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Abstract: People move through crowded spaces every single day—streets, railway stations, college corridors, markets—and most 
of the time, they don’t realize how many obstacles surround them. For visually impaired individuals, even a small obstacle can 
become a serious risk. Traditional obstacle detection systems can be expensive, bulky, or limited in functionality. So, there is a 
real need for something simple, affordable, and effective. This project introduces a Variable Obstacle Detection Machine and 
Alert System using ESP32, designed to provide real-time directional alerts. The system uses multiple ultrasonic sensors placed 
on the left and right sides to continuously scan the surroundings. These sensors send ultrasonic waves and measure the time it 
takes for the echo to return after hitting an object. The ESP32 microcontroller processes this time data and calculates the exact 
distance of the obstacle. Based on the measured distance, the system generates alerts. If an object is detected within a moderate 
range, the vibration motor on the corresponding side activates, allowing the user to understand the direction of the obstacle. If 
the object is very close, a buzzer provides an emergency warning sound. This layered alert mechanism makes the system both 
practical and responsive. The ESP32 is selected for its fast processing speed, multiple GPIO pins, and reliability in real-time 
applications. A transistor driver circuit ensures safe motor operation, and a voltage divider protects the ESP32 from high echo 
voltages. The entire system is powered using a regulated supply with common grounding for stability. Although compact in 
design, the system is powerful in functionality. It is low-cost, energy-efficient, and suitable for wearable or portable applications. 
Ultimately, this project demonstrates how embedded systems and sensor technology can be combined to create a smart, reliable, 
and accessible safety solution for modern mobility challenges. 
 

I. INTRODUCTION 
Safety and mobility have become increasingly important in today’s fast-moving world. Cities are growing, traffic is increasing, and 
public spaces are becoming more crowded than ever. For most people, navigating through these environments is simple. But for 
visually impaired individuals, even a small obstacle can turn into a serious hazard. Uneven roads, parked vehicles, stairs, walls, or 
unexpected objects create constant challenges. Traditional assistive tools like walking sticks provide limited range and depend 
heavily on physical contact with obstacles. While advanced systems exist, many of them are expensive, bulky, or complicated to 
operate. That’s where smarter, affordable technology can make a real difference. 
Obstacle detection systems aim to sense nearby objects and warn the user before contact happens. The idea is simple—detect first, 
alert early, and prevent accidents. In this project, ultrasonic sensors are used to scan the surroundings continuously. These sensors 
emit high-frequency sound waves and measure the time it takes for the echo to bounce back after hitting an object. From this time 
measurement, the exact distance of the obstacle is calculated. But detection alone isn’t enough. The system must also communicate 
clearly with the user. That’s why directional vibration motors are used. If an obstacle appears on the left side, the left motor vibrates. 
If it appears on the right side, the right motor responds. When an object comes very close, a buzzer activates as an emergency alert. 
The ESP32 microcontroller acts as the brain of the system. It processes sensor data in real time and controls the alert mechanisms 
efficiently. It is fast, reliable, and flexible for embedded applications. By combining ultrasonic sensing with ESP32 processing and 
multi-level alert feedback, this project creates a compact, practical, and user-friendly obstacle detection system. It is not just a 
prototype—it is a step toward safer mobility and smarter assistive technology for everyday life. 

 
II. LITERATURE SURVEY 

Let’s start with where this idea really comes from. Obstacle detection systems have been studied and developed for many years, 
especially in the fields of robotics, automation, and assistive technology. Researchers have explored different types of sensors such 
as ultrasonic sensors, infrared sensors, LiDAR, and camera-based vision systems. Each technology has its strengths and limitations.  
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Camera-based systems, for example, provide detailed visual information but require complex image processing and high 
computational power. Infrared sensors are simple but can be affected by lighting conditions. Ultrasonic sensors, on the other hand, 
are affordable, reliable, and effective for short-distance obstacle detection, which makes them popular in many practical 
applications. 
Many earlier projects focused on smart walking sticks designed for visually impaired individuals. These systems typically used a 
single ultrasonic sensor connected to microcontrollers like Arduino Uno. When an obstacle was detected within a fixed range, a 
buzzer would alert the user. While effective, these designs often lacked directional awareness. Users could hear a warning sound but 
could not easily identify whether the obstacle was on the left, right, or directly ahead. Later research improved upon this by adding 
multiple sensors and vibration-based feedback mechanisms. Directional vibration motors allowed users to understand obstacle 
position more clearly without relying only on sound. 
With the advancement of microcontrollers, systems became more efficient and compact. ESP32 emerged as a powerful alternative 
to traditional Arduino boards because of its higher processing speed, multiple GPIO pins, and built-in wireless features. Researchers 
began integrating ESP32 in real-time sensing systems for faster data processing and better control. Studies also emphasized the 
importance of using transistor driver circuits for motor control and voltage divider circuits to protect 3.3V logic microcontrollers 
from higher voltage signals. 
Overall, previous research shows that combining multiple ultrasonic sensors with intelligent processing and multi-level alert 
systems improves safety and usability. This project builds on those developments by implementing a multi-sensor, directional 
vibration alert system using ESP32 to create a practical, affordable, and real-time obstacle detection solution. 
 

III. PROBLEM STATEMENT 
Navigating through crowded and unfamiliar environments is difficult and sometimes dangerous for visually impaired individuals. 
Everyday obstacles such as walls, vehicles, stairs, and uneven surfaces increase the risk of accidents. Traditional walking sticks 
provide limited detection range and depend on physical contact with objects. Existing electronic assistive devices can be expensive 
or lack clear directional feedback. There is a need for a simple, low-cost, and reliable system that can detect obstacles in real time 
and provide clear alerts. Developing a compact obstacle detection and alert system using modern microcontroller technology can 
significantly improve mobility safety and independence 

 
IV. PROPOSED METHODOLOGY 

As the user moves forward, the ultrasonic sensors continuously scan the surroundings. Each sensor sends a short trigger pulse, 
which produces ultrasonic sound waves. When these waves strike an obstacle, they reflect back to the sensor’s echo pin. The ESP32 
measures the time taken for the echo to return and calculates the distance. If the detected object falls within a certain range, the 
system activates the corresponding vibration motor to provide directional feedback. When the obstacle is very close, a buzzer 
generates an emergency alert. A transistor driver circuit is used to control the motors safely, and a voltage divider protects the 
ESP32 from high echo voltage. This setup ensures accurate detection, quick response, and reliable real-time alerting. 

 
V. COMPONENTS USED 

A. ESP32 WROOM-32 
The ESP32 WROOM-32 is the main controller of the system. It reads the distance data from ultrasonic sensors and controls the 
vibration motors and buzzer based on obstacle position. It operates at 3.3V logic level and provides multiple GPIO pins for 
connecting sensors and output devices. Its fast processing speed ensures real-time obstacle detection and quick alert response. 
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B. Ultrasonic Sensor (HC-SR04) 
The ultrasonic sensor is used to detect obstacles by sending high-frequency sound waves and receiving the reflected echo. It 
calculates distance by measuring the time taken for the echo to return. These sensors are placed on different sides to provide 
directional detection. They are reliable, affordable, and suitable for short-range obstacle measurement. 

 
C. DC to DC Converter (Buck Converter) 
The DC to DC converter is used to regulate and step down voltage from the battery to a stable 5V output. It ensures that the ESP32 
and other components receive a constant and safe power supply. This improves system stability and protects the circuit from voltage 
fluctuations. 

 
D. Vibration Motor 
The vibration motor provides directional feedback to the user. When an obstacle is detected on a particular side, the corresponding 
motor vibrates. This helps the user understand obstacle direction without visual assistance, making the system more practical and 
user-friendly. 
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E. Buzzer 
The buzzer acts as an audio alert system. It is activated when an obstacle is detected at a very close distance. This emergency sound 
warning increases safety and ensures immediate attention in critical situations. 

 

 
 

F. Connecting Wires and Switch 
Connecting wires are used to establish proper electrical connections between all components. A switch is included to turn the 
system ON and OFF conveniently. Proper wiring ensures stable operation and reliable signal transmission throughout the circuit. 
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VI. FLOWCHART AND BLOCK DIAGRAM 
A. Flowchart, Block diagram 
The flowchart explains the working process of the system step by step. After powering on, the ESP32 and ultrasonic sensors are 
initialized. The controller sends an ultrasonic pulse and waits for the echo signal to calculate the distance of nearby objects. The 
measured distance is compared with a predefined threshold value. If the distance is less than the threshold, the vibration motor and 
buzzer are activated to alert the user about the obstacle. If not, the system continues monitoring. The process repeats continuously. 
When the obstacle is no longer detected, the alert stops automatically, ensuring real-time detection and user safety. 

 
The block diagram represents the hardware architecture of the Variable Obstacle Detector and Alert System for Visually Impaired 
Human. A 3.7V Li-ion battery supplies power to the LM2596 DC-DC buck converter, which regulates the voltage to 5V or 3.3V 
required by the ESP32-WROOM-32 microcontroller. The ESP32 acts as the central processing unit of the system. Multiple 
ultrasonic sensors are connected to the ESP32 for obstacle detection in different directions. These sensors continuously measure 
distance and send data to the controller. Based on the processed data, the alert section, consisting of vibration motors and buzzers, is 
activated to warn the user. 
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VII. RESULT 
The Variable Obstacle Detection Machine and Alert System was tested under different practical conditions to evaluate its 
performance and reliability. During testing, various objects were placed at different distances in front of the ultrasonic sensors. The 
sensors successfully transmitted ultrasonic waves and received the reflected echo signals. The ESP32 calculated the distance 
accurately using the measured echo time and continuously monitored the surroundings in real time. When an obstacle was detected 
within the predefined range of 50 cm, the corresponding vibration motor was activated immediately. If the object was on the left 
side, the left motor vibrated, and if it was on the right side, the right motor responded accordingly. This confirmed that the 
directional detection mechanism was functioning properly. 
When the obstacle moved closer within the critical range of 20 cm, the buzzer was activated to provide an emergency warning 
signal. The sound alert was clear and noticeable, ensuring immediate attention. The system responded quickly without significant 
delay, demonstrating efficient real-time processing by the ESP32. It was observed that the detection range remained stable under 
normal indoor conditions. The transistor driver circuit allowed smooth operation of the vibration motors without affecting the 
ESP32 performance. The voltage divider circuit successfully protected the ESP32 from high echo voltage levels. 
Repeated testing showed consistent and reliable results. The system effectively differentiated between left and right obstacles and 
provided accurate alerts. Thus, the project successfully demonstrated real-time obstacle detection and multi-level alert functionality 
using ESP32, making it suitable for assistive mobility applications. 

 
 

VIII. FUTURE SCOPE 
The Variable Obstacle Detection Machine and Alert System has strong potential for further improvement and real-world 
applications. This system can be developed into a compact wearable device integrated into smart walking sticks, shoes, or wearable 
belts for visually impaired individuals. With proper casing and waterproof design, it can be used safely in outdoor environments 
such as roads, railway stations, airports, shopping malls, and crowded public areas. Looking ahead, the system can be enhanced by 
adding more advanced sensors such as infrared or LiDAR to improve detection accuracy and range. Integration of GPS technology 
can help track user location in case of emergency situations. Adding Bluetooth or WiFi connectivity using the built-in features of 
ESP32 would allow connection to a mobile application for monitoring system status and alerts. Voice feedback modules can also be 
added to provide spoken distance information for better user understanding. 
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Energy efficiency can be improved by optimizing power consumption and using rechargeable battery packs with higher capacity. 
Combining this system with artificial intelligence-based object recognition could further enhance obstacle classification. With 
continuous technological advancements and smart integration, this obstacle detection system can become a more intelligent, 
reliable, and user-friendly assistive solution for safer mobility in the future. 

 
IX. CONCLUSION 

The Variable Obstacle Detection Machine and Alert System using ESP32 successfully demonstrates how simple sensor technology 
and embedded systems can improve personal safety. The project combines ultrasonic sensors, vibration motors, and a buzzer to 
create a reliable real-time obstacle detection mechanism. By continuously scanning the surroundings and calculating distances 
accurately, the system provides clear directional alerts to the user. The left and right vibration feedback ensures better awareness of 
obstacle position, while the buzzer acts as an emergency warning for critical situations. 
The system is designed to be simple, affordable, and practical. It does not require complex programming or expensive components, 
making it suitable for academic projects and real-world applications. The ESP32 plays a vital role by processing sensor data quickly 
and controlling the alert system efficiently. Supporting circuits such as transistor drivers and voltage dividers ensure safe and stable 
operation of all components. 
Although the system is compact, it offers strong potential for assisting visually impaired individuals and improving mobility safety. 
It may not replace advanced navigation systems, but it provides a dependable and cost-effective alternative. With further 
improvements and smart integration, this project can contribute to safer environments and smarter assistive technology solutions in 
the future 
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