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Abstract: Road safety is a critical issue, with a significant number of accidents being caused by driver
drowsiness and collisions. To tackle these concerns, this project introduces a "Drowsiness Detection
and Collision Avoidance System" utilizing NodeMCU and Arduino UNO, which offers an integrated
and automated solution to improve vehicle safety[1]. This system aims to monitor driver alertness in
real-time and avoid potential collisions, ultimately reducing the risk of road accidents.

For drowsiness detection, a camera is employed to continuously monitor the driver’s eye movements.
Image processing algorithms analyze these movements, and when signs of drowsiness, such as
prolonged eye closure, are detected, an alert is triggered using an LED to warn the driver. This helps
to ensure that the driver can take necessary precautions before fatigue causes dangerous situations.
The collision avoidance feature is based on ultrasonic sensors placed at the front of the vehicle. These
sensors detect obstacles in the vehicle's path and send data to the Arduino UNO, which processes the
information and, through the L298N motor driver, controls the vehicle’s steering system[6]. This
allows the vehicle to autonomously avoid obstacles by adjusting its direction. Both the drowsiness
detection and collision avoidance systems are powered by a 12V battery to ensure smooth and efficient
operation. This project presents a cost- effective and scalable approach to addressing two major
causes of accidents: driver fatigue and vehicle collisions.

By integrating readily available hardware and employing simple yet efficient algorithms, the system
provides a practical solution for improving road safety[§]..
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L. INTRODUCTION

The Driver Drowsiness Detection and Collision Avoidance System is an innovative safety mechanism designed to
reduce the incidence of road accidents caused by driver fatigue and potential collisions. This system employs the Node
MCU and Arduino UNO microcontrollers, each performing distinct roles to enhance driver safety. The Node MCU,
utilizing a camera, continuously monitors the driver's facial features to detect signs of drowsiness, such as prolonged
eye closures or head nodding. Upon detecting drowsiness, an LED light provides an immediate visual alert to the
driver, prompting timely corrective action. Simultaneously, the Arduino UNO is integrated with ultrasonic sensors to
monitor the vehicle's surroundings, identifying potential obstacles and alerting the driver to avoid collisions. The entire
system is powered by a 12V battery, ensuring reliable performance even in the absence of an external power source.
This dual- faceted approach not only keeps drivers alert and aware but also enhances overall road safety by providing
real-time, actionable alerts. The project aims to significantly mitigate the risks associated with driver fatigue and
improve reaction times to environmental hazards, thereby promoting safer driving practices and reducing traffic
accidents.

By implementing this Driver Drowsiness Detection and Collision Avoidance System, we aim to offer a robust solution
to a critical road safety issue. By using affordable technology and advanced machine learning, the system promises to
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enhance driver alertness monitoring and collision prevention, potentially saving lives and reducing the incidence of
traffic accidents.

II. LITERATURE SURVEY
Drowsiness detection systems have seen various developments over the years, driven by the need to prevent accidents
caused by driver fatigue. Traditional systems relied on wearable devices like EEG headbands and pulse sensors to
monitor physiological changes such as brain activity and heart rate. While these systems are highly accurate, they come
with several limitations, including high costs, discomfort during prolonged use, and the need for constant maintenance.
Recent advancements in computer vision have introduced non-invasive methods for drowsiness detection, such as using
cameras to analyze facial features and movements. Libraries like OpenCV have made it possible to monitor parameters
such as eye closure, blink rates, and yawning patterns in real-time. However, these methods often require significant
computational resources, making them impractical for low-cost systems designed for general use.
Collision avoidance systems, initially employed radar and LiDAR technologies to detect obstacles and measure
distances accurately. These technologies are highly effective in high-speed and complex driving environments, making
them standard in luxury and autonomous vehicles. However, their cost and complexity have restricted their usage to
high-end markets. In contrast, ultrasonic sensors provide a more affordable alternative for short-range obstacle
detection. Studies have shown that these sensors, when integrated with microcontrollers like Arduino, can efficiently
detect obstacles in real-time.
Ultrasonic sensors are particularly suitable for low-speed scenarios such as parking and urban driving. Their
affordability, their limited range environmental interference remain areas for improvement.
The advent of IoT (Internet of Things) has revolutionized vehicular safety systems by enabling remote monitoring, data
sharing, and real-time analytics. loT-based solutions use devices like NodeMCU to connect hardware systems to cloud
platforms, providing continuous data logging and remote access. These systems allow fleet managers and vehicle
owners to monitor critical safety metrics like driver behavior and obstacle proximity from anywhere. While IoT
integration adds immense value to safety systems, challenges such as network dependency, latency issues, and data
security concerns must be addressed to achieve widespread adoption.
Existing research often focuses on either drowsiness detection or collision avoidance, rarely integrating both features
into a single system. High-end solutions that do combine these functionalities typically rely on proprietary technologies,
making them inaccessible to most vehicle owners. Furthermore, many existing systems lack scalability, as they are not
designed to accommodate IoT features like remote monitoring and data logging. This gap highlights the need for a cost-
effective, integrated solution that leverages both embedded systems and IoT.
This project proposes an affordable and efficient solution that combines drowsiness detection, collision avoidance, and
IoT integration into a unified system. The drowsiness detection module uses a laptop camera and OpenCV to monitor
facial features and identify signs of fatigue. The collision avoidance system employs ultrasonic sensors and an Arduino
UNO to detect nearby obstacles and issue timely alerts. Additionally, the NodeMCU enables real-time data
transmission to a remote server or mobile application, providing enhanced monitoring and scalability.

II1. EMBEDDED SYSTEMS & IOT INTEGRATION
Embedded systems are dedicated computing platforms designed to perform specific tasks efficiently in real-time. The
drowsiness detection module uses sensors and embedded software to analyze driver behavior and detect signs of
fatigue. The collision avoidance module relies on Arduino UNO, which processes data from ultrasonic sensors to detect
nearby obstacles and issue alerts using LEDs. These systems handle localized data processing, ensuring immediate
safety responses. The Internet of Things (IoT) enhances the capabilities of embedded systems by enabling remote
connectivity, data sharing, and monitoring. Using NodeMCU as the [oT module, your system transmits real-time data
from the drowsiness detection and collision avoidance modules to cloud platforms or mobile applications. This
integration allows users to remotely monitor vehicle safety metrics and receive instant alerts, improving overall
situational awareness.The integration of embedded systems and IoT provides a dual-layer functionality. Embedded

systems ensure real-time responses to safety issues, such as obstacle detection or fatigue alerts while IoT transmits
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processed data for remote logging, analysis, and monitoring. This synergy bridges the gap between immediate action
and long-term oversight, making the system suitable for both individual and fleet applications.

The combination of embedded systems and IoT in your project delivers several advantages, including real-time
functionality, cost-efficiency, scalability, and remote accessibility. While challenges such as internet dependency, data
security, and system complexity exist, the hybrid approach ensures a robust and comprehensive solution for enhancing
vehicular safety.

IV. VEHICULAR SAFETY
Vehicular safety systems play a critical role in reducing accidents and ensuring the well-being of drivers and
passengers. Modern advancements have introduced features that focus on real-time monitoring, hazard detection, and
prevention. Drowsiness detection systems are a vital component of such safety mechanisms, designed to identify signs
of driver fatigue by monitoring facial cues or behavioral patterns. By issuing timely alerts, these systems prevent
accidents caused by reduced driver alertness. Collision avoidance systems form another cornerstone of vehicular safety,
helping to detect obstacles and provide immediate alerts to the driver. Technologies like ultrasonic sensors, when
integrated with microcontrollers, offer cost- effective and reliable solutions for short-range detection. These systems
work by measuring the distance between the vehicle and potential hazards, triggering visual or auditory alerts when the
vehicle approaches a predefined threshold.
The integration of Internet of Things (IoT) into vehicular safety enhances the scope and effectiveness of these systems.
IoT enables real- time data sharing, remote monitoring, and analytics, making it possible to track vehicle safety metrics
from anywhere. Such connectivity is especially valuable for fleet management, where multiple vehicles can be
monitored simultaneously for compliance with safety protocols.
Despite these advancements, challenges remain, including the affordability and accessibility of high-end technologies.
Many safety systems are limited to luxury vehicles, leaving a gap in affordable, scalable solutions for standard vehicles.
Addressing this gap through the integration of embedded systems and IoT ensures broader adoption and improved road
safety. This combination enables a proactive approach, emphasizing prevention over response, and contributes
significantly to reducing road accidents and fatalities.

V. EXISTING SYSTEM

Current vehicular safety systems are typically designed to address specific aspects of driver and vehicle safety, such as
collision avoidance or driver monitoring, but they often lack integration. High- end technologies like radar, LiDAR, and
infrared- based drowsiness detection systems are widely used in luxury vehicles for their precision and effectiveness.
However, these solutions are cost- prohibitive and inaccessible to most standard vehicles. Similarly, wearable devices
like EEG headbands for drowsiness detection provide accurate results but are intrusive and unsuitable for regular use.
In terms of collision avoidance, radar and LiDAR offer high accuracy for obstacle detection, but their complexity and
expense make them impractical for low-cost applications. Alternatively, ultrasonic sensors have gained popularity as a
budget-friendly option for short- range obstacle detection, though their limited range and susceptibility to
environmental factors reduce their versatility.

Additionally, most existing systems do not integrate IoT, limiting their capability to log and transmit data for remote
monitoring or analysis. This lack of connectivity reduces their scalability, especially for fleet management or data-
driven optimization. Overall, while the existing systems effectively address specific safety concerns, their high cost,
lack of integration, and limited accessibility create a gap in providing comprehensive, affordable, and scalable solutions
for vehicular safety.

VI. PROPOSED METHOD
For The Drowsiness Detection and Collision Avoidance System is an integrated safety solution designed to monitor
driver alertness and prevent potential collisions. This system employs a combination of Haar Cascade algorithm-based
facial detection and ultrasonic sensor technology to ensure driver safety in real-time.

405

Copyright to IJARSCT [El352 =] DOI: 10.48175/IJARSCT-25764
www.ijarsct.co.in ta 7 1ssn

'n .._-ﬁ A

Ly

| 2581-9429 |}
R\ UARSCT /7




:(( IJARSCT

Xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal y
ISSN: 2581-9429 Volume 5, Issue 9, April 2025 Impact Factor: 7.67

The drowsiness detection module operates using a camera that captures real-time images of the driver’s face. The Haar
Cascade classifier, which is a pre-trained machine learning algorithm, is applied to detect the face and locate the eyes.
Once the eyes are detected, the system calculates the Eye Aspect Ratio, which is the ratio between specific facial
landmarks around the eyes. The EAR value serves as a measure of the eye openness; when the eyes are open, the EAR
is above a certain threshold, and when the eyes are closed or partially closed, the EAR value drops. If the EAR value
falls below a predefined threshold for a specific duration, indicating that the driver’s eyes are closed for an extended
period, the system classifies the driver as drowsy. This triggers an LED alert to notify the driver to take a break,
preventing potential accidents due to fatigue.

In parallel, the collision avoidance system utilizes ultrasonic sensors placed on the vehicle to continuously monitor the
distance between the vehicle and any surrounding obstacles. These sensors emit ultrasonic waves and measure the time
it takes for the waves to return after hitting an object, calculating the distance in real-time. If the distance to any object
falls below a predefined threshold, indicating a potential risk of collision, the system activates the motor drivers to take
corrective actions such as slowing down or steering away from the obstacle. This ensures that the vehicle can avoid
potential accidents caused by nearby objects or obstacles. The system is powered by a 12V battery and is controlled by
an Arduino UNO and NodeMCU. The Arduino UNO is responsible for handling the ultrasonic sensors, motor drivers,
and the LED alerts, while the NodeMCU facilitates wireless communication and data processing. The integration of
these components ensures that both the drowsiness detection and collision avoidance systems operate concurrently in
real-time without interference.

This dual functionality of the system, using facial analysis for drowsiness detection and sensor-based technology for
collision avoidance, provides a comprehensive safety solution for drivers. The Haar Cascade algorithm enables efficient
and accurate detection of drowsiness, while the ultrasonic sensors provide real-time environmental awareness, ensuring
the driver’s safety by addressing both alertness and external threats.
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Figure 1 : Block Diagram for collision avoidance
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Figure 2: Block Diagram for drowsiness detection

VII. SOFTWARE EMPLOYED
The Drowsiness Detection and Collision Avoidance System uses several software tools to work effectively. The main
software employed includes OpenCV, Python, and Arduino IDE.For drowsiness detection, OpenCV is used to detect
the driver’s face and eyes using the Haar Cascade algorithm. OpenCV helps calculate the Eye Aspect Ratio (EAR) to
determine if the eyes are open or closed. This is the key part of monitoring drowsiness.The entire system logic is
developed in Python. Python works with OpenCV to process real-time images and calculate the EAR. It also controls
the overall system by handling the communication between different components, such as the camera, ultrasonic
sensors, and motor drivers.
The Arduino IDE is used to program the Arduino UNO and NodeMCU. The Arduino UNO controls the ultrasonic
sensors to measure the distance from obstacles and manage the LED alert system. The NodeMCU handles wireless
communication between the system components.
Lastly, serial communication is used to connect Python with the Arduino and NodeMCU, allowing them to work
together in real-time.
In simple terms, OpenCV is used for facial and eye detection, Python for system logic, and Arduino IDE for controlling
hardware components like sensors and motors, with serial communication to connect everything.

VIII. RESULTS
The proposed system operates effectively under both drowsy and non-drowsy conditions, as well as in the presence and
absence of obstacles. When the driver exhibits signs of drowsiness, such as prolonged eye closure, the laptop camera
captures the eye movement data. This data is processed by the system, which then triggers an LED alert, notifying the
driver to take corrective action. The system consistently responds when the drowsy condition is detected, ensuring the
driver's attention is promptly regained. In the absence of obstacles, the system allows the vehicle to continue moving
without triggering any directional adjustments, ensuring smooth and uninterrupted operation.
Under normal conditions, when the driver is alert and eye movements are regular, the system does not activate the alert,
allowing the driver to continue driving without interruptions. The collision avoidance system, utilizing ultrasonic
sensors, accurately detects any obstacles in the vehicle's path. When an obstacle is detected, the Arduino UNO
processes the data and triggers the motor driver (L298N) to automatically adjust the vehicle's direction, avoiding the
obstacle.
Result: Drowsiness detection contributes to preventing fatigue related accidents and encouraging safer driving
behaviors, while collision avoidance systems improve the vehicle's ability to handle challenging driving environments
and avoid collisions.
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Output:

Figure4: When Drowsiness & Obstacles Detected

IX. CONCLUSION

The Driver Drowsiness Detection and Collision Avoidance System represents a significant advancement in vehicle
safety technology. By integrating NodeMCU and Arduino UNO microcontrollers with a combination of camera and
ultrasonic sensors, the system provides a comprehensive solution to two critical issues in road safety: driver fatigue and
collision risks. The project successfully demonstrates how real- time monitoring and autonomous response mechanisms
can enhance driver alertness and ensure safe navigation around obstacles. The consistent and reliable operation powered
by a 12V battery, along with the intelligent data processing and decision-making capabilities, underscores the system’s
robustness and effectiveness[1]. This innovative approach not only improves overall road safety but also offers a
scalable, cost-effective solution that can be easily implemented in various vehicle types. The project highlights the
potential of integrating advanced sensors and microcontrollers to create intelligent safety systems, paving the way for
future developments in autonomous driving and enhanced vehicular safety technologies

X. FUTURE SCOPE
The Drowsiness Detection and Collision Avoidance System has significant potential for further development and
expansion. In the future, the system can be enhanced by incorporating advanced machine learning algorithms to
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improve the accuracy and robustness of drowsiness detection under varying conditions, such as different lighting or
facial orientations. Additionally, the system can be integrated with real-time traffic data and vehicle-to- vehicle
communication to provide enhanced collision avoidance, considering dynamic traffic environments. Future iterations
may also include cloud-based monitoring to allow remote access to driver behavior data and adaptive alert systems that
adjust based on the driver’s fatigue level. As autonomous driving technology advances, the system could evolve to
support semi-autonomous vehicles, providing further integration with self- driving functionalities for safer roads.
Furthermore, the system can be expanded to include multi-modal alert mechanisms, such as vibration feedback or audio
warnings, to ensure that the alert reaches the driver in noisy environments or when visual cues might be missed.
Integration with biometric sensors like heart rate monitors or EEG could provide a more comprehensive approach to
drowsiness detection, allowing the system to monitor additional physiological signs of fatigue. Another possible future
enhancement is the integration with vehicle navigation systems, which could adjust the vehicle's speed or route in
response to drowsiness or traffic conditions, offering proactive safety measures. Additionally, with the growing interest
in smart vehicle technology, the system could be adapted for use in a variety of transportation modes, such as trucks,
buses, and trains, broadening its applicability and impact on road safety across different sectors.
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