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Abstract—Driver drowsiness is a major cause of road
accidents and poses a serious threat to road safety.
Detecting fatigue at an early stage can help prevent
accidents and protect drivers as well as passengers. This
paper presents a real-time driver drowsiness detection
system based on computer vision techniques. The
system monitors the driver’s facial features using a
camera and analyzes eye blinking and yawning patterns
to identify signs of fatigue. Facial landmark detection is
used to track the eyes and mouth, while the Eye Aspect
Ratio (EAR) helps determine whether the driver’s eyes
are open or closed. When the system detects prolonged
eye closure or repeated yawning, it triggers an alert to
warn the driver. The proposed system is designed to be
simple, cost-effective, and capable of improving road
safety by reducing accidents caused by driver fatigue.
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L INTRODUCTION

Road transportation plays an important role in
modern society, but it is also associated with a large
number of accidents every year. One of the major
reasons for road accidents is driver drowsiness or
fatigue. When a driver becomes tired or sleepy, their
ability to concentrate decreases, reaction time
becomes slower, and the chances of making mistakes
while driving increase significantly. This situation
can lead to serious accidents that may cause injuries,
loss of life, and damage to property. Therefore,
detecting driver fatigue at an early stage is extremely
important to improve road safety.

Driver drowsiness usually occurs during long-
distance driving, night driving, or when drivers do
not get enough rest. Fatigue can cause symptoms
such as frequent blinking, long eye closure, yawning,
and head nodding. If these signs are detected early, it
is possible to alert the driver and prevent accidents.
Traditional vehicle safety systems mainly focus on
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collision avoidance, braking systems, or lane
detection, but they do not directly monitor the driver's
physical condition. As a result, there is a need for
intelligent systems that can monitor the driver's
behavior in real time.

With the rapid development of artificial intelligence,
machine learning, and computer vision, new
technologies have emerged that make it possible to
monitor driver behavior using cameras and image
processing algorithms. Computer vision techniques
allow systems to analyze facial expressions, eye
movements, and other physical indicators that can
reveal signs of fatigue. These technologies provide a
non-intrusive and cost-effective way to detect driver
drowsiness without requiring wearable devices or
complex sensors.

In recent years, researchers have developed various
driver monitoring systems that use facial landmark
detection, eye blink detection, and yawning detection
to identify fatigue. Among these methods, Eye
Aspect Ratio (EAR) is widely used to detect eye
closure by measuring the relationship between the
vertical and horizontal distances of the eye. When the
driver’s eyes remain closed for a certain period, the
system can recognize this as a sign of drowsiness.
Similarly, yawning detection can be used as another
indicator of fatigue by analyzing the mouth opening
ratio.

This research proposes a real-time driver drowsiness
detection system that uses a camera to continuously
monitor the driver’s face. The system detects facial
landmarks and analyzes eye blinking patterns and
mouth movements to identify signs of fatigue. When
the system detects that the driver is becoming drowsy,
it immediately generates an alert to warn the driver
and restore attention.
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The main goal of this research is to develop a simple,
efficient, and affordable driver monitoring system
that can help reduce accidents caused by driver
fatigue. By integrating computer vision techniques
with real-time monitoring, the proposed system can
significantly contribute to improving road safety and
preventing fatigue-related accidents.

IL. PROBLEM STATEMENT

MRoad accidents caused by driver fatigue and
drowsiness have become a serious global safety
issue. Drivers who are tired or sleep-deprived often
experience reduced concentration, slower reaction
time, and decreased awareness of their surroundings.
These conditions significantly increase the risk of
accidents, especially during long-distance travel or
night driving.

Many existing vehicle safety systems focus mainly
on mechanical safety features such as braking
systems, airbags, and collision detection. However,
these systems do not monitor the driver’s physical
condition or detect early signs of fatigue. As a result,
drivers may continue driving even when they are
extremely tired, which can lead to dangerous
situations.

Another challenge is that traditional fatigue detection
methods often rely on wearable sensors or complex
hardware systems, which can be uncomfortable for

drivers and expensive to implement. Therefore, there
is a need for a more efficient, non-intrusive, and cost-
effective solution that can monitor driver behavior in
real time.

The main problem addressed in this research is the
lack of an intelligent system that can automatically
detect driver drowsiness and alert the driver before an
accident occurs. By using computer vision techniques
to analyze facial features such as eye closure and
yawning, it is possible to identify early signs of
fatigue and provide timely warnings to the driver.

The goal of this work is to design and implement a
real-time driver drowsiness detection system that can
continuously monitor the driver’s facial behavior and
generate alerts when signs of fatigue are detected,
thereby helping to improve road safety and reduce
accidents.

I1I. OBJECTIVES

¢ Develop a real-time driver drowsiness detection
system.

¢ Detect facial landmarks using computer vision
techniques.

¢ Monitor eye blinking patterns using Eye Aspect
Ratio (EAR).

¢ Detect yawning through mouth opening analysis.

¢ Generate an alert when drowsiness is detected.

¢ Improve road safety using intelligent monitoring
systems.

Iv. LITERATURE REVIEW

Sr. | Author(s) Year Paper Title
No.
1 Burcu Kir 2020 Real-Time
Savas, Driver
Yasar Fatigue
Becerikli Detection
System Based on
MultiTask CNN
2 Rashmi S et 2021 Driver
al. Drowsiness
Detection
System Using
Machine
Learning
3 Shreyas V et 2022 Real-Time
al. Drowsiness
Detection
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Methodology Description

Deep Proposed a multi-task CNN model

Learning to detect driver fatigue using facial

(CNN) features like eye closure and
yawning with high accuracy in
real time.

EAR + ML Combined Eye Aspect Ratio with
machine learning algorithms to
improve detection accuracy and
reduce false alerts.

OpenCV + Used Haar Cascade for face

Dlib detection and Dlib for facial
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Using landmarks to detect eye closure
Computer and yawning in real time.
Vision
4 Anusha B et 2023 Driver CNN + Image Applied deep learning models to
al. Fatigue Processing analyze driver behavior and detect
Detection fatigue based on eye and head
Using Deep movements.
Learning
Techniques
5 Rahul 2024 Smart Driver Al + Real- Developed a smart system
Kumar et al. Monitoring Time combining Al and computer
System Using Monitoring vision to monitor driver alertness
Al and and provide warning alerts.
Computer
Vision

V. SYSTEM ARCHITECTURE

Initialize Counter

v
: : Compare with Threshold Reset Counter
Intialize Libraries
A A
v
Initialize C ; i
nitialize Camera Calculate Eve Aspect Ratio Drowsiness Alert
(EAR)
A
v
Is Camera No Abort the Process and Apply Facial Landmark Increment Counter Stop the Alarm
Initialized? Raise an exception | [Detector to Open Eye Region
A A
Yes -
Apply Facial Landmark
y Detector to Eye Region :
Start Capturing Y Consiqutive Frame
Threshold
v
s x Color to Gray Apply Facial Landmark
Exiacs Hies Conversion | | Detector to Face Region
t Alarm on and Alert
Driver
J
VL METHODOLOGY detects the driver’s face, and analyzes facial features
such as eye closure and yawning to determine the
The The proposed driver drowsiness detection driver’s level of alertness. The complete working
system is implemented using computer vision and methodology is described as follows:

real-time image processing techniques. The system
continuously captures video frames from a webcam,
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6.1 System Initialization

The system begins by importing required libraries
such as OpenCV, Dlib, NumPy, and Imutils. These
libraries are used for image processing, facial
landmark detection, and numerical computations. A
pre-trained Haar Cascade classifier is used for face
detection, and a Dlib facial landmark predictor model
is loaded to identify key facial points.

The webcam is initialized using a video stream,
which captures real-time frames of the driver.

6.2 Video Frame Processing

The system continuously reads frames from the
webcam. Each frame is resized for faster processing
and converted into grayscale format to improve
detection accuracy and reduce computational
complexity.

6.3 Face Detection

The system uses a Haar Cascade classifier to detect
the driver’s face in each frame. Once a face is
detected, a rectangular bounding box is drawn around
it to highlight the region of interest. This ensures that
further analysis is focused only on the driver’s face.

6.4 Facial Landmark Detection

After detecting the face, the system applies Dlib’s 68-
point facial landmark predictor to extract key facial
features. These landmarks include points around the
eyes, nose, and mouth.

The system specifically extracts:

*  Eye landmarks for drowsiness detection

*  Mouth landmarks for yawning detection

6.5 Eye Aspect Ratio (EAR) Computation

The Eye Aspect Ratio (EAR) is calculated using the

distances between specific eye landmarks. It is

defined as the ratio of vertical eye distances to

horizontal eye distance.

*  When the eyes are open, the EAR value remains
relatively constant.

*  When the eyes close, the EAR value decreases
significantly.

A threshold value (0.3) is defined. If the EAR falls

below this threshold for a consecutive number of

frames (30 frames), the system considers the driver to

be drowsy.

6.6 Yawning Detection

Yawning is detected by calculating the distance
between the upper and lower lips using mouth
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landmarks. The system computes the average vertical

distance between these points.

» Ifthe lip distance exceeds a predefined threshold
(20), it indicates yawning.

*  A“YAWN ALERT” message is displayed on the
screen when this condition is met.

6.7 Drowsiness Detection Logic

The system maintains a counter to track consecutive

frames where the EAR is below the threshold.

e Ifthe EAR remains low for more than 30 frames,
the system triggers a drowsiness condition.

e Ifthe EAR returns to normal, the counter is reset.

This approach helps avoid false detection due to

blinking.

6.8 Alert Mechanism

When drowsiness is detected:

* A warning message “DROWSINESS ALERT!”
is displayed on the screen.

* An audio alarm is triggered using a separate
thread to alert the driver.

The alarm continues until the driver becomes alert

again. For yawning detection, only a visual alert is

shown without sound.

6.9 Real-Time Visualization

The system displays the processed video frames with:

*  Abounding box around the face

*  EAR value displayed on screen

*  Alert messages for drowsiness and yawning This
provides real-time feedback to the user.

VIL IMPLEMENTATION

The The proposed driver drowsiness detection
system is implemented using Python and various
computer vision libraries. The system is designed to
operate in real time by capturing video input from a
webcam and analyzing facial features to detect signs
of fatigue.

7.1 Development Environment

The system is developed using the following tools
and technologies:

. Programming Language: Python

. Libraries Used: OpenCV, Dlib, NumPy,
Imutils, Playsound

* Hardware Requirement: Webcam-enabled system

* Platform: Windows Operating System

These tools provide efficient support for real-time
image processing and facial landmark detection.
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7.2 Face Detection Module

The system uses the Haar Cascade classifier provided
by OpenCV to detect faces in each video frame. The
classifier identifies the driver’s face and draws a
rectangular bounding box around it. This helps
isolate the region of interest for further processing.

7.3 Facial Landmark Detection

Dlib’s pre-trained 68-point facial landmark model is
used to extract key facial features. These landmarks
include points around the eyes and mouth, which are
essential for detecting drowsiness.

The detected landmarks are converted into NumPy
arrays for easy computation and analysis.

7.4 Eye Monitoring System

The system calculates the Eye Aspect Ratio (EAR)
using the coordinates of the eye landmarks. The EAR
value is used to determine whether the eyes are open
or closed.

. A threshold value of 0.3 is used.

. If the EAR remains below this threshold for
30 consecutive frames, the system identifies the
driver as drowsy.

This method helps avoid false detection caused by
normal blinking.

7.5 Yawning Detection Module

The system detects yawning by calculating the

vertical distance between the upper and lower lips.

This is done using the facial landmarks around the

mouth region.

» If the lip distance exceeds a threshold value of
20, the system considers it as a yawn.

* A visual alert is displayed on the screen when
yawning is detected.

7.6 Alert Mechanism

The system includes an alert mechanism to warn the

driver when drowsiness is detected.

* A text warning (“DROWSINESS ALERT!”) is
displayed on the screen.

*  An audio alarm is triggered using the Playsound
library.

* The alarm runs in a separate thread to ensure
continuous video processing.

Yawning detection generates only a visual alert

without sound.
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7.7 Real-Time Processing

The system continuously processes video frames in a
loop. For each frame:

The frame is resized and converted to grayscale.
Face detection is performed.

Facial landmarks are extracted.

EAR and lip distance are calculated.

Conditions are checked for drowsiness and

M.

yawning.
6. Alerts are generated if necessary.
7. Output is displayed in real time.
This ensures smooth and efficient real-time
performance.

7.8 User Interface

The system provides a simple graphical interface

using OpenCV, where:

*  The driver’s face is highlighted with a bounding
box

*  EAR values are displayed

*  Alerts are shown on the screen

This allows the user to easily understand the system’s

output.

7.9 System Execution

The system runs continuously until the user presses
the ‘q’ key, which stops the video stream and closes
all windows.

7.10 Performance Considerations

The system is optimized for real-time performance

by:

*  Reducing frame size for faster processing

»  Using efficient algorithms for face and landmark
detection

*  Running the alert system in a separate thread
These optimizations ensure smooth operation
without lag.

VIIL RESULTS

The system was tested under different lighting
conditions and driver behaviors. The algorithm
successfully detected eye closure and yawning
patterns. When the driver kept their eyes closed for
an extended period, the system generated an alert
sound to warn the driver.
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|B 7 Drowsiness Detection

|B7 Drowsiness Detection

IX. FUTURE SCOPE

The proposed driver drowsiness detection system
provides an effective and low-cost solution for
detecting fatigue using computer vision techniques.
However, there are several opportunities to enhance
the system’s performance, accuracy, and real-world
applicability in the future.

One possible improvement is the integration of deep
learning models, such as Convolutional Neural
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Networks (CNNs), which can provide higher
accuracy in detecting complex facial expressions and
fatigue patterns. These models can learn more
advanced features compared to traditional methods
and perform better under varying conditions.

Another important enhancement is the inclusion of
head movement and posture analysis. In addition to
eye closure and yawning, head nodding and abnormal
head positions are strong indicators of drowsiness.
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By incorporating these features, the system can
achieve more reliable detection.

The system can also be improved by using infrared
(IR) cameras or night vision technology. This will
allow accurate detection even in low-light or night-
time driving conditions, where normal cameras may
not perform effectively.

Integration with Internet of Things (IoT) technology
can further expand the system’s capabilities. For
example, the system can send alerts to a mobile
application or notify fleet managers in real time. This
is especially useful in commercial transportation
systems.

Another future enhancement is the integration with
vehicle control systems. In critical situations, the
system can automatically slow down the vehicle,
activate emergency braking, or provide steering
assistance to prevent accidents.

The use of wearable devices and biometric sensors
such as heart rate monitors and EEG sensors can also
improve accuracy by combining physiological data
with visual data.

Additionally, the system can be developed into a
mobile or embedded application that can run on
smartphones or in-vehicle systems, making it more
accessible and easy to deploy.

Finally, future work can focus on creating a large
dataset of driver behavior to train and test the system
under different real-world conditions such as
different lighting environments, driver positions, and
facial variations. This will improve the robustness
and reliability of the system.

X. CONCLUSION

Driver drowsiness detection plays an important role
in preventing accidents. The proposed system uses
computer vision techniques to monitor eye blinking
and yawning patterns in real time. The system alerts
the driver when fatigue is detected, helping improve
road safety.
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