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ABSTRACT: 

This paper presents the design and implementation of a Smart Line Following Robot using Arduino, developed 

to automate the delivery of audio messages to classrooms within an educational campus. The robot 

autonomously follows a predefined black line detected by infrared (IR) sensors, while an ultrasonic sensor 

provides real-time obstacle detection and avoidance for smooth navigation. A 4×4 matrix keypad enables users 

to input a classroom number, which is displayed on a 16×2 LCD screen for confirmation. Upon reaching the 

target classroom, a voice playback module (ISD1820) plays a pre-recorded message such as announcements or 

alerts through an integrated speaker. Motion is controlled by stepper motors driven by motor driver modules, 

all coordinated by the Arduino Uno microcontroller. The proposed system offers a cost-effective and efficient 

solution for automating message delivery in educational institutions, minimizing manual effort, enhancing 

communication efficiency, and providing a scalable platform for future enhancements such as wireless control, 

real-time tracking, and smart classroom identification. 

Index Terms: Line Following Robot, Arduino, Infrared Sensor, Ultrasonic Sensor, Automation, Voice 

Playback Module, Educational Communication. 

I.INTRODUCTION 

Automation and robotics have emerged as transformative technologies in recent years, influencing diverse 

fields such as manufacturing, healthcare, and education. The integration of embedded systems and 

microcontrollers has made it possible to design intelligent machines capable of performing human-like tasks 

efficiently. In the educational sector, automation can reduce manual workload, improve communication 

efficiency, and create a more technologically advanced learning environment. One such innovative application 

is the development of robots that can autonomously deliver messages or announcements to different locations 

within a campus. 

 

This project focuses on the design and implementation of an Arduino-based Line Following Robot that can 

autonomously follow a predefined path and deliver audio messages to specific classrooms. The robot employs 

infrared (IR) sensors to detect a black line on a contrasting white surface, allowing it to navigate accurately 

along the designated route. Additionally, an ultrasonic sensor is incorporated to detect obstacles in real time, 

enabling the robot to avoid collisions and ensure safe movement in dynamic environments. 

 

A key distinguishing feature of this system is its interactive input mechanism, implemented through a 4×4 

matrix keypad. Users can enter a classroom number or code, which is displayed on a 16×2 LCD screen for 

confirmation. Once the input is received, the robot autonomously follows the path to the selected classroom. 

Upon reaching the destination, a voice playback module (ISD1820) integrated with a speaker is activated to 

play a pre-recorded message, such as announcements, alerts, or reminders, thereby demonstrating automated 

communication within the institution. 
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The mobility and precision of the robot are achieved through stepper motors controlled by motor driver modules, 

ensuring accurate speed and directional control. The Arduino Uno microcontroller acts as the central processing 

unit of the system, managing sensor inputs and coordinating all the control signals required for navigation and 

message delivery. This integration of hardware and software components highlights the effectiveness of 

embedded control in achieving autonomous robotic behavior. 

 

Overall, the proposed robotic system represents a cost-effective and practical approach to campus automation. 

It addresses the need for contactless and reliable message delivery, especially in large educational institutions 

where manual communication can be time-consuming. Furthermore, this project lays the groundwork for future 

advancements such as wireless connectivity, real-time tracking, and smart destination identification, extending 

its potential applications to fields like industrial logistics, hospital assistance, and corporate automation. 

 

II. PROPOSED SYSTEM 

 

OVERVIEW 

` 

This chapter details the methodology adopted in the design and development of the line-following robot with 

message delivery capabilities. It includes block diagrams, component explanations, working principles, 

programming logic, and system integration. The analysis section also discusses performance evaluation and 

potential challenges. 

 

BLOCK DIAGRAM 
      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The robot’s functionality is divided into the following blocks: 

Input Block: Keypad, IR Sensors, Ultrasonic Sensor 

Processing Block: Arduino Uno 

Output Block: LCD Display, Voice Playback Module, Speaker, Stepper Motor and Driver 

 

COMPONENT DESCRIPTION 

 

Arduino Uno: The central controller that manages inputs and controls outputs. 

IR Sensors: Detect black lines on the floor and help in navigation. 

Ultrasonic Sensor: Measures distance to obstacles and helps in avoidance. 

Keypad (4x4): User inputs the desired class number. 

LCD Display (16x2): Displays user input and system status. 

Voice Playback Module (e.g., ISD1820): Plays pre-recorded voice messages. 

Speaker: Delivers the audio message. 

 

Fig a: Block diagram of line path robot 
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Stepper Motors and Drivers: Enable precise control of wheel movement for navigation. 

 

WORKING PRINCIPLE 

 

The robot is initialized, and the user is prompted to input a classroom number via the keypad. 

The LCD displays the selected class number. 

Based on the input, the robot selects a path and starts following the black line using IR sensors. 

If an obstacle is detected by the ultrasonic sensor, the robot halts or takes an alternative route. 

Upon reaching the destination, the robot triggers the voice module to play the message. 

After message delivery, the robot can return or wait for the next instruction. 

 

PROGRAMMING LOGIC 

 

The Arduino program consists of multiple modules: 

Sensor Reading Module 

Navigation and Motor Control 

Obstacle Detection 

Keypad Scanning 

LCD Display Updates 

Voice Module Triggering 

 

PATH PLANNING AND LINE FOLLOWING ALGORITHM 

 

 The robot uses a simple condition-based algorithm to follow the line: 

If centre sensor detects black, go straight 

If left sensor detects black, turn left 

If right sensor detects black, turn right 

If all sensors detect white, stop or reorient 

 

OBSTACLE AVOIDANCE LOGIC 

 

If ultrasonic sensor detects distance < threshold (e.g., 15 cm), stop the robot. 

Wait until the path is clear or find an alternate path if implemented. 

 

VOICE PALYBACK LOGIC 

 

The selected class number maps to a specific GPIO pin. 

When the robot reaches the destination, the Arduino sends a HIGH signal to the mapped pin, triggering the 

playback module. 

 

SYSTEM INTEGRATION 

 

All components are interfaced with Arduino. Power supply is regulated to match component requirements. 

Signals are managed through appropriate GPIO pins. All modules are tested individually and then integrated. 

 

HARDWARE DESCRIPTION 

 The hardware used in this project are: 

• Arduino 

• IR Sensor 

• Ultrasonic sensor 

• Keypad 
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• LCD (16x2) 

• Voice Playback Module 

• Speaker 

• Stepper Motors (NEMA 17) 

• A4988 Stepper Motor Driver 

• 12V Battery 

 

ARDUINO UNO 

 

Arduino Uno is open source microcontroller board that helps 

create interactive projects giving smart solutions by automation. 

It is based on the processor ATmega328p. It also comes with a 

variety of input and output pins that can be used to connect 

different electronic components. 

 

IR SENSOR 

IR sensor is an electronic device, that emits the light to sense 

some object of the surroundings. An IR Sensor can measure the 

heat of an object as well as detects the motion. Usually, in 

the infrared spectrum, all the objects radiate some form of 

thermal radiation. These types of radiations are invisible to our 

eyes, but infrared sensor can detect these radiations. 

 

 

 

ULTRASONIC SENSOR 

 

Ultrasonic Sensors are electronic devices that calculate the 

target’s distance by emission of ultrasonic sound waves and 

convert those waves into electrical signals. The speed of emitted 

ultrasonic waves traveling speed is faster than the audible sound 
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KEYPAD 

The 4x4 matrix keypad is an essential input device widely used in embedded systems and robotic projects for 

its simplicity and reliability. It comprises 16 tactile switches arranged in a matrix format of four rows and four 

columns, making it compact yet efficient for numeric and alphanumeric input. 

 

 

 

 

 

LCD DISPLAY 

The term LCD stands for Liquid Crystal Display. It is one 

kind of electronic display module used in an extensive 

range of applications like various circuits & devices like 

mobile phones, calculators, computers, TV sets, etc. These 

displays are mainly preferred for multi-segment light-

emitting diodes and seven segments. The main benefits of 

using this module are inexpensive; simply programmable. 

 

 

VOICE PLAYBACK MODULE ISD1820  

 

It is a small Voice Recorder and Playback module that 

can do the multi-segment recording. The user can achieve 

a high quality of recording (for 8 to 20secs) for each 

application with the adjustment of the on-board resistor. 

This Voice Recorder/Playback module is designed with 

embedded-Flash memory, which can hold data for up to 

100 years and erase/record the life cycle up to 100,000. 

 

SPEAKER 

 

A speaker is an electroacoustic transducer that converts electrical signals into 

sound. It is a key component in embedded systems for providing audio feedback, 

alerts, or voice messages 
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STEPPER MOTORS 

The NEMA17 stepper motor, known for its adaptability and 

compact size, features dimensions of 1.7 x 1.7 inches. It is 

available in single and dual shaft configurations, offering step 

angles of 1.8° or 0.9° for precise control across various uses. 

Operating within a voltage range of 12-24V. The NEMA17 

stepper motor is renowned for its high precision and control, 

making it a required component across numerous technological 

domains. Its design ensures precise movements, highly valued in 

applications requiring exact positioning and repeatability. 

 

 

RESULT 

 

 

 

 

 

 

 

 

 

 

The final prototype robot was successfully built and tested. As shown in the images, the robot includes IR 

sensors, an ultrasonic sensor, Arduino, and a motor driver integrated on a wheeled chassis. During testing, the 

robot accurately followed the marked line and responded correctly to obstacles by slowing down or stopping. 

All sensors and motors worked together as expected, showing that the designed system can perform autonomous 

navigation reliably. The Line Following Robot with a Voice Playback Module effectively demonstrates the 

integration of autonomous navigation, sensor-based control, and audio interaction within a single system. By 

using simple components like IR sensors, an ultrasonic sensor, and an Arduino, the robot is able to follow a 

predefined path and provide real-time feedback through voice announcements. 

 

CONCLUSION 

 

This project highlights how basic embedded systems concepts—such as sensor data processing, motor control, 

and time-based decision-making—can be applied to build practical and interactive robots. The addition of the 

ISD1820 voice module enhances user engagement, making the robot more intuitive, especially in environments 

where audio guidance is important. 
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Beyond its technical achievements, the project also emphasizes real-world relevance. It can be used for guiding 

users in classrooms, assisting in hospitals, or serving as an educational demonstration of smart automation and 

human-robot interaction. 

 

Overall, this robot serves as a strong foundation for students and hobbyists entering robotics and embedded 

systems. With simple upgrades like Bluetooth control, GPS tracking, or advanced audio playback, it can be 

expanded into a more sophisticated and versatile automation solution. 

 

 

 

FUTURE SCOPE 

 

1.Dynamic Path Planning 

       Upgrade to camera-based (machine vision) or AI-based navigation for complex route detection. 

 

2. Multiple Audio Outputs 

       Replace ISD1820 with DFPlayer Mini + SD card for playing multiple pre-recorded MP3 files. 

 

3. Smartphone Control 

        Add Bluetooth/Wi-Fi module to control and monitor the robot via mobile apps. 

 

4. GPS Integration 

        For outdoor environments, GPS can help navigate and announce current locations. 

 

5. Obstacle Avoidance AI 

         Implement real-time path correction and obstacle rerouting using AI algorithms or neural networks. 

 

6. Solar-Powered Charging 

         Add solar panels for longer run time and eco-friendly usage. 

 

 

REFERENCES 

 

1. ISD1820 Voice Module Datasheet 

Nuvoton Technology Corporation, “ISD1820 Voice Record and Playback IC,” Available at: 

https://www.electroschematics.com/isd1820-voice-recorder-module-datasheet/ 

 

2. IR Sensor Working Principle 

Engineers Garage, “IR Sensor – Working and Applications,” 

https://www.engineersgarage.com/ir-sensor-basics-working-and-applications/ 

 

3. Ultrasonic Sensor HC-SR04 Documentation 

Microcontroller Tutorials, “How HC-SR04 Ultrasonic Sensor Works,” 

https://www.micropik.com/PDF/HCSR04.pdf 

 

4. A4988 Stepper Motor Driver Datasheet 

Allegro Microsystems, “A4988 Microstepping Driver with Translator,” 

https://www.pololu.com/file/0J450/a4988_DMOS_microstepping_driver_with_translator.pdf 

 

5. Embedded Systems Concepts 

Raj Kamal, Embedded Systems: Architecture, Programming and Design, McGraw Hill Education, 2nd 

Edition, 2012. 

 

https://ijsrem.com/
https://www.electroschematics.com/isd1820-voice-recorder-module-datasheet/
https://www.engineersgarage.com/ir-sensor-basics-working-and-applications/
https://www.micropik.com/PDF/HCSR04.pdf
https://www.pololu.com/file/0J450/a4988_DMOS_microstepping_driver_with_translator.pdf


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Volume: 09 Issue: 11 | Nov - 2025                                SJIF Rating: 8.586                                   ISSN: 2582-3930                                                                                 

 

© 2025, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM54030                                            |        Page 8 
 

6. Robotics and Automation 

Mikell P. Groover, Automation, Production Systems, and Computer-Integrated Manufacturing, Prentice Hall, 

4th Edition, 2014. 

 

7. Tutorial: Line Follower Robot Using Arduino 

Circuit Digest, “Line Following Robot using Arduino,” 

https://circuitdigest.com/microcontroller-projects/arduino-line-follower-robot 

 

 

 

8. DFRobot Wiki and Modules 

DFRobot.com, “Beginner Guide to Voice Modules and Sensors,” 

https://wiki.dfrobot.com 

 

 

 
 

https://ijsrem.com/
https://circuitdigest.com/microcontroller-projects/arduino-line-follower-robot
https://wiki.dfrobot.com/

