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ABSTRACT:

The increase in traffic accidents has highlighted the urgent need for measures to improve vehicle safety and accurately analyze accidents. In this article, we
present a smart vehicle black box designed to efficiently collect and extract important accident data based on IoT technology. While existing systems have
focused primarily on video or image data, this solution integrates audio recording capabilities to provide additional context during important events. The system
uses sensors to collect critical vehicle statistics, such as speed, position and impact force, and transmits that data in real time to a secure cloud platform for
immediate access and analysis. The proposed device provides valuable information to stakeholders such as law enforcement agencies and insurance companies,
facilitating extensive investigations after an accident. Preliminary test results have shown high reliability in data collection and transmission, and this innovation
is a major breakthrough in the field of IoT-based vehicle safety and accident management systems.
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1. Introduction:

Accident analysis plays an important role in improving road safety and ensuring liability in the event of a road accident. Traditional vehicle tracking
systems often rely on video footage and raw sensor data to reconstruct accident scenarios. However, these systems often fail to capture important
contextual information, such as ambient sounds, that could provide additional insight into the context surrounding an event. Addressing these gaps in
existing systems requires the development of advanced solutions that support complete data collection and real-time availability.

In recent years, the rapid advancement of automotive technology has made vehicles smarter and safer. However, the persistent rise in road accidents
underscores the need for innovative solutions to not only prevent crashes but also analyze and learn from them effectively. Traditional accident analysis
systems, such as dashcams and basic telemetry, have provided valuable insights into vehicle behaviour and incident reconstruction. Nonetheless, these
systems often lack a holistic approach, as they are limited in their ability to capture critical contextual and environmental data.

This project aims to develop a smart vehicle black box integrated with IoT technology to improve accident data collection and analysis. The proposed
system introduces audio recording capabilities in addition to existing parameters such as speed, impact force, and position tracking. Using Internet of
Things (IoT) capabilities, the device transmits real-time data to a secure cloud platform for rapid access by accident investigators, law enforcement, and
insurance companies. The system's ability to provide a detailed and holistic picture of an accident scenario represents a significant advancement in
automotive safety technology. In addition, the integration of cloud storage ensures data security and availability even if physical devices are
compromised. In this paper, we explore the potential for radical changes in the design, implementation, and crash analysis of systems to improve road
safety and reduce the impact of road crashes.

By combining advanced data acquisition, real-time transmission, and secure cloud storage, the smart vehicle black box establishes a new paradigm in
accident data management. This innovation demonstrates the transformative potential of IoT in improving road safety, enhancing accountability, and
promoting the development of intelligent vehicular systems. The insights generated by this technology can contribute to creating safer road
environments, influencing infrastructure planning, and informing policies aimed at reducing traffic-related fatalities.

The significance of the proposed system lies not only in its technical innovations but also in its potential to bring about tangible societal benefits. By
enabling faster and more accurate accident investigations, this system can help reduce disputes and delays in insurance claims, thereby improving
customer experiences. Additionally, the availability of comprehensive accident data can contribute to better understanding and mitigation of recurring
accident patterns, leading to infrastructural improvements and policy changes. Furthermore, the integration of IoT ensures scalability, making the
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system adaptable for future advancements in vehicular safety technology. This innovation aims to set a new benchmark in accident management
systems, directly contributing to safer roads and saving countless lives.

2. Literature Review:

Kargupta et al. (2004) introduced "A Mobile and Distributed Data Stream Mining System for Real-Time Vehicle Monitoring," focusing on distributed
data stream mining and on-board processing for continuous vehicle health monitoring. However, challenges in handling high data volumes and
integrating diverse data sources were noted, emphasizing the need for scalable and adaptable architectures. In 2008, Dresner and Stone proposed
"Replacing the Stop Sign: Unmanaged Intersection Control," a novel approach using multi-agent systems, traffic simulation, and reinforcement learning
to replace stop signs with intelligent intersection control. Despite its potential to reduce congestion and enhance safety, the approach faced challenges in
real-world implementation due to traffic unpredictability and the need for connected vehicle technology.

A decade later, several studies emerged in 2018, reflecting a focus on IoT-based solutions for vehicle safety and monitoring. Kumar et al. (2018)
presented "Intelligent Vehicle Black Box Using IoT," designed for vehicle data collection and analysis to enhance safety. However, scalability and
connectivity challenges in remote areas limited its reliability, suggesting hybrid communication methods and edge computing as solutions. Similarly,
Dimple and Nanda (2018) developed a "Smart Black Box System" for efficient safety information gathering, yet it lacked real-time monitoring,
underscoring the need for real-time analytics and alert mechanisms. Harish Chandra, Manoj Kumar, and Snehal Gupta (2018) introduced an "Intelligent
Vehicle Accident Detection and Notification System," leveraging GPS, GSM, and accelerometers for real-time incident detection, but its reliance on
network connectivity was a critical limitation, requiring hybrid communication strategies for consistent reporting. In the same year, Aditi Sharma and
Rajeev Kumar (2018) proposed an "IoT-based Vehicle Tracking and Monitoring System" that monitored speed, fuel consumption, and driver behavior
while sending alerts via SMS. Despite its efficiency, concerns around data security, privacy, and network dependency called for stronger encryption
and offline capabilities.

In 2020, Sethuraman and Santhanalakshmi explored "Implementing Vehicle Black Box System by IoT-Based Approach" at the 4th International
Conference on Trends in Electronics and Informatics (ICOEI). This study highlighted IoT technology for real-time vehicle data analysis but faced
challenges in data security, real-time processing, and cyber threats, necessitating robust encryption, secure protocols, and real-time analytics. Similarly,
Mangharam et al. (2020) presented "A Multi-Hop Mobile Networking Test Bed for Telematics," focusing on multi-hop mobile networking in
telematics systems. While the approach ensured secure network performance, it lacked comprehensive sensor integration for real-time monitoring,
highlighting a need for seamless sensor data integration. Finally, S.B. Adavala and J.K. Super-Closed’s paper, "Developing Intelligent Transportation
Systems for Driver Safety," proposed real-time alerts using sensors for speed, temperature, and alcohol levels. However, issues with sensor accuracy
and false alarms required improved calibration and reduced false positives.

3. Methodology:

3.1 System Overview:

The proposed smart vehicle black box system integrates multiple components to collect, process and transmit vehicle data in real time. The system uses
hardware sensors, sound recording devices and IoT communication modules to work together to provide comprehensive data for incident analysis. The
collected data includes vehicle speed, impact force, geographic location, and ambient sounds, which are transferred to a cloud platform for further
analysis and can be accessed by interested parties.

In addition to these features, the system includes a failsafe mechanism to ensure data integrity during critical events such as power failure or severe
hardware damage. This is achieved through onboard storage that temporarily retains data until successful synchronization with the cloud platform.
Furthermore, the system is designed to interface with emergency response frameworks, enabling the automatic dispatch of alerts to nearby authorities
based on predefined conditions, such as significant impact forces.

3.2 Hardware Design:

The hardware architecture of a smart vehicle black box system is organized around a microcontroller unit (MCU), such as Arduino or ESP32, which
processes the data and controls the system operations. The system uses an accelerometer (MPU6050) to detect sudden changes in speed, a GPS module
(NEO-6M) to determine the real-time location, and audio recording to collect ambient sounds when an accident occurs, providing a comprehensive
solution for accident analysis. It provides data to enhance system efficiency, a power management unit has been incorporated to regulate the energy
consumption of sensors and IoT communication modules. The use of low-power components ensures extended device operability, making it ideal for
long-term deployments in various vehicle types. The integration of a vibration sensor alongside the accelerometer further improves the accuracy of
crash detection, minimizing false positives. Additionally, the audio module features advanced filtering capabilities to eliminate background noise and
focus on relevant sounds, ensuring the quality of collected data.
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FIG 1: Block Diagram for Black Box

The diagram represents the hardware design of a smart vehicle black box system, built around an Arduino microcontroller. It includes an alcohol sensor
to detect drunk driving and a MEMS sensor to monitor sudden speed changes, aiding in crash detection. Push button switches allow manual system
control, while a potentiometer helps adjust sensitivity settings. A GSM module sends emergency alerts, and a GPS module tracks the vehicle’s real-
time location. The LCD display provides system status updates, while the voice module records ambient sounds during an accident for analysis. A
speaker is included for alert notifications. This system enhances real-time accident detection, vehicle tracking, and emergency communication,
improving road safety and accident analysis.

FIG 2: System Architecture

The vehicle black box system integrates sensors, communication modules, and cloud connectivity to achieve effective accident detection and
emergency response. Key sensors, including alcohol sensors, potentiometers, temperature sensors, and MEMS sensors, monitor driver behavior, vehicle
status, and collisions. Processing units analyze this data and issue alerts, while GPS and GSM modules enable real-time positioning and communication
with emergency services. Output interfaces such as voice modules and LCD displays provide alerts and data visualization. The panic button allows you
to issue a manual alert and upload data to platforms like ThingSpeak for post-event analysis and investigation. It provides a complete analysis of
vehicle safety and accidents.

4.IMPLEMENTATION:

This system uses the Internet of Things to improve vehicle safety and security.It records sounds when the car is started and alerts the owner if there is
any suspicious activity.
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FIG. 3: Design implementation

Based on the reference diagram, the system is designed to enhance vehicle safety and security using IoT technology with an Arduino Uno as the central
processing unit. The system collects data from multiple sensors, including a potentiometer, alcohol sensor, and MEMS sensor, which detect various
vehicle conditions such as driver intoxication and sudden movements. These analog inputs are converted into digital values using an analog-to-digital
converter before being processed by the Arduino.

Additionally, the voice module records audio when suspicious activity is detected, while the GSM & GPS module sends real-time location and alert
messages. The LCD display presents important data, the SMS module sends notifications to the owner, and the system uploads vehicle status and alerts
to a web platform for remote monitoring. This integration enables real-time accident detection, vehicle tracking, and security alerts, ensuring improved
safety and immediate response to emergencies.

INTERFACING SENSORS

In the initial stage, we connect all the important sensors to the Arduino to enable real-time data collection, as shown in Fig 4. An accelerometer,
vibration sensor and microphone are integrated to monitor shocks, sudden movements and record sound. The GPS module is connected via serial
communication to track the vehicle's location.

The system includes a Wi-Fi module (ESP8266) to transmit data to the cloud, which provides remote access. Instead of a camera, a microphone module
records audio for incident analysis while maintaining privacy and accelerometers record vehicle dynamics. In the event of an accident, the system
records the force of the impact, the vehicle's position and surrounding sounds and issues an emergency alert based on the recorded data. Powered by the
Internet of Things (IoT), this black box improves vehicle safety by ensuring secure data storage and rapid response in the event of an accident.

Fig. 4: Connecting sensors

The interfacing of sensors with the Arduino enables real-time data collection for vehicle monitoring and accident detection. The system integrates an
accelerometer, vibration sensor, and microphone to detect shocks, sudden movements, and record surrounding sounds. A GPS module is connected via
serial communication to track the vehicle’s location accurately.
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Additionally, the system includes a Wi-Fi module (ESP8266) to transmit data to the cloud, ensuring remote access and secure storage. Instead of a
camera, a microphone module records audio for incident analysis while maintaining privacy. In case of an accident, the system captures impact force,
vehicle position, and ambient sounds, issuing an emergency alert based on the recorded data. This IoT-powered black box enhances vehicle safety by
providing secure data storage and rapid emergency response, helping in accident analysis and improving road safety

5.RESULTS:

FIG.5.1:Sending SMS

FIG.5.2:Visualization of real-time Vehicle location in thinkspeak

FIG.5.3:High Temperature detected and sending location
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FIG.5.4:Accident Detected

6. CONCLUSION:

Smart vehicle black boxes using the Internet of Things provide an efficient and reliable solution for monitoring and analyzing vehicle accidents. The
system uses Internet of Things technology to record critical data such as speed, location, impact force and audio recordings instead of images, ensuring
privacy and accuracy of accident analysis. The collected data is securely transferred to cloud storage, enabling real-time monitoring and post-event
evaluation. Unlike traditional camera-based dashcams, this system prioritizes privacy while maintaining effective collision detection capabilities.
Additionally, the ability to send immediate notifications to emergency personnel can reduce response times and save lives.

Future enhancements could include AI-powered accident prediction, integration with vehicle diagnostics, and expanded support for safety features in
autonomous vehicles. This project demonstrates a practical approach to improving road safety and demonstrates the potential of the Internet of Things
to improve road safety and accident management.
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