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Abstract

This study presents a real-time, non-intrusive Driver Drowsiness Detection System designed to monitor
driver alertness using visual cues such as Eye Aspect Ratio (EAR) and Mouth Aspect Ratio (MAR). By
leveraging facial landmark detection and machine learning techniques, the system analyzes video frames to
detect early signs of drowsiness. If drowsiness indicators are detected, the system issues an audible and
visual alert, thereby improving road safety. The approach uses Python, OpenCV, and Dlib to efficiently
process and analyze live video feeds, ensuring rapid detection in real-time scenarios. This paper discusses the
architecture, methodologies, and results of this system, which demonstrates significant potential as a low-
cost solution for enhancing driver safety.
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I. INTRODUCTION
Drowsiness while driving is a significant risk factor for accidents globally. Traditional methods of
drowsiness detection, such as EEG and heart-rate monitors, are effective but intrusive. This paper proposes a
vision-based approach that utilizes a camera and image processing algorithms to detect signs of drowsiness in
drivers without physical contact. By calculating EAR and MAR from facial landmarks, the system can detect
prolonged eye closure and yawning, common indicators of drowsiness.

Il. RELATED WORK
Various systems for drowsiness detection have been developed, including wearable sensors and camera-based
solutions. Existing systems, such as the MIT Driver Behavior Dataset, provide foundational research but often
lack real-time analysis and non-intrusive monitoring. Recent studies have focused on EAR and MAR metrics
as effective non-invasive indicators for drowsiness, supporting the use of visual analysis over traditional
physiological monitoring methods. This section reviews literature on non-intrusive drowsiness detection and
compares machine learning models such as SVM and CNN for facial analysis.

111. OVERVIEW

The Driver Drowsiness Detection System is designed to enhance road safety by monitoring signs of driver
fatigue in real time. Using a standard webcam and computer vision algorithms, the system continuously
analyzes the driver’s facial features to detect signs of drowsiness, such as prolonged eye closure and
yawning. The system relies on two primary metrics—Eye Aspect Ratio (EAR) and Mouth Aspect Ratio
(MAR)—which are calculated from facial landmarks using Dlib’s 68-point facial landmark model.

The core functionality of the system is built on a pipeline of video capture, facial landmark detection, and
real-time analysis of EAR and MAR values. When these metrics fall within predefined thresholds indicative

https://doi.org/10.36893/JNAO.2024.V15I12.144



https://doi.org/10.36893/JNAO.2024.V15I2.144

145 JNAO Vol. 15, Issue. 2 : 2024

of drowsiness, an alert is triggered. The visual-based approach is non-intrusive, requiring no wearable
sensors, making it practical for long-term use.

The system uses Python libraries, including OpenCV for image processing, Dlib for facial landmark
detection, Scipy for distance calculations, and Tkinter for the user interface. By issuing real-time visual and
audio alerts, this solution aims to reduce accidents caused by driver fatigue, making it a cost-effective tool
for enhancing safety in personal and commercial vehicles. The modular design allows for future upgrades,
including deep learning integration, to further improve accuracy and adapt to diverse driving conditions.ss

IV. METHODOLOGY USED
V. A. System Architecture
A. System Design
The system captures video input from a camera mounted on the dashboard, analyzing each frame for
specific facial features. OpenCV handles video processing, Dlib’s facial landmark detection library
identifies key points on the face, and SciPy calculates EAR and MAR values based on these points.
B. Key Algorithms
1. Eye Aspect Ratio (EAR):
EAR is calculated using six eye landmark points and is a measure of eye closure. A consistent EAR below a
set threshold indicates drowsiness.
2. Mouth Aspect Ratio (MAR):
MAR is calculated using six mouth landmarks to determine the openness of the mouth. A high MAR over
consecutive frames signals yawning, an early sign of fatigue.
C. Alert Mechanism
Pygame's audio module triggers an alert sound when drowsiness is detected. The system also displays visual
alerts through the Tkinter GUI, creating an immersive and responsive alert environment for the driver.
D. Testing and Validation
The system was tested under various conditions (e.g., low light, head rotations) to assess its robustness.
Testing included scenarios with multiple users to ensure it accommodates diverse facial structures and
behaviors.
The system architecture consists of five core modules: video capture, preprocessing, facial landmark
detection, EAR and MAR calculations, and alert generation. Each frame is processed in real-time to detect
drowsiness cues, and alerts are issued if thresholds for drowsiness indicators are met.
E. Facial Landmark Detection
Using Dlib’s 68-point model, the system detects key facial features. EAR and MAR calculations are
performed on these landmarks to assess eye closure and yawning. OpenCV processes video frames,
converting them to grayscale for efficiency.
G. Drowsiness Detection Algorithms
The Eye Aspect Ratio (EAR) and Mouth Aspect Ratio (MAR) are computed using the Euclidean distances
between specific landmarks. Thresholds for EAR and MAR are set based on empirical data, and consecutive
frames are analyzed to confirm drowsiness indicators before triggering an alert.
H. Implementation Tools
The system uses Python, OpenCV, Dlib, Scipy, Tkinter, and Pygame. OpenCV manages video processing,
while Dlib handles facial landmark detection. EAR and MAR calculations are computed using Scipy's
distance module, and Tkinter provides the GUI interface for real-time monitoring.

VI. RESULT
The system was tested under various lighting conditions, facial orientations, and obstructions (e.g., glasses).
Results indicate a detection accuracy of over 90% for prolonged eye closure and yawning. The average
response time for issuing an alert after detecting drowsiness was less than one second, demonstrating the
system’s capability for real-time application.
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Results indicate that the system can accurately detect drowsiness with an average EAR threshold of 0.25 and
MAR threshold of 0.7. Tables and graphs are presented showing system performance in terms of detection
accuracy and response times across different testing conditions. Real-time alerts successfully prompted
drivers to take corrective actions in simulated drowsy conditions, highlighting the system’s potential for
enhancing road safety.

Condition Average EAR | Average MAR | Alert Accuracy (%)
Daylight 0.22 0.75 95
Low Light 0.24 0.68 90

Head Turned 0.21 0.74 88
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CONCLUSION

This research demonstrates the feasibility of a vision-based Driver Drowsiness Detection System using EAR
and MAR metrics. The system provides a cost-effective, non-intrusive solution for detecting driver
drowsiness in real-time, showing potential for integration into commercial vehicles. Future work may
include integrating deep learning models for enhanced accuracy and exploring additional behavioral cues to
improve detection sensitivity.

the feasibility of a real-time, camera-based driver drowsiness detection system using facial landmark
analysis. The EAR and MAR metrics provide reliable indicators of drowsiness, and the system’s real-time
alerting mechanism has practical applications for road safety. Future work could explore integrating more
advanced machine learning models to improve detection accuracy and resilience in varied driving
environments.

REFERENCES

1. Soukupova, T., & Cech, J. (2016). Real-time eye blink detection using facial landmarks. 21st
Computer Vision Winter Workshop.

https://doi.org/10.36893 /JNAO.2024.V1512.144


https://doi.org/10.36893/JNAO.2024.V54I2.144

147 JNAO Vol. 15, Issue. 2 : 2024

2. Kazemi, V., & Sullivan, J. (2014). One millisecond face alignment with an ensemble of regression
trees. Proceedings of the IEEE conference on computer vision and pattern recognition.

3. Caffier, P., Erdmann, U., & Ullsperger, P. (2003). Experimental evaluation of eye-blink parameters
as a drowsiness measure. European Journal of Applied Physiology, 89(3-4), 319-325.

4. Dong, Y., Hu, Z., Uchimura, K., & Murayama, N. (2011). Driver inattention monitoring system for
intelligent vehicles: A review. IEEE Transactions on Intelligent Transportation Systems, 12(2), 596-
614.

5. OpenCV Documentation: https://docs.opencv.org/

Dlib Documentation: http://dlib.net/

7. PylmageSearch, "Eye Blink Detection with OpenCV, Python, and Dlib,"” Available:
https://www.pyimagesearch.com/

o

https://doi.org/10.36893 /JNAO.2024.V1512.144


https://doi.org/10.36893/JNAO.2024.V54I2.144
https://docs.opencv.org/
http://dlib.net/
https://www.pyimagesearch.com/

