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Abstract- This project presents the development of an autonomous line-following and obstacle-avoidance robot using the ESP32 

microcontroller. Infrared sensors detect and follow the predefined path, while an ultrasonic sensor measures distance and 

identifies obstacles to prevent collisions. The ESP32 processes real-time sensor data to control the motor driver, ensuring smooth 

and stable navigation. A GSM module is integrated to send alerts during critical situations. The system is designed to be low-

cost, scalable, and suitable for educational and automation applications. The prototype demonstrates consistent path tracking 

and efficient obstacle avoidance, making it adaptable for real-world industrial logistics and warehouse environments. The overall 

design highlights the importance of combining multi-sensor integration with wireless communication to enhance the robustness 

and usability of autonomous robotic systems. 
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I. INTRODUCTION 

 
Autonomous mobile robots play a crucial role in modern 

applications where continuous, reliable, and safe movement is 

essential. In industrial automation, they transport materials 

between workstations without human intervention, improving 

efficiency. In logistics, they assist in warehouse navigation and 

inventory handling with high accuracy. In healthcare transport, 

robots are used for delivering medicines and supplies safely 

within hospitals. In smart mobility systems, they support 

guided navigation in controlled environments. Line-following 

robots ensure precise path tracking, while obstacle-avoidance 

capability enables safe operation in dynamic surroundings. 

 

1. Limitations Identified in Literature Existing works 

highlight several issues:  

 Low processing capability in basic microcontrollers 

affecting sensor response.  

 Limited wireless range in Bluetooth-based control 

systems. 

 Jerks or instability during curved paths due to simple 

control algorithms.  

 

II. LITERATURE SURVEY 
 

Vivek Hanumante, Sahadev Roy, Santanu Maity, “Low-Cost 

Obstacle Avoidance Robot,” IJSCE, 2013. 

This paper used IR sensors with an ATmega-8 microcontroller, 

allowing object detection only within 10–20 cm and failing on 

dark or non-reflective surfaces due to poor IR reflection. The 

ATmega-8’s limited processing reduced detection speed and 

accuracy. In our project, we address these gaps by using an 

ultrasonic sensor with a stable detection range of 2–400 cm, 

unaffected by surface colour, and an ESP32 for faster and more 

reliable obstacle processing, resulting in improved sensing 

accuracy, response time, and navigation stability. 

 

[2] Om Rajkumar Solavat, “Path Following Robot Using 

Arduino and IR Sensors,” IEEE, 2024. 

This paper used two IR sensors with an Arduino Uno to follow 

a black path, performing well on clear tracks but failing when 

the line was faded, broken, or reflective. Arduino’s limited 

processing caused delayed response on sharp curves. In our 

project, we overcome these limitations by using a three-sensor 

IR array with ESP32, enabling better curve handling, faster 

decision-making, and stable line following under varying 

surface and lighting conditions. 

 

[3] S. Karthikeyan et al., “Autonomous Line Following 

Robot,” IJERT, 2016. 

This work implemented basic line following using discrete IR 

sensors and a PIC microcontroller. The system lacked obstacle 

detection and failed in dynamic environments. In our project, 

we integrate both line following and obstacle avoidance using 

sensor fusion with ESP32, ensuring safer navigation in real-

time environments. 

 

[4] R. Singh and A. Verma, “Obstacle Avoidance Robot 

Using IR Sensors,” IJAREEIE, 2017. 

The robot relied only on IR sensors for obstacle detection, 

which suffered from false triggering under sunlight and poor 

performance on dark objects. In contrast, our project uses 



 
 

 

© 2026 IJSRET 
2 
 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 12, Issue 2, Mar-Apr-2026, ISSN (Online): 2395-566X 

 

 ultrasonic sensing combined with ESP32 processing, 

eliminating light-dependent errors and providing consistent 

detection across different surfaces. 

 

[5] M. Patil et al., “Arduino Based Line Follower Robot,” 

IJSRD, 2018. 

This paper focused only on line following using Arduino Uno 

and IR sensors, with no communication or monitoring 

capability. Our project enhances functionality by integrating 

GSM alerts and ESP32-based processing, enabling real-time 

status updates and improved system intelligence. 

 

[6] J. Kumar and P. Sharma, “Smart Obstacle Avoiding 

Robot,” IJESC, 2019. 

The proposed system used Arduino Nano and ultrasonic 

sensors but lacked optimized path decision logic, resulting in 

inefficient navigation. In our project, ESP32 allows faster 

computation and improved control logic, resulting in smoother 

obstacle avoidance and stable movement. 

 

[7] A. Mehta et al., “IR Based Line Following Robot,” 

IJCSIT, 2015. 

This system used a basic two-sensor IR setup that failed at 

intersections and sharp turns. Our project uses a multi-sensor 

IR array with ESP32, enabling accurate detection of turns, 

junctions, and complex paths. 

 

[8] N. Rao and S. Gupta, “Autonomous Robot for Industrial 

Applications,” IEEE, 2020. 

The robot employed wired monitoring and limited onboard 

intelligence, restricting real-time adaptability. Our project 

replaces this with GSM-based wireless alerts and ESP32 

processing, enabling remote monitoring and faster adaptive 

control. 

 

[9] P. Das et al., “Ultrasonic Sensor Based Obstacle 

Detection,” IJRTE, 2018. 

This work focused solely on obstacle detection without 

navigation logic. Our project integrates obstacle detection with 

line following and decision-making algorithms, providing a 

complete autonomous navigation solution. 

 

[10] K. Naveen et al., “Line Following Robot Using PIC 

Controller,” IJETAE, 2014. 

The PIC controller used had limited memory and processing 

capability, resulting in slow response. In our project, ESP32 

offers higher clock speed and multitasking support, improving 

real-time navigation and control accuracy. 

[11] R. Malhotra, “Autonomous Mobile Robot Using 

Arduino,” IJAIEM, 2019. 

This robot used Arduino with basic sensors and showed 

performance degradation under noisy conditions. Our project 

improves robustness by using ESP32 and multi-sensor fusion, 

ensuring reliable operation in real-world environments. 

 

[12] S. Bose et al., “Line Follower Robot for Warehouse 

Automation,” IEEE, 2021. 

Although effective in structured environments, the system 

failed under varying lighting and surface conditions. Our 

project addresses these limitations using adaptive thresholding 

with ESP32 and enhanced sensor placement. 

 

[13] V. Reddy and K. Prasad, “Obstacle Avoidance Robot 

Using Microcontroller,” IJARET, 2016. 

The system used a single ultrasonic sensor with limited 

directional awareness. Our project improves detection by 

strategic sensor positioning and faster ESP32-based control, 

reducing collision chances. 

 

[14] T. Wilson et al., “Embedded System Based Mobile 

Robot,” IJECE, 2020. 

This paper used a low-end controller with minimal expansion 

capability. Our project uses ESP32, which supports future 

enhancements such as Wi-Fi, IoT integration, and cloud-based 

monitoring. 

 

[15] A. Choudhary et al., “Smart Line and Obstacle 

Detection Robot,” IJERT, 2022. 

The robot combined line following and obstacle detection but 

suffered from slow processing and unstable control due to 

Arduino limitations. In our project, ESP32 ensures faster sensor 

processing, smoother motion control, and higher navigation 

reliability. 

 

Summary: The reviewed literature shows that most existing 

line-following and obstacle avoidance robots rely on basic IR 

sensors and low-performance microcontrollers such as Arduino 

Uno or ATmega-8. These systems generally work on clear 

tracks and simple environments but fail on faded or reflective 

lines, dark obstacles, and sharp curves. They also suffer from 

short obstacle-detection ranges and limited communication, 

especially in Bluetooth based designs. Across all studies, the 

common gap is the lack of reliable multi sensor processing, 

long-range communication, and stable navigation in practical 

conditions. The proposed ESP32- based design addresses these 

limitations by integrating a multi-channel IR array, ultrasonic 

sensing, and GSM alert communication, enabling faster 

processing, improved accuracy and more dependable operation 

in real-world environments. 

 

III. PROBLEM STATEMENT AND 

OBJECTIVES 
 

Current robots suffer from unreliable line detection, limited 

obstacle sensing, and short-range communication. The 

objective is to develop an ESP32-based robot capable of 
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 accurate line following, reliable obstacle detection, and long-

range GSM alerts. 

Objectives 

To develop an ESP32-based robot capable of line following and 

obstacle avoidance. The specific objectives are: 

1. Enable accurate line following on straight and curved paths 

using a three-sensor IR array with ESP32.  

2. Achieve reliable obstacle detection with an ultrasonic 

sensor over 2–400 cm range.  

3. Provide long-range alerts and monitoring via a GSM 

module. 

 

V. PROPOSED METHODOLOGY 
 

The ESP32 initializes sensors and motors, continuously 

processes IR and ultrasonic data, controls motor movement, 

and triggers GSM alerts during critical conditions. The robot 

resumes operation automatically after obstacle clearance. 

 

Block Diagram 

    

 
Component Requirements 

Major components include ESP32 microcontroller, IR sensor 

array, HC-SR04 ultrasonic sensor, L298N motor driver, DC 

gear motors, GSM module, and regulated power supply. 

 

Project Progress 

The project is currently in the design and planning phase. 

Literature review and component selection are completed, 

while implementation and testing are scheduled for the next 

phase. 

 

Expected Outcomes 

The robot is expected to achieve accurate line following, 

reliable obstacle detection, real-time response, and effective 

GSM-based alerts. 

 

VI. CONCLUSION 
 

The project demonstrates a low-cost, scalable autonomous 

navigation robot integrating line following, obstacle avoidance, 

and wireless communication, suitable for educational and 

industrial applications. 
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