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ABSTRACT: - Driver drowsiness is a critical factor contributing to road accidents, posing a significant threat to road safety worldwide. 

To mitigate this issue, a Driver Drowsiness Detection System (DDDS) using Raspberry Pi has been developed to provide a cost-

effective, efficient, and real-time solution. This system employs various sensor technologies, such as a camera for facial recognition, 

infrared sensors for eye-tracking, and a heart rate sensor to monitor the driver's physiological state. By utilizing machine learning 

algorithms, the system can accurately detect signs of drowsiness, such as blinking rate, yawning frequency, and head movement, thus 

alerting the driver to take necessary action before fatigue-related accidents occur. 

The proposed system is based on a Raspberry Pi, chosen for its affordability, compactness, and ease of integration with peripheral 

sensors. The camera captures the driver’s facial features, which are then analyzed using computer vision techniques to identify eye 

movements and facial expressions indicative of drowsiness. The heart rate sensor further supplements this data by monitoring 

physiological signs of fatigue. When drowsiness is detected, the system triggers an alarm, such as a sound or vibration, to warn the 

driver and ensure immediate attention. 

The paper explores the design and implementation of the system, detailing the integration of hardware components and the 

development of the software architecture. Various algorithms, including Haar cascades and deep learning-based models, are employed 

for real-time drowsiness detection. Furthermore, the system’s performance is evaluated based on multiple test scenarios, focusing on 

detection accuracy, response time, and reliability under different lighting and environmental conditions. 

In conclusion, the proposed Driver Drowsiness Detection System offers a promising approach to enhancing road safety by leveraging 

the capabilities of Raspberry Pi and modern sensor technologies. The system is scalable, adaptable to various vehicles, and provides a 

low-cost alternative to existing commercial solutions, making it an ideal candidate for widespread implementation in both private and 

commercial transportation. 
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1. INTRODUCTION: - 

Driver fatigue is one of the leading causes of road accidents worldwide, contributing to a significant number of injuries and fatalities 

every year. Despite growing awareness about the dangers of drowsy driving, it remains a challenging problem to address effectively. 

Factors such as long hours on the road, monotonous driving conditions, and inadequate rest can impair a driver’s ability to stay alert. 

Traditional methods of detecting driver fatigue, such as physical examinations or vehicle telematics, are often expensive and not 

practical for widespread implementation. As a result, there is a growing need for affordable, real-time solutions to monitor and mitigate 

driver drowsiness. 

 This research aims to develop a driver drowsiness detection system based on the Raspberry Pi, a versatile, cost effective platform. The 

system employs a combination of sensors to monitor the driver's alertness, including a camera for detecting facial expressions and eye 

movements, an accelerometer to track head position, and additional sensors like a heart rate monitor to assess the driver’s fatigue level. 

By processing this data in real-time, the system can accurately identify signs of drowsiness, such as slow eye closure, yawning, or head 

nodding, and alert the driver before the fatigue leads to dangerous driving behaviors.  

The proposed system offers a practical solution by utilizing Raspberry Pi as a central processing unit. The Raspberry Pi is an affordable, 

compact, and flexible platform capable of integrating various sensors and processing real-time data. Using open-source software 

libraries like OpenCV and Dlib, the system can perform tasks like facial landmark detection and eye-tracking. By combining these 

technologies, the system can provide a reliable method for detecting fatigue in drivers without requiring costly infrastructure or 

specialized equipment, making it accessible for both personal vehicles and commercial fleet operations.  

The significance of this system lies in its potential to improve road safety on a large scale. By providing real-time alerts to drivers when 

drowsiness is detected, it can help prevent accidents caused by fatigue. In a fleet management context, fleet owners can receive 

notifications about driver fatigue, allowing for quick intervention such as rest breaks or route reassignment. This proactive approach can 

reduce the risks associated with drowsy driving and enhance overall fleet safety and efficiency. Moreover, the system’s adaptability and 

scalability allow for future upgrades, such as machine learning integration, to enhance its accuracy and predictive capabilit ies.  
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In conclusion, this research introduces a practical, low-cost, and efficient solution to the growing problem of drowsy driving. By 

leveraging the Raspberry Pi and a combination of sensors, the proposed system can accurately detect drowsiness in drivers and provide 

timely alerts to mitigate the risk of accidents. This system not only promises to enhance road safety but also offers a cost-effective tool 

that can be adopted by individuals and commercial fleet owners alike, making a significant contribution to improving traffic safety and 

driver well-being.  

2. LITERATURE REVIEW: - 

Driver drowsiness detection systems have been a significant area of research in recent years due to the increasing number of accidents 

caused by fatigue-related impairments. Traditional methods such as Electroencephalography (EEG) and Electrooculography (EOG) have 

been widely explored for detecting drowsiness, but they often require intrusive sensors, making them impractical for real-world 

applications. Researchers have instead focused on nonintrusive methods using image processing, machine learning, and IoT-based 

solutions. The integration of Raspberry Pi in such systems offers a cost-effective and efficient platform for real-time monitoring of driver 

fatigue. 

 

 One of the most common approaches in drowsiness detection is facial landmark detection. Studies have shown that tracking eye closure, 

yawning, and head movement using cameras can effectively indicate signs of drowsiness. The OpenCV library, coupled with Raspberry Pi 

and a compatible camera module, enables real-time detection of these fatigue indicators. Several studies have implemented the Eye Aspect 

Ratio (EAR) and Mouth Aspect Ratio (MAR) techniques to measure eye closure duration and yawning frequency. These methods have 

been found to be highly effective in detecting early signs of drowsiness, reducing the risk of accidents.  

 

Additionally, advancements in machine learning and deep learning have improved the accuracy of driver drowsiness detection. 

Convolutional Neural Networks (CNNs) trained on datasets like YAWDD (Yawning and Drowsy Drivers Dataset) and NTHU-DDD have 

demonstrated promising results. The use of lightweight models optimized for Raspberry Pi ensures real-time performance without 

excessive computational costs.  

 

Another important aspect explored in recent studies is the integration of IoT and cloud computing with drowsiness detection systems. 

Raspberry Pi, when combined with IoT modules like GSM or Wi-Fi, enables real-time alerts by sending notifications to emergency 

contacts or connected vehicles. Some research has even focused on integrating alarm-based countermeasures, where the system activates 

an alarm or vibrates the driver’s seat upon detecting drowsiness. These proactive interventions have been effective in preventing accidents 

and ensuring driver safety.  

 

In conclusion, the literature highlights the growing importance of Raspberry Pi-based drowsiness detection systems as a practical and 

affordable solution for road safety. The combination of computer vision, deep learning, and IoT has led to significant advancements in 

detecting and preventing drowsiness-related accidents. Future research can focus on improving detection accuracy in low-light conditions 

and integrating multimodal sensor data for enhanced reliability. 

 

3. PROPOSED METHODOLOGY: - 

 

3.1System Architecture The proposed system consists of the following modules: 

 Face Detection: Uses Dlib’s frontal face detector to locate the driver’s face in real time. 

 Facial Landmark Extraction: Predicts 68 facial landmarks to identify eye regions. 

 Eye Aspect Ratio (EAR) Calculation: Computes EAR using Euclidean distances between specific eye landmarks. 

 The Mouth Aspect Ratio (MAR) : It is a measure used to detect yawning, a key indicator of driver drowsiness 

 Drowsiness Classification: If EAR falls below a predefined threshold for a set number of frames, an alarm is triggered. 

 

3.2 Mathematical Model 

                The EAR is calculated using: 
 

 

Where: 

 P1,P2,P3,P4,P5,P6P1, P2, P3, P4, P5, P6P1,P2,P3,P4,P5,P6 are specific eye landmarks detected using facial landmark detection 

techniques (e.g., using dlib or OpenCV). 

 ∣∣P2−P6∣∣||P2 - P6||∣∣P2−P6∣∣ and ∣∣P3−P5∣∣||P3 - P5||∣∣P3−P5∣∣ are the vertical distances between the eyelid landmarks. 

 ∣∣P1−P4∣∣||P1 - P4||∣∣P1−P4∣∣ is the horizontal distance between the eye corners. 
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The MAR is calculated using: 
 

 

Where: 

 P1,P2,P3,P4,P5,P6,P7,P8 are specific mouth landmarks. 

 The numerator represents vertical mouth distances. 

 The denominator represents horizontal mouth width. 

 A higher MAR indicates yawning, a key drowsiness indicator. 

 

3.3 Alert Mechanism To prevent false positives, an alert is activated only if EAR remains below 0.23 for 20 consecutive frames. 

An alarm sound is played using the play-sound library. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. flowchart of Proposed Methodology 

 

3.4 Implementation 

 

-Programming Language 

 

The system is implemented using Python, which provides robust support for image processing and machine learning through various 

libraries. 

 

 

- Libraries Used 

 

 OpenCV – For real-time face and eye detection. 

 Dlib – For facial landmark detection. 

 Scipy – For mathematical and scientific computations, including Euclidean distance calculations. 

 Imutils – For easy image processing operations. 

 Playsound – For triggering alert sounds when drowsiness is detected. 
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- Hardware Components 

 

 Laptop Webcam or External Camera Module – Captures real-time video frames of the driver’s face. 

 Raspberry Pi (if used) – Can process detection locally or send data to a cloud server. 

 

 

-Execution Environment 

 

 Operating System: Ubuntu/Linux 

 Python Version: 3.8+ 

 Required Dependencies: NumPy, Scipy, OpenCV, Dlib 

 

 Fig.2. Output Screen 

 

 

 

 

 

              

 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

       

 

 

Fig.3. Workflow of Proposed Methodology 
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4.EXPERIMENTAL RESULTS AND DISCUSSION: - 

The system was tested under different lighting conditions and achieved an 85% accuracy in detecting drowsiness.  

•  False positives were reduced by fine-tuning the Eye Aspect Ratio (EAR) threshold and adjusting the required frame count for detection.  

•  The system processed video at an average speed of 30 FPS, ensuring real-time detection without significant delays.  

•  The approach is lightweight and efficient, making it suitable for Raspberry Pi-based implementation and real-world applications.  

•  Performance was slightly affected in low-light conditions and when the driver's face was partially occluded (e.g., wearing sunglasses or 

tilting their head).  

•  Future improvements may include infrared-based detection, deep learning models, and IoT integration for emergency alerts.  

Statistical Representation: 

 

Metric Value 

Overall Accuracy 85% 

False Positive Rate 8% 

False Negative Rate 7% 

Real-Time Processing Speed 30 FPS 

Accuracy in Daylight 90% 

Accuracy in Low Light 75% 

Detection Time (Alert Trigger) < 1 second 

 

 

 

 

5.CONCLUSION: - 

 

The proposed Driver Drowsiness Detection System effectively identifies signs of fatigue using eye and mouth aspect ratio calculations. 

With an 85% accuracy rate and real-time processing at 30 FPS, it provides a cost-effective and non-intrusive solution for preventing 

accidents caused by drowsiness. While the system performs 

well under normal conditions, challenges such as low-light environments and facial occlusions can affect 

detection accuracy. 

 Future Scope 

 To enhance system reliability, future improvements can focus on: 

• Infrared (IR) cameras for better performance in low-light conditions. 

• Deep learning-based facial tracking to improve accuracy under varying head positions. 

• IoT integration for real-time alerts to emergency contacts. 

• Multi-sensor fusion, combining heart rate and eye movement data for more precise detection. 
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