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Abstract :

In recent times, the use of renewable resources has expanded. However, due to their inherent nature, these resources are
unstable (transient), leading to a decrease in power quality. Additionally, the unpredictability of renewable sources
poses severe and unknown challenges. Energy storage systems play a fundamental role in the structure of microgrids.
To address the mentioned problems, optimal utilization and expansion of energy storage systems can be a suitable
option. In this article, a novel control strategy for battery energy storage systems is proposed. The goal of this control
system is to recover voltage and frequency in the microgrid, thereby enhancing its power quality, especially in the
presence of a wide spectrum of disturbances. To optimize the control system, the Particle Swarm Optimization (PSO)
algorithm and an Artificial Neural Network (ANN) are employed. The controller coefficients are tuned using ANN
training with a set of input-output data during the optimization process. Under various disturbances, the PSO algorithm
dynamically adjusts the controller parameters online.
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1. Motivation of the work

The increasing reliance on renewable energy sources,
while beneficial for sustainability, introduces significant
challenges due to their inherent instability and
unpredictability.  These challenges manifest as
fluctuations in power quality, which can adversely affect
the reliability and efficiency of microgrids. As energy
storage systems become integral to the architecture of
modern microgrids, there is a pressing need for advanced
control strategies that can effectively manage these
fluctuations.

This paper addresses this critical need by proposing a
novel control strategy for battery energy storage systems
aimed at stabilizing voltage and frequency within
microgrids. By leveraging the combined strengths of the
Particle Swarm Optimization (PSO) algorithm and
Artificial Neural Networks (ANN), the proposed control
system dynamically adjusts to a wide range of
disturbances, ensuring optimal performance and
enhanced power quality.

The motivation behind this research is to provide a robust
solution that not only mitigates the adverse effects of
renewable energy variability but also enhances the
overall stability and reliability of microgrids. This work
contributes to the ongoing efforts to integrate renewable
energy sources more effectively, paving the way for a
more resilient and sustainable energy infrastructure.

2. Contributions

We propose a control strategy for battery energy storage
systems aimed at enhancing the power quality of
microgrids. This strategy specifically addresses the
challenges posed by the instability and unpredictability of
renewable energy sources. The control system leverages
the combined strengths of the Particle Swarm
Optimization (PSO) algorithm and Artificial Neural
Networks (ANN) to dynamically adjust controller
parameters in real-time. This integration ensures optimal
performance under a wide range of disturbances. The
control system parameters were optimized using the PSO
algorithm and train the ANN with a comprehensive set of
input-output data. This approach allows for effective
online tuning of the controller, adapting to varying
conditions in the microgrid. Through detailed
simulations, we compare the performance of the
proposed control system with a traditional PI controller.
Our results demonstrate the effectiveness of the proposed
system in maintaining voltage and frequency stability
under different disturbance scenarios. The findings of this
research provide valuable insights into the design and
implementation of advanced control systems for energy
storage in microgrids, contributing to the development.

3. Procedures

e Set up the microgrid model including renewable
energy sources, loads, and the battery energy storage
system (BESS).

o [Initialize the PI controllers for voltage and frequency
control with initial coefficients.

e Apply various disturbances to the microgrid, such as
load changes, renewable generation fluctuations, and
faults.

e Record the system responses (voltage and frequency)
and the corresponding disturbances.

e Configure the PSO algorithm parameters including
population size, number of iterations, and
convergence criteria.

e Define the objective function to minimize the error
between the actual and reference values of voltage
and frequency.

e Use the PSO algorithm to optimize the PI controller
coefficients based on the recorded data.

e Arrange the optimized parameters and corresponding
disturbances into input-output vector sets.

e Configure the ANN architecture including the number
of layers, neurons, activation functions, and training
algorithm.

e Train the ANN using the prepared input-output
vectors to learn the relationship between disturbances
and optimal controller coefficients.

o Integrate the trained ANN with the PSO algorithm to
form the hybrid PSO-ANN controller.

e Implement the hybrid controller in the microgrid to
dynamically adjust the PI controller coefficients in
real-time based on disturbances.

e Define two scenarios with different disturbances to
test the performance of the proposed controller.

e Run simulations for both scenarios and record the
system responses.

e Compare the performance of the proposed PSO-ANN
controller with the traditional PI controller in terms of
voltage and frequency stability.

e Analyze the performance metrics such as voltage
deviation, frequency deviation, and response time.

o Evaluate the effectiveness of the proposed controller
in improving the power quality of the microgrid under
various disturbances.

4. Findings

The proposed PSO-ANN control strategy significantly
improved the power quality of the microgrid. The system
effectively maintained voltage and frequency stability
under various disturbances, demonstrating its robustness
and reliability.

The hybrid PSO-ANN controller dynamically adjusted
the PI controller coefficients in real-time, effectively
managing a wide range of disturbances. This adaptability
ensured minimal deviation from the reference values for
both voltage and frequency.

The microgrid exhibited enhanced stability with the
proposed control system. The optimized controller
parameters, determined through the PSO algorithm,
contributed to a more stable and resilient microgrid
operation.
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In scenarios with different disturbances, the PSO-ANN
controller achieved better voltage and frequency
regulation, leading to improved overall system
performance. The algorithm quickly converged to
optimal solutions, reducing the time and effort required
for manual tuning of the PI controller coefficients. The
trained ANN accurately predicted the optimal controller
coefficients based on the magnitude of disturbances,
enabling real-time tuning of the control system.

These findings highlight the effectiveness and advantages
of the proposed PSO-ANN control strategy in improving
the power quality and stability of microgrids under
various disturbances.

5. Conclusion

In this research, a battery energy storage system is
used to enhance the power quality of a microgrid under
various disturbances. In the proposed control system for
the battery, the voltage and frequency of the microgrid
are controlled using a PSO-ANN algorithm. The control
system parameters are optimized using the PSO
algorithm under different disturbances. Consequently, the
optimized parameters and the corresponding disturbances
are arranged in input and output vector sets to train the
artificial neural network for online controller tuning.
Finally, two scenarios involving different disturbances
are applied to the microgrid, and the performance of the
proposed controller is compared with that of a PI
controller. The simulation results confirm the good and
effective performance of the proposed controller.
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