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ABSTRACT

Accident alert systems are advanced safety solutions that combine sensors, artificial intelligence (Al), and real-time communication to improve road

safety and emergency response. These systems monitor key indicators such as vehicle speed, sudden stops, and airbag deployment to detect potential
accidents. Once an incident is detected, Al algorithms analyze the data to assess the severity and automatically alert emergency services for quick
response. In addition to emergency notifications, vehicle-to-vehicle communication and mobile apps notify nearby drivers about the accident to help
prevent further collisions. Over time, data collected from these systems can be analyzed to identify accident-prone areas, allowing for targeted
improvements in road design and traffic management. Accident alert systems also benefit the insurance industry by providing accurate, real-time data
that simplifies and speeds up the claims process. Overall, these systems enhance driver safety, support faster emergency response, and contribute to
smarter, data-driven transportation planning. Top of FormBottom of Form
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INTRODUCTION

Automobile accidents represent a significant global public health concern, with millions of injuries and fatalities reported annually. According to the
World Health Organization, road traffic accidents are the leading cause of death among individuals aged 5-29 years. A substantial number of these
fatalities are attributed to delayed medical attention and the lack of immediate accident reporting, particularly in remote or low-traffic regions.
Traditional accident reporting methods often rely on witnesses or the victims themselves, which can result in critical delays when individuals are
unconscious, injured, or otherwise unable to seek help. In response to these challenges, this research focuses on the design and implementation of an
intelligent accident alert system using advanced computer technologies. The proposed system aims to detect accidents automatically and notify
emergency responders with precise location data, thereby minimizing the time gap between an accident's occurrence and the initiation of medical aid.
Central to this system is the ADXL345 accelerometer, a low-power, high-resolution sensor capable of detecting sudden changes in acceleration and
orientation. This sensor plays a pivotal role in identifying crash-like scenarios by monitoring motion dynamics in real time. To ensure accurate location
tracking, a GPS module is incorporated, enabling the system to acquire and relay exact accident coordinates. Furthermore, the system features a GSM
module that facilitates the automatic dispatch of SMS alerts to predefined emergency contacts, including the vehicle owner’s family members or
emergency services. The integration of these components into a cohesive, real-time system demonstrates the potential of embedded and loT-based
technologies in addressing life-threatening situations more effectively. This paper discusses the hardware architecture, software implementation, and
system workflow in detail, followed by experimental results and evaluation. Ultimately, this project underscores the importance of leveraging modern
technology for enhancing vehicular safety and emergency response infrastructure.

LITERATURE SURVEY

This section reviews existing research and technological developments related to real-time accident detection and alert systems. Key areas explored
include sensor-based accident detection, GPS tracking, communication technologies, and modern advancements like IoT and machine learning. These
studies provide a foundation for the development of an integrated and efficient accident alert system.

Al-basedaccident detection was developed by Kumar & Singh [1], who proposed a system using artificial intelligence to detect accidents in real time
and generate alerts to reduce emergency response time and improve vehicle safety.
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Real-time communication between vehicles was advanced by Sharma [2], who used V2V technology to share driving parameters such as speed and
location to prevent accidents through early warnings

and timely driver assistance.

Global accident trends were reported by WHO [3], which emphasized rising road fatalities and suggested intelligent transport systems for safer roads
through automated alerts and crash prevention strategies.

5G technology in transportation was explored by Zhang & Lee [4], who highlighted low latency and high speed as key features supporting faster data
exchange for accident detection and autonomous vehicle decisions.

IoT-based safety systems for vehicles

were introduced by Singh & Gupta [6], who designed a platform using sensors and [oT modules to monitor vehicle parameters detect unusual events
and send alerts for timely intervention and safety.

Crash avoidance technologies were researched by NHTSA [5], which studied systems like automatic braking and lane assist to prevent accidents by
reducing human error and enhancing vehicle intelligence.

Road accident data in India was presented by MoRTH [7], which provided annual statistics showing critical causes of accidents and recommended
tech-based solutions for improving traffic safety and emergency response efficiency.

DESIGN OF THE SYSTEM

The proposed web application aims to provide an automated, efficient, and reliable solution for detecting accidents in real-time and alerting emergency
services or contacts with precise location details. The system integrates multiple advanced technologies, including GPS tracking, accelerometer sensors,
and SMS alerts, to create a comprehensive and effective accident detection and response system. The core of the application relies on real-time data
from sensors like the ADXL345 accelerometer, which detects sudden movements or impacts. When abnormal readings are detected, indicating a
potential accident, the system triggers an alert. Along with accident detection, the application uses GPS data to pinpoint the exact location of the
incident and share these coordinates (latitude and longitude) with emergency contacts or services.

In addition to real-time SMS alerts, which can be sent to predefined contacts such as local police, hospitals, or emergency responders, the application
ensures swift communication even in areas with limited internet connectivity. The web application features a user-friendly interface that displays live
data, including sensor readings, accident location details, and real-time updates on the alerts being sent. This interface is designed to be intuitive,
catering to non-technical users, and provides essential details about the system's operation. Furthermore, the system logs past accident data, including
the time, location, and type of accident detected. This historical data can be used for future analysis, enhancing the accuracy of future predictions and
serving as valuable information for insurance and legal purposes.

The proposed web application is also designed to integrate with existing emergency response systems and communication networks, allowing it to
connect automatically to stored emergency contacts and update them when new numbers or contacts are registered. Being web-based, the system
ensures accessibility from a variety of devices, including desktops, tablets, and smartphones, giving users the flexibility to monitor accident alerts and
system status from anywhere at any time.

By automating the accident detection and alerting process, the application reduces response times, minimizes human intervention, and ensures
emergency services are notified promptly. Its ability to work efficiently even in areas with limited internet or cellular data connectivity makes it a
valuable tool in improving road safety and potentially saving lives during critical moments.

Key features & Benefits:

1. Real-Time Accident Detection
. Feature: The system uses accelerometer data (e.g., ADXL345 sensor) to detect sudden impacts or movements that indicate a
potential accident.
e  Benefit: Provides fast and accurate detection of accidents, allowing for quick response and reducing the time between the incident
and emergency assistance.
2. GPS Location Tracking
o  Feature: The system uses GPS modules to pinpoint the accident’s exact location, providing precise coordinates (latitude and
longitude).
e  Benefit: Ensures emergency responders or contacts can quickly find the accident site, reducing response times and improving the
efficiency of assistance, even in remote areas.
3.  Instant SMS Alerts
. Feature: Automated SMS alerts are sent to predefined emergency contacts with accident details and location data.
. Benefit: Allows immediate communication with emergency services, family members, or friends, even in areas with limited internet
connectivity, ensuring that help is on the way without delay.
4. User-Friendly Interface
e  Feature: A simple, intuitive interface displays live data, sensor readings, accident status, and real-time alert updates.
e  Benefit: Makes it easy for non-technical users to monitor the system’s status and stay informed, ensuring accessibility for everyone.
5. Accident Data Logging
e  Feature: The system logs detailed records of accidents, including time, location, and accident type.
e  Benefit: Provides historical data for future analysis, aiding in accident prediction accuracy, supporting insurance claims, and offering
valuable legal documentation.
6.  Integration with Emergency Response Systems
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e  Feature: The system seamlessly integrates with existing infrastructure, automatically updating emergency contacts and connecting to
local emergency services.
. Benefit: Streamlines emergency response, ensuring that all necessary parties are notified without the need for manual intervention,
improving efficiency.
7.  Web-Based Accessibility
e  Feature: Accessible via any device (desktop, tablet, smartphone), providing flexibility for users to monitor accident alerts from
anywhere.
. Benefit: Enables users to stay connected and monitor the system at any time, ensuring that critical information is always available
when needed.
8.  Offline Capability
e  Feature: Sends SMS alerts even in areas with limited internet access, ensuring communication during emergencies where data
connectivity might be unavailable.
e  Benefit: Guarantees that accident alerts reach emergency contacts in remote or rural areas, even when cellular data or internet is
unavailable, ensuring continuous coverage.

SYSTEM ARCHITECURE

Fig 3.2. Visual Representation of the Structure

Fig 3.2 describes the visual representation of the structure using simulation software.

The diagram illustrates the overall system architecture for real-time multilingual speech captioning and translation.
The system follows a simple block diagram structure:

1. Sensors (Accelerometer, GPS) - Microcontroller (Arduino/ESP32) - LCD Display (Real-time feedback)

2. Microcontroller (Processes data) - GSM Module (Sends SMS)

3. User Interface (LCD and SMS for alerts)

PROCESS FLOW DIAGRAM

A Process Flow Diagram (PFD) illustrates the sequence of operations and interactions between components of the Accident Alert System. It provides a

clear representation of how the system processes data and responds to inputs.
1. System Initialization:

e The system is powered on, and all components (Accelerometer, GPS Module, GSM Module, and Microcontroller) are initialized.
. LCD screen shows the message “ACCIDENT ALERT SYSTEM?” to indicate the system is active and ready.
2. Data Collection:

e Accelerometer continuously collects motion data (X, Y, Z axes) to monitor vehicle acceleration.
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. GPS Module continuously collects real-time location coordinates (latitude and longitude) of the vehicle.
3. Motion Analysis:

e The microcontroller compares accelerometer data against predefined thresholds.

e  Ifthe vehicle experiences sudden acceleration or deceleration beyond the threshold values, it is flagged as a potential accident.
4. Accident Detection:

. When the system detects that the acceleration values exceed the threshold, it triggers the accident detection process.

e  The microcontroller initiates the process of sending alerts via the GSM module.
5. Alert Generation:

e GSM Module sends an SMS with the accident details, including the vehicle’s current location (latitude, longitude) obtained from the GPS.

e  The SMS includes a link to Google Maps, allowing emergency responders or the receiver to view the exact location of the accident.
6. User Interface Update:

e  The LCD displays a message such as “ACCIDENT OCCURRED” to notify the user about the detected accident.

e  The system continues to display real-time data until the alert is sent and confirmed.
7. End Process:

e Once the SMS is sent and displayed on the LCD, the system returns to the monitoring state, awaiting the next incident or deactivation.

Internal Block Digram
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Fig.3.3. Internal Block Diagram

SYSTEM ARCHITECTURE DIAGRAM

The System Architecture Diagram represents the overall structure and interaction of various components of the Accident Alert System. It provides a
visual understanding of how the components are interconnected to detect accidents and send alerts.

The description of each component in the architecture:
1.Microcontroller (e.g., Arduino or ESP32):

e Acts as the central unit controlling the entire system.
e  Processes data from the accelerometer and GPS. o Determines whether an accident has occurred based on the accelerometer's readings.

e  Manages communication with the GSM module to send SMS alerts.
2. Accelerometer (e.g., ADXL345):

. Detects the vehicle's motion and acceleration on all three axes (X, Y, Z).
. Sends real-time motion data to the microcontroller for processing.

. Used to detect sudden impacts or abnormal movements (e.g., sudden deceleration or high acceleration).
3. GPS Module (e.g., NEO-6M):

e  Provides real-time location data (latitude and longitude) of the vehicle.
. Sends location information to the microcontroller when an accident is detected, so that an alert can be sent with the accident’s location.
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Fig 3.4. GPS Module

4. GSM Module (e.g., SIM80OL):

. Sends SMS alerts containing the accident information, including the location from the GPS.
e  Communicates with the microcontroller through serial communication.
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Fig 3.6. GSM Architectute
5. LCD Display:

e Displays the status of the system.
e  Shows messages like "ACCIDENT DETECTED" or "SENDING SMS" to keep the user informed about the system’s operation.

e i

Fig 3.7. LCD Display

Fig 3.7 describes different types of LCD display modules used for visual output.
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Fig 3.8. Electric Block Diagram

Fig 3.8 describes the electric block diagram showing the connection between LCD
panel and controller.

METHODOLOGY

This project uses a combination of hardware and software components to detect accidents and send alerts in real-time.
The technologies used are:

* Microcontroller: Arduino Uno (or ESP32) is used to collect data from sensors and control the entire system.

* Accelerometer (ADXL.345): This sensor detects sudden movements or impacts which may indicate an accident.

* GPS Module (TinyGPS++): Used to get the exact location (latitude and longitude) of the vehicle during an accident.
* GSM Module (SIM800L): Sends SMS alerts with the accident location to emergency contacts.

* LCD Display: Shows real-time data like acceleration and GPS values for the user to monitor.

» Power Supply: A battery-powered system to ensure the device works even when the main power is unavailable.
* Software:

e  Arduino IDE: For writing and uploading code to the microcontroller.
e  TinyGPS++ Library: To read and decode GPS data.

e Adafruit Sensor Library: To process data from the accelerometer.

. SoftwareSerial Library: To communicate with the GSM module.

The project was developed step by step to ensure proper functioning and reliability:

1. Requirement Gathering: Identified the key needs such as accident detection, location tracking, and emergency communication.

2. Hardware Integration: Connected ADXL345 to the microcontroller to detect motion; GPS for location tracking; and GSM to send alerts.

3. Software Development: Coded logic in Arduino IDE. Used libraries to read sensor data and send messages. Defined thresholds to detect accidents.

4. System Integration: Combined all modules—accelerometer, GPS, GSM, and LCD—to work together. Tested the data flow and communication.

5. Testing and Optimization: Verified the system under various conditions. Tuned sensor sensitivity, tested message delivery, and ensured low power
consumption.

6. Final Setup: Deployed the system in a vehicle setup, connected components securely, and ensured stable performance in real-time conditions.
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IMPLEMENTATION

The implementation of the proposed accident alert system involves the integration of hardware components with embedded software to detect accidents,

determine location, and send automated alerts. The system is designed to be compact, cost-effective, and capable of functioning independently, even in

areas with limited infrastructure. The implementation is divided into three major subsystems: the sensing unit, the location tracking unit, and the

communication unit.

5.1 Hardware Components

The system comprises the following key hardware modules:

Microcontroller Unit (MCU): An Arduino Uno board is used as the central processing unit to control and coordinate all peripheral
components. It collects sensor data, processes acceleration changes, and triggers alerts.

Accelerometer (ADXL345): This 3-axis digital accelerometer detects sudden changes in velocity or orientation. It continuously monitors
the vehicle’s motion and provides real-time x, y, and z-axis data to the microcontroller.

GPS Module (e.g., NEO-6M): This module provides the current geographical coordinates (latitude and longitude) of the vehicle. It
communicates with the microcontroller via serial interface and updates the location continuously.

GSM Module (e.g., SIM800L): This module is responsible for sending SMS alerts to predefined emergency contacts. It uses a standard
SIM card to transmit messages over the mobile network.

Power Supply: A regulated power supply (typically SV-12V) is used to power all modules reliably, often sourced from the vehicle's
electrical system or a dedicated battery pack.

5.2 Software Workflow

The system firmware is programmed using the Arduino IDE and follows the workflow below:

1.
2.

Initialization: On startup, the microcontroller initializes communication with the ADXL345, GPS, and GSM modules.

Data Acquisition: The accelerometer continuously sends real-time movement data to the microcontroller. GPS coordinates are also
retrieved at regular intervals.

Accident Detection Logic: The system applies a threshold-based algorithm to detect abrupt acceleration changes. If the acceleration
exceeds a predefined threshold (e.g., £3g), the system assumes an accident has occurred.

Location Retrieval: Upon accident detection, the system immediately fetches the current GPS coordinates.

Alert Transmission: The GSM module sends an SMS containing a predefined message along with the location link (Google Maps format)
to registered emergency contacts.

5.3 System Integration and Testing

All modules are connected on a breadboard or PCB for initial testing. The communication between components is verified through serial monitoring

and real-time sensor data visualization. Test scenarios include:

Simulated crashes by manually jerking the device.
Sending mock SMS alerts using the GSM module.
Verifying GPS accuracy and SMS content formatting.

After bench testing, the system is mounted on a model vehicle or actual automobile to test performance in real-world conditions.
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5.4 Message Format Example

An example SMS message sent during an alert:

ALERT: ACCIDENT OCCURRED AT!

Location: https://maps.google.com/?q=18.5204,73.8567

Immediate assistance may be required.

This message enables emergency contacts to quickly locate the vehicle and respond appropriately.

CONCLUSION

The integration of advanced computer technology in accident alert systems marks a transformative step toward safer and smarter transportation. By
leveraging real-time data, Al algorithms, and interconnected communication networks, these systems not only detect accidents promptly but also enable
faster emergency response and prevent further incidents. The ability to analyze and utilize accident data helps in identifying high-risk zones, guiding
infrastructure improvements, and supporting quicker insurance processing. Ultimately, such innovations contribute significantly to saving lives,
reducing injuries, and enhancing the overall efficiency of road traffic management.

ACCIDET OCCURED AT

17°23'24.0"N
78°19"12.0"E -
17.390000, 78.320000
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