”gég' ‘3;%?

International Journal of Scientific Research in Engineering and Management (IJSREM)

&
e-Journal
w Volume: 08 Issue: 03 | March - 2024

SJIF Rating: 8.448 ISSN: 2582-3930

Advancements in Drowsiness Detection: A Review

Aanand Krishnan K R1, Shamsiya Sakeer?, Rishinsaj T S3, Rohan R K*, Ms. Jissmol Jose®

1234Student, Department of computer science and engineering, Universal Engineering College, Kerala, India.
sAssistant Professor, Department of computer science and engineering, Universal Engineering College, Keralg,
India.

Abstract - This review study looks at current advancements
in sleepiness detection technologies to address the urgent
problem of driving while sleepy leading to accidents. In order
to prevent future accidents, it analyzes several approaches and
technology and emphasizes how crucial it is to correctly
recognize drowsy conditions in drivers. Important results
highlight the effectiveness of methods for real-time drowsiness
detection such as convolutional neural networks (CNNSs), eye
aspect ratio (EAR) analysis, and deep learning integration.
Additionally, improvements in computer vision algorithms
make it possible to precisely analyze facial landmarks and eye
blinking patterns, which improves the accuracy of detection
systems. In order to protect driver comfort and system
reliability, the evaluation emphasizes the importance of non-
intrusive fatigue detection techniques while also emphasizing
the necessity to reduce false warnings. Remarkably, certain
models detect drowsy-eye with an accuracy of above 95%. All
things considered, the review emphasizes how important
cutting-edge technology is in reducing the risks related to drunk
driving, especially deep learning and computer vision
algorithms. It promotes the deployment of reliable sleepiness
detection technologies in order to increase road safety and
reduce accidents brought on by fatigued drivers.
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1.INTRODUCTION

Drunk driving has emerged as a major contributing
factor to road traffic accidents, which continue to be a persistent
menace to public safety in modern society. Traffic accidents on
the roads continue to be a major global concern, and one of the
main causes of these occurrences is fatigued driving. Beyond
only causing property damage, distracted driving and tiredness
have far more significant consequences that often result in
fatalities and serious injuries. Researchers have been
concentrating more on the creation of sleepiness detection
systems for driver safety as a result of their realization of the
urgent need for preventative steps to reduce this danger. These
devices seek to detect indicators of driver fatigue and promptly
send out alerts to avert any collisions. This review paper offers
a thorough analysis of current developments in sleepiness
detection technology in light of these efforts, providing insights
into various approaches and technologies used in the goal of
safer roads.

Analyzing the length of an eye blink is crucial to the
development of drowsiness detection systems since it provides
a trustworthy measure of driver attention. Researchers have
successfully detected changes in eye state suggestive of
tiredness by utilizing techniques like facial landmark
identification and eye aspect ratio (EAR) computation. In
addition, real-time analysis of visual data has been made easier
by the incorporation of deep learning techniques, especially
convolutional neural networks (CNNs), which have made it
possible to quickly identify patterns connected to drowsiness.
These developments highlight how crucial computer vision and
machine learning are to improving how successful sleepiness
detection systems are.

Researchers have looked into other methods for
detecting tiredness besides analyzing eye blinks, like analyzing
head motions and facial expressions. Through the analysis of
minute indicators of weariness, like yawning and drooping
eyelids, these systems seek to offer a thorough evaluation of
driver alertness. Furthermore, with the development of fuzzy
logic-based systems and the improvement of detection
algorithms, attempts have been made to guarantee driver
comfort and reduce false warnings. The significance of
implementing non-intrusive techniques that prioritize driver
well-being while retaining high detection accuracy is
highlighted by these developments.

The search for reliable drowsiness detection devices is
still  fraught with  difficulties, despite tremendous
advancements. One ongoing challenge is achieving high
accuracy rates while limiting false positives, especially in real-
world driving scenarios with a variety of environmental
circumstances. Large-scale implementation of these systems
also calls for careful evaluation of their cost, scalability, and
compatibility with current car technology. Drowsiness
detection systems have great potential to improve road safety
and save lives by tackling these issues and utilizing the most
recent developments in science and technology.

2. RELATED WORK

Nageshwar Nath Pandey and Naresh Babu Muppalaneni [1]
The authors introduced a drowsy detection and accident
avoidance system based on analyzing eye blink duration,
aiming to address the significant contribution of driver
negligence and drowsiness to fatal road accidents. Using the
eye aspect ratio (EAR), the system detects eye open and closed
states, analyzing blink duration during transitions to identify
drowsiness. When blink duration exceeds set thresholds,
indicating drowsiness, the system triggers an alert to notify the
driver, typically through an alarm. With an accuracy of around
92.5% on the Yawning Detection Dataset (YawDD), their
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approach offers a non-intrusive means to detect fatigue,
potentially enhancing road safety by alerting drivers before
accidents occur.

Petchara Inthanon and Surasak Mungsing [2]
discusses the significant issue of drowsiness leading to
inefficiency at work and car accidents, particularly focusing on
its impact in public transportation and the Department of Land
Transport (DLT) in Thailand. It aims to develop an algorithm
for detecting drowsiness by analyzing facial structure using
video media. The methodology involves utilizing facial
landmarks to identify key components such as eyes and mouth,
with the algorithm evaluated for efficiency using Nvidia Jetson
Nano. Results suggest that this system can effectively detect
signs of drowsiness, prompting recommendations for
government support to implement it within Thailand's
transportation policy to mitigate accidents caused by insomnia-
induced drowsiness.

Elena Magan, M. Paz Sesmero and team [3] This work
presents the development of an Advanced Driver Assistance
System (ADAS) focused on detecting driver drowsiness to
prevent accidents. Using sequences of images where the
driver's face is visible, two approaches are proposed: one using
neural networks and another employing deep learning with
fuzzy logic. Both achieve around 65% accuracy on training
data and 60% on test data, with the fuzzy logic-based system
notably avoiding false alarms and achieving a specificity of
93%. While not highly satisfactory, these findings offer a
promising foundation for future research.

Israt Jahan and their team [4] developed a convolutional
neural network (CNN) model called the 4D model for
drowsiness detection based on eye state categorization. They
tested this model, along with VGG16 and VGG19, on the MRL
Eye dataset. The 4D model achieved a high accuracy of
approximately 97.53% on the test dataset, outperforming the
other models. This research demonstrates the potential of Al-
driven drowsiness detection systems to enhance road safety by
alerting drivers before potential accidents occur.

Furkat Safarov, Farkhod Akhmedov and team [5]
investigated drowsy driving using deep learning and computer
vision algorithms to detect drowsiness based on eye-blinking
patterns. They analyzed eye and mouth coordinates using
landmarks and conducted real-time experiments, confirming a
correlation between yawning and closed eyes. The drowsiness
detection model achieved high accuracy, with 95.8% for
drowsy-eye detection and 97% for open-eye detection. The
proposed method allowed real-time eye rate analysis,
distinguishing between "Open" and "Closed" states effectively.

Together, these studies’ outcomes demonstrate the
effectiveness of utilizing advanced technologies such as deep
learning and computer vision algorithms for detecting
drowsiness in drivers. By analyzing factors like eye-blinking
patterns, eye and mouth coordinates, and real-time fluctuations,
these studies have achieved high accuracy rates in drowsiness
detection. This research has significant implications for road
safety, as it provides a means to alert drivers of their drowsy
state before potential accidents occur, thereby potentially
saving lives and reducing injuries on the road.

3. DESIGN AND ANALYSIS

3.1. EYE STATE ANALYSIS FOR REAL-TIME
DROWSINESS DETECTION

The Eye Aspect Ratio (EAR) and the analysis of blink duration
are the two crucial elements that must be considered for
developing a drowsy detection and accident avoidance system.
This work introduces a drowsy detection and accident
avoidance system founded on analyzing eye blink duration[1].
Initially, the system identifies the open and close states of the
eye using the Eye Aspect Ratio (EAR). It then scrutinizes blink
duration or count during transitions between these states. When
blink duration exceeds predefined thresholds, signaling
potential drowsiness, the system alerts the driver through an
alarm. The developed system demonstrates an approximate
accuracy of 92.5% on the yawning dataset (YawDD). The
process begins with capturing frontal images of the driver from
a video stream. Subsequently, facial detection is conducted by
delineating a bounding box around the face, facilitated by the
inbuilt face detection library within dlib, leveraging 68 facial
landmarks. Following this, the system localizes the eye region
of interest (ROI) using the coordinates of these landmarks. By
computing the EAR and applying threshold values, the system
accurately discerns the state of the eyes as open or closed,
thereby detecting drowsiness through blink duration and the
number of frames involved during blinking. This
comprehensive approach aims to enhance road safety by
preemptively alerting drivers to potential drowsiness, reducing
the risk of accidents. The stepwise processing of proposed work
is shown in flowchart of Figure 1.
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Fig -1: Drowsiness detection framework
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3.2. REAL-TIME DROWSINESS DETECTION WITH
NVIDIA JETSON NANO FROM FACIAL IMAGES

This paper outlines a systematic approach to developing a
drowsiness detection system, emphasizing the three main
components of system design: input, process, and output. The
input aspect involves utilizing a webcam camera for detecting
facial structures, while the process stage incorporates the
Nvidia Jetson Nano as the primary equipment for evaluation,
operating on Ubuntu and programmed using Python. The
implementation includes the integration of the OpenCV library
for facial landmarks in process as shown in Figure 2. The study
aims to devise an algorithm for analyzing facial structures from
video media to detect drowsiness efficiently. Results indicate
that leveraging facial landmarks aids in effectively generating
eye and mouth components, enabling the formulation of
equations for accurate drowsiness analysis using the Nvidia
Jetson Nano[2]. The tool accurately assesses images, tracking
eye closure motions exceeding 35 frames per second (FPS) or
1.5 seconds, and yawning or mouth opening motions
surpassing 50 FPS or 2 seconds, thereby signaling the
possibility of sleepiness and alerting drivers. Overall, this
research provides valuable insights into the development of
robust drowsiness detection systems, with potential
implications for enhancing road safety.

Input Process
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Video of face NVIDIA Jetson Nano (OS Ubuntu)

structure

Tools

Output Drowsincss Confirm Python + I'acial Landmarks

Drowsiness Detect
Video Process

Drowsiness detection base on

cye and mouth
Alert e

Al
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FIG -2: Procedure

3.3. DEEP LEARNING FOR DRIVER DROWSINESS
DETECTION FROM IMAGE SEQUENCES

As a crucial part of a driver-centric Advanced Driver
Assistance System (ADAS), the sleepiness detection system
described in this study prioritizes early tiredness detection
while reducing false positives to keep drivers engaged[3]. The
system tries to avoid false alerts that could cause driver
boredom and consequent disengagement from the ADAS by
only warning the driver in actual cases of weariness. Finding
the ideal frame rate for capturing driver behavior is a difficult
task that requires striking a balance between preserving system
capacity and catching important features like blinks. In this
work, a frame rate of 10 frames per second (FPS) is chosen to
detect blinks efficiently without compromising system
performance.

In order to estimate driver drowsiness, the suggested system
uses two different methods: one based on a convolutional
neural network (CNN) and recurrent neural network (RNN),
and the other integrating deep learning and artificial
intelligence (Al) into a fuzzy logic-based system. Figure 3

illustrates the systematic process that both solutions adhere to,
which consists of preprocessing, analysis, and alarm activation
phases.

PREPROCESSING ANALYSI Aé'lm‘m
MODULE MODULE
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FACE DRVER

(VES/NO)

Drowsiness

Deep Learning

Fig -3: systematic process

While a recurrent CNN based on the EfficientNetBO
architecture estimates sleepiness levels via transfer learning in
the analysis phase, providing rapid and accurate evaluations,
the system's preprocessing phase optimizes input by cropping
and applying Gaussian blur to minimize noise. Then, when the
alarm goes off, driver alerts are only activated when certain
requirements are met, like going over the drowsiness threshold
and remaining drowsy for a predetermined amount of time that
is established by extensive testing. This ensures accurate
detection while reducing false alarms, improving system
reliability and usability in terms of prioritizing driver safety.

3.4. REAL-TIME DRIVER DROWSINESS DETECTOR
WITH DEEP LEARNING

With the goal of implementing a lightweight, high-performance
sleepiness detection system in embedded systems, the paper
presents a deep learning-based system that uses classification
of eye states to identify drowsiness. First, a stream of frames is
captured. Next, the eye region is chosen by preprocessing the
frames and concentrating on the eye of the camera. Finally, the
image size is shrunk to 100 x 100 pixels. In order to identify
eye states and enable drowsiness detection based on the
detected eye state, the authors feed the generated images into
the network. Notably, the study surpasses a number of current
drowsiness detection techniques by creating a compact deep
learning model that performs well across all three networks:
VGG16 (95.93%), VGG19 (95.03%), and the 4D model
(97.50%).

Model development heavily depends on the choice of
dataset. as shown in Figure 4. For this investigation, the MRL
Eye dataset—which consists of 47,173 open and closed
photographs of a single eye taken in various lighting and
reflection conditions—was used. Samples from 37 people, both
with and without glasses, are included in the dataset to enable
thorough model testing and training. Suitability for input into
the suggested CNN model is ensured by the use of manually
clipped ocular area photos[4]. The 80:20 ratio of training to test
datasets improves the created model's resilience and
generalizability even more.
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Fig- 4: Media Research Lab (MRL) Eye dataset.

Model construction requires efficient identification and
preparation of the ocular region, as shown by the use of
the face landmark technique for eye localization and the
Haar cascade classification algorithm for head detection.
The method improves the accuracy of closed eye
identification, which is necessary for accurate drowsiness
detection. The ideal arrangement for this part is shown in
Figure 5, which also offer a visual representation of the
techniques used for ocular area preparation and
identification.
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Fig -5: Facial extraction.

Convolutional neural networks (CNNSs), which
are based on the visual cortex of the brain, are the main
component of the suggested sleepiness detection system.
CNNs use subsampling and nonlinear layers to extract
features from input images, then use those characteristics
to inform decisions. The many layers and methods
involved in feature extraction and decision-making are
displayed in the study's CNN model architecture, as
shown in Figure 6, underscoring the sophisticated nature

of the created detection

sleepiness

system.

Fig -6: Convolutional neural network.

3.5. REAL-TIME DROWSINESS DETECTION WITH
DEEP LEARNING AND COMPUTER VISION

The study presents a novel method for classifying
tiredness in drivers into three distinct groups by monitoring
yawning and eye blinks simultaneously[5]. These categories
are shown in Figure 7, which emphasizes the combination of
yawning- and eye-blinking-based classifications to offer a
thorough evaluation of driver weariness. By taking a holistic
approach, the system is better able to detect tiredness.
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Fig -7: Workflow with algorithm application, eye
tracking, and distance measurement of eye states and

between the camera and driver’s head location.

To facilitate a three-phase evaluation process, the study
uses a threshold-based blink detection mechanism to
measure eye openness in the drowsy evaluation
implementation. The accuracy of blink estimate is
improved by the application of iris-tracking deep learning
algorithms, which is essential for differentiating between
open and closed eyes. The model reduces the likelihood
of overestimated drowsiness warnings by improving
performance with fewer false positives by linking "closed
eye" classifications with landmark metric computations.
The use of sophisticated methodologies highlights the
efficacy of the suggested methodology in precisely
identifying driver somnolence.
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The study also focuses on the anatomical
landmarks of the eye, with special attention on the
midpoint, which is important for blink calculating
algorithms. The thoughtful positioning of landmarks to
enable accurate computation between the sites where the
upper and lower eyelids meet is shown in Figure 8.
Anatomical factors are carefully taken into account to
provide robust blink detection even in the presence of
individual and gaze direction variability. The study
improves the efficacy and dependability of the
drowsiness detection system by optimizing blink
detection performance by modifications in camera
distance and normalization procedures, as explained in
the analysis.

Fig -8: Landmark detection eye-state measurement.

4. DISCUSSION

The statistics on traffic accidents highlight how vital it is to
have technologies that can identify driver weariness or
inattention in order to avert catastrophic events. These devices
are essential for warning drivers of impending collisions,
protecting both people and property. The suggested sleepiness
detection system correctly detects indicators of drowsiness
based on changes in eye states by concentrating on eye blink
duration. It then promptly informs drivers through warning
signals. The created method has demonstrated remarkable
promise in reducing the risks associated with driving while
intoxicated, especially in public transportation situations where
the consequences might be severe.

By addressing the root causes of accidents, the
development of advanced driving assistance systems (ADAS)
for sleepiness detection is a significant step towards improving
road safety. These systems use cutting-edge techniques, like
recurrent and convolutional neural networks, to monitor driver
behavior and identify indicators of tiredness by using
sequences of images captured over time. Although the present
systems have noteworthy accuracy rates, there is still
opportunity for development in terms of reducing false alarms
and improving overall effectiveness. Future developments in
ADAS technology could improve sleepiness detection systems
even more, making them even more successful in averting
collisions and guaranteeing everyone travels in a safer
environment.

Developing reliable drowsiness detection systems that
can precisely gauge driver awareness in real time is made

possible by the merging of deep learning and computer vision
techniques. These devices can precisely detect indicators of
tiredness by analyzing intricate patterns in facial and eye
movements, utilizing artificial intelligence and digital image
processing techniques. Future iterations of drowsiness
detection systems are expected to reach even better levels of
accuracy and reliability with further research and innovation,
which will significantly lower the frequency of incidents
connected to tired driving. These developments highlight how
crucial it is to keep up the focus on road safety and provide
technologically advanced solutions to address pressing issues
in transportation safety.

5. CONCLUSIONS

The study's conclusion makes a strong case for the use of
exergames, or game-based fitness programmes, to help older
people break their habit of being inactive. In order to encourage
seniors to exercise consistently and maintain their commitment
to physical activity regimens, it emphasizes the significance of
creating entertaining and customized exercise activities. In
order to guarantee the usability and efficacy of exergames for
older persons, the study emphasizes the incorporation of
emotion theories into game design and sensor technologies and
advocates for cooperation between scientists, game designers,
and health professionals. It emphasizes the necessity for more
investigation into the relationship between sedentary behavior
and exergaming in order to improve this population's general
health and quality of life.

SOME OF ADVANTAGES

1. Increased road safety through early detection.
2. Prevention of potential accidents.

3. Reduced risk of driver fatigue-related incidents.
4. Enhanced driver awareness and alertness.

5. Integration with existing safety systems.
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