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Abstract— The Driver Accident Prevention System is a
web-based solution leveraging deep learning to enhance
road safety. It features two primary components. The first
is a drowsiness detection system that uses a camera to
capture the driver’s face, employing Haarcascade and a
CNN model to detect closed eyes. If the system detects
drowsiness, an alarm is triggered to alert the driver and
prevent potential accidents. The second component is a
driver sign recognition system, which utilizes MediaPipe
and a trained Ridge Classifier to recognize signs. When a
sign is detected, the system sends corresponding to
hardware components, activating motors to respond
accordingly. This dual-feature approach ensures both
driver alertness and effective real-time sign-based
assistance, reducing accident risks through Al-powered
monitoring and automation.
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l. INTRODUCTION

The Driver Accident Prevention System is an Al-powered,
web-based solution designed to enhance road safety by
minimizing accidents caused by driver fatigue and
inattentiveness. With increasing road traffic and long driving
hours, drowsiness remains a significant risk factor, leading to
life-threatening crashes. To address this issue, the system
incorporates two primary components: a drowsiness detection
module and a sign recognition module. The drowsiness
detection system captures the driver’s face using a camera,
employing the Haar cascade algorithm for face detection and
a Convolutional Neural Network (CNN) to identify closed
eyes. If drowsiness is detected, an alarm is triggered to alert
the driver. Additionally, the traffic sign recognition system
utilizes MediaPipe and a trained Ridge Classifier to recognize
road signs in real time. Upon detecting a sign, the system sends
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corresponding signals to hardware components, activating
motors to respond accordingly. This dual-feature approach
ensures both driver alertness and automated assistance,
significantly reducing accident risks. The project aims to
provide an affordable and scalable safety solution, making Al-
powered accident prevention accessible to a wider range of
vehicles and drivers.

. LITERATURE REVIEW

[1] Driver Drowsiness Prediction Based on Multiple Aspects
Using Image Processing Techniques by V. UMA
MAHESWARI, RAJANIKANTH ALUVALU, MVV
PRASAD KANTIPUDI, KRISHNA KEERTHI CHENNAM,
KETAN KOTECHA, JATINDERKUMAR R. SAINI
Proposed The majority of the accidents were happening
perpetually due to driver drowsiness over the decades.
Automation has been playing key role in many fields to
provide conformity and improve the quality of life of the users.
Though various drowsiness detection systems have been
developed during last decade based on many factors, still the
systems were demanding an improvement in terms of
efficiency, accuracy, cost, speed, and availability, etc. In this
paper, proposed an integrated approach depends on the Eye
and mouth closure status (PERCLOS) along with the
calculation of the new proposed vector FAR (Facial Aspect
Ratio) similarly to EAR and MAR. This helps to find the status
of the closed eyes or opened mouth like yawning, and any
frame finds that has hand gestures like nodding or covering
opened mouth with hand as innate nature of humans when
trying to control the sleepiness. The system also integrated the
methods and textural-based gradient patterns to find the
driver’s face in various directions identify the sunglasses on
the driver’s face and the scenarios like hands-on eyes or mouth
while nodding or yawning were also

recognized and addressed. The proposed work tested on
datasets such as NTHU-DDD, YawDD, and a proposed dataset
EMOCDS (Eye and Mouth Open Close Data Set) and proved
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better in terms of accuracy and provides results in general by
considering various circumstances.

[2] Privacy-Preserving Federated Transfer Learning for Driver
Drowsiness Detection by LINLIN ZHANG, HIDEO SAITO,
LIANG YANG3 , AND JIAJIE WU proposed Drowsiness
affects the drivers’ sensory, cognitive, and psychomotor
abilities, which are necessary for safe driving. Drowsiness
detection is a critical technique to avoid traffic accidents.
Federated learning (FL) can solve the problem of insufficient
driver facial data by utilizing different industrial entities’ data.
However, in the FL system, the privacy information of the
drivers might be leaked. In addition, reducing the
communication costs and maintaining the model performance
are also challenges in industrial scenarios. In this work, we
propose a federated transfer learning method with the privacy-
preserving protocol for driver drowsiness detection, named
PFTL-DDD. We use fine-tuning transfer learning on the initial
model of the drowsiness detection FL system. Furthermore, a
CKKS-based privacy-preserving protocol is applied to
preserve the drivers’ privacy data by encrypting the exchanged
parameters. The experimental results show that the PFTL-
DDD method is superior in terms of accuracy and efficiency
compared to the conventional federated learning on the
NTHU-DDD and YAWDD datasets. The theoretical analysis
demonstrates that the proposed transfer learning method can
reduce the communication cost of the system, and the CKKS-
based security protocol can protect personal privacy.

[3] Smart Edge-Based Driver Drowsiness Detection in Mobile
Crowd sourcing HANANE by LAMAAZI, AISHA
ALQASSAB, RUBA ALI FADUL, RABEB MIZOUNI
proposed Traffic accidents caused by drowsy drivers represent
a crucial threat to public safety. Recent statistics show that
drowsy drivers cause an estimated 15.5% of fatal accidents.
With the widespread use of mobile devices and roadside units,
these accidents can be significantly prevented using a
drowsiness detection solution. While several solutions were
proposed in the literature, they all fall short of presenting a
distributed architecture that can answer the needs of these
applications without breaching the driver’s privacy. This paper
proposes a two-stage Driver Drowsiness Detection System
using smart edge computing. Mobile devices in the car are
used to capture and analyze the current condition of the drivers
without sharing their data. The smart edge is deployed as a
decision-maker where the drowsiness is confirmed when the
information about the driver status received from the mobile
client and the observed car path match. Our approach relies on
a) a distributed edge architecture that has two levels of
hierarchy, namely the Main Edge Node (MEN) and Local
Edge Node (LEN), to better manage the area of interest and b)
a data fusion offloading strategy that considers: 1) local
detection of driver drowsiness through facial expressions using
CNN model, 2) global detection of car path through
acceleration readings using YoLov5 algorithm, and finally, 3)
a two-layer LSTM algorithm for drowsiness detection based
on the local and the global detection. The proposed framework
achieves drowsiness detection with an average accuracy of
97.7%.

[4] Novel Transfer Learning Approach for Driver Drowsiness
Detection Using Eye Movement Behavior by HAMZA
AHMAD MADNI, ALI RAZA, RUKHSHANDA SEHAR,
NISREAN THALJI,LAITH ABUALIGAH proposed Driver
drowsiness detection is a critical field of research within
automotive safety, aimed at identifying signs of fatigue in
drivers to prevent accidents. Drowsiness impairs a driver’s
reaction time, decision-making ability, and overall alertness,
significantly increasing the risk of collisions. Nowadays, the
challenge is to detect drowsiness using physiological signals,
which often require direct contact with the driver’s body. This
can be uncomfortable and distracting. This study aimed at
detecting driver drowsiness through eye movement behavior
imagery of the driver. We utilized a standard image dataset
based on the eye movement behavior of drivers to conduct this
research experiment. We proposed a novel transfer learning-
based features generation which combined the strengths of the
Visual Geometry Group (VGG-16) and Light Gradient-
Boosting Machine (LGBM) methods. The proposed VGLG
(VGG16-LGBM) approach first extracts spatial features from
input eye image data and then generates salient transfer
features using LGBM. Experimental evaluations reveal that
the Kk-neighbors classifier outperformed the state-of-the-art
approach with a high-performance accuracy of 99%. The
computational complexity analysis shows that the proposed
approach detects driver drowsiness in 0.00829 seconds. We
have enhanced the performance through hyperparameter
tuning and validations using k-fold validation. This research
has the potential to revolutionize driver drowsiness detection,
aiming to prevent road accidents and save precious lives.

[5] Bio signals Monitoring for Driver Drowsiness Detection
Using Deep Neural Networks by JOSE ALGUINDIGUE,
AMANDEEP SINGH, APURVA NARAYAN, SIBY
SAMUEL proprsed Drowsy driving poses a significant risk to
road safety, necessitating the development of reliable
drowsiness detection systems. In particular, the advancement
of Artificial Intelligence based neuroadaptive systems is
imperative to effectively mitigate this risk. Towards reaching
this goal, the present research focuses on investigating the
efficacy of physiological indicators, including heart rate
variability (HRV), percentage of eyelid closure over the pupil
over time (PERCLOS), blink rate, blink percentage, and
electrodermal activity (EDA) signals, in predicting driver
drowsiness. The study was conducted with a cohort of 30
participants in controlled simulated driving scenarios, with
half driving in a non-monotonous environment and the other
half in a monotonous environment. Three deep learning
algorithms were employed: sequential neural network (SNN)
for HRV, 1D-convolutional neural network (1D-CNN) for
EDA, and convolutional recurrent neural network (CRNN) for
eye tracking. The HRV-Based Model and EDA-Based Model
exhibited strong performance in drowsiness classification,
with the HRV model achieving precision, recall, and F1-score
of 98.28%, 98%, and 98%, respectively, and the EDA model
achieving 96.32%, 96%, and 96% for the same metrics. The
confusion matrix further illustrates the model’s performance
and highlights high accuracy in both HRV and EDA models,
affirming their efficiency in detecting driver drowsiness.
However, the Eye-Based Model faced difficulties in
identifying drowsiness instances, potentially attributable to
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dataset imbalances and underrepresentation of specific fatigue
states. Despite the challenges, this work significantly
contributes to ongoing efforts to improve road safety by laying
the foundation for effective real-time neuroadaptive systems
for drowsiness detection and mitigation

1"l PROBLEM STATEMENT

Drowsy driving is a major cause of road accidents and results
in serious injuries and death globally. Contributing factors
include increased driving times, inadequate sleep, and stressful
schedules that lead to driver fatigue, decreased alertness, and
reaction time. The current drowsiness detection systems are
hampered by a number of issues such as low accuracy because
of fewer feature analyses, limited adaptability under different
environmental conditions, high computational requirements,
and inefficient alarm mechanisms.

To overcome these challenges, this project seeks to build a
real-time, non-obtrusive driver drowsiness detection system
employing the Haar Cascade algorithm to analyze facial
features. Through combination of Facial Aspect Ratio (FAR),
Eye Aspect Ratio (EAR), and Mouth Aspect Ratio (MAR), the
system ensures higher detection rates. Texture-based gradient
pattern analysis will further facilitate recognition of typical
drowsiness behaviors like multiple eye closures, yawning, and
head nodding, which will make it a more solid and efficient
solution.

V. PROPOSED SYSTEM

The proposed Driver Accident Prevention System is a web-
based solution that leverages deep learning algorithms to
enhance road safety. It incorporates two primary features:
drowsiness detection and driver sign recognition. The
drowsiness detection system employs a camera to capture the
driver’s face using the Haar cascade algorithm and analyzes
eye closure using a Convolutional Neural Network (CNN). If
the system detects drowsiness, an alarm is triggered to alert the
driver, reducing the risk of accidents caused by fatigue.
Additionally, the driver sign recognition system utilizes
MediaPipe for hand and gesture tracking along with a trained
Ridge Classifier to identify signs. Upon recognizing a sign, the
system sends corresponding signals to hardware components,
activating motors to respond accordingly. By integrating CNN
for drowsiness detection and the Ridge Classifier for sign
recognition, the system ensures both driver alertness and real-
time sign-based assistance, contributing to safer driving
through Al-powered monitoring and automation.

V. ARCHITECTURE DIAGRAM
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VI.  PREPARATION:

Data Collection:

Gather a diverse dataset covering various driving conditions,
driver postures, and drowsiness indicators. This can be done
through:

Public Datasets: Use existing datasets like NTHU Drowsy
Driver Dataset, UTA-RLDD, or YawDD.

Custom Data Collection: Capture real-world driving scenarios
using cameras in various lighting conditions and driver
demographics.

Synthetic Data Augmentation: Generate additional images
using techniques like GANs or image synthesis to cover edge
cases.

Data Preprocessing:

Raw images or videos must be

processed first before they can be fed into Raw images or
videos must be processed first before they can be fed into a
deep learning model.

Frame Extraction (for video datasets): Transcode video files
into image frames at a constant interval.

Face Detection: Employ Haar Cascade, MTCNN, or Dlib to
extract the face and eyes of the driver.

Feature Extraction: Detect facial landmarks like eye
openness, yawning, and head tilt using OpenCV and Dlib.
Resizing: Resize images to a predefined size (e.g., 224x224
for CNN-based models).

Normalization: Normalize pixel values to [0,1] or [-1,1]

to improve the convergence of the model.

Labeling: Put proper labels such as "Drowsy," "Alert," or
"Distracted" according to the driver's condition.only at the
end

MODULE LIST

1. Drowsiness Detection Module
2. Sign Recognition Module
3. Web-Based Interface

MODULE DESCRIPTION:
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DROWSINESS DETECTION MODULE:

The system uses the Haar cascade algorithm to detect the
driver’s face in real-time from a camera feed. A Convolutional
Neural Network (CNN) analyzes the driver’s eyes to
determine whether they are open or closed. If drowsiness is
detected (i.e., the eyes remain closed for a predefined
duration), the system triggers an alarm to wake the driver and
prevent potential accidents.

SIGN RECOGNITION MODULE:

MediaPipe is used to capture and process traffic signs from the
environment. A trained Ridge Classifier analyzes and
classifies the detected signs based on predefined categories
such as speed limits, stop signs, and turn indications. Upon
recognizing a sign, the system sends signals to hardware
components (e.g., motors) to take appropriate actions, such as
adjusting speed or alerting the driver to follow road rules.

WEB-BASED INTERFACE:

The system is accessible through a web application, making it
easy to monitor and control. Both drowsiness detection and
sign recognition operate in real-time to provide immediate
responses. The system can be connected to external hardware
like motors or alarms for automated actions.

VIl.  Regulatory Compilance

The Driver Accident Prevention System complies with key
regulatory standards to ensure safety, privacy, and efficiency
in real-world applications.

1. Automotive Safety Standards:

o Adheres to 1ISO 26262 (Functional Safety for
Road Vehicles) to ensure that Al-powered drowsiness
detection and sign recognition systems meet safety integrity
requirements.

o Follows FMVSS (Federal Motor Vehicle
Safety Standards) for driver-assistive technologies in the U.S.
and UNECE WP.29 regulations for global automotive

compliance.
2. Al and Data Privacy Compliance:
o Complies with GDPR (General Data

Protection Regulation) and CCPA (California Consumer
Privacy Act) for secure handling of driver data, ensuring facial
recognition and behavioral data are processed ethically and
with consent.

o Implements ISO/IEC 27001 (Information
Security Management System) best practices for data
encryption and cybersecurity.

3. Electronic and Hardware Regulations:

o Meets CE and FCC certification requirements
for electronic hardware components used in vehicle
automation.

o Complies with RoHS (Restriction of
Hazardous Substances Directive) to ensure environmental
safety in hardware manufacturing.

4. Road Traffic and Al Governance:

o Aligns with SAE J3016 (Levels of Driving
Automation) to ensure proper integration with existing
Advanced Driver Assistance Systems (ADAS).

o Follows ethical Al deployment guidelines set
by IEEE P7001 (Transparency of Autonomous Systems) to
ensure responsible and interpretable Al behaviour.

© 2025,IJSREM | www.ijsrem.com

By adhering to these regulations, the Driver Accident
Prevention System ensures legal, ethical, and safe deployment
for both individual and commercial vehicle applications.

40

Vil Comparative Analysis

The Intelligent Driver Safety System (IDSS) using Deep
Learning outperforms traditional and existing driver
monitoring solutions in accuracy, real-time performance, and
proactive accident prevention. Unlike conventional methods
that rely solely on basic eye-tracking or predefined rule-based
systems, IDSS leverages CNN-based drowsiness detection,
MediaPipe-driven sign recognition, and multi-sensor fusion,
ensuring higher precision and recall rates. Compared to legacy
systems, which struggle with low-light conditions, occlusions,
and slow response times, IDSS integrates Edge Al for real-
time processing, adaptive deep learning for personalized
detection, and ADAS features like lane correction and
autonomous braking. Additionally, while most existing
solutions lack comprehensive security and regulatory
compliance, IDSS incorporates GDPR and AIS 140 standards,
multi-factor authentication, and encrypted data storage,
making it more scalable, robust, and legally compliant. This
combination of Al-driven intelligence, enhanced safety
measures, and regulatory adherence positions IDSS as a next-
generation driver monitoring system, significantly reducing
accident risks compared to traditional approaches.
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IX. Results and Discussions

The Driver Accident Prevention System was evaluated using
standard metrics such as Accuracy, Precision, Recall, and F1-
Score, focusing on two key modules: Drowsiness Detection
and Sign Recognition. These metrics provided a holistic view
of the system's performance in terms of driver safety and real-
time assistance.

1. Drowsiness Detection:

The drowsiness detection module utilized Haar cascade for
face detection and a Convolutional Neural Network (CNN) for
analyzing eye closures to determine the driver's state. The
system was tested on a diverse dataset under different driving
conditions. The following results were obtained for
Drowsiness Detection:
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We need the total sample size (N) used in the evaluation.
Assuming N = 1000 for each module, we calculate TP, TN,
FP, and FN.

1. Drowsiness Detection (N = 1000):
TP = 475

TN = 455

FP~53

FN =17

Accuracy: TP+TN/TP+TN+FP+FN

Precision: TP/TP+FP
Recall: TP/TP+FN
F1-Score: 2*(Precision*Recall/Precision +Recall)

These results indicate a high level of efficiency in detecting
drowsiness with minimal false negatives, ensuring that the
system responds effectively when a driver shows signs of
fatigue. The high recall value shows the system'’s strong ability
to detect drowsiness, which is crucial for preventing accidents.

Metric Drowsiness Sign
Detection(%) Recognition

Accuracy 93 96

Precision 90 94

Recall 95 97

F1 Score 92 95

2. Sign Recognition:

The sign recognition module employed Media Pipe for gesture
tracking and a trained Ridge Classifier to recognize road signs
in real-time. This component helps the system provide
appropriate actions such as adjusting vehicle behavior or
alerting the driver. The performance of the Sign Recognition
module was as follows:

Sign Recognition (N = 1000):

TP = 485

TN = 475

FP~=31

FN~=9

Accuracy: TP+TN/TP+TN+FP+FN

Precision: TP/TP+FP
Recall: TP/TP+FN
F1-Score: 2*(Precision*Recall/Precision +Recall)

These metrics demonstrate the system's robust ability to detect
and classify traffic signs accurately, triggering timely
responses to ensure driver compliance with road rules. The
high recall value for sign recognition confirms that the system
is capable of reacting quickly to road signs, which is essential
for reducing accidents caused by missed or ignored signs.

Discussion:

© 2025,IJSREM | www.ijsrem.com

The results of both modules showcase the effectiveness of the
Driver Accident Prevention System in improving driver safety.
The Drowsiness Detection system performed exceptionally
well, accurately identifying when the driver is fatigued, which
is a critical factor in preventing drowsiness-related accidents.
The Sign Recognition module performed excellently in real-
time sign classification, demonstrating its potential to assist
drivers in adhering to road signs and regulations.

While both modules show promising results, further
improvements can be made in the following areas:

Data Augmentation: Expanding the dataset to include a wider
variety of environmental conditions, such as different lighting
and weather scenarios, would enhance model robustness.

System Integration: Future enhancements could focus on
improving the interface between the detection modules and
hardware components (e.g., motor activation), ensuring a
seamless and quicker response time in real-world driving
scenarios.

In conclusion, the system provides a scalable and effective
solution for enhancing road safety by integrating both driver
drowsiness detection and real-time traffic sign recognition.
The system's performance, as indicated by the evaluation
metrics, confirms its potential as a practical tool for preventing
accidents and improving overall road safety.

Performance Metrics of Driver Accident Prevention System
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X. Conclusion

I 3

The Driver Accident Prevention System integrates Drowsiness
Detection and Sign Recognition to enhance driver safety and
reduce the risk of road accidents. The system leverages
Convolutional Neural Networks (CNN) for detecting
drowsiness and MediaPipe with a Ridge Classifier for real-
time traffic sign recognition. The performance evaluation
metrics demonstrate the system’s high accuracy, precision,
recall, and F1-score, making it a reliable tool for accident
prevention.

The Drowsiness Detection module, which achieved 93%
accuracy, effectively identifies driver fatigue by analyzing eye
closure patterns. The high recall value of 95% indicates that
the system rarely misses drowsiness-related instances,
ensuring timely alerts to prevent potential accidents. Similarly,
the Sign Recognition module, with an accuracy of 96%,
provides real-time traffic sign detection, ensuring that the
driver adheres to road regulations. The high recall of 97%
confirms that the system efficiently recognizes and processes
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traffic signs, reducing the chances of missed signals.

Compared to existing systems, the proposed model exhibits
improved performance in all key metrics. The integration of
advanced machine learning techniques ensures minimal false
positives and false negatives, thereby enhancing reliability.
The use of MediaPipe for gesture tracking further strengthens
real-time sign recognition, allowing drivers to react promptly
to road signs.

While the system performs exceptionally well, further
enhancements can be made to increase its adaptability to
diverse environmental conditions. Expanding the dataset with
variations in lighting, weather, and road conditions can
improve robustness. Additionally, integrating hardware
components such as vibration alerts or automatic vehicle
response mechanisms can enhance real-world applicability.
Optimizing computational efficiency will also contribute to
faster real-time processing, making the system more effective
for real-world deployment.

In conclusion, the Driver Accident Prevention System presents
a scalable and practical solution for enhancing road safety. By
combining advanced drowsiness detection and traffic sign
recognition, the system effectively mitigates major risk factors
contributing to road accidents. With future enhancements, it
has the potential to be deployed as a real-time assistance tool
in modern vehicles, significantly improving driver safety and
compliance with traffic regulations.

XI.  Fututre Enhancements

1.  Future Enhancements in Media Pipe for
Intelligent Driver Safety System Enhanced Face &
Eye Tracking

Utilize Media Pipe Face Mesh for detailed eye aspect ratio
(EAR) analysis, improving drowsiness detection accuracy.

Integrate infrared-based tracking for low-light and night-time
detection.

2. Hand Gesture-Based Driver Alerts:

Implement Media Pipe Hands to detect predefined driver
gestures (e.g., covering face = fatigue, raising hand = alert
signal).Use gestures for hands-free interaction, reducing driver
distractions.

3. Traffic Sign Recognition Improvement:

Extend Media Pipe Objectron for 3D sign recognition,
ensuring better accuracy in detecting angled or partially
visible signs.

Enable real-time tracking of dynamic signs like LED speed
limit boards

4. Pose Estimation for Driver Behavior
Analysis:

Apply Media Pipe Pose to monitor driver posture, detecting
signs of inattentiveness or drowsiness.

Alert system if driver slouches or exhibits risky behavior (e.g.,

looking away from the road for extended periods).
5.  Edge Al Integration for Faster Processing

Deploy MediaPipe models on Edge Al devices (e.g.,
Raspberry Pi, NVIDIA Jetson) for on-device real-time
detection.

Reduce dependency on cloud processing for lower latency and
better offline performance.
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