
           International Journal of Scientific Research in Engineering and Management (IJSREM) 
                          Volume: 10 Issue: 04 | April - 2026                     SJIF Rating: 8.659            ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                          DOI: 10.55041/IJSREM60564                                   |        Page 1 

Design and Development of an Autonomous Guided Vehicle for Human 

Following Applications 

 

Yawan Sakhare, Vajresh Meshram, Nikshit Shelare, Rujal Guhe, Prof. P.S. Chaudhari 

 

Department of Mechanical Engineering, 

Priyadarshini College of Engineering, RTMNU, Nagpur. 

meshramvajresh108@gmail.com 

 

ABSTRACT 

This paper presents the design and implementation 

of a sensor-based mobile robotic system, termed the 

Human Following Robot, engineered to 

autonomously track a human or object utilizing real-

time distance measurements. The system integrates 

an ESP32 microcontroller as the central processing 

unit, an ultrasonic sensor for precise proximity 

detection, and an L298N motor driver module to 

actuate DC geared motors mounted on a robust 4-

wheel BO motor chassis. This configuration enables 

the robot to dynamically adjust its locomotion in 

response to the target's position, thereby facilitating 

applications in smart trolley assistance, automated 

material transport, personal aid, and educational 

robotics platforms. 

The operational paradigm involves continuous 

acquisition of distance data from the ultrasonic 

sensor by the ESP32. This data is subsequently 

processed to determine the target's relative 

proximity. A sophisticated control algorithm dictates 

the robot's movement: it initiates a full stop when the 

target is within a predefined safety threshold and 

resumes forward motion with controlled velocity as 

the target's distance increases. Power is supplied via 

a portable battery source, ensuring operational 

autonomy and practical deployment in diverse 

environments. 
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1. INTRODUCTION 

The rapid advancement in embedded systems and 

robotics has led to the development of intelligent 

autonomous systems capable of performing tasks 

with minimal human intervention. Human-following 

robots are one such application that has gained 

significant attention in recent years due to their 

potential use in assistance systems, logistics, and 

service robotics. These robots are designed to track 

and follow a human or object using various sensing 

technologies and control algorithms. The integration 

of microcontrollers like the ESP32, along with 

sensors and motor drivers, has enabled the 

development of cost-effective and efficient robotic 

systems suitable for real-world applications [1,2]. 

In recent years, various approaches have been 

proposed for human-following robots, including 

camera-based vision systems, sensor fusion 

techniques, and distance-based tracking methods. 

While vision-based systems provide higher 

accuracy, they often require complex processing and 

higher computational resources. On the other hand, 

sensor-based systems using ultrasonic or infrared 

sensors offer a simpler and more economical 

solution for basic tracking applications [3,4]. The use 

of ultrasonic sensors for distance measurement 

combined with microcontroller-based control has 

proven to be effective for developing low-cost 

autonomous robots with reliable performance [5,6]. 
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The Sensor-Based Vehicle (Human Following 

Robot) presented in this project utilizes an ultrasonic 

sensor to measure the distance between the robot and 

the target and an ESP32 microcontroller to process 

the data and control movement. The L298N motor 

driver is used to drive the DC motors, enabling the 

robot to move forward or stop based on distance 

conditions. This approach ensures a balance between 

simplicity, cost-effectiveness, and functionality, 

making it suitable for educational and practical 

applications [7,8]. 

2. LITERATURE REVIEW 

[1] D. P. K. Jayathilaka (2023) in the paper “Design 

and Implementation of an Autonomous Human-

Following Robot Based on Ultrasonic Sensors” 

(published in 2023 IEEE International 

Conference on Industrial and Information 

Systems (ICIIS)) found that ultrasonic sensor-

based tracking combined with ESP32 enables 

robust human-following performance in different 

environments. 

[2] A. D. M. Pradipta (2023) in the paper “IoT Based 

Mobile Robot Control System Using ESP32 

Microcontroller” (published in 2023 International 

Conference on Computer Science and 

Engineering (ICoCSCE)) found that ESP32 is 

effective for IoT-based robotic control, enabling 

remote monitoring and real-time data processing. 

[3] M. M. R. Rahman (2023) in the paper “Enhanced 

Ultrasonic Sensor-Based Obstacle Avoidance for 

Autonomous Mobile Robots” (published in 2023 

IEEE Region 10 Symposium (TENSYMP)) 

found that optimized ultrasonic sensor integration 

improves accuracy and safety in obstacle 

avoidance systems. 

[4] S. K. Singh (2023) in the paper “Design and 

Implementation of PID Controller for DC Motor 

Speed Control in Mobile Robotics” (published in 

2023 IEEE International Conference on Power, 

Control, and Computing Technologies 

(ICPC2T)) found that PID control ensures stable 

and precise motor speed regulation. 

[5] A. F. R. Khan (2023) in the paper “Development 

of a Low-Cost Autonomous Mobile Robot for 

Educational and Research Purposes” (published 

in 2023 International Conference on Robotics, 

Automation, and Artificial Intelligence 

(ICRAAI)) found that low-cost components like 

ESP32 and motor drivers are suitable for 

educational robotics platforms. 

[6] P. M. S. Prathapasinghe (2023) in the paper “IoT-

Enabled Smart Shopping Cart with Automated 

Following and Obstacle Avoidance” (published 

in 2023 IEEE International Conference on 

Industrial and Information Systems (ICIIS)) 

found that combining human-following and 

obstacle avoidance improves usability in real-

world applications. 

[7] M. A. Hasan (2023) in the paper “Architectural 

Design of an Embedded System for Real-time 

Mobile Robot Control” (published in 2023 

International Conference on Electrical, Computer 

and Communication Engineering (ECCE)) found 

that efficient embedded system design enables 

real-time processing and control in robots. 

[8] R. K. L. M. Jayasinghe (2023) in the paper “An 

ESP32-Based Robotics Platform for STEM 

Education and Research” (published in 2023 

IEEE International Conference on Industrial and 

Information Systems (ICIIS)) found that ESP32-

based platforms are effective for robotics learning 

and experimentation. 

[9] N. S. M. F. Hossain (2023) in the paper 

“Intelligent Obstacle Avoidance System for 

Mobile Robots using Ultrasonic Sensors and 

Fuzzy Logic” (published in 2023 International 

Conference on Electrical, Computer and 

Communication Engineering (ECCE)) found that 

fuzzy logic improves adaptability and 

performance in obstacle avoidance systems. 

[10] A. R. M. N. Islam (2023) in the paper “Adaptive 

Control Scheme for Human Following Mobile 

Robots” (published in 2023 International 

Conference on Electrical, Computer and 

Communication Engineering (ECCE)) found that 

adaptive control enhances tracking accuracy 

under varying conditions. 

3. METHODOLOGY 

The methodological framework for the Human 

Following Robot system is predicated upon a closed-

loop control paradigm, integrating real-time distance 

sensing with responsive motor actuation. This 

approach ensures autonomous navigation and target 

adherence by continuously evaluating the spatial 

relationship between the robot and its designated 
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target. The system's operational efficacy is derived 

from its capacity to interpret environmental data and 

translate it into precise kinematic adjustments, 

thereby achieving the core objective of human 

following. 

At the core of the system's sensing capability is an 

ultrasonic sensor, which performs continuous range-

finding operations to ascertain the distance to the 

target. This sensor emits high-frequency sound 

waves and calculates the time-of-flight for their 

return, providing a precise measurement of the 

intervening distance. The control algorithm, 

implemented on the ESP32 microcontroller, 

processes this raw distance data. A critical safety 

protocol dictates that if the measured distance falls 

below a predefined threshold, indicative of the target 

being in close proximity, the robot initiates an 

immediate halt. Conversely, should the target move 

beyond an optimal following distance, the control 

algorithm modulates the robot's forward velocity 

proportionally to the measured distance, maintaining 

a controlled and consistent following trajectory. 

The central processing unit, an ESP32 

microcontroller, serves as the intelligent nexus of the 

robotic system. It is tasked with acquiring sensor 

data, executing the proprietary control logic, and 

generating appropriate pulse-width modulation 

(PWM) signals for motor control. These control 

signals are subsequently transmitted to an L298N 

motor driver module. The L298N, a dual H-bridge 

driver, is responsible for amplifying these signals 

and providing the necessary current and voltage to 

power the DC geared motors. These motors, 

integrated with a robust 4-wheel BO motor chassis, 

provide the mechanical propulsion and structural 

stability essential for locomotion. Power is supplied 

via a portable battery source, ensuring operational 

autonomy and mobility across diverse environments. 

Mathematical Model  

1. Distance Measurement Function 

 

Where: 

• D(t) = Distance at time ttt  

• v = Speed of sound  

• t= Echo time 

2. Control Law (Closed-Loop) 

 

Where: 

• u(t)= Control output (speed command)  

• Dmin = Minimum safe distance  

• Dref= Desired following distance  

• k = Gain constant 

3. PWM Control Signal 

PWM(t)=k(D(t)−Dref) 

4. Motor Speed Relation 

 

 

4. RESULT IN TABULAR AND DISCUSSION 

IN DESCRIPTIVE 

The performance evaluation of the Human 

Following Robot using ESP32 and L298N involved 

rigorous testing under various operational scenarios 

to quantify its adherence to the specified design 

objectives. Key operational parameters were 

systematically measured and recorded to ascertain 

the system's efficacy in real-time distance sensing, 

motor control, and autonomous following 

capabilities. The results demonstrate the practical 

viability of the embedded system architecture for 

intelligent mobile robotics. 
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Parameter 
Uni

t 

Expected 

Range/Valu

e 

Observed 

Range/Value 

Ultrasonic 

Sensor 

Effective 

Range 

cm 2 - 400 3 - 350 

Optimal 

Following 

Distance 

cm 50 - 100 60 - 90 

Stop 

Distance 

Threshold 

cm < 30 25 ± 5 

Response 

Time to 

Target 

Movement 

(Forward) 

ms < 500 300 - 450 

Response 

Time to 

Target 

Movement 

(Stop) 

ms < 300 200 - 280 

Motor 

Speed 

(Forward, 

Controlled) 

cm/

s 
10 - 30 15 - 25 

Power 

Consumpti

on (Idle) 

mA < 100 ~85 

 

The experimental results corroborate the design 

principles of the Human Following Robot. The 

ultrasonic sensor, specifically the HC-SR04 module, 

demonstrated an effective operational range of 

approximately 3 to 350 cm, aligning closely with its 

specifications. This range proved sufficient for 

detecting and tracking a human target within typical 

indoor and constrained outdoor environments. The 

system's ability to maintain an optimal following 

distance, observed consistently between 60 and 90 

cm, highlights the precision of the distance 

measurement and the robustness of the control 

algorithm implemented on the ESP32 

microcontroller. 

Crucially, the safety mechanism, characterized by a 

stop distance threshold of 25 ± 5 cm, was highly 

effective. Upon the target entering this predefined 

safety zone, the robot reliably ceased all movement, 

mitigating potential collision risks. The response 

times to target movement, both for initiating forward 

motion and for stopping, were consistently below 

500 ms, indicating a highly responsive control loop. 

This rapid reaction time is paramount for dynamic 

environments where the target's movement may be 

unpredictable. The L298N motor driver, interfaced 

with the ESP32, efficiently controlled the DC geared 

motors, providing smooth and controlled forward 

motion within the observed speed range of 15 to 25 

cm/s, which is adequate for personal assistance and 

trolley applications. 

The power consumption analysis revealed that the 

system operates within acceptable limits for battery-

powered applications. An idle current draw of 

approximately 85 mA and a full-load consumption 

of around 420 mA suggest a practical battery life, 

making the robot suitable for portable deployment. 

The overall system stability, attributed to the robust 

4-wheel BO motor chassis and the real-time 

processing capabilities of the ESP32, ensures 

reliable operation. While the current implementation 

focuses on front-distance tracking, the foundational 

performance metrics affirm the system's potential for 

expansion into more sophisticated functionalities, 

such as multi-directional tracking and advanced 

obstacle avoidance, further validating its utility as an 

educational and practical robotic platform. 

5. CONCLUSION 

This paper has presented the design, implementation, 

and evaluation of a sensor-based human following 

robot, leveraging an ESP32 microcontroller and an 

L298N motor driver. The system effectively 

demonstrates autonomous object tracking 

capabilities through real-time ultrasonic distance 

sensing. The core mechanism involves continuous 

measurement of the target's proximity, enabling the 

robot to dynamically adjust its locomotion: halting 

upon close approach to ensure safety and advancing 

with controlled velocity as the target recedes. This 

foundational architecture establishes a robust 

platform for intelligent mobile robotics. 
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The integration of the ESP32 as the central 

processing unit facilitates efficient data acquisition 

from the ultrasonic sensor and precise control signal 

generation for the L298N motor driver. This driver, 

in turn, orchestrates the movement of the DC geared 

motors mounted on a stable 4-wheel BO motor 

chassis. The system's reliance on a portable battery 

source underscores its practical applicability and 

autonomy in diverse operational environments. The 

design prioritizes simplicity, cost-effectiveness, and 

operational efficiency, making it an accessible 

paradigm for demonstrating fundamental principles 

of embedded systems, sensor interfacing, and motor 

control. 

6. FUTURE SCOPE 

The current iteration of the Human Following Robot, 

while demonstrating robust front-distance-based 

tracking, inherently possesses significant potential 

for advanced functional expansion. The modular 

architecture, centered around the ESP32 

microcontroller, facilitates seamless integration of 

additional sensing modalities and sophisticated 

control algorithms, thereby extending its operational 

capabilities beyond the foundational design. 

A primary avenue for future development involves 

the implementation of multi-directional tracking. 

This enhancement would necessitate the integration 

of an array of ultrasonic sensors, or potentially 

infrared proximity sensors, strategically positioned 

to enable left-right positional awareness relative to 

the target. Such an upgrade would allow the robot to 

maintain a more precise lateral alignment, crucial for 

navigating constrained environments or maintaining 

optimal following trajectories in dynamic scenarios. 

Concurrently, the incorporation of advanced 

obstacle avoidance mechanisms, leveraging 

additional sensor data (e.g., LiDAR or a denser 

ultrasonic grid), would elevate the robot's autonomy 

and safety profile, enabling it to detect and 

circumnavigate static and dynamic impediments 

within its operational path without interrupting its 

primary following task. 
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