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ARTICLE INFO ABSTRACT

Received: 09 Dec 2024 Vehicle accidents rank as the most prominent causes of injury and fatality across the globe. Early

detection and response can minimize the losses that may otherwise ensue and enhance safety

along roads. The last few years have seen exciting progress in computer vision and machine

Accepted: 10 Feb 2025 learning, opening new avenues to attack this major problem. It is in this context that this abstract
discusses video-based vehicle accident detection with key techniques, challenges, and future
directions. The chief objective of video-based vehicle accidents detection is the automatic
identification and classification of accidents from video footage of surveillance cameras,
dashcams and other sources. Due to computer vision algorithms and machine learning models,
it can conduct real-time and even post-event analysis so that accidents can be detected to allow
proper emergency response and help in accident investigation. It explores various methods to
identify vehicle accidents, namely Object detection, motion analysis and the deep learning
techniques. Object Detection Algorithms, including YOLO V8 (You Only Look Once) and Faster
R-CNN (Region-based Convolutional Neural Networks), can enable the detection and
localization frames of video, including vehicles and other objects. These algorithms are very
much a critical part in accident detection by scrutinizing the dynamics and interactions between
Objects; hence, anomalies are identified, which become precursors to an accident.
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1. INTRODUCTION

The project aims to focus on the area that greatly needs attention by applying advances in technology. Real-time video
analysis, computer vision, and artificial intelligence are used to detect possible vehicle accidents early and enforce
preventive measures promptly. The system targets to identify accidents in real time, alert parties involved and
concerned individuals as quickly as possible, thereby minimizing the response time so that the accident caused can
be reduced in severity.Challenges include adaptation to different scenarios, high-quality training data, and privacy
issues with video data. With a varied dataset and fine-tuning of its algorithms, the project aims for high accuracy and
reliability in accident detection. Success for this project may see the number of fatalities decrease significantly, thus
bettering the management of traffic flow and bringing about a new era in accident prevention through use of state-
of-the-art technology.

This is a bright promise for the improvement of road safety by detecting vehicle accidents through video images. This
can be done by merging computer vision, machine learning, and deep learning approaches to the extraction of
accident information and quick response in order to minimize further damage to human life. Despite these

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License which
permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:nuthana525@gmail.com

396 J INFORM SYSTEMS ENG, 10(17s)

challenges, research and advancement in this field keep pushing the borders of what is considered possible with the
detection of accidents and offer hope for safer roads. Imagine a world where accidents on the road are appropriately
detected in time and responded to then, potentially saving lives or reducing the impacts of damage further. This can
be made a reality with the power of video analysis. We can revolutionize road safety by developing a robust vehicle
accident detection system.

It is an accident detection system designed to make use of high-end algorithms on live video feeds attained from
strategically placed cameras along the road. This system can detect various accidents along the road, such as
collisions, falls, and sudden stops. Once an accident occurs, the system will automatically send alerts to emergency
services concerning the location as well as the severity of the incident. This technology helps improve the response
time of emergency services so that they can arrive much more quickly, which will be lifesaving and reduce accident
impacts. Information gathered from this system may be used to analyse a pattern of accidents and enhance road
infrastructure to prevent such accidents from happening in the future.

The main objective is Accident detection in video analysis for that need to Develop system that would automatically
detect the incidence of a vehicle accident in real time based on video feeds captured by traffic cameras may help
reduce the response time of first responders at a crash site and increase the survival rate. Accident detection video
analysis systems first look for the presence of vehicles in the videos. Once they have found a vehicle, the system can
track its movements and try to detect any aberrant behavior such as breaking or swerving unexpectedly. Furthermore,
accident likelihood could be further driven by other factors such as the time of day or the state of the weather.

It may alert the relevant authorities if it detects an accident by the system. The alert may contain such information
as the location of an accident, types of vehicles involved and the severity of an accident. Possible benefits of the
proposed vehicle accident detection system based on Yolo V8: Response time from first Responders is lowered,
Survival chances of accident victims improve, Traffic congestion reduced, Insurance cost lowers, Public safety
improves

With advancements in technology, as well as widespread usage of high-resolution cameras, there are myriads of
potential areas of research. For instance, the integration of AT and machine learning algorithms in accident detection
may allow for greater accuracy and efficiency. Training an artificial model on large accident scenario datasets can
improve recognition and classification of different accidents. Integration of real-time communication with emergency
services and other vehicles in the vicinity may reduce response times even further and enable prompt assistance. It
is possible not only to detect accidents but also insights in accident reconstruction and prevention. Vast are the
possibilities in terms of further developing it for the future.

2. RELATED WORKS

In [1], the research works on the question of whether, without any effort of available cellphone sensors, such as
accelerometers and gyroscopes, maybe useful to discover injuries. Systems which already exist in the normal way
tend to pay attention to high-speed crashes, this paper explores the capacity to be able to determine a much greater
variety of injuries, that can both be high and low speed influence. By monitoring changes in a phone's movement and
orientation, the purported solution is expected to trigger alerts for emergencies. This approach would offer an
economical and perhaps magnificent solution for accident detection. It is no longer obstacle-free, though. Regular
moves might be misidentified as accidents (false positives), and cellphone batteries could deplete rapidly.

[2] look into the suitability of vehicular ad-hoc networks (VANETSs) for motor-to-motor fate negotiation and cloud
computing for real-time fate chaining. VANETS enables cars to communicate with one another and then spread the
word about accidents in real time. The cloud delivers the processing power required to dig up the root of this truth
and emergency response protocols. This technology can accomplish more timely responses and increased situational
awareness over traditional strategies that are mainly dependent on infrastructure-based communications. This also
entails the deployment of VANET infrastructure, which can be very expensive. Furthermore, the postponement in
VANET chat may also lead to delays in the transference of accident statistics to the cloud for analysis. CAPDATA data
is utilized for simulation and evaluation in this study.

A research paper [3] provides a wide summary on how the Internet of Things is applied in the detection of accidents
in vehicles. It shows, among other sensor applications, accelerometer, GPS, and gyroscopes in devising data where
sudden change may represent a crash. This paper further addresses the issue of
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These sensor systems complement cloud platforms used for real-time data analysis as well as emergency notification.
This can provide an all-encompassing, data-driven solution for accident detection by using the collective capabilities
of IoT sensors and processing in the cloud. This method poses challenges such as the implementation and
maintenance cost of vehicle sensor systems, energy consumption issues and lack of scalability as more automobiles
increase on roads.

This paper [4] focuses on development regarding a real-time accident detection system using IoT devices and sensor
in embedding the vehicles. It further augments the need for an immediate response in order to minimize the
consequences of accidents. The different impact detections are made through various sensors while sending and
analyzing data through cloud connections. The system, after sensing an accident, should trigger alarms in the car and
send alarm signals to designated rescuers. This approach can be regarded as saving lives through fast action.
However, in this area, false positives-the failure to detect accidents in a percentage that is significant-along with
bandwidth requirements for real-time data transfers, are a cause for concern.

The study [5] discusses deep learning algorithms for automatic accident detection in video material. Deep learning
models especially CNNs can be deployed to analyze video data to recognize patterns that hint at a mishap occurring
within that particular time frame-an accident, such as sudden movements, smoke, and even deformations in a
vehicle. This can be applied very broadly in traffic management systems when cameras already exist at the same
location. It might enhance accident detection accuracy substantially in most areas where traditional methods
presently lack infrastructural support. The major drawback is that high-resolution cameras require to capture
adequate details to make a proper accident detection. Acquiring and annotating video clips of major accidents for
training deep-learning models is a time-consuming and resource-intensive process.

The research paper [6] provides a protocol to hit upon and avoid collisions using sensors and algorithms
incorporated in personal motors. The sensors detect capacity collisions mainly on the basis of distance between
vehicles, and relative speed. After these facts are processed by an algorithm, moves are put in place to avoid collision.
This method gives possibility for totally avoiding injury but this can only be possible if deployment of sensors and
collision avoidance algorithms takes place in all cars. In such a massive scale, huge deployment can be one of the
main concerns regarding infrastructure and price issues. Moreover, information communication between collision
statistics of vehicles is costly on network bandwidth.

This paper [7] focuses on the use of sensors mounted on smart roads for accident detection. Sensors encompass
cameras, radar, and LiDAR that can be used to capture data about traffic flow and vehicle behavior. These machine
learning algorithms will subsequently analyze the sensor data with a view to detecting abrupt changes that indicate
an accident. Such an approach, therefore, has the potential of fully implementing accident detection all over the road
network. However, considerable cost drivers are implicated in the implementation, maintenance, and security of such
smart road infrastructure. Further, the data collected by the road sensors has to be properly secured in order to avoid
possible privacy violations.

This is a view [8] that suggests an imaginative and vision-based technique to identify rare visitor patterns
characteristic of visitor injuries. This includes techniques such as historical past subtraction, optical flow-following,
and trajectory examination. Background subtraction aids the detection of moving objects within a video. Optical flow
is then utilised to analysis the motion of the objects and detect any anomalies in speed and direction of movement.
Then, the trajectory analysis traces out the movements of devices over time and identifies abnormal behaviors by
erratic turns or unexpected stops. This method is pretty efficient but very sensitive to noise in the

Video files, that may include shadows or extreme weather. In fact, correct evaluation requires high resolution cameras
to record certain types of movements. The observer uses the visitor's data to improve and verify a vision-based
detection of abnormal trajectory model.

The research article [9] discusses the use of a hybrid IoT sensors and deep learning models for accident detection in
smart cities. IoT sensors could be deployed on the urban infrastructures to gather several key points about the traffic
environment: vehicle speed, traffic flow, and weather conditions. A deep learning model analyzes the data and points
towards some pattern that indicates an accident occurrence. This approach could allow the creation of a data-driven
accident detection system in an urban environment. The cost factor in deploying and maintaining the IoT sensor
network throughout the whole city might be significant. Furthermore, there are issues related to data protection
related to the collection and usage of traffic data, especially when processing personally identifiable information.
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In [10], deep learning is applied for the real-time detection of accidents in traffic surveillance video. It utilizes the
methodology of Paper 5 to extract features from video frames using Convolutional Neural Networks. Its classifier
separates the frames which represent normal flow from the frames that contain accidents. This would enable real-
time identification of accidents and prompt response systems to act accordingly. However, like paper No. 5, this also
necessitates high-resolution cameras to produce images of enough resolution to identify accidents with any
reasonable degree of certainty. Moreover, it still proves hard to collect and annotate large numbers of crash video
recordings in order to train deep-learning models.

The paper [11] summarizes the state-of-the-art approaches for real-time computer vision that can be applied for
traffic accident detection and classification, including accidents. It uses techniques such as background subtraction,
optical flow, and object detection. Similar to paper 8, the

Background Image subtraction removes detected moving objects. Optical flow studies their movement, and object
detection also helps to classify objects (vehicles, pedestrians, etc.). This approach allows not only the detection of
accidents but also the classification of event types. However, this system is sensitive to the noise in the video data and
requires high-resolution cameras to accurately detect and classify objects.

[12] study the use of CNNs for video analysis and vehicle accident detection. Like articles 5 and 10, this method
identifies accidents with deep learning's strong ability. Feature extraction by CNNs in video data will be useful to
distinguish normal traffic from emergency scenarios. This method provides the scope of identifying an accident
correctly. For that, it needs high-resolution cameras to take the details required. Like most of the deep learning,
training data gathering and annotation of CNN models might be challenging. The information from the vehicle crash
detection dataset is used by the developed and tested CNN-based crash detection system.

The current work investigates the possibility to use data recorded by vehicle black boxes for accident detection. A
black box generally stores information regarding speed, acceleration, braking, and steering angle of the vehicle. For
this purpose, the system is able to identify a sudden variation in these parameters so that it can detect accidents or
severe accidents, especially those that may lead to a recording by a black box. In this sense, it is very accessible to use
the data stored in such vehicles without an additional sensor.

A deep learning model is proposed to detect accidents from video footage in [14]. Similar to the previous deep learning
approaches (Articles #5, #10, and #12), this study uses deep learning capabilities for video data analysis and accident
detection. Although an option for the possibility of accurate accident detection is presented, it comes with all of the
usual drawbacks of requiring high-resolution cameras and extensive training data for a deep learning model. The
study makes use of a synthetic dataset for an accident emergency.

early warning system that relies on deep learning in its development and testing.

The research work in [15] introduces a new methodology that combines in-car equipment with CNNs for accident
detection and rescue alert systems. In-car devices capture video frames and CNN’s analyze the video data to identify
injuries. This method offers the possibility of accident detection in real time and reduces the emergency response
time drastically. This, however imposes the in-car gadgets on all cars that will be a massive duty. Additionally, the
data switch involved in the transmission of video records for analysis can strain network bandwidth.

[16] This paper discusses fog computing for real-time accident detection and analysis. The distributed processing
power of clouds is closer to data sources than traditional cloud computing methods-computing power located at
vehicles-data sources in this case. This would have the potential to reduce the delay in accident detection and
response, but the model complicates the system, requiring a cloud computing infrastructure.

The research in [17] provides a mobile smartphone application that utilizes smart sensors; that is, an accelerometer
and gyroscope, to detect injuries and forward notifications to emergency services. This solution brings forth an on-
hand and probably gigantic solution for accident detection using available smartphones among the users. However,
it comes with limitations that include false positives, or the false identification of common events such as accidents,
and the battery drain on consumer devices. In addition to that, the collection and usage of data from the sensors of
the phone have safety issues with the data.

The current paper [18] discusses the YOLO technique, which is a deep-gaining knowledge of item detection algorithm,
in order to encounter and classify fiber optic. However, like all other deep getting-to-know strategies, this necessitates
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high-resolution cameras to provide ample detail and poses challenges in the acquisition of high training data for the
YOLO version. The paper uses a fiber optic dataset in order to increase and test the YOLO approach in detecting and
classifying fiber optic incidents.

In [19] a much less superior model of the YOLOv5 deep gaining knowledge of the set of rules is proposed to useful
resource in visitor's twist of fate detection on highways through video. Although it aims to lessen computational
complexity, it nonetheless uses deep knowledge to hit upon accidents in video pictures. The approach involves the
use of high-resolution cameras and large training data sets for the YOLOv5 model, as illustrated in papers 5, 10 and
12.

The approach is similar to previous procedures. The study uses a video-based traffic accident detection dataset to
fine-tune and test an even less cutting-edge YOLOv5 method.

This paper [20] utilized YOLO v8 one of the newer versions in deep learning, to distinguish protective helmets by
images. This might become a promising epoch for occupational safety monitoring in a wide range of industries.
However, similar to other deep learning techniques, it has its pros and cons. The device requires high resolution
cameras that can take enough features to detect correctly. It also like most deep learning models, requires large
training data sets. This may be a labor-intensive and expensive process, especially for customized packages that
contain difficult detection. However, under those challenging conditions, this study can prove that deep-learning
object detection algorithms are constantly being improved, along with possible packages in workplace security
monitoring.

3. PROPOSED METHODOLOGY
In our proposed method, it consists of multiple stages:
Stage 1: Video Data Collection and Preprocessing:

Collect a wide variety of real-world scenes of driving along with accidents, Uniform preprocessing of video data in
that format, resolution, and quality are same then Frame-level annotations of the objects of interest, like vehicles,
pedestrians and road elements Object Detection using Yolo V8. Implementing YOLO (You Only Look Once) v8 to be
up-to-date with the state-of-the-art object detection model. Timeliness in accident detection is greatly dependent on
the real-time accuracy and efficiency with which YOLO can detect objects. The Yolo V8 model is trained to fine-tune
it into our annotated dataset so that it meets the specific requirements of accident-related object detection.

Stage 2: Object Detection using Yolo V8

Yolo V8 is used, the actual benefits derived from YOLO V8 are the adjustment that creates a system for advanced
accuracy and speed. The concrete architecture of the YOLO V8 model employs a deep convolutional neural network
where features are detected through one single forward skip pass across the objects in the images. The New Release
from YOLO, this new version takes advantage of the success achieved by its predecessor variations of YOLO by
incorporating improvements in extracting feature and identifying objects' locations.

Major features: YOLO V8 uses a deep CNN, Darknet or ResNet, for efficiently extracting features from input images
to accomplish the task. These functions themselves are very important in the relatively accurate hobby objects
detection.

Multi-scale detection: Unlike previous variants, YOLO V8 uses multi-scale where devices of varying sizes can be
detected in an image. This enables a picture to detect both big and small objects in various regions.

Anchor boxes: YOLO V8 uses anchor containers, which are predefined boxes that have different parts, to improve
localization accuracy. Such test boxes aid because it should predict the sizes and natures of the features detected.

Feature Pyramid Network (FPN): YOLO V8 has an inherent characteristic pyramid network, so the model can
recognize functions at certain scales. It is a multi-layered structure which allows feature fusion along a tremendous
range of resolutions, thereby allowing for complicated visualization in multiple contexts.

Practical post-processing: YOLO V8 simplifies the steps of monitoring along with non-maximum suppression (NMS)
to effectively toss out beside-the-point detections and retain only the easiest the most credible predictions These
upgrades help real-time operations without compromising accuracy.
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Yolo V8 is considered one of the advanced object detection algorithms that can be used for detecting live vehicles.
The input video is preprocessed for better efficiency in the performance of Yolo V8. These are frame resizing, colour
normalization, and noise reduction. The video frames preprocessed by Yolo V8-based detect vehicles. The Yolo V8
model delivers bounding boxes along with confidence scores for every vehicle detected. In the event of an accident
being witnessed, the system alerts the appropriate authorities to make quick responses. Our method here is a set of
heuristics to detect accidents, making it robust to different types of accidents.

Stage 3: Feature Engineering
- Relevant features are obtained from the detected objects, including size, speed, trajectory, and relative distances.

- Features form a base for the identification of potentially hazardous situations and help differentiate between normal
traffic patterns and accidents.

Stage 4:Anomaly Detection By Deep Learning

Develop an anomaly detection system based on deep learning model. Train the model on normal and accident-related
scenarios to determine between a normal scenario and critical scene. Techniques employed include clustering, outlier
detection, as well as time-series analysis for augmentation

Stage 5:Real-Time Analysis And Decision Making

Video stream processing pipeline that allows real-time analysis. Integrate the anomaly detection system and the Yolo
V8 model to report real-time scenarios of traffic. Generating instant alert/notifications to concerned stakeholders or
authorities if there is a possibility of an accident.

Stage 6: Data Visualization and Reporting

Simple and intuitive visualizations for presenting traffic patterns and potential accidents and system alerts.
Comprehensive reports with trends and locations of accidents, along with the underlying reasons, helpful for further
analysis and policy-making.

4. RESULTS:

This project is done by training massive datasets in accident scenarios so that the system becomes more sensitive to
recognizing and classifying various types of accidents. Response time can further be enhanced by real-time
communication with emergency services and nearby vehicles for immediate help.

model loss

— train
—— validation

'l

Fig 1: Model loss

This is an image of a graph labeled "model loss," which represents the loss values of a deep learning model during
training and validation over a number of epochs. The x-axis represents the epochs or training iterations, while the y-
axis represents the loss values, likely a measure of prediction error. Both red and blue correspond to decreases over
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time but reflect entirely different aspects. The first, the validation loss shown in red, is performance upon unseen
data and represents validation whereas the second in blue signifies the training loss that calculates how well it fits
through the training data. The training loss dips slightly faster than the validation loss; this is expected, but there
isn't much of a gap or a divergence between the two lines. It indicates minimal overfitting and generalizing to new
data points with this model. The steadiness of the drop on both the training and the validation loss curves gives quite
good convergence and progress toward training without any signs of overfitting.

5. CONCLUSION

In short, this project presents a very promising effort at making roads much safer. The advancing technology it
employs not only tries to prevent accidents before they happen but also attempts at minimizing the impact.With the
integration of high-level real-time video analysis, the project aims to set up an advanced system able to capture
possible accidents and make requests for interventions in time. The outcome of such a project can be extremely
multidimensional, encompassing safer road conditions, loss of life reduced, and enhanced mechanisms of control
over traffic.This could help in creating a road environment that is safer and more secure for everyone involved. In
this respect, as the project develops, it will represent the bringing together of technological innovation with the
necessity to make public safety on our roads paramount.Technological innovations as well as the presence of high-
resolution cameras now offer plenty of interesting possibilities that might be tapped into and joined with the
initiatives. An avenue of improvement is through the incorporation of artificial intelligence and machine learning
algorithms that improve the accuracy and effectiveness with which accidents can be detected. It may be able to
empower the system to detect accidents not only but also provide valuable insights for accident reconstruction and
prevention. In summary, the future definitely presents great potential for advancing the capability of vehicle accident
detection through video analysis, and our roads will become safer for us all.
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