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ABSTRACT: The "Vehicle Accident Automatic Detection and Remote Alarm Device" is an innovative system designed
to enhance road safety by automatically detecting vehicle accidents and notifying emergency services in real-time. The
device utilizes a combination of sensors, including accelerometers and gyroscopes, integrated with a microcontroller to
detect sudden changes in vehicle motion, such as rapid deceleration or sharp impact, which are indicative of an accident.
Once an accident is detected, the device immediately triggers an alarm and sends an automated alert to emergency
responders through a wireless communication network, such as GSM or loT-based systems, providing critical
information including the vehicle's location, impact severity, and other relevant details. The device's low-cost, real-time
communication capabilities make it a practical solution for both private vehicles and commercial fleets.

I. INTRODUCTION

Road accidents are a major cause of injuries and fatalities worldwide, often worsened by delayed emergency response.
The Vehicle Accident Automatic Detection and Remote Alarm Device addresses this by using sensors to detect collisions
and automatically sending alerts with the vehicle’s location to emergency services or designated contacts. This quick
response system helps save lives, especially in remote areas, by ensuring timely medical assistance even when passengers
are unable to call for help.

The aim of this project is to develop an Automatic Vehicle Accident Detection and Remote Alarm System that enables
real-time accident detection and emergency alert transmission. The system uses ESP-32, vibration sensors, GPS, and
GSM modules to detect accidents, identify the vehicle's location, and send alerts to emergency contacts. Additionally, an
LCD display provides status updates, while a buzzer acts as a local alert mechanism. This system improves road safety
by reducing emergency response time and ensuring faster medical assistance

A Vehicle Accident Automatic Detection and Remote Alarm Device is an advanced safety system designed to detect
accidents in real-time and alert emergency responders automatically. The system works by continuously monitoring the
vehicle's movements using various sensors, such as accelerometers, gyroscopic sensors, and GPS. When an accident
occurs, the system can identify sudden changes in speed, direction, or vehicle orientation, which are indicative of a
collision. This ensures that an emergency response is initiated even if the driver is unable to call for help.

In addition to notifying emergency responders, the device can send alerts to pre-designated contacts, such as family
members, vehicle fleet managers, or the vehicle's insurance company. The device may also establish a remote
communication channel to assess the situation further, allowing the driver or passengers to provide more information if
conscious. This additional feature can be critical in more severe accidents, where immediate decisions about medical
care or further assistance are needed.

Another benefit of this system is its ability to log vital data related to the accident, such as the vehicle's speed at the time
of the crash, the force of impact, and other relevant metrics. This data can be invaluable for post- accident analysis,
insurance claims, or legal purposes. Having access to accurate and reliable data helps investigators understand the
circumstances surrounding the accident and ensures that the facts are clearly documented.

Designed to be cost-effective, reliable, and energy- efficient, the device provides real-time accident detection and
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response capabilities, significantly improving post- accident medical assistance and overall road safety. Its adaptability
to various vehicle types and integration with existing telematics systems make it a practical and scalable solution in
modern intelligent transportation systems.

Il. THE DEVELOPMENT

The Setup
The setup of the device involves both hardware installation in the vehicle and the development of software algorithms
for accident detection and communication. Typically, the device is integrated into the vehicle's electrical system, either
as an aftermarket device or as a factory- installed system in newer vehicles. The installation process generally follows
these steps:

Hardware Installation:
The sensors (accelerometers, gyroscopes, pressure sensors) are installed in key areas of the vehicle, such as the front and
rear bumpers, as well as the central console or near the vehicle’s control systems.Communication modules, including
cellular or satellite communication devices, are installed to send accident alerts.A central processing unit (CPU) or
microcontroller is connected to the sensors and communication module to analyze sensor data and trigger the alarm.The
system may be connected to existing in-vehicle systems like airbags, emergency brakes, and vehicle monitoring systems.

1. WORKING

Whenever the accident occurs the vibrations are sensed by the vibration sensor and these signals are given to the
controller through the amplifying circuit. If incase there is an rollover of the car the angle of the rolls over is detected by
the Micro Electro Mechanical System(MEMS) Sensor and it is given as the input to the controller for further processing.
And when the input is received by the controller, the buzzer (alarm) is ON and the message is sent to the rescue team
with the help of the GSM module. The rescue team reaches the site of the accident with the help of the location given in
the message.

The location or the geographical coordinates where the vehicle is present are detected by the GPS module. When the
system is detected to be abnormal, it is confirmed that the accident has occurred. The vibration/acceleration of the vehicle
is detected to confirm the cause of the accident. As soon as the accident is detected the buzzer (alarm) is ON. The switch
is scanned first; if it is a minor accident then the switch is ON so that messaging is terminated. If it is a major accident,
the switch remains OFF and the message is sent automatically to the rescue team after the location is detected by the
GPS.

In some conditions where there are no casualties or when there is no need of the medical facility to the person, then the
messaging can be terminated with the help of the switch provided in order to avoid wasting the valuable time of the
medical rescue team. The GSM and GPS modules are interfaced to the ESP32 using serial communication.

All the components are interfaced precisely so that the accident detection and alert message sending are fully automated,
so that the warning time can also be reduced. significantly

Existing System:

The existing system for vehicle automation detection and alarm devices primarily relies on traditional sensors and manual
intervention. Most vehicles are equipped with basic security features such as motion detectors, door sensors, and alarms
that activate when unauthorized access is detected. Some advanced models integrate GPS tracking and immobilizers to
prevent theft. However, these systems often lack real-time automated responses to potential threats or environmental
changes. Additionally, older alarm systems can be prone to false alerts due to sensitivity issues, leading to inefficiencies.
While modern vehicles incorporate smart automation, such as collision detection and lane departure warnings, a fully
integrated system that seamlessly combines detection and automated alarm responses is still evolving.

Proposed System:

Whenever the accident occurs the vibrations are sensed by the vibration sensor and these signals are given to the
controller through the amplifying circuit. If incase there is an rollover of the car the angle of the rolls over is detected by
the Micro Electro Mechanical System(MEMS) Sensor and it is given as the input to the controller for further processing.
And when the input is received by the controller, the buzzer (alarm) is ON and the message is sent to the rescue team
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with the help of the GSM module.

The rescue team reaches the site of the accident with the help of the location given in the message. The location or the
geographical coordinates where the vehicle is present are detected by the GPS module. When the system is detected to
be abnormal, it is confirmed that the accident has occurred. The vibration/acceleration of the vehicle is detected to confirm
the cause of the accident. As soon as the accident is detected the buzzer (alarm) is ON.

The switch is scanned first; if it is a minor accident then the switch is ON so that messaging is terminated. If it is a major
accident, the switch remains OFF and the message is sent automatically to the rescue team after the location is detected
by the GPS. In some conditions where there are no casualties or when there is no need of the medical facility to the
person, then the messaging can be terminated with the help of the switch provided in order to avoid wasting the valuable
time of the medical rescue team. The GSM and GPS modules are interfaced to the ESP32 using serial communication.
All the components are interfaced precisely so that the accident detection and alert message sending are fully automated,
so that the warning time can also be reduced. significantly.

IV. THE LITERATURE REVIEW

1. Traditional Alarm Systems

Early vehicle security systems primarily relied on manual alarms and locks. Studies by Smith et al. (2010) highlight that
traditional car alarms function through sound-based alerts triggered by door or window intrusion. However, these systems
often suffer from high false alarm rates, reducing their effectiveness.

2. Sensor-Based Detection Mechanisms

The integration of sensors, such as ultrasonic, infrared, and motion detectors, has improved the reliability of alarm
systems. According to Johnson and Patel (2015), motion and impact sensors help in detecting unauthorized entry and
potential collisions. However, limitations in sensor accuracy and environmental interference often lead to false detections.
3. GPS and loT-Based Security

Recent studies, such as those conducted by Kumar et al. (2018), emphasize the role of GPS tracking and Internet of
Things (loT) technologies in vehicle security. GPS-based systems allow real-time tracking and remote control of vehicles
in case of theft. loT-enabled smart alarms provide enhanced security by integrating mobile alerts, remote access, and
cloud-based monitoring.

4. Al and Machine Learning in Vehicle Automation

With the rise of artificial intelligence (Al) and machine learning, modern vehicles incorporate advanced automation
features. According to a study by Zhang et al. (2021), Al-driven systems can analyze driving patterns, detect anomalies,
and trigger automated responses, such as braking or alerting emergency services. These systems enhance safety but
require significant computational power and real-time processing capabilities.

V. METHODOLOGY

The development of the Vehicle Accident Automatic Detection and Remote Alarm Device follows a structured
methodology to ensure effective accident detection, immediate alert transmission, and enhanced emergency response.
The system integrates various sensors, communication modules, and alert mechanisms to create an automated solution
for road safety.

The first step in the process is sensor-based  accident detection. The system continuously monitors vehicle conditions
using an ESP-32 microcontroller connected to vibration sensors and a Micro Electro Mechanical System (MEMS) sensor.
The vibration sensor detects sudden impacts, while the MEMS sensor identifies any rollover of the vehicle. These signals
are processed by the controller to confirm whether an accident has occurred.

Once an accident is detected, the system moves to GPS-based location tracking. The GPS module retrieves real-time
coordinates of the accident site, ensuring precise location tracking. This feature is crucial for emergency responders to
reach the exact location quickly, reducing rescue time and improving survival chances.

Following location detection, the system performs automatic emergency alert transmission. The GSM module sends an

automated message to emergency services, family members, or a designated rescue team. The message contains important
details, including the vehicle’s real-time location and accident severity, enabling faster emergency assistance.
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To enhance local awareness, the system includes a local alert mechanism. When an accident is detected, a buzzer is
activated immediately to notify nearby individuals. This feature ensures that bystanders can provide assistance while
waiting for professional help. Additionally, an LCD display is integrated into the system to show real-time updates about
the accident status, helping passengers or rescuers assess the situation.

To avoid unnecessary emergency alerts, the system incorporates a manual override switch. In case of a minor accident
where medical assistance is not required, the driver or passenger can activate the switch to cancel the emergency message.
This prevents unnecessary alarms and ensures that emergency resources are used efficiently.

The system's hardware components are integrated using serial communication, allowing seamless data transmission
between the ESP-32, GSM, GPS, LCD, and sensors. The microcontroller is programmed to process sensor data, manage
communication between components, and ensure real-time accident detection and alert transmission.

Finally, the system undergoes extensive testing and performance evaluation. Various accident scenarios are simulated to
analyze system accuracy, response time, and reliability. Key performance metrics such as false alarm rates, GPS tracking
precision, and GSM message transmission time are evaluated. Necessary optimizations are made to improve the system’s
efficiency and ensure its functionality in real-world conditions.

This methodology results in a fully automated vehicle accident detection and alert system, significantly reducing
emergency response time and increasing the likelihood of saving lives. By integrating real-time location tracking,
automated messaging, and local alert mechanisms, this system provides a reliable and efficient solution for enhancing
road safety.

BLOCK DIAGRAM:
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The diagram illustrates the architecture of a vehicle accident detection and alert system with an ESP-32 microcontroller
as the processing unit. The system is driven by an adapter power supply to provide constant operation. Sensors and
modules are interfaced with the ESP-32 to sense accidents and trigger alerts.

There is an integration of a vibration sensor to sense a shock or impact suddenly, which can signal an accident. In addition
to this, a GPS module is implemented for locating the vehicle in real time, which is essential to provide accurate accident
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notification. Upon detecting an accident, the system will process data and activate various output components.

A GSM module is tasked with sending alert messages to a prescribed smart mobile device, notifying emergency contacts
or authorities of the accident, as well as the location of the vehicle. Also, an LCD display with the driver offers real-time
status information for the passengers in the vehicle.

For local alerts, the system activates a buzzer to notify nearby individuals about the accident. A LED indicator is also
included to provide a visual signal of the emergency condition. The integration of these components ensures a reliable
and automated accident detection system, improving response times and enhancing road safety.

HARDWARE COMPONENTS:
The vehicle accident detection and alert system consists of several key hardware components that work together to detect
accidents, determine the vehicle's location, and send emergency alerts.

ESP-32 Microcontroller

The ESP-32 acts as the central processing unit of the system. It is a low-power, high-performance microcontroller with built-
in Wi-Fi and Bluetooth capabilities. It processes signals from sensors, manages communication with other modules, and
executes necessary actions such as sending alerts and displaying accident information.

Vibration Sensor
A vibration sensor detects sudden impacts or shocks that indicate a possible accident. When the sensor registers a forceful
vibration beyond a predefined threshold, it triggers the accident detection process.
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GPSModule

The Global Positioning System (GPS) module determines the real-time location of the vehicle. Upon detecting an accident,
the system retrieves GPS coordinates and includes them in the emergency alert message, allowing responders to locate the
vehicle quickly.

GSM Module
The Global System for Mobile Communications (GSM) module is used to send automated SMS alerts to emergency

contacts or authorities. It communicates with the mobile network to transmit messages containing accident details and the
vehicle’s location.

Image result for simg8ooa
gsm module

LCD Display with Driver
The LCD display provides real-time information about the system status, including accident alerts and location details. It

helps the driver and passengers understand the accident detection process and alerts in real-time.
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Buzzer
A buzzer is included as an audible alert system to notify nearby people in case of an accident. The buzzer is activated
immediately after an accident is detected, drawing attention to the situation and prompting assistance.

LED Indicator

The LED indicator provides a visual signal that an accident has occurred. This component helps in scenarios where audible
alerts may not be effective, ensuring that emergency responders or nearby individuals can visually identify the emergency
situation.

Adapter Power Supply
The system is powered by an adapter power supply, ensuring a stable and continuous power source for the ESP-32
microcontroller and all connected components. This ensures reliable operation, even during long trips.

VI. RESULT AND DISCUSSION

The Vehicle Accident Detection and Alert System was successfully developed and tested for its functionality in detecting
accidents and sending alerts. The system utilized an ESP-32 microcontroller, integrated with a vibration sensor, GPS
module, and GSM module to detect impacts and immediately notify emergency contacts with location details. The results
demonstrate that the system efficiently performs accident detection and provides real-time alerts with minimal delay.

During testing, the vibration sensor accurately identified sudden impacts, triggering the system to process the accident
occurrence. The GPS module effectively retrieved the location coordinates, while the GSM module successfully
transmitted the accident alert message to predefined contacts.

The inclusion of a buzzer and LED indicator provided immediate local alerts, helping bystanders recognize an accident
and take necessary action. The LCD display ensured real-time status updates, enhancing the usability of the system.

One of the key observations from the testing phase was the response time of the system. The time taken to detect an
accident and send an alert message ranged between 5 to 10 seconds, depending on network conditions.
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VIl. CONCLUSION

The Automatic Vehicle Accident Detection and Remote Alarm System enhances road safety by enabling real-time
accident detection and rapid emergency response. Using an ESP-32, vibration sensor, GPS, and GSM module, the system
detects collisions, determines the vehicle's location, and alerts emergency contacts instantly.

The inclusion of a buzzer and LCD display further improves local awareness and status monitoring. By reducing
emergency response time, this system significantly increases the chances of saving lives and improving road safety. An
alternate condition is given by pressing a switch, in order to interrupt the flow of sending the message in case of no
casualty; this will help to save time of medical rescue team and unnecessary alarming which creates havoc in such unusual
conditions.

The accident location automatic detection will help us to provide security to the vehicles and to the lives of the people.
The high priority is given to the lives of the people. Hence, this system is feasible solution to traffic hazards and it gives
security to vehicle and reduces loss of valuable lives and property.alarming which creates havoc in such unusual
conditions. The accident location automatic detection will help us to provide security to the vehicles and to the lives of
the people. The high priority is given to the lives of the people. Hence, this system is feasible solution to traffic hazards
and it gives security to vehicle and reduces loss of valuable lives and property.

This system offers several advantages, including cost- effectiveness, portability, compact design, and scalability, making
it a viable solution for real-world implementation. One of its key strengths lies in overcoming the limitations of
conventional accident detection methods, which often rely on manual reporting and lack automation. By leveraging GPS
technology, the system can accurately determine the geographical coordinates and exact time of the accident, ensuring
precise location tracking.
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