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Abstract: The "RFID Smart Library Management System" is an loT-based embedded system
designed to automate book tracking, access control, and inventory management in a library
environment. The system integrates RFID tags attached to books and library cards, an RFID
reader for identification, an ESP32 microcontroller for processing, an LCD display with 12C
connector for real-time status updates, and buzzers for alert notifications. A centralized
database stores book records and borrowing history, while a web-based UI provides library
staff and users with an intuitive interface for managing library operations. This system
significantly reduces manual effort, prevents unauthorized book removal, and streamlines the
borrowing and return process through automated identification and intelligent data
management.

1. INTRODUCTION

Libraries are fundamental institutions for knowledge dissemination, yet traditional library
management systems are often plagued by inefficiencies such as manual book tracking,
misplaced inventory, unauthorized removal of books, and tedious borrowing processes. These
challenges demand an intelligent, automated solution capable of real-time identification,
monitoring, and management of library resources.

The RFID Smart Library Management System addresses these issues by leveraging Radio
Frequency Identification (RFID) technology, IoT hardware, and cloud-connected
backend services to automate the entire lifecycle of book management. Each book is tagged
with an RFID tag, and readers placed at key locations capture tag data in real time. The
ESP32 microcontroller acts as the central processing unit, communicating with the database
to update records and triggering alerts via buzzers and an 12C LCD display for immediate
feedback.

By integrating hardware and software components, this system provides a user-friendly,
real-time, and scalable platform that modernizes library operations, reduces human error,
and enhances the overall experience for both staff and patrons.
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2. Methodology:
2.1. System Components and Hardware

2.1.1. RFID Tags (x25)

A total of 25 passive RFID tags are used in this system—each uniquely encoded with a tag
ID that is linked to a specific book record in the database. These tags are affixed to the books
and serve as digital identifiers. When brought within range of the RFID reader, they transmit
their unique ID without requiring a battery or direct line-of-sight, making them highly
practical for library environments.

2.1.2. RFID Reader

The RFID reader continuously scans for nearby tags and captures their unique IDs. It
communicates with the ESP32 over SPI or UART protocol, forwarding the tag data for
processing. The reader is strategically placed at the library entrance/exit and borrowing desk
to detect book movements in real time.

2.1.3. Buzzer (X2)

Two buzzers are integrated into the system to provide audible alerts. One buzzer is activated
when an unauthorized removal of a book is detected (i.e., a book scanned at the exit without a
valid borrowing record), while the second serves as a confirmation alert for successful check-
in or check-out operations. The dual-buzzer setup allows differentiation between success and
warning events.

2.1.4. LCD Display with 12C Connector

A 16x2 or 20x4 LCD display connected via an 12C interface provides real-time textual
feedback to library staff and users. It displays information such as the book title, borrower
name, due date, and system status messages (e.g., Book Returned, Access Denied, Book Not
Found). The 12C connector reduces the number of GPIO pins required on the ESP32,
simplifying the circuit design.

2.1.5. ESP32 Microcontroller

The ESP32 is the core processing unit of the system. It reads RFID tag data from the reader,
processes it against the database, drives the LCD display, and triggers the buzzers based on
the system logic. Crucially, the ESP32's built-in Wi-Fi capability enables it to communicate
with the backend server and database over the network, making the system fully connected
and remotely accessible.

2.1.6. Breadboard and Jumper Wires

The prototyping circuit is assembled on a breadboard using a complete set of jumper wires,
male-to-male, male-to-female, and female-to-female strips. These connections link the ESP32
to the RFID reader, LCD display, and buzzers without soldering, enabling easy prototyping,
testing, and modification of the circuit.
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2.2. Software and Connectivity

2.2.1. Database

A relational or NoSQL database stores all library data including book records (title, author,
ISBN, RFID tag ID, availability status), member profiles (name, member ID, RFID card ID),
and borrowing/return history with timestamps. The ESP32 queries and updates this database
over Wi-Fi whenever a tag is scanned, ensuring records are always current and accurate.

2.2.2. Web-Based User Interface

A web application provides the graphical user interface for the system. Librarians can log in
to view and manage inventory, process borrowing requests, monitor overdue books, and
generate reports. Students or members can check book availability and their borrowing
history. The website communicates with the backend server, which in turn interfaces with the
database and, indirectly, with the ESP32-based hardware.

3. System Description:

3.1. Book Check-Out Process

When a member wishes to borrow a book, they present their RFID library card and the
desired book to the RFID reader at the borrowing desk. The reader captures both tag IDs and
forwards them to the ESP32. The microcontroller queries the database to verify the member's
eligibility and the book's availability. Upon successful validation, the borrowing record is
created, the LCD displays a confirmation message, and a short buzzer tone signals approval.

3.2. Book Return Process

During return, the book's RFID tag is scanned at the return desk. The ESP32 retrieves the
corresponding borrowing record from the database, marks the book as returned, updates the
availability status, and logs the return timestamp. The LCD confirms the successful return
and the due date status (on-time or overdue), while the buzzer provides an acknowledgment
tone.

3.3. Unauthorized Removal Detection

RFID readers at the library exit continuously monitor for books leaving the premises. If a
book's RFID tag is detected at the exit without a corresponding active borrowing record, the
ESP32 immediately triggers the alarm buzzer and displays an alert on the LCD screen,
notifying security or library staff of the unauthorized removal attempt.

3.4. Inventory Management

The database maintains a live inventory of all books. Through the web interface, librarians
can view total stock, currently borrowed books, overdue items, and books available on the
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shelf. Periodic RFID scans can be performed to reconcile physical stock with database
records, identifying any missing or misplaced books.

3.5. Web Interface and User Interaction

The web-based UI is the primary interface for library staff and members. It features
dashboards for book search, borrowing management, member management, overdue
notifications, and reporting. The backend server acts as a bridge between the UI, the database,
and the ESP32 hardware, ensuring data consistency and seamless operation across all layers
of the system.

4. Results and Discussions

The RFID Smart Library Management System was successfully implemented and tested
using the described hardware and software stack. The ESP32 demonstrated reliable
connectivity with the RFID reader, accurately reading tag IDs at a consistent range. The LCD
display provided clear and timely status messages during all borrowing and return operations,
while the dual-buzzer system effectively differentiated between successful transactions and
unauthorized access attempts.

Database integration over Wi-Fi proved to be responsive, with query and update operations
completing within acceptable latency for a library environment. The web interface was well-
received during testing, offering intuitive navigation for both librarians managing the
backend and members checking book availability. The system handled all 25 tagged books
reliably, with no missed reads during normal operating conditions.
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Figure 4.1 Figure 4.2
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4.1. Future Work

Future enhancements to the system could include the integration of a mobile application for
member self-service, allowing users to reserve books, receive overdue notifications, and
manage their profiles from their smartphones. The RFID coverage could be extended with
additional readers to enable full shelf-level tracking, providing precise location data for each
book within the library.

Incorporating machine learning algorithms could enable predictive analytics for book
demand, helping librarians make data-driven procurement decisions. The system could also
be expanded with biometric authentication for enhanced security and multi-branch library
support for larger institutions.

5. Conclusion

In summary, the RFID Smart Library Management System represents a significant
advancement in automating and modernizing library operations. By combining RFID
hardware, an ESP32 microcontroller, sensory feedback components, a database backend, and
a web-based interface, the system delivers a comprehensive solution that addresses the core
challenges of traditional library management.

This integrated approach not only streamlines the borrowing and return process but also
provides robust security against unauthorized book removal and maintains an accurate, real-
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time inventory. The use of IoT principles ensures that the system is scalable and remotely
accessible, laying the groundwork for future enhancements.

It is important to acknowledge that while this system greatly enhances operational efficiency,
ongoing maintenance of hardware components, regular database backups, and staff training
remain essential for long-term reliability. Continued development, expanded RFID coverage,
and deeper software integration will further elevate this system into a fully intelligent library
management platform suited for institutions of all sizes.
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