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Abstract: Road accidents are one of the leading causes of death globally, and delayed emergency
response significantly contributes to the fatality rate. This paper presents the design and implementation
of an loT-based accident detection and smart alert system aimed at minimizing response time during
road mishaps. The proposed system integrates a microcontroller Raspberry pi, vibration sensor, GPS,
and GSM module to detect collisions in real time and automatically send alert messages with location
coordinates to predefined emergency contacts. Upon detecting an accident, the system processes sensor
data to confirm the event and immediately communicates the vehicle’s location via SMS, enabling faster
assistance. The prototype was successfully tested under various simulated accident conditions and
demonstrated reliable detection accuracy and timely alert delivery. This solution offers a low-cost, real-
time, and efficient method to improve road safety and emergency response systems, especially in
developing regions.
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I. INTRODUCTION
The increasing number of road accidents has become a critical public safety concern across the globe. Despite
advancements in transportation infrastructure, the timely identification and reporting of accidents remain a major
challenge, particularly in remote or high-traffic areas where emergency response delays can lead to fatal consequences.
Traditional systems often rely on manual reporting, which can result in significant time loss before medical or rescue
services are alerted.
With the swift advancement of the Internet of Things (IoT), there exists an increasing opportunity to develop
sophisticated systems capable of automating the processes associated with accident detection and notification. By
integrating various sensors, communication modules, and microcontrollers, it is now possible to design low-cost, real-
time systems capable of detecting collisions and immediately alerting emergency contacts or services.
This paper presents an loT-based accident detection and smart alert system that aims to minimize human intervention in
emergency reporting. The system uses a vibration sensor to detect sudden impact, a GPS module to acquire location
data, and a GSM module to send alerts via SMS. A microcontroller unit acts as the core controller, processing sensor
input and coordinating communication. The goal of this system is to improve emergency response times, reduce fatality
rates, and enhance road safety through automation and real-time data sharing [1]

II. LITERATURE REVIEW
Raspberry Pi
The Raspberry Pi is a compact, single-board computer capable of running a full operating system, making it ideal for
real-time IoT applications. Unlike microcontrollers such as Arduino, the Raspberry Pi offers higher computational
power, USB support, built-in Wi-Fi, and compatibility with various sensors and peripherals. In this system, Raspberry
Pi serves as the core processing unit, collecting and analyzing sensor data, executing detection algorithms, and

Copyright to IJARSCT E'?ﬁ'm DOI: 10.48175/IJARSCT-27608 45
www.ijarsct.co.in :

7 1ssN W)
i 2581-0429 |}

¥\ IJARSCT ¥
Q




£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 4, June 2025 Impact Factor: 7.67

coordinating alert mechanisms. Its GPIO pins allow integration with both digital and analog sensors, while its ability to
handle multitasking makes it suitable for simultaneously managing inputs from the camera, accelerometer, and alcohol
sensor [2].

Inbuilt GPS and GSM

Modern Raspberry Pi-based systems often utilize modules or HATs that offer built-in GPS and GSM capabilities. GPS
enables accurate geolocation tracking, crucial for identifying the precise coordinates of an accident scene. The GSM
module facilitates synchronous communication through the transmission of SMS notifications to specified contacts or
emergency response entities. Unlike external modules, the integration of GSM and GPS on the Pi streamlines wiring,
reduces latency, and simplifies software management through Python-based libraries [3].

Camera Module

The Pi Camera module is used for visual verification and documentation of accident events. Once an accident is
detected, the camera captures images or short video clips of the scene, which can be stored locally or sent via Bluetooth
or cloud-based platforms. This adds an additional layer of evidence and can assist emergency responders in
understanding the severity of the incident before arriving on-site.

Accelerometer and ADS Sensor

An accelerometer is used to detect sudden deceleration or impact, which typically indicates a collision. The Analog-to-
Digital Sensor (ADS) converts analog signals from the accelerometer into digital form readable by the Raspberry Pi. By
analyzing this data in real time, the system can determine whether the sensed motion qualifies as an accident event,
filtering out normal vibrations from the road.

Alcohol Sensor

To improve driver safety, the system incorporates an alcohol sensor that monitors the driver's breath before engine
ignition. If alcohol concentration exceeds a safe threshold, the system can prevent the vehicle from starting or log the
data for future review. This feature is particularly valuable in reducing alcohol-related accidents.

Bluetooth and Memory Card

Bluetooth is used for short-range communication, such as transferring logs or alerts to nearby devices (e.g., police or
mobile apps). Meanwhile, the memory card acts as local storage for logs, captured images, and system data. It ensures
that all relevant information is retained even if network communication fails temporarily.

L293D Motor Driver

The L293D is a dual H-bridge motor driver integrated circuit used to control the direction and speed of DC motors. It
allows the Raspberry Pi, which cannot directly handle high-current loads, to safely interface with motors. In this
system, the L293D is used to control the vehicle's motion or to simulate crash and movement scenarios in testing. It
enables bidirectional control of motors using control signals from the Pi, providing an essential component for
hardware-in-the-loop accident detection simulations. [4]

III. METHODOLOGY
a. System Architecture Overview
The system architecture is built around a central processing unit (c.g., Raspberry Pi) that coordinates the operation of
the various IoT components involved. These components include accelerometers, alcohol sensors, GPS modules, and
communication modules, working in harmony to detect accidents, analyze data, and relay emergency alerts to
predefined contacts.

b. Sensor Integration for Accident Detection

Accelerometers and Gyroscopes: These sensors are used to measure abrupt changes in vehicle velocity, speed, or
orientation, which may signal an accident [5].Accelerometers detect sudden deceleration or rapid movements, while
gyroscopes measure angular velocity, allowing the system to recognize rollover or other types of crashes [6].

Alcohol Sensor (MQ-3): The alcohol sensor is engineered to detect the atmospheric concentration of alcohol vapors.
This sensor ensures the driver’s sobriety, preventing driving under the influence by triggering a warning or alert.
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GPS Module (SIM808):

The GPS module tracks the vehicle's location with high precision. In case of an accident, the exact coordinates are
captured and shared with emergency responders, ensuring that help reaches the exact location promptly [7].

c. Real-Time Data Acquisition and Processing
e Data Collection: Data from the accelerometer, gyroscope, alcohol sensor, and GPS module is continuously
monitored by the Raspberry Pi. The system gathers real-time data to ensure immediate detection of any
unusual behavior such as abrupt stops, sudden shifts in vehicle orientation, or signs of alcohol consumption.
e Data Processing: Once the data is collected, the Raspberry Pi processes this information by analyzing
thresholds for sudden deceleration, impact force, abnormal orientation, and speed patterns. If the values
surpass certain thresholds indicative of an accident, the system triggers the alert mechanism.

d. Accident Detection Algorithm
The accident detection algorithm works by analyzing the input data from various sensors to classify whether an
incident is an accident. It uses:

e Thresholds for Sudden Deceleration: When the vehicle experiences a rapid decrease in speed (such as
during a crash), the system triggers the alert mechanism.

e Orientation and Motion Analysis: Using the accelerometer and gyroscope data, the algorithm detects
changes in the vehicle's position. A rollover, for example, is detected by an abnormal tilt or angle change in the
vehicle.

e Alcohol Detection: The MQ-3 sensor adds an extra layer of functionality by ensuring the driver’s sobriety. If
alcohol is detected above a certain threshold, the system can notify the driver and even send a warning
message.

e. Smart Alert System
Upon the detection of an accident, the smart alert system comes into action. The key components involved in the alert
mechanism include:
e GSM Module (SIM808): The SIM808 GSM module sends SMS notifications to emergency services, family
members, or any predefined contacts. The message contains the vehicle’s GPS coordinates, providing exact
location details for quicker emergency response [7].
e  Mobile Application (Optional): The system can be integrated with a mobile app or web interface, where the
registered users can receive real-time alerts and see the accident's location on a map. This facilitates an
accessible interface for the administration of emergency situations.

f. Emergency Response Coordination
Once the alerts are sent, the emergency response system kicks in, which involves:
e Emergency Services Notification: Local emergency responders, such as ambulances or fire services, are
immediately notified of the accident, including the location and type of incident [8].
e Family and Friends Notification: Predefined contacts like family or friends are sent alerts to keep them
informed about the accident, ensuring that loved ones can take timely action [9]
e Cloud Backup: Optionally, accident-related data (such as sensor readings and GPS coordinates) can be
backed up in the cloud for future analysis, research, or insurance purposes [10].

g. Communication Protocol
e  GSM Communication: The GSM module plays a key role in enabling SMS alerts. It ensures that the system
sends accident notifications to emergency contacts, family, and friends through a reliable and widely
accessible communication channel [11].
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e Internet Communication (Optional): For additional functionality, the system can use internet-based

communication platforms to send alerts, or data can be stored in the cloud for analysis. This would provide
scalability and better integration with other emergency services.
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Raspberry Pi:

Acts as the central processing unit of the system. It processes incoming data from the ESP8266, activates connected
modules like the camera and GSM/GPRS unit, and communicates with the cloud. It makes decisions based on data
inputs and can initiate emergency alerts [12].

Force Sensor:

This sensor is essential for detecting sudden pressure or impact, commonly indicative of accidents. It measures the
force exerted on it and transmits this data to a control module. Upon surpassing a predetermined threshold, it initiates
the activation of safety protocols, including the deployment of alarms or the transmission of data to the central control
system.
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GSM/GPRS Module:

Promotes the exchange of information across mobile telecommunications networks, thereby facilitating text messaging
or voice communication. When triggered by the Raspberry Pi, it sends predefined messages and coordinates to
emergency services or registered contacts.

Force Sensor & Alarm Controller:
Processes signals from the force sensor and determines if an alarm should be triggered. Upon confirmation, it activates
the buzzer and communicates with the ESP8266 for further action.

16x2 LCD Display:
Displays key information such as system status, GPS coordinates, or alerts. It is connected to and controlled by the
ESP8266 module[13].

Camera:
This module captures visual data of the surroundings, which may assist in situational assessment during or after an
incident. It is activated by the Raspberry Pi and can send real-time images to the cloud or emergency contacts [14].

ESP8266 Module:

This Wi-Fi-enabled microcontroller handles wireless data transmission. It serves as an intermediary between the
sensors and the Raspberry Pi, transmitting sensor readings and GPS data to the central processor. It can also control
actuators like LCD displays and servo motors.

GPS Module:

This module provides real-time geolocation by communicating with satellites. It supplies latitude and longitude
coordinates to the ESP8266 module and Raspberry Pi, ensuring accurate tracking of the device’s location in the event
of an emergency.

Alarm:
An audible indicator is triggered during emergencies to alert nearby individuals of potential danger. Activated by the
force sensor controller when abnormal force is detected.

Car Battery:
Serves as the primary power source for the entire system. It supplies 12V DC, which is stepped down and regulated by
the power controller.

V. RESULTS AND DISCUSSION
1. Impact on Accident Detection
1.1. Reduction in Emergency Response Time
The implemented system autonomously detects vehicular accidents and promptly transmits alerts containing precise
GPS coordinates to emergency contacts via GSM. This automation significantly diminishes the delay between accident
occurrence and emergency response initiation, potentially enhancing victim survival rates.

1.2. Improved Driver Behavior Monitoring

By continuously analyzing data from accelerometers and alcohol sensors, the system provides real-time feedback on
driving patterns. This feedback mechanism encourages drivers to adopt safer driving habits, thereby reducing the
likelihood of accidents.
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1.3. Enhanced Data Accuracy through Sensor Integration
The fusion of data from multiple sensors, including ultrasonic sensors for obstacle detection and accelerometers for
motion analysis, ensures a comprehensive assessment of driving conditions. This multi-sensor approach enhances the
reliability of accident detection, minimizing false alarms.[15]

2. Challenges

2.1. False Positives and Negatives

Notwithstanding the system’s inherent resilience, specific circumstances, including sudden deceleration on irregular
terrains, may elicit erroneous positive outcomes. Con Facilitates communication over mobile networks, enabling SMS
or voice calls. Conversely, low-impact collisions might not meet the predefined thresholds for accident detection,
leading to false negatives. Continuous calibration and adaptive algorithms are essential to mitigate these issues.

2.2. Environmental Influences on Sensor Performance

Adverse weather conditions, like heavy rain or fog, can impair sensor accuracy, particularly for ultrasonic sensors.
Additionally, extreme temperatures may affect the performance of electronic components, necessitating the use of
weather-resistant hardware.

2.3. Financial and Maintenance Considerations

The initial setup costs for integrating multiple sensors and communication modules can be substantial. Moreover,
ongoing maintenance, including sensor recalibration and software updates, incurs additional expenses, which may be a
barrier to widespread adoption.

2.4. Data Privacy and Security Concerns
The collection and transmission of sensitive data, such as location and behavioral patterns, raises privacy issues.
Ensuring data encryption and secure storage is paramount to protect user information from unauthorized access.

2.5. Integration with Existing Infrastructure

The system's effectiveness is contingent upon seamless integration with existing emergency response frameworks.
Disparities in communication protocols and technological capabilities across regions can hinder this integration,
affecting the system's overall efficacy.

3. Applications

3.1. Vehicle Health Monitoring

Beyond accident detection, the system monitors various vehicle parameters, alerting drivers to potential mechanical

issues. This proactive maintenance approach can prevent breakdowns and enhance vehicle longevity.

3.2. Real-Time Vehicle Tracking

The GPS module facilitates continuous tracking of the vehicle's location, enabling fleet management and theft recovery

applications.

3.3. Emergency Services Coordination

In the event of an accident, the system's immediate alert mechanism ensures that emergency services receive timely and

accurate information, optimizing resource deployment and response strategies.

3.4. Driver Identification and Authorization

Incorporating biometric sensors, such as fingerprint scanners, can restrict vehicle access to authorized individuals,

enhancing security and preventing unauthorized use.

3.5. Geo-Fencing and Speed Regulation

The system can define virtual boundaries and monitor vehicle speed, issuing alerts when predefined limits are breached.

This feature is particularly beneficial for managing commercial fleets and ensuring compliance with traffic regulations

[16].
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VI. FUTURE DIRECTIONS
The trajectory of IoT-based accident detection systems is expected to advance significantly with the integration of
enhanced sensor technologies, real-time analytics, and edge computing capabilities. Future systems may transition from
simple impact-based detection to predictive safety models that analyze dynamic driving behavior, historical data, and
road conditions to anticipate potential collisions more accurately.
Edge computing platforms, such as Raspberry Pi, will likely play a pivotal role by processing sensor data locally, thus
reducing latency and enabling immediate decision-making without cloud dependence. Furthermore, the incorporation of
physiological monitoring (e.g., heart rate, eye movement) through wearable or in-vehicle sensors could enable detection
of driver fatigue or medical conditions prior to an accident
User interfaces and mobile applications will evolve to offer real-time feedback and visualizations, promoting safe
driving habits and providing educational insights. These platforms may also serve as digital companions for drivers,
analyzing performance trends and suggesting improvements based on historical behavior
Future frameworks may also integrate more seamlessly with public infrastructure and emergency services. Geo-located
alerts could help emergency responders reach accident sites faster, while centralized data collection from incidents can
support urban planning and targeted interventions at accident-prone zones
As data sharing and connectivity increase, attention must be directed toward implementing robust cybersecurity
mechanisms and data privacy policies to protect user information and prevent malicious interference. Collaborative
efforts between regulatory bodies, automotive industries, and technology developers will be necessary to define
interoperability standards, ensuring consistency across platforms and geographic regions.
In the long term, enhancements should aim to minimize false alerts, increase detection accuracy, and broaden the
accessibility of such systems in developing regions. These developments will contribute to building an intelligent,
responsive, and inclusive accident management ecosystem.

Result:

The proposed IoT-based accident detection and smart alert system is architected around a Raspberry Pi, which
functions as the central processing unit, coordinating data collection and communication between integrated modules. A
force sensor detects sudden impacts, transmitting signals to a dedicated alarm controller that activates an audible alarm
and forwards data to the ESP8266 module. This module, equipped with Wi-Fi capabilities, facilitates wireless
transmission of sensor and GPS data to the Raspberry Pi. The GPS module provides real-time location tracking,
ensuring accurate geolocation during emergencies. A GSM/GPRS module is responsible for sending SMS alerts
containing GPS coordinates to emergency contacts and services. A camera module, controlled by the Raspberry Pi,
captures real-time visual data to assist responders in assessing the situation remotely. The system also includes a 16x2
LCD display to show status updates, GPS information, or alerts, and a servo motor for mechanical responses if
required. The car battery supplies power, regulated by a 5V DC controller, ensuring stable operation. All these
components work together to detect accidents, analyze the situation, and issue real-time alerts, significantly improving
emergency response time and road safety.

VII. CONCLUSION

The proposed IoT-based accident detection and alert system represents a significant advancement in enhancing road
safety and reducing emergency response time. By integrating real-time sensing, location tracking, and automated alert
mechanisms, the system is designed to promptly detect vehicular accidents and notify relevant authorities or emergency
contacts with accurate geographic data.

Utilizing affordable and widely available hardware components, such as accelerometers, GPS modules, and
microcontrollers like Arduino, the system is both cost-effective and accessible. Its user-friendly design ensures that
even individuals with minimal technical knowledge can deploy and benefit from it. Furthermore, the complementary
software interface, potentially in the form of a mobile application, augments the usability by offering intuitive
visualization of incidents and location tracking features.
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In summary, this solution not only enhances the safety of passengers and drivers but also contributes to faster
emergency responses and potentially lower fatality rates. The modularity, scalability, and affordability of the system
make it a viable option for broad implementation, particularly in regions where conventional traffic safety infrastructure
is limited.
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