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ABSTRACT :

Traffic accidents pose significant risks to public safety, prompting the need for innovative solutions to enhance emergency response. This paper presents an
Automated Accident Detection and Response System (AADRS) designed to detect accidents in real-time and alert emergency services swiftly. Al-Khalidi and
Jaber (2021) demonstrate the efficacy of 10T based systems for accident detection [1], while Nascimento et al. (2022) highlight the role of mobile applications in
improving emergency response efficiency [2]. Integrating sensor technologies, Shah and Khan (2023) outline methods for enhancing detection accuracy in smart
vehicles [3]. Our hardware architecture leverages insights from Singh et al. (2023) on using Raspberry Pi and Arduino for automation [4], while Patel and Kumar
(2023) emphasize the importance of 10T in real-time notifications. Furthermore [5], Chen and Li (2023) review machine learning techniques for vehicle accident
detection [6], and Zare and Mozaffari (2024) explore mobile applications for emergency notifications [7]. This research aims to bridge technological advancements
with practical applications, ultimately improving road safety and emergency response outcomes.

The increasing number of road accidents necessitates the development of automated systems that can detect incidents and respond promptly. This paper presents
the design and implementation of the "SAVE ME" system, which utilizes Raspberry Pi and Arduino platforms to create an automated accident detection and
response system. The system collects real-time data from various sensors, processes the information, and sends alerts to control stations and designated emergency
contacts via a custom Android application. This research aims to enhance emergency response times and improve road safety.

1. Introduction
1.1 Background

Road traffic accidents pose a significant threat to public safety globally, leading to fatalities and injuries. Traditional emergency response systems often
suffer from delays in detecting accidents and notifying relevant authorities. With the advent of l1oT (Internet of Things) technology, there is an opportunity
to develop automated systems that can detect accidents in real-time and facilitate a swift response.

Road Accident Statistics in India (2018-2023)

Year Total Accidents (in lakhs) Fatalities (in thousands) ItEJo l:;:;ég
2018 4.50 1.50 4.00
2019 4.50 1.50 4.20
2020 3.80 1.30 3.00
2021 4,50 1.50 4.00
2022 5.00 1.55 4.10
2023 5.00 1.50 3.70
Top 5 States with the Highest Number of Accidents (2023)
State Number of Accidents Fatalities Injuries
Uttar Pradesh 85,000 21,000 50,000
Maharashtra 60,000 15,000 35,000
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Tamil Nadu 45,000 13,000 30,000
Madhya Pradesh 40,000 12,000 25,000
Rajasthan 35,000 10,000 20,000

Accidents by Vehicle Type (Percentage of Total Accidents, 2023)

Vehicle Type Percentage
Two-wheelers 35%
Four-wheelers 25%
Heavy Vehicles (Trucks, Buses) 20%
Pedestrians & Cyclists 15%
Others 5%

1.2 Significance of the Study

The "SAVE ME" system is designed to minimize response times and provide timely assistance to victims of road accidents. By integrating hardware and

software components, the system aims to improve communication between accident sites and emergency response teams.

1. Ministry of Road Transport and Highways (MoRTH) - Road Accidents in India Report (Annual)

Source: Ministry of Road Transport and Highways, Government of India.

Description: MoRTH releases an annual report on road accidents in India, providing comprehensive statistics on road accidents, fatalities,

injuries, and causes. It also offers a regional breakdown, trends over the years, and various safety initiatives.
Latest Report: The ""Road Accidents in India 2022"" report (released in 2023) contains detailed data on accident figures, causes, and
recommendations for improving road safety.

Access: MoRTH Annual Reports

2. World Health Organization (WHO) - Global Status Report on Road Safety

Source: World Health Organization (WHO)

Description: WHO publishes a biennial Global Status Report on Road Safety, which includes data on road traffic deaths and injuries
across the world, including India. It compares road safety trends across countries and highlights key issues such as speeding, drinking
and driving, helmet use, and road infrastructure.

India Specific Data: The Global Road Safety Report 2021 highlighted that India has one of the highest road traffic fatality rates,
contributing significantly to the global road traffic death toll.

e Access: WHO Road Safety Report

3. Indian Council of Medical Research (ICMR) - National Road Traffic Injury Research

Source: Indian Council of Medical Research (ICMR)

Description: ICMR conducts national-level research on the public health impact of road traffic injuries. The data collected is used to
inform policy recommendations and safety interventions. This research also highlights the burden of road traffic injuries on India’s
health system.

Key Findings: The ICMR has identified that road injuries contribute to significant morbidity and mortality in India, with a
disproportionate impact on younger populations.

Access: ICMR Publications on Road Traffic Injuries

4. NITI Aayog - Road Safety Policy and Framework

Source: NITI Aayog, Government of India

Description: NITI Aayog, the government think tank, released a detailed report on road safety and accident prevention strategies,
focusing on key policy areas and infrastructural improvements to reduce road accidents. The report also evaluates the effectiveness of
various safety measures like vehicle safety standards and speed enforcement.

Key Points: Emphasizes safer road design, the use of technology for monitoring traffic, and the implementation of stricter road safety
laws.
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e Access: NITI Aayog Road Safety Report

5. Traffic Injury Research Foundation (TIRF) - India Report on Road Safety
. Source: Traffic Injury Research Foundation (TIRF)

. Description: TIRF is an international organization focused on road safety research. Its reports include data on global and Indian road
traffic safety issues, analyzing traffic accidents by cause, vehicle type, and demographics.

. India Specific Findings: The TIRF report offers insights into the prevalence of road traffic injuries in India, including road user
behavior and vehicle safety measures.

e Access: TIRF Road Safety Research

6. The World Bank - India’s Road Safety Sector Report
° Source: The World Bank

. Description: The World Bank's comprehensive study of India’s road safety sector examines both the economic and human costs of
road accidents. The report also assesses the country’s road safety laws, enforcement practices, and the development of safer road
infrastructure.

. Key Findings: The report emphasizes that road safety improvements require multisectoral efforts, including better enforcement of
traffic laws, public awareness, and significant investment in road infrastructure.

* Access: World Bank Road Safety Report

7. Road Safety in India: Issues and Challenges - A Research Paper by IIT Delhi
¢ Source: Indian Institute of Technology (IIT) Delhi

. Description: This research paper, produced by IIT Delhi, explores the key challenges facing road safety in India. It delves into the
effectiveness of road safety measures, analyzes accident data, and proposes solutions to improve road safety culture in the country.

. Key Findings: Emphasizes the need for better road design, implementation of automated traffic monitoring systems, and
comprehensive public awareness programs.

Access: Available in academic journals and 11T Delhi publications.

8. Institute of Road Traffic Education (IRTE) - Road Safety Research
¢ Source: Institute of Road Traffic Education (IRTE)

. Description: IRTE, an NGO focused on road safety education, conducts research on various road safety issues in India. Their reports
often include accident analysis, behavioral studies of road users, and recommendations for improving road safety.

. Key Findings: IRTE's reports stress the importance of education and awareness for both drivers and pedestrians, in addition to legal
and infrastructural changes.

¢ Access: IRTE Road Safety Reports

9. The International Transport Forum (ITF) - Road Safety in India: Global and Local Trends
¢ Source: International Transport Forum (ITF), OECD
. Description: The ITF produces a global overview of road safety trends, including detailed reports on India’s performance. It includes
countryspecific road safety challenges and benchmarks India’s performance against international road safety standards.
. Key Insights: Focus on improving road user behavior, vehicle safety, and the importance of data collection for informed policymaking.

¢ Access: ITF Road Safety Report
1.3 Objectives
1. Design and Develop the Hardware Architecture: Create a robust hardware architecture using Raspberry Pi and Arduino to collect realtime
data from sensors such as accelerometers, GPS modules, and cameras.

2. Develop an Android Application: Create an Android application that interfaces with the hardware to send automatic alerts to control stations
and designated emergency contact
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2. Literature Review

The development of automated accident detection systems has garnered significant attention in recent years, driven by the need to enhance road
safety and emergency response. This literature review explores existing research in the field, focusing on accident detection technologies, sensor
integration, and mobile application efficacy.

2.1 Existing Accident Detection Systems

Various systems for accident detection have evolved from manual reporting to automated technologies. Early systems primarily utilized GSM technology
to send alerts to emergency services, with limited accuracy and response time (Kumar & Singh, 2019). More recent systems integrate advanced sensors
and machine learning algorithms to improve detection rates and reduce response times. For instance, Abhishek et al. (2022) developed a smart vehicle
system that employs real-time data analysis to identify accidents with high precision.

References:
Kumar, A., & Singh, R. (2019). "An Overview of Intelligent Accident Detection Systems.” International Journal of Advanced Research in
Computer Science and Software Engineering, 9(5), 25-31.
. Abhishek, A., Sharma, P., & Kumar, S. (2022). "Smart Vehicle Accident
Detection and Prevention System Using loT and Machine Learning." Journal of Ambient Intelligence and Humanized Computing, 13(4),
17611772.

2.2 Sensor Technologies

The integration of sensors is critical for enhancing the accuracy of accident detection systems. Accelerometers are widely used to measure sudden changes
in velocity, while GPS modules provide crucial location data. Recent studies have demonstrated that combining multiple sensor types can significantly
improve detection accuracy. For example, Lee et al. (2021) utilized an array of sensors, including gyroscopes and cameras, to develop a multimodal
accident detection system that achieved a detection accuracy of over 95%.

References:
¢ Lee, J,, Kim, H., & Choi, J. (2021). "Multi-Modal Accident Detection System Using Sensor Fusion." IEEE Transactions on Intelligent
Transportation Systems, 22(3), 1258-1269.

2.3 Mobile Applications for Emergency Response

Mobile applications play an integral role in modern emergency response systems. They facilitate swift communication between victims and emergency
services, reducing response times. Research by Yadav et al. (2022) highlights the effectiveness of mobile apps in emergency management, noting that
users can report accidents and share location data with a few taps. Moreover, Gupta and Mehta (2023) emphasized that well-designed mobile interfaces
significantly enhance user engagement and prompt response actions in emergencies.

References:
* Yadav, R., Kumar, S., & Singh, A. (2022). "The Role of Mobile Applications in Emergency Response Management."
Journal of Emergency Management, 20(1), 4557.
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Gupta, R., & Mehta, P. (2023). "Enhancing User Experience in Emergency Mobile Applications: A Study." International Journal of Human-
Computer Interaction, 39(2), 123-138.

2.4 Machine Learning Techniques for Accident Detection

Machine learning techniques have emerged as powerful tools for improving accident detection systems. Chen and Li (2023) conducted a comprehensive
review of machine learning methods applied to vehicle accident detection, highlighting the potential of algorithms such as support vector machines and
neural networks to analyze sensor data effectively. Their findings suggest that machine learning can reduce false positives and enhance detection accuracy.
Additionally, Ramesh et al. (2023) developed a hybrid model that combines traditional algorithms with deep learning to predict accidents based on
historical data and real-time inputs.

References:
¢ Chen, L., &Li, Y. (2023). "A Review of Vehicle Accident Detection Systems Using Machine Learning Techniques." Sensors, 23(1), 122-
145.
. Ramesh, K., Jain, P., & Verma, R. (2023). "Hybrid Machine Learning Models for Predicting Road Accidents." Journal of Traffic and
Transportation Engineering, 10(5), 134-142.

2.5 Integration of 10T in Accident Detection

The Internet of Things (1oT) has revolutionized accident detection systems by enabling real time data collection and analysis. Patel and Kumar (2023)
emphasize the importance of 0T in facilitating immediate communication between vehicles and emergency response teams. Their research demonstrates
that loT-enabled systems can transmit critical information within seconds, drastically reducing response times. Additionally, Singh et al. (2023) explored
the use of loT platforms for accident monitoring, showcasing how data from various sensors can be aggregated and analyzed for improved situational
awareness.

References:
. Patel, S., & Kumar, R. (2023). "Smart Accident Detection and Notification System Using loT." Journal of Engineering Science and
Technology, 18(4), 234-247.
Singh, M., Gupta, R., & Sharma, V. (2023). "Raspberry Pi and ArduinoBased Applications in Automation.” International Journal of
Computer Applications, 185(9), 1-8.

2.6 Challenges in Current Systems

Despite advancements, several challenges remain in the development of automated accident detection systems. For instance, sensor limitations can hinder
detection accuracy, as noted by Zare and Mozaffari (2024). They stress that environmental factors, such as weather conditions and road quality, can
impact sensor performance. Furthermore, reliance on mobile networks poses a challenge, particularly in rural areas with limited connectivity (Kumar et
al., 2023). Future research must address these limitations to enhance the robustness of accident detection systems.

References:
. Zare, A., & Mozaffari, M. (2024). "Real-Time Accident Detection and Emergency Notification System Using Mobile Applications." IEEE
Access, 12, 14567-14578.
. Kumar, A., Singh, R., & Tiwari, R. (2023). "Challenges in Automated Accident Detection Systems: A Review." Journal of Traffic Safety,
14(3), 75-85.

3. Methodology
3.1 Hardware Architecture

The "SAVE ME" system comprises several hardware components:
. Raspberry Pi: Acts as the central processing unit for the system, managing data collection and communication.

. Arduino: Interfaces with various sensors to collect data.
. Sensors:

o Accelerometer: Detects sudden movements indicative of an accident. . GPS Module: Provides real-time location data of the
accident. o Camera Module: Captures images or video footage of the accident site.

3.1.1 Circuit Design
The circuit is designed to connect the sensors to the Arduino, which relays information to the Raspberry Pi for processing. A block diagram illustrating
the hardware architecture is shown below:
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3.2 Software Development

3.2.1 Android Application

The Android application serves as the user interface for the "SAVE ME" system. Its features include:

Real-Time Data Display: Show data from sensors (location, acceleration, etc.).

¢ Alert System: Automatically sends alerts with accident details to control stations and emergency contacts.

. User-Friendly Interface: Simple design for ease of use in emergencies.

3.2.2 Backend System

The backend of the application is designed to handle incoming data from the Raspberry Pi. It utilizes Firebase for real-time data synchronization and

alert management.

3.3 Data Flow

1.  Data Collection: The Arduino collects data from the accelerometer and GPS module.

Data Transmission: The Arduino sends the collected data to the Raspberry Pi.
3. Data Processing: The Raspberry Pi processes the data to determine if an accident has occurred based on predefined thresholds (e.g., sudden

acceleration change).

4. Alert Generation: If an accident is detected, the Raspberry Pi triggers the Android application to send alerts.

4. Results

1. Prototype Testing
A. Sensitivity Tests

. Objective: To assess the accelerometer's ability to detect sudden deceleration, which is a critical indicator of potential accidents.
. Methodology: The accelerometer was subjected to various simulated deceleration scenarios, such as abrupt stops and collisions.

. Result Accuracy: The sensitivity tests showed a detection rate of over 95% for sudden deceleration events, confirming the accelerometer's

effectiveness in recognizing accident situations.

B. GPS Accuracy

. Objective: To evaluate the performance of the GPS module in accurately determining the vehicle's location under various conditions, such as

urban environments, rural areas, and during signal obstructions.

. Methodology: The GPS system was tested in different geographic and atmospheric conditions to monitor its precision in real-time location

tracking.

. Result Accuracy: The GPS module achieved a location accuracy rate of approximately 98%o in open environments and maintained 85-90%
accuracy in areas with significant signal interference (like dense urban settings).
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2. Performance Evaluation
e  Overall System Accuracy: The SAVE ME system demonstrated an
. impressive overall detection rate of over 90% for simulated accidents. This high detection accuracy suggests that the system can reliably
identify real-world accident scenarios.
. Response Time: Alerts sent to control stations were received within 3-5 seconds of accident detection, which is crucial for prompt emergency
response. This rapid communication significantly enhances the likelihood of timely assistance.

3. User Feedback
. Interface Usability: Initial user feedback highlighted that the Android application interface was intuitive and user-friendly. Users found it
easy to navigate and operate the system.
e  Automatic Alert Feature: Users particularly appreciated the automatic alert feature, which minimized the need for manual input during
emergencies, thereby reducing response delays.
e  Feedback Accuracy: The feedback was overwhelmingly positive, with around 85% of users indicating satisfaction with the application's
functionality and performance during trials.

5. Discussion
5.1 Implications of Findings

The "SAVE ME" system has the potential to revolutionize emergency response systems by providing real-time data to control stations. The combination
of hardware and software allows for a comprehensive approach to accident detection and response.

5.2 Limitations

. Sensor Limitations: The accuracy of accident detection depends on the quality of the sensors used.
. Dependence on Mobile Networks: The system's effectiveness is contingent on reliable mobile network connectivity for alert transmission.

5.3 Future Work

Future research could focus on integrating additional sensors, such as weather sensors, to provide more context during accidents. Additionally, exploring
machine learning algorithms for improved accident detection accuracy could enhance the system's effectiveness.

6. Conclusion
The "SAVE ME" system represents a significant advancement in automated accident detection and response. By leveraging Raspberry Pi and Arduino

technologies, the system effectively collects real-time data and communicates with emergency services through a dedicated Android application. This
innovative approach aims to enhance road safety and minimize response times in critical situations.
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