N

N

Radio Frequency Identification (RFID) based wireless
manufacturing systems, a review

Roza Dastres, Mohsen Soori, Mohammed Asamel

» To cite this version:

Roza Dastres, Mohsen Soori, Mohammed Asamel. Radio Frequency Identification (RFID) based wireless man-
ufacturing systems, a review. Independent Journal of Management & Production, 2022, 13, pp.258 - 290.
{10.14807/ijmp.v13i1.1497). <hal-03594902)

HAL Id: hal-03594902
https://hal.science/hal-03594902v1

Submitted on 3 Mar 2022

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Au‘to':'lizition
HAL Authorization


https://hal.science/hal-03594902v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

INDEPENDENT JOURNAL OF MANAGEMENT & PRODUCTION (1JM&P)
http://www.ijmp.jor.br v. 13, n. 1, January-march 2022
ISSN: 2236-269X
DOI: 10.14807/ijmp.v13i1.1497

RADIO FREQUENCY IDENTIFICATION (RFID) BASED WIRELESS
MANUFACTURING SYSTEMS, A REVIEW

Roza Dastres
Cyprus International University, Turkey
E-mail: roza.dastres@yahoo.com

Mohsen Soori
Eastern Mediterranean University, Turkey
E-mail: mohsen.soori@gmail.com

Mohammed Asamel
Eastern Mediterranean University, Turkey
E-mail: mohammed.asmael@emu.edu.tr

Submission: 11/22/2020
Revision: 2/4/2021
Accept: 3/8/2021

ABSTRACT

Radio frequency identification (RFID) is one of the most promising technological
innovations in order to track and trace products as well as material flow in manufacturing
systems. High Frequency (HF) and Ultra High Frequency (UHF) RFID systems can track a
wide range of products in the part production process via radio waves with level of accuracy
and reliability. As a result, quality and transparency of data across the supply chain can be
accurately obtained in order to decrease time and cost of part production. Also, process
planning and part production scheduling can be modified using the advanced RFID systems
in part manufacturing process. Moreover, to decrease the cost of produced parts, material
handling systems in the advanced assembly lines can be analyzed and developed by using the
RFID. Smart storage systems can increase efficiency in part production systems by providing
accurate information from the stored raw materials and products for the production planning
systems. To increase efficiency of energy consumption in production processes, energy
management systems can be developed by using the RFID-sensor networks. Therefore, smart
factories and intelligent manufacturing systems as industry 4.0 can be introduced by using the
developed RFID systems in order to provide new generation of part production systems. In
this paper, a review of RFID based wireless manufacturing systems is presented and future
research works are also suggested. It has been observed that the research filed can be moved

forward by reviewing and analyzing recent achievements in the published papers.
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1. INTRODUCTION

Manufacturers are looking for innovative ways to minimize costs and optimize their
activities due to rising operating costs. For mass production automation projects, radio
frequency identification (RFID) can be an option which is a non-contact tool for data
transmission in the recognition of objects. These wireless networks are being deployed to
serve as "smart monitoring systems" that offer extensive tracking and tracking capabilities
from manufacturing to the supply chain's final customer phases. Radio Frequency
Identification Technology (RFID) is an automatic identification technology by using the
wireless sensors, wireless communication and information network technologies in order to
track and trace product, material flow in manufacturing systems.

RFID technology can improve the efficiency and reliability of a companies in part
production process. RFID systems help avoid product and equipment shortages by generating
real-time data; provide clients with reliable, on-time delivery or service; monitor inventory of
parts; and provide field maintenance history by generating real-time data. RFID can tackle
various production challenges, including security, quality control, execution of production
and management of assets.

The aim is to use RFID to become a data-enabled organization, a manufacturer that
gathers information and uses the data to further its competitive advantage. The difference
between Manufacturing Execution Systems (MES), Enterprise Resource Planning (ERP)
systems and the manufacturing floor can be bridged by using the advanced RFID. The
technology is capable of delivering the enabling information at a far higher degree of
precision, timeliness and detail than other alternatives.

To improve performance of manufacturing processes and to increase accuracy in
produced parts, the RFID systems are used in a wide variety of applications. To increase
efficiency in part manufacturing process, the advanced RFID systems can be applied to the
process planning and part production scheduling systems. To decrease the time and cost of
part production, the RFID can be applied to the material handling systems in order to present
developed assembly in part production process.

Smart storage systems can increase efficiency in part production systems by providing
accurate information from the stored raw materials and products for the production planning

systems. To increase efficiency of energy consumption in production processes, energy
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management systems can be developed by using the RFID-sensor networks. To decrease the
waste materials in part production process, RFID can be applied to prove a leaner
manufacturing system. Production monitoring and controlling systems can be developed
using RFID systems in order to increase accuracy and efficiency in part production process.
Therefore, smart factories and intelligent manufacturing systems as industry 4.0 can be
introduced by using the developed RFID systems in order to provide new generation of part
production systems.

Understanding the determinants of RFID adoption in the manufacturing industry is
reviewed by Wang et al. (2010) to present the effect and benefits of the RFID systems in
developed manufacturing systems. A literature review, recent developments, and case studies
in wireless manufacturing is presented by Huang et al. (2009) to highlight why and how
manufacturers can benefit from applying wireless manufacturing solutions in addressing
shop-floor challenges and facilitating contemporary manufacturing strategies.

Fundamentals, methodology and applications in RFID enabled manufacturing is
reviewed by Lu et al. (2006) to increase capabilities of part production systems using RFID
communication. Wireless chemical sensors and biosensors in chemical industries are
reviewed by Kassal et al. (2018) to discuss challenges and examples for each of the major
chemical sensor and major radio technologies related to different chemical industrial
applications. A systematic literature review on RFID application in manufacturing and supply
chain management is presented by Gotmare et al. (2019) to discuss the applications and
future trend of the RFID systems in manufacturing systems.

Application of Radio Frequency Identification (RFID) in manufacturing in Malaysia
is reviewed by Sulaiman et al. (2012) in order to be analyzed and modified. Implementing an
RFID-based manufacturing process management system is analyzed by Ngai et al. (2012) to
discuss effective factors in applications of the RFID systems in part production. Applications
and techniques of the RFID systems is reviewed by Sanpechuda and Kovavisaruch (2008) in
order to discuss and develop the applications of the RFID systems in industrial factories.
Applications of the RFID and Sensing Techniques is reviewed by Cui et al. (2019) to
increase the efficiency in process of part production.

To analyze and modify the machining operations in virtual environments, virtual
machining systems and applications are presented by Soori et al. (2017; 2014; 2013; 2021;
2016). To analyze the mechanical behavior of materials in cutting operation as well as

Friction Stir Welding (FSW) operations, recent development in research works are reviewed
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by Soori and Asamel (2020; 2020). To develop the application of the Computer Aided
Process Planining systems in the manufacturing systems, a review in the recent research
works is presented by Soori and Asamel (2021).

Application of the Secure Socket Layer in the Network and Web Security is
investigated by Dastres and Soori (2020) to increase the security measures in the web of data.
The impact of meltdown hole on various processors and operating systems are studied by
Dastres and Soori (2020) in order to increase security of CPU manufacture by preventing the
capturing data on computer or smartphones by attackers. . A review in recent development of
network threat and security measures is presented by Dastres and Soori (2021) to classify the
presented research works and suggest some future research trends. Advanced image
processing systems is reviewed by Dastres (2021) and Soori to introduce new techniques in
the image processing systems.

In the present research work, different issues of research works in the RFID based
wireless manufacturing systems are categorized to provide a useful study for the researchers
in the interesting field. As a result, new ideas for RFID applications in manufacturing systems
and gaps in the existing literature are obtained and future research works are also suggested
in order to push forward this interesting research field.

Just In Time (JIT) manufacturing, Real-Time wireless manufacturing, Material
handling systems, RFID-based lean manufacturing, Smart storage systems, Supply chain
management, Product assembly planning, Production monitoring and controlling systems,
Applications of the RFID in industry 4.0, Wireless sensor networks in manufacturing
systems, Energy management in RFID-sensor networks, Production planning and scheduling
using RFID Systems and Performance improvement in manufacturing systems are
categorized as different issues of research works in RFID applications in manufacturing
systems.

Section 2 presents a review from research works related to RFID application
manufacturing systems. In the section 3, research works are classified according to the
different topics in research to the RFID application manufacturing systems and future

research works in the RFID systems are also suggested.

2. DIFFERENT APPLICATIONS OF RADIO FREQUENCY IDENTIFICATION
(RFID) BASED WIRELESS MANUFACTURING SYSTEMS
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The research works in the field of RFID based wireless manufacturing systems is
recently developed in different topics in order to increase quality as well as efficiency in the
part production. Several approaches are recently developed in the generative RFID systems.
The different topics of research works are classified in this section in order to review their

achievements in the research field.
1.1.  Just In Time (Jit) Manufacturing

To enhance manufacturers’ competitiveness through inventory and lead time
reduction, the Just-in-time manufacturing is introduced. To implement the JIT in the
manufacturing systems, some challenges such as, frequent and real-time information sharing
and communication between different functional departments, responsive action for adjusting
the production plan against the continually changing manufacturing situation should be
analyzed and solved. The RFID is a useful device to modify the JIT systems in order to

develop the manufacturing systems.

In order to increase manufacturers’ competitiveness through inventory and lead time
reduction, application of the Internet of Things in developing the Just-in-Time Manufacturing
operations is investigated by Xu and Chen (2016). The application of RFID systems in cost
tracking of part production is presented by Ramadan et al. (2017) to evaluate and decrease the
cost of part production using the RFID systems. The application of smart RFID systems using
JIT process in the food industries is investigated by Chen and Chen (2017) to provide raw

materials and increase customer satisfaction in produced and presented foods.

The application of the RFID and JIT systems in manufacturing process of the
automotive parts and assembly line of the car manufacturing companies is developed by
Huang et al. (2010) to increase efficiency in process of part production. In order to improve
the connectivity of production chains and responsive production scheduling capability, the
effects of the JIT in efficiency enhancement of the part manufacturing using the Internet of
things is analyzed and investigated by Xu and Chen (2018). An Internet of Things based
framework and IRID system is developed by Xu and Chen (2018) in order to enhance just-in-

time manufacturing in process of part production.
1.2.  Real-time wireless manufacturing

To obtain the real time production data from the part production process, the advanced

RFID systems can be implemented. As a result, it is possible to increase the monitoring and
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analyzing capabilities using the RFID based real time production data systems in order to
increase accuracy as well as efficiency in part production process. In the presented study by
the Zhang et al. (2011), different manufacturing resources is analyzed using advanced

RFID/Auto-1D devices to capture real-time production data in part manufacturing systems.

To obtain the real time production data using the RFID based monitoring system for a
particular shop floor operation, the dynamic manufacturing processes is analyzed by Chen et
al. (2010). A real time data from manufacturing projects using the RFID system is obtained
by Zhang et al. (2010) to define and execute a real-time reconfigurable manufacturing
project. In order to provide optimal production management in manufacturing projects,
application of the RFID systems in real time manufacturing tracking is investigated by Zhang
et al. (2012).

To obtain the real time production data and decrease the training time in part
manufacturing systems, the OS-ELM based indoor positioning system using the RFID system
is developed by Yang et al. (2016). The developed algorithm of the OS-ELM based indoor
positioning system is shown in the figure 1 Yang et al. (2016).

e

Training dataset. 2 7 i
& Walidation dataset, Dy

l l

Testing dataset, Dy,

Data preprocessing Data preprocessing
Physical calibration and Physical calibration and
Outlier elimination Outlier elimination
| Mormalization | l Normalization |
Training the OS-ELM The consiructed OS-ELM
based positioning model based positioning model

Model construction

Real-time position identification output model

Output the final hypothesis of the
positions of target SMOs

Figure 1: The developed algorithm of the OS-ELM based indoor positioning system
Source: Yang et al. (2016).
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Radio frequency identification—enabled monitoring and evaluating in the discrete
manufacturing process is developed by Yuan et al. (2017) to track and monitor the work-in-
process of manufacturing systems. Wireless SMART product tracking using radio frequency
identification is developed by Jardine et al. (2019) in order to access valuable information of

products monitoring during and after the production process.
1.3.  Material handling systems

To decrease the cost of material handling in the part manufacturing systems which has
a big portion of product cost, the RFID systems can be applied. Application of the RFID
system in material handling system is shown in figure 2.

Figure 2: Application of the RFID system in material handling system.

The RFID systems is applied to the material handling system of automobile parts by
Jamaluddin et al. (2018) to decrease time of material handling between the parts
manufacturer and its vendors in car companies. To decrease the time and cost of martial
handling in part production systems, the material delivery system is analysed and optimized
by Zhao et al. (2018). To analyze and decrease time of material handling in the part
production process, the advanced RFID system for mass-customization production is
presented by Zheng et al. (2013). RFID-enabled real-time of shop-floor management is
shown in the figure 3 Zheng et al. (2013).
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Smart Objects

Figure 3: RFID-enabled real-time management
Source: Zhong et al. (2013).

Application of the RFID systems in industrial sites of part production systems is
developed by Chai et al. (2017) to increase the effects of the reference tag systems using the
RFID. Also, an advanced RFID-Aided tracking system is implemented by Moon et al. (2018)
in order to present an efficient material tracking system in material handling process. To
develop the applications of the RFID in material handling of automobile assembly systems,

an algorithm for the advanced software is presented by Zheng et al. (2020).

In order to decrease cost and time of material handling in the manufacturing systems,
the accuracy of positioning in the AGV system is developed by using the RFID positioning
system in the presented study by Lu et al. (2017). Efficiencies in the on-site material
handling process by using radio frequency identification in the wood building construction
industry is developed by Lindblad et al. (2018) to minimize damages in process of material
handling systems. Conceptual model and cloud-based scheduling of handling activities is
developed by Sgarbossa et al. (2020) in order to increase the flexibility and productivity of

the overall manufacturing system.
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1.4. RFID-Based Lean Manufacturing

To minimize the waste materials in part production process, lean manufacturing
systems are introduced. The RFID can develop the lean manufacturing systems by tracking
products and material flow in manufacturing systems in order to decrease cost of produced
parts. To provide lean production system using the worker management, an automatic RFID
monitoring systems for workers in the industrial environments is presented by Sun et al.
(2010).

To increase efficiency in part production process, applications of the RFID systems in
the lean manufacturing is developed by Chen et al. (2011). To decrease the waste materials in
part manufacturing systems, an advanced RFID for leaner manufacturing is investigated by
Brintrup et al. (2010). In order to provide a leaner manufacturing system, applications of the
RFID systems to lean manufacturing is investigated by Saygin and Sarangapani (2011). The
applications of the internet of things as well as RFID systems in decreasing the waste
materials using the energy Company’s budget management in part production process is
presented by Aydos and Ferreira (2016).

To decrease the waste materials in part production process, applications of the RFID
technology in lean manufacturing is investigated by Haddud and Lee (2013). Material flow
control in lean manufacturing applications using the RFID systems is investigated by
Ramadan et al. (2016) to reduce the total cycle time in part production process. RFID
Systems within a lean supply chain in a global environment is investigated by Smith et al.

(2018) in order to decrease the waste materials in manufacturing systems.
1.5. Smart storage systems

The smart storage systems are recently developed in order to decrease time and cost of
stored materials in production systems. The RFID are applied to the smart storage systems to
obtained accurate data and improve the part production scheduling process. As a result, more
efficient and effective methods for storing, picking and dispatching goods in part production
process are introduced by applying RFID to the smart storage systems.

Application of the RFID system in managing the warehouses is developed by Chen et
al. (2013) to improve efficiency in advanced material storage systems. The warehouse
systems in material handling operations using the RFID is developed by Alyahya et al. (2016)

to improve efficiency in material-handling operations. To provide decision making in the
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complex conditions of storage assignment in a smart warehouse, applications of the RFID
systems for enhancing the efficiency of order picking is investigated by Choy et al. (2017).
The product class-based storage and potential fields methods using the RFID systems
are implemented by Trab et al. (2018) to present a safe and secure product storage methods in
smart warehouses. To discuss the benefits, obstacles and future trend of the RFID systems in
the smart storage systems, application of the RFID in the warehouse is reviewed by Lim et al.
(2013). The applications of the RFID systems in smart warehouses is investigated by Osyk et
al. (2012) to develop the impact of the RFID to warehousing industries. Smart Warehouse
Management Based on loT Architecture and RFID system is presented by Sung and Lu

(2018) to monitor the internal conditions of the warehouse to ensure the safety of the goods.
1.6.  Supply Chain Management

To enhance supply chain management and improve decision making in part
production process, RFID systems can be applied. Various modules of the supply chain such
as inventory management, asset management, warehouse operation, manufacturing processes
and retail marketing can be developed using the RFID systems in order to increase efficiency
in manufacturing systems. A literature review of the emerging field of IOT using RFID and
its applications in supply chain management is presented by Naskar et al. (2020) to build
automated and interconnected smart manufacturing environment. RFID and ERP systems in
supply chain management is investigated by Oghazi et al. (2018) to enhance the information
flow across the supply chain management process.

Applications of the RFID system in management of supply chain and its associated
logistics is investigated by Cheung et al. (2008) to develop the RFID applications in part
manufacturing systems. To decrease the waste materials in lean production systems using the
RFID based supply chain management, the developed RFID systems in part manufacturing
systems is presented by Chen et al. (2013).

To increase efficiency in logistics supply chain visibility and tracking of raw materials
from suppliers in manufacturing systems, the developed track and trace in supply chain
management based on RFID and GPS (Global Positioning System) is presented by He et al.
(2009). To develop the RFID applications in supply chain management, new software for the
resource analysis is presented by the Leung et al. (2014). To provide recent development and

challenges and suggest future research works in supply chain management, a review of RFID

2067

in supply chain management is presented by Musa and Dabo (2016).

[https://creativecommons.org/licenses/by-nc-sa/4.0/]
Licensed under a Creative Commons Attribution 4.0




INDEPENDENT JOURNAL OF MANAGEMENT & PRODUCTION (1JM&P)
http://www.ijmp.jor.br v. 13, n. 1, January-march 2022
ISSN: 2236-269X
DOI: 10.14807/ijmp.v13i1.1497

IJME&P

1.7.  Product assembly planning

Assembly methods and strategies of part production process can be analyzed and
modified using the advanced RFID systems in order to increase added values in part

manufacturing processes.

The process of electronic parts assembly planning for the large air conditioner systems
using the RFID is developed by Qu et al. (2012) to enhance the efficiency in part production
process. The application of RFID systems in assembly process of fixed-position layouts
considering the working space area is investigated by Huang et al. (2007) in order to provide
an advanced material and manpower flows in production process. Developed wireless

manufacturing systems in the study is presented in the figure 4 Huang et al. (2007).

Enterprise Applications Systems (EASs) e.g. ERP Web Services

I Order ” Planning ”Schwullngjl Execution ” Control I

!

Application Explorers
Move Logistics Scheduling | | Workstation Line
Explorer Explarer Explorer Explorer Explorer —
r 3

RFID tags deployed at
* inventory areas,

« pallets,

* passages,

* gates,

+ workstations,

+ important modules,
* etc.

Wireless
Networking
Infrastructure

Smart vehicle are tagged and equipped with RFID reader for interacting with shop-
floor smart objects, wireless networking card for interacting with backend
enterprise application systems (EASs), and touch screen for interacting with users.

Figure 4: Conceptual architecture of wireless manufacturing
Source: Huang et al. (2007).

To analyze the workstations, critical tools, key components, the RFID systems is
implemented by Huang et al. (2008) in order to provide adaptive assembly planning and
control in part manufacturing systems. To increase efficiency in assembly process of part
production, RFID-enabled smart assembly management system is developed by Qu et al.
(2013).

To develop the application RFID systems in welding operations using industrial

robots, RFID based robotic assembly system in mix manufacturing operations is developed
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by Makris et al. (2012). Flexible assembly lines using RFID systems is developed by Wang et
al. (2010) to analyze and modify the assemble process of sophisticated parts. Loncin
motorcycle assembly line is analyzed and modified by Liu et al. (2012) in order to improve

the productivity and quality in assembly systems using RFID systems.

Monitoring and controlling the complex product assembly process using mobile
agents and RFID systems is presented by Sun et al. (2009) to solve the asynchrony problem
between the logistics stream and the information stream in the complex product assembly
executive process. An Internet of Things-enabled BIM platform using RFID systems for on-
site assembly services in prefabricated construction is developed by Li et al. (2018) to
improve the efficiency and effectiveness of daily operations, decision making operations in

part manufacturing systems.
1.8.  Production monitoring and controlling systems

To increase accuracy in part production process, monitoring and controlling systems
using the RFID can be implemented. Application of the RFID system in cutting tool

monitoring system is shown in the figure 5.

Figure 5: Apliaion of the RFID system in cutting tool monitoring system.

Production monitoring and scheduling in a distributed manufacturing environment is
investigated by Guo et al. (2015) in order to present an intelligent decision support system
using advanced RFID systems. The remote wireless RFID system using Android platform is
developed by Truong and Vu (2012) in order to increase accuracy as well as efficiency in part

production process.
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A review in applications of the RFID systems is developed by Zhou et al. (2017) to
provide a better understanding of past achievements and future trends of production
monitoring towards energy-efficient manufacturing. In order to obtain the real-time machine
condition data and energy consumption of pumps in manufacturing machines, process
monitoring system is developed by Wu et al. (2017). Fog-Based Cyber-Manufacturing
Systems developed in the study is shown in the figure 6 Wu et al. (2017).

Public HPC Cloud

Figure 6: An Infrastructure Architecture for Fog-Based Cyber-Manufacturing Systems
Source: Wu et al. (2017).

The energy consumption of the machining process using advanced RFID system is
analyzed and decreased by Mourtzis et al. (2016) to increase efficiency in energy
consumption of the machine tools in part production process. To implement a value stream
map (VSM) in a lean environment by automating the collection and distribution of
production data, the advanced monitoring and controlling system is developed by Chen et al.
(2012). To enhance flexibility and configurability in manufacturing system, a multi-agent
RFID-enabled distributed control system for a flexible manufacturing shop is investigated by
Barenji et al. (2014).

Production process of complex parts using advanced RFID system is analyzed and
modified by Chen (2012) to present an advanced wireless RFID based monitoring and
controlling system in manufacturing systems. RFID-enabled social manufacturing system for
inter-enterprise monitoring and dispatching of integrated production and transportation tasks

is presented by Ding et al. (2018) to increase efficiency in process of part production.
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Chipless RFID sensor for angular rotation monitoring is developed by Genovesi et al. (2018)

in order to increase accuracy and reliability in process of part production.
1.9. Applications of the RFID in industry 4.0

The industry 4.0 is the next step for the manufacturing industries by providing the
smart products and digital factories. The RFID systems can be applied to the industry 4.0 to
increase capabilities and flexibilities of the smart factories as well as intelligent
manufacturing systems. To increase efficiency in the fourth industrial revolution, application
of the UHF based RFID systems in Industry 4.0 using DoA estimation techniques is
presented by Ascher et al. (2016).

To provide an intelligent, flexible and adaptive communication system in the fourth
industrial revolution, an intelligent UHF-RFID reader considering the Industry 4.0
applications is developed by Lechner et al. (2016). To describe the application of the RFID
systems in the fourth industrial revolution, a review in intelligent manufacturing in
applications of industry 4.0 is presented by Zhong et al. (2017). Applications of the
transmission belts in the Industry 4.0 is analyzed by Albrecht et al. (2015) to increase thermal

and mechanical behavior of the tools in part production using advanced RFID systems.

To provide configurability, flexibility, and customizability in developed
manufacturing systems, smart guided vehicles in Industry 4.0 applications is developed by
Mehami et al. (2018). To present advanced sensor systems in the fourth industrial revolution,
RFID based sensor platform for industry 4.0 application is presented by Petrov et al. (2019).
To decrease the cost of martial storage in the advanced manufacturing systems using
advanced RFID systems, CPS-Based smart warehouse for Industry 4.0 is investigated by Liu
et al. (2018).

To design an industrial wireless networks under Industry 4.0, a review of industrial
wireless networks is presented by Li et al. (2017). To monitor and gain access to production
information for Industry 4.0 applications, wireless SMART Product Tracking using Radio
Frequency Identification is investigated by (2019). Industry 4.0 adoption as a moderator of
the impact of lean production practices on operational performance improvement by
Tortorella et al. (2019) in order to manage the waste materials in process of part

manufacturing.
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1.10. Wireless sensor networks in manufacturing systems

To detect and obtain data from the products as well as material flow in manufacturing
systems, wireless sensor networks (WSNs) can be deployed. Deployment of large population
of sensors for sophisticated sensing and control in the part production systems is recently

considered in different research works.

To monitor and analyze the health condition of manufacturing machines, wireless
sensor networks is investigated by Ota and Wright (2006). To develop the applications of
advanced wireless sensor networks, a review of advanced algorithms for distributed wireless
sensor networks in manufacturing systems is presented by Franceschini et al. (2009). To
improve resource management and energy efficiency in manufacturing systems, methodology
for monitoring manufacturing environment by using wireless sensor networks and the

internet of things is developed by Li and Kara (2017).

To decrease the cost of part production by analyzing the transportation conditions,
decision models and optimization of logistics systems operations in RFID-wireless sensor
networks integration is investigated by Mejjaouli and Babiceanu (2015). To increase
efficiency in a discrete manufacturing environment, wireless sensor network in industrial

automation is developed by Zurawski (2009).

To monitor the surface finish, tool wear and vibrations of the machine tool during
machining operations, advanced monitoring system in end-milling operations using wireless
sensor networks is developed by Paul et al. (2008). Application of the RFID systems and
wireless sensor networks in food manufacturing industries is investigated by Alfian et al.
(2017) to optimize food distribution system. The developed food traceability system

architecture is shown in the figure 7 Alfian et al. (2017).
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Figure 7: (a) Proposed e-pedigree food traceability system architecture, (b) RFID and

handheld reader to read RFID tag, (c) sensor reads temperature-humidity from cold storage
Source: Alfian et al. (2017).

1.11. Energy management in RFID-sensor networks

The energy management systems are designed and developed for efficient use of
energy in manufacturing systems. To increase efficiency of energy consumption in
production processes, energy management systems can be developed by using the RFID-
sensor networks. As a result, new generation of manufacturing systems with energy-efficient

conditions are generated in order to decrease cost and time of part production.

To enhance the efficiency in part production by analyzing the energy consumption in
machine tools, energy management in rfid-sensor networks is investigated by Anjum et al.
(2017). To discuss the challenges in the energy efficient systems of part production process, a
Review on energy management systems using wireless sensor networks is presented by

Babayo et al. (2017). To save more energy in manufacturing systems, energy management

systems using RFID sensors with RF-Energy harvesting is developed by lannello et al.
(2010).
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To develop the renewable energy harvesting system in different industrial
applications, applications of the wireless sensors networks using passive RFID tag
technology is reviewed by Ferdous et al. (2016). An advanced hybrid power management
unit for passive UHF RFID is presented by Sun et al. (2017) to increase the applications of
RFID systems in part production process. To reduce the energy consumption during part
design and production process, applications of internet of Things as well as RFID systems in

product life-cycle energy management is developed by Tao et al. (2016).

Advanced electric vehicle batteries using RFID techniques is presented by Liu et al.
(2012) in order to modify the production process of electric vehicles using the new generation
of the vehicle batteries using RFID systems. A review in energy harvesting techniques for
wireless sensor networks/radio-frequency identification systems is presented by Alsharif et
al. (2019) to provide clear insights into eco-sustainable and green loT technologies in

advanced manufacturing systems.
1.12. Production planning and scheduling using rfid systems

Process of production planning and scheduling are recently developed by using the
accurate date obtained from the RFID systems in part manufacturing process. As a result,

more added values can be achieved by using the RFID systems in part production process.

To modify process planning and scheduling in part production process, advanced
production planning and scheduling model for RFID-enabled ubiquitous manufacturing is
developed by Zhong et al. (2015). RFID-enabled real-time ubiquitous manufacturing shop
floor is developed in the study as shown in the figure 8 Zhong et al. (2015).

Figure 8: RFID-enabled real-time ubiquitous manufacturing shop floor
Source: Zhong et al. (2015).
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To introduce an intelligent decision making system in part production process,
aeofencing algorithms as well as RFID systems are investigated by Oliveira et al. (2015).
Application of RFID system in advanced planning and scheduling algorithm for decision
making in part production is investigated by Zhong et al. (2013) to connect and modify the
different decision making systems across production processes. In order to decrease cost of
part production and develop the production planning and scheduling in manufacturing
systems, the RFID technology is implemented by Fan et al. (2015).

To analyze raw data obtained from the production logic and time series in part
production process, application of the RFID technology in big data analysis in cloud
manufacturing systems is investigated by Zhong et al. (2016). To develop the decision
making algorithm in supply chain applications, multiple group of decision making system in
the fuzzy environment is investigated by Chuu (2009).

Application of RFID technology in the decision making in steel manufacturing
companies is studied by David et al. (2012) to increase efficiency in part production using
casting process. To generate Pareto optimal solutions in multi-objective production planning
problems, an advanced decision-making model using RFID technology is presented by Wong
et al. (2014). Integrated production planning and control system for a panelized home
prefabrication facility using simulation and RFID is investigated by Altaf et al. (2018) to

optimize the production schedule.
1.13. Performance improvement in manufacturing systems

The performances of part manufacturing systems can be analyzed and modified by
using the obtained data from the RFID systems. An advanced RFID system is introduced by
Wang (2014) to decrease time and cost of part production in order to increase performance of
manufacturing systems. To increase efficiency in manufacturing systems, impact of RFID

technology utilization on operational performance is presented by Jaska et al. (2010).

To increase efficiency in manufacturer’s shop floor process, the performance of a
discrete manufacturing process using RFID is evaluated by Arkan and Landeghem (2013). To
analyze and modify the current manufacturing systems, RFID systems is applied to the real-
time reconfigurable manufacturing systems in the presented study by Zhang et al. (2010). To
analyze and improve the production process of cloth manufacturing industries, application of

the RFID in textile and clothing manufacturing systems is discussed by Nayak et al. (2015).
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In order to develop the part production process, effects of the of RFID on efficiency of

manufacturing system is presented by Zelbst et al. (2012). RFID technology as a strategic

tool towards higher performance of supply chain operations in textile and apparel industry of

Malaysia is presented by Ali and Haseeb (2019) to increase productivity in process of part

production. Improving multi-agent manufacturing control system by indirect communication

based on ant agents is presented by Vatankhah Barenji and Vatankhah Barenji (2017) in order

to improve the performances of manufacturing systems. Recent development of the RFID

applications in manufacturing systems is shown in the Table 1.

Table 1: Recent development of the RFID applications in manufacturing systems

Topic of research work

Papers

Finding/ Discoveries

Just In Time (JIT)
manufacturing

Zhang et al. (2008)

To increase efficiency in shop-floor manufacturing
objects, RFID-based smart Kanbans for Just-In-Time
manufacturing is developed.

Ramadan et al.
(2017)

RFID-enabled smart real-time manufacturing cost tracking
system is presented.

Huang et al. (2010)

RFID-enabled real-time manufacturing for automotive part
and accessory suppliers is investigated.

Real-Time wireless
manufacturing

Zhang et al. (2011)

Agent-based Smart Gateway for RFID-enabled real-time
wireless manufacturing is developed.

Yang et al. (2016)

To obtain the real time production data and decrease the
training time in part manufacturing systems, the OS-ELM
based indoor positioning system using the RFID system is

developed.

Zhang et al. (2012)

RFID-enabled real-time manufacturing information
tracking infrastructure for extended enterprises is
investigated.

Material handling
systems

Zhao et al. (2018)

A Framework for shop floor material delivery
optimization based on RFID-Enabled production big data
is presented.

Moon et al. (2018)

RFID-Aided tracking system to improve work efficiency
of scaffold supplier is investigated.

Lu et al. (2017)

A RFID-enabled positioning system in automated guided
vehicle for smart factories is developed.

RFID-based lean
manufacturing

Chen et al. (2011)

Logistics efficiency improvement with lean management
and RFID application is investigated.

Aydos et al. (2016)

RFID-based system for lean manufacturing in the context
of internet of things is investigated.

Ramadan et al.
(2016)

To reduce the total cycle time in part production process,
RFID-Enabled Real-Time dynamic operations and
material flow control in lean manufacturing is
investigated.

Smart storage systems

Liu Guidong et al.

Resource management with RFID technology in automatic

(2006) warehouse system is presented.
Chen Chena Huan To improve the efficiency and effectiveness of warehouse
ot al (29013) g management, warehouse management with lean and RFID

application is presented.

Choy et al. (2017)

. A RFID-based storage assignment system for enhancing
the efficiency of order picking is investigated.

Supply chain
management

Oghazi et al. (2018)

To enhance the information flow across the supply chain
management process, the RFID systems are developed.

Chen et al. (2013)

Supply chain management with lean production and RFID
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application is investigated.

Musa and Dabo
(2016)

To provide recent development and challenges and suggest
future research works in supply chain management, a
review of RFID in supply chain management is presented.

Product assembly
planning

Qu et al. (2013)

To increase efficiency in assembly process of part
production, RFID-enabled smart assembly management
system is developed.

Makris et al. (2012)

To develop the application RFID systems in welding
operations using industrial robots, RFID driven robotic
assembly for random mix manufacturing is developed.

Li etal. (2018)

To improve the efficiency and effectiveness of daily
operations, decision making operations in part
manufacturing systems, RFID systems are developed.

Production monitoring
and controlling systems

Budak et al. (2007)

Design of an RFID-based manufacturing monitoring and
analysis system is investigated.

Wau et al. (2017)

A fog computing-based framework for process monitoring
and prognosis in cyber-manufacturing systems is
investigated.

Barenji et al. (2014)

A multi-agent RFID-enabled distributed control system for
a flexible manufacturing shop is investigated.

Applications of the RFID
in industry 4.0

Lechner et al.

Concept for an intelligent UHF RFID reader according to

(2016) the Ideas of Industry 4.0 is developed.
Mehami et al Application of RFID systems in the smart automated
(2018) ' guided vehicles for manufacturing in the context of

Industry 4.0 is investigated.

Liu et al. (2018)

CPS-Based smart warehouse for Industry 4.0 using
advanced RFID systems is investigated.

Wireless sensor networks
in manufacturing systems

Gungor et al. (2009)

Challenges, design principles, and technical approaches in
industrial wireless sensor networks is investigated.

Li et al. (2017)

Methodology for monitoring manufacturing environment
by using wireless sensor networks and the internet of
things is developed.

Alfian et al. (2017)

Integration of RFID, wireless sensor networks, and data
mining in an e-pedigree food traceability system is
investigated.

Energy management in
RFID-sensor networks

Babayo et al. (2017)

A Review on energy management schemes in energy
harvesting wireless sensor networks is presented.

Dowling et al.
(2009)

A major step forward for energy efficiency in home and
industrial applications using RFID-enabled temperature
sensing devices is developed.

Tao et al. (2016)

Internet of Things in product life-cycle energy
management is presented.

Production planning and
scheduling using RFID

Oliveira et al.
(2015)

An intelligent model for logistics management based on
geofencing algorithms and RFID technology is developed.

Fan et al. (2015)

Impact of RFID technology on supply chain decisions
with inventory inaccuracies is presented.

improvement in
manufacturing systems

Nayak et al. (2015)

Systems . Usage of RFID wireless identification technology to
David et al. (2012) - - C :

support decision making in steel works is developed.

. RFID technology as a strategic tool towards higher

Aliand Haseeb performance of supply chain operations in textile and

(2019) . L
apparel industry of Malaysia is presented.
Performance To analyze and improve the production process of cloth

manufacturing industries, application of the RFID in
textile and clothing manufacturing systems is discussed.

Vatankhah Barenji
and Vatankhah
Barenji (2017)

Improving multi-agent manufacturing control system by
indirect communication based on ant agents is presented.
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TIMS:
3. CONCLUSION

In the present research work, a review in recent development of the RFID based
wireless communication in manufacturing systems is presented. Different topics in
applications of RFID for developing the manufacturing systems is reviewed and discussed in
order to provide a useful study for the researchers in the interesting field.

To enhance manufacturers’ competitiveness through inventory and lead time
reduction, the Just In Time (JIT) manufacturing systems can be developed using the RFID
systems. In order to decrease the cost and time of material handling in the part manufacturing
systems which has a big portion of product cost, the RFID systems can be applied.

The RFID can develop the lean manufacturing systems by tracking products and
material flow in manufacturing systems in order to decrease cost of produced parts by
minimizing the waste materials in part production process. The RFID are applied to the smart
storage systems to obtained accurate data and improve the part production scheduling
process. Thus, more efficient and effective methods for storing, picking and dispatching
goods in part production process are introduced by applying RFID to the smart storage
systems.

In order to increase efficiency in manufacturing systems supply chain management
can be improved by applying the RFID systems. Assembly methods and strategies of part
production process can be analyzed and modified using the advanced RFID systems in order
to increase added values in part manufacturing processes. To increase accuracy in part
production process, monitoring and controlling systems using the RFID can be implemented.

The RFID systems can be applied to the industry 4.0 to increase capabilities and
flexibilities of the smart factories as well as intelligent manufacturing systems. To detect and
obtain data from the products as well as material flow in manufacturing systems, wireless
sensor networks (WSNSs) can be deployed in order to increase accuracy in part production
process.

To increase efficiency of energy consumption in production processes, energy
management systems can be developed by using the RFID-sensor networks. Process of
production planning and scheduling are developed by using the accurate date obtained from
the RFID systems in order to achieve more added values in part production process. The

performances of part manufacturing systems can be analyzed and modified by using the
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obtained data from the RFID systems.
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To present an intelligent manufacturing systems with a developed process planning
system, smart storage can be connected via cloud manufacturing systems to the assembly
methods and strategies of part production process. New generation of automation and control
systems in manufacturing engineering can be presented using the RFID systems in order to
develop the applications of computer integrated manufacturing in part production process.

Automated manufacturing systems with PLCs can be developed using the advanced
RFID in order to increase accuracy and efficiency in part production process. To increase
capabilities of fault detection and diagnosis in automated manufacturing systems, advanced
RFID can be applied. As a result, fault diagnosis in dynamic manufacturing systems can be
developed using the advanced RFID technology.

To increase power of manufacturing management in part production systems in terms
of digital manufacturing, product realization process can be developed using the RFID
systems. Control and resource allocation for the manufacture of products can be developed
using the advanced RFID systems in order to increase added values in process of part
production. In the advanced digital marketing systems, manufacturing products according to
customer orders can be developed using the RFID systems to increase customer satisfaction
in part production process. In competitive environment of marketing, manufacturing
flexibility can be increased using advanced RFID systems in terms of competence, capability,
and customer satisfaction enhancement in part production process.

Energy consumption in the material handling systems as well as assembly methods of
part production can be analyzed and decreased using the advanced RFID systems. The
advanced Computer Aided Process Planning (CAPP) can be generated using the obtained
data of RFID systems in smart storage systems, material handling systems, assembly methods
of part production and production monitoring and controlling systems. Cellular
manufacturing systems can be developed using the advanced RFID systems in order to
increase capabilities of part production systems in terms of group technology process of
advanced CAPP.

Thus, efficiency and accuracy in process of part production can be increased.
Application of the RFID systems in the security and reliability enhancement of workers in
industrial productions can be discussed in order to increase workers safety in part production
process. Application of fuzzy logic as well as optimization methods such as genetic
algorithm in analysis process of obtained data from the RFID systems can be implemented in

order to increase ability of part production analysis.
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Applications of virtual manufacturing systems in the RFID systems can be developed
in order to analyze and modify the process of part production in virtual environments.
Machining operations of hard to cut materials can be modified by monitoring and analyzing
the cutting tool in machining operations using the RFID systems. As a result, cutting tool life
in machining operations can be increased in order to decrease the cost of part production. The
virtual manufacturing systems in the can be modified using the developed RFID systems to
present an intelligent manufacturing systems as industry 4.0.

Green manufacturing systems can be developed using advanced RFID systems in
order to decrease the environmental pollutions due to manufacturing engineering. The RFID
systems can be connected by using web systems in order to share date between different
applications of manufacturing systems. So, the advantages of different RFID systems can be
increased in order to develop the process of part production. These are suggestions for the
future research works in the research filed to develop the applications of RFID systems in the

part manufacturing systems.
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