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ABSTRACT:

The Emergency Response System is an intelligent safety device designed to detect vehicular accidents and immediately alert emergency contacts with the vehicle’s
location. The system utilizes an ADXL335 accelerometer to sense abrupt changes in motion indicative of a crash. When such an event is detected, an Arduino Nano
processes the data and triggers an emergency protocol. This protocol involves sending an SMS containing GPS coordinates through a SIM800L GSM module and
placing automated calls to a predefined set of emergency numbers. An 12C LCD displays system status in real time, while a buzzer and LED indicate system alerts
visually and audibly. The system ensures faster emergency response times and enhances road safety by minimizing the delay in post-accident communication. This
low-cost, scalable prototype can be installed in all vehicle types and contributes to reducing fatalities through timely assistance.

Keywords:

The Emergency Response System is a smart, low-cost safety solution for detecting vehicle accidents and alerting emergency contacts with real-time GPS
data. It uses an ADXL335 accelerometer, Arduino Nano, and SIM800L GSM module to trigger alerts via SMS and automated calls, enhancing road
safety and reducing emergency response time.

INTRODUCTION:

In the modern era of transportation, road accidents have become one of the leading causes of death and serious injury. According to global road safety
statistics, millions of people lose their lives each year due to traffic-related incidents, with a significant portion of these fatalities occurring due to delayed
medical attention. The golden hourthe first sixty minutes after a traumatic injury is considered crucial for saving lives. Unfortunately, in many cases,
victims are left unattended for long periods because passers-by fail to report the accident or are unaware of whom to contact. This delay in communication
with emergency services contributes significantly to the severity of injuries and fatalities. To address this urgent issue, the VVehicle Accident Alert System
has been developed as an automated, real-time accident detection and emergency alert solution. The core idea is to build a compact and intelligent system
that can detect accidents without human intervention and promptly notify predefined emergency contacts with the location of the accident. The system
integrates several components that work in coordination: an ADXL335 accelerometer to sense sudden impacts, an Arduino Nano as the central control
unit, a SIM800L GSM module for wireless communication, and a GPS module to fetch the live coordinates of the accident location. In the event of an
accident, the system instantly sends an SMS containing the vehicle’s GPS location and follows up with a series of automatic phone calls to registered
emergency numbers, ensuring that help is informed and can reach the scene swiftly. To enhance usability and feedback, the system also features an 12C
LCD display, a buzzer, and an LED that indicate the current state of the system whether it is idle, has detected an accident, or has successfully sent alerts.
The entire system is designed to be low-cost, compact, and easily integrable into any vehicle, making it suitable for two-wheelers, four-wheelers, and
commercial vehicles alike. By automating the emergency alert process, this system not only reduces dependency on human intervention during critical
moments but also increases the chances of survival by ensuring timely assistance. This project aims to be a step forward in smart automotive safety
technology, contributing to a safer and more responsive transportation ecosystem.

EXISTING SYSTEM:

Several systems currently aim to address vehicular accident detection and emergency response, ranging from basic manual mechanisms to
more advanced software-based solutions. However, these systems often present significant limitations in terms of automation, reliability, and accessibility
particularly in resource-constrained settings.A. Manual SOS Systems:Manual SOS systems are among the most widely implemented safety features in
vehicles, especially in compliance with standards such as India’s AIS-140, which mandates the inclusion of a physical SOS button in public transport
vehicles. These systems typically rely on user interaction where the driver or passengers manually press an emergency button to notify authorities or
preconfigured contacts.While cost-effective and easy to implement, manual SOS systems exhibit several key drawbacks: Dependence on human
intervention, which may not be feasible in severe accidents where occupants are incapacitated.Delayed response times, as activation requires the user to
recognize the emergency and respond. Lack of integrated crash detection, meaning no automatic alert is triggered unless the button is pressed. Limited
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scalability, especially in retrofitting older vehicles or in rural areas where digital infrastructure is minimal. Due to these constraints, manual systems alone
are insufficient for ensuring rapid and reliable emergency communication during traffic accidents.

B. Smartphone-Based Accident Detection Applications: Modern smartphones equipped with advanced sensors have enabled the development of mobile
applications that attempt to detect vehicular accidents using accelerometer, gyroscope, and GPS data. Applications such as Google’s Car Crash Detection
(available on Pixel devices) and Life360 use built-in sensors to detect abrupt movements or decelerations characteristic of crashes. While innovative,
these smartphone-based solutions present several challenges: Reliance on phone presence in the vehicle and correct positioning. Battery and connectivity
dependence, making them unreliable if the device is turned off, out of battery, or lacks GPS/mobile signal. False positives or missed detections, particularly
in scenarios where sensor data does not clearly indicate a crash. No hardware integration with the vehicle, reducing the ability to trigger other safety
mechanisms like buzzers or lights.

DRAWBACKS:

1. 1.Dependence on Human Intervention: Manual SOS systems require the user to physically press a button to initiate an alert. In high-impact
collisions, the vehicle occupants may be unconscious, disoriented, or physically unable to activate the emergency mechanism, rendering the
system ineffective when it is needed most.

2. Connectivity and Power Limitations: The effectiveness of mobile apps depends heavily on constant GPS and mobile network access. A lack
of signal in remote areas or a drained battery during long drives can prevent the app from sending alerts, compromising the safety of the user.

3. Susceptibility to False Positives/Negatives: Sensor-based algorithms in smartphones may misinterpret sudden braking, potholes, or abrupt
movements as crashes, leading to false alerts. Conversely, minor crashes may go undetected, creating reliability concerns.

4. Inaccessible in Multi-Vehicle Crashes or Rollover Situations: In complex scenarios involving multiple vehicles or rollovers, smartphones may
be thrown out of reach or damaged, and manual buttons may be inaccessible or destroyed, rendering the system non-functional.

5. Limited Customization or Emergency Contact Configuration: Many smartphone apps or inbuilt systems offer minimal options to customize
emergency contacts, messages, or alert protocols, which may not suit users with specific regional, medical, or personal needs.

6. Lack of Redundancy and Fail-Safe Mechanisms: Existing systems often lack redundant communication channels. If SMS fails or the mobile
network is congested during peak hours or disasters, alerts may not be transmitted. A robust emergency system should support multiple alert
methods (e.g., SMS, call, audible alarm).

7. High Cost of Proprietary Solutions: Systems like OnStar or eCall are often embedded in premium or newer vehicle models and require ongoing
subscriptions. This makes them financially inaccessible for a large portion of the population, especially in developing countries.

8. No Environmental Sensing or Context Awareness: Existing systems typically do not account for environmental factors such as location type
(e.g., highway vs. rural road), weather, or time of day, which could otherwise improve the accuracy and urgency level of the alert.

PROPOSED SYSTEM :

The Vehicle Accident Alert System offers an advanced, automated, and reliable solution designed to address the critical issues of timely emergency
communication in the event of a vehicle accident. This system aims to provide an efficient, real-time accident detection mechanism, ensuring that
emergency services are notified instantly, even if the vehicle occupants are unable to act due to injury or unconsciousness.At the core of the system is the
ADXL335 accelerometer, a sensor that continuously monitors the vehicle’s acceleration and detects sudden changes in motion indicative of a collision
or abnormal vehicle movement. The accelerometer is sensitive to abrupt decelerations, rapid changes in direction, or severe impact forces that occur
during accidents. When such events are detected, the system’s embedded Arduino Nano microcontroller processes the data, triggering an automatic
emergency response sequence. Once an accident is detected, the system uses the SIM800L GSM module to immediately send an SMS to predefined
emergency contacts, such as family members, friends, or emergency responders, providing the GPS coordinates of the accident’s location. This real-
time, automated communication ensures that help is notified within minutes, reducing the response time considerably compared to traditional manual
reporting methods. The system also initiates automated voice calls to these contacts, ensuring that they receive immediate notifications even if the victim
is unable to use a mobile phone or make a call. In addition to the core accident detection and alerting functions, the system integrates several usability-
enhancing features. The 12C LCD display shows the real-time status of the system, providing feedback about the operational state and accident detection
status. This is particularly helpful for drivers to ensure the system is active and functioning properly during regular use. The buzzer offers an audible
alert when an accident is detected, and the LED indicator provides visual feedback, which is particularly useful in noisy environments or situations
where the driver may not be able to hear the buzzer.The system is designed to be compact, cost-effective, and scalable, making it suitable for a broad
range of vehicles, from motorcycles and personal cars to larger public transport vehicles. It is engineered to be easily integrated into existing vehicles,
making it a viable solution for both new and older vehicle models. Its low cost makes it particularly beneficial for regions with limited access to advanced
vehicle technologies or where manual SOS solutions might be the only available option. A significant advantage of the proposed system is its autonomous
functionality, eliminating the reliance on human intervention. Unlike manual SOS systems, which depend on the user to trigger the alert, or smartphone-
based solutions, which can fail due to battery depletion or lack of connectivity, the system operates autonomously and ensures timely alerts without any
action required from the vehicle occupants. This feature is particularly crucial in situations where the driver or passengers may be incapacitated after an
accident, thus reducing the likelihood of delayed emergency responses. Furthermore, the system supports a multi-channel alert system through SMS
and automated calls, which enhances its reliability in various network conditions. If one communication channel fails (e.g., SMS delivery failure or
network congestion), the secondary channel (automated calls) can ensure the alert is still transmitted. This redundancy is essential for guaranteeing that
emergency services or family members are always reached, even in challenging conditions.By significantly reducing the response time in accidents, the
proposed system enhances the chances of survival and minimizes post-accident injuries. Studies have shown that rapid emergency responses can greatly



International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025), Page — 6169-6174 6171

reduce mortality rates in the first few minutes after a crash, often referred to as the "golden hour." This system’s ability to trigger immediate alerts without
delay is crucial for improving road safety, particularly in rural or remote areas where emergency services may be further away. In addition to improving
safety, the system has the potential to reduce insurance costs for vehicle owners. As the system automatically documents the location and time of
accidents, it provides reliable data that can be used to speed up the claims process and reduce fraud, which is a common issue in the insurance industry.
Furthermore, the integration of crash detection into everyday vehicles provides a level of automated safety comparable to the advanced systems found
in newer high-end vehicles, democratizing access to important safety technology for a wider range of consumers. The Vehicle Accident Alert System
also has significant potential for scalability in terms of deployment. As a low-cost, easily implementable solution, it can be widely adopted across various
sectors, including private vehicles, commercial fleets, and public transport systems. Governments and transportation authorities can implement this
technology in fleet vehicles to improve safety standards and ensure timely emergency assistance for drivers and passengers.

ADVANTAGES :

1.  Automatic Accident Detection and Reporting: Unlike manual SOS systems, which rely on the user’s ability to press an emergency button, the
proposed system detects accidents autonomously using the ADXL335 accelerometer. This ensures that an alert is sent immediately after a
crash, even if the driver or passengers are incapacitated, unconscious, or unable to manually trigger an alert.

2. Real-Time GPS Location Transmission: The system sends real-time GPS coordinates of the accident location via SMS to predefined
emergency contacts. This geolocation feature ensures that emergency responders, family members, or friends are immediately informed of the
crash’s exact location. This can be crucial in areas with poor visibility, unfamiliar locations, or remote roads, significantly reducing the time
taken to reach the accident site.

3. Multi-Channel Alert System: The system uses multiple communication methods, including SMS alerts and automated phone calls, to notify
emergency contacts. If one method fails (e.g., SMS delivery failure due to network issues), the system ensures that the alert still reaches the
intended recipients through the secondary method. This redundancy ensures a higher level of reliability in communication, especially in areas
with limited network coverage.

4. No Human Intervention Required: One of the key strengths of the proposed system is its complete automation. Once an accident is detected,
the system automatically activates the emergency protocol without requiring any action from the vehicle occupants. This is particularly
beneficial in scenarios where the driver is unconscious, injured, or incapacitated, allowing for immediate help without delay.

5. Improved Emergency Response Times: The system’s ability to automatically detect accidents and send location-based alerts significantly
reduces emergency response time. Timely assistance is crucial in improving survival rates and minimizing the severity of injuries. The system
helps reduce the “golden hour” delay, the critical time window in which rapid medical intervention can save lives.

6.  No Dependency on External Devices or Connectivity: Unlike smartphone-based apps, which are dependent on a mobile device, internet access,
and battery life, the Vehicle Accident Alert System operates independently of external devices. It is built into the vehicle and is not affected
by issues like a drained phone battery or lack of network connectivity, making it more reliable in all conditions, including remote or rural
areas

7.  Simple Installation and Compatibility: The system is designed to be compact and easy to install, requiring minimal modification to the
vehicle. It is compatible with a wide range of vehicle types, including motorcycles, cars, and public transport vehicles. The ease of
installation ensures that it can be retrofitted into older vehicle models, making it accessible for a broader population.

SYSTEM ARCHITECTURE:
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Fig 1. System Architecture
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LIST OF MODULES :

Accident Detection Module
Location Tracking Module
Emergency Alert Module
User Feedback Module
Power Supply Module

gk wbdhRE

MODULE DESCRIPTION :

1. Accident Detection Module

This module is the heart of the system’s sensing mechanism. It uses an ADXL335 accelerometer, which continuously monitors the vehicle's
acceleration across three axes (X, Y, Z). A sudden spike or drop in acceleration beyond a defined threshold indicates a possible collision or crash. Once
such an impact is detected, the module sends a signal to the microcontroller to initiate the alert process. The system is calibrated to differentiate between

normal bumps and serious crashes to avoid false triggers.

2. Location Tracking Module

The GPS module integrated into this system plays a crucial role in pinpointing the vehicle's exact location. Upon receiving a trigger from the
detection module, the GPS module retrieves real-time coordinates (latitude and longitude) of the incident site. This data is critical for guiding emergency
responders directly to the location. The module ensures consistent signal lock and quick response even in motion, providing high accuracy for outdoor
environments.

3. Emergency Alert Module

This module uses the SIM800L GSM communication module to perform two key actions: it sends an SMS containing the accident alert and
location details, and it makes automated phone calls to a list of pre-configured emergency contact numbers. The module supports retry mechanisms in
case of network failure and ensures that at least one contact is reached. This dual-alert system (text + call) increases the likelihood of a timely response

in life-threatening situations.

4. User Feedback Module

To enhance usability and transparency, this module provides real-time system status updates through multiple channels. The 12C LCD displays
messages like "System Ready", "Accident Detected", or "Alert Sent". A buzzer is triggered to produce an audible sound when an accident is detected or
during initialization. An LED also blinks or changes color to indicate different states (e.g., power ON, alert active). This multimodal feedback ensures

the user is constantly aware of the system's condition.

5. Power Supply Module

This module ensures uninterrupted power to all components using a rechargeable lithium-ion battery pack. It supplies a regulated voltage to the
Arduino Nano, GSM, GPS, and display modules, ensuring stable operation. The power system is designed to support extended runtime and can function
even when the vehicle's main power is off, such as during severe damage or battery disconnection after a crash. It also supports recharging via USB or a
vehicle adapter.
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CONCLUSION:

The Vehicle Accident Alert System is a compact, low-cost, and effective solution aimed at reducing the response time in road accidents by automating
the emergency notification process. By integrating an ADXL335 accelerometer for accident detection, a GPS module for accurate location tracking, and
a SIM800L GSM module for real-time communication, the system ensures that critical information is quickly transmitted to emergency contacts. The
addition of a buzzer, LED, and LCD display enhances the system’s usability and provides essential feedback to the user. Designed for wide applicability,
this system can be installed in two-wheelers, four-wheelers, and commercial vehicles, making it highly versatile. Through reliable operation and instant
alerts, it increases the chances of timely medical intervention and ultimately contributes to saving lives. The project demonstrates the potential of

embedded systems in enhancing road safety and emergency responsiveness.
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FUTURE ENHANCEMENT:

While the current prototype delivers essential accident detection and alerting functionalities, several enhancements can significantly improve its
performance, reliability, and user experience. Integrating cloud services would enable real-time data storage for purposes such as record-keeping,
insurance verification, and data analytics. A dedicated mobile application could provide remote monitoring capabilities, customizable contact lists, and
real-time alert notifications, enhancing

user convenience and control. To improve detection accuracy and minimize false positives, advanced sensor fusion techniques combining accelerometers
with gyroscopes and pressure sensors should be employed. A voice alert confirmation system, using a speaker module, can notify users before sending
alerts, giving them the opportunity to cancel in case of false triggers. Additionally, incorporating a dashcam module to capture images or video during
incidents would offer valuable documentation for legal or insurance purposes. Integrating vehicle health monitoring sensors such as those tracking engine
status or fuel levels could provide users with real-time diagnostics. For enhanced safety, an automatic call feature that connects to local emergency
services using GPS data should be considered. Lastly, a waterproof and ruggedized enclosure would ensure the system remains functional in adverse
weather conditions or off-road environments. These enhancements would create a more intelligent, resilient, and loT-integrated solution, aligning the
system with the evolving standards of smart transportation and connected vehicles. To further future-proof the system and enhance its value within the
broader mobility ecosystem, scalability and integration with smart infrastructure should be key development priorities. By adopting Vehicle-to-Everything
(\V2X) communication protocols, the system can interact with nearby vehicles, traffic control units, and roadside infrastructure. This connectivity would
enable real-time data sharing, more coordinated emergency responses, and proactive traffic management. Integration with smart city frameworks could
also provide municipalities with anonymized, aggregated accident data to identify high-risk zones, inform infrastructure planning, and implement targeted
safety interventions. Additionally, enabling over-the-air (OTA) updates would allow for seamless deployment of software enhancements, algorithm
refinements, and security patches without requiring physical access to the device. As the system evolves to manage increasingly sensitive and critical
data, robust data privacy and cybersecurity measures will be essential. End-to-end encryption, secure authentication protocols, and compliance with
international data protection standards such as GDPR or ISO/IEC 27001 will help ensure that user trust and data integrity are maintained. By embracing
these enhancements, the prototype transforms from a reactive safety tool into a proactive, intelligent mobility platform capable of contributing to safer
roads, smarter cities, and a more connected transportation future.
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