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Abstract - Driver fatigue is a leading cause of road 

accidents globally, with significant fatalities and 

injuries reported annually. This paper presents a 

real-time Driver Drowsiness Detection System 

leveraging computer vision and machine learning 

techniques. Using Convolutional Neural Networks 

(CNNs), the system monitors key behavioural 

indicators, such as eye closure and yawning 

frequency, from live video feeds. Preprocessing 

techniques like grayscale conversion and 

normalization ensure robustness under varied 

conditions. Alerts are triggered immediately upon 

detecting drowsiness, enhancing road safety. The 

system’s non-intrusive design ensures scalability and 

affordability, making it suitable for integration into 

Advanced Driver Assistance Systems (ADAS). This 

paper also discusses challenges and potential 

enhancements, such as IoT integration and edge 

computing. 
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1. INTRODUCTION 

Driver drowsiness significantly contributes to road 

accidents, accounting for over 100,000 cases annually 

according to the National Highway Traffic Safety 

Administration (NHTSA). Ftigue impairs cognitive and 

motor skills, making it a critical safety concern. 

Traditional detection methods, such as EEG analysis and 

steering behavior monitoring, are often intrusive or 

dependent on external factors, limiting their practical 

application.This research proposes a non-intrusive, real-

time Driver Drowsiness Detection System that employs 

Convolutional Neural Networks (CNNs) to analyze facial 

features. 

 

Fig-1: Overall System Design 

The system leverages live video feeds to monitor 

behavioral indicators such as eye state and yawning. By 

addressing limitations in traditional approaches, this 

system enhances road safety and aligns with 

advancements in intelligent transportation systems. 

 

2.BODY OF PAPER 

Fatigue-related accidents are a significant concern in 

road safety, prompting extensive research into driver 

drowsiness detection systems. This paper explores 

advancements in the field, highlighting key findings and 

limitations of previous studies while proposing a more 

robust and scalable solution. This section reviews 

notable contributions to driver drowsiness detection, 

categorized by their methodologies and technologies. 

Key metrics, challenges, and limitations are discussed to 

provide a comprehensive understanding of the state of 

the art. 

Dr. Jagendra Singh (2023) proposed a system utilizing 

real-time image and video processing to detect 

drowsiness. The approach analyzes facial landmarks, 

focusing on the eyes and mouth regions. Metrics such as 

the Eye Aspect Ratio (EAR) and Mouth Vertical 

Distance (MVD) are computed using live video feeds. 

Alerts are triggered when thresholds are crossed. The 

system achieved 92.5% accuracy but has limitations, 

including dependency on lighting conditions and 

hardware requirements such as webcams or infrared 

cameras, which increase vehicle costs.  
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Belal Alshaqaqi et al. (2023) employed computer vision 

and artificial intelligence (AI) using the Percentage of 

Eye Closure (PERCLOS) metric to detect fatigue and 

issue alerts. While this approach is non-intrusive and 

scalable, making it suitable for Advanced Driver 

Assistance Systems (ADAS), its dependence on infrared 

cameras and computational intensity limits practicality in 

certain scenarios. Shikha Pachouly et al. (2020) 

presented a Python and OpenCV-based solution to 

calculate EAR and monitor eye behavior for drowsiness 

detection. Although affordable and non-invasive, the 

system primarily relies on EAR and mouth movement 

analysis, potentially overlooking other forms of 

drowsiness or distraction. 

 
Fig-2: Drowsy alert for closed eyes and yawning 

 

Rohith Chinthalachervu et al. (2022) employed machine 

learning techniques using behavioral metrics like EAR, 

Mouth Opening Ratio (MOR), and Nose Length Ratio 

(NLR). A Support Vector Machine (SVM) was used for 

classification, achieving a sensitivity of 95.58% and 

specificity of 100%. However, the system’s performance 

degrades in low-light or high-glare conditions. 

Sowntharya Lakshmi B et al. (2023) integrated Haar 

Cascade and Convolutional Neural Networks (CNN) to 

monitor driver behaviors like eye closure and yawning, 

providing emergency alerts via GPS and APIs. While 

cost-effective and practical, obstructions such as 

sunglasses or rapid head movements impact 

performance. Despite significant advancements, several 

challenges remain, including lighting dependency, where 

many systems require optimal lighting conditions or 

specialized cameras, limiting their applicability. 

Hardware costs, such as those associated with infrared 

cameras and other sensors, increase vehicle costs. 

Computational demands of some algorithms hinder 

scalability and affect real-time performance. 

 

 
Fig-3: Model evaluation result from image 

 

Environmental factors, including glare, head movements, 

or obstructions like sunglasses, also pose challenges. 

Building on the strengths of existing systems, this paper 

proposes a more robust and scalable solution designed 

for real-world deployment. The proposed system 

addresses lighting dependency through adaptive image 

processing techniques, reduces hardware costs by 

leveraging readily available sensors, and improves real-

time performance with optimized algorithms. Driver 

drowsiness detection systems have shown promising 

advancements, yet challenges persist in achieving 

widespread, reliable deployment. The proposed system 

aims to address these limitations, enhancing road safety 

and reducing fatigue-related accidents. 

The proposed Driver Drowsiness Detection System 

captures real-time video frames from a webcam to 

monitor driver fatigue. The system begins by detecting 

the driver's face using Haar Cascade Classifiers, a 

lightweight and efficient method suitable for real-time 

applications. After detecting the face, it isolates critical 

Regions of Interest (ROIs) such as the eyes and mouth. 

These ROIs are preprocessed by converting them to 

grayscale, resizing, and normalizing the pixel values, 

ensuring compatibility with the input requirements of 

the Convolutional Neural Network (CNN) models. This 

preprocessing step standardizes the input data for 

reliable feature extraction.  

Two separate CNN models are utilized to analyze the 

preprocessed ROIs: one for eye state classification and 

another for yawn detection. The eye state model 

determines whether the eyes are open or closed, while 

the mouth model identifies yawning. The CNN 

architecture includes convolutional layers for spatial 

feature extraction, pooling layers for dimensionality 

reduction, and dropout layers to prevent overfitting. 

Trained on diverse datasets, the models achieve robust 

performance across various lighting conditions, driver 

demographics, and facial expressions. This multi-
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layered approach ensures the system’s ability to 

accurately assess the driver’s state in real-world 

scenarios. 

To detect drowsiness, the system maintains counters for 

prolonged eye closure and frequent yawning events. If 

the eyes remain closed for a predefined duration (e.g., 

10 consecutive frames) or yawning occurs repeatedly, 

the system triggers an audio-visual alert. This includes 

an on-screen warning and an audible alarm, providing 

immediate feedback to the driver. Real-time testing 

demonstrated high accuracy, with confidence scores for 

detecting eye closure and yawning exceeding 99%. 

These results underscore the system's reliability in 

preventing accidents caused by driver fatigue. 

 

 
Fig-4: Model evaluation graph 

 

3. CONCLUSIONS 

This paper presents a real-time Driver Drowsiness 

Detection System that leverages computer vision and 

deep learning to enhance road safety. By monitoring key 

behavioral indicators such as eye closure and yawning, 

the system provides timely alerts to prevent fatigue-

related accidents. The system's non-intrusive design, 

high accuracy, and scalability make it a practical 

solution for integration into modern vehicles and ADAS. 

Future enhancements, including IoT integration and 

edge device deployment, will further improve the 

system's reliability and applicability in real-world 

scenarios. 
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