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ABSTRACT

This study proposes a model of radio frequency identification system
(RFID) to support the library management in making a decision that most suitable for
their library, whether to deploy the complete RFID or choose the partial RFID system.
Each library has its own objectives and set of characteristics. The RFID library system
also consists of several components supporting the different functions that enhance
and change the face of the overall library services. However, having a full system
deployment may not prove to be an efficient solution for all the libraries.

The study offers an improved classifications model, based on a Decision Tree
that includes all library characteristics and is also suitable for all types of libraries. The
proposed model was proved effective and useful management for any library considering
the deployment of RFID as a guideline for the best decision under the library’s

circumstances leading to the optimum solution for that particular library eventually.
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CHAPTER |
INTRODUCTION

1.1 Background and problem statement

Nowadays, libraries must provide their patrons with better and faster
services than ever. Patrons expect the faster books’ checking out and in of books by
librarian and leaves the least possible queuing delay. Each transaction must consume
the minimal time. Patrons expect, wherever and whenever possible, a self-service
transaction that they are more used to nowadays. In addition, the required books for
patron’s need must be found immediately.

Over the last decade, technology has evolved and provided a new
revolution in library services. Such technology has played a significant role in
facilitating libraries in Thailand to improve their services and the library operation
method. Such technology is called Radio Frequency Identification (RFID) [1]. RFID
technology for library has been developed since 1990 and deployed worldwide.

RFID, a small electronic device, consists of a small chip and an antenna. It
is capable of carrying some data and serves the same purpose as barcode but it has
many advantages over the barcode. Some advantages surrounding communication
support of the library aspect also include the multiple items scan support, ability to
communicate with regardless of positioning the book at a certain angle, ability to
communicate with another RFID device at a distance much greater than barcode
communicates with a barcode reader, etc. Its advantages lead to new service
experience to patrons such as 24-hour self-checking in, and self-checking out.
Transaction time can be reduced drastically from 20 seconds per book to 5 seconds for
20 books at self-check machine. Advantages of RFID for libraries include the time
saving for staff operations, higher efficiency in operations, and easier inventory.

Most RFID libraries in the world apply the passive 13.56 MHz RFID
transponders to the inside cover or spine of each book. The transponders are usually
based on the ISO 15693 and 1SO18000-3 standard. Each specific book in the library’s
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database is linked to a transponder, called tag. One benefit of such a system is self-
checkout. Library patrons can walk up to a kiosk, place all chosen books near the
reader and then swipe their own library card. The books can then pass a portal reader
at the door without setting off an alarm. Interrogators can be placed in return bins, so
the book can be recorded as having been returned. RFID speeds up work processes for
librarians. Locating books can be performed quickly as well as it can take inventory
with a handheld reader and other tasks.

Libraries wanting to implement RFID system have options to optimize
their budget to their needs and various criteria such as the type of library they are, their
locations, number of books, the problem they are facing, etc. Some may choose to
implement the whole system. Others may partially employ the certain equipment
which is suitable to their resources and services provided at the time. For example,
libraries with inadequate staff relative to the provided services may require more self-
service machines than others while relatively small-sized libraries may require only
security items. Having a classification model will help libraries in many ways. It
provides information on how the experts in the field classify the RFID libraries. It can
be an easy guideline to consider the factor which is the first priority for determination
for the decision making.

This paper attempts to create model for RFID classifications for libraries
into two tiers, which are full system and partial system, according to the certain
criteria from experts and collected factors of libraries in order to support the library

executives to determine the most suitable combinations of equipment to their needs.

1.2 Objectives
The objective is to create the model for RFID classifications for libraries
by collecting factors of existing libraries and matching them with the RFID

implementation criteria from experts.
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1.3 Target of the Study

Target of this study is higher education libraries, school, and other special
libraries such as medical and public learning centers in Thailand.

RFID systems being studied in this research are books circulations related
applications. Member ID card system, access control system for patron statistical

analysis, and other RFID based systems are not taken into account for our study.

1.4 Expected result

The expected result is that the derived model can be used as a guideline
for the library management to select the suitable systems combinations to their library
objectives and criteria.

1.5 Timeline

Table 1.1 Study Timeline.

Research Schedule

No. | Tasks | puration|  Mar-15 Apr-15 May-15 Jun-15 Jul-15
1] 2] 3] 4] 1] o] 3] a[ 1] 2] 3] 4] 1] o] 3] 4] 1] o[ 3] 4
1 |Discussion with advisor 17 days
2 |Designing the survey 7 days
Interview selected industry
3 |experts 10 days

Gathering information from
experts and librarians

survey 15 days
Technical writing on Chapte| 30 days
15 topic presentation 1day

Technical writing on Chaptey 28 days

Ca (=l | [Ln |

Final paper presentation 1day
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CHAPTER I
LITERATURE REVIEW

2.1 Decision Support Tool

There are many decision support tools. One that is commonly used in
decision analysis is decision tree [2]. A decision tree is a flowchart like or tree like
structure consisting of nodes. Each internal node represents one of the input variables
with outgoing edges. The objective is to create a forecasting model, based on various
input variables and a target variable. The forecasted outcome is the class to which the

data belongs. Each class is represented by a leaf holding the most appropriate value.

2.2 Radio Frequency ldentification (RFID)

Radio-Frequency Identification (RFID) is a form of automatic
identification technology that transmits the identity of an object or a person wirelessly,
using radio waves.

RFID system consists of a transponder (or RFID tag) that has a microchip
attached to an antenna, and RFID reader/writer. The tag can store some data. Both tag
and reader must work within the same frequency range in order to communicate with
each other. When a tag is in the radio field, the reader captures the data on tag and
sends to a computer system for processing. In Figure 2.1, it shows how RFID system
works [3].
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Intelligent Sensors
1sz@a RFID

RFID TAG

Figure 2.1 Mechanism of RFID System for Data Processing.

RFID has a wide range of spectrum group generally categorized as shown
in Figure 2.2 [4]. Low frequency (LF), 125-134 KHz, has shorter read range and low
reading speed. LF system read one tag at a time. Common application is animal
identification. Ultra high frequency (UHF) operates around 860-960 MHz can read
multiple tags at a fast speed though can be absorbed by liquid and humidity. High
frequency (HF) system operates at 13.56MHz. In this frequency, RFID system reads
tags at a fast speed and reads multiple tags simultaneously. HF also has the ability to
penetrate liquid and humidity. Applications most commonly seen are library books

identification and smart cards.
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Figure 2.2 RFID Frequencies.

2.2.1 Comparison between RFID and Barcode

Barcode, an automatic identification technology, requires a person to
manually scan the barcode on tag to capture data. We are all familiar with the
difficulty that store checkout clerks sometimes have in making sure that a barcode can
be read. Obviously, credit cards and ATM cards must be swiped through a special
reader for payment.

In contrast, RFID device does not need to be positioned precisely relative
to the scanner for the data to be read, and works within a few feet (up to 20 feet for
high-frequency devices) of the scanner. For example, we could just put all of our
groceries or purchases in a bag, and set the bag on the scanner. It would be able to
query all of the RFID devices and total our purchase immediately.

Both barcode and RFID tag carries information about a product. However,

there are important differences between these two technologies as shown in Table 2.1.
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Table 2.1 Major Differences between Barcode and RFID Technologies.

Barcode Technology RFID Technology
1. Requires line of sight of printed | 1. Does not require any line of sight of
bar-code to be read. tag or code to be seen when read.
2. Reads one barcode tag at a time. 2. Reads multiple tags at a time

(anti-collision)

3. Requires correct positioning of the | 3. Does not require particular positioning

label to the reader. of the tag to the reader.

4. Requires close distance between | 4. Can read tags at much greater distance.

the reader and label.

5. Exposes to wear and tear of label. | 5. Less exposes to wear and tear, due to
hidden tag.

6. Cannot alter the information on the | 6. Can rewrite information on the tag
printed tag. many times (100,000times for HF
technology).

7. Reads at a slow speed. 7. Reads at much faster detection speed.

2.3 RFID Application for Libraries

There are various applications of RFID that has been deployed in many
industries worldwide, including ID card identification, logistics and supply chain
management, access control, payment systems, and libraries.

RFID application for libraries has been developed and deployed in
libraries since 1990 [5]. As the popular use of RFID, the international libraries and
relevant organizations had come up with the standards for the different industries so
that manufacturers of RFID hardware and tags can follow. For library industry, the
passive 13.56MHz frequency is chosen as an international library standard, which
RFID readers/writers and tags manufacturers create their products.
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2.3.1 Components for RFID System for Libraries

There are many vendors in the world that develop RFID systems for
libraries and offer various components to enhance library services. Most components
are similar and can be configured to be inter-operable. Components offered to date for

libraries can be listed as follows[6].

1) RFID Tags

Figure 2.3 RFID Tags.

Passive (no battery required) RFID tag as shown in Figure 2.3, called
transponder, is the core of the RFID system. The tag is applied to the inside cover or
spine of each book. Each specific book in the library’s database must be linked to a
tag. Most of the time, it is linked the book’s particular identifying number. The tag
works without any power incorporated in it. Once the tag enters the radio field, it is
induced and generates very small amount of power enough to send out its own data to
the RFID reader/writer.
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2) Self-Check Kiosk

Figure 2.4 Self-Check Kiosk.

One great benefit of the system is self-check kiosk as shown in Figure 2.4.
Patrons can do their own self service borrow, and return without seeking any help
from the librarian. The library patrons can walk up to a kiosk, place all chosen books
near the reader and then swipe their own library cards. The books can then pass a
portal reader at the door without setting off an alarm. Most self-check kiosk can be

configured to either check-out only or both check-out and check-in books.

3) Staff Station

Figure 2.5 Staff Station.
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Figure 2.5 shows how staff station helps librarian perform the check-in and
check-out tasks efficiently. It streamlines the service and reduces the service time
required for the task. Many items can be placed on the RFID reader and processed.

Both identification and security functions can be done at one time.

4) Tagging Station

Figure 2.6 Tagging Station.

When converting to RFID system, tagging station shown in Figure 2.6 is
used to program or link each particular book to each RFID tag. New books must be

tagged into the system ready for all the services offered.

5) Intelligent Security Gate

Figure 2.7 Intelligent Security Gate.
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Intelligent security gate or portal readers, shown in Figure 2.7, are placed
at the exit (in case the library separate the exit from the entrance) of the library. In
general, each gate consists of two antennas with an aisle width of about 80 cm for
patrons to walk through. Once patrons walk through the gate, it communicates with
the tags placed in the books carried by patrons. The gate will set off an alarm if there
iIs any book not yet checked out properly from the library system. Some more
advanced system also identifies particular books that set off the alarm and are shown
to the librarian for easy identification.

6) Book Drop/Return Unit

Figure 2.8 Book Drop/Return Unit.

Figure 2.8 shows the samples of book drop unit, which allows library to
provide 24-hour book return service even when the library is closed. The unit can be
placed outside the library where it is convenient for patrons to drop the books in order
to return the books into the library system ready to be put away on shelf for the next

patron to borrow.
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7) Mobile Inventory Unit

Figure 2.9 Mobile Inventory Unit.

Mobile inventory unit, shown in Figure 2.9, allows the inventory
operations, which is a tedious and time-consuming task with the traditional barcode
system. With the mobile inventory, locating books can be performed quickly as it can
take inventory with a handheld reader and other tasks. Librarian simply scans the
handheld unit over the books and the unit communicates with the tags inside the
books. The unit alerts when the searched items are found.

Implementing full RFID system has been proved to help libraries all over
the world achieving their objectives in providing the best possible services to their
patrons. However, some libraries emloy only partial system with the selected
components. The next chapter will explore opinions from the experts in RFID industry
for different classifications of RFID libraries.

2.4 Related Works

There have been quite a few works related to this study on RFID usage in
library as well as classification of RFID. Some of the works that are selected will be
discussed below.

Roh etal. [6] proposed the classification of RFID adoption of different
organizations in various business types using expected benefits approach. Business

studied include seven firms ranging from the top 100 Fortune list, including Wal-Mart
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and Library of University of Nevada. According to the study, each firm adopted RFID

in different scale and scope according to their objectives. Table 2.1 shows the firms

studied.

Table 2.2 Overview of sample firms.

Company Profile Products or services | Main objectives of
RFID adoption
Lego land An amusement To provide creative | To prevent, track

park in Denmark.

family-oriented fun

activities.

and minimize
children being lost

in the park.

Library in the

University of

A Premiere library

in metropolitan

To provide services

of monographs,

To track, identify

and control library

Nevada, Las city. subscriptions, material more

Vegas (UNLV) databases, and the efficiently.
like.

The A global trade To improve the To diminish the

International organization of air | operations of the number of

Air Transport transport. global airline mishandled

Association industry. baggage.

(IATA)

Wal-Mart The world’s largest | To offer a variety of | To freely get

retailer. retail merchandises at | products in and out
the lowest possible and track the
cheap price. movement of the
products.
Intel The largest To manufacture and | To reduce human

semiconductor
manufacturer in the

world.

deliver
semiconductors on a

global scale.

errors in checking
and delivering car

seats.
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Company Profile Products or services | Main objectives of
RFID adoption

Johnson Second tier supplier | To supply a range of | To reduce human

Controls of Toyota and GM. | car seats for first tier | errors in checking

and automotive

and delivering car

manufacturers. seats.
Metro Group The third biggest To sell a variety of To set new
retailer in the retail merchandise standards for the

world.

and offer excellent

customer experience.

retail industry and
foster
modernization
process in

commerce

Firms adopted RFID in their business processes recognized various

benefits such as cost saving and cycle time improvement, better inventory control,

reduced labor costs, inventory obsolescence reduction, rich information exchange

among participants in a supply chain. The benefits were grouped into three key

categories: cost savings, supply chain visibility, and new process creation. Then, the

relationship between the three expected benefits and the scale and scope of adoption

were demonstrated a shown in Table 2.2. Under the various circumstances, it was

concluded that an organization may perceive the different value and benefits, which

leads the business to choose a certain type of RFID application or integrate RFID with

other technologies to gain more advantages.
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Table 2.3 Adoption pattern and characteristics.

Category | Internal solo Multiple solo | Internal Multiple
application (ISA) | application integrated integrated
(MSA) application application
(11A) (MIA)
RFID in one RFID in more | RFID with RFID with
Definition | organization than two other other
taking advantage | organizations | technologies | technologies
of its tracking to track and in one of systems in
accuracy and manage organization more than
convenience. inventory or to create new | two
product. business organizations,
process and creating new
provide cost- | process.
saving
Low High Low High
Scale Single Multiple Single Multiple
Organization organization organization organization
Low Low High High
Scope RFID alone RFID alone Integrated Integrated
with other with other
technologies technologies
Economies of | Economies of | Economies of
Impact scale, scope scale,
Supply chain economies of
integration scope, supply
chain
integration
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Table 2.3 Adoption pattern and characteristics.(Cont.)

Category | Internal solo Multiple solo | Internal Multiple
application (ISA) | application integrated integrated
(MSA) application application
(11A) (MIA)
Expected
benefits
Cost- Low High Medium High
saving
Supply Low High Low High
chain
visibility
New Low Medium Medium High
process
creation
Example Lego land Wal-Mart, Johnson Intel, Metro
International Controls Group
Air Transport
Association

Roh etal. also offers the decision makers to adopt RFID broad views in
considering their scale and scope. Details of the applications and budgets, however,
were not discussed. Hence, we will emphasize on RFID adoption for libraries of
different level with the applications details. The essential direct and indirect
advantages that are grouped into the three categories of expected benefits, i.e. (1) cost
savings through reduction in theft, labor, and inventory costs, (2) supply chain

visibility, and (3) new business creation, are recognized by libraries with RFID.

2.4.1 Use of RFID Technology in Libraries
There are previous works studied in the use of RFID technology in library

environment in different aspects. Here are some of the selected works to be discussed.
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Syed [7] discussed about the application of RFID 13.56 MHz (high
frequency — HF) for library, its advantages and disadvantages, and best practices. One
of the best practices is the suggestion to use tag that is compliant to 1SO18000-mode 2
tag [8] (the next generation then) as well as ISO15693, which was the only choice at
the time. Though now, 1SO15693 [9] has been integrated with 1SO18000-mode3
already.

Dhanalakshmi etal.[10] carried out the experiment in a library using UHF
equipment and tags. The different positions of tags in books were tested to decide the
tag position that maximizes the readability in normal conditions. Figure 2.10 shows

the different tag positions being tested.

L1

Tag Position 1 Tag Position 2 Tag Position 3
Tag Position 4 Tag Position 5 Tag Position 6
Tag Position 7 Tag Position 8 Tag Position 9 — Spine

Figure 2.10 Different Tag Positions Tested.
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Different antenna positions were also experimented, i.e.single antenna
placed at 1.5 meter above the ground, two antennas put at two sides of the gate at 1.5
meter distance apart. The former shows the readability result of different tag positions
varies between 40% to 87%, at average distance of 60 cm. to 91 cm. The latter shows
a 100% result at tag position — 7.

Different tag positions were also tested with handheld reader in searching
module. The results indicated that tag positions providing the better searching result
did not give good result in monitoring module as it is prone to be hidden by human
hand or body while carrying books in the gate area of the library. Finally, tag position-
7 was chosen for the deployment. It was also concluded that though RFID in the
library has proved to enhance efficiency in operations, the performance of the system
depends greatly on the vendors of the RFID readers and tags chosen.

Another study by Dr. Prabhat Pandey etal. [11] was concluded that RFID
is not only emerging but also more effective, convenient, cost efficient in library
security. The technology has slowly replaced the traditional barcode and
electromagnetic security strip. It greatly improves services for patron, and allows more
effective use of librarian staff time as well as it reduces repetitive stress injuries for
librarian. It is the role of librarian to ensure that the use of RFID in library follows the
best practices guidelines and privacy principles consistent with library values.

Richard W. Boss suggested some precautions to educate the library staff
and patron prior to implement the technology that RFID is several technologies.
Easypass on toll way is meant to be read from a distance. Hence, it is not practical to
affix the Easypass tag onto library materials. The same is true of the tags used on
pallets in warehouse - not practical for library materials.

Therefore, it can be concluded that libraries all over the world are slowly
shifting towards RFID deployment for the proven advantages that the technology has
provided. There are choices between two frequencies. About 90% of worldwide
libraries choose 13.56MHz frequency, the rest of 10% choose 860-960 MHz range.
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CHAPTER I
RESEARCH METHODOLOGY

This qualitative research gathers data and information about libraries in
order to classify them according to the various factors available. Expert opinions are
sought after on classifications of RFID libraries in general practice among
international libraries. Then, surveys to libraries management and librarians will be
used carried out to gather information of different libraries in order to analyze each
library, whether to deploy full or partial system of RFID, according to the expert’s

opinion gathered.

From Figure 3.1, research methodology can be described as follows:

Literature review

Identification of study populations and samples

Surveys and Experts Opinion

Data analysis and data processing

Construct a classification for RFID libraries

Presentation of the findings

Figure 3.1 Research methodology framework.
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3.1 Literature Review

This step is to study and review the relevant theories and previous

researches described in Chapter Il in order to use as a guideline for this research.

3.2 ldentification of Study Populations and Sample

This step is to identify research populations and samples used to study and
analyze.

1) Study Populations

Study populations of this research are libraries of different academic levels.
Higher education libraries, school libraries, and special libraries in Thailand will be
focused. In Thailand, there are about 39,330 academic libraries, including higher
educational level, schools, and special libraries [4]. Information for our study is related
to the criteria stated by the experts. The information includes number of patrons, library
location, budget allocated for the library IT as it indicates emphasis placed on the
library, number of books in the library, number of library staff, frequency of visits by
patron on a weekly basis, and the main problem that the library is facing.

2) Samples

This qualitative research uses selected meaningful sampling to represent
each classification of libraries. In this study, we look at 32 samples.

3.3 Experts Opinion and Questionnaire to Librarian

Given definition of full system versus partial system components, experts
in the library RFID industry are sought after for their consideration on each criteria
whether to fit into full or partial system. The survey used in this step is shown in
Appendix A.

RFID systems deployed by libraries can be categorized in an attempt to
classify them according to features and functionalities provided by the system into full

system and partial system.
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Full RFID system consists of at least the following components:
e Self-Check Kiosk — 1 unit,
e Staff Station — 2 sets,
e Tagging Station — 1 set,
¢ Intelligent Security Gate — 1 pair,
e Book Return Unit -1 unit,
e Mobile Inventory Unit -1 unit,
e RFID Tags - for all the physical books collection.

Partial RFID system refers to basic system that helps library improve the
circulation efficiency and support long term system expansion for library services. The
system consists of the following components:

o Staff Station and Tagging System — 1 set
e RFID Tags - for all the physical books
¢ Intelligent Security Gate

Access Control Turnstile System for patrons statistics, though gaining more
popularity in RFID library usage, is not taken into consideration in this study.

After gathering all the information from the experts, similar criteria and
classifications of libraries are found.

From the experts’ point of view summary table, we attempt to find a
switching point from partial to full system of each criteria in order to try to come up
with a discrete rule, and derive the result as seen on the right column.

Each criteria is ranked and given the score according to its influence on the
need for technology deployment. For example, library problem is seen as the most
importance factor of technology deployment and hence ranked number one of all the
criteria. Maximum score of ‘8’ is given to the most important factor.

Primary source of data was collected by questionnaires handed out to
librarians in 100 libraries with 32 replies. The questionnaire emphasis on the criteria
stated in the expert’s opinion survey as detailed below:

e number of students and library members (patron),
e number of collections that are physical books,

e number of library staff,
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e major service issue that the library is facing,

e budget allocated for the library information technology.

3.4 Data Analysis and Data Processing

The questionnaire handed out to the librarian is analyzed according to the
experts’ view.

Each questionnaire is analyzed by comparing each factor to the expert’s
view. Each factor is classified whether it falls into full or partial system, one by one.
After all the factors are analyzed, if there are more full system factors, then the library
is considered a full system classification. If more partial system, the library would fall
into partial system classification.

This analyzed data is then put into processed using decision tree
classification analysis to obtain a decision model that is easier to understand and make

use of.

Table 3.1 Analyzed Data Collected from Librarians.

VISIT
LIBRAR NO. OF NO.OF | NO.OF | LOCA | BUDGET
FREQUENCY/ | PROBLEM TIER
Y TYPE | PATRONS | STAFF | BOOKS | TION (Baht)
MONTH
1 30,000 150 350,000 1 500,000 5 3 Full
1 30,000 150 350,000 1 10,000,000 2 3 Full
3 10,000 20 50,000 1 2,000,000 2 1 Full
1 30,000 80 250,000 1 3,000,000 2 2 Full
1 20,000 50 150,000 2 2,000,000 2 1 Full
1 20,000 50 150,000 3 5,000,000 3 1 Full
3 10,000 20 30,000 3 1,000,000 4 3 Full
1 20,000 100 150,000 3 5,000,000 3 3 Full
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Table 3.1 Analyzed Data Collected from Librarians. (Cont.)

LIBRAR NO. OF NO.OF | NO.OF | LOCA | BUDGET VISt
Y TYPE | PATRONS | STAFF | BOOKS | TION (Baht) FREQUENCY/ | PROBLEM TIER
MONTH

1 30,000 100 300,000 3 10,000,000 5 3 Full
2 5,000 20 30,000 1 3,000,000 2 2 Partial
1 30,000 50 250,000 3 2,000,000 3 3 Full
1 20,000 50 100,000 4 2,000,000 2 1 Full
1 30,000 150 300,000 3 3,000,000 2 2 Partial
1 10,000 100 150,000 3 2,000,000 2 1 Full
1 20,000 80 100,000 3 5,000,000 2 1 Full
2 10,000 50 100,000 1 3,000,000 3 2 Full
2 10,000 20 50,000 1 3,000,000 5 3 Full
1 20,000 80 200,000 3 5,000,000 3 3 Full
1 30,000 150 300,000 1 10,000,000 4 3 Full
1 30,000 150 300,000 1 10,000,000 3 3 Full
1 10,000 50 150,000 3 2,000,000 1 2 Partial
1 10,000 50 150,000 4 2,000,000 2 2 Full
1 20,000 50 100,000 3 4,000,000 2 1 Full
3 10,000 50 100,000 4 2,000,000 1 1 Full
2 10,000 20 50,000 3 2,000,000 3 2 Full
1 20,000 50 100,000 1 2,000,000 1 1 Full
2 10,000 20 50,000 1 2,000,000 1 1 Full
2 10,000 20 50,000 1 3,000,000 1 1 Full
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Table 3.1 Analyzed Data Collected from Librarians. (Cont.)

VISIT
LIBRAR NO. OF NO.OF | NO.OF | LOCA | BUDGET
FREQUENCY/ | PROBLEM TIER
Y TYPE | PATRONS | STAFF | BOOKS | TION (Baht)
MONTH

1 20,000 80 100,000 1 2,000,000 1 1 Full

1 10,000 20 50,000 1 2,000,000 1 1 Full

1 10,000 20 50,000 1 2,000,000 1 1 Full

3.5 Construct a Classification Model for RFID Libraries

From Figure 3.4, classification of a library is done using decision tree
analysis which helps the library management to consider the order of each factor
relevant to their libraries.

3.6 Presentation of the Findings

After deriving the classification model for RFID libraries in Section 3.5,

strategies will be presented in the later chapter of this research.
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CHAPTER IV
DATA ANALYSIS AND IMPLEMENTATION RESULTS

One interesting dimension gained from the survey based on the experts’
view can be shown in Figure 4.1. This could be useful and very interesting for the
trade as it shows that from the 32 libraries response, there are total of 4.7 million
books to be tagged with RFID tags. Total budget on RFID for the 32 libraries, all
library types combined including full and partial libraries, sum up to 113.5 million
baht.

y Number of Books and Budgets by Type of Library
3 50 = Total sum of BUDGET (Baht) - Partial
'0.18
- m Total sum of BUDGET (Baht) - Full
g
5o (e 1540 Total sum of NUMBER OF [BOOKS -
E 0.35 Partial
E m Total sum of NUMBER OF BOOKS -
Full
85.50
1 45
3.65
0 20 40 60 80 100
million baht

Figure 4.1 Total Budgets and Books from the 32 Surveys Response.
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4.1 Data Analysis

According to the expert’s view, library service problems should be viewed
as the most important factor to be taken into consideration when investing in new
technology. The problems can be in different dimensions. All experts agree that if
service problem lays in redundant process or service waiting queue, full system of
RFID would be the right option for the library. While if material lost or shelf
arrangement is the more important issue, only partial system would be sufficient to

resolve the issue. Figure 4.2 represents the interpretation clearly.

m Full System

Partial System

o - N W b~ OO N
1

—

Redundant Material Lost  Service Shelf
Process (1) 2 Waiting  Arrangement

Queue (3) 4

Figure 4.2 Number of Expert’s Opinion on Each Library Problem.

On number of books in each library, all experts agree that library with total
physical collections below 10,000 items, partial RFID system is sufficient for the
library. As the collections increase, two out of the seven experts suggest partial system

while the majority recommends a full system deployment, as shown in Figure 4.3.
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Figure 4.3 The Number of Expert Opinion versus The Number of Books for Each

Classification.

Location of the library is categorized into four group, Bangkok, Bangkok
metropolitan, provincial library, and remote library. All experts agree that all libraries
in Bangkok and all provincial libraries should employ full RFID system. Remote
libraries are suggested to employ the partial system. Bangkok metropolitan library is
suggested to employed full system by the majority of the experts (only one expert
think partial system is sufficient for libraries in the metropolitan area.) Figure 4.4

shows the number of experts’ opinion on each location.
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Figure 4.4 Number of Expert Opinion on Library Location.

Figure 4.5 shows experts view on budget allocated for library information
technology. IT budget for library gains interesting view from the experts as there is no
clearly divided point from partial to full RFID system. This could mean other criteria
must be taken into account as well. In general, it could be summarized that if IT
budget allocated for the library does not exceed 2 million baht, all experts suggest a
partial system. Library with IT budget exceeds 4 million baht that should employ the
full system. Five experts suggest a partial system for budget between two to three
million baht. Four experts suggest a full system for budget between three to four
million baht.
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Figure 4.5 Experts’ Opinion on Library IT Budget.

Opinion of experts shows that type of library does not have distinct
influence on whether to deploy full or partial system. Figure 4.6 indicates that experts
think no matter a library is academic higher educational, school, or specialized library,

full system should be deployed.

M Full System

. Partial System

O Kk N W b U1 O N
1

School (3) Higher Special (2)
Education

(1)

Figure 4.6 Number of Experts Opinion on Library Type with Full vs Partial System.



Nattachatr Sopitkamol Data Analysis and Implementation Results / 30

From Figure 4.7, it shows for library with the number of patrons not
exceeding 5,000 patrons, a partial RFID system is suggested by the experts. If total
patrons higher than 5,000 the library should deploy a full system.

B Full System

Partial System

|
O T T T T

1-5,000 A1 5001- 10,000 A1 10,001-20,000 More than
Al 20,000

Figure 4.7 Experts Opinion on Number of Patrons and Full vs Partial System.

Frequency of visits to library per month does not have any influence on
whether the library should deploy partial or full system, according to the expert. All
experts basically agree on full system deployment from the number of visit from one

time per month, as shown in Figure 4.8.
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Figure 4.8 Experts Opinion on Frequency of Monthly Visits to Library.

above

In the previous chapter, explanation was given how the experts’ opinion
were gathered and analyzed to derive the breaking point between partial and full
system. Table 4.1 shows the experts opinion for each library criteria and the turning

point from partial to full system of each criteria.
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Table 4.1 Experts Opinion on Each Library Criteria.

Full Partial System Critical Point
System
Library Type Rank 5, Score 4
School (3) 4 3
Higher Education (1) 7 0
Special (2) 6 1
Library Staff Rank 8, Score 1 35
1-20 3 4
21-50 5 2
51-80 7 0
More than 80 7 0
Number of Patrons Rank 2, Score 7 7,500
1- 5,000 3 4
5001- 10,000 6 1
10,001- 20,000 7 0
More than 20,000 7 0

Number of Books Rank 3, Score 6 40,000
Less than 10,000
10,001- 50,000
50,001- 100,000
100,001- 150,000
150,001- 200,000
200,001-250,000
250,001- 300,000
More than 300,000

N N NN NN oo
O O O o o o N N
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Table 4.1 Experts Opinion on Each Library Criteria.(Cont.)

Location

Rank 6, Score 3

Bangkok (1)

Metropolitan (2)
Urban (3)

Remote (4)
Library IT Budget (million
baht)

Less than 1
1.01-2

2.01-3
3.01-4

4.01-5
5.01 up

Library Visit
Frequency/Month
1

2
3

4

5 and above

Library Problem

Redundant Process (1)
Material Lost (2)

Service Waiting Queue
©)
Shelf Arrangement (4)

o N o

~N o B~ N O O

N NN N

0

1
0
7

Rank 7, Score 2

OO Fk W 01 N N

Rank 4, Score 5

O O O o o

Rank 1, Score 8
0
4
0

3.5m

3 times/month
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From Table 4.1, it could be interpreted that for the library problem criteria,
if the library is facing the redundant process, all experts agree that the library should
deploy full RFID system. Therefore, library problem is the most important criteria to
take into consideration ranking number 1 with the highest score of 8.

Surveys to librarians were distributed with criteria based on that of the
experts. Then, response from the surveys was processed to determine whether each
library would fall into which classification. Each criteria is compared to the opinion of
the expert, one on one. If there are more criteria that fall into full system, the library is
classified into the full system group. The outcome of this process is shown in Table
4.2.

Table 4.2 Outcome of the Library Surveys Analyzed According to Experts’ View.

LIBRARY
TVYPE OF NUMBER NUMBER NUMBER I(_:Z LIBRARY IT VISIT PROB
LIBRARY OF OF STAFF OF TIO BUDGET FREQUEN LEM TIER
PATRONS BOOKS (Baht) CY/MONT
N H
1 30,000 150 350,000 1 500,000 5 Queue Full
1 30,000 150 350,000 1 10,000,000 2 Queue Full
Redund
ant
3 10,000 20 50,000 1 2,000,000 2 Process Full
Materia
1 30,000 80 250,000 1 3,000,000 2 I Lost Full
Redund
ant
1 20,000 50 150,000 2 2,000,000 2 Process Full
Redund
ant
1 20,000 50 150,000 3 5,000,000 3 Process Full
3 10,000 20 30,000 3 1,000,000 4 Queue Full
1 20,000 100 150,000 3 5,000,000 3 Queue Full
1 30,000 100 300,000 3 10,000,000 5 Queue Full




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 35

Table 4.2 Outcome of the Library Surveys Analyzed According to Experts’ View.
(Cont.)

LIBRARY
TYPE OF NUMBER NUMBER NUMBER IC_:(A)\ LIBRARY IT VISIT PROB
LIBRARY OF OF STAFF OF TIO BUDGET FREQUEN LEM TIER
PATRONS BOOKS (Baht) CY/MONT
N H
Materia
2 5,000 20 30,000 1 3,000,000 2 I Lost Partial
1 30,000 50 250,000 3 2,000,000 3 Queue Full
Redund
ant
1 20,000 50 100,000 4 2,000,000 2 Process Full
Materia
1 30,000 150 300,000 3 3,000,000 2 I Lost Partial
Redund
ant
1 10,000 100 150,000 3 2,000,000 2 Process Full
Redund
ant
1 20,000 80 100,000 3 5,000,000 2 Process Full
Materia
2 10,000 50 100,000 1 3,000,000 3 I Lost Full
2 10,000 20 50,000 1 3,000,000 5 Queue Full
1 20,000 80 200,000 3 5,000,000 3 Queue Full
1 30,000 150 300,000 1 10,000,000 4 Queue Full
1 30,000 150 300,000 1 10,000,000 3 Queue Full
Materia
1 10,000 50 150,000 3 2,000,000 1 | Lost Partial
Materia
1 10,000 50 150,000 4 2,000,000 2 | Lost Full
Redund
ant
1 20,000 50 100,000 3 4,000,000 2 Process Full
Redund
ant
3 10,000 50 100,000 4 2,000,000 1 Process Full
2 10,000 20 50,000 3 2,000,000 2 Queue Full
Materia
2 10,000 20 50,000 3 2,000,000 3 I Lost Full
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Table 4.2 Outcome of the Library Surveys Analyzed According to Experts’ View.
(Cont.)

LIBRARY
TYPE OF NUMBER NUMBER NUMBER IC_:(: LIBRARY IT VISIT PROB
LIBRARY OF OF STAFF OF TIO BUDGET FREQUEN LEM TIER
PATRONS BOOKS (Baht) CY/MONT
N H
Redund
ant
1 20,000 50 100,000 1 2,000,000 1 Process Full
Redund
ant
2 10,000 20 50,000 1 2,000,000 1 Process Full
Redund
ant
2 10,000 20 50,000 1 3,000,000 1 Process Full
Redund
ant
1 20,000 80 100,000 1 2,000,000 1 Process Full
Redund
ant
1 10,000 20 50,000 1 2,000,000 1 Process Full
Redund
ant
1 10,000 20 50,000 1 2,000,000 1 Process Full

4.2 Implementation

In order to see the different perspective of the classification, decision tree
analysis is employed followed the above result, the outcome could be interpreted as
shown in Figure 4.9.
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Figure 4.9 Resulted Decision Tree.

Figure 4.9 indicates that if we are a library management thinking of
investing on an RFID system for our library, we may consider the following
procedures.

1) Library management should begin their consideration with the first
criteria, i.e. whether their services process is redundant. If it is, the library should
consider deployment of a full RFID system.

2) Otherwise, consider the next criteria on services queue, if the queue is
often long, then the library should consider the full RFID system installation.

3) If queue is not an issue then consider number of visits to the library of
an average patron per month. When an average monthly library visits exceed two
times, the library should consider a full RFID system.

4) If monthly visits frequency does not exceed two times, consider what
type of library we are. Choose a partial RFID system if it is not a higher education

library, i.e. if we are a school or special library.
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5) If we are a higher education library and your patron’s library visits
frequency is less than one time per month, deploy a partial RFID system.

6) A higher education library with visits frequency of a patron on average
is more than one time per month and has more than 100 library staff could deploy a
partial system. While the one with library staff less than 100 could choose a full RFID
system.

Though the derived model above is helpful, it did not mention location of
the library, which also gained some significant view from the expert.

Hence, the decision tree could be adjusted to be more synchronized to the
experts’ view. At the step of considering your type of library, if we are not an
academic higher educational library, consider our library location. If our library is
located in Bangkok or we are a provincial library, deploy full system. Otherwise, we
may choose a partial system.

Then, if we are not a higher educational library, follow step 5 above,
consider the visits frequency per month, and so on. Hence, the adjusted considerations
diagram will look like Figure 4.10, with the additional library location criteria taken

into account



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 39

Redundant Process

Yes No :
Queune for
Full System sivides
No Yes
Monthly Visits Full System
Frequency
e —
Upto 2 More than 2
Type of Library
Full System
Others
T Location
Monthly Visits
Fisqency, / LarKProvine |
R X MET/Remiot : E Full System

More

No. of Staff’ Partial System
Partial System
=100

<100

Partial System

Upto 1

Figure 4.10 Suggested Decision Tree.

Once the classifications of RFID libraries model is derived as above, it is
tested to see if applicable and practical to support the library management in making
their decisions. Ten of the thirty two library management who responded to the survey
are given the classifications model for their opinion. The model proved applicable and
satisfactory for the management to use as a tool to support their decision making in the

deployment level of RFID library system.
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CHAPTER V
CONCLUSION

In this chapter, the results of classifications of RFID libraries in Thailand

are summarized. Suggestions for improvement of the future work are also provided.

5.1 Summary of the Result

Libraries in the 21 century face many challenges due to technology
advancement and demand from new generation consumers. To keep up with the
consumers’ requirement, libraries must improve their services to patrons and increase
operations efficiency at the same time. Radio frequency identification (RFID) is one
technology that many leading libraries in the world have deployed to enhance their
library services and improve efficiency.

Many libraries in Thailand have invested in such technology, while many
are considering doing so. However, what level or classification that each library
should invest their limited budget in and what factors they should take into
considerations.

This paper suggests a model for classifications of RFID library system in
order to support the library management with advanced technology implementation to
enhance their library services which are most suitable solutions to their criteria. The
model provides a guideline for the management to realize which criteria should start
and follow in order for their consideration process.

The study sought opinion of the experts in the library industry on each
criteria considered suitable solutions for full system or partial system. The experts
include those who involve in international library commercial and academic experts
cum library management with extensive RFID knowledge. Surveys to librarians are
collected and compared to the experts’ view and processed using decision tree
analysis. A model is derived as the result.
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Necessary adjustment is carried out so that the model most reflects the
experts’ view. Then, the model is put to test by the library responded to the survey for
its applications and satisfaction to the management of the outcome of the model for
their particular libraries. It is proven that the model derived from this study is
satisfactorily applicable for the library management to employ in order to select the
most suitable level of RFID library system to their organization.

5.2 Limitation and Suggestions

RFID library system and equipment can be expanded to include other
components that enhance further services. However, at the time of this study standard,
full RFID system for library from most vendors consists of the components described
only.

This study emphasized more on library RFID system that is deployed in
about 95% of the libraries internationally, i.e. 13.56 MHz (HF) frequency range,
which is slightly more costly than the 860-960 MHz range (UHF). It does not mention
the technical differences between both frequencies and, hence, could cause some
misunderstandings that they are equally efficient.

For libraries considering the ultra-high frequency range, 920-925 MHz for
Thailand, it is highly suggested to explore deeply about that ultra-high frequency
range. Most libraries in developed countries choose to deploy 13.56MHz. In China,
where the ultra-high frequency library system originated, the use of HF and UHF
percentage is 50:50, with big public libraries, which is more family-children-oriented,
choose to deploy a more mature technology HF standard.

Experts suggest if the library’s main objective is emphasized on improving
the services via self-service efficiency and reliability, HF is the technology to
implement as UHF self-check tends to read books out of the required area as well, i.e.

from other patrons nearby the self-service unit.
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SATISFACTION ASSESSMENT FOR THE USERS OF
INSTRUCTORS

Questionnaire

Objective: To seek RFID expert’s opinion on Classifications of RFID libraries

in Thailand.
NAMIE: L.
Definition:

1. “Full system” refers to a complete RFID system for library. The system
consists of at least one unit of each system component. The components are
self-check unit, 24-Hr book return unit, staff circulation station, tag
programming station, Mobile inventory unit, RFID tags, and access control
turnstile with statistics system.

2. “Partial system” refers to an RFID system for library that consists of a

combined staff circulation and tag programming station, self-check kiosk,
RFID tags, and access control turnstile with statistics system.

Partial system also refers to a system with a combined staff circulation and tag
programming station, intelligent security gate, RFID tags, and access control

turnstile with statistics system.
Please provide your valuable opinion on each of the criteria in the
table below by checking “\” mark- whether each particular criteria of a library

should deploy full or partial system.

Data collected by
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Full System | Partial System Others

Library Type
School (3)
Higher Education (1)
Special (2)
Library Staff
1-20
21-50
51-80
More than 80

Number of Patrons

1- 5,000 au

5001- 10,000 au

10,001- 20,000 au

More than 20,000
Number of Books
Less than 10,000
10,001- 50,000
50,001- 100,000
100,001- 150,000
150,001- 200,000
200,001-250,000
250,001- 300,000
More than 300,000

Location
Bangkok (1)
Metropolitan (2)
Urban (3)
Remote (4)
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Full System | Partial System Others

Library IT Budget (million)

Less than one
1-2

2.01-3
3.01-4
4.01-5

from 5.01 up

Library Visit Frequency/Month
1
2
3
4

5 and above

Library Problem

Redundant Process (1)
Material Lost (2)

Service Waiting Queue (3)
Shelf Arrangement (4)
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