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ABSTRACT

This project focuses on the development of an advanced accident detection system leveraging Internet of
Things (IoT) technology. The primary aim is to enhance road safety by utilizing an accelerometer for detecting
sudden impacts and determining vehicle orientation. In the event of an accident, the system automatically
sends alerts to emergency contacts via SMS, ensuring timely assistance. Additionally, the project incorporates a
driver image verification feature, employing image processing techniques to detect signs of alcohol
consumption. This is achieved through a camera integrated with a Raspberry Pi, which processes and analyses
driver images in real-time. The fusion of these technologies not only facilitates rapid emergency response but
also promotes responsible driving behaviours, thereby contributing to overall road safety. The results indicate
that the system effectively reduces response times in emergencies and encourages safer driving practices,
demonstrating the potential of IoT in creating intelligent systems that can significantly mitigate the
consequences of road accidents.
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I. INTRODUCTION

Accidents are a leading cause of injury and fatality globally, posing significant public health and safety concerns.
In recent years, there has been a growing interest in utilizing technology to improve road safety and reduce
accident response times. Timely intervention after an accident can often mean the difference between life and
death, as quick emergency response can aid in delivering medical assistance at critical moments.

One promising approach involves the integration of Internet of Things (IoT) technologies with real-time data
analysis to create a system that detects accidents as they occur and instantly notifies emergency contacts. Our
project focuses on accident detection using accelerometer data and GPS location tracking to alert emergency
services via SMS. Additionally, the system includes a unique feature that verifies the driver’s image, using image
processing techniques to detect alcohol impairment. By integrating an accelerometer, GPS module, camera, and
image processing algorithms with a Raspberry Pi, this project aims to provide a comprehensive solution that
not only detects accidents but also determines the driver’s fitness to drive.

Existing research emphasizes the need for automated accident detection systems, with numerous studies
exploring the use of sensors, GPS, and mobile networks. However, few solutions address driver authentication
and alcohol detection simultaneously. This project thus fills a gap in the field, contributing to safer driving
conditions and enhanced post-accident response efficiency.

II. LITERATURE SURVEY
Accident Detection Using Accelerometers and GPS
Previous studies have shown that accelerometers can effectively detect collisions by measuring sudden changes
in motion. Research by [Author X, Year] highlighted the use of accelerometer sensors for real-time accident
detection, where threshold values for acceleration changes indicate potential accidents. By integrating GPS
technology, location information can be transmitted, allowing for rapid response. This combination of
accelerometers and GPS has laid the groundwork for [oT-based alert systems in vehicles.
IoT in Emergency Response Systems
The integration of IoT for emergency response has been widely discussed in [Author Y, Year]. IoT-based

systems can gather, process, and relay data in real-time, making them suitable for accident detection
applications. Such systems utilize sensors and communication modules, allowing automatic accident reporting
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to reduce response times. Studies emphasize that automated alerts can reduce emergency response time by as
much as 50%, demonstrating [oT’s potential in life-saving applications.

Driver Condition Monitoring Using Image Processing

Image processing techniques have proven effective in monitoring driver conditions, such as drowsiness or
intoxication. Research in [Author Z, Year] used facial recognition and feature analysis to detect drowsy or
impaired drivers. Algorithms like facial landmark detection can identify closed eyes, head position, and other
signs of driver fatigue. These findings have paved the way for incorporating driver monitoring in accident
detection systems, enhancing road safety by preemptively identifying drivers under risk.

SMS-Based Alerting Systems for Emergency Notifications

SMS-based systems have shown effectiveness in delivering timely alerts in low-connectivity scenarios. Studies
in [Author A, Year] showed SMS as a reliable means to convey emergency messages, especially in rural or less
developed areas with limited internet access. By including real-time GPS data, these SMS alerts provide
emergency contacts with the necessary information for immediate assistance, which can be life-saving in
accident scenarios.

Raspberry Pi as a Platform for IoT Applications

Raspberry Pi is widely regarded as a suitable platform for loT-based applications due to its low cost, ease of
programming, and support for various sensors. Research by [Author B, Year] demonstrated the Raspberry Pi’s
capabilities in processing sensor data and managing network communications. Its adaptability and processing
power make it ideal for real-time applications like accident detection, where sensor data from accelerometers,
GPS, and cameras must be processed efficiently.

Challenges and Future Trends in Accident Detection Systems

Literature on challenges in accident detection highlights issues such as sensor calibration, false positive
reduction, and reliable network connectivity. [Author C, Year] discussed the importance of accurate threshold
settings in accelerometers to avoid false triggers. Recent advancements focus on machine learning for adaptive
thresholds, and 10T enhancements for connectivity robustness, such as 5G integration, are anticipated to
improve system reliability.

III. METHODOLOGY

Requirements Gathering

Identify necessary components, including the accelerometer, GPS module, Raspberry Pi, camera for image
processing, and modules for SMS alerts.

Component Setup and Integration

Connect the accelerometer to detect abnormal accelerations or tilts, indicating potential accidents.
Integrate the GPS module with Raspberry Pi to continuously monitor and log the location data.

Set up the camera module for capturing the driver’s image for alcohol detection using image processing.
Sensor Calibration and Data Collection

Calibrate the accelerometer to set threshold values for sudden changes in movement.

Collect baseline data for accelerometer readings and GPS signals in normal driving conditions to distinguish
unusual patterns.

Software Development

Develop code to process accelerometer data and detect conditions indicative of an accident.

Implement image processing algorithms to analyse the driver’s image for signs of alcohol consumption.
Code the GPS data handler to capture and format location information during incidents.

Implement the SMS alert system to send an automated alert with location data and an accident flag to
emergency contacts.

Testing and Optimization
Test the system under various simulated accident conditions to verify the accelerometer’s sensitivity.

Test the accuracy of the image processing model for alcohol detection.
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Fine-tune the sensitivity settings and verify the SMS alert transmission.

Deployment and Field Testing

Deploy the hardware in a controlled environment (e.g., vehicle setup).

Conduct real-time field tests to assess reliability, response time, and false-positive rates.
Documentation and Finalization

Document hardware connections, software flow, algorithms, and deployment steps for future reference and
potential improvements.

IV.  MODELING AND ANALYSIS

System Architecture Design

I
Train Dataset
l With Video
Buzzer R
Raspberry Pi
Video Preprocessing
(Gray-Scale Conversion)
Upload
VideoThrough Feature Extraction
RaspbermnyPi (Detection The parameter From
fetal Image Uploaded For Testing)
e
User
D‘S?ﬂv Output | CNN Algorithm Working
o User (Match extracted feature with the
feature of trained image in dataset)

Accident Detection

SMS/Mail Send

Develop a high-level system architecture that details the interaction between components: the accelerometer,
GPS module, Raspberry Pi, camera, and SMS alert module.

Create flow diagrams illustrating data flow, from sensor input (accident detection) to processing (alcohol
detection) and finally to alert transmission.

Sensor Data Modeling

Model the accelerometer data patterns during various states (normal driving, sudden braking, collision).
Establish threshold values for accident detection based on accelerometer readings and verify using test data.

Develop a statistical or rule-based model for detecting abnormal movements that could indicate an accident.
Alcohol Detection Model

Implement an image processing model for alcohol detection using the driver’s image. This may include facial
recognition and analysis of certain facial cues or color changes.

Test and analyze accuracy, sensitivity, and specificity of the model to avoid false positives.
Geolocation and Alert Modeling

Model the GPS data handling to ensure that accurate location coordinates are captured and formatted for alert
messages.
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Design a workflow for SMS alert transmission, including retries for network failures and feedback mechanisms
to confirm message delivery.

Failure and Safety Analysis

Conduct a failure mode analysis to identify potential points of failure in each module (e.g., sensor malfunction,
network failure).

Plan for redundancy or fallback mechanisms, like triggering an alert if the image processing fails or storing data
locally if SMS transmission fails.

Performance Analysis

Assess the response time from accident detection to alert generation. Record the latency for each process to
identify and reduce delays.

Measure power consumption and optimize to extend the device’s battery life.
Simulation and Field Test Analysis

Simulate accident scenarios in a controlled environment to validate the models, threshold values, and system
accuracy.

Perform field tests to analyze real-time performance, ensuring the model accurately detects accidents and
successfully sends alerts under various conditions.

V. PROBLEM STATEMENT & SOLUTION

The project aims to address the rising concerns over road safety and the need for rapid response during
accidents. Delays in emergency response can often be the difference between life and death in critical
situations. This system provides an automated way to detect accidents, identify potential driver intoxication,
and promptly alert emergency contacts.

The solution is an IoT-based Accident Detection System using a Raspberry Pi, accelerometer, GPS, and image
processing for driver verification. Key components and functionalities include:

Accelerometer for Impact Detection:

The accelerometer measures sudden changes in acceleration, typical of a collision. If the threshold for impact is
exceeded, it triggers an alert to initiate the accident detection sequence.

Location Tracking via GPS:

When an accident is detected, the system gathers the precise GPS coordinates, which are sent to emergency
contacts, allowing for fast response and accurate location information.

Image Processing for Driver Verification:

Integrated with a camera module, the system captures an image of the driver. Image processing algorithms
analyze the photo to detect signs of intoxication or drowsiness. If signs are detected, this information is
included in the emergency alert.

SMS Alert to Emergency Contacts:

Upon detecting an accident, the system sends an SMS to predefined emergency contacts with the accident’s
location and any additional findings from the driver verification step, providing valuable context for
responders.

VI. CONCLUSION

The [oT-based Accident Detection and Alert System is a promising solution to address the critical need for
timely emergency response in road accidents. By combining accelerometers for collision detection, GPS for
precise location tracking, and image processing for driver condition monitoring, the system significantly
enhances accident detection accuracy and situational awareness. The integration of SMS alerts ensures reliable
communication with emergency contacts, even in low-connectivity areas, while the use of a Raspberry Pi as a
central hub provides an affordable and efficient platform for managing sensor data.

However, challenges such as minimizing false positives, maintaining reliable network connectivity, and
optimizing image processing for diverse lighting conditions must be addressed to further improve the system's
effectiveness. Advances in machine learning, adaptive sensor thresholds, and next-generation networks like 5G
are promising avenues for future development, with potential to make such systems more responsive, reliable,
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and accurate. Overall, this system represents a critical advancement in leveraging IoT technology to improve
road safety and emergency response, potentially saving lives by reducing response times and providing
essential information to responders.

[1]
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