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Abstract: This study delves into the dynamic coupling and intelligent control of 
offshore floating wind power platforms, leveraging a synergistic approach of field 
measurements and numerical simulations. Data were sourced from an operational 
platform in the North Sea and augmented with high-fidelity computational models 
developed using ANSYS AQWA. The research methodology encompassed data 
preprocessing, dynamic coupling analysis, intelligent control system design, and 
performance evaluation. The interaction between environmental forces (wind, waves, 
and currents) and the platform’s response (heave, pitch, and roll) was scrutinized 
through a coupled dynamic model. An intelligent control system, integrating a 
Proportional-Integral-Derivative (PID) controller with a fuzzy logic system, was 
devised to mitigate the platform’s motion. Performance metrics, including Root Mean 
Square Error (RMSE), Mean Absolute Error (MAE), and Stability Index (SI), revealed 
substantial enhancements with the intelligent control system, achieving reductions in 
RMSE and MAE by up to 50% and an increase in SI by up to 25%. These findings 
highlight the efficacy of the proposed control strategy in bolstering stability and 
diminishing the dynamic response of offshore floating wind power platforms under 
diverse environmental conditions. 
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1. Introduction 

The global transition towards renewable energy has necessitated the exploration and optimization 

of offshore wind power, particularly through the deployment of floating wind power platforms. 

These platforms, located in deep-sea environments, offer significant potential due to their ability 

to harness stronger and more consistent wind resources compared to onshore installations. 

However, the dynamic interactions between environmental forces and the platform’s response 

present substantial challenges that can impact stability and efficiency. This study investigates the 
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dynamic coupling and intelligent control of offshore floating wind power platforms to enhance 

their operational stability and performance. 

Offshore floating wind power platforms are subjected to complex environmental forces, 

including wind, waves, and currents. These forces induce dynamic responses such as heave, pitch, 

and roll, which can adversely affect platform stability and turbine efficiency. Traditional control 

methods often fall short due to the nonlinear and uncertain nature of these forces, necessitating 

advanced control strategies that adapt to varying conditions. The importance of this research is 

underscored by the growing emphasis on renewable energy and the specific challenges of 

offshore wind power generation. The stability and efficiency of floating platforms are critical for 

their economic viability and operational reliability. By understanding the dynamic coupling 

between environmental forces and platform responses, and by developing intelligent control 

systems, this study aims to advance offshore wind technology, potentially reducing operational 

costs, enhancing energy production, and extending installation lifespan. 

The primary objective of this study is to analyze the dynamic coupling between 

environmental forces and platform responses, and to design an intelligent control system to 

mitigate adverse dynamic effects. Specifically, the research aims to: 

 

➢ Characterize the dynamic coupling by investigating interactions between wind, wave, and 

current forces and the resulting platform responses using field measurements and numerical 

simulations. 

➢ Develop an intelligent control system integrating Proportional-Integral-Derivative (PID) 

control with fuzzy logic to dynamically adjust control parameters in response to varying 

environmental conditions. 

➢ Evaluate system performance by assessing the effectiveness of the intelligent control system 

in enhancing platform stability and reducing dynamic responses through metrics such as 

Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and Stability Index (SI). 

 

The research questions guiding this study include: 

 

• How do environmental forces dynamically interact with the responses of offshore floating 

wind power platforms? 

• What are the key factors influencing platform stability and performance? 

• How effective is the proposed intelligent control system in mitigating dynamic responses 

and enhancing platform stability? 

To address these objectives and questions, the study employs a multifaceted methodology 

encompassing data collection, preprocessing, dynamic coupling analysis, intelligent control 

system design, and performance evaluation. Field data were collected from an operational 

offshore floating wind power platform in the North Sea, complemented by high-fidelity 

numerical simulations using ANSYS AQWA. The data were meticulously preprocessed to ensure 

quality and consistency. Dynamic coupling analysis was conducted using a coupled dynamic 

model derived from Newton’s second law, while the intelligent control system was designed 

based on a PID controller augmented with fuzzy logic. The performance of the control system 

was evaluated using various metrics to quantify improvements in platform stability and response 

mitigation. 

This study is expected to contribute significantly to the field of offshore wind power by 

providing insights into the dynamic behavior of floating platforms and demonstrating the efficacy 

of intelligent control systems. The findings will enhance theoretical understanding and offer 

practical solutions for improving operational performance, supporting the sustainable 
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development of renewable energy sources and the global transition towards a greener energy 

landscape. 

2. Related Works 

The study of dynamic coupling and intelligent control in offshore floating wind power platforms 

is a multidisciplinary field that encompasses fluid mechanics, structural dynamics, control theory, 

and computational intelligence. Existing research in this area has made significant strides in 

understanding the complex interactions between environmental forces and the structural response 

of floating platforms. However, there are still gaps and limitations that need to be addressed to 

achieve optimal performance and reliability. 

Shen et al. (2022) explored the dynamic coupling trajectory and spatial-temporal 

characteristics of high-quality economic development and the digital economy. While not directly 

related to offshore floating wind power platforms, this study highlights the importance of 

understanding dynamic coupling in complex systems. It demonstrates the use of coupling 

coordination models and Markov chain algorithms to analyze the evolution of coupling 

coordination degrees, which can be used to study the dynamic behavior of floating platforms. 

Ose et al. (2021) investigated the dynamic coupling of residues within proteins, which, 

although unrelated to offshore wind platforms, provides insights into the significance of 

understanding dynamic interactions in complex systems. This study emphasizes the disruption of 

allosteric dynamic coupling as a mechanism for dysfunction, which can be analogous to the 

impact of environmental forces on the stability of floating platforms. Yang et al. (2021) studied 

the dynamic coupling between carrier and dispersed phases in Rayleigh–Bénard convection laden 

with inertial isothermal particles. This research, while focused on fluid dynamics, offers valuable 

lessons on how dynamic coupling can affect heat transfer and turbulent momentum transfer, 

which are crucial considerations for offshore floating wind power platforms. 

Qiu et al. (2023) presented a bioinspired bimodal mechanosensor with real-time, visualized 

information display for intelligent control. This work, while not directly related to offshore wind 

platforms, showcases the potential of intelligent control systems in real-world applications. It 

demonstrates the use of image machine learning for constructing an intelligent control system, 

which can be applied to optimize the performance of offshore floating wind power platforms. 

Khaleel (2023) reviewed intelligent control techniques for microgrid systems, which, while 

different from offshore wind platforms, shares similarities in the need for robust and adaptive 

control systems. This study highlights the advantages and limitations of various intelligent control 

techniques, including neural networks, model predictive control, and deep reinforcement learning, 

which can be relevant to the development of intelligent control systems for offshore floating wind 

power platforms. 

Shi and Yan (2021) surveyed intelligent control for multiagent systems, which, while focused 

on robotic and complex network applications, offers insights into the challenges and future 

directions of intelligent control research. This study discusses the limitations of interaction 

capabilities and system uncertainties, which are also relevant to the control of offshore floating 

wind power platforms. Dumitrescu et al. (2021) explored fuzzy logic for intelligent control 

systems using soft computing applications. This research, while focused on distributed intelligent 

control, demonstrates the potential of fuzzy logic in addressing inaccuracy and uncertainty in data, 

which are common challenges in offshore wind platform control. 

Guo and Yuan (2021) investigated network intelligent control and traffic optimization based 

on SDN and artificial intelligence. This study, while centered on network traffic optimization, 

showcases the application of artificial intelligence in achieving intelligent control, which can be 

used for offshore wind platforms. Zhou et al. (2023) reviewed key technologies for offshore 

floating wind power generation, highlighting the importance of stability control technology, 
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integrated wind storage technology, wind power energy management, and long-distance 

transmission of electricity. This study underscores the technical challenges and future research 

directions in offshore floating wind power generation, which are directly relevant to the current 

research. Chen et al. (2023) conducted a design study of an offshore floating wind and 

photovoltaic power generation platform, emphasizing the need for stable, economical, and 

efficient offshore floating power platforms. This study demonstrates the potential of combining 

wind and solar power generation, which can be applied to offshore floating wind power platforms 

to enhance their performance and reliability. 

These existing studies provide a foundation for understanding the dynamic coupling and 

intelligent control of offshore floating wind power platforms. However, they also reveal several 

gaps and limitations. For instance, most studies focus on either the dynamic behavior of floating 

platforms or the design of intelligent control systems, but few integrate both aspects to develop a 

comprehensive solution. Additionally, the majority of research has been conducted using 

numerical simulations, with limited empirical validation. 

The current research aims to bridge these gaps by developing a coupled dynamic model that 

integrates environmental forces and platform response, and designing an intelligent control 

system that mitigates platform motion and enhances stability. This research employs a 

combination of field measurements and numerical simulations to ensure the robustness and 

reliability of the results. By integrating empirical data and advanced computational models, this 

study provides a more comprehensive understanding of the dynamic coupling and intelligent 

control of offshore floating wind power platforms, paving the way for the development of more 

efficient and reliable offshore wind energy systems. 

3. Method 

3.1 Data Source 

The data employed in this study were derived from a combination of field measurements and 

numerical simulations. Field data were collected from an operational offshore floating wind 

power platform situated in the North Sea. These measurements encompassed environmental 

parameters such as wind speed, wave height, and current velocity, as well as platform response 

data including heave, pitch, and roll. Numerical simulation data were generated using a high-

fidelity computational model developed in ANSYS AQWA, which simulates the dynamic 

behavior of the floating platform under various environmental conditions. 

Table 1: Sample of Collected Data 

Timestamp 

Wind Speed 

(m/s) 

Wave 

Height (m) 

Current 

Velocity (m/s) 

Heave 

(m) 

Pitch 

(deg) 

Roll 

(deg) 

2023-01-01 

00:00 

12.5 3.2 1.5 2.1 1.8 0.9 

2023-01-01 

01:00 

13.0 3.5 1.6 2.3 2.0 1.0 

2023-01-01 

02:00 

11.8 3.0 1.4 2.0 1.6 0.8 

2023-01-01 

03:00 

12.2 3.3 1.5 2.2 1.9 0.9 

2023-01-01 

04:00 

13.5 3.7 1.7 2.5 2.2 1.1 
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To ensure the robustness of the analysis, data were gathered over a six-month period, 

covering a wide range of weather conditions. The dataset was pre-processed to eliminate outliers 

and ensure consistency in the time series data. Table 1 presents a sample of the collected data. 

3.2 Research Methodology 

The research methodology is segmented into four principal stages: data preprocessing, dynamic 

coupling analysis, intelligent control system design, and performance evaluation. 

3.2.1 Data Preprocessing 

The raw data underwent a preprocessing phase to ensure data quality. This phase included: 

1. Outlier Detection: Utilizing the Interquartile Range (IQR) method to identify and remove 

outliers. 

𝐼𝑄𝑅 = 𝑄3 − 𝑄1 (1) 

 

Lower Bound = 𝑄1 − 1.5 × 𝐼𝑄𝑅 (2) 

 

Upper Bound = 𝑄3 + 1.5 × 𝐼𝑄𝑅 (3) 

 

2. Data Normalization: Normalizing the data to a common scale via Min-Max normalization. 

𝑥norm =
𝑥 − 𝑥min

𝑥max − 𝑥min

(4) 

 

3. Time Series Alignment: Ensuring synchronization of all time series data. 

3.2.2 Dynamic Coupling Analysis 

The dynamic coupling between environmental forces and the platform’s response was analyzed 

using a coupled dynamic model. The governing equations for the platform’s motion are derived 

from Newton’s second law: 

𝐌𝐱̈ + 𝐂𝐱̇ + 𝐊𝐱 = 𝐅env (5) 

where: - M is the mass matrix, - C is the damping matrix, - K is the stiffness matrix, - x is the 

displacement vector, - Fenv  is the environmental force vector. The environmental forces were 

modeled using the following empirical relations: 

Wind Force: 

𝐹wind =
1

2
𝜌air𝐶𝑑𝐴𝑣

2 (6) 
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Wave Force: 

𝐹wave = 𝜌water𝑔𝐴wave (7) 

 

Current Force: 

𝐹current =
1

2
𝜌water𝐶𝑑𝐴𝑣current

2 (8) 

 

where: 𝜌air and 𝜌water are the densities of air and water, 𝐶𝑑 is the drag coefficient, 𝐴 is the 

projected area,  𝑣 is the wind speed,  𝑔 is the acceleration due to gravity,  𝐴wave is the wave 

amplitude,  𝑣current is the current velocity. 

3.2.3 Intelligent Control System Design 

An intelligent control system was devised to mitigate the platform’s motion and enhance stability. 

This system employed a Proportional-Integral-Derivative (PID) controller augmented with a 

fuzzy logic system to address nonlinearities and uncertainties in the dynamic model. The PID 

control law is expressed as: 

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖∫ 𝑒
𝑡

0

(𝜏)𝑑𝜏 + 𝐾𝑑
𝑑𝑒(𝑡)

𝑑𝑡
(9) 

 

where: u(t) is the control input, e(t) is the error between the desired and actual platform position,  

Kp, Ki, and Kd are the proportional, integral, and derivative gains, respectively. The fuzzy logic 

system dynamically adjusted the PID gains based on the error and its rate of change. The fuzzy 

rules were defined as: 

• If 𝑒 is Negative and 𝑒̇ is Negative, then 𝐾𝑝 is High. 

• If 𝑒 is Zero and 𝑒̇ is Positive, then 𝐾𝑖 is Medium. 

• If 𝑒 is Positive and 𝑒̇ is Negative, then 𝐾𝑑 is Low. 

3.2.4 Performance Evaluation 

The performance of the intelligent control system was assessed using several metrics, including 

Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and Stability Index (SI). 

RMSE: 

RMSE = √
1

𝑁
∑(

𝑁

𝑖=1

𝑥𝑖 − 𝑥𝑖)
2 (10) 

MAE: 
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MAE =
1

𝑁
∑|

𝑁

𝑖=1

𝑥𝑖 − 𝑥𝑖| (11) 

SI: 

SI =
Number of Stable Time Steps

Total Number of Time Steps
(12) 

 

where: xi is the actual platform position, x̂i is the desired platform position, N is the total number 

of data points. 

3.3 Research Workflow 

The entire research process is illustrated in the following flowchart: 

 

This structured approach ensured systematic execution and validation of each research stage, 

leading to robust and reliable results. The integration of empirical data and advanced 

computational models facilitated a comprehensive understanding of the dynamic coupling and 

intelligent control of offshore floating wind power platforms. 
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4. Results 

4.1 Dynamic Coupling Analysis Results 

Table 1 presents the statistical summary of the dynamic coupling between environmental forces 

and the platform’s response. The data include mean, standard deviation, and maximum values for 

key parameters. 

Table 1: Statistical Summary of Dynamic Coupling Parameters 

Parameter Mean Standard Deviation Maximum 

Wind Speed (m/s) 12.8 1.2 15.0 

——————— ——– ——————– ——— 

Wind Speed (m/s) 12.8 1.2 15.0 

Wave Height (m) 3.4 0.5 4.5 

Current Velocity (m/s) 1.6 0.2 2.0 

Heave (m) 2.2 0.4 3.0 

Pitch (deg) 2.0 0.3 2.8 

Roll (deg) 1.0 0.2 1.5 

4.2 Intelligent Control System Performance 

Table 2 shows the performance metrics of the intelligent control system in mitigating the 

platform’s motion. The results are compared against a baseline scenario without control. 

Table 2: Performance Metrics of Intelligent Control System 

Metric Baseline (No Control) With Intelligent Control 

RMSE (Heave) 0.45 0.20 

RMSE (Pitch) 0.35 0.15 

RMSE (Roll) 0.25 0.10 

MAE (Heave) 0.30 0.15 

MAE (Pitch) 0.25 0.10 

MAE (Roll) 0.20 0.08 

SI (Heave) 0.70 0.90 

SI (Pitch) 0.75 0.92 

SI (Roll) 0.80 0.95 

4.3 Dynamic Response Comparison 

Table 3 provides a comparison of the platform’s dynamic response under different environmental 

conditions, with and without the intelligent control system. 
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Table 3: Comparison of Platform Dynamic Response Under Different Conditions 

Condition Heave (m) Pitch (deg) Roll (deg) 

No Control - Low Wind (10 m/s) 1.8 1.5 0.7 

No Control - High Wind (15 m/s) 2.8 2.5 1.3 

With Control - Low Wind (10 m/s) 1.2 1.0 0.5 

With Control - High Wind (15 m/s) 1.5 1.2 0.6 

 

These tables collectively illustrate the effectiveness of the intelligent control system in 

enhancing the stability and reducing the dynamic response of offshore floating wind power 

platforms under varying environmental conditions. 

5. Conclusion 

5.1 Significance of the Results 

The statistical summary of the dynamic coupling parameters (Table 1) highlights the variability 

and complexity of environmental forces acting on offshore floating wind power platforms. Mean 

values represent typical operating conditions, whereas maximum values indicate extreme 

scenarios that the platforms must endure. The standard deviations reveal inherent variability, 

underscoring the necessity for robust control mechanisms to ensure stability. 

The performance metrics of the intelligent control system (Table 2) show a significant 

enhancement in platform stability. Reductions in RMSE and MAE values for heave, pitch, and 

roll demonstrate the system’s effectiveness in minimizing deviations from the desired platform 

position. The increased Stability Index (SI) further supports improved stability, especially under 

challenging environmental conditions. These results are crucial for the operational efficiency and 

safety of offshore wind power platforms, suggesting that the intelligent control system can 

substantially mitigate the adverse effects of environmental forces. 

The dynamic response comparison (Table 3) illustrates the control system’s effectiveness 

across various wind conditions. The marked reduction in heave, pitch, and roll under both low 

and high wind scenarios with the intelligent control system highlights its adaptability and 

robustness. This adaptability is essential for maintaining consistent performance despite 

environmental fluctuations, providing a significant operational advantage for offshore wind 

power platforms. 

5.2 Innovative Contributions 

A key innovation of this study is the integration of a fuzzy logic-augmented PID controller for the 

dynamic control of offshore floating wind power platforms. While traditional PID controllers are 

effective for linear systems, they often struggle with the nonlinearities and uncertainties of 

offshore environments. The fuzzy logic system’s capability to dynamically adjust PID gains 

based on real-time error and its rate of change addresses this limitation, resulting in superior 

control performance. 

Another innovative aspect is the comprehensive approach to data collection and analysis. By 

merging field measurements with high-fidelity numerical simulations, this study ensures a more 
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accurate and holistic understanding of the dynamic coupling between environmental forces and 

platform responses. This hybrid approach not only enhances result reliability but also provides a 

robust dataset for validating control algorithms. 

5.3 Limitations of the Study 

Despite the demonstrated advancements, several limitations require consideration. Firstly, the 

field data were collected over a six-month period, which may not fully capture long-term 

variability and extreme events that can occur over several years. This temporal limitation suggests 

the need for further long-term studies to validate the control system’s performance under a 

broader range of conditions. 

Secondly, while the numerical simulations in ANSYS AQWA are high-fidelity, they 

inherently involve simplifications and assumptions. The accuracy of these simulations depends on 

the precision of input parameters and the models’ ability to capture complex nonlinear 

interactions. Continuous refinement and validation against extended field data are essential to 

improve the model’s predictive capabilities. Additionally, the intelligent control system’s 

performance was evaluated based on specific metrics such as RMSE, MAE, and SI. Although 

informative, these metrics may not fully capture the nuanced aspects of platform stability and 

operational efficiency. Future studies could benefit from incorporating a wider range of 

performance indicators, including energy output efficiency and maintenance requirements. 

In conclusion, this study underscores the critical role of intelligent control systems in 

enhancing the stability and performance of offshore floating wind power platforms. The 

innovative integration of fuzzy logic with PID control and the comprehensive data analysis 

approach represent significant advancements in the field. However, acknowledging the 

limitations highlights the need for ongoing research to further refine and validate these 

methodologies under more extensive and varied conditions. 
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