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PROBLEM STATEMENT
Road accidents are a major cause of injuries and fatalities worldwide, often resulting from driver fatigue,
distraction, or unsafe driving behavior. Traditional vehicle safety systems mainly focus on external factors such
as collision avoidance but fail to continuously monitor the driver’s condition in real time. Drivers who are drowsy,
inattentive, or using mobile devices may lose concentration, leading to dangerous situations on the road. Existing
monitoring systems are often expensive and not easily adaptable to low-cost vehicles. Therefore, there is a need
for an affordable, real-time driver monitoring system capable of detecting unsafe driving behaviors and alerting
the driver immediately. By integrating Artificial Intelligence with an ESP32-based embedded platform, the system
can monitor driver activities using sensors and cameras, detect fatigue or distraction, and provide timely alerts to
enhance road safety.
OBJECTIVES

e To design and develop an Al-enabled real-time driver monitoring system using the ESP32 platform.

e To detect driver drowsiness and distraction using Al-based image processing techniques through an

ESP32 camera module.

e To continuously monitor driver behavior such as eye closure, head movement, and inattentiveness.

e To provide real-time alerts using buzzer or notifications when unsafe driving conditions are detected.

e To improve road safety by reducing accidents caused by driver fatigue and lack of attention.

e To create a low-cost and efficient embedded system suitable for integration into modern smart vehicles.

e To enable real-time data monitoring and potential integration with IoT-based vehicle safety platforms.
ABSTRACT
Road accidents caused by driver fatigue, distraction, and unsafe driving behavior have become a major concern
worldwide. To address this issue, this paper presents an Al-enabled real-time driver monitoring and safety system
using ESP32 designed to enhance driver awareness and reduce accident risks. The proposed system utilizes an
ESP32 microcontroller integrated with an ESP32-CAM module to capture real-time video of the driver and
analyze facial features using Artificial Intelligence and computer vision techniques.The system continuously
monitors driver conditions such as eye closure, yawning, and head movement to detect signs of drowsiness or
distraction. When abnormal driver behavior is identified, the system immediately triggers alerts through a buzzer
or warning notification, thereby helping the driver regain attention. Additionally, sensor modules can be
incorporated to monitor environmental parameters or vehicle conditions, further improving system reliability and
safety.
The ESP32 platform provides a low-cost, compact, and energy-efficient solution suitable for real-time embedded
applications in vehicles. By combining Al-based image processing with loT-enabled microcontroller technology,
the proposed system offers an effective approach for preventing accidents and improving road safety. The
developed model demonstrates the feasibility of implementing intelligent driver monitoring systems in modern
smart transportation environments.

1.INTRODUCTION the globe, imposing a substantial burden on
Road accidents continue to be one of the public health systems and economic resources.
leading causes of injuries and fatalities across Human factors, such as driver fatigue,
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distraction, impaired attention, and unsafe
driving practices, contribute significantly to the
occurrence of traffic accidents. In countries like
India, the risk is further amplified due to the
rapid growth in the number of vehicles, highly
complex traffic scenarios, variable road
conditions, and inconsistent adherence to traffic
rules and regulations.  Despite the
implementation of conventional safety
measures, such as traffic law enforcement,
public awareness campaigns, and driver
education programs, a large proportion of
accidents still occur due to brief lapses in driver
concentration, which often go undetected until
it is too late to prevent a collision. In response
to these challenges, the emergence of Artificial
Intelligence (AI) and computer vision
technologies has paved the way for intelligent
Driver Monitoring Systems (DMS) that
actively track driver behavior in real-time.
These systems are designed to detect unsafe
activities including drowsiness, inattentiveness,
mobile phone usage, smoking while driving,
and improper seatbelt use. By continuously
monitoring facial expressions, eye movements,
head orientation, and body posture, DMS can
provide timely alerts, thereby mitigating risks
and preventing potential accidents before they
occur. Such proactive monitoring goes beyond
traditional safety interventions by addressing
the instantaneous and dynamic nature of human
error behind the wheel. The proposed system is
specifically tailored to address the unique
challenges of Indian driving environments,
ensuring compatibility with a wide variety of
vehicle types and affordability for widespread
adoption. It integrates advanced Aldriven
techniques, including Eye Aspect Ratio (EAR)
analysis for accurate drowsiness detection, head
pose estimation for attention tracking, and
YOLO-based object detection models for
identifying mobile phone usage and smoking
behavior. The system’s modular architecture,
coupled with real-time processing and low-
latency alert mechanisms, makes it suitable for
both private vehicles and commercial fleets,
providing a scalable solution for diverse road
safety  applications. Beyond immediate

detection, the system promotes long-term
improvements in driver behavior by delivering
repeated alerts that reinforce safe driving
practices. It also lays the groundwork for future
integration with advanced vehicle safety
technologies, such as autonomous driving
assistance, intelligent traffic management
systems, and connected vehicle networks. By
providing both real-time interventions and
preventive insights, the system seeks to
significantly reduce accidents caused by human
error, which remains the predominant factor in
traffic incidents worldwide. Furthermore, the
technology can be extended to fleet
management for commercial transportation,
enhancing overall safety and operational
efficiency. Integration with [oT and smart city
infrastructures can further amplify the benefits,
creating a connected and intelligent traffic
ecosystem that improves road safety, reduces
congestion, and optimizes transportation
networks.In summary, the Al-based Driver
Monitoring System represents a comprehensive
and proactive approach to road safety. By
combining real-time behavioral monitoring,
immediate alerting, and long-term preventive
measures, it aims to reduce the frequency and
severity of traffic accidents, ultimately saving
lives and fostering a culture of responsible
driving. Its adaptability, scalability, and
potential for integration with emerging
vehicular technologies make it a pivotal
innovation in the pursuit of safer roads and
smarter transportation systems.
2.LITERATURE REVIEW

Road accidents caused by driver fatigue,
distraction, and unsafe behavior have become a
major global concern. Researchers have
increasingly focused on Artificial Intelligence
(Al), computer vision, and IoT-based
embedded systems to develop intelligent
driver monitoring systems that can detect
dangerous driving conditions and provide real-
time alerts.

Al-Based Driver Drowsiness Detection
Systems

Several studies have focused on detecting
driver fatigue and drowsiness using Al
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techniques. A driver monitoring system based
on Convolutional Neural Networks (CNNs)
analyzes facial landmarks such as eye closure,
blinking frequency, and yawning to detect
fatigue in real time. These systems typically use
cameras and image processing libraries like
OpenCV to track facial features and alert the
driver when signs of drowsiness are detected.
This approach improves road safety by enabling
early detection of fatigue before accidents
occur.

Another Al-powered driver monitoring model
combines deep learning with object detection
algorithms to classify driver behaviors such as
drowsiness, distraction, and mobile phone
usage. Real-time behavior recognition enables
automatic alert generation, which can
significantly reduce accidents caused by
inattentive driving.

Vision-Based Driver Monitoring Systems
Vision-based monitoring systems are widely
used because they are non-intrusive and
accurate. These systems utilize cameras to
monitor facial expressions and eye movements
to identify unsafe driving conditions.
Techniques such as facial landmark detection
and eye aspect ratio (EAR) analysis help
identify symptoms like prolonged eye closure
or yawning. When abnormal patterns are
detected, the system activates warning
mechanisms such as alarms or notifications.
Recent studies have also integrated deep
neural networks and transfer learning to
improve the robustness of driver behavior
recognition under varying lighting conditions
and head movements. These methods enable
reliable real-time monitoring and better
accuracy in detecting driver distraction.
IoT-Based Driver Safety Monitoring
Systems

lIoT-enabled driver monitoring  systems
combine sensors, microcontrollers, and
wireless  communication to  provide
continuous monitoring and alerts. Researchers
have developed systems that integrate sensors
such as eye-blink sensors, alcohol sensors, and
heart-rate sensors to track driver health and
behavior. These systems process sensor data

through microcontrollers and send alerts via
mobile applications or cloud platforms when
abnormal conditions are detected.

For example, an loT-based driver fatigue
detection  system using an  ESP32
microcontroller processes eye-blink sensor
data and activates a buzzer when prolonged eye
closure is detected. The ESP32 also enables Wi-
Fi connectivity for logging driver fatigue events
to cloud databases or mobile apps. This
architecture provides a low-cost and scalable
solution for real-time driver safety monitoring.
Edge AI and Embedded Driver Monitoring
Systems

Recent research emphasizes the importance of
edge computing and embedded Al for real-
time driver monitoring. Instead of sending data
to the cloud, Al algorithms are executed directly
on embedded devices, enabling faster
processing and lower latency. Edge-based
driver monitoring systems analyze visual and
sensor data locally and generate alerts instantly
when unsafe driving conditions are detected.
Such systems improve privacy, reliability, and
response time, making them suitable for real-
world deployment in intelligent transportation
systems and advanced driver assistance systems
(ADAYS).

Research Gap

Although many driver monitoring systems
exist, several limitations remain:

e Many Al-based systems require high
computational power and expensive
hardware.

¢ Some solutions focus only on single
parameters such as drowsiness,
ignoring other safety factors.

e  Wearable or physiological sensors may
be uncomfortable for long-term use.

e Existing systems may not be optimized
for low-cost embedded platforms like
ESP32.

Therefore, there is a need for a low-cost, real-
time, Al-enabled driver monitoring system
using ESP32 that integrates computer vision
and sensor-based monitoring to improve road
safety while maintaining affordability and
efficiency.
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Kumar, R. et al. (2024): Al-Based
Real-Time  Driver = Drowsiness
Detection System [1] Kumar et al.
developed an  Al-based driver
drowsiness detection system using
convolutional neural networks (CNNs)
and facial landmark tracking to monitor
eye aspect ratio and blinking frequency.
The system produced real-time alerts
when fatigue symptoms were detected,
helping to prevent road accidents
caused by sleepy drivers. The paper
focused on optimizing model size for
embedded deployment, ensuring high
accuracy and low latency in dynamic
vehicle environments. This study
highlighted the importance of
lightweight Al models for real-time
performance

Sharma, A. et al. (2023): Deep
Learning-Based Driver Distraction
and Alert System [2] Sharma et al.
proposed a driver monitoring system
that utilized YOLOv8 for real-time
object detection and OpenCVbased
face tracking to identify distracted
behaviors such as mobile phone usage,
smoking, and looking away from the
road. The system generated immediate
audio alerts when distractions were
detected. The research demonstrated
the efficiency of deep learning in
improving detection precision
compared to conventional methods,
emphasizing the role of advanced Al
models in enhancing driver attention
and situational awareness

Ramesh, P. et al. (2022): Real-Time
Fatigue and Attention Monitoring
for Vehicle Safety [4] Ramesh et al.
proposed a computer vision-based
approach to detect driver fatigue and
attention loss using eye closure rate,
yawning frequency, and head pose
estimation. The study addressed
challenges such as varying
illumination, occlusion, and fast

motion during driving. Experimental
results demonstrated that adaptive
thresholding and continuous video
analysis significantly =~ improved
accuracy in real-world environments.
The research contributed valuable
insights into developing reliable
fatigue detection systems essential for
minimizing accident risks and
enhancing road safety.

Deshmukh, S. et al. (2022):
Integration of AI and IoT in Driver
Monitoring for Accident Prevention
[5] Deshmukh et al. discussed an
integrated Al and IoT framework for
monitoring driver activity and vehicle
parameters to reduce accidents. The
system used a camera for behavioral
analysis and GPS-GSM modules for
vehicle tracking and emergency alerts.
The study highlighted the effectiveness
of combining visual analytics with real-
time data communication to achieve
proactive safety. It emphasized the
need for reliable connectivity and
optimized algorithms to ensure timely
response and accuracy  during
emergency detection and alert
generation.

Lee, J. et al. (2021): Deep Neural
Network for Real-Time Driver
Behavior Recognition [6] Lee et al.
developed a deep neural network-based
driver behavior recognition model
capable of classifying actions such as
smoking, drowsiness, and mobile
phone usage. The system utilized large
annotated datasets and transfer learning
techniques to enhance generalization
and robustness under different lighting
and motion conditions. Results
indicated that the approach achieved
high precision in detecting unsafe
behaviors. The research demonstrated
how deep learning and computer vision
can improve driver safety through

This article can be downloaded from https://ijerst.org/index.php/ijerst 1702



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026

%1" International Journal of Engineering Research and Science & Technology

continuous and real-time behavior
analysis.

e Wang, H. et al. (2021): Al-Based
Vehicle Safety and Alert System
Using Edge Computing [7] Impact
Factor: 7.67 Wang et al. introduced an
Al-based driver safety alert system
leveraging edge computing for low-
latency analysis of visual and sensor
data. The model ran directly on
embedded hardware to detect fatigue,
distraction, and unsafe driving
behaviors without cloud dependency.
The study emphasized scalability,
privacy preservation, and reduced
response time, making it suitable for
real-world automotive deployment.
The research showcased how edge Al
can enhance responsiveness and
reliability in modern intelligent
transportation systems.

o Chen, L. et al. (2020): Vision-Based
Driver Fatigue Detection Using CNN
and LSTM Networks [8] Chen et al.
developed a hybrid deep learning
model combining convolutional neural
networks (CNN) and long shortterm
memory (LSTM) networks for fatigue
detection based on real-time facial
expression and eye movement analysis.
The model captured both spatial and
temporal dependencies in driver
behavior, achieving high accuracy in
detecting early signs of fatigue.
Experimental results demonstrated
strong generalization under varying
illumination and head positions,
proving the method’s robustness for
real-world driver assistance
applications and safety monitoring
systems.

e Singh, R. et al. (2020): Smart Vehicle
Accident Prevention Using IoT and
Artificial Intelligence [9] Singh et al.
proposed an loT-based vehicle safety
framework integrating Al algorithms
for continuous driver monitoring and

automatic emergency response. The
system used sensors for real-time data
collection, GPS for location tracking,
and GSM for alert generation. Upon
detecting  drowsiness or unsafe
maneuvers, the model triggered instant
notifications to authorities and family
contacts. The research highlighted Al
and IoT convergence for proactive
accident prevention and emphasized
scalability = for  deployment in
commercial transportation systems
3.SYSTEM ANALYSIS
EXISTING SYSTEM
The existing driver safety systems mainly rely
on basic sensors or manual monitoring
methods to detect driver fatigue, distraction, or
unsafe driving behavior. Many vehicles use
simple alarm systems or traditional camera-
based monitoring, but these systems often lack
intelligent decision-making and real-time
analysis.
In most traditional systems, sensors such as
eye-blink sensors, steering pattern sensors,
or lane detection systems are used to identify
driver drowsiness or inattentiveness. However,
these methods may produce inaccurate results
because they rely on limited parameters and do
not analyze driver behavior comprehensively.
Some advanced vehicles use camera-based
monitoring systems, but they require high
computational resources and expensive
hardware, making them unsuitable for low-
cost applications. Additionally, existing
systems may not provide real-time alerts or
remote monitoring capabilities, which
reduces their effectiveness in preventing
accidents.
Limitations of Existing System
e Limited accuracy in detecting driver
fatigue or distraction.
e Lack of real-time intelligent analysis.
e High cost of advanced monitoring
systems.
e Limited integration with IoT and
communication modules.
e No remote monitoring or real-time alert
system.
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PROPOSED SYSTEM

The proposed system, Real Time Al
Based Driver Safety and Monitoring
System using ESP32, is designed to
improve driver safety by continuously
monitoring the driver’s condition using
sensors and modern technologies.

In this system, the ESP32
microcontroller acts as the main
controller that collects and processes
data from different sensors. The
ESP32-CAM module is used to
monitor the driver’s face and eye
movements to detect driver drowsiness.
To monitor the driver’s health
condition, the MAX30102 sensor
measures the driver’s heart rate and
oxygen level (SpO2). These parameters
help in identifying abnormal health
conditions while driving.

The system also uses an MQ3 gas
sensor to detect harmful gases inside
the vehicle environment. If the gas
level exceeds the safe limit, the system
identifies it as a dangerous condition.
A DHTI11 sensor is used to measure
temperature and humidity inside the
vehicle. These environmental
parameters help maintain a safe and
comfortable driving environment.

All the sensor data is processed by the
ESP32. If any abnormal condition such
as driver drowsiness, gas detection, or
abnormal health readings is detected,
the system activates a relay

module to stop the motor in the
prototype model.

The system can also transmit data
through an loT platform for real-time
monitoring. This allows users to check
the driver’s condition and vehicle
status remotely. Thus, the proposed
system provides an integrated driver
safety solution that helps reduce
accidents and improve road safety

4.IMPLEMENTATION
BLOCK DIAGRAM
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The Al-enabled real-time driver monitoring

and safety system continuously monitors the

driver's physical condition and behavior to

improve road safety. The system integrates

multiple sensors, an ESP32 controller,
communication modules, and alert
mechanisms.

Step-by-step working:

1.

Power Supply Initialization

A 12V regulated power supply
provides power to the ESP32 controller
and all The
controller initializes all sensors and

connected modules.

communication modules.
Driver Health Monitoring

The MAX30102 sensor measures the
driver's heart rate and SpO: levels.

o If abnormal health conditions
are detected, the
generates an alert.

Environmental Monitoring

system

The DHTI11 sensor measures the
temperature and humidity inside the
vehicle cabin.
o This in  monitoring
environmental conditions that

helps
may affect driver comfort and
alertness.

Alcohol Detection

The MQ-3 alcohol sensor checks
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whether the driver has consumed
alcohol.

o If alcohol concentration
exceeds the threshold level, the
system triggers a warning
buzzer and may prevent
vehicle operation through the
relay module.

Driver Face Monitoring using Al

The ESP32-CAM captures images of
the driver's face.

o Al algorithms
drowsiness, eye
yawning, or distraction.

o When fatigue or distraction is

detect
closure,

detected, the system activates a
buzzer alert.
Location Tracking

The Neo-6M GPS module
continuously tracks the wvehicle
location.

o The location data can be sent to
a mobile application or cloud
server for monitoring.
Data Processing by ESP32
All sensor data is processed by the
ESP32 microcontroller, which makes
decisions based on predefined
thresholds and Al detection results.
Alert and Safety Actions
o 16x2 LCD Display shows
real-time information such as
driver status and sensor
readings.
o Buzzer alerts the driver in case
of  danger

conditions.

or abnormal
o Relay module can stop or
control the vehicle motor if
severe risk conditions are
detected.
Wireless Communication and Cloud

Monitoring

The ESP32 uses Wi-Fi connectivity to
send data to:

o Smartphone App (Blynk) for
real-time monitoring

o Cloud platform
(ThingSpeak) for data storage
and analysis.

5.ADVANTAGES

Provides real-time driver health and
behavior monitoring.
Helps in preventing accidents caused

by drowsiness or alcohol
consumption.

Low-cost implementation using
ESP32 and IoT sensors.

Supports remote monitoring through
smartphone applications.

Provides instant alerts using buzzer
and display.

Enables vehicle control using relay
modules during emergencies.

Cloud integration allows data storage

and analytics.
6.APPLICATIONS
e Smart vehicles and intelligent
transportation systems.
o Commercial vehicle driver

monitoring (trucks, buses, taxis).
Fleet management systems.

Driver health monitoring in long-
distance transportation.
Accident prevention
automobiles.

Research and development in Al-
based transportation safety.

systems in

7. DISADVANTAGES

Al face detection accuracy may
depend on lighting conditions.
Requires stable internet connectivity
for cloud monitoring.

Sensor readings may sometimes
produce false alarms.

Continuous monitoring may increase
power consumption.

Initial ~ system calibration and
training of AI models may be

required.

CONCLUSION The Al-Powered Real-Time
Driver Monitoring and Safety Alert System
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offers a reliable solution to improve road safety
by continuously detecting driver drowsiness,
distraction, mobile phone usage, smoking, and
improper seatbelt use. By providing immediate
audio-visual alerts, the system helps prevent
accidents caused by human error and enhances
driver awareness in real-time. Its modular
architecture and low-latency performance make
it suitable for deployment in both private and
commercial vehicles, particularly under the
complex traffic conditions prevalent in India.
The integration of Al, computer vision, and
deep learning ensures accurate and efficient
monitoring, while continuous feedback
encourages safer driving habits over time.
Furthermore, the system lays the foundation for
future developments in intelligent vehicle
safety, including integration with autonomous
driving aids and smart traffic management
solutions, contributing to a significant
reduction in traffic-related fatalities
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