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This paper investigates optimal PID controller tuning using particle swarm
optimization for frequency control in the microgrid system. The proposed
microgrid composed of renewable sources such as wind turbine generation
and solar system with diesel engine generator and storage systems such as
the battery, flywheel, aqua electrolyze, and fuel cell. The microgrid based on
renewable energy sources faces different challenges in operation and stability
due to the stochastic nature of solar radiation and wind speed that depend
upon the weather conditions. Among these challenges, the frequency and
power deviations are affected by the sudden unbalance between generation
and load which require a suitable and adequate regulation. The principal
objective of this study is to reduce the frequency and power deviation by the
use of the PID controller optimized based particle swarm optimization due to
its simplicity and flexibility to overcome this kind of issues. The simulation
results show the better performances and robustness of the proposed
controller against the disturbances in load and generations in comparison to

using a genetic algorithm.
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1. INTRODUCTION

Due to the increase of the population around the world, the need for power and the greenhouse crisis
lead towards the using renewable energy sources as a distributed generation in isolated areas or
interconnected with the main grid. The use of a microgrid system based on renewable energy generation
attracts the attention of researchers around the world due to the high cost of fossil fuel and the problem
related to gas emission which affects the environment. The microgrid system presents a principle part of the
electrical system to prove the electricity in remote and isolated areas where not the availability of the main
grid [1]. The use of a hybrid energy system presents a better solution to fossil depletion and greenhouse
problems [2]. The microgrid widely consists of renewable energy sources along with storage devices and
conventional sources. The better configuration of microgrid includes more than one renewable source such as
wind and solar for ensuring the service continuity to supply the demand over time. The microgrid
interconnected different distributed generation sources with loads to work autonomously and supply power to
their loads [3]. A survey on microgrid presents different structures and topologies of the microgrid system
and its applications as reported in [4].
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These renewable sources have intermittent nature what is made the integration of energy storage
devices like aqua electrolyser, battery, flywheel, and fuel cell an important solution to reduce the mismatch
between generations and loads [5-11]. The Diesel Engine Generator is integrated as a secondary source that
enhances renewable sources when a sudden change occurs in wind speed and solar radiation. One of the most
utilities of the use of microgrid is to reduce the energy cost and the greenhouse emissions as presented by
Kazem et al. [5] where the others concluded that the interconnection of distributed generation with storage
devices and diesel generator improves the energy cost and limit the gas emission. Others papers interests to
study the technic-economic assessment in the microgrid system as reported by Al-Waeli et al. [6] that shows
the improvement of grid-connected to the PV system. Few researchers interest to study the microgrid stability
in presence of a sudden change in loads and generation and its effect on the performances of microgrid
operation. Pandey et al. [7] present a hybrid power system to control the frequency with variation in load
power and interconnection of two areas. The present paper aims to study the effect intermittent nature of
energy generation and load disturbances on the frequency stability of the microgrid system is an isolated
mode of operation. The storage devices present an efficient role in the control of microgrid by eliminating the
mismatches between load and generation and release the stored power when the load requires it [8]. The
intermittent nature of wind and solar energy system provoke frequency and power fluctuations which require
an adequate control system [9].

Various control strategy such as the classical PID, fuzzy logic and fractional-order PID is applied
for the frequency and power deviations control [10-12]. The classical PID controller is considered the
simplest and easiest to be implemented in the kind of system and it is also largely used in the industry process
[13-15]. Kumari and Jha [16] studied the control of stand-alone microgrid based battery energy storage
devices through the application of particle swarm optimization (PSO) method. Also in [17-18], the authors
presented a paper about the frequency control in the hybrid power system using PID/PI based GA. An
optimization method called MBA presented by Wang et al. [19] to determine the PID controller gains for a
microgrid power system. To solve this problem of frequency control in microgrid by the application of
different control strategies like PID controller as in Ray et al. [8]. To determine the values of the gains of the
proposed PID controller the PSO method is investigated to be employed. Kennedy and Eberhart in 1995 [20]
investigated this method which is known as the stochastic search to resolve difficult optimization issues
during a short time and rapid convergence characteristic [21].

The main problem to apply this controller is to determine its optimal parameters. Recently some
optimization techniques like genetic algorithm and Particle Swarm Optimization are investigated to
overcome the issue of frequency and power deviations in the microgrid system [22-23]. The PSO technique
has not got enough application in the field of hybrid energy. This present paper addresses the PID controller
of frequency control in an isolated microgrid area. The control technique involves the PID controller tuned
using the PSO algorithm. The results present better robustness of PID-PSO in comparison with PID-GA. The
rest of this paper is summarized in the fellow sections; the proposed microgrid is presented in section 2. The
control scheme is addressed in section 3. Section 4 shows an overview of the PSO optimization technique.
The results and discussion are displayed in section 5. This paper is finished by a conclusion in section 6 and
references.

2. PROPOSED SYSTEM CONFIGURATION

This study focuses on the use of isolated microgrid including renewable sources like PV and Wind
generators with a conventional source like DEG used as secondary sources that can regulate the frequency
when the imbalance between generation and load occurs through secondary loop control. The distributed
sources are usually interfaced with electronic devices to facilitate the exchange of power between different
components like charge and discharge of storage devices. When the load decreases the surplus power from
wind and/or photovoltaic, the storage devices start to charge and as well as the power in DEG decreases.
From literature, many simplified models of microgrid using small-signal analysis responses of a microgrid
are investigated, where all components are presented by a first-order transfer function which has been
considered sufficient for frequency behavior analysis and for also simplifies the simulation process [20-21].
The proposed microgrid system is modelled by the first-order transfer function of energy generation and
storage devices as shown in Figure 1. The system is modelled for analysis of frequency and power behavior.
A control technique must be investigated to improve system performances and stability [23].
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Figure 1 Block of the proposed microgrid system

3. PROPOSED SYSTEM CONFIGURATION

The PID controllers have been used in many process controls. With an easy implementation
structure, they can assure the best robustness and stability of the system. The PID controller is considered as
the most control scheme used to enhance the dynamic performance and reduce error in frequency system.
Adding the derivative action is to improve the system performances. The integral action increases the system
stability by adding a pole at origin and therefore reducing the steady-state error. The transfer of the
proportional-integral-derivative (P1D) controller is given by [16].

TFPID =KP +%+KD'S (1)

where,Kp,K;, and Kj, are the proportional, integral and derivative gain of PID the controller respectively. The
structure of the PID controller is presented in the Figure 2 [24].
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Figure 2. Structure of the PID controller

Parameters of the PID controller are optimally tuned by considering frequency and power
deviations. Objective function has been considered for solving any problem plays an efficient role to improve
the dynamic response of the system. Hence integral square error (ISE) is considered as a suitable objective
function for tuning controller parameters [19].

J = ISE = [*™(AF?)dt ()

where AF is the system frequency deviation of the microgrid. The T;, is the time simulation. This objective
function will be resolved using the PSO algorithm to determine the optimal parameters of the PID controller.

4. PARTICLE SWARM OPTIMIZATION(PSO)
Various functions have not been able to be resolved by analytical methods that give the solutions in
short duration. To overcome these types of problems some optimization methods are investigated to offer an
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approached solution after little iteration [15]. One of the most optimization methods, the particle swarm
optimization algorithm is largely used and employed in many fields of optimization issues. This technique a
stochastic optimization algorithm simulated by the social attitude and fish schooling of bird flocking
investigated by Eberhart and Kennedy. Each particle can be considered as a possible solution for the
unknown parameters of the problem to be resolved [16-17]. The N particles compose the swarm move in
search space for D-dimensional. A random position and a random velocity are initialized for each particle.
The new velocity is determined by this formula [24].

Vier = w. Vi + .1y (Ppese — Xix) + €272 (Gpese — Xi) 3)
Xivr = Xi + Vi (4)

where V; is velocity dimension of the particle in iteration i, X; is the component in the dimension of the

particle position in iteration i,C; and C, are constant weight factors and r; and r,are considered as random

factors varied in [0,1]. Pbest presents the best position reached so far by particle, Gbest presents the best

position reached by the neighbors of the particle, and w presents an inertia weight which is varied between a

high value (w0) and decreases toW,,.; = B. W,.

Steps for PSO based controllers’ parameters optimization is explained as follow [23].

Step 1: A population of particles is initialized with positions and velocities in the research space.

Step 2: The objective function is calculated for each particle in the research space

Step 3: The evaluated objective function is compared to the best previous values. When the better is the
current one, then set the best the current value is replaced by the previous one, and pi equals to the
current location xi in D dimensional space.

Step 4: Identify the particle in the neighborhood with the best objective function value so far, and assign its
index to the variable g

Step 5:  Update the particle position and velocity value according to (3) and (4)

Step 6: Repeat step 2 and verify if the criterion is reached or iterations ended
The PSO algorithm flowchart is displayed in Figure 3.
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Figure 3. Flowchart of particle swarm optimization
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5. RESULTS AND DISCUSSION

The given model in Figure 1 is designed in Simulink using a first-order transfer function. The
system is simulated for 100s under variations in generation power and load as shown in followed figures. The
generated power from renewable energy sources and load demand is presented in Figure 4. The PID
controller is tuned using the PSO algorithm which its fitness function is shown in Figure 5 and has been fast
converged behavior. Frequency and power deviations that demonstrate the robustness of the PSO optimized
PID controller in terms of performance indices are presented in Figure 6. The results reflect good stability
and reliability of proposed microgrid through the employment of a PID controller tuned by the PSO
algorithm in comparison with GA.
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Figure 4. The output powers of SPV, WTG and load demand, (a) Solar power, (b) Wind power,
(c) Load power
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Figure 5. The plot of the fitness function of the PID controller using PSO

5.1. Time-domain analysis

In this subsection, a comparison between PSO and GA based PID is accomplished for frequency and
power deviations. The system frequency and power are regulated by the PID controller and the results are
reported as in Figure 6.
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Figure 6. Frequency and power deviations with best PID controller-based GA and PSO,
(a) Frequency deviation, (b) Power deviation

5.2. Generated power from microgrid components

The corresponding power from energy storage devices such as the battery energy storage system and
flywheel energy storage system with diesel engine generator are presented in Figure 7 using the PID
controller optimized by particle swarm optimization and genetic algorithm. The results show the better
performances of the system using PSO in comparison with GA. The controller can reduce the fluctuation in
generation power caused by the disturbances in both generation power from renewable sources and load
power.
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Figure 7. The output power of DEG, BESS and FESS with the best PID controller,
(a) Output power of BESS, (b) output power of FESS, (c) output power of DEG

Figure 7 show the frequency control in time domain analysis of microgrid. The results show the fast
convergence of the PSO to find the optimal PID controller parameters. The best obtained PID controller

Int J Appl Power Eng, Vol. 10, No. 2, June 2021: 127 — 134



Int J Appl Power Eng ISSN: 2252-8792 a 133

parameters reduce the frequency and power fluctuation against the stochastic variations in power generation
from the renewable sources and loads demand perturbations. The sudden change in generation and load affect
the frequency and power stability and the controller work to reduce this effect by the feedback signal to the
storage devices and secondary source DEG. The aforementioned results show up that the PSO algorithm
enhances the system performances better than GA in the reduction of frequency fluctuation and convergence
to the optimal parameters of the proposed controller.

6. CONCLUSION

this paper addresses the frequency control of an isolated microgrid consists of a wind turbine
generator, solar power system, battery, flywheel, aqua electrolyze, diesel engine generator, and fuel cell. All
microgrid components are modelled by the transfer function in the first order. The PID controller robustness
under both intermittent natures of renewable generation and load changes is demonstrated. The frequency
deviation is reduced through the application of the PID controller. The optimal gains of the PID controller are
achieved using PSO and genetic algorithm. The obtained results show better performances of the proposed
control scheme in terms of less oscillation and good system stability. The generated powers by BESS, FESS
and DEG are enhanced through the application of PID controller based PSO in comparison with GA. The
PID-PSO outperforms PID-GA to mitigate the fluctuation in frequency and power deviations affected by the
sudden changes in generation and load. The obtained result is better in comparison to the simulation results
reported in the literature as in [7] where the author uses short time simulation and without consideration of
the intermittent and stochastic nature of renewable sources. Besides the frequency deviations are small and
more stable with the proposed method. This investigated method is an efficient choice to be applied to
control the hybrid energy system frequency with the integration of renewable energy system under load
change.
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