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Abstract In the wake of globalization, many modern

manufacturing companies in Norway have come under

intense pressure caused by increased competition, stricter

government regulation, and customer demand for higher

value at low cost in a short time. Manufacturing companies

need traceability, which means a real-time view into their

production processes and operations. Radio frequency

identification (RFID) technology enables manufacturing

companies to gain instant traceability and visibility because

it handles manufactured goods, materials and processes

transparently. RFID has become an important driver in

manufacturing and supply chain activities. However, there

is still a challenge in effectively deploying RFID in man-

ufacturing. This paper describes the importance for

Norwegian manufacturing companies to implement RFID

technology, and shows how the intelligent and integrated

RFID (II-RFID) system, which has been developed in the

Knowledge Discovery Laboratory of Norwegian Univer-

sity of Science and Technology, provides instant trace-

ability and visibility into manufacturing processes. It

supports the Norwegian manufacturing industries survive

and thrive in global competition. The future research work

will focus on the field of RFID data mining to support

decision-making process in manufacturing.
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1 Introduction

Globalization is a strategy for modern manufacturing com-

panies in Norway. They have come under intense pressure

due to harder competition, more extensive geographic

footprint, stricter government regulation and the demand

for higher value at low cost in a short time. Manufacturing

companies need traceability more than ever, which is a real-

time view into their operations and processes. Traceability in

manufacturing helps manufacturing ensure compliance with

government regulations; better protects its brand and con-

sumers; and performs rapid, focused and cost-effective

product tracking and tracing that minimize financial impact.

In recent years, radio frequency identification (RFID)

technology has moved into the ranks of disruptive infor-

mation and communication technology (ICT) that supports

the handling of manufactured goods, materials and pro-

cesses. The implementation of RFID may be linked with

significant improvement in the business of a company.

Especially, RFID has become an important driver in pro-

duction and supply chain activities. It offers the capability

of automatic and accurate object data capturing and enables

instant traceability and visibility [1]. RFID technology is

applicable in many areas such as manufacturing, supply

chain, logistics, libraries and agriculture. However, how to

deploy a complete RFID system in manufacturing is still a

challenge [2]. An integrated RFID system with intelligent

decision support is necessary for increasing productivity of

manufacturing company. There is still lack of researches in

this field and few papers have been discussed about it.
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This paper describes how we develop the intelligent

and integrated RFID (II-RFID) system, which provides

real-time traceability and visibility into manufacturing

processes. It has been tested in some Norwegian companies

[3]. In addition, it identifies the implementation areas

where RFID technology has had the greatest impact and

explains why it is so important to develop a traceability

system.

2 Traceability in manufacturing

2.1 What is traceability?

According to ISO 8402, traceability is defined as ‘‘the

ability to trace the history, application or location of an

entity by means of recorded identifications’’. For discrete

manufacturers, it means you can track and trace each

component that comprises your product—from suppliers

and manufacturers through assembly and final delivery to

customers by creating an as-built genealogy. For food and

other process manufacturers, it is the ability to trace each

ingredient of a product from ‘‘farm to fork’’ through the

creation of a batch genealogy. There are multiple ways that

can be accomplished including using technologies such as

direct part marking for discrete manufacturers, where parts

and components receive a permanent mark either as they

enter assembly or by suppliers. The most common methods

for applying permanent marks include dot peen, laser

etching, molding and stamping, or casting. Other technol-

ogies that enable traceability for all manufacturing types

include 1D and 2D bar codes and RFID. Once you have

chosen a traceability method, you can determine which

global trade item number (GTIN), lot or serial level iden-

tification is needed based on your operations.

2.2 Why is traceability the next great challenge

in manufacturing?

Let us take as an example a project run in a company CLU

(Slides Clutch) located in Germany which manufactures

sliding clutches and assembles sliding clutches for drive

trains in automobiles. The main goal of the project is to

narrow the scope of possible recalls and to reduce resulting

costs. If a production error is detected, all clutches that are

potentially affected must be checked manually. If those

faulty products are already shipped, checks must even take

place at the customers’ locations. This results in additional

costs for sending workers to the customers. The costs for

recalls are higher for clutches that are already used in a

customer’s production. In this case, CLU must pay penal-

ties. These penalties amount to about 1.5% of CLU’s total

business volume [4], which could be a substantial sum!

Finding out exactly how, where, and when something

was made is more complicated than it has ever been

because the production line is increasingly international

and decentralized. Most of the things we make and use

come cheaper, faster, and farther than ever. Consumers

who want to behave responsibly for myriad reasons

struggle with this, but so do companies. The problem and

its solution can be boiled down to one thing: traceability.

Traceability demands accurate accounting in manufac-

turing—knowing all you can know about the components

you are working with so that you can identify problems and

inefficiencies in your production line quickly and fix them

before they multiply. Many companies, like BMW, do not

own all the subsidiaries that make parts going into their

products, therefore accurate accounting has big implications.

Because of the high cost for supplementary checks and

penalties, reducing recalls holds the potential for significant

savings. Costs for recalls can be reduced if tracking

information facilitates narrowing the scope for inspections.

Recoding tracking information with RFID and analyzing

this tracking information will help limit the scope of recalls

and checks. Eventually all plastic pallets carrying material

parts will be equipped with RFID tags, and suppliers will

provide information about the shipment by using rewritable

RFID tags.

2.3 How to enable traceability in manufacturing?

RFID is one of numerous technologies grouped under the

term of automatic identification (auto ID), such as bar

codes, magnetic inks, optical character recognition, voice

recognition, touch memory, smart cards, biometrics, etc.

Auto ID technology is a new way of controlling informa-

tion and material flow, especially suitable for large pro-

duction networks. RFID is a wireless non-contact radio

system, which transfers data from a tag attached to an

object, for the purposes of identification and tracking. The

technology can be used to identify, track, sort or detect a

wide variety of objects [5, 6]. RFID systems can be clas-

sified by the working frequency, i.e., low frequency (LF),

high frequency (HF), ultra high frequency (UHF) and

microwave. Different frequencies work for various media,

e.g., UHF is not applicable to metal but HF is metal

friendly. Thus, the working frequency has to be determined

on the basis of the tracked objects [7, 8].

Hardware for a RFID system includes RFID tag, RFID

reader and RFID antenna. RFID tag is an electronic device

that can store and transmit data to a reader in a contactless

manner using radio waves, which can be read-only or read-

written. Tag memory can be factory or field programmed,

partitionable, and optionally permanently locked, which

enables the users to save customized information in the tag

and read it everywhere, or retire the tag when it will not be
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used anymore. Bytes left unlocked can be rewritten over

more than 100,000 times, which results in a long useful

life. Moreover, the tags can be classified by power meth-

ods, i.e., passive tags without power, semi-passive tags

with battery, and active tags with battery, processor and

I/O ports. The power supply increases the cost of the tag

but enhances the readable performance. Middleware is

required as a platform for managing acquired RFID data

and routing it between tag readers and other enterprise

systems. Recently, RFID is an interesting technology in

many fields such as agriculture [9], manufacturing [10] and

supply chain management [6]. Combining RFID with data

mining (DM) approaches increases the research fields

including object tracking [11], customer purchasing

behaviour analysis [12], supply chain management [13]

and outlier detection [14].

Manufacturing industries have also made practical pro-

gress [15, 16]. Manufacturers deploy RFID devices to

shop-floor objects such as humans, machines and materials

to capture data associated with their statuses [17, 18]. Such

RFID-enabled real-time visibility and traceability sub-

stantially improves shop-floor management in general and

work-in-process (WIP) materials management [19].

A new research direction within the field of RFID in

manufacturing is to use artificial intelligence (AI) and DM

technologies to analyze and interpret the huge volume of

RFID data to discover hidden knowledge in order to sup-

port business decision-making [20, 21]. An important

strategy for encouraging manufacturing companies is to

develop a practical II-RFID system rather than only using

RFID for manufacturing data collection. The following

section will present the framework of II-RFID system

which has been developed in the Knowledge Discovery

Laboratory (KDL) at Norwegian University of Science and

Technology (NTNU).

3 II-RFID system

With the development of the RFID technique, it becomes

increasing possible to acquire real-time production data.

However, it is far from sufficient for the company only to

collect the massive amounts of RFID data and do the track

and query. RFID data-based decision-making provides

more value to the company and improves the production

efficiency. Thus, an II-RFID system is proposed, which

combines the RFID data acquisition with decision support

based on DM.

3.1 II-RFID system architecture

As a highly automated data acquisition and decision sup-

port system, the II-RFID system comprises six levels as:

(i) assets level, which contains products (from materials

to finished goods), conveyor belts, machines, pallets,

packages and shelves, etc.,

(ii) data acquisition level, which consists of RFID tags,

antennas, readers and middleware,

(iii) control level, which consists of PCs, middleware and

other network devices used to connect the equipment,

(iv) database level, which combines RFID database and

other high level databases,

(v) decision support level, which involves DM

approaches or computational intelligence for decision

making, and

(vi) management level, which is the intended final

endpoint for the construction of an II-RFID system.

As shown in Fig. 1, an II-RFID system includes the

company assets, the RFID system, the production man-

agement system and the decision support system. The final

goal of the II-RFID system is to discover knowledge from

RFID data for the manager as a reference.

3.2 Functions of the II-RFID system

The II-RFID system works on the foundation of the real-

time collected RFID tag information. The following tasks

based on RFID data acquisition can be achieved: online

part information collection, online processing progress

statistics, daily processing capacity statistics per station,

total processing time for a batch of product and processing

time of each working process, production progress visual-

ization and remaining processing time prediction, and

quality statistics (including scrap and recall).

Fig. 1 System architecture of II-RFID system
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Considering production management in the II-RFID

system for instance, the main functions of the RFID pro-

duction management system include WIP management,

processing station management, manufacturing process

management, production task management, personnel

management and tool/fixture management. Typical data

collection and reporting include the following.

(i) WIP management: WIP registration, WIP inspection

registration, quality query, product positioning and

tracking, prediction of the remaining processing time.

(ii) Processing station management: processing station

registration, WIP of processing station query, process-

ing station output query, process information query.

(iii) Manufacturing process management: manufacturing

process registration and query. Manufacturing pro-

cess management is the basis of production task

schedule query.

(iv) Production task management: production task regis-

tration and query, production task schedule query.

(v) Personnel management: personnel registration, per-

sonnel productivity and production query.

(vi) Tool and fixture management: tools/fixtures registra-

tion, tool position allocation, maintaining proper

maintenance schedule.

4 Implementation of II-RFID system

As described in the previous section, the II-RFID system has

a multiple level system structure. In the KDL, the II-RFID

system is implemented with both RFID hardware and

software. The experiment equipment comprises infrastruc-

ture of a warehouse and production line, RFID data acqui-

sition system and production management software. The

layout of the RFID lab is shown in Fig. 2.

The RFID lab comprises three functional areas, which

are the production line, the RFID portal and the smart shelf.

Referring to the proposed II-RFID system architecture, the

implementation of each system level is shown in Table 1.

Each functional area is installed with a variety of RFID

antennas. One or multiple antennas are set to be one read

point, to represent the location of the business step. For

instance, the conveyor belt is used to represent the produc-

tion line. Two antennas are assigned along the conveyor belt

representing two working stations. The portal area consists

of an entrance and an exit. Each portal is installed with two

antennas to monitor the tagged goods passing by. The

warehouse area comprises three shelves, where shelf 1 and

shelf 2 are monitored by layer separately, while shelf 3 is

monitored completely.

Fig. 2 RFID lab layout

Table 1 II-RFID system implementation

System level Implementation

Asset level Assembly line, pallet, portal, trolley, shelf

Data acquisition level RFID tag, RFID antenna, RFID reader,

handheld reader, router/switch

Control level Middleware, computer, software

Database level Local RFID database

Decision support level Program on the basis of computational

intelligence

Management level Manager, expert
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Thus, the RFID lab simulates RFID data collection both in

the production line and warehouse, and the research will focus

on production management and warehouse management.

4.1 RFID hardware

The physical hardware of the II-RFID system includes the

assets level, the data acquisition level and part of the

control level, as shown in Fig. 3. The hardware consists of

the RFID printer, fixed RFID readers, reader antennas,

handheld readers, middleware and other IT devices.

4.1.1 RFID tag

With the development of RFID technology, a variety of

RFID tags have been produced to meet the various require-

ments. The compatibility of the RFID tag is different

according to the design, which means the applicability of the

tag has to be carefully considered before using it. For

instance, the maximum reading distance of one tag may

differ from others. Furthermore, some tags are compatible

with both plastic and metal objects, while some are suitable

for only one. In RFID lab, for the purpose of testing different

applications, different RFID tags are prepared, as shown in

Fig. 4, with varying size, maximum reading distance,

material compatibility and mounting technique.

4.1.2 RFID antenna

Six types of RFID antennas are used in the II-RFID system

implementation, as shown in Fig. 5. According to the

application, antennas are deployed to read corresponding

points. For instance, the near field RFID antenna made by

Impinj (see Fig. 5d) is used along the assembly line to

monitor the tagged pallets passing by the working station.

4.1.3 RFID reader

Both the fixed RFID reader and handheld reader are used in

RFID lab. The fixed reader is used to power the RFID

antenna and detect the RFID tag, as shown in Fig. 6. The

network connection enables the reader to send the tag

information to the assigned destination and receive remote

tag operating command.

Figure 7 shows three types of handheld readers used in

the RFID lab, which are divided into far field reader and

near field reader according to the reading distance. The

handheld readers integrate the RFID antenna, the RFID

reader and the power supply in a single device. The

handheld reader provides a portable way of detecting tags.

Fig. 3 Hardware in II-RFID system implementation

Fig. 4 RFID tags with various specifications
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4.1.4 Middleware

In II-RFID system, the middleware is used to combine real-

time control of RFID readers, device and sensor management

and RFID tag data processing. With the application of the

middleware, the RFID tag data collected by multiple readers

can be processed, organized and forwarded to the database.

The middleware can be in the form of either hardware or

software. The hardware used in the lab is shown in Fig. 8.

4.2 Software

On the basis of the hardware configuration of the II-RFID

system, special software is used to configure the readers,

the antennas and the middleware. Furthermore, the imple-

mentation of the RFID data management and decision

support also relies on the software. This section will

introduce the software used in II-RFID system in the KDL.

4.2.1 RFID reader start-up tool

The reader startup tool (RST) is the software of the RFID

reader configuration. RST can detect and list all the readers

controlled under the same network, as shown in Fig. 9.

In addition, it supports manually adding the reader by

assigning the IP address of the reader. As soon as a reader

is detected by RST, it is able to set the parameters of the

reader including the network properties of the reader, the

power of connected antennas and the detecting perfor-

mance optimized for different applications.

Fig. 5 RFID antennas with various specifications

Fig. 6 Fixed RFID reader

Fig. 7 Handheld readers

Intelligent and integrated RFID (II-RFID) system for improving traceability in manufacturing 111

123



4.2.2 Middleware management console

The middleware in the form of hardware used in the RFID

lab is the product of ODIN RFID Company. The ODIN

EasyTAP is used for managing and coordinating the

readers, which combines real-time adaptive control of

RFID readers, device and sensor management and RFID

tag data processing. Figure 10 shows the interface of the

middleware management reconsole.

In the middleware management console, parameters of

readers and antennas are configured by auto detection and

manual assignment. The emitting power of the antennas

affects the signal coverage area. The working space is

calibrated according to the layout reference image.

Thus, the position of the antennas can be defined with

respect to the actual shop floor layout. Facility layout

configuration in the middleware management console is

shown in Fig. 11. The RFID information collected by

readers is processed by the middleware on the basis of the

EPCIS standard, which carries the logistic information of

the items including WHEN, WHERE, WHAT and WHY.

Then it is forwarded in the form of an application level

event (ALT) report to a predefined IP address representing

the RFID database or the interface of other high level

databases, which can be called by high level software and

achieves the information sharing.

4.2.3 RFID database

The RFID database is set up in the local PC and receives

RFID event data in the form of EPCIS report from the mid-

dleware. In the middleware configuration, a location is

defined on the basis of the antennas. A location is seen as one

read point and includes at least one antenna. The RFID tag

can be reported when it is entering, leaving or staying at each

location. Figure 12 shows the RFID data report configura-

tion user interface. The subscriber includes the http link of

the RFID database, or the interface of high level management

software (WMS or ERP system) for RFID data import.

4.2.4 Production management software

Production management on the basis of RFID data is one of

the functions of the II-RFID system. PROdog is used toFig. 8 RFID middleware

Fig. 9 Reader configuration software—Reader Startup Tool
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Fig. 10 Interface of the middleware management console

Fig. 11 Facility layout configuration in the middleware management console
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read data from the RFID database and support production

management in RFID lab.

Figure 13 shows the user interface of PROdog. PROdog

uses a RFID database which is setup locally. Moreover,

PROdog is designed to be a cloud based program so that

it can be used anywhere as soon as the internet connection is

available. This feature makes remote management available.

4.3 Communication between hardware and software

As introduced in the previous sections, the II-RFID system

is built up on the basis of the RFID tag, reader and the

middleware. Figure 14 shows the architecture of the

hardware and software. The RST is used to configure

readers and get access to the RFID tags; RFID management

console is to configure the middleware, manage multiple

readers and organize the RIFD data; and the production

management software PROdog is used to access the RFID

database and support the production management function.

The RFID data collected within the RFID network is stored

in the database, and input into the PROdog for the pro-

duction management.

5 PROdog in II-RFID framework

PROdog is RFID-based production management system

software, which is especially designed for a production

oriented company. PROdog provides a comprehensive

shop floor information management solution, as illustrated

in Fig. 15. By integrating RFID technology, network

techniques, and industrial engineering methodology

with the production environment, PROdog can achieve a

non-contact manpower saving for supervising manage-

ment. II-RFID management system can help the manager

acquire more production information and determine the

Fig. 12 RFID data report management

Fig. 13 PROdog user interface

Fig. 14 Architecture of the hardware and software
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management tool and method. The WIP information can be

recorded and managed. Thus, the production information is

available for managers to achieve real-time control and the

production process optimization.

5.1 Introduction of PROdog

As described above, PROdog mainly focuses on production

rather than the enterprise-level manufacturing system. The

production process includes the consumption of raw and

auxiliary materials. RFID production assistant management

system consists of data acquisition, data storing, analysing

and management. As shown in Fig. 16, it is used to manage

the product in WIP process.

The production management in PROdog consists of

several parts, as shown in Fig. 17.

The management function in PROdog is mainly based

on four parts, including product management, engineering

management, manufacturing flows management and the

data based statistical analysis.

(i) The product management comprises the setup and

configuration of the product. In PROdog, ‘‘Products’’

is a term used for something procured or sold. These

products include items sold to customers, products

used in the manufacturing of items that are sold to

customers, and components that are purchased by an

organization.

(ii) The engineering management includes managing the

resource type and the correspondence between

resources and EPCIS reports.

(iii) The manufacturing workflows management com-

prises workflow setup and editing, as well as the

BOM editing.

(iv) The statistical analysis comprises product track and

query, statistics of the output of both work centre and

work station.

5.2 Application of PROdog

PROdog is applied in the KDL. Hardware middleware is

used to forward the RFID information to the database,

which is built on the basis of POSTGRESQL. As described

above, eight read points are assigned at three functional

areas. RFID data gathered at each read point are stored in

the database for PROdog from which real-time production

Fig. 15 Production oriented application of PROdog

Fig. 16 Using PROdog for the WIP
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information is available, e.g., the product can be tracked

according to history data in the form of reports, as shown in

Figs. 18 and 19.

Regarding tracking a single RFID tag in the PROdog sys-

tem, in the RFID management console (RMC), multiple read

points are defined on the basis of RFID antennas, as shown in

Fig. 20. Moreover, the EPCIS report is defined at each read

point, which includes the information according to the EPCIS

rules, e.g., business location, business step, disposition, and

read point. This information will be sent together with the

RFID tag ID to PROdog in the form of EPCIS report.

Furthermore, the keywords in the EPCIS report are

extracted by PROdog automatically, as shown in

Fig. 21.

Fig. 17 Production system architecture in PROdog

Fig. 18 Product track report generated in PROdog

Fig. 19 Product quality track report generated in PROdog
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Meanwhile, the product-EPC correspondence is pre-

defined in PROdog, as shown in Fig. 22. Thus, as soon as

the RFID tag enters into the RFID network, its location will

be acquired real-time in PROdog.

The EPCIS report works as a bridge between the mid-

dleware software and the ERP system—PROdog, as shown

in Fig. 23.

Thus, the tagged products will be automatically regis-

tered when entering or leaving a working station. Products

can be traceable within a short time, which improves

information flow and production efficiency.

6 Integrating RFID with enterprise information

systems in manufacturing

For years, manufacturers have made investments in pro-

viding production with supply chain information that

depends on optimizing inventory. RFID provides a method

to close some functional gaps particularly related to

tracking and genealogy, and compliance management. A

combination of RFID investments and incremental, but

functionally focused MES applications such as scheduling,

can quickly and cost-effectively deliver functionality that

parallels comprehensive MES solutions [22].

RFID has the potential of complementing MES in terms

of providing new streams of real-time data. RFID infor-

mation can be used to ensure that the correct labour,

machine, tooling, and components are available and

ready to use at each processing step, thereby eliminating

Fig. 20 Definition of the read points and EPCIS attributes in RMC

Fig. 21 Recognition of read points in PROdog

Fig. 22 Product-EPC correspondence in PROdog

Fig. 23 Combination of the middleware software and the ERP

software
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paperwork and reducing downtime. Furthermore, process

steps could be controlled, modified, and even reconfigured

in real-time as inbound materials, parts and assemblies

move through manufacturing.

Tagging assets provides information about its location,

usability status, maintenance requirements, contents,

inventory levels, and so on. Devising production steps,

maintenance, labour schedules based on this information

can help optimize asset performance, and maximize asset

utilization. Tagging reusable assets such as machines, fork

trucks, tools, fixtures and material handling devices is one

of the easiest ways for companies to test RFID in a closed

loop environment.

Inventory tracking and visibility is directly related to

information management. The better a manufacturer is able

to collect, manage, and use information to drive production

assets and processes, the more visibility it can provide to its

trading partners. RFID could be used in varying scales, either

locally or across the entire facility to provide visibility into

incoming raw materials, WIP, production sequencing,

packaging, palletizing, and warehousing operations, as well

as final shipping to the next destination in the supply chain.

RFID can complement existing MES efforts in geneal-

ogy tracking. MES for the most part is already collecting

information such as product ID, time stamp, physical

attributes, machine, order numbers and lot number at each

step of the processing. This information can be encoded

onto an RFID tag and then passed downstream into the

warehouse at a pallet level, and then put out into the supply

chain, greatly enabling the ability for a manufacturer to re-

trace steps in a product recall, as shown in Fig. 24.

Manual intervention is required in many bar coding

activities for capturing data. An immediate impact of RFID

is eliminating those requirements, thereby freeing up

labour to perform more value-added tasks. Effective

deployment of RFID also has the potential to quickly

provide accurate and reliable data that exceed the bar

coding or manual capabilities available today. Information

management is critical in how RFID-enabled information

can be used to link man/machine tasks, gain visibility into

labour usage and productivity, setting the stage for redis-

tribution of related tasks and processes. As shown in

Fig. 25, RFID can impact critical performance issues for

all manufacturers including machine performance, line

performance, plant performance and ultimately, supply

chain performance, etc.

7 Discussions

There are some challenges of deploying RFID in manu-

facturing industries for example the technology is still not

yet widely understood or installed in the supply chain, and

cost/ROI models are far from established. Many companies

are therefore now faced with a difficult choice in deciding

whether they should be looking at RFID now, or waiting

until deployment is more widespread. There is a strong

temptation to get carried away by all the hype and publicity

surrounding RFID today, which is all the more reason to

have a sense of reality as to what it means to integrate

RFID, why your company would want to do it, and what

would be the acceptable time frames for the perceived

benefits. Investing in RFID on the scale required for the

supply chain will be a very cost exercise, and if not man-

aged correctly could lead to unnecessary losses. The

technology does not plug and play, and will have to be

adapted to each application.

Furthermore, implementing an infrastructure to support

EPC data could have a considerable impact on existing IT

systems. When we integrate RFID system with existing

ERP, MES, and WMS systems, it is important to work

together with application system providers to obtain opti-

mal solutions. Even though numerous limitations and

unresolved issues still hinder the widespread application of

RFID, it can be already seen that enterprises in complex

supply chains will especially benefit from RFID, once the

application difficulties are overcome.

Through the practice of II-RFID system in KDL, we

found that two reasons dominate companies’ interest in

RFID: (i) they expect their customers to demand RFID

solutions in the future, and they want to be prepared for

this; (ii) specific customers’ demands and the need to

obtain competitive advantages motivate the companies to

improve the tracking of their production processes. The

benefits of applying RFID technology will support manu-

facturing companies to have the ability of traceability and

visualization.

RFID technology can be used in the following seven

application areas in manufacturing including accelerating

scan processes, extending scan processes for quality and

Fig. 24 Manufacturing and assembling information acquisition sys-

tem with RFID
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efficiency, extending scan processes for narrowing recalls,

reducing paper-based data management, automating asset

tracking, reducing back-end interactions, and unifying

labels.

As we discussed, deploying RFID in manufacturing

industries can support the advantages of traceability and

visualization, but it also generates large datasets which need

suitable analysis methods to allow a comprehensive under-

standing of the relationships between products and behavioral

patterns (or rules). This challenge can be solved by advanced

DM algorithms. The future research areas in developing II-

RFID system will be focused on data collection and process-

ing, data management, event processing, and DM.

8 Conclusions

This paper gave an overview of the current state and trends

of RFID technology, the principle and standards of RFID

system, and the framework of II-RFID system. We have

presented two scenarios: one is to show how the system is

developed and implemented in KDL including the hard-

ware connection and software configuration; and the other

is how to apply PROdog in II-RFID system for shop floor

management. The proposed II-RFID system provides a

theoretical guidance to enhance the traceability of products

in the manufacturing chain. The demonstration in KDL

verifies the feasibility of the system framework, which can

be considered as a reference for the practical industry

manufacturing.

The next step of the development II-RFID system will

be to develop some models of DM for analyzing and

solving specific manufacturing problems, such as flow

mining and route mining.
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