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Abstract—This paper introduces a novel equilibrium One of the key challenges in wind energy generation is

optimizer algorithm designed for maximum power point
tracking in permanent magnet synchronous generators
operating under randomly varying wind speed conditions. The
algorithm draws inspiration from controlled volume mass
balance modes, enabling dynamic and equilibrium state
estimation. The equilibrium optimizer algorithm employs a
mutation strategy that balances exploration and exploitation in
problem-solving. Each particle updates its concentration with
specific terms, defining two critical elements: the best-so-far
solution, referred to as the equilibrium candidate, and the
equilibrium state, which encourages global domain
exploration. To assess the performance of the equilibrium
optimizer algorithm-based trackers, we conducted evaluations
using MATLAB software. Our study compares the results with
two established optimization methods: genetic algorithms and
particle swarm optimization. We analyze and compare the
algorithm's performance based on key parameters, including
active power and turbine power factor, under varying wind
speed conditions. Our findings demonstrate the superiority of
the equilibrium optimizer tracker across all examined cases. In
summary, this research introduces an innovative equilibrium
optimizer algorithm for maximum power point tracking in
wind generators, showcasing its effectiveness through
comprehensive MATLAB-based evaluations. Comparative
analysis against established optimization techniques highlights
the algorithm's superior performance, suggesting its potential
for enhancing wind power generation systems.

Keywords—Equilibrium Optimizer Algorithm, Maximum
Power Point Tracking, Synchronous Generators, Variable Wind
Speed Conditions, Permanent Magnet Generators

L INTRODUCTION

Wind energy is becoming increasingly prominent as a
renewable energy source in the global effort to address
sustainability and climate change issues [1]. Harnessing
wind energy through wind turbines is an efficient and
environmentally friendly solution for electricity generation
[2]. However, wind energy generation comes with specific
challenges, primarily due to unpredictable fluctuations in
wind speed [3]. This variability can lead to inefficiencies in
tracking the Maximum Power Point (MPP) in permanent
magnet synchronous generators (PMSGs), potentially
reducing the productivity and reliability of wind power
generation systems [4].
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how to enhance the efficiency and accuracy of tracking the
Maximum Power Point (MPP) in PMSGs under random
variations in wind speed [5]. MPP tracking is a critical
technique for optimizing generator performance to achieve
maximum power output, and failure to accurately determine
the MPP can result in significant losses in wind energy
production.

This research aims to address this challenge by
introducing an innovative Equilibrium Optimizer algorithm
designed specifically for MPP tracking in permanent magnet
synchronous generators under conditions of variable wind
speed. The Equilibrium Optimizer algorithm draws
inspiration from controlled volume mass balance modes,
enabling dynamic and balanced state estimation. It employs
a mutation strategy that strikes a balance between
exploration and exploitation in problem-solving, thereby
enhancing the efficiency of MPP tracking [6].

The relevance of this research is paramount in the quest
to improve the performance and efficiency of wind power
generation systems [7], [8], [9]. With the successful
implementation of the Equilibrium Optimizer algorithm for
MPP tracking in PMSGs under random wind speed
variations, a significant increase in wind energy productivity
can be anticipated [10], [11]. Furthermore, the findings of
this research can contribute to the development of more
sustainable and environmentally friendly renewable energy
technologies, which, in turn, can have a positive impact on
global climate change mitigation and meet future energy
demands. Thus, this research holds the potential to support
the transition toward a more sustainable energy system.

1L LITERATURE REVIEW

A. Maximum Power Point Tracking (MPPT)

Maximum Power Point Tracking (MPPT) is a critical
technique in the field of renewable energy, particularly in
optimizing the performance of photovoltaic and wind energy
systems [12]. MPPT involves continuously adjusting the
operating conditions of the energy conversion system to
ensure that it operates at the point where the maximum
available power is extracted from the energy source, such as
solar panels or wind turbines [13],[14]. Various algorithms
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and methods have been developed to achieve efficient
MPPT, and their effectiveness is crucial in maximizing the
energy yield from renewable sources [15], [16], [17].

B. Utilization of Synchronous Generators in Wind Energy
Generation

Synchronous generators, particularly permanent magnet
synchronous generators (PMSGs), are commonly employed
in wind energy generation systems due to their inherent
advantages, including high efficiency, low maintenance
requirements, and robust performance characteristics [18].
These generators are well-suited for converting mechanical
energy from wind into electrical power. Researchers and
engineers have extensively explored the application of
PMSGs in wind turbines to harness wind energy efficiently
[19].

C. Existing Optimization Methods: Genetic Algorithms and
Particle Swarm Optimization

Genetic  algorithms (GAs) and particle swarm
optimization (PSO) are among the established optimization
techniques widely used in various engineering applications,
including MPPT in renewable energy systems [20]. GAs are
inspired by the principles of natural selection and evolution,
employing genetic operators such as mutation and crossover
to iteratively refine solutions [21]. PSO, on the other hand,
is based on the behavior of a swarm of particles searching
for the optimal solution by iteratively updating their
positions and velocities [22]. These optimization methods
have been applied to the problem of MPPT in wind energy
systems, aiming to enhance the tracking efficiency of the
maximum power point under varying wind conditions.
Researchers have explored their performance, adaptability,
and robustness in the context of wind turbine control and
optimization.

D. Related Techniques in Similar Research

In addition to genetic algorithms and particle swarm
optimization, several other related techniques and
approaches have been investigated in similar research
contexts. These include but are not limited to Fuzzy Logic
Control, Neural Network-Based Control, Model Predictive
Control (MPC), and Hybrid Approaches.

Fuzzy logic control systems are designed to handle
complex and nonlinear systems, making them suitable for
wind turbine control [23]. They can effectively adapt to
changing wind conditions and optimize power output.
Artificial neural networks have been used to model and
control wind turbine systems. They can learn and adapt to
system behavior, making them valuable for MPPT
applications [24]. Model Predictive Control (MPC) is a
control strategy that utilizes a predictive model of the
system to optimize future control actions. It has been
employed in wind turbine control to achieve efficient MPPT
[25]. Some research has explored hybrid approaches that
combine multiple optimization techniques or control
strategies to enhance MPPT performance in wind turbines
[26].

III. METHODOLOGY

A. Equilibrium Optimizer Algorithm

The Equilibrium Optimizer Algorithm is a novel
optimization technique employed in this research for the
purpose of Maximum Power Point Tracking (MPPT) in
permanent magnet synchronous generators (PMSGs) under
variable wind speed conditions. This algorithm is inspired
by principles of controlled volume mass balance modes,

which facilitate the estimation of dynamic and equilibrium
states within a system. The Equilibrium Optimizer
Algorithm is characterized by a mutation strategy designed
to strike a balance between exploration and exploitation
during problem-solving. This unique algorithm utilizes
specific parameters and equations to update particle
concentrations, ultimately guiding the search for the
maximum power point.

A primary ordinary differential equation that represents
the fundamental mass-balance equation [27]

E=QCequ-QC+G (1)

where E signifies the rate of mass alteration within this
control volume, Q denotes the volumetric flow rate entering
and exiting the control volume, Ceq, stands for the particle
concentration within the control volume when it reaches an
equilibrium state without any generation, C represents the
particle concentration within the specified volume of
control, G represents the rate at which mass is generated
within the control volume.

B. Implementation in MPPT System for Synchronous
Generators

The Equilibrium Optimizer Algorithm is implemented as
part of the MPPT system in synchronous generators, with a
focus on PMSGs. The algorithm is integrated into the
control and monitoring system of the generator to
continuously track and adjust the operating conditions in
response to variations in wind speed. The goal is to ensure
that the generator operates at its maximum power point,
thereby optimizing energy conversion efficiency, the
equations of PMSG in the rotor dq reference frame [19].
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The equations of PMSG in steady-state condition:
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where ugs and ugs are the d-axis and qg-axis stator terminal
voltages, respectively; igs and iqs are respectively the daxis
and g-axis stator current, Ry is the resistance of the stator
windings; ®r (= pw,) is the electrical angular velocity of the

rotor; p is the number of pole pairs; A, is the amplitude of the
flux linkage.

C. Utilization of Controlled Volume Mass Balance Modes

Controlled volume mass balance modes are fundamental
to the Equilibrium Optimizer Algorithm's operation. These
modes enable the estimation of both dynamic and
equilibrium states within the system. By maintaining a
balance between input and output mass flows, the algorithm
ensures that the system adapts to changing wind speed
conditions while continually striving to achieve the
maximum power point.

D. Mutation Strategy in the Algorithm

The Equilibrium Optimizer Algorithm employs a
mutation strategy critical to its success. This strategy
governs how particles within the algorithm update their
concentrations, influencing their search for the optimal
solution. The mutation process balances exploration,
allowing particles to discover new regions of the solution
space, and exploitation, guiding particles toward promising
areas for enhanced MPPT performance.
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E. Performance Measurement Using MATLAB

To evaluate the effectiveness and efficiency of the
Equilibrium Optimizer Algorithm in achieving MPPT in
PMSGs under varying wind speed conditions, performance
measurements are conducted using MATLAB software.
MATLAB provides a robust platform for simulating and
analyzing the behavior of the algorithm within the generator
system. Key performance parameters, such as active power
and turbine power factor, are measured and recorded to
assess the algorithm's effectiveness in real-world scenarios.

F. Experimental Design

The research employs a carefully designed experimental
setup to validate the Equilibrium Optimizer Algorithm's
performance. This includes defining wind speed variability
scenarios and establishing controlled testing conditions.
Data collection during experiments is structured to capture
the algorithm's responses and the generator's performance
under different wind conditions. The experiments aim to
demonstrate the superiority of the Equilibrium Optimizer
Algorithm in comparison to existing optimization methods,
such as genetic algorithms and particle swarm optimization,
under realistic wind energy generation conditions.

Iv. RESULTS AND ANALYSIS

A. Experimental Data and Measurements

In this section, we present the results of our experiments
and measurements conducted to assess the performance of
the Equilibrium Optimizer Algorithm in achieving
Maximum Power Point Tracking (MPPT) in synchronous
generators operating under varying wind speed conditions.
The experimental data includes a comprehensive set of
measurements captured during controlled testing scenarios,
reflecting the dynamic nature of wind energy generation. In
this study, the investigation and evaluation of the MPPT
method utilizing the EO algorithm are conducted using
variable wind speed data. This data is randomly chosen from
the range of 3 to 12 meters per second, as depicted in Fig.1.
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Fig.1. Wind speed

The turbine power coefficient (Cp) resulting from each
MPPT method based on the respective algorithms is
depicted in Fig. 2. It can be observed that when the wind
speed undergoes rapid fluctuations, the Cp value remains
stable and nearly constant at 0.48 in the EO algorithm, while
the GA algorithm exhibits instability with significant
oscillations. Additionally, the C, waveform in the PSO
algorithm is also unstable and oscillatory but at a lower
magnitude. To provide a clearer distinction between the
results obtained from the EO- and PSO-based MPPT
methods, simulation results for the peak wind speed values
occurring between 0 and 120 seconds in Fig.2. have been
magnified.
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Fig.2. The coefficient of turbine power in the three algorithms

The correlation between turbine power and variable rotor
speed, as obtained by each algorithm, is depicted in Fig. 3. It
is evident the EO algorithm-based MPPT method
consistently maintains a high level of stability and
efficiently tracks the MMPP. In contrast, the GA and PSO
algorithms exhibit deviations from the MPP, resulting in
lower stability and less effective tracking. Furthermore,
simulation results have been magnified to facilitate a clearer
distinction between the turbine power results obtained from
the EO and PSO algorithms when the rotor speed is within
the range of 1.735 to 1.755 radians per second.
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Fig.3. The power generated by the turbine and the rotational speed of the
rotor in the three algorithms

It is evident that when subjected to varying wind speeds,
the turbine power exhibits distinct characteristics in each
algorithm. Specifically, the EO algorithm yields the highest
power output, while the GA algorithm attains the lowest,
and the PSO algorithm falls in between, as illustrated in Fig.
4. Additionally, to provide a clearer differentiation between
the results obtained from the EO and PSO algorithms,
simulation results for the peak turbine power values
occurring between 31 and 33 seconds in Fig.4. have been
magnified.
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Fig.4. The power output from the turbine in three algorithms

Furthermore, as depicted in Fig. 5 and 6, the turbine
power consistently maintains a higher value in the EO
algorithm compared to both the GA and PSO algorithms
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across a range of randomly selected variable wind speed
data, varying between 3 and 12 meters per second. Fig. 7
reveals that, with 100 iterations, the turbine power in the EO
algorithm remains remarkably stable, showing minimal
oscillations and maintaining a near-constant value of
4.5204e-07. Conversely, the GA and PSO algorithms exhibit
instability with significant oscillations in their turbine power
outputs. It is worth noting that the standard deviation of the
EO algorithm is the smallest, measuring 1.3343e-18,
indicating its high stability. In contrast, the standard
deviation of the GA algorithm is the highest, reaching
7.5363e09, signifying its relatively lower stability. The
standard deviation of the PSO algorithm falls in between,
with a moderate value of 1.7716e-12, as summarized in
Table 1.
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Fig.5. The disparity in turbine power between EO and PSO
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Fig.6. The disparity in turbine power between EO and GAs
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Fig.7. The measure of algorithm stability using standard deviation

B. Comparison of Equilibrium Optimizer Algorithm
Performance with Other Methods
To evaluate the effectiveness of the Equilibrium

Optimizer (EO) Algorithm, we conducted a comparative
analysis with three established optimization methods:
genetic algorithms (GAs), particle swarm optimization
(PSO), and Equilibrium Optimizer (EO). The purpose of this
comparison was to assess how well the Equilibrium
Optimizer Algorithm performs in optimizing MPPT in
comparison to these widely used techniques.

Table I. Comparison Stability of Two Optimization Methods

Algorithms GAs PSO EO
Puin (p-u) 3.9144¢-07 4.5203¢-07 | 4.5204 ¢-07
P yerage (P-1) 4.4813e-07 4.5204e-07 | 4.5204 ¢-07
P (p-0) 4.5204e-07 4.5204e-07 | 4.5204¢-07
Standard deviation | 7.5363e-09 1.7716e-12 1.3343¢-18

Based on the aforementioned analysis, it is evident that the
MPPT method utilizing the PSO algorithm achieves the
highest turbine power output compared to the other
algorithms examined in this study. It boasts a superior
success rate when compared to the MPPT method
employing the EO algorithm due to its more efficient
approach to locating the Maximum Power Point (MPP).
Consequently, the EO algorithm is characterized by its
simplicity, adaptability, and enhanced efficiency.

C. Analysis of Key Parameters: Active Power and Turbine

Power Factor

We conducted a detailed analysis of key performance
parameters, including active power and turbine power factor,
to gauge the algorithm's impact on the efficiency and output
of the synchronous generators. These parameters serve as
critical indicators of the generator's performance under
varying wind conditions. The active power parameter
reflects the electrical power output of the generator, while
the turbine power factor represents the efficiency of power
extraction from the wind. By analyzing variations in active
power and turbine power factor across different wind
speeds, we can gain insights into how effectively the
Equilibrium Optimizer Algorithm adapts the generator to
varying wind conditions and optimizes power generation.

Our analysis involves statistical and graphical
representation of the data, allowing us to draw meaningful
conclusions about the Equilibrium Optimizer Algorithm's
performance. We examine how the algorithm outperforms or
compares with traditional optimization methods in terms of
tracking the maximum power point and enhancing the
overall efficiency of the synchronous generators. Through
rigorous data analysis, we aim to provide a clear and
comprehensive assessment of the Equilibrium Optimizer
Algorithm's capabilities and its potential to contribute to the
advancement of wind energy generation systems. These
findings will inform our understanding of its applicability
and advantages in real-world renewable energy applications.

V. CONCLUSION

A. Summary of Key Findings

In conclusion, this research has unveiled the remarkable
potential of the Equilibrium Optimizer Algorithm in
optimizing Maximum Power Point Tracking (MPPT) for
synchronous generators operating under variable wind speed
conditions. Our study yielded several significant findings
Superior MPPT Efficiency, Adaptability to Changing Wind
Conditions, and Holistic System Understanding. Superior
MPPT Efficiency: The Equilibrium Optimizer Algorithm
consistently outperformed genetic algorithms (GAs) and
particle swarm optimization (PSO) in tracking the maximum
power point, even in the face of unpredictable wind speed
variations. Adaptability to Changing Wind Conditions: The
algorithm's adaptability to changing wind conditions proved
to be a critical advantage, ensuring that the synchronous
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generators maintained high efficiency levels across a range
of wind speeds. Holistic System Understanding: The
algorithm's foundation in controlled volume mass balance
modes enabled it to gain a holistic understanding of the
generator system, contributing to more informed decision-
making.

B. Significant Implications of this Research

The findings of this research hold several important
implications for the field of wind energy generation
Enhanced Energy Yield, Improved System Reliability,
Advancement of Renewable Energy Integration, and
Environmental and Economic Benefits. Enhanced Energy
Yield: Wind energy systems incorporating the Equilibrium
Optimizer Algorithm are poised to achieve higher energy
yields, leading to increased electricity production and
improved energy sustainability. Improved System
Reliability: The algorithm's adaptability enhances the
reliability of wind energy systems, reducing the likelihood
of power fluctuations and equipment stress, ultimately
contributing to prolonged system life. Advancement of
Renewable Energy Integration: As renewable energy
sources become increasingly vital in addressing global
energy needs, technologies like the Equilibrium Optimizer
Algorithm play a pivotal role in ensuring their seamless
integration into existing grids. Environmental and Economic
Benefits: By maximizing energy output and reducing
reliance on fossil fuels, the algorithm contributes to
environmental preservation, lower greenhouse  gas
emissions, and potential economic benefits through
increased energy production.

C. Recommendations for Future Research

While this research has made significant strides in
advancing the application of the Equilibrium Optimizer
Algorithm in wind energy systems, several avenues for
future research are worth exploring Integration with Energy
Storage, exploring how the Equilibrium Optimizer
Algorithm can be integrated with energy storage systems to
enhance the reliability and dispatchability of wind energy.

REFERENCES

[1] Qazi, A., Hussain, F., Rahim, N. A., Hardaker, G., Alghazzawi, D.,
Shaban, K., & Haruna, K. (2019). Towards sustainable energy: a
systematic review of renewable energy sources, technologies, and
public opinions. IEEE access, 7, 63837-63851.

[2] Mostafaeipour, A., Dehshiri, S. J. H., Dehshiri, S. S. H., & Jahangiri,
M. (2020). Prioritization of potential locations for harnessing wind
energy to produce hydrogen in Afghanistan. International Journal of
Hydrogen Energy, 45(58), 33169-33184.

[3] Basit, M. A., Dilshad, S., Badar, R., & Sami ur Rehman, S. M. (2020).
Limitations, challenges, and solution approaches in grid-connected
renewable energy systems. International Journal of Energy Research,
44(6), 4132-4162.

[4] Chavero-Navarrete, E., Trejo-Perea, M., Jauregui-Correa, J. C.,
Carrillo-Serrano, R. V., & Rios-Moreno, J. G. (2019). Expert control
systems for maximum power point tracking in a wind turbine with
PMSG: State of the art. Applied Sciences, 9(12), 2469.

[5] Youssef, A. R., Ali, A. 1., Saeed, M. S., & Mohamed, E. E. (2019).
Advanced multi-sector P&O maximum power point tracking
technique for wind energy conversion system. International Journal of
Electrical Power & Energy Systems, 107, 89-97.

[6] Yang, B., Yu, T., Shu, H., Zhang, X., Qu, K., & Jiang, L. (2018).
Democratic joint operations algorithm for optimal power extraction of
PMSG based wind energy conversion system. Energy Conversion and
Management, 159, 312-326.

[7]1 Veers, P., Dykes, K., Lantz, E., Barth, S., Bottasso, C. L., Carlson, O.,
... & Wiser, R. (2019). Grand challenges in the science of wind
energy. Science, 366(6464), eaau2027.

[8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21

[22]

[23]

[24]

[25]

[26]

[27]

Willis, D. J., Niezrecki, C., Kuchma, D., Hines, E., Arwade, S. R.,
Barthelmie, R. J., ... & Rotea, M. (2018). Wind energy research:
State-of-the-art and future research directions. Renewable Energy,
125, 133-154.

Ferrero Bermejo, J., Gomez Fernandez, J. F., Olivencia Polo, F., &
Crespo Marquez, A. (2019). A review of the use of artificial neural
network models for energy and reliability prediction. A study of the
solar PV, hydraulic and wind energy sources. Applied Sciences, 9(9),
1844.

Mousa, H. H., Youssef, A. R., & Mohamed, E. E. (2019). Adaptive
P&O MPPT algorithm based wind generation system using realistic
wind fluctuations. International Journal of Electrical Power & Energy
Systems, 112, 294-308.

Mousa, H. H., Youssef, A. R., & Mohamed, E. E. (2019). Variable
step size P&O MPPT algorithm for optimal power extraction of
multi-phase PMSG based wind generation system. International
Journal of Electrical Power & Energy Systems, 108, 218-231.

Kumar, G. A., & Shivashankar. (2022). Optimal power point tracking
of solar and wind energy in a hybrid wind solar energy system.
International Journal of Energy and Environmental Engineering,
13(1), 77-103.

Tiwari, S. K., Singh, B., & Goel, P. K. (2018). Design and control of
microgrid fed by renewable energy generating sources. IEEE
Transactions on Industry Applications, 54(3), 2041-2050.

Benlahbib, B., Bouarroudj, N., Mekhilef, S., Abdeldjalil, D.,
Abdelkrim, T., & Bouchafaa, F. (2020). Experimental investigation of
power management and control of a PV/wind/fuel cell/battery hybrid
energy system microgrid. International Journal of Hydrogen Energy,
45(53),29110-29122.

Podder, A. K., Roy, N. K., & Pota, H. R. (2019). MPPT methods for
solar PV systems: a critical review based on tracking nature. IET
Renewable Power Generation, 13(10), 1615-1632.

Abdullah, M. A., Al-Hadhrami, T., Tan, C. W., & Yatim, A. H. (2018).
Towards green energy for smart cities: Particle swarm optimization
based MPPT approach. IEEE Access, 6, 58427-58438.

Youssef, A. R, Ali, A. L., Saeed, M. S., & Mohamed, E. E. (2019).
Advanced multi-sector P&O maximum power point tracking
technique for wind energy conversion system. International Journal of
Electrical Power & Energy Systems, 107, 89-97.

Rivera, S., Lizana, R., Kouro, S., Dragicevi¢, T., & Wu, B. (2020).
Bipolar dc power conversion: State-of-the-art and emerging
technologies. IEEE Journal of Emerging and Selected Topics in Power
Electronics, 9(2), 1192-1204.

Bulatov, Y. N., Kryukov, A. V., & Arsentiev, G. O. (2018, October).
Use of power routers and renewable energy resources in smart power
supply systems. In 2018 International Ural Conference on Green
Energy (UralCon) (pp. 143-148). IEEE.

Elsheikh, A. H., & Abd Elaziz, M. (2019). Review on applications of
particle swarm optimization in solar energy systems. International
Journal of Environmental Science and Technology, 16, 1159-1170.
Katoch, S., Chauhan, S. S., & Kumar, V. (2021). A review on genetic
algorithm: past, present, and future. Multimedia tools and
applications, 80, 8091-8126.

Houssein, E. H., Gad, A. G., Hussain, K., & Suganthan, P. N. (2021).
Major advances in particle swarm optimization: theory, analysis, and
application. Swarm and Evolutionary Computation, 63, 100868.
Sierra-Garcia, J. E., & Santos, M. (2021). Deep learning and fuzzy
logic to implement a hybrid wind turbine pitch control. Neural
Computing and Applications, 1-15.

Marugan, A. P., Marquez, F. P. G., Perez, J. M. P., & Ruiz-Hernandez,
D. (2018). A survey of artificial neural network in wind energy
systems. Applied energy, 228, 1822-1836.

Yang, J., Sun, X., Liao, K., He, Z., & Cai, L. (2019). Model predictive
control-based load frequency control for power systems with wind-
turbine generators. IET renewable power generation, 13(15), 2871-
2879.

Mousa, H. H., Youssef, A. R., & Mohamed, E. E. (2021). State of the
art perturb and observe MPPT algorithms based wind energy
conversion systems: A technology review. International Journal of
Electrical Power & Energy Systems, 126, 106598.

Biswas, P. P., Suganthan, P. N., Mallipeddi, R., & Amaratunga, G. A.
(2018). Optimal power flow solutions using differential evolution
algorithm integrated with effective constraint handling techniques.
Engineering Applications of Artificial Intelligence, 68, 81-100.



Enhancing Wind Power Generation: A Novel Equilibrium Optimizer 51

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons license and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Enhancing Wind Power Generation: A NovelEquilibrium Optimizer Algorithm for MaximumPower Point Tracking in Synchronous Generatorsunder Variable Wind Speed Conditions

