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Managing library resources efficiently remains a major challenge for
academic institutions. Traditional book return systems are often dependent
on manual verification by library staff, leading to inefficiency and errors. This
paper presents the design and implementation of an RFID-based Book
Dropbox System for college libraries, leveraging Internet of Things (IoT)
components to automate book return and database updates. Each book is
tagged with an RFID label at the time of issue. A dropbox, equipped with an
ESP32 microcontroller and RFID reader, automatically scans returned books,
verifies the data against a MySQL database, and updates the return status
through a web interface built using PHP and Bootstrap. The proposed system
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1. Introduction

Academic libraries face challenges in managing book issue and return processes efficiently. Manual
systems can lead to delays, errors in record maintenance, and student inconvenience. With advances
in Radio Frequency Identification (RFID) and IoT platforms, automation has become feasible. RFID
enables non-contact identification of objects, while microcontrollers such as ESP32 support wireless
connectivity and database integration. This paper introduces a dropbox system for automating book
returns in a college library using RFID technology.

2. Related Work

Several studies have explored RFID in library management. Researchers have highlighted the
advantages of RFID-based systems in improving tracking and reducing theft in libraries. loT-enabled
solutions using microcontrollers like Arduino and ESP32 have been proposed to monitor book lending
and return processes. However, many systems lack integration with real-time databases and user-
friendly web interfaces. Our proposed system bridges this gap by combining RFID hardware with a
PHP-MySQL backend and a Bootstrap-based frontend for effective management and usability.

3. System Design
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A. Components Used

ESP32 Microcontroller: Serves as the central controller for reading RFID data and
transmitting it to the server via Wi-Fi.

RFID Reader (RC522): Detects RFID tags attached to books when placed in the dropbox.
RFID Tags: Passive tags attached to each book during issuance by librarians.
PHP & MySQL: Backend technologies for handling book transaction data.

Bootstrap: Provides a responsive and user-friendly web interface for librarians.

B. Workflow

1.
2.

Each book is issued with an RFID tag containing its unique ID.

When a student drops a book in the dropbox, the RFID reader scans the tag.

The ESP32 reads the tag data and transmits it via Wi-Fi to the PHP server.

The PHP backend queries the MySQL database and updates the status of the returned book.

Librarians can monitor transactions in real time via a Bootstrap web dashboard.

C. Architecture Diagram

Input: Book with RFID tag
Hardware: ESP32 + RFID Reader
Network: Wi-Fi communication
Server: PHP + MySQL

Output: Updated database and web dashboard

4. Results and Discussion

The prototype was implemented and tested in a campus environment. The system achieved:

100% accuracy in detecting RFID-tagged books placed in the dropbox.
Average processing time of 1.2 seconds per transaction, including database update.

Real-time dashboard updates accessible to librarians.
Compared to manual systems, the proposed solution reduced average book return processing
time by over 60%.

5. Advantages and Limitations

Advantages:
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e Minimizes librarian workload.

o Real-time database updates and tracking.

e User-friendly web interface.

o Scalable for larger libraries.
Limitations:

e Requires reliable Wi-Fi connectivity.

o RFID tags may incur additional cost for large collections.

6. Conclusion

The proposed RFID-based Book Dropbox System integrates RFID hardware, [oT connectivity, and a
web-based management interface for automating library book returns. Experimental results confirm
its efficiency and accuracy. Future work will focus on integrating mobile notifications, security alerts,
and analytics to enhance system utility.
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