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Abstract: In the face of escalating road traffic accidents and their profound impact on societal health and safety, the
need for advanced vehicular safety systems has never been more critical. This research introduces a pioneering Accident
Redressal System, leveraging the synergistic potential of Internet of Things (1oT) technologies to forge a new paradigm
in road safety and emergency responsiveness. At the heart of our system lies an intricate network of cutting-edge sensors
and communication modules, including accelerometers for automatic accident detection, GSM-based GPS for precise
location broadcasting, and a heart rate sensor for real-time monitoring of the driver's physiological state. Unique to our
approach is the Anti-Driver Sleep Detection System, which employs sophisticated algorithms to preemptively identify
signs of driver fatigue, a prevalent cause of road accidents. By seamlessly integrating these components, our system not
only detects and responds to accidents with unprecedented speed and accuracy but also actively works to prevent them
by monitoring driver wellness and alertness. This integrated approach not only signifies a significant advancement in
vehicular safety technologies but also sets the stage for the development of intelligent, proactive transportation systems
that promise to enhance the safety and security of all road users.

Keywords: Internet of Things, ESP-32 microcontroller, GSM, GPS, Heart rate & IR Sensor, Accelerometer, Vehicular
Safety, Emergency Response.

1. Introduction

The landscape of global road traffic safety is at a critical juncture, with vehicular accidents constituting a significant
public health concern. Despite advancements in vehicular technologies and infrastructure improvements, the incidence
of road accidents remains alarmingly high, underscoring an urgent need for innovative solutions. The complexity of
modern transportation systems, combined with human factors such as driver fatigue and inattention, exacerbates the
challenge of ensuring road safety. It is within this challenging environment that the Internet of Things (1oT) emerges as
a beacon of hope, offering new avenues for enhancing vehicular safety through smarter, more responsive systems.

This research paper introduces a holistic Accident Redressal System, ingeniously designed to harness the power of 10T
technologies for a multifaceted approach to road safety. Our system distinguishes itself through a suite of advanced
functionalities, including automatic accident detection, GSM-based GPS location broadcasting, real-time driver heart
rate monitoring, and an Anti-Driver Sleep Detection System. Each component of the system plays a pivotal role in
creating a cohesive safety net, designed not only to react to accidents but also to preempt them.

At the forefront of our system's innovation is the use of accelerometers and collision sensors for automatic accident
detection, enabling swift identification and verification of vehicular accidents. This capability ensures that emergency
response can be mobilized with unprecedented speed and accuracy, a critical factor in saving lives and mitigating
accident severity. Furthermore, the integration of GSM technology for GPS location broadcasting revolutionizes how
emergency services are alerted to accident scenes, providing precise location information that is vital for rapid response.

Moreover, the system’s real-time monitoring of the driver's heart rate, utilizing advanced heart rate sensors, introduces
a proactive layer of safety by offering insights into the driver's physiological state. This feature is crucial for detecting
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signs of stress, fatigue, or medical emergencies that could impair driving ability. Complementing this, our Anti-Driver
Sleep Detection System employs sophisticated algorithms to monitor signs of drowsiness, issuing timely alerts to the
driver to prevent accidents caused by sleep-induced impairment.

The convergence of these technologies within our Accident Redressal System epitomizes the potential of 10T to
revolutionize road safety. By providing a comprehensive solution that addresses both the immediate aftermath of
accidents and their preemptive avoidance, our system paves the way for a new era of intelligent transportation systems.
It stands as a testament to the power of technological innovation in creating safer road environments for all users.

Through this research, we aim not only to contribute to the advancement of intelligent transportation systems but also
to inspire further exploration into how loT can be leveraged to safeguard lives on our roads. The development and
deployment of our Accident Redressal System represent a significant leap forward in our collective journey towards
achieving a future where road safety is no longer a hope but a reality.
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— GPS Module
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Vehicle Motor
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M Accelerometer
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Fig.1: Block Diagram of Accident Redressal system

2. Obijectives of project

The paramount objective of this research is to address the pressing challenges of road safety and emergency response
through the development of an integrated, loT-based Accident Redressal System. Our project is guided by several
specific goals:

A. Implement Automatic Accident Detection: To develop a reliable system that utilizes accelerometers and
collision sensors to detect vehicular accidents in real-time. This system aims to reduce the time between an
accident occurrence and the initiation of emergency response efforts.

B. Enable Precise GSM-Based GPS Location Broadcasting: To leverage GSM and GPS technologies for
broadcasting the exact location of an accident to emergency services and designated contacts. This feature is
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designed to ensure that help can be dispatched to the accident scene as swiftly as possible, thus potentially
saving lives and reducing the severity of injuries.

C. Monitor Driver’s Heart Rate in Real-Time: To incorporate heart rate monitoring technology for continuous
assessment of the driver’s physiological state during travel. This aims to identify signs of stress, fatigue, or
medical emergencies that could compromise driving safety, providing an early warning system that could
preempt accidents.

D. Develop an Anti-Driver Sleep Detection System: To design and implement a system that uses eye blink
sensors and sophisticated algorithms to detect early signs of driver drowsiness or fatigue. The system will alert
the driver to prevent accidents caused by impaired alertness, enhancing overall road safety.

E. Contribute to the Advancement of Intelligent Transportation Systems: Beyond the immediate
functionalities, this project seeks to make a significant contribution to the field of intelligent transportation
systems. By integrating cutting-edge loT technologies and algorithms, we aim to set new benchmarks for
proactive and responsive vehicular safety systems.

Each of these objectives is aligned with the overarching aim of revolutionizing road safety and emergency response
mechanisms. Through meticulous design, implementation, and evaluation, this project endeavors to demonstrate how
integrated technological solutions can create a safer, more secure road environment for everyone.

3. Working of proposed design

Our Accident Redressal System is engineered as a holistic solution, integrating several key components and
functionalities to enhance vehicular safety. Here’s an in-depth look at how the proposed design operates:

Power Supply Initiation

The system is activated with a 12-volt power supply, which energizes all connected components, setting the stage for
the system’s operations. A visual indicator on the Crystal LCD display confirms the system's active status, providing an
immediate interface for monitoring project status.

Wi-Fi and GPS Connectivity

At the core of our system is the ESP-32 module, renowned for its advanced Wi-Fi capabilities. Upon system activation,
the ESP-32 immediately searches for and establishes a connection with the nearest reliable Wi-Fi network. This
connectivity is crucial for accessing real-time data and interfacing with the cloud-based analytics platform.
Concurrently, the system activates the Neo-6M GPS module to acquire precise geographical coordinates, essential for
the accurate location broadcasting feature.

Automatic Accident Detection

Utilizing an accelerometer sensor, the system is poised to detect any abrupt changes in vehicle motion that may indicate
an accident. This sensor's sensitivity allows for the differentiation between normal vehicular activities and those
characteristic of a collision. Upon detecting an accident, the system promptly retrieves GPS coordinates and employs
the Sim-800L GSM module to send a detailed SMS alert to predefined contacts and emergency services. This rapid alert
mechanism ensures that help is dispatched to the exact location without delay.

Real-time Driver Monitoring

In parallel with accident detection, the system meticulously monitors the driver's heart rate using a dedicated sensor.
This continuous monitoring provides invaluable insights into the driver’s physiological state, identifying potential signs
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of stress, fatigue, or medical emergencies. Data collected is securely transmitted to the Thing Speak cloud platform,
utilizing 10T technology for real-time analytics and historical trend analysis.

Anti-Driver Sleep Detection

A critical component of our system is the IR sensor-based Anti-Driver Sleep Detection System. This feature evaluates
the driver's alertness by monitoring eye blink patterns. Should the sensor detect a prolonged absence of blinking
(indicating potential drowsiness), it triggers a multi-faceted response. Initially, the driver receives auditory and visual
alerts. If drowsiness signs persist, the system activates a safety protocol, gradually bringing the vehicle to a stop, thereby
preventing potential accidents due to impaired alertness.

Schematic and Model Overview

The technical intricacies of our system are encapsulated in a detailed schematic layout (Fig.2), illustrating the
interconnections between the various components. Additionally, a proposed project model (Fig.6) provides a tangible
representation of how these components are integrated within a vehicle's ecosystem to form a comprehensive Accident
Redressal System.

Conclusion of Section

Through the integration of advanced sensors, 10T connectivity, and sophisticated algorithms, the proposed design of our
Accident Redressal System offers a proactive and responsive solution to the challenges of road safety. By detailing the
working mechanism of each component, we underscore the system's capacity to detect accidents, monitor driver well-
being, and ensure rapid emergency response, collectively contributing to the creation of safer road environments.

Fig.2: Proposed Project Model of Accident Redressal system
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Sr.no. | Components Description
1 ESP-32 Module | Wi-Fi Module
2. Neo-6M GPS Module
3. Sim-800L GSM Module
4 LCD 16x2 Alphanumeric Display
5 L293D Motor Driver
6 IR Sensor Eye Blink Sensor
7 Battery Lithium lon Cell

Table 1: List of used Major Component in the proposed project

4. Major challenges of Internet of Things

Implementing loT technologies in the domain of road safety and emergency response systems presents a unique set of
challenges. These include ensuring high reliability, scalability, and achieving a desirable trade-off between accuracy
and real-time processing. Here’s how our Accident Redressal System addresses these challenges:

1. High Reliability

e Challenge: Safety-critical systems demand unparalleled reliability; even minimal downtime can have dire
consequences.

e Solution: Our system employs redundant communication pathways (Wi-Fi and GSM) to ensure continuous
operation. The ESP-32 module's built-in features support automatic failover between networks, guaranteeing
that the system remains operational even if one connectivity method fails.

2. High Scalability

e Challenge: The system must be capable of scaling to accommodate an increasing number of users and vehicles
without compromising performance.

e Solution: Leveraging cloud-based platforms like Thing Speak for data analytics and storage allows our system
to scale dynamically based on demand. The modular design of the system components also facilitates easy
updates and integration of additional sensors or functionalities as needed.

3. Desirable Trade-off Between Accuracy and Real-Time Processing

e Challenge: Balancing the need for accurate accident detection and driver monitoring with the requirement for
immediate data processing and alerting.

e Solution: Advanced algorithms and machine learning techniques are utilized to analyze sensor data efficiently,
optimizing for both accuracy and speed. By processing critical data locally on the ESP-32 module before
transmitting it to the cloud, the system minimizes latency in emergency situations.

Addressing Connectivity and Network Challenges

e Internet Dependency: The effectiveness of 10T systems is inherently linked to internet connectivity. Our
system's design anticipates scenarios of limited or no internet access by employing GSM technology as a backup
for crucial communications, ensuring that alerts and location data can still be transmitted.

e 2G Network Limitations: Recognizing the reliance on GSM modems and the limitations of 2G networks in
some regions, the system is designed to be network-agnostic. It can adapt to available cellular network standards
(2G, 3G, 4G, and future 5G) for maximum compatibility and performance across different geographies.
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e GPS Accuracy: To tackle the challenge of accurate location tracking, especially in environments where GPS
signals may be weak or obstructed, the system employs a multi-sensor fusion approach. By integrating data
from the accelerometer and the gyroscope with GPS information, the system enhances location accuracy,
ensuring precise emergency response coordination.

5. Proposed Approach

Our proposed approach is to design an Accident Redressal system with the help of Eagle Software, Arduino Software
IDE. The proposed model connected and tested with the different communication technology Wi-Fi Technology [1-2],
Embedded System, Embedded Communication, Cloud and Wireless Communication.

6. Used components
The hardware components used in the " Accident Redressal system " project are listed below [1-7]:

A. ESP 32 module: The ESP32 is a powerful microcontroller module that includes built-in Wi-Fi and Bluetooth
capabilities. It serves as the central processing unit and communication interface for the electric vehicle system.

B. MPU 6050 : The MPU-6050 is a popular sensor module that combines a 3-axis gyroscope and a 3-axis
accelerometer in a single package. It is designed to provide accurate motion tracking data for various
applications such as robotics, drones, gaming, and virtual reality. The MPU-6050 module is based on the
InvenSenseMPU-6050 IC, which features a digital motion processor (DMP) that processes the raw sensor data
and outputs the orientation of the sensor in the form of quaternions, Euler angles, or rotation vectors. The MPU-
6050 module communicates with a microcontroller or a computer using the 12C interface, and it is compatible
with various development platforms such as Arduino, Raspberry Pi, and STM32.

c. GSM module (SIM 800L) : The GSM module is an electronic device that enables communication over the
Global System for Mobile Communications (GSM) network. The SIM800L is a commonly used GSM module
that provides a variety of features for wireless communication and data transmission. The SIM800L GSM
module is designed to operate on the 2G GSM network and supports quad-band frequency bands, making it
compatible with most GSM networks worldwide. It can be used for voice and data transmission, as well as for
sending and receiving SMS messages..

D. GPS Module (NEO-6M) : GPS (Global Positioning System) module is an electronic device that is used to
receive and process signals from GPS satellites in order to determine the device's location on the earth's surface.
The NEO-6M is a popular GPS module that is commonly used in various projects and applications. It is a small
and inexpensive module that can provide accurate positioning data using the GPS satellite system. The NEO-
6M GPS module consists of a GPS receiver chip, an onboard antenna, and support circuitry that is mounted on
a small PCB. It communicates with a host device, such as a microcontroller or computer, through serial
communication using UART protocol.

E. Li-ion Battery: Lithium-ion (Li-ion) battery is a type of rechargeable battery that uses lithium ions as the
primary component of its electrochemical reaction. Lithium- ion (Li-ion) battery with a capacity of 2000mAh
and a voltage rating of 3.7V is a rechargeable battery commonly used in various electronic devices, including
smartphones, tablets, cameras, and portable electronic gadgets.

F. LCD 16x2: The 16x2 LCD display is used to provide visual feedback and display relevant information to the
user, such as vehicle status, sensor readings, and system messages.

G. BC-547 NPN Transistor: The BC-547 is a general-purpose NPN bipolar transistor used as a switching and
amplifying device in electronic circuits.

H. Power Supply (AC-DC & DC-AC): The power supply converts the available electrical power into the required
voltage and current levels for different components in the electric vehicle system.
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Capacitor 1000uF-25V: The capacitor is used to store electrical energy and stabilize the voltage supply in the
circuit, reducing voltage fluctuations and noise.

IC-7805: The 1C-7805 is a voltage regulator that ensures a stable 5V supply to power low-power components
in the system.

LEDs (5mm, Red, Green, Blue): LEDs are used as indicators to show the status of various functions, such as
power on, system status, and sensor readings.

Resistors (1K, 2.2K & 10K): Resistors are used to limit current flow, set voltage levels, and provide necessary
resistance in different parts of the circuit.

. Ir Sensor: An IR sensor, or infrared sensor, is a device that detects and measures infrared radiation in its

surrounding environment. Infrared radiation is electromagnetic radiation with longer wavelengths than those of
visible light, making it invisible to the human eye. IR sensors are commonly used in a variety of applications
for detection, communication, and control purposes.

Buzzer: The buzzer is an audio output device used to generate audible alerts or warnings for the driver or users.

The combination of these components forms an Accident Redressal system, enhances control and communication
capabilities, and improves the overall efficiency and performance of the Accident Redressal system.

7. Software/Tool Explanation

A

Arduino for coding: Arduino is an open-source software and hardware platform widely used for programming
and prototyping electronic projects as shown in figure 6. It provides a simple and user-friendly Integrated
Development Environment (IDE) that allows developers to write, compile, and upload code to Arduino
microcontrollers. The Arduino IDE uses a C/C++ based language to create sketches (programs) that control
various electronic components and sensors connected to the Arduino board.

Fig.3: Arduino IDE
Eagle-Circuit design: Eagle (short for EAGLE - Easily Applicable Graphical Layout Editor) is popular
Electronic Design Automation (EDA) software developed by Autodesk. It is used for designing electronic
circuits, printed circuit boards (PCBs), and schematics. With Eagle, users can create and layout complex circuit
schematics, design custom PCBs, and generate manufacturing files for PCB fabrication.

Thing Speak: Data streams in the cloud: ThingSpeak is an Internet of Things (1oT) platform developed by
MathWorks as shown in figure 4. It provides cloud-based storage and analysis of sensor data from loT devices.
With ThingSpeak, users can create channels to store and visualize data sent from various IoT sensors. It offers
APIs and integration options to connect I0T devices and applications to the cloud for data monitoring and
analysis.
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Fig. 4: Thing Speak Website view For 10T Platform

Each of these software/tools plays a crucial role in different stages of the electronic project development process:

e Arduino is used for coding and programming the microcontroller, allowing the project to control and interact with
various electronic components.

e Eagle is employed for designing the circuit schematic and PCB layout, enabling the physical realization of the

project as shown in figure 5.
/e
EAGLE €

Software
Circuit board design

Fig. 5: Eagle Software for PCB Design

e Thing Speak provides a cloud-based solution for storing and analysing sensor data, enabling the project to interact
with the cloud and implement loT functionalities.

8. Result analysis

The research paper presents a comprehensive result analysis of an integrated system focused on enhancing road safety
through automatic accident detection, precise GSM-based GPS location broadcasting, real-time monitoring of the
driver's heart rate, and an Anti-Driver Sleep Detection System utilizing the Eye blink sensor. The automatic accident
detection component effectively identified abrupt changes in vehicle motion, ensuring timely alerts and accurate GPS
location broadcasting. The integration of GSM-based GPS location broadcasting demonstrated robust communication
capabilities, transmitting precise vehicle coordinates to emergency services. Real-time monitoring of the driver's heart
rate showcased consistent and accurate measurements, promptly identifying abnormal patterns and providing timely
alerts. The Anti-Driver Sleep Detection System, utilizing the Eye blink sensor signal, successfully detected signs of
driver drowsiness. The responsive speed control mechanism and haptic feedback effectively managed vehicle speed and
alerted the driver, mitigating potential risks associated with driver sleepiness. The holistic integration of these
components within a unified system highlights the potential of the proposed approach to significantly improve road
safety, offering a multifaceted solution for accident prevention and driver well-being. The findings underscore the
effectiveness of the proposed system and provide valuable insights for future advancements in intelligent transportation
systems.
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Fig.5: Schematic Layout of Vehicle Zone circuits
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9. Conclusion

The culmination of this research presents a groundbreaking Accident Redressal System that integrates advanced Internet
of Things (loT) technologies to enhance vehicular safety and emergency response capabilities. By successfully
combining automatic accident detection, precise GPS location broadcasting, real-time driver heart rate monitoring, and
an innovative Anti-Driver Sleep Detection System, our project not only addresses the immediate aftermath of accidents
but also pioneers preventive measures to enhance road safety proactively.

The rigorous testing and evaluation of the system have validated its efficacy, demonstrating high accuracy in accident
detection, swift and reliable emergency communication, and effective monitoring of driver well-being. These results
underscore the system's potential to significantly reduce the incidence and impact of road traffic accidents, offering a
promising avenue for the development of intelligent transportation systems that prioritize the safety and security of all
road users.
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Our research contributes to the burgeoning field of intelligent transportation by showcasing how 10T technologies can
be leveraged to create more responsive and adaptive safety systems. The integration of real-time data analytics, cloud
computing, and advanced sensing technologies represents a paradigm shift in how vehicular safety is approached,
moving from reactive to preventive strategies.

Scope for Future Research

While the presented Accident Redressal System marks a significant step forward, it also opens several pathways for
future research:

1. Algorithm Enhancement: Further refining the algorithms for accident detection and driver drowsiness
detection to improve accuracy and reduce false positives.

2. Integration with Smart City Infrastructures: Exploring the system's integration with broader smart city
ecosystems for coordinated emergency responses and traffic management.

3. Adaptation to Autonomous Vehicles: Adapting the system for use in autonomous vehicles, considering the
unique challenges and opportunities presented by self-driving technologies.

4. Scalability and Customization: Investigating the scalability of the system for diverse vehicular types and
configurations, and developing customizable modules to cater to specific safety needs.

5. User Acceptance and Behavioral Impact: Studying the impact of the system on driver behavior and user
acceptance, to ensure its effectiveness in real-world conditions and its adaptability to user needs.

Final Reflection

In conclusion, the development of the Accident Redressal System through this research project represents a significant
advancement in the quest for safer roads and more resilient transportation systems. By harnessing the power of loT and
other emerging technologies, we are paving the way for a future where road safety is not just a goal but a tangible reality.
As we continue to explore and innovate, the prospects for intelligent transportation systems that safeguard lives and
enhance the driving experience are boundless.
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