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ABSTRACT

Radio Frequency Identification Systems are becoming very useful and helpful in our daily life
due to their advantages such as reduction of human error, theft prevention, time-consuming
reduction, the auto-identification of targeted objects and data collection, find easily misplaced
items as well as automating the processes business. Radio Frequency Identification systems
have been applied in different areas including in library to manage items and library operations.
Different approaches have been adopted to increase the efficiency of library management
system in the East African region unfortunately, some challenges including theft of library
item, pages removal, non-customer satisfaction, high cost of used system are persisting. To
address the challenges an RFID system has been developed for East African Community
Library. It used Ultra High Frequency (UHF) RFID readers and tags capable to send and
receive data at a read range of 6m. The aim of this system is to speed up all library transactions,
improve customer’s satisfaction and keep a track of all library items. It enabled also librarians
to have videos records of all library operations which were used to identify page removing
actors and other unwanted behavior. The developed system will facilitate users borrowing and
returning library items with the help of RFID-enabled modules without more human
intervention and issue an alert if a non-issued item is detected when user cross the library
entrance or exit. The Closed-Circuit Television (CCTV) camera and time-stamped access of
library books provided with this developed system, will help to have video records of all library

operations and facilitate to detect the actioner of the pages removal.
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CHAPTER ONE
INTRODUCTION

1.1  Background of the Study

A library is a curated collection of sources of information and similar resources, selected by
experts and made accessible to a defined community for borrowing, reading, often a quiet
environment for conductive study (Dhanalakshmi & Mamatha, 2009). It is a place where
people can get information in a different format found in various materials that a library holds
such as books, newspapers, manuscripts, films, maps, documents, CDs, cassettes, prints, e-
books, audiobooks. A library is an important part of the academic sector as well as professional
sectors and serves to support the school’s curriculum and research (Isebe, 2014). A library can
appear in different types such as academic, private and public. Library size is defined
depending on the number of items it contains that can be counted from hundreds up to millions
(Tosin, 2015). Often, having a big number of items in the library may bring a lot of challenges
when it comes to the purpose of management and achievement of fixed goals and objectives of
the library. According to Masood (2019), a library to accomplish its objectives and goals need
efficiency in its operations, which lies in how the books are arranged and how easily users can

get books of their choice, issuing and return borrowed items (Padmaj et al., 2019).

Library Management System has been defined differently by various authors (Koneru, 2004)
described library management as the act of keeping an eye on library department functions and
maintain all records of the library in such a way a library stays in an operatively and keeps
constant track of all library items in store. According to Smith et al. (2007) and Richard (2012),
library management is a developed system for handling basic functions of a library, providing
a complete administration solution for a library’s technical function and services to the defined
community. It includes areas such as circulation of books or reviewing, classification of
materials, catalog management, patron management, online access, search facility, report,

subscription (Satrusallya & Wunnava, 2019).

Furthermore, the presence of Information and Communication Technology (ICT) has become
a concern of many companies and institutions around the world and influences them to be
transformed from a tradition to a computerized approach. Referring to the work of researchers

it shows that manual system comprises a lot of limitations than the computerized system. Some



of these limitations are time-consuming, human errors, hard book location, staff stress,
difficulty of auto report generation (Vijayagowri & Kousalya, 2016). According to Singh
(2014), a library assistant at Guru Nanak Dev Engineering College, Ludhiana (GNDEC),
Information and Communication technology has brought a remarked change in the different

prospectus of human endeavor (Singh, 2014).

As libraries remain the primary source of information for thousand people, their management
have been taken as a key feature of many organizations including EAC which need to be
improved and reinforced (Bitter-Rijpkema et al., 2011; Warwick et al., 2008). On handling
library management, several technologies such as barcoding, RFID, software-based, can be
used in the prospectus to automate activities in general. Many institutions have also adopted
the use of software-based library management which enabled them to reduce time-consuming,
keep track of library materials, and auto-generate the reports (Tripathi, 2012). Despite works
that have been done, libraries around the world are still experiencing several challenges such
as theft, pages removal, high cost. These challenges persist followed by addition of improvised
budget for item replacement. Therefore, this study aimed to develop RFID based Library
Management and Anti-Theft System to the EAC region to provide features of maximization of
time, prevent theft, keep track of library items, and have video records of all library operations.
The system automates the book handling process including checkout, check-in, shelf

management, item borrowing, and returning without requiring more human interaction.
1.2  Statement of the Problem

While libraries are growing in size, the problem associated with maintenance and security is
also increasing (Kadari & Prasad, 2011). Nowadays, manual library managements systems are
more vulnerable to many disadvantages which induced in most cases to be replaced by
automated systems (Singh & Sharma, 2015). Furthermore, libraries around the world are
facing major problems such as theft of library items, page removing and time-consuming.
Theft is mostly done at a higher level and brings a negative impact by affecting library finance,
archives of different types as well as academic objectives. According to Weiss (1981), pressure
for academic success is a factor that increase book theft among students (Isebe, 2014). This
problem started in past years and it’s still ongoing in different libraries. In 2014, Simon
Thomsen via his audit done in August at the State Library of New South found that 12 rare
coins, valued at nearly $ 1 000 000, including an 1813 ‘Holey Dollar’ worth around $ 500 000
had been stolen. Recently in 2018, an audit done by Pall Mall Art Advisors at Carnegie library



discovered that over 300 items valued at about $ 8 000 000 had been stolen. Different
technologies such as barcode, software-based library management have been used for a
systematic and organizing way of keeping records and accomplishing many transactions.
However, due to several limitations of these technologies, some of the problems remain
unsolved. Furthermore, RFID as the new generation technology with several advantages in its
applications has been used as a solution in library management. This technology demonstrates
the ability to read the hidden item and alert in real time. However, the system is not compatible
when the RFID transponder will be removed (Kaur et al., 2011). The addition of a CCTV
camera system has been considered in this study. The system uses radio waves to identify the
tagged object and it does not require line of sight or physical contact as barcode technology,
able to read multiple tags per second within a read range of 6 meters. Finally, on implementing
this system, the passive tags were embedded on library items and user cards. The Radio
Frequency ldentification readers will be able to read all tags properly and put at the end the

theft problem observed in many libraries.
1.3  Rationale of the Study

The presence of Information and Communication Technology (ICT) has become a concern of
many companies and institutions including libraries around the world and influences them to
be transformed from a tradition to a computerized approach. Referring to the work of
researchers it shows that manual system comprises a lot of limitations than the computerized
system. Some of these limitations are time-consuming, human errors, hard book location, staff
stress, difficulty of auto report generation (Vijayagowri & Kousalya, 2016). As libraries remain
the primary source of information for thousand people, their management have been taken as
a key feature of many organizations including EAC which need to be improved and reinforced
(Bitter-Rijpkema et al., 2011; Warwick et al., 2008). Despite works that have been done,
libraries around the world are still experiencing several challenges such as theft, pages removal,
high cost. These challenges persist followed by addition of improvised budget for item
replacement. Therefore, this study aimed to develop RFID based Library Management and
Anti-Theft System to the EAC region to provide features of maximization of time, prevent

theft, keep track of library items, and have video records of all library operations.



1.4 Objectives
1.4.1 General Objectives

The main objective of this project is to develop library management and anti-theft system based
on RFID technology.

1.4.2 Specific Objectives
The specific objectives are the following:

Q) To analyze the requirements for developing the library management and anti-theft

system.

(i)  Todesignand develop the RFID based system for library management and an anti-theft

system.
(i)  To validate the developed system.
15 Research Questions
Q) Which techniques can system be used to develop the library management?
(i) How to manage the library?
1.6 Significance of the Project

For adequate library management, it is important to understand how a library is playing part in
the academic domain as well as in other domains. This study helps institutions to automate the
library’s activities, provides a reduction of staff stress, timesaving, keeps track of available
library items, users, and borrowed items. The most significant surveillance is attributable to the
fact that CCTV camera is much faster in recording with good resolution. Unlike Electro-
Mechanical (EM) systems which have been used in libraries for decades, RFID used in this
study move beyond security to a tracking system that combine security with more efficient
tracking materials throughout the library, including easier and faster charge and discharge,
inventorying, and materials handling. The study will also help in giving insight to academicians
and others professionals across regions, specifically the EAC countries to consider different
factors that affect library management.



1.7 Delineation of the Study

This study aimed to develop RFID based Library Management and Anti-Theft System to the
EAC region to provide features of maximization of time, prevent theft, keep track of library
items, and have video records of all library operations. The system automated the book
handling process including checkout, check-in, shelf management, item borrowing, and
returning without requiring more human interaction. In human life problems and challenges
can appear and sometimes produce the disturbances. It has been the same during development
this study where the following limitations appeared and brought various barriers: COVID-19
has been barrier for crossing countries borders in data collection phase, some devices were not

found in local market markets which took long time to be shipped from out of the country.



CHAPTER TWO
LITERATURE REVIEW
2.1 Manual Library Management System

Traditional libraries have the same models of sharing information to a defined community with
automated libraries. They comprise a collection of diverse materials of different formats such
as books, periodicals, magazines, manuscripts, researcher’s papers. A manual library
management system is the action of keeping an eye on library department functions and
maintain all records of the library in such a way that it operates in a manner and keeps constant
track of all library items in-store whose all processes are done manually (Green, 2007). The
manual system requires books and pens for registration, borrowing, and returning processes.

with the maximum human intervention.
2.1.1 Disadvantages of Manual Library Management System

According to Vijayagowri and Kousalya (2016), manual method is very difficult for records
verification of a week and above. It is vulnerable to human error, very slow to operate, large
storage amount of data, and is very exposed to loss (Burke, 2007). This type of management
left behind the information highway and induce non-user satisfaction. It deals with printed
materials while users want to supplement the printed information with more dynamic resources

and demands for digital information tend to increase daily (Bamgbade et al., 2015).

The manual method is less efficient where searches take long-time and require to move from
one index to another while in the automatic methods searches are very simple and users can
conduct few clicks in the same location. The traditional library management puts limits on the
future in the context of limiting users to have access to a growing body of work while any
quality of the automated system by contrast grant remote and on-site access to most resources
(Waller, 2013).



Figure 1: Disadvantages of a Manual Library Management System
2.2  Computerized Library Management

An Integrated Library System (ILS) is an enterprise resource planning system for a library
which tracks items owned, orders made, bills paid and information of library patrons. The
presence of computers and software changes manuals tasks to be completed automatic way. It
differs from the traditional library by the fact that files are easily accessible and all records are

stored electronically on the server.
2.2.1 Definition of Terms

Q) Catalog management: Catalogs of libraries are kinds of registers or a collection of
records of all knowledge resources founding into a library or the group of libraries
located in different areas. It deals with keeping track digitally of what is available in
the collection. It produces and creates standards descriptions of the library’s documents.
Furthermore, a catalog compared to the book index helps to find easily required
information. Simply users take a look at the index without going through all the book

pages and are automatically directed to the page containing searched information.

(i)  Cataloging: it is the process of creating metadata that represents the information
resources, such a books, articles, newspapers, sound recordings, documents, and maps
(Cabonero & Dolendo, 2013). The above process requires the respect of defined rules

for cataloging such as:

= A.A Code or Joint Code (UK and USA rules together)
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= American Library Association

= The Vatican Code (for printed books)

= British Museum Code

= Classified Catalog Code defined by Dr. S.R. Ranganathan.

The use of cataloging in a library has the fundamental purposes of managing the library works
efficiently, locating and retrieving the required knowledge resources easily, saving efforts and

time of the staff and user, and finally assisting users with an alternative knowledge resource.

(i)  Patron management: This feature deals with the user’s information tracking and
records. This option allows librarians to add and approve users, edit user data, providing
user access, remove users and miscellaneous which deals with user’s data exportation

in excel sheet and developer API for user management.

(iv)  Self-check-in/check-out: Allowing library patron to check their items in and out of the

library.

(V) Circulation management: This feature enables tracking the movement of library items
by knowing who took the library items, at what time items have been returned, issued

and reserved.
2.2.2 Features of Computerized Library System

A computerized library manangement system has been intended to automate, oversee and care
general handling of even enumous scale libraries. This productive is fits for overseeing book
issues, returns, users management, reports generation, Online Public Acess (OPAC),
calculating fine (Ng et al., 2020). In a general manner, a computerized library management can
have not an exhaustive list of features, depending on the programmer’s features which may be

more compared to these listed in the Fig. 2.



Online Public Access J

[ Self check-in/out

[ Charges management }

[ Others features

Figure 2: Features of Computerized Library Management



2.2.3 Comparison of a Manual and Computerized System

Table 1: Comparison of Manual and Computerized System

Aspects Manual System Computerized System
Error Vulnerable to human error Free error
Time Time-consumming Time saving
Update Left behind on the information Provides information update
highway
Accessibility Data are hardly accessible for more The data IS momentarily
than one user at the same instant and can be made available to
various users located differently
instantly.
Cost This system requires papers and Computers and software are which
pens which are very cheap make this system to be expensive
Howerver, it is very expensive compare to manual system. It comes
when it comes at side of staff very recommended and acting important
on human resourses management. This
system becomes a cost saving.
Backup Not possible All transactions can be saved and

Transactions
Records

Retrieval
data

Efficiency

Speed

Report
generation

of

Manual methods are used to
records all transactions

It becomes diffuclt and time-
consumming to retrieve data as all
books have to go through

Difficulty to find efficiency

Slow

Taking a long time to go out and be
subject to a high computation error

backuped easily. It becomes a key
features of information security.

The use of computer becomes very
important in transactions of records.

Retrieval of data is very easier as the
records are kept in soft copy and be
stored in a database.

Data can be retrieved quickly by
respecting the given instructions with
computerized system, inventory control,
collection, use of resources and time
becomes very appreciable

Very faster

It can be produced in a short time
accurately, complete, interesting for
presentation and good for printing.
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2.3

Barcode Technology

Barcoding technology is a technique to represent data in a visual and machine-readable form.

This method involves a combination of series of parallel white and black lines readable with

an optical barcode scanner (Hassan & Ruchi, 2018). It comprises two main parts whose reader

adds a barcode tag to be attached to the object. To read, a barcode needs to be scanned by a

laser and then interpreted. A barcode tag is devised in three parts such quiet zone at the

beginning, barcode symbols in the middle, and quiet zone at the end as shown in Fig. 3. This

technology has been used due to accuracy, speed, and reliability. The barcodes exist in two

types:

(i)

(i)

One dimensional (1D) is used to symbolize data by varying the width and spacing of
parallel lines. This involves some of the most traditional and well-recognized barcodes
types such as UPC and EAN codes. The length of a one-dimensional barcode is direct
tied to how much information it holds. Often, one-dimensional code has a limited
number of characters that cannot be exceeded (8-15). One- dimensional are mostly used
to execute enterprises functions for the purpose of saving time and making inventory

workflow more effective.

Two- dimensional (2D), similar to 1D but different in information storage capacity,
symbolize data in two-dimensional symbols and shapes. They involve Q-R and
PDF417, the new types of barcodes. Two-dimensional codes are designed to keep data

intact and scannable even after being ripped, scratched, or damaged.

However, barcoding technology is considered as old technology with more limitations which
induced it to be not widely used in libraries (Chanda, 2020; Peta, 2000).
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Figure 3: Barcode Components
2.4  Radio Frequency ldentification in the Library

A Radio Frequency ldentification is a computing technique based on the use of radio waves
for transferring and receiving data between a reader and movable item for the purpose of
identification, categorization and tracking wirelessly (Grover & Ahuja, 2010). It facilitates
library transactions with help of RFID modules. It directly provides the targeted object and
user information to the library management system without human (manual) typing. This
method is fast, secure, and provides a unique identification and backend integration. Radio
Frequency Identification system comprises of three main components which interact with a

computer system:

=  RFID readers
= RFID tags/labels
=  Antenna

=  Database

A Radio Frequency Identification reader and transponders are designed with a microchip inside
to deals with signal processing and antenna for sending and receiving data via radio waves.
Transponders exist in two types which can either be actives with a battery inside or passives
with non-battery inside (Nisha, 2018). Passives transponders are powered by the radios waves
from the RIFD reader (Vijayagowri & Kousalya, 2016). The use of RFID in library provides

the following features:

12



= Remove manual bookkeeping of records

* Trace library ‘items and members when moved

* Improve utilization of resources like manpower and infrastructure
= Minimize time- consuming and avoiding more human interaction
= Provide a read range of more than two meters

= Provide the long-lasting labels

= Facilitate fast searching of books

Readerantenna

y

*——_—
Communication
T l netweork
AT =
e e L
_ | ™ b5 58
Computer Reader

Figure 4: Radio Frequency ldentification System Components
2.5  Advantages of RFID Compared to Barcode Technology

Table 2: Comparison of RFID and Barcode

RFID Barcode
Have a read range of long-distance in terms  Much smaller and lighter read range
of meters distance in terms of centimeters
RFID tags do not require a physical sight Require physical contact with the scanner to
with the reader scan a barcode
Do not require human interaction Require human interaction

RFID reader read multiples tags at the same  Read a single card
time

RFID tags are read/write devices Not programmable
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RFID knew high levels of security: Today barcodes are found on almost every

encryption of data, protection of the item and there are no privacy issues
password. involved with its use

RFID tags have large data storage Today barcodes are found on almost on
capabilities various materials in which they are placed
Once these are set up, it can be run with Require more human interaction

minimal participation

RFID tags are protected by plastic cover In many cases barcode accuracy has been

which make them to be reusable and rugged said to be the same or even better
than RFID tags

Good readability Barcode readability can be affected by
moisture, dirty, absorption, packaging.

2.6 Ultra-High Frequency Radio Frequency lIdentification Technology

Radio Frequency ldentification technology works in the different bands of frequencies and
each group has its typical uses because of its inherent advantages (Saleem, 2012). Low-
Frequency RFID using a band of frequency (125-134 kHz) which induces it to have a short-
read range approximatively in terms of centimeters between reader and transponder.
Furthermore, HF RFID is commonly operating in a band of frequency of 3 to 30 MHz with the
reading range of 10 cm to one meter while Ultra-High Frequency RFID tags have the largest
read range and big speed. The passive RFID tags type ultra-high frequency have the capacity
of being read at a short distance compare to active RFID tags of the same band of frequencies
(Gilbert-Rolfe, 2017). Passive can be read at 12 meters while actives tags can even be read at
more than one hundred meters (OECD, 2008).
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N

Figure 5: Radio Frequency ldentification Integrative Long-range UHF Card Reader

Figure 6: Desktop Ultra-High Frequency Radio Frequency Identification Reader
Writer

The Ultra-High Frequency has been used in this study due to its good performance. Radio

Frequency Identification Integrative long-distance UHF card reader of reading range up to 6 m
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and frequency range of 902- 928 MHz can read a big number of tags per second which at the

end speed up activities.
2.7  Related Works

Several types of researches have been done and come up with different computerized methods
to be used for overcoming limitations caused by Manual Library Management System
(MLMS). Barcode technology is one of a computerized systems which involves the use of
software and hardware and is adopted in many libraries. Singh and Sharma (2015) designed a
system-based barcode identification to time-consuming and overcoming others challenges
found in the manual systems (Edwards & Orukpe, 2014). However, this system is exposed to
a lot of limitations and requires a physical sight to scan a barcode which involves human
intervention. Also, the system cannot read more than one barcode at once and its readability
can be affected by moisture, dirty, absorption, packaging.

According to Padmaj et al. (2019) it was observed that the barcoding technology disposes a lot
of limitations and researchers recommend this technology to be replaced with an efficient
system. A system-based Radio Frequency ldentification (RFID) technology that uses radio
waves was proposed as the best method for automating library activities, tracking, and
recurring fault (Makhija & Chugan, 2016). However, the system was hindered by the issue of

cost- effectiveness due to the use of UHF gates.

Furthermore, Hamid et al. (2012) described that there is no perfect system for actual tracking
of books in the library and display their location. For that reason, the system was developed
based on UHF readers that can read a tag at a high distance compared to other frequencies.
Ultra-High Frequency Radio Frequency ldentification tag was placed on the shelves and a big
number of RFID readers was used. A similar system has been developed by Makhija and
Chugan (2016) to pilot a university library. The study used Graphical User Interface (GUI) to
support all necessary library functionalities and user needs. Shelf antennas that were optimized
with a target of maximize tag readability as well as minimizing the pollution of electromagnetic
in the vicinity cabinet were used (Yuan & Yu, 2012). However, these systems were deployed
at a high cost due to the requirements of confined reading area and positioning ability to know
where the label is along to the shelf.

Moreover, libraries around the world are confronted by theft which is affecting archives of

different types, financial as well as academic objectives. Thus, several methods and strategies
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including professional guidelines establishments, internal control procedures, training for
employees, and ethical standards have been used for fighting against theft of library items and
their harms in library (Scott, 2000). Contrariwise, theft is persisting. Hamid et al. (2012)
designed a system by using RFID technology to secure library items. The system designed a
real-time notification of theft using multi communication between reader and transponder.
Ultra-High Frequency Radio Frequency Identification gate readers (portal) were placed at the
entrance of the library for monitoring all outgoing and incoming bags and generate an alert if
a non-issued library item is detected. However, the implementation of this system becomes

very expensive due to a high price of the UHF RFID gate reader.

Mansfield (2009) observed that books and books pages were disappearing at the university of
Lincoln due to the bad behavior of employees and users. Regular library checks in, security
gates, and maintenance to avoid failures were recommended. According to Alexander (2010)
bag searching acts as a deterrent and heightens security awareness. However, this approach
didn’t succeed to put at the end of theft activities. Furthermore, Isebe (2014) highlighted that
in medicine domain is better to prevent than treat. It is the same in a library where good
preventives measures have to be taken for the purpose of preventing information losses and
library materials (Urhiewhu et al., 2018). Therefore, solutions that incorporate technologies
such as CCTV cameras and UHF RFID were recommended to be used. It helped to prevent the
theft of books, to identify page removal using video records, and enabled librarians and users

to execute library operations using RFID modules with no more typing.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Research Design

A library is one of the important parts of academic sectors as well as professional’s sectors.
Students, lecturers, and researchers gain services and tools needed for conducting their works.
Good management is needed to facilitate users having 24h/7 accessibility to the information
resources and services provided by libraries. However, several libraries in the EAC region are
facing challenges which in the end have negatives impacts on information availability, financial
part as well as support on academic’s curriculums. The aim of this system is to speed up all
library transactions, improve the customer’s satisfaction and keep a track of all library items,
enable librarians to have videos records of all library operations which can be used to identify
page removing actors and other unwanted behavior for the East African region. Several tasks
were undertaken to accomplish this study such as assessment of existing methods for
knowledge keeping, documentation, and survey, requirements analysis for system

development, and validation of the developed system.
3.2  Sample Size and Sampling Technique

During data collection, the study employed a non-probability sampling techniques sample size,
where 65 students and researchers and 40 librarians were involved to make a total of 105 survey
participants. The non-probability sampling method is based on a subjective judgment of
researchers rather than random selection (Taherdoost, 2016). A part of the sample, unstructured
face-to-face interviews have been done which involved librarians of Information Centre

Resources and Hope Africa University librarians.
3.3  Case Study

The study was carried out in the East African region, due to COVID-19 complications which
induced countries to close borders and take others preventives measures libraries of two
countries. The Information Resources Centre (IRC) located at East Africa Community
secretariat Arusha-Tanzania, and in the Vivian A. DAKE Memorial library of Hope Africa
University in Bujumbura-Burundi were used. The IRC was the place where | conducted my

internship, and the developed system was implemented and tested in this library.
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3.4 Data Collection Methods

On carrying this study, data was gathered from library staff and other users to determine
challenges and needs for library management. The collected data were classified into two
categories which are primary and secondary data. Primary data are those which were collected
afresh and for the first time and thus happen in the original form, not published yet, and more
reliable. These data are mostly obtained by interviewing the concerned people, using surveys
methods, observation methods. While secondary data were collected from the published

materials.
3.4.1 Primary Data

The primary data were obtained from librarians of the Information Resource Centre of EAC
located in Arusha Tanzania, and from library admin and students from Hope Africa University
(HAU) located in Bujumbura city, a quarter of Ngagara Il. Discussion, observation, interviews,
questionnaires and face-to-face conversation are the methods used to obtain all needed
information. A discussion method was conducted to Information Resources Centre and Vivian
A. DAKE Memorial library to assess the existing system and determine the weakness and
strengths. The observation was conducted to both libraries to observe how services were
delivered to library patrons and library operations while the interview was conducted to
librarians to investigate scenarios which libraries were going through in embarking on an
automation library. Furthermore, the questionnaire was conducted to librarians and students of
HAU university to identify the level of student’s satisfaction and challenges met when they
visited the library. Google form was used as the technical tool to capture data from respondents.
Also, face to face conversation method was used when interviewing with the library admin to

identify and agree on the requirements of the developed system.
3.4.2 Secondary Data

To grasp relevant information of the developed system documentation method was used.
Books, reports, various publications, and internet articles were analyzed to identify what has
been done by others researchers together with observations, recommendations and solutions

proposed.
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3.5  System Requirements
3.5.1 Software Requirements and Tools Used

The selection was based since it is stable, supports more features, and user-friend ness. Others
tools used to develop the library web-based focused on the front end, back end, and

programming editor.

a) Front End Programming Languages

In programming technology, the front end refers to the interfaces of a website or software
programs that are presented to users. Bootstrap is a CSS framework directed at responsive,
mobile-first front end development mostly used in website design and contains templates for
typography, tables, form, modals that help to design a website quickly. Bootstrap comprises

the following programming languages.
Q) Hypertext Markup Language

Hypertext Markup Language (HTML) is a standard used to design web pages The version 5 of
HTML was used due to its capability of standardized features such as web socket protocol
responsible for a full-duplex communication in web technology. It accepts assistance from

Cascading Style Sheets and JavaScript technologies.
(i)  Cascading Style Sheets

Cascading Style Sheets (CSS) is a style sheet language used to make web pages written in
HTML in presentable form. It is also a mechanism of adding style in a web document such as
color, font, spacing. This language was used in this study to design the look of frontend
interfaces of LMS.

(i)  JavaScript

Java script is a high-level client-side scripting language used in web page development. It is a
suitable tool for making a web page dynamic form and has first-class functions. JavaScript is
a multi-paradigm language that supports object-oriented, imperative, and functional

programming styles.
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b) Backend Programming Languages
Q) Codelgniter

Codelgniter is a PHP Model view controller (MVC) framework and open-source software used
for developing a web application rapidly. It provides out-of-the box libraries for connecting to
the database and performing a various operation like sending emails, uploading the files,

managing sessions.
(i) My Structured Query Language

MySQL is an open-source, reliable and compatible with all major hosting providers, and cost-
effective (Capligins & Ermuiza, 2016). It is easy to use and has been known as the best tool for
the relational database management systems (RDBMS) and is based on structured query
language reason why it has been chosen to be used in this project. It will enable users to request
information by simply typing the specified SQL statement on MySQL.

@iii)  XAMPP Server

XAMPP is a free and open-source cross-platform (compatible with all types of computer
hardware and software) web server solution stack package. Developed by Apache Friend,
consists mainly of the Apache HTTP server, Maria DB database, and interprets for scripts
written in the PHP and Perl programming languages. It is known as a local web server that
provides a suitable environment for PHP, SQL. In this system, the XAMPP server hosts locally

all data entered in the system.
(iv)  Sublime Editor

A sublime editor is sophisticated text editor mostly used among web developers and natively
compatible with many programming languages. It disposed of features such auto-indentation,
a sidebar that enables it to easily work with the code base and allow developers to keep a track
of changes. Finally, sublime is an open-source and has a version like 3.0 which is compatible

with different types of operating systems like Windows, Linux, and Mac OS.
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3.5.2 Hardware tools used and their specifications
a) Computer

During the development and testing process of developed system a computer of P6100 @ 2.00
GHz with windows operating system of 64 bits and Linux operating were used. These are the

minimum requirements to be considered for computer the system can be installed.
b) Microcontroller

ATMEGA328P Microcontroller is high performance, low power controller from Microchip,
designed with 8bit microcontroller based on AVR RISC architecture. It is mostly used in low
powered and low-cost projects and autonomous where microcontroller is required. Arduino AT
mega 382P has 28 pins chip in total, analog, digitals, power and ground pins as shown in the
Fig. 7. These pins are used as input for transmitting and receiving data from an external device
and Pulse Modulation Width used to transmit entire signal in pulse modulation. The analog
input pins are 6 named at Arduino board A0 to A5 used to process continuous time signal with

an operating power range of OV to 5V.

Digital pins are generally deal with non-continuous time signal to process signal with discrete
input pulses and have representation of 0’s and 1°s. Theses digital pins are 12 and can be either

ON state or OFF state.
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Figure 7: AT Mega 328P Microcontroller Chip
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Radio Frequency ldentification tag for users

Figure 8: Radio Frequency ldentification Tag for Users

Radio Frequency ldentification Tag is a kind of transceiver device used to exchange data with

RFID reader through waves. It has two main parts whose Integrated Circuit (IC) used for data
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processing and storing as well as modulating and demodulating radio waves received/sent and
antenna as second part. Radio Frequency Identification tags exist in two types such as passive
and active. Whenever a passive tag comes in close proximity to reader, it is activated and able
to read and send data to the reader by using radio signals. The second part is antenna which is
used to transmit and receive radio frequency waves. In this study, UHF passive tags whose 96
bits to 1K bits storage capacity were chosen for library user. The device contains user’s

information and act as a unique identifier.
d) Antenna

Radio Frequency ldentification antenna are responsible for emitting and receiving waves that
allow to detect RFID chips. This device can be placed within reader or external device.
Electromagnetic field can be generated when an RFID chip crosses the antenna field., antenna
acts as a connection point between RFID tags and coupler. Depending to frequency band used,
the antenna creates different wave fields and cover different distances RFID antenna are

existing in different types such as:

e Circular Polarization Antenna (CPA) works in the best environments where the orientation

of tags varies.

e Linear Polarization Antenna (LPA) are used when the orientation of the tag is known and
controlled and is always the same. Antenna behaves like a communication media between

the tag and the reader.
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RFID Tag

Figure 9: Radio Frequency ldentification Chip with antenna
e) Buzzer

A buzzer is an electromechanical device which has 2 pins and used to convert audio model into
sound signal. It is designed to operate with 5V DC voltage and used for alerting/signaling. The
buzzer sound can be differently depending to design type and application. In this study buzzer
was designed within both RFID readers. In Desktop RFID reader, a buzzer provides a sound
when an RFID tag is detected while in the Integrated UHF RFID reader will alarm when a non-

issued item is detected depending on hardware programming.

Figure 10: Buzzer
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f) Light Emitting Diode

Light Emitting Diode (LED) is a semiconductor that emit light when a current pass through it.
Light Emitting Diode is composed by two electronics elements known as electrons and holes
which induce the light to be produced when are combined within the semiconductor material.
It disposes two pins and operates at 3V DC voltage and used in this system as a system

indicator.

Figure 11: Light Emitting Diode
Q) Liquid Crystal Display

A liquid-crystal display (LCD) is an electronic device that use liquid crystal to display data
from inputs devices electronically optical modulated. In most of case, LCD devices are used as

user interfaces of the system. LCD disposes 16 pins, operates at 5v DC voltage and currently
appear in different sizes in the electronic markets. A RC2004A is monochromatic 20x4

alphanumeric LCD able to display 20 characters at each 4 rows adopted to be used in this

system.
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Figure 12: Liquid Crystal Display
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h) Ultra-High Frequency Radio Frequency Identification Integrated Reader VI-
83TF

An Ultra High Frequency Radio Frequency ldentification reader is a device using an Ultra-
High Frequency band whose range is between 840 MHz and 960 MHz. It has an extended read
range compared to other LF, HF readers interact with many tags at the same time and very high
speed within distance of tens of meters. Often, each RFID reader has the three main parts such
frequency module, antenna and control unit which emit and receive radio waves of specific

frequencies and communicate in real time.

This reader is designed with some electronics components such as 7 dBi circularly polarized
antenna, LED and buzzer for working status indication, multi-color LED indicator, buzzer to
meet instructions in various working environments. It has features of STMicroelectronics STM
Cortex-M3 core CPU processor with ultra-low power consumption and ultra-high performance
which makes the reader program and interface run more stable and faster. Then a flexible and
rich interface methods, standard interfaces (TCP/IP, RS485, RS232, Wiegand interface), and
optional (wireless WIFI, Bluetooth). With a reading distance of 3-5 meters, this reader work

within an operating DC voltage of 9-24V with an operating temperature of -20°C~+60°C and

able to read multi-tags whose number is greater than 50 sheets /second.

Figure 13: Ultra-High Frequency Radio Frequency Identification Integrated Reader

)] Ultra-High Frequency Radio Frequency Identification Book archive tag LA-
86C

Linearly polarized design provides ultra-high read rates in a particular direction and high

senility identification, RFID labels have a high security performance, a global unique code
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identification and widely used libraries, database rooms and secrets archives. The LA -86C,
was designed in Ultra-High Frequency categories with a working frequency of 860-960 MHz,
a working temperature of -20°C~+50°C and retention time of more than ten years (>10 years),
able to read and transmit data within a reading range of 0-5 meters depending on reader’s

performance.

It disposes a storage capacity of 96 bits, dimension of 98*6 mm and readable writable

working mode.

Figure 14: Ultra-High Frequency Radio Frequency Identification Book Label
J) Radio Frequency Identification Desktop Reader VD-67

Compatible with multi-protocol (ISO 18000-6B, 1SO 18000-6(EPC G2), small size, fast read
rate, good design and other advantages. Radio Frequency ldentification Desktop Reader has
the operations of keyboard emulation, powered by computer USB port and RF lights and beeps.
It works with a temperature of -20°C to +60°C and reading distance of more than 100 mm and

more than 50 mm for writing. The desk RFID reader is widely used in many domains.

Figure 15: Radio Frequency Identify Desktop Reader
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k)  RS-232 Cable

In communication system, RS232 is used for serial communication between data terminal
equipment (DTE) and data circuit-terminal equipment (DCE). In this study, RS-232 was used

to facilitate communication between readers a computer system.

Figure 16: RS-232 Cable
)} Ultra-High Frequency Handheld Reader

Ultra-High Frequency handheld reader is made with portable RFID device with lightweight
and battery-driven. It is usually often built to provide ergonomic comfort. It operates in a good
frequency reading range of 915 MHz. Unlike a fixed RFID reader, which needs to be fitted and
cabled, handheld reader is mobile and can be carried to tag an embedded in designed location.
Also, most of handheld readers have key features that enable data collection and transfer by

translating RFID code without having RIFD middleware needed for fixed RFID readers.

Figure 17: Ultra-High Frequency Handheld Reader
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m) Closed Circuit Television Camera

The Closed-Circuit Television Camera (CCTV) also known as video surveillance pick up
images and video which at the end are sent to recording device then displayed through monitor

screen.
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Figure 18: Closed Circuit Television Camera
n) Network Video Recorder

Network Video Recorder (NVR) is a digital device used to receive live images and video
streams and store them digitally on hard disk (HDD). In this study, NVR was selected due to
high video quality, able to supports different types of cameras while DVR accepts only the
analog camera. Besides, DVR while performing functions requires cameras to be wired while,

NVR record remotely in a wired mode.
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Figure 19: Network Video Recorder
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0) Closed Circuit Television Monitor

Closed Circuit Television (CCTV) monitor is the display device usually connected to
surveillance video recorder. Most of DVR and NVR devices dispose ports which are
compatible for VGA, HDMI, and DVI connection.

Figure 20: Closed Circuit Television Camera Monitor

3.5.3 System Block Diagram

CCTV CCTV
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Figure 21: System Block Diagram
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Figure 21 shows the input and output devices integration. At the center of the system, there is
a microcontroller which coordinate each activity, compile the code and producing the output.
The relay component was used to control the circuit diagram and provide a necessary

amplification of converting small current into a large one.
3.6  System Development Approach

System Development Life Cycle (SDLC) methodology was used to develop this system. The
SDLC involves 5 phases which can be extend to 7 mastering phases. It tracks a project from
idea generation to system validation. The SDLC involves comprehensive and explicit steps

such as 7 mastering phases:

Q) Requirements gathering stage

(i)  Feasibility stage

(iii)  Design and prototyping stage

(iv)  System development stage

(V) System implementation and integration stage

(vi)  System testing and maintenance stage
a. System Validation

The used phases in this development applied the V model. The V model is one of the methods
of SDLC considered as the extension waterfall method which involves the finishing of first
step and shift to the second. System Development Life Cycle has been chosen to be used in
this project due to its advantages of giving a defined view of the entire system, resources,
timeline and goals. During design process, this method provides the ability of reviewing feature

and help to ensure the reliability of quality of the final product.
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Figure 22: V-model

Figure 22 demonstrates the relationship between each phase of the methodology used to
develop this system. It is important part of system development since it makes a system more
visible. After determining the requirements, the process of designing, development,
implementation follow with respect to the context of waterfall. Therefore, in V model, each
phase of verification has its correspondence in validation. The following phases have to be

done before validating a system.
Q) Unit Testing

Unit’s testing is generally done automatically in system development to ensure that the section
of the system (known as unit) meets its design and behaves as intended. Unit testing also
verifies that the smallest part of the system can work properly when it is isolated from others.

(i) Integration Testing

The integration testing was developed during the architectural design. These tests were done
in order to ensure that the created units and tested independent coexist and communicate among

themselves.
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(ili))  System Testing

Different to unit testing and integration testing, system testing deals with the whole system. A
team of the library stakeholders tested the functionalities and independencies of the developed

system to ensure that the system requirements have been met.

(iv)  User Acceptance Testing

Finally, the user acceptance testing was executed in the user environment. It verifies that the
delivered system provides efficient services in a real time and its performances to ensure that

users requirements have been responded.
3.7  Data Flow Diagram

3.7.1 Context Diagram

In engineering, data flow diagram is tools that illustrates the flow of data through the interaction
of different entities of the system. It is a graphical depiction of the flow of information and the
data that are applied to the movement of data from the input to output. Figure 23 depicts the
interactions between LMS and external entities and Fig. 24 illustrates the logic of producing
output with the exploding of level 0 in order to get level 1 of data flow diagram (DFD). The
others Figs. 25, 26, 27, 28, 29 and 30 demonstrate the processes of user login and context of

other library processes.

Provide information Display info ( Booke
Search book \
Users Issue/return book
Reserve book S T
Get ID /"..-.-- ™ _ sl Users
Library .
| |
Add /delete user , EnEEEnEn —
Add /delete book "‘\ system /»" Display info Resore
S - epo:
- @ .
1k
2] 2 Executes
&z PR
S 2 S System
, '\\_ R.Cpoﬂ reque st g m dlsp],ay |
Feport generation =R _
Management/ Recover deleted data )
Librarians ( )
Administration ‘
. v

Figure 23: Context Diagram
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Figure 24: Data Flow Diagram of Library Management System

3.7.2 User Login

At the home page of the system, user will be asked to click on login link. When done with the

selection, user will be directed to a panel and provide the credentials information (username

and password). The system checks validity of the provided information in database, will then
grant access or require user to register.

select
login
option

Enter

username
and
password

Invalid .
password User interfaces

Figure 25: Data Flow Diagram for User Login
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3.7.3 Admins Login

After entering user credentials, system verify the user profile the present her/his related
interface. The admin interface enables to have privileges and rights for monitoring all users
and entire system.

select
login
option

Enter admin
username
and password

Error. you are Admin
not admin interfaces
Figure 26: Data Flow Diagram for User Login

3.7.4 Super-admin Login

Super admin is an admin with all privileges and rights in the system administration in addition

of database access.

select Enter supper-

login _— admin

option username and
password

Error, invalid
password

Super- admin
interfaces

Figure 27: Data Flow Diagram for Super-admin Login

36



3.7.5 Account Creation

The super-admin and admins were granted right to create users accounts. For user’s accounts
to be created, requests have to be sent to admins. The system requires admins to create account
and grant username and password to users. Also, RFID smart card was provided to users to

assist the process of borrowing books.

Create
user
account

Enter admin
username
and password

Figure 28: Data Flow Diagram for Account Creation

3.7.6 Borrow Book

To borrow a book both super-admin and admins will be required to login as users. After
checking if the desired book is available, they will click on borrow button and complete the
borrowing form by scanning the user RFID tag and books. If the scanned user ID tag is identic
to the one stored in the database, user will proceed with scanning the book. If card I1Ds are not

matched, user will get an error form.
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Enter
username

Validate
borrow
form

Search
book

user login

Figure 29: Data Flow Diagram for Book Borrow

3.7.7 Book Search

Each authorized user will be able to search books by entering the key word and view the details

such as author name, name of the book, year of publication, publisher, abstract and book status.

[ Home page J

Enter

WView book detailsJ

username

. Search

user login and book
password

|

Figure 30: Data Flow Diagram for Book Search
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RESULT AND DISCUSSION

CHAPTER FOUR

4.1  Finding Obtained from Primary Data

4.1.1 Demographics Characteristics

Assessment demographic of respondents in this study was very inevitable to assess attitude and
prospective of library stakeholders through the use of Information and Communication
Technology (ICT). This study examined gender, age, education level and experience of using
internet and library. Table 3 demonstrates the socio-demographic details of each category of
respondents. The total number of 105 respondents were examined with number of male greater

than number of female respondents.

Table 3: Demographic Characteristics of Respondents

Demographic Respondents Percentage %
features

Gender Male 62 59
Female 43 41
Under 18 1 1

Ages 18-30 57 54.3
31-40 41 39
41-60 6 5.7
Above 60 0 0
Secondary 6 5.7

Education Bachelor 46 438
Masters 36 34.3
PhD 17 16.2
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4.1.2 Existence of Libraries and its Use in EAC Region

Figure 31 shows that libraries exist at 95.2% in the EAC region academic institutions. Also,
Fig. 32 illustrates 27.8% of respondents visit the library several times a week while 2.6% of
respondents visit library rarely. Figure 33 demonstrates purpose and reason for visiting the
library. The results show that 82.9% of respondents visit library for the purpose of finding a

books or magazine while 11.4% of respondents visit library to use audio-visual equipment.

® ves
$ No

Figure 31: Existence of Library in Academic’s Institutions

@ Daily

@ Once a week

& Several times a week
@ Once a month

@ Several a month

® Never

@ rarely

® Some times

Figure 32: Number of Times of Visiting Library
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Find a book or magazine 87 (82.9%)

For class instruction fi2 (59%)

30 (47.6%)

Get help with assignment

For self-study 65 (61.9%)
20 (27 6%)
30 (28.6%)

28 (26.7%)

Use computers in the library

Group study
Find infernet connectivity

Use audiovisual equipment 12 (11.4%)

Figure 33: Purposes of Visiting Libraries
4.1.3 Library Management System Used

A survey was also conducted to identify which libraries management system were mostly used
in the region. The results showed that 61% of library were managed in computerized way
while 39% were managed manually. However, the data collected from respondents illustrates
those libraries were using different computerized methods where software were used at 51.9%
while RFID technology is used at 13.9%.

Table 4: Library Management System Used in EAC Region

Library management system Respondents Percentage %
Types Computerized 64 61
Manual 41 39
Technology usedin 710 11 13.9
computerized Barcode 21 26.6
Software 41 51.9
Q-R 0 0
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4.1.4 Internet Usage and Technological Devices

A survey was also conducted to identify how internet were used in academic sector and which
devices were mostly used. Results from the respondents showed that 99% of respondents
accessed internet with different proportions of times. As shown in the Fig. 34, 43.8% accessed
internet daily 44.8% several times a week while 1% never accessed it. Figure 35 shows devices
which were used to access internet, 81.9% access internet using laptop while 19% accessed

using tablet.

@ Once a month or less
@ COnce a week

O Several time a week
@ Every day

@ never

Once a month

Figure 34: Number of Times that Internet is Accessed

Deskiop 37 (35.2%)

laptop 26 (81.9%)
smartphone 81(77.1%)
tablet

Figure 35: Devices Used to Access Internet
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4.1.5 Types of Security Used in Existing System

In order to know how far library items were secured in library, a survey was conducted in the

prospective department and results showed that libraries used different security measures.

Results showed that measure of strictly forbid users to enter in the library with a handbag were

used at 80.9% while using an alarming system at the library exit revealed 0.9%.

Table 5: Methods Used to Prevent Loss of Library Items

Methods used Respondents Percentage %
User’s bags checking at the exit of library 65 61.9
It is strictly forbidden to enter with a handbag 85 80.9
Each user is required to sign in the library book 41 39.04
Surveillance camera 22 20.9
Guards are standing at the entrance and exit 19 18.09
Using an alarming system at the library exit 1 0.9
Librarians and guards make circulations in the 1 0.9
library when users are inside

Using biometric technology to enter 12 114

4.1.6 Challenges in Library

In order to understand challenges facing libraries, the conducted survey showed that theft

existed at 42.85% and done in several times a year, 68.57% of respondents found pages were

removed. During borrowing the used time is 10 minutes which presented at 40.4%.

43



Table 6: Challenges Founds in Existing System

Subject Number of times Respondents Percentage %
Once a day 0 0
Once a week 2 0.019
Several times a week 4 0.38
Theft in library Once a month 6 0.57
Several times a month 7 0.66
Once a year 25 23.80
Several times a year 45 42.85
Never 16 15.23
Book pages removed Yes 72 68.57
No 33 31.42
Equal or less than 5 min 11 10.6
Times used in 10 min 42 40.4
borrowing process 15 min 38 36.5
More than 15 min 13 125

4.1.7 Library Management System Usability and Client’s Satisfaction

The survey was conducted to identify the usability of library and customer satisfaction. As
shown in the Tables 7 and 9 validation aspects were used and results shows that 8 aspects have

average of 21, which mean users agree that library is helpful.
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Table 7: Library Management System Usability and Customer Satisfaction

Number of Respondents

=}
(b}
o o
3 2 o
. . = %) o
Validation aspects & TS 3
2 - 8 =2 g
2 3 £ o 2 ¢
o — > 12 o [<5]
= (=) <3} — = >
O < Z2 O h <
Resources are appropriate for my course needs 18 62 5 15 7 214
Resources are easy to find 14 43 10 30 10 214
Resources are current and relevant 15 55 8 22 4 214
Borrowing resources policies and procedures are Clearly 18 46 4 32 5 21
stated
I usually find the needed resources 14 38 6 40 7 21
Recommendations for new or different resources are listedby 12 46 6 36 4 204
the library staff
The librarians provide good assistance 12 56 9 20 8 21
| am satisfied of library services 13 48 10 28 7 212
Internet connection of my library is very faster 13 53 9 19 11 21

4.2  Finding Obtained from Secondary Data

Findings from documentation, reviewing other related works showed that, the most of existing
system used barcode, RFID technology, others used software-based library management.
Libraries which used barcode technology were vulnerable to a lot of challenges due to
limitations such as sight line to read, short range, ability to read one barcoding at a time. The
software was good and made libraries automated however they were incompatible for theft
detection. The RFID technology was used in most of cases to replace and resolves issues of

barcoding.
4.3  Descriptive Analysis of Existing Systems

The descriptive analysis method was adopted to be using for data analysis in this study. This
technique allows learning from the past behaviors and find out how it might influence future

performance. The existing systems for library management have general purpose of making
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information accessible, identifying library items and serving a defined community. Descriptive
analysis method was used to identify weakness and limitations of existing systems in order to

come up with solution.
4.3.1 Problem of Existing System

After observing existing library management systems both manual and computerized, the

following problems were highlighted:

Q) Loss of data: In some of the systems, data are not centralized. They are kept in a book

or pieces of papers which might lead to information loss.

(i) Time consuming: Time consuming tends to differ from manual to barcoding system.
Manual system takes a lot of time in report generation compared to barcoding system.

Also, users cannot be tracked easily in the manual approach.

(iii)  Error: Some systems such as manual and barcoding are exposed to human error due to

human interactions.

(iv)  Theft: library items such books, CD or others are stolen each year in many libraries
around the world including that of East African region.

(V) Page removing: In some libraries, instead of borrow the entire book, users may decide

to remove pages containing needed information.
4.3.2 Description of the Developed System

The developed system comprises development of software and hardware integrations. The first
part provides diverse features via interfaces to help users to interact with the system. The
second part focuses with integration of different hardware for the purpose of automating
activities, identifying library items and enhancing security. The whole system has three
categories of interfaces:

0] User Interface

This interface allow user to login and see all available items in the library. Users will be able

to search needed item, borrow, reserve, cataloging, change password and track records.
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(i)  Admins Interface

Admins (librarians) have granted access to register users and library items such book, CD, and
DVD. The system grants admin’s ability to monitor borrowed, returned, non-returned and
reserved items and make decision for anticipated behavior. Furthermore, admin can generate

reports in desired format and have access to borrow book through user interface.
(iii)  Super-admin Interface

A super admin is the person who has all privileges of managing all users in the system. In this
system super admin have ability to add admins and grant them with all required access. Besides,
super admin has ability to monitor and review actions of admins. Furthermore, the system
offers super-admin access to recover the deleted information and delete it completely. This
feature has been added to handle the challenge of deleting some important information, which

in most cases it happens when the library has many librarians.
4.4  Radio Frequency ldentification Book Labeling

Figure 36 describes, the process of book labeling and presents the view mode of labeled book.
Each label disposes a dimension of 98*6 mm in such way it cannot be seen easily by users.
When attached on book, it is not easily to remove unless to users remove it with the page on

it is attached.
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Figure 36: Book Labeling
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45 Radio Frequency ldentification based Library Management and Anti- Theft

System Database Implementation

The database of this system was developed and supported by MySQL database management
and PHP scripts for user’s web connectivity. Figure 36 illustrates number of tables used to

develop the web based of this system and associations in the application.

[l Sever MySQL:3306 » @ Database: eac_library

¥ Structure | L SQL v Search Query | =} Export [< Import 4° Operations = =9 Privileges ¢ Routines & Events =2 Trigge
Filters

Containing the word:

Table = Action Rows @ Type  Collation Size QOverhead

[J abstract and subject terms {j F| Browse 34 Structure & Search 3 Insert fu:.'rlEn‘pt.- @ Drop o InnoDB  utfBmb4_general_ci  48.8 kig
[ bookcopies 4: [F Browse 34 Structure 4 Search 3« Insert I Empty @ Drop 2 InnoDB  utimb4_general_ci 2.8 kis
[ books 4 [E Browse 34 Structure % Search 3« Insert I Empty @ Drop 5 InnoDB  latind_swedish_ci 2.0 kis
[ book_category 4r [F|Browse 4 Siructure 4 Search 3¢ Inzert 5 Empty @ Drop s InnoDB  uti8mb4_general_ci 1s.8 kit
O borrow {: E| Browse 34 Structure % Search 3¢ Insert iu:.'rl Empty @ Drop o InnoDB  latin1_swedish_ci  4g.9 ki
[ categoryuser {j =] Browse 34 Sructurs 4 Search 3: Insert [u:"r' Empty @ Drop o InnoDB  utf8_general_ci 32.8 KiB
O languages 4r [E|Browse 34 Siructure & Search 3¢ Insert & Empty @ Drop o InnoDB  uti8mb4_general_ci 16.8 ki
O users 4 [F] Browse 4 Structure 4 Search 3« Insert 5 Empty @ Drop 7 InnoDB  latind_swedish_ci 1.0 kis
O view_books 4r [E Browse 3 Structure 8 Search F:lnset  PEdit @ Drop -2 @ View

[ view_mybooks 4; [FBrowse 34 Stucture & Search Felnset (PEdt @Drop - @ View

10 tables Sum <12 MylSAM latin1_swedish_ci 248.8 Ki& 8B
Figure 37: Database Implementation
4.6 Input and Output Design

The developed application is responsive for different ICT tools. It provides interfaces to users
and enable them to login and execute their needs. Librarians get the capability of registering

user, book and monitoring features.
4.6.1 Home and Login Page

The home page gives an overview of the system, it presents a login panel where each category
of users is required to click on login panel (get started) and enter credentials in order to have
access to the system. Users are required to be registered to have access for login in the system.

Once login, user will be directed to pages containing information depending to their privileges

48



LIEAC

Welcome to Information Resources
Centre of EAC

Figure 38: Home and Login Page
4.6.2 User Registration

Admins have ability to grant access to users registered in the system. Users are required to
provide personal information such name, surname, telephone number, department. Librarians
have ability to create for user a temporary password and give them RFID tag for identification.

After being added, users can login and get access to library system as shown in Fig. 39.

Add List
New user
Full Name sn| RFID
Gender _Select-- - Birth date dd/mmiyyyy m]
Email Phone
Home Address
Dapanemen‘ --Select-- ~ Photo [@ No file chosen
Category —Select o Profile _Select- -

Save

Figure 39: User Registration

4.6.3 Add Book
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Admin has ability to register all library items in the system. Books details such as title, name
of author, publisher, year of publication will be entered in the system and assigned the RFID

ID that stored in label.

Add List
New Book
Title : Author
category —Select— y Language _Select—- .
Publisher Publication Year
edition Photo @l No file chosen
Publication place page Number

Figure 40: Book Registration
4.6.4 Book Search

After granting access to the system, users can search book by entering keyword as shown in
Fig. 39. Details of book such abstract, publication year will be displayed by clicking on the

view button. Also, users will be able to see the book status (borrowed /reserved/available).
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A admin@eachq.org ~

Books' list

Search: = Ady|

Book Title |t Author publicationYear publisherName

Advance Databases  Informatics College 0000 Juliet Caeser

Show 10 v entries

Copy CSV  Excel PDF @ Print

View Update Delete

B
Previous Next

Figure 41: Book Search

4.6.5 Book Borrows

All registered users have rights of borrow book if they are available in the library. During book
registration, admin specify if the registered item is allowed to be borrowed. Borrowers have
only right of borrowing book copies while originals books are restricted. By clicking the
borrow button, users are required to enter details and swap the tag to the desktop reader. When
the ID of swapped tag is matched to the assigned user ID, their personal information such name,
User Id and emails will be appeared in the form. Then, user will continue by scanning the
preferred book and books details as shown in Fig. 40 will be displayed in the form final click

on borrow button. However, the process of borrowing can be denied due to the following case:

The allowed number of items to be borrowed has been exceeded (2 or 3 items are

allowed but depending to library regulations).

Users didn’t return the previous borrowed items.
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Borrow Book

Full Name Book Name

RFID User ID Author

E-mail RFID Book ID
Save

Figure 42: Book Borrow
4.6.6 Returna Book

To return borrowed library items, borrowers will be required to scan their user tag 1D, then see
their personal information will be displayed in the form. The borrower will proceed the same
by swapping the item to be borrowed. When returning the process done, system updated
automatically finally generate the return date which appear in user account history (view my
book). The return date will be automatically generated by system and it can be different
depending to user category. When the return date is approached, users will get notification via

email reminding them to return borrowed item.
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Return Book

Full Name I Book Name
RFID User ID Author
E-mail RFID Book ID

Figure 43: Book Return
4.6.7 Book Reservation

When users find book of their preference, and they are not around library, the system give them

the ability of reserve the book for 48 hours.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Library provides ability for researchers to easily get resources and information needed and
facilitate them to have an opened mind. A library can appear in different types such as
academic, private and public and its size is defined depending to the number of items it contains
that can be counted from hundred up to millions. As to have a big number of items in the library
may bring a lot of challenges when it comes to the purpose of management and achievement
of fixed goals and objectives of library. This has been a reason of developing RFID library
management system in order to keep all library resources well managed, secured as well as
granting a high level of accessibility. Barcode technology were most used to automated library
transactions. However, it presents a lot of limitations that a led non-satisfaction of users, failure
to meet library’s objectives and goals, poor services as well as insecurity of items. Radio
Frequency ldentification based Library Management and anti-theft (RLMATS) has been
developed and implemented to overcome existing challenges. It focused on the use of Ultra
High Frequency (UHF) band which enable readers and tags to send and receive data at longer
range compared to other frequencies bands. It will facilitate users borrowing and returning
library items with the help of RFID enabled modules without more human intervention. It also
allows librarians to auto generate reports in desired format and increase efficiency, accuracy
and security of library items. Furthermore, the system was not developed to meet needs of only
predefined institutions rather than each institution of East African region as well as outside the
region. As part of future work, this study researchers to find a technology that could applied
for page removal and replace videos recording. However, the CCTV camera and time stamped
access of library books provided with this developed system, will help to have video records
of all library operations and facilitate to detect the actioner of pages removal.
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5.2

Recommendations

This study recommends the following:

(i)

(i)

(iii)

Library staffs are recommended to organize seminars for library users to have clear
service orientation. Also, they are recommended to ensure that all used devices are

switched on.

Librarians (admins) are required to check recorded video to ensure that RFID labels are

not removed from the targeted items and identify the actor of page removal.

Super-admin is recommended to ensure the established rules of the library are well

respected by tracking the library activities of both admins and users.
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APPENDICES

Appendix 1: Questionnaire for Library Management System
Session A: Demography of Responses

1. What is your gender?
Male
Female

2. What is your age
Under 18
18-30
31- 40
41-60
60+

3. What is the highest level of education did you complete?
Secondary
bachelor
masters,
PhD

Other

Session B: Responses about Use and Services of Library

4. Does your institution/university have a library
Yes

No
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5. How often do you access the internet?
Once a month
Once a week
Several times a week
Every day
never
6. What kind of devices do you use to access the internet?
Desktop
laptop
smartphone
tablet
7. Approximately, how often do you visit your library
Daily
Once a week
Several times a week
Once in month
Several times a month
Never
8. What type of materials do you mainly read when you visit your library? Check all
apply
Bools
Newspaper
Journals
Thesis

Electronic references/
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Reports
CD- OR DVD
Others, specify
9. Which way do you use for finding the targeted library item?
Hardcopy catalogue/manual way
Online catalogue
10. Are the resources of your library accessible via internet?
Yes
No
11. Did you attend a workshop organized by the library of your institution?
Yes
No
12. What type of library management system does your library use?
Manual system
Computerized
13. If computerized system, what kind of technology?
Barcoding
QR
RFID
Other(SPeCIty)...ouuieet i e
14. How much time it takes, when you want to borrow an item?
Equal or less than 5 min
10 min

15min
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More than 15 min

15. Did you ever find a book with missing pages in your library (pages have been

removed)?
Yes
No

16. What was the reason for your visit to the library? (Select all that apply)

Find a book or magazine

For class instruction

Get help with assignment

For self-study

Use computers in the library

Group study

Find internet connectivity

Use audiovisual equipment

Other (please specify) .......cooovviiiiiiiiiiiiiiieeenn,

17. what kind of security does your library use to prevent the theft of library items?

User's bags checking at the exit of library.

It is strictly forbidden to enter with a handbag

each user is required to sign in the library book

Surveillance camera

Guards are standing at the entrance and exit

Using an alarming system at the library exit

Librarians and guards make circulations in the library when users are
inside

To enter by using biometric technology
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Session C: Satisfaction of Library Users

Indicate your level of satisfaction concerning the resources by completing the following

statements:

Statements

Strongly Agree Neutral
Agree

Disagree Strongly
disagree

Resources are appropriate for my
course needs

Resources are current and relevant
Resources are easy to find

Borrowing resources policies and
procedures are clearly stated

I usually find the needed resources

Recommendations for new or
different resources are listed by the
library staff

The librarians provide a good
assistance

| am satisfied of your library services

Internet connection of my library is
very faster
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Appendix 2: Internship Offer Letter




Appendix 3: Sample of Codes Used for Library Web Development
Home page codes

SIDOCTYPE html>
<html lang="en">
<head>

<meta charset="utf-§">=

<meta content="width=device-width, initial-scale=1 0" name="viewport"=

=title=Information Resources Centre</title=

<meta content="" name="description">=
<meta content="" name="keywords">
-{r__ Headﬁ )

<header id="header" class="fixed-top =

=div class="container d-flex align-items-center justify-content-between">=

<hl class="logo"><1mg src="1mages/eaclogo.jpg">EAC=/a></h1>

=l-- Uncomment below if vou prefer to use an image logo --=

=)= <a href="index html" class="logo"><1mg sr¢="assets/img/logo.png" alt="" class="umg-

fluid"=</a=--=

=nay id="navbar" class="navbar"=

<yl
<li=<a class="pay-link scrollto active”" href="#hero">Home=/a=</11=
<li=<a class="nayv-link scrollto" href="http://localhost/eac1/about"=About</a=</li=
<li=<a class="npav-link scrollto” href="http://localhost/eacl/services"=Services</a=</li=
<li=<a class="pay-link scrollio” href="http://localhost/eacl/team">Team=/a></l1=
<li=<a class="nay-link scrollio” href="#contact"=Contact=/a=</li=
<li><a class="getstarted scrollto” href="http:/localhost/eacl/loginpage"=Get

Started=/a=</li=

<ful>
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<1 class="b1 bi-list mobile-pay-toggle"=</1=
</pav=sls navbar -
=/div=
</header=<!-- End Header |
=l Hero Section =—==—==—=-=

<gection id="hero" class="d-flex align-items-center">

=div class="img-fluid d-flex flex-column align-items-center justify-content-center” data-
aps="fade-up">

<p>. </p=
<hl=Welcome to Information Resources Centre of EAC</hl=

<img src= images/library4d jpg” class="img-fluid hero-img" alt="" data-ags="zoom-in" data-
aog-delay="130"=

=/div=

</section=<|-- End Hero —-‘-7|
<main 1d="main">
=l About Section =—=———= --=
<gection 1d="about" class="about"=
=div class="container">=
<div class="row no-gutters">
=div class="content col-x1-3 d-flex align-items-stretch” data-ags="fade-right"=
<div class="content"=
<h3=The EAC Information Resource Centre=/h3=
==

The EAC Information Resource Centre plays a central role as a provider of
information and knowledge to the EAC Organs and Institutions,

</p=
=div class="col-md-12 icon-box" data-gos="fade-up" data-ggs-delay="100">
<1 class="bx bx-receipt"></1=

<h4=Vision=/h4=
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=p=A one stop centre for information on the East African Community regional
integration journey </p=

=/div=
=/div=
=/div>
<div class="col-x1-7 d-flex align-items-stretch" data-ggs="fade-left"=
=div class="icon-boxes d-flex flex-column justify-content-center”>
=div class="row">=
=div class="col-md-6 icon-box" data-gos="fade-up" data-ags-delay="100"=
<1 class="bx bx-receipt"=></1>
<hd4=Mission</hd=

=p=TTg develop a specialized centre of information and knowledge on the East

African Community regional integration journeyv </p>=
<{div=
=div class="col-md-6 icon-box" data-aps="fade-up" data-ags-delay="200">

<3 class="hx bx-cube-alt"==/1>

<p>The main objective of the Information Resource Centre 1s to avail relevant
information and knowledge in support of the Organs of the Community in fulfilling their
mandate </p>

</dw=

=div class="col-md-6 icon-box" data-gos="fade-up" data-ggg-delay="300"=
=1 class="bx bx-images"=</1=
<h4=0ther Objectives=/hd=

=p=To specialize 1n the collection, organization, and dissemination of a_ﬂa_l}fzed|
information in areas of cooperation=/p>=

<p= To collaborate with other information centres in EAC mstitutions/ Partner States
to develop local content of the EAC region=/p=

</dv=
=div class="col-md-6 icon-box" data-gos="fade-up" data-ggs-delay="400"=
=i class="bx bx-shield">==/i=
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<h4=The Focus of IRC=/'hd=

<p=The EAC Information Resource Centre manages and maintains an electronic

Library (e-Library).
=/div=>

<button> <a href="http://elibrary_eac int/about/history/" class="about-bin"= Fead
more "Background On The Establishment Of EAC Information Fesource Centre (IRC)" <1,
class="bx bx-chevron-nght"></i=</a> </button>

=/div=>
=/div=>
=/div=>
</div>=!|-- End .content--=
=/div=>
=/div=

Add user codes

=div class="modal fade" 1d="modal-x1">
=div class="modal-dialog modal-x1">
=div class="modal-content">
=div class="modal-header">
<h4 class="modal-title"=ADD A NEW USER=/h4=
<button type="button" class="close" data-dismiss="modal" aria-label="Close"=
<gpan aria-hidden="true">=&times;</span>
=/button>
=/dv=
=form method="post" enctype="multipart/form-data" id="user_form" =
=div class="modal-body">
=div class="row">
=div class="col-1g-6">
=div class="form-group"=

<label for="name"=Full Namei.-’label>|
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<input type="text" class="form-control" 1d="name" placeholder="Full Name"
name="name">

<gpan id="name error" class="text-danger"></span>
</div=
<div class="form-group">
<label=Gender-</label=
<select class="custom-select” 1d="gender" name="gender" >
<opption value=""=5elect Gender</option=
<opption value="M">Male</option=
<option value="F">Female</option=
<(select=
=span 1d="gender error" class="text-danger"=</span=
</div=
=div class="form-group"=

<label=Phone number:</label>

=div class="1nput-group"=
=<div class="1nput-group-prepend”>
<span class="input-group-text"==1 class="fas fa-phone"></{=</span=
=/div=
<div class="form-group">
<label for="email">Email address</label=

<input type="email" class="form-control” 1d="emal" placeholder="Enter emal"
name="email">

<gpan 1d="email_error" class="text-danger"=</span>
</div=]
=l— =div class="form-group">

<label for="B.fid_user _ID"=Rfid-User</label=

<input type="text" class="form-conirol" 1d="Rfid user ID" placeholder="Enter
Rfid-User" name="Rfid_user ID">
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<span 1d="rfidlJser_error" class="text-danger">=</span=
</div= --=
<div class="form-group"=
<label for="Rfid user ID">=Efid-User</label=
=div class="row"=>

<div class="col-1g-8">

<anput type="text" class="form-control" 1d="Rfid_user ID" placeholder="Enter
Rfid-User" name="Rfid user ID"=

<span 1d="rfidUser_error" class="text-danger">=/span>=
</div>
<div class="col-1g-4"=
=|__ Button trigger modal --=

<button type="button" class="bin bin-pnmary" data-toggle="modal" data-
target="#exampleModal ">

ScanREID

=/button=

=</div=
=div class="col-1g-6"=
=div class="form-group">
<label=Date masks:</label=
<div class="imnput-group"=
<div class="input-group-prepend">
<gpan class="input-group-text" =<1 class="far fa-calendar-alt"></1=</span>
=/div=

<input type="Date” class="form-control" data-inputmask-alias="datetime" data-
inputmask-inputformat="dd/mm/yyyy" id="Date. Of Birth" name="DateOf Birth'. dasa-

mask>
<span 1d="date_error" class="text-danger"=</span>

=/div=
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=|-- / input group --=
</div=
<div class="form-group">
<label=Department :</label>
<gelect class="custom-select” name="department"” 1d="department">
=option value=""=5elect department=/option=
=option value="Department 1">Department 1</option=
=option value="Department 2">Department 2</option=
<option value="Department 3">Department 3</option>
<option value="Department 4">Department 4<</option=
</gelect=>
=gpan id="@m" class="text-danger"==/span>
</dwv=
=div class="form-group">
<label for="examplelnputbils"=File input=/label=

<div class="input-group"=

<div class="custom-file">

<input type="file" class="custom-file-input" id="examplelnputFile"

name="photo">
<label class="custom-file-label" for="egamplelnputFile">Choose file</label=

=/div=

Book management codes
=div class="col-1g-12">
=div class="card"=
=div class="card-header">
<h3 class="card-title">BOOKS MANAGEMENT=/h3>
</div=
=|-- /.card-header --=

<div class="ca.rd—body"'3°|
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=div class="table-responsive"=

<table 1d="hogk_table" class="table table-bordered table-striped" style="font-size:

0.85%em;"=
<thead>
<tr=
<th=Book Title=/th>
=th=Author</th=
<th=Category=/th>
<th=Publisher Name</th=
<th=Nbr copies=/th>
<th=Date added=/th>
<th=Action</th>
</t
</thead>
<thody=
</table>

</div=

=/dv=
=|-- / card-body --=
=/div=
</div=
=div class="modal fade" 1d="modal-x]_addNewBook">
=div class="modal-dialog modal-x1">
=div class="modal-content">
=div class="modal-header">
<h4 class="modal-tiflebook">=Add new Book=/h4>
<button type="button" class="close" data-dismiss="modal" aria-label="Close">
<gpan aria-hidden="tme">&times;</span>

<button=
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=/dv=
<form method="post" encfype="multipart/form-data” 1d=" "o
<div class="mcdal—bod}f">{
=div class="row"=
=div class="col-lg-6"=
=div class="form-group">
<label for="hookTitle">Book bookitle</label>

=input type="text" class="form-control” 1d="hookTitle" name="bookTitle"
placeholder="Book Author">

<gpan 1d="bookTitle error” class="text-danger"></span=
=/div=
<div class="form-group">

=label for="hookAuthor"=Book Author=/label=

=input type="text" class="form-control" id="hookAuthor" name="bhookAuthor"
placeholder="Book Author">

<gpan 1d="bookAuthor error”" class="text-danger">=/span>

</div=

=div class="form-group"=
<label for=" MMQ"bPublisher name</label>

<input type="text" class="form-control" 1d="publisherName"
name="publisherName" placeholder="Publisher name"=

=sgpan 1d="publisherName error” class="text-danger"=</span=
=/div=
=div class="form-group"=
<label for="publisherY ear">Publication year</label=
<input type="vear" class="form-control” id="publisherYear" name="publisherYear"

placeholder="Publication year"=

<gpan 1d="publisher¥ear error” class="text-danger"=</span=
=/div=

=d1v class="form-group"=
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Codes for Book borrow form

=div class="modal fade" 1d="modal-x1">
=d1v class="modal-dialog modal-x1">
<div class="modal-content">=
=div class="modal-header">=
<h4 class="modal-title"> BOREOW A BOOK=/hd=
<button type="button" class="close" data-dismiss="modal" aria-label="Close">
<gpan arta-hidden="true">&times;</span=
</button=
=/div=
<form method="post" enctype="multipart/form-data” 1d="yser_form" =
<div class="modal-body">
=div class="row">
=div class="col—lg—6”1>|
=div class="form-group"=
<label for="name"=Full Name</label=
<input type="text" class="form-control" id="name" placeholder="Full Name"
name="name">
<div class="form-group"=

<label=Phone number:=/label=

=div class="input-group">
=div class="input-group-prepend”=
<gpan class="input-group-text"><1 class="fas fa-phone"></1=</span>
=/div=
<input type="text" class="form-control"

data-inputmask=""mask’: ['999-999-9999 [x999997]', '+099 99 99 9999[9]-
99997 name="phone" 1d="phone" data-mask>
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=gpan 1d="phone_error” class="text-danger">=</span>
=/div=
=|-- /[ input group --=
=/div=
=div class="form-group">
<label for="email"=Email address=/label=

<ainput type="email" class="form-control” 1d="emal" placeholder="Get email”
name="email">

=gpan 1d="email_error”" class="text-danger"></span>
=/div=
<div class="col-1g-6"=
<div class="form-group"=
<label for="Home Address">~Book name</label=

=input type="text" class="form-control" id="Home Address" placeholder="Book
Title" name="Home Address"=

<gpan 1d="address_error” class="text-danger">=</span=

</div=

</div=
=div class="form-group"=
<label for="Home_ Address"= Author</label=

<input type="text" class="form-control" 1d="Home Address" placeholder="Author
name" name="Home Address"=

<gpan 1d="address_error” class="text-danger">=</span>
</div=

<div class="form-group">

<label for="Home_ Address">=Book Id</1abel=

<input type="text" class="form-control" id="Home_Address" placeholder="Book
Id" name="Home Address">

<gpan 1d="address_emor” class="text-danger">=</span>
</div=]
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=div class="form-group">
<label for="Rfid_user ID">Rfid-Book=/label=
=div class="row"=
=div class="col-1g-8">

|*~‘ii.tlput type="text" class="form-control" 1d="Rfid user ID" placeholder="Enter Rfid-

User” name=" "
=span 1d="rfidUser_error" class="text-danger"=</span=
=</div=
<div class="col-1g-4">
=!-- Button trigger modal -->
<button type="button" class="btn bin-primary" data-toggle="modal" data-
target="#exampleModal ">
Get RFID Book
</button=
=</div=
=/div=

=/div=
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ABSTRACT

Radio I'requency Identification (RIFID) Systems are becoming very useful in our daily life due to its advantages such as reduction
of human error, thefi prevention, time consuming reduction, the auto identification of targeted objects, business processes
automation etc. RFID systems has been applied in library to manage items and library operations. Different approaches have
been adopted in library management system in the Fast African region unfortunately some challenges including thefl, pages
removal, non-customer saltisfaction, high cost of used system elc. are still persisting. To address these challenges, an RFFID based
library management and anti-thefi system has been developed to Fast African Community (I'AC) library. It focused on the use of
Ultra High Frequency (UHI") band which enable readers and tags to transmit and receive data at long range. The developed
system facilitates users to borrow and return library items using RIFID modules and enable librarians to monitor, record library
activities and prevent no issued item to cross the library entrance or exit.

Keywords: RFID, Library Management System, Anti-The(l, Ultra High Frequency.

1. INTRODUCTION

A library is a curated collection of sources of information and similar resources, selecied by experts and made accessible o a
defined community for borrowing, reading, oflen a quiet environment for conductive study [1]. It is a place where people can get
information in a different format found in various materials such as books, newspapers, manuscripts, films, maps, documents,
CDs, casscttes, prints, c-books, audiobooks ctc. A library is an important part of thc academic scctor as well as professional
scctors [2]. Tt can appcar in different types such as academic, private, public ctc. and its sizc dcpend on the number of items it
contains [3]. Having a big numbcr of itcms in the library may bring a lot of challenges when comes to the purposc of management
and achievement of fixed goals and objectives of library. According to Padmaj 2019, a library (o accomplish its objectives and
goals needs elliciency in ils operations, which lies on how the books are arranged and how easily users can get books of their
choice, issuing and return borrowed items[4]. Koneru, 2004 defined library management as the action of keeping an ecyes on
library department functions and maintain all records of the library in such a way the library stays in an opcrative manncer and
keeps the constant track of all library items in storc. According to Smith ct al., 2007, library management is the system developed
for handling basis functions of a library, providing a complete administration solution of a library’s technical function and
services (o the defined community|6]. It includes areas such as books circulation or reviewing, classification of materials,
calalogue management, patron management, online access, search facility etc. [ 7]. Furthermore, the presence of Information and
Communication Technology (ICT) has become a concern of libraries and institutions around the world and changed their working
way. According to M. Singh, 2014, a library assistant at Guru Nanak Dcv Engincering College, Ludhiana (GNDEC), ICT has
brought a remarked change in different prospectus of human ecndcavor. As librarics remain the primary source of information for
thousands of pcople, their managements have been taken as a key features of many organizations including EAC which nced to be
improved and reinforced. On handling library management, several technologies such as barcoding, RFID, software based, can be
used in the prospectus to automate activities in general. Despite works which have been done, libraries around the world are still
experiencing several challenges including theft, pages removal, high cost etc. followed by addition of improvised budget for item
replacement and maintenance. Thercfore, this study aimed to develop RFID basced library management and anti-theft system to

www.ijasre.net Page 49
Licensed Under Creative Commons Attribution CC BY-NC

78



International Journal of Advances in Scientific Research and Engineering (ijasre), Vol 7 (5), May-2021

provide features of maximization of time, preventing theft and keeping track of library items using the radio waves. The system
automates the book handling process including checkout, check-in, shelf management, item borrowing and returning without
requiring more of human interaction and generate alerts in case of non-issued items across the exit doors of library.

1.1. RFID in the Library

A radio frequency identification is a computing technique based on the use of radio waves for transmitting and receiving data
between a reader and movable item to identify, categorize and track wirelessly [10]. It facilitates the library transactions with the
help of RFID modules without human (manual) typing, provides a monitoring module and increase security. Through this
technology, books or others items are easily located in case of misplacement. The method is fast, secure and provides a unique
identification and backend integration. RFID system comprises of three main components which interact with computer system:

= RFID readers
= RFID tags/labels
=  Antenna

An RFID reader and transponders are designed with a microchip inside to deals with signal processing and antenna for sending
and receiving data via radio waves. Transponders exists in two types which can either be actives or passives with non-battery
inside and powered by the radios waves from the RIFD reader [11] [12].

2. RELATED WORKS

Several researches have been done and come up with different computerized methods to be used for overcoming limitations
caused by Manual Library Management System (MLMS). The barcode technology is one of computerized system adopted in
many libraries which involves the use of software and hardware. In 2005, Singh & Sharma designed a system-based barcode
identification with the aim of reducing time consuming and overcoming others challenges found in manual system| 14]. However,
the system exposed to a lot of limitations: requires a physical sight to scan a barcode which involve the human intervention unable
to read more than one barcode at once and its readability can be affected by moisture, dirty, absorption, packaging ctc.
Furthermore, Hamid,2012 described that there are no perfect system for actual tracking of books in the library and display their
location [15]. For that reason, the system was developed based on UHF readers to read tag at high distance compare to other
frequencies. UHF RFID tag was placed at the shelves and big number of RFID reader was used. Similar system has been
developed to pilot a university library[16]. The study used Graphical User Interface (GUI) to support all necessary library
functionalities and user needs. Shelf antennas that were optimized with a target of maximize tag readability as well as minimizing
the pollution of electromagnetic in the vicinity cabinet were used [17]. However, the systems were very cost effective due to
requirements such as confined reading area and positioning ability to know where the label is along to the shelfl. [18] observed that
books and pages are disappearing at University of Lincoln due to bad behavior of employees and students. Regular library checks
in, securily gates and maintenance to avoid [ailures was recommended. According to Alexander, bag searching acts was a
deterrent and heightens sccurity awarencess[19]. However, this approach didn’t succeed to stop the theft. Therefore, solutions that
incorporate technologies such as CCTV camera were integrated and brought more advantages.

3. MATERIALS AND METHODS

3.1.Case study

The study was carried out in East African region, particularly at East Africa Community secretariat, in the Information Resource
Centre (IRC) department located in Arusha-Tanzania and in the Vivian A. DAKE Memorial library of Hope Africa University
located in Bujumbura-Burundi.

3.2. Data Collection Methods

On carrying this study, data was gathered from library staff and other users to determine challenges and needs for library
management. The collected data were classified into two categories such as primary and secondary data. Primary data are those
which were collected afresh and for the first time and thus happen in the original form, not published yet and more reliable while
secondary data were collected from the published materials.

3.2.1. Primary Data

The primary data were obtained from librarians of Information Resource Centre of EAC and from library admin and students from
Hope Africa University (HAU). Discussion, observation, interviews, questionnaire and face to face conversation were methods
used to obtain all needed information. Discussion was conducted to assess the existing system and determine their weakness and
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strength. Observation was conducted to both libraries to observe how services were delivered to library’s patrons while interview
was conducted to librarians to investigate scenario which libraries were going through in embarking an automation library.
Furthermore, questionnaire was conducted to librarians and users to identify the level of users” satisfaction and challenges met
when they visited library. Also, face to face conversation method was used when conducting interview with library admin to
identity and agree on requirements of the developed system. Google form was used as the technical tool to capture data from
respondents.

3.2.2. Secondary Data

In order to grasp relevant information of the developed system documentation method was used. Books, reports, various
publications, internet articles etc. were analyzed to identity what has been done by other researchers together with observations,
recommendations and solutions proposed.

3.2.3. Data analysis

Data processing was conducted in prior of analysis in order to make it consistent. Open refine and google sheets are the tools used
to process data, reshapes and intelligently batch edit. Tables were used for quantitative data analysis due to the influence of
interactive features and ability of proving efficient results.

3.3.Description of the developed system

The developed system based on UHF RFID where the RFID labels was embedded on library items and user was assigned a smart
card. It comprises two main parts: development of software and hardware integrations. The first part provides diverse features via
interfaces: user, admins(librarians) and super-admin to help users to interact with the system and the second focuses on hardware
integration. In addition of RFID devices, the CCTV devices were used to enable to all activities within library to be recorded. In
engineering, data flow diagram is tools that illustrates the flow of data through the interaction of different entities of the system. It
is a graphical depiction of the flow of information that are applied to data movement from the input to output. Figure 1 show how
used devices are interconnected and figure 2 depicts the interactions between LMS and external entities.
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Figure 1: System block diagram
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Figure 2: Context diagram

3.4.System Requirements
3.4.1. Software Requirements and Tools Used

During development of this system, windows operating system version 10 was used. The selection was based due to the fact that it
is stable, supports more features and user friendless. Others tools used to develop the library web based focused on front end such

Cascading Style Sheets (CSS), Hyper Text Markup Language (HTML) and Java script, back end: Code Igniter, MySQL, XAMPP
server and sublime programming editor.

3.4.2. Hardware tools used and their specifications

ATMEGA328P Microcontroller is high performance, low power controller from Microchip, designed with 8bit microcontroller
based on AVR RISC architecture. It is mostly used in low powered and low cost projects and autonomous where microcontroller

is required. ATMEGA 382P has 28 pins chip in total, analog, digitals, power and ground pins as shown in the figure 7 below and
opcerate at 0V to 5V (figure 3).

DIGITAL (PWM ~) & 2

: ARDUINO UNO ey '.

Figure 3: AT Mega 328P Microcontroller

RFID tag for users: RFID Tag is a kind of transceiver device used to exchange data with radio frequency identification reader
through radio frequency waves. It has two main parts whose Integrated Circuit (IC) used for data processing and storing as well
as modulating and demodulating radio waves received/sent and antenna as second part.
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Figure 4: RFID Tag for users

Buzzer: Buzzer is a kind of voice device that converts audio model into sound signal. According to different design and
application, it can produce music sound, flute sound, alarm sound, electric bell and other different sounds. A buzzer has 2 pins and
a DC operating voltage of Sv.

Figure 6: Buzzer

LCD display: A liquid-crystal display is an electronic device that use liquid crystal to display data from inputs devices
electronically optical modulated and used in most cases, as user interfaces of the system. LCD disposes 16 pins, operates at 5v DC
voltage. A RC2004A is monochromatic 20x4 alphanumeric LCD able to display 20characters at each 4rows adopted to be used in
this systcm.

Figure 7: LCD display

UHF RFID Integrated reader VI-83TF: A UHF RFID reader is a device using an Ultra-High Frequency band whose range is
between 840MHz and 960MHz. It has an extended read range compared to other LF, HF readers. It has features of
STMicroelectronics STM Cortex-M3 core CPU processor with ultra-low power consumption and ultra-high performance which
makes the reader program and interface run more stable and faster. It can use standard interfaces (TCP/IP, RS485, RS232,
Wiegand interface) and optional (wireless WIFI, Bluetooth) with an operating DC voltage of 9-24V and temperature of -20°C~
+60°C.

Figure 8: UHF RFID Integrated reader

UHF RFID Book archive tag LA-86C: RFID labcls have a high sccurity performance, a global unique code identification and
widely used in libraries, database rooms and secrets archives [20]. UHF RFID book labels are compatible with EPC CLASS1
Gen 2 / ISO 18000-6C protocol, able to read and transmit data within a reading range of 0-5 meters depending on reader’s
performance and work with a temperature of -20°C~+50°C.
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Figure 9: UHF RFID Book label

4. RESULTS

4.1.Demographics characteristics

Assessment demographic of respondents in this study was very inevitable to assess attitude and prospective of library stakeholders
through the use of Information and Communication Technology (ICT). This study examined gender, age, education level and
experience of using internet and library. Table 3 below demonstrates the socio-demographic details of each category of
respondents. The total number of 105 respondents were examined with number of male greater than number of female
respondents. For the case of education level and age, the majority of respondents acquired bachelor degree with ages ranged from
18 to 40.

Table 2: Demographic characteristics of respondents

Demographic features Respondents Percentage %
Gender male 62 59
Female 43 41
under 18 1 1
18-30 57 543
Ages 31-40 41 39
41-60 6 5
Above 60 0 0
Secondary 6 57
Education ~ Bachelor 46 43.8
Masters 36 343
PhD 17 16.2

4.2 Existence of libraries and its use in EAC region

Figure 10 shows that 95.2% of academic’s institution in the EAC region have libraries where students, lecturers and researches
use lo search information related to works. Figure 11 illustrated that 27.8% of respondents visited library several times a week
while 2.6% of respondents visited library rarely. Users visit library for different purposes such find book, articles, magazines,
doing a sell-study etc.

@ Daily

® Once a week

® Several tmes 3 week
@ Ooce & montn

@ Several & month

. @ Never
4 . s @ raely
gk Some times

Figure 10: Existence of library in academic’s institutions Figure 11: Number of times of visiting library

® Yes
® No

4.3.Library management system used

A survey was also conducted to identify which librarics management system werce mostly used in the region. The results showed
that 61% of library were computerized which means the use of ICT technology has been integrated in library management and
39% were using manual methods. However, the data collected from respondents illustrates that libraries arc using different
computcrized methods such as software (51.9 %) while Q-R technology is not mostly used (0%) (Table 3).
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Table 3: Library management system used in EAC region

LMS Respondents  Percentage %
Types Computerized 64 61
Manual 41 39
Technology used in computerized
RFID i 13.9
Barcode 21 26.6
Sofiware 41 51.9
QR 0 0

4.4. Interncet usage and technological devices

A survey was also conducted to identify how internet were used in academic sector and which devices were mostly used. Results
from the respondents showed that 99% of educated people accessed internet with different proportions of times. As shown in the
figure 13, 43.8% accessed internet daily, 44.8% several times a week while 1% never accessed it. Figurc 14 shows devices which
were used to access internet, 81.9% access internet using laptop while 19% accessed using tablet.
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@ Once a week Desstop
@ Several time a week

very day
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Figure 13: Number of times that internet is accessed Figure 14: Devices used to access internet

4.6.Types of security used in existing system

To identify the level of library security, a survey was conducted and results showed that libraries used different security measures.
80.9% of libraries strictly forbid to enter in the library with a handbag while 0.9% revealed used alarming systems at the library
exit (Table 4).

Table 4: Methods used to prevent loss of library items

Methods used Respondents %
User’s bags checking at the exit of library 65 61.9
It is strictly forbidden to enter with a handbag 85 80.9
Each user is required to sign in the library book 41 39.04
Surveillance camera 22 20.9
Guards arc standing at the entrance and cxit 19 18.09
Using an alarming systcm at the library exit I 0.9
Librarians and guards make circulations in 1 0.9
the library when users are inside
Using biometric technology to enter 12 11.4
4.7.Challenges in library

In order to understand challenges that facing libraries, the survey was conducted and results showed that pages removal and theft
exist. 42.85% of respondents confirmed theft occurred several times a year while 15.23% denied. The results continued to show
that 68.57% of respondents responded positively that books missed pages while 31.42% responded negatively pages (Table 5).

Table 5: Challenges founds in existing systems

Subject Number of times respondents Percentage %
Once a day 0 0
Once a week 2 0.019
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Several times a week 4 0.38
Theft in library
Once a month 6 0.57
Several times a month 7 0.66
Oncc a ycar 25 23.80
Scveral times a year 45 42.85
Never 16 15.23
Book pages removed Yes 72 68.57
No 33 31.42
Times used in borrowing process
Equal or less than 5 min 11 10.6
10 min 42 404
15 min 38 36.5
More than 15 min 13 12.5

4.7.1 Problem of existing system
After observing existing library management systems both manual and computerized, the following problems were highlighted:

(i) Loss of data: In some of the systems, data are not centralized and they are kept in a book or peace of papers.

(i) Time consuming: Time consuming tends to differ from manual to barcoding system. Manual system takes a lot of time in
report generation and users cannot be tracked easily.

(iii) Error: Manual and barcoding system are exposed 1o human error.

(iv) Thefi: Each year in many libraries around the world including libraries of East African region loss items.

(v) Page removing: The act of losing pages which contains important information.

4.8.RLMAS database implementation

The database of this system was developed and supported by MySQL database management and PHP scripts for user’s web
connectivity. Figurel5 illustrates number of tables used to develop the web based of this system and associations in the
application.
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Figure 15: Databasc implementation
4.9. Input and Output design

The developed application is responsive for different ICT devices such as laptop, desktop, smartphone etc. The figures
16,17,18,19 and 20 show modules used (o enable users and librarians to perform the desired tasks. The home page gave an
overview of the system and presented a login pancl where cach category of users is required to enter credentials. Once login, users
were directed (o pages containing information depending to their categories.

Book borrow module

All registered users have rights to borrow book copies while original books are restricted. By clicking the borrow button, users
are required to enter details by swapping tag on desktop reader then personal information such name, user ID and emails will be
appeared in the form. Then, user continues with scanning the preferred book as shown in figure 20. However, the process of
borrowing can be denied due to the following case:
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(1) The allowed number of item to be borrowed has been exceeded (2 or 3 items are allowed but depending on library
regulations).
(i) Users didn’t return the previous borrowed items.

To return borrowed item, borrowers is also required to use their tag ID then scan borrowed item. When users are not around
library, the system gives ability to reserve a book in the interval of 48 hours.

Pte Cemfe

Figure 16: Home and login page Figure 17: User registration
New Book
Somow Bock
Tite Author
cangory " Full dame B Ko
Publisher Publication Year FOuwi aare
waition Photo Chomet Fi | o tesl PO
Publication place page Number

Figure 18: Book registration Figure 19: Book borrow

Relun Book
Full Kane Gock Kane
RFR Uner 1T Awhar
G-mall RAD Reok ID

Figure 20: Book return

5. DISCUSSION

Many cducational institutions in the EAC region dispose libraries which arc highly visited by pcople of different range of studies
with various purposc. They play significant role of supporting students, rescarchers and lecturers to find needed information.
Many library management systems were implemented to solve problem and vulncrabilitics of traditional and barcodc system in
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library unfortunately problems still appearing and affect libraries in different points [13]. To address this issue, a compatible
system able to read hidden items even at big distance and generate alarm has to be developed and implemented. The measurement
and identification of vulnerabilities in existing systems has been done first then collection of requirements of the new system. A
radio frequency identification is a computing advanced technique able to transmit and receive data between a reader and movable
item to identify, categorize and track wirelessly [10]. The previous study demonstrated that RFID even brought remarkable
advantage, cannot be used for record and become incompatible when tags or labels have been removed on targeted objects reason
why CCTV become more advantage. It could be a good pleasure for future work to find a system able to fight against this page
removal.

6. CONCLUSION

Library provides ability for rescarchers to casily get resources and information needed and facilitate them to have an opened mind.
This study aimed to develop a system for solving existing challenges by keeping all library resources well managed, secured as
well as granting a high level of accessibility. The developed system ‘RFID based Library Management and anti-Theft system”
(RLMATS) focused on the use of Ultra High Frequency (UHF). It facilitated users to borrow and return library items with the
help of RFID enabled modules without more human intervention. This system leads a significant time management in operation,
enhances customer service and provides security of the library items by issuing an alert if non-issued item detected when user
cross library entrance or exit. Furthermore, the system was not developed to meet needs of only institutions of East African
region rather than outside the region.
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