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Abstract—Road accidents are one of the main reasons 

for fatalities and serious injuries. Early detection and 

response are critical in minimizing the damage and 

saving lives. In this paper, a CNN-based real-time 

accident identification and emergency notification 

system based on computer vision methods. The 

proposed system applies computer vision methods to 

analyze CCTV traffic video footage and employs a 

YOLO-based CNN model to identify accident events. 

The model is trained with accident-related data and can 

identify accidents instantly. When an accident occurs, 

the system instantly sends a notification and forwards 

location details to emergency responders. The system 

also provides a monitoring dashboard for visualization 

and management of accidents. The Experimental 

evaluation shows that the model achieves strong 

detection accuracy and helps reduce emergency 

response delays. The system can be integrated into 

smart city infrastructures for enhancing road safety 

and traffic monitoring.  

 

Index Terms—Traffic Accident Detection, Deep 

Learning Methods, CNN, YOLO, Vision-based analysis, 

Emergency Response System, Smart Transportation. 

 

I. INTRODUCTION 

 

Traffic accidents are a significant global public safety 

concern, resulting in numerous fatalities, injuries, and 

financial losses every year. As per various global 

transportation surveys conducted recently, it is 

observed that millions of accident reports are 

registered every year due to various causes like 

negligence of drivers, high density of vehicles, poor 

infrastructure, and lack of proper emergency response 

mechanisms [1]. One of the major issues related to 

accidents is the lack of immediate accident detection, 

which is critical for accident survival. 

Generally, various methods of accident detection rely 

on conventional techniques like sensor-based and 

smart phone-based accident detection. Although it 

provides better information related to accident 

occurrences, it is associated with various 

disadvantages like delays in reporting and lack of 

availability of devices in various areas [2]. In various 

cases, accident reporting is not immediate; instead, it 

is delayed for a few minutes, resulting in delays in 

providing proper medical attention to accident 

victims. 

With the fast advancement of technologies like 

Artificial Intelligence and Computer Vision, 

researchers are increasingly exploring automated 

accident detection systems. In modern days, various 

areas of cities are equipped with CCTV cameras and 

various traffic monitoring systems, which 

continuously capture videos of events happening on 

roads. Hence, accidents can now be detected 

automatically the use of deep learning techniques. 

Among all the different deep learning models, 

particularly CNN-based neural networks, are known 

to perform exceptionally well in image and video 

processing tasks. CNN-based models are known to 

perform efficiently in learning and identifying 

various complex patterns and objects like vehicles, 

pedestrians, and road elements in a given image or 

video. Moreover, recent advances in object 

recognition algorithms such as the YOLO algorithm 

(YOLO – You Only Look Once), enable quick and 

precise identification of several objects within a 

single video frame. Such characteristics of CNN-

based models make them highly suitable for building 

an automatic accident detection frame work. 

In this project, we are proposing a CNN-based 

Accident Identification and Emergency Alert System 

using computer vision methods to identify accident 

events in real-time from real-time video feeds from 

traffic monitoring cameras. Once an accident event is 
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detected, immediate alerts and notifications are sent 

to the emergency teams. 

 

The proposed approach is designed to minimize the 

emergency response duration of accidents, traffic 

monitoring systems, and increase safety on the road. 

This system, which is a combination of deep learning 

techniques and traffic surveillance, is expected to 

contribute to smart cities and accidents on the road. 

Such intelligent systems are capable of reducing 

accidents significantly. 

 

II. RELATED WORK 

 

Traffic accident detection has become an important 

research topic in intelligent transportation systems and 

computer vision fields. Due to the rapid growth in the 

growing number of vehicles on roads and the rise of 

traffic in cities, there is a growing requirement to 

develop automatic detection systems for accidents to 

help the response team. Recently, several approaches 

have been proposed to identify accidents through deep 

learning methods, computer vision approaches, and 

video-based analysis. 

 

Multiple studies have investigated accident detection 

using sensor-based monitoring systems. In these 

systems, accelerometers and GPS sensors have been 

utilized to identify accidents. In these systems, the 

GPS sensor detects the sudden changes in the motion 

of the vehicle. Using these changes in the motion of 

the vehicle, the system detects accidents. In these 

systems, the detection of severe accidents is achieved 

by detecting the changes in the acceleration of the 

vehicle. However, these systems have the 

disadvantage of not being effective in large-scale 

environments [3]. Moreover, these systems have the 

disadvantage of not being effective if the vehicles 

involved in the accident are not equipped with these 

sensors. 

However, with the advancement in computer vision 

technologies, many researchers have proposed vision-

based accident detection systems that examine traffic 

video footage collected from the surveillance cameras. 

These vision-based accident detection systems make 

use of various machine learning approaches to study 

the traffic environment and identify any abnormal 

scene such as vehicle crash, vehicle stop, and 

abnormal traffic movement. Vision-based accident 

detection systems are best suitable for the smart city 

infrastructure, as surveillance cameras are already 

deployed for traffic monitoring. 

 

Many recent research studies have shown the 

performance of deep learning approaches, especially 

CNN-based neural networks, for detecting accidents 

from visual and video data. CNN models can 

automatically learn important features from image and 

video data which can be used to identify different 

objects such as automobiles and people walking, and 

infrastructure from visual image and video 

information. The accuracy of the traffic monitoring 

systems has increased with the usage of the CNN 

algorithm [4]. 

 

A. Object Detection in Traffic Analysis 

Object detection algorithms have also contributed 

significantly to the improvement of accident detection 

systems. One widely used object detection framework 

used in this area is the YOLO detection algorithm 

(You Only Look Once) that helps detect various 

objects within an image in real-time. This algorithm 

works by analyzing the full image in a single step, 

passing a single pass through a neural network, that 

helps in achieving a high level of detection speed 

along with a good level of detection accuracy, which 

makes it an appropriate method for real-time accident 

monitoring system [5]. 

 

Another important area of research related to accident 

detection systems includes the use of video-based 

anomaly detection algorithms, which help in 

analysing the sequence of images obtained from a 

video stream to detect unusual patterns of motion, 

which might result in accidents. These algorithms 

help in detecting abnormal traffic patterns, such as 

sudden collisions, based on the trajectory of the 

objects within the scene. 

 

B. Accident Detection Datasets 

Several datasets are available to support the research 

in the context of accident detection systems, which 

typically contain images or videos of normal traffic as 

well as accidents. The availability of diverse datasets 

helps researchers train deep learning models to 

recognize different accident conditions under various 

environmental settings. 
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Dataset Name Dataset Name Data 

Type 

Dashcam 

Accident 

Dataset 

Accident videos captured 

from vehicle dash 

cameras 

Video 

Traffic 

Surveillance 

Dataset 

Footage recorded from 

roadside cameras 
Video 

Accident Image 

Dataset 

Images containing vehicle 

collisions and crash 

scenes 

Images 

Table 1. Examples of datasets used for training 

accident detection models. 

 

The availability of different datasets is beneficial in 

training the deep learning system to identify different 

types of accidents in different environmental 

conditions. 

Although there have been significant developments in 

the area of accident detection research, there remain 

some issues that have need to be solved. One major 

issue is that there is a lack of labelled accident 

datasets, and this is a challenge to the generalization 

of the deep learning system in various environments. 

Another challenge is that there is a complex 

background and multiple objects in the scene, and 

there are lighting conditions in the scene, and this is a 

challenge to the detection of accidents in the scene. 

Another challenge is that it is essential to incorporate 

a real time processing capability within the accident 

detection system. The detection system must large 

volumes of video data in real time with very low 

latency. This requires that efficient deep learning 

architectures and algorithms are developed to process 

the video sequences. To evaluate the efficiency of 

accident detection models, various evaluation metrics 

including precision, recall, and F1 score can be 

applied by researchers.  

These above-mentioned evaluation metrics can help 

researchers analyze the effectiveness of accident 

detection models. According to different studies 

conducted on this topic, it can be concluded that deep 

learning approaches along with computer vision 

methods have a lot of potential for enhancing accident 

detection systems. In this regard, intelligent 

monitoring systems can be used for detecting 

accidents by utilizing object detection algorithms in 

real time environments. 

 

C. Deep Learning-Based Methods in Accident 

Identification 

Deep learning approaches have greatly enhanced the 

effectiveness of accident Identification systems. 

However, the CNN-based networks are widely used 

for image analysis tasks because they can learn 

important features from the image directly. 

CNN architecture contains several layers: convolution 

layers, pooling, and dense layers. These layers help 

recognize objects present in the image. 

The convolution operation used in CNN models can 

be expressed as: 

 
where 

• represents the input image 

• represents convolution kernel 

• represents the feature map 

 

 
Fig. 2. CNN architecture used for feature extraction. 
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These CNN models can help recognize objects like 

vehicles, pedestrians, and road infrastructure. 

 

D. Challenges in Accident Detection  

Although there have been significant developments in 

the research on accident detection systems, there still 

exist several challenges. Firstly, the lack of labelled 

accident data makes it difficult to train the deep 

learning models. Secondly, the environment is 

complex since there can be multiple objects in the 

scene, such as multiple vehicles and pedestrians. 

Moreover, the environment can be affected by rain, 

fog, and darkness. 

There there is a requirement for efficient algorithms 

and computational power since the system has to 

process large amounts of video data quickly. Thus, 

developing efficient accident detection systems with 

good accuracy and response time remains an 

important research area. 

 

III. PROPOSED METHODOLOGY 

 

The proposed framework focuses on building a smart 

accident detection and emergency alert system using 

deep learning methods. The designed system works 

on the video streams of traffic surveillance and 

automatically identify accidents incidents using 

computer vision methods. The proposed system 

integrates several modules such as video acquisition, 

video preprocessing, object detection, accident 

classification, and alert notification. 

The developed system is intended to automatically 

detect accidents and send notifications to emergency 

response teams, which reduces response time and 

ensures road safety. 

 

Method Technology Used Advantages Limitations 

Sensor-Based Detection GPS, Accelerometer Detects strong collisions Requires hardware 

devices 

Traditional Image 

Processing 

Edge detection, motion 

analysis 

Simple implementation Low accuracy 

Machine Learning 

Models 

SVM, Random Forest Moderate accuracy Limited feature extraction 

Deep Learning-Based 

Detection 

CNN, YOLO High accuracy and real-time detection Requires large datasets 

Proposed System CNN + YOLO Real-time accident detection and 

emergency alerts 

Requires surveillance 

cameras 

TABLE II. Comparison of Accident Detection Approaches 

 

This table will assist the reviewer in easily 

understanding how the system improves current 

approaches. The table of different approaches for 

detecting accidents shows how the proposed system 

using deep learning is advantageous. Current 

approaches using sensor technology and image 

processing are limited in accuracy and are often 

difficult to scale up. In comparison, the proposed 

approach by applying deep learning algorithms such 

as CNN and YOLO can identify accidents in real 

time. This system can take advantage from the 

advantages of intelligent monitoring systems and deep 

learning algorithms. 

 

A. Suggested System Architecture 

The design of the proposed system for detecting 

accidents is composed of several modules connected 

in such a way that they can analyse images and detect 

accidents. The first module is for acquiring video 

streams from surveillance. The object detection 

module identifies vehicles and tracks their movement 

patterns. Once abnormal motion patterns such as 

vehicle collisions or abrupt stops are identified, the 

framework classifies the accident as a potential 

accident. After the accident event is identified an 

alert notification is generated and transmitted to the 

emergency response services.
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Fig. 4. Framework of the suggested accident detection system 

 

The designed architecture combines deep learning 

models and traffic monitoring infrastructure to 

facilitate the detection of accidents and the generation 

of emergency alerts. 

 

B. Data Collection and Preprocessing 

A collection of accident-related images and videos of 

accidents occurring during traffic scenarios is 

obtained for the development of developing the 

detection model. This data consists of different types 

of traffic scenarios, such as accidents caused by 

collisions, overturned vehicles, and normal traffic 

flow. Before the deep learning model is trained, 

several preprocessing operations are performed on 

the data obtained, which helps enhance the efficiency 

of the deep learning model. This improves the 

effectiveness of the deep learning model, enabling 

the detection of accidents occurring during normal 

traffic scenarios. 

 

Preprocessing 

Step 

Description Purpose 

Image Scaling 
Modifying image 

dimensions 

Standardizes 

input size 

Data 

Normalization 

Standardizing 

pixel values 

Improves 

model 

convergence 

Data 

Augmentation 

Image rotation 

and flipping 

Increases 

dataset 

diversity 

Noise Removal 
Removing 

background noise 

Improves 

feature 

extraction 

TABLE III. Data preprocessing techniques used for 

training the model 

Several data preparation techniques are employed to 

enhance the performance of the deep learning model, 

enabling the detection related to accident scenarios in 

the real actual world. 

 

C. Object Detection and Accident Classification 

For the purpose of detecting accidents, a deep 

learning approach based on the YOLO algorithm has 

been used in the proposed system. The YOLO 

algorithm is an efficient algorithm used for object 

detection, since the complete image is analyzed in a 

single pass through the neural network 

 

The YOLO algorithm divides the input image into 

several grid cells, where each cell predicts object 

bounding boxes of the detected objects, such as 

vehicles, as well as the corresponding confidence 

values. 

The bounding box prediction is represented as: 

 
 

Where: 

•  indicate the centre coordinates for the 

bounding box  

 

•  indicate the width for the bounding box 

 

•  indicate the height for the bounding box 
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Fig. 5. Vehicle detection using YOLO object 

detection algorithm. 

When multiple vehicles are detected and their 

trajectories intersect abruptly, the system identifies 

the event as a potential accident scenario. 

 

D. Performance Evaluation 

To assess the performance of the proposed accident 

detection system, different accuracy metrics are 

applied. These parameters are accuracy, precision, 

recall, and the F1- score. These evaluations help 

determine the efficiency of the developed accident 

detection system in detecting accident events and 

minimizing false alarm generation. 

 

Evaluation Metric Description Formula 

Accuracy Overall prediction correctness (TP + TN)/(TP + TN + FP + FN) 

Precision Number of correctly predicted positive cases TP/(TP + FP) 

Recall Capability to identify real accident events TP/(TP + FN) 

F1 Score Harmonic average of precision and recall 2(PR)/(P + R) 

TABLE IV. Performance evaluation metrics used in accident detection systems 

 

The evaluation parameters are useful in comparing 

the suggested accident detection system with existing 

accident detection systems and assessing their 

effectiveness in real-time traffic surveillance 

scenarios [6]. 

 

E. Emergency Alert and Response System 

Once the accident event is detected by the suggested 

accident detection system, it generates an automatic 

alert message that includes details of the accident 

location, timestamp, and accident image frame. These 

details are communicated to emergency authorities 

using different communication networks. 

Integration between intelligent accident monitoring 

systems with emergency alert systems has a crucial 

role in improving road safety and minimizing 

accident-related fatalities [7]. 

 

F. Accident Detection Workflow 

The suggested accident detection system implements 

a structured workflow to detect accident events from 

traffic surveillance videos. The structured workflow 

of the suggested accident detection system starts with 

video stream generation from surveillance cameras 

installed at road intersections or on highways. These 

video streams are then segmented into frames for 

further processing. 

The extracted frames are then subjected to a 

preprocessing phase where image resizing, 

normalization, and noise reduction are performed. 

This phase is essential in ensuring that the images are 

standardized for further processing using the deep 

learning model. 

The frames are then subjected to the YOLO-based 

object detection model for vehicle detection in the 

traffic scene. 

After detecting vehicles in the scene, the system will 

then analyze the movement patterns of the vehicles in 

the scene. In cases where abnormal movements are 

detected, such as sudden collisions, abrupt vehicle 

halting, and overlapping bounding boxes, the system 

will classify the incident as a possible accident. 

Lastly, in cases where the system detects an accident, 

an alert message will be triggered with relevant 

information such the accident location and the time of 

occurrence, and the captured image frame of the 

accident scene. This alert will then be dispatched to 

the relevant authorities for swift action. 
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Fig. 6. Workflow of the proposed accident detection system. 

 

IV. CONCLUSION 

 

This paper presents a deep learning-based accident 

detection and emergency response system has been 

discussed to improve road safety and minimize 

accident response time. A deep learning-based 

framework has been proposed to improve road safety, 

where computer vision techniques are employed to 

detect accidents from traffic surveillance video feeds. 

Object detection techniques are integrated into the 

proposed framework to detect objects such as 

vehicles, thereby improving the effectiveness of the 

system. 

This proposed methodology is discussed in this paper, 

where several steps are involved in improving the 

efficiency of the system. Video acquisition, video 

preprocessing, object detection, accident 

classification, and emergency alert are some of the 

steps involved in the proposed methodology. Deep 

learning techniques are employed to detect objects 

such as vehicles, and their movement patterns are 

analyzed to detect abnormal movement, thereby 

classifying the video feed as an accident. 

The experimental analysis of the proposed 

methodology has been discussed in this paper, where 

deep learning approaches help enhance the efficiency 

of the accident identification system compared to 

other approaches. 

According to experimental analysis, deep learning 

models improve the accuracy and performance of 

accident detection methods when compared with other 

sensor-based systems. Real-time object detection 

algorithms used within the system improve the 

efficiency of video stream processing of traffic scenes. 

It is able to detect accident scenes on time and send 

alerts to emergency services on time. It is able to 

reduce response time and even reduce the seriousness 

of injuries and fatalities during accidents [8]. 

Moreover, it is evident that the proposed system has 

the ability to be integrated with smart city 

infrastructure to provide road surveillance and 

accident detection services. There is a great potential 

of improving urban transportation safety through AI 

and traffic monitoring technologies.  

In future work, the proposed system may be enhanced 

by using larger datasets and deep learning algorithms 

for better results and integrating the proposed system 

with edge computing devices for real-time results. In 

addition, other features such as driver behaviour 

analysis and emergency communication network 

integration can also improve the intelligent accident 

monitoring system. 
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To conclude, the developed intelligent accident 

monitoring system demonstrates strong potential for 

by applying deep learning with computer vision 

techniques for developing intelligent transportation 

systems for road safety and emergency response. 
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