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Abstract: An accident remains, a significant cause of injuries and deaths in almost all parts of the world, particularly
when a prompt medical facility is denied, says the report of the Ministry of Road Transport and Highways
(https://morth.nic.in/road-accident-in-india). More delays in its recognition and response saturate the headlines with
unavoidable and easily controlled accidents. Available accident detection and emergency notification systems fall short
of standard procedures due to delayed warnings, lack of customization of emergency contacts, and inapplicability in
many unanticipated emergency scenarios.

Therefore, the proposed system intends, differently to provide an effective real-time solution that can
automatically detect any kind of accident and dispatch alerts to the relevant custom emergency contacts. The system
incorporates cutting-edge sensing technologies, machine learning, and user-centered design into a single innovative
approach to offering timely and effective police notification. Such customization enables anyone to populate one’s list of
emergency contacts, rounding off its capability of a seamless application across various user preferences and
circumstances by saving lives and improving outcomes in an accident scenario.
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1. INTRODUCTION

The unfortunate truth is that accidents are still a major cause of death and injury around the world. One critical
reason is the delay in medical intervention, which worsens the outcome of such events. As per the Ministry of Road
Transport and Highways, several lives could have been saved if timely accident detection and emergency response were
available. Yet, the existing accident detection and notification systems suffer from delays, limited customization, and
inefficacies in scenarios of unanticipated emergencies.

This study puts forth the design of a real-time accident detection and emergency alert system to address the
above-mentioned challenges, based on a synergistic combination of modern sensing technologies and user-centered
design. In contrast to traditional notifications that rely on preprogrammed lists of emergency contacts, this solution allows
users to configure their alerts according to their preferences, ensuring that the alerts reach the most capable responders
without unnecessary delay. An additional goal of the system is to improve the speed and accuracy with which the police
and medical personnel can be notified about an incident, thereby increasing the chances of survival and reducing the
impact of road accidents. By filling the gap between accident occurrence and emergency response, the proposed system
aims to revolutionize accident management and thereby make a contribution toward safer roads the world over.

2. LITERATURE REVIEW

loT-based systems, machine learning solutions, embedded system deployments, and intelligent road
technologies have played an important role in enhancing accident detection and response processes. Proposed loT-based
automatic vehicle accident detection systems with visual alerts, using connected devices for real-time alerting. [1][5] An
Android-based accident detection system was deployed, emphasizing mobile technology for emergency response. [4]

Machine learning methods have also been considered for enhancing precision in the detection of accidents.
Conducting a review of machine learning-based accident detection and notification systems, highlighting their
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importance in reducing false positives and improving prediction accuracy. [2][7] Introduced an automated accident
detection framework based on machine learning, showcasing the advantage of pattern identification in enhancing system
reliability. [8]

Concerning embedded system implementations, applying Raspberry Pi for automated accident detection and
data analysis to prove low-cost hardware feasibility. [3] Analogously, emphasizes the incorporation of embedded
elements for real-time response in automatic accident detection and alert systems. [6]

Smart road technologies have also been investigated as a novel solution to accident detection. The idea of smart
roads, which employ sensor networks in road infrastructure to enable autonomous accident detection and alerts. [9]

These researches shed light on the newest developments in accident detection technologies and further
emphasize the importance of real-time notifications, 10T integration, and machine learning to enhance system precision
and reliability.

3. METHODOLOGIES FOR AUTOMATED ACCIDENT DETECTION AND ALERT SYSTEM
3.1 Language Used: Embedded C
3.1.1 Rationale

Embedded C is selected due to its effectiveness in the coding of low-level hardware-optimized code. It provides
real-time processing of sensor data, which improves the performance of the system. Embedded C provides direct access
to hardware registers and optimizes memory use, making it appropriate for low-resource environments like embedded
systems.

3.1.2 Implementation

The code is modularly designed, making it simple to debug, maintain, and enhance in the future. The modularity
enhances readability and reusability, saving development time for future upgrades. The implementation adheres to best
practices in embedded programming, such as interrupt-driven processing for real-time responsiveness and power
optimization methods for energy efficiency.

3.2 Hardware Components
3.2.1 Microcontroller (Arduino)

»  Serves as the main processing unit, connecting to all sensors and peripherals.

» Runs embedded code to process sensor inputs, analyze data, and optimally control the alert mechanism.

» Has the capability of interfacing with various communication modules (e.g., GSM, Wi-Fi, and Bluetooth) for
enhanced connectivity and data exchange.

3.2.2 Sensors (Accelerometer, GPS, Gyroscope)

» Accelerometer: Senses changes in acceleration and tilts to detect sudden movements or rollovers. It constantly
tracks the acceleration forces of the vehicle and senses sudden changes that are characteristic of a collision.

» GPS: Monitors the location of the vehicle and offers coordinates in the event of an accident. The system provides
real-time location updates for accurate tracking.

» Gyroscope: Tracks angular velocity and assists in distinguishing between minor disturbances and severe
accidents by sensing unusual rotational movements.

The incorporation of these sensors guarantees precise data capture for motion analysis, orientation tracking, and location
determination.

3.3 Data Collection
3.3.1 Continuous Monitoring

Sensors continuously stream real-time data on:

Acceleration: A sudden drop in speed may indicate a collision.

Tilt: Extreme angles suggest a possible rollover.q

Position: Regular GPS updates ensure accurate location tracking.

Rotational Movements: The gyroscope helps refine accident detection by monitoring sudden changes in
orientation.

VVVVYV

© JIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 82


https://ijireeice.com/
https://ijireeice.com/

IJIREEICE ISSN (O) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 8.021 ::¢ Peer-reviewed & Refereed journal :< Vol. 13, Issue 3, March 2025
DOIl: 10.17148/1JIREEICE.2025.13312

3.3.2 Data Preprocessing

»  Filters are applied to minimize noise and inaccuracies from sensor data.
» A buffer stores pre-accident event data, allowing retrospective analysis to validate accident occurrences.
»  Signal smoothing techniques and sensor fusion algorithms improve detection accuracy.

3.4 Accident Detection
3.4.1 Algorithm Development

The system merges accelerometer, GPS, and gyroscope data to detect accident signatures through:
Threshold-based Detection: Predefined acceleration, tilt, and angular velocity limits trigger accident alerts.
Pattern Recognition: Unusual event sequences, such as sudden braking followed by tilting and rotation, are
identified to minimize false alarms.

Enhanced Detection Factors: Speed changes, directional shifts, and force magnitude analysis further refine
detection accuracy.

Machine Learning Integration (Future Enhancement): The system could be upgraded with machine learning
models trained on real-world accident data to improve detection efficiency and reduce false positives.

YV V¥V VVVY

3.4.2 Testing and Validation

» Simulated accident scenarios evaluate the algorithm's effectiveness under controlled conditions.

» Field testing under varied conditions ensures robustness and reliability.

» Continuous adjustments and software updates aim to minimize false positives and negatives, refining detection
precision over time.

3.5 Alert System
3.5.1 Communication Module

» GSM, Wi-Fi, or Bluetooth modules facilitate real-time alert transmission to emergency contacts and services.

» SMS alerts ensure reliability even in low-network areas, while internet-based alerts allow real-time tracking and
status updates.

» Cloud-based backup options store incident reports for later review and analysis.

3.5.2 Alerts
The system dispatches alerts containing:

Location Coordinates: Provided by GPS for accurate emergency response.

Accident Details: Summarizes impact severity, sensor readings, and detected anomalies.

Time Stamp: Records the incident for better response coordination and documentation.

User Verification Mechanism: Allows the driver to confirm or cancel alerts in minor incidents to reduce false
reports.

YV VY

3.5.3 Redundancy Measures

» Multiple attempts are made to resend alerts if the initial transmission fails.
» Alerts can be sent through multiple channels (SMS, email, mobile app notifications) for increased reliability.
» A built-in fallback mechanism switches to alternate networks in case of primary communication failure.

3.6 User Customization
3.6.1 Interface Design
A user-friendly platform (mobile app or hardware interface) allows:

Setting Emergency Contacts: Users can configure and update their emergency numbers.

Updating Contact Details: Contact information can be modified as needed.

Viewing Incident Reports: Users can access past accident logs and analysis.

Configuring Alert Preferences: Users can adjust sensitivity settings to reduce false alarms in high-motion
environments.

YV VYVY
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3.6.2 Storage

» Contact data is securely stored in non-volatile memory to prevent loss during power outages.
» Incident history is saved locally and optionally synced to cloud storage for data retrieval and analysis.

3.6.3 User Feedback Loop

» Test functions verify alert functionality, allowing users to perform periodic system checks.
» Users can provide feedback on system performance, leading to continuous improvements.
» Adaptive learning mechanisms fine-tune detection thresholds based on user feedback and real-world data.
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Figure: 3.1

4, COMPARISON OF THE CURRENT AND PLANNED ACCIDENT DETECTION SYSTEMS
4.1 Limitations of the Current System

The traditional accident detection systems rely on basic crash sensors, which are inaccurate, especially when
dealing with low-impact or rollover accidents. The systems operate on fixed threshold values, making them vulnerable
to false alarms or overlooking critical accident incidents. Additionally, they do not allow users to personally configure
emergency contacts but restrict them to pre-registered numbers, which may not always prove useful in the event of an
emergency. Delays in issuing alerts are one of the main drawbacks, as the system does not support real-time, leading to
delayed emergency response and reduced chances of timely assistance.

4.2 Features of the Proposed System

The proposed system addresses the aforementioned problems using advanced sensor technology, including
accelerometers, gyroscopes, and GPS modules, to enhance real-time accident detection. These sensors monitor vehicle
movement continuously, impact magnitude, and sudden deceleration to increase the accuracy of detection. Compared to
the existing system using pre-defined thresholds, the proposed system uses smart data processing to distinguish between
a minor jerk and a serious collision.

4.3 Customizable Emergency Contacts

One of the major improvements in the proposed system is its user-friendly mobile application, where users can
customize their emergency contact list. This facility allows users to dynamically add, modify, and update contacts so that
notifications are delivered to the right people when needed. This improves the system's usability and effectiveness in
different scenarios.

4.4 Real-Time Alert Mechanism

The proposed system ensures immediate notifications are sent to emergency personnel as well as user-defined
contacts. Notifications provide critical information, such as:

- Accident Location (instantaneous GPS location)
- Impact Severity (derived from sensors)

- Timestamp (accurate time of accident)
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By transmitting the information in real time, the system significantly reduces the delay time in dispatching emergency
responders, increasing the chances of providing timely medical care.

4.5 Data Logging and Analysis

One other significant enhancement is the ability to systematically record accident data for future analysis. This
function allows researchers, governments, and insurance companies to examine accident patterns, improve road safety
features, and add vehicle safety features based on actual usage information.

4.6 Shortened Emergency Response Time and Life-Saving Capability

With the implementation of a smarter, more personalized, and real-time accident detection system, the proposed
solution ensures that emergency response teams are alerted much faster compared to traditional systems. This increased
efficiency in detecting accidents and responding to them can save lives through reduced time spent for medical aid to
arrive at accident scenes.

This system in question overcomes the shortcomings of the existing system by providing real-time detection,
improved accuracy, user customization, and faster response time. These capabilities make the system an exceptionally
effective solution for improving road safety and emergency response systems.

5. CONCLUSION

The proposed accident detection and emergency notification system tackles the urgent need for quick and
accurate accident identification, which can lead to faster response times and ultimately save lives. By utilizing cutting-
edge sensor technologies, GPS-based location tracking, and an intuitive mobile interface, the system effectively addresses
the shortcomings of traditional approaches, such as delays in notifications, lack of personalization, and false alarms.
Featuring real-time accident detection, customizable emergency contact lists, and smooth communication across various
networks, this system guarantees thorough and dependable functionality in a range of situations. It empowers users by
allowing them to set their preferences while ensuring that emergency services are alerted promptly, even in areas with
limited connectivity. This project not only improves road safety by decreasing fatalities and enhancing emergency
response times but also showcases the potential of integrating technology into daily life to tackle significant societal
issues. Its adaptability, scalability, and emphasis on user-friendly design make it a practical and impactful solution for
modern accident management systems.
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