value of Akakike Information Criterion (AIC). A model is
better if the AIC value is minimum. From the AIC value of physical factors it is known that the smallest AIC value
refers to the VAR model (2) so as to select the VAR model (2) for the formation of the VAR model on the physical

factor. Table 4 shows the VAR model parameters (2) significant physical factors.
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Tabel 4 Estimation of VAR Model Parameter (2) Physical Factor

Equation | Parameter Estimate | Standard | t Value | Pr > |t|
Error
x1 CONST1 0.01616 | 0.00398 4.06 | 0.0001
ARI1_1_1 0.22051 | 0.09431 234 0.0216
AR1_1_2 0.00000 | 0.00000
AR1_1_3 0.00000 | 0.00000
AR2 11 0.28860 | 0.09436 3.06 | 0.0029
AR2 12 0.00000 | 0.00000
AR2 1.3 0.00014 | 0.00006 2.36| 0.0206
x4 CONST2 0.50064 | 0.13476 3.72 | 0.0004
AR1 21 0.00000 [  0.00000
AR1 2 2 0.36782 | 0.08481 4.34 | 0.0001
AR1_2 3 0.00000 [  0.00000
AR2 2 1 0.00000 | 0.00000
AR2 2 2 0.34222 | 0.08506 4.02 | 0.0001
AR2 2 3 0.00000 | 0.00000
x5 CONST3 8.19033 | 2.05286 3.99 | 0.0001
AR1_3_1 0.00000 [  0.00000
AR1 3 2 0.00000 | 0.00000
AR1_3_3 0.40271 | 0.10104 3.99| 0.0001
AR2 3 1 0.00000 | 0.00000
AR2 3 2 0.00000 [  0.00000
AR2 3 3 0.21251 | 0.10110 2.10| 0.0383

From the parameter of the VAR model significant, it can be formed into the equation of VAR model (2) as follows.

Xt 0,01616 0,22051 0 0 Xit-1 0,28860 0 0,000147 | X1,t-2
Xor =[0,50064 + 0 0,36782 0 Xpp-1| + 0 0,34222 0 Xyt—z
X5t 8,19033 0 0 0,40271) (X5, 0 0 0,212511 [ X5,

The equations are further translated for each series

X1.=0,01616 + 0,22051 X1 + 0,28860 X1.o +0,00014 Xs2
Xa= 0,50064+ 036782 Xar + 0,34222 Xy
Xs.= 8,19033 +-0,40271 Xs.1+ 0,21251 X5
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The model above shows that the model is a time series multivariate model to forecast variable X; (FFA) is
influenced by variable X5 (Color Yellow). Furthermore, the model suitability test consisted of multivariate white
noise test of residual and residual test of normal multivariate distribution. From the model conformity test, it is

known that the residual model VAR (2) physical factors are not correlated with each other and the residual has also
multivariate normal distribution.

7.5. Residual Multivariate control chart VAR Model for Chemical Factor

The residuals of the VAR model (2) for chemical factors that have been proven independence and the
multivariate normal distribution are further compiled into control charts which can be seen in Figure 2

Tsquared Chart of Res X2; ...; Res X6

120
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Tsquared

40

20 ucL=22,2

0 iw Median=36

1 16 31 46 61 76 91 106 121 136
Sample

Figure 2. Residual Multivariate Control Chart Chemical — First Iteration

Figure 2 shows that a multivariate control chart that has been formed for chemical factors still has residuals

out of control limits. Furthermore, residuals out of the control limits may be disposed of in order to obtain fully in-
control residuals.

Tsquared Chart of Res 2; ...; Res 6

UCL=22,18

Tsquared

Median=3,60
!

1 5 2 4 5 71 8 9 13 127 141
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Figure 3. Residual Multivariate Control Chart Chemical factor under in control condition

Figure 3 shows the residual multivariate control chart of chemical factors that have been in full in control condition
with a limit of Upper Control Limit (UCL) of 22.18 and a median of 3.60.

7.6. Residual Multivariate control chart VAR Model for Physical Factor

The residuals of the VAR model (2) for chemical factors that have been proven independence and the
multivariate normal distribution are further compiled into control charts which can be seen in Figure 4.

Tsquared Chart of Res X1; ...; Res X5

UCL=21,59
20

Tsquared
=
S

Median=3,63
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Figure 4. Residual Multivariate Control Chart Physical factor under in control condition

Figure 4 shows the residual multivariate control chart of physical factors that have been in full in control condition
with a 21.59 Upper Control Limit (UCL) limit and a median value of 3.63.

8. Conclusion and Suggestions

Some of the quality parameters used in this study are FFA, IV, PV, color red, yellow color, CP. From the results
of research conducted, it is known that the quality parameters of cooking oil are correlated and autocorrelated each
other. Therefore, the appropriate control chart to be used is the T? Hotelling multivariate control chart of the residual
time series model. Factor analysis is conducted to form quality parameters into two factors, namely physical factors
and chemical factor. Physical factors consist of parameter FFA, color red, color yellowr. Chemical factor consist of
parameter IV, PV, and CP. From the formation of time series model for physical factors and chemical factors it is
known that the model corresponding to each factor is VAR (2) model. T? Hotelling multivariate control chart from
residual model VAR (2) for chemical factor has upper control limit (UCL) of 22,18 and median value 3,60. The T?
Hotelling control chart of the residual VAR model (2) for physical factors has a control upper limit (UCL) of 21.59
and a median value of 3.63. T? Hotelling multivariate control chart from the residual VAR model to control the
quality of cooking oil with correlated and autocorrelated quality parameters.
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