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Abstract— Radio Frequency Identification (RFID) technology is instrumental in transforming traditional university libraries
into smart, automated, and user-centric environments. The traditional security system of libraries is usually based on manual
inspection and access control, which leads to low security and low efficiency. Based on the intelligent perception system, the
location and state of books can be monitored and controlled in real-time, so as to prevent books from being lost or stolen. By
implementing self-service checkouts, real-time inventory management, and improved security measures, RFID enhances
security by deterring unauthorized removal of materials and optimizes inventory management through swift, bulk item
scanning. The advent of Radio Frequency Identification (RFID) technology has initiated a significant transformation in library
operations. RFID, a wireless technology that utilizes electromagnetic fields, presents an innovative method for identifying and
tracking library materials. RFID simplifies library operations and enhances the user experience. Its integration promotes
effective resource tracking, diminishes manual workload, and aids in the digital advancement of academic libraries.
Applications in various universities have illustrated RFID's contribution to improving operational efficiency and service
quality, establishing it as a fundamental element in the evolution of smart university libraries. This study aims to assess user
awareness of RFID technology, examine its implementation status in university libraries, identify areas of application, and
evaluate its impact on library operations. The findings indicate that while 80% of users are aware of RFID technology, its
implementation remains limited. Among libraries that have adopted RFID, the technology is primarily used for self-check-
in/check-out (59%) and security/anti-theft purposes (41%). The majority of respondents view RFID as a crucial tool for
transforming traditional libraries into smart, automated, and user-friendly environments.

Keywords— RFID, Smart Libraries, Security System, Automation, Self-Service, Inventory Management.

l. INTRODUCTION

RFID (Radio Frequency ldentification) is a technology that uses radio waves to identify and track objects. In libraries, RFID
is used to manage books and other materials more efficiently. In the 21st century, university libraries are undergoing rapid
digital transformation to meet the dynamic needs of students, researchers, and faculty. Among the various emerging
technologies, Radio Frequency Identification (RFID) has become a key tool in making academic libraries more efficient, user-
friendly, and smart. RFID uses electromagnetic fields to automatically identify and track tags attached to books and other
library materials. Its integration into library systems supports automation in circulation, inventory management, security, and
user services.
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The need for smart university libraries arises from increasing student populations, demand for real-time access, and
expectations for self-service. RFID bridges the gap between traditional services and modern expectations by enabling faster
check-in/check-out processes, reducing human errors, and allowing real-time tracking of materials. It also enhances security
by preventing theft through gate sensors and improves collection management through automated stock verification. Many
universities globally and in India have adopted RFID-based systems to increase operational efficiency and reduce manual
workload on library staff. This has led to better service delivery, enhanced user satisfaction, and optimal utilization of library
resources.

1.1 Objectives of the Study:

To assess the awareness level of users about RFID technology

To examine whether the university/institute library has implemented RFID technology

To identify the specific areas of library operations where RFID technology is being utilized

To assess the impact of RFID technology on the efficiency and effectiveness of library operations

a ~ w npoE

To evaluate the role of RFID technology in transforming libraries into smart, digital, automated, and user-friendly
spaces

1.2 What is RFID (Radio Frequency Identification)?

The abbreviation for radio frequency identification is RFID. It is a technology that transmits and remembers information using
high frequency radio waves in order to give items a distinct identity. The British needed to be able to distinguish between
Allied aircraft and enemy aircraft on their radar in real time, which is when RFID was first used in the 1930s. After that, the
technology evolved to become the RFID that we know today. Among its many uses are contactless payments and object
tracking. In many applications, radio frequency identification is very helpful, especially in Big Data and the Internet of Things.
An RFID tag is often a flat square containing an antenna and an electrical chip on a substrate, like a patch.

13 Origin of RFID:

The origin of radio frequency identification (RFID) technology dates back to the Second World War. During this time radar
systems were developed for detecting approaching aircraft. But distinguishing between friendly and enemy aircraft presented
a challenge. To tackle this problem, the UK developed the Friend or Foe Identification (IFF) system, which is considered a
forerunner of modern RFID technology. The IFF system allowed ground-based radar to identify friendly aircraft by sending
out a signal that would trigger a response from the aircraft transponder, effectively classifying the aircraft as friendly.

In 1948, Harry Stockman published the paper "Communication by Means of Reflected Power,” which laid the theoretical
foundation for RFID. Stockman's work explored the concept of using reflected radio waves to transmit information, a principle
central to RFID technology. During the 1950s and 1960s, RFID technology was mostly theoretical. In the 1970s, however,
companies and research institutes began to develop practical applications. For example, academic institutions like
Northwestern University and companies like RCA and Fairchild invested in RFID research, focusing on applications such as
car tracking for tolls, animal tracking, and automated assembly.

The 1980s and 1990s saw significant advancements in RFID technology. In 1986, Norway implemented the first toll collection
system using RFID. By 1989, the Dallas North Turnpike in the U.S. adopted RFID for toll collection. In 1990, seven toll
agencies in the northeastern U.S. formed the E-Z Pass Interagency Group to develop a regionally compatible toll collection
system. In the 1990s, Texas Instruments developed the TIRIS system, which found applications in gas stations, vehicle access
management, ski pass scanning, and even in casinos. Further advancements by companies such as IBM allowed RFID tags to
be built using a single integrated circuit, reducing their size and expanding their potential applications. Today, RFID technology
is widely used in various industries, including retail, logistics, healthcare, and libraries, offering efficient and automated
solutions for tracking and identification.

14 The Development of RFID Technology in Library Perspective:
1.4.1  Early Exploration and Adoption (Late 1990s—Early 2000s):

RFID technology, initially developed during World War 11 for military applications, began finding commercial uses in the late
20th century. By the early 2000s, libraries started exploring RFID to streamline circulation and inventory processes. For

Page | 149


http://www.ijoear.com/
https://dx.doi.org/

International Journal of Environmental & Agriculture Research (IJOEAR) ISSN: [2454-1850] [Vol-12, Issue-3, March- 2026]
Website: www.ijoear.com Journal DOI: 10.25125/agriculture-journal

instance, a 2002 article highlighted libraries considering RFID to replace barcodes for efficient book tracking and theft
prevention.

1.4.2  Standardization and Global Implementation (2000s-2010s):

As RFID technology matured, libraries worldwide began adopting it to improve efficiency and service quality. Organizations
like the American Library Association (ALA) provided guidelines to ensure consistent and secure RFID implementation in
libraries.

1.4.3  Integration with Advanced Technologies (2010s—Present):

Modern libraries have integrated RFID with self-service kiosks, automated sorting systems, and real-time inventory
management. Case studies include:

e National Library of Singapore: Implemented RFID in 2015, reducing checkout times by 30% and increasing
inventory accuracy by 20%.

e Hong Kong University Library: Adopted RFID in 2018, leading to a 40% reduction in book processing time and a
35% decrease in theft.

e New York Public Library: Integrated RFID in 2020, resulting in a 50% reduction in theft and a 25% increase in user
satisfaction.

1.4.4  Future Trends:

The future of RFID in libraries includes integration with Artificial Intelligence (Al) and the Internet of Things (10T) to enable
predictive analytics and intelligent resource management. For example, Al can analyze borrowing patterns to optimize book
placement and staffing.

15 How RFID Works in Libraries:
An RFID system consists of different components:

1. RFID Transponder Tags: RFID tags are tracking devices that identify objects using radio frequency technology.
Data is transferred from the tag to a reader via radio waves, and the reader forwards the data to an RFID computer
program. Incorporated into library materials, these tags hold distinct identifying information. Another name for an
RFID tag is an RFID chip.

2. RFID Readers: An RFID reader is a radio frequency device that sends out a signal via an antenna. RFID tags receive
this signal and respond when the reader interrogates them. The reader reads the responses and can communicate with
all RFID tags in its field using various protocols. There are three types of readers in general:

o Portal readers: Stationary readers that RFID tags travel through
o Handheld readers: Portable devices that can scan RFID tags
o Reader/writer devices: Gadgets that read or write data by interacting with tags

3. Antennas: Antennas are an essential component of RFID. They help RFID readers effectively transmit and receive
radio waves from RFID tags. As the key link between the tag and the reader, the antenna has an important influence
on the range, speed, and accuracy of RFID tag scanning.

4. RFID Software: RFID systems often incorporate software to collect and manage RFID data from readers. This
software processes data from readers and integrates with the library management system.

5. Server: The server acts as a communication gateway between different components. It receives information from one
or more readers and verifies it against its own database or exchanges information with the circulation database of the
Integrated Library Management System. Typically, the server includes a transaction database to produce reports.

6. Handheld Reader: A handheld reader can be moved over items on the shelf without touching the documents. The
data is sent to a storage unit that can later download it to a server, or it is transferred to a server using wireless
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technology. The handheld reader is used to scan a complete collection of books on the shelf for inventory control, to
search for books that are incorrectly shelved, and to search for individual required books.

Anti-Theft Gate Reader: The anti-theft gate reader is mounted at the exit gate. It consists of pedestal gates fixed on
the left and right of the exit, with visible and audible alarms for detecting theft. RFID exit gate sensors read book tags
and ID tags. Information about items passing through is transmitted to the server. The server, after checking the
circulation database, triggers an alarm if the material has not been checked out properly.

Book Shelf Check-In/Check-Out Machine (Charging and Discharging Drop Desk): RFID reduces the time
needed to carry out circulation operations. For users, RFID speeds up lending and borrowing. It helps librarians to be
more productive and to focus on more interesting library tasks. Book shelf check-in and checkout machines enable
self-service for book submission, self-return, and RFID card reading.

Inventory Management: Real-time tracking of books and materials enables quick stock audits and reduces misplaced
items.

These components work together to automate circulation, enhance inventory management, and improve security.

1.6

1.7

Applications of RFID in Academic Libraries:

RFID technology is widely used in universities for asset tracking, library management, student identification, access
control, and attendance monitoring.

Asset tracking using RFID enables efficient inventory management and reduces the time spent on locating and
managing university resources.

RFID-based library systems improve the accuracy and speed of book check-in/out, inventory control, and shelf
management.

RFID-based student identification and authentication systems enhance security and streamline various administrative
processes.

Access control systems based on RFID technology provide secure and convenient access to buildings, labs, and
facilities.

RFID-enabled attendance monitoring systems automate attendance tracking, reducing manual effort and improving
accuracy.

Advantages of RFID for Libraries:

A new era of innovation has begun with the introduction of Radio Frequency Identification (RFID) technology in libraries,
providing numerous advantages that greatly enhance user experiences and library operations.

Efficiency: RFID's contribution to library management is based on efficiency. RFID simplifies the library's
fundamental operations by automating processes including material check-in and check-out, inventory management,
and lost item recovery. Transactions can now be completed quickly by customers, cutting down on wait times and
administrative effort.

Accuracy: In library operations, accuracy is crucial, and RFID excels at it. The accuracy of the system ensures that
circulation and inventory management errors are kept to a minimum. Accurate tracking of materials helps to eliminate
inconsistencies and guarantee that the library's holdings are methodically arranged.

Enhanced Security: One important benefit is increased security. RFID technology can be used to recover misplaced
or lost items as well as to deter theft. Alarms may be generated by the system if items are incorrectly checked out,
strengthening the protection of library materials.

Improved User Experience: The goal of the library is to improve the user experience, and RFID is essential to this
goal. Self-service kiosks have made it possible for customers to handle their transactions on their own. Fast check-in
and check-out procedures reduce wait periods, making library visits more efficient and enjoyable.
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1.8 Updated Technologies Used in Libraries:

Libraries today are rapidly adopting advanced technologies to enhance their services and provide better access to information.
One of the most impactful technologies is Radio Frequency ldentification (RFID). In addition to RFID, many libraries are
implementing self-service kiosks, barcode systems, and integrated library management software (LMS) to streamline
operations. Cloud-based systems are becoming popular, allowing libraries to store data securely and provide remote access to
e-resources. Digital libraries and e-resources give students and researchers the ability to access books, journals, and databases
from anywhere, anytime.

Libraries are also using smart shelves integrated with RFID readers to automatically detect misplaced books, making it easier
to maintain order. Biometric authentication and smart ID cards enhance security and access control. Furthermore, artificial
intelligence (Al) and data analytics are being explored to understand user behavior, recommend resources, and optimize
services.

1.9 Future Potential of RFID in Academic Libraries:

e Comprehensive Library Automation: RFID technology facilitates the automation of routine library operations,
including book check-ins and check-outs, inventory management, and user authentication. For instance, Rajendra
Prasad Central Agricultural University (RPCAU) has fully automated its central library by implementing RFID
technology and launching the 'MyLib@FT' (My Library on Finger Tips) app. This advancement allows users to access
the library's resources remotely and makes the entire book issuance and return process wireless and automated.

e Integration with Smart Campus Services: RFID-enabled smart ID cards are being utilized to streamline various
campus services beyond the library. Banaras Hindu University (BHU) has launched RFID-enabled smart identity
cards in a pilot phase at the Sayaji Rao Gaekwad Central Library to enhance student convenience and modernize
campus services. These smart cards aim to streamline library operations by allowing quicker book issuance and
returns, easier tracking, and digital management of entry and attendance. The RFID system will eventually expand to
departmental and faculty libraries across the campus.

e Enhanced Self-Service and User Experience: RFID technology enables self-service kiosks for book borrowing and
returns, reducing the need for staff intervention and minimizing wait times. This automation not only improves user
satisfaction but also allows library staff to focus on more specialized tasks.

e Integration with Al and loT for Predictive Analytics: The future of RFID in libraries includes integration with
Artificial Intelligence (Al) and the Internet of Things (10T) to enable predictive analytics and intelligent resource
management. For example, Al can analyze borrowing patterns to optimize book placement and staffing.

e Development of Smart and Unmanned Services: RFID technology is driving libraries toward more intelligent,
unmanned service models. For example, RFID-powered self-service checkouts, automatic inventory management,
and smart shelving are expected to become more common. Users will be able to borrow and return books or documents
through self-service stations without human intervention, and they will be able to locate needed items or access records
through self-service kiosks. The widespread adoption of RFID technology will reduce the reliance on manual labor,
optimizing resource allocation and allowing for more efficient management.

1. MATERIALS AND METHODS

To meet the objectives of the research, a structured questionnaire was prepared and responses were collected from participants.
The questionnaire was designed to gather information on the frequency of library usage, awareness of RFID technology,
implementation status of RFID in libraries, areas of RFID application, and user perceptions about the role of RFID in
transforming library services.

The study population consisted of library users from select university libraries. Data was collected through convenience
sampling, and responses were obtained from a diverse group of users including undergraduate students, postgraduate students,
research scholars, and faculty members. The sample size for this study was 100 respondents. The data collected was organized
and presented in bar chart form for clarity. The following sections present the findings, highlighting the frequency of library
usage, the level of awareness about RFID technology, its implementation status, and the main areas where it is applied.

The following figures present the findings from the survey conducted among library users.
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How often do you use the library

70%

60%

50%

40%

M Percentage

30%

20%
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Daily Weely Monthly

FIGURE 1: Frequency of Library Usage
[Bar chart showing: 64% daily, 21% weekly, 15% monthly]

The data shows that most users (64%) visit the library daily, demonstrating strong regular engagement with the library.
Meanwhile, 21% use it weekly and 15% monthly, indicating that the library is an essential part of users' academic routines.

Are you aware of RFID technology

90%
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

B Percentage

—

Yes No

FIGURE 2: Awareness of RFID Technology
[Bar chart showing: 80% aware, 20% not aware]

The data shows that 80% of respondents are aware of RFID technology. This indicates a high level of awareness about RFID
technology among library users.

Has your university/institute library implemented RFID

60%
50%
40%
30% -
20% -
10% -
0% -

B Percentage

Yes No

FIGURE 3: Implementation Status of RFID in Libraries
[Bar chart showing: Majority indicating RFID not yet implemented]
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The data indicates that RFID technology is still not widely adopted in most libraries. The implementation of RFID remains in
the early stage and is not yet widespread across institutions.

If yes, in which areas is RFID being used

70%
60%
50% -
40% -
30% -
20% -
10% -
0% -

B Percentage

SELF-check-in/check-out Anti-theft/ Security

FIGURE 4: Areas of RFID Application in Libraries
[Bar chart showing: 59% for self-check-in/check-out, 41% for security/anti-theft]

The library uses RFID technology primarily for self-check-in and self-check-out (59%), which improves circulation efficiency.
Additionally, 41% of users reported its utilization for security and anti-theft purposes, which helps safeguard library resources.
This suggests that RFID is used in library administration for both convenience and security reasons.

In your option, RFID contributes to making "libaries" (Automated
,User friendly)
100%
80% -
60% -
40% B Percentage

b -
20% -

5%

0% - : I 4
Yes No

FIGURE 5: Perception of RFID's Role in Transforming Libraries
[Bar chart showing: Majority agree that RFID makes libraries smart, automated, and user-friendly]

The majority of respondents think RFID is a crucial tool for upgrading libraries since it makes them "smart," automated, and
user-friendly. This indicates strong positive perception about the transformative potential of RFID technology.

The findings of this study provide valuable insights into the current state of RFID technology adoption in university libraries
and user perceptions regarding its potential.

e Library Usage Patterns: The finding that 64% of respondents use the library daily reflects the continued importance
of physical library spaces and services in academic life. This high frequency of use suggests that libraries remain
central to academic activities, making them appropriate sites for technological enhancements such as RFID
implementation. The regular engagement of users also means that any improvements in efficiency or service quality
through RFID would have significant impact on a large number of users.

e Awareness and Implementation Gap: A notable finding of this study is the significant gap between user awareness
of RFID technology (80%) and its actual implementation in libraries. While users are generally aware of RFID
technology and its potential benefits, its adoption in libraries remains limited. This gap may be attributed to several
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factors including the cost of implementation, lack of technical infrastructure, staff training requirements, and
institutional budget constraints. Understanding this gap is important for library administrators considering future
technology investments.

e Primary Applications of RFID: Among libraries that have implemented RFID, the technology is predominantly
used for self-check-in/check-out operations (59%) and security/anti-theft measures (41%). This pattern reflects the
immediate operational benefits that RFID offers in terms of reducing staff workload at circulation desks and enhancing
collection security. The emphasis on self-service and security aligns with the core objectives of RFID adoption—
improving efficiency and protecting library assets. However, the limited application of RFID in other areas such as
inventory management, shelf management, and real-time tracking suggests that many libraries may not yet be fully
utilizing the technology's capabilities.

e User Perception of RFID's Transformative Potential: The positive perception of RFID as a tool for transforming
libraries into smart, automated, and user-friendly environments indicates strong user support for technological
modernization. This finding is encouraging for library administrators considering RFID adoption, as it suggests that
users are receptive to such changes and may actively embrace enhanced services enabled by RFID technology.

e Comparison with Existing Literature: The findings of this study are consistent with case studies from other
institutions. For example, the National Library of Singapore's experience of reduced checkout times and improved
inventory accuracy [3] reflects the potential benefits that users in this study anticipate. Similarly, the Hong Kong
University Library's success in reducing book processing time [3] aligns with user expectations that RFID can improve
operational efficiency.

e Implications for Library Practice: The findings suggest that while awareness and positive perceptions exist, there
remains significant opportunity for expanding RFID implementation in university libraries. Library administrators
should consider conducting cost-benefit analyses, exploring phased implementation approaches, and developing staff
training programs to facilitate successful RFID adoption. Additionally, as RFID technology continues to evolve with
integration into Al and loT systems, libraries that adopt RFID now will be better positioned to leverage future
technological advancements.

Library & RFID Survey Results

M Daily M Weekly M Monthly M Yes No M Self-checkout M Anti-theft
80%
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54%

—_
€ 5O
(8]
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4] o
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FIGURE 6: Library and RFID's Survey Results
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1. CONCLUSION

The purpose of this study was to assess the awareness level of users about RFID technology, examine the implementation
status of RFID in university/institute libraries, identify specific areas of application, and evaluate its impact on library
operations. The findings reveal a user group that is highly engaged with the library and open to technological modernization.
The large number of daily library visits highlights how important the library is to users' daily routines. The vast majority of
respondents demonstrated substantial awareness of RFID technology, which aligns with this strong foundation of frequent use.

However, there is a significant disconnect between this awareness and actual implementation, suggesting that RFID adoption
is still in its infancy in many institutions. Where RFID technology has been deployed, it is primarily used to enhance operational
security and efficiency, with a particular focus on self-service checkout and anti-theft measures. This indicates that libraries
are leveraging RFID for immediate operational benefits while potentially underutilizing its capabilities for comprehensive
inventory management and resource tracking.

Ultimately, the results validate that users view RFID as an essential instrument for converting conventional libraries into
contemporary, automated, and user-focused "smart" environments. The positive perception of RFID's transformative potential
provides strong support for continued investment in this technology. As libraries face increasing pressure to deliver efficient,
accessible, and secure services, RFID technology offers a proven pathway for meeting these demands while enhancing user
satisfaction.

V. RECOMMENDATIONS
Based on the findings of this study, the following recommendations are proposed:

1. Expand RFID Implementation: Library administrators should consider implementing RFID technology to improve
operational efficiency and meet user expectations for modern services.

2. Comprehensive Application: Beyond self-checkout and security, libraries should explore RFID applications for
inventory management, shelf verification, and real-time resource tracking to maximize return on investment.

3. Staff Training: Successful RFID implementation requires adequate training for library staff to ensure effective use
and maintenance of the system.

4. User Awareness: While awareness is already high, libraries should continue to educate users about RFID-enabled
services to encourage adoption and utilization.

5. Future Planning: Libraries should consider the integration potential of RFID with emerging technologies such as Al
and loT when planning for technology upgrades.

FUTURE RESEARCH DIRECTIONS

Future research may focus on comparative studies examining the cost-effectiveness of RFID versus traditional barcode
systems, longitudinal studies measuring the impact of RFID on user satisfaction and operational efficiency, and qualitative
research exploring the challenges faced during RFID implementation in developing country contexts.
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