Real-Time Accident Crash Detection
using Machine Learning: A Survey

Subhash A. Nalawade, Shivam Kurhade, Sumakshi Khajuria,
Preeti Landekar, Ishwar Barhate

Dr. D. Y. Patil Institute of Technology, Pimpri, Pune - 411018, India

Corresponding author: Shivam Kurhade, Email: shivamnkit@gmail.com

This survey article explores the development of crash detection systems and high-
lights the traditional dependence on antiquated technologies like GPS, GPRS, and
Internet of Things hardware. These outdated systems have long struggled with
inefficiencies, such as slow reaction times and a tendency to set off false alarms.
The paper suggests a paradigm shift in response to these flaws by integrating con-
temporary deep learning-based object detection algorithms. These state-of-the-art
algorithms process real-time image and video data by utilizing the power of neu-
ral networks and machine learning. This novel method has the ability to greatly
enhance the accuracy of detecting the real-time accidents. The survey adopts a
comprehensive strategy, addressing the difficulties encountered, suggesting the
most recent developments in deep learning-based object detection, clarifying the
drawbacks of earlier systems, and providing a direction beforehand for future re-
search. This survey paper aims to close the existing gap between current crash
detection systems and a future marked by increased efficiency and dependability
on our roads by utilizing deep learning-based object detection algorithms. The pa-
per concludes by highlighting the tremendous potential that adopting cutting-edge
technology will improve the road safety.
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1 Introduction

As the transportation networks of today become more complex and ever-growing, maintaining road
safety continues to be a major challenge. Undoubtedly, the increase in traffic has made it easier for us
to move around, but it has also made protecting commuters' lives and well-being more difficult. Even
with constant efforts to reduce their impact, accidents still claim a high price in terms of lives lost,
property damage, and financial loss. Our research project titled, "Real-Time Accident Crash Detection
using Machine Learning," aims to redefine and improve road safety by utilizing cutting-edge
technologies in response to this pressing and complicated issue. Our primary goal is to create an
advanced system that can quickly and accurately identify accidents and issue alerts. We accomplish this
by fusing cutting-edge object detection techniques with sophisticated artificial intelligence models. We
are driven by the urgent need to address the significant human and financial cost imposed by traffic
accidents, a concern that is prevalent throughout the world. More than just a data-driven project, real-
time accident detection symbolizes our shared obligation to improve traffic safety and react quickly to
crises. Our primary goal is to create an advanced system that can quickly and accurately identify
accidents and issue alerts. We accomplish this by fusing cutting-edge object detection techniques with
sophisticated artificial intelligence models. We are driven by the urgent need to address the significant
human and financial cost imposed by traffic accidents, a concern that is prevalent throughout the
world. More than just a data-driven project, real-time accident detection symbolizes our shared
obligation to improve traffic safety and react quickly to crises.

While research and development has been focused on road safety and accident prevention, there is a
clear research gap in the area of integrating cutting-edge technologies into workable, real-time accident
detection systems. Conventional methods have relied on the examination of past data and occasionally
restricted hardware sensors, which might not offer the instantaneous response that contemporary
traffic situations require. By utilizing cutting- edge technology and AI models, this research project
seeks to close this gap by developing a system that can make precise, real-time predictions and
responses, greatly increasing road safety.

2 Literature Review

By utilizing vehicular communication technology, the previous paper [04] offers a revolutionary
strategy for raising the odds of survival for passengers in auto accidents. The process described in the
paper includes creating an architecture prototype known as e-NOTIFY. The purpose of this architecture
is to automatically detect, report, and help passengers in vehicular accidents. To improve post-collision
support, the system makes use of the capabilities of vehicle-to-vehicle and vehicle-to-infrastructure
communication.

The technique discussed can be divided into multiple key elements:

Detection: The paper is primarily concerned with automated accident detection. Vehicle sensors and
communication technology are used to identify and categorize collisions. This involves recognizing
collision occurrences and gauging their intensity.

Data Reporting: The system gathers pertinent data and notifies emergency services of an accident as
soon as it is identified. The location, severity, and number of passengers involved in the collision are all
included in this data.

Emergency Response: The significance of prompt emergency response is emphasized throughout the

text. It describes a method for effectively allocating the limited emergency resources, guaranteeing an
immediate reaction to the scene of the catastrophe.
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Communication Technologies: The application of vehicular communication technologies is a crucial
part of the methodology. Key component of the methodology is the use of vehicular communication
technologies, such as V2V and V2I. These technologies make it possible for cars and infrastructure to
exchange critical data, which helps with accident investigation and reaction.

Implementation of the Prototype: The e-NOTIFY prototype is presented by the authors as a workable
illustration of how this system may be put into practice. The purpose of the prototype is to show how
feasible the idea is.

Now, connecting this methodology to the above mentioned project, the two have, as their shared
objective enhancing post-accident aid via technology. They both understand how critical it is to use
smart systems and communication technology to lessen the severity and impact of accidents. But there
are a few significant variations: The study combines advanced deep learning algorithms for more
accurate object recognition with Haar Cascade for initial detection, with the ultimate goal of reducing
false alerts and improving overall road safety. The paper primarily focuses on automated accident
detection and post-collision assistance. While the study focuses on the different technologies for post-
collision support, the project takes a more comprehensive approach, incorporating many technologies
and approaches for thorough accident detection. Thus, in order to provide a more complete solution,
our project integrates several detection techniques and alert systems, going beyond the parameters of
the paper. A system called the Smart Accident Notification and Tracker (SANAT) is introduced in paper
[03]. This system was created to address the difficulties caused by traffic accidents, especially in rural
areas with limited access to emergency facilities. Real-time accident identification and reporting are
made possible by the methods described in the paper, which makes use of the Arduino Uno
microcontroller, GPS and GSM technologies stand for global system for mobile communication.

The following is a summary of the entire methodology:

Impact Sensing: To identify accidents as soon as an impact occurs, the system uses a shock sensor. The
sensor detects shock in the event of a collision or accident and starts the accident detection procedure.

GPS Localization: To pinpoint the exact location of the incident using geographic coordinates, SANAT
integrates a GPS module. For correct accident reporting and emergency response, these coordinates are
essential.

Threshold Comparison: The Arduino Uno microcontroller receives the signal from the shock sensor
and compares it to a preset threshold value. This phase ensures that alerts are only sent out in response
to significant outcomes.

Alert Message via GSM: The system uses a GSM modem to deliver an alarm message if the impact is
greater than the predetermined threshold. The first assistance center receives this notification
informing them of the accident and its location.

Google Maps Navigation: An alert containing a link to the accident location is received by the first
assistance center's receiver. The recipient can easily navigate to the accident site by directly viewing
this place on Google Maps and starting the navigation process.

The system's goal is to detect accidents quickly and accurately so that emergency services are notified of
their position right away. This will shorten response times and maybe save lives.

In terms of the distinction between the aforementioned work and this research, both endeavors aim to
improve post-accident support using technology and real-time communication. To identify incidents
and alert the appropriate authorities, they both make use of a variety of sensors and communication
systems. The study stresses accident detection and quick emergency response, mostly using GPS and
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GSM Technologies. This is where the main differences reside. On the other hand, our project combines
a variety of detection approaches, such as advanced artificial intelligence (AI) methodologies and Haar
Cascades, to offer a more thorough approach to accident detection. This approach extends beyond the
immediate response to encompass object recognition and the improvement of road safety. The project
includes a larger scope of accident detection and road safety enhancement through a variety of
technologies and approaches, including the use of computer vision, even though the paper focuses on
accident notification.

An innovative accident detection and rescue system is presented in paper [02]. This system mimics
human cognitive functions by utilizing artificial intelligence (AI) and the Internet of Things (IoT),
especially in the context of smart cities.

This is a brief summary of the methodology used in the paper:

IoT Collision Identification Kit: The central component of the system is an IoT kit made to detect
collisions and collect extensive accident-related data. This kit records and sends data to the cloud on a
number of parameters, such as pressure, gravitational force, vehicle speed, and accident location.

Integration of Deep Learning (DL): A deep learning model is used in the cloud to validate the data from
the IoT module and start the rescue module when an accident is detected. This DL and IoT integration
guarantees the system's accuracy in identifying accidents.

Proactive Alert System: Upon detection of an accident by the DL module, the system promptly notifies
the closest emergency services, including hospitals, police stations, and mechanics. This quick alert
system increases the likelihood that accident victims will receive assistance in a timely manner.

Enhanced Accuracy through Ensemble Transfer Learning: The paper presents an original technique
called collective transfer learning with dynamic weights in order to decrease negative detections and
improve the overall accuracy and reliability of the system.

This research is novel because it combines proactive emergency service alerting with the smooth
integration of deep learning and IoT. This methodology provides a useful instrument for enhancing
traffic safety in smart cities by expediting the allocation of resources for accident investigation and real-
time accident identification.

To set this study apart from the project mentioned earlier, the aim of both projects is to improve
accident detection and emergency response via technology. Still, the technological strategies used are
what really set them apart. Although this article emphasizes the use of IoT for large-scale data
collection and deep learning for accident recognition, the earlier project uses a variety of detection
techniques and technologies, including real-time video processing.

A novel method for enhancing traffic surveillance and accident detection is presented in paper [01].
The development regarding YOLOv7-3D, created especially for roadside surveillance scenarios, is the
main goal of the study. Below is a succinct overview of the main components of this methodology:

YOLOv7-3D Algorithm: The main focus of this study is the development of the YOLOv7-3D algorithm,
which is designed for roadside single-camera 3D object recognition. By utilizing the unique viewpoint
that roadside cameras offer, this algorithm makes it possible to perceive objects in traffic in stereo.
Through increased data collection and traffic analysis accuracy, this method improves urban traffic
safety.
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Crucial Elements of Algorithms:

Information Fusion: The methodology uses a variety of information types, such as projected corner key
points, offset vectors with respect to the center of 2D bounding boxes, and 2D bounding box data. The
3D object bounding box detection accuracy is increased by this combination of data.

Feature Pyramid Network (FPN): To improve feature saliency, especially for objects of different scales,
a 5-layer FPN structure is introduced in the paper. Improving the accuracy of traffic object detection is
facilitated by addressing scale variations.

Multi-Scale Spatial Attention Mechanism: To further increase feature saliency and boost the network's
ability to recognize objects of different sizes with accuracy, the algorithm incorporates a multi-scale
spatial attention mechanism.

Experimental Success: The YOLOv7-3D network's effectiveness is shown by the paper's experimental
results. It significantly improves detection accuracy and reduces computational complexity by 60%
when used with the Rope3D dataset. This emphasizes its potential, particularly from a roadside
perspective, for real-time traffic monitoring and accident identification.

3 Findings & Discussions

Research Gap in the Project paper [04], while both projects use technology to improve post-accident
support, their approaches to technology are different. Martinez et al.'s study places a strong emphasis
on vehicle-to-vehicle and vehicle-to-infrastructure communication because it facilitates prompt
accident detection and emergency action. The project, in contrast, focuses on cutting-edge Al
algorithms for accurate object recognition, lowering false alarms, and improving traffic safety. This
draws attention to a research void in the accident detection and response methodologies [04].

Research Gap Concerning the SANAT System of Accident Detection depending on the vehicle position
and vehicle theft tracking, reporting systems. The project and the paper both use technology to provide
post-accident support, but they use different sensor and communication systems. The SANAT system
swiftly detects accidents and alerts emergency services by using a GPS, a shock sensor, and Global
System for Mobile communication (GSM) technology. On the other hand, the project enhances road
safety by detecting accidents through the use of computer vision techniques and advanced AI
algorithms that recognize objects. This suggests that different approaches are taken to accident
detection and response.

The YOLOv7-3D Algorithm in Deep Learning-Based Real-Time Accident Detection for Traffic
Surveillance:

The aim of both the project and the paper is to increase traffic safety through technology, but their
approaches are very different. The YOLOv7-3D algorithm, created for single-camera 3D object
recognition from a roadside viewpoint, is introduced in this paper. This improves traffic scene data
collection and accuracy. On the other hand, the project uses cutting edge Al techniques for complete
accident detection, including object recognition, such as Faster R-CNN and Haar Cascades. The
different approaches point to a lack of research on accident detection and response techniques.

The AI-Powered IoT and Deep Learning-Based Accident Detection and Alert System for Smart Cities:

The goal of the project and the paper is to use technology to enhance accident detection and emergency
response. The projects' approaches to technology, however, vary. The study places a strong emphasis
on IoT for massive data collection, deep learning for accident recognition, and dynamic emergency
service alerting. On the other hand, the project combines a number of technologies and detection
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techniques, such as real-time video processing. This disparity points to a research vacuum in the areas
of technology application and accident detection and response.

Methodological Variations:

The pros and cons of the various approaches used in these projects can be discussed by readers. They
might consider which method is better for detecting accidents and responding to them in various
situations.

Impact and Integration of Technology:

The possible effects of incorporating cutting-edge technologies like deep learning, IoT, V2V, and V2I on
enhancing road safety may be the main topic of discussion. Readers may disagree on the wider
implications of these technologies as well as how they can be used in practice.

Inter-professional Cooperation:

It may become necessary for researchers, legislators, and technology companies to work together
across disciplinary boundaries in order to successfully execute these innovations and guarantee that
society benefits from them.

Security and Privacy of Data:

Readers who use such cutting-edge technology for accident reporting and detection may voice concerns
about data security and privacy. They might discuss the steps that must be taken to protect private
data.

Practical Utilization:

Readers and critics may wonder if the systems and technologies covered in the papers are applicable in
the real world. They might look for information on the difficulties and possible roadblocks to
implementation.

Regulation and Policy:

The topic of policies and regulations' role in encouraging the use of technology for accident detection
and response may come up for discussion. Readers might think about how authorities and
governments ought to respond to these developments in traffic safety.

To sum up, these conclusions and talks draw attention to the different ways and areas of research that
the papers and the project take, which encourages critical evaluation and thought about how
technology will play a role in improving road safety in the future. The successful and moral deployment
of cutting-edge systems for accident detection and response depends on these discussions and
questions.

4 Conclusion

To sum up, the studies and publications included in this extensive analysis emphasize how urgently we
need to improve post-accident response and road safety. Conventional approaches to accident
detection and response, which rely on IoT hardware, GPS, and GPRS, have proven to be inefficient,
leading to false alarms and delayed replies. The survey highlights the incorporation of deep learning-
based object detection algorithms as a modern way to close this gap. These state-of-the-art methods
use neural networks and machine learning to process real- time image and video data and potentially
provide more accurate real-time accident detection.

The publications that were surveyed show notable developments in this area. They provide novel
approaches to the crucial problem of accident detection and emergency response, utilizing deep
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learning, IoT, Al, and vehicular communication systems. Every paper advances our knowledge of the
opportunities and difficulties facing road safety.

The "Real-Time Accident Crash Detection using Machine Learning" project, which aims to redefine and
enhance road safety by combining advanced artificial intelligence models with state-of-the-art object
detection techniques, is in line with the spirit of these studies. It sets itself apart, though, by using an
all-encompassing method of accident detection that incorporates a number of technologies, such as
detecting objects and real-time video processing.

It is clear from the constantly changing field of traffic safety that technology will have a significant
impact on how things develop in the future. In order to decrease accidents, lessen their effects, and
eventually save lives, we as researchers and practitioners must keep investigating and utilizing the
potential of cutting-edge technologies. We can help create a transportation network that is safer and
more effective by filling in the gaps in the current approaches and expanding the possibilities for using
technology. Our continued dedication to advancing road safety via technology innovation is what
motivates us all to work together.
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