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Abstract— The HAWK-AI Accident Detection and SOS Alert System is a cutting-edge solution
designed to improve road safety by leveraging artificial intelligence (AI) and real-time
monitoring technologies. As the need to reduce road traffic fatalities and shorten emergency
response times grows, this system utilizes Al-driven accident detection algorithms in
conjunction with CCTV surveillance to detect accidents as they happen. The system uses
strategically placed CCTV cameras along roadways to capture real-time video footage, which is
then analyzed by machine learning models, such as Convolutional Neural Networks (CNNs).
These models are trained to identify indicators of accidents, such as collisions or abnormal
vehicle movements. Once an accident is detected, the system automatically sends an SOS alert
to emergency responders, providing key information such as the incident's location and
severity. This quick communication allows for faster emergency interventions, potentially
saving lives. The backend of the system is built using Flask (Python), while Al and machine
learning techniques are employed to power the accident detection features. The frontend is
designed with HTML, CSS, and JavaScript, offering a user-friendly interface. With its modular
architecture, the system can easily be integrated into existing CCTV networks, making it a cost-
effective solution for both urban and rural areas looking to improve road safety.

Index Terms— Deep Learning, Accident Detection, Feature Extraction, Feature Selection,
Convolutional Neural Networks (CNN) Classification Emotion, Recognition Sentiment
Analysis.

1. INTRODUCTION

The HAWK-AI Accident Detection and SOS Alert System is an innovative solution aimed at reducing road
traffic fatalities by enhancing the speed and efficiency of emergency responses. With accidents being a leading
cause of death worldwide, timely intervention is crucial. This system uses Al and Machine Learning algorithms
to analyze real-time video feeds from CCTV cameras positioned along roadways. The system detects accidents
by identifying anomalies such as vehicle collisions or abrupt changes in movement. Once an accident is
confirmed, the system automatically sends SOS alerts to emergency services, providing them with vital
information, including the location and severity of the incident. Built with Flask for backend processing and
leveraging AI/ML models for detection, the system’s intuitive frontend (HTML, CSS, JavaScript) ensures ease
of use. The integration of these technologies offers a reliable, cost-effective solution to improve road safety and
reduce response times, ultimately saving lives. Road traffic accidents are a significant global concern,
contributing to a high number of fatalities and injuries each year. Delays in emergency response further
exacerbate the severity of these incidents, often leading to preventable loss of life.
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In response to this growing issue, the HAWK-AI Accident Detection and SOS Alert System has been developed
to address both the rapid detection of road accidents and the swift notification of emergency services. By
leveraging cutting-edge technologies such as Artificial Intelligence (AI) and Machine Learning (ML), the system
analyzes real-time video footage from CCTV surveillance cameras to identify signs of accidents, such as
collisions or sudden stops. Upon detection, the system automatically sends alerts to emergency responders,
significantly reducing response times and enhancing the chances of timely intervention. This paper explores the
design, functionality, and potential impact of the HAWK-AI system, examining its role in improving road safety,
optimizing emergency management, and saving lives.

II. HELPFUL HINTS

A Literature Survey examines existing research, systems, and technologies that are relevant to the HAWK-AI
Accident Detection and SOS Alert System. It provides insights into the work done in the field of road accident
detection using Al and machine learning, as well as the integration of such systems for real-time emergency
response.

A. Computer Vision for Accident Detection

Traffic Monitoring and Accident Detection Using CCTV Cameras: Several studies have explored the use of
CCTV cameras for real-time traffic surveillance. Algorithms like optical flow, background subtraction, and
motion detection have been used to monitor road traffic, detect vehicle movements, and identify accidents. The
study by Geyer and Lienhart (2015)[1]. on “Real-time Traffic Surveillance” discusses how video surveillance
systems are enhanced by Al to detect accidents in urban environments.

Convolutional Neural Networks (CNNs) for Accident Detection: CNN-based models have gained prominence in
visual recognition tasks. Jain et al. (2019)[2] explored the use of CNNs for detecting road accidents in real-time,
demonstrating high accuracy in differentiating between normal traffic flow and accident scenarios. CNNs are
well-suited for processing visual data from CCTV cameras and extracting meaningful patterns to detect
accidents, even under varying weather conditions.

On the basis of such considerations, the algorithm uses a different color image multiplied by the weighting
coefficients of different ways to solve the visual distortion, and by embedding the watermark, wavelet
coefficients of many ways, enhance the robustness of the watermark.

B. Deep Learning for Real-Time Detection

Recurrent Neural Networks (RNNs): For detecting accidents over time, RNNs and Long Short-Term Memory
(LSTM) models are used to process time-sequential data, making them suitable for monitoring traffic conditions
from continuous video feeds. Liu et al. (2020)[3] proposed an accident detection model using RNNs, which
combined video frames and sensor data to identify accidents in a predictive manner.

Hybrid AT Models: Hybrid models that combine CNNs for visual analysis and RNNs for temporal data
processing have been successful in real-time accident detection systems. Zhang et al. (2021)[4] demonstrated a
hybrid CNN-LSTM network for efficient real-time accident detection, which is a promising approach for
systems like HAWK-ALI

III. LITERATURE SURVEY
Real-Time Accident Detection Systems

A. Intelligent Traffic Systems (ITS)

Real-Time Traffic Monitoring: Many cities have implemented Intelligent Traffic Systems (ITS) that use
cameras, sensors, and real-time data analytics to monitor traffic and respond to incidents. Zhao et al. (2017)[5]
designed a traffic incident detection system using video surveillance and machine learning algorithms, enabling
timely incident detection and response.

Their system demonstrated the feasibility of integrating Al and CCTV data for accident detection and traffic
management.

B. Accident Detection and SOS Alert Systems

Automatic Accident Detection and Alerting: The SOS alert system is a crucial component in modern road safety.
Chen et al. (2018)[6] developed an automated accident detection and alert system using [oT (Internet of Things)
devices. The system uses accelerometers and GPS sensors to detect collisions and trigger alerts to emergency
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services. However, these systems are limited by sensor data alone and are not as effective in detecting accidents
visually.

Integration of CCTV and SOS Alerts: Shao et al. (2019)[7] proposed a system that integrates CCTV surveillance
with an SOS alert system. The system processes real-time video feeds for accident detection and simultaneously
triggers emergency notifications. This system has been used in several pilot projects for urban traffic
management.

Challenges in Road Accident Detection Systems

C. Real-Time Video Processing

Computational Load: Processing high-definition video feeds in real-time for accident detection is
computationally intensive. Zhang and Lee (2020)[8] highlighted the challenges faced by traditional systems in
terms of processing power, especially when large-scale networks of cameras are involved. Efficient cloud-based
processing and edge computing can mitigate these challenges by offloading intensive tasks to powerful servers
or nearby processing units.

D. Environmental Factors

Weather and Lighting Conditions: The accuracy of accident detection models is often compromised under poor
weather conditions (e.g., rain, fog) or low-light situations. Gong et al. (2018)[9] discussed how environmental
factors like lighting and weather conditions negatively affect the performance of computer vision models, and
proposed solutions involving image enhancement techniques and multimodal data fusion (e.g., combining video
with sensor data) to overcome such limitations.

IV. METHODOLOGY

The HAWK-AI Accident Detection and SOS Alert System employs a multi-step process that integrates video
surveillance, Artificial Intelligence (AI), Machine Learning (ML), and real-time communication to detect
accidents and automatically notify emergency responders.

The methodology is divided into several key stages: data acquisition, accident detection, classification, alert
generation, and system integration.

Data Acquisition: The first step in the methodology involves the collection of real-time video data from CCTV
cameras strategically placed along roadways. These cameras capture continuous video feeds of the traffic
conditions, including vehicles, pedestrians, and potential accidents. The quality of the video data is critical for
the accurate detection of accidents. Cameras with high resolution and suitable placement (e.g., intersections,
high-risk areas) ensure that the system can detect accidents effectively.

Preprocessing of Video Data: Once the video feeds are captured, the data undergoes preprocessing to enhance
the quality and prepare it for analysis. Preprocessing techniques such as noise reduction, image stabilization, and
resolution enhancement are applied to ensure that the video frames are clear and suitable for feature extraction.
This stage also involves the conversion of video frames into a sequence of images that can be processed by
machine learning models.

Feature Extraction: In this step, relevant features are extracted from the preprocessed video frames to detect
possible accidents. These features include motion patterns, vehicle trajectories, speed variations, and unusual
events such as sudden stops or collisions. Computer vision techniques, including optical flow and object
detection algorithms, are employed to track vehicles and identify abnormal behavior. The system focuses on
detecting signs of accidents, such as sudden deceleration, abrupt vehicle movements, or a change in the normal
flow of traffic.

Accident Detection Using Convolutional Neural Networks (CNN) : The core of the HAWK-AI system is the use
of deep learning, specifically Convolutional Neural Networks (CNNs), for accident detection. CNNs are well-
suited for image and video analysis, as they can automatically learn spatial hierarchies and identify complex
patterns within the visual data. The CNN model is trained on a large dataset of labeled video frames that include
both accident and non-accident scenarios. The trained model processes each frame in real-time to identify
potential accidents. The system evaluates several criteria, including the intensity of vehicle collisions, abnormal
vehicle behavior, and significant changes in the environment (e.g., debris, sudden stops).

Accident Classification: Once an accident is detected, the system classifies the type of accident based on its
severity and nature. The classification process involves categorizing the accident into predefined classes, such as
minor collisions, major crashes, or hazardous incidents involving pedestrians. This classification helps in
determining the appropriate level of response from emergency services.
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V. RESULTS

A. System Proposed Architecture

» System: Pentium IV 2.4 GHz.

» Hard Disk : 500 GB.

» Monitor : 15 inch VGA Color.

» Mouse : Logitech Mouse.

» Ram :4GB

» Keyboard : Standard Keyboard

» CCTV Cameras

» Emergency Communication Devices (Mobile)
Software Specification

» Operating System : Windows XP.

» Platform : Python Technology (Flask)
» Tool : Python 3.6

» FrontEnd :HTML, CSS, and JavaScript

» Backend Framework : Flask (Python).

» AI/ML Algorithms

» Database : MySQL

This requirements specification outlines the essential functionalities and limitations of the HAWK-ATI Accident
Detection and SOS Alert System, ensuring that the system is designed to fulfill operational, performance, and
security criteria. It aims to address the practical challenges in road safety and emergency response, providing an
effective and efficient solution to enhance traffic management and reduce response times during accidents.

VI. SYSTEM OVERVIEW

System Architecture for HAWK-Al Accident Detection and SOS Alert System

CCTV Camera

rovides Video Feed

HAWK-Al System,
v

Video Stream Processor

Emresses Video Faed

i}
AIML Detection Module

E:nm Detected Data

Flask Backend

(Generates SOS Alerts "\ Stores Incident Data

Y

| 05 Alert System ‘ System Database ‘
| ~ Administrator
> o
g /
 Rotifies Emergency (Notiies Emergenty\\\Nonhes Emergency Retrieves Data for Admin /M'Jmtws & Manages Alerts
| \ \\ Vi
Emergency Services | L /
3 ¥ 1 b S ¥
€ fi) 1 ]
Ambulance Service Police Department Fire Department Web Dashboard

Fig.1. System Design Architecture

The HAWK-AI Accident Detection and SOS Alert System is an advanced solution that improves road safety by
quickly detecting accidents and notifying emergency services. It uses Al technologies, including Convolutional
Neural Networks (CNNs) for video analysis and Recurrent Neural Networks (RNNs) for pattern recognition. The
system processes live CCTV feeds to detect accidents in real-time, then sends automated alerts with location and
severity details to nearby responders. The modular architecture ensures scalability and easy integration with
existing CCTV infrastructure, making it suitable for both small towns and large cities. Built with Python (Flask)
for the backend and HTML, CSS, and JavaScript for the frontend, the system is designed to enhance road safety,
reduce response times, and save lives.
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VII. HIGH LEVEL DESIGN OF THE PROJECT

Actors:

Administrator: Oversees the system’s operations, reviews alert data, and generates reports for system
performance and accident analysis.

CCTYV Camera: Provides continuous real-time video streams to the system for accident detection.

Emergency Responder: Receives SOS alerts and takes immediate action, including dispatching ambulances,
police, or fire services, based on the provided accident details.

System: Processes the video data to detect accidents, generates SOS alerts, and logs relevant incident
information.

Emergency Responders: Receive notifications with accident details, including location and severity, for swift
action.

Administrator: Monitors real-time alerts, reviews incident logs, and manages reports generated by the system.

A. Classes and Their Responsibilities:

» CCTV: Represents the surveillance cameras that capture and provide real-time video feeds for processing.

» Video Stream Processor: Handles the incoming video feeds, cleans up the data by removing noise, and
prepares it for further analysis.

» Accident Detection: Utilizes Al and machine learning algorithms to analyze the processed video feed and
identify potential accidents or unusual events.

» SOS Alert System: Triggers the generation of SOS alerts based on the detected accidents and sends
notifications to the relevant emergency responders.

» Emergency Service: Represents the various emergency responders, such as ambulances, police, or fire
departments, who receive the SOS alerts and take necessary actions.

Database: Stores incident-related data, logs accident details, and generates reports for future analysis and

insights.

Use Case Diagram for HAWK-Al Accident Detection and SOS Alert System
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Fig.2 Use Case Diagram

B. Classes and Their Responsibilities

» CCTV: Represents the surveillance cameras that capture and provide real-time video feeds for processing.

» Video Stream Processor: Handles the incoming video feeds, cleans up the data by removing noise, and
prepares it for further analysis.

» Accident Detection: Utilizes Al and machine learning algorithms to analyze the processed video feed and
identify potential accidents or unusual events.

» SOS Alert System: Triggers the generation of SOS alerts based on the detected accidents and sends
notifications to the relevant emergency responders.

» Emergency Service: Represents the various emergency responders, such as ambulances, police, or fire
departments, who receive the SOS alerts and take necessary actions.

» Database: Stores incident-related data, logs accident details, and generates reports for future analysis and
insights.
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C. Actors and Entities

Administrator: Observes real-time alerts and views accident reports.

CCTV Camera: Provides the system with continuous video footage.

Video Stream Processor (VSP): Receives and prepares the video feed for further analysis.

AI/ML Detection Module (AIDM): Analyzes the video feed using machine learning to identify accidents.
Flask Backend: Manages the flow of data and coordinates interactions between various system components.
SOS Alert System: Sends alerts to emergency services when an accident is detected.

Database (DB): Stores accident data for future retrieval and reporting.

Emergency Services: Receives alerts for immediate response (ambulance, police, fire department).

. Flow

Video Feed: The CCTV Camera streams live video footage to the Video Stream Processor (VSP).

Accident Detection: The Video Stream Processor (VSP) sends the processed video to the AI/ML Detection

Module (AIDM) for analysis. If an accident is detected, the Flask Backend triggers an SOS Alert.

SOS Alert: The SOS Alert System sends emergency alerts to responders (ambulance, police, fire

department) with details about the accident.

» Data Logging: The Database (DB) stores incident data, including details about the detected accident. Real-
time alerts are sent to the Administrator, notifying them of the incident.

» Admin Monitoring: The Administrator accesses and views real-time alerts and accident reports through the

Flask Backend, which retrieves the stored data from the Database (DB).

E. SOS Alert System

Automatically sends alerts when an accident is detected.
Includes GPS location, time of accident, and optionally, video or audio clips.
Sends alerts to emergency contacts, medical services, or authorities.
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Fig.3 Class Diagram

This sequence outlines how the components interact to detect accidents, notify emergency responders, store
incident information, and provide real-time monitoring for administrators.
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Sequence Diagram for HAWK-AI Accidant Detaction and SOS Alert System
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Fig.4 Sequence Diagram

Activity Diagram

Flow:

» The process begins with the CCTV camera streaming the video feed to the system.

» The incoming video is then processed, with noise removed to ensure clear data for analysis.

» Next, the system proceeds with accident detection, analyzing the processed video for potential accidents.

» If an accident is identified, an SOS alert is generated, emergency services are notified, incident data is

logged, and the database is updated with the relevant information.
» The Web Dashboard is updated in real-time, displaying the latest reports and alerts.
» Ifno accident is detected, the system waits for the next video feed to process.
This flow ensures continuous monitoring and timely action in case of accidents while providing real-time
updates for administrators.
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VIII. CONCLUSION

The HAWK-AI Accident Detection and SOS Alert System is designed to enhance road safety by utilizing
artificial intelligence (Al), machine learning (ML), and CCTV surveillance for real-time accident detection and
automated emergency alerts. By employing sophisticated AI models, such as Convolutional Neural Networks
(CNNs) and Recurrent Neural Networks (RNNs), the system can analyze live video feeds from CCTV cameras
to identify accidents, even in challenging environments like low-light conditions or adverse weather.

When an accident is detected, the system promptly generates SOS alerts with accurate geolocation data, enabling
faster notification of emergency services and significantly improving response times. The solution is engineered
to integrate seamlessly with existing CCTV and traffic monitoring systems, minimizing the need for additional
infrastructure investments. Leveraging cloud and edge computing technologies, the system ensures scalability
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and low-latency processing, making it suitable for deployment in both small communities and large metropolitan
areas.

The HAWK-AI system highlights the transformative potential of combining Al with real-time communication,
offering a cost-effective and scalable approach to enhance accident detection and emergency response. This
innovative solution aims to reduce road fatalities and injuries, contributing to safer transportation networks.
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