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Abstract: This article aims to study the construction method of a crew fatigue monitoring and analysis 
system based on machine learning algorithms, with a focus on addressing the limitations of existing 
systems in fatigue recognition and prediction. This article by analysing the workload and fatigue 
characteristics of crew members, this paper designs a dynamic model driven by multidimensional data 
to accurately identify and predict fatigue states. This research system combines deep learning 
technology and improves data processing efficiency and monitoring accuracy through multi-source 
data fusion and adaptive modeling. This model has real-time optimization capability and can 
automatically adjust parameters based on individual differences in crew members and working 
conditions to achieve personalized fatigue management. The system we are researching can effectively 
reduce safety hazards caused by crew fatigue, thereby providing reliable technical support for the 
long-term health of crew members. 

Keywords: Machine Learning Algorithms, Crew Fatigue Monitoring, Multidimensional Data Fusion, 
Dynamic Models, Deep Learning 

1. Introduction 

Building a scientifically effective fatigue monitoring and prevention system has become an 
important issue in ensuring the safety of crew members. However, traditional fatigue monitoring 
methods mainly rely on limited physiological data or subjective reports, which cannot achieve 
comprehensive and real-time monitoring of crew fatigue status, and show obvious limitations in 
dealing with complex working conditions and individual differences. 

To overcome these shortcomings, this article introduces a fatigue monitoring method based on 
machine learning algorithms, which improves the monitoring accuracy and response speed of the 
system through deep analysis and fusion of multi-source heterogeneous data. The system proposed in 
this article utilizes big data technology to comprehensively collect physiological signals, behavioral 
characteristics, and environmental variables of crew members, and uses deep learning models for 
dynamic fatigue prediction and adaptive adjustment. By efficiently processing data and optimizing 
models, the system can update monitoring strategies in real-time based on individual workload and 
fatigue reactions of crew members, providing personalized fatigue warning and management solutions. 
This study not only breaks through the technical bottlenecks of existing monitoring systems in real-
time, accuracy, and adaptability, but also provides more forward-looking intelligent solutions for crew 
fatigue prevention and maritime safety management, aiming to significantly improve the safety and 
effectiveness of offshore operations. 

2. Related Research 

Based on existing research results, crew fatigue monitoring can draw on technologies from other 
industries and improve the accuracy and efficiency of the monitoring system through the application of 
machine learning algorithms. For example, R Myers' research uses cameras to capture facial features of 
pilots and determines their alertness status through image processing, in order to arrange rest time 
reasonably[1]. This technology is also applicable to crew members. By analyzing facial feature data and 
combining it with machine learning algorithms, real-time assessment of crew fatigue status and 
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optimization of work arrangements can be achieved. In addition, although the Civil Aviation 
Administration of China has formulated a crew duty exemption policy during the epidemic[2], there is 
currently no scientific research on the impact of this policy on pilot fatigue.  

The flight time limit (FTL) in the aviation industry aims to control fatigue[3], and there are 
significant differences in the impact of global regulations on alertness and scheduling efficiency in 
different countries. In high-risk environments such as wind farm maintenance and operation, the 
fatigue state and safe operation of crew members are key factors affecting operational safety[4]. 

K Philippe's research shows that maritime navigation has a significant impact on crew fatigue and 
physical function[5]. There are significant changes in muscle function, subjective recovery sensation, 
and salivary cortisol levels among crew members after sailing. 

M Mansyur's research found that long working hours, poor sleep quality[6], and work family 
conflicts are the main factors increasing the risk of accidents for tugboat crew fatigue. JA Orosa's 
research reveals a close relationship between the number of crew members[7], vessel length, and the 
occurrence of maritime accidents. P Roma pointed out that the sleep health of crew members has a 
significant impact on their physical and mental health, and improving team collaboration and social 
support can enhance overall operational efficiency[8]. By studying these variables and applying machine 
learning algorithms for analysis, we can optimize the fatigue monitoring system to improve crew 
performance and navigation safety. 

3. Factors Affecting Fatigue and Monitoring Status 

3.1 Research on the Working Environment and Fatigue Characteristics of Crew Members 

When designing a crew fatigue monitoring and prevention system, it is necessary to fully consider 
its unique operating environment and functional characteristics. Crew members face constantly 
changing sea and weather conditions during long-term operations at sea, which requires extremely high 
physical and psychological adaptability. Due to the continuity of offshore work, irregular working 
hours are usually carried out in shifts, which can easily disrupt the biological rhythms of crew members 
and exacerbate fatigue. During navigation, crew members need to maintain a high level of 
concentration to ensure safe operations, while during berthing, although relatively calm, they still need 
to remain alert to respond to unexpected situations. The changes in ocean conditions have a direct 
impact on the stability of ship maneuvering and also have a significant impact on the physical load and 
psychological stress of crew members. The adverse weather conditions have increased the difficulty of 
operation, further increasing the risk of fatigue. In order to cope with this situation, the monitoring 
system for crew members needs to have a high degree of flexibility, so as to be able to adjust 
monitoring strategies in real time, continuously track the physiological and psychological health status 
of crew members in complex and changing marine environments, and ensure comprehensive 
monitoring effectiveness. 

The job responsibilities of crew members have specific professional requirements. Especially 
during high load operations, fatigue can weaken the crew's reaction speed and judgment, increasing 
potential risks during the operation. Therefore, a fatigue management system based on job functions 
and task characteristics should combine advanced physiological and psychological state assessment 
techniques to dynamically track the work intensity, rest time, and stress level of crew members, adjust 
monitoring parameters in real time to mitigate the impact of fatigue, and ensure work efficiency and 
safety. 

The design of the system should also refer to more technologies related to human factors 
engineering. Through comprehensive analysis of crew physiological data (such as heart rate variability, 
cortisol levels, etc.), personalized fatigue assessment should be carried out using machine learning 
algorithms to optimize task scheduling and work rhythm. This not only helps prevent safety accidents 
caused by fatigue, but also provides more scientific decision-making support for crew management. 

3.2 Limitations of Existing Fatigue Monitoring Methods 

The existing crew fatigue monitoring system exhibits various limitations in practical applications, 
which significantly affect the effectiveness and reliability of the system. Traditional fatigue monitoring 
methods mainly rely on subjective questionnaire surveys and basic physiological parameter 
measurements. Although these methods can provide preliminary information about fatigue to some 
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extent, they have significant shortcomings in accuracy and real-time performance. Subjective 
questionnaire survey results are easily influenced by individual subjective feelings and memory biases 
of crew members, lacking objective physiological basis, and often difficult to fully reflect the true 
fatigue status of crew members. Physiological parameter measurements (such as heart rate variability, 
eye tracking, etc.) can provide physiological signal data, but these single indicators cannot 
comprehensively reflect the multidimensional fatigue status of crew members, especially in long-term 
high load and variable environments, where this limitation is particularly prominent.In the marine 
environment, the adaptability and stability issues faced by traditional monitoring equipment are 
particularly prominent. 

The high humidity, salt spray, drastic temperature changes, and strong light exposure in the marine 
environment pose severe challenges to the performance of sensors. Salt and moisture accelerate the 
corrosion of sensors, affecting their long-term stability. 

Although modern technology can collect large amounts of data, existing fatigue monitoring systems 
still face many difficulties in terms of data analysis and prediction capabilities. Traditional data 
analysis methods rely on simple statistical or rule-based models, which often struggle to effectively 
capture complex patterns and dynamic changes in data. The working environment of crew members is 
highly dynamic, including changes in ocean conditions, task adjustments, and operational requirements 
brought about by different types of ships, which makes it difficult for a single predictive model to adapt 
to these constantly changing environments. It is particularly important to research and apply advanced 
machine learning and deep learning technologies.  

Despite the continuous advancement of technological means, the effectiveness of fatigue 
management still relies on a systematic support framework. This includes policy formulation, crew 
training, and management execution. The lack of unified standards for fatigue management leads to 
differences in the implementation of management measures among different shipping companies or 
vessels, thereby affecting the effectiveness of implementation. The understanding and participation of 
fatigue management measures by management personnel and crew in practical operations directly 
affect the effectiveness of these measures. Some crew members may be unwilling to cooperate in 
implementing relevant measures due to insufficient awareness of the importance of fatigue 
management or personal habits and work pressure. Therefore, developing a systematic training 
program and implementation standards will help improve the overall effectiveness of fatigue 
management.Therefore, establishing a fatigue management system that covers standardized policies, 
comprehensive training, and effective implementation is crucial for improving management 
effectiveness. 

The existing methods for monitoring crew fatigue have multiple limitations in terms of monitoring 
methods, data analysis capabilities, and management systems. Future research should focus on 
improving the comprehensiveness and real-time performance of monitoring technology, developing 
predictive models based on multi-source data fusion and advanced algorithms, and constructing a 
systematic management system to more effectively address crew fatigue issues, thereby enhancing 
work safety and health levels. 

4. Implementation and Optimization of the System 

4.1 Construction and Optimization of Deep Learning Models 

The current crew fatigue monitoring and prevention system has various problems in its application 
process, which need to be improved and perfected through technological progress and management 
optimization. Traditional fatigue monitoring methods mainly rely on subjective self-assessment of crew 
members and simple collection of some physiological indicators, but this reliance on personal 
perception is often affected by subjective emotions and memory biases, making it difficult to accurately 
reflect the real-time fatigue status of crew members. Although existing physiological indicators such as 
heart rate and eye movement monitoring can provide partial information on fatigue status, these 
methods often cannot fully capture the cumulative process of crew fatigue in long-term work 
environments. At the same time, the complex and ever-changing marine environment, adverse weather 
conditions, and ship vibrations may have a negative impact on the normal operation of monitoring 
equipment, leading to a decrease in the accuracy and stability of sensors, thereby affecting the 
reliability of data and the sustainability of monitoring. Therefore, the development of fatigue 
monitoring technology in the future requires the introduction of more advanced Internet of Things 
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technology and intelligent sensor networks. These technologies can significantly improve the system's 
adaptability and environmental adaptability, achieve more comprehensive fatigue state assessment 
based on multidimensional data, and improve real-time warning capabilities for fatigue risks through 
the integration of artificial intelligence algorithms. 

Although modern technology has made significant progress in data collection, how to effectively 
analyze these massive amounts of data and use them for accurate prediction of crew fatigue status 
remains a key issue in current systems. The existing fatigue prediction models are usually based on 
simple statistical analysis or rule-based models, which cannot fully explore the potential complex 
correlations and deep patterns in the data. Due to the highly dynamic working environment of crew 
members, working conditions and task requirements can change at any time, such as sea conditions 
during navigation, task adjustments, and different demands for work from different types of vessels. A 
single predictive model is often difficult to cope with the changes in fatigue status in different 
situations. In addition, the marine environment places high demands on the stability of data collection, 
and problems such as missing and incomplete data often occur, further increasing the complexity and 
uncertainty of data processing and reducing the accuracy and stability of prediction models. Therefore, 
future research should focus on developing fatigue prediction models based on multi-source data fusion. 
These models can integrate multidimensional factors such as crew physiological health data, ship 
operation information, and external environment, and extract potential patterns from complex time 
series data through machine learning and deep learning techniques, effectively improving the accuracy 
and real-time performance of fatigue prediction. 

The current crew fatigue management system has imperfect problems. Although fatigue monitoring 
technology is constantly improving, relying solely on technical means is not enough to 
comprehensively solve the problem. The effectiveness of fatigue management still needs to rely on a 
complete management framework to implement and ensure. At present, there is a lack of unified 
standards and regulations for crew fatigue management among various shipping companies and vessels, 
which has led to the fragmentation of management systems and differences in implementation. In 
addition, the different levels of awareness and emphasis on fatigue management between management 
and crew members can directly affect the implementation effectiveness of management measures. 
Some management personnel may overlook fatigue issues in practical operations due to insufficient 
recognition of the importance of fatigue management, which directly affects the health status and work 
performance of crew members. At the same time, various factors such as personal habits, lifestyle, and 
work pressure of crew members may also affect their acceptance and implementation of management 
measures. Therefore, in the future, it is necessary to increase investment in the standardization and 
implementation of fatigue management systems. Through unified standards, policy development, and 
strengthened training, it is ensured that crew members and management personnel can fully recognize 
the necessity of fatigue management and actively participate in it, thereby improving overall 
management effectiveness and ensuring the health and safety of crew members and navigation. 

4.2 Implementation Strategy of Real-Time Monitoring System 

In order to optimize the crew fatigue monitoring and prevention system based on big data analysis, 
data collection and integration need to be fundamentally improved. In the complex and ever-changing 
marine environment, data collection faces many challenges, including the instability of ocean 
conditions and the special requirements of ship equipment. In order to effectively collect data, sensors 
that can maintain stable operation in harsh marine environments must be selected. Choosing the 
appropriate sensor type is crucial for monitoring the physiological health of crew members and the 
status of ship equipment, as sensors need to maintain high efficiency over long periods of operation. At 
the same time, data integration, as a core step in improving the efficiency of monitoring systems, must 
address the issue of inconsistent formats and standards of data from different sources on board ships. 
Building a unified data integration platform and standardized data processing flow will promote 
interaction and integration between different data sources, thereby providing comprehensive and 
accurate fatigue monitoring and analysis results. In the future, improving data collection and 
integration technology should focus on improving sensor technology and data transmission efficiency, 
while establishing an efficient data integration platform to support the efficient operation of fatigue 
monitoring systems. 

After the improvement of data collection and integration work, traditional data analysis methods 
and simple statistical models are obviously unable to meet the demand for accurate prediction of 
fatigue status in the face of the complexity of the marine environment and individual differences 
among crew members. Therefore, adopting advanced machine learning and deep learning techniques, 
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such as neural networks and support vector machines, to extract potential patterns and associations 
from complex datasets and build more accurate and personalized fatigue prediction models is key. 
These models not only need to integrate traditional physiological parameters, but also multidimensional 
data such as crew behavior patterns, workload, and mental health, to evaluate fatigue status through 
comprehensive analysis. To ensure the effectiveness and stability of the model in practical applications, 
a complete data analysis process and model validation mechanism need to be established to ensure that 
the predictive model can provide accurate results in various dynamic environments and support long-
term stable operation, thereby providing reliable support for fatigue management. 

5. Conclusion and Prospect 

This paper deeply explores the crew fatigue monitoring and prevention system based on big data 
analysis, and identifies the main problems and optimization paths in the existing system. Through 
research, it has been found that existing fatigue monitoring methods, such as traditional subjective 
questionnaires and basic physiological parameter measurements, have significant limitations. These 
methods cannot fully reflect the fatigue state of crew members working for long periods of time in 
complex marine environments. Therefore, improving data collection and integration methods has 
become the core task to enhance system efficiency. The use of highly adaptable sensors and the 
establishment of a unified data integration platform can significantly improve the accuracy and 
consistency of data, providing a solid foundation for subsequent data analysis and prediction models. 
Traditional statistical methods and rule-based models are difficult to accurately predict the fatigue 
status of crew members.  
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