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1. Introduction

In today’s complex and dynamic business environment manufacturing enterprises have to
change their business processes to ensure customization of products, flexibility and
responsiveness to the customer’s and business partner's requirements in order to improve
their competitiveness. Globalization of market, growth variants of product, decrease of
product life cycles, and increasingly sophisticated customer requirements stress the need for
integration with supply chain partners. It becomes necessary to reduce production volumes
and make products that satisfy customer specific needs. This can only be achieved by
implementing technologies such as enterprise resource planning systems (ERP) and radio
frequency identification (RFID) technology to improve operational efficiencies and establish
better relationship with their business partners. Enterprises have to integrate information
and communications technologies to improve internal processes (within the enterprise) and
external processes (with business partners in the supply chain). ERP implementation within
the enterprise provides managers with information and enables them to make the effective
decisions. Information about events in the supply chain, internal as well as external, must be
timely, accurate, complete, adequate and reliable. It is necessary to share real-time
information and coordinate all activities of business processes. Lack of accurate real-time
information about production status from shopfloor (e.g. Work-In-Process and inventory
status) may adversely affect performance, especially of just-in-time manufacturing (JIT) and
supply chain planning. Using Radio Frequency Identification (RFID) technology physical
objects (raw materials, parts, products, equipment, shipments and personnel) could be
integrated by assigned identity (which is typically a number unique to each object) with the
Enterprise Resource Planning (ERP) system in the real time and provide information
visibility and information sharing in a manufacturing digital enterprise.

Radio frequency identification technology is a remarkable business tool for many aspects of
business including Supply Chain Management (SCM). RFID is a growing technology that
enables close cooperation of the supply chain partners by real-time information visibility.
Manufacturing enterprises in developing countries like Croatia cope with the quality
problems regarding production logistic which is necessary in order to increase capabilities
for competitive response to market or supply chain partner’s demands. Croatia is making
huge efforts to access the European Union (EU) and cannot isolate itself from increasing
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globalisation and digitalisation in the environment. EU Initiative i2010 promotes an open
and competitive digital economy and emphasises Information and Communication
Technologies (ICT) as a driver of inclusion and quality of life. Also, primary goals of a new
EU strategy - the Digital Agenda for Europe 2010-2020 are overcoming the crisis, preparing
of the EU economy for the challenges of the next period and achieving a prosperous digital
economy by 2020. Since Croatia is preparing itself for EU membership, goals of Programme
e-Croatia 2007 mostly correspond with Initiative 2010 goals and Digital Agenda. Economy
modernisation and increased productivity are crucial to future growth prospects for Croatia.
Enterprises tend to achieve complementarities of inter-functional and inter-organizational
integration and coordination throughout supply chain. Because of the need for more effective
and efficient supply chain management, internal as well as external, in this chapter we propose
a conceptual framework for integration of Radio Frequency Identification (RFID) with
Enterprise Resource Planning (ERP) system in manufacturing digital enterprise. The objective
of our conceptual framework is to enable real-time status information about material,
products, workers and other resources needed for management decisions, in the context of
hierarchical planning and scheduling according to just-in-time principles. This way we expect
achieving a timely and efficient access to information and fast response to requests, in order to
achieve coordination of production, procurement and marketing. The system should enhance
the visibility of information and material flows in the internal as well as external supply chain,
thus a more effective and efficient business processes and real-time information for
management support in digital enterprise should be attained. Rapid development of
information and communication technology, such as the Radio Frequency Identification
(RFID), is one of the important factors for improving the competitive advantages. But, the
advantages of RFID system will not be exploited if they are applied only within the enterprise,
without the use of RFID system by other supply chain partners (Lin, 2009).

In this chapter authors give a comprehensive overview of RFID technology: an introduction
to the RFID technology, principles of RFID and current status of the application of RFID
technologies in EU and Croatia with emphasis on application of RFID, especially for supply
chain management, both internal and external. The chapter will provide useful information
regarding the importance of technology in achieving and sustaining a competitive
advantage in today's dynamic market.

2. Problem description

Information inaccuracy can adversely affect supply chain performances by lack of
inventories, delay in delivery times, lost sales and decreased customer satisfaction. Real-
time information is essential for making efficient and good decisions. Without real-time
information about specific requirement or any kind of disturbances in supply chain
(machine breakdown, human errors, rush orders, problems supplying required raw material
or components, etc.) erroneous managerial decisions occur. Variation in production affects
downstream members of internal supply chain (e.g. supply of parts to assembly line) and
their planning and scheduling, and consequently could affect partners in supply chain.
Coordination, integration and particularly sharing information in real-time about resource
constraints, plans and schedules with other supply chain members are very important (Yin
& Khoo, 2007). The status and related information about each component in production
must be monitored individually through its internal and external supply chain. The most of
Croatian enterprises still use labour-intensive methods (enter data manually and using bar-
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code systems) for products-related data acquisition. Due to limitations in data acquisition
and data interchange between shop floor and ERP system, data is often unreliable and
incomplete and needed production status information is unavailable at the right place and
at the right time to make effective decisions. As a consequence of problems in existing
methods of identifying and tracking parts and products, mislay of parts and products,
schedule delay and late deliveries occur and costs increase. To solve this production
management problem, automated data acquisition is necessary in order to enable the flow of
required information to everyone who needs them through integrated enterprise system
and supply chain. There is a need for an integral enterprise integration, and also external
integration of enterprise with supply chain partners.

At today's level of ERP systems, the integration of data is organized in data warehouses and
new models and methods for data analysis and calculation of expected business trends are
the most significant in order to increase the effectiveness of ERP systems. Also, it is very
important to increase the speed of data transfer between the systems and to create
conditions for the development of digital enterprise. The concept of digital enterprise is
related to an enterprise in which the communication (exchange of information, messages,
instructions, technical and technological documentation) between workers, workers and
machines, and also machines to machines is performed digitally. RFID technology is one of
the technologies that enable automatic object-to-object communication which is unique to
digital manufacturing enterprises as mentioned previously.

3. Literature review

The most of available literature about RFID technology is focused to application of RFID
technology for warehouse management and supply chain management (Attaran, 2007; Poon
et al.,, 2009). Application of RFID technology in supply chain management has become fast
evolving area of development and interests of academics and practitioners in recent years.
For data collection about RFID authors used literature about technology and also experience
of the use of RFID technology in industry environment. Comprehensive review of available
RFID and SCM-specific academic literature: papers from journals, conference papers, book
chapters, dissertations etc. was conducted in order to obtain a general overview of RFID
technology and supply chain management.

3.1 RFID and supply chain management

Information technology has been recognized as an issue of vital importance for RFID
system to support supply chain management (SCM) (Angeles, 2009). Zhou (2009) presents
different perspective by modeling item-level information visibility in general, unlike most of
case study papers about RFID. Various enterprises use RFID to achieve organizational
change and manage growth in today’s competitive environment (Chao, Yang & Jen, 2007).
RFID technology is essential in order to support real-time decisions in supply chain
management (Chatziantoniou, Pramatari & Sotiropoulos, 2011). Tajima (2007) argues that,
»RFID is expected to produce many benefits in supply chain management”and unlike other
authors he provides insights into competitiveness as the value of RFID. Comprehensive
overview of impact RFID on supply chain management is given by Sarac, Absi & Dauzere-
Peres (2010). Their survey shows that RFID technology might improve traceability and
visibility of products and processes, increase efficiency and speed of processes, improve
information accuracy and might decrease inventory losses. Although the authors presented
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several advantages of RFID technologies in supply chains, they also emphasise limitations
of previous research and need for more realistic analysis of supply chains.

The most applications of RFID in supply chain management currently take advantage of the
technology with the objective to accelerate processes and reduce costs, but the real RFID
features are found in capturing new types of information in real-time and supporting
decisions (Chatziantoniou, Pramatari & Sotiropoulos, 2011). The authors consider the need
of using RFID technology to improve tactical real-time decisions in supply chain
management.

For implementing RFID, enterprises need to address issues of technology development,
costs and international standards and rules. Sarac, Absi & Dauzere-Peres (2008) in their
study have taken in consideration that there are different RFID systems with different costs
and potential profits. The results of their analysis indicate that RFID technologies can
improve the supply chain performance at different ratios. Also, the economical impacts
depend on the cost of the chosen technology, the tagging level, the price of the products, the
income gained using the new technology, etc. There is a novel approach to analyze trade-off
potential benefits with installation costs of RFID systems in terms of implementation
strategies that determine an optimal location of RFID within a supply chain network
(Chang, Klabjan & Vossen, 2010). Results of that analyze clarified the value of increased
visibility, which enables the early detection of losses and an increased ability to determine
exactly location where the items are lost. Thus, application of RFID technology can
considerably increase the efficiency of supply chain. RFID technology could also improve
information flow and supply chain control and management in construction project (Wang,
Lin & Lin, 2007). Product tracking problem for the large-scale supply chain is addressed by
J.M. Ko et al. (2011), the authors have designed product tracking system that can collaborate
with the EPC (Electronic Product Code) Network. According to Dias et al. (2009) few
enterprises realized flexibility and increased competitiveness over the recent decade
through implementation of 'lean' and 'just-in-time' principle. Unlike many analytical studies,
investigate the benefits of RFID technology under more realistic setting is presented by Sari
(2010); results from the simulation model show that RFID technology integration within a
supply chain enables significantly greater benefits when the level of collaboration between
the participants is more intensive.

At today’s global market enterprises compete between each other no more, the competition
has been moved between supply chains instead (D. Zhang, 2006). Integration and
coordination of supply chain and ERP system is very important in various industries (Tarn,
Yen & Beaumont, 2002; Koh, Saad & Arunachalam, 2006). Zhou (2009) analysed RFID
benefits from different perspective by modeling item-level information visibility in general
and his results showed that the benefit due to item-level visibility increases with the scale of
the information system. Chao, Yang & Jen (2007) applied bibliometric methods and
historical reviews from 1991 through 2005 in their research that indicates increasing usage of
RFID in various enterprises to improve efficiency of operations.

Study presented by E.Y. Kim et al. (2008) emphasizes importance of RFID benefits of supply
chain management to business performance. Overview of the recent developments in RFID
and the analysis and aspects of RFID usage in supply chain are given by Dolgui & Proth
(2008). Choi & Sethi (2010) divide literature about quick response supply chain systems in
three main areas (supply information management, demand information management and
values of information and supporting technologies) and present current state of knowledge
in each area. They emphasize the supporting technologies for values of information.
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The main objective of the supply chain management is integration and coordination of the
business activities performed by enterprises associated in the supply chain. The terms
'internal' and 'external' supply chain are widespread in literature, e.g. (Tarn, Yen &
Beaumont, 2002; Pagell, 2004; Meijboom & Obel, 2007; Huin, Luong & Abhary, 2002;
Bergstrom & Stehn, 2005; Forgionne & Guo, 2009).Thanks to rapid development of
information and communication technologies, enterprises realize a more responsive supply
chain.

ERP system with RFID system integrates many business processes which enable fast and
accurate data access. Also, integration and coordination of supply chain and ERP system is
very important in various industries (Tarn, Yen & Beaumont, 2002; Koh, Saad &
Arunachalam, 2006). The enterprises that coordinate and integrate within a supply chain
have better operational efficiency, superior quality of products, lower inventory
investments, reduction in the cash flow cycle time, reduced cycle times, lower material
acquisition costs, higher employee productivity and increased ability to meet deadlines
requested by customers (Kannan & Tan, 2005).

The supply chain coordination problem in a just-in time environment with use of RFID
technology has been treated in literature (R.S. Chen & Tu, 2009; Huang, Zhang & Jiang,
2007; Poon et al., 2011a; Gunasekaran, Lai & Cheng, 2008). Monitoring of the supply chain
processes is one of the most important aspects in supply chain management. Primary
purpose of supply chain management (SCM) is effectively integrating the information and
material flows within the demands and supply processes between suppliers and end
customers, including manufacturers, distributors, retailers, and any other enterprises within
the extended supply chain, with the special goal of adding value to the customer
(Gunsekaran, Lai & Cheng, 2008, Kannan & Tan, 2005, Soroor, Tarokh & Shemshadi, 2009).
Fig. 1 presents market share by revenue of SCM software vendors, the largest share have
recognized worldwide SAP with 20 % and Oracle with 17 %.
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Fig. 1. Worldwide SCM Vendor Software Revenue (Gartner, 2010)
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The prevailing opinion in the literature is that the most successful enterprises are ““those that
have carefully linked their internal processes to external suppliers and customers in unique
supply chains” (Mitra & Singhal, 2008, as cited in Frohlich & Westbrook, 2001).

4. Overview of RFID technology

Application areas of RFID technology will spread more and more. RFID information about
product enables visibility in supply chain by sharing information between supply chain
partners. Enterprises must continuously improve the quality of their supply chains with
aims to enable visibility of supply chains and reduce operational costs of supply chains.
Literature survey presented by Ngai et al. (2008) shows that about a third (36%) of all RFID
research is focused on RFID technology and components of RFID system.

4.1 RFID system

A simple RFID system includes three main components: tag, reader and computer or
enterprise system (Fig. 2). Tag is composed of a small microchip and an antenna and can be
embedded into or attached to objects of any kind (e.g. parts, products, tools, animals,
persons). Tags have different shapes and sizes and have a memory for data storage. These
are specific data such as a unique identification number, product price, product location,
date of manufacturing, current inventory, type, description, dimensions and so on.

There are two basic types of tag:

- passive (without internal batteries),

- active (with battery, self-powered).

Internet >~

\\\ Supply chain
Q partners
~_ — ~_ — =

RFID tag

RFID
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Fig. 2. Components of RFID system
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Active tags have feature of read and write data and larger data storage than passive tags.
Also, active tags are self-powered and do not depend on the electromagnetic field of the
reader in order to be activated. Active tags use their own batteries as a power source that is
integrated on the tag, as opposed to passive tags that receive power from the reader when
they are within range of reader. Activation of passive tag depends on the electromagnetic
field that is induced by the RFID reader. RFID reader transmits radio signals through
antenna in order to activate tag and the identification and recording of data. When tag is
activated then data transfers according to signals sent from the antenna. Passive tags are
much more used in various RFID applications and duration of passive tags is longer than
the active tags, but active tags can transmit signals over a longer distance than passive tags.
The most common choice of tag for supply chain usage is passive tags that take effect in the
UHEF frequency range (Tajima, 2007).

Tags also differ by their data storage capability (Domdouzis, Kumar & Anumba, 2007):

- Read-Only tags,

- Read/Write tags.

Differences between active and passive RFID tags are summarized in Table 1.

Active RFID tags Passive RFID tags
Energy transferred from the
Tag power source Internal to tag
reader
gy . Only when found in the range
Availability of tag power Continuous of the reader
Required signal strength from Low High
reader to tag
Available signal strength
from High Low
tag to reader
Communication range Long range Short range
Scanning c:i;lgousand of Scanning of a hundred of tags

within 3 meters from a single
reader
Scanning of 20 tags moving at
3 miles/hour or slower

from a single reader
Scanning of up to 20 tags
moving at more than 100

Multi-tag collection

miles/hour
Ability t it . .
g . y. © MOIHIOT Monitor sensor input when tag
Sensor capability continuously .
. : is powered from the reader
monitor sensor input
Data Storage Large Small

Table 1. Differences between active and passive RFID tags (Domdouzis, Kumar & Anumba,
2007)

RFID reader communicates wirelessly with RFID tag that attached to a product when the
product is located within range of the reader. RFID reader reads the information stored in
the memory of tags and transfers them to a computer or enterprise application. This
information can quickly be read by a wireless communication among compatible reader and
tags in the readers range.

www.intechopen.com



524 Supply Chain Management - New Perspectives

RFID system has to computerise a large amount of data and improve efficiency of
operations. There is need of filtering and processing of large amount of data that captured
by RFID system and transforming data into meaningful information in order to be used in
enterprise applications, such as enterprise resource planning (ERP), supply chain
management (SCM) and/or customer relationship management (CRM). These functions are
performed by middleware.

The RFID middleware system between readers and applications is composed of two
interfaces, namely the application interface and the reader interface, to communicate with
the environment.

4.2 RFID frequency

The frequency used for RFID application is an important characteristic of RFID system.
There is diversity through regulation by individual country about RFID frequency allocation
(Turcu, Turcu & Graur, 2009). One of the major problems in the application of RFID systems
is existence of different standards. The diversity in national spectrum allocation for RFID is
an obstacle to wider application of RFID systems in the world and one of the key issues of
the RFID technologies is their standardization (D. Lee & Park, 2010).

Presently only a few frequencies are consistent around the world. There are different
operational frequency ranges (Gaukler & Seifert, 2007; Oztaysi, Baysan & Akpinar, 2009, Wu
et al, 2006):

low frequency (LF) 125-134 kHz,

- high frequency (HF) 13.56 MHz,

- and ultra high frequency (UHF) RFID uses 868-928 MHz.

Higher frequency enables reading at longer distances and also faster communication
(Gaukler & Seifert, 2007). Low-frequency passive tags have an effective range of
approximately 30 cm, while high-frequency passive tags are useful in the range about 1 m.
Ultra high frequency (UHF) passive tags have range about 8 m (Meyer, Framling &
Holmstrom, 2009; Roberts, 2006). Active tags are self-powered and more expensive than
passive tags but can reach a range of 100 m (Wang, Lin & Lin, 2007).

4.3 RFID history and trends

RFID technology is not new technology. One of the first papers about RFID is published in
1948 by Harry Stockman (Roberts, 2006). RFID was developed during 1940's, but the use of
technology was limited due to high costs of the RFID tags. Commercial use of RFID starts
during 1960's (the electronic article surveillance (EAS) system, animal tagging, toll road
payment systems, using RFID in automotive industries for assembly lines), but the
application in supply chain management is relatively new (Tajima, 2007). RFID usage has
increased in recent years in a wide range of various application and we can expect
significant growth of RFID market in the next years. The explanation for the growing
interest in RFID can be found in reducing prices of passive tags and development
capabilities of internet technology (Roussos & Kostakos, 2009).

4.4 Electronic Product Code

The Electronic Product Code (EPC) is a common way for automatic and unique
identification of objects (parts, products, pallets, locations, etc.), i.e. ,a standard product
coding structure for item management applications” (Poon et al., 2011a). The EPC is
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prevalent method for assigning unique product identification in the modern supply chain
environment. The EPC standard is announced by nonprofit organization EPCGlobal
Network with aim of facilitate data exchange between supply chain partners through
standard interface and without having direct access to the underlying databases (Vrba,
Macurek & Maiik, 2008).

4.5 RFID benefits

Many authors mentioned that RFID contributes to supply chains operations through its

unique identification of objects and real-time information, thereby RFID improves the data

accuracy, accelerates processes, enables the traceability and the visibility of products

throughout supply chains, increases speed of physical flows and reduces of Work- In-

Progress and inventories (Dolgui & Proth, 2008).

Use of RFID technology as well as bar codes, facilitates automation of processes and

improves operations management through reduction of workload and elimination of

human errors.

However, RFID technology has some advantages over the bar code:

- there is no need for line of sight (tags can be read through a different materials),

- suitable for harsh environments (e.g. dirt, moisture, dust, chemicals, high
temperatures),

- the RFID reader could interact with multiple tags and automatically receive information
from the tags,

- RFIDreaders greater distances of reading,

- tags contain more data than bar codes,

- form and dimensions of tags could be various, depending on the application.

There are some limitations about RFID application, e.g. physical limitation (difficulties with

reading through liquid or metals) and cost of RFID although prices continuously decrease.

4.6 RFID applications

Application of RFID technology is possible in wide area of human activity. An increasing
variety of enterprises are using RFID to improve their efficiency of operations and to gain a
competitive advantage. The innovation in RFID is not in the technology itself, but in its use
in real-business processes. The rapid development of information technology and reducing
cost of RFID system components enable continuous expansion of application areas.
Applications of radio frequency identification (RFID) technology within supply chain
management have received particular attention in the past few years by many authors. In
literature some of named applications of RFID are: fashion product development (Choy et
al., 2009), real-time warehouse operation planning system (Poon et al., 2011a; Chow et al.,
2006), solving production material demand problem in manufacturing environment (Poon
et al., 2011b; Huang, Zhang & Jiang, 2007), hospitality (Oztaygi, Baysan, Akpinar, 2009),
construction (Wang, 2008; Ergen, Akinci & Sacks, 2007; Wang, Lin & Lin, 2007; Yagi, Arai &
Arai, 2005), monitoring quality in a food logistics (Ngai, Suk & Lo, 2008; Vergara et al..,
2007), tracking vehicles in an automotive manufacturing plant shipment yard (J. Kim et al..,
2010), health care (Oztekin et al.., 2010; Katz & Rice, 2009), service sector (L.S. Lee, Fiedler &
Smith, 2008), farm management systems (animal identification) (Voulodimos et al., 2010),
prevention of collision accidents with heavy equipment (Chae & Yoshida, 2010), libraries
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(Coyle, 2005), parking management (Jian, Yang & Lee, 2008), traffic management (Wen,
2010), maintenance (C.H. Ko, 2009; T.L. Chen, 2009), postal services (Zhang, Yue & Wang,
2006), etc. Wal-Mart, the US Department of Defense, Metro, Marks and Spencer, Benetton
and Gillette are some of the first, worldwide known users of RFID technology for their
supply chains (Ngai et al., 2008; Wu et al., 2006; Roberts, 2006).

Application of RFID technology is increasing in various industries as prices continuously
decrease. According to data from Eurostat, the statistical office of the European Union
(Eurostat, 2010) the most common application of RFID technology in enterprises in the EU
(in January 2009) was in the area of person identification or access control (56%), supply
chain management and inventory tracking and tracing (29%), payment (25%), product
identification (24 %), monitoring of industrial production (21%) and service and maintenance
information management (15%).

Fig. 3 presents applications of RFID by purpose in enterprises in the EU and Croatia, first
quarter 2009 (Eurostat, 2010; Croatian Bureau of Statistics, 2010). RFID was mostly used by
Croatian enterprises for person identification and/or access control and for payment
applications (e.g. toll collection). Renko & Ficko (2010) indicate that Croatian retailers do not
use new logistics technologies sufficiently; particularly enterprises from studied sample do
not use RFID for products labelling. Authors explained that fact with high costs of RFID
employment per unit with compare to low costs of labour that retailers employ for product
labelling.

in
10
; I ' . - ‘ -
i}

Person Supply chain Payvment Product Monttormg, ~ Service and
identification and inventory ﬂpplimlmn‘- identification and control of mamtenance
Or access tracking and (e.g. motorway (e.g. to prevent  industrial mnformation
control lracing, tolls, passenger counterfeiting,  production  management,
transport) theft control) assel

Mmandgement
# Croatia m®EU

Fig. 3. Applications of RFID usage in enterprises by purpose, first quarter 2009 (Eurostat,
2010)

As seen in Fig. 4 the highest shares of enterprises which used RFID in January 2009, had
Netherlands (9%), Finland (8%), Germany, Spain, Austria and Slovakia (all 4%), and the
lowest shares had Greece, Cyprus and Romania (all 1%). At the same period Croatia
had 4 % of enterprises using RFID which is slightly higher than average use in the EU27
of 3%.
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Fig. 4. Enterprises that used RFID in January 2009 (% of all enterprises) (Eurostat, 2010)

5. Conceptual framework

Since RFID technology facilitates collection of data, it is necessary to integrate RFID with
ERP system and with various information systems of supply chain partners in order to get a
meaningful data. Providing that supply chain operations performed according to plan is a
significant continuous activity. With ERP system and RFID any drawback (e.g. material
shortages) could be timely identified and corrective action could be taken if necessary. For
internal end external supply chain it is very important that the real-time information flow is
oriented backwards through the integrated supply chain, as parts, components, products,
etc. flow forward according to just-in-time principle. Thereby, it is possible to reduce order
delays, lead times and inventory and therefore, increase customer satisfaction.

Our conceptual framework for integration of ERP system and RFID technology with aim of
providing information visibility in internal as well as external supply chain is based on just-
in-time principles (produce and deliver products or services as needed by customer or
required by hierarchically superior level in the required quantities, just in time when needed
and at right place avoiding storage whenever possible or using minimal inventories). In
order to provide a just in time environment, status information of manufactured parts
should be available to all who needs that information within enterprise and also between
supply chain partners in real time. Conceptual framework for integration RFID with ERP
system includes hierarchical planning model that connects level of sales planning, level of
assembly planning and level of production scheduling (Mati¢evi¢, Lovri¢ & Cicak, 2007;
Matiéevié, Dabi¢ & Daim, 2010). Hierarchical planning model generates plans and schedules
that are consistent with dynamic business processes. Connection of the three levels of
planning in compliance with just-in-time principle enables increase of efficiency, timely
delivery of finished products/services to the customer (or parts and subassemblies to a
product assembly according to hierarchically superior level of plan). The hierarchically
superior levels and subordinate levels of planning are interdependent according just-in time
principle. Objective of hierarchical planning model is to keep the due date equal to the
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required date in order to meet customers’ demands, thus the solution of a subordinate
planning /scheduling level must meet requirements from the superior planning level. RFID
tags could be attached on objects (as parts, subassemblies, components, products,
containers) allowing us effective tracking of objects in the production process. Fast data
acquisition and transfers of data to databases are facilitated by RFID technology. Products
with tags have a unique identification number and could store relevant manufacturing
information (e.g. material used production status). Collected RFID data have to transform
into an appropriate report in order to share information within the enterprise and between
partners in the supply chain.
The aim of our conceptual framework (Fig. 5) is to provide visibility of material and
information flows, which includes the processes from customer orders through
manufacturing and product assembly to delivery of the product to the customer. It refers
only to a part of the entire supply chain. Our aim is to facilitate the sharing of information
with the integration of RFID technology in the the Croatian solution of ERP system in the
digital enterprise, named ERPINS. ERPINS has been designed for metal processing industry,
wood and food processing industry and construction industry. For the purposes of
developing the conceptual framework we have chosen the local ERP system due to the
following reasons:

- local software developers are more familiar with the peculiarities of the market
conditions and Croatian law, therefore their ERP solutions are more flexible to
legislative changes that often occur in countries in transition such as Croatia;

- local ERP solutions are more competitive due to the lower prices compared with global
vendors.

Fig. 5 shows prominent ERPINS screenshot of real-time production status monitoring and
data update using RFID Handheld Reader/Writer. Machine worker at shopfloor with the
handheld RFID reader can make data entry about quantities of parts processed and this
data is available in real-time throughout ERPINS system. This real-time feature of ERPINS
is very important for control of deviation in production, as the performance of entire
supply chain may be adversely affected by deviation from the production schedule.
Integration of RFID and ERP systems enables visibility of information about real-time
production status directly from production shop floor (e.g. accurate information about
inventory levels, about start time and finish time of operation). This enables dynamic and
real-time control of production and adjustment of the production schedule to disturbance
in production process. RFID tags are placed on parts to prevent loss of parts and to
monitor production status. Using RFID tags, parts and products can be traced through the
processes of production and assembly.

Coordination of internal supply chain has been achieved when the parts from the

production are transferred to the next stage (product assembly) immediately after the part is

completed and it depends on the date required by the hierarchically superior plan (e.g. the
level of assembly). Tagging parts, products or containers is useful for each partner in the
supply chain due to providing the visibility of material and information flows.

RFID enables real-time access to information and minimizes the time and work needed for

collecting information. Real-time automatic identification and data capture system, as RFID

system, is highly important for agile production. When integrated with ERP system, RFID
provide an online current status of all material inventories and Work-In-Process.
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6. Conclusion

Automatic identification and capture data technology like RFID can be useful in order to
improve business efficiency. In terms of management, integration of ERP and RFID allows
effective decision-making considering customer requirements and efficient use of enterprise
resources.

This chapter is the result of literature review and experience of authors about application
of RFID in enterprises and provides an overview of the current state of development of
RFID technology and its application in practice. The chapter is useful to researchers,
practitioners and other interested parties to apply RFID in manufacturing and supply
chain to understand the importance of real-time visibility in supply chain management in
order to improve operational performance. RFID based identification and data capture is
appropriate for overcoming the problems in production and other business processes,
which are caused by manual identification and collecting data. Integration of ERP system
and RFID technology can provide real-time tracking work orders, parts and products,
data accuracy and information sharing through internal and external supply chain.
Limitation of research is that validation of the proposed conceptual framework is required
through practical implementation in real manufacturing environment.

Future research should include the development of mathematical model based on the
conceptual framework described in this chapter.
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