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Abstract: Fatigue detection is essential for ensuring safety and efficiency in various fields, particularly in transportation 

and workplace environments. This project focuses on developing a real-time fatigue detection system using computer 

vision and machine learning techniques. By analyzing head movements and eye activity, the system identifies early signs of 

drowsiness and provides timely alerts. 

 

The project utilizes OpenCV and Media Pipe for real-time facial feature tracking and analysis. These technologies enable 

precise detection of eye behavior and head posture, ensuring reliable fatigue assessment. Machine learning techniques 

further enhance the accuracy of the system, making it adaptable to different environments and lighting conditions. This 

study includes case studies and experimental evaluations to assess the effectiveness of the proposed approach. By 

examining real-world applications, the project aims to identify best practices and optimization strategies for future 

development. Ultimately, this research contributes to the advancement of automated fatigue monitoring systems, helping 

to improve safety and productivity in high-risk settings. 
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I. INTRODUCTION 

 

Fatigue is a significant concern in industries where 

continuous attention is required, such as transportation, 

healthcare, and manufacturing. It can impair decision-

making, reaction times, and overall performance, leading to 
accidents and reduced productivity. This project focuses on 

developing a real-time fatigue detection system using 

computer vision and machine learning techniques. The 

system analyzes eye movements and head posture, which 

are strong indicators of drowsiness. By leveraging OpenCV 

and Media Pipe, the system accurately tracks facial 

landmarks and assesses eye behavior, providing reliable 

fatigue monitoring. The integration of machine learning 

ensures the system adapts to various lighting conditions and 

environments. 

 

 
 

 

 

 

 

 

OpenCV is used for video capture and image 

processing, allowing the system to detect facial landmarks 

and analyze eye behavior in real time. Media Pipe, a 

machine learning framework, helps accurately track facial 

features, including the eyes, to calculate the Eye Aspect 

Ratio (EAR), an indicator of drowsiness. Matplotlib is used 
to visualize fatigue levels by plotting the EAR value over 

time. Pygame provides auditory alerts when the system 

detects signs of fatigue. 

 

By integrating these libraries, the system can provide 

real-time alerts, ensuring safety and improving productivity 

in environments where continuous attention is critical. The 

primary objective of this research is to create a non-invasive, 

efficient method for monitoring fatigue in real-world 

settings, such as monitoring drivers during long trips or 

workers in high-risk environments. The system provides 

timely alerts by detecting early signs of drowsiness, 
reducing the risk of accidents and enhancing safety. 

Through experimental evaluations and case studies, the 

effectiveness of the approach is assessed, demonstrating its 

potential for widespread application.  
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II. REVIEW OF LITERATURE 

 

Fatigue detection is an area of growing interest, 

particularly in industries such as transportation, healthcare, 

and workplace safety, where human alertness plays a critical 

role in ensuring safety and efficiency. One promising 

approach to real-time fatigue detection is the use of 

computer vision and machine learning techniques, enabling 

the continuous monitoring of individuals' behavior to detect 
early signs of drowsiness. Recent advancements in facial 

landmark detection, particularly through Media Pipe and 

OpenCV, have made real-time monitoring more feasible, 

offering the potential for integration into safety-critical 

systems. The core of many fatigue detection systems is the 

tracking of eye activity and head posture, as these 

physiological signals are known to change significantly 

when a person becomes tired. For example, Eye Aspect 

Ratio (EAR), derived from facial landmark points, is 

commonly used as an indicator of drowsiness based on eye 

closure. Media Pipe, a powerful library for real-time facial 
landmark detection, provides accurate tracking of facial 

features, including eyes, which is essential for detecting 

early fatigue signs. By analyzing the blink rate and eye 

openness, fatigue can be detected, and timely alerts can be 

provided. These technologies offer several advantages, 

including low computational cost, high accuracy, and the 

ability to work in various lighting conditions. 

 

Despite the advantages, there are also challenges in 

implementing fatigue detection systems. Environmental 

factors, such as lighting and camera quality, can affect the 

accuracy of eye tracking and drowsiness detection. 
Moreover, variations in individual behavior and facial 

expressions can lead to false positives or missed detections. 

The combination of real-time data analysis with machine 

learning models can improve accuracy and adaptability to 

different individuals, but further research is required to 

address these challenges. Additionally, integrating fatigue 

detection into existing safety systems may require 

overcoming issues related to privacy and data security, 

particularly if personal data is involved. 

 

Overall, the integration of real-time fatigue detection 
systems into transportation and workplace environments can 

enhance safety and productivity. As the field continues to 

evolve, the development of more robust systems that 

account for various environmental and individual factors 

will be essential for ensuring the effectiveness of these 

technologies in practical applications. 

 

III. IMPLEMENTATION 

 

The Fatigue Detection System is designed to monitor 

and detect early signs of fatigue using computer vision and 
machine learning techniques. The system analyzes facial 

features, focusing specifically on eye movements and head 

posture, to assess drowsiness in real-time. The core of the 

implementation involves facial landmark detection, eye 

tracking, and visualization of fatigue levels through a graph. 

 

The process begins with the initialization of required 

libraries: OpenCV is used to capture video feed from the 

user's webcam, Media Pipe handles the facial landmark 

detection, and Matplotlib is employed to plot a real-time 

graph that represents the fatigue level based on the detected 

eye aspect ratio (EAR). Pygame is integrated to provide an 
auditory alert when signs of fatigue are detected. 
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Fig. 1. System Architecture of the Fatigue Detection 

 

Using Media Pipe’s Face Mesh model, the system 
detects 468 facial landmarks. These landmarks are critical 

for identifying key facial features, particularly the eyes, 

nose, and mouth. The primary focus is on eye movements, 

as they are strong indicators of fatigue. The system 

specifically monitors the Eye Aspect Ratio (EAR), which is 

calculated based on the distances between selected facial 

landmarks around the eyes. EAR is used to determine the 

openness of the eyes, and if it falls below a certain 

threshold, it indicates that the user may be experiencing 

drowsiness. The system works by continuously capturing 

frames from the webcam, processing each frame to calculate 

the EAR, and updating the status of the user's alertness. If 

the EAR remains below the predefined threshold for a 
specified number of consecutive frames, the system 

identifies fatigue and triggers an alert. 

 

The system generates a real-time graph using 

Matplotlib. This graph visually represents the EAR value 

over time. As the system continuously monitors the user's 

eye movement, the graph updates dynamically in real-time 

to display the changes in EAR. When the EAR drops below 

the threshold, the graph visually indicates the onset of 

drowsiness or fatigue, providing a clear representation of the 

user’s alertness level. In addition to the visual graph, an 

auditory alert is triggered through Pygame when fatigue is 
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detected. This sound alert ensures that the user is aware of 

the detected fatigue and can take necessary actions to remain 

alert. 

 

This approach offers continuous, real-time monitoring 

where users can observe their fatigue levels through the 

graph, while also receiving an audible alert when necessary. 

The system’s design ensures that fatigue is detected early 

and that the user is provided with timely feedback to help 
mitigate the risks of drowsiness, particularly in high-risk 

environments such as transportation or workplaces. 

 

 

 

 

 

 

IV. EXPERIMENTAL RESULTS 

 

The objective of this experiment was to detect 

drowsiness by monitoring eye openness using a webcam and 

facial landmark detection. The system used Media Pipe to 

detect facial landmarks and calculate the Eye Aspect Ratio 

(EAR) to assess eye openness. If the eye openness fell 

below a predefined threshold for a set number of 

consecutive frames, the system triggered an alarm to alert 
the user. During the experiment, eye openness data was 

collected and plotted in real-time, creating a graph to 

visualize the changes across frames. The system 

successfully identified drowsiness when the eye openness 

remained below the threshold for an extended period. The 

alarm was activated accurately and provided real-time 

feedback with minimal delay, successfully alerting the user 

of potential fatigue. 

 

 
Fig. 2. Eye Openness and Fatigue Detection Graph 

 

 
Fig. 3. Eye Drowsiness and Fatigue Detection Graph 
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V. CONCLUSION 

 

The real-time fatigue detection system developed in 

this project provides an effective and non-invasive solution 

for monitoring drowsiness and fatigue, particularly in high-

risk environments such as transportation and workplaces. By 

leveraging computer vision techniques like OpenCV and 

Media Pipe, combined with machine learning algorithms, 

the system is able to accurately track eye movements and 
head posture to detect early signs of drowsiness. The use of 

the Eye Aspect Ratio (EAR) metric allows for precise 

identification of fatigue based on eye behavior. 

 

The integration of real-time data visualization and 

auditory alerts ensures timely feedback to the user, enabling 

them to take necessary actions before fatigue leads to unsafe 

conditions. Experimental results demonstrated the system's 

reliability and effectiveness in identifying drowsiness, with 

minimal delay in alert generation. Although environmental 

factors such as lighting and camera quality pose challenges, 
the system's adaptability through machine learning enhances 

its robustness. This system holds great potential for 

widespread implementation in safety-critical applications, 

contributing to improved road safety, workplace 

productivity, and overall well-being. Future advancements 

could focus on refining the system to handle more complex 

scenarios and incorporating additional fatigue indicators for 

even greater accuracy. 
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