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ABSTRACT

Driver drowsiness is a major cause of road accidents, leading to severe injuries and fatalities.
Early detection of drowsiness can significantly enhance road safety by preventing potential
accidents. This study presents a hybrid machine learning approach to identify and detect driver
drowsiness in real time. The proposed system integrates both physiological and behavioural
features, including eye closure duration, yawning frequency, and head position, combined with
vehicle-based parameters such as steering pattern and lane deviation. A hybrid model,
combining convolutional neural networks and long short-term memory networks, is employed
to process real-time video streams and sensor data, enhancing the accuracy of drowsiness
detection. The model is trained on diverse datasets to ensure robustness across different driving
conditions. The system provides timely alerts to drivers when signs of drowsiness are detected,
improving response time and reducing accident risks. Experimental results demonstrate high
accuracy and low false detection rates, outperforming traditional machine learning models.
This research highlights the effectiveness of hybrid machine learning techniques in enhancing
driver safety and provides a foundation for further advancements in intelligent transportation
systems. The proposed solution can be integrated into modern vehicles to promote safer driving

environments and reduce drowsiness-related accidents.

1. INTRODUCTION to sudden road changes. According to

Road safety is a critical concern various traffic safety reports, a significant

worldwide, with drowsy driving being a percentage of road accidents are attributed

leading cause of traffic accidents. Fatigue to drowsy driving, leading to loss of lives,

impairs cognitive and motor functions, severe injuries, and substantial economic

reducing a driver’s ability to react quickly costs. Unlike alcohol impairment, which

1472


http://www.ijerst.com/

Int. J. Eng. Res. & Sci. & Tech. 2025

has legal limits and detection mechanisms,
drowsiness remains challenging to identify
and mitigate effectively. This has led to
growing research interest in developing
automated driver drowsiness detection
systems using advanced technologies such
and artificial

as machine learning

intelligence.

The increasing adoption of intelligent

transportation systems and in-vehicle
monitoring solutions has opened new
possibilities for real-time drowsiness
detection. Traditional methods, such as self-
reported fatigue assessments or manual
observation by passengers, are unreliable
and subjective. Machine learning-based
approaches offer a promising alternative by
analyzing driver behaviour and
physiological signals to predict drowsiness
levels accurately. This research focuses on
developing a hybrid machine learning-
based driver drowsiness detection system,
combining multiple input features and
classification

advanced techniques to

enhance accuracy and efficiency.

1.1 Importance of Early Drowsiness

Detection

Detecting drowsiness at an early stage can
prevent severe accidents and improve
overall road safety. Fatigue-related crashes

are particularly dangerous as drowsy

il
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drivers often fail to take corrective actions,
leading to high-impact collisions. Unlike
distractions or impairment due to alcohol,
drowsiness develops gradually, making it
difficult for drivers to recognize their
declining  alertness. Early detection
mechanisms that can analyze physiological
and behavioural cues provide a crucial

intervention point before fatigue leads to

2. LITERATURE REVIEW

The increasing number of road
accidents due to driver drowsiness has led
to significant research efforts in

developing effective fatigue detection

systems. Various methods have been
explored to identify early signs of
drowsiness using behavioral,
physiological, and vehicle-based
indicators. With the advancements in
artificial  intelligence and  machine
learning, researchers have proposed

numerous approaches to improve the
accuracy and reliability of drowsiness
detection systems. This literature survey
explores existing research in the field,
analyzing  different =~ methodologies,
technologies, and hybrid machine learning
models used to detect driver fatigue. The
review highlights the advantages and
limitations of current approaches and
establishes the need for an optimized
hybrid machine learning model for
drowsiness detection.

Traditional Approaches to Drowsiness
Detection

Early studies on driver drowsiness
detection primarily relied on self-reported

fatigue assessments and observational
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studies. Researchers attempted to identify
patterns in driver behavior that correlated
with fatigue, such as decreased reaction
times, inconsistent driving patterns, and
frequent blinking. While these studies
provided valuable insights, they lacked
real-time applicability and objectivity.

The first technological approaches to
drowsiness detection involved monitoring
vehicle-based indicators such as steering
wheel movements, lane deviations, and
acceleration patterns. Some of the key
studies in this domain focused on detecting
abnormal driving behaviours associated
with fatigue. However, these methods were
limited by external factors such as road
conditions, weather, and individual driving
styles, leading to high false detection rates.

3. Proposed System

Driver drowsiness detection has

become an essential requirement in
modern vehicles to reduce accidents
caused by fatigue. The proposed system
integrates a hybrid machine learning
approach to improve accuracy and
reliability in identifying driver fatigue.
Unlike conventional drowsiness detection

systems that rely on a single method, the

proposed system combines multiple
indicators, including facial features,
physiological  signals, and vehicle

behaviour. By fusing these data sources,
the system can provide a more accurate

assessment of a driver’s alertness.

The proposed system aims to detect
drowsiness in real time, alert the driver

before fatigue affects their driving ability,

5 International Journal of Engineering Research and Science & Technology

il

ISSN 2319-5991 www.ijerst.com
Vol. 21, Issue 2, 2025

and ensure that warnings are delivered
through multiple notification methods. It is
designed to be compatible with various
vehicle models and platforms, making it
adaptable to different environments. The
the

components, features, and functioning of

following sections outline key

the proposed system.
3.1 System Architecture

The architecture of the proposed system
consists of multiple modules that work
together to detect driver drowsiness. The
system includes a camera for facial

analysis, physiological sensors for
monitoring heart rate and other biometric
data, and vehicle sensors to analyze
driving behaviour. The data from these
sources are processed using machine
learning algorithms to determine the

driver’s state of alertness.
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Fig 1: Architecture
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Fig 5: Drowsiness Detected

CONCLUSION

The proposed hybrid machine learning-
based driver drowsiness detection system
marks a significant leap forward in road
safety technology. By synergistically
integrating facial analysis, physiological

monitoring, and vehicle behavior analysis,

1475


http://www.ijerst.com/

Int. J. Eng. Res. & Sci. & Tech. 2025

it offers a more comprehensive and reliable

solution compared to single-modal

approaches. The system's real-time
processing capabilities and adaptive nature
ensure timely alerts across diverse driving
conditions, proactively mitigating the risks

associated with driver fatigue.

The utilization of a sophisticated hybrid
machine learning model, combining CNNss,
LSTMs, and SVMs, ensures robust and
accurate drowsiness classification,
adaptable to individual variations and
environmental factors. Multichannel alerts
further enhance the system's effectiveness
in prompting timely driver response.
Designed for scalability and compatibility,
the system holds the potential for
widespread integration across vehicle types
and fleet management systems,
contributing to enhanced traffic safety and

reduced accident-related costs.
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