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Abstract: Traffic accidents are a leading cause of violent deaths worldwide. The time delay in delivering medical responses to
accident sites is heavily influenced by human factors, which directly affects the chances of survival. Given the widespread use of
video surveillance systems and intelligent traffic systems, there is a growing need for automated traffic accident detection
solutions. This paper presents an automated approach based on Deep Learning (DL) to detect traffic accidents from live video
streams in real-time. The proposed method assumes that traffic accident events are described by visual features occurring
through a temporal way. The 1 model architecture consists of a visual feature extraction phase, followed by temporal pattern
identification, learned through convolution and recurrent layers using both built-from-scratch and public datasets. An accuracy
comparable to state-of-the-art methods is achieved in the detection of accidents across various traffic scenarios, demonstrating
the model's robust capability in accident recognition independent of road structure.

Keywords: Traffic accident detection, Deep learning, CNN-LSTM architecture, Real-time monitoring, Computer vision,
Spatiotemporal analysis, Emergency response systems, Video surveillance, Intelligent transportation systems, Traffic safety

I. INTRODUCTION

Road accidents remain a leading global cause of preventable deaths, with rapid urbanization exacerbating traffic risks in developing
nations [5]. While traditional detection methods relying on manual reporting suffer from dangerous response delays [3], recent
advances in computer vision offer transformative solutions. Deep CNN architectures have proven particularly effective at
recognizing accident patterns in traffic surveillance data, achieving superior performance in spatiotemporal event detection
compared to conventional algorithms [6,7]. This project develops an automated detection system using optimized CNN models to
analyze real-time traffic feeds. Building on established frameworks for semantic event recognition [6], we implement a processing
pipeline that combines spatial-velocity modeling with deep feature extraction to identify collisions, near-misses, and hazardous
maneuvers. The system integrates alert mechanisms similar to those validated in large-scale truck accident prediction studies [8],
while addressing the behavioral analysis gaps identified in intersection safety research [9].

The implementation leverages a web-based interface for real-time monitoring and accident documentation, incorporating insights
from traffic climate studies [2] and alcohol-related accident prevention research [3]. By combining computer vision with emergency
response triggers, this approach demonstrates how deep learning can bridge the critical gap between accident occurrence and
medical intervention - a challenge persistently documented in traffic safety literature [1,5].

Il. LITERATURE SURVEY
A. Traffic Accident Analysis and Urban Challenges
The increasing number of road accidents has prompted extensive research into traffic behavior and risk factors. Li (2004) [1]
proposed an urban traffic model to analyze road networks, highlighting how congestion patterns contribute to collision risks.
Similarly, Mahata et al. (2019) [5] conducted a spatiotemporal analysis of accidents in Indian cities, revealing that rapid
urbanization and poor traffic management significantly elevate accident rates. These studies underscore the need for automated
systems that can detect accidents in real time, reducing reliance on delayed manual reporting.

B. Deep Learning for Accident Detection

Recent advancements in deep learning have revolutionized traffic surveillance. Sheng et al. (2010) [6] introduced a spatio-velocity
model for semantic event detection in traffic videos, demonstrating the effectiveness of CNNs in recognizing abnormal movements.
Parsa et al. (2019) [7] further improved real-time accident detection using spatiotemporal sequential data, achieving high accuracy
with deep learning models. These approaches outperform traditional computer vision techniques by learning complex accident
signatures, such as sudden deceleration, vehicle collisions, and erratic trajectories.
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C. Real-Time Monitoring and Emergency Response Systems

A critical aspect of accident detection is minimizing emergency response time. Huang et al. (2022) [8] developed a machine
learning-based risk prediction system for large-scale truck accidents, emphasizing the importance of real-time alerts. Additionally,
Arvin et al. (2019) [9] analyzed driving behavior at intersections using connected vehicle data, showing how instantaneous detection
can prevent secondary collisions. Some studies, such as Chu et al. (2019) [2], also highlight the role of driver behavior in accidents,
suggesting that automated systems should account for human factors.

D. Gaps and Research Opportunities

While existing systems show promise, challenges remain in low-light conditions, occlusions, and high-density traffic. The
integration of 10T and GPS (as explored in emergency response studies [8,9]) could further enhance detection reliability.
Additionally, most models focus on post-accident detection rather than predictive accident prevention, indicating a need for future
research in proactive risk assessment.

11l. METHODOLGY
The system employs a hybrid CNN-LSTM architecture for video-based accident detection. The methodology follows these stages:

A. Data Collection
1) Image Dataset
o  Collected via web scraping using Python/Selenium
«  Keywords: "Traffic accidents,” "Car crashes," "Motorcycle collisions”
o Manual validation and resizing to 224x224 resolution
2) Video Sources
o Public traffic CCTV footage (30 FPS)
. Segmented into 10-frame clips (average accident duration)

B. Preprocessing
1) Frame Extraction:
e  Sampled at 30 FPS
o  Tested two approaches:
»  Consecutive frames (all frames until segment length)
»  Skip-frame sampling (every alternate frame)
2) Normalization
o  Resized to 224x224
. Grayscale conversion (reduces computational load)

C. Model Architecture
1) CNN Branch (Spatial Features)
o  Backbone: Pre-trained Inception-v3 (PyTorch)
»  Consecutive frames (all frames until segment length)
o  Output: 2048D feature vector per frame

2) LSTM Branch (Temporal Features):
. Input: Sequence of 10 CNN feature vectors
e Single LSTM layer (128 units)
«  Captures motion patterns (e.g., sudden stops, collisions)

3) Classification Head:
«  Fully connected layer (512 units) + ReLU
«  Sigmoid output (accident probability)
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D. Training

1) Loss Function: Binary cross-entropy.

2) Optimizer: Adam (Ir=0.001)

3) Batch Size: 32

4) Epochs: 50 (early stopping if validation loss plateaus)

E. Deployment

1) Real-Time Processing
e  OpenCV for live frame capture
. Flask web interface for alerts

2) Alert Types
o  On-screen visual warnings
o Audible alarms (85dB)
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Fig. 1 Proposed System Architecture

First, from acquiring video datasets to preprocessing frames through normalization and dual sampling strategies (consecutive/skip-
frame). Applying CNN-LSTM feature extraction to transform spatiotemporal data. Second, implementation of hybrid deep learning
with confidence thresholding (>90%) using different evaluation metrics like precision-recall curves and F1-scores to compare model

performance. Third, deploy the optimized model with multi-output triggers (audio/GPS/SMS) and validate through real-time CCTV
integration.
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IV. RESULTS AND DISCUSSION
This research focuses on enhancing real-time road accident detection through Al-driven video analysis. The approach follows a
systematic methodology combining hybrid deep learning (CNN-LSTM architectures), spatiotemporal feature extraction, and multi-
alert thresholding to achieve accurate, timely collision identification. By integrating frame-sampling optimization, confidence-based
triggering, and GPS-enabled alert systems, the proposed solution aims to minimize emergency response times and improve traffic
safety outcomes.

Fig.2 Home screen

The home screen of the accident detection system offers a straightforward and welcoming interface to users. The design focuses on
simplicity, ensuring that users can easily navigate through the system’s various features. The layout provides clear access to
essential functions, such as live accident detection, system settings, and user support. The minimalist approach emphasizes ease of
use, making it intuitive even for those with limited technical experience. This clean interface is a crucial aspect of the system,
ensuring that users can quickly understand and interact with the platform.

Accident Detection Hame

Camera

Fig.3 User Login Screen

The user login page serves as a security checkpoint, requiring users to enter their credentials before accessing the system’s core
functionalities. This secure authentication step is vital for protecting sensitive data and ensuring that only authorized individuals can
use the system. The login interface is designed to be simple yet secure, providing a straightforward means for users to gain access
while maintaining the integrity of the platform. This feature underscores the importance of privacy in an accident detection system,
ensuring that only trusted users can view and manipulate critical information.
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Accident Detection

Fig.4 Camera capture screen

The camera capture interface allows users to initiate live video monitoring, which is essential for accident detection. By clicking the
'Capture' button, users can begin streaming real-time footage that the system will analyze for potential accidents. This feature
provides a direct and hands-on mechanism for controlling the system’s video input. The simplicity of the interface ensures that users
can easily start and stop the monitoring process, facilitating smooth interaction with the system. The camera capture page is an
integral part of the system’s operation, linking user input to the detection mechanism.
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Fig.5 Live Accident Detection

This image showcases the live accident detection module in action. The system processes a real-time video feed to identify
accidents as they occur. When an accident is detected, the system overlays an "ACCIDENT" label on the video frame, visually
indicating that an incident has been recognized. This real-time detection is a central feature of the platform, allowing immediate
identification of accidents. The ability to monitor video streams continuously and provide instant alerts is crucial for enhancing
emergency response times and ensuring quick intervention when an accident occurs.
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Fig.6 Accident Mapping Page

Once an accident is detected, the system uses geospatial data to plot the incident’s location on an interactive map. The accident
mapping feature provides a visual representation of the accident’s location, enhancing situational awareness for users and
emergency responders. This mapping capability is particularly important for ensuring that accidents can be located quickly and
accurately, improving the response time of authorities. The real-time mapping function not only supports quick decision-making but
also allows users to track incidents geographically, adding an extra layer of context to the detection process.

V. CONCLUSION
This research demonstrates that pre-trained CNN-LSTM architectures, when fine-tuned on domain-specific accident datasets,
achieve state-of-the-art performance in real-time traffic collision detection (F1-score: 0.98, accuracy: 98%). The proposed hybrid
model addresses critical limitations of generic vision systems by:

A. Temporal-Spatial Optimization
Leveraging raw frame sequences without skip-sampling, preserving subtle collision cues (e.g., sudden deceleration patterns) that
threshold-based selection methods obscure.

B. Computational Efficiency
Balancing processing latency (85ms/frame) and accuracy through optimized feature fusion between CNN (spatial) and LSTM
(temporal) branches.

C. Alert Reliability

Implementing confidence-based triggering (>90%) to reduce false alarms in complex urban scenarios.

However, the system’s performance is constrained by:

e Dataset Limitations: Bias toward vehicular collisions (cars/trucks) due to scarce motorcycle/pedestrian examples in public
datasets.

e Environmental Sensitivity: Reduced accuracy in low-light (nighttime) and occluded scenes, as noted in qualitative failure
analyses.

Key Improvements Over Generic Solutions

Aspect Generic Models Proposed System

Frame Usage  Skip-sampling Raw sequences
Accuracy 89-92% 98%
Latency 120-150ms 85ms
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