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ABSTRACT

This paper presents the conceptual idea to automate the existing library system by introducing a robotic solution that helps users quickly and efficiently locate
books. This system uses RFID based detection, where each set of subject-specific books is marked with a unique RFID tag. When a user scans the RFID tag
corresponding to a particular subject, the robot automatically identifies the associated shelf and initiates a predefined movement to that specific location. Unlike
traditional navigation systems that rely on colour-line tracking, this robot follows fixed, pre-programmed paths mapped to each subject tag. Once the tag is scanned,
the robot moves along its assigned route and guides the user to the correct shelf. A display mounted on the robot provides real-time movement updates and indicates
whether the target book is located on the left or right side of the shelf. This efficient, user-friendly system eliminates the need for manual book searching,
streamlining the retrieval process and enhancing the overall library experience.

Keywords: RFID-based Identification, Robotic Navigation Automated, Library System Predefined Path Movement, Real-time Display Updates, Book
Retrieval Optimization.

1. Introduction

In this paper, the integration of robotics into smart infrastructures, particularly libraries, is explored in response to rapid advancements in software,
sensors, and motion control technologies. These innovations have expanded the role of robots across diverse fields by enhancing operational efficiency,
accuracy, and user experience. Modern library users often face challenges in locating books within large collections, as traditional search methods are
time-consuming and prone to error. To address these issues, the paper proposes an RFID-based Smart Library Robot that automates the process of
identifying and locating subject-specific books using pre-programmed navigation paths. Furthermore, the ethical design of such systems is considered,
drawing upon Isaac Asimov’s Three Laws of Robotics to ensure safety, obedience to human commands, and self-preservation within responsible limits.

1.1 Existing System

The traditional library systems generally operate in a manual or semi-automated manner. They rely on Dewey Decimal or other classification systems
where users search catalog databases and physically navigate to shelves. Manual operations are time-consuming and may lead to errors in identifying or
locating books. Some libraries have incorporated barcode systems for issuing and returning books, but these systems still depend on users or librarians
for locating items. Automated Storage and Retrieval Systems (AS/RS) are available in high-end digital libraries, but they are costly and involve significant
infrastructure. Line-following robots, based on infrared or color sensors, have also been employed, but these can be unstable on different surfaces and
require continuous maintenance. Moreover, many vision-based navigation systems used in libraries depend on complex cameras and processing units,
which may not be economically feasible for small or mid-sized libraries. These systems also require strong environmental lighting and space constraints
for optimal performance. In comparison, the proposed system offers a more reliable and cost-effective alternative through RFID-driven fixed path
navigation.

1.2 Proposed Work

The Smart Library Robot automates book location and retrieval using RFID technology and pre-programmed navigation. Each subject category is assigned
a unique RFID tag, and the robot follows fixed paths to reach the corresponding shelf. Users scan the RFID tag for the desired subject, and the robot
identifies the shelf, navigating with colour sensors for basic line detection. It features an Arduino or ESP32 microcontroller, DC motors, an RFID reader,
and a display for real-time navigation feedback. This system eliminates manual searching, improving efficiency and user experience. Future enhancements
could include dynamic path planning and autonomous obstacle avoidance.

1.3 Traditional vs Smart Library Robot System

Table 1 — Comparison of Traditional and Smart Library System


http://www.ijrpr.com/

International Journal of Research Publication and Reviews, Vol 6, Issue 5, pp 3315-3320 May 2025

3316

Aspect

Traditional Library System

Smart Library Robot System (Proposed)

Book Reshelving

Manual reshelving by staff after book returns

Guides users to racks based on subject; no
physical book handling

User Interaction

Staff-assisted return, placement, and search

User scans RFID tag to request navigation
assistance

Efficiency Time-consuming and repetitive processes Faster rack location guidance; limited to one
task at a time

Accuracy Prone to human errors like misplacement High accuracy if correct RFID tag is scanned
and paths are maintained

Scalability Easily scalable with additional staff Limited; requires reprogramming if racks or

layouts change

Automation Level

Low

Medium — automates navigation but no real-
time adaptability

Obstacle Handling

Staff manually navigate around obstacles

No real-time obstacle avoidance; risks path
interruptions

Integration with
LMS

Possible through barcode/RFID scanning linked
with LMS

Not integrated with LMS; works independently
of database systems

Input Method

Visual classification or manual LMS lookup

RFID tag scanning (subject-based input)

Task Feedback

Visual/manual confirmation by staff

No confirmation of successful book finding;
only location guidance

Maintenance

Routine staff training and process coordination

Requires hardware upkeep, sensor calibration,

and floor path maintenance

2. System Analysis and Design

The development of a Smart Library Management System begins with thorough system analysis, which involves understanding the functional
requirements of both users and administrators. This phase identifies the shortcomings of existing manual or semi-automated systems, such as time-
consuming operations, frequent human errors, and poor inventory tracking. By analyzing these challenges, the system is designed to streamline workflows,
ensure accurate tracking of books, and provide a more interactive user experience. The analysis phase also includes identifying the key stakeholders, such
as students, librarians, administrators, and IT support, and determining their specific needs.

2.1 System Specifications

The Smart Library Management System requires a robust set of hardware and software specifications to ensure seamless performance, reliability, and
scalability. These specifications form the backbone of the system and are selected based on the need for real-time data processing, RFID hardware
integration, and multi-user accessibility. The specifications also consider the compatibility and security necessary for smooth library operations

®  Arduino Uno: The Arduino Uno is a microcontroller board based on the ATmega328P. It is designed for beginners and smaller projects that
require fewer 1/0 pins and less memory. The Arduino Uno features 14 digital input/output pins (6 of which can be used as PWM outputs), 6
analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It is programmed using the
Avrduino Software (IDE), which is available both online and offline. The Uno is a popular choice for basic embedded systems and DIY projects
due to its simplicity and widespread community support.

. L298N Motor Driver: This L298N Motor Driver Module is a high power motor driver module for driving DC and Stepper Motors. The
L298N Motor Driver module consists of an L298 Motor Driver IC, 78M05 Voltage Regulator, resistors, capacitor, Power LED, 5V jumper in
an integrated circuit. L298N Module can control up to 4 DC motors, or 2 DC motors with directional and speed control. ENA & ENB pins are
speed control pins for Motor A and Motor B while IN1& IN2 and IN3 & IN4 are direction control pins for Motor A and Motor B.

e LCD I2C: The I12C 16x2 Arduino LCD Screen is using an 12C communication interface. It means it only needs 4 pins for the LCD display:
VCC, GND, SDA, SCL. It will save at least 4 digital / analogue pins on Arduino. All connector is standard XH2.54 (Breadboard type). You
can connect with jumper wire directly. To avoid the confliction of 12C address with other 12C devices, such ultrasonic sensor, IMU,
accelerometers and gyroscope, the 12C address of the module is configurable from 0x20-0x27. And its contrast can be adjusted manually.



International Journal of Research Publication and Reviews, Vol 6, Issue 5, pp 3315-3320 May 2025 3317

RFID Reader: An RFID (Radio Frequency Identification) reader is an electronic device used to read and sometimes write data to RFID tags,
which are small devices that store information. The RFID reader communicates with these tags via radio waves, typically operating at different
frequencies like low-frequency (LF), high-frequency (HF), or ultra- high-frequency (UHF). The reader emits a radio signal to activate the
RFID tag, which responds with the stored data, such as a unique identifier. This information can then be used for various applications such as
inventory management, access control, asset tracking, and more. RFID readers come in different forms, including handheld or fixed models,
and can be connected to computers or microcontrollers for further processing of the data.

«——— USB-B Port to Computer

7 to 12 VDC Input
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Fig. 4 LCD Display

3. IMPLEMENTATION

The Smart Library Management System requires a robust set of hardware and software specifications to ensure seamless performance, reliability, and
scalability. These specifications form the backbone of the system and are selected based on the need for real-time data processing, RFID hardware
integration, and multi-user accessibility. The specifications also consider the compatibility and security necessary for smooth library operations The
implementation phase is a crucial part of the project, where theoretical designs and planned methodologies are transformed into a working system. In this
project, an automated library robot is developed using both hardware and software components that work in coordination to fulfil the goal of automating
the placement and retrieval of books in a library. The implementation process is divided into two primary sections: hardware implementation and software
implementation.

3.1 Hardware Implementation

The robotic system was physically assembled using a combination of microcontroller boards, sensors, motors, and user interface components. Each part
was selected to ensure reliability, simplicity, and affordability for academic and research purposes.

e Microcontroller Unit (Arduino Uno)
e  RFID Reader Module

e  RFID Tags

e Motor Driver Module

e  DC Motors (x2)

e  Display Module

e  Battery Pack

e  Miscellaneous Components (Wires, Jumpers, Connectors, Breadboard, etc.)

Fig. 5 Developed model Of Smart library Robot

4. EXPERIMENTAL RESULTS

To evaluate the performance and feasibility of the proposed Smart Library Robot system, a series of controlled experiments were conducted in a simulated
library environment. The goal was to assess the system’s efficiency in locating books, response time, navigation accuracy, and user interaction
effectiveness.
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4.1 Setup

A miniature library setup was created with multiple shelves categorized by subject. Each shelf was associated with a unique RFID tag. The robot, powered
by an Arduino Uno and driven by a pair of DC motors through the L298N motor driver, followed predefined paths mapped to each tag. The robot was
equipped with an RFID reader, a 16x2 12C LCD display, and color sensors for basic line following. All tests were conducted on a 1.5m x 2.5m flat
platform with clear marked paths.

4.2 Parameters and Metrics

Table 2— Description of Parameters

Parameter Description

RFID Scan Accuracy % of successful tag reads at first attempt

Navigation Accuracy % of trials where robot reached correct shelf

Average Response Time Time (in seconds) from RFID scan to reaching shelf

User Interaction Success % of trials where user followed robot to shelf successfully
Error Cases Observed Number of misreads, deviations, or incomplete navigation

4.3 Results Summary

Table 3 — Experimental Results

Test Parameter Value

Total Trials Conducted 50

RFID Detection Success Rate 98%

Shelf Navigation Accuracy 94%

Average Time to Reach Shelf 23.5 seconds

User Navigation Satisfaction 92% (via user feedback form)
Critical Failures Observed 3 (due to wheel slippage)

4.4 Observations
° RFID Performance: RFID tags were successfully detected in 49 out of 50 trials, even with slight misalignments. Tag placement height and distance
were found to slightly influence success rate.

° Navigation Accuracy: In 47 out of 50 trials, the robot reached the correct shelf. Errors were mostly due to slight misalignments in color line
tracking or surface inconsistencies.

° Response Time: The system demonstrated an average time of 23.5 seconds from scanning the RFID to reaching the shelf. Minor variance was due
to turn complexity and motor torque fluctuations.

. User Experience: Most participants found the system intuitive. Some suggested voice guidance for additional support, which is considered as
future enhancement.

. Limitations Noted: The robot lacked dynamic obstacle avoidance and struggled if an item was placed on its path. Additionally, changes in floor
lighting affected the color sensor’s performance.
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